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FOREWORD

If the knowledge is
undigested or simply wrong,
more 1s 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 wunderstanding of processes relevant to agronomy, biology,
chemistry, geology and oceanography, medicine and pharmacology, and metallurgy
and materials science. Knowledge of solubility is very fregquently 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 soutces, 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
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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, rationalization and simplification, and the fitting 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 1I. Compiled Data Sheets.

The Critical Evaluation part gives the following information:

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

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

(1ii) 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 still suitable for some
applications, and their presence in the compilation should alert researchers
to areas that need more work.




Foreword

The typical data sheet carries the following information:

(i) components - definition of the system - their names, formulas and
Chemical Abstracts registry numbers;

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

(iii) experimental variables;

(iv) identification of the compiler;

(v) experimental values as they appear in the primary source.
Whenever 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 units 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;
(vii) type of apparatus and procedure employed;
(viii) source and pur:ity of materials;
(ix) estimated error;
(x) references relevant to the generation of experimental data as
cited in the primary source.

This new approach to numerical data presentation, 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
evaluation/compilation sheets in each volume with a detailed discussion of the
principles of the accurate determination of relevant solubility data and
related thermodynamic information.

Finally, the role of education is more than corollary to the efforts we
are seeking. The scientific standards advocated here are necessary to
strengthen science and technology, and should be regarded as a major effort in
the training and formation of the next generation of scientists and
engineers. Specifically, we believe that there is going to be an impact of
our project on scientific-communication practices. The quality of
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 ‘'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
restrain themselves from premature, unnecessary publication can have little
effect unless the climate of the entire technical and scholarly community
encourages restraint...' We think that projects of this kind translate the
climate into operational terms by exerting pressure on authors to avoid
submitting low-grade material. The type of our output, we hope, will
encourage attention to quality as authors will increasingly realize that their
work will not be suited for permanent retrievability unless it meets the
standards adopted in this project. It should help to dispel confusion in the
minds of many authors of what represents a permanently useful bit of
information of an archival value, and what does not.

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

A. S. Kertes

MM-A»



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 1is 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 1s 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 1s 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. 1In 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 semlempirical equations of Kozin. The first equation (1)
is given by

2 0.001
AHm(Tm—T) AHm(Tm- j

RT T RT_T (1]
m m

In (100x1) = -0.4 |1 +

where the atomlic percent solubility of the metal, 100xj, is a function of its enthalpy
of fusion, AHy, and its melting point, Tp. Kozin subsequently reported (2) a second
solubility equation,

1.39

AHm(Tm-T)
In (100x1) = - —R-,qr—'—— 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 AHy and T,. 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 varilance 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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For some of the metal-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 semilogarithmic paper (of 60 x 20 cm dimensions) as log (100xj) vs.
(7/R)~l. 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 20.1%. '

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.

Data for concentrated solutions which were reported in mol atom dm-3 without
specifying the density were not useful for this compilation; solubilities in atom percent
could not be asgigned 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.5 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.

Acknowledgment 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

Nature of the Project

The Solubility Data Project (SDP) has as its aim a comprehensive search
of the literature for solubilities of gases, liquids, and solids in liquids
or solids. Data of suitable precision are compiled on data sheets in a
uvniform 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.

Definitions

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

A solufdlon (1,2) describes a liquid or solid phase containing more than
one substance, when for convenience one of the substances, which is called
the 40fvent and may itself be a mixture, is treated differently than the
other substances, which are called sofutes. If the sum of the mole
fractions of the solutes is small compared to unity, the solution is called
a difute solution.

The solubility of a substance B is the relative proportion of B (or a
substance related chemically to B) in a mixture which is soturated with
respect to solid B at a specified temperature and pressure. Saturated
implies the existence of equilibrium with respect to the processes of
dissolution and precipitation; the equilibrium may be stable or metastable.
The solubility of a metastable substance is usually greater than that of
the corresponding stable substance. (Strictly speaking, it is the activity
of the metastable substance that is greater.) Care must be taken to
distinguish true metastability from supersaturation, where equilibrium does
not exist.

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

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

Quantities Used as Measunes of Solubility

1, Mole fraction of substance B, x

n, (1)

I~ w

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

2. Mass fraction of substance B, wg:

v = m'B/ Im', (2)

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

3. Sokute mole (mass) graction of solute B (3,4):
c' c'

I n, = x,/°

=] i Bi:

X5 p = nB/i . Xy (3)

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

Xiii




Xiv The Solubility of Solids in Liquids

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

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

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

cg = [B]l = ng/V SI base units: mol m™°® {(5)
The terms molarity and molar are not used.

Mole and mass fractions are appropriate to either the mixture or the
solution points of view. The other quantities are appropriate to the
solution point of view only. 1In addition of these quantities, the follow-
ing are useful in conversions between concentrations and other quantities.

6. Densdity: p = m/V SI base units: kg m™? (6)

7. Refative density: d; the ratio of the density of a mixture to the density
of a reference substance under conditions which must be specified for both
(1) . The symbol dtf, will be used for the den51ty of a mixture at t°c, 1
atm divided by the density of water at t'©C, 1 atm.

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

Thenmodynamics of 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.,
(5-10) .

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

* (7)

RT Zn(foB) = Uug ~ Hp
where pg is the chemical potential, and ug* is the chemical potential of
pure B at the same temperature and pressure. For any substance B in the

mixture,

Lim fB = 1 (8)
xB+1

(b) Solutions.

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

RT ln(YBmB) = Mg - (uB RT 2n mB)ua (9)

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

w0

s

Activity coefficients yp connected with concentration cp, and fy,p (called

the rational activity coeéﬁ&c&cnt) connected with mole fraction xp are
defined in analogous ways. The relations among them are (1,9):

= 1 (10)

Yg = fo = VA*(l - gcs)yB (11)

%X,B
or
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c
z xi'(si'dT - Vi'dp + dui) = 0 (19)
i=1
A liquid mixture in equilibrium with this solid phase contains ¢ thermo-
dynamic components i, where, usually, ¢ > ¢'. The Gibbs-Duhem equation for
the liquid mixture is:
c' c
L x,(8,dT - V.dp + du;) + 2' x.(SidT - Vidp + duy) = 0 (20)
i=1 i=c'+1
Eliminate du; by multiplying (19) by x; and (20) x'. After some algebra,
and use of:
c
du; = z Gijdxj = §,dT + v,dp (21)
j=2
where (7)
Giy = Oui/3%5)p p x 2x. (22)
1]
it is found that
c' ¢ c c
IOE (% 'ex.x!/x,)G,.dx. = (X,'/%;) ) Y% x%,G,.dx.
1=2 j=2 i 1379 i=c'+l j=2 ¥ 113
c' c'
- ‘: .l - 'l - 'l L - .l 23
i->=1 X (Hl Hy )at/T iilxl (v1 v, )dp (23)

= ’ = * ’
fx,B 1+ MA gms)YB VA yB/vm (12)

or

= + ‘ * = * 2
Yg Va MAémsVs)YB/VA vmfx,B/vA (13)
where the summations are over all solutes, Vp* is the molar volume of the
pure solvent, V; is the partial molar volume of substance i, and Vi is the
molar volume of the solution.
For an electrolyte solute B = Cy.A,., the molal activity is replaced by
(9)
_ V_ V.V
Yglg = Y, Mg Q (14)
v - . .
where v = vy + v_, Q = (vg +v_v )l/V, and Y+ is the mean ionic molal
activity coefficient. A similar relation holds for the concentration
activity ypcg. For the mol fractional activity,
v v
_ + - v, Vv
x,B X8 = V& Vo Ex, (15)
The quantities x4+ and x_ are the ionic mole fractions (9), which for a
single solute are

£

¥, = vxp/ll+(v-1) x5 x_ = v xg/[1+(v=1)x.] (16)

(1i) Solvent, A:
The osmotec coeffecient, ¢ , of a solvent substance A is defined as (1):

¢

(uA*-uA)/RT MA gms (17)

where up* is the chemical potential of the pure solvent.
The nrational osmotic coefficeent, ¢y, is defined as (1):

= - * =
¢y (p=Hp ) /RTnx, ¢MA2ms/2n(l + MAims) (18)

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

The Liquid Phase

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

this mixture is:
1
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where
- ' = =g .!
Hi Hi T(Si Si ) (24)

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

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

aznfB
(1/x,-n/x,) {1+ (="
B A 82an T,p

= 2
) }de = (nHA+HB HAB)dT/RT (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):

RT n f5 = wx 2 (26)

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

=I1* = - * -
nHA + HB HAB AHAB + n(H H ) + (HB HB )

= 2 2
= AHAB + w(nxB +xA ) (27)

where AHpp is the enthalpy of melting and dissociation of one mole of pure
solid ApB, and Ha*, HB* are the molar enthalpies of pure liquid A and B.
The differential equation becomes

2 2
X, “tnx
A B, (28)

n
R d zn{xB(l-xB) } =

ad - w al

-AHAB

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

n P AH} -T*ACX ;4
Enixg (1-x5) 7} = n{iy wFIl- {-————————E} (F = )
AC _* X, +nx
+ 5 in(g,) - Hl—g A - mrD T (29)

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

Inl{xg(1-x5)"} = Ay + A2/TH AgnT + Ay (x, +nx,?) /T (30)
If the solid contains only component B, n = 0 in egn (29) and (30).

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

= 2_
RT &n fx,B = w(xA 1) (31)
and (27) becomes
_ eo_ - _ -~ = o 2 2_
nHA + HB'HAB = (nHA*+HB HKB) + n(HA HA*)+(HB HB ) AHAB + w(an +xA 1))
(32

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

A; HB is the partial molar enthalpy of the solute at infinite dilution.
Clegarly, the_integral of eqn (25) will have the same form as eqn2(29), with
AHpp (T*), ACT(T*) replacing AHAp and ACp* and x,°-1 replacing xp® in the
last term.
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If the liquid phase is an aqueous electrolyte solution, and the solid 1is
a salt hydrate, the above treatment needs slight modification. Using
rational mean activity coefficients, eqgn (25) becomes

Rv(l/xB-n/xA){l+(alnft/alnxi)T’P}de/{l+(v-l)xB}
= {AHAB

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

+ n(H-H,*) + (HB-H;)}d(l/T) (33)

Vit n ® - * (34
xp (1=xp) n BHy g (T*) T*AC, 1 AC* )

on{ -1, vl = Al ) - R } T+ R (T/T)

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

In many cases, data on activity coefficients (9) and partial molal enthalpi-
es (8,10) in concentrated solution indicate that the terms involving these
quantities are not negligible, although they may remain roughly constant
along the solubility temperature curve.

The above analysis shows clearly that a rational thermodynamic basis
exists for functional representation of solubility~temperature curves in
two-component systems, but may be difficult to apply because of lack of
experimental or theoretical knowledge of activity coefficients and partial
molar enthalpies. Other phenomena which are related ultimately to the
Stoichiometric activity coefficients and which complicate interpretation
include ion pairing, formation of complex 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) Solubifity as a function of composdition.

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

HAB = My glsln) = Ny + uy (35)
n n
L] <0
= *
(nux + v u +v_u_) + nRT 2nf,x,

+ VRT 2ny,m,Q, (36)

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

x = o« o« *o *
AGT = (v u  +v_u_ HnpF-upa*)

= - 0
= RT 2&n KSo
v

v
-RT 2n Q'y.’m oo T (37)
e Ta
is called the so0fubifity product of the salt. (It should be noted that it’
is not customary to extend this definition to hydrated salts, but there is
no reason why they should be excluded.) Values of the solubility product
are often given on mole fraction or concentration scales. In dilute
solutions, the theoretical behaviour of the activity coefficients as a
function of ionic strength is often sufficiently well known that reliable
extrapolations to infinite dilution can be made, and values of K°o can be
determined. In more concentrated solutions, the same problems with activity
coefficients that were outlined in the section on variation of solubility
with temperature still occur. If these complications do not arise, the
solubllity of a hydrate salt C, A 'nH20 in the presence of other soclutes
is given by egn (36) as

v in{my/my (0)} = =-vin{y,/v,(0)} = n in(ay o/ay (0)) (38)

where aHzO is the activity of water in the saturated solution, my is the

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

The definition of solubility permits the occurrence of a single solid
phase which may be a pure anhydrous compound, a salt hydrate, a non-
stoichiometric compound, or a solid mixture (or solid solution, or "mixed
crystals"), and may be stable or metastable. As well, any number of solid
phases consistent with the reguirements 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.

Guide to the Compilations

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

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

(a) saturating components;

(b) non-saturating components in alphanumerical order;

(c) solvents in alphanumerical order.

The saturating components are arranged in order according to a 18-column,
2-row periodic table:

Columns 1,2: H, groups IA, IIA;

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

Row 1l: 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.

Orniginal Measurements, References are abbreviated in the forms given by
Chemical Abstracts Service Source Index (CASSI). Names originally in other
than Roman alphabets are given as transliterated by Chemicaf Abstracts.

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

Method. Sounrce and Purity of Matenials. Abbreviations used in Chemical
Abstrnacts are often used here to save space.

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

Comments and/on Additional Data. Many compilations include this section
which provides short comments relevant to the general nature of the work
or additional experimental and thermodynamic data which are judged by the
compiler to be of value to the reader.

References. See the above description for Original Measurements.

Guide %o the Evafuations

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

Components. See the description for the Compilations.

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

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

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

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

(d) Recommended values. Data are recommended if the results of at least
two independent groups are available and they are in good agreement, and if
the evaluator has no doubt as to the adequacy and reliability of the applied
experimental and computational procedures. Data are reported as fentatdive
if only one set of measurements is available, or if the evaluator considers
some aspect of the computational or experimental method as mildly
undesirable but estimates that it should cause only minor errors. Data are
considered as doubtfuf if the evaluator considers some aspect of the
computational or experimental method as undesirable but still considers the
data to have some value in those instances where the order of magnitude of
the solubility is needed. Data determined by an inadequate method or under
ill~-defined conditions are nejfected. 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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COMPONENTS ; EVALUATOR:
(1) vLithium; Li; [7439-93-2] C. Guminski; Z. Galus
. . _07_ Department of Chemistry
(2) Mercury; Hg; [7439-97-6] University of Warsaw
Warsaw, Poland

July, 1985

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 1s 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 al. Richards
and Garrod-Thomas (4) reported a solubility of 1,05 at % at room temperature, but this
value 1s too low and 1s 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 7% 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 1s 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 (l1) was overstated and is rejected. Korshunov et al. (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 experimental
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 7 L1 at 298 K.

In summary, there is good agreement among the results of (10, 16-19), whereas the
thermoaqalytical 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 intermetallic compounds which have
been verified are Hg3Li, HgZLi, HgLi, HgLiZ, HgLi3 and HgLiG.

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

(Continued next page)
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COMPONENTS :

(1) Lithium; Li; [7439-93-2]
(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

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

July, 1985

CRITICAL EVALUATION: (continued)

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

/%

231
293
298
323
373
473
573
673
773
873

Soly/at % Reference
0.6 (6]
1.28 [3,9,12,17,18]
1.3 (r) [10,16-19]
2.2° (5,9]
5P (5]
13 [5]
25 (5]
33 [5,6]
39P (5,61
50.0 (5]

3Mean value from data of cited references.

bInterpolated value from data of cited references.
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The Li-Hg phase diagram (20).
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17. Onstott, E.I.; Goddard, J.B. U.S. At. Ener. Comm. Rep., LA-DC-7013, 1964.
18. Goddard, J.B.; Campbell, J.M.; Onstott, E.I. U.S. At. Ener. Comm. Rep., LA-DC-8393,
1965.
19. Horner, L.; Schmitt, R.E. 2. Naturforsch., B 1982, 37, 1163.
20. Hultgren, R.; Desai, P.D.; Hawkins, D.T.; Gleiser, M.; Kelley, K.K. OSelected

Values of the Thermodynamic Properties of Binary Alloys, Am. Soc. Metals,
Metals Park, OH 1973, p. 964.




4 Lithium

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Lithium; Li; [7439-93-2] Kerp, W.; BSttger, W.; Winter, H.
(2) Mercury; Hg; [7439-97-6] Z. Anorg. Chem. 1900. 25, 1-71.
VARIABLES: PREPARED BY:
Temperature: 0-100°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of lithium in mercury:

aby compilers.

higher temperatures (compilers).

t/°C Soly/mass % Soly/at 72
0 0.04 1.1
64.5 0.10 2.8
81 0.11 3.1
99.8 0.13 3.6

The experimental procedure may give results that are too low, especially at the

Analysis of the solid phase resulted in the formula LngS.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The amalgam was prepared by electrolysis
of a saturated aqueous LiCl 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: mnothing specified.

REFERENCES:




Lithium

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Lithium; Li; [7439-93-2] Smith, G.McP.; Bennett, H.C.
(2) Mercury; Hg; [7439-97-6] J. Am. Chem, Soc. 1909, 31, 799-806.
J. Am., Chem. Soec. 1910, 32, 622-26.
VARIABLES : PREPARED BY:
One temperature: 22°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Analysis of the solid phase corresponded to

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 Z.

the compound Lng4.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Lithium amalgam was prepared electro-
lytically from saturated LiCl 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 HCl 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 :




6 Lithium
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Lithium; Li; [7439-93-2] Zukovsky, G.J.
(2) Mercury; Hg; [7439-97-6] Z. Anorg. Chem., 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/°C Soly/at % t/°C Soly/at %
=30 0.97 256 19.9
11 2.5 261 20.5
110 5.8 270 21.3
128 7.2 276 21.6
132 7.5 298 23.6
140 7.7 305 25.4
160 9.1 320 27.1
173 10.7 325 27.5
184 11.2 332 29.0
203 13.1 338 29.4
216 14,2 338 30.1
228 16.4 360 30.9
229 17.2 358 31.2
232 17.6 378 32.2
234 18.4 297 33.0
238 18.7 415 35.4
242 19.1 448 36.5
246 19.3 476 38.2
247 19.4 580 47.6
249 19.8 585 48.3

t/°C Soly/at 7
584 48.4
593 49.0
593 49,4
597 49.5
599 49,6
600.5 50.0
600,3 50.1
597 50.3
595 50.6
578.7 50.8
578.7 51.7
579.5 52.6
580 52.9
568 54.4
564 65.0
534 57.7
496 60.1
490 60.5
478 61.2
464 61.8

t/°C Soly/at %
453 62.2
440 63.1
406 65.3
379 68.9
379 75.1
376 75.2
369 76.4
364 76.9
355 78.1
348 78.8
315 82.0
275 83.6
272 86.0
270 86.3
265 87.3
260 90.0
253 90.7
250 91.2
232 92.7
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, LiHgs, LiHgp, LiHg
and LiqHg.

analysis.

SOURCE AND PURITY OF MATERIALS:

Purest lithium and mercury from Kahlbaum
were used. Only traces of sodium were
found in the lithium by spectroscopic

ESTIMATED ERROR:
Soly: nothing specified,

Temp: precision + 0.6 K,

REFERENCES :




Lithium

COMPONENTS ¢

(1) Lithium; Li; [7439-93-2]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Grube, G.; Wolf, W.
Z. Elektrochem. 1935, 41, 675-79.

VARIABLES :

Temperature: (-42)-585°C

PREPARED BY:

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/°C Soly/at % t/°C Soly/at % t/°C 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:
LiHgy, LiHgy, LiHg, Li,Hg, LiqHg, and

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 :




8 Lithium

COMPONENTS :

(1) Lithium; Li; [7439-93-2]
(2) Mercury; Hg; [7439-97-6)

ORIGINAL MEASUREMENTS:

Onstott, E.I.; Goddard, J.B.
U.5. At. Ener. Comm. Rep., LA~DC-7013,
1964 .

Goddard, J.B.; Campbell, J.M.; Onstott, E.I.
U.S. At. Ener, Comm, Rep., LA-DC-8393,
1965.

VARIABLES:

One temperature: 22°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

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 Li10H 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 HCl, then
adding excess of 0.1 mol dm-3 NaOH,
followed by titration of the excess NaOH
with standard 0.1 mol dm~3 HCI.

SOURCE AND PURITY OF MATERIALS;
Purified Hg was used.

Purity of LiOH not specified.

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

Temp: precision + 0.2 K.

REFERENCES ;

-



Lithium

COMPONENTS ¢

(1) Lithium; Li; [7439-93-2]
(2) Mercury; Hg; [7439-97-6)

ORIGINAL MEASUREMENTS:

Cogley, D.R,; Butler, J.N.
J. Phys. Chem. 1968, 72, 1017-20.

VARIABLES:

One temperature: 26°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

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

AUXILIARY
—_—

INFORMATION

METHOD/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 LiCl0; 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)|LiCl or LiCl0, in DMSO| L1 (Hg) .

All manipulations were carried out in an
argon atmosphere containing less than
1 x 10~ mol/mol of H20, 0, 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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Lithium

COMPONENTS :

ORIGINAL MEASUREMENTS:

(1) Lithium; Li; [7439-93-2] Gladyshev, V.P.; Ruban, L.M.;

(2) Mercury; Hg; [7439-97-6] Kuleshov, V.A.
Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR
1969, 24, 111-19.

VARIABLES: PREPARED BY:

Temperature: 20-40°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of lithium in mercury at 20°C was reported to be (4.8 % 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 + 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™> L4C1|Li(Hg) -

Concentration of Li in one half-cell was
kept constant at 1.7 x 1074 mol dm™ 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 :




Lithium

1

COMPONENTS :

(1) Lithium; Li; [7439-93-2]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

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

Izv. Vyssh. Ucheb. Zaved., Khim, Khim.
Technol., 1980, 23, 204-7.

VARIABLES:

One temperature: 298 K

PREPARED BY:

C. Guminski; 2. Galus

EXPERIMENTAL VALUES:

0.83 + 0.03 mol dm™".

The 298 K solubilitg of lithium in mercury was reported to be 1.20 + 0.05 at %, or

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

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The amalgam was prepared by an electro-
lytic method. Sample of the amalgam was
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.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision about 47%.
Temp: mnothing specified.

REFERENCES :

1. Filippova, L.M.; Zebreva, A.I.;
Zhumakanov, V.Z.
Ukr., Khim. 2Zh. 1981, 47, 473.

2, Same authors.
Izv. Vyssh, Ucheb. Zaved., Khim. Khim.
Tekhnol. 1982, 25, 827.




12 Lithium

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Lithium; Li; [7439-93-2] Horner, L.; Schmitt, R.E.
(2) Mercury; Hg; [7439-97-6] 2. Naturforsch., B 1982, 37, 1163,
1163-8.,
VARIABLES: PREPARED BY:
One temperature: 23°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

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 Z 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 ; SOURCE AND PURITY OF MATERIALS:

Lithium amalgam was obtained by potentio-
static or galvanostatic electrolysis on Hg Nothing specified.
cathode from 2 mol dm~3 LiCl0; 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 HC1 and
back-titration with 0.1 mol dm=3 NaOH with
Phenolphthalein indicator. Potentials of

the following cell were determined: ESTIMATED ERROR:

Li(Hg)_|0.1 mol dm™3 LiC10, in AN|| Soly: precision + 10%.
* 4 Temp: precision + 1 K
KClaq|Hg2012. Hg. -
A plot of potential vs. logarithm of Li REFERENCES ;

content was constructed by the compilers;
the breakpoint in the curve corresponds
to the saturation concentration of Li

in Hg.
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COMPONENTS : EVALUATOR:
(1) Sodium; Na; [7440-23-5] J. Balej

Institute of Inorganic Chemistry
(2) Mercury; Hg; [7439-97-6] Czechoslovak Academy of Sciences

Prague, Czechoslovakia

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

July, 1985

CRITICAL EVALUATION:

The existence of various intermetallic compounds in the Na~Hg system 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: NaHg,, NaHgp, NajHgg, NaHg, NasHgj,
Naglgy, and NajHg. With the exception of NajHgg, the existence of the compounds has been
confirmed by independent measurements of concentration cells of the type Na]Na*lNa(Hg)
(14). |

The complete phase diagram for the Na-Hg system has been investigated by Kurnakov (9),
Schiiller (11), Vanstone (12) and J4necke (13). 1In 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; Schiiller 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. Jinecke
(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, Nang, 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 varilous crystallization reglons 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 NaHg,.
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

e (continued next page)
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14 Sodium

COMPONENTS : EVALUATOR:
. . _na_ J. Balej
(1) Sodium; Naj {7440-23-5] Institute of Inorganic Chemistry
(2) Mercury; Hg; [7439-97-6] Czechoslovak Academy of Sciences

Prague, Czechoslovakia

C. Guminski; Z. Galus
Department of Chemistry
University of Warsaw
CRITICAL EVALUATION: (continued) Warsaw, Poland

July, 1985

NaINa+|Na(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 NaHgy,
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 7%, may be expressed by

log x(Na) = 0.27786 - 65.235/(T/K) [1]

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

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/(7T/K) [2]

with a mean relative deviation of 0.43%.

(continued next page)
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COMPONENTS : EVALUATOR:
(1) Sodium; Na; [7440-23-5] J. Balej
(2) Mercury; Hg; [7439-97-6] C. Guminski; Z. Galus

CRITICAL EVALUATION: (continued)

TABLE I
Characteristic Data of the Phase Diagram for the Na-Hg System
Reference
9 11 12 15
Hg, m.p., T/K - - 234.6 234.3
Eutectic, Hg-NaHg,
T/ - 225 '226.4 225,2
at % Na - 2.8 2.7 2.8
Peritectic, NaHg41§§§gz
T/R 428,2° 432.2 429.4 430.2
at % Na 17.95 18.1 17.9 18
Nang, m.p., T/K 619.2 633.2 627.2 626.2
Peritectic, Nangzggqﬂge (ref. 12), or NalZHEIS (ref. 11)‘D
/R 491,2 500.2 494.8 496%5
(495.2)¢
at % Na 47.6 48.1 47.5 48
(47.6)¢
Peritectic, Na7Hg8 (or Nalzﬂgla)-NaHg
T/K 483.2 492,2 485.4 c 488
(485.9)
at % Na 50.6 50.9 51.5 51
(51.0)¢
Peritectic, I\Ia}lg--l\laaﬂ_g.2
T/K (392.2) 396.2 391.7 c 394.2
(393.2)
at % Na 63 61.9 63.3 c 62
(62,5)
Peritectic, Naaggz-ggéﬂgz
T/X 340.2 339.2 338.9 339.2
338.7)°¢
at % Na 71.9 71.8 71.7 c 71.8
(73.5)
Peritectic, Nasggz-ﬂgaﬂgi
T/ - 307.2 307.6° 307.2
at % Na - 84.1 83.4 c 84.1
(83.7)
Eutectic, Na3Hg-Na
T/R 294.4 ) 294.,6 294.6 294.6
at % Na 85.09 85.2 85.2 85.2
Na, m.p., T/K 369.60 - 370.65 c 370.65
(370.75)

(a)

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

For T/K <428.2 Kurnakov (9) considered the composition of the coexisting solid
phase to be Nalgs or Nalgg.

Kurnakov (9) specified the composition as NaHgp only, for (2 > n > 1).
According to Vanstone's second series of measurements (12).

Vanstone (12) assigned this peritectic to NajHgp-NagHg.

Taken as the temperature of polymorphic transformation of NasHg (12). Moreover,
NajoHg3 undergoes (l11) a polymorphic transformation at 453.2 K. Similar
polymorphic transformations of NasHgy were observed by Schiiller (11) at 333.2
and 322.2 K, respectively, whereas Vanstone (12) ascribed these transformations
(at 333.2 and 325.2 K, respectively) to NasHga.
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Sodium

COMPONENTS :

(1) Sodium; Na; [7440-23-5]
(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

J. Balej
Institute of Inorganic Chemistry
Czechoslovak Academy of Sciences
Prague, Czechoslovakia

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

CRITICAL EVALUATION:

(continued)

Warsaw, Poland
July, 1985

TABLE II

Recommended Smoothed Solubility of Sodium in the Hg-Rich Region
T/K 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 NaHg,
273.2 4,25 NaHg4
293.2 5.10 NaHg4
298.2 5.40 Nath
313.2 6.15 NaHg4
333.2 7.33 NaHg4
353.2 8.67 Nalg,
373.2 10.2 NaHg4
423.2 16.0 NaHg,
430,2 18.0 NaHg4 + NaHg2 peritectic
498.2 20.3 NaHg,
523.2 21.5 Nalig,
573.2 24.9 Nalig,
623.2 31.4 Nalig,
626.2 33.3 NaHg2 M.P.

.-
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COMPONENTS :

(1) Sodium; Na; [7440-23-5]
(2) Mercury; Hg; [7439-97-6]

_—

CRITICAL EVALUATION:

EVALUATOR:
J. Balej

Institute of Inorganic Chemistry
Czechoslovak Academy of Science
Prague, Czechoslovakia

C. Guminski; Z.

Galus

Department of Chemistry
University of Warsaw
Warsaw, Poland

July, 1985

At % Na

Fig. 1. The Na-Hg phase diagram. Eutectics
at 2.6 and 85,2 at % Na.
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COMPONENTS : EVALUATOR:

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

. . —q7- Institute of Inorganic Chemistry
(2) Mercury; Hg; [7439-97-6] Czechoslovak Academy of Sciences

Prague, Czechoslovakia

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

CRITICAL EVALUATION: (continued) Warsaw, Poland

July, 1985
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COMPONENTS :

(1) Sodiumj Na; [7440-23-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Maey, E.
Z. Phys. Chem. 1899, 29, 119-38.

VARIABLES :

Room temperature measurement

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

temperature was probably 293 K (compilers).

The following phases were reportedly found:

v

Solubility of sodium at room temperature was reported to be 0.62 mass %. The
corresponding atomic % solubility calculated by the compilers is 5,2 at %. The

NaHgS, Nang. NaHg, Na,Hg.

3

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 + 17
(compilers).

Temp: nothing specified.

REFERENCES ;
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Sodium

COMPONENTS

(1) Sodium; Naj; [7440-23-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Heycock, C.T.; Neville, F.H.
J. Chem. Soc. 1889, 666-76,

VARIABLES:

Temperature: 83-97°C

PREPARED BY:

C. Guminski; Z, Galus

EXPERIMENTAL VALUES:

t/°C
96.6
95.95
95.38
94.46
93.64
92.25
90.93
83.35

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

Soly/at %
0.1982

0,333
0.4588
0.6599
0.840
1.172
1.454
3.127

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE:

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

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.
Temp: precision + 0.05 K.

REFERENCES ;

™
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COMPONENTS :

(1) Sodium; Na; [7440-23-5]
(2) Mercury; Hg; [7439~97-6)

ORIGINAL MEASUREMENTS:

Tammann, G.

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

VARIABLES:

Temperature

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

mercury was added to pure sodium:

Sodium Content

-AT/K mass % at 722
0.39 0.022 0.19
0.72 0.043 0.37
2.23 0.112 0.96

aby compilers

original publication.

The melting point depression, —-AT/K, when sodium was added to pure ﬁercury and when

Mercury Content

=AT/K mass % at %°
0.01 0.11 0.013
0.11 0.33 0.038
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

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

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: nothing specified.

Temp: precision + 0.05 K,

REFERENCES :
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Sodium

COMPONENTS ¢

(1) Sodium; Na; [7440-23-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Guntz, A.; Férée, J.

C.R, Acad. Seti., Ser. 2, 1900, 131,
182-4.

VARIABLES:

Room temperature

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

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

Crystals of the following formulae were reported to exist in the solid phases:
NaHgg, Nalgg, NaHgs, and NaHgy.
pressure to yield solid NaHg, and liquid amalgam containing 0.57 mass % Na.

Solid NaHgg was reported to decompose under

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

SOURCE AND PURITY OF MATERIALS:

The amalgams were prepared by dissolution Nothing specified.
of sodium in mercury; The solids were
separated by filtration of the saturated
amalgam through chamois leather.

ESTIMATED ERROR:

Soly: nothing specified; precision
probably better than few percent
(compilers).

Temp: nothing specified.

REFERENCES :

.- -
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Sodium; Na; [7440-23-5] Kerp, W.; BSttger, W.; Winter, H.
(2) Mercury; Hg; [7439-97-6] 2, Anorg. Chem. 1900, 25, 1-71.
VARIABLES: PREPARED BY:
Temperature: 0-161°C C. Guminski; Z. Galus
EXPERIMENTAL VALUES:
The solubility of sodium in mercury:
t/°C mass % at 22 t/°C mass % at 22 t/°C mass % at 28
0 0.53 4,44 40.5 0.72+0.01 5.95 90.4 0.9810.02 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 0.9220.01 7.49

————

aby compilers

The authors made some systematic errors in their experiments; the result at 0°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 NaHg, at 0 to 40°C, and NaHg, at 42 to 100°C.

AUXILIARY INFORMATION

f———

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

A solid Na-Hg alloy was first prepared Mercury was purified with HNO3, dried
in a closed container. Samples were and filtered,

prepared by diluting the alloy with Hg

accompanied by heating. The investigated Sodium purity not specified.

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 atmgsphere above
100°C. The filtrates and Irystals were
analyzed by addition of excess standard
HC1l and back-titrating with standard

baryta water. ESTIMATED ERROR:
Soly: precision better than + 3%.
Temp: nothing specified.

REFERENCES :

1. Kerp, W.
Z. Anorg. Chem. 1898, 17, 284,
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Sodium; Na; [7440-23-5] Kurnakov, N.S.
(2) Mercury; Hg; [7439-97-6] 2. Anorg. Chem. 1900, 23, 439-62.
Zh., Russ. Fiz. Khim. Obghch. Ser Khim.
1899, 31, 921-48.
VARIABLES: PREPARED BY:
Temperature: 16-346°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The freezing points of sodium alloys over the complete composition range were

6-14, 26-30, 39, 45-50 and 99 at %.

reported; the liquidus composition corresponds to the solubility:

Soly Soly Soly Soly Soly
t/°c at % t/°C at % t/°C at 7% t/°C at % t/°C 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):

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.

precision + 0.2 K below 473 K;

Temp: +
+ 1 K above 473 K.

REFERENCES ;
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COMPONENTS :

(1) Sodium; Na; [7440-23-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Schiiller, A.
Z. Anorg. Chem. 1904, 40, 385-99.

VARIABLES :

Temperature: (~48)-360°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

_t/°
~48.2
159
360
227
219
123
66.2
33.9
21.4

Solidification temperatures of sodium amalgams:

at % Na

2.8
18.1
33.3
48.1
50.9
61.9
71.8
84,1
85.2

The complete phase diagram was presented and the existence of the following solid
phases were reported: NaHg4, Nang, Nalegl3, NaHg, Na3Hg2, NaSHgZ, Naaﬂg.

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 7.

Temp: precision + 0.5 K.

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Sodium; Na; [7440-23-5] Vanstone, E.

(2) Mercury; Hg; [7439-97-6] Trang. Faraday Soe. 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, 1 and II, were presented for amalgams from different methods
of preparation.

I.

— _t/°C Soly/at % t/°C Soly/at % t/°c 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 i7.6 220. 49.16 83. 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

(continued next page)
AUXILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
(I) Na was melted in a current of dry CO, Nothing specified.

and made to flow via a glass tube into a
prewelghed tube filled with COz. 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 COj. ESTIMATED ERROR:
Freezing points were determined by heating
and cooling amalgam tubes in various types
of baths and with use of gaseous and liquid | Temp: precision + 0.2 K.
thermometers, depending upon temperature

Soly: nothing specified.

range. REFERENCES :

(continued next page)
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COMPONENTS :

(1) Sodium; Na; [7440-23~5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Vanstone, E.

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

VARIABLES:

Temperature: (-47)-354°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES: (continued)

Soly/at %

II.

t/°C Soly/at 7% t/°C Soly/at % t/°C
234.6 47,26 152.2 60.05 67.0
222,1 47.88 134,2 61.70 67.2
221.4 48,38 119.4 63,04 53.9
219.2 49,27 113.6 66.48 34.4
217.1 49,89 113.2 66.73 37.7
2147 50.52 91.8 70.57 31.8
210.4 52,58 77.6 72.51 35.6
203.8 54.26 75.6 72,65 49.2
188.8 56.54 65.1 74.88 75.2

The following phases were reported: NaHgA, Nang, Na7HgS, NaHg, Naaﬂgz, Na3Hg.

75.55
77.49
80.20
82.18
83.26
84.13
87.62
89.99
95.06

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE:  (¢ontinued)

(I1) 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 ailr or moisture at any time.

Hg was added to molten Na as in method (I),
and freezing points determined similarly.

SOURCE .AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :




28 Sodium
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Sodium; Na; [7440-23-5] Bent, H.E.; Swift, E.

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

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

VARIABLES :

Temperature: 5-25°C

PREPARED BY:

C. Guminski; Z. Galus; M. Salomon

EXPERIMENTAL VALUES:

The experimental EMF (E; and Ej; for the cel
added algebraically to give all potentials

-+

log(al/xl) =a + bx1

Eq [3] was used to compute the soly of Na (
in the following table.

1ls given in eqs [1] and [2] below) were
in terms of E;. These data were fitted by

least squares to the following smoothing equation:

exy (3]

where aj and x; are, respectively, the activity and mole fraction of Na in the amalgam.

see below), and the results are summarized

t/°C xl(sat) fl* —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

from eq [3].

Kk
Constants of eq [3].

*
Rational activity coefficient of Na in satd slns calcd by compilers

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ;
EMF's were measured for eight amalgams and
solid Na using the following cells:
Na(Hg)_ |Nal, DMA|Na(Hg) (1]
a a
1 2
and

Na(s) |NaI, DMAINa(Hg)a [2]
2

where DMA is dimethylamine. The concn of
Nal was not specified, but the EMF's of
these cells are independent of Nal concn.
Amalgams prepared by distilling Hg into Na.
Detalls on manipulation of amalgams and
filling of the cells not given, but probably
as in (1). Amalgams analyzed by titrn with
stnd Hy80; using brom thymol blue indicator.
Titrns were performed in quartz flasks under
a stream of COp-free air, and said to be
reproducible to 0.02%. The authors state
that the EMF's of cell (2}, Ep, 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 HNO3 and filtered, and Na
melted and filtered. Dimethylamine
distilled onto Ca0 and then onto sodium
and benzophenone. Nal 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: + 0.01°C.

REFERENCES ;

1. Bent, H.E.; Gilfillan, E.S. J. Am. Chem.
Soe., 1933, 55, 3989.

2. Bent, H.E.; Forziati, A.F. J. Am. Chem.
Soe., 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.
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COMPONENTS :

(1) Sodium; Naj; [7440-23-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Inoue, Y.; Osugi, A,

J. Electrochem. Soc. Japan 1952, 20,
502-4.

VARIABLES :
Temperature: (-48)~190°C

PREPARED BY:
C. Guminski; 2. Galus

EXPERIMENTAL VALUES:
Solubility of sodium in mercury:

Soly

t/°C mass 7 at %2
=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 6.11
60 0.82 6.73

aby compilers

Soly
t/°C mass % at 28
70 0.94 7.65
80 1.00 8.10
90 1.05 8.47
100 1.11 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

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: Nalgg, NaHgg, Nalgy, Nalgg, Nalgg, Nalg)g, Nalgj,
and NaHg;s. The disagreement with other published works 1s 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 ;
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COMPONENTS :

(1) Sodium; Naj [7440-23-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

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

Prikl. Teoret. Khim., Alma-Ata 1974,
No. 5, 76-82.

VARIABLES:

One temperature: 25°C

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 7 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 varilous 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. Vyesh. Ucheb. Zaved., Khim. Khim.
Tekhnol. 1977, 20, 1468.

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

(1) Sodium; Na; [7440-23-5]
(2) Mercury; Hg; [7439-97-6)

ORIGINAL MEASUREMENTS:

1. Lange, A.A.; Bukhman, S.P.;
Makarova, I.A.
Izv, Akad. Nauk Kaz. SSR, Ser. Khim.
1977, 27, No. 6, 61-3,

2. Same authors.
Elektrokhimiya 1979, 15, 618-23.

VARIABLES :

Temperature: 20-80°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of mercury:

Soly
t/°C mass % at 22 Reference
20 0.58 * 0.02 4,84 1
20 0.58 4.84 2
40 0.75 * 0,03 6.18 1
40 0.76 6.26 2
60 0.86 + 0.07 7.04 1
60 1.03 8.32 2
80 1.00 £ 0.07 8.10 1
a
by compilers
AUXILIARY INFORMATION

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 1l:1 water-ethanol at
60 and 80°C, 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)

ORIGINAL MEASUREMENTS:

Balej, J.
Chemicke Zvesti 1979, 33, 585-93.

VARIABLES :

Temperature: 225-421 K

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of sodium in mercury:

T/K Soly/at % T/K Soly/at %
232.0 0.8435% 320.95 6.534
229.82 1.483% 338.15 7.65
225.4 2.55242 363.15 9.42
227.4 2.829° 368.15 9.766
288.15 4.870 382.35 11.002
298.15 5.40 393.15 12.05
306.65 5.763 397.35 12.473
313.15 6.25 421.65 17.134
8Results 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/103 g Hy0) NaCl0y
in propylene carbonate was used (2). 2%
MgO~doped B-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 T/K < 363;
+ 0.2 K at T/K > 363.

REFERENCES :

1. Balej, J.; Biros, J. Coll. Czech. Chem.
Commun. 1978, 43, 2834.
2. Balej, J.; Dousek, F.P.; Jansta, J.
Coll. Csech. Chem. Commun. 1977, 42, 2737.
3. Balej, J.; Dousek, F.P.; Jansta, J.
Coll. Czech. Chem. Commun. 1978, 43, 3123.
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COMPONENTS :
(1) Potassium; K; [7440-09-7]
(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

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

July, 1985

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 Féré&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 Bemnett (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).
Filippova 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

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 7 at 298 K is clearly too high.

As shown in Fig. 1, the saturated potassium amalgams are in equilibrium with various

compounds in this system,

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

T/K

273.2
293.2
298.2
323
373
473
543

aInterpolated value from data of (5).

of (8,9).

Soly/at %

1.27 (r)
2,25 (r)
2.53 (r)
4.5

1

24 (r)

33.3

Reference

(8,91
(7-9]
(8,91
[5]
{5]
{5,12]
(51

(continued next page)
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COMPONENTS : EVALUATOR:

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

Potassium; K; [7440-09-7] C. Guminski; Z. Galus
Department of Chemistry
University of Warsaw
Warsaw, Poland

1.
2.
3.
4.
5.

6.
7.
8.
9.
10.
11.
12.
13.
14,

15.
16.
17.
18.
19,

20.

21.

22,

July, 1985
CRITICAL EVALUATION:
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Fig. 1. The K-Hg phase diagram (22).
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COMPONENTS :

(1) Potassium; K; [7440-09-7)
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Tammann, G.
Z. Phys. Chem. 1889, 3, 441-9.

VARIABLES :

Temperature

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

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

Potassium Content

AT/K mass % at 722
0.27 0.018 0.092
0.42 0.030 , 0.15
0.73 0.091 0.46
1.04 0.111 0.567
1.24 0.136 0.693
a
by compilers.
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

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

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision + 0.05 K.

REFERENCES :
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COMPONENTS :

(1) Potassium; K; [7440-09-7]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Kurnakov, N.S.
Z. Anorg. Chem. 1900, 23, 439-62;

Zh. Russ. Fiz. Khim. Obehch., Ser. Khim.
1899, 31, 921-48.

VARIABLES:

Temperature: 33-269°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

liquidus concentrations are as follows:

Freezing points of the amalgams were reported; the solubilities corresponding to the

t/°C Soly/at % t/°C Soly/at % t/°C Soly/at % t/°C 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 2121.0 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 + 1 K above 474 K.

REFERENCES :




Potassium

37

COMPONENTS :

(1) Potassium; K; [7440-09-7]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Guntz, A.; Féree, J.

C.R. Acad. Sei., Ser. 2 1900, 131,
182-4,

VARIABLES :

One temperature: room temperature

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

.

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

Solid phase analysis suggested the existence of the compounds, KHglO’ KHg12 and

KHng'

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

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

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified; precision no
better than few percent (compilers).

Temp: unothing specified.

REFERENCES ;
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Potassium; K; [7440-09-7] Kerp, W.; Bbttger, W.; Winter, H.
(2) Mercury; Hg; [7439-97-6] Z. Anorg. Chem. 1900, 25, 2-71.
VARIABLES: PREPARED BY:
Temperature: (~12)-200°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES: 1

Solubility of potassium in mercury:

t/°C Soly/mass % Soly/at %2
-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 KHg12 and KHglO.

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 : SOURCE AND PURITY OF MATERIALS:

Amalgams were obtained by electrolysis of Nothing specified.
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.

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

Temp: nothing specified.

REFERENCES :
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COMPONENTS :

(1) Potassium; K; [7440-09-7]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Smith, G.McP.; Bennett, H.C.
J. Am. Chem. Soc. 1909, 31, 799-806.
ibid. 1910, 32, 622-26.

VARIABLES:

One temperature: 20°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

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

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

KHg11 or KHng'

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The amalgam was prepared by electrolysis
of saturated KCl 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 HCl, with subsequent addition
of excess 0.1 mol dm~3 NaOH and back-
titration with 0.1 mol dm™3 HC1.

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]

ORIGINAL MEASUREMENTS:

Bent, H.E.; Gilfillan, E.S.
J. Am. Chem. Soc. 1933, 65, 3989-4001.

VARIABLES:

Temperature: 0-27°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of potassium in mercury:

t/°C Soly/at % Soly/Mass %
0 1.271 0.250
6.15 1.544 0.305
14.35 1.951 0.386
15.00 1.986 0.393
18.82 2.191 0.435
23.09 2.428 0.483
25.00 2.536 0.505
26.79 2.638 0.525

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

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

K(Hg)y|KI in ethylamineIK(Hg)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 HZSOA'
with bromothymol blue indicator, in an
atmosphere of Coz-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. Chem. Soe. 1936, 58, 2200.
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COMPONENTS :

(1) Potassium; K; [7440-09-7]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Armbruster, M.H.; Crenshaw, J.L.
J. Am. Chem, Soc. 1934, 56, 2525-34,

VARIABLES :

Temperature: 0-35°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of potassium in mercury:

_t/°c g K/100 g Hg Soly/at %*
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 K,COj
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); in a COp-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)sathcl soln|K(Hg)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 Z.

Temp: precision + 0.01 K.

REFERENCES:
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COMPONENTS ¢

(1) Potassium; K; [7440-09-7]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Schuhmann, H.; Kaltwasser, K.
Z. Phys. Chem, 1962, 219, 168-70,

VARIABLES:

Temperature: 189-265°C

PREPARED BY:

C. Guminski; 2. Galus

EXPERIMENTAL VALUES:

read from the curve by the compilers.

A partial phase dlagram was presented by the authors; the liquidus data points were

t/°C Soly/at % t/°C

265 30.2 218
258 28.7 214
246 28.0 215
237 27.3 210
235 27.2 213
240 27.0 211
236 26,7 206
230 26.7 209
231 26.3 206
225 26.0

Soly/at % t/°C Soly/at %
25.7 203 24,0
25.4 204 23.8
25.3 201 23.6
25,1 199 23.5
25.1 197 23.3
24.7 195 23.0
24,6 194 22.9
24.4 193 22,7
24.2 192 22.5

189 22.3

The existence of the compounds, KHgg and KHgy, 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 degomposing the amalgam with
0.05 mol dm™~ sulfuric acid, and the excess
acid was back-titrated. The residual Hg
was welghed 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 99.57%.

Mercury was purified chemically, then
twice distilled.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision + 1 K.

REFERENCES :
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COMPONENTS :

(1) Potassium; K; [7440-09-7]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

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

Izv. Vyssh. Ucheb. Zaved., Khim. Khim,
Tekhnol, 1978, 21, 316-9.

VARIABLES :

Temperature: 25-40°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of potassium in mercury:

£/°C Soly/mol dn”>
25 2.1
25 -
40 2.86

Soly/at 7 Reference
3.0 £ 0.1 1,2,3,4
3.23 5

4.0 £ 0,1 1

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.

Soly:
Temp ¢

ESTIMATED ERROR:

precision no better than + 37%.
nothing specified.

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.

Izv. Vyssh. Ucheb. Zaved., Khim.
Izv. Vyssh. Ucheb. Zaved., Khim.

Ukr. Khim. Zh. 1978, 44, 791-3,
Izv. Vyssh. Ucheb. Zaved., Khim,

T o




44 Rubidium

COMPONENTS : EVALUATOR:
(1) Rubidium; Rb; [7440-17-7] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

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 Hg:

I/K Soly/at % Reference
227 0.7 (4]

273 2P (4,1]

293 3.0¢ [3,7]

298 3.2 (r) [1,2]

323 4.89 [2]

373 9.6 (2]

459 202 (4]

470 22 [4]

530 33.3b [4]

Eutectic point.
Extrapolated value from data of cited references.

Mean value from data of cited references.

o N o op

Interpolated value from data of cited reference.

(continued next page)
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COMPONENTS : EVALUATOR:
(1) Rubidium; Rb; [7440-17-7) C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985
CRITICAL EVALUATION: (continued)
mass %
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oK 390“ | LK I
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Fig. 1. The Rb-Hg phase diagram (5).
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46 Rubidium
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Rubidium; Rb; [7440-17-7) Kerp, W.; BSttger, W.; Winter, H.
(2) Mercury; Hg; [7439-97-6] 2. Anorg. Chem, 1900, 25, 1-71.
VARIABLES: PREPARED BY:
Temperature: 0-25°C C. Guminski; 2. Galus

EXPERIMENTAL VALUES:

Solubility of rubidium in mercury:

t/°C Soly/mass % Soly/at 28
0 0.92 £ 0,02 2,13
25 1.37 + 0.02 3.16
a
by compillers
Solid phase analysis showed the presence of Rngll'

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The amalgams were obtained by electrolysis
of RbCl 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.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:

Soly: precision + 2%, but appears to be
less precise to compilers.
Temp: nothing specified.

REFERENCES:
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COMPONENTS :

(1) Rubidium; Rbj [7440-17-7]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Kurnakov, N.S.; Zukovsky, G.J.
Z. Anorg. Chem. 1907, 52, 416-28.

VARIABLES:

Temperature: 26~148°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

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

_t/°c Soly/at %
147.7 14.64
138.8 (136.5)  13.37
132.3 12.59
127.5 11.95
117.2 10.71
104.6 9.85
91.4 9.04
78.3 8.31
74.5 8.10
70.5 7.95

t/°C Soly/at %
69.1 7.87
70.2 7.80
69.4 7.55
68.5 7.32
66.3 6.88
62,7 6.30
56.9 5.64
48.5 4.77
36.6 3.97
26.4 3.31

AUXILIARY INFORMATION

specified.

METHOD /APPARATUS /PROCEDURE :

The samples were analyzed

alkacimetrically to determine the
rubidium content., Solidification
temperatures were determined as the
samples were cooled.

SOURCE AND PURITY OF MATERIALS:

The method of amalgam preparation was not Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision + 0.1 K.

REFERENCES ;
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Rubidium

COMPONENTS :

(1) Rubidium; Rb; [7440-17-7]
(2) Mercury; Hg; [7439~97-6]

ORIGINAL MEASUREMENTS:

Smith, G.McP.; Bennett, H.C.
J. Am. Chem. Soc. 1909, 31, 799-806;
Ibid. 1910, 32, 622-26.

VARIABLES :

One temperature: 19.5°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of rubidium in mercury at 19.5°C was reported to be 1.21 + 0.0l mass 7%.
The corresponding atomic % solubility calculated by the compilers 1s 2.79 at Z.

Solid phase analyses suggest the compounds Rngll or RnglZ'

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™ HCl was added to
the sample, then back-titrated with

0.1 mol dm™3 NaOH.

SOURCE AND PURITY OF MATERIALS:

"Wery pure salts" from Kahlbaum were
used.

Mercury purity not specified.

ESTIMATED ERROR:

Soly: precision + 1Z.
Temp: nothing specified.

REFERENCES :
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COMPONENTS ¢

(1) Rubidium; Rbj [7440-17-7]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

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

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

VARIABLES:

Temperature: (-6)-255°C

PREPARED BY:

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:

alkali metals. The salt was then
to prepare metallic Rb.

negative,

95% purity RbjS0;, was first purified to
a product with 0.01% impurities in other

used

Mercury was purified by vacuum distillation.

Test for calcium in the amalgams was

ESTIMATED ERROR:

Temp: precision + 0.5%.

Soly: precision better than + 0.5%.

REFERENCES ;
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COMPONENTS : EVALUATOR:
(1) Cesium; Cs; [7440-46-2] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

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 yilelding 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 7
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. l; 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:

T/K Soly/at % Reference
227 28 (1]

273 3.0 [3]

293 4.1 [2]

298 4.4 [3]

323 5.5 [1,3]

373 7.4 [1]

413 10 (1]

473 31 [1

481 33.3 [1]

8putectic point.

bInt:erpolated from data of cited references.

(continued next page)
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COMPONENTS : EVALUATOR:

(1) Cesium; Cs; [7440-46-2] C. Guminski; Z. Galus

@ ercurys g [7439-97-1

Warsaw, Poland

July, 1985
CRITICAL EVALUATION: (continued)
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Fig. 1. The Cs-Hg phase diagram (6).
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52 Cesium

COMPONENTS :

(1) Cesium; Cs; [7440-46-2]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Kurnakov, N.S.; Zukovsky,

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

G.J.

VARIABLES :

Temperature: (=47)-208°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Liquidus temperatures of cesium amalgams:

t/°C at % Cs t/°C at % Cs t/°C at Z 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 CspC03 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.

Mercury purity not specif

SOURCE AND PURITY OF MATERIALS:
CSZCO3 was supplied by Kahlbaum.

The magnesium was free of cesium.

ied.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision + 0.1 K.

REFERENCES :
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COMPONENTS ¢

(1) Cesium; Cs; [7440-46-2]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Smith, G.McP.; Bennett, H.C.
J. Am., Chem. Soe. 1909, 31, 799-807.

VARIABLES:

One temperature: 17°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of cesium in mercury at 17°C was reported to be 2.75 1'0.01 mass %.
The corresponding atomic % solubility calculated by the compilers is 4.09 at Z.
Analysis of the solid phase led to the formula Cng13.

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE ¢

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
with an excess of 0.1 mol dm™ NaOH. The
excess NaOH was back-titrated with 0.1

mol dm™2 HCL.

SOURCE AND PURITY OF MATERIALS:

"Very pure salts" from Kahlbaum were
used.

Mercury purity not specified.

ESTIMATED ERROR:

Soly: nothing specified; precision no
better than few percent (compilers).
Temp: nothing specified.
REFERENCES :

MM~Cx




54 Cesium
COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Cesium; Cs; [7440-46-2] Smith, G.McP.; Bennett, H.C.

(2) Mercury; Hg; [7439-97-6] J. Am. Chem. Soec. 1910, 32, 622-26.
VARIABLES: PREPARED BY:

Temperature: 0-26°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of cesium In mercury:

t/°C Soly/mass % Soly/at %
0 1,96 2.93
18 2.61 3.89
26 2.98 4,43

Analyses of the equilibrated solid phases separated by filtration and by
centrifugation suggested the formulae Cng13 or CnglZ.

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 0°C, then the contents of the
tube were rapidly centrifuged and the
solids were analyzed by alkacimetry: an
excess of 0.1 mol dm™ HC1l 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 HCI1.

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. Chem., Soe. 1909, 31, 799.
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COMPONENTS : EVALUATOR:

(1) Beryliium; Be; [7440-41-7] C. Guminski; 2. Galus
. . 97— Department of Chemistry
(2) Mercury; Hg; [7439-97-6] University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

Nerad (1) reported thgt the solubility of beryllium in mercury increases uniformly
from 2 x 1073 to 8 x 1074 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 107 at %. This value appears to be in agreement
with the estimates by Nerad (1). Strachan and Harris (3) could not detect the dissolution
of beryllium in mercury at room temperature, and these authors estimated that the solu=~
bility was below 2 x 107 at Z.

Zucker (4) heated a mixture of mercury and beryllium powder at 923 K for one hour,
and this author also reduced Be(II) 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 1072 at (5); these estimated values appear too high, as were the predicted
solubilities of a number of other amalgam systems. The formation of Belgy has been
reported for the Be-Hg system (6).

Tentative value of the solubility of Be in Hg at 644 K is 1 x 1074 at % (2).
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Beryllium

COMPONENTS :

(1) Beryllium; Be; [7440-41-7]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Wang, J.Y.N.
Nuel. Set. Eng. 1964, 18, 18~30.

VARIABLES:

PREPARED BY:

Temperature: 644 K

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

1.3 x 1074 at %.

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

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:

nothing specified; precision about
10% (compilers).

Temp: precision + 5 K.

Soly:

REFERENCES :




Magnesium 57

COMPONENTS: EVALUAFOR:
(1) Magnesium; Mg; [7439-95-4] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

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 7 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 Z.
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: 1less than 2.5 at % (9) and less than 8 x 1073 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.

T/R Soly/at % Reference
293 2.50 (r) 1,2,5
298 2.7 5,8
323 4.5% 2

373 9.3 2,7
473 20 (r) 2,4,7
573 26 4,7
673 318 4

773 37° 4

873 45 4

900 50.0 4,7

aInterpolated from data of cited reference
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COMPONENTS : EVALUATOR:
(1) Magnesium; Mg; [7439-95-4] C. Guminski; Z. Galus
Department of Chemistry
(2) Mercury; Hg; [7439-97-6] University of Warsaw
Warsaw, Poland
July, 1985

CRITICAL EVALUATION:
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COMPONENTS

(1) Magnesium; Mg; [7439-95-4]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Kerp, W.; Bbttger, W.; Iggena, H.
Z. Anorg. Chem. 1900, 25, 1-71.

VARIABLES:

Room temperature

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

by later workers.

The solubility of magnesium in mercury was reported to be 0.313 mass 7.

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
1s much too low (compilers). The compound,MgHgG, was found in the equilibrium
solid phase at room temperature. However, this compound has not been confirmed

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]

ORIGINAL MEASUREMENTS:

Cambi, L.; Speroni, G.

Atiil Reale Acead. Lincei, Ser. 5, 1915,
24, 734-38,

VARIABLES :

Temperature: 17-370°C

PREPARED BY:
G. Cuminski; Z. Galus

EXPERIMENTAL VALUES:

29 at 7% Mg.

Freezing points in the Mg-Hg system were reported for concentrations up to

Mg/at %
2.5

At the higher magnesium concentrations it was impossible to record the liquidus
curves because of the boiling of the amalgams at about 412°C.
equilibrium with the saturated amalgams was determined to be MgHgZ.

The solid phase in

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.
997 pure magnesium contained 0.367% of
Fe and Al.

ESTIMATED ERROR:
Soly: precision + 3%.

Temp: precision + 1 K.

REFERENCES ;




Magnesium

61

COMPONENTS ¢

(1) Magnesium; Mg; [7439-95-4])
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Loomis, A.G.
J. Am. Chem. Soe. 1922, 44, 8-19.

VARIABLES :

Temperature: 22°C

PREPARED BY:

C. Guminski; Z. Galus

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 Z%.

AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Amalgams were prepared in vacuo by Mercury was purified chemically and
warming Hg with an excess of Mg. The distilled in vacuo. Magnesium of high

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.

quality was carefully freed from all
oxides.

ESTIMATED ERROR:
Soly: accuracy * 0.3%.

Temp: not specified.

REFERENCES ;
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COMPONENTS ¢

(1) Magnesium; Mg; [7439~95-4]
(2) Mercury; Hg; [7439-97-6)

ORIGINAL MEASUREMENTS:

Beck, R.P.
Ree. Trav. Chim, 1922, 41, 353-61.

VARIABLES:

Temperature: 151-637°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

t/°C at % Mg
637 = 1 99.0
623 * 1 97.0
609 95.0
529 90.0
488 85.0
435 % 1 82.5
462 82.0
482 + 1 80.0
489 £ 1 79.0
485 £ 1 77.41
505 77.0
508 £ 1 76.0
518 £ 1 75.5
517 = 3 75.0
529 74.0
550 + 3 72.5

Crystallization temperatures of magnesium amalgams were reported.

t/°C at % Mg
569 + 3 70.0
578 + 1 68.0
579 67.5
576 66.67
566 65.0
562 + 1 62.0
562 60.0
587 57.5
607 55.0
624 £ 1 50.0
603 45,0
549 + 1 40.0
477 35.0
388 30.0
290 25.0
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 Kahlbaum 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.
Proc. Kong. Akad. Wetensch., Amsterdam,
1921, 23, 975.
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COMPONENTS ¢

(1) Magnesium; Mg; [7439-95-4]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Williams, E.J.
Phil, Mag. Ser. 6, 1925, 50, 589-99.

VARIABLES:

Temperature: &4°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

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]

ORLIGINAL MEASUREMENTS:

Danilchenko, P.T.

Zh. Russ. Fiz. Khim. Obshch., Ser Khim.
1930, 62, 975-88.

VARIABLES:

Temperature: 15-620°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

t/°C at % Mg
15 2.74
66 6.62
107 10.16
112 10.91
136 13.88
155 16.55
171 19.34
203 21,10
219 22.81
241 23.00
289 24,82
308 25.95
305 26.72
346 28.60
366 29.86
630 50.46
608 54.85
601 55.34
590 56.67
567 59.05
553 61,70

The freezing points of magnesium amalgams were reported,

t/°C at % Mg
558 64.42
570 66.67
569 67.52
558 70.84
552 71.84
544 72.58
534 73.50
518 74.09
508 75.24
502 76.25
487 78.44
472 79.95
461 81.09
454 81.47
448 81.91
487 85.14
497 86.04
537 89.64
560 91.77
590 93.25
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 Mg,P,0; 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 99.817%.

Mercury was double~distilled.

ESTIMATED ERROR:
Soly: mnothing specified.

Temp: mnothing specified; no better than

+ 1 K (compilers).

REFERENCES:
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COMPONENTS ¢

(1) Magnesiumj Mg; [7439-95-4]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

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

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

VARIABLES:

Temperature: 25°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of magnesium in mercury at 25°C was reported to be 1.955'mol dm_3.
The solubility in mass % and atomic 7 calculated by the compllers are 0.35 mass 7%

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:

2+
Mg(Hig) [Mg”" Mg (Hg)
The electrolyte was an ether solution of
MgBrCoHs. 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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COMPONENTS : EVALUATOR:

(1) Calcium; Ca; [7440-70-2] C. Guminski; Z. Galus

@ Horeuys s (7435-57-6

Warsaw, Poland
July, 1985

CRITICAL EVALUATION:

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 (1), 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 7 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, CaHgy and Calgj 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 1, for complete solubility range.

T/K Soly/at 7% Source
373 4 2

473 7.7 () 2,5
573 11 (r) 2,5,1
673 146.5% (r) 1,2
773 192 1

873 25 1

973 29 1

985 30 1

aInterpolated from data of cited references.
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COMPONENTS : EVALUATOR:

(1) Calcium; Ca; [7440-70-2] C. Guminski; Z. Galus

. . 97 Department of Chemistry
(2) Mercury; Hg; [7439-97-6] University of Warsaw

Warsaw, Poland

July, 1985
CRITICAL EVALUATION: (Continued)

mass %

1" 20 0 40 50 3 0 00 %0

T T T T T T T LB
1000 —1000

{11}

900}~ %00

To0r "

o
o

$00]=

00~ -1300

t/°C
H b3
4

J
4
200~ 200
0ol wo
L
[}
: " - - ~ & |& | 3
. EE IR E g LS B 5
13 3 |G 3 S |
! 3] [*] S v [¥)
=3 ft——t—rho e oo
“n |
: —-t00
=100k !
| L ) 1 I ) L
Hg 0 0 10 [} [T} 1) 10 "0 kY Ca
o
at % Ca

Fig. 1. The Ca-Hg system (1).
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Calcium

COMPONENTS :

(1) Calcium; Caj; [7440-70-2]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Cambi, L.; Speroni, G.

Atti Reale Accad. Lincei, Ser. 5 1914, 23
(2), 599-611.

VARIABLES:
Temperature: 109-300°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

t/°c
109
184
195
225
244
252
264
300

are too low.

Crystallization temperatures of calcium amalgams were reported.

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 7, the amalgam was

observed to boil at 377°C. The last three crystallization temperatures in the table

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

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

analyzed alkacimetrically.

temperatures were then determined in an
atmosphere of dry nitrogen or carbon
dioxide. The samples of the amalgams were

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.

ESTIMATED ERROR:
Soly: precision + 27,

Temp: wnothing specified.

REFERENCES :
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COMPONENTS ¢

(1) Calcium; Ca; [7440-70-2]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Eilert, A.
Z. Anorg. Chem. 1926, 151, 96-104.

VARIABLES:

Temperature: 115-372°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

aby compilers

and CaHga.

Crystallization temperatures of calcium amalgams were determined.

t/°C mass % Ca at % Ca®
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
115 0.93 4.49

Analyses of the solid phases showed the presence of the compounds CaHglo, CaHgs,

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 alkacimetrically: an excess

of standard HCl was added and back-
titrated with standard NaOH.

SOURCE AND PURITY OF MATERIALS:

Calcium purity was 99.2%; the metal
contained 0.8% Ca0, Mercury was purified
with HgpS04~H,50, solution and was
distilled under vacuum.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision + 0.25 K.

REFERENCES :
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:

(1) Ccalcium; Ca; [7440-70-2] Bruzzone, G.; Merlo, F.

(2) Mercury; Hg; [7439-97-6] J. Less-Common Met. 1973, 32, 237-41.
VARIABLES: PREPARED BY:

Temperature: 533-1234 K C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

were read from the curve by the compilers.

The data were presented as points on the phase diagram.

T/K Soly/at %
533 10
623 12.5
686 15
743 17.5
789 20
830 22.5
872 25
934 27.5
986 30
1018 23.5
1019 33.3
1017 35
1015 36.1
991 40
1121 45
1221 49,2
1234 50

T/K

1226
1199
1114
1036
935
891

804
789
793
796
794
789
764
759
1100

The points from the liquidus

Soly/at %

80.8
81l.4
95

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 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.

by method in (1).
pure.

SOURCE AND PURITY OF MATERIALS:
Calcium from Fluka was further purified

Mercury was 99.99%

ESTIMATED ERROR:
Soly:
Temp:

nothing specified.
precision + 2 K (compilers).

REFERENCES ;

1. Peterson, D.T.; Fattore, V.G,
J. Phys. Chem. 1961, 65, 2052.
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COMPONENTS : EVALUATOR:
(1) Strontium; Sr; [7440-24-6] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

Kerp (1) reported the first investigation on the solubility of strontium in mercury,
and he determined solubilities of 3.4 and 3.6 at 7 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 temperaturés 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, Bruzzome 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 dilagram
(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 2 Reference
273 1.6 2
293 2.3 2,3
298 2.58 2,3
323 3.2P 2
373 4P 2,5
473 60 2,5
573 9 5
673 13 5
773 220 5
873 24P 5
969 27 5

aExtrapolated from data of cited references.

Interpolated from data of cited references.
References
1. Kerp, W. Z. Anorg. Chem. 1898, 17, 284,

2. Kerp, W.; Bottger, W.; Iggena, H. 2. Anorg. Chem. 1900, 25, 1,
3. Smith, G.McP.; Bennett, H.C. J. Am. Chem. Soce. 1910, 32, 622; 1909, 31, 799.

4. Kozin, L.F. Fiziko-Khimicheskie Osnovy Amalgamnot Metallurgii, Nauka, Alma-Ata, 1964.

5. Bruzzone, G.}; Merlo, F. J. Leas-Common Metals 1974, 35, 153.




72 Strontium
COMPONENTS : EVALUATOR:
(1) Strontium} Sr; [7440-24-6] C. Guminski; Z. Galus
. . _a7_ Department of Chemistry
(2) Mercury; Hg; [7439-97-6] University of Warsaw
Warsaw, Poland
July, 1985
CRITICAL EVALUATION:
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COMPONENTS :

(1) Strontium; Sr; [7440-24-6)
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Kerp, W.; BYttger, W.; Iggena, H.
Z. Anorg. Chem. 1900, 25, 1-71,

VARIABLES:

Temperature: 0-81°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

aby compilers

at 0°C.
Snglz.

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

t/°C Soly/mass % Soly/at 28
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

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

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE :

The amalgams were prepared by electrolysis
of a saturated solutlon of SrClp 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 HNOj3, then
washed, dried and filtered.

SrCl2 purity not specified.

ESTIMATED ERROR:
Soly: precision better than + 10%.

Temp: nothing specified.

REFERENCES :




74 Strontium

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Strontium; Sr; [7440-24-61 Bruzzor., G.; Merlo, F.

(2) Mercury; Hg; [7439-97-6) J. Less-Common Met. 1974, 35, 153-7.
VARIABLES: PREPARED BY:

Temperature: 316-1122 K C. Guminski; 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 : SOURCE AND PURITY OF MATERIALS:
Appropriate amounts of both metals, to Strontium from Fluka was 99.8% pure.
yield approximately 25 grams of amalgam,
were placed in iron crucibles and the iron Mercury was 99.997% pure.

1lids 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. ESTIMATED ERROR:
Soly:' nothing specified.

Temp: + 2 K (compilers).

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
. o 1. Smith, G. McP.; Bennett, H.C.
(1) Strontium; Sr; [7440-24-6] J. Am. Chem. Soec. 1909, 31, 799-806.
(2) Mercury; Hg; [7439-97-6) 2. Same authors, ibid. 1910, 32, 622-26.
VARIABLES | PREPARED BY:
Temperature: 23°C C. Guminski; Z., Galus

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 Z%.

Chemical analysis of the solid phase suggested the compound Sng12_13.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The amalgam was obtained by electrolysis
of a saturated solution of SrCly. 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™ NaOH,

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

Mercury purity not specified.

ESTIMATED ERROR:

nothing specified; no better than
few percent (compilers).

Soly:

Temp: nothing specified.

REFERENCES :
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COMPONENTS : EVALUATOR:
(1) Barium; Ba; [7440-39-3] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6) Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

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. 1In 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.

/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
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COMPONENTS : EVALUATOR:
(1) Barium; Ba; [7440-39-3] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:
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Barium

COMPONENTS :

(1) Barium; Ba; [7440-39-3]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Kerp, W.; Bdttger, W.; Iggena, H.
2, Anorg. Chem, 1900, 25, 1-71.

VARIABLES :

Temperature: 0-99°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of barium in mercury.

t/°C Soly/Mass % Soly at %°
0 0.15 = 0.0l 0.22
ob 0.17 * 0.01 0.25
20 0.32 ¢ 0.02 0.47
21b 0.32 + 0.02 0.47
25 0.34 0.50
27.6 0.35 0.51
28.1 0.36 0.52
29.2 0.38  0.01 0.55
30 0.43 t 0.02 0.63
35 0.46 0.67
46 0.52 + 0.01 0.76
56 0.68 * 0.02 0.99
64.7P 0.81 £ 0.02 1.18
65 0.83 * 0.02 1.21
81 0.97 + 0.03 1.41
89.5 1.06 * 0.03 1.54
99 1.26 + 0.04 1.83
1
a
by compilers
bfrom ref. (1)
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Amalgams were prepared by electrolysis of
saturated BaCl, with circulating Hg as the
cathode; the solution was renewed several
times during the preparation. The amalgams
were filtered through a Gooch crucible
after various periods from the end of the
electrolysis. Barium content in the
filtrates was determined alkacimetrically.

SOURCE AND PURITY OF MATERIALS:

Mercury was purified with HNOj3, then dried
and filtered.

Barium purity not specified.

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

Temp: mnothing specified.

REFERENCES ;

1. Kerp, W.

Z. Anorg. Chem, 1898, 17, 284.
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COMPONENTS :

(1) Barium; Ba; [7440-39-3]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

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

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

VARIABLES :

Temperature: 24°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of barium in mercury at 24°C was reported to be 0.32 mass Z%.
in atomic % calculated by the compilers is 0.47 at %.

suggested the compound BaHng.

The solubility
Solid phase chemical analysis

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The amalgam was obtained by electrolysis
of saturated solution of BaClj; at 6-7 V,
then the resulting amalgam was washed and
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.,

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

Mercury purity not specified.

ESTIMATED ERROR:
Soly: nothing specified; probably no
better than few percent (compilers).

Temp: nothing specified.

REFERENCES :




80

Barium

COMPONENTS

(1) Barium; Ba; [7440-39-3]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Bruzzone, G.; Merlo, F.
J. Lesg-Common Metals 1975, 39, 271-6.

VARIABLES:

Temperature: 360-1095 K

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

T/K Soly/at %
360 2.3
410 4.0
446 6.2
528 8.5
619 10
696 12.5
710 13.7
731 14.5
745 15.5
762 16.5
770 17.0
773 17.4
777 17.8
781 18.2
789 19.5
790 21
782 22
769 23
763 24
857 26

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

/K

918
990
999
996
974
957
1052
log7
1095
1079
1060
967
888
764
701
667
725
855
939

The points from

Soly/at %

27.5
31.5
33.3
35

37.5
41.2

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
1ids 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 99.997% pure.

ESTIMATED ERROR:
Soly:
Temp:

nothing specified,
precision + 2 K (compilers).

REFERENCES :
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COMPONENTS :

(1) Barium; Ba; [7440-39-3]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

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

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

VARIABLES :

Temperature: 293-333 K

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of barium in mercury.

a

T/K Soly/mass % Soly/at %
293 0.43 0.63
313 0.64 0.93
333 0.75 1.09
a
by compilers
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The amalgam was obtained by electro-
reduction of Ba(II) on Hg from a solution
of 0.05 mol-dm™3 BaCl, in 0.5 mol-dm—3 LiCl,
Barium content in the amalgam was deter-
mined by decomposition of the amalgam with
0.1 mol-dm™3 HCl and gravimetric analysis
as BaS0;., Voltammetric 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.

SOURCE AND PURITY OF MATERIALS:
BaCly and LiCl were chemically pure.

Hg purity not specified.

ESTIMATED ERROR:
nothing specified.
precision + 0.5 K.

Soly:
Temp:

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Barium; Ba; [7440-39-3] Filippova, L.M.; Zhumakanov, V.Z.;
(2) Mercury; Hg; [7439-97-6] Klyukas, Yu.E.; Zebreva, A.I.

Izv. Vyash. Ucheb. Zaved., Khim. Khim,
Tekhnol., 1984, 27, 1241-2,

VARIABLES: PREPARED BY:

Temperature: 25°C 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 Z%.

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

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The heterogenous barium amalgam was Nothing specified.
obtained by an electrolytic method, but the ,

details were not specified. Barilum content
(Ngg) 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, Ny corresponds to the composition of
the saturated amalgam. All experiments
were carried out in an argon atmosphere.

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, Issled v Rastvorakh,
Alma-Ata, 1982, 40.
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COMPONENTS : EVALUATOR:

(1) Boron; B; [7440-42-8] C. Guminskil; Z. Galus
. . 97 Department of Chemistry
(2) Mercury; Hg; [7439-97-6] University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

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™7 at % at the same temperature. Neither of the estimated
solubilities can be recommended by the evaluators.

Based on the experimental observatlons 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

1. Kozin, L.F. Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR 1962, 9, 101.

2. Kozin, L.F. Fiztko-Khimicheskie Osnovy Amalgammoi Metallurgii, Nauka, Alma-Ata,
1964,

3. Wald, F.; Stormont, R.W. J. Less-Common Metals 1965, 9, 423.

4, Moffatt, W.G. The Handbook of Binary Phase Diagrams, Vol. I, Genium Publishing Corp.,
Schenectady, NY 1978,
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COMPONENTS : EVALUATOR:
(1) Aluminum; Al; [7429-90-5] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

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 1073 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 measurements 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 1072 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 Al-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:

Z/K Soly/at % Reference
293 0.014 (4

298 0.0162 [4,14]
373 0.10° (14,15]
473 0.51 [14]

573 1.3 [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)
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COMPONENTS : EVALUATOR:
(1) Aluminum; Al; [7429-90-5] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439~97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985
CRITICAL EVALUATION: (continued)
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Fig. 1. The Al-Hg system (17).

References
1. Mylius, F.; Rose, F. 2. Instrumentenk. 1893, 13, 8l.
2, Kremann, R.; Miler, R. Z. Metallk. 1920, 12, 311.
3. Strachan, J.F.; Harris, N.L. J. Inst. Metale 1956~57, 85, 17.
4. TFogh, I. Kgl. Dansk. Vidensk. Selsk. Mat. Fys. Medd. 1921, III, No. 15.
5. Shalaevskaya, V.N.; Igolinskii, V.A.; Kataev, G.A. Dep. VINITI, 588-75, 1975;
Abstracted in Zh. Fiz. Khim. 1975, 49, 1587; Uspekhi Polarogr. 8 Nakopl., Tomsk,
1973, p. 115,
6. Shalaevskaya, V.N.; Igolinskii, V.A. 2Zh. Prikl. Khim. 1975, 48, 1152.
7. TIgolinskil, V.A.; Shalaevskaya, V.N.; Guryanova, O.N.; Igolinskaya, I.M.;
Kotova, N.A. Sovr. Probl. Polarografii s Nakopleniem, Tomsk, 1975, p. 150.
8. Ziegel, G.; Peled, E.; Gileadi, E. FElectrochim. Acta 1978, 23, 363.
9. Kozin, L.F. Fiziko-Khimicheskie Osnovy Amalgamnoi Metallurgii,
1964.

10, Smits, A.; De Gruyter, C.J. Proc. Acad. Set. Amgterdam 1921, 23, 966;
Versl. Akad. Wetensch. 1921, 29, 747.

11, Smits, A. 2. Elektrochem. 1924, 30, 424,

12, De Gruyter, C.J. Rec. Trav. Chim, 1925, 44, 937,

13. Klemm, W.; Weiss, P. 2. Anorg. Chem. 1940, 245, 285.

14. Schmidt, W. Metall. 1949, 3, 10.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Aluminum; Al; [7429-90-5) Fogh, I.

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

Kgl. Dansk. Vidensk. Selsk. Mat. Fys.
Medd, 1921, III, No. 15.

VARIABLES:

Temperature

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

to be 0,385 + 0.002 and 0.0019 * 0.0001 mass

Solubility of aluminum in boiling mercury and at room temperature were determined

%, respectively. The respective atomic 7%

solubilities calculated by the compilers are 2.79 and 0.0l4 at Z%.

The author reported AljHgy 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
plece 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 A1203.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

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

Temp: nothing specified.

REFERENCES :
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COMPONENTS :

(1) Aluminum; Al; [7429-90-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

De Gruyter, C.J.
Rec. Trav. Chim, 1925, 44, 937-48.

VARIABLES:

Temperature: 369-652°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Crystallization temperatures were reported as a function of aluminum concentration:

t/°C at % Al t/°C at 7% Al t/°C 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;
not specified.

purity

Mercury purity not specified.

ESTIMATED ERROR:
Soly: nothing specified.

nothing specified; precision no
better than few degrees (compllers).

Temp:

REFERENCES :
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COMPONENTS :

(1) Aluminum; Al; {7429-90-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Klemm, W.; Weiss, P.
Z. Anorg. Chem. 1940, 245, 285-7,

VARIABLES :

Temperature: 422-595°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of aluminum in mercury:

t/°¢ Soly/at %
422 7.5
435 7.9
470 12.2
502 16.5
537 32.2
560 43.4
581 65.4
595 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 :

The metals were sealed in evacuated quartz
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 HCl, and the mercury was dried and
weighed. Aluminum in the solution was
determined as Aly03 after precipitation
with ammonium hydroxide.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIMATED ERROR:
Soly: precision + 1%.

Temp: precision + 2 K.

REFERENCES ;
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COMPONENTS ¢

(1) Aluminum; Al; [7429-90-5])
(2) Mercury; Hg; [7439-97-6)

ORIGINAL MEASUREMENTS:

Liebhafsky, H.A.
J. Am. Chem. Soec. 1949, 71, 1468-70.

VARIABLES :

Temperature: 76-400°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of aluminum in mercury:

ﬂby compilers.

bUnpublished data of Norton and Ha

t/°C Soly/mass % Soly/at %
76 9.0 x 1073 0.067
101 1.5 x 1072 0.11
103 1.7 x 1072 0.13
125 2.4 x 1072 0.18
160 3.5 x 1072 0.26
260 0.11 0.81
307° - 1.8
312 0.18 1.32
400° - 5.6

rrington (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 Hy 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. Anorg. Chem. 1940, 245, 285.
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Aluminum

COMPONENTS

(1) Aluminum; Al; [7429-90-5]
(2) Mercury; Hg; [7439~97-6]

ORIGINAL MEASUREMENTS:

Schmidt, W.
Metall. 1949, 3, 10-13.

VARIABLES :

Temperature: 60-300°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

t/°C
60
100
150
200
300

Solubility of aluminum in mercury:

aby compilers.

Soly/mass %

6 x 10~
1.2 x 10°
3.4 x 107
6.9 x 10~

0.17

Soly/at %°
0.045

0.089
0.25
0.51
1.25

3
2
2
2

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

published measurements.

Minchen, W. Germany.

No experimental details were given, but

the results compare favorably with other
The determinations
were performed in the laboratory of

Firma W. Schmidt, Leichtmetallhiitte, in

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Nothing specified.

REFERENCES ;




Aluminum
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COMPONENTS :

(1) Aluminum; Al; [7429-90-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Shalaevskaya, V.N.; Igolinskii, V.A.
Zh. Prikl. Khim., 1975, 48, 1152-4.

VARIABLES:

Temperature: 20-50°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of aluminum in mercury:

The above data were reported in (1) and (2).

t/°C Soly/lO3 mass % Soly/lO3 at 7
20 1.18 8.85
30 1.28 9.74
40 1.40 10.77
50 3.10% 16.33

4This value should be 2.22 x 10-3; the compilers attribute this
error to a misprint in the paper,

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE :

Small aluminum cylinder pressed exactly

into a silver tube was polished in 0.5%
solution of Hg (N03)2 for subsequent
amalgamation o% 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
KA107, 1 mol dm™3 KOH, 1.5 mol dm™3 KC1)

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. Igolinskii, V.A.; Shalaevskaya, V.N.;
Guyanova, O.N,; Igolinskaya, I.M.;
Kotova, N,A. Sovr. Probl. Polarografii
8 Nakopleniem, Tomsk, 1975, p. 150.
Shalaevskaya, V.N.; Igolinskii, V.A.;
Kataev, G.A. Dep. VINITI, 588-75, 1973;

abstracted in Zh. Fiz. Khim. 1975, 49,
1587,
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Aluminum

COMPONENTS :

(1) Aluminum; Al; [7429-90-5]
(2) Mercury; Hg; [7439-~97-6]

ORIGINAL MEASUREMENTS:

Ziegel, S.; Peled, E.; Gileadi, E.
Electrochim. Acta 1978, 23, 363-8.

VARIABLES :

One temperature: 303 K

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 7.

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
platipum wire. The electroreduction was
carried out in a solution of 1.3 mol dm™
AlBry + 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 1s 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. AlBrj3 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. HyS04, then rinse with 10%Z HNO4
and triple distilled Hy0, and vac.
distilled.

ESTIMATED ERROR:
Soly: precision about + 10% (compilers).

Temp: nothing specified.

REFERENCES ;




Gallium a3

COMPONENTS : EVALUATOR:

(1) Gallium; Ga; [7440-55-3] C. Guminski; Z. Galus
_97- Department of Chemistry
[7439-97-6] University of Warsaw
Warsaw, Poland

July, 1985

(2) Mercury; Hg;

CRITICAL EVALUATION:

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 Z%Z.

Spicer and Bartholomay (2) equilibrated the saturated amalgams at 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 %Z.
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
1liquid 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 Shiirmann and Parks (6) and by D'Abramo et al. (7) who determined the temperatures at
476,48 and 475.58 K, respectively. Schirmann 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 Z 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 Ga-rich region; in this region no
liquid phase is stable below 300.9 K. The solubility of 3.7 x 102 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)




94 Gallium

COMPONENTS : EVALUATOR:
(1) Gallium; Ga; [7440-55-3] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] 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

T/K Soly/at % Reference
254 1.1 11
273 1.9 10
293 3.1 Ga (solid) 5
3.3 Ga (liquid) 10
298 3.42
301 3.8 4
323 4,88 3,8,9
373 8.2 9
473 42 3
476 50.0 (r) 3,6,7

aInterpolated value from cited references.

204°

7 s

2772°
1.8

-39 7¢

t/°C
™~
=

30 <0 80 (3 10 [T 0 100
S ATOMIC PER CENT MEACURY 1]

at % Hg

Fig. 1. The Ga-Hg system (3).
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COMPONENTS :

EVALUATOR:

(1) Gallium; Ga; [7440-55-3] C. Guminski; Z. Galus

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

Department of Chemistry
University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION: (continued)

¢ilfillan, E.S.; Bent, H.E. J. Am. Chem. Soc. 1934, 56, 1661.

; Bartholomay, H.W. J. Am. Chem. Scc. 1951, 73, 868.
%, Phys. Chem., N.F. 1960, 24, 206.

Nizhnik, A.T.; Zvagolskaya, E.V. Zh. Neorg. Khim. 1961, 6, 1006.

P.; Druzhinina, E.P. 2Zh. Neorg. Khim. 1961, 6, 1902.

Schiirmann, H.K.; Parks, R.D. Phys. Rev. Letters 1971, 26, 367, 835.

3 Ricei, F.P.; Menzinger, F. Phys. Rev. Letters 1972, 28, 22,

Gaune-Escard, M.; Bros, J.P. Thermochim. Acta 1979, 31, 323.

Ph.D. Thesis, Karlsruhe, 1958; as cited in ref. (8).
U.S. At. Ener, Comm. Rep., NY0-2082-4, 1966.
U.S. At. Ener. Comm. Rep., NY0-2082-12, 1967.

Lindauer, G.C. U.S. At. Ener. Comm. Rep., BNL-50048, 1967.
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Stepanova, 0.S.; Zakharov, M.S. Izv. Tomsk. Politekhn. Inst. 1966, 151, 21,
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Gallium

COMPONENTS :

(1) Gallium; Ga;
(2) Mercury; Hg;

[7440-55~3]
[7439-97~6]

ORIGINAL MEASUREMENTS:

Nizhnik, A.T.; Zvagolskaya, E.V.
Zh. Neorg. Khim. 1961, 6, 1006-8.

VARIABLES:

Temperature: 30°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

was determined to be 1.36 mass 7.
compllers is 3.81 at Z%.

The solubility of gallium in mercury at 30°C was determined to be 1.3-1.5 mass 7
by a potentiometric method; by equilibration and chemical analysis the solubility
The atomic 7 solubility calculated by the

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 GaClj. 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
HC1 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:

Soly: no better than few percent (by
compilers).

Temp: nothing specified.

REFERENCES :
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97

COMPONENTS :

(1) Gallium; Ga; [7440-55-3]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Spicer, W.M.; Bartholomay, H.W.
J. Am, Chem. Soc. 1951, 73, 868-9,

VARIABLES:

Temperature: 35-100°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

at 35 and 100°C.

Mercury-rich

The solubility of gallium in mercury-rich and in gallium-rich regions was determined

Gallium-rich

aby compilers

the gallium was oxidized (compilers).

t/°C Soly/mass 7% Soly/at v Soly/mass 7% Soly/at %2
35 1.3 +0.1 3.6 93.3 1.0.4 97.6
100 1.4 3.9 9l.4 + 0.2 96.8

The result at 100°C for the Hg-rich region is too low, probably because part of

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Weighed portions of both metals were placed
in a glass tube and covered with a solution
of GaCly 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 HC1l 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: mnothing specified.

REFERENCES :




98 Gallium
COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Gallium; Ga; [7440-55-3] Predel, B.

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

Z. Phys. Chem., N.F, 1960, 2¢, 206-16.

VARIABLES:

Temperature: 337-477 K

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

I/k at 7 Hg
337 4.1
370 6.6
385 8.0
391 8.7
407 11.0
404 11.2
419 13.3
428 15.0
447 20.3
449 21.2
458 25,7
457 26.4
464 31.1

The data were reported graphically as a phase diagram for the Ga-Hg system.
liquidus data points were read from the curve by the compilers.

The

I/K at_% Hg
469 38.4
473 43.8
477 50.6
475 535.4
471 61.0
468 66.2
463 72.0
456 75.8
443 81.0
429 84.5
397 89.3
356 93.0
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 + 0.0l K in measurements,
but + 1 K in read-out values by
compilers.

REFERENCES :
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COMPONENTS :

(1) Gallium; Ga; [7440-55-3]
(2) Mercury, Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Yatsenko, S$.P.; Druzhinina, E.P.
Zh. Neorg. Khim. 1961, 6, 1902-4,

VARIABLES :

Temperature: 10-95°C

PREPARED BY:
C. Guminski; Z. Galus

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/°C Mass % gE_Zi Mass % gg_zi
10 0.86 2.44 (96.25)° (98.68)
22 1.13 3.19 (95.0)P (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 Gaj(S04)3 onto a mercury
cathode. The mixture was agitated and
equilibrated in a thermostat under a
Ga,(804) 4 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 HCl 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 ;




100 Gallium

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Gallium; Ga; [7440-55-3] Grosse, A.V.
(2) Mercury; Hg; [7439-97-6] U.S. At. Ener. Comm. Rep., NY0-2082-4,
1966,
VARIABLES: PREPARED BY:
Temperature: (-18.8)-20°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

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 3.28 + 0.05 at % for this metastable equilibrium.

The solubility of solid gallium in mercury at -18.8 and 0.0°C were determined to be
1.15 and 1.90 at %, respectively.

The determination at 0.0 and -18.8°C were probably made by the same method; the
result at 0,0°C was published in (1).

AUXILIARY INFORMATION

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

In the first determination the unsaturated Gallium from Aluminum Company of America
Ga amalgam was contacted with supercooled was 99.99% pure.

liquid Ga for about 30 h, and the area of

the liquid blister on the amalgam remained Mercury from Bethlehem Apparatus Co. was
constant for 2 weeks. The amount of Ga triply vacuum distilled materilal; impurity
dissolved was found from the mass balance content was less than 2 x 1079%.

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
amalgam and was warmed to about 40°C with
stirring in order to quickly dissolve the

Ga. The mixture was cooled and allowed to ESTIMATED ERROR:
stand for many hours at 20°C. The undis-
solved Ga blister was weighed to determine
the solubility. The heterogeneous Ga Temp: precision + 0.5 K.
amalgam was cooled to -18.8°C, It was

Soly: precision + 2%.

filtered and Ga content was determined in G,
the filtrate by addition of HCl at room REFERENCES :
temperature, Concentration of Ga was 1. Grosse, A.V,

calculated from amount of H, evolved by U.S. At. Ener. Comm. Rep., NY0-2082-12,

the reaction. 1967.




Gall

ium 101

COMPONENTS :

(1) Gallium; Ga; [7440-55-3]

ORIGINAL MEASUREMENTS:

1. Schirmann, H.K.; Parks, R.D.
Phys. Rev. Letters 1971, 26, 367-70.

(2) Mercury; Hg; [7439-97-6] 2, D'Abramo, G.; Ricei, F.P.; Menzinger, F.
Phys. Rev. Letters 1972, 28, 22-4.
VARIABLES: PREPARED BY:
Temperature: 203°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The critical temperature for miscibility at
203.32 + 0.50°C in (1).
(202.33°C by compilers).

The critical temperature reported by (2) was 475.48 + 0.01 K

50 at % Ga was determined to be

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,
3(R/Rc)/3T=0.

(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
10°C above the critical temperature. There
was a sharp change in transmission at the
critical temperature for complete
miscibility.

SOURCE AND PURITY OF MATERIALS:

(1) Gallium from Eagle-Picher Co., was
99.99% pure. Mercury from Beckman
Instruments was 99.99999% pure.

(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 K 10 (2).
REFERENCES ;




102 Gallium
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Gallium; Ga; [7440-55-3] Gaune-Escard, M.; Bros, J.P.
(2) Mercury; Hg; [7439-97-6] Thermochim. Acta 1979, 31, 323-39,
VARIABLES: PREPARED BY:
Temperature: 313-466 K C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

This work
I/R x(Na)
313 0.042 0.976
353 0.063 0.954
373 0.935% 0.938
423 0.150 0.870
466 0.360 0.720

3sbvious misprint in publication.

Liquidus points were determined from microcalorimetric measurements:

Unpublished work (1)

x(Na)
0.041 0.980
0.066 0.950
0.082 0.935
0,150 0.860
0.300 0.672

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
AHy vs. Xgg 18 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:
AHM:

Temp:

precision 2-6%.

not specified.

REFERENCES :

1. Amarell, G.
Disgert, Dokt. Naturwiss.,
1958.

Karlsruhe,




Indium 103

COMPONENTS : EVALUATOR:

(1) Indium; In; [7440-74~-6] C. Guminski; Z. Galus
. . _07- Department of Chemistry
(2) Mercury; Hg; [7439-97-6] University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

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 7% 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 (l4) 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 7% Im.

Kozin's (18) calculated solubility of 67.95 at % at 298 K 1s in good agreement with
the accepted experimental solubility of 70 at %Z. 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, Sundén (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 tl 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, InjjHg, InHg, Ian4 and InHgs or InHgg,have been identified with
some certainty, but others, such as InHgy;, InHgg, InHgy, IngHgy; and InyHg, are of
doubtful existence. Fig. 1 shows the phase diagram reported by (5).

(Continued next page)
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COMPONENTS : EVALUATOR:
(1) Indium; In; [7440-74-6) C. Guminski; Z. Galus

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

Department of Chemistry
University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION: (continued)
Tentative and recommended (r) values of In

Hg-rich Region
Soly/at % Ref.

T/K

235.6 34.4 (r)a
242.6
254.7
258.7
273.2
293.2
298.2
323.2

373

7.5
14.3 (r)2

(4]

aAverage of all reported data.

Summary of Melting Points of Congruently

solubility in Hg:

In-rich Region

Soly/at 7% Ref .

62.3 (r)?

64 (o)° 17,13
66.5 (r)?  [7,8]

68.0 (r) [6,20]
70.0 (4]

75.3 16

85 ()  [4,5,10,15]

bInterpolated from data in cited references.

TABLE 1

Melting Compounds and Eutectic Points

Melting Points, T/K

Eutectic Points

InHg, InHg,. InHg T/K at 2 In T/K 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 [41
258.6%0,3  254.0x0.3 235.8:0.3 34.0 242.,4:0,3 61,7 [7)

260.80.4 256.6x0,1 240,120,  34,3%0.5 244.6%0.1 63.610.5 [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 f10]
260t1 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]
259,220.5 255.0£0,5 236.4t0.5 34.9 243.5%0.5 62.5 [14]
258.2+0.5 254,6+0,5 235,7x0.5 35.0 241.7¢0,5 63,0 [5]

(Continued next page)
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COMPONENTS : EVALUATOR:
(1) Indium; In; [7440-74-6] C. Guminski; Z, Galus
(2) Mercury; Hg; [7439-97-6] 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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106 Indium

COMPONENTS :

(1) Indium; In; [7440-74-6]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Kozin, L.F.; Tananaeva, N.N.

Zh. Neorg. Khim. 1961, 6, 909-12,

VARIABLES:

Temperature: (-38)-150°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

the compilers:

t/°C at Z In t/°C at 7 In t/°C at 7 In
-38.0 0.1 ~-14.4 14.00 ~20.7 45.00
-37.1 0.25 -14.5 15.00 ~19.2 47.50
-36.0 0.30 ~-14.7 16,00 -18.9 48.00
=35.1 0.50 ~-14.9 17.00 -18.65 49,00
-33.2 1.00 -15.7 19.00 -18.6 50.00
-28.0 2.50 ~16.0 20,00 -18.65 51.00
~26.6 3.00 -18.2 22,50 -19,2 52,00
-24.5 4.00 =20.4 25.00 -20.5 55.00
-22.,5 5.00 -24.0 27.50 ~26.00 60.00
-18.4 7.50 -29.2 30.00 ~26.4 61.50
-16.9 9.00 =-32.6 32.00 -26.0 63.00
~16.0 10.00 ~31.4 35.00 +25.0 70,00
-14.83 12,00 -27.6 37.50 +37.0 72,50
=14.5 13.00 =24.9 40.00 53.0 75.00

Liquidus temperatures of the In-Hg system were abstracted from the phase diagram by

t/°C at % In
66.0 77.50
79.0 80.00
80.0 80.25
90.0 82.50
101.0 85.00
103.0 85.50
106.0 86.00
108.0 87.50
114.0 88.00
123.0 90.00
134.0 94.60
150.0 97.50

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

Separate alloys were prepared for each
composition from pure metals; the contain-
ment tube was probably glass. The samples

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,

were covered with a thin layer of glycerol.

vacuum.,

Indium was 99.999% pure.

SOURCE AND PURITY OF MATERIALS:

Mercury was purified by treatment with
HNO3-Hg2(NO3)2, then distilled twice in

ESTIMATED ERROR:

Soly: nothing specified.
Temp: precision + 0.1 K.

REFERENCES ;
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COMPONENTS :

(1) Indium; In; [7440-74-6]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Spicer, W.M.; Banick, C.J.
J. Am. Chem. Soc. 1953, 75, 2268-2269.

VARIABLES :

Temperature: 10-151°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The liquidus temperatures of indium-rich amalgams were reported:

t/°C mass % In at % In°
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
a
by 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
conc., 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 HNO3, washed, dried,
then distilled under vacuum.

ESTIMATED ERROR:
nothing specified.
precision + 0.02 K.

Soly:
Temp:

REFERENCES :
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COMPONENTS :

(1) Indium; In; {7440-74-6]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Ito, H.; Ogawa, E.; Yanagase, T.
Nippon Kinzoku Gakkaishi 1951, 15B, 382-4.

VARIABLES:

Temperature

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The melting point of InHgg, 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 ;




Indium 109

COMPONENTS ¢ ORIGINAL MEASUREMENTS:

(1) 1Indium; In; [7440-74-6] Sunden, N.

(2) Mercury; Hg; [7439-97-6] 2. EBlektrochem. 1953, 67, 100-2.

VARIABLES: PREPARED BY:

One temperature: 20°C C. Guminski; 2. Galus
EXPERIMENTAL VALUES:

Solubility of indium in mercury at 20.0°C was reported to be 55 mass %Z. The atom %

solubility calculated by the compilers 1is 68 at Z%.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The amalgams were prepared by dissolution
of indium in mercury under a nitrogen
atmosphere. Potentials of the cell,

Hg, Hg,Cl,, NaClIIn(ClOA)3|In(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.

ESTIMATED ERROR:

Soly: nothing specified; precision
probably no better than + 1%
(compilers).

Temp: nothing specified.

REFERENCES :

MM~E
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Indium; In; [7440-74-6] Kozin, L.F,
(2) Mercury; Hg; [7439-97-6] Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR
1962, 9, 71-80.
VARIABLES : PREPARED BY:
Temperature: 20-80°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of indium in mercury:
t/°C

20
50
80

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,

In(Hg) 0.1 mol dm™> In(Cl10
-3
dm NaC104|NaCl, Hg,Cl,, Hg

were determined. The solutions were
protected from oxidation with a stream
of pure nitrogen.
the logarithm of the amalgams concentra-
tion showed a breakpoint at saturation,

4)3, 0.9 mol

The plot of EMF against

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;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Indium; In; [7440-74-6] Eggert, G.L.
(2) Mercury; Hg; [7439-97-6] Trans. ASM 1962, 55, 891-97,
VARIABLES: PREPARED BY:
Temperature: (~36)-141°C C. Guminski; Z. Galus
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 % t/°C Soly/at % t/°C Soly/at % t/°C Soly/at % t/°C
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.

of America.

Mercury purity was 99.9995%.

SOURCE AND PURITY OF MATERIALS:
Indium was 99.98% pure from Indium Corp.

ESTIMATED ERROR:
Soly: nothing specified.
Temp: precision + 0.3 K.

REFERENCES ;
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COMPONENTS :

(1) 1Indium; In; [7440-74-6]
(2) Mercury; Hg; [7439~97-6]

ORIGINAL MEASUREMENTS:

Chiaranzelli, R.V.; Brown, O.L.I.
J. Chem. Eng. Data 1962, 7, 477-78.

VARIABLES :

Temperature: (-37)-11°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The liquidus temperatures of the saturated indium amalgams were determined:

a a

aby compilers.

mass % Hg at % m? #/°c mass % Hg at % In t/°C mass % Hg at Z In t/°C
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

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 99.99997% pure.

Indium was 99.9995% pure.

ESTIMATED ERROR:
Soly: precision better than + 0.7%.

Temp: precision + 0.02 K.

REFERENCES ;
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COMPONENTS ¢

(1) Indium; In; [7440-74-6]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Jangg, G.
Z. Metallk, 1962, 53, 612-14,

VARIABLES :

Temperature: (-37)-(~13)°cC

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The data were presented as a phase dlagram.

data were reported:

t/°C at % In
-13.2 16.6
-36.8 33.3
-18.5 50.0
~30.0 62.7

The following numerical liquidus

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 HpS80, then
triply-distilled under vacuum.

ESTIMATED ERROR:
Nothing specified.

REFERENCES ;
1, Spicer, W.M.; Banick, C.J.
J. Am. Chem. Soc. 1953, 75, 2268.
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COMPONENTS $ ORIGINAL MEASUREMENTS:
(1) 1Indium; In; {[7440-74-6) Coles, B.R.; Merriam, M.F.; Fisk, Z.
(2) Mercury; Hg; [7439-97-6] J. Lesa-Common Met. 1963, 6, 41-48.
VARIABLES: PREPARED BY:
Temperature: (-37)-143°C 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¢0.2%  34.720.2°  50.0:0.2%  61.5:0.4°  86.6°
t/°C -14.220.2 -37.220.2  -19.3%0.2 31.040.2 108+1

Other liquidus points were read from the phase diagram by the compilers:

at 2 In t/°C at 2 In t/°C at % In t/°C at % In t/°C
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 : SOURCE AND PURITY OF MATERIALS:
Desired quantities of each metal to yield Indium from Indium Corp. of America was
50-100 g of a given amalgam were melted better than 99.999% pure.
and stirred in an alumina crucible exposed
to air. Temperature of the melt was Mercury, 'Vacumetal" from Metal Salts
determined with a calibrated, glass~ Corp., was better than 99.999% pure.

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.

ESTIMATED ERROR:
Soly: precision + 17%.
Temp: precision + 0.2 K.

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Indium; In; [7440-74-6] Cusack, N.; Kendall, P.; Fielder, M.
(2) Mercury; Hg; [7439-97-6] Phil. Mag., Ser. 8, 1964, 10, 871-82.
VARIABLES : PREPARED BY:
Temperature: (-37)-(-16)°C C. Guminski; Z. Galus

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 7% t/°C Soly/at % t/°C
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 multiple
distillation and had only 107% mass %
of impurities.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: nothing specified.

REFERENCES ;
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COMPONENTS :

Indium

(1) Indium; In; [7440-74-6]
(2) Mercury; Hg; [7439-97-6]

VARIABLES:

ORIGINAL MEASUREMENTS:

Morawiletz, W.

Chem, Ing. Tech. 1964 36, 638-45,

Temperature

EXPERIMENTAL VALUES:

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 Z.

METHOD /APPARATUS /PROCEDURE :

AUXILIARY INFORMATION

The alloys were obtained by electro-
reduction, and thermal analysis curves

were recorded. Detailed description of
the method was not specified.

SOURCE AND PURLITY OF MATERIALS:

Indium was stated as being of high
purity.

Mercury purity not specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES :
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COMPONENTS

(1) Indium; In; [7440-74-6)
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

1. Kozin, L.F.; Sudakov, V.A.
Izv, Akad. Nauk Kaz. SSR, Ser.
1970, No. 1, 50-5,

2. Same authors.,
Izv. Akad. Nauk SSSR, Metally
1970, No. 5, 197-201.

Khim,

VARIABLES:

Temperature: (-37)-140°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The data were presented graphically as a partial phase diagram in.(l).
phase diagram was presented in (2), and numerical data were presented for the
congruently melting, eutectic, and peritectic points.
were read off the curve in (1) by the compilers.
presented in the critical evaluation, Fig., 1.

The complete

The experimental liquidus points
The phase diagram from (2) is

_t/°C at 7 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 [
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,

SOURCE AND PURITY OF MATERIALS:
Indium was 99.999% pure.

Mercury was specified as '"R-0".

ESTIMATED ERROR:

Soly: precision + 0.017% in (2).
Temp: precision + 0.5 K in (2).
REFERENCES:

MM=-E#*
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Indium; In; {[7440-74-6] Franck, G.
(2) Mercury; Hg; [7439-97-6] Tech.-Wisg. Abh. Osram Gesel. 1973, 11,
101-105,

2. Naturforsch., A 1971, 26, 150-3.

VARIABLES: PREPARED BY:

Temperature: 80-130°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The data were reported graphically as a liquidus curve. The following points on
the liquidus were read off by the compilers:

t/°C at 7 Hg at Z 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 : SOURCE AND PURITY OF MATERIALS:
Method of preparation of alloys was not Mercury was specified as being of high
described., The alloy, in the form of purity.
cubes approximately 1 mm’, was vacuum-
sealed in a Supracil silica cuvette. The Indium purity was not specified.

vapor pressure of the alloys was deter-
mined as a function of temperature by
measuring the Hg 2537 X resonance 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 ESTIMATED ERROR:
the optical absorption as a function of Temp: nothing specified.

temperature. Composition: precision + 0.3%

(compilers).

REFERENCES ;
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COMPONENTS : EVALUATOR:
(1) Thallium; TL; [7440-28-0] C. Guminski; Z, Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

Tammann (1) reported the first solubility study in the Tl-Hg system; he observed that
the addition of 0.469 at % Tl 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. Suchenl (3) also reported an early potentiometric study at 273 and
310 K, and he observed that amalgams which contained more than 43 at 7 Tl are hetero-
geneous at 310 K; his solubility of 28 at 7 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 thermoanalytical determination of the liquidus in the range of 8 to
40 at % T1 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 %
Tl. The measurements of Pavlovich (6) were in agreement with (4) in the range of 0-8 and
40-100 at % Tl, but the former author showed that the maximum in the liquidus occurred at
29 at % Tl and 288 K, as compared to 33.33 at % Tl 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 K at 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 regilon. 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 7 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
solubllity 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 (leﬂgs) (19) and on the eutectilc 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)
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Thallium

COMPONENTS ¢

(1) Thallium; T1; [7440-28-0}
(2) Mercury; Hg; [7439-97-6]

EVALUATOR:

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

July, 1985

/K

214
245
274
274
288
293
298
323
373
473
573

CRITICAL EVALUATION: (continued)

Recommended Solubility of Thallium in Mercury

Soly/at % Reference
8.5% 6,7,12,13,20
12 7
19 5,6,8
40? 7,20
28.6 5,6,7,14,19
42P 2,8,15
42.7° 10,18,15
47°¢ 4,8,10
56¢ 4,6
76 4,7,11
99¢ 9,11

8eutectic point.
average value of data from cited references.

cint:erpolated from data of cited references.

mass %
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Fig. 1. Hg-Tl system (21)

(Continued next page)
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(1)
(2)

COMPONENTS : EVALUATOR:

Thallium; T1; [7440-28-0] C. Guminski; Z., Galus

—

Warsaw, Poland

July, 1985

CRITICAL EVALUATION: (continued)
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Thallium

COMPONENTS ¢

(1) Thallium; T1; [7440-28-0]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Tammann, G.
2. Phys. Chem. 1889, 3, 443-9.

VARIABLES:

Temperature: 234 K

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

small amounts of thallium:

Depression of the melting point of mercury, AT, was determined after addition of

AT/R mass % T1 at 3 m°
0.01 0.034 0.034
0.18 0.079 0.078
0.30 0.143 0.141
0.35 0.226 0.222
0.62 0.395 0.388
0.81 0.480 0.469
aby compilers.
AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The melting temperature were determined,
but absolute values not given. Details of
experiment not specified, therefore,
compilers assume that AT/K in the above
table 1s based on the melting point of Hg
of 234.28 K (1).

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
nothing specified.

precision + 0.05 K.

Soly:
Temp:

REFERENCES ;
1. Hultgren, R.; Desai, P.D.; Hawkins, D.T.;
Gleiser, M.; Kelley, K.K.
Selected Values of the Thermodynamic
Properties of Binary Alloys, Am. Soc.
Met., Metals Park, OH, 1973, p. 990.
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COMPONENTS :

(1) Thallium; T1; [7440-28-0]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Pavlovich, P.

Zh. Russ. Fiz, Khim. Obshch. Ser. Khim.
1915, 47, 29-46.

VARIABLES:

Temperature: (-60)-297°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

series of measurements.

Crystallization temperatures of saturated thallium amalgams were reported for two

Series I
t/°C at % Tl t/°C at % Tl t/°C 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 II1
t/°C at % T1 t/°C at % T1
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 ¢

The amalgams were obtained by mixing the
two metals, with heating 1f needed, and the
cooling curves were recorded with the use
of thermoelement. For 0-20% T1, the
heating curves also were recorded. The
alloys were protected against oxidation
with vaseline.

SOURCE AND PURITY OF MATERIALS:
Pure thallium from Kahlbaum.

Mercury purity not specified.

ESTIMATED ERROR:
Soly: precision + 1%.
Temp: precision + 1 K.

REFERENCES ;

et s et e s ¢ i e
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Thallium

COMPONENTS :

(1) Thallium; T1; [7440-28-0]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Roos, G.D.
Z. Anorg. Chem. 1916, 94, 358-70.

VARIABLES:

Temperature: (-59)-261°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

I. Kahlbaum Tl under CO atmosphere

Crystallization temperatures of thallium amalgams determined in four series:

IV. Electrolytic Tl in CO, atmosphere

t/°C at 72 T1 t/°C at 7 Tl
13.40 31.70 14.40 27.36
14.41 29.50 13.95 26.25
14.53 28.56 12.55 24.18

t/°C at % T1 t/°C at 2 T1 t/°C at % Tl t/°C 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. Th#l Tl in COy atmosphere

t/°C at % Tl t/°C at % Tl t/°C at %2 T1 t/°C 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

Author found that Th¥l T1 contained small
amounts of Pb, resulting in decreased
M.P. for TloHgs. Therefore, results with
Kahlbaum and eiectrolytic Tl were
recommended,

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

Weighed quantities of the metals were
mixed and cooling curves were determined
with either a mercury thermometer or
thermocouples.
against oxidation with either petroleum
or pure, dry COZ'

The amalgams were protected

SOURCE AND PURITY OF MATERIALS:

Pure thallium from A, Th8l and from
Kahlbaum, and electrolytically prepared
by the authors.

ESTIMATED ERROR:
Soly: mnothing specified.

Temp: precision + 0.0l K.

REFERENCES ;
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COMPONENTS ¢

(1) Thallium; TL; [7440-28-0]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Richards, T.W.; Daniels, F.
J. Am. Chem, Soc. 1919, 41, 1732-68.

VARIABLES :

Temperature: (-6.5)=40°C

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Freezing points of amalgams determined thermometrically:

Series I
t/°C mass 4 TL at % Tl
+1.6 42,8 42.3

5.3 38.8 38.3
12.0 34.0 33.5
13.9 31.7 31.3
14.9 29.1 28.7
14.3 26.4 26.0
12.3 24,2 23.8

3.0 19.5 19.2

Series ITI

t/°C mass % TL at 72 T1
+0.9 40.90 40.47
5.9 38.83 38.37
9.5 37.19 36.71
12.8 32.63 32.31
14.3 27.60 27.24
5.7 20.63 20.31
~-0.9 18.27 17.97
-6.5 16.92 16.65

Series IIL
t/°C mass % Tl at % Tl
9.2 36.5 36.0
11.7 34.4 33.9
14.1 31.5 31.1
14.8 29.0 28.6
13.2 25.4 25.0
11.5 23.8 23.4
4.0 20.0 19.7

Freezing points determined
from EMF measurements

t/°C mass %4 T1 at 2 Tl
20.00 43.3 42.8
30.00 44,5 44.0
40.00 45.8 45,3

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE

Amalgams were prepared by mixing weighed
amounts of Hg and Tl in a closed tube which
contained acid of known concentration. The
acid neutralized any Tly0 on the metal, and
the net Tl was determined by back-titration
of the acid with standard alkali. The clean
amalgam was removed from the tube under a

Hp atmosphere and used for the varilous
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,

T1(Hg) |T1,80,|T1(Hg) s

was determined at a fixed temperature at
increasing Tl concentration. At the satura-
tion point the EMF attained constant
reading.

SOURCE AND PURITY OF MATERIALS:

Thallium from various sources was trans-—
formed into T1,50,, 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

(NH )2C204. Mercury was purified with
HZSSA, then with Hgp(NO3)2~-HNO3 mixture,
then vacuum distilled and finally distilled
under hydrogen.

ESTIMATED ERROR:

Composition: precision better than + 0.3%.

Temp: precision of thermal analysis better

than + 0.1 K; EMF: + 0.01 K.

REFERENCES::
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Thallium

COMPONENTS :

(1) Thallium; T1; [7440-28-0]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Richards, T.W.; Smyth, C.P.
J. Am. Chem. Soe. 1922, 44, 524-45,

VARIABLES:

Temperature: 231-300°C

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

t/°C mass % at % t/°C 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
alkald.

SOURCE AND PURITY OF MATERIALS:

Crude Tl was purified by treatment with
dil. HyS04, filtered, and T1Cl precipitated
from the filtrate with dil. HC1l. The TI1Cl
was converted to the sulfate and recrystal-
lized at least twice. T1 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 ng(N03)2, then
distilled.

ESTIMATED ERROR:
Temp: precision + 0.1 K.

Precision of chemical analysis: + 0.2%.

REFERENCES :
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COMPONENTS :

(1) Thallium; Tl; [7440-28-0]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Pushin, N.A.

Bull. Soc. Chim.,, Belgrade, 1949, 14,
101-3.

VARIABLES :

Temperature: 2.6-15°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

t/°C at % Hg
2,6 60.5
4.3 61.4
6.9 62.8
8.8 64.0
10,2 65.0
11.7 66.2
12.8 67.5
13.8 68.8
14.2 69.8
14.4 70.3
14.5 71.0

Crystallization temperatures of thallium amalgams were reported:

t/°C at Z Hg
14.5 71.4
14.4 72,2
14.3 72.8
14.0 73.6
13.4 74.6
12.5 75,5
11.5 76.4
9.1 77.9
7.8 78.6
5.2 79.7
2.6 80.9

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE:

Thermal analysis was utilized to determine
the crystallization temperatures, but
experimental details were not given.
method was probably similar to, or an
improved version of, that in (1).

The

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Soly: nothing specified.

nothing specified; probably
+ 0.1 K (compilers).

Temp:

REFERENCES :

1. Kurnakov, N.S.; Pushin, N.A.
2. Anorg. Chem. 1902, 30, 86.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Thallium; T1; [7440-28-01 Schulz, L.G.; Spiegler, P.

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

Trans, Metall. Soc. AIME 1959, 215, 87-90.

VARIABLES :

One temperature

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

14.5°C.
(compilers).

The melting point of the congruently melting compound, T12Hg5, was confirmed to be
The solubility of Tl at this temperature, therefore, is 28.6 at %

AUXILIARY INFORMATION

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 TljHgs; 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.

SOURCE AND PURITY OF MATERIALS:

Mercury of "triply distilled quality"
from Bethlehem Apparatus Co., Inc.

Thallium purity not specified.

ESTIMATED ERROR:
Precision of chemical analysis:

precision + 0.2 K.

+ 1Z.
Temp:

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Thallium; T1; [7440-28-0} Kozin, L.F.
(2) Mercury; Hg; [7439-97-6] Tr. 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 thallium in mercury:

t/°C Soly/at %
25 42.6

40 46.7

60 49.8

80 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 : SOURCE AND PURITY OF MATERIALS:

The amalgams were obtained by dissolution Salts were recrystallized twice.

of thallium in mercury. The potentials Mercury was purified chemically and
of the cell, double distilled.

Tl(Hg)x|T10104 (0.1 mol dm—3) + NaClOa Thallium was 99.9997% pure.

(0.9 mol dm-3)|NaC1, Hg2012, 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.

ESTIMATED ERROR:
Soly: nothing specified.
Temp: precision + 0.2 K.

REFERENCES :
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Thallium

COMPONENTS :

(1) Thallium; T1; [7440-28-0]

ORIGINAL MEASUREMENTS:

Richter, P.W.; Pistorius, C.W.F.T.

(2) Mercury; Hg; [7439-97-6] J. Less~Common Metals 1972, 29, 217-19.
VARLABLES: PREPARED BY:
Pressure C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

pressure,

where P is in kbar.
the curve by the compilers:

P/kbar
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Melting point of TlyHgs (28.6 at % Tl) was presented graphically as a function of
Experimental points were fitted by equation,

t/°C = 13.7 + 3.44 P
Standard deviation was 1.3°C.

The data points were read from

T/K

286.9£0,5°
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

8humerical value is given for atmospheric pressure only.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The metals were weighed and thoroughly
mixed at room temperature. TloHgg 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:
99.9997% pure T1 from Koch-Light.

Triply-distilled mercury from Johnson-
Matthey & Co.

ESTIMATED ERROR:
Temp: precision + 1 K.

Pressure: precision + 0.5 kbar.

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Thallium; T1; [7440-28-0) Richter, P.W.; Pistorius, C.W.F.T.
(2) Mercury; Hg; [7439-97-6} Aeta Met. 1973, 21, 391-94,
VARIABLES: PREPARED BY:
Pressure C. Guminski; Z. Galus
EXPERIMENTAL VALUES:
The pressure dependence of the eutectic temperatures was determined and fitted to the
equations, where P is in kbar and ¢ in °C:
(I) t/°C = 60.0 + 4.09 P + 0,0132 P2 for eutectic at 8.5 at % Tl
(1I) ¢/°C = 0.9 + 3.65 P for eutectic at 40 at % TL.
The authors found eutectic temperatures at 1 bar to be -60 * 1°C and 0.9 % 0.5°C,
respectively, at 8.5 and 40 at % Tl. There was only a very slight pressure dependence
in eq. (I). The published pressure dependence of the melting points of Hg (1),
HgsTly (2), and T1 (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.
— T ]
300} L1
/’//
/’ /’ Vs
4001 ’/”/: ,/’:
,/2/:/:/” Liquidus lines in the system Hg-T1
300~ e at various pressures.
& % A: atmospheric pressure;
T z00- e s e ,l,/:/: B: 10 kbar;
S S C: 20 kbar;
P S - D: 30 kbar;
N, E: 40 kbar;
°\> i F: Extrapolated to 50 kbar.
4
|’0 2’0 3.0 4‘0 5‘0 GIO T‘O HlO ;0 00
at 3 T
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Thallium and mercury in the eutectic Tl: 99.999% pure from Koch-Light.
compositions were mixed at room temperature,
then stored under N7. Samples for measure- Hg: triple distilled from Johnson-
ments were contained in stainless steel Matthey Co.
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 differea-
tial thermal analyses were in the range of
0.4-1.1°C/sec, and temperatures were
measured with a Chromel-Alumel thermocouple. [ESTIMATED ERROR:
Temp: precision + 1 K,
Pressure: precision + 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. Lesg-Common Metals 1972, 29, 217.
3. Adler, P.N.; Margolin, H.
Trans. Met. Soc. AIME 1964, 230, 1048.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Thallium; T1; [7440-28-0) Zebreva, A.I.; Filippova, L.M.;

(2) Mercury; Hg; [7439-97-6] Omarova, N.D.; Gayfullin, A.Sh.
Izv. Vyssh. Ucheb. Zaved., Khim. Khim.
Tekhnol. 1976, 19, 1043-6,

VARIABLES : PREPARED BY:

One temperature: 25°C

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Solubility of thallium in mercury at 25°C was reported to be 44.0 at 7.

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:
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COMPONENTS :

(1) Thallium; T1; [7440-28-0)
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Claire, Y.; Rey, J.
J. Less-Common Metals 1980, 70, 33-8.

VARIABLES :

Temperature: 279-556 K

PREPARED BY:
C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

_T/K Soly/at %
279 22.5
282 23.2
282 36.1
279 37.2
273.5 40.5
457 72.52

Partial molar enthalpy and integral enthalpy
temperatures and concentrations.

Liquidus points in the Tl-Hg system were determined:

IR Soly/at %
491 79.59
'504 83.16
517 86.85
534 90.83
551 94.62
556 96.82

of mixing are presented for various

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.

precision probably better than
+ 1 K (compilers).

Temp:

REFERENCES ;
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COMPONENTS : EVALUATOR:
(1) Carbon; C; [7440-44-0] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

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 carbon 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 HgCy may be prepared by reaction of CyHy with certain Hg compounds, but the
carbide is not formed by direct contact of the elements (3).

References

1. Ruff, O.; Bergdahl, B, 2., Anorg. Chem. 1919, 106, 91.
2. Nejedlik, J.F.; Vargo, E.J. Electrochem., Technol. 1965, 3, 250.
3. Frad, W.A. U.S. At. Ener. Comm. Rep., IS-722, 1963, p. 2l.

COMPONENTS : EVALUATOR:
(1) Silicom; Si; [7440-21-3] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

Silicon is not attacked by mercury at room and elevated temperatures (1%. Strachan
and Harris (2) stated that the solubility of silicon 1s lower than 7 x 1077 at 7 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., 103 at %.

Further experimental work is needed in this system.

References

1. Winkler, J. J. Prakt. Chem, 1864, 91, 193.

2. Strachan, J.F.; Harris, N.L. J. Inst. Metals 1956-57, 85, 17.
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COMPONENTS : EVALUATOR:
(1) Germanium; Ge; [7440-56-4] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

Germanium has a low solubility in mercury. Edwards (1), 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 1077 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 107* at %. This value is
too high, and is rejected, as compared to more precise measurements discussed below; the
error in this solubility value 1is 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 1077 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 106 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=2 (8) and 1.5 x 107> at % (9) at
293 K, and 1 x 10~7 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 1078 (11) and 1.1 x 10712
are clearly too low.

at 72 (12) at 298 K

Sarieva et al (13) performed polarographic studies at 293 to 353 K and these authors
reported only the upper limits of the germanium solubjility in this temperature range;
the solubility limits at 293 and 353 K were 4.3 x 10~ and 9.2 x 1074, respectively,

The saturated germanium amalgam is in equilibrium with solid germanium (5).

-7

The tentative solubility of germanium in mercury at 298 K is 3 x 10 ' at % (5).
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136 Germanium
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Germanium; Ge; [7440-56-4] Gladyshev, V.P.; Tember, G.A.

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

Izv, Akad. Nauk Kaz. SSR., Ser Khim,
1972, No. 2, 14-21,

VARIABLES :

One temperature: 293 K

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Hg.

3 x 1076 mass % and 1 x 1073 at %.

Solubility of germanium in mercury at 293 K was reported to be 0,005 * 0,002 mg/10 cm3
The corresponding mass % and atomic 7% solubilities calculated by the compillers are

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Amalgams were obtained by electroreduction,
on a Hg cathode, of Ge(IV) in 0.5 mol dm-3
H9S04; 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
radloactivity 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.

Ge0, was of "semiconductor" purity.
Water was distilled in a quartz apparatus.

H,S0

550, was purified by electrolysis.

ESTIMATED ERROR:
Soly: precision + 407,

Temp: nothing specified.

REFERENCES ;
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COMPONENTS :

(1) Germanium; Ge; [7440-56-4]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Karpinski, Z.J.; Kublik, Z.

J. Electroanal, Chem. Interfacial
Electrochem. 1977, 81, 53-66.

VARIABLES :

One temperature: 25°C

PREPARED BY:
C. Guminski; 2. Galus

EXPERIMENTAL VALUES:

Solubility of germanium in mercury at 25.0°C was reported to be (2.0 £ 0.5) x 10-7 mol
The corresponding atomic % solubility calculated by the compilers is

dm"3.
3.1 x 1077 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.
1076-10-5 mol dm=3 in a phosphate buffer at
pH = 7.8. Chronoamperometric measurements:
initially, reduction at =1.75 V vs. satu-
rated HgypSO, 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,
tp, of applied potential,-1.25 V, at which
no Ge(IV) reduction current flowed. For

ty < 10 min, 13 systematically decreased
with increase in tp; for ty > 10 min 13 was
independent of tj, 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.

GeOy was 99.999% pure from Fluka. Hg
purified with acidified Hgy(NO3), solution
then distilled under reduced pressure,

ESTIMATED ERROR:

Soly: precision + 25%.
Temp: precision + 0.2 K.
REFERENCES ;
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Germanium

COMPONENTS :

(1) Germanium; Ge; [7440~56-4]

ORIGINAL MEASUREMENTS:

l. Gladyshev, V.P.; Syroeshkina, L.S.;
Sarieva, L.S. JIazv. Vyssh. Ucheb. Zaved.,
Khim. Khim. Tekhnol. 1980, 23, 936-9.

(2) Mercury; Hg; [7439-97-6] 2, Same authors. Zh. Anal. Khim. 1979, 34,
296~-9.
3. Gladyshev, V.P.; Kovaleva, S.V.;
Sarieva, L.S. 2Zh. Anal. Khim. 1982, 37,
1762-6.
VARIABLES: PREPARED BY:
Temperature: 293-298 K C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of germanium in mercury:

Soly/at %2 Reference

T/K Soly/mass 7

293 (5.0 + 0.5) x 1070
293 5.5 x 1078

298 3% 1070

8y compilers

amalgam (compilers).

(1.4 % 0.1) x 107°

1.5 x 107
1x 107

(1]
(2]
{3]

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

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Ge(Il) was reduced on the dropping-Hg
electrode by polarography; Ge(II) concen-
trations were 1 x 103 = 1 x 107¢ mol dm™.
The electrolyte was 1-10 mol dm=3 HC1 + 0.5
mol dm=3 NagHoPOy. 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(1l) concentrations in the solutions were
calculated coulometrically; the inflection
point in the plot of peak current vs.
logarithm of Ge(Il) concentration indicated
the saturation concentration.

SOURCE AND PURITY OF MATERIALS:

GeOp and HCl were of high purity. NaHyPO,,
chemically pure, was recrystallized.

Hg was specified as "R-0" grade.

ESTIMATED ERROR:

Soly: precision + 10% in (1); nothing
specified in (2) and (3).
Temp: mnothing specified.

REFERENCES ;
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COMPONENTS ¢ EVALUATOR:
(1) Tin; Sn; [7440-31-5] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:

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. (l4) 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 7%, 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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COMPONENTS : EVALUATOR:
(1) Tin; Sn; [7440-31-5] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

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 sm)? [21]

238 0.26 (white Sn)? [21]

253 0.35 (gray Sn) [21]

253 0.38 (white Sn) (r)° [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)° [4,9,12,13,17]
298.2 1.26 (r) [9,12,13,16,17,19,20]
323 2.4 (0)° [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.

Interpolated value from data of cited references.
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COMPONENTS : EVALUATOR:
(1) Tin; Sn; [7440-31-5] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

University of Warsaw
Warsaw, Poland

July, 1985

CRITICAL EVALUATION:
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Tin; Sn; {7440-31-5] Tammann, G.

(2) Mercury; Hg; [7439-97-6) 2., Phys. Chem, 1889, 3, 441-9.
VARIABLES: PREPARED BY:

Temperature C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Elevation of the melting point of Hg, AT/K, upon addition of tin:

AT/K mass % EE_ZE
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 ; SOURCE AND PURITY OF MATERIALS:

The melting temperatures were determined. Nothing specified.
No further detaills were given.

ESTIMATED ERROR:
Soly: nothing specified.
Temp: precision better than + 0.1 K.

REFERENCES ;
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COMPONENTS ¢

(1) Tin; Sn;
(2) Mercury;

[7440-31-5]
Hg; [7439-97-61

ORIGINAL MEASUREMENTS:

Heycock, C.T.; Neville, F.H.
J. Chem. Soc. 1890, §7, 376-93.

VARLABLES :

Temperature:

213-231°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

t/°C
231.4
231.2
230.89
230.22
229.05
227.53
225.05
223.07
219.39
214.62
213.06

Crystallization temperatures of tin amalgams: '

at Hg/100 at Sn " at % Sn
0.0911 99.91
0.1809 99.82
0.3127 99.69
0.5889 99.41
1,078 98.93
1.7256 98.30
2.772 97.30
3.886 96.25
6.141 94.21
9.21 91.57
10.24 90.71

AUXILIARY INFORMATION

layer of paraffin.
tures were determined with calibrated
mercury thermometers.

METHOD /APPARATUS /PROCEDURE :

The experiments were performed in heavy
iron blocks, and the amalgams were
protected from the atmosphere by a surface
The melting tempera-

Nothing specified.

SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:
Soly: nothing specified,

(compilers).

Temp: precision probably + 0.05 K

REFERENCES :
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COMPONENTS 3 ORIGINAL MEASUREMENTS:
(1) Tin; Sn; [7440-31-5] Pushin, N.A.

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

2h. Russ. Fiz. Khim.
1902, 3¢, 856-78.

Z. Anorg. Chem. 1903, 36, 201-54,

Obsheh., Ser. Khim.

VARIABLES:

Temperature: 25-229°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Crystallization temperature of tin amalgams:

t/°C at % Hg t/°C at % Hg t/°C 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: ' precision + 0.5 K.

REFERENCES :




The following solubilities of Sn

t/°c Soly/at %
~18.8 0.36
0 0.59
15 0.97
25 1,21

in Hg were also reported:

Tin 145
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Tin; Sn; [7440-31-5] Van Heteren, W.J.
(2) Mercury; Hg; [7439-97-6] Z, Anorg. Chem, 1904, 42, 129-73.
VARIABLES: PREPARED BY:
Temperature: (-37)-212°C C. Guminski; Z. Galus
EXPERIMENTAL VALUES:
Liquidus temperatures of the Sn-Hg system: .
t/°C at % Sn t/°C at % Sn
-37.7 0.05 99.0 28.96
-36.8 0.1 102.4 31.87
-35.6 0.2 103.4 32.46
-34.,35 0.3 107.4 35.33
65.2 5.17 115.2 40,27
79.7 10.79 133.4 49.99
Y 88.4 18.11 155.2 61.44
90.0 20,37 173.0 70.31
94.0 24,53 183.7 76.62
95.4 25,23 198.55 82.84
98.75 28.45 211.6 89.95

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The amalgams were prepared from weighed
amounts of the metals in CO; 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 SnO2 (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 ¢ ORIGINAL MEASUREMENTS:
(1) Tin; Sn; [7440-31-5] Joyner, R.A.

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

J. Chem. Soe. 1911, 195-205.

VARIABLES :

Temperature: 14-163°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
The solubility of tin in mercury:

_tl%¢
14.0
25.4
63.2
90.0

163.0

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
Hp, then heating the tubes in a thermostat
Liquid phase was pipetted 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 SnCly was treated with
HNO3 to be converted to metastannic acid.
The latter was dried and reduced to Sn
with coal gas or Hp. 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).

precision better than + 0.1 K
(compilers).

Temp:

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Tin; Sn; [7440-31-5] Honda, K.; Ishigaka, T.

(2) Mercury; Hg; [7439-97-6] Set. Rep. Tohoku Univ, 1925, 14, 219-32,
VARIABLES: PREPARED BY:

Temperature: 508 K C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

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 ; SOURCE AND PURITY OF MATERIALS:
The usual method of thermal analysis was Metals probably were extra pure grade
used, The alloys to be tested were from Merck (compilers).

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.

ESTIMATED ERROR:
Soly: nothing specified,

Temp: precision better than + 0.05 K.

REFERENCES ;
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COMPONENTS

(1) Tin; Sn; [7440-31-5]

ORIGINAL MEASUREMENTS:

Gayler, M.L.V.

(2) Mercury; Hg; [7439-97-6] J. Inst. Metals 1937, 60, 379-406.
VARIABLES: PREPARED BY:
Temperature: 75-230°C C. Guminski; A. Galus

EXPERIMENTAL VALUES:

and of Van Heteren (2), with three points

the compilers.

Gayler presented a phase diagram based mainly on the unpublished data of Prytherch (1)

from the author's own measurements. The

mass % liquidus data points were read from the curve and converted to atomic 7% by

8pata of Gayler,

t/°C mass % at 7% t/°C mass 7% at 7% t/°C mass % at 7%
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 93-104% 20 30
108 27.2 38.7 215 88.0 92.5 102-112% 30 42
151-157% 50 63

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.

TESTIMATED ERROR:
Nothing specified.

REFERENCES :

1. Prytherch, W.E.
Unpublished work cited by Gayler in
this paper.

2. Van Heteren, W.J.
Z. Anorg. Chem. 1904, 42, 129-73,
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Tin; Sn; [7440-31-5] Haring, M.M.; White, J.C.
(2) Mercury; Hg; [7439-97-6} Trans. Electrochem. Soc. 1938, 73, 211-21,

VARIABLES :

One temperature: 25°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

The solubility of tin in mercury at 25°C was reported to be 1.263 at %,

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Known quantities of tin and mercury were
placed in a flagk with a few milliliters
of 0.06 mol dm™3 HCl; 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. HNO3, 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™ HNO3 and Hg,(NO3)5, 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 :

MM=F#*
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Tin; Sn; [7440-31-5] Bennett, J.A.R.; Lewis, J.B.
(2) Mercury; Hg; [7439-97-6] J. Chim, Phys. 1958, 55, 83-7.

Am, Inst, Chem. Eng. J. 1958, 4, 418~22.

VARIABLES: PREPARED BY:

Temperature: 30-40°C 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 Z.

The corresponding atomic % solubilities calculated by the compilers are 1.43 and
1.76 at 7%, respectively.

AUXILIARY INFORMATION

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

The Sn amalgams were prepared by Metal purities were 99.99Z%.
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 :
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COMPONENTS ¢

(1) Tin; Sn; [7440-31-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Van Lent, P.H.
Acta Met. 1961, 9, 125-28.

VARIABLES:

Temperature: (-34)-0°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:
Solubility of gray and white tin in mercury:

~-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 Snoz.

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]

ORIGINAL MEASUREMENTS:

Taylor, D.F.; Burns, C.L.
J. Res, Nat. Bur. Stand. 1963, 674, 55-70.

VARIABLES:

Temperature: 99-230°C

PREPARED BY:

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

METHOD /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 Hy and finally sealed with a residual
Hy 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
heating~cooling runs were made on each
composition.

Tin~rich Alloys

Constant temperature diffusion followed by
serial sectioning and analyses were carried
out to ddentify 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
loss. X-ray diffraction studies on these
alloys also reported.

SOURCE AND PURITY OF MATERIALS:
Refined Hg from N.B.S. contained <l1.1 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.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: precision + 0.5 K.

REFERENCES :
l. Crawford, W.H.; Larson, J.H.
J. Dental Research 1955, 34, 313.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Tin; Sn; [7440-31-5] Petot-Ervas, G.; Caillet, M.; Desre, P,
(2) Mercury; Hg; [7439-97-6] C.R., Acad. Sei., Ser. 2 1967, 264, 490-3.
VARIABLES: PREPARED BY:
Temperature: (-35)-192°C C. Guminski; 2. Galus

EXPERIMENTAL VALUES: .
Solubility of tin in mercury at various temperatures; data in first four columns by
EMF measurements, and last two columns by thermal analysis:

t/°C Soly/at % t/°C Soly/at % t/°C Soly/at %
54 2.5 -35.4 0.16 79 9
61 3.0 -28.4 0.29 147 57
67.5 4.0 -17.9 0.41 192 80
70 5.0 -8.4 0.52
78 8.0 1.1 0.65
85 15 16.5% 0.97£0.02
92 20 262 1.27£0.02
' 103 30 30? 1.40£0.03
108.5 35 408 1.88+0,02
113.5 40 502 2.59£0.04
123 45 60% 3.34%0.02
129 50 728 5.6%0.5
142.5 55

aPreviously published in refs. (1) and (2).

AUXILIARY INFORMATION

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

Measurements of the EMF of the cell, Not specified.
Sn|sn(II)|sn(Hg),
were performed in an argon atmosphere. At
temperatures below 200°C the electrolytes
were SnClo-NH4Cl and SnClp-LiCl in water
or glycerine. At temperatures above 200°C
EMF measurements were made by using the
molten electrolyte, SnClp-ZnCly-KC1-LiCl,
Solubility corresponds to breakpoint of
EMF vs. log (concentration). Method of
thermal analysis is not described in
detail.

ESTIMATED ERROR:
Soly: precision better than + 2%,

Temp: precision + 0.1 K for EMF
measurements,

REFERENCES :
1. Bonnier, E.; Desrd, P.; Petot-~Ervas, G.
C.R. Acad. Sei., Ser. 2 1962, 255, 2432-4.

2. Petot-Ervas, G.; Desrd, P.; Bonnier, E.
Bull. Soe. Chim. Fr. 1967, 1261-4.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Tin; Sn; [7440-31-5] Yan-Sho-Syan, G.V.; Semibratova, N.M.;
Nosek, M.V.

(2) Mercury; Hg; [7439-97-6]
Tr. Inst. Khim. Nauk Akad. Nauk Kaz. SSR
1969, 24, 120-7.

VARIABLES: PREPARED BY:

Temperature: 70-215°C C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

Liquidus temperatures of tin-mercury alloys:

t/°c Soly/at %
70 10.0
84 20.0
102 30.0
115 40.0
130 50.0
150 60.0
173 70.0
182 75.0
193 80.0
201 85.0
215 90.0

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE SOURCE AND PURITY OF MATERIALS:
Thermal analysis was used 1in the Mercury was chemically purified and then
determination of liquidus temperatures. twice~distilled under vacuum,

The procedure was probably the same as

described in (1). Tin purity was 99.,9998%.

ESTIMATED ERROR:
Soly: nothing specified.

Temp: preclsion + 1 K.

REFERENCES :
1. Yan-Sho-Syan, G.V.; Nosek, M.V.;
Semibratova, N.M.; Shalamov, A.E.

Tr. Inst. Khim. Nauk Akad. Nauk Kaz.
SSR 1967, 16, 139-~49.
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COMPONENTS

(1) Tin; Sn; [7440-31-5]
(2) Mercury; Hg; [7439-97-6]

ORIGINAL MEASUREMENTS:

Predel, B.; Rothacker, D.
Aeta Met. 1969, 17, 783-91.

VARIABLES :

Temperature: 209-230°C

PREPARED BY:

C. Guminski; Z. Galus

EXPERIMENTAL VALUES:

t/°C Soly/at %
230.3 99.3
228.4 98.8
226.6 98.1
2247 97.5
221.8 96.4
221.6 96.0
221.2 95.5
220.9 95.1
222.8 97.0

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:

t/°C Soly/at %
219.7 94.5
218.6 93.7
217.6 93.4
215.4 91.9
213.6 91.5
212.1 90.6
211.4 90.1
210.0 89.1
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 99.9997% pure.

Mercury was 99.9995% pure.

v

ESTIMATED ERROR:
Nothing specified.

REFERENCES :
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COMPONENTS ORIGINAL MEASUREMENTS:

(1) Tin; Sn; [7440-31-5] Filippova, L.M.; Zebreva, A.IL.;

(2) Mercury; Hg; [7439-97-6] Zhumakanov, V.Z.
Ukr, Khim, Zh. 1981, 47, 473-6.

Izv. Vyssh. Ucheb. Zaved., Khim. Khim,
Tekhnol, 1982, 25, 827-9.

VARIABLES : PREPARED BY:

One temperature: 298 K 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 7 solubility calculated by the compilers is 1.29 at %.

AUXILIARY INFORMATION

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

The heterogeneous amalgam was prepared by Source and purity of Sn and Hg not
mixing weighed amounts of the metals. specified.

Heat effect, Q, was measured directly .

during thermometric titration when subse- Argon was of "A" class purity.

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.

ESTIMATED ERROR:
Soly: precision + 7Z.

Temp: not specified.
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Lead 157

COMPONENTS : EVALUATOR:
(1) Lead; Pb; [7439-92-1] C. Guminski; Z. Galus
(2) Mercury; Hg; [7439-97-6] Department of Chemistry

Universi