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A significant driving force behind dielectric studies of
water H-bonded liquids is the goal of understanding the role
of the H-bond in water1-6. Because the inherent ability to
monitor the cooperative motion of a molecular ensemble makes
dielectric relaxation spectroscopy (DRS) a valuable tool for
investigating the structure and of aqueous solutions dominated
by intermolecular H-bonds.

An extensive study of dielectric behaviours of polar
solutes at low concentration (to minimize solute-solute
interactions) in polar solvents has led to valuable information
regarding hydrogen bonding and solute-solvent interaction.
And the nature of H-bonding interactions and the mechanism
of bound water are still not completely understood. To gain
some insight into the nature of molecular interactions between
the associating molecules, a dielectric study of methanol-water
system would be helpful.

Theoretical background: The dipole moments of
methanol and the formation of water clusters exist in the
mixture. We outlined how to determine the number of the water
molecules hydrogen bound to one methanol molecule by using
extended Froehlich theory7,8.

The Froehlich's function at temperature is described by
as follow:
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3ε kT (1)

Here is the absolute temperature k, is the Boltzmann
constant, V is a volume with microscopic cells containing
dipoles and in this function ε0 = 8.85 × 10-12 F/m. The electric
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dipole moment of this volume is defined as 
N

ii=1
M = m∑ ,

with the average dipole moment of the ith cell  mi,  and the
brackets in eqn. 1 indicate a statistical averaging over all
possible cell configurations.

To calculate the value (M2) in eqn. 1 for the water-methanol,
the random macroscopic dipole moment M can be written as

1 2N N

1 2
i=1 k=1

M = µ + µ∑ ∑ (2)

where µ1 = 1.84 D and µ2 = 1.69D are the dipole moments of
water and methanol. The mean square random macroscopic
dipole moment (eqn. 1) can be approximated by the following
relationship:
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In eqn. 3, G1 = 2.06 and G2 = 1.0 are the Kirkwood factors
of water-water and methanol-methanol associates, respectively
(G is used in the extended Froehlich theory. In this model we
use G to estimate cooperative interactions of water-methanol
dependent concentration. So we choose two symbols
distinguishing their significances). N12 is the number of the
water molecules hydrogen bound to one methanol molecule,
θ12 is the angle between the hydration water and methanol
dipoles. Substituting eqn. 3 into relationship (1) and consi-
dering B as a function of the concentration, we obtain:
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where ( )
2
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B 0 =

3ε k
 and X1 as well X2 as are the molar frac-

tion of water and Methanol, respectively. 3 3
2 1 10An X ·N · m−=

is the number of water molecules, where NA = 60.22 × 1023

mol-1 denotes Avogadro's number. And Ncl = N12 cos θ12, the
value of Ncl can be analytically expressed as
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This formula allows us to calculate the value of Ncl for
various concentrations X2, using the experimental values of
the Froehlich function B(x2).

As examples, complex dielectric spectra from the literature
for methanol-water in the water rich region (0-0.1) Fig.1.
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Fig. 1. Concentration dependence of the static dielectric constant for water-

methanol mixture

Fig. 1 shows static dielectric constant of the water-methanol
mixture temperature variation as a function of concentration.
There is a slight temperature difference and decreased as a
function of concentration. Fig. 2 shows that at dilute methanol
solution the number of bound water molecules around with
one methanol molecule. This confirms that a new scale of
cooperativity existed due to the interaction of water clusters
with methanol dipoles. The number of water clusters is affected
by the dipole of methanol molecule and to show the differing
effects of methanol fraction. The number of water molecules
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Fig. 2. Concentration dependence of the number of cluster molecules for

water-methanol mixture

associated with the methanol decreases with methanol fraction.
Water clusters contributed to the dielectric constant of mixture
are consisted of tiny unit of hydrogen bonding to water molecules.

Conclusion

The clusters of water molecules affected by dipolar
methanol molecule can be estimated by expanding Kirkwood-
Froehlich theory applying to macroscopic dipole moment
parameter. The number of water clusters of molecules change
with the increasing of methanol molecules is observed.

The extended Froehlich theory focus on cooperative
interaction of water-Methanol cluster, which provide valuable
insights into the underlying mechanism of the relaxation acts.
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