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ABSTRACT: Cavity perturbation technique in microwave frequency region, LCR bridge for static dielectric constant 

and Abbe’s refractometer instruments for measurement of dielectric constant were used. For dipole moments Higasi 

method was used in the dielectric study of the various concentrations of the binary system of nonyl p-hydroxy 

benzoates (9HB) and Isopropanol and benzene as solvent. There is a decrease in the dipole moment as the 

concentration of the benzoate increased in solute system in non-polar solvent benzene and they are attributed to the 

formation of hydrogen bond between the solute systems. 
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I. INTRODUCTION 

 

Studies of liquid mixtures have gained importance [1-3] because it provides one way of bringing together the molecules 

of different compounds and allow them to interact with one another. The physical forces responsible for such 

interactions cannot be studied when such molecules are isolated. Molecular mixtures bring about changes in 

thermodynamic properties like entropy, free energy and heat of mixing. Changes in physical properties like density, 
molar volume, viscosity, surface tension, refractive index, dielectric constant and speed of acoustic waves are 

manifestations of intermolecular interactions in liquid mixtures. Dielectric investigations of solutions containing 

varying amounts of interacting molecules help detect the formation and composition of complexes in them. The nature 

of complex formation in binary mixtures is still far from clear. The present trend is of liquid mixtures leading to 

formation of hydrogen bonding in the system due to solute-solvent interactions. Hydrogen bonding is a complex in the 

liquid state because of the uncertainty in identifying the particular bonds and the number of molecules involved. One of 

the physical parameters used for conformational analysis of any resultant structure is the net dipole moment, relaxation 

time and thermodynamic parameters [4-6]. This investigation is aimed at studying the dielectric behaviour of binary 

mixtures of nonyl p-hydroxy benzoate (9HB) and isopropanol in benzene, which will manifest useful information about 

the formation of complex in the mixture. Nonyl p-hydroxy benzoate (9HB) is used in various fields viz. food 

preservatives, cosmetic preservatives  [7-9]. 

II. RELATED WORK 

 
A resonant cavity method intermediate between the Hartshorn-wartd method and the micro wave resonance 

methods suited for measurement on low loss materials and described by Works, Dakin and Boggs [10]. Birnbaum et al 

[11] studied the microwave resonance method to determine the dielectric constant and loss of liquids, solids and very 

lossy gases. A microwave resonance technique suited for measurement on low loss liquids has been described by Pitt 

and Smyth [12]. Cavity perturbation method is widely used in the characterization of dielectric [13], magnetic [14, 15] 

and super conducting materials [16]. The different microwave cavity perturbation techniques are discussed by Raman 

[17]. The application of microwave cavity perturbation technique for study of transients in semiconductors is becoming 

popular due to its simplicity in measurement procedure and high sensitivity.  Effects of quality factor, sample size, and 

coupling factor of the sensitivity of the measurement are discussed. [18]. The complex dielectric constant for different 
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liquids are measured using waveguide transmission-line techniques at four frequency ranges, 8-12.4GHz, 12.4 -18 GHz, 

18-26.5GHz and 26.5-40GHz.. The results are discussed and compared with the literature and the calculated data using 

debye’s method [19]. In this paper, the measurements of dielectric constant of some liquids carried out in the X-band of 

the microwave spectrum are reported. A Gunn flange together with three cavities has been constructed with suitable 

holes for sample insertion. The theoretical analysis of the perturbation theory concerning the modified cavity-controlled 

oscillator is given and experimental measurements of the frequency shift for each designed cavity is presented. A 

comparison is achieved between the four positions of the cavity from which the optimum cavity position is selected. 

Finally, limitations of this method are represented [20].    

III.EXPERIMENTAL 

 

M/s Frinton Laboratories Inc, USA  supplied 99.5% purity Nonyl p-hydroxy benzoate (9HB).  ExcelaR grade 

Isopropanol and Benzene were obtained from Qualigens, India and double distilled before use. Benzene is used as 

solvent, the binary system of nonyl p-hydroxy benzoates (9HB) and Isopropanol is used as solute in the preparation of 

solution. 9HB is dissolved in Isopropanol in various concentrations, the various weights of 9HB for each concentration 

is given for 26.5 ml of Isopropanol, the mole fraction of 9HB in isoproanol from 0.01,0.02, 0.03, 0.04 and  0.05 %, the 

weight of 9HB of 0.18077,  0.36524, 0.55350, and  0.74571 grams respectively. All the weights were measured using a 

single pan electronic balance Dhona make, model 100 DS with an accuracy of 0.01 mg. Each concentration of solute is 

diluted with benzene in volume fractions of 90% benzene and 10% solute, 80% benzene and 20% solute, 70% benzene 

and 30% solute, and 60% benzene and 40% solute. The dielectric studies were carried out using LCR bridge for static 

dielectric constant at 1kHz,, the microwave bench adopting cavity perturbation techniqu [1,10-14] method (in X-band) 

Resonant frequencies
0f ,

1f  and 
2f  also correspond to empty cavity, cavity with empty holder alone and lastly cavity 

containing holder with the sample within it.  

 

  
 

where Vc, Vs=Volume of the cavity and sample respectively. The error in the real part of the dielectric constant is 2% . 

 

Abbe’s refractometer used for refractive index (high frequency dielectric constant ) at room temperature (300 oK). 

The error in the estimation of   is +0.04%. 

 
IV. RESULTS AND DISCUSSION 

 
The experimental results obtained from the static, microwave and optical frequencies for different concentrations of 

9HB in isopropyl alcohol, diluted in a non polar solvent medium as benzene are discussed. The solute (9HB+ 

Isopropanol) is a highly polar compound.  Hence highly saturated wave pattern is obtained in the  measurement of 

complex dielectric constant at microwave frequency by using the Cavity technique. Due to the high loss nature of the 

sample, measurement of the dielectric constant at high concentrations of 9HB in isopropyl alcohol systems is not 

possible. In order to study the properties of these systems, we diluted the above system for different concentrations of 

non polar solvent medium benzene.  Diluting the system in non polar solvent medium it is useful for studying the 
interaction between the 9HB and Isopropanol. From the standing wave pattern in the microwave frequency region, 

dilution studies of different concentrations of solute (9HB and Isopropanol) in non polar solvent medium is easy to 

obtain the dielectric constant. The measurements are done at room temperature (300oK). The dielectric investigations 

are carried out at low frequency using LCR meter, at microwave frequency using cavity technique and at optical 

frequency using Abbe refractometer. The data obtained from different concentrations of the solute in a nonpolar solvent 

medium at static and optical frequency are used to evaluate the dipole moments of the solute using Higasi’s method and 

this method is applicable only for dilute solutions.   

 

The signals obtained in C.R.O when connected to the tuned detector without and with sample in cavity perturbation 

technique are shown in Plate 1. and 2 respectively. The dielectric constant is measured by using the equation given in 

the experimental section.  
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       Plate 1 cavity with empty holder   Plate 2 cavity containing holder with the sample  

 

Standardization of the cavity technique: 
 

Using the cavity perturbation technique, the dielectric constant of some standard liquids like carbon 

tetra chloride (CCl4) and chlorobenzene have been measured and tabulated in table 1. These parameters are compared 

with the reported values in the literature [21]. From the table 1 it can be observed that the values of 1 and 11 are 
similar to the reported values within the accuracy of the experiment.  

 

Table 1 The dielectric constanty and dielectric loss of CCl4 and 

chlorobenzene using the fixed cavity resonator in X-band. 
 

Sample Dielectric constant (1) Dielectric loss (11) 

Observed Reported 

[55] 

Observed Reported 

[21] 

CCl4 2.25 2.23 --- --- 

Chlorobenzene 4.67 4.73 1.65 1.50 

 

Table 2. Dielectric data for various concentrations of 
(4HB + Isopropanol) in Benzene using cavity technique  

 
% of 4HB in 

isopropanol 

Volume fraction of  

solvent + solute 

εmicrowave    

 *=’-j”    [59] 

 

Observed Reported 

0.02% 90+10 2.53-j0.22 2.39-j0.25 

80+20 3.11-j0.47 3.37-j0.41 

70+30 3.23-j0.61 3.59-j0.75 

60+40 3.57-j0.73 3.71-j0.80 

0.03% 90+10 2.88-j0.33 2.81-j0.27 

80+20 3.26-j0.46 3.34-j0.41 

70+30 3.32-j0.69 3.39-j0.81 

60+40 3.64-j0.87 3.72-j0.96 

0.04% 90+10 2.95-j0.32 2.79-j0.21 

80+20 3.46-j 0.34 3.65-j 0.41 

70+30 3.68-j 0.77 3.81-j 0.62 

60+40 4.03-j 0.87 4.03-j 0.98 
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Now the experiment is repeated with the present investigating compound 9HB using cavity perturbation 

technique for different concentrations at room temperature. Because 9HB is a high lossy compound, it becomes 

difficult to observe the frequency shift. Consequently dielectric loss can’t be calculated due to lossy nature though 

diluted with benzene. Hence only dielectric constant is measured with 9HB.  

Further, the dielectric constant is measured in different concentrations at different frequencies at room 

temperature. The results are tabulated in the table 3. 

 

Table 3. Comprehensive dielectric data at different frequencies for 

Various concentrations of (9HB+Isopropanol) in Benzene 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dipole moment:  
 
 The dipole moments are calculated from Higasi method (refer chapter 1).  

                        
 
 

02 2

2

1 1

a -a27 kTMμ  .
4 Nd ε +2

  

where M2 is molecular weight of solute, d1 is density of solvent, 1 is the dielectric constant of solvent (benzene). a0 and 

a  are the respective slopes of the graphs o and  with respect to the concentration. The other constants have the usual 

meaning. 

The data required for calculating dipole moment are given along with the dipole moment at each concentration 

in Table 4. 

The values of a0 and a  are found from the graphs of o and  against concentration respectively which are 

shown representative Figs. 1 and 2. o (static dielectric constant) is measured at 1 kHz using LCR meter.  is the 

dielectric constant measured at optical frequency. 

The dipole moment values decrease with increase of 9HB in Isopropanol which is probably due to the 
hydrogen bonding in the system.  

          However from the present study the dipole moment is in between 5.8144 to 4.8880 for various concentrations of 

9HB in Isopropanol. 

From the Table 4 it can be observed that, the static dielectric constant (εstatic) increases with the increase of 

concentration of solute.  

% of9HB 

in 

isopropan

ol 

Volume 

fraction of 

solvent + 

solute 

εstatic εmicrowave 

(’) 
(Cavity) 

n2 

(Optical 

frequency) 

0.01% 90+10 2.000 2.7273 2.226 

85+15 2.915 2.8187 2.205 

80+20 3.070 2.9102 2.184 

75+25 3.685 3.0017 2.164 

0.02% 90+10 2.640 2.7273 2.223 

85+15 3.030 2.9102 2.208 

80+20 3.420 3.0017 2.187 

75+25 4.170 3.1851 2.167 

0.03% 90+10 2.710 2.6351 2.232 

85+15 3.180 2.8187 2.215 

80+20 3.620 2.9102 2.190 

75+25 4.170 2.9102 2.185 

0.04% 90+10 2.770 2.7273 2.229 

85+15 3.230 2.8187 2.208 

80+20 3.730 2.8187 2.187 

75+25 3.930 2.8187 2.177 
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Table 4: Values of parameters for dipole moment  
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Fig.1. Weight fraction of Solute Versus Static dielectric        Fig.2. Weight fraction of Solute Versus Optic dielectric 

           Constant  For 0.01MF of 9HB in Isopropanol                          constant For 0.01MF of 9HB in Isopropanol 

                      
 
 
 
 
 

 

in % of 
9HB in 
Isoprop

anol 
 

Weight 

of solute 

(W1) 

Weight 

of 

solvent  

(W2) 

Weight 

fraction 

of solute 

( W1/ 

W1+ W2) 

εstatic n2 

(Optical 

frequency) 

ao a Dipole  

moment 

() in 

Debye 

0.01%  0.4106 

0.6159 

0.8212 

1.0264 

3.9465 

3.7273 

3.5080 

3.2888 

0.0942 

0.1418 

0.1897 

0.2379 

2.000 

2.915 

3.07 

3.685 

2.226 

2.205 

2.184 

2.164 

 

 

10.873 

 

 

 

-0.432 

 

 

 

5.81 

0.02% 0.4290 

0.6435 

0.8580 

1.0726 

3.9465 

3.7273 

3.5080 

3.2888 

0.0981 

0.1472 

0.1965 

0.2459 

2.64 

3.03 

3.42 

4.17 

2.223 

2.208 

2.187 

2.167 

 

 

10.110 

 

 

 

-0.384 

 

 

5.60 

 

0.03% 0.4479 

0.6718 

0.8957 

1.1197 

3.9465 

3.7273 

3.5080 

3.2888 

0.1020 

0.1527 

0.2033 

0.2539 

2.71 

3.18 

3.62 

4.17 

2.232 

2.215 

2.19 

2.185 

 

               

9.125 

 

             

               

-0.328 

 

 

 

5.32 

0.04% 0.4671 

0.7006 

0.9341 

1.1677 

3.9465 

3.7273 

3.5080 

3.2888 

0.1059 

0.1582 

0.2103 

0.2620 

2.77 

3.23 

3.73 

3.93 

2.229 

2.208 

2.187 

2.177 

 

 

7.651 

 

 

 

-0.341 

 

 

 

4.89 
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 Table 5. Comprehensive data on dielectric constant, dipole moment for  
                                                             various concentrations of (9HB + Isopropanol) in Benzene 
 

 

% of9HB in 

isopropanol 

Volume 

fraction of 

solvent + 

solute 

εstatic εmicrowave 

’ 

n2 

(Optical 

frequency) 

Dipole 

moment     

     

(Debye) 

0.01% 90+10 2.000 2.7273 2.226 

5.81 
85+15 2.915 2.8187 2.205 

80+20 3.070 2.9102 2.184 

75+25 3.685 3.0017 2.164 

0.02% 90+10 2.64 2.7273 2.223 

5.60 
85+15 3.03 2.9102 2.208 

80+20 3.42 3.0017 2.187 

75+25 4.17 3.1851 2.167 

0.03% 90+10 2.71 2.6351 2.232 

5.32 
85+15 3.18 2.8187 2.215 

80+20 3.62 2.9102 2.190 

75+25 4.17 2.9102 2.185 

0.04% 90+10 2.77 2.7273 2.229 

4.89 

85+15 3.23 2.8187 2.208 

80+20 3.73 2.8187 2.187 

75+25 3.93 2.8187 2.177 

 
 

FComparing the results obtained from cavity perturbation technique the dielectric constant at microwave 

Frequency with the plunger technique [22] are nearly equal within the accuracy  which is shown table 6. 

          

Table 6. Comparative data on dipole moment by 

 cavity and plunger techniques 

 

 
% of Compound 
in Isopropanol 

Cavity 
technique 

 (Debye) 

(Present study) 

Plunger 
technique] 

 (Debye)  [22] 

 

0.01% 5.81 5.39 

0.02% 5.60 5.19 

0.03% 5.32 5.10 

0.04% 4.89 5.08 

 

 

In the microwave region also the dielectric constant increased with increased concentration of 9HB in binary system. 

But at optical frequency region the dielectric constant decreases when the concentration of solute increases in the 

binary system. It is due to the decrease in dipolar polarization contribution at high frequency. At high frequency the 

dipolar polarization disappears and only atomic polarization or electronic polarization will present. The dielectric 

constant decreased with increased frequency from static (low frequency) to optical (high) frequency. It means the 

contribution of dipolar polarization decreased with increased in frequency. At static frequency all polarizations are 

present.  
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IV. CONCLUSIONS 

 

The dielectric constant decreases with the increased frequency. It is because the orientation polarization fails to reach 

its equilibrium value and contributes less and less to the polarization as the frequency rises. It decreases the dielectric 
constant. The low frequency static dielectric constant and microwave frequency dielectric constant increased with 

increased concentration of the solute binary system in non-polar solvent benzene at room temperature. The optical 

refractive index value is increased with decrease in the concentration of the solute binary system (benzoate and 

alcohols) in non-polar solvent benzene at room temperature. With an increase in concentration of the benzoate in solute 

system decreases the in the dipole moment in a non-polar solvent benzene and it is due to formation of the hydrogen 

bond between the solute system. 

 

ACKNOWLEDGEMENTS 
 

 One of the author (SSS) is grateful to UGC New Delhi for providing BSR Faculty fellowship No.F4-5(11)/2019(BSR) 

Dt.17-8-2020.The authors are also grateful to DRDO project No. ERIP/ER/0403448/M/01, Dated 31/01/2005. The 

authors are grateful Prof. V.R.K. Murthy, IITM in conducting the cavity perturbation technique. 

 

REFERENCES 
 

[1]    Nora E Hill, W E Vaughan, A H Price and M Davies, “Dielectric properties and molecular behaviour”, Nostrland          
Reinhold Company, London, 1968. 

[2].   C P Symth, “Dielectric Behaviour and Structure”, Mc Graw-Hill Book Co.,   New York 1955. 

[3].   P Debye, “Polar Molecules”, The Chemical Catalog Co., New York,1929  
[4].   V Madhurima, “Physico-chemical studies on hydrogen bonded binary mixtures of polar liquids” Ph.D. thesis IIT          Madras 

Chennai, 1998. 
[5].   M Chitra, Ph.D. thesis IIT Madras, Chennai, 2002. 

[6].   S N Viogradov, “Hydrogen bonding” Litton Educational Company, 1971 
[7].   Emanuel Barker, Katherine G Sloman, and Arthur K Foltz,“ Food”, Anal. Chem., Vol.39 , pp. 75–92, 1967. 

[8]    E Marengo, M C Gennaro, and V Gianotti, “A Simplex-Optimized Chromatographic Separation of Fourteen           Cosmetic 
Preservatives: Analysis of Commercial Products”, J. Chromaographic sci., Vol.39, pp.339-344, 2001. 

[9].   K.L  Pedersen, S N Pedersen, L B Christiansen, B Korsgaard, and P Bjerregaard, “The Preservatives Ethyl-,          Propyl- and 

Butylparaben are Oestrogenic in an in vivo Fish Assay”, Basic & Clinical pharmacology &  Toxicology, Vol.86, pp.110-113, 2000. 
[10]  C.N. Works, T.W. Dakin and F.W. Boggs, “A Resonant Cavity Method for Measuring Dielectric Properties at          Ultra-high 

Frequencies”, Trans. American. Inst. Elect. Engineers ., Vol. 63, pp.1092-1098,  1944  
[11]  G.Birnbaum and J.Franeau,, “ Measurement of the Dielectric Constant and Loss of Solids and Liquids by a Cavity Perturbation 

Method”,  J. Appl. Phys.  Vol.20, pp.817-818, 1949.  
[12]   D. Pitt and  C.P. Smyth, “Microwave Absorption and Molecular Structure in Liquids. XXVI. The Dielectric            Relazation 

Times of Two Large Oblate Ellipsoidal Molecules in Benzene Solution”,  J  Phys Chem., Vol.63, pp.582- 587, 1959.  
[13]  H. Kobayashi and Seiya Ogawa, “Dielectric Constant and Conductivity Measurement of Powder Samples by the          Cavity 
Perturbation Method”, Jpn.J.Appl Phys. Vol..10, pp.345,  1971   

[14]  B.Tereselicus and B. Ranby, Cavity Perturbation Measurements Of The Dielectric Properties Of Vulcanizing          Lubber And 
Polyethylene Compounds,  J.Microwave Power,Vol.13,  pp.327-335, 1978   

[15]  A. Mansingh, A. Prakash, “Microwave measurement of conductivity and constant of semiconductor spheres by          cavity 
perturbation technique”; IEEE. Trans .Microwave Theory And Tech. Vol.29, pp.62-65, 1981.  

[16]  B.Viswanath  R. Raman, N.S.Raman and  V.R.K.Murthy,  “Microwave power loss and XPS measurements on high Tc N 

NdBa2Cu3Ox superconducting system” Solid State Comm., Vol 66, pp.409-411,  1988 

[17]  R. Raman, Ph.D. Thesis, Indian Institute of Technology, Madras.1989.  

[18]  V.Subramanian, V.R.K.Murthy, and J.Sobhanadri,   Sensitivity analysis of transient measurements using the          microwave 
cavity perturbation technique”, Journal of Applied Physics, Vol. 83, pp. 837-842,  1998.  

 [19] Mohammed N.Afsar, Nattakarn Suwanvisan, Yong Wang, “Constant measurement of low and high loss l:            Liquids in the 
frequency range of 8 to 40 GHz using waveguide transmission line technique” Microwave and Optical Technology Letters  Vol.48,  

pp. 275-281,  2005.  

[20]. El-sharkawy M.A, Mahmoud M.A, Youseff M.M, Haseen S.A, J. Materials Science, Vol.12, pp.203,  2001.  
[21]  B.S.Bellubbi, Ph.DThesis, Indian Institute of Technology, Madras, 1993.  

[22]  K. Parvateesam, V. Radha Krishna and S. Sreehari Sastry, Dielectric investigations of  nonyl p- hydroxy   benzoate  at room 
temperature, IJIRSET, Vol.10, pp.9123-9130,  2021  

http://www.ijirset.com/
https://onlinelibrary.wiley.com/doi/10.1002/mop.21326
https://onlinelibrary.wiley.com/doi/10.1002/mop.21326



	Standardization of the cavity technique:
	Dipole moment:
	Fig.1. Weight fraction of Solute Versus Static dielectric        Fig.2. Weight fraction of Solute Versus Optic dielectric
	Constant  For 0.01MF of 9HB in Isopropanol                          constant For 0.01MF of 9HB in Isopropanol
	The dielectric constant decreases with the increased frequency. It is because the orientation polarization fails to reach its equilibrium value and contributes less and less to the polarization as the frequency rises. It decreases the dielectric const...
	[8]    E Marengo, M C Gennaro, and V Gianotti, “A Simplex-Optimized Chromatographic Separation of Fourteen           Cosmetic Preservatives: Analysis of Commercial Products”, J. Chromaographic sci., Vol.39, pp.339-344, 2001.

	[9].   K.L  Pedersen, S N Pedersen, L B Christiansen, B Korsgaard, and P Bjerregaard, “The Preservatives Ethyl-,          Propyl- and Butylparaben are Oestrogenic in an in vivo Fish Assay”, Basic & Clinical pharmacology &  Toxicology, Vol.86, pp.110-1...
	[11]  G.Birnbaum and J.Franeau,, “ Measurement of the Dielectric Constant and Loss of Solids and Liquids by a Cavity Perturbation Method”,  J. Appl. Phys.  Vol.20, pp.817-818, 1949.
	[12]   D. Pitt and  C.P. Smyth, “Microwave Absorption and Molecular Structure in Liquids. XXVI. The Dielectric            Relazation Times of Two Large Oblate Ellipsoidal Molecules in Benzene Solution”,  J  Phys Chem., Vol.63, pp.582- 587, 1959.
	[16]  B.Viswanath  R. Raman, N.S.Raman and  V.R.K.Murthy,  “Microwave power loss and XPS measurements on high Tc N NdBa2Cu3Ox superconducting system” Solid State Comm., Vol 66, pp.409-411,  1988
	[18]  V.Subramanian, V.R.K.Murthy, and J.Sobhanadri,   Sensitivity analysis of transient measurements using the          microwave cavity perturbation technique”, Journal of Applied Physics, Vol. 83, pp. 837-842,  1998.

