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THERMODYNAMICS OF THE SILVER-SILVER THIOCYANATE 
ELECTRODE IN WATER-DIOXANE MIXTURES AT DIFFERENT 
TEMPERATURES 
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Ilepartmerz t of Chemistry, G. IV. College, Sambalpur (India) 

(Received 10 January 19SO) 

In recent years, considerable effort has been devoted to physico-chemical 
studies in non-aqueous and mised solvents. &Iost of these have been con- 
cerned with solutions in mixed solvents with a view to esplaining the effect 
of a changing solvent composition of the ion-solvent and electrodesolvent 
interactions. Several workers [l-6] have presented studies of electrode- 
solvent interactions in water-diosane, water-glycol, water--alcohols and 
water-urea mixtures of various compositions, and have reported the role of 
the permittivity of the medium towards such interactions. 

In previous studies [3,7-g], we have examined the effect of changing the 
solvent from pure water to 10, 20, 30 and 10 mass % diosane + water on the 
dissociation of acids, dissolution of silver salts and standard potentials of the 
silver-silver chromate electrode. To estend the work, we now report the 
results of a determination of the standard potentials of the silver-silver thio- 
cyanate electrode and associated thermodynamic parameters for the elec- 
trode reaction in these media. I-Iowever, various thermodynamic quantities 

lor the electrode reaction of this electrode and the dissolution process of 
silver Chiocyanate are known in water [lo] and formanide [ll]. 

The potassium chloride and potassium thiocyanate were the same samples 

used in the previous study [ 111. Diosane was purified as described earlier 

[ 31. Silvcl1-silver chloride and silvel-silver thiocyanate electrodes were pre- 
pCarcd according to the methods available in the literature [ll]. The solvent 
niistures of various mass percentages were prepared as described in our 
earlier article [3]. St.ock solutions of potassium chloride and potassium thio- 
cyanate were prepared by dissolving the appropriate weighed amounts of 
thcase salts in known weights of watel-diosane mistures of various compo- 
sit.ions. Solutions for e.m.f. measurements were prepared from stock solu- 
tions by the method of double dilution. The cell vessels were of an all-glass 
type of the design described earlier [3]. 

lJrepxation of t.he cell solutions, setting up of the cells, e.m.f. and conduc- 
tance measurements were essentially similar to the methods described earlier 
[ 3 1. _+.ll nleasuremenls were made in water baths maintained at. appr0priat.e 

t~~mperatures within f 0.1” C. 
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Cells of the type 

Ag-AgCNS IKCNS(m) I IKCl(m) IAgCl-Ag 

were used in the present investigation. 

(A) 

RESULTS AND DISCUSSION 

A summary of e.m.f. data of the cell (A) at different temperatures for 
various water + dioxane mixtures is presented in Table 1. As usual, the 
e.m.f., E, of cell (A) is given by the expression 

= = =ig- AgCl - =ig- AgCNS -y In mcl-Ycl- 
m CNS -YCNS - 

+ Ej (1) 

where the symbols have their usual significance. The values of the liquid 
junction potentials, Ej, were calculated from the Lewis and Sargent equation 
[3] and vary in the range 0.1-0.3 mV at all temperatures in water-dioxane 
mixtures of different compositions. The logarithmic term is assumed to 
equal unity since the concentrations in both sides of the cell are identical. 

The standard potential, EL, of the Ag(s) I AgCNS(s) I CNS- electrode was 
obtained by estrapolating the auxiliary function E”’ given by 

E” = E&_ .4gCl -E+Ej=Ek+f(m) (2) 

to the molality m = 0, where Eig- t,gCI is the standard molal potential of the 
Ag(s)I AgCl(s)lCl- electrode and is know-n [ 2,121 over the temperature 
range under investigation for various water-dioxane mixtures. The values of 
EO, thus obtained are recorded in Table 2 along with their standard devia- 
tions, which were obtained by the method of least squares. 

The standard electrode potentials of the silversilver thiocyanate elec- 
trode obtained on the molal scale (EL) are expressed on the molar (Eg) and 
mole fraction (EO,) scales, which are interrelated by the equations [l] 

E: = EO, + [2 X 2.3026(RT/F)] log do 

and 

EO, = E; - [2 X (2.3026 RT/F)] log (1000/m) (3) 

where do and m are the density and average molecular weight, respectively, 
of the solvent concerned. These values are expressed as a function of the 
temperature, t OC, by 

E” = a + b(r - 25) + c(t - 25)’ (4) 

where a, b and c are empirical constants and are shown in Table 3 for 
different scales in various watediosane mixtures along with those com- 
puted in water [lo]. 

_k usual, the values of the Gibbs energy change, AGO, (on the molal scale) 

for the electrode reaction 

..\gCNS(s) + e F Ag(s) + CNS- (solvated) 
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TABLE2 

Standard molal potentials (Ef, in Ah. volts) for the Ag(s)lAgCNS(s)iCNs electrode in 
watel-cliosanc mistures Irom S to 35OC 

M.?SS G”C) 
7; 

dies- 3 10 lb 30 25 30 35 
iIn<. 

10 0.09062 0.0904s 
10.000s ,0.0004 

20 0.09853 0.09isi 
+0_0007 -+0.0006 

30 0.10248 0.10120 
~O_OOOG ~0_0005 

-10 0.10103 0.10245 
-+o.ooos ~0.0003 

0.09037 

LO.0006 

0.09i2S 

+0.0004 

0.09994 
f0.0003 

0.10099 
io.0004 

0.09032 
~0.000i 

0.096'78 
-+0.0004 

0.09sii 
~0.0002 

0.099.55 
-tO.O006 

0.09021 
~0.0003 

0.09622 
~0.0005 

0.09’759 

~0.0002 

0.09isi 

~0.0004 

0.09015 0.09008 

~0.0004 ~0.0005 

0.09569 0.09516 
20.0006 ~0.0007 

0.09633 0.09496 
+0.0005 +o.oooi 

0.09650 0.094S6 
f0.0007 +o.ooos 

have been calculated in Joules from the relation 

AGo = -_,zFE:, 

and can be esprcssed by the equation [ 131 

(5) 

DT= 
AC:” = _-IT + B - CT ln T -? (6) 

where _-I: B, C and D are the empirical constants and T is the temperature in 
degrees Kelvin. The values of Mf’, AS” and ACE for the electrode reaction 
have been computed by the relations 

M’=B+CT+= 
2 

LLP=-_4+C+ClnT+DT 

(‘7) 

is) 

ACO,=C+DT (9) 

The parameters A, B, C and D of eqns. (6)-(g) are recorded in Table 4 for 
various water-diosane mistures together with those evaluated in water. 

The values of the various thermodynamic quantites at 25°C are also included 
in the table for water and for water containing 10, 20, 30 and 40 mass % 
cliosane. 

The thermodynamic quantities, AG:, AI$‘, A$’ and ACEt for the transfer 
of 1 g ion of CNS- ions from water (w) to the mixed solvents (s) of various 
coml,ositions were evaluated by use of the relations [6] 

AG:’ = -F [(E”,), - [E;),] (10) 

Asf = F[(b, - b,) - (2 x 2.3026 R/F) log(M,/M,)] (11) 

A% = AG; + TX$ (12) 
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TABLE 5 

Transfer thermodynamic quantities (on the mole fraction scale) in various watedioane 
mixtures at 25°C 

Mass 7% iOB3 AGF a 
dioxane (J mole-’ ) 

10-3 Ma 
(J mole-’ ) 

AC0 = as; a 

(J mole-’ deg-‘) (J $le-’ deg-’ ) 

10 -0.4919 28.840 98.429 -381.551 
20 -1.5190 25.681 91.274 -384.667 
30 -2.1427 21.384 78.948 -449.511 
40 -2.7408 20.178 76.907 -527.710 

(1 Uncertainties in AGf = 2 2 J, in A$ = 2 4 J, in A!$ = +_ 3 J, and in ACOp, = * 2 J- 

where subscripts w and s refer to water and 
The values of b, and b, were taken from 

(13) 

the mised solvents, respectively _ 

Table 3. As usual, the transfer 
thermodynamic quantities have been calculated on the mole fraction scale, 
since that will eliminate effects arising from concentration changes of the 
CNS- ion accompanying the transfer process. The values of these transfer 
quantities at 25°C are given in Table 5. 

An inspection of Table 3 slows that the standard electrode potentials of 
the silversilver thiocyanate electrode in various water-dioxane mixtures 
are higher than in water and increase with the increase in diosane content. 
Such an observation seems to be contrary to the studies made on the silver- 
silver halide electrodes [ 11, e.g. Ag-AgCl, Ag-AgBr, and Ag-AgI in various 
water--diosane mixtures. However, the solvent effect on the standard 
potential of the silversilver thiocyanate electrode can be examined from 
the related quantities of free energies of transfer of the CNS- ion from water 
to the solvent concerned, since the free energy of transfer is an important 
index of the differences in interactions of the ion and the solvent molecules 
in the two different media. 

Xs can be seen from Table 5, the values of AGF appear to be negative and 
become more and more negative with increase of mole fraction of diosane in 
the watetiiosane mistures. Thus, the CNS- ion is more strongly stabilized 
in the mised solvents than in water. Moreover, the negative values of AG! 
for the experimental mised solvent compositions support the view that 
water is less basic than the mixed solvents. if it is assumed that the hydration 
of a larger thiocyanate ion in aqueous solution is negligible [14]. These 
negative values further indicate that the overall effect of permittivity as well 
as of chemical nature (which mainly reflects the relative b&city and solvat- 
ing capacity) of the solvent makes the transfer of CNS- ions from water to 
these mised solvents favourable. Thus, CNS- ions interact strongly with 
diosane molecules in water-dioxane mixtures in preference to water mole- 
cules_ 

It is well known that the values of m and AS: give an insight into the 
structure of the solvents in the transfer process. The positive entropy of 
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TABLE 6 

Primary medium effect, limN+g log sow (on the mole fraction scale) of CNS ion in 
various watedioxane mixtures at 25°C 

Mass% Lim log syw 
dioxane N-0 

10 -0.1067 
20 -0.2867 
30 -0.3962 
40 -0.4968 

transfer of the CNS- ion from water to the mixed solvents can probably be 
attributed to more structure breaking by the CNS- ion in water-diosane 
than in water. Consequently, the degree of solvent orientation is less in the 
mixed solvents than in water. Thus, the net amount of order created by the 
CNS- ion is less in waterzlioxane mixtures than in aqueous medium. The 
CNS- ion thus “breaks down more structure” in water-dioxane mixtures 
than in pure water. The positive values of m suggest that the transfer pro- 
cess is endothermic because of the dehydration and then resolvation of the 
CNS- ion by dioxane. As expected, the transfer heat capacity is negative 
which reflects the loss of freedom resulting from the interaction of diosane 
in water-dioxane mixtures with CNS- ions. 

Further, it is of interest to examine the primary medium effect which 
results from a difference of the ion-solvent interactions at infinite dilution 
in each solvent. Thermodynamically, it can be represented by 

_fyo (log sY,) = 
b%LJ - mds 
2.3026(R T/F) 

and the limit term indicates the primary medium effect. The values of this 
quantity at 25°C are given in Table 6. As observed. the value of the primary 
medium effect is negative, pointing to the fact that the escaping tendency of 
the CNS- ion is less in water-dioxane mixtures than in pure water. This 
is consistent with the conclusions based on the fact that the CNS- ion is in a 
lower free energy state in watetiioxane mixtures thau in aqueous medium. 
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