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The present study deals with the effect of temperature on the
interaction parameters of aqueous sulphuric acid in the concentration
range 1.0 to 9.0 moldm–3. The experiments were performed at
297.65K and 308.15K. For determination of interaction
parameters d12 and H12, Grunberg- Nissan and Hind viscosity
models were used respectively. The decrease in d12 and H12 with
increase in temperature shows the structural modification in
sulphuric acid- water system.
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INTRODUCTION
The essential role of water in chemical processes
is closely connected to the aqueous solvation shell
of the reacting molecules or ions. The intermolecular
interactions are sensitive to the solution structures,
solvent polarity, viscosity and presence of foreign
molecules or ions in the media. The physical, catalytic,
photo-physical and electro-chemical properties of
liquids are affected by the intermolecular interactions
among molecules.1-3 The interaction of water with
solute represents a central topic in chemistry and
biology.4 Water itself is highly associated and it
has a tendency to associate with molecules/ ions
(hydration) of high degree.5 A survey of the available
literature showed that aqueous sulphuric acid
systems have been studied conductometrically6-8 and
viscometrically.9-11 Several studies are available on
sulphuric acid-water system in aqueous solution.12-14
In order to obtain important information about the
hydration of sulphuric acid, the concept of viscosity
has been undertaken. In this work, Grunberg- Nissan
and Hind viscosity models were used in order to
*

Corresponding author: renu.loshali@gmail.com

determine the interaction parameters d12 and H12 of
sulphuric acid-water system. The dependence of d12
and H12 on temperature was used to study the nature
of interaction between sulphuric acid and water.
RESULTS AND DISCUSSION
To determine the interaction parameters in
sulphuric acid-water system, Grunberg-Nissan
viscosity model was employed.15 According to this
model, the viscosities of various components present
in different compositions are related to each other
by the logarithmic relationship. The model can be
represented as:
ln η = x1 ln η 1 + x2 ln η 2 + x1x2d12

(1.0)

where x1 and x2 are the mole fractions of the
components having viscosities η1 and η2 in pure
state whereas η is the viscosity of the mixed solution
of two components, d12 is a constant which indicates
the nature of interactions between two components
known as Grunberg-Nissan interaction parameters.
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solute in solution18 as given below.

The value of d12 depends upon the nature of the
solute and solvent in a binary system. The positive
value of d12 may be attributed due to the presence
of a strong interaction between two components.16
The negative values of d12 are a measure of the
presence of dispersion forces in the solution.17 In
Table 1, d12 values are collected at two temperatures.
Hind proposed a relation between molecular
interaction parameter and the concentration of the

η = x12 η1 + x22 η2 + 2x1x2H12

(2.0)

where x1 and x2 are the mole fractions of the
components having viscosities η 1 and η 2 in pure
state whereas η is the viscosity of the mixed
solution of two components. H12 is a constant
known as Hind’s interaction parameter. The values
of H12 at two temperatures are given in Table 1.
Table 1

d12 and H12 parameters for sulphuric acid (1) + water (2) system
for different concentrations at 297.65K and 308.15K
(c)

x1

η

x2

mol dm-3

297.65K

d12

308.15K

297.65K

H12 (cP)

308.15K

297.65K

308.15K

1.0

0.018

0.981

1.19

0.84

6.71

5.81

6.27

4.15

2.0

0.038

0.961

1.44

0.98

6.71

5.28

6.59

4.04

3.0

0.059

0.940

1.77

1.15

6.85

5.19

7.14

4.14

4.0

0.082

0.917

2.08

1.30

6.28

4.66

7.11

3.97

5.0

0.108

0.891

2.49

1.45

5.89

3.98

7.25

3.63

6.0

0.131

0.868

3.03

1.70

6.03

4.01

8.02

3.79

7.0

0.158

0.841

3.77

2.24

6.13

4.95

9.02

4.95

8.0

0.191

0.808

4.44

2.66

5.63

4.75

9.12

5.12

9.0

0.224

0.775

5.84

3.16

5.96

4.78

11.22

5.59

At 297.65K: η1 = 26.7cP, η 2 = 0.99 cP; At 308.15K: η 1 = 20.1cP, η 2 = 0.72 cP

It is clear from Table 1 that the values of d12
and H12 are positive which indicates a strong
association between sulphuric acid and water. The
increase in the viscosity of water with concentration
can be explained from the rigid nature of solvation
structure formed by the ion and its first hydration
shell. It is clear that viscosity of the solution
decreases with increase in temperature. The variation

in the viscosity at different temperatures was utilized
to verify the nature of d12 and H12. In order to
confirm the nature of the solute in concentrated
solution, the temperature effects on these parameters
have been investigated at two temperatures. The
values of d12 and H12 decrease with the rise in
temperature for sulphuric acid-water system in the
concentration region 1.0 to 9.0 moldm–3. It has

Aqueous concentrated sulphuric acid

been observed that for all the concentrations at
308.15K, the values are less than that at 297.65K,
which may be due to the partial dissociation of the
associative aggregate formed between ionic species
of sulphuric acid including sulphuric acid with water.
The study is supported by available literature which
shows the variation of interaction parameters with
temperature.19-21
EXPERIMENTAL
The sulfuric acid used was of GR grade (E. Merck).
Doubly distilled water was used to prepare solutions of required
concentration. In order to maintain a constant temperature,
Tanco made thermostat was used. The solution of sulphuric
acid of known concentration was taken in the viscometer (Infusil
India Pvt. Ltd.) and the flow time of the solution was
measured with the help of a stop watch (Racer). Each
measurement was repeated thrice and an average time of flow
was used to calculate the viscosity. The densities of solutions
were measured using a 15 mL double arm pyknometer having
accuracy ±0.00001g/mL and a single pan electronic balance
(Citizen).

CONCLUSIONS
It is concluded that sulphuric acid interacts with
water and with increase in temperature there may
be the partial dissociation of the associative aggregate
formed between ionic species of sulfuric acid
including sulfuric acid with water due to which the
values of d12 and H12 decrease. The study can be
used as a model also for other solvent systems in
order to find the nature of intermolecular interaction.

109

Acknowledgments: We thank Prof. Lata Joshi, former
Professor and Head, Chemistry Department, Kumaun University
for valuable suggestions.

REFERENCES
1. S. Daschakraborty and R. Biswas, J. Chem. Sci., 2012, 124,
763.
2. M. Singh, J. Chem. Sci., 2006, 118, 269.
3. B. S. Jabes, M. Agarwal and C. Chakravarty, J. Chem. Sci.,
2012, 124, 261.
4. T. Corridoni, R. Mancinelli, M. A. Ricci and F. Bruni,
J. Phys. Chem.: B, 2011, 115, 14008.
5. D. Eisenberg and Kauzmanen, The structure and Properties
of water, Oxford U.P., 1969.
6. D. Fraenkel, J. Phys. Chem. B, 2012, 116, 11662.
7. H. Golnabi1, M. R. Matloob, M. Bahar and M. Sharifian,
Iran. Phys. J., 2009, 3-2, 24.
8. B. K. Joshi and N. D. Kandpal, Phys. Chem. Liq., 2007, 45, 463.
9. F. H. Rhodes and C. B. Barbour, Ind. Eng. Chem., 1923, 15,
850.
10. Rhodes and H. B. Jr. Hodge, Ind. Eng. Chem., 1929, 21,
142.
11. K. Srinivasan and B. Prasad, Trans. Faraday Soc., 1939,
35, 374.
12. Kanno, Chem. Phys. Lett. 1990, 170, 382.
13. L. Clegg and P. Brimblecombe, J. Chem. Eng. Data, 1995,
40, 43.
14. C. Wu and D. Feng, J. Solution Chem., 1995, 24, 133.
15. L. Grunberg and A. H. Nissan, Nature, 1949, 164, 799.
16. Messaadi, N. Ouerfelli, D. Das, H. Hamda and A.H. Hamzaoui,
J. Solution Chem., 2012, 41, 2186.
17. Fort and W. R. Moore, Trans. Faraday Soc., 1966, 62, 1112.
18. Hind, E. McLaughlin and A. R. Ubbelohde, Trans.
Faraday Soc., 1960, 56, 328.
19. R. Carmen and B. Alejandro, Rev. Colomb. Quim., 2012,
41, 123.
20. Romero and F. Negrete, Phys. Chem. Liq., 2004, 42, 261.
21. Romero and J. C. Cadena, J. Solution Chem., 2010, 39,
1474.

