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The solubility and soIubiIity product of silver perman_ganat in water have been 

determined at the temperatures ranging from 15 to 35 “C over 5’C intervals in the 

presence of an added electrolyte, sodium perchlorate. The soIubiIity of siIver per- 

manganate ranges from 0.966x iOm5 mol I-’ at 15°C to 1.420x IOm5 moi I-’ at 
35°C and the corresponding solubility product 0.933 x 10-‘” molt lw2 at 15°C to 
2.017 x lo- lo mo12 Im2 at 35°C. The standard potentials of the Ag(s)/AgMr?O,(s)/ 
MnO; electrode have been calculated at these temperatures. The mean activity 
coefficients of silver permanganate at various rounded molarities of sodium per- 
chIorate sohxtions, and the standard thermodynamic quantities for the process 

AgMnO,(s) + Ag+ (aq)+MnO;(aq) have been calculated at these temperatures. 

IN-lRODUClXON 

Several studies on the solubility of sparingIy soluble safts of Giver in aqueous 

media have been made either in presence of or without the added electroiyte. A 
similar study on the solubility of the sparingIy soluble sait, silver permanganate, in 

aqueous sodium perchIorate solutions, over the temperature range 15-3572, is the 

subject of the present communication. Previous investigation of soIubiIity of silver 

pezrmanganate in water is known l, aIthough it does not seem to have been carried out 

under optimal conditions. This paper reports a more accurate determination of the 
solubility of this sait. fn course of these studies, besides obtaining sofubiiity and other 

related data, the influence of ionic strength on the mean activity coefficients of si!ver 

permanganate in soIution has also been examined. The soIubiIity product of siiver 
pezmanganate at different temperatures has been further combined with the standard 

potentials of the Ag-electrode in water to obtain the standard potentiaIs of the 

Ag(s)/AgMnO,(s)/MnOy eIeztzode in water at these temperatures. 
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SiIver permanganate was prepared by mixin, w dilute solutions of silver nitrate 

and potassium permanganate (B.D.H., AnaIaRs). The crystals were washed repeatedIy 

with conductivity water and finally dried in a vacuum desiccator over CaCI, for 

severaI weeks- The dried, almost black crystals, gave on analysis by standard methods 

a purity of 99.6%. 
Scdium perchlorate was prepared according to the standard procedure given in 

literature’. A stock soIution of sodium perchlorate was prepared by dissoIving a 

weighed quantity of sodium perchlorate in triply distiiled water. 
The soiutions of sodium perchlorate of required molarities were prepared from 

the stock soIution by dilution, and were then put into amber-coloured glass-stoppered 

bottles containing an excess of silver permanganate. The stoppers were heavily 

paraffined and the bottles were then rotated in a water thermostat maintained at the 

appropriate temperature (to within 10.03”C) for several weeks, till equilibration, 

after which the solute content of the saturated solution in each of the bottles was 
analysed- It =as found by means of a few trial runs that a time period of four weeks 

wz sufiicient to rezch equiIibrium. The solute contents were analysed by the per- 

manganametric determination of the permanganate using a 0.01 M sodium oxalate 

soIution and a calibrated microburette. The titrations were accurate to t0.2%. 

RE!WL-EG AND DI!SCCSSION 

The experimental results of the soIubiIity measurements are recorded in Table I. 

The first coIumn gives the molarity, c, of sodium perchlorate, the second the solubility, 

s, of silver permanganate in motes per Iitre, averaged in each case, from three closely 
agreeing resuhs; the third coiumn Iists the total salt concentration, c+s, which is the 

same as the ionic strength of the soiution. 

Assuming that the salts empIoyed are compIeteIy dissociated, the solubility, s,of 

siIver permanganate at any salt concentration c may be written as 

sf* = SE (I) 

wheref, is the mean activity coeflicien t of silver permanganate, and so its hypothetical 

solubility at zero ionic strength_ Equation (I) may be rewritten 

Jog so = Iog s i Iog f* (2) 

FolIowing the Debye-Hiicke! theory, the mean activity coefficient may be more 

accurateIy expressed by 

logf, = -A 
(cts)+ 

I -i- Ba”(cis)* 
i- B'(c+s) (3) 

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

parameter. 
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TABLE 1 

SUMMARY OF SOLUBILITY DATA FOR SILVER PERMANGANATE IN 
AQUEOUS SODIUM PERCHLORATE SOLUTIONS AT DIFFEREhT TEMPERATURES 

CXW sxIGs (cis)x 102 (&S)f x 102 A(cc+s)+ x IO’ --logs -log so* 

(moi I-‘) (mol I-*) (mol I-‘) (ma1 I- I)+ (mail-‘) (moli-‘) 

Ii( 

Temperuture: I5 “C 

0.250 I-209 
OS00 l-388 
0.7S!l I-582 
l.ooo 1.899 
1.500 2.441 
1.750 2.702 
2.500 4.747 

Temperarwe: 20 * C 

0.250 1.290 
0.500 I Xi5 
0.750 1.676 

ILJOO 2216 

I .750 3.481 

Temperalure: 25 “C 

0.250 1.443 
0.500 I.567 
0.750 1.999 
1BOO 22S9 
1.500 3.402 
1.750 3.798 
2.250 4.942 
2.500 5.81 I 

Temperature: 30 “C 

0250 IS63 

0.500 1.788 
0.750 2.178 
1250 2.968 
1 SO0 3.588 
I.750 4.133 
2250 6.068 

0251 5.01 
0501 7-08 
0.752 8.67 
1 A02 10.01 
1.502 12.26 
I.753 13.24 
2505 IS.82 

O.fSl 5.01 

0.501 7.08 
0.752 8.67 
I_002 IO_01 
1.754 1324 

0.25 I 5.01 
0.502 7.08 
0.752 8.67 
1.002 IO.01 
1.503 12.26 
I.754 1324 
2.255 15.02 
2.506 15.82 

0.252 5.02 
OS02 7-08 
0.752 8.67 
I.253 11.19 
1.504 12.27 
1.754 13.24 
2.256 15.02 

2386 4.9 I 76 4.9415 

3-306 4.8576 4.8907 
3.991 4.8007 4.%%06 
4.552 4.7214 4-7669 

5.459 4.6124 4.6670 

5.851 4.5653 4.6268 

6.839 4.3236 4.3920 
-log s2 (cxtmpoIsted) 5.0168 

B’ (I mof-‘) - 23.97 

2.407 4.8894 4.9135 
3.334 4.8372 4.8705 
4.025 17757 4.8160 
4-591 4.65-U 4-7003 
5.900 4.4582 j-5172 

-log so (extrapolated) 4.9946 
E (1 mol-I) -27.13 

2.429 4.8407 4.3650 

3367 4.8049 4.8386 

4.06 I 4.6992 4.7398 

4.633 4.64G4 j-6867 

5.555 4.4682 4.5237 

5.954 4.4205 4.4800 

6.64S 4.306 1 4.3726 
6-960 4.2358 4.3054 

-log so (exrrqYorated) 4.9555 

F 0 moI-l) - 25.63 

2457 4.8059 4.8305 
3.399 4.7475 4.7815 
4.101 4.6620 4.7030 
5.177 4.5276 4.5794 
5.611 4.445 1 45012 
6.012 4.3537 4.4438 
6.713 4.2169 4.2r340 

-log so (extrapolated) 4.9101 
W (I mol-I) - 27.40 

(T&k I conrinued on p_ 1921 
. 



cx IO= sx 103 (d-s) x zo* (cis)‘x IO2 A(c+s)* x 10’ --logs ---logs”’ 
(mol I-1) (mol I-‘) (mol I-‘) (mol r-q* (mol I-‘) (md Z-l) 

z+(c+s)* 

Temperature: 35 a C 
0.250 ! -695 
O-750 2_402 
1.ooo 9832 
l-250 3353 
1.750 4362 
to00 5.563 
2-250 6.738 

0.252 5.02 
0.752 8.67 
I_003 10-01 
1253 1 I.19 
I.754 13.24 
tOO6 14.16 
9257 15.03 

2.480 4.7708 4.7956 

4.i40 4.6194 4.6608 

4.724 4s464 4.5936 
5223 4.4708 4.5230 
6.070 4.3603 4.4210 
6.434 4.2547 4.3190 
6-778 4.1708 4.2386 

-log so (extrapolated) 4.8669 
IF (1 mol-l) - 27.23 

Xowever, not having any definite knowledge about the ion size parameter in 
aqueous media, the application of eqn (3) gives rise to some difiicukies. Consequently, 
as a measure of good approximation, the following equation may be used in its pIace3. 

log-f, = --A 
(c t S)f 

1 +(c+s)* 
+ gll(cts) (34 

Where, because of the approximation involved, B” now replaces the empirical 
constant B’ in eqn (3). 

Combining eqns (2) and (3a), we further obtain 

log s--A 
(C-G) 

I +(c-# 
= log so - B"(c+s) 

The validity of eqn (3a) can be tested by plotting the Ieft-hand side of eqn (4) based on 
experimental data against (c+s), in which case a straight line should be obtained 
yielding an intercept equal to log so and a sIope equal to -I?“_ Plots of such type using 
experimental data at different temperatures are shown in Fig_ l_ Here the Ieft-hand 

Fig. 1. Plot of log ss’ versus salt concentration. 
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side of eqn (4) which for brevity is represented by the expression logs”’ has been 
plotted against the total salt concentration (c+s). The values of A, needed for such 
calculation, were taken from the iiterature4. The c!ose fit of log so’ values with a 
straight-line plot at each temperature clearIy suggests that eqn (3a) is indeed a good 
approximation for logy* . JYhe values of -1og so as obtained from the intercepts of 
these plots and those of B” as obtained from the sIopes of these plots are shown in 
Table I. 

The procedure further allows the evaluation of both s and f* at rounded 
concentrations of the salt, i.e., sodium perchIorate. This can be achieved through a 
short series of approximations using eqns (4) and (3a). For this purpose, eqn (4) may 
be written in the form 

Iog s = log so -t 
A(c+s)* 

1 +(c+s)’ 
- B”(c;s) 

Using the appropriate value of c and the known values of so, A, and B” and sub- 
stituting for s an arbitrary, but reasonable value as a trial measure, the right-hand side 
of eqn (5) is evaluated which yields a rough value for s occurring in the left-hand side 
of the same equation. Using this value of s in the right-hand side of eqn (5), a second 
and more accurate value of s is obtained_ This process is repeated several times till the 
value of s does not change further on reiteration. This final value of s, therefore, 
represents the solubility of silver permanganate in water at the appropriate rounded 
concentration of the added salt. Once the value of s is known, the mean activity 
coefficient may then be calculated using either eqn (1) or (3a). The values of s andfr 
obtained through this procedure are shown in Table 2. 

As expected thef, values caIcuIated with the help of eqn (1) agree well with 
those calculated from eqn (3a). In the last column of Table 2, thef. values computed 
by Debye-Hiickel’s Iimiting expression 

(6) 

are also shown_ It wiIl be observed that the activi@ coefficient calculated from the 
limiting DebyeHiickel eqcration is accurate only up to a concentration of ca 0.01 
molar beyond which deviations occur from the experimental vaiue, and in most cases 
the values are much higher than the expcrimcntal values. 

The solubilities of silver permanganate in water in the absence of any added sait 
are found to be 0.966x IO-‘, 1.051 x IO-‘, 1.152x lo-‘, 1.282x 10a5, and 
1.420 x lo- 5 l-r01 I- l at 15,20,25,30, arrd 35’C, respectively. Hein an& Daniel’ have 
reported the soIubility of silver permanganate in water at 2O”C, but their solubility 
value (0.04066 mol l- ‘) at 20°C dXers appreciably from our value (1.051 x 
lo- 5 mol l- ‘) at this temperature. As the full experimental details of their work are 
lacking and the data are onIy avaiIable at a singIe temperature, we are not giving much 
.si_g~Bcan~ to their reported value and consider the present set of solubility Oata more 
reliable. 
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TABLE 2 

SUMMARY OF ACl-WITY COEFFICIENTS FOR SILVER PERMANGANATEIN 
AQUEOUS SODIUM PERCHLORATE SOLUTIONS AT DIFFERENTTEMPERATURES 

cx IO2 
(mall-‘) 

sxio5 
(mol I- ‘) $A eqn (34 

Temperature: JS"C 
0 0.966 
1 I.858 
2 3350 
3 5.994 
4 10.660 
5 18.950 

Temperanutr2OYY 
0 I_051 
1 2105 
2 4-090 
3 7.874 
4 15.090 
5 W-020 

Temperature: 25°C 
0 1.152 
: 2336 

2 4.179 
3 8.971 
4 16370 
5 33.650 

Tempera2ure:30vC 
0 1282 
1 2-580 
2 5.047 
3 9.790 
4 18.910 
5 36.650 

Tempua&re:3S"C 
0 1.420 
I 2.841 
1- 5.544 
3 10.7io- 
4 20.650 
5 39.920 

0.9959 0.9959 0.9963 
0.5180 0.5180 0.8913 
02871 0.2871 0.8496 
0.1605 0.1605 0.8191 
0.0902 0.0902 0.7939 
0.0508 0.0508 O-7727 

09636 0.9636 0.9632 
0.4810 0.4810 0.8902 
0.2476 0.2476 0.8484 
0.1286 0.1286 O.SI75 
0.0671 0.0671 O-7923 
0.0349 0.0349 0.7705 

0.9616 0.9616 0.9610 
O-4976 O-4976 0.8892 
0.2651 0.2651 0.8470 
0.1235 0.1235 0.8160 
O-0677 0.0677 0.7907 
0.0329 0.0329 0.7690 

O-9592 09592 0.9585 
O-4767 0.4767 0.8882 
0.2437 02437 0.8457 
0.1256 0.1256 0.8143 
0.0650 0.0650 0.7891 
0.0336 0.0336 0.7668 

0.9568 0.9568 0.9561 
0.4782 O-4782 0.8374 
02451 0.2451 0.8443 
0.1269 O-f269 0.7962 
0.06?3 0.0658 0.7870 
0.0340 0.0340 0.7647 

The soiubilitj product is obtained by using the equation, & =(sO)~_ The 
variation of KS with temperature may be expressed through the equation 

Iog KS = - 37.3958 +0.053788 T f 3419.9/T (7) 

IXe standard free energy change AG”, for the dissolution process, AgMnO,(s)-, 
Ag+ (as)+- MnOz (as) is obtained by the reIation, AG” = --RTln 4. A plot of 
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Iog K. against I/T (Fig. 2) yields a straight Iine, from the slope of which the heat of 
solution (AEP) of silver permanganate has been cakulated. If AhH” is assumed to 
remain constant over the range of temperatures emp!oyed, which appears to be the 

bJT)xldl kkg-’ K) 

Fig. 2. Variation of log Ks with 1/T. 

case, the standard entropy change, AS”, for the dissohrtion process may be evaluated 
from the relation, 

AS= = (AH’ - AG”)JT 

These standard thermodynamic quantities are shown in Table 3. 

TABLE 3 

STANDARD THERMODYNAMIC QUAKf171ES OF SILVER PERMANGANATE IN 

WATER AT DIFFERENT TEMPERATURE 

Temp. K.x IOx0 AC” x IO- = AH’x IO-3 
Cc) (muI r-q (I) (J) 

15 0.933 55.38 28.69 
20 I.104 55.93 28.69 
25 1.327 56.4 1 28.69 
30 lJ544 56-82 28.69 
35 2017 5724 28.69 

AS” 
(J deg- ‘) 

-85.72 
- 9296 
- 93.03 
-99L85 
-9268 

-- 

The standard potentials of Ag-AgMnO, electrode have been calculated from 
the values of solubility product, K,, and the standard ekctrode potential of silver by 
means of the equation 

The standard electrode potentia! of siIver in water needed for this purpose was 
obtained from the empirical equation available in the literatureti. The standard 
potentiak of Ag-AgMnO, electrode thus calculated have been recorded in Table 4. 
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TABLE 4 

SANDARD POTENTIALS OF Ag-AgMnOd ELECTRODE IN WATER AT 
DIFFERENT TEMPERATURES 

Ohs_ Cdr. from eqn (9) 

15 0.2356 0.2349 
20 0.2249 02253 
25 0.2149 0.2155 
30 0.2055 03056 
35 0.1963 0.1956 

The variation of E” of As-_4gMnO, ekctrode with temperature may be expressed 
through the equation, 

q = 0.21549-1.965 x 10-3(t-25)-2.7oox lo-6(z-25)z (9 

The calcukted values of E” are also presented in the same table along with the 

observed values_ 

REFEREXCES 

1 Fr. Hein and W. Daniel, Z. Anorg. Chem., 234 (193’7) 155 
2 H. H. Willard and G. F. Smith, J. Amer. Chem. Sue., 44 (1922) 2816. 

3 E_ A_ Guggenheim and J. E_ Prue, Physicockemiral Cafcrdafions. North Holland, Amsterdam. 1956 
pp_ 223-330. 

4 H. S. Hamed and B. B. Owen. i’Xe Physical Chemistry of EXecrroi_rric Solutions, Reinhold. NCW 
York, 3rd ed., 1967, p_ 165 and (a) p_ 451_ 


