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FOREWORD
If the knowledge is

undigested or simply wrong,
more is not better.

How to communicate and disseminate numerical data effectively in chemi
cal science and technology has been a problem of serious and growing concern
to IUPAC, the International Union of Pure and Applied Chemistry, for the
last two decades. The steadily expanding volume of numerical information,
the formulation of new interdisciplinary areas in which chemistry is a part
ner, and the links between these and existing traditional subdisciplines in
chemistry, along with an increasing number of users, have been considered as
urgent aspects of the information problem in general, and of the numerical
data problem in particular.

Among the several numerical data projects initiated and operated by
various IUPAC commissions, the Solubility Data Project is probably one of
the most ambitious ones. It is concerned with preparing a comprehensive
critical compilation of data on solubilities in all physical systems, of
gases, liquids and solids. Both the basic and applied branches of almost
all scientific disciplines require a knowledge of solubilities as a function
of solvent, temperature and pressure. Solubility data are basic to the
fundamental understanding of processes relevant to agronomy, biology, chem
istry, geology and oceanography, medicine and pharmacology, and metallurgy
and materials science. Knowledge of solubility is very frequently of great
importance to such diverse practical applications as drug dosage and drug
solubility in biological fluids, anesthesiology, corrosion by dissolution
of metals, properties of glasses, ceramics, concretes and coatings, phase
relations in the formation of minerals and alloys, the deposits of minerals
and radioactive fission products from ocean waters, the composition of
ground waters, and the requirements of oxygen and other gases in life
support systems.

The widespread relevance of solubility data to many branches and dis
ciplines of science, medicine, technology and engineering, and the difficulty
of recovering solubility data from the literature, lead to the proliferation
of published data in an ever increasing number of scientific and technical
primary sources. The sheer volume of data has overcome the capacity of the
classical secondary and tertiary services to respond effectively.

While the proportion of secondary services of the review article type
is generally increasing due to the rapid growth of all forms of primary
literature, the review articles become more limited in scope, more
specialized. The disturbing phenomenon is that in some disciplines,
certainly in chemistry, authors are reluctant to treat even those limited-in
scope reviews exhaustively. There is a trend to preselect the literature,
sometimes under the pretext of reducing it to manageable size. The crucial
problem with such preselection - as far as numerical data are concerned - is
that there is no indication as to whether the material was excluded by
design or by a less than thorough literature search. We are equally
Concerned that most current secondary sources, critical in character as they
may be, give scant attention to numerical data.

On the other hand, tertiary sources - handbooks, reference books, and
other tabulated and graphical compilations - as they exist today, are com
prehensive but, as a rule, uncritical. They usually attempt to cover whole
disciplines, thus obviously are superficial in treatment. Since they
Command a wide market, we believe that their service to advancement of
science is at least questionable. Additionally, the change which is taking
place in the generation of new and diversified numerical data, and the rate
at which this is done, is not reflected in an increased third-level service.
The emergence of new tertiary literature sources does not parallel the shift
that has occurred in the primary literature.

With the status of current secondary and tertiary services being as
~riefly stated above, the innovative approach of the Solubility Data Project
~s that its compilation and critical evaluation work involve consolidation
and reprocessing services when both activities are based on intellectual and
Scholarly reworking of information from primary sources. It comprises com
~act compilation, rationalization and simplification, and the fitting of
~solated numerical data into a critically evaluated general framework.

Sl)S13-A* ix
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The SoZubiZity Data Project has developed a mechanism which involves a
number of innovations in exploiting the literature fully, and which contains
ne\~ elements of a more imaginative ap~roach for transfer of reliable infor
mation from primary to secondary/tertiary sources. The fundamentaZ trend of
the SoZubiZity Data Project is toward integration of secondary and tertiary
services with the objective of producing in-depth criticaZ anaZysis and
evaZuation which are characteristic to secondary services, in a scope as
broad as conventionaZ tertiary services.

Fundamental to the philosophy of the project is the recognition that
the basic element of strength is the active participation of career
scientists in it. Consolidating primary data, producing a truly critically
evaluated set of numerical data, and synthesizing data in a meaningful
relationship are demands considered worthy of the efforts of top scientists.
Career scientists, who themselves contribute to science by their involvement
in active scientific research, are the backbone of the project. The
scholarly work is commissioned to recognized authorities, involving a process
of careful selection in the best tradition of IUPAC. This selection in turn
is the key to the quality of the output. These top experts are expected to
view their specific topics dispassionately, paying equal attention to their
own contributions and to those of their peers. They digest literature data
into a coherent story by weeding out what is wrong from what is believed to
be right. To fulfill this task, the evaluator must cover aZZ relevant open
literature. No reference is excluded by design and every effort is made to
detect every bit of relevant primary source. Poor quality or wrong data
are mentioned and explicitly disqualified as such. In fact, it is only when
the reliable data are presented alongside the unreliable data that proper
justice can be done. The user is bound to have incomparably more confidence
in a succinct evaluative commentary and a comprehensive review with a
complete bibliography to both good and poor data.

It is the standard practice that any given solute-solvent system
consists of two essential parts: I. Critical Evaluation and Recommended
Values, and II. Compiled Data Sheets.

The Critical Evaluation part gives the following information:
(i) a verbal text of evaluation which discusses the numerical solubility

information appearing in the primary sources located in the literature. The
evaluation text concerns primarily the quality of data after consideration
of tre purity of the materials and their characterization, the experimental
method employed and the uncertainties in control of physical parameters, the
reproducibility of the data, the agreement of the worker's results on
accepted test systems with standard values, and finally, the fitting of data,
with suitable statistical tests, to mathematical functions;

(ii) a set of recommended numerical data. Whenever possible, the set
of recommended data includes weighted average and standard deviations, and
a set of smoothing equations derived from the experimental data endorsed by

he evaluator;
(iii) a graphical plot of recommended data.

The compilation part consists of data sheets of the best experimental
~ata in the primary literature. Generally speaking, such independent data
~heets are given only to the best and endorsed data covering the known range
pf experimental parameters. Data sheets based on primary sources where the
~ata are of a lower precision are given only when no better data are
~vailable. Experimental data with a precision poorer than considered
acceptable are reproduced in the form of data sheets when they are the only
~nown data for a particular system. Such data are considered to be still
~uitable for some applications, and their presence in the compilation should
~lert researchers to areas that need more work.

The typical data sheet carries the following information:
(i) components - definition of the system - their names, formulas and

~hemical Abstracts registry numbers;
(ii) reference to the primary source where the numerical information is

~eported. In cases when the primary source is a less common periodical or a
~eport document, published though of limited availability, abstract
eferences are also given;

(iii) experimental variables;
(iv) identification of the compiler;
(v) experimental values as they appear in the primary source. Whenever

~vailable, the data may be given both in tabular and graphical form. If
~uxiliary information is available, the experimental data are converted
~lso to SI units by the compiler.
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Under the general heading of Auxiliary Information, the essential
experimental details are summarized:

(vi) experimental method used for the generation of data;
(vii) type of apparatus and procedure employed;
(viii) source and purity of materials;
(ix) estimated error;
(x) references relevant to the generation of experimental data as cited

in the primary source.

This new approach to numerical data presentation, developed during our
four years of existence, has been strongly influenced by the diversity of
background of those whom we are supposed to serve. We thus deemed it right
to preface the evaluation/compilation sheets in each volume with a detailed
discussion of the principl~'s of the accurate determination of relevant
solubility data and related thermodynamic information.

Finally, the role of education is more than corollary to the efforts
we are seeking. The scientific standards advocated here are necessary to
strengthen science and technology, and should be regarded as a major effort
in the training and formation of the next generation of scientists and
engineers. Specifically, we believe that there is going to be an impact of
our project on scientific-communication practices. The quality of consoli
dation adopted by this program offers down-to-earth guidelines, concrete
examples which are bound to make primary publication services more respon
sive than ever before to the needs of users. The self-regulatory message
to scientists of 15 years ago to refrain from unnecessary publication has
not achieved much. The literature is still, in 1983, cluttered with poor
quality articles. The Weinberg report (in "Reader in science Information",
Eds. J. Sherrod and A. Hodina, Microcard Editions Books, Indian Head, Inc.,
1973, p.292) states that "admonition to authors to restrain themselves from
premature, unnecessary publication can have little effect unless the climate
of the entire technical and scholarly community encourages restraint ..• "
We think that projects of this kind translate the climate into operational
terms by exerting pressure on authors to avoid submitting low-grade material.
The type of our output, we hope, will encourage attention to quality as
authors will increasingly realize that their work will not be suited for
permanent retrievability unless it meets the standards adopted in this
project. It should help to dispel confusion in the minds of many authors of
what represents a permanently useful b1t of information of an archival
value, and what does not.

If we succeed in that aim, even partially, we have then done our share
in protecting the scientific community from unwanted and irrelevant, wrong
numerical information.

A. S. Kertes



PREFACE
SCOPE OF THE VOLUME

This volume deals with the solubilities of the nitrates of scandium, yttrium, lanthan
um, and the lanthanides, commonly referred to as rare earths. As is the usual practice,
lanthanium is included as a member of the lanthanides. All solubility data for binary and
multicomponent systems (except for molten systems) are included in this volume. Also
included are the solubility data for lanthanide double nitrates. Double salts involving
a lanthanide nitrate ani a salt of an anion other than nitrate (e.g. a metal halide) are
not included in this volume.

A number of papers have been rejected and therefore not compiled, and these have been
carefully noted in the critical evaluations. Several papers which have been rejected and
not discussed in the critical evaluations are: Holmberg (1) who reported the solubility of
the double salt didymium ammonium nitrate in water at Z88 K, but didymium is now known to
be a mixture of rare earths, mainly neodymium and praseodymiuM; Rothschild et al. (Z) who
reported the solubility of a rare earth mixture containing 15 rare earths in 3-methyl-l
butanol ~soamyl alcohol) and Z-octanone (methyl hexyl ketone). The initial composition of
the mixture was given, but only a single overall solubility value was reported; Medoks (3)
who studied the double salts of La, Ce, Pr, and Nd nitrates with triphenylbenzylarsonium
nitrate, but reports the solubilities in a number of organic solvents in terms of "readily
soluble, insoluble, etc.," and numerical solubility data are not given.

NATURE OF THE SOLID PHASES

Depending upon temperature and composition of the saturated solutions (e.g. in ternary
systems), lanthanide nitrates crystallize with different numbers of waters of hydration
ranging from 6 to probably 3 per mole of salt. Lower hydrates predominate at higher temp
eratures, and when crystallization is carried out in the presence of foreign electrolytes
such as HN03 • A common procedure used to prepare the initial lanthanide nitrate has been
to crystallize the salt from aqueous nitric acid followed by desiccation over HZS04 or
CaClz. The nature of the hydrate produced by this method has led to considerable d1s
agreement between various authors concerning both the nature of the equilibrated solid
phase and the solubility value. It appears that the stable solid phase for all lanthanides
at Z98.Z K is the hexahydrate except for Yb and Lu for which the stable solid phase is
the pentahydrate. The hexahydrate---pentahydrate transition temperatures are generally
higher for the light lanthanides, and for the heavy lanthanides startin3 at around
Er(N03)3' this transition temperature is close to Z98.Z K.

Metastable equilibria is readily achieved with saturated solutions of the lanthanide
nitrates, and this is the main reason for discrepancies between solubilities reported by
various authors. The solubility of Ln(N03)3 in the various Ln(N03)3·nHZO - HZO systems
can be described by a general smoothing equation based upon the treatments in (4,5) and
in the INTRODUCTION to this volume:

Y = In(m/mo ) - nMZ(m - mo ) = a + b/(T/K) + C In(T/K)

In this smoothing equation, n is the hydration number of the solid phase hydrate, m is the
molality of the saturated solution at temperature T, mo is an arbitrarily selected refer
ence molality (usually the solubility at Z98.Z K), MZ is the molar mass of the solvent,
and a, b, c are constants. At the congruent melting point, the solubility of the hydrate
in its own waters of hydration is 1000/nMZ = 55.508/n mol kg-I, and eq.[l] thus enables
us to calculate the temperature at the congruent melting point. The calculated congruent
melting point temperatures when compared to experimental values have enabled the evaluators
to confirm the value of n for both stable and metastable systems over a wide range of
temperatures. We have not made an exhaustive literature search on congruent melting point~

but relied heavily on the citations given by Mellor (6). All references on melting points
determined prior to the year 1930 were taken directly from Mellor's treatise.

The readiness to form metastable equilibria results from small differences in lattice
structures and, consequently, lattice energies. The light lanthanide nitrate hexahydrates
from La to Sm belong to the same PI space group. However, two isotypic subgroups can be
distinguished, one consisting of La and Ce, and the other of Pr, Nd, and Sm nitrate
hexahydrates (7). For La(N03)3·6HZO the coordination polyhedron is formed by three
bidentate nitrate groups and five oxygen atoms from the water molecules: thus the struc
tural formula is [La(N03)3(HZO)5]·HZO with coordination number 11 (8). The La-O(n1trate)
bonds are somewhat asymmetric, and the uncoordinated water molecule is in close contact
with two of the coordinated water molecules. This indicates that the coordination poly
hedra are held together by hydrogen bonds. In Pr(N03)3·6HZO the coordination polyhedro~

is also formed by three bidentate nitrate groups, but only four water oxygen atoms: thus
the structural formula is [Pr(N03)3(HZO)4]·ZHZO (9,10). Within each isotypic subgroup
unlimited miscibility of the solid nitrates of the various nitrates is observed, whereas
with lanthanide nitrates belonging to different subgroups, a miscibility gap occurs such
as for La and Sm nitrate hexahydrates (11). There are indications (lZ) that the light
lanthanide nitrate pentahydrates and tetrahydrates also form two isotypic subgroups, one
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consisting of La and Ce, and the other of Pr, Nd, and Sm. This may explain why the change
~n solubiity wlth atomic number within the light lanthanides is almost independent of
temperature (Fig. 1). The structural formula of lanthanum nitrate pentahydrate which also
belongs to the PI space group is [La(N03 )3(H20)4J·H20 (13). Thus as in the case with the
hexahydrate, the lattice is held together by one water mJlecule, and the difference
concerns only the nearest neighbors of the lanthanum ion. This difference however appears
to be small since the lower coordination number of 10 for the pentahydrate as compared to
11 for the hexahydrate is partially compensated by smaller La-O distances, and less
asymmetry in the La-O(nitrate) bonds.

SOLUBILITY AS A FUNCTION OF LANTHANIDE ATOMIC NUMBER

The dependence of solubility of lanthanide nitrates on lanthanide atomic number at
various temperatures is shown in Fig. 1. The solubility data used to construct this
figure were taken from th= critical evaluations. From the figure it is seen that the
solubility increases between La and Ce, decreases in the interval from Ce to Sm, and then
increases monotonically between Gd and Lu with Lu exhibiting an almost singular position.
It is noted that changes in the solubility as a function of lanthanide atomic number are
almost independent of temperature in the interval 273.2 K to 323.2 K and, presumably, also
at higher temperatures.

The solubility of a lanthanide nitrate hydrate in water can be described by the follow
ing schematic reaction:

[2J

At equil~brium, the following relation holds:

[3J

where ~!B' ~:' and ~! are standard chemical potentials of the pure solid hydrate (AB),

of the salt (B) at infinite dilution, and of pure solvent (A), respectively. m is the
molality of,the saturated solution, y± the stoichiometric mean molal activity coefficient
for the salt, and aA is the activity of water in the saturated solution. The standard
G~bbs energy of solution, AG~ln' for the lanthanide nitrate hydrate follows from eq. [3J:

AGo ~~ - * + *sIn ~AB n ~A

On the other hand, AG~ln for a hydrated salt is also given by

AGo AGo AGo 0- nAG (H20, vap)sIn h lat [5J

where AG~ is the standard Gibbs energy of hydration of Ln(N03)3, AG~at is the standard
Gibbs energy of lattice formation of the hydrate, and AGO(H20,vap) is the standard Gibbs
energy of vaporization of water. By combining eqs. [3-5], the following exression for the
solubility m is obtained:

-4RT blm = AGo - AGo - nAGo (H 20,vap) + RT .lI'ly4± + nRTR.naA + RTln27h lat

Provided n is constant, eq.[6Jcan be used to explain the observed solubility-atomic number
(2) behavior by variations in the terms AGg, AG~at' and y±. The activity coefficient
term refle~ts changes in ionic hydration, long range interactions, and complex formation
as a function of concentration and lanthanide ion (changes in the activity of water are
negligibly small). According to some estimates (14), AG~ for lanthanide ions decrease
from about -3.180 kJ mol- l for La to about -3.598 kJ mol~l for Lu which suggests that both
the absolute values ani the (relative) changes within the series are substantial. The
Gibbs energy of hydration exhibits a well marked double-double effect, i.e. the relative
stabilization of f O, f7, fl4, and f3, f4, flO, fll configuratiops. Apparently nothing is
known about the Gibbs energy of lattice formation of lanthanide nitrates, but there is
indirect evidence that it must change with atomic number almost the same as AGg. It is
known (15) that the standard enthalpy of solution of lanthanide nitrates, AH~ln which is
equal to AHg - AH£at - n6HO(H20,vap), increases from -18.702 kJ mol- l for La to 11.632
kJ mol- l for Lu. Since for certain lanthanide properties such as complexation, the entropy
term almost compensates the enthalpy term, it is expected that changes in 6Ggl n (i.e.
changes in the difference 6Gg - 6G£at) with 2 will be much smaller than changes in AHo

ln ,
but that these changes will still be positive. Therefore by considering only the differ
ences in 6Gg - 6G~ t' we would expect a very small decrease in solubility from La to Lu
whereas in fact, tfle solubility increases with 2 over the Gd-Lu or Eu-Lu interval.
Apparently the contribution from the activity coefficient term is of importance. Since at
high lanthanide nitrate concentrations changes in y+ with 2 reflect mainly changes in
complex formation between Ln3+ and NO) ions (16), the observed solubility behavior as a
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function of Z may be significantly influenced by differences in complex formation. This
conclusion is supportej by a partial similarity between the plot of -4RT lnm against Z
(Fig. 2), and changes in the Gibbs energy of complex formation (~Gg) with Z for many
ligands (e.g. for glycolic acid (17». It is frequently observed that with increasing Z,
~Gg decreases at the beginning of the series, then remains constant or increases slightly,
and decreases again in the region of the heavy lanthanides. Thus at least in the Gd-Lu
interval, the change in solubility with Z may be due mainly to changes in complex forma
tion. Within the light lanthanides, the appearance of a maximum for the solubility at
Ce may be due to the difference in structure between La-Ce and Pr-Sm nitrate hexahydrates
as discussed above (11). For La and Ce nitrate hexahydrates, one water molecule is out
side the cation coordination sphere, whereas for Pr and probably also the heavier lanthan
ides, two water molecules hold the lattice together by hydrogen bonds. Thus a discontin
uous decrease in lattice enthalpy, and probably also Gibbs energy, should occur between
Ce and Pro It follows from eq.[6] that this change in lattice enthalpies and Gibbs
energies will result in a decrease in solubility between Ce and Pro However since the
maximum at Ce also appears at high temperatures, an analogous change in coordination
number between Ce and Pr must also occur for lower hydrates, i.e. at least for the penta
hydrates which can be seen from the data in the critical evaluations which show a
solubility maximum at Ce in the pentahydrate system over the temperature range 298.2 K
to 343.2 K. Experimental data on the solubilities in the tetrahydrate system are not
sufficiently complete to extend this analysis to the tetrahydrate systems.

It should also be noted that the change in solubility in the La-Nd interval exhibits
a conspicuous similarity to the pattern expected for the double-double effect which is
greatest for the first segment (t~ad). The slightly lower solubility of lutetium nitrate
than that expected from the trend in the Gd-Yb interval may also be a manifestation of the
effect in the last segment. Since the occurence of the double-double effect in Gibbs
energy of hydration of lanthanide ions and in lattice parameters of lanthanide compounds
is well established, its influence on solubility behavior is expected, and its direction
(convex downwards) is in accordance with the higher coordination number of lanthanide ions
in the solid nitrates than in aqueous solution.

POSITION OF YTTRIUM WITHIN THE LANTHANIDES WITH RESPECT TO SOLUBILITY

With respect to lattice parameters containing oxygen atoms as coordinating atoms (18),
and with respect to enthalpy and entropy of complex formation, Y lies between Ho and Er.
Since for most ligands, yttrium behaves as a slightly heavier quasi lanthanide with respect
to enthalpy than with respect to entropy of complex formation (19), its position with
respect to Gibbs energy of complex formation is that amongst the light lanthanides.
However with respect to solubility of the nitrates, yttrium appears almost at the exact
place as erbium, i.e. amongst the heavy lanthanides. This means that with respect to
enthalpy and entropy of solutions, yttrium behaves as a heavy lanthanide, and that there
is little change in the cation's environment in passing from the solid phase to aqueous
solution. Indeed lanthanide and yttrium ions in the solid (hexahydrate) phase are
surrounded by three NO) ions and 5 or 4 water molecules, whereas in concentrated aqueous
solution the environment probably consists of one or two nitrate ions and a number of
water molecules completing the coordination number to 9 or 8. Moreover, since donor
properties of nitrate ions and water molecules do not differ appreciably, there is little
change in the environment upon dissolution which is probably another major reason for the
high solubilities of yttrium and lanthanide nitrate hydrates.

GENERAL COMMENTS ON THE PREPARATION OF THIS VOLUME

The literature on the solubilities of Sc, Y and the lanthanide nitrates were covered
through 1982. So far as we are aware, the entire literature has been covered in our
survey, but some omission may still have occurred. The editors will therefore be grateful
to readers who will bring these omissions to their attention so that they may be included
in future updates to this volume.

Most of the solubility data reported in the literature are either in mass % units or
in units of molality, and the compilers and evaluators have converted all mass % data into
mol kg- l units using 1977 IUPAC recommended atomic masses. In several cases such as the
ternary systems of high nitric acid content, the conversions to molality led to trivial
values: e.g. for nitric acid compositions between 20-99 mass %, the molality of nitric
acid is between 10 and 1000 mol kg-I. For cases such as these, conversions to mole
fraction units or molality where HN03 is taken as part of the solvent would have been
preferred. However since this problem was relatively rare, and since molality units were
used as the basis for critical evaluation, conversions to mole fraction units were not
carried out, and we retained the conversions to mol kg- l even though some of the values
were trivial.

Phase diagrams are given for selected multicomponent systems. The basis for selection
included clarity of the original diagram, ease of reproduction, and whether in the judgment
of the evaluators, they were informative. Thus a number of phase diagrams reported in the
original publications are not reproduced in this volume.



10

9

8

5

I
La Ce Pr

Preface

I I I I
Nd Pm Sm Eu Gd Tb Dy

I
Ho Er Tm Yb Lu

xv

Figure 1. Solubility as a function of atomic number. Solid phase is the hexahydrate
except for points with an asterisk (*) which denotes a pentahydrate solid phase.
Temperatures are: 6273.2 K, .283.2 K, 0293.2 K, 0298.2 K, .303.2 K, () 313.2 K,

.6.323.2 K', 11333.2 K.

14

15

..... 16I
...J
a
~

-,

'"...... 17~

>-
...J
a
(J)
~

z
18...J

..:c:::

.:::r
I

19

La Ce Pr Nd P1"'I Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Figure 2. -4RT in m1 as a function of atomic number (T = 298.2 K).



xvi Preface

Chemical Abstract Registry Numbers are given for most of the compounds included in this
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INTRODUCTION TO
SOLIDS

Natu~e 06 the P~oject

THE SOLUBILITY
IN LIQUIDS

OF

The Solubility Data Project (SOP) has as its aim a comprehensive search
of the literature for solubilities of gases, liquids, and solids in liquids
or solids. Data of suitable precision are compiled on data sheets in a
uniform format. The data for each system are evaluated, and where data from
different sources agree sufficiently, recommended values are proposed. The
evaluation sheets, recommended values, and compiled data sheets are publish
ed on consecutive pages.

This series of volumes includes solubilities of solids of all types in
liquids of all types.

Ve6inition~

A mixtu4e (1,2) describes a gaseous, liquid, or solid phase containing
more than one substance, when the substances are all treated in the same
way.

A ~olution (1,2) describes a liquid or solid phase containing more than
one substance, when for convenience one of the substances, which is called
the ~olvent and may itself be a mixture, is treated differently than the
other substances, which are called ~olute~. If the sum of the mole
fractions of the solutes is small compared to unity, the solution is called
a dilute ~otution.

The ~olubil~ty of a substance B is the relative proportion of B (or a
substance related chemically to B) in a mixture which is saturated with
respect to solid B at a specified temperature and pressure. Satu~ated

implies the existence of equilibrium with respect to the processes of
dissolution and precipitation; the equilibrium may be stable or metastable.
The solubility of a metastable substance is usually greater than that of
the corresponding stable substance. (Strictly speaking, it is the activity
of the metastable substance that is greater.) Care must be taken to
distinguish true metastability from supersaturation, where equilibrium does
not exist.

Either point of view, mixture or solution, may be taken in describing
solubility. The two points of view find their expression in the quantities
used as measures of solubility and in the reference states used for defini
tion of activities and activity coefficients.

The qualifying phrase "substance related chemically to B" requires
comment. The composition of the saturated mixture (or solution) can be
described in terms of any suitable set of thermodynamic components. Thus,
the solubility of a salt hydrate in water is usually given as the relative
proportion of anhydrous salt in solution, rather than the relative
proportions of hydrated salt and water.

Quantitie~ U~ed a~ Mea~u~e~ 06 Solubility

1. Mole 6~action of substance B, x
B

:

c
nBI L n.

i=l ~
(1)

(2)

where ni is the amount of substance of substance i, and c is the number of
distinct substances present (often the number of thermodynamic components
in the system). Mole pe~ cent of B is 100 xB'

2. Ma~~ 6~action of substance B, wB:

c
m' I L m'.

B i=l ~

where m'i is the mass of substance i. Ma~~ pe~ cent of B is 100 wB' The
equivalent terms weight fraction and weight per cent are not used.

3. Solute mole (ma~~) 6~action of solute B
c' c'

nBI L n i xBI L xi
i=l i=l

(3,4) :

(3)

where the summation is over the solutes only. For the solvent A, xS,A = xA'
These quantities are called JanecQe mole (ma~~l 6~action~ in many papers.

xvii
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4. Molality of solute B (1,2) in a solvent A:

m
B nB/nA MA SI base units: mol kg- 1 (4)

where MA is the molar mass of the solvent.

5. Conc.ent/tat-<.on of solute B (1,2) in a solution of volume V:

c B [B] nB/v SI base units: mol m- 3 (5)

The terms molarity and molar are not used.
Mole and mass fractions are appropriate to either the mixture or the

solution points of view. The other quantities are appropriate to the
solution point of view only. In addition of these quantities, the follow
ing are useful in conversions between concentrations and other quantities.

6. Ven~ity: p = m/V SI base units: kg m- 3 (6 )

7. Relative den~ity: d; the ratio of the density of a mixture to the density
of a reference substance under conditions which must be specified for both
(1). The symbol df. will be used for the density of a mixture at tOe, 1
atm divided by the density of water at t,Oe, 1 atm.

Other quantities will be defined in the prefaces to individual volumes
or on specific data sheets.

The/tmodynamic.~ 06 Solubil-<.ty

The principal aims of the Solubility Data Project are the tabulation and
evaluation of: (a) solubilities as defined above; (b) the nature of the
saturating solid phase. Thermodynamic analysis of solubility phenomena has
two aims: (a) to provide a rational basis for the construction of functions
to represent solubility data; (b) to enable thermodynamic quantities to be
extracted from solubility data. Both these aims are difficult to achieve
in many cases because of a lack of experimental or theoretical information
concerning activity coefficients. Where thermodynamic quantities can be
found, they are not evaluated critically, since this task would involve
critical evaluation of a large body of data that is not directly relevant
to solubility. The following discussion is an outline of the principal
thermodynamic relations encountered in discussions of solubility. For more
extensive discussions and references, see books on thermodynamics, e.g.,
(5-10) •

Ac.tivity Coe66ic.ient~ (1)

(a) Mixtu/te~. The activity coefficient f B of a substance B is given by

(7)

where ~B is the chemical potential, and ~B* is the chemical potential of
pure B at the same temperature and pressure. For any substance B in the
mixture,

1 (8)

(b) Solut-<.on~.

(i) Solute ~ub~tanc.e, B. The molal activity coefficient YB is given
by

RT R.n (YB~) ~B - (~B - RT R.n ~) 00 (9)

where the superscript 00 indicates an infinitely dilute solution. For any
solute B,

00

Y
B

1 (10)

Activity coefficients YB connected with concentration cB' and f x B (called
the /tational ac.tivity c.oe66ic.ient) connected with mole fraction xB are
defined in analogous ways. The relations among them are (1,9):

or

V * (1 - Ec ) Y
Ass B

(11)
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(12)

or

YB (VA + MA~mSVS)YB/VA* Vmfx,B/VA* (13)

where the summations are over all solutes, VA* is the molar volume of the
pure solvent, Vi is the partial molar volume of substance i, and Vm is the
molar volume of the solution.

For an electrolyte solute B = Cv+Av-' the molal activity is replaced by
(9)

v v v
yBmB = Y± mB Q (14)

where v = v+ + v_, Q = (v+v+v_V-)l/V, and Y± is the mean ionic molal
activity coefficient. A similar relation holds for the concentration
activity YBcB' For the mol fractional activity,

f x
Bx,B

The quantities x+
single solute are

and x_ are the ionic mole fractions (9), which for a

(15)

x (16)

(ii) Solven:t, A:

The ohmo:tic coe66icien:t, ¢ , of a solvent substance A is defined as (1):

¢ (~A*-~A)/RT MA ~ms

where ~A* is the chemical potential of the pure solvent.
The ~a:tionat Ohmo:tic coe66icien:t, ¢x' is defined as (1):

(17)

(18)¢MALm /£n(l + MALm )
s s s s

The activity, aA' or the activity coefficient fA is often used for the
solvent rather than the osmotic coefficient. The activity coefficient is
defined relative to pure A, just as for a mixture.

The Liquid Phahe

A general thermodynamic differential equation which gives solubility as
a function of temperature, pressure and composition can be derived. The
approach is that of Kirkwood and Oppenheim (7). Consider a solid mixture
containing c' thermodynamic components i. The Gibbs-Duhem equation for
this mixture is:

(20)o

c'
L x.'(S.'dT - Vi'dp + d~i) 0 (19)

i=l]. ].

A liquid mixture in equilibrium with this solid phase contains c thermo
dynamic components i, where, usually, c >, c'. The Gibbs-Duhem equation for
the liquid mixture is:

c' c
L x. (S.dT - V.dp + d~.) + E x. (S.dT - V.dp + d~i)

i=l J. J. J. J. i=c'+l J. J. J.

Eliminate d~l by mUltiplying (19) by Xl and (20) Xl'. After some algebra,
and use of:

c
L G.. dx. - S.dT + V]..dp

j=2 J.J J ].
(21)

where (7)

= (22)

it is
c'
E

i=2

found that
c
L (x~ '-X.XI/Xl )G .. dx. -

j=2 • J. J.J J

c c
(Xl'/X)) E E x.G .. dx.

i=c'+l j=2 J. J.J J

c' c'
E x.'(H.-H.')dT/T - E x.'(V.-V.')dp

i-I J. J. J. i-I J. J. J.
( 23)
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where

H.-H. I
J. J.

Introduction

(24)

is the enthalpy of transfer of component i from the solid to the liquid
phase, at a given temperature, pressure and composition, and ~i' Si, Vi are
the partial molar enthalpy, entropy, and volume of component J.. Several
special cases (all with pressure held constant) will be considered. Other
cases will appear in indJ.vidual evaluations.

(al Sqlub~lLty aa a 6unQtLon 06 tempenatune.
Consider a bJ.nary solid compound AnB in a single solvent A. There is no
fundamental thermodynamic dJ.stinction between a binary compound of A and B
whJ.ch dissociates completely or partially on melting and a solid mixture of
A and B; the bJ.nary compound can be regarded as a solid mixture of constant
composJ.tion. Thus, with c = 2, c' = 1, xA' = n/(n+l), xB' = l/(n+l), eqn
(23) becomes

:Hnf
B

(l/xB-n/xA){l+(-~-£---) }dxBo nXB T,P
(25)

where the mole fractional activity coefficJ.ent has been introduced. If the
mixture is a non-electrolyte, and the activJ.ty coefficients are given by
the expressJ.on for a simple mixture (6):

wx 2
A

(26)

then it can be shown that, if w is independent of temperature, eqn (25) can
be integrated (cf. (5), Chap. XXIII, sect. 5). The enthalpy term becomes

~HAB + n(HA-HA*) + (HB-HB*)

~HAB + w(n~2+xA2) (27)

where ~HAB is the enthalpy of melting and dissociation of one mole of pure
solJ.d AnB, and HA*, HB* are the molar enthalpJ.es of pure liquid A and B.
The dJ.fferential equatJ.on becomes

- w
x 2+nx 2

d( A B)
T

(28)

Integration from xB,T to xB = l/(l+n), T = T*, the melting point of the
pure binary compound, gJ.ves:

(29)

where ~C~* is the change in molar heat capacity accompanying fusion plus
decomposJ.tion of the compound at temperature T*, (assumed here to be
independent of temperature and composition), and ~H!B is the corresponding
change in enthalpy at T = T*. Equation (29) has the general form

(30)

If the solid contains only component B, n = 0 in eqn (29) and (30).
If the infinJ.te dilution standard state is used in eqn (25), eqn (26)

becomes

RT £n f
x,B

and (27) becomes

(31)

~H~B + w(nxB
2 +xA

2-l)

(32)

where the first term, ~H~, is the enthalpy of melting and dissociation of
solid compound AnB to the infinitely dilute state of solute B in solvent
A; HE is the partial molar enthalpy of the solute at infinite dilution.
Clearly, the integral of eqn (25) will have the same form as eqn (29), with
~H~(T*), ~Coo(T*) replacing ~HAB and ~Cp* and xA2-l replacing XA 2 in the
last term. p



Introduction xxi

If the liquid phase is an aqueous electrolyte solution, and the solid ~s

a salt hydrate, the above treatment needs slight modification. Using
rational mean activity coefficients, eqn (25) becomes

RV(l/xB-n/x
A

) {1+(a£nf t /a9nx t )T,p}dxB/{1+(v-l)xB}

{~H~B + n(HA-HA*) + (HB-H;)}d(l/T) (33)

If the terms involving activity coefficients and partial ~olar enthalpies
are negligible, then integration gives (cf. (11»:

n ~Hoo (T*)-T*~C * ~C* (34)
n { n } { AB P } (1:. _ 1) -En (T/T*)
",n (n+v)h+v - R T T* + R ",n

A similar equation (with v=2 and without the heat capacity terms) has been
used to fit solubility data for some MOH=H20 systems, where M is an alkali
metal; the enthalpy values obtained a~reed well with known val~es (11).
In many cases, data on activity coeff~cients (9) and partial molal enthalp~

es (8,10) in concentrated solution indicate that the terms involving these
quantities are not neglig~ble, although they may rema~n roughly constant
along the solubility temperature curve.

The above analysis shows clearly that a rational thermodynamic basis
exists for functional representation of solubility-temperature curves in
two-component systems, but may be difficult to apply because of lack of
experimental or theoretical knowledge of activity coefficients and partial
molar enthalpies. Other phenomena which are related ultimately to the
stoichiometric activity coefficients and which complicate interprp.tat~on

include ion pairing, formation of complex ~ons, and hydrolys~s. bim~lar

considerations hold for the variation of solubility with pressure, except
that the effects are relatively smaller at the pressures used in many
~nvestigations of solubil~ty (5).

fb) Soiub~i~~y a~ a 6unc~~on 06 compo~~t~on.

At constant temperature and pressure, the chemical potential of a saturating
solid phase is constant:

IJAB
n

IJA B (sIn)
n

(35)

(36)

for a salt hydrate AnB which dissociates to water, (A), and a salt, B, one
mole of which ionizes to give v+ cations and v_ anions in a solution in
which other substances (ionized or not) may be present. If the saturated
solution is sufficiently dilute, fA = xA = 1, and the quantity K~o in

-RT £n

-RT £n

K O
so
v v v+ v

Q Yt m+ m_ (37)

is called the hoiub~i~~y pnoduc~ of the salt. (It should be noted that it
is not customary to extend this definition to hydrated salts, but there is
no reason why they should be excluded.) Values of the solubility product
are often given on mole fraction or concentration scales. In dilute
solutions, the theoretical behaviour of the activity coefficients as a
function of ionic strength is often sufficiently well known that reliable
extrapolations to infinite dilution can be made, and values of K~o can be
determined. In more concentrated solutions, the same problems w~th activity
coefficients that were outlined in the section on variation of solubility
with temperature still occur. If these complications do not arise, the
solubility of a hydrate salt Cv Av ·nH 20 in the presence of other solutes
is given by eqn (36) as + -

v £n{~/~(O)} (38)

where a
H20

is the activity of water in the saturated solution, ~ is the

molality of the salt in the saturated solution, and (0) indicates absence
of other solutes. Similar considerations hold for non-electrolytes.
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The SoLi.d PhaH

Introduction

The definition of solubility permits the occurrence of a single solid
phase which may be a pure anhydrous compound, a salt hydrate, a non
stoichiometric compound, or a solid mixture (or solid solution, or "mixed
crystals"), and may be stable or metastable. As well, any number of solid
phases consistent with the requirements of the phase rule may be present.
Metastable solid phases are of widespread occurrence, and may appear as
polymorphic (or allotropic) forms or crystal solvates whose rate of
transition to more stable forms is very slow. Surface heterogeneity may
also give rise to metastability, either when one solid precipitates on the
surface of another, or if the size of the solid particles is sufficiently
small that surface effects become important. In either case, the solid is
not in stable equilibrium with the solution. The stability of a solid may
also be affected by the atmosphere in which the system is equilibrated.

Many of these phenomena require very careful, and often prolonged,
equilibration for their investigation and elimination. A very general
analytical method, the "wet residues" method of Schreinemakers (12) (see
a text on physical chemistry) is usually used to investigate the composition
of solid phases in equilibrium with salt solutions. In principle, the same
method can be used with systems of other types. Many other techniques for
examination of solids, in particular X-ray, optical, and thermal analysis
methods, are used in conjunction with chemical analyses (including the wet
residues method) •

COMPILATIONS AND EVALUATIONS

The formats for the compilations and critical evaluations have been
standardized for all volumes. A brief description of the data sheets has
been given in the FOREWORD; additional explanation is given below.

The format used for the compilations is, for the most part, self
explanatory. The details presented below are those which are not found in
the FOREWORD or which are not self-evident.

Component~. Each component is listed according to IUPAC name, formula,
and Chemical Abstracts (CA) Registry Number. The formula is given either
in terms of the IUPAC or Hill (13) system and the choice of formula is
governed by what is usual for most current users: i.e. IUPAC for inorganic
compounds, and Hill system for organic compounds. Components are ordered
according to:

(a) saturating components;
(b) non-saturating components in alphanumerical order;
(c) solvents in alphanumerical order.
The saturating components are arranged in order according to a 18-column,

2-row periodic table:
Columns 1,2: H, groups lA, IIA;

3,12: transition elements (groups IIIB to VIIB, group VIII,
groups IB, lIB);

13-18: groups IlIA-VIlA, noble gases.
Row 1: Ce to Lu;
Row 2: Th to the end of the known elements, in order of atomic number.

Salt hydrates are generally not considered to be saturating components since
most solubilities are expressed in terms of the anhydrous salt. The exist
ence of hydrates or solvates is carefully noted in the texts, and CA
Registry Numbers are given where available, usually in the critical
evaluation. Mineralogical names are also quoted, along with their CA
Registry Numbers, again usually in the critical evaluation.

O~i9inal Mea~u~ement~. References are abbreviated in the forms given by
Chemical Ab~t~act~ Se~vice Sou~ce Index (CASSI). Names originally in other
than Roman alphabets are given as transliterated by Chemical Ab~t~act~.

Expe~imental Value~. Data are reported in the units used in the original
publication, with the exception that modern name~ for units and quantities
are used; e.g., mass per cent for weight per cent; mol dm- 3 for molar; etc.
Both mass and molar values are given. Usually, only one type of value (e.g.,
mass per cent) is found in the original paper, and the compiler has added
the other type of value (e.g., mole per cent) from computer calculations
based on 1976 atomic weights (14). Errors in calculations and fitting
equations in original papers have been noted and corrected, by computer
calculations where necessary.

Method. Sou~ce and Pu~ity 06 Mate~ial~. Abbreviations used in Chemical
Ab~t~act~ are often used here to save space.

E~timated E~~o~. If these data were omitted by the original authors, and
if relevant information is available, the compilers have attempted to
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estimate errors from the internal consistency of data and type of apparatus
used. Methods used by the compilers for estimating and reporting errors are
based on the papers by Ku and Eisenhart (15).

Comment~ and/o~ Add~t~onat Data. Many compilations include this section
which provides short comments relevant to the general nature of the work
or additional experimental and thermodynamic data which are judged by the
compiler to be of value to the reader.

Re6e~ence~. See the above description for Original Measurements.

Gu~de to the Evatuat~on~

The evaluator's task is to check whether the compiled data are correct,
to assess the reliability and quality of the data, to estimate errors where
necessary, and to recommend "best" values. The evaluation takes the form
of a summary in which all the data supplied by the compiler have been
critically reviewed. A brief description of the evaluation sheets is given
below.

Component~. See the description for the Compilations.
Evatuato~. Name and date up to which the literature was checked.

C~~t~cat Evatuat~on

(a) Critical text. The evaluator produces text evaluating att the
published data for each given system. Thus, in this section the evaluator
review the merits or shortcomings of the various data. Only published data
are considered; even published data can be considered only if the
experimental data permit an assessment of reliability.

(b) Fitting equations. If the use of a smoothing equation is justifiable
the evaluator may provide an equation representing the solubility as a
function of the variables reported on all the compilation sheets.

(c) Graphical summary. In addition to (b) above, graphical summaries
are often given.

(d) Recommended values. Data are ~ecommended if the results of at least
two independent groups are available and they are in good agreement, and if
the evaluator has no doubt as to the adequacy and reliability of the applied
experimental and computational procedures. Data are reported as tentat~ve

if only one set of measurements is available, or if the evaluator considers
some aspect of the computational or experimental method as mildly
undesirable but estimates that it should cause only minor errors. Data are
considered as doubt6ut if the evaluator considers some aspect of the
computational or experimental method as undesirable but still considers the
data to have some value in those instances where the order of magnitude of
the solubility is needed. Data determined by an inadequate method or under
ill-defined conditions are ~eJected. However references to these data are
included in the evaluation together with a comment by the evaluator as to
the reason for their rejection.

(e) References. All pertinent references are given here. References to
those data which, by virtue of their poor precision, have been rejected and
not compiled are also listed in this section.

(f) Units. While the original data may be reported in the units used by
the investigators, the final recommended values are reported in S.l. units
(1,16) when the data can be accurately converted.

References

1. I'lhiffen, D. H., ed., Manual 06 Symbo~ and T~notogy 604 Ph!f~~co
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Institute of Chemistry. London. 1971.
3. Janecke, E. Z. Ano~g. Chem. 1906, 57, 132.
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Longmans, Green. London, New York, Toronto. 1954.
6. Guggenheim, E.A. The~mod!fnam~c~. North-Holland. Amsterdam. 1959. 4th ed.
7. Kirkwood, J.G.; Oppenheim, I. Chem~cat The~mod!fnam~c~. McGraw-Hill, New

York, Toronto, London. 1961.
8. Lewis, G.N.; Randall, M. (rev. Pitzer, K.S.; Brewer, L.). The~mod!fnam~c6

McGraw Hill. New York, Toronto, London. 1961. 2nd ed.
9. Robinson, R.A.; Stokes, R.H. Etect~ot!fte Sotut~on6. Butterworths. London.
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10. Harned, H.S.; Owen, B.B. The Ph!f6~cat Chem~6t~!f 06 Etect~ot!ft~c Sotut~o~

Reinhold. New York. 1958. 3rd ed.
11. Cohen-Adad, R.; Saugier, M.T.; Said, J. Rev. Ch~m. M~ne~. 1973, 70, 631.
12. Schreinemakers, F.A.H. Z. Phlj6. Chem., 6toech~om. Ve~wand6cnart6t. 1893,

77, 75.
13. Hill, E.A. J. Am. Chem. Soc. 1900, 22, 478.
14. IUPAC Commission on Atomic Weights. Pu~e Appt. Chem., 1976, 47, 75.



xxiv Introduction

15. Ku, H.H., p. 73; Eisenhart, C., p. 69; in KU, H.H., ed. Pneei¢ion
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Evaluation of aqueous systems

COMPONENTS: EVALUATOR:

(1) Scandium nitrate; Sc(N03)3; [13465-60-6] Mark Salomon

(2) Water ; H20 ; [7732-18-5]
U.S. Army Electronics Technology and Devices

Laboratory
Fort Monmouth, NJ, USA

November, 1982

CRITICAL EVALUATION:
Sc3+ is the most extensively hydrolysed ion of the group y 3+, La3+, and the lanthanides.

In aqueous solutions the nature of the complex formed by hydrolysis varies wiZh pH, but the
major species appear to be (1-5) ScOH2+, SC2(OH)~+, SC3(OH)g+, and SC3(OH) +. Aqueous
systems also have a tendency to polymerize (3-5). The degree of hydrolysis o~ Sc(N03)3
is about 6-8 % at ambient temperatures (4), but decreases considerably as the concentration
is increased particularly at and above 1 mol dm-3 (2). Due to the tendency to hydrolyse,
the composition of the solid phases will also depend upon pH as ScOH(N03)2 or Sc(OH)2N03
tend to precipitate at high pH's (2,4,6). In this critical evaluation only those systems
are considered in which saturated Sc(N03)3 solutions are in equilibrium with its hydrated
solid Sc(N03)3·nH20.

This criteria limits the number of publications on the solubility of Sc(N03)3 to two
(2,7). Only two solid phases have been identified

[16999-44-3] and

The tetrahydrate can be prepared by crystallization from solutions of high nitric acid
concentration (2,8), and the dihydrate can be prepared from the tetrahydrate by heating in
air at 323 K or by prolonged dehydration. Both salts are extremely hydroscopic and cannot
be completely dehydrated due to the formation of oxide nitrates. Wendlandt (9) states that
the hexahydrate was produced by crystallization from concentrated HN03' but this result
has not been confirmed. Wendlandt also reported thermal studies on Sc(N03)3.6H20 ,
[13759-83-6], and found only decomposition and formation of oxide nitrates. Somewhat
similar results '.ere found by Komissarova et al. (8) in their thermal studies of the tetra
and dihydrates. However the latter authors (8) report that the tetrahydrate melts congru
ently at 323 K, and that the dihydrate melts congruently at 348 K.

An attempt was made to fit the solubility data of Pushkina and Komissarova (2) to the
general solubility equation (see INTRODUCTION and reference 10)

Y = .e.n(m/mo ) - nM2 (m - mo ) = a + b/(T/K) + c.e.n(T/K) [1]

where m is the solubility in mol kg-I, mo an arbitrarily selected reference molality, n is
the hydration number, and M2 is the molar mass of the solvent. Using all six data points
from (2) over the temperature range of 273 K to 323 K results in an acceptable fit Y to T/K,
but a poor fit with regard to the calculated heat of solution, ~Hsln,and the predicted
congruent melting point: i.e. ~Hsln is positive which is opposite to values found for all
other saturated lanthanide nitrate solutions, and the congruent melting point could not be
calculated due to failure of the calculation to converge. If the solubility at 323 K is
neglected, ~Hsln is still positive and an incorrect value of 342 K is obtained for the
congruent melting point. A reasonable fit of the data in (2) to eq. [1] is obtained by
using only the four data points for the temperatures between 288 K and 313 K. For these
four data points it is found that

Y = -123.26 + 5l78/(T/K) + l8.588.e.n (T/K) [2]

8 -1The standard deviation of residuals for the solubility, Urn' is 0.1 mol kg , ~Hsln =
-172 kJ mol-I, and the predicted congruent melting point is 325.1 K which is in agreement
with the experimental value discussed above. The solubility result of 6.259 mol kg- l for
a solution in equilibrium with the dihydrate solid phase (7) seems incorrect because this
result suggests that the temperature for the tetrahydrate--dihydrate transition lies well
below 303 K which is contrary to expected based on comparison with all other lanthanide
nitrates. Thus whereas the solubility data of Pushkina and Komissarova (2) can be desig
nated as tentative values, the value for the solubility in the binary system reported by
Zholalieva, Sulaimankulov and Ismailov (7) must be designated as doubtful.

REFERENCES
1. Baes, C.F.; Mesmer, R.E. The Hydrolysis of Cations. Wiley. New York. 1976.
2. Pushkina, G.Ya.; Komissarova, L.N. Zh. Neorg. Khim. 1963, 8, 1498.
3. Komissarova, L.N.; Pushkina, G.Ya.; Ebert, If. Zh. Neorg. Khim. 1969, 14, 2925.
4. Komissarova, L.N. Zh. Neorg. Khim. 1980, 25, 143.
5. Davydov, Yu.P.; Glazacheva, G.I. Zh. Neorg. Khim. 1980, 25. 1462.
6. Mironov, N.N.; Mal'kevich, N.V. Zh. Neorg. Khim. 1970, 15, 599.
7. Zholalieva, Z.; Sulaimankulov, K.; Ismailov, M. Zh. Neorg. Khim. 1978, 23, 860.
8. Komissarova, L.N.; Pushkina, G.Ya.; Spitsyn, V.I. Zh. Neorg. Khim. 1963, 8, 1384.
9. Wendlandt, W.W. Anal. Chim. Acta 1956, 15, 435.

10. Counioux, J.-J.; Tenu, R. J. Chim. Phys. 1981, 78, 816 and 823.



2

COMPONENTS:

Scandium nitrate

ORIGINAL MEASUREMENTS:

(1) Scandium nitrate; SC(N0 3)3; [13465-60-6] Pushkina, G. Ya.; Komissarova, L.N. Zh.

Neorg. Khim. 1963, 8, 1498-504; Russ. J.

(2) Water; H
2
0; [7732-18-5] Inorg. Chern. EngZ. TransZ. 1963, 8, 777-81

VARIABLES: PREPARED BY:

Temperature: range OoC to 500 C T. Mioduski, S. Siekierski, M. Salomon

EXPERIMENTAL VALUES:

a bSC
Z
0

3 SC(N0 3) 3

t/oC mass % mass % mol -1 solid phasekg

° 16.83 56.37 5.595 SC(N0 3) 3 '4HZO
15 18.30 61. 30 6.857 II

25 l8.6Z 6Z.37 7.176 II

30 19.19 64.Z8 7.791 II

40 ZO.OO 66.99 8.787 II

50 ZO.19 67.63 9.045 II

6Oc (X)

a. Original experimental data are mass % Sc?03' The authors also reported calculated
values for the solubilities of Sc(N03)3·4HZO. These values are not given in this
compilation because they are too low by about 0.1% due to the authors' use of old
values of atomic weights, and because the solubilities in terms of the anhydrous salt
are the more relevant quantities.

b. Calculated by the compilers.

c. Authors state that since the melting point of the tetrahydrate is 50
0

C (1), the
salt is infinitely soluble above this temperature.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The initial material
were placed in glass vessels and thermostated
For high RN0 3 concentrations, the vessels
were sealed with liquid paraffin. Equilib
rium was reached within Z-3 days as
ascertained by successive analyses. 1-2 g of
saturated solution was removed for each
analyses with a pipet fitted with a detach
able No. Z or No.3 Schott filter. 0.5-1 g
of solid was also removed for analysis.

SOURCE AND PURITY OF MATERIALS;
Sc(N03)3·4HZO was crystallized from nitric

acid solution containing at least 44.Z6
mass % N

2
0

5
• Chemical analysis resulted in

the following (mean of 3 detns): Sc 14.84
mass %, N0

3
61.33 mass %. Impurities in the

salt stated not to exceed 0.01 %.

A.R. grade conc RN0 3 used (sp. gr. 1.35) or
100 % HN0

3
used obtained by distn from a

mixt of nitric and sulfuric acids.

ERROR:
Scandium was determined gravimetrically by
precipitation as the hydroxide and ignitionw ESTIMATED
the oxide. Nitrogen was determined by
Devarda's method, and water was calculated Soly: reproducibility ± 1% or better
from the loss in weight upon heating to (compilers).
9000 C. The results given in the above table Temp: accuracy ± 0.1 K (authors).
are means of three determinations. ~--~------~--------~------~----------~REFERENCES:

1. Komissarova, L.N.; Pushkina, G. Ya.;

Spitsyn, V.I. Zh. Neorg. Khim. 1963, 8,

1384; Russ. J. Inorg. Chern. EngZ. TransZ.

1963, 8, 719.



COMPONENTS:

Ternary system, one saturating component

ORIGINAL MEASUREMENTS:

3

(1) Scandium nitrate; Sc(N0
3
)3; [13465-60-6]

(2) Nitric acid; HN0
3

; [7697-37-2J

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C

EXPERIMENTAL VALUES:

Pushkina, G. Ya.; Komissarova, L.N. Zh.
Neorg. Khirn. 1963, S, 1498-504; Russ. J.
Inorg. Chern. Engl. Z'ransl. 1963, 8, 777-81.

PREPARED BY:

Hark Salomon

Solubility of Sc(N03)3 in aqueous HN0
3

solutions at 25°C a

b
Sc(N03)3

-1
mass % mol kgmass ~~

13.62
18.51
18.12
17.52
17.00
16.75
16.45
15.67
13.94
12.85
12.40
11.10
10.78
9.36
8.68
7.71
7.04

44.20
44.40
45.30
46.30
46.50
46.83
47.34
48.65
50.02
52.48
55.10
56.52
57.70
61.15
65.20
69.10
71.22

37.13
37.10
36.58
36.18
36.50
36.42
36.24
35.68
36.04
34.67
32.50
32.38
31.52
29.49
25.12
23.19
22.24

Sc20
3

/N205
mole ratio

1/3.03
1/3.07
1/3.20
1/3.38
1/3.50
1/3.57
1/3.68
1/3.95
1/4.59
1/5.24
1/5.67
1/6.50
1/6.85
1/8.35
1/9.57
]/11.4
]/12.8

62.37 d
62.00
60.64
58.68
56.94
56.11
55.10
52.49
46.69
43.04
41.53
37.18
36.11
31.35
29.07
25.83
23.58

7.176
7.235
7.183
7.022
6.754
6.670
6.583
6.369
5.609
5.375
5.533
4.971
4.960
4.603
5.010
4.822
4.590

HNO b,c
3 -1

mass % mol kg

O.Od __

0.90 0.385
2.73 1.184
5.14 2.255
6.56 2.852
7.47 3.255
8.66 3.792

11.83 5.262
17.27 7.605
22.29 10.203
25.97 12.681
30.44 14.919
32.37 16.298
39.1621.074
45.81 28.941
50.98 34.887
54.18 38.661

a. Solid phase is the tetrahydrate, Sc(N03)3·4H20. b. Compiler's calculations.

c. Calculated from mass % HN0
3

= 100 - mass ~ Sc(N03)3 - mass ~ H20.

d. Authors state this data point to be the soly of Sc(N03)3 in water: i.e., mass %
HN03 = O. However, using the above equation, the compiler calculates mass %HN03 =
0.45 for this point: presumably th1S 1S due to experimental errors in the detn of
SC203 and H20 contents.

AUXILIARY INFO~~TION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The initial mate
rials were placed in glass vessels and
thermostated. For high HN03 concentrations,
the vessels were sealed witn liquid paraf
fin. Equilibrium was reached within 4-5
days as ascertained by successive analyses.
1-2 g of saturated solution was removed for
each analysis with a pipet fitted with a
detachable No. 2 or No. 3 Schott filter.
0.5-1 g of solid was also removed for
analysis.

Scandium was determined gravimetrically by
precipitation as the hydroxide and ignition
to oxide. Nitrogen was determined by
Devarda's method, and water was calculated
from the loss in weight upon heating to
900°C. The results given in the above table
are means of two or three determinations.

SOURCE AND PURITY OF MATERIALS:

Sc(N03)3·4H20 was crystallized from nitric
acid solution containing at least 44.26
mass % N20

5
. Chemical analysis resulted in

the follow~ng (mean of 3 detns): Sc 14.84
mass %, N03 61.33 mass %. Impurities in
the salt stated not to exceed 0.01 %.

A.R. grade conc UN0 3 used (sp. gr. 1.35) or
100% HN0 3 used obtained by distn from a
mixt of nitric and sulfuric acids.

ESTIMATED ERROR:

Soly: reproducibility ± 1 % or better (com
piler) .

Temp: accuracy ± 0.1 K (authors).

REFERENCES:



4 Scandium nitrate

COMPONENTS:

(1) Scandium nitrate; Sc(N03) 3; [13465-60-6]

(2) Urea; CH 4N20; [57-13-6)

(3) Water; H20; [7732-18-5]

VARIABLES:

Compos~tion at 30°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Zholaheva, Z.; Su1aimanku1ov, K.; Ismai1ov,

M. Zh. Neorg. Khim. 1978, 23, 860-1;

Russ. J. Inorgania Chem. EngZ. TransZ.

1978, 23, 477-8.

PREPARED BY:

Mark Salomon

Compostion of saturated solutionsa

Sc(N03)3
-1

CO(NH 2)2
-1mass % mol kg mass % mol kg nature of the solid phase

--- --- 57.5 22.53 CO (NH2) 2
I 4.36 0.517 59.11 26.944

"8.54 1.113 58.23 29.178
"10.82 1.573 59.39 33.196 "19.09 4.219 61.32 52.121 "21.99 6.068 62.32 66.138 "

21.60 5.911 62.58 65.868 CO(NH2)2 + Sc(N03)3·7CO(NH2)2

23.84 7.490 62.38 75.377 Sc(N°3)3· 7CO (NH2)2
22.65 5.597 59.83 56.863 "29.95 5.978 48.36 37.125 "31.71 6.591 47.46 37.938 "35.98 8.380 45.43 40.692 "
35.49 7.718 44.60 37.300 Sc(N03)3· 7CO (NH2)2 + Sc(N03)3·4CO(NH2)2

34.95 7.285 44.28 35.499 Sc(N03)3·4CO(NH2)2
35.01 6.192 40.51 27.555

"37.31 5.004 30.41 15.687 "48.12 6.952 21.91 12.173 "
continued•••.•

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:

Isothermal method used. Solutions had high
viscosities and required 12-15 hours to
reach equilibrium. The liquid phase was
separated from the solid residue by
filtering with a Schott No.3 filter. The
scandium ion was determined with Tri10n B
(disodium salt of ethylenediamine tetra
acetic acid). No other information given.

SOURCE AND PURITY OF MATERIALS;

No information given.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



Ternary system, two saturating components 5

COHPONENTS:

(1) Scandium nitrate; Sc(N03)3; [13465-60-6]

(2) Urea; CH4N20; [57-13-6]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Zho1aheva, Z; Su1aimanku1ov, K; Ismai1ov,

M. Zh. Neorg. Khim. 1978, 23, 860 - 1;

Russ. J. Inorgania Chem. Engl. TransZ.

1978, 23, 477 - 8.

EXPERIMENTAL VALUES: (continued)

Sc(N03) 3
-1

CO(NH2)2
-1mass % mol kg mass % mol kg nature of the solid phase

47.52 6.726 21.89 11. 915 SC(N03)3·4CO(NH2)2 + Sc(N03)3'CO(NH2)2'3H2o

51.34 7.226 17.90 9.690 SC(N03)3,cO(NH2)2·3H20
52.07 7.173 16.50 8.741
54.04 7.114 13.07 6.617

59.43 8.773 11.24 6.381 Sc(N03)3·CO(NHZ)2·3H2o + SC(N03)3· 2HZO

60.32 9.112 11.02 6.403 Sc(N03) 3' 2H2O
58.44 6.859 4.67 2.108
59.33 6.638 1.97 0.848
59.11 6.259

a. Molalities calculated by the compiler.

Solubility diagram for the SC(N03)3 - CO(NH2)2 - H20 system at 30'C

Concentration units are mass %.



6 Scandium nitrate

COMPONENTS:
(1) Scandium nitrate; Sc(N0 3)3; [13465-60-6]

(2) 3-Methyl-l-butanol (isoamyl alcohol,
isopentyl alcohol); CsH120; [123-51-3]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 2soC

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Pushkina, G. Ya.; Komissarova, L.N. Zh.
Neopg. Khim. 1963, 8, 1498-504; Russ. J.

Inopg. Chern. EngZ-. Tpansl. 1963, 8, 777-81

PREPARED BY:

T. Mioduski

Composition of the saturated solution at 2soC

Sc20 3 N03
H Oa a Sc(N0 3) 3

a
Sc 2 (CH3)2CHCH2CH20H

mass % mol -1
mass % mass % mass % mass % mass % kg

14.81 9.67 39.10 15.48 34.91 49.61 4.262

a. Calculated by the compiler based on Sc
2

0
3

mass %, and using 1977 IUPAC recommended
atomic weights.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The initial materialE
were placed in glass vessels and thermostated.
Equilibrium was reached within 48 days as
ascertained by successive analyses. 0.1
0.5 gram samples were removed for analyses
using a No. 2 or No. 3 Schott filter fitted
to a pipet. 0.5-1 g of solid was also
removed for analyses.

Scandium was determined gravimetrically as
the oxide. The organic material was first
destroyed by heating with HN0 3 to dryness;
the residue was then dissolved in HCl,
Sc(OH)3 precipitated and ignited to the
oxide. Nitrogen was determined by Devarda's
method, and water was calculated from the
loss in weight upon heating to 900 0 C. The
results given above are the mean of 3-4
determinations. The Sc20 3:N20

s
molar ratio

in the liquid and solid phases is constant
at approximately 1:3.

SOURCE AND PURITY OF MATERIALS:

sC(N03)3·4H20 was crystallized from RN03 sln
containing at least 44.26 mass % NZOs '
Chemical analyses resulted in the following
(mean of 3 detns): Sc 14.84 mass %, N03 61.33
mass %. Impurities in the salt stated not
to exceed 0.01%. Prior to use the salt was
dried in a desiccator over H2S04 to remove
hydroscopic water.
Source of the organic solvent not specified.
but authors state that its purity was checked
optically.

ESTIMATED ERROR:

Soly: reproducibility around ± 1% (compilers).

Temp: accuracy ± 0.1 K (authors).

REFERENCES:



Organic solvent systems 7

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Scandium nitrate; SC(N03)3; [13465-60-6]

(2) I-HeptanoI; C7HI60; [111-70-6]

(3) Water ; H20 ; [7732-18-5]

Pushkina, G. Ya.; Komissarova, L.N. Zh.

Neorg. Kim. 1963, 8, 1498-504; Russ. J.

Inorg. Chem. Engl.. Transl.. 1963, 8, 777-81

VARIABLES: PREPARED BY:

One temperature: 25 0 C T. Mioduski

EXPERIMENTAL VALUES:

Composition of the saturated solution at 250 C

Sc203 N0
3

H Oa a SC(N03)3aSc 2 CH3 (CH2)5CH (OH)CH 3

mass % % % % mass % mass % -1mass mass mass mol kg

9.83 6.41 25.94 10.27 56.80 32.93 2.125

a. Calculated by the compiler based on Sc20
3

mass %, and using 1977 JUPAC recommended
atomic weights.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Temp: accuracy ± 0.1 K (authors).

REFERENCES:

Sc(N03)3·4HZO was crystallized from RN03 sIn
containing at least 44.26 mass % N205 •
Chemical analyses resulted in the following
(mean of 3 detns): Sc 14.84 mass %, N0 3 61.3
mass %. Impurities in the salt stated not tc
exceed 0.01 %. Prior to use the salt was
dried in a desiccator over H2S04 to remove
hydroscopic water.

Source of the organic solvent not specified,
the but auth~~~~ ~:~~~ that its purity was

ESTIMATED ERROR:

Soly: reproducibility around ± 1% (compile.rs).

Isothermal method used. The initial materials
were placed in glass vessels and thermostated.
Equilibrium was reached within 48 days as
ascertained by successive analyses. 0.1
0.5 gram samples were removed for analyses
using a No. 2 or No. 3 Schott filter fitted
to a pipet. 0.5-1 g of solid was also
removed for analyses.

Scandium was determined gravimetrically as
the oxide. The organic material was first
destroyed by heating with RN0 3 to dryness;
residue was then dissolved in HCl, Sc(OH)3
precipitated and ignited to the oxide.
Nitrogen was determined by Devarda's method,
and water was calculated from the loss in
weight upon heating to 9000 C. The results
given above are the mean of 3-4 determina
tions. The Sc203:N205 molar ratio in the
liquid and solid phases is constant at
approximately 1:3.



8 Scandium nitrate

COMPONENTS:

(1) Scandium nitrate; SC(N0 3)3; [13465-60-6]

(2) 2-0ctanol (sec caprylic alcohol);
C8H180; [123-96-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 2soC

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Pushkina, G. Ya.; Komissarova, L.N. Zh.

Neorg. Khim. 1963, 8, 1498-504; Russ. J.

Inorg. Chern. Engl. Transl. 1963, 8, 777-81.

PREPARED BY:

T. Mioduski and M. Salomon

Composition of saturated solution at 2S oC

Sc
2
0

3
H Oa a

Sc(N03) 3
aSc N0 3 2 CH3 (CH2)sCH(OH)CH3

mass % % % % mass % mass % mol -1mass mass mass kg

9.06 5.91 24.30 9.47 60.18 30.35 1. 886

a. Calculated by the compilers based on Sc
2
0 3 mass %, and using 1977 IUPAC recommended

atomic weigh ts.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The initial materials
were placed in glass vessels and thermostated.
Equilibrium was reached within 48 days as
ascertained by successive analyses. 0.1
0.5 gram samples were removed for analyses
using a No. 2 or No. 3 Schott filter fitted
to a pipet. 0.5-1 g of solid was also
removed for analyses.

Scandium was determined gravimetrically as
the oxide. The organic material was first
destroyed by heating HN0

3
to dryness; the

residue was then dissolved in HCl, Sc(OH)3
precipitated and ignited to the oxide.
Nitrogen was determined by Devarda's method,
and water was calculated from the loss in
weight upon heating to 9000 C. The results
given above are the mean of 3-4 determina
tions. The Sc20

3
:N 20

s
molar ratio in the

liquid and solid phases is constant at
approximately 1:3.

SOURCE AND PURITY OF MATERIALS:

Sc(N03)3'4H20 was crystallized from RN0 3 sIn
containing at least 44.26 mass % N20s '
Chemical analyses resulted in the following
(mean of 3 detns): Sc 14.84 mass %, N03 61.33
mass %. Impurities in the salt stated not to
exceed 0.01 %. Prior to use the salt was
dried in a desiccator over H2S0 4 to remove
hydroscopic water.
Source of the organic solvent not specified,
but authors state that its purity was checked
optically.

ESTIMATED ERROR:

Soly: reproducibility around ± 1% (compilers)

Temp: accuracy ± 0.1 K ($uthors).

REFERENCES:



COMPONENTS:

Organic solvent systems

ORIGINAL MEASUREMENTS:

9

(1) Scandium nitrate; Sc(N03)3; [13465-60-6]

(2) 2,2'-Oxybis-propane (isopropyl ether);
C6H140; [108-20-3]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

One temperature: 2SoC

EXPERIMENTAL VALUES:

Pushkina, G. Ya.; Komissarova, L.N. Zh.

Neorg. Khim. 1963, 8, 1498-504; Russ. J.

Inorg. Chem. Engl. Transl. 1963, 8, 777-81.

PREPARED BY:

T. Mioduski

The solution was very viscous and very slow in settling. Because of this, equilibrium
could not be established. Analysis of this liquid phase gave 3.1 mass % Sc203•

-1
This corresponds to a SC(N0 3)3 concentration of 10.4 mass % or 0.50 mol kg (compiler).
The compositions of water and [(CH3)2CH]20 are, respectively, 3.2 mass % and 86.4 mass %.

AUXILIARY INFORMATION

METHOD,IAPPARATUS /PROCEDURE: SOURCE AND PURl TY OF MATERIALS:
Isothermal method used. The initial material Sc(N0

3
) 3' 4H20 was crystallized from HN03 sIn

were placed in glass vessels and thermostate~ containing at least 44.26 mass % NO.
Equilibrium was reached within 48 days as Chemical analyses resulted in the rollowing
ascertained by successive analyses. 0.1 - (mean of 3 detns): Sc 14.84 mass %, N0

30.5 gram samples were removed for analyses 61.33 mass %. Impurities in the salt stated
using a No.2 or No. 3 Schott filter to a not to exceed 0.01 %. Prior to use the salt
pipet. 0.5-1 g of solid was also removed for was dried in a desiccator over H

2
S0

4
to

analyses. remove hydroscopic water.

Scandium was determined gravimetrically as
the oxide. The organic material was first
destroyed by heating with HN0

3
to dryness;

the residue was then dissolved in HCl,
Sc(OH)3 precipitated and ignited to the
oxide. Nitrogen was determined by Devarda's
method, and water was calculated from the
loss in weight upon heating to 9000 C. The
results given above are the mean 3-4 deter
minations. The SC

Z
03 :N

2
0

S
molar ratio in

the liquid and sol~d phases is constant at
'approximately 1: 3.

8D8lJ-B

Source of the organic solvent not specified
but authors state that its purity was
checked optically.

ESTIMATED ERROR:

Soly: reproducibility around :- 1% (compilers).

Temp: accuracy ± 0.1 K (authors).

REFERENCES:



10 Scandium nitrate

COMPONENTS:

(1) Scandium nitrate; Sc(N03)3; [13465-60-6]

(2) l,l'-Oxybis-butane (di-n-butyl ether);
C8H180; [142-96-1]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

One temperature: 2s oC

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Pushkina, G. Ya.; Komissarova, L.N. Zh.

Neorg. Khirn. 1963, 8, 1498-504; Russ. J.

Inorg. Chern. Engl. TransZ. 1963, 8, 777-81

PREPARED BY:

T. Mioduski

Composition of the saturated solution at 2s
o

C

Sc20
3 Sc N0

3
H Oa a

Sc(N0 3)3
a

2 [CH 3(CH2) 3] 20

mass % mass % mass % mass % mass % mass % mol -1kg

4.91 3.20 12.89 5.13 78.42 16.45 0.852

a. Calculated by the compiler based on Sc203 mass %, and using 1977 IUPAC recommended
atomic weights.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The initial materials
were placed in glass vessels and thermostate~

Equilibrium was reached within 48 days as
ascertained by successive analyses. 0.1
0.5 gram samples were removed for analyses
using a No.2 or No. 3 Schott filter fitted
to a pipet. 0.5-1 g of solid was also
removed for analyses.

Scandium was determined gravimetrically as
the oxide. The organic material was first
destroyed by heating with RN0 3 to dryness;
the residue was then dissolved in HCl,
Sc(OH) 3 precipitated and ignited to the oxide.
Nitrogen was determined by Devarda's method,
and water was calculated from the loss in
weight upon heating to 9000C. The results
given above are the mean of 3-4 determina
tions. The Sc203:N20s molar ratio in the
liquid and solid phases is constant at
approximately 1:3.

SOURCE AND PURITY OF MATERIALS:
SC(N03)3·4H20 was crystallized from RN0

3
sIn

containing at least 44.26 mass % N20
s

.
Chemical analyses resulted in the following
(mean of 3 detns): Sc 14.84 mass %, N0 3 61. 33
mass %. Impurit ies in the salt st ated not to
exceed 0.01 %. Prior to use the salt was
dried in a desiccator over H2S04 to remove
hydroscopic water.
Source of the organic solvent not specified,
but authors state that its purity was
checked optically.

ESTIMATED ERROR:

Soly: reproducibility around ± 1% (compilers).

Temp: accuracy ± 0.1 K (authors).

REFERENCES:



Organic solvent systems 11

COMPONENTS:

(1) Scandium nitrate; Sc(N0 3) 3; [13465-60-6]

(Z) Z-Pentanone (methyl n-propyl ketone);
CsHIOO; [107-87-9]

(3) Water; HZO ; [773Z-18-s]

VARIABLES:

One temperature: ZsoC

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Pushkina, G. Ya.; Komissarova, L.N. Zh.
Neorg. Khirn. 1963, 8, 1498-504; Russ. J.

Inorg. Chern. EI.gl. Transl. 1963, 8, 777-81.

PREPARED BY:

T. Mioduski

Composition of the saturated solution at ZsoC

H Oa a
Sc (NO 3) 3

aSCZ0
3 Sc N0 3 Z CH3CHZCH2COCH3

mol -1mass % mass % mass % mass % mass % mass % kg

18.75 lZ.Zs 49.40 19.59 17.61 6Z.80 7.311

a. Calculated by the compiler based on SC
Z
0 3 mass %, and using 1977 IUPAC recommended

atomi c wei ght s.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The initial materials
were placed in glass vessels and thermostated.
Equil~brium was reached within 48 days as
ascertained by successive analyses. 0.1
0.5 gram samples were removed for analyses
Using a No. Z or No. 3 Schott filter fitted
to a pipet. 0.5-1 g of solid was also
removed for analyses.

Scandium was determined gravimetrically as
the oxide. The organic material was first
destroyed by heating with HN0 3 to dryness;
the residue was then dissolved in HC1,
SC(OH) 3 precipitated and ignited to the oxide.
Nitrogen was determined by Devarda's method,
and water was calculated from the loss in
weight upon heating 900 0 C. The results
given above are the mean of 3-4 determina
tions. The SCZ0

3
:N

Z
O

s
molar ratio in the

liquid and solid phases is constant at
approximately 1:3.

SOURCE AND PURITY OF MATERIALS:
ScCN03)1·4H?0 was crystallized from RN03 sIn
containing at least 44.26 mass % NZO s '
Chemical analyses resulted in the following
(mean of 3 detn): Sc 14.84 mass %, N0 3 61.33
mass %. Impurities in the salt statea not
to exceed 0.01%. Prior to use the salt was
dried in a desiccator over H2S0 4 to remove
hydroscopic water.

Source of the organic solvent not specified,
but authors state that its purity was checked
opt ically, The ketone was dried prior to use

ESTIMATED ERROR:

Soly: reproducibility around ± 1% (compilers)

Temp: accuracy ± 0.1 K (authors).

REFERENCES:



12 Scandium nitrate

COMPONENTS:

(1) Scandium nitrate: Sc(N0 3)3; [13465-60-6]

(2) 2-Hexanone (methyl butyl ketone);
C6H120; [591-78-6]

(3) Water; H20 ; [7732-18-5]

ORIGINAL MEASUREMENTS:
Pushkina, G. Ya.; Komissarova, L.N. Zh.

Neopg. Khirn. 1963, 8, 1498-504; Russ. J.

InoI'g. Chern. Engz' Tpansz' 1963, 8, 777-81.

VARIABLES: PREPARED BY:

One temperature: 250 C T. Mioduski

EXPERIMENTAL VALUES:

5.639

SC(N03)3a

mol kg- lmass %

56.57

Composition of the saturated solution at 250 C

H Oa a
sc20

3
Sc N0 3 2 CH3(CH2)3COCH3

mass % mass % mass % mass % mass %

16.89 11.01 47.25 17.65 25.78

a. Calculated by the compiler based on sc20
3

mass %, and using 1977 IUPAC recommended
atomic weights.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The initial materials
were placed in glass vessels and thermostated.
Equilibrium was reached within 48 days as
ascertained by successive analyses. 0.1
0.5 gram samples were removed for analyses
using a No. 2 or No. 3 Schott filter fitted
to a pipet. 0.5-1 g of solid was also
removed for analyses.

Scandium was determined gravimetrically as
the oxide. The organic material was first
destroyed by heating with RN0 3 to dryness;
the residue was then dissolved in HCl,
SC(OH)3 precipitated and ignited to the
oxide. Nitrogen was determined by Devarda's
method, and water was calculated from the
loss in weight upon heating to 9000 C. The
results given above are the mean of 3-4
determinations. The Sc20

3
:N20S molar ratio

in the liquid and solid phases is constant
at approximately 1:3.

SOURCE AND PURITY OF MATERIALS:
SC(N03)3'4H20 was crystallized from HN0 3 sIn
containing at least 44.26 mass % N205 .
Chemical analyses resulted in the following
(mean of 3 detns): Sc 14.1::4 mass 7" ~1036L33

mass %. Impurities in the salt stated not to
exceed 0.01 %. Prior to use the salt was
dried in a desiccator over H2S0 4 to remove
hydroscopic water.
Source of the organic solvent not specified,
but authors state that its purity was checked
optically. The ketone was dried prior to use.

ESTIMATED ERROR:

Soly: reproducibility around ± 1% (compilers)

Temp: accuracy ± 0.1 K (authors).

REFERENCES:



COMPONENTS:

Organic solvent systems

ORIGINAL MEASUREMENTS:

13

(1) Scandium nitrate; Sc(N0
3
)3; [13465-60-6]

(2) Acetophenone (methyl phenyl ketone);
C8H80; [98-86-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 2soC

EXPERIMENTAL VALUES:

Pushkina, G. Ya.; Komissarova, L.N. Zh.

Neorg. Khim. 1963, 8, 1498-504; Russ. ,T.

Inorg. Chern. Engl. Transl. 1963, 8, 777-81.

PREPARED BY:

T. Mioduski and M. Salomon

The solution was very viscous and very slow in settling. Because of this, equilibrium
could not be established. Analysis of this liquid phase gave 9.8 mass % Sc203 •

This corresponds to a Sc(N0
3

)3 concentration of 32.8 mass % or 2.lZ mol kg- l (compilers).
The compositions of water and C6Hs COCH3 were calculated by the compilers and are, respec
tively, 10.Z mass % and 56.9 mass %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The initial materials
were placed in glass vessels and thermostated
EqUilibrium was reached within 48 days as
ascertained by successive analyses. 0.1
0.5 gram samples were removed for analyses
using a No. Z or No. 3 Schott filter fitted
to a pipet. 0.5-1 g of solid was also re
moved for analyses.

Scandium was determined gravimetrically as
the oxide. The organic material was first
destroyed by heating with HN01 to dryness;
the residue was then dissolvea in HCl,
SC(OH)3 precipitated and ignited to the
oxide. Nitrogen was determined by Devarda's
method, and water was calculated from the
loss in weight upon heating to 9000 C. The
results given above are the mean of 3-4
determinations. The SCZO :NZO molar ratio
in the liquid and solid p~ase !s constant at
approximately 1:3.

SOURCE AND PURITY OF MATERIALS:
ScON03)3'4HZO was crystallized from HN03 sIn
containing at least 44.Z6 mass % NZOs '
Chemical analyses resulted in the following
(mean of 3 detns): Sc 14.84 mass %, N0

3
61.3

mass %. Impurities in the salt stated not to
exceed 0.01 %. Prior to use the salt was
dried in a desiccator over H2S04 to remove
hydroscopic water.

Source of the organic solvent not specified,
but authors state that its purity was checked
optically. The ketone was dried prior to
u"p
ESTIMATED ERROR:

Soly: reproducibility around ± 1% (compilers).

Temp: accuracy ± 0.1 K (authors).

REFERENCES:



14

COMPONENTS:

Scandium nitrate

ORIGINAL MEASUREMENTS:

(1) Scandium nitrate; SC(N03) 3; [13465-60-6]

(2) n-Butyl propionate; C7P1402; [590-01-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 2s oC

EXPERIMENTAL VALUES:

Pushkina, G. Ya.; Komissarova, L.N. Zh.

Neorg. Khim. 1963, 8, 1498-504; Russ. J.

Inorg. Chem. EngZ. TransZ. 1963, 8, 777-81.

PREPARED BY:

T. Mioduski

Composition of the saturated solution at 2soC

Sc

mass %

8.77

mass %

5.72

mass %

22.77

mass %

9.16

mass %

61.46

mass %

29.38

mol kg-l

1. 801

REFERENCES:

Temp: accuracy ± 0.1 K (authors).

Soly: reproducibility around ± 1% (compilers).

a. Calculated by the compiler based on Sc203 mass %. and using 1977 IUPAC recommended
atomic weights.

AUXILIARY INFORMATION

METHOD "APPARATUS/PROCEDURE: SOURCE AND PURl TY OF MATERIALS:

Isothermal method used. The initialmaterialE SC(N03)3·4H20 was crystallized form HN03 sIn
were placed in glass vessels and thermostated containing at least 44.26 mass % N20 s .
Equilibrium was reache~ within 48 days as Chemical analyses resulted in the following
ascertained by succeSS1ve analyses. 0.1 - (mean of 3 detns): Sc 14.84 mass %, NO 61.33
0.5 gram samples were removed for analyses 3
using a No. 2 or No. 3 Schott filter fitted mass %. Impuri;ies in the salt stated not
to a pipet. 0.5-1 g of solid was also to exceed 0.01 %. Prior to use the salt was
removed for analyses. dried in a desiccator over.H2S04 to remove

hydroscopic water.
Scandium was determined gravimetrically as

h id Th iiI fi Source of the organic solvent not specified,
t e ox e. e organ c mater a was rst but authors state that its purity was
destroyed by heating with HN0 3 to dryness; h k dille ec e opt ea y.
the residue was then dissolved in HCl, ~~~----~----~--------------------------~
Sc(OH) precipitated and ignited to the ESTIMATED ERROR:

3
oxide. Nitrogen was determined by Devarda's
method, and water was calculated from the
loss in weight upon heating to 9000 C. The
results given above are the mean of 3-4
determinations. The Sc203:N20

s
molar ratio

in the liquid and solid phases is constant
at approximately 1:3.



Evaluation of aqueous systems 15

COMPONENTS:

(1) Yttrium nitrate; Y(N0
3
)3; [10361-93-0]

(2) Water ; H
2

0 ; [7732-18-5]

EVALUATOR:
S. Siekierski, T. Hioduski

Institute for Nuclear Research
l-larsaw, Poland

and
11. Salomon

U.S. Army ET & DL
Ft. 110nmouth, NJ, USA

Hay 1982

CRITICAL EVALUATION:
INTRODUCTION

The solubility of Y(N0 3)3 has been reported in thirteen publications (1-13), and
generally there has been poor agreement for the solubilities in the binary Y(N03)3-H20
system. In addition to the possibility of experimental imprecision (1,3,9,10) and
questionable purities of starting materials (1,3,5,6,8,10), much of the disagreement
can probably be traced to poor identification of the solid phases. Early studies by
Cleve and Hoglund (14) and Demarcay (15) state that the hexahydrate, [13494-98-9],
crystallizes upon evaporation of the binary solution, and that the trihydrate,
[13470-40-1], is produced by drying over H2S04(14). The trihydrate was also claimed
to be produced by crystallization from concentrated HN03 (15). Perel'man et al. prepared
either the tetrahydrate (7), [13773-69-8], or hexahydrate (9,11,12) by crystallization
from RN03 solutions, and the trihydrate was obtained by drying the hexahydrate at 373 K
or over P205 (the latter method required a period of six months). llarsh (16) prepared
the pentahydrate, [57584-28-8], by evaporating a neutral Y(N0 3)3 solution to a syrup
followed by seeding with Bi(N03)3.5H20. The mother-liquor was seeded with Dy(N03)3.6H20
to crystallize the hexahydrate Y(N03)3.6H20. 110ret (2) and Kuznetsova et al. (4)
prepared the hexahydrate presumably by recrystallization from dilute RN03 or from pure
water. Crew, Steinert, and Hopkins (1) and James and Pratt (10) recrystallized the salt
from RN03 solutions but were unable to identify the nature of the hydrate produced.
Based on these reports it would appear that the solid phase produced upon crystallization
from pure water and dilute RN03 solutions is the hexahydrate, and that lower hydrates
are easily obtained by desiccation. The stable solid phase at 298.2 K therefore
appears to be the hexahydrate.

The three solubility studies which report the stable solid phase to be the hexahydrate
are those of Moret (2), Afanas'ev, Azhipa and Sal'nik (3), and Kuznetsova, Yakimova,
Yastrebova, and Stepin (4). Based on the chemical similarities between yttrium and erbium
(see the INTRODUCTION and critical evaluation for erbium), and on the agreement between
the solubility values from (2) and (4), and based upon the above discussions it is
concluded by the evaluators that the stable solid phase at 298.2 K is indeed the
hexahydrate.

Odent and Duperray (8) state that the stable solid phase at 298.2 K is the pentahydrate
whereas Crew et al. (1) and James and Pratt (10) do not specify the nature of the stable
hydrate. Perel'man et al. report a solubility value at 298.2 K for the tetrahydrate
system which probably represents a metastable system (see below), but Khudaibergenova and
Sulaimankulov (13) do state that at 303.2 K the stable solid phase is the tetrahydrate.
This latter result of 5.534 mol kg-l for the solubility at 303.2 K is smaller than the
solubility value of 5.745 mol kg-l for the hexahydrate at this temperature (2), and it
is considerably smaller than the value of 6.217 mol kg-l in the tetrahydrate system at
298.2 K reported by Perel'man et al. (9). In the study by Perel'man et al. (9) the -1
starting material was the hexahydrate, but in the presence of NH4N03 (up to 25 mol kg )
the solid phase is the tetrahydrate, and it appears that the solubility of Y(N03)3 in
the absense of NH4N03 was determined indirectly by extrapolation to zero NH4N03
concentration.

TENTATIVE SOLUBILITY VALUES

For saturated solutions in equilibrium with hexahydrate solid phase, tentative
solubility values are assigned to those data reported by Moret (2) over the temperature
range 273-308 K. The data were fitted to the general solubility equation (see
INTRODUCTION and references 17, 18)

Y = £n(m/m) - nM2 (m - m ) = a + b/(T/K) + C £n(T/K)o 0
[1]



16 Yttrium nitrate

COMPONENTS:

(1) Yttrium nitrate; Y(N0 3) 3; [10361-93-0]

(2) Water; H20; [7732-18-5]

CRITICAL EVALUATION: continued

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Honmouth, NJ USA

May 1982

-1In this equation m is the solubility in mol kg 'IDe an arbitrarily selected reference
molality, n is the hydrate number, and M2 is the molar mass of the solvent. Enthalpies
and heat capacities of solution, ~Hsln and ~Cp' can be estimated from the constants
a, b, c. The results of fitting Moret's data to eq. [1] are given in Table 1 and 1n
Figure 1. Also shown in Fig. 1 are data points from other investigations (see discussion
below). The solubility result of 5.525 mol kg- l by Kuznetsova et al. (4) at 298.2 K
was not included in this calculation because inclusion of this data point gives rise to
slightly larger standard deviations to the fit of eq. [1].

Moret's results for 313.15 K and 323.15 K which he assigns to the pentahydrate system
appear to be either imprecise or that they are precise but are inconsistent with the
assignment of equilibrium solid phases. The latter appears to be more probable since
these two data points can be fitted to eq. [1] assuming the solid phase is the tetra
hydrate. By combining Moret's two data points at 313.35 K and 323.15 K with the value
of 6.217 mol kg- l at 298.2 K for the metastable tetrahydrate (9) and the value of
13.88 mol kg- l corresponding to the concentration at the experimental congurent melting
point of 349 K (19),an acceptable polytherm results as shown in Figure 1 and in Table 1.
Thus there appears to be sufficient justification at this time to designate these
solub1lity values as tentative.

The tentative solubility data calculated from the smoothing eq. [1] are given in
Table 2. All other solubility data reported in the compilations have been rejected
for reasons discussed below.

DISCUSSION

The data from references 1, 3, 8, 10 and 13 are rejected because they show
large negative deviations from the tentative solubility values for the hexahydrate
system. An attempt to fit these data to the smoothing equation [1] yielded inconsistent
results for any assumed value of the hydration number n = 4, 5, 6 : i.e. a values are
vary large and the predicted congruent melting points are above 351 K which must be
incorrect since the experimental congruent melting point for the tetrahydrate is 349 K
(19). It is concluded that the data of Crew et al. (1) contain a large negative systematic
error probably due to a combination of experimental error and mixed solid phases of
unknown composition.

It is interesting to note that there is a significant agreement for those rejected
data points at 298.2 K. Table 3 compares the results for the solubility of Y(N03)3 at
298.2 K as reported in (1. 3. 8 and 10). For a Student's t of 3.182 at the 95% level of
confidence, the average solubility for the data in this table is 5.10 ± 0.09 mol kg-I.
In spite of this surprising agreement, it is concluded that these data are in error due
to a common systematic error such as the failure to reach equilibrium. If, as suggested
by Odent and Duperray (8). the solid phase in this system is the pentahydrate, then these
results are certainly incorrect because at 298.2 K the stable solid phase is the hexa
hydrate,and the solubility in the metastable pentahydrate system would have to lie
between the values of 5.42 mol kg- l for the hexahydrate system and 6.25 mol kg- l for the
tetrahydrate system (see Fig 1 and Table 2). Finally as pointed out above, these rejected
data points lie on a polytherm which falls to the left of the hexahydrate polytherm (i.e.
negative deviations). and rises much too rapidly resulting in a predicted congruent
melting point greater than the experimental value of 349 K for the tetrahydrate.

~te ad~eiL~roof. Rard and Speddinp, (20) recently reported density, osmotic coeffi
cient, and activity coefficient data for dilute Y(N03)3 solutions to supersaturation at
298.15 K. The solubility at 298.15 K was not determined, but it was estimated to be
5.6 ± 0.8 mol kg-I. Based on the smoothing equations given in the source paper (20), the
evaluators calculated the following values corresponding to a concentration of 5.424 mol
kg- l at 298.2 K (i.e. the tentative solubility value at 298.2 K):

apparent molal volume ~v = 0.078706 dm3 mol- l density = 1.7422 kg m-3

mean molal activity coeff y± = 1.9846 c
l

= 3.793 mol dm- 3

osmotic coefficient <I> = 2.1348

activity of water a 2 = 0.4341



Evaluation of aqueous systems 17

COHPONENTS:

(1) Yttrium nitrate; Y(N0 3)3; [10361-93-0]

(2) Water; H20; [7732-18-5]

CRITICAL EVALUATION: continued

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

u.S. Army ET & DL
Ft. Monmouth, NJ, USA

May 1982

Table 1. Parameters and Standard Deviations for the Smoothing Equation [l]a

quantity

a
b
c

-1
lIHsln/kJ mol

lIC /JK- l mol- l
p

congruent melting point
concentration at the congruent melting

point

hexahydrate

-48.066
1835

7.3603

0.004
1.2
0.0007

0.004
0.048

-60.8

244.8

323.9 K
-19.251 mol kg

tetrahydrate

-198.2b
9000

29.494

0.01
4.7
0.003

0.01
0.75

-298

981

349.1 K
-113.877 mol kg

a. Data for the hexahydrate system from (2) over the range 273-308 K. ay and am are the
standard deviations of residuals for the quantity Y in eq. [1] and the molality,
respectively.
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Figure 1. Phase diagram for the Y(N03)3 - H20 system.

o hexahydrate solid phase from (2) •
• pentahydrate solid phase from (2), but probably the tetrahydrate (see text).
a hexahydrate solid phase from (4).
~ tetrahydrate solid phase from (9).
® congruent melting point of the tetrahydrate from (18).
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18 Yttrium nitrate

COHPONENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0]

(2) Water; H
2
0; [7732-18-5]

CRITICAL EVALUATION: continued

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ, USA

May 1982

Table 2. Tenative solubilities for Y(N0 3)3 calculated from the smoothing equation [1].
All solubilities are given in units of mol kg-I.

T/K

273.2
278.2
283.2
288.2
293.2
298.2
303.2
308.2d309.5
313.2
318.2
323.2
333.2
343.2
348.2

hexahydrate systema

4.549
5.666
4.808
4.979
5.181
5.424
5.716
6.077
6.19
6.541 c

7.191 c

8.481 c

btetrahydrate system

6.25c

6.17c

6.18c

6.19
6.27
6.46
6.74
7.68
9.61

12.02

At the 95% level of confidence,total uncertainty is 0.025 mol -1a. ± kg
(Student's t = 3.182).

At the 95% level of confidence,total 2.3 mol -1b. uncertainty is ± kg
(Student's t = 12.706).

c. Metastable solubilities.

d. Hexahydrate~tetrahydratetransition temperature.

Table 3. Comparison of Rejected Solubility Data for Y(N0
3

)3 at 298.2 K.

solubility/mol kg- l assigned solid phase reference

5.035
a

5.13
5.065
5.151

?
hexahydrate
pentahydrate

?

1
3
8

10

a. Calculated by the compilers from a smoothing equation (see compilation).



Evaluation of aqueous systems 19

COHPONENTS:

(1) Yttrium nitrate; Y(N0 3)3; [10361-93-0]

(2) Water; H
2
0; [7732-18-5]

CRITICAL EVALUATION:

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ, USA

May 1982

REFERENCES

1. Crew, M.C.; Steinert, H.E.; Hopkins, B.S. J. Phys. Chem. 1925, 29, 34.
2. Moret, R. These. l'Universite de Lausanne. 1963. ----
3. Afanas'ev, Yu.A.; Azhipa, L.T.; Sa1'nik, L.v:-2h. Neorg. Khim. 1982, 27, 769.
4. Kuznetsova, G.P.; Yakimova, Z.P.; Yastrebova, L.F.; Stepin, B.D. Zh. Neorg. Khim.

1981, 26, 3161.
5. Pere1'man, F.M.; Fedoseeva, E.!. Zh. Neorg. Khim. 1963, 8, 1255.
6. Pere1'man, F.M.; Demina, G.A. Zh. Neorg. Khim. 1964, 9, 1772.
7. Pere1'man, F.M.; Babievskava, r.z. Zh. Neorg. Khim. 1964, 9, 986.
8. Odent, G.; Duperray, M.H. C.R. Hebd. Seances Acad. Sci. Ser. C. 1974, 279, 451.
9. Pere1'man, F.M.; Zvorykin, A.Ya.; Demina, G.A. Zh. Neorg. Khim. 1960, 5, 960.

10. James, C.; Pratt, L.A. J. Am. Chem. Soc. 1910, 32, 873.
11. Pere1'man, F.M.; Babievskaya, r.z. Zh. Neorg. Khim. 1962, 7, 1479.
12. Pere1 'man, F.M. Rev. Chim. MineY'. 1970, 7, 635. ---
13. Khudaibergenova, N.; Su1aimanku1ov~Zh. Neorg. Khim. 1981, 26, 1156.
14. Cleve, P.T.; Hoglund, 0. Bihang. Svenska. Akad. HandZ. 1873, 8.
15. Demarcay, E. SpectY'es EZectY'iques. Paris, 1895.
16. Marsh, J.K. J. Chem. Soc. l2A1, 561.
17. Williamson, A.T. Trans. FaY'aday Soc. 1944, 40, 421.
18. Counioux, J.-J.; Tenu, R. J. Chim. Phys. 1981, 78, 816 and 823.
19. Babievskaya, I.Z.; Pere1'man, F.M. Zh. Neorg. Khim. 1966, 11, 1817.
20. Rard, J.A.; Spedding, F.H. J. Chem. Eng. Data 1982, 27, 454 (this paper was not

compiled because the authors did not experimentally determine the solubility of
Y(N03)3 at 298.15 K).



20 Yttrium nitrate

COMPONENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0]

(2) Water; H20; [7732-18-5]

.,..

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Crew, M.C.; Steinert, H.E.; Hopkins, B.S.

J. Phys. Chern. 1925, 29, 34-8 •

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

solubility of Y(N03)

t/oC mass satd sln/g mass Y2O/g g(l)/lOO g(2) a g(l)/lOO g(2)b mol -1 c
kg

0 1. 3078 0.2596 93.1 93.55 3.403
22.5 1.2234 0.2888 136 135.2 4.917
22.5 1.2721 0.2988 133 133.6 4.860
35 0.7403 0.1853 155 156.1 5.677
60.2 0.5738 0.1561 197 196.2 7.138
60.2 0.7974 0.2193 203.1 202.7 7.374
66.5 0.9248 0.2585 211 213.1 7.752

a. Authors' original calculations based on 1925 atomic masses.
b. Compilers' calculations based on atomic masses recommended in the 1977 biennial

report of the IUPAC Commission on Atomic Weights.
c. Molalities calculated by the compilers based on 1977 IUPAC recommended atomic masses.

The molalities were fitted to the following smoothing equation:

soly/mol kg- l = -15.126 + 0.070700(T/K) - 1.0360 x 10-5(T/K)2

-1The standard deviation for this fit is a = 0.078 mol kg , and the correlation
coefficient is 0.998. Using this smoothing equation, the solubility of Y(N03)3
in water at 25°C is calculated to be 5.035 mol kg-I.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Flasks of the solid
and liquid were placed in a thermostat and
equilibrated for at least 5 hours with
periodic shaking. Equilibrium was approachec
from above. Samples of saturated solutions
were removed from the flasks through a
filter, and the funnel used in this proce
dure was "brought as close as possible" to
the temperature of the saturated solutions.
The saturated solutions were transfered to
a weighing bottle and weighed. The saturat
ed solutions were then evaporated to dryness
and ignited to the oxide in a Pt dish.

The nature of the solid phase was not
specified.

SOURCE AND PURITY OF MATERIALS:

Yttrium "material slightly short of atomic
weight purity" contained traces of Ho and
Er. It was twice pptd as the hydroxide and
then twice as the oxalate. The oxalate was
ignited to Y203 and dissolved in HN03 , and
the sIn evaporated to crystallization. The
crystals were washed (presumably with water)
and centrifuged to remove excess liquid.
Freshly distilled water "protected from the
air" was used. HN03 was freshly redistilled
from a quartz apparatus. Oxalic acid was
recrystallized several times.

ESTIMATED ERROR:

Soly: Authors state mean error is ± 1.5%,
but in some cases it is ± 3% (compil
ers) •

Temp: precision no better than ± 0.2 K
(compilers) •



Binary aqueous system 21

COMPONENTS:

(1) Yttrium nitrate; Y(N0 3)3; [10361-93-0]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature: range OoC to 50°C

ORIGINAL MEASUREMENTS:

Moret, R. These. l'Universite de Lausanne.

1963.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

t/oC mass %

° 55.51

10 57.12

20 58.45

25 59.92

30 61. 23

35 62.49

40 63.76

50 64.51

Solubilitya

moles of H20

per
100 moles salt

1223

1085

mol kg- l

4.538

4.845

5.117

5.438

5.745

6.060

6.400

6.612

solid phase

Y(N0 3)3' 6H20

a. Holalities calculated by compilers from mass % values.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal mothod was used as described
in (1). Y was determined by complexometric
titration using Xylenol Orange indicator in
the presence of a small amount of urotropine
buffer. Water was determined by difference.

COMMENTS AND/OR ADDITIONAL DATA:

The author states that the temperature for
the hexahyrate to pentahydrate transition
is 38.50 C. This temperature was determined
graphically.

SOURCE AND PURITY OF MATERIALS:

Yttrium nitrate was prepared from Y
2
0

3
of purity better than 99.7% (obtained by
the ion exchange chromatographic method).

ESTIMATED ERROR:
Soly: precision about ± 0.1% (compilers).

Temp: precision at least ± 0.05 K
(compilers) .

REFERENCES:

1. Brunisholz, G.; Quinche. J.P.; Kalo,

A.M. HeZv. Chim. Acta 1964. 47. 14.



22

COMPONENTS:

Yttrium nitrate

ORIGINAL MEASUREMENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0]

(2) Nitric acid; HN03; [7697-37-2]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Composition at 25°C

EXPERIMENTAL VALUES:

Kuznetsova, G.P.; Yakimova, Z.P.;
Yastrebova, L.F.; Stepin, B.D. Zh.
Neorg. Khim. 1981, 26, 3161-4;

Russ. J. Inorg. Chem. EngZ. TransZ. 1981,
26, l692~3.

PREPARED BY:

M. Salomon, T. Mioduski, and S. Siekierski

Composition of saturated solutions a

Y(N0 3)3 RN03

% mol -1
% mol -1mass kg mass kg

60.30 5.525 --- ---

13.98 1. 783 57.50 31. 995

nature of the solid phase

Y(N0 3)3' 6H20

Y(N0 3)3' 6H ZO + Y(N0 3)3· 4H20

a. Molalities calculated by the compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Yttrium
was determined by complexometric titration.
Method of analysis of nitric acid not
specified.

COMMENTS AND/OR ADDITIONAL DATA:

SOURCE AND PURITY OF MATERIALS:

Yttrium nitrate was prepared by dissolving
high purity YZ0 3 in RN0 3 • The nitric acid
was c.p. grade which was distilled.

The authors report only two numerical values
for the soly of Y(N03)3 although in the
phase diagram, 11 dafa points were given.
Above 56 mass % HN03, the stable solid phase rE~S~T~IMA--T~E~D--E~R~R~O~R~:-----------------------------i
is the tetrahydrate.

Soly: precision probably ± 0.1 %
The caption to the phase diagram in the (compilers).
source paper specifies the temperature as Temp: nothing specified.
DoC which is probably a typographical error.
All discussion in the text of this paper ~RE--F-E-RE--N-C-E-S-:--------------------------------~
refers to Z5°C.



COMPONENTS:

Ternary systems, one saturating component

ORIGINAL MEASUREMENTS:

23

(1) Yttrium nitrate; Y(N0
3

)3; [10361-93-0]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

RN0 3 concentration at 25°C

EXPERIMENTAL VALUES:

Afanas'ev, Yu.A.; Azhipa, L.T.; Sal'nik. L.V.
Zh. Neorg. Khim. 1982, 27, 769-73; Russ. J.
Inorg. Chem. EngZ. TransZ. 1982, 27,431-4.

PREPARED BY:

T. Mioduski and S. Siekierski

Solubility of Y(N03)3 in HN03 solutions at 25°Ca

Y(N0 3)3 RN03 solid
Y(N0 3)3 HN0

3 solid
mass % mol -1

% mol -1 phaseb % mol -1
% mol -1 phasebkg mass kg mass kg mass kg

58.5 5.13 0 -- A 13.8 1.38 49.8 21. 71 B
55.1 4.84 3.5 1. 34

"
8.6 0.96 58.9 28.76

"50.9 4.62 9.0 3.56
" 9.6 1.20 61.3 33.43

"47.7 4.38 12.7 5.09
"45.3 4.28 16.2 6.68
" 9.9 1. 32 62.9 36.70 B-K::

37.5 3.47 23.2 9.37
"35.2 3.39 27.0 11. 34
" 8.0 1.10 65.6 39.43 C

30.2 2.91 32.0 13.43
" 7.1 1.06 68.6 44.80

"26.4 2.62 36.9 15.96
" 8.5 1.52 71.2 55.66

"23.6 2.39 40.5 17.90
"21.5 2.17 42.4 18.64
" 10.0 2.56 75.8 84.71 C+D

20.5 2.12 44.3 19.97
" 10.4 3.18 77.7 103.6 D

19.8 2.11 46.0 21.35 A+B 9.3 3.38 80.7 128.1
"6.6 2.42 83.5 133.9
"4.5 1. 95 87.1 164.6
"1.8 1.01 91.7 223.9
"

a. Molalities calculated by M. Salomon.

b. Solid phases: A c Y(N03)3.6H20

C = Y(N03)3·4H20

B c Y(N03)3'5H20

D c Y(N03)3'nH20

METHOD/APPARATUS/PROCEDURE:

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

C.p. grade yttrium nitrate was used.

Soly: nothing specified.

Temp: precision within ± 0.1 K.

Nitric acid (source and purity notspecifie~

was concentrated by method recommended in
the well-known Brauer's Handbood (the
Russian edition was cited by the authors).

The isothermal method was used. The composi
tion of the solutions was changed by additior
of 100% HN0

3
to a saturated solution or by

addition of the salt to the acid solution.
Equilibrium was reached within 3-4 hours.
The yttrium content in the saturated
solutions and solid phases was determined by
complexometric titration using Xylenol Orange
indicator. The HNO, content was determined
by titration with NaOH using methyl red
indicator. The compositions of the solid
phases were determined by the Schreinemakers'~---------------------- -;
method. The hydrated solid phases were ESTIMATED ERROR:
separated and their infrared spectra
recorded. Details are given in the source
paper.

REFERENCES:



24 Yttrium nitrate

COMPONENTS:
(1) Potassium chromate; K2Cr04 ; [7789-00-6]

(2) Yttrium nitrate; Y(N03)3; [10361-93-0]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of K2Cr04 at 25°C

ORIGINAL MEASUREMENTS:
Perel'man, F.M.; Fedoseeva, E.I.

Zh. Neorg. Khim. 1963, 8, 1255-8; Russ. J.

Inorg. Chem. Engl. Transl. l2§1. 8, 650-1.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Composition of saturated solutionsa

K2Cr04
mass % mol kg-l

Y2 (Cr04 ) 3

mass i. mol kg- l
KN03

mass % mol kg- l mass

Y(N03)3

% mol kg- l

1. 47 0.0816 0.03 0.00062 5.73 0.611 --- ---

}--- --- 0.74 0.0154 4.55 0.491 3.09 0.123
--- --- 0.48 0.0099 6.24 0.670 1.11 0.0438 A

2.62 0.146 0.05 0.00103 4.78 0.511 --- --
--- --- 0.58 0.0120 5.00 0.537 2.37 0.0937

5.68 0.320 -- -- 3.00 0.325 --- --- }8.65 0.496 0.12 0.00254 1. 50 0.165 B--- ---
1.00 0.0546 0.07 0.00141 4.60 0.482 --- --- }7.11 0.406 0.12 0.00253 2.52 0.276 --- --- C

a. Molalities were calculated by the compilers.

Solid Phases:

A =0 Y2(Cr04)3·K2Cro4·6H20

B =0 Y2(Cr04)3·4K2Cr04·nH2o

C =0 Y2(Cr04)3'3K2Cr04'nH20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Both the Nothing specified.
liquid and solid phases were analysed after
equilibration for 3 days. Potassium was
determined by the perchlorate method.
Yttrium was determined by the oxalate method.
cro~- was determined by reduction with Mohr's
salt followed titration of excess Mohr's
salt with KMn04 • Water was determined by
difference. The composition of the solid
resldues was determined by Schreinemakers
method.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision is ~ 0.1 K.

REFERENCES:



Multicomponent systems, two saturating components 25

COMPONENTS:

(1) Rubidium nitrate; RbN03 ; [13126-12-0]

(2) Yttrium nitrate; Y(N03)3; [10361-93-0]

(3) Nitric acid; HN03; [7697-37-2]

(4) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Pere1'man, F.M.; Demina, G.A.

Zh. Neorg. Khim. 1964, 9, 1772-3;

Russ. J. Inorg. Chem. Engl. Transl. 1964, 9,

960-1.

PREPARED BY:

T. Mioduski and S. Siekierski

The Y(N03)3 - RbN03 - HN03 - H20 system at 25.0°C

Composition of saturated solutionsa

Y(N03)3
-1

RbN03
-1

HN03
-1 bmass % mol kg mass % mol kg mass % mol kg solid phase

28.07 2.818 --- --- 35.7 15.64 A
29.62 3.140 3.47 0.685 32.6 15.08 A
29.68 3.919 6.87 1.691 35.9 20.68 A
26.47 3.333 11.14 2.615 33.5 18.40 A
30.71 11.783 26.01 18.605 33.8 56.58 A
30.27 26.029 32.22 51.650 33.28 124.86 A

28.76 c 36.70 36.2 A + B

27.30 13.811 35.44 33.424 30.07 66.370 B
26.64 14.506 37.15 37.711 29.53 70.155 B
22.52 42.224 43.54 152.19 32.0 261. 8 B

20.96 95.300 48.24 408.89 30.0 595.1 B + C

13.97 7.187 49.78 47.745 29.18 65.499 C
13.79 7.850 49.62 52.656 30.2 75.00 C
--- --- 51.0 18.40 30.2 25.49 C

a. Molalities calculated by compilers.

b. Solid phases: A = Y(N03)3·4H20 B = Y(N03)3·2RbN03 C = RbN03·HN03
c. Total mass % of solutes is 101.6 %. It cannot be determined whether this is an

experimental error or a typographical error.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;

Nothing specified. Authors state that the No details given.
method used has been described in previous
publications. Compilers assume that ref (1)
contains the essential information. This
publication on the Nd(N03)3 - RbN03 - HN03 -

H20 system has been compiled elsewhere in
this volume.

ESTIMATED ERROR:

Nothing specified.

REFERENCES;
1. Pere1'man, F.M.; Zvorykin, A. Ya.;

Demina, G.A. Z. Neorg. Khim. 1963, 8, 1753;
Russ. J. Inorg. Chem. Engl. Tmnls. 1963
8, 909.



26 Yttrium nitrate

COMPONENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0]

(2) Yttrium hydroxide; Y(OH)3; [16469-22-0]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25·C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

James, C.; Pratt, L.A. J. Am. Chern. Soc.

1910, 32, 873-9.

PREPARED BY:

Mark Salomon

Compost ion of saturated solutionsa

Y(N03)3 Y(OH)3 density

g/IOO g H2O mol -1 g/IOO g H2O 103mol -1 -3 nature of solid bkg kg kg m

3.13 0.114 0.014 1.00 1.0260 A
8.37 0.304 0.022 1.57 1.0675 A

13.87 0.504 0.034 2.43 1.1106 A
19.05 0.693 0.048 3.43 1.1506 A
24.94 0.907 0.063 4.50 1.1907 A
30.46 1.108 0.091 6.50 1. 2350 A

33.02 1.201 0.160 11.43 1.2517 A + BC

38.71 1.408 0.122 8.72 1. 2897 B
44.35 1.613 0.114 8.15 1. 3268 B
51. 87 1. 887 0.103 7.36 1. 3698 B
58.61 2.132 0.095 6.79 1.4104 B
65.89 2.397 0.090 6.43 1. 4484 B
73.03 2.656 0.078 5.57 1. 486 7 B
80.67 2.934 0.072 5.15 1. 5231 B
89.06 3.239 0.074 5.29 1.5587 B
95.98 3.491 0.074 5.29 1.5923 B

103.80 3. 776 0.075 5.36 1.6259 B
113.40 4.125 0.079 5.65 1.6603 B
122.40 4.452 0.080 5.72 1.6931 B

continued....•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method. Y(N03)3 and excess Y203
together with water were placed in bottles
of 100 cc capacity and rotated in a thermo
stat at 25·C for 4.5 months. Equilibrium
was ascertained by analyses of the solutions
beginning at 3 months. Solid phases were
permitted to settle and the supernatant
was drawn off for analysis. Saturated
solutions were analysed by titration with
standard 0.1 mol dmr 3 HN03 with methyl
orange indicator which yielded the Y(OH)3
concentration. The total Y content was
determined gravimetrically by pptn as the
oxalate and ignition to the oxide. Solid
phases were analysed by pressing samples
between filter paper and weighing. Part
of each sample was ingited to the oxide
and weighed to obtain the total Y, and part
was placed in excess HN03 and back titrated
with NaC03 solution to obtain the Y(OH)3
content.

SOURCE AND PURITY OF MATERIALS;
"Crude yttria material" was fractionally
crystallized by the bromate method (1).
The middle fraction was pptd as the hydrox
ide, washed with boiling water, and convert
ed to the nitrate. The nitrate was dis
solved in water, and the oxalate pptd. The
oxalate was ignited to the oxide which was
then dissolved in excess HN03 solution and
twice recrystallized from this solvent.
Spectroscopic analysis of satd Y(N03)3 sIns
showed very faint absorptions due to Ho and
Er. Source and purity of water not stated.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
(1) J. Am. Chern. Soo. 1908, 3D, 182.



Multicomponent systems, two saturating components 27

COHPONENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0]

(2) Yttrium hydroxide; Y(OH)3; [16469-22-0]

(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: continued••••

ORIGINAL MEASUREMENTS:

James, C.; Pratt, L.A. J. Am. Chern. Boa.

1910, 52, 873-9.

Y(N03)3 Y(OH)3 density

gilOO g H2O mol -1 gilOO g H2O 103mol kg- l kg m-3 nature of the solidbkg

132.10 4.805 0.074 5.29 1. 7260 B

137.10 4.987 0.083 5.93 1. 7440 B + CC

141. 60 5.151 --- --- 1. 7446 c

a. Molalities calculated by the compiler.

b. Solid phases are not described in sufficient detail. Authors state that solid A
is a solid solution which appears to show a great resemblance to Y(OH)3' If solid
A is the hydroxide, which it probably is, then presumably it would be hydrated.

Solid B was stated to be 3Y203·4N20s·20H20 as determined by analysis of the wet
residues.

Solid C is presumed by the compiler to be Y(N03)3·nH20.

c. These compositions were assumed by the compiler.

For the binary Y(N03)3 - H20 system at 25°C, the reported density of the

saturated solution permits the calculation of the solubility in volume units:

solubility YCN03) 3 -33.719 mol dm



28 Yttrium nitrate

COMPONENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0]

(2) Lanthanum nitrate; La(N03)3;

[10099-59-9]
(3) Nitric acid; HN03; [7697-37-2]

(4) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C

ORIGINAL MEASUREMENTS:

Perel'man, F.M.; Babievskaya, I.Z. Zh. Neorg.

Khirn. 1964, 9, 986-90; Russ. J. Inorg. Chern.

Engl. Transl. 1964, 9, 538-41.

PREPARED BY:

T. Mioduski, S. Siekierski and M. Salomon

Composition of saturated solutions a

HN03 Y(N03)3 La(N0 3)3

% mol kg- l % mol -1 mass % mol -1 nature of the solid phasebmass mass kg kg

32.8 12.8 26.6 2.38 0 ° Y(N03)3· 4H20
31. 8 13.9 24.9 2.49 6.88 0.581

"31. 2 14.9 19.8 2.17 15.8 1. 46 "
33.4 17.6 15.2 1. 84 21. 3 2.18 Y(N03)3· 4H20 + La(N03)3· 6H 20
33.0 18.4 15.3 1.96 23.3 2.52

"
30.6 13.8 9.9 1.02 24.2 2.11 La(N03)3' 6H20
32.6 14.3 4.5 0.45 26.6 2.26

"32.9 14.1 0 0 30.0 2.49 "

a. Molalities calculated by the compilers.

b. The eutonic point for RN03 = 32.2 mass % corresponds to a saturated solution with

Y(N03)3 = 15.25 mass % and La(N03)3 = 22.3 mass % ( these compositions converted to

weight units are: HN03 = 18.0 mol kg-I, Y(N0 3)3 = 1.90 mol kg- l and La(N03)3 = 2.35

mol kg-l (compilers», and the solid phases are Y(N03)3·4H20 and La(N03)3·6H20.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method. SIns equilibrated 2-3 d.
Both satd sIns and residues analysed. HN03
in sIn detd acidimetrically. Total Y + La
nitrates detd by two methods: first by pptn
of the oxalate which was ignited to the oxide,
and second by titrn of the oxalate with stnd
KMn04' The mass % of each nitrate was calcd
from

% Y(N03)3 = 4.l66(162.9a2 - l32al)/b

% La(N03)3 = 4.923(132al - l12. 9a2)/b

where b = total weight of sample consisting
of x % Y(N03)3 and y % La(N03)3' al = total
weight of oxide and a2 = total oxalate (ion)
weight. From mass balance considerations,
the authors solved for x and y by method of
simultaneous equations. The compilers
consider this method of determining the
individual nitrate contents to be approximat~

The following molecular weights were used by
the authors: Y(N03)3 = 274.9, La(N0 3)3 =
324.9, Y203/2 = 112.9, La203/2 = 162.9, and

3C20 4/2 = 132.

SOURCE AND PURITY OF MATERIALS:

The nitrate salts were prepared by dissolv
ing "chemically pure" oxides (99.9%) in
nitric acid and evaporating until crystal
lization started. The refractive indices
of the crystals were determined by the
immersion method and are:
for Y(N03)3·4H20, np = 1.420, nm = 1.528,

ng = 1.570.

for La(N03)3'6H20, np = 1.464, ~ = 1.579,

ng = 1. 591.

ESTIMATED ERROR:
Soly: analysis checked with standard mixture!

showed accuracy is from 2 % to 4 %
providing both components do not fall
below 10-15 % of the total concn. At
ratios of the two nitrates of 90:10
the accuracy reachps 12 % for the
nitrate present in the least amount.
and 1.0 % for the preponderant nitrate.

Temp: precision ± 0.1 K.



Multicomponent systems, two saturating components 29

COMPONENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0]

(2) Gadolinium nitrate; Gd(N03)3;

[10168-81-7]
(3) Nitric acid; HN03 ; [7697-37-2]

(4) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C

ORIGINAL MEASUREMENTS:

Perel'man, F.M.; Babievskaya, I.Z. Zh. Neorg.
Khim. 1964, 9, 986-90: Russ. J. Inorg. Chern.
1964, ~38-41.

Perel'man, F.M. Rev. Chim. ~ner. 1970, 7,
635-45.

PREPARED BY:

T. Mioduski, S. Siekierski and M. Salomon

EXPERIMENTAL VALUES:

Composition of saturated solutionsa

HN0 3 Y(N0 3)3 Gd(N03)3

mass % mol -1 mass % mol -1
% mol -1 nature of the solid phasekg kg mass kg

31. 8 12.6 28.3 2.58 0 0 Y(N03)3· nH20

31. 4 13.1 28.6 2.73 1. 95 0.149 solid solutions
34.3 14.1 25.4 2.40 1.8 0.14 "31. 9 13.2 24.4 2.31 5.28 0.340 "31. 7 12.6 22.7 2.06 5.6 0.41 "35.3 16.0 24.5 2.55 5.22 0.435 "33.6 14.8 23.9 2.41 6.5 0.53 "34.0 13.7 17.8 1.64 8.8 0.65 "34.7 14.3 15.3 1. 44 11.4 0.860 "28.5 11.0 13.0 1.15 17.4 1. 23 "32.9 13.0 5.1 0.46 21. 8 1.58 "
32.0 12.1 0 0 26.0 1. 80 Gd(N03)3' nH20

a. Molalities calculated by the compilers.

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method. SIns equilibrated 2-3 d.
Both satd sIns and residues analysed. HN03
in sIn detd acidimetrically. Total Y + Gd
nitrates detd by two methods: first by pptn
of the oxalate which was ignited to the
oXide, and second by titrn of the oxalate
with stnd KMn04' The mass % of each nitrate
was calcd from

% Y(N03)3 = 3.062(180.9a2 - 132al)/b

% Gd(N03)3 = 3.82(132al - 112. 9a2)/b

where b = total weight of sample consisting
of x % Y(N03)3 and y % Gd(N03)3' al = total
weight of oxide, and a2 = total oxalate (ion
weight. From mass balance considerations,
the authors solved for x and y by method of
simultaneous equations. The compilers
consider this method of determining the
individual metal nitrate contents to be
approximate. The following molecular weights
were used by the authors: Y(N03)3 = 274.9,
Gd(N03) = 342.9, Y203/2 = 112.9, Gd203/2 =
180.9, and 3C204/2 = 132.

SOURCE AND PURITY OF HATERIALS;

Y(N03)3·nH20 and Gd(N03)3'nH20 were prepared
by dissolving chemically pure oxides (99.9%)
in nitric acid and evaporating until
crystallization started. The refractive
indices for Y(N03)3·4H20 were determined
by the immersion method and are: ~ = 1.420,
Urn = 1.528, and ng = 1.570.

ESTIHATED ERROR:
Soly: analysis checked with standard mixtures

showed accuracy is from 2 % to 4 %
providing both components do not fall
below 10-15 % of the tctal concn.
At ratios of the two nitrates of 90;10
the accuracy reaches 12 % for t~e

nitrate present in the least amount.
and 1.0% for the preponderant nitrate.

Temp: precision ± 0.1 K.



30 Yttrium nitrate

COMPONENTS:

(1) Yttrium nitrate; Y(N0 3)3; [10361-93-0]

(2) Cobalt nitrate; CO(N03)2; [10141-05-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25·C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Odent, G.; Duperray, M.H. C.R. Rebd.

Seances Acad. Sci., SeT'. C 1974, 279,

451-3.

PREPARED BY:

T. Mioduski and S. Siekierski

The Y(N03)3 - Co(N03)2 - H20 system at 25.0·C

Composition of saturated solutionsa

Y(N03)3 Co(N03)2
-1mass % -1 mass % mol of the solid phasemol kg kg nature

58.20 b 5.065 --- --- Y(N03) 3' 5H2O
54.60 4.799 4.02 0.531

"50.10 4.295 7.47 0.962
"48.04 4.274 11.08 1.482
"42.07 3.607 15.51 1.999 "38.82 3.431 20.03 2.661 "

36.02 3.083 21.48 2.763 Y(N03)3· 5H20 + Co(N03)2· 6H20

37.36 3.244 20.75 2.708 Co(N03)2· 6H20
37.46 3.424 22.75 3.125 "36.25 3.197 22.50 2.982 "34.48 2.895 22.20 2.801 "31.96 2.684 24.72 3.119 "24.62 1.990 30.38 3.690 "15.18 1.186 38.27 4.494 "9.32 0.707 42.72 4.869 "2.39 0.179 48.98 5.506 "--- --- 50.62 5.603 "

a. Molalities calculated by the compilers.
b. Authors report the soly of Y(N03)3 in water as 139.23 g per 100 g water. The

corresponding molality calculated by the compilers is 5.0645 mol kg-I.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The solu
tions were equilibrated until their
densities, measured with a Cornec-Cottet
pipet, remained constant for three
successive measurements performed at 24 hour
intervals. Both the compositions of the
saturated solutions and the solid residues
were analysed. The total Y + Co was
determined by titration with EDTA and back
titrating with standard Zn2+ solutions using
Eriochrom Black indicator at pH 9. Co was
determined separately by electrolysis, and
Y was then obtained by difference. The
composition of the solid phases was
determined by Schreinemakers' method, and
by X-ray diffraction of the dried solid
phases using the Ka ray of Cu.

SOURCE AND PURITY OF MATERIALS:

No information given.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision of ± 0.1 K (compilers).

REFERENCES:



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

31

(1) Yttrium nitrate; Y(N0
3
)3; [10361-93-0]

(2) Aluminum nitrate; Al(N0 3)3; [13473-90-0]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C

EXPERIMENTAL VALUES:

Kuznetsova, G.P.; Yakimova, Z.P.;
Yastrebova, L.F.; Stepin, B.D. Zh. Neorg.
Khim. 1981, 26, 3161-4;

Russ. J. Inorg. Chern. Engl. Transl. 1981.
26, 1692...3.

PREPARED BY:

M. Salomon, T. Mioduski. and S. Siekierski

Composition of saturated solutions a

Y(N0 3)3

-1
mass % mol kg mass % mol kg- l nature of the solid phase

60.30

50.87

5.525

4.454 7.59

40.73

0.858

3.226

Y(N0 3)3' 6H 20

Y(N0 3)3' 6R20 + Al(N03)3' 9H20

Al(N°3)3' 9R20

a. Molalities calculated by the compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Yttrium
was determined complexometrica1ly using
sulfosalicylate as a masking agent for
aluminum. Aluminum was determined by back
titration of excess EDTA with standard
ZnS04 solution using dithizone indicator (1).

SOURCE AND PURITY OF MATERIALS:

Yttrium nitrate was prepared by dissolving
high purity Y203 in RN03 • The nitric acid
was c.p. grade which was distilled.

A.R. grade Al(N03)3'9R20 was recrystallized
before use.

COMMENTS AND/OR ADDITIONAL DATA:

The authors report a phase diagram in the
source paper indicating 9 data points.
However. only the three data points given ESTIMATED ERROR:
above were listed in the paper. The caption
to the phase diagram in the source paper Soly: precision probably ± 0.1 %
specifies the temperature to be O°C which (compilers).
is probably a typographical error. Dis- Temp: nothing specified.
cussion in the text refers to 25°C.

REFERENCES:

1. Grosskreutz, W.; Schultze, D.;
Wilke, K.T. Z. Anal. Chern. 1967,
232, 278.



32

COMPONENTS:

Yttrium nitrate

ORIGINAL MEASUREMENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0]

(2) Ammonium nitrate; NH4N0 3 ; [6484-52-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25·C and 50·C

Perel'man, F.M.; Zvorykin, A. Ya. ; Demina,

G.A. Zh. Neorg. Khim. 1960, 5, 960-3;

Russ. J. Inorg. Chem. EngZ. TransZ. 1960, 5,

460-2.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

NH4N03 in satd slna

mass % mol kg- 1
Y(N03)3 in satd sln

a

mass % mol kg- l nature of the solid phase

--- --- 63.09 6.217 }11.43 4.774 58.66 7.134 Y(N03)3· 4H 20
18.74 9.217 55.86 7.999

31. 31b 24.266 52.57 11. 862 Y(~03)3'4H20 + Y(N03)3·2NH4N03·nH20

32.23 15.809 42.30 6.041 }36.40 14.323 31.85 3.649 c

43.77 17.847 25.59 3.038
Y(N03)3·2NH4N03·nH20

44.86b 18.813 25.35 3.095 Y(N03)3·2NH4N03·nH20 + NH4N03
44.86 18.813 25.35

3.095 }47.66 19.158 21.26 2.488
52.46 20.571 15.68 1. 790 NH4N03
56.04 20.340 9.54 1.008
66.75 25.080 ---

a. Molalities calculated by the compilers.
b. Eutonic points were determined graphically.
c. Authors state this solid phase to be contaminated with NH4N03 .

continued...••.•.•.•.•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method. Samples of saturated
solutions with an excess of solids were
isothermally equilibrated with constant
agitation for 2-3 days at 50·C, 5 days at 25·C
and 2-3 weeks when the solutions had high
viscosities. Both the saturated solutions
and wet residues were analysed. Ammonia was
determined by the Kj eldahl method. Y was
determined by precipitation with ammonia and
the precipate washed and filtered. The
precipitate was ignited to Y203 which was
then weighed. The composition of the dry
solid residues was determined graphically
by Schreinemakers' method.

SOURCE AND PURITY OF MATERIALS:

Y(N03)3'6H20 was prepared by dissolving

99.28 % Y203 in aqueous HN03 (1:1) followed
by crystallization. The hexahydrate con
tained 30.6 mass % Y203' and the pH of its
aqueous solution was 5.5.

CP grade NH4N03 was recrystallized twice
before use.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.1 K.

REFERENCES:
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COHPONENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0)

(2) Ammonium nitrate; NH4N03 ; [6484-52-2)

(3) Water; H20; [77 32-18-5)

ORIGINAL MEASUREMENTS

Perel'man, F.M.; Zvorykin, A. Ya. ; Demina,

G.A. Zh. Neorg. Khim. ~, 5, 960-3;

Russ. J. Inorg. Chem. Engl. Transl. ~,

5, 460-2.

EXPERIMETNAL VALUES: (continued)

NH4N0 3 in satd slna
Y(N03)3 in satd sln

a

mass % mol kg- l mass % mol kg- l nature of the solid phase

14.00 8.165 64.58 10.967 }
14.00 7.446 62.51 9.680 Y(N03)3· 4H20
17.37 13.216 66.21 14.667

l7.4b 13.26 66.2 14.68 Y(N03)3· 4H20 + Y(N03)3·2NH4N03

27.25 27.213 60.24
17

0 m}30.20 32.056 58.03 17.934
Y(N03)3·2NH4N0333.88 45.464 56.81 22.196

40.6 61.04 51.09 22.363

44.5b 74.13 48.00 23.279 Y(N03)3·2NH4N03 + NH 4N03
44.30 71. 598 47.97 "om}50.70 31.813 29.39 5.369
54.85 32. 756 24.23 4.213 NH4N0 362.40 34.756 15.17 2.460
75.83 39.196 ---

a and b: see previous page.

COMMENTS AND/OR ADDITIONAL DATA:

Analyses of the solubility data in the tables and the phase diagram show that at 50°C
the solubility curve has three branches corresponding to crystallization of
Y(N03)3'4H20, Y(N03)3'2NH4N03 , and NH4N03' Anhydrous Y(N03)3·2NH4N03 is congruently

soluble and crystallizes in the NH4N0 3 concentration range of 18 to 44 mass %, and in
the Y(N03)3 concentration range of 66 to 48 mass %: its solubility in water is 88 mass %
at 50°C. At 25°C there is insufficient proof that the double salt is actually formed,
and it was impossible to separate the salt. Based on the middle branch of the 25°C
isotherm the authors believe that the double salt is Y(N03)3·2NH4N03·nH20 and that its
solubility in water reaches 65 mass % (based on the anhydrous salt). The authors
state that the tetrahydrate Y(N03)3'4H20 forms at both 25°C and 50°C.



34 Yttrium nitrate

COMPONENTS:
(1) Yttrium nitrate; Y(N03)3; [10361-93-0]

(2) Ammonium nitrate; NH4N03; [6484-52-2]

(3) Nitric acid; HN03; [7697-37-2]

(4) Water; H20; [7732-l8-5J

VARIABLES:

Composition at 25·C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Perel'man, F.M.; Babievskaya, 1.2. Zh. Neorg.

Khim. 1962, 7, 1479-81; Russ. J. lnorg.

Chem. EneZ. TransZ. ~, 7. 762-3:

~erel'man, F.M. Rev. Chim. Miner. 122Q, 7,

635-45.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutionsa

RN03
-1

Y(N03)3
-1

NH4N0 3 -1 bmass % mol kg mass % mol kg mass % mol kg solid phase

32.67 13.633 29.3 2.80 --- --- A

34.4 16.15 26.6 2.86 5.20 1.92 B
34.05 19.903 27.4 3.67 11. 4 5.25 B
34.95 37.603 32.7 8.06 17.6 14.91 B

31.0 60.36 41.8 18.66 19.05 29.202 C
32.8 59.83 34.2 14.30 24.3 34.89 C
33.96 118.97 31.07 24.948 30.44 83.950 C
34.02 90.283 19.2 11.68 40.8 85.24 C

33.02 159.76 13.8 15.30 49.9 190.1 C + D

34.04 126.81 12.2 10.42 49.5 145.2 D
32.1 30.86 5.69 1. 254 45.7 34.58 D
32.4 26.11 3.71 0.685 44.2 28.04 D
32.4 22.89 1.24 0.201 43.9 24.42 D
33.23 26.621 --- --- 46.96 29.615 D

a. Molalities calculated by the compilers.

b. A a Y(N03)3·6H20 B a Y(N03)3·4H20 C • Y(N03)3·2NH4N03 D = NH4N03
The solubility isotherm consists of three branches corresponding to crystallization of

Y(N03)3·4H20, Y(N03)3·2NH4N03 (congruently soluble), and NH40H. The eutonic points
between Y(N03)·2NH4N03 and Y(N03)3·4H20 are given below.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method. Equilibrium stated to be
reached in 2 days. Nitrogen was determined
by the Kjeldahl method. Yttrium was deter
mined by precipitation of Y(OH)3 with
ammonia followed by ignition at 800-900·C to
form the oxide Y203' Composition of the
solid phases were determined by Schreinemake~

method. The solid phases were subjected to
thermographical and crystal-optical
analysis.

COMMENTS AND/OR ADDITIONAL DATA:

The eutonic points between Y(N03)3·2NH4N03
and Y(N03)3.4H20 and vice versa are,
respectively:

1. Y(N03)3 = 42% and NH4N03 = 18.8 mass %

2. Y(N03)3 • 13.8 % and NH4N03 • 49.9 mass %.

SOURCE AND PURITY OF MATERIALS:

The hexahydrate Y(NO~)3·6H20was prepared
by dissolving 99.23 % Y203 in an excess of
58.5 % nitric acid followed by crystalliza
tion. C.p. grade NH4N03 was recrystallized
before use.

ESTIMATED ERROR:
Soly: Nothing specified.

Temp: precision ± 0.1 K.

REFERENCES:
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COMPONENTS:
(1) Yttrium nitrate; Y(N0

3
)3; [10361-93-0]

(2) Urea; CH4N20; [57-13-6]

(3) Water ; H20; [7732-18-5]

VARIABLES:

Composition at 300 C

ORIGINAL MEASUREMENTS:
Khudaibergenova, N.; Su1aimanku1ov, K.

Zh. Neorg. Khim. 1981, 26, 1156-9;

Russ. J. Inorg. Chem. EngZ. TransZ. 1981,

26, 627-8.

PREPARED BY:

M. Salomon

EXPERIMENTAL VALUES: oY(N03)3 - CO(NH2)2 - H20 system at 30 C

Composition of saturated solutionsa

Y(N03)3 CO(NH2)2

% mol -1
% mol -1

of the solidmass kg mass kg nature phase

-- -- 57.56 22.583 CO(NH2)2
13.47 1. 617 56.23 30.901 "27.08 6.088 56.74 58.392

"32.92 10.278 55.43 79.225 "
34.58 12.224 55.13 89.211 Y(N03)3·4CO(NH2)2
35.55 10.150 51. 71 67.585

"36.64 7.454 45.48 42.354
"39.58 6.482 38.21 28.647 "42.61 6.346 34.54 24.115
"45.29 7.978 34.06 27.464 "47.64 7.634 29.66 21. 757
"

47.40 7.349 29.14 20.683 Y(N03)3·3CO(NH2)2
48.79 7.488 27.51 19.328

"49.26 6.090 21.32 12.067
"50.60 -- 49.61 b --
"56.10 7.195 15.54 9.124
"58.09 7.592 14.08 8.424 "59.46 8.052 13.68 8.481
"

continued

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Equilibrium was
reached after 7-9 h. After the liquid and
solid phases had been separated, their
nitrogen content was determined by the
Kje1dah1 method, and yttrium was determined
as described previously (1).

COMMENTS AND/OR ADDITIONAL DATA:

The complex Y(N03)3.3CO(NH2)2 is

incongruently soluble, and
Y(N03)3.4CO(NH2)2 is congruently soluble.

The compositions of these salts were
confirmed by chemical analyses.

SOURCE AND PURITY OF MATERIALS:

"Chemically pure" grade urea and
crystalline yttrium nitrate hydrate were
used. No other information given.

ESTIMATED ERROR:
Soly: accuracy for the Y(N03)3 - H

2
0 binary

system very poor (see critical
evaluation).

Temp: nothing specified.
REFERENCES:

1. Khudaibergenova, N.; Su1aimanku1ov, K.
Zh. Neorg. Khim. 1979, 24, 2005.



36 Yttrium nitrate

cmlPoNEr,TS:
(1) Yttrium nitrate; Y(N0

3
)3; [10361-93-0]

(2) Urea; CH4N20; [57-13-6]

(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: continued .....•....

Y(N0 3)3 CO(NHZ)Z

% mol
-1

% mol -1mass kg mass kg

60.08 7.872 1Z.16 7.Z94

60.98 7.635 9.97 5.714
60.38 7.080 8.60 4.616
60.08 5.772 2.06 0.906
60.34 5.534

a. Molalities calculated by the compiler.

ORIGINAL MEASUREMENT:

Khudaibergenova, N.; Sulaimankulov, K.

Zh. Neo~g. Khim. 1981, 26, 1156-9; Russ. J.

Ino~J' Chem. Engl. T~ansl. 1981, 26, 6Z7-8.

nature of the solid phase

b. This appears to be a typographical error. The correct value may be 19.61
mass % CO(NHZ)2'

Z5 50

30·C isotherm for the Y(N0
3

)3 - CO(NHZ)Z - HZO system. Concentrations in units of

mass %.



COMPONENTS:

Organic solvent system

ORIGINAL MEASUREMENTS:

37

(1) Yttrium nitrate; Y(N0
3

)3; [10361-93-0]

(2) Diethyl ether; C4HlOO; [60-29-7J

VARIABLES:

Room temperature (about 20°C)

EXPERIMENTAL VALUES:

Wells, R.C. J. Wash. Acad. Sci.
1930, 20, 146-8.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

Experiment 1. This experiment involves the hydrated yttrium nitrate as the initial
solid, and which the compilers assume to be the hexahydrate.

Authors report the solubility as 0.0792 g Y20 3 in 10 ml ether.

-3
This is equivalent to a Y(N0

3
)3 soly of 0.0701 mol dm (compilers).

Experiment 2. This experiment involved yttrium nitrate dehydrated as described in
the METHOD/APPARATUS/PROCEDURE box below.

Authors report the solubility as 0.0803 Y20 3 in 10 ml ether.

This is equivalent to a Y(N0
3

)3 soly of 0.0711 mol dm- 3 (compilers).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The soly of
yttrium nitrate was determined in two experi
ments in which the nature of the initial
solid phase differs.

Experiment 1. A few grams of yttrium nitrate
(presumably the hexahydrate, compilers) were
added to about 20 ml of ether in small
stoppered flasks. The flasks were periodi
cally agitated and permitted to stand at
about 20°C overnight. A 10 ml sample was
removed, filtered, the solvent evaporated
and the salt ignited to the oxide and
weighed.

Experiment 2. The remaining salt in the
flask was freed from ether, dissolved in
water and a few drops of RN03 added. The
solution was evaporated to dryness and
heated to lSO°C. The solubility in ether
was then determined again with this
"dehydrated" salt.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: precision probably around ± 10 %
(compilers).

Temp: precision probably ± 4 K (compilers).

REFERENCES:
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EVALUATOR: S. Siekierski, T. Mioduski
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U.S. Army ET & DL
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May 1982

THE BINARY SYSTEM

Data for the solubility of La(N03)3 in water has been reported in 35 publications (1-23,
25-32, 34-37). Many of these studies deal with ternary systems, and the solubility in
the binary system is given as one point on a phase diagram. It appears that for many of
these studies involving ternary systems, the solubility in the binary system was measured
only once by a given research group, and that this value was reported in subsequent
publications. It thus appears that of these 35 publications, only 25 report independently
determined solubilities in water.

Only one study (3) reports the solubility determined by the synthetic method, and all other
studies employ the isothermal method. With very few exceptions, most papers do not report
experimental errors, and the compilers and evaluators have estimated either the precision
or accuracy when possible.

Depending upon temperature and composition (e.g. in ternary systems which are discussed
below), equilibrated solid phases of varying degrees of hydration have been reported. The
following solid phases have been identified:

La(N03)3· 6H20 [ 10277-43-7] La(N0 3)3·3H2O [80573-05-3]

La(N0 3)3· 5H20 [ 15878-72-5] La(N0 3)3· 2H20 [80573-06-4]

La(N0 3)3· 4H20 [15878-75-8] La(N0 3)3

It is interesting to note that no evidence has been reported indicating the existence of a
stable or metastable dihydrate.

The temperature dependence of the solubility of La(N03)3 in pure water has been studied by
Friend (1) from 273-239 K, by Brunisholz et al. (2) over the range of 273-323 K, and by
~1ironov and Popov (3) over the range of 247-395 K. The results of Friend are inconsistent
with most other data, and they are rejected. This author claims the existence of a and S
forms of the hexahydrate, La(N03)3.6H20, with the a form being more stable at lower
temperatures. The existence of a and B hexahydrate phases has not been confirmed by
other investigators. Although Friend's data are in error by what appears to be a large
systematic error, they are still of interest for several reasons. Friend reports the
a+S transition temperature as approximately 316 K which is very close to the value of
316.4 K for the hexahydrate to pentahydrate transition determined graphically by the
evaluators below. It thus appears that Friend's" - phase corresponds to the hexahydrate
and his B - phase corresponds to the pentahydrate as originally suggested by Mironov and
Popov (3). Friend also reported the melting point of the hexahydrate as approximately
338.6 K which is very close to the value of 339.7 K for the congruently melting hydrate
determined theoretically by the evaluators below. Based on these results and the
quantitative results for the solubilities mainly from references (2-8, 27) we conclude that
the stable solid phase below 316.4 K is the hexahydrate, and above 316.4 K the stable
solid phase is the pentahydrate. Below we present evidence which suggests that above 343K
the stable solid phase is a lower hydrate or a mixture of lower hydrates.

EVALUATION PROCEDURE

The data reported in the compilations were examined and either rejected immediately because
of large obvious errors, or were analysed by a weighted least squares fit to a smoothing
equation. It should be noted that only experimental solubility values were used in the
least squares analyses: smoothed or extrapolated data were not used. The data were fitted
to the general solubility equation (see INTRODUCTION and references 42, 43)

Y = !n(m/mo) - nM2(m - mo ) = a + b/(T/K) + c!n(T/K)

-1
In this equation m is the solubility in mol kg at temperature T/K, mo is an
arbitrarily selected reference molality (usually for 298.2 K), H2 the molar mass of
solvent (18.0153 g mol- 1), and a, band c are constants from which the enthalpy of
solution. 6Hsln, and heat capacity of solutions, ~Cp, can be estimated (42, 42).
fitting the solubility data to eq. [1], weight factors of 0, 1, 2, 3 were assigned

the

In
to each
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the precision of the solubility determination and the
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In the fitting of the data to eq. [1]. if the calculated error between the observed and
calculated molalities. ~nl. was larger than twice the standard error of estimate. Om.
the data point was either rejected or its weight factor decreased. The fitting of the
data was repeated until all ~m values were equal to or less than ± 20m'

A number of papers have been rejected. The papers by Kolesnikov et al. (24. 33) report
the solubility of lanthanum nitrate at 293.2 K and 323.2 K with trace amounts of Nd(N03)3
(24) or Sm(N03)3 (33). It is not possible to extrapolate the La(N03)3 solubility to zero
Nd(N03)3 or Sm(N03)3 concentration because of too much scatter in the data. and
inconsistencies in some results (e.g. the solubility at 293 K is greater than that at
298 K). Data from the ternary study of the La(N03)3-Sm(N03)3-H20 system by Petelina
et al. (38) were not compiled because of incompleteness: these investigators report mass %
values for La(N03)3 along 5 sections of the phase diagram. ~Iost of the data are presented
graphically and some numerical data are given in the text of the original publication.
The data of Templeton and Daly (39) were also rejected because the aqueous phase must
contain an unknown but significant amount of l-hexanol (as discussed in the compliation).
The data of Friend (1) were rejected for the reasons discussed above. One paper (7) was
not compiled because the experimental details are the same as in (4-6) which have been
compiled.

The data considered are given in Table 1 along with the initial and final weight factors
used in the least squares fitting to the smoothing equation [1]. In assigning the initial
weight factors. we first consider the solubility data at 298.2 K.

Table 1. Solubility of La(N03)3 in the La(N03)3· 6H20 - H20 system.

solubility weight solubility weight

T/K mol -1 ref initial/final T/K mol -1 ref initial/finalkg kg

258.2 3.39 3 2/2 298.2 4.671 9,25 1/0
273.15 3.760 2 3/3 298.2 4.688 11,32 1/0
273.2 3.14 15 0/0 298.2 3.985 12 0/0
275.9 3.67 3 2/0 298.2 4.704 13 0/0
278.15 3.898 2 3/3 298.2 4.403 14 0/0
278.5 3.81 3 2/0 298.2 4.58 19,20 1/1
283.15 4.095 2 3/3 298.2 4.649 21 1/1
289.0 4.23 3 2/2 298.2 4.411 23 I/O
293.15 4.423 2 3/3 298.2 4.544 37 1/0
293.15 4.405 36 3/3 300.9 4.81 3 2/0
293.2 4.642 22 0/0 308.15 5.095 2 3/3
293.2 4.25 28.29.34 0/0 309.5 5.15 • 3 2/2
293.2 4.52 35 0/0 313.2 4.864 14 0/0
294.6 4.47 3 2/2 323.15 6.052 2 3/3
298.15 4.613 2 3/3 323.2 6.297 9.25 0/0
298.15 4.610 4 3/3 323.2 6.11 16.18.28 1/1
298.15 4.610 5 3/3 323.2 5.84 {10.15,17 0/0298.15 4.608 6 3/3 18,30,31
298.15 4.610 7 3/3 323.2 6.151 26 2/0
298.2 4.669 27 1/0 323.2 5.59 29,34 0/0

298.2 4.34 {10,15,18 0/0
333.2 7.013 12 1/0

28,30,31
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CRITICAL EVALUATION:

The solubility of La(N0 3)3 at 298.2 K has been reported in 27 publications as indicated in
Table 1 (excluding those rejected papers). A number of publications are considered by the
evaluators not to be reports of independently determined solubilities: i.e. it appears that
the solubility was measured once by a given research group and the same value reported in
two or more publications. The data in (9,25) appear to represent a single measurement and
we list the given value once in Table 1. Similarly the results from (11,31) are identical
and are treated as a single determination in the table. The solubility of 4.34 mol kg- l
has been reported in 8 separate publications by Gorshunova and Zhuravlev (10,15-l8,28,30,3D
and again this value is treated as a single determination in Table 1. Even if we were to
assume that each of these publications report an independently measured solubility, the
final results for the critically evaluated data would remain unchanged because in the final
analyses these data are assigned zero weights. In the initial assignments of weights all
solubilities at 298.2 K falling below 4.41 mol kg- l were assigned zero weight. In addition
the highest value of 4.704 mol kg- l was assigned an initial weight of zero. The mean of
the remaining 12 values is 4.61 mol kg- l with a standard deviation of a = 0.07 mol kg- l .
The mean of the most precise results (2,4-7) is 4.610 mol kg- l with a = 0.002 mol kg- l . At
the 95% confidence level and a Student's t = 2.751, the uncertainly in this average value
is ± 0.002 mol kg- l • Combining this uncertainly with the experimental precision of ± 0.1%,
the recommended solubility of La(N0 3)3 at 298.15 K is 4.610 mol kg- l with an estimated
overall uncertainty of ± 0.005 mol kg- l .

In the initial weight assignments, all values reported by Brunisholz et al. (2,36) and by
Spedding and co-workers (4-7) are assigned weights of 3. The data of Mironov anc Popov (3)
must be considered to be of high accuracy since the solubilities were determined by the
synthetic method, and the accuracy is determined by the experimental accuracy in weighing
the components which is probably better than ± 0.1%. The major source of error in Mironov
and Popov's results is due to the visual observation of the temperatures of crystallization,
and there are a number of cases in which the solubilities reported by Mironov and Popov
deviate significantly from the smoothed solubility curve (see Table 1 and Figure 1). The
precision in the visually determined temperatures of crystallization was given as ± 0.2 K,
and the evaluators estimate an overall uncertainly of around ± 0.02 mol kg- l due mainly to
this imprecision in temperature: all of Mironov and Popov's data were assigned initial
~eights of 2. The remaining data were assigned weights of 0 or 1 depending upon the
estimated precision.

Initial weight factors for solubilities at temperatures other than 298.2 K were assigned in
a similar manner. The data reported by Brunisholz and co-workers (2,36) were assigned
~eights of 3, those of Mironov and Popov (3) were assigned weights of 2. The remaining
data were assigned weights from 0-2 depending upon the reported or compilers' estimates of
experimental precision. It is noted that in one paper by Gorshunova and Zhuravlev (18),
the solubility of La(N03)3 at 323.2 K is reported as 5.84 mol kg- l and 6.11 mol kg-I. While
the lower solubility value must be rejected, it is interesting to note that this value lies
~ery close to the curve for the stable pentahydrate system (see Figure 1 and Table 4).

he results of the analyses for the solubility of La(N03)3 in the La(N03)3.6H20 - H20 system
~re given in Tables 3 and 4, and in Figure 1. Table 3 lists the parameters of the smoothing
~quation, and Table 4 gives recommended solubilities obtained from the smoothing equation.

The uncertainly in the calculated recommended solubilities is ± 0.005 mol kg- l at a 95%
level of confidence (Student's t = 2.00), and combining this with an average experimental
precision of about 0.2%, the overall uncertainly in the recommended values in Table 4 is
±0.011 mol kg- l • Figure 1 is the phase diagram showing the domains of the stable and
metastable hydrates.

~he solubility of the pentahydrate at 298.2 K has been reported in two papers by the same
research group (8,27). As pointed out in the compilation of (8), it is not clear whether
the value of 5.13 mol kg-1 represents excellent agreement of two independent measurements
or if the more recent paper (8) is simply reporting the results of the earlier study (27).
In (8) the data from the ternary La(N03)3-HN03-H 0 system reported in (27) were used in
~irgintsev's equation (41) to reproduce the soluBility branch for the pentahydrate:

-1log(soly/mol kg )= log 5.13 - 0.637 log Y1
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CRITICAL EVALUATION: (continued)

where Yl is the mole fraction of La(N0 3)3 in the saturated solution (the solute mole
fraction is defined by mole fraction La(N0 3)3 + mole fraction HN0 3 = 1). The solubility
of the metastable tetrahydrate could not be measured at 298.2 K. but a value could be
obtained (8) by extrapolation using Kirgintsev's equation. The relation obtained in (8)
for the solubility branch of the tetrahydrate in the La(N03)3-HN03-H20 system is

-1
log (soly/mol kg ) = log 7.35 - 0.609 log Yl

Thus the solubility of the metastable tetrahydrate in pure water at 298.2 K is calculated
to be 7.35 mol kg- l .

All other data for the solubilities of the lower hydrates as a function of temperature are
reported in one pub licat~on by Hi ronov and Popov (3). The data are given in Table 2 from
wh~ch it is seen that there is no definitive assignment of the nature of the solid phases
above 314.5 K. The evaluators were however able to assign reasonable solid phase
compositions for several of these points which permitted the analyses of the pentahydrate
SOlubility branch by the smoothing equation. The data fitted to eq. [1] were all assigned
equal weights of unity because they represent the results of one research group. and there
are no other publications available with which a comparative study can be made. The results
of the analyses are given in Tables 3 and 4. and in Figure 1.

The uncertainty in the calculated tentative solubilities in Table 4 for the pentahydrate
system is ± 0.20 mol kg- l at the 95% level of confidence (Student's t = 2.78). Combining
th~s uncertainty with the estimated experimental precision of 0.5%. the overall uncertainty
in the tentative values in Table 4 is ± 0.21 mol kg- l •

Table 2. Solubility in the La(N03)3.nH20 system: n ~ 5

solubility value of n in La(N0 3)3· nH 20
-1T/K mol kg ref author's assignment evaluator's assignment

298.2 5.123 8.27 5
298.2 7.35a 8 4
314.5 5.47 3 5 + 4
321. 8 5.79 3 5 + 4 + 3b 5
325.9 6.11 3 5 + 4 + 3 5
328.6 6.42 3 5 + 4 + 3 5
334.1 7.25 3 5 + 4 + 3 5
343.1 8.49 3 5 + 4 + 3 5
353.1 10.07 3 5 + 4 + 3
371.6 11.44 3 5 + 4 + 3
395.2 12.23 3 5 + 4 + 3

a. Extrapolated value: see text for discussion.

b. Note that for a 2-component system at constant pressure. the phase rule specifies that
only three phases can coexist in equilibrium. Thus the assignment of three solid
phases in equilibrium with the saturated solutions cannot be correct.

RECOMMENDED AND TENTATIVE SOLUBILITIES

At 298.15 K the recommended solubility of La(N0 3)3 in the hexahydrate system is 4.610 mol
kg-l wHh an overall uncertainty of ± 0.005 mol kg- l at the 95% confidence level. The
recommended and tentive solubilities at other temperatures were obtained from the smoothing
equation. and the results are given in Tables 3 and 4. and in the phase diagram of Figure 1.
The solubilities in the hexahydrate system are designated as recommended values. and at
the 95% confidence level. the total uncertainty in these solubilities is ± O.Oll mol kg- l •
The pentahydrate data are designated as tentative, and at the 95% confidence level. the
overall uncertainty in these values is ± 0.21 mol kg-I. These recommended and tentative
solubilities were used to construct the phase diagram of Figure 1.

SD~13-C
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CRITICAL EVALUATION: (continued)

In Figure 1 the lines were calculated from eq. [1], and the experimental data were
selected from those publications reporting the most precise solubilities as discussed
above. Support of the assignment of domains of existence of the hexahydrate and penta
hydrate comes from direct chemical analyses and from the temperature dependence of the
solubilities. The temperature of the transition of the stable hexahydrate to the stable
pentahydrate is found graphically to be 316.5 K. This is in excellent agreement with
Mironov and Popov's value (3) of 314.5 K, and Friend's value (1) of 316 K. The predicted
values of the congruent melting points of the hexahydrate and penthydrate are 339.7 K and
346.3 K, respectively. For the hexahydrate, the experimental values for the congruent
melting of the solid are 338.6 K (1), 338 K (28), 339.7 T 0.5 K (44, 45) ,
343 ± 3 K (27), and 343 ± 1 K (46). The only reported value for the congruent melting
point of the pentahydrate is that of Mironov, Popov, and Khirpin (27) who reported a value
of 343 ± 3 K (Le. almost identical to the melting point of the hexahydrate).

We were not able to fit the solubility data above 343.1 K to the smoothing equation because
of the lack of sufficient knowledge of the solid phase compositions, and the lack of
sufficient data points to permit a statistical analysis. Noting that the congruent melting
point of the tetrahydrate is 368 ± 3 K (27), it is possible that the two solubility values
at 343.1 K and 353.1 K fallon a tetrahydrate solubility isotherm.

To summarize the analyses, the hexahydrate is the stable solid phase up to 316.4 K, and the
pentahydrate is the stable solid phase up to about 343.1 K. The metastable pentahydrate
is however very stable below 316.4 K as indicated by the failure to convert the metastable
pentahydrate to the stable hexahydrate by seeding (27). According to Mironov, Popov, and
Khripin, different hydrated forms of La(N03)3 can be obtained from identical aqueous
solutions, and that discrepancies in the solubilities reported in the literature can
often be attributed to the uncertainty in the nature of the hydrate involved. As an
example the data of Gorshunova and Shuravlev are cited (see ref 18 in particular and the
discussion above): the solubility of 5.84 mol kg- l in the hexahydrate system at 323.2 K
is probably in error due to the probability that the solutions were in equilibrium with
the pentahydrate solid phase. The solid phase (or phases) which exists above 343.1 K is
probably a lower hydrate such as the tetra or trihydrates, or a mixture of lower hydrates.

Table 3. Parameters and standard deviations for the smoothing equation [1]

hexahydrate pentahydrate

a -20.980 -131.817
b 586.81 5815.5
c 3.3369 19.967

°a 0.002 0.009

°b 0.53 2.9
Oc 0.0003 0.001

Oy 0.002 0.009

° soIy 0.02 0.2

~Hsln/kJ
-1 -19.4 -192.8mol

~C /J K-1 mo1-1 111.0 655.1p

congruent melting point 339.7 K 346.3 K

concn at the melting point/mol -1 9.251 11.102kg
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CRITICAL EVALUATION: (continued)

Table 4. Recommended and Tentative Solubilities obtained from the smoothing equation
All solubilities given in units of mol kg-I.

TIK

273.2
278.2
283.2
288.2
293.2
298.2
303.2
308.2
313.2
318.2
323.2
333.2
343.2

hexahydratea

3.76
3.91
4.06
4.23
4.41
4.61
4.84
5.08
5.37
5.69
6.06
7.15

pentahydrateb,c

5.10
5.11
5.16
5.27
5.44
5.66
5.96
6.86
8.79

a. Recommended values.
b. Tentative values.
c. For solubilities of the lower hydrates, see Table 2.
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Figure 1. Phase diagram for the La(N03)3-H ° system.
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TERNARY SYSTEMS

~~~~~with Nitric Acid. The two comprehensive studies available (26, 27) are in basic
agreement that all hydrates (except the dihydrate) and the anhydrous salt are all stable
at 298.2 K depending upon composition. At high nitric acid concentrations (over 80 mass %)
the anhydrous salt in stable at 298.2 and 323.2 K, One study (27) reports the existence
of the monohydrate at nitric acid concentrations between 65 and 88 mass %, The existence
of a double salt with HN0 3 was not reported, A third study (40) reports solubilities in
the four component systen Y(N03)3-La(N03)3-HN03-H20.

§~stems with Alkali Metal and Ammonium Nitrates. The dominant feature in these studies is
th~xisten~e of double salts of the type M2La(N03)5,nH20 where M is the alkali metal.
Those double salts which were experimentally verified are:

(34) did not report the existence of a double

2KN03,La(N03)3·2H20

2RbN0 3 ,La(N0 3)3·3H20

2CsN0 3 ·La(N03)3,3H20

La(N0 3)3,2NH4N0 3·4H20

A stUdy of the NaN03-La(N03)3-H20 system
salt,

[77076-82-5]

[61391-42-2 ]

[61192-73-2]

[80573-07-5 ]

(29)

( 32)

(13)

(9 )

§~sterns with Alkaline Earth and Transition Metal Nitrates. The dominant feature~n all
these studies is the existence of a tetracosahydrate double salt with general fo~ula
La2M3(N03)12.24H20. The following tetracosahydrates have been reported:

3Mg(N0 3)2·2La(N0 3)3,24H20

2La(N0 3)3,3Co(N0 3)2,24H20

2La(N0 3)3·3Ni(N0 3)2,24H20

2La(N0 3)3,3Zn(N03)2·24H20

[13984-18-4]

[18851-80-4]

[18851-79-1]

[14520-95-7]

(9, 23)

(14)

(25 )

(23, 25, 36)

Although the tetracosahydrate 2La(N03)3,3Mn(N03)Z.24H20, [18851-78-0], is known to exist,
it was not reported by di Capua (di Capua (22) d1d not analyse the solid phase in any of
his work). No double salt was reported in the study of the La(N03)3-Ba(N03)2-H20 system
(11), In addition, the existence of solid solutions have been reported for systems
Containing Mg(N0 3)2 (9, 23), Ni(N0 3)2 (25), and Zn(N0 3)2 (25),

~tems with Other Lanthanide Salts, The dominant feature in those studies concerning
other lanthanide nitrates is the existence of solid solutions. The work of Brunisholz
et al. (2) suggest that these systems contain miscibility gaps. In the rejected paper
(38), the existence of solid solutions in the La(N03)3-Sm(N03)3-H20 was not reported
Whereas Brunisholz's study on this system does reveal the presence of solid solutions.

For systems with LaC13 , no double salts were reported and the authors report a phase
diagram of the simple eutonic type (20) (note that the data for the ternary system in this
study were rejected for reasons discussed in the compilation). For the mixed lanthanum
nitrate/acetate system (19) a double salt was found with the composition:

-
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COHPONENTS:

(1) Lanthanum nitrate; La(N0 3)3;
[10099-59-9]

(2) Water; H20; [7732-18-5]

CRITICAL EVALUATION:

Lanthanum nitrate

EVALUATOR: S. Siekierski, T. Mioduski
Institute for Nuclear Research

Warsaw, Poland
and

M. Salomon
U.S. Army ET & DL
Ft. Monmouth, NJ USA

May 1982

Ot~~~e_~. Most other stud~es on ternary systems involve hydrazine nitrates and
organic nitrogen compounds. For those ternary systems in which double salts are not
formed, the phase diagrams are generally of the simple eutonic type: these are the
studies ~nvo1ving guanidine monontrite (17), diethylamine n~trate (15), d~methy1amine

nitrate (15), and triethylamine (35). Double salts were found in the rema~ning systems:

La(N03)3·2[N2H4·HN03] [33412-01-0] (18)

La(N03)3,3[N2H4 ,2HN0 3] [33412-02-1] (18)

La(N0 3) 3' H2NCH 2CH 2NH 2 · 2HNO 3' 6H 2O [27099-40-7] (16)

La(N03)3,2[CSH5N.HN03]·4H20 [51537-72-5] (30)

La(N03)3·4[CSH10NH.HN03] [36354-70-8] (28)

La(N03)3,3C6HSCONH2·3H20 [80573-10-0 ] (12)

La(N03)3,C9H7·HN03·4H20 [80573-09-7 ] (31)
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COHPONENTS:

(1) Lanthanum nitrate; La(N0
3
)3;

[10099-59-9]

(2) Water; R20 ; [7732-18-5]

CRITICAL EVALUATION: (continued)

EVALUATOR:
S. Siekierski, T. Hioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ, USA

May 1982
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3;

[10099-59-9]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature

Friend, J.N. J. Chern. Soc. 1935, 824-6.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

t/oC mass %

0 50.03
18.4 54.16
21.2 55.03
25.4 55.80
35.4 59.12
42.4 63.84
44.2 65.13

14.4 56.27
15.2 56.94
15.8 56.85
16.0 56.74
23.2 58.7
29.6 60.08
32.2 61. 34
40.0 62.71
46.4 64.55
49.4 65.17
56.0 68.30
64.5b 75.04

EXPERIMENTAL VALUES:

Solubility of La(N03)3 in water as a function of temperature: a

-1
mol kg solid phase

3.081 a-La(N03)3'6H20
3.636 "
3.766 "
3.885 "
4.451 "
5.434 "
5.748 "

3.960 6-La(N03)3'6H20
4.070 "
4.055 "
4.037 "
4.374 "
4.632 "
4.883 "
5.176 "
5.604 "
5.759 "
6.631 "
9.253 "

a The transition temperature for the a ~ 6 was reported as approximately 43°C as read
from the intersection of the plots of solubility vs t/oC for the a and 6 hexahydrates.

bMelting point of the hexahydrate (theoretical concentration at the congruent melting
point is 9.251 mol kg-I. compilers).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used as described
earlier (1). Aliquots of around 50 cc were
taken from 250 cc "saturation bottles" and
La precipitated as the oxalate. La was
determined gravimetrically by ignition of the
oxalate to the oxide. As a check of the
method, 5 samples were evaporated to dryness
and directly ignited to the oxide. and the
results were always higher by 0.1 to 0.4 %.

COMMENTS AND/OR ADDITIONAL DATA:

This paper is the only study that reports a
and S phases for the hexahydrate. This is
discussed further in the critical evaluation.

The molalities in the table were calculated
by the compilers.

SOURCE AND PURITY OF MATERIALS;

Lanthanum nitrate was prepared by dissolving
the oxide in dilute nitric acid and inducing
crystallization by seeding with Bi(N03)3·5H20
The author claims that the initial precipit
ate is S-La(N03)3'6H20 which is transformed
into the more stable a form upon prolonged
standing at room temperature. The a-salt
is also said to form from the supersaturated
solution "upon appropriate seeding." No
details were given.

ESTIMATED ERROR:
Soly: Accuracy around ± 30 % (compilers).

Temp: Probably around ± 0.2 K as in (1).

REFERENCES:

1. Friend, J.N. J. Chern. Soc. 1930, 1633.



Binary aqueous system

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Brunisholz, G.; Quinche, J.P.; Kalo, A.M.

Helv. Chim. Aota 1964, 47, 14-27.
(2) Water ; H20 ; [7732-18-5]

49

mass %

54.99

55.88

57.09

58.97

59.98

62.34

66.29

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

trc

°
5

10

20

25

35

50

PREPARED BY:

T. Mioduski and S. Siekierski

aSolubility of La(N03)3 in water

mol kg- l

3.760

3.898

4.095

4.423

4.613

5.095

6.052

a. Molalities calculated by M. Salomon.

Authors report that the solid phase is La(N03)3·6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Lanthanum

determined by complexometric titration using

xylenol orange indicator in the presence of

a small quantity of urotropine buffer.

Water was determined by difference. No

additional information given.

SDS13-C*

SOURCE AND PURITY OF MATERIALS:

La20 3 purified by the ion exchange method

had a purity better than 99.7 %.

The nitrate salt was presumably prepared

from the oxide by addition of nitric acid

followed by crystallization. No additional

details were given.

ESTIMATED ERROR:

Soly: precision ± 0.2 % (compilers).

Temp: precision about ± 0.05 K (compilers).

REFERENCES;
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0 3)3; [10099-59-9] Mironov, K.E.; Popov, A.P. Rev. Rourn. Chim.

1966, 11, 1373 - 81.
(2) Water ; H20 ; [77 32-18-5]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

PREPARED BY:

T. Mioduski and S. Siekierski

Solubility of La(N03)3 in watera

t/"C mass % mol -1 solid phaseb t/"Ckg

-0.3 8.6 0.29 A 21.4
-2.6 18.5 0.699 A 27.7
-4.9 23.3 0.935 A 36.3
-9.5 35.6 1. 70 A 41. 3-12.8 40.2 2.07 A

-18.1 45.9 2.61 A 48.6
-22.9 48.9 2.95 A 52.7

-25.9 51. 3 3.24 A + B 55.4
60.9

-15.0 52.4 3.39 B 69.9
2.7 54.4 3.67 B 79.9
5.3 55.3 3.81 B 98.4

15.8 57.9 4.23 B 122.0

% mol -1 solid phasebmass kg

59.2 4.47 B
61.0 4.81 B
62.6 5.15 B

64.0 5.47 B + C

65.3 5.79 C + D + E
66.5 6.11 C + D + E
67.6 6.42 C + D + E
70.2 7.25 C + D + E
73.4 8.49 C + D + E
76.6 10.07 C + D + E
78.8 11.44 C + D + E
79.9 12.23 C + D + E

a. Molalities calculated by M. Salomon.

b. Solid phases: A = ice

B = La(N03)3·6H20

C = La(N03)3·5H20

D = La(N03)3·4H20

E = La(N03)3·3H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The synthetic method was used. The tempera

ture of crystallization was determined

visually. Authors state that only stable

equilibrium data are given. No additional

information given.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 prepared by dissolving 99.9 %

pure La203 in nitric acid followed by

crystallization. Double distilled water

was used.

ESTIMATED ERROR:

Soly: precision probably ± 0.2 to * 0.5%
(compilers).

Temp: precision! 0.2 K (authors).
REFERENCES:



COMPONENTS:

Binary aqueous system

ORIGINAL MEASUREMENTS:

51

(1) Lanthanum mtrate; La(N0 3) 3; [10099-59-9]

(2) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Popov, A.P.; Mironov, K.E. Zh. Neorg. Khim.

1971, 16, 464-6; Russ. J. Inorg. Chem.

Engl. Transl. IJJl, 16, 464-6.

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

The solubility of metastable La(N03)3·5H20 in water at 25°C was reported to be

62.5 mass %

The corresponding value in molality was calculated by the compilers:

5.13 mol kg- 1

COMMENTS AND/OR ADDITIONAL DATA:

It is not clearly stated whether the solub~lity of the pentahydrate was actually
measured in the present work or whether the authors are reporting the value obtained
from earlier work (1). In reference (1) the solubility of the pentahydrate at 25°C
was given as 62.47 mass % (see the compilat~on of the data from this paper).

By extrapolation of the solubility branch for La(N03)3'4H20 from data in the ternary
system La(N03)3-HN03-H20, the authors calculated the soluoility of the metastable
tetrahydrate in pure water as 70.5 mass % (7.35 mol kg-I). See the critical evaluation
for additional details.

AUXI LIARY INFORNATION

METHOD/APPARATUS/PROCEDURE:

Experimental method not specified.

Metastable (at 25°C) La(N03)3,5H20 was

probably obtained by slow cooling of a

saturated La(N03)3 solution from 40-50°C to

25°C (1).

SOURC~ AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
Soly: Not specified, but precision probably

± 0.5 mass % units (compilers).

Temp: precision around ± 0.2 K (compilers).

REFERENCES:

1. Mironov, K.E.: Popov, A.P.; Khripin, L.A.

Zh. Neorg. Khim. 1966, 11, 2789: RUSB. J,

Ino:rg. Chem. Engl. Transl. 1966, 11, 1499.



52 Lanthanum nitrate

COMPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

1. Spedding, F.R.; Shiers, L.E.; Rard, J.A.
J. Chern. Eng. Data 1975, 20, 88-93.

2. Rard, J.A.; Spedding, F.H. J. Phys. Chern.
1975, '19, 257-62.

3. Spedding, F.R.: Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chern. Eng. Data 1976, 21,
t.7t._RR

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

The solubility of La(N03) in water at 25.00°C has been reported by Spedding and co-workers
in three publications. Source paper [3] reports the solubility to be 4.608 mol kg-I, but
the preferred value is given in source papers [1] and (2) as 4.610 mol kg-I.

COMMENTS AND/OR ADDITIONAL DATA:

Source paper (1) reports the relative viscosity, nR, of a saturated solution to be

20.078. Taking the viscosity of water to be 0.008903 P at 25°C, the viscosity of a
saturated La(N03)3 solution at 25°C is 0.17875 P.

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, '19 have
enabled the compilers to provide the following additional data on the La(N0 3)3 - R20
system.

The density of the saturated solution was calculated by the compilers from the smoothing
equation in source paper [2], and the value at 25°C is 1.8097 kg m- 3 • Using this density,
the solubility of La(N03)3 in volume units (based on msatd = 4.6100 mol kg-I) is

Csatd = 3.340 mol dm- 3

Source paper (2) reports the electrolytic conductivity of the saturated solution to be
(corrected for the electrolytic conductivity of the solvent) K = 0.020369 Scm-I.

The molar conductivity of the saturated solution as calculated from 1000K/3csatd is

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Solutions were
prepared as described in (1) and (2). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to
± 0.1 % or better. In the sulfate analysis,
the salt was first decomposed with HCl
followed by evaporation to dryness before
H2S04 additions were made. This eliminated
the possibility of nitrate ion coprecipita
tion.

SOURCE AND PURITY OF MATERIALS;
La(N03)3.6H20 was prepared by addition of
HN0 3 to the oxide. The oxide was purified
by an ion exchange method and rare earth
impurities were less than 0.1%. Ca and Fe
impurities were also less than 0.1 %.
In source paper 13] the salt was analysed
for water of hydration and found to be within
± 0.016 water molecules of the hexahydrate.

Water was distilled from alkaline permangan
ate.

ESTIMATED ERROR:

Soly: Duplicate analyses agreed to at least
± 0.1 %.

Temp: Not specified, but probably accurate to
at least ± 0.01 K as in (3).

REFERENCES;
1. Spedding, F.R.; Cullen, P.F.; Habenschuss,

A. J. Phys. Chern. 1974, '18, 1106.
2. Spedding, F.H.; Pikal, M.J. Ayers, B.O.

J. Phys. Chem. 1966, '10, 2440.
3. Spedding, F.R.; et. al. J. Chem. Eng.

Data 1975, 20, 72.



Ternary systems, one saturating component

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Quill, L.L.; Robey, R.F. J. Am. Chern. Soc.

53

(2) Nitric acid; HN0 3; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25·C and 50·C

1937, 59, 2591-5.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

EXPERIMENTAL VALUES: a
Composition of saturated solutions

t /·C

25

so

La(N03)3 RN03 density

mass % mol -1 % -1 kg m- 3 nature of the solid phasekg mass mol kg

56.42 4.285 3.06 1.198 1. 771 La(N03)3· 6H20
46.42 3.432 11. 95 4.555 --- "29.10 2.473 34.69 15.204 --- "
29.62 3.018 40.17 21.102 --- La(N03)3' 4H20
28.73 2.935 41.14 21. 669 --- "25.18 3.797 54.41 42.306 --- "21. 61 3.320 58.36 46.239 --- "

2.79 0.324 70.70 42.323 1.489 La(N03)3· 3R20

0.56 0.15 87.85 120.29 --- La(N03)3

66.65 6.151 --- --- 1.929 La(N03)3' 6H20
64.21 5.952 2.59 1. 238 1.912 "61.85 5.793 5.29 2.555 1. 892

"56.70 5.584 12.05 6.119 1. 852
"

56.34 6.035 14.93 8.247 1.880 La(N03)3'6H20 + La(N03)3' 4H20

44.23 4.855 27.73 15.694 1. 755 La(N03)3' 4H20
30.31 3.700 44.48 28.000 1. 645 "29.58 4.577 50.53 40.317 --- "
5.48 1.040 78.31 76.666 --- La(N03)3 ?
1. 38 0.324 85.51 103.51 --- La(N03)3 ?
0.41 0.15 91.15 171. 39 1. 419 La(N03)3 ?

a. Molalities calculated by the compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method. Appropriate quantities of
La(N03)3 and HN03 were placed in Pyrex tubes,
heated to induce supersaturation, and thermo
stated. The Pyrex tubes were sealed after a
small crystal of Bi(N03)3·5H20 was added to
"seed" crystallization. The sealed tubes
were shaken in the thermostat for at least 8
hours (equilibrium was reached in 4 hours).
Authors state that approach to equilibrium
from undersaturation gave identical results
Within experimental error. All data reported
in the above table are the results obtained
by approach from supersaturation.

A "filtering pipet" maintained at a tempera
ture slightly higher than the thermostat
temperature was used to withdraw samples for
analyses. Weighed samples of liquid and
solid phases were analysed for HN03 by titrn
with 0.1 mol dm- 3 NaOH with methyl red
indicator. La was pptd as the oxalate,
filtered, washed with hot dilute oxalic acid,
and ignited to the oxide.

SOURCE AND PURITY OF MATERIALS;
HN0 3 prepd from c.p. grade by distillation
in an all Pyrex still and retaining the
middle fraction. For very high HN03 cones,
reagent grade fuming RN03 used as received.
La(N03)3·6H20 prepared by dissolving the
oxide in pure nitric acid, recrystal1ing
twice, and dried over 55% sulfuric acid
in a desiccator. No trace of any other
rare earth was found in the oxide by arc
emission spectroscopy.
Distilled water was used which had a conduc
tivity of 2 x 10-6 Scm-I.

ESTIMATED ERROR:
Soly: precision about ± 1 % (compilers).
Temp: at 25·C, accuracy was ± 0.03 K.

at 50·C, accuracy was ± 0.1 K.

REFERENCES:



54 Lanthanum nitrate

Mironov, K.E.; Popov, A.P.; Khripin, L.A.

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Nitric acid; HN03 ; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition

EXPERIMENTAL VALUES:

Zh. Neorg. Khim. 196£, 11, 2789-96; Russ.

J. Inorg. Chem. Engl. Transl. 1966, 11,

1499-1503.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions for
conditions of stable equilibr~uma

La(N03)3 HN03

mass % mol -1 % -1kg mass mol kg nature of the solid phase

60.2 7 4.669 --- --- La(N0 3)3· 6H20
59.3 4.57 0.8 0.32

"43.3 3.23 15.5 5.97 "36.4 2.72 22.4 8.63
"29.1 2.50 35.1 15.56
"28.2 2.48 36.8 16.69
"27.7 2.52 38.5 18.08
"

28.8 b 2.74 38.8 19.00 La(N03)3· 6H 20 + La(N03)3· 5H20

28.8 2.80 39.6 19.89 La(N03)3· 5H20
27.8 2.70 40.5 20.28 "28.1 2.81 41.1 21.18

"
20.3 2.30 52.5 30.63 La(N03)3· 4H20
18.6 2.35 57.0 37.07

"
18.9 b 2.56 58.4 40.83 La(N03)3· 4H20 + La(N03)3·3H2O

17.1 2.32 60.2 42.09 La(N0 3) 3' 3H2O
continued •••••

AUXI LIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE:

The isothermal method was used. Equilibrium
at 25°C was approached from both above and
below with 4-6 hours being required for
equilibrium in both approaches. Both the
saturated solutions and solid phases were
analysed. Lanthanum was determined complexo
metrically, nitric acid was determined by
potentiometric titration, and for several
crystal hydrates water was determined by
the Karl Fischer method. Solid phases were
~dentified by Schreinemakers' method of
residues and by chemical analyses of the
precipitates washed free of mother-liquor
with anhydrous dichloroethane. Only the
monohydrate and anhydrous salts could not be
completely freed of HN0 3 in this way (water
of hydration is not effected by this treat
ment) .

SOURCE AND PURITY OF MATERIALS:

Lanthanum nitrate was made from spec pure
lanthanum oxide. Analysis of the salt
showed it to be the hexahydrate.
Completely colorless 100% nitric acid was
made by the Brauer method (1). Double
distilled water was used.

ESTIMATED ERROR:
Soly: precision about ± 0.5 h (compilers).

Temp: precision ± 0.1 K.

REFERENCES.
1. Brauer, G. (ed.) Handbuch der praparativ

en anorganischen Chemie. Russ. Transl.
Inostr. Lit. Moscow. 1956. p. 243.
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COHPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Nitric acid; HN03; [7697-37-2]

(3) Water ; H20 ; [77 32-18-5]

ORIGINAL UEASUREMENTS:

Mironov, K.E.; Popov, A.P.; Khripin, L.A.

Zh. Neorg. Khim. 1966, 11, 2789-96; Russ.

J. Inorg. Chem. Engt. TransZ. 1966, 11,

1499-1503.

VARIABLES: continued•••••

Composition of saturated solutions for
conditions of stable equilibrium (cont.)

La(N03)3 HN0 3
-1mass % mol kg-1 mass % mol kg nature of the solid phase

17.0 3.39 62.1 44.28 La(N03)3·3H2O
17.3 2.69 62.9 50.41 "19.5 3.33 62.5 55.10

"
20.4

b
3.63 62.3 57.15 La(N0 3)3·3H20 + La(N03)3· H20

18.2 3.29 64.8 60.49 La(N03)3· H20
13.0 2.56 71. 4 72.63 "7.6 1. 62 78.0 85.96 "4.9 1.08 81.1 91.93 "2.0 0.48 85.2 105.6 "

b
0.30 87.8 La(N03)3· H20 + La(N03)31.1 125.5

0.4 0.14 90.5 157.8 La (N03) 3
0.3 0.12 92.0 189.6 "0.3 0.16 93.8 252.3 "0.2 0.13 95.1 321.1 "0.2 0.18 96.3 436.6

solubilities for metastable conditions

62.4 7 5.123 --- --- La(N03)3· 5H20
61.1 5.00 1.3 0.55 "59.5 4.82 2.5 1.04 "43.6 3.47 17.7 7.26 "40.5 3.21 20.7 8.47 "37.6 3.00 23.8 9.78 "36.0 2.89 25.7 10.65 "28.9 3.07 42.1 23.04 "
29.2 3.10 41. 8 22.87 La(N03) 3' 4H2O

29.0 3.16 42.8 24.09 La(N03)3'3H2O
26.4 2.90 45.6 25.85 "25.0 2.88 48.3 28.71 "23.6 2.70 49.5 29.20 "22.8 2.77 51.9 32.55 "22.5 2.72 52.0 32.36 "22.6 2.89 53.3 35.10 "19.6 2.59 57.1 38.89 "21.2 3.71 61. 2 55.18 "
Additional eutonic points not listed above (stable sIns)

28.5 2.93 41.6 22.08 La(N03)3· 5H20 + La(N03)3· 4H20

29.4 3.23 42.6 24.14 La(N03)3· 5HZO + La(N03)3·3HZO
30.4 3.11 39.5 ZO.83 La(N03)3· 6HZO + La(N03)3· 4HZO

a. Molalities calculated by M. Salomon.
b. Eutonic points.

COMMENTS AND/OR ADDITIONAL DATA:

The authors state that metastable hydrates do not change into the stable forms when
introducing seeds of the stable phases. Relative densities (d~5) and refractive
indices are given for each of the hydrates and for the anhydrous salt in the
source paper.



56 Lanthanum nitrate

COMPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Acetone; C3H60; [67-64-1]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

Acetone concentration

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Zwietasch, K.-J.; Kirmse, E.M. Wiss. Befte

d. Pad. Hochschule "w. Ratke" Kothen 1977_,

4, 133-5

PREPARED BY:

T. Mioduski, S. Siekierski and M. Salomon

Composition of saturated solutions at 25°C

acetone La(N03)3· 6H20 anhydrous La(N03)3a

mass % mass % mass % mol kg- 1

° 79.45 59.62 4.544
1.63 79.04 59.31 4.486
2.93 79.64 59.76 4.571
3.70 79.12 59.37 4.496
5.40 78.94 59.23 4.472
7.72 79.04 59.31 4.486

11. 75 78.50 58.90 4.411
14.54 77.52 58.17 4.280
20.66 76.19 57.17 4.108
21.82 75.85 56.92 4.066
24.61 75.39 56.57 4.009

a. Mass % of anyhr salt and molalities calculated by the compilers.

In all cases the authors state that the solid phase is La(N03)3·6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The
reaction mixtures were agitated in a thermo
stat at 25°C for Z4 hours. Lanthanum was
determined by comp1exometric titration with
EDTA and xy1eno1 orange indicator. Acetone
was determined by iodometric titration, and
water content was determined by difference.
The composition of the solid phases were
determined by Schreinemakers' method of
wet residues.

SOURCE AND PURITY OF MATERIALS;

La(N03)3·6HZO was used as the starting

solid. No other information given.

ESTIMATED ERROR:
Soly: accuracy around 1-Z % (compilers).

Temp: nothing specified.

REFERENCES:



Multicomponent systems, two saturating components 57

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Sodium nitrate; NaN03 ; [7631-99-4] Bogdanovskaya, R.L. Uch. Zap. Perm. Univ.

(2) Lanthanum nitrate; La(N03)3; [10099-59-9] 19~, 229, 32-4.

(3) Water; H20; [7732-18-5]

VARIABLES: PREPARED BY:

Composition at 20°C and 50°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated solutionsa

50

La(N0 3)3 NaN0 3
mass % mol kg- l mass % mol kg- l nature of the solid phase

--- ---- 46.8 10.35 NaN0 3
12.4 0.77 38.0 9.01 "30.8 2.05 23.0 5.86 "36.9 2.52 18.0 4.70 "50.1 3.89 10.3 3.06 "55.8 4.62 7.0 2.21 "
57.0 4.68 5.5 1.73 NaN0 3 + La(N03)3· 6H20

57.5 4.68 4.7 1.46 La(N03)3' 6H20
57.8 4.46 2.3 0.68 "58.0 4.25 --- ----

"
--- ---- 53.0 13.27 NaN03

11.4 0.77 43.0 11.09 "28.4 2.05 29.0 8.01 "39.5 3.07 20.9 6.21 "51.6 4.37 12.1 3.92 "58.0 5.25 8.0 2.77 "
63.6 6.14 4.5 1.66 NaN0 3 + La(N03)3· 6H20

63.8 5.91 3.0 1.06 La(N03)3· 6H 20
64.0 5.71 1.5 0.51 "64.5 5.59 --- ---- "
a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

Pure grade La(N03)3·6H20 was used.

Analar grade NaN03 was used.

No other information given.

The method of isothermal sections was used
with refractometric analysis (1). Solutions
were prepared by mixing known amounts of
solids + liquid and equilibrated until their
refractive indices were constant. Equilib
rium was reached in 5 hours at 50°C and in
8 hours at 20°C. The composition of the
satd sIns and solid phases were found as
break points on the composition-refractive
index diagram (see the compilation for
reference 2). The refractive indices were
determined at 50°C using an IRF-22 refracto-
meter. I-E-ST-IMA-T-E-O-E-R-R-O-R-:---------------l

Soly: nothing specified.COMMENTS AND/OR ADDITIONAL DATA:

The isotherms at 20°C and 50°C are identical
and consist of two branches corresponding to Temp: precision reported as ± 0.1 to 0.2 K.
the crystallization of La(N03 )3· 6H20 and ~RE-FE-RE-N-C-E-.S-:----------------~

NaN03· The eutonic sIn is strongly enriched 1. Zhuravlev, E.F.; Sheveleva, A.O. Zh.
in La(N03)3: i.e. this component shows a Kh' 960 5 263

1 i ff i h Neorg. ~m.~" O.strong sa t ng out e ect w t respect to
NaN03' At higher temperatures the salting 2. Bogdanovskaya, R.L.: Armisheva, L.N.
out effect of La(N03)3 increases. The Uch. Zap. Perm. Univ. 1973, 289, 32.
influence of NaN03 on the soly of La(N03)3
is much weaker.

METHOD/APPARATUS/PROCEDURE:



58 Lanthanum nitrate

COMPONENTS:
(1) Potassium nitrate; KN03; [7757-79-1]

(2) Lanthanum nitrate; La(N03)3; [10099-59-9]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 20·C and 50·C

ORIGINAL MEASUREMENTS:

Bogdanovskaya, R.L.; Armisheva, L.N.

Uah. Zap. Perm. Univ. 197~, 289, 32-5.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES: The La(N03)3 - KN03 - H20 system at 20.0·C

Composition of saturated solutionsa

mass

La(N03) 3

% mol kg-1
KN03

mass % mol kg-1 nature of the solid phaseb

--- --- 24.0 3.12
8.0 0.34 20.0 2.75

16.4 0.77 18.0 2.71
18.0 0.87 18.0 2.78
23.0 1.19 17.5 2.91
24.8 1. 32 17.5 3.00
29.0 1.67 17.7 3.28
32.6 2.05 18.5 3.74
39.6 3.13 21. 5 5.47

41.0 3.46 22.5 6.10

42.0 3.49 21.0 5.61
45.0 3.64 17.0 4.42
47.5 3.95 15.5 4.14
56.5 5.10 9.4 2.73

60.0 5.43 6.0 1. 75

58.5 4.91 4.8 1.29
58.3 4.55 2.3 0.58
58.0 4.25 --- ---

KN0 3 + 2KN03·La(N03)3·2H20

2KN03·La(N03)3·2H20

"
"

2KN03.La(N03)3·2H20 + La(N03)3· 6H20

La(N03)3' 6H20

continued .....

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive indices as a function
of time. At 50·C equilibrium was reached in
6 hours, and at 20·C equilibrium was reached
in 10 hours. The results were used to graph
the relation between the refractive indices
and the compositions of the components for
each of the sections studied. The graphs
were used to find the break points
corresponding to the composition of the
saturated solutions.

The composition of 2KN03.La(N03)3·2H20 was
confirmed by chemical analysis, crysta1
optical and microscopic analysis. La was
determined by titration with Tri1on, K was
determined as the tetrapheny1borate, and
water by the Karl Fischer method. Nitrate
was determined by difference.

SOURCE AND PURITY OF MATERIALS:
La(N03)3·6H20 was recrystallized.

Anhydrous c.p. grade KN03 was presumably
used as received.

No other information given.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision t 0.2 K.

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D.

Zh. Neorg. Khim. 1960, 5, 2630.
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COHPONENTS.

(1) Potassium nitrate; KN03; [7757-79-1]

(2) Lanthanum nitrate; La(N03)3; [10099-59-9]

(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: continued .•...

ORIGINAL MEASUREMENTS:

Bogdanovskaya, R.L.; Armisheva, L.N.

Uah. Zap. Perm. Univ. 1973, 289, 32-5.

The La(N03)3 - KN03 - H20 system at 50.0°C

Composition of saturated solutionsa

La(N0 3)3 KN0 3

mass % mol
-1

% mol -1
phasebkg mass kg nature of the solid

--- --- 44.0 7.77 KN036.0 0.35 40.5 7.49
"12.6 0.77 37.0 7.26 "20.1 1. 32 33.0 6.96
"23.5 1.63 32.0 7.11 "24.6 1.71 31.0 6.91 "30.5 2.41 30.5 7.74 "35.5 3.08 29.0 8.08 "38.0 3.49 28.5 8.41 "

42.5 4.51 28.5 9.72 KN0 3 + 2KN03·La(N03)3·2H20

43.4 4.44 26.5 8.71 2KN03'La(N03)3'2H20
45.0 4.62 25.0 8.24 "46.0 4.57 23.0 7.34 "51. 3 4.98 17.0 5.30 "59.0 5.82 9.8 3.11 "
67.0 7.24 4.5 1.56 2KN03·La(N03)3·2H20 + La(N03)3' 6H20

66.0 6.47 2.6 0.82 La (N03) 3' 6H2O
66.5 6.36 1.3 0.40

"64.5 5.59 --- ---
"

a. Molalities calculated by M. Salomon.

b. The solubility isotherms at 20° and 50°C are identical and consist of three branches
corresponding to the crystallization of KN03 , the double nitrate, and La(N03)3·6H20.
With increasing temperature, the crystallization field of the double nitrate
increases, and at 50°C it is congruently soluble in water.

COMHENTS AND/OR ADDITIONAL DATA:

The crystals of the double nitrate 2KN03.La(N03)3·2H20 are white and are stable in
air. Refractive indices were measured by tne immersion method, and the density
was measured pycnometrically with CC14 . The results of these measurements follow:

2.47 ± 0.01 kg m- 3

n = 1.560 ± 0.001
q

np = ll505 ± 0.001



60 Lanthanum nitrate

COMPONENTS:

(1) Rubidium nitrate; RbN03; [13126-12-0]

(2) Lanthanum nitrate; La(N03)3; [10099-59-9]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Holodkin, A.K.; Odinets, Z.K.; Vargas Ponse,

0. Zh. Neorg. Khim. 1976, 21, 2590-3;

Russ. J. Inorg. Chern. Engl. Tmnsl. 1976,

21, 1425-7.

VARIABLES:

Composition at 25°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated solutions at 25°C a

La(N03)3 RbN0 3
% mol kg- l mass % mol kg- l of the solid phasebmass nature

--- --- 40.65 4.644 RbN0 37.4 0.42 37.97 4.713
"11. 7 0.668 33.99 4.249
"19.66 1.221 30.77 4.209
"30.13 2.396 31.16 5.458 "31.99 2.829 33.21 6.471 "33.09 3.029 33.29 6.714 "

35.48 3.396 32.37 6.827 RbN03 + 2RbN03·La(N03)3·3H20

36.10 3.675 33.67 7.553 2RbN03 ·La(N03)3·3H2O
38.01 3.481 28.38 5.726 "46.72 3.946 16.84 3.134 "49.89 4.215 13.68 2.546

"51. 90 4.452 12.22 2.309 "
54.60 4.767 10.15 1. 953 2RbN03·La(N03)3·3H20 + La(N03)3· 6H20

58.44 5.387 8.17 1. 659 La(N0 3)3· 6H20
57.72 5.018 6.88 1. 318

"58.02 4.754 4.42 0.798
"60.37 4.688 --- ----
"

a. Molalities calculated by M. Salomon.
b. In the phase diagram, A is the soly of RbN03 and B is the soly of La(N03)3' AP is the

soly curve of RbN03' PE that of the double salt, and EB that of La(N03)3·6H20. H20
APEB is the region of unsatd sIns, below the line APEB is the region of satd sIns.
Point C was found using Schreinemakers' method.

AUXILIARY INFORMATION

A

Temp: precision about ± 0.2 K (compilers).

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

METHOD/APPARATUS/PROCEDURE:
Authors state method of additions used. This
is probably the isothermal method. Equilibri
urn reached after 6-7 h as detd by constancy ~E-S-T-I-MA--T-E-D--E-R-R-O-R-:-----------------------------i
in refractive indices. Both solid and liquid
phases analysed. La detmd by pptn with NH 40H Soly: nothing specified.
followed by ignition to the oxide. After
separation and filtration of La(OH)3' the
filtrate and wash waters were evaporated to
dryness and the residue calcined at 350°C to
constant weight. DTA studies showed RbN0 3 to
be stable up to 536°C. The method of analysis
was checked by analysis of standard mixtures
of the nitrates. Total nitrate was detd
gravimetrically with nitron. Composition of
the residues detd by Schreinmakers' method
and checked by crystal-optical analysis, IR
spectroscopy, and differential thermal
analysis (DTA). The crystals of the double
salt, 2RbN03·La(N03)3·3H20 were white,
anisotropic with n = 1.625, and readily
soluble in water. The refractive index was
detd by the immersion method.
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COMPONENTS:

(1) Cesium nitrate; CsN03; [7789-18-6]

ORIGINAL MEASUREMENTS:

Molodk~n, A.K.; Odinets, Z.K.; Pereira

(2) Lanthanum nitrate; La(N03)3; [10099-59-9] Paveze, V. Zh. Neo~g. Khim. 1976, 21,
2792-4: Russ. J. Ino~g. Chern. Engl. T~ansl.

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C

1976, 21, 1540-1.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Composition of saturated solutions at 25°Ca

La(N03)3 CsN0 3
-1 bmass % mol kg- l mass % mol kg nature of the solid phase

22.03 1. 450 CsN035.12 0.210 19.77 1.350
11. 58 0.493 16.14 1.146
18.61 0.874 15.82 1. 238
24.87 1.321 17.17 1. 520
36.14 2.605 21.16 2.542
41. 38 3.937 26.27 4.166

46.73 5.370 26.49 5.075 CsN03 + 2CsN03·La(N03)3·3H2O

48.11 5.500 24.97 4.759 2CsN03·La(N03)3·3H20
50.23 5.551 21.92 4.038

52.40 6.033 20.87 4.006 2CsN03·La(N03)3·3H20 + La(N03)3· 6H20

54.31 4.818 11.00 1. 627 La(N03)3· 61l20
57.71 4.806 5.33 0.740 "60.45 4.704 "
a. Molalities calculated by M. Salomon.
b. In the phase diagram below, point A is the soly of CsN03 in water and B is the soly of

La(N03)3 in water. P is a transformation point, E a euton~c, AP the crystallization
branch for CsN03, PE that for the incongruently soluble compound, and EB that of
La(N03)3·6H20. Unsaturated solutions correspond to the region H2D-APEB, and below
the segmented line APEB there is a region of saturated solutions and solid phases.
Point C corresponds to the composition of the incongruently soluble salt which was
determined by Schreinemakers' method.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used, and equilibrium was
reached after 6-7 h as determined by constanc)
in the refractive index. Both solid and
liquid phases analysed. La detd by pptn
from sln with NH40H followed by ingition to
the oxide. After geparation and filtration,
the filtrate and wash waters were evaporated
to dryness and the residue ignited to con
stant weight at 350°C. DTA studies showed
CsN03 to be stable up to 580°C. Total N03
detd gravimetrically with nitron. Composi
tion of the solid phases found by Schreine
makers method and checked by crystal-optical
analysis, IR spectroscopy, and differential
thermal analysis (DTA).

For 2CsN03·La(N03}3·3H20, the refractive
index was given as 1.568 and chemical analysis
gave the following: found, % Cs 34.36, La
18.74, N03 40.27; Calcd,Cs 34.59, La 18.08,
N03 40.31.

SOURCE AND PURITY OF MATERIALS;
No details given.

ESTIMATED ERROR:
Soly: nothing specified.
Temp: precision ± 0.2 K (compilers).
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di Capua, C. Gazz. Chim. Ital. 1929, 59,

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Magnesium nitrate; Mg(N03)2; [10377-60-3]

(2) Lanthanum nitrate; La(N03)3; [10099-59-9] 164 - 9.

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 20·C

EXPERIMENTAL VALUES:

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutionsa Composition of saturated solutionsa

La(N03)3
-1

Mg(N03)2
-1

La(N03)3
-1

Mg(N03)2
kg-1mass % mol kg mass % mol kg mass % mol kg mass % mol

60.13 4.642 --- --- 27.96 1. 767 23.34 3.231

59.65 4.687 1.18 0.203 26.00 1. 600 24.00 3.236

58.91 4.662 2.20 0.381 22.90 1. 365 25.48 3.328

57.46 4.578 3.91 0.682 16.78 0.955 29.15 3.635

55.06 4.375 6.21 1.081 15.35 0.879 30.93 3.882

50.11 3.850 9.83 1.654 6.89 0.387 38.30 4.711

48.72 3.873 12.56 2.187 3.20 0.171 39.25 4.598

42.98 3.339 17.40 2.961 --- --- 43.68 5.229

37.02 2.605 19.25 2.968

a. Molalities calculated by M. Salomon.

Nature of the solid phases not specified.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The total

La(N03)3 + Mg(N0 3)2 content was determined

by evaporation of the saturated solutions.

La was determined by the oxalate method, and

Mg and water were determined by difference.

No other details given.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision about ± 0.5 % (compilers).

Temp: precision probably ± 0.5 K (compilers).

REFERENCES:



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

63

(1) Magnesium nitrate; Mg(N03)2; [10377-60-3]

(2) Lanthanum nitrate; La(N03)3; [10099-59-9]

(3) Water; H20; [7732-18-5]

Urazov, G.G.; Shevtsova, Z.N. Zh. Neorg.

Khim. 1957, 2, 655-8; J. InoT'g. Chem.

(USSR) 1957, 2, 288-94.

VARIABLES: PREPARED BY:

Composition at 25·C and 50·C

EXPERIMENTAL VALUES:
Composition of saturated sIns at 25·Ca

T. Mioduski and S. Siekierski

Composition of saturated sIns at 50·C

La(N03)3
-1

Mg(N0 3) 2
kg-1

solid La(N03)3 Mg(N03)2 solid
mass % mol kg mass % mol phaseb mass % mol kg-1 mass % mol kg- l phase

60.28 4.671 --- ---- A 67.17 6.297 --- ---- A
59.22 4.644 1.53 0.263 B 62.00 5.659 4.28 0.856 B
58.92 4.697 2.47 0.431 B 59.83 5.266 5.20 1.003 C
57.94 4.620 3.46 0.604 B 52.42 4.298 10.04 1.803 C
53.99 4.318 7.53 1.319 C 45.00 3.397 14.23 2.353 C
44.67 3.068 10.52 1.583 C 41.05 2.999 16.82 2.692 C
37.46 2.362 13.73 1.897 C 35.86 2.440 18.91 2.819 C
29.20 1. 739 19.12 2.494 C 33.50 2.251 20.70 3.047 C
23.66 1.377 23.47 2.993 C 31.00 2.054 22.54 3.271 C
15.64 0.863 28.58 3.455 C 26.68 1.699 25.00 3.488 C
10.35 0.553 32.00 3.743 C 23.15 1. 443 27.47 3.751 C

8.35 0.454 35.00 4.166 C 12.61 0.727 34.00 4.294 C
4.49 0.243 38.69 4.591 C 10.16 0.585 36.37 4.586 C
2.52 0.134 39.54 4.601 C 5.10 0.286 40.00 4.913 C
1.65 0.087 40.00 4.622 D 3.03 0.171 42.40 5.239 C
--- ---- 43.06 5.099 D 3.00 0.169 42.52 5.262 C + D
--- ---- 43.55 5.202 E --- ---- 44.73 5.457 D

--- ---- 45.74 5.684 E

a. Molalities calculated by M. Salomon.

B,D = solid solutions

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used. Equilibrium
was verified and required 20 days at 25·C
and 5 days at 50·C. The compositions of the
solid phases were determined by chemical
analyses, thermographical studies, crystal
optical and graphical methods. Schreinmakers
method of residues was used to determine
the composition of the solid phases.

No other information given.

SOURCE AND PURITY OF MATERIALS:

Sources not specified, but the salts were
analysed. The compilers assume the
analyses showed the salts to be of
acceptable purity.

ESTIMATED ERROR:
Soly: Analysis agreed to 0.1-0.2% for each

point on the soly curve (authors). The
compilers assume this is mass %.

Temp: precision ± 0.1 K.
REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Magnesium nitrate; Mg(N03)2; [10377-60-3] Yakimov, M.A.; Gizhavina, E.l. Zh. Neorg.

(2) Lanthanum nitrate; La(N03)3; [10099-59-9] Khirn. 1971, 16, 507-9; Russ. J. Inorg. Chern.
EngL TransL 1971, 16, 268-9.

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C

EXPERIMENTAL VALUES:
Composition of saturated solutionsa

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutionsa

La(N03)3 Mg(N03)2 solid La(N03)3 Mg(N03)2 solid
mass % mol -1 mass % mol -1 phaseb mass i. mol -1 mass % mol kg- l phasekg kg kg

58.90 4.411 --- --- A 24.58 1. 386 20.85 2.576 II
57.20 4.374 2.55 0.427 A 23.08 1. 284 21.61 2.634 II

57.20 4.396 2.75 0.463 A + B 22.35 1. 246 22.46 2.744 II
17.66 0.948 24.98 2.936 B

55.84 4.171 2.96 0.484 B 17.50 0.939 25.17 2.960 B
54.12 3.968 3.90 0.626 B 13.26 0.697 28.16 3.241 II
50.58 3.514 5.12 0.779 B 8.53 0.439 31. 70 3.576 II
49.00 3.334 5.77 0.860 B 4.55 0.232 35.13 3.927 B
46.80 3.132 7.21 1.057 II 2.60 0.131 36.20 3.988 B
42.36 2.731 9.90 1. 398 B 1.05 0.054 39.10 4.405 II
37.93 2.336 12.10 1.633 B 0.42 0.022 41. 44 4.806 B
32.43 1.908 15.26 1.967 B

0.50 0.027 41. 50 4.824 B + C29.30 1.695 17.51 2.220 B
27.28 1.560 18.91 2.369 B --- --- 41.80 4.842 C

a. Molalities calculated by M. Salomon.

b. Solid phases: A = La(N03)3·6H20

B = 2La(N03)3.3Mg(N03)2·24H20

C = Mg(N03)2·6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The composi
tions of the saturated solutions were
determined by chemical analysis. Lanthanum
was precipitated as the oxalate followed by
ignition to La203' The total lanthanum and
magnesium content was determined by back
titration with Trilon B, and the magnesium
was then found by difference.

Composition of the solid phases were
determined by Schreinemakers' method.

No other information given.

SOURCE AND PURITY OF MATERIALS:

No information given.

ESTIMATED ERROR:
Soly: precision about ± 0.5 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
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COMPONENTS:

(1) Barium nitrate; Ba(N03)2; [10022-31-8]

(2) Lanthanum nitrate; La(N03)3; [10099-59-9]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25·C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Mo10dkin. A.K.; Odinets. Z.K.; Vargas Ponse.

0. Zh. Neorg. Khirn. 1977. 22. 3388-9;

Russ. J. Inorg. Chern. Engl. Transl. 1977,

22, 1852-3.

PREPARED BY:

T. Mioduski and S. Siekierski

The La(N03)3 - Ba(N03)2 - H20 system at 25.0·C

Composition of saturated solutions. a

La(N03) 3 Ba(N°3) 2
-1mass % mol kg- l mass % mol kg nature of the solid phase

--- --- 9.53 0.403 Ba(N03)2
1. 70 0.058 7.59 0.320

"9.24 0.329 4.33 0.192 "20.78 0.837 2.80 0.140 "31.62 1.452 1.38 0.079
"43.24 2.385 0.97 0.067 "51.30 3.301 0.87 0.070 "58.83 4.467 0.64 0.060 "

59.20 4.505 0.36 0.034 Ba(N03)2 + La(N03)3· 6H20

60.37 4.688 --- ---- La(N03) 3' 6H2O

a. Mo1alit·ies calculated by M. Salomon.

b. The system is of the simple eutonic type with a well developed crystallization field
of Ba(N03)2' The composition of the eutonic solution is practically the same as
that of the solution saturated with La(N03)3'

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections with
refractometric analysis was used. Equilibriurr
was recorded after 48 hours and at which time
the refractive index of the saturated solu
tion was constant. The composition of the
solid phases was determined graphically by
Schreinemakers' method and confirmed by
crystal-optical, IR, and thermogravimetrical
studies. An IRF-22 refractometer and a
UR-20 spectrophotometer were used.

SOURCE AND PURITY OF MATERIALS;

La(N03)3·61120 prepd by dissolving La203 in
HN03' Gravimetric analysis yielded the
following (NO) detd as nitron nitrate):
32.17% La. 42.12% N03 , and 24.71% H20.

C.p. grade Ba(N0 3)2 was recrystallized twice
from bidistilled water prior to use.

Both salts were analysed by IR spectroscopy
and derivatQgraphy and presumed to be of
acceptable purity.

ESTIMATED ERROR:
Soly: precision probably around 0.5 mass %

(compilers) .
Temp: precision of ± 0.1 to 0.2 K.

REFERENCES;



66 Lanthanum nitrate

(2) Lanthanum nitrate; La(N03)3; [10099-59-9]

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum acetate; La(CH3COO)3; [917-70-4] Petelina, V.S.; Nikurashina, N.I.;

Bakhtiarova, G.A. Izv. Vy8sh. Uaheb. Zaved.

Khim. Khim. TekhnoZ. 1971, 14, 1611-4.

(3) Water; H20; [7732-18-5]

VARIABLES: PREPARED BY:

Composition

EXPERIMENTAL VALUES:

T. Mioduski and S. Siekierski

Composition of saturated solutionsa

La(N03)3
-1

La (CH3COO)3

% mol % mol -1mass kg mass kg

59.8 4.58 --- ---
56.6b 4.51 4.8 0.39
32.6b 2.33 24.4 1.80

--- --- 16.6 0.630

a. Molalities calculated by M. Salomon.

b. Eutonic points.

nature of the solid phase

La(N03)3· 6H20

2La(N03)3·La(CH3COO)3·l3H20

METHOD/APPARATUS/PROCEDURE:

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

The solubilities were studied by the method
of isothermal sections as described by
Mochalov (1). Analyses were made by
refractive index measurements along directed
sections of the phase diagram.

The reaction mixtures were periodically
agitated at room temperature for a period of
20 days. Before the refractive indices were
measured, the saturated solutions were
centrifuged to separate the precipitate and
then thermostated at 25·C for 3 hours.

La(N03)3'6H20 was prepared by dissolving c.p.
grade La203 in dilute HN03' The salt was
dried and analysed for La by the oxalate
method.
La(CH3COO)3·H20 was prepared by dissolving
freshly precipitated La2(C03)3 in dilute
CH3COOH. The salt was dried and analysed
for La by the oxalate method.

The compilers assume that the results of
the analyses showed the salts to be of
acceptable purity.
ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Mochalov, K.I. Zh. Obshah. Khim. 1939,

9, 1701.
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COMPONENTS:

(1) Lanthanum oxalate; La(C204)3; [537-03-1]

(2) Lanthanum nitrate; La(N03)3; [10099-59-9]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

ORIGINAL MEASUREMENTS:

James, C.; Whittemore, C.F.

Soc. 1912, 34, 1168-71.

PREPARED BY:

J. Am. Chern.

Composition at 25°C

EXPERIMENTAL VALUES:

Composition of saturated solutionsa

T. Mioduski, S. Siekierski and M. Salomon

La(N03)3
-1

La2 (C 204)3
-1 bmass % mol kg mass % mol kg nature of the solid phase

5.06 0.165 0.28 0.0055 La2(C204)3·8H20
9.89 0.340 0.50 0.010

"14.04 0.507 0.88 0.019
"17.99 0.685 1.18 0.0269
"22.15 0.892 1.46 0.0353 "25.17 1.060 1. 73 0.0437 "28.63 1. 270 2.01 0.0535
"31.53 1.465 2.21 0.0616 "34.61 1.691 2.41 0.0706 II

35.37 1. 768 2.51 0.0748
"36.24 1.823 2.59 0.0781
"37.18 1.901 2.63 0.0806
"37.42 1.922 2.67 0.0822 "38.50 2.019 2.80 0.088
"39.89 2.150 3.00 0.0969 II

40.83 2.241 3.09 0.102
"42.27 2.391 3.32 0.113 "

45.26 2.676 2.68 0.0950 La2(C204)3·3H2O
45.06 2.654 2.68 0.0946 "46.39 2.801 2.46 0.0956

"49.84 3.225 2.59 0.100 "51. 30 3.419 2.52 0.101 " ce,ntinued •.••••••

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Varying
amounts of lanthanum nitrate, lanthanum
oxalate and sufficient water to make 50 cc
were placed in bottles which were rotated
in a thermostat at 25°C until equilibrium
was reached (time required to reach equilib
rium not specified). Solutions were then
permitted to settle and aliquots removed
for analyses. Total lanthanum was determined
gravimetrically by precipitation with excess
oxalic acid followed by ignition to the
oxide. Oxalate in the saturated solutions
was determined by titration with standard
KMn04 solution.

Samples of the solid phases were pressed
between filter papers in a screw press and
analysed for total lanthanum by simple
ignition to LaZ03' In order to estimate
the oxalate by titration with KMn04. it was
found necessary to add dilute sulfuric acid
to the solid since under these conditions
the solid dissolved rapidly upon heating.

SOURCE AND PURITY OF MATERIALS:
Lanthanum oxalate was prepared "at a fairly
low temperature since that obtained at 100°C
100°C" was composed of a lower hydrate
which required long equilibrium times.

No other information given.

ESTIMATED ERROR:
Soly: precision probably ± 0.5 % (compilers).

Temp: nothing specified.

REFERENCES:
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COHPONENTS:

(1) Lanthanum oxalate; La(C204)3; [537-03-1]

ORIGINAL MEASUREMENTS:

James, C.; Whittemore, C.F. J. Am. Chern.

(2) Lanthanum nitrate; La(N03)3; [10099-59-9] Soc. 1912, 34, 1168-71.

(3) Water ; H20 ; [7732-18-5]

EXPERIMETNAL VALUES: continued •.•..•

Composition of saturated solutions at 25°C

mass % mol -1
% mol -1 nature of the solid phasekg mass kg

52.74 3.624 2.47 0.102 La2 (C 204)3·3H2O
54.11 3.830 2.41 0.102

"55.20 4.001 2.34 0.102
"56.54 4.230 2.32 0.104
"58.22 4.534 2.26 0.106
"

59.03 4.690 2.23 0.106 c
La 2(C 204)3·3H20 + La(N0 3)3· 6H 20

59.03 4.674 2.10 0.0997 c
La(N03)3· 6H20

59.91 4.677 0.67 0.031
"60.17 4.649 ---- ----
"

a. Molalities calculated by the compilers.

b. From the phase diagram, it was predicted that the solvate La2(C204)3·5H20 exists,
but no solubility data were obtained for solutions in which this solvate is part of
the solid phase.

c. The authors did not specify the nature of the hydration of the lanthanum nitrate.
The compilers assume that references to lanthanum nitrate as the solid phase involve
the hexahydrate.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0 3)3; [10099-59-9] Petelina, N.S.; lIertslin, R.V.; Nikurashina,

(2) Lanthanum chloride; LaC13; [10099-58-8]

(3) Water; H20; f7732-18-5]

VARIABLES:

Composition at 25°C

EXPERIMENTAL VALUES:

N.I.; Sedova, L.K. Issled. v. Obl. Khim.

Redkozem. Elementov 1969, 85-9.

PREPARED BY:

T. Mioduski and S. Siekierski

The solubilities for the ternary system at 25°C were g~ven numerically only for LaC1 3along four sections. Neither the La(N0 3)3 or the H20 composition along these sections
are given, the quantitative significance of the numerical data for LaC13 is questionable.
The authors do present a phase diagram, but the % composition for each axis is not
indicated, and it is not possible to interpolate these values with sufficient precision.
For these reasons the compilers have rejected the data for the ternary system.

The authors do report the solubility of La(N0 3)3 in pure water at 25°C as 59.8 mass %.

Converting this value to molality, the compilers obtain a solubity of 4.58 mol kg-I.

AUXILIARY INFORNATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method of sections was used
as described in (1). The refractive indices
of saturated solutions are measured along
directed sections of the phase diagram. The
results are used to graph the relation
between the refractive index and the composi
tion of the components for of the sections
studied. Solutions were equilibrated for
20 days (presumably at room temperature)
with periodic agitation. Equilibrium was
confirmed by constancy in the refract~ve

indices. Prior to measuring the refractive
indices, the solutions were thermostated
for 3 hours at 25°C.

SOURCE AND PURITY OF NATERIALS:

Each salt was prepared by dissolving La203
in the appropriate acid followed by
crystallization. The salts were analysed
for La content by the oxalate method.

No other information given.

ESTINATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.1 to 0.2 K.

REFERENCES.

1. Nertslin, R.V. Zh. Obshch. Khim. 1936,
7, 1828.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Lanthanum nitrate; La(N03)3; [10099-59-9) Brunisholz, G.; Quinche, J.P.; Kala, A.M.

(2) Praseodymium nitrate; Pr(N03)3 ;

[10361-80-5)

(3) Water; H20; [7732-18-5)

Helv. Chim. Acta 1964, 47, 14-27.

VARIABLES: PREPARED BY:

Composition at 20·C T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:
The La(N03)3 - Pr(N03)3 - H2O system at 20·C

Composition of the saturated solutionsa

mol % Pr moles H2O
La(N03:! Pr(N03)3of total per 100

-1Pr + La mol Pr + La mol kg mol kg nature of the solid phase

0.0 1255 4.42 b--- La(N03)3· 6H20

8.9 1221 4.14 0.40 solid solution I C

24.0 1200 3.52 1.11 "38.7 1159 2.94 1. 85 "61. 3 1105 1.94 3.08 "70.9 1073 1.51 3.67 "
73.1 1064 1.40 3.81 I + II

74.2 1050 1. 36 3.92 solid solution lId
80.3 1087 1.01 4.10 "90.7 1116 0.46 4.51 "

4.83 b100 1149 --- pr(N03)3' 6H20

a. Molalities calculated by M. Salomon.

b. Composition not specified, but assumed by compilers.

c. (La,Pr)(N03)3·6H20 solid solution: miscibility limit of Pr = 45 mol %.

d. (La,Pr) (N03)3·6H20 solid solution: miscibility limit of La = 9.0 mol %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The mixed
homogeneous crystals were equilibrated for
3-5 weeks using continuous pulverization of
the solid (500000 strokes per week). This
technique of pulverization was accomplished
by placing the solids and liquid into glass
tubes into which a small "dumb-bell" shaped
pestle was placed. The sealed tubes were
placed in larger tubes and rotated in a
thermostat at 20·C. La and Pr in the satd
solutions were determined by complexometric
titration using Xylenol orange indicator and
urotropine buffQr. WatQr wac determined by
difference. The solid phases were identified
by X-ray analysis and by Schreinemakers'
method of residues.

SOURCE AND PURITY OF MATERIALS;

La(N03)3·6H20 and Pr(N03)3·6H20 were
prepared from the oxides. The oxides were
purified by ion exchange chromatography,
and were at least 99.7 % pure.

ESTIMATED ERROR:
Soly: precision ± 0.2 % (compilers).

Temp: precision at least ± 0.05 K (compilers~

REFERENCES:



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

71

(1) Lanthanum nitrate; La(N03)3; [10099-59-9)

(2) Neodymium nitrate; Nd(N03)3; [10045-95-1)

(3) Water; H20; [7732-18-5)

VARIABLES:

Composition at O·C and 20'C

Brunisholz, G.; Quinche, J.P.; Kalo, A.M.

Hetv. Chim. Acta 1964, 47, 14-27.

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:
The La(N03)3 - Nd(N03)3 - H2O system

Composition of saturated solutions at O·C

mol % Nd moles H2O
La(N03)3 Nd(N03)3of total per 100 -1 -1Nd + La mol Nd + La mol kg mol kg nature of the solid phase

0.0 1476 3.76 b--- La(N03)3· 6H20

15.5 1434 3.27 0.60 solid solution I C

35.0 1380 2.61 1.41 II

51.0 1321 2.06 2.14 II

57.2 1288 1.84 2.47 I + II
57.3 1301 1.82 2.44 II

62.8 1310 1. 58 2.66 solid solution n d

73.0 1343 1.12 3.02 II

83.7 1387 0.65 3.35 II

100 1446 3.84 b--- Nd(N03) 3' 6H2O

a. Molalities calculated by the compilers.

b. Composition not specified, but assumed by M. Salomon.

c. (La,Nd) (N03)3·6H20 solid solution: miscibility limit of Nd = 12.2 mol %.

d. (La,Nd) (N03)3·6H20 solid solution: miscibility limit of La = 14.7 mol %.

continued •..••.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The mixed
homogeneous crystals were equilibrated for
3-5 weeks using continuous pulverization of
the solid (500000 strokes per week). This
technique of pulverization was accomplished
by placing the solids and liquid into glass
tubes into which a small "dumb-bell" shaped
pestle was placed. The sealed tubes were
placed in larger tubes and rotated in a
thermostat at the required temperature. La
and Nd in the saturated solutions were
determined by complexometric titration using
Xylenol orange indicator and urotropine
buffer, and by chromatographic analysis.
Water was determined by difference. The
solid phases were identified by X-ray
diffraction and by Schreinemakers's method
of residues.

SOURCE AND PURITY OF MATERIALS;

La(N03)3·6H20 and Nd(N03)3·6H20 were
prepared from the oxides. The oxides were
purified by ion exchange chromatography,
and were at least 99.7 % pure.

ESTIMATED ERROR:
Soly: precision ± 0.2 % (compilers).

Temp: precision at least ± 0.05 K (compilers).

REFERENCES:



72

COHPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Brunisholz, G.; Quinche, J.P.; Kalo, A.M.

(2) Neodymium nitrate; Nd(N0 3'3; [10045-95-1] Helv. Chim. Acta 1964, 47, 14-27.

(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: continued .••..•

Composition of saturated solutions at 20°Ca

mol % Nd moles H2O
La(N03)3 Nd(N03)3of total per 100

-1 -1Nd + La mol Nd + La mol kg mol kg nature of the solid phase

0 1255 4.42 b--- La(N0 3)3· 6H20

10.1 1227 4.07 0.46 solid solution I C

12.2 1214 4.01 0.56
"27.8 1203 3.33 1. 28
"44.0 1158 2.68 2.11
"53.4 1119 2.31 2.65
"55.4 1110 2.23 2.77
"

57.5 1094 2.16 2.92 I + II

57.9 1099 2.13 2.92 solid solution IId

61.0 1112 1.95 3.04
"70.30 1162 1.42 3.36
"89.2 1221 0.49 4.06
"

1259 4.41 b100 --- Nd(N03)3· 6H20

a. Molalities calculated by compilers.

b. Composition not specified, but assumed by M. Salomon.

c. (La,Nd) (N03)3'6H20 solid solutions: miscibility limit of Nd = 12.7 mol %.

d. (La,Nd) (N03)3·6H20 solid solutions: miscibility limit of La = 20.0 mol %.
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COMPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Neodymium nitrate; Nd(N03)3; [10045-95-1]

(3) Tri-n-butyl phosphate; C12H2704P;

[126-73-8]

(4) Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:

Kolesnikov, A.A.; Korotkevich, I.B.; Bui Van

Tuan; Stepin, B.D. Zh. Neorg. Khim. 1978,

23, 2833-8; Russ. J. Inorg. Chem. Engl.

Transl. 1978, 23, 1570-3.

VARIABLES: PREPARED BY:

Composition, temperature T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated aqueous phasea Composition of saturated organic phasea

Nd(N03)3
-1mass % mol kg

La(N03)3

t/oC mass % mol kg-l

50 4.90 0.480
20 10.05 0.840
20 8.31 0.656

Nd(N03)3

mass % mol kg-l

63.65 6.128
51.02 4.015
52.68 4.089

La(N03)3

mass % mol kg- l

1.45 0.063 28.01 1.202

50 14.08
20 20.90
20 15.70

1.377
1.677
1.280

54.45
40.75
46.56

5.239
3.217
3.736

2.15 0.094 27.74 1.198

50 21.15
20 25.82
20 23.16

2.162
2.138
1.933

48.74
37.02
39.97

4.901
3.017
3.283

2.04 0.089 27.50 1.182

50 31. 74
40 32.98
30 32.10
20 32.86

3.280
3.245
2.840
2.722

38.48
35.74
33.11
29.98

3.913
3.460
2.882
2.443

2.36
2.59
3.04
4.08

0.105
0.115
0.134
0.179

28.44
27.88
27.31
25.84

1.244
1.214
1.187
1.116

50 39.17
40 40.03
30 39.67
2040.54

4.195
3.935
3.406
3.163

32.09
28.66
24.48
20.01

3.381
2.772
2.068
1.536

3.92
4.12
4.21
4.37

0.173
0.181
0.186
0.225

26.17
25.95
26.04
25.81

1.133
1.124
1.130
1.813

continued .•......

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

C.p. grade neodymium nitrate was used.

C.~. grade lanthanum nitrate was used. When
l~ Nd was used, spec grade lanthanum nitrate
was used.

ESTIMATED ERROR:
Soly: based on the method, precision is

about 1-4 % of the indicated
solubilities (compilers).

Temp: precision ± 0.2 K (authors).

REFERENCES:
1. Nikolaev, A.V. Ekstraktsiya Neorgicheskikh

Veshchestv. Izd. Nauka. Novosibirsk.
1970. p 81.

2. Alcock, K.; Grimley, S.S.; Healy, T.V.;
McKay, H.A.C. Trans. Faraday Soc. 1956,
52, 39.

The system was studied by the extractive
crystallization ray (ECR) method similar to
that descirbed by Nikolaev (1). An ECR is a
line of a phase diagram which reflects the
change in compn of the aqueous phase during
extractive crystn. Satd sIns of both salts The extractant, [CH3(CH2)30]PO, was purified
in water is prepd at 50°C with varying amts as in (2).
of solid La(N03)3 and Nd(N03)3' The extract- Source and purity of water not specified.
ant is added to these sIns ana the temp redu~

ed. The phases were analysed after equil was
reached (2 days for aqueous systems, and 1/4
to 1/5 less when tributyl phosphate was
present). Total La + Nd was detd by complex
ometric titrn. Nd detd spectrophotometrical
ly at a wavelength of 569 nm, but at concns
of 1 x 10-4 mass % and less, Nd was detd by
radioassay using 1~7Nd. Authors state that
the compositions of the solid phases were
detd by Schreinemakers' method, but they do
not report the results of these analyses.
They do report the mass % of anhydrous
La(N03)3 and Nd(N03)3 in the solid phases.
both salts are present in all the solid
phases for the equilibrated satd sIns given
in the soly tables. The source paper also
lists distribution coefficients for each sIn.

SD~13-D



74 Lanthanum nitrate

COHPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Neodymium nitrate; Nd(N03)3; [10045-95-1]

(3) Tri-n-buty1 phosphate; C12H2704P;

[126-73-8]

(4) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: continued ••••••

Composition of saturated aqueous phasea

La(N03)3 Nd(N03)3
t/oC mass % mol kg-1 mass % mol kg-1

ORIGINAL MEARUREMENTS:

Ko1esnikov, A.A.; Korotkevich, I.B.; Bui Van

Tuan; Stepin, B.D. Zh. Neorg. Khim. 1978,

23, 2833-8; Russ. J. Inorg. Chem. Engl.

TransZ. 1978, 23, 1570-3.

Composition of saturated organic phasea

La(N03)3 Nd(N03)3

mass % mol kg-1 mass % mol kg-1

SO 44.85
40 45.12
30 45.00
20 44.62

SO 54.07
40 53.01
30 52.49
20 51.41

SO 63.11
20 57.13

SO 66.5
20 59.5
20 59.7

SO 66.0
20 58.5
20 59.0

4.467
4.192
3.849
3.436

5.320
4.715
4.328
3.910

6.057
4.303

6.14
4.53
4.56

5.98
4.34
4.43

24.25
21.75
19.02
15.41

14.65
12.39
10.18

8.12

4.82
2.01

0.14
0.062
0.037

0.0054
0.0021
0.0014

2.376
1.988
1.601
1.167

1.418
1.084
0.826
0.608

0.455
0.149

0.013
0.0046
0.0028

0.00048
0.00015
0.00010

4.23
4.41
4.73
5.12

11.23
12.37
13.82

14.43

28.3

29.0

0.185
0.193
0.208
0.225

0.488
0.533
0.595

0.622

1.22

1.26

25.46
25.34
25.42
24.98

17.95
16.21
14.70

14.21

0.1

0.004

1.096
1.092
1.102
1.082

0.767
0.687
0.623

0.603

0.004

0.0002

SO 66.3
20 59.8
20 59.00

6.06
4.58
4.43

0.0006 0.00005
0.0002 0.00002
0.00018 0.00001 29.3 1.28 0.00042 0.000018

SO 66.3
20 58.3
20 58.8

6.05
4.30
4.39

0.00023 0.000021
0.00009 0.000007
0.00005 0.000004 28.8 1.24 0.000009 0.0000004

a. Molalities calculated by M. Salomon.



Multlcomponent systems, two saturating components

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum' nitrate; La(N0 3) 3; [10099-59-9]
Brunisholz, G.; Quinche, J.P.; Kalo, A.M.

75

(2) Samarium nitrate; Sm(N0 3)3; [10361-83-8]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition and temperature

EXPERIMENTAL VALUES:

Helv. Chim. Aata 1964, 47, 14-27.

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

Composition of the saturated solutionsa

t/OC

o

20

35

mol % Sm moles H2O
La(N03~r Sm(N03~rof total per 100

Sm + La mol La + Sm mol kg mol kg nature of the solid phase

51. 99 1327 2.008 ---- I + lIb

4.42 c0 1255 ---- La(N03)3· 6H 20

11. 7 1243 3.94 0.52 I
22.5 1217 3.53 1.03 I
33.3 1189 3.11 1.55 I
43.8 1157 2. 70 2.10 I

48.22 1141 2.519 2.346 I + II

51.8 1153 2.32 2.49 II
61.6 1197 1. 78 2.86 II
77.8 1268 0.97 3.41 II

4.11 c100 1350 --- Sm(N03)3'6H20

44.31 956.5 3.232 2.571 I + II

continued ••.•..

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The mixed
homogeneous crystals were equilibrated for
3-5 weeks using continuous pulverization of
the solid (500000 strokes per week). This
technique of pulverization was accomplished
by placing the solids and liquid into glass
tubes into which a small "dumb-bell" shaped
pestle was placed. The sealed tubes were
placed in larger tubes and rotated in a
thermostat at the required temperature. La
and Pr in the saturated solutions were
determined by complexometric titration using
Xylenol orange indicator and urotropinc
buffer, and by chromatographic analysis.
Water was determined by difference. The
solid phases were identified by X-ray
diffraction and by Schreinemakers' method
of residues.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·61120 and Sm(N03)3·6H20 were
prepared from the oxides. The oxides were
purified by ion exchange chromatography,
and were at least 99.7% pure.

ESTIMATED ERROR:
Soly: precision ± 0.2 i. (compilers).

Temp: precision at least ± 0.05 K (compilerB~

REFERENCES:



76 Lanthanum nitrate

COHPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Samarium nitrate; Sm(N03)3; [10361-83-8]

(3) Water; HZO ; [7732-18-5]

ORIGINAL MEASUREMENTS:

Brunisholz, G.; Quinche, J.P.; Kalo, A.M.

HeZv. Chim. Acta 1964, 47, l4-Z7.

EXPERIMENTAL VALUES: continued •..•.•

mol % Sm moles HZO
La(N03: 1

Sm(N03)3of total per 100
-1t/oC La + Sm mol La + Sm mol kg mol kg nature of the solid phase

50 ° 917.2 6.05 c--- La(N0 3)3· 6H ZO

16.5 865.3 5.36 1.06 rb

32.4 810.8 4.63 Z.ZZ r

40.72 781. 9 4.Z08 2.891 r + II

45.3 800.6 3.79 3.14 II
45.6 786.6 3.84 3.2Z II
5Z.l 819.9 3.24 3.53 II
63.9 890. Z Z.Z5 3.98 II
74.4 9Z1.0 1.54 4.48 II

100 10ZO 5.44 c--- Sm(N03) 3· 6HZO

a. Molalities were calculated by M. Salomon.

b. Solid phases are solid solutions: see COMHENTS below.

C. Composition not specified, but assumed by compilers.

COMHENTS AND/OR ADDITIONAL DATA:

The solid phases were identified by the authors as follows:

For O°C

So1:f.d solution I = (La,Sm) (N03)3·6HZO, miscibility limit of Sm = 1.7 mol %.

Solid solution II = (La,Sm)(N03)3·6HZ)' miscibility limit of La = 10.9 mol %.

For ZO°C

Solid solution I = (La, Sm) (NO 3) 3' 6HZO, miscibility limit of Sm = 3.0 mol %.

Solid solution II = (La,Sm)(N0 3)3· 6HZO, miscibility limit of La = 14.1 mol %.

For 35°e

Solid solution I = (La,Sm) (N03)3·6HzO, miscibility limit of Sm = 7.8 mol %.

Solid solution II = (La,Sm) (N03)3·6HZO, miscib ility limit of La = 19.Z mol %.

For 50 0 e

Solid solution I = (La,Sm)(N03)3·6HZO, miscibility limit of Sm = 14.5 mol %.

Solid solution II = (La,Sm)(N03)3·6HZO, miscibility limit of La = 20.5 mol %.



Multicomponent systems, two saturating components 77

COMPONENTS:
(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Samarium nitrate; Sm(N0 3)3; [10361-83-8]

(3) Tri-n-butyl phosphate; C12H2704P;

[126-73-8]

(4) Water ; H20 ; [7732-18-5]

VARIABLES:

Composition and temperature

EXPERIMENTAL VALUES:

Composition of saturated aqueous phasea

ORIGINAL MEASUREMENTS:

Kolesnikov, A.A.; Korotkevich, I.B.;

Shakhaleeva, N.N.; Stepin, B.D. Zh. NeoTg.

Khim. 1978, 23, 2524-8; Russ. J. InoTg.

Chem. Engl. TTansl. 1978, 23, 1395-8.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated organic phasea

0.2
0.3
0.5

t/OC

50
25
25
25
25

La(N0 3)3

mass % mol kg-1

5.7 0.56
12.0 0.90

7.0 0.57
8.2 0.66
9.5 0.74

Sm(N0 3)3

mass % mol kg-1

63.1 6.06
47.0 3.41
55.2 4.34
53.7 4.19
51.2 3.87

La(N03)3
-1mass % mol kg

4.0 0.17
3.2 0.14
2.0 0.087

Sm(N03)3

mass % mol kg- l

24.8 1.04
26.0 1.09
27.5 1.16

P.2
0.3
P.5

0.2
0.3
0.5

0.2
0.3
0.5

50
25
25
25
25

50
25
25
25
25

50
25
25
25
25

20.4
16.2
15.6
18.1
22.3

20.1
19.2
45.0
21.9
21. 0

33.0
28.1
31.9
36.0
41.0

2.73
1.17
1.49
1.52
1.98

2.10
1.67
4.05
1.93
1. 65

3.53
2.41
2.82
2.92
2.85

56.6
41.3
52.1
45.2
43.1

50.4
45.5
20.8
43.1
39.8

38.2
36.0
33.3
26.1
14.8

7.32
2.89
4.80
3.66
3.70

5.08
3.83
1.81
3.66
3.02

3.94
2.98
2.84
2.04
1.00

5.0
4.2
3.4

8.1
7.3
6.9

12.5
11. 7
11.0

0.22
0.18
0.14

0.36
0.32
0.29

0.55
0.52
0.48

24.0
24.3
22.3

21.8
23.0
21.0

17.0
18.5
19.0

1.00
1.01
0.89

0.92
0.98
0.87

0.72
0.79
0.81

AUXILIARY INFORMATION

continued ..••.•.

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The system was studied by the extractive
crystallization ray (ECR) method similar to
that described by Nikolaev (1). For
additional details, see the compilation of
ref (2). The extraction rays were based on
a series of extractions from a given
Saturated solution, but at different ratios,
R, of the volumes of organic extractant to
aqueous solution (V /V = R in the above
table) . org aq

The extraction crystallization was carried
out in Fluoroplast-4 test tubes with screw
stoppers (Fluoroplast-4 is a Teflon type of
plastic). Lanthanum and the total La + Sm
was determined by complexometric titration.
Samarium was determined spectophotometrically
at a wavelength of 401.3 nm, but at
concentrations of 1 x 10-4 mass % and less,
Sm was determined by radioassay using lS3 Sm •
Composition of the solid phases not specified
but analysis of anhydrous solid phases for
La(N03)3 and Sm(N03)3 are given in the source
paper. The source paper also lists distribu
tion coefficients for La(N03)3 and Sm(N03)3
between the aqueous and organic phases.-

C.p. and spec. pure lanthanum nitrate, and
c.p. grade samarium nitrate were used. The
tri-n-butyl phosphate extractant was purified
as in (3). Source and purity of water was
not specified.

ESTIMATED ERROR:

Soly: based on the method, precision is
about 1-4 % of the indicated solubili
ties (compilers).

Temp: precision ± 0.2 K (authors).

REFERENCES:

1. Nikolaev, A.V. EkstTaktsiya NeoTgiaheskikh
Veshohestv. Izd. Nauka. Novosibirsk.
1970. p 81.

2. Kolesnikov, A.A.; Kortkevich, I.B.: Bui
Van Tuan; Stepin, B.D. Zh. NeoTg. Khim.
1978, 23, 2833.

3. Alcock, K.; Grimley, 5.5.; Healy, T.V.;
McKay, H.A.C. TTans. FaTaday Soo. 1956,
52, 39.



78 Lanthanum nitrate

COHPONENTS:
(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Samarium nitrate; Sm(N03)3; [10361-83-8]

(3) Tri-n-buty1 phosphate; C12H2704P;

[126-73-8]

(4) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Ko1esnikov, A.A.; Korotkevich, I.B.;

Shakha1eeva, N.N. Stepin, B.D. Zh. Neorg.

Khirn. 197~, 23, 2524-8; Russ. J. Inorg.

Chern. Engl. Transl. 1978, 23, 1395-8.

EXPERIMENTAL VALUES: continued .

Composition of saturated aqueous phasea Composition of saturated organic phasea

mass

22.2
18.0
17.4
13.0
9.5

R
b tl"C

50
25

0.2 25
0.3 25
0.5 25

La(N03)3

mass % mol kg- 1

48.0 4.96
48.2 4.39
48.5 4.38
49.5 4.06
50.6 3.90

Sm(N0 3)3
-1

% mol kg

2.21
1.58
1.52
1.03
0.71

La(N0 3)3
-1mass % mol kg

10.4 0.45
6.0 0.26
2.8 0.12

Sm(N0 3)3

mass % mol kg- 1

18.3 0.76
22.5 0.94
24.7 1.01

50
25

0.2 25
0.3 25
0.5 25

50
25

0.2 25
0.5 25

50
25

0.2 25
0.5 25

50
25

0.5 25

50
25

0.5 25

50
25

0.5 25

50
25

0.5 25

53.0
29.1
54.0
52.0
57.5

59.7
37.2
53.8
54.2

60.0
49.3
55.0
56.0

65.5
56.0
56.0

66.0
54.0
54.0

66.0
55.0
56.0

66.5
57.0
56.0

4.80
2.23
4.62
3.90
4.60

6.37
3.09
4.16
3.94

5.77
3.82
4.23
4.10

6.06
3.99
3.95

6.01
3.63
3.62

5.98
4.25
3.92

6.11
4.08
3.92

13.0
30.8
10.0

7.0
4.0

11.45
25.8
6.4
3.5

8.0
11.0
5.0
2.0

1. 25
0.77
0.41

0.21
0.18
0.029

0.019
0.017
0.0043

0.0022
0.0013
0.00059

1.14
2.28
0.83
0.51
0.31

1.18
2.07
0.48
0.25

0.74
0.82
0.37
0.14

0.11
0.053
0.028

0.018
0.012
0.0019

0.0017
0.0012
0.00029

0.00020
0.000090
0.000040

5.0
2.0
1.5

9.6
9.0

17.0
17.5

29.0

27.0

27.0

28.0

0.23
0.089
0.066

0.43
0.40

0.70
0.73

1. 28

1.14

1.14

1.20

26.7
29.0
29.0

21.0
21.6

8.5
9.0

1. 22

0.18

0.2

0.004

1.16
1. 25
1. 24

0.90
0.93

0.34
0.36

0.052

0.0073

0.008

0.0002

a. Molalities calculated by M. Salomon.

b. R = V Iv ,the ratio of volumes of the organic to aqueous phases.org aq



Multicomponent systems, two saturating components

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] di Capua, C. Gazz. Chim. ItaZ. 1929, 59,

79

(2) Manganese nitrate; Mn(N0 3)2; [10377-66-9]

(3) Water ; H20 ; [77 32-18-5]

VARIABLES:

Composition at 20·C

164-9.

PREPARED BY:

T. ~lioduski and S. Siekierski

EXPERIMENTAL VALUES:

The La(N03)3 - Mn(N03)2 - H2O system at 20·Ca

La(N03)3 Mn(N03)2 La(N03)3 Mn(N03)2

% mol -1 mass % mol -1 mass % mol -1 mass % mol -1mass kg kg kg kg

60.13 4.642 --- --- 24.00 1.495 26.60 3.009
53.90 4.044 5.08 0.692 23.80 1.533 28.41 3.322
51. 75 3.826 6.62 0.889 22.95 1.425 27.50 3.101
49.20 3.615 8.91 1.189 22.30 1. 392 28.40 3.219
41.45 2.814 13.22 1.630 21.25 1. 319 29.18 3.290
38.00 2.536 15.88 1.924 14.15 0.973 41.10 5.132
36.82 2.412 16.19 1.925 12.03 0.833 43.52 5.471
35.60 2.339 17.55 2.093 10.00 0.684 45.00 5.588
29.81 1.865 21.00 2.386 6.22 0.429 49.20 6.167
27.45 1.670 21. 95 2.424 --- --- 56.81 7.350
27.40 1. 567 26.80 3.088

a. Nature' of the solid phases not specified.

Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Lanthanum Nothing specified.
was determined gravimetrically by the
oxalate method (i.e. ignition of the oxalate
to the oxide), and Mn was determined by the
Knorre method. Water was determined by
difference.

ESTIMATED ERROR:
Soly: precision probably ± 0.5 % (compilers).

Temp: precision probably ± 0.5 K (compilers).

REFERENCES:



80 Lanthanum nitrate

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Odent, G.; Venot, A. C.R. Hebd. Seances

(2) Cobalt nitrate; CO(N03)2; [10141-05-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25 and 40·C

EXPERIMENTAL VALUES:

Acad. Sci., Ser. C. 1975, 280, 377-80.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions. a

La(N03)3 Co(N03)2

t/"C mass % mol -1 % mol -1 nature of the solidkg mass kg phase

25.0 58.858 4.403 --- --- La(N03)3· 6H20

51.85b 3.740 5.48 0.702 La2Co3(N03) 12' 24H20
5.24b 0.341 47.52 5.499 "
--- --- 50.29 5.532 Co(N03)2' 6H20

40.0 61.160 4.846 --- --- La(N03)3· 6H20

52.l6b 4.104 8.72 1.218 La 2Co 3(N°3)12·24H2O
O.91b 0.057 50.11 5.592 "
--- --- 55.349 6.776 Co (N03) 2' 6H2O

a. Molalities calculated by M. Salomon.
b. Transition points.

The authors also reported the solubility of La(N03)3 in units of g(l)/lOO g H20.
At 25.0·C they report a solubility of 143.06 g(l)/lOO g H20, and at 40.0·C they
report the solubility as 160.40 g(l)/IOO g H20. Similarly for Co(N03)2 the solubilities
at 25.0° and 40.0·C are, respectively, 101.20 g(2)/100 g H20 and 123.96 g(2)/100 g H20.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The solutions
were equilibrated until their densities,
measured with a Cornec-Cottet pipet, remained
constant for three successive measurements
performed at 24 hour intervals. Both the
compositions of the saturated solutions and
the solid phases were determined. The total
La + Co was determined by titration with
EDTA and back titrating with standard Zn2+
solutions using Eriochrome Black indicator
at pH 9. Co was determined separately by
electrolysis, and La was obtained by
difference. The composition of the solid
phases were determined by Schreinemakers'
method. The densities of the solid phases
were determined pycnometrically using
xylene as a reference liquid.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: based on the methods used, the compil

ers estimate a precision of ±o.3 mass%.

Temp: precision probably ± 0.1 K (compilers).

REFERENCES:



Multicomponent systems, two saturating components 81

(USSR) JJ?J, 2, 295-9.
(3) Water; H20; [7732-18-5]

(2) Nickel nitrate; Ni(N03)2; [13138-45-9]

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Urazov, G.G.; Shevtsova, Z.N. Zh. Neopg.

Khim. 1957, 2, 659-61; J. Inopg. Chem.

VARIABLES: PREPARED BY:

Composition at 25°C T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:
The La(N03)3 - Ni(N0 3)2 - H20 system at 25.0°C

Composition of saturated solutionsa

La(N03)3 Ni(N03) 2

mass % mol -1 % mol -1kg mass kg

60.28 4.671 --- ---
55.26 4.160 3.86 0.517
52.34 3.857 5.90 0.773
42.53 2.886 12.12 1.463
35.60 2.287 16.50 1.885
29.20 1. 790 20.60 2.246
24.23 1.425 23.45 2.453
21.00 1.252 27.38 2.903

6.13 0.305 32.00 2.831
10.37 0.606 36.98 3.844

6.12 0.360 41.50 4.336
2.35 0.134 43.54 4.404

--- --- 48.08 5.0&8
--- --- 50.28 5.535

--- --- 51. 70 5.858

nature of the solid phase

La(N03)3· 6H20

2La(N03)3·3Ni(N03)2·24H20

"
solid solutions

"

a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Equilibrium
was established in 20 days. The compositions
of the solid phases were determined by
chemical analyses, and by thermographical,
crystal-optical, and graphical methods.

Lanthanum was precipitated first with NH40H,
and then as the oxalate, The oxalate was
ignited to the oxide and lanthanum determined
gravimetrically. Nickel was determined by
precipitation with dimethylglyoxime, and
Water was determined by difference. The
composition of the solid phases was
determined by Schreinemakers' method.

"Pure grade" starting materials were used.
No other information given.

ESTIMATED ERROR:
Soly: analyses agreed to 0.1-0.2 % for each

point on the soly curve (authors).
The compilers assume this error
refers to mass %.

Temp: precision ± 0.1 K.

SDS13_D'
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Zinc nitrate; Zn(N03)2; [7779-88-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25·C

Urazov. G.G.; Shevtsova. Z.N. Zh. Neorg.

Khim. 1957. 2. 659-61; J. Inorg. Chem.

(USSR) JJ?~, 2, 295-9.

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon.

EXPERIMENTAL VALUES:

Composition of saturated solutions at 25.0·Ca

La(N03)3
-1

Zn(N03)2

mass % mol mass % -1kg mol kg

60.28 b 4.671 --- ----

56.40 4.288 3.12 0.407
54.13 4.165 5.87 0.775

53.12 4.034 6.35 0.827
44.30 3.045 10.92 1.288
41.53 2.868 13.90 1.647
36.42 2.387 16.62 1.869
32.97 2.175 20.38 2.307
27.50 1. 747 24.05 2.621
20.51 1.281 30.22 3.239
11.42 0.679 36.81 3.754

6.01 0.368 43.72 4.592
3.25 0.199 46.48 4.882
1.64 0.101 48.18 5.070

1.05 0.068 51.13 5.646
0.5 0.033 53.10 6.043

--- ---- 55.98 6.715

nature of the solid phase

La(N°3)3· 6H20

solid solutions

solid solutions

"

a. Molalities calculated by M. Salomon.
b. The English translation gives 60.27 mass % for this point.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Solutions
were equilibrated for 20 days. The composi
tions of the solid phases were determined by
chemical analyses. thermographical method.
and by crystal-optical and graphical methods.
Lanthanum was precipitated with NH40H and
then as the oxalate: the oxalate was ignited
to the oxide and weighed. From the filtrate.
zjnc was determined as the phosphate. and
water was determined by difference. The
composition of the solid phases were
determined by Schreinemakers' method.

SOURCE AND PURITY OF MATERIALS:

"Pure ,grade" starting materials were used.
No other information given.

ESTIMATED ERROR:
Soly: Analyses agreed to 0.1-0.2 % for each

point of the soly surve. Presumably
the authors mean mass %.

Temp: precision ± 0.1 K.

REFERENCES:



Multicomponent systems, two saturating components 83

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0 3)3; [10099-59-9] Ch" "
Brun~sholz, G.; Klipfel, K. Ree. ~m. M~ner.

(2) Zinc nitrate; Zn(N03)2; [7779-88-6]

(3) Water; H20; [7732-18-5]

.1:..9..20., ?, 349-58.

VARIABLES: PREPARED BY:

Composition at 20°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

La(N03~r Zn(N0 3) 2

mol -1
sol~d phasebmol kg kg

--- 6.22 I

0.017 6.36 I +II

0.035 5.24 II
0.275 4.184 II
0.684 3.557 II
1.264 2.950 II
2.054 2.186 II
2.872 1.533 II

3.998 0.706 II + III
3.996 0.704 II + III

4.004 0.591 III
4.052 0.302 III
4.41 --- III

0 892

0.26 871

0.66 1052
6.16 1245

16.13 1309
30.00 1317
48.44 1309
65.20 1260

85.00 1180
85.02 1181

87.13 1208
93.07 1275

100 1260

The La(N03)3 - Zn(N0 3)2 - H20 system at 20.00°C

Composition of the saturated solutionsa

mol % La moles H20
of total per 100
La + Zn mol La + Zn

a. Molalities calculated by M. Salomon.

b. Solid phases: I = Zn(N03)3·6H20

II = 2La(N03)3·3Zn(N03)2·24H20

III = La(N03)3·6H20

AUXI LlARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. The saturat
ed solutions were equilibrated over a period
of 2 to 4 weeks with continuous pulverization
of the solid. Lanthanum was determined by
titration with 0.01 mol dm- 3 solution of the
disodium salt of ethylenediaminetetraacetic
acid. Xylenol orange indicator was used
with urotropine buffer. Zn was precipitated
as ZnS with thioacetamide or was separated
by ion exchange chromatography.

The solid phases were identified by X-ray
diffraction, and by Schreinemakers' method
of residues: the latter method is preferred
for identification of the solid phases.

Source and purity of initial materials not
specified. Both nitrates were prepared
from their oxides by dissolution in nitric
acid followed by crystallization. The
salts were dried in a desiccator in vacuum
over KOH.

ESTIMATED ERROR:
Soly: precision about ± 0.2 % (compilers).

Temp: precision ± 0.005 K (authors).

REFERENCES:

-
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(2) Zinc nitrate; Zn(N0 3)2; [7779-88-6]

(3) Water; H20; [7732-18-5]

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Yakimov, M.A.; Gizhavina, E.l. Zh. Neorg.

Khim. 1971, 16, 507-9; Russ. J. Inorg. Chern.

Engl. Transl. 1971, 16, 268-9.

VARIABLES:

Composition at 25'C

EXPERIMENTAL VALUES:

PREPARED BY:

T. Mioduski and S. Siekierski

The La(N03)3 - Zn(N03)2 - H20 system at 25'C

Composition of saturated solutionsa

La(N0 3)3
-1

Zn(N03)2
-1mass % mol kg mass % mol kg nature of the solid phase

58.90 4.411 ---- ---- La(N03)3' 6H20
56.01 4.180 2.75 0.352

"53.46 3.955 4.94 0.627 "
52.48 3.939 6.52 0.840 La(N03)3'6H20 + 2La(N03)3'3Zn(N03)2'24H2O

48.63 3.479 8.35 1.025 2La(N03)3·3Zn(N03)2·24H20
44.13 3.041 11.21 1.325

"39.81 2.655 14.05 1. 608 "37.38 2.465 15.94 1.803 "36.51 2.437 17.39 1.992 "29.67 1.875 21.63 2.345 "25.03 1.540 24.96 2.635 "20.04 1.197 28.44 2.915 "15.19 0.896 32.64 3.303 "12.49 0.731 34.91 3.504 "8.87 0.515 38.12 3.797 "5.66 0.330 41.59 4.163
"1.14 0.068 47.10 4.805 "<0.2 0.012 50.31 5.368 "

<0.2 0.014 55.33 6.570 2La(N03)3·3Zn(N03)2·24H20 + Zn(N03)2· 6H 20

--- ---- 56.00 6.720 Zn(N0 3)2· 6H20
a. Molali ties calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;
The isothermal method was used. The composi- No information given.
tion of saturated solutions was determined by
chemical analysis. The total La + Zn content
was determined by back titration with Trilon
B, and then the Zn concentration found using
unithiol as a complexing agent (1).

ESTIMATED ERROR:
Soly: precision about ± 0.5 % (compilers).

Temp: precision about ± 0.2 K (compilers).

REFERENCES:
1. Morachevskii, Yu. V.; Vol'f, L.A. Zh.

Anal. Khim. 1960, 15, 656.



COMPONENTS:

Multlcomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Ammonium nitrate; NH4N03; [6484-52-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition

EXPERIMENTAL VALUES:

Urazov, G.G.; Shevtsova, Z.N. Zh. Neorg.

Khim. 1957, 2, 655-8; J. Inorg. Chem.

(USSR) ~JJJ_, 2, 288-94.

PREPARED BY:

T. Mioduski and S. Siekierski

The La(N03)3 - NH 4N03 - H20 system at 25.0·C

Composition of saturated solutions. a

mass %

60.28

59.75
59.00
58.08
57.55

54.20
50.00
47.12
46.00
42.71

40.02

33.63
31. 70
22.36
14.00

6.35
4.72
4.0
2.56
1.35
0.50

--- ---
1. 46 0.470
2.95 0.969
5.56 1.910
8.00 2.901

14.20 5.614
15.25 5.483
17.00 5.919
18.02 6.257
19.37 6.382

22.21 7.346

24.31 7.221
25.75 7.561
30.83 8.228
38.47 10.112
48.90 13.652
54.05 16.378
55.00 16.76
60.85 20.776
65.05 24.187
67.14 25.921

68.00 26.548

La(N03)J

mol kg- 1

4.671

4.741
4.772
4.916
5.141

5.279
4.428
4.042
3.935
3.466

3.261

2.461
2.293
1.470
0.907
0.437
0.352
0.30
0.215
0.124
0.048

mass

NH4N03
% mol kg-1 nature of the solid phase

La(N03)3· 6H20

solid solutions

"
"

La(N03)3·2NH4N03·4HZO

"

"
La(N03)3·2NH4N03·4HZO + illl4N03

NH4N03

"
"

"
"

"
a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Equilibrium
was verified and required 3 days to be reach
ed. The composition of the solid phases
was determined by chemical analysis using
Schreinemakers' method, by crystal-optical
analysis, and by thermographical analysis.

SOURCE AND PURITY OF MATERIALS:

Sources not specified but the salts were
analysed (results not given). Since the
salts were analysed the compilers assume
they were of acceptable purity.

ESTIMATED ERROR:

Soly: Analyses agreed to 0.1 to 0.2 % for
each point on the soly curve (authors).
The compilers assume that this error
refers to mass % units.

Temp: precision ± 0.1 K.-
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(tl03) 3; [10099-59-9]

(2) Hydrazine mononitrate; N2H4 ·HN03 ;
[13464-97-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C and 50°C

Gorshunova, V.P.: Zhurav1ev, E.F.
Zh. Neo~g. Khim. 1971, 16, 1700-3: Russ.
J. Ino~g. Chern. Engl~- T~ansZ. 1971, 16,
898-900. --

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES: The La(N03)3 - tl 2H4 'HN03 - H20 system

Composition of saturated solutions at 250C a

La(N0 3)3 N2H4 'HN0
3

mass % mol -1 mass % mol -1 50kg kg nD nature of the solid phase

-- -- 76.6 35.18 1.4680 N2H4 'HN034.5 0.58 71.5 32.02 1. 4700 II

10.5 1. 38 66.0 30.19 1.4742 II

19.0 2.85 60.5 31. 72 1. 48Z5 II

29.0 6.87 58.0 47.95 1. 5025 N2H
4

'HN0
3

+ La(N03)3·ZNZH4·HN03

32.0 6.35 52.5 36.40 1. 4975 La(N03)3·2H2N4·HN03
41.5 5.81 36.5 17.83 1.4840 II

51.0 6.04 Z3.0 9.51 1. 4785 II

59.0 6.73 14.0 5.57 1. 4825 La(N03)3.ZNZH4.HN03 + La(N0 3)3'6HZO b

58.5 6.21 12.5 4.36 1.4795 La(N0 3)3·6H2O
58.0 5.41 9.0 2.93 1. 4655 II

58.0 4.82 5.0 1.45 1.4570 II

58.5 4.34 -- -- 1. 4520 II

a. Molalities calculated by M. Salomon.

b. Found by extrapolation.

continued ...•.•••

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph
the relation between the refractive indices
and the composition of the components for
each of the sections studied. The graphs
were used to find the inflection or break
points corresponding to the composition of
the saturated solutions. At 50°C, equili
brium was reached in 10-12 hours, and at
25°C, equilibrium was reached in two days.

SOURCE AND PURITY OF MATERIALS:

C.p. grade La(N01)3'6~ZO w~s recrystallized.
N2H

4
'HN0

3
prepd from pure grade aq N2H4and c.p. grade concentrated RN0

3
• After

evaporation of the solvent, the salt was
recrystallized and analysed for N0

3
with

nitron. The analysis corresponded to the
composition N2114 ':IN03 , and its melting
point was 73°C (lit. 73°C (2)).

Double distilled water was used.

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compiler~.

REFERENCES;

1. Zhurav1ev, E.F.; Sheve1eva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.

2. Grekov, A. P. Organiaheskal1a Khimiya
Gidrazina. Kiev. 1966, p 11.



CONPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1)

(2)

(3)

Lanthanum nitrate; La(N0
3
)3; [10099-59-9] Gorshunova, V.P. Zhuravlev, E.F. Zh.

Neo~g. Khim. 1971, 16, 1700-3: Russ.
Hydrazine mononitrate; N2H4 ·IDW3 ; J. Ino~g. Chern. EngZ. TransZ. 1971,
[13464-97-6] 16, 898-900.
Yater; H20; [7732-18-5]

EXPERIMENTAL VALUES: continued .•••...

The La(N03)3 - N2H4 ·rffi03 - H20 system

Composition of saturated solutions at 50.C a

La(N03)3 N2H4 ·H.~03

mass % -1 mass % mol -1mol kg kg

-- -- 91.0 106.4
1.5 0.54 90.0 111.4
4.0 1. 76 89.0 133.6
6.0 3.08 88.0 154.3
9.5 5.32 85.0 162.6

35.0 8.98 53.0 46.46
36.5 8.32 50.0 38.96
39.5 7.84 45.0 30.54
44.0 7.52 38.0 22.21
53.5 7.32 24.0 11.22

64.5 7.78 10.0 4.13

65.0 7.41 8.0 3.12
65.0 6.78 5.5 1.96
65.5 6.40 3.0 1.00
65.5 6.11 -- --

a. ilolalities calculated by 1I. Salomon.

b. Found by extrapolation.

COlIHENTS AND/OR ADDITIONAL DATA:

50
~

1.4935
1.5000
1. 5025
1. 5050
1. 5125

1.511:>
1.5070
1.5030
1.5000
1.4960

1.5000

1.4850
1.4800
1. 4755
1.4720

nature of the solid phase

"
"
"
"

"
"
"
"

bLa(N03)3,3NZH4,ZHN03 + La(N03)3'6H20

La(N03)3'6H20

"
"
"

The double salt was isolated and analysed for NO; by precipitation with nitron, and for
La by the oxalate method. The hydrazinium ion was found by difference. The density of
the double salt was measured pycnometrically using benzene, and the refractive indices
were measured by the immersion method. For La(N03)3.2NZH4,HN03' the authors report the
following additional data:

d20
= 1.3812 kg m-3

n = 1.559 :!: 0.001g

n a 1.553 :!: 0.001
p



88 Lanthanum nitrate

(2) Hydrazine dinitrate; N2H4 .2HN03;

[13464-98-7 ]

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1971, 16, 1700-3; Russ. J. Inorg.

Chem. EngZ. TransZ. 1971, 16, 898-900.

(3) Water; H20; [7732-18-5]

VARIABLES: PREPARED BY:

Composition at 25°C and 50°C

EXPERIMENTAL VALUES:

T. ~lioduski and S. Siekierski

Double distilled water was used.

Temp: precision probably ± 0.2 K (compilers).

SOURCE AND PURITY OF MATERIALS;

C.p. grade La(N03)3·6H20 was recrystallized.
N2H4·2HN03 prepd by stoichiometric mixing
of HNO and N2H4 , or by mixing of HN03 with
N2H4 ·HN03 (see previous compilation for prep
of hydrazine mononitrate). Analysis for NO;
by pptn with nitron confirmed the composi
tion N2H4·2HNO~, and its melting point was
102°C (lit 103 C (2».

The La(N03)3 - N2H4 ·2HN03 - H20 system.

Composition of saturated solutions at 25°Ca

La(N03)3
-1

N2H4 ·2HN03
% mol % mol -1 n50 of the solid bmass kg mass kg D nature phase

--- --- 70.0 14.76 1. 4665 A

1.0 0.10 69.5 14.90 1.4670 A + B

2.0 0.19 66.0 13.05 1.4630 B
6.5 0.59 59.5 11.07 1. 4570 B

17.5 1.44 45.0 7.59 1. 4485 B
27.5 2.12 32.5 5.14 1.4450 B
30.0 2.31 30.0 4.74 1. 4445 B
37.5 2.81 21.5 3.32 1.4450 B
43.0 3.31 17.0 2.69 1.4465 B
50.5 3.93 10.0 1.60 1. 4510 B

57.5 4.78 5.5 0.94 1. 4560 B + CC

57.0 4.62 5.0 0.83 1. 4550 C
58.0 4.52 2.5 0.40 1.4530 C
58.5 4.34 --- --- 1.4510 C

a. Molalities calculated by M. Salomon.

b. Solid phases: A = N2H4 ·2HN03 B = La(N03)3.3N2H4 .2HN03
c. Found by extrapolation.

continued .••..•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. At 50°C equilibrium was reached in
10-12 hours, and at 25°C equilibrium was
reached in two days. The results were used
to graph the relation between the refractive
indices and the composition of the components
for each of the sections studied. The graphs ~~~~~~~~ ~

were used to find the break points ESTIMATED ERROR:

~~~~=:~~~d~:ru~~o~:~ c~~~o~;~;~~t~~et~~dices Soly: precision ± 1% at best (compilers).
of the saturated solutions, n~o, are included
in the data tables.

REFERENCES;

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.

2. Grekov, A.P. Organiaheskaya Khimiya
Gidrazina. Kiev. 1966. p 11.



Multicomponent systems, two saturating components 89

COHPONENTS:

(1) Lanthanum nitrate; La(N03)3; £10099-59-9]

(2) Hydrazine dinitrate; N2H4·2HN03 ;

[13464-98-7 ]

(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: continued •.••.

ORIGINAL MEASUREMENTS:

Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

Khirn. 1971, 16, 1700-3; Russ. J. Inorg.

Chern. Engl. Transl. 1971, 16, 898-900.

Composition of saturated solutions at 50°Ca

La(N03)3 N2H4 '2HN03
% mol -1 % mol -1 n 50 of the solid phasebmass kg mass kg

D
nature

--- --- 75.0 18.98 1. 4780 A

0.5 0.06 74.5 18.85 1.4790 A + B

1.5 0.17 71. 5 16.75 1.4750 B
6.0 0.58 62.0 12.26 1.4620 B

16.0 1.41 49.0 8.86 1. 4555 B
24.5 2.04 38.5 6.58 1. 4530 B
35.0 2.91 28.0 4.79 1.4520 B
36.0 2.92 26.0 4.33 1.4520 B
51.0 4.36 13.0 2.28 1. 4580 B
59.5 5.31 6.0 1.10 1. 4690 B

66.0 6.66 3.5 0.73 1. 4760 B + CC

66.0 6.45 2.5 0.50 1.4730 C
65.5 6.11 1.5 0.29 1.4715 C
65.5 5.84 --- --- 1.4710 C

a. Molalitiep calculated by M. Salomon.

b. Solid phases: A ~ N2H4·2HN03 B ~ La(N0
3

)3'3N
2
H

4
.2HN0

3
c. Found by extrapolation.

COMMENTS AND/OR ADDITIONAL DATA:

The double salt was isolated and analysed for NO; by precipitation with nitron, and for
La by the oxalate method. The hydrazinium ion was found by difference. The density of
the double salt was measured pycnometrically using benzene, and the refractive indices
were measured by the immersion method. For La(N03)3.3N2H4.2HN03' the authors report
the following additional data:

d20 = 1.9941 kg m- 3

ng = 1.565 ± 0.001

np = 1.557 ± 0.001



90 Lanthanum nitrate

[30781-73-8]

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Gorshunova, V.P. Zhuravlev, E.F. Zh. Neo~g.

Khim. 1970, 15, 3355-8; Russ. J. Ino~g.

Chem. Engl. T~ansl. 1970, 15, 1750-1.

(3) Water; H20; [7732-18-5]

VARIABLES: PREPARED BY:

Composition at 25·C and 50·C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
The La(N03)3 - (CH3)2NH.HN03 - H20 system at 25·C

Composition of saturated solutionsa

La(N03)3 (CH3)2NH.HN03

mass % -1 mass % -1 n So nature of the solid phasemol kg mol kg D
--- ---- 91. 5 115.7 1. 4312 (CH3) 2NH •HN031.5 0.49 89.0 100.7 1. 4325 "5.5 2.42 87.5 134.3 1.4350 "7.5 3.30 85.5 131.2 1. 4360 "15.5 10.6 80.0 191.0 1.4450 "

58.5 9.48 22.5 12.72 1. 4730 La(N03)3· 6H20
57.0 7.16 18.5 8.11 1. 4700 "57.5 6.21 14.0 5.28 1.4640 "57.5 7.53 19.0 8.69 1.4585 "57.5 4.66 4.5 1.27 1. 4549 "58.5 4.34 ---- --- 1.4520 "
a. Molalities calculated by M. Salomon.

continued••••••

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The solubilities were studied by the method
of isothermal sections (1,2) which involves
the measurement of refractive indices of
saturated solutions along directed sections
of the phase diagram. Mixtures of known
composition were equilibrated until their
refractive indices remained constant after
repeated measurements. All refractive
indices were measured at 50·C.

The results were used to graph the relation
between the refractive indices and the
composition of the components for each
section studied. The graphs were used to
find the break points corresponding to the
composition of the saturated solutions.

The phase diagram is of the eutonic type.

SOURCE AND PURITY OF MATERIALS:
C.p grade La(N03)3·6H20; "analytical reagent"

dimethylamine, and c.p. grade HN03 were

used. Dimethylarnine nitrate was prepared

by neutralizing dimethylamine with HN03•

The resulting solution was evaporated, the

solid product recrystallized twice and dried

in a vacuum desicaator over CaC12 to

constant mass.

ESTIMATED ERROR:
Soly: precision probably 1% (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhuravlev, E.F.; Gorshunova, V.P. Zh.

Neo~g. Khim. 1970, 15, 195.

2. Mertslin, R.V. Izv. Biol. Nauah.-Issled.
Inst. pri Perm. Gos. Univ. 1937, 11, 1.



Multicomponent systems, two saturating components 91

COHPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Dimethylamine nitrate; C2H8N203;

[25238-43-1]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1970, 15, 3355-8; Russ. J. Inorg.

Chern. Engl. Transl. 1970, 15, 1750-1.

EXPERIMENTAL VALUES: continued ..•••

The La(N03)3 - (CH3)2NH.HN03 - H2O system at 50·C

Composition of saturated solutions a

La(N0 3) 3 (CH3)2NH.HN03

mass % mol -1 mass % mol -1 n So nature of the solidkg kg D phase

--- ---- 95.5 228.0 1.4360 (CH3)2NH.HN03

1.0 0.77 95.0 255.2 1. 4360
"

4.0 3.52 92.5 284.0 1.4375 "
4.5 3.96 92.0 282.5 1.4392

"
10.0 15.4 88.0 472.8 1. 4430

"

66.0 9.03 11.5 5.49 1. 4840 La(N03)3· 6H20

66.0 8.29 9.5 4.17 1. 4825
"

66.5 7.72 7.0 2.84 1. 4780 "
66.0 6.89 4.5 1.64 1. 4760 "
65.5 6.20 2.0 0.66 1. 4730 "
65.5 5.84 --- ---- 1.4720 "

a. Molalities calculated by M. Salomon.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

(2) Guanidine mononitrate; CH6N403; Khim. ~~, 16, 1739-40; RUBS. J. Inorg.

[506-93-4] Chem. Engl. Transl. 1971, 16, 922.

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C and 50°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated solutions at 25°Ca

La(N03)3
-1

CH5N3·HN0 3
-1mass % mol kg mass % mol kg ~o nature of the solid phase

--- ---- 14.5 1.39 1.3510 CH5N3 ·HN03
9.0 0.34 9.5 0.95 1.3580 "28.5 1.32 5.0 0.62 1.3870 "49.0 3.02 1.0 0.16 1.4270 "

58.0 4.35 1.0 0.20 1.4510 CH5N3 'HN03 + La(N03)3· 6H20

58.5 4.34 --- ---- 1.4510 La(N03)3' 6H20

Composition of saturated solutions at 50°C

--- ---- 28.5 3.26 1.3720 CH5N3'HN0 38.0 0.36 24.0 2.89 1.3780 "25.0 1.33 17.0 2.40 1.3980 "45.5 3.08 9.0 1.62 1.4320 "
66.5 6.94 4.0 1.11 1.4725 CH5N3 'HN03

b + La(N03)3' 6H20

66.0 6.45 2.5 0.65 1.4720 La(N03)3· 6H20
66.0 6.16 1.0 0.25 1.4710 "65.5 5.93 0.5 0.12 1.4710 "65.5 5.84 --- ---- I. 4705 "

a. Molalities calculated by M. Salomon.

b. Found by extrapolation.

AUXILIARY INFORMATION

METHOD "APPARATUS/PROCEDURE:

The solubilities were studied by the method
of isothermal sections (1,2). The refrac
tive indices of the liquid phases were
measured at 50 a C. No other information
given. For details on the isothermal
sections method, see the compilations of
the data in references 1 and 2.

COMMENTS AND/OR ADDITIONAL DATA:

The phase diagram is characterized by an
extensively developed crystallization field
for guanidine mononitrate, and a very small
crystallization for lanthanum nitrate hexa
hydrate. This indicates that lanthanum
nitrate hexahydrate has a strong salting-out
action on guanidine mononitrate.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was c.p. grade and presumably
used as received.

"Pure" grade guanidine mononitrate,
H2NC(=NH)NH2.HN03, was twice recrystallized.

Double distilled water was used.

ESTIMATED ERROR:
Soly: precision around 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhuravlev, E.F.; Gorshunova, V.P. Zh.

Neorg. Khim. 1970, 15, 195.

2. Gorshunova, V.P.; Zhuravlev, E.F. Zh.
Neorg. Khim. 1970, 15, 1422.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

93

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

(2) Diethylamine nitrate; C4H12N203;

[27096-30-6 ]

(3) Water; H20; [7732-18-5]

Khim. 1970, 15, 3355-8; Russ. J. Inorg.

Chem. Engl. Transl. J970, 15, 1750-1.

VARIABLES: PREPARED BY:

T. Mioduski and S. S1ekierski

EXPERIMENTAL VALUES:
The La(N03)3 - (C 2H5) 2NH.HN03 - H2O system at O°C

Composition of saturated solutions a

La(N03)3 (C2H5)2NH.HN03

mass % mol -1 mass % mol -1 rS° nature of the solidkg kg phase

--- ---- 67.5 15.3 1.4100 (C 2H5) 2NH·HN03
17.0 2.91 65.0 26.5 1. 4181

"16.0 2.10 60.5 18.9 1. 4278
"21.5 3.08 57.0 19.5 1. 4340 "27.0 4.75 55.5 23.3 1. 4400 "33.0 7.25 53.0 27.8 1.4472
"

43.5 5.82 33.5 10.7 1. 4530 La(N0 3)3· 6H20
46.0 5.34 27.5 7.62 1. 4485

"49.0 4.57 18.0 4.01 1.4425
"51. 5 3.73 6.0 1.04 1. 4380
"50.5 3.14 --- ---- 1.4341
"

a. Molalities calculated by M. Salomon.

continued .•..•..

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:

The solubilities were studied by the method
of isothermal sections (1,2) which involves
the measurement of refractive indices of
saturated solutions along directed sections
of the phase diagram. Mixtures of known
composition were equilibrated until their
refractive indices remained constant after
repeated measurements. All refractive
indices were measured at 50°C.

The results were used to graph the relation
between the refractive indices and the
composition of the components for each
section studied. The graphs were used to
find the break points corresponding to the
composition of the saturated solutions.

The phase diagram is of the eutonic type.

SOURCE AND PURITY OF MATERIALS;

C.p grade La(N03)3'6H20, c.p. grade nitric

acid, and "analytical reagent" diethylamine
were used. Diethylamine nitrate was pre
pared by neutralizing diethylamine with
nitric acid. The solution was evaporated
on a water bath until crystallization: the
salt was twice recrystallized and dried 1n
a vacuum desiccator over calcium chloride
to constant mass.

ESTIMATED ERROR:
Soly: precision probably 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Gorshunova, V.P. Zh.
Neorg. Khim. 12-70, 15, 195.

2. Mertslin, R.V. Izv. Biol. Nauch.-Issled.
Inst. pri Perm. Gos. Univ. 193~, 11, 1.
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]
Gorshunova, V.P.; Zhurav1ev, E.F. Zh. Neorg.

(2) Diethylamine nitrate; C4H12N203; Khim. 1970, 15, 3355-8; Russ. J. Inorg.

[27096-30-6) Chem. EngZ. TransZ. 1970, 15, 1750-1.

(3) Water; H20; [7732-18-5)

EXPERIMENTAL VALUES: continued •••••••

The La(N03)3 - (C2H5)2NH'HN03 - H20 system

Composition of saturated solutions at 25°Ca

La(N03)3 (C 2H5) 2NH.HN03

mass % mol -1
mass % -1 n so nature of the solid phasekg mol kg

D
--- ---- 82.0 33.5 1.4245 (C2H5)2NH'HN03
4.0 0.75 79.5 35.4 1. 4285

"10.0 2.37 77 .0 43.5 1.4350 "12.0 3.08 76.0 46.5 1.4380 "20.5 9.01 72.5 76.1 1.4500
"

51.0 9.51 32.5 14.5 1.4700 La(N03)3· 6H20
53.5 7.01 23.0 7.19 1. 4650 "54.0 5.73 17.0 4.31 1.4600 "57.0 5.32 10.0 2.23 1. 4570 "58.0 4.76 4.5 0.88 1.4540 "58.5 4.34 --- ---- 1.4520 "
Compositions of saturated solutions at 50°C

--- ---- 10.0b
? 1.4325 (C2H5)2NH.HN03

3.0 1.09 88.5 76.5 1.4350 "5.5 1.99 86.0 74.3 1. 4385 "7.5 2.89 84.5 77 .6 1.4400 "15.0 11.51 81.0 148.7 1.4470 "
64.0 9.38 15.0 5.25 1.4810 La(N03)3' 6H2o
63.5 7.82 11.5 3.38 1.4775 "64.5 7.22 8.0 2.14 1. 4760 "65.0 6.78 5.5 1. 37 1.4745 "65.0 6.45 4.0 0.95 1. 4730 "65.5 5.84 --- ---- 1.4720 "

a. Molalities calculated by M. Salomon.

b. This appears to be a typographical error. The value of 10.0 mass %
appears in both the original Russian publication and in the English
translation of the source paper.
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COMPONENTS:
(1) Lanthanum nitrate; La(N03)3; [10099-59-9)

(2) Triethylamine; C6H15N; [121-44-8)

(3) Water ; H20 ; [7732-18-5)

VARIABLES:

Solvent composition at 20·C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Shabikova, G. Kh.; Sergeeva, V.F.;

Izmeleuova, M.B. Zh. Obshah. Khim. 1975,

45, 990-5.

PREPARED BY:

T. Mioduski, S. Siekierski and M. Salomon

mass % (C 2H5)3 in

original solvent

exptl calcdc

° ---
10 9.0
20 19.6
30 30.1
40 40.1
50 51. 2

Composition of equilibrated saturated solutionsa,b

La(N03)3 (C 2H5)3N

mass % mol kg- l mass % mol kg- l

59.5 4.52 --- ---
54.4 4.03 4.1 0.98
48.0 3.53 10.2 2.41
38.2 2.72 18.6 4.25
24.9 1. 70 30.1 6.61
3.9 0.26 49.2 10.37

a. Molalities calculated by the compilers.

b. Nature of the solid phase not specified: presumably La(N03)3'6H20 is the major
component, particularly at low triethylamine concentrations (compilers).

c. To check on the internal consistency of the analyses, the compilers calculated
the mass % (C2H5)3N to total (C2H5)3N + H20 in the equilibrated saturated
solutions. This value should equal the mass % of triethylamine in the original
solvent mixture. The mass % triethylamine in the saturated solutions (i.e.
neglecting La(N03)3) was calculated from

mass % (C2H5)3N (in satd sIn) x 100/(mass % H20 + mass % (C2H5)3N)

where mass % H20 in the satd sIn is obtained from 100-mass ~ La(N03)3 - mass %
(C2H5)3N. The difference between this calculated mass % for triethylamine and the
value reported by the authors for the orignal solvent composition is attributed
by the compilers to an error in accuracy in the chemical analyses.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The method of isothermal sections was used
according to Mertslin and described by
Mochalov (1). Analyses and establishment of
equilibrium accomplished by measurement of
refractive indices. Reaction mixtures were
equilibrated for 7-8 hours. No other
information given.

SOURCE AND PURITY OF MATERIALS:

C.p grade lanthanum nitrate presumably used
as received.

Triethylamine was dried over ignited A1203
and distilled at reduced pressure. The
resulting product had the following proper
ties: de =0.7222, n5° = 1.4010, b.p. =
86.9·C.

Water was twice distilled from KMn04 solu
tion.

ESTIMATED ERROR:
Soly: based on internal consistency of data,

compilers estimate an accuracy of ±
2-3 %.

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Mochalov, K. 1. Zh. Obshah. Khim. 1939, 9,

1701.
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COMPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Triethylamine nitrate; C6H16N203;

[27096-31-7 ]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1970, 15, 3355-8; Russ. J. Inorg. Chem.

Engl. Transl. 1970, 15, 1750-1.

VARIABLES: PREPARED BY:

Composition at 25·C and 50·C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
The La (N03) 3 - (C2H5)3N·HN03 - lI20 system at 25·C

Composi tion of saturated solutionsa

La(N0 3)3 (C 2H5) 3N .lIN03
mass % mol -1 mass % mol kg-l n 50

nature of the solid phasekg D

--- ---- 91.5 65.6 1. 4460 (C 2H5) 3N. lIN0 3
2.5 0.81 88.0 56.4 1. 4470 "6.0 2.46 86.5 70.2 1. 4500 "8.0 3.28 84.5 68.6 1. 4510 "13.5 10.39 82.5 125.6 1.4552 "

54.0 8.98 27.5 9.05 1.4670 La(N03)3· 6H20
55.0 7.20 21. 5 5.57 1. 4635 "55.0 5.74 15.5 3.20 1. 4610 "56.5 5.11 9.5 1. 70 1. 4560 "57.5 4.66 4.5 0.72 1. 4530 "58.5 4.34 --- ---- 1. 4520 "

a. Molalities calculated by M. Salomon.

continued•........

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubilities were studied by the method
of isothermal sections (1,2) which involves
the measurement of refractive indices of
saturated solutions along directed sections
of the phase diagram. Mixtures of known
composition were equilibrated until their
refractive indices remained constant after
repeated measurements. All refractive
indices were measured at 50·C.

The results were used to graph the relation
between the refractive indices and the
composition of the components for each
section studied. The graphs were used to
find the break points corresponding to the
composition of the saturated solutions.

The phase diagram is of the eutonic type.

SOURCE AND PURITY OF MATERIALS:

C.p. grade La(N03)3·6H20, 'analytical reagene

triethylamine, and c.p. grade nitric acid
were used. Triethylamine nitrate was pre
pared by neutralizing triethylamine with
nitric acid. The solution was evaporated on
a water bath until crystallization: the salt
was recrystallized twice and dried in vacuum
over calcium chloride to constant mass.

ESTIMATED ERROR:
Soly: precision probably 1 % (compilers).

Temp; precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhuravlev, E.F.; Gorshunova, V.P. Zh.

Neorg. Khim. 1970, 15, 195.

2. Mertslin, R.V. Izv. Biol. Nauah.-IssZed.
Inst. pri Perm. Gos. Univ. 1937, 11, 1.
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[27096-31-7]

COHPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1970, 15, 3355-8; Russ. J. Inorg.

Chem. EngZ. TransZ. 1970, 15, 1750-1.

(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: continued .

The La(N03)3 - (C2H5)3N.HN03 - H20 system at 50·C

Composition of saturated solutionsa

La(N03)3 (C2H5) 3N. HN0 3

mass % mol -1 mass % mol
-1

~o nature of the solid phasekg kg

--- ---- 94.0 95.4 1.4490 (C2H5)3N.HN03
2.5 1.18 91.0 85.3 1.4500

"4.5 2.13 89.0 83.4 1. 4515
"7.5 4.20 87.0 96.3 1. 4530
"11.0 11.28 86.0 174.6 1.4560
"

65.0 9.30 13.5 3.82 1. 4780 La(N03)3' 6H20
65.0 8.00 10.0 2.44 1. 4760

"64.5 7.22 8.0 1. 77 1.4755
"65.5 6.72 4.5 0.91 1.4740
"66.0 6.45 2.5 0.48 1.4730
"65.5 5.84 --- ---- 1.4720
"

a. Molalities calculated by M. Salomon.
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COMPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9J

(2) Ethylenediamine dinitrate; C2HlON406;

[20829-66-7 J

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25·C and 50·C

ORIGINAL MEASUREMENTS:

Zhuravlev, E.F.; Gorshunova, V.P. Zh. Neorg.

Khim. 1970, 15, 195-200; Russ. J. Inorg.

Chem. Engt. Transt. 1970, 15, 100-3.

PREPARED BY:

T. Mioduski and S. Siekierski

SOURCE AND PURITY OF MATERIALS:

C.p. grade La(N03)3·6H20 analysed by the
oxalate method and contained 75 mass %
La(N03)3'

Ethylenediamine dinitrate prepd by mixing
solutions of c.p. grade nitric acid and
"pure grade" ethylenediamine. In slight
excess of nitric acid the dinitrate salt
crystallized. The crystals were filtered and
dried to constant mass at 50-70·C.

Double distilled water was used.

EXPERIMENTAL VALUES:
The La(N03)3 - H2NCH2CH2NH2.2HN03 - H20 system at 25·C

Composition of saturated solutionsa,b

La(N03)3 En.2HN03
mass % -1 mass % mol -1 of the solid phasemol kg kg nature

--- --- 50.5 17.0 En.2HN039.0 0.59 44.0 15.6 "20.0 1.42 36.5 14.0 "25.0 1.85 33.5 13.4
"

32.0 2.53 29.0 12.4 En.2HN03 + La(N03)3·En.2HN03·6H20

37.0 2.71 21.0 8.32 La(N03)3·En.2HN03·6H20
42.0 2.94 14.0 5.29 "48.5 3.35 7.0 2.62

"53.0 3.79 4.0 1.55 "
59.5 4.64 1.0 0.42 La(N03)3·2En.2HN03·6H20 + La(N03)3' 6H20

58.5 4.34 --- --- La(N03)3· 6H20

a. Molalities calculated by M. Salomon.

b. En - ethylenediamine, H2NCH 2CH2NH2•

continued••••••

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubilities were determined by the
method of isothermal sections (1) which
involves the measurement of refractive
indices of saturated solutions along directed
sections of the phase diagram. Mixtures of
known composition were equilibrated until
their refractive indices were constant after
repeated measurements. The results were used
to graph the relation between the refractive
indices and the composition of the components
for each of the sections studied. The graphs
were used to find the break points correspond t-:::-=::-:-:-=.:~~~-=---------------t
ing to the composition of the saturated ESTIMATED ERROR:
solutions. The refractive indices were not

Soly: precision of 1 % (compilers).reported in the source paper.
Temp: precision probably ± 0.2 K (compilers).Mixtures were placed in vessels which were

closed and kept in a thermostat with periodic I--= ~-------------------i
shaking for 2-5 days. Part of the liquid REFERENCES:
phases were removed periodically and the
refractive indices measured at 50.C. 1. Zhuravlev, E.F.; Sheveleva, A.D. Zh. Neorg.

Khim. 1960, 5, 2630.Apparently the mass % H20 was obtained by
difference.
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COHPONENTS;

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Ethylenediamine dinitrate; C2HlON406;

[ 20829-66-7]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Zhuravlev, E.F.; Gorshunova, V.P. Zh. Neopg.

Khim. 1970, 15, 195-200; Russ. J. Inopg.

Chern. Engl. TpansZ. 1970, 15, 100-3.

EXPERIMENTAL VALUES: continued ..•....

The La(N03)3 - H2NCH2CH2NH 2 - H20 system at 50'C

Composition of saturated solutionsa,b

La(N0 3)3 En. 2HN03

mass % mol -1 mass % mol -1 nature of the solid phasekg kg

--- --- 67.0 33.8 En· 2HN0 3
7.0 0.62 58.5 28.2

"15.0 1.40 52.0 26.2
"26.5 2.91 45.5 27.0 "31.0 3.82 44.0 29.3 "

33.0 4.23 43.0 29.8 En.2HN03 + La(N03)3·En.2HN03·6H20

38.0 4.10 33.5 19.6 La(N03)3·En.2HN03·6H20
43.5 4.18 24.5 12.7

"50.0 4.53 16.0 7.83 "57.5 5.13 8.0 3.86 "
66.0 6.45 2.5 1.32 La(N03)3·En.2HN03·6H20 + La(N03)3· 6H20

66.0 6.16 1.0 0.50 La(N03)3' 6H20
66.5 6.11 --- --- "

a. Molalities calculated by M. Salomon.

b. En = ethylenediamine, H2NCH 2CH2NH2.
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COMPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Piperidine nitrate; C5H12N203;

[6091-45-8]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C and 50°C

ORIGINAL MEASUREMENTS:

Gorshunova, V.P.; Zhurav1ev, E.F. Zh. Neorg.

Khim. 1972, 17, 231-3; Russ. J. Inorg.

Chern. Engl. Transl. 1972, 17, 121-2.

PREPARED BY:

T. Mioduski, S. Siekierski and 11. Salomon

EXPERIMENTAL VALUES:
The La(N03)3 - C5HlONH.HN0 3 - H20 system at 25°C

Composition of saturated solutionsa

mass %

2.6

6.0
11.3
21.5
25.5
33.5
33.6
40.8
50.5

54.5
56.5
58.0
58.5

-1
mol kg

0.67

1.03
1. 33
2.07
2.73
3.08
3.10
3.78
4.78

5.24
5.16
4.82
4.34

mass %

87.0
85.5

76.0
62.5
46.5
45.8
33.0
33.0
26.0
17.0

13.5
9.8
5.0

mol kg- l

45.16
48.49

28.50
16.10

9.81
10.77
6.65
6.67
5.29
3.53

2.85
1.96
0.91

~O

1.4600
1.4635

1. 4542
1. 4426
1. 4388
1.4420
1. 4441
1. 4440
1.4490
1. 4594

1. 4654
1. 4620
1.4565
1. 4520

nature of the solid phase

C5HlONH'HN03

"

a. Molalities calculated by the compilers.

AUXILIARY INFORMATION

continued ..•••.•.

METHOD/APPARATUS/PROCEDURE :

The method of isothermal sections was used
(1,2). Equilibrium was reached after 2 days
at 25°C, and after 10-12 hours at 50°C.

No other information given. For details on
the isothermal sections method, see the
compilations for references 1 and 2.

SOURCE AND PURITY OF MATERIALS:

C.p. grade La(N03)3·6H20 analysed and found
to contain 75% La(N03)3: the product was
recrystallized and had a m.p. of 65°C, d20 =
2.354 g cm- 3• "Pure" grade Piperidine and
c.p. grade nitric acid sIn were used to pre
pare piperidine nitrate. The resulting sIn
was evaporated at 70-80°C, the solid separat
ed, recystallized and air dried at 40-50°C to
const mass: composition confirmed by analysis
for NO) with nitron. The m.p. of this salt
was 141°C, d20 = 1.1538 g cm-3 , and its
refractive index was n = 1.485.

ESTIMATED ERROR:
Soly: precision about 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhurav1ev, E.F.; Gorshunova, V.P. Zh.

Neorg. Khim. 1970, 15, 195.

2. Gorshunova, V.P.; Zhuravlev, E.F. Zh.
Neorg. Khim. 1970, 15, 1422.
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COHPONENTS:

(1) Lanthanum nitrate; La(N03) 3; [10099-59-9]

(2) Piperidine nitrate; C5H12N203;

[6091-45-8]

(3) Water ; H20 ; [77 32-18-5]

ORIGINAL MEASUREMENTS:

Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neopg.

Khim. 1972, 17, 231-3; Russ. J. Inopg. Chem.

Engl. Tpansl. 1972, 17, 121-2.

EXPERIMENTAL VALUES: continued ••..•••••

The La(N03)3 - C5HlONH.HN0 3 - H20 system at 50°C

composition of saturated solutionsa

La(N03)3 C5HlONH·HN03

mass % mol -1 mass % mol -1 n So nature of the solidkg kg D phase

--- ---- 89.0 54.61 1. 4630 C5HlONH'HN0 32.3 0.69 87.5 57.90 1. 4655
"3.0 0.84 86.0 52.77 1.4665
"4.5 1.54 86.5 64.87 1. 46 70
"6.0 2.05 85.0 64.74 1.4690
"

15.5 3.18 69.5 31. 27 1. 4637 La(N03)3·4C5HlONH·HN03
23.2 3.61 57.0 19.43 1.4611

"25.5 3.65 53.0 16.64 1.4600
"40.8 5.66 37.0 11. 25 1. 4672
"57.5 7.66 19.4 5.67 1. 4840 "

65.5 7.44 7.4 1. 84 1. 4830 La(N03)3· 6H 20
65.5 7.17 6.4 1. 54 1.4820 "65.5 6.83 5.0 1.14 1.4790 "66.0 6.35 2.0 0.42 1.4740 "66.5 6.11 --- ---- 1.4720 "

a. Molalities calculated by the compilers.

COMMENTS AND/OR ADDITIONAL DATA:

At 50°C a considerable part of the phase diagram is occupied by the crystallization
field of the congruently soluble double salt. This field shrinks as the temperature
is decreased. The crystallization field of C5HIONH.HN03 is extremely small at both
temperatures.

The double salt was isolated and analysed to check its composition. Lanthanum was
determined by the oxalate method, nitrate was determined by precipation with nitron,
and the piperidinium cation was determiend by difference. The double salt melted and

decomposed at 148°C. Its density d20 = 1.557 g cm-3, and the refractive indices were
found to equal: n = 1.524 and n = 1.518. The solubility of this double salt in pure
water was found t8 equal: p

66.8 mass % at 25°C

79.4 mass % at 50°C

(4.25 mol

(8.15 mol

-1kg ,

-1
kg ,

compilers)

compilers).
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

(2) Pyridine nitrate; C5H6N20 3; [543-53-3] Khim. 1974, 19, 249-52; Russ. J. Inorg.

(3) Water; H20; [7732-18-5] Chem. Engl. Transl. 1974, 19, 137-9.

VARIABLES:

Composition at 25·C and 50·C

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:
The La(N0 3)3 - C5H5N.HN0 3 - H20 system at 25·C

Composition of saturated solutionsa

La(N03)3 C5H5N'HN0 3
-1mass % -1 mass % mol ~D of the solid phasemol kg kg nature

--- ---- 74.0 20.03 1. 4682 C
5
H5N.HN0 3

6.7b 0.97 72.0b 23.79 1.4837 "15.8 ? 87.5 ? 1.4941
"

26.0 3.08 48.0 12.99 1.4700 La(N03)3·2C5H5N.HN03·4H20
29.5 2.84 38.5 8.47 1.4615 "29.5 2.67 36.5 7.55 1.4595 "33.5 2.82 30.0 5.78 1. 4563 "41.0 3.08 18.0 3.09 1. 4460 "44.7 3.41 15.0 2.62 1.4480 "49.0 3.82 11.5 2.05 1. 4535 "
57.0 4.87 7.0 1. 37 1. 4625 La(N03)3' 6H20
58.0 4.89 5.5 1.06 1.4595 "58.5 4.62 2.5 0.45 1. 4545 "58.5 4.34 --- ---- 1.4520 "
a. Molalities calculated by the compilers.

b. The compilers assume that a typographical error exists because the sum of these
mass % values equals 104.2. Both the original Russian publication and the
English translation list the same mass % values for La{N03)3 and C5H5N.HN0 3•

continued ..•.•.••.•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubilities were studied by the method
of isothermal sections (1,2). The refrac
tive indices of the liquid phases were
measured at 50·C. Equilibrium was ascertain
ed by constancy in the refractive indices
after repeated measurements. No other
information was given.

For details on the method of isothermal
sections, see the compilations for references
1 and 2.

SOURCE AND PURITY OF MATERIALS:

c.~. grade La{N03)3 was recryst: m.p. = 65·C,
d2 = 2.354 g cm- 3 , and refractive indices
ng = 1.591, ~ = 1.581.

C.p. grade aq HN03 and "pure" grade pyridine
used to prepare pyridine nitrate. The result
ing sIn was evap to crystn, the solid recryst
and dried at 40-50·C. Compn confirmed by NO)
analysis with nitron: m.p. = l18·C, d 2D =
1.30 g cm-3 , and refractive indices ng =
1.660, ~ = 1.515.

Source and purity of water not specified.
ESTIMATED ERROR:
Soly: precision around 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
L Zhuravlev, E.F.; Gorshunova, V.P. Zh.

Neorg-. Khim. 1970, 15, 195.

2. Gorshunova, V.P.; Zhuravlev, E.F. Zh.
Neorg. Khim. 1970, 15, 1422.
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eOHPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9)

(2) Pyridine nitrate; C5H6N203; [543-53-3)

(3) Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:

Gorshunova, V.P.; Zhurav1ev, E.F. Zh. Neorg.

Khim. 1974, 19, 249-52; Russ. J. Inorg.

Chem. EngZ. TransZ. 1974, 19, 137-9.

EXPERIMENTAL VALUES: continued ••••••

The La(N03)3 - C5H5N.HN03 - H20 system at 50 0 e

Composition of saturated solutionsa

La(N03) 3 C5H5N'HN0 3

mass % mol -1 mass % mol -1 n 50 of the solid phasekg kg D nature

--- ---- 80.0 28.15 1. 4850 C5H5N'HN035.0 0.93 78.5 33.48 1.4960 "9.5 2.09 76.5 38.45 1. 5050 "12.3 3.10 75.5 43.55 1.5091 "16.5 5.35 74.0 54.81 1.5170 "
26.5 4.74 56.3 23.03 1. 5150 La(N03)3·2C5H5N.HN03·4H20
35.5 6.07 46.5 18.18 1.5020 11

37.0 5.42 42.0 14.07 1. 4912
"52.0 4.57 13.0 2.61 1.4470 "

65.5 7.47 7.5 1.95 1.4885 La(N03)3' 6H20
65.5 6.95 5.5 1.33 1.4830 "65.5 6.72 4.5 1.06 1.4800

"66.5 6.71 3.0 0.69 1.4770 "65.5 6.11 1.5 0.32 1.4730 "65.5 5.84 --- ---- 1.4720 "
a. Molalities calculated by the compilers.

COMMENTS AND/OR ADDITIONAL DATA:

The double nitrate 2C5H5N.HN03·La(N03)3·4H20 was isolated and its composition

confirmed by chemical analysis. Lanthanum was determined by the oxalate method,
nitrate was precipitated with nitron, water was determined by the Karl Fischer method,
and the pyridinium cation determined by difference. The density of this double
nitrate was d20 = 1.89 g cm- 3, and the refractive indices were ng = 1.614 and
np = 1.556. The source paper also discusses the results of differential thermal
analysis on this double nitrate. The double salt melts congruently at 75°C.
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COMPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Aniline nitrate; C6H8N203; [542-15-4]

(3) Water ; H20 ; [77 32-18-5]

VARIABLES:

Composition at 25°C and 50°C

ORIGINAL MEASUREMENTS:

Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1970, 15, 1422-4; Russ. J. Inorg.

Chem. Engl. Transl. 1970, 15, 729-30.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Composition of saturated solutionsa

La(N03)3 C6H5NH2·HN03
total moles
solutes in

% -1 mass % -1 1000 mol H2O ~o solid phase
bmass mol kg mol kg

--- --- 22.5 1.86 33.4 1.3725 A

6.0 0.24 17.0 1. 41 29.6 1. 3730 A

15.0 0.63 11.5 1.00 29.3 1.3771 A

22.5 1.00 8.0 0.74 31.1 1. 3833 A

29.5 1.42 6.5 0.65 37.4 1.3931 A

37.5 1. 97 4.0 0.44 43.3 1.4060 A

47.0 2.92 3.5 0.45 60.7 1.4250 A

58.5 4.45 1.0 0.16 82.6 1. 4520 A + B

58.5 4.34 --- --- 77.9 c 1. 4510 B

a. Molalities calculated by M. Salomon.

b. Solid phases: A = C6H5NH2·HN03 B = La(N03)3·6H20

c. Based on this value, the compilers compute soly of La(N03)3 = 4.32 mol kg-I.

continued .••..•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubilities were determined by the
method of isothermal sections (1) which
involves the measurement of refractive
indices of saturated solutions along directed
sections of the phase diagram. Mixtures of
known composition were equilibrated until
their refractive indices were constant after
repeated measurements. Time required to
reach equilibrium was 8-12 hours. The
results were used to graph the relation
between the refractive indices and the
composition of the components for each of
the sections studied. The graphs were used
to find the break points corresponding to
the composition of the saturated solutions.

SOURCE AND PURITY OF MATERIALS:

C.p. grade La(N03)3·6H20 was used.

Aniline nitrate, C6H5NH2·HN03, was a "pure"
grade and recrystallizea twice from
aqueous solution.

Water was doubly distilled.

ESTIMATED ERROR:
Soly: precision of 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhuravlev, E.F.; Sheveleva, A.D. Zh. Neorg.

Khim. 1960, 5, 2630.
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(1) Lanthanum nitrate; La(N03) 3; [10099-S9-9]

(2) Aniline nitrate; C6H8N20
3

; [S42-lS-4]

(3) Water ; H20 ; [7732-l8-S]

Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neopg.

Khim. 1970, 15, 1422-4; Russ. J. Inopg.

Chem. Engl. Tpansl. 1970, 15, 729-30.

EXPERIMENTAL VALUES: continued.•.•.•

The La(N03)3 - C6HSNH2 ·HN03 - H2O system at SO°C

Composition of saturated solutionsa

La(N0 3)3 C6HSNH2 ·HN0 3
total moles
solutes in

mass % mol -1 mass % -1 1000 mol H2O n 50 solid phasebkg mol kg D
--- --- 49.S 6.28 113.2 1. 426S A

4.0 0.23 43.0 S.20 97.6 1. 4232 A

11.0 0.63 3S.0 4.lS 86.0 1. 4203 A

18.0 LOS 29.0 3.S0 81.6 1.4200 A

24.S ] .44 23.0 2.81 76.0 1. 4207 A

32.S 1.98 17.0 2.16 74.6 1.4260 A

43.0 2.88 11.0 l.S3 79.2 1. 43S8 A

S4.0 4.lS 6.0 0.96 91. 8 1.4S00 A

66.0 6.16 1.0 0.19 111.1 1. 4711 A + B

66.0 6.06 O.S 0.096 110.6 1. 4710 B

6S.S S.84 --- --- 10S.2 1. 4708 B

a. Molalities calculated by M. Salomon.

b. Solid phases:

COMMENTS AND/OR ADDITIONAL DATA:

The phase diagrams for the 2SoC and SO°C isotherms are of the eutonic type.
The crystallization field of C6HSNHZ·HN03 occupies a large concentration range whereas
the field of La(N03)3·6H20 is not very extensive. This is shown by the significant
enrichment of the eutonic solutions by lanthanum nitrate. The ratio of the salt
components at the invariant points are found more precisely by the graphical method:
i.e. by plotting the salt composition of the saturated solutions against either the
refractive index or the sum of moles of total solutes per 1000 moles of water. The
results of these more precise determinations of the composition at the invariant points
are:

2SoC

SO°C

mol % La(N03)3 = 98.S (63.7 mass % or S.47 mol -1 compilers) .kg ,

mol % C6HSNH2·HN03 = 1.S (0.47 mass % or 0.083 mol -1 compilers) •kg ,

mol % La(N03)3 = 98.3 (63.6 mass % or S.46 mol -1 compilers) .kg ,

mol % C6HSNH2 ·HN03 = 1.7 (0.S3 mass % or 0.094 mol -1 compilers) •kg ,

"D"13-E
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Khim. 1973, 18, 1688-90; Russ. J. Inorg.

Chem. EngZ. TransZ. 1973, 18, 890-1.

COMPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Quinoline nitrate; C9H8N203; [21640-15-3]

(3) Water ; H20 ; [7732-18-5]

ORIGINAL MEASUREMENTS:

Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

VARIABLES:

Composition at 25·C and 50·C

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:
The La(N03)3 - C9H7N.HN0 3 - H2O system at 25·C

Composi tion of saturated solutionsa

La(N03)3
-1

C9H7N.HN0 3
-1mass % mol kg mass % mol kg n 50 nature of the solid phaseD

--- ---- 76.0 16.48 1. 5340 C9H
7
N.HN032.3 0.31 75.0 17.19 1. 5390
"

8.7 0.86 60.0 9.97 1. 5072 La(N03)3·C9H7N.HN03·4H20
11.5 0.86 47.2 5.95 1. 4753

"13.5 0.92 41. 2 4.72 1. 4628
"17.0 1.01 31.0 3.10 1.4391
"20.0 1.06 22.0 1.97 1. 4220
"26.0 1.32 13.3 1.14 1.4086
"38.51 2.08 4.5 0.41 1.4100
"40.0 2.21 4.3 0.40 1.4160
"

58.0 4.35 1.0 0.13 1. 4531 La(N03)3·C9H7N.HN03·6H20 +
La(N03)3·6H20

58.5 4.34 --- ---- 1.4520 La(N03)3· 6H20

a. Molalities calculated by the compilers.

continued ••••....

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The solubilities were studied by the method
of isothermal sections (1,2). The refrac
tive indices of the liquid phases were
measured at 50·C. No other information
given.

For details on the method of isothermal
sections, see the compilations for references
1 and 2.

SOURCE AND PURITY OF MATERIALS;

C.p. grade La(N03)3·6H20 was recrystallized.

Commercial "pure" grade quinoline nitrate
was recrystallized.

Double distilled water was used.

ESTIMATED ERROR:
Soly: precision about 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES;
1. Zhuravlev, E.F.; Gorshunova, V.P.

Zh. Neorg. Khim. 1970, 15, 195.

2. Gorshunova, V.P.; Zhuravlev, E.F.
Zh. Neorg. Khim. 1970, 15, 1422.
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(1) Lanthanum nitrate; La(N03) 3; [10099-59-9]
Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg.

(2) Quinoline nitrate; C9H8N203; [21640-15-3] k~im. 1973, 18. 1688-90; Russ. J. Inorg.

(3) W t I, ° [7732 18 5] Chem. Engl. Transl. 1973, 18, 890-1.a er ; "2 ; --

EXPERIMENTAL VALUES: continued .

The La(N03)3 - C9H7N.HN0 3 - H20 system at 50°C

Composition of saturated solutionsa

La(N03)3
-1

C
9

H
7
N.HN0 3

-1mass % mol kg mass % mol kg ~o nature of the solid phase

--- ---- 83.5 26.33 1.5600 C
9

H
7
N·HN03

1.6 0.31 82.5 27.00 1. 5620 "4.0 0.82 81.0 28.10 1.5640 "6.5 1. 48 80.0 30.84 1. 5681 "
15.0 1. 88 60.5 12.85 1. 5290 La(N03)3·C9H7N.HN03·4H20
25.6 2.11 37.0 5.15 1. 4792 "27.5 2.09 32.0 4.11 1.4721 "32.0 2.19 23.0 2.66 1. 4538 "37.0 2.39 15.4 1.68 1.4442 "48.0 3.28 7.0 0.81 1. 4449 "
65.5 6.07 1.3 0.20 1.4720 La(N03)3,C9H7N.HN03·4H20 +
65.5 5.93 0.5 0.08 1.4720

La(N03)3· 6H 20

65.5 5.84 --- ---- 1.4720 La(N0 3)3· 6H 20

a. Molalities calculated by the compilers.

COMMENTS AND/OR ADDITIONAL DATA:

The crystallization field for the double salt La(N03)3·C9H7N.HN03·4H20 dominates the

phase diagram. This double salt was isolated and its composition checked by chemical
analyses: La was determined by the oxalate method, nitrate was determined by precipitation
with nitron, was was determ~ned by the Karl Fischer method, and the quinolinium ion was
determined by difference. The density was measured pycnometrically in absolute benzene,
and the refractive indices were determined by the immersion method. The results are:

d 20 = 1.96 -3g cm

n = 1. 575g

n = 1. 536p

The solubility of this double salt in pure water was measured with the following results:

At 25°C, soly = 48.9 mass % (1.62 mol kg-I, compilers).

At 50°C, soly = 64.8 mass % (3.12 mol kg-I, compilers).
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(3) Water; H20; [7732-18-5]

(2) Benzamide; C7H7NO; [55-21-0]

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Runov, N.N.; Shchenev, A.V. Zh. Neo~g. Khim.

1980, 25, 721-4; Russ. ,T. Ino~g. Chern.

Engl. T~ansl. JJ_~~, 25, 394-6.

VARIABLES: PREPARED BY:

Composition at 25°C and 60°C T. Mioduski and S. Siekiersk~

EXPERIMENTAL VALUES:
25°C

La(N03)3 soly C6H5CONH2 soly

mass % mol -1 mass % mol kg- lkg
1. 36 0.114

13.37 0.483 1. 44 0.140
21.43 0.857 1.62 0.174
29.37 1.310 1.65 0.197
41.49 2.247 1. 67 0.243
47.48 2.881 1.80 0.293

60.35 4.861 1. 44 0.311

58.76 4.385

60°C
5.26 0.458

25.54 1.164 6.92 0.846
33.14 1. 795 10.04 1.459
34.39 2.431 22.07 4.184
29.48 3.801 46.65 16.133
31.68 6.011 52.10 26.515

40.12 6.083 39.58 16.095
46.32 6.462 31. 62 11.832
48.17 6.271 28.19 9.844
56.43 6.947 18.57 6.132

69.45 7.495 2.03 0.588

69.50 7.013

Isotherma

nature of the solid phase
C6H5CONH2

C6H5CONH3 + La(N03)3· 6H20

La(N03)3· 6H20

Isotherm

La(N03)3·3C6H5CONH2·3H20 + La(N03)3· 6H 20

La(N03)3· 6H20

a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

50
mass %

II-60°C

Z5

REFERENCES:

1. Tarakanov, V.F.; Shchenev, A.V. V. sb.
Fiz. Khim. Issled. Ravnovesii v
Rastvoraoh 1978, 169, 52 (Republican
Conferenoe: Physiooohemioal Investiga
tions of Equilibria in Solutions).

ESTIMATED ERROR:

Soly: precision probably about ± 0.3 mass %
units, but accuracy appears to be poor.
For the binary La(N03)3-H20 system at
25°C and 60°C, the soly of the nitrate
appears to be too low by about 5%.

Temp: precision probably around 0.1 to 0.2
K (compilers).

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method used (1). Benzamide was Nothing specified.
determined by the Kjeldahl method, and La
by complexometric titration using xylenol t.HltDNHz
orange indicator. The equilibrated solid
phases were presumably analysed, but no
details given. These solids were studied by
IR-spectroscopy (solid samples were powdered
in liquid paraffin or fluorinated oils).
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COHPONENTS: EVALUATOR:
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(1) Lanthanum nitrate; La(N0
3

)3; [1099-59-9] Mark Salomon

U.S. Army Electronics Technology and Devices
Laboratory

(2) Organic solvents Fort Monmouth, NJ, USA

November 1982

CRITICAL EVALUATION:

The solubility of La(N0 3)3 or La(N03)3.6H20 in thirty-six organic solvents has been
reported in seven publications (1-7). W~th the exception of the data reported by Moeller
et al. (2,3), all data from (1,4-7) are of poor accuracy due to a combination of poor
exper~mental technique, ~mpure materials, and ill defined conditions. Even when
comparisons can be made, the agreement is so poor that none of the data can be critically
evaluated. For example in the system of l-hexanol equilibrated with La(N03)3.6H20, the
solubil~ty of La(N0 3)3 reported in (1) is 0.418 mol kg- l (compiler's calculation) which
d~fferssignificantlyfromthe value of 0.264 mol kg- l reported in (4). The results for
diethyl ether solutions reported in (6) and (7) differ by 1 to 2 orders of magnitude and is
probably due to a combinat~on of poor experimental techniques and water impurity.

A number of the systems studied are ill defined since it appears to the evaluator that
phase separation could have occurred, but was not reported. For example in the system of
l-hexanol equillbrated with La (N03) 3' 6H20 reported by Stewart and Wendlandt (1), the
compiler calculated the water content of the solutions to be 4.0 mass % H20 based on the
solubil~ty of 1.468 mol kg- l La(N0 3)3 at 298 K. At 293 K the solubility of water in
l-hexanol is 0.71 mass % (8) which thus raises the question of possible phase separation.
Templeton and Daly (4) report the water content of this identical system to be 4.8 mass %.
S~milar problems exist with an ill defined water content of La(N03)3 saturated solutions
in o-toluidine (1), cyclohexanone (1), and methylacetate (1) (see the compilations for
deta~ls).

One publication (9) was completely rejected (i.e. not compiled) because of its
questionable significance. This paper reports the mutual solubilities of Th(N03)4'
ZrO(N03)2' Ca(N0 3)2' and a mixture of Y, La and the thirteen stable lanthanide nitrates
in 2-octanone (methyl-n-hexyl ketone) and in 3-methyl-l-butanol (isoamyl alchol). The
authors only report the total rare earth nitrate solubility.

At this time the only data which appear to be sufficiently reliable to be classified
as tentative solubility data are those reported by Moeller et al. (2,3) for the solubility
of La(N0 3)3 ~n ethanolamine, ethylenediamine, and morpholine at 303.2 K (see the
comp~lations for details).

1. Stewart, D.F.; Wendlandt, W.W. J. Phys. Chern. 1959, 63, 1330.
2. Moeller, T,; Zimmerman, P.A. J. Arn. Chern. Soc. 1953, 75, 3950.
3. Moeller, T.; Cullen, C.W. J. Inorg. Nucl. Chern. 1959, 10, 148.
4. Templeton, C.C.; Daly, L.K. J. Arn. Chern. Soc. 19~73, 3989.
5. Wendlandt, W.W.; Bryant, J.M. J. Phys. Chern. 19~60, 1145.
6. Wells, R.C. J. Wash. Acad. Sci. 1930, 20, l4~
7. Hopkins, B.S.; Quill, L.L. Proc. Natl. Acad. Sci. U.S.A. 1933, 19, 64.
8. Addison, C.C. J. Chern. Soc. 1945, 98.
9. Rothschild, B.F.; Templeton,-C:.I:.; Hall, N.F. J. Phys. Colloid. Chern. 1948, 52, 1006.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0 3)3; [10099-59-9] Stewart. D.F.; Wendlandt. W.W.

(2) Methanol; CH40; [67-56-1]

(3) Water ; H20 ; [7732-18-5]

cT. Phys. Chern. 1959. 63. 1330-1.

VARIABLES: PREPARED BY:

One temperature: 25.0°C Mark Salomon

EXPERIMENTAL VALUES:

Original data:
La(N03)3·6H20/mass %

87.45

87.47

-1
LlHsln/kcal mol

-3.75

-3.58

Compiler's conversions for anhyd~~~sal~:

average solubility of La(N03)3 = 65.63 mass % -1(5.876 mol kg )

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equilibrated
solution is unknown. The water content of the equilibrated solution saturated with
La(N03)3 was calculated by the compiler as 21.83 mass % H20.

Based on the duplicate analysis. an average precision of ± 0.02 mass % is indicated.
However due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g. temperature at which centrifuging was carried out).
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS;

La(N03)3.6HZO was prepared from 99.99 %
LaZ03 and aqueous nitric acid. The solution
was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over conc
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6HZO in a
desiccator.

Methanol was stock material obtained from a
commercial supplier.

J. Am.W.W.

See COMHENTS above.

ESTIMATED ERROR:

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of CH 30H
were placed in 25 x 160 mm screw-cap vial.
sealed with paraffin. and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± 0.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days.
but the solutions was equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

Heats of solution were measured calorimetric- I--=~ --------------------l
ally as described in (1). The solvent used REFERENCES:
for this determination was dried and 1. Van Tassel, J.H.; Wendlandt,
fractionated. Chern. Soc. 1959, 81, 813.



COMPONENTS:

Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Ethanol (ethyl alcohol); C2H60; [64-17-5]

(3) Water; H20; [7732-18-5]

VARIABLES:

Water content at 25°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Solubility at 25°C

water content/mass % La(N03)3· 6H20 La(N03)3 a tl Hsln
a -1 -1initial final mass % mass % mol kg kol mol

7.59 b 25.78 72.86 54.67 3.712 2.58
7.59 b 25.88 73.28 54.99 3.760 2.58
0 17.95 71.89 53.94 3.605 1.57
0 17.90 71.69 53.79 3.583 1.64

a. Calculated by the compiler.

b. Authors state the initial solvent was 95% alcohol. The compiler assumes
this to be 95% by volume which contains 7.59 mass % water (1). The total
water content is thus the initial water plus the water of hydration.

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed, and the type of solvate formed in the equili
brated solution is unknown.

Based on the duplicate analysis, an average precision of ± 0.2 mass % is indicated.
However, due to the unknown purity of the solven~ and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of solvent
were placed in 25 x 160 mm screw-cap vials,
sealed with paraffin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± 0.2°C
and mechanically rotated end-aver-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

Heats of solution were measured calorimetric
ally as described in (2). The solvent used
for this determination was dried and frac
tionated.

SOURCE AND PURITY OF MATERIALS:

La(N03)3'6H20 was prepared from 99.99 %
La203 and aqueous nitric acid. The solution
was evaporated and the remaining solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over conc
sulfuric acid followed by drying over
partially dehydrated La(N03)3'6H20 in a
desiccator.

The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

REFERENCES:

1. Lange, N.A.; Forker, G.M. Handbook of
Chemistry. Mc-Graw Hill. N.Y. 1961.
Tenth Edition.

2. Van Tassel, J.H.; Wendlandt, W.W. J. Am.
Chern. Boa. 1959, 81, 813.



112

COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(Z) 1,Z-Ethanediol (ethylene glycol);
CZH60 Z; [107-Zl-l]

(3) Water; HZO; [773Z-l8-5]

VARIABLES:

One temperature: Z5:0°C

EXPERIMENTAL VALUES:

Original data:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

llark Salomon

La(N03)3'6HZO/mass %

84.06

84.07

Compiler's conversions for anhydrous salt:

average solubility of La(N0
3

)3 = 63.08 mass % (5.Z58 mol kg-I)

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0

3
)3 was calculated by the compiler as 20.98 mass % HZO.

Based on the duplicate analysis, an average precision of ± 0.01 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of solvent
were placed in 25 x 160 mm screw cap vials,
sealed with paraffin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± 0.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition to
the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6HZO was prepared from 99.99 %
La20

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over conc
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6H20 in a
desiccator.

1,2-ethanediol was stock material obtained
form a commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

REFERENCES:
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Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) 2-Methoxyethanol; C3H80 2 ; [109-86-4]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Original data: La(N03)3'6H20/mass %

77 .93

78.06

-3.74

-3.58

Compiler's conversions for anhydrous salt:

average solubility of La(N0
3

)3 = 58.53 mass % (4.343 mol kg-I)

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N03)3 was calculated by the compiler as 19.47 mass % H

2
0.

Based on the duplicate analysis, an average precision of ± 0.07 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of
CH

3
0CH

2
CH

2
0H were placed in 25 x 160 mm

screw-cap vials, sealed with paraffin, and
allowed to stand at room temperature
(25-35°C) for several hours with periodic
shaking. The vial was then placed in a
water bath at 25 ± 0.2°C and mechanically
rotated end-over-end at 30 r.p.m. Pre
liminary experiments indicated that equili
brium was established in 4 days, but the
solutions were equilibrated for at least
7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was prepared from 99.99 %
La20

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over conc
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6H20 in a
desiccator.

The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:

See COHl-IENTS above.

REFERENCES:

Heats of solution were measured
metrically as described in (1).
used for this determination was
fractionated.

SDS13-E*

calori-
The solvent

dried and

1. Van Tassel, J.H.; Wendlandt, W.W. J. Am.
Chern. Soa. 1959, 81, 813.
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0
3
)3; [10099-59-9)

(Z) Z-Ethoxyethanol (cellosolve, ethylene
glycol ethyl ether); C4Hl00 2; [110-80-5)

(3) Water; HZO; [773Z-l8-5]

VARIABLES:

One temperature: Z5.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Original data: -1
L'lHsln/kcal mol

70.00

70.07

Compiler's conversions for anhydrous salt:

-1. 78

-1. 76

-1
average solubility of La(N0

3
)3 = 5Z.55 mass % (3.409 mol kg )

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0

3
)3 was calculated by the compiler as 17.48 mass % HZO.

Based on the duplicate analysis, an average precision of ± 0.04 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of
CH3CH

Z
OCH

2
CHZOH were placed in Z5 x 160 mm

screw-cap vials, sealed with paraffin, and
allowed to stand at room temperature (25
35°C) for several hours with periodic shak
ing. The vial was then placed in a water
bath at Z5 ± O.ZoC and mechanically rotated
end-over-end at 30 r.p.m. Preliminary ex
periments indicated that equilibrium was
established in 4 days, but the solutions
were equilibrated for at least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum graVimetrically by
precipitating as the oxalate and ignition
to the oxide.

Heats of solution were measured calori
metrically as described in (1). The solvent
used for this determination was dried and
fractionated.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6HZO was prepared from 99.99 %
La

Z
0

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over co~

sulfuric acid followed by drying over par
tially dehydrated La(NOj)3·6HZO in a
desiccator.
Z-Ethoxyethanol was stock material obtained
from a commercial supplier.

ESTIMATED ERROR:

See COM1'lENTS above.

REFERENCES:

1. Van Tassel, J.H.; Wendlandt, W.W.
J. Am. Chern. 80a. 1959, 81, 813.



COMPONENTS;

Organic solvent systems

ORIGINAL MEASUREMENTS;
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(1) Lanthanum n1trate; La(N03)3; [10099-59-9] Moeller, T.; Zimmerman, P.A. J. Am. Chern.

(2) 2-Aminoethanol (ethanolamine); C2H7NO;

[141-43-5]

VARIABLES:

One temperature: 30°C

EXPERIMENTAL VALUES:

Soc. 1J~~, 75, 3950-3.

PREPARED BY:

T. Mioduski and S. Siekierski

7.75 g/IOO g solvent

The compilers have converted this value to mola11ty:

0.239 mol kg-l

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

~he isothermal method was used. Reaction
Inixtures were sealed in 25 x 200 mm test
tubes and thermostated for one week at 30 ±
0.05°C, and frequently agitated.
The density of the supernatant liquid was
determined pycnometrically, and the lanthanum
content determined by precipitating the
hydrous hydroxide from measured volumes by
adding excess and weighing the ignited oxide.

All anhydrous substances were handled in a
dry box through which a current of nitrogen
was passed. The nitrogen was freed of C02
and moisture by passage through concentrated
sulfuric acid, soda lime, and Drierite. All
solutions were prepared in the dry box, and
all apparatus containing these solutions
were sealed before being removed.

SOURCE AND PURITY OF MATERIALS:

Lanthanum oxide was converted to the nitrate
by high temperature reaction with NH 4N03 .
Unreacted NH4N03 was removed by heating in
N2 and then in vacuo. The oxide, obtained
from University stocks, contained traces of
other rare earth metals.
Ethanolamine was purified as in (1). Its
boiling point was 168°C (uncor), density
of 1.0108 g/ml at 26.5°C (lit. 1.0106 g/ml),
and electrolytic conductivity at 20°C was
1.93 x 10-5 S em-I. The solvent was stored
in wax sealed glass stoppered flasks.
ESTIMATED ERROR:

Soly: precision probably around ± 1 %
(compilers) •

Temp: thermostat control was ± 0.05 K, but
uncertainty due to handling during
analysis is closer to ± 0.5 K
(compilers) •

REFERENCES:

1. Dirkse, T.P.; Briscoe, H.T. Metal Ind.
1938, 36, 284.
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) I-Propanol; C3H80; [71-23-8]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Original data: La(N03)3·6H20/mass %

45.15

45.23

-1
lIHsln/kcal mol

6.30

6.47

Compiler's conversions for anhydrous salt:

average solubility of La(N0
3

)3 = 33.91 mass % (1.579 mol kg-I)

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0

3
)3 was calculated by the compiler as 11.28 mass % H20.

Based on the duplicate analysis, an average precision of ± 0.04 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of
CH

3
CH2CH20H were placed in 25 x 160 mm

screw-cap vials, sealed with paraffin, and
allowed to stand at room temperature
(25-35°C) for several hours with periodic
shaking. The vial was then placed in a
water bath at 25 ± O.2°C and mechanically
rotated end-over-end at 30 r.p.m. Pre
liminary experiments indicated that equili
brium was established in 4 days, but the
solutions were equilibrated for at least
7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was prepared from 99.99 %
La

2
0

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over conc
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6H20 in a
desiccator.
The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

REFERENCES:

Heats of solution were measured
metrically as described in (1).
used for this determination was
fractionated.

calori-
The solvent

dried and

1. Van Tassel, J.H.; Wendlandt, W.W.
J. Am. Chern. Soa. 1959, 81, 813.



COMPONENTS:

Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N0
3
)3; [10099-59-9]

(2) 2-Propanol (isopropanol); C
3
H

S
O;

[67-63-0]

(3) Water; H
2
0; [7732-lS-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Original data: La(N03)3·6H20/mass %

42.06

42.53

-1
llHsln/kcal mol

12.0

12.5

Compiler's conversions for anhydrous salt:

average solubility of La(N0 3)3

COMMENTS AND/OR ADDITIONAL DATA:

-1
= 31.74 mass % (1.431 mol kg )

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N03)3 was calculated by the compiler as 10.56 mass % HZO.

Based on the duplicate analysis, an average precision of ± 0.2 mass % is indicated.
However, due to the unknown purity of the solvent and the uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of CH

3
CHOHCH

3were placed in 25 x 160 mm screw-cap vials,
sealed with paraffin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± O.ZoC
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicatec
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS;

La(N03)3·6HZO was prepared from 99.99 %
La20 3 and aqueous nitric acid. The solutio!
was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6H20 in a
desiccator.
The alcohol was stock material obtained fro~

a commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

Heats of solution were measured
metrically as described in (1).
used for this determination was
fractionated.

calori-
The solvent

dried and

REFERENCES;

1. Van Tassel, J.H.; Wendlandt, W.W.
J. Am. Chern. 80a. 1959, 81, 813.
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0
3
)3; [10099-59-9]

(2) 2-Propene-l-ol (allyl alcohol; C3H60;
[107-18-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Original data: La(N03)3·6H20/mass %

47.01

46.89

-1
tlHsln/kcal mol

9.85

9.79

Compiler's conversions for anhydrous salt:

average solubility of La(N0 3)3

COMMENTS AND/OR ADDITIONAL DATA:

-1= 35.23 mass % (1.674 mol kg )

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0 3)3 was calculated by the compiler as 11.72 mass % H20.

Based on the duplicate analysis, an average precision of ± 0.06 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of
H2C=CHCH20H were placed in 25 x 160 mm
screw-cap vials, sealed with paraffin, and
allowed to stand at room temperature
(25-35°C) for several hours with periodic
shaking. The vial was then placed in a
water bath at 25 ± 0.2°C and mechanically
rotated end-over-end at 30 r.p.m. Pre
liminary experiments indicated that equili
brium was established in 4 days, but the
solutions were equilibrated for at least
7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was prepared from 99.99 %
La20 3 and aqueous nitric acid. The solutior
was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filteree
and excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6H20 in a
desiccator.

The alcohol was stock material obtained fron
a commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

REFERENCES:

Heats of solution were measured calori- 1.
metrically as described in (1). The solvent
used for this determination was dried and
fractionated.

Van Tassel, J.R.; Wendlandt, W.W. J. Am.
Chern. Soo. 1959, 81, 813.
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Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) 1.2.3-Propanetriol (glycerol); C3H803 ;
[56-81-5]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Original data:

Stewart. D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

81.66

81.45

Compiler's conversions for anhydrous salt:

average solubility for La(N03)3

COMMENTS AND/OR ADDITIONAL DATA:

-1= 61.20 mass % (4.854 mol kg )

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The ~ater content of the equilibrated solution saturated
with La(N0

3
)3 was calculated by the compiler as 20.36 mass % H20.

Based on the duplicate analysis, an average precision of ± 0.10 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out).
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;

Isothermal method used. Excess lanthanum La(N03)3·6H20 was prepared from 99.99 %
nitrate hexahydrate and 10 ml of La ° and aqueous nitric acid. The
CH20HCH20HCH20H were placed in 25 x 160 mm sofuiion was evaporated and the resulting
screw-cap vials, sealed with paraffin, and solid redissolved in water and evaporated
allowed to stand at room temperature (25- to crystallization. The crystals were
35°C) for several hours with periodic filtered and excess water removed by drying
shaking. The vial was then placed in a over conc sulfuric acid followed by drying
water bath at 25 ± 0.2°C and mechanically over partially dehydrated.La(N03)3.6H20 in
rotated end-over-end at 30 r.p.m. Pre- a desiccator.
liminary experiments indicated that Glycerol was stock material obtained from a
equilibrium was established in 4 days. but commercial supplier.
the solutions were equilibrated for at least f-::'E':'S:::T':'IMA:-:-:::TE':":'D-E':'R-R-O-:-:R"3-:---------------;
7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

See COHMENTS above.

REFERENCES:
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) 1-Butanol; C4'1 100; [71-36-3]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 25.0 oC

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

!lark Salomon

Original data: La(N03)3·6H20/mass %

28.74

28.75

-1
l'lHs1n /kcal mol

8.46

8.34

Compiler's conversions for anhydrous salt:

average solubility of La(N0 3)3

COMMENTS AIID/OR ADDITIONAL DATA:

-1= 21.57 mass % (0.846 mol kg )

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0

3
)3 was calculated by the com?iler as 7.18 mass %H20.

Based on the duplicate analysis, an average percision of ± 0.01 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of
CH

3
CH2CH2CH

Z
OH were placed in 25 x 160 mm

screw-cap v~als, sealed with paraffin, and
allowed to stand at room temperature (25
35°C) for several hours with periodic
shaking. The vial was then placed in a
water bath at 25 ± 0.2°C and mechanically
rotated end-over-end at 30 r.p.m. Pre
liminary experiments indicated that equili
brium was established in 4 days, but the
solutions were equilibrated for at least
7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was prepared from 99.99 %
La ° and aqueous nitric acid. The
solution was evaporated and the resulting
solid redissolved in water and evaporated
to crystallization. The crystals were
filtered and excess water removed by
drying over cone sulfuric acid followed
by drying over partially dehydrated La(NOri
6H20 in a desiccator.
The alcohol was stock material obtained
from a commercial supplier.

ESTIMATED ERROR:

See COUUENTS above.

REFERENCES:

Heats of solution were measured
metrically as described in (1).
used for this determination was
fractionated.

calori-
The solvent

dried and

1. Van Tassel, J.H.; Wendlandt, W.W.
J. Am. Chern. Soa. 1959, 81, 813.
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Organic solvent systems

ORIGINAL MEASUREMENTS:
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~l) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) 2-Butanol (sec-butyl alcohol); C4H100;
[78-92-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Original data: La(N03)3·6H20/mass %

13.84

13.65

Compiler's conversions for anhydrous salt:

average solubility of La(N0
3

)3 = 10.32 mass % (0.354 mol kg-I)

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0

3
)3 was calculated by the compiler as 3.43 mass % H20.

Based on the duplicate analysis, an average precision of ± 0.1 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of
CH3CH2 CHOHCH

3
were placed in 25 x 160 mm

screw-cap vials, sealed with paraffin,
and allowed to stand at room temperature
(25-35°C) for several hours with periodic
shaking. The vial was then placed in a
water bath at 25 ± 0.2°C and mechanically
rotated end-over-end at 30 r.p.m. Pre
liminary experiments indicated that equili
brium was established in 4 days, but the
solutions were equilibrated for at least
7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3'6H20 was prepared from 99.99 %
La203 and aqueous nitric acid. The solution
was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over conc
sulfuric acid followed by drying over par
tia~ly dehydrated La(N03)3'6H20 in a
desl.ccator.

The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

REFERENCES:
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(Z) 2-Hethyl-l-propanol (isobutyl alcohol);
C4HlOO; [78-83-1]

(3) Water; HZO; [773Z-l8-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Original data:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

La(N03)3·6HZO/mass %

14.98

15.15

Compiler's conversions for anhydrous salt:

-1
average solubility of La(N03)3 = 11.30 mass % (0.39Z mol kg )

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N03)3 was calculated by the compiler as 3.76 mass % HZO.

Based on the duplicate analysis, an average precision of ± 0.08 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of isobutyl
alcohol were placed in Z5 x 160 mm screw
cap vials, sealed with paraffin, and allowed
to stand at room temperature (Z5-35°C) for
several hours with periodic shaking. The
vial was then placed in a water bath at
Z5 ± O.OZoC and mechanically rotated end
over-end at 30 r.p.m. Preliminary experi
ments indicated that equilibrium was esta
blished in 4 days, but the solutions were
equilibrated for at least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:
La(N03)3·6HZO was prepared from 99.99 %
LaZ0

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6HZO in a
desiccator.

The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

REFERENCES:
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Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) 2-Methyl-2-propanol (t-butyl alcohol);
C4H100; [75-65-0]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Original data:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

21.23

21.63

Compiler's conversions for anhydrous salt:

average solubility of La(N03)3

COMMENTS AND/OR ADDITIONAL DATA:

-1
= 16.08 mass % (0.590 mol kg )

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N03)3 was calculated by the compiler as 5.35 mass % H20.

Based on the duplicate analysis, an average precision of ± 0.2 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of (CH3)3COH
were placed in 25 x 160 mm screw-cap vIals,
sealed with paraffin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± 0.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was prepared from 99.99 %
La203 and aqueous nitric acid. The solution
was evaporated and the resulting solid re
dissolved in water and evaporated to cry
stallization. The crystals were filtered
and excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6H20 in a desic
cator.
The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:
The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by See COlfr1ENTS above.
precipitating as the oxalate and ignition to
the oxide.

REFERENCES:
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0
3
)3; [10099-59-9]

(2) 1-Pentanol (amyl alcohol); C
5

H
I2

0;
[71-41-0]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

ExPERIMENTAL VALUES:

Original data:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

La(N03)3·6H20/mass %

13.52

13.53

Compiler's conversions for anhydrous salt:

average solubility of La(N0
3

)3

COMMENTS AND /OR ADDITIONAL DATA:

-1
= 10.15 mass % (0.348 mol kg )

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N03)3 was calculated by the compiler as 3.38 mass % H

2
0.

Based on the duplicate analysis, an average precision of ± 0.01 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILI ARY INFORHATION

METHOD APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of alcohol
CH3(CH2)3CHZOH were placed in 25 x 160 mm
screw-cap v~als, sealed with paraffin, and
allowed to stand at room temperature
(25-35°C) for several hours with periodic
shaking. The vial was then placed in a
water bath at 25 ± 0.2°C and mechanically
rotated end-over-end at 30 r.p.m. Pre
liminary experiments indicated that equili
brium was established in 4 days. but the
solutions were equilibrated for at least
7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was prepared from 99.99 %
La 203 and aqueous nitric acid, The solution
was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N0

3
)3,6H

2
0 in a desic

cator.

The alcohol was stock ma~erial obtained from
a commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

REFERENCES.
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Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N03)3; [10099-59-9J

~Z) 3-Pentanol; C5P. 1ZO; [584-0Z-lJ

(3) Water; H20; [773Z-l8-5J

VARIABLES:

One temperature: Z5.0oC

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Che~. 1959, 63, 1330-1.

PREPARED BY:

ltark Salomon

Original data: La(N03)3·6HZO/mass %

5.68

5.78

Compiler's conversions for anhydrous salt:

average solubility of La(N0 3)3 = 4.30 mass % (0.138 mol kg-I)

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N03)3 was calculated by the compiler as 1.43 mass % H

2
0.

Based on the duplicate analysis, an average precision of ± 0.05 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORNATION

METHOD/APPARATUS/PROCEDURE :

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of
(C ZH5)ZCHOH were placed in 25 x 160 mm
screw-cap vials, sealed with paraffin, and
allowed to stand at room temperature
(25-35°C) for several hours with periodic
shaking. The vial was then placed in a
water bath at 25 ± O.2°C and mechanically
rotated end-over-end at 30 r.p.m. Pre
liminary experiments indicated that equili
brium was established in 4 days, but the
solutions were eqUilibrated for at least
7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6HZO was prepared from 99.99 %
La Z0

3
and aqueous nitric acid. The solu

tion was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were f~l

tered and excess water removed by drying
over cone sulfuric acid followed by drying
over ~artially dehydrated La(N03)3·6H2o in
a des~ccator.

The alcohol was stock material obtained
from a commercial supplier.

ESTIMATED ERROR:

See CON~lENTS above.

REFERENCES:
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0
3
)3; [10099-59-9]

(2) 3-Methyl-l-butanol (isoamyl alchol);
C5H120; [123-51-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

llark Salomon

Original data: La(N03)3·6H20/mass %

11. 62

11.89

Compiler's conversions for anhydrous salt:

average solubility of La(N0
3

)3 = 8.821 mass % (0.298 mol kg-I)

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated sol~tion is unknown. The water content of the equilibrated solution saturated
with La(N03)3 was calculated by the compiler as 2.93 mass % H

2
0.

Based on the duplicate analysis, an average precision of ! 0.14 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than! 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of
(CH3)2CHCH2CH OH were placed in 25 x 160
screw-cap viafs, sealed with paraffin, and
allowed to stand at room temperature
(25-35°C) for several hours with periodic
shaking. The vial was then placed in a
water bath at 25 ! 0.2°C and mechanically
rotated end-over-end at 30 r.p.m. Pre
liminary experiments indicated that equili
brium was established in 4 days, but the
solutions were equilibrated for a least
7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3'6H20 was prepared from 99.99 %
LaZ03 and aqueous nitric acid. The solution
was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over
cone sulfuric acid followed by drying over
partially dehydrated La(N03)3·6H20 in a
desiccator.

The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

REFERENCES:
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Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) 2-~ethyl-2-butanol (t-amyl alcohol);
C5H120; [75-85-4]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Original data:

8.98

9.22

Compiler's conversions for anhydrous salt:

average solubility of La(N0
3

)3 = 6.83 mass % (0.23 mol kg-I)

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N03)3 was calculated by the compiler as 2.27 mass % H20.

Based on th~ duplicate analysis, an average precision of ± 0.12 % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of
C2H5C(CH3)20H were placed in 25 x 160 mm
screw-cap vials, sealed with paraffin,
and allowed to stand at room temperature
(25-35°C) for several hours with periodic
shaking. The vial was then placed in a
water bath at 25 ± 0.2°C and mechanically
rotated end-over-end at 30 r.p.m. Pre
liminary experiments indicated that
equilibrium was established in 4 days,
but the solutions were equilibrated for
at least 7 days.

The saturated solution was centrifuged
and analysed for lanthanum gravimetrically
by precipitating as the oxalate and
ignition to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was prepared from 99.99 %
La 0 and aqueous nitric acid. The
so!u~ion was evaporated and the resulting
solid redissolved in water and evaporated
to crystallization. The crystals were
filtered and excess water removed by drying
over cone sulfuric acid followed by drying
over partially dehydrated La(N03)3·6H20 in
a desiccator.
The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

REFERENCES:



128 Lanthanum nitrate

COMPONENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(Z) l-Hexanol; C6H140; [l1l-Z7-3]

(3) Water; HZO ; [773Z-l8-5]

ORIGINAL MEASUREMENTS:

Templeton, C.C.; Daly, L.K.

Soc. 1951, 73, 3989-91.

J. Am. Chern.

VARIABLES:

Solvent composition at Z5°C

EXPERIMENTAL VALUES:

PREPARED BY:

T. Mioduski, S. Siekierski and M. Salomon

The La(N0 3)3 - CH3(CHZ)50H - HZO system at Z5.00°C

a
solub~lity of La(N0 3)3

aqueous phaseb , c, d mass % mol kg- l

c dalcohol phase '

4.80 mass % water
4.78 mass % water

60.6
60.1

7.85
7.95

4.73
4.64

0.Z6Z
0.Z66

a. Molalities calculated by the compilers.
b. Alcohol content of aqueous phase not specified (analysis not carried out).
c. Solid phase said to be the hexahydrate La(N03)3·6HZO, but no analyses were

carried out (see comments below).
d. For the binary l-hexanol - HZO system at ZO°C, the solubility of alcohol in

water is 7.4 mass %, and the solubility of water in the alcohol is 0.71 mass %
(3) •

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

The isothermal method was used. All samples
were brought to equilibrium at Z5 ± 0.05°C.
Lanthanum was determined by ignition to the
oxide. In the alcohol phase water was
determined by Karl Fischer titration and the
alcohol detmd by difference. An attempt to
determine the water content of the aqueous
phase by Karl Fischer titration failed due to
precipitation (compilers presume the ppt is
lanthanum hydroxide).

COMMENTS AND/OR ADDITIONAL DATA:

The authors state that in all cases the
liquid-liquid region ends in an invariant
liquid-liquid-solid state in which the solid
is the hexahydrate, and cite Seidell's third
edition (1) in support of this conclusion.
However the compilers are not aware of any
studies on the solubility of lanthanum
nitrate in n-hexanol or aqueous n-hexanol
prior to the present work. Templeton (Z)
did publish a paper on the distribution of
La(N03)3·6HZO between water and n-hexanol
(unsaturated solutions).

SOURCE AND PURITY OF MATERIALS;

C.p. grade La(N03)3·6HZO (Eimer and Amend)
was used as received. Practical grade
n-hexanol (Eastman Kodak) was fractionated
twice, the middle fraction being retained
after each distillation.

No other information given.

ESTIMATED ERROR:
Soly: precision about ± 1 % (compilers).

Temp: control of thermostat was ± 0.05 K.

REFERENCES:
1. Seidell, A. Solubilities of Inorganic and

Metal Organic Compounds. D. Van Nostrand.
New York. 3rd edition. 1940.

Z. Templeton, C.C. J. Am. Chern. Soc. 1949,
71, 2187.

3. Addison, C. J. Chern. Soc. 1945, 98.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0
3

)3; [10099-59-9J Stewart, D.F.; Wendlandt, W.W.
(Z) I-Hexanol (n-hexyl alcohol); C

6
H

14
0; J. Phys. Chern. 1959, 63, 1330-1.

[111-Z7-3J

(3) Water; HZO; [773Z-l8-5J

VARIABLES: PREPARED BY:

One temperature: Z5.0°c Mark Salomon

EXPERIMENTAL VALUES:

Original data: La(N03)3·6HZO/mass %

16.01

15.88

-1lIHsln/kcal mol

10.4

9.Z4

Compiler's conversions for anhydrous salt:

-1
average solubility of La(N03)3 = 11.96 mass % (0.418 mol kg )

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0 3) 3 was calculated by the compiler as 3.98 mass % H20. Note that the
solubility of water in l-hexanol at ZO°C is reported to be 0.71 mass % (2). The authors
do not report the appearance of an aqueous phase.

Based on the duplicate analysis, an average precision of ± 0.07 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with the
experimental technique (e.g., temperature at which centrifug~ng was carried out), the
compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

See COMMENTS above.

The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:

SOURCE AND PURITY OF MATERIALS;

La(N03)3'6HZO was prepared from 99.99 %
LaZ0 3 and aqueous nitric acid. The solution
was evaporated and the resulting solid re
dissolved in water and evaporated to crystal
lization. The crystals were filtered and
excess water removed by drying over cone
sulfuric acid followed by drying over
partially dehydrated La(N03)3'6HZO in a
desiccator.

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum ni
trate hexahydrate and 10 ml of CH3(CHZ)4CHZOH
were placed in a Z5 x 160 mm screw-cap vial,
sealed with paraffin, and allowed to stand at
room temperature (25-35°C) for several hours
with periodic shaking. The vial was then
placed in a water bath at Z5 ± O.ZoC and
mechanically rotated end-over-end at 30 r.p.m.
Preliminary experiments indicated that equili
brium was established in 4 days, but the
solutions were equilibrated for at least 7
days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition to
the oxide.

Heats of solution were measured calorimetric- ~RE=F-:E:':RE=N~C-E~'S~:------------------;
ally as described in (1). The solvent used
for this determination was dried and 1. Van Tassel, J.H.; Wendlandt, W.W.
fractionated. J. Arn. Chern. Soa. 1959, 81, 813.

Z. Addison, C.C. J. Chern. Soa. 1945, 98.
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanuc nitrate; La(N03)3; [10099-59-9]

(2) Cyclohexanol; C6H120; [108-93-0]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Original data:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Uark Salomon

17.00

16.97

Compiler's conversions for anhydrous salt:

-1
average solubility of La(N03)3 = 12.75 mass % (0.450 mol kg )

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0

3
)3 was calculated by the compiler as 4.24 mass % H20.

Based on the duplicate analysis, an average precision of ± 0.02 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of C

6
HIIOH

were placed in 25 x 160 mm screw-cap vials,
sealed with paraffin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± 0.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was prepared from 99.99 %
La20

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6H20 in a desic
cator.
The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:

See COUllENTS above.

REFERENCES:
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Organic solvent systems

ORIGINAL MEASUREMENTS:

131

(1) Lanthanum nitrate; La(N0
3
)3; [10099-59-9]

(2) Benzyl alcohol; C
7
HSO; [100-51-6]

(3) Water; H20; [7732-lS-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Original data: La(N03)3·6H20/mass %

10.96

11.01

Compiler's conversions for anhydrous salt:

average solubility of La(N03)3

COMMENTS AND/OR ADDITIONAL DATA:

-1= S.243 mass % (0.276 mol kg )

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0

3
)3 was calculated by the compiler as 2.74 mass % H20.

Based on the duplicate analysis, an average precision of t 0.02 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than t 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of C6H

5
CH20H

were placed in 25 x 160 mm screw-cap vials,
sealed with paraffin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 t 0.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATE~IALS:

La(N03)3·6H20 was prepared from 99.99 %
La 203 and aqueous nitric acid. The solution
was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over conc
sulfuric acid followed by drying over par
tially dehydrated La(N03)3'6H20 in a desic
cator.
The alcohol was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:

See CmIHENTS above.

REFERENCES:



132 Lanthanum nitrate

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0 3)3; [10099-59-9]
Wells, R.C.

146-8.

J. Wash. Acad. Sci. 1930, 20,

(2) Diethyl ether; C4H
lO

O; [60-29-7]

VARIABLES: PREPARED BY:

Room temperature (about 20°C) T. Mioduski, S. Siekierski, M. Salomon

EXPERIMENTAL VALUES:

~x~~j~~p~Jc. This experiment involves the hydrated lanthanum nitrate'as the initial
so11d, and which the comp1lers assume to be the hexahydrate.

Authors report the solub1lity as O.OOOZ g LaZ03 in 10 ml ether.

This is equivalent to a La(N0 3)3 soly of 1.Z x 10-4 mol dm- 3 (compilers).

E~pe~jm~n5_J. This experiment involves lanthanum nitrate dehydrated as described
1n the METHOD/APPARATUS/PROCEDURE box below.

Authors report the solubility as 0.0001 g La Z03 in 10 ml ether.

-5 -3
This is equivalent to a La(N03)3 soly of 6.1 x 10 mol dm (compilers).

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:
The isothermal method was used. The soly of
lanthanum nitrate was determined in two
exper1ments in which the nature of the
initial solid phase differs.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

around ± 10 %

± 4 K (compilers).

REFERENCES:

Experiment Z. The remaining salt in the
flask was freed from ether, dissovled in
water and a few drops of HNO, added. The
solution was evaporated to dryness and
heated to 150°C. The solubility in ether
was then determ1ned again with this
"dehydrated" salt.

~~e£~men~. A few grams of lanthanum
nitrate (presumably the hexahydrate,
compilers) was added to about ZO ml of ether
in small stoppered flasks. The flasks were
periodically agitated and permitted to stand
at about ZO°C overnight. A 10 ml sample was
removed, filtered, the solvent evaporated
and the salt ignited to the oxide and weighe~~ ~

ESTIMATED ERROR:

Soly: precision probably
(compilers) .

Temp: precision probably



COMPONENTS:

Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Hophns, B.S.; Quill, L.L. Pr'oC'. N"ti. ~,·,)(I.

0C'i. U.S.A. ~32' 19, 64-8.
(2) Diethyl ether; C4H

lO
O; [60-29-7]

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

PREPARED BY:

T. Mioduski, S. Siekierskl, M. Salomon

The solubility of La(N03)3 in dlethyl ether at 25°C was given in the form of a small

diagram of solubility vs atomic number 2 for 2 = 57-64. In the absence of numerical
data, the compilers interpolated the solubllity from the published diagram. The
result is:

-3 -3soly of La(N0 3)3 = 0.6 g dm (0.0018 mol dm ).

COMMENTS AND/OR ADDITIONAL DATA:

The name Philip Kalischer appears on the diagram published in the source paper. The
compilers suspected that Mr. Kallscher was an MSc student of Prof. Hopkins and thus
contacted Ms. Susanne Redalje, the Assistant Chemistry Librarian at the Universlty
of Illinois at Urbana-Champaign. Ms. Redalje searched the University records for
references to a thesis or any publlcatl0n by Mr. Kalischer. The records show that
Mr. Kalischer attended classes for the Fall, Spring, and Summer semesters of
1930-1931. There is no indication that Mr. Kalischer had finished his studies or
submitted a thesis, and it is therefore apparent that the origlnal experlmental
data are lost. The compilers are most grateful to Ms. Redalje for all her help
in searching the University records and providing lmportant information on numerous
other lanthanide systems.

AUXILIARY INFOR}~TION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF ~~TERIALS;

No information is available, but based on No information available.
similar work by Hardy (1) being carried out
at the University of Illinois at the time,
it is likely that the isothermal method was
employed. The solubility data for neodymium
and praseodymium nitrates in several ethers
from Hardy's MSc Thesis are compiled else-
where in this volume, and the compilations
contain detailed information on the experi-
mental techniques which the compilers
assume were similar to those used by Mr.
Kalischer.

ESTIMATED ERROR:
No information available.

REFERENCES;

1. Hardy, 2.M. Master'S Thesis.
The University of Illinois. Urbana, II.
1932.
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) 2-Hydroxy ethyl ether (2 ,2 '-oxydiethanol ,
diethylene glycol); C4Hl003 ; [111-46-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0·C

EXPERIMENTAL VALUES:

Original data:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

La(N03)3·6H20/mass %

75.09

74.69

Compiler's conversions for anhydrous salt:

average solubility of La(N0
3
)3 = 56.20 mass % (3.948 mol kg-I)

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N03)3 was calculated by the compiler as 18.69 mass % H20.

Based on the duplicate analysis, an average precision of ± 0.2 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of solvent
(HOCH2CH2)20 were placed in 25 x 160 mm
screw-cap vials, sealed with paraffin, and
allowed to stand at room temperature
(25-35·C) for several hours with periodic
shaking. The vial was then placed in a
water bath at 25 ± 0.2·C and mechanically
rotated end-over-end at 30 r.p.m. Pre
liminary experiments indicated that equili
brium was established in 4 days, but the
solutions were equilibrated for at least
7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:
La(N03)3·6H20 was prepared from 99.99 %
La20

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(NO~)3'6H20 in a desic
cator.

The alcohol was stock material obtained from
a commercial supplier.
ESTIMATED ERROR:

See COliliENTS above.

REFERENCES;
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Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) l,4-Dioxane (p-dioxane); C4H802 ;

[123-91-1]

VARIABLES:

One temperature: 25·C

EXPERIMENTAL VALUES:

Hopkins, B.S.; Quill, L.L. Proa. NatZ. Aaad.

Sai. U.S.A. 1933, 19, 64-8.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

The solubility of La(N03)3 in p-dioxane at 25·C was given in the form of a small

diagram of solubility vs atomic number 2 for 2 a 57-64. In the absence of numerical
data, the compilers interpolated the solubility from the published diagram. The
result is:

-3soly of La(N03)3 a 3.8 g dm (0.012 mol dm-3)

COMMENTS AND/OR ADDITIONAL DATA:

It appears that the original experimental work was done by a Mr. P. Kalischer who was
a student at the University of Illinois at Urbana-Champaign. Attempts to locate the
original experimental data have failed, and it thus appears that these data are
lost (see the COMMENTS in the compilation for the La(N03)3 - diethyl ether system).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

No information is available, but based on No information available.
similar work by Hardy (1) being carried out
at the University of Illinois at the time,
it is likely that the isothermal method was
employed. The solubility data for neodymium
and praseodymium nitrates in several ethers
from Hardy's MSc Thesis are compiled else-
where in this volume, and the compilations
contain detailed information on the experi-
mental techniquies which the compilers
assume were similar to those used by Mr.
Kalischer.

ESTIMATED ERROR:

No information available.

REFERENCES:
1. Hardy, 2.M. Masters Thesis.

The University of Illinois. Urbana, IL.
1932.
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0 3)3; [10099-59-9]

(2) l,4-Dioxane (p-dioxane); C4H
8
0

2
;

[123-91-1]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Original data: La(N03)3·6H20/mass %

73.97

74.13

-1
AHsln/kcal mol

1. 66

1. 56

Compiler's conversions for anhydrous salt:

-1
average solubility of La(N0 3)3 = 55.57 mass % (3.849 mol kg )

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the
equilibrated solution is unknown. The water content of the equilibrated solution
saturated with La(N03)3 was calculated by the compiler as 18.48 mass % H20.

Based on the duplicate analysis, an average precision of ± 0.08 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out).
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXI LIARY INFORNATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of p-dioxane
were placed in 25 x 160 rom screw-cap vials,
sealed with pariffin, and allowed to stand
at room temperature (25-35°C) for several
~ours with periodic shaking. The vial was
then placed in a water bath at 25 ± 0.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
leas t 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS;

La(N03)3·6H20 was prepared from 99.99 %
La20

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid re
dissolved in water and evaporated to crystal
lization. The crystals were filtered and
excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N03)3'6H20 in a desic
cator.

Dioxane was stock material obtained from a
commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

REFERENCES:
Heats of solution were measured calorimetric-
ally as described in (1). The solvent used 1.
for this determination was dried and
fractionated.

Van Tassel, J.R.; Wendlandt, W.W.
J. Am. Chern. Soo. 1959, 81, 813.
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Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Acetone (2-propanone); C
3
H

6
0;

[67-64-1]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Original data:

76.64

76.43

Compiler's conversions for anhydrous salt:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

-1
llHsln/kcal mol

5.00

4.89

-1average solubility of La(N03)3 = 57.43 mass % (4.152 mol kg ).

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate found in the equili
brated solution is unknown. The water content of the equilibrated solution solution
with La(N03)3 was calculated by the compiler as 19.11 mass % H20.

Based on the duplicate analysis, an average precision of ± 0.11 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of CH 3COCH3
were placed in a 25 x 160 mm screw-cap Vial,
sealed with paraffin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± 0.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3'6H20 was prepared from 99.99 %
La203 and aqueous nitric acid. The solution
was evaporated and the resulting solid re
dissolved in water and evaporated to cry
stallization. The crystals were filtered
and excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N03)3'6H20 in a desic
cator.

Acetone was stock material obtained from a
commercial supplier.

ESTIMATED ERROR:

See COMMENTS above.

Heats of solution were measured
metrically as described in (1).
used for this determination was
fractionated.

SDS1J-r

calori-
The solvent

dried and

REFERENCES:

1. Van Tassel, J.H.; Wendlandt, W.W.
J. Am. Chern. 80a. 1959, 81, 813.



138

COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Cyclohexanone; C
6
H

lO
O; [108-94-1]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0·C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phus. Chern. 1959, 63, 1330-1.

PREPARED BY:

Mark Salomon

Original data: La(N03)3·6H20/mass %

42.84

43.24

-1lIH
sln

/kcal mol

12.4

16.4

Compiler's conversions for anhydrous salt:

-1average solubility of LaCN03)3 c 32.30 mass % (1.468 mol kg )

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the
equilibrated solution is unknown. The water content of the equilibrated solution
saturated with La(N0

3
)3 was calculated by the compiler as 10.74 mass % H 0. Note

that the solubility of H ° in cyclohexanone at 25'C is reported to be 8.~ mass % (2).
The authors do not repor~ the appearance of an aqueous phase.

Based on the duplicate analysis, an average precision of ± 0.2 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of C6HlO(cO)
were placed in 25 x 160 mm screw-cap vials,
sealed with paraffin, and allowed to stand
at room temperature (25-35'C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± O.2·C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

Heats of solution were measured calorimetric
ally as described in (1). The solvent used
for this determination was dried and
fractionated.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was prepared from 99.99 %
La20

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid re
dissolved in water and evaporated to crystal
lization. The crystals were filtered and
excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6H20 in a desic
cator.

Cyclohexanone was stock material obtained
from a commercial supplier.
ESTIMATED ERROR:

See COMMENTS above.

REFERENCES:
1. Van Tassel, J.H.; Wendlandt, W.W.

J. Am. Chern. Soa. 1959, 81, 813.

2. Doolittle, A.K. The Teahnology of
Solvents and Plastiaizers. Wiley. N.Y.
1954.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0 3)3; [10099-59-9]

(Z) Ethyl formate; C3H60Z; [109-94-4]

(3) Water; HZO; [773Z-18-5]

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 63, 1330-1.

VARIABLES: PREPARED BY:

One temperature: Z5.0°C Mark Salomon

EXPERIMENTAL VALUES:

Original data: La(N03)3·6HZO/mass %

50.04

50.01

-1
l>Hsln/kcal mol

lZ.9

lZ.O

Compiler's conversions for anhydrous salt:

-1average solubility of La(N0 3)3 = 37.54 mass % (1.850 mol kg )

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0 3)3 was calculated by the compiler as lZ.49 mass % HZO.

Based on the duplicate analysis, an average precision of ± O.OZ mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

ESTIMATED ERROR:

See COMMENTS above.

1. Van Tassel, J.H.; Wendlandt, W.W.
J. Am. Chern. Boa. 1959, 81, 813.

SOURCE AND PURITY OF MATERIALS:
La(N03)3·6HZO was prepared from 99.99 %
La

Z
0

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid re
dissolved in water and evaporated to crystal
lization. The crystals were filtered and
excess water removed by drying over cone suI
furic acid followed by drying over partially
dehydrated La(N03)3·6~ZO in a desiccator.

Ethyl formate was stock material obtained
from a commercial supplier.

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of HCOOCZHs
were placed in Z5 x 160 mm screw-cap v~als,

sealed with paraffin, and allowed to stand
at room temperature (Z5-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at Z5 ± O.ZoC
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

Heats of solution were measured calorimetric1-__------------------------------------------~
ally as described in (1). The solvent used REFERENCES:
for this determination was dried and
fract ionated.
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Uethyl acetate; C
3
H60 2 ; [79-20-9]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Original data:

62.88

62.85

Stewart, V.F.; Wendlandt, W.W.
J. Phys. Chern. 1959, 83, 1330-1.

PREPARED BY:

Mark Salomon

-1
II Hsln/kcal mol

6.03

5.93

Compiler's conversions for anhydrous salt:

average solubility of La(N0
3

)3 = 47.17 mass % (2.748 mol kg-I)

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0

3
)3 was calculated by the compiler as 15.69 mass % H20. Note that the

solubility of water in methyl acetate at 20°C is reported to be 8 mass % (Z). The
authors do not report the appearance of an aqueous phase.

Based on the duplicate analysis, an average precision of ± 0.02 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of CH

3
COOCH3were placed in 25 x 160 mm screw-cap vials,

sealed with paraffin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at Z5 ± 0.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments in
dicated that equilibrium was established
in 4 days, but the solutions were equili
brated for at least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

Heats of solution were measured calori
metrically as described in (1). The sol
vent used for this determination was dried
and fractionated.

SOURCE AND PURITY OF MATERIALS;

La(N03)3·6H20 was prepared from 99.99 %
LaZ0

3
and aqueous nitric acid. The solutioc

was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6HZO in a
desiccator.

Methyl acetate was stock material obtained
from a commercial supplier.

ESTIMATED ERROR:

See COMUENTS above.

REFERENCES:
1. Van Tassel, J.H.; Wendlandt, W.W.

J. Am. Chern. Soa. 1959, 81, 813.

2. Fuhner, H. Ber. Deut. Chern. GeseZZ.
1924, 57, 510.



COMPONENTS:

Organic solvent systems

ORIGINAL MEASUREMENTS:

141

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(Z) Ethyl acetate; C4H80Z; [141-78-6]

(3) Water; HZO; [773Z-l8-5]

Stewart, D.F.; Wendlandt, W.W.
J. ~ys. Chern. 1959, 63, 1330-1.

VARIABLES:

One temperature: Z5.0°C

EXPERIMENTAL VALUES:

Original data:

PREPARED BY:

!Iark Salomon

La(N03)3·6HZO/mass %

1. 73

1.89

Compiler's conversions for anhydrous salt:

average solubility of La(N03)3

COMlIENTS AND/OR ADDITIONAL DATA:

-1= 1.36 mass % (0.04Z mol kg )

The solid phase was not analysed and the nature of the solvate formed in the equili
brated solution is unknown. The water content of the equilibrated solution saturated
with La(N0 3)3 was calculated by the compiler as 0.45 mass % HZO.

Based on the duplicate analysis, an average precision of ± 0.09 mass % is indicated.
However, due to the unknown purity of the solvent and uncertainties associated with
the experimental technique (e.g., temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of CH

3
COOC

Z
H

5
were placed in Z5 x 160 mm screw-cap vials,
sealed with paraffin, and allowed to stand
at room temperature (Z5-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at Z5 ± O.ZoC
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
of the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6HZO was prepared from 99.99 %
LaZ0

3
and aqueous nitric acid. The solution

was evaporated and the resulting solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over conc
sulfuric acid followed by drying over par
tially dehydrated La(N03)3.6HZO in a
desiccator.

Ethyl acetate was stock material obtained
from a commercial supplier.

ESTIMATED ERROR:

See COll!IENTS above.

REFERENCES:
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N0 3)3; [10099-59-9]

(2) Acetonitrile; C2H3N; [75-05-8]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Stewart, D.F.; Wendlandt, W.W.
J. Phys. Chem. 1959, 63, 1330-1.

PREPARED BY:

Uark Salomon

Original data: La(N03)3'6H20/mass %

72.45

72.37

Compiler's conversions for anhydrous salt:

average solubility of La(N03)3 = 54.33 mass % (3.662 mol kg-I)

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the
equilibrated solution is unknown. The water content of the equilibrated solution
saturated with La(N0 3)3 was calculated by the compiler as 18.08 mass % H20.

Based on the duplicate analysis, an average precision of ± 0.04 mass % is
indicated. However, due to the unknown purity of the solvent and uncertainties
associated with the experimental technique (e.g., temperature at which centri
fuging was carried out), the compiler estimates an accuracy of no better than
± 1% for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of CH 3CN were
placed in 25 x 160 mm screw-cap vials,
sealed with parafin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± 0.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

~a(N03)3'6H20 was prepared from 99.99 %
~a203 and aqueous nitric acid. The solution
~as evaporated and the resulting solid re
~issolved in water and evaporated to crystal-
ization. The crystals were filtered and

excess water removed by drying over conc sul
~uric acid followed by drying over partially
~ehydrated La(N03)3·6H20 in a desiccator.

~cetonitrile was stock material obtained from
~ commercial supplier.

ESTIMATED ERROR:

See C01IMENTS above.

REFERENCES:



COMPONENTS:

Organic solvent systems

ORIGINAL MEASUREMENTS:

143

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Ethylenediamine; C2H8N2; [107-15-3]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

Water content of H2N.CH2CH2·NH2 at 30°C

EXPERIMENTAL VALUES:

Moeller, T.; Cullen, G.W. J. Inorg. Nucl.

Chem. 1959, 10, 148-52.

PREPARED BY:

Mark Salomon

solubility of La(N03)3

-3 2 -3ag dm 10 mol dmmass %

O.OOb
0.191
0.287
0.383
0.479
0.574
0.670

4.66
15.41
21.10
23.63
20.15
15.04

5.84

1.43
4.743
6.494
7.273
6.202
4.629
1.80

ESTIMATED ERROR:
Soly: accuracy probably around ± 1-2 %

(compiler) •

Temp: accuracy about ± 0.5 K (compiler).

SOURCE AND PURITY OF MATERIALS:

Ethylenediamine was purified and dried as in
(1). Freshly distilled product had an
electrolytic conductivity of 4.6 x 10- 7
S cm-l at 30°C which increased durin~
storage in the dry box to 1.36 x 10- S cm- l
due to absorption of water. Freshly
ignited 99.9+ % lanthanum oxide was convert
ed to the anhydrous nitrate by treatment
with nitrogen (IV) oxide (2).

a. Conversions to mol dm-3 units made by compiler.

b. The anhydrous nitrate is markedly dependent upon trace quantities of water.
The smallest solubility found was for freshly distilled solvent which was
3.81 g dm- 3 (0.0117 mol dm- 3). The largest solubility found was 5.88 g dm- 3
(0.0181 mol dm- 3): presumably this result is for the anhydrous solvent which
was stored in the dry box for an unspecified period of time. The authors
state that the previous result (3) of 24.5 g kg-l (0.0754 mol kg-I) is
probably in error due to the presence of considerable moisture. For this
reason the data in reference (3) for the La(N03)3-H2N.CH2CH2·NH2 system was
not compiled.

COMMENTS AND/OR ADDITIONAL DATA:

The anhydrous solution is colorless and the heat of solution is small. Traces of water
evolve considerable heat upon dissolution, and the solution is pale yellow. The heat
evolved upon dissolution is said to be sufficient to promote oxidation of the solvent
by the nitrate ion.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. A dry box
With a nitrogen atmosphere was used for
manipulation of all anhydrous materials.
Mixtures of solvent and solute were sealed in
25 x 200 mm test tubes and thermostated at
30.00 ± 0.025°C for four days. The tubes
were then centrifuged for 30 minutes, return
ed to the thermostat for 30 minutes, and
removed to the dry box for analysis. In the
dry box the supernatant was separated from
the solid by pipetting. Analysis was carried
out by addition of excess water to an aliquot,I- ~

removal of the hydrous hydroxide, and
ignition to the oxide which was weighed.
Temperature of the dry box was not specified.

REFERENCES:
1. Putnam, G.L.; Kobe, K.A. Trans. Electro

chem. Soc. 1938, 74, 609.
2. Moeller, T.; Aftandilian, V.D. J. Am.

Chem. Soa. 1954, 76, 5249.
3. Moeller, T.; Zimmerman, P.A. J. Am. Chem.

Soc. 1953, 75, 3950.



144 Lanthanum nitrate

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Moeller, T.; Zimmerman, P.A. J. Am. Chern.

(Z) Morpholine; C4H9NO; [110-91-8)

VARIABLES:

One temperature: 30°C

EXPERIMENTAL VALUES:

Soa. 1953, 75, 3950-3.

PREPARED BY:

T. Mioduski and S. Siekierski

The solubility of lanthanum nitrate in morpholine at 30°C was reported to be

3.74 g/lOO g solvent

The compilers have converted this value to molality:

0.115 mol kg- l

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Reaction
mixtures were sealed in Z5 x ZOO rom test
tubes and thermostated for one week at 30 ±
0.05°C with frequent agitation. The density
of the supernatant liquid was determined
pycnometrically, and the lanthanum content
determined by precipitating the hydrous
hydroxide from an aliquot by adding excess
water, and igniting to the oxide and weighing.

All anhydrous substances were handled in a
dry box through which a current of nitrogen
was passed. The nitrogen was freed of COZ
and moisture by passage through concentrated
sulfuric acid, soda lime, and Drierite.
All solutions were prepared in the dry box,
and were sealed before being removed.

SOURCE AND PURITY OF MATERIALS:
Lanthanum oxide was converted to the nitrate
by high temp reaction with NH4N03. Unreact
ed NH4N03 was removed by heating in NZ and
then in vacuo. The oxide, obtained from
University stocks, contained traces of other
rare earth metals. Morpholine was purified
as in (I), and had a density of 0.9863 glml
at Z7°C and an electrolytic conductivity of
3.368 x 10-8 S em-I. The solvent was
stored under nitrogen in glass stoppered
flasks sealed with wax.

ESTIMATED ERROR:
Soly: precision probably around ± 1 %

(compilers).
Temp: thermostat control was ± 0.05 K, but

uncertainty during handling and
analysis is closer to ± 0.5 K
(compilers) •

REFERENCES:

1. Dermer, V.H.; Dermer, O.C. J. Am. Chern.
Soa. 1937, 59, 1148.



Organic solvent systems 145

COMPONENTS:

(1) Lanthanum nitrate; La(N03) 3; [10099-59-9]

(2) 2-Methyl aminobenzene (o-toluidine);

C7H9N ; [95-53-4]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Stewart, D.F.; Wendlandt, W.W.

J. Phys. Chern. 1959, 63, 1330-1.

VARIABLES: PREPARED BY:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Original data:

Mark Salomon

Duplicate analyses gave identical results of 16.20 mass % La(N03)3·6H20

Compiler's conversions for anhydrous salt:

solubility of La(N03 )3 = 12.16 mass % (0.426 mol kg-I)

COMHENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed, and the type of solvate formed in the equilibrated
solution is unkown.

Since the authors do not report the appearance of three phases in the equilibrated
solution, it must be assumed that the water of hydration from the hexahydrate has
dissolved in the organic solvent. Based on the solubility of 16.20 mass % for the
hexahydrate, the solvent should contain 4.04 mass% water. Note that at 20°C the solubil
ity of water in o-toluidine is 2.44 mass % (1).

Based on the results of the duplicate analyses, excellent precision is indicated.
However due to the unkown purity of the solvent and uncertainties associated with
the experimental technique (e.g. temperature at which centrifuging was carried out),
the compiler estimates an accuracy of no better than ± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of CH3C6H4NH2
were placed in a 25 x 160 mm screw-cap vial,
sealed with paraffin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± 0.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solution was equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitation as the oxalate and ignition
to the oxide.

SDS13-F*

SOURCE AND PURITY OF MATERIALS:

La(N03)3·6H20 was prepared from 99.99 %
LaZ03 and aqueous nitric acid. The solution
was evaporated and the remainging solid
redissolved in water and evaporated to
crystallization. The crystals were filtered
and excess water removed by drying over cone
sulfuric acid followed by drying over
partially dehydrated La(N03)3·6H20 in a
desiccator.

o-Toluidine was stock material obtained from
a commercial supplier.

ESTIMATED ERROR:
See COMMENTS above.

REFERENCES:
1. Seidell, A. SoZubiZities of Organic

Compounds. Vol. II. D. Van Nostrand.
New York. 1941.
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COMPONENTS:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

(1) LanthanUM nitrate; La(N03)3; [10099-59-9] Stewart, D.F.; Wendlandt, W.W.

(2) Aniline (aminobenzene, phenylamine); lJ. Phys. Chern. 1959, 63, 1330-1.
C6:17N; [62-53-3]

(3) ~ater; H20; [7732-18-5]

VARIABLES: PREPARED BY:

One temperature: 25.0°C

EXPERIMENTAL VALUES:

Original data:

Hark Salomon

La(n0
3

)3 -6H20/rnass ~~

l5.9a

l6.a5

Compiler's conversions for anhydrous salt:

-1average solubility of La(N03)3 = 11.99 mass % (0.419 mol kg )

COWfENTS AND/OR ADDITIONAL DATA:

The solid phase was not analysed and the nature of the solvate formed in the
equilibrated solution is unknown. The water content of the equilibrated solution
saturated with La(N03)3 was calculated by the compiler as 3.99 mass % H20.

Based on thp. duplicate analysis, an average precision of the ± 0.a8 mass % is
indicated. However, due to the unknown purity of the solvent and uncertainties
associated with the experimental technique (e.g., temperature at which centri
fuging was carried out), the compiler estimates an accuracy of no better than
± 1 % for the solubility.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Excess lanthanum
nitrate hexahydrate and 10 ml of C6H5NH2were placed in 25 x 160 rom screw-cap vial,
sealed with paraffin, and allowed to stand
at room temperature (25-35°C) for several
hours with periodic shaking. The vial was
then placed in a water bath at 25 ± O.2°C
and mechanically rotated end-over-end at
30 r.p.m. Preliminary experiments indicated
that equilibrium was established in 4 days,
but the solutions were equilibrated for at
least 7 days.

The saturated solution was centrifuged and
analysed for lanthanum gravimetrically by
precipitating as the oxalate and ignition
to the oxide.

SOURCE AND PURITY OF MATERIALS:

La(N03)3'6H20 was prepared from 99.99 %
La203 and aqueous nitric acid. The solution
was evaporated and the resulting solid re
dissolved in water and evaporated to cry
stallization. The crystals were filtered
and excess water removed by drying over cone
sulfuric acid followed by drying over par
tially dehydrated La(N03)3·6H20 in a desic
cator.

Aniline was stock material obtained from a
" ,,"nnlipr

ESTIMATED ERROR:

See COUMENTS above.

REFERENCES:



Organic solvent systems

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; [10099-59-9] Wendlandt, W.W.; Bryant, J.M.

J. Phys. Chern. 1956, 60, 1145-6.
(2) Tri-n-butylphosphate; C12H2704P;

[126-73-8]

147

VARIABLES:

Room temperature: 25-27°C

EXPERIMENTAL VALUES:

PREPARED BY:

Mark Salomon

Two analyses of a single equilibrated saturated solution was reported. The compiler
assumes that the temperature was 26 ± laC.

Solubility of La(N0 3)3 = 28.5 mass %

Solubility of La(N0 3)3 = 28.3 mass %

The compiler has calculated the following.

Average solubility and average error = 28.4 ± 0.1 mass %

Converting to molality,

average solubility = 1.22 ± 0.01 mol kg- l

COMMENTS AND/OR ADDITIONAL DATA:

An average precision of around ± 0.5 % is indicated for the chemical analyses.
However the overall experimental precision is probably no better than 1-2 % due to
uncertainties in the experimental temperature, the completeness of separation of
the organic and aqueous phases in the equilibrated system, and the completeness of
extraction of the salt from the organic phase by water.

The authors do not specify the water content of the equilibrated tri-butylphosphate
phase.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. About 25 g of salt
and 20 ml solvent were placed in a screw-cap
bottle and mechanically agitated at room
temperature (25-27°C) for 48-72 hours. At
this time three phases were present in the
bottle: the solid hydrated salt, an aqueous
phase, and an organic phase. The organic
phase was separated, centrifuged, and
analysed for lanthanum as follows.

Duplicate 1-4 g samples of the organic phase
were placed in separatory funnels containing
25 ml benzene and 50 ml water. After two
minutes the aqueous phase was removed and
50 ml water added and the equilibration
repeated. Two such extractions were suffi
cient to remove the salt from the organic
phase. The lanthanum content in the aqueous
phase was analysed by standard procedures
(1) •

SOURCE AND PURITY OF MATERIALS:

Reagent grade La(N03)3·6H20 was used as
received.

Eastman Kodak tri-n-butylphosphate was used
as received.

ESTIMATED ERROR:

See above.

REFERENCES:

1. Scott, W.W. Standard Methods of ChemiaaZ
AnaZysis. Furnam, N.H., ed. D. Van
Nostrand, Inc. New York. 5th ed, 1946.
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COHPONENTS:

(1) La(N0
3

)3 double salts

(2) Water ; H
2

0 ; [7732-18-5]

Lanthanum nitrate

EVALUATOR:

Mark Salomon

U.S. Army Electronics Technology and Devices
Laboratory

Fort Monmouth, NJ, USA

November 1982

CRITICAL EVALUATION:
La(N0

3
)3 DOUBLE SALTS WITH INORGANIC NITRATES

The existence of a number of double nitrates has been established in mult~component

phase equilibria studies as discussed previously in the critical evaluation for multi
component systems with La(N0 3)3' There are only three publicat10ns (1-3) which report
the solubility of double nitrates in pure water, or in aqueous HN0 3 solutions (2).
Detailed critical evaluation of these works is not possible at this time, but some
discussion of the data is required.

Double salts involving alkali metal nitrates have been discussed previously, but 1t is
interesting to note that in the La(N03)3-RbN03-H20 system (4), the stable solid phase for
the double nitrate was reported to be the trihydrate, but accord1ng to Wyrouboff (5) the
stable solid phase appears to be the tetrahydrate.

[65907-05-3] [61391-42-Z]

The tetrahydrate melts congruently at 359 K (5), and while thermal analyses data are
given for the trihydrate in (4), it is not clearly stated if the trihydrate melts
congruently or what the temperature of melting is.

Lanthanum ammonium nitrate was studied at 288 K by Holmberg (1), but the absense of
descriptions on experimental methods makes the estimation of precision difficult to
determine. The author did not specify the nature of the solid phase, but it is probably
the tetrahydrateas reported in an earlier compilation of the paper by Urazov and Shevtsova
(6) •

Double salts of alkaline earth nitrates and transition metal nitrates tend to form
stable tetracosahydrates as noted in the La(N03)3-H20 critical evaluat10n and subsequent
compilations. The only system studied as a function of temperature is that for
3Mg(N03)2.2La(N03)3 reported by Friend and Wheat (3), and the accuracy of these results
is very difficult to estimate because other studies by Friend on binary Ln(N03)3-H20
systems (Ln = La, Pr, Nd) all contain a large negative systematic error. The data in (3)
can be fitted successfully to the solubility equation (see eq. [1] in the La(N03)3-HZO
critical evaluation) with the following result:

l~(m/mo) - 24M
2

(m - mo ) = -41.09 + l5l2/(T/K) + 6.304ln(T/K) [1]

For a reference molality mo = 0.883 mol kg- l at 320.0 K, the standard error of estimate
for the molality is O"m=0.014 mol kg- l which leads to an uncertainty of ± 0.02 mol kg- l
(i.e. ± 2%) at the 95% level of confidence (Student's t = 3.182). However the congruent
melting point of the tetracosahydrate calculated from eq. [1] is 381.3 K compared to the
experimental value of 386.7 K reported by Jantsch (2). Using data of precis10n of ± 1%
or better, we have found that predicted congurent melting points are generally within
± 2 K of the observed values. On this basis the data of Friend and Wheat were assigned
an overall precision of ± 3%.

La(N0 3)3 DOUBLE SALTS WITH ORGANIC NITRATES

The only quantitative data available are from the papers by Gorshunova and Zhuravlev
(7,8) which have been compiled previously. For the double salt with piperidine nitrate,
La(N03)3.4(C5HlONH.HN03)' the solubilities at 298.2 K and 323.2 K are, respectively, 4.25
and 8.15 mol kg- l (7). The double salt does not form a hydrate. For the double salt with
quinoline nitrate, La(N03)3,C9H7N.HN03' the solubilities at 298.2 K and 323.2 K are,
respectively, 1.62 and 3.12 mol kg- l (8). The stable solid phase is the tetrahydrate.

REFERENCES

1. Holmberg, 0. Z. Anorg. Chern. 1907, 53, 83.
2. Jantsch, G. Z. Anorg. Chern. 1912; 76, 303.
3. Friend, J.N.; Wheat, W.N. J. Chern. Soc. 1935, 356.
4. Molodkin, A.K.; Odinets, Z.K. Vargas Ponse, O. Zh. Nearg. Khirn. lJ]~, 21, 2590.
5. Wyrouboff, G. Bull. Soc. Min. 1901, 24, 112.
6. Urazov, G.G.; Shevtsova, Z.N. Zh.-Nearg. Khirn. 1957, 2, 655.
7. Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg. Khim. 1972, 17, 231.
8. Gorshunova, V.P.; Zhuravlev, E.F. Zh. Neorg. Khim. 1973, 18, 1688.
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Double nitrates 149

COMPONENTS:

(1) Magnesium lanthanum nitrate;
3Mg(N03)2'ZLa(N03)3; [13826-42-1]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; HZO ; [7732-18-5]

VARIABLES:

One temperature: 16°C

ORIGINAL MEASUREMENTS:

Jantsch, C. Z. Anol'g. Chern. 1912, 76, 303-23.

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Soly of the double salt in RN0
3

sIn of density d~6 = 1. 325 g -3cm

aliquot volume

-3cm

1.Z324

1.2324

g

0.0168

0.0168

a
Soly 3Mg(N03)2·2La(N03)3

mol dm- 3 \

0.0418

SOURCE AND PURITY OF MATERIALS:

REFERENCES:

Soly: reproducibility about ± 1-5%
(compilers) .

Temp: nothing specified.

"Pure" lanthanum oxide was dissolved in dil
HN0

3
and Mg(N0

3
)2 added to give a mole ratio

of La/Hg = 2/3. The sIn was evapd and a
small crystal of Bi

2
Mg

3
(N0

3
)12 added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.

a. Average value calculated by the author.

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 113.5°C, and the density at O°C is 1.988 g
cm-3 .

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN0

3
sIn of density 1.325 g cm-3 at 16°C

because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
period~c shaking. The solution was then
allowed to settle for 2 h, and a pipet main-
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4Cl t-----------------------f
and 10% NH3 sIn followed by boiling to ppt ESTIMATED ERROR:
the hydroxide. The ppt was filtered,
dissolved in HN0 3 , reprecipitated as the
hydroxide, and ignited to the oxide. Mg in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
With the formation of basic salts. Presumably
the waters of hydration were found by
difference.
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COMPONENTS:

(1) Magnesium lanthanum nitrate;
3Mg(N0

3
)2.2La(N03)3; [13826-42-1]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

Friend, J.N.; Wheat, W.N.
J. Chern. Soc. 1935, 356-9.

PREPARED BY:

Mark Salomon

c3Mg(N03)2·2La(N03)3

mass % mol kg- l

mass ratio a

t/OC La 2O/Mgo

18.6 2.68
31.6 2.61
46.8 2.68
50.8 2.60
61.4 2.63
74.8 d

2.59
113.5 --

mass %

62.19
63.96
68.57
70.17
73.05
77.43

100

44.58
45.85
49.16
50.30
52.37
55.51
71. 69

0.735
0.773
0.883
0.925
1.004
1.140
2.313

a. Results of gravimetric analyses of the oxides. The theoretical ratio is
2.695 (compiler).

b. Authors' conversions. Since the individual mass % of each oxide was not
given (only the mass ratios were given), the compiler cannot check these
calculations using IUPAC recommended atomic weights.

c. Compiler's calculations.

d. Melting point of the tetracosahydrate (2): i.e., the system is infinitely
miscible.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used as described
in (1). In order to obtain reproducible re
sults, equilibrium had to be approached from
above. Saturated or near saturated solutions
were prepared at 90-100°C and quickly cooled
in a thermostat. The solutions were stirred
for several hours which the authors claim is
essential to remove supersaturation.

La determined gravimetrically by precipit
ation of the oxalate from 50 cc of saturated
solution followed by ignition to the oxide.
Total La + Mg determined by evaporating 50 cc
of solution to dryness followed by ignition
to the oxides. Mg found by difference.

SOURCE AND PURITY OF MATERIALS:

La
2

0
3

was "free from other rare earths" with
the exception of a trace of Pr60ll which gave
slightly brown solutions. The double salt
was prepared by dissolving stoichiometric
amounts of La203 and MgO in dilute HN0 3 and
crystallizing. The product was recrystal
lized from dilute RN0 3 .

ESTIMATED ERROR:
Soly: precision ± 3 % (compiler).

Temp: accuracy probably ± 0.05 K as in (1)
(compiler) •

REFERENCES:

1. Friend, J.N. J. Chern. Soc. 1930, 1633.

2. Jantsch, G. Z. Anorg. Chern. 1912, 76, 303.
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COMPONENTS:
(1) Lanthanum manganese nitrate;

2La(N03)3·3Mn(N03)2; [53368-21-1]

(2) Nitric acid; HN03 ; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 16°C

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1912, 76, 303-23.

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Soly of the double salt in HN0
3

sIn of density d~6 = 1.325 g -3
cm

aliquot volume

3cm

1. 2324

g

0.0822

-3mol dm

1. 2324 0.0826 0.1206b

a. Author's calculation (average value).

b. Compiler's calculation (average value) based on 1977 IUPAC recommended
atomic masses.

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 87.2°C, and the density at OOC is
2.080 g cm-3•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were pl~ced in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by precipitating
both La and Mn hydroxides by respective
addition of NH3 and H202 . The ppt was
ignited to give La203 + Mn304'

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
With the formation of basic salts. Presumabl
the waters of hydration were found by
difference.

SOURCE AND PURITY OF MATERIALS:

"Pure" lanthanum oxide was dissolved in dil
HN03 and ~ln(N03)2 added to give a mole ratio

of La/Mn = 2/3. The sIn was evapd and a
small crystal of Bi2Mg

3
(N0

3
)12 added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.

ESTIMATED ERROR:
Soly: reproducibility about ± 1-5% (compiler)

Temp: nothing specified.

REFERENCES:
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COMPONENTS:
(1) Lanthanum cobalt nitrate;

2La(N03)3·3Co(N03)2; [22465~27-6)

(2) Nitric acid; RN03; [7697-37-2)

(2) Water ; H20 ; [7732-18-5)

VARIABLES:

One temperature: 16°C

Lanthanum nitrate

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1312, 76,
303-23.

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES: Soly of the double salt in RN0
3

sIn of density dZ 6 = 1. 325 g -3cm

aliquot volume La203 soly 2La(N03)3·3Co(N03)2
a

3 mol dm- 3cm g

1.2324 0.0266

1.2324 0.0272 0.669

a. Author's calculation of average solubility.

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 101.BoC, and the density at
OOC is 2.131 g cm-3 .

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The soly was studied
in RN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and RN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analyzed by adding 2-3 g
NH4CI and 10% NH3 sln followed by boiling to
ppt the hydroxide. The ppt was filtered,
dissolved in HN0 3, reprecipitated as the
hydroxide, and ignited to the oxide. Co in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of hydra
tion by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the
salt with the formation of basic salts.
Presumably the waters of hydration were
found by difference.

SOURCE AND PURITY OF MATERIALS;
"Pure" lanthanum oxide was dissolved in dil
HN03 and Co(N03)2 added to give a mole ratio
of La/Co = 2/3. The sIn was evapd and a
small crystal of Bi2Mg3(N03)12 added, and
the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.

ESTIMATED ERROR:
Soly: reproducibility about ± 1-5% (compiler).

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Lanthanum nickel nitrate;
2La(N0

3
)3·3Ni(N03)2; [25822-29-1)

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5)

VARIABLES:

One temperature: 16°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anol'g. c:'nem. 1912, 76, 303-23.

PREPARED BY:

Mark Salomon

Soly of the double salt in HN0
3

sln of density d;6 = 1. 325 g -3cm

aliquot volume La
2

0
3

3cm g

1. 2324 0.0197

1. 2324 0.0199

a
soly 2La(N03)2'3Ni(N03)2

-3mol dm

0.0492

a. Author's calculation (average value).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 110.5°C. and the density at O°C is
2.146 g cm-3•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN0 3 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and RN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4Cl
and 10% NH3 sln followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03 , reprecipitated as the
hydroxide, and ignited to the oxide. Ni in
the filtrate was "determined by the usual
method" (no details were given).

SOURCE AND PURITY OF MATERIALS:
"Pure" lanthanum oxide was dissolved in dil
RN0

3
and Ni(N0 3)2 added to give a mole ratio

of La/Ni = 2/3. The sln was evapd and a
small crystal of Bi2Mg

3
(N0

3
)12 added, and the

mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed graVimetrically
for La20

3
and metallic Ni. 0.5117 g samples

of the tetracosahydrate yielded 0.1031 g
La

2
0

3
(20.15 mass %), and 0.0544 g Ni (10.63

mass %). Theor values are 19.98 nass %
La

2
0

3
and 10.80 mass % Ni (compiler). N0

3
analysis by pptn with nitron gave 45.65 mass
% compared to the theor value of 45.64 mass %
N0

3
(compiler).

ESTIMATED ERROR:
An attempt to determine the waters of
hydration by dehydration was not successful Soly: reproducibility about ± 1-5% (compiler).
because the temperature required (120°C or Temp: nothing specified.
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumabl
the waters of hydration were found by
difference.
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COMPONENTS:

(1) Lanthanum zinc nitrate;
2La(N03)3·3Zn(N03)2; [32074-09-2]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1912, 76, 303-23.

VARIABLES: PREPARED BY:

One temperature: 16·C Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt in HN0

3
sIn of density d~6 = 1.325 g cm-3

aliquot volume La20
3

asoly 2La(N03)3·3Zn(N03)2

3 -3cm g mol dm

1.4638 0.0357

1.4638 0.0360 0.0751

a. Author's calculation (average value).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 98.0·C, and the density at O·C is
2. 161 g cm-3.

AUXILIARY INFORMATION

± 1-5% (compiler).

REFERENCES:

Soly: reproducibility about

Temp: nothing specified.

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;
Isothermal method used. The soly was studied "Pure" lanthanum oxide was dissolved in dil
in HN03 sIn of density 1.325 g cm-3 at 16·C HN0

3
and Zn(N0

3
)2 added to give a mole ratio

because the author did not have sufficient
of La/Zn = 2/3. The sIn was evapd and aquantity of the rare earth to study the soly

of the salt in pure water. Pulverized salt small crystal of Bi2Mg3 (N03)12 added, and
and HN03 sIn were placed in glass-stoppered the mixt cooled to ppt the tetracosahydrate.
tubes and thermostated at 16·C for 24 h with The double nitrate was recrystd before use.
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main-
tained at 16·C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4CII-----------------------1
and 10% NH3 sIn followed by boiling to ppt ESTIMATED ERROR:
the hydroxide. The ppt was filtered,
dissolved in HN03 , reprecipitated as the
hydroxide, and ignited to the oxide. Zn in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120·C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumably
the waters of hydration were found by
difference.



COMPONENTS:
(1) Lanthanum ammonium nitrate;

La(N03)3·2NH4N03; [13566-21-7]

(2) Water ; H20 ; [7732-18-5]

VARIABLES:

One temperature: 15°C

EXPERIMENTAL VALUES:

Double nitrates

ORIGINAL MEASUREMENTS:

Holmberg, O. Z. Anopg. Chern. 1907, 53,
83-134.

PREPARED BY:

Mark Salomon

155

182

180

181

183

181

mol kg-l

3.75

3.71

3.73

3.77

3.73

mean values 181. 4 3.74

a. Molalities calculated by the compiler.
b. Nature of the solid phase not specified.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

No information given.

SOURCE AND PURITY OF MATERIALS:

Lanthanum "material" (presumably the oxide,
compiler) was obtained from the author's
colleague Prof. P.T. Cleve. The "material"
was ignited and the atomic mass of La
determined by comparing the mass of oxide
to the mass of sulfate. An atomic mass %
of 138.9 g /g atom was found. No other
information given.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COHPONE~TS:

(1) Cerium nltrate; Ce(N0
3
)3; [10108-73-3]

(2) Hater; H
2
0; [7732-18-5]

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ, USA

December 1982

CRITICAL EVALUATIO~:

INTRODUCTION

THE BINARY SYSTEM

Data for the solub~l~ty of Ce(N0 3)3 in water have been reported in 26 publications
(1-26). Many of these studies deal w~th multicomponent systems, and the solubility in
the b~nary system ~s given as one point on a phase diagram. It appears that for many of
the studies involv~ng ternary systems, the solub~l~ty ~n the binary system was measured
only once by a g~ven research group, and that the same value was reported in subsequent
pub1icat~ons (7,8,13,14,16-23) and (24,25). Thus in critically evaluating the solubility
data for the binary system, we have considered the data on the basis of 13 independent
stud~es. In all of the solubility studies given in the compilations, the only hydrates
identified as equilibrium solid phases are the hexa-, penta-, and tetrahydrates which
ex~st over the temperature range of 240 K to about 353 K. Above 353 K Mironov and Popov
(3) report the stable sol~d phase to be a "lower hydrate", and below we offer evidence
suggesting that this "lower hydrate" is probably the monohydrate. In studies not involving
solubility determ~nations, the only ment~on of a trihydrate was made by Jolin (27) and
Lange (28) who reported the conversion of the hexahydrate to the trihydrate by heating.
On the other hand Lowenstein (29) measured the vapor pressure of Ce(N03)3.nH20 crystals
and found evidence for the hexa-, tetra-, and monohydrates. The evaluators could not
find any references in the literature to a dihydrate, and we have concluded that the
sol~d phases in equilibrium with saturated solutions over the temperature range of 240 K
to 410 K are:

Ce(N03)3· 5H20

EVALUATION PROCEDURE

[10294-41-4]

[15878-75-8]

[15878-76-9]

[81201-28-7]

The data in the compilations were examined and either rejected immediately because of
large obvious errors, or were analysed by a weighted least squares method. It should be
noted that in all but one case, only experimental solubility data were used in the least
squares analyses: i.e. smoothed or extrapolated data were not used. The one exception
refers to the solubility at 298.2 K in the tetrahydrate system which is an extrapolated
value (see below and ref. 4). The data were fitted to a general solubility equation based
on the treatments in(30,31) and in the INTRODUCTION to this volume:

[1]

In eq. [1] m is the molality at temperature T, mo is an arbitrarily selected reference
molality (usually the 298.2 K value), n is the hydrate number of the solid, M2 is the
molar mass of the solvent, and a, b, c are constants from which enthalpies and heat
capacitites of solution, ~H~olv and ~Cp' can be estimated (see INTRODUCTION). In fitting
the solubility data to eq. [1], weight factors of 0, 1, 2, 3 were assigned to each
published value depending upon the precision of the experimental value. In this procedure,
if the calculated error between the observed and calculated molalities, ~m, was larger
than twice the standard error of estimate for m, am' the data point was either rejected
or its weight factor decreased. The fitting of the data was repeated until all ~m

values were equal to or less than ± 20m,

The experimental methods used to determine the solubilities are the isothermal method
(1,2,5,6,10-12,15,24,25), the synthetic method (3, 4 (1», and the method of isothermal
sections (actually an isothermal method) in which refractometric analysis was employed to
determine concentrations (7-9, 13, 14, 16-23, 26). With very few exceptions the precision
of the data was not specified by the authors, and the compilers and evaluators had to
estimate these quantities. In general the synthetic method should yield very precise
solubility values due to the accuracy one can achieve in the quantitative make-up (i.e.
the "synthesis") of the composition of the binary system. The major source of error in
this method is due to the precision given to the temperatures of crystallization.
Mironov and Popov (3) measured these temperatures visually, and report the solubilities
to three significant figures: thus at best we assign an overall precision to their data
of around ± 0.5%. Temperature control for isothermal studies can, generally, be very
precise, and one major source of imprecision is attributed to chemical analyses of
saturated solutions. In the study of Brunisholz et al. (2) the temperature control was
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COHPONENTS:

(1) Cerium nitrate; Ce(N0 3) 3; [10108-73-3)

(2) Water; H20; [7732-18-5)

EVALUATOR:
S. Siekierski, T. M~odusk~

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ, USA

December 1982

CRITICAL EVALUATION:

at least ± 0.05 K and probably represents an accuracy, and analysis of the cerium content
of saturated solutions was accomplished by complexometric titration: the compilers have
assigned an overall precision of ± 0.2% (or possibly better) to these values. In Angelov's
isothermal studies (5) the comp~lers est~mated an exper~mental precision of ± 0.3% mainly
due to the fact that the results are reported to four sign~ficant figures. ~owever

because of the wide divergence of Angelov's results from those of other investigators
(similar to the situation found for Angelov's data for other lanthanide nitrate solubili
ties), the evaluators have concluded that there is an obvious systematic error ~n all of
Angelov's studies, and his data have therefore been reJected. In the method of isothermal
sect~ons reported in (7-9, 14, 16-23, 26), temperature control was generally ± 0.1 - 0.2 K,
and refractive indices were reported to five significant figures. However solub ilities
were reported to three significant figures, and the evaluators estimate that the overall
precision for these studies is around ± 1%. While the data of Khisaeva et al. (26) appear
to be precise to ± 1% at best, the accuracy is very poor and the publication was rejected.
This paper (26) reports solubilities in the cerium nitrate-quinoline nitrate-water ternary
system at 298 K and 323 K, and an obv~ous large negative systematic error is present for
all data given by the authors: e.g. at 298 K and 323 K the solubility of Ce(N03)3 in pure
water (hexahydrate solid phase) is given as 56.0 mass % (3.90 mol kg-I) and 62.0 mass %
(5.00 mol kg-I), respectively. The recommended solubilities (see discussion br low and
Table 4) at 298.2 K and 323.2 K are 5.232 mol kg- l and 7.698 mol kg-I, respectively (at
323.2 K the hexahydrate system is metastable).

SOLUBILITY OF Ce(N03)3 IN THE HEXAHYDRATE SYSTEM

Data for the solubility of Ce(N03)3 in the hexahydrate system are given in Table 1
along with the initial and final weight factors used in the least squares fitting of the
data to the smoothing equation. The data from references (5, 26) were not included

Table 1. Solubility of Ce(N0 3)3 in water for the hexahydrate system.

solubility weight -1 we~ght

T/K mol kg- l ref initial/final T/K mol kg ref initial/final

239.7 3.57 3 2/2 298.2 5.161 10 0/0
263.9 3.87 3 2/0 298.2 5.11 14 0/0
273.15 4.238 2 3/3 298.2 5.230 11 1/2
273.2 4.20 9 1/2 298.2 5.243 12 1/2
277 .5 4.23 3 2/0 298.2 5.22 18-23 1/2
278.1 4.39 3 2/2 302.1 5.38 3 2/0
283.15 4.567 2 3/3 303.2 5.22 7,8,13,14,16,17 0/0
283.2 4.60 7,8,13,16,17 2/1 303.2 5.472 24,25 2/1
288.2 4.70 14 2/1 308.15 5.852 2 3/3
291.1 4.78 3 2/0 308.2 5.33 14 0/0
293.15 5.007 2 3/3 310.8 6.14 3 2/1
293.2 4.90 7,8,13,16,17 1/0 323.15 7.331 2 3/0
293.2 5.11 9 1/0 323.2 8.673 1 0/0
296.5 5.24 3 2/0 323.2 8.29 18,21,23 0/0
298.15 5.383 1 1/0 323.2 8.42 19,22 0/0
298.2 5.31 6 2/0

in Table 1 because, as discussed above, these data contain a large systematic error of
unknown origin (note that of all the studies reported in 1-26, Angelov is the only invest
igator to use the Knorre method for analysis of saturated solutions; cerium was analysed
as Ce 4+, and details on experimental techniques were not given). The results of the
fitting of the data in Table 1 to the smoothing eq. [1] are given in Table 3 and Figure 1.
Some of the data reported by Mironov and Popov (3) fall either above or below the smoothed
polytherm (see Figl), and we attribute this to a non-systematic error probably associated
with the visual recording of the temperatures of crystallization. Other data which
deviate from the smoothed polytherm thus indicating errors which are systematically high
(1) or low (8, 9, 14, 15, 17, 18) are probably due to incorrect identification of the
solid phase (1), or to general experimental imprecision. Quill and Robey (1) stated that
the salt they used was dried in a desiccator over 55% H2S04, and it is possible that lower
hYdrates were formed.
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COHPONENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Water; H20; [7732-18-5]

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ, USA

December 1982

CRITICAL EVALUATION:

The value of the congruent melting point predicted from eq. [1] is 326.4 K which is in
good agreement with the experimental values of 324.6 (32) and 325 K (33). Wendlandt and
Sewell's value of 369 K for the congruent melting point of the hexahydrate (34) is
obviously in error.

The solubility of Ce(N03)3 in the penta- and tetrahydrate systems has been reported in
(3-6), and for an unidentified "lower hydrate" (i.e. n< 4) in ref (3). The data are
summarized in Table 2 where again the results of Angelov (5) were omitted because of the
existence of a large negative systematic error in this study.

Table 2. Solubility of Ce(N03)3 in Ce(N03)3· nH20 - H20 systems for n < 5.-
solubility

T/K mol kg- l ref solid phase

298.2 6.11 4 ,6 pentahydrate
311. 9 6.20 3 "321.7 6.64 3

"322.9 6.67 3 "325.1 6.79 3 "
298.2 7.51a

4 tetrahydrate
326.2 7.15 3 "330.9 7.81 3 "335.4 8.37 3 "340.5 8.73 3 "347.3 9.87 3 "
353.2 11.68 3 lower hydrate (probably the monohydrate)
367.2 13.69 3 "381. 2 17.51 3 "392.7 22.70 3 "
a. Extrapolated value.

The data for the penta- and tetrahydrate systems were fitted to the smoothing eq. [1], and
the results are given in Table 3. The evaluators could not locate references for the
congruent melting points of these solids in order to compare them with the predicted
melting points given in Table 3 (assuming these solids melt congruently). In analysing
the solubility data for the "lower hydrate" results of Mironov and Popov (3), it was
found that the assumption that the solid phase is the monohydrate gives the most consistent
results. Analyses of these data using eq. [1] results in the best fit (i.e. lowestcr
values) when n = 1. The assumption of a dihydrate solid phase would appear to be
improbable due to the fact that this solid has not been found to exist in any solubility
or thermal study as discussed above. If a trihydrate solid phase exists, its maximum
solubility (at the congruent melting point) would be 18.503 mol kg-I, but the experimental
data point at 22.70 mol kg- l which cannot correspond to the trihydrate lies on the

polytherm for the monohydrate system with a residual error a ~m = mobs - mcalc = -0.048
mol kg-I. Therefore at the present time, we identify Mironov and Popov's data for
"lower hydrate" with the monohydrate.
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COHPONENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

[7732-18-5]

EVALUATOR:
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CRITICAL EVALUATION:

Table 3. Derived parameters for the smoothing equation [1].

parameter

a
b
c

hexahydrate

-31. 349
1058.2

4.8950

pentahydrate

-120.410
5418.2

17.9377

tetrahydrate

-176.06
8155.4

26.092

monohydrate

-267.071
12965

39.2431

aa 0.002 0.002 0.01 0.004
ab 0.7 0.6 4.4 1.6
ac 0.0004 0.0003 0.002 0.0007

ay 0.002 0.002 0.01 0.004
am 0.03 0.03 0.3 0.1

-1
tlHsln/kJ mol -35.0 -179.6 -270.4 -429.9

tiC I J K- l mol- l
162.8 596.6 867.7 1305p

congruent melting point/K -1
326.4 344.6 353.0 410.2

concnat congr melting point/mol kg 9.251 11.102 13.877 55.508

'I -

360

340
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0".................

0'

1614128 10
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Figure 1. Phase diagram for the Ce(N03)3-H20 system. Solid lines (stable systems) and
dashed lines (metastable systems) based on results from smoothing equation. Experimental
Points are: Oref 3; [Jref 2; .ref 9; .ref 14; 0refs 11, 12, 18-23;

6refs 24, 25; Arefs 4, 6.
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COHPONENTS:
(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Water; H20; [7732-18-5]

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
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and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ, USA

December 1982

CRITICAL EVALUATION:

Table 4. Recommended and Tentative solubilities.
a

TIK

243.2
253.2
263.2
273.2
278.2
283.2
288.2
293.2
298.2
303.2
308.2
312.4e

313.2
318.2 f
320.3
323.2
328.2
333.2
338.2
339.9

g

343.2
348.2h
350.9
353.2
363.2
373.2
383.2

hexahydrate b

3.612
3.768
3.973
4.233
4.388
4.562
4.757
4.979
5.232
5.526
5.874
6.23 d
6.300d6.854
7.15d

d
7.698

pentahydrate C

d6.11 d6.09d6.14
6.23
6.24
6.43

6.69
7.05
7.55
8.29
8.64d9.68

tetrahydrate C

d7.49d
7.22d7.08

d
7.04d7.10d7.15d7.25

d7.51 d7.88d8.41
8.64
9.17

10.35
11.44

monohydrate C

11. 20
d

11.44
11. 67
13.02
15.07
18.16

a. Ce(N0 3)3 solubilities in mol kg-l b. Recommended values. c. Tentative values.

d. Metastable equilibria. e. Hexahydrate ~ pentahydrate transition temperature.

f. Hexahydrate ~ tetrahydrate transition temperature.

g. Pentahydrate ~ tetrahydrate temperature.

h. Tetrahydrate ~ monohydrate transition temperature.

RECOMMENDED AND TENTATIVE SOLUBILITIES

Table 4 gives recommended solubility data in the hexahydrate system at selected temper
atures as calculated from the smoothing equation. At the 95% level of confidence and a
Student's t = 2.060, the uncertainty in the calculated values is ± 0.010 mol kg-I. Combin
ing this uncertainty with the weighted average experimental precision of ± 0.25% results
in an overall uncertainty of ± 0.016 mol kg- l in these recommended values.

The solubility data in the penta-, tetra-, and monohydrate systems are designated as
tentative since they are based on the studies of one group of researchers (3,4). The
smoothed tentative solubility data calculated from the smoothing equation are given in
Table 4. For the pentahydrate system, the uncertainty in the smoothed values is ± 0.06
mol kg- l (95% confidence level, Student's t = 4.303), and considering an experimental -1
precision of ± 0.5%, the overall uncertainty in these smoothed values is ± 0.071 mol kg

Similarly the uncertainty in the smoothed solubility data in the tetrahydrate system is
± 0.04 mol kg- l at the 95% level of confidence (Student's t = 3.182), and including the
experimental precision of ± 0.5% leads to an overall uncertainty of ± 0.05 mol kg- l in the
tentative values calculated from the smoothing equation.
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cmlPONENTS:
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EVALUATOR:
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December 1982

CRITICAL EVALUATION:
For the tentative solubility data in the monohydrate system, we estimate a total

uncertainty of ± 0.66 mol kg- l (imprecision of fitting of data to eq. [1] is ± 0.65
mol kg- l at the 95% level of confidence, and the estimated experimental precision is
± 0.08 mol kg-I).

The phase diagram for the Ce(N03)3.nH20-H20 system is given in Fig. 1 where the solid
lines represent stable systems, and the dashed lines represent metastable systems. All
lines were calculated from the smoothing eq uation. The polytherm for the monohydrate system
is represented by a dashed line although it is a stable system above 350.9 K because we
are not able to present quantitative proof of the existence of this phase. We do however
conclude that the evidence strongly supports the present assignment of the monohydrate
to this portion of the phase diagram. The transition temperatures given in Table 4 were
determined graphically from the phase diagram.

MULTICOMPONENT SYSTEMS

Of the two studies reported in the literature (5,6), comparisons are not possible
because the latter study reports the solubilities as a function of HN03 concentration at
one temperature (298.2 K) while the former study reports solubilities as a function of
HN0 3 concentration and temperature, but not at 298.2 K. In addition, the fact that
Angelov's data (5) for the binary system was shown above to contain a large systematic
error, the results of this author fo~ solubilities in HN03 solutions must be designated
as doubtful. The data of Popov and Mironov (6) at 298.2 K are designated as tentative
solubility data. In HN03 solutions at 298.2 K Popov and Mironov (6) report the following
smoothing equations:

solid phase

hexahydrate

pentahydrate

smoothing equation

log ml = log 5.32 - 0.868 log YI

log ml = log 6.11 - 0.718 log Yl

tetrahydrate log ml = log 7.51 - 0.622 log Yl

-1In these equations, ml is the solubility of Ce(N03)3 in mol kg ,and Yl
fraction of Ce(N03)3 which is defined as: mol fraction of Ce(N03)3 + mol
The only solid phases reported in (5) and (6) are the hexa-, penta-, and
HN0 3 concentrations up to about 60 mass %. No complex salts are formed.

SYSTEMS WITH ALKALI METAL AND AMMONIUM NITRATES

is the solute mole
fraction HN03 = 1.
tetrahydrates for

The dominant feature in these studies is the existence of hydrated double salts:

2KN03·Ce(N03)3·2H20

2RbN03·Ce(N03)3·4H20

2CsND3·ce(ND3)3·4H20

Ce(ND3)3·2NH4ND3·4H20

(8)

(8)

(8)

(12)

No double salts were reported for ternary systems with LiND
3

(7) or NaND
3

(8).
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COHPONENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Water; H20 ; [7732-18-5]
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December 1982

CRITICAL EVALUATION:

SYSTEMS WITH ALKALINE EARTH AND TRANSITION METAL NITRATES

The phase diagram for the Be(N03)2-Ce(N03)3-H20 system is of the simple eutonic type
(9), but other systems are generally characterized by the existence of a tetracosahydrate.

3Mg(N03)2·ce(N03)3·24H20

Ca(N03)2·ce(N03)3·4H20

2Ce(N03)3' 3Mn(N03) 2' 24H20

2Ce(N03)3·3Ni(N03)2·24H20

2Ce(N03)3·3Cu(N03)2·24H20

OTHER SYSTEMS

[13550-46-4]

[20340-68-3]

[29990-16-7]

(10-12)

(13)

(16)

(11)

(10,17)

1975, 20. 2243.
Neorg. Khim.

1970, 15, 205.
1972, 17. 1736.
1976. 21, 242.
1969, 14. 2565.
1973, 18. 3091.
1974, 19. 1656.
M. Zh. Neorg. Khim.
M.; Abykeev, K. Zh.
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Binary aqueous systems 163

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3)

(2) Water; H20; [7732-18-5)

Quill, L.L.; Robey, R.F.
J. Am. Chern. Soa. 1937, 59, 2591-5

VARIABLES: PREPARED BY:

Two temperatures T. Mioduski, S. Siekierski, U. Salomon

EXPERIMENTAL VALUES:

At 25·C, soly = 63.71 %, density = 1.88 kg -3mass m

At 50·C, soly = 73.88 %, density = 2.04 kg -3mass m

Compilers' Conversions

25·C, soly = 5.383 mol -1 3.67 mol -3kg or dm

50·C, soly 8.673 mol -1 4.62 mol -3
= kg or dm

The solid phase at both temperatures is the hexahydrate.

AUXILIARY INFORMATION

(compilers) .

0.03 K.
0.1 K.

precision about ± 0.5 %

at 25·C, accuracy was ±
at 50·C, accuracy was ±

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method. The salt and water were HN0

3
prepd from c.p. grade by distillation

placed in pyrex tubes, heated to induce super- in an all pyrex still and retaining the middle
saturation, and thermostated. The pyrex tubes fraction. For very high HN03 cones, reagent
~ere sealed after a small crystal of Bi(N03)3' grade fuming HN03 used as received.
5H20 was added to "seed" crystallization. Tile "Pure" cerium nitrate (G.F. Smith) was pptd
sealed tubes were shaken in the thermostat for
at least 8 hours (equilibrium was reached in three times (the basic bromate me~hod). The
4 h) h 1 h eerie basic bromate was washed, mixed with

ours. Aut ors state tlat approac to HNO and dissolved b addn of 3% H ° sIn.
equilibrium from undersaturation gave identi- C 3' h td Y h I 2 2 h d
cal It i hi i 1 All erlum was t en pp as t e oxa ate, was e

resu s w t n exper menta error. and digested in HNO on a steam bath. The
data reported above are the results obtained 1 3 11 i d h Ib h f i s n was evap to crysta at on an t e sa t

y approac rom supersaturat on. dried over 55% sulfuric acid in a desiccator.
~ "filtering pipet" maintained at a temp Distilled water was used which had an elec-
slightly higher than the thermostat temp was trolytic conductivity of 2 x 10-6 S cm-1
Used to withdraw samples for analyses. Weigh-
ed samples of liquid and solid phases were
~nalysed. Ce was pptd as the oxalate, fil-
tered, washed with hot dilute oxalic acid, andl----------------------""""i
ignited to the oxide (Ce0

2
). ESTIMATED ERROR:

re(IV) detd in the presence of Ce(III) by add- Soly:
ing excess standard Fe(II) sIn to the sample
in H2S0

4
sIn, and titrating the excess Fe (II) Temp:

~ith standard eerie ammonium sulfate. The
~olid phase analysed as the hexahydrate (calcd
~nhYdr salt 75.10%, found 75.10, 75.00%).
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COMPONENTS:

(1) Cerium (III) nitrate; Ce(N0
3
)3;

[10108-73-3]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Cerium nitrate

ORIGINAL MEASUREMENTS:

Brunisholz, G.; Quinche, J.P.;
Kalo, A.M. HeLv. Chim. Aata 1964,
47, 14-27. ----

PREPARED BY:

T. Mioduski and S. Siekierski

Solubility of Ce(N0 3)3 in water a

t/oC mass % mol -1kg

0 58.02 4.238

10 59.83 4.567

20 62.02 5.007

35 65.62 5.852

50 70.51 7.331

a. Molalities calculated by compilers.

Authors report the solid phase to be Ce(N03)3·6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Cerium
determined by complexometric titration
using xylenol orange indicator in the
presence of a small quantity of urotropine
buffer (10 mg of ascorbic acid was added
to avoid oxidat~on of Ce(III)). Water was
determined by difference.

SOURCE AND PURITY OF MATERIALS:

Cerium nitrate was prepared from the oxide
of purity better than 99.7% (obtained by
the ion exchange chromatography).

ESTIMATED ERROR:

Soly:
Temp:

precision ± 0.1% (compilers).
precision probably ± 0.05K (com
pilers) .

REFERENCES:



COMPONENTS:

Binary aqueous systems

ORIGINAL MEASUREMENTS:

165

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Water; H20; [7732-18-5]

Mironov, K.E.; Popov, A.P. Rev. Roum.
Chim. 1966, 11, 1373-81.

VARIABLES: PREPARED BY:

Temperature T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
in water a,bSolubility of Ce(N03)3

-1
solid -1 solid

trc mass % mol phase c trc % mol phase c
kg mass kg

- 0.5 16.5 0.606 A 38.7 66.9 6.20 C
- 2.4 23.1 0.921 A 48.5 68.4 6.64 C
- 3.0 27.5 1.16 A 49.7 68.5 6.67 C
-10.0 36.5 1. 76 A 51.9 68.9 6.79 C
-21.4 46.4 2.65 A
-28.2 51.8 3.30 A 53.0 70.0 7.15 D

57.7 71.8 7.81 D
-33.5 53.8 3.57 A + B 62.2 73.2 8.37 D

67.3 74.0 8.73 D
- 9.3 55.8 3.87 B 74.1 76.3 9.87 D

4.3 58.0 4.23 B
4.9 58.9 4.39 B 80.0 79.2 11.68 E

17.9 60.9 4.78 B 94.0 81. 7 13.69 E
23.3 63.1 5.24 B 108.0 85.1 17.51 E
28.9 63.7 5.38 B 119.5 88.1 22.70 E
37.6 66.7 6.14 B

a. Molalities calculated by the compilers.

b. Interpolated value at 25°C is 5.27 mol kg- l (compilers).

c. Solid phases: A a ice

B = Ce(N03)3'6H20

C = Ce(N03)3'5HZO

D = Ce(N03)3'4H20

E = lower hydrate

METHOD/APPARATUS/PROCEDURE:

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

The synthetic method was used.
The temperature of crystallization was
determined visually.

No other details given.

Ce(N03)3·6H20 prepared by dissolving

99.8 % pure Ce0
2

in HN03 followed by

crystallization.

Doubly distilled water was used.

ESTIMATED ERROR:

Soly: precision about ± 0.2 to 0.5 %
(compilers) •

Temn: precision about ± 0.2 K (comnilers).
REFERENCES:
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Popov, A.P.; Hironov, K.E. Zh. Neol'g. Khim.
1971, 16, 464-6; Russ. J. Inol'g. Chern. EngZ.
Tl'ansZ. 1971, 16, 244-6.

PREPARED BY:

T. Mioduski. S. Siekierski, U. Salomon

The solubility of metastable Ce(N03)3·5H20 in water at 25°C was reported as:

66.6 mass %

The corresponding molality value was calculated by the compilers as:

6.11 mol kg- 1

COl!UENTS AND/OR ADDITIONAL DATA:

It is not clearly stated whether the solubility of the pentahydrate was actually measured
in the present work or whether the authors are reporting the value obtained from earlier
work (1). In reference (1) the solubility of the pentahydrate at 25°C was given as 66.6
mass % (see the compilation of the data from this paper).

By extrapolation of the solubility branch for Ce(N03) ·4H ° from data in the ternary sy
stem Ce(N03)3-HN03-H20, the authors calculated the sotubiIity of the metastable tetrahy
drate in pure water as 71.0 mass % (7.51 mol kg-I). See the critical evaluation for
additional details.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

~xperimental method not specified. Metastable Nothing specified.
(at 25°C) Ce(N03)3·5H20 could have been ob-
ained by slow cooling of a saturated Ce(N0

3
)3

~olution from 40°-50°C to 25°C (1).

ESTIMATED ERROR:

Soly: Not specified, but precision probably
± 0.5 mass % units (compilers).

Temp: Nothing Specified.
REFERENCES:

1. Popov, A.P.; Mironov, K.E. Izv. Sib. Otd.
Adad. Nauk. SSSR. Set'. Khim. Nauk. 1967,
12. 109-11.



COMPONENTS:

Ternary systems, one saturating component

ORIGINAL MEASUREMENTS:

167

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Nitric acid; HN03; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition and temperature

EXPERIMENTAL VALUES:

Ange1ov, 1.1. Pr•• Vses. Nauah-IssZed.
Inst. Khim. Reakt. Osobo chist. Khim.
Veshcnestv. 1958, No. 39, 18.

PREPARED BY:

T. Mioduski and S. Siekierski

t/"C

o

5

10

Ce(N03)3 HN0
3

% mol -1 mass % -1 nature of the solid phasemass kg mol kg

59.15 4.440 -- -- Ce(N03)3' 6H20
53.51 3.880 4.20 1.576 "52.22 3.756 5.15 1.917 "48.71 3.484 8.42 3.117 "43.41 3.073 13.30 4.875 "34.78 2.507 22.68 8.461 "26.30 1.867 30.50 11.20 "24.30 1. 774 33.70 12.73 "20.42 1.602 40.50 16.45 "
20.67 1. 858 45.22 21.04 Ce(N03)3' 6H20 + Ce(N03)2' 4H20

20.11 1.841 46.40 21.99 Ce(N03)3' 4H20
17.88 1.763 51.03 26.05 "16.11 1. 735 55.42 30.89 "13.37 1.600 61.00 37.77

"
60.02 4.603 -- -- Ce(N03)3' 6H20

61.05 4.806 -- -- Ce(N03)3' 6H20

continued•••••••.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Solutions Nothing specified.
were equilibrated for 3-4 hours. Cerium
was determined as C4+ by the Knorre method.

No other details given.

ESTIMATED ERROR:
Soly: precision about ± 0.3% (compilers).
Temp: precision ± 0.1 K.

REFERENCES:
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COHPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3)

(2) Nitric acid; HN0 3; [7697-37-2)

(3) Water; H20; [7732-18-5)

Ange1ov, 1.1. Tr., Vses. Nauah-IssZed.
Inst. Khim. Reakt. Qsobo Chist. Khim.
Veshahestv. 1958, No. 39, 18.

EXPERIMENTAL VALUES: continued •••.••. ,

t/"C

Ce(N03)3

mass % mol kg-1 mass %

HN0 3
-1mol kg nature of the solid phase

15

30

45

so

52

62.12
58.04
49.85
47.00
41.63
39.45
31.90
29.10

27.50

22.60
20.20
19.10
17.10
15.30
14.80

65.46
59.32
53.80
49.21
40.70
34.23

34.70

32.17
28.87
26.40
21.85
20.60
21.25
18.80
19.29

68.34
66.20
63.95
59.83

58.37

43.98
31. SO
26.16
24.40
24.40

68.85

69.35

5.028
4.618
3.893
3.686
3.284
3.090
2.574
2.499

2.643

2.159
1. 830
1.968
1. 855
2.022
2.085

5.811
5.314
4.591
4.255
3.828
3.242

3.570

3.229
3.022
2.875
2.355
2.301
2.548
2.597
3.079

6.619
6.712
6.371
6.150

6.219

4.565
3.672
3.242
3.597
3.817

6.777

6.938

3.42
10.89
13.90
19.50
21.40
30.10
35.20

40.60

45.30
45.95
51.14
54.63
61.50
63.44

6.45
10.27
15.33
26.70
33.40

35.50

37.28
41.84
45.44
59.70
51.95
53.18
59.00
61. SO

3.56
5.27

10.34

12.85

26.48
42.20
49.10
54.80
56.00

1.408
4.402
5.642
7.961
8.675

12.57
15.65

20.20

22.40
21.54
27.27
30.67
42.07
46.27

2.990
4.536
6.861

13.00
16.37

18.91

19.37
22.67
25.61
27.72
30.03
33.01
42.18
50.81

1. 868
2.717
5.501

7.086

14.23
25.46
31.50
41.81
45.34

"

"

Ce(N03)3' 6H 20 + Ce(N03)3' 4H20

Ce(N03)3· 4H 20

Ce(N0 3)3' 6H20 + Ce(N0 3)3· 4H20

Ce(N03)3· 4H20

"

"

"
"

Ce(N03)3' 6H20 + Ce(N03)3' 4H20

Ce(N03)3' 4H20

"
"

"
Ce(N03)3' 6H20

Ce(N03)3' 6H20

continued ..••..•



COHPONENTS:

Ternary systems, one saturating component

ORIGINAL MEASUREMENTS:

169

(1) Cerium nitrate; Ce(N03) 3; [10108-73-3)

(2) Nitric acid; IIN03; [7697-37-2)

(3) Water; 1I
2
0; [7732-18-5)

Ange1ov, 1.1. Tr., Vses. Nauah-IssZed.
Inst. Khim. Reakt. Osobo Chist. Khim.
Veshahestv. 1958, No. 39, 18.

EXPERIMENTAL VALUES: cont:lntlPcl .•••••.

SDS13-G

The Ce(N03)3 - HN0
3 - H20 system a

Ce(N03)3 HN0 3

t;oC % mol -1 mass % -1 nature of the solid phasemass kg mol kg

53 69.50 6.987 -- -- Ce(N03)3' 6H20

54 69.12 6.863 -- -- Ce(N03)3' 4H20

55 69.50 6.987 -- -- Ce(N03)3' 4H2o

56 70.87 7.460 -- -- Ce (N0 3) 3' 4H2O

60 73.80 8.637 -- -- Ce(N03)3' 4H20
70.86 8.302 2.97 1.801 "65.08 7.522 8.39 5.019 "39.40 4.891 35.90 23.07

"35.93 4.309 38.50 23.89
"34.81 4.330 40.54 26.10
"25.80 3.629 :;2.40 38.15
"

80 77.77 10.727 -- -- Ce(N03)3· 4H20

a. Molalities calculated by M. Salomon.
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; (10108-73-3]

(2) Nitric acid; HN03; (7697-37-2]

(3) Water; H20; (7732-18-5]

VARIABLES:

Composition at 25·C

EXPERIMENTAL VALUES:

Popov, A.P.; Hironov, K.E. Izv. Sib.
Otd. Akad. Nauk. SSSR. Se!'. Khim. Nauk.
1967, 12, 109-11.

PREPARED BY:

T. Mioduski and S. Siekierski

The Ce(N03)3 - HN03 - H
2
0 system at 25·C

Composition of saturated solutions a

Ce(N0 3)3 RN0
3-1

%
-1 nature of the solid phasemass % mol kg mass mol kg

63.4 5.31 -- -- Ce (N0 3) 3' 6H 2O
58.1 4.88 5.4 2.35

"45.8 3.99 19.0 8.57
"41.6 3.76 24.5 11.47
"

40.5 3.87 27.4 13.55 Ce(N03)3· 6H20 + Ce(N03)3· 5H20

39.8 3.92 29.1 14.85 Ce(N03)3' 5H20

38.0 3.81 31.4 16.28 Ce(N03)3' 4H20
34.9 3.47 34.3 17.67

"33.2 3.25 35.5 18.00 "26.4 2.49 41.1 20.07 "23.5 3.68 57.1 46.47
"

METASTABLE EQUILIBRIUM

66.6 6.11 -- -- Ce(N03)3' 5H20
59.0 5.67 9.1 4.53

"47.4 4.47 20.1 9.81
"38.1 3.93 32.2 17.21
"

a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Equilibrium Nothing specified.
was approach from above and below, and 4-5
hours were required to reach equilibrium.
The composition of the solid phases were de-
termined by Schreinemakers' method, and by
refractometric measurements.

ESTIMATED ERROR:
Soly: precision about 0.2 to 0.3 %

(compilers) •
Temp: precision probably ± 0.2K (compilers).

REFERENCES:



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

171

(1) Lithium nitrate; LiN0
3

; [7790-69-4J

(2) Cerium nitrate; Ce(N03)3; [10108-73-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition and temperature

EXPERIMENTAL VALUES:

Bogdanovskaya, R.L.; Sheveleva, A.D.
Zh. Neorg. Khim. 1965,10, 1713-5;
Russ. J. Inorg. Chern. Engl. Transl. 1965,
10,

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 100C a

Ce(N03)3 Li(N03)3
-1-1mass % mol kg mass % mol kg nature of the solid phase

-- -- 37.5 8. 70 LiN03 ' 3H20
3.6 0.18 35.6 8.49 "14.5 0.83 31. 7 8.55

"21.4 1. 31 28.5 8.25
"31.5 2.14 23.4 7.53
"39.2 3.06 21.5 7.94
"

48.0 4.46 19.0 8.35 LiN03 '3H20 + Ce(N03)3· 6H20

49.0 4.35 16.5 6.94 Ce(N03)3' 6H 20
50.0 4.21 13.6 5.42

"53.7 4.36 8.5 3.26
"58.0 4.48 2.3 0.84
"60.0 4.60 -- -- "

a. Molalities calculated by M. Salomon.

continued .•..•..

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE :
The method of isothermal sections was used
with refractometric analysis (1). Homogeneous
and heterogeneous mixtures of known compo
Sitions were equilibrated until the refractive
index remained constant: this required 8
hours at 30°C, 10 hours at 20°C, and 12-14
hours at 10°C. The composition of the
saturated solutions and the corresponding
solid phases were found as inflection or
"break" points on a plot of composition
against refractive index. All refractive in
dices were measured at 30°C.

The phase diagrams are of the simple eutonic
type.

SOURCE AND PURITY OF MATERIALS:
C.p. grade Ce(N03)3·6H20 was recrystallized
before use: analysis for water yielded a
value of 25.9 mass I..

C.p. grade LiN03 '3HZO was recrystallized
before use: analys1s for water yielded a
value of 43.1%. The anhydrous salt was pre
pared by drying at 110°C followed by "pro
longed" storage over CaC12 .

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.



172 Cerium nitrate

COHPONENTS:

(1) Lithium nitrate; LiN0
3

; (7790-69-4]

(2) Cerium nitrate; Ce(N03)3; (10108-73-3J

(3) Water; H20; (7732-18-5]

ORIGINAL MEASUREMENTS:

Bogdanovskaya, R.L.; Sheveleva, A.D.
Zh. Neorg. Khirn. 1965, 10, 1713-5;
Russ. J. Inorg. Chern. Engl. Transl. 1965,
10,

EXPERIMENTAL VALUES: continued •.••..

Composition of saturated solutions at 200C a

Ce(N03)3 Li(N03) 3

%
-1 -1 the SoOlidmass mol kg mass % mol kg nature of phase

-- -- 41. 5 10.29 LiN03'3H2O
2.7 0.15 40.9 10.52

"12.7 0.74 34.5 9.48
"20.7 1. 31 31.0 9.31
"27.5 1.94 29.0 9.67
"34.0 2.64 26.5 9.73
"38.5 3.11 23.5 8.97
"43.0 3.88 23.0 9.81
"46.0 4.34 21.5 9.60
"

47.0 4.43 20.5 9.15 LiN03 ·3H20 + Ce(N03)3· 6H 20

48.5 4.31 17.0 7.15 Ce(N03)3' 6H 20
52.2 4.50 12.2 4.97

"57.5 4.97 7.0 2.86
"60.0 4.87 2.2 0.84
"61.5 4.90 -- --
"

Composition of saturated solutions at 30°C

-- -- 58.0 20.03 LiN0
3

'3H2O
16.1 1. 32 46.5 18.03

"32.2 3.49 39.5 20.24
"37.7 4.31 35.5 19.21
"

44.5 5.81 32.0 19.75 CeN03 '3H20 + Ce(N03)3' 6H20

45.8 5.69 29.5 17.32 Ce(N03)3' 6H 20
51.0 5.21 19.0 9.19

"54.1 4.78 11.2 4.68
"58.2 5.10 6.8 2.82
"62.3 5.28 1.5 0.60
"63.0 5.22 -- --
"

a. Molalities calculated by M. Salomon.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

173

(1) Sodium nitrate; NaN0 3; [7631-99-4]

(2) Cerium nitrate; Ce(N03)3; [10108-73-3]

(3) Water; H
2
0; [7732-13-5]

Zhuravlev, E.F.; Sheveleva, A.D.;
Bogdanovskaya, R.L.; Kudryashov, S.F.;
Shchurov, V.A. Zh. Neorg. Khim. 1963,
8, 1955-63; Russ. J. Inorg. Chem. Engl.
Transl. 1963, 8, 1017-21.

VARIABLES: PREPARED BY:

Composition at 10°C, 20°C, and 30°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES: Composi t~on of saturated solutions a

Ce(N03)3 NaN0 3
t/oC % mol -1

% mol -1 nature of the solidmass kg mass kg phase
10 -- -- 44.5 9.43 NaN° 313.6 0.77 32.2 6.99

"35.0 2.32 18.7 4.75
"51. 3 4.06 10.0 3.04
"

56.3 4.77 7.5 2.44 NaN03 + Ce(No3)3' 6H 20
57.7 4.54 3.3 1.00 Ce(No 3)3' 6H20
60.0 4.60 -- --

"-- -- 46.8 10.35 NaN0 320 12.9 0.77 35.4 8.06
"34.3 2.31 20.2 5.22
"50.3 4.06 11. 7 3.62
"

59.0 5.32 7.0 2.42 NaN0 3 + Ce(N03)3· 6H 20

60.0 5.11 4.0 1. 31 Ce (N0 3) 3' 6H 2O
61. 5 4.90 -- --

"
30 -- -- 49.0 11. 30 NaN0

312.4 0.77 38.0 9.01
"33.2 2.31 22.7 6.06
"49.5 4.07 13.2 4.16
"

62.3 6.10 6.4 2.41 NaN03 + Ce(N03)3' 6H20

62.5 5.60 3.3 1.14 Ce (N03) 3' 6H2O
63.0 5.22 -- --

"a. l101alitip!,: ... ,,1 ... ,,1 or, h",M <;"lnmn

AUXILIARY INFORl1ATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The method of isothermal sections was used "Pure" and c.p. grade salts were used.
with refractometric analysis (1). Homo-
geneous and heterogeneous mixtures of known
compositions were equilibrated until the
refractive index remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflectivn or "break" points on a plot
of refractive index against composition.
All refractive indices were measured at
30°C.

The phase diagrams are of the simple eutonic ESTIMATED ERROR:
type.

Nothing specified (see critical evaluation).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Potassium n1.trate; KN0 3; [7757-79-1]

(2) Cerium nitrate; Ce(N03)3; [10108-73-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 10°C, 20°C, and 30°C

EXPERIMENTAL VALUES:

Zhuravlev, E.F.; Sheveleva, A.D.;
Bogdanovskaya, R.L.; Kudryashov, S.P.;
Shchurov, V.A. Zh. Neorg. Khim. 1963, 8,
1955-63; Russ. J. Inorg. Chem. Engl. Transl.
1963, 8, 1017-21.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 10°C a

Ce(N03)3 KN03

% mol -1
% mol -1 nature of the solid phasemass kg mass kg

-- -- 17.7 2.13 KN0
3

17.8 0.77 11.0 1.53 "37.6 2.31 12.5 2.48 "43.0 3.07 14.0 3.22 "
46.5 3.82 16.2 4.30 KN03 + 2KN03·Ce(N03)3·2H20

47.0 3.85 15.6 4.13 2KN03'Ce(N03)3'2H20
49.8 4.04 12.4 3.24 "55.0 4.68 9.0 2.47 "
58.0 5.11 7.2 2.05 2KN03·Ce(N03)3·2H20 + Ce(N03)3· 6H20

59.0 4.93 4.3 1.16 Ce(N03)3' 6H20
60.0 4.60 -- -- "

a. Molalities calculated by M. Salomon.

continued .

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The method of isothermal sections was used "Pure" and c.p. grade salts were used.
with refractometric analyses (1). Hetero-
geneous and homogeneous mixtures of known No other information given.
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot of
composition against refractive index. All
refractive indices were measured at 30°C.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.



Multicomponent systems, two saturating components 175

COMPONENTS:

(1) Potassium nitrate; KN0 3; [7757-79-1)

(2) Cerium nitrate; Ce(N03)3; [10108-73-3)

(3) Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:

Zhuravlev, E.F.; Sheveleva, A.D.;
Bogdanovskaya, R.L.; Kudryashov, S.P.;
Shchurov, V.A. Zh. Neorg. Khim. 1963, 8,
1955-63; Russ. J. Inorg. Chem. Engl. Transl.
1963, 8, 1017-21.

EXPERIMENTAL VALUES: continued ..•....

Composition of saturated solutions at 200C a

Ce(N03)3 KN03

% mol -1
% mol -1 nature of the solid phasemass kg mass kg

-- -- 24.1 3.14 KN0
316.4 0.77 18.0 2.71

"36.1 2.31 16.0 3.30 "41.0 3.07 18.0 4.34 "
45.5 3.80 17.8 4.80 KN03 + 2KNo3·Ce(N03)3·2H2o

47.5 4.05 16.5 4.53 2KN03·Ce(N03)3·2H20
50.4 4.18 12.6 3.37 "55.5 4.86 9.5 2.68 "
60.0 5.64 7.4 2.25 2KN03·Ce(N03)3·2H2o + Ce(No3)3' 6H20

60.5 5.21 3.9 1.08 Ce(N03)3' 6H 2o
61. 6 4.90 -- -- "

Composition of saturated solutions at 30°C

-- ~ 31.5 4.55
15.4 0.77 23.0 3.69
34.4 2.31 20.0 4.34
40.0 3.07 20.0 4.95

45.0 4.03 20.8 6.02

48.0 4.27 17.5 5.02
51.8 4.53 13.1 3.69
56.0 5.13 10.5 3.10

62.0 6.34 8.0 2.64

62.5 5.62 3.4 0.99
63.0 5.22 -- --

a. Molalities calculated by M. Salomon.

COMMENTS AND/OR ADDITIONAL DATA:

"
"

KN03 + 2KN03'Ce(N03)3'2H20

2KN03·Ce(N03)3·2H20

"
2KN03'ce(N03)3'2H20 + Ce(N03)3' 6H20

Ce(N03)3' 6H20

"

The solubility isotherms consist of three crystallization branches representing
Ce(N03)3·6H20, 2KN03·Ce(N03)3·2H20, and KNO,' The composition of saturated solutions at
the eutonic points were determined by graphical extrapolation. The double nitrate is
incongruently soluble.
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Rubidium nitrate; RbN0
3

; [13126-12-0]

(2) Cerium nitrate; Ce(N03)3; [10108-73-3]

(3) 4ater; H20; [7732-l8-5J

VARIABLES:

Composition at 10·C, 20·C, and 30·C

EXPERIMENTAL VALUES:

Zhuravlev, E.F.; Sheveleva, A.D.;
Bogdanovskaya, R.L.; Kudryashov, S.P.;
Shchurov, V.A. Zh. Neorg. Khim. 1963, 8,
1955-63; Russ. J. Inorg. Chem. Eng~. Trans~.

1963, 8, 1017-21.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at lO.C a

Ce(N03)3 RbN03

%
-1 mass % mol -1mass mol kg kg nature of the solid phase

-- -- 25.5 2.32 RbN0
316.0 0.77 20.2 2.15

"23.0 1. 38 26.0 3.46
"35.5 3.05 28.8 5.47
"

36.5 3.29 29.5 5.88 RbN03 + 2RbN03·Ce(N03)3·4H20

37.5 3.29 27.5 5.33 2RbN03·Ce(N03)3·4H20
43.8 3.56 18.5 3.33

"55.5 4.86 9.5 1.84
"

58.2 5.13 7.0 1.36 2RbN03·ce(N03)3·4H20 + Ce(N03)3· 6J.{20

59.0 4.82 3.5 0.63 Ce(N03)3· 6H20
60.0 4.60 -- --

"
a. llolalities calculated by M. Salomon.

continued .••.•.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phase were found as
inflection of "break" points on a plot of
composition against refractive index. All
refractive indices were measured at 30·C.

SOURCE AND PURITY OF MATERIALS:

"Pure" and c.p. grade salts were used.

No other information given.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:

Zhurav1ev, E.F.; Sheve1eva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.



COHPONENTS:

Multlcomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

177

(1) Rubidium nitrate; RbN0
3

; [13126-12-0J

(2) Cerium nitrate; Ce(N03)3; [10108-73-3J

(3) Water; H20; [7732-18-5]

Zhurav1ev, E.F.; Sheveleva, A.D.;
Bogdanovskaya, R.L.; Kudryashov, S.P.;
Shchurov, V.A. Zh. Neorg. Khim. 1963, 8,
1955-63; Russ. J. Inorg. Chem. EngZ. TransZ.
1963, 8, 1017-21.

EXPERIMENTAL VALUES: continued •.....

Composition of saturated solutions at 200C a

Ce(N03)3
-1mass % mol kg

-- --
14.0 0.77
29.3 2.30
33.6 3.10

35.6 3.64

38.5 3.68
45.1 4.12
54.0 5.02

59.9 5.63

60.3 5.52
61. 2 5.27
61.5 4.90

RbN03 -1mass % mol kg

35.0 3.65
30.0 3.63
31. 7 5.51
33.2 6.78

34.4 7.78

29.5 6.25
21. 3 4.30
13.0 2.67

7.5 1.56

6.2 1. 25
3.2 0.61
-- --

nature of the solid phase

RbN0 3 + 2RbN03·Ce(N03)3·4H20

2RbN03·Ce(N03)3·4H20

2RbN03·Ce(N03)3·4H20 + Ce(N03)3· 6H 20

Ce(N03)3' 6H20

Composition of saturated solutions at 30°C

-- -- 42.3 4.97
11.8 0.76 40.4 5.73
26.5 2.31 38.4 7.42
30.5 3.07 39.0 8.67

34.5 4.07 39.5 10.30

39.5 4.15 31. 3 7.27
45.2 4.54 24.3 5.40
53.0 5.36 16.7 3.74

62.7 6.68 8.5 2.00

62.8 6.06 5.4 1.15

a. Molalities calculated by M. Salomon.

COMMENTS AND/OR ADDITIONAL DATA:

RbN03 + 2RbN03'Ce(N03)3'4H20

2RbN03·Ce(N03)3·4H20

2RbN03·Ce(N03)3·4H20 + Ce(N03)3· 6H 20

Ce(N03)3' 6H20

The solubility isotherms consist of three crystallization branches representing
Ce(N03)3·6H20, 2RbN03.Ce(N03)3·4H20, and RbN0 3. The double salt is incongruently
soluble at 10°C, and is congruently soluble at 20°C and 30°C.

SDS13_<.*
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cesium nitrate; CsN03; [7789-18-6]

(2) Cerium nitrate; Ce(N0
3
)3; [10108-73-3]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Composition at 10°C, 20°C, and 30°C

EXPERIMENTAL VALUES:

Zhuravlev, E.F.; Sheveleva, A.D.;
Bogdanovskaya, R.L.; Kudryashov, S.F.j
Shchurov, V.A. Zh. Neorg. Khim. 1963, 8,
1955-63; Russ. J. Inorg. Chem. EngZ. TransZ.
1963, 8, 1017-21.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 100C a

Ce(N03)3 CsN0
3

% mol
-1

mass % mol -1 the solidmass kg kg nature of phase

-- -- 11.8 0.69 CsN0318.6 0.78 8.7 0.61
"34.5 2.07 14.5 1.46
"40.5 3.08 19.2 2.44 "44.4 4.08 22.2 3.41 "

45.8 4.62 23.8 4.02 CsN03 + 2CsN03·ce(N03)3·4H20

51.5 5.26 18.5 3.16 2CsN03·ce(N03)3·4H20

55.0 5.78 15.8 2.78 2CsN03'Ce(N03)3'4H20 + Ce(N03)3' 6H20

55.4 5.59 14.2 2.40 Ce(N03)3· 6H20
57.7 5.11 7.7 1.14 "60.0 4.60 -- -- "

a. Molalities calculated by M. Salomon.

continued ..••.•.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The method of isothermal sections was used "Pure" and c.p. grade salts were used.
with refractometric analyses (1). Hetero-
geneous and homogeneous mixtures of known No other information given.
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index. All
refractive indices were measured at 30°C.

The double nitrate, 2CsNO .Ce(N03)3· 4H20 , ESTIMATED ERROR:
is congruently soluble. 3

Nothing specified (see critical evaluation).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.



COHPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

179

(1) Cesium nitrate; CsN0
3

; [7789-18-6)

(2) Cerium nitrate; Ce(N0
3

)3; [10108-73-3)

(3) Water; H20; [7732-18-5)

Zhurav1ev, E.F.; Sheve1eva, A.D.;
Bogdanovskaya, R.L.; Kudryashov, S.F.;
Shchurov, V.... Zh. Neorg. Khirn. 1963, 8,
1955-63; Russ. J. Inorg. Chern. Engl. Trans?
1963, 8, 1017-21.

EXPERIMENTAL VALUES: continued ••..•..

Composition of saturated solutions at 20.C a

Ce(N03)3 CsN03

% mol -1 mass % mol -1 nature of the solid phasemass kg kg

-- -- 17 .5 1.09 CsN0
317.7 0.79 13.3 0.99

"33.0 2.07 18.1 1.90
"39.0 3.08 22.2 2.94
"42.7 4.08 25.2 4.03
"

44.8 4.87 27.0 4.91 CsN03 + 2CsN03·Ce(N03)3·4H20

45.5 5.00 26.6 4.89 2CsN03·ce(N03)3·4H20
50.3 5.53 21.8 4.01

"54.3 6.24 19.0 3.65
"

58.5 6.82 15.2 2.97 2CsN03·ce(N03)3·4H20 + Ce(N03)3' 6H20

59.2 6.24 11. 7 2.06 Ce(N03)3' 6H 20
60.4 5.63 6.7 1.04

"61. 5 4.90 -- --
"

Composition of saturated solutions at 30.C a

-- -- 25.5 1. 76 CSN0
316.3 0.77 18.8 1. 49

"31. 7 2.07 21.3 2.33
"37.8 3.07 24.5 3.33
"41. 3 4.03 27.3 4.46
"

43.7 5.19 30.5 6.07 CsN03 + 2CsN03'Ce(N03)3'4H20

44.9 5.27 29.0 5.70 2CsN03·Ce(N03)3·4H20
49.7 5.91 24.5 4.87

"53.5 6.48 21. 2 4.30
"

62.3 8.06 14.0 3.03 2CsN03'Ce(N03)3'4H20 + Ce(N03)3' 6H20

62.8 6.90 9.3 1.71 Ce(N03)3' 6H20
63.0 6.09 5.3 0.86

"63.0 5.22 -- --
"

a. Molalities calculated by M. Salomon.
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Beryllium nitrate; Be(N03)2; [13597-99-4)

(2) Cerium nitrate; Ce(N03)3; [10108-73-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at O·C and 20·C

EXPERIMENTAL VALUES:

Kudryashov, S.F.; Frolova, S.I.; Ushkova, A.~

Zh. Neorg. Khim. 1967, 12, 2494-6; Russ. J.
Inorg. Chern. Engl. Transl. 1967, 12, 1316-7.

PREPARED BY:

T. Uioduski and S. Siekierski

Composition of saturated solutions at O.C a

Ce(N03)3 Be(N03)2

mass % -1 mass % -1 40mol kg mol kg nD nature of the solid phase

-- -- 51.50 7.983 1.4200 Be(N03)2' 4H 20
5.24 0.342 47.80 7.652 1.4243

"13.58 0.955 42.80 7.376 1. 4313 "24.80 1.960 36.40 7.053 1. 4425
"

26.40 b 2.103 35.10 6.854 1. 4450 Be(N03)2· 4H20 + Ce(N03)3· 6H20

26.66 1. 982 32.10 5.851 1. 4370 Ce(N03)3' 6H20
27.30 1.856 27.61 4.603 1. 4295 "28.58 1.882 24.85 4.011 1. 4260

"36.20 2.359 16.75 2.676 1.4255 "50.25 3.610 7.07 1. 245 1.4360 "57.80 4.200 -- --- 1.4450 "
a. Molalities calculated by M. Salomon.

b. Eutonic point found by extrapolation.

continued .

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:
The solubilities of the pure salts and their
mixtures was studied by the method of iso
thermal sections (1). Solutions were pre
pared along eight sections of the phase
diagram. and concentrations were determined
by measuring the refractive indices and com
paring with refractive indices of standard
solutions. Solutions were equilibrated
until their refractive indices remained con
stant. All refractive indices were measured
at 40·C.

The solid solid phase was identified micro
scopically which is facilitated by the fact
that Be(N03)2'4H20 crystals float to the
surface of tfie saturated solutions and
Ce(N03)3'6H20 crystals sink to the bottom.

SOURCE AND PURITY OF MATERIALS:
A.R. grade nitrates were recrystallized
from water to give Ce(N03)3·6H20 and
Be(N03)2·4H20: analyses for water gave
24.88 and 35.14 mass %. respectively.

No other information given.

ESTIMATED ERROR:

Soly: precision about ± 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers)

REFERENCES:

1. Zhuravlev. E.F.; Sheveleva, A.D. Zh.
Neorg. Khirn. 1960, 5, 2630.
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COHPONENTS:

(l)Beryllium nitrate; Be(N0 3)2; [13597-99-4]

(2)Cerium nitrate; Ce(N03)3; [10108-73-3]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Kudryashov, S.F.; Fro1ova, S.I.;
Ushkova, A.V. Zh. Neorg. Khim. 1967,
12, 2494-6; Russ. J. Inorg. Chem.
EngZ. TransZ. 1967, 12, 1316-7.

EXPERIMENTAL VALUES: continued •••....

Composition of saturated solutions at 200C a

Ce(N0 3) 3 Be(N03)2

mass % mol -1 mass % mol -1 40
nature of the solid phasekg kg nD

-- -- 53.70 8.719 1. 4260 Be(N03)2' 4H 20
4.31 0.295 50.90 8.543 1.4292

"10.90 0.800 47.30 8.507 1.4350
"25.80 2.197 38.20 7.977 1. 4490
"33.77 3.196 33.83 7.849 1. 459 5
"

36.50 b 3.669 33.00 8.134 1. 4630 Be(N03)2' 4H20 + Ce(N03)3· 6H20

36.80 2.985 25.40 5.051 1.4480 Ce(N03) 3· 6H 20
41.00 3.143 19.00 3.571 1. 4420

"41.00 3.086 18.26 3.369 1.4420
"55.00 4.268 5.49 1.045 1.4500
"62.50 5.110 -- -- 1. 45 70
"

a. Molalities calculated by

b. Eutonic point found by extrapolation.

COMHENTS AND/OR ADDITIONAL DATA:

The phase diagram at O°C and 20°C are of the simple eutonic type. The solubility
isotherms consist of two branches corresponding to the crystallization of Ce(N03)3·6H20
and Be(N03)2·4H20. The cerium nitrate composition at the eutonic point increases witfi
temperature.
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1)

(2)

(3)

Magnesium nitrate; Mg(N03)Z; [10377-60-3]

Cerium nitrate; Ce(N03)3; [10108-73-3]

Water; HZO; [773Z-18-5]

Yakimov, M.A.; Gizhavina, E.I. Zh. Neopg.
Khirn. 1971, 16, 507-9; Russ. J. Inopg. Chern.
Engl. Tpansl. 1971, 16, Z68-9.

Composition of saturated solutionsa

Mg(N03)Z

% mol kg- 1 nature of the solid phase

VARIABLES:

Composition at Z5°C

EXPERIMENTAL VALUES:

Ce (N0 3) 3
-1mass % mol kg

62.73 b 5.161

61.81 5.082

48.51 3.381
4l.8Z Z.7Z4
Z7.06 1.565
18.06 0.986

7.50 0.388
2.0Z 0.107

c
0.56 0.030

-- ---

mass

-- ---

0.90 0.163

7.50 1.149
11.10 1. 590
19.9Z 2.533
Z5.80 3.098
33.Z4 3. 782
40.12 4.675

41. 87 4.903

41.80 4.842

PREPARED BY:

T. Mioduski and S. Siekierski

Ce(N03)3' 6H20

Ce(N0 3)3· 6HZO + Mg
3

CeZ(N0 3)lZ'Z4HZO

Mg
3

CeZ(N0 3)lZ'24HZO

"

"
Mg3CeZ(N0 3)lZ'24HZO + Ng(N03)Z·6HZO

Mg(N03)Z·6HZO

a. Molalities calculated by M. Salomon.

b. Vapor pressure of this solution is 13.05 rom Hg (1).

c. 0.55 mass % in the English Translation.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The com
position of the saturated solutions was
determined by chemical analysis, and the
composition of the solid phases was deter
mined by Schreinemakers' method.

Cerium was separated from magnesium by
double precipitation with ammonium buffer
(NH4C1 + NH40H) followed by heating the
cerium hydroxide to give CeOZ' The mag
nesium in the filtrate was determined by
trilonometric titration.

SOURCE AND PURITY OF MATERIALS;

Nothing specified.

ESTIMATED ERROR:

Soly: precision about ± 0.5% (compilers).

Temp: precision probably ± O.ZK (compilers).

REFERENCES:

(1) Yakimov, M.A.; Gizhavina, E.J. Zh. Neorg.
Khim. 1971, 1.6, 1756.
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Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Magnesium nitrate; Mg(N0 3)2; [10377-60-3]

(2) Cerium nitrate; Ce(N0
3

)3; [10108-73-3]

(3) Nickel nitrate; Ni(N0 3)2; [13138-45-9]

(4) Water; H
2
0; [7732-18-5]

VARIABLES:

Composition at 25°C

EXPERIMENTAL VALUES:

Mitina, N.K.; Shevchuk, V.G. Zh. Neorg.
Khim. 1977, 22, 1376-81; Russ. J. Inorg.
Chem. EngZ. TransZ. 1977, 22, 749-51.

PREPARED BY:

T. Uioduski and S. Siekierski

Composition of saturated solutions a

Ce(N03)3 Mg(N03)2 Ni(N03) 2

% mol -1
%

-1 mass % mol -1 solid phase b
mass kg mass mol kg kg

5.90 0.323 38.14 4.595 --- --- A+ B
4.64 0.379 53.59 9.630 4.25 0.620 "5.36 0.396 41.34 6.713 11. 78 1.553 "
5.86 0.434 35.86 5.841 16.89 2.233 A + B + C

-- --- 35.81 4.121 5.60 0.523 A+ C
4.13 0.383 54.91 11. 205 7.92 1.312 "
5.92 0.612 43.06 9.781 21. 34 3.395 B + C
5.83 0.443 25.10 4.192 28.70 3.891 "
5.36 0.424 12.52 2.176 43.32 6.111 B + C + D

-- --- 19.60 2.351 24.20 2.357 C + D
2.05 0.199 27.91 5.955 38.44 6.658

"3.60 0.275 20.44 3.431 35.80 4.879 "
--- --- 3.90 0.529 46.40 5.110 D + E

1.81 0.147 4.313 0.785 56.17 8.167 "

continued.••...

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. The solns No information given.
were thermostated, and equilibrium was
reached in 15-20 days with continuous stir-
ring. For those solns in which cerium was
absent, the sum of magnesium and nickel
nitrates was determined by titration with
Trilon; when cerium was present, it was
precipitated with cone NH40H and an excess
of NH4C1 prior to the comp1exometric
titration. The total nitrates was deter-
mined by Devarda's method. Nickel in the
presence of magnesium was determined by
titration with Tri10n after addition of ESTIMATED ERROR:
NH4F. Nickel in the presence of cerium
and water were determined by the difference. Nothing specified (see critical evaluation).
The compilers assume that the solid phases
were determined by Schreinemakers' method.

REFERENCES:
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COHPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Magnesium nitrate; Mg(N0
3

)2; [10377-60-3]

(2) Cerium nitrate; Ce(N03)3; [10108-73-3]

(3) Nickel nitrate; Ni(N03) 2; [13138-45-9]

(4) Water; H20; [7732-18-5]

Mitina, N.K.; Shevchuk, V.G. Zh. Neorg.
Khirn. 1977, 22, 1376-81, Russ. J. Inorg.
Chern. Engl. Transl. 1977, 22, 749-51.

EXPERIMENTAL VALUES: continued.•.•.•

Composition of saturated solutions a

Ce(N03)3 Mg(N0 3)2 Ni(N03)2

% mol -1
% mol -1 mass % -1 solid bmass kg mass kg mol kg phase

5.76 0.447 7.00 1.194 42.72 6.609 B + D + E

8.99 0.617 0.33 0.050 46.03 5.642 B + E
17.46 1.495 4.74 0.893 42.00 6.421

"
4.60 0.304 -- -- 49.04 5.789 E + F
8.16 0.640 2.87 0.495 49.85 6.974

"10.51 0.829 2.37 0.411 48.27 6.800
"15.85 1. 314 3.01 0.548 44.14 6.529
"

20.66 1. 701 3.11 0.563 38.98 5.727 B + E + F

28.77 3.151 3.19 0.768 40.04 7.826 B + F
34.06 3.616 3.12 0.728 33.94 6.432

"41. 35 4.351 2.56 0.592 26.65 5.062
"50.66 5.580 3.18 0.770 18.32 3.602
"

58.20 5.343 -- -- 8.40 1. 376 F + G
62.73 7.336 1. 28 0.329 9.77 2.039

"
58.54 7.365 3.86 1.068 13.23 2.971 B + F + G

61. 80 8.385 5.24 1.563 10.36 2.509 B + G
71. 07 10.852 5.45 1.830 3.40 0.927

"58.63 4.790 3.84 0.690 -- --
"

a. Molalities calculated by M. Salomon.

b. Solid phases:

A = Mg(N0 3)2· 6H20

B = 3Mg(N03)2·2Ce(N03)3·24H2O

C = solid solutions based on Mg(N0 3)2 (hydrated)

D = solid solutions based on Ni(N03)2 (hydrated)

E = Ni(N03)2'6H20

F = 2Ce(N03)3'3Ni(N03)2'24H20

G = Ce(N03)3'6H20

COMMENTS AND/OR ADDITIONAL DATA:

The phase diagram for the quaternary Ce(N0 3)3 - Mg(N03)2 - Ni(N03)2 - H20 system
has seven crystallization fields for each of the phases A - G listed above. The
relative size of each field is:

A = 4.5%, B = 71.1%, C = 8.1%, D = 5.2%, E = 3.9%, F = 5.6% and G = 1.6%.

..



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Magnesium nitrate; Mg(N03)2; [10377-60-3]

(2) Cerium nitrate; Ce(N03)3; [10108-73-3]

(3) Ammonium nitrate; NH4N0
3

; [6484-52-2]

(4) Water; H20; [7732-18-5]

VARIABLES:

Computation at 25°C

EXPERIMENTAL VALUES:

Shevchuk, V.G.; Mitina, N.K. Zh. Neorg.
Khim. 1976, 21, 1943-7, Russ. J. Inorg.
Chem. Engl. Transl. 1976, 21, 1067-70.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 25°C a

Ce (N0 3) 3 NH4N0 3 Mg(N03)2

-1 "- mol -1 mass %
-1 solid phase b

mass % mol kg mass ,. kg mol kg

5.90 0.323 -- -- 38.14 4.595 A + E
4.94 0.456 3.07 1.15 58.78 11. 93 "
-- -- 5.61 1.29 40.23 5.008 A+ B

4.43 0.337 9.77 3.03 45.47 7.601 A + B + E

-- -- 11.90 2.969 38.02 5.119 B + C

4.30 0.333 15.73 4.958 40.33 6.859 B + C + E
4.18 0.319 18.30 5.694 37.37 6.275

"5.02 0.400 26.41 8.566 30.05 5.260
"4.26 0.353 30.52 10.31 28.23 5.145
"

-- --- 29.43 9.595 32.25 5.674 C + D
0.41 0.026 20.65 5.424 31.38 4.448 "0.88 0.076 31.80 11.19 31. 81 6.040 "
4.71 0.418 33.01 11.94 27.74 5.415 C + D + E
6.60 0.619 33.42 12.78 27.30 5.632 "

continued ..••.•.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Equilibrium
was reached in 15 days. Cerium was deter
mined by oxidation to Ce4+ with ammonium
persu1fate followed by addition of standard
iron (II) sulfate, and the excess titrated
with potassium dichromate. Total nitrogen
was determined by the method of Devarda (no
reference given), and magnesium was deter
mined by difference.

SOURCE AND PURITY OF MATERIALS:

"Chemically pure" salts were recrystal
lized from their aqueous solutions.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:

-



186 Cerium nitrate

COHPONENTS:

(1) Magnesium nitrate; Mg(N03)2; [10377-60-3)

(2) Cerium nitrate; Ce(N03)3; [10108-73-3)

(3) Ammonium nitrate; NH4N03; [6484-52-2)

(4) Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:

Shevchuk, V.G.; Uitina, N.K. Zh. Neorg.
Khim. 1976, 21,1943-7; Russ. J. Inorg.
Chern. EngZ. TransZ. 1976, 21, 1067-70.

EXPERIMENTAL VALUES: continued •••••••

Composition of saturated solutions at 25.C a

Ce(N03) 3 NH4N03 Mg(N°3)2

% mol -1
% mol -1 mass % mol -1 solid phase bmass kg mass kg kg

14.31 1. 343 30.38 11.62 22.64 4.672 D + E + F
29.27 2.812 38.81 15.19 -- --

"25.29 2.034 26.61 8.721 9.98 1.765 "37.03 3.179 21.32 7.457 5.93 1.119 "47.65 4.934 17.82 7.519 4.92 1.120 "41.99 4.083 21. 79 8.634 4.69 1.002 "
49.94 5.081 15.43 6.396 4.49 1.004 G + E + F

59.50 5.866 9.40 3.776 -- -- G + F

60.52 5.938 4.92 1.967 3.31 0.714 G + E
58.63 4.790 -- -- 3.84 0.690

"

a. Molalities calculated by M. Salomon.

b. A c Mg(N03)2·6H20

B • 5Mg(N03)2·2NH4N0 3·30H20

C • 5Mg(N03)2'NH4N03'30H20

D • NH4N0
3

COMMENTS AND/OR ADDITIONAL DATA:

E • 3Mg(N03)Z·ZCe(N03)3·Z4H20

F • Ce(N03)3'2NJl4N03'4H20

G • Ce(N03)3'6HZO

The system has seven crystallisation fields:

the initial salts NH4N03, Mg(N03)Z'6H20, and Ce(N03)3'6HZO,

the incongruently soluble double salts 5Mg(N03) 2'2NH4N03 ' 30H20, and

5Mg(N03)2·NH4N03·30H20, and the congruently soluble magnesium and

and ammonium cerium (III) nitrates 3Mg(N03)2·2Ce(N03)3·24H20 and

Ce(N03)3·2NH4N03·4H20.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Calcium nitrate; Ca(N0
3
)2; [10124-37-5]

(2) Cerium nitrate; Ce(N03)3; [10108-73-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition and temperature

EXPERIMENTAL VALUES:

Bogdanovskaya, R.L.; Kudryashov, S.F.
Uah. Zap. Permsk. Gos. Univ. im. A.M.
GOr'kogo 1966, 141, 27.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions a

Ce(N03)3 Ca(N03)2

t/oC % mol -1
% mol -1 nature of the solidmass kg mass kg phase

10 -- -- 53.6 7.04 Ca(N03)2' 4H 20
6.6 0.43 46.6 6.07 "11.1 0.77 44.6 6.14 "19.1 1.38 38.5 5.53 "27.9 2.33 35.4 5.88

"
29.4 2.53 35.0 5.99 Ca(N03)2' 4H20 + Ca(N03)2·Ce(N03)3·4H20

29.7 2.51 34.0 5.71 Ca(N03)2'Ce(N03)3'4H20
35.9 2.86 25.6 4.05 "43.8 3.53 18.2 2.92 "48.9 3.77 n.5 1.77 "57.0 4 56 4.7 0.75 "58.3 4.81 4.5 0.74 "
58.6 4.86 4.4 0.72 Ce(N03)3' 6H20
60.0 4.60 -- -- "

a. Molalities calculated by M. Salomon.

continued .••••••.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The method of isothermal sections was used Nothing specified.
with refractometric analyses. Heterogeneous
and homogeneous mixtures of known compo-
sition were equilibrated until their re-
fractive indices remained constant. No
other information given.

Additional details on the method of iso
thermal sections can be found in (1), and
elsewhere in this volume (compilers).

ESTIMATED ERROR:
Soly: precision about :t- 1 % (cOldpilers).
Temp: precision ± 0.1 K.

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, E.D.
Zh. Neorg. Khim. 1960, 5, 2030.
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COHPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Calcium nitrate; Ca(N0
3

)2; [10124-37-5]

(2) Cerium nitrate; Ce(N03) 3; [10108-73-3]

(3) Water; H20; [7732-18-5]

Bogdanovskaya, R.L.; Kudryashov, S.F.
Uch. Zap. Permsk. Gas. Univ. im. A.M.
Gor'kogo 1966, 141, 27.

EXPERIMENTAL VALUES: continued ..••..

Composition of saturated solutions a

20

30

Ce(N03)3 Ca(N03)2

% mol -1
% mol -1 nature of the solid phasemass kg mass kg

-~ -- 56.4 7.88 Ca(N03)2· 4H 20
5.5 0.38 50.4 6.96

"10.8 0.77 46.0 6.49
"17.4 1. 29 41. 3 6.09
"25.9 2.19 37.8 6.35
"26.9 2.32 37.5 6.42
"

31. 2 2.87 35.5 6.50 Ca(N03)2· 4H20 + Ca(N03)3'Ce(N03)3'4H20

31.1 2.72 33.8 5.87 Ca(N03)2'Ce(N03)3'4H20
38.2 3.24 25.6 4.31 "44.4 3.68 18.6 3.06

"49.6 4.06 12.9 2.10
"57.9 4.82 5.3 0.88 "59.5 5.11 4.8 0.82 "

60.5 5.26 4.2 0.73 Ce(N03)3' 6H20
61.5 4.90 -- --

"
-- -- 60.4 9.30 Ca(N03)2· 4H20

4.2 0.31 54.9 8.18
"10.2 0.77 49.0 7.32
"13.5 1.06 47.6 7.46
"24.5 2.09 39.6 6.72 "27.0 2.40 38.5 6.80
"31. 8 3.08 36.5 7.02
"

32.8 3.22 36.0 7.03 Ca(N03)2' 4H20 + Ca(N03)2'Ce(N03)3'4H20

35.7 3.53 33.3 6.55 Ca(N03)2'Ce(N03)3'4H20
40.5 3.74 26.3 4.83 "45.4 3.95 19.4 3.36 "50.4 4.38 14.3 2.47 "57.1 4.84 6.7 1.13 "
60.3 5.41 5.5 0.98 Ca(N03)2'Ce(N03)3'4H20 + Ce(N03)3· 6H20

60.8 5.27 3.8 0.65 Ce (N03) 3' 6H2O
63.0 5.22 -- --

"

a. Molalities calculated by M. Salomon.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1)

(2)

(3)

Strontium nitrate; Sr(N0 3)2; [10042-76-9)

Cerium nitrate; Ce(N0
3

)3; [10108-73-3)

Water; H
2
0; [7732-18-5)

30gdanovskaya, R.L. Uch. Zap. Permsk.
Gos. Univ. im. A.M. Gor'kogo. 1966,
141, 32.

VARIABLES:

Composition and temperature

EXPERIMENTAL VALUES:

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions a

Ce(N03)3 Sr(N03)2

trC % mol -1
% mol -1 nature of the solidmass kg mass kg phase

15 -- -- 38.5 2.96 Sr (N0 3) 2' 4H 2O
6.9 0.34 31.5 2.42

"13.7 0.70 26.2 2.06 "22.9 1. 22 19.5 1.60 "27.1 1.46 15.9 1. 32
"30.0 1.65 14.2 1. 20
"35.4 2.04 11.5 1.02
"37.4 2.17 9.7 0.87 "

42.0 2.60 8.5 0.81 Sr(N03)2· 4H 20 + Sr(N03)2

47.4 3.07 5.3 0.53 Sr(N0 3)2
58.3 4.41 1.2 0.14 "
60.0 4.69 0.8 0.096 Sr(N03)2 + Ce(N03)3' 6H20

60.5 4.70 -- --- Ce(N0 3) 3' 6H 20

a. Molalities calculated by M. Salomon.

continued .••.•••

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The method of isothermal sections was used Nothing specified.
with refractometric analyses. Heterogeneous
and homogeneous mixtures of known composition
were equilibrated until their refractive
indices remained constant. No other inform-
ation given. Additional details on the
method of isothermal sections can be found
in (I), and elsewhere in this volume (com-
pilers) •

ESTIMATED ERROR:

Soly: precision about ± 1 % (compilers).
Temp: precision ± 0.1 K.

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.
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COHPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Strontium nitrate; Sr(N03)2; [10042-76-9J

(2) Cerium nitrate; Ce(N03)3; [10108-73-3]

(3) Water; H20; [7732-18-5]

Bogdanovskaya, R.L. Uah. Zap. Permsk.
Gos. Univ. im. A.M. Gor'kogo. 1966,
141, 32.

EXPERIMENTAL VALUES: continued ••••.• ,

Composition of saturated solutions a

t/OC

25

35

Ce(N03)3 Sr (N03) 2

% mol -1 % -1 nature of the solid phasemass kg mass mol kg

-- -- 44.0 3.71 Sr(N03)2' 4H20
6.3 0.34 37.5 3.15 II

12.5 0.70 32.6 2.81 II

21. 8 1. 22 23.5 2.03 II

24.3 1. 38 21.9 1.92 II

26.8 1.56 20.5 1. 84 II

30.5 1. 85 19.0 1. 78 Sr(N03)2· 4H20 + Sr(N03)2

33.8 2.04 15.5 1.44 Sr(N03)2
45.9 2.94 6.2 0.61 II

58.1 4.41 1.5 0.18 II

61. 5 5.06 1.2 0.15 Sr(N03)2 + Ce(N03)3' 6H20

62.5 5.11 -- -- Ce(N03)3' 6H20

-- -- 47.5 4.28 Sr(N03)2
5.8 0.34 42.0 3.80 II

11.9 0.69 35.5 3.19 II

20.9 1. 22 26.5 2.38 II

33.4 2.04 16.5 1.56 II

46.6 3.06 6.7 0.68 II

57.4 4.41 2.7 0.32 II

63.0 5.52 2.0 0.27 II

63.5 5.33 -- -- Ce(N03)3· 6H20

a. Molalities calculated by M. Salomon.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

191

(1) Barium nitrate; Ba(N03)2: [10022-31-8J

(2) Cerium nitrate: Ce(N03)3; [10108-73-3]
(3) Water: H

2
0: [7732-18-5]

VARIABLES:

Composition at 30·C

EXPERIMENTAL VALUES:

Bogdanovskaya, R.L. Uah. Zap. Pe~Bk.

GOB. Univ. 1966, 141, 32.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions a

Ce(N03)3 Ba(N03)2

% mol -1 % mol -1mass kg mass kg

--- -- 10.5 0.449
5.8 0.205 7.3 0.32

11.4 0.416 4.7 0.21
18.9 0.737 2.5 0.12
25.9 1.10 2.2 0.12
32.6 1.51 1.2 0.069
37.6 1. 87 0.8 0.050
49.8 3.07 0.4 0.031

63.0 5.22 --- ---

a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

nature of the solid phase

Ba(N03)2

"
"
"
"
"
"
"

METHOD/APPARATUS/PROCEDURE:
The solubility was studied by the method of
isothermal sections using refractometric
analysis (1). Homogeneous and heterogeneous
solutions of known composition were prepared
and equilibrated until their refractive in
dices were constant. The composition of the
saturated solutions and of the corresponding
solid phases were found as inflection or
break points on the composition-refractive
index diagrams. In addition, the composition
of saturated and solid phases were determined
by chemical analyses. No other information
given.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

Zhuravlev, E.F.: Sheveleva, A.D. Zh. Neorg.
Khim. 1960, 5, 2630.

-
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N0 3) 3; [10108-73-3]

(2) Cerium chloride; CeC1
3

; [7790-86-5]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C

Onishchenko, M.K.; Shevchuk, V.G.
Zh. Neorg. Khirn. 1977, 22, 2879-81;
Russ. J. Inorg. Chern. Engl. Transl.
1977, 22, 1565-6.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

nature of the solid phase

EXPERIMENTAL VALUES: Compos i t ion of saturated solutions a

Ce(N03)3 CeC1 3
densit3

mass I. mole -1
% mole -1kg mass kg nD

kg m-

-- --- 48.63 3.841 1.4690 1. 63 79
3.28 0.203 47.08 3.848 1. 4720 1. 6476
9.72 0.626 42.67 3.636 1. 4765 1.6793

11.70 0.775 42.02 3.684 1. 4790 1. 7025
15.43 1.059 39.88 3.620 1. 4820 ---
19.92 1. 424 37.18 3.516 1. 4850 ---
23.31 1. 724 35.23 3.447 1. 4872 1. 7310
28.04 2.198 32.84 3.406 1.4912 ---
32.23 2.643 30.38 3.296 1. 4968 1.7523
36.73 3.184 27.90 3.200 1. 4980 1. 8234
38.71 3.471 27.09 3.214 1. 4991 2.1814
39.72 3.653 26.94 3.278 1. 5000 2.5762

44.85 4.330 23.39 2.988 1.5030 2.8953

46.89 4.037 17.50 1. 994 1. 4850 2.5678
49.23 4.150 14.40 1.606 1. 4800 2.1713
52.07 4.272 10.56 1.146 1. 4732 1. 9516
55.06 4.544 7.79 0.851 1.4698 1.8117
58.32 4.764 4.14 0.447 1. 4650 ---
59.93 4.949 2.94 0.321 1.4618 1. 7897
62.87 5.192 --- --- 1. 4600 1. 7627

a. Molalities calculated by compilers.

AUXILIARY INFORMATION

CeC1
3

·7H
2
O

"
"
"
"
"
"
"
"
"
"
"

A + B

(A)

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The mix
tures reached equilibrium after 7-30 days at
25°C. Both the saturated solutions and solie
residues were analysed: cerium was deter
mined by complexometric titration with Tri
lon, and chloride was determined by the Mohr
method. The compilers assume that the com
positions of the solid phases were deter
mined by Schreinemakers' method.

The compilers also assume that the refractive
indices were measured at 25°C: i.e., the
nB5 values. The source paper also lists
v1scosities and electrolytic conductivities
for the saturated solutions.

SOURCE AND PURITY OF MATERIALS:

Both Ce(N03)3·6H20 and CeCl ·7HZO were
c.p. grade salts and recrys~al11zed twice
prior to use.

No other information given.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1)

(2)

(3)

Cerium nitrate; Ce(N03)3; [10108-73-3]

Manganese nitrate; Mn(N0
3

)2; [l0377-66-~

Water ; H20 ; [7732-18-5]

Shurov, V.A.; Mochalov, K.I.; Volkov, A.A.
Uch. Zap. Permsk. Gos. Univ. 1966, 141, 18.

VARIABLES:

Composition at 10·C, 20·C, 30·C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES: The Ce(N03)3 - Mn(N03)2 - H20 system a

Ce(N03)3 Mn(N03)2

t/"C % mol -1
% mol -1

nature of the solid phasemass kg mass kg

10 60.0 4.60 -- -- Ce (NO 3) 3' 6H 2O
56.6 4.30 3.0 0.41

"
55.5 4.19 3.9 0.54 Ce(N03)3'6H20 + ce2Mn3(N03)12'24H20
48.9 3.49 8.1 1.05 Ce2Mn 3(N03)12'24H2O
35.7 2.31 16.9 1.99

"27.9 1. 74 22.9 2.60
"17.5 1. 04 30.8 3.33
"3.9 0.23 43.9 4.70
"-- -- 54.2 6.61 Mn(N03)2' 6H20

20 61.5 4.90 -- -- Ce(N03)3'6H2O
58.9 4.69 2.6 0.38

"
57.3 4.58 4.3 0.63 Ce(N03)3'6H20 + Ce2Mn3(N03)12'24H20

49.9 3.70 8.7 1.17 Ce2Mn3(N03)12'24H20
36.1 2.42 18.2 2.23

"28.9 1. 87 23.7 2.79
"19.5 1. 21 31.0 3.50
"6.1 0.37 43.2 4.76
"

0 -- 58.5 7.88 Mn(N0 3)2' 6H20

a. Molalities calculated by M. Salomon.

continued ..•...•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
With refractometric analyses of both the
liquid and solid phases. Solutions were
equilibrated until the refractive indices
were constant.

No other information given.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: precision about 1 % (compilers).

Temp: precision ± 0.1 K.

REFERENCES:
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COHPONENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Manganese nitrate; Mn(N03)2; [10377-66-9]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Shurov, V.A.; Mocha1ov, K.I.; Vo1kov, A.A.
Uah. Zap. Permsk. Gos. Univ. 1966, 141, 18.

EXPERIMENTAL VALUES: continued •••••••

The Ce(N03)3 - Mn(N03)2 - H20 system a

Ce(N03)3 Mn(N03)2

trC % mol -1
% -1 nature of the solid phasemass kg mass mol kg

30 63 5.22 -- -- Ce(N°3)3' 6H20
61.2 5.13 2.2 0.34

"
59.3 5.04 4.6 0.71 Ce(N03)3'6H20 + Ce2Mn3(N03) 12' 24H20

51.4 4.03 9.5 1. 36 Ce2Mn3(N03)12' 24H2O
36.5 2.56 19.8 2.53

"29.9 2.01 24.5 3.00
"21.6 1.40 31.2 3.69
"9.1 0.58 42.4 4.89
"3.6 0.24 50.6 6.17
"

-- -- 67.4 11.55 Mn(N03)z'6HZO

a. Molalities calculated by M. Salomon.
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Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Cerium nitrate; Ce(N03) 3; [10108-73-3]

(2) Nickel nitrate; Ni(N03) 2; [13138-45-9]

(3) Water; H20; [&&32-18-5]

Mitina, N.K.; Shevchuk, V.G. Zh. Neopg.
Khim. 1977, 22, 1376-81; Russ. J. Inorg.
Chem. Engl. Tpansl. 1977, 22, 749-51.

VARIABLES: PREPARED BY:

Composition at 25·C T. Mioduski, S. Siekierski, M. Salomon

EXPERIMENTAL VALUES:
Composition of saturated solutions a

Ce(N03)3 Ni(N03)2 density

%
-1

%
-1 kg m-3 nature of the solid phasemass mol kg mass mol kg

-- -- 49.93 5.458 1. 5342 Ni(N03)2' 6H 20
0.63 0.039 49.61 5.457

"1.97 0.123 48.96 5.461 1. 5374
"3.26 0.209 48.82 5.576
"

4.60 0.304 49.04 5.789 1. 5417 Ni(N03)2· 6H20 + Ce2Ni3(N03)12·24H20

9.31 0.602 43.28 4.996 Ce2Ni3(N03)12'24H20
10.60 0.674 41.16 4.670 1.5493

"15.42 0.940 34.26 3.726
"17.80 1.069 31.13 3.336 1.5681
"23.38 1.401 25.44 2.720
"27.60 1.684 22.15 2.412 1. 6440
"30.44 1. 894 20.27 2.251
"34.98 2.289 18.16 2.121 "42.07 2.979 14.63 1. 849
"51. 39 4.200 11.09 1.618 "

58.20 5.343 8.40 1.376 1.9026 Ce 2Ni3 (N03)12·24H20 + Ce(N03)3· 6H20

59.67 5.141 4.74 0.729 Ce (N03) 3' 6H2O
62.35 5.372 2.06 0.317 1.9003 "63.04 5.230 -- --- 1. 8981

"
a. Molalities calculated by M. Salomon

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The sIns
were thermostated and continually stirred. 3+
Equilibrium was reached in 15-20 days. Ce
was precipitated as the hydroxide by additior
of cone NH40H and an excess of NH4C1: Nicke
was determined by titration with Tri10n in
the presence of NH4F. The total nitrates
were determined by Devarda's method.

The compilers assume that the compositions
of the solid phases were determined by
Schreinemakers' method.

The source paper also gives viscosities and
electrolytic conductivities for those satd
sIns for which the densities were measured.

SOURCE AND PURITY OF MATERIALS:

No information given.

ESTIMATED ERROR:
Soly: precision probably around ± 0.3 to

0.5 % (compilers).

Temp: precision is probably ± 0.2 K
(compilers) •
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Copper nitrate; Cu(N03)2; [3251-23-8]

(3) Water; H20; [7732-18-5]

VARIABLES:

Components at 10°C, 20°C, 30°C

EXPERIMENTAL VALUES:

Sheveleva, A.D.; Shchurov, V.A.
Uch. Zap. Permsk. Gos. Univ. 1968,
178, 85-91.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of the saturated solutions at 10°C a

Ce(N03)3 Cu(N0 3) 2

% mol
-1 mass % mol -1 nature of the solidmass kg kg phase

60.0 4.60 -- -- Ce(N03)3' 6H20
56.3 4.26 3.2 0.42 "52.7 3.98 6.7 0.88 "44.9 3.64 17.3 2.44 "38.2 2.92 21. 7 2.89 "
37.1 2.84 22.9 3.05 Ce(N03)3· 6H20 + 2Ce(N03)3·3Cu(N03)2·24H20

33.0 2.48 26.2 3.42 2Ce(N0 3)3·3Cu(N03)2·24H2O
25.2 1. 81 32.1 4.01 "11.4 0.82 45.9 5.73 "

8.2 0.61 50.7 6.58 2Ce(N03)3·3Cu(N03)2·24H2O + Cu(N03)2· 6H 20

7.0 0.50 49.9 6.17 Ce(N0 3)2· 6H 20
2.6 0.16 48.6 5.31 "-- -- 50.0 5.33 "

a. Molalities calculated by M. Salomon.

continued •••.••

AUXILIARY INFORMATION

METHOD "APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index. All
refractive indices were measured at 50°C.

SOURCE AND PURITY OF MATERIALS:

C.p. grade Ce(N03)3·6H20 recrystallized
prior to use.

C.p. grade Cu(N03)2'3H20 recrystallized
prior to use.

The water contents of each salt were
analysed and stated to be almost theoretical.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.
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COHPONENTS:

(1) Cerium nitrate; Ce (N0 3) 3; [10108- 73-3]

(2) Copper nitrate; Cu(N03)2; [3251-23-8]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Sheveleva, A.D.; Shchurov, V.A.
Uch. Zap. Permsk. Gos. Univ. J~68,

178. 85-91.

EXPERIMENTAL VALUES: continued .•...•

Composition of saturated solutions at 20°C a

Ce (N0 3) 3 Cu(N03)2

% mol -1 mass % mol -1mass kg kg nature of the solid phase

61.5 4.90 -- -- Ce(N03)3' 6H 2o
50.4 4.11 12.0 1. 70

"42.3 3.35 19.0 2.62
"39.1 3.14 22.7 3.17
"

35.8 2.91 26.5 3.75 Ce(N03)3' 6H2o + 2Ce(N03)3·3Cu(N03)2·24H2O

32.4 2.57 29.0 4.01 2Ce(N03)3·3Cu(N03)2·24H2O
27.6 2.11 32.2 4.27

"18.8 1. 39 39.8 5.13 "14.8 1.11 44.5 5.83
"10.5 0.79 48.9 6.42
"

7.5 0.59 53.5 7.31 2Ce(N03)3·3Cu(N03)2·24H20 + Cu(N03)2· 3H2o

6.1 0.47 54.1 7.25 Cu(N03)2· 3H20

4.7 0.35 54.4 7.09 Cu(N03)2· 3H20 + Cu(N03)2' 6H20

2.3 0.17 55.0 6.87 CU(N0 3)2' 6I1 20
-- -- 55.2 6.57

"

Composition of saturated solutions at 30°C

63.0 5.ZZ -- -- Ce(N03) 3· 6HZO
58.0 4.87 5.5 0.80

"53.8 4.60 10.3 1.53 "43.8 3.8Z Z1.0 3.18
"

41. 6 3.69 Z3.8 3.67 Ce(N03)3' 6HZO + ZCe(N03)3'3Cu(N03)Z'24HZO

38.1 3.31 Z6.6 4.0Z ZCe(N03)3'3Cu(N03)Z'Z4HZO
Z9.1 Z.41 33.8 4.86 "19.9 1.61 42.Z 5.94 "15.5 1.Z7 47.Z 6.75 "
1Z.5 1.05 51.0 7.45 ZCe(N03)3·3CuCN03)Z·Z4HZO + Cu(N03)3' 3HZO

8.8 0.71 53.Z 7.46 Cu(N03)3'3HZO
5.9 0.47 55.Z 7.57 "Z.O 0.16 59.6 8.Z8

"-- -- 6Z.0 8.70 "

a. Molalities calculated by M. Salomon.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03) 3; [10108-73-3]

(2) Copper nitrate; Cu(N03)2; [3261-23-8]

(3) Water; H20; [7732-18-5]

Yakimov, M.A.; Gizhavina, E.I. Zh. Neorg.
Khirn. 1971, 16, 507-9; Russ. J. Inorg. Chern.
EngZ. TransZ. 1971, 16, 268-9.

VARIABLES: PREPARED BY:

Composition at 25°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Composition of saturated solutions a

27.2 4.01

30.3 4.33
33.7 4.73
36.3 5.03
41.4 5.59
44.8 6.11
45.7 6.23
46.5 6.34
48.6 6.75

52.6 7.56

53.4 7.38
56.4 7.52
59.4 7.80

by M. Salomon.

"

"

nature of the solid phase

Ce(N03)3· 6H 20 + Ce 2Cu3(N03)12·24H20

Ce2Cu3(N03)12·24H20

Ce2Cu3 (N0 3)12·24ll20 + Cu(N03)2· 3H20

Cu(N03)2· 3H20

"

0.86
1. 53
1. 57
1. 86
2.57

mol kg- l

6.1
10.7
11.1
12.9
17.8

mass %

Molalities calculated

Ce(N03)3

% mol -1mass kg

62.7 5.15
56.3 4.59
52.1 4.29
51.3 4.18
50.1 4.15
45.3 3.76

36.6 3.10

32.4 2.66
28.3 2.28
25.2 2.01
19.1 1.48
16.1 1.26
15.2 1.19
14.4 1.13
13.0 1.04

10.3 0.85

3.0 0.64
3.6 0.28
-- --

a.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. The
composition of the saturated solutions
was determined by chemical analysis, and
the composition of the solid phases was
determined by Schreinemakers' method.
In analysing the saturated solutions,
copper was first determined gravimetrically
by precipitation of the sulfide with sodium
thiosulfate. After destroying the thio
sulfate in the filtrate, cerium was deter
mined gravimetrically by precipitation of
the oxalate followed by ignition to the
oxide.

Nothing specified.

ESTIMATED ERROR:

Soly: precision about ± 0.5 % (compilers).

Temp: precision probably ± 0.2 K (com
pilers) .

REFERENCES:



COMPONENTS:

Multicomponent systems. two saturating components

ORIGINAL MEASUREMENTS:
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(1) Cerium nitrate; Ce(N03)3; [10108-73-3)

(2) Cadmium nitrate; Cd(N03)2; [10325-94-7]

(3) Water; H20; [7732-18-5)

VARIABLES:

Composition at 10·C, 20·C, and 30·C

EXPERIMENTAL VALUES:

Shchurov, V.A.; Mochalov, K.I.;
Volkov, A.A. Uah. Zap. Permsk. Gos.
Univ. Im. A. M. Gor'kogo. 1966, 141,
18. -----

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 10.C a

Ce(N03)3

% mol -1mass kg

-- --
11. 7 0.87
28.7 2.28
33.6 2.72

36.2 2.98

38.3 3.16
40.5 3.26
44.7 3.56
45.8 3.64
55.1 4.27
60.0 4.60

mass % mol -1 nature of the solid phasekg

57.5 5.72 Cd(N03)2· 4H20
47.3 4.88 "32.7 3.58 "28.5 3.18 "
26.6 3.02 Cd(N03)2· 4H20 + Ce(N03)3' 6H20

24.5 2.79 Ce(N03)3· 6H20
21.4 2.38 "16.8 1.85 "15.6 1.71 "5.3 0.57 "-- -- "

a. Molalities calculated by M. Salomon.

continued ••••••

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot
of composition against refractive index.
All refractive indices were measured at
30·C.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:

1. Zhurav1ev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.

-



200 Cerium nitrate

COHPONENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Cadmium nitrate; Cd(N0
3
)2; [10325-94-7]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Shchurov, V.A.; Mocha1ov, K.1.;
Vo1kov, A.A. Uoh. Zap. Permsk. Gos.
Univ. Im. A. M. Gor'kogo. 1966, 141,
18. -----

EXPERIMENTAL VALUES: continued •.•..•

Composition of saturated solutions at 20 D C a

Ce(N03)3

-1
mass % mol kg

10.0 0.79
25.2 2.09
34.1 2.96

37.6 3.36

41.5 3.57
43.2 3.73
45.9 3.89
50.1 4.20
57.5 4.66
61.5 4.90

mass % mol
-1 nature of the solid phasekg

60.0 6.34 Cd(N03)2' 4H20
51.1 5.56

"37.9 4.34
"30.6 3.67
"

28.1 3.47 Cd(N03)2' 4H20 + Ce(N03)3· 6H20

22.9 2.72 Cd(N03)3· 6H20
21. 3 2.54

"17.9 2.09
"13.3 1.54
"4.7 0.53
"---- ----
"

Composition of saturated solutions at 30 D C

---- ---- 63.0 7.20 Cd(N03)2' 4H20
8.4 0.71 55.2 6.41

"21. 8 1.92 43.3 5.25
"34.7 4.08 39.2 6.35
"

39.4 3.84 29.1 3.91 Cd(N03)2' 4H20 + Ce(N03)3' 6H20

42.7 4.02 24.7 3.20 Cd(N03)3' 6H20
43.7 4.33 19.2 2.42

"48.1 4.35 18.0 4.78
"54.1 4.78 11. 2 1.37 "59.7 5.06 4.1 0.48 "63.0 5.22 ---- -----
"

a. Molalities calculated by M. Salomon.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

201

(1) Cerium nitrate; Ce(N03)3; IlOl08-73-3]

(2) Hydrazine mononitrate; N
2
H

4
'HN0

3
;

[13464-97-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C and 50°C

EXPERIMENTAL VALUES:

Mininkov, N.E.; Zhuravlev, E.F. Zh. Neorg.
Khim. 1970, 15, 205-10; Russ. J. Inorg.
Chem. Engl. Transl. 1970, 15, 105-7.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 250C a

Ce(N03) 3 N2H
4

'HN0
3

mol -1 mass % mol -1 50
of the solid phasemass % kg kg

~
nature

-- -- 76.0 33.31 1. 4680 N2H4·HN0315.0 2.04 62.5 29.22 1. 4 765
"22.0 2.93 55.0 25.16 1. 4815
"31.0 4.53 48.0 24.05 1.4870
"45.0 7.26 36.0 19.93 1. 4950
"

47.0 7.58 34.0 18.83 1. 4960 N2H4 'HN03 + Ce(N03)3'2N2H4 'HN03

50.0 7.30 29.0 14.53 1.4900 Ce(N03)3·2N2H4 ·HN0354.5 7.60 23.5 11.24 1.4905
"57.0 8.74 23.0 12.10 1.4915
"

58.0 7.90 19.5 9.12 1.4940 Ce(N03)3·2N2H4 ·HN03 + Ce(N03)3· 6H20

58.5 6.90 15.5 6.27 1.4870 Ce(N03)3· 6H20
60.0 5.84 8.5 2.84 1.4760

"61. 5 5.47 4.0 1.22 1. 4685
"63.0 5.22 -- -- 1. 4620
"

a. Molalities calculated by M. Salomon.

continued •...•.•.

AUXILIARY INFORMATION

Doubly distilled water was used.

"Pure" grade hydrazine mononitrate was
recrystallized.

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index. All
refractive indices were measured at 50°C.

SOURCE AND PURITY OF MATERIALS;

"Pure" grade Ce(N03)3'6H20 used.
for Ce(III) yield 75.0 mass %.

Analysis

ESTIMATED ERROR:
~or the study of the 50°C isotherm, the
initial cerium nitrate was partially
dehydrated in a desiccator over 97 %
sulfuric acid until it contained 80.5 mass %
Ce(N03)3'

Soly:
Temp:

precision ± 1% (compilers).
precision probably ± 0.2 K (com
pilers) •

SDSlJ-h

REFERENCES;
1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.

Neorg. Khim. 1960, 5, 2630.
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COHPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Hydrazine mononitrate; N2H4 'HN03;
[13464-97-6]

(3) Water; H20; [7732-18-5]

Mininkov, N.E.; Zhurav1ev, E.F. Zh. Neorg.
Khim. 1970, 15, 205-10; Russ. J. Inorg.
Chern. Engl. Transl. 1970, 15, 105-7.

EXPERIMENTAL VALUES: continued •.••....

Composition of saturated solutions at 500C a

Ce(N0 3)3 N
2
H4 'HN0

3

mass % -1 mass % mol -1 50 of the solfd phasemol kg kg nO nature

-- -- 91.0 106.4 1. 4985 N
2
H

4
·HN03

6.0 2.04 85.0 99.35 1.5020 "9.0 2.90 81.5 90.25 1. 5040 "13.5 4.36 77.0 85.27 1.5060 "21. 5 7.32 69.5 81.24 1.5100
"26.5 8.55 64.0 70.87 1.5130 "

37.0 15.13 55.5 77.85 1.5185 N2H4 ·HN03 + Ce(N03)3'2N2H4'HN03

40.0 11.15 49.0 46.86 1. 5140 Ce(N03)3·2N2H4·HN03
45.0 9.86 41.0 30.81 1.5090 "52.0 9.11 30.5 18.33 1.5045 "57.0 8.96 23.5 12.68 1. 5050

"62.0 9.51 18.0 9.47 1. 5063 "
65.5 10.04 14.5 7.63 1.5090 Ce(N03)3'2N2H4'HN03 + Ce(N03)3· 6H 20

67.0 8.93 10.0 4.57 1. 5005 Ce(N03)3' 6H20
69.5 8.36 5.0 2.06 1. 4940 "73.0 8.29 -- -- 1. 4900 "

a. Molalities calculated by M. Salomon.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3J

(2) Ammonium nitrate; NH4N0 3; [6484-52-2]

(3) Water; H20; [7732-18-5]

Shevchuk, V.G.; Uitina, N.K. Zh. Neorg.
Khirn. 1976, 21, 1943-7; Russ. J. Inorg.
Chern. EngZ. Tr2nsZ. 1976, 21, 1067-70.

VARIABLES: PREPARED BY:

Composition at 25·C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Composition of saturated solutions a

nature of the solid phase

NH 4N0 3
"
"
"
"
"
"
"
"
"
"

1. 4054

1. 4351

density

kg m- 3

1.3059

Ce(N03)3 NH4N0 3

% mol -1
% mol -1mass kg mass kg

--- -- 67.46 25.86
0.82 ?
3.43 0.301 61. 64 22.05
8.00 O. 745 59.06 22.40

11.42 1.038 54.85 20.32
13.16 1.193 53.01 19.58
15.26 1. 348 50.04 18.02
18.15 1. 687 48.86 18.50
20.25 1.901 47.09 18.01
24.16 2.251 42.93 16.30
26.22 2.562 42.40 16.88

a. Molalities calculated by M. Salomon.

b. Data point missing from table in original publication.

continued •••.••

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used. Equilibrium
was reached after 15 days. Ammonia was de
termined by the Kjeldahl method, and cerium
was determined by titration with Trilon B.

In the source paper, viscosities and electro
lytic conductivities are given for the same
saturated solutions for which the densities
are reported (see data table above).

SOURCE AND PURITY OF MATERIALS:
"Chemically pure" salts were recrystallized
twice from their aqueous solutions.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:
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COHPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Ammonium nitrate; NH
4

N03 ; [6484-52-2]

(3) Water; H20; [7732-18-5]

Shevchuk, V.G.; Mitina, N.K. Zh. Neorg.
Khim. 1976, 21, 1943-7, Russ. J. Inorg.
Chern. Engl. Transl. 1976, 21, 1067-70.

EXPERIMENTAL VALUES: continued .•..••

Composition of saturated solutions a

Ce(N03)3 NH4N0
3

density

mass % mol -1
% mol -1 kg m-3 nature of the solid phasekg mass kg

29.27 2.812 38.81 15.19 1.5135 NH 4N0 3 + Ce(N03)3·2NH4N03·4H20

40.80 4.112 28.78 11.82 1.4821 Ce(N03)3'2NH4N03'4H20
54.75 5.739 16.00 6.834 1.7139
57.22 5.549 11.16 4.409 1. 8874

59.50 5.866 9.40 3.776 2.0003 Ce(N03)3'2NH4N03'4H20 + Ce(N03)3· 6H20

60.52 5.544 6.01 2.243 1. 9615 ce(N°3)3· 6H20
61.07 5.499 4.88 1. 791
61.18 5.325 3.59 1.273
62.45 5.265 1.18 0.405 1.9188
63.10 5.243 1. 90 38

a. Molalities calculated by M. Salomon.

75

25

o~---:,-:-----:-:--j~~~~~
HID 25 50

mass %



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

205

(1) Cerium nitrate; Ce(N0
3

)3; [10108-73-3]

(2) Methanamine nitrate; CH
6

N20
3

;
[22113-87-7 ]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C and 50°C

EXPERIMENTAL VALUES:

Zhuravlev, E.F.; Mininkov, N.E. Zh. Neorg.
Khim. 1972, 17, 1736-40; Russ. J. Inorg.
Chem. EngZ. TransZ. 1972, 17, 899-901.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

Composition of saturated solutions at 250C a

Ce(N03)3

-1mass % mol kg

CH
3

NH
3

N0 3
-1mass % mol kg

4.5
11.0
20.0
29.5

31. 5

35.5
38.5
43.5
48.5
55.5

56.5

58.5
63.0

0.81
2.11
4.54
8.61

9.66

7.51
7.15
6.84
6.20
6.19

6.19

5.88
5.22

82.0
78.5
73.0
66.5
60.0

58.5

50.0
45.0
37.0
27.5
17.0

15.5

11.0

48.42
49.08
48.50
52.36
60.74

62.18

36.65
28.99
20.17
12.18

6.57

5.88

3.83

n~O

1. 4280
1.4317
1.4380
1.4492
1. 4615

1.4625

1. 4600
1.4593
1. 4585
1. 460 7
1.4695

1.4730

1.4700
1. 4620

nature of the solid phase

CH3NH3N0 3 + Ce(N0
3

)3'3CH3NH 3N0 3

Ce(N03)3·3CH3NH 3N03

"
Ce(N03)3'3CH3NH3N03 + Ce(N03)3' 6H 20

Ce(N0 3)3· 6H20

a. Molalities calculated by the compilers.

continued •••••••

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1,2). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot
of composition against refractive index.
All refractive indices were measured at
50°C.

The double salt was isolated and identified
by IR spectroscopy. Authors state the com
Position of this double salt satifies the
empirical formula Ce(N03)3·3CH3NH3N03'
Details on the analysis of the double salt
were not given.

SOURCE AND PURITY OF MATERIALS:

"Analytical reagent" grade cerium nitrate
hexahydrate was used. ce/H20 ratio was
"approximately 1:6."

Source and purity of CH3NH 3N03 was not
specified.

Doubly distilled water was used.

ESTIMATED ERROR:

Soly: precision around ± 1% (compilers).

Temp: precision probably ± 0.2 K (com
pilers) •

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.

2. Mininkov, N.E.; Zhuravlev, E.F. Zh.
Neorg. Khim. 1969, 14, 2565.



206 Cerium nitrate

COHPONENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Methanamine nitrate; CH
6

N
2

0
3

;
[22113-87-7]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Zhuravlev, E.F.; Mininkov, N.E. Zh. Neorg.
Khim. 1972, 17, 1736-40; Russ. J. Inorg.
Chem. Engl. Transl. 1972, 17, 899-901.

EXPERIMENTAL VAUJF.S: continued .

Composition of saturated solutions at 50°C a

Ce(N03)3 CH
3

NH 3N03

mass % mol -1 mass % mol -1 50 of the solid phasekg kg nD nature

-- --- 89.5 90.61 1.4400 CH3NH 3N0
33.0 0.95 87.3 95.67 1. 4413

"7.0 2.38 84.0 99.21 1. 4450 "13.5 5.17 78.5 104.3 1.4502
"21.5 9.42 71. 5 108.6 1. 4590
"

32.5 27.68 63.9 b 188.7 1.4750 CH 3NH3N0 3 + Ce(N03)3'3CH3NH3N03

37.0 10.80 52.5 53.15 1. 4730 Ce(N03)3·3CH 3NH 3N0 341.0 9.31 45.5 35.83 1.4717
"44.0 7.50 38.0 22.44 1.4715 "49.0 7.15 30.0 15.19 1.4733 "57.0 7.28 19.0 8.42 1.4810
"

65.5 9.80 14.0 7.26 1. 5000 Ce(N03)3'3CH3NH3N0 3 + Ce(N03)3' 6H20

71.0 8.22 2.5 1.00 1.4920 Ce (N03) 3' 6H2O
73.3 8.42 -- -- 1. 4900 "

a. Molalities calculated by the compilers.

b. English translation gives 63.0 for this data point.

COMMENTS AND/OR ADDITIONAL DATA:

The double salt is congruently soluble. The crystallization field of this double salt
decreases appreciably upon reduction of the temperature to 25°C, and the authors suggest
that at lower temperatures the system will be eutonic.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Cerium nitrate; Ce(No3)3; [10108-73-3)

(2) Dimethylamine nitrate; C2H
8
N

2
0

3
;

[30781-73-8)

(3) Water; H20; [7732-18-5)

Mininkov, N.E.; Zhuravlev, E.F. Zh. Neorg.
Khim. 1976, 21, 242-6; Russ. J. Inorg. Chem.
Engl. Transl. 1976, 21, 131-3.

VARIABLES: PREPARED BY:

Composition at 25·C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES: Composition of saturated solutions a

Ce(N0 3) 3

mass % mol kg-1

(CH3)2NH'HN03

mass % mol kg-1 nature of the solid phase b

2.0
5.0
8.0

11.5

22.0
29.0
35.0
42.5

60.0

60.0
60.0
60.0
61.0
61.5
63.0

0.68
1.92
3.50

5.42

5.00
5.39
5.80
6.52

9.94

8.56
6.94
6.13
5.94
5.55
5.22

91.0
89.0
87.0
85.0

82.0

64.5
54.5
46.5
37.5

21.5

18.5
13.5
10.0

7.5
4.5

93.5
91.5

100.6
112.3

116.7

44.2
30.6
23.3
17 .3

10.8

7.96
4.71
3.08
2.20
1.22

1.4310
1. 4320
1.4350
1.4400

1. 4450

1. 4470
1. 4500
1.4550
1. 4600

1. 4810

1.4790
1.4735
1.4700
1. 4680
1. 4660
1. 4620

"
(CH3)2NH.HN03 + Ce(N03)3·5(CH3)2NH·HN03

Ce(N03)3·5(CH3)2NH·HN03

"
Ce(N03)3·5(CH3)2NH·HN03 + Ce(N03)3' 6H 20

Ce(N03)3' 6H20

"

a. Molalities calculated by M. Salomon.

b. The solubility isotherm for the ternary system consists of three branches intersecting
at two invariant points. The double salt is congruently soluble.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until thier
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot
of composition against refractive index.
All refractive indices were measured at
50·C.

The double salt was separated and studied
by micro-optical, x-ray, IR, and thermal
methods. The melting point of this double
salt is 100·C. At l80·C it partially de
composes to give CeON0

3
(autooxidized by

NO 3 groups).

SOURCE AND PURITY OF MATERIALS:

1. Ana1ar grade hexahydrate presumably
used as received.

2. Nothing specified.

3. Doubly distilled water.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D. Zh.
NeoI'(]. Khim. 1960, 5, 2630.
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; [lOl08-73-3J

(2) Diethylamine nitrate; C4H12N203;
[27096-30-6J

(3) Water; H20; [7732-18-SJ

VARIABLES:

Composition at 2SoC and SO°C

Mininkov, N.E.; Zhuravlev, E.F. Zh. Neorg.
Khim. 1976, 21, 242-6; Russ. J. Inorg. Chem.
Engl. Transl. 1976, 21, 131-3.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

EXPERIMENTAL VALUES: Composition of saturated solutions at 2S oC a,b

Ce(N03)3 (C2H5)2NH'HN03

mass % mol -1
mass % mol -1 SO nature of the solidkg kg

~
phase

-- -- 81.5 32.4 1.4260 (C2H5)2NH'HN03
9.5 2.16 77.0 41.9 1.4365

"12.5 3.19 75.5 46.2 1.4400
"22.5 9.20 70.0 68.6 1.4565
"

26.5 14.77 68.0 90.8 1.4630 (C2H5)2NH'HN03 + Ce(N03)3·5(C2HS)2·NH.HN03

29.5 8.61 60.0 42.0 1. 4605 Ce(N03)3'5(C21l5)2NH'HN03
c

33.0 7.50 53.5 29.1 1. 4595
"38.0 7.77 47.0 23.0 1.460S
"41. 7 7.84 42.0 18.9 1.4620
"

49.3 10.65 36.S 18.9 1.4710 Ce(N03)3'S(C2HS)2NH'HN03 + Ce(N03)3' 6H 20

52.5 7.85 27.0 9.67 1.4690 Ce(N03)3· 6H20
S5.5 6.19 17.0 4.S4 1.4660 "S8.0 S.83 1l.5 2.77 1.4650

"63.0 5.22 -- --- 1. 4620 "
a. Molalities calculated by the compilers.

b. Data for SO°C were presented only on the phase diagram, and they were rej ected (see
COMMENTS below).

c. Ce(N03)3·5(C2H5)2NH·HN03 said to be congruently soluble which changes to incongruently
soluble at lower temperatures: compilers assume this means at temperatures below 25°C.

AUXILIARY INFORMATION

METHOD "APPARATUS/PROCEDURE:
The method of isothermal sections was used
with refractometric analyses (1). Heteror
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index. All
refractive indices were measured at SO°C.

COMMENTS AND/OR ADDITIONAL DATA:

The numerical solubility data at SO°C were
not given ,but the authors did present
portions of the solubility branches for
(C2H5)2NH.HN03 and Ce(N03)3 in a phase
diagram. For the latter, only the mass %
for the binary system could be interpolated
from the diagram. The interpolated value of
73.3 mass % appears to be in considerable
error (value is too high), and we therefore,
reject all the data at 50·C.

SOURCE AND PURITY OF MATERIALS:
"AR" grade Ce(N03)3'6H20 was used.

Diethylamine nitrate, (C 2H )2NH'HN03' was
probably prepared as descr~bed ear11er (2):
see the compilation of this paper for the
La(N03)3 - (C2HS)2NH'HN03 - H20 system for
details.

Doubly distilled water was used.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.

2. Gorshunova, V.P.; Zhuravlev, E.F. Zh.
Neorg. Khim. 1970, 15, 33SS.



COMPONENTS:

Multlcomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Cerium nitrate; Ce(N03)3; [10108-73-3)

(2) Ethylenediamine dinitrate; C2HlON406;
[20829-66-7]

(3) Water; H20; [7732-18-5)

VARIABLES:

Composition at 25°C and 50°C

Mininkov, N.E.; Zhuravlev, E.F.; Zh.
Neorg. Khirn. 1969, 14, 2565-9; Russ. J.
Inorg. Chern. Engl. Transl. 1969, 14,
1348-50.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

EXPERIMENTAL VALUES: The Ce(N03) 3 - H2NCH2CH2NH2·2HN03 - H2O system

Composition of saturated solutions at 250C a

Ce(N03)3 en.2HN0
3

mass % mol -1 mass % mol -1 50 of the solidkg kg n D nature phase

-- -- 51.0 5.59 1.4175 en·2HN0 35.5 0.34 45.5 4.99 1. 4195
"12.5 0.82 40.5 4.63 1.4235
"19.5 1. 34 36.0 4.35 1.4290 "28.0 2.08 30.8 4.02 1. 4380
"

36.0 2.90 26.0 3.68 1.4580 en·2HN03 + Ce(N03)3·en.2HN03·6H20

38.0 2.91 22.0 2.96 1.4550 Ce(N03)3oen.2HN03·6H20
41. 0 3.07 18.0 2.36 1.4493 "46.0 3.36 12.0 1. 54 1. 4455

"51.0 3.75 7.3 0.94 1. 4460 "53.0 3.94 5.8 0.76 1. 4490
"58.0 4.62 3.5 0.49 1. 4560
"

62.5 5.48 2.5 0.38 1.4640 Ce(N03)3·en.2HN03·6H20 + Ce(N03)3·6H2O

62.3 5.38 2.2 0.33 1. 4638 Ce(N03)3·6H2O
63.0 5.22 -- -- 1.4620

"
a. Molalities calculated by M. Salomon.

continued•.•.••••

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot of
composition against refractive index. All
refractive indices were measured at 50°C.

SDS13-h*

SOURCE AND PURITY OF MATERIALS:

A.R. grade Ce(N03)3·6H,O used as received.
Analysis by ovalate meEhod showed it to
contain 75.0 mass % Ce(N03)3.

Ethylenediamine (en) and "pure" grade HN0
3mixed in stoichiometric amounts with coo11ng.

The resulting crystals of en.2HN0 3 were
vacuum filtered and dried in a desiccator
over CaC1 2 .

Doubly distilled water was used.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khirn. 1960, 5, 2630.



210 Cerium nitrate

COHPONENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Ethylenediamine dinitrate; C2H10N406;
[20829-66-7]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Mininkov, N.E.; Zhuravlev, E.F.; Zh. Neopg.
Khim. 1969, 14, 2565-9; Russ. J. Inopg.
Chem. Engl. Tpansl. 1969, 14, 1348-50.

EXPERIMENTA~ VALUES: continued •••• , •.

Composition of saturated solutions at 50.C a

Ce(N03)3 en' 2HN03

mass % mol -1 mass % mol -1 50kg kg nD

67.0 6.23 1.4460
4.0 0.35 60.7 9.24 1. 4470
9.0 0.79 56.0 8.60 1.4510

14.5 1.29 51.0 7.94 1.4540
21. 5 2.00 45.5 7.41 1.4610
29.5 3.02 40.5 7.25 1.4720
34.0 3.72 38.0 7.29 1.4795

38.0 4.48 36.0 7.44 1. 4850

40.5 4.36 31.0 5.84 1.4800
48.0 4.53 19.5 3.22 1. 4740
57.5 5.34 9.5 1.55 1.4730

69.5 7.35 1.5 0.28 1.4910

70.0 7.40 1.0 0.19 1.4860
73.0 8.29 1.4900

a. Molalities calculated by M. Salomon.

COMMENTS AND/OR ADDITIONAL DATA:

nature of the solid phase

en.2HN03 + Ce(N°3)3'en'2HN03'6H20

Ce(No3)3·en·ZHN03·6H2o

Ce(No3)3'en'ZHNo3'6HZO + Ce(N03)3· 6HZO

Ce(N03)3· 6H ZO

The solubility isotherms consist of three branches representing the initial components
and Ce(N03)3·en·2HN03·6H20. The lines of the monosaturated components intersect in two
invariant points. Both points for the 25·C and 50·C isotherms are eutonic, but the double
nitrate is incongruently soluble.

Solubility isotherms and direction of the sections (mass % units).



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

211

(1) Cerium nitrate; Ce(N0 3)3; [10108-73-3]

(2) Piperidine nitrate; C5H12N203;
[6091-45-8]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C and 50°C

Mininkov, N.E.; Zhuravlev, E.F. Zh. Neorg.
Khim. 1973, 18, 3091-5; Russ. J. Inorg.
Chem. Engl. Trnnsl. 1973, 18, 1645-8.

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES: Composition of saturated solutions at 25°C a

Ce(N03)3 C
5

H
U

N·HN0
3

-1 mass % mol -1 50
mass % mol kg kg nD nature of the solid phase

-- -- 86.0 41.46 1.4610 C5HllN·HN03
3.5 0.86 84.0 45.36 1.4620

"7.5 2.00 81.0 47.54 1. 4635
"

10.0 b 2.92 79.5 51.10 1. 4640 C5H11N·HN0 3 + Ce(N03)3·5C5H11N.HN03

12.0 2.54 73.5 34.21 1.4515 Ce(N03)3·5C5HI1N.HN03
15.5 2.21 63.0 19.78 1.4450

"21.5 2.23 49.0 11. 21 1. 4410
"30.0 2.97 39.0 8.49 1.4430
"34.5 3.47 35.0 7.75 1. 4475 "

37.5 c 3.96 33.5 7.80 1. 4540 Ce(N03)3·5C5H11N·HN03 +

Ce(N03)3·3C5HIIN·HN03·6H20

42.5 4.34 27.5 6.19 1. 4550 Ce(N03)3·3C5HllN·HN03·6H20
49.5 5.06 20.5 4.61 1. 4600 "53.5 5.76 18.0 4.26 1. 4640 "
58.65 d 6.58 14.0 3.45 1.4730 Ce(N03)3·3C5HllN·HN03·6H20 + Ce(N03)3· 6H20

60.0 6.13 10.0 2.25 1. 4680 Ce(N03)3· 6H20
61. 0 5.76 6.5 1.35 1.4650

"63.0 5.22 -- -- 1. 4620
" continued .••.•••

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot
of composition against refractive index.
The compilers assume that all refractive
indices were measured at 50°C.

X-ray diffraction studies on the initial
salts and Ce(N03)3·5C5HllN.HN03 are reported
in the source paper. This latter double
salt was also studied by IR spectroscopy,
and by differential thermal analysis.

SOURCE AND PURITY OF MATERIALS:

"AR" grade cerium nitrate used as received.

C5H~IN·HN03 prepd by neutn of equiv amounts
of AR" grade piperidine and HN03 solutions.
The neutd solution was evapd to crystalli
zation and the crystals separated by vac
filtration. The salt was washed with alcoho
and dried at 50-70°C over KOH in vacuum.

Doubly distilled water was used.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.



212 Cerium nitrate

COHPONENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Piperidine nitrate; C5H12N203
[6091-45-8]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASURE!1ENTS:

Mininkov, N.E.; Zhurav1ev, E.F. Zh. Neo~g.

Khim. 1973, 18, 3091-5; Russ. J. Inorg.
Chem. EngZ. TransZ. 1973, 18, 1645-8.

EXPERIMENTAL VALUES: continued .......

Composition of saturated solutions at 50°C a

Ce(N03)3 C5H11N'HN0
3

% mol -1 mass % mol -1 50 of the solidmass kg kg n D nature phase

-- -- 89.0 54.61 1. 4640 C
5
H

11
N.HN0

32.5 0.73 87.0 55.92 1. 4650 ..
6.5 2.21 84.5 63.37 1.4665 ..

13.0 6.64 81.0 91.12 1.4695 ..
16.0 b 9.81 79.0 106.6 1.4710 C5H11N'HN03 + Ce(N03)3·5C5HIIN·HN03

17.5 7.15 75.0 67.49 1.4690 Ce(N03)3·5C5HIIN·HN03
21. 5 4.55 64.0 29.79 1. 4635 ..
25.0 4.26 57.0 21. 37 1.4615 ..
28.5 4.37 51. 5 17.38 1. 4630 ..
34.0 4.74 44.0 13.50 1.4655 ..
42.5 c 6.06 36.0 11.30 1.4725 Ce(N03)3·5C5Hl1N.HN03 +

Ce(N03)3·3C5HIIN.HN03·6H20

46.2 6.21 31.0 9.18 1. 4750 Ce(N03)3·3CSHIIN·HN03·6H20
52.0 7.25 26.0 7.98 1.4810 ..
56.0 7.47 21.0 6.16 1.4830 ..
59.0 d 8.61 20.0 6.43 1. 4845 Ce(N03)3·3C5HIIN.HN03·6H20 + Ce(N03)3· 6H20

61.0 7.79 15.0 4.22 1.4815 Ce(N0 3)3· 6H ZO
64.5 7.76 10.0 2.65 1.4810 ..
69.5 8.04 4.0 1.02 1. 4850 ..
73.3 8.42 -- -- 1. 4900 ..

a. Molalities calculated by the compilers.

b. Eutonic points.

c. Peritonic points.

d. Eutonic points.

COMMENTS AND/OR ADDITIONAL DATA:

The solubility isotherms consist of four branches which intersect at three invariant
points b, c, and d. The double nitrate Ce(N03)3·5CSHIIN·HN03 is congruently soluble
and can be isolated from solution.

The double nitrate ce(N03)3·3C5H1IN.HN03·6H20 is incongruently soluble, and the authors
report great difficulties ~n iso ating this compound.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Cerium nitrate; Ce(N03) 3; [10108-73-3J

(2) Pyridine nitrate; C5H6N20 3; [543-53-3J

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C and 50°C

EXPERIMENTAL VALUES:

Mininkov, N.E.; Zhuravlev, E.F. Zh. Neorg.
Khim. 1974, 19, 1656-9; Russ. J. Inorg. Chem.
Eng&. Trans!. 197~, 19, 901-4.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

The Ce(N03)3 - C5H5N'HN03 - H20 system at 25°C

Composition of saturated solutions a

Ce(N03)3 C5H5N'HN0 3

mass % mol -1 mass % mol -1 nature of the solid phasekg kg no
-- -- 76.5 22.91 1.4770 C5H5N'HN03 (A)

6.00 0.84 72.0 23.03 1.4820
"13.0 1. 99 67.0 23.57 1. 4590
"21.0 3.79 62.0 25.66 1. 4070
"

26.5 5.42 58.5 27.44 1.5050 A+ B

27.0 5.17 57.0 25.07 1. 5040 Ce(N03)3·5C5R5N·HN03 (B)
69.0 b 52.0 1.4975 "33.0 4.13 42.5 12.21 1. 4830 "34.5 3.92 38.5 10.03 1.4785 "38.0 4.02 33.0 8.01 1. 4700 "39.5 4.11 31.0 7.39 1.4670

"43.0 4.00 24.0 5.12 1. 4620
"49.0 4.42 17.0 3.52 1. 4620
"

61. 5 5.99 7.0 1.56 1. 4655 B + C

62.0 5.51 3.5 0.71 1.4630 Ce (N0 3) 3' 6H2O (C)
63.0 5.22 -- -- 1.4620 "

continued••.•.•••

AUXILIARY INFORMATION

METHOD iAPPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index. The
compilers assume that all refractive indices
were measured at 50°C.

SOURCE AND PURITY OF MATERIALS;

A. R. grade Ce (NO 3) 3 was presumab ly used as
received.

Pyridine nitrate, C5115N'HN03 , was prepared
as in (2); see also the compilation of the
La(N0

3
)3 - CSH5N.HN03 - H20 system (3).

Water was doubly distilled.

ESTIMATED ERROR:The solid phases were analysed for cerium
by the oxalate method, and for total nitrate
by precipitation with nitron. IR, x-ray, and Nothing specified (see critical evaluation).
thermal studies are also reported.

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.

2. Mininkov, N.E. Candidate's Thesis.
Khabarovsk. 1971. p. 47.

3. Gorshunova, V.P.; Zhuravlev, E.F. Zh.
Neorg. Khim. 1974, 19, 249.



214 Cerium nitrate

COHPONENTS:

(1) Cerium nitrate; Ce(N0 3) 3; [10108-73-3]

(2) Pyridine nitrate; CSH
6

N
2
0

3
; [S43-S3-3]

(3) Water; H20; [7732-l8-S]

ORIGINAL MEASUREMENTS:

Mininkov, N.E.; Zhuravlev, E.F. Zh. Neorg.
Khirn. 1974, 19, l6S6-9; Russ. J. Inorg. Chern.
EngZ. TransZ. ~, 19, 901-4.

EXPERIMENTAL VALUES: continued •••• '"

The Ce(N03)3 - CSHSN.HN0
3 - H20 system at SO°C

Composition of saturated solutions a

Ce(N03)3 CSHSN'HN0
3

mass % mol -1 mass % mol -1
solid phase ckg kg n D nature of the

-- -- 84.5 38.36 1.4960 A
3.S 0.77 82.5 41.47 1. 4990 A
8.5 1.93 78.0 40.66 1.5060 A

16.0 4.67 73.5 49.26 1.5130 A
23.0 8.82 69.0 60.69 1.S225 A

28.0 12.26 65.0 65.34 1.5300 A + B

31. 5 3.12 37.5 8.51 1. 5210 B
36.5 6.99 47.5 20.89 1. 5085 B
38.S 6.75 44.0 17.69 1. 5050 B
40.0 6.29 40.5 14.61 1. 5015 B
41.5 6.53 39.0 14.07 1. 5000 B
42.5 6.36 37.0 12.70 1. 4995 B
46.S 6.48 31.5 10.08 1.4990 B
48.0 9.60 30.0 7.50 1.4990 B
57.5 7.50 19.0 5.69 1.5020 B

62.7 8.82 15.5 5.00 1.5060 B + C

63.0 8.05 13.0 3.81 1. 5025 C
64.0 7.01 8.0 2.01 1. 49 75 C
66.0 6.86 4.5 1.07 1. 4940 C
68.0 6.84 1.5 0.35 1.4910 C
73.0 8.29 -- -- 1.4900 C

a.

IJ·

c.

Molalities calculated by the compilers.

Total mass % exceeds 100%. CeCNO») mass % of 69.0 appears in both the original
publication and the English transration, and could be a misprint (29.0 mass % ?).

See previous page for A, B, C.

COMMENTS AND/OR ADDITIONAL DATA:

The solubility diagram consists of three lines corresponding to the crystallation of
pyridine nitrate, cerium (III) nitrate hexahydrate, and the double nituate Ce(N?3)3'
5C5H N·HNO. The three branches intersect at two points of invariant eqUilibrium:
the land tl branches intersect at a peri tonic point, and the Band C branches intersect
at a eutonic point. The double nitrate is incongruently soluble, melts at 115°C, and
decomposes slightly at 2l5°C due to autooxidation to CeON0

3
: final decomposition at

240°C is violent.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Aniline nitrate; C6H8N203 ; [542-15-4]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25 GC and 50 GC

EXPERIMENTAL VALUES:

Mininkov, N.E.; Zhurav1ev, E.F. Z~. Neorg.
Khim. 1970, 15, 205-10; Russ. J. Inorg.
Chern. EngZ. TransZ. 1970, 15, 105-7.

PREPARED BY:

T. Mioduski and S. Siekierski

t/GC

25

50

Ce(N03)3 C6H
5

NH
3
N0

3

% mol -1 mass % -1 50 of the solidmass kg mol kg nil nature phase

-- -- 22.0 1.81 1. 3750 C6H5NH3N0312.5 0.51 13.0 1.12 1.3760
"24.5 1.14 9.5 0.92 1.3850
"38.0 2.06 5.5 0.62 1. 4100
"48.0 3.07 4.0 0.53 1.4350
"59.0 4.64 2.0 0.33 1. 4560
"

62.0 5.25 1.8 0.32 1.4630 C6H5NH3N03 + Ce(N03)3' 6H20

62.5 5.25 1.0 0.18 1. 4625 Ce(N03)3' 6H20
63.0 5.22 -- -- 1.4620

"
-- -- 47.0 5.68 1. 4220 C6H

5
NH

3
N0

39.0 0.51 36.5 4.29 1. 4150
"19.5 1.12 27.0 3.23 1.4140
"33.0 2.02 17.0 2.18 1.4250
"45.0 3.00 9.0 1.25 1.4450
"52.5 3.88 6.0 0.93 1. 4550
"58.0 4.62 3.5 0.58 1.4650
"64.5 5.82 1.5 0.28 1.4840
"

71. 2 7.63 0.2 0.045 1.4910 C6H5NH3N03 + Ce(N03)3' 6H20

71.0 7.51 0.001 0.0002 1.4905 Ce(N03)3' 6H20
73.0 8.29 --- --- ].4900

"
AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot
of composition against refractive index.
All refractive indices were measured at 50 GC.

The phase diagram is of the simple eutonic
type.

Holalities in the above table were cal
culated by H. Salomon.

SOURCE AND PURITY OF MATERIALS:

"Pure" grade Ce(N03)3'6HzO was used as
recei~ed. Analysis for Ce(N0

3
)a gave 75.0

mass 10_

Source and purity of aniline nitrate not
given, but the salt was probably recrystal
lized.
Doubly distilled water was used.

ESTIMATED ERROR:

Soly: precision about ± 1% (compilers).

Temp: precision probably ± 0.2% K (compiler~

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Urea; CH4N
2
0; [57-13-6]

(3) Water; H20; [77 32-18-5]

VARIABLES:

Composition at 30·C

EXPERIMENTAL VALUES:

Zhola1ieva, Z.r!.; Su1aimanku1ov, K.S.;
Ismailov, 11. Zh. Neorg. Khirn. 1975, 20,
2243-5; Russ. J. Inorg. Chern. Engl. Trans.
1975, 20, 1246-7.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions a

Ce(N0 3)3

-1
mass % mol kg

CO(NH 2)2

mass % mol kg- l nature of the solid phase

--- ---
3.91 0.303
8.57 0.761

16.51 1.874
21.54 3.035
31. 22 8.493
35.73 15.95

35.55 8.051
38.21 8.73
41.05 7.694

41.46 7.285

41. 54 7.258
42.49 6.789
42. 73 6.177
48.52 7.088

57.5 22.5 CO(NH2)2
56.52 23.78

"56.90 27.44 - "56.48 34.82
"56.70 43.39 "57.51 84.97 "57.40 139.1
"

50.91 62.61 Ce(N03)3·8CO(NH2)2
48.37 60.02

"42.59 43.35 "
41.09 39.21 Ce(N°3) 3' 8CO(NH2) 2 + Ce(N03)3'5CO(NH2)2

40.91 38.81 Ce(N03)3'5CO(NH2)2
38.32 33.25

"36.06 28.31 "30.49 24.19 "
a. Molalities calculated by M. Salomon.

continued .

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Equilibrium No information given.
was reached after 8 hours. The urea content
of the saturated solutions was determined by
nitrogen analysis using the Kjeldahl ammonia
method, and Ce(III) was determined by titra-
tion with Trilon B.

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

REFERENCES:
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COHPONENTS:

(1) Cerium nitrate; Ce(N0 3)3; [10108-73-3]

(2) Urea; CH4N20; [57-13-6]

(3) Water; H20; [77 32-18-5]

ORIGINAL MEASUREMENTS:

Zholalieva, Z.M.; Sulaimankulov, K.S.;
Ismailov, M. Zh. Neorg. Khim. 1975, 20,
2243-5; Russ. J. Inorg. Chern. Engl. TransZ.
1975, 20, 1246-7.

EXPERIMENTAL VALUES: continued••••••

Composition of saturated solutions a

Ce(N03)3 CO(N02)2

mass % mol -1
% mol -1kg mass kg

51. 61 9.190 31.17 30.14

51.61 8.923 30.91 29.13
53.06 7.627 25.61 19.99
54.29 7.863 24.54 19.30
59.34 7.786 17.29 12.32
63.46 7.183 9.45 5.809

65.15 7.152 6.92 4.13
65.05 6.921 6.13 3.54
64.25 6.565 5.74 3.18
64.03 6.033 3.43 1. 76
64.09 5.472

a. Molalities calculated by M. Salomon.

nature of the solid phase

Ce(N03)3'5CO(NH2)2 + Ce(N03)3·2CO(NH2)2·2H20

Ce(N03)3'2CO(NH2)2'2H20

COMHENTS AND/OR ADDITIONAL DATA:

The phase diagram is given below. Two anhydrous
and one hydrated double compounds are formed in
the systero: Ce(N03)3·8CO(NH2)2' Ce(N03)3'5CO(NH2)2'
and Ce(N03)3·2CO(NH2)i2H20. All these compounds are
congruently soluble in water. The first and last
solubility branches belong to the crystallisation of
the initial components.
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03)3; [10108-73-3)

(2) Urea mononitrate; CH
5

N
3
04; [124-47-0)

(3) Water; H20; [7732-18-5)

Zhuravlev, E.F.; Mininkov, N.E. Zh. Neorg.
Khirn. 1972, 17, 1736-40, Russ. J. Inorg. Chern
EngZ. TransZ. 1972, 17, 899-901.

VARIABLES: PREPARED BY:

Composition at 25·C and 50·C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Ce(N03) 3 CO(NH2)2' HN03

t/·C % mol -1 mass % mol -1 50 nature of the solid phasemass kg kg n D

25 -- -- 18.0 1. 78 1. 3570 CO(NH2)2' HN03
8.5 0.34 14.0 1.47 1.3640

"18.0 0.77 10.5 1.19 1. 3765 "27.5 1.30 7.5 0.94 1. 3915 "37.5 2.02 5.5 0.78 1.4125 "48.0 3.05 3.7 0.62 1.4320
"59.0 4.64 2.0 0.42 1. 4550 "

61.5 5.12 1.7 0.38 1. 4625 CO(NH2)2' HN03 + Ce(N03)3' 6H20

62.0 5.14 1.0 0.22 1. 4622 Ce(N03)3' 6H20
63.0 5.22 -- -- 1.4620 "

50 -- -- 30.0 3.48 1.3740 CO(NH2)2' HN03
7.5 0.34 25.0 3.01 1. 3780 "16.0 0.77 20.0 2.54 1. 3860 "25.5 1.31 15.0 2.05 1.3990 "36.0 2.04 10.0 1.50 1. 4170 "46.5 3.10 7.5 1.32 1.4360 "57.5 4.52 3.5 0.73 1.4575 "69.5 7.13 0.6 0.16 1.4860 "

73.3 8.42 -- -- 1. 4900 Ce(N03)3' 6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1,2). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index. All
refractive indices were measured at 50·C.

Molalities in the above table were calcu
lated by M. Salomon.

SOURCE AND PURITY OF MATERIALS:

"Analytical reagent" grade cerium nitrate
hexahydrate was used. Ce/H20 ratio was
"approximately 1:6."

Urea mononitrate, CO(NH2)2'HN03' was re
crystallized.

Doubly distilled water was used.

ESTIMATED ERROR:

Soly: precision around ± 1% (compilers).

Temp: precision probably ± 0.2K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khirn. 1960, 5, 2630.

2. Mininkov, N.E.; Zhuravlev, E.F. Zh.
Neorg. Khim. 1969, 14, 2565.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

219

(1) Cerium nitrate; Ce(N03) 3; [10108-73-3]

(2) Thiourea; CH4N
2
S; [62-56-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 30°C

EXPERIMENTAL VALUES:

Zholalieva, Z.; Sulaimankulov, K.;
Ismailov, M.; Abykeev, K. Zh. Neorg.
Khim. 1976, 21, 2583-5; Russ. J. Inorg.
Chern. EngZ. TransZ. 1976, 21, 1421-2.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated soluitons a

Ce(N03)3

% mol -1mass kg

6.64 0.27
15.26 0.667
19.91 0.882
27.75 1. 358
32.03 1.658
44.96 2.924
56.14 5.039
62.04 6.322

62.00 6.229

61.66 6.287
64.09 5.472

% mol -1 of the solid phasemass kg nature

18.00 2.884 CS(NH2)2
18.01 3.140 "14.61 2.737
10.88 2.065

9.59 2.011 "8.75 1. 941
7.90 2.202 "9.70 3.730
7.87 3.436

7.48 3.220 CS(NHZ)2 + Ce(N03)3' 6H20

8.27 3.613 Ce(N03)3' 6H20

a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Isothermal method used. No other information Nothing specified.
given.

1M CH,CONHCONH,

ESTIMATED ERROR:

Nothing specified (see critical evaluation).

o

30°C solubility isotherm.

100
Ce(NO,),
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COMPONENTS:

Cerium nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium Nitrate; Ce(N03) 3; [10108-73-3]

(2) N-Acetylurea; C
3
H6N202; [591-07-1]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 30°C

EXPERIMENTAL VALUES:

Zholalieva, Z.M.; Sulaimankulov, K.S.;
Ismailov, M. Zh. Neorg. Khirn. 1975, 20,
2243-5; RUBB. J. Inorg. Chern. Engl.
Transl. 1975, 20, 1246-7.

PREPARED BY:

T. llioduski and S. Siekierski

Ce(N03)3

% mol kg- lmass

7.20
12.55
17.27
21. 99
26.88
38.85
51. 76
56.70
63.76

64.06

63.81
63.77
62.57
64.09

0.249
0.458
0.668
0.898
1.197
2.091
3.901
5.000
8.815

3.714

8.608
7.809
5.814
5.472

Composition of saturated solutions a

CH3CONHCONH 2

mass % mol -1 nature of the solid phasekg

3.23 0.327 CH3CONHCONH23.99 0.440
"3.50 0.408
"3.51 0.434
"2.90 0.378
"4.28 0.609
"4.18 0.719
"7.56 1.820
"8.53 2.403
"13.38 5.665
"

13.40 5.823 CH 3CONHCONH2 + Ce(N03)3' 6H20

13.46 5.800 Ce(N03)3' 6H20
11.19 4.377

"4.43 1. 315
"--- --
"

a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD ,APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Equilibrium No information given.
was reached after 8 hours. The saturated
solutions were analysed for N-acetylurea by
n~trogen determination using the Kjeldahl
ammonia method, and Ce(III) was determined
by titration with Trilon B.

COMMENTS AND/OR ADDITIONAL DATA:

The phase diagram is of the simple eutonic
type.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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Evaluation of organic solvent systems

EVALUATOR:
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(1) Cerium nitrate: Ce(N03)3; [10108-73-3]

(2) Organic solvents

CRITICAL EVALUATION:

Hark Salomon

U.S. Army Electronics Technology and Devices
Laboratory

Fort Monmouth, NJ, USA

November, 1982

There are very few studies on the solubility of Ce(N03)3 in organic solvents (1-4), and
due to the absence of descriptions on purities of materials or to poorly defined
experimental conditions, none of the data can be critically evaluated or designated as
tentative solubility values.

The oldest publication by Vauquelin (1) simply states that 100 parts of alcohol
(probably ethanol) dissolves 50 parts of Ce(N03)3 (i.e. 33.3 mass % of salt, evaluator).
Neither the temperature or the purity of the salt were given, and it is most probable that
the initial salt was the hexahydrate and of low purity.

Wells (2) reported a solubility of 0.0081 mol dm- 3 in diethyl ether at about 293 K,
and Hopkins and Quill (3) reported graphical data from which the compilers estimated a
solubility of 0.028 mol dm- 3 at 298 K. Because it is improbable that the solubility of
Ce(N03)3 in diethyl ether would increase by a factor of three for aSK increase in
temperature, both of the solubility data in (2) and (3) must be questioned.

Healy and McKay (4) carefully measured the solubility of Ce(N03)3·nH20 (the evaluator
assumes n = 6) in tri~n~butylphosphate. An aqueous phase formed during equIlibration,
and it is assumed that at equilibrium the solid phase is the hexahydrate in a three phase
system. The equilibrated solid phase was not analysed.

REFERENCES

1. Vauquelin, L.N. Ann. Chim. Phys. 1801, 35, 143.

2. Wells, R.C. J. Wash. Acad. Sci. 1930, 20, 146.

3. Hopkins, B.S.; Quill, L.L. Proc. Natl. A~ad. Sci., USA 1933, 19, 64.

4. Healy, T.V.; McKay, H.A.C. Trans. Faraday Soc. 1956, 52, 633.



222 Cerium nitrate

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N0
3

) 3; [10108-73-3]

(2) Diethyl ether; C4H
lO

O; [60-29-7]

Wells, R.C. J. Wash. Acad. Sci.
1930, 20, 146-8.

VARIABLES: PREPARED BY:

Room temperature (about 20°C) T. Mioduski, S. Siekierski, M. Salomon

EXPERIMENTAL VALUES:

Experiment 1. This experiment involves hydrated cerium nitrate as the initial solid,

and which the compilers assume to be the hexahydrate.

Authors report the solubility as 0.0010 g Ce0
2

in 10 ml solution.

This is equivalent to a Ce(N0
3

)3 soly of 5.8 x 10-4 mol dm- 3 (compilers).

Experiment 2. The initial solid is dehydrated cerium nitrate.

Authors report the solubility as 0.0139 g Ce02 in 10 ml solution.

This is equivalent to a Ce(N0
3

)3 soly of 8.1 x 10-3 mol dm- 3 (compilers).

AUXILIARY INFORMATION

ESTIMATED ERROR:

Soly: precision probably ± 10% at best
(compilers) •

Temp: precision probably ± 4K (compilers).

SOURCE AND PURITY OF MATERIALS:

Nothing specified.The soly
in two ex
the initial

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used.
of cerium nitrate was determined
periments in which the nature of
solid phase differs.
Experiment 1. A few grams of cerium nitrate
(presumably the hexahydrate, compilers) was
added to about 20 ml of ether in small stop-
pered flasks. The flasks were periodically
agitated and permitted to stand overnight at
about 20°C. A 10 ml sample was removed,
filtered, the solvent evaporated, and the sah
ignited to the oxide and weighed.
Experiment 2. The remaining salt in the
flask was freed from ether, dissolved in water
and a few drops of HN0

3
added. The solution

was evaporated to dryness, and heated to
150°C. The solubility in ether was then
determined again with this "dehydrated" salt. ~===":""~-------------------1

REFERENCES:



COMPONENTS:

Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Diethyl ether; C4HIOO; [60-29-7]

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Hopkins, B.S.; Quill, L.L. Proa. Natt.
Aaad. Sai. U.S.A. 1933, 19, 64-8.

PREPARED BY:

T. Hioduski, S. Siekierski, M. Salomon

The solubility of Ce(N0
3
)3 in diethyl ether at 25°C was given in the form of a small

diagram of solubility vs atomic number Z for Z = 57-64. In the absence of numerical

data, the compilers interpolated the solubility from the published diagram. The

result is:
-3 -3

soly of Ce(N03)3 = 9.1 g dm (0.028 mol dm )

COMMENTS AND/OR ADDITIONAL DATA:

The name Philip Kalischer appears on the diagram published in the source paper. The

compilers suspected that Mr. Kalischer was an MSc student of Prof. Hopkins and thus

contracted Ms. Susanne Redalje, the Assistant Chemistry Librarian at the University

of Illinois at Urbana-Champaign. Ms. Redalje searched the University records for

reference to a thesis or any publication by Mr. Kalischer. Tlle records show that

Mr. Kalischer attended classes for the Fall, Spring, and Summer semesters of 1930

1931. There is no indication that Mr. Kalischer had finished his studies or sub

mitted a thesis, and it is therefore apparent that the original experimental data

are lost. The compilers are most grateful to Ms. Redalje for all her help in search

ing the University records and providing important information on numerous other

lanthanide systems.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

No information given.No information is available, but based on

similar work by Hardy (1) being carried out

at the University of Illinois at the time,

it is likely that the isothermal method was

employed. The solubility data for neodymium

and praseodymium nitrates in several ethers

from Hardy's MSc Thesis are compiled else-

where in this volume, and the compilations

contain detailed information on the experi- ESTIMATED ERROR:

mental techniques which the compilers assume No information given.

were similar to those used by Mr. Kalischer.

REFERENCES:

1. Hardy, Z.M. Masters Thesis.
The University of Illinois. Urbana, II.
1932.
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COMPONENTS:

Cenum nitrate

ORIGINAL MEASUREMENTS:

(1) Cerium nitrate; Ce(N03) 3; [10108-73-3]

(2) l,4-Dioxane (p-dioxane); C4H802;
[123-91-1]

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Hopkins, B.S.; Quill, L.L. Ppoc. Natl.
Acad. Sci. U.S.A. 1933, 19, 64-8.

PREPARED BY:

T. Mioduski, S. Siekierski, H. Salomon

The solubility of Ce(N03)3 ~n p-dioxane at 25°C was given the form of a small

diagram of solubility vs atomic number Z for Z = 57-64. In the absence of

numerical data, the compilers interpolated the solubility from the published

diagram. The result is:

soly of Ce(N0
3

)3 = 4.8 g dm- 3 (0.015 mol dm- 3)

CO~MENTS AND/OR ADDITIONAL DATA:

It appears that the original experimental work was done by a Mr. P. Kalischer

who was a student at the University of Illinois at Urbana-Champaign. Attempts

to locate the original experimental data have failed, and it thus appears that

these data are lost (see the COMMENTS in the compilation for the Ce(N03)3 - diethyl

ether system).

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

No information available.No information is available, but based on

similar work by Hardy (1) being carried out

at the University of Illinois at the time,

~t is likely that the isothermal method was

employed. The solubility data for neodymium

and praseodymium nitrates in several ethers

from Hardy's MSc Thesis are compiled else-

where in this volume, and the compilations

contain detailed information on the experi- ESTIMATED ERROR:

mental techniques which the compilers assume No information available.

were similar to those used by Mr. Kalischer.

REFERENCES:

1. Hardy, Z.lI. Master'S Thesis.
The University of Illinois. Urbana, IL.
1932.
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Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Cerium nitrate; Ce(N03)3; [10108-73-3]

(2) Tri-n-butylphosphate; C12H2704P;

[126-73-8]

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Healy, T.V.; McKay, H.A.C. T~ans. Fa~aday

Soc. 1956, 52, 633-42.

PREPARED BY:

Mark Salomon

-31.2 mol dm

COMMENTS AND/OR ADDITIONAL DATA:

Since the initial solid was probably the hexahydrate Ce(N03)3·6H20, it is probable that

an aqueous phase formed during the equilibration. The authors state that the

appearance of an aqueous phase does not interfere with the equilibrium between the

solid and [CH3(CH2)30]3PO provided the aqueous phase is also in equilibrium.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The solubility was
determined by shaking the solid nitrate with
[CH3(CH2)30]3PO for several days followed by

analysis of the organic phase. Cerium was
analysed volumetrically using ferrous
sulfate and permanganate after Ce(III) was
oxidized to Ce(IV) with sodium bismuthate.

SOURCE AND PURITY OF MATERIALS:
Cerium nitrate was an AR product which the
compiler assumes is the hexahydrate.
[CH3(CH2)30]3PO purified as in (1). It was
boiled with dilute aqueous NaOH until all
volatile impurities were distilled off. The
remaining solvent was washed repeatedly
with water and dried by warming in vacuum.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
1. Alcock, K.; Grimley, 5.5.; Healy, T.V.;

McKay, H.A.C. T~ans. F~aday Soc. 1956,
52, 39.
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COHPONENTS:

(1) Cerium double nitrates

(2) Water; H20; [7732-18-5]

CRITICAL EVALUATION:

Cerium nitrate

EVALUATOR:
Mark Salomon

U.S. Army Electronics Technology and Devices
Laboratory

Fort Monmouth, NJ, USA

December 1982

Ce(III) DOUBLE NITRATES

Ce(III) nitrate forms a number of double salts with transition metal nitrates for
which the stable solid phase is the tetracosahydrate (1-4). The cerium (III) ammonium
nitrate double salt forms a stable tetrahydrate (3-5). The following stable solid phases
have been found to exist in equilibrium with saturated solutions:

3Mg(N03)2·2Ce(N03)3·24H20 [13550-46-4 ] (1,2)

2Ce(N0 3)3·3Mn(N0 3)2·24H2O [84682-55-3 ] (2)

2Ce(N0 3)3·3Co(N0 3)2·24H20 [20394-14-3] (2)

2Ce(N0 3)3·3Ni(N03)2·24H2O [20346-68-3] (2)

2Ce(N03)33Zn(N03)2·24H20 [15276-92-3] (2)

Ce(N03)3·2NH4N03·4H20 [13083-04-0] (3,4)

Several of these salts have been discussed previously in the Ce(N03)3-H20 critical
evaluation.

The solubility of 3Mg(N0 3)2.2Ce(N03)3 has been studied as a function of temperature by
Friend and Wheat (I), and at 289.2 K in concentrated nitric acid by Jantsch (2). The
latter author also reported the congruent melting point of the tetracosahydrate to be
384.7 K. The data for this salt were fitted to the smoothing equation

y = fn(m/mo) - n}!2(m - mo) = a + b/(T/K) + c fn(T/K) [1]

where all terms were defined previously in the Ce(N03)3-H20 critical evaluation (see eq.
[1] in this critical evaluation). Friend and Wheat's solubility value at 297.8 K deviates
significantly from the smoothed value obtained from eq. [I), and this data point is
rejected. The remaining five data points over the temperature range of 284-330 K appear
to be satisfactory. At the congruent melting point (384.7 K according to Jantsch) the
concentration of the saturated solution is (theoretically) 2.313 mol kg- l , and this value
has been combined with the five acceptable solubility values of Friend and Wheat and
fitted to eq. [1] by the method of least squares. The results of fitting these six
solubility values to eq. [I) are given in Tables 1 and 2. The tentative solubility values
given in Table 2 were calculated from eq. (1), and are associated with an uncertainty of
± 0.03 mol kg- l at the 95% level of confidence (Student's t = 3.182).

The only other data which could be fitted to the smoothing eq. [1] are those of Wolff
(3) for the double salt Ce(N03)3.2NH4N03' The results of fitting these data to the
smoothing equation are given in Table I, and the smoothed tentative values at selected
temperatures are given in Table 2. The uncertainty in these calculated tentative values
is ± 0.3 mol kg-l at the 95% level of confidence (Student's t = 4.303). The congruent
melting point predicted from eq. [1] is 344.4 K, and is not in very good agreement with
the experimental value of 347 K (6): with solubility data of precision around ± 0.5% or
better, we have found that congruent melting points calculated from eq. [1] are generally
within ± 2 K of the experimental value. Angelov (4) reported the solubility of cerium (II~

ammonium nitrate in two solutions of 10 and 30 mass % HN0 3 at 298.2 K, and these data
cannot be compared with those of Jantsch or Friend and Wheat because of the differences in
experimental conditions.

Ce(IV) DOUBLE NITRATES

The solubility of the double nitrate Ce(N03)4.2NH4N03 has
temperature by Wolff (3) and by Angelov and Poslavskaya (4).
stable solid phase is the anhydrous double salt, but there is
the reported solubility values as a function of temperature.
possible to give preference to either set of data.

been studied as a function of
Both studies agree that the
significant disagreement in
At this time it is not



COHPONENTS:

Evaluation of aqueous double nitrate systems

EVALUATOR:

227

(1) Cerium double nitrates

(2) \later ; H20; [7732-18-5]

Mark Salomon
U.S. Army Electronics Technology and Devices

Laboratory
Fort Monmouth, NJ, USA

December 1982

CRITICAL EVALUATION:

Table 1. Derived parameters for the smoothing equation [1].

parameter

a
b
c

congruent melting point/K -1
concn at the congr melting pt/mol kg

a
3Mg(N03)2·2Ce(N03)3

-28.713
961

4.469

0.004
1.4
0.001

0.004
0.002

348.7
2.313

b
Ce(N03)3·2NH4N03

-85.78
3198

13.171

0.01
4.1
0.002

0.01
0.17

344.4
13.877

aSolid phase is the tetracosahydrate (see ref 1).

bSolid phase is the tetrahydrate (see ref 3).

Table 2. Tentative solubility data at selected temperatures. a

T/K

273.2
283.2
293.2
298.2
303.2
313.2
323.2
333.2
343.2
353.2
363.2
373.2
383.2

b
3Mg(N03)2·2Ce(N03)3

0.688
0.725
0.768
0.792
0.819
0.877
0.946
1.026
1.123
1. 241
1.393
1.608
2.034

c
Ce(N03)3·2NH4N03

3.49
3.79
4.19
4.44
4.73
5.46
6.48
8.07

11.68

aAll solubilities calculated from the smoothing equation: units are mol kg-I.

bSolid phase is the tetracosahydrate.

cSolid phase is the tetrahydrate.

REFERENCES

1. Friend, J.N.; Wheat, W.N. J. Chern. Soa. 1935, 356.
2. Jantsch, G. Z. Anorg. Chern. 1912, 76, 30~
3. Wolff, H. Z. Anorg. Chern. 19O5:-45, 89.
4. Angelov, 1.1.; Poslavskaya~D. Trudy. Vsesoyuz. Nauah. Iss~edovate~. Inst. Khirn.

Reaktivov, 1958, No. 22, 26.
5. Shevchuk, V.G.; Mitina, N.K. Zh. Neorg. Khirn. 1976, 21, 1943 (this paper was compiled

in the preceeding section).
6. Fock, A. Zeit. Kryst. 1894, 22, 34.
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COMPONENTS:

(1) Magnesium cerium nitrate;
3Mg(N0

3
)2,2Ce(N0

3
)3; [15276-91-2]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature

Cerium nitrate

ORIGINAL MEASUREMENTS:

Friend, J.N.; Wheat, W.N.
J. Chern. Soc. 1935, 356-9.

PREPARED BY:

Mark Salomon

3Mg(N03)2.2Ce(N03)3 c

mass % mol kg- l

EXPERIMENTAL VALUES:

mass ratio
a

t/OC Ce°zlMgO

11 2.84
16 2.78
24.6 2.87
31. 8 --
42.2 --
57.0 d

2.77
111.5 --

mass %

61.98
62.89
65.63
66.20
69.26
72.78

100

44.46
45.11
47.08
47.49
49.68
52.21
64.07

0.730
0.749
0.811
0.824
0.900
0.996
2.313

a. Results of gravimetric analyses. Theoretical value is 2.847 (compiler).

b. Authors' conversions from mass % Ce02 results (these mass % values were
not given in the source paper).

c. Compiler's calculations.

d. Melting point of the tetracosahydrate (2).

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

REFERENCES:

1. Friend, J.N. J. Chern. Soc. 1930, 1633.

2. Jantsch, G.Z. Anorg. Chern. 1912, 76, 303.

In the preparation of the tetracosahydrate
3Mg(N03)2·2Ce(N03)3·24H 0, Kahlbaum's cerous
nitrate was used. No other information was
given.

The isothermal method was used as described
in (1). In order to obtain reproducible re
sults, equilibrium had to be approached from
above. Saturated or near saturated sIns
were prepared at 90 - 100°C and quickly
cooled in a thermostat. The sIns were stir-
red for several hours which the authors clairr
is essential to remove supersaturation.

Cerium was determined by precipitation of
the oxalate from an aliquot and ignition to
Ce02' Mg was determined as MgO by difference
in which a second aliquot of equal volume r-~__-==-------------------------------------4
was evaporated to dryness followed by ig- ESTIMATED ERROR:

Soly: precision ± 3 % at best (compiler).
nit ion to yield the mixed oxides of Ce02 and
MgO. This method was checked by precipit- Temp: accuracy probably ± 0.05K as in (1)
ation of Mg as the phosphate, and the re- (compiler).
suIts agreed to around ± 1.3 % (compiler).
The average error in the reported Ce02MgO
mass ratios (see above table) is also around
± 1.3 % leading the compiler to estimate a
total precision of no better than ± 3 %.



COMPONENTS:

(1) Magnesium cerium (III) nitrate;
3Mg(N03)2·2Ce(N03)3; [15276-91-2]

(2) Nitric acid; HN0 3; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 16°c

EXPERIMENTAL VALUES:

Double nitrates

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. lJ_~~, 76,
303-23.

PREPARED BY:

Mark Salomon

229

Solubil~ty of the double salt in IlN0
3

sIn of density

16 -3
d

4
= 1.325 g cm

aliquot volume mass Ce
2
0

3
a soly 3Mg(N03)2·2Ce(N03)3 b

3 -3cm g mol dm

1. 2324 0.0155
1. 2324 0.0155 0.0382

a. Experimental quantity ~s mass Ce0 2 , but author converted the exper~mental quantity
to mass Ce 20

3
. Neither the original mass of Ce02 or the atomic masses ubed in the

conversions were given.

b. Author's calculations for average solubility.

ADDITIONAL DATA:

The melting point of the tetracosahydrate was reported as 111. 5°C, and the dens~ty at
O°C as 2.002 g cm- 3

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
~n HN0 3 sIn of density 1.325 g cm- 3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulver~zed salt
and HN03 sIn were placed ~n glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solutions were then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH 4Cl
and 10 % NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered, dis
Solved in HN03' reprecipitated as the hydrox
ide, and ignited to Ce02' Mg in the filtrate
pas "determined by the usual method" (no
details were given).

~n attempt to determine the waters of hy
dration by dehydration was not successful be
Cause the temperature required (120°C or
~igher) resulted in decomposition of the salt
~ith the formation of basic salts. Presum
~bly the waters of hydration were found by
difference.

SOURCE AND PURITY OF MATERIALS:
"Pure" cerous oxide was dissolved in dil
HN03 and Mg(N03)2 added to g~ve a mole ratio
of Ce/Mg = 2/3. The solution was evaporated
with additions of H202 to prevent cerric
formation, and after adding a small crystal
of Bi2Hg3(N03)1~ the sIn was evaporated to
ppt the double salt as the tetracosahydrate.
The salt was recrystallized, but the author
does not report any analys~s of the purified
double salt.

ESTIMATED ERROR:

Soly: reproducibility about ± 1-5 % (com
piler) •

Temp: nothing specified.

REFERENCES:
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COMPONENTS:
(1) Cerium (III) manganese nitrate;

ZCe(N03)3.3Mn(N0
3
)Z; [8468Z-54-Z]

(Z) Nitric acid; HN0
3

; [7697-37-Z]

(3) Water; HZO ; [773Z-18-5]

VARIABLES:

One temperature: 16°C

EXPERIMENTAL VALUES:

Cerium nitrate

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anopg. Chern. 19lZ, 76, 303-Z3.

PREPARED BY:

Hark Salomon

Solubility of the double salt in RN0
3

sIn of density

d
16 -3 34 = 1.3Z5 g cm . (10 cm sIn contains 5.159 g HN0

3
)

aliquot volume a bmass Ce Z0
3 soly 2Ce(N03)3·3Hn(N03)2

3 -3cm g mol dm

1.2324 0.0444

1. 2324 0.0449 0.1103

a. Experimental quantity is mass CeOZ' but the author
quantity to mass ce20

3
. Neither Ehe original mass

used in the conversions were given.

converterted the experimental
of Ce02 or the atomic masses

b. Author's calculation for average solubility.

ADDITIONAL DATA:

The melting point of the tetracosahydrate was reported as 83.7°C, and the density at
O°C as Z.102 g cm-3 •

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in RN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and RN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for Z4 h with
periodic shaking. The solution was then
allowed to settle for Z h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by precipitating
both Ce and Mn hydroxides by respective
addition of NH3 and HZOZ' The ppt was
ignited to give CeOZ + Mn304'

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (lZ00C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumabl,
the waters of hydration were found by
difference

SOURCE AND PURITY OF MATERIALS;
"Pure" cerous oxide was dissolved in dil
RN03 and Hn(N03)2 added to give a mole

ratio of Ce/Mn = 2/3. The solution was
evaporated with additions of HZO

Z
to prevent

cerric formation, and after adding a small
crystal of BiZMg3 (N03)12 the sIn was

evaporated to ppt the double salt as the
tetracosahydrate. The salt was
recrystallized, but the author does not
report any analysis of the purified double
salt.

ESTIMATED ERROR:

Soly: reproducibility about ± 1-5% (compiler)

Temp: nothing specified.



COMPONENTS:

(1) Cerium (Ill) cobalt nitrate;
2Ce(N03)3'3Co(N03)2; [84682-56-4]

(2) Nitric acid; HN03; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 16·C

Double nitrates

ORIGINAL MEASUREMENTS:

Jantsch. G. Z. Anorg. Chern. 1912, 76,
303-23.

PREPARED BY:

Mark Salomon

231

EXPERIMENTAL VALUES: 16 -3
Solubility of the double salt in HN0

3
sIn of density d

4
= 1.325 g cm

aliquot volume

3cm

1.2324

1. 2324

g

0.0254

0.0257

bsoly 2Ce(N03)3'3Co(N03)2

mol dm-3

0.0632

SOURCE AND PURITY OF MATERIALS:
"Pure" cerous oxide was dissolved in dil
HN03 and Co(N03)2 added to give a mole ratio
of Ce/Co = 2/3. The solution was evaporated
with additions of H202 to prevent cerric
formation, and after adding a small crystal
of Bi2Hg3 (N03)12 the sIn was evaporated to
ppt the double salt as the tetracosahydrate.
The salt was recrystallized, but the author
does not report any analysis of the purified
double salt.

a. Experimental quantity is mass Ce02, but author converted the experimental quantity
to mass ce203• Neither the original mass of Ce02 or the atomic masses used in the
conversions were given.

b. Author's calculation for average solubility.

ADDITIONAL DATA:
The melting point of the tetracosahydrate was reported as 98.5·C, and the density at
O°C as 2.157 g cm-3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The soly was studied
in HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4Cll--__-~~~__-------------_;
and 10% NH3 sIn followed by boiling to ppt ESTIMATED ERROR:
the hydroxide. The ppt was filtered, Soly: reproducibility about ± 1-5% (compiler).
dissolved in HN03' reprecipitated as the Temp: nothing specified.
hydroXide, and ignited to Ce02' Co in the
filtrate was "determined by the usual method"I-:==='::':":_---------------_;
(no details were given). REFERENCES:

An attempt to determine the waters of hydra
tion by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumabl,
the waters of hydration were found by
difference.



232

COMPONENTS:

(1) Cerium (III) nickel nitrate;
2Ce(N03)3·3Ni(N03)2; [84682-57-5]

(2) Nitric acid; HN03; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 16°C

EXPERIMENTAL VALUES:

Cerium nitrate

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1912, 76,
303-23.

PREPARED BY:

Mark Salomon

Solubility of the double salt in HN0 3 sIn of density

16 -3d4 = 1.325 g cm

aliquot volume

3cm

1. 2324
1. 2324

g

0.0182
0.0191

soly 2Ce(N03)3.3Ni(N03)2 b

mol dm- 3

0.0460

REFERENCES:

SOURCE AND PURITY OF MATERIALS:
".Pure" cerous oxide was dissolved in dil
HN03 and Ni(N03)2 added to give a mole ratio
of Ce/Ni = 2/3. The solution was evaporated
with additions of H202 to prevent cerric
formation, and after adding a small crystal
of Bi2Mg3(N03)12 the sIn was evaporated to
ppt the double salt as the tetracosahydrate.
The salt was recrystallized, but the author
does not report any analysis of the purified
double salt.

a. Experimental quantity is mass Ce02, but author converted the experimental quantity
to mass Ce20 3 • Neither the original mass of Ce0 2 or the atomic masses used in the
conversions were given.

b. Author's calculations for average solubility.

ADDITIONAL DATA:

The melting point of the tetracosahydrate was reported as 108.5°C, and the density at
O°C as 2.173 g cm- 3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and RN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solutions were then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.
Solutions were analysed by adding 2-3 g NH4Cl~ ~

and 10 % NH 3 sIn followed by boiling to ppt ESTIMATED ERROR:
the hydroxide. The ppt was filtered, dis- Soly: reproducibility about ± 1-5 % (com-
solved in HN0 3 , reprecipitated as the hydrox- piler).
ide, and ignited to Ce02. Ni in the filtrate
was "determined by the usual method" (no Temp: nothing specified.
details were given).

An attempt to determine the waters of hy
dration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presum-
ably the waters of hydration were found by
difference.



COMPONENTS:

(1) Cerium (III) zinc nitrate;
2Ce(N03)3·3Zn(N03)2; [13773-54-1]

(2) Nitric acid; RN0 3 ; [7697-37-2]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

One temperature: 16°C

Double nitrates

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. lJ~~, 76,
303-23.

PREPARED BY:

Hark Salomon
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EXPERIMENTAL VALUES:
Solubility of the double salt in HN0

3
sIn of density d~6 = 1. 325 g -3cm

aliquot volume

3cm

1.4638

1.4638

g

0.0326

0.0324

soly

0.0675

a. Experimental quantity is mass Ce02 , but author converted the experimental quantity
to mass Ce 203 • Neither the original mass of Ce02 or the atomic masses used in the

conversions were given.

b. Author's calculation for average solubility.

ADDITIONAL DATA:
The melting point of the tetracosahydrate was reported as 92.8°C, and the density at
O°C as 2.188 g cm-3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;

Isothermal method used. The soly was studied "Pure" cerous oxide was dissolved in di1
in HN03 sln of density 1.325 g cm-3 at 16°C RN03 and Zn(N03)2 added to give a mole ratio
because the author did not have sufficient of Ce/Zn = 2/3. The solution was evaporated
quantity of the rare earth to study the soly with additions of H202 to prevent cerric
of the salt in pure water. Pulverized salt formation, and after adding a small crystal
and RN0 3 sln were placed in glass-stoppered of Bi2Mg3(N03)12 the sln was evaporated to
tubes and thermostated at 16°C for 24 h with ppt the double salt as the tetracosahydrate.
periodic shaking. The solution was then The salt was recrystallized, but the author
allowed to settle for 2 h, and a pipet main- does not report any analysis of the purified
tained at 16°C was used to withdraw a1iquots double salt.
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g
NH4C1 and 10% NH3 sln followed by boiling to ESTIMATED ERROR:
ppt the hydroxide. The ppt was filtered, Soly: reproducibility about ± 1-5% (compiler).
dissolved in RN0 3, reprecipitated as the Tern' nothing specified.
hydroxide, and ignited to Ce02. Zn in the p.
filtrate was "determined by the usual method"
(no details were given). ~RE---F-E-RE-N-C-E-S-:------------------------------------~

An attempt to determine the waters of hydra-
tion by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the
salt with the formation of basic salts.
Presumably the waters of hydration were
found by difference.

80813-1
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COMPONENTS:

(1) Cerium (III) ammonium nitrate;
Ce(N03)3'2NH4N03; [15318-60-2]

(2) Water; H20; [7732-18-5]

VARIABLES:

Cerium nitrate

ORIGINAL MEASUREMENTS:

Wolff, H. Z. Anorg. Chern. 1905, 45, 89-115.

PREPARED BY:

Temperature

EXPERIMENTAL VALUES:

Experimental a

NH 4 Ce

t/oC mass % mass %

8.75 4.787 18.56

25.00 5.09 19.80

45.00 5.53 21.06

60.00 6.01 22.77

65.06 6.11 23.42

Mark Salomon

Calculated Ce(N03) 3' 2NH4N03 solubilities

from NH
4

from Ce mean values

mass % b mass % b mass % c mass % b mol kg-l b

64.52 64.40 70.2 64.46 3.730

68.60 68.71 74.8 68.65 4.504

74.53 73.08 80.4 73.80 5.794

81.00 79.01 87.2 80.01 8.230

82.35 81.27 89.1 81. 81 9.248

a. Mass % values based on total weight of the tetrahydrate.

b. Calculated by the compiler for the anhydrous salt based on 1977 IUPAC recommended
atomic weights.

c. Author's original mean values for the tetrahydrate.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Water and excess
salt were placed in a cylinder and thermo
stated with stirring for 5 hours. Weighed
aliquots were diluted to 250 cm3 and
analysed. Ce was determined by the Knorre
method: Ce was oxidized in H2S04 with
ammonium persulfate, heated to decompose the
excess persulfate, and titrated with H202•
The end-point is identified by the color
change of yellow Ce(IV) to colorless Ce(III~

NH4 was determined by adding an excess KOH
to precipitate Ce and expel NH3• The
remaining KOH was back-titrated with standard
acid.

SOURCE AND PURITY OF MATERIALS:

Ce(N03)3·2NH4N03·4H20 prepd by reduction of
purified Ce(N03)4·2NH4N03 with H202' The
preparation of the Ce(IV) salt is described
in the following compilation. A solution of
the Ce(III) salt was slowly evaporated to
crystallization, and the salt twice recry
stallized. The salt wa~ analysed for NH4'
and for Ce by the Knorre method. Results
for the NH4 are 6.40 and 6.66 mass %:
results for Ce are 24.29 and 25.15 mass %.
Theor mass % calcd by author are NH4 6.57,
and Ce 25.07. Using 1977 IUPAC recommended
atomic weights, the compiler computes the
following based upon the tetrahydrate
molecular weight of 558.28 g mol-I: NH4
6.46 mass %, and Ce 25.10 mass %.

ESTIMATED ERROR:

Soly: nothing specified for individual NH4
and Ce analyses. Mean error based
on average soly is about ± 1% (com
piler).

Temp: precision about ± 0.1 K (author).



COMPONENTS:

Double nitrates

ORIGINAL MEASUREMENTS:
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(1) Cerium (III) ammonium nitrate;
Ce(N03)3·2NH4N03; [15318-60-2]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

Composition at 25°C

EXPERIMENTAL VALUES:

Angelov, 1.1.; Pas lavskaya , K.D.
Trudy. Vsesoyu2. Nauch. IssZedovateZ. Inst.
Khim. Reaktivov, 1958, No. 22, 26-9.

PREPARED BY:

Mark Salomon and Orest Popovych

Cone HN0
3

mass %

63.5

42.5

mol kg- l

4.59

2.96

mass %

10

30

mol kg- l

5.99

17.31

a. Molalities calculated by the compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Nothing specified. Presumably the
isothermal method was used.

SOURCE AND PURITY OF MATERIALS;

Initial solid is the tetrahydrate
Ce(N03)3·2NH4N03·4H20. Nothing else
specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision probably ± 0.1 K (compilers).

REFERENCES:
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COMPONENTS:

(1) Cerium (IV) ammonium nitrate;
Ce(N03)4'2NH4N03; [16774-21-3]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Cerium nitrate

ORIGINAL MEASUREMENTS:

Wolff, H. Z. Anorg. Chern. 1905, 45, 89-115.

PREPARED BY:

Mark Salomon

Experimental

NH4 Ce

mass % mass %

4.065 15.16

4.278 16.08

4.268 16.117

4.489 16.695

t/OC

25.00

35.2

35.2

45.3

64.5

85.60

122

4.625

4.778

6.117

{17.40l
C

15.034 d

{18.l58 c

15.79 d
c

{22.82

16.22 d

Calculated Ce(N03)4·2NH4N03 solubilities

from NH 4 from Ce mean values

b mol kg- l a
mass % a mass % a mass % mass % a

61. 77 59.31 58.49 60.54 2.798

65.01 62.91 61. 79 63.96 3.237

64.86 63.059 61.79 63.96 3.237

63.213 65.320 64.51 66.77 3.664

68.08 66.84 69.18 4.094
70.28

---

71.044 69.40 71.83 4.650
72.61

---
89.28 88.03 91.12 18.71

92.954
---

a. Calculated by the compiler using IUPAC recommended atomic weights.
b. Author's original calculated results.
c. Total Ce content obtained by adding persulfate prior to titration with H202 •
d. Ce(IV) content obtained by titration of an aliquot of satd sIn without pretreatment

with persulfate (see below).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Water and excess
salt were placed in a cylinder and thermo
stated with stirring for 5 hours. Weighed
aliquots were diluted to 250 cm3 and analysed
Ce was detd by the Knorre method: Ce was
oxidized in H2S04 with ammonium persulfate,
heated to decompose the excess persulfate,
and titrated with H202 • The end-point is
identified by the color change of yellow
Ce(IV) to colorless Ce(III). NH 4 was detd
by adding an excess of KOH to ppt Ce and
expel NH 3, and the remaining KOH was back
titrated with standard acid.

Above 60°C, there is partial reduction of
Ce(IV) to Ce(III). Analysis of saturated
solutions without pre-treatment with per
sulfate gives the Ce(IV) content (in mass %
in the above table). Adding persulfate to
the solution prior to analysis gives the
total Ce content in the saturated solutions.

SOURCE AND PURITY OF MATERIALS:
2 kg of finely ground impure Ce02 '2H 20 was
added to dil RN03 and the mixt stirred over
night: this removed the major impurities
Ca, Fe, La, Yb, and didymium (didmium was
assumed to be a rare earth but is now known
to be a mixt of Pr and Nd, compiler). The
remaining residue was dissolved in conc
HNO), partially evaporated, and the basic
nitrate pptd by addn of excess (boiled)
water. The yellow ppt was filtered, washed,
and redissolved in conc HN0 3. At this
stage, about half of the original Ce content
remained. Sufficient NH4N03 was added (i.e.
mole ratio NH4/Ce=2), and the solution
evaporated to crystallization at which point
the solution was cooled in an ice bath. The
ppt Ce (N03) 4' 2NH4N03 was then recrystallized
twice. Spectroscopic analysis of an aq sIn
of the salt showed it to be reasonably pure.

ESTIMATED ERROR:
Soly: nothing specified for individual NH 4

and Ce analysis. Mean error based
on average soly is about ± 2% (com
piler) •

Temp: precision ± 0.1 K (author).



COMPONENTS:

Double nitrates

ORIGINAL MEASUREMENTS:
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(1) Cerium (IV) ammonium nitrate;
(NH4)2Ce(N03)6; [16774-21-3]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature: range -18 to +50°C

EXPERIMENTAL VALUES:

Angelov, 1.1.; Poslavskaya, R.D.
Trudy. Vsesoyuz. Nauch. IssZedovateZ.
Inst. Khim. Reaktivov, 1958, No. 22, 26-9.

PREPARED BY:

Mark Salomon and Orest Popovych

Solubility of (NH4)2Ce(N03)6 as a function of temperature a

-1 solid
-1 solid

t/oC mass % mol kg phase t/°C mass % mol kg phase

o b 55.74 2.297 DS c -17.95 52.96 2.053 ice
15 b 57.93 2.511

"25 b 59.51 2.681 -18.25 d 53.21 2.074 ice + DS
50 b "65.55 3.470

" -10.53 54.19 2.157 DS
- 8.30 24.52 0.592 ice - 3.76 55.20 2.247

"-10.88 32.11 0.863
"

3.27 56.10 2.331
"-12.25 36.57 1. 051

"
10.40 57.n 2.428 "-13.10 38.50 1.142

"
16.10 57.98 2.517 "-14.80 43.70 1.416

" 22.00 58.83 2.606
"-16.40 48.18 1.696

"
26.40 59.71 2.703

"-17.25 50.60 1. 868
"

31.30 60.45 2.788
"

a. Molalities calculated by the compilers.

b. Solubilities determined by the isothermal method. All other solubilities determined
by the synthetic method.

c. DS = double salt = (NH4) 2Ce (N0 3) 6'

d. Extrapolated data for the eutectic point.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Data at 0.0°, 15.0°, 25.0°, and 50.0°C
determined by the isothermal method. All
other solubilities determined by the syn
thetic method. No other details given.

Ce(lV) was determined by reduction to Ce(IlI)
with H202 in acidic medium, and then back
titrated with potassium permanganate solution

SOURCE AND PURITY OF MATERIALS:

Authors state that the starting double
salt, (NH4)2Ce(N03)6' had a purity of
99.97 mass %.

No other information given.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: for isothermal measurements, precisior
was ± 0.1 K. No other information given.

REFERENCES:



238 Cerium nitrate

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Cerium (IV) ammonium nitrate;
(NH4)2Ce (N03)6; [16774-21-31

(2) Nitric acid; HN0 3; [7697-37-2]

(3) Water; H20; [7732-18-5]

Angelov, 1.1.; Pos1avskaya, K.D.
Trudy. Vsesoyuz. Nauah. IssZedovateZ.
Inst. Khim. Reaktivov, 1958, No. 22, 26-9.

VARIABLES: PREPARED BY:

Composition at 0°, 25°, and 50°C Mark Salomon and Orest Popovych

EXPERIMENTAL VALUES:

-1
mol kgmass %

of (NH4)2Ce(N03)6 in nitric acid solutions a,b

(NH4)2Ce (N03)6

mol kg- l
mass %

Solubility

t/"C

0.0 55.74
40.93
32.04
21. 70
12.06
5.86
2.83
1. 75
1.41
0.90

2.297
1. 374
1.008
0.669
0.388
0.207
0.122
0.105
0.130
0.16

o
4.75
9.98

19.16
31. 31
42.52
55.02
67.75
78.81
88.95

1. 388
2.732
5.141
8.774

13.07
20.72
35.25
63.23

139.1

a. Molalities calculated by the compilers.

b. In all cases, the solid phase is the anhydrous double salt.

continued ••••••••

AUXILIARY INFORMATION

METHOD ,'APPARATUS / PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Isothermal method used. Equilibrium was
reached after 3 hours of constant stirring.

Ce(IV) determined by reduction to Ce(III)
with H202 in acid medium, and back-titrated
with potassium permanganate solution. Nitric
acid could not be determined directly in the
presence of Ce(IV) because of the decomposi
tion of indicators in the presence of
Ce(IV). Therefore, the acid was determined
by reduction of the total NO) to ammonia
using Devarda's alloy in alkaline medium,
and absorption of the ammonia in 0.05 mol
dm- 3 sulfuric acid. The amount of nitric
acid was then obtained from the difference
between the total ammonia and the ammonia
corresponding to the double nitrate.

Authors state that the starting material,
(NH4)2Ce(N03)6' had a purity of 99.97 mass %.

No other information given.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.1 K.

The composition of the solid phase was
determined by Schreinemakers' method of
residues and checked by direct chemical
analysis of crystals quickly pressed between
sheets of filter paper at low acid concen
trations, or by microscopic analysis at
higher acid concentrations.

REFERENCES:



COHPONENTS:

Double nitrates

ORIGINAL l:EASUREl1EUTS:

239

(1) Cerium (IV) ammonium nitrate;
(NH4)2Ce(N03)6; [16774-21-3]

(2) Nitric acid; HN0 3; [7697-37-2]

(3) Water; H
2

0; [7732-18-5]

Ange1ov, 1.1.; Pos1avskaya, K.D.
T:pudy. Vsesoyuz. Nauah. Isstedovatet.
Inst. Khim. Reaktivov, 1958, No. 22, 26-9.

EXPERIMENTAL VALUES: continued ...••.•.

Solubility of (NH4)2Ce (N03)6 in nitric acid solutions a,b

(NH4)2Ce (N03)6 HN0
3

t/oC mass % mol -1
%

-1kg mass mol kg

25 59.51 2.681 0 --
43.00 1.523 5.51 1.698
35.20 1.171 9.98 2.889
31.31 1.022 12.83 3.645
24.12 0.776 19.16 5.361
15.50 0.519 30.02 8.745

6.69 0.274 48.81 17.41
4.50 0.248 62.43 29.96
3.13 0.239 73.02 48.59
2.71 0.286 80.01 73.48
2.60 0.561 88.95 167.1

50 65.55 3.470 0 --
47.51 1. 883 6.48 2.235
40.49 1.491 9.98 3.198
32.84 1.146 14.89 4.521
22.51 0.773 24.39 7.289
17.69 0.633 31. 31 9.743
12.11 0.487 42.52 14.87

5.26 0.287 61. 31 29.10
4.30 0.500 80.01 80.93

a. Molalities calculated by the compilers.

b. In all cases, the solid phase is the anhydrous double salt.
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COMPONENTS:

(1) Cerium (IV) ammonium nitrate;

(NH4) 2Ce (N0 3) 6; [16774-21-3]

(2) Tri-n-butylphosphate; C12H2704P;

[126-73-8]

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Cerium nitrate

ORIGINAL MEASUREMENTS:

Healy, T.V.; McKay, H.A.C. T~ans. Fa~aday

Sao. 1956, 52, 633-42.

PREPARED BY:

Mark Salomon

1. 65 mol dm- 3

AUXILIARY INFORMATION

METHOD ,'APPARATUS/PROCEDURE:

Isothermal method used. The solubility was
determined by shaking the solid nitrate with
rCH3(CH2)30]3PO for several days followed by

analysis of the organic phase. Cerium was
analysed volumetrically using ferrous
sulfate and permanganate.

SOURCE AND PURITY OF MATERIALS:

A.R. grade (NH4)2Ce(N03)3 was used. The
compiler assumes tnat tne salt was anhydrous.
[CH3(CH2)30]3PO was purified as in (1).

It was boiled with dilute aqueous NaOH
until all volatile impurities were distilled
off. The remaining solvent was washed
repeatedly with water and dried by warming
in vacuum.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
1. Alcock, K.; Grimley, 5.S.; Healy, T.V.;

McKay, H.A.C. Trans. F~aday Sao. 1956,
52, 39.
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COHPONENTS.

(1) Praseodymium nitrate; Pr(N0
3
)3;

[10361-80-5]

(Z) Hater ; HZO ; [773Z-18-5]

CRITICAL EVALUATION:

INTRODUCTION

EVALUATOR:
S. Siekierski, T. Hioduski

Institute for Nuclear Research
Harsaw, Poland

and
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THE BINARY SYSTEM

The solubility of Pr(N03)3 in water has been reported in 17 publications (1-17), and in
spite of these numerous reports between the years 1935 (1) and 1979 (11), there exists
large differences in the reported solubilities at given temperatures. The large d~screp

ancies between the reported solubilities can probably be attributed in large part to
incorrect ident~fication of the solid phases in equilibrium with saturated solutions. In
the binary system, the solid phases identified are:

Pr(N03)3· 6HZO

Pr(N03)3· 5HZO

[ 15878-77-0]

[14483-17-1]

pr(N0 3)3· 4H ZO

pr(N03)3· 3HZO

[15878-79-Z]

[81Z01-33-4]

In solutions of high nitric acid content (between 63-93 mass % HN0 3), the monohydrate,
Pr(N03)3.HZO [81Z0l-31-Z], is stable, and above 93 ~ass % HN0 3 the anhydrous salt is the
stable sol~d phase (6). There have been no reports suggesting that a dihydrate solid
phase may be stable or metastable.

In some studies saturated solutions were analysed by "wet" chemical methods such as
complexometric titration using ethylenediamine tetraacetic acid (EDTA, Trilon) as in
(Z, 4-7, 9, 11). Other methods reported include refractometric analysis (10, 1Z-17),
gravimetric sulfate analysis (4,5) and gravimetric analysis of Pr6011 (1,8). In those
isothermal studies which employed refractometric analyses of saturated solutions (10,
1Z-17), the initial salt Pr(N03)3.nHZO (and presumably the equilibrated solid phases)
were analysed gravimetrically by the oxalate method; i.e. Pr was precipitated as the
oxalate and ignited to the oxide. A possible source of error exists in the ignition method
due to the fact (18, 19) that praseodymium oxide can form a number of non-stoichiometr~c

oxides ranging from Pr01.5 to PrOZ.O' Under normal atmospheric conditions the oxide
Pr6011 will form (18, 19), and in all studies reported in (1, 8, 10, 1Z-17) it was
assumed that Pr6011 was the oxide obtained. The solubility data in the hexahydrate
system reported by Friend (1) are obviously much lower than any of the data in (Z-17),
and we conclude that Friend's data contain a large negative systematic error such as that
which would occur if the oxide produced upon ignition were of higher oxygen content.
Friend did not mention any problems with the analyses in (1), but in a preceeding paper
(Z3) he stated that in the presence of ~lgO about 80% of the praseodymium oxide obtained
upon ignition was PrOZ'

EVALUATION PROCEDURE

To evaluate the solubility data as a function of temperature, the data were fitted by
least squares to the solubility equation based on the treatments in (ZO, Zl), and in the
INTRODUCTION to this volume:

[lJ

In this smoothing equation m is the molality at temperature T, mo an arbitrarily selected
reference molality (usually the Z98.Z K value), n the hydration number of the solid, MZ
is the molar mass of the solvent, and a, b, c are constants from which enthalpies and
heat capacities of solution, 6Hs1n and 6Cp ' can be estimated (see the INTRODUCTION).

Since most authors did not report experimental errors, the compilers attempted to
provide this information when possible. As discussed in the Ce(N03)3-HZO critical
evaluation, the data of highest precision are those from the isothermal studies of
Spedding et al.(4,5) who reported a precision of ± 0.1% or better, Brunisho1z et al.(Z,9)
in which the compilers estimated a precision of around ± O.Z%, and the results from the
synthetic method reported by Mironov and Popov (6,7) which are probably associated with a
precision of around ± 0.5% at best. Based on the fact that four significant figures are
given for the solubility data in (11), a precision of at least ± 0.5% must be assumed,
but the accuracy appears to be poor: e.g. the solubility of Pr(N03)3 in the hexahydrate
system at 303.Z K is given as 6Z.1Z mass % (5.016 mol kg-I) which is considerably lower
than the tentative value of 5.Z98 mol kg- l at 303.15 K (see discussion below and Table 5).
The solubility data obtained by refractometric measurements are, as discussed in previous
critical evaluations, assigned an overall experimental precision of ± 1% at best.

8D813_1*
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m1(ca1cd)/mo1 kg-1

ref N m.p./K for 298.2 K Om/mOl
-1

kg

3, 7 6 339.6 4.94 0.022
2. 9 6 331.1 5.068 0.017

CRITICAL EVALUATION:

SOLUBILITY OF Pr(N03)3 IN THE HEXAHYDRATE SYSTEM

The solubility data for Pr(N03)3 solutions in equilibrium with solid Pr(N03)3.6H20
at various temperatures (2-5, 7, 9-17) are summarized in Table 1. The data of Friend (1)
were rejected (see above discussion), and were not included in this table.

Table 1. Solubility of Pr(N03)3 in the Pr(N0 3)3· 6H20 - H2O system

T/K ml/mol
-1 ref T/K -1kg m/mol kg ref

265.1 3.94 3 298.15 4.990 5
273.15 4.132 2 298.15 5.0166 4
281.5 4.37 3 298.2 4.97 7
283.15 4.455 2 303.2 5.016 11
293.15 4.827 9 305.1 5.25 3
293.15 4.833 2 307.5 5.34 3
293.2 4.61 15, 16 308.15 5.646 2
293.2 4.63 14 313.2 5.68 15
293.2 4.69 12 313.2 5.71 10, 13, 17
293.2 4.70 13 313.2 5.78 17
293.2 4.78 3 313.2 5.83 12, 14, 16
294.5 4.78 3 323.15 6.937 2

Evaluating the data in Table 1 proved difficult due to a significant difference in the
results reported by Mironov and Popov (3) and by Brunisholz et al. (2, 9). In other
critical evaluations we have found that the results of Mironov and Popov, Brunisholz
et al., and Spedding et al. are generally of high precision and in very good agreement
with one another. However this is not the case for the results in the Pr(N03)3-H20 binary
system as seen in the above table and in Figure 1. The data of Mironov and Popov (3)
above 283 K are systematically lower than those of Brunisholz et al. (2, 9), and assuming
all results are based upon a common solid phase (i.e. the hexahydrate), it is obvious
that one or both sets of data are incorrect. To determine which data are the most
accurate, the results in (2, 9) and (3, 7) were separately fitted to the smoothing eq. [I].
The results of fitting these data to eq. [I] are shown in Table 2 below. Both sets of
data are seen to result in similar standard

Table 2. Comparison of results of fitting the data in (2, 9) and (3. 7) to eq. [l].a

total uncertaintyb

mol kg-1

±0.028
±0.022

aN = number of experimental points, Om is the standard error of estimate. and m.p. is
the predicted (calculated) congruent melting point.

b95% level of confidence, Student's t = 3.182.

errors of estimate and total estimated uncertainties, but there are several reasons why
the data in (2. 9) are selected as being more accurate. Considering the data from (2, 9),
the congruent melting point calculated from the smoothing equation is 331.1 K which is
very close to the average experimental value of 331.1 K. The experimental congruent
melting point of the hexahydrate was reported as 329.2 K by Friend (1), and as 333 ± 1 K
by Wendlandt and Sewell (22). In addition. combining the data from (2. 9) with those of
Spedding et al. (4, 5) gives a much smaller om than that obtained by combining the data
of (3. 7) with those of Spedding et a1. The results of fitting the combined data from
(2, 4, 5, 9) to the smoothing equation are given in Table 4. and the polytherm for the
hexahydrate system given in Fig. 1 was drawn from these smoothed data. These smoothed
data are designated as tentative values, and are listed in Table 5. All other data
are rejected.

It is interesting to note that three solubility values at 324.5 K, 326.3 K, and 329.2 K
which Mironov and Popov (3) assign to the pentahydrate system fallon the hexahydrate

polytherm as seen in Fig. 1. If these three data points are included with the hexahydrate
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n < 5

CRITICAL EVALUATION:

data from (2, 4, 5, 9) and fitted to the smoothing eq. [1], the results are very similar
to those given in Tables 4 and 5 for the tentative data in the hexahydrate system. It is
therefore concluded that these three data points belong to the hexahydrate system, and
that Mironov and Popov have incorrectly assigned them to the pentahydrate system.

SOLUBILITY OF Pr(N0 3)3 IN Pr(N03)3.nH20 SYSTEMS:
- ------------

The solubility for lower hydrate systems (i.e. n < 5) are summarized ~n Table 3. The

Table 3.
value of n in pr(N03)3.nH20 solid phase

authors's assignment evaluators' assignmentT/K

298.2
315.7
324.5
326.3
329.2
337.9
349.6
350.7
366.0
400.2

ml/mol

5.32
5.91
7.10
7.53
7.90
7.94
9.74

11. 37
16.06
17.33

-1
kg ref

6,7
3
3
3
3
3
3
3
3
3

5
5
5
5

5+4
4
4
4
3
3

6
6
6
5
5

data in Table 3 are the results of one research group (3, 6, 7), and assignments of solid
phases do not appear to be correct in all instances. Above it was concluded that the
three data points at 324.5 K, 326.3 K, and 329.2 K should be included in the hexahydrate
system since these data points fall (well within the precis~on of the fit to eq.[l]) on
the smoothed hexahydrate polytherm. The assignment in (6,7) of the 298.2 K solubility of
5.32 mol kg- l to the pentahydrate system is reasonable since the pentahydrate system is
metastable at 298 K, and the solubility of Pr(N03)3 is therefore expected to be greater
than in the stable hexahydrate system at this temperature. The assignment to the penta
hydrate system of the solubility of 5.91 mol kg- l at 315.7 K also appears reasonable since
the hexahydrate system is not metastable at this temperature, and the calculated (eq. [1])
solubility of 6.15 mol kg- l in the hexahydrate system at 315.7 K is thermodynamically
consistent with this assignment.

The two data points at 337.9 K and 349.6 K also may be incorrectly assigned to a
tetrahydrate system since they appear to lie on the pentahydrate polytherm: i.e. by assuming
that the solubilities in Table 3 at 298.2 K, 315.7 K, 337.9 K and 349.6 K all belong to
the pentahydrate system, these data can be fitted to eq. [1] with reasonable results for
all calculated parameters. The results of fitting these four data points to eq. [1] are
given in Tables 4 and 5, and the pentahydrate polytherm in Fig. 1 was drawn from the
smoothed values given in Table 5. In the absence of additional experimental data (solubi
lity data and congruent melting points), it is not possible to estimate the accuracy in
the solubility data which the evaluators propose for the pentahydrate system.

TENTATIVE VALUES FOR THE SOLUBILITIES

For solubilities in the hexahydrate system, the data of Brunisholz et al. (2,9) and
Spedding et al. (4,5) were, for reasons discussed above, selected as the most accurate
data. The data were fitted to eq. [1] and the resulting parameters for the smoothing
equation are given in Table 4. The smoothed solub~lity data calculated from eq. [1] are
designated as tentative values, and which arc given in Table 5. In Table 4, 0a' 0b' 0c
are the standard deviations for the constants a, b, c, and 0Y and om are the standard
errors of estimate for the quantity Y in eq. [1] and the solubility, respectively. From
the latter quantity, we calculate the total uncertainty in the tentative solubility values
to be ± 0.03 mol kg- l at the 95% level of confidence (Student's t = 2.571).

The solubilities in the pentahydrate system are also designated as tentative data as
calculated from eq. [1]. However the evaluators would like to emphasize some caution in
accepting the assignment of the pentahydrate solid phase to all the data assigned to this
system. We conclude that additional experimental data are required for definitive identif
ication of the pentahydrate polytherm, and for the determination of more accurate solubilit
data.
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Table 4. Derived parameters for the smoothing equation [1].

parameter

a
b
c

congruent melting point/K
concn at the congr melting pt/mol kg-l

hexahydrate

-30.158
1014.7

4.696

0.003
0.9
0.001

0.003
0.036

-33.6

156.2

330.8
9.251

pentahydrate

-43.62
1708

6.641

0.01
4
0.002

0.01
0.58

-56.6

221

350.2
11.102

Table 5. Tentative solubilities for Pr(N0
3
)3 calculated from eq. [1] (all values ln

units of mol kg-I).

TIK

273.15
278. 15
283.15
288.15
293.15
298.15
303.15
308.1\
310.60
313 .15
318.15
323.15
328.2
333.2
338.2
343.2
348.2

hexahydrate

4.138
4.280
4.439
4.616
4.816
5.041
5.298
5.596
5.757
5.949

a

6.383
a

6.951
a

pentahydrate

5.30a

5.46a

5.65a

5.757
5.87
6.13
6.43
6.78
7.20
7.'72
8.43
9.60

~etastable solubilities.

bTemperature of the hexahydrate pentahydrate transition
(determined graphlcally by the evaluators).
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Figure 1. Phase diagram for the binary Pr(N03)3 - H20 system.

Ollironov and Popov hexahydrate data (3).
0Mironov and Popov pentahydrate data (3, 6, 7).
eMironov and Popov tetrahydrate data (3).
OBrunisholz et al. hexahydrate data (2, 9).
6Spedding et al. hexahydrate data (4, 5).
AZhuravlev et al. hexahydrate data (10, 12-17).
XHexahydrate datum from ref (11) •
• Hexahydrate melting point: average value from (1 and 22).
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Solubility of Pr(N03)3
a

t/oC mass % mol -1kg

15.8 59.32 4.460

22.0 60.18 4.623

30.4 61. 94 4.978

43.0 65.00 5.681

56.0 b 75.15 9.250

solid phase

a. Molalities calculated by the compilers.

b. Melting point.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used as described
in (1). Aliquots of saturated solutions
were diluted to 250 c.c. and Pr precipitated
as the oxalate. The oxalate was ignited to
Pr60ll in a Pt dish and weighed. The author
reports the solubility in mass % of the
anhydrous salt, and the original data of
mass % of oxide was not given.

SOURCE AND PURITY OF MATERIALS:

Praseodymium nitrate was prepared by
dissolving Pr60ll in dilute HN03' and
seeding the concentrated solutions with
Bi(N03)3·5H20. The crystals melted at
approximately 56°C. (Compilers note:
this is the approximate temperature of
the congruent melting point).

ESTIMATED ERROR:
Soly: precision ± 1 % at best (compilers).

Temp: accuracy probably ± 0.5 to 0.1 K as
in (1) (compilers).

REFERENCES:

1. Friend, J.N. J. Chern. Soa. 1930, 1633.
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COMPONENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5 ]

(2) Water; H20; [7732-18-5

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

Brunisholz, G.; Quinche, J.P.; Kalo, A.M.
Helv. Chim. Acta 1964, 47, 14-27.

PREPARED BY:

T. Mioduski and S. Siekierski

Solubility of pr(N03)3 a

tjOC mass % mol -1kg

0 57.46 4.132

10 59.29 4.455

20 61.24 4.833

35 64.86 5.646

50 69.40 6.937

solid phase

a. Molalities calculated by the compilers.

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

The isothermal method was used. Praseo
dymium determined by complexometric titratior
using Xylenol Orange indicator and a small
quantity of urotropine buffer.

SOURCE AND PURITY OF MATERIALS;

Praseodymium nitrate was prepared from
the oxide of purity better than 99.7 %
(purified by ion exchange).

ESTIMATED ERROR:
Soly: precision ± 0.2 % (compilers).

Temp: precision probably better than ± 0.1
K (compilers).

REFERENCES:
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(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Water; H20; [7732-19-5]
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Mironov, K.E.; Popov, A.P. Rev. Roum.
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VARIABLES: PREPARED BY:

Temperature T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Solubility as a function of temperature a

-1
solid

b -1 solid
bt/OC mass % mol kg phase t/OC mass % mol kg phase

- 0.2 8.8 0.30 A 42.5 65.9 5.91 C
- 0.7 15.3 0.55 A 51.3 69.9 7.10 C
- 2.1 22.8 0.90 A 53.1 71.1 7.53 C
- 5.4 30.0 1.31 A
- 9.7 36.2 1. 74 A 56.1 72.1 7.90 C+D
-12.3 39.5 2.00 A
-15.9 43.1 2.32 A 64.7 72.2 7.94 D

22.9 49.8 3.03 A 76.4 76.1 9.74 D
77 .5 78.8 11.37 D

29.7 53.6 3.53 A+B
92.8 84.0 16.06 E

8.1 56.3 3.94 B 127.0 85.0 17.33 E
8.3 58.8 4.37 B

21.3 61.0 4.78 B
31. 9 63.2 5.Z5 B
34.3 63.6 5.34 B

a. l10lalities calculated by compilers.

b. A = ice, B = pr(N03)3· 6H20, C = pr(N03)3·5H20,

D = pr(N03)3' 4H20, E = Pr (N03)3·3H2O

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The synthetic method was used. The

temperatures of crystallization were

determined visually. No other information

given.

SOURCE AND PURITY OF MATERIALS:
pr(N03)3·6HZO prepared by dissolving Pr604

of 99.5 % purity in RN03 followed by

crystallization.

Doubly distilled water was used.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: not specified.
REFERENCES:
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COMPONENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.0 oC

EXPERIMENTAL VALUES:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

Rard, J.A.; Spedding, F.H. J. Phys. Chern.
1975, 79, 257-62.

PREPARED BY:

T. Mioduski. S. Siekierski, M. Salomon

The solubility of Pr(N03)3 in water at 25°C was reported to be

m =1

COMMENTS AND/OR ADDITIONAL DATA:

5.0166 mol kg-l

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, 79
have enabled the compilers to provide the following additional data:

The density of the saturated solution was calculated by the compilers from the
smoothing equation and found to be 1.8687 kg m- 3 at 25.00°C. Using this density,
the concentration of the saturated solution in volume units is

-3C
l

= 3.5510 mol dm

The electrolytic conductivity of the saturated solutio~lcorrected for the electro-
lytic conductivity of water was given as 0.015705 S cm The molar conductivity
of the saturated solution is

= 1.474 S cm2 mol- l

METHOD/APPARATUS/PROCEDURE:

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Experi
mental details on how equilibrium was
ascertained not provided. Satd soln was
analysed by both EDTA and sulfate methods,
and resulting concn is reliable to ± 0.1 %
or better. When sulfate analyses were
performed, the Pr(N03)3 samples were decom
posed with HCl followed by evapn to dryness
before the H2S04 additions were made. This
treatment eliminated the possibility of
nitrate ion copptn. The solid phase is
Pr(N03) 3· 6H20.

1. The oxide was furnished by the Ames
Laboratory Rare Earth Separation Group.
No other details provided, but presum
ably the oxide was 99.85 % pure or betteI
as used in other papers by the authors.

2. Presumably conductivity water was used.

ESTIMATED ERROR:
Soly: the reported result is reliable to

± 0.1 % or better.
Temp: the oil bath temp. was controlled to

24.99 ± O.OloC.

REFERENCES:



COMPONENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 2S.00 oc

EXPERIMENTAL VALUES:

Binary aqueous system

ORIGINAL MEASUREMENTS:

Spedding, F.H.; Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chern. Eng. Data 1976, 21,
474-88.

PREPARED BY:

T. Mioduski and S. Siekierski

251

The solubility of Pr(N03)3 in water at 25°C was reported to be

ml = 4.990 mol kg- l

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

1. The stoichiometric nitrate was obtained
from the ion exchange purified oxide and
HNO (1). The purity of the oxide was
99.SS mass % or better with adjacent
lanthanides, Ca, Fe, Si being the prin
cipal impurities.

2. Conduc~ivity water: electrolytic conduc-
-6 -1tivity less than 1 x 10 S cm •

The isothermal method was used. The satd
solns (no details on how equilibrium was
ascertained) were analysed by EDTA and
gravimetric sulfate methods, and resulting
concn is reliable to ± 0.1 % or better in
terms of molality. The nitrate samples
were decomposed by heating with HCl before
the sulfate pptns were performed to avoid
nitrate ion copptn. The solid phase is
Pr(N03)3·6H20 (Hydrated crystals were grown
from saed soln at 25°C and hydrate compns
were detd by EDTA analyses. After drying, l-E-S':"T--lMA-T-E-D-E-R-R-O-R-'-'---------------t
the hydrates were found to be within ± 0.16 Soly: The reported value is reliable to
water molecules of the indicated hydrate). ± 0.1 % or better in terms of molality.

Temp: precision probably ± 0.02 K (com
pilers) .

REFERENCES:

1. Spedding, F.H.; Pikal, M.J.; Ayers, B.O.
J. Phys. Ch~rn. 1966, 70, 2440.
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COMPONENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Nitric acid; HN03; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

Mironov, K.E.; Snitsyna, E.D.; Popov, A.P.
Izv. Sibir. Otd. Akad. Nauk SSSR, Ser.
Khim. Nauk, 1964, 11, 48-53.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated solutions at 25°C a

Pr(N03) 3 HN0
3

solid b
Pr (N0 3) 3 HN03 solid-1 -1 bmass % mol kg mass % mol kg phase mass % mol kg mass % mol kg phase

63.5 5.32 -- -- A 21.4 3.62 60.5 53.05 B
60.3 5.07 3.3 1. 44 A 29.6 6.00 55.3 58.12 B
50.8 4.26 12.7 5.52 A 29.3 5.82 55.3 56.99 B
43.6 3.66 20.0 8.72 A
33.8 3.41 35.9 18.80 A 22.1 4.76 63.7 71.19 C
34.0 3.50 36.3 19.40 A 13.6 3.10 73.0 86.45 C
35.0 3.86 37.3 21. 37 A 6.9 1.84 81.6 112.6 C

0.9 0.44 92.8 233.8 C
36.1 4.00 36.7 21. 41 B
28.5 3.33 45.3 27.44 B 0.6 0.32 93.6 256.1 D
24.7 2.96 49.8 30.99 B 0.2 0.18 96.4 450.0 D
20.7 3.09 58.8 45.52 B 0.1 3.06 99.8 1584. D

a. Molalities calculated by M. Salomon.

b. A = Pr(N03)3' 5H20

B = pr(N03)3'3H2O

C = Pr(N03) 3 'H2O

D = Pr(N03)3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Solutions
were equilibrated for 4-6 h, and both the
liquid and solid phases analysed.

Praseodymium determined by titration with
Trilon B with Criochrome Black indicator
in the presence of ascorbic acid.

Method of determination of HN03 not speci
fied, but probably the acid was titrated
with standard base. In several cases, water
was determined by the Karl Fischer method.

SOURCE AND PURITY OF MATERIALS:

Pr(N03)3.5H?O prepd by dissolving 99.5 %
oxide in HN0 3 • Analysis for Pr was 78.3
mass %, and using the Karl Fischer method,
H20 was found to be 21.6 mass %.

100 % HN03 prepd by the Brauer method.

Doubly distilled water was used.

ESTIMATED ERROR:

Soly: precision ± 0.3 to 0.5 % (compilers).

Temp: precision ± 0.1 K.

REFERENCES:



COMPONENTS:

Ternary systems, one saturating component

ORIGINAL MEASUREMENTS:

253

(1) Praseodymium nitrate; pr(N03)3;
[10361-80-5)

(2) Nitric acid; HN0
3

; [7697-37-2)

(3) Water; H20; [7732-18-5)

VARIABLES:

Composition at 25°C

EXPERIMENTAL VALUES:

Popov, A.P.; Mironov, K.E. Zh. Neorg.
Khim. 1971, 16, 464-6; Russ. J. Inorg.
Chem. Engl. Transl. 1971, 16, 244-6.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

mass %

61.9
56.1
52.4
44.7
36.3
33.3
35.1 b

63.5 b,c

-1
mol kg

4.97
4.46
4.15
3.56
3.03
3.11
3.56

5.32

Composition of saturated solutions a

HN0
3

mass % mol -1 nature of the solid phasekg

-- --- pr(N03)3· 6H20
5.4 2.23

"9.0 3.70
"16.9 6.98
"27.1 11. 75
"33.9 16.40
"34.8 18.35
"

-- -- Pr(N03)3·5H2O

a. Molalities calculated by the compilers.

b. Metastable.

c. Data point probably taken from reference (I), compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Not stated, but probably the isothermal
method was used as described in (1).
Reference (1) has been compiled on the
previous page.

SOURCE AND PURITY OF MATERIALS;
Nothing specified, but probably similar
to (1).

ESTIMATED ERROR:

Soly: precision about ± 0.5 mass % (com
pilers) .

Temp: precision probably ± 0.1 K (compilers).

REFERENCES;

1. Mironov, K.E.; Sinitsyna, E.D.; Popov,
A.P. Izv. Sibir. Otd. Akad. Nauk SSSR,
Ser. Khim. Nauk, 1964, 11, 48.
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COMPONENTS:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Rubidium nitrate; RbN0
3

; [13126-12-0]

(2) Praseodymium nitrate; pr(N03)3;
[10361-80-5]

(3) Nitric acid; RN03 ; [7697-37-2]

(4) Water; H20; [7732-18-5]

VARIABLES:

Composition at O·C

Perel'man, F.M.; Zvorykin, A.Ya.; Demina,
G.A. Zh. Neorg. Khirn. 1962, ?, 641-4;
Russ. J. Inorg. Chern. EngZ. Transz' ~
?, 325-6.

PREPARED BY:

T. Mioduski,S. Siekierski, M. Salomon

EXPERIMENTAL VALUES: Composition of saturated solutions a

Pr(N03)3 RbN03 HN0
3

mass % mol -1
% mol -1

% mol -1 of the solidkg mass kg mass kg nature phase
34.31 3.293 --- -- 33.82 16.841 Pr(N03)3 (A)
35.27 3.446 3.02 0.654 30.40 15.409

"36.96 3.655 4.76 1.044 27.35 14.033
"

38.48 3.654 3.67 0.773 25.64 12.633 A + B
36.93 3.367 3.62 0.732 25.90 12.251 4pr(N03)3·5RbN03 (B)
35.10 3.526 7.81 1. 739 26.64 13.884

"33.19 3.272 9.00 1. 967 26.78 13.696
"31. 37 3.180 11. 71 2.632 26.75 14.071
"29.93 2.857 11.28 2.387 26.75 13.250
"29.03 3.062 17.33 4.052 24.64 13.484
"29.48 3.587 19.20 5.179 26.18 16.526
"

14.69 2.390 31.37 11. 315 35.14 29.663 5Pr(N03)3·7RbN03 (C)
12.36 1.950 32.55 11. 383 35.70 29.219

"
10.09 2.025 38.32 17.050 36.35 37.852 C + D
9.37 2.142 41.04 20.799 36.21 42.948 2pr(N03)3'5RbN03 (D)
6.64 1. 579 48.60 25.626 31. 90 39.366

"5.73 1.443 50.38 28.117 31. 74 41.457
"

6.21 0.835 44.23 13.189 26.82 18.717 RbN032.60 0.357 44.89 13.650 30.21 21. 499
"--- --- 45.96 13.324 30.65 20.796
"

a. Molalities calculated by the cOMpilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Equilibrium C.p. grade Pr60l1 and Rb2C03 dissolved in aq
was reached after 2-3 days. Both the liquid HN03, anG the sIns evapd to crystallization.
and solid phases were analysed. Praseo- No further purifications were carried out.
dymium was determined by precipitation as The Pr salt was analysed gravimetrically and
the hydroxide using ammonia followed by found to contain 40.96 mass % Pr60'1 confirm-
ignition to Pr6011' Rubidium was determined ing the hexahydrate composition. Gravimetric
graVimetrically as the perchlorate, and analysis of RbN03 gave 62.66 mass % Rb20
nitric acid was determined by acidimetric confirming the composition RbN03,
titration.

The compositions of the solid phases were
determined by Schreinemakers' method of
residues. ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.1 K.

REFERENCES:



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

255

(1) Praseodymium nitrate; Pr(N0 3)3;
[10361-80-5)

(2) Neodymium nitrate; Nd(N0 3)3; [10045-95-1)

(3) Water; H20; [7732-18-5)

VARIABLES:

Composition at 20°C

EXPERIMENTAL VALUES:

Brunisholz, G.; Quinche, J.P.; Kalo, A.M.
HeZv. Chim. Acta 1964, 47, 14-27.

PREPARED BY:

T. Mioduski, S. Sierkierski, and M. Salomon

Composition of saturated solutions a

Nd
moles H2O

moles Pr + Nd solubility b /mol kg- l
per 100 moles

mol % Pr + Nd per kg H2O b Pr(N03) 3 Nd(N03)3

0.0 1149 4.831 4.831 ---
9.9 1155 4.806 4.330 0.476

19.2 1152 4.818 3.893 0.925
34.9 1184 4.688 3.052 1.636
48.1 1187 4.676 2.433 2.249
63.8 1219 4.554 1.648 2.905
69.7 1221 4.546 1.377 3.169
76.9 1222 4.542 1.049 3.493
92.0 1254 4.426 0.354 4.072

100.0 1259 4.409 --- 4.409

a. The solid phase is a continuous series of solid solutions of prl_xNdx(N03)3·6H20.

b. Calculated by the compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The soli~s

were placed in glass-stoppered vials into
which a glass dumb-bell shaped pestle was
placed. These vials were placed in a
second larger tube and sealed with a rubber
stopper. The tubes were placed in a thermo
stat and rotated end-over-end so that the
pestle pulverized the solid two times
through each 360° rotation. The solutions
were equilibrated for 2-3 weeks, and under
went 500,000 pulverizations per week. The
total Pr + Nd was determined by complexo
metric titration with Xylenol Orange
indicator in the presence of urotropine
buffer. The ratio of rare earths was deter
mined chromatographically using a morin
(pentahydroxyflavone) cation resin. Water
was determined by difference.

The compositions of the solid phases were
determined by Schreinemakers' method of
residues, and by X-ray diffraction.

SOURCE AND PURITY OF MATERIALS:

The rare earth nitrates were prepared from
the oxides of purity of at least 99.7 %
(obtained by ion exchange chromatography).
No other information given.

ESTIMATED ERROR:

Soly: precision ± 0.2 % (compilers).

Temp: precision probably better than ± 0.05
K (compilers).

REFERENCES:
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COMPONENTS:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Zinc nitrate; Zn(N0 3)2; [7779-88-6]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Composition at 20°C

EXPERIMENTAL VALUES:

Brunisholz, G.; Klipfel, K. Rev. Chim.
Miner. 1970, 7, 349-58.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

Composition of saturated solutions

moles H2O
a/mol kg- l

Pr per 100 moles moles Pr + Zn solubility solid
mol % Pr + Zn per kg H2O a Pr(N03)3 Zn(N03)2 phase b

0.0 892 6.223 0.0 6.223 A

0.37 873 6.358 0.024 6.335 A + B

1.10 1100 5.046 0.056 4.991 B
11.53 1231 4.509 0.520 3.989 B
43.76 1269 4.374 1. 914 2.460 B
74.80 1219 4.554 3.406 1.148 B
88.75 1100 5.046 4.479 0.568 B

89.19 1095 5.069 4.521 0.548 B + C
89.25 1095 5.069 4.524 0.545 B + C

89.98 1100 5.046 4.541 0.506 C
94.15 1125 4.934 4.645 0.289 C

100.0 1150 4.827 4.827 0.0 C

a. Calculated by the compilers.

b. A = Zn(N03)2·6H20

B = 2pr(N03)3·3Zn(N03)2·24H20

C = Pr(N03)3·6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The solids
were placed in glass-stoppered vials into
which a glass dumb-bell shaped pestle was
placed. These vials were placed in a second
larger tube and sealed with a rubber stopper.
The tubes were placed in a thermostat and
rotated end-over-end so that the pestle pul
verized the solid two times through each
3600 rotation. The solutions were equili
brated for 2 to 4 weeks.

For the saturated solutions Pr was deter
mined by titration with Trilon using Xylenol
Orange indicator and urotropine buffer, Zn
was determined by precipitation with thio
acetimide as the sulfide (using thioaceta
mide), or by ion exchange chromatography.

The compositions of the solid phases were
determined by Schreinemakers' method of
residues, and by X-ray analysis.

SOURCE AND PURITY OF MATERIALS;

The nitrates were obtained by dissolving
the oxide in nitric acid followed by
crystallization. The source and purities
of the oxides was not specified. The hy
drated nitrates were dried in a desiccator
over KOH under vacuum.

ESTIMATED ERROR:

Soly: precision ± 0.2 % (compilers).

Temp: precision probably at least ± 0.05 K
(compilers) •

REFERENCES:
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COMPONENTS:

(1) Praseodymium nitrate; pr(N0
3
)3;

[10361-80-5]

(2) Hydrazine dinitrate; N
2
H

4
·2HN0

3
;

[13464-98-7]

(3) Water; H20 ; [7732-18-5]

VARIABLES:

Composition at 20°C and 40°C

ORIGINAL MEASUREMENTS:

Zhuravlev, E.F.; Kuznetsova, L.S. Zh. Neorg.
Khim. 1975, 20, 1401-5; Russ. J. Inorg. Chem.
Engl. Transl. 1975, 20, 788-90.

PREPARED BY:

T. Mioduski, S Siekierski, and M. Salomon

EXPERIMENTAL VALUES:
Composition of saturated solutions at 20°Ca

Pr(N0 3)3 N2H
4

·2HN0
3

% mol -1
mass % mol -1mass kg kg nD nature of the solid phase

0 --- 70.1 14.83 1.4670 N2H4 ·2HN0
31.6 0.16 67.0 13.50 1.4660

"
5.6 0.54 62.5 12.39 1.4615 Pr(N03)3·3[N2H4 ·2HN0

3
]

9.0 0.80 56.8 10.51 1.4580
"15.7 1. 30 47.5 8.17 1.4530
"26.5 2.03 33.5 5.30 1. 4470
"29.0 2.22 31.0 4.90 1.4465
"38.0 2.89 21.8 3.43 1.4450
"41.5 3.13 18.0 2.81 1. 4472
"50.7 3.92 9.7 1. 55 1.4530
"

56.7 4.52 5.2 0.86 1.4570 Pr(N03)3· 6H20
58.7 4.57 2.0 0.32 1.4550

"100.0b 0 --- 1.4540
"

a. Molalities calculated by the compilers.
b. This incorrect entry appears in both the original publication and the

English Translation.

continued ...•...•.•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections with
refractometric analyses was used as
described in (1). No other information
was given.

CmlMENTS AND/OR ADDITIONAL DATA:

The double salt, Pr(N0
3

)3·3[N
2

H
4

·2HN0
3
], is

congruently soluble and was isolated.
Chemical analysis for nitrate by precipit
ation with nitron and for praseodymiun by
the oxalate method gave: found (mass %)
Pr 17.52, N0

3
68.93; calcd (mass %) Pr 17.59,

N0
3

69.73.

SOURCE AND PURITY OF MATERIALS:

"Pure grade praseodymiun nitrate was recryst
tallized from dilute nitric acid. Analysis
for water gave 24.9 mass %.

Hydrazine dinitrate, N2H4 '2HN0
3

, was prepared

by neutralization of "pure" grade hydrazine
with nitric acid as described in (2): note
reference (2) has been compiled previously
(see lanthanum nitrates).

Doubly distilled water was used.

ESTIMATED ERROR:
Soly: based on the method, precision is

about ± I % (compilers).
Temp: precision probablY ± 0.2 K (compilers).

REFERENCES:

1. Zhurav1ev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.

2. Gorshunova, V.P.; Zhuravlev, E.F. Zh.
Neorg. Khim. 1971, 16, 1700.
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CONPONENTS:

(1) Praseodymium nitrate; Pr(N0
3
)3;

[10361-80-5)

(2) Hydrazine dinitrate; N
2
H

4
·2HN0

3
;

[ 13464-98-7]

(3) Water ; H20 ; [7732-18-5)

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

Zhurav1ev, E.F.; Kuznetsova, L.S. Zh. Neorg.
Khim. 1975, 20, 1401-5; Russ. J. Inorg.
Chern. Engl. Transl. 1975, 20, 788-90.

EXPERIMENTAL VALUES: continued

Composition of saturated solutions at 40·Ca

Pr(N0 3)3 H2H
4

'2HN0
3

% mol -1
mass % mol

-1
nature of the solid phasemass kg kg nD

0 -- 73.8 17.82 1.4750 N2H4 '2HN0
3

1.6 0.17 70.0 15.59 1.4720 N2H4 ·2HN03 + Pr(N03)3·3[N2H4 ·2HN03)

3.2 0.33 67.5 14.57 1. 4705 Pr(N03)3'3[N2H4 '2HN03)
5.5 0.52 62.2 12.18 1. 4630

"9.0 0.86 58.9 11.61 1.4615
"13.0 1.16 52.6 9.67 1. 4575
"17.5 1.47 46.0 7.97 1.4550
"25.0 1. 99 36.5 6.00 1.4519
"33.2 2.63 28.2 4.62 1.4510
"36.0 2.88 25.8 4.27 1.4502
"49.0 4.02 13.7 2.32 1.4570
"57.5 4.91 6.7 1.18 1.4655
"

62.5 5.62 3.5 0.65 1.4700 PrCN03) 3' 6H2O
64.25 5.70 1. 25 0.23 1.4690

"65.1 5.71 ° -- 1. 4678
"

a. Nolalities calculated by the compilers.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

259

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Guanidine mononitrate; CH6N403 ;
[506-93-4]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 20°C and 40°C

EXPERIMENTAL VALUES:

Composition of saturated solutions at 20°C a

Kuznetsova, L.S.; Zhurav1ev, E.F. Zh. Neorg.

Khim. 1977, 22. 820-2; RUBS. J. Inorg. Chern.

Engl. Transl. 1977, 22. 454-6.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 400C a

Pr(N03)3 CH5N3 ·HN03 Pr(N03)3 CH5N3 ·HN03

-1 -1
solid b -1 -1 SOl~ b

mass % mol kg mass % mol kg phase mass % mol kg mass % mol kg phas

0 -- 12.7 1.19 A 0 -- 22.6 2.39 A
13.8 0.54 7.8 0.81 A 12.6 0.53 14.7 1.66 A
28.6 1.31 4.4 0.54 A 27.3 1.31 8.8 1.13 A
43.8 2.49 2.5 0.38 A 42.5 2.48 5.0 0.78 A
54.0 3.70 1.3 0.24 A 53.5 3.80 3.4 0.65 A

60.8 4.86 0.9 0.19 A + B 65.5 5.98 1.0 0.24 A + B

60.7 4.81 0.7 0.15 B 65.4 5.92 0.8 0.19 B
60.6 4.70 0 -- B 65.3 5.82 0.4 0.10 B

65.1 5.71 0 -- B

a. Molalities calculated by M. Salomon.

b. A = CH5N3 ·HN03
, B = Pr(N03)3·6H2O

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
With refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant.

Equilibrium for homogeneous compositions
was reached in 24 hours, and for hetero
geneous compositions, equilibrium was
reached in 2-3 days.

SOURCE AND PURITY OF MATERIALS:

"Pure" grade praseodymium nitrate was
recrystallized before use. The salt was
analysed for Pr by the oxalate method and
for NO~ by pptn with nitron. Water, found
by difference, was 25.3 mass % (theor:
24.83 mass %).

"Pure" grade quanidine mononitrate was
recrystallized and dried to constant weight
over CaC1 2 . The composition of the salt was
verified by nitrate analysis by pptn with
nitron.

ESTIMATED ERROR:

Soly: based on the method, precision is
about ± 1 % (compilers).

Temp: precision probably 0.1-0.2 K (compiler~

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5. 2630.
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COMPONENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5 ]

(2) Diethylamine nitrate; C4H12N203;
[27096-30-6 ]

(3) Water; H
2
0; [7732-18-5J

VARIABLES:

Composition and temperature

EXPERIMENTAL VALUES:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

Zhurav1ev, E.F.; Kuznetsova, L.S. Zh. Neorg.
Khirn. 1975, 20, 1672-5; Russ. J. Inorg. Chern.
Engl. Transl. 1975, 20, 937-9.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 200C a Composition of saturated solutions at 400C a

Pr(N03)3 (C 2H5) 2NH . HN03 Pr(N0 3) 3 (C2H5)2NH'HN03

% mol -1 mass % mol -1 solid b
% mol -1 mass % mol -1 solid b

mass kg kg phase mass kg kg phase

a -- 79.7 28.84 A a -- 87.2 50.04 A
3.2 0.52 77.8 30.07 A 2.0 0.51 86.0 52.63 A
7.1 1. 27 75.8 32.56 A 4.4 1. 27 85.0 58.90 A

11.6 2.38 73.5 36.23 A 7.2 2.42 83.7 67.56 A
15.0 3.67 72.5 42.60 A 9.5 3.63 82.5 75.74 A
21. 7 8.51 70.5 66.39 A 15.2 8.02 79.0 100.0 A

51. 5 9.27 31.5 13.61 B 59.5 9.33 21.0 7.91 B
54.0 6.61 21.0 6.17 B 61.5 7.52 13.5 3.97 B
55.1 5.69 15.3 3.80 B 62.5 6.95 10.0 2.67 B
57.0 5.20 9.5 2.08 B 63.5 6.37 6.0 1.44 B
58.7 4.88 4.5 0.90 B 64.0 5.88 2.7 0.60 B
60.1 4.61 0 -- B 65.0 5.68 0 -- B

a. Molalities calculated by M. Salomon.

b. A ~ (C2H5)2NH.HN03 , B = pr(N03)3· 6H 20

AUXILIARY INFORMATION

METHOD iAPPARATUS/PROCEDURE:

The solubilities were studied by the method
of isothermal sections as described in (1).
No other information given.

SOURCE AND PURITY OF MATERIALS:

"Pure grade praseodymium nitrate was
recrystallized.

Diethylamine nitrate was prepd by neutraliz
ation of "pure" grade (CZH5)2NH with HN03
followed by evapn to crystn. The product
was dried in air, and then in a desiccator
over CaC12 • The salt was analysed, but
details and results not given.

Doubly distilled water was used.

ESTIMATED ERROR:

Soly: based on the method, precision is
around ± 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.
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(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Triethylamine nitrate; C6H16N203;
[Z7096-31-7]

(3) Water; HZO; [7732-18-5]

VARIABLES:

Composition and temperature

EXPERIMENTAL VALUES:

Composition of saturated solutions at 20°C

Pr(N03)3 (C2H5)3N'RN03

% mol -1 mass % mol -1 solid b
mass kg kg phase

0 -- 90.0 54.81 A
1.6 0.52 89.0 57.66 A
3.9 1. 47 88.0 66.16 A
6.2 2.60 86.5 72.16 A

7.9 3.72 85.6 80.20 A + B

10.0 2.71 78.7 42.41 B
11.6 2.75 75.5 35.64 B
16.0 2.97 67.5 24.91 B
21.0 3.38 60.0 19.23 B
36.0 9.18 52.0 26.39 B

49.5 9.18 34.0 12.55 C
53.0 6.48 22.0 5.36 C
55.0 5.65 15.2 3.11 C
56.7 5.13 9.5 1.71 C
58.7 4.83 4.1 0.67 C
60.1 4.61 0 -- C

Zhuravlev, E.F.; Kuznetsova, L.S. Zh. Neorg.

Khirn. 1975, 20, 1672-5; Russ. J. Inorg.

Chern. Engl. Transl. 12]1_, 20, 937-9.

PREPARED BY:

T. llioduski and S. Siekierski

Composition of saturated solutions at 40°C

Pr(N03)3 (C2H5)3N.RN03

% mol -1 mass % mol -1 solid b
mass kg kg phase

0 -- 91.5 65.56 A
1.5 0.61 91.0 73.89 A
3.2 1.40 89.8 78.12 A
5.1 2.44 88.5 84.21 A

8.0 4.89 87.0 106.0 A + B

14.7 7.75 79.5 83.47 B
15.7 5.22 75.1 49.71 B
20.5 6.15 69.0 40.80 B
29.3 8.46 60.1 34.53 B
30.2 8.97 59.5 35.18 B

56.2 9.24 25.2 8.25 C
59.7 7.22 15.0 3.61 C
61.3 6.65 10.5 2.27 C
62.6 6.10 6.0 1.16 C
64.2 5.93 2.7 0.50 C
65.1 5.71 0 -- C

a. Molalities calculated by M. Salomon.

b. A = (C2H5)3N.HN03 ' B = pr(N03)3·4(C2H5)3N.HN03 ' C = pr(N03)3·6H20

AUXILIARY INFOR}~TION

METHOD/APPARATUS/PROCEDURE:

The solubilities were studied by the method
of isothermal sections as described in (1).
No other information given.

COMMENTS AND/OR ADDITIONAL DATA:

The double nitrate, Pr(N03)3·4(C H5)3N.HN03'
is congruently soluble and was tfius isolated
for further analyses. Chemical analysis gave
a composition of Pr = 14.7 mass % and NO; =
43.7 mass %. Based on the formula for the
double salt, the calculated composition is
Pr = 14.2 mass % and NO; = 44.1 mass %. The
results of X-ray diffraction studies on the
double salt are given in the source paper.

SOURCE AND PURITY OF MATERIALS:

"Pure" grade praseodymium nitrate was
recrystallized.

Triethylamine nitrate was prepd by neutral
ization of "pure" grade (C2H5)1N with RN0

3followed by evapn to crystn. The product
was dried in air, and then in a desiccator
over CaCI2 • The salt was analysed, but
details and results not given.

Doubly distilled water was used.

ESTIMATED ERROR:

Soly: based on the method, precision is
about ± 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheve1eva, A.D. Zh.
Neorg. Khirn. 1960, 5, 2630.



262 Praseodymium nitrate

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Ethylenediamine dinitrate; C2HlON406;
[20829-66- 7]

(3) Water; H
2
0; [7732-18-5]

Zhuravlev, E.F.; Kuznetsova, L.S. Zh. Neorg.
Khim. 1975, 20, 1401-5; Russ. J. Inorg. Chem.
Engl. TransZ. 1975, 20, 788-90.

VARIABLES: PREPARED BY:

Composition at 20°C and 40°C T. Mioduski, S. Siekierski and M. Salomon

EXPERIMENTAL VALUES:

Composition of saturated solutions at 20.C a

Pr(N03)3 En'2HN0
3

b

% mol -1 mass % mol -1 of the solidmass kg kg
~

nature phase

0 -- 45.5 4.49 1.4080 En'2HN0
39.0 0.53 39.0 4.03 1.4120 "20.8 1. 31 30.5 3.36 1. 4212

"34.0 2.48 24.0 3.07 1. 4390
"

42.0 3.29 19.0 2.62 1.4465 Pr(N03)3·En·HN03·4H20
45.2 3.50 15.3 2.08 1. 4460 "49.0 3.79 11.5 1. 56 1.4480

"53.5 4.34 8.8 1. 25 1. 4514
"

60.0 4.73 1.2 0.17 1. 4570 pr(N03)3· 6H20
60.5 5.18 3.8 0.57 1.4645 "100.0 c ? 0 -- 1.4540 "

a. Molalities calculated by the compilers.

b.

c.

En = H
2

NCH
2

CH
2

NH
2

This incorrect entry appears in both the original publication and the English
translation.

continued .••.••.•

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:
"Pure" grade praseodymium nitrate was
recrystallized from dilute nitric acid.
Analysis for water gave 24.9 mass %.

Ethylenediamine 4initrate, H2NCH2CH2NH2'
2HN0

3
, was prepared by neutralization of

"pure" grade ethylenediamine with nitric
acid as described in (2): note reference
(2) has been compiled previously (see lan
thanum nitrates).

Doubly distilled water was used.

with re
described
given.

METHOD/APPARATUS/PROCEDURE:
The method of isothermal sections
fractometric analyses was used as
in (1). No other information was

COMMENTS AND/OR ADDITIONAL DATA:

The double salt, Pr(N03)3·En2HN03·4H20, is
congruently soluble at 40°C, and at 20·C it
has "a tendency" to become incongruently
soluble. The double salt was isolated and
analysed for nitrate by precipitation with
nit ron, and for praseodymium by the oxalate
method. Water was determined by the Karl
Fischer method: found (mass %) Pr 24.00, ESTIMATED ERROR:
N03 52.41, H20 13.15; calcd (mass %) Pr 24.l~ Soly' based on the method, precision is
N0 3 52.99, H20 12.30. . around ± 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.

2. Zhuravlev, E.F.; Gorshunova, V.P. Zh.
Neorg. Khim. 1970, 15, 195.
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(1) Praseodymium nitrate; PreN03)3;
[10361-80-5)

(2) Ethylenediamine dinitrate; C2H10N406;
[20829-66-7)

(3) Water; H
2
0; [7732-18-5]

Zhurav1ev, E.F.; Kuznetsova, L.S. Zh. Neorg.
Khim. 1975, 20, 1401-5; Russ. J. Inorg.
Chem. Engl. Transl. 1975, 20, 788-90.

EXPERIMENTAL VALUES: continued .•..••..

Composition of saturated solutions at 400C a

Pr(N03) 3 En'2HN0
3

b

% mol -1
mass i. mol -1

of the solid phasemass kg kg nD nature

° -- 59.9 8.03 1.4330 En' 2HN0
37.0 0.54 53.5 7.28 1.4390

"15.8 1.28 46.4 6.60 1.4442
"28.0 2.52 38.0 6.00 1.4560
"36.8 3.67 32.5 5.69 1.4645
"

44.5 4.58 25.8 4.67 1.4665 Pr(N03)3·En'2HN03·4H20
47.0 4.92 23.8 4.38 1.4660

"50.5 4.72 16.8 2.76 1.4650
"54.1 5.00 12.8 2.07 1.4665
"58.5 5.47 8.8 1.45 1.4700
"

66.0 6.41 2.5 0.43 1.4721 pr(N03)3· 6H20
65.8 6.10 1.2 0.20 1. 4703

"65.1 5.71 -- -- 1.4678
"

a.

b.

Molalities calculated by the compilers.

En = H2NCH2CH2NH2 •
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COMPONENTS:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Praseodymium nitrate; pr(N0
3
)3;

[10361-80-5]

(2) Hexamethy1eneimine nitrate; (homopiperi
dine nitrate, perhydropyridinium nitrat~;

C6H14N203
(3) Water; H?O; [7732-18-5]

VARIABLES:

Composition at 20·C and 40·C

EXPERIMENTAL VALUES:

Zhurav1ev, E.F.; Kuznetsova, L.S.;
Gabdu1khakova, A.Z. Zh. Neorg. Khim.
1977, 22, 574-7; Russ. J. Inorg. Chem.
Engl. Transl. 1977, 22, 319-21.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 20.C a

Pr(N03)3 C6H13N.HN0
3

% -1 mass % mol -1
of the solid phasemass mol kg kg natlure

0 -- 88.1 45.05 C6H
13

N'HN0
31.7 0.43 86.3 44.34

"4.5 1.21 84.1 45.48
"7.5 2.34 82.7 52.03
"

12.6 4.88 79.5 62.05 C6H13N.HN03 + Pr(N03)3·4C6H13N.HN03

14.4 4.95 76.7 53.14 pr(N03)3·4C6H13N.HN03
20.6 4.57 65.6 29.31

"27.4 4.53 54.1 18.03
"33.7 4.96 45.5 13.49
"37.3 5.23 40.9 11.57
"41.2 5.65 36.5 10.09
"45.4 6.34 32.7 9.21
"

48.1 6.88 30.5 8.79 Pr(N03)3·4C6H13N·HN03 + pr(N03)3· 6H20

49.2 6.32 27.0 6.99 pr(N03)3· 6H20
53.2 5.46 17.0 3.52

"56.2 5.01 9.5 1.71
"58.3 4.76 4.2 0.69
"60.1 4.61 0 --
"

a. Molalities calculated by M. Salomon. continued •.•.•.•..

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analysis (1). Refractiv
indices were not given in the source paper.
The attainment of equilibrium was verified
by repeated sampling and analysis of the
liquid phase. Equilibrium was reached in
3 to 5 days.

SOURCE AND PURITY OF MATERIALS;

"Pure" grade praseodymium nitrate was recry
stallized prior to use. Analysis for water
gave 24.85 mass % corresponding to the hexa
hydrate.

C6H~3N'HN03 was prepared by neutralization
6f pure" grade C6H13N and dilute (1:5)
nitric acid as descrIbed in (2). The purity
of the salt was checked by analysis for NO;
by precipitation with nitron. Results were
not given, but authors state that the compo
sition of the salt was confirmed.

ESTIMATED ERROR:
Soly: based on the method, precision is

around ± 1 % (compilers).
Temp: precision from ± 0.1-0.2 K (compilers).

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.

2. Zhurav1ev, E.F.; Kuznetsova, L.S. Zh.
Neorg. Khim. 1975, 20, 1401 and 1672.
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uRIGINAL MEASUREllENTS:
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(1) Praseodymium nitrate; pr(N03)3;
[10361-80-5]

(2) Hexamethy1eneimine nitrate (hemopiperi
dine nitrate; perhydropyridinium nitrate),
C6H14N203

(3) Water; H?O; [7732-18-5]

Zhurav1ev, E.F.; Kuznetsova, L.S.;
Gabdu1khakova, A.Z. Zh. Neorg. Khim.
1977, 22, 574-7; Russ. J. Inorg. Chem.
Engl. Transl. 1977, 22, 319-21.

EXPERlllENTAL VALUES: continued ..••.•••

Composition of saturated solutions at 400C a

Pr(N03)3 C6H13N'RN0 3

% mol -1 mass % mol -1 of the solidmass kg kg nature phase

0 -- 94.5 105.9 C6H13N'RN0
30.8 0.43 93.5 101.1

"2.1 1.17 92.4 103.6
"3.7 2.26 91. 3 112.6
"9.4 7.99 87.0 149.0 "

12.0 14.12 85.4 202.5 C6H13N'HN03 + Pr(N03)3·46H13N·HN03

14.0 8.08 80.7 93.88 Pr(N03)3·4C6H13N'HN03
14.7 7.37 79.2 80.05

"21.6 6.67 68.5 42.66 "29.1 7.24 58.6 29.37
"36.5 8.59 50.5 23.95
"

56.7 8.99 24.0 7.67 Pr(N03)3' 6H20
59.8 7.56 16.0 4.08

"61. 8 6.78 10.3 2.28
"63.2 6.42 6.7 1. 37 "64.4 5.97 2.6 0.49 "65.6 5.83 0 ---
"

a. Molalities calculated by M. Salomon.

COMMENTS AND/OR ADDITIONAL DATA:

The composition of the double salt Pr(N03)3·4C6H1 N.RN0 3 was determined graphically.
The compound is congruently soluble and was iso1afed for analyses. Pr was determined
by the oxalate method, and nitrate ion by precipitation with nitron: found (mass %)
Pr 14.35, N0 3 44.2; calcd (mass %) Pr 14.45, N03 44.S. Derivatograms (temperature
vs time curves) are presented in the source paper. Above 15SoC, the double salt
undergoes thermal decomposition.

SDSIJ-J
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COMPONENTS:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Praseodymium nitrate; Pr(N0
3

)3;
[10361-80-5 ]

(2) Cyclohexylamine nitrate; C6H14NZ03;
[6941-45-3]

0) Water; H20; [7732-18-5]

VARIABLES:

Composition at 20°C and 40°C

EXPERIMENTAL VALUES:

Zhuravlev, E.F.; Kuznetsova, L.S. Zh. Neorg.
Khim. 1978, 23, 1688-91; Russ. J. Inorg.
Chern. Engl. Transl. 1978, 23, 929-31.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 200C a

Pr(N0 3) 3 C
6
H
ll

NH
2

.HN0
3

% mol -1 mol -1 nature of the solidmass kg mass % kg phase

0 -- 54.0 7.24 C
6
H
ll

NH2 ·HN034.0 0.25 47.7 6.09
"14.6 0.89 35.0 4.28
"18.6 1.12 30.8 3.75
"21.5 1. 31 28.2 3.46
"28.8 1. 85 23.5 3.04
"41.5 3.04 16.7 2.46
"

52.0 5.43 18.7 3.94 C6HllNH2'HN03 + pr(N03)3' 6H 20

54.0 5.15 13.9 2.67 Pr(N03)3· 6H20
54.7 5.02 12.0 2.22

"57.0 4.84 7.0 1.20
"58.7 4.71 3.2 0.52
"60.5 4.69 0.0 --
"

a. Molalities calculated by M. Salomon.

continued•.•......

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
as described in (1). Equilibrium was
established in 4-5 days. No other infor
mation given.

SOURCE AND PURITY OF MATERIALS:

pr(N03)3 was prepared by dissolving the
oxide in c.p. grade nitric acid followed by
recrystallization on a water bath. Gravi
metric anal of the hexahydrate by the oxa
late method gave a Pr content of 32.9 mass
% (theory: 32.4 mass i.).

Cyclohexylamine nitrate, C6HI1NHZ'HN03' was
prepared by neutralization of cyclohexyla
mine with nitric acid. The stoichiometry
of the salt was verified gravimetrically by
precipitation of the nitrate ion with
nit ron.

Doubly distilled water was used.

ESTIMATED ERROR:

Soly: based on the method, precision is
around ± 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.

Neorg. Khim. 1960, 5, 2630.
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COMPONENTS:

(1) Praseodymium nitrate; pr(N03)3;
[10361-80-5]

(2) Cyc1ohexy1amine nitrate; C6H14N203;
[6941-45-3]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREHENTS:

Zhurav1ev, E.F.; Kuznetsova, L.S. Zh. Neorg.
Khim. 1978, 23, 1688-91; Russ. J. Inorg.
Chem. Engl. Transl. 197~, 23, 929-31.

EXPERltffiNTAL VALUES: continued ....•...•

Composition of saturated solutions at 40.C a

pr(N03)3 C
6
HllNH

2
·lIN0

3
-1 mass % mol -1 nature of the solid phasemass % mol kg kg

0.0 -- 75.0 18.50 C6HllNH2 'RN0
32.0 0.24 72.5 17.53

"7.0 0.87 68.5 17.24
"13.7 1.80 63.0 16.67
"20.8 3.15 59.0 18.01
"31.8 6.00 52.0 19.79
"37.0 8.08 49.0 21.58
"38.5 9.06 48.5 23.00 "

46.5 9.18 38.0 15.12 Pr(No3)3· 6H2o
59.2 6.27 11. 9 2.54

"61.3 6.11 8.0 1.61
"63.2 6.04 4.6 0.88 "64.3 5.84 2.0 0.37
"65.6 5.83 0.0 -- "

a. Molalities calculated by M. Salomon.
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COMPONENTS:

(1) Praseodymium nitrate; pr(N03)3;
[10361-80-5]

(2) Piperidine nitrate; C5H12N203;
[6091-45-8]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Composition at 20°C and 40°C

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

Kuznetsova, L.A.; Zhuravlev, E.F. V. ab.

Fazovye Ravnoveaiya 1972, 57-63.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Composition of saturated solutions at 200C a Composition of saturated solutions at 400C a

pr(N03) 3 Pip'RN0
3

b
Pr(N03)3 Pip.HN0

3
b

solid solid
% mol -1 mass % mol

-1 phase c
% mol -1 mass % mol -1 c

mass kg kg mass kg kg phase

0 -- 89.2 55.74 A 0 -- 91.5 72.65 A
1.8 0.50 87.2 53.50 A 1.7 0.59 89.5 68.64 A

2.7 0.84 87.5 60.26 A
2.9 0.81 86.2 53.38 A + B 4.2 1. 32 86.1 59.91 A

4.5 0.89 80.0 34.83 B 4.7 1. 45 85.4 58.22 A + B
9.2 1.13 66.0 17.96 B

12.0 1. 32 60.2 14.62 B 13.0 1. 82 65.1 20.06 B
19.7 1.82 47.2 9.62 B 18.1 2.22 57.0 15.45 B
27.5 2.45 38.1 7.48 B 26.5 3.08 47.2 12.11 B
35.5 3.11 29.6 5.72 B 33.0 3.79 40.4 10.25 B
42.4 3.76 23.1 4.52 B 49.9 6.18 25.4 6.94 B

55.5 5.62 14.3 3.20 B + C 59.7 7.91 17.2 5.03 B + C

56.1 5.30 11.5 2.40 C 60.8 7.53 14.5 3.96 C
57.8 5.01 6.9 1. 32 C 62.2 6.84 10.0 2.43 C
59.1 4.81 3.3 0.59 C 63.0 6.47 7.2 1.63 C
60.2 4.63 0 -- C 64.0 6.16 4.2 0.89 C

64.8 5.97 2.0 0.41 C
65.6 5.83 0 -- C

a. Molalities calculated by M. Salomon.
b. Pip = piperdine = (CH2)5NH
c. A = Pip·RN03 , B = Pr(N03)3·4Pip.HN03 , C = Pr(N03)3·6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot
of composition against refractive index.

COMMENTS AND/OR ADDITIONAL DATA:

The double salt was isolated and analysed
for Pr by the oxalate method and for N03 by
precipitation with nitron. The results con
firmed the composition of the double salt.

SOURCE AND PURITY OF MATERIALS;

"Pure" grade pr(N03)3'6H20 was recrystd
before use. Analysis for Pr by the oxalate
method gave 75.2 mass %.

Piperidine nitrate, (CH2)5NH'HN03' was
prepd by neutralization of "pure" grade
piperidine with c.p. grade nitric acid
followed by crystallization. Nitrate analy
sis by precipitation with nitron confirmed
the composition of the salt.

Doubly distilled water was used.

ESTIMATED ERROR:

Soly: based on the method, preC1Slon is
about ± 1 % (compilers).

Temp: precision probably 0.1-0.2K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva. A.D. Zh.
Neorg. Khim. 1960, 5, 2630.
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COMPONENTS; ORIGINAL MEASUREMENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Pyridine nitrate; C
s

H6N20 3 ; [543-53-3]

(3) Water; H20; [7732-18-5]

Kuznetsova, L.S.; Zhurav1ev, E.F. V. sb.
Fazovye Ravnovesiya 1975, 57-63.

VARIABLES: PREPARED BY:

Compos1tion at 20°C and 40°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Composition of saturated solutions at 20°C a

mol kg- l

"

b
nature of the solid phase

CSHs N'HN0 3 + Pr(N03)3,sPY'HN03

Pr(N03)3,sPY'HN03

Pr(N03)3,sCsHsN'HN03 + pr(N03)3·2Py·HN03·2H20

pr(N03)3·2PY·HN03·2H20

19.14

22.93

20.40
19.11
18.37
18.65

15.08
11.51

8.93
5.77
5.46
4.57
3.84

3.11

18.18
18.91
20.74
22.97

4S.0
39.6
34.4
25.1
23.8
20.6
17.1

13.5

48.7

60.0
56.5
53.0
50.1

64.2

72.1
69.6
67.2
64.3

mass %

Pr(N03)3

mol -1
mass % kg

0 --

4.5 0.53
10.0 1. 34
16.0 2.48

16.1 2.50

19.3 2.85
22.7 3.34
26.7 4.02
31. 0 5.02

33.4 5.71

34.0 4.95
36.2 4.56
38.5 4.35
44.3 4.43
45.5 4.53
47.7 4.60
51.6 5.04

56.0 5.62

continued....•..
r------------~--------------------------

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index.

SOURCE AND PURITY OF MATERIALS:
"Pure" grade Pr(N03)3·6H20 was recrystd
before use. Analysis for Pr by the oxalate
method gave 75.2 mass %.

Pyridine nitrate, C
s

H5N'HN0 3, was prepared by
neutralization of "pure" grade pyridine with
c.p. grade nitric acid followed by crystal
lization. Nitrate analysis by precipitation
with nit ron confirmed the composition of the
salt.
Doublv distilled water was used.

COMMENTS AND/OR ADDITIONAL DATA:

The double salts were isolated and analysed
for ~r by the oxalate method and for N0 3 by
prec1pitation with nit ron. The results con
firmed the composition of the double salts.

ESTIMATED ERROR: •

Soly: based on the method, precision is
around ± 1 % (compilers).

Temp: precision probably 0.1-0.2 K (compilers)

REFERENCES:

1. Zhurav1ev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, ~, 2630.
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COHPONENTS:

Praseodymium nitrate

ORIGINAL MEASUREHENTS:

(1) Praseodymium nitrate; pr(N0
3
)3;

[10361-80-5 ]

(2) Pyridine nitrate; C
5
H

6
N

2
0

3
; [543-53-3]

(3) Water; H20; [7732-18-5]

Kuznetsova, L.S.; Zhurav1ev, E.F. V. ab.
Fazovye Ravnoveaiya 1975, S7-63.

EXPERIMENTAL VALUES: continued ..•.....•

Composition of saturated solutions at 200C a

PrCN03) 3 CSH5N'HN03

% mol -1 -1 bmass kg mass % mol kg nature of the solid phase

57.2 5.45 10.7 2.35 Pr(N03)3· 6H20
58.2 5.04 6.5 1. 30

"59.3 4.82 3.1 0.58
"60.1 4.61 -- --
"

Compos ition of saturated solutions at 40°C

0 -- 80.7 29.42 C
5
H

5
N'HN0

33.2 0.55 78.9 31.02
"7.0 1. 33 76.9 33.61
"11.6 2.53 74.4 37.39
"

15.7 3.97 72.2 41.99 C5H5N'HN03 + pr(N03)3·5pY·HN03

21.0 4.76 65.5 34.14 pr(N03)3·5Py·HN03
24.6 5.26 61.1 30.06

"28.7 6.18 57.1 28.29
"33.3 7.84 53.7 29.07
"

37.1 9.54 S1.0 30.16 pr(N03)3'SPY'HN03 + Pr(N03)3·2Py·HN03·2H20

37.8 9.10 49.5 27.43 pr(N03)3·2Py·HN03·2H20
40.6 8.17 44.2 20.46

"43.7 7.68 38.9 15.73
"51.0 7.72 28.8 10.03
"54.9 8.00 24.1 8.08
"59.3 8.56 19.5 6.47
"

60.0 8.74 19.0 6.37 pr(N03)3·2Py·HN03·2H20 + Pr(N03)3· 6H20

62.8 6.99 9.7 2.48 pr(N03)3· 6H20
63.9 6.72 7.0 1.69

"64.0 6.20 4.4 0.98
"64.6 5.92 2.0 0.42
"65.6 5.83 -- -- "

a. Molalities calculated by M. Salomon.

b. PY = pyridine, C
5

H
S

N.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Praseodymium nitrate; pr(N03)3;
[10361-80-5]

(2) Aniline nitrate; C6H8N20 3 ; [542-15-4]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Composition at 20·C and 40·C

Kuznetsova, L.S.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1977, 22, 820-2; Russ. J. Inorg. Chern.

Engl. Transl. 1977, 22, 454-6.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Composition of saturated solutions at 20.C a Composition of saturated solutions at 40.C a

Pr(N03) 3 C6H
5

NH2'HN03 Pr(N03)3 C6H5NH2 'RN03

% mol -1 mass % mol -1 solid b
% mol -1 mass % mol -1 solid b

mass kg kg phase mass kg kg phase

° -- 20.7 1. 67 A ° -- 35.8 3.57 A
13.7 0.54 9.0 0.75 A 11.5 0.54 23.3 2.29 A
17.2 0.70 7.6 0.65 A 25.8 1. 29 13.2 1.39 A
28.7 1.29 3.5 0.33 A 41.5 2.49 7.5 0.94 A
44.0 2.50 2.1 0.25 A 52.5 3.73 4.5 0.67 A
53.9 3.73 1.9 0.28 A

63.0 5.60 2.6 0.48 A + B
59.5 4.64 1.3 0.21 A + B

63.8 5.64 1.6 0.30 B
59.6 4.63 1.0 0.16 B 64.8 5.75 0.7 0.13 B
60.6 4.70 ° -- B 65.1 5.71 0 -- B

a. Molalities calculated by M. Salomon.

b. A = C6H5NH2 ·RN03
, B = Pr(N03)3·6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
With refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant.

EqUilibrium for homogeneous compositions
was reached in 24 hours, and for hetero
geneous compositions, equilibrium was
reached in 2-3 days.

.....

SOURCE AND PURITY OF MATERIALS:

"Pure" grade praseodymium nitrate was
recrystallized before use. The salt was
analysed for Pr by the oxalate method and
for NO- by pptn with nitron. Water, found
by difierence, was 25.3 mass % (theor: 24.83
mass %).

Aniline nitrate prepd by neutralization of
"pure" grade aniline with dil RN03' evapn to
crystallization, and drying over CaC12 •
The composition of the salt was verified by
nitrate analysis by pptn with nitron.

ESTIMATED ERROR:
~oly: based on the method, precision is

about ± 1 % (compilers).
emp: precision probably 0.1-0.2 K (compilers)

REFERENCES:

1. Zhuravlev, E.F.; Sheve1eva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630 •
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COMPONENTS:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-3]

(2)

(3)

Kuznetsova, L.S.; Zhurav1ev, E.F. Zh. Neorg.
Khim. 1977, 22, 515-9; Russ. J. Inorg. Chem.

[ Engl. Transl. 1977, 22, 282-4.Quinoline nitrate; C9H8N20
3

; 21640-15-3]

Water; H20; [7732-18-5]

VARIABLES:

Composition at 20·C and 40·C

EXPERIMENTAL VALUES:

PREPARED BY:

T. !1ioduski and S. Siekierski

Composition of saturated solutions at 20·C a

pr(N03)3 C
9
H7N'HN03

% mol -1 mass % mol -1 of the solidmass kg kg nature phase

° --- 69.0 11. 58 C9H7N'HN0 33.2 0.32 66.5 11.42
"

6.0 0.64 65.2 11.78 C9H7N.HN03 + pr(N03)3·3C9H7N.HNOjH2O

8.2 0.77 59.3 9.49 Pr(N03)3'3C9H7N'HN03'H20
15.7 1.07 39.6 4.61

"20.3 1. 23 29.1 2.99
"23.0 1.31 23.2 2.24
"24.1 1.33 20.4 1. 91
"29.0 1.50 12.0 1.06
"35.5 1.82 4.8 0.42
"38.5 2.03 3.5 0.31 "

60.4 4.79 1.0 0.13 pr(N03) 3 .3C 9
Hl·HN03 · H20 + pr(N03) 3' 6H2C

60.5 4.78 0.8 0.11 Pr(N03)3· 6H20
60.7 4.72 0 -- "

a. Molalities calculated by M. Salomon.

continued •....•.

AUXILIARY INFORMATION

METHOD iAPPARATUS/PROCEDURE:

The solubilities were studied by the
method of isothermal sections with refracto
metric analyses (1). The refractive indices
were not given in the source paper. Mixtures
of known composition were thermostated, and
equilibrium assertained by constancy in the
refractive indices. Equilibrium in the
heterogeneous systems was reached in 3-4
days.

SOURCE AND PURITY OF MATERIALS;

"Pure" grade Pr (N0
3

) 3' 6H20 was recrystallized
from dil aq acid. Analysis for Pr and N03confirmed the hexahydrate composition.

Quinoline nitrate was prepared by neutral
ization of "pure" grade quinoline with dil
(1:5) c.p. grade ill10

3
• The sln was evapor

ated to pptn. The ppt was filtered, recry
stallized, and dried to constant mass.
Chemical analysis of nitrate confirmed the
composition of the salt.

Doublv distilled water was used.
ESTIMATED ERROR:

Soly: based on the method, precision is
around ± 1 % (compilers).

Temp: precision about ± 0.1-0.2 K(compilers

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.
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COHPONENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-3]

(2) Quinoline nitrate; C9H8N20
3

; [21640-15-3]

(3) Water; H20; [7732-18-5]

ORIGINAL HEASUREHENTS:

Kuznetsova, L.S.; Zhurav1ev, E.F. Zh. Neorg.
Khirn. 1977, 22, 515-9; Russ. J. Inorg. Chern.
Engl. Transl. 1977, 22, 282-4.

EXPERIMENTAL VALUES: continued •••••••

Composition of saturated solutions at 400C a

Ce(N03)3

% mol -1mass kg

0 ---
2.3 0.32
5.1 0.78

6.9 1.08

12.5 1.28
22.6 1.63
27.2 1. 76
31.5 1.89
35.0 2.04
37.8 2.22
52.5 3.61

65.1 5.96

65.2 5.83
65.4 5.78

mass % mol -1 of the solid phasekg nature

77.7 18.13 C9H7N'HN0376.0 18.22
"74.9 19.49 "

73.6 19.64 C9H7N'HN03 + pr(N03)3·3C9H7N·HN03·H20

57.6 10.02 pr(N03)3·3C9H7N'HN03·H20
35.0 4.30

"25.5 2.81
"17.5 1. 79
"12.6 1.25
"10.0 1.00
"3.0 0.35
"

1.5 0.23 Pr(N03)3·3C9H7N.HN03·H20 + Pr(N03)3· 6H20

0.6 0.09 Pr(N03)3· 6H20
0 --

"
a. Molalities calculated by M. Salomon.

COMMENTS AND/OR ADDITIONAL DATA:

The composition of the double salt was determined graphically. It is congruently
soluble. The double salt was isolated and analysed for Pr by the oxalate method, and
for N0

3
by precipitation with nitron. The results in mass % units are:

found Pr 15.27,

calcd Pr 15.32,

N0
3

40.00

N0
3

40.38

The double salt was also studied by differential thermal analysis, and the results are
discussed in the source paper.

SDS13-J*
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COMPONENTS:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Praseodymium nitrate; pr(N03)3;
[10361-80-5]

(2) 8-Methylquinoline nitrate; C10H10N203;
[60491-92-1]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 20·C and 40·C

EXPERIMENTAL VALUES:

Kuznetsova, L.S.; Zhuravlev, E.F. Zh. Neorg.
Khim. 1977, 22, 515-9; Russ. J. Inorg. Chern.
EngZ. Transl. 1977, 22, 282-4.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 20.C a

Pr(N03) 3 ClOH9N' RN03

% mol -1 mass % mol -1 of the solid phasemass kg kg nature

0 -- 49.4 4.73 ClQH9N'RN03
5.9 0.34 41.0 3.74 "13.0 0.76 35.0 3.26 "16.5 1.00 33.0 3.17 "20.7 1.32 31.5 3.20 "

28.0 2.00 29.2 3.31 C10H9N'RN03 + Pr(N03)3·2C10H9N'RN03·2H20

28.7 1. 94 26.0 2.78 Pr(N03)3·2C10H9N·RN03·2H20
29.4 1.95 24.5 2.58 "30.1 1.92 22.0 2.23 "32.0 1.93 17.2 1.64 "38.2 2.16 7.7 0.69 "44.9 2.59 2.0 0.18 "50.0 3.10 0.6 0.06 "
60.7 4.72 ° -- Pr(N03)3· 6H20

a. Molalities calculated by M. Salomon.

continued•••...•....

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubilities were studied by the method
of isothermal sections with refractometric
analyses (1). The refractive indices were
not given in the source paper. Mixtures of
known composition were thermostated, and
equilibrium assertained by constancy in
the refractive indices. Equilibrium in the
heterogeneous systems was reached in 3-4
days.

SOURCE AND PURITY OF MATERIALS:

"Pure" grade pr(N0
3

»)·6H20 was recrystal
lized from dil aq acId. Analysis for Pr
and N03 confirmed the hexahydrate compo
sition.

8-Methylquinoline nitrate was prepd by
neutralization of "pure" grade 8-methyl
quinoline with dil (1:5) c.p. grade RNO).
The sIn was evaporated to pptn. The ppE
was filtered, recrystallized and dried to
constant mass. Chemical analysis of nitrate
confirmed the composition of the salt.

Doubly distilled water was used.

ESTHlATED ERROR:

Soly: based on the method, precision is
around ± 1 % (compilers).

Temp: precision about ± 0.1-0.2 K(compilers~

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.
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Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

275

(1) Praseodymium nitrate; pr(N0
3
)3;

[10361-80-5]

(2) 8-Hethylquinoline nitrate; C10H10N203;
[60491-92-1]

(3) Water; H20; [7732-18-5]

Kuznetsova, L.S.; Zhuravlev, E.F. Zh.
Neorg. Khim. 1977, 22, 515-9; Russ. J.
Inorg. Chern. Engl. Transl. 1977, 22,
282-4.

EXPERIMENTAL VALUES: continued •••...•.

Composition of saturated solutions at 40·C

Pr(N03)3 C10H9N'HN03

% mol -1 mass % mol -1 of the solid phasemass kg kg nature

0 -- 66.5 9.63 C10H9N'HN0 33.7 0.34 62.7 9.05
"8.0 0.77 60.4 9.27
"12.6 1.34 58.7 9.92
"16.8 2.04 58.0 11.16
"

23.2 3.70 57.6 14.55 C10H9N'HN03 + pr(N03)3·2C10H9N·HN03·2H20

25.5 3.29 50.8 10.39 pr(N03)3·2C10H9N·HN03·2H20
29.8 3.01 39.9 6.39

"33.3 2.74 29.5 3.85
"35.0 2.70 25.3 3.09
"37.0 2.63 20.0 2.26
"40.3 2.69 13.8 1.46
"47.7 3.12 5.6 0.58
"54.6 3.81 1.6 0.18
"61.0 4.85 0.5 0.06 "

65.0 5.75 0.4 0.06 Pr(N03)3·2C10H9N.HN03·2H20 + Pr(N03)3· 6H20

65.1 5.71 0 -- Pr(N03)3' 6H20

a. Molalities calculated by M. Salomon.

COMMENTS AND/OR ADDITIONAL DATA:

The composition of the double salt was determined graphically. It is congruently soluble
at 40·C and incongruently soluble at 20·C. The double salt was isolated and analysed for
Pr by the oxalate method, and for N03 by precipitation with nitron. The results in mass
% units are:

found Pr 18.20, N03 39.40

calcd Pr 18.20, N0
3

40.10

The double salt was also studied by differential thermal analysis, and the results are
discussed in the source paper.
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COMPONENTS:

(1) Praseodymium nitrate; Pr(No3)3;
[10361-80-5]

(2) Urea; CH4N
2
0; [57-13-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 30°C

EXPERIMENTAL VALUES:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

Khudaibergenova, N.; Su1aimanku1ov, K.S.
Zh. Neorg. Khirn. 1979, 24, 2005-8; Russ.
J. Inorg. Chern. Engl. Transl. 1979, 24,
1112-4. --

PREPARED BY:

T. Mioduski and S. Siekierski

Pr(N03)3 CO(NH 2)2

% mol -1 mass % mol
-1

mass kg kg nature of the solid phase

62.12 5.016 --- -- Pr(N03)3,6H2O

64.57 6.551 5.28 2.916 Pr(N0 3)3' 6H20 + Pr(N03)3· CO (NH 2)2

61.02 5.846 7.05 3.677 Pr(N03)3'2CO(NH2)2
58.80 5.958 11.01 6.073 "55.37 6.504 18.59 11.89 "53.77 7.099 23.06 16.57 "52.31 7.569 26.55 20.91 "52.49 8.876 29.42 27.08 "62.74 325.3 36.67 1035. "
50.88 13.80 37.84 55.86 Pr(N0 3)3'4CO(NH2)2
47.46 14.44 42.49 70.40 "46.32 23.00 47.52 128.5 "
41.61 11.86 47.66 73.96 Pr (N03) 3' 6CO (NH2) 2
41.48 13.97 49.44 90.66 "38.85 12.03 51. 2 7 86.41 "
38.73 23.41 56.21 185.0 Pr(N03)3'6CO(NH2)2 + CO(NH2)2

35.98 15.20 56.78 130.6 CO(NH 2) 2
28.75 5.962 56.50 63.78 "14.75 1. 556 56.25 32.30 "--- --- 57.50 22.53 "

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Equilibrium
was reached after 7-8 h. The urea nitrogen
was determined by the Kje1dah1 method, and
Pr determined by comp1exometric titration
using Xy1eno1 Orange indicator.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

The liquid phase was separated from the
solid using a Schott No. 3 filter. The
compilers assume that the solid phases were
found by Schreinemakers' method.

The authors reported the solubilities in
mass i. units: conversions to molality were
made by M. Salomon. All three double salts
are congruently soluble in water.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precis~on probably
rli1ers }.

REFERENCES:

± 0.1-0.2 K (com-



COMPONENTS:

Multlcomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

277

(1) Praseodymium nitrate; pr(N0
3

)3;
[10361-80-5 ]

(2) Urea mononitrate; CH 5N304 ; [124-47-0]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at ZO°C and 40°C

Zhurav1ev, E.F.; Kuznetsova, L.S. Zh. Neorg.
Khirn. 1978, 2Z, 1688-91; Russ. J. Inorg.
Chern. Engl. Transl. 1978, 23, 929-31.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Pr(N0 3) 3 CO(NHZ)2' HN03

t;oC mass % )TIo1 -1 mass % mol -1 nature of the solid phasekg kg

ZO 0.0 -- 16.7 1.63 CO(NHZ)2· HN03
9.0 0.35 12.8 1. 33 "18.3 0.77 9.3 1.04 "28.2 1.Z8 4.5 0.54 "38.0 2.06 5.5 0.79 "48.4 3.08 3.5 0.59 "

60.1 4.88 Z.Z 0.47 CO(NHZ)Z'HN03 + pr(N03)3· 6H ZO

60.4 4.80 1.1 0.Z3 pr(N03) 3· 6HZO
60.5 4.69 0.0 -- "

40 0.0 -- 25.5 2.78 CO(NH2)2· HN03
8.0 0.34 20.1 2.27 "17.0 0.77 15.5 1. 87 "26.5 1. 32 12.0 1.59 "36.8 2.06 8.5 1. 26 "47.0 3.09 6.5 1.14 "

65.2 6.08 2.0 0.50 CO(NH2)2' HN03 + pr(N03)3· 6H20

65.4 6.08 1.7 0.42 Pr(N03) 3' 6H 2O
65.5 5.96 0.9 0.22 "65.6 5.83 0.0 --

"
Molalities calculated by M. Salomon

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
(1). No other information given. The
compilers assume that the compositions of
saturated solutions were determined by
refractrometric analysis.

The phase diagram is of the simple eutonic
type.

SOURCE AND PURITY OF MATERIALS:
pr(N03)3·6H20 prepd by dissolVing the oxide
in c.p. graae HNO followed by recrystn on a
water bath. The ~ydrate was analysed by the
oxalate method and found to contain 32.9 mass
% Pr (theory: 32.4 mass 7.).

CO(NH2)2.HN03 prepd by neutralization of ure,
with niEric acid. The stoichiometry of the
salt was checked by gravimetric nitrate
analysis using nitron.

Doubly distilled water was used.

ESTIMATED ERROR:
Soly: based on the method, precision ia about

± 1 % (compilers).
Temp: precision about ± 0.1-0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khirn. 1960, 5, 2630.
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COHPONENTS:

(1) Praseodymium nitrate; Pr(N0
3
)3;

[ 10361-80-5]

(2) Organic solvents

CRITICAL EVALUATION:

Praseodymium nitrate

EVALUATOR:

Mark Salomon

U.S. Army Electronics Technology and Devices
Laboratory

Fort Monmouth, NJ, USA

December 1982

The existing publications on the solubility of praseodymium nitrate in organic solvents
were all published prior to 1935 (1-3). Most of the results are probably very imprecise,
and detailed discussions on these results are therefore not waranted. The reader is
referred directly to the compilations for additional information.

The only multiple study of a given system is that for Pr(N03)3 in diethy1 ether (2,3).
The only interesting comparison that can made is that both publications agree that at
293 K the anhydrous salt has a very low solubility. Wells (3) states that the solubility
of the anhydrous salt in ether at 293 K is zero, and from the diagram given by Hopkins
and Quill (2), it appears as if the solubility is given as zero.

REFERENCES

1. Hardy, 2.M. Maste~s Thesis. The University of Illinois. Urbana, IL. 1931 (graphical
data from this thesis were also published in reference 2 below).

2. Hopkins, B.S.; Quill, L.L. P~oc. Natl. Acad. Sci. U.S.A. 1933, 19, 64.

3. Wells, R.C. J. Wash. Acad. Sci. 1930, 20, 146.
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Organic solvent systems

ORIGINAL MEASUREMENTS:
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(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5)

(2) Neodymium nitrate; Nd(N03)3; [10045-95-1)

(3) 2-Methoxyethanol (methyl cellosolve);
C3H802; [109-86-4)

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Hardy, Z.M.; Masters Thesis. The University
of Illinois. Urbana, IL. 1932. 1

PREPARED BY:

Mark Salomon

Composition of initial

volume of
aliquot

solid is 83.4 mass % Nd(N03) - 16.6 mass

total mass soly fractiona

of oxide mass %

% Pr(N03)3

so;ubility b
10 mol kg- 1

tjOC C.c. g Nd Pr Nd(N03)3 Pr(N03)3

- 8 25 0.1310 79.4 19.1 2.47 0.59
9 25 0.2423 82.0 26.0 4.72 1.48

20 25 0.2383 92.3 10.0 5.23 0.56
26 50 0.4398 90.0 13.0 4.71 0.67
30 25 0.1322 83.2 15.9 2.62 0.49
37 25 0.2375 75.0 29.0 4.24 1. 62
47 25 0.1286 85.5 9.7 2.61 0.29

a.

b.

Total mass % should equal 100.

Calculated by compiler. For conversions
assumed the oxide to be Pr60ll •

-1
to mol kg for pr(N03)3' the compiler

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. One g of mixed
solid and about 200 cc solvent in 250 c.c.
bottle and sealed with a cork covered with
tin foil. Rubber tubing was placed over
the cork and neck of the bottle, and the
open end sealed with a rubber stopper. The
bottles were agitated in a thermostat for
24 h after which the cork was removed and
the mixture permitted to settle for 3 h.
Calibrated pipets were used to withdraw
aliquots. Pr and Nd were pptd as the
oxalate and ignited to the oxide at 600·C,
and weighed. The mixed oxides were dis
solved in nitric acid and analysed for Pr
and Nd with a Hilger spectroscope by com
parison to standard solutions of known
Pr(N03)3 and Nd(N0 3)3 mass %.

SOURCE AND PURITY OF MATERIALS:

The Nd + Pr mixed nitrate was prepd by addn
of HN03 to the oxides, evapn of the excess
acid, and heating. The mixture was heated
at 100·C for 6 d, l40·C for 2 d, and l60·C
for 2 d.

The ether, CH30CH2CH20H, was distilled from
anhydrous CaC12 •

C.p. grade oxalic.acid and HN0
3

were used.

ESTIMATED ERROR:

Soly: nothing specified, but probably very
large (compiler).

Temp: accuracy about ± 0.1 K (compiler).

REFERENCES:

1. Graphical data from Hardy's thesis were
reported by Hopkins, B.S.; Quill, L.L.
Proa. NatL. Aaad. Sai. U.S.A. 1933, 19,
64. -----
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COMPONENTS:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Neodymium nitrate; Nd(N03)3; [10045-95-1]

(3) 2-Ethoxyethanol (ethyl cellosolve, ethy
lene glycol ethyl ether); C4Hl002 ;
[110-80-5]

Hardy, Z. M. Masters Thesis. The University
of Illinois. Urbana, IL. 1932. 1

VARIABLES: PREPARED BY:

Temperature Mark Salomon

EXPERIMENTAL VALUES:

Composition of initial solid is 83.4 mass % Nd(N0
3

) - 16.6 mass % Pr(N0
3

)3

volume of total mass soly fractiona solubility b
aliquot of oxide mass % 102 mol kg- l

t/·C C.c. g Nd Pr Nd(N03)3 pr(N03)3

- 8 25 0.1098 72.9 27.3 1.90 0.70

30 25 0.1106 76.9 22.0 2.02 0.57

47 25 0.1109 85.5 10.0 2.25 0.26

a.

b.

Total mass % should equal 100.
-1Calculated by the compiler. For conversions to mol kg for pr(N0

3
)3'

the compiler assumed the oxide to be Pr60ll .

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE:

Isothermal method used. One g of mixed solid
and about 200 cc solvent placed in 250 c.c.
bottle and sealed with a cork covered with
tin foil. Rubber tubing was placed over the
cork and neck of the bottle, and the open end
sealed with a rubber stopper. The bottles
were agitated in a thermostat for 24 h after
which the cork was removed and the mixture
permitted to settle for 3 h. Calibrated
pipets were used to withdraw aliquots. Pr
and Nd were pptd as the oxalate and ignited
to the oxide at 600·C, and weighed. The
mixed oxides were dissolved in nitric acid
and analysed for Pr and Nd with a Hilger
spectroscope by comparison to standard
solut;ons of known pr(N03)3 and lld(N03)3
mass %.

SOURCE AND PURITY OF MATERIALS:

The Nd + Pr mixed nitrate was prepd by addn
of HN0

3
to the oxides, evapn of excess acid

and heating. The mixture was heated at
100·C for 6 d, l40·C for 2 d, and l60·C for
2 d.

The ether, C2H50CH2CH20H, was distilled
from anhydrous CaC1 2 .

C.p. grade oxalic acid and HN0
3

were used.

ESTIMATED ERROR:

Soly: nothing specified, but probably very
large (compiler).

Temp: accuracy about ± 0.1 K (compiler).

REFERENCES:
1. Graphical data from Hardy's thesis

were reported by Hopkins, B.S.; Quill,
L.L. Proc. Natl. Acad. Sci. U.S.A.
1933, 19, 64.
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Organic solvent systems

ORIGINAL MEASUREMENTS:

281

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80- 5]

(2) Diethyl ether; C4HlOO; [60-29-7]

VARIABLES:

Room temperature (about 20°C)

EXPERIMENTAL VALUES:

Wells, R.C. J. Wash. Acad. Sci. 1930, 20,
146-8.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

Experiment 1. This experiment involves the hydrated lanthanum nitrate as the initial
solid, and which the compilers assume to be the hexahydrate.

Authors report the solubility as 0.0004 g oxide in 10 ml ether.

Assuming the oxide to be Pr6Oll , the solubility in volume units is

2.3 x 10-4 mol dm-3 (compilers) •

Experiment 2. This experiment involves praseodymium nitrate dehydrated as described
in the METHOD/APPARATUS/PROCEDURE box below.

Author reports the anhydrous nitrate to be insoluble in ether.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;

The isothermal method was used. The soly of Nothing specified.
praseodymium nitrate was determined in two
experiments in which the nature of the
initial solid phase differs.

Experiment 1. A few grams of praseodymium
nitrate (presumably the hexahydrate, com
pilers) was added to about 20 ml of ether
in small stoppered flasks. The flasks were
periodically agitated and permitted to stand
at about 20°C overnight. A 10 ml sample was
removed, filtered, the solvent evaporated
and the salt ignited to the oxide and
weighed.

Experiment 2. The remaining salt in the
flask was freed from ether, dissolved in
water and a few drops of HN0 3 added. The
solution was evaporated to dryness and
heated to 150°C. The solubility in ether
was determined again with this "dehydrated"
salt.

ESTIMATED ERROR:
Soly: precision probably around ± 10 %

(compilers).
Temp: precision probably ± 4 K (compilers).

REFERENCES:
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COMPONENTS:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Praseodymium nitrate; pr(N03)3;
[10361-80-5]

(2) Neodymium nitrate; Nd(N03)3; [10045-95-1]

(3) Diethyl ether; C4HlOO; [60-29-7]

Hardy, Z.M. Masters Thesis. The University
of Illinois. Urbana, IL. 1932. 1

VARIABLES: PREPARED BY:

Temperature Hark Salomon

EXPERIMENTAL VALUES:

Composition of initial solid is 83.4 mass % Nd(N03)3 - 16.6 mass % Pr(N03)3

total mass soly fraction
a

solubility ~volume of
aliquot of oxide mass % 103 mol kg-

trC C.c. g Nd Pr Nd(N03)3 Pr(N03)3

Experiment No. 1

- 8 100 0.0426 76.3 23.5 1.93 0.59
9 100 0.0434 97.0 4.0 2.50 0.10

20 100 0.0647 95.8 5.0 3.68 0.19
26 150 0.1224 89.0 12.0 4.32 0.58
30 100 0.0611 84.5 18.5 3.07 0.66
34 150 0.0704 89.0 14.0 2.48 0.39

Experiment No. 2

- 8 100 0.0392 86.7 12.0 2.02 0.28
20 100 0.0614 81.3 9.7 2.97 0.35
26 100 0.1781 89.8 13.0 9.51 1.36
30 100 0.0692 86.7 14.5 3.57 0.59

a.

b.

Total mass % should equal 100.
-1

Calculated by the compiler. For conversions to mol kg for pr(N03)3, the
compiler assumed the oxide to be Pr60ll .

AUXILIARY INFORMATION

METHOD ,-APPARATUS /PROCEDURE:
Two isothermal experiments were reported.
Experiment 1. One g of mixed solid and
about 200 cc solvent placed in 250 c.c.
bottle and sealed with a cork covered with
tin foil. Rubber tubing was placed over the
cork and neck of the bottle, and the open
end sealed with a rubber stopper. The
bottles were agitated in a thermostat for
24 h after which the cork was removed and
the mixture permitted to settle for 3 h.
Calibrated pipets were used to withdraw ali
quots. Pr and Nd were pptd as the oxalate
and ignited to the oxide at 600'C, and
weighed. The mixed oxides were dissolved
in nitric acid and analysed for Pr and Nd
with a Hilger spectroscope by comparison to
standard solutions of known pr(N03)3 and
Nd(N03)3 mass %.

Experiment 2. Saturated solutions were
prepd as described above. The saturated
solutions were then drawn off and placed ir
new bottles with 1 g of the mixed nitrate
solids. The solutions were then equili
brated and analysed as described above.

SOURCE AND PURITY OF MATERIALS:
The Nd + Pr mixed nitrate was prepd by addn
of RN0

3
to the oxides, evapn of excess acid,

and heating. The mixture was heated at
100'C for 6 d, l40'C for 2 d, and l60'C for
2 d.

Diethyl ether was treated with a satdaqueous
CaC12 sIn for 1 h followed by drying over
P205 for 2 h. Several c.c. 's of ethyl mag
nesium bromide were added and allowed to re
act. The ether was then distilled and stored
over P20 5 •
C. P. grade oxalic acid and IDlO"I were used.

ESTIMATED ERROR:

Soly: nothing specified, but probably very
large (compiler).

Temp: accuracy about ± 0.1 K (compiler).

REFERENCES:

1. Graphical data from Hardy's thesis were
reported by Hopkins, B.S.; Quill, L.L.
Proa. Natt. Aaad. Sai. U.S.A. 1933, 19,
64.
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ORIGINAL MEASUREMENTS:
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(1) Praseodymium nitratej Pr(N03)3 j
[10361-80-5 ]

(2) Diethyl etherj C4HlOOj [60-29-7]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Hopkins, B.S.j Quill, L.L. Proa. NatZ.
Aaad. Sai. U.S.A. 1933, 19, 64-8.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

The solubility of Pr(N03)3 in diethyl ether as a function of temperature was given in
the form of a small diagram. In the absence of numerical data, the compilers inter
polated the solubilities from the published diagram. The results are:

Solubility

t/oC 103 -3 105 mol
-3 ag dm dm

20 0 --
22 0 --
24 2.8 0.9
27.5 6.0 1.8
28.4 7.2 2.2
29.5 7.8 2.4
30 8.3 2.5

a. Calculated by the compilers.

COM}lliNTS AND/OR ADDITIONAL DATA:

The name Philip Kalischer appears on the diagram published in the source paper. The
compilers suspected that Mr. Kalischer was an MSc student of Prof. Hopkins and thus
contacted Ms. Susanne Redalje, the Assistant Chemistry Librarian at the University of
Illinois at Urbana-Champaign. Ms. Redalje searched the University records for refer
ences to a thesis or any publication by Mr. Kalischer. The records show that llr.
Kalischer attended classes for the Fall, Spring, and Summer semesters of 1930-1931.
There is no indication that Mr. Kalischer had finished his studies or submitted a thesis,
and it is therefore apparent that the original experimental data are lost. The com
pilers are most grateful to Ms. Redalje for all her help in searching the University
records and providing important information on numerous other lanthanide systems.

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

No information is available, but based on No information available.
similar work by Hardy (1) being carried out
at the University of Illinois at the time,
it is likely that the isothermal method was
employed. The solubility data for neodymium
and praseodymium nitrates in several ethers
from Hardy's MSc Thesis are compiled else-
where in this volume, and the compilations
contain detailed information on the experi- ESTIMATED ERROR:
mental techniques which the compilers assume
were similar to those used by Mr. Kalischer. No information available.

REFERENCES:

1. Hardy, 2.M. Masters Thesis. The Univer
sity of Illinois. Urbana, IL. 1932.
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COMPONENTS:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) Neodymium nitrate; Nd(N03)3; [10045-95-1]

(3) Diisopropyl ether; (isopropyl ether);
C6H140; [108-20-3]

VARIABLES:

Temperature

Hardy, 2.M. Masters Thesis. The University
of Illinois. Urbana, IL. 1932. 1

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Composit ion of initial solid is 83.4 mass % lld(N0 3)3 - 16.6 mass % Pr(N0
3
)3

volume of total mass soly fractiona solubility b
aliquot of oxide mass % 103 mol kg-l

trC C.c. g Nd Pr Nd(N03)3 Pr(N03)3

- 7 30 0.0116 85.47 14.9 1.96 0.34
9 50 0.0524 95.0 4.0 5.92 0.25

20 100 0.0730 89.0 10.0 3.86 0.43
26 100 0.0561 90.0 10.0 3.00 0.33
30 30 0.0144 80.0 17.3 2.28 0.49
37 100 0.0322 90.0 8.8 1.72 0.17
47 25 0.0095 89.0 not detected 2.01 (0.25) c

a.

b.

c.

Total mass % should equal 100.
-1

Calculated by the compiler. For conversions to mol kg for pr(N03)3' the
compiler assumed the oxide to be Pr60ll •

Since Pr was not detected by the spectroscopic technique, the compiler assumed
its mass % to equal 0.11 (i.e.; 100-mass % Nd).

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:

The isothermal method was used. One g of
mixed solid and about 200 cc solvent placed
in 250 c.c. bottle and sealed with cork
covered with tin foil. Rubber tubing was
placed over the cork and neck of the bottle,
and the open end sealed with a rubber stop
per. The bottles were agitated in a thermo
stat for 24 h after which the cork was
removed and the mixture permitted to settle
for 3 h. Calibrated pipets were used to
withdraw aliquots. Pr and Nd were pptd as
the oxalate and ignited to the oxide at
600'C, and weighed. The mixed oxides were
dissolved in nitric acid and analysed for
Pr and Nd with a Hilger spectroscope by
comparison to standard solutions of known
Pr(N03)3 and Nd(N0 3)3 mass %.

SOURCE AND PURITY OF MATERIALS:

The Nd + Pr mixed nitrate was prepd by
addn of rill0

3
to the oxides, evapn of excess

acid, and heating. The mixture was heated
at 100'C for 6 d, l40'C for 2 d, and l60'C
for 2 d.

Two sources. (1) Isopropyl ether prepd by
distn from ethyl magnesium bromide; (2)
prepd from the alcohol and H2S04 followed
by neutn with aq NaOH, drying with anhydr
CaC1

2
, and distn.

C.p. grade oxalic acid and lIN03 were used.

ESTIMATED ERROR:

Soly: nothing specified, but probably very
large (compiler).

Temp: accuracy about ± 0.1 K (compiler).

REFERENCES:

1. Graphical data from Hardy's thesis were
reported by Hopkins, B.S.; Quill, L.L.
Froc. Natl. Acad. Sci. U.S.A. 1933, 19,
64.
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Organic solvent systems

ORIGINAL MEASUREMENTS:

285

(1) Praseodymium nitrate; Pr(N03)3;
[10361-80-5]

(2) l,4-Dioxane (p-dioxane); C4HS02 ;
[123-91-1]

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Hopkins, B.S.; Quill, L.L. Proc. Natl. Acad
Sci. U.S.A. 1933, 19, 64-8.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

The solubility of Pr(N03)3 in p-dioxane at 25°C was given in the form of a small
diagram of solubility vs atomic number 2 for 2 = 57-64. In the absence of numerical
data, the compilers interpolated the solubility from the published diagram. The
result is:

COMMENTS AND/OR ADDITIONAL DATA:

It appears that the original experimental work was done by a Mr. P. Kalischer who was
a student at the University of Illinois at Urbana-Champaign. Attempts to locate the
original experimental data have failed, and it thus appears that these data are lost
(see COMMENTS in the compilation for the Pr(N03)3-diethyl ether system).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

No information is abailable, but based on No information available.
similar work by Hardy (1) being carried
out at the University of Illinois at the
time, it is likely that the isothermal
method was employed. The solubility data
for neodymium and praseodymium nitrates
in several ethers from Hardy's MSc Thesis
are compiled elsewhere in this volume,
and the compilations contain detailed
information on the experimental tech-
niques which the compilers assume were
similar to those used by Mr. Kalischer.

ESTIMATED ERROR:

No information available.

REFERENCES:

1. Hardy, 2.M. Masters Thesis. The
University of Illinois. Urbana, IL.
1932.
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COHPONENTS:

(1) Praseodymium double nitrates

(Z) Water ; HZO ; [773Z-18-5]

CRITICAL EVALUATION:

Praseodymium nitrate

EVALUATOR:

Mark Salomon

U.S. Army Electronics Technology and Devices
Laboratory

Fort Monmouth, NJ, USA

December 198Z

Pr(N03)3 DOUBLE SALTS WITH INORGANIC NITRATES

INTRODUCTION

Studies on the direct determination of the solubilities of Pr(N03)3 double nitrates
involving inorganic nitrates are relatively few (1-3). The double nitrates reported in
(1-3) are all characterized by the formation of the following tetracosahydrate solid
phases:

3Mg(N03)Z,Pr(N03)3·Z4HZO [ 19478-66-1] (1-3)

ZPr(N03)3·3Mn(N03)Z·Z4HZO [34Z16-91-6] (1,Z)

Zpr(N03)3·3Co(N03)Z·Z4HZO [3434Z-98-8] (1,Z)

ZPr(N03)3·3Ni(N03)Z·Z4HZO [36153-Z8-3] (1,Z)

Zpr(N03)3·3Cu(N0 3)Z·Z4HZO [8468Z-6l-l] (Z)

ZPr(N0 3)3·3Zn(N03)Z·Z4HZO [Z8876-81-5] (1, Z)

EVALUATION PROCEDURE

\fuere possible, the solubility data were fitted by least squares to the smoothing
equation

y = In(m/mo ) - nMZ(m - mo ) = a + b/(T/K) + c In(T/K) [1]

All terms in eq. [1] have been previously defined (see eq. [1] in the Pr(N03)3-HZO
critical evaluation). Due to the absense from the literature of sufficient publications
to provide bases for critical comparisons of most data, and due to the large experimental
errors associated with existing data, a detailed statistical treatment of the data is
not possible. A simplified method of estimating the accuracy of the data was therefore
adopted. The solubility data were fitted to eq. [1] and the value of the congruent
melting point calculated. If the congruent melting point calculated from eq. [1] is in
agreement with the experimental value of the melting point (within experimental and
calculated errors), we consider this as strong support for designating the solubility
data as either tentative or recommended. In most cases considered below, the least
squares fitted data are fairly precise (i.e. standard errors of estimate, am' are generally
small), and the accuracy in the smoothed solubility data is governed mainly by the
experimental errors.

Jantsch (1) reported the solubilities of a number of double nitrates in concentrated
nitric acid solution of density = 1.3Z5 kg m-3 at Z89 K. The solubilities were determined
in this concentrated HN03 solution because the author did not have sufficient quantity
of the double nitrates to determine solubilities in pure water. One of the most useful
results reported by Jantsch are the congruent melting points of the hydrated salts.
Jantsch determined the solubilities by a gravimetric method by precipitation of Pr as the
hydroxide followed by ignition to the oxide. He assumed that the resulting oxide was
Pr407 but reported the oxide content in terms of mass PrZ03' Since the oxide obtained
upon ignition of Pr(OH) 3 was probably Pr6011, the compiler had to recalculate the mass of
Pr407 based upon Jantsch's data for mass PrZ03' and an error of unknown magnitude arises
due to the unknown differences in atomic masses used by Jantsch and by the compiler. The
compiler's calculated mass of Pr407 actually corresponds to the experimental mass of
oxide which is Pr6011' and the compiler's calculations of solubilities in the compilations
on Jantsch's studies were based upon this treatment. The total correction to the
solubilities reported by Jantsch amounts to about + 3% which is close to the estimated
error of around 1-5% in Jantsch's results.



COHPONENTS:

Evaluation of aqueous double nitrate systems

EVALUATOR:
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(1) Praseodymium double nitrates

(2) Water ; H
2

0 ; [7732-18-5]

Hark Salomon

U.S. Army Electron~cs Technology and Devices
Laboratory

Fort Honmouth, NJ, USA

December 1982

CRITICAL EVALUATION:

The data of Prandtl and Ducrue (2) were assigned a prec~s~on of around! 0.4% at best
based upon the highest reproducibilities achieved by these authors. Considering the
unknown error in temperature (not reported by the authors) and average reproduc~bility

of the analyses, the total uncertainty in Prandtl and Ducrue's results is probably
around! 1%.

Friend and Wheat's results must be carefully reviewed because of our prev~ous

experience with Friend's data which contain systematic errors. In the study on magnesium
praseodymium nitrate (3), the authors experienced problems with the gravimetric analysis
of praseodymium oxide: they state that 80% of the oxide was completely oxidized to Pr02'
and that this was taken into account in computing the solubilit~es from the experimental
mass of oxide. The authors do not provide sufficient information which can be used to
recalculate and thus check these data. A precision of around ! 3% was estimated for these
results.

Magnesium praseodymium nitrate. Solubility data for this double salt has been reported
in the three publications (1-3). The data of Prandtl and Ducrue (2) and Fr~end and
Wheat (3) were fitted to the smoothing equation, and the results are given in Table 1.
The precision of the fit is very good: am = 0.01 and all residual errors, mobs - mcalcd'
are within! am' The predicted congruent melting point is 383.0 K which is in very good
agreement with the observed value (1) of 384.4 K. These smoothed data are therefore
designated as recommended values, and the smoothed data at selected temperatures are given
in Table 2. The total uncertainty in the smoothed (recommended) data is around! 3%.

Double nitrates with Mn, Co, Ni, and Zn nitrates. For each double salt, the only compar
able data available are the solubil~ties as a function of temperature reported by Prandtl
and Ducrue (2), and the congruent melting points of the tetracosahydrates reported by
Jantsch (1). All the solubility data were fitted to eq. [1], and the results are given
in Table 1. For all cases except 2Pr(N03)3.3Ni(N03)2' there is good agreement between
the predicted melting points for the tetracosahydrates and the experimental melting
points. The evaluator regards this agreement as sufficient justification to designate
the smoothed solubilities for all double salts (except the double salt with Ni(N0 3)2) as
tentative data. The smoothed (tentatiVe)solubility data at selected temperatures are
given in Table 2.

The failure of the solubility data for praseodymium nickel nitrate to predict the
observed melting point of the tetracosahydrate when fitted to the smoothing equation
suggests a large error in the solubility data rather than in the experimental melt~ng

point. The values of the constants a, b,c (see Table 1) appear to be trivial, and the
positive value for the constant "a" suggests an unlikely positive value for the heat of
solution. Because only four data points were used in the least squares fitting to eq. [1],
it is highly probable that one imprecise datum would invalidate the least squares treat
ment. Thus while some or most of the data for 2Pr(N03)3.3Ni(N03)2 may be acceptable
(i.e. accurate to within about! 3-4%), the uncertainty as to which of these data may be
highly inaccurate leads the evaluator to the conclusion that none of the data can be
assigned the tentative designation.

pr(N0
3

)3 DOUBLE NITRATES WITH ORGANIC NITRATES

A number of praseodymium double nitrates with organic nitrates have been identified
in the preceeding sections. While some of these double salts are congruently soluble,
there are no studies available dealing with the direct determination of the solubilities
of these salts. For details on the specific salts which form stable solid phases, the
reader is referred to the section on the compilations of ternary aqueous Pr(N03)3 systems.

REFERENCES

1. Jantsch. G. Z. Anorg. Chern. 1912. 76, 303.

2. Prandtl, W.; Ducrue, H. Z. Anorg. Chern. 1926, 150, 105.

3. Friend, J .N.; Wheat. W.N. J. Chern. Soc. 1935, 356.
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COHPONENTS:

(1) Praseodymium double nitrates

(2) Water; H20 ; [7732-18-5]

CRITICAL EVALUATION:

Praseodymium nitrate

EVALUATOR:

Mark Salomon

U.S. Army Electronics Technology and DeV1ces
Laboratory

Fort Monmouth, NJ, USA

December 1982

Table 1. Smoothing equation parameters for 2Pr(N0
3

)3.3M(N0
3

)2 solubilities.

parameter M = Mg Mn Co Ni Zn

a -32.665 -52.869 -37.264 0.245 -36.696
b 1142 2061. 5 1392 -388 1253
c 5.043 8.0623 5.778 0.180 5.6980

a 0.01 0.002 0.01 0.01 0.007m

tetracosahydrate
melting pointlK
calcd (eq. [1 ]) 383.0 350.8 372.2 405.3 362.1
obsd (ref 1) 384.4 354.2 370.2 381. 2 364.7

Table 2. Recommended and tentative solubility data at selected temperatures calculated
from equation [1].

TIK

273.2
283.2
293.2
298.2
303.2
313.2
323.2
333.2
343.2
353.2
363.2
373.2

0.693
0.727
0.769
0.792
0.818
0.876
0.944
1.026
1.125
1.248
1.409
1.644

0.880
0.915
0.965
0.996
1.032
1.122
1.242
1.410
1. 678

0.771
0.805
0.847
0.872
0.899
0.963
1.040
1.137
1.258
1.420
1.663

0.719
0.766
0.823
0.855
0.891
0.973
1.075
1. 203
1. 374
1. 631

a In all cases the solid phase is the tetracosahydrate.

bRecommended solubility data.

cTentative solubility data.
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Double nitrates

ORIGINAL MEASUREMENTS:
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(1) Magnesium praseodymium nitrate;
3Mg(N03)2·pr(N03)3; [32074-07-0]

(2) Nitr~c acid; HN0
3

; [7697-37-2]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 16°C

Jantsch, G. Z. Anorg. Chern. 1912, 76, 303-23.

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES: Soly of the double

aliquot volume

3cm

1. 4638

1.4638

a
Pr

2
0

3

g

0.0239

0.0246

salt in HN0
3

bPr
6

0
11

g

0.0247

0.0254

sIn of 16 -3
dens~ty d

4
= 1.325 g cm

soly of 3Mg(N0
3
)z·2pr(N0

3
)3

c

mol dm- 3

0.0502

a. Original values reported by the author. The author states that the oxide produced
upon ignition of the pptd hydroxide is Pr407' and he evidently converted the mass of
oxide (from Pr

4
0

7
) to the equiv mass of Pr

2
0

3
. However, in the opinion of the compiler,

the oxide produced upon ignition of the hydroxide at "normal" atmospheric conditions
is Pr60 11 , and the author's conversion to equiv mass of Pr

2
0

3
is therefore in error.

b. Assuming that the oxide produced upon ignition of Pr(OH)3 is Pr
6

0
11

, the reported mass
of Pr Z0

3
based upon the author's assumption that the original oxide was Pr407 is

incorrect. To obtain the correct mass of Pr
6

0
11

produced upon ignition of Pr(OH)3'

the author's value of mass Pr203 must be multiplied by the factor 1.0323. Thus the

values of mass Pr60 11 in the table were calculated by the compiler by multiplying the
author's values for mass Pr

2
0

3
by the appropriate factor.

c. Average value calculated by the compiler based upon the corrected mass of oxide (i.e.
based on the mass Pr

6
0

II
).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 111.2°C, and the density of the double salt
at O°C is 2.0195 g cm-3

AUXILIARY INFORMATION

I--=E-=S""T-=IMA:-:"":"CT:::E:::D::-:E==R:-::R:-::O-=R:-:-------- - - -------1
Soly: reproducibility about ± 1-5% (compiler)

Temp: nothing specified

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN0

3
sIn were placed in glass-stoppered

tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4C1
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03' reprecipitated as the
hydroxide, and ignited to the oxide. Mg in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
With the formation of basic salts. Presumabl~

the waters of hydration were found by
difference.

SOURCE AND PURITY OF MATERIALS:
"Pure" praseodymium oxide was dissolved in
dil HN03 and Mg(N0 3)2 added to give a mole
ratio of Pr/Mg = 2/3. The sIn was evapd and
a small crystal of Bi2Mg3(N03)12 added, and
the mixt cooled to ppt tne tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for praseodymium oxide. A 0.3668 g sample
of the tetracosahydrate yielded 0.0816 g
oxide (i.e. 22.25 mass %). This is in fair
agreement with the author's theor value of
22.03 mass % based upon the assumption the
oxide is Pr407' However since the oxide
was probablv Pr~Oll' the compiler calculated
the theor oxide content as 22.24 mass %
which is in much better agreement with the
experimental value. Analysis for NO gave
23.44 mass %: theor value ~s 23.52 mass %.



290 Praseodymium nitrate

COMPONENTS:
(1) Magnesium praseodymium nitrate ;

3Mg(N03)2·2Nd(N03)3; [32074-07-0]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Prandtl, W.; Ducrue, H.

Z. Anorg. Chern. 1926, 150, 105-16.

PREPARED BY:

Mark Salomon

%. calcd 21. 54 mass %.

calcd 7.90 mass %.

solubility

oxides double salt

mole ratioa densHy Pr20
3 MgO hydrateb hydrate C anhydrous salt d

t/oC MgO/Pr20 3
-3 mass % mass % -1kg m mass % mass % mass % mol kg

15 2.9ge 1.49 13.55 4.97 63.0 62.92 45.15 0.749

30 2.9g e 1. 52 14.29 5.24 66.4 66.34 47.61 0.827

50 2.97 1.55 15.27 5.55 71.0 70.58 50.65 0.934

70 3.0lf
1. 61 16.65 6.14 77 .5 77.52 55.63 1.141

a. Experimental value: theoretical value = 3.00.
b. Authors' values apparently based on mass % PrZ03. The hydrate which is the

equilibrium solid phase is the tetracosahydrate Zpr(N0
3

)3·3Mg(N0
3

)2·24H
2
0.

c. Compiler's calculations based on average from mass % Pr
Z

0
3

and MgO.

d. Compiler's calculations based on results from c above.
e. Compiler computes 3.00.
f. Compiler computes 3.02.

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Isothermal method used. Pulverized double Pr203 prepared by W. Prandtl was analysed by
salt (hydrate) and conductivity water were X-ray spectroscopy and found to be "very
placed in two 50 cc flasks and agitated for 1 pure," particularly with respect to
day in a thermostat. The sIns were then lanthanum. It was dissolved in nitric acid
permitted to settle and aliquots of approx and the required amount of commercial "pure"
4 cc removed with pipets maintained at the grade Mg(N03)2 added. The solution was
same temp as the satd sIns. The aliquots evaporated to crystallization, and the double
were placed in graduated flasks and weighed, salt recrystallized several times from con-
and then diluted with 50 cc of water for ductivity water. The salt was dried over
analysis. The results for densities and CaC1

2
in a desiccator to give the tetracosa-

mass % of oxides are the mean of two hyrdate. Results of the analysis of the
determinations. The mass % of the
tetracosahydrate was apparently calculated by double salt are:
the authors from the mass % Pr

Z
0

3
: i.e. the Pr20 3 found 20.83

mass % MgO was not considered. MgO found 7.68 %,

Both metals were determined gravimetrically. Conductivity water was used.

Pr was precipitated as the oxalate, filtered
and ignited to the oxide. Mg in the filtrate ESTIMATED ERROR:
was precipitated as MgNH4P04 , and presumably

ignited to the pyrophosphate Mg 2P20 7· Soly: precision ± 0.4 % at best (compiler).

Temp: not specified



COMPONENTS:

(1) Magnesium praseodymium nitrate;

3Mg(N03)2·2Pr(N03)3 ; [32074-07-0]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Double nitrates

ORIGINAL MEASUREMENTS:

Friend, J.N.; Wheat, W.N. J. Chern. Soc.
1935, 356-9.

PREPARED BY:

Mark Salomon

291

t/OC

17.8

37.4

61. 8

74.6

111.2 a

mass %

63.1

67.74

74.25

78.39

100

b3Mg(N03)2·2Pr(N03)3

mass % mol kg-l

45.3 O. 753

48.61 0.861

53.28 1.038

56.25 1.170
71.76 2.313

a. Melting point of the tetracosahydrate (2).

b. Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used as described
in (1). In order to obtain reproducible re
sults, equilibrium had to be approached from
above. Satd or near satd slns were prepd at
90°C to 100°C and quickly cooled in a thermo
stat. The sIns were stirred for several h,
which the authors claim is essential to re
move supersatn.
Pr was detd by pptn as the oxalate followeo
by ignition in a Pt crucible to Pr60ll • This
result was not given in the source paper, but
was used to calc the mass % of the tetracosa
hydrate given in the above table. MgO con
tent of each sln was calcd by method de
scribed below.
Three std sIns of Pr and Mg nitrates were
evaporated to dryness and ignited to the ox
ides. The resulting weight of Pr60ll was
1.30% higher than expected suggesting that
80% of Pr

6
0

11
was completely oxidized to Pr02

In calculatIng the mass % MgO content in the
satd sIns by difference, this correction was
applied. However, the authors do not report
the mass % values for either UgO or Pr60llfor satd sIns. From examples of results of
of typical Pr601l analyses, the compiler ests

-<!verape error of ± 4 % in the solubili tv.

SOURCE AND PURITY OF MATERIALS;
The tetracosahydrate, 3Mg(N03)2·2Pr(N03)3·
24H

2
0, was prepared by dissolving stoichio

metric quantities of Pr60ll and MgO in
dilute nitric acid and crystallizing. The
oxide Pr

6
0

11
was a "pure" grade comrnerical

product wh1ch was dissolved in nitric acid,
precipitated as the oxalate, and ignited to
the oxide. The source and purity of ~!gO

was not specified.

The source and purity of water was not
specified.

ESTIMATED ERROR:

Soly: precision ± 3 % at best (compiler).

Temp: accuracy probably ± 0.05 K as in (1)
(compiler) •

REFERENCES;

1. Friend, J.N. J. Chern. Soc. 1930, 1633.

2. Jantsch, G. Z. Anol'g. Chern. 1912, 76,
303.



292 Praseodymium nitrate

COMPONENTS:

(1) Prdseodym~um manganese nitrate;
2Pr(N03)3'3Mn(N03)2; [84682-58-6]

(2) Nitr~c ac~d; HN0
3

; [7697-37-2]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 16°C

ORIGINAL MEASUREMENTS:

~antsch, G. Z. Anorg. Chern. J91~, 76, 303-23.

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt ~n HN0

3

a1~quot volume a Pr
6

0
11

bPr
2

0
3

I 3
em g g

1.4538 0.0699 0.0722

1.4638 0.0691 0.0713

1 f d . d 16 1 325 -3s n 0 ens~ty 4 =. g em

csoly of 2Pr(N0
3

)3·3Mn(N0
3

)2

mol dm-3

0.1329

a.

I
, b.

c.

Or~g~nal values reported by the author. The author states that the oxide produced
upon ~gn~tion of the pptd hydrox~de is Pr

4
0

7
, and he evidently converted the mass of

oxide (from Pr 40
7

) to the equiv mass of Pr
2

0
3

. However, in the opinion of the compiler,

the ox~de produced upon ignition of the hydroxide at "normal" atmospheric conditions
~s Pr60 11 , and the author's convers~on to equiv mass of Pr

2
0

3
is therefore in error.

Assuming that the ox~de produced upon ~gn~tion of pr(OH)3 ~s Pr
6

0
11

, the reported mass

of Pr 20
3

based upon the author's assumption that the original oxide was Pr
4

0
7

is

~ncorrect. To obtain the correct mass of Pr
6

0
11

produced upon ignition of Pr(OH)3' the

author's value of mass Pr
2

0
3

must be multipl~ed by the factor 1.0323. Thus the values

of mass Pr6011 in the table were calculated by the compiler by multiplying the author's

values for mass Pr
2

0
3

by the appropr~ate factor.

Average value calculated by the compiler based upon the corrected mass of oxide (i.e.
based on the mass Pr

6
0

11
).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 81.0°C, and the density of the double salt
at O°C ~s 2.109 g cm- 3 .

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:

,Isothermal method used. The soly was studied
in HN0 3 sIn of density 1.325 g cm- 3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN0 3 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
per~odic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by precipitating both
Pr and Mn hydroxides by respective addition
of NH3 and H202' The ppt was ignited to give
Pr6011 + Mn304 (note the author states the
combined oxide to be Pr407 + Mn304)'

~n attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120·C or
higher) resulted in decomposition of the salt
~ith the formation of basic salts. Presumably
the waters of hydration were found by
difference.

SOURCE AND PURITY OF MATERIALS;
"Pure" praseodymiun oxide was dissolved in
dil HN0 3 and }lli(N03)2 added to give a mole
ratio of Pr/Mn = 2/3. The sIn was evapd
and a small crystal ?f Bi2Mg3(N03)12 added,
and the mixt cooled to ppt the tetracosa
hydrate. The double nitrate was recrystd
before use. The double salt was analysed
gravimetrically for combined Pr + Mn oxides.
A 0.4640 g sample of the tetracosahydrate
yielded 0.1613 g oxide (i.e. 34.76 mass %).
This is in fair agreement with the theor
value of 34.91 mass % based upon the
assumption the ox~de in Pr407 + Mn304' How
ever, since the oxide was probably Pr601l +
Mn304, the compiler calculated the theor
oxide content as 35.08 mass % which is also
in fair agreement with the experimental value.

ESTIIlATED ERROR:

Soly: reproducibility about ! 1-5% (compiler).

Temp: nothing specified.



COMPONENTS:

(1) Praseodymium manganese nitrate;
ZPr(N0 3) 3' 3Mn(N0 3)Z; [8468Z-58-6]

(Z) Water; HZO ; [773Z-l8-5]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Double nitrates

ORIGINAL MEASUREMENTS:

Prandtl, W.; Ducrue, H.

Z. Anorg. Chern. 19Z6, 150, 105-16.

PREPARED BY:

Mark Salomon

solub~lity

293

mole ratioa

t/oC MnO/PrZ0
3

15 3.00e

30 2.94

45 2.98

60 2.98f

oxides double salt

dens~ty PrZ0 3 MnO hydrateb hydratec anhydrous salt d

kg m-3
% % % % -1mass mass mass mass mass % mol kg

1.63 14.60 9.44 71. 8 71. 9Z 5Z.76 0.938

1. 68 l5.4Z 9.75 75.9 75.12 55.11 1.031

1.72 16.24 10.40 79.9 79.62 58.41 1.179

1. 79 17.43 11.15 85.8 85.41 62.66 1.409

a. Experimental value: theoretical value ~s 3.00.
b. Authors' values apparently based on mass % Pr20 3 . The hydrate which ~s also the

equilibrium solid phase is the tetracosahydrate 2Pr(N03)3·Mn(N03)2·24H20.

c. Compiler's calculations based on average from mass % PrZ03 and MnD.

d. Compiler's calculations based on results from c above.
e. Compiler computes 3.01.
f. Compiler computes 2.97.

AUXILIARY INFOR}~TION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Pulverized double
salt (hydrate) and conductivity water were
placed in two 50 cc flasks and agitated for 1
day in a thermostat. The sIns were then per
mitted to settle and aliquots of approx 4 cc
removed with pipets maintained at the same
temp as the satd sIns. The aliquots were
placed in graduated flasks and weighed, and
then diluted with 50 cc of water for analysis.
The results for densities and mass % of
oxides are the mean of two determinations.
The mass % of the tetracosahydrate was
apparently calculated by the authors from the
mass % Pr2°3: 1. e. the mass % MnO was not
considerea.

Both metals were determined gravimetrically.

Diluted aliquots of the satd solutions were
heated and Dr pptd as the oxalate, ignited,
dissolved in dilute HN0 3, and pptd two more
times as the oxalate. From the combined
filtrates, Mn was pptd as MnNH4P0 4 , and
presumably ignited to the pyrophosphate
Mn2P20 7•

SOURCE AND PURITY OF MATERIALS:
Pr20

3
prepared by W. Prandtl was analysed by

X-ray spectroscopy and found to be "very
pure," particularly with respect to
lanthanum. It was dissolved in nitric acid
and the required amount of commercial "pure"
grade Mn(NO,)2 added. The solution was
evaporated to crystallization, and the double
salt recrystallized several times from
conductivity water. The salt was dried over
CaC12 in a desiccator to g~ve the tetracosa-
hydrate. Results of the analysis of the I
dcublc G~lt ~re:

PrZ0
3

found 19.55, 19.68 %, calcd 20.32

mass %.
MnO found 12.70, 12.60 %, calcd 13.11 mass %.
Conductivity water was used.

ESTIMATED ERROR:

Soly: precision ± 0.3 to ± 1 % (compiler).

Temp: not specified.



294 Praseodymium nitrate

COMPONENTS:

(1) Praseodymium cobalt nitrate;
2pr(N03)3.3Co(N03)2; [76637-28-0]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 16°C

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1912, 76, 303-2"

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES: Soly of the double salt

aliquot volume

3cm

1.4638

1. 4638

aPr
2

0
3

g

0.0380

0.0386

in HN0
3
bPr

6
0
ll

g

0.0392

0.0399

sIn of density

soly of

16 -3d
4

= 1.325 g cm

2pr(N03)3·3Co(N03)2c

mol dm-3

0.0725

a.

b.

c.

Original values reported by the author. The author states that the oxide produced
upon ignition of the pptd hydroxide is Pr

4
0

7
, and he evidently converted the mass of

oxide (from Pr
4

0
7

) to the equiv mass of pr
2

0
3

. However, in the opinion of the compiler,

the oxide produced upon ignition of the hydroxide at "normal" atmospheric conditions
is Pr

6
0 11 , and the author's conversion to equiv mass of Pr

2
0

3
is therefore in error.

Assuming that the oxide produced upon ignition of Pr(OH)3 is Pr
6

011 , the reported
mass of pr

2
0

3
based upon the author's assumption that the original oxide was Pr

4
0

7
is incorrect. To obtain the correct mass of Pr60 11 produced upon ignition of Pr(OH) ,
the author's value of mass Pr ° must be multiplied by the factor 1.0323. Thus the 3
values of mass Pr

6
0 11 in the ta~le were calculated by the compiler by multiplying the

author's values for mass Pr20
3

by the appropriate factor.

Average value calculated by the compiler based upon the corrected mass of oxide (i.e.
based on the mass Pr

6
0 11).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 97.0°C, and the density of the double salt
at O°C is 2.176 g cm-3 •

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4CI
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03 , reprecipitated as the
hydroxide, and ignited to the oxide. Co in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumably
the waters of hydration were found by
difference.

SOURCE AND PURITY OF MATERIALS:
"Pure" praseodymium oxide was dissolved in
dil HN03 and Co(N03)2 added to give a mole
ratio of Pr/Co = 2/3. The sIn was evapd and
a small crystal of Bi2Mg3(N03)12 added, and
the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for praseodymium oxide. A 0.3844 g sample
of the tetracosahydrate yielded 0.0795 g
oxide (i.e. 20.68 mass %). This is in good
agreement with theor value of 20.66 mass %
based upon the assumption the oxide is Pr407'
However since the oxide was probably Pr60 11 ,
the compiler calculated the theor oxide
content as 20.82 mass % which is in poorer
agreement with the experimental value.
Analysis for metallic cobalt (details not
given) resulted in 10.92 mass % Co: theor
value is 10.82 mass % (compiler).

ESTIMATED ERROR:

Soly: reproducibility about ± 1-5% (compiler).

Temp: nothing specified.



Double nitrates 295

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Praseodymium cobalt nitrate;
2pr(N0 3)3·3Co(N0 3)2; [76637-28-0]

(2) Water ; H20 ; [7732-18-5]

Prandtl, W.; Ducrue, H.

Z. Anorg. Chern. 1926, 150, 105-16.

VARIABLES: PREPARED BY:

Tempe rature Mark Salomon

EXPERIMENTAL VALUES:
solubility

mole ratio
a

t/oC CoO/Pr203

15 3.00

30 3.00
e

45 2.97f

60 2.99

oxides double salt

density Pr
2

0
3

CoO hydrateb hydratec anhydrous salt d

-3 mol
-1

kg m mass % mass % mass % mass % mass % kg

1.62 13.64 9.30 67.6 67.63 49.75 0.823

1. 65 14.28 9.75 70.8 70.85 52.12 0.905

1.69 14.98 10.13 74.3 73.97 54.41 0.992

1.72 15.89 10.79 78.8 78.63 57.84 1.140

a.
b.

c.

d.
e.
f.

Experimental value: theoretical value = 3.00.
Authors' values apparently based on mass % Pr

2
0 3 • The hydrate which is also

equilibrium solid phase is the tetracosahydrate 2pr(N0 3)3·3Co(N0 3)2·24H20.

Compiler's calculations based on average from mass % Pr203 and CoO.

Compiler's calculations based on results from c above.
Compiler computes 3.01.
Compiler computes 2.98.

the

AUXILIARY INFORMATION

ESTIMATED ERROR:

Soly: precision ± 0.4 % at best (compiler).

not specifiedTemp:

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method used. Pulverized double pr203 prepared by W. Prandtl was analyzed by
salt (hydrate) and conductivity water were X-ray spectroscopy and found to be "very
placed in two 50 cc flasks and agitated for 1 pure," particularly with respect to lanthanum.
day in a thermostat. The sIns were then per- It was dissolved in nitric acid and the
mitted to settle and aliquots of approx 4 cc required amount of commercial "pure" grade
removed with pipets maintained at the same CO(N0

3
)2 added. The solution was evaporated

temp as the satd sIns. The aliquots were to crystallization, and the double salt
placed in graduated flasks and weighed, and recrystallized several times from conductivity
then diluted with 50 cc of water fo; analysis. water. The salt was dried over CaCl

Z
in a

The results for densities and mass % of oxides desiccator to give the tetracosahydrate.
are the mean of two determinations. The Results of the analysis of the double salt
mass % of the tetracosahydrate was apparently are'
~lculated by the authors from the mass % Pr 0 found ZO.13, 20.08 %, calcd ZO.17
PrZ0

3
: Le. the mass % CoO was not considered. 23.

mass %.
Both metals were determined gravimetrically. CoO found 13.85, 13.93 %, calcd 13.75 mass %.

Pr was precipitated as the hydroxide by addn Conductivity water was used.
of NH

4
Cl/NH

4
0H solution. The hydroxide was

dissolved in dil HN0 3 , pptd as the oxalate

and ignited to the oxide.
The filtrates from the hydroxide and oxalate
separations were combined, and nitric and
Oxalic acids eliminated by addn of sulfuric
acid and heating. Co was determined by
electrolytic deposition.



296 Praseodymium nitrate

COMPONENTS:

(1) Praseodymium nickel nitrate;
2pr(N0

3
)3·3Ni(N0

3
)2; [84682-59-7]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 16°C

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. ~91~, 76, 303-2~

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt

aliquot volume

3cm

1.4638

1.4638

g

0.0270

0.0278

g

0.0279

0.0287

sIn of density

soly of

16 -3d
4

~ 1.325 g cm

2pr(N03)3'3Ni(N0
3

)2c

mol dm- 3

0.0519

a. Original values reported by the author. The author states that the oxide produced
upon ignition of the pptd hydroxide is Pr

4
0

7
, and he ev~dently converted the mass of

oxide (from Pr 407) to the equiv mass of Pr
2

0
3

. However, in the opinion of the compiler,

the ox~de produced upon ignition of the hydroxide at "normal" atmospheric conditions
is Pr60 11 , and the author's conversion to equiv mass of Pr

2
0

3
is therefore ~n error.

b. Assuming that the oxide produced upon ~gnition of Pr(OH)3 is Pr
6

0
11

, the reported mass
of Pr203 based upon the author's assumption that the original oxide was Pr

4
0

7
is

incorrect. To obta~n the correct mass of Pr
6

0
11

produced upon ignition of Pr(OH)3'
the author's value of mass Pr

2
0

3
must be multiplied by the factor 1.0323. Thus the

values of mass Pr60 11 in the table were calculated by the compiler by multiplying the
author's values for mass Pr

2
0

3
by the appropriate factor.

c. Average value calculated by the compiler based upon the corrected mass of oxide (i.e.
based on the mass Pr

6
0

11
).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 108.0°C, and the density of the double salt
at O°C is 2.195 g cm- 3 .

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The soly was studied
in RN0 3 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and RN0 3 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4CI
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03 , reprecipitated as the
~ydroxide, and ignited to the oxide. Ni in
the filtrate was "determined by the usual
Imethod" (no details were given).

~n attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumably
he waters of hydration were found by
~ifference.

SOURCE AND PURITY OF MATERIALS:
"Pure" praseodymium ox~de was dissolved in
dil HN03 and Ni(N03)2 added to give a mole
ratio of Pr/Ni ~ 2/3. The sIn was evapd and
a small crystal of Bi2Mg3(N03)12 added, and
the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for praseodymium oxide. A 0.4196 g sample
of the tetracosahydrate yielded 0.0876 g
oxide (i.e. 20.88 mass %). This is in fair
agreement with the theor value of 20.67 mass
% based upon the assumption the oxide is
Pr407' However since the oxide was probably
Pr

6
0 11 , the compiler calculated the theor

oxide content as 20.83 mass % which is in
much better agreement with the experimental
value. Ni analysis (no details given) gave
10.77 mass %, and for N0 3 by pptn with nitron
gave 45.43 mass %. Theor values are 10.77
mass % and 45.53 mass %, resp (compiler).

ESTIMATED ERROR:

Soly: reproducibility about ± 1-5% (compiler).

Temp: nothing specified



COMPONENTS:
(1) Pradeodymium nickel nitrate;

2Pr(N03)3'3Ni(N0 3)2; [84682-59-7]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Double nitrates

ORIGINAL MEASUREMENTS:

Prandtl, W.; Ducrue, H.

Z. Anorg. Chem. 1926, 150, 105-16.

PREPARED BY:

Mark Salomon

297

solubility

oxides double salt

mole ratioa density Pr20
3 NiO hydrateb hydrate c anhydrous saltd

tlOC NiO/Pr20
3

kg m-3 mass % % mass % mass % mass % mol -1
mass kg

15 3.00 1.60 12.99 8.83 64.4 64.38 47.35 0.748

30 3.00 1.63 13.83 9.41 68.5 68.58 50.43 0.847

45 3.01 1.66 14.50 9.87 71. 8 71.91 52.89 0.934

60 3.03 1. 70 15.27 10.47 75.7 76.01 55.90 1.055

a.
b.

c.

d.

Experimental value: theoretical value = 3.00.
Author's values apparently based on mass % Pr 03' The hydrate which is the
equilibrium so11d phase is the tetracosahydraEe 2Pr(N03)3·3Ni(N03)2·24H20.
Compiler's calculations based on average from mass % Pr20 3 and NiO.

Compiler's calculations based on results from c above.

AUXILIARY INFORMATION

ESTIMATED ERROR:

Temp: not specified

Soly: precision ± 0.3 % at best (compiler).

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;
Isothermal method used. Pulverized double Pr

2
0

3
prepared by W. Prandtl was analyzed by

salt (hydrate) and conductivity water were X-ray spectroscopy and found to be "very
placed in two 50 cc flasks and agitated for 1 pure," particulary with respect to lanthaum.
day in a thermostat. The sIns were then per- It was dissolved in nitric acid and the
mit ted to settle and aliquots of approx 4 cc required amount of commercial "pure" grade
removed with pipets maintained at the same Ni(NO) added. The solution was evaporated
temp as the satd sIns. The aliquots were 3 2
placed in graduated flasks and weighed, and to crystallization, and the double salt .
then diluted with 50 cc of water for analysis. recrystallized several times from condu.ct1vit
The results for densities and mass % of water. The salt was dried over CaC12 1n a
oxides are the mean of two determinations. desiccator to give the tetracosahydrate.
The mass % of the tetracosahydrate was Results of the analyses of the double salt
apparently calcd by the authors from the are:
mass % Pr 0

3
: i.e. the mass % NiO was not Pr20 3 found 20.18, 20.18 %, calcd 20.18

considerea. mass %.
Both metals were determined gravimetrically. NiO found 13.72, 13.80 %, calcd 13.71mass %.
Pr was pptd as the hydroxide by addn of 'Conductivity water was used.
NR4Cl/NH

4
0H solution. The hydroxide was

dissolved in dil RN0 3, pptd as the 'oxalate
and ignited to the oxide.
The filtrates from the hydroxide and oxalate
separations were combined, and nitric and
oxalic acids eliminated by addn of sulfuric
acid and heating. Ni was determined by
electrolytic deposition.

SDS13-K
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COMPONENTS:

(1) Praseodymium copper nitrate;
ZPr(N03)3·3Cu(N03)2; [84682-60-0)

(Z) Water; H20; [773Z-l8-5)

VARIABLES:

One temperature: l5·C

EXPERIMENTAL VALUES:

Praseodymium nitrate

ORIGINAL MEASUREMENTS:

Prandtl, W.; Ducrue, H. Z. Anorg. Chern.
1926, 150, 105-16.

PREPARED BY:

Mark Salomon

solubility

mole ratio a density
-3kg m

1. 82 13.84

CuO

mass %

13.Z8

a. Experimental value: theoretical value is 3.00. Apparently
this large difference is not due to experimental error, but rather
to the probable decomposition of the double nitrate in aqueous
solution. The solid phase is almost copper-free, and is light
green in color, and largely pr(N03)3'

COMMENTS AND/OR ADDITIONAL DATA:

It is fairly certain that the authors have reported equilibrated solubility data, but
the nature of the solid phase is undefined. Since the solid phase could be a mixture
of Pr and Cu nitrates and solid solutions, and also some double salt, it is not possible
to compute the solubility in terms of a specific salt or double salt. Because of these
problems, the authors did not attempt to determine the solubilities at other temper
atures.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Pulverized double
salt (hydrate) and conductivity water were
placed in two 50 cc flasks and agitated for
1 day in a thermostat. The sIns were then
permitted to settle and aliquots of approx
4 cc removed with pipets maintained at the
same temp as the satd sIns. The aliquots
were placed in graduated flasks and weighed,
and then diluted with 50 cc of water for
analysis. The results for densities and
mass % of oxides are the mean of two deter
minations.

Both metals were determined graVimetrically.
Cu was first deposited electrolytically, and
Pr then determined by the oxalate method.

SOURCE AND PURITY OF MATERIALS:

Pr
2
0 3 prepared by W. Prandtl was analysed by

X-ray spectroscopy and found to be "very
pure," particularly with respect to lan
thanum. The computed amounts of PrZ03 and
CuO were dissolved in the required amount of
HN03' and then the solution was concentrated
by evaporation with the addition of HN03 to
prevent the pptn of basic salts. The cooled
concentrated solution crystallized only
after the addn of a small seed of ZPr(N0 3)3'
3Mg(N03)2·24HZO; the tetracosahydrate cry
stallizea aD green hexagonal plates. Analy
siq of the double Ralt yiplnen:
PrZ0

3
found 19.80, 19.80 %, calcd ZO.OO mass%

CuO found l4.3Z, 14.44 %, calcd 14.48 mass %.

The melting point of the tetracosahydrate
was reported as 42.5·C. Conductivity water
was used.

ESTIMATED ERROR:

Soly: unknown.

Temp: not specified.



COMPONENTS;

Double nitrates

ORIGINAL MEASUREMENTS;

299

(1) Praseodymium zinc nitrate;
2Pr(N0

3
)3'3Zn(N03)2; [84682-62-2]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 16°C

Jantsch, G. Z. Anorg. Chern. 191~, 76, 303-23.

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES: Soly of the double

aliquot volume

3cm

1. 4638

1.4638

g

0.0428

0.0428

salt in HN0
3

bPr
6

0
11

g

0.442

0.442

1 d . d 16 1 32 -3s n of ens~ty 4 ; . 5 g cm

c
soly of 2Pr(N0

3
)3·3Zn(N03)2

mol dm- 3

0.0797

c.

b.

a. Original values reported by the author. The author states that the oxide produced
upon ignition of the pptd hydroxide is Pr

4
0

7
, and he evidently converted the mass of

oxide (from Pr407) to the equiv mass of Pr
Z

0
3

. However, in the opin~on of the compiler,

the oxide produced upon ign~tion of the hydroxide at "normal" atmospheric conditions
is Pr60 11 , and the author's conversion to equiv mass of Pr

2
0

3
is therefore in error.

Assuming that the oxide produced upon ignition of Pr(OH)3 is Pr
6

0
11

, the reported mass

of Pr203 based upon the author's assumption that the original oxide was Pr
4

0
7

is

incorrect. To obtain the correct mass of Pr
6

0
11

produced upon ignition of Pr(OH)3'

the author's value of mass Pr ° must be multiplied by the factor 1.0323. Thus the
values of mass Pr60 11 in the ta~le were calculated by the compiler by multiplying the
author's values for mass Pr

2
0

3
by the appropriate factor.

Average value calculated by the compiler based upon the corrected mass of oxide (i.e.
based on the mass Pr

6
0

11
).

ADDITIONAL DATA:

The melting po~nt of the tetracosahydrate is 91.5°C, and the density of the double salt
at O°C is 2.203 g cm- 3 .

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN03 sln of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sln were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
~eriodic Shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw a1iquots
for analysis. Two analyses were performed.

~olutions were analysed by adding 2-3 g NH4Cl
and 10% NH 3 sln followed by boiling to ppt

he hydroxide. The ppt was filtered, disso1vec
.n HN0 3 , reprecipitated as the hydroxide, Bnd
gnited to the oxide. Zn in the filtrate was
'determined by the usual method" (no details

"'ere given).

~n attempt to determine the waters ofhydratior
~y dehydration was not successful because the
.emperature required (120°C or higher) resu1tec

/in decomposition of the salt with the formatiol
pf baSic salts. Presumably the waters of
lydration were found by difference.

SOURCE AND PURITY OF MATERIALS:
"Pure" praseodymium oxide was dissolved in
dil HN0 3 and Zn(N03)Z added to give a mole
ratio of Pr/Zn ; 2/3. The sln was evapd and
a small crystal of Bi2Mg3(N03)12 added, and
the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for praseodymium oxide. A 0.2236 g sample of
the tetracosahydrate yielded 0.0465 g oxide
(i.e. ZO.80 mass %)." This is in fair agree
ment with the theor value of 20.42 mass %
based upon the assumption the oxide is
Pr407' However since the oxide was probably
Pr6011, the compiler calculated the theor_
oxide content as 20.58 mass % which is in
better agreement with the experimental value.
Analysis for NO gave 21.50 mass %: theor
value ~s 21. 77 mass %.

ESTIMATED ERROR:

Soly: reproducibility about ± 1-5% (compiler) •

Temp: nothing specified.



300 Praseodymium nitrate

COMPONENTS:
(1) Praseodymiun zinc nitrate;

2Pr(NO 3) 3' 3Zn(NO 3) 2; [84682-62-2]

(2) Water; H20 ; [7732-18-5]

ORIGINAL MEASUREMENTS:

Prandtl, W.; Ducrue, H.

Z. Anorg. Chern. 1926, 150, 105-16.

VARIABLES: PREPARED BY:

Temperature Mark Salomon

EXPERIMENTAL VALUES:

solubility

oxides double salt

mole ratio
a

density Pr
2

0
3 ZnO hydrate

b hydrate C anhydrous salt d

t/oC 2nO/Pr2°3
-3 mass %

-1kg m mass % mass % mass % mass % mol kg

15 3.03 1.63 13.22 9.87 66.3 66.60 49.19 0.792

30 3.01 1.67 14.08 10.45 70.6 70.72 52.24 0.895

45 2.97 1.71 15.02 11.01 75.4 74.98 55.38 1.016

60 3.04 1. 76 15.97 11.98 80.1 80.65 59.57 1. 206

a.
b.

c.

d.

Experimental value: theoretical value = 3.00.
Authors' values apparently based on mass % Pr 0. The hydrate which is also the
equilibrium solid phase is the tetracoSahydraEe

3
2pr(NO ) .3Zn(NO ) ·24H °, 33 32 2'

Compiler s calculations based on average from mass % Pr20
3

and 2nD.

Compiler's calculations based on results from c above.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Pulverized double
salt (hydrate) and conductivity water were
placed in two 50 cc flasks and agitated for
1 day in a thermostat. The sIns were then
permitted to settle and aliquots of approx
4 cc removed with pipets maintained at the
same temp as the satd sIns. The aliquots
were placed in graduated flasks and weighed,
and then diluted with 50 cc of water for
analysis. The results for densities and
mass % of oxides are the mean of two deter
minations. The mass % of the tetracosa
hydrate was apparently calculated by the
authors from the mass % Pr201 : i.e. the
mass % ZnD was not considerea.

Both metals were determined gravimetrically.

Pr was ppt as the hydroxide with
NH

4
Cl/NH40H solution, filtered, redissolved

in dil RN0 3, pptd as the oxalate and

ignited to the oxide. From the combined
filtrates, Zn was pptd as ZnNH 4P04 and
presumably ignited to the pyrophosphate
2n 2P20 7•

SOURCE AND PURITY OF MATERIALS:
Pr20 3 prepared by W. Prandtl was analysed by
X-ray spectroscopy and found to be "very
pure," particularly with respect to
lanthanum. It was dissolved in nitric acid
and the required amount of commercial "pure"
grade Zn(N0 3 )2 added. The solution was
evaporated Eo crystallization, and the double
salt recrystallized several times from
conductivity water. The salt was dried over
CaC1 2 in a desiccator to give the tetracosa
hydrate. Results of the analysis of the

double salt are:
pr

2
0

3
found 19.41, 19.43 %, calcd 19.93

mass %.

2nD found 14.25, 14.49 %, calcd 14.76 mass %.
Conductivity water was used.

ESTIMATED ERROR:

Soly: precision around ± 1% (compiler).

Temp: not specified.
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COHPONENTS:

(1) Neodymium nitrate; Nd(N0
3
)3;

[10045-95-1]

(2) Water ; H
2

0 ; [7732-18-5]

CRITICAL EVALUATIO~.

INTRODUCTION

EVALUATOR: S. S1ekierski and T. Mioduski
Institute for Nuclear Research

Warsaw, Poland
and

M. Salomon
U.S. Army ET & DL

Ft. Monmouth, NJ, USA
December 1982

THE BINARY SYSTEM

The solub1lity of Nd(N0 3)3 in water has been given 1n eighteen publications (1-18),
but numerical data 1n (9) were not given, and the paper was rejected. For those studies
dealing with ternary systems (13-17), it appears that the solubility of Nd(N03)3 at
293.2 K and 313.2 K in pure water was measured only once, and the same value reported in
all f1ve pub11cat1ons. Thus of these e1ghteen publications, it appears that only fourteen
report 1ndependently determ1ned solubilities in the binary system.

Only one study (3) reports solubilities determined by the synthetic method, and all
other studies employ isothermal methods. The only papers which report experimental
uncertainties dre those of Spedding et al. (4-6), and for the remaining investigations
the compilers and evaluators estimated the experimental uncertainties when possible.

Two solid phases have been 1dentified in the binary system depending upon temperature:

[ 16454-60-7] [14517-29-4]

Popov and Mironov report (3) that for temperatures equal to or greater than 358.8 K, the
stable solid phase is a lower hydrate,/but its composition could not be determined. In
ternary systems of high nitric acid y6ntent (see below), both the tetrahydrate,
Nd(N03)3.4H20 [26635-06-3], and monohydrate, Nd(N03)3.H20 [68028-01-3], have been
identif1ed (7,8). No reports could be found suggesting the possible existence of tri
hydrate or dihydrate so11d phases, and we therefore conclude that the unidentifiable
solid phase reported by Popov and ~11ronov is either the tetrahydrate or the monohydrate.

EVALUATION PROCEDURE

The data 1n the comp1lat10ns were examined and either rejected immediately because of
large obvious errors, or were analysed by a weighted least squares method. In all cases
only experimental solubility data were used in the least squares analyses: i.e. smoothed
or extrapolated data were not used. The data were fitted to the general solubility
equation based on the treatments in (20, 21) and in the INTRODUCTION to this volume:

Y = !n(m/mo) - nM
2

(m - mo ) = a + b/(T/K) + c !n(T/K) [1]

In eq. [1] m is the molality at temperature T, mo is an arbitrarily selected reference
molality (usually the 298.2 K value), n is the hydration number of the solid, M2 is the
molar mass of the solvent, and a, b, c are constants from which the enthalpies and heat
capacities of solutlOn, /', Hsln and /', Cp ' can be estimated (see INTRODUCTION). In fitting
the solubility data to eq. [1], weight factors of 0, 1, 2, 3 were assigned to each
published value depending upon the experimental precision. In this procedure. if the
difference between the observed and calculated solubilities, /',m (also called the residual
error), for a given data point was larger than twice the standard error of estimate, am'
the data point was either rejected or its weight factor decreased for the next calculatio~

The fitting of the data in this manner was repeated until all /', m values were equal to
or less than 20m ,

The data of Friend (1) were rejected immediately because they show a systematic
negative deviatioD of at least 3% from most other data. Friend also reports the
existence of ct- and S -forms of the solid hexahydrate, and a temperature of about 295 K
for the ct+ S transition. No other authors have reported ct - or S -forms of the hexahydrate.

As discussed in the Ce(N03)3-HZO critical eVdluation. the data of highest precision
are those of Spedding et al. (4, 5. 6) which are precise to within ± 0.1%. and those of
Brunisholz et al. (2. 11) and other authors (7. 8, 10. 18) which are probably precise
to within ± 0.2% to 0.5%. All the solubility data in (2. 4-8. 10-12. 18) were determined
by the isothermal method using direct chemical analyses to determine concentrations of
saturated solutions. The results of Popov and ~1ironov (3) based on the synthetic method
are probably precise to ± 0.5% at best. For those isothermal studies in which refracto
metric analyses were employed (9. 13-17). an experimental precision of ± 1% at best was
estimated by the compilers.
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COHPONENTS:

(1) Neodymium nitrate; Nd(N0
3
)3;

[1004S-9S-1 ]

(2) Water; H20; [/732-18-S]

Neodymium nitrate

EVALUATOR: S. Siekierski and T. Mioduski
Institute for Nuclear Research

Warsaw, Poland
and

H. Salomon
U.S. Army ET & DL

Ft. Honmouth, NJ, USA
December 1982

CRITICAL EVALUATION:

SOLUBILITY OF Nd(N0 3)3 IN THE HEXAHYDRATE SYSTEM

The solubility data for Nd(N0 3)3 as a function of temperature in the hexahydrate
system are summarized in Table 1. As discussed above, the data of Friend were rejected
and were not included in Table 1. The initial and final weight factors for all other
data are included in Table 1. Table 2 gives the results of the best fit to the smoothing
equation, and Table 3 g~ves smoothed (i.e. calculated from eq. [1]) solubility data at
selected temperatures. These smoothed solubilities in Table 3 are designated as
recommended values because of the excellent agreement of results from a number of
independent studies as also indicated by the weight factors in Table 1. From the
standard error of estimate 0m= O.Ol S (see Table 2), we obtain an uncertainty of ± O.OOS
mol kg- 1 in the smoothed data (9S% level of confidence, Student's t = 2.03). Combining
this uncertainty with the average experimental precision of ± 0.3% yields a total
uncertainty of ± O.OlS mol kg- 1 ~n the smoothed (recommended) solubilities.

The value of the congruent melting point calculated from eq. [1] is 341.9 K which is
close to the experimental values of 337.3 K (22), 340.7 K (1), and 343.2 ± 1 K (23).

In the determination of the recommended solubilities in the hexahydrate system, the
solubilities above 277.S K reported by Popov and Mironov (3) were rejected in the final
analysis (see Table 1). These authors state that the hexahydrate is the stable solid
phase over the temperature range 244-29S K, and above 29S K the stable solid phase is
stated to be the pentahydrate. It is interesting to note that thea~S phase transition
temperature reported by Friend (1) is 29S K, and if Friend's a - and S -phases can be
identified with the hexa- and pentahydrate solid phases (similar to the La(N03)3-H20
system as discussed in the critical evaluation), then this would lend support to Popov
and Hironov's assignment of stabilities of solid phases. At the present time we cannot
ignore this possibility which would suggest that the pentahydrate and hexahydrate po1y
therms lie very close to each other and cross at 29S K. However in order to confirm
this possibility, we believe that additional studies are required. The present
recommended solubilities for the hexahydrate system are independent of the temperature
for the hexahydrate~pentahydratetransition: i.e. since data for both stable and
metastable systems are simultaneously fitted to eq. [1], the recommended values are
correct providing we have correctly identified the solid phase. For those studies which
report direct chemical analyses of the equilibrated solid phases (1, 6, and probably
13-17), the results in all cases show that the hexahydrate is the solid phase from
291. 4 K to 339,/. K. At 298.1S K Spedding et a1. (6) analysed the "dried" hydrate grown
from saturated solutions, and the results were within ± 0.016 water molecules of the
hexahydrate. In two other studies by Mironov and his co-workers (8, 24), the hexahydrate
is stated to be the stable solid phase at 298.2 K which is in contradiction to the
conclusion in (3): note that in ref (8) the solubilities were determined by the isothermru
method whereas in (3) the solubilities were determined by the synthetic method. Ref (24)
does not report original solubility data for the Nd(N03)3-H20 system. In (24) the authors
calculate a solubility of 4.S7 mol kg- 1 for the hexahydrate system at 298.2 K using a
smoothing equation based upon previously published data for the Nd(N03)3-HN03-H20 system
(see eq. [2] below): a solubility of 4.64 mol kg- 1 at 298.2 K for the pentahydrate
system is also reported in (24), and which is stated to be based upon the experimental
data in (3). However the results in (3) for the pentahydrate system (see the compilation
for this reference) when fitted to the smoothing equation [1] gives a value of 4.40 mol
kg- 1 at 298.2 K, not 4.64 mol kg- 1 • We conclude that in addition to these inconsistencies
in (3, 8, 24), the results of Popov and Mironov (3) above 29S K contain a negative
systematic error.

Popov and Mironov (3) are the only researchers to report solubility data for lower
hydrate (binary) systems. In the pentahydrate system, the solubilities at 306.9 K and
316.S K are lower than the recommended solubilities in the hexahydrate system suggesting
that the pentahydrate system is the stable system at these temperatures, but at and above
318.6 K, Popov and Mironov's solubilities for the pentahydrate system are greater than
the solubilities in the hexahydrate system. Since this cannot be correct, all results at
and above 318.6 K must be rejected. However the data points below 318.6 K assigned to
the pentahydrate system may indeed lie on the pentahydrate polytherm, and in which case we
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COHPONENTS:

(1) Neodymium nitrate; Nd(N0
3
)3;

[10045-95-1 ]

(2) Water; H
2
0; [7732-18-5]

EVALUATOR:
S. Siekierski and T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ, USA

December 1982

CRITICAL EVALUATION:

Table 1. Solubility of Nd(N03)3 in the Nd(N03)3.6H20-H20 system.

solubility weight solubility weight
T/K mol kg- l ref initial/final T/K mol kg- l ref initial/final

2/-14.5 3.22 3 2/2 298.2 4.595 8 3/1
255.9 3.43 3 2/2 298.2 4.630 10 1/2
269.5 3.72 3 2/2 298.2 /-1.595 12 3/1
273.15 3.809 2 3/3 303.2 4.872 18 2/0
277 .5 3.95 3 2/2 308.15 5.073 2 3/3
283.15 4.117 2 3/3 312.1 5.45 3 2/0
293.15 4.410 2 3/3 313.2 4.94 13-17 0/0
293.15 /-1 '/-105 11 3/3 313.2 5.00 16 0/0
293.2 4.36 13-17 0/0 317.9a 5.96 3 2/0
295.3 4.58 3 2/0 323.15 5.954 2 3/3
298.15 4.582 6 3/1 323.2 5.946 7 2/2
298.15 4.6184 /-1 3/3 328.2a 7 '/-19 3 2/0
298.15 /-1.6184 5 3/3 333.9a 8.80 3 2/0

~etastable according to Popov and Mironov (3) •

Table 2. Derived parameters for the smoothing equation. a

parameter

a
b
c

-1
11 Hsln/k J mol

-1 -1I1Cp /J K mol

congruent melting point/K -1
concn at the congruent m.p./mol kg

a

hexahydrate system

-21.749
61-13.4

3.4384

0.002
0.5
0.0003

0.002
0.01 5

-21. 3

114 '/-1

341.85
9.251

°a' °b' °c are standard deviations for the derived parameters a, b, c and cry and am are

the standard errors of estimate for Y in eq. [1] and the molality, respectively.

T/K

243.15
253.15
263.15
273.15
278.15
283.15
288.15
293.15
298.15

T/K

303.15
308.15
313.15
318.15
323.15
328.15
333.15
338.l5

b341. 82

~ble 3. Recommended solubilities of Nd(N0
3

)3 in

solubility
-1mol kg

3.200
3.374
3.578
3.816
3.950
4.095
4.253
4.425
4.614

athe Nd(N03)3.6H20-1120 system.

solubility
mol kg- l

4.822
5.052
5.312
5.607
5.950
6.363
6.889
7.656
9.251

aAll solubilities calculated from the smoothing equation.

b
Congruent melting point calculated from the smoothing equation.
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cmlPONENTS:
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EVALUATOR:
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and
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Ft. Monmouth, NJ, USA

December 1982

CRITICAL EVALUATION:
would have to conclude that the pentahydrate polythermlies very close to the hexahydrate
polytherm, and that the polytherms probably cross at about 295 ± 5 K. It is entirely
poss~ble that while the hexahydrate is metastable above 295 K, it does not easily convert
to the more stable pentahydrate even at temperatures as high as 330 K. Clearly, additional
exper~mental data are required to completely define the phase relationships.

For the two solubilities involving unidentified lower hydrates (3), the value of 12.83
mol kg- l at 358.8 K probably lies on the tetrahydrate polytherm, and the value of 16.76
mol kg- l at 395.0 K probably lies on the monohydrate polytherm. Based on solubility data
in the ternary Nd(N03)3-HN03-H20 system, Popov and Mironov (24) calculated the solubility
in the tetrahydrate system at 298.2 K by extrapolation to zero HN03 concentration: the
result is 9.33 mol kg- l (see below and eq. [3]).

MULTICOMPONENT SYSTEMS

J_~RNA~i'. ~Y~TEMS WITH NITRIC ACID

The three studies (7, 8, 19) which report the solubility of Nd(N03)3 in aqueous HN03
are in basic agreement with each other. The 298.2 K isotherms are given in Fig. I,
show~ng the regions of stability for the various hydrated solid phases: the hexahydrate
is stable up to 45 mass % HN03, the tetrahydrate is stable up to around 64-65 mass % HN03,
and the monohydrate is stable up to about 94 mass % HN03' Above 94 mass % HN0 3 , the solid
phase is an unidentifiable hydrate according to Mironov and Sinitsyna (8). Popov and
Mironov (24) give smoothing equations for the hexahydrate and tetrahydrate isotherms at
298.2 K which we presume are based on the results of Mironov and Sinitsyna. The smoothing
equations are based upon Kirginestsev's equation (25) and are

hexahydrate isotherm: log ml = log(4.57) - 0.649

tetrahydrate isotherm: log m =1
log(9.33) - 0.735

[2]

[3]

In eq. [2] and [3], ml is the molality of Nd(N0 3)3' and Yl is the solute mole fraction of
the salt defined as Yl + Y2 = 1 where Y2 is the solute mole fraction of IIN03' There is
no compound formation in this ternary system either at 298.2 K (7, 8) or 323.2 K (7).

SYSTEMS WITH TWO SATURATING COMPONENTS---------
(a) Mutual solubilities of Nd(N0 3)3 with inorganic salts. Since only one publication

exists for each multicomponent system involving the mutual solubilities of neodymium
nitrate with inorganic salts, critical evaluations of the data are not possible, and the
reader is referred directly to the compilations for further information. Data for the
La(N03)3-Nd(N03)3-1120 (2) and La(N03)3-Nd(N03)3-TBP-1I20 (26) systems have been compiled
in the chapter on La(N0 3)3 solubilities: note TBP = tributylphosphate, [CII3(CH2)30]PO.
Mutual solubil~ties in the Pr(N03)3-Nd(N03)3-1120 system (2) were compiled in the previous
chapter.

One paper by Zhuravlev and Boeva (9) on the Nd(N03)3-N2114.2I1N03-1120 ternary system was
rejected and not compiled because numerical solubility data are not given, and the publish
ed phase diagram does not contain grid marks denoting the concentration scales. The
double salt Nd(N03)3.3[N2114.2I1N03] is stable at 293.2 K and at 31~.2 K.

~ Mutual solubilities of Nd(N0 3)3 with or~anic compounds. As in (a) above, these data

cannot be critically evaluated because only one publication exists for each system given
in the compilations. Some phase diagrams not given in the compilations are given in
Figures 2-8 below. The phase diagram in Figs. 4-7 include lines indicating the directions
of each of the sections studied (i.e. the method of isothermal sections). One paper (9)
on the neodynium nitrate-ethylenediamine dinitrate-water ternary system was rejected and
not compiled becuase numerical solubility data were not given, and the published phase
diagram does not include grid marks indicating the concentration scales. No double salts
are formed in this system, and the phase diagrams at 293.2 K and 313.2 K are of the simple
eutonic type. All concentrations in Figs 2-8 are mass %.
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HzD

~. Phase diagram for the
Nd(N03)3-(CH3)3N.HN03-HZO system (14).

(C,II, ),NII liND,

~. Phase diagram for the
Nd(N03)3-(C2H5)ZNH.HN03-HzO system (15).

~. Phase diagram for the
Nd(N03)3-(CH3)4N.N03-H20 system (14).

(C,H,j,N HNO,

~. Phase diagram for the
Nd(N03)3-(C2H5)3N.HN03-HZO system (15).
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p~ H~03
PIp liND,

Nd.(1J03)3 3Plp liND,

Nd(N03)3· 3Plp liND,

6H 7oO

~. Phase diagram for the
Nd(N03)3-CSHSN.lIN03-H20 system (IS).

H~ N~~~l
lO 110 50 ~d.(N03)3·6HzO

~. Phase diagram for the
Nd(N03)3-CSH10NH.HN03-H20 system (IS).
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COMPONENTS:

Binary aqueous system

ORIGINAL MEASUREMENTS:

309

(1) Neodymium mtrate; Nd(N0 3) 3; [10045-95-1]
Friend, J.N. J. Chern. Soc. 1935, 1430-2.

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature: range OOC to 67.5 0 C

EXPERIMENTAL VALUES:

PREPARED BY:

T. Hioduski, S. Siekierski and H. Salomon

a.
b.
c.
d.

Composition of saturated solutions
a

t/oc -1 nature of the solid phasebmass % mol kg

O.Oc 55.97 3.711 a-Nd(N0 3)3' 6H20

13.2 57.37 4.075 "
l8.2 c 58.03 4.187 "
23.0c 59.59 4.465 "
26.2c 60.69 4.675 "

27.2 58.17 4.211 ~-Nd(N03)3'6H20
29.4 59.18 4.390 "
37.2 60.95 4.726 "
42.4 61.91 4.922 "
50.0 64.86 5.589 "
57.2c 67.00 6.148 "c 73.13 8.241 "66.2d67.5 75.34 9.251 "

Molalities calculated by the compilers.
Transition temperature for the a and 8 phases is approx 22oC.
Solid phase analysed and found to be the hexahydrate.
Melting po~nt solubility calcd by the compilers.

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE:

The isothermal method used as described
earlier (1). Aliquots of around 50 cc were
taken from 250 cc "saturation bottles" and
Nd precipitated as the oxalate. Nd was
determined gravimetrically by ignition of the
oxalate to the oxide. As a check on the
method, several samples of the saturated
solutions were evaporated to dryness and
directly ignited to the oxide. These results
were always higher by 1.5 to 2 %, and the
solubilities were therefore calculated from
the results obtained by the oxalate method.

COMMENTS AND/OR ADDITIONAL DATA:

Th~s paper is the only study that reports the
existence of a and S phases for the
hexahydrate. This is discussed further in
the critical evaluation.

SOURCE AND PURITY OF MATERIALS:

Neodymium nitrate was prepared by
dissolution of the oxide in dilute RN0 3•
The filtered solution was concentrated on a
water-bath and was seeded on the first
occasion with the lanthanum salt (presumably
the salt was then recrystallized, compilers).
The ~elting point of the hexahydrate was
67.5 c.

The source and puri~y of water was not
specified.

ESTIMATED ERROR:
Soly: precision around ± 1-2 % (compilers).

Temp: accuracy probably ± 0.05 K or better as
in (1) (compilers).

REFERENCES:

1. Friend, J.N. J. Chern. Soc. 1930, 1633.
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COMPONENTS:

Neodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Neodymium nitrate; Nd(N0
3

)3; [10045-95-1]

(2) Water; H
2
0; [7732-18-5]

Brunisholz, G.; Quinche, J.P.; Kalo, A.M.
HeZv. Chim. Acta 1964, 47, 14-27.

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

PREPARED BY:

T. Mioduski and S. Siekierski

Solubility of Nd(N03)3 function of temperature aas a

t/"C mass % mol -1 solid phasekg

0 55.71 3.809 Nd(N0 3) 3' 6H 2O
10 57.62 4.117 "20 59.29 4.410 "35 62.62 5.073 "50 66.29 5.954 "

a. Molalities calculated by the compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Neodymium
was determined by complexometric titration
using Xylenol orange indicator in the
presence of a small quantity of urotropine
buffer.

SOURCE AND PURITY OF MATERIALS:

NdZ03 was purified by the ion exchange
method, and had a purity of better than
99.7 %. The nitrate was prepared by
dissolVing the oxide in nitric acid
followed by crystallization: details not
given.

ESTIMATED ERROR:
Soly: precision around ± O. Z %

(compilers) .
Temp: precision ± 0.05 K or better

(compilers).
REFERENCES:
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Rev. Rown.Popov, A.P.; Mironov, K.E.

Chim. 1968. 13, 765-73.
H20; [7732-18-5](2) Water ;

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Neodymium nitrate; Nd(N0

3
)3; [10045-95-1]

VARIABLES: PREPARED BY:

Temperature: range -29°C to 122°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Solubility of Nd(N0 3)3 as a function of temperaturea

-1 solid
-1 solid

t/oC mass % mol kg phase tjOC mass % mol kg phase

- 1.5 16.1 0.58 ice 33.7 61.3 4.80 Nd(N03)3· 5H20
- 2.3 20.7 0.79 II 43.3 63.5 5.27 II

- 6.3 32.8 1. 48 II 45.4 64.7 5.55 II

-12.9 38.8 1.92 II 50.8 66.2 5.93 II

-21.0 45.2 2.50 II 55.6 68.6 6.62 II

-24.6 48.4 2.84 II 63.0 72.7 8.06 II

63.0 72.6 8.02 II

-28.7 51.5 3.22 Nd(N0 3)3· 6H20 68.9 76.4 9.80 II

-17.3 53.1 3.43 II

- 3.7 55.1 3.72 II 85.6 80.9 12.83 lower hydrate
4.3 56.6 3.95 II 121.8 84.7 16.76 II

22.1 60.2 4.58 II

38.9 64.3 5.45 Nd(N03)3' 6H20

(metastable equil)
43.9b 66.3 5.96 II

55.0
b 71.2 7.49 II

60.7 74.4 8.80 II

a. Molalities calculated by the compilers.
b. Isothermal method.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

For most of the determinations the synthetic
method was used. The temperatures of
crystallization were determined visually.
Two data points were determined by the
isothermal method.

SOURCE AND PURITY OF MATERIALS:

Nd(N03)3'6H20 was prepared by dissolving

Nd20
3

(purity of 99.5 %) in nitric acid

followed by crystallization.

No other information given. Doubly distilled water was used.

ESTIMATED ERROR:
Soly: for data based on the synthetic method,

reproducibility appears to be around
± 0.5 %. Isothermal measurements also
appear to be precise to ± 0.5 %
(compilers).

Temp: Authors state temperature control
was ± 0.02 K.
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COMPONENTS:

(1) Neodymium nitrate; Nd(N0 3)3; [10045-95-lJ

(2) Water; H20; [7732-l8-5J

VARIABLES:

One temperature: 25.00°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

1. Spedding, F.H.; Shiers, L.E.; Rard, J.A.
J. Chern. Eng. Data 1975, 20, 88-93.

2. Rard, J.A.; Spedding:F.H. J. Phys. Chern.
1975, 79, 257-62.

3. Spedding, F.H.; Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chern. Eng. Data 1976, 21,
474-88.

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

The solubility of Nd(N0
3

)3 in water at 25.00°C has been reported by Spedding and co
workers in three publicat10ns. Source paper [3J reports the solubility to be 4.582 mol
kg-I, but the preferred value is given in source papers [lJ and [2] as 4.6184 mol kg-I.

COMMENTS AND/OR ADDITIONAL DATA:

Source paper [lJ reports the relative viscosity, nR' of a saturated solution to be 20.440.
Taking the viscosity of water at 25°C to equal 0.008903 poise, the viscosity of a satu
rated Nd(N03)3 solution at 25°C is 0.18198 poise (compilers' calculation).

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, 79 have
enabled compilers to provide the following additional data. ----

The density of the saturated solutions was calculated by the compilers from the smoothing
equation, and at 25°C the value is 1.8400 kg m- 3 • Using this density, the solubility in
volume units is (based on the preferred value of 4.6184 mol kg-I)

-3c
satd

= 3.365 mol dm

Source paper [2J reports the electrolyte conductivity of the saturated solution to be
(corrected for the electrolytic conductivity of the solvent) K = 0.021295 Scm-I.

The molar conductivity of the saturated solution is calculated from 1000 K/3csatd and is

!I. (tNd(N03)3) = 2.109 S cm2 mol- l

AUXILIARY INFORMATION

METHOD -'APPARATUS/PROCEDURE:

Isothermal method used. Solutions were
prepared as described in (1) and (3). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to 0.1%
or better. In the sulfate analysis, the
salt was first decomposed with HCl followed
by evaporation to dryness before sulfuric
acid additions were made. This eliminated
the possibility of nitrate ion coprecipi
tation.

SOURCE AND PURITY OF MATERIALS:

Nd(N03)1'6H20 was prepd by addn of RN03 to
the oXiae. The oxide was purified by an
ion exchange method and the upper limit for
the impurities Ca, Fe, Si and adjacent rare
earths was given as 0.15 %.

In source paper [3J the salt was analysed
for water of hydration and found to be
within ± 0.016 water molecules of the
hexahydrate.

ESTIMATED ERROR:
Soly: duplicate analyses agreed to at least

± 0.1 %.
Temp: not specified, but probably accurate

to at least ± 0.01 K as in (3) (comw

REFERENCES:

1.

2.

3.

Spedding, F.R.; Cullen, P.F.; Haben
schuss, A. J. Phys. Chern. 1974, 78,1106
Spedding, F.H.; Pikal, M.J.; Ayers, B.D.
J. Phys. Chern. 1966, 70, 2440.
Spedding, F.R.; et.al. J. Chern. Eng.
Data 1975, 20, 72.
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COMPONENTS:

(1) Neodymium nitrate; Nd(N0
3
)3; [10045-95-1]

(2) Nitric acid; RN0
3

; [7697-37-2]

(3) Water; R
2

0 ; [7732-18-5]

VARIABLES:

ORIGINAL MEASUREMENTS:

Quill, L.L.; Robey, R.F. J. Am. Chem. Soa.

1937, 59, 2591-5.

PREPARED BY:

T. Mioduski, S. Siekierski, and II. Salomon

EXPERIMENTAL VALUES:
Solubility of Nd(N0

3
)3 in nitric adic solutions a

density

50

mass % mol -1kg

53.31 3.986
52.15 3.806
40.79 3.018
23.64 2.209
24.08 2.330

23.47 2.600
19.11 2.387

66.26 5.946
64.62 5.886
60.34 5.581
57.74 5.489

59.47 6.296

mass %

6.20
6.36

18.28
43.95
44.63

49.20
56.95

°2.14
6.92

10.41

11.93

-1mol kg

2.43
2.43
7.09

21.52
22.64

28.57
37.09

1.02
3.35
5.19

6.62

kg m- 3

1. 741

1. 595
1.572

1.963
1.948
1.901
1.885

1.997

nature of the solid phase

Nd(N0 3) 3· 6R20

""

""

51.24 5.946 22.67 13.79
47.36 5.556 26.83 16.50
32.49 4.694 46.55 35.25
34.97 5.411 45.46 36.86

a. Molalities calculated by M. Salomon

1. 819
""

AUXILIARY INFORMATION

METROD/APPARATUS/PROCEDURE:

Isothermal method . Appropriate quantities of
Nd(N03)3, RN03 and R20 were placed in Pyrex
tubes, heated to induce supersaturation, and
thermostated. The tubes were sealed after a
small crystal of Bi(N03)3·5R20 was added to
"seed" crystallization. The sealed tubes were
shaken in the thermostat for at least 8 hours
(equilibrium was reached in 4 hours). Authors
state that approach to equilibrium from
undersaturation gave identical results within
experimental error. All data reported in the
above table are the results obtained by
approach from supersaturation.

A "filtering pipet" maintained at a tempera-
ure slightly higher than the thermostat

temperature was used to withdraw samples for
~nalyses. Weighed samples of liquid and
~olid phases were analysed for RN0 3 by titrn
~ith 0.1 mol dm- 3 NaOR using methyl red
ndicator. Nd was pptd as the oxalate,

~Filtered, washed with hot dilute oxalic acid,
and ignited to the oxide.

SOURCE AND PURITY OF MATERIALS;
C.p. grade RN03 was distilled in an all
Pyrex still, and the middle fraction retained
for use. For very high RN03 concentrations,
reagent grade fuming RN03 was used as
received. Nd(N03)3.6R20 prepared by dis
solving the oxide in pure RN03, recrystal
liZing twice, and drying over 55% sulfuric
acid in a desiccator. No trace of any other
rare earth was found in the oxide by arc
emission spectroscopy.

Distilled water was used which had a conduc
tivitity of 2 x 10-6 Scm-I.
ESTIMATED ERROR:

Soly: preci~ion probably ± 0.2 % (compilers).
Temp: at 25 C accuracy was ± 0.03 K.

at 50 0 C accuracy was ± 0.1 K.

REFERENCES:



314 Neodymium nitrate

COMPONENTS:
(1) Neodymium nitrate; Nd(N0 3)3; [10045-95-1]

(2) Nitric acid; RN0
3

; [7697-37-2]

(3) Water; R20 ; [7732-18-5]

VARIABLES:

Concentration of RN0
3

at 25.0 oC

ORIGINAL MEASUREMENTS:

Mironov, K.E.; Sinitsyna. E.D. Izv. Sib.

otd. Akad. Nauk SSSR, SeT'. Khim. Nauk,

1963, 11, 3-7.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Nd(N0 3) 3 RN0

3
solid

Nd(N0 3)3 RN0
3

solid-1 -1 -1 -1mass % mol kg mass % mol kg phase mass % mol kg mass r- mol kg phase

60.28 4.595 ° -- A 18.9 4.18 67.4 78.1 C
44.8 3.34 14.6 5.71 A 18.8 4.16 67.5 78.2 C
39.3 2.92 19.9 7.74 A 16.0 3.51 70.2 80.7 C25.3 1. 96 35.6 14.5 A 14.5 3.43 72.7 90.1 C25.2 2.05 37.6 16.0 A 13.3 2.98 73.2 86.0 C25.2 2.06 37.8 16.2 A 13.5 3.27 74.0 93.9 C24.5 2.00 38.4 16.4 A 5.5 1. 39 82.5 109.1 C
23.8 2.04 40.8 18.3 A 6.2 1. 82 83.5 128.7 C23.9 2.25 44.0 21. 8 A 3.2 0.99 87.0 140.9 C
25.5 2.65 45.4 24.8 A 1.0 0.43 92.0 208.6 C

1.5 0.73 92.3 236.3 C23.8 2.56 48.0 27.0 B 0.5 0.28 94.0 271.2 C
17.7 2.59 61. 6 47.2 B
18.9 2.97 61. 8 50.8 B 0.3 0.25 96.0 411. 8 D
18.0 2.85 62.9 52.3 B 0.3 0.28 96.4 463.6 D
19.7 3.66 64.0 62.3 B 0.3 0.76 98.5 1302 D
17.5 2.91 64.3 56.1 B 0.1 0.30 98.9 1570 D

a. Molalities calculated by M. Salomon.
b. Solid phases are:

A = Nd(N03)3'6H20 , B = Nd(N03)3·4H20

C = Nd(N03)3'H20 , D = Nd(N03)3'nH20

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE;

The isothermal method was used. Solutions
were equilibrated for 2-3 hours, and both
the saturated solutions and solid phases were
analysed. Neodymium was determined either
gravimetrically or by complexometric
titration, and nitric acid was determined by
titration with standard 0.1 mol dm- 3 NaOR
solution.

SOURCE AND PURITY OF MATERIALS;

Nd(N03)3·6H20 was prepared as in (1) by
dissolving the oxide in RN0

3
. Impurities in

Nd203 were: Ce02 and Sm203 less than 0.1 %,

and La203 and Pr60ll less than 0.3 %.

Nitric acid was concentrated to 100 % acid
by the Brauer method, and was slightly
yellow.

Doubly distilled water was used.

ESTIMATED ERROR:
Soly: precision ± 0.2-0.5 % (compilers).

Temp: precision ± 0.1 K.

REFERENCES:
1. Quill, L.L.; Robey, R.F. J. Am. Chern.

Soa. 1937, 59, 2591.



COMPONENTS:

Multrcomponent systems, two saturating components

ORIGINAL MEASUREMENTS:
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(1) Rubidium nitrate; RbN0
3

; (13126-12-0]

(2) Neodymium nitrate; Nd(N0
3
)3; (10045-95-1]

(3) Nitric acid; RN0
3

; [7697-37-2]

(4) Water; H20; [7732-18-5]

VARIABLES:

Composition at 25°C

Pere1'man, F.M.; Zvorykin, A. Ya.;
Demina, G.A. Zh. Neorg. Khim. 1963, 8,
1753-5; RU88. J. Inorg. Chem. Engl. Tran8l.
1963, 8, 909-11.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Nd(N03)3 RbN03 HN03

mass % mol -1
% mol -1

% mol -1 nature of the solid phasekg mass kg mass kg

25.67 2.07 -- --- 36.7 15.48 Nd(N03)3· 6H20
29.57 2.74 6.5 1.35 31. 2 15.13

"34.33 3.67 8.81 2.11 28.5 15.95
"31. 33 3.42 11. 41 2. 79 29.55 16.92
"34.88 4.01 14.36 3.69 24.40 14.69
"

22.49 3.36 20.84 6.98 36.42 28.54 4Nd(N03)3·5RbN03
18.26 2.93 29.09 10.47 33.81 28.48

"18.19 3.70 34.61 17.75 32.30 34.40
"

13.57 2.83 36.76 17.16 35.14 38.38 2Nd(N03)3·7.5RbN03 (A)
15.58 3.17 38.24 17.44 31. 31 33.42

"13.28 3.18 39.19 21.12 35.0 44.15
"11.84 1. 74 39.57 13.03 28.0 21.58
"12.0 2.64 41. 37 20.42 32.89 37.99
"8.20 1. 68 43.88 20.13 33.14 35.58
"

8.25 1. 90 45.35 23.35 33.23 40.04 A + B

5.17 O. 70 44.52 13.42 27.82 19.63 RbN0 3 (B)
--- -- 44.02 12.24 31. 60 20.57

"--- -- 44.71 13.06 32.08 21.93 "
Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The equili
bration period varied from 2 to 3 days.
Both the liquid and solid phases were
analysed for Nd and Rb. Neodymium was
determined by precipitation with ammonia
and ignition to the oxide, and rubidium was
determined as the perchlorate. The total
nitric acid content in solution was deter
mined by acidimetric titration.

The compositions of the solid phases were
determined by Schreinemakers' method of
residues.

SOURCE AND PURITY OF MATERIALS:

Nd(N03)3'6H20 prepared by dissolving c.p.
grade oxide in nitric acid followed by
crystallization.

RbN0 3 prepared by dissolving c.p. grade
rubidium carbonate in nitric acid followed
by crystallization.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.1 K.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Neodymium nitrate; Nd(N03)3; [10045-95-1]

(2) Neodym~um oxalate; Nd2 (C
2

04)3;
[1186-50-1]

(3) Water; H
2
0; [7732-18-5]

James, C.; Robinson, J.E. J. Am. Chern. Soc.
1911, 35, 754-9.

VARIABLES: PREPARED BY:

Composition at 25°C T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:
Compos~tion of saturated solutions at 250C a

Nd(N0 3)3 Nd 2 (C 204)3 Nd(N0 3)3 Nd2 (C 204)3

-1 -1 mass % -1 mass % mol -1
mass % mol kg mass % mol kg mol kg kg

6.46 0.210 0.18 0.003 47.64 2.868 2.07 0.074
12.23 0.425 0.54 0.011 50.52 3.259 2.54 0.098
17.78 0.661 0.76 0.017 52.82 3.611 2.89 0.118
22.67 0.898 0.85 0.020 54.67 3.926 3.17 0.136
24.43 1.160 0.96 0.024 56.48 4.140 2.21 0.097
31. 36 1. 410 1. 28 0.034 59.70 4.624 1. 21 0.056
35.26 1. 685 1. 38 0.039 59.67 4.633 1. 33 0.062
38.70 1.965 1. 66 0.050 59.68 4.648 1.44 0.067
42.13 2.278 1. 88 0.061 59.75 4.605 0.96 0.044
44.82 2.550 1. 96 0.067 60.46 4.630 -- ---

a. Molal~ties calculated by the compilers. Nature of the solid phases not completely
~dent~f~ed (see discuss~ons below).

COMMENTS AND/OR ADDITIONAL DATA:

The authors state that it was not possible to analyse the solid phases involving Nd(N03)3
due to the lack of sufficient data points. The compilers assume that these solid phases
~nclude Nd(N03)3·6H20.

AUXILIARY INFORMATION

precision around ± 0.3 % (compilers).

precision probably ± 0.2 K (compilers).

Soly:

ESTIMATED ERROR:

SOURCE AND PURITY OF MATERIALS;
Neodymium oxalate was precipitated from a
2Nd(N03)3·3Mg(N03)2 solution, ignited to the
oxide, dlssolved in HCl, and reprecipitated
as the oxalate. The oxalate used for soly
determinations was dried at room temp. The
nitrate was prepared by dissolving the oxide
in slight excess of RN03 , and evaporating to
crystallization.

An aliquot was removed for analysis with a
pipet and weighed. Nd was prec~pitated as
the oxalate by addition of a precisely known
quantity of excess oxalic acid. The ppt was
filtered, washed, and ignited to the oxide.
The excess oxalic acid in the filtrate was
titrated with standard KMn04 solution after
the addition of 10 % H2S04 , The amount, in
grams, of oxalate was calculated from the
weight of Nd20 3. To this weight was added
the number of grams of oxalate from the KMn04 Temp:
titration giving the total oxalate compositior
of the saturated solution + the initial ~--------------------------------------------i
addition of the known quantity of oxalic acid: METHOD/APPARATUS/PROCEDURE: (continued)
the amount of Nd2(C204)3 originally present joined at a point corresponding to Nd2 (C 204)3'
in the satd solution is thus the difference IlH

2
0,

of this total oxalate and the amount added to
precipitate Nd. Nd( N03)3 was obtained by
difference. In sIns of lower N03 content, the
solid phase was analysed by the method of
residues. Construction of the tie-lines

METHOD APPARATUS/PROCEDURE:
I The isothermal method was used. Mixtures
were sealed in glass-stoppered bottles with
paraffin and rotated in a thermostat at 25°C
for 12 weeks. The authors assumed equili
brium had been attained after this period.
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COMPONENTS:
(1) Neodymium nitrate; Nd(N0

3
)3; (10045-95-1]

(2) Samarium nitrate; Sm(N0
3
)3; (10361-83-8]

(3) Water ; H20; [7732-18-5]

VARIABLES:

Composition at 20°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Brunisholz, G.; QUl.nche, J.P.; Kalo, A.M.

Helv. Chim. Acta 1964, 47, 14-27.

PREPARED BY:

T. Ml.oduski, S. Siekierski, and M. Salomon

mol % Sm moles H2O

of total per 100 moles

Nd + Sm Nd + Sm

0.0 1259

10.0 1254
19.4 1271
47.3 1298
76.6 1326
88.5 1334

100.0 1350

a a
Nd(N03)3 Sm(N03)3

-1 -1
solid phasemol kg mol kg

4.409 -- Nd(N03)3' 6H20

3.984 0.443 solid solutionb

3.520 0.847 "
2.254 2.023 "
0.980 3.207 "
0.479 3.683 "

-- 4.112 Sm(N03)3· 6H20

SOURCE AND PURITY OF MATERIALS;

The nitrates were obtained by dissolving the
oxide in nitric acid followed by crystal
lization. The source and purities of the
oxides were not specified. The hydrated
nitrates were dried in a desiccator over
KOH under vacuum.

a. Molalities calculated by the compilers.
b. Continuous series of solid solutions (Nd, Sm)3(N03)3·6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used. The solids
were placed in glass-stoppered vials into
which a glass dumb-bell shaped pestle was
placed. These vials were placed in a second
larger tube and sealed with a rubber stopper.
The tubes were placed in a thermostat and
rotated end-over-end so that the pestle
pulverized the solid two times through each
360° rotation. The solutions were
equilibrated for 3 to 5 weeks undergoing
about 500,000 pulverizations per week.

For the saturated solutions Ln was determined
by t itrat ion with Trilon us ing Xy lenol Orangel-E-S-T-r-MA-T-E-D-E-R-R-O-R-:----------------i
indicater and urotropine buffer, and

Soly: precision ± 0.2 % (compilers).
by ion exchange chromatography.

Temp: precision ± 0.05 K or better (compilers).

The compositions of the solid phases were
determined by Schreinemakers' method of
residues, and by X-ray analysis.

REFERENCES;
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Neodymiun nitrate; Nd(N0

3
)3; [10045-95-1]

Brunisholz, G. Klipfel, K. Rev. Chern. Miner.
(2) Zinc nitrate; Zn(N03)2; [7779-88-6] 1970, 7. 349-58.

(3) Water; H20; [7732-18-5]

VARIABLES;

Composition at 200 C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated solutions at 20.0000 Ca

mol % Nd moles H
2
O

Nd(N03)3 Zn(N03)2
of total per 100 moles
Nd + Zn Nd + Zn mol -1 mol -1

solid phasebkg kg

0.0 892 -- 6.223 A

0.27 860 0.017 6.437 A+B

0.82 961 0.047 5.729 B
8.49 1141 0.413 4.452 B

22.50 1200 1.041 3.585 B
39.57 1215 1. 808 2.761 B
69.70 1176 3.290 1. 430 B

75.20 1155 3.614 1.192 B+C
75.22 1153 3.621 1.193 B+C

80.11 1184 3.756 0.932 C
88.31 1218 4.025 0.533 C
92.50 1235 4.158 0.337 C

100.0 1260 4.405 -- C

a. Molalities calculated by M. Salomon.
b. Solid phases: A - Zn(N03)2.6H20

B = 2Nd(N03)3·3Zn(N03)2·24H20
C = Nd(N03)3·6H20

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE; SOURCE AND PURITY OF MATERIALS;

REFERENCES;

The nitrates were obtained by dissolving the
oxide in nitric acid followed by crystal
lization. The source and purities of the
oxides were not specified. The hydrated
nitrates were dried in a desiccator over
KOH under vacuum.

The isothermal method was used. The solids
were placed in glass-stoppered vials into
which a glass dumb-bell shaped pestle was
placed. These vials were placed in a second
larger tube and sealed with a rubber stopper.
The tubes were placed in a thermostat and
rotated end-over-end so that the pestle
pulzerized the solid two times through each
360 rotation. The solutions were equili-
brated for 2 to 4 weeks.

For the saturated solutions Nd was determined
by titration with Trilon uning Xylenol Orange~ES~T~I~MA~T=E=D~E~R~R~O~R-:--------------------------~
indicater and urotropine buffer. Zn was
determined by precipitation as the sulfide Soly; precision ± 0.2 % (co~pilers).

(using thioacetamide), or by ion exchange Temp: precision ± 0.005 K.
chromatography.

The compositions of the solid phases were
determined by Schreinemakers' method of
residues, and by X-ray analysis.



COMPONENTS:
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ORIGINAL MEASUREMENTS:
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(1) Neodymium nitrate; Nd(N03)3; [10045-95-1]

(2) Aluminum nitrate; Al(N03)3; [13473-90-0]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Composition at 25°C

EXPERIMENTAL VALUES:

Kuznetsova, G.P.; Yakimova, Z.P.;
Yastrebova, L.F.; Stepin, B.D. Zh.
Neorg. Khim. 1981, 26, 3161-4; Russ. J.
Inorg. Chern. Engl. Transl. 1981, 26, 1692-3.

PREPARED BY:

Mark Salomon

Composition of saturated solutions a

Nd(N03)3

mass % mol kg-I

60.28 4.595

48.04 3.333

AI(N0 3)3

mass % mol kg- I

8.32 0.895

40.73 3.226

nature of the solid phase

Nd(N03)3· 6H20

Nd(N0 3)3· 6H 20 + AI(N03)3· 9H20

Al(N03)3' 9H20

a. Molalities calculated by the compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Neodymium
was determined complexometrically using
sulfosalicylate as a masking-agent for
aluminum. Aluminum was determined by back
titration of excess EDTA with standard ZnS04
solution using dithizone indicator (1).

SOURCE AND PURITY OF MATERIALS:

Neodymium nitrate was prepared by dis
solving high purity oxide in nitric acid.
The nitric acid was c.p. grade material
which was distilled.

A.R. grade AI(N03)3·9H20 was recrystallized
before use.

ESTIMATED ERROR:

SoIy: precision probably ± 0.2 %
(compilers).

Temp: nothing specified.
REFERENCES:

1. Grosskreutz, W.; Schultze, D.;
Wilke, K.T. Z. Anal. Chern. 1967,
232, 278.
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COMPONENTS:

Neodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Neodymium nitrate; Nd(N0 3)3; [10045-95-1]

(2) Hydrazine mononitratei N2H4 'HN03;
[13464-97-6]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Compos~tion at 20°C and 40°C

Boeva, M.K.; Zhuravlev, E.F. Zh. Neorg.
Khim. 1977, 22, 1977-81; Russ. J. Inorg.
Chem. Engl. Tranal. 1977, 22, 1073-5.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated solutions at 200C a

Nd(N0 3) 3 N2H4 'HN0
3

% mol
-1 mass % mol -1 of the solidmass kg kg . nature phase

0 -- 71.0 25.76 N2H
4

'HN03
5.5 0.61 67.0 25.63 "12.0 1. 30 60.0 22.54

"14.0 1.51 58.0 21. 79 "21.0 2.45 53.0 21. 44 "28.0 4.24 52.0 27.35 "29.0 3.99 49.0 23.43 "
36.0 6.81 48.0 31.56 N2H

4
'HN0

3
+ Nd(N0 3)3'3[N2H4 'HN03]

37.0 6.59 46.0 28.47 Nd(N0 3)3·3[N2H4 ·HN03 ]

40.0 7.12 43.0 26.61 Nd(N0 3)3·3[N2H4 ·HN03] + Nd(N03)3

44.5 6.42 34.5 17.28 Nd(N03)3

49.5 6.66 28.0 13.09 Nd(N0 3)3· 6H20
51.0 6.71 26.0 11.89 "52.0 6.56 24.0 10.52 "53.5 4.63 n.5 3.46 "59.0 4.36 0 --- "

continued .••.•••••

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot
of composition against refractive index.

SOURCE AND PURITY OF MATERIALS:

A.R. grade Nd(N03)3'6H20, c.p. grade nitric
acid, A.R. grade hydrazine, and doubly di
stilled water used. No other details given.

The neodymium salt was probably used as
received. Hydrazine mononitrate probably
prepared as in (2): this paper has been
compiled elsewhere in this volume (see
chapter on lanthanum nitrates).

ESTIMATED ERROR:

Soly: precision about ± 1 % (compilers).

Temp: precision probably ± 0.2 K (com
oilers) •

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.

2. Gorshunova, V.P.; Zhuravlev, E.F. Zh.
Neorg. Khim. 1971, 1B, 1700.
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(1) Neodymium nitrate; Nd(N0 3)3; [10045-95-1]

(2) Hydrazine mononitrate; N2H4 'HN0
3

;
[13464-97-6]

(3) Water; H20; [7732-18-5]

Boeva, M.K.; Zhuravlev, E.F. Zh. Neorg.
Khim. 1977, 22, 1977-81; Russ. J. Inorg.
Chern. Engl. Transl. 1977, 22, 1073-5.

EXPERU1ENTAL VALUES: rontinupd .... ,.,'

Composition of saturated solutions at 400C a

Nd(N0 3)3 N
2
H

4
'HN0

3

% mol -1 mass % mol -1
mass kg kg

0 85.0 59.61
3.0 0.61 82.0 57.51
6.0 1. 21 79.0 55.40

11.0 2.22 74.0 51.90
14.5 2.37 67.0 38.10
19.0 2.50 58.0 26.53
28.0 4.71 54.0 31.56

34.0 6.06 49.0 30.22

36.0 6.81 48.0 31. 56
39.0 6.95 44.0 27.23
43.0 7.23 39.0 22.79

60.0 10.09 22.0 12.86
64.0 8.43 13.0 5.95
61. 5 6.11 8.0 2.76
62.0 5.36 3.0 0.90
62.0 4.94 0

a. Molalities calculated by M. Salomon.

nature of the solid phase

N2H4 ·HN03 + Nd(N0 3)3'3[N2H4 'HN0
3

]

Nd(N0 3)3'3[N2H4 'HN03]
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COMPONENTS:

(1) Neodym~um nitrate; Nd(N0 3)3; [10045-92-1]

(2) Trimethylamine nitrate; C3HlON203 ;

[25238-43-1]

(3) Water; H20; [7732-18-5]

VARIABLES:

ORIGINAL MEASUREMENTS:

Boeva, M.K.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1977, 22, 1112-5, Russ. J. Inorg.

Chem. Engl. TransZ. 1977, 22, 610-2.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

200 C Isotherma 40 0 C Isotherma

Nd(N03)3 (CH) 3N'HN03 Nd(N0 3)3 (CH 3) 3N' HN0 3

-1 -1 soli~
% mol -1 mass % mol -1mass % mol kg mass % mol kg phase mass kg kg

0 -- 66.5 16.25 A 0 -- 73.5 22.71
5.8 0.56 63.0 16.53 A 4.5 0.57 71.5 24.39

12.5 1. 38 60.0 17.87 A 9.6 1. 36 69.0 26.40
20.5 2.59 55.5 18.94 A 16.0 2.62 65.5 28.99
25.0 3.52 53.5 20.38 A 20.0 3.67 63.5 31.51

28.0 4.76 54.2 24.93 A+B 28.5 9.59 62.5 56.86

34.8 5.30 45.3 18.64 B 29.8 7.10 57.5 37.07
42.5 6.28 37.0 14.78 B 36.8 7.33 48.0 25.86
51.5 7.92 28.8 11. 97 B 44.0 7.61 38.5 18.01

B 50.0 9.18 33.5 16.62

57.0 9.33 24.5 10.84 B+C 60.5 9.64 20.5 8.83

56.8 6.14 15.2 4.45 C 61.2 6.71 11.2 3.32
57.7 4.68 5.0 1.10 C 61. 8 6.06 7.3 1.93
59.0 4.36 0 -- C 62.0 5.44 3.5 0.83

C 62.0 4.94 0 --

a. Molalities calculated by M. Salomon.
b. Solid phases: A = (CH3)3N'HN03 ' B ~ Nd(N03)3·3(CH3)3N·HN03

C = Nd(N03)3·6H20

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
time required for equilibrium was not
specified. The composition of the saturated
solutions and the corresponding solid phases
were found as inflection or "break" points
on a plot of composition against refractive
index.

COMMENTS AND/OR ADDITIONAL DATA:

The hydrated double salt occupies a very
large crystallization field on the phase
diagram. The compound was isolated and
subjected to differential thermal analysis
studies. The melting point of the hydrate
was 25 0 C, and the anhydrous double salt
melted at 250 0 C. Decomposition occurred in
the range of 325-3600 c.

SOURCE AND PURITY OF MATERIALS;

All materials were prepared as described
previously (2,3). No other information
given.

ESTIMATED ERROR:
Soly: precision about ± 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.

Neorg. Khim. 1960, 5, 2630.
2. Zhuravlev, E.~Boeva, M.K. Zh. Neorg.

Khim. 1974, 19, 3369.
3. Boeva, M.K.; Ishmuratov, G. Yu. in Tez.

DokZ Vses. Konf. po R.E.E. Izd. Saratov.
Gos. Univ. ~, 76.
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COMPONENTS:
(1) Neodymium nitrate; Nd(N0 3)3; [10045-95-1]

(2) Tetramethylammonium nitrate;

C4H12N203; [1941-24-8]

(3) Water ; H20 ; [7732-18-5]

ORIGINAL MEASUREMENTS:

Boeva, M.K.; Zhuravlev, E.F. Zh. Neorg.

Khirn. 1977, 22, 1112-5; Russ. J. Inorg.

Chern. Engl. Transl. 1977, 22, 610-2.

VARIABLES: PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
20 0 C Isotherma

mass % mass % mass mass %

(CH3) 4N'N0 3

mol kg-l

Nd(N03)3

% mol kg- lsolid
phaseb

(CH 3) 4N' N0 3

mol kg- l

Nd(NO 3) 3

mol kg- l

0 -- 48.2 7.68 A 0 -- 52.5 9.13
8.5 0.57 46.0 8.35 A 7.6 0.52 48.5 9.12

19.0 1. 31 37.0 6.94 A 17.0 1. 30 43.5 9.09

24.3 1. 86 36.2 7.57 A+B 19.0 1.48 42.0 8.89

22.0 1.57 35.5 6.90 B 23.0 1. 79 38.0 8.04
24.5 1. 73 32.5 6.24 B 26.5 2.08 35.0 7.51
30.5 2.20 27.5 5.41 B 30.5 2.43 31.5 6.84
34.5 2.55 24.5 4.93 B 32.5 2.59 29.5 6.41
38.5 2.90 21. 3 4.37 B 41.0 3.40 22.5 5.09
50.5 4.25 13.5 3.10 B 53.5 5.14 15.0 3.93

57.2 5.28 10.0 2.52 B+C 61.4 6.74 11.0 3.29

57.5 5.12 8.5 2.06 C 61.8 6.16 7.8 2.12
58.0 5.09 7.5 1. 79 C 61.9 5.93 6.5 1. 70
58.0 4.88 6.0 1. 38 C 62.0 5.52 4.0 0.97
52.2c 3.57 3.5 0.65 C 62.2 5.29 2.2 0.51
59.0 4.36 0 -- C 62.0 4.94 0 --

a. Holalities calculated by M. Salomom.
b. Solid phases: A = (CH3)4N'N03 , B = Nd(N03)3·(CH3)4N.N03·5H20

C = Nd(N0 3) 3' 6H 2O
c. Compilers wouLd like to point out the possihility nf a typographical error ~or this

mass %.

AUXILIARY INFORMATION
tmTHOD/APPARATUS/PROCEDURE SOURCE AND PURITY OF l~TERIALS

The method of isothermal sections were used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
time required for equilibrium was not
specified. The composition of the saturated
solutions and the corresponding solid phases
were found as inflection or "break" points
on a plot of composition against refractive
index.
COHHENTS AND/OR ADDITIONAL DATA:
The double nitrate is congruently soluble in
the temperature range studied, and it
OCcupies a well developed crystn field on the
phase diagram. The compound was isolated
and its composition confirmed by chemical
analysis (no details given). Differential
thermal analysis studies gave a melting
Point of 40 0 C for this compound which is the
same value obtained by the capillary method.
The DTA curve also showed extensive
decomposition at 205-205 0 C.

All materials were prepared as described
previously (2,3). No other information
given.

ESTIMATED ERROR:
Soly: precision about ± 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhuravlev, E.F.; Sheveleva, A.D. Zh. Neorg.

Khim. 1960, 5, 2630.
2. Zhuravlev, E.F.; Boeva, H.K. Zh. Neorg.

Khirn. 1974, 19, 3369.
3. Boeva, U.K.; Ishmuratov, G. Yu. in Tez.

Dokl. Vses. Konf. po R.E.E. Izd. Saratov.
Gos. Univ. 1975, 76.



324 Neodymium nitrate

COMPONENTS:
(1) Neodymium n~trate; Nd(N0 3)3; [10045-95-1]

(2) Diethylam~ne nitrate; C4H12N203;

[27096-30-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

EXPERIMENTAL VALUES:
200 C Isotherma

ORIGINAL MEASUREMENTS:

Zhuravlev, E.F.; Boeva, M.K. Zh. Neorg.

Khirn. 1974, 19, 3369-73; Russ. J. Inorg.

Chern. Eng. Transl. 1974, 19, 1846-9.

PREPARED BY:

T. Mioduski and S. Siekierski

Nd(NO
J
)3 (C2H5)2NH'HN03 Nd(N0 3)3 (C 2H5) 2NH ' HN0 3

kg- l -1 -1 -1 solid
mass % mol mass % mol kg mass % mol kg mass % mol kg phase b
0.0 -- 78.5 26.82 0.0 -- 85.0 41. 62 A
5.0 0.76 75.2 27.90 4.8 1.12 82.2 46.44 A
9.0 1.50 72.8 29.38 7.0 1.77 81.0 49.58 A

14.5 2.66 69.0 30.71 U.5 3.32 78.0 54.56 A
33.7 9.28 55.3 36.92 23.5 10.95 70.0 79.10 A
51. 5 10.33 33.4 16.25 58.5 9.84 23.5 9.59 B
54.0 6.65 21. 4 6.39 59.8 7.33 15.5 4.61 B
55.0 5.84 16.5 4.25 60.2 6.75 12.8 3.48 B
56.6 5.21 10.5 2.34 61.0 6.16 9.0 2.20 B
58.0 4.79 5. J 1.06 61. 5 5.54 4.9 1.07 B
59.0 4.36 0.0 -- 62.0 4.94 0.0 -- B

a.
b.

Molal~ties calculated by M. Salomon.
Solid phases: A = (C2H5)2NH.HN03

The system is of the simple eutonic type.

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:

The method of ~sothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equ~librated until their
refractive indices remained constant
(3-5 days). The compos~tion of the saturated
solutions and the corresponding solid phases
were found as inflection or "break" points
on a plot of composition against refractive
index.

SOURCE AND PURITY OF MATERIALS:
Nd(N0 3) 3' 6H20 prepd by dissolving "pure"
grade Nd203 in dil (1:4) c.p. grade HN03 and
crystn. Analysis for Nd(N03)3 gave 75.36
mass % (theor value is 75.34 mass %,
compilers) •
(C2H5)2NH.HN03 was obtained by dissolving
"pure" grade (C2H5)2NH in an equivalent
quantity of c.p. grade HN03' The solutions
were mixed in small quantities to avoid
extreme heating. The uitrate was dried in a
desiccator over anhydrous CaC12 •
Doubly distilled water was used.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh. Neorg.
Khirn. 1960, 5, 2630.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

325

(1) Neodymium nitrate; Nd(N0
3
)3; [10045-95-1]

(2) Triethylamine nitrate; C6H16N203 ;

[27096-31-7]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

Zhuravlev, E.F.; Boeva, M.K. 2h. Neorg.

Khim. 1974, 19, 3369-73; RUBB. J. Inorg.

Chem. EngZ. TransZ. 1974, 19, 1846-9.

PREPARED BY:

T. Miodusk1 and S. Siekierski

EXPERIMENTAL VALU~S: a
40 0 C Isotherma20 C Isotherm

Nd(N0 3)3 (C2H5)3N.HN03 Nd(N0 3)3 (C2H5)3N·HN03
solid

b-1 mass % mol -1
% mol -1 mass % mol -1mass % mol kg kg mass kg kg phase

0 -- 90.0 54.81 ° -- 92.0 70.03 A
3.2 1. 33 89.5 74.66 2.9 1. 44 91.0 90.85 A
5.0 2.52 89.0 90.33 4.1 2.30 90.5 102.1 A
6.8 3.96 88.0 103.1 5.6 3.85 90.0 124.6 A

18.8 9.99 75.5 80.66 21.3 10.40 72.5 71. 21 B
26.5 6.42 61. 0 29.72 27.0 7.43 62.0 34.32 B
38.5 6.66 44.0 15.31 39.0 7.29 44.8 16.84 B
46.5 7.61 35.0 11.52 47.0 8.00 35.2 12.04 B

40.8 4.75 33.2 7.78 B

55.0 9.41 27.3 9.39 B+C

55.8 5.99 16.0 3.46 62.0 8.53 16.0 4.43 C
56.3 5.13 10.5 1. 93 62.0 7.99 14.5 3.76 C
58.0 4.75 5.0 0.82 62.0 6.70 10.0 2.17 C
59.0 4.36 ° -- 62.0 6.02 6.8 1. 33 C

62.0 5.44 3.5 0.62 C
62.0 4.94 ° -- C

a. Molalities calculated by M. Salomon
b. Solid phases: A = (C2H5)3N'HN03 ' B = Nd(N03)3'4(C2H5)3N'HN03

C = Nd(N03)3·6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant (3-5
days). The composition of the saturated
Solutions and the corresponding solid phases
were found as inflection or "break" points
on a plot of composition against refractive
index.

SOURCE AND PURITY OF ~~TERIALS;

Nd(N03)3·6H20 prepd by dissolving "pure"
grade Nd203 in dil (1:4) C.P. grade HN03 and
crystn. Analysis for Nd(N03)3 gave 75.36
mass % (theor value is 75.34 mass %,
compilers).
(C2H5)3N.HN03 was obtained by dissolving
"pure" grade (C2H5)3N in an equivalent
quantity of c.p. grade HN0 3. The solutions
were mixed in SMall quantities to avoid ex
treme heating. The nitrate was dried in a
desiccator over anhydrous CaC12.
Doubly distilled water was used.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. 2ft.
Neorg. Khim. 1960, 5, 2630.
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(2) 2-Butanamine nitrate;

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Neodymium nitrate; Nd(N0 3)3; [10045-95-1] Boeva, M.K.; Zhurav1ev, E.F. Zh. Neorg.

Khirn. 1977, 22, 263-5; Russ. J. Inorg. Chern.

EngZ. TransZ. 1977, 22, 146-7.

(3) Water; H20; [7732-18-5]

VARIABLES: PREPARED BY:

T. Hioduski and S. Siekierski

EXPERIMENTAL VALUES:

20°C Isotherma
40°C Isotherma

Nd(N0 3) 3 C4H
9

NH2·HN0
3 Nd(N0 3)3 C4H9NH 2'HNO 3

% mol -1 mass % kg- l sOli'\,
% mol -1 mass % mol -1mass kg mol phase mass kg kg

0 -- 93.0 97.58 A a -- 97.0 237.5
1.5 0.61 91.0 89.12 A 0.5 0.50 96.5 236.3
3.0 1. 21 89.5 87.65 A 1.5 1.51 95.5 233.8
4.5 1.95 88.5 92.86 A 2.5 2.52 94.5 231.4
7.0 3.85 87.5 116.9 A 3.5 3.52 93.5 228.9

11.0 8.33 85.0 156.1 A 6.5 7.87 91.0 267.3

46.0 9.95 40.0 20.91l B 52.5 9.08 30.0 12.59
47.0 6.19 30.0 9.58 B 57.0 5.08 9.0 1.94
50.5 5.10 19.5 4.77 B 57.5 4.46 3.5 0.66
54.0 4.67 11.0 2.31 B 58.0 5.17 8.0 1. 73
56.0 4.24 4.0 0.73 B 61.0 5.20 3.5 0.72
59.0 4.36 a -- B 62.3 5.00 0 --

a. Molalities calculated by M. Salomon.
b. Solid phases: A = C4H9NH2 'HN0

3
, B = Nd(N03)3'6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index.

\
\
\

Zo·C \ \
....------UNdINO)

HzD Nd{NOsh 6HzO J J

SOURCE AND PURITY OF MATERIALS:

No information given.

ESTIMATED ERROR:

Soly: precision around ± 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers)

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D. Zh.
Neorg. 1960, 5, 2630 •
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COMPONENTS:

(1) Neodymium nitrate; Nd(N03)3; [10045-95-1]

(2) Hexamethylenediamine dinitrate;

C6H18N406; [6143-53-9]

(3) Water; H20; [7732-18-5]

VARIABLES:

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Boeva, M.K.; Ishmuratov, G. Y. IssZed

Mnogokorrponent. Sistem s RazZ.

Vzaimodeistviem Komponentov, Izd. Saratov

Univ. 1977, No.2, 95-9.

PREPARED BY:

T. Mioduski and S. Siekierski

t/oC % mol -1 mass % mol -1mass kg kg nature of the solid phase

20 0 -- 78.0 14.64 (CH2)6(NH?)2'2HN0 3 (A)
4.0 0.55 74.0 13.89

"8.5 1. 32 72.0 15.24 "

16.0 2.31 63.0 12.38 Nd(N03)3·4(CH2)6(NH2)2·2HN03 (B)
17.5 2.52 61.5 12.09

"19.5 2.88 60.0 12.08 "
25.5 4.06 55.5 12.06 "
35.5 7.17 49.5 13.62 B+D

40.0 5.27 37.0 6.64 2Nd(N03)3'(CH2)6(NH2)2'2HN03'8H20 (C)
42.5 4.68 30.0 4.50

"46.0 4.49 23.0 3.06 "
50.5 4.43 15.0 1. 79 "
55.5 4.60 8.0 0.90 C+D

57.5 4.52 4.0 0.43 ND(N0 3)3' 6H20 (D)
58.9 4.34 0 --

"
40 0 -- 84.0 23.03 A

3.0 0.57 81.0 20.90 A

6.0 1.17 78.5 20.91 A+B
15.0 2.67 68.0 16.51 A+B
19.5 3.81 65.0 17.31 A+B

Molalities calculated by M. Salomon

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index.

COMMENTS AND/OR ADDITIONAL DATA:

The double salts are congruently soluble and
were isolated for additional analysis. Nd
was determined gravimetrically, and elemental
analyses for C, N. and H were carried out
(no details given). The results confirmed
the composition of the double salts.

SOURCE AND PURITY OF MATERIALS:

All materials were reagent grade and were
recrystallized twice. Their physical
constants corresponded to the literature
values. No other information given

ESTIMATED ERROR:

Soly: precision about ± 1 % (compilers).

Temp: precision probably ± 0.1 to 0.2 K
(compilers) •

REFERENCES:
1. Nikurashina, N.I.; Mertslin, R.V. Metod.

Sechenii. Saratov Univ. 1969 (see also
ref. 2, compilers).

2. Zhuravlev, E.F.; Sheveleva, A.D. Zh. Neorg.
Khim. 1960, 5. 2630



328 Neodymium nitrate

COMPONENTS:

(1) Neodymium nitrate; Nd(N0 3)3; [10045-95-1]

(2) Cyclohexanamine nitrate; C6H14N203;

[6941-45-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

EXPERIMENTAL VALUES:

20 0 C Isotherma

Nd(N0 3)3 C6HllNH2 'HN0 3
soli'\,

% mol -1 mass % mol -1mass kg kg phase

0 -- 5.8c 0.45 A
9.0 0.53 40.0 5.76 A

21. 5 1. 30 28.5 4.19 A
37.0 2.51 18.4 3.03 A
46.0 3.48 14.0 2.57 A

A

53.0 4.59 12.0 2.52 A+B

56.5 4.44 5.0 0.95 B
59.0 4.36 0 -- B

B
B
B

a. Molalities calculated by M. Salomon.
b. Solid phases: A a C6HIINH2'HN03

ORIGINAL MEASUREMENTS:

Boeva, M.K.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1977, 22, 263-5; Russ. J. Inorg. Chem.

Engl. Transl. 1977, 22, 146-7.

PREPARED BY:

T. Mioduski and S. Siekierski

400 C Isotherma

Nd(N0 3) 3 C6HllNH 2'HN0 3

% mol -1 mass % mol kg- lmass kg

0 -- 71. 8 18.70
5.5 0.61 67.0 17.89

12.0 1.91 69.0 26.67
18.5 2.38 58.0 18.13
24.0 3.63 56.0 20.57
36.0 10.90 54.0 39.66

53.0 10.84 32.2 15.98
58.0 5.85 12.0 2.94
59.0 5.67 9.5 2.22
61.0 5.28 4.0 0.84
62.0 4.94 0 --

c. This appears to be a typographical error. If the correct figure is 58.0 mass %,
then the solubility of C6HllNH2·HN0 3 at 200 C would be 10.14 mol kg-I.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot
of composition against refractive index.

\
\
\

/lODC

lODC

SOURCE AND PURITY OF MATERIALS:

No information given.

ESTIMATED ERROR:
Soly: precision around ± 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhuravlev. E.F.; Sheveleva, A.D. Zh.

Neorg. Khim. 1960, 5, 2360.



[6091-45-8]

Multicomponent systems, two saturating components

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Neodymium nitrate; Nd(NO 3) 3; [10045-95-1] Zhuravlev, E. F.; Boeva, M.K. Zh. Neol'g.

Khim. 1974, 19, 3369-73; Russ. J. Inorg.

Chem. Engl. Transl. 1974, 19, 1846-9.

(3) Water; H
2
0; [7732-]8-5]

329

VARIABLES:

EXPERIMENTAL VALUES:

20
0

C Isotherma

PREPARED BY:

T. Mioduski and S. Siekierski

Nd(N0 3)3 C5H
lO

NH'HN0
3 Nd(N03)3 C

5
H10NH'HN0

3
sohd

% -1 mass % -1
% mol -1 mass % mol -1 phasebmass mol kg mol kg mass kg kg

0 -- 85.8 40.78 ° -- 87.5 47.25 A
1.0 0.22 85.0 40.98 0.8 0.19 86.5 45.97 A
5.5 0.55 64.0 14.16 5.5 0.55 64.0 14.16 B

14.3 1. 28 52.0 10.41 12.8 1. 28 57.0 12.74 B
19.5 1. 79 47.5 9.71 17.0 1. 76 53.8 12.44 B
25.5 2.45 43.0 9.21 21.8 2.43 51.0 12.65 B

34.6 3.18 32.5 6.67 37.8 3.50 29.5 6.09 C
28.3 1. 88 26.0 3.84 40.0 3.46 25.0 4.82 C
43.2 3.29 17.0 2.88 45.0 3.49 16.0 2.77 C
54.0 4.30 8.0 1.42 53.5 4.30 8.8 1.58 C
57.3 4.58 4.8 0.85 61.5 5.37 3.8 -- D
59.0 4.36 0 -- 62.0 4.94 ° -- D

a.
b.

Molalities calculated by M. Salomon
Solid phases: A = C5H

10
NH'HN0

3
'

C = Nd(N03)3'2C5Hl0NH'HN03'6H20

B = Nd(N03)3'3C5Hl0NH'HN03

, D = Nd(N03)3'6H20

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE:

The method of isothermal sections was used
w1th refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant (3-5
days). The composition of the saturated
solut10ns and the corresponding solid phases
!were found as inflection or "break" points
pn a plot of composition against refractive

ndex.

SDS13-L

SOURCE AND PURITY OF MATERIALS:
Nd(N03)3·6H20 prepd by dissolVing "pure"
grade NQ203 in dil (1:4) c.p. grade HN0

3
and

crystn. Analysis for Nd(NO,)3 gave 75.36
mass % (theoretical is 75.34 mass %.
compilers) .
CSH10NH'HN0 3 was obtained by dissolving
"pure" grade C~HI0NH in an equivalent quantit
of c.p. grade RND3 . The solutions were
mixed in small quantities to avoid extreme
heating. The nitrate was dried in a desic
cator over anhydrous CaC1

2
.

Doubly distilled water was used.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neor-g. Khim. 1960, 5, 2630.



330 Neodymium nitrate

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Neodymium nitrate; Nd(N0 3)3; [10045-95-1] K I hm G YBoeva, M.. ; s uratov, . u. Iss Zed.

(2) Piperazine dinitrate; C4HlZN406;

[10308-78-8 ]

(3) Water; H20; [7732-18-5]

VARIABLES:

Mnogokomponent, Sistem s RazZ.

Vzaimodeistviem Komponentov, Izd. Saratov

Univ. 1977, No.2, 95-9.

PREPARED BY:

T. Mioduski and S. Siekierski

° -- 24.0 1.49 A
12.5 0.55 19.0 1. 31 A
26.0 1. 33 15.0 1.20 A
40.0 2.50 11.5 1.12 A
48.0 3.46 10.0 1.12 A

55.8 4.87 9.5 1.29 A+B

57.0 4.60 5.5 0.69 B
58.0 4.39 2.0 0.24 B
58.9 4.34 0 -- B

mass %

EXPERIMENTAL VALUES:

20
0

C Isotherma

C4HlON2·2HN0
3

mol kg- l
solid

bphase

40
0

C Isotherma

Nd(N0 3)3 C
4

HlON2 '2HN0 3

% mol -1
mass % mol -1mass kg kg

0 -- 37.0 2.77
10.5 0.53 30.0 2.38
22.7 1.30 24.5 2.19
36.0 2.56 21. 5 2.38
42.8 3.44 19.5 2.44

56.2 6.60 18.0 3.29

61.0 5.28 4.0 0.54
62.0 5.21 2.0 0.26
62.0 4.94 0 --

a. Molalities calcualted by M. Salomon.
b. Solid phase solid phase: A = C4HlON2·2HN03

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index.

The phase diagram is of the simple eutonic
type.

SOURCE AND PURITY OF MATERIALS:

All materials were reagent grade and were
recrystallized twice. Their physical
constants corresponded to the literature
values. No other information given.

ESTIMATED ERROR:

Soly: precision about ± 1 % (compilers).

Temp: precision probably ± 0.1 to 0.2 K
(compilers) .

REFERENCES:
1. Nikurashins, N.!.; Merts1in, R.V. Metod.

Seahenii, Saratov Univ. 1969 (see also
ref. 2, compilers). --

2. Zhurav1ev, E.F.; Sheve1eva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.



Multicomponent systems, two saturating components

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Neodymium nitrate; Nd(N03)3; [10045-95-1] Zhuravlev, E.F.; Boeva, M.K. Zh. Neorg.

Khim. 1974, 19, 336~-73; Russ. J. Inorg.
(2) Pyridine nitrate; C5H6N203 ; [543-53-3] Chem. Engl. Transl. 1974, 19, 1846-9.

(3) Water ; H20 ; [7732-18-5]

331

VARIABLES:

Composition at 20°C and 40°C

EXPERIMENTAL VALUES:

20°c Isotherma

Nd(N03)3 C
5

H5N.HN0
3

% mol -1 mass % -1mass kg mol kg

° -- 78.0 24.95
5.0 0.62 70.5 20.25

11. 0 1.48 66.5 20.80
25.0 6.06 62.5 35.18

25.6 4.64 57.7 24.31

28.7 4.75 53.0 20.38
39.0 9.84 49.0 28.73

54.0 9.08 28.0 10.95
55.3 5.94 16.5 4.12
56.8 4.89 8.0 1.60
58.0 4.72 4.8 0.91
59.0 4.36 0 --

PREPARED BY:

T. Mioduski and S. Siekierski

40°C Isotherma

Nd(N03)3 C5H5N'HN03 solid
b% mol -1 mass % -1mass kg mol kg phase

° -- 79.0 26.47 A
4.0 0.61 76.0 26.74 A
8.8 1. 51 73.5 29.22 A

14.5 2.91 70.4 32.81 A

21. 3 4.89 65.5 34.92 A+B

30.0 6.26 55.5 26.93 B
37.0 10.00 51.8 32.54 B

59.8 9.19 20.5 7.32 C
60.5 6.91 13.0 3,1.. 5 C
61.0 5.68 6.5 1.41 C
61.6 5.34 3.5 0.71 C
62.0 4.94 ° -- C

a.
b.

Molalities calculated by M. Salomon
Solid phases: A = C5H

5
N'HN0

3

AUXILIARY INFO~~TION

METHOD iAPPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant (3-5
days). The composition of the saturated
solutions and the corresponding solid phases
were found as inflection or "break" points
on a plot of composition against refractive
index.

SOURCE AND PURITY OF MATERIALS;
Nd(N03)3·6H20 prepd by dissolving "pure"
grade Nd203 in dil (1:4) c.p. grade HN03 and
crystn. Analysis for Nd(NO')3 gave 75.36
mass % (theoretical is 75.34 mass %,
compilers) •
C5H5N'HN03 was obtained by dissolving "pure"
grade C5H5N in an equivalent quantity of c.p.
grade HN03 . The solutions were mixed in
small quantities to avoid extreme heating.
The nitrate was dried in a desiccator over
anhydrous CaC12'
Doubly distilled water was used.

ESTIMATED ERROR:

Nothing specified

REFERENCES;

1. Zhuravlev, E.F.; Sheveleva, A.D. zh.
Neorg. Khim. 1960, 5, 2630.
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COMPONENTS:

Neodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Neodymium nitrate; Nd(N0 3) 3; [10045-95-1J

(2) Quinoline nitrate; C
9

H
8

N20
3

; [21640-15-3J

(3) Water; H
2
0; [7732-18-5J

VARIABLES:

Composition at 20°C and 40°C

EXPERIMENTAL VALUES:

Boeva, M.K.; Zhurav1ev, E.F. ~h. NeoY'J.
Khirn. 1977, 22, 1977-81; Russ. J. J>lOY':J.
Chern. EngZ. TY'ansZ. 1977, 22, 1073-5.

PREPARED BY:

T. Mioduski and S. Slekierski

Composition of saturated solutions at 20°C a

Nd(N0 3)3

% mol
-1

mass kg

0 --
5.0 0.50

11.0 1. 28

15.0 1. 68
17.0 1.91
21.0 1.82
32.0 3.03
37.0 2.24
41.0 2.34
55.0 4.06
57.0 4.31

58.0 4.39

59.0 4.36

C
9

H
7
N'HN0

3

mass % mol
-1

kg

68.0 11.06
65.0 11. 27

63.0 12.61

58.0 11.18
56.0 10.79
44.0 6.54
36.0 5.85
13.0 1. 35

6.0 0.59
4.0 0.51
3.0 0.39

2.0 0.26

0 ---

nature of the so11d phase

C9H
7
N'HN0 3 + Nd(N03)3·2C9H7N·HN03·3H20

Nd(N03)3·2C9H7N.HN03·3H2o

Nd(N03)3·2C9H7N·HN03·3H20 + Nd(N0 3)3' 6H 20

Nd(N0 3)3· 6H20

contlnued .

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found
as inflection or "break" points on a plot
of composition against refractive index.

SOURCE AND PURITY OF HATERIALS:

A.R. grade Nd(N03)3·6HzO, c.p. grade nitric
acid, A.R. grade quinoline, and doubly
distilled water used. No other details
given.

The neodymium salt was probably used as
received. Quinoline nitrate, C H7N'HN0 3 ,
was probably prepared by neutralization of
quinoline with HN03 .

ESTIHATED ERROR:
Soly: precision about ± 1 % (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheve1eva, A.D. Zh.
NeoY'g. Khim. 1960, 5, 2630.



cmlPONENTS:

Multlcomponent systems, two saturating components

ORIGINAL W~!'.SUPEJllmTS:

333

(1) Neodymium nitrate; Nd(N0
3
)3;

(2) Quinoline nitrate; C
9

H
8
N

2
0

3
;

(3) Water; H20; [7732-18-5]

[10045-95-1] Boeva, M.K.; Zhuravlev. E.F. Zh. Neorg. Khim.
[21640-15-3] 1977, 22, 1977-81; RUBB. J. Inorg. Chern.

Eng?.. Trans l. 1977, 22, 1073-5.

EXJ.>ERIMENTAL VALUES: contlnued ......•.•.

Composition of saturated solutions at 40.C a

Nd(N03) 3 C
9

H7N'HN0 3

% mol -1
mass % mol -1

mass kg kg

0 75.0 15.61
4.0 0.50 72 .0 15.61
7.0 0.90 69.5 15.39

10.5 1. 48 68.0 16.46

12.0 1.77 67.5 17.13
14.0 2.12 66.0 17.17
18.0 1. 47 45.0 6.33
28.5 2.36 35.0 4.99
37.0 2.73 22.0 2.79
44.0 2.96 11.0 1. 27
58.0 4.75 5.0 0.70
59.5 4.80 3.0 0.42

60.0 4.78 2.0 0.27
62.0 4.94 0

a. Molalities calculated by M. Salomon.

nature of the solid phase

C9H7N.HN03 + Nd(N03)3·2C9H7N.HN03·3H20

Nd(N03)3·2C9H7N.HN03·3H20
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COMPONENTS:

Neodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Neodymium nitrate; Nd(N0
3

)3; [10045-95-1]

(2) Urea; CH4N
2
0; [57-13-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 30°C

EXPERIMENTAL VALUES:

Khudaibergenova, N.; Su1aimanku1ov, K.
Zh. Neorg. Khirn. 1981, 26, 1107-9;
Russ. J. Inorg. Chern. Engl. Transl. 1981,
26, 599-600.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 30°C a

Nd(N0 3)3 CO(NH2)2

mass % mol -1 mass % mol -1 of the solid phasekg kg nature

--- --- 57.50 22.53 CO(NH2)2
9.56 0.824 55.30 26.20 "12.77 1.272 56.84 31.14 "26.22 4.289 55.27 49.72 "35.61 11. 29 54.84 95.62 "39.26 19.95 54.78 153.0 "

39.76 19.29 54.00 144.1 CO(NH 2)2 + Nd(N03)3'2CO(NH2)2'2H20

40.17 21.15 54.08 156.6 Nd(N03)3·2CO(NH2)2·2H2o
39.99 11.76 49.71 80.36 "42.37 7.525 40.58 39.63 "50.41 7.776 29.96 25.41 "54.40 6.268 19.32 12.24 "57.74 7.124 17.72 12.02 "63.09 6.480 7.43 4.197 "
64.11 7.002 8.17 4.908 Nd(N03)3·2CO(NH2)2·2ll20 + Nd(N03)3· 6H20

63.86 6.933 8.25 4.926 Nd(N03)3' 6H20
63.03 6.053 5.44 2.873 "61.67 4.872 -- ---

"
a. Molalities calculated by M. Salomon.

AUXILIARY INFORNATION

METHOD APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Equilibrium Nothing specified.
was reached within 7-9 hours. The liquid
phase was separated using a No. 3 Schott
filter. Nitrogen was determined by the
Kje1dah1 method, and neodymium was deter-
mined by titration with Trilon Busing
Xyleno1 orange indicator.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



Evaluation of organic solvent systems

COHPONENTS: EVALUATOR:

(1) Neodymium nitrate; Nd(N0
3
)3; [10045-95-ij Mark Salomon

335

(2) Organic solvents

CRITICAL EVALUATION:

U.s. Army Electronics Technology and Devices
Laboratory

Fort Monmouth, NJ, USA

December 1982

The solubility of Nd(N0 3)3 has been reported in only two organic solvents: diethyl
ether (1,2) and dioxane (2). Solubilities of Pr(N03)3 + Nd(N0 3)3 mixtures were reported
by Hardy (3) in 2-methoxyethanol and in 2-ethoxyethanol. The compilations for these data
are included in the chapter on Pr(N03)3 - Organic solvents.

Wells (1) and Hopkins and Quill (2) reported the solubility of neodymium nitrate in
diethyl ether, but the results at 293 K are so divergent that one or both of the studies
are in error. At the present time, all solubility data for Nd(N0

3
)3 in organic solvents

must be classified as doubtful.

REFERENCES

1.

2.

3.

Wells, R.C. J. Wash. Acad. Sci. 1930, 20, 145.

Hopkins, B.S.; Quill, L.L. Proc. Natl. Acad. Sci. U.S.A. 1933, 19, 64.

Hardy, 2.M. Masters Thesis. The University of Illinois. Urbana, IL. 1931.
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COMPONENTS:

Neodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Neodym1um nitrate; Nd(N0
3
)3; [10045-95-1]

(2) D~ethyl ether; C4H
lO

O; [60-29-7]

VARIABLES:

Room temperature (about 20°C)

EXPERIMENTAL VALUES:

Wells, R.C. J. Wash. Acad. Sci. 1930,
20, 145-8.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

Experiment 1. This experiment involves the hydrated neodymium nitrate as the initial
solid, and which the compilers assume to be the hexahydrate.

Authors report the solubility as 0.020 g Nd
2
0

3
in 10 ml ether.

This is equivalent to a Nd(N0
3

)3 soly of 0.0012 mol dm- 3 (compilers).

Experiment 2. This experiment involves neodymium nitrate dehydrated as described in
the METHOD/APPARATUS/PROCEDURE box below.

Authors report the solubility as 0.267 g Nd203 in 10 m1 ether.

This is equivalent to a Nd(N03)3 soly of 0.159 mol dm- 3 (compilers).

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:

The isothermal method was used. The soly of
neodymium nitrate was determined in two
experiments in which the nature of the ini
tial solid phase differs.

Experiment 1. A few grams of neodymium
nitrate (presumably the hexahydrate, com
pilers) was added to about 20 rnl of ether
in small stoppered flasks. The flasks were
periodically agitated and permitted to stand
at about 20°C overnight. A 10 ml sample was
removed, filtered, the solvent evaporated
and the salt ignited to the oxide and
weighed.

Experiment 2. The remaining salt in the
flask was freed from ether, dissolved in
water and a few drops of HN0

3
added. The

solution was evaporated to dryness and
heated to 150°C. The solubility in ether
was then determined again with this "dehy
drated" salt.

SOURCE AND PURITY OF MATERIALS;

Nothing specified.

ESTIMATED ERROR:

Soly: precision probably around ± 10 %
(compilers) .

Temp: precision probably ± 4 K (compilers).

REFERENCES:



COMPONENTS:

Organic solvent systems

ORIGINAL MEASUREMENTS:

337

(1) Neodymium nitrate; Nd(N03)3; [10045-95-1]

(2) Diethyl ether; C4HIOO; [60-29-7]

VARIABLES:

Temperature: range 18.5°C to 29°C

EXPERIMENTAL VALUES:

Hopkins, B.S.; Quill, L.L. Froc. Natl.
Acad. Sci. U.S.A. 1933, 19, 64-8.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

The solubility of Nd(N03)3 in diethyl ether was given in the form of a small diagram
of solubility vs temperature. In the absence of numerical data, the compilers inter
polated the solubility from the published diagram. The results are:

t/OC

18.5

19

22.2

24.4

26

29.4

COMMENTS AND/OR ADDITIONAL DATA:

-3
g dm

4.8

5.2

6.0

6.25

6.75

7.2

-3mol dm

0.015

0.016

0.018

0.019

0.020

0.022

It appears that the original experimental work was done by a Mr. P. Kalischer who
was a student at the University of Illinois at Urbana-Champaign. Attempts to locate
the original experimental data have failed, and it thus appears that these data are
lost (see COMMENTS in the compilation for the Nd(N0

3
)-dioxane system).

AUXILIARY INFORHATION

METHOD IAPPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

No information is available, but based on No information available.
similar work by Hardy (1) being carried out
at the University of Illinois at the time,
it is likely that the isothermal method was
employed. The solubility data for neodymium
and praseodymium nitrates in several ethers
from Hardy's MSc Thesis are compiled else-
where in this volume, and the compilations
contain detailed information on the experi-
mental techniques which the compilers assume
were similar to those used by Mr. Kalischer.

ESTIMATED ERROR:

No information available.

REFERENCES:

1. Hardy, Z.M. Masters Thesis.
The University of Illinois. Urbana,
IL. 1932.

SDS13-L*
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COMPONENTS:

Neodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Neodymium nitrate; Nd(N03)3; [10045-95-1]

(2) Dioxane; C
4

H
8

02 ; [505-22-6]

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Hopkins, B.S.; Quill, L.L. Proc. Natl.
Acad. Sci. U.S.A. 1933, lB, 64-8.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

The solubility of Nd(N0 3)3 in dioxane at 25°C was given in the form of a small diagram
of solubility vs atomic number Z for Z ~ 57-64. In the absence of numerical data, the
compilers interpolated the solubility from the published diagram. The result is:

-3 -3soly of Nd(N0
3

)3 = 8.2 g dm (0.025 mol dm )

CO~~TS AND/OR ADDITIONAL DATA:

The name Philip Kalischer appears on the diagram published in the source paper. Also
in related work by Hardy (I), reference was given to a Masters Thesis by P. Kalischer.
The compilers thus assumed that Mr. Kalischer was an MSc student of Prof. Hopkins and
thus contacted Ms. Susanne Redalje, the Assistant Chemistry Librarian at the University
of Illinois at Urbana-Champaign. Ms. Redalje searched the University records for
references to a thesis or any publication by Mr. Kalischer. The records show that Mr.
Kalischer attended classes for the Fall, Spring, and Summer semesters of 1930-1931.
There is no indication that Mr. Kalischer had finished his studies or submitted a thesis,
and it is therefore apparent that the original experimental data are lost. The com
pilers are most grateful to Ms. Redalje for all her help in searching the University
records and providing important information on numerous other lanthanide systems.

AUXILIARY INFOR}~TION

METHOD -'APPARATUS/PROCEDURE:

No information is available, but based on
similar work by Hardy (1) being carried out
at the University of Illinois at the time,
it is likely that the isothermal method was
employed. The solubility data for neody
mium and praseodymium nitrates in several
ethers from Hardy's MSc Thesis are compiled
elsewhere in this volume, and the compila
tions contain detailed information on the
experimental techniques which the compilers
assume were similar to those used by Mr.
Kalischer.

SOURCE AND PURITY OF MATERIALS;

No information available.

ESTIMATED ERROR:

No information available.

REFERENCES;

1. Hardy, 2.M. Masters Thesis.
The University of Illinois. Urbana,
n. 1932.



COHPONENTS:

Evaluation of aqueous double nitrate systems

EVALUATOR:
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(1) Neodymium double nitrates

(2) Water; H20; [7732-18-5]

CRITICAL EVALUATION:

Hark Salomon

U.S. Army Electronlcs Technology and Devices
Laboratory

Fort Monmouth, NJ, USA

December 1982

[1]

Nd(N0
3
)3 DOUBLE SALTS WITH INORGANIC NITRATES

INTRODUCTION

Studies on the direct determination of the solubilities of Nd(N0 3)3 double nitrates
involving inorganic nitrates are relatively few (1-3). The double nltrates reported in
(1-3) are all characterized by the formation of the following tetracosahydrate solid
phases:

3Hg(N03)2·2Nd(N03)3·24H20 [17203-49-5] (1-3)

2Nd(N03)3·3Mn(N0 3)2·24H2O [84682-64-4] (1,2)

2Nd(N03)3·3Co(N0
3

)2·24H20 [84682-65-5] (1,2)

2Nd(N03)3·3Ni(N03)2·24H2O [84682-67-7] (1)

2Nd(N0 3)3·3Zn(N0 3)2·24H2O [28876-82-6] (1,2)

EVALUATION PROC~UR~

Where possible, the solubility data were fitted by least squares to the smoothing
equation

Y = !n(m/mo) - nM 2(m - mo ) = a + b/(T/K) + c !n(T/K)

All terms in eq. [1] have been previously defined (see eq. [1] in the Nd(N03)3-H20
critical evalution). Due to the absense from the literature of sufficient puolications
to provide bases for critical comparisons of most data, and due to the large experimental
errors associated with existing data, a detailed statistical treatment of the data is
not possible. A simplified method of estimating the accuracy of the data was therefore
adopted. The solubility data were fitted to eq. [1] and the value of the congruent
melting point calculated. If the congruent melting point calculated from eq. [1] is in
agreement with the experimental value of the melting point (within experimental and
calculated errors), we consider this as strong support for deslgnating the solubillties
as either tentative or necommended values. In most cases considered below, the least
squares fitted data are fairly precise (i.e. standard errors of estimate, Om' are
generally small), and the accuracy in the smoothed solubility data is determined by the
experimental errors.

Jantsch (1) reported the solubilities of a number of double nitrates in concentrated
nitric acid solution of density = 1.325 kg m- 3 at 289 K. The solubilities were determined
in this concentrated HN0 3 solution because the author did not have sufficient quantities
of the double nitrates to determlne solubilities in pure water. One of the most useful
results reported by Jantsch are the congruent melting points of the hydrated salts.
Jantsch determined the solubilities by a gravimetric method by precipitation of Nd as the
hydroxide followed by ignition to the oxide Nd203 .

The data of Prandtl and Ducrue (2) were assigned a precision of around ± 0.4% at best
based upon the highest reproducibilities achieved by these authors. Considering the
unknown error in temperature (not reported by the authors) and average reproducibility
in the analyses, the total uncertainty in Prandtl and Ducrue's results is probably
around ± 1%.

Friend and Wheat's results must be carefully reviewed because of our previous experience
with Firend's data which contain systematic errors. In the study on magnesium neodymium
nitrate (3), the authors present typical results for analyses of the solid tetracosa
hydrate 3Mg(N03)2.2Nd(N03)3.24H20, and in all cases their results for Nd(N03)3 were too
low (from theoretical) by about 3-5%, their results for Mg(NO )2 were too low by about
1-2%, and their results for waters of hydration (obtained by ~ifference) were too high
approaching 27H20. The results of Friend and Wheat are slightly lower than those of
Prandtl and Ducrue (2), and below we present calculations and discussions which suggest
that the data of Friend and Wheat probably contain a small negative systematic error.
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COHPONENTS:

(1) Neodymium double nitrates

(2) Water; H20; [7732-18-5[

Neodymium nitrate

EVALUATOR:

H. Salomon

U.S. Army Electronics Technology and Devices
Laboratory

Fort Monmouth, NJ, USA

December 1982

CRITICAL EVALUATION:

Mag~esium neodymium nitrate. The combined data of Friend and Wheat (3) and Prandtl and
Ducrue (2) were fitted to the smoothing equation [1], and the results do not appear to be
satisfactory. The standard error of estimate Om = 0.021 is double the value of om = 0.010
obtained by fitting only those data of Prandtl and Ducrue to the smoothing equation. In
addition, the fitting of all the results from (2, 3) to eq. [1] results in a predicted
congruent melting point of 387.2 K which is considerably higher than the experimental
value of 382.2 K (1). Considering these factors and the low results of the chem1cal
analyses reported by Friend and Wheat, we conclude that these data from (3) contain a
small negative systematic error, and that they should be rejected. The results of f1tting
the data of Prandtl and Ducrue (2) to the smoothing equation are given in Table 1, and
the smoothed solubility data at selected temperatures calculated from eq. [1] are given
in Table 2: these smoothed values are designated as tentative solubility data. Combining
the precision of the least squares fit with the exper1mental error of around 0.4%, the
overall uncertainty in the smoothed values is ± 0.06 mol kg- l (95% level of confidence,
Student's t = 12.706).

Double nitrates with Mn, Co, and Zn nitrates. For each double salt, the only comparable
data available are the solubilities as a function of temperature reported by Prandtl and
Ducrue (2), and the congruent melting points of the tetracosahydrates reported by Jantsch
(1). All the solubility data were fitted to eq. [1], and the results are given in Table
1. For all cases except 2Nd(N03)3.3Zn(N03)2' there is acceptable agreement between the
predicted melting points for the tetracosahydrates and the experimental melting points.
The evaluator regards this agreement as sufficient justification to designate the smoothed
solubilities for all double salts (except the double salt with Zn(N03)2) as tentative
data. The smoothed (tentative) solubility data at selected temperatures are given in
Table 2.

The failure of the solubility data for neodymium zinc nitrate to predict the observed
melting point of the tetracosahydrate when fitted to the smoothing equat10n suggests a
large error in the solubility data rather than in the experimental melting point. The
values of the constants a, b, c (see Table 1) appear to be trivial, and the high value
for the constant "a" and the negative value for "b" suggests an unlikely positive value
for the heat of solution. Because only four data points were used in the least squares
fitting to eq. [1], it is highly probable that one imprecise datum would invalidate the
least squares treatment. Thus while some or most of the data for 2Nd(N03)3.3Zn(N03)2
may be acceptable (i.e. accurate to within about ± 3-4%), the uncertainty as to which of
these data may be highly inaccurate leads the evaluator to the conclusion that none of
the data can be assigned the tentative designation.

OTHER Nd(N0 3)3 DOUBLE NITRATES

A number of neodymium double nitrates with inorganic and organic nitrates have been
identified in the preceeding sections. While some of these double salts are congruently
soluble, there are no studies available dealing with the direct determination of the
solubilities of these salts. For details on the specific salts which form stable solid
phases, the reader is referred to the section on the compilations of ternary aqueous
Nd(N03)3 systems.

REFERENCES

1. Jantsch, G. Z. Anorg. Chern. 1912, 76, 303.

2. Prandtl. W.; Ducrue, H. Z. Anorg. Chern. 1926, 150, 105.

3. Friend, J.N.; Wheat, W.N. J. Chern. Soa. 1935, 356.



COHPONENTS:

Double nitrates

EVALUATOR:
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(1) Neodym~um double n~trates

(2) Water ; H
2
0 ; [7732-18-5]

CRITICAL EVALUATION:

Mark Salomon

U.S. Army Electronics Technology and Devices
Laboratory

Fort Monmouth, NJ, USA

December 1982

Table 1. Smoothing equation parameters for 2Nd(N0
3

)3.3M(N0
3

)2 solubilities.

parameters M = Mg Mn Co Zn

a -15.108 -27.595 -19.109 -2.181
b 357 880.4 478.6 -267
c 2.437 4.3206 3.0677 0.5353

a 0.010 0.008 0.003 0.01m

tetracosahydrate
melting point/K
calcd (eq. [1 ]) 385.3 347.2 366.5 378.2
obsd (ref 1) 382.2 350.2 368.7 361. 7

Table 2. Tentative solubility data at selected temperatures calculated from the
smoothing equation [1] (solid phase is the tetracosahydrate).

T/K M = Mg Mn Co

273.2 0.743 0.877 0.744
283.2 0.791 0.940 0.801
293.2 0.843 1.014 0.864
298.2 0.871 1.056 0.899
303.2 0.901 1.103 0.936
313.2 0.965 1. 213 1.020
323.2 1.038 1.354 1. 117
333.2 1. 121 1. 547 1. 234
343.2 1. 218 1.877 1.380
353.2 1.332 1. 580
363.2 1. 475 1.924
373.2 1.670
383.2 2.027



342 Neodymium nitrate

COMPONENTS:

(I) Magnesium neodymium nitrate;
3Ifg(N0

3
)Z.2Nd(N0

3
)3; [13568-66-6]

(Z) Nitnc acid; HN0
3

; (7697-37-2[

(3) Water; H
2
0; [7732-18-5]

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. J9l2, 76,
303-23.

VARIABLES: PREPARED BY:

One temperature: 16°C Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt in RN0

3
sIn of density d~6 = 1. 325 g

-3
cm

al~quot volume Nd 20
3

soly 3Mg(N03)2·2Nd(N03)3
a

3 -3
cm g mol dm

1.4638 0.0317

1.4638 0.0309 0.0635

a. Author's calculation (average value).

ADDITIONAL VALUE:

The melting point of the tetracosahydrate is 109.0°C, and the density at O°C is
2.023 g cm-3

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:
"Pure" neodymium oxide was dissolved in dil
HN0

3
and Mg(N0

3
)Z added to give a mole ratio

of Nd/Mg = 2/3. The sIn was evapd and a
small crystal of Bi

Z
Mg

3
(N0

3
)12 added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.

1-5% (compiler).

REFERENCES:

METHOD,APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have suff~cient

quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN0 3 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for Z h, and a pipet main-
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4Clt- -I
and 10% NH3 sin followed by boiling to ppt ESTIMATED ERROR:
the hydroxide. The ppt was filtered, Soly: reproducibility about ±
dissolved in HN0 3 , reprecipitated as the
hydroxide, and ignited to the oxide. Mg in Temp: nothing specified.
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the remperature required (120°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumably
the waters of hydration were found by
difference.



Double nitrates 343

COMPONENTS:
(1) Magnesium neodymium nitrate ;

3Mg(N03)Z'ZNd(N03)3; [13568-66-6]

(2) Water; HZO ' [773Z-l8-5]

ORIGINAL MEASUREMENTS:

Prandtl, W.; Ducrue, H.

Z. Anol'g. Chern. 1926, 150, 105-16.

VARIABLES: PREPARED BY:

Temperature Mark Salomon

EXPERIMENTAL VALUES:
solubility

oxides double salt

mole ratioa
density NdZ0 3 MgO hydrateb

hydrate c anhydrous salt d

t/oC MgO/NdZ0 3
-3 mass % -1kg m mass % mass % mass % mass % mol kg

15 Z.99 1.52 14.45 5.17 66.0 65.89 47.37 0.814

30 3.01 1.55 l5.Z0 5.49 69.5 69.64 50.06 0.907

50 Z.96 e 1.59 16.34 5.78 74.4 74.09 53.Z6 1.031

70 3.00 f 1.64 17.47 6.Z9 79.8 79.92 57.45 1.ZZI

a.
b.

c.

d.
e.
f.

Experimental value: theoretical value = 3.00.
Authors' values apparently based on mass % NdZ0

3
• The hydrate which is also the

equilibrium solid phase is the tetracosahydrate ZNd(NO ) ·3Mg(NO ) ·Z4H °, 33 3Z Z·
Compiler s calculations based on average from mass % Nd

Z
0

3
and MgO.

Compiler's calculations based on results from c above.
Compiler computes Z.95.
Compiler computes 3.01.

AUXILIARY INFORMATION

mass %.NdZ0 3 found ZZ.03 %, calcd Zl.89

~gO found 7.94 %, calcd 7.86 mass %.
Conductivity water was used.

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method used. Pulverized double NdZ03 prepared by W. Prandtl was analysed by
salt (hydrate) and conductivity water were X-ray spectroscopy and found to be "very
placed in two 50 cc flasks and agitated for pure." It was dissolved in nitric acid and
1 day in a thermostat. The sIns then per- the required amount of commercial "pure"
mitted to settle and aliquots of approx 4 cc grade Mg(N0 3 )Z added. The solution was
removed with pipets maintained at the same evaporated Eo crystallization and the double
temp as the satd sIns. The aliquots were salt recrystallized several times from con-
placed in graduated flasks and weighed, and ductivity water. The salt was dried over
then diluted with 50 cc of water for analysis. CaCl Z in a desiccator to give the tetracosa-
The results for densities and mass % of ~ydrate. Results of the analysis of the
oxides are the mean of two determinations. double salt are:
The mass % of the tetracosahydrate was
apparently calculated by the authors from
the mass % Ndz03 : i.e. the mass % MgO was
not considereil.

ESTIMATED ERROR:

Soly: based on the deviation of the mole
ratio MgO/NdZ03 and the theor value of
3.00, the compiler estimates a pre
cision of ± 0.3 to ± 1 %.

Temp: not specified.

Both metals were determined graVimetrically.
Nd was precipitated as the oxalate, filtered,
and ignited to the oxide. Mg in the 1-----------------------1
filtrate was precipitated as MgNH

4
P0

4
, and

presumably ignited to the pyrophosphate
MgZPZ0 7·
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COMPONENTS:

Neodymium nitrate

ORIGINAL MEASUREMENTS:
(1) Magnesium neodymium nitrate ;

3Mg(N0
3

)2'2Nd(N03)3 ; [13568-66-6]

(2) Water; H
2
0; [7732-18-5]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Friend, J.A.N. J. Chern. Soc. 1930, 1903-8.

PREPARED BY:

~1ark Salomon

mass %

43,1.3
43.73
44.51
46.01
45.87
48.36
50.84
52.12
55.81
58.28
60.63
62.46

t/OC

0,1.
0.6
4.4

14.2
17.0
27.2
40.6
48.8
65,1.
75.6
87.0
90.6

mass %

60.42
60.84
61. 92
64.00
63.81
67.28
70.72
72.50
77.64
81.07
84.35
86.89

b
3Mg(N03)2' 2Nd(N03) 3

mol kg- 1

0.695
0.703
0.726
0.771
0.767
0.847
0.935
0.985
1.143
1.263
1. 393
1.505

a. Author's original calculations. The primary data, mass % Nd 203 , were not reported.
b. Compiler's conversions.

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE:
The isothermal method was used as described in
(1). About 10-15 g aliquots of saturated sIn
were filtered through glass wool or sintered
glass and diluted to 250 ml for analysis. An
aliquot of this diluted sIn was taken for detr:
of neodymium. Nd was pptd as the oxalate by
addn of hot oxalic acid, and the ppt allowed
to stand for 1 d. The ppt was then filtered,
washed with hot dil oxalic acid sIn, and
ignited to the oxide. The Mg content in satd
sIns was not determined.
Several wet residues for unspecified sIns
were analysed for total Nd + Mg by direct
ignition to the oxide. The oxide was dis
solved in HN03 and Nd detd by the oxalate
method and Mg obtained by difference. In all
cases the Nd content was too low by 2 to 5 %,
and the Nd203/MgO mass ratio too low by as
much as 9 %. Analysis of dry residues again
always gave Nd content too low by as much as
5 mass %, and water (obtained by difference)
was always too high by as much as 10 mass %.
Analysis of the solid phases at OoC suggested
the existence of a hydrate with more than 24
waters of crystallization.

SOURCE AND PURITY OF MATERIALS;

The double salt obtained in (1) by
fractional crystallizations was recrystal
lized several times from dilute nitric acid.
The salt was washed with distilled water,
and air dried on filter paper. Author
states that recrystallization from pure
water results in a slight loss of the Nd
salt.
Presumably distilled. water was used for the
solubility measurements.

ESTIMATED ERROR:

Soly: precision ± 3 % at best (compiler).

Temp: accuracy probably ± 0.05 K as in (1)
(compiler) .

REFERENCES:

Friend, J.A.N. J. Chern. Soc. 1930, 1633.
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COMPONENTS:
(1) Magnesium neodymium nitrate ;

3Mg(N0
3

)2·2Nd(N03)3 ; [13568-66-6]

(2) Nitric acid; HN03 ; [7697-37-2]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

RN03 concentration and temperature

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Friend, J.A.N. J. Chern. Soc. 1930, 1903-8.

PREPARED BY;

Mark Salomon

HNO a b c
3 3Mg(N03)2' 2Nd(N03)3' 24R20 3Mg(N03)2·2Nd(N03)3

t/oC -3mol dm mass % mass %

0.6 1.0 57.21 41.13
14.4 1.0 60.25 43.31
24.2 1.0 63.06 45.33
77 .2 1.0 78.26 56.26
15.2 2.2 54 ,1~9 39.17
50.2 2.2 63.14 45.39
14.8 5.2 42.01 30.20
24.8 5.2 45.84 32.95
74.0 5.2 64.40 46.29
14.8 11. 25 5. 6/~ 4.05
1~9.° 11. 25 30.98 22.27
78.0 11.25 62.47 4/~. 91

density

-3kg m

1.499

1. 357

Friend, J.A.N. J. Chern. Soc. 1930, 1633.

SOURCE AND PURITY OF MATERIALS;
The double salt obtained in (1) by fractional
crystallizations was recrystallized several
times from dilute nitric acid. The salt was
washed with distilled water, and air dried
on filter paper. Author states that
recrystallization from pure water results in
a slight loss of the Nd salt.
Presumably distilled water was used for the
solubility measurements.

a. These are initial RN03 concentrations. The acid concentration in the equilibrated
solutions was not determined.

b. Author's original calculations. The primary data, mass % Nd 203 , were not reported.

c. Compiler's calculations. Conversions to molality cannot be made because the acid
concentrations in the equilibrated solutions are not known.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used as described
in (1). About 10-15 g aliquots of saturated
sIn were filtered through glass wool or
sintered glass and diluted to 250 ml for
analysis. As aliquot of this diluted sIn was
taken for detn of neodymium. Nd was pptd as
the oxalate by addn of hot oxalic acid, and
the ppt allowed to stand for 1 d. The ppt
was then filtered, washed with hot dil
oxalic acid sIn, and ignited to the oxide.
The Mg content in satd sIns was not deter-
mined.
Several wet residues for unspecified sIns werel-E-S-T-I-MA-T-E-D-E-R-RO-R-:---------------I
analysed for total Nd + Mg by direct ingition Soly: precision ± 3 % at best (compiler).to the oxide. The oxide was dissolved in RN0

3and Nd detd by the oxalate method and Mg ob-
tained by difference. In all cases the Nd Temp: accuracy probably ± 0.05 K as in (1)

(compiler) .
Content was too low by 2 to 5%, and the Nd203:1-------::-------------------l
MgO mass ratio too low by as much as 9%. REFERENCES:
Analysis of dry residues again always gave Nd
Content too low by as much as 5 mass %, and
water (obtained by difference) was always too
high by as much as 10 mass %.
Analysis of solid phases at O°C suggested the
existence of a hydrate with more than 24
Waters of crystallization.
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COMPONENTS:

Neodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Magnesium nitrate; Mg(N03)2; [10377-60-3] Friend, J.A.N. J. Chern. Soc. 1930, 1903-8.

(2) Magnesium neodymium nitrate ;

3Ng(N03)2'2Nd(N03)3; [13568-66-6]

(3) Water ; H20; [7732-18-5]

VARIABLES:

Mg(N03)2 concentration

EXPERIMENTAL VAlUES:

Mg(N0 3)2
a

mol dm- 3

PREPARED BY:

Mark Salomon

mass % mass %

24.8

24.4

24.2

0.35

0.885

satdb

59.23

50.31

2.92

42.58

36.17

2.10

a. These are the ':nitial Mg(NO) concentrations. The total Mg content in the
equil~brated solutions was ~ot determined.

b. Exact compositions of the liquid and solid phases not specified.

c. Author's original calculations. The primary data, mass % Nd203 , were not reported.

d. Compiler's conversions. Conversions to molality could not be made since density
data and total Mg concentrations were not reported.

AUXI LIARY INFORNATION

METHOD APPARATUS/PROCEDURE:

The isothermal method was used as described
in (1). About 10-15 g aliquots of saturated
sIn were filtered through glass wool or
sintered glass and diluted to 250 ml for
analysis. An aliquot of this diluted sIn was
taken for detn of neodymium. Nd was pptd as
the oxalate by addn of hot oxalic acid, and
the ppt allowed to stand to 1 d. The ppt was
then filtered, washed with hot dil oxalic
acid sIn, and ignited to the oxide. The Mg
content in satd sIns was not determined.
Several wet residues for unspecified sIns
were analysed for total Nd + Mg by direct
ingition to the oxide. The oxide was dis
solved in RN03 and Nd detd by the oxalate
method and Mg obtained by difference. In all
cases the Nd content was too low by 2 to 5 %,
and the Nd203/MgO mass ratio too low by as
much as 9 %. Analysis of dry residues again
always gave Nd content too low by as much as
5 mass %, and water (obtained by difference)
was always too high by as much as 10 mass %.
Analysis of solid phases at OoC suggested the
existence of a hydrate with more than 24
waters of crystallization.

SOURCE AND PURITY OF MATERIALS:
The double salt obtained in (1) by fractiona
crystallizations was recrystallized several
times from dilute nitric acid. The salt was
washed with distilled water, and air dried
on filter paper. Author states that re
crystallization from pure water results in a
slight loss of the Nd salt. Mg(N03)2 prepd
by adding excess MgO to RN03' The solution
was filtered and Mg content detd gravimet
rically (no details given).
Presumably distilled water was used for the
solubility measurements.

ESTIMATED ERROR:

Soly: precision ± 5 % at best (compiler).

Temp: accuracy probably ± 0.05 K as in (1)
(compiler) •

REFERENCES:

Friend, J.A.N. J. Chern. Soc. 1930, 1633.
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COMPONENTS:
(1) Neodymium manganese nitrate;

2Nd(N0
3

)3.3Mn(N03)2; [84682-63-3]

(2) Nitnc acid; HN0
3

; [7697-37-2J

(3) Water ; H
2

0 ; [7732-18-5]

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1912, 76,
303-23.

VARIABLES: PREPARED BY:

One temperature: 16°C Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt in HN0

3
sIn of density d~6 = 1.325 g -3cm

aliquot volume a
2Nd(N03)3·3Hn(N03)2

bNd2
0

3 soly

3 -3cm g mol dm

1.4638 0.0898

1.4638 0.0892 0.1816

a. Saturated solutions were analysed for total oxides (Nd
2
0

3
+ Mn

3
0

4
), but the

author does not report this experimental quantity.

b. Author's calculation (average value).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 77.0°C, and the density at O°C is
2.114 g cm-3 •

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:
"Pure" neodymium oxide was dissolved in dil
HN0

3
and Mn(N0

3
)2 added to give a mole ratio

of Nd/Mn = 2/3. The sIn was evapd and a
small crystal of Bi2Mg

3
(N0

3
)12 added, and the

mixt cooled to ppt the tetracowahydrate. The
double nitrate was recrystd before use. The
double salt was analysed gravimetrically for
Nd

Z
0

3
+ Mn

3
04 • A 0.4950 g sample of the

tetracosahydrate yielded 0.1710 g oxides
(i.e. 34.55 mass %0. Theor value is 34.69

nass % oxides (compiler).

t 1-5% (compiler).Soly: reproducibility about

Temp: nothing specified.

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by precipitating both
Nd and Mn hydroxides by respective addition
of NH3 and H202 • The ppt was ignited to give '==::-:-:-==--===- -\
Nd203 + Mn304' ESTIMATED ERROR:

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the
Salt with the formation of basic salts.
Presumably the waters of hydration were
found by difference.



348 Neodymium nitrate

COMPONENTS;

(1) Neodymium magnanese nitrate;
2Nd(N0

3
)3'3Mn(N03)2; [84682-63-3]

(2) Water ; H20 ; [7732-18-5]

ORIGINAL MEASUREMENTS:

Prandtl, W.; Ducrue, H.

Z. Anorg. Chern. 1926, 150, 105-16

VARIABLES; PREPARED BY;

Temperature Mark Salomon

EXPERIMENTAL VALUES:

solubili ty

ox~des double salt

mole ratioa density Nd 2
03

MnO hydrateb hydrate C anhydrous saltd

t/oc MnO/Nd 203 kg m-3 mass % mass % mass % mass % mass % mol -1kg

15 2.96 1.66 15.24 9.50 73.8 73.28 53.84 0.974

30 3.01 1. 70 15.99 10.15 77 .4 77 .59 57.00 1.107

45 2.97 1. 75 17.05 10.68 82.6 82.18 60.38 1. 273

60 2.97 e 1.82 18.37 11.48 89.0 88.44 64.98 1.550

a. Exper~mental value; theoretical value = 3.00.
b. Authors' values apparently based on mass % Nd 20

3
. The hydrate which is also the

equil~brium sol1d phase is the tetracosahydrate 2Nd(N03)3·3~!n(N03)2.24HZO.

c. Compiler's calculations based on average from mass % NdZ03 and MnO.

d. Compiler's calculations based on results from c above.
e. Compiler computes 2.96.

AUXILIARY INFORMATION

Temp: not specified.

Soly: precision ± 0.3 to ± 1 % (compiler).

NdZ03 found ZO.58, ZO.57 %, ea1ed ZO.65
mass %.
MnO found 1Z.93, lZ.64 %, ca1cd 13.06 mass %.
Conductivity water was used.

SOURCE AND PURITY OF MATERIALS:
Nd

Z
03

prepared by W. Prandtl was analysed by
X-ray spectroscopy and found to be "very
pure." It was dissolved in nitric acid and
the required amount of commercial "pure"
grade Mn(N0 3)Z added. The solution was
evaporated to crystallization, and the double
salt recrystallized several times from
conductivity water. The salt was dried over
CaCl Z in a desiccator to give the tetracosa
hydrate. Results of the analysis of the
double salt are:

ERROR:

Isothermal method used. Pulverized double
salt (hydrate) and conductivity water were
placed in two 50 cc flasks and agitated for
I day ~n a thermostat. The sIns were then
permitted to settle and aliquots of approx
4 cc removed with pipets maintained at the
same temp as the satd sIns. The aliquots
were placed ~n graduated flasks and weighed,
and then d~luted with 50 cc of water for
ana1ys~s. The results for densities and
mass % of oxides are the mean of two deter
minations. The mass % of the tetracosa
hydrate was apparently calculated by the
authors from the mass % Nd 20,: i.e. the
mass % MnO was not considerea.
Both metals were determined gravimetrically.
Diluted al~quots were heated and Nd pptd as
the oxalate, ignited, dissolved in dilute
rill0 3, and pptd two more times as the oxalate. ESTIMATED
The oxalate was ignited to the oxide and
weighed. From the combined filtrates, Mn
was pptd as HnNH 4P04 , and presumably
ignited to the pyrophosphate Mn 2PZ0 7.

METHOD 'APPARATUS/PROCEDURE:
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COMPONENTS:
(1) Neodymium cobalt nitrate;

2Nd(N0
3

)3'3Co(N03)2; [84697-20-1]

(2) Nitric acid; HNO}; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 16°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1912, 76, 303-23.

PREPARED BY:

Mark Salomon

Soly of the double salt in HN0
3

sIn of density d~6 = 1. 325 g -3cm

aliquot volume Nd
2

0
3 soly 2Nd(N03)3'3Co(N0

3
)2

a

2 -3cm g mol dm

1.4638 0.0452

1.4638 0.0458 0.0923

a. Author's calculation (average value).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 95.5°C, and the density at O°C is
2.195 g cm-3 .

AUXILIARY INFOR}~TION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The soly was studied
in RN0 3 sIn of density 1.325 g cm- 3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH
4

CI
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03, reprecipitated as the
hydroxide, and ignited to the oxide. Co in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumably
the waters of hydration were found by
difference .....

SOURCE AND PURITY OF MATERIALS;
"Pure" neodymium oxide was dissolved in dil
RN03 and CO(N0

3
)2 added to give a mole ratio

of Nd/Co = 2/3. The sIn was evapd and a
small crystal of Bi

2
Mg

3
(N0

3
)12 added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for Nd 20

3
and metallic cobalt. 0.5750 g

samples of the tetracosahydrate yielded
0.1162 g Nd

2
0

3
(i.e. 20.21 mass %) and

0.0622 g metallic cobalt (i.e. 10.82 rr~ss %).
Theoretical values calculated by the compile!
are 20.50 mass % Nd

2
0

3
and 10.77 mR~~ % Co.

ESTIMATED ERROR:

Soly: reproducibility about ± 1-5% (compiler)

Temp: nothing specified.



350 Neodymium nitrate

COMPONENTS:

(1) Neodymium cobalt nitrate;
2Nd(N0 3)3·3Co(N0 3)2; [84697-20-1]

(2) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Prandtl, W.; Ducrue, H.

Z. Anorg. Chern. 1926, 150, 105-16.

VARIABLES: PREPARED BY:

Temperature Mark Salomon

EXPERIMENTAL VALUES:
solubility

oxides double salt

mole ratioa density Nd20
3 CoO hydrateb hydrate C anhydrous salt d

t/oC CoO/Nd
2
03 kg m-3 mass % % mass % mass % mass % mol -1mass kg

15 2.98 1. 65 14.00 9.28 68.3 68.04 50.12 0.831

30 2.98 1.68 14.84 9.84 72.4 72.13 53.14 0.938

45 2.98 1.72 15.70 10.43 76.6 76.39 56.27 1.064

60 3.01 1.77 16.63 11.16 81.1 81.32 59.90 1. 235

a. Experimental value: theoretical value = 3.00.

b. Authors' values apparently based on mass % Nd203• The hydrate which is also the

equilibrium solid phase is the tetracosahydrate 2Nd(N0 3)3·3Co(N0 3)2·24H20.

c. Compiler's calculations based on average from mass % Nd
2
0

3
and CoO.

d. Compiler's calculations based on results from c above.

AUXILIARY INFORMATION

ESTIMATED ERROR:

mass ?e.
CoO found 13.52, 13.59 %, calcd 13.70 mass %.
Conductivity data was used.

Soly: precision ± 0.4 % at best (compiler).

Temp: not specified

SOURCE AND PURITY OF MATERIALS:
Nd

2
0

3
prepared by W. Prandtl was analysed by

X-ray spectroscopy and found to be "very
pure." It was dissolved in nitric acid and
the required amount of commercial "pure"
grade added. The solution was evaporated to
crystallization, and the double salt
recrystallized several times from conductivit
water. The salt was dried over CaC1 2 in a
desiccator to give the tetracosahydrate.
Results of the analysis of the double salt
are:

Isothermal method used. Pulverized double
salt (hydrate) and conductivity water were
placed in two 50 cc flasks and agitated for 1
day in a thermostat. The sIns were them per
mitted to settle and aliquots of approx 4 cc
removed with pipets maintained at the same
temp as the satd sIns. The aliquots were
placed in graduated flasks and weighed, and
then diluted with 50 cc of water for analysis
The results for densities and mass % of
oxides are the mean of two determinations.
The mass % of the tetracosahydrate was
apparently calculated by the authors from the Nd20 3 found 20.51, 20.25 %, calcd 20.50
mass % Nd203 : i.e. the mass % CoO was not
considered.

METHOD/APPARATUS/PROCEDURE:

Both metals were determined gravimetrically.

Nd was pptd as the hydroxide by adtiition of
NH4Cl/NH

4
0H solution. The hydroxide was

dissolved in dil RN0 3, pptd as the oxalate,

and ignited to the oxide.
The filtrates from the hydroxide and oxalate
separations were combined, and nitric and
oxalic acids eliminated by addn of sulfuric
arid an~ h~ating. Co was determined by
;;'1'. ., c ·(lennqition.



COMPONENTS:
(1) Neodymium nickel nitrate;

2Nd(N03)3.3Ni(N03)2; [84682-66-6]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

One temperature: 16°C

Double nitrates

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. lJ~J, 76,
303-23.

PREPARED BY:

Mark Salomon
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EXPERIMENTAL VALUES:
Soly of the double salt in HN0

3
sIn of density d 16 =

I.
1. 325 g -3cm

aliquot volume Nd
2

0
3

soly 2Nd(N03)3·3Ni(N03)2a

3 -3cm g mol dm

1.4638 0.0350

1. 4638 0.0350 0.0710

a. Author's calculation (average value).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 104.6°C, and the density at O°C is
2.202 g cm-3.

AUXILIARY INFORNATION

METHOD,APPARATUS/PROCEDURE:

Isothermal method used. The soly was studied
in RN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4Cl
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03' reprecipitated as the
hYdroxide, and ignited to the oxide. Ni in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
With the formation of basic salts. Presumabl,
the waters of hydration were found by
difference.

SOURCE AND PURITY OF ~~TERIALS;

"Pure" neodymium oxide was dissolved in dil
RN03 and Ni(N03)2 added to give a mole ratio

of Nd/Ni = 2/3. The sIn was evapd and a
small crystal of Bi2lig3 (N0

3
)12 added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for Nd203 and NiO. A 0.4625 g sample of

the tetracosahydrate yielded 0.0952 g Nd Z0
3

(20.58 mass %). Theor value is 20.50
mass % Nd 20

3
(compiler). Analysis for NiO

gave 13.83 mass % compared to the theor
value of 13.66 mass % (compiler).

E5TI}1ATED ERROR:

50ly: reproducibility about ± 1-5% (compiler).

Temp: nothing specified.
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COMPONENTS:

Neodymium nitrate

ORIGINAL MEASUREMENTS:

(1) Neodymium zinc nitrate'
2Nd(N03)3.3Zn(N03)2; [31176-55-3]

(2) N~tric acid; HN0
3

; [7697-37-2]

(3) Water ; H
2

0 ; [7732-18-5]

VARIABLES:

One temperature: 16°C

Jantsch, G. Z. Anorg. Chern. 1211, 76,
303-23.

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt in HN0

3
sIn of density dZ

6
= 1. 325 g -3cm

aliquot volume

3cm

1.4638

1. 4638

g

0.0522

0.0528

mol dm- 3

0.1066

a. Author's calculation (average value).

ADDITIONAL DATA:

The melting ~oint of the tetracosahydrate is 88.5°C, and the density at O°C is
2.2215 g cm- .

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:
"Pure" neodymium oxide was dissolved in dil
HN0 3 and Zn(N0

3
)2 added to give a mole ratio

of Nd/Zn = 2/3. The sIn was evapd and a
small crystal of Bi2Mg

3
(N0

3
)12 added, and the

mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for Nd

2
0

3
• A 0.5650 g sample of the

tetracosahydrate yielded 0.1150 g oxide (i.e.
20.35 mass %). The theoretical value is

20.26 mass %. Analysis for NO (details not
given): found 21.73 mass %, theor 21.68
mass %.

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The soly was studied
in HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4Cl
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03' reprecipitated as the
hydroxide, and ignited to the oxide. Zn in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumably
the waters of hydration were found by
difference.

ESTI!1ATED ERROR:

Soly: reproducibility about

Temp: nothing specified.

± 1-5% (compiler).
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COMPONENTS:

(1) Neodymium zinc nitrate;
ZNd(N0 3)3'32n(N03)Z; [31176-55-3]

(Z) Water ; HZO ; [773Z-18-5]

ORIGINAL MEASUREMENTS:

Prandtl, W.; Ducrue, H.

Z. Anorg. Chern. 19Z6, 150, 105-16.

VARIABLES: PREPARED BY:

Temperature Mark Salomon

EXPERIMENTAL VALUES:

solubility

oxides double salt

mole ratioa density NdZ03 2nO hydrateb hydrate C anhydrous saltd

t/oC 2nO/Nd Z03
-3 mass % % mass % mass % mass % mol -1kg m mass kg

15 3.00 1. 65 14.00 10.15 69.1 69.09 51.10 0.851

30 3.00 1.69 14.88 10.79 73.5 73.44 54.3Z 0.968

50 3.01 1. 75 15.86 11.53 78.8 78.37 57.97 1.lZ3

70 Z. 9 7 1. 81 17.15 lZ.33 84.6 84.Z8 6Z.34 1.347

a. Experimental value: theoretical value = 3.00.
b. Authors' values apparently based on mass % NdZ0

3
• The hydrate which is the

equilibrium solid phase is the tetracosahydrate ZNd(N0 3)3·32n(N03)Z·Z4HZO.
c. Compiler's calculations based on average from mass % NdZ03 and 2nO.

d. Compiler's calculations based on results from c above.

AUXILIARY INFORMATION

ConductiVity water was used.

ESTIMATED ERROR:

Soly: precision ± 0.5 % at best (compiler).

Temp: not specified.

SOURCE AND PURITY OF MATERIALS:
Nd

Z
0

3
prepared by W. Prandtl was analysed by

X-ray spectroscopy and found to be "very
pure." It was dissolved in nitric acid and
the requi red amount of commercial "pure"
grade 2n(N0 3)Z added. The solution was

evaporated to crystallization, and the
double salt recrystallized several times
from conductivity water. The salt was dried
over CaCI

Z
in a desiccator to give the

tetracosahydrate. Results of the analysis
of the double salt are:

the NdZ0
3

found ZO.33 %, calcd ZO.Z6 mass %.

2nO found 14.45 %, calcd 14.70 mass %.

Isothermal method used. Pulverized double
salt (hydrate) and conductivity water were
placed in two 50 cc flasks and agitated for 1
day in a thermostat. The sIns were then per
mitted to settle and aliquots of approx 4 cc
removed with pipets maintained at the same
temp as the satd sIns. The aliquots were
placed in graduated flasks and weighed, and
then diluted with 50 cc of water for analysis.
The results for densities and mass % of
oxides are the mean of two determinations.
The mass % of the tetracosahydrate was
apparently calculated by the authors from
mass.% Nd20 3: i.e. the mass % 2nO was not
cons~derea.

Both metals were determined gravimetrically.
Nd was pptd with NH Cl/NH OH solution,
filtered,redissolve~ in dtl HN0 3, pptd as
the oxalate and ignited to the oxide. From
the combined filtrates, 2n was pptd as
ZnNH4P0 4 , and presumably ignited to the

pyrophosphate 2nZPZ0 7.

METHOD/APPARATUS/PROCEDURE:
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COHPONENTS:

(1) Samarium nitrate; Sm(N0
3
)3;

[10361-83-8]

(2) Water; H
2
0; [7732-18-5]

CRITICAL EVALUATION:

Samarium nitrate

EVALUATOR:
S. Siekierski, T. ~!ioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ, USA

Mav 1982

THE BINARY SYSTEM

INTRODUCTION

Solubility data 1n the binary Sm(N03)3-H20 binary system have been reported in 12
publ1cations (1-12). Only one study (2) reports solubilities over a wide temperature
range uS1ng the synthetic method, and all other studies employ the isothermal method. A
number of hydrates have been reported to be equilibrium with saturated solutions:

Sm(N0 3)3· 6H20

Sm(N0 3) 3' 5H20

[13759-83-6]

[24581-35-9 ]

Sm(N03)3· 4H20

Sm(N03)3· 3H 20

[37131-73-0]

[81201-38-9]

Only the hexahydrate and pentahydrate have been quantitatively identified in the binary
system, but Popov and Mironov (2) state that a lower hydrate exists above 359.6 K. The
tetrahydrate, trihydrate and anhydrous solid phases were identified in nitric acid
solutions at 298.2 K and 323.2 K (8-10).

Analyses of the solubilities in the binary system as a function of temperature (see
below) clearly shows that both the hexahydrate and pentahydrate exist over a wide range of
temperatures. Although the pentahydrate is metastable below 332.0 K, it is surprisingly
slow to convert to the stable hexahydrate as demonstrated by the fact that its solubility
can be measured at temperatures as low as 236.5 K (2). Attempts to convert the metastable
pentahydrate solid to the hexahydrate be seeding did not succeed, and the hexahydrate
could only be produced by first heating the metastable saturated solution followed by slow
cool1ng (9). This fact that the metastable pentahydrate is extremely stable below 332.0 K
1S believed to result in errors in the experimentally determined congruent melting point
as discussed below.

EVALUATION PROCEDURE

The data in the compilations were examined and either rejected immediately because of
large obvious errors, or were analysed by a weighted least squares method. It should be
noted that only experimental solubility data were used in the least squares analyses:
i.e. smoothed or extrapolated data were not used. The data were fitted to a general
solubility equation based on the treatments in (13, 14) and in the INTRODUCTION to this
volume:

Y = fn(m/m o) - nM2 (m - mo ) = a + b/(T/K) + c fn(T/K) [1]

In eq. [1] m is the molality at temperature T, mo is an arbitrarily selected reference
molality (usually the 298.2 K value), n is the hydration number of the solid, M2 is the
molar mass of the solvent, and a, b, c are constants from which enthalpies and heat
capacities of solution, ~Hsln and ~Cp' can be estimated (see INTRODUCTION). In fitting
the solubility data to eq. [1] , weights of 0. I, 2 were assigned to each published value
depending upon the precision of the experimental value. In this procedure, if the
residual error between the observed and calculated molalities, ~, was larger than twice
the standard error of estimate for m, am' the data point was either rejected or its
weight factor decreased. The fitting of the data was repeated in tQis manner until all
~m values were equal to or less than ± 20m,

Since most authors did not report experimental errors (except in 3-7), the compilers
attempted to provide this information when possible. As discussed in previous critical
evaluations, the data of highest precision are those from the isothermal studies of
Spedding et al. (3-7) who reported a precision of ± 0.1% or better. Brunisholz et al.
(I, 11) in which the compilers estimated a precision of around ± 0.2%, and Popov and
Mironov (9, 10) for which the evaluators estimate an experimental precision of ± 0.5%.
For the remaining two isothermal studies in (8, 12), the experimental precision is
probably around ± 0.2% (based on the number of significant figures reported by these
authors), but the accuracy in the binary system in (8) is poor, and very poor in (12).
The results reported by Popov and Mironov based on the synthetic method (2) are assigned
an overall precision of ± 0.5% at best.
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COHPONENTS:

(1) Samarium nitrate; Sm(N03)3;
[10361-83-8]

(2) Water; H20; [7732-18-5]

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ, USA
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CRITICAL EVALUATION:

SOLUBILITY OF Sm(N03)3 IN THE Sm(N03)3.6H20-H20 SYSTEM

The solubility data in the binary system in which the solid phase is the hexahydrate
are summarized in Table 1. The results of fitting the data in Table 1 to the smoothing
equation [1] are given in Tables 3 and 4, and in Fig. 1. Table 3 gives the derived
parameters for eq. [1] , and Table 4 gives the smoothed solubility data calculated from
eq. [1] , and which are designated recommended values. The hexahydrate polytherm in

Table 1. Solubility of Sm(N03)3 in the Sm(N03)3.6H20-H20 system.

soly weight soly weight

T/K -1 ref initial/final T/K -1 ini tial/finalmol kg mol kg ref

243.2 3.21 2 1/1 298.15 4.2800 6 2/2
268.4 3.50 2 1/1 298.15 4.2774 7 1/1
273.15 3.596 1 2/2 303.2 4.225 12 0/0
273.15 3.623 11 2/2 303.5 4.50 2 1/1
283.15 3.861 1 2/2 308.15 4.689 1 2/2
287.0 3.85 2 1/0 308.15 4.704 11 2/1
293.15 4.112 1 2/2 314.6 5.15 2 1/0
293.15 4.113 11 2/2 323.15 5.444 1 2/0
298.2 4.261 10 1/0 323.2 5.475 8 1/0
298.15 4.269 8 1/0 337.0 7.l:2 2 1/0
298.15 4.2811 3,4 2/2 344.4 8.92 2 0/0
298.15 4.284 5 1/2 346.2 9.52 2 0/0

Fig. 1 was drawn from the smoothed solubility data, and the experimental data points are
included for comparisons.

The data in (8, 10, 12) were rejected, and four data points from (2) were also rejected.
The rejected data from (2) show small but significant negative deviations from the smoothed
polytherm, and the solubility of 9.52 mol kg- l at 346.2 K exceeds the limit of 9.25 mol
kg- l for the congruently melting solid (this latter experimental solubility could be
attributed to supersaturation). The congruent melting point for the hexahydrate as
calculated from eq. [1] is 344.1 K which differs significantly from early experimental
values of 351-352 K (15) and 352.7 K (16), but is within experimental and calculated error
to the more recent value of 341.2 ± lK (17). The high melting points reported in (15, 16)
are probably due to the presence of pentahydrate solid phases (m.p. of the pentahydrate
is 359.5 K as discussed below). Quill et al. (16) do report the appearance of cloudiness
and a temperature arrest in the experimental cooling curve before the appearance of the
major temperature arrest at 352.7 K.

n < 5

The solubility data for binary systems involving the pentahydrate and lower hydrates
are given in Table 2. Because all the data are from one research group (Mironov and

Table 2. Solubility of Sm(N0 3)3 in the Sm(N03)3.nH20-H20 system: n < 5-
solubility

a
weight

T/K mol kg- l solid phase ref initial/final

236.5 3.55 Sm(N03)3· 5H20 2 1/1
298.2 4.677 II 9 1/1
327.0 6.04 II 2 1/1
339.0 6.65 II 2 1/1
350.1 8.20 II 2 1/1
356.8 9.31 II 2 1/1
356.0 9.84 II 2 1/0
361.6 11.82 II 2 0/0
359.6 l4.83b II 2 0/0
298.2 12.27 Sm(N0 3)3· 4H20 10
360.1 14.94 ? 2
408.2 18. 73 ? 2

a. Solid phases reported by authors.
b. Extrapolated value: See eQ. [4] below.
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co-workers), equal weights of unlty were given to each solubllity value in the initial
fltting of the data to eq. [1]. The two solubillty values at 361.6 K and 359.6 K which
Popov and Mironov (2) assign to the pentahydrate system were immediately rejected because
the solubliltles of 11.82 mol kg- l and 14.83 mol kg- l exceed the theoretical solubillty
limlt of 11.10 mol kg- l (l.e. at the congruent melting pOlnt where the salt dissolves in
ltS waters of hydration). The results of the least squares fitting of the pentahydrate
data to eq. [1] are glven ln Table 3, and the smoothed solubillty data are given in Table
4. The predlcted congruent meltlng pOlnt of the pentahydrate lS 359.5 K at a solubility
of 11.102 mol kg-I. There are no experlmental values with which to compare this calculated
melting point.

The evaluators attempted to fit the remalning data pOlnts in Table 2 (including the
rejected data points in the pentahydrate system) to the smoothing equation, but a signifi
cant flt assumlng tetrahydrate or trihydrate SOlld phases could not be achieved. The
solubillty of 12.27 mol kg- l at 298.2 K ln the tetrahydrate system is an extrapolated
value (10), and is based on data in the Sm(N03)3-HN03-H20 ternary system (see discussion
below and eq. [4]).

1\.E_CO_MMEl'iDED _ANll }KNT.6T1 VE _S_O~jJBg_r..T_~ Jlj\}"!\'
The phase diagram of the Sm(N03)3.nH20-H20 system is given in Fig. 1. It is interesting

to note that the polytherms for the hexa- and pentahydrates remain nearly parallel up to
the transition pOlnt of 332.0 K. There is, in general, excellent agreement between the
data of Mlronov et al., Brunlsholz et al., and Spedding et al. for solubilities below the
hexahydrate to pentahydrate transition temperature of 332.0 K. All data for the hexa
hydrate system fall wlthin ± 20m of the solubilities calculated from eq. [1], and the
smoothed solubilltles are designated as recommended values. These recommended values are
glven ln Table 4 for selected temperatures. At the 95% level of confidence and a Student's
t = 2.086, the uncertainty ln the smoothed solubillties is ± 0.006 mol kg-I. Combining
thlS uncertalnty wlth the average experimental preclsion of ± 0.2% results in an overall
precision in the recommended solubilities of ± 0.011 mol kg- l

The smoothed solubllity data ln the pentahydrate system given ln Table 4 are designated
as tvnLltLve solublli tles. The uncertalnty in the calculated values is ± 0.19 mol kg- l
based on a Student's t = 3.182 at the 95% level of confidence, and combining this with the
experimental precision of ± 0.5% results ln an overall uncertainty of ± 0.2 mol kg- l for
the values glven in Table 4.

MULTI COMPONENT SYSTEMS

The Sm(N_O/L -_ HN_Ol-_~~2~__S_YSTEM

The solubility of Sm(N03)3 ln aqueous nitric acid solutions has been reported by Quill
and Robey (8), and by Mironov et al. (9, 10). The solubility isotherms at 298.2 K are
given in Fig. 2. and the branches for all hydrates are marked on the figure. The hexa
hydrate and pentahydrate solubility branches are essentially parallel almost up to the
eutonic point at about 53 mass % HN03' For the hexahydrate isotherm the combined data of
QUlll and Robey and Mlronov et al. are in excellent agreement, and these data are desig
nated as recommended values: only the value of ml = 16.2 mass % and m2 = 42.6 mass % (10)
is rejected. The remaining solubllity data in the pentahydrate, tetrahydrate, trihydrate,
and anhydrous salt systems are designated as tentative solubilities.

There lS agreement in (8-10) that complexes between Sm(N03)3 and HN0 3 do not exist.
Popov and Mironov (10) give smoothing equations for the hexa-, penta-. and tetrahydrate
isotherms based on Kirgintsev's equation (18), and the equations are (for 298.2 K):

isotherm smoothing equation

hexahydrate log m
l = log 4.26 - 0.703 log Yl [2]

pentahydrate log m
l = log 4.68 - 0.606 log Yl [3]

tetrahydrate log m
l = log 12.27 - 0.523 log Yl [ld

In eqs. [2]-[4], mIls the molallty of Sm(N03)3' and Yl is the solute mole fraction of the
salt deflned as Yl + Y2 = 1 where Y2 is the solute mole fraction of HN0 3 •
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Table 3. Derived parameters for the smoothing equation. a

parameter hexahydrate system pentahydrate system

a -36.708 - 31.169
b 1298.9 1075
c 5.6821 4.814

°a 0.002 0.007

°b 0.5 3

°c 0.0003 0.001

Oy 0.002 0.007
am 0.013 0.15

L'lHsln/kJ
-1 -43.0 -35.6mol

-1 -1 189.0 160.1
L'lC /J K mol

p

congruent melting point/K
-1

344.1 359.5
concn at the congruent m.p./mol kg 9.251 11.102

a
The values 0a' 0b' 0c are standard deviations, and 0y and am are standard errors of
estimate for the quantity Y in eq. [1] and the molality, respectively.

Table ~. Recommended and tentative solubllity data at selected temperatures calculated
from the smoothing equation.

T/K

243.15
263.15
273.15
278.15
283.15
288.15
293.15
298.15
303.15
308.15
313.15
318.15
323.15
328.15
332.00 c

333.15
338.15
343.15
348.2
353.2
358.2

a Recorrmended solubility data.

b
Tentative solubility data.

hexahydrate sysrema

soly/mol kg- l

3.208
3.432
3.609
3.715
3.835
3.969
4.119
4.287
4.475
4.688
4.929
5.207
5.533
5.923
6.283
6.413
7.085
8.340

pentahydrate systemb

soly/mol kg- l

3.60
3.84
4.03
4.13
4.25
4.38
4.52
4.68
4.85
5.04
5.25
5.48
5.74
6.03
6.283
6.36
6.75
7.20
7.77
8.54
9.89

c Hexahydrate + pentahydrate transition temperature (determined graphically by the
evaluators) •
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MULTICOMPONENT SYSTEMS WITH TWO SATURATING COMPONENTS

Brunisholz et al. (1) have studied the solubilities in the ternary La(N03)3-Sm(N03)3
H20 system at 273.2, 293.2. and 308.2 K. These authors report the existence of solid
solutions of general composition LaxSml_x(N03)3.6H20, and the miscibility limits defined
by x vary as a function of temperature. In a rejected paper on this ternary system, «19),
see the La(N03)3 critical evaluation for details), the existence of solid solutions was
not reported. Solubilities in the quaternary system La(N03)3-Sm(N03)3-tributylphosphate
water have been reported by Kolesnikov et al. (20), and the compilation of this paper can
be found in the La(N03)3 chapter.

The Sm(N03)3-Zn(N03)2-H20 system has been studied by Brunisholz and Klipfel (11), and
the dominant feature in this system is the formation of the tetracosahydrate

2Sm(N03)3·3Zn(N03)2·24H20 [28876-'83-7]

Although the solubility data in the Sm(N03)rCH3CONHCONH2-H20 system at 303.2 K (12)
cannot be critically evaluated, it should be noted that the solubility of Sm(N03)3 found
for the binary system is in error by -22%.
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5. Spedding, F.H.; Derer, J.L.; Mohs, M.A.; Rard, J.A. J. Chem. Eng. Data 1976, 21, 474.
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CRITICAL EVALUATION:

360 •
Fig. 1. Solub~lity polytherms
for the Sm(N03)3-H20 system. T/K

0
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COMPONENTS;

Samarium nitrate

ORIGINAL MEASUREMENTS:

(1) Samarium nitrate; Sm(N0
3
)3; [10361-83-8]

(2) ~ater; H20; [7732-18-5]

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Brunisholz, G.; Quinche, J.P.; Kalo, A.M.
Helv. Chim. Acta., 1964, 47, 14-27.

PREPARED BY;

T. M10duski and S. Siekierski

o
10
20
35
50

Solubility in the system

mass %

54.74
56.50
58.04
61.20
64.68

a
Sm(N03)3-H20

mol kg- l

3.596
3.861
4.112
4.689
5.444

a. Molalities calculated by the compilers.

AUXILIARY INFORMATION

METHOD iAPPARATUS/PROCEDURE:

The isothermal method was used. Sm was
determined by complexometric titration
using xylenol orange indicator in the
presence of a small quantity of urotro
pine buffer. Water was determined by
difference. The solid phase is Sm(N0

3
)3'

6H20.

SOURCE AND PURITY OF MATERIALS:

Samarium nitrate was prepared from Sm20
3of purity better than 99.7 % (obtained

by the ion exchange chromatography).

ESTIMATED ERROR:

Soly: precision about ± 0.2 % (compilers).

Temp: precision probably better than ± 0.05
K (compilers).

REFERENCES:



COMPONENTS:

Binary aqueous system

ORIGINAL MEASUREMENTS:

361

(1) Samarium nitrate; Sm(N0
3
)3; [10361-83-8]

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature: range -30 to 135°C

Popov, A.P.; Mironov, K.E. Rev. Roum.
Chim. 1968, 13, 765-73.

PREPARED BY:

T. llioduski and S. Siekierski

EXPERIMENTAL VALUES:
Solubility of Sm(N0 3)3 function of aas a tem;>erature

solid -1
solid

-1trC mass % mol kg phase trC mass % mol kg phase

- 2.1 19.2 0.71 ice 63.8 71. 4 7.42 Sm(N03)3' 6H20
b

- 3.9 25.1 1.00
"

71.2 c 75.0 8.92
"- 8.5 33.7 1.51

" 73.0 76.2 9.52
"-11.9 38.0 1.82

" b-15.9 42.5 2.20
" -36.7 54.4 3.55 Sm(NO ) .5HZO

3 3-ZO.3 46.5 2.58
"

53.8 67.0 6.04 Sm(N03)3' 5II20
-26.5 49.9 2.96

" 65.8 69.1 6.65
"-33.5 52.9 3.34

" 76.9 73.4 8.20
"83.6 75.8 9.31
"-30.0 51. 9 3.21 Sm(N03)3· 61120 82.8 7{,.8 9.84
"- 4.8 54.1 3.50

" 88.4 79.9 11.82
"13.8 56.4 3.85

" 86.4 83.3 14.83
"30.3 60.2 4.50

"41.4 63.4 5.15
" 86.9 83.4 14.94 lower hydrate

135.0 86.3 18.73
"

a. rfolalities calc.ulated by M. Salomon.

b. Hetastable equilibrium.

c. This solubility value was determined by the isothermal method.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The synthetic method was used.

The temperatures of crystallization were
determined visually.

::anS13-M

SOURCE AND PURITY OF MATERIALS:

Sm(N03)3·6H20 was obtained by dissolving

Sm203 of 99.5 % purity in RN0
3

and crystn.

Water bidistd.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



362 Samarium nitrate

COMPONENTS:

(1) Samarium nitrate; Sm(N03)3; [10361-83-8]

(2) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.00°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
1. Spedding, F.H.; Shiers, L.E.; Rard, J.A.

J. Chern. Eng. Data 1975, 20, 88-93.
2. Rard, J.A.; Speddin~.H. J. Phys. Chern.

1975, 79, 257-62.
3. Spedding, F.H.; Derer, J.L.; Mohs, M.A.;

Rard, J.A. J. Chern. Eng. Data 1976, 21,
474-88. --

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

The solubility of Sm(N0
3

)1 in water at 25.00°C has been reported by Spedding and co-
workers in three publications. Source paper [3] reports the solubility to be 4.284 -1
mol kg-I, but the preferred value is given in source papers [1] and [2] as 4.2811 mol kg

COMMENTS AND/OR ADDITIONAL DATA:

Source paper [1] reports the relative viscosity, nR, of a saturated solution to be
15.883. Taking the viscosity of water at 25°C to equal 0.008903 poise, the viscosity of
a saturated Sm(N0 3)3 solution at 25°C is 0.1410 poise (compilers calculation).

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, 79, have
enabled the compilers to provide the following additional data.

The density of the saturated solution was calculated by the compilers from the smoothing
equation, and at 25°C the value is 1.8269 kg m- 3 Using this density, the solubility
in volume units is (based on the preferred value of 4.2811 mol kg-I)

-3csatd = 3.2054 mol dm

Source paper [2] reports the electrolyte conductivity of the saturated solutio~lto be
(corrected for the electrolytic conductivity of the solvent) K = 0.029531 S cm •

The molar conductivity of the saturated solution is calculated from 1000 K/3csatd and is

2 -13.071 S cm mol

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE :

Isothermal method used. Solutions were
prepared as described in (1) and (3). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to
0.1 % or better. In the sulfate analysis,
the salt was first decomposed with HCl
followed by evaporation to dryness before
sulfuric acid additions were made. This
eliminated the possibility of nitrate ion
coprecipitation.

SOURCE AND PURITY OF MATERIALS;
Sm(N03)3·6H20 was prepd by addn of HN0 3 to
the oxioe. The oxide was purified by an
ion exchange method, and the upper limit
for the impurities Ca, Fe, Si and adjacent
rare earths was given as 0.15 %.

In source paper (3) the salt was analysed
for water of hydration and found to be
within ± 0.016 water molecules of the
hexahydrate.

ESTIMATED ERROR:
Soly: duplicate analyses agreed to at least

± 0.1 %.
~emp: not specified, but probably accurate to

at least ± 0.01 K as in (3)(compilers).

REFERENCES;
1. Spedding, F.H.; Cullen, P.F.; Habenschuss,

A. J. Phys. Chern. 1974, 78, 1106.
2. Spedding, F.R.; Pikal, M.J.; Ayers, B.O.

J. Phy8. Chern. 1966, 70, 2440.
3. Spedding, F.R.; et. al. J. Chern. Eng.

Data 1975, 20, 72.



COMPONENTS:

Binary aqueous system

ORIGINAL MEASUREMENTS:

363

(1) Samarium nitrate; Sm(N03)3; [10361-83-8]

(2) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.00°C

EXPERIMENTAL VALUES:

1. Spedding, F.H.; Shiers, L.E.; Brown, M.A.;
Baker, J.L.; Guitierez, L.; McDowell,
L.S.; Habenshuss, A. J. Phys. Chern. 1975,
79, 1087-96:

2. Rard, J.A.; Shiers, L.E.; Heiser, D.J.;
Spedding, F.H. J. Chern. Eng. Data 1977,
22, 337-47. -----

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

-1
Source paper [1] reports a solubility of 4.2800 mol kg

-1
Source paper [2] reports a solubility of 4.2774 mol kg

The solid phase in both studies is the hexahydrate Sm(N03)3'6H20

Source paper [1] reports a density of the saturated solution of 1.82668 kg m3 • Using
this density value, the compilers have calculated the solubility in volume units (based
on the value of 4.2800 mol kg- l given for the saturated solution in source paper [1]:

3.2046 mol dm- 3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Solutions were
prepared as described in (1) and (2). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to
0.1 7. or better. In the sulfate analysis,
the salt was first decomposed with HCl fol
lowed by evaporation to dryness before
sulfuric acid additions were made. This
eliminated the possibility of nitrate ion
coprecipitation.

SOURCE AND PURITY OF MATERIALS:

Sm(N03)3'6H20 was prepd by addn of HN03 to
the oxide. The oxide was purified by an ion
exchange method, and the upper limit for the
impurities Ca, Fe, Si and adjacent rare
earths was given as 0.15 %.

ESTIMATED ERROR:

Soly: duplicate analyses agreed to at least
± 0.1 %.

Temp: not specified, but probably accurate
~n at 1p",,~+ n.01 K as in (3),

REFERENCES:
1. Spedding, F.H.; Cullen, P.F.; Habenschuss,

A. J. Phys. Chern. 1974, 78, 1106.
2. Spedding, F.H.; Pikal, M.J.; Ayers, B.O.

J. Phys. Chern. 1966, 70, 2440.
3. Spedding, F.H.; et. al. J. Chern. Eng.

Data 1975, 20, 72.



364

COMPONENTS:

Samarium nitrate

ORIGINAL MEASUREMENTS:

(1) Samarium nitrate; Sm(N0 3)3; [10361-83-8]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Composition at 25°C and 50°C

EXPERIMENTAL VALUES:

Quill, L.L.; Robey, R.F. J. Am. Chern.
Soc. 1937, 59, 2591-5.

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

Solubility of Sm(N0
3

)3 in nitric acid solutions a

25

SO

Sm(N03)3 HN0
3

density

mass % mol
-1

% mol
-1 -3 nature of the solidkg mass kg kg m phase

58.95 4.269 0 --- I. 782 Sm(N03)3' 6H20
52.08 3.707 6.15 2.34

"46.52 3.282 11. 34 4.27 "16.40 1. 243 44.38 17.96 "14.20 1.128 48.40 20.54
"13.64 1.166 51.58 23.54 "

64.81 5.475 ° --- 1.939 Sm(N03)3' 6HzO
62.97 5.363 2.1Z 0.96 1.916 "57.57 4.904 7.53 3.42 1.859

"45.05 4.112 22.38 10.90 "33.20 3.247 36.40 19.00 1.648 "
30.22 4.036 47.52 33.88 1.664 Sm(N03)3· 6HzO + Sm(N03)3' 4H20

27.89 3.201 46.21 28.31 1. 638 Sm(N03)3· 4H 20 ?

a. Molalities calculated by the compilers.

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE: SOURC~ AND PURITY OF MATERIALS;

Isothermal method. Appropriate quantities of RN0
3

prepd from c.p. grade by distillation
Sm(N0

3
)3 and aqueous HN0

3
were placed in in an all Pyrex still and retaining the

Pyrex tubes, heated to induce supersaturation middle fraction. For very high HN03 concns,
and thermostated. The Pyrex tubes were reagent grade fuming HN03 used as received.
sealed after a small crystal of Bi(N03)3·5HzO Sm(N03)3'6H20 prepared by dissolving the
was added to "seed" crystallization. Tfie oxide in pure nitric acid, recrystallizing
sealed tubes were shaken in the thermostat twice, and dried over 55 % sulfuric acid in
for at least 8 hours (equilibrium was reache' a desiccator. No trace of any other rare
in 4 hours). Authors state that approach to earth was found in the oxide by arc emission
equilibrium from undersaturation gave spectroscopy.
indentical results within experimental error. Distilled water was u~d which had a conduc-
All data reported in the above table are the ~t~i~V~i~t~~~o~f~2~x~1~0~-~6~s~c~m~-_1~ ~
results obtained by approach from super- ESTIMATED ERROR:
saturation. Soly: precision probably ± 0.2 % (compilers)
A "filtering pipet" maintained at a tempera- Temp: accuracy ± 0.03 K at 25°C
ture slightly higher than the thermostat accuracy ± 0.1 K at 500C
temperature was used to withdraw samples for ~ ~

analyses. Weighed samples of liquid and REFERENCES:
solid phases were analysed for RN0

3
by titrn

with 0.1 mol dm- 3 NaOH with methyl red in-
dicator. Sm was pptd as the oxalate, fil-
tered, washed with hot dilute oxalic acid,
and ignited to the oxide. Composition of
solid phases determined by Schreinemakers'
method of residues.



COMPONENTS:

Ternary systems, one saturating component

ORIGINAL MEASUREMENTS:

365

(1) Samarium n~trate; Sm(N0
3

) 3; [10361-83-8]

(2) Nitric acid; HN0 3; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of HN0 3 at 25°C

EXPERIMENTAL VALUES:

Mironov, K.E.; Sinitsyna, E.D.; Popov, A.P.
Zh. Neorg. Khim. 1966, 11, 2361-5; Russ. J.
Inorg. Chem. EngZ. Transl. 1966, 11, 1266-8.

PREPARED BY:

T. Mioduski and S. Siekierski

Solubility of Sm(N03)3 in HN0
3

solutions at 250C a

Sm(N03)3 HN0
3

mass % mol -1
% mol -1 nature of the solidkg mass kg phase

61.14 4.677 0.0 --- Sm(N°3) 3' 5H 2O
75.6 e 10.70 3.4 2.57

"51.9 3.94 8.9 3.60
"43.6 3.19 15.8 6.18
"21. 6 1. 62 38.8 15.55
"20.3 1. 55 40.7 16.56
"16.9 1. 38 46.6 20.26
"14.5 1. 27 51. 5 24.04
"14.5 1.29 52.1 24.75
"

14.5 1. 29 52.2 24.88 Sm(N03) 3' 5H 2O + Sm(N03)3' 4H20

14.6 1. 32 52.5 25.32 Sm(N03)3' 4H20
12.6 1. 22 56.6 29.16

"11. 3 1.14 59.2 31.85
"10.4 1.13 62.3 36.22
"10.3 1. 20 64.1 39.74 "10.4 1. 36 66.9 46.77
"13.9 2.16 67.0 55.67
"14.5 2.21 66.0 53.71 "15.6 2.52 66.0 56.92
"15.5 2.53 66.3 57.81
"

continued ••.•••.•.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Equilibrium
was reached in 4-5 hours. Sampling tech
niques and methods of analysis for Sm, HN0 3,
and H20 were the same as in (1). The compo
sitions of the solid phases were determined
by Schreinemakers' method of residues using
Cameron's computational method.

SOURCE AND PURITY OF MATERIALS;

Samarium nitrate was prepared from "Sm-2"
grade oxide (USSR standard Sm-2) and nitric
acid.

100% nitric acid was prepared by the Brauer
method.

Doubly distilled water was used.

ESTIMATED ERROR:

Soly: precision about ± 0.5 % (compilers).

Temp: precision probably ± 0.1 K (com
pilers) •

REFERENCES:

1. Mironov, K.E.; Sinitsyna, E.D.; Popov,
A.P. Izv. Sibir. Otd. Akad. Nauk Ser.
Khim. 1964, No. 11, 48.

2. Padova, J.I.; Soriano, J.R. Israel J.
Chem. 1963, 1, 310.



366 Samarium nitrate

COHPONENTS:

(1) Samarium nitrate; Sm(N03) 3; [10361-83-8]

(2) Nitric acid; HN03; [7697-37-2]

(3) Water; H20; [7732-18-5]

ORIGINAL I1EASUREUENTS:

Mironov, K.E.; Sinitsyna, E.D.; Popov, A.P.
Zh. Neorg. Khim. 1966, 11, 2361-5; Russ. J
Inorg. Chem. EngZ. TransZ. 1966, 11, 1266-8

EXPERIliENTAL VALUES: conti nllPo .......•

Solubility of Sm(N03)3 in HN03
solutions at 250C a

Sm(N03)3 HN0
3

mass % mol -1
% mol -1 nature of the solid phasekg mass kg

17.5 2.97 65.0 58.94 Sm(N03)3' 4H20 + Sm(N03)3'3H2O

15.8 2.68 66.7 60.49 Sm(N03) 3' 3H 2O
14.5 2.48 68.1 62.11

"16.5 3.27 68.5 72.47 "16.9 3.75 69.7 82.55 "18.3 4.53 69.7 92.18 "
19.5 5.52 70.0 105.8 Sm(N03)3· 3H20 + Sm(N03)3' H20

18.5 5.24 71.0 107.3 Sm(N03)3 b
17.1 5.65 73.9 130.3 "13.2 4.73 78.5 150.1 "11.4 3.99 80.1 149.5 "7.5 2.86 84.7 172.3 "5.4 2.72 88.7 238.6 "3.8 1.91 90.3 242.9 "3.2 3.66 94.2 575.0 "2.0 2.48 95.6 632.1 "1.6 47.57 98.3 15600 "
21.1 1. 49 36.7 13.80 Sm(N03)3' 6H20 c

13.4 1. 22 54.0 26.29 Sm(N03)3· 6HZO + Sm(N03)3' 4H20 d

a.

b.

Molalities calculated by M. Salomon.

Composition of this phase not well established. The solid contains some NO. The
possibility of a compound between the anhyd salt and NOz was eliminated on the basis
of the low solubility: extrapolation shows the solubilIty of the anhyd salt to be
no more than 1.6 ± 0.2 mass % in an anhyd solution.

c.

d.
e.

Hexahydrate phase obtained by

Extrapolated based on data in
Apparent typographical error.
and m2 = 3.4 mass % (1.38 mol
evaluation.

heating followed by slow cooling.

(2).
Probable values are ml = 57.6 mass % (4.39 mol kg-I),

kg-I). See the phase diagram in the critical

COMMENTS AND/OR ADDITIONAL DATA:

An attempt to convert the pentahydrate into the hexahydrate by seeding did not succeed
indicating a high stability of the metastable pentahydrate.



COMPONENTS:

Ternary systems, one saturating component

ORIGINAL MEASUREMENTS:

367

(1) Samarium nitrate; Sm(N03)3; [10361-83-8]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of HN0 3 at 25°C

EXPERIMENTAL VALUES:

Popov, A.P.; Uironov, K.E. Zh. Neorg. Khim.
1971, lB, 464-6; Russ. J. Inorg. Chern.
Engl. Transl. 1971, lB, 244-6.

PREPARED BY:

T. Mioduski and S. Siekierski

aSolubility of Sm(N03)3 in RN0
3

solutions at 25°C

Sm(N03)3 HN03

mass % mol -1
% mol -1 nature of the solid phasekg mass kg

58.9 4.26 -- -- Sm(N03) 3' 6H
2
O

42.0 2.94 15.5 5.79 "28.5 2.00 29.2 10.96
"21.1 1.49 36.7 13.80 "16.2 1.17 42.6 16.41
"13.2 1.15 52.7 24.53 "

80.5 b 12.27 Sm(N03)3' 4H20-- ---

a. Molalities calculated by M. Salomon.

b. Calculated value based on fitting of Kirgintsev's equation (1) to data for
the soly of the tetrahydrate in HN03 solutions (2): i.e., obtained by extra
polation to zero HN0 3 concentration.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;

Nothing specified, but probably the isother- No information given.
mal method was used as in earlier work (2).

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

1. Kirgintsev, A.N. Izv. Adad. Nauk SSSR,
Ser. Khim. Nauk 1965, No.8, 1591.

2. Mironov, K.E.; Sinitsyna, E.n.; Popov,
A.P. zh. Neorg. Khim. 1966, 11, 2361.
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COMPONENTS:

Samarium nitrate

ORIGINAL MEASUREMENTS:

(1) Samarium nitrate; Sm(N03)3; [10361-83-8]

(Z) Zinc nitrate; Zn(N0 3)Z; [7779-88-6]

(3) Water; HZO; [773Z-l8-5]

VARIABLES:

Composition at O°C, 20°C, 35°C

EXPERIMENTAL VALUES:

Brunisholz, G.; Klipfel, K. Rev. Chim.
Miner. 1970, 7, 349-58.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 00C a

mol % Sm moles HZO
of total per 100 moles Sm(N03)3 Zn(N03)Z

Sm + Zn Sm + Zn mol -1 mol -1 nature of the solidkg kg phase

0.0 1110 --- 5.001 Zn(N03)Z,6H 2O (A)
4.31 1198 0.200 4.434 "
9.90 1080 0.509 4.631 A + B

9.91 1085 0.507 4.609 "9.93 1088 0.507 4.595 "
14.72 1107 0.738 4.276 2Sm(N03)3'3Zn(N03)2'24H20 (B)
20.15 1128 0.992 3.929 "25.96 1135 1. 270 3.621 "

26.06 1134 1.276 3.619 B + C
26.04 1132 1.277 3.627 "
45.37 1265 1.991 2.397 Sm(N03)3· 6H 20 (C)

71.54 1407 2.822 1.lZ3 "100.0 1532 3.623 ---
"

continued... , .•.•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The solids
were placed in glass-stoppered vials into
which a glass dumb-bell shaped pestle was
placed. These vials were placed in a second
larger tube and sealed with a rubber stopper.
The tubes were placed in a thermostat and
rotated end-over-end so that the pestle pul
verized the solid two times through each
360 0 rotation. The solutions were equili
brated for 2 to 4 weeks.

For the saturated solutions, Sm was deter
mined by titration with Trilon using Xy1enol
Orange indicator and urotropine buffer. Zn
was determined by precipitation as the sul
fide (using thioacetamide), or by ion
exchange chromatography.

The compositions of the solid phases were
determined by Schreinemakers' method of
residues, and by X-ray analysis.

SOURCE AND PURITY OF MATERIALS:

The nitrates were obtained by dissolving
the oxide in nitric acid followed by cry
stallization. The source and purities of
the oxides was not specified. The hydrated
nitrates were dried in a desiccator over
KOH under vacuum.

ESTIMATED ERROR:

Soly: precision ± 0.3-0.5 % (compilers).

Temp: precision ± 0.005 K.

REFERENCES:



COHPONENTS:

Ternary systems, two saturating components

ORIGINAL MEASUREMENTS:

369

(1) Samarium nitrate; Sm(N0
3
)3; [10361-83-8]

(2) Zinc nitrate; Zn(N03)2; [7779-88-6]

(3) Water; H20; [7732-18-5]

Brunisho1z, G.; Klipfel, K. Rev. Chim.
Miner. 1970, 7, 349-58.

EXPERIMENTAL VALUES: continued••••••••

Composition of saturated solutions at 200C a

mol % Sm moles H2O
of total per 100 moles Sm(N03)3 Zn(N03)2

-1 -1
Sm + Zn Sm + Zn mol kg mol kg nature of the solid phase

0.0 892 -- 6.223 A

2.67 871 0.170 6.203 A + B
2.79 876 0.177 6.160 "

11. 45 956 0.665 5.141 B
19.12 1102 0.963 4.074

"28.09 1015 1.536 3.933 "
32.96 1009 1.813 3.688 B + C
32.92 1006 1. 816 3.701

"
49.08 1100 2.477 2.570 C
73.50 1245 3.277 1.182 "100.0 1350 4.112 -- "

Composition of saturated solutions at 350C a

0.0 668 --- 8.310 A

0.75 661 0.063 8.335 A + B

2.21 751 0.163 7.228 B
12.55 862 0.808 5.631

"25.50 898 1. 576 4.605
"39.65 902 2.440 3.714
"

39.79 903 2.446 3.701 B + C
39.80 905 2.441 3.692

"
59.72 1054 3.145 2.121 C
85.50 1130 4.200 0.712

"100.0 1180 4.704 ---
"

a. Molalities calculated by If. Salomon.

SDS13-M*
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COMPONENTS:

Samarium nitrate

ORIGINAL MEASUREMENTS:

(1) Samarium nitrate; Sm(N0
3
)3;

[10361-83-8 ]

(2) N-Acetylurea; C
3
H6N20

2
; [591-07-1]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 30 0 C

EXPERIMENTAL VALUES:

Usubalieva, U.; Sulaimankulov, K. Zh. Neorg.

Khim. 1982, 27, 1338-9; Russ J. Inorg. Chem.

Engl Transl. 1982, 27, 755-6.

PREPARED BY:

T. Hioduski and S. Siekierski

Composition of saturated solutions at 30 0 Ca

Sm(N03)3 CH
3

CONHCONH
2

% mol -1 mass % mol -1 nature of the solid phasemass kg kg

0 -- 3.23 0.327 CH
3

CONHCONH2
5.15 0.168 3.54 0.380 "

15.13 0.557 4.16 0.505 "
24.45 1.018 4.12 0.565 "
33.27 1.590 4.51 0.710 "
38.60 2.018 4.52 0.778 "
55.40 3.859 1. 92 0.441 "
60.14 5.153 5.16 1. 457 "

60.24 5.178 5.17 1.464 CH3CONHCONH2 + Sm(N0 3)3' 6H20

61. 35 5.310 4.30 1.226 Sm(N0 3)3' 6H20

59.80 4.884 3.80 1.023 "
58.70 4.225 0 -- "

a. 1101ali ties calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. With
constant agitation, equilibrium was reached
within 6-9 hours. The liquid and solid
phases were separated using a Schott No. 3
filter, and both phases were analysed.
Nitrogen was determined by the Kje1dah1
method, and Sm was determined by titration
with Trilon using Xyleno1 Orange indicator.
The compilers assume water was determined
by difference.

No double compound was formed in this
system.

Nothing specified.

ESTIMATED ERROR:
Nothing specified, but the solubility of
Sm(N03)3 in water is too low by at least

5 % (see the critical evaluation).

REFERENCES:



Double nitrates 371

COMPONENTS:

(1) Magnesium samarium nitrate;
3Mg(N0

3
)2.2Sm(N0

3
)3; [32074-08-1]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1912, 76,
303-23.

VARIABLES: PREPARED BY:

One temperature: 16°C Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt in RN0

3
sIn of density dZ6 = 1.325 g -3cm

aliquot volume Sm
2
0

3
Soly 3Mg(N0 3)2·2Sm(N0 3)3

a

3 -3
cm g mol dm

1. 4638 0.0810

1. 4638 0.0807 0.1583

a. Author's calculation (average value).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 96.2°C, and the density at O°C is
2.088 g cm-3 .

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:
"Pure" samarium oxide was dissolved in dil
RN0

3
and Mg(N0

3
)2 added to give a mole ratio

of Sm/Mg = 2/3. The sIn was evapd and a small
crystal of Bi2Mg

3
(N03)12 added, and the m~xt

cooled to ppt the tetracosahydrate. The
double nitrate was recrystd before use.

± 1-5% (compiler).

REFERENCES:

ESTIMATED ERROR:

Soly: reproducibility about

Temp: nothing specified.

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN0 3 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main-
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4Cll- ...-.1
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered.
dissolved in HN0 3 • reprecipitated as the
hydroxide. and ignited to the oxide. Mg in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumabl'
the waters of hydration were found by
difference.



372 Samarium nitrate

COMPONENTS:

(1) Samarium manganese nitrate;
ZSm(N03)3.3Hn(N03)Z; [8468Z-68-8]

(Z) Nitric acid; HN0
3

; [7697-37-Z]

(3) Water; HZO ; [773Z-18-5]

VARIABLES:

One temperature: 16°C

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1J1J_, 76,
303-Z3.

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt in HN0 3 sIn of density d~6 = 1. 3Z5 g -3cm

aliquot volume a
ZSm(N0 3)3·3Mn(N0

3
)Z

bSm
Z

0
3

soly

-3cc g mol dm

1.4638 0.1553

1. 4638 0.1559 0.3047

a. Experimental quantity is total weight of Sm
Z

0
3

+ rln
3

0
4

oxides.
not report the experimental quantity.

The author did

SOURCE AND PURITY OF MATERIALS;
"Pure" samarium oxide was dissolved in dil
HN03 and Hn(N0 3)Z added to give a mole ratio

of Sm/Mn = Z/3. The sIn was evapd and a
small crystal of BizMg

3
(N0

3
)12 added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for total SmZ0

3
+ Mn

3
0

4
. A 0.5500 g sample

of the tetracosahydrate yielded 0.1940 g
oxides (i.e. 35.Z7 mass %). Theor for

Sm
Z

0
3

+ Mn
3

04
is 35.17 mass % (compiler).

b. Calculated by the author (average value).

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 70.ZoC, and the density at O°C is
Z.188 g cm-3.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in RN03 sIn of density 1.3Z5 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for Z4 h with
periodic shaking. The solution was then
allowed to settle for Z h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by precipitating
both Sm and Mn hydroxides by respective
addition of NH3 and HZOZ' The ppt was ignitedl-::~C=-"'"'==-==~ --t
to give SmZ03 + Mn304' ESTIMATED ERROR:

An attempt to determine the waters of Soly: reproducibility about ± 1-5% (co~piler)
hydration by dehydration was not successful
because the temperature required (lZ00C or
higher) resulted in decomposition of the salt Temp: nothing specified
with the formation of basic salts. Presumably
the waters of hydration were found by
difference.



COMPONENTS:
(1) Samarium cobalt nitrate;

2Sm(N03)3.3Co(N0
3
)2; [84682-49-5]

(2) Nitnc ac~d; HN0
3

; [7697-37-2]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 16°C

Double nitrates

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1912, 76,
303-23.

PREPARED BY:

Mark Salomon

373

EXPERIMENTAL VALUES:
Soly of the double salt in HN0

3
sIn of density d~6 = 1.325 g -3

ern

al~quot volume Sm
2

0
3

Soly 2Sm(N03)3·3Co(N0
3

)2
a

3 -3cm g mol dm

1.4638 0.1058

1. 4638 0.1058 0.2072

a. Average value calculated by the author.

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 83.2°C, and the density at O°C is
2.237 g cm- 3 .

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN0 3 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and lIN0 3 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4CI
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN0 3 , reprecipitated as the
hydroxide, and ignited to the oxide. Co in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the
salt with the formation of basic salts.
Presumably the waters of hydration were
found by difference.

SOURCE AND PURITY OF MATERIALS:
"Pure" samarium oxide was dissolved in dil
HNO) and Co(N0

3
)2 added to give a mole ratio

of Sm/Co = 2/3. The sIn was evapd and a
small crystal of Bi2Mg

3
(N0

3
)12 added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for Sm

2
0

3
and metallic Co. 0.2970 g samples

of the tetracosahydrate yielded 0.0625 g
oxide (21.04 mass %), and 0.0306 g Co
(10.30 mass %). Theor values are 21.08
mass % Sm20, and 10.69 mass % Co (compiler).

ESTH1ATED ERROR:

Soly: reproducibility about ± 1-5% (compiler)

Temp: nothing specified.



374 Samarium nitrate

COMPONENTS: ORIGINAL MEASUREMENTS:
(I) Samarium nickel nitrate;

2Sm(N0
3

)3.3Ni(N0
3
)2; [84682-71-3] ~g~:~~~' G. Z. Anorg. Chern. 1912, 76,

(2) N1tric acid: HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 16°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt in HN0

3
sIn of density dZ 6

=

aliquot volume Sm
2

0
3

soly 2Sm(N03)3·3Ni(N03)2
a

3 -3cm g mol dm

1.4638 0.0901

J. 4638 0.0897 0.1760

a. Average value calculated by the author.

ADDITIONAL DATA:

1. 325 g -3cm

ESTIllATED ERROR:

13.62, theor 13.56 (theor values calcd by
compiler) •

SOURCE AND PURITY OF MATERIALS:
"Pure" samarium oxide was dissolved in dil
HN0

3
and Ni(N0

3
)2 added to give a mole ratio

of Sm/Ni = 2/3. The sIn was evapd and a
small crystal of Bi2Mg3 (N03)IZ added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for Sm

Z
0

3
and NiO. 0~ZZ90 g samples of the

tetracosahydrate yielded 0.0485 g SmZ03
and 0.031Z g NiO. In units of mass %
Sm

2
0

3
: found 21.18, theor ZI.09. NiO: found

The melting point of the tetracosahvdrate is 92.2°C and the density at OoC is

2.272 g cm- 3 .

AUXILIARY INFORMATION

METHOD,APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN0

3
sIn of density 1.325 g cm-3 at 16°C

because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN0 3 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4Cl
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN0 3 , reprecipitated as the
hydroxide, and ignited to the oxide. Ni in
the filtrate was "determined by the usual
method" (no deta11s were given).

An attempt to determine the waters of Soly: reproducibility about ± 1-5% (compiler).
hydration by dehydration was not successful
because the temperature required (120°C or Temp: nothing specified
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumabl,
the waters of hydration were found by
difference.



COMPONENTS:

(1) Samar~um zinc nitrate;
2Sm(N0 3)3.3Zn(N0 3)2; [84682-73-5]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water ; H20; [7732-18-5]

VARIABLES:

One temperature: 16°C

Double nitrates

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1912, 76,
303-23.

PREPARED BY:

Hark Salomon

375

EXPERIMENTAL VALUES: 16
Soly of the double salt in HN0

3
sIn of density d

4
= 1.325 g

2Sm(N03)3·3Zn(N03)2
aaliquot volume Sm20

3 Soly

3 -3cm g mol dm

1. 4638 0.1553

1.4638 0.1559 0.3047

a. Average value calculated by the author.

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 76.5°C, and the density at O°C is
2.293 g cm-3 .

AUXILIARY INFORMATION

-3cm

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN03 sln of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sln were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4Cl
and 10% NH3 sln followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03' reprecipitated as the
hydroxide, and ignited to the oxide. Zn in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumably
the waters of hydration were found by
difference.

SOURCE AND PURITY OF MATERIALS:

"Pure" samarium oxide was dissolved in dil
HN0 3 and Zn(N0

3
)2 added to give a mole ratio

of Sm/Zn = 2/3. The sln was evapd and a
small crystal of Bi2Mg

3
(N0

3
)12 added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for Sm203 and NO. A 0.5280 g sample of the

tetracosahydrate yielded 0.1095 g Sm
2

0
3

(20.74 mass %): Theor = 20.84 mass %
(compiler). Analysis for NO (details not
given) gave 21.22 mass %; Theor value is
21.52 mass % (compiler).

ESTIUATED ERROR:

Soly: reproducibility about ± 1-5% (compiler).

Temp: nothing specified.



376 Europium nitrate

COHPONENTS:

(1) Europium nit rate; Eu(N0 3) 3: [10138-01-9)

(2) Water ; H20 ; [7732-18-5)

CRITICAL EVALUATION:

EVALUATOR:
S. Siekierski, T Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

January 1983

THE BINARY SYSTEM

INTRODUCTION

The direct determination of the solubility of europium nitrate in water has been
reported in only two publications (1,2). Mironov et al. (1) studied the solubility as
a function of temperature from 241.1 K to 362.4 K, and Khudaibergenova and Sulaimankulov
(2) determined the solubility at 303.2 K. According to Mironov et al. (1), the following
solid phases have been identified over the temperature range of 261 K to 372 K:

EU(N0 3)3· 6H20

Eu(N0 3)3· 5H20

[10031-53-5)

[63026-01-7)

[37131-74-1)

Lower hydrates exist as stable solid phases in aqueous nitric acid solutions (1), but
only the hexa-, penta-, and tetrahydrates have been identified in the binary system.

EVALUATION

An attempt was made to use the least squares method to fit the data of Uironov et al.
to the general solubility equation

Y = !n(m/mo) - nM2 (m - mo) = a + b/(T/K) + c !n(T/K) [1)

All terms in eq. [1) have been previously defined (e.g. see eq. [1) in the preceeding
critical evaluation for Sm(N03) TH20). We were unable to obtain a satisfactory fit to
eq. [1) for any of the data in (1). For example, the solubility data in the hexahydrate
system from (1) can be fitted to eq. [1) with the following results:

Y = -2.033 - 99.7/(T/K) + 0.418 !n(T/K) [2]

The standard error of estimate for the molality, om' is 0.12, and the calculated uncer
tainty in these solubilities is ± 0.2 mol kg- l (95% level of confidence, Student's t =
3.182). The constants in eq. (2) appear to be trival, and the calculated congruent
melting point for the hexahydrate is 431.3 K which is considerably higher than the experi
mental melting points of 364.30 K (1) and 364 ± lK (3) for the tetrahydrate (note that
Mironov et al. report that the hexahydrate and pentahydrate melt incongruently).

The problems encountered in determining the solubility of Eu(N03)3 in water are probably
due, in most part, to the existence mixed and metastable phases, and the difficulties in
identifying these phases. For example, Mironov et al. state that at 372.4 K the solid
phase is the tetrahydrate, and the solubility of Eu(N03)3 at this temperature is 15.19
mol kg-I. However as pointed out by the com~ilers, the solubility of the tetrahydrate at
its congruent melting point is 13.88 mol kg- , and the solubility result of 15.19 mol kg- l
at 362.4 K probably belongs to a metastable lower hydrate system ( n ~ 3). The solubility
value of 5.023 mol kg- l at 303.2 K reported in (2) appears to be too high by about 11%,
and this value is rejected.

CONCLUSION

At the present time, it is not possible to assign either the recommended or tentative
designations to any of the solubility data in the binary Eu(N03)3-H20 system. It is
however interesting to note that it is still possible to estimate more reliable solubili
ties in the hexahydrate system by an interpolation procedure. Figure 1 shows the
recommended solubilities for the lanthanide nitrates at 298.2 K as a function of atomic
number. From this figure we estimate that at 298.2 K, the solubility of Eu(N03)3 in the
hexahydrate system is 4.24 mol kg-I. Rard and Spedding (4) estimate a solubility of 4.33
± 0.03 mol kg- l at 298.2 K, presumably by this same interpolation method. Brunisholz
et al. (5) have employed this interpolation method to estimate the solubility of Eu(N0 3)3
in pure water at 273.2 K, 293.2 K, and 323.2 K. These interpolated values are summarized
in Table 1, and probably represent the best estimates for the solubilities in the hexa
hydrate system. It is noted that the interpolated solubility at 298.2 K based on the
smoothed curve (Fig. 1) is 4.24 mol kg- l which is lower than the value of 4.33 mol kg- l

obtained by the method of linear extrapolation between Sm and Gd (4).



Evaluation of aqueous systems 377

COHPONENTS:

(1) Europium nitrate; Eu(N0 3) 3; [10138-01-9]

[7732-18-5]

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

January 1983

CRITICAL EVALUATION: REFERENCES

1. Mironov, K.E.; Popov, A.P.; Vorob'eva, V.Ya.; Grankina, Z.A. Zh. Neorg. Khim. 1971,
16, 2769.

2. Khudaibergenova, N.; Sa1aimanku1ov, K. Zh. Neorg. Khim. 1981, 26, 1107.
3. Wendlandt, W.W.; Sewell, R.G. Texas J. Sci. 1961, 13, 23~
4. Rard, J.A.; Spedding. F.R. J. Chem. Eng. Data 1982, 2?, 454.
5. Brunisho1z, G.; Quinche, J.P.; Ka10, A.M. Helo, Chim. Acta 1964, 4?, 14.

Table 1. Estimated solubilit ies of Eu(N03)3 in the hexahydrate system.

T/K solylmo1 -1kg ref

273.2 3.64 5
293.2 4.17 5
298.2 4.24 evaluators (Fig. 1)
298.2 4.33 4
323.2 5.39 5
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Figure 1. Recommended lanthanide nitrate solubilities at 298.2 K as a function of atomic
number: solid phase is the hexahydrate except for Lu(N0

3
)3 where the solid

phase is the pentahydrate.



378

COMPONENTS:

(1) Europium nitrate; Eu(N03)3;
[10138-01-9]

(2) Water; H
2
0; [7732-18-5]

VARIABLES:

Temperature

Europium nitrate

ORIGINAL MEASUREMENTS:

Mironov, K.E.; Popov, A.P.; Vorob'eva, V. Ya.;

Grankina, Z.A. Zh. Neorg. Khim. JJll, 16,

2769-74; Russ. J. Inorg. Chem. Engl. Transl.

1971, 16, 1476-9.

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:
temperaturea,bComposition of saturated solutions as a func t ion of

Eu(N03)3
-1 solid Eu(N03)3

-1 solid
t/oC mass % mol kg phase t/oC mass % mol kg phase

0.0 0.0 --- A 30.5 60.6 4.55 e
- 1.2 10.3 0.34

" 37.0 60.8 4.59
"- 2.3 13.6 0.47

" 45.1 62.1 4.85 ?c
- 2.8 14.6 0.51

" 38.1 62.7 4.97 ?
- 9.9 30.2 1. 28

" 47.1 64.8 5.45 e
-11. 4 35.1 1.60

" 53.5 65.4 5.59 ?

-18.1 39.7 1.95 " 56.8 66.5 5.87 ?
-22.0 44.1 2.33

" 54.7 67.1 6.03 C
-25.8 47.0 2.62

"-28.1 48.6 2.80
" 59.0 67.5 6.15 D

73.0 70.6 7.11
"-31.6 50.3 2.99 B 74.0 71.4 7.39 ?

-32.1 52.2 3.23
"

77 .4 73.2 8.08 D
-20.5 53.5 3.40

"
87.0 75.8 9.27 ?

- 1.8 54.7 3.57
"

77 .5 78.6 10.87 ?

15.4 57.0 3.92
" 89.2 83.7 15.19 od

26.2 58.4 4.15
"

a. Molalities calculated by the compilers.
b. Solid phases: A = ice ; B = Eu(N03)3'6H20

e = Eu(N03)3·5H20 ; D = Eu(N03)3·4H20
c. Metastable equilibra. Solid phases not specified.
d. Theoretical concentration at the congruent melting point is 13.88 mol kg- l (compilers).

AUXILIARY INFORMATION

METHOD -'APPARATUS/PROCEDURE;

The synthetic method was used supplemented
with differential thermal analyses of the
various hydrates. The solubilities were
determined by visual recording of the temp
eratures of crystallization. The DTA studies
show that the hexahydrate and pentahydrate
are incongruently soluble. The tetrahydrate
is congruently soluble and melted at 91.15°e.

corlliENTS AND/OR ADDITIONAL DATA:

The coordinates of the invariant points
appear to have been determined graphically,
and are:

t/oe mass % mol -1kg

-36 52.0 3.21
33 60.1 4.46
60 76.1. 9.58

SOURCE AND PURITY OF MATERIALS;
Europium nitrate was prepd by dissolving
99.5% pure oxide in warm nitric acid followed
by evaporation to crystallization. 35.4
mass % Eu was found by EDTA titrn, 43.3 mass
% N03 was found by the Kjeldahl method, and
22.1 mass %water was found by the Karl
Fischer method. Theoretical for the penta
hydrate are: 35.50 mass % Eu, 43.46 mass %
N03' and 21.04 mass % H20 (compilers).

Europium nitrate with less waters of
hydration was prepared by drying at 100-120 oe
in vaauo.
ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS:

(1) Europium nitrate; Eu(N0
3
)3;

[ 10138-01-9]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of nitric acid at 25°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Mironov, K.E.; Popov, A.P.; Vorob'eva, V. Ya.;

Grankina, Z.A. Zh. Neorg. Khim. 1971, 16.

2769-74; Russ. J. Inorg. Chem. Engl. Transl.

1971, 16. 1476-9.

PREPARED BY:

Mark Salomon

Composition of saturated solutions at the eutonic pointsa

mass

Eu(N03)3

% mol kg- l
mass %

-1
mol kg nature of the solid phase

9.2

12.2

20.9

13.6

4.6

0.83

1.15

3.24

2.65

1.02

58.0

56.5

60.0

71.2

82.0

28.06

28.65

49.85

74.34

97.11

a. Molalities calculated by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. No
additional information given. Presumably
europium was determined by titration with
EDTA, and nitric acid by titration with
standard base.

Most of the data are given in a phase
diagram. The only numerical data given
are those for the five eutonic points
given in the above table.

SOURCE AND PURITY OF MATERIALS:
Europium nitrate was prepd by dissolving
99.5% pure oxide in warm nitric acid
followed by evaporation to crystallization.
35.4 mass % Eu was found by EDTA titrn, 43.3
mass % N03 was found by the Kjeldahl method,
and 22.1 mass % water was found by the Karl
Fischer method. Theoretical values for the
pentahydrate are: 35.50 mass % Eu, 43.46
mass % N03' and 21.04 mass % water ~ompiler).

Source and purity of HN03 and water was
not specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS:

(1) Europium nitrate; Eu(N0
3
)3;

[ 10138-01-9]

(2) Urea; CH
4

N
2

0; [57-] 3-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composit~on at 30°C

Europium nitrate

ORIGINAL MEASUREMENTS:

Khudaibergenova, N.; Sulaimankulov, K.

Zh. Neorg. Khim. 1981, 26, 1107-9.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Eu(N0 3)3

% mol -1mass kg mass

0.0 -- 57.56
17.98 2.137 57.12
25.87 4.033 55.15

37.67 15.589 55.18

36.43 9.260 51. 93
39.35 10.810 49.88
42.78 13.509 47.85
44.21 15.741 47.48
46.02 17.457 46.18
46.09 12.615 43.10
43.97 5.471 32.25
46.97 5.292 26.77
51.98 7.299 26.95
53.26 6.316 21.79

53.56 6.069 20.33

56.17 5.775 15.05
58.71 6.002 12.35
60.48 5.888 9.13
64.12 7.216 9.59

63.35 6.404 7.38
62.93 5.023 0.0

CO(NH2)2

% mol kg- l

22.583
38.197
48.383

128.51

74.287
77.118
85.033
95.138
98.584
66.389
22.582
16.975
21. 298
14.542

12.965

8.707
7.106
5.002
6.074

4.198

nature of the solid phase

CO(NH2)2

Eu(N03)3·6CO(NH2)2

Eu(N03)3·4CO(NH2)2·2H20

"

EU(N03)3·4CO(NH2)2·2H20 + EU(N03)2·2CO(NH2)~~1

Eu(N03)3·2CO(NH2)2·2H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Isothermal method employed. Equilibrium
was reached within 7-9h. The liquid phase Nothing specified.
was separated using No. 3 Schott filter.
Nitrogen was determined by the Kjeldahl
method. Eu was determined by titration with
Trilon B (Na2H

2
(EDTA» using Xylenol orange

indicator.

The double salts Eu(N03)3.6CO(NH2)2 and
Eu(N03)3·2CO(NH2)2·2H20 are incongruently

soluble, and Eu(N03)3·4CO(NH2)2·2H20 is
congruently soluble. ESTIMATED ERROR:

Nothing specified.

REFERENCES;
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COHPONENTS:

(1) Gadolinium nitrate; Gd(N03)3;
[10168-81-7]

(2) Water; H20; [7732-18-5]

CRITICAL EVALUATION:

EVALUATOR: S. Siekierski, T. lIioduski
Institute for Nuclear Research

Warsaw, Poland
and

M. Salomon
U.S. Army ET & DL
Ft. Monmou th, NJ

January 1983

THE BINARY SYSTElI

INTRODUCTION

Solubility data for the binary Gd(N03)3-H20 system have been reported in 14 publ~

cations (1-14). Only the hexahydrate (1-7) and pentahydrate (8-13) have been identified
as solid phases over the temperature range of 273-323 K. In aqueous nitric acid solutions
(7,8), the tetrahydrate, monohydrate and anhydrous salt are the solid phases depending
upon the nitric acid concentration.

Gd(N0 3)3· 6H20

Gd(N0 3)3· 5H20

[19598-90-4]

[52788-53-1 ]

Gd(N0 3)3· 4H20

Gd(N0 3)3· H20

[13 773-30-3]

[81201-40-3]

The hexahydrate was produced by crystallization from water (1-6), and the pentahydrate
was similarly produced followed by drying over CaC12 (8-13, 15). Analysis of the waters
of hydration in (2-6) showed the initial salt to be the hexahydrate within ± 0.016 water
molecules. Analysis in (8-13) by Serebrennikov and Aleksennko's method (16) resulted in
21.59 mass % water which corresponds to the pentahydrate (theoretical water co,tent is
20.79 mass % (evaluators».

EVALUATION PROCEDURE

The data in the compilations were examined and either rejected immediately because of
large obvious errors, or were analyzed by a weighted least squares method. It should be
noted that only experimental solubility data were used in the least squares analyses:
i.e. smoothed or extrapolated data were not used. The data were fitted to a general
solubility equation based on the treatments in (17, 18) and in the INTRODUCTION to this
volume:

Y = In(m/mo) - nM
2

(m - mo ) = a + b/(T/K) + C In(T/K) [1]

In eq. [1], m is the molality at temperature T, mo is an arbitrarily selected reference
molality (usually the 298.2 K value), n is the hydration number of the solid, M2 is the
molar mass of the solvent, and a, b, c are constants from which enthalpies and heat
capacities of solution, ~Hsln and ~Cp' can be estimated (see INTRODUCTION). In fitting
the solubility data to eq. [1], weights of 0, I, 2 were assigned to each published value
depending upon the precision of the experimental values. In this procedure, if the
residual error between the observed and calculated molalities, ~m, was larger than twice
the standard error of estimate for m, am' the data point was either rejected or its weight
factor decreased. The fitting of the data was repeated in this manner until all Lm values
were equal to or less than ± 20m,

Since most authors did not report experimental errors (except in 2-6), the compilers
and evaluators attempted to provide this information when possible. As discussed in
previous critical evaluations, the data of highest precision are those from the isothermal
studies of Spedding et al. (2-6) who reported a precision of ± 0.1% or better, and Moret
(1) for which the compilers estimated a precision of around ± 0.2%. For the results
reported by Afanas'ev et al. (7), the evaluators estimate an experimental precision of
± 0.5-1%. For the isothermal studies in (14, 15), experimental errors were not given,
but the precision is probably around ± 0.2-0.5% (based on the number of significant
figures reported by these authors). For those isothermal studies in which refractometric
analyses were used (8-13), the experimental precision is estimated to be ± 1% at best as
discussed in previous critical evaluations.

The solubility data for this binary system are summarized in Table 1. The results of
fitting the data in Table 1 to the smoothing equation are given in Tables 2 and 3, and in
Fig. 1. Table 2 gives the derived constants in eq. [1], and Table 3 gives the smoothed
solubility data calculated from the smoothing equation: these results are designated as
reaommended solubility data. The hexahydrate polytherm in Fig. 1 was drawn from the
smoothed solubility data, and the experimental points are included for comparison. As
seen in Fig. I, the two data points at 293.15 K and 313.15 K reported by Moret (1) do not
lie on the hexahydrate polytherm, and these data points were rejected. The residual error
for Moret's result of 4.005 mol kg- l at 283.15 K is ~m = 0.029 mol kg- l which is just
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COHPONENTS:

(1) Gadolinium nitrate; Gd(N0 3)3;
[10168-81-7 ]

(2) Water ; H20 ; [7732-18-5]

Gadolinium nitrate

EVALUATOR: S. Siekierski, T. Mioduski
Institute for Nuclear Research

Warsaw, Poland
and

H. Salomon
U.S. Army ET & DL
Ft. Monmouth, NJ

January 1983

CRITICAL EVALUATION:

Table 1. Solubility of Gd(N0 3)3 in the Gd(N03)3.6H20-H20 system.

T/K soly/mo1 -1 reference initia1/final factorkg weight

273.15 3.759 1 2/2
283.15 4.005 1 2/2
293.15 4.298 1 2/0
298.15 4.400 5 1/1
298.15 4.3766 2 2/2
298.15 4.3766 3 2/2
298.15 4.3766 4 2/2
298.15 4.3701 6 1/2
298.2 4.37 7 1/1
313.15 5.055 1 2/0
323.15 5.465 1 2/2

Table 2. Derived parameters for the smoothing equation [l].a

concn at

parameters

a
b
c

-1lIHsln/kJ mol

lie /J K- 1 mol- l
p

congruent me1tint point/K_
1the congruent m.p./mol kg

value for the hexahydrate system

-32.087
1141.2

4.9599

0.002
0.6
0.0004

0.002
0.015

-37.8

165.0

348.5
9.251

a
0a' 0b' 0c are standard deviations for the constands a, b, c and 0y and om are standard

errors of estimate for the quantity Y in eq. [1] and the molality, respectively.

Table 3. Recommended and tentative solubilities for Gd(N0 3)3 in the hexahydrate system.

T/K soly/mol
-1 a

T/K soly/mol
-1 b

kg kg

273.15 3.76 328.15 5.78
278.15 3.87 333.15 6.16
283.15 3.98 338.15 6.64
288.15 4.10 343.15 7.31
293.15 4.23 348.15 8.72
298.15 4.38 348.50c 9.25
303.15 4.55
308.15 4.74
313.15 4.95
318.15 5.18
323.15 5.46

~ecommended values calculated from the smoothing equation.

bTentative values calculated from the smoothing equation.

cMelting point calculated from the smoothing equation.
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COHPONENTS:

(1) Gadolinium nitrate; Gd(N0
3
)3;

[ 10168-81-7]

(2) Water [7732-18-5]

EVALUATOR;
S. Siekierski, T. Hioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Honmouth, NJ

January 1983

CRITICAL EVALUATION;

within the limit for acceptance (± 20m as discussed above), and this data point was
therefore not rejected although it almost lies off the smoothed line for the hexahydrate
polytherm. At the 95% level of confidence and a Student's t = 2.160, the overall
uncertainty in the smoothed solubilities is ± 0.008 mol kg-I.

For the experimental results at 298.15 K from (2-7), the average value of the solubility
is 4.378 mol kg- l with a standard deviation of 0 = 0.011. At the 95% level of confidence
and a Student's t = 2.571, the uncertainty in the average solubility at 298.15 K is
± 0.012 mol kg-I.

The value of the congruent melting point calculated from eq. [1] is 348.5 K which
differs significantly from the only experimental value of 360.2 K (19). However Quill
et al. (19) stated that the purity of their salt was 98% (impurit~es not specified), and
their experimental melting point of 360.2 K is much closer to the melting point of the
tetrahydrate (see below). We therefore assume that the salt used by Quill et al. was
probably the tetrahydrate or a mixture of hydrates.

128 10

m1 /mol kg-1
64

270 -t-~----r---..,..--'-..,.._--I._..,
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COHPONENTS:

(1) Gadolinium nitrate; Gd(N0
3
)3;

[ 10168-81-7]

(2) Water; H
2
0; [7732-18-5]

CRITICAL EVALUATION:

Gadolinium nitrate

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

January 1983

Zhuravlev et al. reported the same values for the solubility of gadolinium nitrate at
293.2 K and 313.2 K in the pentahydrate system in six publications (8-13). Since these
values lie to the right of the hexahydrate polytherm (see Fig. 1), the pentahydrate
system would have to be metastable at these temperatures. However Khudaibergenova and
Sulaimankulov (14) report a solubility of 4.416 mol kg- l at 303.2 K which suggests that
the pentahydrate system is stable at temperatures as low as 303.2 K at least (see Fig. 1).
Clearly one of these studies must be in error. We attempted to construct a polytherm
for the pentahydrate system using the two data points from Zhuravlev's work and the
congruent melting point of 365 K reported by Benedicks (20), but we were unable to obtain
consistent results. It is possible that the pentahydrate melting point determined in
1900 by Benedicks is in error because a more recent study (21) found a congruent melting
point of 363 K for the tetrahydrate. To further confuse the matter, Dvornikova et al.
(22) state that the tetrahydrate melts incongruently at 364 K, but Wendlandt and Sewell
(23) report a congruent melting point of 367 ± 1 K for the tetrahydrate. Because of these
inconsistencies in solubility data and melting points in the lower hydrate systems, all
data must be rejected for the present time.

MULTICOMPONENT SYSTEMS

TERNARY SYSTEMS WITH NITRIC ACID AT 298.2 K

Solubility data as a function of nitric acid concentration were reported by Afanas'ev
et al. (7), and at several acid concentrations (32.0 and 32.8 mass %HN03) by Babievskaya
and Perel'mam (15, 24, 25). Afanas'ev et al. found the hexahydrate, tetrahydrate,
monohydrate and anhydrous salt to be the stable solid phases depending upon HN03 concen
tration: the hexahydrate is stable up to 56.4 mass % HN03' In (15) the authors report
that the solid phase in 32.8 mass % HN03 is the tetrahydrate, and the solubility of
Gd(N03)3 is 26.0 mass % (1.84 molg kg- l ). Although not stated by the authors, this must
be a metastable system since the solubility in this tetrahydrate system is greater than
that in the hexahydrate system: e.g. interpolating from the data in (7) the evaluators
calculate that in the hexahydrate system at a nitric acid concentration of 32.8 mass %,
the solubility of Gd(N0

3
)3 is 23.8 mass % (1.60 mol kg- l ).

SYSTEMS WITH TWO SATURATING COMPONENTS

Since only one publication exists for each of these multicomponent systems, the
solubility data cannot be critically evaluated, and the reader is referred directly to
the compilations for further information. The papers by Perel'man and Babievskaya (24,
25) on the quaternary Y(N03)3-Gd(N03)3-HN03-H20 system were compiled and included in the
Y(N0

3
)3 chapter.
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COHPONENTS:

(1) Gadolinium nitrate; Gd(N0 3)3;
[10168-81-7]

(2) Water ; H20 ; [7732-18-5]

CRITICAL EVALUATION:

EVALUATOR: S. Siekierski, T. Hioduski
Institute for Nuclear Research

Warsaw, Poland
and

M. Salomon
U.S. Army ET & DL
Ft. Honmouth, NJ

January 1983
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COMPONENTS:

(1) Gadolinium nitrate; Gd(N0 3)3;
[ 10168-81-7]

(2) Water; H20 ; [7732-18-5]

VARIABLES:

Temperature: range O°C to 50°C

EXPERIMENTAL VALUES:

Gadolinium nitrate

ORIGINAL MEASUREMENTS:

~~oret, F. These. L'Universite: de Lausanne.

1963.

PREPARED BY:

T. Mioduski and Siekierski

Solubility of Gd(N0 3)3
a

tjOC mass % mol
-1kg nature of the solid phase

° 56.34b
3.759 Gd(N03)3' 6H20

10 57.89 4.005
"

20 59.60c 4.298
"

40 63.44 5.055
"

50 65.23d 5.465
"

a. Molaltites calculated by the compilers.

b. This soly reported in (1) as 1475 moles H2O per 100 moles of Gd(N0 3)3'

c. This soly reported in (1) as 1290 moles H2O per 100 moles of Gd(N0 3)3'

d. This soly reported in (1) as 1015 moles H2O per 100 moles of Gd(N0 3)3'

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE :

The isothermal method was used. Gadolinium
was determined by corrplexometric titration
with the disodium salt of ethylenediamine
tetraactic acid using Xylenol orange
indicator and urotropine buffer. Water was
determined by difference.

SOURCE AND PURITY OF MATERIALS:

Gd(N03)3'6H20 was prepared from Gd203 of

purity better than 99.7 % (obtained by the
ion chromatography method). No additional
details available.

ESTIMATED ERROR:

Soly: precision about ± 0.2% (compilers).

Temp: precision probably ± 0.01 K or better
(compilers) .

REFERENCES:

1. Brunisholz, G.; Quinche, J.P.; Kalo,
A.M. HeZv. Chim. Aota ~96~, 47, 14.
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-------------- ---One temperature: 25.00oc

(2) Water; H20; [7732-18-5]

COMPONENTS:

(1) Gadolinium nitrate; Gd(N03 )3:
110168-81-7 ]

ORIGINAL MEASUREMENTS:
1. Spedding, F.H.: Shiers, L.E.; Pard, J.A.

J. Chern. Eng. Data 1975, 20, 88-93.
2. Rard, J.~.: Speddin~.H. J. Phys. Chern.

1975, 79, 257-62.
3. Spedding. F.H.; Shiers, L.E.; Brown, M.A.;

Baker, J .L.; Guitierrez, L.; ~!cDowell, L.S.:
Habenschuss, A. J. Phys. Chern. 1975, 79,
1087-96. -----

I-VA-R-IA-B-L-E-S-:------------------I4. Spedding, F.H.: Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chern. Enq. Data 1976. 21.
474-88. -----

PREPARED BY:
T. Hioduski. S. Siekierski, and 11. Salomon.

EXPERIMENTAL VALUES:

oThe solubility of CdeNO 3) 3 in water at 25.00 C has been reported by Spedding and co-workers
in four publications. Source paper [4) reports the solubility to be 4.400 mol kg-I, but
the preferred value is given in source papers [1] -[3] as 4.3766 mol kg-I.

COMMENTS AND/OR ADDITIONAL DATA:

Source paper [1] reports the relative viscosity, nR, of a saturated solution to be 17.850.
Taking the viscosity of water at 25 0 C to equal 0.008903 poise, the viscosity of a saturated
Gd(N0

3
)3 solution at 25 0 C is 0.15892 poise (compilers calculation).

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, 79 and in
source paper [3] enabled the compilers to provide the following additional data.

The density of the saturated solutions was calculated by the compilers from the smoothing
equation, and at 250 C the value is 1.87056 kg m- 3. Using this density, the solubility
in volume units is (based on the preferred value of 4.3766 mol kg-I)

c -3satd = 3.2716 mol dm

Source paper [2] reports the electrolytic conductivity of the saturated solution to be
(corrected for the electrolytic conductivity of the solvent) K = 0.029735 S cm -1.

The molar conductivity of the saturated solution is calculated from 1000 K/3csatd and is

l\ (~ Gd(N0
3
)3) = 3.030 S cm2 mol-

l

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Solutions were
prepared as described in (1) and (2). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to
0.1 % or better. In the sulfate analysis,
the salt was first decomposed with HCl
followed by evaporation to dryness before
sulfuric acid additions were made. This
eliminated the possibility of nitrate ion
coprecipitation.

SOURCE AND PURITY OF MATERIALS;

Gd(N03)j6H20 was prepd by addn of HN0
3

to
the oxide. The oxide was purified by an ion
exchange method, and the upper limit for the
impurities Ca, Fe, Si and adjacent rare
earths was given as 0.15%.

In source paper [3] the salt was analysed for
water of hydration and found to be within
± 0.016 water molecules of the hexahydrate.

Water was distilled form an alkaline
permanganate solution.

ESTIMATED ERROR:
Soly: duplicate analyses agreed to at least

± 0.1 %.
Temp: Not specified, but probably accurate to

at least ± 0.01 K as in (3) (compilers).
REFERENCES:
1. Spedding, F.G.; Cullen, P.F.; Habenschuss,

A. J. Phys. Chern. 1974, 78, 1106.
2. Spedding. F.H.; Pikal, M.J.; Ayers, B.O.

J. Phys. Chern. 1966, 70, 2440.
3. Spedding, F.H.;-et."" a1. J. Chern. Eng.

Data. 1975, 20, 72.



388

COMPONENTS:
(1) Gadolinium nitrate; Gd(N0

3
)3;

[ 10168-81-7]

(Z) Water; HZO ; [773Z-18-5]

VARIABLES:

One temperature: Z5.00 0 C

EXPERIMENTAL VALUES:

Gadolinium nitrate

ORIGINAL MEASUREMENTS:

Rard, J .A.· Shiers, L.E.; Hei.ser, D.J.:

Spedding, F.H. J. Chern. Eng. Data lJ~.

22, 337-47.

PREPARED BY:

T. Mioduski and S. Siekierski

SOURCE AND PURITY OF MATERIALS:
1. The nitrate was obtained from the oxide

(purified by ion-exchange methods at the
Ames Laboratory) and reagent grade HN0

3
.

The purity of the oxide was greater than
99.85 mass % with Ca, Fe, Si and adjacent
Ln being the only significant inpurities.

Z. Conductivity water distilled from
alkaline KMn0

4
was used.

-1
The solubility of Gd(N0

3
)3 ~n water at Z5°C was reported to be 4.3701 mol kg

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:

The ~sothermal-isopiesticmethod was used.
The ~sopiestic equilibration consisted of
allowing less than satd gadolinium nitrate
soln to reach thermodynamic equ~l through
the vapor phase with a reference soln. (KCI,
CaCI

Z
)' The soly was thus detd without

sepn of the soln and solid phase. The
solns were adjusted to their equivalence pH
values to ensure a ratio of three nitrates
to each Gd ion. Duplicate samples of the
nitrate and reference soIn were used and
equ~l was approached from higher and lower
concns (about 4 days). The satd soln was ESTIMATED ERROR:Soly: The average equil
analysed by EDTA and gravimetric sulfate isopiestic molalities are known to at least
methods. The nitrate samples were evaporated ± 0.1%, and they differ from direct
with HCI before conversion to the sulfates analyses values by 0.07 - 0.17%.
to destroy the nitrate ions and thereby avoid Temp: accuracy ± 0.01 K.
the ir copp tn. The so I id phase is r-RE-F-E-RE-N-C-E-'S-:-------------------1
Gd(N03)3·6HZO. The major objective of this
paper was to determine the osmotic co-
efficients of the lanthanide nitrates.



Ternary systems, one saturating component 389

COMPONENTS:
(1) Gadolinium nitrate; Gd(N0 3)3;

[10168-81-7 J

(2) Nitric acid; HN0 3; [7697-37-2J

(3) Water; H20; [7732-l8-5J

ORIGINAL MEASUREMENTS:

Afanas'ev, Yu.A.; Azhlpa, L.T.; Sal'nik, L.V.

Zh. Neorg. Khim. 1982, 27, 769-73; Russ. J.

Inorg. Chem. Engl. Transl. 1982. 27,

VARIABLES: PREPARED BY:

HN0 3 concentration at 25 0 C T. Mioduskl and S. Siekierski

EXPERIMENTAL VALUES:
Solubility of Gd(N0 3)3 in HN0 3 solutions at 25 0 Ca

Gd(N0 3) 3 HN0 3

mass % mol -1
% mol -1kg mass kg nature of the solid phase

60.0 4.37 ° -- Gd(NO) 3' 6H 2O
56.0 3.93 2.5 0.96

"50.0 3.33 6.2 2.25 "
48.1 3.33 9.8 3.69 "
39.5 2.65 17.1 6.25 "
33.8 2.26 22.6 8.23 "
25.2 1.68 31. 2 11.36 "
22.3 1.54 35.5 13.35 "
14.6 1.05 44.7 17.43 "
11.3 0.88 51. 3 21. 77 "

7.7 0.62 56.4 24.93 Gd(N03)3· 6H 20 + Gd(N0 3)3' 4H20

6.2 0.53 59.8 27.91 Gd(N0 3)3· 4H20
5.9 0.62 66.2 37.66

"10.5 1. 76 72 .1 65.76 "
11. 7 2.17 72.6 73.89 "
9.8 1. 85 74.8 77 .08 Gd(N0 3)3' 4H20 + Gd(N0 3)3' H20

11.2 3.63 79.8 140.7 Gd(NO)3' H20

8.5 3.81 85.0 207.5 Gd(N0 3)3' H20 + Gd(N0 3)3

7.5 4.97 88.1 317.8 Gd(NO 3) 3
4.B 3.33 91. ° 3l13.8 "
3.9 3.16 92.5 407.8 "
L8 2.62 96.2 763.3 "

a. Holalities calculated by M. Salomon.
;------------------------------------------+

AUXILIARY INFOR}1ATION

SOURCE AND PURITY OF 11ATERIALS:
C.p. grade gadolinium nitrate was used.

Nltric acid (source and purity not speclfied)
was concentrated by the method recommended
in the well-known Brauer's Handbook (the
Russian edition was cited by the authors).

Temp: precision within ± 0.1 K.

ESTIMATED ERROR:
Soly: nothing specifled

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The composi
tion of the solutions was changed by addition
of 100 % HN0 3 to a saturated solution or by
addition of the salt to the acid solution.
Equilibrium was reached within 3-4 hours.
The gadolinium content in the saturated
solutions and solid phases was determined by
complexometric titration using Xylenol Orange
indicator. The HNO} content was determined
by titration with NaOH using methyl red
indicator. The compositions of the solid
phases were determined by the Schreinemakers' f----......----------------------1
method. The hydrated solid phases were REFERENCES.
separated and their infrared spectra recorded.
Detalls are given in the source paper.



390 Gadolinium nitrate

COMPONENTS:

(1) Gadolinium nitrate; Cd(N0
3

)3;
[ 10168-81-7]

(2) Ammonium nitrate; NH4N0 3 ; [6484-52-2]

(3) Nitric acid; HN0 3 ; [7697-37-2]

(4) Water ; H20 ; [7732-18-5]

ORIGINAL MEASUREMENTS:

Babievskaya, 1. 2.; Perel'man, F.li.

Zh. Neorg. Khim. 1965, 10, 681-3; Russ. J.

Inorg. Chem. Engl. Transl. 1965, 10, 366-7.

VARIABLES: PREPARED BY:

Composition at 25 0 C T. liioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated solutions at 2S oCa

Cd(NO 3) 3 NH4N0
3 HN0 3

specific-1 -1 -1 cmass % mol kg mass % mol kg mass % mol kg gravity solid phase
26.0 1.84 -- -- 32.8 12.63 1.536 A
23.7 2.31 13.1 5.47 33.3 17.67 1. 584 A
25.0 2.95 17.1 8.65 33.2 21. 33 1. 632 A
23.9 3.32 18.6 11.07 36.5 27.58 -- A
26.0 3.54 19.9 11.62 32.7 24.25 1.633 A
31. 8 7.02 23.4 22.15 31.6 37.99 -- A
32.0 6.56 22.0 19.36 31. 8 35.54 1. 783 A+B
39.5 13.54 21. 3 31. 31 30.7 57.32 --- A+B
34.7 12.03 26.5 39.41 30.4 57.43 1. 878 B
31. 2 29.32 34.1 137.4 31.6 161.8 -- B
28.2 22.20 34.7 117.2 33.4 143.3 1. 792 B
23.8 19.81 39.8 142.1 32.9 149.2 1. 721 B
19.5b 49.7 32.4 -- B+C
15.5 11.88 50.5 166.0 30.2 126.1 1. 665 C
15.0 21.85 51. 3 320.5 31. 7 251. 5 --- C
14.2 8.44 49.4 126.0 31. 5 102.0 1.623 C
9.4 2.68 47.4 58.06 33.0 51. 34 1. 555 C
5.1 1.02 47.0 40.22 33.3 36.20 1. 480 C-- -- 48.3 33.34 33.6 29.46 1.432 C

a. Molalities calculated by M. Salomon
b. Total mass % exceeds 100%.
c. A = Gd(N03)3·4H20 B = Gd(N03)3·2NH4N03 C = NH4N0 3

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS;

Gd(N03)3'5H20 prepared by dissolving Gd203
in nitric acid followed by crystallization
as described in (1). Analysis by the
oxalate method gave 41.9 mass % Gd203
(theoretical for the pentahydrate is 41.8
mass %, authors).

The isothermal method was used. Solutions
were equilibrated for 2-3 days. Gadolinium
was determined gravimetrically by precipita
tion as the oxalate and ignition to the
oxide, and total nitrogen was determined by
the Kjeldahl method. The HN03 content was
determined by acidimetric titration (authors
state that a aqueous solution of Gd(N0 3)3 No other information given.
was neutral). Presumbly water was determined
by difference.

METHOO/APPARATUS/PROCEDURE:

Hethod of determination of the compositions
of the solid phases not specified.
Gd(N03)3·4H20 was isolated and studied
crystal-optically. Authors report the
following refractive indices for the.
tetrahydrate:

n g = 1.552 n = 1.447
p

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.2 K.

P.EFERENCES:

1. Pere1'man, F.M.; Babievskaya, 1.2.
Neorg. Khim. 1962. 7, 1479.

Zh.



Multicomponent systems, two saturating components 391

COMPONENTS:

(1) Gadolinium nitrate; Gd(N0 3)3;
[10168-81-7]

(2) 2-Aminoethanol nitrate (ethanolamine
nitrate); C2H

8
N20 4; [20748-72-5]

(3) Water ; H20 ; [77 32-18-5]

VARIABLES:

EXPERIMENTAL VALUES:

20 0 C Isotherma

Gd(N0 3)3 HOC 2H4NH2 'RN0
3 solid-1 -1mass % mol kg mass % mol kg phaseb

0.0 -- 86.0 49.50 A
2.5 0.52 83.5 48.06 A
6.0 1. 29 80.5 48.05 A

11.0 2.47 76.0 47.11 A
15.5 3.76 72.5 48.68 A
32.0 10.97 59.5 56.41 A

52.5 10.92 33.5 19.28 B
52.7 6.88 25.0 9.03 B
54.0 5.21 15.8 4.2Z B
56.0 4.41 7.0 1.52 B
60.6 4.48 0.0 --- B

ORIGINAL MEASUREMENTS:
Starikova, L.I.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1975, 20, 2576-7; Russ. J. Inorg.

Chem. Engl. Transl. 1975, 20, 1428-9.

PREPARED BY:

T. Mioduski and S. Siekierski

400 C Isotherma

Gd(N0 3)3 HOC ZH4NH Z'HN0 3

%
-1 mass % mol -1mass mol kg kg

0.0 -- 95.5 171.0
1.5 1.09 94.5 190.4
2.5 1.62 93.0 166.5
4.0 2.33 91.0 146.7
6.0 4.37 90.0 181. 3

12.0 11.65 85.0 228.3

56.0 10.88 Z9.0 15.58
56.5 7.48 Z1.5 7.88
58.0 5.83 13.0 3.61
6Z.0 5.56 5.5 1. 36
65.8 5.60 0.0 ---

a. Molal~ties calculated by M. Salomon.
b. Solid phases: A - HOCZH4NHZ·HN0 3 ;

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph
the relation between the refractive indices
and the composition of the components for
each of the sections studied. The graphs
were used to find the inflection or break
points corresponding to the composition of
the saturated solutions.

COMMENTS AND/OR ADDITIONAL DATA:

Between the regions of 59.5 - 33.5 mass %
amine nitrate at ZOOC and 85.0 - Z9.0 mass %
at 40oC, the mixtures of Gd(N03)3·5HZO with
the ethanolamine nitrate form homogeneous
liqUid solutions. Due to the lack of
anhYdrous Gd(N0 3)3, it was not possible to
fOllow the subsequent course of the solubility
lines to determine if specific interactions
(i.e. compound formation) occurs •

.....

SOURCE AND PURITY OF MATERIALS;

No information given.

ESTIMATED ERROR:
Soly: precision ± ]% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, Z630.



392 Gadolinium nitrate

COMPONENTS:

(1) Gadolinium nitrate; Gd(N0 3)3;
[10168-81-7]

(2) 2,2'-Iminodiethanolnitrate
(diethanolamine nitrate); C4H12N205;
l57432-67-4]

(3) Water; H20; l7732-l8-5]

VARIABLES:

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Starikova, L.I.; Zhuralev, E.F. Zh. Neorg.

Khim. 1975, 20, 2576-7; Russ. J. Inorg.

Chem. EngZ. TransZ. 1975, 20, 1428-9.

PREPARED BY:

T. Ilioduski and S. Siekierski

Gd(NO 3) 3 (HOC2H4)2NH'HN03

mass % mol -1 mass % mol -1kg kg

0.0 -- 78.5 21. 71
3.5 0.49 75.5 21. 38
8.5 1. 24 71.5 21. 26

14.5 2.28 67.0 21. 54
20.0 3.53 63.5 22.89
34.0 11.01 57.0 37.66

51. 0 11.01 35.5 15.64
53.3 6.99 24.5 6.56
56.0 5.63 15.0 3.08
58.0 4.76 6.5 1.09
60.6 4.48 0.0 --

400 C Isotherma

solid
Gd(N0 3)3 (HOC2H4)2NH'HN03

phaseb mass % mol -1 -1kg mass % mol kg

A 0.0 -- 88.5 45.77
A 1.8 0.45 86.5 43.97
A 4.5 1.14 84.0 43.44
A 9.0 2.28 79.5 41.11
A 13.5 3.58 75.5 40.82
A 28.5 11.07 64.0 50.75

B 56.2 11.06 29.0 11. 65
B 58.8 7.72 19.0 5.09
B 61.5 6.64 11.5 2.53
B 64.0 6.11 5.5 1.07
B 65.8 5.60 0.0 --

a.
b.

Molalities caluclated by M. Salomon.
Solid phases: A = (HOC2H4)2NH'HN03

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph the
relation between the refractive indices and
the composition of the components for each of
the sections studied. The graphs were used
to find the inflection or break points
corresponding to the composition of the
saturated solutions.

COMMENTS AND/OR ADDITIONAL DATA:

Between the regions of 57.0 - 35.5 mass %
amine nitrate at 200 C and 64.0 - 29.0 mass %
at 40oC, the mixtures of Gd(N03)3·5H20 with
the ethanolamine nitrate form homogeneous
liquid solutions. Due to the lack of
anhydrous Gd(N03)3, it was not possible to
follow the subsequent course of the solubi1it,
lines to determine if specific interactions
(i.e. compound formation) occurs.

SOURCE AND PURITY OF MATERIALS:

No information given.

ESTIMATED ERROR:
Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.



Multicomponent systems, two saturating components 393

COMPONENTS:
(1) Gadolinium nitrate; Gd(N0 3)3;

[10168-81-7]

(2) 2,2', 2"-Nitrilotriethanol nit rate (tri
ethanolamine nitrate); C6H16N206;
[27096-29-3]

(3) Water ; H
2

0 ; [7732-18-5]

VARIABLES:

Composition at 20 0 C and 40 0 C

ORIGINAL MEASUREMENTS:

Starikova, L.I.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1975, 20, 2576-7; Russ. J. Inorg.

Chem. Engl. Transl. 1975, 20, 1428-9.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

20 0 C Isotherma
400 C Isotherma

Gd(N0 3)3 (HOC 2H4) 3N' HN03
solid

Gd(N0 3)3 (HOC2H4) 3N' HNO 3

-1 -1 -1 -1mass % mol kg mass % mol kg phaseb mass % mol kg mass % mol kg

0.0 -- 82.0 21. 47 A 0.0 -- 88.5 36.27
7.5 1.25 75.0 20.20 A 4.5 1.14 84.0 34.42

13.5 2.31 69.5 19.27 A 8.0 2.22 81.5 36.58
19.0 3.69 66.0 20.73 A 12.5 3.64 77.5 36.52
34.0 11.01 57.0 29.85 A 27.5 10.68 65.0 40.84

49.0 10.98 38.0 13.77 B 51.5 10.35 34.0 11.05
51. 5 6.82 26.5 5.68 B 56.0 7.59 22.5 4.93
53.3 6.04 21.0 3.85 B 58.0 6.76 17.0 3.20
56.0 5.18 12.5 1. 87 B 60.8 5.96 9.5 1.51
58.0 4.69 6.0 0.79 B 63.5 5.78 4.5 0.66
60.6 4.48 0.0 --- B 65.8 5.60 0.0 ---

a. Molalities calculated by M. Salomon.
b. Solid phases: A = (HOC2H4)3N'HN03

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph the
relation between the refractive indices and
the composition of the components for each
of the sections studied. The graphs were
used to find the inflection or break points
corresponding to the composition of the
saturated solutions.

COMMENTS AND/OR ADDITIONAL DATA:

Between the regions of 57.0 - 38.0 mass %
amine nitrate at 20 0 C and 65.0 - 34.0 mass %
at 400 C, the mixtures of Gd(N03)3·5H20 with
the ethanolamine nitrate form homogeneous
liquid solutions. Due to the lack of
anhydrous Gd(N0 3)3' it was not possible to
follow the subsequent course of the
solubility lines to determine ~f specific
interactions (i.e. compound formation)
occurs.

SDS13-N

SOURCE AND PURITY OF MATERIALS:

No information given.

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

femp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.



394 Gadolinium nitrate

COMPONENTS:
(1) Gadolinium nitrate; Gd(N0 3)3;

[10168-81-7]

(2) Ethylenediamine dinitrate; C2HlON406;
[20829-66-7)

(3) Water; H20; [7732-18-5]

VARIABLES:

ORIGINAL MEASUREMENTS:

Zhuravlev, E.F.; Starikova, L.r.; Katamonov,

V.L. Zh. Neorg. Khim. 1975, 20, 1113-6;

RUBS. J. Inorg. Chern. Engl.. TransZ. 1975,

20, 626-8.

PREPARED BY:

To Hioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:

20 0 C Isotherma
40 0 C Isotherma

Gd(N0 3)3 H2NC2H4NH2·2HN03 Gd(N03)3 H2NC2H4NH2'2HN03

-1 -1 solid
-1 -1mass % mol kg mass % mol kg phaseb mass % mol kg mass % mol kg

0.0 -- 43.5 4.14 A 0.0 -- 60.0 8.06
9.5 0.52 37.0 3.72 A 7.2 0.51 52.0 6.85

21. 5 1.25 28.5 3.06 A 17.0 1.27 44.0 6.06
36.0 2.36 19.5 2.35 A 29.3 2.42 35.5 5.42
46.7 3.55 15.0 2.10 A 38.5 3.56 30.0 5.12
51.2 4.29 14.0 2.16 A 43.0 4.32 28.0 5.19

A 53.7 6.71 23.0 5.30

54.0 4.77 13.0 2.12 A+B 55.0 6.97 22.0 5.14

56.5 4.77 9.0 1.40 B 58.8 6.42 14.5 2.92
58.5 4.58 4.3 0.62 B 62.5 5.87 6.5 1.13
60.6 4.48 0.0 -- B 64.5 5.78 3.0 0.50

B 65.8 5.60 0.0 --

a. Molalities calculated by the compilers.
b. Solid phases: A = (CH 2)2(NH 2)2'2HN0

3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
C.p. grade gadolinium nitrate was twice re

The solubility was studied by the method of crystallized. Analysis for water of crystal-
isothermal sections (1) by measuring the lization gave 21.59 mass % water which is
refractive indices of saturated solutions close to the theoretical for the pentahydrate
along directed sections of the phase diagra~ (theor: 20.79 mass %, compilers).
Equilibrium was checked by repeated measure-
ments of the refractive index as a function The amine nitrate was prepared by neutralizing
of time. The results were used to graph "pure" grade amine with c.p. grade HN03 and
the relation between the refractive indices evaporating the neutralized solution to cryst
and the composition of the components for allization. The salt w~s recrystallized and
each of the sections studied. The graphs dried to constant weight in a desiccator over
were used to find the invlection or break anhydrous CaC12' The salt was analysed.
points corresponding to the composition of Doublv distilled water was used.
the saturated solutions. ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.



Multlcomponent systems, two saturating components 395

COMPONENTS:

(1) Gadolinium nitrate; Gd(N0 3)3;
[10168-81-7 ]

(2) Diethylenetriamine trinitrate;

C4H16N609; [6143-55-1]
(3) Water ; H

2
0; [7732-18-5]

VARIABLES:

EXPERIMENTAL VALUES:

20 0 C Isotherma

Gd(N0 3) 3 C4H13N3 ' 3HN03

% mol -1 mass % mol -1mass kg kg

0.0 -- 60.5 5.24
7.0 0.49 51.0 4.16

18.0 1.22 39.0 3.10
32.0 2.39 29.0 2.54
42.0 3.55 23.5 2.33

51.0 5.31 21.0 2.57

52.0 5.17 18.7 2.18
55.5 4.97 12.0 1.26
58.0 4.65 5.7 0.54
60.6 4.48 0.0 --

ORIGINAL MEASUREMENTS:
Starikova, L.I.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1975, 20. 2294-6; Russ. J. Inorg.

Chem. Engl. Trcnsl. 1975, 20. 1274-5.

PREPARED BY:

T. Miodusk~ and S. Siekierski

400 C Isotherma

solid
Gd(N0 3)3 C4H

13
N3 '3HN0

3

phaseb % mol -1 mass % mol -1mass kg kg

A 0.0 -- 72.5 9.02
A 5.0 0.50 66.0 7.79
A 13.0 1. 22 56.0 6.18
A 25.0 2.39 44.5 4.99
A 33.3 3.57 39.5 4.97

A+B 46.5 6.95 34.0 5.97

B 47.5 6.92 32.5 5.56
B 50.0 6.47 27.5 4.18
B 57.0 6.04 15.5 1.93
B 60.2 5.89 10.0 1.15
B 63.5 5.69 4.0 0.42
B 65.8 5.60 0.0 --

a. Molalities calculated by M. Salomon.
b. Solid phases: A = H2NCH2CH2NHCH2CH2NH2'3HN03

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase
diagram. Equilibrium was checked by repeated
measurements of the refractive index as a
function of time. The results were used to
graph the relation between the refractive
indices and the composition of the components
for each of the sections studied. The graphs
were used to find the inflection or break
points corresponding to the composition of
the saturated solutions.

SOURCE AND PURITY OF MATERIALS:
Nothing specified for Gd(N03)3·5H20.

The amine nitrate was prepared by neutraliza
tion of "pure" grade diethylenetriamine with
nitric acid. The neutralized solution was
evaporated to crystallization. The solid
was redrystallized, dried, and analysed to
check the composition of the salt. The
results corresponded to the anhydrous salt.

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, ELF.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5. 2630.
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COMPONENTS:

(1) Gadolinium nitrate; Gd(N0 3)3;
[10168-81-7]

(2) l,6-Hexanediamine dinitrate
(hexamethylenediamine dinitrate);
C6H18N406; [6143-53-9]

(3) Water; H20 ; [7732-18-5]

VARIABLES:

EXPERIMENTAL VALUES:

Gadolinium nitrate

ORIGINAL MEASUREMENTS:

Zhuravlev, E.r.; Starikova, L.I.; Katamanov.

V.L. Zh. Neorg. Khim. 1975, ~O, 113-6;

RUBS. J. Inorg. Chem. "'n,ll. T·urlE'7. 1975_. 2(1.

626-8.

PREPARED BY:

T. 11ioduski, S. Siekierski, and M. Salomon

Gd(N0 3) 3
(CH2)6(NH2)2'2HN03 Gd(N0 3)3 (CH2)6(NH2)2'2HN03

-1 -1 solidb -1 -1mass % mol kg mass % mol kg phase mass % mol kg mass % mol kg

0.0 -- 79.0 15.53 A 0.0 -- 85.5 24.34
3.8 0.52 75.0 14.60 A 2.5 0.49 82.5 22.71
9.2 1. 23 69.0 13.07 A 6.5 1. 26 78.5 21. 60

17.0 2.36 62.0 12.19 A 12.3 2.36 72.5 19.69
38.0 11. 07 52.0 21. 47 A 29.6 10.92 62.5 32.66

47.3 10.85 40.0 13.00 B 51.0 11.43 36.0 11. 43
49.8 6.54 28.0 5.21 B 53.5 7.18 24.8 4.72
51.5 5.52 21. 3 3.23 B 55.8 6.25 18.2 2.89
54.1 4.79 13.0 1. 63 B 59.5 5.78 10.5 1. 44
57.4 4.57 6.0 0.68 B 62.5 5.60 5.0 0.64
60.6 4.48 0.0 --- B 65.8 5.60 0.0 --

a. Molalities calculated by the compilers.
b. solid phases: A"" (CH2 )6(NH2)2·2HN03 ; B = Gd(N03)3' 5H 20

AUXILIARY INFORMATION

METHOD "APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive indix as a function
of time. The results were used to graph the
relation between the refractive indices and
the composition of the components for each
of the sections studied. The graphs were
used to find the inflection or break pOints
corresponding to the composition of the
saturated solutions.

SOURCE AND PURITY OF MATERIALS:
C.p. grade gadolinium nitrate was twice re-
crystallized. Analysis for water of crystal
lization gave 21.59 mass % water which is
close to the theoretical for the pentahydrate
(theor: 20.79 mass %, comp~lers).

The amine nitrate was prepared by neutralizin
"pure" grade amine with c.p. grade HN0 3 and
evaporating the neutralized solution to cryst
allization. The salt was recrystallized and
dried to constant weight in a desiccator over
anhydrous CaC12' The salt was analysed.
Doubly distilled water was used.

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.
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COMPONENTS:
(1) Gadolinium nitrate; Gd(N0 3)3;

[10168-81-7]

(2) Pyridine nitrate; C
5

H6N20
3

[543-53-3]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Composition at 20°C and 40°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Starikova, L.I.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1975, 20, 1676-8: Russ. J. Inorg.

Chem. Engl. Transl. 1975, 20, 939-41.

PREPARED BY:

T. Mioduski and S. Siekierski

Gd(N0 3)3 C5H5N'HN0
3

mass % mol -1 mass % -1kg mol kg

0.0 --- 72.0 18.09
4.5 0.49 69.0 18.32

10.2 1. 20 65.0 18.44
17.0 2.36 62.0 20.77
24.7 4.16 58.0 23.59
35.7 11.18 55.0 41.61

51.8 11.43 35.0 18.66
53.6 5.87 19.8 5.24
55.5 5.05 12.5 2.75
58.0 4.63 5.5 1.06
60.6 4.48 0 ---

40°C Isotherma

solid
Gd(N0 3)3 C

S
H5N'HN0

3

phaseb mass % mol -1
mass % mol -1kg kg

A 0.0 --- 80.5 29.05
A 3.0 0.46 78.0 28.89
A 7.1 1.16 7S.0 29.48
A 12.2 2.32 72.S 33.34
A 18.7 4.10 68.0 3S.98
A 29.0 10.56 63.0 5S.41

B 61.0 11.11 23.0 10.12
B 61.2 7.19 14.0 3.97
B 62.0 6.23 9.0 2.18
B 63.5 5.69 4.0 0.87
B 65.8 5.60 0.0 ---

a. Molalities calculated by M. Salomon.
b. Solid phases: A = C

5
H

5
N'HN0

3
;

AUXILIARY INFORMATION

METHOD ,'APPARATUS /PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph
the relation between the refractive indices
and the composition of the components for
each of the sections studied. The graphs
were used to find the inflection or break
points corresponding to the composition of
the saturated solutions.

SOURCE AND PURITY OF MATERIALS:
C.p. grade Gd(N03)3'SH20 was recrystallized.

Pyridine nitrate, C
S

H
S

N'HN0
3

, was prepared
by neutralization of pyridine with nitric
acid and evaporation to crystallization.
The solid was recrystallized and dried in a
desiccator to constant mass.

The compositionsof the compounds were checked
analytically.

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.



398 Gadolinium nitrate

COMPONENTS:

(1) Gadolinium nitrate; Gd(N0 3)3;
[10168-81-7]

ORIGINAL MEASUREMENTS:

Zhurav1ev, E.F.; Starikova, L.I. Zh. Neorg.

Khirn. 1975, 20, 1406-9; Russ. J. Inorg.

Chern. Engl. Transl. 1975, 20, 790-2.

(3) Water ; H20 ; [7732-18-5]

VARIABLES: PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

20 0 C Isotherma 40 0 C Isotherma

Gd(N0 3)3 C
9

H
7
N.HN0

3 solid
Gd(NO 3) 3 r:9H7N'HN0 3

-1 -1 -1 -1mass % mol kg mass % mol kg phaseb mass % mol kg mass % mol kg

0.0 -- 70.0 12.14 A 0.0 -- 78.0 18.45
5.0 0.51 66.5 12.14 A 4.0 0.54 74.5 18.03

U.S 1. 29 62.5 12.51 A 8.5 1. 24 71.5 18.60
18.5 2.34 58.5 13.24 A 14.5 2.41 68.0 20.22
24.0 3.50 56.0 14.57 A 19.0 3.69 66.0 22.90

27.5 4.45 54.5 15.76 A+B 25.0 6.62 64.0 30.28

33.0 4.37 45.0 10.64 B 29.0 6.03 57.0 21.19
38.5 4.40 36.0 7.35 B 35.5 5.75 46.5 13.44
42.5 4.50 30.0 5.68 B 41.0 5.43 37.0 8.75
55.0 4.86 12.0 1. 89 B 50.0 5.60 24.0 4.80

B 61.0 5.92 9.0 1.56

58.0 5.04 8.5 1.32 B+C 63.0 6.12 7.0 1.21

59.0 4.71 4.5 0.64 C 64.0 5.83 4.0 0.65
60.0 4.66 2.5 0.35 C 65.0 5.74 2.0 0.32
60.6 4.48 0.0 --- C 65.8 5.60 0.0 ---

a. Molalities calculated by M. Salomon.
b. Solid phases: A = C9H7N'HN0 3 ; B = Gd(N03)3'2C9H7N'HN03'2H20

C = Gd(N03)3'5H20

AUXILIARY INFORMATION

Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khirn. 1960, 5, 2630.

REFERENCES:

QUinoline nitrate, C9H7N'HN0 3 , was prepared
by neutralization of quinoline with c.p.
grade nitric acid followed by evaporation to
crystallization. The solid was recrystallized
and dried to constant mass in a desiccator
over anhydrous CaC1 2• The composition of the
solid was checked analytically.

Double distilled water was used.

SOURCE AND PURITY OF MATERIALS:
Gadolinium nitrate was twice recrystallized.
Analysis for water gave 21.59 mass % which
corresponds to the pentahydrate.

1.

METHOD APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph the
relation between the refractive indices and
the composition of the components for each
of the sections studied. The graphs were
used to find the inflection or break points
corresponding to the composition of the
saturated solutions. ESTIMATED ERROR:

The hydrated double salt is congruently Soly: precision ± 1% at best (compilers).
soluble over the experimental temp range. It

Temp: precision probably ± 0.2 K (compilers).was isolated and analysed for Cd and N03' and
the results differ from theoretical by 0.4 
0.5%. The compound melts at 78-79 0 C, has a
density of 1.66 g cm- 3 at 200 c (measured
pycnometrically in benzene), and has a
solubility of 79.5 mass % at 20 0 C and 83.3
mass % at 40 0 C (5.08 mol kg- l at 20 0 C and
6.53 mol kg-1 at 40 oC, compilers). X-ray
diffraction studies are discussed in the
source publication.



COMPONENTS:

Multicomponent systems, two saturating components

ORIGINAL MEASUREMENTS:

399

(1) Gadolinium nitrate; Gd(N0 3)3;
[10168-81-7]

(2) 8-Methylquinoline nitrate; ClOHlON203:
[60491-92-1]

(3) Water; H20 ; [7732-]8-5]

VARIABLES:

Starikova, L.I.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1980, 25, 1723-5; Russ. J. Inorg.

Chem. EngZ. TransZ. 1980, 25, 959-60.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

20 0 C Isotherma 400 C Isotherma

Gd(N0 3)3 8-CH3C
9
H6N·HN0 3 Gd(N0 3)3 8-CH3C9H6N'HN0

3

% mol -1 mass % mol -1 soli~
% mol -1 mass % mol -1mass kg kg phase mass kg kg

0.0 -- 49.5 4.75 A 0.0 -- 65.5 9.21
8.5 0.50 41.5 4.03 A 6.0 0.51 59.5 8.36

19.0 1.24 36.5 3.98 A 13.5 1.23 54.5 8.26
30.0 2.33 32.5 4.20 A 23.0 2.44 49.5 8.73

A 28.5 3.53 48.0 9.91

36.0 3.23 31.5 4.70 A+B 30.5 3.95 47.0 10.13

36.5 3.22 30.5 4.48 B 34.0 3.81 40.0 7.46
40.0 3.19 23.5 3.12 B 38.5 3.74 31.5 5.09
45.0 3.20 14.0 1.66 B 42.0 3.71 25.0 3.67
48.5 3.18 7.0 0.76 B 48.0 3.78 15.0 1.97
54.0 3.65 3.0 0.34 B 51.0 3.67 8.5 1.02

B 53.0 3.81 6.5 0.78
B 58.0 4.28 2.5 0.31

59.0 4.30 1.0 0.12 B+C 63.5 5.29 1.5 0.21

60.6 4.48 0.0 -- C 65.8 5.60 0.0 ---

a. Molalities calculated by M. Salomon.
b. Solid phases: A = 8-CH 3C9H6N.HN0 3 ; B = Gd(N03)3·2[8-CH3C9H6N·HN03]

C = Gd(N0 3) 3' 5H2O

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph the
relation between the refractive indices and
the composition of the components for each
of the sections studied. The graphs were
used to find the invlection or break points
corresponding to the composition of the
saturated solutions.

COMMENTS AND/OR ADDITIONAL DATA:

Th~ double salt is incongruently soluble at
20 C, and congruently soluble at 40oC. o This
salt was separated from solution at 40 C and
analysed for Gd and N03' Its solubility at
400 c is 74.5 mass % (3.87 mol kg-I,
compilers). Thermal stugies shows that the
double salt fuses at 185 C accompanied by
Violent decomposition.

SOURCE AND PURITY OF MATERIALS;

C.p. grade Gd(N03)3'5H20 was recrystallized
prior to use.

The amine nitrate was prepared as described
previously (2).

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhuravlev, E.F.; Sheveleva, A.D.

Zh. Neorg. Khim. 1960, 5, 2630.

2. Zhuravlev, E.F.; Starikova, L.M. Zh.
Neorg. Khim. 1975, 20, 1406.



400 Gadolinium nitrate

COMPONENTS:
(1) Gadolinium nitrate; Gd(N0 3)3;

(10168-81-7]

(2) 8-Hydroxyquinoline nitrate (8-quinolinol
nitrate); C

9
H8N20

4
; (60491-93-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

EXPERIMENTAL VALUES:

200 C Isotherma

Gd(N0 3) 3 8-HOC9H6N'HN0
3 solid-1 -1mass % mol kg mass % mol kg phaseb

0.0 -- 23.0 1.43 A
13.5 0.49 7.0 0.42 A
29.0 1. 24 3.0 0.21 A
44.5 2.38 1.0 0.09 A

A+B

60.6 4.48 0.0 -- B
B

a. Molalities calculated by ~l. Salomon.
b. Solid phases: A = 8-HOC

9
H

6
N·HN0

3

ORIGINAL MEASUREMENTS:

Starikova, L.I.; Zhuravlev, E.F. zh. Neorg.

Khim. 1980, 25, 1723-5; Russ. J. Inorg.

Chem. EngZ. TransZ. 1980, 25, 959-60.

PREPARED BY:

T. Hioduski and S. Siekierski

400 C Isotherma

Gd(N03)3 8-HOC9H6N'HN0
3

% mol -1 mass % mol -1mass kg kg

0.0 -- 47.5 4.35
11.0 0.53 29.0 2.32
27.5 1. 24 8.0 0.60
44.0 2.40 2.5 0.22

63.0 5.17 1.5 0.20

63.5 5.21 1.0 0.14
65.8 5.60 0.0 --

AUXILIARY INFORMATION

ME THOD ,'APPARATUS /PROCEDURE :

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph
the relation between the refractive indices
and the composition of the components for
each of the sections studied. The graphs
were used to find the inflection or break
points corresponding to the composition of
the saturated solutions.

SOURCE AND PURITY OF MATERIALS:

C.p. grade Gd(N03)3'5H20 was recrystallized
prior to use.

The amine nitrate was prepared as described
previously (2).

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K
(compilers) •

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.

2. Zhurav1ev, E.F.; Starikova, L.M. Zh.
Neorg. Khim. 1975, 20, 1406.
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COMPONENTS:
(1) Gadolinium nitrate; Gd(N0

3
)3;

[10168-81-7]

ORIGINAL MEASUREMENTS:

Starikova, L.I.: Zhurav]ev, E.F. Zh. Neorg.

(2) Piperidine nitrate; C5H12N203;
[6091-45-8]

Khim. 1975, 20, 1676-8; Russ. J. Inorg.

Chem. EngZ. TransZ. 1975, 20, 939-41.

(3) Water; H20; [7732-18-5]

VARIABLES: PREPARED BY:

Composition at 20°C and 40°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

20°C Isotherma
40°C Isotherma

C
5

H
10

NH.HN0
3

mass % mol kg- l

90.0 60.74
88.5 62.88
86.0 61.10
83.5 62.62
82.0 69.18

78.0 112.0

72.8 79.25
67.0 56.53
61.0 45.75
57.0 40.50
53.7 35.19
49.0 34.09

40.7 37.63

32.5 15.67
21.0 6.44
12.0 2.92
5.0 1.05
0.0 --

mol kg- l

0.61
1.38
2.43
3.64

10.72

9.87
9.10
9.71

10.27
10.18
12.40

20.75

11.13
7.55
6.34
5.74
5.60

0.0
2.0
4.5
7.5

10.0

17.3

21.0
25.0
30.0
33.5
36.0
41.3

52.0

53.5
57.0
60.3
63.0
65.8

mass %
solid
phaseb

A
A
A
A
A

A+B

B
B
B
B
B
B

B+C

C
5

H
10

NH'IIN0
3

mass % mol kg- l

88.0 49.50
86.5 52.13
84.0 50.62
81.0 52.07
79.5 58.32

76.5 71. 71

75.3 66.00
68.5 45.33
60.0 32.40
54.5 27.25
50.5 24.35
43.0 20.02

38.0 18.32

26.5 8.06
15.5 3.43
6.8 1.29
0.0 ---

C
C
C
C
C

110lalities calculated oy M. Salomon.
Solid phases: A = C

5
H10NH.HN0

3
;

C = Gd(N03)3'5H20

Gd(N03)3

-1mass % mol kg

0 --
2.3 0.60
4.8 1. 25
8.5 2.36

11. 3 3.58

16.3 6.60

17.0 6.43
21. 3 6.08
27.5 6.41
32.0 6.91
35.5 7.39
42.5 8.54

48.0 9.99

51.3 6.73
54.0 5.16
57.5 4.69
60.6 4.48

a.
b.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph the
relation between the refractive indices and
the composition of the components for each
of the sections studied. The graphs were
used to find the inflection or break points
corresponding to the composition of the
saturated solutions.
The composition of the double salt was
checked by chemical analysis: Gd was detd
by the oxalate method, and nitrogen detd by
pptn with nitron. The melting point of the
double salt is 102°C, and its density detd
pycnometrically in benezene is 1.64 g cm-3 .
The solubility of the double salt was given
as 86.5 mass % at 20°C and 90.0 mass % at
40°C (6.85 mol kg- l at 20°C and 9.62 mol
kg- l at 40°C, compilers).

SOURCE AND PURITY OF MATERIALS:

C.p. grade Gd(N03)3'5H20 was recrystallized.

Piperidine nitrate, C
5

H10NH'HN0
3

, was pre
pared by neutralization of piperidine with
nitric acid and evaporation to crystal
lization. The salt was recrystallized and
dried in a desiccator to constant mass.

The composition of the compounds were
checked analytically.

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.

SOS13_N*



402

COMPONENTS:
(1) Gadolinium nitrate; Gd(N0 3)3;

[10168-81-7]

(2) Piperazine dinitrate; C4H12N406;
[10308-78-8]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

EXPERIMENTAL VALUES:

Gadolinium nitrate

ORIGINAL MEASUREMENTS:

Zhuravlev, E.F.; Starikova, L.I. Zh. Neorg.

Khim. 1975, 20, 1406-9: Russ. J. Inorg.

Chem. Engl. TransZ. 1975, 20, 790-2.

PREPARED BY:

T. Mioduski and S. Siekierski

Gd(NO 3) 3 (CH ZCH Z)2(NH)Z'2HN0 3 solid
Gd(N0 3) 3 (CH 2CH2)Z(NH)2'2HN0 3

mass % mol -1 mass % mol -1 phaseb -1 -1kg kg mass % mol kg mass % mol kg

0 -- 24.0 1.49 A 0.0 -- 37.0 2.77
12.5 0.52 17.0 1.14 A 10.5 0.51 29.5 2.32
26.5 1. 27 12.5 0.97 A 22.5 1.24 24.5 2.18
41.0 2.39 9.0 0.85 A 37.0 2.42 18.5 1. 96
51.0 3.62 8.0 0.92 A 46.2 3.61 16.5 2.08

56.5 4.48 6.8 0.87 A+B 57.5 5.68 13.0 2.08

57.2 4.47 5.5 0.69 B 60.5 5.65 8.3 1. 25
59.5 4.56 2.5 0.31 B 63.5 5.69 4.0 0.58
60.6 4.48 0.0 -- B 65.0 5.74 2.0 0.29

B 65.8 5.60 0.0 --

a. Molalities calculated by M. Salomon.
b. Solid phases: A a HN03·NH2(CH2CHZ)ZNH2·HN03

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph the
relation between the refractive indices and
the composition of the components for each
of the sections studied. The graphs were
used to find the inflection or break points
corresponding to the composition of the
saturated solutions.

SOURCE AND PURITY OF MATERIALS:
Gadolinium nitrate was twice recrystallized.
Analysis for water gave 20.59 mass % which
corresponds to the pentahydrate.

Piperazine dinitrate, C4H8(NHz' 2HN0 3 , was
prepared by neutralization of piperazine with
c.p. grade HN0 3 followed by evaporation to
crystallization. The solid was recrystallized
and dried in a desiccator over anhyrous CaC1

2to constant mass. The composition of the
solid was checked analytically.

Doubly distilled water was used.

ESTIMATED ERROR:
Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.
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COMPONENTS:
(1) Gadolinium nitrate; Gd(N0 3)3;

[10168-81-7 ]

(2) Urea: CH4N20; [57-13-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 300 C

ORIGINAL MEASUREMENTS:

Khudaibergenova, N.; Sulaimanku1ov, K.

Zh. Neorg. Khim. 1980, 25. 2254-56; RUBS.

J. Inorg. Chern. Engl. Transl. 1980, 25.

1249-50.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Gd(N0 3)3

-1mass % mol kg

0 --
23.6 3.257
38.93 15.708
40.13 20.332

40.17 18.256

40.26 12.721
48.48 8.135
50.33 8.584
51. 81 7.420
53.49 7.484
59.58 8.353
63.51 10.429

60.6 6.939
61. 21 7.001
61. 65 6.682
63.20 5.808

60.89 5.081
58.94 4.716
60.25 4.416

Composition of saturated solutions at 300 Ca

mass % mol -1 of the solid phasekg nature

57.5 22.528 CO(NH 2)2
55.29 43.612

"53.85 124.19 "
54.12 156.72 "
53.42 138.77 CO(NH2)2 + Gd(N03)3'4CO(NH2)2

50.52 91. 248 Gd(N03)3'4CO(NH2)2
34.16 32.765

"32.59 31. 772 "
27.85 22.799 "
25.69 20.546 "
19.64 15.738 "
18.75 17.599 "
13.96 9.137 Gd(N03)3·2CO(NH2)2
13.32 8.708

"11.47 7.105 "
5.10 2.679 "
4.20 2.003 Gd(NO 3) 3' 5H 2O
4.65 2.127

"
° -- "

a. Ho1a1ities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Equilibrium
was stated to be reached within 7 hours. The
nitrogen of the urea was determined by the
Kjeldah1 method. Gadolinium was determined
by titration with Trilon (disodium salt of
ethylenediamine tetraacetic acid) using
Xylenol orange indicator. The liquid phase
was filtered off with a No. 3 Schott filter.

CO}filENTS AND/OR ADDITIONAL DATA:

Gd(N03)3·4CO(NH2)2 is congruently soluble.

It was isolated and analysed: Gd(N0 3)3

content was 58.25 mass %, and urea = 41.75
mass %.

SOURCE AND PURITY OF MATERIALS:

Nothing specified except that for the
crystallization branch of the initial salt,
the solid phase contained 79.22 mass %
Gd(N0 3)3' This corresponds to the penta-

hydrate, Gd(N03)3'5H20, but details on

methods of analysis not specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



404 Gadolinium nitrate

COMPONENTS:
(1) Gadolinium nitrate; Gd(N0 3)3;

[10168-81-7]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

EXPERIMENTAL VALUES:

Gd(N0 3)3 CO(NH2)2' HN0 3

% mol -1 mass % mol -1mass kg kg

0.0 -- 16.5 1.61
13.5 0.52 11.5 1.25
27.5 1. 21 6.5 0.80
43.5 2.39 3.5 0.54
54.5 3.57 1.0 0.18

60.2 4.49 0.7 0.15

60.6 4.48 0.0 --

ORIGINAL MEASUREMENTS:

Starikova, L.I.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1975, 20, 2294-6; Russ. J. Inorg.

Chem. Engl. Transl. 1975, 20, 1274-5.

PREPARED BY:

T. Hioduski and S. Siekierski

400 C Isotherm

Gd(N0 3)3 CO(NH2)2' HN03

solid
-1 -1phaseb mass % mol kg mass % mol kg

A 0.0 -- 24.5 2.64
A 12.0 0.50 18.0 2.09
A 26.5 1. 25 11.5 1.51
A 41. 5 2.32 6.5 1.02
A 52.5 3.48 3.5 0.65

A+B 65.0 5.65 1.5 0.36

B 65.5 5.70 1.0 0.24
B 65.8 5.60 0.0 --

a. Molalities calculated by H. Salomon.
b. Solid phases: A = CO(NH2)2'HN03

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase
diagram. Equilibrium was checked by
repeated measurements of the refractive
index as a function of time. The results
were used to graph the relation between
the refractive indices and the composition
of the components for each of the sections
studied. The graphs were used to find the
inflection or break points corresponding to
the composition of the saturated solutions.

SOURCE AND PURITY OF MATERIALS:
Nothing specified for Gd(N03)3·5H20.

The amine nitrate was prepared by neutraliza
tion of "pure" grade urea with nitric acid.
The neutralized solution was evaporated to
crystallization. The solid was recrystal
lized, dried and analysed to check the
composition of the salt. The results
corresponded to the anhydrous salt.

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.
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COMPONENTS:

(1) Magnesium gadolinium nitrate;
3Mg(N03)2·2Gd(N03)3; [84682-75-7]

(2) Nitric acid; HN03
; [7697-37-2]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

One temperature: 16°C

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anopg. Chern. 1912, 76, 303-21

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt in HN0

3
sIn of density d~6 = 1. 325 g -3cm

aliquot volume

3cm

1. 4638

g

0.1187

-3mol dm

1. 4638 0.1200 0.2252
a

0.2249b

a. Average value calculated by the author.

b. Average value calculated by the compiler using 1977 IUPAC recommended
atomic masses.

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 77.5°C, and the density at O°C is
2.163 g cm-3 .

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

"Pure" gadolinium oxide was dissolved in dil
HN03 and Hg(N0

3
)2 added to give a mole ratio

of Gd/Mg = 2/3. The sIn was evapd and a
small crystal of Bi2Mg3 (N0

3
)12 added, and the

mixt cooled to ppt the tetracosahydrate. The
double nitrate was recrystd before use.

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. The soly was studied
1n HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solutions was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4CI
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03, reprecipitated as the
~Ydroxide, and ignited to the oxide. Mg in
the filtrate was "determined by the usual
Imethod" (no details were given).

~n attempt to determine the waters of
~ydration by dehydration was not successful
~ecause the temperature required (120°C or
~igher) resulted in decomposition of the salt
~ith the formation of basic salts. Presumably

he waters of hydration were found by
liifference.

ESTIMATED ERROR:

Soly: reproducibility about

Temp: nothing specified.

REFERENCES:

± 1-5% (compiler).



406 Gadolinium nitrate

COMPONENTS:

(1) Gadolinium cobalt nitrate;
ZGd(U03)3'3Co(N0

3
)2; [8468Z-77-9]

(2) N~tric acid; HN0
3

; [7697-37-Z]

(3) Hater; HZO ; [7732-18-5]

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 19lZ, 76,
303-Z3.

VARIABLES: PREPARED BY:

One temperature: 16°C Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt in UN0

3
sIn of density d~6 = 1. 3Z5 g -3cm

al~quot volume Gd Z03 Soly ZGd(N03)3'3Co(N03)Z

3 -3cm g mol dm

1.4638 0.1435

1.4638 0.1438 0.Z706a , 0.Z704b

a. Average value calculated by the author.

b. Average value calculated by the compiler using 1977 IUPAC recommended atomic masses.

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 63.ZoC, and the density at O°C is
2.315 g cm-3 .

AUXILIARY INFORMATION

:t 1-5% (compiler).

ESTUIATED ERROR:

Soly: reproducibility about

METHOD 'APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method used. The soly was studied "Pure" gadolin~um oxide was dissolved in dil
in HN0 3 sIn of dens~ty 1.325 g cm-3 at 16°C RN03 and Co(N03)Z added to give a mole ratio
because the author did not have sufficient of Gd/Co = Z/3. The sIn was evapd and a
quantity of the rare earth to study the soly small crystal of BizMg

3
(N0

3
)12 added, and

of the salt in pure water. Pulverized salt
the mixt cooled to ppt the tetracosahydrate.

and HN0 3 sIn were placed in glass-stoppered The double nitrate was recrystd before use.
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then The double salt was analysed gravimetrically
allowed to settle for Z h, and a pipet main- for GdZ03 and metallic Co. 0.5100 g samples
tained at 16°C was used to withdraw aliquots of the tetracosahydrate yielded 0.1105 g
for analysis. Two analyses were performed. oxide (Zl.67 mass %), and 0.0548 g Co (10.75

mass %). Theor values are 21.74 mass %
GdzO, and 10.60 mass % Co (compiler).

Solutions were analysed by adding Z-3 g NH4CI
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03, reprecipitated as the
hydroxide, and ignited to the oxide. Co in
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (lZ0°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumably
the waters of hydration were found by
difference.

Temp: nothing specified.
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COMPONENTS:

(1) Gadolinium nickel nitrate;
2Gd(N03)3'3Ni(N0 3)2; [84682-79-1]

(2) NHric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Jantsch, C. Z. Anol'g. Chem. 1912, 76, 303-23

VARIABLES: PREPARED BY:

One temperature: 16°C Mark Salomon

EXPERIMENTAL VALUES:
Soly of the double salt in HN0

3
sIn of density d~6 = 1. 325 6 -3cm

aliquot volume Gd20
3 Soly 2Gd(N03)3,3Ni(N0

3
)2

3 -3cm g mol dm

1. 4638 0.1274

1.4638 0.1280 O,2405a
0.2407 b

a. Average value calculated by the author.

b. Average value calculated by the compiler using 1977 IUPAC recommended
atomic masses.

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 72.5°C, and the density at O°C
is 2.356 g cm-3 •

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

"Pure" gadolinium oxide was dissolved in dil
HN0 3 and Ni(N0 3)2 added to give a mole ratio

of Gd/Ni = 2/3. The sIn was evapd and a
small crystal of Bi2Mg3 (N0

3
)12' added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.

± 1-5% (compiler).

REFERENCES:

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. The soly was studied
in HN03 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
periodic shaking. The solution was then
allowed to settle for 2 h, and a pipet main-
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4Cll- ---------------;
and 10% NH3 sIn followed by boiling to ppt ESTIMATED ERROR:
the hydroxide. The ppt was filtered, Soly: reproducibility about
dissolved in HN03 , reprecipitated as the
hydroxide, and ignited to the oxide. Ni in ~emp: nothing specified.
the filtrate was "determined by the usual
method" (no details were given).

An attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
with the formation of basic salts. Presumably
the waters of hydration were found by
difference.



408 Gadolinium nitrate

COMPONENTS:

(1) Gadolinium zinc nitrate;
2Gd(N03)3·3Zn(N03)2; [84682-81-5]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water ; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 16°C

ORIGINAL MEASUREMENTS:

Jantsch, G. Z. Anorg. Chern. 1912, 76,
303-23.

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Soly of the double salt in HN0
3

sIn of density d~6 = 1.325 g

aliquot volume Gd
2

0
3

soly 2Gd(N03)3·3Zn(N03)2
a

3 -3
cm g mol dm

1. 4638 0.1484

1.4638 0.1490 0.2801

a. Average value calculated by the author.

ADDITIONAL DATA:

The melting point of the tetracosahydrate is 56.5°C, and the density at O°C is
2.351 g cm-3 .

AUXILIARY INFORMATION

-3cm

METHOD iAPPARATUS /PROCEDURE:

Isothermal method used. The soly was studied
in HN0 3 sIn of density 1.325 g cm-3 at 16°C
because the author did not have sufficient
quantity of the rare earth to study the soly
of the salt in pure water. Pulverized salt
and HN03 sIn were placed in glass-stoppered
tubes and thermostated at 16°C for 24 h with
per~odic shaking. The solution was then
allowed to settle for 2 h, and a pipet main
tained at 16°C was used to withdraw aliquots
for analysis. Two analyses were performed.

Solutions were analysed by adding 2-3 g NH4CI
and 10% NH3 sIn followed by boiling to ppt
the hydroxide. The ppt was filtered,
dissolved in HN03' reprecipitated as the
hydroxide, and ignited to the oxide. Zn in
the filtrate was "determined by the usual
Imethod" (no details were given).

~n attempt to determine the waters of
hydration by dehydration was not successful
because the temperature required (120°C or
higher) resulted in decomposition of the salt
~ith the formation of basic salts. Presumably
the waters of hydration were found by
difference.

SOURCE AND PURITY OF MATERIALS:

"Pure" gadolinium oxide was dissolved in dil
HN0

3
and Zn(N0

3
)2 added to give a mole ratio

of Gd/Zn = 2/3. The sIn was evapd and a
small crystal of Bi2Mg

3
(N0

3
)12 added, and

the mixt cooled to ppt the tetracosahydrate.
The double nitrate was recrystd before use.
The double salt was analysed gravimetrically
for Gd

2
0

3
and NO. A 0.4520 g sample of the

tetracosahydrate yielded 0.0972 g Gd
2

0
3

(21.50 mass %): Theor value is 21.49
mass % (compiler). Additional analysis
gave 21.77 mass % NO: Theor value is
21.34 mass % (compiler).

ESTIHATED ERROR:

Soly: reproducibility about ± 1-5% (compiler)

Temp: nothing specified.
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COMPONENTS:

(1) Terbium nitrate; Tb(N0 3)3; [10043-27-3]

(2) Water; H
2
0; [7732-18-5]

CRITICAL EVALUATION:

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
\oIarsaw. Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

January 1983

THE BINARY SYSTEH

INTRODUCTION

Data for the solubility in the binary terbium nitrate-water system have been reported
for 298.15 K in six publications (1-6). According to Afanas'ev et al. (6), a handbook (7)
states that at 293.2 K, the solubility of terbium nitrate in water is 60.6 mass % (4.46
mol kg-I, evaluators): however the evaluators were unable to determine the original
source of this solubility value.

In the binary system, the stable solid phase at 298.15 K is Tb(N03)3.6H20, [13451-19-9].
(1-6), and presumably this is also the solid phase at 293.2 K. According to Mellor (8),
Urbain and co-workers reported that the solid hexahydrate melts congruently at 362.5 K, but
Ivanov-Emin et al. (9) reported a congruent melting point of 343 K for the tetrahydrate,
[37131-76-3]. At least one of these melting points must be in error.

RECOMMENDED AND TENTATIVE SOLUBILITIES

For 298.15 K, the average value of the solubility in the binary system based on the
results reported in (1,2,4,5) is 4.538 mol kg-I. The standard deviation for this average
value is a = 0.004, and at the 95% level of confidence and a Student's t = 3.182, the
uncertainty in this average value is ± 0.006 mol kg-I. This solubility of 4.538 ± 0.006
mol kg- l is designated as a recommended value. Both results from (3) and (6) are rejected
because their residual errors f~r exceed the standard deviation of the mean.

-1
The solubility result of 4.46 mol kg at 293.2 K is cautiously designated as a

tentative value. It should be noted that there is no information available on how this
solubility was determined: i.e. experimental details, purity of materials, and solid
phase analysis information are not available.

REFERENCES

1. Spedding, F.H.; Shiers, L.E.; Rard, J.A. J. Chem. Eng. Data 1975, 20, 88.
2. Rard, J.A.; Spedding, F.H. J. Phys. Chem. 1975, 79, 257. ----
3. Spedding, F.H.; Derer, J.L.; Mohs, M.A.; Rard, J.A. J. Chem. Eng. Data 1976, 21, 474.
4. Spedding, F.H.; Shiers, L.E.; Brown. M.A.; Baker, J.L.; Guitierrez, L.; McDowell, L.S.;

Habenschuss, A. J. Phys. Chem. 1975, 79, 1078.
5. Rard, J.A.; Shiers, L.E.; Heiser, D.J.; Spedding, F.G. J. Chem. Eng. Data 1977,22,337.
6. Afanas'ev, Yu.A.; Azhipa, L.T.; Shakanova, N.A. Zh. Neorg. Khim. 1977, 22, 3331.
7. Kirgintsev, A.N.; Trushnikova, L.N.; Lavrent'eva, V.G. Rastvorimo~Neorganicheskikh

Veshchestv v Vode. Spravochnik. (Solubility of Inorganic Substances in Water: A Hand
book). Izd. Khimiya. Leningrad. 1972. p. 165.

8. Mellor, J.W. A Comprehensive Treatise on Inorganic and Theoretiaal Chemistry. Longmans,
Green & Co. London. 1940. Vol. V.

9. Ivanov-Emin, B.N.; Odinets, Z.K.; Khaime De1'Pino; Zaitsev, B.E.; Ezhov, A.I. Zh. Neor~

Khim. 1975, 20. 2952.
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COMPONENTS:

(1) Terbium nitrate; Tb(N0 3)3;
[10043-27-3]

(2) Water; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 25.00°C

Terbium nitrate

ORIGINAL MEASUREMENTS:

1. Spedding, F.H.; Shiers, L.E.; Rard, J.A.
J. Chern. Eng. Data 1975, 20, 88-93.

2. Rard, J.A.; Spedding, F.H. J. Phys. Chern.
1975, 79, 257-62.

3. Spedding, F.H.; Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chern. Eng. Data 1976, 21,
474-88. -----

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:

The solubility of Tb(N0
3

)3 in water at 25.00°C has been reported by Spedding and co
workers in three publications. Source paper [3] reports the solubility to be 4.738
mol kg-I, but the preferred value is given in source papers [I] and [2] as 4.5395 mol kg-~

COMMENTS AND/OR ADDITIONAL DATA:

Source paper [I] reports the relative viscosity, ~R' of a saturated solution to be 20.152.
Taking the viscosity of water at 25°C to equal 0.008903 poise, the viscosity of a
saturated Tb(N0 3)3 solution at 25°C is 0.17941 poise (compilers calculation).

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, 79 enabled
the compilers to provide the following additional data. ----

The density of the saturated solutions was calculated by the compilers from the
smoothing equation, and at 25°C the value is 1.89977 kg m- 3 • Using this density, the
solubility in volume units is (based on the preferred value of 4.5395 mol kg-I)

-3csatd = 3.4030 mol dm

Source paper [2] reports the electrolytic conductivity of the saturated solution to be
(corrected for the electrolytic conductivity of the solvent) K = 0.027639 Scm-I.

The molar conductivity of the saturated solution is calculated from 1000K /3csatd and is
I 2 -1!l.(3 Tb(N0 3)3)= 2.707 5 cm mol (compilers' calculation)

It should be noted that in the supplementary data in the microfilm edition of source
paper [2], this latter quantity is given as 2.741 5 cm2 mol-I.

AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:

Isothermal method used. Solutions were
prepared as described in (1) and (2). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to
0.1% or better. In the sulfate analysis.
the salt was first decomposed with HC1
followed by evaporation to dryness before
sulfuric acid additions were made. This
eliminated the possibility of nitrate ion
coprecipitation.

SOURCE AND PURITY OF MATERIALS:
Tb(N03)3'6H20 was prepd by addn of HN03 to
the oxide. The oxide was purified by an ion
exchange method, and the upper limit for the
impurities Ca, Fe, Si and adjacent rare
earths was given as 0.15%.

In source paper [3] the salt was analysed for
water of hydration and found to be within
± 0.016 water molecules of the hexahydrate.

Water was distilled from an alkaline
permanganate solution.

ESTIMATED ERROR:
Soly: duplicate analyses agreed to at least

± 0.1%.
Temp: Not specified, but probably accurate to

at least ± 0.01 K as in (3) (compilers)

REFERENCES:
1. Spedding, F.G.; Cullen. P.F.; Habenschuss,

A. J. Phys. Chern. 1974, 78, 1106.
2. Spedding, F.H.; Pikal, M.J.; Ayers, B.O.

J. Phys. Chern. 1966, 70, 2440.
3. Spedding. F.H.;~ al. J. Chern. Eng.

Data 1975. 20, 72.
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COMPONENTS:

(1) Terbium nitrate; Tb(N03)3;
[10043-27-3]

(2) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.00°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
[1] Spedding, F.H.; Shiers, L.E.; Brown, M.A.;

Baker, J.L.; Guitierrez, L.; McDowell,
L.S.; Habenschuss, A. J. Phys. Chern. 1975,
?9, 1078-96. --

[2] Rard, l.A.; Shiers, L.E.; Heiser, D.J.;
Spedding, F.H. J. Chern. Eng. Data 1977,
22, 337-37. --

PREPARED BY:

T. Mioduski, S. Siekierski, and H. Salomon

Temp: precision ± 0.01 K.

SOURCE AND PURITY OF MATERIALS:
1. The nitrate was obtained from the oxide

(purified by ion-exchange methods at the
Ames Laboratory) and reagent grade RN0

3
.

The purity of the oxide was greater than
99.85 mass % with Ca, Fe, Si and adjacent
lanthanides being the only significant
impurities.

2. Conductivity water distd. from an alkaline
KMn04 solution was used.

Source paper [1] reports the solubility of Tb(N0
3

)3 as 4.5395 mol kg- l

Source paper [2] reports the solubility of Tb(N03)3 as 4.5320 mol kg- l

The solid phase in both studies is the hexahydrate, Tb(N03)3.6H20

AUXILIARY INFORNATION

METHOD/APPARATUS/PROCEDURE:
(1] Standard isothermal method used.
[2] Isothermal isopiestic method used in
which equilibration carried out by allowing a
less than satd Tb(N03)3 sIn to reach thermo
dynamic equilibrium through the vapor phase
with a reference sIn (KC1, CaC12). The soly
was thus detd without sepn of the sIn and
solid phases. The solutions were adjusted
to their equivalence pH values to insure a
ratio of three nitrates to each Tb. Duplicate
samples of the nitrate and reference sIns
were used and equil was approached from
higher and lower concns (about 4d). ~E-S~T~IMA--T=E=D--E=R-R-O-R-:-----------------------------1

In both [1] and [2] the satd sIns were Soly: duplicate analyses agreed to at least
analysed by EDTA titrn and gravimetric sulfate ± 0.1%.
analysis. The methods are stated to be
accurate to 0.1% or better. In the sulfate
analysis, the salt was first decomposed with REFERENCES:
HC1 followed by evaporation to dryness before
sulfuric acid additions were made. This
eliminated the possibility of nitrate ion
coprecipitation.
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COMPONENTS:

(1) Terbium nitrate; Tb(N0
3
)3;

[10043-27-3]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Nitric acid concentration at 25°C

Terbium nitrate

ORIGINAL MEASUREMENTS:

Afanas'ev, Yu. A.; Azhipa, L.T.; Shakhanova,

N.A. Zh. Neorg. Khirn. 1977, 22, 3331-4;

Russ. J. Inorg. Chern. Engl. Transl. 1977,

22, 1818-20.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Solub1lity of terbium nitrate in nitric acid solutions at 25°Ca

Tb(N0 3)3 HN0
3

% -1 -1mass mol kg mass % mol kg nature of the solid phase

57.90 3.987 ° --- Tb(N0 3)3' 6H20
51.05 3.477 6.39 2.383

"46.98 3.261 11.25 4.274
"42.70 2.969 15.60 5.937
"37.59 2.638 21. 10 8.106
"34.70 2.415 23.65 9.011
"30.47 2.082 27.11 10.142
"25.04 1. 746 33.39 12.747
"23.01 1. 618 35.75 13.757
"21. 55 1. 516 37.23 14.334
"

20.83 1. 531 39.74 15.995 Tb(N0 3)3' 6H20 + Tb(N0 3)3' 4H20

17.39 1.252 42.33 16.677 Tb(N03)3' 4H20
16.31 1.270 46.46 19.804

"
16.63 1. 331 47.16 20.669 Tb(N0 3)3' 4H20 + Tb(N0 3)3· 2H20

13.83 0.962 44.49 21.412 Tb(N03)3' 2H20
9.16 0.712 53.53 22.769

"7.77 0.610 55.33 23.796
"7.81 0.643 56.97 25.670
"7.88 0.693 59.14 28.458
"5.46 0.515 63.79 32.921
" continued .•........

AUXILIARY INFORMATION

METHOD "APPARATUS/PROCEDURE:

The isothermal method was used. The
compositions of the saturated solutions were
varied by addition of 100% nitr1c adic to
the saturated solutions or by adding the salt
to the acid solution. Equilibrium was
reached in 3-4 hours.

Terbium in the liquid and solid phases was
determined by complexometric titration
with Xylenol Orange indicator, and the nitric
acid concentrations were determined by
titration with sodium hydroxide using Methyl
Red indicator. The composition of the solid
phases was determined by Schreinemakers'
method of residues.

SOURCE AND PURITY OF MATERIALS:

C.p. grade terbium nitrate was used.

Nitric acid was concentrated to 100% by
the Brauer method.

ESTIMATED ERROR:

Soly: precision about t 0.3% (compilers).

Temp: precision t 0.1 K.

REFERENCES:
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COHPONENTS:
(1) Terbium nitrate; Tb(N0 3)3;

[10043-27-3]

(2) Nitric acid; HN03 ; [7697-37-2]

(3) Water ; H20; [7732-18-5]

EXPERIMENTAL VALUES: continued .

ORIGINAL HEASUREMENTS:
Afanas'ev, Yu. A.; Azh~pa, L.T.; Shakhanova,

N.A. Zh. Neorg. Khim. 1212, 22, 3331-4;

Russ. J. Inorg. Chem. Engl. Transl. 1977,

22, 1818-20.

Solubility of terbium nitrate in nitric acid solutions at 25°Ca

Tb(N03)3 HN0
3

% mol -1
% mol -1mass kg mass kg

6.24 0.624 64.75 35.421

5.41 0.598 68.37 41. 381
5.25 0.621 70.25 45.504
5.69 0.712 71.14 48.726
6.38 0.977 74.69 62.616
8.04 1.542 76.84 80.650

9.51 2.468 79.32 112.69

8.00 2.203 81. 47 122.78
6.17 2.145 85.49 162.67
3.69 1.917 90.73 258.04
2.87 2.667 94.01 478.18

nature of the solid phase

Tb(N0 3)3' 2H20 + Tb(N0 3)3' H20

Tb(N0 3)3' H20

Tb(N0 3)3· H20 + Tb(N03)3'nHN03

Tb(N03)3'nHN03

a. Molalities calculated by M. Salomon

100

'blNOJlJ HzO

TbINOJ}, 2HzO

HINOJ}, ~HZO

80
TbINO']J f HzO

60

,.
"-,

20

\

0
20 ~o

H2O HN03

Solubility diagram of the Tb(N03)3-HN03-H20 system at 298.2 K. All compositions
given in mass % units.
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COHPONENTS:

(1) Dysprosium nitrate; Dy(N0
3
)3;

[10143-38-1]

(2) Water ; H
2

0 ; [7732-18-5]

CRITICAL EVALUATION:

INTRODUCTION

Dysprosium nitrate

EVALUATOR:
S. Siekierski, T. Hioduski

Institute for Nuclear Research
Harsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

November 1982

THE BINARY SYSTEM

The solubility of dysprosium nitrate in water has been reported in eight publications
(1-8). Moret (1) studied the solubility as a function of temperature from 273.15 K to
323.15 K, Zhurav1ev et al. (6-8) reported results for 293.2 K and 313.2 K, and Spedding
et al. (2-4) and Afanas'ev et al. (5) reported results for 298.15 K. All authors specify
the solid phase in equilibrium with the saturated solutions to be Dy(N03)3.6H20, [35725
30-5]. For the binary system, there are no solubility data available for lower hydrate
systems. However in ternary systems containing nitric acid (5) and urea (9), lower
hydrates exist.

The congruent melting points of the 1:6, 1:5, and 1:4 hydrates have been reported in
(10-12). According to Ivanov-Emin et al. (12), the hexahydrate melts at 358.2 K, but
below the evaluators calculate a melting point of 338.9 K for this hydrate. Urbain and
Jantsch (10) report a congruent melting point of 361.8 K for the pentahydrate, but
Dvornikova et al. (13) state that this hydrate melts incongruently at 363 K. Wendlandt
and Sewell (11) report a congruent melting point of 363 ± 1 K for the tetrahydrate.

EVALUATION PROCEDURE

The solubility data in the binary hexahydrate system given in the compilations were
fitted by least squares to the general solubility equation based on the treatments in
(14, 15) and in the INTRODUCTION to this volume:

Y = !n(m/mo) - nM2 (m - mo ) = a + b/(T/K) + c !n(T/K) [1]

All terms in eq. [1] have been previously defined. The solubility data were all assigned
equal weights of unity, and data were rejected for which the residual error, Am, was
greater than twice the standard error of estimate, i.e. greater than ± 20m, In previous
critical evaluations we have assigned weights based upon experimental precision: e.g.
the precision for the data reported by Spedding et al., by Moret and by Brunisholz et al.
is around ± 0.1 to 0.2% compared to the experimental precision of around ± 1% for those
results based on the method of isothermal sections. Equal weights were however assigned
to all data (except those rejected values) because they appear to be of equal accuracy.

RECOMMENDED SOLUBILITIES IN THE HEXAHYDRATE SYSTEM

In fitting thy solubility data to eq. [1], two values were rejected. The 298.15 K value
of 4.539 mol kg- (4) and the 298.2 K value of 4.873 mol kg- l (5) were rejected because
their residual errors (mcald - fficbsd) far exceeded ± 20m (see Table 1). The residual
errors for Moret's results at 293.15 K and 313.15 K are larger than most other am values
(+0.05 and +0.08 mol kg-I, respectively) which suggests greater inaccuracy then usually
found for Moret's results. The accuracy in the results from (6-8) appear to be equal or
slighty better than these two values from Moret's work.

The results of fitting the data from (1-3, 6-8) to the smoothing equation are given in
Table 1. The smoothed solubilities calculated from eq. [1] are designated as peaommended,
and Table 2 gives the smoothed values at 5 K intervals up to the congruent melting point.
At the 95% level of confidence and a Student's t = 2.447, the combined calculated and
experimental precisions lead to an overall uncertainty of ± 0.04 mol kg- l in the recom
mended solubilities.

The experimental melting point of 358.2 K for the hexahydrate is so divergent from the
value of 338.9 K calculated from the solubility data that we believe the former to be in
error due to the probable presence of lower hydrates. The melting points for the penta
and tetrahydrates are in the range of 361 K to 363 K as discussed above.

MULTICOMPONENT SYSTEMS

Since only one publication exists for the solubility of Dy(N03)3 in aqueous solutions
of nitric acid and other saturating components, these data cannot be critically evaluated.
Some phase diagrams are given below, and were selected for reproduction here based mainly
on clarity. The compositions of all components in the phase diagrams below are given in
mass % units.
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COMPONENTS:

(1) Dyspros~um nitrate; Dy(N0 3)3;
[10143-38-1]

(2) Water [7732-18-5]

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

November 1982

CRITICAL EVALUATION: Table 1. Derived parameters for the smoothing equatlona

parameter
a
b
c

value for the hexahydrate system
-38.728

1443
5.9480

0.004
1.3
0.0007

197.8

-47.8

0.004
0.05

lJy

IJm
-16Hsln /kJ mol

6C IJ K- l mol- l
p

congruent melting point/K -1 338.9
concn at the congr m.p./mol kg 9.251

aThe quantities lJa , IJ b , IJc are standard deviations, and lJy and IJm are standard errors of

est~mate for Y in eq.[l], and the molality.

Table 2. Recommended solubilities calculated from the smoothing equationa

T/K soly/mol -1 T/K soly/mol -1kg kg

273.15 4.093 313.15 5.430
278.15 4.190 318.15 5.737
283.15 4.303 323.15 6.108
288.15 4.433 328.15 6.577
293.15 4.581 333.15 7.226
298.15 4.751 338.15 8.490
303.15 4.946 338.87 b 9.251

aAlthough 4 significant figures are given for the recommended solubil~ties, it should be
noted that the overall uncertainty in these values is ± 0.04 mol kg-I.

b melting point.Congruent

]yIND3)f ZHzD

]y(NDJ)J ~HzO

80
]y(ND3h 5HzO

50

Figure 1. Solubility diagram for
the Dy(N03)3-HN03-H20 system at qO

298.2 K: ref. (5).

zo



416 Dysprosium nitrate

COHPONENTS:

(1) Dysprosium nitrate; Dy(N0
3
)3;

[10143-38-1]

(2) Water H
2
0; [7732-18-5]

EVALUATOR:
S. Siekiersk~, T. Mioduski

Institute for Nuclear Research
Harsaw, Poland

and
H. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

Uovember 1982

CRITICAL EVALUATION:

Fig. 2. Solubility isotherms in the
Dy(N03)3-pyridine nitrate-water system
at 293.2 K (a), and 313.2 K (b): ref (7).

Fig. 4. Solubility isotherms in the
Dy(N03)3-quinoline nitrate-water system
at 293.2 K (a), and 313.2 (b): ref. (8).

Fig. 6. Solubility isotherms in the
Dy(N03)3-8-hydroxyquinoline nitrate-water
system at 293.2 K (a), and 313.2 (b): ref. (8).

C.Il,NIl,IlNO,

F~g. 3. Solubility isotherms in the
Dy(N03)3-aniline nitrate-water system
at 293.2 K (a), and 313.2 K (b): ref.
(7) •

Fig. 5. Solubility isotherm in the
Dy(N03)3-8-methylquinoline nitrate
water system at 293.2 K (a), and
313.2 K (b): ref. (8).
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COHPONENTS:

(1) Dysprosium nitrate; Dy(N03)3;
[10143-38-1]

(2) Water; H20; [7732-18-5]

CRITICAL EVALUATION:

~. Solubility isotherm for the
Dy(N03)3-urea-water system at 303.2 K:
ref. (9).

75

so

25

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

November 1982
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COMPONENTS:
(1) Dysprosium nitrate; Dy(N0 3)3;

[10143-38-1]

(2) Water ; H
2

0 ; [7732-18-5]

VARIABLES:

Temperature: range 0 to 50·C

EXPERIMENTAL VALUES:

Dysprosium nitrate

ORIGINAL MEASUREMENTS:

Moret, R. These. l'Universite de Lausanne.

1963.

PREPARED BY:

T. Mioduski and S. Siekierski

Dy(N03)3

t/"C % mol -lamass kg solid phase

° 58.80b
4.095 Dy(N03)3' 6H20

10 60.03 4.309
"

20 61. 73c
4.628

"
40 65.76 5.510

"
50 67.88

d
6.064

"

a. Calculated by the compilers.

b. 1355 moles of H2O per 100 moles of Dy(N03)3 (1) .

c. 1199 moles of H2O per 100 moles of Dy(N03)3 (1) •

d. 915.3 moles of H20 per 100 moles of Dy(N0
3

)3 (1) .

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method employed (1). Dy was
determined by complexometric titration
using Xylenol Orange indicator in presence
of a small amount of urotropine buffer.
Water was determined by difference.

COMMENTS AND/OR ADDITIONAL DATA:

Data for O·C, 20·C, and 50·C were
converted to units of moles water per 100
moles of salt and reported in reference (1).

SOURCE AND PURITY OF MATERIALS:

Dy(N03)3.6H20 was prepared from DY203

of purity higher than 99.7% (obtained by
the ion exchange chromatography). No
additional details available.

ESTIMATED ERROR:
Soly: precision about ± 0.2 % (compilers).

Temp: precision at least ± 0.05K (compilers).

REFERENCES:
1. Brunisholz, G.; Quinche, J.P.; Kalo, A.M.

HeZv. Chim. Acta ~964, 47, 14.
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COMPONENTS:

(1) Dysprosium nitrate; Dy(N0
3
)3;

[10143-38-1]

(2) Water; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 25.00oC

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
1. Spedding, F.H.; Shiers, L.E.; Rard, J.A.

J. Chern. Eng. Data 1975, 20, 88-93.

2. Rard, J.A.; Spedding, F.H. J. Phys. Chern.
1975, 79, 257-62.

3. Spedding, F.H.; Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chern. Eng. Data 1976, 21,
474-88. -----

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

oThe solubility of Dy(N0 3 )3 in water at 25.00 C has been reported by Spedding and
co-workers in three publications. Source paper [3] reports the solubility to be 4.539
mol kg-I, but the preferred value is given in source papers [1, 2] as 4.539 mol kg-I.

COMMENTS AND/OR ADDITIONAL DATA:

Source paper [1] reports the relative viscosity, n
R

, of a saturated solution to be

24.008. Taking the Viscosity of water at 25 0 C to equal 0.008903 poise, the viscosity of
a saturated DY(N0 3)3 solution at 25 0 C is 0.2137 poise (compilers calculation).

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, 79 enabled
the compilers to provide the following additional data. ----

The density of the saturated solution was calculated by the compilers from the smoothing
equation, and at 25°C the value is 1.94030 kg m- 3 Using this density, the solubility
in volume units is (based on the preferred value of 4.7382 mol kg-I).

c = 3.4675 mol dm- 3
satd

Source paper [2] reports the electrolytic conductivity of the saturated solution to be
(corrected for the electrolytic conductivity of the solvent) K = 0.024354 Scm-I.

The molar conductivity of the saturated solution is calculated from 1000K/3c
satd

and is

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Solutions were
prepared as described in (1) and (2). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to 0.1%
or better. In the sulfate analysis, the
salt was first decomposed with HCl followed
by evaporation to dryness before sulfuric
acid additions were made. This eliminated
the possibility of nitrate ion
coprecipitation.

SOURCE AND PURITY OF MATERIALS;

Dy(N03)3·6H20 prepd by addn of RN0 3 to
the oxide. The oxide was purified by an ion
exchange method, and the upper limit for the
impurities Ca, Fe, Si and adjacent rare
earths was given as 0.15%.

In source paper [3] the salt was analysed
for water of dydration and found to be
within ± 0.016 water.molecules of the
hexahydrate.

Water was distilled from an alkaline
permanganate solution.

ESTIMATED ERROR:

Soly: duplicate analyses agreed to at least
± 0.1%.

Temp: Not specified, but probably accurate to
at least ± 0.01 K as in (3) (compHers).

REFERENCES;
1. Spedding, F.G.; Cullen, P.F.; Habenschuss,

A. J. Phys. Chern. 1974, 78, 1106.
2. Spedding, F.H.; Pikal, M.J.; Ayers, B.O.

J. Phys. Chern. 1966, 70, 2440.
3. Spedding, F.H.;~ al. J. Chern. Eng.

Data 1975, 20, 72.
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COMPONENTS:

(1) Dysprosium nitrate; Dy(N03)3;
[10143-38-1]

(2) Nitric acid; HN0 3
; [7697-37-2]

(3) Water ; H
2

0 ; (7732-18-5]

VARIABLES:

Composition at 25°C

Dysprosium nitrate

ORIGINAL MEASUREMENTS:

Afanas'ev, Yu. A.: AZhipa, L.T.: Tarasova,

N.V. Zh. Neopg. Khirn. 1979, 24, 550-2:

Russ. J. Inopg. Chern. EngZ. TpansZ. 1979,

24, 307-8.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Dy(N0 3)3
d HNO a

3
-1

% mol -1
nature of the solid phasemass % mol kg mass kg

62.94 4.873 0 -- Dy(N0 3)3· 6H20
54.5 3.797 4.31 1.661

"49.16 3.383 9.14 3.478
"44.83 3.198 14.95 5.899
"40.45 2.944 20.13 8.104
"35.10 2.661 27.05 11. 342
"29.73 2.392 34.61 15.402
"25.46 2.147 40.51 18.892
"17.27 1. 523 50.2 24.490
"13.25 1. Z70 56.81 30.11Z
"9.95 1. 063 63.Z0 37.355
"

8.81 1.002 65.97 41.512 Dy(N03)3· 6H20 + Dy(N03)3· 4HZO

3.74 0.427 71.12 44.895 Dy(N0 3)3· 4H ZO
3.12 0.409 75.00 54.398

"3.15 0.493 78.52 67.981
"4.87 0.919 79.92 83.387
"

3.98 0.786 81.5 89.076 Dy(N03)3' 4H20 + Dy(N03)3' 2HZO

2.71 0.583 83.95 99.870 Dy(N03)3' 2H ZO
2.35 0.561 85.64 113.16

"3.60 1.165 87.53 156.60
"4.51 1.967 88.91 214.43
"

5.00 3.560 90.97 358.23 DY(N03)3' ZH20 + Dy(N03)3

2.65 1.980 93.51 386.45 Dy(N03)3
1. 35 1. 055 94.98 410.71 "
1. 20 1.252 96.05 554.29 "

a. Molalities calculated by M. Salomon

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Equilibrium was
established in 3-4 hours. The compositions
of the saturated solutions were changed by
addition of 100% nitric acid to the saturated
solutions or by addition of the salt to the
acid. Nitric acid was determined by
titration with NaOH using methyl red
indicator, and dysprosium was determined by
complexometric titration using Xylenol
Orange indicator. The composition of the
solid phases was determined by chemical
analysis and by Schreinemakers' method of
residues. Data on the infrared 3pectra of
the hydrates are discussed in the source
paper.

SOURCE AND PURITY OF MATERIALS:
C.p. grade Dy(N03)3·6H20 was used.

Nitric acid was concentrated to 100% by
the Brauer method.

ESTIMATED ERROR:
Soly: precision ± 0.3 % (compilers).

Temp: precision ± 0.1 K.

REFERENCES:
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COMPONENTS:
(1) Dysprosium nitrate; Dy(N0

3
)3;

[10143-38-1 ]

(2) Ethylenediamine dinitrate; C2H10N406;
[20829-66-7]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Zhuravlev, E.F.: Starikova, L.I.· Katamanov,

V.L. Zh. Neorg. Khim. 12~, 20, 1113-6;

Russ. J. Ino:rg. Chem. En']l. TY'ansZ. ~~5,

20, 626-8.

VARIABLES: PREPARED BY:

Composition at 20°C and 40°C T. Miodusk~ and S. Siekierski

EXPERIMENTAL VALUES:

20°C Isotherma
40°C Isotherma

Dy(N03)3 (CH2)2(NH2)2·2HN03 solid
Dy(N03)3 (CH2)2(NH2)2·2HN0

3

% mol -1 -1
phaseb -1 -1mass kg mass % mol kg mass % mol kg mass % mol kg

0.0 --- 43.5 4.137 A 0.0 --- 60.0 8.059
10.0 0.512 34.0 3.262

" 7.5 0.531 52.0 6.898
22.7 1.222 24.0 2.419

" 17.5 1.255 42.5 5.709
38.1 2.382 16.0 1. 873

"
30.5 2.365 32.5 4.719

52.4 4.284 12.5 1. 913
" 45.0 4.304 25.0 4.477

56.2 5.152 12.5 2.146 A+B 56.5 7.540 22.0 5.498

58.4 4.843 7.0 1.087 B 60.7 6.154 11.0 2.088
60.0 4.653 3.0 0.436

" 63.2 5.703 5.0 0.845
61.2 4.526 0.0 --- " 64.2 5.532 2.5 0.403

" 65.4 5.424 0.0 ---

a. Molalities calculated by M. Salomon.
b. Solid phases A = (CH2)2(NH2)2·2H20

AUXILIARY INFORMATION

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

emp: precision probably ± 0.2 K (compilers).

SOURCE AND PURITY OF MATERIALS;
C.p. grade dysprosium nitrate was twice re-

Solubilities were studied by the method of crystallized. Analysis for water of crystal-
isothermal sections (1) by measuring the lization gave 24.02 mass % water which is
refractive indices of saturated solutions close to the theoretical value for the
along directed sections of the phase diagram. hexahydrate (theor is 23.67 mass %, compilers).
Equilibrium was checked by repeated measure- The amine nitrate was prepared by neutralizin
ments of the refractive index as a function "pure" grade amine with c.p. grade HN03 and
of time. The results were used to graph evaporating the neutralized sIn tocrystalliza
the relation between the refractive indices tion. The salt was recrystallized and dried
and the composition of the components for to const weight in a desiccator over anhydr
each of the sections studied. The graphs CaCl. The salt was analysed.
were used to find the inflection or break ~oub!y distilled water was used.
points corresponding to the composition of
the saturated solutions.

METHOD/APPARATUS/PROCEDURE:

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neo:rg. Khim. 19~, 5, 2630.
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COMPONENTS:
(1) Dysprosium nitrate; Dy(N0

3
)3;

[10143-38-1]

Dysprosium nitrate

ORIGINAL MEASUREMENTS:

Zhuravlev, E.F.; Starikova, L.I.; Katamanov,

(3) Water; H20; [7732-18-5]

(2) 1,6-Hexanediamine dinitrate; (hexamethyl- V.L. Zh. Neorg. Khim. 1975, 20, 1113-6;
enediamine dinitrate); C6H18N406; Russ. J. Inorg. Chem. Engl. Transl. 1975,

[6143-53-9]
20, 626-8.

VARIABLES:

Composition at 20° and 40°C

EXPERIMENTAL VALUES:

PREPARED BY:

T. Mioduski and S. Siekierski

20°C Isotherma

Dy(N03)3 (CH2)6(NH2)2'2HN03

-1 -1
solid

mass % mol kg mass % mol kg phaseb mass

0.0 --- 79.0 15.530 A 0.0
5.5 0.751 73.5 14.449

" 4.0
14.0 1.913 65.0 12.778

" 11.0
27.5 4.384 54.5 12.499

" 22.5
39.5 9.445 48.5 16.685

" 34.5

49.3 9.010 35.0 9.203 B 52.5
53.0 5.964 21.5 3.481

"
57.0

57.0 5.032 10.5 1.334
"

61.2
59.0 4.638 4.5 0.509

"
63.5

61.2 4.526 0.0 ---
"

65.4

a. Molalities caluclated by M. Salomon.
b. Solid phases: A = (CH2)6(NH2)2.2HN03

40°C Isotherma

Dy(N03)3 (CH2)6(NH2)2'2HN03

% mol -1 mass % mol -1kg kg

--- 85.5 24.342
0.765 81.0 22.293
2.036 73.5 19.576
4.304 62.5 17.201
9.428 55.0 21. 624

9.415 31.5 8.127
6.542 18.0 2.972
5.701 8.0 1.072
5.521 3.5 0.438
4.424 0.0 ---

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Solubilities were studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase
diagram. Equilibrium was checked by
repeated measurements of the refractive
index as a function of time. The results
were used to graph the relation between the
refractive indices and the composition of
the components for each of the sections
studied. The graphs were used to find the
inflection or break points corresponding
to the composition of the saturated
solutions.

SOURCE AND PURITY OF MATERIALS:
C.p. grade dysprosium nitrate was twice re
crystallized. Analysis for water of crystal
lization gave 24.02 mass % water which is
close to the theoretical value for the
hexahydrate (theor is 23.67 mass %,
compilers).
The amine nitrate was prepared by neutral
izing "pure" grade amine with c.p. grade
HN03 and evaporating the neutralized sIn to
crystallization. The salt was recrystallized
and dried to canst weight in a desiccator
over anhydr CaC12'
Doubly distilled water was used.
ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.02 K (compilers)

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.
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COMPONENTS:

(1) Dysprosium nitrate; Dy(N03)3;
[10143-38-1 ]

ORIGINAL MEASUREMENTS:

Katamanov, V.L.; Zhuravlev, E.F. Zh. Neo~g.

Khim. 1976, 21, 805-8; Russ. J. Inopg.

Chem. Engl. T~ansl. 1976, 21, 436-8.

(3) Water; H
2
0; [7732-18-5]

VARIABLES: PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

200 C Isotherma

mol kg- l

29.05
30.52
32.41
34.29
40.24
54.68

130.07

55.45
38.95
24.35
16.72

13.15

9.31
3.08
1. 63
0.69

80.5
78.5
76.0
72.6
69.2
64.5

61.0

52.8
47.6
39.8
33.5

28.4

24.2
11.8
7.0
3.2
0.0

mass %mol kg- l

0.54
1. 30
2.41
4.43
9.40

31.04

17.34
14.61
12.15
10.66

10.65

9.02
6.50
5.97
5.65
5.42

mass %

0.0
3.4
7.5

12.5
18.7
27.2

35.7

40.5
43.8
48.7
52.4

56.4

57.5
61.2
62.8
64.2
65.4

A+B

B

B+C

C

solid"
phase

A

16.11

14.42
4.03
2.11
0.88

mol kg- l

18.09
19.13
20.77
22.86
27.25
41. 93

57.62

48.71
33.58
20.33

72.0
69.6
67.0
64.0
60.8
57.8

56.5

54.0
48.2
39.0

34.8

33.2
16.2

9.8
4.5
0.0

mass %

9.44

8.96
5.63
5.05
4.74
4.53

mol kg- l

0.54
1. 30
2.37
4.29
9.61

15.22

14.05
11.85
10.10

mass %

0.0
4.8

10.3
16.3
23.5
32.5

36.6

38.2
41.7
47.5

50.0

50.6
55.5
57.5
59.5
61.2

a.
b.

Molalities calculated by
Solid phases: A = C

5
H

5
N'HN0

3

C =

; B = Dy(N03)3'2[C5H5N'HN03]

Dy(N03)3· 6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Solubilities were studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph
the relation between the refractive indices
and the composition of the components for
each of the sections studied. The graphs
were used to find the inflection or break
points corresponding to the composition of
the saturated solutions.

The double nitrate was recryst and analysed
for Dy and N03 ; its composition differed by
0.2 - 0.5 % from theor. The sol~ of this
double salt is 87.0 mass % at 20 C and 88.5
mass % at 200 C (10.58 mol kg- l and 12.16
mol kg-I, respectively, compilers). Its
density as measured in benzene is 2.23
kg m- 3• Thermal analyses data are presented
in the source paper.

SOURCE AND PURITY OF MATERIALS:
Dysprosium nitrate hexahydrate was prepd by
recrystallizing c.p. grade Dy(N03)3·5H20.
Analysis of Dy confirmed the hexahydrate
composition.

The amine nitrate was prepared by
neutralization of pyridine with nitric acid.
The salt was dried to constant mass over
anhydrous CaC1 2 , and its composition checked
by analysis for N03 by precipitation with
nitron.

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:
1. Zhuravlev, E.F.; Sheveleva, A.D.

Zh. Neo~g. Khim. 196~, 5, 2630.
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COMPONENTS:
(1) Dysprosium nitrate; Dy(N0

3
)3;

[ 10143-38-1J

(2) Aniline nitrate; C
6

H8N20
3

; [542-15-4]

(3) Water; H20 ; [7732-18-5]

VARIABLES:

EXPERIMENTAL VALUES:

20°C Isotherma

ORIGINAL MEASUREMENTS:

Katamanov, V.L.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1976, 21, 805-8; Russ. J. Inorg.

Chem. EngL. TransL. 1976, 21, 436-8.

PREPARED BY:

T. Mioduski and S. Siekierski

Dy(N0 3)3 C6H5NH
2

'HN0
3 Dy(N03)3 C6H

5
NH2 'HN0

3
-1 -1 solidb -1 -1mass % mol kg mass % mol kg phase mass % mol kg mass % mol kg

0.0 --- 21.5 1. 75 A 0.0 --- 36.0 3.60
13.4 0.51 10.5 0.88

" 11. 7 0.50 21.5 2.06
28.7 1. 23 4.5 0.43

" 26.6 1. 23 11.5 1.19
44.0 2.36 2.5 0.30 " 42.5 2.35 5.5 0.68

'59.° 4.34 2.0 0.33 " 58.0 4.30 3.3 0.55

59.2 4.38 2.0 0.33 A+B 61.3 4.93 3.0 0.54

60.0 4.44 1.2 0.20 B 62.5 5.08 2.2 0.40
61.2 4.53 0.0 --

" 63.6 5.16 1.0 0.18

" 65.4 5.42 0.0 --

a. Molalities calculated by M. Salomon.
b. Solid phases: A = C6H

5
NH

Z
'HN0

3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Solubilities were studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase
diagram. Equilibrium was checked by
repeated measurements of the refractive
index as a function of time. The results
were used to graph the relation between the
refractive indices and the composition of
the components for each of the sections
studied. The graphs were used to find the
inflection or break points corresponding
to the composition of the saturated
solutions.

SOURCE AND PURITY OF MATERIALS:

Dysprosium nitrate hexahydrate was prepd by
recrystallizing c.p. grade Dy(N03)3·5H20.
Analysis of Dy confirmed the hexahydrate
composition.

The amine nitrate was prepared by neutrali
zation of aniline with nitric acid. The salt
was dried to constant mass over anhydrous
CaClZ' and its composition checked by
analysis for N03 by precipitation with nitron.

ESTIMATED ERROR:

Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5. 2630.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Dysprosium nitrate; Dy(N03)3; [10143-38-n

Katamanov, V.L.; Zhuravlev, E.F. Zh. Neopg.

(2) Quinoline n1trate; C9H8N203 ; [21640-15-3J Khim. 1976, 21, 1610-3; Russ J. Inopg.

Chem. Engl. Tpansl. 197~, 21, 879-81.

(3) Hater ; H20 ; [7732-18-5]

VARIABLES:

Composition at 200 C and 400 C

EXPERIMENTAL VALUES:

200 C Isotherma

Dy(N03)3 C9H7N'HN0
3

% mol -1 mass % -1mass kg mol kg

0.0 --- 70.0 12.14
5.0 0.48 65.0 11. 27

n.8 1. 20 60.0 11. 07
19.5 2.38 57.0 12.62
27.5 4.15 53.5 14.65

28.6 4.51 53.2 15.21

29.0 4.50 52.5 14.77
35.5 4.03 39.2 8.06
42.0 3.95 27.5 4.69
44.6 3.83 22.0 3.43
49.8 3.95 14.0 2.01
54.0 4.17 8.8 1. 23
57.0 4.28 4.8 0.65

59.0 4.51 3.5 0.49

59.5 4.49 2.5 0.34
61.2 4.53 0.0 --

PREPARED BY:

T. Mioduski and S. Siekierski

400 C Isotherma

solid
Dy(N03)3 C9H7N'HN0 3

phaseb % mol -1 mass % -1mass kg mol kg

A 0.0 --- 78.0 18.45

"
3.7 0.50 75.0 18.32

" 8.8 1. 25 71.0 18.29

"
14.0 2.26 68.2 19.94

"
20.5 4.11 65.2 23.73

A+B 27.0 7.91 63.2 33.56

B 33.0 6.11 51.5 17.29

"
38.0 5.45 42.0 10.93

"
44.0 4.89 30.2 6.09

" 50.7 4.96 20.0 3.55

"
58.2 5.17 9.5 1. 53

"
"

B+C 60.5 5.31 6.8 1. 08

C 61.0 5.30 6.0 0.95

" 62.8 5.35 3.5 0.54

"
64.0 5.10 0.0 ---

a.
b.

Molalities calculated by M. Salomon.
Solid phases: A = C9H7N'HN03 ; B = Dy(N03)3'2[C9H7N'HN03]'3H20

C = Dy(N03)3·6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Solubilities were studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram.
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph
the relation between the refractive indices
and the composition of the components for
each of the sections studied. The graphs
were used to find the inflection or break
points corresponding to the composition of
the saturated solutions.

The composition of the double salt was found
graphically and by chemical analysis of the
isolated salt. Analyses for Dy and N0 3
differed by 0.4-0.5 % from theor~tical.

The authors report data for the thermal
analysis of the double nitrate.

5D513-O

SOURCE AND PURITY OF MATERIALS:
C.p. grade dysprosium nitrate was twice
recrystallized. Analysis for water of
crystallization gave 24.05 mass % which is
close to the theoretical value for the
hexahydrate (theor is 23.67 mass %,
compilers) .
The amine nitrate was prepd by neutralizatior
of c.p. grade quinoline with c.p. grade
nitric acid. The composition of the salt
was checked by analysis for N0

3
.

Double distilled water was used.

ESTIMATED ERROR:
Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheve1eva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.
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COMPONENTS:
(1) Dysprosium nitrate; Dy(N03)3;

[10143-38-1 ]

(2) 8-Methylquinoline nitrate; C10H10N203;
[60491-92-1]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 20°C and 40°C

ORIGINAL MEASUREMENTS:

Katamanov. V.L.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1976, 21, 1610-3; Russ. J. Inorg.

Chem. Engl. Transl. 1976, 21, 879-81.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

20°C Isotherma
40°C Isotherm

a

Dy(N03)3 8-CH
3
C

9
H

6
N.HN0

3 solid
Dy(N03)3 8-CH

3
C

9
H

6
N.HN0

3

% mol -1 mass % -1 phaseb %
-1 -1mass kg mol kg mass mol kg mass % mol kg

0.0 --- 49.8 4.81 A 0.0 --- 65.5 9.21
9.5 0.51 37.5 3.43

"
6.0 0.53 61.5 9.18

21.3 1. 23 29.0 2.83
"

13.0 1.26 57.5 9.45
33.6 2.40 26.2 3.16

"
20.7 2.42 54.8 10.85

37.8 3.00 26.0 3.48 A+B 26.5 3.75 53.2 12.71

39.0 2.98 23.5 3.04 B 33.2 3.55 40.0 7.24
41.6 2.99 18.5 2.25

"
36.0 3.47 34.2 5.57

47.5 3.05 7.8 0.85
"

37.0 3.48 32.5 5.17
53.2 3.50 3.2 0.36 "

41.0 3.44 24.8 3.52
60.6 4.53 1.0 0.13

"
44.8 3.37 17.0 2.16

"
50.0 3.35 7.2 0.82

"
55.2 3.79 3.0 0.35

"
60.4 4.51 1.2 0.15

60.8 4.52 0.6 0.08 B+C 65.0 5.39 0.4 0.06

61.0 4.52 0.3 0.04 C 65.2 5.41 0.2 0.03
61.2 4.53 0.0 --

"
65.4 5.42 0.0 --

a. Molalities calculated by M. Salomon.
b. Solid phases: A = 8-CH3C9H6N'HN0 3 ; B = Dy(N03)3'2[CH3C9H6N'HN03]

C = Dy(N03)3'6H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Solubilities were studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase diagram
Equilibrium was checked by repeated measure
ments of the refractive index as a function
of time. The results were used to graph
the relation between the refractive indices
and the composition of the components for
each of the sections studied. The graphs
were used to find the inflection or break
points corresponding to the composition of
the saturated solutions.

The composition of the double salt was found
graphically and by chemical analysis of the
isolated salt. Analyses for Dy and N0

3differed by 0.4-0.5 % from theoretical.

The authors report data for the thermal
analysis of the double nitrate.

SOURCE AND PURITY OF MATERIALS:
C.p. grade dysprosium nitrate was twice re
crystallized. Analysis for water of crystal
lization gave 24.05 mass % which is close to
the theoretical value for the hexahydrate
(theor is 23.67 mass %, compilers).
The amine nitrate was prepd by neutralization
of c.p. grade 8-methylquinoline with c.p.
grade nitric acid. The composition of the
salt was checked by analysis for N0

3
•

Doubly distilled water was used.

ESTIMATED ERROR:
Soly: precision ± 1% at best (compilers).

Temp: precision probably ± 0.2 K (compilers).

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, 5, 2630.
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COMPONENTS:
(1) Dysprosium nitrate; Dy(NO ) ;

[10143-38-1] 3 3

(2) 8-Hydroxyquinoline nitrate (8-quinolinol
nitrate); C9H8N204 ; [60491-93-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 20°C and 40°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Katamanov, V.L.; Zhuravlev, E.F. Zh. Neorg.

Khim. 1976, 21, 1610-3: Russ. J. Inorg.

Chern. Engl. Tr~nsl. 1976, 21, 879-81.

PREPARED BY:

T. Mioduski and S. Siekierski

composition of saturated solutions at 20°C and 40°C a

t/OC

20

40

DY(N0 3)3 8-HOC9H6N'HN0
3

% mol -1 -1mass kg mass % mol kg nature of the solid phase

0.0 --- 23.0 1.43 8-HOC gH
6
N'HN0

314.0 0.50 5.0 0.30
22.0 0.83 2.0 "0.13
29.7 1. 23 1.0 "0.07
45.0 2.36 0.2 0.02 "

"
61.2 4.53 0.0 -- Dy(N03)3' 6H20

0.0 --- 47.5 4.35 8-HOC
9

H
6

N.HN0
310.8 0.50 27.5 2.14

19.2 0.84 15.0 "1.10
28.0 1. 23 6.5 0.48 "
43.5 2.31 2.5 "0.22
59.0 4.25 1.2 "0.14

"
64.0 5.25 1.0 0.14 8-HOCgH6N'HN0

3 + Dy(N03)3' 6H20

64.6 5.31 0.5 0.07 DY(N0 3)3' 6H20
65.4 5.42 0.0 --

"
a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Solubilities were studied by the method of
isothermal sections (1) by measuring the
refractive indices of saturated solutions
along directed sections of the phase
diagram. Equilibrium was checked by
repeated measurements of the refractive
index as a function of time. The results
were used to graph the relation between the
refractive indices and the composition of
the components for each of the sections
studied. The graphs were used to find the
inflection or break points corresponding to
the composition of the saturated sOlutions.

The composition of the double salt was
found graphically and by chemical analysis
of the isolated salt. Analyses for Dy and
N0 3 differed by 0.4-0.5 % from theoretical.

Above 45 mass % Dy(N03)3' the solubility of
8-hydroxyquinoline nitrate is too small to bE
detd by the analytical method used by the
authors, and it was therefore not possible to
reliably determine the composition at the
eutonic point at 20°C.

SOURCE AND PURITY OF MATERIALS:
C.p. grade dysprosium nitrate was twice re
crystallized. Analysis for water of crysta1
lization gave 24.05 mass % which is close
to the theoretical value for the
hexahydrate (theor is 23.67 mass %,
compilers) •
The amine nitrate was prepd by neutrali
zation of c.p. grade 8-quinolinol with c.p.
grade nitric acid. The composition of the
salt was checked by analysis for N03 •

Doubly distilled water was used.

ESTIMATED ERROR:
Soly: precision t 1% at best (compilers).

Temp: precision probably t 0.2 K
(compilers) •

REFERENCES:
1. Zhuravlev, E.F. ; Sheveleva, A.D.

Zh. Neorg. ]{him. 1:2§Q, 5, 2630.
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COMPONENTS:
(1) Dysprosium nitrate; Dy(N0

3
)3;

[10143-38-1J

(2) Urea; CH4N
2
0; [57-13-6J

(3) Water; H
2
0; [7732-18-5J

VARIABLES:

Composition at 30°C

Dysprosium nitrate

ORIGINAL MEASUREMENTS:

Khudaibergenova, N.: Sula1mankulov, K.;

Abykeev, K. Zh. Neorg. Khirn. _~~Q, 25,

2251-3; Russ. J. Inorg. Chern. Engl. Transl.

1980, 25, 1267-9.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES: composition of saturated solutions at 30°Ca

mass % mol -1
mass % mol -1

of the solid phasekg kg nature

-- -- 57.50 22.528 CO(NH2)2
12.96 1. 267 57.69 32.729

"17.02 1. 747 55.03 38.784
"22.04 2.796 55.34 40.737
"29.88 5.478 54.47 57.955
"

39.59 26.541 56.13 218.37 Dy(N03)3'4CO(NH2)2
42.61 16.130 49.81 109.42

"44.93 10.422 42.70 57.478
"46.14 9.049 39.23 44.650
"48.23 7.600 33.56 30.687
"49.39 6.803 29.78 23.806
"55.54 8.522 25.76 22.938
"

56.00 8.912 25.97 23.984 Dy(N03)3'3CO(NH2)2
56.87 6.862 19.35 13.549

"59.53 6.639 14.74 9.539
"60.03 6.674 14.16 9.135
"66.92 8.952 11. 63 9.028
"68.25 9.361 10.83 8.620
"

67.33 8.541 lO.05 7.398 Dy(N0 3)3· 5H20
63.27 6.219 7.54 4.301

"65.45 6.058 3.55 1. 907
"62.22 5.425 4.87 2.464
"

a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Isothermal method employed. Equilibrium is
stated to be reached within 7 h. Nitrogen Nothing specified.
or urea was determined by the Kjeldahl
method. Dysprosium was determined by
titration with Trilon (Na2HZ(EDTA)) using
Xylenol Orange indicator. Liquid phase was
filtered off through a Schott No. 3 filter.

The 1:4 double salt is congruently soluble,
and the 1:3 double salt is incongruently
soluble.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COHPONENTS:

(1) Holmium nitrate; Ho(N0
3
)3; [10168-82-8]

(2) Water; H
2
0; [7732-18-5]

CRITICAL EVALUATIO~:

INTRODUCTION

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

November 1982

The solubility of holmium nitrate in water has been reported ~n four publications for
298.15 K (1-4), and in one publication for 303.2 K (5). The hexahydrate, Ho(N03)3.6H20
[35725-31-6], was reported to be the stable solid phase in (1-4), and the pentahydrate,
Ho(N03)3.5H20 [14483-18-2], was reported in (5) to be the stable solid phase at 303.2 K.
There are no solubility data reported for lower hydrates in pure water, but Wendlandt and
Sewell (6) report that the congruent melting point of the tetrahydrate, Ho(N03)3.4H20
[37131-78-5], ~s 357 ± 1 K.

EVALUATION

The solub~lity result of 3.41 mol kg-
l

at 298.2 K (4) ~s rejected because it is much
too low based on comparisons with the results in (1-3), and from the fact that it is
incompat~ble with the trend of increasing solubilities with atomic number for lanthanides
heavier than gado1~nium (see the figures of solubility vs atom~c number in the PREFACE and
~n the critical evaluation for the europium nitrate-water system). For the hexahydrate
system, the average value from (1-3) is designated as the ~e~ommended solubility at 298.15
K: this recommended value including the total uncertainty is 5.02 ± 0.01 mol kg-I. The
total uncertainty was calculated from the experimental prec~sion of ± 0.1% and the
calculated precision in the average value (95% level of confidence and a Student's t =
4.303) .

The s~ngular value for the solubility in the pentahydrate system reported in (5) is
probably of low accuracy. The result, 4.131 mol kg- l at 303.2 K, is considerably lower
than the recommended value at 298.15 K for the hexahydrate system. If the result from
(5) were accurate to within experimental precision, then we would have to conclude that
the pentahydrate sol~d phase is considerably more stable than the hexahydrate solid phase
at temperatures well below 303.2 K. Based on the known phase relations for other binary
lanthanide systems, it does not appear reasonable to assume that the pentahydrate is the
stable solid phase at and below 303.2 K, and we therefore ~eject the solubility result
reported in (5).

REFERENCES

1. Spedding, F.H.; Shiers, L.E.; Rard, J.A. J. Chern. Eng. Data 1975, 20, 88.
2. Rard, J.A.; Spedding, F.H. J. Phys. Chern. 1975, 79, 257.
3. Spedding, F.H.; Derer, J.L.; Mohs, M.A.; Rard, J.A. J. Chern. Eng. Data 1976, 21, 474.
4. Afanas'ev, Yu.A.; Azhipa, L.T. Zh. Neo~g. Khirn. 1976, 21, 2284.
5. Khudaibergenova, N.; Sula~mankulov, K.; Abykeev,~Zh. Neo~g. Khirn. 1980, 25, 2251.
6. Wendlandt, W.W.; Sewell, R.C. Texas J. Sci. 1961, 13, 231.



430 Holmium nitrate

COMPONENTS:

(1) Holmium nitrate; Ho(N0
3
)3; [10168-82-8]

(2) Water ; H
2

0 ; [7732-18-5]

VARIABLES:

One temperature: 25.00°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
1. Spedding, F.H.; Shiers, L.E.; Rard, J.A.

J. Chern. Eng. Data 1975, 20, 88-93.
2. Rard, J.A.; Spedding. F.H. J. Phys. Chern.

1975, 79, 257-62.

3. Spedding. F.R.; Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chern. Eng. Data 1976, 21,
474-88. --

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

The solubility of Ho(N0 3)3 in water at 25.00°C has been reported by Spedding and co
workers ~n three publicat~ons. Source paper [3] reports the solubility to be 5.027
mol kg-I, but the preferred values are given in source papers [1] and [2] as 5.0184
mol kg- 1 and 5.0183 mol kg-I, respectively.

COMMENTS AND/OR ADDITIONAL DATA:

Source paper [1] reports the relative viscosity, ryR' of a saturated solution to be
29.773. Taking the viscosity of water at 25°C to equal 0.008903 poise, the viscosity
of a saturated Ho(N0

3
)3 solution at 25°C is 0.26507 poise (compilers calculation).

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, 79, enabled
the compilers to provide the following additional data.

The density of the saturated solution was calculated by the compilers from the smoothing
equation, and at 25°C the value is 1.98393 kg m- 3 . Using this density, the solubility
in volume units is (based on the preferred value of 5.0183 mol kg-I)

-3csatd = 3.6057 mol dm

Source paper [2] reports the electrolytic conductivity of the saturated solution to be
(corrected for the electrolytic conductivity of the solvent K= 0.020598 Scm-I.

The molar conductivity of the saturated solution is calculated from 1000 /3c
satd

and is

= 1.904 S cm2 mol- l

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Solutions were
prepared as described in (1) and (2). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to 0.1%
or better. In the sulfate analysis, the
salt was first decomposed with RC1 followed
by evaporation to dryness before sulfuric
acid additions were made. This eliminated
the possibility of nitrate ion coprecipit
ation.

SOURCE AND PURITY OF MATERIALS:
Ho(N03)3·6R20 was prepd by addn of RN0

3
to

the oxide. The oxide was purified by an ion
exchange method, and the upper limit for the
impurities Ca, Fe, Si and adjacent rare
earths was given as 0.15%.

In source paper [3] the salt was analysed for
water of hydration and found to be within
± 0.016 water molecules of the hexahydrate.

Water was distilled from an alkaline
permanganate solution.

ESTIMATED ERROR:
Soly: duplicate analyses agreed to at least

± 0.1%.
Temp: not specified, but probably accurate to

at least ± 0.01 K as in (3)(compilers).

REFERENCES:
1. Spedding, F.G.; Cullen, P.F.; Rabenschuss,

A. J. Phys. Chern. 1974, 78, 1106.
2. Spedding, F.R.; Pika1, M.J.; Ayers, B.O.

J. Phys. Chern. 1966, 70, 2440.
3. Spedding, F.R.;~ al. J. Chern. Eng.

Data 1975, 20, 72.



COMPONENTS:

Ternary systems, one saturating component

ORIGINAL MEASUREMENTS:

431

(1) Holmium nitrate; Ho(N0
3
)3; [10168-82-8]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Nitric acid concentraction at 25°C

Afanas'ev, Yu.A.; Azhipa, L.T. Zh. Neorg.

Khim. ~.§., 21, 2284··1'; Russ. J. InoT[j.

Cr:en. Fr,r;1-. TTorlEl. ]976, 21, 1257-60.

PREPARED BY:

T. Mioduski, S. Siekierski

EXPERIMENTAL VALUES:
Solubility of holmium nitrate in nitric acid solutions at 25°Ca

Ho(N0 3)3
-1

HN0
3 -1mass % mol kg mass % mol kg nature of the solid phase

54.4 3.41 -- -- HO(N0 3)3· 6H20
49.5 3.13 5.4 1. 93

"46.5 3.07 10.3 3.85
"45.2 3.02 12.2 4.62
"40.2 2.81 19.1 7.67
"38.8 2.75 21.0 8.42
"35.3 2.65 26.8 11.40
"

32.4 2.76 34.1 16.41 Ho(N03)3· 6H20 + HO(N0 3)3·4H2O

28.2 2.30 36.9 17.05 Ho(N03)3·4H20
23.2 1. 89 41.9 19.36

"15.3 1. 23 49.2 22.35
"11.2 0.98 56.2 27.80
"9.4 0.91 61.3 33.74
"6.9 0.69 64.5 36.37
"6.6 0.71 66.9 40.71
"

8.1 1.08 70.6 53.46 HO(N03)3·4H20 + HO(N03)3· H20

8.3 1. 23 72.5 60.90 Ho(N03)3· H20

7.9 1. 36 75.6 73.89 Ho(N03)3· H20 + HO(N0 3)3· nH20

continued ...•••....

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method. Compositions of the
solutions were varied by adding 100% nitric
acid to a saturated solution, or by adding
the salt to the acid. Equilibrium was
reached in 3-4 h. Ho in both the liquid and
solid phases was determined complexometri
call~ Nitric acid was detd by titrn with
NaOH using Methyl Red indicator. Above
70 mass % nitric acid, the composition of
the solid phase was determined by
Schreinemakers'method of residues.

SOURCE AND PURITY OF MATERIALS:

"Pure" grade holmium nitrate was used.
C.p. grade RN0

3
was concentrated by the

Brauer method.

ESTIMATED ERROR:
Soly: precision about ± 0.5% (compiler).

Temp: precision ± 1 K.

REFERENCES:
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COHPONENTS:

(1) Holmium nitrate; HO(N0
3
)3; [10168-82-8]

(2) Nitric acid; RN0
3

; [7697-37-2]

(3) Water; H20 ; [7732-18-5]

EVALUATOR:

Afanas'ev, Yu.A.; Azhipa, L.T. Zh. Neorg.

Khim. 1976, 21, 2284-7; Russ. J. Inorg.

Chem. EngZ. TransZ. 1976, 21, 1257-60.

CRITICAL EVALUATION:
Ho(N0 3)3

continued

% mol -1
mol

-1
nature of the solidmass kg mass % kg phase

6.9 1. 24 77 .3 78.90 Ho(N0 3)3· nH20
6.0 1.18 79.5 88.42
4.5 0.90 81.2 91. 58
2.2 0.51 85.6 113.2
1.1 0.35 90.0 163.1
0.2 0.14 95.7 376.4

a Molalities calculated by M. Salomon.

298.2 K isotherm for the HO(N0
3

)3 - HN0 3 - H20 system

Compositions given in mass % units.
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COMPONENTS:

(1) Holmium nitrate; Ho(N0 3)3; [10168-82-8]

(2) Urea, CH4N20; [57-13-6]

(3) Water; H20 ; [7732-18-5]

ORIGINAL MEASUREMENTS:
Khudaibergenova, N.; Sulaimankulov, K.;

Abykeev, K.

zh. Neorg. Khim. 1980, 25, 2251-3; Russ. J.

Inorg. Chern. Engl. Transl. 1980, 25, 1247-9.

VARIABLES: PREPARED BY:

Composition at 30°C T. Mioduski and S. Siek~erski

EXPERIMENTAL VALUES:

Ho(N0 3)3
a

CO(NH2)2
a

% mol -1
% mol

-1 of the solid phasemass kg mass kg nature

0.0 -- 57.50 22.528 CO(NH2)2
5.31 0.405 57.37 25.597

"24.82 3.774 56.44 50.149
"37.53 13.435 54.51 114.03
"40.03 15.477 52.60 118.84
"40.52 14.414 51. 47 107.00
"

41. 17 17.303 52.05 127.83 CO(NH2)2 + Ho(N03)3'4CO(NH2)2

41.35 12.807 49.45 89.500 Ho(N03)3'4CO(NH2)2
42.03 10.636 46.71 69.074

"44.10 8.229 40.63 44.305 "49.07 6.577 29.67 23.238
"

53.00 7.890 27.86 24.237 Ho(N0 3)3'3CO(NH2)2
55.42 9.289 27.58 27.014

"55.37 7.244 22.85 17.469
"57.35 6.098 15.85 9.848
"58.83 6.220 14.22 8.786
"61. 27 6.725 12.77 8.191 "62.16 6.828 11.90 7.639
"

65.14 7.039 8.49 5.361 Ho(N0 3)3'3CO(NH2)2 + Ho(N0 3)3' 5H20

65.41 7.506 9.76 6.545 Ho(N0 3)3' 5H20
59.21 4.363 2.12 0.913

"59.18 4.131 0.0 ---
"a. Molalities calculated by M. Salomon

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: Nothing specified.

Temp: Precision probably ± 0.1-0.2 K
(compilers) .

REFERENCES:

Isothermal method employed. Equil~brium

is stated to be reached within 7 h. Nitrogen
of urea was determined by the Kjeldahl method.
Ho was determined by titration with Trilon
(disodium salt of ethylenediamine tetraacetic
acid) using Xylenol Orange indicator. The
liquid phase was filtered off with a Schott
No.3 filter.

COMMENTS AND/OR ADDITIONAL DATA:

Ho(N0 3)3'3CO(NH2)2 is incongruently soluble,
and analysis yielded 66.09 mass % Ho(N0 3)3
and 33.91 mass % urea. Ho(N03)3·4CO(NH2)2
is congruently soluble, and anaIys~s

yielded 59.32 mass % Ho(N0 3)3 and 40.68
mass % urea. Analysis of the pentahydrate
solid phase yielded 79.50 mass % of the salt.

I--------------------i

5D813-o*



434 Erbium nitrate

COHPONENTS:

(1) Erbium nitrate; Er(N0
3

) 3; [10168-80-6]

(2) Water ; H
2
0 ; [7732-18-5]

CRITICAL EVALUATION:

I NTRODUCT ION

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Honmouth, NJ

January 1983

The solubility of erbium nitrate in pure water has been reported in ten publications
(1-10). In the binary system, both the hexahydrate and pentahydrate have been identified
as solid phases. Solid phases involving the tetrahydrate, dihydrate and anhydrous salt
have been found only in solutions of high nitric acid content (> 61 mass % HN0 3 , ref (5)).

Er(N0 3)3· 6H20

Er(N0 3)3· 5H20

[13476-05-6]

[10031-51-3]

Er(N0 3)3· 4H20

Er(N0 3)3· 2H20

[37131-79-6 ]

[71973-92-7]

Moret (1) studied the solubilities from 273.15 K to 323.15 K and found the solid phase to
be the pentahydrate. Spedding et al. (2-4) determined the solubility of the hexahydrate
at 298.15 K. In (4) the hydrated crystals grown from saturated solutions at 298.15 K
were dried, analysed by EDTA titration, and the waters of hydration found to be within
± 0.016 water molecules of the hexahydrate. Zhuravlev et al. (6,7) reported solubilities
in the pentahydrate system from 293.2 K to 323.2 K, but do not specify how the solid phases
were determined. Presumably all the solid phases in (6,7) were determined by direct
chemical analyses (the oxalate method), and possibly by the method of residues. Afanas'ev
et al. (5) reported solubilities water and aqueous nitric acid solutions, and based on
analyses by titration with Trilon and standard base reported the solid phase to be the
hexahydrate at 298.2 K. Sulaimankulov et al. (8-10) reported solubilities at 303.2 K and
used the method of residues to determine the compositions of the solid phases: the hexa
hydrate was found to be the stable solid phase at this temperature.

EVALUATION PROCEDURE

Solubilities reported as a function of temperature were fitted to the general solubility
equation

Y = tn(m/mo) - nM
2

(m - mo ) = a + b/(T/K) + c tn(T/K) [1]

All terms in eq. [1] have been defined in previous critical evaluations. As discussed
below, considerable differences are found for the solubilities reported in (1-10), and
this is probably due to a combination of imprecise experimental results (5, 8-10), and
uncertainties in the nature of the solid phases. A similar problem was encountered in
determining the stable solid phases in the Y(N03)3-H20 system. From enthalpic and entropic
considerations (see the PREFACE), and from ionic radius considerations (11), we have
concluded that the solubility properties of Y(N03)3 and Er(N0 3)3 are almost identical. At
298.2 K the solubilities of yttrium and erbium nitrates in the hexahydrate system fallon
the smoothed curve of solubility vs atomic number (see figures in the PREFACE and in the
Eu(N03)3-H20 critical evaluation). At 323.2 K, the solubility of Y(N0 3)3 in the metastable
hexahydrate system is 8.481 mol kg-I, but all solubilities for Er(N0 3)3 in (1,6) at 323.2 K
fall below 7 mol kg- l thus confirming that these results correspond to solubilities in the
stable pentahydrate system. We conclude that over the temperature range of 273.15 K to
323.15 K, both the hexahydrate and pentahydrate are the solid phases, that their polytherms
lie very close to each other, and that the hexahydrate ~ pentahydrate transition temper
ature is very close to 298 K.

SOLUBILITY IN THE HEXAHYDRATE SYSTEM

The solubilities reported in (5, 8-10) are much lower than any of the values reported
in (1-4, 6,7) at corresponding temperatures, and these data are rejected. The value of
4.325 mol kg- l at 298.2 K reported by Afanas'ev et al. (5) is so low that it must be the
result of failure to reach equilibrium since their experimental analyses were based on the
well established method of titration with Trilon (Na2EDTA). In fact most of the results
in binary systems reported by Afanas'ev and co-workers are very low (see other critical
evaluations), and we also attribute this to failure to reach equilibrium. This of course
raises questions on the accuracy of the results in ternary systems reported by Afanas'ev
and co-workers.

The only other data for the solubility of Er(N0 3)3 in the hexahydrate system are those
from Spedding's laboratory (2-4) at 298.15 K. The average solubility at 298.15 K from
(2-4) is 5.442 mol kg- l with an overall uncertainty of ± 0.030 mol kg- l at the 95% level
of confidence.
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COHPONENTS:

(1) Erbium nitrate; EdN0 3) 3; [10168-80-6]

(2) Water; H20; [7732-18-5]

CRITICAL EVALUATION:

SOLUBILITIES IN THE PENTAHYDRATE SYSTEM

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

January 1983

The most precise data are those of Moret, and the results of fitting these data to
eq. [1] are given in Tables 1 and 2. We attempted to fit the results of Zhuravlev et al.
(6,7) to eq. [1], but were unable to obtain meaningful results. The values of the
constants a, b, c are trivial, and the predicted congruent melting point for the

Table 1. Der~ved parameters for the smoothing equation.

-1mol

-1mol

parameter

a
b
c

t>Hsln/kJ

t>C IJ K- l
P

congruent melting point/K -1
concn at the congr m.p./mol kg

Table 2. Tentative solubility data.

value in the pentahydrate system

-23.165
716.5

3.6473

0.002
0.5
0.0003

0.002
0.019

-23.7

121. 3

344.6
11.102

T/K

273.15
278.15
283.15
288.15
293.15
298.15
303.15
308.15
313.15
318.15
323.15
328.15
333.15
338.15
343.15

hexahydrate systema

-1
m/mol kg

5.442

pentahydrate systemb

-1
m/mol kg

4.537
4.687
4.850
5.028
5.221
5.433
5.666
5.925
6.213
6.540
6.916
7.360
7.906
8.635
9.889

aAverage value from experimental results from (2-4).

bSmoothed results calculated from eq. [1] based on data from (1).

pentahydrate is 381 K which is much higher than the experimental value of 357 ± 1 K for
the tetrahydrate reported by Wendlandt and Sewell (12). The value of the congruent
melting point of the solid pentahydrate calculated from eq. [1] using Moret's solubility
results is 344.6 K (see Table 1) which is, as it should be, below the melting point of
the tetrahydrate. Moret's results therefore appear to be accurate as well as precise.
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COHPONENTS:

Erbium nitrate

EVALUATOR:

(1) Erbium nitrate; Er(N0
3

) 3; [10168-80-6]

(2) Water; H
2
0; [7732-18-5]

S. Siekiersk~, T. Mioduski
Institute for Nuclear Research

Warsaw, Poland
and

M. Salomon
U.S. Army ET & DL
Ft. Monmouth, NJ

Janaury 1983

CRITICAL EVALUATION: -1
The smoothed solubility value of 5.433 mol kg at 298.15 K calculated from Moret's data
~s very close to the average value of 5.442 mol kg- l for the solubility at 298.15 K ~n

the hexahydrate system reported by Spedding et al. These results suggest that the
hexahydrate + pentahydrate trans~t~on temperature is around 298 K.

The solubilities from (6,7) of 5.23 mol kg- l at 293.2 K and 5.40 mol kg-
l

at 298.2 K
l~e very close to the smoothed pentahydrate polytherm based on Moret's data, and thus
appear to be accurate w~th the est~mated (by the compilers) experimental prec~sion of
± 1%. However above 298.2 K the solubilit~es from (6,7) are much lower than any of the
data from (1-4), and we conclude that these results from (6,7) are ~n error probably due
to the failure to reach equilibrium. They do not appear to be due to incorrect identifi
cation of the solid phase because the pentahydrate is the stable solid phase at 323.2 K,
and solubilities in the metastable hexahydrate system would have to be much higher: e.g.
at 323.2 K the solubility in the pentahydrate system is 6.916 mol kg-I, and based on the
similarities between Y(N03)3 and Er(N03)3, we would expect that the solubility of Er(N03)3
at 323.2 K in the hexahydrate system would be about 8.5 mol kg-I.

TENTATIVE SOLUBILITY VALUES

For the solubility of Er(N0 3)3 in the hexahydrate system, we designate the average
value from (2-4) as the tentat&ve solubil~ty at 298.15 K. All other data are rejected.

For solubilities in the pentahydrate system, the smoothed solubilities based on Moret's
results are designated as tentative solubilities, and all other results are rejected.

All tentative solubilities are given in Table 2.

REFERENCES
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3. Rard, J.A.; Spedding, F.H. J. Phys. Chem. 19~, 79, 257. ----
4. Spedding, F.H.; Derer, J.L.; Mohs, M.A.; Rard, J.A. J. Chern. Eng. Data 1976, 21, 474.
5. Afanas'ev, Yu.A.; Azhipa, L.T.; Shakhanova, N.A. Zh. Neorg. Khim. ~72, 22, 3331.
6. Starikova, L.I.; Zhuravlev, E.F.; Khalfina, L.R. Zh. Neorg. Khim. 1979, 24, 2803.
7. Starikova, L.I.; Zhuravlev, E.F. Zh. Neorg. Khim. 198~, 25, 2007.
8. Aitimbetov, K.: Sulaimankulov, K.S.; Batyuk, A.G.; Ismailov, M. Zh. Neorg. Khim.

1975, 20, 2510.
9. Isakova, S.; Sulaimankulov, K.; Aitimbetov, K.; Kozhanova, T. zh. Neorg. Khim. _~80,

25, 2271.
10. Aitimbetov, K.; Sulaimankulov, K.; Isakova, S.; Ismailov, M. Izv. Akad. Nauk Kirg.

SSSR 1975, 46.
11. Rard, J.A.; Spedding, F.H. J. Chem. Eng. Data 19b2, 27, 454 (and references cited

in this paper).
12. Wendlandt, W.W; Sewell, R.G. Texas J. Sci. 1961, 13, 231.



COMPONENTS:

Binary aqueous system

ORIGINAL MEASUREMENTS:

437

(1) Erbium nitrate; Er(N0
3
)3; [10168-80-6]

(2) Water ; H20; [7732-18-S]

VARIABLES:

Temperature: range ° to SO°c

EXPERIMENTAL VALUES:

Er(N0 3)3
-lat;CC mass % mol kg

° 61. S9 4.S39

10 63.10 4.841

20 64.91 S.236

40 68.64 6.196

SO 70.99 6.927

a. Calculated by the compilers.

Moret, R. These. l'Universit; de

Lausanne. 1963.

PREPARED BY:

T. Mioduski and S. Siekierski

solid phase

"

METHOD/APPARATUS/PROCEDURE :

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

Isothermal method employed (1). Er was
determined by complexometric titration
using Xylenol Orange indicator in the
presence of a small amount of urotropine
buffer. Water was determined by difference.

Er(N03)3·SH20 was prepared from Er20
3

of

purity better than 99.7% (obtained by the
ion exchange chromatography). No additional
details available.

ESTIMATED ERROR:
SoIy: precision about ± 0.2 % (compilers).

Temp: precision at least ± O.OS K (compilers~

REFERENCES:

1. Brunisholz, G.; Quinche, J.P.; Kalo, A.M.
Helv. Chim. Aata 1964, 47. 14.
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COMPONENTS:

(1) Erbium nitrate; Er(N0
3
)3; [10168-80-6]

(2) Water ; H
2
0; [7732-18-5]

VARIABLES:

One temperature: 25.00°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
1. Spedding, F.H.; Shiers, L.E.; Rard, J.A.

J. Chern. Eng. Data 1975, 20, 88-93.

2. Rard, J.A.; Spedding, F.H. J. Phys. Chern.
1975, 79, 257-62.

3. Spedding, F.H.; Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chern. Eng. Data 1976, 21,
474-88. ----

PREPARED BY:

T. Mioduski, S. Siekierski and M. Salomon

The solubility of Er(NO )3 in water at 25.00°C has been reported by Spedding and
co-workers in three pubfications. Source paper [3] reports the solubility to be
5.456 mol kg-I, but the preferred value is given in source papers [1] and [2] as
5.4348 mol kg-I.

COMMENTS AND/OR ADDITIONAL DATA:

Source paper [1] reports the relative viscosity, n , of a saturated solution to be
41.240. Taking the viscosity of water at 25°C to ~qual 0.008903 poise, the viscosity of
a saturated Er(N03)3 solution at 25°C is 0.3672 poise (compilers calculation).

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, 79 enabled
the compilers to provide the following additional data.

The density of the saturated solutions was calculated by the compilers from the smoothing
equation, and at 25°C the value is 2.04068 kg m- 3 . Using this density, the solubility
in volume units is (based on the preferred value of 5.4348 mol kg-I)

c =satd 3.7982 mol dm- 3

Source paper [2] reports the electrolytic conductivity of the saturated solution to be
(corrected for the electrolytic conductivity of the solvent) K = 0.015798 Scm-I.

The molar conductivity of the saturated solution is calculated from 1000K/3c
satd

and is

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Solutions were
prepared as described in (1) and (2). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to
0.1% or better. In the sulfate analysis,
the salt was first decomposed with HC1
followed by evaporation to dryness before
sulfuric acid additions were made. This
eliminated the possibility of nitrate ion
coprecipitation.

SOURCE AND PURITY OF MATERIALS:
Er(N03)3·6H20 was prepd by addn of HN0

3
to

the oxide. The oxide was purified by an ion
exchange method, and the upper limit for the
impurities Ca, Fe, Si and adjacent rare
earths was given as 0.15%.

In source paper [3] the salt was analysed
for water of hydration and found to be withir
± 0.016 water molecules of the hexahydrate.

Water was distilled from an alkaline
permanganate solution.

ESTIMATED ERROR:
Soly: duplicate analyses agreed to at least

± 0.1%.
Temp: not specified, but probably accurate to

at least ± 0.01 K as in (3)(compilers).

REFERENCES:
1. Spedding, F.H.; Cullen, P.F.; Habenschuss,

A. J. Phys. Chern. 1974, 78, 1106.

2. Spedding, F.H.; Pikal, M.J.; Ayers, B.D.
J. Phys. Chern. 1966, 70, 2440.

3. Spedding, F.H.; et. al. J. Chern. Eng.
Data 1975, 20, 72.
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COMPONENTS:
(1) Erbium nitrate; Er(N0

3
)3; [10168-80-6]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of nitric acid at 25°C

ORIGINAL MEASUREMENTS:

Afanas'ev, Yu.A.; Azhipa, L.T.; Shakhanova,

N.A. Zh. Neorg. Khim. 1977, 22, 3331-4;

Russ. J. Inorg. Chem. Engl. Transl. 1977,

22, 1818-20.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Solubility of erbium nitrate in nitric acid solutions at 25°Ca

Er(N0 3)3 HN0
3

% mol -1 a, -1mass kg mass f. mol kg nature of the solid phase
60.44 4.325 0.0 --- Er(N03)3· 6H20
55.48 4.087 6.09 2.515

"52.26 4.126 11. 89 5.263
"45.26 3.568 18.83 8.322
"42.46 3.354 21. 71 9.616
"38.48 2.972 24.87 10.769
"33.74 2.576 29.19 12.496
"27.51 2.166 36.53 16.121
"21. 86 1. 847 44.63 21.136
"16.81 1. 537 52.24 26.786
"14.91 1.457 56.13 30.759
"

12.96 1. 420 61. 21 37.607 Er(N0 3)3· 6H20 + Er(N0 3)3' 4H20

10.88 1. 220 63.87 40.143 Er(N0 3)3' 4H20
8.66 1. 023 67.37 44.604

"6.99 0.856 69.89 47.973
"6.18 0.810 72.23 53.093
"5.23 0.750 75.04 60.358
"

continued ...••..••.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Equilibrium
was reached in 3-4 hours. The compositions
of the solutions were varied by addition of
the salt to the aqueous nitric acid solu
tions or by addition of 100% nitric acid to
the saturated solutions. Both the liquid
and solid phases were analysed. Erbium was
determined complexometrically by titration
with Trilon using Xylenol Orange indicator,
and nitric acid was determined by titration
with sodium hydroxide using Methyl Red
indicator.

Infrared spectra for the various hydrates
are discussed in the source publication.

SOURCE AND PURITY OF MATERIALS:

C.p. grade erbium nitrate was used (pre
sumably the hexahydrate, and used as
received, compilers).

Nitric acid was concentrated to 100% by
the Brauer method.

No other information given.

ESTIMATED ERROR:

Soly: precision about ± 0.3% (compilers).

Temp: precision ± 0.1 K.

REFERENCES:
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COHPONENTS:

(1) Erbium nitrate; Er(N0
3
)3; [10168-80-6]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water ; H20 ; [7732-18-5]

ORIGINAL HEASUREtffiNTS:

Afanas'ev, Yu.A.; Azhipa, L.T.; Shakanova,

N.A. Zh. Neorg. Khim. 1977, 22. 3331-4;

Russ. J. I norg . Chem. Eng l. Trans l. 1:2.LZ.,
22, 1818-20.

EXPERIMENTAL VALUES: continued .........•

Solubility of erbium nitrate in nitric acid solutions at 25°C

Er(N03)3 HN0
3

% mol -1
% mol -1mass kg mass kg

5.47 0.934 77.95 74.611

3.48 0.677 81. 97 89.405
3.10 0.760 85.35 117.27
3.20 0.889 86.61 134.89
4.43 1. 891 88.94 212.89

5.59 3.996 90.45 362.48

4.20 3.112 91.98 382.12
3.10 2.596 93.52 439.10
2.38 2.968 95.35 666.60

nature of the solid phase

Er(N03)3' 4H20 + Er(N0 3)3· 2H20

Er(N03)3· 2H20

Er(N03)3· 2H20 + Er(N03)3

Er(N03)3

a. Molalities calculated by M. Salomon.

Er!NO,lJ'4HZO
60

ET(NO,lJ'iHzO

'/0

I

20

20 I/O 50

Solubility diagram of the Er(N03)3-HN03-H20 system at 298.2 K. All compositions

given in mass % units.
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COMPONENTS:
(1) Erbium nitrate; Er(N0

3
)3; [10168-80-6]

(2) Pyridine nitrate; C5H6N20
3

; [543-53-3]

(3) Water ; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Starikova, L.I.; Zhuravlev, E.F.; Khalfina,

L.R. Zh. Neorg. Khim. 1979, 24, 2803-5;

Russ. J. Inorg. Chem. Engl. Transl. ).979,

24, 1559-60.

VARIABLES: PREPARED BY:

Composition at 25°C and 50°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
25°C Isotherma

50°C Isotherma

Er(N0 3)3 C5H
5
N'HN0

3 solid
Er(N0 3)3 C

5
H

5
N.HN0

3

% mol -1 mass % mol -1 phaseb % mol -1
% mol -1mass kg kg mass kg mass kg

0.0 --- 74.5 20.56 A 0.0 --- 87.0 47.09
10.0 1. 26 67.5 21.11

" 5.0 1.18 83.0 48.67
17.0 2.47 63.5 22.91

" 9.5 2.56 80.0 53.61
23.5 4.16 60.5 26.61

" 14.0 4.17 76.5 56.66
34.0 12.03 58.0 51.02

"
24.0 12.35 70.5 90.20

37.0 20.95 58.0 81. 62 A+B 32.0 7.88 56.5 34.57

42.5 13.37 48.5 37.92 B 44.0 15.57 48.0 42.22
48.5 10.56 38.5 20.84 " 49.5 13.34 40.0 26.81
53.0 10.00 32.0 15.01 " 53.0 12.50 35.0 20.52

54.0 10.19 31.0 14.54 B+C 58.5 13.25 29.0 16.32

59.0 6.55 15.5 4.28 C 60.0 11.32 25.0 11.73
61.5 6.00 9.5 2.31 " 64.0 7.55 12.0 3.52
63.5 5.53 4.0 0.87

" 66.0 6.92 7.0 1.82
65.5 5.37 0.0 ---

" 68.0 6.87 4.0 1.01

"
69.0 6.30 0.0 ---

a. Molalities calculated by M. Salomon.
b. Solid phases: A = C5H5N'HN0

3
;

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index.

The double salt is congruently soluble and
was isolated. Analysis for Er by the
oxalate method and N03 by pptn with nitron
confirmed the composition of the double
salt. Thermal and X-ray studies on the
double salt are reported in the source
paper.

SOURCE AND PURITY OF MATERIALS:

Commercial c.p. grade Er(N03)3·5H20 was used.

Preparation of the amine nitrate was describ
ed previously (2): i.e. neutralization of
pyridine by nitric acid followed by
crystallization and drying in a desiccator
over anhydrous CaC1

2
•

ESTIMATED ERROR:

Soly: precision at best is ± 1% (compilers).

Temp: precision probably ± 0.1-0.2 K
(compilers) •

REFERENCES:

1. Zhuravlev, E.F.; Sheveleva, A.D. Zh.
Neorg. Khim. 1960, 5, 2630.

2. Zhuravlev, E.F.; Starikova, L.I. Zh.
Neorg. Khim. 1975, 20, 1406.
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COMPONENTS:
(1) Erbium nitrate; Er(N0

3
)3; [10168-80-6]

(2) Quinoline nitrate; C
9
H

8
N

2
0

3
;

[21640-15-3]

(3) Water ; H20; [7732-18-5]

VARIABLES:

Composition at 25°C and 50°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Starikova, L.I.; Zhuravlev, E.F.; Khalfina,

L.R. Zh. Neorg. Khim. 1979, 24, 2803-5;

Russ. J. Inorg. Chem. Engl. Transl. 1979,

24, 1559-60.

PREPARED BY:

T. Mioduski and S. Siekierski

25°C Isotherma

Er(N03)3 C9H
7
N'HN0

3

% mol -1
% mol -1mass kg mass kg

0.0 --- 72.0 13.38
11.0 1. 22 63.5 12.96
18.0 2.22 59.0 13.35
25.0 3.63 55.5 14.81

30.5 5.57 54.0 18.13

39.0 5.66 41.5 11. 07
39.5 3.24 26.0 3.92
58.5 6.13 14.5 2.79

60.5 6.23 12.0 2.27

62.0 5.85 8.0 1. 39
64.0 5.49 3.0 0.47
65.6 5.40 0.0 ---

50°C Isotherm
a

solid
Er(N0 3)3 C

9
H

7
N.HN0

3
-1 -1phaseb mass % mol kg mass % mol kg

A 0.0 -- 82.0 23.71

" 7.0 1.17 76.0 23.26

"
12.5 2.28 72.0 24.17

" 17.5 3.67 69.0 26.60

A+B 27.5 9.16 64.0 39.18

B 31.0 8.36 58.5 28.99

"
41.0 7.74 44.0 15.26

" 53.5 8.19 28.0 7.88

B+C 63.0 8.70 16.5 4.19

C 63.5 8.56 15.5 3.84

" 65.0 7.51 10.5 2.23

" 66.5 6.85 6.0 1.14

" 68.0 6.42 2.0 0.35

" 69.5 6.45 0.0 ---

a. Molalities calculated by M. Salomon.
b. Solid phases: A = C

9
H7N'HN0

3
;

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index.

SOURCE AND PURITY OF MATERIALS:
Commercial c.p. grade Er(N03)3'5H20 was
used.

Preparation of the amine nitrate was descri~

ed previously (2): i.e. neutralization of
quinoline by nitric acid followed by
crystallization and drying in a desiccator
over anhydrous CaC1

2
•

The double salt is congruently soluble and
was isolated. Analysis for Er by the oxlate ~E~S::-:T::-:I::-:MA':":"":T""E""D"""":E~R~R~OR=-:--------------;
method and N0 3 by pptn with nitron confirmed
the composition of the double salt. Thermal Soly: precision at best is ± 1 % (compilers).
and X-ray studies on the double salt are Temp: precision probably ± 0.1-0.2 K
reported in the source paper. (compilers).

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D. Zh.
Neorg. Khim. 1960, 5. 2630.

2. Zhuravlev, E.F.; Starikova, L.I. Zh.
Neorg. Khim. 1975, 20. 1406.
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COMPONENTS;
(1) Erbium nitrate; Er(N0

3
)3; [10168-80-6]

(2) 6-Methylquin01ine nitrate; C10H10N203;

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Composition at 20°C and 40°C

EXPERIMENTAL VALUES:

20°C Isotherma

ORIGINAL MEASUREMENTS:

Starikova, L.I.; Zhurav1ev, E.F.

Zh. Neorg. Khim. 1980, 25. 2007-9; Russ. J.

Inorg. Chem. Engl. Transl. 1980, 25, 1114-5.

PREPARED BY:

T. Mioduski and S. Siekierski

40°C Isotherma

Er(N0 3)3

mass % mol kg- l

0.0
9.5 1. 20

6-CH
3

C9H
6

N'HN0
3

mass % mol kg- l

73.0 13.11
68.0 14.66

solid
phaseb

A

EdN03) 3

mass % mol kg- l

0.0 ---
7.0 1.17

6-CH
3

C
9

H
6

N'HN0
3

mass % mol kg-1

80.0 19.40
76.0 21.68

10.5

19.5
30.0
41.0
48.0
59.5

64.5

64.9

1. 37

1. 55
1. 91
2.37
2.86
4.32

5.29

5.23

67.8

45.0
25.5
10.0
4.5
1.5

1.0

0.0

15.15

6.15
2.78
0.99
0.46
0.19

0.14

A+B

B

"

B+C

C

"

11.5

16.5
22.0
29.0
43.5
55.0

66.7

67.0
67.3
67.7

2.25

2.40
2.31
2.49
3.24
4.21

6.38

6.43
6.15
5.93

74.0

64.0
51.0
38.0
18.5
8.0

3.7

3.5
1.7
0.0

24.75

15.92
9.16
5.58
2.36
1.05

0.61

0.58
0.27

a.
b.

Molalities calculated by M. Salomon.
Solid phases: A = 6-CH

3
C

9
H

6
N'HN0

3

C =

; B = Er(N03)3·4[CH3C9H6N·HN03]

Er(N03)3· 5H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of isothermal sections was used
with refractometric analyses (1). Hetero
geneous and homogeneous mixtures of known
composition were equilibrated until their
refractive indices remained constant. The
composition of the saturated solutions and
the corresponding solid phases were found as
inflection or "break" points on a plot of
composition against refractive index.

The composition of the double salt was detd
graphically and was confirmed by chern anal
for the Er content (the oxalate method) and
for the N03 content (pptn with nitron). The
double salt is congruenty soluble, and its
solubility in water is 63.0 mass % at 20°C,
and 72.5 mass % at 40°C (1.45 mol kg- l and
2.24 mol kg-I, respectively: compilers).

Thermal studies are presented in the source
paper.

SOURCE AND PURITY OF MATERIALS;

1. C.p. grade Er(N03)3'5H20 recrystd.
prior to use.

2. 6-Methylquinoline nitrate was obtained
as previously described (2).

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

1. Zhurav1ev, E.F.; Sheve1eva, A.D.
Zh. Neorg. Khim. 1960, 5. 2630.

2. Zhurav1ev, E.F.; Sheve1eva, A.D.
Zh. Neorg. Khim. 1975, 20. 1406.
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COMPONENTS:

(I) Erbium nitrate; Er(N0
3
)3; [10168-80-6]

(2) Urea; CH
4

N
2
0; [57-13-6]

(3) Water; H
2
0; [7732-18-5]

VARIABLES:

Compos~tion at 30°C

ORIGINAL MEASUREMENTS:

Aitimbetov, K.; Su1aimanku1ov, K.S.; Batyuk,

A.G.; Ismai1ov, M. zh. Neorg. Khim. 1975,

20, 2510-3; Russ. J. Inorg. Chern. Engl.

TrOYlsl. 1-J-12, 20, 1391-2.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated solutions at 30°Ca

Er(N0 3)3 CO(NH2)2

% mol -1
% mol -1

of the solid phasemass kg mass kg nature

--- --- 57.56 22.583 CO(NH2)2
3.33 0.232 56.08 23.006

"7.83 0.597 55.06 24.705
"11. 15 0.906 54.00 25.801
"15.86 1.455 53.29 28.763
"19.80 1.993 52.08 30.839
"25.26 3.014 51.02 35.815
"35.14 6.413 49.35 52.981
"37.54 7.623 48.52 57.957
"

39.80 9.349 48.15 66.536 CO(NH2)2 + Er(N03)3'4CO(NH2)2

41.50 9.765 46.47 64.321 Er(N03)3·4CO(NH2)2
41. 05 8.931 45.94 58.797

"41.72 7.076 41. 59 41.493
"44.34 6.069 34.98 28.165
"46.52 5.475 29.43 20.376
"48.74 5.588 26.57 17.919
"

51.20 6.340 25.94 18.895 CO(NH2)2 + Er(N03)3·3CO(NHz)z·2HZO

continued .•....•...

AUXILIARY INFOR}~TION

METHOD APPARATUS/PROCEDURE:

The isothermal method was used. Equilibrium
was reached after 7-8 hours. The liquid
phase was separated from the solid phase
using a Schott No. 3 filter. Erbium was
determined by titration with Tri1on.
Nitrogen of urea was determined by the
Kjeldah1 method. The composition of the
solid phases was determined by
Schreinemakers' method of residues.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COHPONENTS:

(1) Erbium nitrate; Er(N0
3
)3; [10168-80-6]

(2) Urea; CH4N20; [57-13-6]

(3) Water; H20; [7732-18-5]

ORIGINAL HEASUREtlENTS:

A~timbetov, K.; Sula~mankulov, K.S.; Batyuk,

A.G.; Ismailov, M. Zh. Neorg. Khim. ~975,

20, 2510-3; Russ. J. Inorg. Chem. Engl.

Tmnsl. 12]2, 20, 1391-2.

EXPERIMENTAL VALUES: cont~nued .

Composition of saturated solutions at 30°Ca

Er(N0 3)3 CO(NH2)2

% mol -1
% mol -1

nature of the solid phasemass kg mass kg

51. 96 6.136 24.07 16.721 Er(N0 3)3'3CO(NH2)2'2H2O
54.00 6.011 20.57 13.469

"55.51 5.947 18.07 11.389
"59.96 6.395 13.50 8.470
"63.43 7.100 11.28 7.427
"65.46 7.350 9.33 6.162
"

64.54 6.702 8.20 5.009 Er(N0 3;,3'6H
2

O
65.84 6.341 4.77 2.702
65.00 5.257 -- ---

"

a. Molalities calculated by M. Salomon.
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COMPONENTS:
(1) Erbium nitrate; Er(N0

3
)3; [10168-80-6]

(3) Water ; H
2
0; [7732-18-5]

VARIABLES:

Composition at 30°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Isakova, S.; Sulaimankulov, K.;

Aitimbetov, K.; Kozhanova, T. Zh. Neorg.

Khim. 1980, 25, 2271-3; Russ. J. Inorg.

Chem. Engl. Transl. 1980, 25, 1257-8.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 30°Ca

Er(N03)3 CH
3

CONHCONH
2

%
-1

mass % -1 nature of the solid phasemass mol kg mol kg

0 -- 4.01 0.409 CH
3

CONHCONH
20.02 0.001 4.28 0.438

"16.83 0.600 3.80 0.469 "23.58 0.924 4.17 0.565
"30.84 1. 337 3.85 0.577
"39.18 1. 963 4.33 0.751
"49.53 3.010 3.89 0.818
"54.10 3.636 3.78 0.879
"

61. 12 4.974 4.10 1.155 CH3CONHCONH2 + Er(N0 3)3· 6H20
62.17 5.216 4.09 1.187

"
61.18 4.955 3.87 1.085 Er(N03)3· 6H20
62.64 5.042 2.19 0.610

"65.18 5.299 0 -- "

a. Molalities calculated by M. Salomon

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method employed. Equilibrium
is stated to be reached within 7-8 h.
Saturated solutions and solid phases were
analysed for the Er content by titrn with
Trilon (Na2H2 (EDTA)) using Xylenol Orange

indicator, and for nitrogen of acetylurea
by the Kjeldahl method.

SOURCE AND PURITY OF MATERIALS;

Nothing specified

ESTIMATED ERROR:

Nothing specified.

REFERENCES;
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COMPONENTS:
(1) Erbium nitrate; Er(N0

3
)3; [10168-80-6J

(2) Acetamide; C2H5NO; [60-35-5J

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

Composition at 30°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Aitimbetov, K.; Sulaimankulov, K.;

I sakova , S.; Ismailov, M. Izv. Akad. Nauk

Kirg. SSR 197~, 46-8.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 30°Ca

Er(N03)3

% mol kg- lmass

4.08
13.57
20.72
36.48
42.55
46.21

50.62

51. 42
51. 27
51.13
53.89
59.02
62.21

62.77

63.49
63.23
65.18b

0.554
2.631
3.523
9.816

14.529
21.063

30.358

40.886
14.931
11. 729

7.416
7.040
7.590

6.357

6.117
5.280
5.299

mass %

78.08
75.06
71. 83
62.63
53.00
49.16
47.58

44.66

45.02
39.01
36.53
25.54
17.25
14.59

9.28

7.13
2.73

mol kg- l

60.304
60.917
83.291
63.682
85.291

100.39
129.71

160.19

214.09
67.945
50.116
21.020
12.307
10.647

5.621

4.108
1.358

nature of the solid phase

"
CH3CONH2 + Er(N0

3
)3'3CH

3
CONH

2
Er(N03)3'3CH

3
CONH

2

Er(N03)3·3CH3CONH2 + Er(N03)3' 6H20

Er(N03)3' 6H20

a. Molalities calculated by M. Salomon.
b. In the text, the authors report the soly in water at 30°C as 65.08 mass %

(5.275 mol kg-I).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method employed. Equilibrium
is stated to be reached in 8-9 h. Er was
determined by titration with Trilon
(Na2H2 (EDTA» and nitrogen of acetamide
by the Kjeldahl method.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS:

Erbium nitrate

ORIGINAL MEASUREMENTS:

(1) Erbium nitrate; Er(N03)3; [10168-80-6]

(2) Diethyl ether; C4HlOO; [60-29-7]

VARIABLES:

Room temperature (about 20·C)

EXPERIMENTAL VALUES:

Wells, R.C. J. Wash. Acad. Sci. 1930,
20, 146-8.

PREPARED BY:

T. Mioduski, S. Siekierski, M. Salomon

Experiment 1. This experiment involves the hydrated nitrate as the initial solid,
and which the compilers assume to be the hexahydrate.

Authors report the solubility as 0.162 g Er 20
3

in 10 ml ether.

This is equivalent to a Er(N0 3)3 soly of 0.0847 mol dm- 3 (compilers).

Experiment 2. This experiment involves erbium nitrate dehydrated as described in
the METHOD/APPARUTUS/PROCEDURE box below.

Authors report the solubility as 0.0190 g Er 203 in 10 ml ether.

This is equivalent to a Er(N0
3

)3 soly of 0.0993 mol dm- 3 (compilers).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used.
erbium nitrate was determined in
ments in which the nature of the
solid phase differs.

The soly of
two experi
initial

SOURCE AND PURITY OF MATERIALS;

Nothing specified.

Experiment 1. A few grams of erbium nitrate
(presumably the hexahydrate, compilers) was
added to about 20 ml of ether in small
stoppered flasks. The flasks were periodi
cally agitated and permitted to stand at
about 20·C overnight. A 10 ml sample was
removed, filtered, the solvent evaporated
and the salt ignited to the oxide and
weighed.

Experiment 2. The remaining salt in the
flask was freed from ether, dissolved in
water and a few drops of RN0 3 added. The
solution was evaporated to dryness and
heated to lSO·C. The solubility in ether
was then determined again with this "dehy
drated" salt.

ESTIMATED ERROR:

Soly: precision probably around ± 10%
(compilers) .

Temp: precision probably ± 4 K (compilers).

REFERENCES:
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COHPONENTS:

(1) Thulium nitrate; Tm(N0 3)3;
[14985-19-4]

(2) Water; H
2
0; [7732-18-5]

CRITICAL EVALUATION:

INTRODUCTION AND EVALUATION PROCEDURE

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

January 1983

The solubility of thulium nitrate in water has been reported in four publications at
298.15 K (1-4), and in one publication at 303.2 K (5). The solid phases identified in the
binary system are the hexa- and pentahydrates, and in nitric acid solutions (4), the
dihydrate and anhydrous salt are stable solid phases depending upon nitric acid
concentration.

Tm(N03)3· 6H20

Tm(N0 3)3· 5H20

[35725-33-8]

[36548-87-5]

Tm(N0 3)3· 4H20

Tm(N0 3)3· 2H20

[37131-80-9]

[81201-55-0]

For solubilities in the hexahydrate system, the data reported by Spedding et al (1-3) are
considered to be the most accurate since previous results from Spedding's laboratory have
proved accurate and precise. The results of Afanas'ev et al. for Dy, Ho, Er, Tm, and Yb
nitrates in the hexahydrate system at 298.2 K are all very low and highly improbable. In
the Er(N03)3-H20 critical evaluation we concluded that the results of Afanas'ev et al.
are ~n error, probably due to the failure to reach equilibrium.

For the solubilities in the metastable pentahydrate system at 298.15 K, Afanas'ev's
result (4) of 5.40 mol/kg is lower than that for the stable hexahydrate system reported
~n (1-3), and aga~n we reject Afanas'ev's result.

We note that there is cons~derable difficulty in identification of the solid phases.
Afanas'ev et al. (4) report that while the pentahydrate is metastable at 298.2 K, it does
not easily convert to the stable hexahydrate (see the compilation for this paper).
Ivanov-Emin et al. (6) report a congruent melting point of 335 K for the tetrahydrate which
may actually correspond to the hexahydrate since Wendlandt and Sewell (7) report that the
tetrahydrate melts congruently at 363 ± 1 K.

TENTATIVE SOLUBILITIES

For solubilities in the hexahydrate system, we consider the results from (1-3) to be the
most accurate as stated above. The difference between the highest and lowest value
reported by Spedding et al. is significantly greater than the differences reported by
these authors for other lanthanide nitrates. Since it is not very probable that this
relatively large difference is the result of an analytical error typical just for the
determination of thulium, the observed scatter of data may be due to difficulties in
establishing true equilibrium, perhaps due to the possibility that the hexahydrate -
pentahydrate transition temperature is close to 298.2 K. If so, then the lower results
from (1-3) should be preferred, and thus the tentative solubility of Tm(N03)3 at 298.15 K
in the hexahydrate system is 5.95 mol kg- l with an overall uncertainty of about -0.02 to
+ 0.05 mol kg-I.

For the solubility of Tm(N0 3)3 at 303.2 K in the pentahydrate system, the value of
6.692 mol kg- l reported in (5) cannot be evaluated at this time. We cautiously designate
this result as a tentative value, and note that this value suggests that the pentahydrate
system is still metastable at 303.2 K.

REFERENCES

1. Rard, J.A.; Shiers, L.E.; Heiser, D.J.; Spedding, F.H. J. Chern. Eng. Data 1977, 22, 33~

2. Rard, J.A.; Spedding, F.H. J. Phys. Chern. 1975, 79, 257. ----
3. Spedding, F.H.; Derer, J.L.; Mohs, M.A.; Rard, J.A. J. Chern. Eng. Data 1976, 21, 474.
4. Afanas'ev, Yu.A.; Azhipa, L.T.; Linnik, N.V. Zh. Neorg. Khirn. 1976, 21, 1661.
5. Khudaibergenova, N.; Sulaimanku10v, K. Zh. Neorg. Khirn. 1981, ~1156.
6. Ivanov-Emin, B.N.; Odinets, Z.K.; De1'Pino, Kh.; Zaitsev~E. Zh. Neorg. Khirn. 1976,

21, 873.
7. Wendlandt, W.W.; Sewell, R.C. Texas J. Sci. 1961, 13, 231.



450 Thulium nitrate

COMPONENTS:

(1) Thulium nitrate; Tm(N0 3)3; [14985-19-4]

(2) Water; R20 ; [7732-18-5]

VARIABLES:

One temperature: 25.00°C

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
1. Rard, J.A.; Shiers, L.E.; Reiser, D.J.;

Spedding, F.R. J. Chern. Eng. Data 1977
22, 337-47.

2. Rard, J.A.; Spedding. F.R. J. Phys. Chern.
1975, 79, 257-62.

3. Spedding, F.R.; Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chern. Eng. Data 1976, 21,
474-88. --

PREPARED BY:

T. Mioduski, S. Siekierski and M. Salomon

In source paper [3] the salt was analysed for
water of hydration and found to be within
± 0.016 water molecules of the hexahydrate.

Water was distilled from an alkaline
permanganate solution.

SOURCE AND PURITY OF MATERIALS;
Tm(N03)3·6R20 was prepd by addn of RN0 3 to
the oxide. The oxide was purified by an ion
exchange method, and the upper limit for the
impurities Ca, Fe, Si and adjacent rare
earths was given as 0.15%.

Source [ 1] the solubility of Tm(N03)3 5.9526 mol -1paper reports as kg

Source [2] reports the solubility of Tm(N03)3 5.9483 mol -1paper as kg

Source [3] reports the solubility of Tm(N0 3)3 6.028 mol -1paper as kg

AUXILIARY INFORMATION

METROD/APPARATUS/PROCEDURE:
[2] and [3] Standard isothermal method used.
Solutions prepared as in (1) and (2).
[1] Isothermal isopiestic method used in
which equilibration carried out by allowing
a less than satd Tm(N0

3
)3 sIn to reach

thermodynamic equilibrium through the vapor
phase with a reference sIn (KCl, CaC1

2
). The

soly was thus detd without sepn of the sIn
and solid phases. The solutions were
adjusted to their equivalence pR values to
insure a ratio of three nitrates to each Tm.
Duplicate samples of the nitrate and
reference sIns were used and equil was ESTIMATED ERROR:
approached from higher and lower concns Soly: duplicate analyses agreed to at least
(about 4 days). ± 0.1%.
In [IJ, [2J and [3] the satd sIns were Temp: not specified, but probably accurate to

at least ± 0.01 K as in (3)(compilers).
analysed by EDTA titrn and gravimetric suI fat9-===__---------------'----;
analysis. The methods are stated to be REFERENCES:
accurate to 0.1% or better. In the sulfate 1. Spedding, F.G.; Cullen, P.F.; Rabenschuss,
analysis, the salt was first decomposed with A. J. Phys. Chern. 1974, 78, 1106.
RCI followed by evaporation to dryness before 2. Spedding, F.R.; Pikal, M.J.; Ayers, B.O.
sulfuric acid additions were made. This J. Phys. Chern. 1966, 70, 2440.
eliminated the possibility of nitrate ion 3. Spedding, F.R.;~ al J. Chern. Eng.
coprecipitation. Data 1975, 20, 72.



COMPONENTS:

Ternary systems, one saturating component

ORIGINAL MEASUREMENTS:

451

(1) Thulium nitrate; Tm(N0 3)3; [14985-19-4]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

Concentration of HN0
3

at 25°C

Afanas'ev, Yu. A.; Azhipa, L.T.; Linnik, N.V.

Zh. NeoY'g. Khim • .~~, 21, 1661-3; Russ. J.

InoY'g. Chern. EngZ. TY'ansZ. 1976, 21, 909-10.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Solubility of thulium nitrate in nitric acid solutions at 25°Ca

Tm(N0 3)3 HN0
3

% mol -1
% mol -1

nature of the solid phasemass kg mass kg

65.7 5.40 0 --- Tm(N03)3' 5H20
56.1 4.52 8.9 4.04

"47.6 3.68 16.0 6.98
"42.6 3.69 24.9 12.16
"35.0 2.99 32.0 15.39
"

34.6 3.19 34.8 18.05 Tm(NO) 3' 5H2O + Tm(N03)3· 4H20

51.2 2.96 0 --- Tm(N0 3)3' 6H20
44.5 2.61 7.5 2.48

"38.1 2.46 18.2 6.61
"35.9 2.52 24.0 9.50
"31.0 2.40 32.6 14.21
"29.0 2.29 35.4 15.78
"29.2 2.44 37.1 17.47
"

28.7 2.55 39.6 19.82 Tm(N03)3' 6H20 + Tm(N0 3)3' 4H20

continued ..•...•••.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;

No other information given.

C.p. grade thulium nitrate was used.

C.p. grade nitric acid was concentrated
to 100% by the Brauer method.

The isothermal method was used. Compositions
of the solutions were varied by adding 100%
nitric acid to the saturated solutions, or
by adding the salt to the acid solutions.
Equilibrium was reached in 3-4 hours. The
concentration of Tm in the liquid and the
residue was detd complexometrically, and the
concentration of HNO was detd by titrn with
NaOH using Methyl Re~ indicator. Thecomposi
tion of the solid phase was detd by
Schreinemakers' method of residues.

The pentahydrate is metastable, and attempts ESTIMATED ERROR:
to crystallize the hexahydrate by seeding Soly: precision probably about ± 0.5%, but
an equilibrated solution failed. The hexa-

accuracy is very poor (see criticalhydrate could be produced by heating a evaluation).
solution in equilibrium with the pentahydrate

Temp: precision ± 0.1 K.followed by slow cooling. ~:..:.:~:........::..:..::..:..:::..:::..:;;...:;;...::..:..:;....;;~ ..,
REFERENCES;



452 Thulium nitrate

COHPONE~TS:

(I) Thulium nitrate; Tm(N0 3)3; [14985-19-4]

(2) N~tr~c acid; HN0
3

; [7697-37-2]

(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUE: continued ••..•.••••

ORIGINAL MEASUREMENTS:

Afanas'ev, Yu.A.; Azhipa, L.T.; Linnik, N.V.

zh. Neopg. Khim. 1976, 21, 1661-3; Russ. J.

Tnopg. Chern. EnlZ. TpansZ. 1976, 21, 909-10.

Solubility of thulium n~trate in n~tric acid solutions at 25°Ca

23.4
22.5
21.4

mass

Tm(N0 3) 3

% mol kg- l

2.07
2.06
1. 96

mass %

44.7
46.7
47.9

mol kg- l

22.24
24.06
24.76

nature of the solid phase

Tm(N0 3)3' 4H20

21.9

14.0
10.8
7.6

7.4

4.0

2.3
1.4
0.3

2.21

1. 31
1.04
0.75

0.86

0.48

0.36
0.28
0.12

50.2

55.9
59.9
63.8

68.4

72 .6

79.8
84.7
92.5

28.55

29.47
32.44
35.40

44.86

49.24

70.75
96.70

203.9

Tm(N0 3)3· 4H20 + Tm(N0 3)3· 2H20

Tm(N0 3)3· 2H20

Tm(N0 3)3' 2H20 + Tm(N0 3)3

Tm(N0 3)3

Tm(N0 3)3' nN02

a. Molalities calculated by M. Salomon.

Solubility diagram for the Tm(N0 3)3 - HN0
3

- H20 system at 298.2 K. All compositions

given in mass % units.



Ternary systems, two saturating components 453

COMPONENTS:
(1) Thulium nitrate; Tm(N0

3
)3;

[14985-19-4]

(2) Urea; CH4N20; [57-13-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Composition at 30 0 C

ORIGINAL MEASUREMENTS:

Khudaibergenova, N.; Sulaimankulov, K.

Zh. Neor~. Khi~. 1981, 26, 1156-9; Russ. J.

InorJ. Che~. En:]l. T1unsl. 1981, 26, 627-8.

PREPARED BY:

M. Salomon

EXPERIMENTAL VALUES:
Composition of saturated solut~onsa

-- --
18.36 1.932
25.81 3.718
25.76 3.329
35.72 8.168
37.72 10.327

39.35 13.980

37.63 7.556
38.47 6.799
38.92 5.417
43.54 5.674
52.83 6.128

56.29 5.792
61. 20 6.492
67.20 8.407

70.11 9.044

69.12 7.172
70.37 6.691

mass

Tm(N0 3)3

% mol kg- 1

CO(NH2)2

mass % mol kg- 1

57.56 22.583
54.86 34.111
54.63 46.506
52.44 40.054
51.96 70.227
51.99 84.130

52.72 110.70

48.34 57.371
45.59 47.624
40.84 33.599
34.84 26.833
22.88 15.685

16.33 9.931
12.24 7.674
10.28 7.601

8.05 6.137

3.73 2.288
-- --

nature of the sol~d phase

CO(NH2)2

CO(NH2)2 + Tm(N03)3·4CO(NH2)2·2H20

Tm(N03)3·4CO(NH2)2·(H20

Tm(N03)3·3CO(NH2)2 + Tm(N0 3)3· 5H20

Tm(N0 3)3· 5H20

a. Molalities calculated by the compiler.

AUXILIARY INFORNATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method used. Equilibrium was
reached after 7-9 h. After the liquid and
solid phases had been separated, their
nitrogen content was determined by the
Kjeldahl method, and thulium was determined
as described previously (1).

COMMENTS AND/OR ADDITIONAL DATA:

SOURCE AND PURITY OF MATERIALS;

"Chemically pure" grade area and
crystalline yttrium n~trate hydrate were
used. No other information g~ven.

The complex Tm(N03)3.3CO(NH2)2 is

incongruently soluble, and Tm(N03)3.4CO(NH2)2'

2H20 is congruently soluble. The compositionJ-E-,S-T-I-MA-T-E-D-ER-R-O:-':R:"':----------------I
of these salts were confirmed by chemical T
analyses. Soly: accuracy for the m(N0 3) 3-H20 binary

system very poor (see crit~cal

evaluation.
rremp: nothing specified.

REFERENCES:

1. Khudaibergenova, N.; Sulaimankulov, K.
Zh. Neorg. Khim. 1979, 24, 2005.



454 Ytterbium nitrate

COMPONENTS:
(1) Ytterbium nitrate; Yb(N0

3
)3; [13768-67-~

(2) Water; H
2

0 ; [7732-18-5]

CRITICAL EVALUATION:

EVALUATOR: S. Siekierski, T. Mioduski
Institute for Nuclear Research

Warsaw, Poland
and

M. Salomon
U.S. Army ET & DL
Ft. Monmouth, NJ

January 1983

INTRODUCTION AND EVALUATION PROCEDURE

Solubility data in the binary Yb(N03)3-H20 system have been reported in six publications
(1-6). The solid phases reported in this binary system are the hexahydrate (2-5), the
pentahydrate (I), and the tetrahydrate (6).

Yb(N0 3)3· 6H20

Yb(N0 3)3· 5H20

[13839-85-5]

[35725-34-9]

[10035-00-4]

Moret (1) studied the solubilities from 273.15 K to 313.15 K in the pentahydrate system,
Afanas'ev and Azhipa (5) reported the solubility at 298.2 K in the hexahydrate system, and
Khudaibergenova and Sulaimankulov (6) reported the solubility at 303.2 K in the tetra
hydrate system. Spedding and co-workers (2-4) reported the solubility at 298.15 K, but
did not identify the nature of the solid phase.

Marsh (7) states that the stable solid phase at "room temperature" is the pentahydrate,
and that when the pentahydrate is heated to 321 K, there is a transition point at which
water is liberated and a new hydrate is formed which does not dissolve in the water until
heated to near 373 K. Based on Moret's solubility results for the pentahydrate system,
below we calculate a congruent melting point of 325.8 K for the pentahydrate which is
close to Marsh's experimental value of 321 K (Marsh also refers to this as an "indefinite"
melting point). Wendlandt and Sewell (8) state that the unspecified hydrate Yb(N03)3.nH20
does not fuse, but Ivanov-Emin et al.(9) report a congruent melting point of 333 K for the
tetrahydrate. The only direct analyses of the solid phase for the hexahydrate system is
that reported in the rejected paper (5). Although Spedding et al. (2-4) did not specify
the nature of the stable solid phase, the implication is that it is the hexahydrate. This
is based on the fact that the solubility of Yb(N0 3)3 at 298.15 K reported in (2-4) falls
on the smoothed curve of solubility vs atomic numoer for the hexahydrate system (see the
figures in the PREFACE and in the Eu(N03)3-H20 critical evaluation). Moreover, at 298.2 K
the stable solid phase in the saturated Tm(N03)3-H20 system is the hexahydrate, and in the
saturated Lu(N03)3-H20 system the stable solid phase is the pentahydrate. It thus appears
that the transition from stable hexahydrate to stable pentahydrate occurs at atomic number
70 (i.e. at Yb in the figure of solubility vs atomic number), and that this transition
temperature must be very close to 298.2 K. We therefore conclude that at 298.15 K the
stable solid phase is either the hexahydrate, or the eutonic hexahydrate-pentahydrate
mixture. Considering the results from (1,7) we also conclude that the pentahydrate does
not readily convert to the more stable hexahydrate at temperatures at least down to 273 K.
This type of behavior has been observed for other lanthanide systems such as Nd(N0 3)3
and Sm(N03)3 where the solubilities in the metastable pentahydrate systems were readily
measured at temperatures as low as 240 K.

For solubilities in the pentahydrate system, Moret's results (1) were fitted to the
general solubility equation

Y = t~(m/mo) - nM2(m - mo ) = a + b/(T/K) = c t~(T/K) [1]

where all terms in eq. [1] have been previously defined. At 218.15 K the smoothed value
for the solubility in the pentahydrate system is 6.623 mol kg- which is slightly lower
than the value of 6.650 mol kg- l reported by Spedding et al. (2-4). Since we estimate
the total uncertainty in Spedding's results to be ± 0.007 mol kg- l o~ better, and the
uncertainty in the smoothed value based on Moret's results as ± 0.07 mol kg-I, it is
difficult to attribute much significance to the difference between these two results: i.e.
we would have to conclude that both solubility values are essentially identical and either
correspond to the same solid phase (the pentahydrate), or to the eutonic mixture. If, on
the other hand, we assume that the solid phase in Spedding's studies is the hexahydrate,
then we would have to conclude that the difference between Spedding's result and the
smoothed result at 298.15 K is significant. Since we concluded above that the hexahydrate
is the stable solid phase at 298.15 K, then we also conclude that the difference between
the two results is indeed significant. This is the basis upon which we selected the
tentative solubilities (see below).
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COHPONENTS:

(1) Ytterbium nitrate; Yb(N0
3
)3; [13768-67-n

(2) Water ; H20 ; [7732-18-5]

EVALUATOR: S. Siekierski, T. Mioduski
Institute for Nuclear Research

Warsaw, Poland
and

M. Salomon
U.S. Army ET & DL
Ft. Monmouth, NJ

January 1983

CRITICAL EVALUATION:

Afanas'ev and Azhipa (5) reported a solubility of 4.16 mol kg- l at 298.2 K in the
hexahydrate system which is so low that it can immediately be rejected. At 303.2 K,
Khudaibergenova and Sulaimankulov (6) reported the solubility to be 5.825 mol kg-I, and
that the solid phase (by direct chemical analysis) is the tetrahydrate. Since the
tetrahydrate is probably highly metastable at this temperature, this low value for the
solubility probably represents failure to attain equilibrium, and this result is also
rejected.

TENTATIVE SOLUBILITIES

For the solubility of Yb(N0 3)3 in the hexahydrate s~stem at 298.15 K, the average value
of 6.650 mol kg- l from (2-4) is designated at a tentat~ve value. It is not designated as
a recommended value because of the lack of experimental data confirming the composition of
the solid phase. Based on the experimental precision, we estimate an overall uncertainty
of at least ± 0.007 mol kg- l for this tentative solubility.

For the solubility of Yb(N03)3 in the pentahydrate system as a function of temperature,
smoothed tentative solubility data were obtained by fitting Moret's results (1) to the
smoothing equation [1]. The derived parameters for the fitting of these data to the
smoothing equation are given in Table 1. AT the 95% level of confidence and a Student's
t = 4.303, the total uncertainty in the smoothed solubility values is ± 0.07 mol kg-I.

All tentative solubility data are given in Table 2.

REFERENCES

1. Moret, R. These. l'Universite de Lausanne. 1963.
2. Spedding, F.H.; Shiers, L.E.; Rard, J.A. J. Chern. Eng. Data 1975, 20, 88.
3. Rard, J.A.; Spedding, F.H. J. Phys. Chern. 1975, 79, 257. ----
4. Spedding, F.H.; Derer, J.L.; ~IDhs, M.A.; Rard, J.A. J. Chern. Eng. ~ta 1976, 21, 474.
5. Afanas'ev, Yu.A.; Azhipa, L.T. Zh. Neo~g. Khirn. 1976, 21, 2284.
6. Khudaibergenova, N.; Sulaimankulof, K. Zh. Neo~g. Khim. 1980, 25, 2254.
7. Marsh, J.K. J. Chern. Soa. 1941, 561. ----
8 Y€nd1andt, W.W.; Sewell, R.C. Texas J. Sai. 1961, 13, 231.
9. Ivanov-Emin, B.N.; Odinets, Z.K.; Del'Pino, Kh.; Zaitsev, B.E. Zh. Neo~g. Khirn. 1976,

21, 837.



456 Ytterbium nitrate

COHPONENTS'

(1) Ytterbium nitrate; Yb(N0
3

)3; [13768-67-7

(2) Water; H20; [7732-18-5]

EVALUATOR:
S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland

and
M. Salomon

U.S. Army ET & DL
Ft. Monmouth, NJ

January 1983

CRITICAL EVALUATION:

Table 1. Derived parameters for the smoothing equation. a

parameter

a
b
c

-1
lIHslnlmol kg

lIc IJ K- l mol- l
p

congruent melting pointlK

concn at the congr m.p./mol kg- l

value in the pentahydrate system

-17.917
492.4

2.8580

0.003
0.8
0.0005

0.003
0.037

-16.3

95.0

325.8

11. 102

a
0a' 0b' 0c are standard deviation for the derived parameters a, b, c, and 0Y and om

are the standard errors of estimate for Y in eq. [1] and the molality, respectively.

Table 2. Tentative solubilities.

hexahydrate systema pentahydrate systemb

T/K

273.15
278.15
283.15
288.15
293.15
298.15
303.15
308.15
313.15
318.15
323.15

6.650

-1
m/mol kg

5.346
5.554
5.782
6.032
6.311
6.623
6.979
7.394
7.897
8.547
9.550

aAverage value based on results from (2-4).

~Smoothed values based on results from (1).



Binary aqueous system 457

COMPONENTS:
(1) Ytterbium nitrate; Yb(N0 3)3;

[13768-67-7]

ORIGINAL MEASUREMENTS:
Moret, R. These. l'Universite de Lausanne.

1963.

(2) Water; H20; [7732-18-5]

VARIABLES:

Temperature: range OoC to 400C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Solubilitya

-1
mol kg solid phase

5.349 Yb (NO 3) 3' 5H2O

5.787 "
5.995 "
6.346 "
7.890 "

875

703

1035

t/oC mass %

0 65.76

10 67.51

15 68.28

20 69.50

40 73.91

moles of water
per

100 moles salt

a. Molalities calculated by compilers from mass % values.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used as described
in (1). Yb was determined by comp1exometric
titration using Xy1eno1 Orange indicator in
the presence of a small amount of urotropine
buffer. Water was determined by difference.

Ytterbium nitrate was prepared from Yb 20 3
of purity better than 99.7% (obtained by
the ion exchange chromatographic method).

ESTIMATED ERROR:
Soly: precision about ± 0.1 % (compilers).

Temp: precision at least ± 0.05 K
(compilers) .

REFERENCES:

1. Brunisho1z, G.; Quinche, J.P.; Ka10, A.M.
HeZv. Chim. Acta 1964, 47. 14.

SDSl3-p
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COMPONENTS:

(1) Ytterbium nitrate; Yb(N0
3
)3;

[13768-67-7]

(2) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 25.00'C

EXPERIMENTAL VALUES:

Ytterbium nitrate

ORIGINAL MEASUREMENTS:

1. Spedding, F.H.; Shiers, L.E.; Rard, J.A.
J. Chern. Eng. Data 1975, 20, 88-93.

2. Rard, J.A.; Spedding, F.R. J. Phys. Chern.
1975, 79, 257-62.

3. Spedding l F.H.~ Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. vhern. Eng. Da~a~, 21,
474-88.

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

The solubility of Yb(N0
3

)3 in water at 25.00'C has been reported by Spedding and
co-workers in three publications. Source paper [3] reports the solubility to be
6.650 mol kg-I, and in source papers [1] and [2] as 6.6500 mol kg-I.

COMMENTS AND/OR ADDITIONAL DATA:

Source paper [1] reports the relative viscosity, ~R' of a saturated solution to be
124.32. Taking the viscosity of water at 25'C to equal 0.008903 poise, the viscosity
of a saturated Yb(N03)3 solution at 25'C is 1.1068 poise (compilers calculation).

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, 79 enabled
the compilers to provide the following additional data.

The density of the saturated solution was calculated by the compilers from the smoothing
equation, and at 25'C the value is 2.19776 kg m-3 • Using this density, the solubility
in volume units is

c
satd

= 4.3141 mol dm-3

Source paper [2] reports the electrolytic conductivity of the saturated solution to be
(corrected for the electrolytic conductivity of the solvent) K = 0.006548 Scm-I.

The molar conductivity of the saturated solution is calculated from 1000K/3csatd and is

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Solutions were
prepared as described in (1) and (2). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to
0.1% or better. In the sulfate analysis,
the salt was first decomposed with RCI
followed by evaporation to dryness before
sulfuric acid additions were made. This
eliminated the possibility of nitrate ion
coprecipitation.

The composition of the solid phase was not
specified in the source papers, but we
assume it to be the hexahydrate (see the
critical evaluation).

SOURCE AND PURITY OF MATERIALS:
Yb(N03)3·nH20 was prepd by addn of RN0 3 to
the oxide. The oxide was purified by an
ion exchange method, and the upper limit for
the impurities Ca, Fe, Si and adjacent rare
earths was given as 0.15%.

Water was distilled from an alkaline
permanganate soltuion.

ESTIMATED ERROR:
Soly: duplicate analyses agreed to at least

:t 0.1%.
Temp: Not specified, but probably accurate to

at least :t 0.01 K as in (3)(compilers).

REFERENCES:
1. Spedding, F.G.; Cullen, P.F.; Rabenschuss,

A. J. Phys. Chern. 1974, 78, 1106.
2. Spedding, F.R.; Pikal, M.J.; Ayers, B.a.

J. Phys. Chern. 1966, 70, 2440.
3. Spedding, F.R.;~ al. J. Chern. Eng.

Data 1975, 20, 72.
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COMPONENTS:

(1) Ytterbium nitrate; (Yb(N0
3
)3;

[ 13768-67-7]

(2) Nitric acid; RN03 ; [7697-37-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of HN0
3

at 25°C

EXPERIMENTAL VALUES:

Yb(N0 3)3
a HNO a

3

% mol -1
% mol -1mass kg mass kg

59.9 4.16 0 ---
56.2 3.90 3.7 1. 46
54.0 3.80 6.4 2.56
51.9 3.72 9.2 3.75
46.8 3.41 15.0 6.23
42.5 3.14 19.8 8.33
39.2 2.90 23.2 9.79
36.2 2.87 28.7 12.98
30.5 2.46 35.0 16.10
24.7 2.18 43.7 21.95
16.8 1.50 52.1 26.59

12.7 1. 26 59.3 33.61

10.3 1.02 61.6 34.79
8.0 0.82 64.7 37.61
7.5 0.85 67.8 43.56
5.5 0.70 72.7 52.92

5.8 0.82 74.5 60.02

6.0 0.92 75.8 66.09

6.0 1.06 78.2 78.55
4.0 0.80 82.0 92.95
1.4 0.33 86.8 116.7
1.2 0.48 91.9 211.4

a. Molalities calculated by ~1. Salomon.

AUXILIARY

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Compositions
of the saturated solutions were varied by
adding 100% nitric acid to the saturated
solutions, or by adding the salt to acid
solutions. The concentration of Yb in the
liquid and the residue was detd complexo
metrically, and the concentration of HN0

3was detd by titrn with NaOH using Methyl
Red indicator. The composition of the solid
phase was detd by Schreinemakers' method of
residues.

One data point was omitted from the above
table: Yb(N03)3 = 97.1 mass % and HN03 =
0.3 mass %. It is highly probable that this
is a typographical error, and that the mass
% values should be reversed.

Data on the infrared spectra of the
hexahydrate and tetrahydrate are presented
in the source publication.

ORIGINAL MEASUREMENTS:

Afanas'ev, Yu.A.; Azhipa, L.T. Zh. Neorg.

Khim. 1976, 21, 2284-7; Russ. J. Inorg.

Chem. Eng. Tremsl. 1976, 21, 1257-60.

PREPARED BY:

T. Mioduski, S. Siekierski and M. Salomon

nature of the solid phase

Yb(N0 3)3' 6H20

Yb(N0 3)3· 6H20 + Yb(N0 3)3· 4H20

Yb(N03)3· 4H20

Yb(N03)3· 4H20 + Yb(N03)3

Yb(N0 3)3

Yb(N03)3' nHN03
"

NFORMATION

SOURCE AND PURITY OF MATERIALS:

C.p. grade ytterbium nitrate was used.

C.p. grade nitric acid was concentrated to
100% by the Brauer method.

No other information given.

ESTIMATED ERROR:
Soly: precision probably about ± 0.5%, but

accuracy is very poor (see critical
evaluation).

Temp: precision ± 0.1 K.
REFERENCES:
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COMPONENTS:

(1) Ytterbium nitrate; Yb(N0
3
)3;

[ 13768-67-7]

(2) Urea; CH
4
N20; [57-13-6]

(3) Water; H
2
0 ; [7732-18-5]

VARIABLES:

Composition at 30°C

EXPERIMENTAL VALUES:

Ytterbium nitrate

ORIGINAL MEASUREMENTS:

Khudaibergenova, N.; Sulaimankulov, K.

Zh. Neopg. Khim. 1980, 25, 2254-56; Russ.

J. Inopg. Chem. Engz' Tpansl. 1980, 25,

1249-50.

PREPARED BY:

T. Mioduski and S. Siekierski

Composition of saturated solutions at 30°Ca

Yb(N03)3 CO(NH2)2

% mol -1 mass % mol -1 of the solid phasemass kg kg nature

-- --- 57.50 22.528 CO (NH2)2
12.50 1.112 56.20 29.898 II

15.50 1.438 54.49 30.234 II

24.23 3.015 53.39 39.723 II

28.47 4.398 53.50 49.409 II

33.05 6.813 53.44 65.865 II

35.87 9.597 53.72 85.927 II

36.03 8.232 51. 78 70.730 Yb(N03)3·4CO(NH2)2
38.09 7.497 47.76 56.206 II

37.57 6.610 46.60 49.017 II

38.56 5.649 42.43 37.165 II

45.19 4.545 27.12 16.308 II

45.72 4.267 24.44 13.638 II

51. 62 4.964 19.42 11. 166 II

63.41 7.609 13.38 9.599 II

66.88 7.873 9.46 6.658 Yb(N03)3· CO (NH2)2
70.07 8.455 6.85 4.942 II

71. 72 8.107 3.64 2.460 II

74.53 8.998 2.40 1. 732 Yb(N0 3)3' CO (NH2)2 + Yb(N0 3)3· 4H20

67.65 5.824 --- --- Yb(N0 3)3· 4H20

a. Molalities calculated by M. Salomon.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The isothermal method was used. Equilibrium Nothing specified.
was stated to be reached within 7 hours. The
nitrogem of the urea was determined by the
Kjeldahl method. Ytterbium was determined
by titration with Trilon (disodium salt of
ethylene diamine tetraacetic acid) using
Xylenol Orange indicator. The liquid phase
was filtered off with a No. 3 Schott filter.

COMMENTS AND/OR ADDITIONAL DATA:

Yb(N03)3·4CO(NH2)2 is congruently soluble.
It was isolated and analysed: Yb(N0

3
)3

content was 59.99 mass %, and urea = 30.01
mass %.
Yb(N03)3·CO(NH2)2 is incongruently soluble.

Analysis of the solid phase for the binary
system resulted in 83.30 mass % Yb(N0

3
)3'

This corresponds to the tetrahydrate
(theor for the tetrahydrate is 83.30 mass %
(compilers) •

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COHPONENTS:

(1) Lutetium nitrate; Lu(N0
3
)3; [10099-67-9]

(2) Water ; H
2
0; [7732-18-5]

CRITICAL EVALUATION:

EVALUATOR: S. Siekierski, T. Mioduski
Institute for Nuclear Research

Warsaw, Poland
and

M. Salomon
U.S. Army ET & DL
Ft. llonmouth, NJ

January 1983

The solubility of lutetium nitrate in pure water at 298.15 K and 303.2 K has been
reported in five publications (1-5). The solid phases reported are

[36549-50-5]

[34767-08-3]

[17836-45-2]

Marsh (6) reported that the pentahydrate is the stable solid phase at "room temperature,"
and that it is easily dehydrated. Marsh also reported the existence of Lu(N03)3·4.5H20.
Molodkin et al. (7) reported that the trihydrate can be produced by desiccation over
concentrated sulfuric acid.

Afanas'ev et al. (4) analysed the solid phase in saturated solutions at 298.2 K by
complexometric titration, and reported it to be the hexahydrate. However their solubility
value is so low (4.12 mol kg-I) that we must reject the results in (4). Spedding et al.
(3) analysed the solid phase in equilibrium with saturated solutions at 298.15 K by
titration with EDTA, and the hydrate was found to be within ± 0.016 water molecules of
the pentahydrate. We therefore conclude that the stable solid phase at 298.14 K is the
pentahydrate. This conclusion is also supported by the fact that there is a sudden break
for Lu(N03)3 to a lower solubility in the plot of solubility vs atomic number at 298.15 K
as seen in the figure in the Eu(N03)3-H20 critical evaluation.

Wendlandt and Sewell (8) reported that an unspecified hydrate, Lu(N03)3.nH20, failed to
undergo fusion, but Molodkin et al. (7) reported that the trihydrate melts congruently at
328 K.

TENTATIVE SOLUBILITIES

At 298.15 K, the tentative solubilitr of Lu(N0 3)3 in the pentahydrate system is obtained
from (1-2) and is 6.822 ± 0.007 mol kg-. The uncertainty in this tentative value ~s based
upon the experimental precision reported in (1-2). For the metastable hexahydrate system,
the solubility of Lu(N0 3)3 is estimated as 7.60 ± 0.10 mol kg- l (extrapolated value from
the figure of solubility vs atomic number).

At 303.2 K the solubility of Lu(N03)3 in the tetrahydrate
which is lower than the estimated value of 7.60 mol kg- l for
system at 298.2 K. We therefore designate this experimental
system as doubtful.

REFERENCES

-1
system is 7.47 mol kg (5)
the metastable hexahydrate
solubility in the tetrahydrate

1. Spedding, F.H.; Shiers, L.E.; Rard, J.A. J. Chern. Eng. Data 1975, 20, 88.
2. Rard, J.A.; Spedding, F.H. J. Phys. Chern. 1975, 79, 257. -----
3. Spedding, F.H.; Derer, J.L.; Mohs, M.A.; Rard, J.A. J. Chern. Eng. Data 1976, 21, 474.
4. Afanas'ev, Yu.A.; Azhipa, L.T.; Sal'nik, L.V. Zh. Neorg. Khim. 1982, 27:-769.
5. Khudaibergenova, N.; Sulaimankulov, K.S. Zh. Neorg. Khirn. 1979,~ 2005.
6. Marsh, J.K. J. Chern. Soc. 1941, 561. ----
7. Molodkin, A.K.; Odinets, Z.K.; Chuvelev, A.V. Zh. Neorg. Khirn. 1977, 22, 1520.
8. Wendlandt, W.W.; Sewell, R.C. Texas J. Sci. 1961, 13, 231.
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COMPONENTS:

(1) Lutetium nitrate; Lu(N0
3
)3;

[10099-67-9J

(2) Water ; H
2

0 ; [7732-18-5J

VARIABLES:

One temperature: 25.00°C

EXPERIMENTAL VALUES:

Lutetium nitrate

ORIGINAL MEASUREMENTS:
1. Spedding, F.R.; Shiers, L.E.; Rard, J.A.

J. Chern. Eng. Data 1975, 20, 88-93.

2. Rard, J.A.; Spedding. F.H. J. phys. Chern.
1975, 79, 257-62.

3. Spedding, F.R.; Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chern. Eng. Data 1976, 21,
474-88. --

PREPARED BY:

T. Mioduski, S. Siekierski, and M. Salomon

The solubility of Lu(N0
3

)3 in water at 25.00 oC has been reported by Spedding and co-
workers in three publicatkons. Source paper [3J reports the solubility to be 6.792 -1
mol kg-I, but the preferred value is given in source paper [IJ and [2J as 6.8219 mol kg

COMMENTS AND/OR ADDITIONAL DATA:

Source paper [IJ reports the relative viscosity,n R, of a saturated solution to be
149.92. Taking the viscosity of water at 25°C to equal 0.008903 poise, the viscosity
of a saturated Lu(N03)3 solution is 25°C is 1.3347 poise (compilers calculation).

Supplementary data available in the microfilm edition to J. Phys. Chern. 1975, 79 enabled
the compilers to provide the following additional data.

The density of the saturated solutions was calculated by the compilers from the smoothing
equation, and at 25°C the value is 2.22323 kg m- 3 • Using this density, the solubility
in volume units is (based on the preferred value of 6.8219 mol kg-I)

c
satd

= 4.3801 mol dm- 3

Source paper [2J reports the electrolytic conductivity of the saturated solution to be
(corrected for the electrolytic conductivity of the solvent) K = 0.005660 Scm-I.

The molar conductivity of the saturated solution is calculated from 1000K/3csatd and is

0.431 S cm2 mol-1

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method used. Solutions were
prepared as described in (1) and (2). The
concentration of the saturated solution was
determined by both EDTA (1) and sulfate (2)
methods which is said to be reliable to
0.1% or better. In the sulfate analysis,
the salt was first decomposed with HCl
followed by evaporation to dryness before
sulfuric acid additions were made. This
eliminated the possibility of nitrate ion
coprecipitation.

SOURCE AND PURITY OF MATERIALS:

Lu(N03)3·5H20 was prepd by addn of HN0
3

to
the oxide. The oxide was purified by an ion
exchange method, and the upper limit for
the impurities Ca, Fe, Si and adjacent
rare earths was given as 0.15%.

In source paper [3] the salt was analysed
for water of hydration and found to be
within t 0.016 water molecules of the
pentahydrate.
Water was distilled from an alkaline
permanganate solution.

ESTIMATED ERROR:
Soly: duplicate analyses agreed to at least

t 0.1%.
Temp: Not specified, but probably accurate to

at least t 0.01 K as in (3) (compilers).

REFERENCES:
1. Spedding, F.G.; Cullen, P.F.; Habenschuss

A. J. Phys. Chern. 1974, 78, 1106.
2. Spedding, F.H. Pika1, M.J.; Ayers, B.O.

J. Phys. Chern. 1966, 70, 2440.
3. Spedding, F.H.;~ al. J. Chern. Eng.

Data 1975, 20, 72.
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Ternary systems, one saturating component

ORIGINAL MEASUREMENTS:

463

(1) Lutetium nitrate; Lu(N0
3
)3;

[ 10099-67-9]

(2) Nitric acid; HN0
3

; [7697-37-2]

(3) Water ; H20 ; [7732-18-5]

VARIABLES:

RN0
3

concentration at 25°C

Afanas'ev, Yu. A.; Azhipa, L.T.; Sal'nik,

L.V. Zh. Neopg. Khim. 1982, 27, 769-73;

Russ. J. InoPf;. Chern. Engl. Tpansl. 1982,

27, 431-4.

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Solubility of Lu(N0 3)3 in HN0

3
solutions at 25°C

Lu(N0 3)3 HN0
3 solidb

Lu(N0 3)3 HN0
3 solid

mass %
-1

mass % mol
-1

mass % mol -1 mass % mol -1 phasebmol kg kg phase kg kg

59.8 4.12 ° --- A 13.7 1.18 54.1 26.66 C
51.6 3.55 8.1 3.19 "

1l.8 1.06 57.5 29.72
"49.3 3.40 10.5 4.15 " 10.0 0.96 61.0 33.38
"46.8 3.19 12.5 4.87

" 9.4 0.96 63.4 36.99 "42.1 2.85 17.0 6.60
" 6.9 0.79 68.9 45.18

"36.4 2.41 21.7 8.22
"32.5 2.12 25.0 9.34
"

7.4 1.02 72.5 57.24 C+D
29.0 1.88 28.3 10.52

"28.4 1. 87 29.5 11.12
"

6.1 0.85 74.0 59.01 D
27.7 1. 90 31.9 12.53

"
4.2 0.68 78.8 73.56

"3.7 0.74 82.5 94.87
"27.5 1. 98 34.0 14.01 A+B 3.8 0.98 85.5 126.8
"

22.0 1. 54 38.5 15.47 B 3.2 0.84 86.2 129.1 D+E
19.2 1.38 42.2 17.35 "19.1 1. 43 43.8 18.74 " 2.3 0.62 87.4 134.7 E
19.0 1.46 45.0 18.94

" 1.5 0.40 88.1 134.4
"0.7 0.19 89.0 137.1
"18.9 1.68 50.0 25.51 B+C

a. Molalities calculated by M. Salomon.
b. Solid phases: A = Lu(N03)3·6H20 ; B = Lu(N03)3·4H20

C = Lu(N03)3·2H2O ; D = Lu(N0 3)3· H20 ; E = Lu(N03)3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. The composi
tion of the solutions was changed by addition
of 100% HN03 to a saturated solution or by
addition of the salt to the acid solution.
Equilibrium was reached within 3-4 hours.
The lutetium content in the saturated
solutions and solid phases was determined by
complexometric titration using Xylenol
Orange indicator. The HN0 3 'content was
determined by titration with NaOH with Methyl

Orange indicator. The compositions of
the solid phases were determined by the
Schreinemakers' method. The hydrated
solid phases were separated and their
infrared spectra recorded. Details are
given in the source paper.

SOURCE AND PURITY OF MATERIALS:

C.p. grade lutetium nitrate was used.

Nitric acid (source and purity not specified
was concentrated by method recommended inthe
well-known Brauer's Handbook (the Russian
edition was cited by the authors).

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision within ± 0.1 K.

REFERENCES:
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COMPONENTS:

(1) Lutetium nitrate; Lu(N0
3
)3;

[10099-67-9 ]

(3) Water; H20 ; [7732-18-5]

Lutetium nitrate

ORIGINAL MEASUREMENTS:

Khudaibergenova, N.; Sulaimankulov, K.S.

Zh. Neorg, Khim. 1979, 24, 2005-8;

Russ. J. Inorg. Chern. Engl. Transl. 1979,

24, 1112-4.

VARIABLES: PREPARED BY:

Composition at 30°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Lu(N03)3
a

CO(NH2)2
a

% mol -1 -1mass kg mass % mol kg nature of the solid phase
0 -- 55.62 20.868 CO(NH2)2

10.73 0.820 53.03 24.366
"15.94 1. 419 52.95 28.341
"19.76 2.009 52.99 32.380
"27.64 4.045 53.43 46.998
"28.92 4.330 52.58 47.325
"

35.58 11. 596 55.92 109.55 Lu(N03)3·4CO(NH2)2
35.67 9.032 53.39 81.262

"35.31 5.372 46.48 42.501
"36.06 4.351 40.98 29.720
"37.80 4.322 37.97 26.093
"41. 93 6.198 39.33 34.946
"38.38 3.268 29.09 14.890
"43.44 3.762 24.57 12.789
"46.58 3.882 20.18 10 .109
"50.15 5.209 23.18 14.472
"52.80 4.797 16.71 9.126
"53.36 4.500 13.79 6.990
"54.61 4.747 13.52 7.064
"58.73 5.560 12.01 6.835
"64.86 7.382 10.80 7.388
"69.29 8.685 8.61 6.487
"

71.15 8.710 6.22 4.577 Lu(N03)3·4CO(NH2)2 + Lu(N0 3)3' 4H20

71. 55 7.872 3.27 2.162 Lu (NO 3) 3' 4H ZQ
72.95 7.471 0 ---

" I
a. Molalities calculated by M. Salomon.

AUXILIARY INFORMA7ION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Equil was
attained within 7-8 h. To separate the
phases, a Schott filter No. 3 was employed.
Nitrogen was detd by the Kjeldahl method,
and Lu detd by titrn with Trilon in the
presence of Xylenol Orange indicator. The
compilers assume that compn of the solid
phases was found by the Schreinemakers'
residue method. The double salt is
congruently soluble. It was isolated and
analysed: Lu(N0 3)3 = 60 mass %, and

CO(NH2)2 = 40 mass %.

SOURCE AND PURITY OF '~TERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



SYSTEM INDEX

Underlined page numbers refer to evaluat~on text and those not
underlined to compiled tables. All compounds are listed as in Chemical
Abstracts. Systems are listed with solvent last, for example, cerium
nitrate + water system occurs as Nitric acid, cerium salt + water but
not as water + nitric acid, cerium salt. Ternary mixtures involving a
salt and water as components are listed as salt (aqueous) + other com
ponent and these occur after salt + other components. For example,
N~tr~c acid, cerium salt + ethane, l,l'-oxybis- comes before N~tric ac~d,

cerium salt + water which comes before N~tric acid, cerium salt (aqueous)
+ N~tr~c acid, barium salt.

220, 370, 446

Aluminum nitrate,
2-Aminoethanol,
Ammonium nitrate,
An~line nitrate

Acetam~de + water
Acetamide (aqueous) + nitric ac~d, erbium salt
Acetam~de, N-(aminocarbonyl)-

+ water
Acetamide, N-(aminocarbonyl)- (aqueous)

+ nitr~c acid, cerium salt
Acetam~de, N-(am~nocarbonyl)- (aqueous)

+ nitric ac~d, erbium salt
Acetamide, N-(aminocarbonyl)- (aqueous)

+ nitric acid, samarium salt
Acetic acid, lanthanum salt + water
Acet~c acid, lanthanum salt (aqueous)

+ nitric acid, lanthanum salt
see nitric acid, aluminum salt
see ethanol, 2-amino-
see n~tric acid, ammonium salt

+ water

Anil~ne n~trate (aqueous) + nitric ac~d, cerium salt
An~line n~trate (aqueous) + nitric ac~d, dysprosium salt

Aniline nitrate (aqueous) + nitric acid, lanthanum salt
Aniline n~trate (aqueous) + nitric acid, praseodymium salt

447
447

220

446

370
66

66

104, 105,
215, 424

215
416, .n7,

424
104, 105

271

B

Barium nitrate
Benzamide
Benzamide (aqueous)
Beryllium nitrate
2-Butanam~ne n~trate

2-Butanamine nitrate
Butyl propionate

see nitric acid, barium salt
+ water
+ nitric acid, lanthanum salt

see nitric acid, beryllium salt
+ water
+ nitric acid, neodymium salt

see propanoic acid, butyl ester

108
108

326
326

C

24

192
192

nitric acid, cerium ammonium salt
+ water
+ nitric acid, cerium salt

Cadm~um nitrate, see nitric acid, cadmium salt
Calcium nitrate, see nitric acid, calcium salt
Cerium ammonium nitrate,

see
Cerium
Cerium
Cerium

chloride
chlor~de (aqueous)
cobalt nitrate,

see nitric acid, cerium cobalt salt
Cerium manganese nitrate,

see nitric acid, cerium manganese salt
Cerium nickel nitrate, •

see nitric acid, cerium nickel salt
Cerium nitrate, see nitric acid, cerium salt
Cesium nitrate, see nitric acid, cesium salt
Chromic acid, potassium salt (aqueous)

+ nitric acid, yttrium salt

465
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Cobalt nitrate, see nitrl.c acid, cobalt salt
Copper nitrate, see nitric acid, copper salt
Cyclohexanaml.ne nitrate + water 328
Cyclohexanamine nl.trate (aqueous)

+ nl.tric acid, neodymium salt 328
Cyclohexylamine nitrate (aqueous)

+ nl.tric acid, praseodymium salt 266, 267

D

Dl.ethylaml.ne nitrate,
see ethanaml.ne, N-ethyl-, nitrate

Diethylenetriamine trl.nitrate,
see 1,2-ethanediamine, N-(2-aminoethyl)-,

nitrate
Diethylene glycol, see ethanol, 2,2'-oxybis
Dimethylamine nitrate,

see methanamine, N-methyl-, nitrate
1,4-Dioxane + nitric acid, cerium salt 221, 224
Dysprosium nitrate, see nitric acid, dysprosium salt

E

391

280

325

261

96, 97

95

325
208

208

93, 94

93, 94,
96, 97

324

260

109, 143

395

395

99, 209,
394, 421

209, 210

421

394

98, 99

98,
210,

gadolinium salt

lanthanum salt

dysprosium salt

cerium salt

praseodumium salt 262, 263
cerium salt 221, 222, 223

391

acid, gadolinium salt
acid, neodymium salt
acid, praseodymium salt

water
(aqueous)
nitric acid, lanthanum salt

nitrate
+

nitrate
+
+

(aqueous)
nitric acid, neodymium salt
(aqueous)
nitrl.c acid, praseodymium salt
nitric acid, lanthanum salt
(aqueous)

N-(2-aminoethyl)-, trinitrate
+ water

N-(2-aminoethyl)-, trinitrate (aqueous)
+ nitric acid, gadolinium salt

dinitrate
+ water

dinitrate (aqueous)
+ nitric acid,

dinitrate (aqueous)
+ nitric acid,

dinitrate (aqueous)
+ nitric acid,

dinitrate (aqueous)
+ nitric acid,

dinitrate (aqueous)
+ nitric acid,
+ nitric acid,
+ water

(aqueous)
+ nitric
+ nitric
+ nitric

Erbium nl.trate, see
Ethanamine, N,N-diethyl
Ethanamine, N,N-dl.ethyl-

Ethanamine, N-ethyl-,

nitric acid, erbium salt
+ water

(aqueous)
+ nitric acid, praseodymium salt

Ethanamine, N,N-diethyl-, nitrate
+ water

Ethanamine, N,N-diethyl- (aqueous)
+ nl.tric acid, lanthanum salt

Ethanamine, N,N-diethyl-, nitrate (aqueous)
+ nitric acid, neodymium salt

Ethanamine, N-ethyl- + water
Ethanamine, N-ethyl- (aqueous)

+ nitric acid, cerium salt
Ethanamine, N-ethyl-, nitrate

+
Ethanaml.ne, N-ethyl-, nitrate

+

Ethanamine, N-ethyl-,

1,2-Ethanediamine,

1,2-Ethanediamine

1,2-Ethanediamine,

1,2-Ethanedl.amine,

1,2-Ethanediamine,

1,2-Ethanediamine,

1,2-Ethanediamine,

Ethane, l,l'-oxybis
Ethanol, 2-amino-, nitrate
Ethanol, 2-amino-, nitrate

1,2-Ethanediamine,

1,2-Ethanediamine,

Ethanol, 2-ethoxy-
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Ethanol, 2-ethoxy-

Ethylenediamine
Europium nitrate,

+ nitric acid, praseodymium salt
+ nitric acid, neodymium salt

Ethanol, 2-2'-iminobis-, nitrate
+ water

Ethanol, 2,2'-iminobis-, nitrate (aqueous)
+ nitric acid, gadolinium salt

Ethanol, 2,2' ,2"-nitrilotris-, nitrate
+ water

Ethanol, 2,2' ,2"-nitrilotris-, n1trate (aqueous)
+ nitric acid, gadolinium salt

2-Ethoxyethanol, see ethanol, 2-ethoxy-
Ethylenediamine dinitrate,

see l,2-ethanediamine, dinitrate
see l,2-ethanediamine
see nitric aC1d, europium salt

280

392

392

393

393

G

Gadolinium cobalt nitrate,
see nitric acid, cobalt gadolinium salt

Gadolinium magnesium nitrate,
see nitric acid, gadolinium magnesium salt

Gadolin1um nickel nitrate,
see nitric aC1d, gadolinium nickel salt

Gadolinium nitrate, see nitric acid, gadolinium salt
Gadolinium zinc nitrate,

see nitric acid, gadolinium zinc salt
Guanidine mononitrate + water 92
Guanidine mononitrate (aqueous)

+ nitric aC1d, lanthanum salt 92
Guanidine mononitrate (aqueous)

+ nitric acid, praseodymium salt 259

H

327, 396, 422

nitric acid, praseodymium salt 257, 258
water 86, 87, 201,

202, 320, 321
Hydrazine mononitrate

264, 265

89

89

422

396

327

88,

88,

nitrate (aqueous)
+ nitric acid, praseodymium salt

dinitrate
+ water

dinitrate (aqueous)
+ nitric acid, dysprosium salt

dinitrate (aqueous)
+ nitric acid, gadolinium salt

dinitrate (aqueous)
+ nitric acid, neodymium salt

see nitric acid, holmium salt
+ water

(aqueous)
+ nitric acid, lanthanum salt

(aqueous)
+
+

1,6-Hexanediamine,

Hexamethyleneimine

l,6-Hexanediamine,

1,6-Hexanediamine,

1,6-Hexanediamine,

Holmium nitrate,
Hydrazine dinitrate
Hydrazine dinitrate

Hydrazine dinitrate

Hydrazine mononitrate (aqueous)
+ nitric acid, cerium salt 201, 202

Hydrazine mononitrate (aqueous)
+ nitric acid, lanthanum salt 86, 87

Hydrazine mononitrate (aqueous)
+ nitric acid, neodymium salt 320, 321

L

Lanthanum acetate, see acetic acid, lanthanum salt
Lanthanum ammonium nitrate,

see nitric acid, lanthanum ammonium salt
Lanthanum chloride (aqueous) + nitric acid, lanthanum salt
Lanthanum cobalt nitrate,

see nitric acid, cobalt lanthanum salt

69
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Lanthanum manganese nitrate,
see nitric acid, lanthanum manganese salt

Lanthanum nickel nitrate,
see nitric acid, lanthanum nJ.ckel salt

Lanthanum nitrate, see nitric acid, lanthanum salt
Lanthanum oxalate, see oxalic acid, lanthanum salt
Lithium nitrate, see nitric acid, lithium salt
LutetJ.um nitrate, see nitric acid, lutetJ.um salt

M

Magnesium nitrate,
Manganese nitrate,
MethanamJ.ne nitrate
Methanamine nitrate

Magnesium lanthanum nitrate,
see nitric acid, magnesium lanthanum
see nitric aCJ.d, magnesium salt
see nitric acid, manganese salt

+ water
(aqueous)

+ nitric acid, cerium salt
Methanamine, N,N-dimethyl- (aqueous)

+ nitric acid, neodymium salt
Methanamine, N,N-dimethyl- (aqueous)

+ nitric acid, neodymium salt
+ tetramethylammonium nitrate

Methanamine, N-methyl- + water
Methanamine, N-methyl- (aqueous)

+ nitric acid, cerium salt
Methanamine, N-methyl-, nitrate

+ water
Methanamine, N-methyl-, nitrate (aqueous)

+ nitric acid, lanthanum salt
Methanaminium, N,N,N-trimethyl-, nJ.trate

+ water
Methanaminium, N,N,N-trimethyl-, nitrate (aqueous)

+ nitric aCJ.d, neodymium salt

salt

205, 206

205, 206

322

323
207

207

90, 91

90, 91

323

323

N

31, 319
32, 33,

85, 203, 204

Neodymium cobalt nitrate,
see nitric acid, cobalt neodymJ.um salt

Neodymium manganese nitrate,
see nitric acid, manganese neodymium salt

Neodymium nickel nitrate"
see nitric acid, neodymium nickel salt

Neodymium nitrate, see nitric acid, neodymium salt
Nickel nitrate, see nitric acid, nickel salt
Nitric acid, aluminum salt + water
Nitric aCJ.d, ammonium salt + water

Nitric aCJ.d, ammonium salt (aqueous)
+ nitric acid 390

Nitric acid, ammonium salt (aqueous)
+ nitric acid, cerium salt 185, 186,

203, 204
Nitric acid, ammonium salt (aqueous)

+ nitric acid, gadolinium salt
+ nitric acid 390

Nitric acid, ammonium salt (aqueous)
+ nitric acid, lanthanum salt 85

Nitric acid, ammonium salt (aqueous)
+ nitric acid, magnesium salt 185, 186

Nitric acid, ammonium salt (aqueous)
+ nitric acid, magnesium salt
+ nitric acid, cerium salt 185, 186

Nitric acid, ammonium salt (aqueous)
+ nitric acid, yttrium salt 32, 33, 34

Nitric acid, ammonium salt (aqueous)
+ nitric acid, yttrium salt
+ nitric acid 34

Nitric acid, ammonium cerium salt
+ water 221, 234



System Index 469

Nitric acid, ammonium cerium salt (aqueous)
+ nitric acid 221, 235

Nitric acid, ammonium cerium IV salt
+ phosphoric acid, tributyl ester 240

Nitric acid, ammonium cerium IV salt
+ water 236, 237

N~tric acid, ammonium cerium IV salt (aqueous)
+ nitric ac~d 238, 239

Nitric acid, ammonium lanthanum salt
+ water 148, 155

Nitric acid, barium salt + water 191
N~tric acid, bar~um salt (aqueous)

+ n~tric acid, cerium salt 191
Nitric acid, barium salt (aqueous)

+ nitric acid, lanthanum salt 65
Nitric acid, beryllium salt + water 180, 181
Nitric acid, beryllium salt (aqueous)

+ nitric acid, cerium salt 180, 181
Nitric ac~d, cadm~um salt + water 199, 200
Nitric acid, cadmium salt (aqueous)

+ nitric acid, cerium salt 199, 200
N~tric acid, calcium salt + water 187, 188
Nitric acid, calcium salt (aqueous)

+ nitric acid, cer~um salt 187, 188
Nitric acid, cerium salt + water 156 - 162,

163 - 182,
187 - 202

Nitric acid, cerium salt + 1,4-dioxane 221, 224
Nitric acid, cerium salt + ethane, l,l'-oxybis- 221, 222, 223
Nitric acid, cerium salt + phosphoric acid,

tributyl ester 221, 225
Nitric acid, cer~um salt (aqueous)

+ n~tric acid, magnesium salt
+ nitric acid, ammonium salt 185, 186

N~tric ac~d, cer~um salt (aqueous)
+ nitric acid, magnesium salt
+ nitric acid, nickel salt 183, 184

Nitric acid, cerium salt (aqueous)
+ acetamide, N-(aminocarbonyl)- 220

Nitr~c ac~d, cerium salt (aqueous)
+ an~line nitrate 215

Nitric acid, cerium salt (aqueous)
+ nitric acid, copper salt 196 - 198

N~tr~c ac~d, cerium salt (aqueous)
+ cerium chloride 192

Nitric acid, cerium salt (aqueous)
+ ethanamine, N-ethyl- 208

Nitr~c acid, cerium salt (aqueous)
+ 1,2-ethanediamine , dinitrate 209, 210

Nitric acid, cerium salt (aqueous)
+ hydrazine mononitrate 201, 202

Nitric acid, cerium salt (aqueous)
+ I!1ethanamine nitrate 205, 206

Nitric acid, cerium salt (aqueous)
+ methanamine, N-methyl- 207

Nitr~c acid, cerium salt (aqueous)
+ nitric acid 161, 162,

167 - 170
Nitric ac.i.d, cerium salt (aqueous)

+ nitric acid, ammonium salt 185, 186,
203, 204

Nitr~c acid, cerium salt (aqueous)
+ nitric acid, barium salt 191

Nitric acid, cerium salt (aqueous)
+ nitric acid, beryllium salt 180, 181

Nitric acid, cerium salt (aqueous)
+ nitric acid, cadmium salt 199, 200

Nitric acid, cerium salt (aqueous)
+ nitric acid, calcium salt 187, 188

Nitric acid, cerium salt (aqueous)
+ nitric acid, cesium salt 161, 162,

178, 179
Nitric acid, cerium salt (aqueous)

+ nitric acid, lithium salt 171, 172
Nitric acid, cerium salt (aqueous)

+ nitric acid, magnesium salt 162, 182 - 186
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Nitric acid, cerium salt (aqueous)
+ nitric acid, manganese salt 193, 194

Nitric acid, cerium salt (aqueous)
+ nitric acid, nickel salt 183, 184, 185

Nitric acid, cerium salt (aqueous)
+ nitric acid, potassium salt 161, 162,

174, 175
Nitric acid, cerium salt (aqueous)

+ nitric acid, rubidium salt 161, 162,
176, 177

Nitric acid, cerium salt (aqueous)
+ nitric acid, sodium salt 173

Nitric acid, cerium salt (aqueous)
+ nitric acid, stront~um salt 189, 190

Nitric acid, cerium salt (aqueous)
+ piperid~ne nitrate 211, 212

Nitric acid, cerium salt (aqueous)
+ pyridine nitrate 213, 214

Nitric acid, cer~um salt (aqueous)
+ thiourea 219

Nitric acid, cerium salt (aqueous)
+ urea 216, 217

Nitric acid, cerium salt (aqueous)
+ urea mononitrate 218

Nitric acid, cerium cobalt salt (aqueous)
+ nitr~c acid 221, 231

N~tric acid, cerium magnesium salt (aqueous)
+ nitric acid 229

N~tric acid, cerium magnesium salt
+ water 226, 227, 228

N~tric acid, cerium manganese salt (aqueous)
+ nitric acid 221, 230

Nitric acid, cerium nickel salt (aqueous)
+ nitric acid 221, 232

Nitric acid, cerium zinc salt (aqueous)
+ nitric acid 221, 233

N~tric acid, cesium salt + water 61, 178, 179
Nitric acid, cesium salt (aqueous)

+ nitric acid, cerium salt 161, 162,
178, 179

Nitric acid, cesium salt (aqueous)
+ nitric acid, lanthanum salt 61

Nitric acid, cobalt salt + water 30, 80
Nitric acid, cobalt salt (aqueous)

+ nitric acid, lanthanum salt 80
Nitric acid, cobalt salt (aqueous)

+ nitric acid, yttrium salt 30
Nitric acid, cobalt gadolinium salt (aqueous)

+ nitric acid 406
Nitric acid, cobalt lanthanum salt (aaueous)

+ nitric acid 109, 152
Nitric acid, cobalt neodymium salt

+ water 350
Nitric acid, cobalt neodymium salt (aqueous)

+ nitric acid 349
Nitric acid, cobalt praseodymium salt

+ water 295
Nitric acid, cobalt praseodymium salt (aqueous)

+ nitric acid 294
Nitric acid, cobalt samarium salt (aqueous)

+ nitric acid 373
Nitric acid, copper salt + water 196 - 198
Nitric acid, copper salt (aqueous)

+ nitric acid, cerium salt 196 - 198
Nitric acid, copper praseodymium salt

+ water 298
Nitric acid, dysprosium salt

+ water 414-417,
418 - 428

Nitric acid, dysprosium salt (aqueous)
+ nitric acid 415-417, 420
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dinitrate 421

dinitrate 422

416, 417, 424

416, 417, 423

416, 417, 425

Nitric acid, europium salt (aqueous)
+ nitric acid

N~tric acid, europium salt (aqueous)
+ urea

Nitr~c adid, gadolin~um salt
+ water

380

447

416, 417,
426, 428
434 - 436,
437-443,
445 - 447

448

381 - 385,
386-389,
391 - 404

446

439, 440

441

442

443

444, 445
376, 377,
378, 380

379

+ water

salt (aqueous)
+ 1,2-ethanediam~ne

salt (aqueous)
+ 1,6-hexanediamine

salt (aqueous)
+ an~line n~trate

salt (aqueous)
+ pyr~dine n~trate

salt (aqueous)
+ quinoline n~trate

salt (aqueous)
+ quinol~ne, 8-methyl-,

nitrate
salt (aqueous)

+ urea

+ ethane, l,l'-oxyb~s

(aqueous)
+ acetam~de

(aqueous)
+ acetam~de, N-(aminocarbonyl)

(aqueous)
+ nitric acid

(aqueous)
+ pyridine nitrate

(aqueous)
+ quinoline nitrate

(aqueous)
+ quinoline, 6-methyl-,

nitrate
(aqueous)

+ urea
N~tric ac~d, europium salt + water

Nitric ac~d, dysprosium

Nitric acid, dysprosium

Nitric acid, dysprosium

Nitric acid, dysprosium

Nitric acid, dysprosium

Nitric acid, dysprosium

Nitr~c acid, dysprosium

Nitr~c acid, erb~um salt

Nitric ac~d, erbium salt
Nitric acid, erbium salt

Nitric acid, erbium salt

Nitric acid, erbium salt

Nitric acid, erbium salt

Nitric acid, erbium salt

Nitric acid, erbium salt

Nitric acid, erb~um salt

29, 384,
385, 389, 390

Nitric acid, gadolinium salt (aqueous)
+ 1,2-ethaned~amine, N-(2-aminoethyl)

nitrate
Nitric acid, gadolinium salt (aqueous)

+ 1,2-ethaned~am~ne, din~trate

Nitric acid, gadolinium salt (aqueous)
+ ethanol, 2-amino-, nitrate

Nitric acid, gadolinium salt (aqueous)
+ ethanol, 2,2'-iminobis-,

nitrate
Nitric acid, gadolinium salt (aqueous)

+ ethanol, 2,2' ,2"-nitrilotris-,
nitrate

Nitric acid, gadolinium salt (aqueous)
+ 1,6-hexanediamine dinitrate

Nitric acid, gadolinium salt (aqueous)
+ nitric acid

395

394

391

392

393

396

Nitric acid, gadolinium salt (aqueous)
+ nitric ac~d, ammonium salt
+ nitric acid 390

Nitric acid, gadolinium salt (aqueous)
+ piperazine dinitrate 402

Nitric acid, gadolinium salt (aqueous)
+ piperidine nitrate 401

Nitric acid, gadolinium salt (aqueous)
+ pyridine nitrate 397
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N~tr~c acid, gadol~n~um salt (aqueous)
+ quinol~ne n~trate 398

Nitric ac~d, gadolinium salt (aqueous)
+ quinoline, 8-methyl-, nitrate 399

N~tric acid, gadolinium salt (aqueous)
+ quinol~nol, n~trate 400

Nitric acid, gadolinium salt (aqueous)
+ urea 403

Nitric acid, gadolinium salt (aqueous)
+ urea mononitrate 404

Nitr~c acid, gadolinium salt (aqueous)
+ nitric acid, yttr~um salt
+ n~tric ac~d 29

Nitric acid, gadolinium magnes~um salt (aqueous)
+ nitr~c ac~d 405

Nitric acid, gadolinium nickel salt (aqueous)
+ nitric acid 407

Nitric acid, gadolinium zinc salt (aqueous)
+ nitr~c acid 408

Nitric ac~d, holm~um salt + water 429, 430 - 433
Nitric acid, holmium salt (aqueous)

+ nitric acid 431, 432
N~tr~c acid, holmium salt (aqueous)

+ urea 433
N~tr~c acid, lanthanum salt + 1,4-dioxane 109, 135
Nitric acid, lanthanum salt + ethane, l,l'-oxybis- 109, 132, 133
Nitric acid, lanthanum salt + ethanol, 2-amino- 109, 115
N~tric ac~d, lanthanum salt + morpholine 109, 144
Nitr~c acid, lanthanum salt + water 38 - 47,

48 - 72,
75, 76,
79 - 108

Nitric acid, lanthanum salt, hexahydrate
+ acetic acid, ethyl ester 109, 141

Nitric acid, lanthanum salt, hexahydrate
+ acetic acid, methyl ester 109, 140

Nitric acid, lanthanum salt, hexahydrate
+ acetonitrile 109, 142

Nitric acid, lanthanum salt, hexahydrate
+ benzenamine 109, 146

Nitric acid, lanthanum salt, hexahydrate
+ benzenamine, 2-methyl- 109, 145

Nitr~c acid, lanthanum salt, hexahydrate
+ benzenemethanol 109, 131

Nitr~c acid, lanthanum salt, hexahydrate
+ I-butanol 109, 120

Nitric acid, lanthanum salt, hexahydrate
+ 2-butanol 109, 121

Nitric acid, lanthanum salt, hexahydrate
+ I-butanol, 3-methyl- 109, 126

Nitric acid, lanthanum salt, hexahydrate
+ 2-butanol, 2-methyl- 109, 127

Nitric acid, lanthanum salt, hexahydrate
+ cyclohexanol 109, 130

Nitric acid, lanthanum salt, hexahydrate
+ cyclohexanone 109, 138

Nitric acid, lanthanum salt, hexahydrate
+ 1,4-dioxane 109, 136

Nitric acid, lanthanum salt, hexahydrate
+ 1,2-ethanediol 109, 112

Nitric acid, lanthanum salt, hexahydrate
+ ethane, l,l'-oxybis- 109, 134

Nitric acid, lanthanum salt, hexahydrate
+ ethanol 109, III

Nitric acid, lanthanum salt, hexahydrate
+ ethanol, 2-ethoxy- 109, 114

Nitric acid, lanthanum salt, hexahydrate
+ ethanol, 2-methoxy- 109, 113

Nitric acid, lanthanum salt, hexahydrate
+ formic acid, ethyl ester 109, 139

Nitric acid, lanthanum salt, hexahydrate
+ I-hexanol 109, 128, 129
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Nitric acid, lanthanum salt, hexahydrate
+ methanol 109, 110

Nitric acid, lanthanum salt, hexahydrate
+ l-pentanol 109, 124

Nitric acid, lanthanum salt, hexahydrate
+ 3-pentanol 109, 125

Nitrl.c ac~d, lanthanum salt, hexahydrate
+ phosphor~c acid, tributyl ester 109, 147

N~tric ac~d, lanthanum salt, hexahydrate
+ 1,2,3-propanetriol 109, 119

Nitric acid, lanthanum salt, hexahydrate
+ l-propanol 109, 116

Nitric acid, lanthanum salt, hexahydrate
+ l-propanol, 2-methyl- 109, 122

Nitr~c acid, lanthanum salt, hexahydrate
+ 2-propanol 109, 117

Nitric acid, lanthanum salt, hexahydrate
+ 2-propanol, 2-methyl- 109, 123

Nitric acid, lanthanum salt, hexahydrate
+ 2-propanone 109, 137

N~tr~c acid, lanthanum salt, hexahydrate
+ 2-propen-l-ol 109, 118

Nitr~c acid, lanthanum salt, (aqueous)
+ acet~c acid, lanthanum salt 66

Nitric acid, lanthanum salt (aqueous)
+ aniline nitrate 104, 105

Nitric acid, lanthanum salt (aqueous)
+ benzamide 108

Nitric acid, lanthanum salt (aqueous)
+ ethanamine, N,N-diethyl- 95

N~tric ac~d, lanthanum salt (aqueous)
+ ethanamine, N,N-d~ethyl-,

n~trate 96, 97
Nitric acid, lanthanum salt (aqueous)

+ ethanam~ne, N-ethyl-,
nitrate 93, 94

Nitric acid, lanthanum salt (aqueous)
+ 1,2-ethanediamine din~trate 98, 99

Nitric acid, lanthanum salt (aqueous)
+ guanid~ne mononitrate 92

Nitric acid, lanthanum salt (aqueous)
+ l-hexanol 1.2., 47

Nitric acid, lanthanum salt (aqueous)
+ hydrazine dinitrate 88, 89

Nitric acid, lanthanum salt (aqueous)
+ hydrazine mononitrate 86, 87

Nitric acid, lanthanum salt (aqueous)
+ lanthanum chloride 69

Nitric acid, lanthanum salt (aqueous)
+ methanamine, N-methyl-,

nitrate 90, 91
Nitric acid, lanthanum salt (aqueous)

+ nitric acid 28, 39, 45,
il, 53 - 55

Nitric acid, lanthanum salt (aqueous)
+ nitric acid, ammonium salt i2., il, 85

Nitric acid, lanthanum salt (aqueous)
+ nitric acid, barium salt 65

Nitric acid, lanthanum salt (aqueous)
+ nitric acid, cesium salt i2., il, 61

Nitric acid, lanthanum salt (aqueous)
+ nitric acid, cobalt salt 80

Nitric acid, lanthanum salt (aqueous)
+ nitric acid, magnesium salt 62 - 64

Nitric acid, lanthanum salt (aqueous)
+ nitric acid, manganese salt 79

Nitric acid, lanthanum salt (aqueous)
+ nitric acid, neodymium salt 39, 47,

TI, n
Nitric acid, lanthanum salt (aqueous)

+ nitric acid, neodymium salt
+ phosphoric acid, tributyl ester 73, 74

473
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Nitric ac~d, lanthanum salt (aqueous)
+ nitric acid, nickel salt 81

N~tric ac~d, lanthanum salt (aqueous)
+ nitric acid, potassium salt 45, 47,

58, 59
N~tr~c acid, lanthanum salt (aqueous)

+ nitric acid, praseodymium salt 70
Nitric acid, lanthanum salt (aqueous)

+ nitr~c acid, rubidium salt ~, il, 60
Nitric ac~d, lanthanum salt (aqueous)

+ nitric acid, samar~um salt 75, 76
Nitr~c acid, lanthanum salt (aqueous)

+ nitric acid, sodium salt 57
Nitric acid, lanthanum salt (aqueous)

+ nitric acid, zinc salt 82 - 84
Nitric acid, lanthanum salt (aqueous)

+ oxalic acid, lanthanum salt 67, 68
Nitr~c acid, lanthanum salt (aqueous)

+ piperidine nitrate 100, 101
Nitr~c acid, lanthanum salt (aqueous)

+ 2-propanone 56
Nitric acid, lanthanum salt (aqueous)

+ pyridine nitrate 102, 103
N~tr~c acid, lanthanum salt (aqueous)

+ quinoline nitrate 106, 107
Nitric ac~d, lanthanum salt (aqueous)

+ nitric acid, samarium salt
+ phosphoric acid, tributyl ester 77, 78

Nitr~c acid, lanthanum salt (aqueous)
+ nitric acid, yttrium salt
+ nitric acid 28

Nitric ac~d, lanthanum manganese salt (aqueous)
+ nitric acid 109, 151

Nitr~c acid, lanthanum magnesium salt
+ water 148, 150

N~tr~c acid, lanthanum magnesium salt (aqueous)
+ nitric acid 148, 149

Nitric acid, lanthanum nickel salt (aqueous)
+ nitric acid 109, 153

Nitric ac~d, lanthanum z~nc salt (aqueous)
+ nitric acid 109, 154

Nitr~c acid, l~thium salt + water 171, 172
Nitric acid, l~thium salt (aqueous)

+ nitric acid, cerium salt 171, 172
Nitr~c acid, lutetium salt + water 461, 462 - 464
Nitric acid, lutetium salt (aqueous)

+ nitric acid 463
Nitr~c ac~d, lutetium salt (aqueous)

+ urea 464
Nitr~c ac~d, magnesium salt + water 62 - 64, 182
Nitric acid, magnes~um salt (aqueous)

+ nitric acid, ammonium salt 185, 186
Nitric acid, magnesium salt (aqueous)

+ nitric acid, cerium salt 162, 182 - 186
Nitric acid, magnesium salt (aqueous)

+ nitric acid, cerium salt
+ nitric acid, ammonium salt 185, 186

Nitric acid, magnesium salt (aqueous)
+ nitric acid, cerium salt
+ nitric acid, nickel salt 183, 184

Nitric acid, magnesium salt (aqueous)
+ nitric acid, lanthanum salt 62 - 64

N~tric acid, magnesium salt (aqueous)
+ nitric acid, nickel salt 183, 184

Nitric acid, magnesium neodymium salt
+ water 339 - 341,

343, 344
Nitric acid, magnesium neodymium salt (aqueous)

+ nitric acid 339 - 441,
442, 445

Nitric acid, magnesium neodymium salt (aqueous)
+ nitric acid, magnesium salt 346
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Nitric acid, magnesium praseodymium salt
+ water 286 - 288,

290, 291
N~tric acid, magnesium praseodymium salt (aqueous)

+ nitric acid 286 - 288, 289
Nitric acid, magnesium samar~um salt (aqueous)

+ nitric acid 371, 372
Nitric acid, manganese salt + water 79, 193, 194
Nitric acid, manganese salt (aqueous)

+ n~tric acid, cerium salt 193, 194
Nitric ac~d, manganese salt (aqueous)

+ nitric acid, lanthanum salt 79
N~tric acid, manganese neodymium salt

+ water 348
Nitric acid, manganese neodymium salt (aqueous)

+ n~tric acid 347
Nitric acid, manganese praseodymium salt

+ water 293
Nitric acid, manganese praseodymium salt (aqueous)

+ nitric acid 286 - 288, 292
Nitric acid, neodymium salt + dioxane 335, 338
Nitric acid, neodymium salt + ethane, l,l'-oxybis- 335, 336, 337
N~tric ac~d, neodymium salt + ethanol, 2-methoxy- 279
Nitric acid, neodymium salt + water 301-314,

316 - 334
Nitric acid, neodymium salt + nitric acid, praseodymium salt

+ ethane, l,l'-oxybis- 282
Nitric acid, neodymium salt + nitric acid, praseodymium salt

+ ethanol, 2-ethoxy- 280
Nitric acid, neodymium salt + nitric acid, praseodymium salt

+ ethanol, 2-methoxy- 279
Nitr~c acid, neodymium salt + nitric acid, praseodymium salt

+ propane, 2,2'-oxybis- 284
Nitric acid, neodymium salt + nitric acid, rubidium salt

+ nitric acid 315
Nitric acid, neodymium salt (aqueous)

+ 2-butanamine nitrate 326
Nitr~c acid, neodymium salt (aqueous)

+ cyclohexanamine nitrate 328
Nitric acid, neodymium salt (aqueous)

+ ethanamine, N,N-diethyl-,
nitrate 325

Nitric acid, neodymium salt (aqueous)
+ ethanamine, N-ethyl-, nitrate 324

Nitric acid, neodymium salt (aqueous)
+ 1,6-hexanediamine dinitrate 327

Nitric acid, neodymium salt (aqueous)
+ hydrazine mononitrate 320, 321

Nitric acid, neodymium salt (aqueous)
+ methanamine, N,N-dimethyl-,

nitrate 322
Nitric acid, neodymium salt (aqueous)

+ nitric acid 304 - 308,
313 - 315

Nitric acid, neodymium salt (aqueous)
+ nitric acid, aluminum salt 319

Nitric acid, neodymium salt (aqueous)
+ nitric acid, lanthanum salt 71, 72

Nitric acid, neodymium salt (aqueous)
+ nitric acid, lanthanum salt
+ phosphoric acid, tributyl ester 73, 74

Nitric acid, neodymium salt (aqueous)
+ nitric acid, praseodymium salt 255

Nitric acid, neodymium salt (aqueous)
+ nitric acid, samarium salt 317

Nitric acid, neodymium salt (aqueous)
+ nitric acid, zinc salt 318

Nitric acid, neodymium salt (aqueous)
+ oxalic acid, neodymium salt 316

Nitric acid, neodymium salt (aqueous)
+ piperazine dinitrate 330

Nitric acid, neodymium salt (aqueous)
+ piperidine nitrate 329

Nitric acid, neodymium salt (aqueous)
+ pyridine nitrate 331
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NJ.tric acid, neodymium salt (aqueous)
+ quinoline nitrate 332, 333

Nitric acid, neodymium salt (aqueous)
+ urea 334

Nitric acid, neodymium nickel salt (aqueous)
+ nitric acid 351

Nitric acid, neodymium zinc salt
+ water 353

NitrJ.c acid, neodymium zinc salt (aqueous)
+ nitric acid 352

NJ.trJ.c acid, nickel salt + water 81, 195
NJ.tric acid, nickel salt (aqueous)

+ nitric acid, cerium salt 183, 184, 195
Nitric acid, nickel salt (aqueous)

+ nitric acid, lanthanum salt 81
NitrJ.c acid, nickel salt (aqueous)

+ nitric acid, magnesium salt 183, 184
Nitric aCJ.d, nickel praseodymium salt

+ water 297
Nitric acid, nickel praseodymium salt (aqueous)

+ nitric aCJ.d 296
Nitric aCJ.d, nickel samarJ.um salt (aqueous)

+ nitric acid 374
NJ.tric acid, potassium salt + water 58, 59,

174, 175
Nitric acid, potassium salt (aqueous)

+ nitric acid, lanthanum salt 58, 59
NJ.tric acid, potassium salt (aqueous)

+ nitric acid, cerium salt 161, 162,
174, 175

Nitric acid, praseodymium salt
+ ethane, l,l'-oxybis- 281, 283

Nitric acid, praseodymium salt
+ nitric acid, neodymium salt
+ ethanol, 2-methoxy- 279

NJ.tric acid, praseodymium salt
+ 1,4-dJ.oxane 285

NJ.tric acid, praseodymium salt
+ nitric acid, neodymium salt
+ ethane, l,l'-oxybis- 282

Nitric acid, praseodymJ.um salt
+ nitric acid, neodymium salt
+ ethanol, 2-ethoxy- 280

NJ.trJ.c aCJ.d, praseodymJ.um salt
+ nitric acid, neodymium salt
+ ethanol, 2-methoxy- 279

Nitric acid, praseodymium salt
+ nitric acid, neodymium salt
+ propane, 2,2'-oxybis- 284

Nitric acid, praseodymium salt
+ water 241-246,

247-253
Nitric aCJ.d, praseodymium salt (aqueous)

+ aniline, nitrate 271
Nitric acid, praseodymium salt (aqueous)

+ cyclohexylamine nitrate 266, 267
Nitric acid, praseodymium salt (aqueous)

+ ethanamine, N,N-diethyl- 261
Nitric acid, praseodymium salt (aqueous)

+ ethanamine, N-ethyl-,
nitrate 260

Nitric acid, praseodymium salt (aqueous)
+ 1,2-ethanediamine, dinitrate 262, 263

Nitric acid, praseodymium salt (aqueous)
+ guanidine mononitrate 259

Nitric acid, praseodymium salt (aqueous)
+ hexamethyleneimine nitrate 264, 265

Nitric acid, praseodymium salt (aqueous)
+ hydrazine dinitrate 257, 258

Nitric acid, praseodymium salt (aqueous)
+ nitric acid 252 - 254

Nitric acid, praseodymium salt (aqueous)
+ nitric acid, lanthanum salt 70
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Nitric acid, praseodymium salt (aqueous)
+ nitric acid, neodymium salt 255

Nitric acid, praseodymium salt (aqueous)
+ nitric acid, rubid~um salt
+ nitric acid 254

Nitric acid, praseodymium salt (aqueous)
+ nitric acid, zinc salt 256

Nitric acid, praseodymium salt (aqueous)
+ p~peridine nitrate 268

Nitric acid, praseodymium salt (aqueous)
+ pyrid~ne nitrate 269, 270

Nitric acid, praseodymium salt (aqueous)
+ qu~noline, 8-methyl-,

nitrate 274, 275
Nitr~c acid, praseodymium salt (aqueous)

+ quinoline nitrate 272, 273
Nitr~c acid, praseodymium salt (aqueous)

+ urea 276
Nitr~c acid, praseodymium salt (aqueous)

+ urea monon~trate 277
Nitric acid, praseodymium zinc salt

+ water 300
Nitric acid, praseodymium zinc salt (aqueous)

+ nitric acid 299
Nitr~c acid, rubid~um salt + water 60, 176, 177
Nitric acid, rub~dium salt (aqueous)

+ nitric ac~d 25, 254, 315
Nitric acid, rubidium salt (aqueous)

+ nitric acid, cerium salt 161, 162,
176, 177

Nitric acid, rubidium salt (aqueous)
+ nitric ac~d, lanthanum salt 60

Nitric acid, rubidium salt (aqueous)
+ nitric acid, neodymium salt
+ nitric acid 315

Nitric acid, rubidium salt (aqueous)
+ nitric acid, praseodymium salt
+ nitric acid 254

Nitric acid, rubidium salt (aqueous)
+ nitric acid, yttrium salt
+ nitric acid 25

Nitric acid, samarium salt + water 75, 76,
354 - 359,
360 - 370

Nitric acid, samarium salt (aqueous)
+ acetamide, N-(aminocarbonyl)- 370

Nitric acid, samarium salt (aqueous)
+ nitric acid 354 - 359,

364 - 367
Nitric acid, samarium salt (aqueous)

+ nitric acid, lanthanum salt 75, 76
Nitric acid, samarium salt (aqueous)

+ nitric acid, lanthanum salt
+ phosphoric acid, tributyl ester 77, 78

Nitric acid, samarium salt (aqueous)
+ nitric acid, neodymium salt 317

tlitric acid, samarium salt (aqueous)
+ nitric acid, zinc salt 358, 368, 369

Nitric acid, samarium zinc salt (aqueous)
+ nitric acid 375

Nitric acid, scandium salt + water 1, 2 - 14
Nitric acid, scandium salt (aqueous)

+ butane, l,l'-oxybis- 10
Nitric acid, scandium salt (aqueous)

+ I-butanol, 3-methyl- 6
Nitric acid, scandium salt (aqueous)

+ ethanone, I-phenyl- 13
Nitric acid, scandium salt (aqueous)

+ I-heptanol 7
Nitric acid, scandium salt (aqueous)

+ 2-hexanone 12
Nitric acid, scandium salt (aqueous)

+ nitric acid 3
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Nitric acid, scandium salt (aqueous)
+ 2-octanol 8

Nitric acid, scandium salt (aqueous)
+ 2-pentanone 11

Nitric acid, scandium salt (aqueous)
+ propanone, 2,2'-oxybis- 9

NJ.tric acid, scandium salt (aqueous)
+ propanoic aCJ.d, butyl ester 14

Nitric acid, scandium salt (aqueous)
+ urea 4, 5

Nitric acid, sodium salt + water 57, 173
Nitric acid, sodium salt (aqueous)

+ nitric acid, cerium salt 173
Nitric acid, sodium salt (aqueous)

+ nitric acid, lanthanum salt 57
Nitric acid, strontJ.um salt (aqueous)

+ water 189, 190
Nitric acid, strontium salt (aqueous)

+ nitric acid, cerJ.um salt 189, 190
Nitric acid, terbium salt + water 409, 410 - 412
Nitric acid, terbium salt (aqueous)

+ nJ.tric acid 412, 413
Nitric acid, thulium salt + water 449, 450 - 453
Nitric acid, thulJ.um salt (aqueous)

+ nitric acid 451, 452
Nitric acid, thulium salt (aqueous)

+ urea 453
Nitric acid, ytterbium salt + water 454 - 456,

457 - 460
Nitric acid, ytterbium salt (aqueous)

+ nitric acid 459
Nitric acid, ytterbium salt (aqueous)

+ urea 460
NitrJ.c acid, yttrium salt + ethane, l,l'-oxybis- 37
Nitric acid, yttrium salt + water 15 - 19,

20, 21
Nitric acid, yttrium salt (aqueous)

+ chromic acid, potassium salt 24
Nitric acid, yttrium salt (aqueous)

+ nitric acid 22, 25,
28 - 33

Nitric acid, yttrium salt (aqueous)
+ nitric acid, aluminum salt 31

Nitric acid, yttrium salt (aqueous)
+ nitric acid, ammonium salt 32, 33, 34

Nitric acid, yttrium salt (aqueous)
+ nitric acid, ammonium salt
+ nitric acid 34

Nitric acid, yttrium salt (aqueous)
+ nitric acid, cobalt salt 30

Nitric acid, yttrium salt (aqueous)
+ nitric acid, gadolinium salt
+ nitric acid 29

Nitric acid, yttrium salt (aqueous)
+ nitric acid, lanthanum salt
+ nitric acid 28

Nitric acid, yttrium salt (aqueous)
+ nitric acid, rubidium salt
+ nitric acid 25

Nitric acid, yttrium salt (aqueous)
+ urea 35, 36

Nitric acid, yttrium salt (aqueous)
+ yttrium hydroxide 26, 27

Nitric acid, zinc salt + water 82 - 84
318, 368, 369

Nitric acid, zinc salt (aqueous)
+ nitric acid, lanthanum salt 82 - 84

Nitric acid, zinc salt (aqueous)
+ nitric acid, praseodymium salt 256

2,2' ,2"-Nitrilotriethanol nitrate,
see ethanol, 2,2',2"-nitrilotris-
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o

Oxal~c acid, lanthanum salt (aqueous)
+ nitric acid, lanthanum salt

Oxalic acid, neodymium salt + nitric acid, neodymium salt
67, 68

316

P

Phosphoric acid, tributyl ester
+ nitric

Piperazine dinitrate + water
Piperazine dinitrate (aqueous)

+ nitric
Piperazine dinitrate (aqueous)

+ nitric
P~peridine nitrate + water

acid, cerium salt 221, 225
330, 402

acid, gadolinium salt 402

acid, neodymium salt 330
100,101,211,
212, 329, 401

Piperidine nitrate (aqueous)
+ nitric acid, cerium salt 211, 212

Piperidine nitrate (aqueous)
+ nitr~c acid, gadolinium salt 401

Piperid~ne nitrate (aqueous)
+ nitric ac~d, lanthanum salt 100, 101

Piperidine nitrate (aqueous)
+ nitric acid, neodymium salt 329

Piperidine nitrate (aqueous)
+ nitric acid, praseodymium salt 268

Potassium chromate, see chromic acid, potassium salt
Potassium nitrate, see nitric acid, potassium salt
Praseodymium cobalt nitrate,

see nitric acid, cobalt praseodymium salt
Praseodymium copper nitrate,

see nitric acid, copper praseodymium salt
Praseodymium manganese n~trate,

see nitric acid, manganese praseodymium
salt

Praseodymium nickel nitrate,
see n~tric acid, nickel praseodymium

salt

397

103,
331,
441
214

331

269, 270

102,
214,
423,
213,

102, 103

213,
397,

416, 417, 423
441acid, erbium salt

acid, gadolinium

acid, cerium salt
acid, dysprosium

acid, lanthanum

acid, neodymium

acid, praseodymium

+ nitric
+ nitric

salt
+ nitric
+ nitric

salt
+ nitric

salt
+ nitric

salt
+ nitric

salt

iso-Propyl ether,
Pyridine nitrate

Praseodymium nitrate,
see nitric acid, praseodymium salt

Praseodym~um zinc nitrate,
see nitric acid, praseodymium zinc salt
see propane, 2,2'-oxybis-

+ water

Pyridine nitrate (aqueous)
Pyridine nitrate (aqueous)

Pyridine nitrate (aqueous)
Pyridine nitrate (aqueous)

Pyridine nitrate (aqueous)

Pyridine nitrate (aqueous)

Pyridine nitrate (aqueous)

Quinoline nitrate (aqueous) + nitric acid, dysprosium
salt

Quinoline nitrate (aqueous) + nitric acid, erbium salt
Quinoline nitrate (aqueous) + nitric acid, gadolinium

salt

Quinoline nitrate + water 106, 107,
332, 333,

398, 425, 442

416, 417, 425
442

398
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QUlnoline nltrate (aqueous) + nltric acid, lanthanum
salt 106, 107

QUlnollne nltrate (aqueous) + nitric acid, neodymium
salt 332, 333

Quinoline nltrate (aqueous) + nitric acid, praseodymium
salt 272, 273

QUlnoline, 6-methyl-, nitrate
+ water 443

Quinollne, 6-methyl-, nltrate (aqueous)
+ nitric aCld, erbium salt 443

QUlnollne, 8-methyl-, nitrate
+ water 399, 426, 428

Quinoline, 8-methyl-, nitrate
+ nitrlc aCld, dysprosium

salt 416, 417, 426
QUlnoline, 8-methyl-, nitrate (aqueous)

+ nltric acid, gadolinium
salt 399

Quinolinol (aqueous) + nitrlc aCld, dysprosium
salt 416, 417, 427

Quinollnol nitrate + water 400, 427
QUlnollnol nltrate (aqueous)

+ nitric acid 416, 417, 427
Quinollnol nltrate (aqueous)

+ nitric acid, gadollnium
salt 400

S

Scandium nitrate,
Sodium nitrate,
Strontium nitrate,

nitric
nitric
nitric
nitric

Samarium

Samarium

Samarium

Samarium
Samarium

cobalt nitrate,
see nitric

manganese nitrate,
see nitric

nickel nitrate,
see nltric

nltrate, see nitrlc
zinc nitrate,

see
see
see
see

acid, cobalt samarium salt

acid, manganese samarium salt

acid, nickel samarium salt
acid, samarium salt

acid, samarium Zlnc salt
acid, scandium salt
acid, sodium salt
acid, strontium salt

T

219
219

ethanamine, N,N-diethyl-, nitrate

see nitric acid, terbium salt
nitrate,
see rnethanaminium, N,N,N-trimethyl-,

nitrate
+ water
+ nitric acid, cerium salt

nitric acid, thulium salt
phosphoric acid, tributyl ester
ethanamine, N,N-diethyl-

Terbium nitrate,
Tetramethylammonium

Thiourea
Thiourea (aqueous)
Thulium nitrate, see
Tributyl phosphate, see
Triethylamine, see
Triethylamine nitrate,

see

U

Urea + water 35, 36,
216, 217,

334, 380, 403,
428, 433, 444,
453, 460, 464

Urea (aqueous) + nitric acid, cerium salt 216, 217

Urea (aqueous) + nitric acid, erbium salt 444, 445
Urea (aqueous) + nitric acid, gadolinium

salt 403
Urea (aqueous) + nitric acid, holmium salt 433
Urea (aqueous) + nitric acid, lutetium salt 464
Urea (aqueous) + nitric acid, neodymium salt 334
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Urea (aqueous) + nitr~c ac~d, praseodymium
salt

Urea (aqueous) + nitric acid, thulium salt
Urea (aqueous) + n~tric acid, ytterbium salt
Urea mononitrate + water
Urea mononitrate (aqueous) + nitric ac~d, cer~um salt
Urea mononitrate (aqueous) + nitric ac~d, gadolin~um salt
Urea mononitrate (aqueous) + n~tric ac~d, praseodymium

salt

y

yttrium hydroxide (aqueous) + nitr~c acid, yttrium salt
yttrium nitrate, see nitr~c acid, yttr~um salt

Z

276
453
460

218, 404
218
404

277

26, 27

Zinc nitrate, see nitr~c ac~d, z~nc salt
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55-21-0
56-81-5
57-13-6

60-29-7

60-35-5

62-53-3
62-56-6
64-17-5
67-56-1
67-63-0

67-64-1
71-23-8
71-36-3
71-41-0
75-05-8

75-65-0
75-85-4
78-83-1
78-92-2
79-20-9

95-53-4
98-86-2

100-51-6
107-15-3
107-18-6

107-21-1
107-87-9
108-20-3
108-93-0
108-94-1

109-86-4
109-94-4
110-80-5
110-91-8
111-26-2

111-27-3
111-46-6
111-70-6
121-44-8
123-51-3

123-91-1
123-96-6
124-47-0
126-73-8
141-43-5

141-78-6
142-96-1
505-22-6
506-93-4
537-03-1

108
119
4, 5, 35, 36, 216, 217, 276, 334, 380, 403, 428,
433, 444, 445, 453, 460, 464
37, 132, 133, 221, 222, 223, 278, 281-283, 335,
336, 337, 448 --
447

146
219
111
110
117

56, 137
116
120
124
142

123
127
122
121
140

145
13
131
143
118

112
11
9, 284
130
138

113, 278, 279
139
114, 278, 280
144
264, 265

128, 129
134
7
95
6, 126

135, 136, 221, 224, 285
8
218, 277, 404
73, 74, 77, 78, 147, 221, 225, 240
115 -

141
10
338
92, 259
67, 68
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542-15-4
543-53-3
584-02-1
590-01-2
591-07-1

591-78-6
917-70-4

1186-50-1
1941-24-8
3251-23-8

6091-45-8
6143-53-9
6143-55-1
6484-52-2
6491-45-3

7631-99-4
7697-37-2

7732-18-5

7757-79-1
7779-88-6

7789-00-6
7789-18-6
7790-69-4
7790-86-5

10022-31-8

10031-51-3
10031-53-5
10035-00-4
10042-76-9
10043-27-3

10045-95-1

10099-58-8
10099-59-9
10099-67-9
10108-73-3

10124-37-5
10138-01-9
10141-05-6
10143-38-1
10168-80-6

10168-81-7
10168-82-8
10277-43-7
10294-41-4
10308-78-8

10325-94-7
10361-80-5
10361-83-8
10361-93-0
10377-60-3

Registry Number Index

104, 105, 215, 271, 424
102, 103, 213, 214, 269, 270, 331, 397, 423, 441
125
14
220, 370, 446

12
66
316
323
196-198

100, 101, 211, 212, 268, 329, 401
327, 396, 422
395
32-34, 85, 185, 186, 203, 204, 390
266, 267, 328

57, 173
3, 22, 23, 25, 28, 29, 34, 53-55, 149, 151-154,
167-170, 229-233, 235, 238, 239, 252-254, 292,
294, 296, 299, 313-315, 342, 345, 347, 349, 351,
352, 364-367, 371-375, 379, 389, 405-408, 412,
413, 420, 431, 432, 439, 440, 451, 452, 459, 463
1, 2-14, 15-19, 20-36, 38-47, 48-108, 110-114,
116-131, ~136-143, ~146, 148, 149-155,
156-162, 163-220, 226-227, 229-240:-241-246,
247-277, 286-288, 289-300, 301-308, 309-334,
339-341, 342-353, 354-359, 360-375, 376, 377,
378-380, 381-385, 386-408, 409, 410-413, 414-417,
418-428, 429, 430-433, 434-416, 437-447, 449,
450-453, 454-456, 457-460, 461, 462-464 ---
58, 59, 174, 175 ---
82-84, 256, 318, 368, 369

24
61, 178, 179
171, 172
192
65, 191

434-436
376, 377
454-456
189, 190
409, 410-413

71-74, 255, 279, 280, 282, 284, 301-308, 309-334,
335, 336-353
69
28, 38-47, 48-108, 109, 110-147
461, 462-464
156-162, 163-225

187, 188
376, 377, 378-380
30, 8-0--
414-417, 418-428
434-436, 437-448

29, 381-385, 386-404
429, 430-433
38-47
I56'=T62
330, 402

199, 200
70, 241-243, 247-277, 278-285
75-78, 317, 354-359, 360-370
15-19, 20-37
62-64, 182-186, 346
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10377-66-9
13083-04-0
13126-12-0
13138-45-9
13451-19-9

13464-97-6
13464-98-7
13465-60-6
13470-40-1
13473-90-0

13476-05-6
13494-98-9
13550-46-4
13566-21-7
13568-66-6

13597-99-4
13759-83-6
13768-67-7
13773-30-3
13773-54-1

13773-69-8
13826-42-1
13839-85-5
13984-18-4
14483-17-1

14483-18-2
14517-29-4
14520-95-7
14985-19-4
15276-91-2

15276-92-3
15318-60-2
15318-60-2
15878-72-5
15878-75-8

15878-76-9
15878-77-0
15878-79-2
16454-60-7
16469-22-0

16774-21-3
16999-44-3
16999-46-5
17203-49-5
18851-79-1

18851-80-4
19478-66-1
19598-90-4
20340-68-3
20346-68-3

20394-14-3
20748-72-5
20829-66-7
21640-15-3
22113-87-7

22465-27-6
24581-35-9
25238-43-1
25822-29-1
26635-06-3

Registry Number Index

79,193,194
226, 234, 235
25, 60, 176, 177, 254, 315
81, 183, 184, 195
409

86, 87, 201, 202, 320, 321
88, 89, 257, 258
1, 2-14
15-19
~19

434-436
15-19
~226, 227
148, 155
342-346

180, 181
354-359
454-456, 457-460
281-385
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