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The most contemporary shapes of the binary phase diagrams of mercury with all
elements are displayed in an integral form. Such presentation allows to follow changes of
the phase diagram boundaries in the groups and periods of the periodic table of elements.
Selection of the critically assessed solubilities of elements is given in a tabular form.
Formation of intermetallic compounds, when two metals are introduced into mercury, is
briefly characterized. Our knowledge on these fields of interest was considerably
extended by the use of various electrochemical techniques. Diffusion coefficients of
metals in mercury are mainly determined by electrochemical methods. An analysis of the
diffusion data contributes with important informations about structure of simple amal-
gams; these conclusions are confirmed by other physico-chemical measurements. A liner
dependence is observed between logarithms of the standard rate constants of discharging
of aquo-ions on mercury electrode and the metal solubilities in mercury.

Key words: mercury binary phase diagrams, solubilities of elements in mercury, reac-
tions and equilibria in complex amalgams, diffusion coefficients of metals in mercury,
kinetics of discharge of metal ions on mercury electrode

Introduction

It is impossible to imagine the fast progress in electrochemistry, especially in the
middle of XX century, without use of mercury (Hg) electrodes. Simultaneously, a
gigantic body of information about Hg binary and ternary alloys (amalgams) was
acquired with the application of electrochemical methods. The mutual relations
between electrochemistry and amalgams are certainly more frequent on scientific
than industrial field. Investigations of many Hg alloys, due to the noble character of
Hg and relatively easy studies at room temperature, provided formulation of funda-
mentals of liquid metal science and metallurgy. Contemporarily, Hg is still the quite
important element in various technologies [1], however, due to the well known
toxicological aspects, its applications are restrained every year.

Binary Hg phase diagrams

Thermal analysis and X-ray diffraction studies are the most popular ways of
investigation leading to construction of phase diagrams, however, in case of Hg as the
component, electrochemistry is an equally important tool in such research. Actually,
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we know majority of phase relations of the binary Hg systems with metallic and
non-metallic elements. This kowledge was critically assessed in recent reviews of the
individual phase diagrams and in the monograph on solubility of metals in Hg [2].
The up-to-date outlines of these diagrams are collected in Figs. 1 to 4. They will be
further briefly commented taking into account changes of their features in the groups.
The experimentally well-documented phase boundaries are plotted with continuous
lines. The dashed lines reflect situations where either investigations furnished
uncertain informations or boundary lines are predicted according to the thermo-
dynamic rules for construction of the diagrams. Hg melts at 234.3210 K and boils at
629.773 K when pressure is 0.101325 MPa; the horizontal lines in majority of the
diagrams reflect these facts when miscibilities of Hg with another elements are very
limited.

Since no systematic investigations were performed for the Hg—H system, the
corresponding diagram is sketched on basis of fragmentary informations [3]. Both
compounds HgH and Hg,H, are stable to practically the same temperature. The
solubility of H in liquid Hg (see Table 1) was estimated from precise coulometric
experiments. Most probably H exists in liquid Hg in the molecular form.

Table 1. Critically evaluated values of the solubilities of elements in mercury and the equilibrium solid
phases at 298 K (the symbols in the parentheses denote solid elements saturated with small amounts
of Hg); references are given in the brackets.

Element Solubility / mol % Equilibrium phase
H 107-107° [3] H,[3]

Li 1.3[2] HgsLi [2]

Na 5.38 [5] Hg4Na [5]

K 2.53 2] Hg, K [2]

Rb 3.2[2] Hg, Rb [2]
Cs 44102 Hg/Cs [2]
Be ~2x107°[104] Hg,Be or (Be)[11]
Mg 271[2] HgsMg [12]
Ca 1.0-1.5[2] Hgg ,,Ca[13]
Sr 25[2] Hg,Sr[14]
Ba 0.49 [2] Hg,,Ba [15]
La 1.4x1072 [2] HgesLa[17]
Ce 9x107 [2] HgesCe [20]
Pr 1.1x102 [2] Hg, sPr[21]
Nd 6x107 [2] Hg, sNd [22]
Sm 2x1072 [2] HgesSm [24]
Eu 0.1[2] Hg_10Eu [25]
Gd 7107 [2] Hg4sGd 1, [26]
Tb 1.3x1073 [2] Hg,:Tb,, [27]
Dy 1.2x107° [2] Hg,Dy [28]
Ho 9x107* [2] Hg:sHo [29]
Er 6x107* [2] Hg:Er [30]
Tm 4x107* [2] HgsTm [31]

Yb 0.1[2] Hgs,Yb,, [32]
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Table 1 (continuation)

Lu
Th
U

Pu
Ti

Zr
\%

Nb
Ta
Cr

3x10* [2]
1.5x1073 [2]
4.5%x107 [2]
1.5x1072 [2]
2x107 [2]
63107 [2]
~107192]
10°[2]
10%[2]
10°[2]
<<10°[2]
<<1079[2]
45%107 [2]
<<107°[2]
107[2]
~107[2]
<<1073[2]
107[2]
1x107™ [2]
<<107°[2]
2x107 [2]
3.8x1072 [65]
5x107* [65]
1.00x102[2]
7.6x1072 [2]
0.14 [65]
6.32 2]
9.53 2]
1.6x107 [2]
3.4 (2]

70.0 [2]
42.7 2]
<<107°[78]
3x107 [2]
1.26 [2]
1.63 [2]
<<1073[82]
2x107° [2]
5x107* [2]
1.3[2]
107°189]
1x1074 [90]
~1075193]
~1075194]
~1077[95]
2x107 [98]

Hg;Lu [33]
Hg,Th [35]
HgasUi [37]
HgasPui; [39]
HgsTi [42]
HgsZr [43]
(V) [45]
(Nb) [46]
(Ta) [47]
(Cr) [49]
(Mo) [50]
(W) [51]
HgsMmn, [52]
(Re) [54]
(Fe) [55]
(Ru) [56]
(Os) [57]
(Co) [58]
HgsRh [60]
(Ir) [59]
HguNi [62]
Hg,Pd [63]
Hg4Pt [66]
HgeCw [67]
HgisAgn [68]
HgAu; [69]
HgZn_, [70]
Hng0_3,3 [71]
(AD [73]
(Ga) [74]
HgIn6,11 [75]
(BT1) [76]
(Si) [78]

(Ge) [79]
HgSne 7 [80]
HgPb, 5 [81]
N, [82]

(As) [84]
(Sb) [85]

(Bi) [86]
HgSe [89]
HgTe [90]
Hg,Cl,[93]
Hg,Br, [94]
Hg,b [95]
Xe [98]
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The alkali metals react easily with Hg and sets of intermetallic compounds are
formed. Stepping from Li to Cs the bonding between the alkali metal and Hg has more
ionic character and, as it was shown in the Knight shift measurements [4], the
complete transfer of electron from Fr to Hg occurs in their alloy. The phase diagrams
of the alkali metals with Hg are known quite precisely [2,5]; see Fig. 1. One may well
observe that an increase of the metal atomic number favors formation of the Hg-rich
compounds. Since majority of the experiments related to these phase diagrams was
carried out at the beginning of the previous century, some their boundary lines should
be verified. Contemporary reinvestigations of the Hg—Na system [5—7] revealed one
different stoichiometry and new polymorphic transitions of the compounds which
were not reported earlier. Potentiometry and chronoamperometric oxidation were
very useful in determination of the liquiduses, compositions of the solid phases and
thermodynamic functions of the alkali metals amalgams [2,5,7-10].

The alkaline earth metals react even more pushfully with Hg than the alkali
metals do. By similarity to the alkali metals, the formation of the Hg-rich compounds
is thermodynamically favorized with an increase of the atomic number of the metal
within this group [2,11-15]; see Fig. 1. The most typical stoichiometries observed
are: HgoM, HgM (the most stable) and HgM,. Our knowledge on the Hg—Be system,
gathered from physico-chemical experiments, is fragmentary and uncertain [11]. A
formation of Hg,Be was suggested on a narrow experimental basis. This suggestion
was additionally supported by the fact that the polarographic Be(II) reduction
half-wave potential is 0.42 V more positive than the Be(II)/Be standard potential
[16]. If the electrode proces is reversible and free from side reactions then AG Be (the
partial excess free energy for diluted amalgam formation) would be ~—80 kJ/mol Be.
Such negative value is only possible when Be affinity to Hg is strong enough to form
their intermetallic compound. By similarity, the analogical potential difference in
case of Ra amounts 1.32 V [16] and the estimated AG %y is then ~=250 kJ/mol Ra; the
half-wave potential of Ra(Il) reduction was obtained from radiopolarographic measu-
rements of a very diluted Ra(Il) solution. The AG Ra Valueis more negative than in the
case of Ba what allows to predict a formation of the Hg—Ra compounds (rich in Hg)
being more stable than in the Hg—Ba system. Techniques of potentiometry and
chronoamperometric oxidation of an amalgam were used to determinations of the
solubility of Mg and Ba in Hg [2], respectively. Potentiometry was also used to
precise determination of the thermodynamic functions of Mg, Ca, Sr and Ba diluted
amalgams [8].

Amalgams of the next group (d') from Sc to Ac, with exception of La, were
experimentally less investigated; see Fig. 1. The solubility of La in liquid Hg was
determined with the use of potentiometry and amperometric oxidation [17]. The
stability of the Hg—La compounds is similar to those of Hg with the alkaline earth
metals what is reflected by the strongly negative value of AGEL’; obtained from
potentiometric measurements. If one compares the Hg—Sc [18], Hg-Y [19] and
Hg—La [17] phase diagrams at pressure of 0.1 MPa one observes quite similar
stability of HgzM and HgM compounds. Taking this as a rule one may predict an
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existence of HgsAc and HgAc compositions, however AG ., thatis derived from the

radiopolarographic half-wave potential and the standard potential of Ac [16], is only
one third of the value observed for La. Therefore relatively less stable Hg—Ac
compounds are expected.

By similarity to La, all lanthanides (Ln) show distinct affinities to Hg [20-33].
The most typical stoichiometries of the compounds formed are Hg;L.n and HgLn; see
Fig. 2. However, the lighter Ln is the higher is its tendency to formation of the Hg-rich
compounds. Certain exclusion from this rule is manifested by Eu and Yb. Both metals
display stable valency 2 what makes them similar to the alkaline earth metals. In fact
the stoichiometries of the compounds formed in the Hg—Eu and Hg—Yb alloys are
typical for the Hg—Ca, Hg—Sr and Hg—Ba systems; see Fig. 1 for the comparison. As it
is shown for the La (Fig. 1) [17] and Pr (Fig. 2) [21], an increase of pressure over these
alloys (in close capsule experiments) elevates the melting (decomposition) tempe-
ratures for up to 400 K. Neither thermal stability of the Hg—Ln compounds nor the
AG I Vvalues determined from potentiometric data for Ce [20], Pr [21], Nd [22], Sm
[24], Eu [25], Gd [26], Ho [29] and YDb[32] show any pronounced tendency with
changes of their atomic number [16].

Intermetallics formed in the amalgams of actinides (An) [34—41] seem to be
amenable by the similar rules as it was observed for Ln. Unfortunately, we know
sufficiently only the Hg—Th, the Hg—U and a part of the Hg—Pu phase diagram.
Moreover, Th does not form HgysAn;; compound as U and Pu do, and the formula
HgAn, is only observed for Th what may reflect certain individuality of these
elements what is also manifested in their chemistry of the valencies higher than 3. It
seems that for Cf, Es, Fm, Md and Lr an unified form of the corresponding phase
diagram will be observed because they display the typical valency 3. Divalent No
should have alloying properties toward Hg analogical to Yb. It is sure that all An
elements form stable intermetallics with Hg. Majority of An ions, some of them in the
extremal dilution of 107'7-10~% mol/dm’, was spectacularly investigated with the use
of radiopolarography. This technique allowed a determination of their half-wave
potentials and, in combination with their standard potentials, an estimation of AG el
values being in the range —130 — —200 kJ/mol An. Although potentiometry was not
suitable method for the determination of U solubility in Hg but the electromotive
force (emf) measurements in molten salts at higher temperatures led up to precise
determination of the thermodynamic properties of the Hg—U system. One should also
mention that metallic U, Np and Pu of high purity are effectively produced by the
complete reduction from their solutions on Hg cathode and subsequent thermal
decomposition of the amalgams obtained [37].

Metals Ti, Zr and Hf show explicit affinity toward Hg [42—-44], however they
form compounds of different stoichiometries; see Fig. 3. Hf forms only one, but Ti as
much as four intermetallics. lons of these metals are not simply reducible to the zero
valency on Hg electrode in aqueous solutions due to the simultaneous hydrogen ion
discharge, therefore electrochemical investigations of these amalgams are practically
absent in the literature.
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For the similar reasons there are no rational experiments performed with amal-
gams of V, Nb and Ta using electrochemistry. These metals do not form compounds
with Hg and are very hardly miscible with it [45-47]; see Fig. 3 and Table 1. The
theoretical predictions in [45] suggests that both liquid Hg and V will mix 222 K
above the melting point of V (2183 K). Nevertheless, we will not be able to confirm
this prediction experimentally because the critical temperature of Hg is at1765 K and
over this temperature Hg is in the gaseous or fluidal state and losts its metallic
properties [48].

Cr, Mo and W, analogically to the previuos group, form no intermetallics with Hg
and are resistant to a dissolution even at elevated temperatures [49-51]; see Fig. 3.
The only exception is that Cr(II) is reducible from aqueous solution on Hg electrode,
however, potentiometric measurements performed with Cr amalgam failed due to its
very low solubility in Hg; see Table 1.

Mn has the half-filled level of 3d> electrons what assimilate its features to the
3d'%electron configuration of Zn. Therefore Mn is relatively well soluble in Hg and
forms two intermetallics with it [52]; see Table 1 and Fig. 3. The low temperature part
of the Hg—Mn liquidus was determined with the use of potentiometry as well as
amalgam polarography, voltammetric and chronoamperometric oxidation. The emf
method was also used for the determination of some thermodynamic parameters of
the Hg—Mn system. No experimental material exists for the Hg—Tc system [53] which
should be between the Hg—Mn and the Hg—Re. Tc has a different electron confi-
guration (4d%s') and is in fact more similar to Re than to Mn. Thus any Hg—Tc
intermetallics are unlikely to exist and mutual solubilities of the metals should be
very small. Due to the strong cohesion forces, Re is very resistant to dissolution in Hg
and forms no compounds with it [54].

A very limited miscibility in solid and liquid states and no formation of inter-
metallics with Hg are reported for the triad Fe, Ru and Os [55-57]; see Fig. 3.
Probably, the poor solubilities in Hg decrease with the atomic number of the metals by
similarity to the previous groups of the transition metals. Although potentiometry
was applied to the determination of Fe solubility in Hg the result obtained was
strongly overestimated.

Co and Ir are characterized by the analogic electron structures 3d’4s? and 5d76s2,
respectively, whereas Rh has the 4d®5s' configuration. This may be the cause that the
first two metals do not react with Hg and are hardly miscible with it [58,59], whereas
Rh is relatively better soluble in Hg and forms intermetallics with it [60]; see Fig. 3
and Table 1. Although emf experiments with heterogeneous Co amalgam pointed on
its improbably high solubility, then chronopotentiometric and pulse-polarographic
oxidation of this amalgam led to quite reliable results. Interactions of Rh and Ir with
Hg were variously investigated in order to search new base metals for micro-
electrodes covered with Hg. No HgsRh (as one could predict from the Hg—Rh phase
diagram) but Hg,Rh is formed after an electrochemical deposition of Hg on Rh [61].
In similar conditions Ir simulates formation of an intermetallic compound with Hg
because no complete stripping of Hg is achieved during the oxidation step. It seems
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most likely that a formation of Hg—Ir—O mixed oxide or a very strong adsoption keeps
a part of Hg on the Ir surface [59].

The alloys of Hg with Ni and Pd (see Fig. 3) were very intensively investigated
with electrochemical methods. The stoichiometry of intermetallics formed, HgM and
HgsM, are observed for both metals and for Pt. The solubility of Ni in Hg, identifi-
cation of the equilibrium solid phases in the Hg—Ni system and their thermodynamic
characterizations were obtained with the use of potentiometry as well as coulometric,
voltammetric, chronoamperometric and chronopotentiometric oxidation of Ni amal-
gams [62]. Compositions of the equilibrium solid phases and the thermodynamic
parameters of formation in the Hg—Pd system were determined from chronopoten-
tiometric and voltammetric oxidation of Pd amalgam [63, 64]. The solubilities of Pd
and Pt were successfully measured tracing the precipitation of PdZn or PtZn, in Hg in
slow-scan voltammetric and chronopotentiometric conditions [65]. Many electro-
chemical experiments performed for the Hg—Ni and Hg—Pt systems showed that the
related phase equilibria are settled very slowly.

Cu, Ag and Au interact with Hg faster. Therefore the corresponding phase
equilibria are better known; see Fig. 3. Cu forms one, Ag — two and Au — more than
three intermetallics with Hg but the stoichiometries are different. The Cu solubility in
Hg, the stoichiometry of HgsCu;and several thermodynamic properties of the Hg—Cu
system were determined with the use of potentiometry, amalgam polarography,
coulometry, voltammetry and thin film amperometry [67]. The voltammetric oxida-
tion of saturated Ag amalgam in acetonitrile did not lead to the correct solubility
value but the potentiometric measurement of a cell with Ag(I) in acetonitrile solution
was fruitful [68]. By analogy to Pd and Pt, the Au concentration in its saturated
amalgam was determined by the slow-scan voltammetry which traced the precipi-
tation reaction of AuZn in Hg [65]; other features of the Hg—Au phase diagram [69]
were obtained by non-electrochemical methods.

Intermediate phases with extended homogeneity ranges are formed in the Hg—Zn
[70] and Hg—Cd [71] systems, both metals are relatively well soluble in Hg; see Fig. 4
and Table 1. Potentiometry and chronoamperometric oxidation of Zn amalgam were
used for the determinations of Zn solubility in Hg, the solid solubility of Hg in Zn and
the thermodynamic properties of the Hg—Zn system. The same techniques were used
in the investigation of the Hg—Cd system.

Shapes of phase digrams for the alloys of p! elements with Hg change distinctly
stepping from B to T1. B, by an analogy to the high melting transition metals, seems to
be very resistive to a dissolution in Hg and interaction with it [72]. Liquid Al mixes
with Hg in every proportion [73], however, liquid Ga shows the limiting miscibility
with Hg [74]; both metals do not form intermetallics. In oposite, In and Tl are the most
soluble metals in Hg at room temperature (see Table 1) and their intermediate phases
with Hg are relatively stable [75,76]. Electrochemistry of Al is not simple, however,
the use of potentiometry in non-aqueous solvents and amperometric oxidation of Al
from a thin Hg film electrode on Al base, allowed to determine the Al solubility in Hg
[2]. Electrochemical techniques were also used to estimate the solid solubility of Hg
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in Al1[73]. It was shown that the Ga solubility may be determined by potentiometry as
well as by chronoamperometric and voltammetric oxidation of the saturated amalgam.
Potentiometry was applied many times to determine the thermodynamic properties of
Ga, In and TI amalgams [74-76].

Although Hg may be intercalated into graphite in a chemical reaction, graphite
itself seems to be the most resistant element for a dissolution in Hg [77]. Stepping
down to Si [78] and Ge [79], their solubilities in Hg increase but they are still quite
limited; see Table 1. Chronoamperometric oxidation and amalgam polarography of
Ge were used for the determination of its solubility. Sn [80] and Pb [81] form
intermediate phases with Hg and their solubilities are relatively high. The mutual
solubilities and thermodynamic properties of the Hg—Sn and Hg—Pb alloys were
investigated by emf and chronocoulometric oxidation.

Although the metastable Hg; X, compounds for N, P, As and Sb were prepared by
chemical methods, they are not formed in a direct contact of these elements with Hg
[82—85]. Therefore the corresponding phase diagrams as well as of the Hg—Bi system
[86] have simple forms. N and As are quite poorly soluble in Hg but P is partly
miscible with Hg. Plenty of electrochemical methods was applied (potentiometry,
amalgam polarography, chronoamperometric and voltammetric oxidation of the
heterogeneous Sb amalgams) for the determination of the Sb solubility in Hg.
Electromotive force method was used for the determination of Bi solubility in Hg and
the thermodynamic properties of the Hg—Bi system.

A direct contact of O, S, Se, Te or Po with Hg leads exclusively to the compound
formation of stoichiometry 1:1; HgS and HgSe have the bertholide-like character.
Unexpectedly, no compounds of Hg(I) and of polysulfides and polyselenides, known
in chemistry, are reflected in the equilibrium phase diagrams [87-91]; see Fig. 4.
HgO, HgS and HgSe are hardly soluble in Hg what was observed by electrochemists
long time ago. The determinations of the Se and Te solubilities in Hg by alternating
current polarography and chronoamperometric oxidation yielded some overestima-
ted results pointing on the relatively slow crystallization processes and susceptibility
of these solutions to a supersaturation. The free energy of HgTe formation was
successfully found from coulometric titration experiments.

All halogens form two types of compounds: Hg,X, and HgX,. Their stabilities
decrease with the increase of the atomic number of halogen [92-95]. It is very likely
that also At forms moderately stable compounds with Hg [96]. Repeatedly, electro-
chemists observed unmeasureably small solubility of Hg halides in liquid Hg. An
extrapolation of the solubility data from higher temperatures to room temperature,
resulted in the solubility values shown in Table 1. Numerous emf investigations
allowed precise measurements of the thermodynamic properties of Hg, X, and HgX,
compounds.

Although excited Hg and noble gases form unstable HgX molecules in the gas
phase, no compounds were identified in the condensed states. The solubility of Xe in
Hg at room temperature was determined (see Table 1) and solubilities of other noble
gases in Hg seem to be likewise negligible [97,98].
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Reactions and equilibria in complex amalgams

Some ternary Hg-rich systems were investigated at the beginning of previous
century, however, the construction of electrodes with Hg drop hanging on Au tip or
Hg film adhering to Ag plate induced immensity of electrochemical investigations
related to possible interactions of metals in Hg medium [99]. Diverse methods, such
as: potentiometry, amalgam polarography, cyclic and stripping voltammetry, coulo-
metry, chronoamperometry, chronopotentiometry and chronocoulometry with appli-
cation of various types of electrodes were used for investigation of the equilibria and
kinetics of the reactions occurring between metals introduced into Hg. About 200
systems M;—M,—Hg were electrochemically investigated and quantitave data were
obtained for about 60 systems. Investigations of these equilibria are hindered by a
relatively slow kinetics of these reactions.

Generally, if a stable compound is formed in a binary M;—M, system then
probability of a formation of such compound in Hg environment is high [100].
Stabilities of the intermetallics formed in Hg are expressed by the well-known
solubility product:

Kso = M [Mp ] (1)

where x and y are stoichiometric coefficients of the compound formula. One may
likewise find in the corresponding literature that such equilibria are expressed by the
stability constants. However, it was firmly established that the intermetallic compo-
unds are precipitated from Hg solution when a product of concentrations of both
metals overruns the solubility product.

Diffusion coefficients and structure of simple amalgams

Diffusion coefficients in liquid metallic systems may be determined by several
physico-chemical methods, however in the case of metals dissolved in Hg the
application of electrochemical techniques is dominant. A metal, less noble than Hg,
may be oxidized from a stationary Hg drop or pool electrode in chronoamperometric,
voltammetric or chronopotentiometric conditions. If an amalgam drops regularly
from a capillary it may be then oxidized polarographically [101]. There are also
special methods of the investigation. During chronoamperometric reduction of Zn(II)
on an Au drop amalgam electrode, at potentials of the base of Zn(II) reduction wave,
due to the fast reaction between Au and Zn the current recorded depends on the rate of
Au diffusion to the electrode surface and the diffusion coefficient of Aumay be found
[102]. If a metal plate (Al, Cu, Sn) is covered with a thin Hg film then a stationary
oxidation current recorded is dependent (among others) on the diffusion coefficient
of this metal in Hg what makes possible to determine it [103].

The selected diffusion coefficients of metals in diluted amalgams were before-
hand tabulated in [104]. This list may be now supplemented by the recent data for Li
and Ca[105], Sr[106], La [107] and Te [108]. The values for K and Sr at 298 K are
obtained from an interpolation of the corresponding results at other temperatures.
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The all selected values are presented in Fig. 5 in form of the reciprocal diffusion
coefficient vs. effective radius of the metal. Such way of analysis is originated from
the well-known Sutherland-Einstein equation:

Dv=kT/47mqugry; )

where D is the diffusion coefficient of M, k the Boltzmann constant, T temperature,
nHg the viscosity of Hg and rf,l the radius of the diffusing particle.

La
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Figure 5. Dependence of the reciprocal diffusion coefficients in mercury at 298 K on the effective metal
atom radii.
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Correctness of the simple Eq. (2) was verified on the self-diffusion of many liquid
metals when the effective ry; was calculated from the molar volume of metal. The
metals dissolved in Hg which do not form stable intermetallics with Hg as: Cr, Zn, Al,
Ga, Cd, Ge, In, Sn, Pb, Sb and Bi, fulfill quite well Eq. (2). The fulfillment by Dg, as
well as the unfulfillment by D, may be accidental because this author has reservation
to the experimental conditions of measurements in [104]. All other metals which
form stable intermetallics with Hg are placed over the straightline reflecting Eq. (2)
what means that they diffuse as larger entities than atoms. The simplest interpretation
of this fact is a postulate that these atoms are surrounded by Hg atoms and as such
diffuse in the Hg medium. The radii of the diffusing solvates may be calculated from
Eq. (2) and an approximate composition of such diffusing entities estimated. The
compositions found this way are frequently similar to the compositions of the solid
Hg—-M phases which are in equilibrium with the liquid amalgams at 298 K (shown in
Table 1) as it was found for example in the case of Hg;Li. The only exception from
this rule is observed for Dy ; this coefficient is known accurately but it is placed below
the straightline. This suggests that an entity smaller than Te atom (Te?"?) takes part in
the Te diffusion process. However, HgTe molecule is quite stable (see Fig. 4) and one
may only imagine its possible dissociation to Te” ion which is still 37 % larger than
the Te atom. Thus either we have to do with an unexplained phenomenon or Dr,, due
to a possible experimental imperfections in [108], is overestimated.

Investigations of liquid amalgams by cyclic voltammetry, chronoamperometry
[109], potentiometry [110], X-rays, electrical resistance, thermoelectric power, mag-
netic susceptibilities and thermodynamic analysis [ 104] pointed also on the existence
of intermetallic molecules in the simple liquid amalgams. This confirms the above
presented interpretation of the diffusion coefficients.

Kinetics of dissolution of pure metals and Hg—M alloys in liquid Hg was
intensively investigated by electrochemical and physical methods [104]. A part of the
processes was diffusion controlled and the rest was slower, however no any rational
correlation of the kinetic constants measured with the kind of metal or alloy was
established.

Kinetics of discharging metallic cations on Hg electrode

Tamamushi [111] observed that the rate constant of reduction of a metal aquo-ion
with an amalgam formation is at the best correlated with the solubility of the metal in
Hg but neither with the free energy of ion hydration, the free energy of metal
amalgamation nor the rate constant of exchange of water molecule in the first
solvation sphere. This unexpected observation was further confirmed with larger
number of metals tested in [104]. The most recent correlation between logarithm of
the rate constant of the electrode proces and logarithm of the metal solubility in Hg is
presented in Fig. 6. The most recent kinetics data for Mg, Ca, Ba, Sm, Eu and Yb are
quoted from [112] and for H from [3]. The case of In(Ill), which is quite slowly
reduced, is the most deviating from the straightline dependence. It is possible that if
one would consider In(I) reduction instead of In(III), by analogy to TI(I), then the rate
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Figure 6. Bi-logarithmic dependence of the rate constant of aquo-ion reduction to the amalgam state on
the metal solubility in mercury at 298 K.

constant for In(I) would be much higher and the corresponding point for In placed
nearer to the straightline. Based on this empirical dependence, one may predict an
approximate value of the rate constat of electroreduction of aquo-ion to the amalgam
state if one knows the metal solubility in Hg.
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