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From the temperature dependence of the solubility of silver in its molten halides, the thermo-
dynamic functions AHS0lv and zl5solv are calculated. They depend strongly on the presence and 
concentration of mono- and divalent cations. A possible structure breaking effect of these ions is 
discussed. 

1. Introduction 

In a recent paper we reported on the dependence 
of the thermodynamic funct ions AHS0,lv and A SSOjV of 
Ag° in molten A g C l i _ x B r v on the AgBr mole frac-
tion x [1]. These funct ions vary non-monotonous ly 
with x. From UV-VIS spectra of the solution it 
could be tentatively concluded that Ag° is associated 
to complexes present in the melt via charge t ransfer 
interaction [2], Therefore, the t h e r m o d y n a m i c func-
tions of solvation may be indicative for the activity 
of such complexes in the melt. The a im of the 
present paper is to show whether the the rmody-
namics of solvation of Ag° in its mol ten hal ides 
depends on the presence of ionic dopants . This 
would indicate that the structure of the melt can be 
influenced by these additives. 

2. Experimental 

In order to obtain the t h e r m o d y n a m i c solvation 
functions of Ag° in molten silver halides, the ther-
modynamics of dissolution of metal l ic silver in 
these melts was derived f rom the t empera tu re de-
pendence of the solubility of the metal . T h e ex-
perimental procedure is described in detail in [1], 
In order to obtain reliable values for the statistical 
errors, the van ' t -Hoff-equat ion 
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(V'Ag• saturation mole fraction of silver in the melt , 
AHS and ASs: enthalpy and entropy of dissolut ion) 
was solved by linear regression. The result ing stan-
dard deviations are given in the tables and, as er ror 
bars, in the Figures of the present paper . T h e error 
limits given in [1] were only est imated. The re fo re , 
some data were redetermined. F igure 1 shows as an 
example experimental points f rom [1] together with 
some additional points and the resulting regression 
line. 

The functions AHS0]^ and A S s 0 |v , which are as-
sociated with the process 

Ag (in the ideal gas state p = 1 a tm) -> 
Ag (solvated in the melt at s tandard concentra t ion) 

can be calculated with help of the sub l imat ion func-
tions: 

= AHS - AHsM , ZfSsoiv = zfSs - /JSsubi . 

These were taken f rom [3]. 
After puriFication of the melts, as descr ibed in [1], 

the desired concentration of the dopant was achieved 
by adding weighed amounts of the respective salts 
(p.a. from E. Merck, Darms tad t ) to the melt . T h e 
following salts were used: 

LiCl, KCl, CsCl, ZnCl 2 , C d C l 2 , C a C l 2 , and B a C l 2 . 

3. Results 
3.1. Undoped melts AgCI, _ v Brx 

All results concerning this system are collected in 
Table 1. Due to the limited t empera tu re range in 
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Fig. I. Arrhenius plot, vAg: saturation mole fraction of silver 
in AgCl() 28Br072; circles: this work, squares: from [5]. 

Fig. 3. Solvation entropy of silver in silver chloride as a 
f u n c t i o n o f t h e m o l e f r a c t i o n w . i^ i o f a d d e d d o n n n l 
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Fig. 2. Arrhenius plots, vAg: saturation mole fraction of silver in silver chloride, 
doped as indicated at the curves. 
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Fig. 4. Solvation entropy of silver in doped silver chloride as a function of the local 
r h u r p p d e n s i t y e f f e c t F , r r \ . 
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Table 1. Thermodynamic functions of dissolution and solvation of silver in AgCl, _ vBrv melts. 

AgCl,_vBrv AHs Standard Deviation Standard Deviation - A H solv 

in AH in AS 

- A H solv 

.X (kJ/mol) (J/mol K) (kJ/mol) (J/mol K) (kJ/mol) (J/mol k) 

1 . 0 0 5 9 3 2 + 9 ± 1 2 2 2 2 9 3 
0 . 8 5 4 3 6 ± 8 ± 1 0 2 3 8 1 1 9 
0 . 7 2 6 5 3 1 + 6 ± 8 2 1 6 9 4 
0 . 6 0 6 1 2 5 ± 9 ± 11 2 2 0 1 0 0 
0 . 5 1 9 6 6 8 ± 8 ± 1 0 1 8 5 5 7 
0 . 4 3 9 5 6 5 + 6 ± 7 1 8 6 6 0 
0 . 4 0 9 0 6 0 + 9 ± 11 1 9 1 6 5 
0 . 3 0 6 5 2 9 + 5 ± 6 2 1 6 9 6 
0 . 2 5 8 3 5 0 ± 6 ± 8 1 9 8 7 5 
0 . 1 6 7 2 3 5 ± 5 ± 5 2 0 9 9 0 

0 . 0 8 6 1 2 4 ± 1 3 ± 1 5 2 2 0 1 0 1 
0 . 0 0 7 3 3 6 ± 1 0 ± 1 2 2 0 8 8 9 

Table 2. Thermodynamic functions of dissolution and of solvation of silver in AgCl-melts doped with different cations. 

Dopant ^Dopant A H , 

(kJ/mol) 

A S s 

(J/mol K) 

Standard Deviation 
in AH 
(kJ/mol) 

Standard Deviation 
in AS 
(J/mol K) 

— AH S0|V 

(kJ/mol) 

A Ssolv 

(J/mol K) 

ZnCl, 0 . 0 2 0 9 8 7 6 ± 1 3 ± 1 6 1 8 3 4 9 

LiCl 0 . 0 1 4 1 0 7 7 6 ± 1 8 ± 2 1 1 7 4 4 9 
0 . 0 1 8 1 1 0 7 8 ± 4 ± 5 1 7 1 4 7 

CdCl2 0 . 0 0 5 7 5 4 5 ± 1 0 ± 1 2 2 0 6 8 0 CdCl2 
0 . 0 1 0 9 4 6 6 ± 1 1 ± 1 3 1 8 7 5 9 
0 . 0 1 5 1 0 6 8 3 ± 4 ± 5 1 7 5 4 2 
0 . 0 2 0 1 0 9 8 7 ± 7 ± 9 1 7 2 3 8 
0 . 0 2 5 1 0 6 8 9 ± 1 5 ± 1 8 1 7 5 3 6 

CaCl2 0 . 0 1 0 8 8 6 0 ± 6 ± 7 1 9 3 6 5 
0 . 0 2 0 9 3 7 0 ± 1 1 ± 1 3 1 8 8 5 5 

BaCl2 0 . 0 1 0 6 8 3 0 ± 7 ± 8 2 1 3 9 5 BaCl2 
0 . 0 2 0 8 1 4 4 ± 7 ± 8 2 0 0 8 1 

KCl 0 . 0 1 0 6 5 2 5 ± 3 ± 4 2 1 6 1 0 0 
0 . 0 2 0 6 7 2 9 ± 7 ± 9 2 1 4 9 6 

CsCl 0 . 0 1 0 5 8 2 0 ± 5 ± 6 2 2 3 1 0 5 
0 . 0 2 0 6 1 1 9 ± 1 2 ± 1 4 2 2 0 1 0 6 

Table 3. Thermodynamic functions of dissolution and of solvation of silver in AgCL _ vBrv-melts doped with different 
cations. 

Dopant Dopant -vAgBr 
in 
AgCl,_.xBrv 

AHS 

(kJ/mol) 

ASs 

(J/mol K) 

Standard 
Deviation 
in AH 

(kJ/mol) 

Standard 
Deviation 
in AS 
(J/mol K) 

— AH solv 

(kJ/mol) 

A Sso lv 

(J/mol K) 

CdCl2 0 . 0 2 0 1 . 0 0 9 8 8 0 ± 1 8 ± 2 2 1 8 3 4 5 

0 . 0 2 0 0 . 7 9 1 0 6 8 6 ± 16 . ± 2 0 1 7 5 3 9 

0 . 0 2 0 0 . 4 7 1 0 0 7 7 ± 1 7 ± 2 2 1 8 1 4 8 

0 . 0 2 0 0 . 3 2 1 1 0 8 9 ± 9 ± 11 1 7 1 3 6 

0 . 0 2 0 0 . 0 0 1 0 9 8 7 ± 7 ± 9 1 7 2 3 8 

CaCl2 0 . 0 0 5 0 . 7 9 5 5 2 5 ± 5 ± 6 2 2 6 1 0 0 

0 . 0 1 5 0 . 7 9 7 8 5 7 ± 8 ± 1 1 2 0 3 6 8 

0 . 0 2 4 0 . 7 9 8 9 7 3 ± 8 ± 1 0 1 9 2 5 2 
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Fig. 5. Solvation enthalpy (a) and solvation entropy (b) of silver in mixtures AgCl, _ vBrv . 
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which the experiments can be pe r fo rmed , the stan-
dard deviations of the the rmodynamic func t ions are 
relatively high. Nevertheless, the n o n - m o n o t o n o u s 
dependence of these funct ions on .Y can clearly be 
seen (cf. also Fig. 5). 

3.2. Doped melts 

The addition of small amounts (mole f rac t ion 
^ 0.02) of different hal ides to molten silver chlor ide 
changes the solubility of silver and its t empera tu re 
dependence markedly. Fur the rmore , as can be seen 
f rom Fig. 2, the influence is d i f ferent for d i f ferent 
cations. 

The concentration dependence of the resul t ing 
solvation thermodynamics was studied with C d C l 2 . 
Figure 3 shows that the entropy of solvat ion in-
creases with increasing concentrat ion of dopan t . 
Saturation of this observation seems to occur at a 
mole fraction of dopant of about 0.02. T h e t he rmo-
dynamic functions of solvation of silver in d o p e d 
silver chloride melts, as far as they were de t e rmined 
in our experiments, are collected in Tab le 2. S o m e 
additional data were measured using mixed melts 
AgCli_.xBrv as solvents. These results are presented 
in Table 3. 

4. Discussion 

The solvation entropy of Ag° in pure silver chlo-
ride is - 8 9 J mol - 1 K _ l . Addi t ion of CdCl 2 leads to 
A Ssolv = - 38 J mol"1 K _ 1 at xCdCl2 = 0.02. O the r 
dopants have similar but smaller effects. Only the 
addition of KCl and LiCl makes the solvat ion en-
tropy more negative than it is in the u n d o p e d melt . 
The solvation enthalpy is changed similarly. T h a t 
means that the localization of the silver a toms unde r 
the influence of the dopants is smaller than in un-
doped melts. Salts which change the solvation prop-
erties of water in the same sense are called struc-
ture breakers [6]. 

From the high electrolytic conductivi ty of mol ten 
silver halides [8] it has to be concluded tha t on the 
time scale of this experiment the melt behaves like 
an ionic liquid. Neutron d i f f rac t ion data [7], on the 
other hand, do not exclude the presence of struc-
tural entities like molecules or clusters, at least on 
the extremely fast t ime scale of the neut ron d i f f rac -
tion experiment. The spectroscopic properties of Ag° 
in molten silver chloride [2] as well as the large 

negative entropy of solvation indicate strong local-
ization of Ag° on these structural entities. If dopan t s 
convert the character of the melt f rom "par t ly co-
valent" to "more ionic", this s tructure b reak ing 
mechanism could explain the observed change of 
the solvation functions. 

We tried to rationalize the speciFic effect of 
different ions as well as the concentrat ion depen-
dence. This was possible by introducing a local 
charge density effect ELCD, def ined as 

£lcd = */ R- - I F 
Vi ' A g • / r A g + 

with _Vi: mole fraction of dopant i, zx\ its valency, 
and rx\ its ionic radius. F is Fa raday ' s constant . 
Figure 4 clearly demonstrates that there is a u n i q u e 
relationship between this parameter and the change 
of the solvation entropy. Unfor tunate ly we are not 
able to present any interpretation for this surpr is ing 
result. 

Nevertheless, the local charge density effect 
seems to be a quanti tat ive measure for the a m o u n t 
of structure breaking or format ion in a doped melt . 
This can also be seen f rom the proper t ies of d o p e d 
melts AgCl |_ v Br v . In Fig. 5a , b we present the 
results concerning the solvation enthalpy and entropy 
of silver in these melts as a function of .v, which are 
also presented in Table 3. The f igure contains the 
recalculated standard deviations. T h e latter a re 
relatively high, but the peculiar non -mono tonous 
shape of the curve which was a l ready publ i shed 
in [1] can be recognized without doubt . In [1] we 
attributed this property of the .x-dependence of 
AHsdv and ^S s o ) v to the occurrence of complexes in 
the melt. These complexes were assumed to conta in 
both anions Cl~ and Br~. Also presented in Fig. 5 a, b 
are some points which were obta ined with d o p e d 
melts. These contained different amoun t s of CdCl 2 

and CaCl2 , as speciFied in Table 3. T h e correspond-
ing values of £ L C D are given in the Figure. Wi th 
increasing £Lcd> the min imum around x = 0.8 dis-
appears gradually. When £ L C D exceeds 3000 C . 
A - 3 mol - 1 , a dependence of AHS0iv and ^S^iv f r o m 
x can no longer be detected. 
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