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_____________________________________________________________________________ 

ABSTRACT 
A study of dielectric parameters like static dielectric constant, excess dielectric constant, dipole moment, 

relaxation time and Kirkwood correlation factor for the binary mixtures of ethylene glycol with ethanol of 

different concentration has been performed at microwave region to confirm the complex formation 

through hydrogen bonds. Dielectric behavior and dipole moment values of polar molecule binary mixtures 

were used to explore the molecular interactions between ethylene glycol and ethanol molecules at different 

concentrations. It is observed that relaxation time is very closely related with molecular parameters and 

molecular structure of these alcohols systematically change with number of carbon atoms and hydroxyl 

groups and their position in the molecules of polar liquids. We have developed the mixture of hydroxyl 

groups of binary compounds with specific concentrations and tried to study their dielectric properties and 

their molecular interactions. We have tried this prescription on various ionic, covalent and cross 

compounds also with different mixing proportions at certain temperature. This theory leads to explain the 

intermolecular behavior of crystals, which can be extended to interpret the molecular interactions of 

hydroxyl and amino groups in mixture of polar liquids. This approach has proved to be remarkably 

successful in the study of dielectric parameters of nano- materials. Certain industrial and technical 

applications are also suggested. 
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______________________________________________________________________________ 

 

INTRODUCTION 

 
The dielectric and refracting properties of mixed binary crystals in mixed and complex compounds are 

found to be of great scientific and technological importance. Numerous attempts have been made to 

investigate various properties of mixed crystals in the recent past but all these studies are generally 

confined only to the ionic and covalent families [1, 2]. It is also noticed that dielectric relaxation and 

dipole moment studies of polar liquid in non-polar solvent are more important to interpret the solute-solute 

and solute – solvent interactions. Dielectric measurements are also useful to investigate the interaction 

properties of binary mixture of hydrogen bonded molecules [3]. The molecules of ethylene glycol exist 

with intra and intermolecular hydrogen bonding in dynamic equilibrium in pure liquid state. The molecules 

of ethyl alcohol also exist in linear polymeric chain structure with switch over mechanism due to breaking 
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and making of H-bonds [4, 5]. The binary mixtures of ethylene glycol and ethyl alcohol can give rise to 

different confirmations and these confirmations can vary with the change in the concentration of the 

mixture constituents. The dielectric parameters of binary mixture of hydroxyl groups were investigated 

over the different concentrations at constant temperature.  
 

MATERIALS AND METHODS 
 

Theory: The well established isotropic one gap dielectric model for binary solids given by Penn [1], Van-

Vechten [2] and frequency dependent dielectric theory of Phillips (8) lead to a generalized expression, 

𝑛2=1+ (h 𝜔𝜌 / Eg )      ................ (1 ) 

Where 𝜔𝜌  is the plasma frequency and   Eg is the average energy gap. 

 In the dielectric studies of matter, one finds that the optical dielectric constant ( ∈∞) of a compound is 

closely related to its optical refractive index(n) as [6, 7], 

∈∞ = 𝑛2   ...................………………     (2) 

 The values of (n) for almost all compounds are experimentally measured. It is also noticed that excess 

dielectric constant(∈𝜊
   ∈ ) of mixture of binary compounds is correlated with concentration as [3, 4, 11, 12], 

∈𝜊
   ∈ = (𝜖𝜊−𝜖∞)𝑚  -  [(𝜖𝜊−𝜖∞)1 𝓍1 + (𝜖𝜊−𝜖∞)2 𝓍2 ] ....................... (3) 

      Here X1 and X2 are the mixing proportions of respective compounds where as  ∈𝜊  is static dielectric 

constant and ∈∞ is limiting dielectric constant for binary mixture and suffix m stands for mixture. 

 

The excess dielectric constant provides qualitative information as follows [3, 4]: 

1. ε
E
 = 0 indicates that the mixture constituents do not interact. 

2. ε
E
 < 0 indicates that the mixture constituents interact so as to reduce the total number of effective 

dipoles in constituents of mixtures and may vary from multimers to less effective dipoles. 

3. ε
E
 > 0 indicates that the mixture constituents interact in such a way that the effective number of 

dipoles increases. 

 

On the basis of static dielectric constant  the  Kirkwood correlation factor g is determined theoretically for 

liquid mixture by following expression which gives the information [4] regarding the information of 

multimers  and ordering of dipoles in pure liquid as,  
𝟒𝝅𝑵𝒅

𝟗𝑲𝑻𝑴
g u

2 
 = (𝜀𝑜 −  𝜀∞ ) (2𝜀𝑜 −  𝜀∞ )/ (𝜀𝑜(𝜀∞ + 2)2  …………………(4) 

Here (u) is the dipole moment; (d) is the density of compound at temperature (T), ( M) is the molecular 

weight,( k) is the Boltzmann Constant and ( N) is the Avogadro’s number. It is also noticed that 

Ul
2   

= g  ug
2 

Here Ul is dipole moment of liquids, ug dipole moment in gas phase and g is the correlation factor. This 

factor g provides the information about formation of multimers in liquids.  

The dipole moment of individual polar molecules and their binary mixtures in dilute solutions of solvents 

were determined using Higasi’s equation[13]  

UH = [27kT/4πN) (M/ (ε0+2)
2
 d1

 
]

1/2
 (a0-a∞)………………….(5) 

 Whereas the average relaxation time (τ0) was calculated   using Higasi’s equation proposed for single 

frequency measurements with solute concentration variation in non-polar solvents. 

For binary mixtures  

                M = (X1M1m/[(1-X1)m1]…………………………..(6) 

Where X is the mole fraction of the non-polar solvent, M, is the molecular weight of the non-polar solvent, 

m and m1 are the weights of the polar solvent binary mixtures and the non-polar solvent respectively. 

 

Experimental Measurements: The static dielectric constant (εo) have been measured using LCR meter 

where as dielectric constant (ε) and dielectric loss (ε’’) at microwave region have been measured using 

microwave bench at 250 K. The high frequency limiting dielectric constant for the pure and binary 
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mixtures is obtained by measuring refractive index (n) using Abbe’s refractometer. Higasi’s equation is 

used to compute relaxation time. 

 

RESULTS AND DISCUSSION 

 
The optical refractive index and high frequency dielectric constant of compounds vary due to variation in 

intermolecular interactions. It is noticed that Kirkwood correlation factor is a shape dependent parameter 

that helps in a quantitative interpretation of the liquid structure (Table 1).  
 

Table-1:  Dipole moment (u) and Kirkwood correlation factor (g) for ethylene glycol and ethanol 

Hydroxyl Group Compounds u g 

Ethylene glycol 2.20 1.62 

Ethanol 1.80 2.67 

 

The Kirkwood correlation values greater than unity of ethylene glycol, and the ethanol in their pure liquid 

state confirm that these molecules exist in hydrogen bonded linear structures with parallel dipole alignment 

in dynamical equilibrium. The dipole moment of the hydrogen bonded complexes will give information 

regarding structure and properties of molecules. The non– linear behavior of excess dielectric constant (ε
E 

) 

for binary mixtures against mole fraction( Xe ) confirms that the structure of the molecules changes with 

the variation in mixture constituents (Table 2). 
 

Table- 2.  Static dielectric constant (ε0)  and excess dielectric constant (ε
E
) for various  

binary mixtures of ethylene glycol and ethanol at different mole fractions (Xe). 

Xe ε0 ε∞ εE 

0.100 13.43 1.67 - 

0.225 18.20 1.84 -1.13 

0.450 19.78 1.82 -1.30 

0.650 19.87 1.87 -1.04 

0.850 22.12 1.80 -1.08 

1.000 23.92 1.83 -1.08 

 

It is also noticed that non-zero (ε
E 

) shows that the addition of ethanol in ethylene glycol proves the 

formation of complexes between these molecules through H-bonds. The observed negative values of (ε
E

  ) 

of the mixtures also confirms the effective number of dipoles reduce due to the formation of heterogeneous 

species. The values of effective Kirkwood correlation factor (geff) of polar binary mixtures at different 

volume fraction of mixtures shows that the ε0 decreases with the increase in concentration. A binary 

mixture of ethylene glycol with ethanol confirms the H- bond complex in these mixtures at different mole 

fractions, which vary with the variation in mixture constituent’s concentration. Our results are in better 

agreement with other workers [13].  
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Table-3: Effective Kirkwood correlation factor (geff) and Kirkwood correlation factor (g) of  

ethylene glycol in ethanol at different volume fractions. 

Volume fraction of ethylene 

glycol and ethanol 

geff g 

0.100 1.59 0.96 

0.225 1.63 0.93 

0.450 1.89 0.99 

0.600 2.12 0.91 

0.850 2.16 0.96 

1.000 2.54 1.00 

 

APPLICATIONS 
 

These results are useful to explain the intermolecular behavior of crystals, which can be extended to 

interpret the molecular interactions of hydroxyl and amino groups in mixture of polar liquids. This 

approach has proved to be remarkably successful in the study of dielectric parameters of nano- materials. 

This theory can be useful to define shape, size and nature of solute molecules. This theory is also useful to 

confirm the existence in hydrogen bond in binary mixtures. 
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