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FOREWORD

If the knowledge is
undigested or simply wrong.

more is not hefter.

The Solubility Data Series is a project of Commission V.8 (Solubility Data) of
the International Union of Pure and Applied Chemistry (IUPAC). The project. had its
origins in 1973, when the Analytical Chemistry Division of IUPAC set up a
Subcommission on Solubility Data under the chairmanship of the late Prof. A. S. Kertes.
When publication of the Solubility Data Series began in 1979, the Committee became a
full commission of IUPAC, again under the chairmanship of Prof. Kertes, who also
became Editor-in-Chief of the Series. The Series has as its goal the preparation of a
comprehensive and critical compilation of data on solubilities in all physical systems,
including gases, liquids and solids.

The .motivation for the Series arose from the realization that, while solubility data
are of importance in a wide range of fields in science and technology, the existing data
had not been summarized in a form that was at the same time comprehensive and
complete. Existing compilations of solubility data indeed existed, but they contained
many errors, were in general uncritical, and were seriously out-of-date.

It was also realized that a new series of compilations of data gave educational
opportunities, in that careful compilations of existing data could be used to demonstrate
what constitutes data of high and lasting quality. As well, if the data were summarized
in a sufficiently complete form, any individual could prepare his or her own evaluation,
independently of the published evaluation. Thus, a special format was established for
each volume, consisting of individual data sheets for each separate publication, and
critical evaluations for each separate system, provided sufficient data from different
sources were available for comparison. The compilations and, especially, the evaluation
were to be prepared by active scientists who were either involved in producing new data,
or were interested in using data of high quality. With minor modifications in format,
this strategy has continued throughout the Series.

In the standard arrangement of each volume, the Critical Evaluation
gives the following information:

(i) A text which discusses the numerical solubility information which has been
abstracted from the primary sources in the form of compilation sheets. The text
concerns primarily the quality of the data, after consideration of the purity of the
materials and their characterization, the experimental method used, the uncertainties in
the experimental values, the reproducibility, the agreement with accepted test values,
and finally, the fitting of the data to suitable functions, along with statistical tests of the
fitted data.

vii
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(ii) A set of recommended data, whenever possible, including weighted averages
and estimated standard deviations. If applicable, one or more smoothing equations
which have been computed or verified by the evaluator are also given.

(iii) A graphical plot of the recommended data, in the form of phase diagrams
where appropriate.

The Compilation part consists of data sheets which summarize the experimental
data from the primary literature. Here much effort is put into obtaining complete
coverage; many good data have appeared in publications from the late nineteenth and
early twentieth centuries, or in obscure journals. Data of demonstrably low precision are
not compiled, but are mentioned in the Critical Evaluation. Similarly, graphical data,
given the uncertainty of accurate conversion to numerical values. are compiled only
where no better data are available. The documentation of data of low precision can
~erve to alert researchers to areas where more work is needed.

A typical data sheet contains the following information:

(i) list of components: names, formulas, Chemical Abstracts Registry Numbers;
(ii) primary source of the data;

(iii) experimental variables;
(iv) compiler's name;
(v) experimental values as they appear in the primary source, in modern units

with explanations if appropriate;
(vi) experimental methods used;

(vii) apparatus and procedure used;
(viii) source and purity of materials used;

(ix) estimated error, either from the primary source or estimated by the compiler;
(x) references relevant to the generation of the data cited in the primary source.

Each volume also contains a general introduction to the particular type of system,
such as solubility of gases, of solids in liquids, etc., which contains a discussion of the
nomenclature used, the principle of accurate determination of solubilities, and related
thermodynamic principles. This general introduction is followed by a specific
introduction to the subject matter of the volume itself.

The Series embodies a new approach to the presentation of numerical data, and
the details continue to be influenced strongly by the perceived needs of prospective
users. The approach used will, it is hoped, encourage attention to the quality of new
published work, as authors become more aware that their work will attain permanence
only if it meets the standards set out in these volumes. If the Series succeeds in this
respect, even partially, the Solubility Data Commission will have justified the labour
expended by many scientists throughout the world in its production.

January, 1989 J. W. Lorimer,
London, Canada
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PREFACE

The material contained in this volume complements and extends the information and

experimental data contained in Volume 25 of the SolubIlIty Data SerIes, Hetals In Hercury.

to include data on the solubility of intermetallic compounds in mercury. As in Volume 25,

the scheme of ordering in this volume is the alphabetical ordering common in metallurgy

and materials science; that is, the formulas for intermetallic compounds are written with

the elements ordered according to their alphabetical order. Thus, one finds AuCd, not

CdAu; CU3Zn, not ZnCu3' Mercury, as the solvent, is~ listed at the end. For a

given metal, all of the alloys containing the first metal are given together, in

alphabetical order of the second metal. Thus the first entries are for all of the silver­

containing alloys, and so on. This ordering is preferred to a scheme based on

electronegativity, because alphabetical ordering is unambiguous, whereas ordering

according to electronegativity produces situations in which the difference between two

elements is nut large enough to specify the order. The alphabetical order is used by,

among others, ChemIcal Abstracts.

In preparing the final text of this volume from the original data sheets and

evaluations, the approach has been conservative. This point of view has important

consequences in two areas. First, with regard to the original data, the non-standard

units employed by many workers have been retained in order to avoid the inevitable

introduction of errors through conversion of units. Generally the evaluators have given

recommended or tentative values in standard S.I. units. However, when that has not been

done, the evaluators' original text has been retained.

The symbols employed for constants characterizing equilibria involving solids are

particularly troublesome. Even within individual original data sheets often the use of

symbols was found to be inconsistent. In order to avoid misunderstanding all symbols such

as KSO' KSO*' etc. have been changed to Ks ' and the units of the equilibrium constant and

the context are relied upon to provide the necessary information about the nature of the

equilibrium to which the constant applies. Throughout the symbol p has been used to stand

for -log, as in pKs - -log Ks '

It is not possible a priori to distinguish between comments interjected by the

compilers and those of the authors of the paper. Thus none of the material in any

compilation has been deleted. In cases of ambiguity or self-contradiction in some aspect

of a compilation, this has been noted, but the material has been retained. Only obvious

errors in transcription have been changed.

In both the evaluations and compilations the original language of the contributors has

been retained to the fullest extent possible. It was the feeling of the editors that

retaining that style best ensures the fidelity of the volume to the initial perceptions

and scientific judgments of the contributors. Errors of grammar and misspellings have

been corrected, and a uniform style has been enforced on standard types of information

frequently reported.

The editors are deeply grateful to Barbara Raff for her expert typing services. They

also acknowledge the support of SUNY University at Buffalo.

Janet Osteryoung
Department of Chemistry
SUNY University at Buffalo
Buffalo, NY, USA

Mary M. Schreiner
Department of Chemistry
Niagara University
Niagara University, NY, USA
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INTRODUCTION TO THE VOLUME
Interactions between metals which lead to the formation of intermetallic compounds

occur frequently in complex liquid amalgams. Solubilities of intermetallic compounds in
mercury may vary to a large extent and have been determined by a number of scientists.
The real dissolution process of a solid intermetallic phase in mercury seldom has been
investigated. For the most part, investigators have prepared complex amalgams by mixing
two simple amalgams, by introducing a second metal to a simple amalgam, or by
simultaneously introducing two metals into mercury. After some time they deduced whether
an intermetallic compound had formed from changes in metal concentration or activity.

The solubility of an intermetallic compound in mercury is understood to be the
concentrations of the parent metals in the saturated solution at a given temperature; in
most cases the solubility products of intermetallics are determined. These solutions are
mainly in equilibrium with defined solid phases. However, in several cases such phases
are mixtures of crystals since solutes are partly or totally decomposed or even
transformed into another solid. Unfortunately a very limited number of phase diagrams of
corresponding ternary amalgam systems is known at present. Also a problem arises
regarding the nature of an equilibrium solid phase. Crystals of an intermetallic in an
amalgam are not always analyzed by authors and the composition of the solid is then
deduced indirectly. Frequently a solid precipitated in mercury is of the same composition
as one formed in the c, responding binary system. Therefore critical evaluations collect
all information on the nature of the equilibrium and composition of the most stable phases
in a binary alloy. Mercury is seldom the third component of a solute.

Evaluators expressed their reservation to all solubility data where the solubility of
an intermetallic compound determined is higher than the solubility of one or both
components. In such cases the reader is referred to the volume on solubility of metals in
mercury (1).

Three methods of solubility determination are extensively used in many papers. We
found it useful to describe them in greater detail here instead of repeating them in the
text.

1. A resulting amalgam is oxidized under polarographic, voltammetric,
chronopotentiometric or chronoamperometric conditions and currents (transition times) of
the oxidation of components are recorded. Equilibrium concentrations of both components
are calculated from these currents, time or charges (after integration) using a
calibration curve or suitable equation of chemical electroanalysis. In this series of
experiments the stoichiometry of a compound should be determined, or assumed, then using
these concentrations the solubility product is calculated by simple multiplication.
Almost regularly the authors report no details, as such calculations are trivial. If only
one component could be oxidized then concentration of the second in MxMy' is calculated
from the simple formula:

where i refers to initial, total, analytical, or input concentration; and where f refers
to final, equilibrium, active, free, unbonded, or uncombined activity.

Stromberg and coworkers (2, 3) elaborated and applied their own method of using
dimensionless parameters in the stripping analysis of complex amalgams; however, the main
idea is the same.

2. A galvanic cell is formed: M(Hg) I Mn+ I M,M' (Hg) and the EMF (~E) is measured.
Frequently CMi in both electrodes is equal (if not, one may easily correct for thisl'
Then practical activity, aMf , is determined from the equation : ~E - (RT/nF) ln (aM /aMf ).
For low concentrations one may assume that activity is equal to concentration. The
activity coefficients of known simple amalgams are practically constant for low
concentrations as typically investigated (4). No activity coefficients are known for
amalgams of Ag, Au, Ba, Cu, Ga, Mg, Sb, Te, but by analogy we may assume that if
concentrations of the metals are lower than 0.1 mol X the activity coefficients of these
metals referred to infinitely diluted amalgams are close to unity. However, activity
coefficients in binary amalgams are absolutely unknown. Now changing cMi at fixed CMi ,
one obtains one of the curves in Figure 1. The position of the jump corresponds to the
stoichiometry of a compound formed in the mercury medium as it is schematically shown on
the plot of ~E versus pCMi. From the character of a curve formed by experimental points
authors deduce the kind of equilibrium taking ¥lace and calculate either Ks - (CMf ) x (cMi
• (y/x)cMi + (y/x)cMf ) y or K - (l/x)(CMi - cM )/Ks because cMi and cM. i are known and cM
is found from ~E.
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Figure 1. Schematic dependence of E on pCMi. A· compound between M and M' is formed;
Mx~' is highly soluble and fully dissociated, B - a sparingly soluble compound with Ks ­
[M] [M' ]Y; soluble part is fully dissociated, C - two sparingly soluble compounds with
different stoichiometry and solubility, D - a sparingly soluble compound; soluble part is
poorly dissociated; up to the solubility limit the equilibrium is described by K -
[MxMy' ]/[M]X[M' ]Y and over this limit by Ks but a constant concentration of ~'
molecules is present in the solution, E • a highly soluble compound but poorly aissociated
in mercury with equilibrium constant K.

Another equivalent method of calculation using dimensionless parameters was presented
by Stromberg and coworkers (5).

3. Heterogeneous and complex amalgams are titrated with mercury and heat effects for
various compositions are traced. A break point on the plot relating the heat effect
versus concentration of a component corresponds to the equilibrium concentration of an
element. Again. Ks·values obtained by multiplication of the equilibrium concentrations
are reported originally in such cases. This method was applied for significantly
concentrated amalgams; therefore correction for the activity coefficients is recommended.
Temperature dependences of the solubilities are given in the form of equations. They were
constructed by a linear least squares fit using accepted individual data. If the accepted
values of solubility at particular temperatures are given with the standard deviations
then the weighted linear least squares fit method was applied:

for

N
(1/(N·2» E wYi (Yi • ~i)2 - min - S

i-l

wy a 1/si2 and ~i - (a ± sa) + (b ± sb) xi
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where Ji - adjusted value, S - variance of fit, si - standard deviation of y in i th ­
measurement, wy - weight of i th - measurement, xi - independent value, Yi - dependent
value, a - intetcept, b - slope, sa and sb - standard deviations on a and b respectively.
The room temperature, which is frequently not quoted, was assumed to be 293 ± 5 K. If a
work does not contain enough experimental details, then numerical results are only
presented in a critical evaluation of a system. Abbreviations in the text are used
according to Chemical Abstracts. The critical evaluations are marked with dates of
preparation of the manuscript and they are not changed if no new material on the subject
was found. Searchil.g in the Chemical Abstracts for references on all systems was finished
in April 1988. Earlier, some works collecting solubilities of intermetallic compounds in
mercury were published but they were not always complete and correct. They supply no
original results and have a review character. These papers are not referred to when
discussing an individual system; however, we feel that these earlier efforts should be
mentioned here (6-11).
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In addition to the solubilities described in further detail in the book, many other
systems containing mercury were investigated semiquantitatively or qualitatively.

We found it useful to list the related references below.
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As-In (169)

As-Sn (169)

CCe - 0.01 mol dm- 3 cT1 - 0.3 mol dm- 3

"'Co - 0.3 mass X "'Fe - 30 mass X

cCo - satd cIn - 3.0x10- 3 mol dm- 3

"'Co - 0.05 mass X "'Mn - 0.05 mass X

"'Cr - 0.61 mass X "'Sn - 4.37 mass X

wCu - 0.3 mass X "'Fe - 0.05 mass X

cCu - 0.1 mol dm- 3 cIn - 0.1 mol dm- 3

cCu • satd

T·573 K

WNi - 0.3 mass X

CCo - satd

CFe • satd

KNa • 2.5 mol X

cNi - satd

KNa • 4 mol X

cNi - 0.1 mol dm- 3

CPb - 0.12 mol dm- 3

CSn - 0.85 mol dm- 3

xT1 - 35 mol X

cPb - 1.0 mol dm- 3

xTl - 35 mol X

cZn - 4.1 mol dm- 3

CPt - satd ; T-573 K

; T-700 K

cT1 - 9x10- 2 mol dm- 3

CBi - 0.1 mol dm- 3

"'Fe - 0.05 mass X

cFe • satd

cFe - satd

KIn • 70 mol X

KIn - 70 mol X

KIn - 68 mol X

cIn - 0.1 mol dm- 3

KBi - 0.5 mol X

cBi - 3x10- 2 mol dm- 3

CK - 2.0 mol dm- 3

KK - 0.05 mol X

cLi - 0.6 mol dm- 3

XLi - 0.05 mol X

cLi - 0.8 mol dm- 3

Co-Fe
(127, 131, 196)

Co-In (206),
not confirmed in (214)

Co-Mn (131)

Co-Tl (214)

Cr-Sn (103, 106)

Cs-Zn (121)

Cu-Fe (131)

Cu-In
(103, 184, 206, 214)

Au-Pb cAu - 9x10- 2 mol dm- 3
(49, 51, 52, 113, 166-168, 70)

Au-Pt (108)

Au-Te (98, 211)

Au-T1 cAu - 9x10- 2 mol dm- 3
(51, 52, 113, 166-168)

Bi-Fe (112)

Bi-Na (8)

Bi-Ni
(109, 144, 214)

Bi-Pd (139)

Cd-Ce (123)

Cd-Co (112, 128)

Cd-Cu-Pt (105)

Cd-Fe (112, 128)

Cd-Ir (215)

Cd-W (214)

Ce-Tl (123)

Cu-Pb
(112, 134, 184, 214)

Cu-Pd (108)

Cu-Tl (214)

Cu-W (214)

Fe-Ni
(106, 131, 198)

Fe-Pb (112)

Fe-Tl (112)

In-K (145)

In-Li (145, 192)

In-Na (120, 145)

In-Ni (103)

In-Zn (206)

Ir-Pb (215)

Ir-Zn (215)

K-Sn (136, 143)

K-n (7)

Li-Pb (146)

Li-n (7)

Li-Zn
(121, 146, 152)
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Mn-Tl
(104, 124, 159)

Na-Zn (8, 121, 137)

Ni-Pb (214)

Ni-Pt (108)

Pb-Pt (101, 108, 144)

Pb-W (214)

Pd-Pt (108)

Pt-T1 (101)

Sb-Sn (103)

Tl·W (214)

CMn - 0.42 mol dm- 3

XNa - 4 mol X

CNi - satd

CPt • satd

XTl - 37.4 mol X

XZn - 6.05 mol X

CPt - satd

CPt - satd

CPt - satd

T-573 K

T-573 K

Solubilities as well as corrosion effects of technical alloys (no defined intermetallics)
in mercury are inserted in the following works:
steels - (170-173, 175-177, 181)
low-melting alloys - (174, 181, 183)
refractory alloys· (157, 171-173, 175, 178, 179, 181)
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INTRODUCTION TO THE SOLUBILITY OF SOLIDS IN LIQUIDS

Nature of the ProJect

The Solublllty Data ProJect (SDP) has as ltS aim a comprehensive search
of the Ilterature for solubllitles of gases, llqUlds, and SOllds in
liqUlds or SOllds. Data of sUltable preclslon are complled on data sheets
in a unlform format. The data for each system are evaluated, and where
data from different sources agree sufflclently, recommended values are
proposed. The evaluation sheets, recommended values, and complled data
sheets are publlshed on consecutlve pages.

Definitlons

A mlxture (1, 2) descrlbes a gaseous, llquld, or SOlld phase contalnlng
more than one substance, when the substances are all treated in the same
way.

A solutlon (1, 2) descrlbes a llquid or SOlld phase containlng more than
one substance, when for convenlence one of the substances, WhlCh lS called
the solvent, and may ltself be a mlxture, lS treated dlfferently than the
other substances, WhlCh are called solutes. If the sum of the mole
fractlons of the solutes lS small compared to unlty, the Solutlon lS
called a dllute solutlon.

The solubillty of a substance a lS the relatlve proportlon of B (or a
substance related chem1cally to B) 1n a m~xture Wh1Ch 1S saturated wlth
respect to Solld a at a speclfled temperature and pressure. Saturated
implles the existence of equlllbrlum wlth respect to the processes of
dissolut1on and precip1tatlon; the equlllbrlum may be stable or meta­
stable. The solublllty of a substance ln metastable equlllbrlum lS
usually greater than that of the correspondlng substance ln stable
equllibrium. (Strlctly speaking, lt lS the nCtlVlty of the substance in
metastable equilibrlum that is greater.) Care must be taken to
dlstlngulsh true metastability from supersaturatlon, where equllibrlum
does not exist.

Elther pOlnt of Vlew, mixture or Solutlon, may be taken ln describlng
solubility. The twa points of Vlew f1nd thelr expresslon in the
quantitles used as measures of solublllty and ln the reference states
used for deflnition of actlvitles, activlty coefflcients and osmotlc
coefflclents.

The quallfylng phrnRe "substance related chem1cally to a" requlres
comment. The compositlon of the saturated mlxture (or Solutlon) can be
descrlbed ln terms of any sUltable set of thermodynamlc components. Thus,
the solubility of a salt hydrate in water lS usually glven as the relatlve
proportlon of anhydrous salt ln solution, rather than the relative
proportions of hydrated salt and water.

Quantitles Used as Meaaurea of Solubillty

1. Mole fraction of substance B, xs:

c
xa ~ nal r. na [lJ

a-=l

where na lS the amount of substance of a, and c lS the number of distinct
substances present (often the number of thermodynamic components in the
system). Mole per cent of a is 100 xa.

2. Masa fractlon of substance a, we:

, c •
wa ~ ma I L ma [2J

a""l

where ms' is the mass of substance s. Mass per cent lS 100 wa. The
equivalent terms we18ht fractlon and we18ht per cent are not used.

3. Solute mole (maaa) fractlon of solute B (3, 4):

xs,a

wa,S

c'
mal r: rna

a-=l

, c' ,
rna I L rna

S-=l

c'
xal r: xa

a-=l

c'
-= wal l: Ws

S-=l

[3 J

[3aJ
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where the summation lS over the solutes only. For the solvent A, xS,A
XA!(l - xA), WS,A ~ wA!(l - wA)' These quantltles are called J~necke

mole (mass) fractlons 1n many papers.

4. Molallty of solute B (1, 2) 1n a solvent A:

mS ~ nS!nA MA SI base unlts: mol kg- 1 [4]

where MA lS the molar mass of the solvent.

5. Concentratlon of solute B (1. 2) In a Solutlon of volume V:

[ 5]

The terms molarity

SI base unlts: mol m- JCB ~ [B] .. nS!V

The symbol cs 15 preferred to (8). but both are used.
and molar are not used.

Mole and mass fractlons are approprlate to either the mlxture or the
solution point of vIew. The other quantltles are approprlate to the
Solut10n p01nt of Vlew only. ConverSlons among these quant1ties can be
carr led out uSlng the equat10ns given ln Table 1-1 followlng thlS
Introductlon. Other useful quantltles will be def1ned 1n the prefaces to
lndiv1dual volumes or on speclflc data sheets.

In addltlon to the quantlties def1ned above. the following are useful
in converSlons between concentratlons and other quantlt1es.

6. Dens1ty: p = m!V SI base unlts: kg m- J [6]

7. Relatlve denslty: d; the rat10 of the denslty of a mixture to the
denslty of a reference substance undef conditlons whIch must be
speclfled for both (1). The symbol d t 'W1l1 be used for the denslty of a
mixture at toc, 1 bar divided by the aensity of water at t'oC, 1 bar. (In
some cases 1 atm = 101.325 kPa is used instead of 1 bar = 100 kPa.)

8. A note on nomenclature. The above deflnitlons use the nomenclature
of the IUPAC Green Book (1), in WhlCh a solute lS called a and a solvent A
In compllatlons and evaluations, the flrst-named component (component 1)
is the solute, and the second (component 2 for a two-component system) is
the solvent. The reader should bear these dlstlnctlons ln nomenclature in
mind whe~ compar1ng nomenclature and theoretlcal equatlons glven ln this
Introduction wlth equatlons and nomenclature used on the evaluatlon and
compilatlon sheets.

ThermodynamICS of SolubIlity

The principal aims of the Solublllty Data ProJect are the tabulation
and evaluation of: (a) solubllities as defined above: (b) the nature of
the saturating phase. Thermodynamlc analysls of solubillty phenomena
has two aims: (a) to provide a rational basis for the construction of
functions to represent solubillty data; (b) to enable thermodynamlc
quantlties to be extracted from solubllity data. Both these are
d1fflcult to achieve in many cases because of a lack of experImental or
theoretlcal lnformation concerning actlvlty coeff1clents. Where
thermodynamic quantitles can be found, they are not evaluated critlcally,
since thlS task would lnvolve critlcal evaluatlon of a large body of
data that lS not directly relevant to solubllity. The followlng
is an outline of the principal thermodynamic relatlons encountered in
discusslons of solubIlity. For more extenslve discuSS10ns and references,
see books on thermodynamics, e.g., (5-12).

ActIvity Coefficients (1)

(a) Mixtures. The actlvity coefflcient fa of a substance a lS given
by

RT In (fBxa) ~ ~B - ~B* l7]

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

11m fa w 1 (8)
XB~ 1

(b) Solutions.

(1) Solute B. The molal act1vity coeffICIent ~U 15 glven by

RT In(~BmB) ~ ~B - (~B - RT In mB)~ [9]

where the superscrIpt ~ lnd1cates an infinltely dllute solutlon. For any
solute B,

1 (10)
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ActiVity coefflclents Ya connected with concentrations ca, and fx,s
(called the rational activity coefficient) connected with mole fractions
xa are deflned in analogous ways. The relations among them are (1, 9),
where p* 15 the density of the pure solvent:

[12)

[13]

[ l1l

+ LMsms)'YB/p
a

B m Cv~v-, the actlvity on the molality

[p + L(MA - Ms)cslYB/P*
s

(p - l:Mscs)Ya/p*
a

l)XS)/p ~ p*(l

(1 - [xs)fx,a
B

p*fx a[l + L(Ms/MA -, s

electrolyte solute

1 eplaced by (9)

YB

r'or an
scale 15

'Yama : 'YtVmavQv [14)

where v ~ v+ + V_, Q ~ (v+v+v_V_)l/V, and 'Yt 15 the mean ionic activity
coefflclent on the molallty scale. A simllar relation holds for the
concentratlon actlvlty, YBcB' For the mole fractional actlvity,

fx,BXB Q vf±vx±v [15)

where x± : (X+X_)l/V. The quantltles x+ and x_ are the 10nlC mole
fractlons (9), WhlCh are

where Vs 15 the sum of the stoichiometric coefflcients for the ions ln a
salt wlth mole fraction xs' Note that the mole fractlon of solvent lS now

~ (1 - Lvsxs)/[l + L(Va - l)xs)
s 8

[17)

so that
[18)

The relations among the various mean ionic activity coefficients are:

[19 )

(20)

y± '"
p*[l + L(Ms/MA - l)xs)f±

a [21J

(11) Solvent, A:

The osmotic coefficient, ~ , of a solvent A is deflned as (1):

~ (J.LA* - J.LA)/RTMALms [22)
s

where J.LA* is the chemical potential of the pure solvent.

The rat10nal osmotic coefficient, ~x' is deflned as (1):

;x ~ (J.LA - J.LA*)/RTlnxA = ~MA Lms/ln(l + MA Lms) [23)
a a

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

For a mixed solvent, the molar mass in the above equations is replaced
by the average molar mass: i.e., for a two-component solvent with
components J, K, MA becomes

MA = MJ + (MK - MJ)Xv,K [24)

where xv,K is the solvent mole fraction of component K.

The osmotlc coefflcient is related directly to the vapor pressure, p,
at a solntlon ln equlllbrlum with vapor containlng A only by (12, p.306):

~MAf.vsms ~ - In(p/PA*) + (v~ A - BAA)(P - PA*)/RT [25)
a '

where PA*' V~,A are the vapor pressure and molar volume of pure solvent
A, and BAA is the second vlrlal coefficlent of the vapor.
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The Liquid Phase
A general thermodynam1c d1fferential equat10n Wh1Ch glves solubility

as a function of temperature, pressure and composit1on can be derived.
The approach is slm1lar to that of K1rkwood and Oppenhe1m (7): see also
(11, 12). Consider a SOlld m1xture conta1ning c thermodynamic components
i. The Gibbs-Duhem equat10n for this mixture 1S:

[26]

A liquid m1xture In equilIbrium with this solid phase contains c' thermo­
dynamic components 1, where c· > c. The Gibbs-Duhem equation for the
liquid mixture 1S:

Subtract [2b] from [27] and use the equat10n

[28]

and the G1bbs-Duhem equat10n at constant temperature and pressure:

[29]

The result1ng equat10n lS:
c • c •

RT.1: Xl (dlnailT p '" 1: Xi (Hi
1=1 ' 1:1

where

c ,
- H 1 ' )dT/T -.r: Xi (V 1 - Vi' )dp

1=1
[30]

[31]

is the enthalpy of transfer of component 1 from the solid to the liquid
phase at a glven temperature, pressure and composit1on, with Hi and 8 1
the partial molar enthalpy and entropy of component 1.

Use of the equatlons

and
-RT2(alnai/aT)x,p

RT( alna i/ap) x, '1'

[32]

[33]

where superscr1pt 0 1nd1cates an arb1trary reference state gives:

where

dlnai .. (dlnai)T,p t (alnat/aT)x,p + (alnai/ap)X,T [35]

The terms 1nvolv1ng enthalpies and volumes in the solid phase can be
written as:

c , ,
1: Xi Hi '" Hs *.1=1

[36]

With eqn [36], the final general solubility equation may then be written:

Note that those components which are not present in both phases do not
appear in the solub1lity equat1on. However, they do affect the solubility
through their effect on the act1vities of the solutes.

Several appllcations of eqn [37] (all With pressure held constant) will
be discussed below. Other cases will be discussed in ind1vidual
evaluations.

(a) Solub.11.1ty as a funct.1on of temperature.

Consider a b1nary SOlld compound AnB in a single solvent A. There is
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no fundamental thermodynamic dlstinctlon between a binary compound o~ A
and B which d1ssoc1ates completely or partially on melt1ng and a SOlld
m1xture of A and B; the blnary compound can be regarded as a SOlld lnlxtuT~

of constant composltlon. Thus, with c ~ 2, XA' r- n/(n + 1),
XB' = l/(n + 1), eqn (37) becomes:

dln(aAnaB) ~ -AHABDd(l/RT) (38)

where
[39]

(40]

is the molar enthalpy of meltlng and dlssoc1at1on of pure SOlld AnB to
form A and B in thelr reference states. Integration between T and Tu •
the meltlng pOlnt of the pure binary compound AnB. glves:

7'

- fAHABDd(l/R'r)
T D

(i) Non-electrolytes

In eqn (32]. lntroduce the pure llquids as reference states. Then.
using a simple first-order dependence of AHAB* on temperatur~, and
assuming that the activitity coefflclents conform to those for d simple
mixture (6):

R'f InfA D WXB:Z [41]

then, lf W lS lndependent of temperature, eqn [32] and (33] glve:

[42]

[43J

+ A~p* In(TIT*) - i{ XA:Z T+ nXB
2

- (n +nI)T*}

where ACp * is the change in molar heat capacity accompanying fuslon plus
decomposlt1on of the pure compound to pure liquid A and B at temperature
T*, 1assumed here to be independent of temperature and compos1t1on), and
AHAB is the corresponding change in enthalpy at l' .- T*. I::quat 10n [42)
has the general form:

where

In(xB(l-XB)n) ~ A1 + A:z/(T/K) + A3 1n(T/K) + A.(xA:Z + nxB:Z)/(TIK) (44)

If the solid contains only component B. then n ~ 0 ln eqn (42) to (44).

If the infinite dilution reference state is used, then:

[45]

and (39) becomes

AHAB~ - nHA* + HB~ -en + l)Hs * (46)

where AHAB~ is the enthalpy of melt1ng and dlssoc1atlon of SOlld compound
AnB to the infinitely dilute reference state of solute B in solvent A; HA*
and HB~ are the part1al molar enthalp1es of the solute and solvent at
inf1nlte dilution. Clearly, the integral of eqn (32) will have the same
form as eqn (35), with AHAB~ replacinB AHAB*' ACp~ replacing ACp*, and
XA:z - 1 replacing XA:Z in the last term.

See (5) and (11) for applications of these equations to experimental
data.

(ii) Electrolytes

(a) Mole fract10n scale

If the llquid phase is an aqueous electrolyte Solutlon. a~d the
SOlld lS a salt hydrate, the above treatment needs Sllght mod1f1catlon.
Using rational mean activ1ty coefflcients, eqn (34) becomes:



{
6HAS* - T*6Cp*}{_1_ _ l} + 6Cp* In(T/T*)

R T --or*" R

(47]
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where superscrlpt * lndlcates the pure salt hydrate. If it lS assumed
that the actlvity coefficients follow the same temperature dependence as
the rlght-hand slde of eqn [47] (13-16), the thermochemical quantitles on
the right-hand slde of eqn [47] are not rlgorous thermodynamic enthalpies
and heat capacities, but are apparent quantlties only. Data on activity
coefficients (9) in concentrated Solutlons lndlcate that the terms
involving these quantlties are not negligible, and thelr dependence on
temperature and composition along the solubllity-temperature curve is a
subject of current research.

A slmilar equation (with v ~ Z and without the heat capaclty terms or
actlvity coefficients) has been used to flt solublllty data for some
MOH-HZO systems, where M is an alkall metal (13); enthalpy values obtalned
agreed well wlth known values. The full equatlon has been deduced by
another method ln (14) and applled to MC1 2 -H 20 systems ln (14) and '(15).
For a summary of the use of equatlon (47] and slmllar equatlons, see (14)

(2) Molality scale

Substitution of the mean actlvities on the molallty scale ln eqn [40]
glves:

[48]
-= G(T)

where G(T) is the same as in eqn [47], mB* ~ l/nMA is the molality of the
anhydrous salt ln the pure salt hydrate and ~t and; are the mean activity
coefficient and the osmotlc coefflcient, respectively. Use of the osmotlc
coefficient for the actlvlty of the solvent leads, therefore, to an
equation that has a different appearance to [47]; the content lS
identical. However, whlle eqn [47] can be used over the whole range of
composltion (0 ( xB ( 1), the molallty in eqn [48] becomes lnflnite at Xs
= 1; use of eqn [48] is therefore conflned to Solutlons sufflciently
dilute that the molallty is a useful measure of composltlon. The
essentials of eqn [48] were deduced by Willlamson (17); however, the form
used here appears first ln the Solublllty Data Serles. For typlcal
applications (where actlvity and osmotic coefflcients are not considered
explicitly, 50 that the enthalples and heat capacities are apparent
values, as explalned above), see (18).

The above analysis shows clearly that a ratlonal thermodynamlc basis
exists for functional representation of solubllity-temperature curves ln
two-component systems, but may be difflcult to apply because of lack of
experlmental or theoretical knowledge of actlvity coefflcients and partlal
molar enthalpies. Other phenomena which are related Ultimately to the
stoichiometric activity coefficlents and which complicate lnterpretatlon
lnclude lon palrlng, formatlon of complex lons, and hydrolysls. Slmllar
conslderatlons hold for the variatlon of solublllty wlth pressure, except
that the effects are relatlvely smaller at the pressures used ln many
lnvestigations of solubility (5).

(b) SolUbility as a functlon of composltlon.

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

~AnB* - ~AnB(B1n) - n~A + ~B [49]

, (n~A* + v+~+~ + v_~_~) + nRT lnfAxA

+ vRT In(~tmtQ)

for a salt hydrate AnB which dissociates to water (A), and a salt (B), one
mole of which lonizes to give v+ cat10ns and v_ an10ns 1n a solut1on 1n
which other substances (~onized or not) may be present. If the saturated
Solut1on is suff1cient1y d1lute, fA -= xA 1, and .the quant1ty Ks in

6~ (v+~+~ + v_~_~ + n~A* - ~AB*)

.. -RT In Ks
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~ -vRT In(~tmB) (50]
is called the SOlUD11ity 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 solubillty product
are often given on mole fraction or concentratlon scales. In dllute
Solutlons, the theoretical behavlour of the activity coefficients as a
function of lonic strength is often sufficlently well known that reliable
extrapolations to lnfinite dilution can be made, and values of Ks can be
determined. In more concentrated solutions, the same problems with
activity coefficients that were outlined in the sectlon on variation of
solubility with temperature still occur. If these complications do not
arise, the solubility of a hydrate salt CvAv'nH20 in the presence of
other solutes is given by eqn (50] as

v In{mB/mB(O)} "- -vln{'Y±/'Y±(O)} - n In{aA/aA(O)} (51]

where aA is the actlvity of water in the saturated solution, rna is the
molality of the salt in the saturated Solutlon, and (0) indicates
absence of other solutes. Similar considerations hold for non­
electrolytes.

Conslderatlon of complex mixed 11gand equillDrJa in the solution phase
are also frequently of lmportance ln the lnterpretation of solubility
equilibria. Por nomenclature connected wlth these equilibrla (and
solubillty equllibrla as well), see (l9, 20).

The SOlld Phase
The definitlon of solubility permlts the occurrence of a single solid

phase WhlCh may be a pure anhydrous compound, a salt hydrate, a non­
stoichiometric compound, or a solid mlxture (or SOlld solution, or
"mixed crystals"), and may be stable or metastable. As well, any
number of solid phases consistent with the requlrements of the phase
rule may be present. Metastable solid phases are of widespread
occurrence, and may appear as polymorphlc (or allotropic) forms or
crystal solvates whose rate of transltlon to more stable forms is very
slow. Surface heterogenelty may also give rise to metastability, either
when one SOlld preclpitates on the surface of another, or if the Slze of
the solid particles lS sufficlently small that surface effects become
lmportant. In elther case, the SOlld is not in stable equilibrium
with the solution. See (21) for the modern formulation of the effect of
partlcle size on solubility. The stablllty 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,
equllibration for their investigation and elimination. A very general
analytlcal method, the "wet resldues" method of Schreinemakers (22),
is often used to investigate the composition of solid phases in
equlllbrlum wlth salt solutions. ThlS method has been reviewed in (23),
where (see also (24)] least-squares methods for evaluatlng the composition
of the solid phase from wet residue data (or lnitial composition data)
and solubilities are describ~d. In principle, the same method can be used
with systems of other types. Many other technlques for examination of
solids, in particular X-ray, optical, and thermal analysis methods, are
used in conJunctlon with chemical analyses (includlng the wet resldues
method) .

COMPILATIONS AND EVALUATIONS
The formats for the compilations and critlcal evaluations have been

standardized for all volumes. A brfef description of the data sheets
has been given ln the FOREWORD: additional explanation lS given below.
Guide 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 lS listed according to IUPAC name, formula,
and Chemical Abstracts (CA) Registry Number. The formula is given either
in terms of the IUPAC or Hill (25) system and the choice of formula is
governed by what is usual for most current users: i.e., IUPAC for
inorganic compounds, and Hlll system for organic compounds. Components
are ordered according to:

(a) saturatlng components 1
(b) non-saturatlng components in alphanumerlcal orderl
(c) solvents ln alphanumerlcal order.
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The saturatlng components are arranged in order according to a
l8-column periodlc table with two additional rows:

Columns 1 and 2: H, alkali elements, ammonlum, alkaline earth elements
3 to 12: transition elements

13 to 17: boron, carbon, nitrogen groupsr chalcogenides, halogens
18: noble gases·

Row 1: Ce to Lu
Ro....· 2: 'I'h to the end of the known elements, in order of

atomic number.

Salt hydrates are generally not considered to be saturating components
Slnce roost solubllitles are expressed in terms of the anhydrous salt. The
eXlstence of hydrates or solvates lS carefully noted ln the text, and CA
Reglstry Numbers are glven where avallable, usually in the crltical
evaluat10n. Mlneralogical names are also quoted, along with thelr CA
Reglstry Numbers, agaln usually in the critlcal evaluation.

origlnal Measurements. References are abbrevlated ln the forms given
by Chemlcal Abstracts SerVlce Source Index (CASSI). Names origlnally in
other than Roman alphabets are glven as transliterated by Chemical
Abstracts.

Experlmental Values. Data are reported in the unlts used in the
or1g1nal publ'lcatlon, with the exceptlon that modern names for unlts
and quantltles are usedr e.g., mass per cent for welght per centr
mol dm- J for molarr etc. Both mass and molar values are glven. Usually,
only one type of value (e.g., mass per cent) lS found in the original
paper, and the compller has added the other type of value (e.g., mole
per cent) from computer calculations based on 1983 atomlc weights (2&).

Errors 1n calculatlons and fitt1ng equations in origlnal papers have
been noted and corrected, by computer calculations where necessary.

Method. Source and Purlty of Materlals. Abbreviations used in
Chemlcal Abstracts are often used here to save space.

Estimated Error. If these data were omitted by the original authors,
and if relevant informatlon is available, the compilers have attempted
to estlmate errors from the internal consistency of data and type of
apparatus used. Methods used by the compilers for estimating and
and reporting errors are based on the papers by Ku and Eisenhart (27).

Comments and/or Additlonal Data. Many compilations include this
sectlon WhlCh prOVides short comments relevant to the general nature of
the work or addltlonal experimental and thermodynamic data which are
Judged by the compiler to be of value to the reader.

References. See the above description for Original Measurements.

Guide to the Evaluatlons

The evaluator's task lS to check whether the compiled data are correct,
to assess the reliabll1ty and quality of the data, to estlmate 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 crltlcally reviewed. A brief description of the evaluation
sheets 1S glven below.

Components. See the descriptlon for the Compilations.

Evaluator. Name and date up to WhlCh the literature was checked.

Crltical Evaluation
(a) Critlcal text. The evaluator produces text evaluating all the

publlshed data for each given system. Thus, in th1s section the
evaluator reVlews the merits or shortcomings of the various data. Only
published data are consideredr even published data can be considered only
lf the experimental data permit an assessment of reliabllity.

(b) Fitting equatlons. If the use of a smoothing equation is
Justifiable the evaluator may prOVide an equation representing the
solublllty as a function of the variables reported on all the
compllatlon sheets.

(c) Graphlcal summary. In addition to (b) above, graphical summaries
are often glven.

(d) Recommended values. Data are recommended if the results of at
least two lndependent groups are avallable and they are in good
agreement, and lf the evaluator has no doubt as to the adequacy and
rellablllty of the applled experlmental and computatlonal procedures.
Data are consldered as tentatlve If only one set of measurements is
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available, or if the evaluator considers some aspect of the computational
or experlmental method as mlldly undesirable but estimates that it should
cause only minor errors. Data are consldered as doubtful if the
evaluator conslders some aspect of the computatlonal or experimental
method as undesirable but still considers the data to have some value
1n those lnstances where the order of magnltude of the solubillty is
needed. Data determ1ned by an inadequate method or under lll-defined
condltions are reJected. However references to these data are lncluded
1n the evaluatlon together with a comment by the evaluator as to the
reason for thelr reJectlon.

(e) References. All pertinent references are glven here. References
to those data WhlCh, by vlrtue of thelr poor preclslon, have been
reJected and not complled are also llsted 1n th1S sect1on.

(f) Unlts. Wh1le the or1g1nal data may be reported ln the un1ts
used by the lnvestlgators, the final recommended values are reported

in S.I. unlts (1, 28) when the data can be accurately converted.
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CRITICAL EVALUATION:

The Ag-Cd-Hg system was investigated with the use of potentiometry, first by Tammann and

Jander (1) and later by Hartmann and Sch01ze1 (2). According to them no intermeta11ic

compounds between Ag and Cd are formed in Hg. However, further studies of Kemu1a and

coworkers (3) with stripping vo1tammetry and of Zebreva (4) with amalgam polarography

suggested the formation of AgCd; Zebreva and Koz1ovskii (8) reported the solubility

product, Ks - [Ag] [Cd] , as (7.3±0.9)x10- 6 mo12 dm- 6 at 291 K. From the point of view of

the remaining works this result should be rejected, because it was never confirm~d.

Extended studies on this system carried out by Os qpczuk and Kub1ik (5) with the use of

e1ectroana1ytica1 techniques gave no evidence of intermeta11ic compound formation between

Ag and Cd in Hg up to the solubility limit of Ag in Hg (5.1x10- 2 mol dm- 3 at 298 K). On

the other hand, under conditions where Ag-Hg crystals are deposited on the surface of

amalgam electrodes some codeposition of Cd on these crystals takes place, and this might

be interpreted erroneously as a proof of the precipitation of AgCd in Hg. Also Rodgers

and Meites (6) as well as Glodowski and Kub1ik (7) confirmed that compounds between Ag

and Cd do not exist in unsaturated Ag amalgams.

The AgCd solid phase is known in the Ag-Cd binary alloys (9). In summary, at 298 K, AgCd

is more soluble than Ag in Hg.
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COMPONENTS:

(1) Silver-cadmium 1:1; AgCd; [12002-62-9]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Zebreva, A.!.

Tr. Inst. Khim. Nauk Akad. Nauk

Kaz. SSR~, 9, 55-70.

VARIABLES: PREPARED BY:

Temperature: 291 K C. Gumiliski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of AgCd in Hg at 18 ·C:

1Q3cci 1Q3ccl 103cAl 1Q3cAl 1Q6Ks
mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm- 6

2.10 2.09 3.0 2.91a 2.99b 6.2

2.10 2.06 3.5 3.45a 3.84b 7.1

2.10 1. 94 4.0 3.82 7.4

2.10 1. 70 4.5 4.10 7.0

2.10 1.48 5.0 4.92a 4.38b 7.3a 6.5 b

2.50 2.42 3.0 2.92 7.1

3.00 2.99 2.0 - 1.99c - 6.0c

3.30 2.82 3.0 2.52 7.1

3.70 3.10 3.0 2.40 7.45

4.20 4.15 1.5 1.45 6.1

4.20 3.93 2.0 1. 73 6.8

2.10 2.09 3.0 2.9la 2.99b6.2

(continued next page)

AUXILIARY INFORMATION

REFERENCES:

SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

Solubility: ± 12 X, as reported in (1);

standard deviation ± 9 X, as calculated by

compilers. Temperature: nothing specified.

1. Zebreva, A.I.; Kozlovskii, M.T. Zavod.

Lab. 1964, 3D, 1193.

2. Kozlovskii, M.T. Rtut 1 Amalgamy v

Elektrokhlmlchesklkh Metodakh AnalIza,

Nauka, Alma-Ata, l22Q.

Hg was probably (2)

equilibration with

and distillation in

Nothing specified.

purified by a long

Hg(NO)3)2 solution

vacuum.

METHOD/APPARATUS/PROCEDURE:

The complex Ag-Cd amalgams were obtained by

simultaneous e1ectroreduction of Ag(I) and

Cd(II) solutions on a Hg cathode. The

amalgams were transferred to the reservoir

of a dropping amalgam electrode. This op­

eration was carried out in a C02 atmos­

phere. Then polarographic waves of the

anodic oxidation of Cd from the complex

amalgams in 0.25 mol dm- 3 Na2S04 were re­

corded. The concentration of Cd in equili­

brium was calculated using calibration

curves of concentrations vs. oxidation cur­

rent. Ks-values were calculated from the

concentration balance of the metals.



COMPONENTS:

(1) Silver-cadmium 1:1; AgCd; [12002-62-9]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Zebreva, A.I.

Tr. Inst. Khim. Nauk Akad. Nauk

Kaz. SSR l221, 9, 55·70.

3

The solubility product of AgCd in Hg at 18 ·C:

103cCdi 103cCdf 103CAgi 103cAl
mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3

4.20 3.74 2.5 2.04

4.20 2.40 5.0 3.20

5.50 4.65 2.5 1. 55a 1.65b

mean value (by compilers, taking into account the
corrected results)

aerroneous value

bcorrected by compilers

ccalculated by compilers

7.6

7.i

7,2a 7.7 b

(7.0±0.6)xlO- 6

The stoichiometry of AgCd was established by amperometric titration of Ag amalgam with

Cd. In (1) the Ks-value of (7.3±0.9)xI0- 6 mol2 dm- 6 was reported.
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COMPONENTS:

(1) Silver-tin 3:1; Ag3Sn; [1204l-38-2J

(2) Mercury; Hg; [7439-97-6J

EVALUATOR:

C. Guminski. Z. Galus
Department of Chemistry
University of Warsaw
Warsaw. Poland

June 1984

CRITICAL EVALUATION:

Joyner and Knight (2, 9) reported solubility values of Ag and Sn in mutually saturated

amalgams at temperatures ranging from 298.6 to 487.2 K; the numbers differ significantly

from those in pure Hg. Gayler (10) determined melting points on the Ag3Sn-Hg phase

diagram. In spite of the Ag3Sn phase transition at SOS K, there is a poor agreement

between the results of (9) and (10), so no acceptable solubility values may be suggested.

In potentiometry and amalgam polarography experiments carried out by Kovaleva and Zebreva

(1) at room temperature no interaction was found between Ag and Sn in complex amal~ams

containing Ag at concentrations lower than SxlO- 2 mol dm- 3 . Also Glodowski and Kub~ik

(12) demonstrated with the use of voltammetry that any Ag-Sn compound is precipitated in

the diluted complex amalgam. When the concentration of Ag is higher than its solubility

in Hg, Ag3H&4 solid phase may be formed. The alloy of composition Ag3Sn is decomposed by

Hg to Ag3Hg4 or AgSHg4 and solid Sn saturated with Hg (2-8. 11). The Ag-Sn-Hg phase

diagram at 310 K is taken from (7). Near room temperature the solubility of Ag3Sn is

higher than the solubility of Ag in Hg (1-12).
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COMPONENTS:

(1) Silver-tin 3:1; Ag3Sn; [12041-38-2]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298-487 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Joyner, R.A. J. Chem. Soc. 1211.
195-208.

Knight, Y.A.; Joyner, R.A. J. Chem.

Soc. 1211. 2247-62.

PREPARED BY:

C. Guminski; Z. Galus
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Solubilities of various Ag-Sn alloys reported as the ranges of composition (including

Ag3Sn) were determined:

Primary solid phase

tj"C XAg/mo1 X xSn/mo1 X xAg/mass X XAg/mo1 X xSn/mass X xSn/mo1 X

25.40iO.01 11·91 9-89 0.045iO.005 0.083iO.010a 0.751±0.008 1.26iO.018

25.40iO.01 32·62 38·68 0.043iO.003 0.080iO.0068 0.753iO.004 1.26iO.018

25.60iO.01 23·81 19-77 0.04liO.003 0.07610.006a 0.75810.006 1.2710.01a

63.05iO.15 21-81 19-79 0.18liO.003 0.33010.0068 2.56iO.04 4.2410.07a

63.1010.05 92-95 5-8 0.06-0.36 1.82-4.16

90.0iO.2 21-81 19-79 0.53-1. 00 4.2-20.6

166.510.5 11-89 11-89 1.41-3.57 4.6-67.1

214.0iO.5 9·57 43-91 3.8·5.1 61.4-93.2

8by compilers.

The liquid is in equilibrium with the solids: Ag3Hg4 and Sn saturated with Hg.

Equilibrium may not be attained at temperatures other than 63 ·C.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

An alloy of definite composition was pre­

pared and placed in a glass tube filled

with H2' Hg was added in excess and the

tube was sealed off. The tube was in­

stalled in a thermostatically controlled

environment and was frequently shaken.

Equilibrium was reached within a week. The

tube was opened for analysis and, by means

of a glass tube with a plug of glass-wool

in the end. a quantity of liquid phase was

withdrawn by means of a pipette. The sam­

ple was weighed. dissolved in HN03 (1:4)

and boiled. The metastannic acid thus

formed was collected and estimated in "the

usual way". The filtrate was treated with

NH4C1. AgC1 was dissolved in N1I3 and then

determined in the usual way.

SOURCE AND PURITY OF MATERIALS:

The best commercial Sn was used. Ag was

purified by precipitation as AgCI and sub­

sequent Hg reduction to Ag. lIg purity was

not specified.

ESTIMATED ERROR:

Solubility: precision better than i 10 X.

Temperature: precision between i 0.01 and

0.5 K.
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COMPONENTS:

(1) Silver-tin 3:1; Ag3Sn; (12041-38·2]

(2) Mercury; Hg; (7439-97-6]

VARIABLES:
Temperature: 614·928 K

ORIGINAL MEASUREMENTS:

Gayler, M. L. V.

J. Inst. Het. l2ll. 60. 379·406.

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Melting points from the liquidus of the Ag3Sn.Hg phase diagram were determined by

compilers and the composition was recalculated to mol X.

mAg3Sn/mass X XAg3Sn/mol X trC

7 3.3 341 The melting point of Ag3Sn is 661 ·C. The

20 10.2 412 liquid phase is in equilibrium with a mixture

35 19.6 455 of Ag3Hg4 and Ag5Hg4 for compositions up to

55 35.6 510 37 mass X of Ag3Sn and with AgSHg4 for

60 40.5 551 compositions up to 37 mass X of Ag3Sn and

70 51.4 565 wi th Ag5Hg4 for compositions over 37 mass X.

80 64.4 600

85 72.0 622

90 80.3 648

93 85.8 640

95 89.6 657

98 95.7 655

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Fillings of the alloy together with the reo

quisite amount of Hg were sealed off in a

silica vessel in an atmosphere of dry H2.

Before thermal analysis was carried out,

the container was heated slowly to about

460 ·c, kept at this temperature for a

short time, and then very slowly cooled to

room temperature. Thermal analysis was

performed with the use of a Pt/Pt-Rh cali­

brated thermocouple.

SOURCE AND PURITY OF MATERIALS:

Freshly purified and distilled Hg was used.

Ag from Sheffield Smelting Co. contained

0.066 X of Cu and no more than 10.4 X of

other impurities. Chemically pure Sn

contained only traces of Fe.

ESTIMATED ERROR:

Nothing specified.



COMPONENTS:

(1) Silver-zinc 1:1; AgZn; [12041-17-7J

(2) Mercury; Hg; [7439-97-6J

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry
University of Yarsaw
Yarsaw, Poland

June 1982

7

CRITICAL EVALUATION:

It was stated by Tammann and Jander (1) and later by Hartmann and Sch01ze1 (2) that

practically no interaction exists between Zn and Ag in Hg. Also Koz10vskii who used the

polarographic method reported no evidence of the formation of any Ag-Zn compound.

However, Kemu1a and coworkers (4) and Zebreva (5) in their studies with stripping

vo1tammetry and amalgam polarography, respectively, established the formation of a

compound, AgZn, in Hg. Zebreva determined its solubility product, Ks - [AgJ[ZnJ, as

(2.7±0.5)x10- 6 mo12 dm- 6 at 291 K (5, 8). These papers should be rejected (5, 8~ because

this result was not confirmed in further detailed works.

Extended studies on this system carried out by Ostapczuk and Kub1ik (6) using

potentiometry as well as cyclic and stripping vo1tammetry gave no evidence of formation

of any intermeta11ic compounds in the Hg-rich part of the Ag-Zn-Hg system when the Ag

concentration is lower than its solubility in Hg (5.1xlO- 2 mol dm- 3 at 298 K); however,

under conditions where Ag-Hg crystals were deposited on the surface of the amalgam

electrodes some codeposition of Zn on such crystals occurs, and this effect might be

erroneously interpreted as an evidence of precipitation of the intermeta11ic compound in

Hg. Also Rodgers and Meites (7) by means of chronoamperometry and chronopotentiometry

found no evidence for Ag-Zn compounds in the diluted complex amalgams.

AgZn is formed in the binary Ag-Zn alloys (9).

In conclusion, AgZn is more soluble in Hg than Ag in Hg, at 298 K.

References

1. Tammann, G.; Jander, Y. Z. Anorg. Chem. l21l, 124, 105.

2. Hartmann, H.; Sch01zel, K. Z. Phys. Chem., N. F. 1222,9,106.

3. Kozlovskii, M.T. Rtut 1 Amalgamy v Elektrokhlmlchesklkh Metodakh Anallza, Nauka,

A1ma-Ata, 1222.

4. Kemula, Y.; Galus, Z.; Kub1ik, Z. Bull. Acad. Polon. Scl., Ser. Scl. Chlm. ~, 6,

661.

5. Zebreva, A.I. Tr. Inst. Khlm. Nauk Akad. Nauk Kaz. SSR 122l, 9, 55.

6. Ostapczuk, P.; Kublik, Z. J. ElectroBnal. Chem. l2ll, 83, 1.

7. Rodgers, R.S.; Meites, L. J. ElectroBnal. Chem. ~, 125, 167.

8. Zebreva, A.I.; Kozlovskii, M.T. Zavod. Lab. ~, 30, 1193.

9. Elliott, R.P. Constltutlon of Blnary Alloys, McGraw-Hill, N.Y., 1222.
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COMPONENTS:

(1) Silver-zinc 1:1; AgZn; [12041-17-7]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Zebreva, A. I.

Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR

!ill, 9, 55-70.

VARIABLES: PREPARED BY:

Temperature: 291 K C. Gumil'lski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of AgZn in Hg at 18 ·C:

103czn
i 103cZnf 103cAi 103cAl 106Ks

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm- 6

1.40 0.98 3.00 2.68a 2.58b 2.6a 2.5b

1.90 1.83 1.50 1.42a 1.43b 2.6

1. 91 1. 20 2.50 1. 79 2.2

1.91 1.15 3.00 2.25a 2.24b 2.6

1. 91 0.86 4.50 3.45 2.9

2.70 1. 58 3.00 2.02a 1.88b 3.2a 3.0b

3.00 1. 76 3.00 1. 76 3.1a 3.0b

3.80 3.78 0.50 - 0.48 - 0.24 (rej ected)

3.80 3.22 1.50 0.98a 0.92 3.0

3.85 2.55 2.50 1.15a 1.20 2.9a 3.1b

3.85 2.30 3.00 1.45 3.3

3.95 2.28 3.00 1.33 3.0

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The complex Ag-Zn amalgams were prepared by

simultaneous electroreduction of Ag(I) and

Zn(II) solutions on an Hg cathode. The

amalgams were transferred to the reservoir

of a dropping amalgam electrode. Such op­

erations were carried out in a C02 atmo­

sphere. Then polarographic waves for the

anodic oxidation of Zn from the amalgams in

0.25 mol dm- 3 Na2S04 were recorded. The

equilibrium concentration of Zn was calcu­

lated from a corresponding calibration

plot: concentration vs. oxidation current.

Ks·values were calculated from the

concentra-tion balance.

SOURCE AND PURITY OF MATERIALS:

Nothing specified. Hg was probably (2)

purified by a long equilibration with

lIg(N03)2 solution and distillation in

vacuum.

ESTIMATED ERROR:

Solubility: ± 12 X, as reported in (1);

standard deviation ± 9%, as found by com·

pilers. Temperature: nothing specified.

REFERENCES:

1. Zebreva, A.!.; Kozlovskii, M.T. Zavod.

Lab. 1964, 30, 1193.

2. Kozlovskii, M. T. Rtut i Amalgamy v

Elektrokhimicheskikh Xetodakh Analiza,

Nauka, Alma-Ata, l2i2.



COMPONENTS:

(1) Silver-zinc 1:1; AgZn; [12041-17-7J

(2) Mercury; Hg; [7439-97-6J

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Zebreva, A. I.

Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR

ll22.. 9, 55-70.

9

The solubility product of AgZn in Hg at 18 ·C:

103cZni 103cz/ 103c i 103cAlAg
mol dIn- 3 mol dIn- 3 mol dIn- 3 mol dIn- 3

4.30 2.52 3.00 1.23a 1.22

5.:>5 3.45 2.50 0.80a 0.70b

5.5\1 3.78 2.50 0.78

mean value (by compilers, taking into account the corrected
results)

Berroneous value

bcorrected by compilers

3.1

2.8a 2.4b

2.9

(2.8±0.3)xlO- 6

The stoichiometry of AgZn was determined by the amperometric titration of Ag amalgam with

Cd. In (1) the Ks-value of (2.7±0.5)xlO- 6 mo12 dIn- 6 was reported.
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COMPONENTS:

(1) Gold-cadmium 3:1; AU3Cd; [12006-68-7)

(2) Mercury; Hg; [7439-97-6)

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

March 1986

CRITICAL EVALUATION:

When more than a twofold excess of Au in regard to Cd is present in Hg then AU3Cd may be

formed. The formation of AU3Cd was observed for the first time by Kozin and coworkers

(1) who showed that the solubility product, Ks - [Au)3[Cd), is constant while the

corresponding equilibrium constant, K - [Au3Cd )/[Au)3[Cd), changes with concentrations of

the parent metals. The experiments were performed in the temperature range 293·343 K.

The formation of AU3Cd was confirmed in the subsequent works of Palyska (6) at 278 to 348

K and of Ostapczuk and Kublik (2) at 298 K.

However, Mikheeva and Stromberg (3), based on their own mathematical analysis of the

results (1), suggested the formation of AU2Cd under these experimental conditions; see

also the critical evaluation of solubility of AuCd in Hg. Rodgers and Meites (4) found

no evidence of AU3Cd formation in Hg. Nevertheless AU3Cd is a stable phase of the Au-Cd

binary system (5) and in the amalgam, as it was found by chemical analysis in (1). The

temperature dependence of pKs ' based on the least square method, was constructed taking

into account the results of (1, 2) and (6):

pKs - -6.68 + 4.64xl03 T-l; r - 0.959, concentration in mol dm- 3 , T in K

The Ks-values from different sources, (1), (2), and (6), at the same temperature are

somewhat divergent, for example at 298 K: 9.0xlO· 10 , 4.4xlO- 9 and 1.3xlO- 9 mo14 dm- 12 ,

respectively, so it is difficult to give the recommended value. Reference (1) seems to

be the most precise determination.

Values of AU3Cd solubility in Hg (tentative)

T/K 109Ks/ mo14 dm- 12 103soly/mol dm-3 a ref.

298 1 2.5 1, 6

343 80 7.4 1

acalculated by evaluators from Ks '

References

1. Kozin, L.F.; Cherkasova, G.F.; Erdenbaeva, M.I. Izv. Akad. Nauk Kaz. SSR Ser. Khim.

1969, no. 3, 42.

2. Ostapczuk, P.; Kublik, Z. J. Electroanal. Chern. 12l.Z, 83, 1.

3. Mikheeva, N.P.; Stromberg, A.G. Zh. Anal. Khim. llli, 33, 1726.

4. Rodgers, R.S.; Meites, L. J. Electroanal. Chern. lill, 125, 167.
5. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, ~.
6. Palyska, D. H. Sc. Thesis, University of Warsaw, l2l2, 77, 87.



COMPONENTS:

(1) Gold-cadmium 3:1; AU3Cd; [12006-68-7)

(2) Mercury; Hg; [7439-97-6)

11

ORIGINAL MEASUREMENTS:

Kozin. L.F.; Cherkasova. G.F.;

Erdenbaeva, M.I.

Izv. Akad. Nauk Kaz. SSR, Serf Khlm. 1222,
no. 3, 42-9.

PREPARED BY:

C. Guminski; Z. Galus

t-- -----------------1-------------------1
VARIABLES:

Temperature: 293-343 K

EXPERIMENTAL VALUES:

AU3Cd is treated as a sparingly soluble compound in Hg. The equilibrium is well

described by the solubility product, Ks - [Au)3[Cd). The dissociation constant, Kd­

[Au)3[Cd)/[ AU3Cd), was also calculated to show its variance. The initial Au

concentration was 4.9lxlO- 4 mol fraction in all experiments.

20 0.102

0.428

1.194

2.295

4.304

5.130

6.544

25 0.133

0.398

1.275

105XCdI: 104xAuf 1017Ks/(mol fr.)4 1012Kd/(mol fr.)3

0.0292 4.886 2.88a 3.40b ,c 80.62a 46.5b

0.0234 4.789 2.58 6.36

0.0275 4.560 2.61 2.24

0.0302 4.231 2.29 1.01

0.0426 3.632 2.04 0.48

0.0467 3.385 1.82 0.36

0.0537 2.963 1.40 0.23

0.0380 4.885 4.42 46.6

0.0407 4.805 4.52 12.61

0.0489 4.541 4.58 3.70

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams of Au and Cd were separately pre­

pared from the pure metals. They were

mixed in various proportions. Differences

of potentials of the complex Au-Cd and sim­

ple Cd amalgams were measured for 45-60 min

for the following cell: Au-Cd(Hg) 10.2 mol

dm- 3 CdS04 0.5 mol dm- 3 (NH4)2S04. 3 mol

dm- 3 NH3. 50-60 g dm- 3 N2H4·H2S04ICd(Hg).

The concentration of Cd in the right half

cell was always constant. The solubility

products were calculated from the potential

differences. The experiments were per­

formed in pure H2 atmosphere.

SOURCE AND PURITY OF MATERIALS:

High purity chemicals were used; "Cd-DO"

and Hg was chemically purified and vacuum

distilled.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 10 X.
Temperature: precision ± 0.2 K.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Gold-cadmium 3:1; AU3Cd; [12006-68-7] Kozin, L.F.; Cherkasova, G.F. ;

(2) Mercury; Hg; [7439-97-6) Erdenbaeva, M.I.

Izv. Aksd. Nsuk Ksz. SSR, Ser. Khlm. ~,

no. 3, 42-9.

EXPERIMENTAL VALUES (continued)

erC 105xci 105xCdf 104xAuf 1017Ks/(mo1 fr.)4 1012Kd/(mo1 fro )3

2.297 0.0551 4.239 4.09s 4.19b 1. 82

3.147 0.0690 3.989 4.38 1.42

5.130 0.0893 3.400 3.51 0.696

7.467 0.1257 2.474 2.47s 1. 90b ,c 0.337s 0.259b

45 0.558 0.448 4.8/6 51.9 472.0

1. 324 0.479 4.638 47.8 56.6

1.818 0.491 4.511 45.1 34.0

2.652 0.584 4.289 46.1 22.3

3.590 0.668 4.032 43.8 15.0

5.125 0.786 3.507 34.0 7.8

7.132 1.048 3.084 31. 6s 30.7b 5.2

70 7.260 5.140 4.264 398 1880

10.220 6.770 3.865 391 1130

12.870 7.860 3.397 309 614

18.650 10.480 2.449 l54c 188

Derroneous value

bcorrected by compilers

Crejected

erC

20

25

35

45

60

70

Ks/(mol fraction)4

(2.16fO.41)x 10-17

(4.25fO.40)x 10- 17

7.63 x 10-17

(4.29fO.81)x 10-16

1.94 x 10- 15

(3.66fO.49)x 10-15

(4.6fO.9) x 10-10

(9.0fO.9) x 10- 10

1.6 x 10-9

(9.0f1. 7) x 10- 9

4.1 x 10- 8

(7.7H.0) x 10- 8

standard deviations and

Ks expressed in mo14

dm- 12 are calculated by

by compilers. Experi­

ments were also performed

at 5 ·C but no numerical

data are reported.

The temperature dependence of pKs • based on the weighted least-square fit of linear

correlation may be given by the equation:

pKs - (-6.57fO.67) + (4.67fO.20)xl03 T-l; T in K and Ks in mo14 dm- 12 (by compilers).



COMPONENTS:

(1) Gold-cadmium 3:1; AU3Cd; [12006-68-7)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 278-348 K

ORIGINAL MEASUREMENTS:

Palyska, D.

H. Sc. Thesls, University of Warsaw l2l2.

PREPARED BY:

C. Guminski; Z. Galus

13

EXPERIMENTAL VALUES:

The solubility product values of AU3Cd in Hg are reported. The initial concentration of

Au was always 7.0xlO- 2 mol dm- 3 and the initial concentration of Cd was changed in the

range 7.1xlO- 3 - 1.9xlO- 2 mol dm- 3.

trC

5.0

15.0

25.0

35.0

45.0

55.0

65.0

75.0

(1. 8±0 .4)xlO- lO

(5.0±0.5)xlO- lO

(1.3±0.3)xlO- 9

(2.8±l.1)xlO- 9

(7.7±2.3)xlO- 9

(6. Oil. 5)xlO- 8

(1. 6±O. 5)xlO- 7

(6.1±O.9)xlO- 7

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Au amalgam was prepared by dissolution of

the metal in Hg. Proper amounts of Cd were

introduced into Hg and Au amalgam elec­

trodes by constant current electrolysis.

Potentials of both electrodes after the in­

troduction of Cd were measured in 0.1 mol

dm- 3 Cd(N03)2 vs. SCE. The difference of

potentials of the electrodes at times lon­

ger than 600 s was constant and this was

assumed to correspond to equilibrium condi­

tions. Then equilibrium concentration of

Cd was found and of Au calculated from mass

balance and Ks by their multiplication.

The experiments were performed in an H2

atmosphere.

SOURCE AND PURITY OF MATERIALS:

99.99 X pure Au from Polish Mint, doubly

distilled Hg after chemical purification

with Hg2(N03)2' analytically pure Cd(N03)2

from POCh and triply distilled H20 were

used. Solutions of Cd(II) were electro­

lyzed on an Hg cathode at -0.5 V vs. SCE.

ESTIMATED ERROR:

Solubility product: standard deviation

higher than ± 10 X.

Temperature: precision ± 0.2 K.
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COMPONENTS:

(1) Gold-cadmium 3:1; AU3Cd; [12006-68-7J

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Ostapczuk, P.; Kub1ik, Z.

J. Electroanal. Chem. l2ll. 83, 1-17.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

AU3Cd as a sparingly soluble compound in Hg has the following solubility product at 25

·C:

initial concn of Au/mol dm- 3

8.23xlO- 2

4.7xlO- 2

initial concn of Cd/mol dm- 3

1.Ox10-4 - 2.0xlO- 3

1.5xlO-4 - 7.4xlO-4
(4.6±1.0)x10·9 a

(4.3±0.8)xlO·9 a

athe standard deviations are from a private communication by P. Ostapczuk.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Au amalgam was prepared by dissolution of

Au in Hg. Cd was introduced by electro­

lysis into the hanging mercury drop elec­

trode and into a hanging gold amalgam drop

electrode in equal amounts. Potentials of

the electrodes were measured vs. SCE. From

the potential differences the solubility

products were calculated. The experiments

were carried out in an Ar atmosphere.

SOURCE AND PURITY OF MATERIALS:

99.99 X pure Au (from Polish Mint), doubly

distilled Hg, triply distilled water and

analytically pure reagents (from POCh) were

used.

ESTIMATED ERROR:

Solubility products: precision ± 15 X

(private communication).

Temperature: precision ± 0.1 K.



COMPONENTS:

(1) Gold-cadmium 1:1; AuCd; [12044-73-4)

(2) Mercury; Hg; [7439-97-6J

CRITICAL EVALUATION:

EVALUATOR:

C. Guminski: Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

March 1982

15

Early, in calorimetric experiments (1), an interaction was found between Au and Cd in

about 0.2 mol X amalgam at 363 K. However in potentiometric measurements (16) performed

in the same laboratory no diminution of Cd activity in the Au-Cd amalgam was observed for

atom product equal to or less than 1.4xlO· 6 mo12 dm- 6 at 289 K. It was found later that

the compound AuCd is formed in Hg when its components are present in similar and

appropriately high concentrations (2-10). When the concentration of Au exceeds that of

Cd by a factor of three or more, then AU3Cd may also form (4, 6, 13).

Hartmann and Sch6lzel (2) reported formation of soluble AuCd in Hg. Its instability

constant, K - [AuJ[CdJ/[AuCd), depends on both metal concentrations. Zebreva (11)

recalculated the data of (2) showing that the solubility product, Ks - [Au)[Cd), has a

constant value, which suggests that this compound formed in Hg medium has a crystalline

form. The value of Ks reported by Zebreva (11), 2.5xlO- 9 mo12 dm- 6 at 293 K, was not

correct since she did not transform mole fractions of the metals to molar concentrations.

Similarly, the erroneous result of Ks equal to (2.62±0.13)xlO- 9 mo12 dm- 6 was obtained

later by Maryanov (12), who applied his own method of mathematical treatment of the data

in (2). The formation of insoluble AuCd in Hg was experimentally confirmed in subsequent

work (3·7, 13, 15, 17), and the solubility product determined (4-7, 13, 15, 17). The

results (2, 5-7, 17) were obtained at room temperature; in (4, 13, 15) the temperature

was changed in the ranges: 293-343, 278-348 and 293-363 K, respectively. Quantitative

agreement of these data is good within errors of the methods used. The results of

Palyska (13) seem to be slightly high. No numerical result is presented in (3). However

the state of aggregation of AuCd in Hg is still open to discussion.

Mesyats and Mikheeva (8), based on their stripping analysis experiments, suggested that

at concentrations below 10-4 mol dm- 3 the compound AuCd is soluble in Hg, but slightly

dissociated, with an instability constant equal to lxlO- 5 mol dm- 3 at 293 K. Nazarov (9)

reported a result of (8-20)xlO- 5 mol dm- 3 in similar experiments at room temperature.

Based on unpublished EMF experiments of Mesyats, his collaborators (10) found that when

the concentrations of the components were about 10-4 mol dm- 3 a soluble form of AuCd is

formed with the dissociation constant equal to 2xIO- 5 mol dm- 3 at 289 K. This work (9,

10) is not compiled, because it is not known whether equilibria were reached during the

measurements; moreover the information given on the experimental conditions is scanty.

Another problem arose after mathematic analysis of the results of (2, 4, 5, 10).

Mikheeva and Stromberg (10) recalculated all primary data of (2, 4, 5, 10) proposing

another formula (10) and solubility product values for compounds formed in the Au-Cd-Hg

system with the following result:

(continued next page)
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COMPONENTS:

(1) Gold-cadmium 1:1; AuCd; [12044-73-4]

(2), Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION (continued)

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

March 1982

ref. proposed equilibrium - log cAu - log cCd
formula const,fmol dm- 3 TIK mol dm'3 mol dm,3

10 AuCd 1.2xlO- 5 (K) 289 3.8 3.2 ' 4.6

2 AuCd 1.0xlO- 5 (KS)B 293 1.9 1.2 - 4.2

2 AU3Cd2 (1. 7xlO,6)2 (KS)B 293 1.6 1. 3 ' 3.2

5 AU3Cd2 (2.2xlO- 6)2 (KS)B 298 1.7 1. 8 ' 2 ..

4 AuCd 7.3xlO- 6 (KS)B 293 1.5 1.5 ' 1. 8

4 AU2Cd 1.5xlO,8 (KS)B 293 1.5 2.4 ' 4.2

4 AuCd l.lxlO- 5 (KS)B 298 1.5 1. 5 ' 2.5

4 AU2Cd 4.0xlO,8 (KS)B 298 1.5 2.3 ' 4.1

Bunits as indicated by proposed formula.

Nevertheless it seems reasonable that a better criterion for the composition of a

compound being precipitated in Hg is a point of inflection on the 6E vs. log (cCd/cAu)

dependence. The stoichiometry of the AuCd and AU3Cd solid phases isolated from the

complex amalgam was confirmed by chemical analysis (4). Moreover, in the intermediate

composition range of the amalgams a formation of mixed AuCd and AU3Cd crystals is

possible, and the slow attainment of such equilibrium may partly explain the observed

discrepancies. AuCd is a stable compound formed. in the Au-Cd binary system (14).

According to (10) the equilibrium in this complex heterogeneous Au-Cd amalgam may be

characterized by the following scheme:

Au + Cd u AuCdsol u AuCd ~

The existence of AUCdsol is then detectable at the concentration level of about 10'4 mol

dm,3. Nevertheless one should remember that the decrease of Cd-activity at low

concentrations of Cd may be caused also by corrosion of the amalgam. When the

concentration product of [Au] and [Cd] is lower than Ks ' as in the experiments of (2, 4,

6, 7, 16), then no potential differences, within experimental errors, is observed for the

same input concentration of Cd in Hg as well as in the diluted Au amalgam. Temperature

dependence of pKs ' based on the least square method, was constructed using the results of

works (2, 4,7, 15, 17) as

pKs - -2.94 + 2.30xlO T- 1 ; r - 0.985

(continued next page)



COMPONENTS:

(1) Gold-cadmium 1:1; AuCd; [12044-73-4]

(2) Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION (continued)

Values of AuCd solubility in Hg

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

March 1982
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T/K Ks/mo12 dm- 6 Solyjmol dm-3 a Refer.

298 1.7xIO-5 b 4.1x10- 3 (2, 4-7, 15, 17) mean value

323 7xlO-5 c 8xlO- 3 (15)

343 1.6xIO-4 c 1.3x10- 2 (4, 15) interpolated

363 4x10-4 c 2x10- 2 (15)

acalculated by evaluators from Ks '

brecommended.

Ctentative.
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COMPONENTS:

(1) Gold-cadmium 1:1, AuCd; [12044-73-4J

(2) Mercury; Hg; [7439-97-6J

VARIABLES:

Temperature: 293 K

ORIGINAL MEASUREMENTS:

Hartmann, H.; SchOlzel, K.

Z. Phys. Chem., N. F. l22Q, 9, 106-26.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

AuCd is treated by the authors as a soluble compound in Hg, the equilibrium is described

by a dissociation constant, K - [Au) [Cd)/[AuCd), which is equal to 2xlO- 5 mol fraction at

20 ·C for equal Au and Cd concentrations. The initial Au concentration was 1.82xlO-4 or

3.94xlO-4 mol fraction and Cd concns were changed in the ranges 8.9xlO- 7 - 1.OxlO- 3 and

1.OxlO-6 - 1.OxlO- 3 mol fraction, respectively. The results are presented on graphs and

only for l82xlO-4 mol fraction Au are in numerical form as reproduced below.

105xCdi 105xCdf 105K(mol. fro ) 109Ks (mol. fr.)2 105Ks/ mo12 dm-6 a

0.089 0.064 46a 1l.5b --
0.357 0.317 l4a 5.8b --
0.892 0.827 230a 1.5b --
3.569 1.36 9.9 2.2 1.0

6.681 2.16 6.4 2.9 1.3

13.21 3.04 2.4 2.4 1.1

16.43 4.23 2.1 2.5 1.15

19.63 5.87 1.9 2.5 1.15

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Au and Cd amalgams were prepared by disso­

lution of the metals in Hg. Differences of

potential of the complex Au-Cd and simple

Cd amalgams were measured in the cells Au­

Cd(Hg)/CdS04 aq./Cd(Hg) for a few hours. K­

values were calculated from the equilibrium

potentials. The experiments were performed

in an "2 atmosphere.

SOURCE AND PURITY OF MATERIALS:

99.95 X pure or higher.

ESTIMATED ERROR:

Nothing specified. Precision of Ks no

better than ± 10 X (by compilers).

REFERENCES:

1. Zebreva, A.I. Vestn. Akad. Nauk Kaz.

SSR ~, no. 11, 88; Zh. Flz. Khlm.

l2Q1, 35, 948; Tr. Inst. Khlm. Nauk

Akad. Nauk Kaz. SSR ll.2.2., 9, 55.

2. Guminski, C.; Galus, Z. Bull. Acad.

Polon. Sci., Ser. Sci. Chlm. 12ll, 20,

1037.

3. Maryanov, B.M. Elektrokhlmla l212, 11,

1808.



COMPONENTS:

(1) Gold-cadmium 1:1, AuCd; (12044-73-4]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Hartmann, H.; SchOlzel, K.

Z. Phys. Chem., N. F. 1222. 9, 106-26.
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EXPERIMENTAL VALUES (continued)

105xCdi 105xcl 105K(mol. fr.) 109Ks (mol. fro )2 105Ks/mo12 dm-6 8

26.77 11.05 1.8 2.6 1.2

101.02 82.52 1.48 2.5 1.15

mean value l.l5±0.1

8calculated by compilers.

brejected.

On the basis of these experimental results a solubility product. which is the correct

thermodynamic value for the system, was calculated by a few authors (1-3). The values

reported in (1) and (3) are erroneously recalculated concerning the concentration unit

(see Critical Evaluation). The compilers' correction of the original data presented

above yields Ks - (1.2±0.1)xlO- S mo12 dm- 6 (2).
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COMPONENTS:

(1) Gold-cadmium 1:1; AuCd; [12044-73-4)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 298-343 K

ORIGINAL MEASUREMENTS:

Kozin, L.F.; Cherkasova , G.F.;

Erdenbaeva, M.I.

Izv. Akad. Nauk Kaz. SSR, Ser. Khlm. llli,
no. 3, 42-9.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

AuCd is treated as a sparingly soluble compound in Hg; the equilibrium is described by

the solubility product, Ks ' However, a dissociation constant, KD - [Au) [Cd)/[AuCd) , was

also calculated by the authors. Initial Au concentration in all experiments was

4.9lxlO- 4 mol fraction.

trC 105xCdi 105xcl 104xAuf 109Ks/(mol fro )2 103KD/(mol fr.)

20 25.61 0.886 2.438 2.16 0.874

28.83 0.933 2.130 1.99 0.710

32.58 0.998 1. 752 1.75 0.554
105xCdi 36.35 1.259 1.401 1.76 0.502

40.70 1.839 1.024 1.88 0.495

44.60 2.333 0.683 1.59 0.376

25 25.61 1.850 2.534 4.72 2.07

32.39 2.16 2.274 4.91 1.62

36.36 2.34 1.510 3.53 1.03

40.80 2.84 1.116 3.15 0.83

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolution

of the metals. Differences between the po­

tentials of the complex Au-Cd and simple Cd

amalgams were measured for 45-60 min for

the following cell: Au-Cd(Hg) 10.2 mol dm- 3

CdS04. 0.5 mol dm- 3 (NH4)2S04' 3 mol dm- 3

NH3' 50-60 g dm- 3 N2H4,H2S04/Cd(Hg). The

concentration of Cd in the right half cell

was always constant. The solubility pro­

ducts were calculated from the potential

differences. The experiments were per­

formed in a pure H2 atmosphere.

SOURCE AND PURITY OF MATERIALS:

"High purity" chemicals were used: "Cd·OO"

and Hg were purified and vacuum distilled.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 10 %.

Temperature: precision ± 0.2 K.



COMPONENTS:

(1) Gold-cadmium 1:1; AuCd; [12044-73-4]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)
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ORIGINAL MEASUREMENTS:

Kozin, L.F.; Cherkasova , G.F.;

Erdenbaeva, M.I.

Izv. Akad. Nauk Kaz. SSR. Ser. Khlm. ~,

no. 3, 42-9.

tj"C 105xCdi

45.20

51.30

45 20.400

25.110

34.100

43.20

54.23

70 26.19

37.5

51.29

56.03

60.80

71.59

86.21

103.59

105xcl 104XAl 109Ks/(mo1 fro )2 103KD/(mo1 fro )

3.71 0.763 2.83 0.68

3.82 0.174 0.665a 0.14

4.280 3.297 14.6b 14.1c 9.01

6.530 3.051 19.8 10.70

6.780 2.177 14.7 5.39

8.340 1.723 11.8b 14.1c 3.39

10.030 0.489 4.9B 1.10

12.71 3.586 45.6 34.5

14.09 2.659 37.4 16.0

19.99 1. 770 35.4 11.3

22.78 1.575 35.8 10.8

25.39 1.359 34.6 9.7

32.39 0.980 31.8 8.1

44.40 0.719 31.8 7.6

59.30 0.521 31.0 7.1

arejected.

berroneous value.

ccorrected by compilers.

tj"C

20

25

35

45

60

70

Ks/(mo1 fraction)2 b

(1.86±0.20)x10-9

(3.83±0.94)x10-9

6.57 x 10-9

(1. 52±0. 33)x10- 8

2.38 x 10- 8

(3.54±0.27)x10· 8

Ks/mo12 dm-6 a b

(8.5±0.9)x10- 6

(1. 8±0.4)x10· 5

3.0 x 10-5

(7.0±1.5)x10· 5

1.1 x 10-4

(1.6±0.12)x10-4

Some experiments were also

carried out at 5 ·C but no

numerical data are reported.

areca1cu1ated by compilers.

bstandard deviations by compilers.

For smaller Cd concentrations AU3Cd formation may be observed.

The dependence of pKs on temperature, which is based on the method of weighed linear

least squares regression, is expressed by the equation (by compilers):

pKs - (-3.72±0.47) + (2.56±0.15) x 103 T-1 (T/K)(Ks/mo12 dm- 6)
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COMPONENTS:

(1) Gold-cadmium 1:1; AuCd; [12044-73-4)

(2) Mercury; Hg; (7439-97-6)

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Guminski, C.; Galus, Z.

Bull. Acad. Polon. Scl., Ser. Scl. Chlm.

l214, 20, 1037-44.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

AuCd is considered as sparingly soluble in Hg; the equilibrium is described by the

solubility product. The initial concentration of Au was 2.00xlO- 2 mol dm- 3 and the

temperature was 25.0 ·C.

103cCdi/mol d -3 ccl/mol dm-3 b cAuf / mol dm-3 b 105Ks/mol dm- 3 1O-2K/ mol-ldm3

15.9 1.47 6.5 0.95 19.3

9.26 0.72 11.4 0.82 10.4

7.94 0.80 12.9 1.0 6.9

6.62 0.72 14.1 1.0 5.8

8.70 1. 34 12.6 1.7 4.4

7.83 1.48 13.7 2.1 2.4

6.09 1.53 15.4 2.3 1.9

4.35 1.35 17.0 2.3 1.3

4.50 1. 22 16.7 2.0 1.6

3.40 1.25 17 .8 2.2 1.0

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equal portions of Cd were introduced by

constant current electrolysis into a hang­

ing mercury drop electrode and into a hang­

ing drop electrode filled with gold amalgam

prepared by dissolution of Au in Hg). Po­

tentials of the electrodes were measured

vs. SCE for 30 min in the same solution of

0.1 mol dm- 3 CdC12' The solubility pro­

ducts were calculated from the potential

differences and mass balance. The experi­

ments were carried out in a H2 atmosphere.

SOURCE AND PURITY OF MATERIALS:

99.999 X pure Au (from Polish Mint), triply

distilled water, doubly distilled Hg after

chemical purification with Hg2(N03)2' CdC12

"for analysis" (from POCh) were used. So­

lutions of CdC12 were electrolyzed cathodi­

cally for one day at -0.45 V before use.

ESTIMATED ERROR:

Solubility: precision no better than ± 25

X. Temperature: ± 0.2 K.

REFERENCES:

1. Guminski, C. Ph. D. Thesls, University

of Warsaw, l212.



COMPONENTS:

(1) Gold-cadmium 1:1; AuCd; [12044-73-4]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Guminski, C.; Galus, Z.

Bull. Acad. Polon. ScI., Ser. ScI. Chlm.

~, 20, 1037-44.
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- --1. -1

EXPERIMENTAL VALUES (continued)

lO3cCdi/mol dm- 3 ccl/mol dm- 3 b CAuf/mol dm-3 b lOSKs/mol dm- 3 10-2K/ mol-ldm3

2.72 0.90 18.2 1.6 1.1

2.38 0.94 18.5 1.7 0.9

mean value 1.6 ± O.Sa

astandard deviation calr.ulated by compilers

bcalculated by compilers

In another set of experiments using S.00xlO- 2 mol dm· 3 Au amalgam and changing the Cd

concentration in the range 1.74xlO· 2.4.3SxlO- 2 mol dm- 3 , Ks was determined to be

(2.l±0.7)xlO- S mo12 dm- 6 at 25.0 ·C. It was shown that the formally calculated

equilibrium constant (K) changed monotonically with initial concentrations of the metals.

Also the second order rate constant of the formation of AuCd in Hg depends on

concentrations of the metals. These are additional proofs that AuCd crystals precipitate

in Hg medium.

Guminski (1) repeated the measurements for S.00xlO· 2 mol dm· 3 Au amalgam, changing

concentration of Cd in the range 1.74xlO· 2.4.3SxlO· 2 mol dm- 3 , and found Ks equal to

(1.7±0.4)xlO· S mo1 2 dm· 6 at 25.0 ·C. The same experimental procedure was applied.
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COMPONENTS:
(1) Gold-cadmium 1:1; AuCd; [12044-73-4)

(2) Mercury; Hg; [7439·97-6)

VARIABLES:

Temperature: 278·348 K

ORIGINAL MEASUREMENTS:

Pa1yska, D.

H. Sc. ThesIs, University of Warsaw, l212.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
The solubility product values of AuCd in Hg are reported. The initial concentration of

Au was always 7.0xlO· 2 mol dm- 3 and the initial concentration of Cd was changed in the

range 2.7xlO· 2.7.6x10- 2 mol dm· 3 .

trC

5.0

15.0

25.0

35.0

45.0

55.0

65.0

75.0

(L2±0.2)xlO- 5

(2.3±0.4)xlO· 5

(4.0±0.9)xlO- 5

(6.1±1.0)xlO- S

(L1±0.2)xlO-4

(1.8±0.2)xlO-4

(2.4±0.2)xlO-4

(3.9±0.1)xlO-4

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Au amalgam was prepared by dissolution of

the metal in Hg. Cd was introduced in pro­

per amounts into Hg and Au amalgam elec­

trodes by constant current electrolysis.

Potentials of both electrodes after the in­

troduction of Cd were measured in 0.1 mol

dm- 3 Cd(N03)2 vs. SCE. The potential dif­

ference of the electrodes at times longer

than 600 s was constant and this was as'

sumed to correspond to equilibrium. The

final concentration of Cd was found from

SOURCE AND PURITY OF MATERIALS:

99.99 X pure Au from Polish Ming, doubly

distilled Hg after chemical purification

with Hg2(N03)2' analytically pure Cd(N03)2

from POCh and triply distilled H20 were

used. Solutions of Cd(II) were electro­

lyzed on Hg cathode at -0.5 V vs. SCE.

ESTIMATED ERROR:

Solubility product: standard deviation

higher than ± 10 %.

the potential difference, the concentration Temperature: precision ± 0.2 K.

of Au was calculated from mass balance, and

Ks by their multiplication. Experiments

were carried out in an H2 atmosphere.



COMPONENTS:

(1) Gold-cadmium 1:1; AuCd; [12044-73-4)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 293 K

ORIGINAL MEASUREMENTS:

Mesyats, N.A.; Mikheeva, N.I.

Izv. Tomsk. Po1itekh. Inst. l212, 197,
43-5.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

It was found that AuCd formed in Hg and exists in a soluble form. The dissociation

constant of the compound was determined to be lxlO'5 mol dm'3 at 293 K.

The amalgam seems to be unsaturated with respect to AuCd. The ratio of the ion

concentrations of Cd(II) to Au(III) in the solution was changed from 2 to 0.33.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The complex amalgam was obtained by simul·

taneous electroreduction of Cd and Au ions

on a Hg electrode from a solution of 0.1

mol dm,3 (NH4)2S04' Concentrations of

Cd(II) and Au(III) were equal to SxlO· S mol

dm,3 and the time of the electrolysis was

changed in the range 6-18 min. The oxida­

tion of Cd from the complex amalgam was

carried out under voltammetric conditions.

The dissociation constant was calculated

from the charge corresponding to the oxida­

tion of Cd and mass balance of the

reagents.

SOURCE AND PURITY OF MATERIALS:

Nothing specified. Probably, concentra­

tions of other heavy metals in the solution

were below 10,8 mol dm'3, as it was in

other papers from this laboratory

(compilers) .

ESTIMATED ERROR:

Nothing specified.
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COMPONENTS:

(1) Gold-cadmium 1:1: AuCd; [12044-73-4J

(2) Mercury; Hg: [7439-97-6J

VARIABLES:

Temperature: 298-363 K

EXPERIMENTAL VALUES:

The solubilities of AuCd in Hg are reported:

ORIGINAL MEASUREMENTS:

Dergacheva, M.B.

Tr. Inst. argo Kata1. E1ektrokhlm. Akad.

Nauk Kaz. SSR l2l2, 11, 36-42.

PREPARED BY:

C. Guminski; Z. Galus

t/"C solubility/mol dm- 3 Ks/mo1 2 dm-6 a

20 2.93xlO- 3 8.6x10- 6

50 8.7xlO· 3 7.6xlO- 5

75 1. 37xlO· 2 1. 88xlO- 4

90 1. 9lx10- 2 3.6xlO·4

scalculated by compilers

Initial concentrations of Au and Cd are 3.04xlO- 2 and 3.04xlO· 3·3.55xlO· 2 mol dm- 3,

respectively.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

No details are described but it seems that

the method of EMF was used and the proce·

dure was essentially the same as reported

in (1); see corresponding data sheet.

SOURCE AND PURITY OF MATERIALS:

Nothing specified, but probably the purity

was the same as in (1).

ESTIMATED ERROR:

Solubility: nothing specified: no better ±

5 X (compilers).

Temperatures: precision ± 0.2 K.

REFERENCES:

1. Kozin, L.F.: Cherkasova, G.F.;

Erdenbaeva, M.I. Izv. Akad. Nsuk Kaz.

SSR, Ser. Khlm. l2§2, no. 3, 42·9.



COMPONENTS:

(1) Gold-cadmium 1:1; AuCd; [12044-73-4]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Ostapczuk, P.; Kublik, Z.

J. Electroanal. Chem. l21l, 83, 1-17.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

AuCd as a sparingly soluble compound in Hg has a solubility product, Ks at 25.0 'C:

1.05xlO· 2

4.lxlO- 2

8.2xlO· 2

3.0xlO- 3 - 3.0xlO- 2

2.2xlO· 2 - 4.0xlO- 2

1.8xlO-2 - 4.5xlO- 2

(2.4±0.4)xlO· 5

(2.7±0.2)xlO·5 B

(2.6±0.4)xlO·5 B

Bprivate communication of P. Ostapczuk to the compilers

Perhaps 3 min was not enough time to reach equilibrium in the system, and therefore these

results are slightly overstated.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Au amalgam was prepared by Au dissolution

in Hg. Cd was introduced by constant cur·

rent electrolysis into a hanging mercury

drop electrode and into a hanging gold

amalgam drop electrode. Potentials of the

electrodes were measured after 3 min vs.

SCE and the solubility products were calcu­

lated from their differences. The experi­

ments were performed in an Ar atmosphere.

SOURCE AND PURITY OF MATERIALS:

99.99 % pure Au (from Polish Mint), triply

distilled water, twicely distilled Hg and

analytically pure reagents (from POCh) were

used.

ESTIMATED ERROR:

Solubility: precision no better than ±

15%. Temperature: precision ± 0.2 K.
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COMPONENTS:

(1) Gold-cadmium 1:1; AuCd; [12044-73-4]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Rodgers, R.S.; Meites, L.

J. E1ectroana1. Chem. ~, 125. 167-76.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of AuCd in Hg at 298.2 K is:

103c i /mo1 dm- 3

Cd Au

12.91

6.71

3.40

3.31

12.11

7.29

2.49

5.00

2.49

7.37

4.91

2.49

1.23

12.11

9.63

1Q3cf/mo1 dm- 3

Cd Au

4.71 3.91

7.97 2.35

11.77 1.35

5.03 3.32

6.51 2.29

2.74 6.71

3.37 4.88

3.40 2.49

3.40 1.23

1.49 10.29

2.23 8.55

1.84

1.87

1.59

1.67

1.49

1.84

1.65

-- (no precipitation occurred)

-- (no precipitation occurred)

1.53

1. 91

Mean: 1.71 ± 0.14

ESTIMATED ERROR:

Solubility product: standard deviation ±

8X. Temperature: precision ± 0.05 K.

No evidence of AU3Cd formation was obtained in these experiments.

AUXILIARY INFORMATION

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

The complex Au-Cd amalgams were obtained by Reagent grade chemicals were used.

e1ectroreduction which was carried out

under potentiostatic conditions. Stock

solutions of the metal ions were standar-

dized by conventional techniques. Then the

complex amalgams were oxidized with con-

stant current and potential changes were

recorded. Complementary experiments by

stripping chronoamperometry were also per­

formed. The solubility product was calcu­

lated from the oxidation charge of Cd,

found from chronopotentiograms, and mass

balance.
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CRITICAL EVALUATION:

Sennechales (3), during investigations of amalgamation of Au-Cu alloys, reported that

certain compositions of these alloys are more resistive to dissolution in Hg. Kaplin and

coworkers (4) investigated the equilibrium of formation of a compound between Au and Cu

in Hg by stripping voltammetry on a thin film electrode. However, no numerical results

are reported in papers (3) and (4).

Sasim and coworkers (1, 5-7) investigated quantitatively the Au-Cu-Hg system by

potentiometry Formation of AuCu solid in Hg was observed; such a compound is formed

also in the Au-Cu binary alloys (2). The solubility product, Ks - [Au] [Cu], values were

determined over the temperature range 278 - 308 K. Dependence of Ks on temperature,

using a weighted linear least-squares fit, may be expressed by the following equation:

pKs - (-0.67 ± 0.63) + (1.35 ± 0.18) x 103 T-l

Previously the formation of AU3Cu and AuCu3 in Hg was also suggested (5, 6) for excesses

of Au or Cu respectively. However, detailed analysis of the potentiometric experiments

(1) showed that only AuCu is formed in the complex diluted amalgams. An excess of Cu

leads to the precipitation of CU7Hg6 (which is 3 times more soluble than AuCu in Hg; see

the Cu-Hg system) along with AuCu.

Value of the solubility <tentative)

The solubility product of AuCu in Hg at 298 K, according to work (1), is:

and the solubility

2.7xlO- 3 mol dm- 3 (calculated by evaluators)

References
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6. Guminski, C. Ph.D. Thesis, University of Warsaw, Warsaw, l212.
7. Srudka, M. H. Se. Thesis, University of Warsaw, Warsaw, ~.
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COMPONENTS:

(1) Gold-copper 1:1; AuCu; [12006-51-8)

(2) Mercury; Hg; [7439-97-6)

ORIGINAL MEASUREMENTS:

Sasim, D.; Srudka, M.; Guminski, C.

Honatsh. Chem. ~, 115, 45-56.

PREPARED BY:

C. Guminski; Z Galus

--------------------1---------------------1VARIABLES:

Temperature: 278-308 K

EXPERIMENTAL VALUES:

Solubility products and dissociation constants of AuCu in mercury obtained with initial

gold concentration 7.0,10- 2 mol dm- 3 at 298 K:

tis i.//lA ecui / mol dm- 3 AE/mV ecub/ mol dm- 3 106Ks/mo12 dm- 6 Kd/mol dm- 3

50 4.0 1.53.10 1 35 1.42.10- 3 6.9 4.9,10- 3

60 5.0 2.3,10- 3 40 2.2,10- 3 6.7 3.0,10- 3

50 10.0 3.8,10- 3 48 3.7.10- 3 6.3 1. 7.10- 3

40 20 6.1.10- 3 54 6.0.10- 3 6.2 1.0.10- 3

60 20 9.2,10- 3 60 9.1.10- 3 5.6 6.2,10-4

40 50 1.53.10- 2 65 1.51.10- 2 5.7 3.8,10-4

60 50 2.3,10- 2 68 2.3,10- 2 5.9 2.6,10-4

50 100 3.8,10-2 64 3.8.10- 2 8.2 2.2.10-4

40 200 6.1,10- 2 57 6.1,10- 2 7.1 1. 2.10-4

60 200 9.2,10- 2 46 8.9,10- 2 -- --
50 400 1.53.10-1 11 8.8,10- 2 -- --

100 400 3.1,10-1 2 4.0.10- 2 -- --
200 400 6.1,10- 1 0 0 -- --

mean value: 6.7 ± 0.8

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Experiments were performed in a pure H2 at­

mosphere. Equal portions of Cu were intro­

duced by electrolysis with constant current

into hanging drop electrodes filled with Hg

or Au amalgam (prepared by dissolution of

Au foil in Hg). Potential differences of

the electrodes were measured for 2000 s in

a solution of 0.1 mol dm- 3 CUS04' pH - 2.

Equilibrium concentrations of Cu were mea­

sured and the solubility product was calcu­

lated from mass balance.

SOURCE AND PURITY OF MATERIALS:

99.999 X pure Au (from Polish Mint), doubly

distilled Hg after chemical purification

with acidic Hg2(N03)2, triply distilled

water and other chemicals of analytic

purity (from POCh) were used. The solu­

tions were additionally purified by a

cathodic electrolysis.

ESTIMATED ERROR:

Solubility product: precision ± 15 X (at

best). Temperature: ± 0.1 K.

REFERENCES:

1. Stromberg, A.G.; Mesyats, N.A.;
Mikheeva, N.P. Zh. Fiz. Khim. l2ll, 45,
1521.

2. Srudka, M. H. Se. Thesis, University of
Warsaw, l2l!i.

3. Sasim, D. H. Se. Thesis, University of
Warsaw, l2l!i.
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EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Sasim, D.; Srudka, M.; Guminski, C.

Honatsh. Chem. ~, 115, 45-56.
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Solubility products (Ks ) and dissociation constants (Kd) of AuCu in mercury at 298 K:

cA}/mo1 dm- 3 cCui / mo1 dm- 3 106Ks/mo12 dm- 6 106Ks/mo12 dm-6 c Kd/mo1 dm- 3

6.0,10- 3 1.21,10- 3-9.20,10- 3 7.3 ± 0.6 7.0 '7.3.10- 2-1.9.10- 3

8.0,10- 3 1.21,10- 3-6.10,10- 3 7.6 ± 0.8 S 8.0 3.0,10- 2-1.5,10- 3

1.0.10- 2 2.3.10- 3-7.6.10- 3 11.1 ± 5.4 b 15.0 2.7.10- 2-6.0.10-4

2.0.10- 2 2.3.10- 3-1.15.10- 2 4.3±1.2 b 4.6 2.8,10- 3-2.8,10-4

5.0,10- 2 7.6.10.4-4.6.10- 2 6.9±1.9 b 5.9 1.8.10- 2-1.1.10.4

7.0.10. 2 1.53.10- 3-6.1.10. 2 6.7 ± 0.8 S 5.4 4.9.10. 2-1.2.10-4

9.0,10- 2 1.30.10. 3.2.3.10. 2 8,6 ± 1,8 s 6.7 8.9.10. 2.2.4.10-4

mean value: 7.1 ± 1.5

sa1so reported in (2).

ba1so reported in (3).

Cobtained by method of (1).

Temperature dependence of Ks for initial Au concentration equal to 5.0x10- 2 mol dm- 3

T/K

278

288

298

308

(3.0±0.6)x10· 6

(4.2±0.4)x10- 6

(7 .li1. 5)x10· 6 s

(9.4±2.0)x10- 6

Smean value for various Au concentrations.
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COMPONENTS:

(1) Gold-gallium 1:1; AuGa; [12006-53-0]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

August 1984

CRITICAL EVALUATION:

Palyska (1) determined a value of the solubility product, Ks - [Au][Ga], of AuGa in Hg

equal to 2xlO- 8 mo12 dm- 6 at 298 K. This value was also reported in (2, 3). Although

AuGa is a moderately stable compound in the Au-Ga binary system (4), the composition of

the intermetallic compound formed in the amalgam has been given as AuGa (1-3, 5, 6) and

also as Ga4Au5Hgx (7). Moreover, there are divergent opinions on equilibrium in the Hg­

rich corner of the Au-Ga-Hg system. The formation of a poorly soluble compound was found

in (1-3, 7). Based on stripping voltammetry, Stromberg and coworkers (6) concluded that

the soluble form of AuGa is present in Hg, whereas Stepanova (5), using the same method,

postulated formation of AuGa in both forms according to the equation:

Au + Ga = AuGasol = AuGa ~

Value of the solubility (tentative)

The solubility product of AuGa in Hg at 298 K, according to (I), is:

2xlO- 8 mo12 dm- 6

and the solubility, as calculated by evaluators, is:

1.4xlO-4 mol dm- 3
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Teorla I Praktlka Amalgamnykh Protsesov, Alma-Ata, 1966, p. 68.

7. Lysenko, V.I. Hetal1urgla Tsvetnykh Hetallov I Hetody lkh AnalIza 1221, 7, 303.



COMPONENTS:

(1) Gold-gallium 1:1; AuGa; [12006-53-0]

(2) Mercury; Hg; (7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Palyska, D.

H. Sc. ThesIs, University of Warsaw,

Warsaw, llli.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product of AuGa in Hg at 298.2 K:

102CGai/mol dm- 3 102c i/mol dm- 3 108Ks / mo12 dm- 6
Au

1.12 - 9.9 9.0 2.2±1.0

0.50 • 1.50 7.0 1.6±0.6

0.50 - 2.0 5.0 1. 3±0. 9

0.50 - 2.0 2.0 2,4±0,8

mean value 2±1

The same result was reported in (I, 2).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equal portions of Ga were introduced by

electrolysis into hanging drop electrodes

filled with Au amalgam (prepared by disso­

lution of Au foil in Hg) and Hg. Poten­

tials of the electrodes vs. SCE were mea­

sured for 1000 s in a solution of 1.OxlO-2

mol dm- 3 Ga(N03)3' 7.5 mol dm- 3 KSCN.

Equilibrium concentrations of Ga were ob­

tained from the potential differences and

the solubility product was calculated from

mass balance. The experiments were carried

out in a H2 atmosphere.

SOURCE AND PURITY OF MATERIALS:

99.999 X pure Au (from Polish Mint), doubly

distilled Hg (from POCh) after chemical

purification with acidic Hg2(N03)2' triply

distilled water and analytically pure rea­

gents (from POCh) were used. The solutions

were additionally purified by cathodic

electrolysis at -0.8 V vs. SCE for one day.

ESTIMATED ERROR:

Solubility product: precision ± 50 X.

Temperature: precision ± 10.2 K.

REFERENCES:

1. Guminski, C. Ph.D. ThesIs, University

of Warsaw, Warsaw, llli.
2. Sasim, D.; Srudka, M.; Guminski, C.

Honatsh. Chem. 1984, 115, 45-56.
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COMPONENTS:

(1) Gold-indium 3:1; AU3In; [12598-23-1]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

June 1985

CRITICAL EVALUATION:

Formation of a slightly soluble intermetallic compound, AU3In, in Hg was reported first

by Zebreva and Levitskaya (1). They estimated the solubility product, Ks - [Au]3[In],

equal to 7xlO- 12 mo14 dm- 12 at 293 K by means of amalgam polarography. Existence of

AU3In in Hg was confirmed later, and it was established that its formation needs more

than a two-fold excess of Au over In in the amalgam. Kozin and Dergacheva (2) determined

the solubility product in the temperature range 289-348 K (for example 4.lxlO- 9 mo14

dm- 12 at 289 K). The solubility product value of 1.lxlO·8 mo14 dm- 12 at 298 K was found

by Sasj~ (6) and was also reported in (7). The results of (2) and (6) are in good

agreement; they are several orders of magnitude higher than those of Zebreva and

Levitskaya (1) and seem to be satisfactorily precise; thus the value of (1) should be

rejected.

Stromberg and Baev (3) reported the solubility product of AU3In as 7.7xlO- 8 mo14 dm- 12 at

328 K, based on their recalculations of an unpublished result of Dergacheva obtained by

means of potentiometry. In subsequent work, Stromberg and coworkers (4) recalculated the

results of (2) using their own mathematical procedure; the results at 289 and 308 K were

practically the same as the original ones but those at 328 and 348 K were more than two

and more than three times higher, respectively; this makes the pKs vs. T-l relation

steeper. The phase AU3In is formed in the Au-In system (5), and the same phase was

identified in the amalgam (2).

Based on the results of (2, 6) the temperature dependence of the solubility product was

found by the linear least squares method:

pKs - 1.225 + 2059 x T-l (TIK)

Values of the solubility product of AU3In in He

The correction of the results of (2) made in (4) should lead to a quite different

equation. So we may suggest only doubtful values of the solubility product. Solubility

of AU3In in Hg:

~K Ks/mo14 dm- 12 SolubilityB/mol dm- 3 Reference

289 4xlO- 9 3.6xlO- 3 (2)

308 lxlO- 8 4.4xlO- 3 (2)
348 9xlO- 8 8xlO· 3 (2)

Bcalculated by evaluators from Ks '

(continued next page)



COMPONENTS:

(1) Gold-indium 3:1; AU3In; [12598-23-1)

(2) Mercury; Hg; [7439-97-6)

CRITICAL EVALUATION (continued)

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

June 1985
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COMPONENTS:

(1) Gold-indium 3:1; AU3In; [12598-23-1J

(2) Mercury; Hg; [7439-97-6J

ORIGINAL MEASUREMENTS:

Zebreva, A.I.; Levitskaya, S.A.

Zh. Flz. Khim. ~, 36, 2799-2803.

PREPARED BY:

C. Guminski; Z. Galus

1-----------------1------------------1
VARIABLES:

Temperature: 293 K

EXPERIMENTAL VALUES:

The solubility product of AU3In in Hg at 20 ·C:

103cA}/mol dIn- 3 103cIni/mol dIn- 3 103cInf/mol e1m- 3

3.0 1. , '~ 0.82

2.5 1.14 1.04

2.0 0.92 0.7

103cAUf/mol e1m- 3 Ks/mo14 din

2.04 7

2.2 138 llb

1.34 18 2

mean value: 7

8erroneous value.

bcorrected by compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The experiments were performed in an inert

gas atmosphere - a mixture of N2 and H2

from hydrazine decomposition. Amalgams of

In were obtained by electroreduction of

In2(S04)3 in 10 X NaCl, pH ~ 3, on a Hg

cathode at -0.8 V vs. SCE. Content of In

in the amalgam was found by polarographic

oxidation. Au amalgams were prepared by

electroreduction of HAuC14 in 1 mol e1m- 3

HC1. Both amalgams were mixed and then po­

larized anodically. A decrease of anodic

current of In in the presence of Au is due

to formation of AU3In in Hg. Knowing the

active concentration of In and using mass

balance, the solubility product of AU3In

was calculated.

SOURCE AND PURITY OF MATERIALS:

Hg was purified by electrolysis and vacuum

distilled.

ESTIMATED ERROR:

Nothing specified. Determination of Ks
with an error ± 50 X or more (compilers).



COMPONENTS:

(1) Gold-indium 3:1; AU3In; [12598-23-1)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 289-348 K

ORIGINAL MEASUREMENTS:

Kozin. L.F.; Dergacheva. M.B.

Tr. Inst. Org. Katal. Elektrokhlm. Akad.

Nauk Kaz. SSR 1211. 2. 73·83.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Solubility products of AU3In as a sparingly soluble compound in Hg are reported for

different temperatures. Initial Au concentration in all experiments was 1.01x10-1 mol

dm- 3 .

trC

16 0.337

0.425

0.535

0.675

0.844

1.067

1.342

1.685

2.122

0.0675

0.0687

0.0756

0.0868

0.0992

0.131

0.169

0.280

0.560

7.95

7.95

7.95

7.95

7.92

7.25

6.43

5.40

4.11

mean value

3.39

3.46

3.80

4.36

4.94

4.99

4.48

4.40

3.89

(4.1±0.7)a

35 0.25

0.328

0.119

0.134

AUXILIARY INFORMATION

9.25

9.02

9.41

9.91d

(continued next page)

ESTIMATED ERROR:

Solubility product: precision ± 20 X.

Temperature: probably ± 0.2 K.

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

Method of Au amalgam preparation is not Nothing specified.

known. The element In was introduced into

Au amalgam or Hg by e1ectroreduction of

In(III). Differences of potentials between

Au-In amalgam and In amalgam electrodes in

solutions of 1 mol dm- 3 InC13' 200 g dm- 3

NH4C1. 50 g dm- 3 C4H506Na and 50 g dm- 3

N2H4·HC1 were measured for 15-30 min, en-

abling the calculation of equilibrium con­

centrations of In and consequently the sol­

ubility product of AU3In.

REFERENCES:

1. Stromberg. A.G.; Mikheeva, N.P.;

Be10usov. Yu.P. Tr. Inst. Org. Katal.

Elektrokhlm. Akad. Nauk Kaz. SSR l.2l.!i.
7, 42.
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COMPONENTS:

(1) Gold-indium 3:1; AU3In; [12598-23-1]

(2) Mercury; Hg; [7439-97-6)

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Kozin, L.F.; Dergacheva, M.B.

Tr. Inst. Org. Katal. Elektrokhlm. Akad.

Nsuk Ksz. SSR l21l, 2, 73-83.

mean value

tj"C 1Q2CIni/mol dOl- 3

0.573

0.786

0.866

0.972

1.17

1.34

1. 50

1. 73

1Q4CInf/mol dOl- 3

0.169

0.193

0.233

0.268

0.337

0.455

0.615

0.824

102cAUf/mol dOl- 3

8.44

7.80

7.41

7.10

6.52

6.01

5.44

4.84

1Q9Ks/mo14dOl-12

10.Od

9.55d

9.64d

9.35d

9.91d

9.90d

9.65d

9.9ld

(9.8tO.4)S

75 0.226 0.81

0.368 1.225

0.584 1. 58

0.664 1.77

0.744 1.895

0.932 2.50

1.10 3.01

1.26 3.62

55 0.186

0.325

0.602

0.810

0.952

1.235

1.59

1. 945

0.294

0.369

0.445

0.523

0.642

0.884

1.47

2.34

9.53 25.4

9.12 28.0

8.29 25.4

7.67 23.4

7.24 24.3

6.40 23.2

5.34 22.4

4.32 18.9

mean value (23t5)s

9.32 66.0c

9.02 90.0

8.27 90.0

8.14 95.6

7.90 98.2d

7.26 96.3

6.78 94.0

6.42 96.2

mean value (94t4)S

a Recalculated values as reported in (1) are 3.85, 10, 56, and 37.8 mo14 dOl- 12 ,
respectively.

b Values calculated from CInf and cAuf by compilers.

C Rejected by authors.

d Values recalculated by compilers are 9.83, 10.1, 9.16, 9.48, 9.59, 9.33, 9.88, 9.90,
9.34, and 9.34 mo14 dOl- 12 , respectively.

Au amalgam used at 16 ·C was not homogeneous which could lead to a small error. In the

phase separation experiments, not described in detail, the solubility of AU3In in Hg at

21 ·C is found to be 8xlO-4 mol dOl- 3 . This value is only 1/5 of the value obtained in

the potentiometric experiments.



COMPONENTS:

(1) Gold-indium 3:1; AU3In; [12598-23-1]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Sasim, D.

H. Sa. Thesis, University of Warsaw

Warsaw, llli.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product of AU3In in Hg at 298.2 K. Initial concentration of Au equals

9.0xlO- 2 mol dm- 3.

5.1

10.2

25.5

38.0

51

76

102

153

178

204

mean value

1.3

1.1

1.2

1.1

1.8

1.1

1.0

0.8

0.8

0,5

1.1±0.4

The result was also reported in (1).

AUXILIARY INFORMATION

REFERENCES:

1. Guminski, C. Ph. D. Thesis, University

of Warsaw, Warsaw, l2l2.

SOURCE AND PURITY OF MATERIALS:

99.999 X pure Au (Polish Mint), triply dis­

tilled water, twice distilled Hg (POCh)

after chemical purification with Hg2(N03)2

and other chemicals of analytical purity

(POCh) were used. The solution of In(N03)3

was cathodically electrolyzed for one day

at -0.5 V vs. SCE.

METHOD/APPARATUS/PROCEDURE:

Au amalgam was prepared by dissolution of

the metal in Hg. Equal portions of In were

electrolytically introduced into the hang­

ing drop electrodes filled with pure Hg as

well as Au amalgam. Changes of potential

with time (10 min) in 0.1 mol dm- 3 In(N03)3

vs. SCE were measured after the electro­

lysis was stopped. From the stable poten­

tial differences the concentration of In in

the Au-In amalgam was found and this al­

lowed calculation of the solubility product

of AU3In in Hg using mass balance.

ESTIMATED ERROR:

Solubility product:

30 X. Temperature:

standard deviation ±

± 0.2 K.
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COMPONENTS:

(1) Gold-indium 1:1; AuIn; [12006-55-2]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

June 1985

CRITICAL EVALUATION:

Formation of insoluble intermetallic compounds between Au and In in Hg was first reported

by Zebreva and Levitskaya (1). They found that two compounds, AuIn and AU3In, are formed

in this system. Polarographic measurements (1) indicated that the solubility product, Ks
- [Au][In], of AuIn at 293 K is 1.9xlO- 6 mo12 dm- 6 , whereas in potentiometric experiments

a value of 1.8xlO- 7 mo12 dm- 6 was determined. These results should be rejected due to

the discrepancy in the results and lack of data in the paper. Mesyats (10) determined a

Ks value of 9xlO- 6 mo1 2 dm- 6 at room temperature by stripping voltammetry, but details

are not known to the evaluators. Subsequently Kozin and Dergacheva (2' confirmed the

formation of AuIn and AU3In by potentiometric experiments in the temperature range 289­

348 K. The corresponding solubility products were determined and these values are

suggested as tentative. Sasim (8) confirmed the results of (2) at 298 K (Ks of AuIn

equal to 4.4xlO- 5 mo12 dm- 6); the result of (8) was also reported in (9). Stromberg and

Baev (5) reported a solubility product value of 5.6xlO- 5 mo12 dm- 6 at 328 K, which is

derived from their recalculation using unpublished potentiometric measurements of

Dergacheva. In another work, Stromberg and coworkers (6) recalculated the data of (2)

using their own mathematical procedure; at 289 K the result obtained is one-half of the

primary one. The rest of the numbers agree with the primary results of (2); moreover

they fit better to a straight line relating pKs to reciprocal temperature.

Because of some difference between potentiometric and phase separation experiments (2),

it was later suggested by the same authors that AuIn is sparingly soluble and partially

dissociated in Hg according to (3, 4):

Au + In = AuIn = AuIn~

The compound AuIn is a stable phase formed in the binary Au-In system (7) as well as in

the amalgam (2) as found by chemical analysis. By the method of weighted linear least

squares regression one may express the temperature dependence of Ks from (2, 8, 10) with:

pKs - -1.977 + 1.982 r- l r-O.91

Values of the solubility of AuIn in Hg (tentative)S

~K Ks/mo12 dm- 6 Solubility/mol dm- 3 reference

289 2xlO- 5 4.5xlO- 3 (2)

308 3xlO- 5 6xlO- 3 (2)

348 2xlO-4 1.4xlO- 2 (2)

scalculated by evaluators from Ks '

(continued next page)



COMPONENTS:

(1) Gold-indium 1:1; Auln; [12006-55-2)

(2). Mercury; Hg; [7439-97-6)

CRITICAL EVALUATION (continued)

References

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

June 1985
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COMPONENTS:

(1) Gold-indium 1:1; AuIn; [12006-55-2]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 293 K

ORIGINAL MEASUREMENTS:

Zebreva, A.I.; Levitskaya. S.A.

Zh. Flz. Khlm. l2&l, 36, 2799-2803.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of AuIn in Hg at 20 ·C determined by amalgam polarography:

103cAUi/mol dm- 3 103cIni/mol dm- 3 103cInf/mol dm- 3 103cAUf/mo1 dm- 3 106Ks / mo12 dm- 6

2.0 1.30 0.92 1. 62 1.49

2.0 1.62 1.04 1.42 1.48

2.0 2.21 1.9 1.44 2.30

2.5 1.95 1.10 1.65 1.82

2.5 2.21 1.30 1.59 2.03

2.5 2.47 1.46 1.49 2.14

3.0 1.62 1.10 2.48 2.71

3.0 2.21 1.30 2.09 2.72

3.0 2.47 1.24 1.77 2.18

3.0 3.06 1.14 1.08 1.26

3.0 3.32 1.26 0.94 1.20

3.0 3.57 1.58 1.01 1.74

mean value 1.92i0.51s

Sstandard deviation calculated by compilers.

(continued next page)

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

standard deviation of

as calculated by com­

nothing specified.

METHOD/APPARATUS/PROCEDURE:

The amalgams of Au and In were separately

prepared by an electroreduction on Hg from

corresponding salts. They were mixed in

various proportions and oxidized in polaro­

graphic conditions. In the presence of Au

a decrease of the oxidation current of In

was observed and this allowed one to find

its equilibrium concentration and conse­

quently Ks ' In potentiometric experiments

In was introduced into Au amalgam by elec­

troreduction in successive steps. Poten­

tials of the cell: In(Hg)IIn2(S04)3 8.8 g

dm- 3 , 10 X NaCl, pH - 3.4-4.0IAu-In(Hg)

were measured for 30·40 min. The concen­

tration of free In was found from the po­

tential differences. The Ks-values were

calculated from mass balance. All experi­

ments were performed in an atmosphere of N2

and H2 from hydrazine decomposition.

Hg was purified by electrolysis and vacuum

distilled.

ESTIMATED ERROR:

Solubility product:

± 25 X (polarography)

pilers. Temperature:



COMPONENTS:

(1) Gold-indium 1:1; AuIn; [12006·55-2]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Zebreva, A.I.; Levitskaya. S.A.

Zh. Flz. Khlm. l22l. 36, 2799-2803.
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The solubility product of AuIn in Hg at 20 ·C determined by potentiometry:

1.01 1.14 0.525 0.385 2.07

1.0 1.03 0.432 0.405 1. 75

1.0 1.01 0.392 0.381 1.50

0.8 0.83 0.495 0.465 1.82

0.8 0.78 0.452 0.472 2.10

0.8 0.76 0.375 0.415 1.55

0.9 0.97 0.510 0.460 2.23

0.9 0.95 0.434 0.384 1.68

0.9 0.21 0.370 0.360 1. 70

mean value 1. 82±0. 268

8 standard deviation calculated by compilers.

The discrepancy of the results obtained by the different methods may be explained by the

possibility of partial oxidation of solid AuIn under polarographic conditions, thus

leading to a higher value of Ks ' However, it is difficult to find a reason why both

values are too low compared with subsequent papers on the same system. Only corrosion of

the amalgam would explain this.
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COMPONENTS:

(1) Gold-indium 1:1; AuIn; [12006-55-2)

(2) Mercury; Hgj [7439-97-6)

VARIABLES:

Temperature: 289-348 K

ORIGINAL MEASUREMENTS:

Kozin, L.F.; Dergacheva, M.B.

Tr. Inst. Org. Katal. Elektrokhlm. Akad.

Nauk Kaz. SSR 1211, 2, 73,83.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility products of AuIn as a sparingly soluble compound in Hg are reported. Initial

Au concentration in all experiments was 1.01xlO- l mol dm- 3.

trC 102cIni/mol dm'3 102cInf/mol dm- 3

16 6.79 7.61

7.60 7.96

8.54 8.15

8.94 12.3

9.15 14.2

9.59 17.8

9.80 22.4

10.0 25.8

3.74

2.93

2.0

1.64

1.45

1.04

0.88

0.71

mean value

2.85

2.33

1.63

2.02

2.06

1.85

1. 97

1.83

(2.2±0.6)

35 7.98

8.54

8.74

17.0

19.1

21.4

AUXILIARY INFORMATION

2.21

1.65

1.48

3.74

3.15

3.16

(continued next page)

ESTIMATED ERROR:

Solubility product: precision no better

than ± 0.2 K.

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

The Au amalgam was prepared by an unknown Nothing specified.

method. The In was introduced to Au amal-

gam or Hg by electrolysis. Differences of

potential between Au-In amalgam and In

amalgam electrodes in a solution of 1 mol

dm- 3 InC13' 200 g dm- 3 NH4Cl, 50 g dm'3

C4H506Na, 50 g dm- 3 N2H4·HCl were measured

for 15-30 min and in consequence Au and In

equilibrium concentrations could be calcu­

lated, and Ks by their multiplication.

REFERENCES:

1. Stromberg, A.G.; Mikheeva, N.P.j

Belousov, Yu.P. Tr. Inst. Org. Katal.

Elektrokhlm. Akad. Nauk Kaz. SSR~,

7, 42.



COMPONENTS:

(1) Gold-indium l:lj Aulnj [12006-55-2]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Kozin. L.F.; Dergacheva. M.B.

Tr. Inst. Org. Katal. Elektrokhlm. Akad.

Nauk Kaz. SSR l2ll, 2, 73-83.
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tj"e

8.94

9.15

9.58

9.8

23.0

26.4

30.3

36.4

1. 29

1.12

0.72

0.57

2.96

2.96

2.18

2.08

(2.9±0.8)

55 7.10 30.3 3.29

7.79 34.8 2.64

7.96 38.2 2.41

8.54 42.8 1.87

8.74 45.9 1.80

8.95 50.3 1.64

9.15 53.9 1.37

75 6.94 56.5 3.61

7.44 64.9 3.29

7.97 76.1 2.78

8.54 93.6 2.48

9.58 115.0 1.55

10.0 129.0 1.27

9.96

9.18

9.21

8.0

8.26

8.25

7.38

(8. H1. 3)

20.4

21.3

21.1

23.2

17.8

16.4

(20±3)

aaverage values recalculated by the authors of paper (1) using their own mathematical

procedure are 1.25, 2.5, 7.7, and 21.5 mo12 dm- 6, respectively.

The Au amalgam used at 16 'C was not homogeneous before addition of In, which may lead to

a negligible error. The solubility of Auln in Hg at 21 'C, 3xlO- 3 mol dm- 3• was also

determined in the phase separation experiment; however no details are given in the paper.
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COMPONENTS:

(1) Gold-indium 1:1; AuIn; [12006-55-2)

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Sasim, D.

H. Sc. Thesis, University of ~arsaw

~arsaw, ~.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of AuIn in Hg at 298.2 K. Initial Au concentration was 9.0xlO- 2

mol 00- 3.

2.80

3.06

3.57

4.08

4.59

5.10

6.12

mean value

This result was also reported in (1).

3.2

3.0

5.8

5.7

4.3

3.7

U
4.4 ± 1.1

REFERENCES:

1. Guminski, C. Ph.D. Thesis, University

of ~arsaw, .llli.

ESTIMATED ERROR:

Solubility product: standard deviation ±

25 X. Temperature: precision ± 0.2 K.

SOURCE AND PURITY OF MATERIALS:

99.999 X pure Au (Polish Mint), triply dis­

tilled water, twice distilled Hg (POCh)

after chemical purification with Hg2(N03)2

and other chemicals of analytic purity

(POCh) were used. The solution of In(N03)3

was cathodically polarized on Hg for one

day at -0.5 V vs. SCE.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Au amalgam was prepared by dissolution of

the metal in Hg. Equal portions of In were

electrolytically introduced into the hang­

ing drop electrodes filled with pure Hg or

Au amalgam. Changes of potential in time

in 0.1 mol 00- 3 In(N03)3 vs. SCE were mea­

sured for 10 min after the electrolysis was

stopped. From the stable potential differ-

ences the concentration of In in the Au-In

amalgam was found. Then with the use of

mass balance the solubility product was
calculated. The experiments were performed ~ ~

in a H2 atmosphere.



COMPONENTS:

(1) Gold-magnesium 1:1; AuMg; [12256-45-0)

(2) Mercury; Hg; [7439-97-6)

CRITICAL EVALUATION:

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

June 1985
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Loomis observed that the concentration of Mg in the liquid phase of Au amalgam was

immeasureab1y small (3). Dergacheva and Kozin (1) investigated the Au-Mg-Hg system with

the use of potentiometry and phase separation techniques. Tye concluded that AuMg is

formed in Hg; similarly AuMg is a stable phase occurring in the Au-Mg binary alloys (2).

Since the solubility products, Ks - [Au) [Mg) , calculated from the phase separation

experiments are higher than those obtained from potentiometric measurements, the authors

of (1) suggest that the solid phase of AuMg is in equilibrium with a soluble form of this

compound according to the reaction:

Au + Mg = AuMg = AuMg~

The temperature dependence of Ks obtained by weighted least square linear regression may

be expressed by the equation (fitted by the evaluators):

(-2.88 ± 1.39) + (3.06 ± 0.42) x 103

The equation is valid for the temperature range 285 - 328 K. The formation of AuMg2 and

AuMg3 was also found in the Au-Mg-Hg system (4), but the stability of these compounds is

unknown.

Value of the solubility (tentative)

Solubility product of AuMg in Hg at 293 K is:

and the solubility:

1.7 x 10-4 mol dm- 3

References

1. Dergacheva, M.B.; Kozin, L.F. Vestn. Akad. Nauk Kaz. SSR~, no. 6, 56.

2. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, N.Y., ~.

3. Loomis, A.G. J. Am. Chem. Soc. 1922, 44, 8.

4. Daams, J.L.C.; van Vucht, J.H.N. Philips J. Res. ~, 39, 275.
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COMPONENTS:

(1) Gold-magnesium 1:1; AuMg; [12256·45-0]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 285-328 K

ORIGINAL MEASUREMENTS:

Dergacheva, M.B.; Kozin, L.F.

Vestn. Akad. Nauk Kaz. SSR ~, no. 6,

56-60.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility products of AuMg in Hg at different temperatures are determined. Initial Au

and Mg concentrations were changed in the ranges 5.07xlO·4 - 8.35xlO- 3 mol dm- 3 and

3xlO·4 - 4xlO- l mol dm- 3 respectively.

tj"C

12

20

30

35

55

(1. 9±0 .4)

(2.8±0.6)

(6.0±1.0)

(7.1±1.0)

(50HO)

soly/mol dm- 3

1.4 x 10-4

1. i' x 10-4

2.4 x 10-4

2.6 x 10-4

7.0 x 10-4

The solubility of AuMg in Hg obtained from phase separation analysis at 20 ·C is

(4±1)xlO· 3 mol dm- 3.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Au amalgam was prepared by reduction of

Au(III) on a Hg electrode in a separate

cell. Proper amounts of Mg(II) were re­

duced on Au amalgam or Hg electrodes by

electrolysis with constant current from

MgBrC2H5 etheric solutions. Differences of

potentials between Mg and Au-Mg amalgams in

such solutions were measured and the solu­

bility product calculated from the active

concentration of Mg and mass balance. For

the phase separation analysis known amounts

of Au amalgam and metallic Mg were placed

in a glass tube. The tube was sealed under

vacuum and conditioned at 873 K for 3

hours. In the presence of an inert gas the

amalgam was transferred into a vertical

capillary for conditioning at 293 K for 4·

47 hours. Various fractions of the amalgam

in the capillary were analyzed for the

metal contents with unspecified procedures.

SOURCE AND PURITY OF MATERIALS:

Purified Mg was used. Nothing more

specified.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 15 X (potentiometry); solubility:

precision ± 25 X (phase separation ana­

lysis). Temperature: nothing specified.



COMPONENTS:

(1) Gold-manganese 1:1; AuMn; [12256-46-1]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry,
University of Yarsaw
Yarsaw, Poland

May 1979
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CRITICAL EVALUATION:

The Au-Mn amalgams were investigated by Dowgird and Galus (1) with various

electrochemical methods. They found that an intermetallic compound, which forms in this

system, has the composition AuMn. The equilibrium was described by the solubility

product, Ks - [Au] [Mn] , and the experiments were performed in the temperature range 278 ­

328 K. It was not easy to obtain reproducible results because of the distinct reactivity

of Mn amalgams. Better reproducibility of the results was detected for relatively larger

concentrations of both metals in Hg, and when the Mn concentration was higher than that

of Au. Therefore on the basis of these experiments it is rather impossible to exclude

the formation of other compounds with greater Au content. The compound AuMn is a stable

phase formed in the Au-Mn binary system (2). The evaluators found the temperature

dependence of Ks ' which may be expressed by the equation obtained with weighted linear

least squares regression:

(6.4 ± 0.7) + (-0.31 ± 0.22) x 103

However, one should remember that apparent changes of Ks are more or less masked by the

effect of corrosion observed in the case of Mn amalgams.

Value of the solubility (tentative)

Solubility product of AuMn in Hg at 298 K is:

and the solubility as calculated by evaluators from Ks :

1.7 x 10- 3 mol dm- 3

References

1.

2.

Dowgird, A.; Galus, Z.

Hansen, M.; Anderko, K.

Bull. Acad. Polon. Sci., Ser. Sci. Chim. ~, 26, 701.

Constitution of Binary Alloys, McGraw-Hill, N.Y., ~.
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COMPONENTS:

(1) Gold-manganese 1:1; AuMn; [12256-46-1]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 278-328 K

ORIGINAL MEASUREMENTS:

Dowgird. A.; Galus. Z.

Bull. Acad. Polan. Sci., Ser. Sci. Chim.

l.2.ll. 26. 701-8.

PREPARED BY:

C. Guminski: Z. Galus

EXPERIMENTAL VALUES:

Solubility products of AuMn as a sparingly soluble compound in Hg are reported for

different temperatures. Initial concentrations of Au and Mn were changed in the ranges

1.00xlO-4 • 8.7xlO- 3 mol dm- 3 and 1.00xlO-4 - 9.00xlO· 2 mol dm- 3 respectively.

trC

5

15

25

35

45

55

(5.4±2.1)xlO-6

(5.5±1.9)xlO-6

(3 .1±I. 5)xlO- 6

(3.3±I.l)xlO-6

(4.3±0.6)xlO· 6

(2.4±0.6)xlO-6

Because of corrosion of the Mn amalgam in 0.1 mol dm- 3 KCl as a base electrolyte. the

result obtained for the solubility product was as low as (9.3±1.7)xlO· 7 mo12 dm- 6 at 25

·C. The higher value obtained with the use of ammonium buffer (see the table) should be

more nearly correct. because influenced by corrosion to a smaller degree.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equal portions of Mn were introduced by

electrolysis into a hanging mercury drop

electrode and into a hanging drop electrode

filled with Au amalgam (prepared by disso­

lution of Au in Hg). In the same solution

(lxlO- 2 mol dm- 3 MnC12' 1 mol dm- 3 NH4Cl

and NH3) potentials of the electrodes were

measured vs. SCE. From the potential dif­

ferences the solubility products were calc­

ulated. The experiments were carried out

in an atmosphere of pure H2'

SOURCE AND PURITY OF MATERIALS:

99.99 X pure AU, twice distilled Hg after

chemical purification with Hg2(N03)2' tri­

ply distilled water and reagents of ana­

lytical quality were used. The base elec­

trolyte was cathodically electrolyzed at

-1.2 V for one day.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 20 X.

Temperature: ± 0.2 K.



COMPONENTS:

(1) Gold-nickel 1:1: AuNi; [12044-85-8]

(2) Mercury; Hg: [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

March 1979
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CRITICAL EVALUATION:

An interaction between Au and Ni in Hg was found by Guminski and Galus (1). They

performed voltammetric and potentiometric experiments using hanging mercury drop

electrodes. A soluble compound is formed at lower concentrations of the metals. At

higher concentrations of both metals a crystalline compound is formed. In the Au-Ni

binary system the following compounds may be formed: AU3Ni, AuNi and AuNi3 (3). These

molecules are not very stable so Hg may stabilize them or Hg may be the third component

of a compound formed.

Assuming that the stoichiometry is 1:1 for the compound between Au and Ni in Hg, the

corresponding equilibrium constant, K - [AuNi]/[Au] [Ni], and solubility product, Ks ­

[Au][Ni], were estimated. The process described runs parallel to the reaction of Ni with

Hg, therefore the stoichiometry cannot be determined precisely. The solubility of the

compound is higher than the solubility of NiHg3 in Hg, taken as 4xlO- 6 mol dm- 3 (2).

Values of K and Ks (doubtful)

Stability constant of a compound formed in the Au-Ni-Hg system at 298 K is:

Solubility product of this compound is:

2xlO- 7 mo1 2 dm- 6

assuming that the Au:Ni ratio is unity in both forms of the compound.

References

1. Guminski, C.; Galus, Z. Bull. Acad. Polon. Scl., Ser. Scl. Chlm. ~, 26,127.

2. Baranski, A.; Galus, Z. J. Electrosnal. Chern. 1211, 46, 289.

3. Elliot, R.P. Constltutlon of Blnary Alloys, 1st Supplement, McGraw-Hill, N.Y., 1222.
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COMPONENTS:

(1) Gold-nickel 1:1; AuNi; [12044-85-8)

(2) Mercury; Hg; [7439-97-6)

ORIGINAL MEASUREMENTS:

Guminski, C.; Galus, Z.

Bull. Acad. Polon. Sci., Ser. Sci. Chim.

~, 26, 127-34.

VARIABLES:

Temperature: 298 K

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

It was assumed that the stoichiometry of the Au-Ni compound is 1:1. Because of the

complexity of the system it was very difficult to determine the ratio precisely. The

investigations were performed for 9.00xlO- 2 mol dm- 3 Au amalgam and 1.5xlO-4 - 5.4xlO- 4

mol dm- 3 Ni amalgam. Soluble AuNi is formed in Hg and the equilibrium constant at 298 K

is:

(2 ± 1) mol- l dm3

When the initial Ni concentrations is increased to over 7.0xlO-4 mol dm- 3 a crystalline

compound is formed with the solubility product:

(2 ± l)xlO- 7 mo12 dm- 6

It was assumed that the concentration of free Ni in Hg is 4xlO- 6 mol dm- 3 at 298 K, as

reported for the solubility of NiHg3 in Hg (1).

AUXILIARY INFORMATION

ESTIMATED ERROR:

SOURCE AND PURITY OF MATERIALS:

Solubility product: precision no better

than ± 50 X. Temperature: ± 0.2 K.

99.99 X pure AU, doubly distilled Hg after

chemical purification with Hg2(N03)2,

triply distilled H20 and analytical grade

reagents were used. The solution of NiC12

in CaC12 was purified by cathodic electro­

lysis.

METHOD/APPARATUS/PROCEDURE:

The Au amalgam was prepared by dissolution

of Au in Hg. In all experiments 0.2 mol

dm- 3 NiC12 in 5.5 mol dm- 3 CaC12 was used.

In the potentiometric experiments equal

portions of Ni were introduced by electro­

lysis into the hanging gold amalgam drop

electrode and the hanging mercury drop

electrode. Potentials of the electrodes

were measured vs. SCE. The corresponding

constants were calculated from stable po­

tential differences. The solubility pro­

duct was estimated after determination of

the unbound Au by means of the voltammetric REFERENCES:
1 Baranski, A . Galus Z J. Electroanal.pre-peak formation method (2). The experi-' . , ,.

t f d i H h Chem. llll, 46, 289.men s were per orme n an 2 atmosp ere.
2. Guminski, C., Galus, Z. J. Electroanal.

Chem. l21l, 83, 139.
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EVALUATOR:
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Department of Chemistry
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CRITICAL EVALUATION:

The mercury rich part of the Au-Sb-Hg system was investigated by Zakharov and coworkers

(1, 2, 4) by stripping voltammetry. Although AuSb2 is the only stable compound found in

the Au-Sb binary system (3), the authors (1, 2, 4) stated that an insoluble AuSb is

formed in Hg. The mean estimated solubility product, Ks - [Au)[Sb], is 2.5xlO- 9 mo12

dm- 6 (1). This value seems to be rather rough, and a further study on'the system is

needed.

Value of ~lubility of AuSb in Hg (doubtful)

The solubility product of AuSb in Hg at room temperature is:

and the solubility, as calculated by evaluators,

5xlO- S mol dm- 3

Referebces

1. Zakharov, M.S.; Zaichko, L.F. Izv. Tomsk. Polltekhn. Inst. l22l, 164, 183.

2. Zaichko, L.F.; Zakharov, M.S. Izv. Tomsk. Polltekhn. Inst. ~, 174, 66.

3. Hansen, M.; Anderko, K. ConstItutIon of BInary Alloys, McGraw-Hill, N.Y., ~.

4. Stromberg, A.G.; Zakharov, M.S.; Mesyats, N.A.; Zaichko, L.F.; Stepanova, O.S.

Teoria 1 Praktika Amalgamnykh Protsesov, Alma-Ata, ~, p. 68.
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COMPONENTS:

(1) Gold-antimony 1:1; AuSb; [36369-49-0)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Zakharov, M.S.; Zaichko, L.F.

Izv. Tomsk. Po11tekhn. Inst. l221. 164,

183-6.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

AuSb is treated as a sparingly soluble compound in Hg. The equilibrium is described by

the solubility product, and it was determined to be 2.lxlO- 9 and 2.SxlO- 9 mo12 dm- 6 in

two experiments for which Sb(III) concentration in the solution was 2.0xlO- S and 2.6xlO· S

mol dm- 3• respectively.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Stripping voltammetry with accumulation (5

min) on the hanging mercury drop electrodes

was performed on solutions of Sb(III) and

Sb(III)-Au(III) in 2 mol dm- 3 ROH at -1.65

V vs. SCE. The time interval between ac­

cumulation and stripping was 1 min. The

reference electrode was the SeE. The solu­

bility product was calculated from the cur­

rent integral under the peak, which corres­

ponded to the active concentration of Sb,

and a mass balance.

SOURCE AND PURITY OF MATERIALS:

Content of heavy metal ions impurities in

the solution was below SxlO- S mol dm- 3.

ESTIMATED ERROR:

Nothing specified. The error of the solu­

bility product determine should not be

smaller than ± 20 X (compilers).
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EVALUATOR:
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CRITICAL EVALUATION:

The formation of an intermetallic compound in the Au-Sn complex amalgam was primarily

reported by Tammann and Ohler (1), who found a heat evolution during the dissolution of

Sn in Au amalgam. Later Griengl and Baum (2) measured potentials of Au-Sn-Hg alloys for

various compositions of the metals. However, the previously suggested formation of AuSn

and AuSn2 in Hg was not confirmed experimentally.

Kovaleva and Zebreva (3), using potentiometry and amalgam polarography, detected

formation of AUSn2' insoluble in Hg. Subsequently, Kemula and coworkers (4), i

opposition to Kovaleva and Zebreva, reported formation of AuSn on the basis of amalgam

polarography experiments. However evidence of AUSn2-formation was seen also on the

corresponding curve in the paper. The authors (4) found that AuSn is insoluble in Hg,

and they determined solubility products, KsII - [Sn2] [Au]2 and KsI - [Sn][Au]; both

products were strongly dependent on the concentrations of Au and Sn:(O.5-8.9)xlO- 9 mo1 3

dm- 9 and (0.96-l2)xlO- 6 mo12 dm- 6 , respectively. The mean value of KsI seems to be

overstated and the equilibrium expressed by KsII was not confirmed later. It should be

mentioned here that the amalgam polarography technique may supply erroneous results due

to partial oxidation of a solid phase from an amalgam.

Independently, Kozin and Dergacheva (5) concluded that solid AuSn is formed in Hg and its

solubility product (KsI) is only slightly dependent on the Au concentration in the

amalgam. The solubility product extrapolated to zero Au concentration is equal to

8.9xlO- 7 mo1 2 dm- 6 at 298 K. In the opinion of these authors the existence of AuSn2 and

AuSn4 in the amalgam is also possible when the proper excess of Sn is present, but

formation of these compounds is not evident on potentiometric curves since stability of

these compounds is similar. In the second work of Kovaleva and Zebreva (6), carried out

using amalgam polarography, the authors arrived at the conclusion that two compounds,

AuSn and AUSn2' are formed in this system, depending on the initial concentration ratio

of Sn to Au. The solubility product of AuSn is 1.7xlO- 6 mo12 dm- 6 at 293 K (probably),

in agreement with the mean unextrapolated result of (5). A solubility product value of

8.7xlO- 7 mo1 2 dm- 6 at 298 K was determined by Dowgird (12) by means of potentiometry.

This value agrees well with the extrapolated result of (5).

In a review on intermetallic compounds in Hg Kozin and Dergacheva (7) suggested that the

solid AuSn in the amalgam is in equilibrium with a soluble form of this compound

according to the equation:

Au + Sn = AuSn = AuSn~

Stromberg and coworkers (8, 10), using their mathematical-graphical procedure, calculated

solubility products of AuSn, AuSn2 and AU4Sn5 compounds in Hg on the basis of the earlier

(continued next page)
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COMPONENTS:

(1) Gold-tin 1:1; AuSn; [12006-60-9]

(2) Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION (continued)

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

June 1986

results (3, 5) and the unpublished thesis of Zebreva (13).

unlikely. The recalculated results (denoted with (1» are

are inserted in the table below.

The existence of AU4Sn5 is

absurdly high. All the data

Formulae and Ks-values of Au-Sn compounds in Hg according to (8, 10)

Reference T/K orig. formula orig. Ks/(mol dm- 3)x calc. formula calc. Ks/(mol dm- 3)X

3 293 AuSn2 2.5xlO- lO AuSn 8.0xlO- 7

3 293 AuSn2 2.5xlO- lO AuSn2 1.6xlO- 5 (1)8

13 293 AuSn2 3.lxlO- lO AU4Sn5 2.5xlO- 6 (1)b

13 293 AuSn2 3.lxlO- lO AuSn2 1.6xlO· 5 (1)8

5 289 AuSn 8.9xlO- 7 AuSn 8.5xlO- 7

5 328 AuSn 1. 6xlO- 5 AuSn 1.2xlO· 5

8probably exponent should be 2.

bprobably exponent should be 5.

The AuSn solid phase is the most stable in the Au-Sn binary system (11); it was

identified after separation from the amalgam (5). According to Winterhager and SchlOsser

(9), Hg decomposes a solid Au-Sn alloy (80 mass X Au) and new solid phases AuHg2 and AuSn

are formed there. There is rough agreement between Ks-values obtained in (3, 5, 6, 12)

by various techniques and at various temperatures, in the range 289-328 K. Changes of Ks
with temperature, based on potentiometric results (3, 5, 12) are expressed by an equation

established by linear least squares (by evaluators):

pKs - -5.58 + 3431 T-l

Values of the solubility of AuSn in Hg

r - 0.98

T/K
298

323

Ks/mo12 dm- 6

9xlO-7 b

9xlO-6 c

Soly/mol dm- 3 s

9.5xlO·4

3xlO- 3

Refer.

(3, 5, 8, 12)

(3)

S calculated from Ks by evaluators.

b recommended.

C tentative.

(continued next
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COMPONENTS:

(1) Gold-tin l:lj AuSnj [12006-60-9]

(2) Mercuryj Hgj [7439-97-6]

VARIABLES:

Temperature: 293-323 K

ORIGINAL MEASUREMENTS:

Kovaleva, L.M.; Zebreva, A.I.

E1ektrokhlmla 1965, 1, 1084-8.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Although the authors originally calculated only the solubility product of AuSn2 in Hg

(see the AuSn2-Hg system), it was shown by Stromberg et al. (1) and confirmed by the

compilers that, for a sufficiently concentrated Au amalgam, the solubility product of

AuSn in Hg is:

trC

20

20

50

17-20

Conditions

Au concn 3.5xlO- 3 mol dm- 3

cA}/CSn
i ~ 1

CA}/CSn
i ~ 1

CA}/CSn
i ~ 1

Method

potentiometry

potentiometry

potentiometry

polarography

7.9xlO- 7

(6.7±l.6)xlO- 7

(9. 2±l. 9)xlO- 6

(2.7±0.8)xlO- 6

Source

ref. (1)

compilers

compilers

compilers

a standard deviations calculated by compilers.

The overstating of the polarographic results is most probably due to kinetically

controlled dissolution of solid AuSn during electrolysis.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Proper amounts of Sn were reduced on Au

amalgam and Hg electrodes. Differences of

potentials between the electrodes in SnC12

in 2 mol dm- 3 KCl + HCl (pH ~ 1.3) were

measured. In the amalgam polarography stu­

dies, the Au-Sn and Sn amalgams were oxi­

dized in 0.5 mol dm- 3 NaF solution. The

limiting oxidation currents from Au-Sn and

Sn amalgams were compared and corresponding

constants were calculated.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 20 X (compilers).

Temperature: nothing specified.

REFERENCES:

1. Stromberg, A.G.; Mikheeva, N.P.j

Belousov, Yu.P. Zh. Flz. Khlm. ~,

48, 2243.



COMPONENTS:

(1) Gold-tin 1:1; AuSn; [12006-60-9]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature:

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Kozin, L.F.; Mergacheva, M.B.

Ukr. Khim. Zh. l221, 33, 787-93.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility product of AuSn was determined in Hg. The experiments were performed at

16, 25, 35, 45 and 55 ·C; however, numerical results are only given for 25 ·C. In

addition to the solubility product (Ks ) the dissociation constant (Kd) was calculated by

the authors to show its variability.

9.88

9.88

9.88

9.88

9.88

9.88

9.88

9.88

9.88

9.88

9.88

3.98

4.69

5.04

5.98

6.45

7.36

7.81

8.27

9.21

10.10

11.10

mean value

2.22

2.36

2.34

2.22

2.15

2.07

2.04

1.93

2.12

2.24

2.35

2.18

5.98

5.49

4.97

4.02

3.6

3.05

2.85

2.54

2.62

2.62

2.66

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Proper amounts of Sn were reduced on Au

distilled amalgam or Hg electrodes with

constant current. Differences of potential

between the Sn amalgam and Au-Sn amalgam in

the complex electrolyte 1 mol dm- 3 SnC12' 2

mol dm- 3 Na2C4H406 and 5 X N2H4·HCl were

measured. From the potential differences

the solubility products were calculated.

The Au amalgam was prepared by electro­

reduction of Au(III) on Hg in a separate

cell. All experiments were carried out in

a H2 atmosphere.

SOURCE AND PURITY OF MATERIALS:

Hg was chemically purified and distilled in

vacuum. Sn was 99.999 X pure.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 10 X. Temperature: nothing

specified; probably ± 0.2 K (compilers).

REFERENCES:

1. Stromberg, A.G.; Mikheeva, N.P.;

Belousov, Yu.P. Zh. Fiz. Khim. ~,

48, 2243.
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COMPONENTS:

(1) Gold-tin 1:1; AuSn; [12006-60-9)

(2) Mercury; Hg; [7439·97·6)

ORIGINAL MEASUREMENTS:

Kova1eva, L.M.; Zebreva, A.I.

Elektrokhimia ~, I, 1084·8.

EXPERIMENTAL VALUES (continued)

1Q3cAUi/mo1 00- 3 1Q3cSni/mo1 00- 3 1Q6Ks/mo12oo- 6 1Q4Kd/ mo1 00- 3

4.97 1.13 1.29 15.6

4.97 1.66 1.31 10.0

4.97 2.80 1.51 6.7

4.97 4.07 1.45 4.45

4.97 4.71 1.40 3.82

4.97 5.15 1.40 3.60

4.97 6.04 1.34 3.14

4.97 6.50 1.18 2.68

4.97 7.40 1.38 3.07

4.97 7.88 1.48 3.25

4.97 8.35 1.46 3.16

mean value 1.4

After extrapolation of mean Ks values to cAui - 0 the Ks value is equal to 8.9x10· 7 mo12

00- 6 at 25 ·C was obtained (by authors). Stromberg and coworkers (1) calculated Ks
values at other temperatures based on graphical plots of the potential difference vs.

logarithm of cSn
i presented in the paper compiled.

16 8.5 x 10. 7

55 1.6 x 10- 5



COMPONENTS:

(1) Gold-tin 1:1: AuSn; [12006-60·9)

(2) Mercury: Hg; [7439-97-6)

VARIABLES:

Temperature: 298 K

EXPERIMENTAL RESULTS:

ORIGINAL MEASUREMENTS:

Kemula, W.; Dowgird, A.; Galus, Z.

Elektrokhimia ~, 4, 1058-62.

PREPARED BY:

C. Guminski; Z. Galus
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It was shown that AuSn precipitates in Hg, however AuSn2 tends to form when Sn is in

excess. The dissociation constant, K - [Au) [Sn)/[AuSn), and solubility products, KsI­

[Au) [Sn) or KsII - [Au)2[Sn2), are calculated at 25 ·C.

cSni/mol dm,3 cA}/mol dm- 3 K/mol dm- 3 KsI/mo12 dm- 6 KsII/mo13 dm- 9 K/uSn2/
mo13 dm'9 a

10- 2 1. 5xlO- 2 1. 7xlO-4 1. 7xlO- 6 O.44xlO· 8 .-
10- 2 1.25xlO- 2 1. 8xlO·4 1. 7xlO- 5 0.26xlO· 8 ..
10- 2 1. OOxlO· 2 1.lxlO·4 0.96xlO· 6 O.05xlO· 8 --
10- 2 0.75xlO- 2 6.2xlO· 4 4.0xlO· 6 0.22xlO· 8 1.4xlO· 8

10.2 0.65xlO- 2 1.0xlO- 3 5.5xlO- 6 O.33xlO· 8 2.5xlO,8

10- 2 O.35xlO· 2 5.9xlO· 3 1.2xlO· 5 O.89xlO- 8 9.6xlO,8

10- 2 O.25xlO- 2 5.7xlO· 3 8.5xlO· 6 O.42xlO· 8 7.2xlO· 8

a calculated by compilers from Ks
I and KsII.

Every result is a mean value of 3 measurements.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Au amalgam was prepared by dissolution

of Au foil in Hg. The Sn was introduced

into the amalgam or pure Hg by electro­

reduction of Sn(II) in a glass container

from H2S04 solution as a supporting elec­

trolyte. The amalgams were transferred

into a separate reservoir with a polaro­

graphic capillary at the bottom. The cap'

illary was placed in a cell containing 0.1

mol dm- 3 HC1. The anodic dissolution po·

larograms were recorded for Au-Sn and Sn

amalgams. All operations were carried out

in a H2 atmosphere. The constants which

could characterize an equilibrium of the

system can be calculated from concentration

balance if one knows initial concentrations

of Au and Sn and the final concentration of

Sn as calculated from the oxidation cur·

SOURCE AND PURITY OF MATERIALS:

The Au (from Polish Mint) was 99.99 X pure.

The Hg (from POCh) was chemically purified

and twice distilled under vacuum. The

SnC12 was Analar-BDH Anal. pure HCl (from

POCh) was purified by isopiezic distil·

lation. Triply distilled H20 was used.

ESTIMATED ERROR:

Nothing specified. Concentrations of the

metals could not be determined more pre­

cisely than ± 5 X. Temperature ± 0.5 K

(private communication to compilers).
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COMPONENTS:

(1) Gold-tin 1:1; AuSn; [12006-60-9]

(2) Mercury; Hg; [7439-97-6)

ORIGINAL MEASUREMENTS:

Kovaleva, L.M.; Zebreva, A. I.

Elektrokhlmla 1211, 7, 911-2.

PREPARED BY:

C. Guminski; Z. GalusRoom temperature measurement

1------------------1-------------------\
VARIABLES:

EXPERIMENTAL VALUES:

The solubility product of AuSn in Hg at probably 20 ·C was found to be:

1Q3cSni/ 1Q3cSnf/ 1Q3cAui/ 1Q6KsAuSn/ 1Q9KsAuSn2/

mol dm- 3 mol dm- 3 mol dm- 3 mo12dm- 6 mo1 3dm- 9

4.1 2.5 1.2 -- 2.5

4.1 1.9 1.9 -- 2.9

4.1 0.9 2.7 -- 0.9

4.1 1.7 3.1 1.2 -.
4.1 1.2 4.7 2.1 --
4.1 0.7 6.0 1.8 -.
5.0 3.5 1.0 -- 3.0

5.0 3.2 1.5 -- 6.1

5.0 3.2 2.0 0.6 11.2

5.0 2.6 3.0 1.6 .-
5.0 1.9 4.0 1.7 .-
5.0 1.3 5.0 1.7 --
5.0 0.9 6.0 1.7 -.

10.0 5.4 2.5 -- 5.8

(continued next page)

AUXILIARY INFORMATION

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

The Sn was introduced into Hg and Au amal- Nothing specified.

gams by electroreduction of Sn(II) in NaF

solution. Then polarographic oxidations of

the Au-Sn and Sn amalgams in 0.5 mol dm- 3

NaF solution were carried out. The cur-

rents recorded were compared and the solu-

bility product was calculated from final Sn

concentration found and mass balance.

ESTIMATED ERROR:

Solubility product: precision better than

± 25 X.

Temperature: nothing specified.



COMPONENTS:

(1) Gold-tin 1:1; AuSn; [12006-60·9]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Kova1eva, L.M.; Zebreva, A.I.

Elektrokhlmla 1211. 7, 911-2.
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EXPERIMENTAL VALUES (continued)

103cSn
i / 1Q3cSnf/ 1Q3CA}/ 1Q6KsAuSn/ 1Q9KsAuSn2/

mol dm- 3 mol dm- 3 mol dm- 3 mo1 2dm- 6 mo1 3dm- 9

10.0 4.5 3.0 .- 5.1

10.0 5.8 4.0 -- 65

10.0 5.3 5.0 1.6 -.
10.0 4.0 6.5 2.0 ·.
10.0 2.7 7.8 1.4 --
10.0 1.4 10.0 2.0 ·.
1.0 0.9 3.1 2.7 --
1.5 0.8 3.1 1.9 ·.
2.5 0.9 3.1 1.4 --
3.0 1.1 3.1 1.3 --
4.1 1.7 3.1 1.2 ·.
6.1' 1.4 3.1 -. 1.8

7.1 2.0 3.1 .. 2.0

8.4 3.3 3.1 -. 5.4

9.2 3.5 3.1 -. 2.4

10.2 4.2 3.1 .. 1.8

mean value for AuSn: 1. 7±0.4



64

COMPONENTS:

(1) Gold-tin 1:1; AuSn; [12006-60-9]

(2) Mercury: Hg: [7439-97-6]

VARIABLES:

One temperature: 298 K

ORIGINAL MEASUREMENTS:

Dowgird, A.

Ph.D. Thesls, University of Warsaw, l21l.

PREPARED BY:

C. Guminski: Z. Galus

EXPERIMENTAL VALUES:

AuSn is treated as a sparingly soluble compound in Hg; the equilibrium is described by

the solubility product which at 25.0 ·C is:

5.0xlO- 3

2.0x10- 2

7.0x10- 2

9.75x10-4-3.9x10- 3

3.62x10· 3-1.31x10· 2

2.40x10· 3.2.62x10· 2

mean value

(9.0±1.0)x10· 7

(8.5±1.5)x10- 7

(S,5±1,3)x10- 7

8.7x10· 7

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Au amalgam was prepared by dissolution

of this metal in Hg. Equal portions of Sn

were introduced electrolytically into a

hanging mercury drop electrode and into a

hanging drop electrode filled with Au ama1·

gam. The electrolyte contained 5.0x10- 2

mol dm- 3 Sn(II) in 1 mol dm- 3 KF. Poten­

tials of the electrodes were measured for

18 min in the same electrolyte vs. SCE.

Stable difference of potentials was reached

after at least 12 min. The equilibrium

concentration of Sn in the Au-Sn amalgam

was determined and the solubility product

calculated from mass balance. All opera­

tions were performed in a H2 atmosphere.

SOURCE AND PURITY OF MATERIALS:

99.99 X pure Au, triply distilled H20,

twice distilled Hg after chemical purifica­

tion with Hg2(N03)2 and analytically pure

reagents (from POCh) were used.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 15 X.

Temperature: precision ± 0.2 K.



COMPONENTS:

(1) Gold-tin 1:2; AuSn2; [12256-54-1]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

June 1978
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CRITICAL EVALUATION:

The formation of AUSn2' in addition to AuSn, in Hg was first suggested, but not

experimentally proven, by Griengl and Baum (1). This compound was later detected by

Kovaleva and Zebreva (2, 3, 9) who determined its solubility product, Ks - [Au][Sn]2,

using amalgam polarography and potentiometry at 293 and 323 K. Polarographic results in

(3) show larger spread than in (2). According to Kozin and Dergaczeva '(4) formation of

AuSn2 is possible in the Sn-rich Au-Sn amalgams but its formation is not so evident on

potentiometric curves. An indication of formation of AuSn2 was also seen on

polarographic curves by Kemula and coworkers (8). No n~ ~rical results are inserted in

(4) and (8). Stromberg and coworkers (5, 6) using their own mathematical procedure, on

the basis of the potentiometric results of (2, 9), obtained some proof that AuSn2 exists

in the complex Au-Sn amalgams with over two-fold higher concentrations of Sn than that of

Au. The solubility products reported by the last authors (5, 6) are inserted in the

table given in the critical evaluation of the AuSn-Hg system. The results calculated are

a few orders of magnitude higher than the primary values of Kovaleva and Zebreva (2, 9).

It seems that a misprint exists in the papers (5, 6), or the table inserted needs extra

explanation. Thermodynamic stability of AuSn and AuSn2 in Hg seems to be similar, which

causes experimental difficulties in their differentiation. Finally we give preference to

the potentiometric results. AuSn2 is formed also in the Au-Sn binary system (7).

Values of the solubility product of AuSn2 in Hg according to (2, 9) by potentiometry

(tentative)

293

323

Solubility/mol dm- 3 a Ref.

(2, 9)

(2)

a calculated from Ks by evaluators.

References

1. Griengl, F.; Baum, R. Honatsh. Chem. 1211,61, 330.

2. Kovaleva, L.M.; Zebreva, A.I. Elektrokhlmla l2Qi, 1, 1084.

3. Kovaleva, L,M.; Zebreva, A.I. Elektrokhlmla l2ll, 7, 911.

4. Kozin, L.F.; Dergacheva, M.B. Ukr. Khlm. Zh. ~, 33, 787.

5. Stromberg, A.G.; Mukheeva, N.P.; Belousov, Yu.P. Zh. Flz. Khlm. ~, 48, 2243.

6. Stromberg, A.G.; Mikheeva, N.P.; Belousov, Yu.P. Tr. Inst. Org. Katal. Elektrokhlm.

Akad. Nauk Kaz. SSR~, 7, 42.

7. Hansen, M.; Anderko, K. Constltutlon of Blnary Alloys, McGraw-Hill, New York, ~'

8. Kemula, W.; Dowgird, A.; Galus, Z. Electrokhlmla 1968,4, 1058.

9. Zebreva, A.J. Ph.D. Thesls, University of Kazakhstan, Alma-Ata, 1968; as cited in 6.
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COMPONENTS:

(1) Gold-tin 1:2; AuSn2; [12256-54-1]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 290-323 K

ORIGINAL MEASUREMENTS:

Kovaleva, L.M.; Zebreva, A.I.

E1ektrokhlmla l2S2, 1, 1084-8.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The compound AuSn2 is treated as sparingly soluble in Hg. Results of the potentiometric

experiments are:

trC 1Q3c i/ 1Q3cSni/ 1Q3csnf/ 1Q3cA}/ 109K/uSn2/ 106KsAuSn/ aAu
mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo13 -tm- 9 mo12 dm- 6

20 0.628 0.866 0.642 0.516 O.21b 0.33

0.628 1.20 0.737 0.397 0.22b 0.30

0.628 1.546 0.907 0.309 0.25b 0.28

0.628 1.065 0.720 0.456 0.24b 0.33

1.26 0.539 0.434 1.209 0.23 0.52c

1.26 0.877 0.510 1.077 0.28 0.55c

1. 26 1.215 0.547 0.926 0.28 0.5lc

1.26 0.689 0.488 1.160 0.28 0.57c

1.26 1.067 0.535 0.994 0.28 0.53c

2.51 0.363 0.282 2.470 0.20 0.69c

2.51 0.738 0.347 2.315 0.28 0.80c

2.51 0.852 0.324 2.246 0.24 O.72c

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

All experiments were performed in an inert

gas atmosphere. In the potentiometric mea­

surements proper amounts of Sn were intro­

duced into Au amalgam or mercury by elec­

trolysis. Differences of potentials be­

tween these amalgams in the solution of

SnC12 in 2 mol dm- 3 KCl+HCl (pH ~ 1.3) were

measured. In the amalgam polarography ex­

periments the Au-Sn and Sn amalgams were

oxidized in the solution of Sn(II) with 0.5

mol dm- 3 NaF background electrolyte. The

currents or potentials were recorded, com­

pared and Ks values calculated from mass

balance.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 10 X (compilers).

Temperature: nothing specified.

REFERENCES:

1. Stromberg, A.G.; Mikheeva, N.P.;

Belousov. Yu.P. Zh. Flz. Xhlm. ~,

48, 2243.

2. Kovaleva, t.M.; Zebreva. A.I.

Elektrokhlmla l2ll, 7, 911.



COMPONENTS:

(1) Gold-tin 1:2; AuSn2; [12256-54-1]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Kova1eva, L.M.; Zebreva, A.I.

Elektrokhlmla 1965, I, 1084-8.
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EXPERIMENTAL VALUES (continued)

tj"C 103cAui / 103cSn
i / 103cSn

f / 103cAuf /
mol 00- 3 mol 00- 3 mol 00- 3 mol 00- 3

3.51 0.313 0.253 3.470

3.51 0.579 0.284 3.363

50 3.51 2.696 2.394 3.359

3.51 3.797 2.686 2.955

3.51 4.901 3.306 2.713

3.51 3.306 2.595 3.155

7.09 1.652 1.042 6.785

7.09 2.332 1.142 6.495

7.09 3.304 1. 281 6.08

7.09 4.956 1.651 5.44

7.09 7.708 2.127 3.35

10.57 1.08 0.842 10.45

10.57 2.706 1.085 9.76

10.57 4.334 1. 246 9.026

10.57 6.506 1.681 8.16

a Calculated by compilers.

b Compilers think AuSn2 is formed.

c Compilers think AuSn is formed.

109K/uSn2/ 106K/uSn/ a

mo13 00- 9 mo12 00- 6

0.22' 0.88c

0.27 0.95c

mean value 0.25

19 8.0c

21b 7.9

29b 8.9

21 8.2c

7 7.1c

8 7.4c

1.0 7.8c

1.5 9.0c

1.5b 7.1

0.8 8.8c

1.2 10.6c

1.4 1l.2c

2.3 13.7c

mean value 1.5

Stromberg and coworkers (1), also showed on the basis of these potentiometric results

that AuSn is formed in the range of higher concentrations of Au. Results of

polarographic experiments, also reported in (2), are (at 17-20 'C):

103cAui/ 103cSni/ 103csl/ 103cA}/ 109KsAuSn2/ 106KsAuSn/ a

mol 00- 3 mol 00- 3 mol 00- 3 mol 00- 3 mo1 3 00- 9 mo12 00- 6

3.09 1.01 0.90 3,035 2.5 2.7c

3.09 1.52 0.78 2.72 1.6 2.1c

4.15 1. 94 0.73 3.54 1.9 2.6c

0.56 2.03 1.40 0.25 0.5 0.35

1.12 2.03 1.25 0.73 1.1b 0.91

3.09 2.54 0.90 2.27 1.8 2.0c

1.16 2.63 1.45 0.57 1.2b 0.82

(continued next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Gold-tin 1:2; AuSn2; [12256,54-1] Kova1eva, L.M.; Zebreva, A.!.

(2) Mercury; Hg; [7439-97-6] E1ektrokhimia ~. 1, 1084,8.

EXPERIMENTAL VALUES (continued)

103cA}/ 103cSn
i / 103c f/ 103cAuf/ 109KsAuSn2/ 106KsAusn/ aSn

mol dm- 3 mol dm,3 mol dm'3 mol elm- 3 mo1 3 elm,9 mo1 2 elm- 6

3.09 3.04 1.0 2.07 2.1 2.1c

1.16 4.07 2.60 0.42 2.9b 1.1

1.88 4.07 1.90 0.80 2.9b 1.5

2.72 4.07 0.80 1.09 0.7b 0.87

3.09 4.07 1.55 1.83 4.4b 2.8

4.70 4.07 1.20 3.27 4.7 3.9c

6.79 4.07 0.70 5.11 2.5 3.6c

1.26 6.11 3.70 0.55 0.7b 2.0

3.77 6.28 1.40 1.33 2.6b 1.9

3.09 9.17 3.45 0.23 2.7b 0.8

3.09 10.20 4.05 0.02 0.3b 0.8

a Calculated by compilers.

b Compilers think AuSn2 is formed.

c Compilers think AuSn is formed.



COMPONENTS:

(1) Gold-tin 1:2; AuSn2; [12256-54-1]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Kovaleva, L.M.; Zebreva. A.I.

Elektrokhlmla l21l. 7, 911-2.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product of AuSn2 in Hg at probably 20 ·C was determined as well as the

solubility product of AuSn at corresponding concentrations of the components.

103cSni/mol 00- 3 103cS//mol 00- 3 103c i/mol 00- 3 AuSn2 3 00- 9
Au Ks /mol

4.1 2.5 1.2 2.5

4.1 1.9 1.9 2.9

4.1 0.9 2.7 0.9

5.0 3.5 1.0 3.0

5.0 3.2 1.5 6.1

5.0 3.2 2.0 11.2

10.0 5.4 2.5 5.8

10.0 4.5 3.0 5.1

10.0 5.8 4.0 65

6.1 1.4 3.1 1.8

7.1 2.0 3.1 2.0

8.4 3.3 3.1 5.4

9.2 3.5 3.1 2.4

10.2 4.2 3.1 1.8

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The experimental details were essentially

the same as in paper (1); see the previous

data sheet.

SOURCE AND PURITY OF MATERIALS:

As in (1).

ESTIMATED ERROR:

As in (1).

REFERENCES:

1. Kovaleva, L.M.; Zebreva, A.I.

Elektrokhlmla 1965, I, 1084.
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COMPONENTS:

(1) Gold-zinc 1:1; AuZn; [12006·63·2]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of ~arsaw

~arsaw, Poland

March 1982

CRITICAL EVALUATION:

AuZn is formed in Hg by mixing simple Zn and Au amalgams as was originally found by

Tammann and Jander (1) using potentiometry. The first (1) and the next work (2), also

using potentiometry, both assumed that AuZn is soluble in Hg, and therefore the stability

constant, K - [AuZn]/[Au][Zn], of this compound was calculated. However, these

"constants" were dependent on both metal concentrations. Zebreva (3) recalculated data

of Hartmann and Sch01zel (2), showing that the solubility product, Ks - [Au] [Zn], has an

almost constant value. Nevertheless, the absolute value given by Zebreva (3), 2.5x10· 12

mo12 dm· 6 at 363 K, is not correct. Stromberg and coworkers (4, 11, 12), using a

mathematical procedure elaborated by themselves, recalculated data of Hartmann and

SchOlze1 (2) and obtained a mean value of Ks equal to 1.4x10- 7 mo1 2 dm- 6 at 363 K, which

corresponds very well to the results of (5) or (9). Further electrochemical work (5-9)

on this system supports the view that AuZn exists in Hg as a sparingly soluble compound.

All values from (5) are reported also in (9). Several results at temperatures between

278 and 363 K are reported. There is good agreement among results of (5, 6, 8, 9) at 298

K and results of (4, 7) at 363 K. However, values reported in (7) at 348, 323 and 298 K

are much too low, most probably due to corrosion of free Zn in the Au-Zn amalgams. The

value of the solubility product of AuZn can be affected by the presence of Cd or In in

the amalgam (7), but no quantitative data on this influence can be recommended.

Temperature dependence of Ks ' based on: (1), as calculated by compilers; (2), as

calculated in (4, 11, 12) at 363 K and by compilers at 293 K; (5), (6), (7) at 363 K; and

(8), obtained by the least squares method is expressed by the equation:

.3.72 + 3.82xl03 T· l r - 0.991

One obtains a quite similar equation using only data of work (5) or (9) (see the

corresponding data sheet). AuZn is the most stable compound formed in the Au·Zn binary

system (10).

Values of solubility of AuZn in Hs:

T/K Ks/mo12 dm· 6 Soly/mol dm·3 a Refer.

278 9x10-11 c 9x10- 6 (5) extrapolation with the fitting equation

298 6.9xlO·10 b 2.6xlO- 5 (5, 6, 8)

328 1. 3xlO·9 c 3.6xlO· 5 (5)

348 5.5xlO-8 c 2.4xlO· 4 (5)

363 1. 6xlO- 7 c 4.0xlO·4 (2, 4, 7, 11, 12)

a calculated by evaluators from Ks '

b recommended.

C tentative.

(continued next page)



COMPONENTS:

(1) Gold-zinc 1:1; AuZn; [12006-63-2]

(2) Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION (continued)

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

March 1982
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COMPONENTS:

(1) Gold-zinc 1:1; AuZn; [12006-63-2)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

One temperature: 289 K

ORIGINAL MEASUREMENTS:

Tammann, G.; Jander, W.

Z. Anorg. Chem. 1221, 124, 105-22.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

AuZn is treated as a compound soluble in Hg and the equilibrium at 16 ·C is described by

the stability constant; the solubility product value was calculated by the compilers.

Initial Au concentration was 3.24xlO- 3 mass X in all experiments.

cZni/m£ ~ X K/(mol fraction)-l

1.271,10,4 -, -- , - , ,

2.542·10,4 , - , , , - --
3.813,10- 4 -, -, -- , -
5.084.10- 4 -- 2.09.10- 8 1.18.10- 3 2.47.10-11 b

6.355,10,4 4.7,107 7.97.10- 8 9.2'10,4 7.33,10-11 b

7.625.10- 4 1.6.107 3.20.10'7 6.5.10-4 2.08,10,10

8.863,10-4 2.2,107 6.00.10- 7 4.0'10,4 2.40.10- 10

1.017,10,3 3.3,107 1. 31·10'6 1.3.10-4 1. 73.10- 10

1.144.10- 3 5.4,107 1. 32 .10-4 , , --
1.271.10- 6 2.2.107 3.84.10-4 -- --
1.398.10- 3 -- 4.38.10-4 , - , -

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Au amalgam was prepared by dissolution

of the metal in Hg. The Zn amalgam was

prepared by electroreduction from ZnS04

solution. The amalgams were mixed in vari­

ous proportions and potentials of the com­

plex Au-Zn amalgam as well as the simple Zn

amalgam in a solution of ZnS04 were mea'

sured versus the calomel electrode with 0.5

mol dm- 3 KC1. The stability constant was

calculated from the potential differences.

The experiments were performed in a H2

atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

t.lti{UK:

Nothing specified. Precision of the

solubility product estimation is not better

than ±25 X (by compilers).

REFERENCES:

1. Guminski, C.; Galus, Z. Bull. Acad.

Polan. Scl., Ser. Scl. Chlm. 1211,19,

771.



COMPONENTS:

(1) Gold-zinc 1:1; AuZn; [12006-63-2)

(2) Mercury; Hg; [7439-97-6)

EXPERIMENTAL VALUES (continued)

73

ORIGINAL MEASUREMENTS:

Tammann. G.; Jander. W.

Z. Anorg. Chem. 1922, 124, 105-22.

K/(mol fraction)-l

1.525.10- 3

1.652.10- 3

mean value

a calculated by compilers.

b rejected by compilers.

5.40.10-4

6.35.10-4

mean value (2.l±0.5).10-10 a

A Ks-value three times higher was reported in (1); however we recognize it as incorrect

because it was calculated from the mean value of K (as originally reported by the authors

of this paper).
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COMPONENTS:

(1) Gold-zinc 1:1; AuZn; [12006-63-2]

(2) Mercury: Hg: [7439-97-6]

VARIABLES:

Temperature: 293-363 K

ORIGINAL MEASUREMENTS:

Hartmann, H.; SchOlzel, K.

Z. Phys. Chem., N. F. ~, 9, 106-26.

PREPARED BY:

C. Guminski; Z. Galus

--

EXPERIMENTAL VALUES:

AuZn is treated as a compound soluble in Hg: the equilibrium is described by the

dissociation constant, Kd - [Au] [Zn]/[AuZn]. The Kd-values are 5xlO- 10 and 2.5xlO- 7 mol

fraction at 293 and 363 K respectively; they are calculated for equal Au and Zn

concentrations. The Au concentration in the experiments was either 6.05xlO-4 or 5.5xlO- 5

mol fraction and Zn concentrations were changed in the ranges 3xlO- 3 - 6xlO- 7 and

6xlO- 4 • 6xlO- 7 mol fraction, respectively.

On the basis of these experimental results a solubility product, Ks - [Au][Zn], which is

the correct thermodynamic value for the system, was calculated by several authors (1-4).

The value (2.5xlO- 12 mo1 2 dm- 6 at 363 K) reported by Zebreva (1) is erroneously

calculated. Stromberg and coworkers (2, 4) using their own mathematical-graphical

procedure obtained, at 363 K, 1.2xlO- 7 and 1.6xlO- 7 mo1 2 dm- 6 for Au concentrations

3.7xlO- 3 and 4.lxlO- 2 mol dm- 3 respectively. The compilers' (3) recalculations of the

original data for equimolar concentrations of the parent metals give the values of

6.8xlO· 7 and 1.3xlO- 9 mo12 dm- 6 at 363 and 293 K, respectively. However, Stromberg's

approach seems to be more exact than ours (3), since his method takes into account all

experimental points given on the figures in the paper.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The experiments were carried out in a H2

atmosphere. The Au and Zn amalgams were

prepared by dissolution of the metals in

Hg. The simple amalgams were mixed in var­

ious proportions. Differences of potential

between the complex Au-Zn and simple Zn

amalgams in a ZnS04 solution were measured.

The corresponding constant was calculated

from potential differences when the analy­

tical concentration of Zn in both half

cells was equal.

SOURCE AND PURITY OF MATERIALS:

All materials had high purity: Zn 99.95%

pure (from Merck); Au 99.98% pure (from

Degussa) and analytically pure ZnS04 (from

Merck) .

ESTIMATED ERROR:

Nothing specified. Precision of deter­

mination is not better than ± 10 % (by

compilers) .

REFERENCES:

1. Zebreva, A.I. Vestn. Akad. Nauk Kaz.
SSR ~, no. 11, 88; Zh. Flz. Khlm.
l2§.l, 35, 948.

2. Stromberg, A.G.; Mesyats, N.A.;
Mikheeva, N.P. Zh. Flz. Khlm. 1211, 45,

1521.
3. Guminski, C.; Galus, Z. Bull. Acad.

Polon. Scl., Ser. Scl. Chlm. l2ll, 19,
77l.

4. Stromberg, A.G.; Mikheeva, N.P.;
Belousov, Yu.P. Zh. Flz. Khlm. ~,
48, 2243; Tr. Inst. Org. Katal.
Elektrokhlm. Akad. Nauk Kaz. SSR~,
7, 42.



COMPONENTS:

(1) Gold·zinc 1:1; AuZn; [12006·63-2]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 278-348 K

ORIGINAL MEASUREMENTS:

Guminski. C.; Galus. Z.

Bull. Acad. Po1on. Sci., Ser. Sci. Chim.

liZl. 19, 771·6.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

AuZn is treated as a sparingly soluble compound in Hg and its solubility products are

reported.

Potentiometric results at 298 K

Initial concentration of Au 5.0xlO- 2 mt' dm- 3 ; in addition to Ks ' the stability constant

was calculated by the authors.

40.8

39.3

36.4

34.0

31.9

27.5

26.3

24.1

19.3

14.9

7.5

9.2

7.9

6.6

6.8

5.8

4.8

5.8

6.8

4.5

6.5

3.5

4.6

7.4

4.7

4.7

5.4

4.1

2.8

3.4

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equal portions of Zn were introduced by

electrolysis into the hanging mercury drop

electrode and into the hanging drop elec­

trode filled with Au amalgam (prepared by

dissolution of the metal in Hg). In the

same solution of 0.1 mol dm- 3 ZnC12' the

potentials of the electrodes were measured

versus SCE for 10 min. Also coulometric

charges of the oxidation of Zn from the

complex Au-Zn amalgams under chronoampero­

metric conditions were recorded. The solu­

bility products were calculated from the

potential differences and from the oxida­

tion charge of the free Zn using mass ba­

lance. All experiments were performed in a

H2 atmosphere.

SOURCE AND PURITY OF MATERIALS:

99.999 X pure Au from Polish Mint, triply

distilled H20, twice distilled Hg after

chemical purification with Hg2(N03)2' ZnC12

from POCh were used. Solutions of ZnC12

were electrolyzed cathodically one day at

-0.85 V vs. SCE before use.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 15 X.

Temperature: ± 0.2 K.

REFERENCES:

1. Guminski, C. Ph.D. Thesis, University

of Warsaw, Warsaw, l212.
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COMPONENTS:

(1) Gold-zinc 1:1; AuZn; [12006-63-2)

(2) Mercury; Hg; [7439-97-6)

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Guminski, C.; Galus. Z.

Bull. Acad. Polon. Scl., Ser. Scl. Chlm.

l21l. 19, 771-6.

14.4

11. 9

9.6

8.9

7.2

5.9

4.8

3.0

3.3

mean value

7.4

6.5

5.6

5.3

3.7

4.2

2.4

2.2

1.9

(5.4±2.0)

2.0

1.8

1.9

1.7

1.9

1.4

2.0

1.3

2.4

7.0x10· 2

5.0x10- 2

3.0x10· 3

1.0x10· 3

5.0x10- 4

2.3x10- 2 - 5.5x10- 2

3.0x10- 3 - 4.0x10- 2

7.1x10-4 - 2.4x10- 3

6.7x10-4 • 1.0x10- 3

2.1x10-4 - 5.4x10·4

8.6±2.0 a

5.4±2.0

7.1±1.0 a

5.0±1.2 a

8.S±2.0 a

mean value 6.9±1.6

Potentiometric results at various temperatures. The initial concentrations of Au:

5.0x10- 2 mol dm- 3 and of Zn: 2.7x10· 2 • 5.4x10- 2 mol dm- 3 (except at 298 K). The

results are presented on a graph and numerically in (1).

T/K

278

288

298

308

318

328

338

348

(8±5)x10-11 a

(3.5±2.0)x10·10

(6.9±1.6)x10·10

(2.6±O.6)x10-9

(6.1±0.6)x10- 9

(1.3±O.1)x10·8

(2.6±0.4)x10· 8

(5.7±1.6)x10· 8

a presented only in (1).

These data may be expressed by compilers' equation obtained using the method of weighed

linear least squares regression:

(continued next page)



COMPONENTS:

(1) Gold-zinc 1:1; AuZn; [12006-63-2]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Guminski, C.; Galus, Z.

Bull. Acad. Po1on. ScI., Ser. ScI. Chim.

l2.Zl, 19, 771-6.
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pKs - (-3.37fO.34) + (3.70fO.ll)xl03/T (Ks/mo12 dm- 6 ; T/K)

Coulometric results at 298 K

Solubility products of AuZn in mercury for 1.00xlO- 3 mol dm- 3 Au amalg~

QZni / pC QZ//p.C 1010Ks/mo12 dm- 6

3.25 0.38 2.4

0.39 2.6

31.5 0.18 4.5

0.15 3.6

28.0 0.04 2.2

0.055 3.1

mean result (3.1±0.9)
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COMPONENTS:

(1) Gold-zinc 1:1; AuZn; [12006-63-2]

(2) Mercury; Hg; [7439·97-6]

VARIABLES:

Room temperature measurement (298 K)

ORIGINAL MEASUREMENTS:

Rodgers, R. S.; Meites, L.

J. Electroanal. Chem. 1972, 38, 359-65.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of slightly soluble AuZn in Hg at 298 K (probably) is

(7.l±0.6)xlO·10 mo12 dm- 6 . Detailed results are given in the table.

Solubility products for AuZna

106ne,Zni/mol 106ne,AUi/mol 102p/ s -l 1010 Ks/mo1 2 dm- 6 106ne/ mol Range of times kiP

exptl calcd

279 16.6 1.88 6.6 248 251 0.6-3.0

277 41 1.54 8.9 204 202 0.9-13.0

283 83 1. 76 5.6 152 136 5.5·21.5

7.4 137 147 1. 5-10.0

278 125 1.64 7.2 44.5 46.5 1.2-16.0

a from i(t)-l - (2ne ,AUi - ne,Zni + ne + ne(t) + i(t)p-l)(4KsV2p)-l, where ne is the mols

of electrons, i the current, V - 35 cm3, and P - 8lni(t)/8t.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Au amalgam was prepared by electrolysis

of AuC13 solution at a mercury pool cathode

at -0.8 V. The Zn(II) was then reduced at

the Au amalgam from 0.1 mol dm- 3 ammonium

citrate and 0.2 mol dm·3NH3 saturated with

NaCl at potential -1.35 V. Subsequently

stripping of Zn from the Au-Zn amalgam was

carried out at -0.25 V. The currents were

integrated and the solubility product was

calculated from the equation given.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility product: standard deviation 8 X.

Temperature: nothing specified.



COMPONENTS:

(1) Gold·zinc 1:1; AuZn; [12006-63-2)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 323-363 K

Addition of In or Cd

ORIGINAL MEASUREMENTS:

Dergacheva, M.B.

Tr. Inst. Org. Kata1. E1ektrokhlm. Akad.

Nauk Kaz. SSR 1222, 11, 36·42.

PREPARED BY:

c. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Solubility products of AuZn in Hg at various temperatures:

erC cA}/mol dm- 3 cZni/mol dm-3 a Soly/mol dm- 3 b

50 3.04xlO- 3 1.9xlO- 3 - 1.5xlO- l 2.23xlO- 5

3.04xlO- 2 1.0xlO-4 - 8.0xlO- 2

75 3.04xlO- 3 3.0xlO- 3 - 1. 5xlO- l 8.35xlO- 5

3.04xlO- 2 1. 6xlO· 4 • 6.0xlO- 2

90 3.04xlO- 3 3.0xlO- 3 • 1.5xlO· l 4.46xlO-4

3.04xlO- 2 1. 5xlO- 4 . 6.0xlO- 2

4xlO- 10

5.9xlO- 10

8.lxlO-9

6.6xlO- 9

2.5xlO- 7

1. OxlO- 7

a values were read from figures.

b solubilities are not simply related to reported values of Ks '

Only the solubility product at 363 K is reliable. At lower temperatures the results are

too low. The most probable cause of these errors lies in corrosion of Zn in the amalgams

tested.

(continued next page)

AUXILIARY INFORMATION

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

Proper amounts of Zn were introduced into Nothing specified.

Au amalgam or Hg electrodes by electro-

lysis. Differences of potentials between

Zn amalgam and Au-Zn amalgam in complex 0.2

mol dm- 3 ZnS04' 0.5 mol dm- 3 (NH4)2S04, 3

mol dm- 3 NaOH, 50 g dm- 3 N2114·H2S04 elec-

trolyte were measured. The solubility pro-

ducts were calculated from the potential

differences and mass balance. In one ex, ESTIMATED ERROR:

perimental series In was introduced to the

Au-Zn amalgam and the solubility product

was found without addition of In. All

other details as in paper (1).

Nothing specified.

REFERENCES:

1. Kozin, L.F.; Dergacheva, M.B. Ukr.

Khlm. Zh. 1967, 33, 787, see the AuSn-Hg

system.



80

COMPONENTS:

(1) Gold-zinc 1:1; AuZn; [12006-63-2]

(2) Mercury; Hg; [7439·97-6]

EXPERIMENTAL VALUES (continued)

Ks-values of AuZn in Hg

ORIGINAL MEASUREMENTS:

Dergacheva, M.B.

Tr. Inst. Org. Katal. Elektrokhim. Akad.

Nauk Kaz. SSR l212. 11, 36-42.

Temperature: 75 ·C; CAui - 3.04xlO· 2 mol dm- 3

5.l2xlO·4 4.7xlO· 7 2.9xlO- 2 1.4xlO- S 1. 3xlO- 2

2.l0xlO- 3 4.7xlO· 7 2.SxlO- 2 1.4xlO- 8 1. 2xlO- 2

3.6 xlO· 3 7.5xlO- 7 2.7xlO· 2 2.0xlO· S 1.0xlO- 2

6.7 xlO- 3 S.4xlO· 7 2.4xlO· 2 2.0xlO- S 7.4xlO· 3

1. 27xlO· 2 1. 65xlO· 6 1. 7xlO· 2 2,8xlO- S 2.0xlO· 3

mean values: (1.9±O.6)xlO-S a

6.lxlO· 9

5.6xlO- 9

7.5xlO- 9

6.2xlO- 9

3,3xlO-9

5.75xlO- 9

a the mean value and standard deviation calculated by the compilers.

* values corrected for presence of AuIn.

Influence of In or Cd on the equilibrium in the Au·Zn amalgam being investigated is an

interesting phenomenon. although the results may serve only as a qualitative information

(due to corrosion); Ks agrees better with results of other papers than Ks*; this is

opposite to what should be expected.



COMPONENTS:

(1) Gold-zinc l:lj AuZnj [12006-63-2)

(2) Mercury; Hgj [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Ostapczuk, P.j Kublik, Z.

J. Electroanal. Chem. 12ll. 83. 1-17.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Solubility products of slightly soluble AuZn in Hg at 298.2 K are:

3.3xlO- 3

I.lxlO- 2
2.0xlO-4 - 2.0xlO- 3

3.0xlO- 3 • 1.OxlO· 2
(4 .1±I. O)xlO- lO

(5.5±I.5)xlO· lO

POCh.

SOURCE AND PURITY OF MATERIALS:

Au was 99.99 X pure from Polish Mint, twice

distilled Hg. triply distilled H20 and all

other reagents were analytically pure from

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Au amalgam was prepared by Au dissolu­

tion in Hg and conditioning for 5 days.

The Zn was introduced electrolytically into

the hanging gold amalgam drop electrode.

Potentials of the electrodes in a solution

containing Zn(II) were measured vs. SCE.

The solubility products were calculated

from the potential differences and mass

balance. The experiments were performed in ESTIMATED ERROR:

an Ar atmosphere. Solubility product: precision no better

than ± 15 X (private communication to the

compilers). Temperature: precision ± 0.1 K.
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COMPONENTS:

(1) Barium-cadmium 1:1; BaCd; [37190-17-3]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORGINAL MEASUREMENTS:

Filippova, L.M.; Zhumakanov, V.Z.;

Klyukas, Yu.E.; Zebreva, A.I.

Izv. Vyssh. Ucheb. Zaved., Khim. Khim.

Tekhnol. ~, 27, 1241-2.

PREPARED BY:

C. Guminski; Z. Galus

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility product: precision probably ±

10 X (by compilers).

Temperature: stability of ±O.OOS K.

EXPERIMENTAL VALUES:

The solubility product of BaCd in Hg at 2S ·C, Ks - [Ba][Cd], is 0.42 mo1 2 dm- 6 , and the

solubility 0.64 mol dm- 3 , as calculated by compilers. Concentrations of Ba and Cd were

changed in the ranges 0.2 - 0.4 mol dm- 3 and 3.0 - 6.3 mol dm- 3 , respectively. However,

one should remember that the solubility of BaCd found is higher than the solubility of Ba

in Hg (see the Ba-Hg system), which makes the result doubtful. The enthalpy of

dissociation of BaCd in its amalgam is +lS.6±2.2 kJ mol- l , at the confidence level of

0.9S. The compound BaCd is formed in the Ba-Cd binary alloy (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Cd amalgam was prepared by dissolution

of the metal in Hg. The Ba amalgam was ob-

tained by an unspecified electrolytic me-

thod. Both simple amalgams were mixed and

the complex Ba-Cd amalgam formed. It was

titrated with Hg in a calorimeter. The

heats of dilution (Q) were recorded for

various compositions (N) of the amalgam. A
1--------------------;

break point in the curve of Q vs. N corres-

ponds to the equilibrium concentrations of

the metals. All operations were performed

in an Ar atmosphere.

REFERENCES:

1. Hansen, M.; Anderdo, K. Constitution of

Binary Alloys, McGraw-Hill, New York,

~.



COMPONENTS:

(1) Barium-lead 2:1; Ba2Pb; [62974-93-0]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zhumakanov, V.Z.;

Zebreva, A.I.; Smurigina, T.V.

Fiz.-Khim. Issled. v Rastvorakh,

Alma-Ata ~. 40-4.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of Ba2Pb in Hg at 298 K is 0.20 mol dm- 3 and the solubility product. Ks ­

[Ba]2[Pb]. is 3.2xlO- 2 mo13 dm- 9 (by compilers). The values are tentative. The heat of

dissociation of Ba2Pb under these conditions is 5.7tO.9 kJ mol- l . Concentrations of Ba

and Pb were changed in the ranges 0.15 - 0.40 and 0.90 - 1.10 mol dm- 3, respectively.

The compound Ba2Pb is the most stable compound formed in the Ba-Pb binary system (1).

AUXILIARY INFORMATION

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

The Pb amalgam was prepared by dissolution Nothing specified.

of the metal in Hg. The Ba amalgam was ob-

tained by electrolysis. Both amalgams were

mixed in various proportions to form the

complex heterogeneous amalgam. It was fur-

ther titrated with Hg. The heats of the

titration were recorded and plotted vs.

concentrations of the metals. The solubi-

lity of Ba2Pb was determined from a break- ESTIMATED ERROR:

point on such a plot. Solubility product: precision no better

than tlO X (by compilers).

Temperature: nothing specified.

REFERENCES:

1. Hansen, M.; Anderko. K. Constitution of

Binary Alloys, McGraw-Hill, New York,

lill.
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COMPONENTS:

(1) Barium-tin 1:3; BaSn3; [72060-61-8]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Filippova, t.M.; Zhumakanov, V.Z.;

Zebreva, A.I.; Smurigina, T.V.

FIz.-KhIm. Issled. v Rsstvorakh,

Alma-Ata ~, 40-4.

PREPARED BY:

C. Gumiftski; Z. Galus

ESTIMATED ERROR:

Solubility product: precision no better

than ± 10 X (by compilers).

Temperature: nothing specified.

EXPERIMENTAL VALUES:

The solubility of BaSn3 in Hg at 298 K is 0.25 mol dm- 3 and the solubility product, Ks ­

[Ba][Sn]3, is 0.10 mo14 dm- 12 (by compilers); the values are tentative. Concentrations

of Ba and Sn were changed in the ranges 0.20 - 0.40 and 0.60 - 0.75 mol dm- 3,

respectively. The heat of formation of BaSn3 under these conditions is -23.2±1.0 kJ

mol-I. The compound BaSn3 is also formed in the binary Ba-Sn system (1).

AUXILIARY INFORMATION

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

The Sn amalgam was prepared by dissolution Nothing specified.

of the metal in Hg. The Ba amalgam was ob-

tained by electrolysis. The amalgams were

mixed in various ratios to form the complex

heterogeneous amalgam. It was further ti-

trated with Hg. Heats of this titration

were recorded and plotted vs. concentra-

tions of both metals. The solubility of

BaSn3 was determined from a break-point on

such a plot.

REFERENCES:

1. Hansen, M.; Anderko, K. ConstItutIon of

BInary Alloys, McGraw-Hill, New York,

ll2.ft.



COMPONENTS:

(1) Barium-zinc 1:1; BaZn; [74018-81-8]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zhumakanov, V.Z.;

Klyukas, Yu.E.; Zebreva, A.I.

Izv. Vyssh. Ucheb. Zaved., Khim. Khim.

Tekhnol. ~, 27, 1241-2.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product, (Ks - [Ba] [Zn]) of BaZn in Hg at 25 ·C is 0.18 mo12 dm- 6 and the

solubility as calculated by the compilers, is 0.42 mol dm- 3 . Concentrations of Ba and Zn

were changed in the ranges 0.2-0.4 mol dm- 3 and 1.0 • 1.5 mol dm- 3 respectively. The

solubility of BaZn is equal to the solubility of Ba (see Ba-Hg system) so the result

obtained may be doubtful and needs an independent confirmation. The enthalpy of

formation of BaZn in Hg is -25.3±3.7 kJ mol- l at the confidence level of 0.95. BaZn is a

stable compound formed in the Ba-Zn binary system (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Zn amalgam was prepared by dissolution

of the metal in Hg. The Ba amalgam was ob­

tained by an unspecified electrolytic me­

thod. Both 'simple amalgams were mixed and

the complex Ba-Zn amalgam was titrated with

Hg in a calorimeter. The heats of dilution

(Q) were recorded for various compositions

(N) of the amalgam. A break point on the

curve of Q vs. N corresponds to the equili­

brium concentrations of the metals. All

operations were performed in an Ar

atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility product: precision probably ±

10 X (by compilers).

Temperature: stability of ±0.005 K.

REFERENCES:

1. Hansen, M.; Anderko, K. ConstItutIon of

BInary Alloys, McGraw-Hill, New York,

l..2..2..a.
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COMPONENTS:

(1) Bismuth-cerium 3:4; Bi3Ce4;
[12048-64-5]

(2). Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION:

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

June 1977

Only one potentiometric study on the Bi-Ce-Hg system was performed by Tammann and Jander

(1). The authors report an unbelievably high stability constant of Bi3Ce4 in Hg, K ­

[Bi3Ce4]/[Bil3[Cel4, assuming that the compound is soluble. The value of K is

(3±2)xl0120 (mol fraction)-6 at 291 K. This value is surely not correct due to corrosion

of Ce by aqueous solutions in the cell investigated. The potentials measured correspond

to undetectable equilibrium amounts of the metals below 10- 16 mol fraction. Further work

on the system is needed and no value is suggested. However, one should notice that

'3Ce4 is the most stable compound formed in the binary Bi-Ce system (2).

References

1. Tammann, G.: Jander, W. Z. Anorg. Chern. 1212, 124, 105.

2. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, ~.
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COMPONENTS: EVALUATOR:

(1) Bismuth-lithium 1:1; BiLi; [12048-27-0) C. Guminski, Z. Galus
Department of Chemistry

(2) Mercury; Hg; [7439-97-6) University of Warsaw
Warsaw, Poland

July 1988

CRITICAL EVALUATION:

Korshunov et al. (1) postulated the formation of moderately stable BiLi3 in Hg. This

compound is slightly more soluble in Hg than Li in Hg as concluded from a comparison of

the EMF measurements using Li and Bi-Li amalgam electrodes. No numerical value for the

stability of BiLi3 in Hg was reported.

Fi1ippova et a1. (2) measured heat during dilution of concentrated heterogeneous Bi-Li

amalgam with Hg. Formation of BiLi was found, and the solubility product, Ks - [Bi)[Li),

determined '-as 0.19 mo12 dm- 6 at 298 K. Although similar concentration ranges of the

components were covered in (1) and (2), the final conclusions are different. Therefore,

the results of (2) are doubtful.

BiLi intermeta11ic phase is formed in the binary Bi-Li alloys (3) but it is less stable

than BiLi3' The doubtful value of the solubility product of BiLi in Hg at 298 K is 0.2

mo12 dm- 6 and the solubility is 0.4 mol dm- 3 .

References

1. Korshunov, V.N.; Khlystova, K.B.; Selevin, V.V. Elektrokhimiya 1211, 8, 1513.

2. Filippova, L.M.; Zhumakanov, V.Z.; Zebreva, A.I. Izv. Vyssh. Ucheb. Zaved., Khim.

Khim. Tekhnol. 1980, 23, 204.

3. Hansen, M.; Anderko, K. ConstItutIon of BInary Alloys, McGraw-Hill, N.Y., l2ia.



88

COMPONENTS:

(1) Bismuth-potassium 1:3; BiK3;

[12048-26-9]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zhumakanov, V.Z.

Zebreva, A.!.

Izv. Vyssh. Ucheb. Zaved., Xhim. Xhim.

Tekhno1. ~, 21, 1450-3.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of BiK3 in Hg, Ks-[Bi)[K)3, at 298 K is equal to 4x10- 2 mol4 dm- 12

and the solubility concentrations of Bi and K were changed in the ranges up to 0.6 mol

dm- 3 and 0.1 - 0.9 mol dm- 3• respectively. The equilibrium concentrations were presented

in a small graph in the paper. It was assumed that the Hg activity is constant in these

experiments. The heat of dissolution of BiK3 in its saturated amalgam is 4.4±0.8 kJ

mol-I. The BiK3 solid phase is the most stable one in the Bi·K binary system (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Bi amalgam was obtained by dissolution

of Bi in Hg and the K amalgam by electro­

lysis. The amalgams were mixed in various

proportions. Then they were diluted with

Hg and heat (Q) was recorded. A bend on

the dependence Q vs. concentration of Bi or

K corresponds to the equilibrium concentra­

tions of the metals. This allowed the es­

tablishment of the stoichiometry of the

intermetallic compound being formed and its

solubility product. The experiments were

performed in an Ar atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

Solubility: no better than ± 20 X (by

compilers) .

REFERENCES:

1. Hansen, M.; Anderko, K. ConstItutIon of

BInary Alloys, McGraw-Hill, New York,

l22l!..



COMPONENTS:

(1) Bismuth-lithium 1:1; BiLi; [12048-27-0]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zhumakanov, V.Z.;

Zebreva, A.!.

Izv. Vyssh. Ucheb. Zaved .• KhIm. KhIm.

Tekhnol. ~, 23, 204-6.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product of BiLi in Hg, Ks - [Bi][Li]. at 298 K equals 0.19 mo12 dm- 6 and

the solubility 0.44 mol dm- 3. Concentrations of Bi and Li were changed in the ranges

0.30 - 1.60 and 0.15 - 0.80 mol dm- 3 , respectively. The equilibrium concentrations of

both metals are presented in a plot in the paper. The result of the solubility is

tentative. The heat of dissolut;~n of BiLi in its saturated amalgam is 6.2±0.4 kJ mol- l .

The phase BiLi is formed in the binary Bi-Li alloys, but it is not the most stable (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Li amalgam was prepared by an electro­

lytic method. The Bi amalgam was obtained

by dissolution of the metal in Hg. The

amalgams were mixed in various ratios.

Then they were diluted with Hg and heat (Q)

was measured. A bend on the curve relating

Q to concentrations of Bi and Li corres­

ponds to the equilibrium concentrations of

the metals. This allowed one to establish

the stoichiometry of the compound being

formed and its solubility product. The

experiments were performed in an Ar

atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

Solubility product: precision no better

than ± 10 X (by compilers).

REFERENCES:

1. Hansen, M.; Anderko, K. ConstItutIon of

BInary Alloys, McGraw-Hill, New York,

.l2..2J! .



90

COMPONENTS:

(1) Cadmium-copper 3:4; Cd3Cu4;
[12050-37-2]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland,

August 19S6

CRITICAL EVALUATION:

The formation of a compound between Cd and Cu in Hg was suggested on the basis of various

electrochemical experiments (1-5, 14). However, there was a lack of quantitative data on

its stoichiometry and stability. On the other hand, other authors did not find any

evidence of intermetallic compound formation between these elements in Hg (6-S, 13).

More recently, Kublik and coworkers (9, 19) as well as Roston and coworkers (15, 16),

after careful electroanalytical experiments, stated that no compound is formed unless the

Cu amalgam is unsaturated and homogeneous. If the product of the concentrations of Cd

and Cu in Hg exceeds the value of 1.4xlO-4 "?12 dm- 6 (9) and the Cu amalgam is

heterogeneous, then codeposition of Cd with solid CU7Hg6 occurs.

Zebreva and coworkers investigated concentrated and heterogeneous Cd-Cu amalgams by

potentiometry (10), calorimetric titration (11) and chronoamperometric oxidation (12).

The heat of dilution by Hg of the complex, heterogeneous amalgams indicated no

interactions between Cd and Cu in the Cd-Cu-Hg system. However, in other work (10, 12)

formation of solid Cd3Cu4, as the main product, on additions of CdCu2 and Cd3Cu was

established. Kinetics of oxidation of such complex amalgams was investigated (12).

Finally Kairbaeva and coworkers (17) performed manysided studies of the system by

roentgenography and chemical analysis. The solubility of Cd3Cu4 in Hg was determined and

concentrations of the components are reported. The authors concluded that if the complex

amalgam is heterogeneous in Cu but homogeneous in Cd, then the solid phase contains

Cd3Cu4 and CU7Hg6; if the complex amalgam is heterogeneous in both elements, then the

solid phase contains a mixture of CdSCu5' Cd3Cu4 and CU7Hg6'

In the binary Cd-Cu system the following compounds exist: Cd2Cu, Cd3Cu4 and CdSCu5; they

are characterized by similar thermal stability (lS). Due to a significant spread of

results of the determinations in (17) no solubility values are suggested, and a data

sheet for this work is included.
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COMPONENTS:

(1) Cadmium-copper 3:4; Cd3Cu4;

[12050-37-2)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Room temperature measurements: 293 K

Source of samples

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Kairbaeva, A.A.; Lange, A.A.;

Bukhman, S.P.

Izv. Akad. Nauk Kaz. SSR. Ser. Khlm. ll!l1,
no. 4, 9·14.

PREPARED BY:

C. Guminski; Z. Galus

ESTIMATED ERROR:

Solubility: nothing specified; every

experiment was repeated three times.

Temperature: ± 2 K.

Content of Cd and Cu in liquid phase of the heterogeneous amalgams containing solid

Cd3Cu4 + CU7Hg6 under eqUilibrium conditions at 293 K

102wCd i atom 102wcl 1Q2xcl 1Q2wC} 102xCuf sequence of
ratio the metals

added

mass fracto Cd:Cu mass fracto at. fract. a mass fracto at. fract. a

3.5 3:1 1.67 2.94 3.3xlO- 3 1.04xlO- 2 first Cd

3.5 3:1 1. 70 2.99 3.46xlO- 3 1.09xlO·2 first Cd

3.5 4:3 1.03 1.82 1.40xlO· 3 4.42xlO- 3 first Cd

3.5 1:2 1.51 2.66 4.10xlO· 3 1. 29xlO- 2 first Cd

3.5 1:3 1.28 2.29 1.45xlO· l 4.5lxlO- l first Cu

3.5 1:4 1.42 2.51 2.l1x10· 2 6.66x10- 2 first Cu

3.5 1:4 1.69 2.97 5.56xlO· 3 1. 76xlO· 2 first Cd

5.5 3:1 1. 98 3.48 3.26xlO· 3 1.03x10· 2 first Cd

5.46 2:1 1. 39 2.45 4.80xlO· 2 1. 5lxlO· l first Cd

11.17 3:1 4.20 7.26 1.l5xlO· 2 3.63xlO· 2 first Cu

11.17 3:4 3.86 6.79 1. 38xlO·1 4.30xlO- l first Cu

(continued next page)

AUXILIARY INFORMATION

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

The complex amalgams were obtained by elec- Very pure Cd and Cu were used.

trolysis of CuS04 and CdS04 in 0.5 mol dm- 3

H2S04 at the Hg cathode. The amalgams were

conditioned for 500 to 1500 hrs. The solid

and liquid phases were separated and chemi·

cally analyzed: samples of the amalgam

were dissolved in HN03' Hg(II) was reduced

and the concentrations of Cd and Cu were

determined by atomic absorption spectro­

scopy. In addition the solid phase was in­

vestigated by roentgenography. The Cd3Cu4

phase (for the last two measurements) was

synthesized from the components taken in

stoichiometric ratio. The elements were

placed in a glass tube filled with Ar and

heated at 1273 K. The alloy was homoge·

nized for 72 hrs at 723 K. A roentgeno­

vTAohic test was carried out
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(2) Mercury; Hg; [7439·97·6]
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ORIGINAL MEASUREMENTS:

Kairbaeva, A.A.; Lange, A.A.;

Bukhman, S.P.

Izv. Akad. Nauk Kaz. SSR, Ser. Khlm. ~,

no. 4, 9-14.

EXPERIMENTAL VALUES (continued)

102wCdi atom 102wcl 102xcl 102wCuf 102xCuf sequence of
ratio the metals

added

mass fracto Cd:Cu mass fracto at. fract. a mass fracto at. fract. a

5.5

3.5

6.5

1:2

3:4

3:4

0.70

0.70

1.02

1.24

1. 24

1. 80

3.43xlO- 3

4.5xlO· 3

5.6xlO· 3

1.08xlO· 2

1. 42xlO· 2

1. 77xlO· 2

first Cu

alloy Cd3Cu4

alloy Cd3Cu4

a at. fracto calculated by compilers.
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COMPONENTS:

(1) Cadmium-potassium 1:1; CdK;
[98246-92-5]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

March 1980

CRITICAL EVALUATION:

Based on thermometric titrations of the complex Cd-K amalgams with Hg, Filippova and

coworkers (1) concluded that solid CdK is formed in Hg. The corresponding solubility

product, Ks - [Cd][K], was also determined. However, one should note that the determined

solubility value of CdK is higher than the solubility of K in Hg (see the K-Hg system).

Moreover, Dzhabarova and coworkers (2) found no compound formation in this complex

system. JAnecke (3) investigated the whole Cd-K-Hg phase diagram by thermal analysis "nd

no ternary compound was found; only formation of Cd3K in the binary Cd-K alloys was

observed. These reservations make the value determined in (1) a very doubtful one.

Value of the solubility product of Cdt in Hg (doubtful)

The solubility product of CdK in Hg at 298 K is, as in (1):

5.4 mo12 dm- 6

and the solubility, as calculated from Ks by evaluators:

2.3 mol dm- 3
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COMPONENTS:

(1) Cadmium-potassium 1:1; CdK;

[98246-91-5]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Filippova. L.M.; Zebreva, A.!.;

Espenbetov, A.A.

Izv. Vyssh. Ucheb. Zaved., Khlm. Khlm.

Tekhnol. l2ll. 20, 1468-71.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product of CdK in Hg at 298 K is 5.4 mo1 2 dm- 6 . Input concentrations of

Cd and K were changed in the ranges 4.0-7.31 and 0.81-1.72 mol dm- 3 , respectively. The

equilibrium concentrations of the metals were presented in a small plot in the paper. It

was assumed that Hg activity is constant in the experiments, which doesn't seem

justifiable. The heat of formation of CdK in its saturated amalgam is -42±8 kJ mol- l .

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Cd amalgam was obtained by dissolution

of Cd in Hg and the K amalgam by electro­

lysis. The homogeneous Cd and K amalgams

were mixed in various proportions. Then

they were diluted with Hg and the heat (Q)

was measured. A bend on the dependence of

Q vs. concentrations of Cd and K corres­

ponds to the equilibrium concentrations of

the metals. Then one could establish the

stoichiometry of the intermetallic compound

being formed and its solubility product.

The experiments were performed in an Ar

atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility: nothing specified but no

better than ± 10 X (by compilers).

Temperature: nothing specified.
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COMPONENTS:

(1) Cadmium-lithium 2:3: Cd2Li3;
[56320-82-2]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

January 1983

CRITICAL EVALUATION:

Based on voltammetric experiments with mercury film electrodes (on Ag or Au base) Kaplin

and coworkers (1-4) found the formation of crystalline Cd2Li3 in Hg. Temperature of the

measurements was not specified and the solubility product, Ks - [Cd]2[Li]3, determined

was reported as 1.OxlO'S molS dm,lS (1,3) and 1.SxlO- 7 molS/ 3 cmoS (4). The unit of the

second value has no physical sense, but, after recalculation to a consistent unit, the

value is 3.4xlO- 6 molS dm° 1S . It seems that interaction of Li and Cd with the Ag support

is negligible in the experiments (1-3), although it is difficult to exclude completely

(see the AgCd-Hg system). However, use of the mercury film electrode with Au support, as

in (4), may cause significant error due to the Au-Cd interactions in Hg (see the

solubility of AuCd or AU3Cd in Hg). No experimental details of (4) are known to the

evaluators. Filippova and coworkers (5) did not find any evidence of Cd-Li compound

formation in the complex amalgams by calorimetric titration of concentrated amalgams with

Hg when Cd and Li contents were up to 6.8 and 0.8 mol dm- 3 , respectively. In the light

of the latter work the results of previous studies are doubtful. Solid phase Cd2Li3 is

not known in the binary Cd-Li system (6).

Value of the solubility of Cd2113 in Hg (doubtful)

The solubility product of Cd2Li3 in Hg at 293 K is, as in (1-3),

and the solubility, as calculated by evaluators from Ks :
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COMPONENTS:

(1) Cadmium-lithium 2:3; Cd2Li3;

[56320-82-2]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Room temperature measurement

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Dzhabarova, N.K.; Kaplin, A.A.;

Stromberg, A.G.

Izv. Tomsk. Polltekhn. Inst. l2l2, 302,

40-2.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility product of Cd2Li3 in Hg at room temperature:

Conditions of the experiments:

1.2

l.4

0.9

0.2

0.5

0,1

l.OiO.s

0.7iO.s

cLi(I) - 8xlO-4 mol dm- 3; 1.2xlO-4 ~ CCd(II) ~ 1.2xlO- 3 mol dm- 3;

time of accumulation 3 min; anodic stripping vo1tammetry of Cd

and Li.

cLi(I) - 1x10-4 mol dm- 3; cCd(II) - 2.sx10-4 mol dm- 3; time of

accumulation changed in the range 3-18 min; anodic stripping

vo1tammetry of Cd and Li.

mean value by the authors

mean value and standard deviation by the compilers

The same result is also reported in (I, 2).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Li(I) and Cd(II) were reduced on a mercury

film electrode with an Ag base. The solu­

tion contained LiCI04, CdI2 and 2xlO- 2 mol

dm- 3 (C2Hs)4NI in DMF as supporting elec­

trolyte. The solution was deaerated with

Ar. Electrolytic accumulation of the both

metals in the film was carried out at -2.2

V vs. potential of mercury pool electrode

(the anode). The voltammetric peaks of

anodic dissolution of the components were

recorded from a linear scan in the positive

direction. Analysis of the curves yields

the stoichiometry of Cd2Li3 and the solu­

bility product of this compound.

SOURCE AND PURITY OF MATERIALS:

LiCI04 chemically pure, CdI2 analytical

grade, doubly distilled DMF and doubly re­

crystallized (C2Hs)4NI were used.

ESTIMATED ERROR:

Solubility product: precision i 50 X;
standard deviation ± 70 X (calculated by

compilers). mperature: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Cadmium-manganese 3:1; Cd3Mn;
[12050-4209]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

August 1984

CRITICAL EVALUATION:

According to Russell and coworkers (2) the formation of an intermeta11ic compound in the

Cd-Mn system in Hg is doubtful. Lihl and Kirnbauer (7) reported that the majority of Cd

introduced into the complex amalgam was found in a solid phase of undefined composition.

Shirinskikh and coworkers (3, 5, 6) found no interaction between Cd and Mn in Hg based on

potentiometric measurements, roentgenography and chemical analysis. In the solid phase

of the heterogeneous amalgams a mixture of Mn2Hg5 and CdHg3 was identified. The Cd and

Mn contents in the liquid phase (8.4 at. X and 1.lxlO-2 at. X, respectively) are similar

to the solubilities of these elements in Hg (see Cd-Hg and Mn-Hg systems). However,

previously Zebreva and Kozlovskii (1) reported a solubility product of Cd3Mn in Hg, Ks ­

[Cd]3[Mn], equal to (5.7±0.5)xlO- ll mo14 dm- 12 at 293 K; the value was determined by

amalgam polarography, but no other details are given. More recently Kaplin and Mamontova

(4), using stripping vo1tammetry, determined the solubility product of 8.3x10- 10 mo14

dm- 12 at room temperature. The solubilities of Cd3Mn in Hg reported in (1) and (4) do

not differ much and they are correctly lower than the solubility of Mn in Hg (see the Mn­

Hg system). It is difficult to give a preference to either (1) or (4). The equilibrium

in the amalgam polarography technique surely is reached before the oxidation; on the

other hand corrosion may be more pronounced under such conditions. The compound Cd3Mn is

known to be formed in the binary Cd-Mn system (8).

Value of the solubility of Cd3Mn in Hg (doubtful)

The solubility product of Cd3Mn in Hg at 293 K is, according to (4)

and the solubility is, as calculated from Ks by compilers:

2x10- 3 mol dm,3
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COMPONENTS:

(1) Cadmium-manganese 3:1; Cd3Mn;

[12050·42·9]

(2) Mercury; Hg; [7439·97-6]

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Kaplin, A.A.; Mamontova. I.P.

Zh. Anal. Khim. l2la. 33, 703·9.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Solubility product of Cd3Mn in Hg at room temperature is:

,1------------------------------------------1
AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The mixed amalgams were prepared by 3 min

e1ectroreduction of Cd(II) and Mn(II) in 1

mol dm- 3 NaC1 at -1.9 V (vs. SCE) on a thin

film or a hanging drop mercury electrode on

a Pt support. Then vo1tammetric oxidation

of the amalgams was performed. The solubi·

lity product was calculated from the

heights of the anodic current peaks. The

experiments were performed in a N2 or Ar

atmosphere.

~OURCE AND PURITY OF MATERIALS:

Super pure or chemically pure reagents were

used. Water contained no more than 10- 9_

10-10 mol dm- 3 of other heavy metals.

ESTIMATED ERROR:

Nothing specified.

Precision of Ks determination should be no

better than ± 20 X (compilers).
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COMPONENTS:

(1) Cadmium-sodium-mercury 1:1:1; CdNaHg;
[98246-93-6]

Cadmium-sodium 4:1; Cd4Na; [98246-94-7]
Cadmium-sodium 2:1; Cd2Na; [12014-25-4]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Yarsaw
Yarsaw, Poland

March 1981

CRITICAL EVALUATION:

JAnecke (1, 2) found, after detailed investigations, that one ternary CdNaHg compound is

formed in the Cd-Na-Hg system. The melting temperature of the compound is 598 K. As one

may see from the phase diagram (2)

No 97.5°

other compounds, Cd4Na and Cd2Na, may be formed in this system at high concentrations of

these metals in Hg. This is in reasonable agreement with experiments of (3, 4), who

observed no precipitation of a solid Cd-Na phase at room temperature when concentrations

of Cd and Na were as high as 6.45 and 2.95 mol dm- 3, respectively (4).

Value of melting temperature of CdNaHg (tentative)

The melting point of CdNaHg is 598 K.
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COMPONENTS:

(1) Cadmium-sodium-mercury 1:1:1; CdNaHg;

[98246-93-6]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Composition of the amalgam

ORIGINAL MEASUREMENTS:

Jimecke, E.

Z. Hetallk. 122ft, 20, 113-7.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The melting temperature of CdNaHg is 325 ·C. Solubilities of Cd4Na and Cd2Na in Hg may

be estimated roughly after reading the phase diagram given in the Critical Evaluation.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Cd·Na alloys were prepared from the

parent metals. They were melted under

paraffin and then a suitable amount of Hg

was added. The liquid alloys were slowly

cooled down and temperatures were recorded

with the use of a thermometer. The appa­

ratus was made of porcelain.

SOURCE AND PURITY OF MATERIALS:

Pure metals were used.

ESTIMATED ERROR:

Nothing specified.
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COMPONENTS:

(1) Cadmium-antimony 1:1; CdSb;
[12050-27-0)

(2) Mercury; Hg; [7439-97·6)

EVALUATOR:

c. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

March 1982

CRITICAL EVALUATION:

On the basis of potentiometric and anodic oxidation experiments performed by Zebreva (1)

the formation of CdSb in Hg was suggested and its solubility reported. However,

Stromberg and coworkers (4), with the use of stripping voltammetry, did not find any

evidence of an interaction between these metals in Hg, even when total concentrations of

Cd and Sb were 1.6xlO- 3 and 7.0xlO·4 mol dm- 3 , respectively. The same method was later

used by Zakharchuk and coworkers (3). They determined the solubility product of CdSb in

Hg, Ks - [Cd)[Sb), more precisely than it was done by Zebreva (1). Matakova and

Zholdybaeva (6) found that CdSb is more soluble than a Cu-Sb compound in Hg; however the

selected values of the solubilities of both compounds (see also the CU2Sb-Hg system) are

almost equal.

A stable CdSb phase is formed in the binary Cd·Sb system (2).

By potentiometric titration of Cd amalgams with Sb2(S04)3-s01ution at 293-323 K, some

thermodynamic parameters of CdSb-formation in Hg were established by Matakova and

coworkers (5); this is an additional proof of CdSb·formation in Hg.

Value of the solubility of CdSb in Hg (tentative)

The solubility product of CdSb in Hg at 293 K is 2xlO· 8 mo12 dm- 6 , according to (3), and

the solubility is 1.4x10-4 mol dm- 3 , as calculated by evaluators from Ks '
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no. 14, 130.

6. Matakova, R.N.; Zho1dybaeva, R.B. VII Soveshchanie po Polarografl!, Moskva, Nauka

l2la, p. 173.



COMPONENTS:

(1) Cadmium-antimony 1:1; CdSb;

[12050-27-0]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 291 K

ORIGINAL MEASUREMENTS:

Zebreva, A.I.

Zh. Fiz. Khim. ~, 36, 1822-5.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of CdSb in Hg at 18 ·C is on the order of 10-4 mol dm- 3 . Precision of the

solubility determination is not high, since the solubility of CdSb in Hg is only a little

lower than the solubility of Sb itself; see the Sb-Hg system. Compilers calculated the

solubility product of CdSb equal to 2xIO- 8 mo12 dm- 6 . The typical procedure in the

calculations was used.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Potential differences of Cd and Cd-Sb amal-

gams in a solution of Cd(II) in dil H2S04

were measured. From these differences the

solubility of CdSb was estimated by the

compilers. Also anodic oxidation of the

complex Cd-Sb amalgams with constant cur­

rent in 0.5 mol dm- 3 H2S04 solution was

carried out allowing extraction of the free

Cd from the amalgam. Then the solution was

exchanged for 1 mol dm- 3 NaOH + 0.07 mol

dm- 3 KNaC4H406. allowing complete extrac­

tion of free Sb by further electrooxida­

tion. The amalgam, after the electrolysis,

was decomposed with HCl(l:l) and all three

solutions were analyzed separately for

metal contents: Cd by polarography and Sb

by amperometric titration with bromine.

These results were used by the authors for

the estimation of the solubility of CdSb in

Hg.

SOURCE AND PURITY OF I

Nothing specified

1------,
ESTIMATED ERR/

Nothing spec'

Experimental
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COMPONENTS:

(1) Cadmium-antimony 1:1; CdSb;

[12050-27-0)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 193 K

ORIGINAL MEASUREMENTS:

Zakharchuk, N.F.; Zebreva, A.I.;

Kozlovskii, M.T.

Tr. Inst. Xhim. Nauk Aksd. Nsuk Xsz. SSR

l2ll, 32, 28-30.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

CdSb is treated as a sparingly soluble compound in Hg. Its solubility product (Ks ) at 20

·C is:

1Q4cSbi/ 1Q4cCdi/ 1Q4cSbf 1Q4ccl/ 10 Ks/

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm- 6xl08

1.04 5.58 0.52 4.05 2.1

1.48 3.43 0.96 2.35 2.2

1.22 3.10 0.84 2.75 2.3

1.56 1.94 1.06 1.51 1.6

2.01 2.98 1.03 1.86 1.9

2.14 2.56 1.32 1.57 2.1

2.20 2.56 1.41 1.64 2.2

2.38 3.24 1.25 1.89 2.4

2.26 3.49 1.00 2.26 2.3
-~

4.39 1.08 2.26 2.5

mean value (2.1±0.3)

'Sb in Hg equals (1.5±0.3)xlO-4 mol dm- 3.

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

ith a Hg drop All reagents were chemically pure. Twice

~ments were distilled H20, deionized on an ion exchan-

which con- ger, with content of heavy metals below

?r Sb(III). 10- 7 % was used.

~ulated from

,eaks for the

'ating step of

ried out sep­

nd then,

.b. The

a transfer of

ion. All

n Ar



COMPONENTS:

(1) Cadmium-tellurium 1:1; CdTe;
[1306-2508]

(2) Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION:

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Yarsaw
Yarsaw, Poland

August 1986
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There has been much interest recently in the Cd-Hg-Te system. However, only a few papers

are devoted directly to solubility measurements of CdTe in Hg. Yith the'use of different

techniques the solubility determinations were performed in various temperature ranges:

623-873 K by Vanyukov and coworkers (I, 13, 30), 527-716 K by Herning (24) and 523-664 K

by Yong (2). Results of these works are presented in graphical forms, but the major part

of them (I, 2, 24) is quite well concordant. The temperature dependence of the

solubility may be represented by a linear equation obtained with a least square fit by

evaluators (29):

pS - -3.68 + 3070 T-l r-0.997 (Sjmol X ; TjK)

The equation seems to be valid between 1000 K and room temperature. The results from

papers (30) and (13) are too low (2 times) and too high (2 times), respectively; the

authors did not discuss the discrepancies of the measurements performed in the same

laboratory. The single numerical value of the solubility of 2.5 mol X at 648 K (28) is

reproducibly too high, most probably due to supercooling of the amalgam sample. Kinetics

of CdTe dissolution in Hg was investigated in (26).

The solubility of CdTe in Te amalgams (24), as well as the solubilities of various

CdxHgl_xTe alloys in Hg (I, 13, 24, 28, 30), was investigated also. The data from (I,

13, 28, 30), analyzed as a product of Cd and Te concentrations, show significant spread

from the straight line given by the equation; probably the amalgams were not equilibrated

properly. Mathematical analysis of the results from (24) by the evaluators (29) points

out that the solubility product, Ks - [Cd][Te], is constant at a given temperature. It

is very interesting that a similar conclusion may be extracted from the thermal analysis

experiments of significantly concentrated amalgams by Szofran and Lehoczky (23), as well

as by Meschter and coworkers (25) at high temperature, 1079-1256 K. The Te and Cd+Te

contents in the liquid should be not higher than 35 and 50 mol X, respectively. The

activity coefficients of the components (Cd, Hg and Te) should be used to test

quantitatively the validity of such a rule; unfortunately these coefficients are unknown

in the ternary melt.

Several works (3-10, 21, 32, 33) are devoted to the liquidus line of the pseudobinary

system Cd-Teo The melting point of the alloys is strongly dependent on pressure (6-8)

which partly may explain significant discrepancies between the results of various

laboratories. Individual parts and the whole Cd-Hg-Te system have been investigated

experimentally by many (I, 9, 11-16, 23-25, 27, 28, 30). The phase diagram was also a

subject of fitting calculations using models of the ideal solution (22), the regular

associated solution (16-19) and the pair approximation (20). The Cd-Hg-Te phase diagram

is taken from (24).

(continued next page)
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COMPONENTS:

(1) Cadmium-tellurium 1:1; CdTe;
[1306-2508)

(2) Mercury; Hg; [7439-97-6)

CRITICAL EVALUATION (continued)

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

August 1986

Sangha and coworkers (31) found that the CdTe solubility in Hg at 518 K is 4.6xlO- 3 mol

X; this result is slightly lower than the value calculated from the fitting equation.

Brice (34) presented a set of numerical relations describing the Cd-Hg-Te phase diagram

in the form of equations and tabulated data.

Values of the solubility of CdTe in Hg

T/K

500

600

700

800

900

a recommended.

b tentative.

Soly/mol X

3.5xlO-3 b

3.5xlO-2 a

0.19 a

0.7 b

l.9 b

Source

extrapol.

interpol.

interpol.

interpol.

extrapol.

Refer.

(2, 24) and equation

(2, 24)

(1, 2, 24)

(1)

(1) and equation
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COMPONENTS:

(1) Cadmium-tellurium 1:1; CdTe;

[1306-25-8)

(2) Mercury; Hg; [7439-97·6)

VARIABLES:

Temperature: 873 K

ORIGINAL MEASUREMENTS:

Vanyukov, A.V.; Pedos, S.I.; Yukhtanov,

E.D.; Indenbaum, G.V.; Figelson, Yu.A.

Polumetally 1 Poluprovodnlkl s Uzklml

Zapreshchennyml Zonaml, Lvovskii

Universytet, Lvov, l2l1, 10-15.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of CdTe in Hg at 600 ·C is 0.73 mol X, as read from a graph by compilers.

Compared to the subsequent works this value is too low. Solubilities of various

CdxHg1_xTe alloys in Hg at 400 to 600 ·C are also reported. They were determined by the

following methods: filtration with chemical analysis, differential thermal analysis and

optical observation of crystallization.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Preparation of samples was performed in a

pure Ar atmosphere. Plates of CdTe were

kept in a closed quartz ampule filled with

Hg for 10-12 hours at 873 K. The solution

was filtered through a quartz frit and the

filtrate was cooled by immersion of the am­

pule in water. The solidified filtrate was

analyzed for Cd and Te content by an un­

known method. A correction for Hg con­

densed dur-ing the experiment was made from

the free volume of the ampule, but due to

the low solubility value this correction

seems to be insignificant.

1s0URCE AND PURITY OF MATERIALS:

Nothing specified. The substances used

were probably of semiconductor class purity

(compilers) .

ESTIMATED ERROR:

Solubility: chemical analysis ± 1 X; Total

error of determination ± 5 X; Procedure of

reading graph ± 10 X. Temperature:

nothing specified.



COMPONENTS:

(1) Cadmium-tellurium 1:1; CdTe;

[1306-25-8]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 623 - 853 K

109

ORIGINAL MEASUREMENTS:

Vanyukov, A.V.; Krotov, 1.1.;

Ermakov, A.I.

Izv. Akad. Nauk SSSR. Neorg. Hater. l21l,
13, 815-9.

PREPARED BY:

C. Guminski; Z. Galus

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

EXPERIMENTAL VALUES:

Solubilities of CdTe in Hg, as read from the Figures, are:

ej"C T/K c 102wCdTe/mass fracto 102xCdTe/mol fracto

350 a 623 0.09 0.075 c

395 a 668 0.18 0.15 c

404 b 677 -- 0.20

435 b 708 -- 0.26

450 a 723 0.37 0.31 e

450 b 723 0.42 0.35 e

454 b 727 -- 0.36

495 a 768 0.60 0.50 e

580 a 853 1. 34 1.12 e

a values determined by chemical analysis.

b values determined by dew-point method.

e values calculated by compilers.

Solubilities of various Cd-Hg-Te alloys in Hg were also determined.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

a) The determinations were performed in a
quartz ampule divided partly with a thin
wall into two containers. CdTe crystals
and liquid Hg were placed in corresponding
places, the tube was evacuated and closed.
It was heated and kept at a chosen tempera-
ture. The crystals were immersed in Hg by
turning the ampule. The liquid phase satu-
rated with CdTe crystals was chemically an-
alyzed. The solubility of CdTe in Hg was
also calculated from difference of the mass
of the crystals before and after the disso- r-------------------------------------------i
lution experiments. b) Samples of CdTe and ESTIMATED ERROR:
Hg were placed in an evacuated quartz appa- 4
ratus. Temperature of the part of the ap- Solubility: precision of weighing was 10-
paratus where the sample is placed was ele- g for a 20 g sample, but the reading
vated and kept constant while a second part procedure is at the best ± 5 X precise.of the apparatus was cooled down alloWing
observation of the dew-point of Hg. Then Temperature was controlled with ± 1.5 K.
the vapor pressure of Hg was measured. The
measurements were performed for various
compositions of the amalgam. A bend on a
plot relating the pressure to composition
corresponds to the concentration of the
saturated amalgam.
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COMPONENTS:

(1) Cadmium-tellurium 1:1; CdTe;

[1306-25-8)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 727 K

ORIGINAL MEASUREMENTS:

Vanyukov, A. V.; Krotov, 1.1. ;

Ermakov, A.I.

Izv. Akad. Nauk SSSR, Neorg. Hater. ~,

14, 657-61.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of CdTe in Hg at 454 ·C, as read from the figure in the paper, is 0.8 mass

X. The corresponding solubility is 0.6 mol X, as calculated by compilers. This result

is too high.

Compositions of liquid amalgam phases in equilibrium with soli I CdxHgl_xTe alloys (with x

- 0.2; 0.4; 0.6; 0.8) were also determined.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method used was described in (1). Sam­

ples of CdTe and proper amounts of Hg were

placed in an evacuated quartz apparatus.

The temperature of the part where the sam­

ple is placed was elevated and kept con­

stant while a second part of the apparatus

was cooled down. The dew-point of Hg was

then observed and the vapor pressure mea­

sured. The measurements were performed for

various compositions of the amalgam. A

bend on a plot relating the pressure on the

composition corresponds to the concentra­

tion of the saturated amalgam.

SOURCE AND PURITY OF MATERIALS:

Nothing specified. The materials are

probably of semiconductors class purity

(compilers) .

ESTIMATED ERROR:

Solubility: precision unspecified, after

reading ± 10 X. Temperature: precision

and accuracy ± 0.5 K.

REFERENCES:

1. Vanyukov, A.V.; Krotov, 1.1.; Ermakov,

A.I. Izv. Akad. Nauk SSSR, Neorg.

Hater. 1211, 13, 815.



COMPONENTS:

(1) Cadmium-tellurium 1:1; CdTe;

[1306-25-8]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 748 K

111

ORIGINAL MEASUREMENTS:

Bowers, J.E.; Schmit, J.L.;

Speerschneider, C.J.; Maciolek, R.B.

IEEE Trans. Electron Devices ~, Ed-27,

24-8.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of CdTe in Hg at 475 ·C and 5 atm is 0.025 mol fraction, which is too low

by a factor of 7. Several points on the liquidus of the Cd-Hg-Te system were also

determined. Liquid-phase epitaxial growth of CdO.4HgO.6Te from Te-, Hg- and HgTe-rich

solutions was investigated.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The experiments were performed in a sealed

evacuated quartz apparatus. The homogene­

ous solution of CdTe in Hg was cooled in

steps and checked each time for nucleation

of a solid phase. Once this appeared, the

alloy was quenched and the composition of

the solid was determined by electron-beam

microprobe analysis.

SOURCE AND PURITY OF MATERIALS:

Nothing specified, but it should be better

than for production of semiconductors

(compilers) .

ESTIMATED ERROR:

Solubility: precision ± 1 X in preparation

of the sample. Temperature: accuracy ± 25

K due to probable supercooling (authors);

uncertainty even more (compilers).
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COMPONENTS:

(1) Cadmium-tellurium 1:1; CdTe;

[1306-25-8J

(2) Mercury; Hg; [7439-97-6J

VARIABLES:

Temperature: 523-664 K

ORIGINAL MEASUREMENTS:

Yong, J.Y.

Rep. Santa Barbara Res. Center,

Santa Barbara, California, 1980.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubilities of CdTe in Hg, as read from a figure in (1), are:

TjK Solubility/mol %

523 0.0083

570 0.0166

607 0.040

625 0.055

631 0.063

635 0.071

639 0.071

643 0.084

655 0.088

653 0.095

664 0.10

664 0.11

AUXILIARY INFORMATION

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

No details are known to compilers since the 99.9999 % pure Hg and CdTe of high purity

values determined were extracted from the were used.

work of Su and coworkers (1), who possess

the original report not available to

compilers.

ESTIMATED ERROR:

Nothing specified, but it is no better than

± 10 % for solubility (by compilers).

REFERENCES:

1. Su, C.-H.; Liao, P.-K.; Tung, T.;

Brebrick, R.F. J. Electron. Hater.

1982, 11, 931.



COMPONENTS:

(1) Cadmium-tellurium 1:1; CdTe;

[1306-25-8)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 527-716 K

Excess of unbonded Te.

ORIGINAL MEASUREMENTS:

Herning, P.E.

J. Electron. Hater. 1984, 13, 1-14.

PREPARED BY:

C. Guminski; Z. Galus

113

EXPERIMENTAL VALUES:

The solubility of CdTe in Hg and Te amalgams were read from figures:

tj"C excess of Te/ at.% solubility of CdTe/mol % KsCdTe/(mol %)2 a

254 - 8xlO- 3 6.4xlO- 5

297 - 1.5xlO-2 2.2x10- 4

337 - 4.0xlO- 2 1. 6xlO- 3

360 - 6.0xlO- 2 3.6xlO- 3

369 - 7.lxlO- 2 5.0xlO- 3

383 . 8.8xlO· 2 7.7xlO- 3

392 - 0.104 1.lxlO- 2

340 0.01 4.5xlO- 2 2.5x10- 3

360 0.01 6.5xlO- 2 4.9xlO- 3

380 0.01 8.5xlO- 2 8.lxlO- 3

400 0.01 1. 2xlO- l 1. 6xlO- 2

322 0.03 2.0xlO- 2 1.0xlO- 3

343 0.03 3.5xlO· 2 2.3xlO· 3

360 0.03 5.2xlO- 2 4.3xlO- 3

(continued next page)

AUXILIARY INFORMATION

Solubility: precision of reading

% (by compilers). Temperature:

± 0.02 K, accuracy ± 5 K.

ESTIMATED ERROR:

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

The experiments were performed in a verti- 99.99999 %pure Hg was used.

cal liquid phase epitaxial growth appara-

tus. The apparatus was partly filled with

Hg and the temperature was increased to

about 730 K. A carefully weighed piece of

bulk CdTe was lowered into the melt on a

graphite paddle assembly. The assembly was

rotated and the melt stirred for approxi-

mately 4 hrs at the desird temperature,

which was measured with a thermocouple.

After saturating the Hg in this manner, the

CdTe piece was again weighed and the dif­

ference recorded, allowing calculation of

the solubility.

graph ± 5

stability
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COMPONENTS:

(1) Cadmium-tellurium 1:1; CdTe;

[1306-25-8]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Herning, P.E.

J. Electron. Hater. ~, 13, 1-14.

EXPERIMENTAL VALUES (continued)

t/"C excess of Te/ at.% solubility of CdTe/mo1 % KsCdTe/(mo1 %)2 a

383 0.03 8.0x10· 2 8.8x10- 3

400 0.03 1.1x10- 1 1.5x10- 3

322 0.1 9.5x10· 3 1.0x10· 3

343 0.1 1. 7x10- 2 2.0x10- 3

360 0.1 3.1x10- 2 4.0x10· 3

385 0.1 5.8x10- 2 9.3x10· 3

403 0.1 9.0x10- 2 1. 7x10- 2

322 0.3 2.7x10· 3 8.1x10-4

346 0.3 8.5x10- 3 2.6x10- 3

366 0.3 1.5x10· 2 4.6x10· 3

383 0.3 4.0x10- 2 1.4x10· 2

298 1.0 9.0x10·4 9.0x10·4

322 1.0 1.1x10- 3 1.1x10- 3

343 1.0 2.0x10- 3 2.0x10- 3

360 1.0 4.2x10· 3 4.2x10· 3

383 1.0 8.5x10- 3 8.6x10- 3

403 1.0 1. 7x10· 2 1. 7x10· 2

443 1.0 5.0x10- 2 5.2x10- 2

340 1.8 5.0x10·4 b 9.0x10·4 b

360 2.4 5.0x10-4 b 1.2x10-3 b

380 3.2 5.0x10·4 b 1. 5x10· 3 b

400 4.0 5.0x10-4 b 2.0x10-3 b

a The solubility product, KsCdTe - [Cd][Te], is practically constant as tested by
compilers.

b The results are low and should be rejected.

The solubilities of various Cd-Hg-Te alloys in Hg were also determined in the temperature

range 358·515 ·C.



COMPONENTS:

(1) Cadmium-tellurium 1:1; CdTe;

[1306-25-8]

(2). Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 518 K
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ORIGINAL MEASUREMENTS:

Sangha, S.P.S.; Medland, J.D.; Berry, J.A.;

Rinn, L.M.

J. Cryst. Growth li[I, 83, 127-36.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of CdTe in Hg at 245 ·C is 0.533 g CdTe in 9.6 kg Hg. The equivalent

value calculated by the compilers is 3.l3xlO- 3 mol dm- 3 CdTe, or 4.6 x lQ-3 mol X.

AUXILIARY INFORMATION

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

Cominco.

CdTe: unspecified purity from Nippon

Mining or from Cominco.

CdTe was received polished. It was further Hg: 99.9999+ spectrographically pure from

cleaned by a solvent, etched 1 min in 1 X

Br2 solution in CH30H and cleaned again.

The CdTe sample was weighed and placed in a

silica crucible filled with Hg. The cruci-

ble was mounted in a stainless steel pres-

sure vessel. The system was operated under

a H2 atmosphere. After equilibration the

CdTe sample was weighed again to find the ESTIMATED ERROR:

amount of CdTe dissolved in Hg. The sample Nothing specified.

was examined under an optical microscope.
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COMPONENTS:

(1) Cerium-tin 1:2; CeSn2; [93508-87-3]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

September 1981

CRITICAL EVALUATION:

The mercury-rich part of the Ce-Sn-Hg system was investigated by Tammann and Jander (1)

by potentiometry. The formation of CeSn2 in Hg with a stability constant. K ­

[CeSn2]/[Ce] [Sn]2. equal to (1.1±0.6)xl040 (mol fraction)-2 at 289 K was suggested. This

stability constant value is much too high to be determined by potentiometry. Probably

the incorrect value is due to corrosion of Ce amalgam by aqueous solution. The compound

CeSn2 is one of the less stable formed in the Ce-Sn binary system (2).

Further work on this system is needed and no solubility or other value may be suggested.

References

1. Tammann, G.; Jander. W. Z. Anorg. Chem. 1221. 124. 105.

2. Vogel. R. Z. Anorg. Chem. l2ll. 72. 319.



COMPONENTS:

(1) Cobalt-gallium 1:1; CoGa; [12297-62-0)

(2) Mercury; Hg; [7439-97-6)

EVALUATOR:

c. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

May 1985
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CRITICAL EVALUATION:

The formation of an intermetallic compound of the formula Ga7ColOHgx in the CO-Ga-Hg

system was reported by Lysenko (1). However, Stepanova (2), using the method of

stripping voltammetry, found the formation of slightly soluble CoGa in Hg. She

determined the solubility product, Ks - [Co][Ga], value equal to 2.6xlO- 10 mo12 dm- 6.

The corresponding solubility of this compound is a few orders of magnitude higher than

the solubility of Co in Hg (see the Co-Hg system), which makes the result of the

solubility product doubtful. It seems that a pseudoequilibrium is attained. Keeling and

coworke 'q (3) showed that Ga reacts with Co particles in Hg, and Ga does not remain in

the liquid phase. A CoGa solid phase is formed in the Co-Ga binary system (4).

value of the solubility of CoGa in Hg (doubtful)

The solubility product value of CoGa in Hg at room temperature is:

2xlO- 10 mo12 dm- 6 as reported in (2)

and the solubility, as calculated by evaluators from Ks :

1.5xlO- 5 mol dm- 3

References

1. Lysenko, V.I. Sbor. Tr., Hetall. Tsvet. Het. i Hetody ikh Anal. 12£2. 7. 303.

2. Stepanova. O.S. Izv. Tomsk. Politekh. Inst. ~, 151, 14.

3. Keeling, L.; Charles, S.W.; Popplewell, J. J. Phys., F~, 14, 3093.

4. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill. New York, ~.
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COMPONENTS:

(1) Cobalt-gallium 1:1; CoGa; [12297-62-0]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Room Temperature experiment

ORIGINAL MEASUREMENTS:

Stepanova, O.S.

Izv. Tomsk. Po11tekh. Inst. l2Q2, 151,

14-20.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The compound CoGa is assumed to be sparingly soluble in Hg. The equilibrium is described

by the solubility product equal to 2.6xlO- 10 mo1 2 dm- 6 , probably at room temperature.

The concentration ratio of Co to Ga was changed in the range 0.1 to 1.05. The solubility

of CoGa in Hg is over one hundred times higher than that of Co in Hg (see the Co-Hg

system) which mak ~ this value doubtful.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Stripping voltammetry experiments using the

hanging mercury drop electrode were per­

formed. Electrolytic codeposition of Co

and Ga was carried out for 300 s at -1.4 V

vs. SCE. A waiting time of 1 min between

the concentration and stripping stages was

applied. Acetate buffer (pH - 4.6) was

used as a background electrolyte for

Ga(III) solution, (1.0-2.0)xlO-4 mol dm- 3.

The solubility product was calculated from

the oxidation cU~Fent peaks of the metals.

The experiments were performed in a N2

atmosphere.

SOURCE AND PURITY OF MATERIALS:

Solutions contained heavy metal ions at

concentrations not higher than 10-S mol

dm- 3 .

ESTIMATED ERROR:

Nothing specified. Error of the solubility

product determination is not lower than ±

10 % (compilers).



COMPONENTS:

(1) Cobalt-zinc 1:1; CoZn; [12259-06-2]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

October 1980
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Crit. Rev.

6. Bloom, H. ;

7. Hansen, M.;

8. Donten, M.

CRITICAL EVALUATION:

In the first study on the Co-Zn-Hg system by Babkin and Kozlovskii (1), it was found that

CoZn is formed in Hg as a soluble compound. Its instability constant, K-[Co][Zn]/[CoZn],

was estimated to be (1.28±0.6)xlO- 2 and (6.3±3.0)xIO- 3 mol dm- 3 at room temperature by

amalgam polarography and potentiometry respectively. Later Ficker and Meites (2) using

controlled potential coulometry suggested the formation of soluble CoZnHgx in equilibrium

with dimers of Co and Zn. The value of the dissociation constant of such a compound,

K'-[Co2] [Zn2]/[CoZnHgx]2, was calculated to be 25±8 at 298 K. The same conclusions were

later reported by Hovsepian and Shain (3), wh~ used different electroanalytical

techniques and conditions. Their dissociation constants determined at 298 K were equal:

the first one expressed in the same way as that of Ficker and Meites 2.05±0.4 and the

second one expressed following Babkin and Kozlovskii (2.46±1.8)xlO- 2 mol dm- 3 . The

agreement of these results with earlier ones is puzzling because the solubility of Co in

Hg assumed is much lower, see the Co-Hg system, than that resulting from the cited works.

Moreover, Rodgers and Meites (4) showed later that Zn amalgams do not contain measurable

amounts of dimers of Zn atoms. It is well known that Co forms semistable amalgams where

its content in liquid phase is a million times higher than its solubility. Reexamination

of the Co-Zn-Hg system by Scott (5) strongly suggests that CoZn is only slightly soluble

in Hg. More recently, Bloom and coworkers (6) confirmed formation of CoZn, which

precipitates in Hg, when one increases the Zn concentration in the stripping analysis

experiments of the system. No numerical results of solubility are reported in (5, 6).

CoZn is formed in the Co-Zn binary alloys (7). Donten (8) found a weak interaction

between Co and Zn in stripping voltammetry experiments using a Co electrode covered with

Hg film.

Further work on this amalgam is needed and no compilation sheets are prepared.

References

1. Babkin, N.G.; Kozlovskii, M.T. Izv. Vyssh. Ucheb. Zaved., Khim. Khim. Tekhno1. 122R,
1, 129.

2. Ficker, M.M.; Meites, L. Anal. Chim. Acta 1962,26,172.

3. Hovsepian, B.K.; Shain, I. J. E1ectroana1. Chem. l2§l, 14, 1.

4. Rodgers, R.S.; Meites, L. J. E1ectroana1. Chem. ~, 49, 401.

5. Scott, F. B. Sc. Thesis, Polytechnic Inst. of Brooklyn, ~; cited after Galus, Z.

Anal. Chem . .l.2l.2, 359.

Noller, B.N.; Richardson, D.E. Anal. Chim. Acta 1979, 109, 157.

Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, 122R.
Ph.D. Thesis, University of Warsaw, 12[Z.
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COMPONENTS:

(1) Copper-gallium 1:1; CuGa; [12191-11-6)

(2) Mercury; Hg; [7439-97-6)

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of ~arsaw

Yarsaw, Poland

June 1986

CRITICAL EVALUATION:

Formation of CU2Ga in Hg was postulated by Lysenko (1). Such a compound is also formed

in the binary Cu-Ga system and shows the highest stability (8). However, Zakharovand

coworkers (2-4) reported the formation of poorly soluble CuGa in Hg. Solubility product,

Ks-[Cu)[Ga), values equal to 2xlO- 6 (2) and 2.9xlO- 7 mo1 2 dm- 6 (4), probably at room

temperature, were determined from stripping voltammetry experiments. Using the same

method Copeland and coworkers (5) as well as Neiman and coworkers (6) showed correctly

that CuGa is less soluble in Hg than CuZn; see the CuZn-Hg system. Abdullah et al. (10)

found in stripping voltammetry experiments that CuGa2 fc ~ed in Hg is more stable than

either NiZn or CuZn. This statement confirms the conclusions of (5, 6) in respect to

CuZn (only the stoichiometry of Cu-Ga compounds were differently reported). However, the

experimental value of the solubility of NiZn (see the NiZn-Hg system) is only one-fifth

that of CuGa. No numerical solubility results are reported in (3, 5, 6).

Experiments of Kozin and coworkers (7), devoted to the distribution coefficient of Cu

between Ga and Hg liquid phases, point also to formation of a Cu-Ga compound in Hg,

though the authors seem to neglect this in their interpretation. Recently CuGa was

discovered in thin films of the binary alloy (9). It is difficult to give a preference

to results in (2) or (4), because they originate from the same laboratory and the authors

did not discuss the difference. ~e would suggest the value of (4).

Value of the solubility of CuGs in Hg (tentative)

The solubility product of CuGa in Hg at 293 K is:

3xlO- 7 mo12 dm- 6 , as reported in (4)

and the solubility, as calculated by evaluators from Ks :

5.5xlO-4 mol dm- 3

References

1. Lysenko, V.I. Sbor. Tr., Hetall. Tsvet. Het. 1 Het. 1kh Anal. l2Ql, 7, 303.

2. Stepanova, O.S.; Zakharov, M.S.; Trushina, L.F.; Aparaina, V.I. Izv. Vyssh. Ucheb.

Zaved., Kh1m. Kh1m. Tekhnol. ~, 7, 184.

3. Zakharov, M.S.; Stepanova, O.S.; Aparina, V.I. Izv. Tomsk. Po11tekh. Inst. 1222,
128, 36.

4. Bizina, L.P.; Zakharov, M.S.; Pnev, V.V. Tr. Tyumen. Ind. Inst., Kh1m. Kh1m.

Tekhnol., Tomsk, l2lZ, 71.

5. Copeland, T.R.; Osteryoung, R.A.; Skogerbe, R.K. Anal. Chem. 1974,46, 2093.

6. Neiman, E.Ya.; Dolgopolova, G.M.; Figelson, Yu.A. VII Vsesoyuznoe Soveshchsn1e po

Polarografl1 , Moskva, Nauka, l2la, 175.

7. Kozin, L.F.; Sarmuzina, R.G.; Popova, T.V. Vestn. Akad. Nauk. Kaz. SSR~, no. 3,

59.

8. Hansen, M.; Anderko, K. Const1tut1on of B1nary Alloys, McGraw-Hill, New York, ~.

9. Simic, V.; Marinkovic, Z. J. Less-Common Het. ~, 116, L7.

10. Abdullah, M.I.; Reusch Berg, B.; Klimek, R. Anal. Ch1m. Acta 1212,84, 307.



COMPONENTS:

(1) Copper-gallium 1:1; CuGa; [12191-11-6]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Room temperature experiment

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Stepanova, O.S.; Zakharov, M.S.;

Trushina, L.F.; Aparina, V.I.

Izv. Vyssh. Ucheb. Zaved., Khim. Khim.

Tekhnol. ~. 7, 184-8.

PREPARED BY:

C. Guminski; Z. Galus
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The compound CuGa is treated as poorly soluble in Hg. Its solubility product is equal to

2xlO- 6 mo12 dm- 6 , probably at room temperature. Concentrations of Cu(II) and Ga(III) in

the solutions were changed in the ranges 3xlO- 6-l.6xlO-4 and (1.0-1.6)xlO-4 mol dm- 3 ,

respectively. The concentration ratio of CuGa in the amalgam was changed in the range

0.03 to 1.00.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Anodic stripping voltammetry was used. The

bulk solution contained 0.1 mol dm- 3 KCl

and 0.1 mol dm- 3 sodium salicylate. The

electrolytic accumulation lasted 5 minutes

at -1.6 V vs. SCE. After 1 minute of wait­

ing the stripping voltammograms were re­

corded and the solubility product was calc­

ulated from the oxidation current peaks.

The experiments were carried out in a N2

atmosphere.

SOURCE AND PURITY OF MATERIALS:

Concentrations of other heavy metal ions in

the solution was below lxlO- 8 mol dm- 3.

ESTIMATED ERROR:

Nothing specified.

Error of the determinations is not lower

than ± lOX (by compilers).
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COMPONENTS:

(1) Copper-gallium 1:1: CuGa; [12191-11-6]

(2) Mercury; Hg: [7439-97-6]

ORIGINAL MEASUREMENTS:

Bizina, L.P.: Zakharov, M.S.: Pnev, V.V.

Tr. Tyumen. Ind. Inst., Khlm. Khlm.

Tekhnol., Tomsk, l2ll. 71-3.

VARIABLES:

Room temperature measurement

PREPARED BY:

C. Guminski: Z. Galus

EXPERIMENTAL VALUES:

Solubility product. Ks • of CuGa in Hg at room temperature is 2.9xlO- 7 mo12 dm- 6•

Concentrations of Cu(II) and Ga(III) in the solution were (1-2)xlO-4 and lxlO- 4 mol dm- 3 ,

respectively.

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

Error of the method applied is no less than

± 10 X of Ks (by compilers).

METHOD/APPARATUS/PROCEDURE:

Experiments were performed using anodic

stripping voltammetry. The bulk solutions

contained Cu(II) and Ga(III) in acetate

buffer, pH - 4.6. The accumulation elec-

trolysis lasted from 2 to 20 min. Concen-

trations of the metals introduced into Hg

were determined by coulometry. The solubi-

lity product was calculated from the anodic
~=:-==--=-:-:-:--------------jpeaks of oxidation of both metals from the

amalgam.



COMPONENTS:

(1) Copper-germanium 3:1; CU3Ge;
[12158-95-1)

(2) Mercury; Hg; [7439-97-6)

EVALUATOR:

C. Guminski, Z. Calus
Department of Chemistry
University of Warsaw
Warsaw, Poland

June 1980
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CRITICAL EVALUATION:

Nigmetova and Kozlovskii (1) detected formation of CU3Ge in the Cu-Ge-Hg system by

amalgam polarography. Stepanova and coworkers (2) found that CU3Ce is poorly soluble in

Hg and they estimated the solubility product, Ks - [Cu]3[Ce]. However, the solubility of

this compound is higher than the solubility of Ce in Hg (see the Ce-Hg system) which

makes the Ks value doubtful. Since Ge easily oversaturates its amalgams,

pseudoequilibrium in the system is possible. Moreover, in a subsequent work from the

same laboratory (5), the formula of the compound formed in Hg was established as CuGe.

Neiman and coworkers (3) showed from stripping voltammetry experiments that the Cu-Ce

intermetallic is less soluble in Hg than CuZn (see the CUZn-Hg system). This is in

agreement with the result reported in paper (2). No numerical data are in (1, 3, 5). A

stable phase of CU3Ce is formed in the binary Cu-Ce system, whereas existence of CuCe is

rather questionable (4).

Value of the solubility of CU3Ge in Hg (doubtful)

The solubility product of CU3Ce in Hg at 293 K is:

8xlO· 13 mo14 dm- 12 , according to work (2)

and the solubility, as calculated by evaluators from Ks :

4xlO· 4 mol dm- 3

References

1. Nigmetova, R.M.; Kozlovskii, M.T. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR~, 6,

144.

2. Stepanova, O.S., Zakharov, H.S., Trushina, L.F.; Aparina, V.I. Izv. Vyssh. Ucheb.

Zaved., Khim. Khim. Tekhnol. ~, 7, 184.

3. Neiman, E.Ya, Dolgopolova, C.H., Figelson, Yu.A. VII Vsesoyuznoe Soveshchanie po

Polarografll , Nauka, Moskva, ~, p. 175.

4. Hultgren, R.; Desai, P.O.; Hawkins, D.T.; Gleiser, H.; Kelley, K.K. Selected Values

of ThermodynamIc PropertIes of BInary Alloys, ASM, Ohio, 1211.
5. Bizina, L.P.; Zakharov, H.S.; Pnev, V.V. Tr. Tyumen. Ind. Inst., Khim. Khim.

Tekhnol., Tomsk, l21l, 71.
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COMPONENTS:

(1) Copper-germanium 3:1; CU3Ge;

[12l58-95-1J

(2) Mercury; Hg; [7439-97-6J

VARIABLES:

Room temperature experiment

ORIGINAL MEASUREMENTS:

Stepanova, O.S.; Zakharov, M.S.;

Trushina, L.F.; Aparina, V.I.

Izv. Vyssh. Ucheb. Zaved., Xhlm. Xhlm.

Tekhnol. ~, 7, 184·8.

PREPARED BY:

C. Guminski; Z. Galus

SOURCE AND PURITY OF MATERIALS:

Concentration of other heavy metal ions in

the solution was below lxlO- 8 mol dm- 3.

EXPERIMENTAL VALUES:

The compound CU3Ge is treated as insoluble in Hg. It solubility product is, at room

temperature,

Concentrations of Cu(II) and Ge(IV) in the solution were changed in the ranges:

5.0xlO· 5-6.4xlO-4 and 1.0-2.0xlO·4 mol dm- 3, respectively. Concentration ratio of Cu:Ge

was changed in the range 0.4-3.2. The solubility of CU3Ge in Hg is higher than the

solubility of Ge in Hg itself.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Anodic stripping voltammetry was applied.

Bulk solutions contained Cu(II) and Ge(IV)

in 0.2 mol dm- 3 Na2C03 and 0.025 mol dm- 3

EDTA. Electrolytic accumulation of the me-

tals lasted 5 min at ·1.8 V vs. SCE and

after 1 min the stripping voltammograms

were recorded. The solubility product was

calculated from the oxidation current max-

ima of both elements. The experiments were ESTIMATED ERROR:

performed in a N2 atmosphere. Nothing specified. The determination of

the equilibrium concentrations of the

metals no better than ± 10 X (by

compilers).



COMPONENTS:

(1) Copper-manganese: 3:1; CU3Mn;

[37240-23·6]

(2) Mercury; Hg; [7439.97-6]

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Kaplin, A.A.; Mamontova, I.P.

Zh. Anal. Khim., 1978,33, 703-9.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product of CU3Hn in Hg, Ks - [Cu)3[Mn), at room temperature is 1.0x10- 12

mo14 dm- 12 ; the value is tentative. The compound CU3Hn is moderately stable in the Cu-Mn

binary system (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The mixed amalgams were prepared by a 3 min

e1ectroreduction of Cu(II) and Mn(II) in 1

mol dm- 3 NaC1 at -1.9 V (vs. SCE) on the

thin film or hanging drop mercury elec­

trodes on a Pt support. Then voltammetric

oxidation of the amalgams was performed.

The solubility product was calculated from

the heights of anodic current peaks. The

experiments were carried out in a N2 or Ar

atmosphere.

~OURCE AND PURITY OF MATERIALS:

Super pure or chemically pure reagents were

used. Water contained no more than 10. 9_

10- 10 mol dm- 3 of other heavy metals.

ESTIMATED ERROR:

Standard deviation of the oxidation current

no worse than ± 5 X.

Temperature: nothing specified.

REFERENCES:

1. Shunk, F.A. Constitution of Binary

Alloys, II Supplement, McGraw-Hill, New

York, l2.22..
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COMPONENTS:

(1) Copper-platinum 3:1; CU3Pt;
[12054-22-7)

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

May 1982

CRITICAL EVALUATION:

Barlow and Planting (1) investigated amalgamation of CU3Pt at higher temperatures. At

the beginning the compound was partly decomposed with Hg to form some amount of solid

PtHg4' If the Hg phase contains Cu then no such decomposition of the surface occurs and

CU3Pt is in equilibrium with Cu and Pt atoms in the liquid amalgam. An order of

magnitude of the corresponding solubility product, Ks - [Cuj3[Ptj, was estimated.

Earlier Kemula and coworkers (2) did not find evidence of formation of an intermetallic

Cu-Pt compound in this amalgam system at room temperature but experimental conditions in

(1) and (2) are not comparable. The phase CU3Pt is moderately stable in the Cu-Pt binary

system (3).

Value of the solubility of CU3Pt in Hg (tentative)

The solubility product of CU3Pt in Hg at 573 K is of the order:

10- 6 mo14 dm- 12 , as reported in (1)

and the solubility, as calculated by compilers from Ks :

10- 2 mol dm- 3

References

1. Barlow, M.; Planting, P.J. Z. Hetallk. 1969,60, 292.

2. Kemula, W.; Galus, Z.; Kublik, Z. Bull. Acad. Polan. Sci., Ser. Sci. Chim. Geol.

Geogr. l2i2, 7, 723.

3. Hansen, M.; Anderko, K. Constitution oE Binary Alloys, McGraw-Hill, New York, 1958.



COMPONENTS:

(1) Copper-platinum 3:1; CU3Pt;

[12054-22-7)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

One temperature: 573 K

ORIGINAL MEASUREMENTS:

Barlow, M.; Planting, P.J.

Z. Hetallk. ~, 60, 292·7.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product of CU3Pt in Hg at 300 ·C is of the order of 10- 6 mo14 dm- 12 .

Kinetics of amalgamation and formation of several intermetallic compounds of Pt were also

investigated.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A sample of CU3Pt was covered with Cu amal­

gam and placed in a Pyrex glass capsule.

The capsule was filled with H2' Ar or N2'

sealed and placed in an oven maintained at

constant temperature. By determining the

equilibrium concentrations of Cu and Pt in

the liquid amalgam the solubility product

was calculated. Methods of the determina­

tion are not described.

SOURCE AND PURITY OF MATERIALS:

The compound CU3Pt was obtained from Yes­

tern Gold and Platinum Co., Belmont. Pt

was of purity better than 99.9 X and Cu was

reagent or spectrographic grade. Hg was

purchased from Mosero Laboratories. Palo

Alto and contained total impurities of

1.3xlO·4 mass X.

ESTIMATED ERROR:

Nothing specified.
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COMPONENTS:

(1) Copper-antimony 2:1; CU2Sb;
[12054-21-6]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

January 1980

CRITICAL EVALUATION:

On the basis of the first potentiometric experiments with the Cu-Sb-Hg system done by

Zebreva and Koz10vskii (1), it was difficult to determine a stoichiometry of the Cu-Sb

compound formed. Later Stromberg and coworkers (2), using stripping vo1tammetry,

suggested the formation of CuSb in Hg.

In the detailed work of Zakharchuk and Zebreva (3), performed also with stripping

vo1tammetry, it was found that under equilibrium conditions CU2Sb is precipitated as a

solid and i"q solubility product in Hg, Ks - [Cu]2[Sb], is 4.4x10- 12 mo1 3 dm- 9 at 293 K.

The CuSb compound was found to be unstable with time. For a concentration ratio of Cu to

Sb greater than five, other Cu-Sb intermeta11ics, richer in Cu, may be formed.

Lange and coworkers (4) investigated further the formation and dissociation of CU2Sb in

Hg. Based on the polarization curves and chronoamperometric oxidation currents of the

Cu-Sb amalgams, values of the solubility products were determined in the temperature

range 293-363 K. The solubility product of the compound at 293 K was found to be

5.8x10- 11 mo1 3 dm- 9 . We do not select this result, because it was calculated incorrectly

and is only one-fourth as large as it should be, although this work seems to be more

exhaustive than (3). One should also remember that the solubility of CU2Sb from (4) is

even slightly higher than the solubility of Sb in Hg (see the Sb-Hg system). We do not

recommend the data of (4) at higher temperatures for the same reasons. The temperature

dependence of the solubility product using results of (4) may be expressed by an equation

obtained by the least square method; however the constant 0.33 should be replaced by 0.93

to take into account the values corrected by compilers; see the Data Sheet for (4).

pKs - 0.33 + 2.92xl03 T- 1

The equation is doubtful.

r-0.997

Matakova and Zholdybaeva (5) found that the Cu-Sb compound formed in Hg is less soluble

than CdSb, though the selected solubilities of both compounds are similar (see also the

CdSb-Hg system). No numerical data are reported in (1, 2, 5).

The compounds CU2Sb and CU4Sb are stable at room temperature in the Cu-Sb binary system,

whereas CuSb is not known (6). Solid CU2Sb was also separated from the amalgam (4).

Value of the solubility of CU2Sb in Hg (tentative)

T/K Ks/mo13 dm- 9 Soly/mol dm- 3 a Refer.

293 (3)

a calculated by evaluators from Ks '

(continued next page)
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COMPONENTS:

(1) Copper-antimony 2:1; CU2Sb;

[12054-21-6]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Room temperature measurement

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Zakharchuk, N.F.; Zebreva, A.I.

Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR

llli, 32, 31-4.

PREPARED BY:

C. Guminski; Z. Galus

The compound CU2Sb is treated as sparingly soluble in Hg, the equilibrium is described by

the solubility product, which is (4.3±0.4)xlO- 12 mo1 3 dm- 9 , (probably at 293 K;

compilers). The detailed results and concentrations of the metals are as follows:

104cS }1

mol dm- 3
stoichiom.

coeffic.

formulaa Ks/ a

(mol dm- 3)n

time of conditioning of the amalgam: 3 min

2.91

2.88

2.71

2.49

2.49

2.38

2.29

2.04

1.39

1.94

1.22

1.05

1.36

1.88

0.88

0.70

2.50

1. 65

2.32

2.21

2.01

1.71

1.96

1. 79

1.01 0.92 2.5

0.73 0.97 1.2

0.88 0.87 2.0

0.76 1.06 1.7

1.01 0.73 2.0

1.22 0.99 2.1

0.63 0.76 CuSb 1.2 x10- 8

0.50 0.90 0.9

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Stripping voltammetry was used. The exper­

iments were performed in solutions contain­

ing 1 mol dm- 3 Na2C03' 0.25 mol dm- 3

NaHC4H406, 5xlO- 6 mol dm- 3 Cu(II) and

5xlO- 6 mol dm- 3 Sb(III). Accumulation of

the metals in the hanging mercury drop

electrode lasted 5 min at -1.6 V vs. SCE.

Then the metals were conditioned at -0.8 V

for various times (3-15 min) and oxidized

under voltammetric conditions.

SOURCE AND PURITY OF MATERIALS:

All reagents were chemically pure. Yater,

twice distilled, deionized on ion

exchanger, contained no more than 10-7 % of

heavy metal ions.

ESTIMATED ERROR:

Solubility product: precision ± 10 %

(authors); standard deviation ± 27 % (as

calculated by compilers). Temperature:

nothing specified, probably ± 0.2 K

(compilers).



COMPONENTS:

(1) Copper-antimony 2:1; CU2Sb;

[12054-21-6]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:
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EXPERIMENTAL VALUES (continued)

1Q4cSbi/ 1Q4cCui/ 1Q4cSbf/ 104cCuf/ stoichiom. formulas Ks/ a
mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 coeffic. (mol dm- 3)n

time of conditioning of the amalgam: 3 min

2.04 1.03 1.79 0.75 1.12 1.3
1.89 1.69 1.32 1.09 0.88 1.4

1.52 2.48 1.27 ".21 1.03 2.8

1.34 2.17 1.02 1. 75 1. 31 1.8
1.03 2.01 0.73 1. 70 1.17 1.2

0.91 1.90 0.72 1.63 0.90 1,2

mean value 1. HO.5 s

time of conditioning of the amalgam: 10-15 min

2.48 4.00 1.48 1.96 2.06 5.7

2.48 3.42 1.60 1. 70 1.95 4.6

2.27 4.45 1.04 2.10 1.91 4.6

2.06 2.82 1.46 1. 70 1.89 4.2

1. 70 2.29 1.27 1.39 2.04 2.5

1. 52 1. 72 1.30 1. 30 2.10 2.2

2.24 6.70 0.58 3.20 1.91 CU2Sb 5.7x10-12

2.18 5.23 0.91 2.53 2.14 5.8

2.18 5.85 0.67 2.70 2.08 4.9

2.18 6.48 0.42 2.91 2.03 3.6
I

1. 76 4.39 0.84 2.51 2.04 5.2

1.74 4.70 0.66 2.55 1. 99 4.3

1.65 3.49 0.93 1. 97 2.10 3.6

1.43 4.20 0.70 2.78 1.98 5.4

0.78 3.60 0.38 2.80 2.00 3.0

0.83 4.11 0.22 1.43 4.41 mean value 4.4±1.2 a

0.78 4.40 0.18 1. 50 4.84

0.69 2.68 0.30 1.00 4.30 CU4_5Sb

0.43 2.30 0.22 1.30 4.76

0.26 1.38 0.18 0.99 4.90

0.26 1. 70 0.15 1.15 5.52

a calculated by compilers.

When conditioning time after the metal deposition is 3 min. CuSb is present. but after

10-15 min of waiting CU2Sb is formed in Hg. When the initial concentration of Cu is more

than 5 times higher than that of Sb. other compounds with the formula CU3+xSb may be

formed. If the amounts of Cu and Sb introduced into Hg are lower than those

corresponding to the Ks • then all Cu and Sb is stripped out.
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COMPONENTS:

(1) Copper-antimony 2:1: CU2Sb;

[12054-21-6]

(2) Mercury: Hg: [7439-97-6]

VARIABLES:

Temperature: 293-363 K

EXPERIMENTAL VALUES:

The compound CU2Sb is treated as

compound obtained by two methods

was separated from the amalgam.

polarization curves of Cu and Sb

ORIGINAL MEASUREMENTS:

Lange, A.A.; Kairbaeva, A.A.: Bukhman, S.P.

Tr. Inst. Khlm. Nauk Akad. Nauk Kaz. SSR

l2.ll, 42, 9-15.

PREPARED BY:

C. Guminski; Z. Galus

sparingly soluble in Hg. The solubility products of the

at temperature 293 to 363 K are reported. Solid CU2Sb

The solubility products determined from anodic

from CU2Sb in Hg.

trC

20

40

60

cCui / CSb i / ccl/ cSbf / Ks / a Ks/ b

mass X mass X mol dm- 3 mol dm- 3 mo13 dm- 9 mo13 dm- 9

1.43.10- 2 1.39.10- 2 8.08.10-4 3.5.10-4 5.74.10-11 2.3,10-10

1.43.10- 2 1.39.10-2 1.21,10- 3 5.05,10- 4 1.85.10.10 7.4,10- 10

1.43.10- 2 1.39.10- 3 1.81.10- 3 8.85,10-4 7.26,10-9 c 2.9,10- 9

The solubility products determined from chronoamperometric oxidation of Sb from the CU2Sb

amalgam

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam with content ratio of Sb:Cu
equal to 1/2 was obtained by electrolysis
of Cu(II) and Sb(III) sulfate solution in
0.5 mol dm- 3 H2S04' These heterogeneous
amalgams were oxidized under voltammetric
and chronoamperometric conditions. The
background electrolyte for the electro­
oxidation contained 1 mol dm- 3 Na2C03 + 0.2
mol dm- 3 NaKC4H406 (pH 12.5-13) and the po­
tential in the chronoamperometric stripping
of Sb was -0.15 V vs. SCE. Equilibrium
concentrations of Cu and Sb in the method
of polarization curves were determined from
the limiting currents. The active concen­
tration of Sb was found from the charge due
to the first exponential decrease of oxida­
tion current in time. The solubility pro­
ducts were calculated by multiplication of
the corresponding concentrations. Composi­
tion of the solid phase, separated from the
heterogeneous amalgam, was determined with
help of complexometry (Cu) and amperometric
titration with bromine (Sb) after a sample
was dissolved in 5 mol dm- 3 H2S04'

SOURCE AND PURITY OF MATERIALS:

The reagents were of analytical purity.

ESTIMATED ERROR:

Solubility product: nothing specified;

error of currents determinations is not

better than ± 5 X; error in Ks calculation

was found by compilers.

Temperature: precision ± 0.5 K.
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ORIGINAL MEASUREMENTS:

Lange, A.A.; Kairbaeva, A.A.; Bukhman, S.P.

Tr. Inst. Khlm. Nauk Akad. Nauk Kaz. SSR

lll9., 42, 9-15.

EXPERIMENTAL VALUES (continued)

trC cCui / cSbi / CSbf / Ks/ a Ks/ b

mass X mass X mol dm- 3 mo1 3 dm- 9 mo1 3 dm- 9

20 1.43.10- 2 1.39.10- 2 3.88,10-4 5.88·1O- n 2.. 3.10- 10

40 1.43.10- 2 1.39.10- 2 5.47.10-4 1.66.10-10 6.6.10- 10

60 1.43.10- 2 1.39.10- 2 9.25.10- 4 7.9.10- 10 3.2.10- 9

80 1.43.10-2 1.39.10- 2 1.41.10- 3 2.8.10- 9 1.12.10- 8

90 2.4.10- 2 1. 86 .10- 2 1.76.10-3 5.5.10- 9 2.2,10- 8

a Ks - «(Cu]/2)2(Sb], as calculated incorrectly by authors.

b Ks - (Cu]2(Sb], as calculated by compilers.

c A misprint; the value should be 7.26x10- 10 mo1 3 dm- 9.

Ks v~lues, presented as a temperature dependence of Ks in the paper, are for the

corrected values.
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COMPONENTS: EVALUATOR:

(1) Copper-antimony 1:1; CuSb; [11088-65-6) C. Guminski, Z. Galus
Department of Chemistry

(2) Mercury; Hg; [7439-97-6) University of Warsaw
Warsaw, Poland

February 1980

CRITICAL EVALUATION:

From potentiometric experiments, Zebreva and Kozlovskii (1) pointed out that several

compounds, including CuSb, may be formed in the Hg-rich corner of the Cu-Sb-Hg system.

However, Stromberg and coworkers (2) by the stripping voltammetry found only CuSb formed

in Hg. According to Zakharchuk and Zebreva (3), who used the same method, CuSb is formed

within a few minutes after formation of the complex amalgam. In their opinion CuSb is a

heterogeneous mixture of CU2Sb and Sb. At longer times CuSb transforms into CU2Sb, which

is in equilibrium with dissolved Cu and Sb.

This indicates that the formation of CuSb in Hg is not proven conclusively. Moreover,

the solubility of this compound, according to (3) and the calculation of evaluators

1.3xlO·4 mol dm- 3 , is comparable to the solubility of CU2Sb in Hg (see the Data Sheet of

work (3) in the CU2Sb-Hg system). Even a doubtful value should not be suggested under

such circumstances since no true equilibrium is reached in the CuSb-Hg system. No

numerical results are reported in (1, 2). No CuSb compound is formed in the binary Cu-Sb

alloys (4).
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CRITICAL EVALUATION:

It was observed by Humphreys (17) as early as in lS96 that although an amalgamation of

CU3Sn alloy was excellent no parent metals were detected in the Hg phase. When Cu was in

excess in the solid, its concentration in the liquid was almost equal to the solubility

of Cu in Hg.

The Cu-Sn system in Hg was studied by Kovaleva and Zebreva (1) who reported the formation

of CU3Sn if the concentration of Cu is considerably larger than that of Sn. This

compound was found to be sparingly soluble in Hg and its sol 'ility product, Ks ­

[cu]3[Sn], determined from potentiometric measurements, is 2.SxlO- 12 mo14 dm- 12 at 293 K.

The compound CuSn was also detected at comparable concentrations of the components.

Unfortunately results of the subsequent works are contradictory. Stromberg and coworkers

performed new potentiometric experiments (2) as well as recalculated (2, 3, 7) data of

(1) and arrived at the conclusion that only one compound, CU3Sn, is formed in the system.

They claimed it to be soluble in Hg, and its instability constant, Kd ­

[Cu]3[sn]/[ Cu3Sn], was determined to be 2xlO- S mo13 dm- 9 at room temperature (2, 3, 7).

The best fit of the theoretical dependencies to the experimental data of (1) is obtained

assuming the formula CU2.5Sn. The evaluated dissociation constants in (2, 3, 7) of CU3Sn

are 6xlO- 12 mo13 dm- 9 (1) and 4xlO- 9 mo13 dm- 9 from the unpublished thesis of Zebreva

(21). Nazarov and coworkers (S-lO, lS) using stripping chronoamperometry reported

formation of soluble CU3Sn in Hg and investigated its decomposition kinetics. The

instability constants obtained are lxlO- 7 mo1 3 dm- 9 at room temperature (9) and 1.4xlO- S

mo1 3 dm- 9 at 29S K (lS). Igolinskaya and Igolinskii (11) confirmed the result obtained

in Stromberg's laboratory by means of stripping chronopotentiometry with a film

I electrode, but no other details are given. Stripping voltammetry was used by Kaplin and

Mamontova (12) who determined the dissociation constant value equal to 2xlO- S mo1 3 dm- 9

at room temperature. As one may see, there is no agreement of the Kd values obtained in

or recalculated from the works (1, 2, 9, 12, lS). On the other hand, the Ks-values

estimated by evaluators from these data are spread in the range 4xlO- ll - lxlO- 10 mo14

dm- 12 , and it is possible that no true equilibrium was reached under the experimental

conditions of these measurements, especially when fast electroanalytical oxidations were

applied. To resolve these discrepancies, Zebreva and coworkers (4, 5, 13) again carried

out potentiometric and chronoamperometric experiments, which led to the conclusion that

in the Cu-Sn-Hg system, depending on the concentration of the components, the following

solid phases are formed: CuSn , CU3Sn and CU7Hg6 (at significant excess of Cu). The

solubility product of CU3Sn using very different concentrations of components was

determined to be precisely 4.2xlO- 12 mo14 dm- 12 at 29S K (4) and was characterized by

perfect constancy. This solid phase was analyzed chemically and by X-ray radiography

after separation from the amalgam. According to exhaustive study of Aldinger and Kraft

(6) performed at 310 K on this system there is observed formation of CU3Sn as well as

CU6Sn5 (previously recognized as CuSn). An excess of Cu or Sn with Hg forms CU7Hg6 and

Sn7_SHg, respectively. Thus this paper confirms works of Zebreva and coworkers (1, 4, 5,

(continued next page)
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COMPONENTS:
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(2) Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION (continued)

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

August 1983

13). The formation of solid CU3Sn in Hg proceeds also in the presence of Ag (6, 19), Ni

(14) or Pt (15). Therefore it is difficult to explain why Kairbaeva and coworkers (16),

who carried out similar experiments as in (6), did not find CU3Sn precipitation in Hg but

only solids CuSn (relatively soluble in Hg) and CU7Hg6' Under such circumstances one may

conclude after all that the CU3Sn crystals dissolve in Hg to form CU3Sn molecules, and

they dissociate further partly to Cu and Sn atoms. However, such a compromise concept

was not proven experimentally in any paper. The papers (I, 2, 4, 9, 12 18) are

compiled, since only they contain original numerical results; work (16) 1s on the CuSn-Hg

system. The Cu-Sn-Hg phase diagram at 310 K is from (6). The phase CU3Sn is the most

stable formed in the Cu-Sn binary system (20).

Value of the solubility of CU3Sn in Hg (tentative)

The solubility product of CU3Sn in Hg at 298 K is, according to (4) as the most

convincing source to evaluators:

4xlO- 12 mol4 dm- 12

and the solubility, as calculated by evaluators from Ks '
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COMPONENTS:

(1) Copper-tin 3:1; CU3Sn; [12019-61-3]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 293 K

ORIGINAL MEASUREMENTS:

Kova1eva. L.M.; Zebreva, A.I.

Zh. Fiz. Khim. 1964, 38. 1162-5.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The compound CU3Sn is considered as sparingly soluble in Hg. The equilibrium of its

formation is described by the solubility product with values determined:

Potentiometric results at 20 ·C

103cCui/ 103cSn
i / 103cCuf/ 103cSnf/ 1012Ks/

mol 00- 3 mol 00- 3 mol 00- 3 mol 00- 3 mo14 00- 12

3.02 0.16 2.78 0.074 1.58

3.02 0.37 2.20 0.1 1.07

5.09 1. 21 2.59 0.374 2.51

5.09 2.67 2.67 0.157 2.95

7.91 0.66 5.96 0.012 2.45

.7.91 0.84 5.48 0.025 4.15

7.91 1.32 4.11 0.056 3.95

7.91 2.32 2.10 0.383 3,56

mean value 2. 8±1. 3

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The complex amalgams were prepared by elec­

trolytic deposition of the metals on a Hg

cathode. Amalgam polarography and poten­

tiometric methods were used in the studies.

In the potentiometry the EMF of the cell:

Cu-Sn-Hg SnC12' 2 mol 00- 3 KCl+HC1 Sn-Hg

was measured; pH of the solution was -1.

In the polarography, oxidation currents of

Cu and Sn from the complex and simple amal­

gams in solution of 0.5 mol 00- 3 NaF were

recorded and compared. The solubility pro­

duct was calculated from the potential dif­

ferences and the current differences re­

spectively. The experiments were performed

in atmosphere of an inert gas.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility product: standard deviation ±

45 X (potentiom.); ± 22 X (polarography) as

calcuated by compilers.

Temperature: nothing specified.
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EXPERIMENTAL VALUES (continued)

103cCui / 1Q3cSni/ 103cCuf / 1Q3cSnf/ 1012Ks/

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo14 dm- 12

Polarographic results

2.0 1.0 2.1 1.0 -- a

3.0 1.0 3.0 1.0 -- a

4.2 1.1 2.4 0.5 6.9

6.0 1.0 3.7 0.2 10.2

5.1 2.1 2.4 0.9 12.6

6.0 2.0 2.5 0.6 9.4

7.0 2.0 2.6 0.6 11.3

9.0 2.0 3.0 0.5 13,1

mean value 1.06±0.23

a no precipitation occurred.

The larger results of the solubility product found by the polarographic method is

explained by partial dissolution of the compound during the time of the anodic oxidation.
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COMPONENTS:

(1) Copper-tin 3:1; CU3Sn; [12019-61-3)

(2) Mercury: Hg: [7439-97-6]

VARIABLES:

Temperature: 293 K

ORIGINAL MEASUREMENT:

Stromberg. A.G.: Mesyats. N.A.;

Mikheeva, N.P.

Zh. Flz. Khlm. l2Zl. 46. 941-3.

PREPARED BY:

C. Guminski: Z. Galus

ESTIMATED ERROR:

Nothing specified.

Kd: standard deviation, as calculated by

compilers. ± 25 X.

EXPERIMENTAL VALUES:

It was found that in the Cu-Sn-Hg system only CU3Sn is formed in Hg. This compound is

found to be soluble in Hg. Its instability constant. Kd. at 20 ·C is equal to 2xlO- 8

mo13 dm- 9 . The concentration of Cu was 7.0xlO- 3 mol dm- 3 and of Sn was changed in the

range 1.8xlO-4 - 3.8xlO-3 mol dm- 3 . The estimated Ks value (by compilers based on

graphical results) ranges from 4xlO- 12 to 1.4xlO-10 mo14 dm- 12 • whereas Kd changes from

1.9xlO-8 to 1.2xlO- 7 mo1 3 dm- 9.

AUXILIARY INFORMATION

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

Both simple amalgams were prepared by dis- Nothing specified.

solution of the metals in Hg. Portions of

the Sn amalgam were subsequently added to

the complex Cu-Sn amalgam. The potentials

of the electrodes constructed from the com-

plex Cu-Sn and Sn amalgams were measured

for 1 hour with respect to a reference

electrode. The solution in contact with

the amalgam had the composition: 0.5 mol

dm- 3 SnC12. 2 mol dm- 3 HC1. 2 mol dm- 3 KC1.

On basis of the measured potentials the

composition and the stability constant were

calculated. The experiments were performed

in an Ar atmosphere.



COMPONENTS:

(1) Copper-tin 3:1; CU3Sn; [12019-61-3)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Room temperature measurement
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ORIGINAL MEASUREMENTS:

Mikheeva, N.P.; Nazarov, B.F.;

Stromberg, A.G.

Sbor. Tr. Holod. Uchen. Tomsk. Poltiekhn.

Inst. 1221. no. 1, 31-3.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The compound CU3Sn is assumed to be soluble in Hg with dissociation constant equal to

lxlO- 7 mo1 3 dm- 9 at room temperature. Kinetic formation and dissociation constants of

CU3Sn in Hg were evaluated treating the reactions as pure electrode processes.

AUXILIARY INFORMATION

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

Stripping chronoamperometry experiments Nothing specified.

were performed on hanging mercury drop

electrodes. The electrodes with Hg and Cu

amalgam were prepared by unspecified elec-

trolyses on Pt wire. They were introduced

into 3 mol dm- 3 HCl solution which con-

tained lxlO- 4 mol dm- 3 Sn(II). The Sn(II)

was reduced at -0.96 V vs. SCE for 180 s.

Then Sn was oxidized from both electrodes ESTIMATED ERROR:

at -0.30 V and the corresponding constant Nothing specified.

calculated from the oxidation currents.

The concentrations of both metals were de-

termined by coulometry.



142

COMPONENTS:

(1) Copper-tin 3:1; CU3Sn; [12019-61·3]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Kaplin, A.A.; Mamontova, I.P.

Zh. Anal. Khlm. ~, 33, 703-9.

PREPARED BY:

C. Guminski; Z. Galus

ions.

SOURCE AND PURITY OF MATERIALS:

Super pure or chemically pure reagents were

used. The solutions contained no more than

0- 9_10- 10 mol dm- 3 of other heavy metal

EXPERIMENTAL VALUES:

The compound CU3Sn is assumed to be soluble in Hg, with a dissociation constant of 2xlO· 8

mo1 3 dm- 9 at room temperature. The concentration of Sn(IV) was 6xlO- 6 g cm- 3. The

concentration of Cu(II) ranged from SxlO· 7 to 1.6xlO- S g cm- 3.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Thin film and hanging drop mercury elec­

trodes were used. The complex amalgams

were prepared by electroreduction of Cu(II)

and Sn(IV) in 3 mol dm- 3 HCl at -1.2 V vs.

SCE for 3 min. Voltammetric oxidation of

the amalgams was performed and the corres-

ponding concentrations calculated from peak

currents. The experiments were performed

in an Ar or N2 atmosphere with 02 content ESTIMATED ERROR:

lower than lxlO- 2 X. Standard deviation of oxidation currents no

worse than 5 X.

Temperature: nothing specified.



COMPONENTS:

(1) Copper-tin 3:1; CU3Sn; [12019-61-3]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Zakharova, Z.A.; Ignateva, L.A.;

Nazarov, B.F.

Dep. ONIITEKhlm, 1730-78, 1978.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The compound CU3Sn is considered soluble in Hg and its instability constant, Kd' at 25.0

·C is (1.4±0.8)xlO- 8 mo1 3 dm- 9 (standard deviation calculated by compilers). The

concentrations of Cu and Sn in the experiments were changed in the ranges (6.6 . 28)xlO- 3

mol dm- 3 and (1.0 - 3.l)xlO- 3 mol dm- 3 , respectively.

Results reported in the paper are:

time of conditioning/min

2

2

2

15

30

mean value

2.64

0.68

1.85

0.96

1.10

1.4±1.0

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Constant precision: ± 70 X.

Temperature: ± 0.2 K.

Using the chronoamperometric dependence itl / 2 vs. t l / 2 the solubility product, Ks ' and

Kd values were calculated by the compilers. The free Sn concentration was found from

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The stripping chronoamperometry experiments

were performed at a semi-spherical mercury

electrode with an Ag base. At first Cu(II)

was reduced for 3-5 min from 0.1 mol dm- 3

(NH4)2C4H406 solutions at -0.7 V vs. SCE.

Then Sn(IV) was reduced for 3-5 min from 3

mol dm- 3 HCl solutions at the same poten-

tial. The mixed amalgam electrode was con-1-----------------1
ditioned for 2·30 min at potentials -0.7 V

and subsequently Sn was oxidized at -0.35

V. The instability constant was calculated

from the oxidation currents of Sn and mass

balance.
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COMPONENTS:

(1) Copper-tin 3:1; CU3Sn: [12019-61·3]

(2) Mercury: Hg; [7439-97·6]

ORIGINAL MEASUREMENTS:

Zakharova, Z.A.: Ignateva, L.A.;

Nazarov, B.F.

Dep. ONIITEKhlm, 1730-78, ~.

-------------------.1..--------------------1EXPERIMENTAL VALUES (continued)

Cottrell's equation: itl / 2 - w·l/2nFADSnl/2 CSn
f • The value of itl / 2 at t-O was read

from the figure, n-4, F-96500 C, A-2wr2-6.28x(4.75xlO· 2 cm)2, Dsn-l.48xlO- 5 cm2 sol: the

equation is valid for t~O.

t' /a itl / 2/ CCui / cSn
i / csn

f / cCuf / Kd/ Ks/
s IJA sl/2 mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo1 3 dm- 9 mo14 dm- 12

15 l.20 6.6xlO· 3 l.OxlO- 3 3.2xlO-4 4.6xlO· 3 4.5xlO· 8 3.lxlO- ll

30 1.36 6.6xlO- 3 l.OxlO- 3 3.6xlO·4 4.7xlO· 3 5.8xlO· 8 3.7xlO-ll

2 1.58 6.6xlO- 3 l.OxlO- 3 4.2xlO·4 4.9xlO- 3 8.4xlO- 8 4.9xlO· ll

a t' is the conditioning time.

One may see that Ks values are more reproducible than Kd values.



COMPONENTS:

(1) Copper-tin 3:1; CU3Sn; [12019-61-3]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:
Temperature: 298 K

ORIGINAL MEASUREMENTS:

Zebreva, A.I.; Matakova, R.N.;

Sharipova, N.S.

Dep. VINITI, 1934-78, ~.

PREPARED BY:
C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product of CU3Sn in Hg at 25 ·c is (4.2l±0.12)xlO-12 mo14 dm- 12

(the mean value and standard deviation by compilers).

XCui / Xsn
i / 104ccuf/ 1Q3cS//

at. X at. X mol dm- 3 mol dm- 3

2.2 1.2 3.78 3.03

3.6 1.2 4.16 2.10

4.0 1.2 4.00 2.41

a authors.

4.40xlO- 12

4.10xlO- 12

4.15xlO- 12

1.6xlO- 13

1.5xlO- 13

1.5xlO-13

b as calculated by compilers. The authors used formula Ks - (3cCuf )3cSnf while compilers

used Ks -(cCuf )3cSnf.

The CU3Sn solid phase was analyzed by x-ray analysis after separation from the

heterogeneous amalgam.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Sn amalgam was prepared by dissolution

of weighed amounts of Sn in Hg. The Cu was

introduced into the Sn amalgam by electro­

lysis. Then liquation of the complex amal­

gams, in respect to relative specific gra­

vity, was performed in glass capillaries

for 60 days. The upper, middle and lower

parts of the amalgams in the capillaries

were analyzed after dissolution: Cu by

polarography and Sn by colorimetry. Taking

into account the concentrations of the me­

tals in the homogeneous (lower) fraction of

the amalgams the solubility product was

calculated.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility product: standard deviation of

3 X (by compilers).

Temperature: ± 0.5 K.
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COMPONENTS:

(1) Copper-tin 1:1; CuSn; [29888-30-0]
or Copper-tin 6:5; CU6Sn5; [12019-69-1]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Yarsaw
Yarsaw, Poland

August 1982

CRITICAL EVALUATION:

The formation of a solid compound with the Cu: Sn stoichiometry close to 6:5 in Hg was

reported by Lihl and Kirnbauer (1). Later Kovaleva and Zebreva (2), using potentiometry

and amalgam polarography, confirmed the existence of CuSn in the complex Cu-Sn amalgam.

To observe the formation of the compound the concentration of Sn in the amalgam should be

larger than that of Cu. The solubility product, Ks - [Cuj[Snj, was determined to be

4.6xlO- 6 mo12 dm- 6 at 293 K. It should be mentioned that Stromberg and coworkers (3, 4)

postulated only formation of CU3Sn which is soluble in Hg but poorly dissociated.

Zebreva and coworkers (5, 7, 8) repeated the potentiometric measurements and performed

additional experiments; chronoamperometric oxidation, segregation and x-ray analysis of

the amalgam and its components. They confirmed (5) their previous result (2) of the

solubility product of CuSn in Hg, precisely 1.9xlO- 6 mo12 dm- 6 at 298 K. They also found

that in the Cu-Sn-Hg system CuSn, CU3Sn and a mixture of CU3Sn and CU7Hg6 are formed

depending on the composition of the amalgam. These statements are in concordance with

observations of Aldinger and Kraft (6) that in the system investigated the following

intermetallics: CU6Sn5 (formerly assumed to be CuSn) , CU3Sn and CU7Hg6 or Sn7_8Hg for

excesses of Cu or Sn, respectively, are formed.

However, Kairbaeva and coworkers (9) found that solid CuSn dissociates in Hg to produce a

concentration of Cu close to its solubility in Hg and of Sn, almost one-fifth of

its solubility (see the Cu-Hg and Sn-Hg systems) at 293 K. There is significant scatter

of these data and some results in this work suggest considerably a lower value of the

solubility; therefore we treat these results as too high. The numerical results

concerning the solubility of CuSn in Hg are reported only in (2, 5, 9). Only a doubtful

value of the solubility may be suggested; however, the results of (2, 5) are more

persuasive to evaluators than of (9). The Cu-Sn-Hg phase diagram from (6) is given in

the figure in the Critical Evaluation of the CU3Sn-Hg system. The compound CU6SnS is

moderately stable in the Cu-Sn binary system (10).

Value of the solubility of CuSp in Hg (doubtful)

The solubility product of CuSn in Hg at 298 K is, according to (5):

and the solubility, as calculated by evaluators from Ks :

1.4xlO- 3 mol dm- 3

References

1. Lihl, F.; Kirnbauer, H. Z. Hetallk. l22l, 48, 17.

2. Kovaleva, L.M.; Zebreva, A.I. Zh. Flz. Khlm. ~, 38, 1162.

(continued next page)



COMPONENTS:

(1) Copper-tin 1:1; CuSn; [29888-30-0]
or Copper-tin 6:5; CU6Sn5; [12019-69-1]

(2) Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION (continued)

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

August 1982
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COMPONENTS:

(1) Copper-tin 1:1; CUSn; [29888-30-0)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

One temperature: 293 K

ORIGINAL MEASUREMENTS:

Kovaleva, L.M.; Zebreva, A.I.

Zh. Flz. Khlm. ~, 38, 1162-5.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

CuSn was found to be insoluble in Hg. The equilibrium of its dissolution is described by

the solubility product with the values:

Polarographic results

103cC}/

mol dm- 3 103
103cSn

i /

mol dm- 3 103
103cCuf/

mol dm- 3 103
103cS//

mol dm- 3 103
106Ks /

mo12 dm- 6 106

0.5 1.0 0.4 1.0 -- s

1.0 1.0 1.0 0.95 -- s

2.0 3.0 1.4 2.4 3.3

3.0 3.0 1.9 1.9 3.6

4.0 3.0 2.4 1.6 3.9

0.5 4.0 0.5 3.9 -- s

4.0 4.0 2.7 2.7 7.3

5.2 4.2 3.3 2.3 7.6

3.0 6.0 2.4 4.4 6.1

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Cu and Sn amalgams were prepared by an

electroreduction of the corresponding ions

at the Hg pool cathode. Then polarographic

oxidation of the mixed and simple amalgams

in solution of 0.5 mol dm- 3 NaF was per­

formed. Also potentials of the cell: Cu­

Sn-Hg/SnC12' 2 mol dm- 3 KCl + HCl (pH~l)

Sn-Hg were measured. The solubility pro­

duct was calculated from the potentials as

well as from the oxidation currents, with

the help of the mass balance equation. The

experiments were performed in an inert gas

atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility product: standard deviation ±

18 X (potentiom); ± 33 X (polarogr.)

calculated by compilers.

Temperature: nothing specified.



COMPONENTS:

(1) Copper-tin 1:1; CuSn: [29888-30-0]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Kovaleva, L.M.; Zebreva, A.I.

Zh. Flz. Khlm. ~, 38, 1162-5.
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103cCu
i l

mol dm- 3 103

4.0

6.0

103CSnii

mol dm- 3 103

6.0

6.0

103cCuf i

mol dm- 3 103

1.5

2.8

103cSnfi

mol dm- 3 103

3.5

2.8

mean value

106Ks i
mo12 dm- 6 106

5.2

7.8

5.6±1.9

a no precipitation occurred.

Potentiometric results at 20 ·C

3.10

3.10

3.10

4.05

4.07

4.07

5.09

5.76

6.64

6.81

7.91

1.90 2.54 1.34 3.40

2.27 2.55 1. 72 4.36

2.22 2.57 1. 78 4.57

2.17 3.29 1.42 4.75

2.65 2.86 1.44 4.12

2.96 3.00 1.90 5.70

1.69 4.29 0.89 3.84

2.62 4.40 1.25 5.50

2.45 5.08 0.89 4.51

3.53 4.40 1.12 4.92

2.83 5.91 0.83 4.93

mean value 4.6±0.8

The value found by potentiometry is preferred since the amalgam equilibrium in the

polarographic experiments may be disturbed due to oxidation of the metals during the

electrolysis.
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COMPONENTS:

(1) Copper-tin 1:1; CuSn; [29888-30-0]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Zebreva, A.I.; Matakova, R.N.;

Sharipova, N.S.

Dep. VINITI, 1934-78, ll..Z.a.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of CuSn in Hg at 25 ·C is (1.93±0.10)xlO- 6 mo1 2 dm- 6 (as

calculated by compilers).

cc}/mol dm- 3 cSni/mol dm- 3 103cCuf/mol dm- 3 103cSn
f /mol dm- 3 Ks /mo1 2dm- 6

10-3 10- 2 3.81 4.80 1. 82xlO- 6

10- 2 10- 2 2.86 6.25 1. 85xlO- 6

1.2 1.2 2.99 7.10 2.l2xlO- 6

The CuSn solid phase was analyzed by roentgenography after separation from the

heterogeneous amalgam.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams of Sn were prepared by

dissolution of weighed amounts of Sn in Hg.

The Cu was introduced to the Sn amalgam by

electrolysis. Then liquation of the

complex amalgams was performed in glass

capillaries for 60 days. The upper, middle

and lower fractions of the amalgams in the

capillaries were analyzed after a

dissolution: Cu by polarography and Sn by

colorimetry. The solubility product was

calculated from the concentrations of the

metals in the lower, homogeneous part of

the amalgam.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility product: standard deviation of

5 X (by compilers). Temperature: ± 0.5 K.
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COMPONENTS:

(1) Copper-tin 1:1; CuSn; [29888-30-0)

(2) Mercury; Hg; [7439-97-6)

ORIGINAL MEASUREMENTS:

Kairbaeva, A.A.; Lange, A.A.; Bukhman, S.P.

Izv. Akad. Nauk Kaz. SSR, Ser. Khim. l2HQ,

no. 4, 20-6.

VARIABLES:

Temperature: 293 K

PREPARED BY:

C. Gumiftski; Z. Galus

EXPERIMENTAL VALUES:

Distribution of the metals in Cu-Sn amalgam at equilibrium segregation at 20±2 ·C

cC}/mol elm- 3 cSni/mol elm- 3 time of sectioning/h 103cCu/mol elm-3 a

0.102 0.101 72 - , 1.4, 2.8, 2.3, -
0.340 0.340 264 3.7, 1.2, 2.8, 2.7, 3.1

0.750 0.740 268 2.4, 2.8, 3.9, -, -
0.370 0.668 144 21.2, 16.8, 17.6, -, -
0.159 0.627 168 130, 143, 157, 103, 95

0.160 0.674 312 173, 137, 135, 108, -
0.373 0.187 274 2.3, -, 3.3, 2.2, 80.4

0.687 0.241 264 2.1, 2.7, 3.2, 2.5, 10.7

0.343 0.560 312 362, 382, 387, 3.1, 455

0.456 1. 37 504 2.2, 1. 7, 2.5, 2.0, 2.0

2.56 1. 37 696 2.1, 2.0, 2.0, 1.5, 2.0

solid CuSn 528 -, 1.81, 1.40, -, 3.35, 1. 38

solid CuSn 523 -, 1.35, 1.29, -, 1.94, 4.26

(continued next page)

AUXILIARY INFORMATION

ESTIMATED ERROR:

SOURCE AND PURITY OF MATERIALS:

Very pure Sn and CUS04 were used.

Solubilities: According to the authors the

Cu contents in the range (1-4)xlO- 3 mol

elm- 3 could be too low, because the amalgam

samples were small and the determinations

were performed in the vicinity of the AAS

detection limit. We do not understand this

statement. Precision of other results

seems to be ± 5 X (compilers).

Temperature: stability ± 2 K.

METHOD/APPARATUS/PROCEDURE:

The Cu-Sn heterogeneous amalgams were
prepared by dissolution of Sn in Hg and
introduction of Cu by electrolysis from
CUS04 solution. The amalgams were placed
in narrow tubes and were cathodically
polarized for 100-600 h in 0.5 mol elm- 3
H2S04' Then the tubes with amalgams were
divided into 5 or 6 consecutive fractions.
The solid phase in each fraction was
separated from the liquid amalgam by
filtration with filter paper in a special
press (1). The liquid phase was polarized
anodically in H2S04 solution at -0.2 V vs.
SCE for Sn and at +0.2 V for Cu. The
solution obtained, after the extraction was
complete, was analyzed for Cu by EDTA
titration, polarography and AAS and for Sn
by iodometric titration and AAS. The solid
residue was analyzed by chem analysis. The ~R-E-F-E-R-EN-C-E-S-:------------------------------~
solubility of solid CuSn dipped in Hg was
also determined in a similar way. The CuSn 1. Shirinskikh, A.V.; Lange, A.A.; Bukhman,
alloy was synthesized from the elements in
a glass ampule at 1473 K in an Ar S.P. Tr. Inst. Khim. Nauk Akad. Nauk
atmosphere; the homogenization of the Kaz. SSR~, 35, 54.
sample was carried out for 24 h at 653 K
and tested by X-ray analysis.
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COMPONENTS:

(l) Copper-tin 1:1; CuSn: [29888·30·0)

(2) Mercury: Hg: [7439-97-6)

EXPERIMENTAL VALUES (continued)

101csn/mol dm-3 a

0.8, 0.6, 0.7, 0.9, -
3.3, 3.2, 3.2, 3.4, 3.5

7.3, 7.1, 6.9, -, -
5.9, 6.2, 6.4, -, -
4.9, 5.5, 5.7, 6.1, 6.0

5.8, 7.0, 6.9, 6.3, -
1.7, 1.6, 1. 7, 1.8, 1.9

2.4, 2.4, 2.4, 2.5, 2.3

6.1, 5.7, 6.0, 5.8, 5.7

1.6, 1.5, 1. 7, 1.5, 1.7

1.3, 1.5, 1.4, 1. 5, 1.4

1.97, 1.85, 2.68, 2.31, 2.34, 5.85

3.44, 2.24, 3.04, 3.40, 2.06, 2.36

ORIGINAL MEASUREMENTS:

Kairbaeva, A.A. j Lange, A.A.: Bukhman, S.P.

Izv. Akad. Nauk Kaz. SSR, Ser. Khim. l2.ll.Q.,

no. 4, 20-6.

equilibrium solid phases

CU7Hg6 + CuSn

CU7Hg6 + CuSn

CU7Hg6 + CuSn

CU7Hg6 + CuSn

a All numbers are correct. The concentrations of Cu and Sn are equilibrium

concentrations of these metals in consecutive fractions from the tube.

It is interesting and unexplained why cCu is commonly a hundred times lower than cSn and

sometimes no precipitation is observed.



COMPONENTS:

(1) Copper-thallium-mercury 3:1:10;
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CRITICAL EVALUATION:

Using anodic stripping with a hanging mercury electrode Zhang et al. (1) determined the

stability constant of the intermetallic compound "Cu3Hg4:T1Hg6-l:l" equal to 4.0xl04

mol- l dm3 at room temperature. This would mean that the compound is very soluble in Hg.

There are, however, several reservations about the result obtained in (1). The

determination of the overall stoichiometry CU3T1HglO is not properly documented. The

initially proposed formula of the solid phase formed in the Cu-Hg simple system is

CU3Hg4' but it should be CU7Hg6' The only compound known in the Tl-Hg system is T12Hg5

(5). Disrolved Cu and Fl exist in liquid amalgams in the form of separated atoms being

effectively solvated by 1-2 atoms of Hg as determined by examination of diffusion

coefficients (6). Therefore the stoichiometry proposed above is seriously questionable.

Further, Russel et al. (2) performed fractional oxidation with KMn04 solution of amalgams

more concentrated than in (1), and they did not observe any interaction between Cu and

Tl. Donten and Kublik (3) carried out Tl anodic stripping experiments on the mercury

film electrode with a Cu base and also did not observe either formation of Cu-Tl

intermetallic in Hg or at the Cu base. These facts show that, as in the Cu-Tl binary

system (4), no intermetallics are formed in the Cu-Tl amalgams. Use of KCl background

electrolyte may complicate reduction of Cu(II) and Tl(l).

No value could be selected for recommendation without further investigation.
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COMPONENTS:

(1) Copper-thallium-mercury 3:1:10;

CU3Hg4:T1Hg6; [104299-24-3)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Zhang, Z.X.; Pu, D.B.; Zhu, Q.W.

Acts Chim. Sinics ~, 44, 460-5.

PREPARED BY:

J. Fu; C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The equilibrium constant of the reaction CU3H~ + T1Hg6 ~ CU3Hg4:T1Hg6 in Hg at 293 K

(probably; compilers) was found to be 106.43±0.30. The value recalculated by the

compilers is 4.0xl04 mol-I dm3. This suggests that the solubility limit of CU3Hg4:T1Hg6

was not reached under the experimental conditions. Note the several objections about the

correctness of this work which are described in the Critical Evaluation of this system.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Solutions of Tl(I) and Cu(II) were prepared

by dissolution of T12S04 and CuS04·5H20,

respectively, in H20. The electrolytes for

the investigation were composed of (1.86­

4.10) x 10-4 mol dm- 3 Cu(II) and (0.73­

9.5)xlO-4 mol dm- 3 Tl(I) in 0.1 mol dm- 3

KC1. The hanging Hg electrode was intro­

duced into the solution which was freed

from 02 by passing through N2' Preconcen­

tration electrolysis was carried out at

-0.80 V vs. Ag/AgCl/Cl- for 2 min in the

stirred solution. Anodic stripping of Tl

from the mixed Cu-Tl amalgam was performed

after 30 s of equilibration. The equili­

brium constant was calculated from the

stripping current.

SOURCE AND PURITY OF MATERIALS:

H20: distilled and redistilled from a

quartz still. CuS04·5H20, T12S04, KCl:

all analytically pure reagents.

ESTIMATED ERROR:

Constant: precision ± 50 X.

Temperature: nothing specified.
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CRITICAL EVALUATION:

On the basis of careful analysis of potentiometric experiments Stromberg and Belousov (1)

found formation of CU6Zn in Hg when over ten fold excess of Cu in relation to Zn is

present in the amalgam; the solubility product was determined. Also the results of Kozin

and coworkers (2) confirm this statement, but no quantitative data are reported. The

compound CU6Zn is sparingly soluble in Hg and it is not stable above 323 K.

One should remember that the solubility of Cu in Hg is not much higher than the

concentration of Cu in equilib.·UI1I with solid CU6Zn (see the Cu-Hg system). No CU6Zn is

formed in the binary Cu-Zn alloys (3), so it may be that the compound precipitated in Hg

contains Hg as the third component.

Value of the solubility of CU6Zn in Hg (tentative)

The solubility product of CU6Zn in Hg (Ks - [Cu]6[Zn]) at 293 K is, according to (1):

6xlO- 18 mo17 dm- 2l

and the solubility, as calculated by evaluators from Ks :

7.5xlO-4 mol dm- 3
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COMPONENTS:

(1) Copper-zinc 6:1; CU6Zn; [56729-83-0)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 293 K

ORIGINAL MEASUREMENTS:

Stromberg, A.G.; Belousov. Yu.P.

Zh. Anal. Khlm. l2Z2. 3D, 859-64.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of CU6Zn (written originally as CU3Zn by a misprint) in Hg equals

6.2xlO· 18 mo1 7 dm- 21 at 20 ·C. Concentration of Cu was 6.8xlO- 3 mol dm- 3 and the

concentration of Zn was changed in the range 2.4xlO-4·5.0xlO·4 mol dm- 3 . In the range of

higher Zn concentrations CU3Zn and CuZn compounds are formed in the system.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams of Cu and Zn were obtained by

constant current electrolysis on the hang'

ing mercury drop electrode with a Pt base.

Potentials of the simple Zn amalgam and the

complex Cu-Zn amalgam electrodes vs. SCE

were measured. After about 700 s from the

end of the electrolysis, when the equili­

brium in the system was reached, anodic

currents of Zn dissolution under stationary

voltammetric conditions were recorded. The

solubility product was calculated from the

potential differences and the oxidation

currents. The experiments were performed

in an Ar atmosphere.

SOURCE AND PURITY OF MATERIALS:

Analytically pure reagents were used. Hg

was obtained by electrolysis of Hg2(N03)2'

Triply distilled H20 was used.

ESTIMATED ERROR:

Nothing specified. Solubility product:

due to high power of the value precision

may be ± 50·100 X (compilers).
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EVALUATOR:
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on the solid phases precipitated in

CU3ZnHg2 and CU3ZnHgO.5'

occurs at 373 K.

CRITICAL EVALUATION:

According to Stromberg and Belousov (1) insoluble CU3Zn may be formed when over three

fold excess of Cu in relation to Zn is present in the amalgam. The authors determined

its solubility product, Ks - [Cu]3[Zn]. The potentiometric results of Kozin and

coworkers (2) qualitatively confirm this statement.

Russell and coworkers (3) performed chemical analyses

the Cu-Zn-Hg system and found two compounds present:

Transformation of the first form into the second one

CU3Zn is formed in the binary Cu-Zn alloys (4).

Value of the solubility of CU3Zn in Hg (tentative)

The solubility product of CU3Zn in Hg at 293 K is, according to (1):

and the solUbility, as calculated by evaluators from Ks :

References

1. Stromberg, A.G.; Belousov, Yu.P. Zh. Anal. Khim. ~, 3D, 859.

2. Kozin, L.F.; Dergacheva, M.B.; Abramova, N.S. Izv. Akad. Nauk Kaz. SSR, Ser. Khim.

3.

4.

Ul.Q, no. 3, 19.

Russell, A.S.; Cazalet, P.V.F.; Irvin, N.M. J. Chem. Soc. ~, 852.

Elliott, R.P. Constitution of Binary Alloys, First Supplement, McGraw-Hill, New

York,. lli2.



158

COMPONENTS:

(1) Copper-zinc 3:1; CU3Zn; [12444-36-9)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 293 K

ORIGINAL MEASUREMENTS:

Stromberg, A.G.; Belousov, Yu.P.

Zh. Anal. Khlm. l212, 3D, 859-64.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of CU3Zn in Hg at 293 K is 3.lxlO- ll mo14 dm- 12 . The

concentration of Cu was 6.8xlO- 3 mol dm- 3 and the concentration of Zn was changed in the

range 5.0xlO-4-2.5xlO· 3 mol dm- 3 .

In the range of higher Zn concentrations CuZn is formed, while ~t lower Zn concentrations

CU6Zn is found.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams of Cu and Zn were obtained by

constant current electrolysis on hanging

mercury drop electrodes with a Pt base.

Potentials of Zn and Cu-Zn amalgam

electrodes vs. SCE were measured after the

end of the electrolysis. After equilibrium

in the system was reached (after 700 s of

waiting), anodic currents of Zn dissolution

under stationary voltammetric conditions

were recorded. The solubility product was

calculated from the potential differences

and oxidation currents. The experiments

were performed in an Ar atmosphere.

SOURCE AND PURITY OF MATERIALS:

Analytically pure reagents were used. Hg

was obtained by electrolysis of Hg2(N03)2'

Triply distilled H20 was used.

ESTIMATED ERROR:

Nothing specified. Solubility product:

precision ± 50 X (by compilers).
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CRITICAL EVALUATION:

Almost 90 years ago Humphreys (26) noticed that the alloy CUS4Zn46 does not dissolve in

measurable amounts in Hg. In the first potentiometric experiments (1, 2) on the Cu-Zn-Hg

system no significant interaction between Cu and Zn was found. However, subsequent work

performed with the use of the same technique (3-9) supplied proof that CuZn is formed in

Hg as a solid. Numerical data of the solubility product, Ks - [Cu][Zn]; expressed in

mo12 dm- 6 are reported in the following work: Zebreva (S), 4.4xlO- 6 at 298 K; Dergacheva

in an unpublished thesis (6), 2.SxlO- 6 and 1.2xlO- S at 298 and 323 K respectively; Kozin

and coworkers (7), 4.0xlO- 6 at 298 K; Stromberg and Belousov (8), 3.0xlO- 6 at 293 K;

Ostapczuk and Kublik (9), S.lxlO- 6 at 298 K. Stromberg and coworkers (24) elaborated the

data of (7) with their own method and obtained the result of Ks equal to 2.6xlO- 6 mo12

dm- 6 at 298 K. These values agree quite well except that of Kozin (4); his original Ks
values changed in the range 7.lxlO- 8 - 2.8xlO- S mo12 dm- 6 and the proposed dissociation

constant, Kd-[Cu][Zn]/[CuZn], also changed from lxlO- 3 to 4.2xlO- 3 mol dm- 3 . Such

discrepancies are due to neglecting the poor solubility of Cu in Hg, corrosion of Zn at

low concentration, and formation of other compounds in the Cu-Zn-Hg system under these

experimental conditions. Giving no details, Kozin (4) calculated Ks - 1.2lxlO- 6 mo12

dm- 6 at room temperature based on the amalgam polarography experiments of Zebreva and

Kozlovskii (18). Less consistent are results obtained from anodic stripping voltammetry.

Stromberg and Gorodovykh (10) determined the solubility product of CuZn in Hg to be as

low as SxlO- 8 mo12 dm- 6 at room temperature. This value was afterwards corrected by

Stromberg and coworkers (11-13) subsequently to 2xlO- 6 and then to lxlO- 6 . Bradford (14)

used the thin film mercury electrode in his experiments; he concluded that the

intermetallic compound has dissociation constant equal to lxlO- S mol dm- 3 at room

--temperature. Using the hanging mercury drop as well as film mercury electrodes Shuman

and Woodward (lS) determined the instability constant, 1.9xlO- 3 mol dm- 3 , and the

solubility product, 3.7xlO- 6 mo1 2 dm- 6 , at room temperature. Nevertheless, the last

authors suggested that CuZn is soluble in Hg but poorly dissociated. Ostapczuk and

Kublik (9) observed an increase of the solubility product from S.4xlO- 6 to 7.2xlO- 6 mo1 2

dm- 6 when the scan rate decreased from 2S to 2.1 mV sol; this fact may explain partly why

in (lS) the solubility constant is more nearly constant than the instability constant.

Nazarov (23) found formation of insoluble CuZn using stripping chronoamperometry; no

quantitative data were generated. Igolinskaya and Igolinskii (2S) reported that they

confirmed the value of work (13) by stripping chronopotentiometry on the thin film

mercury electrode, but no numerical results are given. Rudolph (16), using voltammetry

on the stationary mercury electrode, found CuZn to be formed. Assuming that it is

sparingly soluble in Hg he calculated the solubility product equal to 6.6xlO- 6 mo12 dm- 6

at room temperature. Other electroanalytical investigations of Rodgers and Meites (21),

Ma and coworkers (29), Ben-Bassatt and coworkers (27) as well as Lazar and coworkers (22)

confirm formation of solid CuZn, but they point out the complexity of the system. Some

of these authors suggest occurrence of other compounds in addition to with excess of Zn

or Cu. The solubility product values of CuZn in Hg at 298 K were confirmed to be

3.8xlO- 6 (21) and 2.9xlO- 6 mo1 2 dm- 6 (29).

(continued next page)
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COMPONENTS:

(1) Copper-zinc 1:1; CuZn; [120l9-27-lJ

(2) Mercury; Hg; [7439-97-6J

CRITICAL EVALUATION (continued)

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

December 1984

In conclusion, the solubility product data found in the referred works are in much better

agreement than the dissociation constants. No data sheets of papers (1-3, 5, 6, 10, II,

14, 16-20, 22, 23, 26-28, 30, 32) are prepared since they do not contain original

numerical data and expe~imental details or are unavailable to the compilers. To clarify

the nature of CuZn in Hg we should mention that the potentiometric method is more exact

in such studies than the electroanalytical techniques, since the methods based on an

electrolysis may disturb the equilibrium conditions to a significant degree. Moreo r,

other compounds such as CU6Zn (8), CU3Zn (8), CuSZn2 (22), CU3ZnHg2 (32), CU3ZnHgO.S

(32), CuSZn8 (4), CUZn2 (15), CUZn3 (4, 15), CuZn4 (4), CuZn6 (28), CUxZnO_6Hgz (27) may

be formed in the amalgams. An interference of these forms may give the impression of the

existence of soluble CuZn in Hg. On the basis of chemical analysis (3, 7) and

calorimetry (19, 20) it was stated that this compound exists as a solid in Hg, and the

majority of electrochemical works cited above are in agreement with this statement.

According to Kozin and Dergacheva (17) CuZn exists in soluble as well as solid forms

being in the mutual equilibrium. Cu + Zn HI CuZn ~ CuZn~. Kozin and coworkers (7)

determined the Ks values in the temperature range 298 - 363 K. Compilers constructed an

equation relating pKs vs. liT, with the use of data in (5-9, 12, 15, 21, 24, 29), based

on the least square method:

-5.08 + 3.1Sxl03 T-l r - 0.98

Kinetics of formation (7) and dissociation (17, 30) of CuZn in Hg were also investigated.

The phase CuZn, with small excess of Cu, is stable in the Cu-Zn binary system (31).

Zhang et al. (33) performed stripping analysis of mixed Cu-Zn amalgams and found an

equilibrium constant of CuZn in Hg equal to 2.7xl06 mol- l dm3. This value is

significantly higher than the values estimated in (4, 14, 15). It seems that the

equilibration time was not long enough to reach true equilibrium in the system, which may

explain this high result (33).

Piccardi and Udisti (34) also carried out stripping voltammetry experiments and found a

Ks-value of CuZn in Hg as high as SxlO· 4 mo12 dm- 6 at 298 K. This value is obviously too

high in spite of the fact that the experimental conditions were quite similar to those of

the numerous measurements performed in other laboratories. The paper is rejected and not

compiled (the experimental procedure is the same as in the Data Sheet of CuZn2 in Hg by

the same authors).

(continued next page)
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TIK Ks/mo12 00- 6 soly/mo1 00-1 c Refer.

293 2.2x10- 6 1. 5x10- 3 from the fitting equation

298 3.3x10- 6 1. 8x10- 3 (5-9, 12, 15, 21, 24, 29) mean value
as well as the fitting equ ~ion

323 2.2xlO-5 b 4.7x10- 3 (7, 8) mean value as well as the
fitting equation

348 1.2xlO-4 b 1.1x10-2 (7) also the fitting equation

363 2.8x10-4 b 1. 7x10- 2 (7)

a recommended.

b tentative.

c calculated by evaluators from Ks '
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COMPONENTS:

(1) Copper-zinc 1:1; CuZn; [12019-27-1)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Kozin, L.F.

Flzlko-Khlmlcheskle Osnovy Ama1gamnol

Heta11urgll , Nauka, A1ma-Ata, 1964,

p. 182-7.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The compound CuZn is treated as soluble in Hg because the dissociation constant (Kd) has

a more immutable value than that of the solubility product (Ks )' The value of Kd changes

from 3x10·4 to 8xlO- 3 mol dm- 3, whereas the value of Ks changes from 7.1xlO- 8 to 2.8xlO- 5

mo12 dm- 6 . The proposed mean value of Kd at 25 ·C is 2.5xlO- 3 mol dm- 3 .

CCui / 104cZn
i / 104cZn

f / Ks/ Kd/
mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm- 6 mol dm- 3

3.3xl0- 2 0.77 0.0216 7.1.10- 8 0.94.10- 3

2.18 0.108 3.54'10- 7 1. 72.10- 3

2.97 0.121 3.95,10-7 1.30.10- 3

3.75 0.128 4.17,10- 7 1.15.10- 3

4.55 0.120 3.90,10- 7 0.88,10- 3

7.70 0.155 4.99'10- 7 0.66,10- 3

10.90 0.810 2.59,10- 6 2.56.10- 3

16.5 4.45 1.42'10- 5 1.17 .10- 3

35.9 6.75 2.03,10- 5 7.00,10- 3

(continued next page)

AUXILIARY INFORMATION

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

Differences of potentials between simple Zn Nothing specified.

and complex Cu-Zn amalgams in half satu-

rated solutions of ZnS04 were measured.

The Zn content in both electrodes was al-

ways equal. The values of Ks and Kd were

calculated from the potential differences

and mass balance.

ESTIMATED ERROR:

Nothing specified.
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2. Stromberg, A.G.; Belousov, Yu.P. Zh.

Anal. Khlm. l2l2, 3D, 859.

3. Zebreva, A.J.; Kozlovskii, M.T. Zh.

Flz. Khlm. ~, 3D, 1553.
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COMPONENTS:

(1) Copper-zinc 1:1; CuZn; [12019-27-1J

(2) Mercury; Hg; [7439-97-6J

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Kozin, L.F.

Flzlko-Xhlmlcheskle Osnovy Amalgamnol

Hetallurgll, Nauka, Alms-Ata, ~,

p. 182-7.

104cZn
i / 104czn

f / Ks / Kd/

mol dm- 3 mol dm- 3 mo1 2 dm- 6 mol dm- 3

45.0 6.28 1.82.10- 5 4.70.10- 3

64.0 6.00 1.63,10- 5 2.80.10- 3

93.0 6.00 1.45.10-5 1.67.10- 3

185.0 6.00 0.90'10- 5 0.50.10- 3

340.0 49.9 1.99.10- 5 0.68,10- 3

640.0 365.0 2.00,10-4 7.00'10- 3

870.0 564.0 1. 35 .10-4 4.40,10- 3

mean values (authors) 2.82x10- 5 2.4x10- 3

0.80 0.236 17.5.10- 8 2.8,10- 3

3.12 1.28 9.2.10- 7 5.1,10- 3

3.91 1.21 8.6,10- 7 3.1,10- 3

5.45 2.02 1.4.10- 6 4.1.10- 3

7.10 3.10 2.2.10- 6 5.6,10- 3

14.8 8.10 5.4,10-6 7.9.10- 3

22.1 8.7 5.3,10- 6 3.9,10- 3

32.8 8.7 4.3.10- 6 1.8'10- 3

50.1 8.1 2.5.10- 6 0.6,10- 3

65.0 10.1 1.9.10- 6 0.4,10- 3

70.3 20.5 4.9.10- 6 1.0'10- 3

120 58 7.0.10- 6 1.1,10- 3

170 108 1.3.10- 5 2.1,10- 3

190 121 0.6,10- 5 0.9.10- 3

280 202 -0.8.10-5 a 0.2.10- 3

450 290 -24.9,10-5 a 1.6.10. 3

537 405 .23.5.10-5 a 1.8.10. 3

mean values (authors) 3.98x10· 6 2.6x10- 3

a rejected

Elaborating on their own results, the authors did not consider the influence of the

rather poor solubility of Cu in Hg; for example the 3.8x10· 2 mol dm- 3 Cu amalgam used was

heterogeneous. For 1.4x10· 3 mol dm- 3 Cu amalgam, no difference of potentials between the

Cu-Zn and Zn amalgam electrodes occurred. This may indicate that there is no

precipitation of solid CuZn, but, on the other hand, formation of soluble CuZn should

cause some difference of potentials. For higher concentrations of Cu in the amalgam the

(continued next page)



COMPONENTS:

(1) Copper-zinc 1:1; CuZn; [12019-27-1]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Kozin, L.F.

Flzlko-Khlmlcheskle Osnovy Amalgamnol

Hetallurgll, Nauka, Alma-Ata, ~,

p. 182-7.
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potentiometric curves show 2 humps connected with formation of CuZn and a compound richer

in Cu. On the basis of these experimental results the solubility product, which seems to

be the correct thermodynamic value for the system, was calculated by other authors.

Recalculations of Zebreva (1) give (4.4±0.5)xlO- 6 and (3.8±1.5)xlO- 6 mo12 dm- 6 for

3.3xlO- 2 and 7.4xlO· 3 mol dm- 3 Cu amalgam, respectively. Recalculations of Stromberg and

Belousov (2) resulted in the value 3.lxlO-6 mo12 dm- 6 . They suggested also that for low

Zn concentrations some corrosive oxidation of the amalgam is quite possible. It may

simulate the formation of other Cu-Zn compounds and makes Ks values much lower. The

solubility product calculated by the author from experiments of Zebreva and Kozlovskii

(3) is reported as 1.2lxlO· 6 mo12 dm- 6 at room temperature.
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COMPONENTS:

(1) Copper-zinc 1:1; CuZn; [12019-27-1]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Mesyats, N.A.; Stromberg, A.G.;

Zakharov, M.S.

E1ektrokhlmla ~, 4, 987-90.

VARIABLES:

Room temperature measurement

PREPARED BY:

C. Guminskij Z. Galus

EXPERIMENTAL VALUES:

The solubility product of CuZn in Hg was determined under different conditions.

CCu(II)/mol dm- 3 time of preelectrolysis/min

5xl ,,- 5

5xlO- 5

5xlO- 5

5xlO- 5

1.0xlO-4

(5-9)xlO- 5

3-21

3-18

The same results are reported in (1).

AUXILIARY INFORMATION

Solubility product:

than ± 50 X (by

Nothing specified.

precision no better

compilers) .

ESTIMATED ERROR:

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

Anodic stripping voltammetry was used. The Nothing specified.

supporting electrolyte contained 0.05 mol

dm- 3 ammonium tartrate and 0.25 mol dm- 3

acetate ion. Time of accumulative preelec-

trolysis was changed from 180 to 1260 s.

Anodic oxidation of the complex Cu-Zn amal-

gams was performed using various scan rates

between 1 and 0.014 V s·l. The solubility

product was calculated from the oxidation

current peaks of the metals.

REFERENCES:

1. Mesyats, N.A.; Zakharov, M.S. Izv.

Tomsk. Po11tekhn. Just. 1211. 174, 69.



COMPONENTS:

(1) Copper·zinc 1:1; CuZn; [12019·27·1)

(2) Mercury; Hg; [7439·97·6)

VARIABLES:

Temperature: 297·363 K

EXPERIMENTAL VALUES:

167

ORIGINAL MEASUREMENTS:

Kozin, L.F.; Dergacheva, M.B.;

Abramova, N.S.

Izv. Akad. Nauk Kaz. SSR, Ser. Khlm. l2lQ,

no. 3, 19·24.

PREPARED BY:

C. Guminski; Z. Galus

The compound CuZn is treated as sparingly soluble in Hg and its equilibrium is described

by the solubility product. Initial Zn concentration is changed from 2.5*10. 5 to

1.85x10· 2 mol dm- 3

tj"C

25

50

75

90

3.4x10- 3

6.8x10· 3

3.4xlO·2 a

6.8x10· 3

3.4x10· 2

6.8x10· 3

3.4x10· 2

3.4x10- 2

(2.5±0.3)xlO-6

(4.3±0.5)x10·6

(5.3±0.1)xlO·6

(9.4±0.3)xlO·6

(4.6±0.9)xlO· 5

(2.4±0.4)x10·6 b

(1. HO. 4)x10·4

(2.8±O.6)xlO-4

aama1gam is heterogeneous (compilers).

b erroneous, a misprint (1).

AUXILIARY INFORMATION

(continued next page)

ESTIMATED ERROR:

Solubility product: precision no better

than ± 2 X but typically ± 10 X.

Reproducibility of potentials ± 1 mV.

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

Differences of potential between simple Zn Nothing specified.

and complex Cu-Zn amalgams in a solution of

ZnS04 were measured. The solubility pro-

ducts were calculated from these differ·

ences. Moreover, various fractions of the

complex heterogeneous amalgam placed in a

capillary for a longer time of 1·2 months

were analyzed by polarography after decomp·

osition of the amalgam.

REFERENCES:

1. Stromberg, A.G.; Belousov, Yu.P. Zh.

Anal. Khlm. l2l2, 30, 859.

2. Stromberg, A.G.; Mikheeva, N.P.;

Belousov, Yu.P. Tr. Inst. Org. Katal.

Elektrokhlm. Akad. Nauk Kaz. SSR ~,

7, 42.
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COMPONENTS:

(l) Copper-zinc 1:1; CuZn; [12019-27-1]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Kozin, L.r.; Dergacheva, M.B.;

Abramova, N.S.

Izv. Akad. Nauk Kaz. SSR, Serf Khlm. l2IQ.

no. 3, 19·24.

Dependence of pKs on liT based on the method of weighted least squares linear regression,

as calculated by compilers, is expressed by the following equation:

pKs - -(4.2l±0.75) + {2.83±0.23)xl03T- l

The value of the solubility product of CuZn in Hg, 2.0±10-6 mo12 dm- 6 at 24 ·C, obtained

on the basis of phase senaration analysis, is similar but not as precise as the one

obtained with the use of ~otentiometry. It is evident on the potentiometric curves that

other compounds in the Cu-rich amalgams should be present. According to the elaboration

of Stromberg and Belousov (1), sparingly soluble compounds CU3Zn and CU6Zn are then

formed; the latter is unstable at higher temperature. Stromberg and coworkers (2)

calculated the solubility product with their own procedure using the data from this work.

They obtained 2.6xlO- 6 and 1.15xlO- S mo1 2 dm- 6 at 298 and 323 K, respectively.



COMPONENTS:

(1) Copper-zinc 1:1; CuZn; (12019-27-1]

(2) Mercury; Hg; (7439-97-6]

VARIABLES:

Temperature: 293 K

ORIGINAL MEASUREMENTS:

Stromberg, A.G.; Be1ousov, Yu.P.

Zh. Anal. Xhlm. 1212, 3D, 859-64.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product of CuZn in Hg at 293 K is 2.6x10- 6 and 3.4x10-6 mo12 dm- 6 for

concentrations of Cu 3.4x10- 3 and 6.8x10· 3 mol dm- 3 , respectively with the concentration

of Zn changed from 2.4x10-4 to 1.7xlO-2 mol dm- 3 .

In the range of low Zn concentratic'~ CU3Zn and CU6Zn intermetallics are formed.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams of Cu and Zn were obtained by

electrolysis. Potentials of Zn and Cu-Zn

amalgam electrodes vs. SCE were measured.

When the equilibrium potentials were

reached, 700 s after stopping the electro­

lysis, anodic currents of Zn dissolution

under voltammetric conditions were re­

corded. The solubility product was calcu­

lated from the potential differences and

additionally confirmed by voltammetric oxi­

dation. The experiments were performed in

an Ar atmosphere.

SOURCE AND PURITY OF MATERIALS:

Analytically pure reagents were used. Hg

was obtained by electrolysis of Hg2(N03)2'

Triply distilled H20 was used.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 10 X (compilers). Temperature:

nothing specified.
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COMPONENTS:

(1) Copper-zinc 1:1; CuZni [12019-27-1)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Shuman, M.S.; Woodward, G.P.

Anal. Chem. ~, 48, 1979-83.

PREPARED BY:

C. Guminski; Z. Galus

dissociated. The instability

Moreover, the solubility

EXPERIMENTAL VALUES:

The compound CuZn in Hg is treated as soluble but poorly

constant is (1.9±0.2)x10-3 mol dm- 3 at room temperature.

product value is reported to be (3.7±1.1)x10-6 mo12 dm- 6 .

Formation of other compounds is proposed: so' "b1e CuZn2 and insoluble CuZn3; but their

existence in Hg is not documented sufficiently. It is not evident whether an equilibrium

state was reached before the stripping step. It seems erroneous to fit these cyclic

vo1tammetry curves to the theory for higher order electrode processes (1) when the

reaction between Cu and Zn is rate-limited in the crystallization step and follows the

e1ectroreduction of Zn(II) on Cu amalgam.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Anodic stripping vo1tammetry was used. The

thin mercury film on glassy carbon and

hanging mercury drop (Metrohm) electrodes

were used. The pree1ectro1ysis was carried

out at -1.25 V vs. SCE for 1-10 minutes.

After that, the electrodes were linearly

polarized to +0.15 V. Supporting electro­

lytes used were 0.05 mol dm- 3 acetate buf­

fer pH - 4.5 in the thin film and 0.1 mol

dm- 3 Kar in the hanging drop electrode ex­

periments. The Kd and Ks were calculated

from the oxidation currents and mass ba­

lance equations.

SOURCE AND PURITY OF MATERIALS:

Solutions of Cu(II) and Zn(II) were pre­

pared from the metals. Glassy carbon was

from Chemitrix Corp. No more specified.

ESTIMATED ERROR:

Solubility product: precision no better

than ± 30 x.

REFERENCES:

1. Shuman, M.S. Anal. Chem. ~, 41, 142.



COMPONENTS:

(1) Copper-zinc 1:1; CuZn; [12019-27-1)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 298 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Ostapczuk, P.; Kub1ik, Z.

J. Electrosnal. Chem. l21l, 83, 1-17.

PREPARED BY:

C. Guminski; Z. Galus
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On the basis of potentiometric measurements the solubility product of CuZn in Hg was

determined to be (5.1±0.8)x10- 6 mo12 dm- 6 at 298 K. The concentration of Cu in the

amalgam was 7.3x10- 3 mol dm- 3 (saturated). The concentration of Zn was changed from

1.4x10-4 to 2.8x10- 2 mol dm- 3 .

On the basis of stripping vo1tammetry experiments, the solubility product value decreased

on decreasing the scan rate from 2.1 to 5.4 mV s-l. The proposed value is 5.4x10- 6 mo12

dm- 6 , because at the higher scan rate the partial dissolution of the solid intermeta11ic

near the Hg surface is lower.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Cu amalgam was prepared by its dissolu­

tion in Hg. Equal portions of Zn were in­

troduced by electrolysis into the hanging

mercury drop electrode and the hanging cop­

per amalgam electrode. Potentials of both

electrodes vs. SCE were measured in time.

Anodic stripping vo1tammetry curves were

recorded after 150 s from the deposition of

Zn at -1.2 V from a solution of 10-4 mol

dm- 3 ZnS04, 0.5 mol dm- 3 KC1, pH - 3. The

solubility products were calculated from

the potential differences and the oxidation

currents from voltammetry.

SOURCE AND PURITY OF MATERIALS:

Spectrally pure Cu, triply distilled H20,

twice1y distilled Hg and analytically pure

reagents from POCh were used.

ESTIMATED ERROR:

Solubility product: precision ± 15 X in

the potentiometry (private communication).

Temperature: ± 0.2 K.
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COMPONENTS:

(1) Copper-zinc 1:1; CuZn; [12019-27-1]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Rodgers, R.S.; Meites, L.

J. Electroanal. Chem. l2[l. 125. 167-76.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of CuZn in Hg at 298.2 K is (3.8±0.6)xlO- 6 mo12 00- 6• as overall

average.

12.64

6.32

3.16

1.57

1Q3cC}/ 103cZ// 1Q3ccl/
mol 00- 3 mol 00- 3 mol 00- 3

16.28 1.06 4.71

10.87 3.31 1.54

2.72 10.3 0.37

5.43 2.43 1.54

2.72 4.53 0.93

1.36 5.39 0.43

4.07 1.19 2.10

2.72 2.26 1.81

2.72 1.04 2.19

1.34 1.57 1.34

5.0

5.1

3.8

3.7

4.2

2.3

2.5

4.1

2.3

Mean: 3.7±0.9

AUXILIARY INFORMATION

(continued next page)

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

The complex Cu-Zn amalgams were obtained by Reagents grade chemicals were used.

electroreduction of the ions under poten-

tiostatic conditions. Stock solutions of

Cu(II) and Zn(II) were

ventional techniques.

oxidized with constant

standardized by con­

The amalgams were

current and poten-

tials were recorded. Complementary strip·

ping convective chronoamperometry experi-

ments were also performed. ESTIMATED ERROR:

Solubility product: precision ± 15 X.

Temperature: ± 0.05 K.



COMPONENTS:

(1) Copper-zinc 1:1; CuZn; [12019-27-1]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Rodgers, R.S.; Meites, L.

J. E1ectroBna1. Chem. ~, 125, 167-76.
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On the same basis, the constant concentration of unbonded Zn (0.58 ± 0.05 mmol dm- 3) in

amalgams saturated with Cu may be combined with the solubility of Cu in Hg to obtain Ks ­

(4.0±0.3)xlO- 6 mo12 dm- 6 . Some complementary chronoamperometric experiments showed that

soluble forms of Cu-Zn compounds, apart from CuZn, are also formed in the amalgam system

with excess of Cu or Zn. The solubility value used for Cu in Hg (6.85xlO- 3 mol dm- 3)

was originally determined at 288 K; however, this value is acceptable at 298 K according

to our evaluation; see the CU-Hg system.
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COMPONENTS:

(1) Copper-zinc 1:1; CuZn; [12019-27-1]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Ma, X.S.; Kao, H.; Chang, C.G.

J. E1ectroana1. Chem. ~, 151, 179-92.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of CuZn in Hg at 25 ·C is 2.9xlO- 6 mo1 2 dm- 6 . Concentrations of

Cu and Zn were changed in the ranges (0.22-3.30)xlO- 3 mol dm- 3 and (0.8l-3.83)xlO- 3 mol

dm- 3, respectively.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Cu amalgam was prepared by electrolysis

on an Hg cathode from (1.0 - 4.5)xlO-4

mol/dm3 CuS04' 0.3 mol/dm3 triethyloamine

(sic) and 0.1 mol/dm3 NaOH. The Zn amalgam

was prepared by electrolysis on an Hg ca­

thode from (1.0 - 4.0)xlO- 4 mol/dm3 ZnC12

and 1 mol/dm3 NaOH. Both amalgams were

mixed, aged 3-5 min, and hanging drop elec­

trodes were prepared. Electrooxidation of

Zn from the complex amalgam was carried out

under chronoamperometric conditions at -0.8

V. When the product of the concentrations

of Cu and Zn was higher than the value of

the solubility product reported above, the

diffusion coefficient of Zn decreased and

the oxidation curves were distorted. This

decrease is caused by the precipitation of

CuZn in Hg.

SOURCE AND PURITY OF MATERIALS:

Analytical reagents were used without

further purification.

ESTIMATED ERROR:

Standard deviation of diffusion coefficient

determination 4 X; solubility: precision

no better than ± 10 X (by compilers).

Temperature: nothing specified.



COMPONENTS:

(1) Copper-zinc 1:1; CuZn; [12019-27-1]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Zhang, Z.X.; Pu. D.B.; Zhu. Q.Y.

Acta Chim. Sinica l2a2. 44, 460-5.

PREPARED BY:

J. Fu; C. Guminski; Z. Galus
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ESTIMATED ERROR:

Stability constant: ± 7 X.

Temperature: nothing specified.

SOURCE AND PURITY OF MATERIALS:

H20: distilled and redistilled from a

quartz still.

CuS04·5H20, Zn, HCl. NH4Cl, NH3: all

analytically pure reagents.

EXPERIMENTAL VALUES:

The equilibrium constant of the reaction Cu + Zn ~ CuZn in mercury was found to be

10B.27:0.03 (probably at 293 K). The value recalculated by the compilers is 2.7xl06

mol- l dm3. This suggests that the solubility of CuZn was not reached under the

experimental conditions.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A solution of Cu(II) was prepared by

dissolution of CuS04·5H20 in H20. The

solution of Zn(II) was prepared by

dissolution of metallic Zn in HC1. The

electrolyte for investigation was composed

of 7.78xlO- 6 mol dm- 3 Cu(II) and (O.B-

7.2)xlO· 6 mol dm- 3 Zn(II) in 0.1 mol dm- 3

NH3 + NH4Cl. The hanging mercury electrode ~ ~

was introduced into the solution which was

freed from 02 by passing through N2'

Preconcentration electrolysis was carried

out at -1.30 V vs. Ag/AgCl/Cl- for 2 min in

a stirred solution. The anodic stripping

of Zn from the mixed Cu-Zn amalgam was

performed after 30 s of equilibration. The

equilibrium constant was calculated from

the stripping current using the proper

formula
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COMPONENTS:

(1) Copper-zinc 1:2; CuZn2; [12174-82-2)

(2) Mercury; Hg; (7439-97-6J

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

December 1986

CRITICAL EVALUATION:

Formation of CuZn2 in Hg was first reported by Speranskaya (1). On the basis of

coulometric stripping voltammetry, Shuman and Woodward (2) also postulated formation in

the Cu-Zn amalgam of soluble CuZn2 and other compounds. The instability constant of

CuZn2 in Hg, Kd - (CuZn)[Zn)/(CuZn2)' was evaluated to be 7.6xlO- 3 mol dm- 3 . However,

the compilers have reservations as to the fitting procedure applied by the authors.

Since the reaction is not fast, it is not clear whether equilibrium in the system was

reached after the deposition of Zn on the Cu amalgam electrode and how far the

equilibrium was disturbed during the oxidation step. The temperature of the measurement

is not stated, so any quantitative values can not be recommended. The paper (2) is not

compiled but all experimental details were the same as in the Data Sheet of this paper

given for the CuZn3-Hg system. The compound CU5Zn8 is formed rather than CuZn2 in the

corresponding composition range of the Cu-Zn binary system (3-5).

Formation of CuZn2' very soluble in Hg, was reported by Piccardi and Udisti (6). The

authors determined the stability constant of this compound as K - (CuZn2J/(Cu) [Zn)2 - 100

mol- 2 dm6 . Note that the numerical results of (2) and (6) only do not agree, since the

definition of the constants is different.

References

1. Speranskaya, E.F. Zh. Anal. Xhim. 1222, 11, 323.

2. Shuman, M.S.; Woodward, G.P. Anal. Chem. 1212, 48, 1979.

3. Hansen, M.; Anderko, K. Constitution of BInary Alloys, McGraw-Hill, New York, ~.

4. Simic, V.; Marinkovic, Z. J. Less-Common Het. 1986,116, L7.

5. Kozin, L.F. FIzIko-Xhlmlcheskle Osnovy Amalgamnoi Hetallurgll, Nauka, Alma-Ata,

~, p. 186.



COMPONENTS:

(1) Copper-zinc 1:2; CuZn2: [12174-82-2)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Piccardi, G.; Udisti, R.

Anal. Ch!m. Acta ~, 202, 151-7.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The stability constant, K - [CuZn2)/[Cu) [Znj2, of soluble CuZn2 was determined to be 100

mol- 2 dm6 at 298 K. Soluble CuZn2 is formed as well as CuZn precipitate.in Hg.

Considering CuZn soluble and CUZn2 insoluble, or both compounds soluble, provided less

satisfactory fits.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A mercury film electrode was prepared on a

glassy carbon electrode by plating from

Hg(II) acetate at -1.0 V for 20 min and

then held at -0.1 V for 5 min. The elec­

trode was kept at -0.1 V for 1 min before

each experiment. Volume of Hg was calcu­

lated from the oxidation charge in KI solu­

_tion at -0.1 V. The reference electrode

was the SCE (to which all potentials are

referred) and the auxiliary electrode was a

paraffin-impregnated graphite rod. All so­

lutions were deoxygenated with N2' Strip­

ping vo1tammetry was applied for determina­

tion of Cu and Zn concentrations. The sup­

porting electrolyte for Cu(II) and Zn(II)

contained 3 mass X NaC1 and 5xlO- 3 mol dm- 3

EDTA. The total and free Zn concentrations

in Hg were estimated from charges of the

current peaks at -1.11 V in the absence of

Cu and with increasing concentration of Cu.

The total and free concentrations of Cu

were estimated from charges of current

peaks at -0.33 V after deposition at -0.85

V and -1.4 V, respectively. Concentration

of CuZn2 was calculated from the charge of

the current peak at -1.04 V. In further

calculations CuZn precipitation was taken

into account.

SOURCE AND PURITY OF MATERIALS:

H20: demineralized and twice distilled in

all-silica apparatus.

Cu(II) and Zn(II) salts: "reagent grade"

purity.

Supporting electrolyte salts: "suprapur"

from Merck.

ESTIMATED ERROR:

Stability constant: nothing specified.

Temperature: precision ± 0.2 K.
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COMPONENTS:

(1) Copper-zinc 1:3; CuZn3; [12194-85-3]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

c. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

December 1986

CRITICAL EVALUATION:

Shuman and Woodward (1) suggested the formation of CUZn3 in Hg based on stripping

voltammetry experiments with coulometric integration of charge. They reported the

instability constant, Kd - [CuZn2][Zn]/[ CuZn3]' and the solubility product, Ks ­

[Cu][Zn]3, equal to 2.1 mol dm- 3 and 3.lxlO- 5 mo14 dm- 12 , respectively. Existence of

CuZn2 molecules in Hg is doubtful. Calculating the solubility of CuZn3 in Hg from Ks
gives a value several times higher than the solubility of Cu in Hg; see the Cu-Hg system.

Such inconsistency may arise from some unexplained experimental observations by the

authors, namely a broadened L 1 decreased Zn(II) reduction peak with increased Cu

concentration. The authors also assume incorrectly that the reaction investigated is a

higher order electrode process. Moreover, it is not known if a real equilibrium in thB

complex amalgam is reached before the oxidation of the parent metals. Temperatures of

the measurements are not given, so any quantitative values can not be recommended.

The compilers express reservations as to the quantitative aspect of CUZn3 formation in Hg

only, because in the calorimetric titrations of the Cu-Zn heterogeneous amalgam with Hg

performed by Zebreva and coworkers (2) formation of CuZn3 in Hg was detected. The

compound CuZn3 was found also by Kozin (5), who carried out conductometric measurements

of the Cu-Zn-Hg alloys. In the binary Cu-Zn alloys the compound CUZn3 is stable between

831 and 973 K. At lower temperature only an intermediate phase with a significantly

distinct composition occurs (3); also CuZn4 was recently identified (4).

References

1. Shuman, M.S.; Woodward, G.P. Anal. Chem. ~, 48, 1979.

2. Filippova, L.M.; Zebreva, A.I.; Omarova, N.D. Izv. Vyssh. Ucheb. Zaved., Khim.

Khim. Tekhnol. l21l, 20, 19.

3. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, ~.

4. Simic, V.; Marinkovic, Z. J. Less-Common Het. ~, 116, L7.

5. Kozin, L.F. Fiziko-Khimicheskie Osnovy Amalgamnoi Hetallurgii, Nauka, Alma-Ata,

~, p. 186.



COMPONENTS:

(1) Copper-zinc 1:3; CuZn3; [12194-85-3]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Room temperature measurement

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Shuman, M.S.; Woodward, G.P.

Anal. Chem. l2l2, 48, 1979·83.

PREPARED BY:

C. Guminski; Z. Galus
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The authors report the solubility product and instability constant of CuZn3 in Hg equal

to 3.1xlO- 5 mo14 dm- 12 and 2.1 mol dm- 3, respectively, at room temperature.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Anodic stripping voltammetry with a thin

mercury film plated on a glassy carbon

electrode was used. Preelectrolysis of the

metal ions was carried out a -1.25 V vs.

SCE for 60 s. Then the electrodes were

gradually polarized to +0.15 V. The sup­

porting electrolyte used contained 0.05 mol

dm- 3 acetate buffer of pH - 4.5. The Ks
and Kd values were obtained by fitting the

oxidation currents observed to a model of

the process assumed.

SOURCE AND PURITY OF MATERIALS:

Solutions of Cu(II) and Zn(II) were ob­

tained by dissolution of the metals. Glas­

sy carbon was from Chemitrix Corp. No

other details are specified.

ESTIMATED ERROR:

Nothing specified. The reservation of

compilers to the values determined is

described in the Critical Evaluation.
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COMPONENTS:

(1) Gallium-nickel 1:1; GaNi; [12183-34-5]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

November 1984

CRITICAL EVALUATION:

Formation of an intermetallic compound of the formula Ga7NilOHgx in the Ga-Ni·Hg system

was reported by Lysenko (1); no solubility data are reported. Using anodic stripping

voltammetry Stepanova (2) found the formation of insoluble GaNi in Hg. She calculated

the solubility product, Ks - [Ga][Ni]. equal to 3.9xlO·10 mo12 dm- 6 at room temperature,

but probably no true equilibrium was reached. One should remember that the solubility of

this compound is higher or comparable to the solubility of Ni in Hg, see the Ni·Hg

system, which makes the value determined doubtful. The phase GaNi is stable in the Ga-Ni

binary system (3).

Abdullah et al. (4) reported formation of GaNi2 in Hg which is, correctly, more stable

than NiZn or CuZn. No numerical value of GaNi2 solubility is given.

Value of the solubility of GaNi in Hg (doubtful)

The solubility product of GaNi in Hg at 293 K is, according to (2):

and the solubility, as calculated by evaluators from Ks :

2xlO- S mol dm- 3

References

1. Lysenko, V.I. Sbor. Tr., Metall. Tsvet. Met. Ikh Anal. l2&l, 7, 303.

2. Stepanova, 0.5. Izv. Tomsk. Polltekhn. Inst. 1966, 151, 14.

3. Hansen, M.; Anderko, K. ConstItutIon of BInary Alloys, McGraw-Hill, New York. ~.

4. Abdullah, M.I.; Reusch Berg, B.; Klimek, R. Anal. Chim. Acta l2l2, 84, 307.



COMPONENTS:

(1) Gallium-nickel 1:1; GaNi; [12183-34-5]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Room temperature measurement

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Stepanova, O.S.

Izv. Tomsk, Po11tekh. Inst. 1966, 151,

14-20.

PREPARED BY:

C. Guminski; Z. Galus
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The compound GaNi is treated as sparingly soluble in Hg: the equilibrium is described by

the solubility product equal to 3.9x10- 10 mo12 dm- 6 at room temperature.' The

concentration ratio of Ni to Ga was changed in the range 0.1-1.3. The solubility of GaNi

is many times higher than the solubility of Ni in Hg.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Stripping vo1tammetry experiments with the

hanging mercury drop electrode were per­

formed. Electrolytic codeposition of Ga

and Ni was carried out for 5 min at -1.4 V

vs. SCE. The background electrolyte con­

tained acetate buffer at pH - 4.6 and the

concentration of Ga(III) was 1.0x10-4 or

1.6xlO-4 mol dm- 3. One minute of waiting

time between the concentration and strip­

ping stages was applied. The solubility

product was calculated from the oxidation

currents of the metals using the equation

derived in (1). The experiments were per­

formed in a N2 atmosphere.

SOURCE AND PURITY OF MATERIALS:

The solutions contained ions of other heavy

metals at concentrations below 10- 8 mol
dm- 3 .

ESTIMATED ERROR:

Nothing specified. Error of the solubility

product determination is not lower than ±

10 X (compilers).

REFERENCES:

1. Stromberg, A.G.; Gorodovykh, V.E. Zh.

Neorg. Khlm. ~, 8, 2355.
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COMPONENTS:

(1) Indium-antimony 1:1; InSb; [1312-41-0]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

October 1982

CRITICAL EVALUATION:

The In-Sb-Hg system, in the region of Hg-rich compositions, was studied by Levitskaya and

Zebreva (1), who used potentiometry and amalgam polarography. Only one, insoluble

compound, InSb, is formed in Hg, and the equilibrium is described by the solubility

product, Ks - [In][Sb]. The experiments were performed in the temperature range 293 ­

353 K. When the concentrations of parent metals were on the order of 4xlO-4 mol dm- 3 no

interaction between In and Sb was found at 333 and 353 K, which is additional proof that

the solubility product is the correct form characterizing the system.

However, Stromberg and coworkers (2) treated the results of the cited paper (1) with

their own mathematical procedure. They came to the unexpected conclusion that InSb2 is

formed in Hg with the solubility product, Ks - [In][Sb]2, in the range 1.3xlO-12 ­

8xlO- 12 mo1 3 dm- 9 at 293 K. Unexpectedly, Zakharov and coworkers (4) reported no

compound formation in the In-Sb amalgams using stripping voltammetry when total

concentrations of In and Sb were 3.2x10- 3 and 7.0xlO-4 mol dm- 3 , respectively. The only

compound formed in the binary In-Sb alloys is InSb (3).

Value of the solubility of InSb in Hg (tentative)

The solubility products of InSb in Hg at 293 and 313 K are, according to (1):

and the solubility, as calculated by evaluators from Ks :

1.4x10-4 mol dm- 3 and 2.3xlO- 4 mol dm- 3

References

1. Levitskaya, S.A.; Zebreva, A.I. Elektrokhimia~, 2, 92.

2. Stromberg, A.G.; Mikheeva, N.P.; Belousov, Yu.P. Tr. Inst. Org. Katal. Elektrokhim.

Akad. Nauk Kaz. SSR llli, 7, 42.

3. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, ~.

4. Zokharov, M.S.; Mesyats, N.A.; Zaichko, L.F.; Baletskaya, L.G. Izv. Vyssh. Uchel.

Zaved., Khim. Khim. Tekhnol. ~, 9, 355.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Indium-antimony 1:1; InSb; [1312-41-0] Levitskaya, S.A.; Zebreva, A.I.

(2) Mercury; Hg; [7439-97-6] Elektrokhimia 1966, 2, 92-5.

VARIABLES: PREPARED BY:

Temperature: 293-313 K C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

InSb is found to be an insoluble compound in Hg. The solubility product was determined.

Potentiometric results

erC

20

104cIni/ 104cSbi/ 104cInf/ 104cSbf/ 10 l- I

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm- 6

1.115 2.282 0.874 1.041 1.7

1. 261 2.305 0.796 1.840 1.5

1.280 2.259 0.960 1.939 1.9
1.577 2.305 1.100 1.828 2.0

1.600 3.960 1.030 2.400 2.5

1.600 6.350 1.130 2.400 2.7

1.680 4.620 1.052 2.400 2.5

1. 760 2.259 1.210 1.709 2.1

2.087 3.960 1.240 2.400 3,0

mean value 2.2±0.4

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared electrolytical­

ly. Potentials of complex In-Sb amalgams

were measured versus an In amalgam elec­

trode in a solution of 4.3xlO- 3 mol dm- 3

In2(S04)3 in 10 % NaCl, pH - 3.4. Amalgam

polarography was used. The complex and

simple amalgams were anodically oxidized in

a solution of 0.5 mol dm- 3 HC1. The solu­

bility product was calculated from the po­

tential differences as well as oxidation

currents of the metals. All operations

were carried out in a mixed atmosphere of

H2 and N2'

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

SolUbility: precision ± 20 % or worse

(potentiometry), ± 30 % (polarography).

Temperature: nothing specified.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Indium-antimony 1:1; InSb; [1312-41-0] Levitskaya, S.A.; Zebreva, A.I.

(2) Mercury; Hg; [7439-97-6] Elektrokhlmla 1966, 2, 92-5.

EXPERIMENTAL VALUES (continued)

tj"e 104CIni / 1Q4cSbi/ 1Q4cInf/ 1Q4cSbf/ 10 Ks/

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo1 2 dm- 6

40 0.79 6.00 0.55 5.75 3.2

1.23 5.00 1.05 4.83 5.1

1.32 6.00 1.03 5.71 5.9

1. 70 5.00 1.42 4.72 6.7

1.81 6.00 1.42 5.60 8.0

2.63 2.30 2.25 1.92 4.3

3.19 3.04 1.96 1.81 3.5

4.37 3.98 2.52 2.13 5,4

mean value 5. 2t1. 6

Amalgam polarography results at 20 ·C

1Q4cIni/ 104cSbi / 104CInf / 1Q4cSbf/ 10 Ks/

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo1 2 dm- 6

1.49 1. 53 1.00 1.09 1.1

1. 53 2.28 1.20 1. 70 2.0

2.28 2.28 1.00 1. 09 1.1

2.39 2.44 0.95 1.40 1.3

2.60 2.58 1.65 1.52 2.5

3.05 3.04 1.40 1. 70 2.4

3.06 2.73 1.20 1.05 1.3

mean value 1. 7tO. 5

Using even maximal concentrations of Sb and In equal to 3.98x10-4 and 4.37x10-4 mol dm- 3,

respectively, it was found that no soluble compound of both metals forms at 60 or 80 ·C,



COMPONENTS:

(1) Potassium-sodium-mercury 1:1:2; KNaHg2;
[98246-95-8]

Potassium-sodium 1:1; KNa; [12056-29-0)

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

February 1981

185

CRITICAL EVALUATION:

The K-Na-Hg system was investigated by JAnecke (1, 2) with thermal analysis. The author

determined the melting point of KNaHS2' which is formed at significant concentrations of

K and Na in the complex amalgam. This way one may evaluate the solubility of a

hypothetical KNa compound in Hg as being 33.3 mol % at 461 K, since only KNa2 is formed

in the binary K-Na alloys.

The phase diagram of the K-Na-Hg system taken from (3) is reported below.

Value of the melting point of KNaHg2 (tentative)

The melting point of KNaHg2 is 461 K.

References

1- JAnecke, E.

2. Janecke, E.

3. JAnecke, E.

1949.

Z. Phys. Chem. l2QI, 57, 507.

Z. Hetallk. ~, 20, 113.

Kurzgefasstes Handbuch der Legierungen Universitatsverlag, Heidelberg
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COMPONENTS:

(1) Potassium-sodium-mercury 1:1:2; KNaHg2;

[98246-95-8]

Potassium-sodium 1:1; KNa; [12056·29-0]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Composition in the whole range

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Janecke, E. z. Phys. Chem. ~, 57.

507-10.

Janecke, E. Z. Hetallk. ~. 20, 113-7.

PREPARED BY:

C. Guminski; Z. Galus

The quasibinary system KHg-NaHg was investigated, and the melting point of KNaHg2 was

established at 188 ·C. Melting points for other compositions of the alloys may be read

from the figure given in the Critical Evaluation of the system; no numerical values are

reported originally.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Method of preparation of KHg

gams is not known in detail.

were mixed in various ratios

and NaHg amal­

The amalgams

and the cool-

SOURCE AND PURITY OF MATERIALS:

Pure metals were used.

ing curves of the melted samples were re­

corded in time. in a differential way.

ESTIMATED ERROR:

Nothing specified.

Temperature: should be no worse than ± 2 K

(compilers).



COMPONENTS:

(1) Potassium-lead 1:1; KPb; [12030-93-2]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

February 1980
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CRITICAL EVALUATION:

In the first experiments with the K-Pb-Hg system, Shvedov and Semenyuk (1) did not

observe interactions between K and Pb in Hg.

Later, Filippova and coworkers (2) using calorimetric titrations and using higher

concentrations of the components found the formation of KPb in crystalline form in Hg.

Values of the solubility product, Ks - [K][Pb], of 0.82 and 0.88 mo12 dm- 6 at 298 and 313

K, respectively, were reported. They do not agree exactly with those calculated by the

compilers and should be corrected for activity coeffic ~nts because the amalgams are

concentrated. Therefore the values are doubtful. The heats of dissolution of the

compound in its saturated amalgam equal to 6.8tl.4 and 8t2 kJ mol- l at 298 and 313 K,

respectively, are given.

The most stable solid phase formed in the binary K-Pb system is KPb (3).

Value of the solubility of KPb in Hg (doubtful)

The solubility product of KPb in Hg at 298 and 313 K is, as reported in (2):

0.8 mo12 dm- 6 and 0.9 mo12 dm- 6

and the solubility, as calculated by evaluators from Ks :

0.9 mol dm- 3 and 0.95 mol dm- 3, respectively.

References

1. Shvedov, V.N.; Semenyuk, E.Ya. Zh. Prikl. Khim. l2ll, 44, 80, 282.

2. Filippova, L.M.; Zebreva, A.I.; Korobkina, N.P. Ukr. Khim. Zh. ~, 44, 791.

3. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, ~.
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COMPONENTS:

(1) Potassium-lead 1:1; KPb; [12030-93-2)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 298 - 313 K

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zebreva, A.I.;

Korobkina, N.P.

Ukr. Khlm. Zh. ~, 44, 791-3.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of KPb in Hg at 298 and 313 K Is 0.82 and 0.88 mo12 dm- 6,

respectively.

trC

25

CKi / CPbi / cK /
mol dm- 3 mol dm- 3 mol dm- 3

1.43 0.95 1.10

1.52 1.00 1.35

1. 79 0.69 1.48

1.94 1.00 1.30

0.76

0.80

0.60

0.65

mean value

0.84

1.08

0.89

0,85

0.91±0.1l a

40 1. 72

1.72

1.89

1.17

1.31

0.95

1.08

1.10

1.45

0.84

0.84

0.70

0.91

0.92

1.02

AUXILIARY INFORMATION

(continued next page)

METHOD/APPARATUS/PROCEDURE:

Homogeneous K and Pb amalgams were mixed in

various ratios. Then they were diluted

with Hg and heats (Q) were measured. A

bend on Q vs. concentrations of K and Pb

corresponds to the equilibrium concentra­

tions of the metals. From this the stoi­

chiometry of the intermetallic compound be­

ing formed and its solubility product were

found. The experiments were carried out in

an Ar atmosphere. The Pb amalgam was ob­

tained by dissolution of this metal in Hg

and the K amalgam by electrolysis.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

Solubility: precision no better than ± 20

X (by compilers).



COMPONENTS:

(1) Potassium-lead 1:1; KPb; (12030-93-2)

(2) Mercury; Hg; (7439-97-6)

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zebreva, A.I.;

Korobkina, N.P.

Ukr. Khlm. Zh. ~, 44, 791-3.
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EXPERIMENTAL VALUES (continued)

ere CKi / cPb i / cK / CPtf / Ks / S

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm- 6

2.07 1.33 1.12 0.80 0.90

2.16 1.21 1.30 0.74 0,96

mean value 0.94±0.05 S

S calculated by compilers.

The calculated values of 0.82 and 0.88 mo1 2 dm- 6 do not agree with the original data.

The heat of dissolution of KPb in its saturated amalgam is equal to 6.8±1.4 and 8±2 kJ

mol- l at 298 and 313 K, respectively.
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COMPONENTS:

(1) Potassium-zinc 2:1; K2Zn; [98246-96-9J

(2) Mercury; Hg; [7439-97-6J

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

February 1980

CRITICAL EVALUATION:

Dzhabarova and coworkers (1) investigated the K-Zn amalgams with stripping voltammetry in

DMFA solutions and reported the formation of K2Zn in Hg in addition to KZn. The

solubility product, Ks - [KJ 2[ZnJ, determined was lxlO- 6 mo13 dm- 9 at room temperature,

but lack of other experimental details obliges one to classify it as a doubtful value.

See also the KZn-Hg system. The compound K2Zn is not known in the binary K-Zn alloys

(2).

value of the solubility of K2Zn in Hg (doubtful)

The solubility product of K2Zn in Hg at 293 K is, as given in (1):

and the solubility, as calculated from Ks by evaluators:

6xlO- 3 mol dm- 3

References

1. Dzhabarova, I.K.; Kaplin, A.A.; Anisimova, L.S. Usp. Polarogr. s Nakopl., Tomsk,

l2l1, p. 39.

2. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, ~.



COMPONENTS:

(1) Potassium-zinc 1:1; KZn; [98246-97-0]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

February 1980
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CRITICAL EVALUATION:

Filippova and coworkers (1) performed calorimetric titrations of the complex K-Zn

amalgams. The authors found formation of solid KZn in Hg with the solubility product, Ks
- [K][Zn], equal to 1.0 and 3.5 mo12 dm- 6 at 298 and 313 K, respectively. The Ks-value

should be corrected for activity coefficients of the components, since the amalgam is

concentrated. The formation of K-Zn intermetallics in Hg was communicated previously in

(2-4). No quantitative data of the solubility are reported in (2, 3). Korshunovand

coworkers (2) reported precipitation of KZnlOHgll in the system. Dzhabarova and

coworkers (4) investigated the system with stripping voltammetry in DMF solutions. They

found two insoluble compounds, KZn and K2Zn; the determined solubility product of KZn is

2.8xl0- 5 mo12 dm- 6 at room temperature, but lack of other experimental details gives no

basis for evaluation. There is significant disagreement between the results of (1) and

(4), so only doubtful value may be suggested.

KZn is unknown in the K-Zn binary alloys (5).

Value of the solubility of KZn in Hg (doubtful)

The solubility product of KZn in Hg at 298 and 313 K is, as reported in (1):

1 mo12 dm- 6 and 3 mo12 dm- 6

and the solubility, as calculated from Ks by evaluators:

1 mol dm- 3 and 1.8 mo12 dm- 6 , respectively

References

1. Filippova, L.M.; Zebreva, A.I.; Omarova, N.D.; Korobkina, N.P. Izv. Vyssh. Ucheb.

Zaved., Khim. Khim. Tekhno1. ~, 21, 316.

2. Korshunov, V.N.; Selevin, V.V.; Khlystova, K.B. E1ektrokhimia l21l, 8, 912.

3. Vorkapic, L.Z.; Drazic, D.M.; Despic, A.R. J. E1ectrochem. Soc. ~, 121, 1385.

4. Dzhabarova, I.K.; Kaplin, A.A.; Anisimova, L.S. Usp. Po1arogr. s Nakop1., Tomsk,

lill, p. 39.

5. Hansen, M.; Anderko, K. ConstItutIon of BInary Alloys, McGraw-Hill, New York, ~.
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COMPONENTS:

(1) Potassium-zinc 1:1; KZn; [98246-97-0)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 298 - 313 K

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zebreva, A.I.;

Omarova, N.D.; Korobkina, N.P.

Izv. Vyssh. Ucheb. Zaved., Khlm. Khlm.

Tekhno1. ~, 21, 316-20.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of KZn in Hg is originally reported as 1.0±0.2 and 3.5±0.5 mo12

dm- 6 at 298 and 313 K, respectively. The individual values are as follows:

t;oC

25

cKi / CPbi / cK / CPtf / Ks / a

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm- 6

1.43 1.48 0.98 1.02 1.00

1.46 3.62 0.60 1.48 0.89

1.49 3.09 0.67 1.39 0.93

1.50 1.85 0.91 1.12 1.02

1.52 2.96 0.74 1.24 0.92

1.52 2.59 0.85 1.45 1.23

1.52 2.22 0.71 1.33 0.94

mean value 0.99±0.12 a

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Homogeneous K and Zn amalgams were mixed in

various proportions. Then they were dilu­

ted with Hg and the heats (Q) were mea­

sured. A bend on dependence of Q on the

concentrations of K and Zn corresponds to

the equilibrium concentrations of the me­

tals. From this the stoichiometry of the

intermetallic formed and its solubility

product as well as the heat of dissolution

could be found. The experiments were car­

ried out in an Ar atmosphere. The Zn amal­

gam was prepared by dissolution of Zn in Hg

and the K amalgam by electrolysis.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility: precision ± 20 X (authors)

standard deviation between 3 and 8 X (com­

piler). Temperature: nothing specified.



COMPONENTS:

(1) Potassium-zinc 1:1; KZn; [98246-97-0J

(2) Mercury; Hg; [7439-97-6J

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zebreva, A.I.;

Omarova, N.D.; Korobkina, N.P.

Izv. Vyssh. Ucheb. Zaved., Khim. Khim.

Tekhno1. ~, 21, 316-20.
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trC

40

CKi / cPbi / cK / cp// Ks/ a

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm- 6

1.88 5.12 1.07 2.88 3.08

1.93 5.10 1.12 2.98 3.34

2.49 2.96 1.68 2.00 3.36

2.89 5.12 1. 35 2.38 3.21

3.44 5.12 1.43 2.19 3.13

mean value 3.22±0.12 a

a calculated by compilers.

The heat of dissolution of KZn in the saturated amalgam is 34±4 and 32±2 kJ mo1- 1 at 298

and 313 K, respectively (at confidence level of 0.95).
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COMPONENTS:

(1) Lithium-tin 1:1; LiSn; [51404-25-2)

(2) Mercury; Hg; [7439-97-6)

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

April 1983

CRITICAL EVALUATION:

Filippova and coworkers (I, 2) determined the solubility product, Ks - [Li)[Sn), of LiSn

in Hg as well as the enthalpy of dissolution of this compound in the saturated amalgam.

Calorimetric titrations were used.

The compound LiSn is formed in the binary Li-Sn system; however, the phases with higher

Li content are more stable (3).

-'due of the solubility of LiSn in Hg (tentative)

The solubility product of LiSn in Hg at 298 K is, as calculated by evaluators:

and the solubility, as originally given in the paper (I, 2):

0.3 mol 00- 3

References

l. Fil1ppova, L.M. ; Zebreva, A.!. ; Zhumakanov, V.Z. Ukr. KhIm. Zh. llll1, 47, 473.

2. Fil1ppova, L.M. ; Zebreva, A.!. ; Zhumakanov, V.Z. Izv. Vyssh. Ucheb. Zaved., KhIm.

KhIm. Tekhnol. l.2]l, 25, 827.

3. Hansen, M.; Anderko, K. ConstItutIon of BInary Alloys, McGraw-Hill, New York, 1958.



COMPONENTS:

(1) Lithium-tin 1:1; LiSn; [51904-25-2]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zebreva, A.I.;

Zhumakanov, V.Z.

Ukr. Khlm. Zh. ~, 47, 473-6.

PREPARED BY:

C. Guminski; Z. Galus
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ESTIMATED ERROR:

Nothing specified. Solubility: standard

deviation ± 10 X (by compilers).

EXPERIMENTAL VALUES:

The solubility of LiSn in Hg at 25 ·C is 3xlO- l mol dm- 3 (authors). The detailed results

are:

cUi/ csn
i / cUf / CSn

f / Ks/

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm'6

1.20 0.63 0.42 0.22 0.092

0.85 0.68 0.34 0.27 0.092

0.78 0.65 0.30 0.25 0.075

0.77 0.73 0.29 0.27 0.078

0.68 0.53 0.26 0.33 0.086

0.62 0.73 0.25 0.29 0,073

mean value 0.083±0.008 a

a calculated by compilers.

The heat of dissolution of LiSn in its saturated amalgam is 5.2±0.6 kJ mol,l at the 0.95

confidence level. The same results are also reported in (1).

AUXILIARY INFORMATION

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

The l.i and Sn amalgams were mixed in vari- Nothing specified.

ous proportions. Then they were diluted

with Hg and heats (Q) were measured. A

bend on dependences Q vs. the concentra-

tions of Li or Sn corresponds to the equi-

librium concentrations of the metals. From

this titration the stoichiometry, solubil-

ity product and heat of dissolution of the

compound could be determined. The experi­

ments were carried out in an Ar atmosphere.

The Sn amalgam was obtained by dissolution

of this metal in Hg and Li amalgam by

electrolysis.
REFERENCES:

1. Filippova, L.M.; Zebreva, A.I.;

Zhumakanov, V.Z. Izv. Vyssh. Ucheb.

Zaved., Khlm. Khlm. Tekhnol. ~, 25,

827.
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COMPONENTS:

(1) Magnesium-tin 2:1; Mg2Sn; [1313-08-2]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

September 1982

CRITICAL EVALUATION:

The Mg-Sn-Hg system was investigated by potentiometry. Tammann and Jander (1) reported a

value of the stability constant of Mg2Sn in Hg, K - [Mg2Sn]/[Mg]2[sn], equal to 1.lxl010

(mol fraction)·2 at 291 K. However, Dergacheva and Kozin (2), after reexamination of the

system under similar conditions, observed no interaction between Mg and Sn in Hg up to

concentrations of 0.56 and 0.11 mol dm- 3 , respectively; the corresponding concentrations

in (1) were 0.68 and 1.9 mol dm- 3 , respectively. It seems that the amalgam in work (1)

was additionally attacked by corrosion, which simulated formation of a stable

intermetallic. No v 'ue of the solubility of Mg2Sn in Hg is suggested because K and Ks ­

[Mg]2[Sn] are almost constant in a certain range of concentrations, as was shown by

compilers in the data sheet. The stable phase MgZSn is formed in the Mg-Sn binary system

(3).

References

1. Tammann, G.; Jander, W. Z. Anorg. Chem. 122l, 124, 105.

2. Dergacheva, M.B.; Kozin, L.F. Vestn. Akad. Nauk Kaz. SSR~, no. 6, 56.

3. Hansen, M.; Anderko, K. ConstItutIon of BInary Alloys, McGraw-Hill, New York, ~.



COMPONENTS:

(1) Magnesium-tin 2:1; Mg2Sn; [1313-08-2)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

One temperature: 291 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Tammann, G.; Jander, W.

Z. Anorg. Chem. l2ll, 124, 105-122.

PREPARED BY:

C. Guminski; Z. Galus
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The authors detected the formation of Mg2Sn in Hg at 18 ·C and, assuming it is soluble,

they determined its stability constant as equal to 0.5xl010 , 1.lxl010 and 1.8xl010 (mol

fraction)-2. The mean value was originally reported as 1.lxl010 (mol fraction)-2.

Compilers, based on primary data from the paper, calculated the following values of the

stability constant and solubili 7 product.

WMl/ Wsn
i / AE/ B CMl/ CSnf/ B Ks/ B K/ B

mass X mass X mV mol dm- 3 mol dm- 3 mo13 dm- 9 mol- 2 dm6

0.124 1. 725 140 8.lxlO- 6 1. 59 1. OxlO- 10 3.3xl09

0.116 0.946 120 8.8xlO- 5 0.76 5.9xlO- 9 5.5xl07

0.170 0.734 120 1. 3x10-4 0.36 6.lx10- 9 8.1xl07

0.191 0.540 110 3.2xlO-4 8.7xlO- 2 8.9xlO- 9 5.7xl07

0.156 0.408 100 5.9xlO-4 3.3x10- 2 llx10- 9 3.7x107

0.128 0.252 20 1.4xlO- l 2.0xlO- 3 3.8xlO- 5 7.0xl03

0.122 0.141 20 1. 3x10- l - - -
0.100 0.085 10 - - - -

(continued next page)
,

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Pieces of Mg were dissolved in warm Hg in a

glass apparatus filled with dry H2' Small

pieces of Sn were added to the Mg amalgam.

The ternary and Mg amalgams were trans­

ferred into another cell to form elec­

trodes. The potential of the amalgams in a

water-free pyridine solution of Mg(II) were

measured vs. the calomel electrode. The

equilibrium concentration of Mg in the ter­

nary amalgam was found from the potential

differences between Mg binary and ternary

amalgams. The Sn concentration was calcu­

lated from mass balance.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified. Precision of metal

concentrations is no better than ± 20 X,

since AE is ± 5 mV at minimum (compilers).
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Magnesium-tin 2:1; Mg2Sn; [1313-08-2) Tammann, G.; Jander, W.

(2) Mercury; Hg; [7439-97-6] Z. Morg. Chem. 1922, 124, 105-122.

EXPERIMENTAL VALUES (continued)

"'Mgi / "'Sni / AE/ B cMl/ csl/ B Ks/ B K/ B

mass X mass X mV mol dm- 3 mol dm- 3 mo13 dm- 9 mol- 2 dm6

0.171 0.078 20 - - - -
0.152 0.056 10 - - - -
0.107 0.019 0 - . - -
0.149 0.017 10 - . . -

Bca1cu1ated by compilers.

It is difficult to decide which value Ks or K better describes the equilibrium of the

system, since both are variable in the same degree.
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COMPONENTS: EVALUATOR:

(1) Manganese-lead 1:5; MnPbs; [71512-79-3] C. Guminski, Z. Galus
Department of Chemistry

(2) Mercury; Hg; [7439-97-6] University of Warsaw
Warsaw, Poland

December 1984

CRITICAL EVALUATION:

Shirinskikh and coworkers (1, 4) did not find any Mn-Pb compound formed in the Mn-Pb-Hg

ternary system. On the contrary Kaplin and coworkers (2) determined the solubility

product of MnPbs in Hg, Ks - [Mn] [Pb]s, by stripping vo1tammetry. The reported value is

1x10- 6 and is expressed in "mol cm- 3" which, after recalculations to molar concentration,

leads to a paradoxical result of 1xl012 mo16 dm- 18 • However, if one co~pares the

oxidation currents recorded during the investigation of the Mn-Pb-Hg (2) system with

those for the Mn-Zn-Hg or Cu-Mn-Hg (3) systems under similar conditions, one comes to the

conclusion that the solubility of MnPb5 is similar t~ that of MnZn4 or CU3Mn;

consequently it should be of the order of 10- 3 mol dm- 3. No MnPb5 compound was found in

the binary Mn-Pb system (5). Therefore, the equilibrium phase of solid may also contain

Hg as a third component. Any value may be suggested in such situation.

References

1. Shirinskikh, A.V.; Lange, A.A. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR l2l2, 42,

16.

2. Kaplin, A.A.; Mamontova, I.P.; Stromberg, A.G. Zavod. Lab. l2l2, 45, 484.

3. Kaplin, A.A.; Mamontova, I.P. Zh. Anal. Khim. ~, 33,703.

4. Shirinskikh, A.V.; Bukhman, S.P. Izv. Akad. Nauk Kaz. SSR, Ser. Khim. ~, no. 5,

17.

5. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, ~.
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COMPONENTS:

(1) Manganese-lead 1:5; MnPb5; [71512-79-3)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Kaplin, A.A.; Mamontova, I.P.;

Stromberg. A.G.

Zavod. Lab. l2l2. 45. 484-7.

PREPARED BY:

C. Guminski; Z. Galus

SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

Solubility: determination of oxidation

currents ± (5-10) X.

Temperature: nothing specified.

Super pure or chemically pure reagents were

used. The solutions contained no more than

10.9.10-10 mol dm- 3 of other heavy metal

ions.

EXPERIMENTAL VALUES:

The solubility product of MnPb5 in Hg at room temperature of 20 ·C is:

The concentration ratio of Mn(II)/Pb(II) in the solution was changed in the range 8.8 ­

38.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Thin film mercury electrodes with Ag sup'

port were used. The amalgams were prepared

by electrolysis at -1.9 V vs. SCE from

MnC12. PbC12 in 1 mol dm- 3 NaCl. Then

voltammetric oxidations of the mixed amal-

gams were carried out and the solubility

product was calculated with the help of the
height of the oxidation current peaks. The ~ ~

experiments were performed in an N2 atmos·

phere with maximum 10- 3 X 02'
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COMPONENTS: EVALUATOR:

(1) Manganese-lead 1:6; MnPb6; [71512-80-6) C. Guminski, Z. Galus
Department of Chemistry

(2) Mercury; Hg; [7439-97-6) University of Warsaw
Warsaw, Poland

December 1983

CRITICAL EVALUATION:

Shirinskikh and coworkers (1, 4) did not find any evidence of Mn-Pb formation in the Mn­

Pb-Hg system; however Kaplin and coworkers (2) determined the solubility product of MnPb6

in Hg, Ks - [Mn)[Pb)6, by stripping vo1tammetry. The result reported, 2.4x10- 7 mo17

cm- 21 , corresponds to a value expressed on the molar scale of 2.4x1014 mo17 dm- 21 which

has no physical sense. However, if one compares oxidation currents observed during the

experiments with the Mn-Pb-Hg (2)and with the Mn-Zn-Hg or Cu-Mn-Hg (3) systems

investigated under similar conditions, one concludes that the solubility of MnPb6 is of

the same order as of MnZn4 or CU3Mn (10- 3 mol dm- 3). Similar comments are presented for

the solubility equilibrium of MnPb5 in Hg.

The compound MnPb6 was not found in the Mn·Pb binary system (5),

the solid equilibrium phase contains Hg as the third component.

solubility may be suggested in such situation.

so it is possible that

Any value of the

References

1. Shirinsklkh, A.V.; Lange, A.A. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR l2l2, 42,

16.

2. Kaplin, A.A.; Mamontova, I.P.; Stromberg, A.G. Zavod. Lab. l212, 45, 484.

3. Kaplin, A.A.; Mamontova, I.P. Zh. Anal. Khim. ~, 33, 703.

4. Shirinskikh, A.V.; Bukhman, S.P. Izv. Akad. Nauk Kaz. SSR, Ser. Khim. ~, no. 5,

17.

5. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, ~.
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COMPONENTS:

(1) Manganese-lead 1:6; MnPb6; [71512-80-6)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Kaplin, A.A.; Mamontova, I.P.;

Stromberg. A.G.

Zavod. Lab. 12l2. 45, 484-7.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of MnPb6 in Hg at room temperature, probably 293 K, is:

The concentration ratio of Mn(II)/Pb(II) in the solution was changed in the range 1.3 •

2.6.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Thin film mercury electrodes with an Ag

base were used. The mixed amalgams were

prepared by electrolysis at -1.9 V vs. SCE

from a solution of MnC12 and PbC12 in 1 mol

dm- 3 NaCl. Then voltammetric oxidation of

the amalgam was carried out and the solu­

bility product was calculated with the use

of heights of the current peaks. The ex­

periments were performed in an N2 atmos­

phere with maximum 10. 3 X 02'

SOURCE AND PURITY OF MATERIALS:

Super pure and chemically pure reagents

were used. The solutions contained no more

than 10- 9 • 10.10 mol dm- 3 of other heavy

metal ions.

ESTIMATED ERROR:

Solubility: determination of the oxidation

currents ±(5·l0) X.

Temperature: nothing specified.



COMPONENTS:

(1) Manganese-tin 1:2; MnSn2; [12032-87-0]

(2) Mercury; Hg; {7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

September 1986
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CRITICAL EVALUATION:

Campbell and Carter (2) investigated Hg-rich compositions of the Mn-Sn amalgams. They

identified the composition of the solid phase formed as Mn2Sn5 and they determined the

concentrations of both metals in the liquid phase at temperatures from 303 to 343 K.

However, one should treat these results with skepticism because the solubilities of the

parent metals in Hg, also established in this work, are considerably higher than the

accepted values of the solubilities (see the Mn-Hg and Sn-Hg systems). Perhaps the

filtration applied was not effective. Moreover, an analysis of the data points to the

formation of ~'~n2 or even MnSn, since the calculated solubility products are more

independent of the metals concentrations.

Later Zebreva and Kozlovskii (1) determined the solubility product of MnSn2 in Hg, Ks ­

{Mn]ISn]2, equal to 7.1xlO- 9 mo1 3 dm- 9 at 293 K. There is significant difference between

the solubilities of the compound found in (1) and (2), but we evaluate the results of (1)

as more reliable and those of (2) as doubtful.

The phase MnSn2 is stable in the Mn-Sn binary system (3) as well as in the amalgam (4).

According to the works of Shirinskikh et al. (4, 5) on Mn-Sn-Hg alloys at room

temperature, excesses of Mn or Sn in the amalgams lead to precipitation of Mn2Hg5 or

Sn7Hg in addition to MnSn2 (4, 5) or Mn2Sn (5).

Value of the solubility of MnSn2 in Hg (doubtful)

The solubility product of MnSn2 in Hg at 293 K according to ref. (1) is:

and the solubility, as calculated by evaluators from Ks :

lxlO- 3 mol dm- 3

References

1. Zebreva, A.I.; Kozlovskii, M.T. Zavod. Lab. 1964,30, 1193.

2. Campbell, A.N.; Carter, H.D. Trans. Faraday Soc. ~, 29, 1295.

3. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, ~.

4. Shirinskikh, Z.V.; Grigoreva, M.J.; Bukhman, S.P. Izv. Akad. Nauk Kaz. SSR, Ser.

Khim. ~, no. 5, 86.

5. Shirinskikh, A.V.; Grigoreva, M.I.; Bukhman, S.P. Izv. Akad. Nauk Kaz. SSR, Ser.

Khim. ~, no. 5, 19.
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COMPONENTS:

(1) Manganese-tin 1:2; MnSn2; [12032·87-0]

(2) Mercury; Hg; [7439·97·6]

ORIGINAL MEASUREMENTS:

Campbell, A.N.; Carter, H.D.

Trans. Faraday Soc. 1211, 29, 1295-300.

VARIABLES: PREPARED BY:

Temperature: 303-343 K C. Gumbiski; Z. Galus

EXPERIMENTAL VALUES:

Concentrations of Mn and Sn in equilibrium with solid Mn2Sn5 are reported.

trC "'Mn/ xMnB
/ wSn/ xSn

B
/ KsnSn a/ KsnSn2/ KsnSn2.5a/

mass X at.X mass X at.X (at.X)2 (at.X)3 (at.X)3.5

30 0.12 0.44 0.08 0.13 5.7xlO· 2 7.4xlO- 3 2.7xlO- 3

0.14 0.51 0.16 0.27 1.4xlO- l 3.7xlO- 2 1. 9xlO- 2

0.16 0.58 0.20 0.34 2.0xlO· l 6.7xlO· 2 3.9xlO· 2

0.18 0.66 0.28 0.47 3.lxlO· l 1.46xlO· l 1. OxlO- l

0.20 0.73 0.35 0.59 4.3xlO· l 2.5xlO· l 1.9xlO- l

0.24 0.88 0.45 0.76 6.7xlO- l 5.1xlO- l 4.4xlO- l

0.27 0.99 0.50 0.84 8.3xlO- l 6.9xlO· l 6.3xlO· l

0.03 0.11 0.23 0.38 4.2xlO- 2 1.6xlO· 2 9.9xlO- 3

0.06 0.22 0.30 0.50 1.1xlO- l 5.5xlO· 2 3.9xlO· 2

0.09 0.33 0.41 0.69 2.3xlO· l 1. 6xlO· l 1. 3xlO· l

0.11 0.40 0.44 0.74 3.0xlO- l 2.2xlO· l 1.9xlO· l

0.13 0.47 0.50 0.84 3.9xlO· l 3.3xlO· l 3.0xlO· l

0.16 0.58 0.59 0.99 5.7xlO· l 5.7xlO- l 5.7xlO- l

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Mn amalgam was obtained by electrore·

duction from MnS04-(NH)4)2S04 electrolyte

on an Hg cathode. The Sn amalgam was pre­

pared by pouring molten Sn into Hg under a

C02 atmosphere. Both amalgams were mixed,

kept in a thermostat and filtered through

chamois leather. The filtrate was treated

with HC1. The Sn was determined by reduc­

tion with Al powder in A C02 atmosphere,

followed by 12 titration. The Mn was de·

termined by addition of H2S04 and titration

with KMn04'

SOURCE AND PURITY OF MATERIALS:

Hg used was cleaned with diluted HN03' Sn

was 99.7 X pure. MnS04 and (NH4)2S04 were

chemically pure.

ESTIMATED ERROR:

Nothing specified, but in a few cases the

equilibrium concentrations of one metal at

fixed concentrations of second metal differ

significantly. See also comments in the

Critical Evaluation.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Manganese-tin 1:2; MnSn2; [12032-87-0) Campbell, A.N.; Carter, H.D.

(2) Mercury; Hg; [7439-97-6) Trans. Faraday Soc. l211. 29, 1295·300.

EXPERIMENTAL VALUES (continued)

trC "'Mn/ xMna/ "'Sn/ xSn
a/ KsnSn a/ KsnSn2/ KsnSn2.5a/

mass X at.X mass X at.X (at.X)2 (at.X)3 (at.X)3.5

55 0.05 0.18 0.06 0.10 1.8x10· 2 1. 8x10- 3 5.7x10·4

0.07 0.25 1.15 1.94 4.8x10·1 9.4x10-1 1.3

0.09 0.33 1.34 2.22 7.3x10- 1 1.63 2.4

0.10 0.36 1.50 2.53 9.1x10· 1 2.30 3.7

0.16 0.58 0.12 0.20 1.2x10-1 2.3x10· 2 1.0x10- 2

0.20 0.73 0.23 0.38 2.8x10· 1 1.05x10·1 6.5x10· 2

0.23 0.84 0.35 0.59 5.0x10·1 2.9x10· 1 2.2x10· 1

0.30 0.99 0.48 0.81 8.0x10- 1 6.5x10·1 5.9x10· 1

0.36 1. 32 0.55 0.92 1.21 1.12 1.07

0.40 1.46 0.62 1.05 1.53 1.61 1.65

0.30 0.99 0.75 1.27 1.26 1.60 1.80

55 0.25 0.91 0.83 1. 39 1. 26 1. 76 2.08

0.22 0.80 0.98 1.63 1.30 2.12 2.71

0.18 0.66 1.10 1.84 1. 21 2.23 3.02

0.16 0.58 1. 27 2.11 1.22 2.58 3.75

70 0.10 0.36 2.7 4.48 1.62 7.22 15.3

0.05 0.18 2.4 4.00 0.72 2.88 5.8

0.58 2.11 0.67 1.13 2.38 2.69 2.9

0.15 0.54 2.00 3.32 1. 78 5.95 10.8
\

0.20 0.73 1.80 3.00 2.19 6.57 11.4

0.13 0.47 2.50 4.14 1. 95 8.05 16.4

0.25 0.91 1.40 2.33 2.12 4.94 7.5

0.30 0.99 1.20 2.02 2.00 4.04 5.7

0.40 1.46 0.85 1.43 2.09 2.99 3.6

0.14 0.51 2.20 3.66 1.87 6.83 13.1

0.20 0.73 0.15 0.25 0.18 0.46 0.23

0.25 0.91 0.27 0.45 0.41 0.18 0.12

0.31 1.13 0.40 0.67 0.76 0.51 0.42

0.40 1.46 0.50 0.84 1.46 1.03 0.94

0.48 1. 75 0.70 1.17 2.05 2.40 2.6

a calculated by compilers. Analysis of the equilibrium solid phase indicates the formula

Mn2Sn5 or MnSn3'
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COMPONENTS:

(1) Manganese-tin 1:2; MnSn2; [12032-87-0)

(2) Mercury; Hg; [7439-97-6)

VARIABLES:

Temperature: 293 K

ORIGINAL MEASUREMENTS:

Zebreva, A.I.; Koz1ovskii, M.T.

Zavod. Lab. 1964, 3D, 1193-5.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of MnSn2 in Hg at 293 K is:

(7.1±O.6)x10- 9 mo1 3 dm- 9

The concentration of Sn amalgam was fixed at : ~5x10-3 mol dm- 3 and the concentration of

Mn was changed in the range 5x10- 4 - 5x10- 3 mol dm- 3.

AUXILIARY INFORMATION

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

The amalgams of Mn and Sn were prepared by Nothing specified.

an unknown method, probably electrolysis.

Oxidation of the complex Mn-Sn amalgam was

carried out under polarographic conditions.

The solubility product of MnSn2 was calcu-

lated from oxidation currents of the ele-

ments using dependences of current vs. con-

centration.

ESTIMATED ERROR:

Solubility: precision of ± 8 %.

Temperature: nothing specified.
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COMPONENTS: EVALUATOR:

(1) Manganese-zinc 1:4; MnZn4: [60383-49-S] C. Guminski, Z. Galus
Department of Chemistry

(2) Mercury; Hg; [7439-97-6] University of Warsaw
Warsaw, Poland

June 1986

CRITICAL EVALUATION:

Kaplin and Mamontova (1) determined the solubility product of MnZn4 in Hg, Ks -

[Mn] [Zn]4. The corresponding solubility of MnZn4 is only slightly higher than the

solubility of Mn in Hg; see the Mn-Hg system. However, Shirinskikh and coworkers, (see

references in the MnZnsHg3.S - Hg system) identified MnZnSHg3.S solid phase in

equilibrium with the saturated amalgam. The solubility of this compound is much higher

than that of MnZn4 or Mn in Hg.

The compound MnZn4 is formed in the Mn-Zn binary system ~) and probably in the amalgam

(3). The matter needs further investigation; the result may be classified in the

doubtful category only.

Value of the solubility of MnZn4 in Hg (doubtful)

The solubility product of MnZn4 in Hg at 293 K is, as reported in (1):

and the solubility, as calculated from Ks by evaluators:

3.3xlO- 3 mol dm- 3

References

1. Kaplin, A.A.; Mamontova, I.P. Zh. Anal. Khlm. ~, 33, 703.

'2. Romer, 0.; Wachtel, E. Z. Hetallk. l2ll, 62, 820.

3. Lihl, F.; Kirnbauer, H. Z. Hetallk. l22l, 48, 9.



ions.

SOURCE AND PURITY OF MATERIALS:

Super pure or chemically pure reagents were

used. The solutions contained no more than

10-9_10. 10 mol dm- 3 of other heavy metal
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Manganese-zinc 1:4; MnZn4; [60383-49-5] Kaplin, A.A.; Mamontova, I.P.

(2) Mercury; Hg; [7439-97-6] Zh. Anal. Khlm. ~, 33, 703-9.

VARIABLES: PREPARED BY:

Room temperature measurement C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product of MnZn4 in Hg at room temperature is

9.6x10- 11 mo15 dm- 15

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Thin film and hanging drop mercury elec­

trodes were used in stripping vo1tammetry.

The amalgams were prepared by 3 min elec­

trolysis of Zn(II) and Mn(II) in 1 mol dm- 3

NaC1 at -1.9 V vs. SCE. Then voltammetric

oxidation of the mixed amalgam was carried

out and the solubility product was calcu·

lated from the height of the oxidation cur· 1------------------1rent peaks. The experiments were performed ESTIMATED ERROR:

in an N2 or Ar atmosphere. Standard deviation of the oxidation

currents is in the range ± (5-10) %.

Temperature: nothing specified.



COMPONENTS:

(1) Manganese-zinc-mercury 1:5:3.5;
MnZn5Hg3.5; [55929-83-4]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Yarsaw
Yarsaw, Poland

August 1986
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CRITICAL EVALUATION:

During roentgenographic studies of Mn-Zn amalgams of various composition, Lihl and

Kirnbauer (1) observed the formation of a solid phase in the system. This phase

contained Mn and Zn in the ratio about 1:4. However, Shirinskikh and coworkers (2) did

not find any interactions between 5xlO- 2 mass X Zn amalgam and Mn heterogeneous amalgam

based on electroanalytical experiments. The second work of the same group of

investigators (3) carried out with higher Zn concentration gave some proof that an

insoluble form of Mn-Zn-Hg alloy is formed in Hg. It was rather difficult to give an

exact formula of the compound being precipitated, because the composition depended on

experimental conditions during the formation: the higher the content of Zn in the liquid

phase the higher the content of Zn in the solid Mn-Zn-Hg phase. Solid Mn-Zn-Hg alloys of

selected composition were dissolved in Hg, and then equilibrium concentrations of Zn and

Mn were determined in the temperature range 293-369 K.

Shirinskikh and coworkers (4) returned to the subject. Keen analysis of their new

experimental results led them to the conclusion that an equilibrium in this system may be

described with the solubility product, Ks - [Mn] [Zn]5, from the fact that the estimated

ratio of Mn:Zn was about 1:5. The formula of the solid phase was determined as

MnZn5Hg3.5' The solubility products of the compound in Hg at 293, 313 and 333 K are

given. After an electrochemical removal of Zn from MnZnSHg3.S the well known Mn2HgS

solid remains in the amalgam (S). In the last work of this group (8) the formula of the

solid phase is reported as Mn2ZnlOHgS' As in (I), Kaplin and Mamontova (6) found

formation of MnZn4 in Hg by stripping voltammetry. They determined the solubility

product, Ks - [Mn] [Zn]4 (see the MnZn4Hg system), which corresponds to the MnZn4

solubility value of 3.3xlO- 3 mol dm- 3 , very close to the solubility of Mn in Hg. On the

other hand, the solubility of MnZnsHg3.S determined by (4), equals 6.0xlO· 2 mol dm- 3,

more than one order of magnitude higher than the solubility of Mn in Hg; see the Mn-Hg

system. So the result of (6) seems to be more reliable but the works (2-S) are more

exhaustive. Therefore only a doubtful value of the solubility of MnZnsHgx in Hg is

suggested. Numerical data of the solubility of MnZnsHgx are reported in (3, S). The
MnZn5

temperature dependence of the pKs was fitted by the least square method to the

linear relation:

-14.24 + S300 T-l r - 0.9994

The compound MnZn4 was found in the Mn-Zn binary system (7).

Values of the solubility of MnZustl&x in Hg, according to (S) (doubtful)

T~

293

313

333

Ks/mo16 dm- 18

1.4xlO-4

2.4xlO- 3

2.lxlO· 2

soly/mol dm- 3 a

6xlO- 2

9.6xlO- 2

1.4xlO- l

a calculated by evaluators from Ks '

(continued next page)



210

COMPONENTS:

(1) Manganese-zinc-mercury 1:5:3.5;
MnZn5Hg3.5; [55929-83-4]

(2) Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION (continued)

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

August 1986

References

1. Lihl, F.; Kirnbauer, H. Z. Metallk. l2il, 48, 9.

2. Shirinskikh, A.V.; Lange, A.A.; Bukhman, S.P. Izv. Akad. Nauk Kaz. SSR. Ser. Khlm.

lffi, no. 4, 37.

3. Shirinskikh, A.V.; Lange, A.A.; Bukhman, S.P. Tr. Inst. Khlm. Nauk Akad. Nauk Kaz.

SSR l.2.U, 35, 54.

4. Lange, A.A.; Bukhman, S.P.; Shirinskikh, A.V. Izv. Akad. Nauk Kaz. SSR, Ser. Khlm.

l2..Z.2., no. 4, 30.

5. Shirinskikh, A.V.; Lange, A.A.; Bukhman, S.P. Izv. Akad. Nauk Kaz. SSR, Ser. Khlm.

l2li, no. 2, 62.

6. Kaplin, A.A.; Mamontova, I.P. Zh. Anal. Khlm. ~, 33, 703.

7. Romer, 0.; Wachtel, E. Z. Metallk. 1211, 62, 820.

8. Shirinskikh, A.V.; Grigoreva, M.J.; Bukhman, S.P. Izv. Akad. Nauk Kaz. SSR, Ser.

Khlm. ~, no. 5, 86.
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COMPONENTS:

(1) Manganese-zinc-mercury 1:4.2:2.8;

MnZn4.2Hg2.8; [55929-83-4]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Shirinskikh, A.V.; Lange, A.A.;

Bukhman, S.P.

Tr. Inst. Khlm. Nauk Akad. Nauk Kaz. SSR

l2.U, 35, 54-9.

VARIABLES:

Temperature: 293-369 K
PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of the solid phase 6.2 mass X Mn, 31.4 mass X Zn and 62.4 massX Hg in Hg

in relation to Mn and Zn at various temperatures was determined in replioate experiments:

Trial

1 0.155 0.38

2 0.155 0.328

3 0.15 0.334

4 0.155 0.341

5 0.15 0.342

6 - 0.335

7 - -

1.47 1.92

1.49 2.36

1. 55 2.33

1.58 2.28

1. 66 2.32

1.7 2.3

1. 73 2.3

erC 20 40 60 80

1Q2wMnf/mass X

0.66 1.2

0.71 1.31

0.75 1.36

0.80 1. 35

0.77 1.35

0.792 1.28

0.78 1.27

88 96

(continued next page)

AUXILIARY INFORMATION

ESTIMATED ERROR:

Solubility: precision of ± 5 X

(compilers) •

Temperature: nothing specified.

SOURCE AND PURITY OF MATERIALS:

Analytically pure reagents were used.

MnS04 was twice recrystallized. Zn was

99.9999 X pure.

METHOD/APPARATUS/PROCEDURE:

The heterogeneous Mn-Zn amalgam was ob­

tained by electrolysis. The Mn(II) was re­

duced on Zn amalgam obtained previously.

The complex amalgams were conditioned for 6

h. Separation of solid and liquid phases

were carried out by filtering under pres-

sure of 7500 kg cm- 2. Solubilities of Mn

and Zn as well as the constitution of solid
t-:'==::-::~=-= -----------;phases were determined with the use of com-

plexometric and colorimetric methods after

dissolution in 1 mol dm- 3 H2S04 of the cor­

responding phases. Analysis of solid sam­

ples was performed by X-ray.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Manganese-zinc-mercury 1:4.2:2.8; Shirinskikh, A.V.; Lange, A.A.;

MnZn4.2Hg2.8; [55929-83-4] Bukhman, S.P.

Tr. Inst. Khlm. Nauk Akad. Nauk Kaz. SSR

(2) Mercury; Hg; [7439-97-6] llU, 35, 54-9.

EXPERIMENTAL VALUES (continued)

t/"C 20 40 60 80 88 96

10wZnf/mass X

Trial

1 2.5 2.72 4.06 4.6 6.2 6.3

2 2.5 2.6 4.0 4.6 6.25 2.36

3 2.46 2.6 3.96 4.5 6.25 2.33

4 2.46 2.6 3.94 4.67 6.26 2.28

5 2.46 2.74 3.94 4.5 6.3 2.32

6 - - 3.96 4.52 6.4 2.3

7 - - 4.05 4.56 6.6 2.3

In separate experiments an alloy of composition 4.3 mass X Mn, 28.0 mass % Zn and 67.7

mass % Hg was dissolved in Zn amalgams at 20 ·C.

10wZni/mass % 1.7 2.5 3.0 6.7

103wMnf/mass %

Trial

1 1.37 0.9 0.204 -
2 1.56 0.9 0.146 -
3 1.58 0.78 0.38 -
4 1.67 0.95 0.41 -
5 1.67 a a -
6 1.65 1.08 a -
7 2.02 1.05 a -

10wZnf/mass X

Trial

1 2.46 2.6 3.08 6.6

2 2.54 2.7 3.08 6.4

3 2.38 2.76 3.08 6.5

4 2.4 2.6 3.04 6.6

5 2.44 a a 6.4

6 2.4 2.68 a 6.4

7 2.49 2.64 a 6.4

The solubility of solid phase 6.85 mass X Mn, 33.0 mass X Zn and 60.15 mass X Hg in Hg in

the temperature range 20-96 ·C was presented in a small figure given in the paper. The

solubility of solid alloy 15 mass X Mn and 85 mass X Zn in 49 g Hg at 20 ·C was

investigated as a function of the sample weight of the alloy:

(continued next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Manganese-zinc-mercury 1:4.2:2.8; Shirinskikh, A.V.; Lange, A.A.;

MnZn4.2Hg2.8; [55929-83-4) Bukhman, S.P.

Tr. Inst. Kh!m. Nauk Akad. Nauk Kaz. SSR

(2) Mercury; Hg; [7439-97-6] l2ll, 35, 54-9.

EXPERIMENTAL VALUES (continued)

t/"C 20 40 60 80 88 96

10wZnf/mass X

Trial

1 2.5 2.72 4.06 4.6 6.2 6.3

2 2.5 2.6 4.0 4.6 6.25 2.36

3 2.46 2.6 3.96 4.5 6.25 2.33

4 2.46 2.6 3.94 4.67 6.26 2.28

5 2.46 2.74 3.94 4.5 6.3 2.32

6 - - 3.96 4.52 6.4 2.3

7 - - 4.05 4.56 6.6 2.3

In separate experiments an alloy of composition 4.3 mass X Mn, 28.0 mass X Zn and 67.7

mass X Hg was dissolved in Zn amalgams at 20 ·C.

10wZni/mass X 1.7 2.5 3.0 6.7

103wMnf /mass X

Trial

1 1.37 0.9 0.204 -
2 1.56 0.9 0.146 -

, 3 1. 58 0.78 0.38 -
4 1.67 0.95 0.41 -
5 1.67 a a -
6 1.65 1.08 a -
7 2.02 1.05 a -

10wZnf/mass X

Trial

1 2.46 2.6 3.08 6.6

2 2.54 2.7 3.08 6.4
3 2.38 2.76 3.08 6.5

4 2.4 2.6 3.04 6.6

5 2.44 a a 6.4
6 2.4 2.68 a 6.4
7 2.49 2.64 a 6.4

The solUbility of solid phase 6.85 mass X Mn, 33.0 mass X Zn and 60.15 mass X Hg in Hg in

the temperature range 20·96 ·C was presented in a small figure given in the paper. The

solubility of solid alloy 15 mass X Mn and 85 mass X Zn in 49 g Hg at 20 ·C was

investigated as a function of the sample weight of the alloy:

(continued next page)
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COMPONENTS:

(1) Manganese-zinc-mercury 1:4.2:2.8;

MnZn4.2Hg2.8; [55929-83-4]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Shirinskikh, A.V.; Lange, A.A.;

Bukhman, S.P.

Tr. Inst. Khlm. Nsuk Aksd. Nsuk Ksz. SSR

llU, 35, 54-9.

wMf/mass X soly/mass X

Mn Znsample/g Mn Zn

1.013 20.0 80.0

0.428 26.7 73.3

0.348 98.5 1.5

1. 78.10- 3

1.87.10- 3

1.58.10- 3

2.29,10- 1

1.72.10- 1

1. 95 .10- 1



COMPONENTS:

(1) Manganese-zinc-mercury 1:5:3.5;

MnZn5Hg3.5; [55929-83-4]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 293 - 353 K

EXPERIMENTAL VALUES:

215

ORIGINAL MEASUREMENTS:

Lange. A.A.; Bukman, S. P. ;

Shirinskikh, A.V.

Izv. Aksd. Nsuk Kaz. SSR, Ser. Khim. l212.
no. 4, 30-5.

PREPARED BY:

C. Guminski; Z. Galus

Equilibrium concentrations of Mn and Zn when alloys of the given composition were

dissolved in Zn amalgams of the given compositions:

wsoUd/ tj"C 10wZni / 103cM// 10wZn
f /

mass X mass X mass: mass X

4.3 Mn 20 1.7 1.6 2.4

28 Zn 2.5 0.9 2.7

67.7 Hg 3.0 0.38 3.1

6.7 <0.1 6.5

4.7 Mn 40 0.77 3.66 3.38

40 Zn 1.58 3.50 2.37

55.3 Hg 2.8 2.25 3.98

3.50 1.20 4.60

4.0 0.71 5.05

5.7 0.27 6.55

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The heterogeneous Mn-Zn amalgam was ob­

tained by electrolysis. Then the amalgam

was placed in a funnel and after 6 hrs the

particular fractions of the amalgam were

analyzed. The ssmples were dissolved in

H2S04' The Zn(II) and Mn(II) were deter­

mined in the solution with the use of com­

plexometric (for sum of Zn and Mn) and co­

lorimetric (for Mn) methods.

SOURCE AND PURITY OF MATERIALS:

99.9999 X pure Zn, MnS04 twice crystallized

and analytically pure H2S04 were used.

ESTIMATED ERROR:

Nothing specified. Solubility: precision

no worse than ± 5 X (by compilers).
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COMPONENTS:

(1) Manganese-zinc-mercury 1:5:3.5;

MnZn5Hg3.5; [55929-83-4]

(2) Mercury; Hg; [7439-97-6]

EXPERIMENTAL VALUES (continued)

ORIGINAL MEASUREMENTS:

Lange, A.A.; Bukman, S.P.;

Shirinskikh, A.V.

Izv. Akad. Nauk Kaz. SSR, Ser. Khlm. l2l2.
no. 4, 30-5.

wsolid/ c/·C
mass X

4.7 Mn 60

40 Zn

55.3 Hg

10wZn
i / 103cM// 10wZ//

mass X mass X mass X

3.10 6.70 4.90

4.50 3.60 6.00

5.40 1. 70 6.85

7.05 1.07 8.30

8.50 0.46 .5

a All data are mean values of 3 determinations.

The solubility of MnZn-5 in Hg at 20 ·C as a function of the sample weight:

WMnZn.5 WHg/g 103wMnf/ 10wZn
f /

mass X mass X

1. 750 48.0 1.60 2.50

1.013 49.0 1. 78 2.29

0.428 49.0 1.80 1.72

0.522 77 .2 1. 78 1.43

0.500 113.0 1.42 1. 23

f/ fxZn xMn

3.4

2.7

1.1

0.77

o

4.5

6

6

6

4.5

The solubility product, Ks - [Mn] [Zn]5, of the alloy with average composition MnZn5Hg3.5

in Hg at various temperatures:

20 1.41xlO-4

40 2.40xlO- 3

60 2.09xlO· 2

Solubility of 5.2 mass X Mn. 35.7 mass X Zn and 59.1 mass X Hg solid alloy in Hg in

relation to Mn and Zn at different temperatures:

crC wMn/mass X wZn/mass X

20 1. 60xlO· 3 2.50xlO- l

40 3.55xlO- 3 3.45xlO- l

60 7.70xlO- 3 4.80xlO- l

80 1. 50xlO· 2 6.45xlO- l

The concentrations of Mn in equilibrium with the intermetallic solid phase are of the

same order as the solubility of Mn in Hg.



COMPONENTS:

(1) Ammonium Radical; NH4.; [26497-91-6]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

July 1985
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CRITICAL EVALUATION:

It is now well established that the ammonium radical, as well as its alkyl derivatives,

forms homogeneous amalgams (1). However, the reported solubilities of NH4' in mercury

vary over a wide range. Le Blanc (2) mentioned that mercury absorbs 0.77 mol % NH4' at

room temperature. Rich and Travers (3) observed that the melting point of mercury was

decreased to 227.55 K upon addition of up to 5.34 mol % of NH4·' Strom~erg and Konkova

(4) observed that the solubility increased from 7.8 x 10- 3 to 2.20 x 10. 2 mol % as the

temperature increased from 283 to 293 K, whereas Syroeshkina and coworkers (5) noticed a

slight decrease from 9.7 x 10.4 to 8.9 x 10-4 mol % in the temperature ~ange of 282 to

290 K. The solubility reported by Stromberg and Karbainov (6), 4.6 x 10 4 mol % at 298

K, is of similar magnitude as that of (5), but there is disagreement with the other

reported data. Syroeshkina and Raimzhanova (7) estimated that the solubility of NH4' at

room temperature is 9 x 10-4 mol %. No experimental details for (2, 7) are given.

It appears that the ammonium amalgams were decomposed to different degrees in each of the

reported solubility determinations. It is probable that impurities acted as

decomposition catalysts, thus resulting in the varied solubility values. There is no

evidence for thermodynamic stability in any of the reports. Because of the uncertainty

in the experimental values for this system, no recommendation can be made for the

solubility. The equilibria may be presented as:

) (Decomposition of the amalgam results in swelling, so named "ammonium amalgam effect".)

An NH4··Hg solid phase was identified at 233 and 203 K (8).
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COMPONENTS:

(1) Ammonium radical: NH4: [26497-91-6]

(2) Mercury: Hg; [7439-97-6]

VARIABLES:

Temperature: 228-234 K

ORIGINAL MEASUREMENTS:

Rich, E.M.; Travers, M.W.

J. Chem. Soc. 1906, 89, 872-4.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubilities of ammonium radical in Hg at low temperatures:

c/·C

-45.61

-44.82

-41.605

-40.81

-40.01

-39.67

-39.62

Soly/g NH4 in 100 g of Hg

0.507

0.415

0.084

0.079 a

0.027

0.0117

0.0094

a probably inaccurate, as stated by authors.

The melting point of Hg was found to be -39.40 ·C instead of -38.9 ·C.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A Na amalgam of equivalent concentration

was cooled in a flask with a long and nar­

row neck to a temperature just above its

freezing points. Anhydrous NH3 was then

condensed in the flask and excess of NH4I

was dissolved. The mixture was shaken from

time to time. After 1 h, the NH3 was al­

lowed to evaporate and the amalgam was fil­

tered several times through a filter paper

with a hole pierced in the bottom of it.

Finally the filtrate was transferred to an

experimental tube. The temperature was

carefully kept constant during all opera­

tions. The freezing points of the fil­

trates were measured by the use of a resis­

tance thermometer. After several hours,

the tube was warmed to accelerate the evo­

lution of ammonia and finally Hg was gently

warmed with acid solution. The quantity of

NH3 evolved was determined by titration and

the solution was always examined for the

presence of Na, which was absent in all

samples. The Hg was dried and weighed.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified. Solubility: probably ±

1 X (compilers). Temperature: precision ±

0.05 K but accuracy ± 0.5 K (compilers).



COMPONENTS:

(1) Ammonium Radical; NH4; [26497-91-61

(2) Mercury; Hg; [7439-97-61

VARIABLES:

Temperature: 298 K

EXPERIMENTAL VALUES:

219

ORIGINAL MEASUREMENTS:

Karbainov, Yu.A.; Stromberg, A.G.

Zh. Anal. Khlm. 1222, 20, no. 8, 769-772.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of NH4 in Hg at 25 ·C is 3.lxlO-4 mol dm- 3 or 4.6xlO-4 ~ol X (by

compilers). There is no proof given that the amalgam contained crystals of the solute.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam-containing ammonium radical was

prepared by electroreduction of NH4+ from

methanol solution of 0.1 mol dm- 3 LiCl, 0.2

mol dm- 3 NH4Cl, at -2.8 V for 5 min. The

hanging mercury drop was used as a working

electrode and the potentials were referred

to Hg pool as an anode. Introduction of

NH4 into Hg caused swelling of the elec­

trode due to partial decomposition of the

solute. The electrode was linearly polar­

ized to positive potentials and the oxida­

tion peak current was observed at -1.2 V.

The concentration of NH4 was calculated

from the oxidation current peak. The amal­

gam was assumed to be saturated when this

current was no longer dependent on the

amount of NH4 introduced inside Hg phase.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility: nothing specified.

Temperature: less than ± 1 K.
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COMPONENTS:

(1) Ammonium radical [26497-91-6]

(2) Mercury; Hgj (7439-97-6]

VARIABLES:

Temperature: 282-290 K

ORIGINAL MEASUREMENTS:

Syroeshkina, T. V. j Raimzhanova, M. M. ;

Gladyshev, V.P.

Izv. Vyssh. Ucheb. Zaved., Khlm. Khlm.

Tekhno1. ~, 21, 933-5.

PREPARED BY:

C. Guminskij Z. Galus

EXPERIMENTAL VALUES:

The solubility of the ammonium radical in Hg at various temperaturesa :

trC 104soly/mol dm- 3 106soly/mol fraction soly/mass % number of determin.

9 6.6±0.2 9.7±0.3 8.8±0.3 6

11 6.8±0.3 10.0±0.4 9.0±0.4 10

15 6.3±0.3 9.3±0.4 8.4±0.4 10

17 6.0±0.4 8.9±0.6 8.0±0.5 12

a Above 20 ·C the amalgam is unstable (authors).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam of ammonium radical was ob­

tained by electroreduction from 5 mol dm- 3

(NH4)2S04' pH-7, with constant current for

1.5 min. Liquation of the amalgam sample

proceeded during and after the electroly­

sis. The lower fraction of the sample was

taken for analysis, assuming that the solid

phase of the ammonium radical amalgam is

lighter than Hg and rises up to the sur­

face. The content of the ammonium radical

in Hg was determined by colorimetry with

Nessler's reagent, after the fraction of

amalgam was decomposed with 0.01 mol dm- 3

HCl.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility: precision better than ± 6 %.

Temperature: nothing specified, but should

be better than ± 0.5 K.



COMPONENTS:

(1) Ammonium radical; NH4; [26497-9l-6J

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 283 - 293 K

ORIGINAL MEASUREMENTS:

Stromberg, A.G.; Konkova, A.V.

Zh. Flz. Khlm. ~, 42, 2063·5.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Solubilities (stationary concentrations) of ammonium radical NH4 in Hg were determined by

an indirect method:

t/DC 102Soly/mol dm- 3 103Soly/mass X 103Sol y/ mol X

10 0.53 0.70 7.8

16 0.93 1.23 13.5

20 1.55 2.04 22.0

a by compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared by electroreduc­

tion of NH4+ from 2 mol dm- 3 NH4Cl (pH-7)

on Hg laying (sic) drop electrode at -2.06

V vs. SCE. The time of the electrolysis

was changed in the range 15-75 s. Since

the drop containing NH4' gets foamy, its

radius was measured before the electrolysis

and 1-2 s after it was stopped. Because of

the total amount of NH4' (mo) some decom­

posed to NH3 (m') in the solution and to

H2' whose volume is measured in a gas

microburette. One may easily find the

amount of NH4' soluble in Hg (m) from the

difference: m - mo - m'.

SOURCE AND PURITY OF MATERIALS:

Hg drop was prepared by electroreduction of

Hg(N03)2 on a Pt wire.

ESTIMATED ERROR:

Solubility: precision ± (5-10) X (authors)

but there is no proof that an equilibrium

with a solid was reached in the system

(compilers).

Temperature: probably better than ± 1 K

(compilers).
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COMPONENTS:

(1) Sodium-tin 1:1; NaSn; [12439-10-0]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

April 1983

CRITICAL EVALUATION:

Filippova and coworkers (1) determined the solubility product of NaSn, Ks - [Na] [Sn] , as

well as its enthalpy of dissolution in Hg by the calorimetric titration of the mixed,

heterogeneous amalgams. However, there is significant disagreement between the

originally reported value, 0.25 mo12 dm- 6 , and the mean value calculated by compilers,

0.83 mo1 2 dm- 6 . It is impossible to find the reason for this difference; it may be a

misprint or it may be caused by a correction of activity coefficients, since the amalgams

were concentrated. Therefore only a doubtful value may be suggested.

Matthes and Schuster (2) found formation of solid Na2SnHg in the amalgam, but NaSn is

formed in the binary Na-Sn system (3).

Value of the solubility of NaSn in Hg (doubtful)

The solubility product of NaSn in Hg at 298 K is, as calculated from the solubility by

evaluators:

0.25 mo1 2 dm- 6

and the solubility, as reported in (1):

0.5 mol dm- 3

References

1. Filippova, L.M.; Zebreva, A.I.; Zhumakanov, V.Z. Izv. Vyssh. Ucheb. Zaved. Khim.

Khim. Tekhnol. 1982, 25, 827.

2. Matthes, R.; Schuster, H.-U. Z. Naturforsch. 1980,35 B, 778.

3. Hansen, M.; Anderko, K. ConstItutIon of BInary Alloys, McGraw-Hill, New York, 1958.



COMPONENTS:

(1) Sodium-tin 1:1; NaSn; [12439-10-0]

VARIABLES:

Temperature: 298 K

ORIGINAL MEASUREMENTS:

Fi1ippova, L.M.; Zebreva, A.I.;

Zhumakanov, V.Z.

Izv. Vyssh. Ucheb. Zaved., Khim. Khim.

Tekhnol. ~, 25, 827-9.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of NaSn in Hg at 25 ·C is 0.5 mol dm- 3. The detailed results, in

disagreement with the original value, are as follows b :

cNai / Csn
i / CNaf / CS// Ks/ a

mol d -3 mol dm- 3 mol dm- 3 mol dm- 3 mo1 2 dm- 6

1. 33 0.87 1.15 0.60 0.69

2.00 0.84 1.44 0.62 0.89

2.20 0.71 1. 70 0.56 0.95

1.52 0.75 1.16 0.59 0.68

2.26 0.69 1. 72 0.54 0.93

mean value 0.8HO.13

a by compilers.

b solubility 0.9 mol dm- 3 (compilers).

The heat of dissolution of NaSn in its saturated amalgam is 6.0±0.4 kJ mol- l at the 0.95

) confidence level.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Sn amalgam was obtained by dissolution

of this metal in Hg. The Na amalgam was

prepared electrolytically. Both amalgams

were mixed in various proportions. They

were diluted with Hg and heat (Q) was mea­

sured. A bend on dependences of Q vs. the

concentrations of Na or Sn corresponds to

the equilibrium concentrations of the me­

tals. From this, one obtains the stoichio­

metry and solubility product of the com­

pound formed. The experiments were per­

formed in an Ar atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified. Solubilities:

deviation ± 15 X (by compilers).

standard
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COMPONENTS: EVALUATOR:

(1) Nickel-antimony 1:1; NiSb; [12035-52-8) C. Guminski, Z. Galus
Department of Chemistry

(2) Mercury; Hg; [7439·97-6) University of Warsaw
Warsaw, Poland

November 1982

CRITICAL EVALUATION:

With the use of anodic stripping voltammetry Zakharov and Zaichko (1) found NiSb

insoluble in Hg. The solubility product, Ks - [Ni)[Sbl, was reported to be 1.7xlO- 8 mo12

dm- 6. So the solubility of this compound is slightly lower than the solubility of Sb in

Hg and much higher than the solubility of Ni in Hg; see the Sb-Hg and Ni·Hg systems.

Therefore one is not sure whether true equilibrium is reached and only a doubtful value

may be suggested. Formation of poorly soluble NiSb in Hg was also reported in (3, 4) but

no quantitative results are supported. Times of experiments in (4) were prolonged to 15

min yielding a confirmation of data in (1). The phase NiSb is the most stable in the Ni

Sb binary alloys (2).

Value of the solubility of NiSb in Hg (doubtful)

The solubility product of NiSb in Hg at 293 K according to (1) is:

and the solubility, as calculated by evaluators from Ks is:

lxlO· 4 mol dm- 3

References

1. Zakharov, M.S.; Zaichko, L.F. Izv. Tomsk. Politekhn. Inst. 1967, 164, 183.

2. Hansen, M.; Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, 1958.

3. Stromberg, A.G.; Zakharov, M.S.; Mesyats, N.A.; Zaichko, L.F.; Stepanova, O.S.

Teoria 1 Praktika Amalgamny kh Profsesov, Alma-Ata, 12£2, p. 68.

4. Zaichko, L.F.; Zakharov, M.S. Izv. Tomsk. Po1itekhn. Inst. l2ll, 174, 66.



COMPONENTS:

(1) Nickel-antimony 1:1; NiSb; [12035-52-8]

(2) Mercury: Hg: [7439-97-6]

VARIABLES:

Room temperature measurement

ORIGINAL MEASUREMENTS:

Zakharov, M.S.; Zaichko, L.F.

Izv. Tomsk. Po1!tekhn. Inst. li[I, 164,

183-6.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The compound NiSb is treated as sparingly soluble in Hg and the solubility product value

is (1.7±0.2)xlO-8 mo1 2 dm- 6 at room temperature. The detailed results are:

CSb(III)/mol dm- 3

1.2xlO- 5

1. OxlO- 5
1.9xlO- 8

1.5xlO- 8

The concentration ratio Ni:Sb was changed in the range 0-1.0. Since the solubility of Ni

in Hg at room temperature is of the order of 10. 7 mol dm- 3 (see the Ni-Hg system) it is

doubtful whether the amalgam was in equilibrium before the oxidation.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Anodic stripping voltammetry with accumula­

tion (5 min. at -1.65 V) on the hanging

mercury drop electrode was applied. The

reference electrode was SCE. The Ni(II)

and Sb(III) were in a solution of 2 mol

dm- 3 KOH and 0.5 mol dm- 3 EDTA. The solu­

bility product was calculated from the re­

corded oxidation currents of both metals.

The polarograms were recorded 1 min after

the accumulation was completed. The exper­

iments were carried out in an N2 atmos­

phere.

SOURCE AND PURITY OF MATERIALS:

Sb(III) salt was obtained from dissolution

of the metal in an acid. Content of heavy

metal ions in the solution was below 5xlO- 8

mol dm- 3 . Source of Ni(II) was NiS04'

ESTIMATED ERROR:

Solubility: precision of the determination

± 10 X but an absolute error may be

significant. Temperature: nothing

specified.
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COMPONENTS:

(1) Nickel-tin 1:1; NiSn; [12059-11-9]
Nickel-tin 3:4; Ni3Sn4; [12202-01-6]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

October 1982

CRITICAL EVALUATION:

The Ni-Sn-Hg system was studied at first by Kemu1a and Galus (1). They found the

formation of a stable intermeta11ic with the composition NiSn using anodic oxidation of

the metals from this complex amalgam, preconcentrated in a hanging mercury drop

electrode. However, the solubility of NiSn in Hg was not investigated. This finding was

later confirmed by Zebreva and Kovaleva (2) who used anodic stripping voltammetry as well

as measurements of potentials of the amalgam electrodes. They detected the compound to

be sparingly soluble and reported its solubility products, Ks - [Ni][Sn], at 293 and 323

K. In the calculation of Ks ' the concentration of Ni in the homogeneous phase was

assumed to be equal to its solubility in Hg, which conforms with the value of the

solubility of Ni used (see the Ni-Hg system). This leads to relative and doubtful values

of the solubility of NiSn in Hg. The level of Sn concentrations was too low to be

determined precisely by potentiometry. More correct values are given in the Data Sheet.

Starzewski, in the evaluators' laboratory (3), performed an extensive study of the Ni-Sn­

Hg system and found, by voltammetry and coulometry, that, as in the Ni-Sn binary alloys,

Ni3Sn4 but not NiSn is precipitated in Hg (4). No solubility determinations were carried

out in (3). Roentgenographic experiments performed earlier showed that the 6-phase of

Ni·Sn (with 52 at X Sn) is formed in the complex amalgam (5).

Value of the solubility of NiSn in Hg (doubtful)

The solubility product of NiSn in Hg at 293 and 323 K is, as reported in (2):

lxlO- 12 and 3xlO- 12 mo12 dm- 6 , respectively

and the solubility, as calculated from Ks by evaluators:

lx10- 6 and 2xlO- 6 mol dm- 3 , respectively

References

1. Kemula, W.; Galus, Z. Rocznlkl Chem. l2QQ, 34, 251.

2. Zebreva, A.I.; Kovaleva, L.M. Zh. Fiz. Khim. 12&2, 39,855.

3. Starzewski, P. H. Sc. ThesIs, University of Warsaw, ~; as cited in Galus, Z.

Crit. Rev. Anal. Chem. l2l2, 5, 359.

4. Hansen, M.i Anderko, M. ConstItutIon of BInary Alloys, McGraw-Hill, New York, ~.

5. Lini, F.; Kirnbauer, H. Z. Hetallk. l22l, 48, 9.



COMPONENTS:

(1) Nickel-tin 1:1; NiSn; [12059-11-9]

(2) Mercury; Hg; [7439-97-6]

VARIABLES:

Temperature: 293-323 K

ORIGINAL MEASUREMENTS:

Zebreva, A.!.; Kova1eva, L.M.

Zh. F!z. Kh!m. l222, 39, 855-8.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The compound NiSn is considered sparingly soluble in Hg. Its dissolution equilibrium is

described by the solubility product Ks '

trC

20 0.05

0.27

0.11

0.11

0.27

0.49

0.49

0.82

1.13

1.27

1.80

2.34

0.50

0.50

5.03

5.03

5.03

5.03

5.03

5.03

5.03

4.00

4.00

4.00

0.92

1.09

1.36

1.20

1.41

1.16

1.41

1.80

1.62

1.05

1.05

0.98

1.07

1.27

1.58

1. 39

1.63

1. 35

1.63

2.09

1.83

1. 22

1.22

1.14

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The simple amalgams were prepared by elec­

trolytic reduction of Ni(II) and Sn(II) on

a Hg cathode. After mixing of these amal­

gams in various ratios, potentials of the

complex amalgam were measured in a solution

of 2 mol dm- 3 KC1 + HC1 at pH - 1. The

solubility product was calculated from the

potential difference of Sn in the simple

and complex amalgams; the concentration of

free Ni was assumed to be equal to its sol­

ubility in Hg, so taken as constant. The

experiments were carried out in a C02 at­

mosphere. In polarographic experiments ox­

idation currents of Ni-Sn amalgam were on

the border of the detection limit.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility standard deviation ± 25 X but

the absolute value is relative.

Temperature: nothing specified.

REFERENCES:

1. Baranski, A.; Galus, Z. J. Electroanal.

Chem. l2ll, 46, 289.
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COMPONENTS:

(1) Nickel-tin 1:1; NiSn; [12059-11-9]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Zebreva, A.I.; Kovaleva, L.M.

Zh. Flz. Khlm. ~, 39, 855-8.

EXPERIMENTAL VALUES (continued)

tj"C 103cSni i 1Q3cNi i l 1Q7cs/1 1Q12Ksi

mol dm- 3 mol dm- 3 mol dm- 3 mo1 2 dm- 6

2.70 4.00 0.94 1.09

2.87 4.00 1.03 1.19

mean value 1.4tO.3 a

50 0.11 0.50 1. 75 2.02

0.17 0.50 1.56 1.82

0.23 0.50 1.71 2.01

1.65 5.03 2.85 3.30

2.21 5.03 2.85 3.30

2.76 5.03 2.74 3.16

3.32 5.03 2.74 3.16

mean value 2.7±0.7 a

a mean values and standard deviations calculated by compilers.

In the original calculations of the solubility product the concentration of free Ni (its

solubility in Hg) was taken to be 1.16xlO- 5 mol dm- 3 at 20 and 50 ·C. This is orders of

magnitude higher than the selected values (see the Ni-Hg system). The solubility of Ni

at 20 and 50 ·C is 5xlO- 7 and 1.8xlO- 6 mol dm- 3 , respectively (1). This correction makes

the final results equal to 1.8xlO-14 and 4.2x10· 13 mo12 dm- 6 at 20 and 50 ·C,

respectively.



COMPONENTS:

(1) Nickel-zinc 1:1: NiZn; [12035-62-0]

(2) Mercury: Hg: [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

November 1983
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CRITICAL EVALUATION:

Performing electrochemical oxidation of the Ni-Zn amalgams Bukhman and Nosek (1) and

Donten (4) concluded that the solubility of NiZn in Hg is limited, but no data were

reported. An extended study of the system was published by Rodger and Meites (2). Using

controlled potential electrolysis, the authors proved that NiZn is only slightly soluble

and reported its solubility product, Ks - [Ni][Zn], equal to 1.OxlO- 8 mo12 dm- 6 , probably

at 298 K. When the concentration ratio of Zn to Ni is higher than 2.5 another compound,

NiZn3' is formed, soluble but poorly dissociated in Hg.

The solubili~f of NiZn determined is significantly higher than the solubility of Ni

(see the Ni-Hg system) so only a doubtful value of the solubility may be suggested.

phase NiZn is stable in the Ni-Zn binary alloys (3).

Value of the solubility of NiZn in Hg (doubtful)

The solubility product of NiZn in Hg at 298 K is, according to paper (2):

and the solubility, as calculated by evaluators:

References

in Hg

The

'1. Bukhman, S.P. ; Nosek, M.V. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR 1964, 12, 99.

2. Rodgers, R.S. : Meites, L. J. Electroanal. Chem. 1211, 38, 359.

3. Hansen, M.: Anderko, K. Constitution of Binary Alloys, McGraw-Hill, New York, llli.
4. Donten, M. Ph.D. Thesis, University of Warsaw, ~.
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COMPONENTS:

(1) Nickel-zinc 1:1; NiZn; [12035-62-0J

(2) Mercury; Hg; [7439-97-6}

VARIABLES:

Room temperature measurement

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Rodgers, R.S.; Meites, L.

J. Electroanal. Chem. l2lZ, 38, 359-65.

PREPARED BY:

C. Guminski; Z. Galus

Values of Ks (solubility product) and Keq (equilibrium constant) obtained from the

oxidation of aged nickel-zinc amalgams containing excess nickel at room temperature:

ne,Zni / ne,Ni i / ne.znf / ne.NiZnf / Amalgam 108Ks/ 1Q5Keq/

~molb ~molb ~molb ~molb age/h mo12dm- 6 mol dm- 3

93.3 101 4.69 88.6 13.2 1.18 0.94

46.4 50.5 3.05 43.4 23.2 0.44 0.71

19.34 30.3 6.43 12.91 1.3 a a

19.72 30.3 4.09 15.63 16.8 1.22 5.49

19.34 30.3 4.12 15.22 41.8 1.26 5.84

14.98 20.2 3.93 11.05 65.2 Q,74 4.77

mean value 1.0tO.3

a Equilibrium constants not calculated because amalgam not yet at equilibrium. Volume of
the complex amalgam 35 cm3.

b Equivalent charge amount for the indicated species.

The solubility of the compound is three orders of magnitude higher than the solubility of

Ni in Hg; see the Ni-Hg system.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Ni-Zn and Zn amalgams were prepared by

electroreduction of Ni(II) and Zn(II) at a

mercury pool cathode at -1.35 V vs.

Ag/AgCl/NaCl (salt) electrode. The sup­

porting electrolyte was usually 0.1 mol

dm- 3 dibasic ammonium citrate, 0.2 mol dm- 3

NH3 saturated with NaCl; also 0.15 mol dm- 3

NH3 saturated with NaCl was used in some

experiments. Stripping of Zn from the Ni­

Zn and Zn amalgams was carried out at -0.3

V. The currents were integrated and the

solubility product calculated from mass

balance of the reagents. The experiments

were performed in a N2 atmosphere.

SOURCE AND PURITY OF M/l.TERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility: precision t 30 % (authors) but

an absolute error may be significant

(compilers) .

Temperature: nothing specified.



COMPONENTS:

(1) Nickel-zinc 1:3; NiZn3; [12439-59-7]

(2) Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION:

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

November 1984
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I

1

When the concentration of Zn in the Ni-Zn-Hg system exceeds 2.5 times the concentration

of Ni then NiZn3 is formed in Hg phase. This compound is soluble in Hg and its

dissociation constant, Kd - [Ni][Zn]3/[NiZn3]' is (6.0±O.7)xlO- 10 mo1 3 dm- 9 at probably

298 K. However, a limit of the solubility of NiZn3 in Hg is not reported. The

equilibrium Ni concentration estimated from Kd is more than a thousand times higher than

the selected value of the solubility of Ni in Hg (see the Ni-Hg system) which makes the

result very questionable. For lower ratios of Zn to Ni insoluble NiZn is precipitated in

the system.
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COMPONENTS:

(1) Nickel-zinc 1:3; NiZn3; [12439-59-7)

(2) Mercury; Hg; [7439-97-6)

ORIGINAL MEASUREMENTS:

Rodgers, R.S.; Meites, L.

J. Electroanal. Chem. l2l4, 38, 359-65.

VARIABLES:

Room temperature measurement

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Calculation of Kx assuming that NiZn is insoluble (aNiZn-l) and that NiZnx is soluble:

n Z f/Ilmola ne Nii/Ilmola ne,NiZnf/llmola K2 K3/mol dm- 3 K4/mo12 dm- 6
e, n ,

197.2 30.3 46.7 12.0 6.78xlO- 2 2.86xlO-4

89.9 5.05 9.1 22.2 5.70xlO- 2 1.10xlO-4

60.7 30.3 32.2 31.9 5,54x10- 2 7.2lx10- 5

(6.0±0.5)xlO- 2

a Equivalent charge amount for the indicated species.

The value of K3 combined with Ks (1.0±0.3)xlO- 8 mo12 dm- 6 for NiZn in Hg yielded the

value of Kd reported above. The compound NiZn3 is formed in the binary Ni-Zn system (1).

AUXILIARY INFORMATION

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

.illl!,.

Nothing specified.

Dissociation constant: precision ± 10 X

(authors) but absolute error may be

significant (compilers).

Temperature: nothing specified.

ESTIMATED ERROR:

REFERENCES:

1. Hansen, M.; Anderko, K. ConstLtutLon of

BLnary Alloys, McGraw-Hill, New York,

The experiments were performed in a N2 at­

mosphere. The Ni-Zn and Zn amalgams were

prepared by electroreduction of Ni(II) and

Zn(II) at a mercury pool cathode at -1.35 V

vs. Ag/AgCl/NaCl (salt) electrode. The

supporting electrolyte was usually 0.1 mol

dm- 3 dibasic ammonium citrate and 0.2 mol

dm- 3 NH3 saturated with NaCl; 0.15 mol dm- 3
f---=- ~...........:__-------------iNH3 saturated with NH4Cl was also used in

some experiments. Stripping of Zn from the

Ni-Zn and Zn amalgams was carried out at

-0.3 V. The oxidation currents were inte­

grated and the dissociation constant calcu­

lated by fitting the experimental results

to the model assumed (NiZn insoluble and

NiZn3 soluble). The invariancy of K3

points to formation of soluble but poorly

dissociated NiZn3 in Hg. Other models were

tested without success.



COMPONENTS:

(1) Palladium-zinc 1:1; PdZn; [234l2-5l-3J

(2) Mercury; Hg; [7439-97-6J

VARIABLES:

Temperature: 323-363 K
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ORIGINAL MEASUREMENTS:

Dergacheva, M.B.; Kozin, L.F.; Panova. N.L.

Dep. VINITI, l2la, 3595-78.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility product values of PdZn in Hg at various temperatures are:

tl"C Ks/mo12 e1m- 6 Solubility/mol e1m- 3

50 2.7xlO- 8 1. 6xlO- 4

75 1.9xlO- 6 1.4xlO- 3

90 1. 3xlO- 5 3.6xlO- 3

Initial concentrations of Pd and Zn were changed in the ranges lxlO- 3-3xlO- 2 mol e1m- 3 and

3xlO·4-5xlO· 2 mol e1m- 3 , respectively. The experiments performed at 298 K were strongly

affected by corrosion of the amalgam so any solubility product calculated under these

conditions is doubtful. At higher temperature corrosion seems to be less and the

solubility values acceptably correct.

Solid PdZn precipitated in Hg was identified by chemical analysis and roentgenography and

it was found to be the same as formed in the Pd-Zn binary system (1).

The temperature dependence of the solubility product estimated by the least square method

may be expressed with the following equation:

pKs - -17.1 + 7.97xl03 T-l r - 0.999

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Pd amalgam was obtained by a complete

electroreduction of Pd salt dissolved in

HCl solution. The amalgam was transferred

to a cell where a known amount of Zn(II)

was electroreduced on it with 100 X effi­

ciency. Potentials of the cell: Zn(Hg)

\0.2 mol e1m- 3 ZnS04. 0.5 mol e1m- 3

(NH4)2S04. 3 mol e1m- 3 NaOH and 50 g e1m- 3

N2H4·H2S041 Pd-Zn(Hg) were measured. The

electrolyte was purified from traces of 02

by blOWing H2 through the solution. The

solubility products at various temperatures

were calculated from the potential dif­

ferences and mass balance.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Solubility: nothing specified; it should

be better than ± 10 X (compilers).

Temperature: ± 0.5 K.

REFERENCES:

1. Hansen. M.; Anderko, K. Constitution of

Binary Alloys, McGraw-Hill. New York,

lill.
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COMPONENTS:

(1) Platinum-zinc 1:2; PtZn2; [79471-67-3]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

c. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

January 1984

CRITICAL EVALUATION:

Guminski and coworkers (1) established the formation of PtZn2 in Hg using potentiometry

and voltammetry. The solubility product of the compound, Ks - [Pt][Zn]2, was determined

to be lxlO- 14 mo13 dm- 9 at 298 K. The formation of PtZn2 in the amalgam was found

earlier by Rodgers and Meites (2) but no solubility was determined.

The compounds PtZn3 (2) and PtZn4 (PtSZn2l) (2, 3) are also formed in the Pt-Zn-Hg system

when the excess of Zn over Pt is higher and experiments are performed for longer

conditioning times (2) and higher temperatures (3).

All of these compounds are known to be formed in the Pt-Zn binary system (4).

Value of the solubility product of PtZn2 in Hg (doubtful)

The solubility product of PtZn2 in Hg at 298 K is, according to (1):

and the solubility, as calculated from Ks by evaluators:

1.SxlO- S mol dm- 3

References

1. Guminski, C.; Ros10nek, H.; Galus, Z. J. Electroanal. Chem. l2ft1, 158, 3S7.

2. Rodgers, R.S.; Meites, L. J. Electroanal. Chem. lial, 125, 167.

3. Barlow, M.; Planting, P.J. Z. Hetallk. 1222, 60, 293.

4. Hansen, M.; Anderko, K. ConstItutIon of BInary Alloys, McGraw-Hill, New York, ~.



COMPONENTS:

(1) Platinum-zinc 1:2; PtZn2; [79471-67-3J

(2) Mercury; Hg; [7439-97-6J

VARIABLES:

Temperature: 298 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Guminski, C.; Roslonek, H.; Galus, Z.

J. Electroanal. Chem. ~, 158, 357-68.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility product of PtZn2 in Hg at 298.2 K is lxlO·14 mo13 dm- 9 . The concentration

ratio of Pt to Zn in the amalgam was changed in the range 0 - 1. The solubility product

was only calculated for the Pt to Zn ratio equal to 1/2. For other ratios the initial

concentrations of both metals were unknown.

METHOD/APPARATUS/PROCEDURE:

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

All experiments were performed in a H2 at·

mosphere. The mixed Pt-Zn amalgam was ob­

tained by electroreduction of both metals

on the hanging mercury drop electrode at

-1.3 V vs. SCE from a solution of ZnC12 and

H2PtC16 in 0.5 mol dm- 3 NaCl. After the

electrolysis, the electrode was carefully

rinsed and transferred into a separate, de­

oxygenated solution of 1.00xlO- 3 mol dm- 3

ZnC12 in 0.5 mol dm- 3 NaCl. The potential

of this electrode vs. SCE was recorded for

400 s; it was practically constant after

180 s. From the measured equilibrium po·

tentials at the concentration ratio Pt to

Zn equal 1/2, where a jump of the potential

vs. concentration ratio was observed, the

solubility product of the compound was cal­

culated from the active Zn concentration

and mass balance. Every experiment was re­

peated at least three times.

All reagents from POCh were of analytic

purity. Triply distilled H20 and twice

distilled Hg after chemical purification

with acidified Hg2(N03)2 were used.

Solutions of ZnC12 and NaCl were

additionally purified by a cathodic

electrolysis at ·0.9 V.

ESTIMATED ERROR:

Solubility: precision ± 50 X;

reproducibility of potentials ± 2 mV.

Temperature: ± 0.2 K.
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COMPONENTS:

(1) Antimony-zinc 1:1; SbZn; [12039-35-9]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

October 1983

CRITICAL EVALUATION:

On the basis of the anodic oxidation of the complex Sb-Zn amalgam and potentiometric

experiments performed by Zebreva and Kozlovskii (1, 4) the formation of solid SbZn in Hg

was established. The solubility product, Ks - [Sb][Zn], was determined to be 2.6xlO- 9

mo12 dm- 6 at 291 K. However, Zakharov and coworkers (6) using anodic stripping

voltammetry did not observe precipitation of SbZn in Hg even when Sb and Zn

concentrations were as high as 7.0xlO-4 and 6.4xlO- 3 mol dm- 3 , respectively. On the

other hand, precipitation of a Sb-Zn compound was observed during simultaneous

codeposition of Sb and Zn on a Hg electrode. Mathematical analysis of Zebreva's

potentiometric results by the method of Stromberg and coworkers (2, 3) leads to the mean

result 1.8xlO- 9 mo1 2 dm- 6.

The phase SbZn is stable in the binary Sb-Zn alloys (5).

Value of the solubility of SbZn in Hg (tentative)

The solubility product of SbZn in Hg at 291 K (mean value of (1, 4) and (2, 3» is:

and the solubility, as calculated from Ks by evaluators:

References

1. Zebreva, A.I. Zh. Fiz. Khim. 1962, 36, 1822.

2. Stromberg, A.G.; Mikheeva, N.P.; Belousov, Yu.P. Zh. Fiz. Khim. ~, 48, 2243.

3. Stromberg, A.G.; Mikheeva, N.P.; Belousov, Yu.P. Tr. Inst. argo Katal. Elektrokhim.

Akad. Nauk Kaz. SSR~, 7, 42.

4. Zebreva, A.I.; Kozlovskii, M.T. Zavod. Lab. ~, 3D, 1193.

5. Hansen, M.; Anderko, K. ConstItutIon of BInary Alloys, McGraw-Hill, New York, ~.

6. Zakharov, M.S.; Mesyats, N.A.; Zaichko, L.F.; Baletskaya, L.G. Tzv. Vyssh. Ucheb.

Zaved. Khim. Khim. Tekhnol. l2QQ, 9, 355.

7. Abramova, N.S.; Bukhman, S.P. FIz.-Khlm. Issled. Neorg. Soedin., Cheboksary, ~,

p. 81.



COMPONENTS:

(1) Antimony-zinc 1:1; SbZn; (12039-35-9]

(2) Mercury; Hg; (7439-97-6]

VARIABLES:

Temperature: 291 K

ORIGINAL MEASUREMENTS:

Zebreva, A. I.

Zh. Flz. Khlm. ~, 36, 1822-5.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility product of SbZn in Hg is 2.7xlO- 9 mo12 dm- 6 at 18 ·C or (2.6±0.6)xlO- 9

mo12 dm- 6 as reported in (1).

Results of the potentiometric determination:

105CZni i 105cSbi i 105cZ/1 105cSbf l 109Ksi

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm- 6

4.74 9.2 3.43 7.9 2.71

7.14 9.2 4.14 6.2 2.56

8.74 9.2 5.46 5.9 3.20

1. 75 14.2 1.60 14.0 2.25

2.92 14.2 1.84 13.1 2.42

4.07 14.2 1.93 12.1 2.34

5.21 14.2 2.02 11.0 2.22

6.96 14.2 2.16 9.4 2.02

(continued next page)

AUXILIARY INFORMATION

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

Differences of the potential of Zn and Sb- Nothing specified.

Zn amalgams in a solution containing Zn(II)

were measured. Also constant current ano-

dic oxidation of Sb-Zn amalgams in 0.5 mol

dm- 3 H2S04 or 1 mol dm- 3 NaOH + 0.07 mol

dm- 3 KNaC4H406 solutions were performed as

supplementary measurements. The solubility

product was calculated from the potential

differences of the cell and mass balance.

The amalgams were prepared by an electro­

lysis.

ESTIMATED ERROR:

Solubility: precision ± 20 X (authors)

standard deviation ± 17 X (compilers).

Temperature: nothing specified.

REFERENCES:

1. Zebreva, A.I.; Kozlovskii, M.T. Zavod.

Lab. ~, 3D, 1193.
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COMPONENTS:

(1) Antimony-zinc 1:1; SbZn; [12039-35-9]

(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Zebreva, A.I.

Zh. Flz. Khlm. ~, 36, 1822-5.

EXPERIMENTAL VALUES (continued)

105cZni/ 105cSbi/ 105cZnf/ 105cSbf / 109Ks /

mol dm- 3 mol dm- 3 mol dm- 3 mol dm- 3 mo12 dm- 6

8.70 14.2 2.48 8.0 2.00

11.00 14.2 4.50 7.1 3,20

mean value 2.5±0.4 a

a mean value and standard deviation calculated by compilers.



COMPONENTS:

(1) Tellurium-thallium 1:2; TeT12;
[12040-13-0]

Tellurium-thallium-mercury 2:1:1;
Te2T1Hg [98595-01-8]

Tellurium-thallium-mercury 4:2:3;
Te4T12Hg3 [67115-70-2]

(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

April 1984
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CRITICAL EVALUATION:

Babanly and coworkers (1) reported on the Te-ll-Hg system and constructed the phase

diagram in form of liquidus lines reproduced below. One may read solub~lities of TeT12

in Hg from the binary TeT12-Hg cross section. The equation relating the solubility to

temperature is:

pS - -1.70 + 1.78xl03 T- l r - 0.995 (S/mol Xi T/K)

Since the solubility of TeT12 in the temperature range 518-681 K is higher than the

solubility of le in Hg (see the Te-Hg system) the results obtained are questionable. The

only explanation, which may be proposed, is that the equilibrium solid phase is not TeT12'

as found to exist in the binary Te-Tl system (3), but Te2T1Hg (2) or Te4T12Hg3 (1). The

melting point of Te4T12Hg3 was also established in (1).

Value of the solubility of TeT12 in Hg (doubtful)

The solubility of TeT12 in Hg at 568 K is 3 mol X and at 681 K is 13 mol X, according to

(1).

References

1. Babanly, M.B.; Asadov, M.M.; Kuliev, A.A. Izv. Akad. Nauk SSSR, Neorg. Hater. ~,

19, 583.

2. Gyseinov, G.D.; Gyseinov, G.G.; Ismailov, M.Z.; Godzhaev, E.M. Izv. Akad. Nauk SSSR,

Neorg. Hater. ~, 5, 33.

3. Castanet, R.; Bergman, C.; Michel, M.L.; Kehiaian, H.V. Z. Hetallk. l2ll, 68, 342.

r,

Tl

---------- ---
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COMPONENTS:

(1) Tellurium-thallium 1:2; TeT12;

[12040-13-0)

(2) Tellurium-thallium 4:2:3; Te4T12Hg3;

[67115-70-2)

VARIABLES:

Temperature: 518-681 K

ORIGINAL MEASUREMENTS:

Babanly, M.B.; Asadov, M.M.; Kuliev, A.A.

Izv. Mad. Nauk SSSR. Nearg. Hater. ~,

19, 583-7.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of TeT12 in Hg was determined from the TeT12-Hg phase diagram by the

compilers:

T/K solubility/mol fraction

518 0.020

568 0.033

630 0.070

658 0.10

681 0.13

The melting point of Te4T12Hg3 was determined to be 800 K, as read by compilers from the

Te4T12Hg3-Te phase diagram inserted in the original work.

AUXILIARY INFORMATION

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

The alloys of Te-Tl were prepared by melt- High purity elements were used.

ing the elements in evacuated quartz am-

pules. They were homogenized for 400 hours

at a temperature 20·30 K lower than the

solidus. Differential thermal analysis and

measurements of vapor pressure over the

amalgams were performed.

ESTIMATED ERROR:

Nothing specified.



COMPONENTS:

(1) Tellurium-zinc 1:1; TeZn; [1315-11-3]

(2) Mercury; Hg; [7439-97-6]

CRITICAL EVALUATION:

EVALUATOR:

C. Guminski, Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

September 1988
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No experimental values on the solubility of TeZn in Hg are reported. The solubility of

TeZn in Hg was predicted by Brebrick (1) to be about one-tenth that of CdTe. Erdenbaeva

and Esimbekova (2) did not notice any dissolution of a TeZn suspension in Hg at 298 to

353 K. Some studies of the TeZn-HgTe pseudobinary phase diagrams were reported in (3·6).

The compound TeZn is stable in the Te-Zn binary system (7).

ReferenceI'

1. Brebric~, R.F. J. Cryst. Growth 1988, 86, 39.

2. Erdenbaeva, M.I.; Esimbekova, B.B. Dep. VINITI no. 4582-81, ~.

3. Danilyuk, S.A.; Kot, M.V. Izv. Akad. Nauk SSSR, Ser. FLz. ~, 28,1073.

4. Crucheanu, E.; Niculescu, D.; Nictor, N. Rev. Roum. Phys. ~, 9,499.

5. Wooley, J.C.; Ray, B. J. Phys. Chem. Solids~, 13, 151.

6. Mizetskaya, I.B.; Tomashik, V.N.; Vengel, P.F. Izv. Akad. Nauk SSSR. Neorg. Hater.

l2Jl1, 19, 1010.

7. Laugier, A. Rev. Phys. Appl. 1211. 8, 259.
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SYSTEM INDEX

Pages preceded by E refer to evaluation texts whereas those not
preceded by E refer to compiled tables.

Ammonia radical
Antimony-zinc 1:1

Barium-cadmium 1:1
Barium-lead 2:1
Barium-tin 1:3
Barium-zinc 1:1
Bismuth-cerium 3:4
Bismuth-lithium 1:1
Bismuth-potassium 1:3

Cadmium-antimony 1:1
Cadmium-copper 3:4
Cadmium-lithium 2:3
Cadmium-manganese 3:1
Cadmium-potassium 1:1
Cadmium-sodium 4:1
Cadmium-sodium 2:1
Cadmium-sodium-mercury 1:1:1
Cadmium-tellurium 1:1
Cerium-tin 1:2
Cobalt-gallium 1:1
Cobalt-zinc 1:1
Copper-antimony 2:1
Copper-antimony 1:1
Copper-gallium 1:1
Copper-germanium 3:1
Copper-manganese 3:1
Copper-platinum 3:1
Copper-thallium-mercury 3:1:10
Copper-tin 3:1
Copper-tin 1:1
Copper-zinc 3:1
Copper-zinc 6:1
Copper-zinc 1:1
Copper-zinc 1:2
Copper-zinc 1:3

Gallium-nickel 1:1
Gold-antimony 1:1
Gold-cadmium 1:1
Gold-cadmium 3:1
Gold-copper 1:1
Gold-gallium 1:1
Gold-indium 3:1
Gold-indium 1:1
Gold-magnesium 1:1
Gold-manganese 1:1
Gold-nickel 1:1
Gold-tin 1:1
Gold-tin 1:2
Gold-zinc 1:1

Indium-antimony 1:1

Lithium-tin 1:1

E217, 218-221
E236, 237, 238

82
83
84
85

E86
E87, 89

88

E102, 103, 104
E90, E91, 92, 93

E96, 97
E98, 99
E94, 95

E100
E100

E100, 101
E105-E107, 108-115

E116
E1l7, 118

E119
E128, E129, 130-133

E134
E120, 121, 122

E123, 124
125

E126, 127
E153, 154

E135-E137, 138-145
E146, E147, 148-152

E157, 158
E155, 156

E159-E162, 163-175
E176, 177
E178, 179

E180, 181
E53, 54

E15-E17, 18-28
E10, 11-14

E29, 30, 31
E32, 33

E34, E35, 36-39
E40, E41, 42-46

E47, 48
E49, 50
E51, 52

E55-E57, 58-64
E65-E68, 69

E70, E7l, 72-81

E182, 183, 184

E194, 195



Magnesium-tin 2:1
Manganese-lead 1:5
Manganese-lead 1:6
Manganese-tin 1:2
Manganese-zinc 1:4
Manganese-zinc-mercury 1:4.2:2.8
Manganese-zinc-mercury 1:5:3.5

Nickel-antimony 1:1
Nickel-tin 1:1
Nickel-zinc 1:1
Nickel-zinc 1:3

Palladium-zinc 1:1
Platinum-zinc 1:2
Potassium-lead 1:1
Potassium-sodium-mercury 1:1:2
Potassium-zinc 2:1
Potassium-zinc 1:1

Silver-cadmium 1:1
Silver-tin 3:1
Silver-zinc 1:1
Sodium-tin 1:1

Tel1urium-tha11ium-mercury 4:2:3
Tellurium-thallium-mercury 2:1:1
Tellurium-thallium 1:2

E196, 197, 198
E199, 200
E201, 202

E203, 204-206
E207, 208

211-214
E209, E210, 215, 216

E224, 225
E226, 227, 228

E229, 230
E231, 232

233
E234, 235

E187, 188, 189
E185, 186

E190
E191, 192, 193

E1, 2, 3
E4, 5, 6
E7, 8, 9

E222, 223

E239, 240
E239

E239, 240

243
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REGISTRY NUMBER INDEX

Pages preceded by E refer to evaluation texts whereas those not
preceded by E refer to compiled tables.

1306-25-8
1312-41-0
1313-08-2
1315-11-3
7439-97-6

11088-65-6
12002-62-9
12006-51-8
12006-53-0
12006-55-2

12006-60-9
12006-63-2
12006-68-7
12014-25-4
12019-27-1

12019-61-3
12019-69-1
12030-93-2
12032-87-0
12035-52-8

12035-62-0
12039-35-9
12040-13-0
12041-17-7
12041-38-2

12044-73-4
12044-85-8
12048-26-9
12048-27-0
12048-64-5

12050-27-0
12050-37-2
12050-42-9
12054-21-6
12054-22-7

E105-E107, 108-115
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E196, 197, 198
E241
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12056-29-0 E185, 186
12059-11-9 E226, 227, 228
12158-95-1 E123, 124
12174-82-2 E176, 177
12183-34-5 E180, 181

12191-11-6 E120, 121, 122
12194-85-3 E178, 179
12202-01-6 E226
12256-45-0 E47, 48
12256-46-1 E49, 50

12256-54-1 E65, 66-69
12259-06-2 E119
12297-62-0 El17, 118
12439-10-0 E222, 223
12439-59-7 E231, 232

12444-36-9 E157, 158
12598-23-1 E34, E35, 36-39
23412-51-3 E233
26497-91-6 E217, 218-221
29888-30-0 E146, E147, 148-152

36369-49-0 E53, 54
37190-17-3 82
37240-23-6 125
51404-25-2 E194, 195
55929-83-4 E209, E210, 211-216

56320-82-2 E96, 97
56729-83-0 E155, 156
60383-49-5 E207
62974-93-0 83
67115-70-2 E239, 240

71512-79-3 E199, 200
71512-80-6 E201, 202
72060-61-8 84
74018-81-8 85
79471-67-3 E234, 235

93508-87-3 E116
98246-92-5 E94, 95
98246-93-6 E100, 101
98246-94-7 E100
98246-95-8 E185, 186

98246-96-9 E190
98246-97-0 E191, 192, 193
98595-01-8 E239

104299-24-3 E153, 154
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