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FOREWORD

If the knowledge is
undigested or simply wrong,

more is not better

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

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

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

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

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

vii



viii Foreword

With the status of current secondary and tertiary services being as
briefly stated above, the innovative approach of the SolUbility Data Project
is that its compilation and critical evaluation work involve consolidation and
reprocessing services when both activities are based on intellectual and
scholarly reworking of information from primary sources. It comprises compact
compilation, rationallzatlon and simpllfication, and the fltting of isolated
numerical data into a critically evaluated general framework.

The SolUbility Data Project has developed a mechanism which involves a
number of innovations in exploiting the literature fully, and which contains
new elements of a more imaginative approach for transfer of reliable
information from primary to secondary/tertiary sources. The fundamental
trend of the SolUbility Data Project is toward integration of secondary and
tertiary services with the objective of producing in-depth critical analysis
and evaluation which are characteristic to secondary services, in a scope as
broad as conventional tertiary services.

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

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

The Critical Evaluation part gives the following information:

(i) a verbal text of evaluation which discusses the numer ical
solubility information appearing in the primary sources located in
the literature. The evaluation text concerns primarily the quality
of data after consideration of the purity of the mater ials and
their characterization, the experimental method employed and the
uncertainties in control of physical parameters, the
reproducibility of the data, the agreement of the worker's results
on accepted test systems with standard values, and f inaUy, the
fitting of data, with suitable statistical tests, to mathematical
functions;

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

(iii) a graphical plot of recommended data.

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

The typical data sheet carries the following information:

components - definition of the system - their names formulas and
Chemical Abstracts registry numbers: '
reference to the primary source where the numerical information is
reported. In cases when the primary source is a less common
perlodlcal or a report document, published though of limited
availability, abstract references are also given:
experimental variables:
identification of the compiler:
experimental values as they appear in the primary source.
Whenever available, the data may be given both in tabular and
graphical form. If auxiliary information is available, the
experimental data are converted also to SI unit~ by the compiler.

Under the general heading of Auxiliary Information, the essential
experimental details are summarized:

(vi> experimental method used for the generation of data:
(viil type of apparatus and procedure employed:

(Vliil source and purlty of materials:
(ix) estimated error:
( xl references relevant to the generation of experimental data as

cited in the primary source.

This new approach to numerical data presentation, formulated at the
initiation of the project and perfected as experience has accumulated, has
been strongly influenced by the diversity of background of those whom we are
supposed to serve. We thus deemed it right to preface the
evaluatlon/compilatlon sheets in each volume with a detailed discussion of the
principles of the accurate determination of relevant solubility data and
related thermodynamic information.

Finally, the role of education is more than corollary to the efforts we
are seeking. The scientific standards advocated here are necessary to
strengthen science and technology, and should be regarded as a maJor effort in
the training and formation of the next generation of scientists and
engineers. Specifically, we believe that there is going to be an impact of
our proJect on scientific-communication practices. The quality of
consolidation adopted by this program offers down-to-earth guidelines,
concrete examples which are bound to make primary pUblication services more
responsive than ever before to the needs of users. The self-regulatory
message to scientists of the early 1970s to refrain from unnecessary
pUblication has not achieved much. A good fraction of the literature is still
cluttered with poor-quality articles. The Weinberg report (in I Reader in
Science Information', ed. J. Sherrod and A. Hodina, Microcard Editions Books,
Indian Head, Inc., 1973, p. 292) states that 'admonition to authors to
restraln themselves from premature, unnecessary publlcation can have little
effect unless the climate of the entire technical and scholarly community
encourages restraint ••• I We think that projects of this kind translate the
climate into operational terms by exerting pressure on authors to avoid
submltting low-grade material. The type of our output, we hope, will
encourage attention to quality as authors will increasingly realize that their
work will not be suited for permanent retrievabllity unless it meets the
standardS adopted in this proJect. It should help to dispel confusion in the
minds of many authors of what represents a permanently useful bit of
information of an archival value, and what does not.

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

A. S. Kertes
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PREFACE

This volume is concerned with the solubility of metals in mercury, and includes all
of the metals and the metalloids carbon, silicon and boron. The solubility only in the
seventy-six binary amalgams is considered here. The compilation of the solubility data
for these binary systems includes numerous reports, such as those published by the U.S.
Atomic Energy Commission from its various laboratories. The literature coverage for
this volume extends through 1983.

The solubility of a metal in mercury at a given temperature is represented by the
concentration of the saturated solution which is in equilibrium with the solid phase.
The solid phase may be the pure metal, the metal saturated with mercury, or an inter
metallic compound with mercury. This concentration also is represented by the liquidus
point at the given temperature on the binary phase diagram. Clearly, the solubility
also is represented by the crystallization temperature of the liquid amalgam.

Only those parts of the complete metal-mercury systems are included in which the
solid metal, or a metal amalgam, appear as solid phases. In those systems where a
phase diagram has been accurately determined, the equilibrium solid phase is clearly
defined; the published phase diagrams for these systems are included in the Critical
Evaluation, and should correctly aid the reader in assigning the solid-liquid
equilibrium. However, there are some systems where there is disagreement on the
equilibrium solid phase so that the solid-liquid equilibrium for these systems cannot
be accurately defined. There are certain phase diagrams which have been constructed
from precise data, but the liquidus data may be somewhat questionable because equilibrium
may not have been attained during the short equilibration times employed. Instances of
possible supersaturation in the determination of the liquidus from cooling curves are
noted by the evaluators. In this volume, the emphasis is on accurate, evaluated
solubility data rather than phase relations in the various systems.

Concentrations in the metal-mercury systems are mostly reported in atomic percent,
at %, rather than in mole percent. The rationale for the non-SI unit is that each system
is represented by the equilibrium of two atomic species, and much of the literature data
on binary metallic systems are reported so.

The solubility of a number of metals in mercury, especially the refractory metals,
is very low, and often below the experimental detection limit. For such systems only a
selected number of data sheets were compiled for those reports which gave the highest
solubility limit as determined by a well defined method. However, the solubility in these
systems may be estimated by the semiempirical equations of Kozin. The first equation (1)
is given by

2

~
llHm(Tm-Tj

1 + RT T
m

0.001

~
Hm(Tm-Tj
RT Tm

[ 1]

where the atomic percent solubility of the metal, 100x1' is a function of its enthalpy
of fusion, llHm, and its melting point, Tm• Kozin subsequently reported (2) a second
solubility equation,

[2]

Equation [2] was derived from the Schroeder relation in which the exponent is unity for
ideal solutions. The exponent, 1.39, in eq. [2] results from fitting known values of
solubilities in the binary amalgams to 6Hm and Tm• It was reported by Kozin (2) that
the mean standard scatter of points for systems of known solubilities is ±0.028 at a
95% confidence level in eq. [2]. Estimates from this equation for the solubility at
298 K for some of the binary systems are near the experimental values, but there also
are systems where the estimates are at great variance from experimental values. For
systems of very low solubility, where experimental data are not available, eq. [2] may
be applied only as a first approximation.
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Preface xi

For some of the meta1-Hg systems the data were reported only graphically; some of
the liquidus covered an extensive composition range, others only a narrow composition
range. Because the numerical data are of interest to many workers, the data points from
these graphical presentations were visually read from the curves and are compiled on the
data sheets. Admittedly, the error in abstracting such data from the curves may be large,
depending on the size of the original figure.

For every system where experimental solubility data were reported, all of the data
were plotted on a semi10garithmic paper (of 60 x 20 cm dimensions) as log (100X1) vs.
(T/K)-1. The data were then evaluated by visually fitting the best curve. Evaluated
solubility data are tabulated at the end of the Critical Evaluation. When at least two
independent works agreed within experimental error, the solubility values were assigned
to the recommended category. Values were assigned as tentative when only one reliable
work was reported, or when the mean value from two or more reliable works was outside of
the error limits. In this tabulation, three, two, or one significant figures is assigned
for respective precisions that are better than ±1 and ±10% and worse than ±10%. There
were no data that agreed to within ±0.1%.

In a number of papers the temperature of the measurement was reported as "room
temperature"; in plotting these data on the solubility curve, the temperature was
arbitrarily assigned as 293 K.

-3Data for concentrated solutions which were reported in mol atom dm without
specifying the density were not useful for this compilation; solubilities in atom percent
could not be assigned to these data.

Because of the large number of binary systems in this volume, the presentation is
grouped according to the Periodic Table. The non-transition metals are given first in
sequence starting from the alkali metals, followed by the transition metals in similar
order. The actinides and the unstable radioactive elements are presented at the end of
the volume.

Some previous compilations dealing with solubilities in selected amalgam systems
(3-10) are considered incomplete, and the data in some of these references erroneous.

The editors acknowledge the encouragement of IUPAC Commission V.S under whose
authorization this work was initiated. The Editor also acknowledges the helpful advice
and suggestions made by Dr. Mark Salomon during the course of editing this volume.
Acknowledgment also is made to the Westinghouse Electric Corporation for providing the
Editor with library and stenographic services during this project. It is also a pleasure
to acknowledge the aid of Mrs. Joyce Walsh for the complete typing of this volume.

Acknowle~gment is made to the following for permission to reproduce various phase
diagrams directly from their publications: The American Society of Metals; McGraw-Hill
Book Company; Elsevier Science Publishers; R. Oldenbourg Verlag; Der Deutschen
Gesellschaft Fur Metallkunde; Academic Press Inc., Acta Metallurgica Inc.; and VAAP,
the Copyright Agency of the USSR.
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INTRODUCTION: THE SOLUBILITY OF SOLIDS IN LIQUIDS

Natu~e 06 the P~oject

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

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

Ve6.i.n.i.Uon.6

A m.i.xtuAe (1,2) describes a gaseo~s, liquid, or solid phase containing
more than one substance, when the substances are all treated in the same
way.

A .60l(it.i.on (1,2) describes a liquid or solid phase containing more than
one substance, when for convenience one of the substances, which is called
the .6otvent and may itself be a mixture, is treated differently than the
other substances, which are called .6otute.6. If the sum of the mole
fractions of the solutes is small compared to unity, the solution is called
a d.i.tute .6otut.i.on.

The .6otub.i.l.i.ty of a substance B is the relative proportion of B (or a
substance related chemically to B) in a mixture which is SuLurated with
respect to solid B at a specified temperature and pressure. Satu~ated

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

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

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

1. Mote 6~act.i.on of substance B, xB:
c

nBI 1: n.
i=l ~

(1)

(2)

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

2. Ma.6.6 6~act.i.on of substance B, wB:

c
"1 m' I 1: m'.

B B i=l ~

Where m'i is the mass of substance i. Ma.6.6 pe~ cent of B is 100 wB. The
equivalent terms weight fraction and weight per cent are not used.

3. Solute mote (ma.6.6) 6~act.i.on of solute B
c' c'

= nB/ L ni xBI L Xi
i=l i=l

(3,4) :

( 3)

.....

Where the summation is over the solutes only. For the solvent A, xS,A = xA'
These quantities are called JanecRe mote (ma.6.6) 6~act.i.on.6 in many pa~ers.

xiii
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4. Molal~ty of solute B (1,2) in a solvent A:

81 base units: mol kg- 1 (4)

where MA is the molar mass of the solvent.

5. Concent~ation of solute B (1,2) in a solution of volume V:

[B) 81 base units: mol m- 3 (S)

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

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

6. Ven~ity: p = m/V 81 base units: kg m- 3 {6}

7. Relative den6ity: d; the ratio of the density of a mixture to the density
of a reference substance under conditions which must be specified for both
(l). The symbol dfl will be used for the density of a mixture at tOe, 1
atm divided by the density of water at t,Oe, 1 atm.

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

The~modynamic6 06 Solubility

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

Activity Coe66icient6 (1)

(a) Mixtu~e6. The activity coefficient f B of a substance B is given by

(7)

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

(b) Solution6.

= 1 (a)

(i) Solute 6ub6tance, B. The molal activity coefficient YB is given
by

RT £n(YB~} ~B - (~B - RT £n IDa)oo (9)

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

1 (lO)

Activity coefficients YB connected with concentration cB' and f x B (called
the ~ational activity coe66icient) connected with mole fraction xB are
defined in analogous ways. The relations among them are (l,9):

(11)

or
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f x,B ( 12)

or

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

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

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

(15 )

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

v v v
yBmB = Y± l1'B Q (14)

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

v+ v_ v v
v+ v_ f± x±f x

Bx,B

The quantities x+
single solute are

x (16)

(ii) So-tvent, A:

The o6mot~c coe66~cient, ¢ , of a solvent substance A is defined as (1):

¢ (~A*-~A)/RT MA ~ms

where ~A* is the chemical potential of the pure solvent.
The ltat~oHa-t o6mot.ic coe 66 i c~eJ1t, ¢x' is defined as (1):

(17)

¢x (~A-~A*)/RT£nxA ¢MA~mS/£n(l + MA~mS) (18)

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

The L.iqu.id Pha6e

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

c'
Lx.'(S.'dT-V"dp+d~i) 0 (19)

i=l 1 1 1

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

c' c
l: x. (S.dT - V.dp + d~.) + 1: x. (S.dT - V.dp + d~l') 0 (~()

i=l 1 1 1 1 i=c'+l 1 1 1

Eliminate d~l by multiplying (19) by XI and (20) :<\'. After some algebra,
and use of:

c
l: G.. dx. - S.dT + V

1
.dp

j=2 1J J 1
(21)

where (7)

(22 )

it is
c'
l:

1=2

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

j=2 1 1J J

c c
(x,'/xd l: >; x,G, ,dx,

i=c'+l j=2 1 1J J

c' c'
l: x.'(U,-U.')dT/T - L x,'(V.-V.')dp

i=l 1 1 1 i-Ill 1
( 23)

--
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where
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H.-H. '
~ ~

(24)

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

(a) Salub~l~ty a~ a 6unct~on 06 tempe4atu4e.
Consider a binary solid compound AnB in a single solvent A. There is no
fundamental thermodynamic distinction between a binary compound of A and B
which dissociates completely or partially on melting and a solid mixture of
A and B; the binary compound can be regarded as a solid mixture of constant
composition. Thus, with c = 2, c' = 1, xA' = n/(n+l), xB' = l/(n+l), eqn
(23) becomes

(25)

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

(26)

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

6HAB + w(nxB
2 +xA

2 ) (27)

where 6HAB is the enthalpy of melting and dissociation of one mole of pure
solid AnB, and HA*, HB* are the molar enthalpies of pure liquid A and B.
The differential equation becomes

( 28)

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

(29)

where 6Cp* is the change in molar heat capacity accompanying fusion plus
decompos~tion of the compound at temperature T*, (assumed here to be
independent of temperature and composition), and 6HAB is the corresponding
change in enthalpy at T = T*. Equation (29) has the general form

R..n{XB(l-xB)n} = Al +AdT~A3R..nT+A4(xA2+nxB2)/T (30)

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

becomes

and (27) becomes

RT R..n f Bx, ( 31)

= 6H~B + w(nxB
2+xA

2-l)
(32)

where the first term, 6H~B' is the enthalpy of melting and dissociation of
solid compound AnB to the infinitely dilute state of solute B in solvent
A; HE is the partial molar enthalpy of the solute at infinite dilution.
cl~arly, the integral of eqn (25) will have the same form as eqn (29), with
6HAB(T*), 6C

oo
(T*) replacing 6H~B and 6Cp* and xA

2-l replacing XA 2 in the
last term. p
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If the liquid phase is an aqueous electrolyte solution, and the solid 1~

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

R\I (l/xB-n/xA) {1+ (C! R.nf ±/C! Q,nx±) T, p}dxB/{ 1+ (\1-1) xB}

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

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

A similar equation (with \1=2 and without the heat capacity terms) has been
used to fit solubility data for some MOH=H20 systems, where M is an alkali
metal; the enthalpy values obtained a~reed well with known values (11).
In many cases, data on activity coeff1cients (9) and partial molal enthalpi
es (8,10) in concentrated solution indicate that the terms involving these
quantities are not negligible, although they may remain roughly constant
along the solubility temperature curve.

The above analysis shows clearly that a rational thermodynamic basis
exists for functional representation of solubi1ity-temperature curves in
two-component systems, but may be difficult to apply because of lack of
experimental or theoretical knowledge of activity coefficients and partial
molar enthalpies. Other phenomena which are related ultimately to the
stoichiometric activity coefficients and which complicate interpretation
include ion pairing, formation of complex ions, and hydrolysis. Similar
considerations hold for the variation of solubility with pressure, except
that the effects are relatively smaller at the pressures used in many
investigations of solubility (5).

(b) Solubility a6 a 6unction 06 comp06ition.
At constant temperature and pressure, the chemical potential of a saturating
solid phase is constant:

J.lAB
n

(35)

(36)

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

~Goo ( 00 00 * *)- \I+J.l+ +\I_J.l_ +nJ.lA-J.lAB

= -RT ~n K~o

\I \I \1+ \I
-RT R.n Q y± m+ m_ (37)

is called the 60lubility p~oduct of the salt. (It should be noted that it'
is not customary to extend this definition to hydrated salts, but there is
no reason why they should be excluded.) Values of the solubility product
are often given on mole fraction or concentration scales. In dilute
solutions, the theoretical behaviour of the activity coefficients as a
function of ionic strength is often sufficiently well known that reliable
extrapolations to infinite dilution can be made, and values of K~o can be
determined. In more concentrated solutions, the same problems w1th activity
coefficients that were outlined in the section on variation of solubility
with temperature still occur. If these complications do not arise, the
solubility of a hydrate salt C\I A\I 'nH 20 in the presence of other solutes
is given by eqn (36) as + -

\I R.n{~/~ (a)} = (38)

where aH20 is the activity of water in the saturated solution, ~ is the

molality of the salt in the saturated solution, and (0) indicates absence
of other solutes. Similar considerations hold for non-electrolytes.
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The So£.-ld Pha-6e

The Solubility of Solids in Liquids

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

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

COMPILATIONS AND EVALUATIONS

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

Gu-lde to the Comp-llation-6

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

Component-6. Each component is listed according to IUPAC name, formula,
and Chemical Abstracts (CA) Registry Number. The formula is given either
in terms of the IUPAC or Hill (13) system and the choice of formula is
governed by what is usual for most current users: i.e. IUPAC for inorganic
compounds, and Hill system for organic compounds. Components are ordered
according to:

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

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

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

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

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

O~i9inal Mea-6u~ement-6. References are abbreviated in the forms given by
Chemical Ab-6t~act-6 Se~vice Sou~ce Index !CASSI). Names originally in other
than Roman alphabets are given as transliterated by Chemical Ab-6t~act-6.

Expe~imental Value-6. Data are reported in the units used in the original
publication, with the exception that modern name-6 for units and quantities
are used; e.g., mass per cent for weight per cent; mol dm- 3 for molar; etc.
Both mass and molar values are given. usually, only one type of value (e.g.,
mass per cent) is found in the original paper, and the compiler has added
the other type of value (e.g., mole per cent) from computer calculations
based on 1976 atomic weights (14). Errors in calculations and fitting
equations in original papers have been noted and corrected, by computer
calculations where necessary.

Method. Sou~ce and Pu~ity 06 Mate~ial-6. Abbreviations used in Chemical
Ab-6t~act-6 are often used here to save space.

E-6timated E~~o~. If these data were omitted by the original authors, and
if relevant information is available, the compilers have attempted to
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estimate errors from the internal consistency of data and type of apparatus
used. Methods used by the compilers for estimating and reporting errors are
based on the papers by Ku and Eisenhart (15).

Cornrnent~ andlo~ Add~t~onal Vata. Many compilations include this section
which provides short comments relevant to the general nature of the work
or additional experimental and thermodynamic data which are judged by the
compiler to be of value to the reader.

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

Gu~de to the Evaluat~on~

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

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

C~~t~cal Evaluat~on

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

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

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

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

if only one set of measurements is available, or if the evaluator considers
some aspect of the computational or experimental method as mildly
undesirable but estimates that it should cause only minor errors. Data are
considered as doubt6ul if the evaluator considers some aspect of the
computational or experimental method as undesirable but still considers the
data to have some value in those instances where the order of magnitude of
the solubility is needed. Data determined by an inadequate method or under
ill-defined conditions are ~ejected. However references to these data are
included in the evaluation together with a comment by the evaluator as to
the reason for their rejection.

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

(f) Units. While the original data may be reported in the units used by
the investigators, the final recommended values are reported in S.I. units
(1,16) when the data can be accurately converted.
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(1) Lithium; Li; [7439-93-2)

(2) Mercury; Hg; [7439-97-6)
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Warsaw, Poland
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CRITICAL EVALUATION:

Maey (1) was the first to report the solubility of lithium in mercury at room tempera
ture by determining the specific volume of the amalgam, but the solubility of 0.9 at %
is too low and is rejected. Kerp and coworkers (2) determined the solubility by the
analyses of the samples after filtration of the equilibrated mixture of Li and Hg. These
authors determined the lithium solubilities at four temperatures between 273 and 373 K,
with values ranging from 1.1 to 3.6 at %, respectively. Smith and Bennett (3) determined
a solubility of 1.34 at %at 295 K by a method similar to that of Kerp et a1. Richards
and Garrod-Thomas (4) reported a solubility of 1.05 at %at room temperature, but this
value is too low and is rejected. Zukovsky (5) reported the first extensive determination
of the solubility curve over the complete composition range by thermal analysis; it was
found that the concentration of Li in the saturated amalgam was 0.9 at % at the eutectic
temperature of 231 K, and that the concentration increased to 49.6 at % at 872 K. Above
the latter temperature the liquids were completely miscible. Grube and Wolf (6) also
determined the solubility curve over the complete concentration range by thermal analysis,
and the results of these authors agreed with those of Zukovsky in the concentration range
of 20-85 at % Li. Also, Grube and Wolf confirmed the eutectic temperature of 231 K, but
at 0.6 at % Li. However, there was a wide discrepancy between the solubility curve of
Zukovsky and of Grube and Wolf at lithium concentrations above 85 at %. Strachan and
Harris (7) reported a room temperature solubility of 0.66 at % that is too low and is
rejected. Kozin (8) estimated a solubility of 66.49 at %at 298 K, but this solubility
is inconsistent with experimental data because the author neglected the strong inter
actions of lithium and mercury.

Gladyshev and coworkers (9) determined a consistent lithium solubility of 1.37 and
2.1 at %at 293 and 313 K, respectively, by a potentiometric method. Cogley and Butler
(10) determined the EMF of concentration cells with a non-aqueous electrolyte, and also
obtained a consistent solubility of 1.33 at % at 299 K; however, their earlier result
of 2.0 at % at 298 K (11) was overstated and is rejected. Korshunov et a1. (12) reported
a solubility of 1.1 at % at 293 K, but no experimental details were given by these
authors. Dean (16) reported a 298 K solubility of 1.25 at %which is consistent with
accepted values; the amalgam was prepared by electrolysis from LiOH, but no experiment.il
details were described by this author. Onstott and coworkers (17,18) performed careful
determinations at 295.4 K and obtained a solubility of 1.27 at %. A value of 1.3 at %
at 296 may be suggested from potentiometric measurements of Horner and Schmitt (19).
Based on calorimetric titration, Filippova and coworkers (13-15) reported that the
saturated Li amalgam contains 1.20 at %Li at 298 K.

In summary, there is good agreement among the results of (10, 16-19), whereas the
thermoa~a1ytica1 data of (5,6) are significantly overstated at temperatures below 473 K.

Figure 1 shows the phase diagram reported by Hultgren et al. (20); this phase diagram
is based mainly on the data of (2), (5) and (6). The intermeta1lic compounds which have
been verified are Hg3Li, Hg2Li, HgLi, HgLi2 , HgLi3 and HgLi6 •

Recommended (r) and tentative values of Li solubility in Hg:

(Continued next page)
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COHPONENTS: EVALUATOR:

(1) Lithium; Li; [7439-93-2]

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

C. Guminski; Z. Galus
Department of Chemistry
University of Warsaw
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July, 1985

CRITICAL EVALUATION: (continued)

Recommended (r) and tentative values of 11 solubility in Hg:

TIK Soly/at % Reference

231 0.6 [6]

293 1.2a [3,9,12,17,18]

298 1. 3 (r) [10,16-19]

323 2.2b [5,9]

373 5b [5]

473 13 [5]

573 25 [5]

673 33 [5,6]

773 39b [5,6]

873 50.0 [5]

~ean value from data of cited references.
b Interpolated value from data of cited references.
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Fig. 1. The Li-Hg phase diagram (20).
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COMPONENTS:

(1) Lithium; Li; [7439-93-2]

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

VARIABLES:

Temperature: 0-100 GC

EXPERIMENTAL VALUES:

Solubility of lithium in mercury:

Lithium

ORIGINAL MEASUREMENTS:

Kerp, W.; Btlttger, W.; Winter, H.

Z. Anorg. Chern. 1900. 25, 1-71.

PREPARED BY:

C. Guminski; Z. Galus

o
64.5

81

99.8

Soly/mass %

0.04

0.10

0.11

0.13

Soly/at %a

1.1

2.8

3.1

3.6

aby compilers.

The experimental procedure may give results that are too low, especially at the
higher temperatures (compilers).

Analysis of the solid phase resulted in the formula LiHgs'

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared by electrolysis
of a saturated aqueous LiCI solution
with Hg as the cathode. Subsequent
experimental operations with the amalgam
were performed in a dry hydrogen atmos
phere. After separation with a leder
plate in a Gooch crucible, the content of
Li in the amalgam was determined by back
titration of an acidified solution with
a standard baryta water solution.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision no

better than ± 10% (compilers).

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Lithium; Li; [7439-93-2]

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

VARIABLES:

One temperature: 22°C

Lithium

ORIGINAL MEASUREMENTS:

Smith, G.McP.; Bennett, H.C.

J. Am. Chern. 80a. 1909, 31, 799-806.
J. Am. Chern. 80a. 1910, 32, 622-26.

PREPARED BY:

C. Guminski; Z. Galus

5

EXPERIMENTAL VALUES:

The solubility of lithium in mercury was reported to be 4.7 x 10-2 mass %.

The corresponding atomic %solubility calculated by the compilers is 1.34 at %.

Analysis of the solid phase corresponded to the compound LiHg4•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Lithium amalgam was prepared electro
lytically from saturated LiCI solution;
250 g of Hg was used as the cathode. The
amalgam, after preparation, was washed,
dried, allowed to stand 2 days, and
finally filtered at 22°C. The filtrate
was treated with standard HCI and back
titrated with standard NaOH.

SOURCE AND PURITY OF MATERIALS:

"Very pure" salts from Kahlbaum were used.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: nothing specified; precision probably

no better than several percent
(compilers) •

Temp: nothing specified.
REFERENCES:
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COMPONENTS:

(1) Lithium; Li; [7439-93-2]

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

Lithium

ORIGINAL MEASUREMENTS:

Zukovsky, G.J.

Z. Anorg. Chern. 1911, 71, 403-18.

VARIABLES: PREPARED BY:
Temperature: (-30)-600°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Freezing points of Li-Hg alloys were reported; the solubilities corresponding to the
liquidus concentrations are as follows:

t/oC Soly/at % t/oC Soly/at % trc Soly/at % t/oC Soly/at %

-30 0.97 256 19.9 584 48.4 453 62.2
11 2.5 261 20.5 593 49.0 440 63.1

110 5.8 270 21.3 593 49.4 406 65.3
128 7.2 276 21.6 597 49.5 379 68.9
132 7.5 298 23.6 599 49.6 379 75.1
140 7.7 305 25.4 600.5 50.0 376 75.2
160 9.1 320 27.1 600.3 50.1 369 76.4
173 10.7 325 27.5 597 50.3 364 76.9
184 11.2 332 29.0 595 50.6 355 78.1
203 13.1 338 29.4 578.7 50.8 348 78.8
216 14.2 338 30.1 578.7 51.7 315 82.0
228 16.4 360 30.9 579.5 52.6 275 83.6
229 17.2 358 31.2 580 52.9 272 86.0
232 17.6 378 32.2 568 54.4 270 86.3
234 18.4 297 33.0 564 65.0 265 87.3
238 18.7 415 35.4 534 57.7 260 90.0
242 19.1 448 36.5 496 60.1 253 90.7
246 19.3 476 38.2 490 60.5 250 91.2
247 19.4 580 47.6 478 61.2 232 92.7
249 19.8 585 48.3 464 61.8 226 93.3

207 95.4
162 97.6

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Freezing points were determined by deter
mination of the temperature of primary
crystallization. Porcelain and steel
containers were used with the same results.
The alloys were prevented from oxidation
by covering with paraffin at lower temper
atures, and with melted chlorides of Li,
Rb, and K at temperatures higher than
312°C.

Additional Data:

The saturated amalgams were in equilibrium
with the solid phases, LiHg3' LiHg2, LiHg
and Li3Hg.

SOURCE AND PURITY OF MATERIALS:
Purest lithium and mercury from Kahlbaum
were used. Only traces of sodium were
found in the lithium by spectroscopic
analysis.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.6 K.

REFERENCES:



COMPONENTS:

(1) Lithium; Li; [7439-93-2]

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

Lithium

ORIGINAL MEASUREMENTS:

Grube, G.; Wolf, W.

Z. EZektpoahem. 1935,41,675-79.

7

VARIABLES: PREPARED BY:

Temperature: (-42)-585°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Freezing points of Li-Hg alloys were reported; the solubilities corresponding to the
liquidus concentrations are as follows:

t/oC Soly/at % t/oC Soly/at % t/oC Soly/at %

-42 0.6 474 37.1 344 79.6
24 3.6 510 39.6 322 81.7
42 5.2 556 43.6 290 83.4
48 5.7 584 49.0 270 84.7
79 6.7 585 50.4 257 85.1
85 7.3 580 51.5 254 85.6
87 8.0 561 55.0 240 86.4

148 11.5 520 59.4 227 86.9
162 13.1 434 63.8 220 87.2
205 15.1 412 65.0 200 88.7
213 16.9 402 66.2 180 89.2
219 17.5 397 66.9 165 90.6
260 19.3 388 68.0 162 91.5
293 23.0 384 69.0 161 91.9
314 25.0 382 69.5 161 92.8
335 27.7 375 70.7 163 93.8
341 29.2 372 72.4 164 94.9
361 30.3 373 73.5 165 95.8
382 31.5 375 74.4 171 96.8
397 32.3 371 75.8 176 98.0
435 34.4 366 76.7 178 99.0
467 36.1 347 79.3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The temperatures of the primary crystal
lization of the alloys were determined by
thermoanalysis in a furnace of high-carbon
steel. After the measurement the alloys
were decomposed with water and analyzed
for lithium content by acid-base titration
with HCl. Hg content was determined
gravimetrically by weighing the Hg after it
was washed with water and dried.

Additional Data:

The following solid phases were reported:
LiHg3, LiHg2, LiHg, Li2Hg, Li3Hg, and
Li6Hg.

Comments:

The values seem to be reliable at tempera
tures higher than 200°C. Except for the
-42°C eutectic, the lower temperature
values are too high (compilers).

SOURCE AND PURITY OF MATERIALS:

Freshly distilled mercury and lithium
from Metallgeselshaft A.G., Frankfurt,
were employed.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS:

(1) Lithium; Li; [7439-93-2]

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

VARIABLES:

One temperature: 22°C

EXPERIMENTAL VALUES:

Lithium

ORIGINAL MEASUREMENTS:

Onstott, E.I.; Goddard, J.B.
U.S. At. Ener. Comm. Rep., LA-DC-701J,
1964.

Goddard, J.B.; Campbell, J.M.; Onstott, E.I.
U.S. At. Ener. Comm. Rep., LA-DC-BJ9J,
1965.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of lithium in mercury at 22.0°C was reported to be 0.0440 mass %. The
corresponding atomic % solubility calculated by the compilers is 1.27 at %.

The solubility value was based on six separate determinations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were prepared by electrolysis
of saturated LiOH solution on a Hg pool
cathode; a carbon bar served as the
anode. The amalgam was drained, sometimes
through cotton gauze, and stored under
mineral oil until used. Composition of
the amalgam was determined by reacting
with known amount of 1 mol dm- 3 HC1, then
adding excess of 0.1 mol dm-3 NaOH,
followed by titration of the excess NaOH
with standard 0.1 mol dm- 3 HC1.

SOURCE AND PURITY OF MATERIALS:
Purified Hg was used.

Purity of LiOH not specified.

ESTIMATED ERROR:
Soly: standard deviation 0.9% (compilers).

Temp: precision ± 0.2 K.

REFERENCES:



COMPONENTS:

(1) Lithium; Li; [7439-93-21

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

VARIABLES:

One temperature: 26°C

EXPERIMENTAL VALUES:

Lithium

ORIGINAL MEASUREMENTS:

Cogley, n.R.; Butler, J.N.
J. Phys. Chern. 1968, 72, 1017-20.

PREPARED BY:

C. Guminski; Z. Galus

9

Solubility of lithium in mercury at 26.0°C was reported to be 1.33 at %.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

Amalgams were prepared by combining weighed
quantities of the metals. Amalgams were
analyzed by decomposition with acid,
followed by determination of Li in the
resulting solution by flame photometry.
Electrolytes were prepared from anhydrous
LiCl or LiCl04 and dimethyl sulfoxide.
Employing a high-impedance differential
voltmeter, the potentials of the following
cell were determined as a function of the
amalgam concentration:

Li(s)ILiCl or LiCl04 in DMSOILi(Hg).

All manipulations were carried out in an
argon atmosphere containing less than
1 x 10-6 mol/mol of H20, 02 or N2•

SOURCE AND PURITY OF MATERIALS:
Mercury was triple-distilled material from
Doe-Ingalls; it was freed from oxygen by
passing through a porous frit in argon
atmosphere.

Lithium was 99.97% pure from Foote Mineral
Co.

LiCl and LiCl04 were ultrapure from
Anderson Physics Labs.
Chromatographic grade DMSO from Matheson,
Coleman, Bell; water content was less than
0.001%.
ESTIMATED ERROR:
Soly: nothing specified; precision ± 1%

(compilers) •

Temp: precision ± 0.2 K.

REFERENCES:
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COMPONENTS:

(1) Lithium; Li; [7439-93-2]

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

VARIABLES:

Temperature: 20-40·C

Lithium

ORIGINAL MEASUREMENTS:

Gladyshev, V.P.; Ruban, L.M.;
Kuleshov, V.A.

Tl'. Inat. Khim. Nauk Akad. Nauk Kaz. SSR
1969, 24, 111-19.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of lithium in mercury at 20·C was reported to be (4.8 t 0.5) x 10-2 mass %.
The corresponding atomic % solubility calculated by the compilers is 1.37 at %.

On the basis of reported potentials at 40·C, the compilers calculated a solubility
of (7.5 t 1.0) x 10-2 mass %, corresponding to 2.1 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Potentials were measured by the compensa
tion method for the cell,

Li(Hg)!2 mol dm-3 LiClILi(Hg) •
x

Concentration of Li in one half-cell was
kept constant at 1.7 x 10-2 mol dm-3 while
that in the other half-cell was varied.
Lithium amalgam was obtained electro
lytically. Measurements were carried out
in an atmosphere of hydrogen in a constant
temperature system. With the cell employed,
the effect of corrosion on the measurements
should be minimal.

SOURCE AND PURITY OF MATERIALS:
Chemically pure compounds of lithium were
used.

Mercury was purified electrolytically,
then distilled.

ESTIMATED ERROR:
Soly: precision approximately ± 10%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Lithium; Li; [7439-93-2]

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

VARIABLES:

One temperature: 298 K

EXPERIMENTAL VALUES:

Lithium

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zhumakanov, V.Z.;
Zebreva, A. I.

Izv. Vyssh. Uaheb. Zaved' J Khim. Khim.
TeahnoZ. 1980, 23, 204-7.

PREPARED BY:

C. Guminski; Z. Galus

11

The 298 K solubilit~ of lithium in mercury was reported to be 1.20 + 0.05 at %, or
0.83 + 0.03 mol dm- •

This solubility is also reported in (1) and (2).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
The amalgam was prepared by an electro-
lytic method. Sample of the amalgam was Nothing specified.
analyzed for the lithium content by acid
titration. The homogeneous and hetero-
geneous amalgams were titrated with mercury
and the thermal effects were determined.
A bend on the plot of the thermal effect
versus concentration corresponds to
concentration of the saturated amalgam.
All experiments were performed under
argon atmosphere.

ESTIMATED ERROR:
Soly: precision about 4%.

Temp: nothing specified.

REFERENCES:
1. Filippova, L.M.; Zebreva, A.I.;

Zhumakanov, V.Z.
Ukr. Khim. Zh. 1981, 47, 473.

2. Same authors.
Izv. Vyssh. Uaheb. Zaved' J Khim. Khim.
TekhnoZ. 1982, 25, 827 •

....
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COMPONENTS:

(I) Lithium; Li; [7439-93-2]

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

VARIABLES:

One temperature: 23°C

EXPERIMENTAL VALUES:

Lithium

ORIGINAL MEASUREMENTS:

Horner, L.; Schmitt, R.E.

Z. Naturforsah., B 1982, 37, 1163.
1163-8.

PREPARED BY:

C. Guminski; Z. Galus

On the basis of potentiometric measurements reported by the authors, the compilers
obtained a 23°C solubility of 1.3 at %.

The following EMF data were reported for the cell at 23°C:

at %Li -E/V

17.6 2.104

13.6 2.085

1.9 2.018

1.2 2.005

0.46 1.998

0.21 1.990 ,

0.075 1.992

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Lithium amalgam was obtained by potentio
static or galvanostatic electrolysis on Hg
cathode from 2 mol dm-3 LiCI04 in THF, AN
or DMF solutions; a carbon cylinder was
used as anode. More dilute amalgams were
prepared by adding defined amounts of Hg to
the solid amalgams obtained; the resulting
amalgam was homogenized by heating.
Lithium content in the amalgams was deter
mined by addition of 0.1 mol dm-3 HCI and
back-titration with 0.1 mol dm-3 NaOH with
Phenolphthalein indicator. Potentials of
the following cell were determined:

Li(Hg)x10.1 mol dm-3 LiCI04 in ANI I
KClaq lHg2Cl2 , Hg.

A plot of potential vs. logarithm of Li
content was constructed by the compilers;
the breakpoint in the curve corresponds
to the saturation concentration of Li
in Hg.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision ± 10%.

Temp: precision ± 1 K.

REFERENCES:



COHPONENTS:

(1) Sodium; Na; [7440-23-5]

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

CRITICAL EVALUATION:

Sodium

EVALUATOR:
J. Balej

Institute of Inorganic Chemistry
Czechoslovak Academy of Sciences

Prague, Czechoslovakia

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

Warsaw, Poland

July, 1985
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The existence of various intermetallic compounds in the Na-Hg sy~tem is clearly evident
from the phase diagram. Because of the formation of these compounds the solubility of
sodium in mercury, and vice versa, must be considered in relation to the crystallization
region of the phase diagram. Many compounds have been proposed for this system, but the
existence of most of these has never been proved. Some have been invoked in attempts to
explain the observed properties of the liquid amalgams (1-3), while others have been
proposed on the basis of analyses of the crystal phases which were separated from satu
rated liquid amalgams (4-8,10). Based on all published data for this system, the follow
ing may be considered as proved at the present time: NaHg4' NaHg2' Na7Hg8, NaHg, Na3Hg2,
NasHg2' and Na3Hg. With the exception of Na7Hg8' the existence of the compounds has been
confirmed by independent measurements of concentration cells of the type NaINa+INa(Hg)
(14). ,

The complete phase diagram for the Na-Hg system has been investigated by Kurnakov (9),
SchUller (11), Vanstone (12) and Jtlnecke (13). In all of these works the classical
thermal analysis of cooling curves was employed, and temperatures of primary (9-13) and
secondary (11,12) crystallization were determined. The coexisting solid compounds were
identified by measuring the molar volumes of liquid and solid amalgams, and by micro
scopic examination (12). Only Kurnakov and Vanstone presented their results in both
numerical and graphical forms; SchUller listed the compositions and the corresponding
primary crystallization temperatures for the characteristic points only, and the results
for about 100 other samples have been presented in the form of a phase diagram. JHnecke
(13) presented his results in a graphical form only. The early results by Merz and
Weith (32) are rejected because of poor accuracy.

Only one congruently melting compound, NaHg2 , was found in the Na-Hg system (9, 11,
12).

A summary of chracteristic data of the phase diagram for the Na-Hg system is presented
in Table I.

Hansen and Anderko (15) presented the Na-Hg phase diagram which has been generally
accepted. In the present evaluation, a revised phase diagram is presented in Fig. 1.
This phase diagram was constructed by graphical smoothing of all the reliable data on
solubility of sodium in mercury. Figure 1 shows good agreement in the 0-17 at %Na range
with that of (15). However, the latter shows a slightly lower liquidus temperature of
421 K at 17.1 at %Na. It appears that more reliable data are needed in the range of the
peritectic at 18 at %Na, as well as for the other peritectic points. The solubility of
sodium in mercury, and vice versa, for various crystallization regions have been presented
in (3,4,7,8,10,16-26). Graphically smoothed solubilities of sodium in the Hg-rich region
are presented in Table II.

For the crystallization region of the very dilute amalgams the results by Tammann (16),
on the melting point depression of pure mercury by small additions of sodium, agree very
well with the latest data of Balej and Biros (25); the latter authors utilized differ
ential scanning microcalorimetry with maximum possible suppression of undercooling.
There is satisfactory agreement between these data (16,25) and those of (11,12) for the
given crystallization region. However, the results of (3) for this region are not
consistent with thermodynamic analysis (27).

Most reports have dealt with the solubility in the crystallization region of NaHg4'
The solubility data in this region were obtained by classical thermal analysis (3,9,
11-13); by the chemical analyses of the saturated liquid amalgams at various temperatures
after separating the crystal of coexisting solid phases (4,7,8,21); and by less common
methods, such as the measurement of the anodic limiting currents of sodium dissolution
as a function of its concentration at various temperatures (22), and by the calorimetric
titration of one- and two-phase amalgams with mercury (23,24,31). In general, the most
reliable results are those obtained by chemical analysis of the saturated amalgams after
separation of the coexisting solid phase (7,8,21), and by EMF measurements of

(continued next page)
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COHPONENTS:

(1) Sodium; Na; [7440-23-5]

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

CRITICAL EVALUATION: (continued)

Sodium

EVALUATOR:

J. Balej
Institute of Inorganic Chemistry
Czechoslovak Academy of Sciences

Prague, Czechoslovakia

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

Na!Na+INa(Hg) concentration cells (18,26,28,29). These methods allow the determination
of true equilibrium data, whereas those obtained by thermal analysis often are in error
because of undercooling and supersaturation. Nevertheless, good agreement between the
results of the equilibrium methods has been found only for temperatures up to 313 K. At
higher temperatures the equilibrium data of Kerp et al. (7,8) are several percent lower
than the recent data of Balej (26); the latter data are in good agreement with those of
(12) which were obtained by thermal analysis. The solubility reported by Strachan and
Harris (19), of 0.88 at %at room temperature, is obviously in error since it is nearly
an order of magnitude lower than other more reliable data. The data of Lange et al.
(21,22) show satisfactory agreement only for 293 K and 313 K; at 333 K there is an
appreciable deviation caused probably by fluctuations of the anodic limiting currents in
their experiments. For the solubility in the region between 18 and 85 at %Na the data
of (9,11,12) agree in the overall shape of the phase diagram. In the region of NaHg2'
however, (9) obtained primary crystallization temperatures that were consistently lower
than those recorded by (11,12). The differences were ascribed to the possibility of
uncertain thermometer stem corrections and to the effect of oxidation. It should be
indicated, however, that some differences exist even between the first and second series
of Vanstone's (9) measurements in the more concentrated region above 47.26 at %Na;
this finding was ascribed by the author to amalgam oxidation during the measurements.
The mutual agreement of data by the above authors is shown in Table I. The controversial
views with regard to the composition of some coexisting compounds have been discussed
above. In our opinion, some discrepancies may arise also from different degrees of
purity of the metallic sodium used by the various authors; an indication of this is
suggested by the variation of the melting points, shown in Table I, as compared to the
most recent value of 370.98 (30).

From the data in Table II, the liquidus curve in the Hg-rich region, where the sodium
concentration is less than 2.8 at %, may be expressed by

log x(Na) = 0.27786 - 65.235/(T/K)

The solubility calculated from eq. [1] shows a mean relative deviation of 0.1% from
the data in Table II.

[ 1]

For the crystallization region of the Na-rich region, at concentrations above
85.2 at % Na, the agreement between the various authors (9,11,12,16,17) is excellent,
especially when compared with the data of various authors for the other crystallization
regions. Some discrepancies have been ascribed to partial oxidation of sodium in the
amalgams during measurements, and also to errors in the temperature determinations due
to probable uncertainties of the thermometer stem corrections. There have been reports
of significant effect of pressure on the composition of coexisting compounds and on the
solubility (3,4,7,8), but this effect has not yet been investigated quantitatively, and
the reported qualitative observations are rather inconsistent.

For the region above 85.2 at % Na the solubility may be expressed by

log x(Na) = 0.26618 - 99.631/(T/K)

with a mean relative deviation of 0.43%.

(continued next page)

[2]



COMPONENTS:
(1) Sodium; Na; [7440-23-5]

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

CRITICAL EVALUATION: (continued)

Sodium

EVALUATOR:
J. Balej

C. Guminski; Z. Galus
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TABLE I

Characteristic Data of the Phase Diagram for the Na-Hg System

Reference
9 11 12 15

Hg, m.p., TIK

Eutectic, Hg-NaHg4
TIK
at % Na

Peritectic, NaHg4-NaHg2
TIK

at %Na

NaHg2, m.p., TIK

Peritectic, NaHg2-Na7~8

TIK

at % Na

428.2a

17.95

619.2

(ref. 12), or Na12~13 (ref.

491.2

47.6

225

2.8

432.2

18.1

633.2
l1)b

500.2

48.1

234.6

'226.4

2.7

429.4

17.9

627.2

494.8
(49s.2)c

47.5
(47.6)c

234.3

225.2

2.8

430.2

18

626.2

496±s

48

Peritectic, Na7liaa (or Na12~13)-NaHg

TIK

at % Na

Peritectic, NaHg-Na~2

TIK

at % Na

Peritectic, Na~2-Na~2

TIK

at % Na

d
Peritectic, Na~2-Na3H£-

TIK
at % Na

Eutectic, Na3Hg-Na

TIK
at %Na

Na, m.p., TIK

483.2

50.6

(392.2)

63

340.2

71.9

294.4

85.09

369.60

492.2

50.9

396.2

61.9

339.2

71.8

307.2

84.1

294.6

85.2

485.4
(48s.9)c

51.5
(sl.0)c

391. 7
(393.2)c

63.3
(62.s)c

338.9
(338.7)c

71.7
(73.s)c

307.6e

83.4
(83.7)c

294.6

85.2

370.65
(370.7s)c

'\,488

51

394.2

62

339.2

71.8

307.2

84.1

294.6

85.2

370.65

(a)

(b)
(c)
(d)
(e)

For TIK <428.2 Kurnakov (9) considered the composition of the coexisting solid
phase to be NaHgs or NaHg6'
Kurnakov (9) specified the composition as NaHgn only, for (2 > n > 1).
According to Vanstone's second series of measurements (12).
Vanstone (12) assigned this peritectic to Na3Hg2-Na3Hg.
Taken as the temperature of polymorphic transformation of Na3Hg (12). Moreover,
Na12Hg13 undergoes (11) a polymorphic transformation at 453.2 K. Similar
polymorphic transformations of NasHg2 were observed by SchUller (11) at 333.2
and 322.2 K, respectively, whereas Vanstone (12) ascribed these transformations
(at 333.2 and 325.2 K, respectively) to Na3Hg2.
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COHPONENTS:

(1) Sodium; Na; [7440-23-5)

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

CRITICAL EVALUATION: (continued)

Sodium

EVALUATOR:
J. Balej

Institute of Inorganic Chemistry
Czechoslovak Academy of Sciences

Prague, Czechoslovakia

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

TABLE II

Recommended Smoothed Solubility of Sodium in the Hg-Rich Region
TIK Soly/at % Solid Phase Remark
234.28 0.00 Hg m.p.
232.0 0.843 Hg
229.8 1.48 Hg
225.3 2.56 Hg + NaHg4 eutectic
248.2 3.39 NaHg4
273.2 4.25 NaHg4
293.2 5.10 NaHg4
298.2 5.40 NaHg4
313.2 6.15 NaHg4
333.2 7.33 NaHg4
353.2 8.67 NaHS4
373.2 10.2 NaHS4
423.2 16.0 NaHg4
430.2 18.0 NaHg4 + NaHg2 peritectic
498.2 20.3 NaHg2
523.2 21.5 NaHg2
573.2 24.9 NaHg2
623.2 31.4 NaHg2
626.2 33.3 NaHg2 m.p.
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(1) Sodium; Na; [7440-23-5)

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

CRITICAL EVALUATION:

Sodium

EVALUATOR:
J. Balej

Institute of Inorganic Chemistry
Czechoslovak Academy of Science

Prague, Czechoslovakia

C. Guminski; Z. Galus
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Fig. 1. The Na-Hg phase diagram. Eutectics
at 2.6 and 85.2 at %Na.
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COHPONENTS:

(1) Sodium; Na; [7440-23-5]

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

CRITICAL EVALUATION: (continued)
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COMPONENTS:

(1) Sodium; Na; [7440-23-S)

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

VARIABLES:

Room temperature measurement

EXPERIMENTAL VALUES:

Sodium

ORIGINAL MEASUREMENTS:

Maey, E.

Z. Phys. Chern. 1899, 29, 119-38.

PREPARED BY:
C. Guminski; Z. Galus

19

Solubility of sodium at room temperature was reported to be 0.62 mass %. The
corresponding atomic % solubility calculated by the compilers is S.2 at %. The
temperature was probably 293 K (compilers).

The following phases were reportedly found: NaHgs' NaHg2 , NaHg, Na3Hg.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolution
of sodium in mercury under petroleum.
The specific volume of the amalgams was
determined with a pycnometer. The specific
volumes were plotted as a function of Na
concentration, and the solubility was
determined from the breakpoint of the
curve. The concentration of the amalgams
was determined by decomposition with
water with subsequent titration with
standard sulfuric acid to obtain Na
content; the residual mercury was washed
and weighed for gravimetric determination.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision ± 1%

(compilers) •

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Sodium; Nu; [7440-23-5]

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

VARIABLES:

Temperature: 83-97°C

EXPERIMENTAL VALUES:

Sodium

ORIGINAL MEASUREMENTS:

Heycock, C.T.; Neville, F.H.

J. Chern. Soa. 1889, 666-76.

PREPARED BY:

C. Guminski; Z. Galus

The melting points of Na-Hg alloys were reported; the composition of the melting
point, or liquidus temperature, corresponds to the solubility of sodium:

t/OC Soly/at %

96.6 0.1982

95.95 0.333

95.38 0.4588

94.46 0.6599

93.64 0.840

92.25 1.172

90.93 1.454

83.35 3.127

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Melting points were determined with
mercury thermometers. The amalgams were
protected from oxidation by immersion
under paraff in.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.05 K.

REFERENCES:

j-,



COMPONENTS:

(1) Sodium; Na; [7440-23-5]

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

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Sodium

ORIGINAL MEASUREMENTS:

Tammann, G.

Z. Phya. Chern. 1889, 3, 441-9.

PREPARED BY:

C. Guminski; Z. Galus

21

The melting point depression, -~T/K, when sodium was added to pure mercury and when
mercury was added to pure sodium:

Sodium Content Mercury Content

-~T/K mass % at %a -~T/K mass % at %a

0.39 0.022 0.19 0.01 0.11 0.013

0.72 0.043 0.37 0.11 0.33 0.038

2.23 0.112 0.96 0.27 0.65 0.074

0.99 2.22 0.260

1. 59 3.39 0.401

2.40 4.39 0.523

3.83 7.34 0.900

7.09 12.76 1.649

aby compilers

The melting point of Hg was reported to be 244 instead of 234 K, but it is the
opinion of the compilers that the former value was a typographical error in the
original publication.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The melting temperatures were determined
With thermometers. Although no experi
mental details were given, this work
presents a set of precise data which
were confirmed in other works.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly:

Temp:

nothing specified.

precision ± 0.05 K.

REFERENCES:
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COMPONENTS:

(1) Sodium; Na; [7440-23-5]

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

VARIABLES:

Room temperature

EXPERIMENTAL VALUES:

Sodium

ORIGINAL MEASUREMENTS:

Guntz. A.; F~r~e. J.
C.R. Acad. Sci., Sep. 2, 1900. 131.
182-4.

PREPARED BY:

C. Guminski; Z. Galus

Solubility of sodium in mercury at room temperature was reported to be 0.57 mass %.
The corresponding atomic % solubility calculated by the compilers is 4.8 at %.

Crystals of the following formulae were reported to exist in the solid phases:
NaHg8 • NaHg6 • NaHg5 • and NaHg4' Solid NaHg6 was reported to decompose under
pressure to yield solid NaHg4 and liquid amalgam containing 0.57 mass % Na.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolution
of sodium in mercury; The solids were
separated by filtration of the saturated
amalgam through chamois leather.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision

probably better than few percent
(compilers) •

Temp: nothing specified.

REFERENCES:

,..



COMPONENTS:

(1) Sodium; Na; [7440-23-5)

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

VARIABLES:

Temperature: 0-161°C

EXPERIMENTAL VALUES:

The solubility of sodium in mercury:

Sodium

ORIGINAL MEASUREMENTS:

Kerp, W.; Btlttger, W.; Winter, H.

Z. Anorg. Chern. 1900, 25, 1-71.

PREPARED BY:

C. Guminski; Z. Galus

23 :1
"iI
H

II!I
~

t/OC mass % at %a t/oC mass % at %a t/oC mass % at %a

0 0.53 4.44 40.5 0.72±0.01 5.95 90.4 0.98±0.02 7.95

25 0.65±0.01 5.40 42 0.72±0.01 5.95 99.8 1.10±0.03 8.84

30 0.67 5.56 50 0.74 6.11 124 1.47±0.03 11.52

35 0.70±0.01 5.79 56.7 0.79±0.01 6.50 139 1.69±0.03 13.04

37.7 0.71±0.01 5.87 64.9 0.85±0.02 6.96 161 2.01±0.05 15.18

39.9 0.72±0.01 5.95 81 0.92±0.01 7.49

aby compilers

The authors made some systematic errors in their experiments; the result at O°C is
5% too high and those at temperatures higher than 30°C are too low; the error is as
high as 20% at 161°C (compilers). Part of the data and the method were previously
reported in (1).

The analysis of crystals yielded NaHg6 , at 0 to 40°C, and NaHg, at 42 to 100°C.

AUXILIARY INFORMATION

',", .

METHOD/APPARATUS/PROCEDURE:

A solid Na-Hg alloy was first prepared
in a closed container. Samples were
prepared by diluting the alloy with Hg
accompanied by heating. The investigated
amalgams were transferred to' small vessels
and thermostated. The equilibrated
samples were filtered through a leder
plate placed inside of Gooch crucible;
filtration in hydrogen atm~sphere above
100°C. The filtrates and crystals were
analyzed by addition of excess standard
HCl and back-titrating with standard
baryta water.

SOURCE AND PURITY OF MATERIALS:

Mercury was purified with HN03' dried
and filtered.

Sodium purity not specified.

ESTIMATED ERROR:

Soly: precision better than + 3%.

Temp: nothing specified.

REFERENCES:

1. Kerp, W.
Z. Anorg. Chern. 1898, 17, 284.
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COMPONENTS:

(1) Sodium; Na; [7440-23-5]

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

VARIABLES:

Temperature: 16-346°C

EXPERIMENTAL VALUES:

Sodium

ORIGINAL MEASUREMENTS:

Kurnakov, N.S.

Z. Ano~g. Chem. 1900, 23, 439-62.

Zh. Russ. Fiz. Khim. Obshah. Se~ Khim.
1899, 31, 921-48.

PREPARED BY:

C. Guminski; Z. Galus

The freezing points of sodium alloys over the complete composition range were
reported; the liquidus composition corresponds to the solubility:

Soly Soly Soly Soly Soly
t/"c at % t/oC at % t/"C at % t/oC at % t/oC at %

16.4 4.97 150.5 17.12 341.0 35.91 209.0 50.92 66.3 72.31
33.0 6.22 151.8 17.27 324.0 38.93 207.4 51. 78 66.0 73.06
37.0 6.33 155.0 17.95 302.0 41.94 204.8 52.59 65.5 73.52

'\,46.0 7.25 160.0 18.45 276.5 43.76 201.2 53.43 65.0 74.06
61.0 8.65 163.5 18.76 269.0 44.25 198.5 54.14 62.6 75.70
69.0 9.00 172.5 19.38 238.0 46.31 194.4 54.93 59.3 77 .13
91.0 11.66 237.0 21.38 229.9 46.86 169.7 58.09 53.5 78.73

118.4 13.00 281.0 26.01 221.0 47.38 152.2 60.80 47.0 80.46
120.5 13.18 320.5 29.15 218.0 47.60 129.9 61.68 33.65 82.80
123.3 13.50 328.0 30.11 217.5 47.92 114.6 64.43 30.0 83.77
126.4 13.80 330.5 30.41 216.2 48.50 105.5 66.54 25.15 84.43
137.2 15.05 339.5 31.29 215.0 49.07 92.1 68.80 21.25 85.05
145.9 16.24 345.8 32.43 212.7 49.64 85.8 69.95 23.4 85.54
148.9 16.68 345.9 32.79 210.8 50.23 75.2 71.10 32.4 87.34
149.4 16.95 346.0 33.26 209.7 50.60 67.0 71.90 44.9 89.30

87.65 98.11
91.95 99.27

The results in the following composition ranges are too high (compilers) :
6-14, 26-30, 39. 45-50 and 99 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolving
sodium into mercury in a hydrogen
atmosphere. The amalgams were covered
with paraffin and heated. then the
freezing points were determined with a
mercury thermometer.

SOURCE AND PURITY OF MATERIALS:

Melting point of Na indicates either
some impurity or some error in
temperature measurement.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision + 0.2 K below 473 K;
+ 1 K above 473 K.

REFERENCES:



COMPONENTS:

(1) Sodium; Na; [7440-Z3-S)

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

VARIABLES:

Temperature: (-48)-360°C

EXPERIMENTAL VALUES:

Sodium

ORIGINAL MEASUREMENTS:

SchUller, A.

Z. Anorg. Chern. 1904, 40, 385-99.

PREPARED BY:

C. Guminski; Z. Galus

25

II

il
II
I

I'Ii

II

Solidification temperatures of sodium amalgams:

t/OC at % Na

-48.Z Z.8

159 18.1

360 33.3

ZZ7 48.1

Z19 50.9

lZ3 61.9

66.Z 71.8

33.9 84.1

Z1.4 8s.Z

The complete phase diagram was presented and the existence of the following solid
phases were reported: NaHg4, NaHgz ' Na 1zHg 13 , NaHg, Na3Hgz ' NasHgz ' Na 3Hg.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were prepared by addition of
mercury to melted sodium under vaseline.
The freezing points were determined with
thermometers and thermocouples.

SOURCE AND PURITY OF MATERIALS:
Pure sodium from Merck.

Mercury from Merck was double-distilled.

ESTIMATED ERROR:
Soly: precision ± 0.3 %.

Temp: precision ± 0.5 K.

REFERENCES:
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COMPONENTS:

(1) Sodium; Na; [7440-23-5)

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

Sodium

ORIGINAL MEASUREMENTS:

Vanstone, E.

Trans. Faraday Soa. 1911, 7, 42-64.

VARIABLES: PREPARED BY:

Temperature: (-47)-354°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
The freezing points for sodium amalgams over the complete composition range were
reported; two sets of data, I and II, were presented for amalgams from different methods
of preparation.

I.- trc Soly/at % trc Soly/at % trc Soly/at %

-40.8 1.17 288.5 24.03 120.9 63.2
-42.3 1.42 315.2 26.11 117.1 63.9
-42.8 1.77 333.4 28.10 115.1 64.3
-46.8 2.38 340.5 29.02 102.0 66.9
-46.8 2.76 345.8 30.26 86.5 69.0
-46.8 3.30 347.2 30.6 69.8 70.6
-5.5 4.12 350.4 31.8 69.6 71.6
18.8 5.04 352.4 32.4 65.4 73.91
22.3 5.18 353.6 33.4 64.1 74.23
27.6 5.45 351.6 34.8 63.9 75.0
33.5 6.03 347.5 35.88 61.4 76.1
54.6 7.67 335.4 38.5 60.0 76.74
62.9 7.71 328.5 39.5 55.2 79.24
75.9 8.83 331. 7 39.7 54.2 79.67
83.5 9.03 323.3 40.1 43.0 81.8
91.0 9.90 323.8 40.14 32.6 83.4

105.7 10.97 305.5 41.3 27.2 84.8
111.1 11.49 291.6 42.8 21.35 86.7
122.2 12.49 251.0 47.4 51.4 90.47
139.1 14.2 220.8 48.4 58.5 91.68
148.2 15.4 220.6 48.7 67.8 93.6
154.9 16.57 219.6 49.1 74.5 95.25
155.4 17.6 220. 49.16 83.0 97.2
156.2 18.0 217.7 49.77 86.1 97.7
156.2 18.34 218.4 50.71 93.1 99.06
182.4 18.84 208.9 53.1 93.8 99.25
200.4 19.09 202.4 55.0 95.1 99.52
234.2 20.7 189.6 56.8 96.8 99.86
267.2 22.50 169.4 59.2
274.0 23.05 142.1 61.7

I
(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

(I) Na was melted in a current of dry C02
and made to flow via a glass tube into a
preweighed tube filled with C02' Known
weight of Hg was added to the known quantity
of molten Na and stirred to form homogeneous
liquid; the glass tubes containing Na and
amalgams were always flushed with C02'
Freezing points were determined by heating
and cooling amalgam tubes in various types
of baths and with use of gaseous and liquid
thermometers, depending upon temperature
range.

(continued next page)

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.2 K.

REFERENCES:



COMPONENTS:

(1) Sodium; Na; [7440-23-5)

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

Sodium

ORIGINAL MEASUREMENTS:

Vanstone, E.

Trans. Faraday Soa. 1911, ?, 42-64.

27

VARIABLES: PREPARED BY:

Temperature: (-47)-354°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES: (continued)

l!..:.
t;oC Soly/at % t;oc Soly/at % t;oC Soly/at %

234.6 47.26 152.2 60.05 67.0 75.55

222.1 47.88 134.2 61. 70 67.2 77 .49

221.4 48.38 119.4 63.04 53.9 80.20

219.2 49.27 113.6 66.48 34.4 82.18

217.1 49.89 113.2 66.73 37.7 83.26

214.7 50.52 91.8 70.57 31.8 84.13

210.4 52.58 77 .6 72.51 35.6 87.62

203.8 54.26 75.6 72.65 49.2 89.99

188.8 56.54 65.1 74.88 75.2 95.06

The following phases were reported: NaHg4 , NaHg2, Na 7Hg8 , NaHg, Na 3Hg2, Na 3Hg.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: (continued)

(II) Na was freed of oxide by pipetting
molten Na at 403 K, then discharging the
liquid by dipping the glass-wool covered tip
of pipette under liquid vaseline contained
in the experimental tube; Na had not been in
contact with air or moisture at any time.
Ug was added to molten Na as in method (I),
and freezing points determined similarly.

SOURCE ,AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES:



28

COMPONENTS:

(1) Sodium; Na; [7440-23-5]

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

VARIABLES:

Temperature: 5-25°C

Sodium

ORIGINAL MEASUREMENTS:

Bent, H.E.; Swift, E.

J. Am. Chern. Soc. 1936, 58, 2216-20.

PREPARED BY:

C. Guminski; Z. Galus; M. Salomon

EXPERIMENTAL VALUES:
The experimental EMF (E1 and E2 for the cells given in eqs [1] and [2] below) were
added algebraically to give all potentials in terms of E2' These data were fitted by
least squares to the following smoothing equation:

2
log (aI/xl) = a + bXl + cX l [3]

where al and Xl are, respectively, the activity and mole fraction of Na in the amalgam.
Eq [3] was used to compute the soly of Na (see below), and the results are summarized
in the following table.

* ** ** **t/oC Xl (sat) f l -a b c

5.00 0.043955 5.282 13.86807 16.1820 5.970

15.00 0.04870 6.164 13.32030 15.87260 7.110

25.00 0.05380 7.274 12.81441 15.6130 7.530

*Rational activity coefficient of Na in satd sIns calcd by compilers
from eq [3].

**Constants of eq [3].

AUXILIARY INFORMATION

[2]

METHOD/APPARATUS/PROCEDURE:
EMF's were measured for eight amalgams and
solid Na using the following cells:

Na(Hg) INaI, DMAINa(Hg) [1]a l a 2
and

Na(s) INaI, DMAINa(Hg) a2

where DMA is dimethylamine. The concn of
NaI was not specified, but the EMF's of
these cells are independent of NaI concn.
Amalgams prepared by distilling Hg into Na.
Details on manipulation of amalgams and
filling of the cells not given, but probably
as in (1). Amalgams analyzed by titrn with
stnd H2S04 using brom thymol blue indicator.
Titrns were performed in quartz flasks under
a stream of C02-free air, and said to be
reproducible to 0.02%. The authors state
that the EMF's of cell [2], E2, using the
two phase amalgams were used in eq [3] to
compute the soly of Na. Details on this
calcn were not given by the authors.

SOURCE AND PURITY OF MATERIALS:
Nothing specified for Hg and Na, but
probably as in (1) and (2); i.e., Hg
washed with HN03 and filtered, and Na
melted and filtered. Dimethylamine
distilled onto CaO and then onto sodium
and benzophenone. NaI prepared by fusion
under vac as in (2).

ESTIMATED ERROR:
Soly: av dev 0.1% (authors); 0.5% (compilers).

EMF's: reproducibility 0.01 to 0.03 mV.

Temp: + O.Ol°C.

REFERENCES:
1. Bent, H.E.; Gilfillan, E.S. J. Am. Chern.

Soc. 1933, 55, 3989.
2. Bent,~.; Forziati, A.F. J. Am. Chern.

Soc. 1936, 58, 2220.
3. Dietrick, H.; Yeager, E.; Hovorka, F.

Tech. Rpt No.3. O.N.R. Contract No.
581(00). Western Reserve Univ. 1953.



COMPONENTS:

(1) Sodium; Na; [7440-23-5]

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

VARIABLES:

Temperature: (-48)-190°C

EXPERIMENTAL VALUES:
Solubility of sodium in mercury:

Soly

t/oC mass % at %a

-48 0.22 1.89
-40 0.10 0.88
-40 0.26 2.22
-30 0.32 2.72
-20 0.37 3.14
-10 0.42 3.55

0 0.48 4.04
10 0.52 4.36
20 0.56 4.68
30 0.61 5.08
40 0.69 5.71
50 0.74 6.ll
60 0.82 6.73

aby compilers

Sodium

ORIGINAL MEASUREMENTS:

Inoue, Y.; Osugi, A.

J. Eteotroohem. Soo. Japan 1952, 20,
502-4.

PREPARED BY:

C. Guminskij Z. Galus

Soly

t/oC mass % at %a

70 0.94 7.65
80 1.00 8.10
90 1.05 8.47

100 1.ll 8.92
110 1.20 9.58
120 1.24 9.87
130 1. 36 10.7
140 1.61 12.5
150 1.64 12.7
160 1.85 14.1
170 2.16 16.1
180 2.31 17.1
190 2.36 17.4
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The phase diagram proposed by the authors is not smooth and contains a number of
inflections that are not in agreement with other works. The authors attribute the
inflections to the solid phases: NaHg5 , NaHg6' NaHg7' NaHg8' NaHg9' NaHg 10 , NaHg12
and NaHg14' The disagreement with other published works is attributed to experimental
inaccuracy (by the compilers).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by mixing
the two metals or by electrolysis of
saturated NaCl solutions with a
mercury cathode. No further details
were given.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified.

REFERENCES:

'd
, I
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COMPONENTS:

(1) Sodium; Na; [7440-23-5]

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

VARIABLES:

One temperature: 25°C

Sodium

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Gayfullin, A.Sh.;
Zebreva, A.I.

P~ikZ. Teo~et. Khim., Alma-Ata 1974,
No.5, 76-82.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of sodium in mercury was reported to be 5.15 + 0.03 at % at 25°C.

The same result was also obtained in (1) and a slightly higher value of 3.66 mol dm- 3,
corresponding to 5.42 at % (calculated by compilers), in (2).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The heterogeneous amalgam containing
8.52 at % Na was obtained by electrolysis.
Content of Na in the amalgam was estimated
by chemical analysis by acid decomposi
tion. All operations were carried out in
an argon atmosphere. Enthalpy of dilution
(Q) of the amalgams of various composi
tion was measured. A break in the curve
relating Q to the Na concentration in the
amalgam corresponded to the composition
of the saturated amalgam.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision ± 0.6%.

Temp: nothing specified.

REFERENCES:
1. Filippova, L.M.; Zebreva, A.I.;

Espenbetov, A.A.
Izv. Vyssh. Uaheb. Zaved., Khim. Khim.
TekhnoZ. 1977, 20, 1468.

2. Filippova, L.M.; Zebreva, A.I.;
Zhumakanov, V. z.
Ibid. 1982, 25, 827.



COMPONENTS:

(1) Sodium; Na; [7440-23-5]

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

VARIABLES:

Temperature: 20-80°C

EXPERIMENTAL VALUES:

Solubility of mercury:

Sodium

ORIGINAL MEASUREMENTS:

1. Lange, A.A.; Bukhman, S.P.;
Makarova, LA.
Izv. Akad. Nauk Kaz. BBRJ Be!'. Khim.
1977, 27, No.6, 61-3.

2. Same authors.
EZekt!'okhimiya 1979, 15, 618-23.

PREPARED BY:

C. Guminski; Z. Galus
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tlOC

20

20

40

40

60

60

80

Soly

mass % at %a Reference

0.58 ± 0.02 4.84 1

0.58 4.84 2

0.75 ± 0.03 6.18 1

0.76 6.26 2

0.86 ± 0.07 7.04 1

1.03 8.32 2

1.00 ± 0.07 8.10 1

AUXILIARY INFORMATION

aby compilers

METHOD/APPARATUS/PROCEDURE:
Amalgams in both works prepared by elec
trolysis of 2 mol dm- 3 NaOH with Hg cathode.

(1) The amalgams were kept for 2.5-18 hrs
under cathodic polarization in (CH3)4NI
at 20 and 40°C, or 1:1 water-ethanol at
60 and 80 oC, in a burette-type vessel.
Fractions of amalgams were separated
through the stopcock. Samples were
analyzed by addition of excess stnd. acid
and back-titration with stnd. base.

(2) Solubility measurements made by
polarization measurements: polarization
current vs. Na-concentration curves were
drawn, and a break in the curves corres
ponded to the concentration of the
saturated amalgam. It was observed that
the concentration of Na drops only 1% when
the amalgam was aged for less than 2 hrs.

SOURCE AND PURITY OF MATERIALS:
NaOH was analytical grade. Pure
(CH3)4NI was twice recrystallized.

Hg purity not specified.

ESTIMATED ERROR:
Soly: precision ±3-7% in (1); nothing speci

fied in (2), but precision better than
few percent (compilers).

Temp: nothing specified in (1); precision
± 0.5 K in (2).

REFERENCES:
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COMPONENTS:

(1) Sodium; Na; [7440-23-5]

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

VARIABLES:

Temperature: 225-421 K

EXPERIMENTAL VALUES:

Solubility of sodium in mercury:

~ Soly/at %

232.0 0.8435a

229.82 1.483a

225.4 2.5524a

227.4 2.829a

288.15 4.870

298.15 5.40

306.65 5.763

313.15 6.25

Sodium

ORIGINAL MEASUREMENTS:

Balej. J.

Chemicke Zvesti 1979. 33. 585-93.

PREPARED BY:

C. Guminski; Z. Galus

~ Soly/at %

320.95 6.534

338.15 7.65

363.15 9.42

368.15 9.766

382.35 11. 002

393.15 12.05

397..35 12.473

421.65 17.134

aResults also presented in ref. (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The first four results in table obtained
by direct thermal analysis with a differ
ential scanning calorimeter. The other
results were obtained from potentiometric
measurements of concentration cells (2.3).
For measurements at 15 and 25°C. electro
lyte of extra dry (~0.1 mg/l03 g H20) NaCl04
in propylene carbonate was used (2). 2%
MgO-doped S-alumina was used at higher
temperatures (3). All measurements
conducted in atmosphere of purified. dry
nitrogen. Sodium amalgams prepared by
dissolving filtered. molten Na into Hg
under vacuum.

SOURCE AND PURITY OF MATERIALS:
Sodium was reagent grade from
Lachema. Brno.

Mercury was redistilled.

ESTIMATED ERROR:
Soly: not specified; precision better than

few tenths of a percent (compilers).
Temp: Precision + 0.1 K at TIK ~ 363;

+ 0.2 K at-TIK > 363.
REFERENCES:

1. Balej. J.; Biros. J. Cott. Czech. Chern.
Commun. 1978. 43. 2834.

2. Balej. J~ousek. F.P.; Jansta. J.
Cott. Czech. Chern. Commun. 1977. 42. 2737.

3. Balej. J.; Dousek. F.P.; Jansta. J.
Cott. Czech. Chern. Commun. ~. 43. 3123.



COHPONENTS:

(1) Potassium; K; [7440-09-7]

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

Potassium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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CRITICAL EVALUATION:

Tammann (1) observed that addition of up to 0.693 at % of potassium to mercury
progressively lowered the melting point of the mercury by 1.24 K. Kerp (2) reported
potassium solubilities of 2.27 and 1.27 at % at room temperature and 273 K, respectively.
Kerp and coworkers (4) made further determinations between 261 and 373 K, and observed
that the solubility of potassium increased from 1.07 to 9.83 at % in this temperature
range. These results agree only partly with those of subsequent workers. Kurnakov (5)
applied thermal analysis and determined the phase diagram of this system over the
concentration range of 3.11 to 86.73 at % potassium. Guntz and F~r~e (6) used a
filtration method and determined a solubility of 1.99 at % at room temperature, but this
value is slightly too low. Smith and Bennett (7) obtained a solubility of 2.37 at %at
293 K; this solubility agrees with that of Kerp and coworkers.

Very precise potentiometric measurements of the solubility of potassium in mercury at
273.2 to 300.0 K were reported by Bent and Gilfillan (8). Armbruster and Crenshaw (9)
also made potentiometric measurements of the K-Hg system, and their results on the
potassium solubilities at 273.2 to 308.2 K are in good agreement with those of (8).
Empirical equations relating the potassium solubility to temperature in the measured
composition ranges were derived in the latter two papers. Roeder and Morawietz (10)
found that the eutectic in the K-rich region was situated at 94.1 at %potassium and
320.70 K. Schuhmann and Kaltwasser (12) investigated the K-Hg phase diagram between
22 and 30 at % potassium, and these authors confirmed the earlier results of Kurnakov (5).
Fi1ippova and coworkers (14-18) employed calorimetric titration and reported potassium
solubilities of 3.0 + 0.1 and 4.0 + 0.1 at %at 298 and 313 K. respectively; these values
are slightly higher than those of (8,9).

There have been other determinations of potassium solubility in mercury, but these are
rejected in the evaluation because of errors in the determinations (3.11.13), or because
of insufficient definition of the experimental procedure (19,20). Kozin's (21) estimated
solubility of 94.2 at % at 298 K is clearly too high.

As shown in Fig. I, the saturated potassium amalgams are in equilibrium with various
compounds in this system.

Recommended (r) and tentative solubility of potassium in mercury:

T/K Soly/at % Reference

273.2 1. 27 (r) [8,9]

293.2 2.25 (r) [7-9]

298.2 2.53 (r) [8,9]

323 4.5 [5]

373 11a [5]

473 24 (r) [5,12]

543 33.3 [5]

alnterpolated value from data of (5).

(continued next page)
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COHPONENTS:

(1) Potassium; K; [7440-09-7]

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

CRITICAL EVALUATION:

Potassium

EVALUATOR:

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

Warsaw, Poland

July, 1985

mass %
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REFERENCES:

Fig. 1. The K-Hg phase diagram (22).

1. Tammann, G. Z. Phys. Chern. 1889, 3, 441.
2. Kerp, W. Z. Anorg. Chem. 1898, 17, 284.
3. Maey, E. Z. Phys. Chern. 1899, 29, 119.
4. Kerp, W.; Btlttger, W.; Winter, H. Z. Anorg. Chem. 1900, 25, 1.
5. Kurnakov, N.S. Z. Anorg. Chem. 1900, 23, 439; Zh. Russ. Fiz. Khim. Obshah' J

Ser. Khirn. 1889, 31, 927. --
6. Guntz, A.; ~e, J. C.R. Aaad. Sai' J Ser. 2 1900, 131, 182.
7. Smith, G.McP.; Bennett, H.C. J. Am. Chern. Soa:-1909, 31 799; 1910, 32, 622.
8. Bent, H.E.; Gilfillan, E.S. J. Am. Chern. Soa. 1933, 55, 3989.
9. Armbruster, M.H.; Crenshaw, J.L. J. Am. Chem. Soa. 1934, 56, 2525.

10. Roeder, A.; Morawietz, W. Z. MetaZZk. 1956, 47, 734-.-
11. Strachan, J.F.; Harris, N.L. J. Inst. MetaZs 1956-57, 85, 17.
12. Schuhmann, H.; Kaltwasser, K. Z. Phys. Chern. 1962, 219, 168.
13. Smith, G.McP., Ball, T.R. J. Am. Chem. Soa. 1917, 32, 179.
14. Filippova, L.M.; Zebreva, A.I.; Omarova, N.D.; Korobkina, N.P. Izv. Vyssh.

Uaheb. Zaved' J Khim. Khim. TekhnoZ. 1978, 21, 316.
15. Filippova, L.M.; Zebreva, A.I.; Espenbetov, A.A. ibid 1977, 20, 1468.
16. Filippova, L.M.; Zhumakanov, V.Z.; Zebreva, A.I. ibid 1978, 21, 1450.
17. Filippova, L.M.; Zebreva, A.I.; Korobkina, N.P. Uk!'. Khim. Zh. 1978, 44, 791.
18. Filippova, L.M.; Zebreva, A.I.; Zhumakanov, V.Z. Izv. Vyssh. Uaheb. Zaved' J

Khim. Khirn. TekhnoZ. 1982, 25, 827.
19. Korshunov, V.N.; Kuznetsova, N.K.; Gradkikh, I.P.; Volkov, A.G. EZektrokhirniya

1971, 7, 1501.
20. RUban, L.M.; Gladyshev, V.P.; Zebreva, A.I.; cited by Kozlovskii, M.T.;

Zebreva, A.I.; Gladyshev, V.P. AmaZgamy i Ikh PrimenenieJ Nauka, Alma-Ata,
1971, p. 19.

21. Kozin, L. F. Fiziko-Khimiaheskie Osnovy AmaZgamnoi Me taZZurgii J Nauka, Alma-Ata,
1964.

22. Hultgren, R.; Desai, P.D.; Hawkins, D.T.; Gleiser, M.; Kelley, K.K. SeZeated
VaZues of the Ther.modynamia Properties of Binary AZZoysJ Am. Soc. Metals,
Metals Park, OH, 1973, pp. 949-51.



COMPONENTS:

(1) Potassium; K; [7440-09-7]

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

VARIABLES:

Temperature

Potassium

ORIGINAL MEASUREMENTS:

Tammann, G.

Z. Phys. Chern. 1889, 3, 441-9.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Depression of the freezing point of mercury, 6T/K, by small additions of potassium:

Potassium Content
mass % at %af::.T/K

0.27

0.42

0.73

1.04

1.24

aby compilers.

0.018

0.030

0.091

0.111

0.136

0.092

, 0.15

0.46

0.567

0.693

I'

METHOD/APPARATUS/PROCEDURE:

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

Freezing points were determined thermo
metrically. Details of experiment were
not given.

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.05 K.

REFERENCES:

I,
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COMPONENTS:

(1) Potassium; K; [7440-09-7)

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

VARIABLES:

Temperature: 33-269°C

Potassium

ORIGINAL MEASUREMENTS:

Kurnakov, N.S.

Z. Anopg. Chern. 1900, 23, 439-62;

Zh. RUBB. Fiz. Khirn. ObBhah' J Sep. Khirn.
1899, 31, 921-48.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Freezing points of the amalgams were reported; the solubilities corresponding to the
liquidus concentrations are as follows:

t/oC Soly/at % t/oC Soly/at % t;oC Soly/at % t;oC Soly/at %
,

33.0 3.11 76.5 9.52 195.0 23.35 249.5 39.45

45.0 3.91 80.5 9.77 198.7 23.53 215.0 43.39

52.0 4.90 89.5 10.42 203.5 24.24 175.0 45.24

56.7 5.32 106.0 11. 35 216.5 25.73 151.0 61. 74

63.5 6.39 112.5 11.70 239.5 27.64 148.7 62.48

66.0 6.76 '0121.0 12.53 254.0 29.73 145.9 63.44

67.3 7.31 129.0 13.61 268.0 32.11 142.7 64.28

68.3 7.53 151.0 14.27 269.7 33.34 141. 9 65.18

69.4 7.71 165.0 15.41 269.2 34.19 135.4 67.70

69.9 8.15 174.0 16.53 269.5 34.45 115.4 76.09

70.3 8.65 189.5 20.57 263.0 37.11 88.4 85.09

73.5 9.03 194.5 22.38 251.5 39.04 82.4 86.73

Composition of the crystalline phases was also discussed.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams were prepared by dissolution of
potassium in mercury in hydrogen
atmosphere. Amalgam was covered with
paraffin and heated. Freezing points
determined from cooling curves with the
use of mercury thermometers.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision + 0.2 K below 473 K;
precision ilK above 474 K.

REFERENCES:



COMPONENTS:

(1) Potassium; K; [7440-09-7]

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

VARIABLES:

One temperature: room temperature

Potassium

ORIGINAL MEASUREMENTS:

Guntz, A.; F~r~e, J.

C.R. Aaad. Sai' J Ser. 2 1900, 131,
182-4.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Room temperature solubility of potassium in mercury was reported to be 0.395 mass %.
The corresponding atomic % solubility calculated by the compilers is 1.99 at %.

Solid phase analysis suggested the existence of the compounds, KHg 10 , KHg 12 and
KHg 18 •

AUXILIARY INFORMATION

,
i

"t

i
i
I
I
l
I

'ii

METHOD/APPARATUS/PROCEDURE:

Amalgams were prepared by dissolution of
potassium in mercury. The solid phase
was separated by filtration through a
chamois leather after equilibration.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision no

better than few percent (compilers).

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Potassium; K; [7440-09-7]

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

VARIABLES:

Temperature: (-12)-200°C

EXPERIMENTAL VALUES:

Solubility of potassium in mercury:

Potassium

ORIGINAL MEASUREMENTS:

Kerp, W.; Bottger, W.; Winter, H.

Z. Anol'g. Chern. 1900, 25, 2-71.

PREPARED BY:

C. Guminski; Z. Galus

t;oC Soly/mass % Soly/at %a

-12 0.21 1.07
0 0.31 ± 0.01 1. 57

20 0.47 ± 0.01 2.37
25 0.53 ± 0.01 2.66
30 0.56 ± 0.01 2.81
45.8 0.81 ± 0.06 4.02
56.1 0.88 ± 0.06 4.35
60 1.02 ± 0.01 5.02
65 1.23 ± 0.03 6.00
71 1.41 ± 0.02 6.84
73.5 1.64 ± 0.03 7.88
74 1.71 ± 0.03 8.19
75 1.85 ± 0.02 8.82
81 1.89 ± 0.02 9.00
90 2.01 ± 0.03 9.52
99.8 2.08 ± 0.02 9.83

aby compilers.

Analysis of solid phases suggested the existence of the compounds KHg 12 and KHg 10 .

Comments:
The data in the temperature ranges of 20-46 and 75-100°C are in good agreement with
other workers; the data in the other temperature ranges are in poor agreement with
other workers (compilers).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams were obtained by electrolysis of
saturated KC1 solution with circulating
Hg as cathode. The amalgams were filtered
through chamois skin in a Gooch crucible.
The experimental operations were
performed in dry hydrogen atmosphere.
The filtrate and the crystals were
analyzed by addition of excess standard
HC1 and back-titration with standard
baryta water.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: precision no better than + 7%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Potassium; K; [7440-09-7]

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

VARIABLES:

One temperature: 20°C

EXPERIMENTAL VALUES:

Potassium

ORIGINAL MEASUREMENTS:

Smith, G.McP.; Bennett, H.C.

J. Am. Chem. 800. 1909, 31, 799-806.

ibid. 1910, 32, 622-26.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of potassium in mercury at 20°C was reported to be 0.46 mass %.
The corresponding atomic % solubility calculated by the compilers is 2.32 at %.

Analysis of the crystals showed 8.14 at % K; this corresponded to the formula
KHg

U
or KHg12 •

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared by electrolysis
of saturated KCI solution with Hg as the
cathode. The amalgam was washed with
water and dried between filter paper,
then filtered through chamois skin. The
filtrate and solid were analyzed
alkacimetrically by decomposition with
0.1 mol dm-3 HCI, with subsequent addition
of excess 0.1 mol dm-3 NaOH and back
titration with 0.1 mol dm-3 HCI.

SOURCE AND PURITY OF MATERIALS:

Very pure salts were obtained from
Kahlbaum.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: nothing specified; precision no

better than few percent (compilers).

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Potassium; K; [7440-09-7]

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

VARIABLES:

Temperature: 0-27°C

EXPERIMENTAL VALUES:
Solubility of potassium in mercury:

Potassium

ORIGINAL MEASUREMENTS:

Bent, H.E.; Gilfillan, E.S.

J. Am. Chern. Soa. 1933, 55, 3989-4001.

PREPARED BY:

C. Guminski; Z. Galus

.E.:.£
o
6.15

14.35

15.00

18.82

23.09

25.00

26.79

Soly/at %

1. 271

1.544

1.951

1.986

2.191

2.428

2.536

2.638

Soly/Mass %

0.250

0.305

0.386

0.393

0.435

0.483

0.505

0.525

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

EMF were measured for nine amalgams of
different concentrations with the cell,

K(Hg) IKI in ethylamineIK(Hg) •
y x

Concentration of KI was not specified. The
amalgam was prepared by distilling mercury
onto distilled potassium, and the electro
lyte was prepared from purified materials
in the glass cell system without exposure
to the ambient atmosphere. Amalgams were
analyzed by titration with standard H2S04 ,
with bromothymol blue indicator, in an
atmosphere of CO2-free air.

SOURCE AND PURITY OF MATERIALS:

Purity of materials not specified, but
probably of high purity as in (1).

ESTIMATED ERROR:

Soly: ave. dev. + 0.4%.

Temp: precision ± 0.01 K.

REFERENCES:

1. Bent, H.E.; Forziati, A.F.

J. Am. Chern. Soa. 1936, 58, 2200.



COMPONENTS:

(1) Potassium; K; [7440-09-7]

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

VARIABLES:

Temperature: 0-35°C

EXPERIMENTAL VALUES:

Solubility of potassium in mercury:

Potassium

ORIGINAL MEASUREMENTS:

Armbruster, M.H.; Crenshaw, J.L.

J. Am. Chern. Soo. 1934, 56, 2525-34.

PREPARED BY:

C. Guminski; Z. Galus
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t/DC g K/100 g Hg Soly/at %a

0.00 0.2508 1.270

5.00 0.2945 1.488

10.00 0.3427 1.728

15.00 0.3945 1.984

20.00 0.4490 2.253

25.00 0.5054 2.527

30.00 0.5654 2.819

35.00 0.6248 3.106

aby compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Amalgams were prepared by the electrolysis
of a saturated aqueous solution of K2C03
with a pool of Hg as the cathode; the
amalgam was then filtered into an evacuated
glass bulb for storage until used. The
solubility of potassium in the saturated
amalgam was determined by drawing off a
sample of the liquid after equilibration at
each temperature. The potassium concen
tration was determined by adding an excess
of standard HCl, then back-titrating with
standard Ba(OH)2 in a C02-free atmosphere,
using rosolic acid indicator. The residual
Hg was determined gravimetrically. EMF
were determined as a function of tempera
ture with the concentration cell,

K(Hg) tlKCl solnIK(Hg) •sa x

SOURCE AND PURITY OF MATERIALS:
Mercury was chemically purified and
distilled twice.

Other chemicals of original high purity
were further purified by recrystallization.

ESTIMATED ERROR:
Soly: precision ± 0.05 %.

Temp: precision ± 0.01 K.

REFERENCES:
,
"i
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COMPONENTS:

(1) Potassium; K; [7440-09-7]

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

Potassium

ORIGINAL MEASUREMENTS:

Schuhmann, H.; Kaltwasser, K.

Z. Phys. Chern. 1962, 219, 168-70.

VARIABLES: PREPARED BY:

Temperature: 189-265°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

A partial phase diagram was presented by the authors; the liquidus data points were
read from the curve by the compilers.

trC Soly/at % trC Soly/at % trC Soly/at %

265 30.2 218 25.7 203 24.0

258 28.7 214 25.4 204 23.8

246 28.0 215 25.3 201 23.6

237 27.3 210 25.1 199 23.5

235 27.2 213 25.1 197 23.3

240 27.0 211 24.7 195 23.0

236 26.7 206 24.6 194 22.9

230 26.7 209 24.4 193 22.7

231 26.3 206 24.2 192 22.5

225 26.0 189 22.3

The existence of the compounds, KHg3 and KHg2' was confirmed by thermal analysis.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams were prepared by dissolution of
potassium in mercury in nitrogen atmos
phere. The potassium content was deter
mined by de§omposing the amalgam with
0.05 mol dm- sulfuric acid, and the excess
acid was back-titrated. The residual Hg
was weighed to determine its concentra
tion. The liquidus temperatures of the
amalgams were determined with copper
constantan thermoelement. The thermal
analyses were made in an evacuated glass
vessel heated by an electric oven.

SOURCE AND PURITY OF MATERIALS:
Potassium purity higher than 99.5%.

Mercu~y was purified chemically, then
twice distilled.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 1 K.

REFERENCES:



COMPONENTS:

(l) Potassium; Kj [7440-09-7)

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

VARIABLES:

Potassium

ORIGINAL MEASUREMENTS:

1. Filippova, L.M.; Zebreva, A.I.;
Omarova, N.D.; Korobkina, N.P.

Izv. Vy88h. Uaheb. Zaved., Khim. Khim.
TekhnoL. 1978, 21, 316-9.

PREPARED BY:
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C. Guminski; Z. GalusTemperature: 25-40·C

EXPERIMENTAL VALUES:

Solubility of potassium in mercury:

t/·C Soly/mol -3dm

25 2.1

25 ---
40 2.86

Soly/at %

3.0 ± 0.1

3.23

4.0 ± 0.1

Reference

1,2,3,4

5

1

1
!

!
I

I

I
I
I

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Potassium amalgams were prepared by
electrolysis. Potassium content in the
amalgam was determined by chemical analysis.
All operations were carried out in an argon
atmosphere (2). Enthalpy of dilution, Q,
of the various heterogeneous and homogen
eous amalgams was determined by
calorimetric titration. A breakpoint on
the curve relating Q to the potassium
concentration in the amalgam denoted the
saturation point.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision no better than + 3%.

,

!

!

!'

Temp:

REFERENCES:

2. Filippova, L.M.; Zebreva, A.I.; Espenbetov, A.A.
Khim. TekhnoL. 1977, 20, 1468-71.

3. Filippova, L.M.; Zhumakanov, V.Z.; Zebreva, A.I.
Khim. TekhnoL. 1978, 21, 1450-3.

4. Filippova, L.M.; Zebreva, A.I.; Korobkina, N.P.
5. Filippova, L.M.; Zebreva, A.I.; Zhumakanov, V.Z.

Khim. TekhnoL. 1982, 25, 827-9.

nothing specified.

Izv. Vy8sh. Uaheb. Zaved., Khim.

Izv. Vys8h. Uaheb. Zaved., Khim.

Uk!'. Khim. Zh. 1978, 44, 791-3.
Izv. Vyssh. Uaheb. Zaved., Khim.
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COHPONENTS:

(1) Rubidium; Rb; [7440-17-7]

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

CRITICAL EVALUATION:

Rubidium

EVALUATOR:

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

Warsaw, Poland

July, 1985

Kerp and coworkers (1) reported the first determination of the solubility of
rubidium in mercury by a method of filtration and alkacimetric analysis of the
rubidium. At 273 and 298 K the solubilities were 2.13 and 3.16 at %, respectively.
These results in the range of low rubidium concentration are in good agreement with
later measurements of Kurnakov and Zukovsky (2) and of Smith and Bennett (3); the
rubidium concentration in both of these works were determined alkacimetrically. The
thermoanalytical data of Kurnakov and Zukovsky determined the partial phase diagram of
this system up to approximately 15 at % rubidium. Biltz and coworkers (4) investi
gated the equilibria over the complete concentration range by thermoanalysis and
alkacimetric determination of the rubidium content. However, the latter authors'
liquidus temperatures in the mercury-rich region, below 393 K, were significantly
lower than those obtained by the previous three workers (1,2,3). The discrepancy is
attributed to the lower precision of the thermal analysis of Biltz and coworkers at the
lower temperatures.

Other determinations of the solubility of rubidium have been reported, but these
values are rejected because of erroneous values (6) or because of incomplete experi
mental description (7). Kozin (8) estimated a 298 K solubility of 96.8 at %; this
value is very near to the experimental value in the Rb-rich amalgams.

Figure 1 (5) shows the phase diagram based on the data of refs. (2) and (4).

Recommended (r) and tentative values of the solubility of Rb in lIg:

T/K Soly/at % Reference
a

227 0.7 [4]

273 2
b [4,1]

293 3.0c [3,7)

298 3.2 (r) [ 1,2]

323 4.8 d [2]

373 9.6 [2]

459 20 a [4]

470 22 [4]

530 33.3 b [4]

aEutectic point.
bExtrapolated value from data of cited references.

cMean value from data of cited references.

drnterpolated value from data of cited reference.

(continued next page)



COHPONENTS:

(1) Rubidium; Rb; [7440-17-7]

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

Rubidium

EVALUATOR:

c. Guminski; Z. Galus
Department of Chemistry
University of Warsaw

Warsaw, Poland
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CRITICAL EVALUATION: (continued)
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Fig. 1. The Rb-Hg phase diagram (5).
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COMPONENTS:

(1) Rubidium; Rb; [7440-17-7)

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

VARIABLES:

Temperature: 0-25°C

EXPERIMENTAL VALUES:

Solubility of rubidium in mercury:

Rubidium

ORIGINAL MEASUREMENTS:

Kerp, W.; B~ttger, W.; Winter, H.

Z. Anorg. Chern. 1900, 25, 1-71.

PREPARED BY:

c. Guminski; Z. Galus

t;oC

o
25

Soly/mass %

0.92 :t 0.02

1.37 :t 0.02

Soly/at %a

2.13

3.16

aby compilers

Solid phase analysis showed the presence of RbHg 11 •

AUXILIARY INFORMATION

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

The amalgams were obtained by electrolysis Nothing specified.
of RbCI solution with circulating mercury
as the cathode. The amalgam was then
filtered through chamois skin placed inside
of a Gooch crucible. An excess of acid
was added to the separated phases and the
solution was back-titrated with standard
baryta water.

ESTIMATED ERROR:
Soly: precision + 2%, but appears to be

less precise to compilers.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Rubidium; Rb; [7440-17-7)

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

VARIABLES:

Temperature: 26-148°C

Rubidium

ORIGINAL MEASUREMENTS:

Kurnakov, N.S.; Zukovsky, G.J.

Z. Anorg. Chern. 1907, 52, 416-28.

PREPARED BY:

C. Guminski; Z. Galus

47

EXPERIMENTAL VALUES:
Solubility of rubidium which corresponds to the concentration at the crystallization
temperatures of the amalgams:

trc Soly/at % t/oC Soly/at %

147.7 14.64 69.1 7.87

138.8 (136.5) 13.37 70.2 7.80

132.3 12.59 69.4 7.55

127.5 11.95 68.5 7.32

117.2 10.71 66.3 6.88

104.6 9.85 62.7 6.30

91.4 9.04 56.9 5.64

78.3 8.31 48.5 4.77

74.5 8.10 36.6 3.97

70.5 7.95 26.4 3.31

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of amalgam preparation was not
specified. The samples were analyzed
alkacimetrically to determine the
rubidium content. Solidification
temperatures were determined as the
samples were cooled.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.1 K.

REFERENCES:
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COMPONENTS:

(1) Rubidium; Rb; [7440-17-7]

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

VARIABLES:

One temperature: 19.5°C

Rubidium

ORIGINAL MEASUREMENTS:

Smith, G.McP.; Bennett, H.C.

J. Am. Chern. Boa. 1909, 31, 799-806;

Ibid. 1910, 32, 622-26.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of rubidium in mercury at 19.5°C was reported to be 1.21 + 0.01 mass %.
The corresponding atomic % solubility calculated by the compilers is 2.79 at %.

Solid phase analyses suggest the compounds RbHg 11 or RbHg 12 •

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were obtained by electrolysis
of concentrated RbCl solution. After
24 hours of equilibration the amalgam was
filtered through chamois skin with a
suction pump. The analysis of the amalgam
was carried out alkacimetrically: an
excess of 0.1 mol dm-3 HCl was added to
the sample, then back-titrated with
0.1 mol dm-3 NaOH.

SOURCE AND PURITY OF MATERIALS:
"Very pure salts" from Kahlbaum were
used.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: precision ± 1%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Rubidium; Rb; [7440-17-7]

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

Rubidium

ORIGINAL MEASUREMENTS:

Biltz, W.; Weibke, F.; Eggers, H.

Z. Anorg. Chern. 1934, 219, 119-28.

49

VARIABLES: PREPARED BY:

Temperature: (-6)-255°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of rubidium in mercury which corresponds to the concentration at the
crystallization temperatures of the amalgams:

t/"C Soly/at % t/"C Soly/at % t/"C Soly/at % t/"C Soly/at %

-6 2.1 161.5 17.5 250 37.0 124 63.0

11 3.2 174 18.4 228 39.8 110 68.0

26 4.3 183 19.3 206 41.2 97 72.2

39 5.9 188 20.1 200 41.6 84.5 76.5

61 9.0 193 21.0 169 44.0 70.5 80.7

88 12.0 196 22.0 168 45.2 60 83.9

103 11.0 194 23.4 167 46.2 46.5 89.0

113.5 12.4 197 26.0 164 47.7 34.5 93.0

123.5 13.0 221 27.6 162 48.9 26 96.2

131 13.6 236 29.3 157 51.3 29 97.1

143.5 15.0 246.5 30.9 150 54.3 33 98.0

150 15.5 252.5 32.0 145 55.8 35 98.7

158.5 16.9 255 34.7 138 58.4

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dropping
mercury into fused rubidium in an argon
atmosphere. The amalgam was heated and
cooling curves were recorded with a
thermoelement. The amalgam composition
was determined alkacimetrically.

SOURCE AND PURITY OF MATERIALS:

95% purity Rb2S04 was first purified to
a product with 0.01% impurities in other
alkali metals. The salt was then used
to prepare metallic Rb.

Mercury was purified by vacuum distillation.

Test for calcium in the amalgams was
negative.

ESTIMATED ERROR:
Soly: precision better than ± 0.5%.

Temp: precision ± 0.5%.

REFERENCES:
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COHPONENTS:

(1) Cesium; Cs; [7440-46-2]

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

CRITICAL EVALUATION:

Cesium

EVALUATOR:

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

Warsaw, Poland

July, 1985

The first and most comprehensive study of the cesium-mercury equilibria was reported
by Kurnakov and Zukovsky (1). The authors determined the liquidus curve by thermal
analysis over the complete composition range. However, it appears that the results in
the Hg-rich region, between -226 and 346 K, are 10-20% too high by comparison with other
determinations of the solubilities. Smith and Bennett (2,3) determined the liquid
equilibrium amalgam composition at 273 to 299 K by acid-base titration of the
equilibrated liquid amalgam which was separated from the solid by filtration and by
centrifugation. The results of the latter authors were only in rough agreement with
those of Kurnakov and Zukovsky. Although the analytical method used by Smith and Bennett
is capable of yielding accurate analysis of the amalgam, there is some doubt in regard
to the solubility at the temperatures reported by these authors because of the method of
separation of the liquid amalgam from the equilibrium solid phase. Kozin (4) reported
a calculated solubility of cesium in mercury of 99.7 at %at 298 K; this value is very
near that found by Kurnakov and Zukovsky in the Cs-rich region. However, the calculation
of Kozin will tend to be too high because of the neglect of the strong interaction
between these metals. Korshunov and coworkers (5) reported a concentration of 4.5 at %
cesium in mercury at about 293 K, a value in agreement with that of Smith and Bennett (2),
but no experimental details were presented by these authors.

Hultgren et al. (6) reported the phase diagram for this system, Fig. 1; these authors
based their phase diagram on the data of Kurnakov and Zukovsky (1). A critical evaluation
of the enthalpy of solution also is presented by (6).

Tentative values of the solubility of cesium in mercury:

TIK Solylat % Reference

227 2a [1]

273 3.0 [3]

293 4.1 [2]

298 4.4 [3]

323 5.5b [1,3]

373 7.4 [1]

413 10 [1)

473 31 [1]

481 33.3 [1]

aEutectic point.
bInterpolated from data of cited references.

(continued next page)



COHPONENTS:

(1) Cesium; Cs; [7440-46-2]

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

CRITICAL EVALUATION: (continued)

Cesium

EVALUATOR: '

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

Warsaw, Poland

July, 1985
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Fig. 1. The Cs-Hg phase diagram (6).
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COMPONENTS:

(1) Cesium; Cs; [7440-46-2]

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

Cesium

ORIGINAL MEASUREMENTS:

Kurnakov, N.S.; Zukovsky, G.J.

Z. Anorg. Chern. 1907, 52, 416-29.

VARIABLES: PREPARED BY:

Temperature: (-47)-208"C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Liquidus temperatures of cesium amalgams:

t/"C at % Cs t/"C at % Cs t/"C at % Cs t/"C at %Cs

-41. 7 0.45 132.8 9.84 163.5 20.07 186.2 38.24
-43.5 0.99 136.0 9.91 162.0 20.57 184.0 38.73
-44.8 1.28 140.0 9.96 159.5 21.60 171.0 40.42
-46.6 2.25 142.0 10.47 150.5 23.78 169.5 41.83
-26.5 3.71 147.0 10.77 139.5 24.25 166.0 43.15

-9.2 4.12 152.0 11.34 146.6 24.62 165.2 45.56
7.1 4.90 153.7 11.87 149.0 25.23 165.0 45.65
6.7 5.90 154.7 12.28 165.0 27.54 164.0 46.12

73.3 6.36 156.0 12.53 172.6 27.75 163.0 46.88
77 .9 6.60 156.7 12.97 185.0 28.88 161.0 48.67

86.1 6.64 157.3 13.66 194.0 30.12 160.0 51.60
93.6 7.13 157.7 14.20 202.8 31.88 146.6 56.68

101.2 7.43 156.8 14.78 205.8 32.99 140.3 60.93
97.3 7.50 155.0 16.28 208.2 33.60 128.0 61.83

108.2 7.90 154.1 16.46 207.6 34.21 112.0 67.89

112.6 8.21 153.3 16.94 206.0 34.81 103.0 73.14
118.1 8.70 152.0 17.40 ' 204.5 35.48 26.3 97.57
125.1 8.78 156.7 18.40 199.0 36.51 19.3 98.43
132.0 9.24 161.0 19.09 192.0 37.58 19.3 99.37

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Metallic cesium was obtained by reduction
of CS2C03 with magnesium in very pure
hydrogen atmosphere, then mercury was
added to form the amalgam. The amalgams
were analyzed by alkacimetry. The liquidus
temperatures were determined from cooling
curves.

SOURCE AND PURITY OF MATERIALS:
Cs 2C03 was supplied by Kahlbaum.

The magnesium was free of cesium.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.1 K.

REFERENCES:



COMPONENTS:

(1) Cesium; Cs; [7440-46-2)

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

VARIABLES:

One temperature: 17°C

EXPERIMENTAL VALUES:

Cesium

ORIGINAL MEASUREMENTS:

Smith, G.McP.; Bennett, H.C.

J. Am. Chern. Boa. 1909, 31, 799-807.

PREPARED BY:

C. Guminski; Z. Galus

53

Solubility of cesium in mercury at 17°C was reported to be 2.75 + '0.01 mass %.
The corresponding atomic % solubility calculated by the compilers is 4.09 at %.
Analysis of the solid phase led to the formula CsHg13 •

AUXILIARY INFORMATION

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

Mercury purity not specified.

"Very pure salts" from Kahlbaum were
used.

The amalgam was obtained by electrolysis
of concentrated aqueous CsCl solution
with a pool of Hg as the cathode. The
amalgam was then washed with water and
dried with a filter paper. After standing
in a glass-stoppered bottle for several
days, the amalgam was rapidly suction-
filtered through chamois skin on a Gooch
crucible. The analyses of the filtrate and
solid residue were made by acid-base
titration: an excess of 0.1 mol dm- 3 HCl
was added to the sample, then made alkaline ~~~~~~~~---------------------------i
with an excess of 0.1 mol dm-3 NaOH. The ESTIMATED ERROR:
excess NaOH was back-titrated with 0.1 Soly: nothing specified; precision no
mol dm-3 HCl. better than few percent (compilers).

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Cesium; Cs; [7440-46-2]

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

VARIABLES:

Temperature: 0-26°C

EXPERIMENTAL VALUES:

Solubility of cesium in mercury:

Cesium

ORIGINAL MEASUREMENTS:

Smith, G.McP.; Bennett, H.C.

J. Am. Chern. Soa. 1910, 32, 622-26.

PREPARED BY:

C. Guminskij Z. Galus

t/"C

o
18

26

Soly/mass %

1. 96

2.61

2.98

Soly/at %

2.93

3.89

4.43

Analyses of the equilibrated solid phases separated by filtration and by
centrifugation suggested the formulae CsHg

13
or CsHg

12
.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared as in the
previous study (1), but the solid residue,
after filtration of the equilibrated
amalgam through chamois skin, was sealed
into glass tubes after remelting and
removal of air. The latter samples were
subsequently equilibrated at room tempera
ture and at O°C, then the contents of the
tube were rapidly centrifuged and the
solids were analyzed by alkacimetry: an
excess of 0.1 mol dm-3 HC1 was added to
the sample, then an excess of 0.1 mol dm-3
NaOH was added to the acidified solution,
and the excess base was finally back
titrated with 0.1 mol dm-3 HCI.

SOURCE AND PURITY OF MATERIALS:

"Very pure salts" from Kahlbaum were
used.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: precision no better than a few

percent at best (compilers).

Temp: nothing specified.

REFERENCES:
1. Smith, G.McP.; Bennett, H.C.

J. Am. Chern. Soa. 1909, 31, 799.



COHPONENTS:

(1) Beryllium; Be; [7440-41-7]

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

CRITICAL EVALUATION:

Beryllium

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985
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Nerad (1) reported thet the solubility of beryllium in mercury increases uniformly
from 2 x 10-5 to 8 x 10- at %at 373 and 1073 K, respectively; however, no experimental
details were given by the author. Wang (2) determined the solubility of beryllium at
644 K and reported a value of 1.3 x 10-4 at %. This value appears to be in agreement
with the estimates by Nerad (1). Strachan and Harris (3) could nqt detect the dissolution
of beryllium in mercury at room temperature, and these authors estimated that the solu
bility was below 2 x 10-2 at %.

Zucker (4) heated a mixture of mercury and beryllium powder at 923 K for one hour,
and this author also reduced Be(ll) on a mercury cathode from various solvents; the
content of beryllium in the amalgams from these studies was never higher than 5 x 10-2
at %. Zucker stated that the latter concentration is the upper limit of the solubility
at room temperature, but in the opinion of the evaluators this value is much too high.
Kozin calculated that the solubility of beryllium at 298 K is 8.7 x 10-3 (4) and
1.5 x 10-2 at % (5); these estimated values appear too high, as were the predicted
solubilities of a number of other amalgam systems. The formation of BeHg2 has been
reported for the Be-Hg system (6).

Tentative value of the solubility of Be in Hg at 644 K is 1 x 10-4 at % (2).

References

1. Nerad, A.J.; as cited by Kelman, L.R.; Wilkinson, W.D.; Yaggee, F.L. U.S. At.
Ener. Comm. Rep., ANL-4417, 1950.

2. Wang, J.Y.N. Nucl. Sci. Eng. 1964, 18, 18.
3. Strachan, J.F.; Harris, N.L. J. Inst. Metals 1956-57, 85, 17.
4. Zucker, D. U.S. At. Ener. Comm. Rep., ORNL-3488, 1963, p. 28.
5. Kozin, L.F. Tr. Inst. Khim. Nauk Akad. Kaz. SSR 1962, 9, 101.
6. Kozin, L.F. Fiziko-Khimiaheskie Osnovy Amalgamnoi Metallurgii, Nauka, Alma-Ata,

1964.
7. Kells, M.C.; Holden, R.B.; Whitman, C.l. J. Am. Chern. Soc. 1957, 79, 3925.
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COMPONENTS:

(1) Beryllium; Be; [7440-41-7J

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

VARIABLES:

Temperature: 644 K

EXPERIMENTAL VALUES:

Beryllium

ORIGINAL MEASUREMENTS:

Wang, J.Y-N.

Nuaz' Sai. Eng. 1964, 18, 18-30.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of beryllium in mercury at 644 K was reported to be 0.06 mg/Kg.

The corresponding solubility in atom % calculated by the compilers is
1.3 x 10-4 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Sheet of Be, which was cleaned, degreased,
and vacuum-dried, was presumably equili
brated with Hg in a quartz capsule; the
capsule was contained in a stainless steel
autoclave. The Be content in the liquid
was determined by an unspecified acid
extraction analysis.

SOURCE AND PURITY OF MATERIALS:

Fresh, triple-distilled mercury and
beryllium of "high purity" were used.

ESTIMATED ERROR:

Soly: nothing specified; precision about
10% (compilers).

Temp: precision + 5 K.
REFERENCES:



COHPONENTS:

(1) Magnesium; Mg; [7439-95-4]

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

CRITICAL EVALUATION:

Magnesium

EVALUATOR:
I

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

57

Kerp and coworkers (1) reported the first determination of magnesium solubility in
mercury; they found solubilities of 2.52 at % at room temperature and approximately
8 at %at 573 K. The room temperature solubility agrees with subsequent measurements by
other workers, but the 573 K value is much too low, probably because of oxidation of the
magnesium. Cambi and Speroni (2) determined a partial phase diagram in the Hg-rich
region and they showed that the solubility of magnesium increases monotonically from
2.5 to 29 at % in the temperature range of 290 to 643 K. Smits and Beck (3) and Beck (4)
determined the phase diagram for the composition range above 15 at %Mg by thermo
analytical and potentiometric measurements. Loomis (5) equilibrated the saturated
amalgam at 295.6 K and precisely determined the magnesium content in the liquid phase
to be 2.60 at %. At 277 K, Williams (6) reported a solubility of 2.15 at %.
Danilchenko (7) redetermined the complete phase diagram and obtained solubilities which
were slightly higher at low temperatures, and the solubilities were slightly different
between 17 and 33 at %, as compared to the data of (2) and (4). Dergacheva and Kozin (8)
determined a solubility of 2.82 at % at 298 K.

Other solubility determinations of magnesium, which were reported, gave only
solubility limits: less than 2.5 at % (9) and less than 8 x 10-3 at % (10) at room
temperature. Also Kozin's (11) predicted value of 0.86 at % at 298 K is too low.

The saturated magnesium amalgams are in equilibrium with various intermediate solid
phases, as shown by the phase diagram (12) in Fig. 1.

Recommended (r) and tentative solubilities of magnesium in the Hg-rich region.

TIK Soly/at % Reference

293 2.50 (r) 1,2,5

298 2.7 5,8

323 4.5a 2

373 9.3 2,7

473 20 (r) 2,4,7

573 26 4,7

673 31a 4

773 37a 4

873 45 4

900 50.0 4,7

alnterpolated from data of cited reference
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COHPONENTS: EVALUATOR:

(1) Magnesium; Mg; [7439-95-4]

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

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:
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Fig. 1. The Mg-Hg system (12).



COMPONENTS:

(1) Magnesium; Mg; [7439-95-4]

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

VARIABLES:

Room temperature

EXPERIMENTAL VALUES:

Magnesium

ORIGINAL MEASUREMENTS:

Kerp, W.; Btlttger, W.; Iggena, H.

Z. Anorg. Chern. 1900, 25, 1-71.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of magnesium in mercury was reported to be 0.313 mass %.
The solubility in atomic % calculated by the compilers is 2.52 at %.
At about 300°C the solubility was estimated to be around 1 mass %. This value
is much too low (compilers). The compoun~MgHg6' was found in the equilibrium
solid phase at room temperature. However, this compound has not been confirmed
by later workers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Bands of Mg were cleaned in alcohol and
ether, then equilibrated with Hg in a
glass container. The amalgam was
filtered and the Mg content in the
saturated filtrate was determined as
magnesium phosphate.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision no

better than ± 10% (compilers).

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Magnesium; Mg; [7439-95-4]

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

VARIABLES:

Temperature: 17-370°C

Magnesium

ORIGINAL MEASUREMENTS:

Cambi, L.; Speroni, G.

Atii Rea~e Aaaad. Linaei, Se~. 5, 1915,
24, 734-38.

PREPARED BY:

G. Cuminski; Z. Galus

EXPERIMENTAL VALUES:

Freezing points in the Mg-Hg system were reported for concentrations up to
29 at % Mg.

t/OC

17
55
89

106
119
145
168
207
230
277
335
370

Mg/at %

2.5
5
8

10
12
14
18
21
23
25
27
29

At the higher magnesium concentrations it was impossible to record the liquidus
curves because of the boiling of the amalgams at about 412°C. The solid phase in
equilibrium with the saturated amalgams was determined to be MgHg2 •

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Appropriate amounts of magnesium were
dissolved in boiling mercury in an
atmosphere of pure nitrogen for a period
of up to 2 days. Cooling curves were
then recorded on the amalgams. The
samples of the amalgams were analyzed
alkacimetrically.

SOURCE AND PURITY OF MATERIALS:

Pure mercury was redistilled.
99% pure magnesium contained 0.36% of
Fe and AI.

ESTIMATED ERROR:
Soly: precision ± 3%.

Temp: precision ± 1 K.

REFERENCES:



COMPONENTS:

(1) Magnesium; Mg; [7439-95-4]

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

VARIABLES:

Temperature: 22°C

Magnesium

ORIGINAL MEASUREMENTS:

Loomis, A.G.

J. Am. Chern. Boa. 1922, 44, 8-19.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Solubility of magnesium in mercury at 22.4°C was determined to be 0.323 + 0.001 mass %.
The corresponding solubility in atomic % calculated by the compilers is 2.60 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams were prepared in vacuo by
warming Hg with an excess of Mg. The
amalgams were allowed to stand for
several days with frequent shaking, then
they were filtered through a plug of glass
wool under a pressure of hydrogen. The
magnesium content in the filtrate was
determined as magnesium phosphate.

SOURCE AND PURITY OF MATERIALS:
Mercury was purified chemically and
distilled in vacuo. Magnesium of high
quality was carefully freed from all
oxides.

ESTIMATED ERROR:
Soly: accuracy ± 0.3%.

Temp: not specified.

REFERENCES:



62

COMPONENTS:

(1) Magnesium; Mg; [7439-95-4]

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

VARIABLES:

Temperature: lSI-637°C

Magnesium

ORIGINAL MEASUREMENTS:

Beck, R.P.

Reo. Trav. Chim. 1922, 41, 353-61.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Crystallization temperatures of magnesium amalgams were reported •

..J..Ls.... at % Mg ..J..Ls.... at % Mg

637 ± 1 99.0 569 ± 3 70.0
623 ± 1 97.0 578 ± 1 68.0
609 95.0 579 67.5
529 90.0 576 66.67
488 85.0 566 65.0
435 ± 1 82.5 562 ± 1 62.0
462 82.0 562 60.0
482 ± 1 80.0 587 57.5
489 ± 1 79.0 607 55.0
485 ± 1 77 .41 624 ± 1 50.0
505 77.0 603 45.0
508 ± 1 76.0 549 ± 1 40.0
518 ± 1 75.5 477 35.0
517 ± 3 75.0 388 30.0
529 74.0 290 25.0
550 ± 3 72.5 200 ± 1 20.0

151 16.0

These results were previously reported only in graphical form (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolution,
in vacuo, of weighed amounts of magnesium
in mercury. The crystallization
temperatures were determined from heating
and cooling curves. Temperatures were
determined with a thermocouple.

SOURCE AND PURITY OF MATERIALS:

Magnesium from Kah1baum was free of
alkali metals.
Mercury was purified with the "Ostwald
pipette."

ESTIMATED ERROR:
Soly: Nothing specified.

Temp: precision ± 2 K.

REFERENCES:

1. Smits, A.; Beck, R.P.
Proo. Kong. Akad. Wetensoh., Amsterdam,
1921, 23, 975.



COMPONENTS:

(1) Magnesium; Mg; [7439-95-4]

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

VARIABLES:

Temperature: 4°C

EXPERIMENTAL VALUES:

Magnesium

ORIGINAL MEASUREMENTS:

Williams, E.J.

PhiZ. Mag. Ser. 6, 1925, 50, 589-99.

PREPARED BY:

C. Guminski; Z. Galus
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Solubility of magnesium in mercury at 4°C was determined to be 0.2654 mass %.
The atomic % solubility calculated by the compilers is 2.149 at %.

It is possible that the amalgams were slightly supersaturated, so that the
solubility value is several percent too high.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The preparation of the amalgam and the
measurements were made in an evacuated
cell. The electrical resistance was
measured at decreasing temperatures on
an amalgam which contained 0.2654 mass %
Mg. The resistance decreased suddenly
as the temperature was lowered to about
4°C, thus indicating the point of
saturation.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: + 0.2 K.

REFERENCES:
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COMPONENTS:

(1) Magnesium; Mg; [7439-95-4]

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

Magnesium

ORIGINAL MEASUREMENTS:

Danilchenko, P.T.

Zh. Russ. Fia. Khim. Obshah., Se~ Khim.
1930, 62, 975-88.

VARIABLES: PREPARED BY:

Temperature: 15-620°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The freezing points of magnesium amalgams were reported.

trC at %Mg trc at %Mg

15 2.74 558 64.42
66 6.62 570 66.67

107 10.16 569 67.52
112 10.91 558 70.84
136 13.88 552 71.84
155 16.55 544 72.58
171 19.34 534 73.50
203 21.10 518 74.09
219 22.81 508 75.24
241 23.00 502 76.25
289 24.82 487 78.44
308 25.95 472 79.95
305 26.72 461 81.09
346 28.60 454 81.47
366 29.86 448 81.91
630 50.46 487 85.14
608 54.85 497 86.04
601 55.34 537 89.64
590 56.67 560 91. 77
567 59.05 590 93.25
553 61.70 620 96.53

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams with 0-8 mass % of Mg were
prepared by dissolution of magnesium chips
in mercury in a glass tube at temperature
of 350 to 420°C. Further heating under
vacuum or in hydrogen atmosphere yielded
the alloy with 12.5 mass % of Mg. Such
alloys were melted with mercury or
magnesium under layer of carnalyte.
Samples of the liquid amalgams were
analyzed: Mg as MgO or Mg2P207 and Hg
probably gravimetrically. Cooling and
heating curves were recorded with the help
of a calibrated Nichrome-constantan
thermocouple.

SOURCE AND PURITY OF MATERIALS:
Magnesium purity was 99.81%.

Mercury was double-distilled.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified; no better than
! 1 K (compilers).

REFERENCES:



COMPONENTS:

(1) Magnesium; Mg; [7439-95-4]

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

VARIABLES:

Temperature: 25°C

EXPERIMENTAL VALUES:

Magnesium

ORIGINAL MEASUREMENTS:

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

Vestn. Akad. Nauk Kaz. SSR 1974, No.6,
56-60.

PREPARED BY:

C. Guminski; Z. Galus
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-3Solubility of magnesium in mercury at 25°C was reported to be 1.955 mol dm •
The solubility in mass % and atomic % calculated by the compilers are 0.35 mass %
and 2.82 at %, respectively.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared electro
lytically and used to determine the
potentials of the cell:

Mg(Hg)IMg2+IMg(Hg)x

The electrolyte was an ether solution of
MgBrC2H5. The solubility of the magnesium
was determined from the breakpoint in the
plot of EMF against the logarithm of
magnesium concentration.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: nothing specified; precision
probably several percent (compilers).

Temp: nothing specified.

REFERENCES:
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COHPONENTS:

(1) Calcium; Ca; [7440-70-2]

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

CRITICAL EVALUATION:

Calcium

EVALUATOR:

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

Warsaw, Poland

July, 1985

The most reliable solubilities for the Ca-Hg system are the most recent determinations
by Bruzzone and Merlo (1) who reported the complete phase diagram for this system.
Unfortunately, these authors reported their results as the phase diagram only, and no
numerical data were presented. Data points on the liquidus were determined in the range
of 10 to 100% Ca in (I), and the authors combined their data with those of an early
report by Eilert (2) for the liquidus in the range of 4.5 to 13.4 at % Ca to draw the
complete phase diagram. The data in the overlapping region in (1) and (2) were in
satisfactory agreement. The eutectic at 759 K in the Ca-rich region was confirmed by
Hilpert (3). There were other early efforts to determine the solubility of calcium in
mercury at lower temperatures (4-7), but only Cambi and Speroni (5) presented solubility
data which are acceptable. The latter authors found that the solubility increased from
2.86 to 13.81 at % in the temperature range of 382 to 573 K. Also, Cambi (6) showed from
potentiometric measurements that the solubility of calcium at 298 K is slightly higher
than 1 at %. Kozin's (8) predicted solubility of 0.62 at %at 298 K appears to be of
the correct magnitude.

The saturated calcium amalgams are in equilibrium with various intermediate phases,
as shown in Figure 1 (1). Only the compounds CaHg, CaHg2 and CaHg3 have been
established with certainty in the Hg-rich region (1); other reported compounds (1,2,5,
9) are still questionable. The system needs further investigation in this region.

Recommended (r) and tentative values of the solubility of calcium in mercury in the
Hg-rich region. See phase diagram, Figure I, for complete solubility range.

TIK Solylat % Source---
373 4 2

473 7.7 (r) 2,5

573 11 (r) 2,5,1

673 14.5a (r) 1,2

773 19a 1

873 25 1

973 29 1

985 30 1

alnterpolated from data of cited references.

References

1. Bruzzone, C.; Merlo, F. J. Less-Common Met. 1973, 52, 237.
2. Eilert, A. Z. Anorg. Chern. 1926, 151, 96. ----
3. Hilpert, K. Ber. KernforsahungsanZage, JuZiah 1981, JUEL-1744, pp. 121, 132.
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8. Kozin, L.F. Fiziko-Khimiaheakie Oanovy AmaZgamnoi MetaZZurgii, Nauk~Alma-Ata, 1964.
9. Jangg, G.; Weihs, G. Monatah. Chern. 1975, 106, 1149.



COHPONENTS:

(1) Calcium; Ca; [7440-70-2)

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

CRITICAL EVALUATION: (Continued)

mass %
"

Calcium

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985
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Fig. 1. The Ca-Hg system (1).
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COMPONENTS:

(1) Calcium; Ca; [7440-70-2)

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

VARIABLES:

Temperature: 109-300oC

EXPERIMENTAL VALUES:

Calcium

ORIGINAL MEASUREMENTS:

Cambi, L.; Speroni, G.

Atti Rea~e Aaaad. Linaei J Ser. 5 1914, 23
(2), 599-611.

PREPARED BY:

C. Guminski; Z. Galus

Crystallization temperatures of calcium amalgams were reported.

trc
109

184

195

225

244

252

264

300

at % Ca

2.86

6.55

7.75

9.07

9.65

11.87

13.0

13.81

Additional experiments at lower and at higher calcium content than in the above were
performed. At 0.48 and 1.82 at % the authors could not observe the crystallization
temperature. In the higher concentration range, up to 32.8 at %, the amalgam was
observed to boil at 377°C. The last three crystallization temperatures in the table
are too low.

The compounds CaHg4 and CaHg2 were found in the solid phase.

AUXILIARY INFORMATION

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

Calcium was dissolved in mercury and the Pure mercury was redistilled.
amalgams were kept at temperatures up to
300°C for 3 days. The crystallization Calcium was 99.8% pure.
temperatures were then determined in an
atmosphere of dry nitrogen or carbon
dioxide. The samples of the amalgams were
analyzed alkacimetrically.

ESTIMATED ERROR:
Soly: precision ± 2%.

Temp: nothing specified.

REFERENCI::S:



COMPONENTS:

(1) Calcium; Ca; [7440-70-2)

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

VARIABLES:

Temperature: 115-372°C

Calcium

ORIGINAL MEASUREMENTS:

Eilert, A.

Z. Anol'g. Chern. 1926, 151, 96-104.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Crystallization temperatures of calcium amalgams were determined.

t/OC mass % Ca at % Caa

372 3.00 13.4
359.5 2.67 12.1
330 2.58 11. 7
304 2.46 11.2
274.5 2.23 10.2
256 1.93 8.97
246 1.90 8.84
238 1.84 8.57
206 1. 73 8.09
201 1.64 7.70
185 1.41 6.68
168 1. 37 6.50
128 0.94 4.53
U5 0.93 4.49

---
aby compilers

Analyses of the solid phases showed the presence of the compounds CaRg10 , CaHg5 ,
and CaHg

3
•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by dissolution
of calcium in mercury at temperatures up
to 340°C. The cooling curves of the
samples were determined with a copper
constantan thermocouple. The experiments
were performed in an atmosphere of pure,
dry carbon dioxide. The samples were
analyzed a1kacimetrica11y: an excess
of standard HC1 was added and back
titrated with standard NaOH.

SOURCE AND PURITY OF MATERIALS:
Calcium purity was 99.2%; the metal
contained 0.8% CaO. Mercury was purified
with Hg2S04-H2S04 solution and was
distilled under vacuum.

ESTIMATED ERROR:
501y: nothing specified.

Temp: precision ± 0.25 K.

REFERENCES:
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COMPONENTS:

(1) Calcium; Ca; [7440-70-2]

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

VARIABLES:

Temperature: 533-1234 K

EXPERIMENTAL VALUES:

Calcium

ORIGINAL MEASUREMENTS:

Bruzzone, G.; Merlo, F.

J. Less-Common Met. 1973, 32, 237-41.

PREPARED BY:

C. Guminski; Z. Galus

The data were presented as points on the phase diagram. The points from the liquidus
were read from the curve by the compilers.

TIK Soly/at % TIK Soly/at %

533 10 1226 51.3
623 12.5 1199 55
686 15 1114 60
743 17.5 1036 62.5
789 20 935 65
830 22.5 891 67.5
872 25 842 70
934 27.5 804 71.2
986 30 789 72.5

1018 23.5 793 74.1
1019 33.3 796 75
1017 35 794 75.7
1015 36.1 789 78.2

991 40 764 80.8
1121 45 759 81.4
1221 49.2 1100 95
1234 50

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Appropriate amounts of both metals, to
yield approximately 25 grams of amalgam,
were placed in iron crucibles and the
iron lids were sealed onto the crucibles.
1~e latter were heated to melt the
amalgams, then continuously shaken while
they were cooled in air. Thermal analyses
were made from heating and cooling curves
with Chromel-Alumel thermocouples. X-ray
analyses and metallographic examination
were made on the solid phases. Sample
handling of the amalgams was done in argon
atmosphere.

SOURCE AND PURITY OF MATERIALS:
Calcium from Fluka was further purified
by method in (1). Mercury was 99.99%
pure.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 2 K (compilers).

REFERENCES:

1. Peterson, D.T.; Fattore, V.G.
J. Phys. Chern. 1961, 65, 2052.



COHPONENTS:

(1) Strontium; Sr; [7440-24-6]

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

CRITICAL EVALUATION:

Strontium

EVALUATOR:

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

Warsaw, Poland

July, 1985

71

Kerp (1) reported the first investigation on the solubility of strontium in mercury,
and he determined solubilities of 3.4 and 3.6 at % at 338 and 354 K, respectively.
Subsequently, Kerp and coworkers (2) used the same method of filtration and chemical
analysis of the amalgams which had been equilibrated at temperatur~s ranging from 273
to 354 K; the solubilities of Sr at 338 and 354 K in the second work were higher than
in (1). Smith and Bennett (3) employed a similar method at 296 K and reported a
solubility of 2.53 at %. Kozin's (4) predicted solubility of 0.49 at %at 298 K is
too low because the strong interaction between the metals were neglected.

Most recently, Bruzzone and Merlo (5) determined the complete phase diagram of the
Sr-Hg system. However, in the region of low strontium content the results were in only
qualitative agreement with earlier determinations (2). As shown in the phase diagram
(5), the saturated amalgams are in equilibrium with various intermediate solid phases.

Tentative solubility of strontium in the Hg-rich region. See the phase diagram,
Figure 1, for complete solubility range.

T/K Soly/at % Reference

273 1.6 2

293 2.3 2,3

298 2.5a 2,3

323 3.2b 2

373 4b 2,5

473 6b 2,5

573 9 5

673 13 5

773 22b 5

873 24b 5

969 27 5

aExtrapolated from data of cited references.

blnterpolated from data of cited references.

References

1. Kerp, W. Z. Anorg. Chern. 1898, 17, 284.
2. Kerp, W.; Bottger, W.; Iggena, H. Z. Anorg. Chern. 1900, 25, 1,
3. Smith, G.McP.; Bennett, H.C. J. Am. Chern. 800. 1910, 32, 622; 1909, 31, 799.
4. Kozin, L.F. Fiziko-Khirniaheskie Osnovy ArnaZgamnoi MetaZZurgii, Nauka, Alma-Ata, 1964.
5. Bruzzone, G.; Merlo, F. J. Less-Common MetaZs ~, 35, 153.
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COHPONENTS:

(1) Strontium; Sr; [7440-24-6]

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

CRITICAL EVALUATION:

Strontium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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COMPONENTS:

(1) Strontium; Sr; [7440-24-6]

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

VARIABLES:

Temperature: 0-81°C

Strontium

ORIGINAL MEASUREMENTS:

Kerp, W.; B~ttger, W.; Iggena, H.

Z. Ano~g. Chern. 1900, 25, 1-71.

PREPARED BY:

C. Guminski; Z. Galus

73

EXPERIMENTAL VALUES:

The solubility of strontium in mercury was determined at various temperatures.

trc Soly/mass % Soly/at %a

0 0.73 ± 0.02 1.65

20 1.02 ± 0.05 2.30

30 1.25 ± 0.05 2.82

46 1.33 ± 0.02 2.99

56 1.52 ± 0.06 3.41

64.5 1. 76 ± 0.12 3.94

81 1.77 ± 0.19 3.96

aby compilers

It is possible that the amalgams were not saturated above 30°C and supersaturated
at O°C. The solid compound in equilibrium with the amalgam was determined to be
SrHg12 •

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by electrolysis
of a saturated solution of SrC12 with
circulating amalgam as the cathode. The
electrolyte was renewed several times
during the electrolysis. The equilibrated
amalgams were filtered through a Gooch
crucible at the equilibration temperature.
The strontium contents were determined
alkacimetrically. All experiments were
performed in an atmosphere of dry hydrogen.

SOURCE AND PURITY OF MATERIALS:

Mercury was treated with HN03' then
washed, dried and filtered.

SrC12 purity not specified.

ESTIMATED ERROR:

Soly: precision better than + 10%.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Strontium; Sri [7440-24-6]

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

VARIABLES:

Temperature: 316-1122 K

Strontium

ORIGINAL MEASUREMENTS:

Bruzzor~, G.; Merlo, F.

J. Less-Common Met. 1974, 35, 153-7.

PREPARED BY:

C. Guminskij Z. Galus

EXPERIMENTAL VALUES:

The data were presented as points on the phase diagram. The liquidus points were
read from the curve by the compilers.

T/K Soly/at % T/K Soly/at %

316 2.0 1119 49
330 3.0 1122 50.3
575 10 1113 52
650 12.5 1076 55.3
696 15 1050 57.5
723 16.5 1034 58.7
745 18.7 1012 60
753 20 817 67.5
756 21 1076 68.3
791 22.5 751 71.2
894 25 743 73.7
981 27.5 733 75.2

1021 30 731 77
1045 33.3 721 80
1030 36.5 881 90
989 41 975 95

1076 45 1008 97.5

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Appropriate amounts of both metals, to
yield approximately 25 grams of amalgam,
were placed in iron crucibles and the iron
lids were sealed onto the crucibles. The
crucibles were heated to melt the amalgams,
then continuously shaken while they were
cooled in air. Thermal analyses were made
from heating and cooling curves with
Chromel-Alumel thermocouples. X-ray
analyses and metallographic examinations
were made on the solid phases. Sample
handling of the amalgams was done in
argon atmosphere.

SOURCE AND PURITY OF MATERIALS:
Strontium from Fluka was 99.8% pure.

Mercury was 99.99% pure.

ESTIMATED ERROR:
Soly:' nothing specified.

Temp: ± 2 K (compilers).

REFERENCES:



COMPONENTS:

(1) Strontium; Sr; [7440-24-6]

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

VARIABLES:

Temperature: 23°C

Strontium

ORIGINAL MEASUREMENTS:

1. Smith, G. McP.; Bennett, H.C.
J. Am. Chern. Soa. 1909, 31, 799-806.

2. Same authors, ibid. 1910, 32, 622-26.

PREPARED BY:

C. Guminski; Z. Galus

75

EXPERIMENTAL VALUES:

At 23°C the solubility of strontium in mercury was reported to be 1.12 mass %.
The atomic %solubility calculated by the compilers is 2.53 at %.

Chemical analysis of the solid phase suggested the compound SrHg12_13 •

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was obtained by electrolysis
of a saturated solution of SrCl2' The
resulting amalgam was washed and dried,
then kept for 3 days in a glass-stoppered
bottle, then again washed, dried, and
filtered. Both the solid and filtrate
were analyzed alkacimetrically: an excess
of 0.1 mol-dm-3 HCl was added to the
filtrate then back-titrated with 0.1
mol-dm-3 NaOH.

SOURCE AND PURITY OF MATERIALS:
"Very pure salts" from Kahlbaum.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: nothing specified; no better than

few percent (compilers).

Temp: nothing specified.

REFERENCES:



76

COHPONENTS:

(1) Barium; Ba; [7440-39-3]

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

CRITICAL EVALUATION:

Barium

EVALUATOR:

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

Warsaw, Poland

July, 1985

The first determinations of the barium content in its saturated amalgams were reported
by Kerp (1) for the temperature range of 273 to 354 K; it was found that the barium
solubility increased from 0.25 to 1.18 at % in this temperature range. Subsequently,
Kerp and coworkers (2) determined the solubility up to 322 K to verify the earlier
results; these authors observed that the solubility did not increase smoothly over their
temperature range, but that there was a break at 303 K. Smith and Bennett (3) reported
a barium solubility of 0.47 at %at 297 K, a value which was in good agreement with a
solubility of 0.50 at % at 298 K which was reported by Kerp et al. In all of these early
works the solubilities were determined by filtration and chemical analysis of the
equilibrated amalgams.

More recently, the complete phase diagram for the Ba-Hg system was determined by
thermal analysis and X-ray crystallography by Bruzzone and Merlo (4). These authors
reported their data as a phase diagram only, but their solubilities for barium in the
Hg-rich region were higher than those reported by Kerp et al. (2), and the liquidus was
a smooth curve near 303 K, contrary to that observed by (2). Makarova and coworkers (5)
also observed a smooth curve at 293 to 333 K where the solubility increased from 0.63 to
1.09 at % over this range. However, the solubilities reported by (5) at 293 and 313 K
appear to be too high. Filipova et al. (6,7) reported a solubility of 0.63 at % at 298 K;
this value lies between those of (2) and (5).

Rejected values for the solubility of barium at room temperature were reported by
Strachan and Harris (8) and by Kozin (9); the latter predicted a solubility of 1.9 at %
at 298 K.

As shown in the phase diagram in Figure 1 (4), the saturated liquid is in equilibrium
with various intermediate solid phases.

Tentative solubility of barium in the Hg-rich region. See Figure 1 for complete
solubility range.

T/K Soly/at % Reference

273 0.23 1,2

293 0.46 1,2

298 0.49 2,3

323 0.9 2

373 2 2

473 6 4

573 9 4

673 11 4

763 16 4



COHPONENTS:

(1) Barium; Ba; [7440-39-3]

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

CRITICAL EVALUATION:

References

Barium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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1. Kerp, W. Z. Anorg. Chern. 1898, 17, 284.
2. Kerp, W.; BBttger, W.; Iggena, H. Z. Anorg. Chern. 1900, 25, 1:
3. Smith, G.McP.; Bennett, H.C. J. Am. Chern. Boa. 19~32, 622; 1909, 31, 799.
4. Bruzzone, G.; Merlo, F. J. Leaa-Common Metata 19~39, 27.
5. Makarova, LA.; Lange, A.A.; Bukhman, S.P. Izv. Akad. Nauk Kaz. BBR, Ber. Khim.

1980, No.6, 37.
6. Filippova, L.M.; Zhumakanov, V.Z.; Klyukas, Yu.E.; Zebreva, A.I. Izv. Vyaah. Uaheb.

Zaved., Khim. Khim. Tekhnot. 1984, 27, 1241.
7. Filippova, L.M.; Zhumakanov, ~; Zebreva, A.I.; Smurigina, T.V. Fiz.Khim. Iaated.

V Raatvorakh, Alma-Ata , 1982, 40.
8. Strachan, J.F.; Harris, N.L. J. Inat. Metata 1956-57, 85, 17.
9. Kozin, L.F. Fiziko-Khimiaheakie Oanovy Amatgamnoi Metatturgii, Nauka, Alma-Ata,

1964.
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COMPONENTS:

(1) Barium; Ba; [7440-39-3]

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

VARIABLES:

Temperature: 0-99°C

EXPERIMENTAL VALUES:
Solubility of barium in mercury.

tl"c

o
Ob

20
21b
25
27.6
28.1
29.2
30
35
46
56
64.7b
65
81
89.5
99

aby compilers

bfrom ref. (1)

Barium

ORIGINAL MEASUREMENTS:

Kerp, W.; Btlttger, W.; Iggena, H.

Z. Ano~g. Chern. 1900, 25, 1-71.

PREPARED BY:

C. Guminski; Z. Galus

Soly/Mass % Soly at %a

0.15 ± 0.01 0.22
0.17 ± 0.01 0.25
0.32 ± 0.02 0.47
0.32 ± 0.02 0.47
0.34 0.50
0.35 0.51
0.36 0.52
0.38 ± 0.01 0.55
0.43 ± 0.02 0.63
0.46 0.67
0.52 ± 0.01 0.76
0.68 ± 0.02 0.99
0.81 ± 0.02 1.18
0.83 ± 0.02 1.21
0.97 ± 0.03 1.41
1.06 ± 0.03 1.54
1.26 ± 0.04 1.83

AUXILIARY INFORMATION

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

Amalgams were prepared by electrolysis of Mercury was purified with HN03, then dried
saturated BaCl2 with circulating Hg as the and filtered.
cathode; the solution was renewed several
times during the preparation. The amalgams Barium purity not specified.
were filtered through a Gooch crucible
after various periods from the end of the
electrolysis. Barium content in the
filtrates was determined alkacimetrically.

ESTIMATED ERROR:
Soly: precision better than + 5%.

Temp: nothing specified.

REFERENCES:
1. Kerp, W.

Z. Ano~g. Chern. 1898, 17, 284.



COMPONENTS:

(1) Barium; Ba; [7440-39-3]

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

VARIABLES:

Temperature: 24°c

EXPERIMENTAL VALUES:

Barium

ORIGINAL MEASUREMENTS:

1. Smith, G.McP.; Bennett, H.C.
J. Am. Chern. Soa. 1910, 32, 622-26.

2. Same authors, ibid. 1909, 31, 799-806.

PREPARED BY:

C. Guminski; Z. Galus

79

Solubility of barium in mercury at 24°C was reported to be 0.32 mass %. The solubility
in atomic %calculated by the compilers is 0.47 at %. Solid phase chemical analysis
suggested the compound BaHg12 •

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
The amalgam was obtained by electrolysis "Very pure salts" from Kahlbaum.
of saturated solution of BaC12 at 6-7 V,
then the resulting amalgam was washed and Mercury purity not specified.
dried, and the solid phase was separated
by suction filtration through Chamois skin.
The filtrate and the crystals were analyzed
alkacimetrically by adding an excess of
0.1 mol dm-3 HCl to a weighed portion of
the amalgam then back-titrating with
0.1 mol dm-3 NaOH to determine the Ba
content.

ESTIMATED ERROR:
Soly: nothing specified; probably no

better than few percent (compilers).

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Barium; Ba; [7440-39-3]

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

VARIABLES:

Temperature: 360-1095 K

Barium

ORIGINAL MEASUREMENTS:

Bruzzone, G.; Merlo, F.

J. Less-Common MetaZs 1975, 39, 271-6.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
The data were reported graphically as points on the phase diagram. The points from
the liquidus line were read from the curve by the compilers.

T/K Soly/at % T/K

360 2.3 918
410 4.0 990
446 6.2 999
528 8.5 996
619 10 974
696 12.5 957
710 13.7 1052
731 14.5 1087
745 15.5 1095
762 16.5 1079
770 17.0 1060
773 17.4 967
777 17.8 888
781 18.2 764
789 19.5 701
790 21 667
782 22 725
769 23 855
763 24 939
857 26

AUXILIARY INFORMATION

Soly/at %

27.5
31.5
33.3
35
37.5
41.2
45
48.5
50
56.5
58.5
62.5
67.5
72
75
80
85
90
95

METHOD/APPARATUS/PROCEDURE:

Appropriate amounts of both metals, to
yield approximately 25 grams of amalgam,
were placed in iron crucibles and the iron
lids were sealed onto the crucibles. The
latter were heated to melt the amalgams,
then continuously shaken while they were
cooled in air. Thermal analyses were
made from heating and cooling curves, with
Chromel-Alumel thermocouples. X-ray
analyses and metallographic examinations
were made on the solid phases. Sample
handling of the amalgams was done in
argon atmosphere.

SOURCE AND PURITY OF MATERIALS:

Barium from Fluka was 99.6% pure.

Mercury was 99.99% pure.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 2 K (compilers).

REFERENCES:



COKPONENTS:

(1) Barium; Ba; [7440-39-3]

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

VARIABLES:

Temperature: 293-333 K

EXPERIHENTAL VALUES:

Solubility of barium in mercury.

Barium

ORIGINAL MEASUREHENTS:

Makarova, I.A.; Lange, A.A.; Bukhman, S.P.

Izv. Akad. Nauk Kaz. SSR. Sel'. Khim. 1980,
No.6, 37-41.

PREPARED BY:

C. Guminski; Z. Galus

81

T/K

293

313

333

aby compilers

Soly/mass %

0.43

0.64

0.75

Soly/at %a

0.63

0.93

1.09

AUXILIARY INFORMATION

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

The amalgam was obtained by e1ectro- BaC12 and LiC1 were chemically pure.
reduction of Ba(II) on Hg from a solution
of 0.05 mo1-dm-3 BaC12 in 0.5 mo1-dm-3 LiC1. Hg purity not specified.
Barium content in the amalgam was deter-
mined by decomposition of the amalgam with
0.1 mo1-dm-3 HC1 and gravimetric analysis
as BaS04' Vo1tammetric oxidation of the
stirred amalgam was performed; a bend on
the curve relating limiting current to
concentration corresponded to the solubility
of barium in mercury.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.5 K.

REFERENCES:
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COMPONENTS:

(1) Barium; Ba; [7440-39-3]

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

VARIABLES:

Temperature: 25°C

Barium

ORIGINAL HEASUREHENTS:

Filippova, L.M.; Zhumakanov, V.Z.;
Klyukas, Yu.E.; Zebreva, A.I.

Izv. Vyssh. Uaheb. Zaved•• Khim. Khim.
TekhnoZ. 1984, 27, 1241-2.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of barium in mercury was reported to be 0.42 mol-dm-3• The atomic %
solubility calculated by the compilers is 0.63 at %.

These results also were reported in ref. (1).

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The heterogenous barium amalgam was
obtained by an electrolytic method, but the
details were not specified. Barium content
(NBa) was determined by an unspecified
analysis. The amalgams were titrated with
mercury and the heat of dilution (Q) was
determined. A breakpoint in the curve of
Q vs. NBa corresponds to the composition of
the saturated amalgam. All experiments
were carried out in an argon atmosphere.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: precision probably ± 10% (compilers).

Temp: stability of ± 0.005 K.

REFERENCES:
1. Filippova, L.M.; Zhumakanov, V.Z.;

Zebreva, A.I.; Smurigina, T.V.
Fiz.-Khim. IssZed v RastvoPakh.
Alma-Ata, 1982, 40.



COHPONENTS:

(1) Boron; B; [7440-42-8]

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

CRITICAL EVALUATION:

Boron

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

83

There are no experimental data on the solubility of boron in mercury, but the
solubility is expected to be very low. From his semiempirical equations Kozin first
estimated (1) a 298 K solubility of 3.1 x 10-12 at %, and he subsequently estimated (2)
a solubility of 4.75 x 10-9 at % at the same temperature. Neither of the estimated
solubilities can be recommended by the evaluators.

Based on the experimental observations of Wald and Stormont (3), Moffatt (4)
constructed a schematic phase diagram of the B-Hg system. No stable compounds or
solid solutions of boron and mercury are formed in this system.

References

Tr. Inst. Khim. Nauk Akad. Nauk Kaz. BBR 1962, 9, 101.
Fiziko-Khimiaheskie Osnovy Amalgamnoi Metallurogii, Nauka, Alma-Ata,

1.
2.

Kozin, L.F.
Kozin, L.F.
1964.

3. Wald, F.; Stormont, R.W. J. Less-Common Metals 1965,
4. Moffatt, W.G. The Handbook of Binary Phase Diagrams,

Schenectady, NY 1978.

9, 423.
Vol. I, Genium Publishing Corp.,
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COHPONENTS:

(1) Aluminum; AI; [7429-90-5]

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

CRITICAL EVALUATION:

Aluminum

EVALUATOR:

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

Warsaw, Poland

July, 1985

The solubility of aluminum in mercury near room temperature is low and some early
reports (1-3) indicated only that the solubility limit is below 10-2 at %. The first
precise determination of the solubility was reported by Fogh (4) who found 1.4 x 10-2
and 2.79 at %aluminum in the saturated amalgam at room temperature and at the boiling
point, respectively; more recent measurements confirm these estimates. Shalaevskaya
and coworkers (5-7) reported that the solubility increased from 8.9 x 10-3 to 1.63 x 10-2
at % in the temperature range of 293 to 323 K. These values are of the proper magnitude
but their dependence on temperature is too low. The potentiometric measurements of
Ziegel and coworkers (8) resulted in a solubility of 1.3 x 10-2 at %at 303 K; this
value lies between the results of (4) and (5-7). If aluminum interacts with the
amalgamated silver (5-7) and platinum (8) of the working electrodes in the potentiometric
measurements, then the results of (5-8) may be slightly understated. Kozin's (9)
predicted solubility of 0.22 at %at 298 K is much too high. Smits and De Gruyter
(10,11) conducted thermoanalytical measur-ements at higher temperatures and reported the
phase diagram for this system; the numerical data for the liquidus were reported by
De Gruyter (12). Klemm and Weiss (13) determined the solubility between 695 and 868 K
by equilibration of the metals and chemical analysis of the saturated liquids; these
authors found that the solubility increased from 7.5 to 82.7 at % in this temperature
range. The latter solubilities were in good agreement with those reported by De Gruyter.
In a lower temperature range of 333 to 573 K, Schmidt (14) reported that the solubilities
increased from 4.5 x 10-2 to 1.25 at %, respectively. The latter results are in good
agreement with those determined by Liebhafsky (15) at 349 to 585 K. Jangg and Palman
(16), without presenting their data, stated that the solubility of aluminum from their
measurements agreed to within ±5% with those of (12), (13) and (15).

The saturated aluminum amalgams are in equilibrium with solid aluminum, and no AI-Hg
phases are known to exist (12). The phase diagram for this system is shown in Fig. 1
(17) •

.
Tentative and recommended (r) values of aluminum solubility in mercury:

TIK Soly/at % Reference

293 0.014 [4]

298 0.016a [4,14]

373 0.10b [14,15]

473 0.51 (14)

573 1.3b [14,15]

673 5.6 [15]

773 17 [13]

873 84 (r) [12,13]

aInterpolated value from data of cited references.

bMean value from cited references.

(Continued next page)



Aluminum 85

COMPONENTS: EVALUATOR:

(1) Aluminum; AI; [7429-90-5]

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

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

Warsaw, Poland
July, 1985
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Fig. 1. The AI-Hg system (17).
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COMPONENTS:

(1) Aluminum; AI; [7429-90-5)

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

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Aluminum

ORIGINAL MEASUREMENTS:

Fogh, 1.

Kgl. Dansk. Vidensk. Belsk. Mat. Pys.
Medd. 1921, III, No. 15.

PREPARED BY:

C. Guminski; Z. Galus

Solubility of aluminum in boiling mercury and at room temperature were determined
to be 0.385 ± 0.002 and 0.0019 ± 0.0001 mass %, respectively. The respective atomic %
solubilities calculated by the compilers are 2.79 and 0.014 at %.

The author reported A12Hg3 as a phase in equilibrium with the saturated amalgams.
However, this was not confirmed in later works.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A piece of aluminum was heated in hydrogen
atmosphere in Jena-glass tube. Then this
piece was placed under the surface of
mercury and the system was boiled for 2-3
hours. The amalgams were filtered with
the use of glass-wool. The samples were
weighed, then treated with HCl. Aluminum
was determined as A1 203 •

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision better than + 5%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Aluminum; AI; [7429-90-5)

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

VARIABLES:

Temperature: 369-652°C

Aluminum

ORIGINAL MEASUREMENTS:

De Gruyter, C.J.

Rea. Tpav. Chim. 1925, 44, 937-48.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Crystallization temperatures were reported as a function of aluminum concentration:

tfOc at % Al t/oC at % Al tfOC at % Al

652 98.6 595 80.46 550 40.17

650 95.87 590 74.56 542 35.46

643 93.5 582 66.7 524 27.38

613 88.16 576 60.55 510 20.36

610 87.99 566 50.0 479 12.42

604 85.36 561 46.54 460 10.0

600 84.17 558 44.73 369 4.55

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Aluminum and mercury were mixed in glass
tubes, then the tubes were sealed and heated
and cooling curves were recorded.

SOURCE AND PURITY OF MATERIALS:
Aluminum supplied by Kahlbaum; purity
not specified.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified; precision no
better than few degrees (compilers).

REFERENCES:
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COMPONENTS:

(1) Aluminum; AI; [7429-90-5]

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

VARIABLES:

Temperature: 422-595°C

EXPERIMENTAL VALUES:

Solubility of aluminum in mercury:

Aluminum

ORIGINAL MEASUREMENTS:

Klemm, W.; Weiss, P.

Z. Ano2'g. Chern. 1940, 245, 285-7.

PREPARED BY:

C. Guminski; Z. Galus

trC

422

435

470

502

537

560

581

595

Soly/at %

7.5

7.9

12.2

16.5

32.2

43.4

65.4

82.7

Soly/mass %

1.01

1.14

1.83

2.20

5.99

9.33

20.61

39.15

AUXILIARY INFORMATION

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

The metals were sealed in evacuated quartz Nothing specified.
tubes then heated for 24 hours at the
desired temperatures. After equilibration,
each tube was turned up and the amalgam was
filtered through a narrow constriction in
the tube. The filtrate was treated with
dilute HCI, and the mercury was dried and
weighed. Aluminum in the solution was
determined as Al203 after precipitation
with ammonium hydroxide.

ESTIMATED ERROR:
Soly: precision ~ 1%.

Temp: precision ~ 2 K.

REFERENCES:



COMPONENTS:

(1) Aluminum; AI; [7429-90-5]

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

VARIABLES:

Temperature: 76-400°C

EXPERIMENTAL VALUES:

Solubility of aluminum in mercury:

t/Oc

76

101

103

125

160

260

307b

312

400b

Aluminum

ORIGINAL MEASUREMENTS:

Liebhafsky, H.A.

J. Am. Chern. Boa. 1949, 71, 1468-70.

PREPARED BY:

C. Guminski; Z. Galus

Soly/mass % Soly/at %a
-3 0.0679.0 x 10

1.5 x 10-2 0.11

1.7 x 10-2 0.13

2.4 x 10-2 0.18

3.5 x 10-2 0.26

0.11 0.81

-- 1.8

0.18 1.32

-- 5.6

89

aby compilers.

bUnpublished data of Norton and Harrington (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The saturated amalgam was obtained by
rotating an Al rod, which was used as the
stirrer, in the amalgam which was always
flushed with hydrogen to prevent oxidation
of the amalgam. Samples of the amalgam
were extracted with a glass sampling tube
at the equilibration temperatures. The
amalgam was then treated with 2 mol dm- 3
HCl and the evolved H2 was measured with a
gas burette to determine the Al content.
The Hg was determined volumetrically.
Norton and Harrington used the procedure
of Klemm and Weiss (2).

SOURCE AND PURITY OF MATERIALS:
Aluminum purity was 99+%.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: precision no better than several

percent (compilers).

Temp: nothing specified.

REFERENCES:
1. Norton, F.H.; Harrington, R.H.

Unpublished work.

2. Klemm, W.; Weiss, P.
Z. Anora. Chern. 1940, 245, 285.
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COMPONENTS:

(1) Aluminum; Al; [7429-90-5)

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

VARIABLES:

Temperature: 60-300·C

EXPERIMENTAL VALUES:

Solubility of aluminum in mercury:

t/OC

60

100

150

200

300

aby compilers.

Aluminum

ORIGINAL MEASUREMENTS:

Schmidt, W.

MetaZZ. 1949, 3, 10-13.

PREPARED BY:

C. Guminski; Z. Galus

Soly/mass % Soly/at %a

6 x 10-3 0.045

1.2 x 10-2 0.089

3.4 x 10-2 0.25

6.9 x 10-2 0.51

0.17 1.25

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

No experimental details were given, but
the results compare favorably with other
published measurements. The determinations
were performed in the laboratory of
Firma W. Schmidt, LeichtmetallhUtte, in
MUnchen, W. Germany.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Not~ing specified.

REFERENCES:



COMPONENTS:

(1) Aluminum; AI; [7429-90-5]

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

VARIABLES:

Temperature: 20-50o C

EXPERIMENTAL VALUES:
Solubility of aluminum in mercury:

Aluminum

ORIGINAL MEASUREMENTS:

Shalaevskaya, V.N.; Igolinskii, V.A.

Zh. PrikZ. Khim. 1975, 48, 1152-4.

PREPARED BY:

C. Guminski; Z. Galus
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t/"C

20

30

40

50

Soly/103 mass %

1.18

1.28

1.40

3.10a

3Soly/10 at %

8.85

9.74

10.77

16.33

aThis value should be 2.22 x 10-3; the compilers attribute this
error to a misprint in the paper.

The above data were reported in (1) and (2).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Small aluminum cylinder pressed exactly
into a silver tube was polished in 0.5%
solution of Hg2(N03)2 for subsequent
amalgamation of the surface with a drop of
mercury. The thickness of the mercury film
on the aluminum was measured. The tube was
then placed in an electrolyte (0.5 mol dm-3
KAl02, 1 mol dm-3 KOH, 1.5 mol dm-3 KCl)
and was polarized anodically. The station
ary oxidation current was recorded and the
solubility was calculated from the slope of
the curve relating the current to the
thickness of the mercury film. The measure
ments were performed in an argon atmosphere.

SOURCE AND PURITY OF MATERIALS:
Aluminum was of high purity.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.1 K.

REFERENCES:
1. Igo1inskii, V.A.; Shalaevskaya, V.N.;

Guyanova, O.N.; Igo1inskaya, I.M.;
Kotova, N.A. Sovr. ProbZ. PoZarografii
B NakopZeniem, Tomsk, 1975, p. 150.

2. Sha1aevskaya, V.N.; Igo1inskii, V.A.;
Kataev, G.A. Dep. VINITI, 588-75, 1975;
abstracted in Zh. Fiz. Khim. 1975, 49,
1587 --
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COMPONENTS:

(1) Aluminum; Al; [7429-90-5]

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

VARIABLES:

One temperature: 303 K

Aluminum

ORIGINAL MEASUREMENTS:

Ziegel, S.; Peled, E.; Gileadi, E.

Eteatroahim. Aata 1978, 23, 363-8.

PREPARED BY:

c. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of aluminum in mercury at 303 K was reported to be (17-18) x 10-4 mass %.
The atom % solubility calculated by the compilers is 1.3 x 10-2 at %.

This result may be understated (see below under Method).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Aluminum amalgam was prepared into mercury
drop electrodes suspended on the tip of a
platinum wire. The electroreduction was
carried out in a solution of 1.3 mol dm-3
A1Br3 + 0.52 mol dm- 3 KBr in toluene at
constant current. Then the open circuit
potentials were measured at times longer
than 300 s. The inflection on the curve
relating reversible potential vs. logarithm
of the charge passed corresponds to the
saturation point of aluminum in mercury.
All experiments were performed in a glove
box under an atmosphere of purified nitrogen
or argon. It is possible part of Al
reacted with Pt surface, so that concen
tration of Al in the Hg drop was decreased.

SOURCE AND PURITY OF MATERIALS:

Toluene was dried by refluxing on Na,
followed by 2 steps of vacuum distillation
and drying by molecular sieves. A1Br3 was
purified by double vacuum sublimation. KBr
was dried by heating overnight at 523 K in
vac. Final purification of solution
achieved by placing Al wire in Hg pool in
cell and stirring several hours. Hg
(Frutarom AR) was cleaned first by washing
with conc. H2S04' then rinse with 10% HN03
and triple distilled H20, and vac.
distilled.

ESTIMATED ERROR:

Soly: precision about ± 10% (compilers).

Temp: nothing specified.

REFERENCES:



COHPONENTS:

(1) Gallium; Ga; [7440-55-3]

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

CRITICAL EVALUATION:

Gallium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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Gallium melts at 303 K, but the solubility of the liquid metal in mercury is only a
few atom percent between 273 and 373 K. Gilfillan and Bent (1), from freezing point
depression measurements, found that the solubility at 233.5 K is 0.37 at %.

Spicer and Bartholomay (2) equilibrated the saturated amalgams dt 308 and 373 K, and
they determined the solubility of gallium by chemical analysis of the liquid phase. At
308 K the solubility in the mercury-rich and the gallium-rich liquid was 3.6 and 97.6
at %, respectively; at 373 K the corresponding solubilities were 3.9 and 96.8 at %.
Although the solubilities at 308 K are satisfactory the values at 373 K are erroneous.
This study suggested that a critical miscibility temperature is non-existent at normal
pressures.

Predel (3) determined the phase diagram of the Ga-Hg system by thermal analysis and
found the critical miscibility point at 477 K at 50 at % Ga and the monotectic point at
300.88 K at 98.49 at %Ga. Nizhnik and Zvagolskaya (4), from potentiometric and
analytical measurements, determined a solubility of 3.81 at %at 303 K; this value is in
good agreement with Predel's solubility curve. Yatsenko and Druzhinina (5) determined
the solubility of gallium at 283 to 368 K by equilibration and chemical analysis of the
liquid phases. At 308 K the latter authors were in agreement with ref. (2), but the
solubilities at higher temperatures were lower than those reported by Predel (3). It
should be noted here that the critical temperature first reported by Predel was confirmed
by ShUrmann and Parks (6) and by D'Abramo et al. (7) who determined the temperatures at
476.48 and 475.58 K, respectively. SchUrmann and Parks employed high-precision electrical
resistivity measurements, while D'Abramo et al. utilized neutron radiography. A compari
son of the data of ref. (3) with those of (6) and (7) shows that the liquidus curve of
Predel should be slightly modified toward lower temperatures to give a better fit to the
solubility data of Yatsenko and Druzhinina. More recently, Gaune-Escard and Bros (8)
employed calorimetric measurements to redetermine the liquidus line of the Ga-Hg system;
these authors also incorporated some unpublished data of Amarell (9) and confirmed the
earlier liquidus reported by Predel (3).

Grosse (10,11) determined the solubility of liquid Ga at 293 K and of solid Ga at 273
and 254 K; because the melting point of Ga is 303 K, the liquid Ga system was metastable.
In spite of the apparently high precision of Grosse's measurements, Lindauer (12)
expressed skepticism because the difference between the solubilities of solid and liquid
Ga, i.e., 3.1 + 0.05 and 3.28 + 0.05 at %, respectively, is not significantly higher
than the precision of the method used for the measurements.

Kozin (13) predicted a solubility of 98.6 at % at 298 K, but this solubility is
clearly too high for the Hg-rich region. However, the calculated solubility is nearly
the same as that of the supercooled amalgam in the pa-rich region; in this region no
liquid phase is stable below 300.9 K. The solubility of 3.7 x 10-2 at % reported by
Stepanova and Zakharov (14) at 298 K is too low and is rejected.

At temperatures below 301.0 K the saturated amalgams are in equilibrium with solid
gallium which is saturated with a small amount of mercury. Between 301.0 and 475.6 K
two immiscible phases are in equilibrium, as shown in Fig. 1 (3).

(Continued next page)
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COHPONENTS: EVALUATOR:

(1) Gallium; Ga; [7440-55-3]

(2) Mercury; Hg; [7439-97-6]
C. Guminski; Z. Galus

Department of Chemistry
University of Warsaw

Warsaw, Poland

July, 1985

CRITICAL EVALUATION: (Continued)

Recommended (r) and tentative solubility of gallium in mercury; see Fig. 1 for
complete solubility.

Hg-rich region

TIK Soly/at % Reference
254 1.1 11

273 1.9 10
293 3.1 Ga (solid) 5

3.3 Ga (liquid) 10
298 3.4a 5
301 3.8 4
323 4.8a 3,8,9
373 8.2 9
473 42 3
476 50.0 (r) 3,6,7

aInterpolated value from cited references.
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Fig. 1. The Ga-Hg system (3).



COHPONENTS:

(1) Gallium; Ga; [7440-55-3]

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

CRITICAL EVALUATION: (continued)

References

Gallium
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COMPONENTS:

(1) Gallium; Ga; [7440-55-3]

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

VARIABLES:

Temperature: 30°C

Gallium

ORIGINAL MEASUREMENTS:

Nizhnik, A.T.; Zvagolskaya, E.V.

Zh. Neorg. Khim. 1961, 6, 1006-8.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of gallium in mercury at 30°C was determined to be 1.3-1.5 mass %
by a potentiometric method; by equilibration and chemical analysis the solubility
was determined to be 1.36 mass %. The atomic % solubility calculated by the
compilers is 3.81 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by mixing
accurately weighed specimens of the
metals in hot water which was slightly
acidified with HCl. The amalgams were
kept in a closed vessel under a solution
of acidified GaC13' The potentiometric
solubility measurements were presumably
made on concentration cells under a
protective atmosphere of nitrogen. The
solubility was determined from the break
point in the plot of EMF against Ga con
centration. The solubility from chemical
analysis was determined by equilibrating
amalgams with 0.1-10 mass % Ga in weighed,
glass tubes. Samples were taken from the
equilibrated amalgam, then treated with
HCl to dissolve the Ga. At low concen
trations of Ga this metal was determined
colorimetrically, while at high concen
trations it was determined gravimetrically.

SOURCE AND PURITY OF MATERIALS:
Gallium was 99.99% pure.

Mercury was polarographic grade.

ESTIMATED ERROR:
80ly: no better than few percent (by

compilers) •

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Gallium; Ga; [7440-55-3]

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

VARIABLES:

Temperature: 35-100·C

EXPERIMENTAL VALUES:

Gallium

ORIGINAL MEASUREMENTS:

Spicer, W.M.; Bartholomay, H.W.

J. Am. Chem. Boa. 1951, 73, 868-9.

PREPARED BY:

C. Guminski; Z. Galus

97

The solubility of gallium in mercury-rich and in gallium-rich regions was determined
at 35 and 100·C.

Mercury-rich Gallium-rich

t/·C Soly/mass % Soly/at %a Soly/mass % Soly/at %a

35 1.3 + 0.1 3.6 93.3 + 0.4 97.6

100 1.4 3.9 91.4 + 0.2 96.8

aby compilers

The result at 100·C for the Hg-rich region is too low, probably because part of
the gallium was oxidized (compilers).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Weighed portions of both metals were placed
in a glass tube and covered with a solution
of GaCl3 in dilute HCl, then the samples
were equilibrated with frequent shaking
at constant temperature. After equili
bration, several small samples were taken
from each layer and weighed, then the
gallium was extracted with HCl and the
mercury was washed, dried and reweighed.

SOURCE AND PURITY OF MATERIALS:
Gallium from Aluminum Company of America
was 99.95% pure.

Mercury was purified by washing with
nitric acid and water, then dried and
distilled.

ESTIMATED ERROR:
Soly: precision better than + 7%.

Temp: nothing specified.

REFERENCES:



98

COMPONENTS:

(1) Gallium; Ga; [7440-55-3]

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

Gallium

ORIGINAL MEASUREMENTS:

Predel. B.

Z. Phys. Chern. N.F. 1960. 24. 206-16.

VARIABLES: PREPARED BY:

Temperature: 337-477 K C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The data were reported graphically as a phase diagram for the Ga-Hg system. The
liquidus data points were read from the curve by the compilers.

TIK at % Hg TIK at % Hg

337 4.1 469 38.4

370 6.6 473 43.8

385 8.0 477 50.6

391 8.7 475 55.4

407 11.0 471 61.0

404 11.2 468 66.2

419 13.3 463 72.0

428 15.0 456 75.8

447 20.3 443 81.0

449 21.2 429 84.5

458 25.7 397 89.3

457 26.4 356 93.0

464 31.1 337 94.2

The eutectic point was determined at 1.51 at % Hg and 27.72°C.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The freezing points were determined from
cooling curves on amalgam samples which
were protected from oxidation by an
atmosphere of nitrogen. The temperatures
were determined with a NiCr-Ni thermo
couple. Heating curves also were obtained
to ascertain the cooling curve data.
Although not reported. the amalgams were
presumably prepared by mixing desired
amounts of the metals.

SOURCE AND PURITY OF MATERIALS:
Gallium purity was 99.999%.

Mercury was purified by vacuum
distillation.

ESTIMATED ERROR:
Soly: nothing specified.
Temp: precision + 0.01 K in measurements.

but + 1 K In read-out values by
comoIlers.

REFERENCES:



COMPONENTS:

(1) Gallium; Ga; [7440-55-3)

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

VARIABLES:

Temperature: 10-95°C

Gallium

ORIGINAL MEASUREMENTS:

Yatsenko, S.P.; Druzhinina, E.P.

Zh. Neorg. Khim. 1961, 6, 1902-4.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of gallium in the Ga- and Hg-rich regions were determined:

Soly in Hg-rich region Soly in Ga-rich region
t/oC Mass % at %a Mass % at %a

10 0.86 2.44 (96.25)b (98.68)

22 1.13 3.19 (95.0)b (98.17)

30.5 1.20 3.38 94.6 98.06

35 1.30 3.65 93.9 97.73

50 1.49 4.17 93.1 97.43

65 1.72 4.82 92.0 97.07

80 1.90 5.29 91.0 96.67

95 2.22 6.14 89.7 96.16

aby compilers.

bThe values in parentheses are for the metastable region of
liquid Ga layer.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Gallium amalgams were obtained by elec
trolysis of Ga from Ga2(S04)3 onto a mercury
cathode. The mixture was agitated and
equilibrated in a thermostat under a
Ga2(S04)3 solution. A steel ball on top of
the Hg layer indicated the phase boundary.
After equilibration, samples of amalgams
were taken from both layers and the analysis
made by: 1) dissolving the weighed sample
in HCI and determination of Ga by titration
with EDTA; 2) anodic oxidation of the
amalgam where the end point of the
dissolution was controlled potentio
metrically.

SOURCE AND PURITY OF MATERIALS:
Mercury was specified as "pure".

Gallium purity not specified.

ESTIMATED ERROR:
Soly: precision ± 1.5%.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Gallium; Ga; [7440-55-3]

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

VARIABLES:

Temperature: (-lB.B)-20°C

EXPERIMENTAL VALUES:

Gallium

ORIGINAL MEASUREMENTS:

Grosse, A.V.

U.S. At. Ene~. Comm. Rep., NYO-2082-4,
1966.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of liquid gallium in mercury by equilibration at 20°C was determined
to be 1.16 mass %. The solubility determined by first heating the amalgam, followed
by equilibration at 20°C, was found to be 1.12 mass %. The average value was
1.14 ± 0.02 mass %, or 3.2B ± 0.05 at % for this metastable equilibrium.

The solubility of solid gallium in mercury at -lB.B and O.O°C were determined to be
1.15 and 1.90 at %, respectively.

The determination at 0.0 and -lB.Boe were probably made by the same method; the
result at O.O°C was published in (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
In the first determination the unsaturated
Ga amalgam was contacted with supercooled
liquid Ga for about 30 h, and the area of
the liquid blister on the amalgam remained
constant for 2 weeks. The amount of Ga
dissolved was found from the mass balance
with the help of the blister-area vs. volume
relationship established in separate experi
ments. In the second determination a
blister of Ga was immersed in unsaturated Ga
n~algam and was warmed to about 40°C with
stirring in order to quickly dissolve the
Ga. The mixture was cooled and allowed to
stand for many hours at 20°C. The undis
solved Ga blister was weighed to determine
the solubility. The heterogeneous Ga
amalgam was cooled to -lB.BoC. It was
filtered and Ga content was determined in
the filtrate by addition of HCl at room
temperature. Concentration of Ga was
calculated from amount of H2 evolved by
the reaction.

SOURCE AND PURITY OF MATERIALS:
Gallium from Aluminum Company of America
was 99.99% pure.

Mercury from Bethlehem Apparatus Co. was
triply vacuum distilled material; impurity
content was less than 2 x 10-5%.

ESTIMATED ERROR:
50ly: precision ± 2%.

Temp: precision ± 0.5 K.

REFERENCES:
1. Grosse, A.V.

U.S. At. Ene~. Comm. Rep., NYO-2082-12,
1967.



COMPONENTS:

Gallium

ORIGINAL MEASUREMENTS:
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(1) Gallium; Ga; [7440-55-3]

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

VARIABLES:

Temperature: 203°C

EXPERIMENTAL VALUES:

1. SchUrmann, H.K.; Parks, R.D.
Phys. Rev. Letters 1971, 26, 367-70.

2. D'Abramo, G.; Ricci, F.P.; Menzinger, F.
Ph~s. Rev. Letters 1972, 28, 22-4.

PREPARED BY:

C. Guminski; Z. Galus

(2) Gallium from Fluka AG was 99.99%
pure. Mercury from Rudipoint was
99.9% pure.

ESTIMATED ERROR:
Temp: precision + 0.50 K in (1);

:!: 0.01 Kin (2).

SOURCE AND PURITY OF MATERIALS:
(1) Gallium from Eagle-Picher Co. was

99.99% pure. Mercury from Beckman
Instruments was 99.99999% pure.

The critical temperature for miscibility at 50 at % Ga was determined to be
203.32 + O.50°C in (1). The critical temperature reported by (2) was 475.48 + 0.01 K
(202.33°C by compilers). -

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
(1) Weighed amounts of gallium and mercury
were mixed in a Pyrex tube provided with ten
tungsten electrodes at 15 mm intervals. The
tube was placed in a thermostat and stirred
at 250°C, then the temperature was slowly
lowered. The resistance between different
layers of the amalgam was measured as a
function of temperature and R/Rc was plotted
against temperature, where R is the measured
resistance and Rc is the critical resis-
tance at the critical temperature,
a(R/Rc)/aT..O.

(2) The amalgams were prepared by mixing
the metals in near to equimolar ratios in
a stainless steel cell. Neutron trans
mission measurements were made at decreasing
temperatures starting at a temperature about
lOoC above the critical temperature. There I-RE--FE-RE--N-C-/::-.S-:--------------------l
was a sharp change in transmission at the
critical temperature for complete
miscibility.
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COMPONENTS:

(1) Gallium; Ga; [7440-55-3]

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

VARIABLES:

Temperature: 313-466 K

Gallium

ORIGINAL MEASUREMENTS:

Gaune-Escard, M.; Bros, J.P.

The~oahim. Aata 1979, 31, 323-39.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Liquidus points were determined from microcalorimetric measurements:

Unpublished work (1)

x(Na)TIK
313

353

373

423

466

0.042

0.063

0.935a

0.150

0.360

This work

x(Na)

0.976

0.954

0.938

0.870

0.720

0.041

0.066

0.082

0.150

0.300

0.980

0.950

0.935

0.860

0.672

aobvious misprint in publication.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The liquidus points were determined
microcalorimetrically: The metals mixed
by breaking ampule, presumably containing
Ga, in the Hg at equilibrated temperature
and enthalpy of mixing determined from
heat effect. Enthalpy determined as
function of composition, xGa' at each
temperature, and breakpoint in plot of
fiHM vs. xGa is liquidus at that tempera
ture. Calorimeter calibrated by Joule
effect. Measurements made under
pressurized argon; both metals were
protected from oxidation with layer of
oil.

SOURCE AND PURITY OF MATERIALS:
Ga and Hg purity not specified.

Ar was grade "u" from Air Liquide Co.

ESTIMATED ERROR:

fi~: precision 2-6%.

Temp: not specified.

REFERENCES:

1. Amarell, G.
Disse~t. Dokt. Naturwiss., Karlsruhe,
1958.



COHPONENTS:

(1) Indium; In; [7440-74-6]

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

CRITICAL EVALUATION:

Indium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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The phase equilibria of the In-Hg system have been studied extensively, but most of
the data have been reported graphically as phase diagrams only. In some of the reports
the phase diagram appeared in relatively small figures and it was not possible to
precisely read the numerical values of the liquidus from these phase diagrams.

Parks and Moran (1) reported the first study of the solubility of In in Hg, but
these authors reported the indium solubilities of only 2.15 to 2.27 at % at 273 to 323 K;
these very low values are rejected. Ito and coworkers (2) reported the In-Hg phase
diagram and showed that indium has an appreciable solubility at room temperatures.
Although the shape of their phase diagram was similar to those reported by subsequent
authors, the liquidus temperatures of Ito et al. were too low by a few degrees, probably
because of impurities in the indium which was used. Spicer and Banick (3), from thermo
analytical measurements, reported more accurate liquidus temperatures in the region of
68.05 to 100 at % In; the liquidus temperature increased monotonically from 283.5 to
429.2 K, respectively, in this range, and the authors fitted an equation for the
solubility as a function of the temperature. Kozin and coworkers determined the phase
diagram from thermoanalytical (4,5) and from potentiometric (6) measurements. Several
other determinations of the phase diagram were reported during the years 1962-1964
(7-13), but Chiaranzelli and Brown (8) were the only authors to report numerical liquidus
data. Robert and Thibault (14) also reported a phase diagram for the In-Hg system, but
the liquidus between 7 and 25 at % In by these authors is not in agreement with those of
the other accepted measurements; five different In-Hg compounds were proposed in this
range by these authors. More recently, Franck (15,16) determined the liquidus in the
In-rich region from vapor pressure measurements, while Hilpert (17) applied thermal
analysis to confirm the liquidus temperature of 352 K at 80 at % In.

Kozin's (18) calculated solubility of 67.95 at % at 298 K is in good agreement with
the accepted experimental solubility of 70 at %. Liebl (19) also has reported an
indium solubility of 68 at % at room temperature, determined by coulometry, but no
other details were reported for this measurement.

From potentiometric measurements at 293 K, Sund~n (20) reported a solubility of 68
at %. The solubility measurement of Strachan and Harris (21) at room temperature is
inconsequential.

Table 1 summarizes the congruently melting and the eutectic points which were derived
from the phase diagrams reported by the various authors. The variation of the
composition is approximately ±1 at %, while that for the temperature is ±1 K. In spite
of the high precision in each data set reported in the literature, these variations
arise because of the difficulty in exactly reading the data from the graphical presen
tations of the phase diagrams.

The saturated indium amalgams are in equilibrium with In-Hg intermetallic solid
phases. The compounds, Inl1Hg, InHg, InHg4 and InHg5 or InHg6,have been identified with
some certainty, but others, such as InHg11' InHg9' InHg3' In5Hg7 and In7Hg, are of
doubtful existence. Fig. 1 shows the phase diagram reported by (5).

(Continued next page)
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COHPONENTS:

(1) Indium; In; [7440-74-6)

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

CRITICAL EVALUATION: (continued)

Indium

EVALUATOR:

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

Warsaw, Poland

July, 1985

Tentative and recommended (r) values of In solubility in Hg:

Hg-rich Region In-rich Region
TIK Soly/at % Ref. Soly/at % Ref.

235.6 34.4 (r) a

242.6 6~.3 (r) a

254.7 7.5 [4) 64 (r)b [7,13]

258.7 14.3 (r)a

273.2 66.5 (r)b [7,8]

293.2 68.0 (r) [6,20]

298.2 70.0 [4]

323.2 75.3 [6)

373 85 (r)b [4,5,10,15]

aAverage of all reported data.
bInterpolated from data in cited references.

TABLE 1

Summary of Melting Points of Congruently Melting Compounds and Eutectic Points
Melting Points, TIK Eutectic Points

InHg6 InHgs InHg TIK at % In TIK at % In Ref.--
256 250 235.5 34.3 240.5 63.6 [2]

258.8 254.6 236.5 32.8 243.1 63.0 [4]

258.6±0.3 254.0±0.3 235.8±0.3 34.0 242.4±0.3 61,7 [7]

260.8±0.4 256.6±0.1 240.1±0.± 34.3±0.5 244.6±0.1 63.6±0.5 [8]

260.0 254.7 236.4 33.3 243.2 62.7 [9]

259.0±0.2 253.9±0.2 236.0±0.2 34.7±0.2 242.1±0.2 61.5±0.3 [10]

260±1 255±1 237±1 35 242.5±1 60 [ 11]

258.2 254.0 236.4 34.1 242.6 61,2 [12]

257.5 254.5 236 34.7 243 63.0 [13]

259.2±0.5 255.0±0.5 236.4±0.5 34.9 243.5±0.5 62.5 [14]

258.2±0.5 254.6±0.5 235.7±0.5 35.0 241, 7±0.5 63.0 [5]

(Continued next page)
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COHPONENTS: EVALUATOR:

(1) Indium; In; [7440-74-6]

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

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

Warsaw, Poland
July, 1985

CRITICAL EVALUATION: (continued)
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Fig. 1. The In-Hg system (5)
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COMPONENTS:

(1) Indium; In; [7440-74-6]

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

Indium

ORIGINAL MEASUREMENTS:

Kozin. L.F.; Tananaeva. N.N.

Zh. Neorg. Khim. 1961, 6, 909-12.

VARIABLES: PREPARED BY:

Temperature: (-38)-150 0 C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Liquidus temperatures of the In-Hg system were abstracted from the phase diagram by
the compilers:

..:PJ:.£ at % In t/oC at % In ..:PJ:.£ at % In ..:PJ:.£ at % In

-38.0 0.1 -14.4 14.00 -20.7 45.00 66.0 77 .50

-37.1 0.25 -14.5 15.00 -19.2 47.50 79.0 80.00

-36.0 0.30 -14.7 16.00 -18.9 48.00 80.0 80.25

-35.1 0.50 -14.9 17.00 -18.65 49.00 90.0 82.50

-33.2 1.00 -15.7 19.00 -18.6 50.00 101.0 85.00

-28.0 2.50 -16.0 20.00 -18.65 51.00 103.0 85.50

-26.6 3.00 -18.2 22.50 -19.2 52.00 106.0 86.00

-24.5 4.00 -20.4 25.00 -20.5 55.00 108.0 87.50

-22.5 5.00 -24.0 27.50 -26.00 60.00 114.0 88.00

-18.4 7.50 -29.2 30.00 -26.4 61.50 123.0 90.00

-16.9 9.00 -32.6 32.00 -26.0 63.00 134.0 94.60

-16.0 10.00 -31.4 35.00 +25.0 70.00 150.0 97.50

-14.83 12.00 -27.6 37.50 +37.0 72.50

-14.5 13.00 -24.9 40.00 53.0 75.00

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Separate alloys were prepared for each
composition from pure metals; the contain
munt tube was probably glass. The samples
were covered with a thin layer of glycerol.
The samples were cooled and heating curves
were determined. Calibrated thermometers
were used for the heating curves, but a
Pt, Pt-Rh thermocouple was used to record
the differential heating curves.

SOURCE AND PURITY OF MATERIALS:

Mercury was purified by treatment with
HN03-Hg2(N03)2. then distilled twice in
vacuum.

Indium was 99.999% pure.

ESTIMATED ERROR:

501y: nothing specified.

Temp: precision ± 0.1 K.

REFERENCES:



COMPONENTS:

(1) Indium; In; [7440-74-6]

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

VARIABLES:

Temperature: 10-151°C

Indium

ORIGINAL MEASUREMENTS:

Spicer, W.M.; Banick, C.J.

J. Am. Chern. Soa. 1953, 75, 2268-2269.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:
The liquidus temperatures of indium-rich amalgams were reported:

trC mass % In at % Ina

151.3 97.46 98.53

135.1 90.12 94.09

121.7 84.07 90.22

108.2 79.30 87.00

94.2 74.70 83.77

78.1 69.84 80.19

59.2 64.89 76.36

37.6 60.01 72.40

10.3 54.92 68.05

aby compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Indium-rich alloys were made by adding the
desired amount of Hg to the previously
analyzed alloy in a test tube. The
amalgams were protected from oxidation with
mineral oil. The amalgam was analyzed
gravimetrically by dissolving the In in
cone. HCl then weighing the Hg residue.
Cooling curves were determined by inserting
the glass-clad copper-constantan thermo
couple into the amalgam and reading the
temperature with a precision potentiometer.
Down to 60°C the samples were cooled in a
tube furnace, then at lower temperatures
the sample tube was placed in water jacket
and the latter was cooled with various
solutions to obtain cooling curves.

SOURCE AND PURITY OF MATERIALS:

Indium was 99.97% pure.

Mercury was purified by spraying through
a column of dilute HN03, washed, dried,
then distilled under vacuum.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.02 K.

REFERENCES:
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COMPONENTS:

(1) Indium; In; [7440-74-6]

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

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Indium

ORIGINAL MEASUREMENTS:

Ito, H.; Ogawa, E.; Yanagase, T.

Nippon Kinzoku Gakkaishi 1951, 158, 382-4.

PREPARED BY:

C. Guminski; Z. Galus

The melting point of InHg5 , at 16.6 at % In, and that of InHg, at 50.0 at % In,
were determined to be -17 and -23°C, respectively.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by mixing
weighed amounts of the metals in a sealed
glass tube. The freezing points were
determined by thermal analysis. The
temperatures were measured with a copper
constantan thermocouple which was carefully
calibrated by comparison with a calibrated
Pt-PtRh thermocouple and with a mercury
thermometer.

SOURCE AND PURITY OF MATERIALS:

Indium was electrolytic material from
zinc-fusion residue which was obtained
from Hikoshima Refinery. Mercury was
purified by vacuum distillation.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified; precision no
better than ~ 0.5 K (compilers).

REFERENCES:



COMPONENTS:

(1) Indium; In; [7440-74-6)

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

VARIABLES:

One temperature: ZOoC

EXPERIMENTAL VALUES:

Indium

ORIGINAL MEASUREMENTS:

Sunden, N.

Z. EZektroahem. 1953, 57, 100-Z.

PREPARED BY:

C. Guminski; Z. Galus
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Solubility of indium in mercury at ZO.O°C was reported to be 55 mass %. The atom %
solubility calculated by the compilers is 68 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolution
of indium in mercury under a nitrogen
atmosphere. Potentials of the cell,

Hg, HgZCI Z' NaCIIIn(CI04)3IIn(Hg)

were measured. The plot of EMF against
the logarithm of amalgam concentration
showed a breakpoint at saturation.

SOURCE AND PURITY OF MATERIALS:

Indium was 99.97% pure from Indium Corp.
of America.

Mercury was distilled.

Other chemicals were analytically pure
from Merck, or they were recrystallized
before use.

MM-E

ESTIMATED ERROR:
Soly: nothing specified;

probably no better
(compilers) .

Temp: nothing specified.

REFERENCES:

precision
than + 1%

._---- - - -------
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COMPONENTS:

(1) Indium; In; [7440-74-6]

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

VARIABLES:

Temperature: 20-80°C

EXPERIMENTAL VALUES:

Solubility of indium in mercury:

t/OC

20

SO

80

Indium

ORIGINAL MEASUREMENTS:

Kozin, L.F.

TT'. Inst. Khim. Nauk Akad. Nauk Kaz. BBR
1962, 9, 71-80.

PREPARED BY:

C. Guminski; Z. Galus

Soly/at %

68.0

73.3

80.0

Similar measurements at -1.5 to 14°C gave unreliable results, probably because of
slow equilibration at lower temperatures.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams were prepared by dissolution of
various amounts of indium in mercury.
Potentials of the cell,

I -3In(Hg) 0.1 mol dm In(Cl04)3' 0.9 mol
-3

dm NaCl041NaCl, Hg2Cl2, Hg

were determined. The solutions were
protected from oxidation with a stream
of pure nitrogen. The plot of EMF against
the logarithm of the amalgams concentra
tion showed a breakpoint at saturation.

SOURCE AND PURITY OF MATERIALS:

The salts were twice recrystallized.

Mercury was purified chemically, then
twice distilled.

Indium was 99.999% pure.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.2 K.

REFERENCES:



COMPONENTS:

(1) Indium; In; [7440-74-6]

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

VARIABLES:

Temperature: (-36)-141°C

Indium

ORIGINAL MEASUREMENTS:

Eggert, G.L.

Trans. ASM 1962, 55, 891-97.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:
The author determined the complete phase diagram and reported numerical values only for
the eutectics at -37.4 and -30.8°C (at 34.0 and 61.7 at %, respectively), and for the
congruent melting points at -14.6 and -19.2°C (at 16.7 and 50.0 at % In, respectively).
The following data points were read from the phase diagram by the compilers:

Soly/at % trc Soly/at % trC Soly/at % ~ Soly/at % trC

1.0 -35.6 22.8 -19.0 44.7 -21.0 70.0 26.9

3.0 -29.5 24.0 -20.7 47.6 -22.7 72.8 38.8

5.0 -25.7 24.8 -21.3 52.4 -20.0 79.8 70.0

8.0 -22.0 27.4 -25.8 54.0 -21.8 82.7 90.0

10.0 -18.0 29.0 -28.6 57.3 -23.6 83.2 93.5

12.0 -16.7 31.3 -32.6 58.7 -25.0 84.3 105.2

15.0 -14.8 35.0 -34.4 59.2 -27.9 86.8 119.0

17.4 -14.7 37.0 -29.7 60.0 -28.9 88.8 132.4

18.4 -14.7 39.0 -27.1 63.5 -17.1 93.0 141. 2

20.0 -16.2 42.6 -22.7 66.8 +5.0

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Weighed quantities of the metals were mixed
at room temperature in glass tubes. The
latter were inserted inside a larger glass
tube jacket and the space between tubes was
packed with Cu wool. The assembly was
immersed in a mixture of dry-ice and
trichloroethylene to obtain cooling curves;
temperatures were determined with a cali
brated copper-constantan thermocouple
inserted into the liquid amalgam and the
data were recorded on a strip-chart
recorder. Precise thermopotentials at
occurrences on the cooling curves were
measured with a precision potentiometer.
Low temperature microscopy was observed on
a microscope stage upon repeated melting
and freezing.

-._------

SOURCE AND PURITY OF MATERIALS:
Indium was 99.98% pure from Indium Corp.
of America.

Mercury purity was 99.9995%,

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.3 K.

REFERENCES:
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COMPONENTS:

(1) Indium; In; [7440-74-6]

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

Indium

ORIGINAL MEASUREMENTS:

Chiaranzelli, R.V.; Brown, O.L.I.

J. Chern. Eng. Data 1962, 7, 477-78.

VARIABLES: PREPARED BY:

Temperature: (-37)-11 °c C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
The liquidus temperatures of the saturated indium amalgams were determined:

mass % Hg at % Ina t/oC mass % Hg at % Ina t/oC mass % Hg at % Ina tjOC

99.95 0.087 -36.7 96.00 6.79 -17.4 82.35 27.24 -22.0

99.90 0.17 -35.3 94.63 9.02 -16.0 79.02 31.69 -28.3

99.80 0.35 -34.0 93.21 11.30 -12.3 76.89 34.43 -32.0

99.56 0.77 -31.6 91.85 13.42 -12.0 75.32 36.41 -30.0

99.21 1.37 -29.4 91.25 14.35 -12.4 69.22 43.72 -19.1

98.90 1.91 -26.0 90.70 15.19 -12.8 66.15 47.21 -17.0

98.73 2.25 -24.0 90.40 15.75 -14.1 63.66 43.74 -16.6

98.70 2.30 -25.3 90.07 16.15 -13.0 58.91 54.93 -19.2

98.60 2.46 -24.5 88.98 16.33 -13.9 54.03 59.79 -25.0

98.37 2.81 -23.5 87.54 19.92 -14.6 51.53 62.17 -27.6

98.03 3.39 -24.7 87.06 20.54 -16.0 49.99 63.61 -28.6

97.49 4.30 -19.7 85.82 22.40 -17.0 48.02 65.41 -3.5

96.97 5.18 -21.0 84.50 24.27 -18.0 46.03 67.20 +10.8

aby compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Weighed portions of the metals were mixed
in Pyrex test tubes, and generally heated
and cooled while stirring for several
cycles. Some of the alloys were covered
with mineral oil, but no oxidation was
noticeable on unprotected samples.
Heating and cooling curves were observed
with a calibrated, glass-sheathed copper
constantan thermocouple.

SOURCE AND PURITY OF MATERIALS:
Mercury was 99.9999% pure.

Indium was 99.9995% pure.

ESTIMATED ERROR:
Soly: precision better than ± 0.7%.

Temp: precision ± 0.02 K.

REFERENCES:



COMPONENTS:

(1) Indium; In; [7440-74-6]

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

VARIABLES:

Indium

ORIGINAL MEASUREMENTS:

Jangg, G.

Z. MetaZZk. 1962, 53, 612-14.

PREPARED BY:
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Temperature: (-37)-(-13)OC C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The data were presented as a phase diagram. The following numerical liquidus
data were reported:

t/OC at % In

-13.2 16.6

-36.8 33.3

-18.5 50.0

-30.0 62.7

The results at the higher temperatures show excellent agreement with (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Appropriate amounts of both metals were
melted in a closed glass container, and
cooling curves were recorded with
calibrated alcohol and mercury thermom
eters. Samples of amalgams were analyzed
by unspecified method.

SOURCE AND PURITY OF MATERIALS:
Indium was specified as being of high
purity.

Mercury was treated with H2S04 then
triply-distilled under vacuum.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
1. Spicer, W.M.; Banick, C.J.

J. Am. Chern. Boa. 1953, 75, 2268.
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COMPONENTS:

(1) Indium; In; [7440-74-6J

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

VARIABLES:

Temperature: (-37)-143°C

Indium

ORIGINAL MEASUREMENTS:

Coles, B.R.; Merriam, M.F.; Fisk, Z.

J. Less-Common Met. 1963, 5, 41-48.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
The phase diagram for the In-Hg system was presented, and numerical values were reported
only for the congruently melting, peritectic and eutectic points. These points were as
follows:

at % In 14.2±O.2a 34.7±0.2b 50.0±0.2a 61.5±0.4b 86.6c

trC -14.2±0.2 -37.2±0.2 -19.3±0.2 31.0±0.2 108±1

Other liquidus points were read from the phase diagram by the compilers:

at % In trc at % In t/oC at % In t/oC at % In trc
0.9 -34.9 18.2 -16.2 58.7 -25.3 89.3 118.5

1.8 -32.3 20.0 -18.5 60.8 -28.9 91.4 125.9

2.8 -28.5 25.1 -23.6 62.3 -27.9 92.9 132.3

5.9 -21.0 29.7 -29.5 64.6 -11.0 93.6 134.3

7.4 -18.7 33.0 -35.1 67.6 +13.8 94.1 136.4

9.6 -16.0 36.2 -35.1 80.5 81.5 95.9 142.8

11.1 -15.5 40.5 -27.7 84.2 98.0

12.4 -15.2 44.1 -22.6 86.9 109.7

16.5 -15.1 54.2 -20.2 88.3 114.3

aCongruent melting point.
bEutectic point.

cperitectic point.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Desired quantities of each metal to yield
50-100 g of a given amalgam were melted
and stirred in an alumina crucible exposed
to air. Temperature of the melt was
determined with a calibrated, glass
sheathed, copper-constantan thermocouple
which was inserted into the alloy during
the determination of the heating and
cooling curves. X-ray diffraction data,
using CuKa radiation, were obtained to
identify crystal phases.

SOURCE AND PURITY OF MATERIALS:

Indium from Indium Corp. of America was
better than 99.999% pure.

Mercury, "Vacumetal" from Metal Salts
Corp., was better than 99.999% pure.

ESTIMATED ERROR:

Soly: precision ± 1%.

Temp: precision ± 0.2 K.

REFERENCES:



COMPONENTS:

(1) Indium; In; [7440-74-6]

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

VARIABLES:

Temperature: (-37)-(-16)OC

Indium

ORIGINAL MEASUREMENTS:

Cusack, N.; Kendall, P.; Fielder, M.

Phi~. Mag., Ser. 8, 1964, 10, 871-82.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The data were presented only as the liquidus curve for the In-Hg system. The data
points were read off the curve by the compilers:

Soly/at % t/°C Soly/at % trC Soly/at % trc

2.3 -31 34.7 -37 57.0 -20

6.0 -21 37.3 -30 , 61.0 -25

14.0 -15.5 40.5 -26 63.0 -30

22.0 -20 47.0 -20.5 64.0 -20

31.5 -30 51.3 -18.5

AUXILIARY INFORMATION

'-

METHOD/APPARATUS/PROCEDURE:
Amalgams were prepared, presumably, by
weighing desired quantities of each metal
with subsequent mixing and alloying in
vacuo. The freezing points were obtained
from cooling curves.

SOURCE AND PURITY OF MATERIALS:
Indium from BDH and from L. Light and Co.
was 99.999% pure.

Mercury was purified by mUltifle
distillation and had only 10- mass %
of impurities.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Indium; In; [7440-74-6]

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

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Indium

ORIGINAL MEASUREMENTS:

Morawietz, W.

Chern. lng. Tech. 1964 36, 638-45.

PREPARED BY:

C. Guminski; Z. Galus

The results were presented as a phase diagram. The indium solubility at room
temperature was reported to be 120 parts In/100 parts Hg by mass. The
corresponding atomic % solubility calculated by the compilers is 67.7 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The alloys were obtained by electro
reduction, and thermal analysis curves
were recorded. Detailed description of
the method was not specified.

SOURCE AND PURITY OF MATERIALS:
Indium was stated as being of high
purity.

Mercury purity not specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



COMPONENTS:

(1) Indium; In; [7440-74-6]

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

VARIABLES:

Temperature: (-37)-140°C

EXPERIMENTAL VALUES:

Indium

ORIGINAL MEASUREMENTS:

1. Kozin, L.F.; Sudakov, V.A.
Izv. Akad. Nauk Kaz. SSR, SeX'. Khim.
1970, No.1, 50-5.

2. Same authors.
Izv. Akad. Nauk SSSR, Metany
1970, No.5, 197-201.

PREPARED BY:

C. Guminski; Z. Galus
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The data were presented graphically as a partial phase diagram in.(l). The complete
phase diagram was presented in (2), and numerical data were presented for the
congruently melting, eutectic, and peritectic points. The experimental liquidus points
were read off the curve in (1) by the compilers. The phase diagram from (2) is
presented in the critical evaluation, Fig. 1.

trc at % In Ref.--
-15.0 14.8 [2]

-37.5 35.0 [2]

-18.6 50.0 [2]

-31.5 63.0 [2]

97.0 84.8 [1 ]

105 85.0 [2]

105.2 87.2 [ 1]

118.7 89.5 [ 1]

127 93.0 [1 ]

139.6 95.6 [1 ]

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Details of the procedure were not
described in (1), but it was probably
identical to that in (2). The amalgams
were prepared by precisely weighing the
metals in an atmosphere of dry carbon
dioxide, then the samples were sealed in
glass tubes. The melting points were
obtained from cooling curves; the
temperatures were determined with Pt, Pt-Rh
calibrated thermocouples.

MM-E*

SOURCE AND PURITY OF MATERIALS:
Indium was 99.999% pure.

Mercury was specified as "R-O".

ESTIMATED ERROR:

Soly: precision ± 0.01% in (2).

Temp: precision ± 0.5 K in (2).

REFERENCES:

._.- ..__...._---------_.... - .--._-----_._------
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COMPONENTS:

(1) Indium; In; [7440-74-6]

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

VARIABLES:

Temperature: 80-130·C

EXPERIMENTAL VALUES:

Indium

ORIGINAL MEASUREMENTS:

Franck, G.

Teah.-Wiss. Abh. Osram Geset. 1973, 11,
101-105.

Z. Naturforsah., A 1971, 26, 150-3.

PREPARED BY:

C. Guminski; Z. Galus

The data were reported graphically as a liquidus curve. The following points on
the liquidus were read off by the compilers:

t/"C at % Hg at % In

130 7.5 92.5

120 9.7 90.3

110 12.5 87.5

100 15.2 84.8

90 18.0 82.0

80 19.6 80.4

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Method of preparation of alloys was not
described. The alloy, in the form of
cubes approximately 1 rom3 , was vacuum
sealed in a Supracil silica cuvette. The
vapor pressure of the alloys was deter
mined as a function of temperature by
measuring the Hg 2537 Xresonance line
absorption, and comparing that for the
alloy vapor against that of pure Hg to
eliminate the effect of Doppler line
broadening in the absorption. The
freezing point of the alloy was determined
as the breakpoint in the relationship of
the optical absorption as a function of
temperature.

SOURCE AND PURITY OF MATERIALS:

Mercury was specified as being of high
purity.

Indium purity was not specified.

ESTIMATED ERROR:
Temp: nothing specified.

Composition: precision + 0.3%
(compilers).

REFERENCES:



COHPONENTS:

(1) Thallium; Tl; [7440-20-0]

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

CRITICAL EVALUATION:

Thallium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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Tammann (1) reported the first solubility study in the T1-Hg system; he observed that
the addition of 0.469 at % T1 into mercury depressed the freezing point of Hg by 0.81 K.
The fact that thallium has a high solubility in mercury near room temperature was
indicated by an early potentiometric study by Spencer (2) who reported a solubility of
41.5 at % at 291 K. Sucheni (3) also reported an early potentiometric study at 273 and
310 K, and he observed that amalgams which contained more than 43 at %T1 are hetero
geneous at 310 K; his solubility of 28 at %at 273 K is too high as compared to later
works.

Kurnakov and Pushin (4) were the first to report a phase diagram for this system.
However, their thermoanalytica1 determination of the liquidus in the range of 8 to
40 at % Tl did not agree with later works by other more accurate measurements. Pushin
(5) subsequently redetermined and corrected the liquidus in the range of 19.1 to 39.5 at %
T1. The measurements of Pavlovich (6) were in agreement with (4) in the range of 0-8 and
40-100 at % T1, but the former author showed that the maximum in the liquidus occurred at
29 at %T1 and 288 K, as compared to 33.33 at % T1 found by (4). Roos (7) also deter
mined the phase diagram for this system from a detailed study which took into account the
effect of impurities; he found the first eutectic at 214.2 K at 8.56 at % and the second
at 273.78 Kat 40.0 at % Tl. Roos found that the coordinates for the maximum in the
liquidus were 28.6 at % Tl at 287.6 K. Richards and Daniels (8) and Richards and Smyth
(9) applied thermal analysis and potentiometry to confirm the results of Roos; however,
Richards et al. found slightly higher solubilities at lower temperatures and slightly
lower solubilities at higher temperatures as compared to Roos. Kozin (10) employed
potentiometric measurements at 298 to 353 K and found that the solubility of thallium
increased from 42.6 to 53.2 at % in this temperature range; these results were in agree
ment with the earlier measurements. Claire and Rey (11) verified parts of the Tl-Hg
phase diagram in the thallium-rich region. Moser (12), without presenting experimental
detail, reported the eutectics at 213.2 and 272.4 K at 8.5 and 40.0 at %Tl, respectively;
Siede (13) also found the first eutectic at 8.5 at %Tl, but at 214.8 K. Resistivity
measurements performed by Schulz and Spiegler (14) confirmed the melting temperature of
T12Hg5 at 287.7 K.

Without presenting details of his density measurements of Tl amalgams, Kanda (15)
reported a solubility of 42 at % Tl at 296 K. Strachan and Harris (16) reported only that
the solubility is higher than 13.1 at % at room temperature. Kozin's (17) predicted
solubility of 34.6 at %at 298 K is too low. Zebreva and coworkers (18) determined a
solubility of 44.0 at %at 298 K by thermometric titration; this value is slightly too
high.

Richter and Pistorius investigated the effect of pressure on the congruently melting
point (T12Hg5) (19) and on the eutectic points (20), and these authors observed that the
above temperatures increased nearly linearly with increasing pressure up to approximately
30 kbar. Based on these measurements, liquidus lines for the Tl-Hg system were presented
for the pressure range of 0 to 50 kbar.

The phase diagram for the Tl-Hg system is shown in Fig. 1 (21).

(Continued next page)



120 Thallium

COHPONENTS: EVALUATOR:

(1) Thallium; Tl; [7440-28-0]

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

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

Warsaw, Poland
July, 1985

CRITICAL EVALUATION: (continued)

Recommended Solubility of Thallium in Mercury

TIK Soly/at % Reference

214 8.5a 6,7,12,13,20

245 12 7

274 19 5,6,8

274 40a 7,20

288 28.6 5,6,7,14,19

293 42b 2,8,15

298 42.7b 10,18,15

323 47c 4,8,10

373 56c 4,6

473 76c 4,7,11

573 99c 9,11

aeutectic point.
baverage value of data from cited references.

Cinterpolated from data of cited references.

mass %

10 20 30 40 50 60 70 80 90

300 2.!!! II .'.. I'
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550~+--l--+--.j--+--t--t---t.--:/Y""--;*1
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500~+--l--+--.j--+--t--t-V-'71--t--+1
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450~-+--~-+-~-+-t/--fT-t-iI'"'l ~/'
/ II II

4OO1--I---+--+--4---1f--./A--t-t--H,Tl,
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Fig. 1. Hg-Tl system (21)

(Continued next page)



COHPONENTS:

(1) Thallium; Tl; [7440-28-0]

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

CRITICAL EVALUATION: (continued)
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COMPONENTS:

(1) Thallium; TI; [7440-28-0]

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

VARIABLES:

Temperature: 234 K

EXPERIMENTAL VALUES:

Thallium

ORIGINAL MEASUREMENTS:

Tammann, G.

Z. Phys. Chern. 1889, 3, 443-9.

PREPARED BY:

C. Guminski; Z. Galus

Depression of the melting point of mercury, 6T, was determined after addition of
small amounts of thallium:

6T/K

0.01

0.18

0.30

0.35

0.62

0.81

aby compilers.

mass % TI

0.034

0.079

0.143

0.226

0.395

0.480

AUXILIARY INFORMATION

at % Tla

0.034

0.078

0.141

0.222

0.388

0.469

METHOD/APPARATUS/PROCEDURE:

The melting temperature were determined,
but absolute values not given. Details of
experiment not specified, therefore,
compilers assume that 6T/K in the above
table is based on the melting point of Hg
of 234.28 K (1).

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.05 K.

REFERENCES:
1. Hultgren, R.; Desai, P.D.; Hawkins, D.T.;

Gleiser, M.; Kelley, K.K.
SeZeated VaZues of the Thermodynamia
Properties of Binary AZZoys, Am. Soc.
Met., Metals Park, OH, 1973, p. 990.



COMPONENTS:

(1) Thallium; Tl; [7440-28-0]

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

VARIABLES:

Temperature: (-60)-297°C

Thallium

ORIGINAL MEASUREMENTS:

Pavlovich, P.

Zh. RUBS. Fiz. Khim. Obshah. Ser. Khim.
1915, 47, 29-46.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Crystallization temperatures of saturated thallium amalgams were reported for two
series of measurements.

Series I

trc at % Tl t/oC at % Tl trC at % T1

-40 1.0 15 28.8 68 50.7
-48 4.9 15 29.1 116 58.9
-60 8.0 14 31.7 155 68.4
-16 14.6 13.5 32.8 221 82.8
+ 1 18.1 12 33.8 261 90.8

4 19.9 7 38.0 276 95.0
8 21.0 6 39.2 285 97.0

11 23.5 29 44.2 297 99.0
14 25.0

Series II

trC at % Tl trc at % Tl

13.5 25.8 13.9 32.4
14.6 27.6 13.5 33.0
14.8 28.7 12.9 33.7
14.8 29.7 12.0 34.7
14.6 30.7 11.0 35.6
14.3 31.6 9.8 36.5

AUXILIARY INFORMATION

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

The amalgams were obtained by mixing the Pure thallium from Kahlbaum.
two metals, with heating if needed, and the
cooling curves were recorded with the use Mercury purity not specified.
of thermoelement. For 0-20% Tl, the
heating curves also were recorded. The
alloys were protected against oxidation
with vaseline.

ESTIMATED ERROR:

Soly: precision ± 1%.

Temp: precision ± 1 K.

REFERENCES:
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COMPONENTS:

(1) Thallium; Tl; [7440-28-0]

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

VARIABLES:

Temperature: (-59)-261 DC

Thallium

ORIGINAL MEASUREMENTS:

Roos, G.D.

Z. Anopg. Chern. 1916, 94, 358-70.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Crystallization temperatures of thallium amalgams determined in four series:

I. Kahlbaum Tl under C02 atmosphere

t/DC at % T1 t/DC at % Tl t/"e at % Tl t/DC at % Tl

-43.4 2.43 -28.4 12.06 14.40 18.90 5.00 37.90
-46.5 4.2 -10.0 14.9 14.22 29.90 0.62 40.0
-47.0 5.4 11.5 23.0 14.14 30.20 75.5 50.68
-53.0 7.0 13.20 25.1 13.66 31.20 138.0 62.65
-59.0 8.56 13.40 25.9 12.75 32.50 183.5 72.24
-51.0 9.1 14.05 27.10 11. 95 33.33 222.0 81.54
-45.8 9.8 14.37 28.10 9.90 35.00 261.5 90.31
-38.4 10.5

II. Kahlbaum Tl under petroleum III. Thill Tl in CO2 atmosphere

t/De at % T1 t/"C at % Tl t/"C at % Tl t/DC at % Tl

14.0 41.25 12.85 32.3 9.5 35.2 14.0 29.9
2.4 40.5 13.75 31.2 11.8 33.33 14.18 29.1
4.40 38.2 14.30 29.8 12.6 32.1 14.25 28.3
8.50 36.0 14.45 28.4 13.2 31.45 14.10 27.7

10.90 34.1 14.30 27.6 13.58 30.8

IV. Electrolytic Tl in C02 atmosphere Author found that thill Tl contained small

t/De at % Tl t/DC at % Tl amounts of Pb, resulting in decreased
M.P. for Tl2Hgi' Therefore, results with

13.40 31. 70 14.40 27.36 Kahlbaum and e ectrolytic Tl were
14.41 29.50 13.95 26.25 recommended.
14.53 28.56 12.55 24.18

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Weighed quantities of the metals were
mixed and cooling curves were determined
with either a mercury thermometer or
thermocouples. The amalgams were protected
against oxidation with either petroleum
or pure, dry CO2,

SOURCE AND PURITY OF MATERIALS:

Pure thallium from A. Thill and from
Kahlbaum, and electrolytically prepared
by the authors.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.01 K.

REFERENCES:



COMPONENTS:

(1) Thallium; TI; [7440-23-0]

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

VARIABLES:

Temperature: (-6.5)-40°C

Thallium

ORIGINAL MEASUREMENTS:

Richards, T.W.; Daniels, F.

J. Am. Chern. Soa. 1919, 41, 1732-68.

PREPARED BY:

C. Guminski; Z. Galus
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ESTIMATED ERROR:
Composition: precision better than + 0.3%.

Temp: precision of thermal analysis better
than + 0.1 K; EMF: + 0.01 K.

SOURCE AND PURITY OF MATERIALS:
Thallium from various sources was trans
formed into T12S04' the latter recrystal
lized more than 3 times after contact with
very pure, electrolytic Tl, then the pure
Tl was prepared by electrolysis of the
sulfate solution which also contained
(NH4)2C204' Mercury was purified with
H2S04' then with Hg2(N03)2-HN03 mixture,
then vacuum distilled and finally distilled
under hydrogen.

EXPERIMENTAL VALUES:

Freezing points of amalgams determined thermometrically:

Series I Series II
t/oC mass %TI at %TI t/oC mass % TI at %TI

+1.6 42.8 42.3 9.2 36.5 36.0
5.3 38.8 38.3 11.7 34.4 33.9

12.0 34.0 33.5 14.1 31.5 31.1
13.9 31.7 31.3 14.8 29.0 28.6
14.9 29.1 28.7 13.2 25.4 25.0
14.3 26.4 26.0 11.5 23.8 23.4
12.3 24.2 23.8 4.0 20.0 19.7
3.0 19.5 19.2

Freezing points determined
Series III from EMF measurements

t;oc mass % TI at % TI t/oC mass %TI at %TI
+0.9 40.90 40.47 20.00 43.3 42.85.9 38.83 38.37

9.5 37.19 36.71
30.00 44.5 44.0

12.8 32.63 32.31
40.00 45.8 45.3

14.3 27.60 27.24
5.7 20.63 20.31

-0.9 18.27 17.97
-6.5 16.92 16.65

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Amalgams were prepared by mixing weighed
amounts of Hg and TI in a closed tube which
contained acid of known concentration. The
acid neutralized any Tl20 on the metal, and
the net TI was determined by back-titration
of the acid with standard alkali. The clean
amalgam was removed from the tube under a
H2 atmosphere and used for the various
measurements. The freezing points in Series
I and II were made on small amounts of con
centrated amalgams contained in a small
glass bulb with a thermometer placed in the
bulb; the freezing point was determined by
plunging the bulb in cold water. Series
III was determined on larger amounts of
amalgam with a Beckmann freezing point
apparatus. In the EMF method, the potential
of the cell, I-RE...F...E..RE.....N..C-E-S-:----------------1

Tl(Hg)xIT12S04ITI(Hg)y'

was determined at a fixed temperature at
increasing Tl concentration. At the satura
tion point the EMF attained constant
reading.
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COMPONENTS:

(1) Thallium; Tl; [7440-28-0]

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

VARIABLES:

Temperature: 231-300°C

Thallium

ORIGINAL MEASUREMENTS:

Richards, T.W.; Smyth, C.P.

J. Am. Chem. Soa. 1922, 44, 524-45.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Freezing points of thallium amalgams were presented graphically; the mass %data were
read from the graph by the compilers and recalculated to at %:

Hg Hg

trC mass % at % trC mass % at %--
299.5 1.0 1.0 276 7.8 7.7

295.5 2.3 2.3 272 8.8 8.7

292 3.2 3.1 264.5 10.5 10.3

289.5 3.6 3.5 257.5 12.0 11.8

287.5 4.2 4.1 252.3 13.5 13.3

283.0 5.4 5.3 246.5 15.0 14.8

277 .5 6.9 6.8 238.5 16.5 16.2

272.5 7.7 7.6 231.5 18.2 17.9

257.5 11.3 11.1

244.5 14.5 14.3

232.0 17.5 17.2

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were prepared by mixing
weighed quantities of the metals in an
earthenware dish; the mixture was covered
with a layer of paraffin, and the amalgam
formed by gently heating the dish. Cooling
curves were determined in a large glass
tube with a thermometer inserted into the
amalgam. The amalgams were analyzed by
decomposing with standardized acid and
back titration of the acid with standard
alkali.

SOURCE AND PURITY OF MATERIALS:
Crude Tl was purified by treatment with
dil. H2S04' filtered, and TlCl precipitated
from the filtrate with dil. HCl. The TlCl
was converted to the sulfate and recrystal
lized at least twice. Tl was electro
lytically prepared as a sponge from the
aqueous sulfate solution, then fused and
filtered through a capillary as bright
metal.
Hg was purified with Hg2(N03)2' then
distilled.

ESTIMATED ERROR:
Temp: precision ± 0.1 K.

Precision of chemical analysis: + 0.2%.

REFERENCES:



COMPONENTS:

(1) Thallium; Tl; [7440-28-0]

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

VARIABLES:

Temperature: 2.6-15°C

EXPERIMENTAL VALUES:

Thallium

ORIGINAL MEASUREMENTS:

Pushin, N.A.

Bu~~. Boa. Chirn., Belgrade, 1949, 14,
101-3.

PREPARED BY:

C. Guminski; Z. Galus
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Crystallization temperatures of thallium amalgams were reported:

t/OC

2.6

4.3

6.9

8.8

10.2

11.7

12.8

13.8

14.2

14.4

14.5

at % Hg

60.5

61.4

62.8

64.0

65.0

66.2

67.5

68.8

69.8

70.3

71.0

t/"C

14.5

14.4

14.3

14.0

13.4

12.5

11.5

9.1

7.8

5.2

2.6

AUXILIARY INFORMATION

at % Hg

71.4

72.2

72.8

73.6

74.6

75.5

76.4

77 .9

78.6

79.7

80.9

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

Thermal analysis was utilized to determine Nothing specified.
the crystallization temperatures, but
experimental details were not given. The
method was probably similar to, or an
improved version of, that in (1).

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified; probably
± 0.1 K (compilers).

REFERENCES:
1. Kurnakov, N.S.; Pushin, N.A.

Z. Anorg. Chern. 1902, 30, 86.
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COMPONENTS:

(1) Thallium; Tl; [7440-28-0)

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

VARIABLES:

One temperature

EXPERIMENTAL VALUES:

Thallium

ORIGINAL MEASUREMENTS:

Schulz, L.G.; Spiegler, P.

Tpans. Metatt. Soa. AIME 1959, 215, 87-90.

PREPARED BY:

C. Guminski; Z. Galus

The melting point of the congruently melting compound, T12Hg5 , was confirmed to be
14.5°C. The solubility of Tl at this temperature, therefore, is 28.6 at %
(compilers) •

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:
Mercury of "triply distilled quality"
from Bethlehem Apparatus Co., Inc.

METHOD/APPARATUS/PROCEDURE:

The alloys of composition, 28.6 ± 0.2 at %
Tl, were prepared either by directly mixing
weighed amounts of the metals in the
measurement cell or by premixing the metals
then loading the amalgam into the cell
under vacuum. The cell consisted of two
Teflon-cup reservoirs connected at the end
of a capillary tube in which were placed
the thin electrodes. Of several metals
used for the electrodes, nickel gave the
most uniform results. The specific resis
tivity of the amalgam was obtained by
comparing the resistance of the amalgam
against that of pure Hg in the same cell.
The melting point of T12Hg5 was obtained
by measuring the resistance of the liquid
amalgam as the temperature was decreased
from 24°C to lower temperatures. There
was a linear decrease in resistance with
decreasing temperature down to 16°C, then
at temperatures below 14.5°C the resistance
remained constant.

Thallium purity not specified.

ESTIMATED ERROR:
Precision of chemical analysis:

Temp: precision ± 0.2 K.

REFERENCES:

+ 1%.



COMPONENTS:

Thallium

ORIGINAL MEASUREMENTS:

129

(1) Thallium; Tl; [7440-28-0)

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

VARIABLES:

Temperature: 25-80°C

EXPERIMENTAL VALUES:

Solubility of thallium in mercury:

..1L£
25

40

60

80

Kozin, L.F.

TT'. Inst. Khim. Nauk. Akad. Nauk Kaz. SSR
1962, 9, 71-80.

PREPARED BY:

C. Guminski; Z. Galus

Soly/at %

42.6

46.7

49.8

53.2

Measurements at 5 and 15°C also were made, but results were practically identical
to that at 25°C.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by dissolution
of thallium in mercury. The potentials
of the cell,

I -3Tl(Hg)x TlCl04 (0.1 mol dm ) + NaCl04
-3 I(0.9 mol dm ) NaCl, Hg2C1 2, Hg

were determined. Amalgams were protected
from oxidation by passing pure nitrogen
over the cell. The saturation point
corresponded to any inflection in the
curve relating cell EMF to log of Tl
concentration.

~'--------

SOURCE AND PURITY OF MATERIALS:

Salts were recrystallized twice.
Mercury was purified chemically and
double distilled.
Thallium was 99.999% pure.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.2 K.

REFERENCES:
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COMPONENTS:

(1) Thallium; TI; [7440-28-0]

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

VARIABLES:

Pressure

Thallium

ORIGINAL HEASUREHENTS:

Richter, P.W.; Pistorius, C.W.F.T.

J. Leaa-Common MetaZa 1972, 29, 217-19.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Melting point of Tl2Hgs (28.6 at % TI) was presented graphically as a function of
pressure. Experimental points were fitted by equation,

t/oC = 13.7 + 3.44 P

where P is in kbar. Standard deviation was 1.3°C. The data points were read from
the curve by the compilers:

P/kbar

o
2.8
3.9
5.4
7.0
8.6

10.4
11.4
12.6
13.2
22.6
27.4
28.6
30.0
30.9
32.8

T/K

286.9±0.sa
294.9
298.5
303.5
309.4
314.4
319.7
324.3
329.6
331.1
363.7
381.1
385.5
389.9
393.7
399.0

anumerical value is given for atmospheric pressure only.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The metals were weighed and thoroughly
mixed at room temperature. Tl2Hgs obtained
was stored at 273 K under nitrogen.
Pressure was generated in a piston
cylinder apparatus. The melting points
were observed by means of differential
thermal analysis; Chromel-Alumel thermo
couples were used. The samples were
contained in stainless steel or aluminum
capsules with no evidence of contamination.

SOURCE AND PURITY OF MATERIALS:

99.999% pure TI from Koch-Light.

Triply-distilled mercury from Johnson
Matthey & Co.

ESTIMATED ERROR:
Temp: precision ± 1 K.

Pressure: precision ± 0.5 kbar.

REFERENCES:



COMPONENTS:

(1) Thallium; TI; [7440-28-0]

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

VARIABLES:

Pressure

Thallium

ORIGINAL MEASUREMENTS:

Richter, P.W.; Pistorius, C.W.F.T.

Aata Met. 1973, 21, 391-94.

PREPARED BY:

C. Guminski; Z. Galus

131

EXPERIMENTAL VALUES:
The pressure dependence of the eutectic temperatures was determined and fitted to the
equations, where P is in kbar and t in °C:

(I) t/oC = 60.0 + 4.09 P + 0.0132 p2 for eutectic at 8.5 at % TI

(II) t/oC = 0.9 + 3.65 P for eutectic at 40 at % TI.

The authors found eutectic temperatures at 1 bar to be -60 ± 1°C and 0.9 ± O.soC,
respectively, at 8.5 and 40 at % TI. There was only a very slight pressure dependence
in eq. (I). The published pressure dependence of the melting points of Hg (1),
HgsTl2 (2), and TI (3) were used with the eutectic data to construct liquidus curves at
various pressures, as shown in the figure. In the construction of liquidus lines it
was assumed that the eutectic composition was independent of pressure.

Liquidus lines in the system Hg-TI
at various pressures.

A: atmospheric pressurc;
B: 10 kbar;
C: 20 kbar;
D: 30 kbar;
E: 40 kbar;
F: Extrapolated to 50 kbar.

-10°0 to 20 30 40 :10 60 70 110 $10 100

at %Tl

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Thallium and mercury in the eutectic
compositions were mixed at room temperature,
then stored under N2' Samples for measure
ments were contained in stainless steel
capsules, with no evidence of contamination.
In order to prevent leakage, the pressure
plate was first cooled to well below the
eutectic points before pressure was applied
by a piston to seal a capsule in situ.
Heating and cooling rates in the differen
tial thermal analyses were in the range of
0.4-1.1°C/sec, and temperatures were
measured with a Chromel-Alumel thermocouple.

SOURCE AND PURITY OF MATERIALS:
TI: 99.999% pure from Koch-Light.

Hg: triple distilled from Johnson
Matthey Co.

ESTIMATED ERROR:
Temp: precision ± 1 K.

Pressure: prccision ± 0.5 kbar.

REFERENCES:
1. Klement, W.; Jayaraman, A.; Kennedy, G.C.

Phys. Rev. 1963, 131, 1.
2. Richter, P.W.; Pistorius, C.W.F.T.

J. Less-Common MetaZs 1972, 29, 217.
3. Adler, P.N.; Margolin,-n:-

Trans. Met. Boa. AlME 1964, 230, 1048.

------------
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COMPONENTS:

(1) Thallium; Tl; [7440-20-0]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Thallium

ORIGINAL MEASUREMENTS:

Zebreva, A.I.; Filippova, L.M.;
Omarova, N.D.; Gayfullin, A.Sh.

Izv. Vyssh. Uaheb. Zaved' J Khim. Khim.
TekhnoZ. 1976, 19, 1043-6.

PREPARED BY:

C. Guminski; Z. Galus

Solubility of thallium in mercury at 25°C was reported to be 44.0 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The heterogeneous thallium amalgam was
prepared by mixing weighed amounts of the
metals. Heat effects (Q) were recorded
when subsequent portions of mercury were
added. The inflection point on a plot of
Q vs. amalgam concentration corresponds
to the solubility of thallium in mercury.

SOURCE AND PURITY OF MATERIALS:
"Pure" metals were used.

ESTIMATED ERROR:
Soly: accuracy no better than a few

percent (compilers).

Temp: not specified.

REFERENCES:



COMPONENTS:

(1) Thallium; TI; [7440-28-0]

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

VARIABLES:

Temperature: 279-556 K

Thallium

ORIGINAL MEASUREMENTS:

Claire, Y.; Rey, J.

J. Less-Common MetaZs 1980, 70, 33-8.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:
Liquidus points in the TI-Hg system were determined:

-'!Y:!:...- Soly/at % T/K Soly/at %

279 22.5 491 79.59

282 23.2 '504 83.16

282 36.1 517 86.85

279 37.2 534 90.83

273.5 40.5 551 94.62

457 72.52 556 96.82

Partial molar enthalpy and integral enthalpy of mixing are presented for various
temperatures and concentrations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were prepared by mixing
weighed portions of the metals which were
contained in evacuated glass ampules. The
liquidus were obtained mostly by differ
ential thermal analysis by slowly heating
the ampules followed by slow cooling. The
liquidus also was determined by micro
calorimetry by plotting the enthalpy of
mixing against the composition at a fixed
temperature; the breakpoint in the curve
corresponded to the liquidus temperature,
or other phase changes.

...._----

SOURCE AND PURITY OF MATERIALS:
Both metals were of 99.999% purity.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision probably better than
± 1 K (compilers).

REFERENCES:
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COHPONENTS:

(1) Carbon; C; [7440-44-0)

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

CRITICAL EVALUATION:

Carbon

EVALUATOR:

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

Warsaw, Poland

July, 1985

There is general agreement that carbon is insoluble in mercury. However, when
mercury was boiled in a carbon crucible, traces of graphite were precipitated upon
cooling (1); this suggested that carbon may have a very low solubility provided that
there was no mechanical fragmentation of carbon from the crucible during the
experiment. On the other hand, no corrosion of careon was observed when mercury was
circulated over carbon at 719 K for 30 days (2). Because of its high melting point,
the solubility of carbon in Hg should be extremely low.

Solid HgC2 may be prepared by reaction of C2H2 with certain Hg compounds, but the
carbide is not formed by direct contact of the elements (3).

References

1. Ruff, 0.; Bergdahl, B. Z. Anopg. Chern. 1919, 106, 91.
2. Nejedlik, J.F.; Vargo, E.J. EZeotpoahem. TeahnoZ. 1965, 3, 250.
3. Frad, W.A. U.S. At. Enep. Comm. Rep., IS-'122, 1963-;-P:- 21.

COHPONENTS:

(1) Silicon; Si; [7440-21-3)

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

CRITICAL EVALUATION:

EVALUATOR:

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

Warsaw, Poland

July, 1985

Silicon is not attacked by mercury at room and elevated temperatures (1~. Strachan
and Harris (2) stated that the solubility of silicon is lower than 7 x 10- at % at
room temperature. Calculations of solubility according to equations given by Kozin
give extremely low values: 7.4 x 10-46 (3) and 2.0 x 10-25 at % (4) at 298 K.
However, assuming that the corrosiveness of Si is proportional to its solubility in
Hg, one may surmise, after the work of Nejedlik and Vargo (5), that the solubility
of Si in Hg at 719 K should be of similar order of magnitude as the solubility of
vanadium in Hg at the same temperature, i.e., 10-5 at %.

Further experimental work is needed in this system.

References

1. Winkler, J. J. ppakt. Chem. 1864, 91, 193.
2. Strachan, J.F.; Harris, N.L. ~Inat. MetaZa 1956-57, 85, 17.
3. Kozin, L.F. Tp. Inat. Khim. Nauk Akad. Nauk Kaz. SSR 1962, 9, 101.
4. Kozin, L.F. Fiziko-Khimiaheakie Oanovy AmaZgamnoi MetaZZupgii, Nauka, Alma-Ata,

1964.
5. Nejedlik, J.F.; Vargo, E.J. EZeatpoohem. TeohnoZ. 1965, 3, 250.



COHPONENTS:

(1) Germanium; Ge; [7440-56-4)

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

CRITICAL EVALUATION:

Germanium

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985
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Germanium has a low solubility in mercury. Edwards (I), without giving details of his
electrical resistivity measurements of germanium amalgams, reported that the solubility
at 573 K is at least 0.074 at %. Strachan and Harris (2) stated that the solubility
should be lower than 3 x 10-3 at %at room temperature. Stepanova and Zakharov (3,4)
showed that germanium may be electrolytically introduced into mercury with the formation
of supersaturated amalgams; from oxidation currents of the amalgams the solubility of
germanium at 298 K was estimated by these authors to be 2.7 x 10-4 at %. This value is
too high, and is rejected, as compared to more precise measurements discussed below; the
error in this solubility value is connected with the graphical procedure for the solu
bility determination. Moreover, Karpinski and Kublik (5) showed that under experimental
conditions similar to those of (3,4) some of the germanium crystals may be oxidized, thus
resulting in significantly overstated values for the solubility.

Karpinski and Kublik (5) reported on an exhaustive electroanalytical study of the
formation and dissolution of germanium amalgams. These authors determined the solubility
at 298.2 K to be 3.0 x 10-7 at %. Gladyshev and Tember (6), by employing radioactive
71Ge, found that the solubility at 293 K is 1 x 10-5 at %. In an earlier reference (7)
attributed to the latter authors, the solubility at 298 K was reported to be lower than
3 x 10-6 at %; details of the experimental procedure for this radioactive isotope work
were not presented. Gladyshev and coworkers reported additional polarographic measure
ments of germanium amalgams, as follows: 1.4 x 10-5 (8) and 1.5 x 10-5 at % (9) at
293 K, and 1 x 10-5 at % (10) at 298 K. These values may be overstated because of too
short drop-times of the mercury electrode during the polarographic measurements.

Kozin's estimated solubilities of 1.3 x 10-18 (11) and 1.1 x 10-12 at % (12) at 298 K
are clearly too low.

Sarieva et al (13) performed polarographic studies at 293 to 353 K and these authors
reported only the upper limits of the germanium solubility in this temperature range;
the solubility limits at 293 and 353 K were 4.3 x 10-5 and 9.2 x 10-4, respectively.

The saturated germanium amalgam is in equilibrium with solid germanium (5).

The tentative solubility of germanium in mercury at 298 K is 3 x 10-7 at % (5).

References

1. Edwards, T.J. PhiZ. Mag' J Ser. 7J 1926, 2, 15.
2. Strachan, J.F.; Harris, N.L. J. Inst. MetaZs 1956-57, 85, 17.
3. Stepanova, O.S.; Zakharov, M.S. EZektrokhimiya 1966, 2, 777.
4. Stepanova, O.S.; Zakharov, M.S. I2V. Tomsk. PoZitekh. Inst. 1966, 151, 21.
5. Karpinski, z.J.; Kublik, Z. J. EZeatroanaZ. Chem. InterfaaiaZ EZeatroahem. 1977,

81, 53.
6. Gladyshev, V.P.; Tember, G.A. I2V. Akad. Nauk Ka2. SSRJ Ser. Khim. 1972, No.2, 14.
7. Tember, G.A.; Gladyshev, V.P., cited by M.T. Kozlovsky, A.I. Zebreva~P. Gladyshev,

AmaZgamy i Ikh Primenenie J Nauka, Alma-Ata, 1971, p. 20.
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10. Gladyshev, V.P.; Kovaleva, S.V.; Sarieva, L.S. Zh. AnaZ. Khim. 1982, 37, 1762.
11. Kozin, L.F. Tr. Inst. Khim. Nauk Akad. Nauk Ka2. SSR 1962, 9, 101.
12. Kozin, L.F. Fi2iko-Khimiaheskie Osnovy AmaZgamnoi MetairUrgii J Nauka, Alma-Ata,

1964.
13. Sarieva, L.S.; Kovaleva, S.V.; Gladyshev, V.P. Zh. Fi2. Khim. 1984, 58, 502.
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COMPONENTS:

(1) Germanium; Ge; [7440-56-4]

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

VARIABLES:

One temperature: 293 K

EXPERIMENTAL VALUES:

Germanium

ORIGINAL MEASUREMENTS:

Gladyshev, V.P.; Tember, G.A.

Izv. Akad. Nauk Kaz. SSR' J Ser Khim.
1972, No.2, 14-21.

PREPARED BY:

C. Guminski; Z. Galus

3Solubility of germanium in mercury at 293 K was reported to be 0.005 ± 0.002 mg/l0 cm
Hg. The corresponding mass % and atomic % solubilities calculated by the compilers are
3 x 10-6 mass % and 1 x 10-5 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Amalgams were obtained by electroreduction,
on a Hg cathode, of Ge(IV) in 0.5 mol dm-3
H2S04; the Ge also contained radioactive
71Ge, and oxygen was eliminated from the
solution by a stream of hydrogen. The
amalgam was then transferred into another
cell for solubility measurements. Based on
radioactivity measurements, a set of kinetic
curves of aging of the amalgam was recorded.
It was assumed that Ge crystals from the
amalgam should cover the Hg surface while
the bulk of the amalgam was a saturated
solution. Independently of initial Ge
content, the final level of radioactivity
of the homogeneous phase was always the
same after 16 h; this suggests that the
level measured corresponds to the saturated
amalgam of germanium.

SOURCE AND PURITY OF MATERIALS:
Mercury was purified by electrolysis then
distilled from quartz apparatus.

Ge02 was of "semiconductor" purity.

Water was distilled in a quartz apparatus.

H
2

S0
4

was purified by electrolysis.

ESTIMATED ERROR:
Soly: precision ± 40%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Germanium; Ge; [7440-56-4]

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

VARIABLES:

One temperature: Z5°C

EXPERIMENTAL VALUES:

Germanium

ORIGINAL MEASUREMENTS:

Karpinski, Z.J.; Kublik, Z.

J. EZeatroanaZ. Chern. InterfaaiaZ
EZeatroahern. 1977, 81, 53-66.

PREPARED BY:

C. Guminski; Z. Galus
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Solubility of germanium in mercury at Z5.0°C was reported to be (2.0 ± 0.5) x 10-7 mol
dm-3 . The corresponding atomic % solubility calculated by the compilers is
3.1 x 10-7 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Germanium amalgams were obtained electro
lytically on the hanging mercury-drop
electrode from solutions of Ge(IV) of concn.
10-6-10-5 mol dm- 3 in a phosphate buffer at
pH = 7.8. Chronoamperometric measurements:
initially, reduction at -1.75 V vs. satu
rated HgZS04 electrode followed by pause of
15-60 seconds, then oxidation at -0.75 V.
Measurements made at different Ge(IV)
concentrations and the oxidation current,
i3' at -0.75 V was plotted against the time,
t2' of applied potential, -1.25 V, at which
no Ge(IV) reduction current flowed. For
t2 < 10 min, i3 systematically decreased
with increase in tz; for t2 > 10 min i3 was
independent of t2' indicating saturation
equilibrium. Solubility was calculated
from the determined diffusion coefficient
of Ge in Hg and the time during oxidation.

SOURCE AND PURITY OF MATERIALS:
Supporting electrolytes were prepared with
analytical reagents (Ciech) and triply
distilled water, then purified with
charcoal and electrolyzed at -1.7 V.

Ge02 was 99.999% pure from Fluka. IIg
purified with acidified Hg2(N03)2 solution
then distilled under reduced pressure.

ESTIMATED ERROR:
Soly: precision + 25%.

Temp: precision ± 0.2 K.

REFERENCES:
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COMPONENTS:

(1) Germanium; Ge; [7440-56-4]

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

VARIABLES:

Temperature: 293-298 K

EXPERIMENTAL VALUES:

Solubility of germanium in mercury:

Germanium

ORIGINAL MEASUREMENTS:
1. Gladyshev, V.P.; Syroeshkina, L.S.;

Sarieva, L.S. Izv. Vyssh. Uaheb. Zaved' J

Khim. Khim. Tekhnot. 1980, 23, 936-9.
2. Same authors. Zh. Anat. Khim. 1979, 34,

296-9. --
3. Gladyshev, V.P.; Kovaleva, S.V.;

Sarieva, 1. S. Zh. AnaL Khim. 1982, 37,
1762-6. --

PREPARED BY:

C. Guminski; Z. Galus

T/K Soly/mass % Soly/at %a Reference

293 (5.0 ± 0.5) x 10-6 (1.4 ± 0.1) x 10-5 [1]

293 -6 -5 [2]5.5 x 10 1. 5 x 10

298 3 x 10-6 1 x 10-5 [3]

aby compilers

It appears that these results may be too high because the mercury drop-times during
the polarographic measurements may have been too short to reach equilibrium in the
amalgam (compilers).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Ge(II) was reduced on the dropping-Hg
electrode by polarography; Ge(II~ concen
trations were 1 x 10-5 - 1 x 10- mol dm-3 .
The electrolyte was 1-10 mol dm-3 HCl + 0.5
mol dm-3 Na2H2P02' Argon was passed for 15
min. through the solutions to remove oxygen.
The electrode process proceeded with 100%
current efficiency. Stationary concentra
tions of germanium amalgams at various
Ge(II) concentrations in the solutions were
calculated coulometrically; the inflection
point in the plot of peak current vs.
logarithm of Ge(II) concentration indicated
the saturation concentration.

SOURCE AND PURITY OF MATERIALS:

Ge02 and HCl were of high purity. NaH2P04'
chemically pure, was recrystallized.

Hg was specified as "R-O" grade.

ESTIMATED ERROR:
Soly: precision + 10% in (1); nothing

specified Tn (2) and (3).

Temp: nothing specified.

REFERENCES:



COHPONENTS:

(1) Tin; Sn; [7440-31-5]

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

CRITICAL EVALUATION:

Tin

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland
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1-....__

Tammann (1) reported the first study on the phase relationship in the Sn-Hg system.
This author found that the melting point, m.p., of Hg is elevated by the addition of
small amounts of Sn; the elevation of the m.p. was 2.4 K at 0.474 at % Sn. Tammann
reported that the m.p. of Hg was 244 K, as compared to the true m.p. of 234.13 K; it is
the opinion of the evaluators that Tammann inadvertently misstated the m.p., and that his
experimental value was 234 K.

Heycock and Neville (2) studied this system in the tin-rich region and found the
continuous decrease in the m.p. with addition of up to 9.29 at %Hg; the m.p. was
486.21 K at 9.29 at % Hg.

The first extensive phase diagram studies of the Sn-Hg system were reported by
Pushin (3) and by Van Heteren (4). Both authors used thermal analysis to determine the
crystallization temperatures over the complete composition range, and there was excellent
agreement in the liquidus temperatures. The liquidus curve in Hansen's phase diagram (5)
is based mainly on these data. More recent determinations of the liquidus by thermal
analysis (6-11) and by EMF measurements of concentration cells (9,12,13) confirm the
validity of the liquidus curve obtained by Pushin and by Van Heteren. However, Hansen's
phase diagram has been revised by Hultgren et al. (14) because of the more recent
determinations (11) of the compositions in the solid phases in the Sn-rich region.

The solubility of tin also has been determined at selected temperatures by chemical
analyses of the equilibrium liquid phase. Gouy (15) reported the first determination
of the solubility of tin near room temperature. Van Heteren (4) and Haring and White
(16) obtained a solubility of 1.21 and 1.263 at %, respectively, at 298 K, while Joyner
(17) found a solubility of 1.24 at % Sn at 298.6 K. Bennett and Lewis (18) found the
solubility at 303 and 313 K to be 1.43 and 1.76 at %, respectively. Filippova and
coworkers (19,20) determined the solubility of 1.29 at % at 298 K by calorimetry.

The solubility of gray and white tin in mercury was determined by Van Lent (21); in
the temperature range of 239.6 to 273.2 K it was found that the solubility difference
between these two forms of tin may be as high as 10%. The author suggests that some of
the discrepancies in the previously reported solubilities in this low temperature range
may be attributed to the difference in solubility between the two forms of tin.

Strachan and Harris (22) determined the solubility of 0.256 at %at room temperature.
Campbell and Carter (23) reported that the solubility of tin increased from 0.28 to
3.65 at %in the temperature range of 303 to 343 K, while Shalaevskaya and coworkers
(24) found that the solubility increased from 2.59 to 3.86 at % in the range of 295 to
333 K. Kozin (25) estimated a solubility of 17.02 at % at 298 K. The values from
(24,25) are rejected because the solubilities are either too high or too low.

The Sn-Hg phase diagram is shown in Fig. 1 (14).

(continued next page)
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COHPONENTS: EVALUATOR:

(1) Tin; Sn; [7440-31-5]

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

C. Guminski; Z. Galus
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University of Warsaw
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July, 1985

CRITICAL EVALUATION: (continued)

Recommended (r) and tentative values of the solubility of tin in mercury:

T/K Soly/at % Reference

238 0.23 (gray Sn)a [21]

238 0.26 (white Sn)a [21]

253 0.35 (gray Sn) [21]

253 0.38 (white Sn) (r)b [4,9,21]

263 0.47 (gray Sn) [21]

263 0.49 (white Sn) (r) [9,21]

266 0.54 (white Sn) [21]

273 0.66 (r) [9,13,21]

293 1.05 (r)b [4,9,12,13,17]

298.2 1. 26 (r) [9,12,13,16,17,19,20]

323 2.4 (r)b [9,12,13,18]

373 30 (r) [3,4,7-10]

473 84 (r) [3,4,7,8,10]

aExtrapolated value from data of cited references.
b Interpolated value from data of cited references.

mass %
700090

,I I 1
30 40 50 602010

I Oo;.tll
ClOOI-+-l-+--t-t--t--t- D!jTO~~

/ !
4751-+-l,-+--t-t--t--t--b"""1~'irH.

L / ri
4501-+-+-+--t--+--+/--7"-t-W-~

42ClI--.j-+-+--+---iV~fL-+-+--tt-.,

4ool--+-+-+-h-f--t--t-t-+---t
.//

~ :ml-+-l-:::;o~-t-t--t-:-;:;ot--j--tlr-1
I- ,..........10:"- - .11.!-._ "1

35 /_ _ _ _ _ _ _ _ _ _ 1~ - - ~ ~1

32Cl

Fig. 1. Sn-Hg system (14)
(continued next page)
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COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Tin

ORIGINAL MEASUREMENTS:

Tammann, G.

Z. Phys. Chern. 1889, 3, 441-9.

PREPARED BY:

C. Guminski; Z. Galus

Elevation of the melting point of Hg, ~T/K, upon addition of tin:

~T/K ~ at %a

0.60 0.063 0.106

1.1 0.148 0.250

2.1 0.219 0.369

2.4 0.281 0.474

aby compilers. ,

Solubilities at Sn content higher than 0.25 at % are erroneous (compilers).

The melting point of Hg was reported to be 244 instead of 234 K, but it is the opinion
of the compilers that the former value was a typographical error in the original
publication.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The melting temperatures were determined.
No further details were given.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision better than ± 0.1 K.

REFERENCES:



COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature: 213-231°C

EXPERIMENTAL VALUES:

Tin

ORIGINAL MEASUREMENTS:

Heycock, C.T.; Neville, F.H.

J. Chern. Soa. 1890, 57, 376-93.

PREPARED BY:

C. Guminski; Z. Galus
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Crystallization temperatures of tin amalgams:

~ at Hg/I00 at Sn at % Sn

231.4 0.0911 99.91

231.2 0.1809 99.82

230.89 0.3127 99.69

230.22 0.5889 99.41

229.05 1.078 98.93

227.53 1. 7256 98.30

225.05 2.772 97.30

223.07 3.886 96.25

219.39 6.141 94.21

214.62 9.21 91.57

213.06 10.24 90.71

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The experiments were performed in heavy
iron blocks, and the amalgams were
protected from the atmosphere by a surface
layer of paraffin. The melting tempera
tures were determined with calibrated
mercury thermometers.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision probably + 0.05 K
(compilers). -

REFERENCES:
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COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature: 25-229°C

Tin

ORIGINAL MEASUREMENTS:

Pushin, N.A.

Zh. Russ. Fiz. Khirn. Obshah., Ser. Khim.
1902, 34, 856-78.

Z. Anorg. Chern. 1903, 36, 201-54.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Crystallization temperature of tin amalgams:

t;oc at % Hg t/oC at % Hg t;oC at % Hg

229.4 0.7 170.5 30.9 101.5 69.2

227 1.7 166 33.2 98 71.5

224 3.0 159.2 36.2 97 73.3

221 4.8 152 40.0 93.5 74.6

218.2 6.3 140.5 45.7 88.7 80.0

215.5 7.8 132.5 50.0 81.5 87.4

211. 7 10.0 122.7 54.6

207.5 12.1 117.5 58.2

199.7 16.2 114 60.1

192.5 20.0 108 63.8

185.2 23.5 105 66.7

180 26.4 102 68.2

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by mixing and
heating the metals together. The
experiments were carried out under
paraffin or vaseline, and the cooling
curves were recorded.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: I precision ± 0.5 K.

REFERENCES:



COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature: (-37)-212°C

EXPERIMENTAL VALUES:
Liquidus temperatures of the Sn-Hg system:

t/oC at %Sn

-37.7 0.05

-36.8 0.1

-35.6 0.2

-34.35 0.3

65.2 5.17

79.7 10.79

'88.4 18.11

90.0 20.37

94.0 24.53

95.4 25.23

98.75 2~.45

Tin

ORIGINAL MEASUREMENTS:

Van Heteren, W.J.

Z. Anorg. Chern. 1904, 42, 129-73.

PREPARED BY:

C. Guminskij Z. Galus

t/oC at % Sn

99.0 28.96

102.4 31.87

103.4 32.46

107.4 35.33

115.2 40.27

133.4 49.99

155.2 61.44

173.0 70.31

183.7 76.62

198.55 82.84

211.6 89.95

145

The following solubilities of Sn in Hg were also reported:

t/oC Soly/at %

-18.8

o
15

25

0.36

0.59

0.97

1.21

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared from weighed
amounts of the metals in C02 atmosphere.
The liquid fraction of the amalgam was
filtered into a separate glass tube and
covered with paraffin or ricin oil. The
amalgams were heated and cooling curves
were recorded with the use of a recording
thermometer at the higher temperatures,
and with a toluol thermometer at the lower
temperatures. In the solubility measure
ments, the amalgams were filtered through
a chamois skin. The samples were weighed
and analyzed; tin was probably determined
gravimetrically as Sn02 (compilers).

SOURCE AND PURITY OF MATERIALS:
Mercury was twice-distilled under vacuum.

Tin from Bankazinn contained traces of
lead; it was melted, washed and dried
before use.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision better than + 0.5 K
(compilers). -

REFERENCES:
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COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature: 14-163°C

EXPERIMENTAL VALUES:

The solubility of tin in mercury:

t/OC

14.0

25.4

63.2

90.0

163.0

Tin

ORIGINAL MEASUREMENTS:

Joyner. R.A.

J. Chern. Soa. 1911. 195-205.

PREPARED BY:

C. Guminski; Z. Galus

Soly/at % Sn

1.05

1.24

4.04

18.0

66.7

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Amalgam was prepared by combining Sn
filings with Hg in sealed tubes containing
H2' then heating the tubes in a thermostat.
Liquid phase was pipet ted through glass
wool filter. and weighed sample was
analyzed gravimetrically for Sn as the
oxide.

SOURCE AND PURITY OF MATERIALS:
Commercial Sn was dissolved in HCl. and
the crystallized SnCl2 was treated with
HN03 to be converted to metastannic acid.
The latter was dried and reduced to Sn
with coal gas or H2' The finely divided
Sn was then fused under KCN and cast
into bars.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: precision probably no better than

± 0.5% (compilers).
Temp: precision better than + 0.1 K

-(comoilers). -
REFERENCES:



COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature: 508 K

EXPERIMENTAL VALUES:

Tin

ORIGINAL MEASUREMENTS:

Honda, K.; Ishigaka, T.

Sai. Rep. Tohoku Univ. 1925, 14, 219-32.

PREPARED BY:

C. Guminski; Z. Galus
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Depression of freezing point of tin amalgam containing 1 at % of mercury was
determined to be 3.04 K. The melting temperature of pure tin was assumed to be
505.0 K.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The usual method of thermal analysis was
used. The alloys to be tested were
melted in an alundum tube. The melts
were protected from oxidation with a
thick layer of asbestos wool which was
covered with paraffin or vaseline.
Temperatures were measured with a copper
constantan thermocouple.

SOURCE AND PURITY OF MATERIALS:
Metals probably were extra pure grade
from Merck (compilers).

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision better than + 0.05 K.

REFERENCES:
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COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature: 75-230°C

Tin

ORIGINAL MEASUREMENTS:

Gayler, M.L.V.

J. Inst. MetaZs 1937, 60, 379-406.

PREPARED BY:

C. Guminski; A. Galus

EXPERIMENTAL VALUES:
Gayler presented a phase diagram based mainly on the unpublished data of Prytherch (1)
and of Van Heteren (2), with three points from the author's own measurements. The
mass % liquidus data points were read from the curve and converted to atomic %by
the compilers.

trc mass % at % trc mass % at % trC mass % at %

75 5.2 8.5 124 35.4 48.1 222 94.0 96.4

85 10.0 15.8 174 60.0 71.7 228 96.5 97.9

90 13.0 20.2 181 70.0 79.8 229 97.6 98.6

94 17.2 26.0 199 75.8 84.1 230 99.0 99.4

107 25.3 36.4 210 83.2 89.3 93-104a 20 30

108 27.2 38.7 215 88.0 92.5 102-112a 30 42

151-157a 50 63

SData of Gayler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared from the pure
metals. The alloys were placed in silica
tubes and sealed in an atmosphere of dry
hydrogen. The cooling and heating curves
were recorded with the use of thermo
couples. Prytherch's method is not
specified in detail, but he also applied
thermal analysis.

SOURCE AND PURITY OF MATERIALS:

Chemically pure tin contained a trace
of iron.

Mercury was chemically purified and
redistilled.

ESTIMATED ERROR:
Nothing specified.

REFERENCES:
1. Prytherch, W.E.

Unpublished work cited by Gayler in
this paper.

2. Van Heteren, W.J.
Z. Anopg. Chern. 1904, 42, 129-73.



COMPONENTS:

Tin

ORIGINAL MEASUREMENTS:
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(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Haring, M.M.; White, J.C.

TPana. EZeatroahem. Soa. 1938, rS, 211-21.

PREPARED BY:

C. Guminaki; Z. Galus

The solubility of tin in mercury at 25°C was reported to be 1.261 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Known quantities of tin and mercury were
placed in a flask with a few milliliters
of 0.06 mol dm- 3 HCI; the latter solvent
was used to remove the oxide film on the
tin. The flask was heated in a beaker of
boiling water with shaking. The hot
amalgam was then rapidly passed through
two capillaries into an air-free cell
through a special funnel. The double
filtration in the capillaries removed any
solid amalgam and traces of oxide. A
known quantity of amalgam was dissolved
in conc. HN03, evaporated to dryness,
heated to drive off the Hg, then ignited
to constant weight to determine the Sn
as the oxide.

SOURCE AND PURITY OF MATERIALS:
Mercury was sprayed through a column of
1.0 mol dm-3 HN03 and Hg2(N03)2' then
dried, and twice distilled.

Tin was prepared by electrolysis of
stannous chloride in hydrochloric acid.

ESTIMATED ERROR:
Soly: precision ± 0.2%.

Temp: precision ± 0.02 K.

REFERENCES:
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COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature: 30-40·C

Tin

ORIGINAL MEASUREMENTS:

Bennett, J.A.R.; Lewis, J.B.

J. Chim. Phys. 1958, 55, 83-7.

Am. Inst. Chern. Eng. J. 1958, 4, 418-22.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
The solubility of tin in mercury at 30 and 40·C was reported to be 0.85 and 1.05 mass %.

The corresponding atomic % solubilities calculated by the compilers are 1.43 and
1.76 at %, respectively.

AUXILIARY INFORMATION

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

The Sn amalgams were prepared by Metal purities were 99.99%.
dissolution of rotating Sn cylinders in
Hg. The dissolution vessel was mounted
inside a glove box filled with pure argon.
The amalgam samples were analyzed by
distilling out the Hg at 573 K in a
nitrogen atmosphere. The sample and the
residue were weighed for analysis.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.2 K.

REFERENCES:



COMPONENTS:

0) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature: (-34)-0°C

EXPERIMENTAL VALUES:

Tin

ORIGINAL MEASUREMENTS:

Van Lent, P.H.

Aata Met. 1961, 9, 125-28.

PREPARED BY:

C. Guminski; Z. Galus
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Solubility of gray and white tin in mercury:

Sn (ray) Sn (white)
t;oc Solyat % Soly!at %

-33.6 0.243 :!: 0.001 0.269 :!: 0.002

-21.6 0.344 0.369 ± 0.002

-10.6 0.467 :!: 0.004 0.492 :!: 0.002

-6.55 0.566 ± 0.002 0.560 ± 0.001

0.00 0.659 ± 0.003 0.656

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams were prepared by adding Sn powder
to Hg which was contained in a stoppered
tube. The gray Sn amalgam was prepared at
-40°C, then stored at -20°C for 12 hours.
The white Sn amalgam was prepared and
stored at room temperature. The equilibra
tions were made by suspending the amalgam
tubes in a dewar tube which contained
various salt-water eutectic mixtures. The
tubes were vigorously agitated for 8 hours,
then 40 g of the amalgam solution was
removed, and the Sn was determined
gravimetrically as Sn02•

SOURCE AND PURITY OF MATERIALS:
Mercury was purified by air oxidation of
impurities and vacuum distilled.

Tin purity not specified.

ESTIMATED ERROR:
Soly: precision better than + 1%.

Temp: precision better than ± 0.1 K.

REFERENCES:
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COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

Tin

ORIGINAL HEASUREHENTS:

Taylor, D.F.; Burns, C.L.

J. ReB. Nat. Bur. Stand. ~, 67A, 55-70.

REFERENCES:
1. Crawford, W.H.; Larson, J.H.

J. DentaZ ReBearah 1955, 34, 313.

SOURCE AND PURITY OF MATERIALS:
Refined Hg from N.B.S. contained <1.1 mg/kg
metallic impurity.

Baker and Adamson reagent grade tin sticks
and tin from Consolidated Mining and
Smelting Company of Canada Limited were
used.

Analyses of tin specimens were given.

VARIABLES: PREPARED BY:

Temperature: 99-230·C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Liquidus temperatures of mercury-tin alloys:

t/"C at % Sn t/·C at % Sn

231.9 100.0 204.0 87.11

230.1 98.81 203.2 85.72

222.9 96.97 199.5 84.29

219.3 95.74 197.5 82.04

218.4 93.83 191.6 79.85

216.0 92.53 176.1 71. 72

214.4 91.22 157.5 62.83

212.8 89.86 139.0 52.98

208.3 88.53 118.9 42.01

208.4 88.50 99.0 29.70

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
Weighed amounts of Sn and Hg were sealed in
Pyrex tubes provided with reentrant thermo
couple wells. Before sealing, the tubes
were repeatedly evacuated and flushed with
dry H2 and finally sealed with a residual
H2 pressure of 2-5 torr. The alloys were
homogenized by heating to 250·C and holding
for at least 1 hour, then quenched in water
at 20-25·C. Heating and cooling curves
were recorded as soon as possible after
annealing by measuring the temperature of
the alloy, and the differential temperature
of the alloy vs. pure Hg. A minimum of six }-E~ST-I-MA-T-E-D-E-RR-O-R-:--------------l
heating-cooling runs were made on each
composition. Soly: nothing specified.
Tin-rich Alloys Temp: precision ± 0.5 K.
Constant temperature diffusion followed by
serial sectioning and analyses were carried
out to identify the various phases and
their compositions in high Sn alloys (max.
t/·C. 110). Hg analysis was by modifica
tion of that of Crawford and Larson (1):
known weight of sample was heated in vacuum
at 500·C and Hg determined by the weight
10s9. X-ray diffraction studies on these
alloys also reported.



COMPONENTS:

(1) Tin; Sn; [7440-31-5)

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

VARIABLES:

Temperature: (-35)-192°C

Tin

ORIGINAL MEASUREMENTS:

Petot-Ervas, G.; Caillet, M.; Desr~, P.

C.R. Aoad. Soi •• Sev. 2 1967, 264, 490-3.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:
Solubility of tin in mercury at various temperatures; data in
EMF measurements, and last two columns by thermal analysis:

t/OC Soly/at % trc Soly/at %

54 2.5 -35.4 0.16

61 3.0 -28.4 0.29

67.5 4.0 -17.9 0.41

70 5.0 -8.4 0.52

78 8.0 1.1 0.65

85 15 16.5a 0.97±0.02

92 20 26a 1.27±0.02
,

103 30 30a 1.40±0.03

108.5 35 40a 1.88±0.02

113.5 40 50a 2.59±0.04

123 45 60a 3.34±0.02

129 50 n a 5.6±0.5

142.5 55

apreviously published in refs. (1) and (2).

AUXILIARY INFORMATION

first four columns by

t/oC Soly/at %

79 9

147 57

192 80

METHOD/APPARATUS/PROCEDURE:

Measurements of the EMF of the cell,
SnISn(II) ISn(Hg) ,

were performed in an argon atmosphere. At
temperatures below 200°C the electrolytes
were SnCI2-NH4CI and SnCI2-LiCI in water
or glycerine. At temperatures above 200°C
EMF measurements were made by using the
molten electrolyte, SnCI2-ZnCI2-KC1-LiCl.
Solubility corresponds to breakpoint of
EMF vs. log (concentration). Method of
thermal analysis is not described in
detail.

SOURCE AND PURITY OF MATERIALS:
Not specified.

ESTIMATED ERROR:
Soly: precision better than + 2%.

Temp: precision ± 0.1 K for EMF
measurements.

REFERENCES:
1. Bonnier, E.; Desr~, P.; Petot-Ervas, G.

C.R. Acad. Soi •• Sev. 2 1962, 255. 2432-4.

2. Petot-Ervas, G.; Desr~, P.; Bonnier, E.
BuZZ. Soo. Chim. Fv• .!2£, 1261-4.
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COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature: 70-215°C

EXPERIMENTAL VALUES:

Tin

ORIGINAL MEASUREMENTS:

Yan-Sho-Syan, G.V.; Semibratova, N.M.;
Nosek, M.V.

TTl. Inat. Khim. Nauk Akad. Nauk Kaz. SSR
1969, 24, 120-7.

PREPARED BY:

C. Guminski; Z. Galus

Liquidus temperatures of tin-mercury alloys:

t;oC

70

84

102

115

130

150

173

182

193

201

215

METHOD/APPARATUS/PROCEDURE:

Soly/at %

10.0

20.0

30.0

40.0

50.0

60.0

70.0

75.0

80.0

85.0

90.0

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

Thermal analysis was used in the
determination of liquidus temperatures.
The procedure was probably the same as
described in (1).

Mercury was chemically purified and then
twice-distilled under vacuum.

Tin purity was 99.9998%.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 1 K.

REFERENCES:
1. Yan-Sho-Syan, G.V.; Nosek, M.V.;

Semibratova, N.M.; Shalamov, A.E.

TTl. Inat. Khim. Nauk Akad. Nauk Kaz.
SSR 1967, 15, 139-49.



COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

Temperature: 209-230°C

EXPERIMENTAL VALUES:

Tin

ORIGINAL MEASUREMENTS:

Predel, B.; Rothacker, D.

Aata Met. 1969, 17, 783-91.

PREPARED BY:

C. Guminski; Z. Galus
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The authors present a revised phase diagram for the composition range of 87.5-100 at %
Sn. The solubilities were read from the liquidus line by the compilers:

trC Soly/at % t/oC Soly/at %

230.3 99.3 219.7 94.5

228.4 98.8 218.6 93.7

226.6 98.1 217.6 93.4

224.7 97.5 215.4 91.9

221.8 96.4 213.6 91.5

221.6 96.0 212.1 90.6

221.2 95.5 211.4 90.1

220.9 95.1 210.0 89.1

222.8 97.0 209.5 88.5

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared from weighed
amounts of the metals, then differential
thermal analysis curves were recorded to
determine the liquidus points.

SOURCE AND PURITY OF MATERIALS:

Tin was 99.999% pure.

Mercury was 99.9995% pure.

ESTIMATED ERROR:
Nothing specified.

REFERENCES:
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COMPONENTS:

(1) Tin; Sn; [7440-31-5]

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

VARIABLES:

One temperature: 298 K

Tin

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zebreva, A.I.;
Zhumakanov, V.Z.

Ukr. Khim. Zh. 1981, 47, 473-6.

Izv. Vyssh. Uaheb. Zaved., Khim. Khim.
TekhnoZ. 1982, 25, 827-9.

PREPARED BY:

c. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of tin in mercury at 298 K was reported to be 0.87 + 0.06 mol dm-3•
The corresponding atomic % solubility calculated by the compilers Is 1.29 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The heterogeneous amalgam was prepared by
mixing weighed amounts of the metals.
Heat effect, Q, was measured directly
during thermometric titration when subse
quent portions of mercury were added to
the amalgam. The inflection point on the
plot of Q vs. amalgam concentration of tin
corresponded to the solubility of tin in
mercury. Experiments were performed in
argon atmosphere.

SOURCE AND PURITY OF MATERIALS:

So~rce and purity of Sn and Hg not
specified.

Argon was of "A" class purity.

ESTIMATED ERROR:
Soly: precision ± 7%.

Temp: not specified.

REFERENCES:



COHPONENTS:

(l) Lead; Pb; [7439-92-1]

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

Lead

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985
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CRITICAL EVALUATION:

Tammann (1) was the first to report on the solubility of lead in mercury by determining
the freezing point upon addition of small quantities of lead to mercury. At a lead con
centration of 0.347 at %he found that the melting point of mercury was elevated by
1.30 K.

Pushin (2) and JUnecke (3) determined the crystallization temperatures of lead amalgams
over nearly the complete composition range with good agreement. The major portion of the
liquidus for the phase diagram (4) of this system, Fig. 1, is based upon the data of
these authors. Yan-Sho-Syan and coworkers (5) performed exhaustive thermographic
experiments and their liquidus line in the composition range of 0-65 at % Pb differs
significantly from that of the previous (2-4) and some subsequent results.

A number of workers have reported solubility determinations over narrow composition
ranges, especially for those near room temperature. Thompson (6) employed a filtration
method to obtain a solubility in the temperature range of 293-342 K, and the interpo
lation of his data yields a solubility of 1.63 at % at 298 K. This solubility is in
good agreement with the carefully determined value of 1.65 at % which was obtained by
Haring et a1. (7) from EMF measurements. Fi1ippova et al. (8,9), from thermometric
titration, also determined a solubility of 1.65 at % at 298 K. These three determinations
at 298 K are considered to be the most accurate at this temperature. The solubility of
1.42 at % determined by EMF measurements (10) is considered too low by the evaluators.

Gouy (11) reported a lead solubility of 1.3 at % at 288-291 K, while Jangg and
Kirchmayr (12) determined a solubility of 1.35 at % at 288 K. The latter value is in
good agreement with the extrapolated data of (6). Moshkevich and Ravde1 (13) deter
mined the solubility of lead in the Hg-rich region, at 237-323 K, by observing the
decrease in weight of a lead disc which was rotated in a known quantity of mercury.
These authors' results were in good agreement with the acceptable solubilities reported
by other workers (6-9,12).

There have been other reports of the solubility in the Hg-rich region, but these
solubilities are rejected because they are either too low (1.05 at % at room temperature
(14), 0.99 at % at 293 K (15), 1.16 at % at 291 K (16), and a set of points on the
liquidus line shifted down to 303 K in the 64-95 at % range (17», or too high (1.9 at %
in the temperature range of 273-302 K (18) and higher than 1.00 at % at 273 K (19».
Kozin's estimate (20) of the 298 K solubility of lead in mercury, 26.9 at %, is clearly
too high.

Heycock and Neville (21) determined the solubility in the Pb-rich region by observing
the freezing point depression of lead by addition of up to 6.08 at %of mercury.
Ishigaki and Honda (22) similarly determined the freezing point depression of lead upon
addition of 1.0 and 2.0 at % Hg. The results of the measurements by both groups of
authors agreed with the data of Pushin (2), and JUnecke (3).

As shown in Fig. 1 (4), the saturated amalgams are in equilibrium with either Pb or
Pb2Hg. However, the phase diagram is not yet completely clear.

(continued next page)
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COHPONENTS: EVALUATOR:

(1) Lead; Pb; [7439-92-1]

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

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

Warsaw, Poland

July, 1985

CRITICAL EVALUATION: (continued)

Recommended (r) and tentative values of the solubility of lead:

TIK

237

258

273

293.2

298.2

323

373

473

573

Soly/at %

0.44

0.73

0.96
1.47 (r)b

1.63 (r)a

2.7 (r)a

13a

63a

93 (r)b

Reference

[13]

[13]

[13]

[6,13]

[7-9,13]

[6,13]

[2,3,5]

[2,5]

[2,3,5,21]

amean value from cited references.
bInterpolated value from data of cited references.

Pb0.9

I I ,
I I

0.5 0.6 0.7 0.8
X Pb

L

0.2 0.3 0.4

mass %

r---,IT0---.,;2,0~..:::30ir-_4;r0~~50~..::60~_7~0 80 90
~A ~tVJ1

"'"'~I

550r--t--r-t--t--+--f--t--t.",./4~/~

./'" "
500r---r-t--+--/--I--1--7"'~/-i---4~

/V /
450r--t--r---jr--+--l7"~--I--.jL--I---1

./ I,

~ 400 r--r--1r---:j7"/9",c-----t~_--+-,--!Th-+~-!-(-4-~--J
I- I _------..... " I

350 /---- I \ ~ (Pb)

1/ II I
300 II ,13, ,

I I I I

250r--t---t--t---h,mf--+-i-'.,1.1-t'.+-+--I
ft,# 2)\~V

234.al _(Hg:

I-jg 0.1

Fig. 1. The Pb-Hg system (4)

(continued next page)



COHPONENTS:

(1) Lead; Pb; [7439-92-1]

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

CRITICAL EVALUATION: (continued)

References
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COMPONENTS:

(1) Lead; Pb; [7439-92-1]

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

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Lead

ORIGINAL MEASUREMENTS:

Tammann, G.

Z. Phys. Chern. 1889, 3, 441-9.

PREPARED BY:

C. Guminski; Z. Galus

Elevation of the melting point of mercury, 6T/K, upon addition of small amounts
of lead:

6T/K g Pb/lOO g Hg at % Pba

-0.02 0.015 0.015

+0.027 0.070 0.068

+0.37 0.172 0.166

+0.89 0.247 0.239

+1.24 0.333 0.322

+1.30 0.359 0.347

aby compilers.

The melting point of Hg was reported to be 244 instead of 234 K, but it is the
opinion of the compilers that the former value was a typographical error in the
original publication.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The melting temperatures of the amalgams
were determined. No further details
were given.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.05 K.

REFERENCES:



COMPONENTS:

(1) Lead; Pb; [7439-92-1]

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

VARIABLES:

Temperature: 304-323°C

EXPERIMENTAL VALUES:
Freezing points of lead amalgams:

Lead

ORIGINAL MEASUREMENTS:

Heycock, T.C.; Neville, F.H.

J. Chern. Boa. 1892, 61, 888-914.

PREPARED BY:

C. Guminski; Z. Galus
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~

323.89

315.48

304.69

aby compilers.

atom Hg/I00 at Pb

0.729

3.29

6.74

AUXILIARY INFORMATION

0.724

3.18

6.08

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

Weighed quantities of the metals were Not specified.
placed in a hard glass tube then evacuated
prior to sealing. The tube was heated to
a red heat and well shaken. Temperatures
of crystallization were measured with
calibrated thermometers.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision probably better than
± 0.05 K (compilers).

REFERENCES:
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COMPONENTS:

(1) Lead; Pb; [7439-92-1]

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

Lead

ORIGINAL MEASUREMENTS:

Pushin, N.A.

Zh. Russ. Fiz. Khim. Obshoh., Se~. Khim.
1902, 34, 856-78.

Z. Ano~g. Chern. 1903, 36, 201-54.

VARIABLES: PREPARED BY:

Temperature: 23-318°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Crystallization temperatures of lead amalgams:

t/oC at % Hg t/oC at % Hg t/oC at % Hg

318.5 2.6 189.5 40.6 116.75 70.8

305.25 6.3 179 44.1 110.5 75.0

288 11.0 "'174 46.2 104.5 79.9

267.5 16.6 162.5 50.0 101 83.0

247 22.6 155.5 52.6 96.75 86.4

241 24.5 149.5 54.7 90.75 89.7

232 27.0 137 60.0 "'84 92.7

222.75 29.9 129.5 63.5 "'71 95.0

212 33.33 123.5 66.7 "'50 96.7

204 35.8 120.2 68.4 <23 98.2

191.5 39.8

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by mixing the
metals, followed by heating. The cooling
curves were recorded. The experiments
were carried out under paraffin or
vaseline.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.5 K.

REFERENCES:



COMPONENTS:

(1) Lead; Pb; [7439-92-1)

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

VARIABLES:

Temperature: 106-307°C

EXPERIMENTAL VALUES:

Temperatures of crystallization:

t;oc
307

293

278

264

252

236

224

210

161

124

106

METHOD/APPARATUS/PROCEDURE:

Lead

ORIGINAL MEASUREMENTS:

JlInecke, E.J.

Z. Phys. Chern. 1907, 60, 399-412.

PREPARED BY:

C. Guminski; Z. Galus

at % Hg

5

9

13

16.5

20

25

28.5

33.5

50

66.5

80

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

163

The cooling of the amalgams was measured
with mercury thermometers or thermo
elements, and microscopic observations
were carried out in parallel.

Not given.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 1 K (compilers).

REFERENCES:
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COMPONENTS:

(1) Lead; Pb; [7439-92-1]

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

VARIABLES:

Temperature

Lead

ORIGINAL MEASUREMENTS:

Honda. K.; Ishigaki. T.

Sai. Rep. Tohoku Unive~. ~. 14.
219-232.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Depression of freezing point of lead with 1.0 and 2.0 at % of mercury was reported
to be 3.38 and 6.88 K. respectively. The melting point of lead was assumed to be
600.6 K.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The usual method of thermal analysis was
used. The alloys to be tested were
melted in an alundum tube. The melts
were protected from oxidation with a
thick layer of asbestos wool. over which
paraffin or vaseline was poured.
Temperatures were measured with a copper
constantan thermocouple.

SOURCE AND PURITY OF MATERIALS:

Nothing specified. but probably extra
pure metals from Merck were used
(compilers) •

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision probably + 0.05 K
(compilers). -

REFERENCES:



COMPONENTS:

(1) Lead; Pb; ~7439-92-11

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

VARIABLES:

One temperature: 298 K

EXPERIMENTAL VALUES:

Lead

ORIGINAL MEASUREMENTS:

Hoyt, C.S.; Stegman, G.

J. Phye. Chern. 1934, 38, 753-9.

PREPARED BY:

c. Guminski; Z. Galus
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Solubility of lead in mercury at 298.16 K was reported to be 1.42 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared by adding
predetermined amounts of Pb to a known
amount of Hg. The mixture was homogenized
by warming and agitating in the separatory
funnel in which the amalgam was prepared.
EMF's of the cell

Pb(lIg)sat IPbS04 IZnS04 IPbS04 IxPb(lIg)

were measured. All operations were
performed in hydrogen atmosphere.

SOURCE AND PURITY OF MATERIALS:

Mercury was purified with concentrated
H2S04 and then distilled 3 times under
reduced pressure.

Lead was Kahlbaum's "for analysis."

ESTIMATED ERROR:
Soly: precision better than 1%.

Temp: precision ± 0.02 K.

REFERENCES:
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COMPONENTS:

(1) Lead; Pb; [7439-92-1]

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

VARIABLES:

Temperature: 19-69°C

EXPERIMENTAL VALUES:

The solubility of lead in mercury:

t/OC

19.7

30.7

39.9

47.4

48.2

60.6

69.2

Lead

ORIGINAL MEASUREMENTS:

Thompson, H.E., Jr.

J. Phys. Chern. 1935, 39, 655-64

PREPARED BY:

C. Guminski; Z. Galus

Soly/at %

1.469

1.811

2.203

2.588

2.631

3.438

4.279

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Both metals were sealed in Pyrex glass
tubes at a pressure of about 0.01 mm.
Tubes were placed in the thermostat and
shaken for several hours to saturate the
mercury with lead. Then the homogeneous
amalgam was filtered off and analyzed for
the content of lead.

The analysis consisted in the vaporiza
tion of the mercury from the amalgam and
weighing the residue as the amount of
metal dissolved.

SOURCE AND PURITY OF MATERIALS:
High purity lead from the U.S. Bureau of
Standards. Spectrographic analysis showed
that only calcium was present in quantities
more than a trace.

Mercury was purified with 6 mol dm-3

nitric acid and then triply distilled.

ESTIMATED ERROR:
Soly: precision better than 0.015%.

Temp: precision ± 0.1 K.

REFERENCES:



COMPONENTS:

Lead

ORIGINAL MEASUREMENTS:
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(1) Lead; Pb; [7439-92-1)

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Haring, M.M.; Hatfield, M.R.; Zapponi, P.T.

T~anB. EZeat~oahem. 80a. 1939, 75,
473-84.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of lead in mercury at 25°C was reported to be 1.650 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams were prepared electrolytically
and the homogeneous amalgams were sepa
rated by filtration. The EMF of the
amalgam cells enabled the determination of
the activity of lead in the saturated
amalgams of various concentrations. The
standard potential of the lead electrode
also was determined. The cell was of the
type:

(Pt),H21 (1 atm)!HCl04 (xm)IHCl04 (xm)

+ Pb(C104)2 (yrn)IPb(Hg)

where m is the concentration in mol kg-1

SOURCE AND PURITY OF MATERIALS:

All materials were of reagent grade.

Mercury was purified with dilute nitric
acid and mercurous nitrate and then
distilled.

ESTIMATED ERROR:
EMF's: precision ± 0.05 mV.

Temp: precision ± 0.02 K.

REFERENCES:
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COMPONENTS:

(1) Lead; Pb; [7439-92-1)

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

VARIABLES:

One temperature: 15°C

EXPERIMENTAL VALUES:

Lead

ORIGINAL MEASUREMENTS:

Jangg, G.; Kirchmayr, H.

Z. Chern. 1963, 3, 47-56.

PREPARED BY:

C. Guminski; Z. Galus

-3The solubility of lead in mercury at 15°C was reported to be about 0.90 mol dm •
The corresponding atomic % solubility calculated by the compilers is 1.35 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by electrolysis.
Potential of the lead amalgam was measured
against the constant potential electrode
in the cell,

Pb(Hg) IPb(CH3COO)2 , IKClIHg2Cl2' Hg

The concentration of Pb(CH3COO)2 was 0.01,
0.1 or 1.0 mol dm-3 with addition of
5 x 10-3 mol dm-3 of CH3COOH.

The concentration of the saturated amalgam
was evaluated from the break in the curve
relating potential to the logarithm of the
amalgam concentration. The experiments
were performed in an inert gas atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision ± 10% or better.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Lead; Pb; [7439-92-1]

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

VARIABLES:

Temperature: (-36)-50°C

EXPERIMENTAL VALUES:

The solubility of lead in mercury:

Lead

ORIGINAL MEASUREMENTS:

Moshkevich, A.S.; Rav'del, A.A.

Zh. P~ik~. Khim. 1970, 43, 71-5.

PREPARED BY:

C. Guminski; Z. Galus
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t/OC

-36

-15

o
15

25

50

aby compilers.

Soly/mass %

0.45

0.75

0.99

1.35

1.62

2.78

Soly/at %a

0.44

0.73

0.96

1.31

1.58

2.69

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A lead disk was rotated in a known volume
of mercury at a precisely controlled rate.

The concentration of dissolved lead in
mercury was determined on the basis of a
change of weight of the lead disk. To
protect the amalgam against oxidation, it
was covered by a layer of glycerine or
acetone.

SOURCE AND PURITY OF MATERIALS:
Pure lead used was analyzed by spectral
analysis.

Hg purity not specified.

ESTIMATED ERROR:
S01y: precision ± 1-2%.

Temp: precision ± 0.3 K.

REFERENCES:
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COMPONENTS:

(1) Lead; Pb; [7439-92-1]

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

VARIABLES:

Temperature: 25-40·C

Lead

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zebreva, A.I.;
Korobkina, N.P.

Ukr. Khim. Zh. 1978, 44, 791-3.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of lead in mercury at 25 and 40·C was reported to be 1.1 and 1.4 mol dm-3•
The corresponding atomic % solubilities calculated by the compilers are 1.65 and
2.1 at %, respectively.

The same result at 25·C was also reported in (1).

AUXILIARY INFORMATION

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

The heterogeneous lead amalgam was obtained Not given.
by dissolution of lead in mercury. Heats
of dilution (Q) of the amalgams of various
compositions (heterogeneous and homogenous)
were measured upon addition of mercury.
A break in the curve of Q vs. Npb corres
ponds to the composition of the saturated
amalgam. All operations were carried out
in an argon atmosphere.

ESTIMATED ERROR:
Soly: precision no better than 1%.

Temp: nothing specified.

REFERENCES:

1. Filippova, L.M.; Gayfullin, A.Sh.;
Zebreva, A.I.

PrikZ. Tear. Khim., Alma-Ata
1974, No.5, 76-82.



COMPONENTS:

(1) Lead; Pb; [7439-92-1]
(2) Mercury; lIg; [7439-97-6]

VARIABLES:

Temperature: 323-590 K

Lead

ORIGINAL MEASUREMENTS:

Yan-Sho-Syan, G.V.; Nosek, M.V.;
Semibratova, N.M.; Shalamov, A.E.

Pl'. Inst. Khim. Nauk Akad. Nauk Kaz. SSR
1967, 15, 139-49.

PREPARED BY:

C. Guminsk~; Z. Galus
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EXPERIMENTAL VALUES:

Liquidus temperatures of the Pb-lIg system determined on amalgams with different
pretreatment,:

P/K T/K
Soaked at 623 K Soaked at 623 K

Freshly Prepared for 37 hrs Freshly Prepared for 37 hrs
at % Pb and Quenched and Quenched at % Pb and Quenched and Quenched

2.5 323 - 50.0 451 445
5.0 365 - 52.5 454 -
7.5 373 370 55.0 458 457

10.0 377 371 57.5 461 -
12.5 388 371 60.0 468 471
15.0 391 378 62.5 474 475
17.5 394 378 65.0 482 -
20.0 394 384 67.5 488 -
22.5 396 - 70.0 494 -
25.0 399 388 72.5 501 -
27.5 404 - 75.0 509 -
30.0 411 398 77 .5 519 -
32.5 413 - 82.5 532 -
35.0 - 410 85.0 541 -
37.5 420 - 87.5 553 546
40.0 423 418 90.0 565 551
42.5 433 - 92.5 570 -
45.0 438 429 95.0 583 -
47.5 444 - 97.5 590 -

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The alloys were prepared by mixing weighed
amounts of lead and mercury. The mixtures
were placed in glass tubes and sealed for
the different pretreatments of the amalgams.
Thermographic analysis was performed to
determine the liquidus temperatures.

Comments
The results for the freshly quenched
amalgams are erroneous because of
segregation of some fractions of the
alloys (compilers). The authors did not
specify the temperature from which the
freshly prepared samples were quenched.

SOURCE AND PURITY OF MATERIALS:
Mercury was purified chemically and
electrochemically, then twice distilled
under vacuum.

Lead was 99.999% pure with regard to
17 metallic impurities.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 3 K.

REFERENCES:
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COHPONENTS:

(1) Arsenic; As; [7440-38-2]

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

CRITICAL EVALUATION:

Arsenic

EVALUATOR:

G. Guminski; Z. Galus
Department of Chemistry
University of Warsaw

Warsaw, Poland

July, 1985

The solubility of arsenic in mercury was speculated to be very low by Tammann and
HinnUber (1). Kozin estimated solubilities of 2.8 x 10-13 (2) and 1.6 x 10-9 at % (3)
at 298 K. Gladyshev (4) reported on arsenic solubility of 1.6 x 10-9 at % at room
temperature, a value identical to Kozin's second estimated solubility (3), but because
no details of the experimental determination were presented for ref. (4) it is difficult
to assess the validity of this result. Nevertheless, the data of Refs. (2-4) confirm
that of (1). Strachan and Harris (5) reported a solubility determination of 0.646 at %
at room temperature, but this value is much too high; the error in this determination
is attributed to evaporation losses of arsenic during the analysis.

Kamenev and coworkers (6) reported that the saturated amalgam of arsenic should be
in equilibrium with AS2Hg3; however, the solubility could not be estimated from the
experiments performed by these authors.

It is clear that further solubility measurements are needed in this system.

References

1. Tammann, G.; HinnUber, J. Z. Anorg. Chern. 1927, 160, 249.
2. Kozin, L.F. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR 1962, 9, 101.
3. Kozin, L.F. Fiziko-Khimiaheskie Osnovy Amalgamnoi Metatturgii. Nauka, Alma-Ata,

1964.
4. Gladyshev, V.P.; cited by Kozin, L.F.; Nigmetova, R.Sh.; Dergacheva, M.B.

Tennodinamika Binarnykh Amalgamnykh Sistem. Nauka, Alma-Ata, 1977, p. 268.
5. Strachan, J.F.; Harris, N.L. J. Inst. Metals 1956-57, 85, 17.
6. Kamenev, A.I.; Mustafa, I.; Agasyan, P.K. Zh. Anal. Khim. 1984, 39, 1242.



COHPONENTS:

(1) Antimony; Sb; [7440-36-0]

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

CRITICAL EVALUATION:

Antimony

EVALUATOR:

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

Warsaw, Poland
July, 1985
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The solubility of antimony in mercury near room temperature has been shown to be low.
Tammann and HinnUber (1) determined a solubility of 4.8 x 10-5 at % at 291 K by EMF
measurements, whereas Strachan and Harris (2) reported a solubility of 3.3 x 10-2 at %.
These values are too low and too high, respectively, when compared to more reliable
measurements which have been reported subsequently. At 293 K the following solubilities
have been reported: 3.5 x 10-4 at %by Levitskaya and Zebreva (3), 3.6 x 10-4 at %by
Zebreva and Kozlovskii (4), 1.1 x 10-3 at % by Zaichko and Zakharov (5), and 9 x 10-4 at %
by Lange and Bukhman (6). In refs. (4-6) voltammetry was used to determine the
solubility of Sb by anodic oxidation of the amalgams of various concentrations, while in
refs. (3) and (4) the determinations were made potentiometrically on the amalgam
concentration cells. Verplaetse and coworkers (7) determined the solubility of Sb in Hg
by cyclic and stripping voltammetry at 298 K and reported a value of 1.27 x 10-3 at %;
this solubility is in good agreement with those reported above (5,6). Zaichko and
Zakharov (8) also determined the antimony solubility by voltammetry, presumably at room
temperature, and reported a value of 1 x 10-3 at %. Liebl (9) reported a solubility of
3.8 x 10-3 at % at room temperature, but no details of the coulometric method were
described; the latter solubility is tenfold higher than that reported by Zebreva and
Kozlovskii (4).

Zakharova and coworkers (10) determined the antimony solubility, probably at 238 K,
by chronoamperometric oxidation of the amalgam, and reported a value of 1.0 x 10- at %.
At 293 K Bukhman and Dragavtseva (11) reported a solubility of 6.8 x 10-4 at %.
Ignateva and Dubova (12), without presenting experimental details and presumably at room
temperature, reported a solubility of 6.6-7.0 x 10-4 at %. Kozin's (13) estimated
solubility of 5 x 10-5 at % at 298 K is much too low. Toibaev (14) stated that the
saturated antimony amalgam at 293 K should contain less than 9 x 10-4 at %antimony;
the solubility measurements reported above appear to confirm the latter statement.

Jangg and coworkers (15,16) determined the solubility of antimony at high tempera
tures and showed that the saturated amalgam is in equilibrium with pure antimony; they
also showed that there is complete miscibility at temperatures above 904 K. The
extrapolation of the high temperature solubilities to 298 K yields a solubility near
10-3 at %. The high temperature measurements of Jangg and coworkers showed a tendency
for the antimony to supersaturate; if this tendency extends to room temperature the
lower values of the solubility would probably be more reliable, as reported by other
workers discussed above.

The homogeneous amalgam is in equilibrium with pure Sb. However, as shown (17) on the
inset in Fig. 1 there appears to be a break in the solubility curve near 473 K; the
break suggests the peritectic formation of a compound, although this compound was not
detected. The formation of Hg3Sb2 was reported by Ugai and Gordin (18).

Tentative values of the antimony solubility in mercury:

TIK Soly/at % Reference

293 4 x 10-4 [3,4]

298 5 x 10-4a [3]a
323 1.5 x 10-3 [3,6]

373 2 x 10-2 [16]

473 0.12 [16]

573 0.7
b [15,16]

673 13
b [15,16]

773 54 a [15]

873 91 [15]

alnterpolated value from cited references.

bMean value from data of cited references.
(continued next page)
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COHPONENTS:

(1) Antimony; Sb; [7440-36-0]

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

CRITICAL EVALUATION: (continued)
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EVALUATOR:

c. Guminski; Z. Galus
Department of Chemistry
University of Warsaw

Warsaw, Poland
July, 1985
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Fig. 1. Hg-Sb System (17).
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COMPONENTS:

(1) Antimony; Sb; [7440-36-0]

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

VARIABLES:

Temperature: 20-BO°C

EXPERIMENTAL VALUES:

Solubility of antimony in mercury:

t/"C

20

40

60

BO

Antimony

ORIGINAL MEASUREMENTS:

Lange, A.A.; Bukhman, S.P.

Etektrokhimiya 1974, la, 391-5.

PREPARED BY:

C. Guminski; Z. Galus

Soly/at %

0.9 x 10-3

-31.75 x 10

2.55 x 10-3

-33.4 x 10

175

-1
The enthalpy of solution of Sb at saturation, calculated from the (T/K) dependence
of the solubility, was 21.1 kJ mol-1•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams prepared by electrolysis of
Sb2(S04)3 solutions in 1-3 mol dm-3 H2S04
at a mercury cathode. Sb content of amalgam
determined by difference in Sb(III) concen
tration before and after electrolysis;
Sb(III) concentration determined by bromate
titration. Limiting anodic currents (i.e.,
limiting diffusion currents, id (compilers»
were measured for amalgams of varying Sb
content. A plot of id vs. Sb content gave
a sharp break at the saturation value of
Sb content. A second break in the id vs.
Sb content curve was observed for super
saturated amalgams and was attributed by
the authors to the oxidation of elemental
Sb in a two-phase amalgam.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision of method probably around

10% (compilers).

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Antimony; Sb; [7440-36-0]

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

VARIABLES:

Temperature: 20°C

EXPERIMENTAL VALUES:

Antimony

ORIGINAL MEASUREMENTS:

Bukhman, S.P.; Dragavtseva. N.A.

Izv. Akad. Nauk Kaz. SSR. Sell. Khim.
1970, 20, No.5, 23-31.

PREPARED BY:

C. Guminski; Z. Galus

-4Solubility of antimony in mercury at 20°C was reported to be 6.8 x 10 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared by electrolysis
and then was aged for one hour. The
antimony content was determined by the
"bromate method". Polarization curves
(i vs. E) of the amalgam oxidation were
recorded to determine the potential of the
limiting current. In other experiments
the potentiostatic curves (i vs. t) were
recorded at the potentials of the limiting
current (0.3 V vs. NHE). There was a
breakpoint in the curve when the amalgam
became saturated with antimony.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: not specified; precision no better

than ± 20% (compilers).

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Antimony, Sb; [7440-36-0]

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

VARIABLES:

Temperature: 573-904 K

Antimony

ORIGINAL MEASUREMENTS:

Jangg, G.; Lih1, F.; Legler, E.

Z. MetaZZk. 1962, 53, 313-16.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:
Liquidus temperatures of the antimony-mercury system:

..:li.!-
573.2

655.2

673.2

683.2

713.2

738.2

758.2

766.2

783.2

801.2

833.2

868.2

903.7

Soly/at %

0.8

6.4

11.9

15.5

28.6

39.7

50.0

51.9

59.5

67.5

79.5

91.0

100

Antimony and mercury did not form any compound over the complete composition range, but
a single eutectic was observed on the Hg-rich side; the eutectic temperature was within
± 0.1 K from the freezing point of Hg.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The liquidus temperature was determined
thermographically from cooling and heating
curves of the amalgams which were sealed
in an ampule of Supremaxg1as. The under
cooling of the melt was minimized by a
strong mechanical vibration of the sample
on a vibrating table. The liquidus
temperature was determined from the
breakpoint in the temperature versus time
plot.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 5 K.

REFERENCES:
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COMPONENTS:

(1) Antimony; Sb; [7440-36-0)

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

VARIABLES:

Temperature: 20 0 e

EXPERIMENTAL VALUES:

Antimony

ORIGINAL MEASUREMENTS:

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

CoZZeat. Caeah. Chern. Commun. 1960, 25,
3188-94.

PREPARED BY:

e. Guminski; Z. Galus

-4The solubility of antimony in mercury at ZO°C was reported to be (2.4 + 0.2) x 10
mol dm-3 from potentiometric measurements and 2.6 x 10-4 mol dm-3 from-polarographic
measurements. The respective atomic % solubilities calculated by the compilers are
3.5 x 10-4 and 3.7 x 10-4 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The antimony amalgam was prepared by
electrolysis of Sb2(S04)3 on the mercury
cathode. The solubility was determined by
polarography and potentiometry. In the
former method the limiting current was
linearly dependent on the concentration
only up to the saturation point of the
amalgam. In the case of potentiometry the
potential of the amalgam electrode was
linearly dependent on the logarithm of the
antimony content for homogeneous solution
in mercury. At saturation an inflection
was observed in the curve of the latter
relationship.

SOURCE AND PURITY OF MATERIALS:

Mercury was chemically purified with
Hg2(N03)2 then distilled under vacuum.

Other chemicals were chemically pure.

ESTIMATED ERROR:
50ly: nothing specified, but may be

greater than ± 10% (compilers).

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Antimony; Sb; [7440-36-0]

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

VARIABLES:

Temperature: 96-453°C

EXPERIMENTAL VALUES:

Antimony

ORIGINAL MEASUREMENTS:

Jangg, G.; Palman, H.

Z. Metattk. 1963, 54, 364-9.

PREPARED BY:

C. Guminski; Z. Galus
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The mass % solubility of antimony in mercury was presented graphically as a function
of temperature. The data points were read off the curve and the solubilities converted
to atomic %by the compilers.

t/OC Soly/mass % Soly/at % tfOC Soly/mass % Soly/at %

96 0.012 0.020 272 0.19 0.31

130 0.020 0.033 300 0.38 0.62

150 0.026 0.043 310 0.84 1.3

190 0.054 0.089 333 1.2 2.0

200 0.074 0.12 340 2.0 3.2

210 0.080 0.13 350 3.0 4.8

240 0.091 0.15 375 6.5 10.3

250 0.12 0.19 400 9.2 14.3

260 0.13 0.21 425 13 20

453 24 34

The saturated amalgam was reported to be in equilibrium with pure antimony.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The heterogeneous amalgam was introduced
into a specially constructed apparatus made
of refractory chromium steel. Such steel
apparatus could be used because the solu
bility of iron in mercury is very low and
the Cr(III)-oxide film inhibits the wetting
of the steel by mercury. After twelve
hours of equilibration at the experimental
temperature the amalgam was filtered through
a sintered-iron frit under purified nitrogen
pressure. Usually 3- to 4-fold filtration
was necessary. The metal content of the
filtered, saturated amalgam was then
determined by an unspecified method. For
experiments carried out below 320°C the
amalgam was equilibrated in a glass vessel.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: precision ± 5%.

Temp: precision ± 2 K.

REFERENCES:
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COMPONENTS:

(l) Antimony; Sb; [7440-36-0]

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

VARIABLES:

Temperature: 20-80°C

EXPERIMENTAL VALUES:

Solubility of antimony in mercury:

Antimony

ORIGINAL MEASUREMENTS:

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

EZekt~okhimiya 1966, 2, 92-6.

PREPARED BY:

C. Guminski; Z. Galus

20

40

60

80

Soly/mol dm-3

2.40 x 10-4

8.24 x 10-4

1. 70 x 10-3

2.76 x 10-3

Soly/at %a

3.6 x 10-4

1.22 x 10-3

2.52 x 10-3

4.08 x 10-3

aby compilers.

METHOD/APPARATUS/PROCEDUP£:

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

The amalgam was prepared by electro
reduction of Sb(III) at the mercury
cathode. EMF were determined on the cell,

Nothing specified.

Sb(Hg)

The EMF varied linearly with the logarithm
of the amalgam concentration up to the
solubility limit. Beyond the latter the
EMF remained virtually constant.

ESTIMATED ERROR:
Soly: nothing specified; precision may be

no better than + 15% (compilers).

Temp: nothing specified.

REFERENCES:



COMPONENTS:

Antimony

ORIGINAL MEASUREMENTS:
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(1) Antimony; Sb; [7440-36-0)

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

VARIABLES:

One temperature: 25°C

Verplaetse, H.; Donche, H.; Tamrnermann, E.;
Verbeek, F.

J. EZeatpoanaZ. Chern. IntepfaaiaZ
EZeatpoahern. 1978, 93, 213-19.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of antimony in mercury at 25°C was reported to be 1.27 x 10-3 at %.

-1The enthalpy of solution of Sb in Hg was reported to be 16.7 kJ mol •

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Antimony amalgam was prepared by the
electroreduction of Sb(III) on the hanging
mercury and sitting-mercury drop electrodes.
In the case of voltamrnetric oxidation of
Sb from the heterogeneous amalgam, the
shape of the peak current was changed.
The charge corresponding to the oxidation
curve where this deformation was just
detectable was used to calculated the
solubility of this metal in mercury. To
ensure equilibrium in the amalgam the
oxidation process was carried out some time
after the preparation of the amalgam.

MM-G*

SOURCE AND PURITY OF MATERIALS:

Mercury was purified by distillation. It
was then anodically dissolved and
cathodically deposited in 0.5 mol dm-3

HN03•

All solutions were prepared with
analytical grade reagents and double
distilled water.

ESTIMATED ERROR:

Soly: precision ± 4%.

Temp: nothing specified.

REFERENCES:
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COHPONENTS:

(1) Bismuth; Bi; [7440-69-9]

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

CRITICAL EVALUATION:

Bismuth

EVALUATOR:

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

Warsaw, Poland

July, 1985

Tammann (1) reported on the first study of the Bi-Hg system by determining the
solidification temperatures upon addition of small amounts of bismuth to mercury. He
found that the melting point of mercury was depressed by 0.30 K at a bismuth concentration
of 0.217 at %.

The liquidus has been determined over wide concentration ranges by several workers.
Pushin (2) reported the first extensive study of this system'by thermoanalysis over the
range of 1.4 to 97.3 at % Bi; however, Pushin's bis~uth solubility at concentrations
below 5 at % is too high by comparison with later measurements. Petot-Ervas et al. (3,4)
determined the liquidus in the range of 0.1 to 30 at % Bi by measuring the EMF of concen
tration cells and from 30 to 90 at % Bi by thermoanalysis. Nosek and Yan-Sho-Syan (5)
used thermoanalysis to determine the solubility of bismuth over a temperature range of
269 to 533 K, but the solubilities reported by these authors are lower than those of (3).
Predel and Rothacker (6) redetermined the Bi-Hg phase diagram, but the solubilities of
bismuth determined by these authors in the middle range of the amalgam composition lie
between those of (3,4) and of (5). It has been shown (4-6) that the equilibrium solid
phase in this system is bismuth. In the opinion of the evaluators, the data of
Petot-Ervas et al. (3,4) are the preferred solubilities.

The solubility of bismuth was determined over narrower temperature ranges by the
following authors with satisfactory agreement with those of (3,4): Dergacheva and
Kozin (7) employed EMF measurements to determine the solubilities between 298 and 348 K;
Kozin and Nigmetova (8) also used the same technique with satisfactory results;
Schenk et al. (9) employed thermoanalysis over the temperature range of 303 to 373 K;
Heycock and Neville (10) reported four points in the Bi-rich region.

Single determinations of the solubility of bismuth near room temperature have been
reported by several authors (11-14).

The reported solubilities of 0.84 at % at room temperature (15) and of 0.82 at % at
298 K (16) are too low and are rejected. Kozin's (17) estimated solubility of 2.8 at %
at 298 K is too high. Campbell and Kartzmark (18) reported that they exactly confirmed
the results of Pushin (2), but no data were presented by these authors.

The phase diagram for this system is shown in Fig. 1 (19).

Recommended (r) and tentative values of the solubility of bismuth in mercury:

TIK Soly/at % Reference

234.1 0.072 [4]

243 0.15 [4]

253 0.26a [4]

263 0.36 [4]

273 0.6a [4]

293 1.1 [3,4,12]

298 1.3a [3,4]

323 3.7b [3,4]

373 22 [3,4]

473 70 (r) [2-4]

aInterpolated value from cited references.

bMean value from data of cited references.

(Continued next page)
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COHPONENTS: EVALUATOR:

(1) Bismuth; Bi; [7440-69-9]

(2) Mercury; Hg; [7439-97-6]
C. Guminski; Z. Galus

Department of Chemistry
University of Warsaw

Warsaw, Poland

July, 1985

CRITICAL EVALUATION: (continued)

mass %
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Fig. 1. The Bi-Hg system (19).
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COMPONENTS:

(1) Bismuth; Bi; [7440-69-9]

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

VARIABLES:

Temperature: -39°C

EXPERIMENTAL VALUES:

Bismuth

ORIGINAL MEASUREMENTS:

Tammann, G.

Z. Phys. Chern. 1889, S, 441-9.

PREPARED BY:

C. Guminski; Z~ Galus

Melting point depression of mercury, AT/K, upon addition of bismuth:

Bi Content

AT/K

0.15

0.30

0.30

aby compilers

mass %

0.054

0.109

0.227

0.052

0.104

0.217

The melting point of mercury was reported to be 244 instead of 234 K, but it is
the opinion of the compilers that the former value was a typographical error in
the original publication.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The melting points were determined
thermometrically. No further details
were given.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
50ly: nothing specified.

Temp: precision better than ± 0.1 K.

REFERENCES:



COMPONENTS:

(1) Bismuth; Bi; [7440-69-9]

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

VARIABLES:

Temperature: 258-267°C

EXPERIMENTAL VALUES:

Freezing point of Bi-Hg amalgams:

Bismuth

ORIGINAL MEASUREMENTS:

Heycock, C.T.; Neville, F.H.

J. Chern. Boa. 1892, 888-914.

PREPARED BY:

C. Guminski; Z. Galus

185

~

266.65

266.17

264.65

259.77

257.80

aby compilers

at. Hg/I00 at. Bi

0.225

0.911

3.27

4.29

o
0.224

0.903

3.17

4.11

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by thoroughly
mixing weighed quantities of the metals
at red heat after they had been sealed
in evacuated hard-glass tubes.
Freezing points of the amalgams were
determined with carefully calibrated
thermometers.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision no better than + 0.05 K.

REFERENCES:
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COMPONENTS:

(1) Bismuth; Bi; [7440-69-9)

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

VARIABLES:

Temperature: 18-262°C

EXPERIMENTAL VALUES:

Freezing points of bismuth amalgams:

Bismuth

ORIGINAL MEASUREMENTS:

Pushin, N.A.

Zh. Russ. Fiz. Khim., Obshoh., Ser. Khim.
1902, 34, 856-904.

Z. Anorg. Chem. 1903, 36, 201-54.

PREPARED BY:

C. Guminski; Z. Galus

t/"C at % Hg t/"C at % Hg t/oC at % Hg

261. 7 2.7 189.5 36.3 104.5 73.0

254 6.2 182.0 40.0 98.0 76.2

245 10.0 169.5 45.0 90.0 79.4

240.5 12.1 156.7 50.0 81.7 83.7

233 15.7 142.7 56.0 68 89.4

224 20.0 133.7 60.0 56 93.3

219.2 22.3 125.0 64.2 0,44 95.8

213.2 25.0 117.2 66.7 "'32 97.5

205 28.9 113.0 68.6 "'18 98.6

195.7 33.3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by heating
and mixing appropriate weights of each
metal. Cooling curves were determined
with the amalgams protected from
oxidation by a surface film of paraffin
or vaseline.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.5 K.

REFERENCES:



COMPONENTS:

(1) Bismuth; Bi; [7440-69-9)

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

VARIABLES:

Temperature: 18-100·C

EXPERIMENTAL VALUES:

Bismuth

ORIGINAL MEASUREMENTS:

Schenk, H.; Steinmetz, E.; Frohberg, M.G.

Aroh. EisenhUttenw. 1963, 34, 562-63.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of bismuth in mercury was reported graphically as a plot of the
logarithm of solubility versus l/(T/K). The data points were read from the curve
by the compilers.

t/"C Soly/at %

18 0.46a

30 1.15

40 2.2

49 3.3

60 5.6

69 8.7

80 11.0

90 16.2

100 23.5

aFrom EMF measurement; the value is erroneous
(compilers) .

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Bismuth particles were introduced into
the mercury phase under argon atmosphere
in small glass container. The container
was placed in a thermostated bath. The
amalgams were filtered through glasswool
filter. The filtrate was analyzed by a
complexometric method with Titriplex
(from Merck). To test for saturation,
the filtrations were made after various
times from the moment of mixing of the
metals.

SOURCE AND PURITY OF MATERIALS:
Bismuth and mercury were chemically
pure grade.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Bismuth; Bi; [7440-69-9]

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

VARIABLES:

Temperature: 20°C

EXPERIMENTAL VALUES:

Bismuth

ORIGINAL MEASUREMENTS:

Nigmatullina, A.A.; Zebreva, A.I.

Izv. Akad. Nauk Kaz. SSR, Sel'. Khim.
1964, 14, No.4, 18-22.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of bismuth in mercury at 20°C was reported to be 1.07 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by electrolysis
and were used as the electrodes in a
concentration cell. The concentration of
one electrode was kept constant while the
Bi concentration in the other amalgam
electrode was varied. The curve of EMF
vs. logarithm of the ratio of Bi concen
tration in the electrodes exhibited a
breakpoint at amalgam saturation.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: precision no better than several
percent.

Temp: precision ± 0.1 K.

REFERENCES:



COMPONENTS:

(1) Bismuth; Bi; [7440-69-9)

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

VARIABLES:

Temperature: (-4)-265°C

EXPERIMENTAL VALUES:

Bismuth

ORIGINAL MEASUREMENTS:

Nosek, M.V.; Yan-Sho-Syan, G.V.

Izv. Akad. Nauk Kaz. SSR, Se~. Khim.
1965, 15, No.4, 26-32.

PREPARED BY:

C. Guminski; Z. Galus
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The data were presented graphically as a phase diagram; the experimental liquidus
points were read from the curve by the compilers.

t/oC Soly/at % t/oC Soly/at %

-4 1.00 196 57.49
46 2.65 205 60.16
62 5.04 209 65.09
81 7.63 210 69.82
85 10.24 213 67.56

102 14.78 227 75.04
109 20.05 228 77 .41
110 17.50 233 80.16
121 25.20 241 84.98
134 27.51 242 87.56
137 30.16 248 89.91
144 35.06 260 94.95
153 37.50 265 97.34
160 40.05
172 45.02
177 47.52
188 55.00
175 50.13

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The liquidus was determined by thermal
analyses. For each composition, the
alloy was heated to 573 K then cooled at
a rate of 1-3 K per minute. A pyrometer
of the Kurnakov-type was used for the
thermal analyses.

SOURCE AND PURITY OF MATERIALS:
Mercury was purified by chemical and
electrochemical methods, then distilled
twice under reduced pressure.

Bismuth was 99.998% pure.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 2 K.

REFERENCES:
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COMPONENTS:

(1) Bismuth; Bi; [7440-69-9)

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

VARIABLES:

Temperature: (-16)-264°C

EXPERIMENTAL VALUES:

Bismuth

ORIGINAL MEASUREMENTS:

Predel, B.; Rothacker, D.

J. Less-Common Met. 1966, 10. 392-401.

PREPARED BY:

C. Guminski; Z. Galus

The liquidus data were presented graphically as a phase diagram; the solubilities
were read for each temperature from the curve by the compilers.

trc Soly/at % t/°C Soly/at %

-16 0.9 125 40.6

- 6 1.3 132 44.5

17 1.4 162 55.2

35 3.0 178 63.7

38 4.0 194 72.1

42 5.0 208 77 .4

57 8.5 225 84.2

75 16.6 238 88.1

90 22. 245 90.6

97 26.3 252 93.7

105 31.8 257 95.6

121 36.0 264 97.9

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared from the pure
metals in evacuated tubes. Temperatures
on the liquidus curve were determined by
differential thermal analysis.

SOURCE AND PURITY OF MATERIALS:

Both mercury and bismuth were 99.9995%
pure.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Bismuth; Bi; [7440-69-9)

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

VARIABLES:

Temperature: (-39)-240°C

EXPERIMENTAL VALUES:

Solubility of bismuth in mercury:

Bismuth

ORIGINAL MEASUREMENTS:
1. Petot-Ervas, G.; Allibert, M.;

Petot, C.; Desr~, P.; Bonnier, E.
Butt. Soa. Chim. Fp. 1969, 1477-81.

2. Desr~, P.; Bonnier, E.
C.R. Aaad. Sai., Sep. 2 1965, 261,
3406-9.

PREPARED BY:

C. Guminski; Z. Galus
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Electrochemical Measurements Thermal Analysis
t/°C Soly/at % tjOC Soly/at % t/oC Soly/at %

-35.4 0.1 37 2 120 30

-30.3 0.15 47 3 135 40

-22.1 0.22 54 4 155 50

-9.85 0.36 62 5 170 60

-2.6 0.46 71 8 200 70

17.6 0.97 79 11 240 90

22.5 1.12 81 13

32.4 1. 75 86 15

42.2 2.75 90 17

50.85 4.0 96 20

61.6 5.8 108 25

69.5 7.7 118 30

Eutectic point was determined at 0.072 ± 0.004 at % Bi and -39.10 ± 0.04°C. It was
reported that the equilibrium solid-phase consisted of pure Bi.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Solubilities were determined by EMF
measurements and by thermal analysis.
EMF were determined with the concentration
cell,

BiIBi(III) [Bi(Hg).

Various electrolytes were used, including:
BiI3-KI, BiCl3-ZnCl2 in glycerine or H20,
and H20-LiCI eutectic mixture. The
liquidus temperatures above 393 K were
determined by thermal analysis.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision no

better than few percent (compilers).

Temp: precision ± 0.02 K.

REFERENCES:
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COMPONENTS:

(1) Bismuth; Bi; [7440-69-9]

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

VARIABLES:

Temperature: 25-75°C

EXPERIMENTAL VALUES:

Solubility of bismuth in mercury:

t/OC

25

40

65

75

Bismuth

ORIGINAL MEASUREMENTS:

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

Zh. Fiz. Khim. 1977, 51, 417-20.

PREPARED BY:

C. Guminski; Z. Galus

Soly/x(Bi)

0.0150

0.0244

0.0646

0.0860

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared electrolytically
and was used to construct the cell

Bi(Hg) IBi(III) IxBi(Hg)

The concentration of Bi in the left-hand
half-cell was kept constant, while that
in the right-hand side was varied. At
concentrations of the amalgam exceeding
the saturation point, the EMF of the cell
was independent of the amalgam concen
tration.

SOURCE AND PURITY OF MATERIALS:
Mercury was chemically purified and
distilled twice.

Bismuth was 99.999% pure.

All other chemicals were specified as
very pure.

ESTIMATED ERROR:
Soly: nothing specified. preci~ion of

EMF measurement was + 10- v.
Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Bismuth; Bi; [7440-69-9]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Bismuth

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zhumakanov, V.Z.;
Zebreva, A.I.

Izv. Vyssh. Uaheb. Zaved' J Khim. Khim.
Tekhnot. 1978, 21, 1450-3; 1980, 23,
204-7. --

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of bismuth in mercury at 25°C was reported to be 1.55 ± 0.05 at %.

AUXILIARY INFORMATION

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

Heterogeneous amalgam was obtained by Nothing specified.
addition of bismuth to mercury. The
amalgams were titrated with Hg and
employing calorimetric end-point detection.
The solubility was determined from the
change in slope of the plot of the enthalpy
of dilution as a function of bismuth
content in the amalgams.

ESTIMATED ERROR:
Soly: nothing specified; precision no

better than several percent
(compilers) •

Temp: nothing specified.
REFERENCES:
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COHPONENTS:

(1) Tellurium; Te; [13494-80-9]

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

Tellurium

EVALUATOR:

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

Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

The solubility of tellurium in mercury is very low at room temperature. Kozin (1)
first predicted a solubility of 2.3 x 10-4 at %at 298 K; he later (2) corrected this
estimate to 5 x 10-3 at %. Gladyshev and Kovaleva (3), without giving details of their
polarographic method, reported that the solubility is of the order of 10-4 at % at room
temperature; these authors subsequently reported a solubility of 1.4 x 10-3 at % (34),
but this value appears too high. Pajaczkowska and Dziuba (4) determined the solubility
of tellurium in the temperature range of 487-943 K, and these authors showed that their
data were in good agreement with equations based on ideal solution theory. Part of
the results from (4) were subsequently confirmed by Hzrning (35). Extrapolation of the
data of (4) and (35) ~eads to a solubility of 2 x 20- at % at 298 K.

The first report of a phase diagram for the Hg-Te system was that of Pellini and
Aureggi (5) who determined the liquidus line in the Te-rich region. These authors found
an eutectic at 87.8 at %. Strauss and coworkers (6-9) determined the complete liquidus
line by thermoanalysis and found the eutectic at 83.5 at % Te. Levitskaya and coworkers
(10), reported the eutectic at an appreciably higher concentration of 91.2 at %while
Williams found it at 83.3 at %Te (11). The calculated eutectic points in the Hg and
Te-rich regions are 2 x 10-5 at % and 85.4 at % of Te at 234.3 K and 686.7 K, respec
tively (12). The partial phase diagrams of refs. (4) and (5) are in general agreement
with that of Strauss and coworkers. The phase diagram shows only a single congruently
melting compound, HgTe. But, the melting point of HgTe has been reported at various
values between 873 and 960 K (6-10, 13-31); the wide range of melting points is due to
errors arising from the high volatility of HgTe. The most reliable melting point appears
to be 943 K (6,7,19,26-28). Other melting points ranging from 929 to 960 K have been
reported (29-31), but the experimental conditions were not defined. The low value of
873 K (14) is rejected. It has been demonstrated (32,33) that the melting point of HgTe
has a significant dependence on the vapor pressure over the compound; it was observed
that the melting point was 888 K at 12.2 kbar, and, as shown in Fig. 2, there was a linear
dependence of the melting point on the pressure (33). The measurements of Steininger (25)
and of Brebrick and Strauss (7) show that the melting point is at 941 and 943 K at 13.6
and 12.6 kbar, respectively. Slightly different pressure dependence of the phase relations
is presented by Omelchenko and Soshnikov (27).

Delves and Lewis (19,21) showed that the Hg-Te system consists of a two-liquid region
on the Te-rich side, and Levitskaya and coworkers (10) confirmed this observation at
52.5-55.7 at % Te. The monotectic temperature was found to be 937 ± 2 K by the former
authors. The parameters of the immiscibility region and the solubility at low Te
contents need further investigations.

The tentative values of the Te solubility in Hg:

TIK Solylat % Reference

500 0.16 [4,35] ~ I"'V

~
600 1.5a [4,35] ~[a
684 2.4 [4,8,35]

700 5.5a [4,8,35] "-'
400 0 (5 "'(l

800 15a [4,8] u
0 I...... I900 32 [4,8] .., ,

Completely miscible above 943 K.
• )0

I--- I

aInterpolated from data of cited 0 ..- .~
references.

0---- -ic--' 40 60 60 100

H; ATOM 1 C PERCENT T, T,

Fig. 1. Phase diagram of the Te-Hg
system (8).
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Fig. 2. Dependence of melting point of
HgTe on pressure (33).
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COMPONENTS:

(1) Tellurium; Te; [13494-80-9)

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

VARIABLES:

Temperature

Tellurium

ORIGINAL MEASUREMENTS:

Ray, B.; Spencer, P.M.S.

Phys. Stat. SoZ. 1967, 22, 371-372.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
The liquidus line for the CdTe-HgTe system was determined. The melting point
of HgTe, read from the liquidus, was 666°C. A value of 665 ± 2°C was subsequently
reported by the same authors (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The powdered samples were sealed in quartz
ampules filled with inert gas under
pressure of several atmospheres. The
melting point was determined by differen
tial thermal analysis.

SOURCE AND PURITY OF MATERIALS:
High purity HgTe was synthesized from Te
(99.9995% pure) from Canadian Copper
Refiners, Ltd. and triply distilled Hg.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 3 K.

REFERENCES:

1. Spencer, P.M.; Ray, B.
Bpit. J. AppZ. Ph~s., Sep. 2 1968,
1, 299.



COMPONENTS:

(1) Tellurium; Te; [13494-80-9]

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

VARIABLES:

Pressure

EXPERIMENTAL VALUES:

Tellurium

ORIGINAL MEASUREMENTS:

Omelchenko, A.V.; Soshnikov, V.I.

Izv. Akad. Nauk SSR. Neorg. Mater. 1982,
18, 685-6. English translation: Inorg.
Mater. 1982, 18, 582-84.

PREPARED BY:

C. Guminski; Z. Galus
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The pressure dependence of the melting point of HgTe is shown in the figure. The
melting line shows two linear segments which correspond to the melting points of the
I and II phases. The inflection point of the line is at 634°C and 11.11 x 108 Pa.

uo

"-I.>

p X 10-8 Pa

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Milled crystals of HgTe were pressed into
specimens. The pressure was applied to the
specimens in an apparatus of piston
cylinder type; argon was used to transmit
pressure at temperatures above 550°C and
benzene was used at lower temperatures.
Phase transition of HgTe in the solid state
was determined by dilatometric method, and
melting temperatures were determined by
thermal analysis with the use of a Chromel
Alumel thermocouple. Pressure was deter
mined by a manganin resistance manometer.

SOURCE AND PURITY OF MATERIALS:
17

n-type HgTe with ne = 3 x 10

ESTIMATED ERROR:

-3cm

Pressure:

Temp:

REFERENCES:

accuracy ± 1.5 x 107 Pa.

accuracy ± 2 K.
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COMPONENTS:

(1) Tellurium; Te; [13494-80-9]

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

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Tellurium

ORIGINAL MEASUREMENTS:

1. Delves, R.T.; Lewis, B.
J. Phys. Chern. SoZids 1963, 24, 549-556.

2. Delves, R.T.
Brit. J. AppZ. Phys. 1965, 16, 343-351.

PREPARED BY:

C. Guminski; Z. Galus

The melting point of HgTe was determined to be 670 ± 1°C and the monotectic was at
664 ± 2°C. The maximum on the liquidus was observed to be approximately 2.5 to 4 at %
on the Te-rich side of HgTe; this may have been caused by a deficiency of 2 at % Hg in
the actual composition near HgTe. The eutectic on the Te-rich side was found at
409 ± 2°C. The two-liquids region was found to be between HgTe1.12 and HgTe1.25'

The HgTe-MnTe system also was investigated.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
IIgTe was prepared by melting mercury and
tellurium in an evacuated silica tube.
The tube was initially heated to 4S0°C
then slowly heated to 700°C while the tube
was continuously rocked to ensure complete
mixing of the elements. The tube was then
quenched to SSO°C, and slowly cooled.
Differential thermal analysis of the
powdered samples of HgTe was performed.
For the determination of the two-liquids
region, appropriate amounts of the elements
were melted in a silica tube then the melts
were directionally frozen in a gradient
furnace.

SOURCE AND PURITY OF MATERIALS:
Tellurium was melted in an atmosphere of
hydrogen and zone refined. This resulted
in a purity of at least 99.99%; Bi, Sb,
and Se were the major impurities.

Mercury was purified by triple distillation
and resulted in a purity of 99.999%.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 2 K.

REFERENCES:



COMPONENTS:

(1) Tellurium; Te; [13494-80-9]

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

VARIABLES:

Temperature: 408-548°C

EXPERIMENTAL VALUES:

Tellurium

ORIGINAL HEASUREHENTS:

Pellini, G.; Aureggi, C.

Gazz. Chim. ItaZ. 1910,40 (2), 42-9.

PREPARED BY:

C. Guminski; Z. Galus
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The data were presented graphically; the following data were read off the liquidus
curve by the compilers:

t/"C Soly/at %

431 95

422 90

408.5 87.8

464 80

493 75

535 70

548 66.6

An eutectic point for mercury-rich amalgams was also observed but the information is
not quantitatively exact. The same results are also reported in (1).

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by heating
the elements in hydrogen atmosphere
saturated with mercury vapors. Thermal
analyses were made with the use of a
Pt-PtRh thermocouple.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:

1. Pellini, G; Aureggi, C. Atti Aaaad.
NazZ. Linaei 1909, 18 (2), 211.
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COMPONENTS:

(1) Tellurium; Te; [13494-80-9]

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

Tellurium

ORIGINAL MEASUREMENTS:

Brebrick, R.F.; Strauss, A.J.

J. Phys. Chern. SoZids 1965, 26, 989-1002.

VARIABLES: PREPARED BY:

Temperature; Pressure C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Liquidus temperatures of tellurium amalgams determined in this worka and values
abstracted by the compilers from the graphical data in refs. (1) and (2). P is
equilibrium pressure of mercury:

TIK Platm Solylat % Ref. TIK Platm Solylat % Ref.--
6t~3 - 3.1 1 927 - 55.0 1,2

689 - 5.4 1 901 4.4 58.7 a,l,2

748 - 8.8 1 898 - 60.0 1,2

764 - 10.3 1 859 - 65.0 1,2

815 - 15.3 1 828 - 70.0 1,2

849 - 20.3 1 816 - 70.0 1

881 - 25.0 1 776 - 75.0 1,2

911 19 31.1 a,l 729 - 80.3 1,2

918 19 36.1 a,l 708 - 82.7 1,2

932 19 41.8 a,l 687 - 85.3 1

943 16 48.5 II ,I 688 - 87.5 1,2

943 - 50.2 1,2 690 - 89.2 1,2

939 9 52.8 a,1,2 706 - 95.0 1,2

AUXILIARY INFORMATION

ESTIMATED ERROR:

SOURCE AND PURITY OF MATERIALS:

Zone-refined tellurium of 99.999% purity
from Ohio Semiconductors, Inc., and
spectrographic grade mercury from Johnson
Matthey Co.

METHOD/APPARATUS/PROCEDURE:

Thermal analysis was used in refs. (1) and
(2) to determine the liquidus. In this work
the optical densities of the vapor in
equilibrium with liquid and solid amalgams
were measured between 2000 and 6000 A.
Samples were sealed in evacuated thick-wall
silica optical cells with parallel flat
windows and a sidearm. The latter served as
the cold spot reservoir for the amalgam.
Zero optical density was found with the
condensed phases at room temperature. For
each run, the optical cell was heated to its
measurement temperature and maintained there
for a minimum of one hour before the spectral
measurements were made. Soly:

Temp:
nothing specified.
precision ± 2 K.

REFERENCES:
1. Strauss, A.J.; as quoted by T. C. Harman,

Physias and Chemist~y of II-VI
Compounds. M. Aven, J.S. Prenner, edR.
North-Holland. Amsterdam. 1967, 774.

2. Tung, T.; Golonka, L.; Brebrick, R.F.
J. EZeat~oahem. Soa. 1981, 128. 1601.



COMPONENTS:

(1) Tellurium; Te; [13494-80-9]

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

VARIABLES:

Temperature: 487-940 K

EXPERIMENTAL VALUES:

Tellurium

ORIGINAL MEASUREMENTS:

Pajaczkowska, A.; Dziuba, E.Z.

J. C~yst. G~owth 1971, 11, 21-4.

PREPARED BY:

C. Guminski; Z. Galus
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The solubilities of tellurium in mercury were presented in graphical form. The data
points were read from the curve by the compilers.

T/K
487

571

578

602

621

658

667

680

694

775

940

Soly/at %

O.ll

0.75

1.0

1.7

2.0

3.1

3.3

4.8

5.5

11.7

50.0

AUXILIARY INFORMATION

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

Appropriate amounts of tellurium and mercury The metals were of spectroscopic purity.
were placed in quartz tubes which were then
evacuated and sealed. The thermal analysis
of the samples was performed by measuring
the temperature with a constantan-chrome
nickel thermocouple. The dissolution and
crystallization processes were repeated
several times for every concentration, and
melting temperatures were taken as the
experimental points for the liquidus line.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision + 5%, with reference
to measured temperature in ·C.

REFERENCES:
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COMPONENTS:

(1) Tellurium; Te; [13494-80-9]

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

VARIABLES:

Temperature: 929-941 K

EXPERIMENTAL VALUES:

Tellurium

ORIGINAL MEASUREMENTS:

Steininger, J.

J. EZeatron. Mater. 1976, 5, 299-320.

PREPARED BY:
C. Guminski; Z. Galus

The melting temperatures of HgTe and HgO.6TeO.4 were determined to be 941 and 929 K
at Hg vapor pressures of 13.6 and 19.2 atm, respectively.

CdTe-HgTe system was the main purpose of this investigation.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Appropriate proportions of the elements,
with slight excess of mercury, were placed
in a quartz ampule reflux tube. The ampule
was placed in a high pressure furnace with
a negative temperature gradient along the
reflux tube. After evacuation and flushing,
the furnace was pressurized with argon and
rapidly heated to above the liquidus
temperature. Cooling curves under different
pressures were recorded with the use of a
Chromel-Alumel thermocouple.

SOURCE AND PURITY OF MATERIALS:
99.9999% pure elements were used.
purity was 99.999%.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 1 K.

REFERENCES:

Argon



COMPONENTS:

(1) Tellurium; Te; [13494-80-9]

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

VARIABLES:

One temperature: 669°C

EXPERIMENTAL VALUES:

Tellurium

ORIGINAL MEASUREMENTS:

Szofran, F.R.; Lehoczky, S.L.

J. EZeat~on. Mate~. 1981, 10, 1131-50.

PREPARED BY:

C. Guminski; Z. Galus
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The melting temperature of HgTe is 699.5°C.

The pseudobinary CdTe-HgTe phase diagram was also investigated.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Fused silica ampules were etched in HF
solution and annealed at 1423 K in vacuum.
The Te bars were etched in Br2 and rinsed
repeatedly in methanol. The ampules were
loaded with Hg and Te. They were evacuated
and backfilled with He several times before
the final evacuation and sealing. The
differential thermal analysis curves were
recorded, with the use of a calibrated
Chromel-Alumel thermocouple, at various
rates of cooling and heating.

SOURCE AND PURITY OF MATERIALS:
99.9999% pure Te and 99.99999% pure Hg
were used.

ESTIMATED ERROR:
Composition: precision better than ± 0.1%.

Temp: precision ± 1.7 K.

REFERENCES:
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COMPONENTS:

(1) Tellurium; Te; [13494-80-9]

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

VARIABLES:

One temperature: 293 K

EXPERIMENTAL VALUES:

Tellurium

ORIGINAL MEASUREMENTS:

Gladyshev, V.P.; Kovaleva, S.V.; Sarieva,
L.S.

Zh. AnaZ. Khim. 1982, 37, 1762-6.

PREPARED BY:

C. Guminski; Z. Galus

-4The solubility of tellurium in mercury at 293 K was reported as 9 x 10 mass %.
The solubility jn atomic % calculated by the compilers is 1.4 x 10-3 at %.

It seems that the result is overstated due to short drop times of the electrode, and
the equilibrium between the saturated amalgam and the solid phase is not reached.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Te(IV) was reduced on the dropping mercury
electrode by direct and alternating current
polarography. The background electrolyte
contained 1 mol dm-3 of NaOH. The results
were analyzed on a plot of peak current vs.
logarithm of concentration of Te(IV). A
bend on the curve corresponds to the
saturation concentration of Te in Hg since
crystallization of HgTe causes an inflection
in the recorded curve.

SOURCE AND PURITY OF MATERIALS:
Very pure Te02 and Hg of purity "R-O"
were used.

ESTIMATED ERROR:

Soly: ± 10%.

Temp.: nothing specified.

REFERENCES:



COMPONENTS:

(1) Tellurium; Te; 113494-80-9]

(2) Mercury; Hg; 17439-97-6]

VARIABLES:

Temperature: 189-431°C

EXPERIMENTAL VALUES:

Tellurium

ORIGINAL MEASUREMENTS:

Herning, P.E.

J. EZeatron Mater. 1984, 13, 1-14.

PREPARED BY:
C. Guminski; Z. Galus
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Solubility of Te in Hg at several temperatures were read off a curve by the compilers.

t/OC Soly/at %

189 0.1

250 0.4

298 1.0

323 1.5

343 2.0

376 3.0

431 6.0

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Assuming that the technique of the solubility
determination was the same as for CdTe in
Hg, described in this paper, the procedure
was as follows:
A carefully weighed piece of Te was lowered
into Hg on a graphite paddle assembly. The
melt was stirred for more than 4 hours.
After saturating the Hg in this manner, the
Te was weighed again; the difference was
recorded. Completeness of the saturation
was checked by observing the melt surface
while slowly lowering the temperature. The
amalgams supersaturate only very slightly,
probably less than 0.1 K.

MM-H

SOURCE AND PURITY OF MATERIALS:

Hg was 99.99999% pure; Te purity not
specified.

ESTIMATED ERROR:
Temp: accuracy ± 5 K.

Soly: nothing specified, error may be as
high as ± 10% (compilers).

REFERENCES:



206

COHPONENTS:

(1) Scandium; Sc; [7440-20-2]

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

CRITICAL EVALUATION:

Scandium

EVALUATOR:

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

Warsaw, Poland
July, 1985

There are no experimental data on the solubility of scandium in mercury. Kozin
used his semiempirica1 equations to calculate solubilities of 9.3 x 10-6 (1) and
7.7 x 10-5 (2) at % at 298 K. Further work is needed on this system.

The existence of ScHg3 and ScHg solid phases have been established (3); the
liquid amalgam may be in equilibrium with these phases.

References

1. Kozin, L.F. Tr. Inst. Khirn. Nauk Akad. Nauk Kaz. SSR, 1962, 9, 101.
2. Kozin, L.F. Fiziko-Khirniaheskie Osnovy ArnaZgamnoi MetaZZurgii, Nauka, A1ma-Ata,

1964.
3. Laube, E.; Nowotny, H. Monatsh. Chern. 1963, 94, 851.

COHPONENTS:

(1) Yttrium; Y; [7440-65-5J

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

CRITICAL EVALUATION:

EVALUATOR:

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

Warsaw, Poland

July, 1985

There is no experimental determinatiog of the solubility of yttrium in mercury.
Kozin calculated solubilities of 1 x 10- (1) and 1.6 x 10-5 (2) at % at 298 K.
Kirchmayr and Lugscheider (3) reported a general schematic phase diagram for the
lanthanide-mercury and Y-Hg systems; the phase diagram shows that the saturated
amalgams are in equilibrium with Y-Hg intermeta11ic compounds. YHg5 was also
identified, but no decomposition temperature was reported (4). The estimated
solubilities are about 0.2 at %at 423 K (3), 1 at %at 548 K (5), and 2 at %at
723 K (3). These estimated solubilities clearly need experimental confirmation.

References

1. Kozin, L.F.
2. Kozin, L.F.

1964.
3. Kirchmayr,
4. Laube, E. ;
5. Kirchmayr,

Tr. Inst. Khirn. Nauk Akad. Nauk Kaz. SSR 1962, 9, 101.
Fiziko-Khirniaheskie Osnovy ArnaZgamnoi MetaZZurgii, Nauka, A1ma-Ata,

H.R.; Lugscheider, W. Z. MetaUk. 1966, 57, 725.
Kusma, I.B. Monatsh. Chern. 1964, 9'5,"1504.
n.R.; Jangg, G. Monatsh. Chern. 1965, 96, 1147.



COHPONENTS:

(1) Lanthanum; La; [7439-91-0)

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

Lanthanum

EVALUATOR:

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

Warsaw, Poland

July, 1985

207

CRITICAL EVALUATION:

Parks and Campanella (1) were the first to analytically determine the solubility of
lanthanum in mercury; these authors reported that the solubilities increased from
8.0 x 10-3 to 2.64 x 10-2 at % in the temperature range of 273 to 323 K. Shvedov et a1.
(2) reported a solubility at 293 K which was sixfold higher than that reported by (1);
the amalgam in (2) probably was not in equilibrium and the graphical procedure of the
solubility determination from polarographic experiment is questionable. The result of
(2) is rejected. More recent works of Zebreva et a1. (3,7,12,13), from chronoamperometric
oxidation of the amalgams, confirm the results of (1). Zebreva et a1. found that the
solubility increased from 1.8 x 10-2 to 4.0 x 10-2 at % at 298 to 333 K. Bowersox and
Leary (14) determined the solubility at 293, 423 and 523 K by chemical analysis, and
although the value at 293 K appears too high, the values at the higher temperatures agree
well with those obtained from the extrapolation of the results of (I), (7) and (12). In
the high temperature range of 531 to 1351 K the solubility of lanthanum may be obtained
from the liquidus curve of the La-Hg phase diagram which was determined by thermal
analysis by Bruzzone and Merlo (6). However, the solubilities obtained from the liquidus
are approximately one order of magnitude higher than those expected on the basis of
solubi1it~es determined at lower temperatures. Kozin's calculated solubility of
3.8 x 10- (4) and 5.4 x 10-2 at % (5,8) at 298 K are too high.

The saturated amalgams are in equilibrium with various La-Hg solid phases (6,9-11).
Partial phase diagrams have been reported by (6) and (9), but these diagrams are not
directly comparable because they were determined at different mercury vapor pressures;
Fig. 1 shows that of (6).

The tentative values of the solubility of La in Hg:

T/K Soly/at % Reference

273 8 x 10-3 (1)

298 -2 (1)1.4 x 10

323 -2 (1)2.6 x 10

423 0.25 (14)

523 0.4 (14)
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COHPONENTS:

(1) Lanthanum; La; (7439-91-0)

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

Lanthanum

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry
University of Warsaw
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Fig. 1. The La-Hg system (6).
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COMPONENTS:

(I) Lanthanum; La; [7439-91-0]

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

VARIABLES:

Temperature: 0-50 oC

EXPERIMENTAL VALUES:

Solubility of lanthanum in mercury.

Lanthanum

ORIGINAL HEASUREMENTS:

Parks, W.G.; Campanella, J.L.

J. Phya. Chern. 1936, 40, 333-41.

PREPARED BY:

C. Guminski; Z. Galus
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tfOc Soly/mass %a bSoly/at %

0 (5.52 ± 0.08) x 10-3 7.97 x 10-3

12.5 (9.07 ± 0.06) x 10-3 1.30 x 10-2

25 (9.60 ± 0.06) x 10-3 1.38 x 10-2

37.5 (1.34 ± 0.04) x 10-2 1.92 x 10-2

50 (1.84 ± 0.05) x 10-2 2.64 x 10-2

aoriginal data.
bcorrected at %by compilers.

The authors state that at %was calculated from mass %by the graphical method
described by Olander (I) and checked by an analytical computation, but the compilers
found that there is a mistake in the at % reported in this paper. The empirical
formula of the solid phase in equilibrium with the saturated amalgam at 25°C was
reported to be La2Hg 11 •

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
Amalgams were prepared by electrolysis of
concentrated solutions of LaBr3·H20 in
absolute ethanol or by the dissolution of
an appropriate amount of lanthanum in
mercury. The heterogeneous amalgams in
quartz flasks were placed in a water thermo
stat at desired temperatures and shaken at
intervals for several days. Amalgams were
filtered into a special filter pipette,
which was also thermostated, by means of a
vacuum pump. After weighing of the samples
they were set aside in contact with air for
2 weeks. La{lll) hydroxide, with some
basic carbonate over the mercury phase, was
treated with known amount of 0.1 mol dm-3
HC1. The excess of acid was back titrated
with NaOH.

SOURCE AND PURITY OF MATERIALS:
Mercury was purified by stirring for 3 days
with solution of HN03-Hg2{N03)2 then
redistilled 4 times, with last distillation
under high vacuum.
La, LaC13' HBr and oxalic acid were
chemically pure; oxalic acid recrystallized
3 times.
Commercial, 95% ethanol distilled several
times after treatment with lime and sodium.

ESTIMATED ERROR:
Soly: precision better than + 2%.

Temp: precision ± 0.1 K.

REFERENCES:

1. Olander, A.
Ind. Eng. Chern., Ana'~. Ed. 1932, 4,
438.
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COMPONENTS:

(1) Lanthanum; La; [7439-91-0]

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

VARIABLES:

Temperature: 20-250·C

EXPERIMENTAL VALUES:

Lanthanum

ORIGINAL MEASUREMENTS:

Bowersox, D.F.; Leary, J.A.

U.S. At. EneI'. Corron. Rep., LAMS-2518,
1961.

PREPARED BY:

C. Guminski; Z. Galus

The solubilities of lanthanum in mercury.

t/"c g La/dm3 Hg at %a

20 2.87b 3.1 x 10-2

150 22.9 0.25

250 37.0 0.41

aby compilers.

bThe result at 20· is too high.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Hg was outgassed in a reaction vessel at
250·C then cooled to room temperature. A
weighed La coupon was added and the vessel
was backfilled with He. The evacuation and
backfilling of the vessel with He were
repeated several times. The mixture of the
metals was equilibrated for 24 hr at 350·C,
then the vessel was adjusted to the selected
temperature. The samples were drawn through
a coarse Pyrex frit at intervals of 5 to
90 hr. Each sample was cooled, weighed and
analyzed for La content. The procedure
gives good results when the filtration is
carried out at least 20 hr after adjusting
the selected equilibration temperature.

SOURCE AND PURITY OF MATERIALS:
Triple distilled Hg was used.

Lanthanum purity not specified.

ESTIMATED ~RROR:

Soly: precision better than + 2%.

Temp: not specified.

REFERENCES:



COMPONENTS:

(1) Lanthanum; La; [7439-91-0]

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

VARIABLES:

Temperature: 25-60°C

Lanthanum

ORIGINAL MEASUREMENTS:

Sagadieva, K.Zh.; Zebreva, A.I.;
Zheldybaeva, B.

Izv. Vyssh. Uaheb. Zaved' J Khim. Khim.
TekhnoZ. 1973, 16, 47-50.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

Solubility of lanthanum in mercury at various temperatures is reported.

25

30

40

50

60

a by compilers

-3Soly/mol dm

(1.2 ± 0.1) x 10-2

l.5 x 10-2

l.8 x 10-2

2.1 x 10-2

2.7 x 10-2

Soly/at %a

l.8x 10-2

2.2 x 10-2

2.7 x 10-2

3.1 x 10-2

4.0 x 10-2

The same results were reported in (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by reduction of
La(lll) solution with sodium amalgam.
Composition of amalgam was established by
analysis of solution before and after
reduction. The constantly mixed amalgams
were then oxidized at -0.10 V vs. SCE and
current-time dependences were recorded. The
point of transition from a homogeneous to
heterogeneous amalgam was determined from
the breakpoint in the current-time curve.
Concentration of the saturated amalgam was
calculated from the charge corresponding
to the oxidation of the homogeneous amalgam.
Measurements were performed under a hydrogen
atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: precision approximately ± 10%.

Temp: precision ± 0.5 K.

REFERENCES:

1. Sagadieva, K.Zh.; Dzholdasova, R.M.;
Zebreva, A.I.
Uspekhi PoZarografii s NakopZeniem J

Tomsk, 1973, pp. 104-5.
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COMPONENTS:

(1) Lanthanum; La; [7439-91-0]

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

VARIABLES:

Temperature: 258-1078°C

Lanthanum

ORIGINAL MEASUREMENTS:

Bruzzone, G.; Merlo, F.

J. Less-Common MetaZs 1976, 44, 259-65.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Data were reported as a phase diagram. The solubility of lanthanum was read from the
liquidus data points by the compilers •

..lE.£ Soly/at % ..lE.£ Soly/at %
258-268 3.5 976 28.0

288 5.0 1033 31.0

371-383 7.0 1043 33.3

587-615 11.0 1038 35.2

686 13.2 1004 39.1

744 15.8 980 41.0

810 17.7 1052 45.0

833 18.7 1071 47.5

852 19.5 1078 50.0

872 20.0 1008-1016 60.0

901 21.8 932 69.1

920 23.5

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Appropriate quantities of the two metals
were sealed in iron crucibles, for alloys
of 0-15% La, and in tantalum crucibles
enclosed in iron containers, for alloys of
greater than 15% La. Thermal analysis by
heating and cooling curves were made with
Chromel-Alumel thermocouples. For alloys
with less than 15 at %La, thermal analysis
was also made at temperatures below O°C
with iron-constantan thermocouples. X-ray
analysis was also made on the solid phases.

SOURCE AND PURITY OF MATERIALS:
Lanthanum was 99.6% pure from Koch
Light Labs.
Mercury was a commercial product of
99.99% purity.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: accuracy ± 5 K.

REFERENCES:



COMPONENTS:

(1) Lanthanum; La; [7439-91-0]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Lanthanum

ORIGINAL MEASUREMENTS:

1. Bulina, V.A.; Zebreva, A.l.;
Enikeev, R.Sh.
Izv. Vyssh. Uaheb. Zaved' J Khim. Khim.
TekhnoZ.. 1977, 20, 959-61.

2. Sagadieva~Zh.; Badamova, G.L.;
Zebreva, A.I.
Izv. Akad. Nauk Kaz. BBRJ Be!'. Khim.
1982 No.2 59-61.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of lanthanum in mercury at 25°C was found to be (1:1 ± 0.2) x 10-2 and
1.17 x 10-2 mol dm-3 , respectively, in (1) and (2). The respective atomic % solubility
calculated by the compilers are 1.6 x 10-2 and 1.73 x 10-2 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Heterogeneous amalgam in (1) was potentio
statically oxidized at -0.3 V vs. SCE in
acetate buffer of pH 3.0. The current-time
curve attained a plateau at saturation, and
the solubility was calculated from the chargE
consumed for the oxidation to the breakpoint
in the i-t curve. In (2) the amalgam was
obtained by reduction of La(lll) with Na
amalgam; La concentration in amalgam deter
mined by analysis of solution before and
after reduction. Amalgam then oxidized
chronoamperometrically, at various periods
after amalgam preparation, at -0.10 V vs.
SCE in an unmixed, buffered acetate solution
of 1 mol dm-3• Limiting current, id'
obtained from current-time curves. Solu
bility determined from breakpoint in plots
of id vs. La concentration in amalgam. id
was constant for amalgams equilibrated over
90 minutes at fixed amalgam concentration.

MM-H*

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision 10-20% (compilers).

Temp: precision ± 0.5 K.

REFERENCES:
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COMPONENTS:

(1) Cerium; Ce; [7440-45-1]

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

CRITICAL EVALUATION:

Cerium

EVALUATOR:

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

Warsaw, Poland

July, 1985

There have been a number of reports on the solubility of cerium in mercury near room
temperature; nearly all of the determinations were made by electrochemical methods, such
as polarography, stripping voltammetr~, and chronoamperometry. The 293 K solubilities
reported by Shvedov et al., 8.1 x 10- at %, (1) and by Sagadieva, 2.3 x 10-2 at %, (19)
are too high and are rejected. The report that the amalgam containing 5 at %Ce in liquid
Hg at room temperature (24) is clearly in error. Also, Kozin's calculated solubilities
of 4.5 x 10-2 (5,11) and 0.42 at % (12) at 298 K are too high. On the other hand the
298 K solubilities reported by several workers are in general agreement: 1.00 x 10-2 at %
(2), 9.3 x 10-3 at % (3), 8.7 x 10-3 at % (4,21), 9.0 x 10-3 at % (8-10), 1.0 x 10-2 at %
(18), and 8.3 x 10-3 at % (27).

There have been a number of reports on the determination of the solubility of cerium
in mercury at various temperatures. Sagadieva et al. (13,22) observed that the
solubility increased from 9 x 10-3 to 1.8 x 10-2 at %at 298 to 343 K. The latter group
of workers (14) also reported solubilities ranging from 1.3 x 10-2 to 3.6 x 10-2 at %
at the same temperatures, but these values are rejected by consensus of the original
authors. Bowersox and Leary (23) determined the solubility of cerium at 293, 423 and
523 K by chemical analysis of the equilibrated amalgams. The results of the latter authors
are in rough agreement with those of (13), (14) and (22); the temperature dependence of
the solubility in (23) is steeper than in (13) and (22), and the solubility at 293 K
appears to be slightly high.

Usenova et al. investigated the solubility of cerium in lead and cadmium (15) and
other lanthanide amalgams (16).

The liquid amalgam is in equilibrium with various Ce-Hg solid phases (6,20); this
is also suggested by the partial phase diagram (17). The compounds CeHg5 (7) and
CeHg6.5 (25) have been reported, but their temperature stability limits have not been
specified. The compound CeHg4 has been shown to be actually Ce5Hg21 (26), similar to
other isostructural LnHg4 compounds.

Recommended (r) and tentative values of the solubility of Ce in Hg.

T/K
298

323

423

523

Soly/at %

9 10-3 (r) ax b
2 x 10-2

0.2

0.8

Reference

[2-4, 8-10, 13,14,18,21-23,27]

[13,14,23]

[23]

[23]

amean value from data of cited references.

binterpolated value from data of cited references.
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(1) Cerium; Ce; [7440-45-1]

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

CRITICAL EVALUATION: (Continued)
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COMPONENTS:

(1) Cerium; Ce; [7440-45-1]

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

VARIABLES:

Temperature: 20-250°C

EXPERIMENTAL VALUES:

The solubilities of Ce in Hg.

Cerium

ORIGINAL MEASUREMENTS:

Bowersox, D.F.; Leary, J.A.

U.S. At. Enep. COIIUrI. Rep., LAMS-2518,
1961.

PREPARED BY:

C. Guminski; Z. Galus

tjOC

20

150

250

aby compilers.

g Ce/dm3 Hg

1.31

19.8

74.5

Soly/at %a

1.38 x 10-2

0.214

0.817

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Hg was outgassed in a reaction vessel at
523 K then cooled to room temperature. The
vessel was filled with He and a weighed
quantity of Ce coupons was added. The
evacuation and refilling of the vessel with
He were repeated several times. The
mixture of the metals was equilibrated for
24 h at 623 K. Then temperature of the
vessel was adjusted to a selected level and
samples of the amalgam were drawn through
a coarse Pyrex frit at intervals of 5 to
90 h. Each sample was cooled, weighed and
analyzed for Ce content. The p~ocedure

gives good results when filtration is
carried out 20 h after adjustment of
equilibration temperature.

SOURCE AND PURITY OF MATERIALS:
Triply distilled Hg was used.
Cerium purity not specified.

ESTIMATED ERROR:
Soly: precision better than + 2%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Cerium; Ce; [7440-45-1]

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

VARIABLES:

Temperature: 25-70°C

EXPERIMENTAL VALUES:

Solubility of cerium at 25-70°C.

Cerium

ORIGINAL MEASUREMENTS:

Sagadieva, K.Zh.; Zebreva, A.I.;
Dzholdasova, R.M.; Mukhamedieva, Sh.M.

Sbo1'. Rabot Khim., Alma-Ata, 1973, No.3,
341-6.

PREPARED BY:

C. Guminski; Z. Galus
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trc Soly/mol -3 3 Soly/at
3a

dm x 10 %x 10

25 6 9

40 8 12

55 10 15

70 12 18

~y compilers.

The same results are also reported in (1).

AUXILIARY INFORMATION

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

The amalgams were obtained by reduction Nothing specified.
of Ce(III) with sodium amalgam. Cerium
amalgams were oxidized potentiostatically
at -0.1 V vs. SCE, and current-time
dependencies were recorded. Current was
initially constant, then it decreased
exponentially with time. The concentration
of the saturated amalgam was calculated
from the charge corresponding to the
oxidation in the region of exponential
dependence of the current.

ESTIMATED ERROR:
Soly: precision ± 10% (compilers).

Temp: nothing specified.

REFERENCES:
1. Sagadieva, K.Zh.; Dzholdasova, R.M.;

Zebreva, A. 1.
Uepekhi PoZa1'ogr>afii e NakopZeniem.
Tomek, 1973, pp. 104-5.
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COMPONENTS:

(1) Cerium; Ce; [7440-45-1]
(2) Mercury; Hg; [7439-97-6]

VARIABLES:

One temperature: 25°C

Cerium

ORIGINAL MEASUREMENTS:

1. Usenova, K.A.; Osipova, G.V.;
Krebaeva, Sh.D.; Enikeev, R.Sh.
Radiokhimia ~, 16, 99-103.

2. Dzholdasova, R.M.; Sagadieva, K.Zh.;
Zebreva, A.I.
Izv. Akad. Nauk. Kaz. SSR, 8el'. Khim.
1976, No.3, 63-6.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of cerium in mercury at 25°C was found to be (6.8 ± 0.7) x 10-3 and
(6.0 ± 1.0) x 10-3 mol dm-3 in (1) and (2), respectively.

The respective atomic % solubility calculated by the compilers are 1.00 x 10-2 and
9.0 x 10-3 at %.

Refs. (3)-(5) reported identical solubility as in (2), while (6) reported a slightly
higher value of 7 x 10-3 mol dm-3 (read from a curve by the compilers).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were prepared by reduction
of Ce(III) with Na amalgam; the Ce content
in the amalgams was determined by analysis
of solution before and after reduction.
Constantly stirred acetate-buffered solu
tions were oxidized potentiostatically: at
-0.5 V vs. SCE at pH 3 in (1) and at -0.1 V
vs. SCE in (2). Kinetic decomposition
curves were recorded in (1) and the inflec
tion on the plot of half-decomposition time
vs. Ce concentration corresponded to the
saturation point~ concentration change was
traced with Ce 14 radioisotope. In (2) the
solubility was determined from the expo
nential part of the current-time curve which
corresponds to the charge consumed for the
oxidation of the homogeneous amalgam. All
measurements were made in hydrogen
atmosphere.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR~

Soly: precision approximately + 10% in
(1) and ± 15% in (2). -

Temp: precision ± 0.5 K.

REFERENCES:

3. Sagadieva, K.Zh.; Zebreva, A.I. Izv. Akad. Nauk Kaz. SSR, 8er. Khim. 1977,
No.5, 28.

4. Zebreva, A.I.; Sagadieva, K.Zh.; Dzholdasova, R.M. IssZ. v ObZ. Khim. RedkozemZ.
EZementov 1975, 77.

5. Sagadieva, K.Zh.; Zebreva, A.I.; Dzholdasova, R.M.; Mukhamedieva, Sh.M. Sbol'. Rabot
Khim., Alma-Ata, 1973, No.3, 341.

6. Dzholdasova, R.M.; Sagadieva, K.Zh.; Zebreva, A.I. PrikZ. Teoret. Khim., Alma-Ata,
1974, 206.



COMPONENTS:

(1) Cerium; Ce; [7440-45-1]

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

VARIABLES:

One temperature: 25°C

Cerium

ORIGINAL MEASUREMENTS:
1. Bulina, V.A.; Zebreva, A.I.;

Enikeev, R.Sh.
Izv. Vyssh. Uoheb. Zaved' J Khim. Khim.
Tekhnol. 1977, 20, 959-61.

2. Sagadieva, K.Zh.; Zebreva, A.I.;
Badavamova, G.L.
Elektrokhimia 1979, 15, 210-3.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of cerium in mercury at 25°C was found to be (6.3 + 0.5) x 10-3 and
5.9 x 10-3 mol dm-3 , respectively, in (1) and (2). The respective atomic % solubility
calculated by the compilers are 9.3 x 10-3 and 8.7 x 10-3 at %. The result of (2) was
previously reported in (3).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Amalgams in (2) were prepared by reduction
of Ce(III) with Na amalgam. Amalgams of
various concentrations were oxidized
potentiostatically at limiting-current
potential of -0.1 V vs. SCE, and current
recorded as function of time. Measurements
were made in static buffered solution of
0.2 mol dm-3 NaOAc + 0.04 mol dm-3 HCl at
pH 5. Limiting current, id' was obtained
from semilog plot of current vs. time; id
increased linearly with Ce concentration,
and was nearly constant above saturation.
Solubility determined from intercept of id
vs. concentration plot. Heterogeneous
amalgam in (1) also oxidized potentio
statically, and transition from oxidation
of heterogeneous to homogeneous amalgam was
indicated by inflection in current-time
curve. Solubility determined from charge
used for oxidation of homogeneous amalgam.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: precision 10-20% (compilers).

Temp: precision probably + 0.5 K
(compilers). -

REFERENCES:
3. Sagadieva, K.Zh.; Badavamova, G.L.

VII Vsesoyuznoe Soveshohanie po
Polarografii J Nauka, Moskva, 1978,
p. 122.
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COMPONENTS:

(1) Cerium; Ce; [7440-45-1]

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

VARIABLES:

One temperature: 25°C

Cerium

ORIGINAL MEASUREMENTS:

Sagadieva, K.Zh.; Badavamova, G.L.;
Zebreva, A.I.

Izv. Vyssh. Uaheb. Zaved., Khim. Khim.
TekhnoZ. 1984, 27, 329-33.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of Ce in Hg at 25°C was reported to be 5.6 x 10-3 mol dm-3•
The atomic % solubility calculated by the compilers is 8.3 x 10-3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared by electro
reduction of Ce(III) in citrate buffer (pH
5-6) on the hanging-mercury-drop electrode
with Pt base. The electrolysis was carried
out in potentiostatic conditions at poten
tials changing between -1.7 and -2.5 V vs.
SCE in atmosphere of an inert gas. The Ce
amalgam was then oxidized by stripping
voltammetry. The total amount of Ce in Hg
was found by integration of area under the
voltammetric peak. A break on the plot
relating the anodic peak current against
Ce concentration corresponds to the
saturation of the amalgam.

SOURCE ,AND PURITY OF MATERIALS:

Purity of Hg drop electrode was tested
by stripping analysis without the
depolarizer in the solution.

Cerium purity not specified.

ESTIMATED ERROR:

Soly: precision no better than + 10%
(compilers).

Temp: nothing specified.

REFERENCES:



COHPONENTS:

(1) Praseodymium; Pr; [7440-10-0]

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

CRITICAL EVALUATION:

Praseodymium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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The most reliable solubility of praseodymium in mercury at 298 K has been determined
by electroanalytical measurements by Zebreva and coworkers: 8.3 x 10-3 (6), 1.15 x 10-2
(7,10,16), 1.12 x 10-2 (8,14), and 1.41 x 10-2 at % (8,14). At 343 K, Zebre2a et al.
reported solubilities of 2.35 x 10-2 (8,14), 2.36 x 10-2 (10) and 2.41 x 10- at % (8,14).
Other experimental determinations at 298 K are rejected because the solubilities were
too high (3.1 x 10-2 at % (3,13) and 5.6 x 10-2 at % (4)), or too low (5.9 x 10-3 at %
(5)). Kozin's calculated solubilities of 0.13 (1) and 0.15 (2) at % at 298 K are
clearly too high.

The evaluators' plot of the logarithm of solubility vs. reciprocal temperature for
the Pr-Hg system shows a significantly lower slope as compared to the same type of plots
for the other lanthanide-Hg systems. The lower slope also suggests a lower enthalpy of
solution for the Pr-Hg system as compared to the other Ln-Hg systems.

Griffin and Gschneider (9) determined the liquidus in the Pr-rich region, while
Kirchmayr and Lugscheider (12) presented a schematic phase diagram at 760 rom Hg vapor
pressure. The compound, PrHg6. 5' has been established (17), but its decomposition
temperature is not known. Existence of other compounds also has been reported (9,11,
12,15,17).

Tentative values of the solubility of Pr in Hg:

References

T/K

298

323

973

1073

1173

Soly/at %

1.1 x 10-2

1.7 x 10-2

84

91

97.5

Reference

[7,8,10,16]

[8,10]

[9]

[9]

[9]

1. Kozin, L.F. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR 1962, 9, 101.
2. Kozin, L.F. Fiziko-Khimiaheskie Osnouy AmaZgamnoi MetaZurgii, Nauka, Alma-Ata,

1964.
3. Usenova, K.A.; Osipova, G.V.; Krebaeva, Sh.D.; Enikeev, R.Sh. Radiokhimia 1974,

16, 99.
4. Shvedov, V.P.; Frolkov, A.Z.; Nikishin, G.D. Radiokhimia 1971, 13, 252.
5. Bulina, V.A.; Zebreva, A.I.; Enikeev, R.Sh. Izu. Vyssh. Uaheb. Zaued., Khim. Khim.

TekhnoZ. 1977, 20, 959.
6. Bulina, V.A.; Guminichenko, L.V.; Zebreva, A.I.; Enikeev, P.Sh. Radiokhimia 1977,

19, 89.
7. Sagadieva, K.Zh.; Zebreva, A.I.; Badavamova, G.L. EZektrokhimia 1979, 15, 210.
8. Sagadieva, K.Zh.; Zebreva, A.I.; Oteeva, G.Z. Izu. Akad. Nauk Kaz. SSR, Ser.

Khim. 1977, No.6, 22.
9. Griffin, R.B.; Gschneider, K.A. Met. Trans. 1971, 2, 2517.

10. Sagadieva, K.Zh.; Zebreva, A.I.; Badavamova,~ Izu. Akad. Nauk Kaz. SSR, Ser.
Khim. 1978, No.3, 74.

11. Flad, ~Matthes. F. Z. Chem. 1964, 4, 466.
12. Kirchmayr, H.R.; Lugscheider, W.---z.- Metank. 1966, b7, 725.
13. Usenova, K.A.; Osipova, G.V. Sbor. Rab. Khim., Alma-Ata, 1973, No.3, 364.
14. Sagadieva, K.Zh.; Zebreva, A.I. Dep. VINITI, 1355-77, 1977; abstracted in

Izu. Vyssh. Uaheb. Zaued., Khim. Khim. TekhnoZ. 1978, 21, 157.
15. Merlo, F.; Fornasini, M.L. J. Less-Common MetaZs 1979, 64, 221.
16. Sagadieva, K.Zh.; Badavamova, G.L. VII Vsesoyuzno~ueshahanie po PoZarografii,

Nauka, Moskva, 1978, p. 122.
17. Iandelli, A.; Palenzona, A. Handbook on Physias and Chemistry of Rare Earths,

Gschneider, K.A., Eyring, L., Eds., North-Holland, Amsterdam 1978, Ch. I.
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COMPONENTS:

(1) Praseodymium; Prj [7440-10-0)

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

VARIABLES:

Temperature: 650-932°C

EXPERIMENTAL VALUES:

Praseodymium

ORIGINAL HEASUREHENTS:

Griffin, R.B.; Gschneider, K.A.

Met. Trans. 1971, 2, 2517-24.

PREPARED BY:

C. Guminski; Z. Galus

Data were presented as a phase diagram in the Pr-rich region. The solubility of
Rg in Pr was taken from the liquidus data points by compilers •

...l.I..::..£ Soly/at %

932 0.15
930 0.3
926 0.6
920 1.1
916 1.3
907 2.0
900 2.6
890 3.3
866 5.1
839 6.8
807 9.1
792 10.2
770 12.4
713 15.2
675 17.3
650 18.9

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
The alloys were prepared by adding weighed
amounts of mercury to a tantalum crucible
containing praseodymium or previously
prepared amalgam with lower content of
mercury. The crucibles were sealed by
arc-welding in a helium atmosphere. The
samples were then melted at 200 to 250°C
above the liquidus temperature for 1 hour.
Differential thermal analysis cooling
curves were recorded with the use of a
calibrated Chromel-Alumel thermocouple.

SOURCE AND PURITY OF MATERIALS:
Praseodymium was 99.6% pure, with 0.02%
calcium and 0.3% other lanthanides.
Mercury was triply distilled.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 2 K.

REFERENCES:



COMPONENTS:

(1) Praseodymium; Pr; [7440-10-0]

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

VARIABLES:

One temperature: 25°C

Praseodymium

ORIGINAL MEASUREMENTS:
1. Bulina, V.A.; Guminichenko, L.V.;

Zebreva, A.I.; Enikeev, R.Sh.
Radiokhimia 1977, 19, 89-93.

2. Sagadieva, K.Zh.; Zebreva, A.I.;
Badavamova, G.L.
EZektrokhimia 1979, 15, 210-13.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of praseodymium in mercury at 25°C was reported as follows:

-3 3Soly/mol dm x 10

5.6 + 1.0

7.8

aby compilers.

a
Soly/at % x 103

8.3

11.5

Reference

(1)

(2)

Result of (2) was also reported in (3) and (4).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Heterogeneous amalgams were prepared by
reduction of Pr(III) with Na-amalgam from
buffered solutions of pH 4. The amalgams
of various concentrations were oxidized
potentiostatically: the oxidation in (2)
was made at limiting-current potential of
-0.1 V vs. SCE at pH 5 in soln. of 0.2
mol dm- 3 NaOAc + 0.04 mol dm-3 HCl.
Limiting current, id' was obtained from
semilog plot of current vs. time; id
increased linearly with Pr concentration,
and became nearly constant above satura
tion. Solubility was determined from the
inflection point of curve of id vs. Pr
concentration. In (1) the solubility was
obtained from the charge used to oxidize
the homogeneous amalgam up to the
saturation point.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision no

better than 10-20% (compilers).

Temp: nothing specified.

REFERENCES:
3. Sagadieva, K.Zh.; Badavamova, G.L.

VII Veeeoyuznoe Soveehahanie po PoZaro
grafii, Nauka, Moskva, 1978, p. 122-3.

4. Sagadieva, K.Zh.; Zebreva, A.I.;
Badavamova, G.L. Izv. Akad. Nauk Kaz.
SSR, Ser. Khim. 1978, No.3, 74-6.
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COMPONENTS:

(1) Praseodymium; Prj [7440-10-0]

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

VARIABLES:

Temperature: 25-70°C

Praseodymium

ORIGINAL MEASUREMENTS:

1. Sagadieva, K.Zh.; Zebreva, A.I.;
Oteeva, G.Z. Izv. Akad. Nauk Kaz. SSR,
Ser. Khim. 1977, No.6, 22-4.

2. Sagadieva, K.Zh.; Zebreva, A.I.;
Badavamova, G.L. Izv. Akad. Nauk Kaz.
SSR, Ser. Khim. 1978, No.3, 74-6.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of praseodymium in mercury was determined by chronoamperometry and
coulometry.

By Chronoamperometry By Coulometryb

Soly Soly

t;oc -3 at %a Ref. -3 at %amol dm mol dm

25 0.0095 0.0141 (1) 0.0076 0.0112
0.0078 0.0115 (2)

40 0.0125 0.0125 (1) 0.0098 0.0145
0.0097 0.0144 (2)

55 0.0145 0.0215 (1) 0.0115 0.0170
0.0112 0.0166 (2)

70 0.0163 0.0241 (1) 0.0159 0.0235
0.0160 0.0236 (2)

aby compilers.

bref • (1).

Results of ref. (1) also reported in (3); authors in (1) state that coulometric
results are more accurate.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Amalgams were prepared by reduction of
Pr(III) with Na-amalgam. Chronoamperometric
curves were recorded in (1); magnitude of
limiting current, id, is proportional to
Pr concentration, Npr, in homogeneous
amalgam. Inflection point on id vs. Npr
curve corresponds to solubility of Pro
After all crystals in amalgam are dissolved
by chronoamperometric oxidation, the
solubility is calculated by integrating the
charge corresponding to exponentially
decreasing current (coulometry~. In (2~,

Npr varied from 1.8-75.0 x 10- mol dm- •
Amalgams allowed to stand 6 hr before
chronoamperometric oxidation at -0.1 V vs.
SCE; solubility obtained as in (1).

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: precision no better than + 10%

(compilers) •

Temp: nothing specified.

REFERENCES:

3. Sagadieva, K.Zh.; Zebreva, A.I.
Dep. VINITI, 1355-77, 1977; abstracted in
Izv. Vyssh. Uaheb. Zaverr:Khim. Khim.
TekhnoZ. 1978, 21, 157.



COMPONENTS:

(1) Neodymium; Nd; [7440-00-8]

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

Neodymium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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CRITICAL EVALUATION:

Kozin calculated neodymium solubilities in mercury at 298 K of 0.044 (1) and 0.058
(2,8) at %. Experimental determinations show that the latter values are too high.
Bulina et al. reported a solubility of 8.1 x 10-3 at % (4) and 4.6 x 10-3 at % (7) at
298 K, while Usenova et al. (5,10) reported 1.6 x 10-2 at %. Sagadieva et al. (14),
from ele:jrOanalytical methods, reported that the neodymium solubi~ity increased from
4.9 x 10 to 1.1 x 10-2 at %at 298 to 343 K; the results at 298 and 313 K are in good
agreement with those reported by (3), (4) and (7), but the solubilities at higher
temperatures were too low as compared to other measurements. Shvedov et al. (6)
reported a solubility of 0.055 at % at 293 K, but this value is rejected because it is
too high. Messing and Dean (3) determined the solubilities at 368 to 573 K and they
reported that the solubility increased from 0.0496 to 0.680 at % over this temperature
range.

The saturated neodymium amalgams are in equilibrium with Nd-Hg intermetallic
compounds (9,11,12); a schematic phase diagram has been presented by Kirchmayr and
Lugscheider (11). NdHg6.5 solid phase was also determined, but no temperature range
of its stability was reported (13).

The tentative values of neodymium solubility in mercury.

TIK Soly/at % Reference

298 6 x
_3a

[4,7,14]10

323 -2b
[3]1.2 x 10

373 4 x 10-2 [3]

473 0.2 [3]

573 0.6 [3]

amean value from data of cited references.

bextrapolated from data of (3).

References

1. Kozin, L.F. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR 1962, 9, 101.
2. Kozin, L.F. Fiziko-Khimiaheskie Osnovy Amalgamnoi Metalurgii, Nauka, Alma-Ata,

1964.
3. Messing, A.F.; Dean, O.C. U.S. At. Ener. Comm. Rep., ORNL-2871, 1960.
4. Bulina, V.A.; Guminichenko, L.V.; Zebreva, A.I.; Enikeev, R.Sh. Radiokhimia,

1977, 19, 89.
5. Usenova, K.A.; Osipova, G.V.; Krebaeva, Sh.D.; Enikeev, R.Sh. Radiokhimia

1974, 16, 99.
6. Shvedov, V.P.; Frolkov, A.Z.; Nikishin, G.D. Radiokhimia 1971, 13, 252.
7. Bulina, V.A.; Zebreva, A.I.; Enikeev, R.Sh. Izv. ~Y8sh. Uaheb. Zaved., Khim.
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12. Merlo, F.; Fornasini, M.L. J. Less-Common Metals 1979, 64, 221.
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14. Sagadieva, K.Zh.; Badavamova, G.L.; Zebreva, A.I. Izv. Akad. Nauk Kaz. SSR,

Ser. Khim., 1983, No.6, 29.
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COMPONENTS:

(1) Neodymium; Nd; [7440-00-8]

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

VARIABLES:

Temperature: 313-523 K

Neodymium

ORIGINAL MEASUREMENTS:

Messing, A.F.; Dean, O.C.

U.S. At. Ener. Comm. Rep., ORNL-2871,
1960.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of neodymium in mercury at various temperatures.

T/K Soly/mass % Soly/at %

313 0.00898a 0.0125

368-373 0.0357 0.0496

378-383 0.0296 0.0411

433-438 0.0746 0.104

473-477 0.188 0.261

483-488 0.193 0.268

518-523 0.196 0.272

521-523 0.262 0.364

568-573 0.418 0.680

629 0.633a 0.877

acalculated from least squares equation by the authors.

AUXILIARY INFORMATION

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

Mercury and neodymium, after drying and Not given.
outgassing in the stainless steel dissolver,
were kept for several days at the desired
temperature. A similar equilibration
period was allowed after each temperature
change. After equilibration, a sample of
liquid amalgam was forced through the
filter, and the collected sample was
dissolved in nitric acid and submitted for
analysis for neodymium and mercury.

ESTIMATED ERROR:
Soly: standard deviation of least squares

fit 0.1063.

Temp: precision ± 5 K.

REFERENCES:



COMPONENTS:

(1) Neodymium; Nd; [7440-00-8]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Neodymium

ORIGINAL MEASUREMENTS:

Usenova, K.A.; Osipova, G.V.;
Krebaeva, Sh.D.; Enikeev, R.Sh.

Radiokhimia 1974, 16, 99-103.

PREPARED BY:

C. Guminski; Z. Galus
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-2The solubility of neodymium in mercury at 25°C was found to be (1.1 ± 0.2) x 10 mol
dm-3• The atomic % solubility calculated by the compilers is 1.6 x 10-2 at %.

The same result is also reported in (1).

AUXlLIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgam was prepared by reduction of
Nd(III) with sodium amalgam. The amalgam
was then oxidized potentiostatically, at
-0.5 V vs. SCE, in a stirred system
containing the amalgam and an acetate buffer
of pH = 3. Based on analysis of the kinetic
decomposition curves, the oxidation of
homogeneous and heterogeneous amalgams
could be distinguished. An inflection on
the plot of half-decomposition time versus
concentration of Nd corresponds to the
saturation point. Changes of concentration
were determined with the use of Nd 147
radioisotope. The experiments were per
formed in HZ atmosphere.

SOURCE AND PURITY OF MATERIALS:
Not specified.

ESTIMATED ERROR:
Soly: precision approximately ± 20%.

Temp: precision ± 0.5 K.

REFERENCES:

1. Usenova, K.A.; Osipova, G.V.
Sborn. Rab. Khim. Alma-Ata, 1973,
No.3, 364. -----
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COMPONENTS:

(1) Neodymium; Nd; [7440-00-8]

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

VARIABLES:
One temperature: 25°C

EXPERIMENTAL VALUES:

Neodymium

ORIGINAL MEASUREMENTS:

1. Bulina, V.A.; Zebreva, A.I.;
Enikeev, R.Sh. Izv. Vyssh. Uaheb.
Zaved•• Khim. Khim. TekhnoZ. 1977,
20, 959-61.

2. Bulina, V.A.; Guminichenko, L.V.;
Zebreva, A.I.; Enikeev, R.Sh.
Radiokhimia 1977 19 89-93.

PREPARED BY:
C. Guminski; Z. Galus

-3The solubility of neodymium in mercury at 25°C was found to be (3.1 + 0.5) x 10 and
(5.5 + 0.8) x 10-3 mol dm-3 , respectively, in (1) and (2). The corresponding atomic %
solubIlity calculated by the compilers were 4.6 x 10-3 and 8.1 x 10-3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The method of preparation of amalgam in
(1) was not specified. In (2) the amalgam
was prepared by reduction of Nd(III) with
Na-amalgam from chloride-acetate buffered
solution of pH a 4; the Nd content in the
amalgam was determined from the Nd(III) in
the solution before and after reduction.
The amalgam in (1) was oxidized potentio
statically at -0.3 V vs. SeE, and the
solubility was obtained from the i-t curve
and the charge for oxidation of the
saturated amalgam. The solubility in (2)
was obtained by a similar method.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: precision approximately ± 20%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Neodymium; Nd; [7440-00-8)

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

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Neodymium

ORIGINAL MEASUREMENTS:

Sagadieva, K.Zh.; Badavamova, G.L.;
Zebreva, A.I.

Izv. Akad. Nauk Kaz. BBR, Be!'. Khim.
1983, No.6, 29-32.

PREPARED BY:

C. Guminski; Z. Galus
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The solubilities of Nd in Hg at various temperatures were determined by coulometry
and chronoamperometry.

trc 25 40 55b 70b
-

3 -3 3.3 5.4 6.5 6.9Soly/l0 mol dm

Soly/l03 at %a 4.9 8.0 9.6 10 by coulometry

3 -3 3.4 5.6 6.0 7.5Soly/l0 mol dm

soly/l03 at %a 5.0 8.3 8.9 11
by chronoamperometry

aby compilers.

bresults at 55 and 70°C are understated.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were prepared by reduction of
Nd(III) by sodium amalgam in chloride
acetate solution at pH a 4. The amount of
Nd introduced into Hg was determined from
analysis of the Nd(III) solution before and
after reduction. Chronoamperometric
oxidation of the amalgam was then carried
out at 0.1 V vs. SCE. The saturation point
was estimated from a bend on the current
vs. Nd concentration curve (chrono
amperometry), as well as by the integration
of the diffusion current as a function of
time (couloumetry).

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision ± 10%

(compilers) •

Temp: nothing specified.

REFERENCES:



230 Samarium

COHPONENTS: EVALUATOR:

(1) Samarium; Sm; [7440-19-9]

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

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

Warsaw, Poland

July, 1985

CRITICAL EVALUATION:
The first experimental determination of the solubility of samarium in mercury was

reported by Messing and Dean (3); these authors found that the solubility increased
from 0.0501 to 0.652 at % at 358 to 578 K, and the extrapolated solubility at 298 K,
from their fitted solubility equation, was 1.2 x 10-2 at %. Because the solubility
determinations by these authors for other lanthanide metals in mercury are generally
acceptable, the evaluators tentatively accept the data for the Sm-Hg system reported in
(3). Kozin reported predicted solubilities of 3.2 x 10-2 (1) and 4.5 x 10-2 at % ~2) at
298 K. The solubility determination of Zebreva and coworkers (6-8, 11), 4.6 x 10- at %
at 298 K, is in rough agreement with the calculated results of Kozin and with the
extrapolated value of Messing and Dean. Other determinations of the solubility near
room temperature are: 0.15 at % at 298 K by potentiometry (4,12); 0.164 at % at 293 K
by amalgam polarography (5); 0.13 at %at 293 K by anodic oxidation of a thin film of the
amalgam (15); and 0.124 at % at 293 K by an unspecified method (9); all of these latter
values are too high and are rejected. Dzholdasova (16) reported solubilities of 0.045,
0.060 and 0.094 at % at 286, 298 and 313 K, respectively; however, experimental details
were not described.

As shown by the schematic phase diagram for the Ln-Hg system (13,14,17), the
saturated amalgam is in equilibrium with intermetallic solid phases. Also, SmHg

6
•5was established (17) but no decomposition temperature is known.

The tentative values of Sm solubility in Hg:

TIK

298

323

373

473

473

Soly/at %
a

2 x 10-2

3 x 1O-
2a

6 x 10-2

0.2

0.6

Reference

(3)

(3)

(3)

(3)

(3)

aextrapolated values from data of (3).
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COHPONENTS:

(1) Samarium; Sm; [7440-19-9]

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

CRITICAL EVALUATION: (continued)

Samarium

EVALUATOR:

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

Warsaw, Poland
July, 1985
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13. Kirchmayr, H.R.; Lugscheider, W. Z. MetaZZk. 1960, 57, 725.
14. Merlo, F.; Fornasini, M.L. J. Less-Common MetaZs 1979, 64, 221.
15. Perov, E.I.; Akimov, V.P.; Serebrennikov, V.V. T~. Tomsk. Univ. 1971, 204, 90.
16. Dzholdasova, R.M. DissertationJ Alma-Ata , 1979; as cited by Korshunov, V.I.

Itogi Nauki i Tekhniki J EZekt~okhimia 1981, 17, 85.
17. Iandelli, A.; Palenzona, A. Handbook on the Physios and Chemist~y of Ra~e Ea~thsJ

K. A. Gschneider, L. Eyring, Eds., North-Holland, 1978, Amsterdam, Ch. I.



232

COMPONENTS:

(1) Samarium; Sm; [7440-19-9]

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

VARIABLES:

Temperature: 313-578 K

Samarium

ORIGINAL MEASUREMENTS:

Messing. A.F.; Dean. O.C.

U.S. At. EneI'. Corrun. Rep. ORNL-2871 J

1960.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of samarium in mercury was determined at various temperatures.

TIK Soly/mass % Soly/at %

313 aO.0131 0.0175

358-363 0.0376 0.0501

373-383 0.0627 0.0834

418-423 0.0834 0.111

433-438 0.142 0.189

443-448 0.104 0.139

468-478 0.168 0.224

498-503 0.213 0.284

523-528 0.202 0.269

573-578 0.467 0.621

573-578 0.490 0.652

629 aO.618 0.822

aCalculated from least squares-fitted equation by the authors.

AUXILIARY INFORMATION

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

Mercury and the test metal. after drying Nothing specified.
and outgassing in the stainless steel
dissolver. were kept for several days at
the desired temperature. A similar
equilibration period was allowed after each
temperature change. After equilibration.
a sample of liquid amalgam was forced
through the filter. The filtrate was
collected. dissolved in nitric acid. and
submitted for analysis for samarium and
mercury.

ESTIMATED ERROR:
Soly: least squares fit standard

deviation 0.07606.

Temp: precision ± 5 K.

REFERENCES:



COMPONENTS:

(1) Samarium; Sm; [7440-19-9]

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

VARIABLES:

One temperature: 25°C

Samarium

ORIGINAL MEASUREMENTS:

Sagadieva, K.Zh.; Zebreva, A.I.

Izv. Akad. Nauk Kaz. SSR. Sel'. Khim.
1977, No.5, 28-32.

PREPARED BY:

C. Guminski; Z. Galus

233

EXPERIMENTAL VALUES:

The solubility of samarium in mercury at 25°C was found to be (3.1 +0.4) x 10-2 mol dm-3•
The atomic % solubility calculated by the compilers is 4.6 x 10-2 at %.

The same result is given also in (1-3).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were presumably prepared by
reduction of Sm(II) with sodium amalgam.
Amalgams of various concentrations were
oxidized potentiostatica11y at the limiting
current potential of -0.1 V vs. SCE, and the
current was recorded as a function of time.
The measurements were made in a_~tatic,

buffered solution of 0.2 mo1-dm NaOAc
+ 0.04 mo1-dm-3 HC1 at pH a 5. The limiting
current, id' was obtained from a semi10g
plot of current vs. time; id increased
linearly with concentration of Sm, and was
nearly constant above saturation. The
solubility was determined from the inter
cept of the id vs. concentration plot.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision

approximately ± 10% (compilers).

Temp: precision ± 0.5 K.

REFERENCES:
1. Zebreva, A.I.; Sagadieva, K.Zh.;

Dzho1dasova, K.M. IBOZ. ObZ. Khim.
RedkozemZ. EZementov 1975, 77.

2. Sagadieva, K.Zh.; Zebreva, A.I.;
Dhzo1dasova, R.M.; Mertke, I.
Dep. VINITI 2573-75, 1975.

3. Sagadieva, K.Zh.; Zebreva, A.I.;
Badavamova, G.L. EZektl'okhimia
1979, 15, 210.
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COHPONENTS:

(1) Europium; Eu; [7440-53-1]

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

Europium

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:
Kozin estimated from his semiempirical treatment that the solubility of europium in

mercury at 298 K is O.lZ (1) and 0.14 at % (Z,10). Some recent experimental determina
tions of the solubility appear to confirm Kozin's estimates. Sagadieva and coworkers
reported solubility at 298 K of 0.098 (3,7,8,17) and O.llZ at % (7,17). At Z93 K,
Shvedov et al. (4) reported a solubility of 0.142 at %, while Perov and coworkers (14)
reported a solubility of 0.152 at %, and Gerasimov et al. (9) reported a solubility of
0.165 at %without describing the method of determination. There have been other reports
(5,6,11,15) of the solubility near room temperature, but these are rejected because they
are nearly an order of magnitude too high because of supersaturation of the amalgams in
these studies.

The saturated amalgam is in equilibrium with various compounds (6,12,13,16):
EuHg 10 , EuHg5 , EuHg3•6, EuHg3, EuHgZ' EuHg, and Eu3HgZ' No systematic thermal analysis
of tlie Eu-Hg system has been made.

The tentative solubility of europium in mercury at 298 K is 0.1 at % (3,7,17).
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COMPONENTS:

(1) Europium; Eu; [7440-53-1]

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

VARIABLES:

One temperature: 20·C

EXPERIMENTAL VALUES:

Europium

ORIGINAL HEASUREHENTS:

Shvedov, V.P.; Frolkov, A.Z.;
Nikishin, G.D.

Radiokhimia 1971, 13, 252-5.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of europium in mercury at 20·C was found to be 0.142 at %.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by reduction of
Eu(III) with sodium amalgam, and then
oxidized under polarographic conditions.
The wave height increased with the amalgam
concentration up to the saturation point;
further increase of amalgam concentration
caused a decrease of the wave height.
The maximum on the wave height-amalgam
concentration dependency indicated the
concentration of the saturated amalgam.
Solutions were deoxygenated by bubbling H2
or by adding Na2S03 before the experiment.
Concentrations of Eu in the amalgam were
determined radiochemically or by complex
ometric titration with Trilon B. Back
titration method was used with Zn(CH3COO)2
in ammonia buffer. All work with amalgams
was carried out under a layer of dehydrated
ethanol or acetone.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision ± 10% (compilers).

Temp: not specified.

REFERENCES:
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COMPONENTS:

(1) Europium; Eu; [7440-53-1]

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

VARIABLES:

One temperature: 20°C

EXPERIMENTAL VALUES:

Europium

ORIGINAL MEASUREMENTS:

Perov, E.I.; Akimov, V.P.;
Serebrennikov, V.V.

T~. TomBk. Univ. 1971, 204, 90-3.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of europium in mercury at 20°C was reported to be 0.114 mass %.
The atomic % solubility calculated by the compilers is 0.152 at %.

It is not certain if the liquid amalgam and the solid phase reached equilibrium.

AUXILIARY INFORMATION

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

Thin film mercury electrode on Ag base was Nothing specified.
polarized in citrate-alkaline solution
containing Eu(lll). The electrolysis was
performed under a hydrogen atmosphere, then
the electrode was washed in water and
dipped in 0.1 mol dm-3 HCl solution. The
Eu content in the latter solution was
analyzed by photocolorimetry. The
solubility of Eu in Hg was then calculated
from amount of Eu(lll) in the solution and
volume of Hg electrode.

ESTIMATED ERROR:

Soly: nothing specified; no better than
± 10% (compilers).

Temp: nothing specified.
REFERENCES:



COMPONENTS:

(1) Europium; Eu; [7440-53-1]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Europium

ORIGINAL MEASUREMENTS:

Sagadieva, K.Zh.; Zebreva, A.I.;
Khanapina, K.

I2V. Vyaah. Uaheb. Zaved., Khim. Khim.
TekhnoZ. 1977, 20, 1263-6.

PREPARED BY:

C. Guminaki; Z. Galua
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Solubility of europium in mercury at 25°C was reported to be:
-2 -3(7.5 ± 0.5) x 10 mol dm ,or 0.112 at %, from chronoamperometry;

(6.6 ± 0.7) x 10-2 mol dm-3, or 0.098 at %, from coulometry.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The Eu amalgams were presumably prepared
by reduction of Eu(III) with sodium amalgam.
Amalgams of various concentrations were
then oxidized under potentiostatic condi
tions at -1.0 V vs. SCE. When the metal
content in the amalgam exceeded its solu
bility in mercury, the anodic limiting
current, is' was independent of the amalgam
concentration, N. On the basis of a plot of
is vs. N, the solubility was estimated from
the breakpoint of the curve by chrono
amperometry. For the current-time depen
dence for the oxidation of the heterogeneous
amalgam, there was an exponential component
attributed to the oxidation of the
homogeneous amalgam. The content of Eu in
the saturated amalgam by coulometry was
obtained by integration of the is vs. t
curve for the oxidation.

MM-I

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: precision approximately ± 10%.

Temp: precision ± 0.5 K.

REFERENCES:
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COMPONENTS:

(1) Europium; Eu; [7440-53-1]

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

VARIABLES:

One temperature: 25°C

Europium

ORIGINAL HEASUREHENTS:

Sagadieva, K.Zh.; Zebreva, A.I.;
Badavamova, G.L.

EZekt~okhimia 1979, 15, 210-3.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of europium in mercury at 25°C was found to be 6.6 x 10-2 mol dm-3
(9.8 x 10-2 at %by compilers).

The same result is reported also in (1,2).

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
The amalgams were presumably prepared by
reduction of Eu(III) with sodium amalgam.
Amalgams of various concentrations were
oxidized potentiostatically at the limiting
current potential of -0.1 V vs. SCE, and
the current was recorded as a function of
time. The measurements were made in a
static, buffered solution of 0.2 mol dm-3
NaOAc + 0.04 mol dm-3 HCl at pH a 5. The
limiting current, id' was obtained from a
semilog plot of current vs. time; id
increased linearly with concentration of
Eu and was nearly constant above saturation.
The solubility was determined from the
intercept of the i d vs. concentration
plot.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision

probably about ± 10% (compilers).

Temp: not specified.

REFERENCES:
1. Sagadieva, K.Zh.; Zebreva, A.I.;

Khanapina, K. Izv. Vyash. Uaheb. Zaved••
Khim. Khim. TekhnoZ. 1977, 20, 1263.

2. Sagadieva, K.Zh.; Zebreva, A.I.
Izv. Akad. Nauk Kaz. SSR. Se~. Khim.
1977, No.5, 28.



COMPONENTS:

(1) Gadolinium; Gd; [7440-54-2]

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

Gadolinium

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985
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CRITICAL EVALUATION:
-5Kozin initially calculated (1) a solubility of 3.4 x 10 at %at 298 K for gadolinium

in mercury, but he subsequently corrected (2) his estimate to 1.96 x 10-4 at %. The
experimental determinations of the gadolinium solubility are appreciably higher than
the estimates of Kozin. Bulina and coworkers employed electrochemical oxidation and
reported solubilities of 9.8 x 10-3 (4) and 5.3 x 10-3 at % (5) at 298 K. Messing and
Dean (3) equilibrated the saturated amalgams at 363 to 618 K then. analyzed the filtered
liquid phase; they found that the solubility of gadolinium increased monotonically from
0.0377 to 0.967 at % in this temperature range. The extrapolated solubility at 298 K,
from the least-squares fitted equation of (3), is 8.2 x 10-3 at %. The latter solubility
is in good agreement with those reported by (4) and (5). Sayun and Vokhrysheva (6)
observed that the gadolinium amalgam of concentration 2.1 x 10-2 at % was a homogeneous
liquid at temperatures higher than 293 K. The latter authors subsequently reported
solubilities of 0.042 to 0.061 at % in the temperature range of 293 to 353 K,
respectively (9,10), but all of their data are rejected because they are clearly too high.

Schematic, partial phase diagrams for the Gd-Hg system have been presented by
(7,8).

The tentative values of gadolinium solubility in mercury:

T/K Soly/at % Reference

298 7 x 1O-3a [4,5]

323
_2b

[3]1.5 x 10

373 5 x 10-2 [3]

473 0.24 [3]

573 0.65
b

[3]

amean value from data of cited references.

binterpolated data of (3).
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COMPONENTS:

(1) Gadolinium; Gd; [7440-54-2]

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

VARIABLES:

Temperature: 313-629 K

Gadolinium

ORIGINAL MEASUREMENTS:

Messing, A.F.; Dean. O.C.

U.S. At. Ener. Comm. Rep., ORNL-28?l,
1960.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
The solubility of gadolinium in mercury was determined at various temperatures.

T/K Soly/mass % Soly/at %

313 a8.95 x 10-3 0.0114

363-368 0.0296 0.0377

403-408 0.0635 0.0810

418-423 0.0948 0.121

478-483 0.212 0.270

483-493 0.215 0.274

553-558 0.443 0.664

553-563 0.419 0.533

608-618 0.760 0.967

629 aO.785 1.000

aCalculated from least squares equation by the authors.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Mercury and gadolinium, after drying and
outgassing in the stainless steel dissolver,
were kept for several days at the desired
temperature. A similar equilibration
period was allowed after each temperature
change. After equilibration, a sample of
liquid amalgam was forced through the
filter. The filtrate was collected,
dissolved in nitric acid, and submitted for
analysis for gadolinium and mercury.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: standard deviation of least squares

fit .. 0.03539.

Temp: precision ± 5 K.

REFERENCES:



COMPONENTS:

(1) Gadolinium; Gd; [7440-54-2]

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

VARIABLES:

One temperature: 25°C

Gadolinium

ORIGINAL MEASUREMENTS:
1. Bu1ina, V.A.; Guminichenko, L.V.;

Zebreva, A.I.; Enikeev, R.Sh.
Radiokhimia 1977, 19, 89-93.

2. Bu1ina, V.A.; Zebreva, A.I.;
Enikeev, R.Sh.
Izv. Vyssh. Uaheb. zaved•• Khim. Khim.
TekhnoL. 1977, 20, 959-61.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of gadolinium in mercury at 25°C was found to be (6.6 + 1.2) x 10-3
and (3.6 + 0.4) x 10-3 mol dm-3 in (1) and (2), respectively. The atomic % solubility
calculated by the compilers are 9.8 x 10-3 and 5.3 x 10-3 at %, respectively.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The heterogeneous amalgam in (1) was
prepared by reduction of Gd(III) with Na
amalgam from buffered solution of pH • 4.
The amalgam was potentiostatica11y
oxidized at 0.1 V vs. SCE. The solubility
was determined from the charge, from the
i-t curve, used to oxidize the homogeneous
amalgam; the curve attained a plateau at
saturation. In (2) the heterogeneous
amalgam with small admixture of Na was kept
2-3 days under purified benzene. The
liquid phase was carefully decanted and
oxidized chronoamperometrica11y at 0.1 V
vs. SCE. The solubility was calculated from
the charge consumed for the oxidation of
the homogeneous amalgam.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision approximately ± 20%.

Temp: precision ± 0.5 K.

REFERENCES:
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COHPONENTS:

(1) Terbium; Tb; [7440-27-9]

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

CRITICAL EVALUATION:

Terbium

EVALUATOR:

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

Warsaw, Poland
July, 1985

-6Kozin first predicted a terbium solubility of 7.4 x 10 at %at 298 K (I), and
subsequently corrected his estimate to 5.2 x 10-5 at %. These estimated solubilities
are at least two orders of magnitude lower than the best experimental determinations.
Bulina et al. (3) and Sagadieva et al. (6) reported 298 K solubilities of 1.5 x 10-3
and 1.1 x 10-3 at %, respectively. The latter values agree within the experimental
errors; also, these solubilities are nearer to the solubilities of the neighboring
lanthanides at the same temperature, as compared to the rejected solubility of less
than 10-4 at %at 293 K (4). Kirchmayr and Lugscheider (5) stated that the
solubility of terbium should be similar to those of Nd, Sm and Gd.

The saturated amalgam is in equilibrium with Tb-Hg solid phases, as shown by the
schematic phase diagram reported by (5).

The tentative solubility of terbium at 298 K, taking the mean value from (3) and
(6), is 1.3 x 10-3 at %.
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COMPONENTS:

(1) Terbium; Tb; [7440-27-9)

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

VARIABLES:

One temperature: 25°C

Terbium

ORIGINAL MEASUREMENTS:

Sagadieva, K.Zh.; Badavamova, G.t.;
Zebreva, A. I.

Izv. Vyaah. Uaheb. Zaved., Khim. Khim.
TekhnoZ. 1984, 27, 329-33.

PREPARED BY:

c. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of terbium in mercury at 25°C was reported to be 7.3 x 10-4 mol dm-3•
The atomic %solubility calculated by the compilers is 1.1 x 10-3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgam was prepared by electro
reduction of Tb(III) in citrate buffer
(pH 5-6) on the hanging mercury drop
electrode with Pt base. The electrolysis
was carried out under potentiostatic
conditions at potentials ranging between
-1.7 and -2.5 V vs. SCE in an inert gas
atmosphere. The amalgam was then oxidized
by stripping voltammetry. The total
amount of Tb in Hg was found by integration
of the area under the voltammetric peak.
The breakpoint on the plot relating the
anodic peak current against Tb concen
tration corresponds to the saturation of
the amalgam.

SOURCE AND PURITY OF MATERIALS:
Purity of Hg-drop electrode was tested by
the stripping analysis without the
depolarizer; impurities were below 10-6

at % (compilers).

ESTIMATED ERROR:
Soly: nothing specified; precision no

better than ± 10% (compilers).

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Terbium; Tb; [7440-27-9]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Terbium

ORIGINAL MEASUREMENTS:

Bulina, V.A.; Zebreva, A.I.; Enikeev, R.Sh.

Izv. Vyssh. Uaheb. Zaved.• Khim. Khim.
Tekhno~. 1977, 20, 959-61.

PREPARED BY:

C. Guminski; Z. Galus

-3The solubility of terbium in mercury at 25°C was found to be (1.0 + 0.2)x 10 g-atom
dm-3• The atomic % solubility calculated by the compilers is 1.5 x 10-3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The heterogeneous amalgam of terbium, with
small admixtures of sodium, was kept for
2-3 days under purified benzene, then the
liquid phase was carefully separated by
decantation. The amalgam was oxidized
chronoamperometrically at +0.1 V vs. SCE.
The solubility was calculated from the
charge consumed for the oxidation of the
saturated amalgam.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: precision ± 20%.

Temp: nothing specified.

REFERENCES:



COHPONENTS:

(1) Dysprosium; Dy; [7429-91-6]

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

Dysprosium

EVALUATOR:

c. Guminski; Z. Galus
Department of Chemistry
University of Warsaw

Warsaw, Poland

July, 1985

245

CRITICAL EVALUATION:

Bulina et al. determined dysprosium solubiliti~s of 1.9 x 10-2 (4,5) and
1.2 x 10-3 at % (3) at 298 K. In the opinion of the evaluators the second result
appears to be more reliable than the first because of its similarity to the solubility
of the neighboring rare earths. Kozin's predicted solubilities of 1.0 x 10-6 (1) and
1.6 x 10-5 at % (2) at 298 K are too low.

The schematic phase diagram for the Dy-Hg system shows that the liquid is in
equilibrium with Dy-Hg intermetallic phases (6,7).

The tentative solubility of dysprosium at 298 K is 1.2 x 10-3 at % (3).

References

1. Kozin, L.F. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR 1962, 9, 101.
2. Kozin, L.F. Fiziko-Khimiaheskie Osnovy AmaZgamnoi MetaZZurgii, Nauka, Alma-Ata,

1964.
3. Bulina, V.A.; Zebreva, A.I.; Enikeev, R.Sh. Izv. Vyssh. Uaheb. Zaved., Khim. Khim.

TekhnoZ. 1977, 20, 959.
4. Bulina, V.A.; Usenova, K.A.; Zebreva, A.I.; Enikeev, R.Sh. IssZ. ObZ. Khim.

RedkozemZ. EZementov 1975, 78.
5. Bulina, V.A.; Zebreva-;-A:"I.; Enikeev, R.Sh. Khim. Khim. TekhnoZ.,Alma-Ata, 1974,

No. 16, 189.
6. Kirchmayr, H. R.; Lugscheider, W. Z. MetaZZk. 1966, 57, 725.
7. Merlo, F.; Fornasini, M.L. J. Less-Common MetaZs 1979, 64, 221.



246

COMPONENTS:

(1) Dysprosium; Dy; [7429-91-6]

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

VARIABLES:

One temperature: 25°C

Dysprosium

ORIGINAL MEASUREMENTS:

1. Bulina, V.A.; Zebreva, A.I.;
Enikeev, R.Sh.
Khim. Khim. TekhnoZ •• Alma-Ata 1974,
No. 16, 189-91.

2. Same authors
Izv. Vyssh. Uaheb. Zaved•• Khim. Khim.
TekhnoZ. 1977, 20, 959-61.

PREPARED BY:

C. Guminski; Z. Galus

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

EXPERIMENTAL VALUES:

The solubility of dysprosium in mercury at 25°C was reported to be (1.3 + 0.5) x 10-2

mol dm-3 andro.8 + O.~ x 10-3 g-atom dm-3 • The respective atomic % solubility
calculated by the-compilers are 1.9 x 10-2 and 1.2 x 10-3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Dy amalgams in (1) were obtained by
reduction of Dy(III) with Li amalgam in
acetate buffer, and the Dy contents were
determined by decomposition of the amalgam
with acetic acid, followed by complexo-
metric titration with trilon. In (2) the
heterogeneous amalgam, with small admixture
of Na, was kept for 2-3 days under purified
benzene; the liquid phase was carefully
separated by decantation. The amalgams
were oxidized chronoamperometrically:
-0.1 V vs. silver chloride electrode in (1);
+0.1 V vs. SCE in (2). The solubility in ~=~=~ ~-------------1
(1) was calculated from the charge corres- ESTIMATED ERROR~
ponding to the exponential part of the i-t Soly: precision approximately + 40% in (1)
curve; the solubility in (2) was calculated and ± 25% in (2) (compilers).
from the charge consumed for the oxidation Temp: nothing specified.
of the saturated amalgam.

REFERENCES:



COMPONENTS:

(1) Holmium; Ho; [7440-60-0]

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

CRITICAL EVALUATION:

Holmium

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

247

There has been only one experimental determination of the solubility of holmium in
mercury (3); at 298 K the solubility was reported to be 9 x 10-4 at %. Kozin's
calculated values (1,2) were at least an order of magnitude lower than that found by (3).

The schematic phase diagram for this system, which shows that the liquid is in
equilibrium with various intermetallic phases, has been presented'by (4). However,
Bulina and coworkers (5) reported that the saturated amalgam at 298 K is in equilibrium
with HoHg rather than with HoHg3 as suggested by (4).

-4The tentative value of the solubility of Ho in Hg at 298 K is 9 x 10 at % (3).
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COMPONENTS:

(1) Holmium; Ho; [7440-60-0]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Holmium

ORIGINAL MEASUREMENTS:

Bulina, V.A.; Zebreva, A.I.; Enikeev, R.Sh.

Izv. Vyssh. Uaheb. Zaved•• Khim. Khim.
TekhnoZ. 1977, 20, 959-61.

PREPARED BY:

C. Guminski; Z. Galus

-3The solubility of holmium in mercury at 25°C was reported to be (0.6 + 0.2) x 10
g-atom dm-3• The atomic %solubility calculated by the compilers is 9 x 10-4 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The heterogeneous amalgam of Ho, with
small admixture of sodium, was kept for
2-3 days under purified benzene, then the
liquid phase was carefully separated by
decantation. The amalgam was oxidized
chronoamperometrically at +0.1 V va. SCE.
The solubility was calculated from the
charge consumed for the oxidation of the
saturated amalgam.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision ± 35%.

Temp: nothing specified.

REFERENCES:
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COHPONENTS: EVALUATOR:

(1) Erbium; Er; [7440-52-0]

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

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

Warsaw, Poland
July, 1985

CRITICAL EVALUATION:

There has been only one experimental determination of the solubility of erbium
in mercury; the solubility at 298 K was reported to be 6 x 10-4 at % (3). Kozin's
calculated solubilities (1,2) were more than an order of magnitude lower than that
found by (3).

The schematic phase diagram for this system, which shows that the liquid is in
equilibrium with intermetallic phases, has been presented by (5). Flad and Matthes
(4) found the compound, Er3Hg; therefore, the report by Bulina et al. (6), that
the saturated amalgam at 298 K is in equilibrium with ErHg, is questionable.

The tentative solubility of Er in Hg at 298 K is 6 x 10-4 at % (3).
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COMPONENTS:

(1) Erbium; Er; [7440-52-0]

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

VARIABLES:

One temperature: 25°C

Erbium

ORIGINAL MEASUREMENTS:

Bulina, V.A.; Zebreva, A.I.; Enikeev, R.Sh.

Izv. Vyssh. Uaheb. Zaved., Khim. Khim.
TekhnoZ. 1977, 20, 959-61.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of erbium in mercury at 25°C was reported to be (0.4 + 0.1) x 10-3

g-atom dm-3• The atomic % solubility calculated by the compilers is-6 x 10-4 at %.

AUXILIARY INFORMATION

METHOP/APPARATUS/PROCEDURE:

The heterogeneous amalgam of erbium, with
small admixture of sodium, was kept for
2-3 days under purified benzene, then
the liquid phase was carefully separated
by decantation. The amalgam was oxidized
chronoamperometrically at +0.1 V vs. SCE.
The solubility was calculated from the
charge consumed for the oxidation of the
saturated amalgam.

SOURCE ANP PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision approximately ± 25%.

Temp: nothing specified.

REFERENCES:



COHPONENTS:

(1) Thulium; Tm; [7440-30-4)

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

CRITICAL EVALUATION:

Erbium

EVALUATOR:

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

Warsaw, Poland
July, 1985
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Bulina et al. (1) reported the only experimental determination of the solubility
of thulium in mercury; these authors reported a 298 K solubility of 4 x 10-4 at %.
Kozin's (2,3) calculated solubilities were lower than the experimental value by at
least two orders of magnitude.
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COMPONENTS:

(1) Thulium; Tm; [7440-30-4]

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

VARIABLES:

One temperature: 25°C

Thulium

ORIGINAL MEASUREMENTS:

Bulina, V.A.; Zebreva, A.I.; Enikeev, R.Sh.

Izv. Vyssh. Ucheb. Zaved' J Khim. Khim.
TekhnoZ. 1977, 20, 959-61.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of thulium in mercury at 25°C was found to be (0.3 + 0.1) x 10-3

g-atom dm-3• The atomic % solubility calculated by the compilers Is 4 x 10-4at %.

AUXILIARY INFORMATION

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

The heterogeneous amalgam of thulium, Nothing specified.
with small admixture of sodium, was kept
for 2-3 days under purified benzene, then
the liquid phase was carefully separated
by decantation. The amalgam was oxidized
at +0.1 V vs. SCE under chronoampero-
metric conditions. The solubility was
calculated from the charge consumed for
the oxidation of the saturated amalgam.

ESTIMATED ERROR:
Soly: precision ± 35%.

Temp: not specified.

REFERENCES:



COHPONENTS:

(1) Ytterbium; Yb; [7440-64-4]

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

CRITICAL EVALUATION:

Ytterbium

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

253

Experimental determination of the solubility of ytterbium in mercury has been
reported to be 0.128 at % at 293 K by Shvedov et al. (3), and 1.32 at % at 298 K by
Usenova et al. (4,5). Kozin reported calculated solubilities of 0.40 (1) and
0.42 at % (2) at 298 K. In the opinion of the evaluators, the result of Shvedov et al.
appears to be the most accurate; their solubility is more consistent by comparison with
the solubilities of other lanthanides in mercury. The solubility of Usenova et al.
appears to be too high. Kirchmayr and Lugscheider (6), by analogy to that of Nd, Sm
and Gd, estimated that the solubility of Yb is of the order of 10-2 at %at 298 K.

The saturated ytterbium amalgams are in equilibrium with Yb-Hg intermetallic
phases (6,7); a schematic phase diagram has been reported by (6).

Tentative value of the solubility of Yb in Hg at 298 K is 0.13 at % (3).
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COMPONENTS:

(1) Ytterbium; Yb; [7440-64-4]

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

VARIABLES:

One temperature: 20°C

EXPERIMENTAL VALUES:

Ytterbium

ORIGINAL MEASUREMENTS:

Svedov, V.P.; Fro1kov, A.Z.; Nikishin. G.D.

Radiokhirnia 1971, 13, 252-5; Soviet
Radioahernistry 1971, 13, 251-3.

PREPARED BY:

C. Guminski; Z. Galus; M. Salomon

The solubility of ytterbium in mercury at 20°C was found to be 1.28 x 10-1 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Soly determined polarographically by
measuring the anodic limiting current, id,
of amalgams of varying composition. For
unsaturated amalgams, id increases linearly
with increasing Yb concentration: for satu
rated amalgams, id decreases linearly with
increasing Yb concentration apparently due
to the formation of solid phases and
increase in amalgam viscosity (1). The soly
of Yb is obtained from the intercept of the
two linear plots of id vs. concentration.
Experimental details: supporting electro
lyte was 0.1 mol dm-3 LiCl or KC1;
solutions deoxygenated by bubbling H2 or by
adding Na2S03 to solution before 5he ixperi
ment; the capillary constant, (m2 3t l 6),
was "practically" independent of Yb concen
tration. Presumably all polarograms were
run in alcohol or acetone solutions.
Experimental error said not to exceed 10%
(compiler assumes this to mean accuracy).

SOURCE AND PURITY OF MATERIALS:
Yb amalgams prepared by reducing Yb(III)
acetate with Na amalgam (details not given).
All work with amalgams done under a layer
of dehydrated alcohol or acetone (source
and purity of solvents not specified).
Concentration of amalgam determined radio
chemically or complexometrically by back
titration of excess Trilon B with Zn
acetate in ammonia buffer (indicator
eriochrome black).

ESTIMATED ERROR:
Soly: accuracy ± 10%.

Temp: not specified.

REFERENCES:

1. Zebreva, A.I.; Kozlovskii, M.T.
CoZZ. Czeah Chern. Conmun. 1960, 25,
3188.



COMPONENTS:

(1) Ytterbium; Yb; [7440-64-4]

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

VARIABLES:

One temperature: 25°C

Ytterbium

ORIGINAL MEASUREMENTS:

Usenova, K.A.; Krebaeva, Sh.D.;
Osipova, G.V.; Enikeev, R.Sh.

Radiokhimia 1974, 16, 104-6.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of ytterbium in mercury at 25°C was found to be 0.88 ± 0.07 mol dm-3•
The atomic % solubility calculated by the compilers is 1.3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared by reduction of
Yb(III) with sodium amalgam. The solubility
of Yb in Hg was determined from the vari
ation of the potential of the amalgam cell
as a function of contact time of the cell
with aqueous solutions of pH a 3. It was
observed that the potential of homogeneous
amalgams changed rapidly toward positive
values, whereas the potential of hetero
geneous amalgams remained nearly constant
upon contact with the aqueous solution.
The solubility of Yb was determined by
measuring the potential of amalgams of
various Yb content and observing the point
of constant potential at saturation.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: precision approximately ± 10%.

Temp: not specified.

REFERENCES:
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COHPONENTS:

(1) Lutetium; Lu; [7439-94-3]

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

CRITICAL EVALUATION:

Lutetium

EVALUATOR:

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

Warsaw, Poland

July, 1985

There has been only one experimental determination of the solubiliZY of lutetium in
mercury; at 298 K Bulina et al. (1) reported a solubility of 3 x 10- at %. Kozin's
(2,3) calculated solubilities were more than three orders of magnitude lower than that
of the experimental value.

Although the Lu-Hg phase diagram is not known, the compounds LuHg3 and LuHg have
been reported (4); the liquid amalgam probably is in equilibrium with these compounds
in the appropriate temperature range.

Tentative value of the solubility of Lu in Hg at 298 K is 3 x 10-4 at % (1).
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COMPONENTS:

Lutetium

ORIGINAL MEASUREMENTS:

257

(1) Lutetium; Lu; [7439-94-3]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Bulina, V.A.; Zebreva, A.I.; Enikeev, R.Sh.

Izv. VysBh. Uaheb. Zaved., Khim. Khim.
TeknoZ. 1977, 20, 959-61.

PREPARED BY:

C. Guminski; Z. Galus

. -3
The solubility of lutetium in mercury at 25°C was reported to be (0.2 + 0.1) x 10
g-atom dm-3• The atomic % solubility calculated by the compilers is 3-x 10-4 at %.

AUXILIARY INFORMATION

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

The heterogeneous amalgam of lutetium, Nothing specified.
with small admixture of sodium, was kept
for 2-3 days under purified benzene, then
the liquid phase was separated carefully
by decantation. The amalgam was oxidized
chronoamperometrically at +0.1 V vs. SCE.
The solubility was calculated from the
charge consumed for the oxidation of the
saturated amalgam.

ESTIMATED ERROR:
Soly: precision approximately ± 50%.

Temp: nothing specified.

REFERENCES:
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COHPONENTS:

(1) Vanadium; V; [7440-62-2]

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

Vanadium

EVALUATOR:

c. Guminski; Z. Galus
Department of Chemistry
University of Warsaw

Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

Tammann and HinnUber (1) reported that the solubility of vanadium in mercury is very
low at 291 K, and Irvin and Russell (2) could only demonstrtte that the solubility was
lower than their experimentally detectable limit of 2 x 10- at %at 293 K. Kozin (3)
predicted a solubility of 4.8 x 10-6 at %at 298 K. Strachan and Harris (4) reported
an erroneously high solubility of 0.161 at % at room temperature. No reliable experi
mental data are available for the solubility of vanadium in mercury near room
temperature.

At high temperatures, Weeks (5) found that the solubility of vanadium increased from
2.4 x 10-5 to 5.2 x 10-4 at % as the temperature increased from 778 to 955 K. As
compared to (5), Parkman reported lower solubilities of 3.2 x 10-5 to 1.2 x 10-4 at %
between 811 and 911 K (6). In subsequent reports by Parkman and Whaley (7,8), even
lower values of 1.6 x 10-5 to 6 x 10-5 at % were presented for the same temperature
range as in (6); the same experimental method was used in (7,8), and the authors did
not give any explanation for the lower results in the later measurements. Weeks (5)
reported greater confidence in the higher solubilities because of reaction between the
silica capsules and the vanadium amalgams.

Extrapolation of the high temperature data of refs. (5) to (8) to 298 K yields a
solubility of the order of 10-10 at %. However, it should be noted that the solubil
ities of (5) and (7) differed by nearly an order of magnitude at 900 K.

Because no intermetallic compounds were found in this system, the saturated
amalgam should be in equilibrium with solid vanadium (9).

The solubility of vanadium-based alloys in mercury also have been reported (6,8).

The tentative solubility of vanadium in mercury at 773 K is 2 x 10-5 at % (5,6).
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COMPONENTS:

(1) Vanadium; V; [7440-62-2]

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

VARIABLES:

Temperature: 811-911 K

EXPERIMENTAL VALUES:

Vanadium

ORIGINAL MEASUREMENTS:
1. Parkman, M.F.

Extended Abst., EZeatrothermias and
MetaZZurgy Div., VoZ. 2, No.2, The
Electrochemical Soc. 1964, pp. 16-21.

2. Same author
U.S. At. Ener. Comm. Rep., TID-7626
1962, Pt. I, pp. 35-41.

PREPARED BY:

C. Guminski; Z. Galus
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The mass % solubility of vanadium in mercury was reported graphically as a semi
logarithmic plot against the reciprocal temperature. The solubility data points
were read off the curve and the conversion made to atomic % by the compilers.

T/K

811

873

911

Soly/mass %

4 x 10-6

1.1 x 10-5

1.5 x 10-5

Soly/at %

-51.6 x 10

4 x 10-5

6 x 10-5

The original data also were reported in ref. (3).

-6 -5Numerical solubility values reported in (2) were 8 x 10 and 3 x 10 mass % at
811 and 911 K, respectively. She corresponding atomic % solubilities calculated
by thq compilers are 3.2 x 10- and 1.2 x 10-4 at %, respectively.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Specimen of vanadium was placed in
contact with Hg in a glass capsule. The
capsule was sealed under a vacuum after
at least 16 hours of outgassing of the
mercury. The capsules were heated to the
desired temperature and equilibrated for
16 hours. A sample of the solution was
collected and cooled. Mercury was
separated from the sample by molecular
distillation and the residue was taken into
acid solution, dried, and analyzed by
emission spectroscopy.

It appears that the same method was used
in all three reports.

SOURCE AND PURITY OF MATERIALS:

Vanadium was chemically pure.

Triple-distilled Hg free of detectable
impurities was used.

ESTIMATED ERROR:
Soly: precision ± 10% in (2).

Temp: precision ± 3 K in (1).

REFERENCES:

3. Parkman, M.F.; Whaley, D.K.
Aerojet-GeneraZ NuaZeonias, Rep. AN-957
1963.
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COMPONENTS:

(1) Vanadium; VI [7440-62-2]

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

VARIABLES:

Temperature: 50S-682°C

Vanadium

ORIGINAL MEASUREMENTS:

Weeks, J.R.

Corrosion 1967, 23, 98-106.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The mass %solubility was presented graphically as a function of temperature. The
data points were read off the curve and the conversion to atomic %made by the compilers.

trc Soly/mass % Soly/at %

682 l.3x 10-4 -45.2 x 10

620 l.Ox 10-4 -44.0 x 10

555 5.0 x 10-5 -42.0 x 10

505 6.0 x 10-6 -52.4 x 10

Four other data points were presented, but these were one order of magnitude lower
than those reported above.

The authors state that the higher values of the solubilities are most dependable.
There was a reaction between the vanadium amalgam and the silica capsules, and the
capsule walls were coated with a deposit which could not be removed by heating in
vacuum.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Mercury and vanadium were placed in Vycor
capsule which was sealed under vacuum and
put in the stainless steel capsule. The
amalgam mixtures were equilibrated for
72 hours at the desired temperature. A
centrifuge was used at the end of the
equilibration period to force a sample of
the liquid alloy through the filter. The
Hg was distilled from the sample of the
homogeneous amalgam, and the residue was
dissolved in HN03-HF or aqua regia and
analyzed spectrographically.

SOURCE AND PURITY OF MATERIALS:
Mercury was triple-distilled reagent
grade.

Vanadium purity not specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 2 K.

REFERENCES:



COHPONENTS:

(1) Niobium; Nb; [7440-03-1]

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

CRITICAL EVALUATION:

Niobium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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Limited measurements show that the solubility of niobium in mercury is very low.
Strachan and Harris (1) could not detect any niobium in mercury at the detection limit
of 2 x 10-3 at % at room temperature. Weeks (2) studied the solubility at temperatures
up to 1023 K and concluded that the solubility is lower than the detection limit of
6 x 10-6 at %. However, Weeks and Fink (3) earlier reported a solubility of 8 x 10-6
at % at 923 K. Bowersox and Leary (4) showed that the solubility is lower than
1.6 x 10-5 at %at 623 K. Fleitman and coworkers (5,6) reported that Nb is not
affected by Hg at 866 and 976 K; similar observation was noticed by Nejedlik and
Vargo (7) at 719 K. Kozin predicted very low solubilities; e.g., 1.6 x 10-18 (8) and
1.3 x 10-12 at % (9) at 298 K. The solubilities of Nb-Zr alloys in Hg also were
investigated (2,5) and were found to be below the detection limits.
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COMPONENTS:

(1) Niobium; Nb; [7440-03-1]

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

VARIABLES:

One temperature: 350°C

Niobium

ORIGINAL MEASUREMENTS:

Bowersox, D.F.; Leary, J.A.

U.S. At. Ene!'. Corrun. Rep., LAMS-2518,
1961.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of Nb in Hg at 350°C is lower than 0.001 g of Nb in 1 dm3 of Hg.
The corresponding atomic percent detection limit calculated by the compilers is
2 x 10-5 at %.

AUXILIARY INFORMATION

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

The solubility was determined by immersing Triple-distilled Hg was used.
a weighed coupon of niobium into definite
amount of boiling mercury and periodically Niobium purity not specified.
reweighing the coupon. The weight loss
corresponds to the part of the niobium
which dissolved.

ESTIMATED ERROR:
Soly: detection limit was 1 mg of Nb.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Niobium; Nb; [7440-03-1]

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

VARIABLES:

Temperature: 500-750·C

EXPERIMENTAL VALUES:

Niobium

ORIGINAL MEASUREMENTS:

Weeks, J.R.

Corro~ion 1967, 23, 98-106.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of niobium in mercury was presented graphically as a function of
temperature. All of the solubility data between 500 and 750·C fall close to the
detection limit of 3 x 10-6 mass %. The compilers calculated the atomic percent
detection limit as 6 x 10-6 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Mercury and niobium were placed in a
quartz capsule which was sealed under
vacuum and put in a stainless steel
capsule. The mixture was equilibrated
for 72 hours at the desired temperature.
The centrifuge was used at the end of the
equilibration period to force a sample of
the liquid alloy through the filter. The
mercury was distilled from the homogeneous
amalgam and the residue was dissolved in
HF-HN03 or aqua regia, and analyzed
spectrographically.

SOURCE AND PURITY OF MATERIALS:
Mercury was triple-distilled, reagent
grade.

Niobium purity not specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 2 K.

REFERENCES:
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CONPONENTS:

(1) Tantalum; Ta; [7440-25-7]

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

CRITICAL EVALUATION:

Tantalum

EVALUATOR:

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

Warsaw, Poland
July, 1985

The solubility of tantalum in mercury is very low. Kozin predicted solubilities
of 4.3 x 10-26 (1) and 1.7 x 10-16 at % (2) at 298 K. The solubility of 0.011 at %
reported by Strachan and Harris (3) is much too high and is rejected. Bowersox and
Leary (4) found that the solubility is lower than their detection limit of
8 x 10-6 at %at 623 K. At 873 to 973 K, Weeks (5,6) showed that the solubility of
tantalum is less than 2 x 10-7 at %. While investigating the Pr-Hg system, Griffin
and Gschneider (7) observed no dissolution of tantalum in mercury at 873 to 1403 K.
Similar observations of the inertness of tantalum towards mercury were reported
earlier by Bolton (8). Fleitman and coworkers (9), Nejedlik and Vargo (10) and
Kirchmsyr (11) also could not detect any dissolution of Ta in Hg at 630-1300 K.
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COMPONENTS:

(1) Tantalum; Ta; [7440-25-7)

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

VARIABLES:

One temperature: 350°C

EXPERIMENTAL VALUES:

Tantalum

ORIGINAL MEASUREMENTS:

Bowersox, D.F.; Leary, J.A.

U.S. At. Ener. Comm. Rep., LAMS-251B,
1961.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of Ta in Hg at 350°C was reported to be lower than 0.001 g of Ta in
1 dm3 of Hg. The corresponding atomic % solubility limit calculated by the compilers
is 8 x 10- at %.

AUXILIARY INFORMATION

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

The solubility was determined by immersing Triple distilled Hg was used.
a weighed coupon of tantalum into a
definite amount of boiling Hg and Tantalum purity not specified.
periodically measuring the coupon weight.
The weight loss corresponds to the part
of the Ta which dissolved.

ESTIMATED ERROR:

Soly: detection limit was 1 mg.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Tantalumj Taj [7440-25-7]

(2) Mercuryj Hgj [7439-97-6]

VARIABLES:

Temperature: 600-700°C

EXPERIMENTAL VALUES:

Tantalum

ORIGINAL MEASUREMENTS:

Weeks, J.R.

Corrosion 1967, 23, 98-106.

PREPARED BY:

C. Guminskij Z. Galus

The solubility of tantalum in mercury in the temperature range of 600-700°C was
found to be below the detection limit of 2 x 10-7 mass %. The same result was
reported in (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Mercury and irradiated tantalum were
placed in a quartz capsule which was
sealed under vacuum and put in a stainless
steel capsule. Hg and the solute metal
were equilibrated for 72 hours at the
desired temperature. The centrifuge was
used at the end of the equilibration
period to force a sample of the liquid
alloy through the filter. The filtrate
was analyzed for radioactivity of
tantalum.

SOURCE AND PURITY OF MATERIALS:
Triple-distilled, reagent grade mercury
was used.

Tantalum specimens were irradiated in the
Brookhaven Graphite Research Reactor.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 2 K.

REFERENCES:
1. Weeks, J.R.j Fink, S.

U.S. At. Ener. Comm. Rep•• BNL-900.
1964, p. 136.



COHPONENTS:

(1) Chromium; Cr; [7440-47-3]

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

CRITICAL EVALUATION:

Chromium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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The solubility of chromium in mercury near room temperature is very low. Irvin and
Russell (1) reported that it is below their analytically detectable limit of 2 x 10-4
at % at 293 K, while DeWet and Haul (2) reported that it is below 1.5 x 10-6 at % at
303 K. Jangg and Palman (3) extrapolated their high temperature measurements and
estimated a solubility of 7.7 x 10-7 at % at 293 K. The solubility of 1.2 x 10-10 at %
at 291 K, reported by Tamrnann and HinnUber (4) from EMF measurements, is too low, while
the solubility of 7 x 10-3 at % at room temperature, reported by Strachan and Harris (5),
is much too high. Kozin (6) predicted a solubility of 5.2 x 10-4 at %at 298 K.

High temperature solubility measurements have been reported by several authors.
Jangg and Palman (3) determined solubilities of 2.6 x 10-4 and 3.1 x 10-4 at %at 773
and 823 K, respectively, and they estimated solubilities at lower temperatures by
extrapolating the two high temperature values; the solubilities obtained from this
extrapolation appear to be dubious. Weeks (7), without presenting experimental details,
reported a solubility of 2.6 x 10-3 at % at 873 K. Weeks and Fink (8-10) extended the
solubility measurements over the temperature range of 778 to 923 K and these authors
reported their results in graphical form; the only numerical value reported was
1.1 x 10-2 at % at 923 K (10). Parkman (11) reported a solubility of 2.1 x 10-4 at %
at 866 K; the latter result is in better agreement with that of (3) than with (8).

As seen from the high temperature measurements, the solubility of chromium in mercury
is very low over a wide temperature range. There is some disagreement in the high
temperature measurements reported by refs. (3), (7), (8-10), and (11), and a plot of
the logarithm of solubility against reciprocal temperature shows different slopes for
these sets of data.

The liquid amalgam is in equilibrium with pure chromium, and no intermetallic
compounds are formed with mercury (2, 12).

Solubilities of Cr-containing alloys in mercury were reported in (II, 13, 14).

The tentative value for the solubility of chromium in mercury at 773 K is
2 x 10-4 at %; this value is the mean from refs. (3) and (8).
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COMPONENTS:

(1) Chromium; Cr; [7440-47-3]

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

VARIABLES:

One temperature: 303 K

EXPERIMENTAL VALUES:

Chromium

ORIGINAL MEASUREMENTS:

de Wet, J.F.; Haul, R.A.W.

Z. Ano~g. Chern. 1954, 277, 96-112.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of chromium in mercury at 303.2 K was reported to be below
4 x 10-7 mass %. The corresponding atomic %solubility limit calculated by the
compilers is 1.5 x 10-6 at %.

Pure chromium was found to be in equilibrium with mercury.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Heterogeneous amalgam was obtained by
electrolysis of Cr(III)-su1fate at the
mercury cathode. The amalgam was washed,
dried and sealed off under vacuum in glass
ampules. Later, a portion of the amalgam
was centrifuged and 10-12 g of the
homogeneous amalgam was taken for analysis.
The mercury was carefully distilled off
and the residue was dissolved in HC1. The
resulting solution was ana1y~ed spectro
chemically for chromium.

SOURCE AND PURITY OF MATERIALS:
Cr2(S04)3'18H20 was BDH Lab. Reag.

Purified Hg was distilled under vacuum
and was found to be spectrochemica11y
free of chromium.

All other chemicals and apparatus were
carefully cleaned.

ESTIMATED ERROR:
Detection limit for Cr was 4 x 10-7 mass %.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Chromium; Cr; [7440-47-3]

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

VARIABLES:

Temperature: 20-550°C

EXPERIMENTAL VALUES:

The solubility of chromium in mercury:

Chromium

ORIGINAL MEASUREMENTS:

Jangg, G.; Palman, H.

Z. MetaZZk. 1963, 54, 364-69.

PREPARED BY:

C. Guminski; Z. Galus
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trc Soly/mass % Soly/at %a

550 8.0 x 10-5 3.1 x 10-4

500 6.8 x 10-5 2.6 x 10-4

400b
3.3 x 10-5

1.3 x 10-4

300b 2 x 10-5 7.7 x 10-5

200b 7.2 x 10-6 2.8 x 10-5

100b 1.5 x 10-6 5.8 x 10-6

20b 2 x 10-7
7.7 x 10-7

~y compilers.

bOnly the 500 and 550°C solubilities were experimentally determined;
the values at lower temperatures were estimated by extrapolation of
the two experimental values.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The heterogeneous amalgam was introduced
into specially constructed apparatus made
of refractory chromium steel. Such steel
apparatus could be used because the
solubility of iron in mercury is very low
and the Cr(III)-oxide film inhibits the
wetting of the steel by mercury.
After 12 hr of equilibration at the
temperature of the experiment, the amalgam
was filtered through a sintered iron frit
in an atmosphere of purified nitrogen.
The chromium content in the filtered,
saturated amalgam was determined by an
unspecified method.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: accuracy ± 5%.

Temp: precision ± 2 K.

REFERENCES:
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COMPONENTS:

(1) Chromium; Cr; [7440-47-3]

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

VARIABLES:

One temperature: 866 K

EXPERIMENTAL VALUES:

Chromium

ORIGINAL MEASUREHENTS:

Parkman, M.F.

Ext. Abst., Eteotrothe:rmios and Metattwogy
Div., The Electrochemical Soc., Vot. 2,
No.2, 1964, pp. 16-21.

PREPARED BY:

C. Guminski; Z. Galus

The mass % solubility of chromium in mercury was reported graphically; a value of
5.5 x 10-5 mass % at 866 K was read off the curve by the compilers. The
corresponding atomic % solubility calculated by the compilers is 2.1 x 10-4 at %.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

Specimen of Cr was placed in contact with
Hg in a glass capsule. The capsule was
sealed under vacuum after at least 16 hr
outgassing of the Hg. The temperature of
the capsule was raised to the desired
level and held there for 16 hr. A sample
of the solution was then collected and
cooled. Hg was separated from the sample
by molecular distillation. The residue
was taken into acid solution, dried, and
analyzed by emission spectroscopy.

SOURCE AND PURITY OF MATERIALS:

Pure chromium from AGN.

Mercury purity not specified, but
probably triple-distilled.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 3 K.

REFERENCES:



COMPONENTS:

(1) Chromium; Cr; [7440-47-3]

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

VARIABLES:

Temperature: 505-650·C

Chromium

ORIGINAL MEASUREMENTS:

Weeks, J.R.

Co~~o8ion 1967, 23, 98-106.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The mass % solubility of chromium in mercury was presented graphically as a function
of temperature. The data points were read from the curve and the solubility
converted to atomic %by the compilers.

trc Soly/at %

650a 1.1 x 10-2

605 4.6 x 10-3

575 9.6 x 10-4

555 5.0 x 10-4

550 4.2 x 10-4

530 3.6 x 10-4

510 2.5 x 10-4

505 1.2 x 10-4

aThis value also reported in (1); the other data
also reported in (2).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Mercury and chromium were sealed in the
upper chamber of an evacuated quartz tube.
The two chambers were separated by a
coarse quartz filter. The filled tubes
were equilibrated for 72 hr at each
temperature, then centrifuged at tempera
ture to force the liquid through the
filter. The mercury was distilled from
the known quantity of amalgam, and the
residue was dissolved in HF-HN03 or
aqua regia and analyzed spectrographically.

SOURCE AND PURITY OF MATERIALS:
Mercury was triple-distilled.
Chromium purity not specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 2 K.

REFERENCES:
1. Weeks, J.R.; Fink, S.

U.S. At. Ene~. COImI. Rep•• BNL-900.
1964, pp. 136-9.

2. Same authors
U.S. At. Ene~. COImI. Rep•• BNL-?82.
1962, pp. 73-5.
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COHPONENTS:

(1) Molybdenum; Mo; [7439-98-7]

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

CRITICAL EVALUATION:

Molybdenum

EVALUATOR:

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

Warsaw. Poland

July. 1985

Published experimental values show low solubility of molybdenum in mercury. Tammann
and HinnUber (1) could not detect any dissolution of molybdenum. and Irvin and Russell
(2) concluded that the solubility at 293 K should be lower than 4 x 10-5 at %. Strachan
and Harris (3) could not detect any molybdenum in mercury by their analytical procedure
which had a detection limit of 2 x 10-3 at %. Kozin first predicted a solubility of
7.5 x 10-20 at % at 298 K (4). but this was later revised to an estimate of 2.5 x 10-13
at % (5). Based on regular solution theory. Brewer and Lamoreaux (6) derived the
equation.

In N .. 3 - 20000 /(T /K)

where N is the solubility of molybdenum in at %; the solubility calculated at 298 K from
this equation is 10-28 at %.

At high temperatures. Bowersox and Leary (7.8) reported that the solubility is lower
than 1.5 x 10-5 at % at 623 K. while Messing and Dean (9) found that the solubility of
molybdenum in saturated uranium amalgam is also below the detection limit of 1.1 x 10-4
at %at 629 K.

No corrosion of Mo by Hg was observed after their contact at 719 K for more than
30 days (10). This means that the solubility of Mo in Hg should be very low. probably
of similar order of magnitude as for Nb.

F~rr~e (11) reported the intermeta11ic compounds. MoHg9' M02Hg3 and MoHg2' but
these results are questionable and further experimental work is needed on this system.

References

1. Tammann. G.; HinnUber. J. Z. Ano~g. Chern. 1927. 160. 249.
2. Irvin. N.M.; Russell. A.S. J. Chern. Soa. 1932. 891.
3. Strachan. J.F.; Harris. N.L. J. Inst. MetaZs 1956-57. 85. 17.
4. Kozin. L.F. T~. Inst. Khim. Nauk Akad. Nauk Kaz. SSR 1962. 9. 101.
5. Kozin. L.F. Fiziko Khirniaheskie Osnovy ArnaZgamnoi MetaZt~gii, Nauka. Alma-Ata.
~.

6. Brewer. L.; Lamoreaux, R.H. At. Ene~. Rev., Spea. Issue, 1980. ?, 119, 203, 259.
7. Leary, J.A. U.S. At. Ene~. Comm. Rep., LA-2218, 1958; as cited by (9).
8. Bowersox, D.F.; Leary, J.A. U.S. At. Ene~. Comm. Rep., LAMS-2518, 1961.
9. Messing. A.F.; Dean, O.C. U.S. At. Ene~. Comm. Rep., ORNL-28?l, 1960.

10. Nejed1ik, J.F.; Vargo, E.J. EZeat~oahern. TeahnoZ. 1965. 3. 250.
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COMPONENTS:

(1) Molybdenum; Mo; [7439-98-7]

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

VARIABLES:

One temperature: 350°C

Molybdenum

ORIGINAL MEASUREMENTS:

Bowersox, D.F.; Leary, J.A.

U.S. At. Ener. Comm. Rep., LAMS-2518,
1961.

PREPARED BY:

C. Guminski; Z. Galus

283

EXPERIMENTAL VALUES:

The solubility of Mo in Hg at 350°C is lower than 0.001 g of Mo in 1 dm3 of Hg.
The corresponding solubility limit calculated by the compilers is 1.5 x 10-5 at %.

AUXILIARY INFORMATION

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

The solubility was determined by immersing Triple-distilled mercury was used.
a weighed coupon of molybdenum into a
definite amount of boiling mercury and Molybdenum purity not specified.
periodically measuring the coupon weight.
Thus, the weight loss corresponds to the
part of the molybdenum that dissolved.

ESTIMATED ERROR:
Soly: detection limit was 1 mg of Mo.

Temp: nothing specified.

REFERENCES:
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COHPONENTS:

(1) Tungsten; W; [7440-33-7]

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

CRITICAL EVALUATION:

Tungsten

EVALUATOR:

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

Warsaw, Poland

July, 1985

The solubility of tungsten in mercury is very low, and no accurate measurements have
been reported. Irvin and Russell (1) have shown that the solubility at 293 K is lower
than 1 x 10-5 at %and Strachan and Harris (2) could not detect tungsten in mercury at
their detection limit of 10-3 at %. Tammann and HinnUber (3) also could not detect the
dissolution of tungsten in mercury. Raub and Plate (4) observed that there was no
interaction between the two metals at 1273 K. Similarly, Nejedlik and Vargo (5) found
that tungsten was inert to mercury after contact for more than 30 days at 719 K, thus
indicating that the solubility of tungsten is very low. It is probable that the
solubility of tungsten is of the same magnitude, or lower, as that of tantalum.

The low solubility of tungsten also is suggested by the semiempirical estimates of
Kozin who reported values of 4.8 x 10-33 (6) and 6.8 x 10-20 at % (7) at 298 K.

References

1. Irvin, N.M.; Russell, A.S. J. Chern. Soa. 1932, 891.
2. Strachan, J.F.; Harris, N.L. J. Inst. MetaZs 1956-57, 85, 17.
3. Tammann, G.; HinnUber, J. Z. Anorg. Chern. 1927, 160, 249.
4. Raub, E.; Plate, W. Z. MetaZZk. 1951, 42,~
5. Nejedlik, J.F.; Vargo, E.J. EZeatroahem. TeahnoZ. 1965, 3, 250.
6. Kozin, L.R. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR 1962, 9, 101.
7. Kozin, L.F. Fiziko-Khimicheskie Osnovy AmaZgamnoi MetaZZurgii, Nauka, Alma-Ata,

lli!t.



COHPONENTS:

(1) Manganese; Mn; [7439-96-5]

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

CRITICAL EVALUATION:

Manganese

EVALUATOR:

c. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985
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A number of authors have reported on the solubilit3 of manganese in mercury near room
temperature. The recommehded solubility of 4.4 x 10- at % at 298 K was reported in two
separate works by Krasnova and Zebreva (1) and Hurlen and Smaaberg (2); both groups
employed potentiometry. Three other results support the recommended value: 3.6 x 10-3
at % at 293 K by Irvin and Russell (3); 4.6 x 10-3 at % at 293 K by Kemula and Galus (4);
and 5.2 x 10-3 at % at 303 K by deWet and Haul (5). Chemical analysis (3,5) and
voltammetry (4) were employed in the latter determinations.

There are several higher results but there is no basis for rejection of these data.
Royce and Kahlenberg (6) determined a solubility of 1.13 x 10-2 at %at 293 K by chemical
analysis. Jangg and Kirchmayr (7) reported a value of 6.8 x 10-3 at %at 288 K from
potentiometric measurements. The solubility of 6.2 x 10-3 at %at 293 K reported by
Ettmayer and Jangg (8) is slightly higher than the recommended value. Dowgird and Galus
(9) employed potentiometry and determined the solubility to be 1.28 x 10-2 at % at
298 K. Sagadieva and Kozlovskii (10) used polarography to determine the solubility of
9.6 x 10-3 at %at 290 K.

Kozin (11) predicted a low solubility of 6.5 x 10-4 at % at 298 K. Some of the
reported determinations of the solubility are rejected because the values were clearly
too high, probably due to incomplete filtration: 0.014 (12), 0.44, 0.47 and 0.56 (13)
at % at 282, 303, 328 and 343 K, respectively. The value of 9.2 x 10-4 at % reported by
(14) is too low, probably because of corrosion of the manganese. Strachan and Harris
(15) could not detect any dissolution of manganese in mercury at room temperature where
their detection limit was 7 x 10-3 at %. Hickling and Maxwell (16) reported the solu
bility of 1.1 x 10-2 at % at 293 K but the work is not compiled due to lack of experi
mental details.

Jangg and Palman (17) determined the solubilities at 358 to 833 K, while Lange and
coworkers (18,19,20) determined the solubilities over a temperature range of 293 to
368 K. There was agreement between (17) and (19) only in the region of 358 K. It may
be that the dissolution of solid during electro-oxidation of the homogeneous amalgam
resulted in increased estimates of the solubilities in (18-20). This system needs
further investigation, especially in the temperature range of 300-600 K.

I

At temperatures below 345 ± 3 K the liquid phase is reported to be in equilibrium
with Mn2Hg5, while at 345 to 538 K the liquid is in equilibrium with MnHg (5,6,19-23).

Recommended (r) and tentative values of the solubility of Mn in Hg:

T/K Soly/at % Reference

293 3.6 x 10-3 [3]

298 4.5 x 10-3 (r)a [1,2,4]

357 8 x 10-2 [17,19]

473 0.4 (17)

573 1.3 [17]

673 3 [17]

773 6 [17]

aMean value from cited references.

(Continued next page)
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COHPONENTS:

(1) Manganese; Mn; [7439-96-5]

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

CRITICAL EVALUATION: (Continued)

References

Manganese

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985
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COMPONENTS:

(1) Manganese; Mn; [7439-96-5]

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

VARIABLES:

One temperature: 20 GC

EXPERIMENTAL VALUES:

Manganese

ORIGINAL MEASUREMENTS:

Royce, H.D.; Kahlenberg, L.

Trans. EZeatroahem. Soa. 1931, 59,
121-33.

PREPARED BY:

C. Guminski; Z. Galus

287

-3The 20 GC solubility of manganese in mercury was reported to be (3.1 t 0.1) x 10
mass %. The corresponding atomic % solubility calculated by the compilers is
1.1 x 10-2 at %. The liquid phase was reported to be in equilibrium with solid
Mn2HgS up to 86 GC. In the region of 86 to 100 GC the ~olid phase was reported to
be MnHg.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Heterogeneous amalgam was prepared
electrolytically, then filtered through
chamois skin. The liquid amalgam was
analyzed by two methods: 1. A weighed
sample of the amalgam was heated in cone.
HCl for several hours to dissolve the Mn.
Mercury was then washed, dried and weighed.
2. The Mn which was dissolved in HC1, as
in the first method, was determined by the
Volhard method.

SOURCE AND PURITY OF MATERIALS:
"Purest obtainable" materials were
employed.

ESTIMATED ERROR:
Soly: accuracy ± 3%.

Temp: not specified.

REFERENCES:
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COMPONENTS:

(1) Manganese; Mn; [7439-96-5]

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

VARIABLES:

One temperature: 293 K

EXPERIMENTAL VALUES:

Manganese

ORIGINAL MEASUREMENTS:

Irvin, N.M.; Russell, A.S.

J. Chern. 80a. 1932, 891-8.

PREPARED BY:

c. Guminski; Z. Galus

-3The solubility of manganese in mercury at 293 K was reported to be 1.0 x 10 mass %.
The corresponding atomic %solubility calculated by the compilers is 3.6 x 10-3 at %.

AUXILIARY INFORMATION

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

The heterogeneous amalgam was prepared by Nothing specified.
electrolysis. After equilibration the
amalgam was filtered through a ground-
glass filter. The separated liquid amalgam
was shaken with acidified ferric sulfate to
oxidize the Mn. Mercuric ions were then
reduced by treatment with zinc amalgam,
and manganese was determined volumetrically
as permanganate after oxidation with sodium
bismuthate and nitric acid.

ESTIMATED ERROR:
Soly: accuracy ± 10%.

Temp: not specified.

REFERENCES:



COMPONENTS:

(1) Manganese; Mn; [7439-96-5]

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

VARIABLES:

One temperature: 303 K

EXPERIMENTAL VALUES:

Manganese

ORIGINAL MEASUREMENTS:

deWet, J.F.; Haul, R.A.W.

Z. Anorg. Chern. 1954, 277, 96-112.

PREPARED BY:

C. Guminski; Z. Galus

289

-3The 303 K solubility of n~nganese in mercury was reported to be 1.7 x 10 mas~ %.
The corresponding atomic % solubility calculated by the compilers is 6.2 x 10- at %.
The intermetallic compound, MnHg4, was found to be in equilibrium with the
homogeneous amalgam.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Amalgam was obtained by electrolysis of
Mn(II)-sulfate at the mercury cathode and
by the rotation of Mn rod in mercury at
30°C in a hydrogen atmosphere. The
electrochemically obtained amalgam was
filtered through sintered glass in a
centrifuge vessel and sealed off under
vacuum. After equilibration and suffi
ciently long centrifuging, about 10-12
grams of homogeneous amalgam was taken for
analysis. This amalgam was treated with
dilute phosphoric and sulfuric acids and
the dissolved Mn, after oxidation with
potassium periodate, was colorimetrically
determined.

SOURCE AND PURITY OF MATERIALS:
MnS04'4H20 was Hopkins and Williams
Analar grade.
Purified Hg was distilled under vacuum
and was found spectrochemically free of
Mn. All other chemicals and vessels used
were carefully cleaned.

ESTIMATED ERROR:
Soly: accuracy approximately ± 10%.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Manganese; Mn; [7439-96-5)

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

VARIABLES:

One temperature: 20·C

EXPERIMENTAL VALUES:

Manganese

ORIGINAL MEASUREMENTS:

Kemula, W.; Galus, Z.

Roazniki Chern. 1962, 36, 1223-38.

PREPARED BY:

C. Guminski; Z. Galus

-3 3The solubility of manganese in mercury at 20·C was found to be 3.1 x 10 mol dm •
The corresponding atomic %solubility calculated by the compilers is 4.6 x 10-3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The heterogeneous manganese amalgam was
prepared by electroreduction of Mn(II) on
the hanging mercury-drop electrode. Then
the peak of oxidation of the homogeneous
amalgam was recorded under voltammetric
conditions. The solubility was determined
from the charge corresponding to this
current peak and the volume of the mercury_
drop.

SOURCE AND PURITY OF MATERIALS:

Analytically pure chemicals and doubly
distilled water were used in the study.

ESTIMATED ERROR:
Soly: nothing specified; precision no

higher than ± 10% (compilers).

Temp: not specified.

REFERENCES:



COMPONENTS:

(1) Manganese; Mn; [7439-96-5]

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

VARIABLES:

Temperature: 86-565°C

EXPERIMENTAL VALUES:

Manganese

ORIGINAL MEASUREMENTS:

Jangg, G.; Palman, H.

Z. Meta~~k. 1963, 54, 364-69.

PREPARED BY:

C. Guminski; Z. Galus

291

The mass % solubility of manganese in mercury was presented graphically as a function
of temperature. The data points were read from the curve and the solubilities were
converted to atomic % by the compilers.

t/oC Soly/at % t/oC Soly/at %

86 0.087 300 1.3

100 0.10 330 1.9

114 0.12 350 2.2

125 0.17 370 2.6

148 0.26 400 3.1

166 0.31 418 3.6

198 0.36 450 4.6

225 0.51 470 5.6

246 0.69 500 6.3

270 0.87 552 7.6

565 8.2

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgam preparation was not specified. At
below 320°C the amalgam was equilibrated
for 12 hr in a glass vessel, after which
the amalgam was filtered and analyzed.
Above 320°C the heterogeneous amalgam was
introduced into specially constructed
apparatus made of refractory Cr-steel. Such
apparatus could be used because of very low
solubility of Fe in Hg, and because the
Cr(III)-oxide film inhibits the wetting of
the steel by Hg. After 12 hr of equilibra
tion at the temperature of the experiment,
the amalgam was filtered through the
sintered iron frit under a pressure of
purified nitrogen. Usually 3- to 4-fold
filtration was necessary. The metal
content was then analytically determined in
the filtered saturated amalgam. Analytical
procedure not described.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision better than ± 5%.

Temp: precision ± 2 K.

REFERENCES:
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COMPONENTS:

(1) Manganese; Mn; [7439-96-5]

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

VARIABLES:

One temperature: 15°C

Manganese

ORIGINAL MEASUREMENTS:

Jangg, G.; Kirchmayr, H.

Z. Chern. 1963, 3, 47-56.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The data were reported graphically; a solubility of 4.6 x 10-3 mol dm-3 at 15°C was
read from the curve by the compilers. The corresponding atomic % solubility calculated
by the compilers is 6.8 x 10-3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by electrolysis
with 100% efficiency. Concentration of
the amalgam was determined by coulometry.
Potentials of the Mn-amalgam were measured
against the SCE in the cell,

Mn(Hg)xlo.Ol-l.0 mol dm-3 MnS041KC1,

Hg2C1
2

, Hg

The concentration of the saturated amalgam
was evaluated from the breakpoint in the
plot of the potential vs. logarithm of the
amalgam concentration. The experiments
were performed in an atmosphere of
nitrogen.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: error may be as high as ± 50%.

Temp: precision better than ± 1 K.

REFERENCES:



COMPONENTS:

(1) Manganese; Un; [7439-96-5)

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

VARIABLES:

One temperature: 17°C

Manganese

ORIGINAL MEASUREMENTS:

Sagadieva, K.Zh.; Kozlovskii, M.T.

Vestn. Akad. Nauk Kaz. SSR 1963,
No.5, 85-7.

PREPARED BY:

C. Guminski; Z. Galus

293

EXPERIMENTAL VALUES:

The solubility of manganese in mercury at 17°C was found to be (6.5 + 0.1) x 10-3 mol
dm- 3• The corresponding atomic % solubility calculated by the compilers is 9.6 x 10-3

at %.

AUXILIARY INFORMATION

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

The amalgam was prepared by electrolytic Nothing specified.
deposition of Mn on Hg cathode with 100%
current efficiency. The concentration of
the amalgam was determined from the current
and time of the electrolysis. The solu-
bility was determined polarographically;
the anodic current was practically inde-
pendent of the Mn content when amalgam
saturation was attained. Oxidation of the
Mn amalgam was carried out in two background
electrolyte: 0.1 mol dm- 3 KN03 and 1 mol
dm-3 ammonia buffer.

ESTIMATED ERROR:
Soly: error probably ± 3% (compilers).

Temp: precision ± 1 K.

REFERENCES:
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COMPONENTS:

(1) Manganese; Mn; [7439-96-5]

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

VARIABLES:

Temperature: 20-50°C

EXPERIMENTAL VALUES:

Manganese

ORIGINAL MEASUREMENTS:

Lange, A.A.; Bukhman, S.P.

Izv. Akad. Nauk Kaz. SSR, Se'!'. ](him.
1964, No.3, 27-32.

PREPARED BY:
I

C. Guminski; Z. Galus

The mass % solubility of manganese in mercury was reported graphically; only the
numerical value for 20°C was presented by the authors. The solubility at 30, 40, and
50°C was read from the curve by the compilers, and the corresponding atomic %
solubilities were calculated for all temperatures.

trc Soly/mass % x 103 Soly/at %x 103

20 3.42 12.5

30 6.7 24

40 11 40

50 13 48

These results were also presented in (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were prepared electrolytically.
The amalgams were oxidized under voltam
metric conditions and current-potential
curves were constructed. For amalgams with
manganese content exceeding its solubility
in mercury the limiting current was
constant, while in the region of homogeneity
the current was linearly dependent on con
centration. The concentration of the
amalgam corresponding to the change of the
character of this dependence was taken as
the concentration equal to the solubility
of manganese in mercury.

SOURCE AND PURITY OF MATERIALS:
Not specified.

ESTIMATED ERROR:
Soly: not specified; error probably less

than ± 10% (compilers).

Temp: nothing specified.

REFERENCES:
1. Lange, A.A.; Bukhman, S.P.

EZekt'!'okhimia 1969, 5, 553.



COMPONENTS:

(l) Manganese, Mn; [7439-96-5]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Manganese

ORIGINAL MEASUREMENTS:

Krasnova, I.E.; Zebreva, A.I.

EZektrokhimia 1966, 2, 96-9.

PREPARED BY:

C. Guminski; Z. Galus

295

-3The solubility of manganese in mercury at 25°C was reported to be 1.2 x 10 mass %.
The corresponding atomic %solubility calculated by the compilers is 4.4 x 10-3 at %.

AUXILIARY INFORMATION

METHon/APPARATUS/PROCEDURE:

The manganese amalgams of various concen
trations were prepared by the electro
reduction of manganese (II) on the hanging
mercury drop electrode. The oxidation
current of manganese from these amalgams
was then recorded under voltammetric
conditIons. By plotting the peak current
value versus the amalgam concentration,
the change of the character of this
dependence at the saturation point was
observed. This enabled the determination
of the solubility.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: error ± 33%.

Temp: precision ± 2 K.

REFERENCES:
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COMPONENTS:

(1) Manganese; Mn; [7439-96-5)

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

VARIABLES:

Temperature: 20-95°C

EXPERIMENTAL VALUES:
Solubility of manganese in mercury:

Manganese

ORIGINAL MEASUREMENTS:

Lange, A.A.; Bukhman, S.P.; Kozlovski, M.T.

Tl'. Inst. Khim. Nauk, Akad. Nauk Kaz. SSR
1969, 21, 92-102.

PREPARED BY:

C. Guminski; Z. Galus

20

30

40

50

70

80

82

85

88

90

95

aby compilers.

-3Soly/mol dm

8.46 x 10-3

1.68 x 10-2

2.65 x 10-2

3.23 x 10-2

4.84 x 10-2

5.6 x 10-2

7.00 x 10-2

7.60 x 10-2

9.90 x 10-2

1.11 x 10-1

1.23 x 10-1

AUXILIARY INFORMATION

Soly/at %a

0.012

0.025

0.039

0.047

0.071

0.082

0.098

0.11

0.14

0.16

0.18

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by the electro
reduction of Mn(II) on the Hg cathode.
The solubilities were determined on the
basis of the limiting current of the
manganese amalgam oxidation. When the
content of metal in mercury exceeded the
solubility the current ceased to be
dependent on the manganese content.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; error may be as

high as 4% (compilers).

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Manganese; Mn; [7439-96-5]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Manganese

ORIGINAL MEASUREMENTS:

Dowgird, A.; Galus, Z.

J. E~eatpoana~. Chern. 1972, 34, 457-61.

PREPARED BY:

C. Guminski; Z. Galus
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Solubility of manganese in mercury at 25°C was reported to be 8.7 x 10-3 mol dm-3•
The corresponding atomic % solubility calculated by the compilers is 1.28 x 10-2 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared by reduction of
Mn(II) at constant current density on the
hanging mercury-drop electrode. Then the
potential was measured with respect to SCE
over a period of 12 min. At higher con
centrations the potential changes were only
observed in 60 sec. The experiments were
performed in hydrogen atmosphere. The
inflection point of the plot of potential
vs. logarithm of concentration corresponded
to the saturation point. It is probable
that the amalgams were slightly super
saturated at the highest concentrations.

SOURCE AND PURITY OF MATERIALS:
All chemicals were of reagent grade.
Mercury was chemically purified by
prolonged shaking with acidified solution
of Hg2(N03)2 then double-distilled at
reduced pressure. All solutions prepared
with triply-distilled water.

ESTIMATED ERROR:
Soly: nothing specified; precision no

better than ~ 10% (compilers).

Temp: precision ~ 0.2 K.

REFERENCES:
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COMPONENTS:

(1) Manganese; Mn; [7439-96-5)

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

VARIABLES:

One temperature: 293 K

EXPERIMENTAL VALUES:

Manganese

ORIGINAL MEASUREMENTS:

Ettmayer, P.; Jangg, G.

Monatsh. Chern. 1973, 104, 1120-30.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of manganese in mercury at 293 K was reported to be 1.7 x 10-3 mass %.
The corresponding atomic % solubility calculated by the compilers is 6.2 x 10-3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was prepared by electro
reduction of Mn(II) on a Hg cathode. The
electrolyte contained MnS04 and (NH4)2S04
as a buffer. The amalgam was separated
from the electrolyte, dried, filtered,
and analyzed by an unknown method.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; accuracy probably

no better than + 10% (compilers).

Temp: nothing specified.

REFERENCES:



COMPONENTS:

0) Manganese; Mn; [7439-96-5)

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Manganese

ORIGINAL MEASUREMENTS:

Hurlen, T.; Smaaberg, R.

J. EZeatroanaZ. Chern. 1976, 71, 157-68.

PREPARED BY:

C. Guminski; Z. Galus
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-3The solubility of manganese in mercury at 25°C was reported to be 1.2 x 10 mass %.
The corresponding atomic % solubility calculated by the compilers is 4.4 x 10-3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams of various concentrations were
prepared electrolytically. The potentials
of such amalgams, in the presence of a
constant Mn(II) concentration, were
measured in the cell,

Mn(Hg)x1n mol dm- 3 MnCl
2

, (0.5-n) mol dm- 3

MgCl2 , pH = 4.3-4.9IKCI, AgCI, Ag

Up to the saturation point the potential
of the amalgam was dependent on its con
centration; at higher concentrations the
potential was constant. The solubility
was determined from the inflection point
of the potential-concentration dependence.

SOURCE AND PURITY OF MATERIALS:

Analytically pure reagents and doubly
distilled water were used.

ESTIMATED ERROR:
Soly: nothing specified; precision better

than ± 10% (compilers).

Temp: not specified.

REFERENCES:
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COHPONENTS:

(1) Rhenium; Re; [7440-15-5]

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

CRITICAL EVALUATION:

Rhenium

EVALUATOR:

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

Warsaw, Poland
July, 1985

No specified data on the solubility of rhenium in mercury has been published. It
has been reported (1) that rhenium powder is not attacked by mercury when the metals
are heated in a reducing atmosphere at 573 K. Also, Jangg and D~rtbudak (2) equili
brated the two metals at 773 K and could not detect any dissolution of rhenium; their
analytical detection limit was 10-5 at %. Kozin (3) estimated that the solubility of
rhenium in mercury at 298 K is 5.9 x 10-18 at %; a previously predicted value of
3.5 x 10-29 at % at 298 K appears to be less probable (4).

The solid phase in equilibrium with the saturated rhenium amalgam should contain
pure rhenium because no Re-Hg compound was found (2).

References

1. Heyne, R.; Moers, K. Z. Anorg. Chem. 1931, 196, 151.
2. Jangg, G.; D~rtbudak, T. Z. MetaZZk. 1973, 64, 715.
3. Kozin, L.F. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR 1962, 9, 101.
4. Kozin, L.F. Fiziko-Khimiaheskie Osnovy AmaZgamnoi MetaZZurgii J Nauka, Alma-Ata,

1964_.



COMPONENTS:

(1) Iron; Fe; [7439-89-6)

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

CRITICAL EVALUATION:

Iron

EVALUATOR:

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

Warsaw, Poland

July, 1985
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Early reports of the solubility of iron in mercury in the region of room temperature
varied over a range from 4.1 x 10-17 to 6.39 at % (1-4). These results are all rejected
because they are either much too low or too high as compared to recent more precise
measurements. In some instances only the solubility limits were stated because the
analytical methods could not detect the low solubility of iron near room temperature;
the solubility limits reported varied from 10-6 to 10-3 at % in this temperature region
(5-8). Palmaer (9) employed analytical methods and reported that tte iron content in
saturated iron amalgams remained nearly constant at about 2.5 x 10- at %between 293
and 484 K; this result is too high and is rejected. Kozin's (28) calculated solubility
of 1.4 x 10-4 at %at 298 K is too high.

Marshall and coworkers (10) determined the solubility of iron between 298 and 973 K,
and these authors observed an increase from 5.4 x 10-6 to 3.4 x 10-4 at %, respectively,
in this temperature range. The data of (10) at temperatures below 700 K are clearly
overstated, while the data at temperatures higher than 700 K are in good agreement with
the subsequent works of Weeks and coworkers (11-14).

Weeks (11) graphically summarized the iron solubility determinations made at the
Brookhaven National Laboratories by he and his coworkers (12-14). Numerical data were
reported only at 873 and 923 K where the solubilities were 1.8 x 10-4 (12) and
2.7 x 10-4 at % (14), respectively. Earlier, preliminary results by these workers (15,16)
are rejected because of the large scatter in the data. Nerad (17), without giving any
experimental details, reported iron solubilities of·6.1 x 10-5 and 1.5 x 10-Q at %at
755 and 856 K, respectively; these solubilities are in good agreement with (10) and (11).

Wang (18) reported a solubility of 2.0 x 10-4 at % at 644 K, and Bowersox and Leary
(19) determined a value of 5 x 10-5 at %at 623 K. Both these results are higher than
the solubilities reported by (10); the result of (18) is rejected because it is too
high as compared to the other measurements.

Parkman (20), using iron from two different sources, determined the iron solubility
at several temperatures and at different equilibration times, but no definite conclu
sions may be made from the results of this study. Jangg and coworkers (21) reported
that the iron content in saturated amalgams between 973 and 1073 K was less than
2 x 10-4 at %.

Because the scatter in the iron solubility data is large, it is difficult to make
clear recommendations for the solubilities of this metal in mercury. There is an
especial need for more precise measurements at temperatures below 573 K. Luborsky (22)
found that a gel-like iron amalgam, which contained 1% Fe, was stable for long periods
at room temperature, even though the apparent solubility was exceeded by more than a
millionfold. In this instance, the particle size of the iron is about 2 nm in diameter
and filtration through sintered glass does not appreciably change the composition.
This formation of very fine crystallites of iron in the amalgam is the reason why almost
all solubility determinations at the lower temperatures are strongly overstated.

Horsley (23) analyzed the data of (10) and reported iron solubility of
(0.27-6.8) x 10-4 at % between 673 and 1013 K. This author also calculated grain
boundary solubilities of (1.5-13.6) x 10- at % in this temperature range.

Gudtsov and Gavze (24, 25) investigated the solubility of steels in mercury, and
they reported the content of iron in the mercury phase after hundreds of hours of
contact at 673 to 1023 K. The authors found no evident dependence of the solubility
on temperature, time of contact, or the comEosition of the steel; they reported
solubilities ranging from (0.109-8.4) x 10- at %. Similar experiments were performed
by Smith and Thompson (26) and by Parkman (20, 27). The solubilities obtained by
(24, 25) are significantly higher than the solubilitl of pure iron; e.g., 6.2 x 10-2 at %
for technical iron at 923 K as compared to 1.7 x 10- at % (11). On the other hand,
(20, 27) found the solubility of technical iron to be of similar magnitude as that for
pure iron.

Iron does not form any intermetallic compounds with mercury, and pure iron is in
equilibrium with the liquid phase (8, 21, 24, 29).

(Continued next page)
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COHPONENTS:

(1) Iron; Fe; [7439-89-6]

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

CRITICAL EVALUATION: (Continued)

Iron

EVALUATOR:

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

Warsaw, Poland

July, 1985

Tentative values of iron solubility in mercury:

TIK Soly/at % Reference

673 4 x 10-5 [10]

773 9 x 1O-5a
[10,11,12]

873 2 x 10-4 [11]

973 3.5 x 10-4 [10]

aInterpolated value from data of cited references.
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COMPONENTS:

Iron

ORIGINAL MEASUREMENTS:
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(1) Iron; Fe; [7439-89-6)

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

VARIABLES:

Temperature: 25-700°C

EXPERIMENTAL VALUES:

Marshall, A.L.; Epstein, L.F.; Norton, F.J.

J. Am. Chern. Soa. 1950, 72, 3514-16.

PREPARED BY:

C. Guminski; Z. Galus

trC
6g Fe/10 g Hg

Experimental Solubility of Iron in Mercury

25 25 25 250 250 425 500

0.013 0.015 0.017 0.037 0.066 0.105 0.105

Smoothed Solubility of Iron in Mercury

500

0.225

500

0.270

700

1.0

700

1.2

t/OC 25 100 200 300 400 500 600 700

g Fe/l06 Hg 0.015 0.019 0.030 0.054 0.11 0.21 0.45 0.96

aSoly/at %x 105 0.54 0.68 1.1 1.9 3.9 7.5 16 34

aby compilers.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Carefully deoxygenated iron cylinder was
equilibrated with Hg in evacuated quartz
bulbs for several hours to a month. Care
was taken to assure wetting of iron. Bulb
was sealed in a steel bomb with Hg to
equalize pressure at high temperatures, and
the bomb was rocked in the furnace to assure
equilibrium. Finally, the bomb was tilted
at temperature to separate the amalgam from
the iron, and then cooled to remove the
sample for analysis. After opening the
bulb the iron was removed and the Hg
distilled, collected and weighed. The iron
was determined colorimetrically by complex
formation with KCNS.

SOURCE AND PURITY OF MATERIALS:
Redistilled Hg of original high purity,
and pure Swedish iron were used.

ESTIMATED ERROR:
Soly: precision as high as ± 50%.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Iron; Fe; [7439-89-6]

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

VARIABLES:

Temperature: 500-650·C

EXPERIMENTAL VALUES:

Iron

ORIGINAL MEASUREMENTS:

1. Weeks, J.R.
Corrosion 1967, 23, 98-106.

2. Weeks, J.R.; Minardi, A.; Fink, S.
U.S. At. Ener. Comm. Rep., BNL-?59,
1962, p. 63.

PREPARED BY:

C. Guminski; Z. Galus

The mass % solubility was presented graphically as a function of temperature. The
data points from the plot were read off and converted to atomic % by the compilers.

t/"C

500

525

550

575

600

625

650

Soly/mass % x 105

2.0

7.0

2.2

2.6

5.5

6.2

4.8

AUXILIARY INFORMATION

Soly/at %x 104

0.72

2.5

0.79

0.93

2.0

2.2

1.7

METHOD/APPARATUS/PROCEDURE:
Hg and Fe were placed into the larger
chamber of a fused quartz capsule which
was constructed so that a coarse quartz
filter separated the two chambers. The
capsule containing the metals was sealed
under vacuum and placed in a stainless-steel
capsule. Hg was also placed in the steel
capsule before it was welded shut by
tungsten-inert-gas welding. The capsule
was placed in a furnace of a high tempera
ture centrifuge and the sample was equili
brated for 72 hours. The sample was
centrifuged after this period and the sat.
amalgam was collected in the smaller quartz
chamber. Hg from the weighed amount of
amalgam was distilled off and the residue
dissolved in HN03-HF or aqua regia. Co or
Y was added to the solution as internal
standard and the Fe was determined
spectrographically.

SOURCE AND PURITY OF MATERIALS:
Mercury was triple-distilled, reagent
grade.

Iron source and purity not specified, but
specimens were first irradiated in the
Brookhaven Graphite Research Reactor.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 2 K.

RF.FF.RF.Nr.~~S •



COMPONENTS:

(1) Iron; Fe; [7439-89-6]

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

VARIABLES:

One temperature: 350°C

EXPERIMENTAL VALUES:

Iron

ORIGINAL MEASUREMENTS:

Bowersox, D.F.; Leary, J.A.

U.S. At. Enep. Comm. Rep .• LAMS-2518.
1961.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of iron in mercury at 350°C was reported to be 2 x 10-3 g Fe/dm3 Hg.
The corresponding atomic % solubility calculated by the compilers is 5 x 10-5 at %.

AUXILIARY INFORMATION

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

The solubility was determined by immersing Mercury was triple-distilled material.
a weighed coupon of Fe into a known
amount of boiling Hg and periodically Iron purity not specified.
measuring the coupon weight. The solubility
of Fe was determined from the weight loss
of the coupon.

ESTIMATED ERROR:
·Soly: detection limit of method was

1 x 10-3 g; precision may be no better
than + 50%.

Temo: nothin~ specified.
REFERENCES:
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COMPONENTS:

(1) Iron; Fe; [7439-89-6]

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

VARIABLES:

Temperature: 855-896 K

EXPERIMENTAL VALUES:

Iron

ORIGINAL MEASUREMENTS:

Parkman, M.F.

Extended AbBt., EZeotpothermioB and
MetaZZupgy Div., VoZ. 2, No.2,
The Electrochemical Soc., New York, NY
1964, pp. 16-21.

PREPARED BY:

C. Guminski; Z. Galus

The mass % solubility data were presented graphically; the solubilities were read
off the curve and converted to atomic % by the compilers.

T/K Fe Source Contact time, hrs. Soly/mass % Soly/at %

855 Armco 16 9 x 10-6 3.6 x 10-5

855 Armco 16 1.5 x 10-5 6.0 x 10-5

866 Westinghouse 64 2.8 x 10-5 1.1 x 10-4

896 Westinghouse 132 2.2 x 10-5 8.8 x 10-5

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

Specimen of Fe was placed in contact with
Hg in a glass capsule and the Hg in the
capsule was outgassed for at least 16 hours.
The capsule was then sealed under vacuum.
The capsule was placed in a copper block in
a pressurized furnace and heated to the
desired temperature and held there for 16
to 132 hours. A sample of the solution was
then collected at temperature and cooled,
and the Hg was separated from the sample
by molecular distillation. The residue was
dissolved into an acid solution and the Fe
was determined by spectrophotometry.

SOURCE AND PURITY OF MATERIALS:

Iron from Armco contained 0.01% C, 0.03%
Mn, 0.02% Si, 0.007% P, 0.04% S, 0.0012% O.

Iron from Westinghouse designated as
"Puron".

Mercury was probably triple-distilled.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 3 K.

REFERENCES:



COHPONENTS:

(1) Ruthenium; Ru; [7440-18-8]

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

CRITICAL EVALUATION:

Ruthenium

EVALUATOR:

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

Warsaw, Poland
July, 1985
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The few reports on the experimental determinations of the solubility of ruthenium
in mercury are at wide variance. Strachan and Harris (1) reported a solubility of
0.694 at % at room temperature, but this result is clearly much too high. Jangg and
Dtlrtbudak (2) could not detect any dissolution at 773 K; the det~ction limit for
ruthenium by the latter authors was 2 x 10-5 at %. Bowersox and Leary (3) equilibrated
the two metals at 293 and at 523 K, and they could not detect any dissolution of
ruthenium at these temperatures. These authors concluded that the solubility was below
their detection limit of 3 x 10-5 at %. It also was reported (4) that there was no
attack of ruthenium by mercury at 823 K.

Dean (5) reported that the solubility of ruthenium is of the order of 2 x 10-7 at %,
but the temperature and other experimental details were not specified. Messing and
Dean (6) reported that the solubility of ruthenium in a saturated uranium amalgam
varied from 2.4 x 10-3 at % at 323 K to 2.2 x 10-2 at % at 629 K.

Kozin predicted a solubility of 1.2 x 10-11 at % at 298 K (7); he previously
predicted 9.3 x 10-17 at % at 298 K (8). The first value appears to be more reliable
to the evaluators.

It is clear that there is no dependable solubility data in this system; it only may
be stated that the solubility of ruthenium at 298 K is less than 2 x 10-5 at %.

The saturated amalgam is in equilibrium with pure ruthenium (2).
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COMPONENTS:

(1) Ruthenium; Ru; [7440-18-8]

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

VARIABLES:

Temperature: 20-250°C

EXPERIMENTAL VALUES:

Ruthenium

ORIGINAL MEASUREMENTS:

Bowersox, D.F.; Leary, J.A.

U.S. At. Ener. Comm. Rep., LAMS-2518,
1961.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of ruthenium in mercury at 20 and 250°C was reported to be less than
the detection limit of 2 x 10-3 g of Ru in 1 dm3 of Hg. The corresponding atomic %
detection limit calculated by the compilers is 3 x 10-5 at %. Although Ru apparently
dissolved in Hg at 350°C, it did not pass through a coarse Pyrex frit at either 30 or
350°C. Therefore, since the "solubility is considered to be the quantity that passes
through such a frit, Ru would, by definition, be insoluble in Hg."

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was determined by
immersing a weighed coupon of Ru into a
definite amount of Hg at specified
temperatures. The coupon weight was
measured periodically to determine the
solubility from the weight loss.

SOURCE AND PURITY OF MATERIALS:

Triple-distilled Hg was used.

Ruthenium purity was not specified.

ESTIMATED ERROR:
Soly: detection limit as specified above.

Temp: not specified.

REFERENCES:



COHPONENTS:

(1) Osmium; Os; [7440-04-2]

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

CRITICAL EVALUATION:

Osmium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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Jangg and DBrtbudak (1), in an equilibration study at 773 K, could not detect any
dissolution of osmium in mercury at their analytical detection limit of 10-5 at %.
The low solubility of osmium is also suggested by the estimate reported by Kozin (2)
of 1.1 x 10-14 at %at 298 K. The latter value appears to the evaluators to be more
reliable than one predicted previously, i.e., 1.8 x 10-22 at % at 298 K (3).

The saturated osmium amalgam is in equilibrium with pure osmium; no Os-Hg compounds
were found (1).
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COHPONENTS:

(1) Cobalt; Co; [7440-48-4]

(2) Mercury; Hg; [7439-97-6]
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EVALUATOR:
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CRITICAL EVALUATION:
The solubility of cobalt near, room temperature is very low, and there are no reliable

experimental determinations in this range; only the highest limit of the solubility
based on the sensitivity of the analytical method has been reported4 For example,
Irvin and Russell (1) reported that the solubility is below 3 x 10- at %at 293 K,
while Strachan and Harris (2) reported the solubility to be below 9 x 10-3 at %at room
temperature, and deWet and Haul (3) reported that the solubility is below 3 x 10-6 at %
at 303 K. Jangg and Palman (4) determined the solubility at 773 and 823 K and they
extrapolated the two experimental points to 293 K to obtain a solubility of 2.4 x 10-7
at %at the latter temperature. However, this extrapolation is most likely erroneous
because the temperature dependence of the solubility at high temperatures, reported by
Weeks and coworkers (5-7), shows a steeper slope than the two measured points of Jangg
and Palman. More recently, Speranskaya and Panina (8) reported that the solubility of
cobalt at 363 K should be much lower than 10-5 at %, while Babkin and Omarova (9)
reported that cobalt is insoluble in mercury at room temperature.

-4Kozin's (10) predicted solubility of 1.8 x 10 at % at 298 K is too high. Tammann
and coworkers (II, 12) reported solubilities of 0.56 and 0.21 at %at 290 K and room
temperature, respectively, while Nagaoka (13) reported a solubility of 1.7 at % at room
temperature; the values reported by these authors are clearly too high and are rejected.
The high values by the latter authors could be the result of the tendency for cobalt to
form supersaturated amalgams.

At high temperatures~ Weeks and coworkers (5-7, 14,15) determined solubilities of
6.5 x 10-5 to 1.1 x 10- at % in the temperature range of 798 to 1023 K; Weeks and Fink
(7) reported a value of 3.7 x 10-4 at % for the solubility of Co at 923 K.

No intermetallic compounds have been found in this system; the amalgam is in
equilibrium with solid cobalt (3, 16).

Parkman (17-19) determined the cobalt content in mercury after Co alloys were
equilibrated with mercury at different temperatures; it was reported that the solubility
of cobalt from the alloys was of similar magnitude as with pure cobalt.

Tentative values of Co solubility in Hg:

T/K

773

873

973

Soly/at %
7 x 10-5a

2 x 10-4

7 x 10-4

Reference

[4,5]

[5]

(5]

amean value from cited references.
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COMPONENTS:

(1) Cobalt; Co; [7440-48-4]

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

VARIABLES:

Temperature: 20-550°C

EXPERIMENTAL VALUES:

The solubility of cobalt in mercury:

Cobalt

ORIGINAL HEASUREMENTS:

Jangg, G.; Palman, H.

Z. MetaZZk. 1963, 54, 364-9.

PREPARED BY:

C. Guminski; Z. Galus

t/"C Soly/mass % Soly/at %

550 2.4 x 10-5 8.2 x 10-5

500 2.0 x 10-5 6.8 x 10-5

400a 1.2 x 10-5 4.1 x 10-5

300a 6 x 10-6 2.0 x 10-5

200a 2.2 x 10-6 7.5 x 10-6

100a 5 x 10-7 1.7 x 10-6

20a 7 x 10-8 2.4 x 10-7

aOnly the 500 and 550°C solubilities were experimentally determined.
The values at the lower temperatures were estimated by extrapolation
from the two experimental points.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The heterogeneous amalgams were introduced
into a specially constructed apparatus
of refractory chromium steel. This type
of apparatus could be used because the
solubility of iron in mercury is very low
and the chromous oxide film on the
surface inhibits the wetting of the steel
by mercury. After 12 hr of equilibration
at the temperature of the experiment the
amalgam was filtered through the sintered
iron frit under a pressure of purified
nitrogen; 3- to 4-fold filtration was
usually necessary. The metal content in
the filtered amalgam was determined
analytically by an unspecified procedure.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: accuracy ± 5%.

Temp: precision ± 2 K.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Cobalt; Co; [7440-48-4)

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

Weeks, J.R.

Co~~oBion 1967, 23, 98-106.

VARIABLES: PREPARED BY:

Temperature: 525-750oC C. Guminski; Z. Galus

11

6.1

7.1

2.4

4.1

1.4

1.4

2.7

1.8

0.65

Soly/at % x

32

18

21

7.0

12

4.1

4.0

8.0

5.4

1.9

Soly/mass %x 105t/OC

750

725

700

675

650

625

600

575

550

525

cobalt in mercury was presented graphically as a function of
data points were read off the curve by the compilers.

a
104

EXPERIMENTAL VALUES:

The solubility of
temperature. The

aby compilers.

The data for this paper were also reported in refs. (1) and (2).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Cobalt was immersed in Hg which was
contained in the upper part of a two
chambered quartz tube; a coarse quartz
filter separated the two chambers. After
loading, the tube was sealed under vacuum,
then placed in a steel bomb which contained
Hg to equalize the pressures inside and
outside the quartz tube at high tempera
tures. The bomb was then placed in a
centrifuge which was contained in a fur
nace, and the sample was equilibrated for
72 hr at the desired temperature. After
this time the sample was centrifuged at
temperature to force the amalgam through
the filter. After cooling, the tube was
opened and the Hg content in the amalgam
was determined by the evaporation method.
Cobalt was dissolved in HF-HN03 and
determined spectrographically.

SOURCE AND PURITY OF MATERIALS:
Mercury was triple-distilled, reagent
grade.
Cobalt purity and source not specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 2 K.

REFERENCES:
1. Weeks, J.R.; Minardi, A.; Fink, S.

U.S. At. Ene~. Comm. Rep•• BNL-841.
1963, p. 76.

2. Weeks, J.R.; Fink, S.
U.S. At. Ene~. Comm. Rep .• BNL-900.
1964, p. 136.
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COHPONENTS:

(1) Rhodium; Rh; [7440-16-6)

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

Rhodium

EVALUATOR:

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

Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

The solubility of rhodium in mercury is very low at 298 K; Kozin predicted this
solubility as 1.1 x 10-11 (1) and 1.0 x 10-8 at % (2). Jangg and DBrtbudak (3)
reported an experimental solubility of 1.2 x 10-4 at %at 773 K. Kozin's second
estimate at 298 K appears to be of the correct order of magnitude by comparison with
the high temperature determination of Jangg and DBrtbudak. Strachan and Harris (4)
reported a solubility of 0.31 at % at room temperature, but this value is much too
high to be acceptable.

The saturated rhodium amalgams are in equilibrium with the compounds, RhHg2'
RhHg4.63 and RhHg5; the respective decomposition temperatures of the compounds are
593, 689 and 833 K (5).
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COMPONENTS:

(1) Rhodium; Rh; [7440-16-6]

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

VARIABLES:

One temperature: 773 K

Rhodium

ORIGINAL MEASUREMENTS:

Jangg, G.; Dortbudak, T.

Z. Metallk. 1973, 64, 715-9.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of rhodium in mercury at 773 K was found to be 6 x 10-5 mass %. The
corresponding atomic %solubility calculated by the compilers is 1.2 x 10-4 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgam was equilibrated in a quartz
tube which was contained in a pressurized
bomb. One end of the tube consisted of a
fused quartz filter through which the
amalgam was filtered at the equilibration
temperature. Subsequently, tin was added
to the amalgam and the mercury was
removed by evaporation. The rhodium,
which was alloyed into the tin, was then
analyzed spectroscopically; the tin served
as an internal standard.

SOURCE AND PURITY OF MATERIALS:

Rhodium: powder material supplied by
Degussa.

Hg purity not specified.

ESTIMATED ERROR:

Soly:

Temp:

nothing specified.

nothing specified.

REFERENCES:
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COHPONENTS:

(1) Iridium; Ir; [7439-88-5]

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

Iridium

EVALUATOR:

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

Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

Strachan and Harris (1) equilibrated iridium and mercury, but they could not detect
any solubility of iridium in mercury at room temperature; their analytical detection limit
for iridium was 10-3 at %. Jangg and D~rtbudak (2) equilibrated the two metals at 773 K
and could not detect any dissolution of iridium at this higher temperature; the
detection limit by the latter authors was 10-5 at %. Exposure of iridium to mercury at
823 K showed no corrosion of the iridium (3). The extremely low solubility of iridium
in mercury is suggested by the estimates of 6.6 x 10-18 (5) and 2.9 x 10-12 at % (4)
at 298 K by Kozin; the second value appears to be more reliable to the evaluators.

Pure iridium should be in equilibrium with its saturated amalgam (2).
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The solubility of nickel in mercury is very low in the region of room temperature.
Although there have been many determinations, the following reported solubilities,
expressed in atomic %, have varied over five orders of magnitude: 2 x 10-3 at 290 K (1),
0.5 at 291 K (2), 4.8 x 10-4 at 293 K (3), less than 7 x 10-5 at 293 K (4), less than
7 x 10-6 at 303 K (5), 7 x 10-3 at room temperature (6), 1.7 x 10~5 at room temperature
(7), 4.8 x 10-4 at 298 K (8), 4.8 x 10-5 at 293 K (9), 1.6 x 10-4 at 298 K (10,11),
1.0 x 10-4 at 290 K (12,13), 1.4 x 10-5 at room temperature (14), 7 x 10-6 probably at
303 K (15), and 6.7 x 10-5 at 293 K (16). The above determinations were made by various
methods: EMF (1), magnetic susceptibility (2), chemical analysis (3-6, 8,9), cou10metry
(7), vo1tammetry (10,11), chronoamperometry (12,13,16), chronopotentiometry (14), and
pulse polarography (15). The wide variation in the reported solubilities shows that the
system is very susceptible to oversaturation. All results, except that of (5) and (15),
are too high and are rejected. Kozin's prediction of 1.0 x 10-5 at 298 K is also too
high.

There was better agreement of the solubility data at higher temperatures. Epstein (8)
reported a nickel solubility of 4.8 x 10-3 at % at 573 K, but no details of the
analytical procedure were given. Toner (18) reported that the solubility of nickel
increased from 4.3 x 10-5 to 1.09 x 10-2 at % in the temperature range of 401 to 605 K;
a break on the solubility vs. temperature curve was observed at 520 K. Jangg and Pa1man
(9) reported that the solubility increased from 4.8 x 10-5 to 2.9 x 10-2 at % in the
range of 293-826 K. These authors observed a break in the solubility curve at 498 K.
Weeks (19-21) determined the solubility at 773-1023 K and agreed with the high tempera
ture values of Jangg and Pa1man; at 1023 K the solubility was found to be 0.24 at %.
A single determination of the Ni solubility by Parkman and Whaley (22,23), 3.8 x 10-2
at % at 866 K, agrees well with the results of (9, 19-21). The results in (9, 19-23)
were presented graphically; the only numerical values presented were 6.1 x 10-2 at %
at 923 K (20) and 3.4 x 10-2 at % at 873 K (19).

Baranski and Galus (24) explained part of the discrepancies in the nickel solubilities
reported by various authors at temperatures below 500 K. The disparities are attributed
to the formation of NiHg2, NiHg3 and NiHg4' and to the differences in solubilities of
these compounds and nickel. The authors state that true equilibrium is attained only
for NiHg4; this compound is formed in the last step in the reaction between electro
lytically introduced nickel and mercury. The solubilities were determined from
potentiometric measurements, and unit activity coefficient of Ni was assumed. Because
the activity coefficient in the homogeneous amalgam is most probably less than unity,
the nickel solubility would be higher than it would be with the above assumption. The
solubilities of the compounds increase in the order NiHg4<NiHg3<NiHg2<Ni, but it should
be indicated that the equilibrium with the last two species is unstable. Below 500 K
there is good agreement of the NiHg4 solubility values of (24) and (18).

The existence of NiHg4 up to 493 K and NiHg3 up to 483 K have been confirmed, and
NiHg2 is stable to approximately 458 K (4, 24-26). Above 493 K the saturated amalgams
are in equilibrium with pure nickel.

(Continued next page)
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COHPONENTS:

(1) Nickel; Ni; [7440-02-0]

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

CRITICAL EVALUATION: (continued)

Nickel

EVALUATOR:

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

Warsaw, Poland

July, 1985

Recommended (r) and tentative values of nickel solubility in mercury:

TIK Soly/at % Reference

293 1 x 10-7 [24]

298 2 x 20-7 [24]

323 2 x 10-6 [24]

373 4 x 10-5 [24]

473 2 x 10-3a
[18,9]

573 7 x 10-3a
[18,9]

673 1.5 x 10-2 [9]

773 2.5 x 10-2 [9]

873 3.5 x 10-2 (r)a [19,22]

973 5 x -2b
[21], [18,9,19,22]10

aMean value from cited references.

bExtrapolated value from data of cited references.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Nickel; Ni; [7440-02-0]

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

deWet, J.F.; Haul, R.A.W.

Z. Anorg. Chern. 1954, 277, 96-112.

VARIABLES:

One temperature: 303 K

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of nickel in mercury at 303 K was found to be less than 2 x 10-6 mass %.
The corresponding atomic % solubility limit calculated by the compilers is 7 x 10-6 at %.
Solid NiHg4 was reported to be in equilibrium with the saturated amalgam.

AUXILIARY INFORMATION

analytical detection limit was
2 x 20-6 mass %Ni in the amalgam.

Temp: nothing specified.

Water was triply distilled.

Soly:

Purified mercury was distilled under
vacuum and was found to be spectro
chemically free from traces of nickel.

SOURCE AND PURITY OF MATERIALS:

NiS04'6-7H20 was Ana1ar grade from Hopkins
and Williams.

Heterogenous nickel amalgam was obtained by
electrolysis of 1 mol dm-3 NiS04 solution
at the mercury_pool cathode. The amalgam
was washed with water, dried with acetone
and sealed off under vacuum in a glass
tube. A portion of the amalgam was intro
duced into a centrifuge vessel and after
sufficiently long centrifuging the
homogenous part of the amalgam was taken
for analysis. Mercury was carefully
distilled off and the residue was dissolved
in 2.8 mol dm-3 HCl. The resulting solution ~~~~~~~~ -;
was analyzed spectrochemically for nickel ESTIMATED ERROR:
content.

METHOD/APPARATUS/PROCEDURE:

REFERENCES:
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COMPONENTS:

(1) Nickel; Ni; [7440-02-0)

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

VARIABLES:

Temperature: 128-332°C

EXPERIMENTAL VALUES:

Nickel

ORIGINAL MEASUREMENTS:

Toner, D.F.

U.S. At. Ener. Comm. Rep., ORNL-2839,
1959, pp. 187-191.

PREPARED BY:

C. Guminski; Z. Galus

The mass % solubility of nickel in mercury was reported graphically as a function of
temperature; the solubility values were read from the plotted data and the
corresponding atomic % conversion was calculated by the compilers.

~C Soly/mass % x 104 Soly/at % x 103

128 0.125 0.043
162 0.90 0.31
173 2.2 0.75
181 1.3 0.44
205 4.2 1.43
227 9.0 3.1
243 12 4.1
245 14 4.8
258 19 6.5
278 36 12.2
308 25 8.5
327 26 8.9
332 32 10.9

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
A Ni specimen was inserted into the
isothermal hot zone of a Hg thermal con
vection loop made of quartz. The sample
was mechanically polished with a grit
paper or electropolished. The system was
operated under a hydrogen atmosphere. A
series of thermocouples indicated the
temperature profile in the loop. A Hg
sample was extracted through a fritted
disk and then chemically analyzed. The
measurements were performed at various
times of IIg circulation in the loop.
Constant values of the Ni solubility in
IIg were obtained after over 10 hours of
equilibration.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision

probably better than ± 20%.

Temp: nothing specified.

REFERENCES:
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(1) Nickel; Ni; [7440-02-0]

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

VARIABLES:

Temperature: 20-553°C

EXPERIMENTAL VALUES:

Nickel

ORIGINAL MEASUREMENTS:

Jangg, G.; Palman, H.

Z. MetaZZk. 1963, 54, 364-69.

PREPARED BY:

C. Guminski; Z. Galus
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The mass % solubility of nickel in mercury was presented graphically as a function of
temperature. The data points were read from the curve and converted to atomic % by
the compilers.

Soly Soly

t/oC mass % x 104 at % x 104 trc mass %x 103 at %x 103

20 0.14 0.48 236 1.1 3.8
50 0.36 1.2 243 1.2 4.1

100 1.1 3.7 252 1.3 4.5
150 2.6 8.8 302 2.1 7.2
200 5.0 17 353 3.3 11
225 6.2 21 402 4.3 15
230 8.5 29 454 5.7 20
232 9.4 32 503 7.1 24
234 10 34 553 8.5 29

It was reported that NiHg4 is in equilibrium with the liquid below 225°C.

The results below 225°C appear to be overstated.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The heterogeneous amalgam was introduced
into specially constructed apparatus made
of refractory chromium steel. Such steel
apparatus could be used because the
solubility of iron in mercury is very low
and the chromium (III) oxide film inhibits
the wetting of the steel by mercury.
After twelve hours of equilibration at the
temperature of the experiment, the amalgam
was filtered through the sintered iron
frit under a pressure of purified nitrogen.
Usually 3- to 4-fold filtration was
necessary. The nickel content was then
analytically determined in the filtered
amalgam. For experiments carried out
below 320°C, amalgam was equilibrated in
a glass vessel. The analytical
procedures are not described in the
paper.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: precision ± 5%.

Temp: precision ± 2 K.

REFERENCES:
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COMPONENTS:

(1) Nickel; Ni; [7440-02-0]

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

VARIABLES:

One temperature: 866 K

EXPERIMENTAL VALUES:

Nickel

ORIGINAL MEASUREMENTS:

Parkman. M.F.

Extended Abat., EZeotrothe~ioa and
MetaZZurgy Viv., VoZ. 2, No.2, The
Electrochemical Soc •• 1964. pp. 16-21.

PREPARED BY:

C. Guminski; Z. Galus

The mass % solubility of nickel in mercury was presented graphically as a function of
temperature; the compilers read off a value of 1.1 x 10-2 mass %at 866 K from the
curve. The corresponding atomic % solubility calculated by the compilers is
3.8 x 10-2 at %.

AUXILIARY INFORMATION

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

Specimen of Ni was placed in contact with Nothing specified.
Hg in a glass capsule. The capsule was
sealed under vacuum after at least 16 h
outgassing of Hg. The capsule was heated
to the desired temperature and held for
16 hr. A sample of the solution was then
collected and cooled. Hg was separated
from the sample by molecular distillation.
and the residue was taken into acid
solution. dried and analyzed by emission
spectroscopy.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 3 K.

REFERENCES:



COMPONENTS:

(1) Nickel; Ni; [7440-02-0)

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

VARIABLES:

Temperature: 500-755°C

EXPERIMENTAL VALUES:

Nickel

ORIGINAL MEASUREMENTS:

1. Weeks, J.R.
Corrosion 1967, 23, 98-106.

2. Weeks, J.R.; Fink, S.
U.S. At. Ener. Comm. Rep., BNL-900,
1964, p. 136.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of nickel in mercury as a function of temperature was presented
graphically. The data points were read off the plot and recalculated to at %by
compilers.

501y/at %x 102

665
750
500
725
700
755
655
700
605
550
500
625

43
24
13
12
9.7
7.3
6.5
5.5
4.5
3.8
2.9
2.4

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Hg and Ni were equilibrated in a quartz
capsule consisting of two chambers
separated by a sintered quartz filter.
The capsule was sealed with the metals in
the larger chamber, then the capsule was
placed inside of a stainless steel bomb
which contained some Hg to equalize the
pressure inside of the quartz capsule.
The bomb was sealed and placed inside of
an electric oven which was mounted on a
centrifuge. The sample was equilibrated
for 72 hr under stationary condition at
the desired temperature; subsequently, the
equilibrated amalgam was centrifuged at
temperature to filter and separate the
liquid phase. After cooling the capsule
a known quantity of filtrate was analyzed
by distilling off the mercury, the
residue dissolved in HF-HN03 or aqua
regia and the Ni determined
spectrographically.

SOURCE AND PURITY OF MATERIALS:

Triple-distilled, reagent grade mercury
was used.

ESTIMATED ERROR:
501y: nothing specified.

Temp: precision ± 2 K.

REFERENCES:
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COMPONENTS:

(1) Nickel; Ni; [7440-02-0]

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

VARIABLES:

Temperature: 20-500·C

EXPERIMENTAL VALUES:

Nickel

ORIGINAL MEASUREMENTS:

Baranski, A.; Galus, Z.

J. EZeatvoanaZ. Chern. 1973, 46,
289-305.

PREPARED BY:

C. Guminskij Z. Galus

Solubilities of Ni and the compounds NiHg4 , NiHg
3

and NiHg2 in mercury at various
temperatures.

Soly/at %

Solute 20·C 50·C 100·C 150·C 200·C 300·C 400·C 500·C

NiHg4
-7 -6 -5 -4 -31. 5x10 1.8xlO 4.1x10 4.7x10 3.0x10 - - -
-6 -5 -4 -4 -3NiHg3 3.4xlO 1.9x10 1.6x10 9.3x10 3.6x10 - - -

NiHg 2
-5 -5 -4 -32.3x10 8.5x10 4.7x10 1. 8x10 - - - -

Ni -3 -3 -3 -3 -3 -3 -3 -31.lx10 1.6x10 2.4x10 3.3x10 4.2x10 6.1x10 8.1x10 9.8x10

It was assumed that the nickel activity in the homogeneous amalgam was unity; this
assumption may not have been valid. The underlined results were obtained by long
extrapolation, so that the solubility of pure nickel at higher temperatures was
understated.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The intermetallic compounds of Ni and Hg
were prepared by electrolysis on various
cathodes and the amalgam was used as an
electrode for the cell:

I -3 -3 IINi(Hg)x 6 mol dm CaCl2 , X mol dm NiCl2
-3 I6 mol dm CaCl2 Hg2Cl2 ,Hg

at different temperatures. The solubilities
were calculated from the measured EMF.

SOURCE AND PURITY OF MATERIALS:
All chemicals of reagent grade from Ciech
were additionally purified by crystalli
zation. Mercury was chemically purified
by shaking with acidic solution of
Hg2(N03)2' washed and then distilled
unoer reouced pressure.

ESTIMATED ERROR:
Soly: large because equilibrium was not

attained in case of Ni, NiHg2 and
NiHg3; potential reproducibility
was 2-3 mV.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

Nickel

ORIGINAL MEASUREMENTS:
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(1) Nickel; Ni; [7440-02-0]

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

VARIABLES:

One temperature: 30°C

Zuti~, V.; Batel, R.; Chevalet, J.

J. Eteatroanat. Chern. 1979, 105, 115-25.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of Ni in Hg, probably at 30°C, was reported to be 5 x 10-6 mol dm-3•
The corresponding atomic % solubility calculated by the compilers is 7 x 10-6 at %.

NiHg3 is assumed to crystallize in the amalgam so that the solubility is referred to
this compound.

Kinetics of the crystallization was also investigated.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
-4 -2The reduction of Ni(II) (5 x 10 - 1 x 10

mol dm- 3) in 10 mol dm-3 LiCl and subsequent
oxidation of Ni amalgam were performed at
the dropping mercury electrode. The
generation potential was scanned along the
whole NI(II) reduction wave and oxidation
of Ni from the amalgam formed was carried
out at plateau of the polarographic anodic
wave (-0.15 V vs. SCE). The Ni solubility
was estimated from a relation of critical
concentration of Ni on generation time.

SOURCE AND PURITY OF MATERIALS:

NiCl2 was "Prolabo" from Rh6ne-Poulenc
(Co content below 5 x 10-3%). LiCl was
analytical grade and was heated several
hours at 500°C. Mercury was double
distilled. Water was triple distilled.

ESTIMATED ERROR:

Soly:

Temp:

nothing specified.

precision ::!:. 2 K.

REFERENCES:
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COHPONENTS:

(1) Palladium; Pd; [7440-05-3]

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

CRITICAL EVALUATION:

Palladium

EVALUATOR:

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

Warsaw, Poland

July, 1985

There have been only three reports of the experimental determination of palladium in
mercury. Jangg and GrB11 (1) determined the solubility over a temperature range of 298
to 573 K, and reported a solubility of 5.1 x 10-3 at % at 298 K; a smooth curve was
plotted through the data in this work. The room temperature value of Butler and
Makrides (2), 5.5 x 10-3 at %, is in good agreement with that of Jangg and GrB11. The
room temperature solubility of 1.2 x 10-2 at % reported by Strachan and Harris (3) is
twofold higher than those of (1) and (2). The data of Jangg and GrB11 appear to be the
most accurate, and these authors reported their experimental procedure in some detail.

Kozin (4,5) predicted the solubility of Pd in Hg at 298 K, but his values are more
than a hundredfold too low.

Messing and Dean (6) reported that the solubility of palladium in saturated uranium
amalgam is nearly a hundredfold lower than in pure mercury.

Palladium forms the intermediate compounds, PdHg4 (stable up to 363 K), Pg2Hg5
(stable up to 511 K) and PdHg (1,7); Pd2Hg3 also has been reported (8), but this compound
was shown not to exist in this system (1,7).

Tentative solubilities of Pd in Hg:

References

TIK
298

323

373

473

573

Soly/at % x 103

5.1

5.4

11

71

370

Reference

[1,2]

0]
[ 1]

[ 1]

[ 1]

1. Jangg, G.; GrB11, W. Z. MetaZZk. 1965, 56, 232.
2. Butler, J.N.; Makrides, A.C. Trans. Faraday Soo. 1964, 60, 938.
3. Strachan, J.F.; Harris, N.L. J. Inst. MetaZs 1956-57, 85, 17.
4. Kozin, L.F. Tr. Inst. Khim. Nauk Akad. Nauk Xaz. SSR 1962, 9, 101.
5. Kozin, L.F. Fiziko Khimioheskie Osnovy AmaZgamnoi MetatZurgii~ Nauka, A1ma-Ata,

1964.
6. Messing, A.F.; Dean, O.C. U.S. At. Energy Comm. Rep.~ ORNL-28?1~ 1960.
7. Galus, Z. Crit. Rev. AnaZ. Chern. 1975, 5, 359.
8. Bittner, H.; Novotny, H. Monatsh. Chern. 1953, 84, 211.



COMPONENTS:

(1) Palladium; Pd; [7440-05-3]

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

VARIABLES:

Room temperature

EXPERIMENTAL VALUES:

Palladium

ORIGINAL MEASUREMENTS:

Strachan, J.F.; Harris, N.L.

J. Inst. Meta~s 1956-57, 85, 17-24.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of palladium in mercury at room temperature was reported to be
0.012 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Mercury and palladium were equilibrated in
evacuated glass tubes and maintained either
at room temperature or at 773 K for times
lasting for many hours. The solubility was
determined from the change in weight of the
specimens after equilibration, and by
chemical analysis of the amalgam after
filtration through a sintered glass filter.
The analytical method was not specified.

SOURCE AND PURITY OF MATERIALS:
99.997% pure mercury was submitted to
cleaning, filtration, drying and
distillation before use.
Palladium was 99 to 99.99% pure.

ESTIMATED ERROR:
Soly: precision ± 20%.

Temp: not specified.

REFERENCES:
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COMPONENTS:

(1) Palladium; Pd; [7440-05-3]

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

VARIABLES:

Room temperature measurement

EXPERIMENTAL VALUES:

Palladium

ORIGINAL MEASUREMENTS:

Butler, J.N.; Makrides, A.C.

Tpans. Fapaday Soa. 1964, 60, 938-946.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of palladium in mercury at room temperature was reported to be
5.5 x 10-3 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Mercury was saturated with palladium in a
sealed glass tube for few days at 523 K.
The amalgam was then cooled down to room
temperature and filtered through a sintered
glass filter. The filtrate was analyzed
spectroscopically.

SOURCE AND PURITY OF MATERIALS:

Palladium purity not specified.
Triply-distilled mercury was used.
Content of other metals in the amalgam
was below 10-4 %.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



COMPONENTS:

(1) Palladium; Pd; [7440-05-3]

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

VARIABLES:

Temperature: 25-300·C

EXPERIMENTAL VALUES:
The solubility of palladium in mercury:

Palladium

ORIGINAL MEASUREMENTS:

Jangg, G.; GrUII, W.

Z. MetaZZk. 1965, 56, 232-34.

PREPARED BY:

C. Guminski; Z. Galus
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t/·C

25

50

90

100

150

200

238

250

300

aby compilers.

Soly/mass %

0.0027

0.0029

0.0047

0.0060

0.015

0.038

0.089

0.099

0.20

Soly/at %a

0.0051

0.0054

0.0089

0.011

0.031

0.071

0.17

0.19

0.37

Additional data were presented graphically. There were two breaks in the reciprocal
temperature-solubility plot, at 90 and 240·C; these corresponded to the decomposition
temperatures of PdHg4 and Pd2Hg5 , respectively.

AUXILIARY INFORMATION

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

The heterogeneous amalgam was introduced Not specified in detail.
into a specially constructed apparatus made
of glass. After twelve hours of equili-
bration at the temperature of the experiment,
the amalgam was filtered through the
sintered-glass frit under a pressure of
purified nitrogen. The palladium content
in the filtered, saturated amalgam was
determined by an unspecified analytical
method.

ESTIMATED ERROR:

Soly: nothing specified; precision better
than ~ 10% (compilers).

Temp: nothing specified.
REFERENCES:
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COHPONENTS:

(1) Platinum; Pt; [7440-06-4]

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

CRITICAL EVALUATION:

Platinum

EVALUATOR:

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

Warsaw, Poland

July, 1985

There is a large variation on the reported solubilities of platinum in mercury. The
solubility is very low, and the presence of platinum oxides on the surface of the metal
further inhibits its dissolution in mercury. Plaksin and Suvorovskaya (1,2) determined
the solubility in the range of 289-473 K by filtration and analyses of the saturated
solution, and they found that the solubility increased from 2.05 x 10-2 to 1.77 at % in
this temperature range. At room temperature, Strachan and Harris (3) reported a
solubility of 0.002 at %, while Butler and Makrides (4) obtained a solubility of 0.028
at %; the latter solubility is in agreement with that by ref. (2). Yoshida (5) reported
that the solubility is less than 0.01 at %.

Kozin, with the use of his semiempirical equations at 298 K, predicted solubilities of
2.6 x 10-9 (6) and 3.1 x 10-7 at % (7); these results are too low because interaction of
the metals was neglected.

Jangg and DBrtbudak (8) determined the solubilitiez at 374-593 K, and they found that
the solubility increased from 3.4 x 10-5 to 9.0 x 10- at %in this temperature range.
These solubilities are significantly lower than the experimental determination of the
previous authors. Based on the work of Barlow and Planting (9), the evaluators are of
the opinion that the solubility of platinum at 573 K should be ~2 x 10-2 at %.

There is a variation of approximately 103 in the reported solubilities, and though the
experimental procedures were similar there was a lack of detailed description by the
different authors. This has resulted in some difficulty in assigning the more accurate
measurements. Although the data in refs. (1,2,4) are similar, the results appear to be
too high. Recent, careful electroanalyt!cal measurements in the evaluators' laboratory
(10) resulted in a solubility of 5 x 10- at % at 298 K. In this work, it was found
that the platinum had to be equilibrated with mercury at 600 K for at least a week,
followed by an equilibration at 298 K for at least two weeks. Shorter equilibration
times resulted in erroneous solubilities; the discrepancies in previously reported data
probably are the result of incomplete equilibration. In view of the evaluators' 298 K
determination, it appears that the data of Jangg and D6rtbudak (8) should be rejected.

During investigations of the corrosion of pure metals in refluxing mercury at 756 K
it was found that the solubility of platinum is similar to, or lower than, those of
aluminum and manganese, but higher than those of nickel, titanium and zirconium (11);
this observation adds further proof that the results of (8) are too low.

The saturated platinum amalgams are in equilibrium with the intermediate solid phases
(2,5,8,9,12), PtHg4, PtHg2 and PtHg; the latter two compounds are stable to 523 K and
the first compound is stable to 873 K.

-4The tentative value for the solubility of platinum in mercury at 298 K is 5 x 10
at % (10).

References

1. Plaksin, I.N.; Suvorovskaya, N.A. Zh. Fiz. Khim. 1941, 15, 978.
2. Plaksin, I.N.; Suvorovskaya, N.A. Izv. Sekt. PZatiny 1945, 18, 67.
3. Strachan, J.F.; Harris, N.L. J. Inst. MetaZs 1956-57,~ 17.
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COMPONENTS:

(1) Platinum; Pt; [7440-06-4]

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

VARIABLES:

Temperature: 16-200·C

EXPERIMENTAL VALUES:
Solubility of platinum in mercury:

t/"C Soly/at %

16.5 0.0205

17.5 0.0513

20.0 0.0021

24.0 0.102

39.5 0.151

54.0 0.202

71.0 0.910

Platinum

ORIGINAL MEASUREMENTS:

Plaksin, I.N.; Suvorovskaya, N.A.

Izv. Sekt. PZatiny 1945, 18, 67-76.

PREPARED BY:

c. Guminski; Z. Galus

t/"C Soly/at %

86.0 0.904

101.0 0.980

131.5 1.040

144.0 1.080

167.0 1.12

171.0 1.20

200.0 1.77

331

Pt-Hg phase diagram was presented; Pt3Hg, Pt2Hg and PtHg are in equilibrium with the
saturated amalgams.

Substantially the same results of the solubility were reported in the previous work
by the same authors (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Purified platinum was dissolved in mercury
during cathodic polarization of Pt while
in contact with Hg and H2S04 solution.
Prepared amalgams were kept in a thermostat
for 2 hours and filtered through a capillary
of 0.24-0.4 rom diameter. The filtration and
storing of amalgam were done with the use of
a special air-free glass apparatus. The
mercury was evaporated from the filtrate
and platinum was analyzed by colorimetric,
cuppellation, or gravimetric method,
depending upon the metal content.

SOURCE AND PURITY OF MATERIALS:
Mercury purified with HN03 and distilled
under vacuum.

Platinum, 99.84% pure, was dissolved in
aqua regia, then transformed into
(NH4)2PtCl4 and reduced to the metallic
state with HCOOH.

ESTIMATED ERROR:
Soly: precision no better than several

percent (compilers).
Temp: precision no better than + 0.5 K

(compilers) •
REFERENCES:
1. Plaskin, I.N.; Suvorovskaya, N.A.

Zh. Fiz. Khim. 1941, 15, 978.
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COMPONENTS:

(1) Platinum; Pt; [7440-06-4]

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

VARIABLES:

Room temperature

EXPERIMENTAL VALUES:

Platinum

ORIGINAL MEASUREMENTS:

Strachan, J.F.; Harris, N.L.

J. Inst. Meta~B 1956-57, 85, 17-24.

PREPARED BY:

C. Guminski; Z. Galus

Solubility of platinum in mercury at room temperature was reported to be
0.002 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
A preweighed piece of platinum was
equilibrated with Hg in an evacuated glass
tube over long periods of time. After
equilibration, the amalgam was filtered
through a sintered glass filter of 90-
150 ~m pore size. The solubility was
determined from: (1) the weight loss of
the platinum; and (2) analysis of the
filtrate by an unspecified method.

SOURCE AND PURITY OF MATERIALS:
Mercury: 99.997% pure was filtered,
dried and distilled before use.

Platinum: minimum 99.99% pure.

ESTIMATED ERROR:
Soly: precision ± 50%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Platinum; Pt; [7440-06-4]

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

VARIABLES:

Room temperature

EXPERIMENTAL VALUES:

Platinum

ORIGINAL MEASUREMENTS:

Butler, J.N.; Makrides, A.C.

Trans. Faraday Soa. 1964 60, 938-46.

PREPARED BY:

c. Guminski; Z. Galus
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The solubility of platinum in mercury at room temperature was reported to be
0.028 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Mercury was saturated with platinum in a
sealed glass tube for few days at 523 K,
then the amalgam was cooled down to room
temperature and filtered through a sintered
glass filter. The filtrate was analyzed
spectroscopically.

MM-L.

SOURCE AND PURITY OF MATERIALS:

Purity of platinum not specified.

Triply distilled mercury was used. Content
of other metals in the amalgam was below
10-4%.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



,j,j4 Platinum

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Platinum; Pt; [7440-06-4]

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

Guminski, C.; Roslonek, H.; Galus, Z.

J. EZeatroanaZ. Chern. 1983, 158, 357-68.

VARIABLES: PREPARED BY:

One temperature: 298 K C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
-4Solubility of platinum in mercury at 298 K was reported to be (5 ~ 1) x 10 at %.

When the dissolution time was shorter than a week, or the conditioning shorter than
2 weeks, the solubilities determined were lower and higher, respectively.

AUXILIARY INFORMATION

ESTIMATED ERROR:

SOURCE AND PURITY OF MATERIALS:
Mercury (from Ciech) was chemically purified
with acidic Hg2(N03)2 and then twice
distilled in vacuum.

Platinum (from Polish Mint) was 99.9999%
pure.

ZnCl 2 and NaCI (from Ciech) were analyti
cally pure; their solutions were addition
ally refined by a cathodic electrolysis
at -0.9 V vs. SCE.

precision .± 20%.

+ 1 K.

Soly:

Temp:

METHOD/APPARATUS/PROCEDURE:
A clean and degreased Pt foil was placed in
a closed glass vessel with mercury and
heated at 600 K for 8 hours per day during
a period of 2 months. After a subsequent
month of conditioning at 298 K the hetero
geneous amalgam was filtered through a
sintered_glass crucible under vacuum.
Employing a hanging-drop electrode filled
with the saturated amalgam, cyclic chrono
potentiometric curves were recorded in 0.01
mol dm- 3 ZnCl2 + 1 mol dm- 3 NaCI solution.
The current density was varied between
10.8 and 1080 ~A cm-2 and reduction time
from 5 to 100 s. The differences of oxida
tion times observed were due to bonding of
Zn by Pt to form PtZn2, a stable compound
which is rapidly formed and is insoluble in
mercury. The calculations of the solubility ~=~~ ~

were based on these differences. REFERENCES:



COHPONENTS:

(1) Copper; Cu; [7440-50-8]

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

Copper

EVALUATOR:

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

Warsaw, Poland

July, 1985
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CRITICAL EVALUATION:
Although readily wetted by mercury, the solubility of copper in mercury at room

temperature is low. There have been numerous reports of solubility measurements near
room temperature. Gouy (1) reported the first solubility determination, but this author's
value of 3 x 10-3 at %at 288 to 291 K is too low and therefore rejected. Humphreys (2),
from his investigation of the solution and diffusion of copper in mercury, estimated a
solubility of 8.5 x 10-3 at %at 299.4 K. Richards and Garrod-Thomas (3) determined a
solubility of 7.42 x 10-3 at % at 293 K; these authors' result was based on colorimetric
and potentiometric analyses of the equilibrated liquid amalgam. Tammann and Kollmann (4)
utilized potentiometry to determine a solubility of 1.02 x 10-2 at % at 288 K. Irvin and
Russell (5) performed careful analytical measurements of the solubility at 293 K, but
their value of 6.3 x 10-3 at % is lower than those of the earlier authors. Without
presenting experimental details, Hickling and Maxwell (6) reported a solubility of
6 x 10-3 at %at 293 K; these authors had studied the electrochemical oxidation of
copper amalgams. Liebl (7) employed coulometry to determine a solubility of 1.0 x 10-2
at % at room temperature, but no experimental details for this determination were
presented. Sagadieva and Kozlovskii (8) employed amalgam polarography and also determined
a solubility of 1.0 x 10-2 at % at 293 K. From potentiometric measurements, Schupp and
coworkers (9) determined a solubility of 8.5 x 10-3 at % at 298 K. Jangg and Kirchmayr
(10) measured the potentials of various copper amalgams at 288 K, and though numerical
data were not presented, a solubility of 8.9 x 10-3 at % was estimated from the graphical
presentation; employing polarographic oxidation of the copper amalgam they estimated the
solubility of 8.4 x 10-3 at % at 293 K. Jangg and Palman (11), from measurements based
on a filtration method, reported solubilities over a temperature range of 293 to 823 K:
the solubility at 293 K was 6.3 x 10-3 at % and it increased to 3.7 at %at 823 K. The
experimental results of the latter authors at temperatures above 298 K were much higher
than the predicted liquidus from the phase diagrams which were proposed earlier by
Tammann and Strassfurth (12) and by Schmidt (13).

Levitskaya and Zebreva (14) employed potentiometric measurements at 293 to 323 K and
obtained solubilities which increased from 1.07 x 10-2 to 2.4 x 10-2 at % in this
temperature range. Chao and Costa (15) also employed potentiometry and obtained a
solubility of 9.3 x 10-3 at % at room temperature. '

Baletskaya and coworkers (16), from voltammetric measurements on the amalgam,
determined a solubility of 1.02 x 10-2 at % at room temperature. Dragavtseva and
Bukhman (17) performed chronoamperometric oxidation of heterogeneous copper amalgams and
determined a solubility of 9 x 10-3 at %at 293 K. Lange and coworkers (18) also carried
out similar measurements as the previous authors, but at 313 to 363 K, and determined that
the solubilities increased from 1.7 x 10-2 to 4.3 x 10-2 at % in this temperature range.
Ostapczuk and Kublik (19) employed voltammetric oxidation of a saturated copper amalgam
at 298 K and found a solubility of 1.09 x 10-2 at %. Hurlen and coworkers (20) employed
potentiometry and determined a solubility of 6.2 x 10-3 at %at 298 K. Sasim and
coworkers (21) also used potentiometric measurements and determined a solubility of
1.1 x 10-2 at %at 298 K: the latter result is in agreement with the most dependable
determinations at this temperature.

Gr¢nlund and Kristensen (22) performed precise concentration cell measurements at 283.4
to 298.3 K and reported solubilities of 7.46 x 10-3 to 13.9 x 10-3 at % in this tempera~
ture range. The latter measurements were made in evacuated cells: probably because of the
reduced pressure the results obtained are higher than those determined under normal
conditions. Ignateva and coworkers determined Cu solubility at 298.2 K of 1.1 x 10-2 at %
(23), 1.0 x 10-2 at % (24), and 1.25 x 10-2 at % (25); chronoamperometric oxidation of the
Cu saturated amalgams was applied in these works.

There were a number of other solubilities reported near room temperature, but these
are rejected because the results are too high (26-29), or the data were presented without
sufficient definition of experimental conditions (30-32). Kozin predicted a solubility of
5.7 x 10-3 at %at 298 K (33).

It is clear that there is wide scatter in the solubility data near room temperature.
As indicated by Chao and Costa (15), the crystallization of copper attains equilibrium
very slowly, so that the determinations based on electrochemical methods in which the
copper is crystallized from an amalgam may result in solubilities that may be too high.
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COHPONENTS: EVALUATOR:

(1) Copper; Cu; [7440-50-8]

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

C. Guminski; Z. Galus
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University of Warsaw

Warsaw, Poland
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CRITICAL EVALUATION:

The solubility measurements at 293 to 824 K, by Jangg and Palman (11), were extended to
higher temperatures by Lugscheider and Jangg (34). The latter authors analyzed samples of
the immiscible, mutually saturated copper and mercury phases in the temperature range of
883 to 1073 K, and they established the corresponding values of maximum and minimum
solubility in this temperature range. The solubility of 0.67 at %at 644 K, reported by
Wang (35), is more than an order of magnitude too low, and is rejected.

The solid phases in equilibrium with the saturated amalgam consist of unstable Cu-Hg
compounds (15,34,36,37); the peritectic temperature has been reported to be 369.4 (12),
371 (37) and 401 K (34). The phase diagram is shown in Figure 1 (34). The solid
compounds, CuHg, CU4Hg3' CU3Hg2' and CU7Hg6 have been reported, but the existence of the
last of these is the most probable.

Tentative values of the solubility of Cu in Hg:

TIK Solylat % Source

293 9.2 x 10-3
a

[3,7,8,10,17]

298
_2a

[2,9,15,19,23,21,24)1.00 x 10

373 4 x 10-2 [11] ,

473 0.2 [11]

573 0.6 [11]

673 1.1 [11]

773 2.1 [11]

873 5.5b [11,34]

933 8 [34]

973 14 [34]

1073 40 (34]

a. Mean value from cited references. 1100 .--r---,~---r----r--,

b. Interpolated value from cited
references

'000 1--1--1f--t--f--j

BOO f--+.:::,..-<;o-"k:::--+-"'1'liJ

/~ 660.cl~A
BS 9S

U 600 I-i>ffl--+---+--+--+-=--lr"i
o
~

'00 1I--1f--1--t--f-~

200
'28°C

0 il
Hg 20 '0 60 BO Cu

at %Cu
Fig. 1. The Cu-Hg system (34).
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COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

VARIABLES:

One temperature: 26°C

Copper

ORIGINAL MEASUREMENTS:

Humphreys. W. J •

J. Chern. Soa. 1896, 243-53.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of copper in mercury at 26.2°C was reported as (2.7 ± 0.1) x 10-3 mass %.

-3Converting to atomic %, the compilers calculated 8.5 x 10 at %.

AUXILIARY INFORMATION

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

Disc of Cu was placed on the surface of a Nothing specified.
column of Hg contained in a glass or wooden
vessel, and the liquid sampled for analysis
after several days of equilibration. The
Hg was evaporated from the amalgam and the
residual copper was determined as the oxide
after treatment with HN03 and ignition.

ESTIMATED ERROR:
Soly: precision probably no better than

± 3% (compilers).

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

VARIABLES:

One temperature: 20°C

EXPERIMENTAL VALUES:

Copper

ORIGINAL MEASUREMENTS:

Irvin, N.M.; Russell, A.S.

J. Chern. Soa. 1932, 891-8.

PREPARED BY:

C. Guminski; Z. Galus
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-3The solubility of copper in mercury at 20°C was found to be (2.0 ± 0.1) x 10 mass %.

Converting to atomic %, the compilers calculate 6.3 x 10-3 at %.

AUXILIARY INFORMATION

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

Amalgams were prepared by electrolysis and Not given
by chemical reduction of copper (II) with
V(II) solutions. The prepared amalgams
were filtered through their own paste on a
ground-glass filter. Copper was removed from
the homogeneous amalgam by oxidation with
KMn04' In the final determination of copper
the iodide-thiosulphate volumetric method
was applied. When chamois leather was used
instead of the sintered glass for filtration
of the amalgam, some irregular and higher
solubilities were obtained.

ESTIMATED ERROR:

Soly: accuracy ± 5%.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

VARIABLES:

One temperature: 20°C

EXPERIMENTAL VALUES:

Copper

ORIGINAL MEASUREMENTS:

Richards, T.W.; Garrod-Thomas, R.N.

Z. Phys. Chern. 1910, 72, 165-201.

PREPARED BY:

C. Guminski; Z. Galus

Solubility of copper

Converting to atomic

-3in mercury at 20°C was found to be (2.35 ± 0.35) x 10 mass %.

%, the compilers calculate 7.42 x 10-3 at %.

The result was confirmed also by potentiometric measurements.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Copper amalgam was prepared by the
electroreduction of a CUS04 solution on a
mercury cathode. The amount of the reduced
copper was determined coulometrically. The
amalgams were filtered through chamois
leather after equilibration. The solid
residue was analyzed by volatilizing the
mercury and determination of copper by
colorimetric method.

SOURCE AND PURITY OF MATERIALS:
Mercury was purified with Hg2(N03)2 and
doubly distilled.

Pure CuS04 was recrystallized.

ESTIMATED ERROR:
Soly: precision no better than ± 15%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

VARIABLES:

One temperature: 15°C

Copper

ORIGINAL MEASUREMENTS:

Tammann, G.; Kollmann, K.

Z. Ano~g. Chern. 1927, 160, 242-8.

PREPARED BY:

C. Guminski; Z. Galus

341

EXPERIMENTAL VALUES:

Solubility of copper in mercury at 15°C was reported to be (3.23'± 0.07) x 10-3 mass %.

Converting to atomic %, the compilers calculate 1.02 x 10-2 at %.

AUXILIARY INFORMATION

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

The amalgams of various concentrations were Nothing specified.
obtained by electrolysis of saturated CuS04
solutions by varying the current and the
time of the electrolysis. Subsequently,
the steady-state potentials of the cell,
Cu(Hg)xlcuS04,Hg2S04IHg, were measured.

ESTIMATED ERROR:
Soly: precision ± 5%.

Temp: nothing specified.
i

REFERENCES:
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COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

VARIABLES:

One temperature: 20°C

EXPERIMENTAL VALUES:

Copper

ORIGINAL MEASUREMENTS:

Sagadieva, K.Zh.; Kozlovski, M.T.

Izv. Akad. Nauk Kaz. BBR. Ber. Khim.
1959, No.1 (15), 22-5.

PREPARED BY:
C. Guminski; Z. Galus

Solubility of copper in mercury at 20°C was reported to be 6.8 x 10-3 mol dm-3•

Converting to atomic %, the compilers calculate -21.01 x 10 at %.

AUXILIARY INFORMATION

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

The amalgams were obtained by the exhaus- Nothing specified.
tive electrolysis of copper (II) from
solution. The polarograms of amalgam
dissolution were determined in 0.1 mol dm-3
solution of KN03' All operations were
performed in a hydrogen atmosphere.
Estimation of the copper concentration was
based on the polarograms.

ESTIMATED ERROR:

Soly: nothing specified; + 10% (compilers).

Temp: ± 1 K.

REFERENCES:



COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

VARIABLES:

One temperature: 25°C

Copper

ORIGINAL MEASUREMENTS:

Schupp, O.E.; Youness, T.; Watters, J.I.

J. Am. Chern. Soa. 1962, 84, 505-13.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:
Solubility of copper in mercury at 25°C was found to be 2.7 x 10-3 mass %.

-3Converting to atomic %, the compilers calculate 8.5 x 10 at %.

AUXILIARY INFORMATION

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

Potentials of the amalgams versus pure Nothing specified.
copper immersed in solution of ethylene-
diamine complex of Cu(II) were measured.
The copper amalgams were prepared electro-
lytically, and the solubility was determined
from EMF measurements on the cell

rCu(Hg)xICu(II) in ethylenediamine Cu.

ESTIMATED ERROR:

Soly: nothing specified; accuracy probably
better than a few percent (compilersX

Temp: not specified.
REFERENCES:
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COMPONENTS:

(1) Copper; Cu; [7440-50-8]

(2) Mercury; Hg; 17439-97-6]

VARIABLES:

Temperature: 293-823 K

Copper

ORIGINAL HEASUREMENTS:

Jangg, G.; Palman, H.

Z. Meta~~k. 1963, 54, 364-369.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of copper in mercury at 20 to 550°C was presented graphically as a plot
of log N against temperature. where N was in mass %. The data points were read off the
curve and converted to atom % by the compilers.

T/K Soly/at % T/K Soly/at % T/K Soly/at % T/K Soly/at %

293 -3 508 0.28 663 1.0 823 3.76.3 x 10

323 -2 523 0.35 673 1.11.3 x 10

373 4.0 x 10-2 548 0.40 698 1.2

383 -2 563 0.57 723 1.65.0 x 10

423 9.6 x 10-2 573 0.62 743 1.7

438 0.14 608 0.78 763 2.1

463 0.17 623 0.86 773 2.3

473 0.19 643 0.93 798 2.9

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

Method of the amalgam preparation is not
given. The amalgams were mixed and kept
for 12 hours in thermostated glass
cylinders and then filtered in an atmos
phere of pure nitrogen. For temperatures
above 600 K a pressure apparatus made of
hard chromium steel was used. No method
of analyzing of the filtrate is given.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:

Soly: precision ± 5%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Copper; CUi [7440-50-8]

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

VARIABLES:

Temperature: 15-Z0oC

EXPERIMENTAL VALUES:

Solubility of copper in mercury.

Copper

ORIGINAL MEASUREMENTS:

Jangg, G.; Kirchmayr, H.

Z. Chern. 1963, 3, 47-56.

PREPARED BY:

C. Guminski; Z. Galus
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trC

15

ZO

mol cm-3

(6.0 ± O.Z) x 10-3

5.7 x 10-3

8.9 x 10-3

8.4 x 10-3

aby compilers

15°C data based on EMF measurements, and ZO°C data based on polarographic
measurements (see below).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained electrolytically
and the potentials of the cell,
Cu(Hg)xICuS04 + CH3COOHIKCl, HgZClZ' Hg,
were measured at l5°C. The concentration
of the saturated amalgam was determined
from the breakpoint of the plot of EMF
against the logarithm of the copper
concentration in the amalgam. Anodic
polarographic currents of various copper
amalgams were determined at ZO°C, and the
current was plotted against the Cu concen
tration in the amalgam. The solubility was
determined from the breakpoint in the plot.
All experiments were performed in an inert
gas atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: accuracy better than ± 3%.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Copper; Cu; 17440-50-8]

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

VARIABLES:

One temperature: 295 K

EXPERIMENTAL VALUES:

Copper

ORIGINAL MEASUREMENTS:

Chao, F.; Costa, M.

C.R. Aaad. Sai., Serf 2 1965, 261,
990-3.

PREPARED BY:
C. Guminski; Z. Galus

-3 -3
Solubility of copper in mercury at 295 K was reported to be (6.2 ± 0.2) x 10 mol dm •
The corresponding atomic % solubility calculated by the compilers is 9.3 x 10-3 at %.

This work is part of an extensive study of copper amalgams by the same authors (1).
The authors investigated the tendency toward the formation of semi-stable,
supersaturated amalgams.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The copper amalgams were prepared electro
lytically at constant current from 0.5 mol
dm- 3 CuS04 + 0.25 mol dm- 3 H2S04. Dilution
was made by adding Hg to the amalgam in a
nitrogen atmosphere. Potentials of the
amalgams were measured in the cell of the
type,

-3
Cu(Hg)x 0.5 mol dm _~US04 Hg

2
S0

4
,Hg

+0.36 mol dm H2S04

Concentration of the saturated amalgam was
determined from the breakpoint of the plot
of EMF against the logarithm of the copper
concentration.

SOURCE AND PURITY OF MATERIALS:

Reagents were specified as "pure for
analysis", and salts were recrystallized.
Hg purity was specified as 99.99999%.

ESTIMATED ERROR:

Soly: precision ± 3%.

Temp: precision ± 0.5 K.

REFERENCES:

1. Chao, F.; Costa, M. BuH. Soa. Chim.
Fr., 1968, 549-55.



COMPONENTS:

(1) Copper; CUi [7440-50-8]

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

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Solubility of copper in mercury.

t/OC Soly/mol -3dm

20 7.2 x 10-3

40 1,2 x 10-2

50 1,6 x 10-2

aby compilers

Copper

ORIGINAL MEASUREMENTS:

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

Tl'. Inst. Khim. Nauk Akad. Nauk Kaz. BBB
1967, 15, 66-8.

PREPARED BY:

C. Guminski; Z. Galus

a
Soly/at %

1,07 x 10-2

1,8 x 10-2

2.4 x 10-2

347

METHOD/APPARATUS/PROCEDURE:

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

Potentials of the galvanic cell,

Cu(Hg)jcuso4,H2S04Icu(Hg\

were measured at various temperatures.

The solubilities were determined from the
breakpoint in the plot of cell EMF against
the logarithm of the copper concentration
in the amalgam.

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS:

(1) Copper; Cu; {7440-S0-8]

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

VARIABLES:

One temperature: 20°C

EXPERIHENTAL VALUES:

Copper

ORIGINAL HEASUREHENTS:

Dragavtseva, N.A.; Bukhman, S.P.

Izv. Akad. Nauk Kaz. SSR. Se]'. Khim.
1970, No.6, 33-7.

PREPARED BY:
C. Guminski; Z. Galus

-3Solubility of copper in mercury at 20°C was found to be 9 x 10 at %.

AUXILIARY INFORMATION

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

The amalgams were obtained by exhaustive Nothing specified.
electrolysis of solutions containing copper
ions. Oxidation of the prepared amalgams
were performed after 2 hours under chrono-
amperometric conditions. Estimation of
the copper concentrations was based on
analysis of the current-time curves.

ESTIMATED ERROR:
Soly: nothing specified; precision better

than ± 10% (compilers).

Temp: not specified.

REFERENCES:



COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

VARIABLES:

Temperature: 610-800°C

Copper

ORIGINAL MEASUREMENTS:

Lugscheider, E.; Jangg, G.

Z. MetaZZk. 1971, 62, 548-551.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:

The solubility of copper in mercury in the two regions at 6l0-800°C.

Copper solubility, at %

Hg-rich region Cu-rich regiont/OC

610

630

700

750

770

800

5.9

6.1

14.1

19.9

24.4

40.0

~ 80.8

~ 65.1

;;. 66.6

~ 56.5

The experiments were performed in the range of miscibility gap so that the solubility
of copper in mercury may be higher than values given in the third column. When copper
content in the amalgam is higher than 85 at % at 660°C the liquidus curve goes up to
100 at % of Cu at 1070°C. The experimental data have large scatter in the Cu-rich
region.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by dissolution
of copper in mercury (1:1) and heating up
to 850°C. After annealing for 170 hours
at the experimental temperature, the
samples were quickly cooled and solidified
as two separate phases. The samples were
analyzed in hydrogen atmosphere after the
mercury was removed by distillation.

SOURCE AND PURITY OF MATERIALS:
Nothing specified

ESTIMATED ERROR:
Soly: nothing specified; precision no

better than ± 10% (compilers).

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Copper; Cu; [7440-50-8)

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Copper

ORIGINAL MEASUREMENTS:

Zakharova, E.A.; Kataev, G.A.; Ignateva,
L.A.; Morozova, V.E.

Tr. Tomsk. Univ. 1973, 249, 103-9.

PREPARED BY:

C. Guminski; Z. Galus

-3 -3The solubility of Cu in Hg at 25°C was reported to be: 8.4 x 10 mol dm from
concentration dependence of Cu(II) vs. Cu(Hg), and 8.6 x 10-3 mol dm3 from
dependence of diffusion coefficient of Cu in Hg vs. concentration of Cu in Hg (see
below).

-2 -2Converting to atomic %, the compilers calculate 1.25 x 10 and 1.28 x 10 at %,
respectively.

AUXILIARY INFORMATlON

METHOD/APPARATUS/PROCEDURE:

The experiments were carried out on a semi
spherical Hg electrode on a Ag base. The
electrode was prepared by electrochemical
reduction of Hg(II); the electrode was then
transferred to a cell which contained the
reference electrode of "manganese half
element" and an auxiliary Pt net electrode.
Cu was introduced into the Hg by electro
reduction from solution: 0.1 mol dm- 3 of
(NH4)2C2H406 and Cu(II) of concentration
ranging between 2.9 x 10-4 and 3.92 x 10-3
mol dm-3• After various periods of
waiting the chronoamperometric curves of
oxidation were recorded. The results were
analyzed from the curves: Concentrations
of Cu(II) in the solution vs. Cu in the
amalgam, and diffusion coefficient of Cu
in Hg vs. concentration of Cu in Hg.
Breakpoints on the curves correspond to
saturation of Hg with Cu.

SOURCE AND PURITY OF MATERIALS:

Nothing specified

ESTlMATED ERROR:
Temperature: ± 0.2 K. Diffusion
coefficients are accurate to + 2% but the
waiting times up to 15 min are too short
to reach a true equilibrium in the system
so the results may be overstated.

REFERENCES:



COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

VARIABLES:

One temperature: 298 K

EXPERIMENTAL VALUES:

Copper

ORIGINAL MEASUREMENTS:

1. Ignateva, L.A.; Zakharova, E.A.;
Nazarov, B.F.
Dep. ONITEKhim. 1731-78, 1978.

2. Kataev, G.A.; Zakharova, E.A.;
Ignateva, L.A.
Dep. ONITEKhim. 3092-79, 1979.

PREPARED BY:

C. Guminski; Z. Galus
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Solubility of copper in mercury at 298.2 K.

-3 %a Ref.mol dm at

(7.5 ± 0.2) x 10-3 1.1 x 10-2 (1)

6.9 x 10-3 1.0 x 10-2 (2)

aby compilers

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The experiments were performed in a cell
containing 3 electrodes: (Ref. 1)
Working - half spherical Hg; reference - the
SCE; auxiliary - Pt net. The Cu amalgams
were obtained by electroreduction of Cu(II)
from 0.1 mol dm-3 solutions of (NH4)2C4H406
at -1.20 V. The amalgams were conditioned
for 30 min. at -0.40 V and then oxidized at
0.05-0.10 V in chronoamperometric conditions.
The solubility ~as calculated from analysis
of it1/ 2 vs. t 1/2 curves, where i is the
limiting current and t the time. (Ref. 2)
Working - half sperhical Hg on Ag base;
reference - manganese oxide electrode;
auxiliary - Pt net. Cu amalgams were
obtained by electroreduction of Cu(II) from
0.1 mol dm-3 solutions of (NH4)2C4H406 at
-1.8 V. The amalgams were conditioned for
15 min and then oxidized in chronoampero
metric conditions at -0.46 V. When the
amalgams contained more than 6.9 x 10-3
mol dm-3 Cu the curves obtained were
irregular, indicating that the amalgams were
not homogeneous.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: precision ± 3% in (1).

Temp: + 0.2 K.

REFERENCES:
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COMPONENTS:

(1) Copper; Cu; [7440-50-8)

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

VARIABLES:

Temperature: 40-90°C

Copper

ORIGINAL MEASUREMENTS:

Lange, A.A.; Bukhman, S.P.; Kairbaeva, A.A.

Izv. Akad. Nauk Kaz. SSR, Sel'. Khim.
1974, No.5, 37-41.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of copper in mercury:

t/oC Soly/mass % Soly/at %a

40 5.4 x 10-3 1,7 x 10-2

50 7.1 x 10-3 2.2 x 10-2

60 8.0 x 10-3 2.5 x 10-2

70 9.6 x 10-3 3.0 x 10-2

80 1.16 x 10-2 3.7 x 10-2

90 1.36 x 10-2 4.3 x 10-2

---
aby compilers

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The copper amalgams were obtained by the
exhaustive electrolysis of CuS04 solutions
in 0.1 mol dm-3 H2S04 , Concentrations of
Cu(II) were determined colorimetrically.
Amalgams were kept 6-8 hours at a chosen
temperature, then oxidation currents were
recorded potentiostatical1y at +0.3 V
(vs. SCE). The amalgam and the solution
were mixed at a constant velocity during the
measurements.

SOURCE AND PURITY OF MATERIALS:

CuS04 was of reagent grade.
Mercury purity not specified.

ESTIMATED ERROR:
Soly: no better than + 3% (compilers).

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

Copper

ORIGINAL HEASUREHENTS:

Ostapczuk, P.; Kub1ik, Z.

J. EZeatroanaZ. Chern. 1977, 83, 1-17.

353

VARIABLES:

One temperature: 25°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of copper in mercury at 25°C was found to be 7.4 x 10-3 mol dm-3•

Converting to atomic %, the compilers calculate 1.1 x 10-2 at %.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

A piece of copper was introduced into the
mercury of the hanging drop electrode.
The electrode was conditioned for 5 days
with occasional shaking to ascertain
saturation of the amalgam, then the
chronovo1tammetric oxidation peak currents
were recorded. Constancy of such peaks
was taken as evidence of amalgam saturation.

SOURCE AND PURITY OF MATERIALS:

Copper: spectroscopically pure.

Mercury: purified with Hg2(N03)2, then
twice distilled under vacuum.

ESTIMATED ERROR:
Soly: accuracy no better than ± 5%

(compilers) •

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Copper

ORIGINAL HEASUREHENTS:

Hurlen. T.; Staurset. A.; Eriksrud. E.

J. EZeatroanaZ. Chern. 1977. 83. 263-72.

PREPARED BY:

C. Guminski; Z. Galus

Solubility of copper

Converting to atomic

-3 -3in mercury at 25°C was reported to be (4.2) ± 0.3) x 10 mol dm •

-3%. the compilers calculate 6.2 x 10 at %.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by controlled
electrolytic deposition of copper into a
weighed amount of mercury. and the
amalgams were used to determine the
EMF of the cell.
Cu(Hg>x1 CuS04 .MgS041 Hg2 S04' Hg.
The solubility was determined from the
breakpoint in the plot of EMF against
the logarithm of copper concentration
in the amalgam.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision better than ± 7%.

Temp: not specified.

REFERENCES:



COMPONENTS:

(1) Copper; Cu; [7440-50-8)

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

VARIABLES:

One temperature: 298 K

EXPERIMENTAL VALUES:

Copper

ORIGINAL MEASUREMENTS:

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

Monatsh. Chern. 1984, 115, 45-56.

PREPARED BY:
C. Guminski; Z. Galus
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REFERENCES:
1. Chao, F.; Costa, M.; C.R. Aaad. Sai.,

Ser. 2 1965, 261, 990; BuZZ. Soa.
Chirn. Fr. 1968, 549.

2. Hurlen, T.; Staurset, A.; Eriksrud, E.
J. EZeatroanaZ. Chern•• 1977, 83, 263.

SOURCE AND PURITY OF MATERIALS:
Mercury was purified with acidified solu
tion of Hg2(N03)2 and then twice distilled.
All reagents were analytically pure
(Ciech) and solutions were prepared with
triply-distilled water. The solution of
CuS04 was cathodically electrolyzed.

-2
TIle solubility of copper at 298 K was reported to be (1.1 ± 0.1) ~ 10 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
TIle experiments were performed with the use
of a hanging mercury_drop electrode in a
solution of 0.10 mol dm- 3 CuS04 at pH = 2.
Controlled amounts of Cu were introduced
into the electrode by electrolysis at con
stant current, and the concentration of Cu
was varied over a range of 7.7 x 10-4 -
2.3 x 10-2 mol dm-3• Potentials of the elec-
trodes were recorded for 1000 s after the
electrolysis; the potentials were practi-
cally constant after 600 s. A breakpoint
on the curve relating potential to logarithm
of Cu concentration corresponds to the ~E~S~T~I~MA~T~E~D~E~R~R~O~R-:--------------------------~
saturation of the amalgam. A +6 mV correc-

i Ii h 1 f h
Soly: precision ± 10%.

t on was app ed to t e potentia sot e
heterogeneous amalgams because of very slow Temp: precision ± 0.2 K.
attainment of true equilibrium in the
system [1,2).
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COMPONENTS:

(1) Copper; Cu; [7440-50-8]

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

VARIABLES:
Temperature: 10-25°C

EXPERIMENTAL VALUES:

The solubility of Cu in Hg:

Copper

ORIGINAL MEASUREMENTS:

Gr¢nlund, F.; Kristensen, B.

A,ata Chern. Baand•• Bel'. A 1984, 38, 229-32.

PREPARED BY:
C. Guminski; Z. Galus

t/OC 4 -1 Soly/103 at %aSoly/lO mol kg Stand. Dev.

10.? 3.72 0.05 7.46

15.8 5.00 0.10 10.0

22.1 6.08 0.07 12.2

25.1 6.95 0.05 13.9

a
by compilers

The measurements are of high precision but it is not clear whether equilibrium was
reached in the time span of the experiments (compilers).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Cu amalgams were obtained by coulometric
addition of Cu to the measuring Hg elec
trode. Cu anode served as a Cu source.
Potentials (E) of the cell,

Cu(Hg)sat.lcuS04ICu(Hg)x'

were monitored during 6 to 12 h. The elec
trolyte contained 0.7 mol dm-3 of CUS04 at
pH = 2. The results were placed on a plot
of E vs. log NCu. A line with the Nernstian
slope was fitted numerically to the experi
mental points; its intersection with E = 0
gives the saturated concentration. The
measurements were performed under vacuum.

SOURCE AND PURITY OF MATERIALS:
99.99999% pure Hg from Mercure-Industrie;
99.999% pure Cu from ASARCO; CuS04
analytically pure from Merck; H2S04
analytically pure from BDH, and low
conductivity H20 were used.

ESTIMATED ERROR:
Standard deviation is lower than 2% but
see the comments.

Temp: probably ± 0.1 K (compilers).

REFERENCES:



COHPONENTS:

(1) Silver; Ag; [7440-22-4)

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

CRITICAL EVALUATION:

Silver

EVALUATOR:

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

357

The solubility of silver in mercury is rather low near room temperature. Gouy (I),
by using a filtration method, was the first to report a measured solubility of 0.06 at %
at 288-291 K. Humphreys (2) determined a solubility of 0.086 at %at 301 K wnile
studying the diffusion of silver into mercury. Reinders (3) electrolytically saturated
the amalgam with silver, and determined a solubility of 0.076 at'% at 298 K; the latter
solubility appears to be an acceptable determination. The determination by Strachan and
Harris (4), 7.2 x 10-2 at % Ag at room temperature, is in good agreement with that of
Reinders. Kozin (5) predicted a solubility of 4.3 x 10-2 at % at 298 K.

Several authors determined the solubility of silver in mercury over a range of tempera
tures. Joyner (6) reported that the silver concentration in the saturated amalgam varied
from 0.07 to 1.13 at %, respectively, over the equilibration temperature range of 287 to
436 K. The results agree with precise measurements reported more recently by others.

Very careful determinations of silver solubility in mercury were made over a tempera
ture range of 278 to 486 K in the same laboratory by Sunier and Hess (7), DeRight (8)
and Maurer (9). These authors equilibrated and filtered the liquid amalgam at the
various temperatures, and chemically analyzed the amalgams to determine the solubility.
Smoothing equations were fitted to the data in all of the measurements.

Murphy (10) determined the liquidus over the temperature range of 651 to 1201 K from
thermoanalysis, and he utilized previously published data to draw a complete phase
diagram. Tammann and Strassfurth (11) earlier reported a phase diagram based on their
thermal analyses and potentiometry, but their data do not agree with the accepted phase
diagram (12) shown in Fig. 1.

Hudson (13a) equilibrated known weights of silver and mercury at temperatures varying
from 289 to 718 K, and determined the solubility of silver from the loss in weight of
the silver which was immersed in the liquid. These results agreed very well with those
of refs. (7-9). Hudson combined his data with those of others and derived three
equations of the form, log N a A-B/(T/K), where A and B are constants and N is the
at % solubility of silver. These equations were derived for the temperature ranges:
290-603 K, 603-723 K, and 723-1234 K. These equations fitted the experimental solubili
ties with good agreement.

Jangg and Palman (14) equilibrated silver and mercury at various temperatures
between 293 and 823 K, and found that the solubility varied from 0.071 to 44 at % Ag
in this temperature range. Although the method of analysis for the solubility deter
mination was not described, the solubilities from the latter work are in good agreement
with the earlier reliable measurements (7-9, 13).

Other solubility determinations of silver are rejected in this evaluation because
they are too high (15,16) or too low (17).

The kinetics of dissolution of silver in mercury was reported by Hinzner and
Stevenson (18).

The saturated amalgams are in equilibrium with intermediate solid phases, and various
compounds have been proposed. However, only the E and y phases have been confirmed
(12,19) •

The solubility of silver in saturated tin amalgam was reported by Joyner (6).

(Continued next page)
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COHPONENTS; EVALUATOR;

(1) Silver; Ag; [7440-22-4]

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

C. Guminski; Z. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION: (continued)

Recommended (r) and tentative values of the solubility of silver in mercury:

T/K Soly/at %
_2a

273 3.5 x 10

293.2 -2 (r)b6.5 x 10

298.2 -2 (r)b7.6 x 10

323 0.15 (r)

373 0.42 (r)

473 1.8 (r)

573 5.1 (r)

673 19
c

773 39

873 49b

973 61 b

1073 76

1173 91 b

Reference

[9]

[8,9,14]

[2,3,8]

[8,14]

[7,13,13a,14]

[7,14]

[13,13a,14]

[13,13a,14]

[14]

[10,14]

[10]

[10L

[10]

aExtrapolated value from data of cited references.

blnterpolated value from data of cited references.

cMean value from cited references.

102030 40
mass %

50 60 70 BO 90 95
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II
1\ 400"400

It-E' r~t
300 I I

II 232.1 0 2~.2(
!I I I:\nl-

Ag 0.1 0.2 0.3 0.4 0.5 0.6 0.7 O.B 0.9 Hg
XHQ

(Ag) A \
5001--+--+--+-++-it--+--+--+--+--+--41
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Fig. 1. Silver-Mercury System (12).



COHPONENTS:

(1) Silver; Ag; [7440-22-4]

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

CRITICAL EVALUATION:

References

Silver

EVALUATOR:

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

Warsaw, Poland

July, 1985
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COMPONENTS:

(1) Silver; Ag; [7440-22-4]

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

VARIABLES:

Temperature: 26-28°C

Silver

ORIGINAL MEASUREMENTS:

Humphreys, W.J.

J. Chern. Boa. 1896, 243-53.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of silver in mercury at 26.4 and 28.2°C was reported to be 0.043 ± 0.002
and 0.046 ± 0.002 mass %, respectively. The corresponding atomic %solubilities
calculated by the compilers are 0.080 ± 0.004 and 0.086 ± 0.004 at %, respectively.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Disc of Ag was placed on the surface of a
column of Hg contained in a glass or a
wooden vessel, and the liquid was sampled
for analysis after 10 days. Silver was
determined as the metal by evaporating
the Hg from the known weight of the
amalgam.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: precision better than ± 5%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Silver; Ag; [7440-22-4]

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

VARIABLES:

One temperature: 25°C

EXPERIMENTAL VALUES:

Silver

ORIGINAL MEASUREMENTS:

Reinders, W.

Z. Phys. Chern. 1906, 54, 609-27.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of silver in mercury at 25°C was reported to be 7.6 x 10-2 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Aqueous solutions of AgN03 and Hg2(N03)2
were shaken with metallic silver in a
thermostat. The cell was then opened and
the potential difference between pure
silver and the metallic residue was
determined. Both the metallic residue
and the solution were analyzed; the
amalgams were analyzed gravimetrically
after mercury was distilled off.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
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COMPONENTS:

(1) Silver; Ag; [7440-22-4]

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

VARIABLES:

Temperature: 287-403 K

EXPERIMENTAL VALUES:

Solubility of silver in mercury:

T/K

287

298

303

336

363

403

Silver

ORIGINAL MEASUREMENTS:

Joyner, R.A.

J. Am. Chern. Boa. 1928, 50, 662-68.

PREPARED BY:

C. Guminski; Z. Galus

Soly/at %

0.07

0.082

0.086

0.19

0.34

1.13

The results obtained at 287 and 403 K are too high; the other values agree with
most precise reported works.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Ag was carefully purified by chemical
treatments, and filings of this metal were
equilibrated with excess Hg in sealed,
hydrogen-filled tubes at different
temperatures. After opening the tubes,
the amalgams were pipetted through a glass,
wool plug and dissolved in HN03' The .
solution was then treated with NH4CI to
precipitate AgCI. The precipitate was
redissolved in ammonium hydroxide, then
the AgCI was reprecipitated by acidifying
the solution with HN03' The AgCI was
then estimated in the "usual way".

SOURCE AND PURITY OF MATERIALS:
Hg purity was not specified. Ag was
dissolved in HN03' then precipitated as
AgCI. The AgCI was dissolved in NH40H and
reprecipitated as AgCI after filtration of
the ammoniacal solution. The AgCI was
then fused with Na2CO), and the molten Ag
was successively treated with KNO),
NH4CI, and borax, with a bone ash support
being employed.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Silver; Ag; [7440-22-4)

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

VARIABLES:

Temperature: 80-213°C

EXPERIMENTAL VALUES:

Solubility of silver in mercury:

Silver

ORIGINAL MEASUREMENTS:

Sunier, A.A.; Hess, C.B.

J. Am. Chern. Soa. 1928, 50, 662-68.

PREPARED BY:

C. Guminski; Z. Galus

363

Ave. Deviation
trC Soly/at % x 1000

80.2 0.286 3.5

98.2 0.411 4.9

121. 9 0.612 1.6

144.5 0.849 1.2

160.6 1.057 7.6

177 .9 1.346 2.2

198.9 1.746 5.2

t/OC Soly/at %a

181.8 1.365

193.3 1.573

212.7 1.953

aUnpublished data of G. H. Reed from the same laboratory.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
An excess of Ag was equilibrated with Hg
in one of the bulbs of a Pyrex apparatus
which was immersed and shaken in a thermo
stated bath. The amalgam was then
filtered through an integral capillary by
inverting the apparatus in the bath. The
filtrate was analyzed by distilling the
Hg, dissolving the Ag with HN03' then
gravimetrically determining the Ag as the
chloride.

SOURCE AND PURITY OF MATERIALS:
Ag was "999 fine" from the U.S. Mint and
"1000 fine foil" from the Philadelphia
Mint.

Mercury was first washed by dropping
through a column of Hg2(N03)2' then
triply distilling after drying.

ESTIMATED ERROR:
Soly: accuracy better than + 0.7%.

Temp: precision ± 0.1 K.

REFERENCES:
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COMPONENTS:

(1) Silver; Ag; [7440-22-4]

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

VARIABLES:

Temperature: 378-928°C

EXPERIMENTAL VALUES:

Silver

ORIGINAL MEASUREMENTS:

Murphy, A.J.

J. Inst. MetaZs 1931, 46, 507-22.

PREPARED BY:

C. Guminski; Z. Galus

Temperatures of crystallization of silver amalgams:

Silver Content
t/"C mass % at %a---

928 88.97 93.75

886 80.08 88.2

843 69.6 81.0

786 60.23 73.8

721 49.96 65.0

630 37.72 52.96

541 28.86 43.0

465 20.08 31.84

407 10.03 17.17

378 5.00 8.91

aby compilers

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Amalgams were prepared by mixing the
required amounts of Hg and precipitated
Ag in a shaking apparatus. The specimens
were transferred into silica tubes which
were sealed and contained in a pressurized
bomb for the high temperature measurements.
Cooling curve temperatures were measured
with a Chromel-Alumel thermocouple.
Analytical method for the amalgam analysis
was not specified.

SOURCE AND PURITY OF MATERIALS:
Chemically precipitated silver was better
than 99.9% pure. High purity mercury
was redistilled.

ESTIMATED ERROR:
Temp: nothing specified.

Amalgam composition: accuracy better
than + 0.2%.

REFERENCES:



COMPONENTS:

(1) Silver; Ag; [7440-22-4]

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

VARIABLES:

Temperature: 9-81°C

EXPERIMENTAL VALUES:

Solubility of silver in mercury:

Silver

ORIGINAL MEASUREMENTS:

DeRight, R.

J. Phya. Chern. 1933, 37, 405-16.

PREPARED BY:

C. Guminski; Z. Galus

365

t;oC Soly/at % %Ave. Deviation

8.92 0.0641 6.4

18.17 0.0643 1.0

19.01 0.0636 0.6

25.28 0.0766 2.1

25.60 0.0792 1.4

29.93 0.0881 1.3

30.15 0.0965 9.1

40.11 0.1139 0.5

50.02 I 0.1450 0.4

60.26 0.1901 2.7

70.54 0.2404 3.2

80.94 0.2892 0.4

Ag
3

Hg
4

was reported to be in equilibrium with the saturated amalgam.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility apparatus consisted of two
Pyrex bulbs connected by a capillary
filter. Hg and excess Ag were sealed in
one bulb under a pressure of hydrogen,
and the system was equilibrated in a
thermostat. The amalgam was then
filtered through the capillary and the
Ag analyzed gravimetrically as the metal
after evaporation of the Hg.

MM-M

SOURCE AND PURITY OF MATERIALS:

Mercury was purified by dropping through
a column of 6 mol dm- 3 HN03' washed with
H20, dried and distilled. No residue
upon evaporation of this Hg.

Silver was "1000 fine foil" from the
Philadelphia Mint.

ESTIMATED ERROR:
Soly: + 1% ave. deviation from mean,

except ± 9% at 303 K.

Temp: precision ± 0.02 K.

REFERENCES:
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COMPONENTS:

(1) Silver; Ag; [7440-22-4]

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

VARIABLES:

Temperature: 5-19°C

EXPERIMENTAL VALUES:

Solubility of silver in mercury:

Silver

ORIGINAL MEASUREMENTS:

Maurer, R.J.

J. Phys. Chern. 1938, 42, 515-19.

PREPARED BY:

C. Guminski; Z. Galus

t/OC Soly/at % x 100 Ave. dev. from mean x 1000

5.72 4.03 1.3

9.71 4.74 1.3

12.39 5.19 1.5

16.12 5.86 4.1

18.98 6.25 1.4

19.24 6.52 7.7

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were prepared by dissolution
of silver in mercury and equilibrated in
a thermostat. The amalgams were filtered
through a G-1 Schott-Jena filter, then
analyzed gravimetrically after evaporation
of mercury.

SOURCE AND PURITY OF MATERIALS:
Silver was "1000 fine foil" from the
Philadelphia Mint.

Mercury was purified by dropping into
HN03, then washed, dried and triply
distilled.

ESTIMATED ERROR:
Soly: precision better than 0.6%.

Temp: precision ± 0.02 K.

REFERENCES:



COMPONENTS:

(1) Silver; Ag; [7440-22-4]

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

VARIABLES:

Temperature: 289-718 K

EXPERIMENTAL VALUES:

Solubility of silver in mercury:

Silver

ORIGINAL MEASUREMENTS:

1. Hudson, D.R.
J. Phys. Chern. 1945, 49, 483-506.

2. Same author
MetaZZu~gia 1943, 28, 203-6.

PREPARED BY:

C. Guminski; Z. Galus

367

Soly
--!.i!- g Ag/lOO g Hg at %

289.4 0.030 0.0558

372.8 0.222 0.4121

457.6 0.768 1.4192

533.2 1.885 3.450

579.2 2.823 5.251

611.2 3.816 6.872

629.9 5.22 9.294

678.2 10.59 18.053

717.7 17.35 28.081

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Solubilities were determined by equili
brating a cube of Ag with Hg in a tube of
refractory glass. The sealed tube with
the known amounts of the metals was
suspended in a constant temperature,
vapor-bath for various periods.
Knowing the total weight, the subsequent
analyses were made by determining the loss
in weight of the solid Ag core after Hg
was removed by evaporation from the
surface of the Ag.

SOURCE AND PURITY OF MATERIALS:

Silver: 99.95% pure.

Mercury: "analytical reagent" grade,
99.998% pure.

ESTIMATED ERROR:
Soly: not specified; precision better

than ± 1% (compilers).

Temp: precision ± 0.25 K.

REFERENCES:
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COMPONENTS:

(1) Silver; Ag; [7440-22-4]

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

VARIABLES:

Temperature: 293-823 K

Silver

ORIGINAL MEASUREMENTS:

Jangg, G.; Palman, H.

Z. MetaZZk. 1963, 54, 364-69.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of silver in mercury was presented graphically as a function of temperature.
The mass % solubilities were read off the curve and converted to atomic % by the
compilers.

T/K

293
323
373
423
473
523
548
573
623
673
723
773
823

Soly/at %

0.071
0.16
0.41
0.91
1.8
3.1
4.4
5.1

12
20
29
39
44

AUXILIARY INFORMATION

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

Method of the amalgam preparation was not Nothing specified.
specified. The amalgams were shaken and
kept for 12 hours in thermostated glass
cylinders and subsequently filtered under
pure nitrogen pressure. For temperatures
above 600 K a pressure apparatus of hard
chromium steel was used. The method of
analysis of the amalgam was not specified.

ESTIMATED ERROR:
Soly: precision ~ 5%.

Temp: nothing specified.

REFERENCES:



COHPONENTS:

(1) Gold; Au; [7440-57-5]

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

Gold

EVALUATOR:

C. Guminski; A. Galus
Department of Chemistry
University of Warsaw

Warsaw, Poland

July, 1985
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CRITICAL EVALUATION:

Because of the ready wetting of gold by mercury, there has been a mistaken belief by
many scientists that gold has a relatively high solubility in mercury at room tempera
ture. Contrary to this belief, it was shown as early as 1855, by Henry (I), that the
solubility of gold in mercury was approximately 0.14 at %, presumably at room tempera
ture. Kazantsev (2), in 1878, employed a filtration method and-reported solubilities of
0.112, 0.128, and 0.662 at % at 273, 293 and 373 K, respectively; the results at 293 and
373 K are in remarkably good agreement with more precise measurements reported approxi
mately fifty years later. Gouy (3) also reported a solubility of approximately 0.13 at %
at 288 to 291 K. More recently, Strachan and Harris (4) equilibrated the two metals at
room temperature and determined a solubility of 0.128 at %, while Kozin and coworkers (5)
utilized a capillary phase separation technique and determined a solubility of 0.135 at %
at 295 K; these solubilities near room temperature are in good agreement with the most
accurate measurements of Sunier and White (see below).

Tammann (6) determined that the freeZing point of mercury is elevated by 0.1, 0.1 and
0.2 K upon dissolution of 6 x 10-3, 1.2 x 10-2 and 2.5 x 10-2 at %, respectively, of gold.

The most detailed and accurate determinations of the solubility of gold in mercury
were made by Sunier and coworkers (7-11). These authors equilibrated the metals in a
glass apparatus at various temperatures from 280 to 662 K, then the liquid phase was
separated at equilibration temperatures by filtration through a capillary which was
constructed into the apparatus. The filtrate was then chemically analyzed to determine
the solubility. A total of nearly three hundred data points was obtained in this series
of papers, and the data were fitted with a smooth curve to form the liquidus. Sunier
and White (8) fitted a smoothing equation to their data at 280 to 357 K, and obtained a
solubility of 0.1306 at % at 293.2 K.

From vapor pressure measurements of gold amalgams, Eastman and Hildebrand (12)
reported a solubility of 16.5 at % gold in mercury at 590 K. This solubility is in
good agreement with Anderson's data (11). Parravano (13), from freezing point deter
minations, reported the solubility of gold in mercury at 353 to 598 K, but his solubili
ties are in agreement with the more accurate measurements (7-11) only for temperatures
above 553 K; at lower temperatures, probably because of supercooling, the solubilities
were as much as two times higher than those of Sunier et al. (7,8). Britton and McBain
(14) determined the solubility of gold at 291 to 683 K by equilibrating the metals at
various temperatures, then separating the solid phase by filtration through a sintered
glass filter, followed by chemical analysis of the filtrate. These authors reported
solubilities of 0.212 to 55.33 at % over their temperature range; the solubilities in
the lower temperature region are too high compared to those of Sunier et al. (7,8).
Plaksin (15), by employing thermoanalysis, determined the liquidus of gold amalgams from
395 to 733 K; the solubilities at temperatures below 500 K were higher than those
determined by chemical analysis (7-9). Rolfe and Hume-Rothery (16) determined the
liquidus from 402 to 1324 K from measurements of cooling curves, and the data were used
to construct a complete phase diagram of the Au-Hg system. The data of the latter
authors were in general agreement with those of Anderson (11).

I

Other solubility data have been reported but these are rejected in the evaluation
because they are either too high (17-19) or too low (20).

In a brief review, Brown (21) tabulated selected values of the solubility of gold in
mercury in the lower temperature range.

The phase diagram (22) for the Au-Hg system is shown in Fig. 1. The identification of
the following compounds has been made: AU4Hg (16), AU3Hg (11,13,15-17,23) and AU2Hg
(15-17). Other compounds suggested for this system are AuSHg (23), AU2Hg3 (11,13,23,24),
AU2Hg5 (17), AuHg2 (15,17,23,24), AuHg4 (17) and AuHg6 (14).

(Continued next page)
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COHPONENTS:

(1) Gold; Au; [7440-57-5]

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

CRITICAL EVALUATION: (Continued)

Gold

EVALUATOR:

C. Guminski; A. Galus
Department of Chemistry
University of Warsaw

Warsaw, Poland

July, 1985

Recommended (r) and tentative values for the solubility of gold in mercury:

TIK Soly/at % References

273 0.08 a [8]

293.2 0.13 (r) [2,4,5,8]

298.2 0.14 b [5,8]

323 0.25 [8]

373 0.68 (r) [2,7,14]

473 3.0 (r) c [7,9,10,14,16]

573 14 (r) c [9,10,16]

673 44b [16]

773 54b [16]

873 62b [16]

973 7lb [16]

1073 77 [16]

1173 82 [16]

1273 92 [16]

aExtrapolated from data of [8].

blnterpolated value from data of cited references.

cMean value of data from cited references.

mass %

10 20 30 40 50 60 70 80 90

L

234 0 (Hok234.2~

Au 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 HQ
)'I-Ig

Fig. 1. The Au-Hg System (22).

(Continued next page)
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COHPONENTS: EVALUATOR:

(1) Gold; Au; [7440-57-5]

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

C. Guminski; A. Galus
Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION: (Continued)
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COMPONENTS:

(l) Gold; Au; [7440-57-5]

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

VARIABLES:

Temperature: 0-100°C

EXPERIMENTAL VALUES:

Solubility of gold in mercury:

Gold

ORIGINAL MEASUREMENTS:

Kazantsev, M.

Zh. Russ. Fiz. Khim. Obshah. 1878, 10,
233-5.

PREPARED BY:

C. Guminski; Z. Galus

t/"C

o
20

100

Soly/mass %

0.110

0.126

0.650

Soly/at %a

0.112

0.128

0.662

aby compilers.

These data were also reported in (1-3).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Mercury was saturated with gold by
contact of the metals for minimum of 1 hour.
The amalgams containing excess of gold were
squeezed through a chamois leather or a
capillary of 0.15-0.40 rom dia. The filtrate
was analyzed by an unspecified method after
amalgam was dissolved in nitric acid. Rate
of filtration, pressure applied and source
of gold had no influence on the solubility.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES;
1. Kazantsev, M. Bull. Soa. Chim. Fr.

1878, 30, 20.

2. Same. Ber. 1878, 11, 1255.

3. Same. Brit. Abstr. 1878, 937.



COMPONENTS:

(1) Gold; Au; [7440-57-5)

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

VARIABLES:

Temperature

EXPERIMENTAL VALUES:

Gold

ORIGINAL MEASUREMENTS:

Tammann, G.

Z. Phys. Chern. 1889, 3, 441-9.

PREPARED BY:

C. Guminski; Z. Galus

373

Elevation of the melting point of mercury, ~T/K, upon addition of small amounts of
gold:

g Au/l00 g Hg

0.006

0.012

0.025

aby compilers

Soly/at %a

0.006

0.012

0.025

AUXILIARY INFORMATION

~T/K

0.1

0.1

0.2

METHOD/APPARATUS/PROCEDURE:

The melting temperatures of the amalgams
were measured, probably with the use of
a thermometer. No further details are
given. The melting temperature of mercury
was reported to be 244 instead of 234 K,
but one may assume that the experimental
~T values are correct.

MM-M*

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.05 K.

REFERENCES:
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COMPONENTS:

(1) Gold; Au; [7440-57-5)

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

VARIABLES:

One temperature: 317°C

EXPERIMENTAL VALUES:

Gold

ORIGINAL MEASUREMENTS:

Eastman, E.D.; Hildebrand, J.H.

J. Am. Chern. 800. 1914, 36, 2020-30.

PREPARED BY:

C. Guminski; Z. Galus

The solubility of gold in mercury at 317°C was reported to be 16.5 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The metals were introduced into U-tubes
in the desired proportions then they were
heated and outgassed by boiling. The tubes,
which were connected to a Hg manometer, were
agitated in a thermostat. The vapor
pressure of the amalgams was measured
manometrically. The vapor pressure of pure
Hg was concurrently determined in an
identical apparatus, with the Hg tube
immersed in the same thermostat. Tempera
ture of sample was determined from the
measured vapor pressure of Hg by correla
ting the pressure to the vapor pressure
equation determined by earlier workers.
The breakpoint in the relationship of
amalgam vapor pressure to composition gave
the solubility of gold.

SOURCE AND PURITY OF MATERIALS:

Mercury was carefully purified by washing
with dilute nitric acid, then distilled
in a current of air. Gold stated to be
purified by "usual methods".

ESTIMATED ERROR:

Soly: precision better than ± 1%
(compilers) •

Temp: precision ± 2 K.

REFERENCES:



COMPONENTS:

(1) Gold; Au; [7440-57-5]

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

VARIABLES:

Temperature: 113-312°C

EXPERIMENTAL VALUES:
Solubility of gold in mercury:

t;oc Soly/at %a Soly/mass %

113 1.63 1.60

168 3.63 3.57

220 6.36 6.25

270 10.16 10.00

288 11.12 10.94

293 13.74 13.53

302 16.71 16.46

aby compilers

Gold

ORIGINAL MEASUREMENTS:

Parravano. N.

Gazz. Chim. ItaZ. 1918. 48. 123-38.

PREPARED BY:

C. Guminski; Z. Galus

t/OC Soly/at %8 Soly/mass %

305 17.47 17.21

308 18.07 17.80

306 18.93 18.65

308 19.32 19.04

310 19.92 19.63

312 25.55 25.20

375

These solubilities are generally high compared to those reported by other workers.
but the data at temperatures above 293°C are nearly the same as those for more
precise measurements.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolution
of gold in mercury accompanied by heating.
The melting points of the known composi
tions were then determined.

SOURCE AND PURITY OF MATERIALS:

Gold: 99.9% pure.

Mercury purified with HN03. washed and
distilled under reduced pressure.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Gold; Au; [7440-57-5]

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

Gold

ORIGINAL MEASUREMENTS:

Britton, G.T.; McBain, J.W.

J. Am. Chern. Boa. 1926, 48, 593-598.

VARIABLES: PREPARED BY:

Temperature: 18-410°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubilities of gold in mercury determined with three different apparatus, as indicated
by series numbers:

SERIES I SERIES II

t/oC at %Au trC at %Au trC at %Au

18 0.212 64 0.379 143 1.591

18 0.287 65.4 0.378 147.5 1.628

47 0.388 ± O.OlD 93.0 0.599 ± 0.002 149 1.630

52.5 0.293 :!: 0.020 98 0.682 ± 0.006 153 1. 785

77 0.538 ± 0.046 105 0.736 155 1.815

80.5 0.623 :!: 0.012 106.5 0.753 158 1.920

92 0.721 ± 0.006 114.5 0.948 159 1.929

99.5 0.812 :!: 0.073 115.5 0.944 163 2.028

103.5 0.906 ± 0.020 121 1.226 :!: 0.010 163.5 2.052

108 0.952 :!: 0.036 122.5 1.101 172 2.212

128 1.474 ± 0.014 133.5 1.421 173 2.212

132 1.462 136 1.409 174 2.260

145 1.667 :!: 0.011 142.5 1. 576 174.5 2.158

(Series II continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Three different apparatus, each compatible
for the temperature ranges 18-150, 60-350,
and 300-410°C, were used for the solubility
measurements. In each case the amalgams
were equilibrated in a glass bulb immersed
in a thermostated system, and the liquid
was drawn off through a capillary or
glasswoo1 filter for analysis. In the
two higher temperature ranges the amalgams
were equilibrated under an atmosphere of
hydrogen at pressures up to 4 atm.
Amalgams from the highest temperature
range were analyzed by evaporation of the
Hg in a stream of coal gas at 350°C in a
Pyrex tube and weighing the Au residue.
Amalgams from the other two ranges were
analyzed by reduction of the dissolved
AuC13 by standard Fe(NH4)2(S04)2'

SOURCE AND PURITY OF MATERIALS:

Chemically pure Au from Johnson-Matthey.

Mercury was purified with Hg2(N03)2'
then dried and distilled.

ESTIMATED ERROR:

Soly: precision better than + 10%.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Gold; Au; [7440-57-5)

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

Gold

ORIGINAL MEASUREMENTS:

Britton, G.T.; McBain, J.W.

J. Am. Chern. Boa. 1926, 48, 593-598.

377

VARIABLES: PREPARED BY:

Temperature: 18-410oC C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

SERIES II (concluded) SERIES III

t/"C at % Au t/oC at % Au t/oC at % Au t/"C at % Au

186.2 2.616 247 5.300 280 6.89 366 34.48

189.5 2.746 258.5 6.585 289 8.30 370 39.48

192.5 2.615 259 6.036 321 10.67 378 42.99

201.5 3.137 259.5 6.725 327 20.49 386 42.96

206 3.302 260 6.753 327 23.27 398 52.00

207 3.265 288 8.542 331 18.32 410.5 55.33

206.5 3.345 291 8.716 334 18.92

207.5 3.732 339 16.14

234 4.559 343.5 27.16

234.5 4.601 354 32.96

241 5.225 361 33.32

Most reliable results are those in Series II (compilers).

AUXILIARY INFORMATION

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

ESTIMATED ERROR:

REFERENCES:
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COMPONENTS:

(1) Gold; Au; [7440-57-5)

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

VARIABLES:

Temperature: 6-201°C

EXPERIMENTAL VALUES:

Solubility of gold in mercury:

Gold

ORIGINAL MEASUREMENTS:

1. Sunier, A.A.; Gramkee, B.E.
J. Am. Chern. Soc. 1929, 51, 1703-8.

2. Sunier, A.A.; White, C.M.
J. Am. Chern. Soa. 1930, 52, 1842-52.

PREPARED BY:

C. Guminski; Z. Galus

Experimental Soly Smoothed Soly
t/"C at % % Ave. Dev. t/"C at %

Ref. (1) 80.8 0.467 1.2 80 0.459
101.2 0.697 0.6 100 0.684
121. 7 1.021 1.2 120 0.996
142.1 1.482 0.1 140 1. 385
159.2 1.847 0.3 160 1.871
182.3 2.434 0.2 180 2.380
201.1 2.875 2.5 200 2.849

Ref. (2) 6.96 0.1006 0.82 0 (0.081)
20.00 0.1290 0.77 10 0.1038
29.68 0.1638 0.47 20 0.1306
39.98 0.2045 0.54 30 0.1629
49.50 0.2461 0.41 40 0.2014 I

60.32 0.3152 0.52 50 0.2489
70.36 0.3753 0.31 60 0.3076
80.40 0.4647 0.43 70 0.3767
69.2 0.375 80 0.4614
83.8 0.498

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The solubility apparatus consisted of two
Pyrex bulbs separated by a connecting
capillary filter. Hg and Au were intro
duced into one bulb, evacuated, then sealed
and equilibrated in a thermostat. Subse
quently, the liquid was drawn through the
capillary filter into the empty bulb. The
weighed amalgam was analyzed by evaporating
the mercury in a stream of hydrogen at
temperatures up to 550°C for several hours.
Equilibration of amalgams was approached
from higher and from lower temperatures.

SOURCE AND PURITY OF MATERIALS:
(1) "Thousand-fine" gold foil from the

Philadelphia Mint.
Mercury was passed through a column of
Hg 2(N0

3
)2 then washed and distilled.

(2) 99.95% pure gold.
Mercury was purified with HN03 then
distilled several times.

ESTIMATED ERROR:
Soly: precision better than ± 1% in (1)

and ± 0.8% in (2).
Temp: precision + 0.1 in (1) and + 0.02 K

in (2). -
REFERENCES:



COMPONENTS:

(1) Gold; Au; [7440-57-5)

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

VARIABLES:

Temperature: 122-515°C

Gold

ORIGINAL MEASUREMENTS:

1. Plaksin, LN.
Izv. Sekt. Fiz. Khim. AnaZ. 1938, 10,
129-59.

2. Same author
Zh. Russ. Fiz. Khim. Obshch .• Ser.
Khim. 1929, 61, 521-34.

PREPARED BY:

C. Guminskij Z. Galus
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EXPERIMENTAL VALUES:

Crystallization temperatures of gold amalgams:

t/oC at % Au t/oC at % Au

122 1.3 376 40.1

180 3.1 390 44.8

272 9.2 387 45.0

285 10.0 403 50.6

307 12.8 412 53.0

310 (315) 15.2 430 57.0

323 17.0 460 60.2

327 18.2 487 63.0

335 21.0 515 66.8

341 24.0

351 28.1

357 32.3

361 33.8

369 37.0

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The alloys were prepared by mixing the
metals in appropriate ratios in sealed,
evacuated tubes. The samples were annealed
for 10 hours at 300-400°C. The cooling
and heating curves were recorded with the
use of various thermocouples.

SOURCE AND PURITY OF MATERIALS:

Mercury: chemically pure from Kahlbaum,
as well as that which was double-distilled
under vacuum.

Gold was purified by dissolution in aqua
regia, then reduced with oxalic acid or
hydrazine; traces of silver were deposited
upon treatment with HBr.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 1 K.

REFERENCES:
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COMPONENTS:

(1) Gold; Au; [7440-57-5)

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

Gold

ORIGINAL MEASUREMENTS:

Anderson, J.T.

J. Phys. Chern. ~, 36, 2145-65.

VARIABLES: PREPARED BY:

Temperature: 286-390 oC C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of gold in mercury:

trC Soly/at % trC Soly/at % trC Soly/at %

286.3 10.22 300.2 15.99 321.7 26.97

286.5 12.50 300.4 17.02 327.5 29.02

288.2 13.17 300.7 17.01 328.6 29.04

288.3 12.55 307.2 15.99 334.5 31.00

290.8 13.19 307.2 20.40 351.0 34.26

291.1 13.17 309.4 22.78 352.6 34.26

293.5 14.48 310.2 22.94 373.4 37.96

293.9 14.50 315.2 25.07 374.8 37.96

297.9 16.07 315.4 23.97 386.8 39.94

298.7 14.01 320.7 27.05 388.8 40.25

The presence of some Pb had no influence on the solubility of Au in Hg.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Temperature at which the last crystal of
the solid phase disappeared was determined
in an evacuated Pyrex glass apparatus.
The dissolution of the solid at various
temperatures was observed as the liquid was
passed over the solid which was retained on
top of the capillary section of the
apparatus. The amalgams were analyzed
gravimetrically.

SOURCE AND PURITY OF MATERIALS:
Gold was 99.98% pure.

Mercury was purified with HN03 then
distilled several times.

ESTIMATED ERROR:
Soly: precision no better than + 1%.

Temp: precision ± 0.1 K.

REFERENCES:



COMPONENTS:

(1) Gold; Au; [7440-57-5)

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

VARIABLES:

Temperature: 200-300·C

EXPERIMENTAL VALUES:
Solubility of gold in mercury:

t/"C

200.0

219.6

239.2

260.2

269.6

279.6

290.6a

292.6

299.5

299.7a

Gold

ORIGINAL MEASUREMENTS:

Sunier, A.A.; Weiner, L.G.

J. Am. Chern. Boa. 1931, 53, 1714-21.

PREPARED BY:

C. Guminski; Z. Galus

Soly/at % %Ave. Dev.

2.99 1.8

3.67 2.9

5.07 1.7

6.50 2.4

7.81 3.6

9.07 3.0

10.89 -
12.58 4.5

13.95 1.5

14.27 -

381

aDetermined by thermal analysis.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

An excess of Au was mixed with Hg in glass
tubes and the latter were sealed after
pressurizing with slightly less than an
atmosphere of H2' The tubes were equili
brated in an air bath, then the amalgams
filtered through capillaries and analyzed
gravimetrically by evaporating off the Hg.
The thermal analyses were made by visual
observation of disappearance and reappear
ance of the Au as the known mixture was
heated and cooled.

SOURCE AND PURITY OF MATERIALS:
Gold was 99.99% pure.

Mercury was purified with HN03 then
distilled several times.

ESTIMATED ERROR:
Soly: precision better than + 4%.

Temp: precision ± 0.2 K.

REFERENCES:
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COMPONENTS:

(1) Gold; Au; [7440-57-5]

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

VARIABLES:

Temperature: 190-322°C

Gold

ORIGINAL MEASUREMENTS:

Mees, G.

J. Am. Chern. 800. 1938, 870-71.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of gold in mercury:

Experimental Solubility Smoothed Solubility
t;oC at % %Ave. Dev. ~ at %

192.5 2.742 1.0 190.0 2.68

207.2 3.40 3.1 200.0 2.92

220.9 3.506 0.68 210.0 3.24

224.8 4.112 0.16 220 3.65

251.7 5.810 0.24 230 4.17

265.9 7.33 3.0 240 4.80

282.3 10.02 0.15 250 5.58

283.6 10.42 1.7 260 6.55

296.1 14.01 2.5 270 7.83

307.8 15.11 0.15 280 9.50

322.6 "'25 290 11.80

300 15.42

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Experimental details were identical to
those of ref. (1).

SOURCE AND PURITY OF MATERIALS:

Same as in ref. (1).

ESTIMATED ERROR:
Soly: precision better than ± 3%.

Temp: + 0.02 K.

REFERENCES:

1. Sunier, A.A.; Weiner, L.G.
J. Am. Chern. 800. 1931, 53, 1714.



COMPONENTS:

(1) Gold; Au; [7440-57-5)

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

Gold

ORIGINAL MEASUREMENTS:

Rolfe, C.; Hume-Rothery, W.

J. Less-Common MetaZs 1967, 13, 1-10.

383

VARIABLES: PREPARED BY:

Temperature: 129-1051°C C. Guminski; z. Galus

EXPERIMENTAL VALUES:

Liquidus temperatures of the gold-mercury system:

at % at % at %

t/"C Hg Au t/"C Hg Au t/oC Hg Au

129 99.1 0.9 351 64.9 35.1 861 19.9 80.1

172 97.8 2.2 375 59.9 40.1 893 18.3 81.7

202 96.7 3.3 418 55.1 44.9 940 14.8 85.2

290 92.5 7.5 469 50.0 50.0 958 13.0 87.0

292 90.0 10.0 514 45.0 55.0 978 11.1 88.9

303 85.1 14.9 567 40.2 59.8 984 9.8 90.2

308 79.7 20.3 629 35.1 64.9 998 8.1 91.9

321 75.1 24.9 680 30.2 69.8 1030 5.2 94.8

328 70.0 30.0 768 25.2 74.8 1051 4.1 95.9

Au
4
Hg, Au

3
Hg and Au

2
Hg were found as solid phases.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

30 g of Au was heated with the required
weight of Hg in evacuated silica capsules.
The latter were very slowly heated to
temperatures exceeding the freezing point
of the alloy, then cooling and heating
curves were recorded with calibrated
thermocouples. After the experiments,
the thermal analysis ingots were analyzed
chemically by Johnson--Matthey Co.,'Ltd.

SOURCE AND PURITY OF MATERIALS:

Spectrographically pure mercury and
I 99.99% pure gold were obtained from

Johnson- Matthey Co., Ltd.

ESTIMATED ERROR:

Temp: precision ± 2 K.

Analysis of amalgam: precision better
than + 1%.

REFERENCES:
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COMPONENTS:

(1) Gold; Au; [7440-57-5]

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

VARIABLES:

One temperature: 22°C

EXPERIMENTAL VALUES:

Gold

ORIGINAL MEASUREMENTS:

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

Tr. Inst. Khim. Nauk Akad. Nauk Kaz.
SSR 1976, 42, 82-7.

PREPARED BY:

C. Guminski; Z. Galus

Solubility of gold in mercury at 22°C was reported to be 0.135 at %.

It was reported that bismuth and lead had no affect on the solubility of gold
at this temperature.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Gold amalgams were obtained by electrolysis
of HAuC14 solutions. The solubility was
determined by a hydrostatic separation
method: the samples from various parts of
a capillary, standing perpendicularly for
a long time, were analyzed by evaporating
the Hg under vacuum and treating the
residue with nitric acid to determine the
gold content.

SOURCE AND PURITY OF MATERIALS:
Pure HAuC14 was used.

Hg purity not specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.1 K.

REFERENCES:



COHPONENTS:

(1) Zinc; Zn; [7440-66-6]

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

Zinc

EVALUATOR:

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

Warsaw, Poland

July, 1985

385

CRITICAL EVALUATION:

Tammann (1) observed that the addition of 0.805 at %of Zn in Hg depressed the
melting point of Hg by 1.66 K. Gouy (2) found from a filtration method that saturated
zinc amalgam contains 5.3 at % Zn at 288-291 K. Kerp and coworkers (3) determined the
solubility in the temperature range of 273-372 K; they found that between 273 and
354.5 K the results were reproducible and that the solubility' increased monotonically
from 4.72 to 13.57 at %, and there was an abrupt decrease in solubility at temperatures
higher than 355 K. However, from comparison with later works only the solubility of
6.17 at %at 298 K is reliable. By thermal analysis~ Pushin (4) determined a smooth
liquidus curve of the Zn-Hg system over the complete range of compositions. Cohen and
Inouye (5) carefully determined the solubility by equilibration and filtration of the
amalgam at temperature, as well as some thermal experiments, and showed that Kerp's (3)
results are too low in the higher temperature range, and that the abrupt change reported
by the latter was not reliable; it was also shown that Pushin's data were too high in
the low temperature range. From careful measurements, Crenshaw (6) found that 6.377 at %
of Zn is soluble in mercury at 298 K; this result is in good agreement with Cohen and
Inouye.

Peshkov (7) investigated the region of the eutectic point by thermal analysis and
reported the eutectic at 231.6 K at a zinc concentration of 1.69 at %. However,
Hajicek (8) calculated that the eutectic point is at 230 K and 3.26 at % Zn; the latter
concentration is nearly twofold too high and is rejected. The eutectic point found by
Pushin (4), 2.6 at % at 230.5 K, lies between those of (7) and (8); however, the
composition and temperature given by Peshkov seem to be most reliable.

Jangg and Kirchmayr (9), from potentiometric experiments at 288 K, determined a
solubility of 5.33 at %. Bennett and Lewis (10, 11) reported solubilities of 6.99 and
8.28 at % at 303 and 313 K, respectively. Schadler and Grace (12) employed a zinc
amalgam concentration cell and determined a solubility of 6.75 at %at 303 K, and they
also quoted an unpublished solubility of 6.32 at %at 298 K; the latter determination
was made at the New Jersey Zinc Co. Dayananda and Grace (13) carried out a precise
determination of zinc content in its saturated amalgam and found 9.66 at %at 323.2 K.
Very precise solubility determinations also were made by EMF measurements by Benjamin
and Strickland-Constable (14) and by Walls and Upthegrove (15). All of the results
reported by (10) to (15) agreed with those of Cohen and Inouye (5). However, the
results of thermometric titration by Zebreva and coworkers (16-18), 5.6 and 8.2 at %at
298 and 313 K, respectively, are lower than those of the above authors.

Kozin's prediction (19) of the zinc solubility, 5.73 at % at 298 K, is in fair
agreement with the experimental results.

The solubility at room temperature reported by Strachan and Harris (20) is too low
and is rejected. Kozin (21) determined the solubility potentiometrically at 298 to
353 K, and found that the solubility increased from 5.5 to 13.1 at % in this temperature
range; these results are up to 10% too low as compared to the more precise determinations
discussed above.

Kozin and Maltsev (22) showed that the solubility of zinc in gallium amalgams may be
as much as 40% higher than in mercury.

The Zn-Hg phase diagram (23) is shown in Figure 1.

(Continued next page)



386 Zinc

COHPONENTS: EVALUATOR:

(1) Zinc; Zni [7440-66-6]

(2) MercurYi Hg; [7439-97-6]
C. Guminski; Z. Galus

Department of Chemistry
University of Warsaw

Warsaw, Poland

July, 1985

CRITICAL EVALUATION: (continued)
Recommended (r) and tentative values of the solubility of Zn in Hg:

T/K Soly/at % Reference

231.6 1.7 [7]
273.2 4.1 [5]
293.2 5.88 (r)a [5,11,22]
298.2 6.32 (r) [3,6,22,31]
323.2 9.64 ('r)b [5,23,33]
373 19c

[5,23]
473 45 [4]
573 70 [4]
673 95 [4]

alnterpolated value from cited references.

bMean value from cited references.

CExtrapolated value from cited references.

mass %

10 20 30 40 5060 80
1,,,
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4001-----+--+--.,r4--!--jI--+--+--+-i---H
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8
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I / 316.1° I
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Fig. 1. The Zn-Hg system (23).



COHPONENTS:

(1) Zinc; Zn; [7440-66-6]

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

CRITICAL EVALUATION:

References

Zinc

EVALUATOR:

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

Warsaw, Poland

July, 1985
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COMPONENTS:

(1) Zinc; Zn; [7440-66-6)

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

VARIABLES:

Temperature: 232-234 K

Zinc

ORIGINAL MEASUREMENTS:

Tammann, G.

Z. Phy8. Chern. 1889, 3, 441-9.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Freezing point depression, fiT/K, of mercury as a function of zinc content in the
amalgams.

Zinc Content

fiT/K g Zn/100 g Hg at %a

0.53 0.102 0.306

1.13 0.168 0.507

1.66 0.266 0.805

aby compilers

The melting point of mercury is reported to be 244 instead of 234 K, but it is the
opinion of the compilers that the former value was a typographical error in the
original publication.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Melting temperatures of amalgams were
determined. No further details were
presented.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.05 K.

REFERENCES:



COMPONENTS:

(1) Zinc; Zn; [7440-66-6]

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

VARIABLES:

Temperature: 0-99°C

EXPERIMENTAL VALUES:

Solubility of zinc in mercury:

Zinc

ORIGINAL MEASUREMENTS:

Kerp, W.; B~ttger, W.; Iggena, H.

Z. Anorg. Chern. 1900, 25, 1-71.

PREPARED BY:

C. Guminski; Z. Galus

389

trC
o

25

46.5

56

64.5

81.5

89.5

99

aby compilers

Soly/mass %

1.59±0.1O

2.10±0.03

2.94±0.02

3.09±0.07

3.33±0.13

4.87±0.17

3.74±0.20

4.52±0.24

soly/at %a

4.72

6.17

8.50

8.91

9.56

13.57

10.65

12.68

The results at 0° and between 46.5 and 99°C are too low, but the value at 25° is
reliable.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were prepared by electrolysis
of saturated ZnS04 with mercury as the
cathode. The amalgams were then washed
and filtered. The zinc content was deter
mined by treating the filtrate with concen
trated HCI, then precipitating the zinc as
the carbonate, and subsequently heating to
ZnO. The mercury content was determined
gravimetrically by washing then drying the
residual Hg after the HCI treatment.
The procedure for equilibration at various
temperatures was not described in detail.

SOURCE AND PURITY OF MATERIALS:
No impurities were found in the
recrystallized Zn504'

Hg purity not specified.

ESTIMATED ERROR:
Soly: precision better than + 5%.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(l) Zinc; Zn; [7440-66-6)

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

VARIABLES:

Zinc

ORIGINAL MEASUREMENTS:

Pushin, N.

Zh. Russ. Fiz. Khirn. Obshch., Ser. Khirn.
1902, 34, 856-904.

Z. Anorg. Chern. 1903, 36, 201-254.

PREPARED BY:

Temperature: C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Temperatures of crystallization of the saturated zinc amalgams:

trC at %Zn t/oC at %Zn

396 94.9 209.75 46.4

372 89.4 196.75 43.2

354 84.9 184 40.0

342.5 82.5 172.25 37.1

334 79.6 155 33.4

325.75 77 .2 134.75 28.6

317 75 120 25.1

300 70.5 103.5 21.5

285 66.7 88.25 18

274.5 63.2 72 14.2

262.25 60 51.5 10.6

24b.75 56.1 "'36 8.4

233.5 52.7 "'13 5.7

223.75 50 "'-41. 5 2.6

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by mixing
weighed portions of the metals. The
crystallization temperatures were
determined from cooling curves. The
amalgams were protected from oxidation
with a layer of paraffin or vaseline on
the surface.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.5 K.

REFERENCES:



COMPONENTS:

(1) Zinc; Zn; [7440-66-6]

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

VARIABLES:

Temperature: 0-100°C

EXPERIMENTAL VALUES:

Zinc

ORIGINAL MEASUREMENTS:

Cohen, E.; Inouye, K.

Z. Phys. Chern. 1910, 71, 625-35.

PREPARED BY:

C. Guminski; Z. Galus

391

Solubility of zinc in mercury at various temperatures:

t/"C

0.3

19.9

30.0

39.95

50.0

64.75

80.1

89.5

94.8

99.6

aby compilers

Soly/mass %

1.37±0.02

1.99±0.01

2.39±0.01

2.86±0.01

3.37±0.04

4.28±0.14

5.36±0.10

6.10±0.08

6.59±0.10

7.04±0.13

AUXILIARY INFORMATION

Soly/at %a

4.09

5.86

6.99

8.28

9.66

12.06

14.80

16.62

17.79

18.85

HETHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by the
dissolution of zinc in mercury at
temperatures higher than those of the
experimental measurements. The tubes with
the amalgams were then shsken for one to
a few days in a thermostat. The amalgams
were then filtered and the filtrates were
treated with HCI and the residual mercury
was determined gravimetrically after
being washed and dried.

SOURCE AND PURITY OF MATERIALS:

Very pure zinc was obtained from
Kahlbaum; mercury was purified
chemically then double distilled
before use.

ESTIMATED ERROR:
Soly: precision as high as + 3%, but the

mean was ± 1%. -

Temp: precision ± 0.2 K.

REFERENCES:
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COMPONENTS:

(1) Zinc; Zn; (7440-66-6]

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

VARIABLES:
Temperature: 25°C

EXPERIMENTAL VALUES:

Zinc

ORIGINAL MEASUREMENTS:

Crenshaw, J. L.

J. Phys. Chern. 1910, 14, 158-170.

PREPARED BY:
C. Guminski; Z. Galus

Solubility of zinc in 100 g of mercury at 25.0°C was determined to be
2.220 + 0.007 g. The solubility in atomic % calculated by the compilers is
6.377 at %.

AUXILIARY INFORMATION

ESTIMATED ERROR:

REFERENCES:

SOURCE AND PURITY OF MATERIALS:
Mercury was chemically purified and then
distilled. ZnS04 was purified by precipi
tation of all other heavy metals with H2S,
then recrystallized 3 times. Metallic
zinc was obtained by electrolysis of the
purified ZnS04 solution, and the metal was
vacuum distilled.

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by mixing
precisely weighed quantities of the metals
in a special apparatus with mercury under
distilled water and polarized up to 12 V.
This procedure protected the zinc from
oxidation. The saturated amalgams were
equilibrated for several weeks in a rotated
tube immersed in a thermostat. Determina
tion of the zinc concentration was made by
two methods:

(I) Densities of the saturated and diluted
amalgams of exact composition were deter
mined pycnometrically, and the saturated
amalgam concentration was obtained from a
calibration curve.

(II) The saturated zinc amalgam was
filtered and a known quantity of the
filtrate was treated with concentrated HCl;
the mercury was washed and dried and its
concentration determined gravimetrically.

Soly:
Temp:

accuracy + 0.3%.
precision-± 0.02 K.



COMPONENTS:

(1) Zinc; Zn; [7440-66-6]

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

VARIABLES:

Temperature: (-39)-(-20)OC

Zinc

ORIGINAL MEASUREMENTS:

Peshkov, V.

Zh. Fiz. Khim. 1946, 20, 835-51.

PREPARED BY:

C. Guminski; Z. Galus

393

EXPERIMENTAL VALUES:

Crystallization temperatures of dilute zinc amalgams:

t/"C Soly/mass %

-39.33 0.100

-40.38 0.300

-41.63b 0.534

-41.75 0.569

-34.7 0.717

-19.9 (-17.6) 1.046

a
Soly/at %

0.306

0.915

1.62

1.72

2.17

3.14

aby compilers

beutectic point

In another paper by the same author somewhat different values of temperatures
are given (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by mixing the
two metals. Temperatures at the start
of crystallization and the end of melting
were determined. Microscopic examinations
also were made of the amalgams.

SOURCE AND PURITY OF MATERIALS:

Mercury purity: 99.999%
Zinc purity: 99.97%

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.01 K.

REFERENCES:

1. Peshkov, V.
Aata Physiaoahem. URSS 1946, 21, 109.
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COMPONENTS:

(1) Zinc; Zn; [7440-66-6]

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

VARIABLES:

Temperature: 30-40"C

EXPERIMENTAL VALUES:

Zinc

ORIGINAL MEASUREMENTS:

1. Bennett, J.A.R.; Lewis, J.B.
J. Chim. Phys. 1958, 55, 83-7.

2. Bennett, J.A.R.; Lewis, J.B.
Am. Inst. Chern. Eng. J. 1958,
418-22. ----

PREPARED BY:

C. Guminski; Z. Galus

Solubility of zinc in mercury at 30 and 40"C was reported to be 2.39 and 2.86 mass %;
6.99 and 8.28 at %, respectively.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolution
of a rotating zinc cylinder in Hg. The
dissolution vessel was mounted inside a
glove box filled with pure argon. After
equilibration the amalgams were analyzed
by distilling out mercury at 300"C in
nitrogen atmosphere. The residue was
dissolved in aqua regia and then analyzed
by polarography.

SOURCE AND PURITY OF MATERIALS:

99.99% pure metals were used.

ESTIMATED ERROR:
Soly: nothing specified; no better than

± 3% (compilers).

Temp: precision ± 0.2 K.

REFERENCES:



COMPONENTS:

(1) Zinc; Zn; [7440-66-6)

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

VARIABLES:

Temperature: 30°C

EXPERIMENTAL VALUES:

Zinc

ORIGINAL MEASUREMENTS:

Schadler, H.W.; Grace, R.E.

AIME T~ans. 1959, 215, 559-66.

PREPARED BY:

C. Guminski; Z. Galus
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The solubility of zinc in mercury at 30°C was determined to be 6.75 at %.

The authors also quote unpublished solubility data, determined at the New Jersey
Zinc Co., of 2.147 + 0.01 and 2.157 + 0.01 mass % at 25°C.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The amalgams were prepared either by
electrolysis or by dissolving solid zinc
in lIg. EMF of the cell,

Hg(Zn) tlzn++(O.l mol dm-3 )!Hg(Zn)
A x

were measured for a series of amalgams,
including the saturated amalgam. Although
not described, the solubility was probably
determined from the breakpoint in the plot
of EMF vs. amalgam concentration.

SOURCE AND PURITY OF MATERIALS:
Hg: ACS Reagent Grade from Goldsmith Bros.

Zn: Cast rod from New Jersey Zinc Co. with
Pb <0.002%, Cd <0.00005%, and Fe
<0.0003%.

ESTIMATED ERROR:
Soly: not specified; accuracy probably

better than ± 1% (compilers).

Temp: precision ± 0.03 K.

REFERENCES:
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COMPONENTS:

(1) Zinc; Zn; [7440-66-6]

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

VARIABLES:

Temperature: 23-41°C

Zinc

ORIGINAL MEASUREHENTS:

Benjamin, L.; Strickland-Constable, R.F.

Acta Met. 1960, 8, 362-72.

PREPARED BY:

c. Guminski; Z. Galus

EXPERIHENTAL VALUES:
Solubility of zinc in mercury at three temperatures was, reported.

tfOc
23.21

36.87

40.90

aby compilers

Soly/mass %

2.08

2.65

2.90

Soly/at %a

6.12

7.71

8.39

Kinetics of nucleation and crystal growth from zinc amalgam also were studied.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolution
of Zn in Hg, and concentration cells of
the type,

Zn(Hg) 12 mol dm-3 zns04Izn(Hg)x y

were constructed. Nitrogen was bubbled
through the ZnS04 solution after it had
been allowed to boil. The cells were
equilibrated for a day or two before EMF
measurements were made.

SOURCE AND PURITY OF MATERIALS:

High purity zinc from U.K.A.E.A., Harwell.

Purity of other substances not specified.

ESTIMATED ERROR:
Soly: nothing specified; precision better

than ± 1% (compilers).

Temp: precision ± 0.02 K.

REFERENCES:



COMPONENTS:

(1) Zinc; Zn; [7440-66-6]

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

VARIABLES:

One temperature: 50°C

EXPERIMENTAL VALUES:

Zinc

ORIGINAL HEASUREHENTS:

Dayananda, M.A.; Grace, R.E.

U.S. At. Ener. Comm. Rep., TID-11742,
1961.

PREPARED BY:

C. Guminski; Z. Galus

397

At 50.0°C the solubility of Zn in Hg was determined to be 3.37 mass %. The solubility
in atomic %calculated by the compilers is 9.66 at %.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

Single crystals of zinc were first immersed
in H202 for a day, then briefly dipped in
3:1 HN03 and rinsed with water. The dis
solution of the zinc in its unsaturated
amalgam was followed by determination of its
activity in the amalgam as a function of
time. For this measurement, a sample of
amalgam removed from the dissolution flask
was used in the cell,

Zn(Hg) t10.1 mol dm-3 ZnS04 !Zn(Hg) ,sa x

and the activity determined from the EMF.
To prevent oxidation of the amalgam, 18 V
was applied between the solution (anode)
and the amalgam (cathode).

MM-N

SOURCE AND PURITY OF MATERIALS:
Zn purity was 99.999%; impurities were Pb,
Cd, and Fe at 2 x 10-Q , 5 x 10-5 , and
3 x 10-4 %, respectively.

Hg contained 5 x 10-4 %Ag + Au and less
than 1 x 10-4 %base metal.

ESTIMATED ERROR:
Temperature: precision + 0.1 K.

- -6
Stability of EMF was + 3 x 10 V.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Zinc; Zn; [7440-66-6]

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

Kozin, L.F.

Tl'. Inst. Khim. Nauk Akad. Nauk Kaz. SSR
1962, 9, 71-80.

VARIABLES: PREPARED BY:

Temperature: 25-80·C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of zinc in mercury:

t/·C

25

40

60

80

Soly/at %

5.5

7.9

10.6

13.1

AUXILIARY INFORMATION

Mercury was purified chemically then
doubly distilled.

Zinc was 99.999% pure.

SOURCE AND PURITY OF MATERIALS:

The salts were recrystallized twice.

I -3 -3Zn(Hg)x 0.1 mol dm Zn(CI04)2' 0.9 mol dm

NaCI041NaCI, Hg2Cl 2, Hg.

The solutions were protected against oxygen
with a stream of pure nitrogen. The break-
point in the curve relating EMF to
logarithm of zinc concentration corresponded
to the saturation in the amalgam. r.E~S~T~I~MA~T~E~D~E~R~R~O~R-:------------------------~

Soly: nothing specified.

Temp: precision ± 0.2 K.

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolution
of zinc in mercury, and EMF's were
measured of the cell,

REFERENCES:



COMPONENTS:

(1) Zinc; Zn; [7440-66-6]

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

VARIABLES:

Temperature: 15°C

EXPERIMENTAL VALUES:

Zinc

ORIGINAL MEASUREMENTS:

Jangg, G.; Kirchmayr, H.

Z. Chern. 1963, 3, 47-56.

PREPARED BY:

C. Guminski; Z. Galus
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-3Solubility of zinc in mercury at 15°C was reported to be 3.68 i 0.10 mol dm •

The solubility in atomic %calculated by the compilers is 5.33 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Amalgams were prepared by electrolysis,
and a cell was constructed as follows:

The concentration of the saturated amalgam
was determined from the breakpoint in the
curve of EMF vs. log CZn(Hg)' where
CZn(Hg) is the amalgam concentration. The
experiments were conducted in an inert gas
atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision better than ± 3%.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Zinc; Zn; [7440-66-6]

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

VARIABLES:

Temperature: 323-366 K

EXPERIMENTAL VALUES:
Solubility of zinc in mercury:

Zinc

ORIGINAL HEASUREHENTS:

Walls, H.A.; Upthegrove, W.R.

J. Chern. Eng. Data 1964, 9, 184-187.

PREPARED BY:

C. Guminski; Z. Galus

T/K

323.2

343.4

366.4

Soly/mass %

3.348

4.645

6.540

Soly/at %

9.608

13.003

17.676

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by directly
dissolving zinc into mercury, and the
concentration ascertained from the known
weights of each component. The solubilities
were determined by extrapolating the con
centration versus EMF curve to zero
potential for the cell,

Zn(Hg) tlo.1 mol dm-3 Znso4Izn(Hg) •sa x

The saturated amalgams were prepared at
temperatures slightly above experimental
and slowly cooled to ascertain equilibra
tion. The amalgams and electrolyte were
handled under a blanket of argon to exclude
air. Precision potentiometer and galvan
ometer were used; calibrated thermocouples
used for temperature measurement.

SOURCE AND PURITY OF MATERIALS:
All materials were ACS Reagent Grade or
better.

ESTIMATED ERROR:
Temp: precision + 0.01 K.
EMF measurement: -precision better than

+ 0.05 mV.
Concentration: accuracy ± 0.001%.

REFERENCES:



COMPONENTS:

(1) Zinc; Zn [7440-66-6]

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

VARIABLES:

Temperature: 25-40°C

EXPERIMENTAL VALUES:

Zinc

ORIGINAL MEASUREMENTS:

Filippova, L.M.; Zebreva, A.I.; Omarova,
N.D.; Korobkina, N.P.

Izv. Vyssh. Uaheb. Zaved., Khim. Khim.
TekhnoZ. 1978, 21, 316-9.

PREPARED BY:

c. Guminski; Z. Galus
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Solubility of zinc in mercury at 25 and 40°C were reported to be 5.6 ± 0.5 and
8.2 ± 0.1 at %, respectively.

The same solubility at 25°C is reported also in (2) and (3).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The heterogeneous and homogeneous amalgams
were prepared by direct dissolution of
zinc in mercury. The amalgams were
thermometrically titrated by the addition
of mercury in a specially constructed
apparatus (1). The zinc solubility was
determined from the breakpoint of the curve
relating composition to the thermal effect.
All operations were performed in an argon
atmosphere.

SOURCE AND PURITY OF MATERIALS:
Zinc was specified as "for analysis".

Mercury purity not specified.

ESTIMATED ERROR:
Soly: accuracy no better than + 10%.

Temp: precision ± 0.5 K.

REFERENCES:
1. Zebreva, A.I.; Filippova, L.M.; Omarova,

N.D.; Gayfullin, A.Sh.
Izv. Vyssh. Uaheb. zaved., Khim. Khim.
TeknoZ. 1976, 19, 1043-6.

2. Filippova, L.M.; Gayfullin, A.Sh.;
Zebreva, A.I. ~ikZ. Teor. Khim.,
Alma-Ata, 1974, 5, 76-82.

3. Zebreva, A.I.; Filippova, L.M.; Omarova,
N.D. Izv. Vyssh. Uaheb. Zaved, Khim.
Khim. TekhnoZ. 1977, 20, 19-22.
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COHPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

Cadmium

EVALUATOR:

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

Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

In the earliest report on this system, Tammann (1) observed that the melting point of
mercury was elevated by 1.8 K when 0.55 at % of cadmium was,dissolved into the mercury.
Heycock and Neville (2) conducted similar thermal analyses in the Cd-rich region and
observed that the H.P. was depressed up to 15 K by the dissolution of up to 5.19 at % of
Hg. Later measurements by Honda and Ishigaki (3) confirmed the results of ref. (2).

Gouy (4) reported a solubility of 6.8 at %at 288-291 K, but this result is rejected
because it is 10% lower than the most precise measurements. From the potentiometric
measurements of Jaeger (5) at 288 K a solubility of approximately 8.6 at % may be
estimated; this result is rejected.

Hulett and DeLury (6) determined the solubility of cadmium at 298 K by equilibration
of the two metals, followed by careful analysis of the saturated liquid. The solubility
reported by these authors was 9.529 at.%. The solubility of 9.6 at % at 298 K, reported
by Zebreva and coworkers (7,8) from thermometric titrations of homo- and heterogeneous
amalgams, is in good agreement with the above value. Strachan and Harris (9) reported a
solubility of 9.41 at %at room temperature.

Moesveld and De Meester (10) determined the solubility of Cd between 273 and 314 K
from careful potentiometric measurements, and they found that the solubility increased
from 4.82 to 13.76 at % in this temperature range. These authors fitted their solubility
to a parabolic function of the temperature. Walls and Upthegrove (11), from careful EMF
measurements, reported solubilities of 16.10 to 29.03 at % at 323.2 to 366.4 K. Kerp and
coworkers (12) determined the solubility at 273-372 K by an analytical method, and their
results near room temperature are in good agreement with other precise measurements;
however, the results at the higher temperatures are too low, while the solubilities near
273 K are too high. Smith (13) investigated the Weston normal cell over a temperature
range of 273-338 K; from the data presented in this work the solubility was estimated to
increase from 5.2 to 20.3 at % over the given temperature range.

Bijl (14) and Pushin (15) reported the liquidus curve for the complete Cd-Hg system
and the results from thermal analyses were in good agreement with other reported deter
minations; however, Bijl also determined some of the solubilities by potentiometric
measurements and these results were slightly lower than those determined by thermal
analysis. The liquidus determined by Jtlnecke (16), at 20-80 at % Cd, was in good agree
ment with those of refs. (14) and (15); similar agreement with the latter works was
reported by Teeter (17) and by Mehl and Barrett (18). Schulze (19) determined the
crystallization temperatures for compositions ranging from 13.76 to 23.74 at %, but his
liquidus temperatures are slightly too low. The complete phase diagram was redetermined
by Semibratova and coworkers (20), but these authors found lower liquidus temperatures
in the Hg-rich and higher temperatures in the Cd-rich regions as compared to those of
refs. (14),(15), and (18); the results for the remainder of the liquidus agreed well
with the earlier measurements. Campbell and Kartzmark (21) conducted thermoanalytical
measurements and confirmed the results of Bijl; however, the former authors did not
observe the peritectic at about 463 K. Bukhman and coworkers (22) determined the Cd
content in the saturated amalgams at 290-296 K and obtained solubilities of 6.59 to
9.69 at % in this temperature range; however, the temperature dependence of the solubility
is too high, and only the result at 295 K is acceptable from comparison with other works.

Kozin's (23) prediction of 5.16 at % at 298 K is too low, and an estimate from
Spencer's (24) EMF measurement is too imprecise.

The saturated cadmium amalgams are in equilibrium with the rather unstable w-phase
or with pure cadmium; see the most recent phase diagram (25) in Fig. 1. However,
Bukhman and coworkers (22) demonstrated that CdHg3 is in equilibrium with the saturated
amalgams at room temperature.

The solubility of Cd in the amalgams of Bi, Pb, Sn, TI, and Zn was reported by (26).
It also was reported that the presence of Mn in the amalgam decreased the solubility of
Cd only slightly (27).

(continued next page)



COHPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

CRITICAL EVALUATION: (continued)

Cadmium

EVALUATOR:

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

Warsaw, Poland

July, 1985
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The recommended (r) and tentative values of the solubility of Cd in Hg:

TIK

239

273.2

293.2

298.2

323.2

373

473

573

Soly/at %

1.3 peritectic

4.9 (r)

8.6 (r)a

9.53 (r)

16.1 (r)

32 (r)a

67 (r)

91 (r)

Source

[14]

[7,13]

[5,13,14]

[5,10,6,25,27]

[6,14,24]

[9,24,25]

[7,9,25]

[7,25]

a. Interpolated from data of cited references.

mass 0/0 Hg

400°;,.-.3:..:.0,;..-.85 54..,....34_72.,-.8_8-r7.71---,1oo

u
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CONPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

CRITICAL EVALUATION:

Cadmium

EVALUATOR:

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

Warsaw, Poland
July, 1985
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COMPONENTS:

(1) Cadmium; Cd; [7440-43-9)

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

VARIABLES:

Temperature: 234-236 K

EXPERIMENTAL VALUES:

Cadmium

ORIGINAL MEASUREMENTS:

Tammann, G.

z. Phys. Chern. ~, 3, 441-9.

PREPARED BY:

C. Guminski; Z. Galus

405

Changes in freezing point of mercury, 6T, upon addition of small amounts of cadmium.

6T/K g Cd/lOO g lig at % Cda

0.4 0.073 0.13

0.85 0.143 0.255

1.5 0.270 0.479

1.8 0.310 0.550

aby compilers

The melting point of Hg was reported to be 244 K instead of 234 K; in the opinion of
the compilers there was a typographical error in the reported melting point of Hg.

AUXILIARY INFORMATION

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

Melting points of amalgams were determined. Nothing specified.
Details of experimental procedure not
presented.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: better than ± 0.05 K.

REFERENCES:
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COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:

Temperature: 305-321°C

EXPERIMENTAL VALUES:

Cadmium

ORIGINAL MEASUREMENTS:

Heycock, C.T.; Neville, F.H.

J. Chern. Soa. 1892, 888-914.

PREPARED BY:
C. Guminski; Z. Galus

Temperatures of crystallization of saturated cadmium amalgams:

trC

320.52

320.3

319.92

319.05

317.59

314.93

311.59

305.5

~y compilers

atoms Hg!100 atoms Cd

0.0285

0.118

0.259

0.584

1.106

2.063

3.288

5.477

AUXILIARY INFORMATION

aat % Hg

0.0285

0.118

0.258

0.581

1.094

2.021

3.183

5.193

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

Weighed quantities of the metals were Nothing specified.
placed in a hard glass tube then evacuated
prior to sealing. The tube was heated to
red heat and well shaken. The melting
temperatures were determined with carefully
calibrated thermometers.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision ± 0.05 K (compilers)

REFERENCES:



COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:

Temperature: 0-99°C

Cadmium

ORIGINAL MEASUREMENTS:

Kerp, W.; B~ttger, W.; Iggena, H.

Z. Anorg. Chern. 1900, 25, 1-71.

PREPARED BY:

C. Guminski; Z. Galus

407

EXPERIMENTAL VALUES:

Solubility of cadmium in mercury at 0 to 99°C:

Soly

t/"C at %a mass %

0 5.52 3.17 ± 0.12
18 8.25 4.80 ± 0.05
25 9.54 5.58 ± 0.13
30 10.65 6.26 ± 0.02
35 11.83 6.99 ± 0.03
38 12.61 7.48 ± 0.03
40.5 13.09 7.78 ± 0.06
44 14.05 8.39 ± 0.10
56.8 17.07 10.34 ± 0.12
63 18.66 11.39 ± 0.10
73 22.09 13.71 ± 0.17
82 25.09 15.80 ± 0.20
89 27.39 17.45 ± 0.15
99 30.36 19.63 ± 0.03

aby compilers

The most reliable solubilities were obtained near room temperature. The solubilities
at higher temperatures are slightly lower than those from the most reliable deter
minations, whereas at O°C the solubility is too high.

AUXILIARY INFORMATION

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

Amalgams were prepared electrolytically Nothing specified.
from saturated CdS04 solution with Hg as
the cathode. The heterogeneous amalgams
were filtered, and the filtrates were
treated with HCI. The cadmium concentra-
tions were determined from the difference
in weight between the original amalgam and
the residual mercury after the acid
treatment.

ESTIMATED ERROR:

Soly: precision better than ± 3%.

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:
Temperature: (-36)-273°C

EXPERIMENTAL VALUES:

Cadmium

ORIGINAL HEASUREHENTS:

Bijl, H.C.

~. Phys. Chern. 1902, 41, 641-71.

PREPARED BY:

C. Guminski; Z. Galus

Temperatures of crystallization of cadmium amalgams were determined from cooling
curves, A, and from potentiometric measurements, B.

A B

trC at % Cd t/oC at % Cd

-36.4 0.47 25 9
-34.6 0.94 . 50 16
-1.6 5.52 75 23
34.0 12.44
54.4 18.39
68.8 22.21
84.6 27.22

121.8 40.04
149.6 50.28
163.6 55.10
190.8 64.33
214.6 70.90
237.3 74.58
273.4 84.96

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by mixing the
metals and heating in C02 atmosphere.
Cadmium was previously cleaned with HCl
then dried. The cooling curves of the
amalgams were recorded. Also, potentials
of the following cell were determined:

Cd(Hg) ICdS04(aq.)lcd(Hg)x a

where a a 12.04%.

SOURCE AND PURITY OF MATERIALS:

Cadmium supplied by Merck.

Mercury was purified; method not
specified.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.2 K.

REFERENCES:



COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:

Temperature: (-11)-316°C

EXPERIMENTAL VALUES:

Cadmium

ORIGINAL MEASUREMENTS:

Pushin, N.A.

Zh. Russ. Piz. Khim. Obshah. J Be!'. Khim.
1902, 34, 856-904;

Z. Anorg. Chem. 1903, 36, 201-254.

PREPARED BY:
C. Guminski; Z. Galus
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Crystallization temperatures of amalgams as a function of mercury concentration.

t/"C at %Hg t/oC at %Hg

316.25 1.7 176.5 40.0
310.0 3.8 166.5 43.4
297.0 7.8 154.5 47.7
281.0 12.5 143.75 51.8
261. 75 17.7 129.5 56.8
243.5 22.6 114.5 62.3
222.0 28.0 102.5 66.6
212.75 30.4 89.25 71.2
207.5 31.6 78.25 75.0
200 33.3 70.50 77 .5
199.25 33.5 62.5 80.0
196.0 34.3 51.25 83.4
192.0 35.3 40.5 86.4
187 36.1. 31.0 88.9
183.75 37.5 12.5 92.8
181 38.4 -6.0 95.8
179 38.9 -11.0 96.6
178 39.4

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were obtained by mixing the
metals, followed by heating. Cooling
curves were recorded on the amalgams; the
amalgams were protected from oxidation by
a film of paraffin or vaseline during the
measurements.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: nothing specified.

Temp: precision ± 0.5 K.

REFERENCES:
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COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:
Temperature: 67-248°C

Cadmium

ORIGINAL HEASUREHENTS:

Jlinecke, E.

Z. Phys. Chern. 1907, 60, 399-412.

PREPARED BY:
C. Guminski; Z. Galus

EXPERIHENTAL VALUES:
Temperatures of crystallization were determined for saturated cadmium amalgams of
various compositions.

t/OC at % Cd

248 80

199 66.5

147 50

102 33.5

67 I 20

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The melting points were determined from
cooling curves with the temperatures
observed either with a mercury thermometer
or with a thermoelement. Microscopic
observations also were carried out in
parallel.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: ± 1 K (compilers).

REFERENCES:



COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:

Temperature: 25°C

EXPERIMENTAL VALUES:

Cadmium

ORIGINAL MEASUREMENTS:

Hulett, G.A.; DeLury, R.H.

J. Am. Chern. Boa. 1908, 30, 1805-27.

PREPARED BY:
C. Guminski; Z. Galus
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Solubility of cadmium in mercury at 25.00°C was reported to be 5.573 ± 0.002 mass %.

The solubility in atomic % calculated by the compilers is 9.529 at %.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were made by mixing the
exactly weighed metals. The cadmium
dissolution was carried out in special
apparatus where Hg was polarized at 10 V
under distilled water. This prevented the
oxidation of Cd. Saturation of the amalgam
was carried out in a tube which was rotated
for several days in a thermostat. The Cd
concentration was determined by two
methods: I. Densities of the saturated
and diluted amalgams were determined
pycnometrica11y, and the concentration of
the saturated amalgam was obtained from a
calibration curve. II. The saturated
amalgam was filtered and the weighed
filtrate treated with HC1 to dissolve the
Cd. The mass difference between amalgam
and residual lIg gave the Cd content.
Correction applied for disso1utio~ of
traces of Hg.

SOURCE AND PURITY OF MATERIALS:

Mercury was chemically purified and then
distilled. CdS04 was purified by first
precipitating CdS with H2S, then the CdS
was dissolved in H2S04 to form
CdS04; the latter was recrystallized.
Metallic Cd was obtained by electrolysis
and the Cd was double distilled.

ESTIMATED ERROR:

Soly: precision ± 0.03%.

Temp: precision ± 0.01 K.

REFERENCES:
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COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:

Temperature: 0-65°C

Cadmium

ORIGINAL HEASUREHENTS:

Smith, F.E.

Phil. Mag •• Bel'. 6 1910, 19, 250-276.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The author investigated the Weston normal cell over a range of cadmium amalgam
concentrations and temperatures. From the extensive data, the following cadmium
solubilities have been derived by the compilers.

Soly
t/oC mass % at %

0 3 5.2
5 3.5 6.0

10 4 6.9
15 5 8.6
20 5.5 9.2
25 6 10.2
30 , 7 11.9
35 8 13.4
40 9 15.0
45 10 16.5
50 10.5 17.2
55 11 18.0
60 12 19.5
65 12.5 20.3

The measurements were not concerned with the solubility determinations so that precise
results were not obtained. The same results are also presented in a later paper (1).

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

EMF measurements were made on cells of
the type,

The EMF attained a constant value when
saturation was reached.

SOURCE AND PURITY OF MATERIALS:

Cadmium was obtained from Kahlbaum, Merck,
Baird and Tallock, and from Harrington.
The Hg, CdS04, and Hg2S04 were purified
by prior methods (2).

ESTIMATED ERROR:

Soly: nothing specified.

Temp: nothing specified.

REFERENCES:
1. Smith, F.E.

Z. Phys. Chern. 1920, 95, 293.

2. Smith, F.E.
PhiZ. Trans. Roy. Boa. 1908, 207, 393.



COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:

Temperature: 20-72°C

EXPERIMENTAL VALUES:

Cadmium

ORIGINAL MEASUREMENTS:

Schulze, A.

Z. Phys. Chern. 1923, 105, 177-203.

PREPARED BY:

C. Guminski; Z. Galus

413

Crystallization temperatures of the saturated cadmium amalgams were reported as a
function of cadmium concentration.

trC at %a mass %

20.0 9.2 5.4

38.9 13.76 8.21

45.4 15.51 9.33

57.4 19.06 11.66

61.6 20.46 12.60

72.3 23.74 14.85

aby compilers

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by mixing the
metals, and cooling curves were obtained.
The saturated liquid phase was also
analyzed by dissolution of the amalgam
with HN03' followed by precipitation of
CdS with H2S. The CdS was subsequently
dissolved in HN03' Details of experi
mental method not given.

SOURCE AND PURITY OF MATERIALS:

Cadmium supplied by Kahlbaum.

Mercury was "purest" grade which was
further vacuum distilled a few times.

ESTIMATED ERROR:

Soly:

Temp:

nothing specified.

precision ± 0.1 K (compilers)

REFERENCES:
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COMPONENTS:

(1) Cadmium; Cd; [7440-43-9)

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

VARIABLES:

Temperature: 590-594 K

EXPERIMENTAL VALUES:

Cadmium

ORIGINAL MEASUREMENTS:

Honda, K.; Ishigaki, T.

Sci. Rep. Tohoku Univ. 1925, 14, 219-33.

PREPARED BY:

C. Guminski; Z. Galus

Depression of freezing point of cadmium was reported to be 1.29 and 3.75 K for
99.5 and 98.5 at % Cd amalgam, respectively. The melting point of Cd was assumed
to be 594.1 K.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The usual method of thermal analysis was
used. The alloys were melted in an
alundum tube, and the melts were protected
from oxidation with a thick layer of
asbestos wool, over which was poured
fluid paraffin or vaseline. Temperatures
were measured with a copper-constantan
thermocouple.

SOURCE AND PURITY OF MATERIALS:
Extra pure metals from Merck were
probably used.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision better than ± 0.5 K.

REFERENCES:



COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:

Temperature: 0-41°C

EXPERIMENTAL VALUES:

Solubility of cadmium in mercury:

Cadmium

ORIGINAL MEASUREMENTS:

Moesveld, A.L.T.; De Meester, W.A.T.

Z. Phys. Chern. 1927, 130, 146-53.

PREPARED BY:

C. Guminski; Z. Galus

415

t/"C

0.00

9.00

17.00

25.00

33.00

41.00

aby compilers

Soly/mass %

2.76

3.70

4.63

5.70

6.86

8.21

Soly/at %a

4.82

6.42

7.97

9.74

11.62

13.76

METHOD/APPARATUS/PROCEDURE:

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

Potential difference between saturated
amalgam electrode and amalgam electrodes
of various concentrations were measured;
a saturated CdS04 solution was used as
the electrolyte. The potential
difference was equal to zero when both
half-cells contained the saturated
amalgam. The increase in the cadmium
concentration in the second half-cell
was obtained by electrolysis of the
CdS04 solution.

Cadmium from Kahlbaum and pure mercury
were used.

ESTIMATED ERROR:

Soly: accuracy! 1% (compilers).

Temp: nothing specified.

REFERENCES:
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COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:

Temperature: (-35)-88°C

EXPERIMENTAL VALUES:

Cadmium

ORIGINAL MEASUREMENTS:

Mehl, R.F.; Barrett, Ch.S.

Trans. AI~ 1930, 89, 575-88.

PREPARED BY:

C. Guminski; Z. Galus

The authors present their data in graphical form. The compilers read off the
following liquidus data points from the curve .

...:Y.:S..- Soly/at %

-35 0.8
-34 1.3
-25 2
-19 2.5
-13 3
-10 3.5
-2 5
+6.5 6.5
12.5 7.5
17.5 8.5
28.5 10.5
48 15.5
57 18.5
65.5 20
74 22
76 24
85.5 27.5
88 28

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by mixing the
metals in a Pyrex tube. Heating and
cooling curves were recorded with calibrated
iron-constantan thermocouples; thermo
potentials were measured with a precision
potentiometer.

SOURCE AND PURITY OF MATERIALS:

Mercury was purified with nitric acid
then twice distilled at a low pressure.

Cadmium was 99.90% pure with traces of
Zn, Pb, and Fe.

ESTIMATED ERROR:
Soly: nothing specified.
Temp: precision + 0.1 K in original

measurements; accuracy + 1 K at
best for values read from graph.

REFERENCES:



COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:

Temperature: 323-366 K

EXPERIMENTAL VALUES:

Solubility of cadmium in mercury:

Cadmium

ORIGINAL MEASUREMENTS:

Walls, H.A.; Upthegrove, W.R.

J. Chern. Eng. Data 1964, 9, 184-7.

PREPARED BY:

C. Guminski; Z. Galus

417

T/K

323.2

343.4

366.4

Soly/mass %

9.710

13.758

19.310

AUXILIARY INFORMATION

Soly/at %

16.102

22.161

29.927

METHOD/APPARATUS/PROCEDURE:
Amalgams were prepared by directly
dissolving Cd in Hg, and the concentration
ascertained from the known weights of each
component. The solubilities were deter
mined by extrapolating the concentration
versus EMF curve to zero potential for the
cell,

Cd(Hg) tICdS04(aq)lcd(Hg)sa x

The saturated amalgams were prepared at
temperatures slightly above experimental
and slowly cooled to assure equilibrium.
The amalgams and electrolyte were handled
under a blanket of argon to exclude air.
Precision potentiometer and galvanometer
were used; calibrated thermocouples were
used for temperature measurements.

SOURCE AND PURITY OF MATERIALS:
All materials were ACS Reagent Grade or
better.

ESTIMATED ERROR:
Soly: accuracy better than + 0.001%.

Temp: precision ± 0.01 K.

REFERENCES:
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COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:
Temperature: (-38)-296°C

Cadmium

ORIGINAL HEASUREHENTS:

Semibratova, N.M.; Yan-Sho-Syan, G.V.;
Nosek, M.V.

IZlJ. Akad. Nauk Kaz. SSRJ Se!'. Khim 1969,
No.5, 30-8.

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Liquidus temperatures for the Cd-Hg system were reported.

trC

-38
-25
-10
+27

44
61
69
94

107
116
122
128
149
177
184
202
221
237
239
257
261
273
287
296

Soly/at %

1.0
2.5
5.0

10.0
15.0
20.0
22.5
30.0
35.0
38.0
40.0
42.5
50.0
60.0
62.5
65.0
70.0
72.5
75.0
78.0
80.0
82.5
85.0
90.0

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

The amalgams were prepared by dissolution
of solid cadmium in mercury.

Samples of the alloys were encapsulated
in tubes with dry C02' The tubes were
heated up to 350°C and the cooling curves
were recorded with the use of a copper
constantan thermocouple.

SOURCE AND PURITY OF MATERIALS:
Cadmium of purity "0". Mercury was
purified chemically, electrochemically
and doubly distilled under vacuum.

ESTIMATED ERROR:

Soly: not specified.

Temp: accuracy ± 2 K.

REFERENCES:



COMPONENTS:

(1) Cadmium; Hg; [7440-43-9]

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

VARIABLES:

Temperature: 25°C

EXPERIMENTAL VALUES:

Cadmium

ORIGINAL HEASUREMENTS:

Zebreva. A.I.; Filippova. L.M.;
Omarova. N.D.

Izv. Vysah. Uahebn. Zaved., Khim. Khim.
Tekhnot. 1976. 19. 1043-6.

PREPARED BY:

C. Guminski; Z. Galus
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Solubility of cadmium in mercury at 25°C was reported to be 9.6 at %.

AUXILIARY INFORMATION

HETHon/APPARATUS/PROCEDURE:

The heterogeneous and homogeneous amalgams
were prepared by direct dissolution of Cd
in Hg. The amalgams were thermometrically
titrated by the addition of Hg in a
specially constructed apparatus. The Cd
solubility was determined from the break
point of the curve relating composition to
the thermal effect. All operations were
performed in an argon atmosphere.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: precision ± 5%.

Temp: precision ± 0.5 K.

REFERENCES:
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COMPONENTS:

(1) Cadmium; Cd; [7440-43-9]

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

VARIABLES:

Temperature: 17-23 Q C

ExPERIMENTAL VALUES:

The solubilities of Cd in Hg:

17

20

21

22

23

aby compilers

Cadmium

ORIGINAL MEASUREMENTS:

Bukhman, S.P.; Lange, A.A.; Kairbaeva, A.A.

Izv. Akad. Nauk Kaz. SSR, Ber. Khim.
1984, No. I, 31-4.

PREPARED BY:

C. Guminski; Z. Galus

Soly/mass % Soly/at %a

3.80 6.59

4.61 7.94

4.72 8.12

4.57 7.87

4.86 8.35

5.20 9.25

5.27 9.37

5.27 9.37

5.67 9.69

The results at lower temperatures are understated. The CdHg3 solid phase was
identified to be in equilibrium with the saturated amalgam.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Cd amalgam was obtained by electrolysis
of solution of CdS04 in 1 mol dm-3 H2S04'
The amalgam was conditioned 24-30 h at
cathodic polarization and then filtered.
The filtrate was dissolved completely in
HN03' Hg(II) was reduced with formic acid
and Cd(II) was analyzed by atomic
absorption spectroscopy or by titration
with EDTA.

SOURCE AND PURITY OF MATERIALS:

CdS04 was analytically pure.
Mercury purity not specified.

ESTIMATED ERROR:
Soly: precision better than + 2%

(compilers) •

Temp: nothing specified.

REFERENCES:
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COHPONENTS: EVALUATOR:

(1) Radioactive Elements

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

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

Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

No experimental determinations have been reported for the solubility of technetium,
promethium, polonium, francium, radium, actinium, and protactinium in mercury. On the
other hand, experimental data have been reported for the actinides which are of
importance to the nuclear energy programs, and the solubility of these elements have
been reported separately. The only data reported for the former seven elements are the
predicted solubilities of Kozin (1,2) at 298 K; these are summarized in Table I. It is
the opinion of the evaluators that the data from (2) are nearer to the correct value,
although some of these data also are clearly incorrect. The value predicted for
promethium (2) appears to be of the correct magnitude by comparison with the solubility
of the other lanthanides in mercury at 298 K. However, by comparison with the solubility
of elements in the same groups, those predicted for polonium, francium, and radium
appear too high to the evaluators. In the case of francium, the predicted value of
99.9 at %would be of the correct magnitude for the Fr-rich region, similar to that for
the Cs-Hg system.

The saturated polonium amalgam should be in equilibrium with solid PoHg (3).

TABLE I

Promethium, Pm; [7440-12-2]

Technetium; Tc; [7440-26-8]

Protactinium; Pal [7440-13-3]

Reference

1
2

1
2

2

2

1

1
2

1
2

Kozin's Predicted Solubility of Radioactive
Elements in Mercury at 298 K

Soly/at %

3.0 x 10-13

1.1 x 10-9

6.2 x 10-3
1.1 x 10-2

1.6

99.9

1.1

3.6 x 10-4

1.2 x 10-3

2.4 x 10-4

6.9 x 10-4

Element

Polonium; Po; [7440-08-6]

Francium; Fr; [7440-73-5]

Radium; Ra; [7440-14-4]

Actinium; Ac; [7440-34-8]

References

1. Kozin, L.F. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR 1962, 9, 101.
2. Kozin, L.F. Fiziko Khimiaheskie Osnovy AmaZgamnoi MetaZZurgii, Nauka, Alma-Ata,
~.

3. Witteman, G.W.; Giorgi, A.L.; Vier, D.T. J. Phys. Chern. 1960, 64, 434.
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COHPONENTS:

(1) Thorium; Th; [7440-29-1]

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

Thorium

EVALUATOR:

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

Warsaw, Poland
July, 1985

CRITICAL EVALUATION:

Messing and Dean (1) found that the solubility of thorium in mercury increased from
1.82 x 10-3 to 2.55 x 10-2 at %in the temperature range of 313 to 629 K. Jangg and
Palman (2) determined thorium solubilities ranging from 1.3 x 10-3 to 3.5 x 10-2 at %
at 293 to 673 K. The solubilities reported by (1) and (2) are similar, and in the
opinion of the evaluators these are the most accurate data; both groups of workers
employed equilibration, filtration, and chemical analyses of the amalgams for their
solubility determinations. Room temperature determinations reported by other workers,
7 x 10-3 (3) and 1.36 x 10-2 at % (4) at 298 K, are rejected because they are much
higher than those determined by (1) and (2). Much higher solubilities were obtained
by Domagala and coworkers (5) who reported 0.53 to 4.8 at % in the temperature range of
337 to 571 K. Kozin's (6) predicted value of 7.3 x 10-5 at %at 298 K is much too low.

The saturated thorium amalgams are in equilibrium with the compounds ThHg3 , ThHg2and ThHg which are stable up to 773, 860 and 920 K, respectively (5,7).

The solubility of thorium in saturated uranium amalgam has been reported to be
approximately one-half that in mercury (1).

Tentative values of the solubility of Th in Hg:

T/K Soly/at % Reference

293 1.3 x 10-3 [2]

298 1.5 x
_3 a

[ 1,2]10

323 2.3 x 10-3a
[1,2]

373 4.6 x -3 a
[1,2]10

473 1.2 x 10-2a
[1,2]

573 2.1 x 10-2a
[1,2]

673 3.2 x
_2 a

[1,2]10

alnterpolated value from data of (1) and (2).

References

1. Messing, A.F.; Dean, O.C. U.S. At. Ener. Comm. Rep .• ORNL-2871, 1960.
2. Jangg, G.; Palman, H. Z. MetaZZk. 1963, 54, 364.
3. Strachan, J.F.; Harris, N.L. J. Inst. MetaZs 1956-57, 85, 17.
4. Parks, W.G.; Prime, G.E. J. Am. Chem. Soa. 1936, 58, 1413.
5. Domagala, R.F.; Elliott, R.P.; Rostocker, w.--r:rans. AIME 1958, 212, 393.
6. Kozin, L.F. Fiziko-Khimiaheskie Osnovy AmaZgamnoi MetaZZurgii. Nauka, Alma-Ata,

1964.
7. Jangg, G.; Steppan, F. Z. MetaZZk. 1965, 56, 172.



COMPONENTS:

(1) Thorium; Th; [7440-29-1]

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

VARIABLES:

Temperature: 40-356°C

EXPERIMENTAL VALUES:

The solubility of thorium in mercury.

Thorium

ORIGINAL MEASUREMENTS:

Messing, A.F.; Dean, O.C.

U.S. At. Enel'. COl7U1l. Rep., ORNL-28?1,
1960.

PREPARED BY:

C. Guminski; Z. Galus
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t/"c Soly/mass % Soly/at %

40 0.00211 0.00182
60 0.00313 0.00270

120 0.00675 0.00583
160 0.00921 0.00790
200 0.0120 0.0104
220 0.0151 0.0130
280 0.0203 0.0175
300 0.0235 0.0203
356 0.0295 0.0255

The authors observed that the solubility of thorium in saturated uranium amalgam
is approximately one-half that in pure mercury.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Mercury and thorium, after drying and
outgassing in the stainless steel
dissolver, were kept for several days at
the desired temperature. After equili
bration, a sample of liquid amalgam was
forced through the filter. The sample
was collected, dissolved in nitric acid,
and analyzed for thorium and mercury.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: standard deviation in fitted
equation is 0.02046.

Temp: nothing specified.

REFERENCES:



424 Thorium

COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Thorium; Th; [7440-29-1]

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

Jangg, G.; Palman, H.

Z. MetaZZk. 1963, 54, 364-9.

VARIABLES:

Temperature: 20-400°C
PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of thorium is presented graphically as a function of temperature.
The data points on the curve were read off by the compilers:

trc
20
50

100
150
200
250
300
350
400

Soly/103 at %

1.3
2.8
4.5
8.1

10
17
20
28
35

AUXILIARY INFORMATION

ESTIMATED ERROR:

Soly: precision ± 5%.

Temp: precision ± 2 K.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.The heterogeneous amalgam was introduced
into a specially constructed apparatus made
of refractory chromium steel. Such steel
apparatus could be used because the solu-
bility of iron in mercury is very low and
the chromium (III) oxide film inhibits the
wetting of the steel by mercury. After
twelve hours of equilibration at the temper-
ature of the experiment, the amalgam was
filtered through the sintered iron-frit
under the pressure of purified nitrogen.
Usually, 3- to 4-fold filtration was
necessary. The metal content was then
analytically determined in the filtered
saturated amalgam. For experiments carried
out below 320°C, amalgam was equilibrated
in a glass vessel. The analytical procedure
is not described in the paper. ~RE~F~E~RE~N~C~E~S-:----------------------------~

METHOD/APPARATUS/PROCEDURE:
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There have been numerous reports on the solubility determination of uranium in mercury,
many of which in more recent years have been from laboratories associated with the
processing of nuclear fuels. However, a number of the determinations, especially near
room temperature, are either too low or too high. Tammann and HinnUber (1) reported a
solubility of 1.1 x 10-4 at %at 291 K, while several workers only reported the upper
limit of 1 x 10-3 at %at room temperature (2,17,22,23,24); these results are all too
low and a~e rejected. Chang and coworkers (12,21) reported solubilities as high as
6.2 x 10- at %at room temperature, and these high values are rejected. At higher
temperatures, Magel and Dallas (9) obtained a solubility of 0.1 at %at 348 and 536 K;
these results also are rejected because of the lack of experimental details. Kozin's (6)
predicted solubility of 3.5 x 10-4 at %at 298 K is too low because his equation neglected
the U-Hg interactions.

Ahmann and coworkers (3) reported solubilities of uranium at five temperatures between
298 and 623 K, of which the values at 373, 573 and 623 K are acceptable. Jangg and
Palman (4) and Messing and Dean (5) employed similar methods for the equilibration and
chemical analysis of the amalgams to determine the uranium solubilities over a wide
temperature range. The solubilities determined by (4) at 293 to 540 K increased from
4.2 x 10-3 to 0.33 at %, while those determined by (5) at 313 to 629 K increased from
5.6 x 10-3 to 1.02 at %at increasing temperatures. The results of (4) and (5) are in
good agreement and are considered by the evaluators to be the most accurate.

Kobayashi and coworkers (8,20) reported an acceptable solubility of 3.7 x 10-3

at % at room temperature, but an earlier determination (19) of 1.8 x 10-2 at % was too
high and is rejected. Schweitzer (28) determined the solubilities at 296 to 526 K, with
end values of 4.2 x 10-3 and 3.2 x 10-2 at % in this temperature range. Although the
solubilities at both ends of the temperature range are acceptable, those at intermediate
temperatures are up to 30% too low, and no experimental details are known to the
evaluators. Ettmayer and Jangg (27) reported a solubility of 0.6 at % at 573 K.
Forsberg (15), from vapor pressure measurements, reported an upper limit of 1.1 at %
for the solubility of uranium at 630 K. Wymer (16) estimated a solubility of 0.94 at %
at 630 K, while Morrison and Blanco (17,25), without giving details, reported 0.85 at %
at the same temperature. Dean and coworkers (23,24) estimated that the saturated amalgam
contains 0.95 at % at 630 K and at least 19 at % at 873 K and 23 atm.

Frost (7) presented a complete phase diagram, but the most recent work of Lee and
coworkers (11) has shown that the phase diagram presented by Frost is incorrect. Also,
the solubilities taken from the liquidus of Frost's phase diagram are of an order of
magnitude too high at 373 and 628 K. The error in the work of (7) may be attributed to
an incomplete dehydrogenation of the uranium which was used, and to the possible reaction
of the amalgam with nitrogen and the quartz container. Moreover, the investigation of
Forsberg (15) and Lee et al. (11) showed a strong influence of pressure on the
decomposition temperature of the U-Hg solid phases. Based on a thermodynamic analysis
of this system, Lee (26) predicted another version of the U-Hg phase diagram with
congruent melting of UHg2 at 913 K and eutectic point at 748 K for 65 at % U. However,
thermal analysis experiments of Lee et al. (11) did not confirm the prediction. The
determined points on the liquidus reach a value of 10.0 at % U at 1118 K.

Although there have been several empirical equations fitted to the solubilities as
a function of the temperature (5,11,14,28), there appears to be relatively poor
agreement among these equations. This system needs further work in the composition range
of 33 to 100 at % U. The saturated uranium amalgams are in equilibrium with U-Hg solid
intermetallic compounds (3,7,10,11,13,26), as shown in the phase diagram, Fig. 1,
reported by (11).

Kinetics of U dissolution in Hg and the saturated amalgam was investigated in
(17,18,23,24) •

Addition of Mg or Bi increases, and addition of Na or Th decreases, the uranium
solubility in mercury (5,23,24).

(Continued next page)
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Tentative values of the solubility of U in Hg:

TIK

293

323

373

473

573

673

773

873

973

1073

Soly/at %

4.0 x 10-3

9 x 10-3

2.5 x 10-2

0.17

0.5

1.5
8

2.5
a

48

6a

8a

Reference

[4,8,20,28)

[4,5)

[3,5)

[4)

[3,5,27)

[5,11,15)

[11)

[ 11)

[11 ]

[ 11]

aSolubility obtained by interpolation of
data in cited references.
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Fig. 1. U-Hg phase diagram under constrained vapor (11).
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COMPONENTS:

(1) Uranium; U; [7440-61-1)

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

VARIABLES:

Temperature: 25-350°C

EXPERIMENTAL VALUES:

The solubility of uranium in mercury:

Uranium

ORIGINAL MEASUREMENTS:

Ahmann, D.H.; Baldwin, R.R.; Wilson, A.S.

U.S. At. EneI'. Comm. Rep. CT-2980. 1945.

PREPARED BY:

C. Guminski; Z. Galus

t/OC

25

100

200

300

350

aby compilers

Soly/mass %

0.001-0.01

0.03

0.05

0.50

1.06

Soly/at %a

0.0008-0.008

0.025

0.042

0.42

0.89

The solid phases in equilibrium with the homogeneous amalgam are UHg4 , UHg
3

and UHgZ'

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
1 to 2% uranium amalgams were placed on
a fine-porosity sintered-glass filter in
a special apparatus. The amalgams were
covered with NaZC03 to protect them to
some extent from air. The apparatus was
then heated to desired temperature and
centrifuged immediately for 20 to 30 sec.
Control runs with the asbestos packed
centrifuge cup indicated that the tempera
ture dropped only about 10° at 300°C
during the centrifugation. The filtrate
after a given run was then analyzed for
uranium and mercury.

SOURCE AND PURITY OF MATERIALS:
Uranium purity was better than 99.9%.
Mercury was washed with nitric acid,
then triple distilled in glass.

ESTIMATED ERROR:
S01y: not specified; error probably quite

high (compilers).

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Uranium; U; [7440-61-1]

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

VARIABLES:

Temperature: 298-873 K

EXPERIMENTAL VALUES:

The solubility of uranium in mercury:

Uranium

ORIGINAL MEASUREMENTS:

Dean, D.C.; Sturch, E.S.; Morrison, B.V.;
Blanco, R.E.

u.s. At. Ener. Comm. Rep., ORNL-2242,
1957.

PREPARED BY:

C. Guminski; Z. Galus
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T/K Soly/mass % Soly/at %a Pressure/atm

298 <1 x 10-3 I -- --
629 1.12 0.95 --
873 ~19 23

These results were also presented in (1); kinetics of dissolution and the solubilities
of U in Hg and in Bi, Mg and Na amalgams were investigated in this work.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A sample of U was heated in boiling Hg
for 30 min. under an argon atmosphere.
The amalgam was filtered at 629 and at
298 K, and the filtrates were analyzed
after dissolution in nitric acid. The
method of estimation at 873 K is not
specified.

SOURCE AND PURITY OF MATERIALS:
Nothing specified but probably the same
as in (2): i.e., U of highest purity
available. Hg purified by filtering,
washing with HN03 and double distillation
under vacuum

ESTIMATED ERROR:
601y: nothing specified; precision better

than ± 5% (compilers).

Temp: nothing specified.

REFERENCES:
1. Dean, O.C. Progr. NuaZ. Ener., Ser. 3

1958, 2, 412-9.

2. Forsberg, H.C. U.S. At. Ener. Comm.
Rep., ORNL-2885, ~.
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COMPONENTS:

(1) Uranium; U; [7440-61-1]

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

VARIABLES:

Uranium

ORIGINAL HEASUREHENTS:

Messing. A.F.; Dean. O.C.

U.S. At. Ene!'. Corron. Rep., ORNL-2871,
1960.

PREPARED BY:

Temperature: C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of uranium in mercury:

trC

40

50

70

100

145

150

205

250

300

356

Soly/mass %

0.0067

0.0093

0.0155

0.0340

0.0826±0.0007

0.0930

0.234±0.004

0.436±0.017

0.727±0.002

1.21±0.03

Soly/at %

0.0056

0.0078

0.0131

0.0286

0.0696

0.0783

0.197

0.368

0.613

1.02

The authors also reported that the solubility of uranium in 0.1 mass %magnesium
amalgam was higher than in pure mercury. and that the solubility in saturated
thorium amalgam was lower than in mercury.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

Mercury and uranium. after drying and
outgassing in the stainless steel dissolver.
were kept for several days at the desired
temperature. After equilibration. a sample
of liquid amalgam was forced through the
filter and filtrate was collected.
dissolved in nitric acid. and submitted
for analysis for uranium and mercury.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:

Soly: standard deviation of fitted
equation was 0.05136.

Temp: nothing specified.

REFERENCES:



COMPONENTS:

(1) Uranium; U; [7440-61-1]

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

VARIABLES:

Temperature: 20-267 K

Uranium

ORIGINAL MEASUREMENTS:

Jangg, G.; Palman, H.

Z. MetaZZk. 1963, 54, 364-9.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:
The solubility of uranium in mercury was presented graphically as a function of
temperature. Numerical values of the data points were read from the curve by the
compilers.

t/OC Soly/at %

20 4.2 x 10-3

50 9.8 x 10-3

100 3.2 x 10-2

150 7.4 x 10-2

162 9.6 x 10-2

200 0.17

243 0.25

250 0.28

267 0.33

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
The heterogeneous amalgam was introduced
into a specially constructed apparatus made
of glass. After twelve hours of equili
bration at the temperature of the experi
ment, the amalgam was filtered through the
sintered-glass frit under the pressure of
purified nitrogen. The metal content was
then analytically determined in the
filtered saturated amalgam by an unspecified
method.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: accuracy ± 5%.

Temp: precision ± 2 K.

REFERENCES:
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COMPONENTS:

(1) Uranium; U; [7440-61-1]

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

VARIABLES:

One temperature: 573 K

Uranium

ORIGINAL HEASUREMENTS:

Ettmayer, P.; Jangg, G.

Monatsh. Chern. 1973, 104, 1120-30.

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of U in Hg at 573 K was reported to be 0.6 mass %. The atomic %
solubility calculated by the compilers is 0.5 at %.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
Uranium amalgam was obtained by
dissolution of U turnings in Hg. The
materials were placed in a bomb and
heated to 723-773 K. The amalgam was
filtered and analyzed by an unspecified
method.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; about + 5%

(compilers) •

Temp: precision ± 2 K (compilers).

REFERENCES:



COMPONENTS:

(1) Uranium; U; [7440-61-1]

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

VARIABLES:
Temperature: 455-845°C

Pressure

Uranium

ORIGINAL MEASUREMENTS:

Lee, T.S.; Chiotti, P.; Mason, J.T.

J. Less-Common Metals 1979, 66, 33-40.

PREPARED BY:

C. Guminski; Z. Galus
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EXPERIMENTAL VALUES:
The points on the U-Hg liquidus line were determined under constrained pressure:

trC Soly/at % Pressure/atm

455 2.0 --
735 <6.5 --
845 9.5-10.0 90

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Preequilibrated alloy or the separate
metals were sealed in tantalum capsules
in a He atmosphere; a thermocouple well
was sealed to the bottom of the capsule.
Differential thermal analysis was made in
a He atmosphere by inserting the filled
and an empty capsule in a nickel block.
Chromel-Alumel thermocouples were used
for the DTA; the samples were heated in
a split tube furnace.

SOURCE AND PURITY OF MATERIALS:
Reactor grade U and high purity, triply
distilled Hg were used. Chemical analysis
of U showed 1-5 x 10-2 and 0.5-10 x 10-2
mass % of oxygen and carbon, respectively.
The alloys contained less than 6 x 10-2
mass %of Ta.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified; ± 5 K (by
compilers).

REFERENCES:
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COHPONENTS:

(1) Plutonium; Pu; [7440-07-5]

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

Plutonium

EVALUATOR:

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

Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

White (1) reported that the solubility of plutonium in mercury at room temperature
is 1.36 x 10-2 at %. Bowersox and Leary (2,3) made more extensive measurements of the
plutonium solubility; these authors reported that the solubility increases from
1.31 x 10-2 to 0.561 at % in the temperature range of 294 to 598 K. The result of (1)
is in good agreement with those reported by Bowersox and Leary.

The saturated plutonium amalgam is in equilibrium with the Pu-Hg intermetallic
compound, PU5Hg21 or PuHg3 (2,4); however, the temperature range of stability for these
compounds have not been established. The partial phase diagram has been reported by
(5) and (6).

The reconunended (r) and tentative values of the solubility of Pu in Hg:

T/K Soly/at % Reference

293 -2 (r) [1,2]1.3 x 10

298 -2 [2]1.5 x 10

323 -2 [2]2.6 x 10

373 -2 [2]a6.4 x 10

473 -1 [2]2.2 x 10

573 -1 [2]4.8 x 10

alnterpolated value from data of (2).

References

1. White, A.G. At. Enep. Res. EstabZ. Rep•• C/R 1468. 1955.
2. Bowersox, D.F.; Leary, J.A. J. Inopg. NuaZ. Chern. 1959, 9, 108.
3. Bowersox, D.F.; Leary, J.A. U.S. At. Enep. Comm. Rep•• LAMS-2518. 1961.
4. Berndt, A.F. J. Less-Common MetaZs 1966, 11, 216.
5. Schonfeld, F.W. The MetaZ PZutonium. A. S. Coffinberry, W. N. Miner, Eds., The

University of Chicago Press, Chicago, l2£J, p. 248.
6. Blank, H.; Brossmann, G.; Kenunerick, M. F.R.G. At. Enep. Comm. Rep•• KPK-105.

1962, p. 137.



COMPONENTS:

(1) Plutonium; Pu; [7440-07-5]

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

VARIABLES:

Temperature: 20-325°C

EXPERIMENTAL VALUES:

Solubility of plutonium in mercury:

trc
20a

21
24
50

100
150a
190
200
225
260
280
300
325a

Plutonium

ORIGINAL MEASUREMENTS:

Bowersox, D.F.; Leary, J.A.

J. InoT'g. NuaZ. Chern. 1959, 9, 108-112.

PREPARED BY:

C. Guminski; Z. Galus

2Soly/10 at %

1.61
1. 31
1.61
2.55
6.25

12.6
18.2
19.0
27.5
38.0
42.1
49.6
56.1
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aalso reported in (1).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Mercury was outgassed in the reaction
vessel at 250°C, then cooled to room
temperature. The vessel' was filled with
helium and freshly machined plutonium
turnings were added. The evacuation and
filling of the vessel with helium were
repeated several times. The mixture of
the metals was held at 250-300 oC for one
day and was shaken periodically by hand.
The temperature of the vessel was adjusted
at desired level. The liquid phase was
sampled periodically and filtered through
a sintered-glass filter. Plutonium was
leached from the filtrate by contacting
with concentrated HCI for one day. The
solution was analyzed by radio-assay for
Pu content.

SOURCE AND PURITY OF MATERIALS:

99.8% pure plutonium and triply
distilled mercury were used.

ESTIMATED ERROR:
Soly: accuracy ± 1%.

Temp: precision ± 2%.

REFERENCES;
1. Bowersox, D.F.; Leary, J.A.

U.S. At. EneT'. Corrun. Rep•• LAMS-2518.
1961.
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