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FOREWORD

If the knowledge is
undigested or simply wrong,
more ts 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
briefly stated above, the innovative approach of the Solubility Data Project
1s 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-
bact compilation, rationalization and simplification, and the fitting of
isolated numerical data into a critically evaluated general framework.

SDS13-2# ix
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The Solubility Data Project has developed a mechanism which involves a
number of innovations in exploiting the literature fully, and which contains
new elements of a more imaginative approach for transfer of reliable infor-
mation from primary to secondary/tertiary sources. The fundamental trend of
the Solubility Data Project is toward integration of secondary and tertiary
services with the objective of producing in-depth critical analysis and
evaluation which are characteristic to secondary services, in a scope as
broad as conventional 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 qll 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. 1In 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: 1I. 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
lof tle 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
b set of smoothing equations derived from the experimental data endorsed by
the evaluator;

(iii) a graphical plot of recommended data.

The compilation part consists of data sheets of the best experimental
Hata in the primary literature. Generally speaking, such independent data
heets are given only to the best and endorsed data covering the known range
f 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
cceptable 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
klert 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
Chemical Abstracts registry numbers;

(ii) reference to the primary source where the numerical information is
reported. In cases when the primary source is a less common periodical or a
report document, published though of limited availability, abstract
references are also given;

(iii) experimental variables;

(iv) identification of the compiler;

(v) experimental values as they appear in the primary source. Whenever
hvailable, the data may be given both in tabular and graphical form. If
Auxiliary information is available, the experimental data are converted

hlso 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 principles 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 gquality 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 bit 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 and 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 288 K, but didymium is now known to
be a mixture of rare earths, mainly neodymium and praseodymium; Rothschild et al. (2) who
reported the solubility of a rare earth mixture containing 15 rare earths in 3-methyl-1-
butanol (i{scamyl alcohol) and 2-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 HNO,. A common procedure used to prepare the initial lanthanide nitrate has been
to crystall%ze the salt from aqueous nitric acid followed by desiccation over H,80,; or
CaCly. The nature of the hydrate produced by this method has led to considerable dis-
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 298.2 X 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 starting at around
Er(NO3)3, this transition temperature is close to 298.2 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(NO3)3 in the various Ln(N03)3-nH20 - H20 systems
can be described by a general smoothing equation based upon the treatments in (4,5) and
in the INTRODUCTION to this volume:

Y = fn(m/mg) ~ nMy(m - m)) = a + b/(T/K) + ¢ £n(T/K) (1]

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, my, is an arbitrarily selected refer-
ence molality (usually the solubility at 298.2 K), M; 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/mM, = 55.508/n mol kg™', and eq.[1] 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 points
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 Pl 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(NO3)3-6H20 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(NO3)3(H20)5]-H20 with coordination number 11 (8). The La-O(nitrate)
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)3-6H,0 the coordination polyhedron
is also formed by three bidentate nitrate groups, but only four water oxygen atoms: thus
the structural formula is [Pr(NO3)3(H20)4]-2H20 (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 (12) that the light
lanthanide nitrate pentahydrates and tetrahydrates also form two isotypic subgroups, one

xii
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consisting of La and Ce, and the other of Pr, Nd, and Sm. This may explain why the change
1n solubiity with 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 Pl space group is [La(N03)3(H20)4]-H20 (13). Thus as in the case with the
hexahydrate, the lattice is held together by one water md>lecule, 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-0 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 the 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 betwe2n 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:

Ln(NO3)3-nH20(s)—~—Ln(NO (aq) + nHZO(aq) = Ln3+(aq) + 3N0;(aq) + nHZO(aq) [2]

3)3

At equilibrium, the following relation holds:
ko= o+ RTZVL(27m4‘)’4) + np% + RTLnay [3]
PAB ~ Hs S HA A

where MKB, pgg and “X 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, 7y, the stoichiometric mean molal activity coefficient
for the salt, and ap is the activity of water in the saturated solution. The standard
Gibbs energy of solution, AGgln, for the lanthanide nitrate hydrate follows from eq.[3 :

o = © _ % *
AGsln Hp Mg * BBy [4]
On the other hand, AGgln for a hydrated salt is also given by
o _ o _ o - o
AG_, = AG) aGy . nAG” (H,0, vap) [5]

where AGg is the standard Gibbs energy of hydration of Ln(NO3)3, AG?at is the standard
Gibbs energy of lattice formation of the hydrate, and AG®(H,0,vap) is the standard Gibbs
energy of vaporization of water. By combining eqs.[3—5], the following exression for the
solubility m is obtained:

o o o 4
-4RT fam = AGp - AG) . - nAG (H)0,vap) + RT £nYy + nRTLna, + RTLn27 (6]

Provided n is constant, eq.[6]can be used to explain the observed solubility-atomic number
(Z) behavior by variations in the terms AGg, AG?at, and ¥;. The activity coefficient
term reflects 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), AGP for lanthanide ions decrease
from about -3.180 kJ mol~! for La to about -3.598 kJ mol-! for Lu which suggests that both
the absolute values and 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 fo, f7, flA, and f3, f“, flo, g1l 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 AGP. It is
known (15) that the standard enthalpy of solution of lanthanide nitrates, AHgln which is
equal to AHf - Aﬂfat - nAHo(HZO,vap), increases from -18.702 kJ mol-l for La to 11.632

kJ mol™! for Lu. Since for ceftain lanthanide properties such as complexation, the entropy
term almost compensates the enthalpy term, it is expected that changes in AG81p (i.e.
changes in the difference AGQ - AG{,;) with Z will be much smaller than changes in AHJ .,
but that these changes will still be positive. Therefore by considering only the differ-
ences in AGP - AG? Lo e would expect a very small decrease in solubility from La to Lu
whereas in fact, the solubility increases with Z 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 y4 with Z reflect mainly changes in
complex formation between Ln3* and NO3 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 supported by a partial similarity between the plot of -4RT £nm against Z
(Fig. 2), and changes in the Gibbs energy of complex formation (AGg) with Z for many
ligands (e.g. for glycolic acid (17)). It is frequently observed that with increasing Z,
AGg 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 Pr. It follows from eq.[6]that this change in lattice enthalpies and Gibbs
energies will result in a decrease in solubility between Ce and Pr. 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 (fetrad). 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 quasilanthanide 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 NO3 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 7 units or
in units of molality, and the compilers and evaluators have converted all mass % data into
mol kg'1 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~. For cases such as these, conversions to mole
fraction units or molality where HNO3 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™' 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.
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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.
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Figure 2. =-4RT £n m as a function of atomic number (T = 298.2 K).
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Chemical Abstract Registry Numbers are given for most of the compounds included in this
volume. When possible, compounds which were not assigned Registry Numbers were submitted
to Chemical Abstracts Service, and the numbers supplied by Dr. K.L. Loening.
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INTRODUCTION TO THE SOLUBILITY OF
SOLIDS IN LIQUIDS

Nature of the Project

The Solubility Data Project (SDP) 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.

Deginitions

A mixture (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 solution (1,2) describes a liquid or solid phase containing more than
one substance, when for convenience one of the substances, which is called
the so0fvent and may itself be a mixture, is treated differently than the
other substances, which are called so0futes. If the sum of the mole
fractions of the solutes is small compared to unity, the solution is called
a dilute solution.

The s0flubilfsty 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. Saturated
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 1is 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 gquantities
used as measures of solubility and in the reference states used for defini-
tion of activities and activity coefficients.

The gualifying 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.

Quantities Used as Measunres of Solubillity

1. Mole fraciion of substance B, x

.

n, (1)

n~maow

where nj is the amount of substance of substance i, and ¢ is the number of
distinct substances present (often the number of thermodynamic components
in the system). Mofe per cent of B is 100 xg.

2, Mass fraction of substance B, wp:

c
W, = m'B/ i m', (2)

where m'; is the mass of substance i. Mass per cent of B is 100 wg. The
equivalent terms weight fraction and weight per cent are not used.

3. Solute mole [mass) fraction of solute B (3,4):
cl cl

Xg p = nB/iil n; = XB/iil X, (3)

where the summation is over the solutes only. For the solvent A, Xg A = Xp-
These quantities are called Jdnecke mofe (mass) fractions in many papers.

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

= i . -1
My nB/nA MA SI base units: mol kg (4)

where Mp is the molar mass of the solvent.
5. Concentrateon of solute B (1,2) in a solution of volume V:

cg = [B]l = ng/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. Density: p = m/V SI base units: kg m~°® (6)

7. Relative densdity: 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 t°C, 1
atm divided by the-density of water at t'©C, 1 atm.

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

Thermodynamics of Solubilaty

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).

Activity Coefficients (1)
(a) Mixtures. The activity coefficient fp of a substance B is given by

* (7)

RT ln(foB) = kg Bg
where ug is the chemical potential, and ug* is the chemical potential of
pure B at the same temperature and pressure. For any substance B in the
mixture,

2im fB = 1 (8)
X+l

B
(b) Solutions.

(i) Sofute substance, B. The molal activity coefficient yg is given
by

RT n(ygmg) = ug = (ug - RT 2n my)” (9)

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

[=-1
= 1
Y 1 (10)
Activity coefficients yp connected with concentration cg, and fy, g (called
the rational activity coefficient) connected with mole fraction xp are
defined in analogous ways. The relations among them are (1,9):
= = * -
Yg fox,B Va (1 gcs)yB (11)

or
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fep = (1 F My Imdyg = Vy*yp/V (12)

or

- P - *

Yg (VA + MAgmsVs)YB/VA mex,B/VA (13)
where the summations are over all solutes, Va* is the molar volume of the
pure solvent, Vj is the partial molar volume of substance i, and Vi is the
molar volume of the solution,

For an electrolyte solute B = Cy;Ay.-, the molal activity is replaced by

(9)

~ V. V.V
Yglg = Y, mpg Q (14)
where v = vy + v_, Q = (v+v+v_v')1/v, and Y+ is the mean ionic molal
activity coefficient. A similar relation holds for the concentration

activity ypep. For the mol fractional activity,

v v_ v v
x,B %8 = V& V- £,7x, (15)
The guantities x4 and x_ are the ionic mole fractions (9), which for a
single solute are

£

X, = v xg/l1+(v-1)x, 15 x, = v_xg/[1+(v-1)x;] (16)

(ii) Solvent, A:
The osmotic coefficient, ¢ , of a solvent substance A is defined as (1):

= L
¢ (Mp*=up) /RT My gms (17)
where pp* is the chemical potential of the pure solvent.
The nrational osmotic coefficient, ¢y, is defined as (1):
= - * P
¢x (uA Ma )/RTSLnxA ¢MA§ms/£n(1 + MAims) (18)
The activity, ap, or the activity coefficient fp 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 Phase

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 ¢' thermodynamic components i. The Gibbs-Duhem egquation for
this mixture is:

cl

] [} -— 1 =
iilxi (si dr - v, dp + dui) 0 (19)
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

_E xi(sidT - Vidp + dui) + __Z' xi(sidT - V,dp + dui) = 0 (20)
i=1 i=c'+1
Eliminate du; by multiplying (19) by x; and (20) x:'. After some algebra,
and use of:
c
dui = jizGijdxj - SidT + Vidp (21)
where (7)
Gij = (a“i/axj)T,P,xi*xj (22)
it is found that
c' ¢ c c
z I (%, "-x,xl/x%,)G;.dx. - (x1'/x1) z L x,G,.dx.
i=2 3=2 + 177 13773 i=c'+1 j=2 + 13773
c' c!
—_ (] - 1 - ] - L]
= I X, (Hi Hi )ydaT/T .E X (Vi v )dp (23)

i=1 i=1
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where

- [] — - []
H,-H,' = T(5;-8,') (24)
is the enthalpy of transfer of component i from the solid to the liquid
phase, at a given temperature, pressure and composition, and Hj, Si, Vi are
the partial molar enthalpy, entropy, and volume of component i. Several
special cases (all with pressure held constant) will be considered. Other
cases will appear in individual evaluations.

{a) Salubility as a function of temperatuhre.
Consider a binary solid compound ApnB in a single solvent A. There is no
fundamental thermodynamic distinction between a binary compound of A and B
which dissociates completely or partially on melting and a solid mixture of
A and B; the binary compound can be regarded as a solid mixture of constant
composition. Thus, with ¢ =2, ¢' =1, x,' = n/(n+l), xg' = 1/(n+l), eqgn
(23) becomes

atnf

S
3inx

*
- - 2
2o P}dx = (nHA+HB H,p) 4T/RT (25)
r

(l/x n/x Yy {1+ ¢( B

where the mole fractional activity coefficient has been introduced. If the
mixture is a non-electrolyte, and the activity coefficients are given by
the expression for a simple mixture (6):
— 2
RT n f5 = wx, (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

-H* = - -
nHA + HB HAB AHAB + n(HA H *) + (HB HB )

= MH,p + w(an2+xA2) (27)

where AHpp is the enthalpy of melting and dissociation of one mole of pure
solid ApB, and Ha*, HB* are the molar enthalpies of pure liquid A and B.
The differential equation becomes
2 2
%, ‘+nx
n _ 1, _ A B
R d an{xg(l-x5) "} = AH, o A7) w d(——F—) (28)

Integration from xg,T to xg = 1/(1+n), T = T*, the melting point of the
pure binary compound, gives:

o AH* ~T*AC*

- ny . __ég_____E 1_1
ln{xB(l xg) } = an{ l+n)n+]} { } (T Tx)
AC_* X, +nx
P T w, A B n
t o Wil - )l - mEn T (29)

where ACp* is the change in molar heat capacity accompanying fusion plus
decomposition of the compound at temperature T*, (assumed here to be
independent of temperature and composition), and AHXp is the corresponding
change in enthalpy at T = T*. Equation (29) has the general form

anlxg(1-x5) ") = A + Az/T 4 AsdnT + A, (x, +nx;?) /T (30)
If the solid contains only component B, n = 0 in eqgn (29) and (30).

If the infinite dilution standard state is used in egn (25), egn (26)
becomes

. 2_
RT 4n fx,B = w(xA 1) (31)
and (27) becomes
- = *pp T opx = AHY 24x 2-
nHA + HB HAB (nHA +HB HAB) + n(HA H )+(HB HB ) AHAB + w(nxB x 1)
(32)

where the first term, AHXB, is the enthalpy of melting and dissociation of
solid compound ApB to the infinitely dilute state of solute B in solvent

A; Hg is the partial molar enthalpy of the solute at infinite dilution.
Clgarly, the_integral of eqn (25) will have the same form as eqn, (29), with
AHAB(T*), AC_(T*) replacing AHAp and ACp* and xp 2-1 replacing xpa? in the
last term.
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If the liquid phase is an aqueous electrolyte solution, and the solid 1is
a salt hydrate, the above treatment needs slight modification. Using
rational mean activity coefficients, egn (25) becomes

Rv(l/xB—n/xA){l+(32nfi/89nxi)T’P}de/{l+(v—l)xB}
= {AHAB

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

+ n(H-H %) + (HB—H;nd(l/T) (33)

AC* (34)

x (l-x ) an AH:B(T*)—T*AC *
E —Bln(T/T*)

Py o

HlH
Wl

tn{ 1+(\)—l)xB mevl = 2n{(n+v)n+v} R

A similar equation (with v=2 and without the heat capacity terms) has been
used to fit solubility data for some MOH=H,0 systems, where M is an alkali
metal; the enthalpy values obtained agreed well with known valauaes (11).

In many cases, data on activity coefficients (9) and partial molal enthalpi-
es (8,10) in concentrated solution indicate that the terms involving these
quantities are not negligible, although they may remain 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 interpretation
include ion pairing, formation of complex 1ons, and hydrolysis. sSimilar
considerations hold for the variation of solubility with pressure, except
that the effects are relatively smaller at the pressures used in many
investigations of solubilaty (5).

(b) Solubilsety as a function of composition.

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

u*

= (sln) = nu, + q (35)
AnB AnB

A B

oo [>=]
= *
(nuA + VoM, +Vv_u_ ) + nRT lanxA

+ VRT &ny,m Q, (36)

for a salt hydrate ApB which dissociates to water, (A), and a salt, B, one
mole of which ionizes to give v4 cations and v_ anions in a solution in
which other substances (ionized or not) may be present. If the saturated
solution is sufficiently dilute, fp = xp = 1, and the quantity Kgo in

Le-) (o] oo
= * *
AGT = (vyuy v u_ Hnug-iag®)

- - 0
= RT %n Kso
v

\YJ
~RT &n va+vm++m_ (37)

is called the solubility product 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°° can be
determined. In more concentrated solutions, the same problems with activity
coefficients that were outlined in the section on variation of solubility
with temperature still occur. If these complications do not arise, the
solublllty of a hydrate salt C,, Av ‘nH,0 in the presence of other solutes
is given by egn (36) as -

v ln{mB/mB(O)} = -vln{Yi/Yt(O)} - n Zn(aﬂzo/aﬂzo(o)) (38)

where ay,0 is the activity of water in the saturated solution, my 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 Solid Phase

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.

Gudide to the Compilations

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.

Components. 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 IA, IIA;

3,12: transition elements (groups IIIB to VIIB, group VIII,
groups IB, IIB);
13-18: groups IIIA-VIIA, 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.

Ondiginal Measurements. References are abbreviated in the forms given by
Chemical Abstracts Senvice Source Index (CASSI}. Names originally in other
than Roman alphabets are given as transliterated by Chemdical Abstracts.

Expenimental Values. Data are reported in the units used in the original
publication, with the exception that modern names for units and quantities
are used; e.g., mass per cent for weight per cent; mol dm™® 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. Source and Punity of Maternials. Abbreviations used in Chemdicaf
Abstracts are often used here to save space.

Estimated Ennon. 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).

Comments and/on Additional 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.

Redferences. See the above description for Original Measurements.

Guide to the Evaluations

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.

Components. See the description for the Compilations.

Evaluator. Name and date up to which the literature was checked.
Critical Evaluation

(a) Critical text. The evaluator produces text evaluating aff 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 recommended 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 tentafdive
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 doubtfuf 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 inadegquate method or under
ill-defined conditions are rejected. 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.

(£) Units. While the original data may be reported in the units used by
the investigators, the final recommended values are reported in S.I. units
(1,16) when the data can be accurately converted.
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Evaluation of aqueous systems 1

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

U.S. Army Electronics Technology and Devices

(2) Water ; HZO s [7732~18-5] Laboratory
Fort Monmouth, NJ, USA

November , 1982

CRITICAL EVALUATION:

Sc3* is the most extensively hydrolysed ion of the group Y3+, 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) ScOHZ*, Scz(OH)%+, SC3(OH)2+, and SC3(OH) +. Aqueous
systems also have a tendency to polymerize (3-5). The degree of hydrolysis o% Sc(NO3)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(NO3), or Sc (OH) 2NO4
tend to precipitate at high pH's (2,4,6). In this critical evaluation only those systems
are considered in which saturated Sc(NO3)3 solutions are in equilibrium with its hydrated
solid Sc(NO3)3-nH20.

This criteria limits the number of publications on the solubility of Sc(NO3)3 to two
(2,7). Only two solid phases have been identified

Sc(NO3)3-4H20 [16999-44+~3] and Sc(NO3)3-2H20 [16999-46-5]

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 HNOj, but this result

has not been confirmed. Wendlandt also reported thermal studies on Sc(NO3)3-6H20 .
[13759-83~6], and found only decomposition and formation of oxide nitrates. Somewhat
similar results were 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 = Zn(m/me) - an(m -my) = a + b/(T/K) + cin(T/K) [1]

where m is the solubility in mol kg‘l, m, an arbitrarily selected reference molality, n is
the hydration number, and My 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, AHgy,,and the predicted
congruent melting point: i.e. AHglp 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, AHsln 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. [1l] 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 + 5178/(T/K) + 18.588£n (T/K) [2]
The standard deviation of residuals for the solubility, o, is 0.18 mol kg_l, AHsln =
~172 kJ mol'l, 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.
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10. Counioux, J.-J.; Tenu, R. J. Chim. Phys. 1981, 78, 816 and 823.




2

Scandium nitrate

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

ORIGINAL MEASUREMENTS:

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

Temperature: range 0% to 50°%

Neorg. Khim. 1963, 8, 1498-504; Russ. J.
(2) Water ; H20 ; [7732-18-5] Inorg., Chem, £ngl. Transl. 1963, 8, 777-81
VARIABLES: PREPARED BY:

T. Mioduski, S, Siekierski, M. Salomon

EXPERIMENTAL VALUES:

a b
Sc203 Sc(N03)3
t/°¢c mass % mass % mol kg-l solid phase
0 16.83 56.37 5.595 Sc(N03)3°AH20
15 18. 30 61.30 6.857 "
25 18.62 62.37 7.176 "
30 19.19 64.28 7.791 "
40 20.00 66.99 8.787 "
50 20.19 67.63 9.045 "
60° o
a. Original experimental data are mass 7 Sc703. The authors also reported calculated
values for the solubilities of Sc(N03)3'4H20. 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.
¢. Authors state that since the melting point of the tetrahydrate is 50°¢c (1), the

salt is infinitely soluble above this temperature.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ;

Isothermal method used. The initial materiald
were placed in glass vessels and thermostated|
For high HNO3 concentrations, the vessels

were sealed with liquid paraffin. Equilib~-
rium was reached within 2-3 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. 2 or No. 3 Schott filter. 0.5-1 g
of solid was also removed for analysis.

Scandium was determined gravimetrically by

SOURCE AND PURITY OF MATERIALS:
Sc(N03)3-4H20 was crystallized from nitric

acid solution containing at least 44.26
mass % N,0.., Chemical analysis 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 %.

A.R. grade conc HNO, used (sp. gr. 1.35) or
100 7 HNO3 used obtained by distn from a

mixt of nitric and sulfuric acids.

precipitation as the hydroxide and igniticn to
the 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

ESTIMATED ERROR:

Soly: reproducibility + 1% or better
(compilers).

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; Ruse. J. Inorg. Chem. Engl. Transl.
1963, 8, 719.




Ternary system, one

saturating component

COMPONENTS :

(1) Scandium nitrate; Sc(N03)3; [13465~60-6]
(2) Nitric acid; HNO3; [7697-37-2]

(3) Water; H,03 [7732-18-5]

ORIGINAL MEASUREMENTS:

Pushkina, G. Ya.; Komissarova, L.N. Zh.
Neorg. Khim., 1963, 8, 1498-504; Russ. J.
Inorg. Chem, Engl. Transl. 1963, 8, 777-81.

VARIABLES :

Composition at 25°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Solubility of Sc(NO3)3

0.45 for this point:
Sc203 and H20 contents.

in aqueous HNO

solutions at 25°C 2

3
Se,0 N0 H,0 5¢.,0,/N,0 Sc(N0,) . ° mNo, 2°°
273 275 2 2737275 3’3 _ 3 1
mass % mass % mass % mole ratio mass % mol kg mass % mol kg
18.62 44.20 37.18 1/3.03 62.37%  7.176 0.0¢
18.51 44,40 37.10 1/3.07 62.00 7.235 0.90 0.385
18.12 45.30 36.58 1/3.20 60.64 7.183 2.73  1.184
17.52 46.30 36.18 1/3.38 58.68 7.022 5.14 2.255
17.00 46.50 36.50 1/3.50 56.94 6.754 6.56 2.852
16.75 46.83 36.42 1/3.57 56.11 6.670 7.47  3.255
16.45 47.34 36.24 1/3.68 55.10 6.583 8.66 3.792
15.67 48.65 35.68 1/3.95 52.49 6.369 11.83 5.262
13.94 50.02 36.04 1/4.59 46.69 5.609 17.27  7.605
12.85 52.48 34.67 1/5.24 43.04 5.375 22.29 10.203
12.40 55.10 32.50 1/5.67 41.53 5.533 25.97 12.681
11.10 56.52 32.38 1/6.50 37.18 4.971 30.44 14.919
10.78 °57.70 31.52 1/6.85 36.11 4.960 32.37 16.298
9.36 61.15 29.49 1/8.35 31.35 4.603 39.16 21.074
8.68 65.20 25,12 1/9.57 29.07 5.010 45,81 28.941
7.71 69.10 23.19 V1i.4 25.83 4.822 50.98 34.887
7.04 71.22 22.24 Y12.8 23.58 4.590 54.18 38.661
a. Solid phase is the tetrahydrate, Sc(N03)3'4H20. b. Compiler's calculations.
c. Calculated from mass % HNO3 = 100 - mass ¥ Sc(NO3)3 - mass 5 HZO‘
d. Authors state this data point to be the soly of Sc(NO3)3 in water: 1.e., mass 7

HNO3 = 0. However, using the above equation, the compiler calculates mass ZHNO3 =
presumably this 1s due to experimental errors in the detn of

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE:

Isothermal method used. The initial mate-
rials were placed in glass vessels and
thermostated. For high HNO, concentrations,
the vessels were sealed witg 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(NO3) 'AHZO was crystallized from nitric
acid so?ution containing at least 44.26
mass % NZO . Chemical analysis resulted in
the following (mean of 3 detns): Sc 14.84
mass %, NO3 61.33 mass %. Impurities in

the salt stated not to exceed 0.01 %.

A.R. grade conc HNO, used (sp. gr. 1.35) or
100% HNO3 used obta;ned 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:
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Scandium nitrate

COMPONENTS :

(1) Scandium nitrate; Sc(NO3) [13465-60-6]

3;
(2) Urea; CHANZO; [57-13-6]

(3) water; H,0; [7732-18-5]

2

ORIGINAL MEASUREMENTS:

Zholaheva, Z.; Sulaimankulov, K.; Ismailov,
M. Zh. Neorg. Khim. 1978, 23, 860-1;

Russ. J. Inorganiec Chem. Engl., Transl.
1978, 23, 477-8.

VARIABLES:

Composition at 30°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Sc(N03)3 - CO(NH2)2 - HZO system at 30°C
Compostion of saturated solutions?®
Sc(NO4) 4 i CO(NH,),
mass % mol kg mass 7% mol kg~ nature of the solid phase
-— —— 57.5 22.53 CO(NHZ)2
{ 4.36 0.517 59.11 26.944 n
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)3-7C0(NH2)2
23.84 7.490 62.38 75.377 Sc(N03)3-7C0(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(NO3)3-7CO(NH2)2 + Sc(N03)3-4CO(NH2)2
34.95 7.285 44,28 35.499 Sc(NO3)3-4C0(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...

AUXTLIARY 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 Trilon 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

COMPONENTS :
(1) Scandium nitrate; Sc(N03)3; [13465~60-61]

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

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

ORIGINAL MEASUREMENTS:
Zholaheva, Z; Sulaimankulov, K;
M. Zh. Neorg. Khim. 1978, 23, 860 - 1;
Russ. J. Inorganic Chem. Engl. Transi.
1978, 23, 477 - 8.

Ismailov,

EXPERIMENTAL VALUES: (continued)
Sc(NO3)3 , CO(NH2)2 _
mass % mol kg mass % mol kg
47.52 6,726 21.89 11.915
51.34 7.226 17.90 9.690
52.07 7.173 16.50 8.741
54,04 7.114 13.07 6.617
59.43 8.773 11.24 6.381
60.32 9,112 11.02 6.403
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.

nature of the solid phase
Sc(NO5) 4-4CO(NH,) 5 + Sc(NO,) 3°CO(NH,) 5+ 3H,0
Sc(N03)3'CO(NH -3H20

"

33
222
2)2-31{20 + Sc(NO
5c(NO,) 5+ 2H,0

Sc(NO -CO(NH + 20,0

33 303

Sc(NO3)3 CO(NH,), 3H,0

§SC(NUJ)J

Solubility diagram for the Sc(NO3)

00
5c(ND3); 2H,0

3~ CO(NH2)2 - H20 system at 30°C

Concentration units are mass 7.




6 Scandium nitrate

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Scandium nitrate; Sc(NO3)3; {13465-60-6]} Pushkina, G. Ya.; Komissarova, L.N. Zh.
(2) 3-Methyl-l-butanol (isoamyl alcohol, Neorg. Khim. 1963, 8, 1498~504; FRuss. J.

isopentyl alcohol); CSHIZO; [123-51-3] Inorg. Chem. Engl. Transl. 1963, 8, 777-81

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

VARIABLES: PREPARED BY:
One temperature: 25°% T. Mioduski

EXPERIMENTAL VALUES:

a
Sc203 Sc NO3 H20 (CH3)
mass % mass % mass % mass 7%
14.81 9.67 39.10 15,48
a, Calculated by the compiler based on Sc203

atomic weights.

Composition of the saturated solution at 25°%¢

a a
,CHCH, CH,0H SC(N03) 3
o g -1
mass % mass % mol kg
34,91 49,61 4,262
mass %, and using 1977 IUPAC recommended

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Isothermal method used. The initial materiald
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 HNO3 to dryness;

SOURCE AND PURITY OF MATERIALS:

Sc(N03)3-4H20 was crystallized from HNO3 sln
containing at least 44.26 mass % N205.
Chemical analyses resulted in the following
(mean of 3 detns): Sc 14.84 mass %, NO, 61.33
mass %. Impurities in the salt stated ™ not
to exceed 0.01%. Prior to use the salt was
dried in a desiccator over H2504 to remove
hydroscopic water.

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

the residue was then dissolved in HCI1,
Sc(OH) , 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°C. The
results given above are the mean of 3-4

ESTIMATED ERROR:

Soly: reproducibility around * 1% (compilers).

Temp: accuracy = 0.1 K (authors).

determinations. The Sc203:N205 molar ratio

in the liquid and solid phases 1s constant
at approximately 1:3,

REFERENCES:




Organic solvent systems

COMPONENTS :

(1) Scandium nitrate; Sc(NO [13465-60~6]

3)3;

(2) 1-Heptanol; CoH .05 [111-70-6]

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

2

ORIGINAL MEASUREMENTS:

Pushkina, G. Ya.; Komissarova,
Neorg. Kim. 1963, 8, 1498-504;
Inorg. Chem. Engl. Transl. 1963, 8, 777-81

Zh.
J.

L.N.
Russ.

VARIABLES :

One temperature: 25%

PREPARED BY:

T. Mioduski

EXPERIMENTAL VALUES:

Composition of the

0

Calculated by the compiler based on Sc2 3

atomic weights.

a.

saturated solution at 25°C

a a a
Sc203 Sc NO3 HZO Cﬂa(CHZ)SCH(OH)CH3 Sc(N03)3
mass 7% mass % mass 7% mass 7% mass % mass 7% zmlkil
9.83 6,41 25.94 10.27 56.80 32.93 2.125

mass %, and using 1977 JUPAC recommended

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 HNO3 to dryness; thé

SOURCE AND PURITY OF MATERIALS:

Sc(N03)3-4H20 was crystallized from HNO3 sln
containing at least 44.26 mass % N205.

Chemical analyses resulted in the following
(mean of 3 detns): Sc 14.84 mass %, NO3 61.31

mass %. Impurities in the salt stated not td
exceed 0.01 7. Prior to use the salt was
dried in a desiccator over HZSO4 to remove

hydroscopic water.

Source of the organic solvent not specified,

but authors state that its purity was
checked optically,

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 to 900°C. The results

ESTIMATED ERROR:
Soly: reproducibility around T 1% (compilers).

Temp: accuracy © 0.1 K (authors).

given above are the mean of 3-4 determina-
tions. The S¢,0,:N 0. molar ratio in the
liquid and solid phases is constant at
approximately 1:3.

REFERENCES :
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Scandium nitrate

One temperature: 25°%¢

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Scandium nitrate; Sc(N03)3; [13465-60-6] | Pushkina, G. Ya.; Komissarova, L.N. Zh.

(2) 2-Octanol (sec caprylic alcohol); Neorg. Khim., 1963, 8, 1498-504; Russ. J.
C8H180; {123-96-6] Inorg. Chem. Engl. Transl. 1963, 8, 777-81.

(3) Water ; HZO s [7732-18-5]

VARIABLES:

PREPARED BY:

T. Mioduski and M. Salomon

EXPERIMENTAL VALUES:

atomic weights.

273

Composition of saturated solution at 25°¢

a a a

Sc203 Sc NO3 H20 CH3(CH2)5CH(OH)CH3 Sc(N03)3

mass 7% mass % mass 7% mass % mass 7 mass 7% mol kg~1
9.06 5.91 24,30 9.47 60.18 30.35 1.886

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

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 HNO. to dryness; the
residue was then dissolved in HC1l, Sc(OH)

SOURCE AND PURITY OF MATERIALS;
Sc(NO,),*4H, 0 was crystallized from HNO
conta%n%ng %t least 44.26 mass % N,0..
Chemical analyses resulted in the following
(mean of 3 detns): Sc¢ 14.84 mass 7, NO3 61.33
mass %. Impurities in the salt stated not to
exceed 0.01 %Z. Prior to use the salt was
dried in a desiccator over H2504 to remove
hydroscopic water.

3 sln

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

specified,
was checked

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°C. The results
given above are the mean of 3-4 determina-

ESTIMATED ERROR:
Soly: reproducibility around + 1% (compilers)

Temp: accuracy + Q.1 K (authors).

tions. The Sc203:N205 molar ratio in the

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

REFERENCES :




Organic solv

ent systems

COMPONENTS :

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

ORIGINAL MEASUREMENTS:

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

One temperature: 25%

(2) 2,2'-0Oxybis-propane (isopropyl ether); Neorg. Khim. 1963, 8, 1498-504; Russ. J.
Clty,03 (108-20-3] Inorg. Chem. Engl. Transl. 1963, 8, 777-8L.

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

VARIABLES : PREPARED BY:

T. Mioduski

EXPERIMENTAL VALUES:

could not be established.

The compositions of water and [(CHB)Z

The solution was very viscous and very slow in settling.
Analysis of this liquid phase gave 3.1 mass 7

This corresponds to a Sc(NO,)., concentration of 10.4 mass % or 0.50 mol kg_l (compiler).
CH]20 are, respectively, 3.2 mass % and 86.4 mass Z.

Because of this, equilibrium

Sc203.

AUXTLIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Isothermal method used. The initial materialg
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 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 HNO3 to dryness;

SOURCE AND PURITY OF MATERIALS:
Sc(N03)3'4H20 was crystallized from HNO3 sln

containing at least 44.26 mass % N,O_..
Chemical analyses resulted in the %oilowing
(mean of 3 detmns): Sc 14.84 mass %, NO

61.33 mass %. Impurities in the salt Stated
not to exceed 0.01 %. Prior to use the salt
was dried in a desiccator over H2504 to
remove hydroscopic water.

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

the residue was then dissolved in HCI,
Sc(OH) , 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°C. The
results given above are the mean 3-4 deter-

ESTIMATED ERROR:
Soly: reproducibility around * 1% (compilers).

Temp: accuracy *+ 0.1 K (authors).

minations. The Sc 03:N 0. molar ratio in
the liquid and solid phédsés is constant at
‘approximately 1:3,

REFERENCES:

SDS13-8



10 Scandium nitrate
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Scandium nitrate; Sc(N03)3; {13465-60-6] | Pushkina, G. Ya.; Komissarova, L.N. Zh.
(2) 1,1'-Oxybis-butane (di-n-butyl ether); Neorg. Khim. 1963, 8, 1498-504; Ruse. J.
C8H180; [142-96-1] Inorg. Chem. Engl. Transl. 1963, 8, 777-81
(3) Water ; HZO ;s [7732-18-51
VARIABLES: PREPARED BY:
One temperature: 25°% T. Mioduski

EXPERIMENTAL VALUES:

Composition of the

atomic weights.

saturated solution at 25°C

a a a
50203 Sc NO3 HZO [CH3(CH2)3]20 Sc(N03)3
mass % mass % mass % mass % mass % mass % mol kg_1
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

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 HNO3 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 to 900°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 comstant at
approximately 1:3.

SOURCE AND PURITY OF MATERIALS:

Sc(N03)3-4H20 was crystallized from HNO3 sln
containing at least 44.26 mass 7 N20 .
Chemical analyses resulted in the foilowing
(mean of 3 detns): Sc 14.84 mass %, N0361.33
mass %. Impurities in the salt stated not to
exceed 0.01 %. Prior to use the salt was
dried in a desiccator over H2804 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

1

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Scandium nitrate; Sc(N03)3; [13465-60-6] | Pushkina, G. Ya.; Komissarova, L.N. Zh.

(2) 2-Pentanone (methyl n-propyl ketone); Neorg. Khim. 1963, 8, 1498-504; Russ. J.
CSHIOO; [107-87-91] Inorg. Chem. Engl. Transl. 1963, 8, 777-81.

(3) Water ; Hy0 ; [7732-18-5]

VARIABLES: PREPARED BY:

One temperature: 25°% T. Mioduski

EXPERIMENTAL VALUES:

Composition of the

atomic weights.

saturated solution at 25°C

S a a a
c203 Sc NO3 H20 CH3CH2CHZCOCH3 Sc(N03)3
mass % mass % mass % mass % mass % mass % mol kg_l
18.75 12.25 49.40 19.59 17.61 62.80 7.311
a. Calculated by the compiler based on SC203 mass %, and using 1977 IUPAC recommended

——

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 HNO3 to dryness;
the residue was then dissolved in HC1,

SOURCE AND PURITY OF MATERIALS:
Sc(N03)2-4H70 was crystallized from HNO3 sln
containing at least 44,26 mass % N,_O..

in the following
mass %, NO, 61.33
salt stated not
use the salt was

H2504 to remove

Chemical analyses resulted
(mean of 3 detn): Sc 14.84
mass %. Impurities in the
to exceed 0.01%. Prior to
dried in a desiccator over

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|

Sc(OH) , precipitated and ignited to the oxide.
Nitrogén was determined by Devarda's method,
and water was calculated from the loss in
weight upon heating 900°C. The results

8lven above are the mean of 3-4 determina-

ESTIMATED ERROR:
Soly: reproducibility around * 17 (compilers)

Temp: accuracy * 0.1 K (authors).

tions. .
ns The Sc203.N205 molar ratio in the

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

REFERENCES:
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Scandium nitrate

COMPONENTS :

(1) Scandium nitrate: Sc(N03)3; [13465-60-61]

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

(3) Water ; H20 s [7732-18-51

ORIGINAL MEASUREMENTS:

Pushkina, G. Ya.; Komissarova, L.N. Zh.
Neorg. Khim. 1963, 8, 1498-504; Russ. J.
Inorg. Chem. Engl. Transl. 1963, 8, 777-81.

VARIABLES :

One temperature: 25%¢

PREPARED BY:

T. Mioduski

EXPERIMENTAL VALUES:

Composition of the

a

Calculated by the compiler based on Sc20

atomic weights. 3

Sc203 Sc NO3 H20 CH3
mass % mass % mass % mass 7%

16.89 11.01 47.25 17.65

a.

saturated solution at 25°C

a a
(CH2)3COCH3 Sc(N03)3
mass % mass 7% mol kgml
25.78 56.57 5.639

mass %, and using 1977 IUPAC recommended

AUXILIARY INFORMATION

ME THOD /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 HNO3 to dryness;

the residue was then dissolved in HC1,

SOURCE AND PURITY OF MATERIALS:

Sc(NO3)3-4H20 was crystallized from HNO3 sln
containing at least 44.26 mass % NZOS'
Chemical analyses resulted in the following
(mean of 3 detns): Sc 14.84 mass ¥, N0, 61,33
mass %. Impurities in the salt stated not to
exceed 0.01 %, Prior to use the salt was
dried in a desiccator over H2804 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,

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°C. The
results given above are the mean of 3-4

ESTIMATED ERROR:
Soly: reproducibility around * 1% (compilers)

Temp: accuracy * 0.1 K (authors).

determinations. The Sc203:N205 molar ratlo

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

REFERENCES:




Organic solvent systems 13

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Scandium nitrate; Sc(N03)3; [13465-60-6] | Pushkina, G. Ya.; Komissarova, L.N. Zh.

’ - s . .
(2) Acetophenone (methyl phenyl ketone); Neorg. Khim. 1963, 8, 1498-504; Russ. «

C8H80; [98-86-2] Inorg. Chem. Engl. Transl. 1963, 8, 777-81.
(3) Water ; H,0 ; [7732-18-5]
VARIABLES : PREPARED BY:
One temperature: 25°C T. Mioduski and M. Salomon

EXPERIMENTAL VALUES:

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 7% Sc203.

This corresponds to a Sc(NO,), concentration of 32.8 mass % or 2.12 mol kg_1 (compilers).

The compositions of water and C6H5COCH3 were calculated by the compilers and are, respec-
tively, 10.2 mass % and 56.9 mass”%.

AUXILIARY INFORMATION
METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method used. The initialmaterials; Sc(NO.) °4H20 was crystallized from HNO3 sln
were placed in glass vessels and thermostated. contagngng at least 44.26 mass 7 N, 0..
Equilibrium was reached within 48 days as Chemical analyses resulted in the following
ascertained by successive analyses. 0.1 - (mean of 3 detns): Sc 14.84 mass %, NO., 61.33
0.5 gram samples were removed for analyses mass %. Impurities in the salt stated’not to
using a No. 2 or No. 3 Schott filter fitted exceed 0.01 %. Prior to use the salt was
to a pipet. 0.5-1 g of solid was also re- dried in a desiccator over H,S0, to remove
moved for analyses. hydroscopic water.
Scandium was determined gravimetrically as Source of the organic solvent not specified,
the oxide. The organic material was first but authors state that its purity was checked
destroyed by heating with HNO, to dryness; optically. The ketone was dried prior to
the residue was then dissolveg in HC1, use,
sc(OH)3 precipitated and ignited to the ESTIMATED ERROR:
Oxide.” Nitrogen was determined by Devarda's
method, and water was calculated from the Soly: reproducibility around * 1% (compilers).

loss in weight upon heating to 900°C. The
results given above are the mean of 3-4
determinations. The ScZO :N20 molar ratio
in the liquid and solid pgase ?s constant at
approximately 1:3.

Temp: accuracy * 0.1 K (authors).

REFERENCES:
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Scandium nitrate

COMPONENTS :

(1) Scandium nitrate; Sc(NO [13465-60-61]

33
(2) n-Butyl propionate ; C;F1,0,; [590-01-2]

ORIGINAL MEASUREMENTS:

Pushkina, G.

Neorg. Khim.

Ya.; Komissarova, L.N. Zh.
1963, 8, 1498-504; KRuss. .

Inorg. Chem. Engl. Transl. 1963, 8, 777-81.
(3) Water ; HZO s [7732-18-5]
VARIABLES: PREPARED BY:
One temperature: 25°C T. Mioduski

EXPERIMENTAL VALUES:

Composition of the

a.
atomic weights.,

Calculated by the compiler based on Sc203

saturated solution at 25°C

a a a
Sc203 Sc NO3 HZO CH3CH2C00(CH2)3CH3 Sc(N03)3
mass 7% mass % mass 7 mass 7 mass 7% mass % mol kg_l
8.77 5,72 22.77 9.16 61.46 29.38 1.801

mass %, and using 1977 IUPAC recommended

AUXILIARY

INFORMATION

METHOD 'APPARATUS /PROCEDURE :

Isothermal method used.

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 HNO, 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 welght upon heating to 900°C. The
results given above are the mean of 3-4

determinations. The Sc203:N205 molar ratio

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

The initial materialf Sc(N03)
were placed in glass vessels and thermostated]{ containing at least 44.26 mass % N

SOURCE AND PURITY OF MATERIALS:

-AHZO was crystallized form HNO

205

Chemical analyses resulted in the following
(mean of 3 detns): Sc 1l4.84 mass %, N0361.33
mass %. Impurities in the salt stated not
to exceed 0.01 %. Prior to use the salt was
dried in a desiccator over'HZSO4 to remove
hydroscopic water.

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

3 sln

ESTIMATED ERROR:

Soly: reproducibility around % 1% (compilers).

Temp: accuracy * 0.1 K (authors).

REFERENCES:




Evaluation of aqueous systems 15

COMP : EVALUATOR:
ONENTS R S. Siekierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland
and
M. Salomon
U.5. Army ET & DL
Ft. Monmouth, NJ, USA
May 1982

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

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

2

CRITICAL EVALUATION:
INTRODUCTION

The solubility of Y(N03)3 has been reported in thirteen publications (1-13), and
generally there has been poor agreement for the solubilities in the binary Y(N03) -H20
system. In addition to the possibility of experimental imprecision (1,3,Y9,10) ang
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 H,580,(14). The trihydrate was also claimed
to be produced by crystallization from concentrated HNO4 (15). Perel'man et al. prepared
either the tetrahydrate (7), [13773-6Y-8], or hexahydrate (Y,11,12) by crystallization
from HNO3 solutions, and the trihydrate was obtained by drying the hexahydrate at 373 K
or over P,0c (the latter method required a period of six months). Marsh (16) prepared
the pentaﬁygrate, [57584-28-8], by evaporating a neutral Y(N03)3 solution to a syrup
followed by seeding with Bi(N03) .5H,0. The mother-liquor was seeded with Dy(NO3)3.6H20
to crystallize the hexahydrate' Y NO3 3.6H20. Moret (2) and Kuznetsova et al. (4)
Prepared the hexahydrate presumably by recrystallization from dilute HNO3 or from pure
water. Crew, Steinert, and Hopkins (1) and James and Pratt (10) recrystallized the salt
from HNO3 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 HNO4 solutions is the hexahydrate, and that lower hydrates
are easily obtained by desiccation. The stable solid phase at 2Y8.2 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 29Y8.2 K is indeed the
hexahydrate.

Odent and Duperray (8) state that the stable solid phase at 29Y8.2 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 k%‘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. (Y). 1In the study by Perel'man et al. (Y) the _
Starting material was the hexahydrate, but in the presence of NH,NO3 (up to 25 mol kg )
the solid phase is the tetrahydrate, and it appears that the solubility of Y(NO3)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 = Zn(m/mo) - an(m - mo) = a + b/(T/K) + ¢ £n(T/K) [1]




16 Yttrium nitrate

COMPONENTS : EVALUATOR: ¢ = oiokierski, T. Mioduski

Institute for Nuclear Research
Warsaw, Poland
and
M. Salomon
U.S. Army ET & DL
Ft. Monmouth, NJ USA
May 1982

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

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

CRITICAL EVALUATION: continued

In this equation m is the solubility in mol kg_l, m, an arbitrarily selected reference
molality, n is the hydrate number, and M, is the molar mass of the solvent. Enthalpies
and heat capacities of solution, AHgy, and AC,, 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 in
Figure 1. Also shown in Fig. 1 are data points from other investigations (see discussion
below). The solubility result of 5.525 mol kgl 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. [1l] 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. 0 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(NOj3)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-1l.

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'I for the hexahydrate system and 6.25 mol kg—1l 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.

Note added in proof. Rard and Spedding (20) recently reported density, osmotic coeffi-
cient, and activity coefficient data for dilute Y(NO3)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~l, 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 dm> mol™1 density = 1.7422 kg m
= 3.793 mol dm_

3

mean molal activity coeff yy = 1.9846 3

osmotic coefficient ¢ = 2,1348

¢

activity of water a, = 0.4341




Evaluation of aqueous systems 17

COMPONENTS : EVALUATOR:
S. Siekierski, T. Mioduski
(1) Yttrium nitrate; Y(N03)3; [10361-93-0] Institute for Nuclear Research
Warsaw, Poland
and

M. Salomon
U.S. Army ET & DL
Ft. Monmouth, NJ, USA
May 1982

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

CRITICAL EVALUATION: continued

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

quantity hexahydrate tetrahydrate
a -48.066 ~198,2¢
b 1835 9000
c 7.3603 29.494
Oa 0.004 0.01
Gb 1.2 4,7
Oc 0.0007 0.003
Oy 0.004 0.01
On 0.048 0.75
A /kJ mo1”t -60.8 -298
sln
ac, /o mo17t 244.8 981
congruent melting point 323.9 K 349.1 K

con - -
centration at the congruent melting 9.251 mol kg 1 13.877 mol kg 1

point

a. Data for the hexahydrate system from (2) over the range 273-308 K. Oy and Oy are the
standard deviations of residuals for the quantity Y in eq. [1] and the molality,

respectively.
360
T/K r
340 -
[ ] ,.—"'--
320~ -
7
¥
A
300 - /éo % :
fof o ol <2
/ = = =
[¥=) N | =
b]
280 - |
I
i !
1 | 1 T T
4 6 8 10 12 14

-1
m, /mol kg
Figure 1. Phase diagram for the Y(N03)3 - HZO system,

O hexahydrate solid phase from (2).

® pentahydrate solid phase from (2), but probably the tetrahydrate (see text).
O hexahydrate solid phase from (4).

A tetrahydrate solid phase from (9).

® congruent melting point of the tetrahydrate from (18).
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18 Yttrium nitrate

. EVALUATOR:
COMPONENTS : S. Siekierski, T. Mioduski

Y,; [10361-93-0] Institute for Nuclear Research
373 Warsaw, Poland
and
(2) Water ; H,0 ; [7732~18-5] M. Salomon
2 U.S. Army ET & DL
Ft. Monmouth, NJ, USA
May 1982

(1) Yttrium nitrate; Y(NO

CRITICAL EVALUATION: continued

Table 2. Tenative solubilities for Y(N03) calculated from the smoothing equation [1l].
All solubilities are given in un%ts of mol kg’l.

T/K hexahydrate systema tetrahydrate systemb
273.2 4.549

278.2 5.666

283.2 4.808

288.2 4.979

293.2 5.181

298.2 5.424 6.25°
303.2 5.716 6.17¢
308.2, 6.077 6.18%
309.5 6.19 6.19
313.2 6.541°¢ 6.27
318.2 7.191°¢ 6.46
323.2 8.481¢ 6.74
333.2 7.68
343,2 9.61
348.2 12.02

a. At the 957 level of confidence, total uncertainty is * 0.025 mol kg-1
(Student's t = 3.182).

b. At the 95% level of confidence, total uncertainty is + 2.3 mol kg_l
(Student's t = 12.706).

c. Metastable solubilities.

d. Hexahydrate —tetrahydrate transition temperature.

Table 3. Comparison of Rejected Solubility Data for Y(NO3)3 at 298.2 K.

solubility/mol kg—l assigned solid phase reference
5.035° ? 1
5.13 hexahydrate 3
5.065 pentahydrate 8
5.151 ? 10

a. Calculated by the compilers from a smoothing equation (see compilation).
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COMPONENTS : EVALUATOR: S, Siekierski, T. Mioduski
(1) Yttrium nitrate; Y(N03)3; [10361-93-0] Institute for Nuclear Research
Warsaw, Poland
and
(2) Water ; H,0 ; [7732-18-5] M. Salomon

2 U.S. Army ET & DL

Ft. Monmouth, NJ, USA
May 1982

CRITICAL EVALUATION:

REFERENCES
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1981, 26, 3161.

Perel'man, F.M,; Fedoseeva, E.I. Zh. Neorg. Khim. 1963, 8, 1255.

Perel'man, F.M.; Demina, G.A. Zh. Neorg. Khim. 1964, 9, 1772.
Perel'man, F.M.; Babievskava, I1.Z. Zh. Neorg. Khim. 1964, 9, 986.

Odent, G.; Duperray, M.H. C.R. Hebd. Seances Acad. Sei. Ser. C. 1974, 279, 451.
Perel'man, F.M.; Zvorykin, A.Ya.; Demina, G.A. Zh. Neorg. Khim. 1960, 5, 960.
James, C.; Pratt, L.A. J. Am., Chem. Soe. 1910, 32, 873.

Perel'man, F.M.; Babievskaya, I1.Z. Zh. Neorg. Khim. 1962, 7, 1479.

Perel'man, F.M. Rev. Chim. Miner. 1970, 7, 635.

Khudaibergenova, N.; Sulaimankulov, K. Zh. Neorg. Khim. 1981, 26, 1156.

Cleve, P.T.; Hoglund, 0. Bihang. Svenska. Akad. Handl. 1873, 8.

Demarcay, E. Spectres Electriques. Paris, 1895.

Marsh, J.K. J. Chem. Soc. 1941, 561.

Williamson, A.T. Trans. Faraday Soc. 1944, 40, 421.

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

Babievskaya, I.Z.; Perel'man, F.M. Zh. Neorg. Khim. 1966, 11, 1817.

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
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Yttrium nitrate

soly/mol kg_l =

The standard deviation for this fit is 0 =
coefficient 1is 0.998.

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Yttrium nitrate; Y(NO3)3; [10361-93-0] Crew, M.C.; Steinert, H.E.; Hopkins, B.S.
(2) Water; H,0; [7732-18-5] J. Phys. Chem. 1925, 29, 34-8.
H
VARIABLES: PREPARED BY:
Temperature T. Mioduski, S. Siekierski, M. Salomon
EXPERIMENTAL VALUES:
solubility of Y(NO3)
t/°C mass satd sln/g mass Y203/g g(1)/100 g(2)2 g(1)/100 g(Z)b mol kg_l ¢
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
report of the IUPAC Commission on Atomic Weights.

c. Molalities calculated by the compilers based on 1977 IUPAC recommended atomic masses.

recommended in the 1977 biennial

The molalities were fitted to the following smoothing equation:

-15.126 + 0.070700(T/K) - 1.0360 x 107 °(T/K)>

0.078 mol kg™ ¥, and the correlation
Using this smoothing equation, the solubility of Y(NO3)3
in water at 25°C is calculated to be 5.035 mol kg~l.

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.
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.

Equilibrium was approached then twice as the oxalate.

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
The oxalate was
ignited to Y,05 and dissolved in HNO4, and
the sln 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. HNO; was freshly redistilled
from a quartz apparatus. Oxalic acid was
recrystallized several times.

ESTIMATED ERROR:

Authors state mean error is * 1,5%,
but in some cases it is * 37 (compil-
ers).

Soly:

precision no better than t 0.2 K
(compilers).

Temp:
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Temperature: range 0% to 50°%

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0] Moret, R. Thése, 1'Université de Lausanne.
1963.

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

VARIABLES: PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

moles of H20

per
t/°%c mass % 100 moles salt
0 55.51 1223
10 57.12
20 58.45 1085
25 59.92
30 61.23
35 62.49
40 63.76
50 64,51

a.

Solubility?

mol kg-
4.538

solid phase
Y(NO,) 5+ 6H,0
4,845
5.117
5.438
5.745
6.060

6.400
6.612

Y(N03)3'5H20

"

Molalities calculated by compilers from mass 7% 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 38.5°C. This temperature was determined
graphically.

SOURCE AND PURITY OF MATERIALS:

203

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

Yttrium nitrate was prepared from Y

ESTIMATED ERROR:

Soly: precision about *

0.17% (compilers).

Temp: precision at least * (.05 K
(compilers).

REFERENCES:

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

AM. Helv. Chim. Acta 1964. 47, 14.
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Yttrium nitrate

COMPONENTS :

(1) Yttrium nitrate; Y(NO3)3; [10361-93-0]
(2) Nitric acid; HNO3; [7697-37-2]

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

2

ORIGINAL MEASUREMENTS:

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

Russ. J. Inorg. Chem. Engl. Transl. 1981,
26, 1692<3.

VARIABLES:

Composition at 25°C

PREPARED BY:

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

EXPERIMENTAL VALUES:

Y(N03)3 HNO

3
o -1 . -1
mass % mol kg mass %2 mol kg
60.30 5.525 —_— —_—
13.98 1.783 57.50 31.995

a.

Composition of saturated solutions a

nature of the solid phase

Y(NO,) 5+ 6H,0

Y(NO3)3'6H o+ Y(NO3)3-4H20

2

Molalities calculated by the compilers.

AUXTLIARY 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:

The authors report only two numerical values
for the soly of Y(NO,), although in the
phase diagram, 11 data points were given.
Above 56 mass % HNO,, the stable solid phase
is the tetrahydrate’

The caption to the phase diagram in the
source paper specifies the temperature as
0°C which is probably a typographical error.
All discussion in the text of this paper
refers to 25°C.

SOURCE AND PURITY OF MATERIALS;:

Yttrium nitrate was prepared by dissolving
high purity ¥,0, in HNO,. The nitric acid
was c¢.p. grade which was distilled.

ESTIMATED ERROR:

Soly: precision probably * 0.1 %
(compilers).
Temp: nothing specified.
REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Yttrium nitrate; Y(N03)3; [10361~93~01] Afanas'ev, Yu.A.; Azhipa, L.T.; Sal'nik, L.V.
Zh. Neorg. Khim. 1982, 27, 769-73; Russ. J.

(2) Nitric acid; HNO,; [7697-37-2] Inorg. Chem. Engl. Transl. 1982, 27, 431-4.

33

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

2

VARIABLES:

HNO3 concentration at 25°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

a.

b.

Molalities calculated by M. Salomon.

Solid phases: A = Y(N03)3-6H20 H

C = Y(N03)3'4H20 H

Solubility of Y(NO5), in HNO, solutions at 25°C°
Y(NO.) HNO Y(NO.) HNO
373 -1 3 _ solid 373 -1 3 -1 solid
mass % mol kg mass Z mol kg phaseP mass % mol kg mass % mol kg phase
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+C
37.5 3.47 23.2 9.37 "
35.2 3.39 27.0 11.34 " 8.0 1.10 65.6 39.43 [
30.2 2.91 32.0 13.43 " 7.1 1.06 68.6 44.80 "
26.4 2.62 36.9 15.96 n 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 "

20

20

B = Y(N03)3'5H

D= Y(N03)3'nH

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The isothermal method was used. The composi-
tion of the solutions was changed by addition
of 100% HNO, 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 NQOH using methyl red
indicator. The compositions of the solid

SOURCE AND PURITY OF MATERIALS:
C.p. grade yttrium nitrate was used.

Nitric acid (source and purity not specified
was concentrated by method recommended in
the well-known Brauer's Handbood (the

Russian edition was cited by the authors).

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.

ESTIMATED ERROR:

Soly: nothing specified.
Temp: precision within * 0.1 K.

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS :
(1) Potassium chromate; K,Cr0O,; [7789-00-6] |Perel'man, F.M.; Fedoseeva, E.I.

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

(2) Yttrium nitrate; Y(N03)3; [10361~-93-0]
Inorg. Chem. Engl. Transl. 1963, 8, 650-1.

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

2

VARIABLES: PREPARED BY:

Concentration of K2Cr04 at 25°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES: - K,Cr0, - H,0 system at 25.0°C

The Y(NO3)3 9 4 2

Composition of saturated solutions?

K2Cr04 o Yz(CrOA)3 1 KNO3 1 Y(NO3)3 a

mass 7% mol kg mass % mol kg mass % mol kg mass % mol kg

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 — — B
8.65 0.496 0.12 0.00254 1.50 0.165 -— —_—

1.00 0.0546 0.07 0.00141 4,60 0.482 -— -— c
7.11 0.406 0.12 0.00253 2.52 0.276 —-—- -——

a. Molalities were calculated by the compilers.

Solid Phases:

A= Y2(Cr04)3-K2Cr04-6H20

B = Y¥,(Cr0,)3-4K,Cr0, *nH,0

C = Y2(Cr04)3-3KZCrO4'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.
Cr0%~ was determined by reduction with Mohr's
salt followed titration of excess Mohr's

salt with KMnO,. Water was determined by
difference. The composition of the solid
residues was determined by Schreinemakers
method.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision is + 0.1 K.

REFERENCES:
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COMPONENTS :

(1) Rubidium nitrate; RbNO; [13126-12-0]
(2) Yttrium nitrate; Y(NO3)3; [10361-93-0]
(3) Nitric acid; HNO3; [7697-37-2]

(4) Water; Hy0; ([7732-18-5]

ORIGINAL MEASUREMENTS:

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

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

Russ. J. Inorg. Chem. Engl. Transl. 1964, 9,
960-1.

VARIABLES:

Composition at 25°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

a
Composition of saturated solutions

Molalities calculated by compilers.
b. Solid phases: A = Y(N03)3-4H20
Total mass % of solutes is 101.6 %.

The Y(NO3)3 - RbNO3 - HNO3 - Hy0

Y(NO,) RbNO HNO

3’3 1 3 _ 3 -1 b
mass % mol kg mass 7% mol kg mass 7% 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 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 o]

B = Y(NO3)3' 2RbN03

It cannot be determined whether this is an
experimental error or a typographical error.

system at 25.0°C

C = RbNO3-HNO4

—

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Nothing specified. Authors state that the
method used has been described in previous
publications. Compilers assume that ref (1)
contains the essential information. This
publication on the Nd(NO3)3 - RbNO3 - HNOg -

Hy0 system has been compiled elsewhere in
this volume.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
Nothing specified.

REFERENCES ;

1. Perel'man, F.M.; Zvorykin, A. Ya.;
Demina, G.A. Z. Neorg, Khim., 1963, 8, 1753;
Russ. J. Inorg. Chem. Engl. Tranls. 1963
8, 909,




26 Yttrium

nitrate

COMPONENTS :

(1) Yttrium nitrate; Y(NO3)3; [10361-93-0]
(2) Yttrium hydroxide; Y(OH)3; [16469~22-0]

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

ORIGINAL MEASUREMENTS:

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

1910, 32, 873-9.

VARIABLES:

Composition at 25°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Compostion of saturated solutions®

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 du3 HNO; 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 HNOj and back titrated
with NaCOq solution to obtain the Y(OH)3
content.

Y(NO,) Y(OH)3 density
Y34 3 -1 -3 b
g/100 g H,0 mol kg g/100 g HZO 10 mol kg kg m nature of solid
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 + 8BS

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 1.4867 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.....

AUXTLIARY INFORMATION
METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Isothermal method. Y(NO3), and excess Y504 "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 HNO3 solution and
twice recrystallized from this solvent.
Spectroscopic analysis of satd Y(NO3)3 slns
showed very faint absorptions due to Ho and
Er. Source and purity of water not stated.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
(1) J. Am. Chem. Soe. 1908, 30, 182.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Yttrium nitrate; Y(NO ; [10361-93-0
3 Y(NOg) 45 [ ] James, C.; Pratt, L.A. J. 4m. Chem. Soc.

(2) Yttrium hydroxide; Y(OH)3; [16469-22-0] 1910, 32, 873-9.

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

2

EXPERIMENTAL VALUES: continued....

Y(N03)3 Y(OH)3 density
g/100 g Hzo mol kg-l g/100 g H20 103mol kg_l kg m_3 nature of the solidb
132.10 4.805 0.074 5.29 1.7260 B
137.10 4.987 0.083 5.93 1.7440 B+ c©
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),. If solid
A is the hydroxide, which it probably is, then presumably 1t would be gydrated.

Solid B was stated to be 3Y203-4N205-20H20 as determined by analysis of the wet
residues.

Solid C is presumed by the compiler to be Y(NO3)3-nH,0.

c. These compositions were assumed by the compiler.

For the binary Y(NO3)3 - Hy0 system at 25°C, the reported density of the

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

solubility Y(NO3), = 3.719 mol dm >
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Yttrium nitrate; Y(1\103)3; [10361-93-0] Perel'man, F.M.; Babievskaya, I.Z. Zh. Neorg.
(2) Lanthanum nitrate; La(NOs)3; Knim. 1964, 9, 986-90; Russ. J. Inorg. Chem.
[10099-59-9]
(3) Nitric acid; HNOy; [7697-37-2] Engl. Transl. 1964, 9, 538-41.
(4) Water; Hy0; [7732-18-5]
VARTABLES : PREPARED BY:
Composition at 25°C T. Mioduski, S. Siekierski and M. Salomon

EXPERIMENTAL VALUES:
The Y(NO3)3 - La(N03)3 -

a. Molalities calculated by the compilers.
The eutonic point for HNO

3

Composition of saturated solutions?

HNO4 Y(NO4) 4 La(NO4) 3
mass % mol kg—l mass Z mol kg_l mass % mol kg nature of the solid phaseb
32.8 12.8 26.6 2.38 0 0 Y(NO3)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)3-6H20
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(NO3)3-6H20
32.6 14.3 4.5 0.45 26.6 2.26 "
32.9 14.1 0 0 30.0 2.49 "

= 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: HNO3 = 18.0 mol kg1, Y(NO3)3 = 1.90 mol kg'l and La(N03)3 = 2.35
mol kg'l (compilers)), and the solid phases are Y(NO3)3-4H20 and La(N03)3-6H20.

HNO, - H,0 system at 25.0°C

2

AUXTLIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Isothermal method. Slns equilibrated 2-3 d.
Both satd slns and residues analysed. HNO3
in sln 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
KMnO4,. The mass 7 of each nitrate was calcd
from

% Y(N03)3

4.166(162.9ay - 132a1)/b

% La(NO3) 3 = 4.923(132a; - 112.9a) /b

where b total weight of sample consisting
of x % Y(NO3)3 and y % La(NO3)3, a; = total
weight of oxide and a; = 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 approximate.
The following molecular weights were used by
the authors: Y(NO )3 274.9, La(NOy), =
324.9, Y,04/2 = 11209, Lay04/2 = 163.3, and

3C204/2 132,

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(NO3)5-4H,0, np = 1.420, n_ = 1.528,
ng = 1.570.

for La(NO3)3-6H20, np = 1.464, n, = 1.579,
ng, = 1.591.

ESTIMATED ERROR:

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 accuracv reaches 12 % for the
nitrate present in the least amount,
and 1.0 % for the preponderant nitrate.

Soly:

Temp: precision * 0.1 K.




Multicomponent systems, two saturating components 29

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Yttrium nitrate; Y(N03)3; [10361-93-0] Perel'man, F.M.; Babievskaya, 1.Z. Zh. Neorg.

. . . Khim. 1964, 9, 986-90: Russ. J. Inorg. Chem.
(2) Gadolinium nitrate; Gd(NO3)3, 1964, 9. 538-41.
[10168-81-7] ' . .

(3) Nitric acid; HNOS; [7697-37-2] g§§f25man, F.M. Rev. Chim. Miner. 1970, 7,
(4) Water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:

Composition at 25°C T. Mioduski, S. Siekierski and M. Salomon
EXPERIMENTAL VALUES: .

The Y(NO3)3 - Gd(N03)3 - HNO3 - HZO system at 25.0°C
Composition of saturated solutions?®
HNO3 N Y(N03)3 . Gd(N03)3 .

mass % mol kg mass % mol kg mass 7% mol kg nature of the solid phase

31.8 12.6 28.3 2.58 0 0 Y(NO3)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(NO3)3-nH20

a. Molalities calculated by the compilers.

AUXTLIARY INFORMATION

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

Isothermal method. Slns equilibrated 2-3 d. Y(NO3)3-nH20 and Gd(NO3)3-nH20 were prepared
Both satd slns and residues analysed. HNOj [ by dissolving chemically pure oxides (99.9%)
in sln detd acidimetrically. Total Y + Gd in nitric acid and evaporating until
nitrates detd by two methods: first by pptn crystallization started. The refractive

of the oxalate which was ignited to the indices for Y(NO3)3-4H20 were determined
oxide, and second by titrn of the oxalate by the immersion method and are: o, = 1.420,
with stnd KMnO4. The mass % of each nitrate| n; = 1.528, and n, = 1.570.

was caled from

% Y(NO3)3 = 3.062(180.9a; - 132a1)/b

% Gd(NO3)3 = 3.82(132a; - 112.9a,)/b

where b = total weight of sample consisting |ESTIMATED ERROR:
of x 7% Y(N03)3 and y % Gd(NO3)i’ a; = total Soly: analysis checked with standard mixtures

weight of oxide, and ap = total oxalate (ion showed accuracy is from 2 % to 4 7
weight. From mass balance considerations, providing both components do not fall
the authors solved for x and y by method of below 10-15 7 of the total conca.
simultaneous equations. The compilers At ratios of the two nitrates of 90:10
consider this method of determining the the accuracy reaches 12 7 for the
individual metal nitrate contents to be nitrate present in the least amount,
approximate. The following molecular weights and 1.0% for the preponderant nitrate.
were used by the authors: Y(NO3)3 = 274.9,

Gd(NOg) = 342.9, Y504/2 = 112.9,76dy0,4/2 = Temp: precision * 0.1 K.

180.9, and 3C,0,/2 ="132.

——
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Yttrium nitrate; Y(NO3)3; [10361-93-0] odent, G.; Duperray, M.H. C.R. Hebd.
(2) Cobalt nitrate; Co(NO,),; [10141-05-6] Seances Acad. Sei., Ser. C 1974, 279,
451-3.
(3) Water; HZO; [7732-18-5]
VARIABLES: PREPARED BY:
Composition at 25°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

The Y(N03)3 - Co(NO3)2 - H,0 system at 25.0°C
Composition of saturated solutions®

mass 7% mol kg_l mass % mol kg nature of the solid phase
58.20 °  5.065 - — ¥(NO,) ,+ 5H,0

54.60 4.799 4.02 0.531 pt

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(NO3)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(NO3)3 in water as 139.23 g per 100 g water. The
corresponding molality calculated by the compilers is 5.0645 mol kg'l.

AUXILIARY INFORMATION

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

The isothermal method was used. The solu- No information given.
tions were equilibrated until their
densities, measured with a Comec-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 Zn2t solutions using
Eriochrom Black indicator at pH 9. Co was

determined separately by electrolysis, and
Y was then obtained by difference. The ESTIMATED ERROR:
composition of the solid phases was Soly: nothing specified.
determined by Schreinemakers' method, and
by X-ray diffraction of the dried solid
phases using the Ka ray of Cu.

Temp: precision of ¥ 0.1 K (compilers).

REFERENCES:
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COMPONENTS :

(1) Yttrium nitrate; Y(NO3)3; [10361-93-0]
(2) Aluminum nitrate; Al(N03)3; [13473-90-0]

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

ORIGINAL MEASUREMENTS:

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

Russ. J. Inorg, Chem. Engl. Transl. 1981,
26, 1692-3,

Neorg.

VARIABLES:

Composition at 25°C

PREPARED BY:

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

EXPERIMENTAL VALUES:

Composition of saturated solutions a

was determined complexometrically using
sulfosalicylate as a masking agent for
aluminum. Aluminum was determined by back-
titration of excess EDTA with standard
ZnSO4 solution using dithizone indicator (1).

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
above were listed in the paper.
to the phase dilagram in the source paper
specifies the temperature to be 0°C which
1s probably a typographical error. Dis-
cussion in the text refers to 25°C.

The caption]

Y(NO3)3 Al(NO3)3
mass 7% mol kg—l mass % mol kg_1 nature of the solid phase
60.30 5.525 _— Y(N03)3'6H20
50.87 4.454 7.59 0.858 Y(N03)3-6H20 + Al(N03)3-9H20
_ _— 40.73 3.226 Al(N03)3'9H20
a, Molalities calculated by the compilers.
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The isothermal method was used. Yttrium Yttrium nitrate was prepared by dissolving

high purity ¥,0, in HNO,. The nitric acid
was c.p. grade which was distilled.

A.R. grade A1(NO

'9H20 was recrystallized
before use.

3)3

ESTIMATED ERROR:

precision probably * 0.1 %
(compilers).
nothing specified.

Soly:

Temp:

REFERENCES:

Grosskreutz, W.; Schultze, D.;
Wilke, K.T. 2. Anal. Chem. 1967,
232, 278.

1.
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Yttrium nitrate

COMPONENTS :

(1) Yttrium nitrate; Y(NO [10361-93-0]

3038
(2) Ammonium nitrate; NH4N03; [6484~52-2]

(3) Water; HZO; [7732-18~5]

ORIGINAL MEASUREMENTS:

Perel'man, F.M.; Zvorykin, A. Ya. ; Demina,
G.A. Zh. Neorg. Khim. 1960, 5, 960-3;

Russ. J. Inorg. Chem. Engl. Transl. 1960, 5,
460-2.

VARIABLES:

Composition at 25°C and 50°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES: The system Y(NO,),

a. Molalities calculated by the compilers.

- NH,NO

4NO3 - HZO at 25°C

NH4N03 in satd sln® Y(NO3)3 in satd sln®
mass % mol kg'l mass % mol kg'l nature of the solid phase
—— — 63.09 6.217
11.43 4.774 58.66 7.134 } Y(NO3)3-4H20
18.74 9.217 55.86 7.999
b
31.31 24.266 52.57 11.862 Y(NO3)3-4H20 + Y(N03)3-2NH4N03-nH20
32,23 15.809 42,30 6.041
36.40 14.323 31.85 3.649 Y(N03)3-2NH4N03-nH20C
43,77 17.847 25.59 3.038
b
44,86 18.813 25,35 3.095 Y(NO3)3-2NH4NO3-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 —— —-——

b. Eutonic points were determined graphically.
c. Authors state this solid phase to be contaminated with NH4N03.

et recans e

continued..

AUXTLIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Isothermal method. Samples of saturated
solutions with an excess of solids were
isothermally equilibrated with constant

and 2-3 weeks when the solutions had high
viscosities. Both the saturated solutions
and wet residues were analysed. Ammonia was
determined by the Kjeldahl method. Y was
determined by precipitation with ammonia and
the precipate washed and filtered. The
precipitate was ignited to Y,03 which was
then weighed. The composition of the dry
solid residues was determined graphically

y Schreinemakers' method.

agitation for 2-3 days at 50°C, 5 days at 25°C

SOURCE AND PURITY OF MATERIALS:
Y(N03)3~6H20 was prepared by dissolving
99.28 % Y504 in aqueous HNO5 (1:1) followed
by crystallization. The hexahydrate con-

tained 30.6 mass 7 Y204, 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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COMPONENTS : ORIGINAL MEASUREMENTS
(1) Yttrium nitrate; Y(NOB)B; (10361-93-0) Perel'man, F.M.; Zvorykin, A. Ya. ; Demina,
(2) Ammonium nitrate; NH4N03; [6484-52-2] G.A. Zh. Neorg. Khim. 1960, 5, 960-3;
(3) Water; Hy0; [7732-18-5] Russ. J. Inorg. Chem. Engl. Transl. 1960,
5, 460-2,
EXPERIMETNAL VALUES: (continued) The system Y(N03)3 - NH4N03 - H20 at 50°C
NH4NO3 in satd sln? Y(NO3)3 in satd sln?
mass 7% mol kg'l mass 7 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(NO3)3-4H20
17.37 13.216 66.21 14.667
b
17.4 13.26 66.2 14.68 Y(NO3)3-4H20 + Y(N03)3-2NH4NO3
27.25 27.213 60.24 17.515
30.20 32.056 58.03 17.934
33.88 45.464 56.81 22.196 ¥(NOy) 5+ 2NH NO,
40.6 61.04 51.09 22,363
b
44.5 74.13 48.00 23.279 Y(N03)3-2NH4N03 + NH4N03
44.30 71.598 47.97 22.573
50.70 31.813 29.39 5.369
54,85 32,756 24.23 4,213 NH4N03
62,40 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(NO3)3-4H20, Y(N03)3-2NH4N03, and NH4N03. Anhydrous Y(NO3)3-2NH4NO3 1s congruently

soluble and crystallizes in the NH4N03 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(NO3)3-2NH4NO3-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.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Yttrium nitrate; Y(N03)3; [10361-93-0] Perel'man, F.M.; Babievskaya, I.Z. Zh. Neorg.
(2) Ammonium nitrate; NH,NO,; [6484-52-2] Khim, 1962, 7, 1479-81; Russ. J. Inorg.
(3) Nitric acid; HNOg; [7697-37-2] Chem. Engl. Transl. 1962, 7, 762-3:
(4) Water; HZO; [7732-18-5] Perel'man, F.M. Rev. Chim. Miner. 1970, 7,
635-45.
VARIABLES: PREPARED BY:
Composition at 25°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

- NH,NO

The Y(NO3)3 4NO3 - HNO

3 = Hy0 system at 25°C

Composition of saturated solutions?

HNO Y(NO,) NH,NO

3 -1 33 -1 4773 -1 b
mass % mol kg mass % mol kg mass 7% 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 [
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 = Y(NO3)3-6H20 B = Y(N03)3-4H20 C= Y(NO3)3-2NH4NO3 D= NH4N03

The solubility isotherm consists of three branches corresponding to crystallization of
Y (NO3) 4+ 4H,0, Y(NO3)3-2NH4N03 (congruently soluble), and NH,OH. The eutonic points
between Y(NO3):2NH,NO3 and Y(NO3)3-4H20 are given below.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
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), with

ammonia followed by ignition at 800-900°C to
form the oxide Y;03. Composition of the
solid phases were determined by Schreinemakers
method. The solid phases were subjected to
thermographical and crystal-optical

analysis.

COMMENTS AND/OR ADDITIONAL DATA:

The hexahydrate Y(NO )3-6H20 was prepared
by dissolving 99.23 Z Y,05 in an excess of
58.5 % nitric acid followed by crystalliza-
tion, C.p. grade NH4N03 was recrystallized
before use.

The eutonic points between Y(NO3)4-2NH,NOj ESTIMATED ERROR:

and Y(N03) '4H20 and vice versa are, Soly: Nothing specified.
respectively:

1. Y(N03)3 = 42% and NH4N03 = 18,8 mass %
2. Y(N03)3 = 13,8 Z and NH4N03 = 49,9 mass

Temp: precision t 0.1 K.

P

REFERENCES:
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Composition at 30°¢

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Yttrium nitrate; Y(N03)3; [10361-93-0] Khudaibergenova, N.; Sulaimankulov, K.
(2) Urea; CHANZO; [57-13-6] Zh. Neorg. Khim. 1981, 26, 1156-9;
Russ. J. Inorg. Chem. Engl. Transl. 1981,
;s H,0 ; 2-18-5
(3) Water ; 205 [773 ] 26, 627-8.
VARIABLES: PREPARED BY:

M. Salomon

EXPERIMENTAL VALUES:
Y(N03)3 - CO(NH2)2

Y(N03)3 CO(NH2)2
mass % mol kg 1 mass % mol kg-l
57.56 22,583
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
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
48.79 7.488 27.51 19.328
49.26 6.090 21.32 12.067
50.60 _— 49.616 ——
56.10 7.195 15.54 9,124
58.09 7.592 14.08 8.424
59.46 8.052 13.68 8.481

- Hy0 system at 30°¢

Composition of saturated solutions®

nature of the solid phase
CO(NH

"

2)2

"

Y(N03)3.4C0(NH2)2

Y(N04) 4. 202

continued ....... N

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
Kjeldahl method, and yttrium was determined
as described previously (1).

COMMENTS AND/OR ADDITIONAL DATA:

The complex Y(NO 3CO(NH2)2 is

3)3'
incongruently soluble, and
Y(N03)3.4C0(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(NO,), - H20 binary

system very poor (see critical
evaluation).

Temp: nothing specified.

REFERENCES:

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

’
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Yttrium

nitrate

(1)
(2)
(3)

COMPONENTS :

Yttrium nitrate; Y(NOB) [10361-93-~0]

3;
Urea; CHANZO;

Water ; H20 ; [7732-18-5]

[57-13-6]

ORIGINAL MEASUREMENT:
Khudaibergenova, N.; Sulaimankulov, K.

Zh. Neorg. Khim. 1981, 26, 1156-9; Russ. J.
Inory. Chem. Engl. Transl. 1981, 26, 627-8.

a.

b.

EXPERIMENTAL VALUES: continued ...ceevs0s

3{(1\103)3 CO(NH2)2
mass 7 mol kg_l mass % mol kg_1
60.08 7.872 12.16 7.294
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

Molalities calculated by the compiler.

This appears to be a typographical error.
mass % CO(NHZ)Z'

CUNZH“

nature of the solid phase

Y (NO .3CO (NH + Y(NO .4H20

303 202 33

Y (NO .4H20

3)3
"
n

The correct value may be 19.61

30°C isotherm for the Y(NO3)3 -

mass %.

CO(NH2)2 H20 system.

Concentrations in units of
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Yttrium nitrate; Y(NO,() _; [10361-93-0] Wells, R.C. J. Wash. Acad. Sei.
373 1930, 20, 146-8.
(2) Diethyl ether; C4H100; [60-29-7] e ’
VARIABLES: PREPARED BY:
Room temperature (about 20°C) T. Mioduski, S. Siekierski, M. Salomon

EXPERIMENTAL VALUES:

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 Y203 in 10 ml ether.

This is equivalent to a Y(NO3)3 soly of 0.0701 mol dm-—3 (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 Y203 in 10 ml ether.

This is equivalent to a Y(NO soly of 0.0711 mol r:]m_3 (compilers).

3)3

AUXTLIARY INFORMATION

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

The isothermal method was used. The soly of Nothing specified.
yttrium nitrate was determined in two experi-
ments in which the nature of the initial
solid phase differs.

Experiment 1. A few grams of yttriumnitrate
(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 ESTIMATED ERROR:
weighed.

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

Experiment 2. The remaining salt in the Temp: precision probably * 4 K (compilers).

flask was freed from ether, dissolved in
water and a few drops of HNO, added. The REFERENCES :
solution was evaporated to dryness and
heated to 150°C. The solubility in ether
was then determined again with this
"dehydrated" salt.
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CRITICAL EVALUATION:
THE BINARY SYSTEM

INTRODUCTION

Data for the solubility of La(NO3)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 allother
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.
following solid phases have been identified:

The

La(N03)3.6H20 [10277-43-7] La(N03)3.3H20 [80573-05-3]
La(N03)3.5H20 [15878~72-5] La(NO3)3.2H20 [80573-06-4]
La(N03)3.4H20 [15878-75-8] La(N03)3

It 1s 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(NO3)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
Mironov 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 & and B
forms of the hexahydrate, La(N03)3.6H20, with the o form being more stable at lower
temperatures. The existence of ¢ and 8 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 +f 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 1is 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 1s the hexahydrate, and above 316.4 K the stable
solid phase 1s the pentahydrate. Below we present evidence which suggests that above 343 K|
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 = dn(m/mg) - nMa(m - mg) = a + b/(T/K) + c€n(T/K)

In this equation m is the solubility in mol kg-l at temperature T/K, my is an

arbitrarily selected reference molality
solvent (18.0153 g mol'l), and a, b and
solution, AHsln, and heat capacity of
fitting the solubility data to eq. [1],

(usually for 298.2 K), Mp the molar mass of the
¢ are constants from which the enthalpy of

solutions, ACp, can be estimated (42, 42). In
weight factors of 0, 1, 2, 3 were assigned to e

ach
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CRITICAL EVALUATION: (continued)
solubility value depending upon the precision of the solubility determination and the
temperature.

In the fitting of the data to eq. [1], if the calculated error between the observed and
calculated molalities, Am, was larger than twice the standard error of estimate, Op,
the data point was either rejected or its weight factor decreased. The fitting of the
data was repeated until all Am values were equal to or less than + Zcm-

SOLUBILITIES IN THE La(N03)3.6H20 - Ho0 SYSTEM

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(NO3)3 (33). It is not possible to extrapolate the La(N03)3 solubility to zero
Nd(NO4) 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 X). Data from the ternary study of the La(NO3)3-Sm(NO3)3-Hy0 system by Petelina

et al. (38) were not compiled because of incompleteness: these investigators report mass %
values for La(NO3)3 along 5 sections of the phase diagram. Most 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(NO,), in the La(NO,).,.6H,0 - H, 0 system.
3’3 37354 2”0 Y

solubility weight solubility weight
T/K  mol kg * ref initial/final T/K  mol kg ! ref initial/final
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 1/0
293,15 4.423 2 3/3 298.2 4.544 37 1/0
293.15 4.405 36 3/3 300. 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 10,15,17
298.15 4.608 6 3/3 323.2 5.84 {18,30,31 0/0
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

10,15,18 333.2 7.013 12 1/0

298.2  4.34 {28,30,31 0/0
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CRITICAL EVALUATION:

The solubility of La(NO3) 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., 1t 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 (10,15-18,28,30,31)
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-1 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 0 = 0.07 mol kg-1.
The mean of the most precise results (2,4-7) is 4.610 mol kg~l with 0 = 0.002 mol kg~1. 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 * 0.17%,
the recommended solubility of La(N03)3 at 298.15 K is 4.610 mol kg~l with an estimated
overall uncertainty of * 0.005 mol kg=1.

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 and 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
weights 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
weights 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(NO3)4 at 323.2 K is reported as 5.84 mol kg~l and 6.11 mol kg-1l. While
the lower solubility value must be rejected, it is interesting to note that this value lies
jvery 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(NO3)3 in the La(NO3)3.6H,0 - Hy0 system
lare given in Tables 3 and 4, and in Figure 1. Table 3 lists the parameters o% the smoothing
lequation, 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.

SOLUBILITIES IN THE La(N03)3.nH20 - HZO SYSTEM: n<5

The 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~l 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(NO4) 3-HNO4-H,0 system reported in (27) were used in
Kirgintsev's equation (41) to reproduce the solu%ility branch for the pentahydrate:

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

where y; is the mole fraction of La(NO3)3 in the saturated solution (the solute mole
fraction is defined by mole fraction La(N03)3 + mole fraction HN03 = 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(NO3)3-HNO3-H20 system is

log (soly/mol kg™ l) = log 7.35 - 0.609 log vy

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 publication by Mironov and Popov (3). The data are given in Table 2 from
which 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
this uncertainty with the estimated experimental precision of 0.5%, the overall uncertainty
in the tentative values in Table 4 is # 0.21 mol kg-1.

Table 2. Solubility in the La(NO3)3.nH20 system: n £ 5

solubility value of n in La(N03)3.nH20
T/K mol kg_l ref author's assignment evaluator's assignment
298.2 5.123 8,27 5
298.2 7.358 8 4
314.5 5.47 3 54+ 4
321.8 5.79 3 5+ 4+ 3P 5
325.9 6.11 3 54+ 4+ 3 5
328.6 6.42 3 54+ 4+ 3 5
334.1 7.25 3 54+ 4+ 3 5
343.1 8.49 3 5+4+ 3 5
353.1 10.07 3 54+ 4+ 3
371.6  11.44 3 S+ 4+ 3
395.2 12,23 3 54+ 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(N03)3 in the hexahydrate system is 4.610 mol
kg~l with 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 L
The solubilities in the hexahydrate system are designated as recommended values, and at

the 95% confidence level, the totaluncertainty in these solubilities is + 0.011 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~l. These recommended and tentative
solubilities were used to construct the phase diagram of Figure 1.

SD513~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 + 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 (i.e. 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 fall on 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(NO3)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
(o 0.002 0.009
Oy, 0.53 2.9
Oc 0.0003 0.001
Oy 0.002 0.009
o] 0.02 0.2
soly
-1
AHSln/kJ mol -19.4 ~192.8
ac /3 k7t mor™t 111.0 655.1
congruent melting point 339.7 K 346.3 K

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

from the smoothing equation

T/K hexahydratea pentahydrateb’C
273.2 3.76

278.2 3.91

283.2 4.06

288.2 4,23

293.2 4,41 5.10
298.2 4.61 5.11
303.2 4.84 5.16
308.2 5.08 5.27
313.2 5.37 5.44
318.2 5.69 5.66
323.2 6.06 5.96
333.2 7.15 6.86
343.2 8.79

a. Recommended values.
b. Tentative values.
c.

For solubilities of the lower hydrates, see Table 2.
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CRITICAL EVALUATION:
TERNARY SYSTEMS

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 %Z. The existence
of a double salt with HNO3 was not reported. A third study (40) reports solubilities in
the four component systen Y(NOB)3-La(N03)3—HN03—H20.

Systems with Alkali Metal and Ammonium Nitrates. The dominant feature in these studies is
the existence of double salts of the type MzLa(Noa)S.nHZO where M is the alkali metal.
Those double salts which were experimentally verified are:

2KN03.La(N03)3.2H20 [77076-82-5] (29)
2RbN03.La(NO3)3.3H20 [61391-42-2] (32)
ZCsNOB.La(NO3)3.3H20 [61192-73-2] (13)
La(N03)3.2NH4NO3.4H20 [80573-07-5] 9

A study of the NaN03—La(N03)3-H20 system (34) did not report the existence of a double
salt.

§1§£§@s with Alkaline Earth and Transition Metal Nitrates. The dominant featurejgh all
these studies is the existence of a tetracosahydrate double salt with general formula
L32M3(NO3)12.24H20. The following tetracosahydrates have been reported:

3Mg(N03)2.2La(N03)3.24H20 [13984-18-4] (9, 23)
2La(N03)3.3C0(N03)2.24H20 [18851-80-4] (14)
2La(N03)3.3N1(N03)2.24H20 [18851-79~1] (25)
2La(N03)3.32n(N03)2.24H20 {14520-95-7] (23, 25, 36)

Although the tetracosahydrate 2La(NO )3.3Mn(N03) .24H20, [18851-78-0], is known to exist,
it was not reported by di Capua (di 8apua (22) "did 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). 1n addition, the existence of solid solutions have been reported for systems
containing Mg(NO3)2 9, 23), Ni(N03)2 (25), and Zn(N03)2 (25).

Systems 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(NO3) -H,0 was not reported

whereas Brunisholz's study on this system does reveal the presence of solid solutions.

For systems with LaCl , 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:

2La(NO3)3.La(CH3COO)3.13H20
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CRITICAL EVALUATION:

Other Systems.
organic nitrogen compounds.

nitrate (15), and triethylamine (35).

La(N03)3.2[N2H4.HN03]

La(NO .3[N2H4.2HN03]

33
3)3.H2NCH2CH2NH2 3

La(N03)3.2[C5H5N.HNO3].4H20

La(NO3)3.4[C5H NH.HN03]

La(NO . 2HNO

10

La(NO3)3.3C6H5CONH2.3H20

La(N03)3.C H

9 7.HN03.4H20

.6H20

Most other studies on ternary systems involve hydrazine nitrates and
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 involving guanidine monontrite (17), diethylamine nitrate (15), dimethylamine
Double salts were found in the remaining systems:

[33412-01-0] (18)
[33412-02-1] (18)
[27099-40-7] (16)
[51537-72-5] (30)
[36354-70-8] (28)
[80573-10-0] (12)
[80573-09-7] (31)
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COMPONENTS : EVALUATOR:

S. Siekierski, T. Mioduski

(1) Lanthanum nitrate; La(N03)3; Institute for Nuclear Research
[10099-59-9] Warsaw, Poland
and

(2) Water ; H,0 ;

[7732-18-5] M. Salomon

U.S. Army ET & DL

Ft. Monmouth, NJ, USA
May 1982

2 ’

CRITICAL EVALUATION: (continued)

33.

37.

39,
40,

41,
42,
43,
44,
45,
46,
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Lanthanum nitrate

COMPONENTS :

ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(N03)3; Friend, J.N. J. Chem. Soc. 1935, 824-6.
[10099-59-9}
(2) Water; HZO; [7732-18-5]
VARIABLES : PREPARED BY:
Temperature T. Mioduski, S. Siekierski, M. Salomon

EXPERIMENTAL VALUES:

t/°C

0
18.4
21.2
25.4
35.4
42,4
44,2

14.4
15.2
15.8
16.0
23.2
29.6
32.2
40.0
46.4
49.4
56.0
64.5P

mass 7%

50.03
54.16
55.03
55.80
59.12
63.84
65.13

56.27
56.94
56.85
56.74
58.7

60.08
61.34
62.71
64.55
65.17
68.30

75.04

mol kg_l

3.081
3.636
3.766
3.885
4,451
5.434
5.748

3.960
4.070
4.055
4,037
4,374
4.632
4.883
5.176
5.604
5.759
6.631
9.253

Solubility of La(NO3)3 in water as a function of temperature:a

solid phase
a—La(NO3)3'6H20

6H,0

B—La(NO3)3' 2

(1

4The transition temperature for the a + B was reported as approximately 43°C as read
from the intersection of the plots of solubility vs t/°C for the a and B hexahydrates.

bMelting point of the hexahydrate (theoretical concentration at the congruent melting
point is 9.251 mol kg~l, compilers).

AUXTLIARY

INFORMATION

earlier (1).

oxalate to the oxide.

by the compilers,

METHOD /APPARATUS /PROCEDURE :

The isothermal method was used as described
Aliquots of around 50 cc were
taken from 250 cc "saturation bottles" and
La precipitated as the oxalate.
determined gravimetrically by ignition of the

La was

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 7%.

COMMENTS AND/OR ADDITIONAL DATA:

This paper 1is the only study that reports o
and B phases for the hexahydrate.
discussed further in the critical evaluation.

This 1is

The molalities 1in the table were calculated

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) 6H20
The author claims that the initial prec%pit—
ate 1is B—La(N03)3-6H20 which is transformed
into the more stable”a form upon prolonged
standing at room temperature. The a-salt

1s 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. Chem. Soc. 1930, 1633.
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COMPONENTS :

(1) Lanthanum nitrate; La(NO3)3; [10099-59~9]

ORIGINAL MEASUREMENTS:

Brunisholz, G.; Quinche, J.P.; Kalo, A.M.
Helv. Chim. Acta 1964, 47, 14-27.

(2) Water ; H,0 ; [7732-18-5]
VARIABLES : PREPARED BY:
Temperature T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

t/°C mass %
0 54.99
5 55.88
10 57.09
20 58.97
25 59.98
35 62.34
50 66.29

a.

Authors report that the solid phase is La(NO3)3

Solubility of La(NO3), in water®

mol kg_l
3.760
3.898
4,095
4.423
4.613
5.095
6.052

Molalities calculated by M. Salomon.

-6H20

AUXILIARY

——

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The isothermal method was used. Lanthanum
determined by complexometric titration using
xylenol orange indicator in the presence of
2 small quantity of urotropine buffer.

Water was determined by difference. No

additional information given.

————

SOURCE AND PURITY OF MATERIALS:
L3203 purified by the ion exchange method
had a purity better than 99.7 Z%.
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 :

SDS13~cx



50

Lanthanum nitrate

COMPONENTS :

(1) Lanthanum nitrate; La(NO3) [10099-59-9]

3;

(2) Water ; H, 0 ;

2 [7732-18-5]

ORIGINAL MEASUREMENTS:

Mironov, K.E.; Popov, A.P. Rev. Roum. Chim.

1966, 11, 1373 - 81.

VARIABLES:

Temperature

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Solubility of La(N03)3 in watera

t/°C mass % mol kg—l solid phaseb t/°C mass % mol kg-l solid phaseb
-0.3 8.6 0.29 A 21.4 59.2 4,47 B
-2.6 18.5 0.699 A 27.7 61.0 4,81 B
-4.9 23.3 0.935 A 36.3 62.6 5.15 B
-9.5 35.6 1.70 A
_12.8 40.2 2.07 A 41.3 64.0 5.47 B+ C
-18.1 45.9 2,61 A 48.6 65.3 5.79 C+D+E
-22.9 48.9 2,95 A 52.7 66.5 6.11 C+D+E
55.4 67.6 6.42 C+D+E
-25.9 51.3 3.24 At+B 60.9 70.2 7.25 C+D+E
-15.0 52.4 3.39 B 69.9 73.4 8.49 C+D+E
2.7 54.4 3.67 B 79.9 76.6 10.07 C+D+E
5.3 55.3 3.81 B 98.4 78.8 11.44 C+D+E
15.8 57.9 4.23 B 122.0 79.9 12.23 C+D+E
a. Molalities calculated by M. Salomon.
b. Solid phases: A = 1ce
B = La(NO3)3-6H20
C = La(N03)3-5H20
D= La(NO3)3-4H20
E = La(NO3)3-3H20
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :
The synthetic method was used. The tempera-
ture of crystallization was determined
Authors state that only stable

No additional

visually.
equilibrium data are given.

information given.

SOURCE AND PURITY OF MATERIALS:
La(NO3)3-6H20 prepared by dissolving 99.9 %
pure Laj04 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 :
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(NO3)3; [10099-59-9]] Popov, A.P.; Mironov, K.E. Zh. Neorg. Khim.

1971, 16, 464-63; FRuss. J. Inorg. Chem.

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

2 Engl. Transl. 1971, 16, 464-6.
VARIABLES: PREPARED BY:
One temperature: 25°C T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:

The solubility of metastable La(NO3)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’l

COMMENTS 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 62.47 mass % (see the compilation of the data from this paper).

By extrapolation of the solubility branch for La(NO ) O from data in the ternary
system La(N03) HNO3 Hy0, the authors calculated the solugllity of the metastable

tetrahydrate™ in puré water as 70.5 mass % (7.35 mol kg-1). See the critical evaluation
for additional details.

AUXTLIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Experimental method not specified. No details given.

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).

ESTIMATED ERROR:

Soly: Not specified, but precision probably
+ 0.5 mass % units (compilers).

Temp: precision around * 0.2 K (compilers).

REFERENCES :

l. Mironov, K.E.: Popov, A.P.; Khripin, L.A.
Zh. Neorg. Khim. 1966, 11, 2789: Russ. J.
Inorg. Chem. Engl. Transl. 1966, 11, 1499.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(NO3)3; [10099-59-9]| 1. Spedding, F.H.; Shiers, L.E.; Rard, J.A.
J. Chem. Eng. Data 1975, 20, 88-93.

2. Rard, J.A.; Spedding, F.H. J. Phys. Chem.
1975, 79, 257-62.

3. Spedding, F.H.: Derer, J.L.; Mohs, M.A.;
Rard, J.A. J. Chem. Eng. Data 1976, 21,

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

474-88,
VARIABLES: PREPARED BY:
One temperature: 25°C T. Mioduski, S. Siekierski, and M. Salomon

EXPERIMENTAL VALUES:

The solubility of La(NO,) 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=l, but
the preferred value is given in source papers [1] and [2] as 4.610 mol kg-1l,

COMMENTS AND/OR ADDITIONAL DATA:

Source paper [l1] 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(NO3)3 solution at 25°C is 0.17875 P.

Supplementary data available in the microfilm edition to J. Phys. Chem. 1975, 79 have
enabled the compilers to provide the following additional data on the La(N03)3 - Hp0
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 w3, Using this density,
the solubility of La(N03)3 in volume units (based on mggapg = 4.6100 mol kg=1l) is

cgatd = 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) Kk = (.020369 S em~L.

The molar conductivity of the saturated solution as calculated from 1000K/3cg,pq is

A(§La(N05)3) = 2,033 S cm? mo1~L

AUXTLIARY INFORMATION

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

La(NO3) +6H,0 was prepared by addition of
HNO5 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 %.

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, |IR source paper [3] the salt was analysed
the salt was first decomposed with HC1 for water of hydration and found to be within
followed by evaporation to dryness before t 0.016 water molecules of the hexahydrate.
H,50, additions were made. This eliminated
the possibility of nitrate ion coprecipita- Water was distilled from alkaline permangan-
tion. ate.

ESTIMATED ERROR:

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

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

REFERENCES :

l. Spedding, F.H.; Cullen, P.F.; Habenschuss,
A. J. Phys. Chem. 1974, 78, 1106.

2, Spedding, F.H.; Pikal, M.J. Ayers, B.O.
J. Phys. Chem. 1966, 70, 2440,

3. Spedding, F.H.; et. al. J. Chem. Eng.
Data 1975, 20, 72.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Lanthanum nitrate; La(NO3) 3 [10099-59-9] Quill, L.L.; Robey, R.F. J. Am. Chem. Soc.
(2) Nitric acid; HNO,; [7697-37-2] 1937, 59, 2591-5.
(3) Water ; Hy0 [7732-18-5]
VARIABLES : PREPARED BY:
Composition at 25°C and 50°C T. Mioduski, S. Siekierski, M. Salomon

EXPERIMENTAL VALUES:

Composition of saturated solutions®
La(N03)3 ) HNO4 density
t/°c mass % mol kg mass % mol kg-l kg w3 nature of the solid phase
25 56.42 4,285 3.06 1.198 1.771 La(NO3)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(NO3)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(NO3)3-3H20
0.56 0.15 87.85 120.29 —_— La(N03)3
50 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(NO3)3'4H20
44,23 4,855 27.73 15.694 1.755 La(NO3)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(NO3)3 ?

a. Molalities calculated by the compilers.

AUXILIARY

——

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Isothermal method. Appropriate quantities of
La(N03)3 and HNOj were placed in Pyrex tubes,
heated to induce supersaturation, and thermo-
Stated. The Pyrex tubes were sealed after a
ﬁmall crystal of Bi(NOj3)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 1dentical 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 HNO3 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:

HNO 4 prepd from c.p. grade by distillation
in an all Pyrex still and retaining the
middle fraction. For very high HNO3 concs,
reagent grade fuming HNO, used as received.
La(N03)3-6H20 prepared by dissolving the
oxide in pure nitric acid, recrystalling
twice, and dried over 557% 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 s cm™1,

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 :
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Lanthanum nitrate

COMPONENTS ;
(1) Lanthanum nitrate; La(NO3)3; [10099-59-9]

(2) Nitric acid; HNOB;

[7732-18-5]

[7697-37-2]

(3) Water ; H,O ;

2

ORIGINAL MEASUREMENTS:

Mironov, K.E.; Popov, A.P.; Khripin, L.A.
Zh, Neorg. Khim, 1966, 11, 2789-96;
J. Inorg. Chem. Engl. Transl. 1966, 11,
1499-1503.

Russ.

VARIABLES :

Composition

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

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
i1dentified 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 HNO3 in this way (water
of hydration is not effected by this treat-
ment).

The La(NO5) 4 - HNO5 - H,0 system at 25.0°C
Composition of saturated solutions for
conditions of stable equilibrium
La(N03)3 HNO3

mass % mol kg_l mass 7% mol kg_l nature of the solid phase
60.25 4.669 -—- -— La(NOy) 5-6H,0
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 "

b
28.8 2.74 38.8 19.00 La(NO3)3-6H20 + La(NO3)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 "
b
18.9 2,56 58.4 40.83 La(NO3)3-4H20 + La(N03)3-3H20
17.1 2.32 60.2 42.09 La(NO,) ,-3H,0
373 2
continued.....
AUXILIARY INFORMATION
METHOD ‘APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The isothermal method was used. Equilibrium Lanthanum nitrate was made from spec pure

lanthanum oxide. Analysis of the salt
showed it to be the hexahydrate.
Completely colorless 1007 nitric acid was
made by the Brauer method (1). Double
distilled water was used.

ESTIMATED ERROR:
Soly: precision about + 0.5 7% (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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COMPONENTS :
(1) Lanthanum nitrate; La(N03)3; [10099-59-9]

(2) Nitric acid; HNO,; [7697-37-2]

3;
(3) Water ; Hy0 5 [7732~18-5)

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

J. Inorg. Chem. Engl. Transl. 1966, 11,
1499-1503.

Zh. Neorg. Khim. 1966, 11, 2789-96; Russ.

VARIABLES: continued.....

Composition of saturated solutions for
conditions of stable equilibrium (cont.)

a. Molalities calculated by M. Salomon.
b. Eutonic points.

COMMENTS AND/OCR ADDITIONAL DATA:

introducing seeds of the stable phases.

source paper.

nature of the solid phase
La(N03)3-3H20

La(NO -3H20 + La(N03)3-H20

33

La(NO3)3-H20

La(N03)3-H20 + La(N03)3

La(N03)3

La(N03)3-4H20

La(NO3)3'3H20

"

La(N03)3-5H20 + La(Noa)a.auzo
La(N03)3-5H20 + La(N03)3-3H20
La(NO,) 3-6H,0 + La(N03) 5+ 4H,0

La(NO4)3 HNO,
-1 -1
mass 7% mol kg mass % mol kg
17.0 3.39 62.1 44,28
17.3 2.69 62.9 50.41
19.5 3.33 62.5 55.10
20.4b 3.63 62.3 57.15
18.2 3.29 64.8 60.49
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
1.1b 0. 30 87.8 125.5
0.4 0.14 90.5 157.8
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
62.44 5.123 _— _—
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
29.0 3.16 42,8 24.09
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 slns)
28,5 2.93 41,6 22,08
29.4 3.23 42,6 24,14
30.4 3.11 39.5 20,83

The authors state that metastable hydrates do not change into the stable forms when

Relative densities (d2®) and refractive

indices are given for each of the hydrates and for the anhydrous salt in the




56

Lanthanum nitrate

COMPONENTS :

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

(2) Acetone; C3H6

20

0; [67-64-1]

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

ORIGINAL MEASUREMENTS:

Zwietasch, K.-J.; Kirmse, E.M. Wiss. Hefte
d. Pad. Hochschule "W. Ratke" Kdthen 1977,
4, 133-5

VARIABLES:

Acetone concentration

PREPARED BY:

T. Mioduski, S. Siekierski and M. Salomon

EXPERIMENTAL VALUES:

acetone La(N03)3-6H20
mass 7% mass 7%
0 79.45
1.63 79.04
2,93 79.64
3.70 79.12
5.40 78.94
7.72 79.04
11.75 78.50
14.54 77.52
20.66 76,19
21.82 75.85
24.61 75.39

Composition of saturated solutions at 25°C

anhydrous La(N03)3a
-1

mass 7% mol kg
59.62 4,544
59.31 4,486
59.76 4,571
59.37 4,496
59.23 4,472
59.31 4.486
58.90 4.411
58.17 4,280
57.17 4,108
56.92 4.066
56.57 4.009

a. Mass 7 of anyhr salt and molalities calculated by the compilers.

In all cases the authors state that the solid phase is La(NO3)3-6H20

stat at 25°C for 24 hours. Lanthanum was
determined by complexometric titration with
EDTA and xylenol 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,

AUXTLIARY INFORMATION
METHOD 'APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The isothermal method was used. The La(NO3)3-6H20 was used as the starting
reaction mixtures were agitated in a thermo- solid. No other information given.

ESTIMATED ERROR:
Soly: accuracy around 1-2 % (compilers).

Temp: nothing specified.

REFERENCES:
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COMPONENTS :

(1) Sodium nitrate; NaNO3; [7631-99-4]
(2) Lanthanum nitrate; La(NO3)3; [10099-59-9]

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

ORIGINAL MEASUREMENTS:

Bogdanovskaya, R.L. Uch. Zap. Perm. Univ.

1970, 229, 32-4.

VARIABLES :

Composition at 20°C and 50°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated solutions?

La(NO3)3 NaNO3

t/°C mass % mol kg_l mass % mol kg
20 -— —_——— 46.8 10.35
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

57.5 4.68 4.7 1.46

57.8 4,46 2.3 0.68

58.0 4.25 _— —

50 - —_—— 53.0 13.27
1.4 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

63.8 5.91 3.0 1.06

64.0 5.71 1.5 0.51

64.5 5.59 - ————

-1 nature of the solid phase

NaNO3

NaNO3 + La(NO
La(NO

3)3°6H0
3)3-6H20
1"

"

NaNO3

NaNO, + La(N03) «6H,0

3 372
La(N03)3-6H20
"

a. Molalities calculated by M. Salomon.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

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 slns 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.

COMMENTS AND/OR ADDITIONAL DATA:

The isotherms at 20°C and 50°C are identical
and consist of two branches corresponding to
the crystallization of La(NO )3-6H20 and
NaNO3. The eutonic sln is sgrongly enriched
in La(N03)3: i.e. this component shows a
strong salting out effect with respect to
NaNO3. At higher temperatures the salting
out effect of La(NO3)3 increases. The
influence of NaNO; on the soly of La(NO3)3
is much weaker.

SOURCE AND PURITY OF MATERIALS:
Pure grade La(NO3)3-6H20 was used.
Analar grade NaNO3 was used.

No other information given.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision reported as * 0.1 to 0.2

REFERENCES :
1. zhuravlev, E.F.; Sheveleva, A.D. Zh.

Neorg. Knim. 1960, 5, 2630.

2., Bogdanovskaya, R.L.: Armisheva, L.N.
Uch. Zap. Perm. Univ. 1973, 289, 32.
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Lanthanum nitrate

COMPONENTS :
(1) Potassium nitrate; KNO3; [7757-79-1]

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

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

ORIGINAL MEASUREMENTS:

Bogdanovskaya, R.L.; Armisheva, L.N.
Ueh. Zap. Perm. Univ. 1973, 289, 32-5.

VARIABLES:

Composition at 20°C and 50°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

The La(N03)3 - KNO; - Hy0 system at 20.0°C
Composition of saturated solutions?
mass % mol kg~ mass % mol kg—l nature of the solid phaseb

- -— 24,0 3.12 KNO3

8.0 0.34 20.0 2,75 "
16.4 0.77 18.0 2.71 n
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 KNO3 + 2KN03-La(NO3)3-2H20
42.0 3.49 21.0 5.61 2KN03-La(No3)3-2H20
45,0 3.64 17.0 4,42 "

47.5 3,95 15.5 4.14 "

56.5 5.10 9.4 2.73 n

60.0 5.43 6.0 1.75 2KN03.La(N03)3-2H20 + La(N03)3-6H20
58.5 4.91 4,8 1.29 La(N03)3-6H20

58.3 4.55 2.3 0.58 "

58.0 4,25 — _— "

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, crystal-
optical and microscopic analysis. La was
determined by titration with Trilon, K was
determined as the tetraphenylborate, 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 KNO3 was presumably
used as received.

No other information given.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision * 0.2 K.

REFERENCES :
1. Zhuravlev, E.F.; Sheveleva, A.D.
Zh. Neorg. Khim. 1960, &, 2630.
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COMPONENTS.
(1) Potassium nitrate; KNO3; [7757-79-1]

(2) Lanthanum nitrate; La(NO [10099-59-9]

333

(3) Water ; Hy0 [7732-18-5]

ORIGINAL MEASUREMENTS:

Bogdanovskaya, R.L.; Armisheva, L.N.
Uch., Zap. Perm. Univ. 1973, 289, 32-5.

EXPERIMENTAL VALUES: continued.....

The La(NO - KNO, =~

3)3 3

Composition of saturated solutions?®

La(NO KNO

33

3
o -1 o -1
mass 7% mol kg mass % mol kg
— - 44.0 7.77
6.0 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
43.4 4.44 26.5 8.71
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
66.0 6.47 2.6 0.82
66.5 6.36 1.3 0.40
64.5 5.59 -— -—

a. Molalities calculated by M. Salomon.

COMMENTS AND/OR ADDITIONAL DATA:

air.
was measured pycnometrically with CC14.

nq = 1.560 + 0.001

1¥505 * 0,001

n =

H,0

;0 system at 50.0°C

nature of the solid phaseb

3

KNO, + 2KN03'La(NO3)3-2H20

3

2KNO

3'La(NO

3)3-2520

2
KNO3

.La(N03)3-2H20 + La(N03)3-6H20
La(NO3)3-6H20

The crystals of the double nitrate 2KN03.La(No3)§2H20 are white and are stable in
Refractive indices were measured by the immersion method, and the density
The results of these measurements follow:

d%® = 2,47+ 0.0l kg m >

b. The solubility isotherms at 20° and 50°C are identical and consist of three branches
corresponding to the crystallization of KNO3, 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.
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Lanthanum nitrate

COMPONENTS :

(1) Rubidium nitrate; RbNOg3; [13126-12-0]
(2) Lanthanum nitrate; La(NOj),; {10099-59-9]

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

ORIGINAL MEASUREMENTS:

Molodkin, A.K.; Odinets, Z.K.; Vargas Ponse,
0. Zh. Neorg. Khim. 1976, 21, 2590-3;

Russ. J. Inorg. Chem. Engl. Transl. 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?

La(N03)3 RbNO

3

mass 7% mol kg‘l mass 7 mol kg'l
—— - 40.65 4.644

7.4 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
36.10 3.675 33.67 7.553
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
58.44 5.387 8.17 1.659
57.72 5.018 6.88 1.318
58.02 4.754 4.42 0.798
60.37 4.688 e —

a. Molalities calculated by M. Salomon.

APEB is the region of unsatd slns, below

b. In the phase diagram, A is the soly of RbNO; and B is the soly of La(NOj)j.
soly curve of RbNOj3, PE that of the double salt, and EB that of La(N03)3-6H20.

nature of the solid phaseb
RbNO3

RbNO, + 2RbNOj3-La(NOj)5-3H,0

2RbN03-La(NO -3H20

3
373

2RbN03-La(NO3)3~3H20 + La(NO3)3-6H20

La(NO3)3-6H20
"
"

AP is the
Hy0-~
the line APEB is the region of satd slns.

Point C was found using Schreinemakers' method.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :
Authors state method of additions used.

is probably the isothermal method.
um reached after 6-7 h as detd by constancy
in refractive indices. Both solid and liquid
phases analysed. La detmd by pptn with NH,OH
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 RbNO3 to
be stable up to 536°C.
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(NO3)3-3H20 were white,
anisotropic with n =71.625, and readily
soluble in water. The refractive index was
detd by the immersion method.

This

Equilibri-

The method of analysis

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision about ¥ 0.2 K (compilers).

Hy0

y La(N0g)s-6H,0

2RbNO-La(ND;);3Hy6
1 A 1
La(NO3)3

mass %
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COMPONENTS :
(1) Cesium nitrate; CsNOg; [7789-18-6]

(2) Lanthanum nitrate; La(NO3)3; [10099-59-9]

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

2

ORIGINAL MEASUREMENTS:
Molodkin, A.K.; Odinets, Z.K.; Pereira

Paveze, V. Zh. Neorg. Khim. 1976, 21,
2792~-4: Russ. J. Inorg, Chem. Engl. Transi.
1976, 21, 1540-1.

VARIABLES :
Composition at 25°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Composition of saturated solutions at 25°C

a., Molalities calculated by M. Salomon.
La(NO3)3 in water.

branch for CsNO3, PE that for the incongr
La(NO3) 3+ 6H,0.

determined by Schreinemakers' method.

a

La(NO3) 5 CsNO,

mass 7% mol kg'l mass % mol kg_l nature of the solid phaseb
—_— -— 22.03 1.450 CsNO4

5.12 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 CsNO, + 2CsN03-La(NO3)3-3H20
48.11 5.500 24,97 4.759 2CsN03-La(NO3)3-3H20
50.23 5.551 21.92 4,038 "

52.40 6.033 20.87 4.006 2CsN03-La(NO3)3-3H20 + La(N03)3-6H20
54.31 4.818 11.00 1.627 La(NO3)3-6H20

57.71 4.806 5.33 0.740 "

60.45 4.704 — -—= "

b. In the phase diagram below, point A is the soly of CsNO, in water and B is the soly of
P is a transformation point, E a eutonic, AP the crystallization

uently soluble compound, and EB that of

Unsaturated solutions correspond to the region Hy0-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

AUXTLIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Isothermal method used, and equilibrium was
reached after 6-7 h as determined by constancy
in the refractive index. Both solid and
liquid phases analysed. La detd by pptn
from sln with NH,OH followed by ingition to
the oxide. After separation 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
CsNO3 to be stable up to 580°C. Total NOj
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 2CsNO3-La(NO3)3-3H20, the refractive

index was given as 1.568 and chemical analysisg|
gave the following: found, % Cs 34.36, La
18.74, NO3 40.27; Calcd,Cs 34.59, La 18.08,
NO4 40,31,

SOURCE AND PURITY OF MATERIALS:
No details given.

ESTIMATED ERROR:
Soly: nothing specified.
Temp: precision * 0.2 K (compilers).

“hLa{NDy); 6H,0

c
¥

Cs,{La(NDy)c)-3H,0
LV V. Y N "2

mass % Lo (N 03)3
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Lanthanum nitrate

COMPONENTS :
(1) Magnesium nitrate; Mg(NO3),; [10377-60-3]

(2) Lanthanum nitrate; La(NO3)3; [10099-59-9]

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

ORIGINAL MEASUREMENTS:

di Capua, C. Gazz. Chim. Ital. 1929, 59,
164 - 9,

VARIABLES:

Composition at 20°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
The La(NO3)3 - Mg(NO3)2 - HZO

Composition of saturated solutions®

La(N03)3 o Mg(N03)2 o
mass % mol kg mass % mol kg
60.13 4,642 -— -—
59.65 4.687 1.18 0.203
58.91 4.662 2.20 0.381
57.46 4.578 3.91 0.682
55.06 4.375 6.21 1.081
50.11 3.850 9.83 1.654
48.72 3.873 12.56 2.187
42,98 3.339 17.40 2.961
37.02 2.605 19.25 2.968

a.

system at 20°C

Composition of saturated solutions®
La(N03)3 . Mg(N03)2 _1

mass % mol kg mass % mol kg
27.96 1.767 23.34 3.231
26.00 1.600 24.00 3.236
22.90 1.365 25.48 3.328
16.78 0.955 29.15 3.635
15.35 0.879 30.93 3.882

6.89 0.387 38.30 4,711

3.20 0.171 39.25 4.598

-— — 43.68 5.229

Molalities calculated by M. Salomon.

Nature of the solld phases not specified.

La(N03)3 + Mg(NO3)2 content was determined
by evaporation of the saturated solutioms.
La was determined by the oxalate method, and
Mg and water were determined by difference.

No other details given.

AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The isothermal method was used. The total Nothing specified.

ESTIMATED ERROR:
Soly: precision about + 0.5 % (compilers).

Temp: precision probably ¥ 0.5 K (compilers).

REFERENCES:;
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COMPONENTS ¢

(1) Magnesium nitrate; Mg(NO3)s; [10377-60~3]

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

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

2

ORIGINAL MEASUREMENTS:

Urazov, G.G.; Shevtsova, Z.N. Zh., Neorg.
Khim., 1957, 2, 655-8;
(USSR) 1957, 2, 288-94,

J. Inorg. Chem.

VARIABLES:

Composition at 25°C and 50°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated slns at 25°¢?

Composition of saturated slns at 50°C

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.

La(NO3) 5 Mg(NO3) solid La(NO,) Mg(N0y), solid
mass % mol kg~ mass % mol kg =~ phase® mass ¥ mol kg'l 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 o
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. A = La(NO3)3-6H20 B,D = solid solutions C= 3Mg(N03)2-2La(NO3)3.24H20
E = Mg(NO3)2-6H20
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The isothermal method was used. Equilibrium

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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Lanthanum nitrate

COMPONENTS :
(1) Magnesium nitrate; Mg(NO3),; [10377-60-3]

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

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

ORIGINAL MEASUREMENTS:

Yakimov, M.A.; Gizhavina, E.I. Zh. Neorg.
Knim. 1971, 16, 507-9; Russ. J. Inorg. Chem.
Engl. Transl. 1971, 16, 268-9.

VARIABLES :

Composition at 25°C

PREPARED BY:

T. Mioduski and S. Siekierskil

EXPERIMENTAL VALUES:
Composition of saturated solutions?®

Composition of saturated solutionsa

La(NO3)3 ) Mg(NO3)2 } solid La(NO3)3 ) Mg(N03)2 . solid
mass % mol kg mass % mol kg phaseb mass % mol kg mass 7% mol kg phase
58.90 4.411 — —— A 24,58 1.386 20.85 2.576 B
57.20 4.374 2.55 0.427 A 23.08 1.284 21.61 2.634 B

22.35 1.246 22.46 2,744 B
57.20 4.396 2.75 0.463 A+ 3B 17.66 0.948 24.08 2916 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 B
50.58 3.514 5.12 0.779 B 8.53 0.439 31.70 3.576 B
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 B 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 B
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
29.30 1.695 17.51 2.220 B 0.50 0.027 41.50 4.824 B+ C
27.28 1.560 18.91 2,369 B -— -— 41.80 4.842 o
a. Molalities calculated by M. Salomon.
b. Solid phases: A= La(NO3)3-6H20
B = 2La(N03)3-3Mg(N03)2'24H20
C = Mg(NO5),-6H,0
AUXTLIARY 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 Laj03. 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 t 0.5 % (compilers).

Temp: precision probably £ 0.2 K (compilers).

REFERENCES:
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COMPONENTS :
(1) Barium nitrate; Ba(NO3)p; [10022-31-8]

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

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

ORIGINAL MEASUREMENTS:
Molodkin, A.K.; Odinets, Z.K.; Vargas Ponse,
0. Zh. Neorg. Khim. 1977, 22, 3388-9;
Russ. J. Inorg. Chem. Engl. Transl. 1977,
22, 1852-3.

VARIABLES:
Composition at 25°C

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
The La(N03)3 - Ba(NO

Composition of saturated solutions.?d

La(NO,) 4 Ba(NO,), .

mass % mol kg_l mass % mol kg
- - 9.53 0.403
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
60.37 4,688 — —_—

a. Molalities calculated by M, Salomon.

of Ba(NO3) 2.

372

- H,0

2 system at 25.0°C

nature of the solid phase

Ba(N03)2

Ba (NO + La(NO,) 5+ 6H,0

-6H20

302

La(,NO3)3

The system is of the simple eutonic type with a well developed crystallization field
The composition of the eutonic solution is practically the same as
that of the solution saturated with La(NO3)3.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The method of isothermal sections with
refractometric analysis was used.
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.

Equi1ibrium|

SOURCE AND PURITY OF MATERIALS:

La(N03)3-6H20 prepd by dissolving Lay03 in
HNO5. Gravimetric analysis yielded the
following (NO3 detd as nitron nitrate):
32.17% La, 42.12% NO3, and 24.71% H,0.

C.p. grade Ba(NO3)2 was recrystallized twice
from bidistilled water prior to use.

Both salts were analysed by IR spectroscopy
and derivatography 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 :
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Lanthanum nitrate

COMPONENTS :
(1) Lanthanum acetate; La(CH3coo)3; [917-70-4)

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

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

ORIGINAL MEASUREMENTS:
Petelina, V.S.; Nikurashina, N.I.;
Bakhtiarova, G.A. Izv. Vyssh. Ucheb. Zaved.
Khim. Khim. Tekhnol. 1971, 14, 1611-4.

VARIABLES:

Composition

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

Composition of saturated solutions®

The La(NO3)q ~ La(CH3C00)3 - H20 system at 25°C

La(N03)3 La(CH3COO)3

mass % mol kg-l mass 7% mol kg—l nature of the solid phase
59.8 4,58 -— —— La(N03)3-6H20

56.6°  4.51 4.8 0.39 2La (NO,) 3+La(CH3C00) 5+ 13H50
32.6b 2.33 24.4 1.80 "

—-— - 16.6 0.630 La(CH3C00)3-H20
a, Molalities calculated by M. Salomon.
b. Eutonic points.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

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.

SOURCE AND PURITY OF MATERIALS:

La(NOg) 5+ 6Hy0 was prepared by dissolving c.p.
grade Las0y in dilute HNO3. The salt was
dried and analysed for La by the oxalate
method.

La(CH3C00)3-H20 was prepared by dissolving
freshly precipitated Lag(C0,)3 in dilute
CH,CO0H. The salt was dried and analysed
for La by the oxalate method.

The compillers 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. Obshch. Khim. 1939,

9, 1701.
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COMPONENTS :
(1) Lanthanum oxalate; La(C204)3; [537-03-1]

(2) Lanthanum nitrate; La(NO3)3; [10099-59-9]

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

2

ORIGINAL MEASUREMENTS:

James, C.; Whittemore, C.F. J. Am. Chem.

Soe. 1912, 34, 1168-71.

VARIABLES :

Composition at 25°C

PREPARED BY:

T, Mioduski, S. Siekierski and M. Salomon

EXPERIMENTAL VALUES:

Composition of saturated solutions?

La(N03)3 Laz(C204)3
mass % mol kg mass % mol kg~ nature of the solid phaseb
5.06 0.165 0.28 0.0055 La2(0204)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 n
34.61 1.691 2.41 0.0706 "
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 n
40.83 2.241 3.09 0.102 "
42.27 2.391 3.32 0.113 "
45.26 2.676 2.68 0.0950 Laz(0204)3-3H20
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 "
continued.s.vonens
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 LaZO . In order to estimate
the oxalate by tgtration with KMnO,, 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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COMPONENTS : ORIGINAL MEASUREMENTS:

late; La(Cy0 s [537-03-1}
(1) Lanthanum oxala ( 2 4)3 ! James, C.; Whittemore, C.F. J. Am. Chem.

(2) Lanthanum nitrate; La(NO5)4; [10099-59-91] Soe. 1912, 34, 1168-71.

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

EXPERIMETNAL VALUES: continued......

Composition of saturated solutions at 25°C

mass % mol kg-l mass % mol kg_l nature of the solid phase
52.74 3.624 2.47 0.102 Laz(C204)3-3H20

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 La,(C,0,) 3+3H,0 + La(NO,) - 6H,0°
59.03 4.674 2.10 0.0997 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 La (C 0 ) -SH 0 exists,
but no solubility data were obtained for solutions in which thls soivate 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(NO3)3; [10099-59-9] Petelina, N.S.; Mertslin, R.V.; Nikurashina,

(2) Lanthanum chloride; LaC13; [10099-58-8] N.I.; Sedova, L.K. Issled. v. Obl. Khim.

(3) Water ; HZO s [7732-18-5] Redkozem. Elementov 1969, 85-9.
VARIABLES: PREPARED BY:
Composition at 25°C T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:

The solubilities for the ternary system at 25°C were given numerically only for LaCl
along four sections. Neither the La(NO3)3 or the H,0 composition along these sections
are given, the quantitative significance of the numerical data for LaClj 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(N03)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‘l.

AUXTLIARY INFORMATION

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

The isothermal method of sections was used Each salt was prepared by dissolving Lay04
as described in (1). The refractive indices |in the appropriate acid followed by

of saturated solutions are measured along crystallization. The salts were analysed

directed sections of the phase diagram. The |for La content by the oxalate method.
results are used to graph the relation
between the refractive index and the composi-|No other information given.
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 refractive
indices. Prior to measuring the refractive
indices, the solutions were thermostated ESTIMATED ERROR:

for 3 hours at 25°C. Soly: nothing specified.

Temp: precision + 0.1 to 0.2 K.

REFERENCES .

1. Mertslin, R.V. Zh. Obshch. Khim., 1936,
7, 1828,
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Lanthanum nitrate

COMPONENTS :
(1) Lanthanum nitrate; La(NO3)3; [10099-59-9}

(2) Praseodymium nitrate; Pr(NOB)B;
[10361-80-5]

(3) Water ; Hy0 [7732-18-5]

ORIGINAL MEASUREMENTS:

Brunisholz, G.; Quinche, J.P.; Kalo, A.M.
Helv. Chim. Acta 1964, 47, 14-27.

VARIABLES:

Composition at 20°C

PREPARED BY:

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

EXPERIMENTAL VALUES:

b.

C.

The La(NO3)3 - Pr(NO3)3 - HZO system at 20°C
Composition of the saturated solutions?
mol % Pr moles H,0
. 2
of total per 100 La(N03z Pr(N03z%
Pr + La mol Pr + La mol kg mol kg nature of the solid phase
0.0 1255 4.42 - La(N0g) 5+6H,0°
8.9 1221 4.14 0.40 solid solution I
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+ I
76.2 1050 1.36 3.92 solid solution 11¢
80.3 1087 1.01 4.10 "
90.7 1116 0.46 4.51 "
b
100 1149 —— 4.83 Pr(NO3)3 6H20
a., Molalities calculated by M. Salomon.

Composition not specified, but assumed by compilers.
(Lé,Pr)(NO3)3-6H20 solid solution: miscibility limit of Pr = 45 mol %.
d. (La,gg)(N03)3-6H20 solid solution: miscibility limit of La

9.0 mol %.

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 buffer. Water wac detcrmincd by
difference. The solid phases were identified
by X-ray analysis and by Schreinemakers'
method of residues.

AUXILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The igsothermal method was used. The mixed La(N03) +6H50 and Pr(N03)3-6H20 were

prepared from the oxides. The oxides were
purified by ion exchange chromatography,
and were at least 99.7 7 pure.

ESTIMATED ERROR:
Soly: precision * 0.2 % (compilers).

Temp: precision at least * 0.05 K (compilers),

REFERENCES :




Multicomponent systems,

two saturating components

ral

COMPONENTS :

(1) Lanthanum nitrate; La(NO3)3; [10099-59-9]

ORIGINAL MEASUREMENTS:
Brunisholz, G.; Quinche, J.P.; Kalo, A.M.

(2) Neodymium nitrate; Nd(N03)3; [10045-95-1] Helv. Chim. Acta 1964, 47, 14-27.
(3) Water ; HZO 3 [7732-18-5]
VARTABLES: PREPARED BY:

Composition at 0°C and 20°C

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

EXPERIMENTAL VALUES:

The La(N03)3 - Nd(N03)3 - H20 system
Composition of saturated solutions at 0°C
mol % Nd moles H,0
2
of total per 100 La(NO33% Nd(No3zi
Nd + La mol Nd + La mol kg mol kg nature of the solid phase
b
0.0 1476 3.76 -— La(N03)3-6H20
15.5 1434 3.27 0.60 solid solution I°
35.0 1380 2.61 1.41 "
51.0 1321 2.06 2.14 "
57.2 1288 1.84 2.47 I+ 11
57.3 1301 1.82 2.44 "
62.8 1310 1.58 2.66 solid solution IT¢
73.0 1343 1.12 3.02 [
83.7 1387 0.65 3,35 "
100 1446 -—- 3.84 NA(NO,) - 6H,0°

Molalities calculated by the compilers

(Lg,Nd)(NO3)3-6H20 solid solution: mis

(La,Eg)(NO3)3-6H20 solid solution: mis

Composition not specified, but assumed by M. Salomon.

cibility limit of Nd = 12.2 mol Z%.
cibility limit of La = 14.7 mol Z.

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.
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.

La

SOURCE AND PURITY OF MATERIALS:

La(NO3) +6H,0 and Nd(NO3)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:
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Lanthanum nitrate

COMPONENTS :
(1) Lanthanum nitrate; La(NO

(2) Neodymium nitrate; Nd(NO

(3) Water ; HZO y [7732-18-5]

33

3033

[10099-59-9]

[10045-95-1]

ORIGINAL MEASUREMENTS:

Brunisholz, G.; Quinche, J.P.; Kalo, A.M.
Helv. Chim. Acta 1964, 47, 14-27.

mol % Nd moles Hy0
of total per 100

Nd + La mol Nd + La
0 1255
10.1 1227
12.2 1214
27.8 1203
44,0 1158
53.4 1119
55.4 1110
57.5 1094
57.9 1099
61.0 1112
70. 30 1162
89.2 1221
100 1259

c. (La,Nd) (NO,),

d. (La,E_c_i_) (NO3) 3'6H2

EXPERIMENTAL VALUES: continued......

La(NO3)3

mol kg_l

4,42

4.07
4.01
3.33
2.68
2.31
2.23

2.16

2.13
1.95
1.42
0.49

Composition of saturated solutions at 20°¢c?

Nd(NO3)
mol kg~

0.46
0.56
1.28
2,11
2.65
2.77

2.92
2.92
3.04
3.36
4,06

4.41

a. Molalities calculated by compilers.

3
1

'6H20 solid solutions: miscibility limit of Nd

0 solid solutions: miscibility limit of La

nature of the solid phase
La(NO,) ,+6H Ob
373 772

solid solution 1€

I+ 11

solid solution IId

b
Nd(N03)3'6H20

b. Composition not specified, but assumed by M. Salomon.

12.7 mol %.

20.0 mol %.
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COMPONENTS :

(1) Lanthanum nitrate; La(NO3)3; [10099-59-9]
(2) Neodymium nitrate; Nd(N03)3; [10045-95-1]
(3) Tri-n-butyl phosphate; CyoHy70,P;
[126-73-8]

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

2

ORIGINAL MEASUREMENTS:

Kolesnikov, A.A.; Korotkevich, I.B.; Bui Van
Zh. Neorg. Khim. 1978,
Russ. J. Inorg. Chem. Engl.

Tuan; Stepin, B.D.
23, 2833-8;
Transl. 1978, 23, 1570-3,

VARIABLES :

Composition, temperature

PREPARED BY:

T. Mioduski and S. Siekierski

EXPERIMENTAL VALUES:
Composition of saturated aqueous phasea

Composition of saturated organic phasea

La(N03)3 Nd(N03)3 L La(N03)3 L Nd(N03)3 o

t/°C mass % mol kg~ mass % mol kg~ mass % mol kg~ mass % mol kg
50 4.90 0.480 63.65 6.128

20 10.05 0.840 51.02 4,015 1.45 0.063 28.01 1.202
20 8.31 0.656 52.68 4,089

50 14.08 1.377 54.45 5.239

20 20.90 1.677 40.75 3.217 2.15 0.094 27.74 1.198
20 15.70 1.280 46.56 3.736

50 21.15 2,162 48.74 4,901

20 25.82 2,138 37.02 3.017 2.04 0.089 27.50 1.182
20 23.16 1,933 39.97 3.283

50 31.74 3,280 38.48 3.913 2.36 0.105 28.44 1.244
40 32.98 3.245 35.74 3.460 2,59 0.115 27.88 1.214
30 32,10 2.840 33.11 2.882 3.04 0.134 27.31 1.187
20 32.86 2,722 29,98 2,443 4.08 0.179 25.84 1.116
50 39.17 4,195 32.09 3.381 3.92 0.173 26.17 1.133
40 40.03 3.935 28.66 2.772 4.12 0.181 25.95 1.124
30 39.67 3.406 24,48 2.068 4,21 0.186 26.04 1.130
20 40,54 3.163 20.01 1.536 4.37 0.225 25.81 1.813

continued........
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The system was studied by the extractive
crystallization ray (ECR) method similar to
that descirbed by Nikolaev (l). An ECR is a
line of a phase diagram which reflects the
change in compn of the aqueous phase during
extractive crystn. Satd slns of both salts
in water is prepd at 50°C with varying amts
of solid La(N03)3 and Nd(NO3) . The extract-
ant 1s added to these slns ana th

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~% 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(NO3)3 in the solid phases.
both salts are preseit in all the solid
phases for the equilibrated satd slns given
in the soly tables. The source paper also
lists distribution coefficients for each sln.

e

e temp reducq

SOURCE AND PURITY OF MATERIALS:

C.g. grade lanthanum nitrate was used. When
1%7Ng was used, spec grade lanthanum nitrate
was used.

C.p. grade neodymium nitrate was used.

The extractant, [CH3(CH2)3O]PO, was purified
as in (2).

Source and purity of water not specified.

ESTIMATED ERROR:

Soly: based on the method, precision is
about 1-4 7% 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,
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Lanthanum nitrate

COMPONENTS :

(1) Lanthanum nitrate; La(N03)3; [10099-59-9]
(2) Neodymium nitrate; Nd(N03)3; [10045-95-1]
(3) Tri-n-butyl phosphate; 012H2704P;
[126-73-8]

(4) Water ; Hzo 3 [7732-18-5])

ORIGINAL MEARUREMENTS:

Kolesnikov, A.A.; Korotkevich, I.B.; Bui Van
Tuan; Stepin, B.D. 2Zh. Neorg. Knim. 1978,
23, 2833-8; Russ. J. Inorg. Chem. Engl.
Transl. 1978, 23, 1570-3.

EXPERIMENTAL VALUES: continued......

Composition of saturated aqueous phasea

La(NO,) Nd (NO.,)
373 3’3

t/°C mass % mol kg'l mass % mol kg_l
50 44,85 4,467 24,25 2.376

40 45,12 4,192 21.75 1.988

30 45.00 3.849 19.02 1.601

20 44,62 3.436 15.41 1.167

50 54.07 5.320 14.65 1.418

40 53.01 4.715 12.39 1.084

30 52.49 4,328 10.18 0.826

20 51.41 3.910 8.12 0.608

50 63.11 6.057 4,82 0.455

20 57.13 4,303 2.01 0.149

50 66.5 6.14 0.14 0.013

20 59.5 4.53 0.062 0.0046
20 59.7 4,56 0.037 0.0028
50 66.0 5.98 0.0054 0.00048
20 58.5 4.34 0.0021 0.00015
20 59.0 4.43 0.0014 0.00010
50 66.3 6.06 0.0006 0.00005
20 59.8 4.58 0.0002 0.00002
20 59.00 4.43 0.00018 0.00001
50 66.3 6.05 0.00023 0.000021
20 58.3 4.30 0.00009 0.000007
20 58.8 4.39 0.00005 0.000004

Composition of saturated organic phasea

La(N03)3 Nd(N03)3 .
mass 7 mol kg"1 mass 7% mol kg
4.23 0.185 25.46 1.096
4.41 0.193 25.34 1.092
4,73 0.208 25.42 1.102
5.12 0.225 24.98 1.082
11,23 0.488 17.95 0.767
12.37 0.533 16.21 0.687
13.82 0.595 14.70 0.623
14.43 0.622 14.21 0.603
28.3 1.22 0.1 0.004
29.0 1.26 0.004 0.0002
29.3 1.28 0.00042 0.000018
28.8 1.24 0.000009 0.0000004

a. Molalities calculated by M. Salomon.
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COMPONENTS :

(1) Lanthanum nitrate; La(NO4) [10099-59-9]

33

ORIGINAL MEASUREMENTS:

Brunisholz, G.; Quinche, J.P.; Kalo, A.M.

Composition and temperature

(2) Samarium nitrate; Sm(N03)3; [10361-83-8] Helv. Chim. Acta 1964, 47, 14~27.
(3) Water ; H,0 ; [7732-18-5]
VARIABLES : PREPARED BY:

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

EXPERIMENTAL VALUES:

The La(N03)3 - Sm(N03)3 - H20 system
Composition of the saturated solutions?
mol % Sm moles Hy0
of total  per 100 Laoy)s SmNOy)
t/°c Sm + La mol La + Sm mol kg mol kg nature of the solid phase
0 51.99 1327 2.008 — 1+ 11°
c
20 0 1255 4,42 —_—— La(N03)3-6H20
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+ 1II
51.8 1153 2.32 2.49 I1
61.6 1197 1.78 2.86 11
77.8 1268 0.97 3.41 11
100 1350 - 4.11 Sm(NO 3) 5+ 6H,0°
35 44,31 956.5 3,232 2.571 I+ 11
continued......
AUXTLIARY INFORMATION
P ——

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
pPestle was placed. The sealed tubes were
Placed in larger tubes and rotated in a
thermostat at the required temperature.
and Pr in the saturated solutions were
determined by complexometric titration using

La

SOURCE AND PURITY OF MATERIALS:

La(NO3) *6H50 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.

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' method
of residues.

ESTIMATED ERROR:

Soly: precision ¥

0.2 % (compilers).

Temp: precision at least * 0.05 K (compilers),

REFERENCES :
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lanthanum nitrate; La(NO3)3; (10099-59-9] Brunisholz, G.; Quinche, J.P.; Kalo, A.M.

(2) Samarium nitrate; Sm(NO3)3; [10361-83-8] Helv. Chim. Acta 1964, 47, 14-27.

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

EXPERIMENTAL VALUES: continued......

mol 7% Sm moles H,0
2
of total per 100 La(NO3Zi Sm(N03i%
t/°C La + Sm mol La + Sm mol kg mol kg nature of the solid phase
c
50 0 917.2 6.05 -- La(NO) 4+ 6H,0
16.5 865.3 5.36 1.06 °
32.4 810.8 4.63 2.22 I
40.72 781.9 4,208 2.891 I+ 1II
45.3 800.6 3.79 3.14 I1
45.6 786.6 3.84 3.22 11
52,1 819.9 3.24 3.53 11
63.9 890.2 2.25 3.98 I1
74.4 921.0 1.54 4,48 11
c
100 1020 -—— 5.44 Sm(N03)3-6H20

a. Molalities were calculated by M. Salomon.
b. Solid phases are solid solutions: see COMMENTS below.

C. Composition not specified, but assumed by compilers.

COMMENTS AND/OR ADDITIONAL DATA:
The solid phases were identified by the authors as follows:

For 0°C
Solid solution I = (Lg,Sm)(NO3)3-6H20, miscibility limit of Sm = 1.7 mol %.
Solid solution II = (La,§m)(NO3)3-6H2), miscibility limit of La = 10.9 mol Z%.

For 20°C
Solid solution 1
Solid solution II

[}

(La,Sm) (NO,)
(La,Sm) (NO

+6H,0, miscibility limit of Sm = 3.0 mol %.
-6H20, miscibility limit of La = 14.1 mol Z%.

3
33

For 35°C
Solid solution I (Lg,Sm)(N03)3-6H20, miscibility limit of Sm = 7.8 mol Z.
Solid solution II = (La,§m)(NO3)3'6H20, miscibility limit of La = 19.2 mol %.

For 50°C
Solid solution I = (Lg,Sm)(NO3)3-6H20, miscibility limit of Sm = 14.5 mol Z%.
Solid solution II = (La,Sm)(NO *6H50, miscibility limit of La 20.5 mol 7%.

3)3
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Lanthanum nitrate; La(NO3)3; (10099-59-9] Kolesnikov, A.A.; Korotkevich, I.B.;
(2) Samarium nitrate; Sm(N03)3; (10361-83-8] Shakhaleeva, N.N.; Stepin, B.D. Zh. Neorg.
(3) Tri-n-butyl phosphate; Cy,H,;0,P; Khim. 1978, 23, 2524-8; Russ. J. Inorg.
(126-73-8] Chem. Engl. Transl. 1978, 23, 1395-8.
(4) Water ; H,0 [7732-18-5]
VARIABLES: PREPARED BY:
Composition and temperature T. Mioduski and S. Siekierski
EXPERIMENTAL VALUES:
Composition of saturated aqueous phasea Composition of saturated organic phasea
b La(NO3)3 _1 Sm(NO3)3 i La(N03)3 1 Sm(N03)3 _1
R t/°C mass % mol kg mass % mol kg mass % mol kg mass % mol kg
50 5.7 0.56 63.1 6.06
25 12.0 0.90 47.0 3.41
0.2 25 7.0 0.57 55.2 4.34 4.0 0.17 24.8 1.04
0.3 25 8.2 0.66 53.7 4.19 3.2 0.14 26.0 1.09
0.5 25 9.5 0.74 51.2 3.87 2.0 0.087 27.5 1.16
50 20.4 2.73 56.6 7.32
25 16,2 1.17 41.3 2.89
0.2 25 15.6 1.49 52.1 4.80 5.0 0.22 24.0 1.00
0.3 25 18.1 1.52 45,2 3.66 4.2 0.18 24.3 1.01
0.5 25 22,3 1.98 43.1 3.70 3.4 0.14 22.3 0.89
50 20.1 2.10 50.4 5.08
25  19.2 1.67 45.5 3.83
0.2 25 45,0 4.05 20.8 1.81 8.1 0.36 21.8 0.92
0.3 25 21.9 1.93 43.1 3.66 7.3 0.32 23.0 0.98
0.5 25 21.0 1.65 39.8 3.02 6.9 0.29 21.0 0.87
50 33.0 3.53 38.2 3.94
25 28.1 2.41 36.0 2.98
0.2 25 31.9 2.82 33.3 2.84 12.5 0.55 17.0 0.72
0.3 25 36.0 2.92 26.1 2.04 11.7 0.52 18.5 0.79
0.5 25 41.0 2.85 14.8 1.00 11.0 0.48 19.0 0.81
continued.......
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The system was studied by the extractive C.p. and spec. pure lanthanum nitrate, and
erystallization ray (ECR) method similar to |c.p. grade samarium nitrate were used. The

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-% mass % and less,
Sm was determined by radioassay using '%3Sm.
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(NO3)4 and Sm(NO3)3

between the aqueous and organic phases.
——————

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. Ekstraktsiya Neorgicheskikh
Veshchestv. 1zd. Nauka. Novosibirsk.
1970. p 81.

Kolesnikov, A.A.; Kortkevich, I.B.; Bui
Van Tuan; Stepin, B.D. Zh. Neorg. Khim.
1978, 23, 2833.

Alcock, K.; Grimley, S.S.; Healy, T.V.;
McKay, H.A.C. Trans. Faraday Soc. 1956,
52, 39.
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m nitrate

COMPONENTS :

(1) Lanthanum nitrate; La(NO [10099-59-9]

335

ORIGINAL MEASUREMENTS:
Kolesnikov, A.A.; Korotkevich, I.B.;

Composition of saturated aqueous phasea

/v

R=1V
aq

org

. La(NO3)3 o Sm(NO3)3 .,
R™ t/°C mass % mol kg mass % mol kg
50 48.0 4,96 22,2 2.21
25 48,2 4.39 18.0 1.58
0.2 25 48.5 4,38 17.4 1.52
0.3 25 49.5 4.06 13.0 1.03
0.5 25 50.6 3.90 9.5 0.71
50 53.0 4.80 13.0 1.14
25 29.1 2.23 30.8 2.28
0.2 25 54.0 4,62 10.0 0.83
0.3 25 52.0 3.90 7.0 0.51
0.5 25 57.5 4.60 4.0 0.31
50 59.7 6.37 11.45 1.18
25 37.2 3.09 25.8 2.07
0.2 25 53.8 4.16 6.4 0.48
0.5 25 54.2 3.94 3.5 0.25
50 60.0 5.77 8.0 0.74
25 49.3 3.82 11