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Abstract: The dielectric behavior of the polar binary mixture of alkyl p-hydroxy benzoates (where alkyl carbon number n
varies from 2 to 9), isopropanol for various volume fractions in nonpolar solvent benzene is studied using plunger and
cavity perturbation techniques in the microwave frequency range at 10 GHz (X band), HP impedance analyzer at 1 kHz, 10
kHz, 100 kHz, 1 MHz, 10 MHz and Abbe’s refractometer for optical (10'° Hz) frequency region. Hamiltonian quantum
mechanical calculations such as AM1, PM3 and MNDO optimized converged geometry operation is performed by using
Spartan Modeling software for both pure and binary systems of alkyl p-hydroxy benzoates and isopropanol. Dipole
moments of the binary mixtures are calculated from the dielectric data using Higasi’s method and compared with the
theoretical results. Conformational analysis of the formation of hydrogen bond between alkyl p-hydroxy benzoate and
isopropanol is supported by the FT-IR spectra. The average relaxation times are calculated from their respective Cole—Cole
plots.
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I. INTRODUCTION

Dielectric study of liquid mixtures has gained importance [1-3] because it provides one way of bringing together the
molecules of different compounds and allows them to interact with one another. The 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, refractive index, dielectric constant etc. are manifestations of intermolecular interactions in liquid mixtures [4, 5].
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 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 [6].The study of dielectric dispersion and absorption of a binary liquid mixture provides a very
sensitive tool for detecting molecular interactions. It has been
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observed that the formation of complexes or the presence of association leads to relaxation times considerably higher than
those for the uncomplexed (unassociated) species. It has been shown by Schallamach [7] and other workers [8-10] that a
binary liquid mixture, in which both components are either associated or non-associated shows a single relaxation time,
whereas two distinct relaxation times are observed in the mixtures in which one component is associated and the other is
non-associated. Dielectric dispersion studies of polar liquids such as alcohols, benzoates and their binary mixtures were
carried out to determine the nature of interaction that exist between the molecules due to hydrogen bonding dipole moment
and the relaxation behavior phenomena. Dielectric spectroscopy is sensitive to changes in bonding between different
species of liquids in a liquid-liquid binary or tertiary systems-even to weak hydrogen bonding. Dipole moments are
determined for the polar solute system diluted in non-polar solvent benzene to minimize the dipole-dipole interaction. The
dielectric behavior of some hydrogen bonded polar liquid mixtures was studied by Vishwam [11]. The liquid mixtures in
the present study are useful for hydrogen bonding formation with liquid crystals [12] which eventually affect the dipole
moment and relaxation time. The relaxation time studies are carried out [13] in the binary mixtures of isopropanol with
methyl/ethyl benzoates. The present paper is aimed at studying the dielectric behavior of binary mixture of alkyl p-hydroxy
benzoates, which are used in various fields viz. food preservatives, cosmetic preservatives[14-16], and isopropanol (solute
system) by varying its concentration in non-polar solvent medium benzene in the microwave frequency range at 10 GHz
(X-band) by using plunger and cavity perturbation [3,17,18] methods. Dipole moment values are calculated using the
Higasi’s method [19] and compared with the theoretical Hamiltonian quantum mechanical calculations [20, 21]. Minimum
energy structure of these polar systems alkyl p-hydroxy benzoates, isopropanol and their equimolar binary system are
determined from the AM1, PM3 and MNDO converged geometry optimization procedure using Spartan Modeling software
[22]. Conformational analysis of the formation of hydrogen bond between the above systems is carried out from FT-IR
spectra in the 450-4000 cm ' region. The average relaxation times are calculated from their respective Cole-Cole [23] plots.

II. EXPERIMENTAL

Alkyl p-hydroxy benzoates were procured from M/s Frinton Laboratories, Inc., USA. Isopropanol (IPA) and benzene were
Qualigen chemicals of analar grade and double distilled before use. The binary mixture of alkyl p-hydroxy benzoates and
isopropanol is used as solute and benzene as non-polar solvent in the preparation of solution. First alkyl p-hydroxy
benzoates (nHB) were dissolved in isopropanol (IPA) at various mole fractions (MF) i.e., 0.02%, 0.03%, 0.04% and then
each concentration of solute was diluted with solvent in different volume fractions i.e., 0.1, 0.2, 0.3 and 0.4. All the weights
were measured using a single pan electronic balance Dhona make, model 100 DS with an accuracy of 0.01 mg.

The low frequency dielectric permittivity (¢ ) values of the above systems were measured at using a digital LCR meter

at room temperature and their variation with volume fraction is shown in figure 1. The dielectric data using HP impedance
analyzer was measured at spot frequencies of 1 kHz 10 kHz, 100 kHz, 1 MHz and 10 MHz. The real (¢') and imaginary

(g") parts of the complex dielectric permittivity (6‘* =¢&'— j&" ) were determined at room temperature at a frequency 10

GHz (X band) using plunger and cavity perturbation techniques, whose variations with volume fraction are shown in
figures 2 and 3. The main advantage of cavity perturbation technique is that a small volume of sample is required i.e., 2ml
and it is very useful for low-loss samples, where as plunger technique is useful for high-lossy compounds but it requires
large amount of sample i.e, 80 ml. The refractive index of the dilute solution was determined using M/s ASCO make Abbe
refractometer with sodium D light as source (10" Hz) at room temperature. The high frequency dielectric constant (

&, =n" ) was obtained from the refractometry mea-

surements and their variations with volume fraction are shown in figure 4. The error in estimation of the low frequency
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dielectric constant (& ), the real part of dielectric permittivity (&' ) and refractive index was 1%. The error in the

static
estimation of relaxation time (T ) and dipole moment ([ ) was 2% and for the imaginary dielectric permittivity (&£") was

3%. The formation of hydrogen bond in the solute system was studied using FT-IR spectra in the 450-4000 cm™ region
with a Perkin Elmer BXF1- FT-IR spectrometer.

III. DETERMINATION OF PARAMETERS

A. Calculation of relaxation time ( T )

The dielectric data obtained i.e., & ;.

relaxation times ( T ). The distribution of relaxation times was witnessed from Cole-Cole arc plot. Although Cole-Cole
equations which signify the distribution of relaxation times, eventually a macroscopic relaxation time (predominant
relaxation time) was measured using the equation

& (g'—j&") and &, (n*) was used to fit in an Argand diagram to calculate the

1

\%
0T = (_j l-a
u
Where o (distribution parameter), u and v values are determined from their respective Cole-Cole plots.

B. Calculation of dipole moment ([ )

The dipole moments of dilute systems were calculated from Higasi’s method.

. 27 KTM, (a,-a,)
47Nd, (g,+2)°

Where k is the Boltzmann constant, T is the temperature in Kelvin, M, is molecular weight of solute, ao and a, are

respectively the slopes of & and &,, with respect to the weight fraction of the solute, N the Avogadro’s number, d, is

static
density of solvent, €, is the dielectric constant of solvent.

The dipole moments for the individual compounds and their mixtures in the solute system were determined with
Hamiltonian quantum mechanical calculations such as AM1, PM3 and MNDO and this Hamiltonian quantum mechanical
calculations were carried out using Spartan Modeling software and are compatible with the experimental values. The excess

dipole moments ( A ) of the systems were determined as given by Huyskens*.

Al“l = I“Iab _“a _“b
where M, is the dipole moment of nHB, M, is the dipole moment of IPA and M, is the dipole moment of the solute
mixture (nHB+IPA).
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IV. RESULTS AND DISCUSSION

From the figures 1, 2 and 3 it is observed that the static dielectric constant, real part of dielectric permittivity (¢’) and
imaginary part of dielectric permittivity (¢) increased with the increase in volume fraction of the solute, but the optic
dielectric constant (figure 4) decreases with the increase in volume fraction of the solute for various mole fractions.
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The relaxation times obtained from Cole-Cole plot is shown in figure. 5 and the data is given in Table 1. The relaxation
times are found to increase in magnitude for a given mole fraction of alkyl p-hydroxy benzoates in isopropyl alcohol with
the increase of solute volume fraction in benzene which shows that the molecules are unable to rotate freely as benzene
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concentration decreases in the solution. In general the magnitude of average relaxation time is increasing with the increase
of n value in alkyl p-hydroxy benzoate series, which may be attributed to the formation of hydrogen bonding between the
solute systems.
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FIGURE 5: COLE — COLE PLOT FOR 8HB, WITH 0.02% MOLE FRACTION AND VOLUME FRACTION OF 30%
SOLUTE AND 70% BENZENE.

TABLE 1: RELAXATION TIMES IN PICO SECONDS FOR VARIOUS SYSTEMS

% of Volume 2HB 3HB 4HB 5HB 6HB 7HB 8HB 9HB

nHB in fraction

isopro- of

panol solvent+
solute

0.02 90+10 056 | 0712 |01.48 | 1253 |11.23 |04.81 |07.99 | 03.51
80+20 089 | 14.81 | 0442 | 1070 | 04.41 | 11.21 | 08.14 | 09.56
70+30 095 | 0838 | 09.16 | 13.77 | 06.68 | 27.28 | 12.86 | 48.07
60+40 - 11.44 | 1549 | 2598 | 06.83 | 28.31 | 15.92 | 83.80

0.03 90+10 085 | 1170 | 0653 | 1216 | 06.14 | 09.60 | 06.82 | 05.23
80+20 103 | 0820 | 05.67 | 07.60 |07.21 | 17.84 | 07.39 | 21.22
70+30 114 | 06.96 | 08.6 | 2036 | 08.96 | 29.05 | 12.55 | 67.96
60+40 - 2139 | 16.12 | 2421 | 08.98 | 3652 | 21.50 | 79.06

0.04 90+10 055 | 09.20 | 0477 |0872 | 0557 |08.05 |07.79 | 06.30
80+20 100 10913 | 03.87 | 0562 1112 |14.86 |09.17 | 13.31
70+30 19.0 | 09.25 | 07.68 | 1592 | 05.95 | 25.18 | 13.43 | 32.61
60+40 - 13.48 | 1317 | 30.68 | 12.06 | 27.59 | 21.00 | 63.21
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The dipole moments for various n values of alkyl p-hydroxy benzoate series are shown in figure 6. It is observed that, in
general the dipole moment values are increasing with the increase of n value in alkyl p-hydroxy benzoate series. The dipole
moments obtained and calculated using Hamiltonian quantum mechanical calculations of AM1,
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FIGURE 6: DIPOLE MOMENT Vs MOLE FRACTION OF nHB IN ISOPROPANOL

PM3 an MNDO are shown in Tables 2 and 3 along with the average experimental dipole moment values of different mole
fractions (0.02%, 0.03% and 0.04%) for the alkyl p-hydroxy benzoate series. Interestingly, the dipole moments show
alternation along the series with even numbers having higher dipole moments than the odd neighbours. Thus, it appears that
increased side-chain interactions in the odd compounds lead to disturbed bond

TABLE 2: DIPOLE MOMENT (|J) VALUES IN DEBYES FOR INDIVIDUAL
COMPOUNDS USING QUANTUM MECHANICAL CALCULATIONS

compound | a4 PM3 MNDO
IPA 1616 | 1523 | 1.435
2HB 1.081 1.441 1.639
3HB 1255 | 1440 | 1.630
4HB 3.012 | 3.064 | 3.198
5HB 1236 | 1429 | 2.188
6HB 1280 | 1412 | 2.225
7HB 1085 | 1414 | 2214
8HB 1233 | 1423 | 1.610
9HB 1349 | 1502 | 2.290

Copyright to IJIRSET www.ijirset.com 5152



ISSN: 2319-8753
[JIRSET

International Journal of Innovative Research in Science,

Engineering and Technology

(An ISO 3297: 2007 Certified Organization)
Vol. 2, Issue 10, October 2013

TABLE 3: EXPERIMENTAL AND THEORETICAL DIPOLE MOMENT ([)
AND EXCESS DIPOLE MOMENT (Ap) VALUES IN DEBYES

FOR SOLUTE MIXTURES
SOLUTE | Expri- THEORETICAL
MIXTURE | mental AM1 PM3 MNDO
M M Ay M Ay Y Ap

2HB+IPA | 3.68 3.487 0.59 2.364 -0.60 | 3.704 | 0.63
3HB+IPA | 3.51 3.272 0.40 2.251 -0.71 | 3.685 | 0.62
4HB+IPA | 4.39 3.470 -1.15 2.580 -1.98 | 3.695 | -0.93
5HB+IPA | 4.48 3.204 0.35 2.348 -0.59 | 3.550 | -0.07
6HB+IPA | 4.48 3.270 0.37 2.310 -0.62 | 3.889 | 0.22
7HB+IPA | 4.36 3.246 0.34 2.153 -0.77 | 3.115 | -0.53
8HB+IPA | 4.68 3.353 0.50 2.360 -0.58 | 3.594 | 0.54
9HB+IPA | 4.60 3.355 0.38 2.258 -0.76 | 3.423 | -0.30

dipoles thereby decreasing the net dipole moment [24]. The theoretical values of dipole moments for individual compounds
and solute mixtures are given in tables 2 and 3. It is very clear that there is an increase in the dipole moment values of
solute mixtures when compared to the individual systems. This may be due to the formation of hydrogen bonding between
the solute systems. The theoretical dipole moment values for the solute systems are in good agreement with the
experimental values including the even-odd effect. The small deviation between the theoretical and experimental values
may be due to the assumption in calculating the dipole moment of the solute mixture i.e., for theoretical calculations
equimolar concentrations are used and for that of experimental different mole fractions are used. The other reason for the
deviation between the theoretical and experimental values may be due to 7 electron cloud of non-polar solvent benzene
affecting the dipole moment value of the solute system in experimental case [11, 25, and 26]. The experimental and
theoretical dipole moment values increase considerably for 4HB and its binary mixture when compared to the remaining
nHB and their binary mixtures. The increment in the dipole moment values in the series is mainly due to the contribution
of CH, group in the chain to the dipole moment and this effect is comparatively high in case of 4HB[27-29].

Observing the FT-IR spectra for the solute mixture of (SHB+IPA), there is a shift of~ 80 cm™ wave number in the position
of —OH for the mixture compared with the pure spectrum of 8HB and a shift of ~ 110 cm™ wave number for the mixture
compared with the pure spectrum of IPA. This shift is caused by the strong interaction between the high electro-negative
charge of oxygen in the benzoate group and the hydrogen of the isopropanol. Thus The IR analysis convinces
intermolecular hydrogen bonding of the binary mixture (SHB+IPA) effectively with proportionate variations in stretching
frequencies of -OH compared to the pure systems. The experimental and theoretical FT-IR values, which are in good
agreement, for —OH group of pure systems IPA, 8HB and solute mixture (IPA+8HB) are shown in Table 4.

Optimized geometrical structure of the formation of hydrogen bonding between isopropanol and 8HB is shown in figure 7,
which is obtained by Hamiltonian quantum mechanical calculation using Spartan Modeling software. Further, it is observed
from the quantum mechanical calculations (AM1, PM3 and MNDO) that the excess dipole moment ( A ) is very low and
negative which indicates the absence of any contribution from the ionic structure or charge transfer of the binary system to
the total dipole moment. Because if charge transfer effect exists, then AM
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would have been greater than 10D [23, 30, 31]. But in none of the above systems a high value of AJ is observed. The

excess dipole moment value is a qualitative index for the presence of a hydrogen bond between nHB and IPA. The
excessive dipole moment is attributed to the proton transfer in the bond.
«

FIGURE 7: . HYDROGEN BOND STRUCTURE OF ISOPROPANOL+8HB
(RED: OXYGEN, BLACK: CARBON, WHITE: HYDROGEN)

V. CONCLUSION

In this paper, the dielectric properties of hydrogen bonded complexes formed by alkyl p-hydroxy benzoates with
isopropanol in benzene have been studied by computing relaxation times, dipole moments experimentally and theoretically
for various concentrations at room temperature. The formation of hydrogen bond between alkyl p-hydroxy benzoates and
isopropanol, which causes an increase in dipole moment values when compared to that of individual systems and also
considerable changes in relaxation times, is confirmed by FT-IR spectra. The experimental dipole moment values are in
good agreement with the theoretical quantum mechanical calculations. The absence of ionic contribution to the structure is
confirmed by the excess dipole moment values.
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