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ABSTRACT 

The solubility and solubility product of silver thiocyanate in water have been 
determined at the temperatures ranging from 15 to 35°C over 5°C intervals in the 
presence of sodium perchlorate. The solubility of silver thiocyanate ranges from 
0.661 x 1 O- 6 mol I- * at I5 “C to 1.563 x IO- 6 mof I- r at 35 “C and the corresponding 
solubihty product 0.437 x IO’ l2 mo12 I- 2 at 15°C to 2.@3 x IO- I2 mo12 ie2 at 
35°C. The variation of the sohrbility product, I;r; with temperature has been expressed 
by the equation, 

log K.. = -886_6126+0_143S9T+9450_17/T 

The standard potentials of the Ag(s)/AgCNS(s)/CNS’ electrode have been calculated 
at these temperatures and the standard ektrode potential has been expressed through 
the equation 

E,” =0.0873-11.14x 10-3(t-225)f3.~x 10-‘(t-225)2 

over the temperature range 15-35X The mean activity coefficients of silver thio- 
cyanate at various rounded molarities of sodium perchlorate solutions, and the 
standard thermodynamic quantities for the process, AgCNS(s) + Agi (aq) f- 
CNS (as) have been calculeted at these temperatures. 

BXRODUCTIOS 

Ir! a previous communication’, we reported the solubility, and the solubility 
product of silver permanganate in aqueous sodium perchlorate solutions over the 
temperature range 1 I-35”C_ The present investigation deals with similar studies made 
on siIver thiocyanate at the temperatures ranging from I5 to 35 “C in aqueous sodium 
perchlorate solutions. 

Several s~ud.ies~*~ on the solubility of silver thiocyanate in aqueous media have 
been reported either at a single temperature or more temperatures. But these are 
mostly determined from the standard potentials of the silver-siher thiocyanate 
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electrode and in some cases from the solubility measurements by the conductivity 

method or by the ordinary method ivithout added eIectroI_yte_ This paper reports the 
determination of soIubility of this salt in the presence of an added electrolyte, sodium 
perchlorate over the temperature range Is-35°C. The influence of ionic strergth on 
the mean activity coefficients of siIver thiocyanate in solution has also been examined. 

From the values of the solubility products of silver thiocyanate at these temperatures, 

the standard potentials of the Ag(s)/AgCNS(s)/CNS- eiectrode have been obtained 

in aqueous media_ 

EXPERIbfEhTAL 

Silver thiocyanate was precipitated by mixin dilute soiutions of siIver nitrate 

and potassium thiocyanate (B-D-H., AnaIaRs). The precipitate was washed repeatedIy 

with conductivity water and finally dried in a vacuum desiccator over CaCI, for 
severa weeks. The dried, almost coIourIess saIt, save on anaiysis by standard methods 
a purity of 99.7%. Sodium perchlorate and a stock solution of sodium perchlorate 

were prepared as described earIier ’ _ 

The method for the determination of the solubility was essentially similar to 
that of our previous article’_ The soIute contents were analysed by the potentiometric 

determination of siiver usins a I x IO - 6 N potassium chioride solution. 

RESULTS XSD DISCt.ZXOS 

The experiment31 resuIts of the solubility measurements are recorded in Table I _ 

The first coIumn gives the molar@, c, of sodium perchforate, the second the sol- 
ubiIityY s, of siiver thiocyanate in mo1 I- I : the third column lists the totai salt con- 

centration, cis, which is the same as the ionic strength of the soiurion. 
The method of calculating the sotubility is the same as in our previous paper’, 

assumirg that the salts empIoyed are compIeteIy dissociated, the soIubiIity, s, of 

siIser thiocyanate at any salt concentration, c”, may be written as 

sf* =5- (1) 

wheref, is the mean activity coefiicient of silver thiocyanate, and s’ its hypothetica 

solubility at zero ionic strength. Equation (I) may be written 

log 5’ = log s+ IO& (2) 

As usual by foIlowing the Debye-Hiickel theory, the mean activity coefficient 

may ‘be more accurately expressed by 

Iogf* = --A 
(cts)“2 

1 f Ba2(cis)‘/’ 
i B’(cis) (3) 

where il, B, and B’ are the usual constants of the equation and a” is the ion size 

parameter_ 
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TABLE I 

SUMMARY OF SOLUBILITY DATA FOR SILVER THIOCYAKATE IN 
AQUEOUS SODIUM PERCHLORATE SOLUTIOSS AT 
DIFFERENT TEMPERATURES 

cx 10’ SXIOb (Ci5)~JiY (c+s)fxJOz --lo3s -I03 s-* 

(mol I-‘) (mof I-‘) (ln0li-‘j (mall-":+ 
A(Cts)~XIu2 

lfLCB(C+5)i 
boil- ') (moli-') 

Tempt-rurure: JS"C 

0.250 0.757 
c5oG l-035 

Ixoo I.265 

1_500 I -749 

2.‘z!O 2.846 

Tempcrarirrcr 2O;C 

0.250 0.975 

0.750 I.393 

1.250 1.951 

2.ooo 3.107 
X500 4.514 

Temperurure: 25-'C 

0.250 1.2s5 
0.500 1.365 

0.750 I .6S9 

l.ooo I .99S 

1 so0 3.102 

I.750 3.JS6 

7 -?=I0 __- 4.666 

Temperuturer 30'C 

0.250 IS13 
0.750 2090 
l.Ooo 2-661 

I.500 3.69 1 
! .750 4.006 

2.500 6.594 

Tempcrurure: 35'C 

OS00 I_ '749 
0.750 2.758 
1.350 3_.%%6 
2.000 5.790 
2250 6.553 

0.250 1 

0.5001 

1.ooo1 
I.5002 
2.2503 

5.00 
7.07 

10.00 

12.25 

15.00 

0.2501 5.00 

0.7501. a.66 

1.15o'T 11.13 

2.0003 14.15 

2.5005 15.81 

0.250s 5.00 

0.5001 7.07 

0.7502 8.66 
1.0002 10.00 

I-5003 12.25 

1_75c4 1323 

2.2505 15.01 

0.2502 5.00 
0.7501 8.66 
3_0003 10_00 
I.5004 12.25 
1.750-z 13.23 
2.5007 15.SI 

0.500' 
0.7503 
iz504 
2.0006 
77507 _-_ 

7.07 
S-66 
11.1s 
14.15 
15.01 

2.290 6.1209 6.1435 

3.121 5.955 I 6.0163 
4.205 5 8979 5.9400 

J-963 5.7572 5.SO68 
5.824 5.5455 5.6040 

-log s” textrapolared) 6.1835 

B'(1 mol-') - 25.5791 

2.307 6.0112 6.0343 

3.745 5.8561 5.8936 
4.641, 5.7098 5.7563 

5.606 5.5077 5.5638 

6.113 5-3175 5.3786 
-log s= (estrapolated) 6.1 183 

B’ (I mol- ‘1 -29.lOSO 

7337 5_8911 5.9144 
3.173 5.s640 5.8957 

3-783 5-7724 5.s102 
4.373 5-699-l 5.7421 

5.043 5.5083 5.5583 
5.365 5.4576 5.51 I3 

5.931 53310 53901 
-log sc (extmpolsred) 6.01’3 

B' (I mol- *j - 28.2554 

2.348 5.82C 1 S-P436 

3.815 5.6819 5.720 1 
4.30s 5-5573 5.6191 
5.084 5.4329 5.4837 
5.409 5.3973 5.4514 

6.215 5_1909 5.243 1 

-tog s? (rxrrapolared) 5.9@%9 
B’ (i mol-‘) - 26.686 

3.229 5.64SI 5.6SO4 
3.851 5.5594 5.5979 
4.766 5.4626 5-5103 

5.753 5.2373 5.1938 

6.022 5.1641 5.2243 

-log P (extrapolate&j 5.8068 
B' (1 mol- ‘) - 25.5689 
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Combinin,o eqns (2) and (3), the following equation is obtained 

log S-A 
(c-M)“= 

I -i-Ba“(c+s)1r2 
= log so---B’(c+s) (4) 

By plotting the Ieft-hand side of eqn (4), which is represented by the expression log so 

against the total sait concentration, (cts), a straight line shodid be obtained yielding 

au intercept equal to log so and a slope equal to - B’. The left-hand side of eqn (4) is 

caiculatcd from the experimental data. The values of A and B required for such a 

caIculation at different temperatures were obtained from the Iiterature4. The value of 

a”, the ion size parameter, is taken as 6 a as obtained in the work of Vanderzee and 
Smith2_ In Fig I the vaIues of log so have been plotted against the total salt concen- 

tration, (C-ES), at different temperatures. The vahes of -10g so as obtained from the 

intercepts of these plots and those of B’ as obtained from the siopes of these pIots are 

shobn in Table I. 

Fis I_ Plot of log so’ wxsus toti salt concentration- 

The values of s and fi: at rounded concentrations of the saIt, i.e., sodium 
perchlorate have been evaluated throu& a short series of approximations using 

eqns (4) and (3). For this purpose, eqn (4) may be written in the form 

logs = logs0 -I- 
A(c+s)‘*’ 

1 fBa”(c+s)“2 
- B’(cis) 

Using the appropriate vaIue of c and the known vaIues of so, A, B, a”, and B’ and 
substituting for s an arbitrary, but reasonable vaIue as a trial measure, the right-hand 

side of eqn (5) is evaluated which yields a rough vaIue for s occurring in the left-hand 
side of the same equation_ UsinS this value of s in the ri@t-hand side of eqn (5), a 

second and more accurate vaiue of s is obtained_ This process is repeated severai times 

tiII the vaIue of s does not change further on reiteration_ This IinaI vaiue of s, there- 
fore, xe?rescnts the solubihty of siiver thiocyanaie in water at the appropriate rounded 



39 

concentration of the added salt_ Once the value of s is known, the mean activity 
uxfEicient may then be calculated using either eqn (1) or (3). The values of s and f* 
obtained through this procedure are recorded in Table 2. 

TABLE 2 

SUMMARY OF ACTIVITY COEFFICIENTS FOR 
SlLVER THIOCYANATE IN AQUEOUS SODIUM PERCHLORATE SOLUTIONS AT 
DIFFERENT TEMPERATURES 

CXlOf 
(mol I- ‘) 

SXZ06 
(mot I-‘) km eqn (I) 

l-5 
from eqn (3) 

Temperature: 15 ‘C 

0 0.661 
1 1.300 
2 2.418 
3 4.45 1 
4 5.155 
5 14.900 

Temperature: 2ci”C 

0 0.769 
1 I_641 
2 3309 
3 6.609 
4 13.130 
5 26.030 

Temperature: 2S’C 

0 0.976 
: 4.094 2054 

3 7.962 
4 15.220 
5 30.160 

Temperanue: 30°C 

0 1247 
1 2540 
2 4.849 
3 9.162 
4 17.220 
5 32280 

Tempercrure: 35°C 

0 I.563 
1 3.161 
2 S-780 
3 10.640 
4 19.510 
5 35.630 

o-9911 
0.5041 
0.2710 
0.1470 
0.0803 
0.0439 

09302 0.9902 0.9900 

0.4641 0.4641 o.ePs2 
0.2301 0.2302 OX484 
0.1153 0.1153 0.8177 
0.0580 0.0590 0.7927 
0.0292 0.0292 0.771 I 

0.9963 0.9963 0.9963 
O-4732 0.4732 0.8SP4 
0.2374 0.2374 0.8472 
0.1220 0.1221 0.8162 
0.0626 0.0626 0.7911 
0.0322 0.0322 0.7693 

0.9983 ON86 0.9988 
0.4901 0.4901 0.8884 
0.2567 0.2567 0.5459 
0.1358 0.1355 0.8147 
0.0722 0.0722 0.7893 
0.0355 0.0385 0.7676 

0.9987 0.9956 0.9986 
O-4938 0.4038 0.8874 
O-2700 0.2700 0.8445 
0.1467 0.1467 0.5132 
0.0800 0.0800 0.7874 
0.0438 0.0438 0.7656 

O.PPIO 0.9910 
OS040 0.8910 
0.2710 0.8494 

0.1472 0.8193 
O-0803 O-7941 
0.0439 0.7729 
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The values off, calculated with the help of eqn (I) are in good agreement with 
those caIcuIated from eqn (3). It is of interest to compare thef* vaIues obtained by 
using the Debye-Hiickel Iimiting expression 

(6) 

with those obtained from eqns (I) and (3). It is seen that the activity coefiicient 
caIcuIated from the limiting Deby-e-HiickeI equation is accurate only upto a con- 
centration of ca_ 0.01 molar beyond which deviations occur from the experimenrai 
value, and in most cases the vaIues are much higher than the experimentai vaIues. 

The solubilities of AgCNS in water in the absence of any added saIt are found 
to be 0.661 x 10s6, 0.769x 10T6, 0.976x 10T6, 1.247x 10m6, and 1.563x 10m6 mol 
I -’ at 15, 20, 25, 30, and 3S”C, respectively. The solubility product is obtained by 
usingz the equation, K’ = (s’)’ and the vaIues for the soiubility product are found to be 
0.437 x I o- 1 2, 0.593x IO-“, 0.952x IO-“, 1.555~ 10-‘2, and 2.443x IOmi2 mol’ 
I -’ at 15, 20, 25, 30, and 35T, respectively. These results may be compared with the 
solubility product values in water as reported from the standard eIectrode potentials 
of the siIver-silver thiocyanate eIectrode in that soIvent by La1 and Prasad3 
(0.269 x 1 O- ' ', 0323 x 1 O- 1 '?. I-003 x IO- ’ ‘, 1.865 x IO- ’ ’ and 3.406 x IO- ' ' mole’ 
I- 2, respectiveIy) at 15, 20, 25, 30, and 35°C and by Vanderzee and Smith’ (I -01 x 
10- l2 mo12 l-3 at 25°C. Our K, values are found to be higher at I5 and 20°C and 
Iower at X,30, and 35°C in comparison with the values reported by Lai and Prasad. 
These discrepancies are almost certainly due to the determination of the solubility in 
the presence of the added sah, sodium perchlorate and the high vaiues at low temper- 
atures show that the rate of dissoiution of AgCNS in the presence of sodium per- 
chlorate is hioJler at low temperatures than that at hitier temperatures. 

The variation of KS with temperature may be expressed through the equation 

IO? KS = -36.6126+0.143897+9450_17/7- (71 

The standard free eners change AG’, for the dissolution process, AgCNS(s) --, 
Agf (aq)+CNS- (aq) is obtained by the relation, AC” = - RT In K,. A plot of 
log KS against i,!T yieIds a straight line and the heat of solution (AH”) of silver 

TABLE 3 

STANDARD THERMODYNAMIC QUANTITIES OF 
SILVER THIOCYANATE IN WATER AT DIFFERENT TEAIPERATWRES 

Ii*X iO’= 

c7lol’ I- “) 
AC’ x JO-’ AH’x IO- 3 

(J) (J) 
AS 
t J deg- ‘) 

15 0.337 6SJ5 37.79 - 105.41 
20 0.592 68.60 37.79 - 105.15 
15 0.952 68.58 37.79 - 103.32 
30 I .x55 65.50 37.79 - 101.35 
35 2-413 65-47 37-79 -99_61 
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thiocyanate calcuIated from the sIope of this plot turns out to be 37,790 J, which is 
less than that found from cell data (92,410 J) at 25°C by La1 and Prasad. If 4H’ is 
assumed to remain constant over the range of temperatures employed, which appears 
to be the case, the standard entropy change, 4S’ for the dissolution process may be 
evaluated from the relation, AS” = (AH” -AG’)/T_ These standard thermodynamic 
quantities are shown in TabIe 3. 

The standard potentials of Ag-AgCNS electrode have been cakulated from the 
vaIues of the solubiIity product, KS, and the standard electrode potential of silve?’ 
by means of the equation 

The standard potentials of Ag-AgCNS ektrode thus calculated have been presented 
in TabIe 4_ The variation of E” of Ag-AgCNS eIectrode with temperature may be 
expressed through the equation, 

E,” =0.0573-11.14x lO-3(1-2233+3.644x 10-5(t-225)= (9) 

The calculated vaIues of E” are aIso presented in the same table along with the 
observed values_ Comparison of our E” vaIues with those determined from e-m-f. 
measurements by Vanderzee and Smith, and La1 and Prasad shows that our E” values 
are in good agreement with their reported values suggesting that the soiubility method 
may we11 be appiicable for the determination of the standard electrode potent&s of 
the siIver-silver thiocyanate electrode_ 

TABLE 4 

STANDARD POTENTIALS OF Ag-AgCNS ELECTRODE IN 
WATER .4T DIFFERENT TEMPERATURES 

Temp. 

(‘0 

I5 O.IOZl 0.1023 
20 0.0928 0.0932 

25 0_0880 0.0873 
30 o.os40 0.0818 

35 0.0793 0.0795 
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