
PHYSICO-CHEXIICAL STUDIES IN W:\TER + DIOS,\XE 1IISTURE.S: 

SOLUBILITY PRODUCT AXD RELATED TH~;R.3IOD\‘SV=1~IIC 
QUANTITIES OF SILVER BRO3l;\TE 

In continuation of our study on the determination c)f the solcl,ility of 

slxwingly soluble silver sa1t.s in mised aqueous mcctia [ 11 (water + cliosane 1. 
we now report the solubi1it.y product and related thc~rniodvnamic cluantit.ics 
of silver bromatc in \vatcr +lO. t-20. and +40 mass7 of diosxic~ at. 20. 25. 
30 and 35°C. 

ESPERIXlEST:\L 

Silver lx-ornate and anhydrous sodium perc.hloratc x\~;crc~ prepart accord- 

ing to the standard proccdurcs h (riven in t!ic literature ( 2 1. Thc~ solvcnt mis- 
trrws of various mass pcru2ntag,rcs were m:dr~ 3s clcscrit)d in our earlier 
art.icles [ 1,4]_ 

The solubility ~12s determined hy the method dcscrilwd earlicbr [ 1..5--S]. 

The so1ut.e contents were analysed by the iodomctric. dc~t.crminatio~l of thcb 
txomate using 0.01 XI sodium thiosulphatc solution and a calit>rated micro- 
huret.te. The sodium t.hiosulphatc~ solut.ions wcr‘: standardisc~d against potas- 
sium dichromate. The titrations were accurate t.o 5 0.2“; _ 

RESULTS XND DISCUSSIOS 

_-\s described earlier [ 1,5-S] _ the hypothet.ical solubility. .4’_ of silver 

bromate was obtained by estrapolat.ing tlic function log s’ d(~fined 111 

to ionic strength I = 0 (here. I = c + s), where s is the so1ul~ilit.y in mo!tx 1 -’ 
determined esperiment.alIy at any sodium pcrchloratc molarity. c. _.I and B 

are the Debye--Huckel constants and are known [ 91 ovw the t.cxmp(wturc 
range under-investigation in water +lO. +20, and +40 
(zO is the ion-size paramet.er. .-4s before, log so is the 
slope of a plot. of the middle terms of tqn. (1) XT,. t.he 
extrapolated to I = 0 assuming proper v.llues of CI’ arc 

mass? of cl iosanc. and 
intcrwpt. and 1~ is the 

ionic strenfiti. I, xvhcn 
chosen. ;1s usual ( 10 1. 
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t.he values of QO were obtained and were found to be 4.5, 5, and 5 Ax in water 
+lO, +20, and +40 mass% of dioxane, respectively. 

The solubilities of silver bromate at rounded molarities (e.g. c = 0, 0.01, 
0.02, etc. mole 1-l) were calculated by using t,he usual equation [1.5---S] of 

the form 

where the symbols have their usual significance. The method of calculation 
was esact.ly the same as that described in our earlier articles [ 5-81. The 
solubility product, K,, has been calculated from the relation, K, = (s’) [Z], 
where S’ is the solubility of silver bromate at c = 0 mole 1-l. The values of 

K, at various temperatures were fitted by the method of least squares to an 

equat.ion of the form 

-log k’, = :; + R + CT 

where T is the t.herrwclynamic temperature in degrees Kelvin. The parameters 

A, B, and C in 2qn. (3)_are presented in Table 1 for various water + diosane 
compositions. The average deviation between the observed (esperimental) 

values ~::ii the values calculated from eqn. (3) for different media is within 

+ O.O?d ;’ logarithm units. 
The mean act,ivity coefficients of silver bromate calculated at rounded 

molarities [5--51 by means of the following equations 

sf. = s” (3) 

log f_ = -_.II’ 1 (6) 

show that there is good agreement. bet.ween these values but beyond ca. 0.01 

molar the v‘alues calculated by eqn. (6) show deviation from those calculated 
from eqns. (4 and 5). 

The various thermodynamic quantities AGO, AI?, AS’, and ACE for the 
dissolution process of silver bromate in different water + diosane mist.ures 
have been evaluated from t.he usual relat.ions at temperatures ranging from 

20 to 35>” C using the parameters -4, B, and C of eqn. (3). These values at. 

Parameters of eqn. (3) 

hias& of diosane -4 c c 

10 -36 139 333.4 -0.3s31 _ 
20 -16 515 9s.9 -0.1.549 

-10 +2-I 017 -203.S +0.344s 

. . 
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T A B L E 2

S t a n d a r d t h e r m o d y n a m i c q u a n t i t i e s o f lhe d i s s o l u t i o n p r o c e s s . A g B r O3 ( s ) - * Ag ÷ (SOl-
r) - Ov a t e d ) + BrO~ ( s o l v a t e d ) in w a t e r and w a t e r + d i o x a n e m i x t u r e s at ~a C

Mass,~_ o f d i o x a n e :XG ° x 10 -3 ...~/-I ° × 1 0 - 3 :_~S 0

(J m o l e -1 ) (J mole -1 ) (J m o l e -1 dei4 -1 )

0 2,1 ..10 - 1 8 . 9 6 ,q 2.43
0 ~10 1 7 . 2 9 3 1 . 9 7 49.__8

20 1 7 . 5 0 ' t 4 . 6 1 9 0 . 9 6
-10 2 0 . 9 9 3 5 . 5 5 - 1 9 . 6 9

T A B L E 3

S t a n d a r d t h e r m o d y n a m i c c o n s t a n t s for t h e t r a n s f e r o f s i l v e r b r o m a t e f rom w a t e r to w a t e r
, . ) - o

+ d i o x a n e m i x t u r e s at - a C

M a s s % o f d i o x a n e A c 0 × 10-~ _xH0 × 10-3 ~ s 0
(,l mole -I ) (J m o l e -1 ) (J m o l e -1 cteg -1 )

10 - - 7 . 1 1 - - 1 6 . 9 9 - - 3 3 . 1 5
20 - - 6 . 9 0 - - - ! . 3 5 + 8 . 5 3
-10 - - 3 . 4 1 - - 1 3 . 4 1 - - 3 2 . 7 : t

2 5 ° C are p r e s e n t e d in T a b l e 2 a l o n g w i t h t h a t a v a i l a b l e in w a t e r [6 ] fo r t h e
s a k e of c o m p a r i s o n . I t is o b s e r v e d t h a t AG ° d o e s n o t c h a n g e m u c h o n
p a s s i n g f r o m w a t e r t o w a t e r + d i o x a n e m e d i a , w h e r e a s t h e r e a r e a p p r e c i a b l e

c h a n g e s in z_kH° a n d A S ° v a l u e s . T h i s i n d i c a t e s t h a t t h e d i s s o l u t i o n p r o c e s s is

l e s s e n e r g y c o n s u m i n g a n d t h e d i s s o l v e d s t a t e is l e s s d i s o r d e r e d in w a t e r +

d i o x a n e m e d i a t h a n in w a t e r .

T h e t h e r m o d y n a m i c q u a n t i t i e s , A G °, 'A/~t , a n d ASt° fo r t h e t r a n s f e r of 1
m o l e o f s i l v e r b r o m a t e f r o m w a t e r t o t h e m i x e d s o l v e n t s o f v a r i o u s c o m p o s i -
t i o n s h a v e b e e n d e r i v e d f r o m t h e u s u a l r e l a t i o n s [ 1 1 ] , a n d t h e s e v a l u e s a t
2 5 ° C are s h o w n in T a b l e 3. T h e v a l u e s o f AGO a p p e a r t o be n e g a t i v e fo r all
c o m p o s i t i o n s , i n c r e a s i n g s h a r p l y t o m o r e p o s i t i v e v a l u e fo r + 4 0 m a s s % of
d i o x a n e . T h e n e g a t i v e v a l u e s o f AG ° l e n d s u p p o r t t o t h e v i e w t h a t s i l v e r
b r o m a t e is less s t a b i l i z e d b y s o l v a t i o n w i t h w a t e r m o l e c u l e s in m i x e d sol-
v e n t s t h a n in w a t e r . F u ~ h e r , t h e n e g a t i v e v a l u e s o f A/~t a n d A S ° i n d i c a t e
t h a t t h e m i x e d s o l v e n t b e c o m e s less a s s o c i a t e d t h a n p u r e w a t e r , p o i n t i n g t o
t h e f ac t t h a t t h e n e t a m o u n t o f o r d e r c r e a t e d b y t h e s i l v e r a n d b r o m a t e i o n s
is m o r e in t h e w a t e r + d i o x a n e m e d i a t h a n in w a t e r .
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