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ABSTRACT

The values of AGP, AHO‘ and AS? for the dissolution process, M.(CrOy), + solvent —- 2
M~" (solvated) + xCrOj;~ (solvated), where M is Ag or Ba, and x is 1 or 2, have been deter-
mined in formamide from solubility studies. The negative value of AS® indicates that
there is more order in the dissolved state than in the undissolved state.

INTRODUCTION

In continuation of our study [1—6] on the solubility of some sparingly
soluble silver salts in formamide, we now report the solubility products of
silver and barium chromates in this solvent in the presence of perchloric acid
and sodium perchlorate or potassium chloride solutions at 25, 30, and 35°C.
The standard thermodynamic quantities associated with the dissolution
process have also been determined.

EXPERIMENTAL

Silver chromate was precipitated by mixing dilute solutions of silver
nitrate and potassium chromate, and this precipitated silver chromate was
repeatedly washed with hot conductivity water. The product consisted of
small dark green crystals which were dried at 130°C for 3 days. This was
analysed for silver content gravimetrically by precipitating silver as silver
chloride, the oxidising power was determined iodometrically.

Barium chromate was prepared by careful precipitation from barium chlo-
ride and potassium chromate solutions. The precipitate was washed several
times with conductivity water and dried at 120°C for at least 4 h. The
barium content was estimated with standard EDTA solution by the usual
method. The chromate content was estimated iodometrically. The results of
the analyses were in good agreement with theory.

Anhydrous sodium perchlorate was prepared by the method described ear-
lier [2]. Formamide (BDH, L.R.) was purified using the same method
reported in our previous study [1]. Anhydrous perchloric acid was obtained
by distilling a G.R. sample of perchloric acid over silver oxide under reduced



pressure, and collecting the middle fraction of the distillate which was
further distilled under reduced pressure. Potassium chloride (G.R.) was dried
at 100°C for 2 h. All other chemicals were either G.R. or A.R. samples.

The solutions of perchloric acid and sodium perchlorate or potassium chlo-
ride were prepared by dissolving appropriate and weighed amounts of the
acid and salt in known weights of formamide at ice-cold temperature [4].
The method of solubility measurements was similar to that described earlier
[2]. The solute contents were analysed by the iodometric determination of
the chromate using a standard sodium thiosulphate solution (about 0.001 M)
by the usual method. The Na.S,0; consumed corresponded to the amount
of chromate and bichromate taken together, present in solution and so it
corresponded to the amount of Ag or Ba in the corresponding solubility
determination.

RESULTS AND DISCUSSION

A summary of solubility data is presented in Table 1 for silver and barium
chromates at 25, 30, and 35°C. Assuming silver chromate and barium chro-
mate in solution to be completely dissociated, in the presence of HCIO; the
following equations hold good

n[M**]=[CrO37] + [HCrOI] (1)
m m,

[HCIO:1,= [HCrOZ] + [H'] (2)

So

[HCrO ] = m; = [HCIO.]; — [H' ]

and

[CrO3i ] = nm — m,

The 1onic strength of the solution

k= Inx®[MY] + 2[CrO3"] + H{HCrO3] + L[H'] +{CIO:] +4[K'] + 4[CI"]
= 1nx?[M* '] + 2[CrO} ] + [HCIO, ]+ + [KCl] 4

nx*

- (—2« + Qn) [\*"] — 2[HCrO; ] + [HCIO. 1, + [KCl], (3)
where Mis Ag or Ba,x is 1 or 2, and n is 2 or 1, respectively. In egn. (3),
[HC1O;]1; and [KCl] are the stoichiometric molalities of HClO, and KCl (in
the case of silver chromate NaClO, was taken) and are known from the
amounts added to the solution. [M*"'] is known as explained earlier. The
value of [HCrO;] was obtained from the second ionization constant, K,, of
H,CrO, and f¢, 02~ reported earlier in formamide [7], as follows

_ [H 1ICrO37] fu+feroz-

- (4)
[HCrO3] - fucrog

Kza




Assuming fu* = fycro; up to u=0.1 and introducing eqns. (1) and (2) in
eqn. (4), the following equation is obtained

K- [(1HCI0, 1, — [HCrOF MY ] — [HCrOs ) |
2a ~feroim | (1CrO; ] o

[(m —m)(nm — m,)!

3 ( m, ’

where [HCIO,;1+ = m’. Solving the above quadratic equation. we get ;. From
egn. (1), we now find [CrOj~] from our measurements. The ionic strength u
was computed from eqn. (3). These values are shown in Table 1 for different
temperatures.

The solubility product, K, is obtained as

Ky = e agrog- = [T 1 [CrOF 1F L Fey s (5
Using the Debve—Huckel—Bronsted equation [1]
logf, =—AZ.Z_ N u+3u (6)

we obtairn
log K, = nlog[M¥ ] +1log[CrO3I ] —(n+ 1) 24 u+ (n+1)3u
50

n log[ M ] + log[CrO3 | —(n + 1) 24 u = log K, — 3u (7)

A plot of the left-hand side against u gives a straight line in each case, the
intercept of which on the ordinate gives log K. Using the method of least
squares, the values of log K, and slopes of the curves, 8 are obtained, these
values are recorded in Table 1.

The AH® values of the dissolution processes have been calculated from
the slopes of the plot of —log K, against 1/T, assuming it to be indepen-
dent of temperature. The AG°®, AH®, and AS° values at 25°C are shown
in Table 2 along with those available in water [8]. The values of K, for
both Ag.CrO,; and BaCrO, obtained in formamide, and reported in water
[8,9] are also included in Table 2. It is found from these results that silver
chromate and barium chromate are more soluble in formamide than in
water. This is consistent with the solubility of other silver salts determined in
formamide [1—3,5,6]. The values of AG® do not change much on passing
from water to formamide whereas there are appreciable changes in AH® and
AS° values. This indicates that the dissolution process is less energy consum-
ing in formamide than in water. The values of AS° in both formamide and
water are expected to be negative, but in formamide these values (in the case
of Ag,CrO,) appear to be more negative, pointing to the fact that the degree
of re-orientation and partial immobilization of the formamide molecules by
the Ag” and CrOZ~ ions is greater in formamide than in water.
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TABLE 2

Solubility product and related thermodynamic quantities of silver and barium chromates
in formamide ? and water P

AG° AHPO As
Temp. K (kI mole™ 1) (keal mole™!) (J deg™! mole™!)
(°O)
a b a b a b a b
Ag.CrO4 x 10'*
25 3.97 2.71 65.05 65.99 16.95 58.80 —60.75 —25.00
- 0.21 : 0.12 = 0.30
30 5.1
35 7.38 5.76
BaCrO4 » 10'°
25 16141 1.6 50.18 535.89 13.01 —23.90
= 0.03 + 0.06 + 0.02
30 20.93
35 28.52
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