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Abstract:

Plunger and cavity methods in microwave frequency region, LCR bridge for static
dielectric constant and Abbe’s refractometer for measurement of high frequency dielectric
constant were used in order to calculate relaxations times. For dipole moments Higasi
method is used in the dielectric study of the various concentrations of the binary system of
alkyl p-hydroxy benzoates (where alkyl carbon number n=2, 3, 4 and 6) and Isopropanol
and benzene as solvent.There is an increase in the relaxation time as the concentration of
the benzoate is increased in solute system in different concentrations of non-polar solvent
benzene and there is a decrease in the dipole moment as the concentration of the benzoate
is increased in solute system in non-polar solvent benzene and they are attributed to the
formation of hydrogen bond between the solute systems.

Keywords: Plunger and Cavity techniques, Higasi method, dipole moment, relaxation
time.

Introduction:

Study of liquid mixtures have gained importance’ 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 to 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 besides relaxation time, thermodynamic parameters such as enthalpy
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and entropy values*®. With this in view, the present investigation is aimed at studying the
dielectric behaviour of binary mixtures of alkyl p-hydroxy benzoates (where n=2, 3, 4 and
6) and Isopropanol in benzene which may provide useful information about the formation
of complex in the mixture.

Experimental:

Alkyl p-hydroxy benzoates (where n=2, 3, 4 and 6) are used in various fields viz.
food preservatives, cosmetic preservatives’® and has biological importance. Alkyl p-
hydroxy benzoates (where n=2, 3, 4 and 6) which were of extra pure quality with 99.5%
purity were supplied by M/s Frinton Laboratories Inc, USA. Both Isopropanol and Benzene
were supplied by Qualigens. Both of them were ExcelaR grade and were double distilled
before use.

Benzene is used as solvent, the binary system of Alkyl p-hydroxy benzoates
(where n=2, 3, 4 and 6) and Isopropanol is used as solute in the preparation of solution.
Alkyl p-hydroxy benzoates (where n=2, 3, 4 and 6) are dissolved in Isopropanol in various
concentrations. All the weights are 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 are carried out by using LCR bridge (static dielectric
constant), the microwave bench adopting plunger and cavity®**** methods (in X-band) and
Abbe’s refractometer for refractive index (high frequency) at room temperature.

Results and discussion:

In order to calculate the relaxation times, the plunger or cavity readings at
microwave frequency region, LCR for static dielectric constant and Abbe’s refractometer
for measurement of high frequency dielectric constant using the refractive index were used.
All these data were used to fit in an Argand diagram to calculate the relaxation times. The
representative dielectric data at microwave frequency for one concentration (0.01% of PHB
in isopropanol taken as solute and benzene as solvent for concentration of 90% benzene
and 10% solute) is given in Table 2. and typical graph for the same concentration is given
in Fig. 1. We have observed a distribution of relaxation times as witnessed from Cole-Cole
arc plot instead of Debye arc plot. Although Cole-Cole® equations which signify the
distribution of relaxation times, eventually a macroscopic relaxation time (predominant
relaxation time) and dipole moments were measured and the data is given in Tables
1&3(for the systems EHB and 6HB respectively).

Calculation of relaxation time

The dielectric data (0.02% of 6HB) in isopropanol taken as solute and benzene as
solvent for concentration of 70% benzene and 30% solute) is represented in complex plane
(€' Vs €) resulting Cole-Cole plot and is shown in Fig. 2.

The parameters obtained from Cole-Cole arcs such as distribution parameter ‘h’
and the corresponding angle 6 = na/2, u, v parameters and the relaxation times are
calculated from these Cole-Cole plots.

Calculation of Dipole moment
The dipole moments are calculated from Higasi method *°.

. 27KTM, (a,-a,)
~ 4zNd, (.42
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where M, is molecular weight of solute, €, is the dielectric constant of benzene,

N is the Avogadro’s number, d; is density of solvent, ¢, and €,, are respectively the slopes
of agand a, with respect to the concentration.
The data required for calculating dipole moment is given along with the dipole
moment for the above concentration in Table 4.
The values of ay and a,, are found from the graphs of ¢, (static permittivity) and ¢,

Vs concentration respectively which are shown in Fig. 3 and 4 respectively for 0.02 mole
fraction of HHB in isopropanol.

It is evident from the data given in the Tables 1 & 3, the dielectric constant increases
with the increase of frequency. The microwave data show that these compounds are polar
in nature and correspondingly the dielectric constant is a complex quantity. The relaxation
time is found to increase in magnitude for a given concentration of Alkyl p-hydroxy
benzoates (where n=2, 3, 4 and 6) in isopropyl alcohol with the increase of dilution in
benzene which shows that the molecules are free to rotate as benzene concentration
decreases. The dipole moment values decrease with increase of Alkyl p-hydroxy benzoates
(where n=2, 3, 4 and 6) in Isopropyl alcohol which is probably due to the hydrogen
bonding in the system.

Table 1: Comprehensive data on dielectric constant, relaxation time, dipole moment
for various concentrations of (EHB + Isopropanol(ISP)) in Benzene

% of EHB | Volume | &xatic | Emicrowave Emicrowave n’ Relaxati Dipole
in fraction plunger method | cavitymethod | P° | on momen
isopropanol | of freaency) | Time ¢ t
solvent (pico sec) 1
+ solute (Debye)
0.02% 90+10 | 2.91 | 2.89-j0.24 2.91-0.22 | 2.22 56
80+20 | 3.64 | 3.02-0.37 3.04-j0.36 | 2.19 8.9 266
70+30 | 4.07 | 3.52-j0.69 3.49-0.71 | 213 95 :
60+40 | —- | 3.06-j0.48 3.04-049 | 2.1
0.03% 90+10 | 2.92 | 2.75-j0.33 2.74-0.35 | 2.19 85
80+20 | 3.30 | 2.94-0.43 2.96-j0.45 | 2.17 10.3 369
70+30 | 4.15 | 3.48-j0.94 352-j0.96 | 2.14 114 :
60+40 | —- | 4.15-j0.29 4.18-0.26 | 2.11
0.04% 90+10 | 2.92 | 2.7550.22 2.78-021 | 2.21 55
80+20 | 3.36 | 3.015j0.52 3.05-j050 | 2.18 10
70+30 | 407 | 3.08j0.70 | 3.11j0.68 | 2.15 19 3.55
60+40 | — | 3.34-j0.84 3.36-0.82 | 2.11
0.05% 90+10 | 2.83 | 2.75-0.21 2.74-0.23 | 2.20 57
80+20 | 3.36 | 2.880.27 2.89-j0.26 | 2.17 8.7
70430 | 361 | 3.160.62 | 3.14-j0.64 | 2.14 114 2.93
60+40 | — | 3.04-j0.76 3.06-j0.74 | 2.11
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Table 2: Microwave bench (X-band) readings obtained by moving plunger in 0.01

Distance | Voltage | Distance | Voltage | Distance | Voltage | Distance | Voltage
(mm) (mV) (mm) (mV) (mm) (mV) (mm) (mV)
0 15.2 26 154 52 134 78 13.7
1 14.2 27 15.5 53 14.2 79 13.8
2 125 28 14.9 54 14.6 80 13.9
3 10.6 29 14.1 55 14.6 81 14
4 9.9 30 13.1 56 14.4 82 14.2
5 12 31 12.1 57 13.9 83 14.2
6 15 32 11.9 58 13.3 84 14.1
7 15.9 33 13.1 59 12.8 85 14
8 16 34 14.4 60 12.8 86 13.9
9 15.6 35 15.1 61 13.3 87 13.8
10 14.7 36 15.3 62 13.9 88 13.8
11 135 37 14.9 63 145 89 13.9
12 11.8 38 143 64 14.5 90 14
13 10.8 39 135 65 14.4 91 141
14 11.8 40 125 66 14.1 92 13.9
15 14 41 12.2 67 13.9 93 13.9
16 15.3 42 12.7 68 135 94 13.9
17 15.7 43 13.7 69 13.4 95 13.9
18 15.5 44 14.6 70 13.8

19 14.8 45 14.9 71 14.3

20 13.8 46 147 72 14.4

21 125 47 143 73 14.4

22 11.6 48 13.7 74 14.3

23 11.8 49 12.9 75 14.2

24 135 50 12.5 76 14

25 14.9 51 12.7 77 135

% of Propyl p-Hydroxy Benzoate (PHB) in Isopropanol taken as solute and benzene
as solvent for concentration of 90% benzene and 10 % solute
* Distance means length of liquid column in dielectric cell with respect to mica film as

voltage(mV)

90% Solvent+10% Solute

Solute=0.01% of PHB
in Isopropanol
Solvent=Benzene

°
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Table 3: Comprehensive data on dielectric constant, relaxation time, dipole moment

for various Concentration of (6HB + Isopropanol(ISP)) in Benzene.

% of Volume Estatic Emicrowave Emicrowave n’ ) Relaxa | Dipole
6HBin | fraction Plunger Cavity (Optical | tion momen
Isoprop | of solvent frequenc ggingg “ltp
anol + solute Y sec) (Debye)
0.02% 90+10 3.03 2.78-j0.39 | 2.81-j0.37 | 2.23 11.23
80+20 3.73 3.53-j0.51 | 3.52-j0.52 | 2.19 441 442
70+30 4.43 3.91-j0.75 | 3.90-j0.78 | 2.15 6.68 '
60+40 5.24 4.40-j0.86 | 4.39-j0.87 | 2.12 6.83
0.03% 90+10 3.40 3.21-j0.46 | 3.22-j0.47 | 2.22 6.54
80+20 3.81 3.44-j0.51 | 3.46-j0.50 | 2.18 7.21 355
70+30 4.24 3.563-j0.67 | 3.53-j0.66 | 2.14 8.96 '
60+40 4.77 4.41-j0.86 | 4.43-j0.84 | 2.12 5.95
0.04% 90+10 3.37 3.21-j0.34 | 3.19-j0.36 | 2.23 5.57
80+20 4.05 3.62-j1.11 | 3.64-j0.98 | 2.19 11.12 414
70+30 4.77 4.40-j0.86 | 4.41-j0.85 | 2.15 5.95 '
60+40 5.26 4.98-j0.98 | 4.96-j0.99 | 2.10 5.15
0.05% 90+10 3.39 3.19-j0.58 | 3.17-j0.60 | 2.24 9.40
80+20 411 3.44-j0.51 | 3.44-j0.50 | 2.18 7.75 417
70+30 4.96 4.41-j0.86 | 4.42-j0.85 | 2.15 6.09 '
60+40 5.33 4.99-j0.98 | 5.11-j0.94 | 2.10 5.26
Table 4 : Values of parameters for dipole moment in 0.02% of 6HB in isopropanol
Weight of Weight Weight Estatic n? Ao au Dipole
solute of fraction of (Optical momen
(Wy) solvent solute frequenc t
(W2) (Waf (Wt y) ()
W5)) Debye
4.232 39.46 0.0968 3.0 | 2.23
8.468 39.08 0.1944 3 2.19 7.499 | -0.373 | 4.42
12.696 30.69 0.2926 3.7 | 215
16.928 26.31 0.3915 3 2.12
4.4
3
5.2
4
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Conclusions:

1. The low frequency static dielectric constant and microwave frequency dielectric constant
increased with increase in the concentration of the solute binary system (benzoates and
alcohols) in non-polar solvent benzene at room temperature.

2. The optical refractive index value decreased with increase in the concentration of the
solute binary system (benzoates and alcohols) in non-polar solvent benzene at room
temperature.

3. There is an increase in the relaxation time as the concentration of the benzoates is
increased in solute system in different concentrations of non-polar solvent benzene and it is
due to the formation of hydrogen bond between the solute systems.

4. There is a decrease in the dipole moment as the concentration of the benzoates is
increased in solute system in non-polar solvent benzene and it is due to the formation of
hydrogen bond between the solute systems.
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