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ABSTRACT 

The standard potentials of the silver-silver tungstate, silver-silver phosphate and silver- 
silver arsenate electrodes in four different compositions of water-dioxane and water-urea 
mixtures at seven different temperatures from 5 to 35T have been determined from EMF 
measurements of cells of the type Ag(s). AgCl(s), NaCl(c)//Na,Z(c/x), Ag_YZ(s). Ag(s). 
where x is 2 or 3. and Z is WO,, PO., or AsO,. These values have been used to evaluate the 
transfer thermodynamic quantities accompanying the transfer of 1 g ion of WO?-. PO:- or 
AsO,J - ion from the standard state in water to the standard state in water-dioxane or 
water-urea mixtures. 

INTRODUCTION 

In a previous communication [I], we reported the standard potentials of 
the silver-silver tungstate, silver-silver phosphate and silver-silver arsenate 
electrodes in aqueous medium at different temperatures. With a view to 
elucidating the ion-solvent interactions in binary solvent systems 121, the 
present work was undertake& to determine the standard potentials of these 
electrodes in various compositions of water-dioxane and water-urea mix- 
tures over the temperature range 5-35OC. 

EXPERiMENTAL 

The sodium chloride, sodium tungstate, sodium phosphate and sodium 
arsenate were the same samples used in the previous study [I]. Dioxane was 
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purified as described earlier [3]. Urea (BDK. Analar) was used without 
further purification. The solvent mixtures of various mass percentages were 
prepared as described previously [2.3]. Stock solutions of various sodium 
salts were prepared by dissolving the appropriate weighed amounts of the 
sodium salts in known volumes of water-diosane and water-urea mixtures 
of various compositions. Solutions for EMF measurements were prepared 
from stock solutions by double dilution method. 

Preparation of the silver-silver chloride. silver-silver tungstate. silver- 
silver phosphate and siiver-silver arsenate electrodes. preparation of the cell 
solutions. setting up of the cells. the EMF and conductance measurements 
were essentially similar to the procedures described earlier [ 1.21. 

RESULTS AND DISCUSSION 

‘4s usual [I]. the standard molar potentials. E,” were obtained by the 
method of extrapolating [l-3] the auxiliary functions, E,“. given by 

E;“= E--ji; log(2c) -;k 
-[ 

4A \:3c/2 

1+\:3c/2- 

2:1,/T + EO 

1 + ,!T 1 Ap.AgCI - Ej 

for the silver-silver tungstate electrode. and 

Ez’= E- fk log(3c) -k 
3A$% _ ‘4,;: 1 

1+.jc 1 + i:‘; I 
+ E,o,.,,c, - Ej 

(2) 
where Z is PO, or AsO,. for the silver-silver phosphate and silver-silver 
arsenate electrodes. to the moiarity. c = 0. In the foregoing equations E&AgCl 
is the standard potential of the silver-silver chloride electrode. A is the 
Debye-Huckel constant. and is known over the temperature range under 
investigation for various water-dioxane [4] and water-urea [5] mixtures, E is 
the observed EMF of the cell, Ag(s), AgCl(s), NaCl(c)//Na,Z(c/x), 
Ag,Z(s). A&S). k is 2.3026 RT/F, Ej is the liquid junction potential, and h is 
1/‘2k{ 2&, -(3/2)fl,oi } in eqn. (I), or k{&- -(2/3),@,+ } in eqn. (2), 
Lvhere p is the usual constant in the Debye-Huckel expression for the 
activity coefficient. i.e. 

- 

-lOg~i = 
3 

yz ;--pip 

\: 

where i is Ci -. WO,‘-. PO:- or AsO:-. 
As previously [l-33, the values of the liquid junction potentials, Ej, were 

calculated and found to vary in the range 0.001-0.009 V in all solvents for all 
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TABLE 1 

Standard molar potentials (E,” in abs. volts) for the Ag(s)-Ag,WO,(s). WOj-. Ag(s)- 

Ag,PO,(s). PO:- and Ag(s)-Ag,AsO,(s). AsO:‘- electrodes in water-dioxane and water- 
urea mixtures from 5 to 35OC 

Wt.% 
organic solvent 

r(“C) 

5 10 15 20 25 30 35 

Ag(s)-AgzW04(s), WOj- electrode 

0 0.4692 0.4198 

10% Dioxane 0.5101 0.4997 

20% Dioxane 0.4923 0.483 1 
30% Dioxane 0.4739 0.4646 
40% Dioxane 0.3935 0.3873 
11.52% Urea 0.483 1 0.474 1 
20.3 1% Urea 0.4852 0.4784 
29.64% Urea 0.5117 0.5077 

36.83% Urea 0.5175 0.5 I28 

Ag(s)-Ag,PO,(s). PO:- electrode 
0 0.4917 0.4797 
10% Dioxane 0.4618 0.45 11 
20% Dioxane 0.4432 0.4258 
30% Dioxane 0.4339 0.4222 

40% Dioxane 0.4305 0.4145 
I 1.52% Urea 0.4872 0.4807 
20.3 1% Urea 0.5019 0.4930 

29.64% Urea 0.5318 0.5238 
36.83% Urea 0.5440 0.5369 

Ag(s)-Ag,AsO,(s). AsO:- electrode 

0 0.439 1 0.4288 
10% Dioxane 0.4238 0.4170 
20% Dioxane 0.4158 0.4020 
30% Dioxane 0.3822 0.3710 

40% Dioxane 0.3744 0.3602 
11.52% Urea 0.4807 0.47 18 
20.31% Urea 0.4839 0.4757 
29.64% Urea 0.4997 0.4889 
36.83% Urea 0.5034 0.4968 

0.4528 0.4435 0.435 1 0.4282 0.4200 

0.4933 0.4806 0.4708 0.4625 0.4529 

0.4769 0.472 1 0.4617 0.4518 0.4416 
0.46 I6 0.45 IO 0.4422 0.4345 0.423 1 
0.3769 0.3682 0.3619 0.3557 0.3460 

0.4684 0.4637 0.4555 0.4502 0.4439 
0.4709 0.4673 0.4598 0.455 1 0.450 1 
o.spJ40 0.4974 0.490 1 0.486 1 0.48 17 

0.5079 0.5016 0.4969 0.4933 0.4883 

0.4675 0.4605 0.4523 0.4456 0.4370 
0.4433 0.4320 0.4219 0.4108 0.4014 
0.4 124 0.4013 0.3920 0.3816 0.3705 
0.4103 0.3977 0.3860 0.3743 0.3622 

0.3995 0.3888 0.3764 0.3629 0.3509 
0.4740 0.4687 0.4603 0.4526 0.4454 
0.4854 0.4782 0.4704 0.4633 0.4559 

0.5 160 0.5066 0.5008 0.4945 0.486 1 
0.5292 0.5227 0.5156 0.5097 0.5024 

0.4173 0.4114 0.4008 0.3938 0.3849 

0.4079 0.3973 0.3889 0.3780 0.3685 

0.3878 0.3753 0.3634 0.3505 0.3386 
0.3604 0.3519 0.3425 0.332 1 0.3241 

0.344 I 0.33 16 0.3210 0.3077 0.2957 
0.4622 0.455 1 0.4424 0.4337 0.4226 

0.4656 0.4576 0.4486 0.4411 0.4304 

0.48 19 0.4728 0.4634 0.455 1 0.4468 

0.4886 0.4800 0.47 17 0.463 1 0.4557 

temperatures. The values of E,” obtained on extrapolating Ez’ to c = 0 for 
the silver-silver tungstate, silver-silver phosphate and silver-silver arsenate 
electrodes are presented in Table 1. The average standard deviation in the 
vaiues of E,” is -1-0.3 mV. 

Standard potentials on the molal (Ez), mole fraction (Ei) and molar 
( Ez) scales (correlated by the usual equation [6]) at various temperatures for 
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any solvent were fitted by the method of least-squares, to an equation of the 
form [7] 

EP” =A+BT+CTlnT+DT’/2 (3) 

TABLE 2 

Constants for eqn. (3) for molar (c). molar (m) and mole fraction (N) scales in water-dioxane 
and water-urea mixtures 

Wt.% 
organic solvent 

P A - 102 B 103 c IO5 D 

Ag(s)-Ag,WO,(s). WO:- electrode 
0 

10% Dioxane 

20% Dioxane 

30% Dioxane 

40% Dioxane 

11.52% Urea 

20.31% Urea 

29.64% Urea 

36.83% Urea 

C 

N” 
C 

N” 
C 
m 
N 
C 

m 
N 
C 

m 
N 
C 

N” 

C 

N” 

C 

N” 

C 

N” 

1.1760 
1.1378 
1.2016 
0.99955 
1.0230 
1.0401 

-0.i6130 
- 0.22804 
-0.22848 
- 0.08285 
- 0.0653 12 
- 0.09576 

1.101 I 
1.1056 
1.0739 
1.1273 
1.1874 
1.1287 
I .3035 
1.4223 
1.3174 
0.5132 
0.5466 
0.5875 
1.005 
1.0842 
1.0708 

Ag(s)-Ag,PO,(s), PO:- electrode 
0 C 2.4068 

z 2.4550 2.3890 
10% Dioxane C 0.74017 

: 0.70801 0.76537 
20% Dioxane C 2.7920 

z 2.8280 2.8274 

0.062505 -0.5858 1 0.99 182 
0.14016 - 0.96556 1.1700 
0.14236 - 0.60278 1.0705 

- 0.020407 -0.3895 1 0.16379 
-0.076414 - 0.54856 0.34233 

0.0 1023 1 -0.53386 0.37390 
0.38087 2.0855 -4.0150 
0.2084 1 1.8069 - 3.9589 
0.3 1432 1.8922 -4.0178 
0.17914 1.5161 - 3.4107 
0.35828 1.8637 - 3.5792 
0.33217 1.7141 - 3.5472 
0.12141 - 0.47074 0.94957 
0.32672 - 0.048407 0.69938 
0.30488 - 0.18249 0.7 1625 
0.15105 - 0.37504 0.9359 1 
0.28539 -0.18047 0.95495 
0.11318 - 0.60770 1.1098 
0.056652 -00.85175 1.7378 
0.34502 -0.41475 1.7289 
0.0409 I4 - 1.0537 1.9204 

- 0.39598 - 0.64489 - 0.23984 
-00.21423 -0.31283 -0.37367 
- 0.07775 1 - 0.22040 -0.34114 
-0.13898 - 0.82024 1.0602 

0.17055 - 0.28346 0.89584 
0.22598 -0.29146 0.89799 

0.22377 - 1.9833 4.6821 
0.35939 - 1.7661 4.6532 
0.17280 -2.2164 4.8065 
0.087957 0.17084 - 0.77968 

- 0.053774 -0.090115 -0.66140 
0.11336 0.037562 -0.61218 
0.12576 -2.7201 5.8359 
0.27548 - 2.4605 5.7652 
0.34305 -2.4574 5.7636 
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TABLE 2 (continued) 

Wt.% P A - 10” B IO3 c 10-F D 
organic solvent 

30% Dioxane C 

N” 

40% Dioxane C 

N” 

11.52% Urea C 

N” 

20.3 1% Urea C 

it 

29.64% Urea C 

m 
N 

36.83% Urea C 

m 
N 

Ag(s)-Ag,AsQ(s). 
0 

10% Dioxane 

20% Dioxane 

30% Dioxane 

40% Dioxane 

11.52% Urea 

20.3 1% Urea 

29.64% Urea 

36.83% Urea 

1.1514 0.3397 0.13862 0.026 195 
1.0704 0.1519 -0.15319 0.061485 
1.0249 0.10628 -0.32256 0.072304 
2.0058 0.4074 1 - 0.92729 2.6066 
1.9916 0.58013 - 0.54725 2.3414 
1.8904 0.22 188 - 1.2993 2.6204 
0.37039 0.09462 0.642 13 - 1.6170 
0.4334 0.30972 1.0044 - 1.7042 
0.39185 0.2035 1 0.69326 - 1.5884 
1.226 0.18289 -0.37617 0.96399 
1.3372 0.33838 -0.21281 1.1264 
1.2176 .0.080098 - 0.73208 1.2007 
1.3217 - 0.06235 I - 0.9983 1 1.5490 
1.3219 - 0.14269 - 1.1778 1.6870 
1.3950 0.24777 -0.58983 1.4570 
1.0939 - 0.099964 - 0.75257 0.90454 
1.1550 0.18231 - 0.24774 0.7202 I 
1.1662 0.3329 1 -0.087946 0.6C4 12 

electrode 
1.6254 
1.5930 
1.6217 
0.2845 
0.29443 
0.35867 

1.6834 
1.7061 
1.6712 
1.4783 
1.420 1 
1.3821 
2.0984 

2.0875 
2.002 
0.36645 
0.47083 
0.405 17 
0.9407 

0.87292 
0.97764 
1.1171 
1.1429 
1.1239 

0.75602 
0.7788 

0.76727 

0.24932 -0.85987 2.204 
0.065794 - 1.1986 2.3677 
0.24959 - 1.0038 2.3003 

- 0.023584 0.5 1663 - 1.8992 
- 0.07 1772 0.39458 - 1.7791 

0.13679 0.60025 - 1.7655 
0.1720 - 0.99228 1.9741 
0.29206 - 0.77594 1.8998 
0.27878 - 0.89554 1.9019 
0.393 19 -0.39153 1.5763 
0.32420 -0.46334 1.5166 
0.14842 -0.92133 1.740 1 
0.39954 - 1.1664 3.1351 
0.255 19 - 1.3956 3.1766 
0.18045 - 1.6374 3.2587 

- 0.02632 0.483 19 - 1.8503 
0.30664 1.0367 - 1.9720 
0.21162 0.78538 - 1.9544 
0.2447 1 0.19482 -0.21035 
0.21851 0.086157 - 0.04938 
0.24359 -0.01002 0.02902 

-0.016659 - 0.60225 0.7 1938 
0.13539 - 0.32292 0.46492 
0.10217 - 0.505 19 0.68475 
0.09039 0.13784 -0.5601 
0.11338 0.14482 - 0.49486 
0.17819 0.15444 -0.50135 



where p is c, m. or N, and T is any temperature in Kelvin. The constants A, 
B. C. and D of eqn. (3) for different solvent mixtures are shown in Table2. 

As before [ 1.21, the standard thermodynamic quantities (AG”. AH0, and 
ilSO) for the electrode reaction 

Ag,Z(s) + se = s 4g(s) -+ Z”- (solvated) 

and the standard transfer thermodynamic quantities (AGP. AH: and ASP) 
for the process 

Z.‘- (in water) - Z”- (in mixed solvent) 

have been evaiuated at different temperatures for various solvents. These 
transfer thermodynamic quantities on the mole fraction basis [6] at 25°C are 
summarized in Table3. which also includes the changes in electrostatic(e1) 
and chemical(ch) contributions [2.6] to these transfer thermodynamic quanti- 
ties. 

As usual [ 1.3], the values of the changes in electrostatic Gibbs energy 
( AG:!,,) and the eIectrostatic entropy (AS:,..) of transfer have been estimated 
by the well-known Born equations 

IG:;,, = ( Ne2/Z)(c, ’ -‘,y)(r;’ +r_y) (4) 

and 

A s:_‘c, = ( - W,,./2) (c,- ‘e. -. ’ - . . c ,;. If?,,.- ’ ) ( I-.: ’ + r_- ’ ) (5) 

lvhere the symbols have their usual significance. The values of E and 6 for 
Lvater and different mixed solvents are taken from the literature [4b.5]. The 
radius of the silver ion (T+ ) may be taken as 1.26 A [6] and those of the 
WO: -. PO:- and AsO:- ions (r__ ) as 2.57. 2.38, and 2.48 A. respectively 
[8]. 

The values of a H$ were obtained from a knowledge of AG,‘I,, and U$. 
The chemical parts of these quantities were evaluated from the relation [2] 

(6) 
where R is any thermodynamic quantity, e.g.. G, H. or S. 

An inspection of Table 1 shows that the values of the standard potential 
of the silver-silver tungstate electrode are less in water than in water-di- 
oxane mixtures (except in water + 40 mass % dioxane), whereas the E” 
values for the silver-silver phosphate and silver-silver arsenate electrodes 
are higher in water than in water-dioxane mixtures. The observed decrease 
in the E” values with increase in dioxane content of the solvent mixtures 
suggests that the standard electrode potential decreases with the decrease in 
dielectric constant of the water-dioxane mixtures. This is consistent with the 
conclusions based on purely electrostatic considerations by Feakins and 
French [9] using the Born equation. However, the higher E” values of the 
silver-silver tungstate electrode in water-dioxane mixtures up to 30 mass % 
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composition of dioxane than in water, despite their lower dielectric con- 
stants, may be explained by the fact that WO:- ions are more solvated in 
these solvents than in water. 

The E” values of these electrodes in various compositions of water-urea 
mixtures are found to be more than that in water and increase with the 
increase in urea content in water, lending support to the linear correlation 
between the E’ and reciprocal of dielectric constant of the solvent con- 
cerned. The observed increase in the E” values of these electrodes with the 
increase in dielectric constant of the water-urea mixtures as the proportion 
of urea increases, is in agreement with the electrostatic charging (Born) effect 
of the media. The higher values.of E” in various compositions of water-urea 
mixtures than in water may also be explained by the higher basicity of the 
water-urea mixtures which decreases the Gibbs free energy of the electrode 
reaction, by decreasing the free energy of Z”- (solvated), where Z is WO, 
and x is 2, or Z is PO, or AsO, and x is 3. in these solvents. 

It is known that the Gibbs energy of transfer is an important index of the 
differences in interactions of the ions and solvent molecules in the two 
different media. As can be seen from Table3, the values of AG: for the 
WO:- ion appear to be negative, and become decreasingly negative up to 30 
mass % composition of water-dioxane mixtures, whereas in water + 40 mass 
470 dioxane, the values are positive. The AGp values for the transfer of PO:- 
and AsO:- ions from water to water-dioxane mixtures are positive and 
become more and more positive with increase of mole fraction of dioxane in 
the water-dioxane mixtures. But the values of AGp for the transfer of 
WOi- , PO:- and AsO:- ions from water to water-urea mixtures appear to 
be negative and become increasingly negative with increase of urea content 
in the water-urea mixtures. The negative values of AGp (except in 40 mass % 
dioxane for WOi- ion and in water-dioxane mixtures for PO:- and AsO:- 
ions) indicate that the transfer of WOi-, PO:- and AsO:- ions from water 
to water-dioxane or water-urea mixtures is favourable. Thus, WO,‘- , PO:- 
and AsO:- ions appear to be in a lower Gibbs energy state and hence, more 
strongly stabilized in water-dioxane or water-urea mixtures. However, the 
observed increase in AGP values in the case of WOZ- ion with increase in 
dioxane content in water suggests that the transfer of WOi- ion from water 
to water-dioxane mixtures becomes decreasingly favourable up to 30 mass 5% 
dioxane and finally, becomes unfavourable in water + 40 mass 5% dioxane 
mixture. The increased positive values of AGP for PO:- and AsO:- ions 
with the increased proportion of dioxane in water suggest that the transfer of 
these ions from water to the mixed solvents is increasingly unfavourable. 
Thus, PO:- and AsO:- ions appear to be in a higher Gibbs energy state 
and, therefore, less stabilized in water-dioxane mixtures than in water. 

As the chemical contribution to the Gibbs energy of transfer of an ion in 
solution is attributed to the solvation of ions, AG&, of the WOi- ) PO:- and 
AsO:- ions should reflect the solvating capacities of the solvent concerned 



T
A

B
L

E
 3

 

T
ra

ns
fe

r 
th

er
m

od
yn

am
ic

 q
ua

nt
iti

es
 a

 (m
ol

e 
fr

ac
tio

n 
sc

al
e)

 in
 d

if
fe

re
nt

 w
at

er
-d

io
xa

ne
 a

nd
 w

al
er

-u
re

a 
m

ix
tu

re
s 

at
 2

5O
C

 

W
 t.W

 or
ga

ni
c 

so
lv

en
t 

W
t.%

 d
io

xa
ne

 
W

t.%
 u

re
a 

10
 

20
 

30
 

40
 

11
.5

2 
20

.3
 I 

29
.6

4 
36

.8
3 

A
g(

s)
-A

g,
W

O
,(

s)
, 

W
O

j-
 

el
ec

tr
od

e 
- 

A
C

; 
7.

72
 

6.
55

 
A

G
k,

 
I .

34
 

3.
05

 
- 

A
G

P,
h 

9.
06

 
9.

60
 

-A
S;

 
57

 
34

 
- 

A
S%

 
11

 
22

 
A

SP
,h

 
-4

6 
- 

12
 

A
H
!
 

-
 2

4.
6 

- 
16

.5
 

- 
A

H
&

l 
1.

8 
3.

5 
A

H
I%

 
- 

22
.7

 
- 

13
.1

 
A

&
(s

)-
A

g,
PO

,(
s)

, 
PO

:-
 

el
ec

tr
od

e 
A

G
; 

7.
52

 
15

.4
4 

3.
88

 
- 

10
.7

6 
5.

37
 

8.
65

 ’ 
9.

25
 

-2
.1

1 
28

 
-2

6 
38

 
58

 
IO

 
34

 
- 

12
.1

 
18

.5
 

5.
8 

8.
8 

-6
.3

 
27

.2
 

15
.2

9 
17

.0
1 

4.
46

 
5.

75
 

12
.3

8 
13

.8
8 

- 
0.

67
 

-1
.1

1 
- 

1.
51

 
- 

1.
76

 
3.

80
 

4.
63

 
10

.8
8 

12
.1

2 
-7

3 
- 

10
2 

-1
07

 
- 

14
2 

-4
 

-7
 

-1
0 

-1
2 

69
 

95
 

97
 

13
0 

17
.2

 
24

.6
 

19
.6

 
28

.4
 

-0
.5

 
-0

.9
 

- 
1.

5 
- 

1.
6 

16
.6

 
23

.7
 

18
.1

 
26

.8
 

- 
3.

34
 

- 
6.

88
 

- 
16

.4
2 

-2
1.

49
 

., 
._

 
_ 

.~
 

_ 
- 

_,
 

_ 
..-

 
- 

, 
. 

. 
,” 

_ 
_ 

.Y
 

- 
-0

 
- 

--
 

.I
. 

,_
 

.” 
--

_-
- 

..”
 

. 
. 

- 
. 

, 
-. 



A
G

,Id
 

1.
38

 
3.

13
 

A
G

PC
h 

6.
14

 
12

.3
0 

A
S/

 
-1

33
 

-1
35

 
A

SP
C

, 
-1

1 
-2

3 
A

 S
L

 
-1

22
 

-1
12

 
A

H
;p

 
- 

32
.0

 
- 

24
.7

 
A

H
PC

I 
-1

.9
 

- 
3.

6 
A

 H
L

 
-3

0.
1 

-2
1.

1 
A

g(
s)

-A
g,

A
sO

,(
s)

, 
A

sO
:-

 
el

ec
tr

od
e 

A
C

,”
 

2.
57

 
8.

63
 

1.
36

 
3.

09
 

1.
21

 
5.

74
 

71
 

21
8 

-1
1 

-2
2 

60
 

19
6 

18
.6

 
56

.2
 

-1
.9

 
-3

.5
 

16
.8

 
52

.7
 

5.
51

 
8.

88
 

- 
0.

69
 

- 
1.

15
 

- 
1.

54
 

- 
1.

80
 

9.
78

 
8.

13
 

- 
2.

66
 

- 
5.

73
 

- 
14

.8
8 

- 
19

.6
8 

- 
22

0 
-2

50
 

35
 

36
 

47
 

89
 

-3
8 

-6
0 

4 
7 

10
 

I2
 

-1
82

 
-1

90
 

31
 

29
 

37
 

78
 

- 
50

.3
 

- 
57

.5
 

7.
2 

3.
7 

-2
.4

 
5.

2 
-5

.9
 

-9
.0

 
0.

6 
0.

9 
1.

5 
1.

7 

-4
4.

3 
-4

8.
6 

6.
6 

2.
8 

-3
.9

 
3.

5 

13
.5

2 
18

.4
4 

- 
13

.0
5 

- 
15

.2
1 

- 
20

.3
7 

-2
3.

39
 

5.
43

 
8.

75
 

- 
0.

68
 

- 
1.

13
 

- 
1.

52
 

- 
1.

78
 

8.
09

 
9.

68
 

- 
12

.3
7 

- 
14

.0
8 

- 
11

.8
4 

-2
1.

61
 

30
 

20
1 

92
 

15
 

0.
2 

-3
5 

-3
8 

-5
9 

4 
7 

10
 

11
 

-7
 

14
2 

96
 

22
 

10
 

-2
4 

-4
.4

 
41

.6
 

40
.4

 
19

.8
 

20
.4

 
12

.9
 

-5
.8

 
-8

.9
 

0.
5 

0.
9 

1.
5 

1.
6 

- 
10

.3
 

32
.8

 
40

.9
 

20
.7

 
21

.9
 

14
.5

 

a 
A

G
O

 in
 k

J 
m

ol
e-

‘;
 

A
H

0 
in

 k
J 

m
ol

e-
‘,

 
an

d 
A

S0
 i

n 
J 

m
ol

e-
’ 

K
-’

 

. .
 

._
 

- 
--

 
- 

- 
_,

 
_ 

..-
 

- 
, 

. 
. 

,” 
_ 

- 
.” 

_ 
_,

 
- 

_.
 

.,.
 

,_
 

.” 
--

_-
- 

..”
 

. 
. 

- 
. 

,-
--

ss
m

I(
L-

. 



T
A

B
L

E
 4

 

Pr
im

ar
y 

m
ed

iu
m

 e
ff

ec
t, 

lim
 ,.

,_
&

og
 

“y
,, j

 (
on

 t
he

 m
ol

e 
fr

ac
tio

n 
sc

al
e)

, 
of

 t
he

 W
0.

f 
,
 P
O
:
 
a
n
d
 A
s
O
d
 i

on
s 

in
 v

ar
io

us
 w

at
er

-d
io

xa
nc

 a
nd

 w
at

er
-u

re
a 

m
ix

tu
re

s 
at

 2
5°

C
 

Io
n 

W
t. %

 o
rg

an
ic

 s
ol

ve
nt

 

D
io

xa
ne

 
U

re
a 

10
 

20
 

30
 

40
 

Il
.5

2 
20

.3
 I 

29
.6

4 
36

.8
3 

W
O

q2
” 

- 
1.

33
88

 
- 

1.
17

31
 

- 
0.

67
28

 
I .

86
29

 
- 

0.
78

43
 

.-
 I

 .o
 I 0

8 
-2

.1
29

9 
- 

2.
44

 IO
 

P0
.y

 
I .

34
89

 
2.

65
22

 
2.

71
31

 
2.

93
 I 

I 
- 

0.
54

26
 

- 
I. 

I7
65

 
- 

2.
86

01
 

A
sO

j’
 -.

 

- 
3.

73
24

 

0.
13

69
 

0.
49

70
 

0.
77

08
 

I .
04

47
 

- 
2.

24
65

 
- 

2.
67

76
 

- 
3.

57
52

 
-4

.1
 

17
8 

., 
._

 
_ 

.~
 

_ 
_ 

_,
 

_ 
..

Y
 

- 
n.

 
. 

V
” 

_
 

_.
” 

__
, 

--
..a

. 
,_

 
.” 



325 

and water towards theses ions. The negative values of AG&,, (Table 3) thus 
suggest that mixed solvents possess a larger solvating capacity towards the 
ion concerned and are more basic than water. The increasingly negative 
values of AG,‘I,,, with increasing addition of urea to water amply support this 
view. The positive values of AG$, in water-dioxane mixtures indicate that 
the mixed solvents possess smaller solvating capacities towards PO:- and 
As02 - ions than water, and the solvating capacity decreases as the dioxane 
content in water increases. However, the decreasingly negative values of 
AGFC, with increase in dioxane content up to 30 mass % and finally positive 
value in water + 40 mass % dioxane suggest an increasing!y stronger affinity 
of WOi- ions towards water than towards dioxane in the solution. 

However, it is interesting to check whether the chemical effects on the 
entropy and enthalpy of transfer of the WOi-. PO:- and AsO:- ions 
should influence the solvation of ions. It is known that all structure-forming 
processes, including solvation of ions, are exothermic and accompanied by a 
decrease in entropy, and the structure-breaking processes, including desolva- 
tion of ions, are endothermic and accompanied by entropy gain. The positive 
and negative values of entropy of transfer and enthalpy of transfer of the 
WOZ- , PO:- and AsO:- ions from water to the mixed solvents substantiate 
this view. 

The primary medium effect which results from a difference of the ion- 
solvent interactions at infinite dilution in each solvent can be represented by 

,/jFo (1% “xv) = x[< Gi )w - (E;),]/2.3026( RT/F) 

where the limit term indicates the primary medium effect and x is 2 for 
WO:- ion, or 3 for PO:- or AsO:- ion. As the magnitude of this effect 
indicates the stabilization of the ion in the solvent concerned, the resulting 
negative magnitudes of this quantity for the WOi-, PO:- and AsO:- ions 
in water-urea mixtures (Table4) suggest that the escaping tendency of the 
ions is less in water-urea mixtures than in pure water. This is consistent with 
the conclusions based on the fact that the WOi- , PO:- and AsO:- ions are 
more strongly stabilized in water-urea mixtures than in aqueous medium. 
But the reverse is the case with the PO:- and AsO:- ions in water-dioxane 
mixtures where the primary medium effect values appear to be positive. 
However, the decreasingly negative values of this quantity for the WOi- ion 
with increase of dioxane content in water point to the fact that the escaping 
tendency of the WOZ- ion gradually increases. 
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