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Abstract

The study of dielectric liquid behaviour under elifint exposure is one of the most fascinating ieosin solid state physics. It
has undoubtedly render considerable service toyephysicist doing research in this field. The #wmsing desire to understand
the molecular interactions have led to conductghesent study, which deals with a certain groupatr compounds such as (i)
Acetonitrile (AN), (ii) Acetophenone (AP) and (ik-Propanol (2-P) with a non-polar compound benzehke dielectric
behaviour of individual compound, binary mixtureslaheir ratios have been studied at microwave dfesgy of 21.68GHz in
non-polar solvent (benzene) at constant temperaB0@K. Different dielectric parameters like dieléctconstante’ and
dielectric losse” at microwave frequency, static dielectric condtag at 1 KHz frequency, dielectric constant at optical
frequency have been determined. Using these dieledata, dipole moment W, various relaxation timie (i) molecular
relaxation timer (i) overall relaxation time of a molecutg, and (jii) average relaxation timg,, distribution parameterd) of
individual compound, binary mixtures and their caiin dilute solutions of benzene also have beggrmeed experimentally.
Weight fraction method is used for changing theceatration of solute in solvent. The observed Itesare discussed on the
basis of various types if relaxation processesgctvicshange with the size, shape and type of interact
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1. INTRODUCTION

The dielectric studies are used for knowing theursatand
stength of intermolecular interactions in pure iitpuand
their mixtures. Particularly the microwave dietécstudies
give information about the alignment of neighbogrin
molecules as well as the types of assoviationénstfstems.
This study also yields information regarding tharcture
and the nature of molecular orientation process.The
molecular relaxation behaviour shaows characteristi
interaction and structural features in liquids. Tpresent
work consists of dielectric relaxation and absanptstudies

of some polar liquids and their mixtures in nongvaolvent
benzene at microwave frequency (K-Band) 21.68 GHz.
Different dielectric parameters such as dielectonstant,
relaxation time, distribution parameter and dipolement
are calculated using the experimentally observéaegalt is
observed that relaxation behaviour depends upon
concentration of individual polar liquids and theatio of
binary mixtures in benzene.

the

2. THEORETICAL CONSIDERATION

The dielectric constante’] and dielectric loss &) of
samples are obtained by using the following equatd
Poley’s methot

&' = [hol A Ho/ hal?[1-{ag h/2T}] & = (UMD)[hof Ad° 0

0q=[2hy/ )‘-dz] [dpmeaddn]
is the attenuation constant in the dielectric,
Lo— Free space wavelength of microwave
Ac — Cut off wavelength in the wave guide
Aq- Wavelength of mirowave radiation in dielectric
Dielectric constante(, ) of the samples at optical frequency
are computed with Abbe’s refractometer using sodiim
line. Static dielectric constart) of the samples are
measured with LCR bridge. The expressions used to
compute distribution parametex) @nd various relaxation
time are as follows™.

o = 1-(2M0)tan™[A/B]

Where, A=a"(ap- a,) B=
(80~ @)(a' - &) ~a"™ C=(a-a)+
a’

8 a’ a” and g, are the slopes obtained by plottinge’, €”
and g, versus weight fraction.

T= [a"w (@ - a.)]

T)= [ag - a'lw a”]

3= VI T
The experiment set up used for this study is shiovfigure
1.

3. RESULTS AND DISCUSSION

The calculated values of relaxation times, distidu
parametersd), dipole moments and Higgasi parameters for

Ay the three polar liquids namely acetonitrile (AN),
Where, acetophenone(AP), 2-propanol (2-P) and their binary
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mixtures in the ratios (1:3), (1:1), and (3:1) imlgr solvent
benzene are given in table 1. From the table d@hiserved
that the increase in the proportion of acetonitiiethe
binary mixtures, shows increase in the Higgasi mpater
values of g a’ and a”. This shows high reactive nature of
acetonitrile in the mixture. The reactive nature of
acetonitrile is found to be greater than acetophendhe
positive value of afor acetophenone is due to the increase
of refractive index with increase of concentratatnoptical
frequency while for all other systems it is foundl lbe
reversed.

The values of dipole moments for individual systeamsl
their binary mixtures for various complexes in bemz are
determined by two different methods such as Guggiemh
and Higgasi. The dipole moment in both the caseseag
with each other and also with the literature valuek
confirms the validity of the experimental result#aned. It
is also observed that the dipole moments of AN+AR+2-

P and AP+2-P in benzene.

The variation of relaxation times viz.. (i) moleaul
relaxation timery, (i) overall relaxation time of a molecule
12 and (iii) average relaxation timg, of AN+AP, AN+2P
and AP+2-P in benzene versus different ratio oftunes
(0:1, 1:3, 1:1, 3:1 and 1:0) are plotted in figugeso 4. In
the case of AN+AP and AN+2-P in benzene, the (fafip
shows lower value if(y), 1), 70, as shown in Figure 4. The
variation oftg gradually increases with increase of ratios
from 0:1 to 1:0. The rapid increase g with increase of

ratios shows the higher contribution of acetophenion2-

propanol. It reveals the rigid nature of acetylug@resent
in the acetophenone compare with alcoholic groug-n
propanol.

The non-linear variation of relaxation time of difént ratios

of one of the system is interpreted as possibletseolute
molecular association in the binary mixtures. la gresent
case the non-linear variation of the relaxationetiwith the
change of proportion of acetonitrile in the binanyxture
shows the presence of solute-solute molecular esEoT
The value of relaxation time is maximum at 3:1 aatif
AN+AP and AN+ 2-P hinary mixtures in benzene. This
indicates that the molecular association is maxinairg:1
ratio.

In the case of acetonitrile in (1:1) ratio, thd fsfl relaxation
time with the addition of acetophenone indicateg th
presence of solute-solvent association in additionthe
solute-solute association. The molecular associagigses
because of the interaction of negative fractiort@rge at
the site of nitrogen atom acetonitrile (§EN) molecule and

a fraction of positive charge on the carbon atom of
acetophenorie In general, the observed result, show the
high associative nature of acetonitrile compared 2to
propanol and acetophenone. The variation of distion
parameter of individual systems and other complexes
confirms the presence of more than one relaxation
mechanism. It also confirms the high associativieineaof
acetonitrile compare to 2-propanol and acetophenone
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Figure 1: Schematic diagram of K-Band Microwave bench
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Table 1: Calculated values of relaxation times, distribut@mameters, dipole moments and Higassi paranfetevarious
systems in Benzene at 300K

Systems Relaxation Time(Ps) Dipole Higassi Parameters
Moments
L16) 1) T(0) a B K & a a’ 8y
Acectonitrile(AN) | 2.8359| 29.1615| 8.2217| .9997| 3.9145| 3.9095| 39.7250| 17.3800| 6.8838| -0.4450
Acetophenone(AP)| 1.7609| 27.1659| 7.1659| .8408| 3.0219| 3.0205| 8.3050 | 4.3088 | 1.0063| 0.1125
2-Propanol (2-P) | 1.7813| 6.4383 | 3.3865| .3034| 1.6625| 1.6604| 4.5780 | 3.7100 | 0.9900| -0.3712
AN+AP(1:3) 2.3914| 19.5225| 6.8327| .5703| 3.6327| 3.6321| 14.1600| 7.5800 | 2.4750| -0.0200
AN+AP(1:1) 2.2956| 7.7235| 4.2107| .3228| 3.4963| 3.4523| 15.7920| 11.8444| 3.7532| -0.1613
AN+AP(3:1) 2.7556| 24.0989| 8.1490| .5830| 4.2648| 4.2593| 31.8688| 14.1100| 5.4113| -0.3100
AN+2-P(1:3) 2.4049| 18.6484| 6.6968| .5595| 2.6995| 2.6565| 13.3688| 7.1215 | 2.4600| -0.3900
AN+2-P(1:1) 2.3058| 9.2452 | 4.6171| .3787| 2.6854| 2.6766| 14.8750| 10.5450| 3.4392| -0.4075
AN+2-P(3:1) 2.7505| 23.1195| 7.9743| .5784| 3.6914| 3.6491| 30.9300| 13.9600| 5.3900| -0.4300
AP+2-P(1:3) 1.7688| 12.2387| 4.6527| .5020| 2.0175| 2.0025| 5.5100 | 3.8600 | 0.9900| -0.2500
AP+2-P(1:1) 1.7733| 17.8252| 5.6222| .5998 | 2.3472| 2.3412| 6.4415 | 4.0126 | 1.0006| -0.1200
AP+2-P(3:1) 1.7632| 23.5410| 6.4426| .6573| 2.7012| 2.6818| 7.3700 | 4.1600 | 1.0013| -0.0100
a- Distribution Parameter,(AN)- Acectonitrile, (AP)cetophenone, (2-P)- 2-Propanol
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Figure 2: Variation of relaxation times with ratio of
mixtures (AN+AP) in Benzene
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Figure 3: Variation of relaxation times with ratio of
mixtures (AN+2-P) in Benzene

30

T

Ty 15

0 20 40 60 80
Ratio of mixtures

Figure 4: Variation of relaxation times with ratio of
mixtures (AP+2-P) in Benzene

4. CONCLUSION

In this paper the relaxation mechanism of someviddal
polar component and various ratios of their binaiytures
in non-polar solvent benzene is suitably intergieta the
basis of short range interactions such as solutesatute-
solvent molecular interactions, arise when the mdes
comes closure to each other at microwave frequeridye
strong associative nature of polar liquids may beful in
partial fulfillment of the need for using these ld@ric
liquids for commercial purpose.
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