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_______________________________________________________________________________________ 

ABSTRACT 

The effect of microwave frequency can be studied by using the X-Band microwave technique. The study includes 

molecular interaction of Acetonitrile (ACN) with Xylene binary mixtures which is carried out at a temperature of 301º 

K for 10 different concentrations. The molecular interaction of solute-solute and solute-solvent in the microwave 

frequency (at 8.845 GHz) region gives information about monomers or multimers present in the given binary mixtures. 

The parameters such as static dielectric constant, Excess Permittivity, Bruggeman factor and Kirkwood correlation 

factor has been obtained to know the intermolecular interactions between the solute and solvent.   

________________________________________________________________________________   

Keywords: Static Dielectric Permittivity, Excess Permittivity, Bruggeman factor and Kirkwood correlation 

factor. 
 

 

1. Introduction 

Polar and non-polar molecules are affected by 

high frequency microwaves. These molecules 

change their structural properties depending 

upon the applied frequency and the 

surrounding temperature. Polar molecules 

possess dipolar relaxation while a non-polar 

molecule doesn’t. Influence of high frequency 

microwaves causes structural disturbance in the 

arrangement of molecules. Intermolecular 

interactions in the binary mixtures can be 

understood using the effect of dipolar 

relaxation, which is an interesting concept. 

Different techniques including frequency 

domain and time domain has achieved finest 

results in the investigation of these parameters 

to know physical as well as chemical 

significance. The X-Band microwave 

technique plays a significant role in perceptive 

of molecular possessions and intermolecular 

interactions in binary liquids [1-2]. 

Acetonitrile is a simplest organic colorless 

nitrile compound, mainly produced by 

acrylonitrile which is used in acrylic fibers. It 

is a polar, aprotic solvent, miscible in water & 

has been used in purification of butadiene [3]. 

Dimethylbenzene known as Xylene which is an 

aromatic compound, part of petroleum product 

and is any one of isomers of O, P & M-Xylene. 

It is a colorless, flammable liquid mostly used 

as a solvent, cleaning agent in many processes 

such as in cleaning of steel and silicon wafers 

etc; it has many industrial applications such as 

in lather industries, rubber & printing, as an 

ink, adhesives, thinning paints and varnishes 

[4-5]. 

Nagesh Thakur et al. [6] have investigated the 

absorption studies of acetonitrile in benzene 

solution using X-Band microwave technique 

thoroughly, obtained results on the parameters 

such as dielectric constant with its loss, 

relaxation time & dipole moment. I. G. Shere 

et al. [7-8] have discussed detailed concept of 

temperature dependent dielectric relaxation 

study of acetonitrile with chlorobenzene and 

molecular correlation study of acetonitrile and 

dichloromethane mixture in detail with 

dielectric parameters.  

Present study reveals the information regarding 

static permittivity study of ACN with non-

polar solvent Xylene for different 

concentrations at 301º K employing X-Band 

microwave technique in the frequency range of 

8.845 GHz. It is interesting to study the effect 

of nitrile group molecule in the Xylene system. 

Static dielectric permittivity, Excess 

permittivity, Bruggeman factor, Kirkwood 

correlation factor has been obtained. 
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2. Experimental details 
2.1 Materials and Measurements 

Acetonitrile (HPLC grade, Sai Pharma, Pune) 

and Xylene (AR grade Himedia Laboratories 

Pvt. Ltd. Mumbai) were used without further 

purification. The solutions were prepared at 10 

different volume fractions. Heston and Smythe 

method was employed to obtain dielectric 

constant, dielectric loss & other parameters 

using X-band for low lossy liquids [1, 6]. X-

band microwave technique consists of a 

Klystron power supply, microwave bench 

setup (including microwave source), liquid 

dielectric cell with plunger (model no. X-910) 

& digital multi-meter for power output 

measurement.  The CRO is used to calibrate 

the input and output power. The setup is used 

to measure the wavelengths in the dielectric 

and voltage standing wave ratio (VSWR). The 

block diagram and experimental setup of X-

Band technique with liquid dielectric cell is 

shown in Fig. 1 & Fig. 2 respectively. 

 

 
Fig. 1. Block diagram of X-Band microwave technique. 

 

 
Fig. 2. Experimental Setup for Microwave Bench with Liquid Dielectric Cell 

 

3. Results and Discussions 

Heston and Smythe method for low loss liquids 

is used to obtain the dielectric parameters. This 

method is mostly suitable for accurate 

measurement of non-polar or weak or diluted 

polar liquids. By using standing wave 

technique, dielectric constant ’ & dielectric 

loss ” can be obtained. The complex relative 

permittivity of the material is given by 

equation [1],  


*
 = ’ - j”   ------------(1) 

where, 
*
 is the relative permittivity, ’ is the 

relative real permittivity and ” is the relative 

imaginary part.  The real permittivity is also 

known as dielectric constant & imaginary part 

is nothing but dielectric loss. The static 

dielectric permittivity can be calculated by 

using the equation as [1-2, 6], 

ε′ =  
λo

λc
 

2

+  
λo

λd
 

2

 ----------(2) 

where, ε’ is the dielectric constant, λo  is the 

free space wavelength, λd  is the wavelength in 

the dielectric cell and λc  is the cut-off 

wavelength which is equal to 2a, as ‘a’ is the 

width of the waveguide. The literature, 

experimental values of dielectric constant & 

Kirkwood correlation factor g
eff 

values are 

reported in Table 1. 
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Table 1. Dielectric parameters for ACN+Xylene binary mixture at 301º K. 

Liquid  Experimental (This Work)  Literature Value [7-9] 

                  ε’            g
eff        

ε’           g
eff  

 

                       Acetonitrile               33.549             0.76     33.08         0.88 

                          Xylene                    2.64          2.97      2.23           ----  

 

Table 2. Dielectric constant & Kirkwood correlation factor of ACN+Xylene binary mixtures at 

301º K. 

  VACN ε’ g
eff

 

  0.0   2.642 2.975 

  0.1   5.236 0.682 

  0.2   7.425 0.582 

  0.3 10.482 0.609 

  0.4 12.829 0.590 

  0.5 16.109 0.622 

  0.6 18.263 0.609 

  0.7 24.156 0.719  

  0.8 28.267 0.759 

  1.0 33.549 0.760 

 

From Fig. 3 (a), it is clear that, the static 

dielectric constant affected due to 

heterogeneous interactions between the 

ACN+Xylene mixture. As the proportion of 

ACN increases in Xylene, value of ε’ increases 

as expected. Change in dielectric constant with 

concentration may be due to interactions 

between dissimilar molecules, which may 

create structural variations [9-10]. The present 

experimental and literature values as reported 

in Table 2, which are closer to each other 

indicating the verification of the obtained data.

 

 
Fig. 3. (a) Static dielectric permittivity (b) Excess permittivity and (c) Bruggeman factor versus 

volume fraction of ACN at 301º K. 
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Kirkwood equation provides information 

concerning dipole-dipole orientation. Effective 

Kirkwood correlation factor g
eff

 of dissimilar 

molecules in binary mixture is calculated from 

the modified Kirkwood equation [11], 

 
 ɛ′m −ɛ′∞ m   2ɛ′m +ɛ′∞ m  

ɛ′m (2ɛ′∞ m +2 )2 =
4πN

9kT
 

µ1 
2 ρ1

M1
V1  + 

µ 2
2 ρ2

M2
 (1 − V1)  × geff     (3) 

 

where, g
eff

 is effective Kirkwood correlation 

factor, µACN is the dipole moment of 

Acetonitrile, µX is the dipole moment of 

Xylene, N is Avogadro’s number, ρACN, ρX, are 

the densities of Acetonitrile and Xylene 

respectively, ε’m is static dielectric constant of 

mixture at high frequency, K is Boltzmann’s 

constant, MACN, MX are the molecular weights 

of Acetonitrile, Xylene respectively, T is the 

temperature, VACN is volume fraction of 

Acetonitrile.  

Effective Kirkwood correlation factor ‘g
eff

’ for 

Xylene at 301º K is found to be 2.97 and is 

greater than the value of ACN which is 0.76. 

The value of g
eff

 of ACN is nearer to the 

literature value (0.88). It is seen that for pure 

ACN & all concentrations of mixture, g
eff

 value 

is < 1 at 301º K, which indicates antiparallel 

orientation of electric dipoles with weak 

dipole-dipole interactions [11-13].  

Excess permittivity (ε’
E
) is a dielectric 

parameter, gives information regarding the 

interaction between the constituents of mixture 

and is given by the equation as [14-15], 

 

ε′E =   (ε′)m −  (ε′)ACN  VACN + (ε′)X 1 − VACN        (4) 

 

where, the subscript m, X and ACN represent 

mixture, Xylene, Acetonitrile respectively and 

VACN  represent the volume fraction of 

Acetonitrile in mixture. Excess permittivity 

gives information in order to acknowledge 

interaction between the elements of mixture. 

Negative values of excess permittivity with 

variation in the concentration of ACN+Xylene 

binary mixture show strong intermolecular 

interactions [16-17]. This indicates that the 

molecules in the binary mixture form 

multimers through hydrogen bonding in such a 

manner that the effective dipole moment gets 

decreased [18]. It is also observed that the 

variation in excess dielectric permittivity ε’
E
 is 

more negative at 0.3 volume fraction of ACN 

in Xylene at 301º K as shown in Fig. 3 (b).  

Bruggeman factor gives information regarding 

the static permittivity of the binary mixture 

using the formula [19], 

 

𝑓𝐵 =  
 ε′m −ε′X  

 ε′ACN −ε′X  
   

ε′ACN

ε′m
 

1

3
= 1 − VACN       (5) 

 

The Bruggeman equation has been modified for binary liquid mixtures [18] as, 

 

𝑓B =  
 ε′m −ε′X  

 ε′ACN −ε′X  
   

ε′ACN

ε′m
 

1

3
= 1 −  a −  a − 1 VACN  VACN      (6) 

 

where, fB is the Bruggeman factor, ε’m, ε’ACN 

and ε’X are the static dielectric permittivity 

corresponding to the mixture, Xylene and ACN 

respectively & VACN is the volume fraction of 

acetonitrile. VACN is changed by a factor [a - 

(a-1) VACN], where 'a' is the interaction 

parameter, nothing but a sign of change in the 

molecular orientation. Determination of 

strength of intermolecular interaction between 

solute & solvent of binary mixture is nothing 

but change in the value of ‘a’. Experimental 

value of ‘a’ is calculated by least square fit 

method. As shown in Fig. 3 (c), the Bruggeman 

factor for ACN + Xylene is less than unity 

which suggest the increase in dipoles having 

value of ‘a’ to become 0.72, which is nearer to 

the literature value (0.76). 
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4. Conclusion 

Study of molecular interaction of ACN in 

Xylene has been studied using X-Band 

microwave technique at 8.845 GHz. As the 

concentration of ACN increases in Xylene, 

static dielectric constant increases which may 

be due to large size of ACN. Kirkwood 

correlation factor values are less than one for 

all concentrations except Xylene, indicates the 

weak interactions with antiparallel alignment 

of dipoles. Excess permittivity values are 

negative for all concentrations, which indicate 

the weak intermolecular interactions with 

decreasing dipole moments in the system. 

Bruggeman factor for this system is less than 

unity.  
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