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Etectrical Conductance of 0.3[xNaSCN + (1 - x)KSCN] + 
0.7Na2S20305.1H20 Melts 

Shaklra S. Islam and Kochi Ismall' 
Department of Chemistty, Buni Campus, North-Eastern Hill University, Laitumkhrah, Shillong 793 003, India 

Electrlcal conductance values of 0.3[xNaSCN + 
(l-x)KSCN] + 0.7Na2~0,~5.1H,0 melts are reported as 
functions of temperature and x .  Electtlcal conductance, 
unlike vlscoslty, exhibits negative deviation from additivity. 
The temperature dependence of electrkal conductance is 
described by the Vogel-Tammann-Fulcher (VTF) 
equation. Varlatlon of the three VTF parameters, vlz., A,  
B,  and To, wlth x Is found to be nonilnear. On the other 
hand, In A and 116 are empirlcally found to vary linearly 
wlth BIT ,  and To, respectively. 

Introduction 

Mixed alkali metal ion effect (MAE), which is a pronounced 
phenomenon in glass media ( 7 ,  2), has been found to exist to 
a lesser extent in hydrate melt media also (3-6). I t  refers to 
deviations from additivity in isotherms of various physical 
properties as a function of composition, which is being varied 
by progressively replacing one alkali-metal ion by another in a 
glass or melt. Recently we started investigating the occurrence 
of MAE in molten sodium thiosulfate pentahydrate medium (7). 
Since this molten solvent itself contains alkali-metal ion, it is 
considered to be different from other hydrate melt media like 
calcium nitrate tetrahydrate melt. MAE is therefore estimated 
in molten sodium thiosulfate pentahydrate medium by taking into 
consideration the alkalknetal ions of the added solutes only. In 
mixed alkali metal ion systems, both electrical conductance and 
viscosity are known to show generally negative deviations from 
additivity ( 7 ,  2, 5-8). On the contrary, the viscosity of 0.3- 
[xNaSCN + (1-x)KSCN] + 0.7Na,S,03.5.1H20 melt is re- 
ported (9) to exhibit a positive deviation from additivity. I t  would 
be interesting to study the behavior of electrical conductance 
of this exceptional system also with respect to composition. 
Electrical conductances of molten 0.3[xNaSCN + (l-x)KSCN] + 0.7Na2S,0& 1H20 system are therefore reported here as 
functions of x and temperature, T .  

Experimental Sectlon 

Details of purification of the salts, determination of the actual 
H,O/Na+ mole ratio in the sodium thiosulfate pentahydrate 
sample, and measurements of electrical conductance are given 
elsewhere (6, 7, 9). 

Results and Discussion 

The measured values of the electrical conductivity (K) of the 
0.3[xNaSCN + (1-x)KSCN] 4- 0.7Na2S203.5.1H,0 melt as 
functions of temperature (in the range 25-65 "C) and x are 
given in Table I .  These values of K are found to be reprodu- 
cible within f 1 % accuracy. In  the temperature range of this 
study, K varies by factors of 3-4, and its slight non-Arrhenius- 
type temperature dependence is analyzed in terms of the Vo- 
gel-Tammann-Fulcher (VTF) equation of the form 

(1) 

The least-squares fitted values of the three constant parame- 

K = A exp[-B/(T- T,)] 

ters, A ,  6 ,  and To, are listed in Table 11. The uncertainties 
in the values of A ,  6 ,  and To are estimated to be about f0.3, 
f70, and f IO, respectively (7). Within these uncertainty limits, 
changes in the values of A ,  6 ,  and T o  do not produce signif- 
icant changes in the standard deviation. 

In order to examine the effect of the presence of mixed- 
alkali-metal ions on conductance, we have plotted K vs x in 
Figure 1. The amount of negative deviation decreases with an 
increase in temperature, and above 60 'C, the deviation be- 
comes negligible, resulting in the linear variation of K with x .  
This type of negative deviation of K from additivity, which en- 
visages the presence of MAE, is in accordance with the be- 
havior observed in several other systems containing mixed- 
alkali-metal ions in hydrate melt (5-7) and glass medii ( 7 ,  2). 
Electrical conductivity, therefore, exhibits a normal behavior with 
respect to x in spite of the fact that the nature of the compo- 
sition dependence of viscosity of this particular system is re- 
ported (9) to be different, as mentioned in the Introduction. 

It may be noted that in the present system, although x varies 
from 0 to 1, the mole fraction K+I(K+ 4- Na') actually varies 
from 0 to 0.18 only. I t  is not possible therefore to make a 
complete estimation of MAE using molten sodium thiosulfate 
pentahydrate medium. However, since the concentration of the 
medium is kept constant, the MAE is estimated in the present 
system as a function of x only and is equal to about 2-8% in 
the temperature range 328-298 K. 

The deviation of K from additivity may also be analyzed in light 
of the dependences of A ,  6,  and To on x, which are illustrated 
in Figure 2. The negative deviation of T o  from additivity is 
similar to the trend reported in other systems (4, 7) containing 
hydrate melts. However, such a variation of T o  with x would 
cause a positive deviation of K from additivity Father than a 
negative deviation. Similarly, the type of dependence of A on 
x (Figure 2) would also predict a positive deviation of K from 
ideality. Therefore, the composition dependence of the B pa- 
rameter appears to override the effect of the variations of To 
and A with x and to govern the composition dependence of K. 

I t  may be noted that B is directly related to the activation en- 
ergy for conductance. A similar observation was also made 
in glasses containing mixed-alkali ions ( 7 ) .  

In order to correlate empirically the composition depen- 
dences of A ,  6 ,  and To parameters, we have plotted in Figure 
3 In A vs BIT, and 1lB vs To. I t  is interesting to notice the 
linearity of these plots. Such type of linear variations of In A 
and 1 lB  with B l  T o  and To,  respectively, are also observed in 
other similar mixed alkali systems, as evident from Figure 3. 
Therefore, empirical relations of the form 

(2) 

(3) 

In A = A, + k , B / T ,  

1/B = Bo + k 2 T ,  

seem to hold good in these mixed alkali metal ion systems. In 
eqs 2 and 3, A,, Bo, k , ,  and k ,  are all empirical constants. 

Glossary 
MAE 
VTF Vogel-Tammann-Fulcher 
K electrical conductivity 

mixed alkali metal ion effect 
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Table I. Electrical Conductance of O.J[xNaSCN + ( 1  - x)KSCN] + 0.7Na2S208*5.1H20 Melts as Functions of Temperature 
and x 

T, K 
298.0 
303.0 
308.0 
313.0 
318.0 
323.0 
328.0 
333.0 
338.0 

K i 170, S cm" 
x = 0.0 x = 0.1 x = 0.2 x = 0.4 x = 0.5 x = 0.7 x = 0.9 x = 1.0 
0.0433 0.0410 0.0390 0.0362 0.0350 0.0334 0.0324 0.0324 
0.0520 0.0495 0.0474 0.0444 0.0440 0.0420 0.0410 0.0410 
0.0613 0.0584 0.0571 0.0540 0.0530 0.0513 0.0500 0.0494 
0.0702 0.0682 0.0670 0.0632 0.0621 0.0610 0.0594 0.0591 
0.0822 0.0800 0.0780 0.0744 0.0732 0.0710 0.0694 0.0692 
0.0950 0.0924 0.0910 0.0870 0.0860 0.0830 0.0810 0.0810 
0.107 0.104 0.102 0.0970 0.0970 0.0944 0.0930 0.0920 
0.122 0.120 0.118 0.115 0.113 0.110 0.108 0.107 
0.135 0.134 0.133 0.131 0.129 0.127 0.125 0.124 

" -04 0.2 OL 0.6 08 1.0 
X 

Figure 1. Variation of K of the 0.3[xNaSCN + (1 - x)KSCN] + 
0.7Na,S,03.5. lHzO melt with x at different temperatures. 

OQ 0.2 04 0.6 06 1.0 
X 

Flgure 2. Variation of A ,  B,  and To of the 0.3[xNaSCN + (1-x)- 
KSCN] + 0.7NazSz03~5.1H,0 melt with x .  

T temperature, K 
TO ideal glass transition temperature 
A ,  B constants 
A0 constant 

Table 11. Least-Squares Fitted Values of the Parameters of 
Equation 1 

X A, S cm-' B,  K To, K std dev in In K 

0.0 2.066 369.4 203.0 0.012 
0.1 2.085 367.3 205.0 0.014 
0.2 3.321 471.4 192.1 0.009 
0.4 3.935 504.7 190.5 0.010 
0.5 4.146 515.8 190.0 0.010 
0.7 4.451 532.9 189.0 0.012 
0.9 2.705 416.1 204.0 0.014 
1.0 1.644 315.2 218.0 0.018 

T, 
m5 , 195 205 , ILIV 

205 210 215 VI 1.0 

'' 2.2 2.6 I,III,V s/r 

0.7Ca(N0,),.4.06H20 (6). 

BO constant 
k , ,  k ,  constants 

Literature Cited 
(1) Isard, J. 0. J .  Non-Cryst. SOW 1080. 7 ,  235. 
(2) Day, D. E. J .  Non-Cryst. So/& 1078, 21, 343. 
(3) Moynihan, C. T. J .  Elecfrochem. Soc. 1079, 726, 2144. 
(4) Easteal, A. J.; Emson, M. C. J .  Fhys. Chem. 1080, 84, 3330. 
(5) Easteal. A. J. Aust. J .  Chem. 1981, 34, 1853. 
(6) Sangma, P.; Mahiuddin, S.; Ismaii, K. J .  Fhys. Chem. 1984, 88. 

2378. 
(7) Islam, S. S.; Ismaii, K. a n .  J .  Chem. 1088, 66, 242. 
(8) Ingram. M. D.; King, K.; Kranbuehl. D.; AdeCHadadl, M. J .  Phys. 

Chem. 1081, 85, 289. 
(9) Islam, S. S.; Ismail, K .  J .  Chem. Eng. Data 1088. 33, 472. 

Received for review November 27, 1989. Accepted April 11, 1990. 

D
ow

nl
oa

de
d 

by
 B

A
N

A
R

A
S 

H
IN

D
U

 U
N

IV
 o

n 
O

ct
ob

er
 2

7,
 2

00
9 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e:
 J

ul
y 

1,
 1

99
0 

| d
oi

: 1
0.

10
21

/je
00

06
1a

03
4


