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Electrical Conductance of Concentrated Aqueous Solutions of 
Copper Sulfate 

By C. V. Suryanarayana and S. Alamelu 

(Received September 19, 1958)

 Numerous attempts have been made to 
extend the Debye-Hi ckel theory to elec-
trolyte solutions of higher concentrations 
than 0.1 N. The attempts of Falkenhagen 
and Leist1), Robinson and Stokes2), Wishaw 
and Stokes3),.and Leist4, are the most 
notable contributions in recent times in 
this direction. 
 Suryanarayana and Venkatesan5,6) re-

cently formulated the equation,

(1)

where

Λc-specific conductance(K)×1000
 Cp

Λs=specific conductance at saturation

 (Ks)×1000

mole fraction at a given concn.
Cp=
mole fraction at saturation at

the same temp.

of course, at saturation cp=1

viscosity at a given concn.
ηp=viscosity at Saturation

 1) H. Falkenhagen and M. Leist, Naturwiss., 41, 
570 (1954). 
 2) R. A. Robinson and R. H. Stokes, J. Am. Chem. 

Soc., 76, 1991 (1954). 
 3) B. F. Wishaw and R. H. Stokes, ibid., 76, 2065 (1954). 
 4) M. Leist. Z.phys.Chem., 205, 16 (1955). 
 5) C. V. Suryanarayana and V. K. Venkatesan, 

Nature, 178, 1461 (1956). 
 6) C. V. Suryanarayana and V. K. Venkatesan, Acta. 

Chim. Hung., 17, 327 (1958).
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Fig. 1.

TABLE I

TEMPERATURE 30℃
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Fig. 2.

TABLE II

TEMPERATURE 35℃
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 TABLE III

TEMPERATURE 40℃

TABLE IV

TEMPERATURE 45℃

A=a constant whose value is a function 
 of temperature and dielectric constant 
 of the medium. 

 The basis of the formulation of the 
concepts cp and "p has already been 

given 7). 
 In the present investigations the data 

collected for copper sulfate solutions are 
sought to be fitted into equation 1. We

hoped to verify the equation of Wishaw 
and Stokes (loc. cit.) with the same data. 
Unfortunately, copper sulfate being an 
"intermediate electrolyte" and a bi -

bivalent salt with complications regarding 
ionic hydration in solution, and owing to 
uncertainty regarding the actual value of 
the mean distance of closest approach 'a', 
we could not test Wishaw and Stokes' 
equation or even that of Falkenhagen and 
Leist (loc. cit.). Equation 1 involves no 
such uncertain parameters since the very

 7) C. V. Suryanarayana and V. K. Venkatesan, This 
Bulletin 31, 442 (1958).
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 TABLE V

TEMPERATURE 50℃

TABLE VI

TEMPERATURE 55℃

approach in its derivation was from a 
new angle (loc. cit.). Hence, equation 1 
is 'now tested with the data of copper 
sulfate. 

Experimental 

 All solutions were made by weight using 
 Analar " (British Drag House) variety of copper 
sulfate (CuSO4 5H2O). A Jones and Bollinger 
type cell8) of cell constant 0.6723 was used for 
conductivity determinations for all concentrations 
at different temperatures. The measurement of

conductance was made by a Philip's GM 4249/01 
bridge at a frequency of 1000 cycles/sec. Owing 
to the high concentration range in which meas-
urements were made, the correction for con-
ductance of pure solvent was quite negligible 
owing to high specific conductance in all the 
solutions and the correction was ignored. All 
connecting wires were heavily insulated, rigid, 
and well separated so that errors of poor insula-
tion and induction effect were avoided. In the 

 8) G. Jones and G. M. Bollinger, J. Am. Chem. Soc.. 
 53, 411 (1931).
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 TABLE VII 

 TEMPERATURE WC

range of measurement of resistance the instru-
mental error was±2.00%. The conductivity

cell was immersed in a Gallenkamp b-12210

thermostat giving an accuracy of ±0.05℃.

 The viscosities were determined using an 
Ostwald viscometer immersed in the same ther-
mostat. After attainment of equilibrium the 

saturated solution was sucked through a tube 

plugged with cotton wool into a pipette which 
was kept at the same temperature as the ther-
mostat to avoid crystallization of the saturated 

solution and transferred into the viscometer. 
The densities of all the solutions were also 
measured. Solubility data were obtained from 

Seidell9). 
 Results obtained are given in the tables.

Discussion

 Atest of equation l consists in obtaining

alinear plot when Ac plotted against

(1-cp)/ηp. Fig.1 shows that such a plot is

astraight line at all the temperatures

betweem 30°and 60℃, with a few points

(right hand side)toward low concentrations 
going off the straight line at each tem-
perature. This indicates that equation 1 
is valid in the range of concentrations 
from 0.3862m to saturation (1.5 to 2.5m). 
Since the actual resistance measured at 
saturation at different temperatures hap-
pened to be small, attempt is not made 
here to compare the extrapolated value
of ds with that found experimentally

owing to the limitations of the instrument 
used. This aspect is postponed to a future 
date. 
 Pearce and Pumplin10) found out the 

partial molal volumes of copper sulfate 
in aqueous solutions upto saturation at
25℃. They observed that the data on

copper sulfate solutions are especially in-
teresting because of the negative values of 
the partial molal volumes in dilute aqueous 
solutions, quite similar to the phenomenon 
observed for lithium hydroxide, sodium 
hydroxide and magnesium sulfate solu-
tions. The very low values in general for 
copper sulfate indicate a very large 
amount of electrostriction of the solvent 

produced by the cupric ion, the water 
dipoles being compressed around the 
cupric ion by the intense electrostatic 
field produced by the high charge density 
of the ion. Absence of any discontinuity 
in the curve and a constancy of the law 
of variation throughout the curve upto 
saturation indicate that no sudden changes 
occur either in the total number of water 
molecules surrounding the ion or the type 
of bonding between the ion and the water 
molecules. Stewart11) observed that the 
variation of the partial molal volume of 
ions with concentration is closely linked 
with the change in structure of water in 
the same solutions, as revealed by X-ray 
studies.

 9) Seidell "Solubilities of Organic and Inorganic 
Compounds, " Van Nostrand Co., New York (1940), 
Vol. I.

10) J. N. Pearce and G. G. Pumplin, J. Am. Chem. Soc., 
59, 1221 (1937). 

11). G. W. Stewart, J. Chem. Phys., 7, 869 (1939).
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 Fig. 2 shows the temperature variation 
of d, for all the sixteen concentrations 

of copper sulfate solutions investigated 
upon. The curves are not perfect straight 
lines but are slightly bent convex toward 
the X-axis. Usually the two factors that 
determine the form of the temperature 
conductance curve are: (1) the increase 
in the viscosity of the solution, and the 
corresponding decrease in the mobility of 
the ions, with decreasing temperature; 
and (2) the effect of temperature on as-
sociation of ions. With complications of 
ionic hydration and uncertainties regard-
ing the predominance of one or the other 
of the above two factors, it is difficult to 
explain the non-linear variation of A 
against temperature. 
 Equation 1 was originially derived for 
fully dissociated strong electrolytes based 
on the principle that the difference in the 
mobilities of an ion at two different con-
centrations is a function of the difference 
in the respective internal pressures at the 
two concentrations. Copper sulfate is 
known to be an intermediate electrolyte12

and the above mentioned observations 

show that equation 1 holds well even with 

a bibivalent electrolyte like copper sulfate. 

 Summary 

 The electrical conductance of aqueous 

solutions of copper sulfate has been 

measured over a wide range of concentra-

tions up to saturation. The equation con-

necting conductance and concentration in 

the range of high concentrations recently 

formulated by Suryanarayana and Ven-

katesan has been tested with the data 

obtained for copper sulfate solutions. The 

equation is found to be valid over a wide 

range of concentration from 0.3862m to 

saturation at temperatures ranging from 

30•‹ to 60•Ž. Slight deviations have been 

observed at lower concentrations. 
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12) S. Glasstone, " The Electrochemistry of Solutions", 
 Methuen and Co., London (1945), p. 67.


