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8. STRUCTURAL ASPECTS AND PHYSICO-CHEMICAL PROPERTIES OF 

POLYSUBSTITUTED BENZENES IN BENZENE FROM RELAXATION PHENOMENA 

8. 1 INTRODUCTION 

Relaxation phenomena of polar liquid molecules in nonpolar solvents under oscillating 

electric field in the GHz range at different experimental temperatures are of special 

importance as they are useful tools to investigate their physico-chemical properties as well 

as structural and associational aspects.[1 ,2]. The method is based on evaluation of 

relaxation time 'tj ,dipole moment fli and thermodynamic energy parameters. There exists 

several methods [3,4] to get 'tj 's and f.L/S , but all these methods are not as simple as the 

present one in which a simultaneous determination of fli and 'tj is possible. Although several 

workers [5-7] studied the relaxation mechanism of polar liquid molecules, but no such 

investigation on polysubstituted benzenes in terms of high frequency (hf) dielectric 

susceptibilities x;/s has yet been made. The formulations derived so far may be used to 

study proteins , micelles, polymers and many other complex fluids [8] including liquid 

crystals as well. Even binary mixtures of polar liquids can give rise to slow relaxation 

[9].The formulations are concerned with the real x';i ( = &';i- &.,;i ) and imaginary x"u ( = &";J) 

parts of hf complex dimensionless dielectric orientational susceptibility x*u. 

The real ~>';i and imaginary &"iJ parts of high frequency permittivity ~>*u of 

polysubstituted benzenes like 1,3 di-isopropylbenzene, p-methylbenzoylchloride and o

chloroacetophenone in benzene at different weight fractions wjs of solutes in the 

temperature range of 30 to 45°C under 10 GHz electric field were measured by Paul et al 

[1 0]. The useful optical relative permittivities &.,;i "s to get concentration variation of x';i were 

generated from Debye-Pallet's equations [11]. 

Eoij- Eooij 

e' ij = Eroij + ------------ (8.1) 

and 

Eoij- EoXlij 

" E ij = ------------ <O't"j 

I + ol't·2 
J 

(8.2) 
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with the available -rj's previously determined by conductivity measurements [12]. Paul et al 

[1 0] used the Gopala Krishna's method [13] to measure -rj's from &ij's in which all the 

polarizations including the fast polarisation exist. If 1 is subtracted from low frequency &oiJ 

and real s'ii , the corresponding static susceptibilities Xoii and real x';i contain all the 

polarisations. When hf &.,;i is subtracted from s'ii or static &oiJ one obtains susceptibilities x';i 

or XoiJ respectively, involved with the orientational polarization alone to get accurate -rj's and. 

llj'S. 

Both the real s';i and imaginary s"ii parts of s*ii are related by [14] 

&'ij = &.,ij + (11 Ol'tj) &";j (8.3) 

which in terms of established symbols of x'ii and x"ii becomes 

(8.4) 

eq. (8.4) exhibit linear relationship between x";i and x';i as seen in Fig. 8.1. The slope ro'ti 

is used to get -ri of a polar solute [15] . For most of the associative liquids studied 

elsewhere [16] ,however, the variation of x";i against x'u is not strictly linear as seen in Figs 

8.2 and 8.3. Hence the slope of eq.( 8.4) can be written as: 

(dx"ii 1 dUJ) UJ->o 
------------------------ = Ol'tj (8.5) 

c ctx' iJ 1 d UJ) UJ .... o 

containing -rj's of the present polar solutes. The -rj's estimated using eq.( 8.5) and (8.4) from 

both the methods are presented in Table 8.1. The excellent agreement between -rj's 

indicates that the polar-polar interactions are almost eliminated in the limit of U1 = 0 to give 

reliable -ri by the latter method [17]. The correlation coefficients r's and relative errors of 

both the plots in Figs 8.2 and 8.3 were obtained by regression analysis. They are within the 

range of 0.93 to 0.99 and 0.0008 to 0.0001 respectively, hereby indicating how far both 

x";j's and x';j's are correlated with UJ'S. It is evident from Table 8.1 that -rj's decrease with 

temperature. At constant temperature -r1 depends on the energy difference between the 

activated and normal states. At higher temperatures thermal agitation causes an increase in 

energy loss due to larger number of collisions and thereby decreases the values of -rj's. For 

m-diisopropylbenzenes the -rj's are greater in comparison to p-methylbenzoylchloride and o

chloroacetophenone probably due to bigger size of the molecules containing higher number 

of carbon atoms. For systems II and Ill -rj's do not vary much with temperature because of 

the presence. of the same number of C-atoms in both the molecules. p-methylbenzoyl 
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chloride shows reverse variation of 'tJ with temperature. Inductive effect of CH3 group put the 

C=O group of COCI to exist as dipolar structure (>C•-o-), therefore increase in temperature 

has no significant effect on 'tJ of this system. 

Dielectric relaxation is a process of rotation of polar molecule under hf 

electric field and it requires an activation energy .6.F-r to overcome the potential energy 

barrier between two equilibrium positions. .6.F-r is related to estimated 'tJ by [18]. 

'tj = (AfT) e t.F<I RT 

where .6.F-r = Mh - T .6.S-r 

From eqs. ( 8.6) and (8. 7) it follows that 

In 'tjT =InA' + (.6.H-r /R) 1/T 

where A' = Ae -as,tR 

(8.6) 

(8.7) 

(8.8) 

eq. (8.8) is a straight line when ln('tj T) is plotted against 1/T as seen in Fig.8.4, the slope 

and intercept are used to get enthalpy of activation .6.H-r, entropy of activation .6.8-r and free 

energy of activation .6.F-r due to dielectric relaxation as presented in Table 8.1. The 

enthalpy of activation .6.H11 due to viscous flow of the solvent is ascertained from the slope o 
(= .6.H-r I .6.H11) of the linear equation of In -riT against In 1"];, where "lli is the coefficient of 

viscosity of the solvent used. 

It is evident from Table 8.1 and Fig.8.4 that for system II the linear eq. (8.8) 

has negative slope to give negative .6.H-r because for that system -r/s increases with 

temperature. The systems I and Ill shows ·positive .6.8-r's which suggest that the 

configuration involved in dipolar rotation has an activated state which is less ordered than 

the normal state [19]. Unlike p-methylbenzoylchloride both systems I and Ill show o > 0.50 ( 

as seen in Table 8.1) indicating solvent environment around solute molecules to behave as 

solid phase rotators[19,20] . .6.H1"]; in Table 8.1 involved with translational and rotational 

motions of the molecule is of lower value than those of .6.H-r's in which only the rotational 

motion occurs. The Debye factors -riT /1"]; unlike Kalman factors -ciT /1"];r at all temperatures 

are of constant orders for each system. This at once reflects the validity of Debye model 

[20] of dielectric relaxation for such compounds in benzenes under 10 GHz electric field. 
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8. 2 THEORETICAL FORMULATION 

In order to obtain hf dipole moment lli· the Debye-Smyths relation [21 ,22] in terms of hf 

xi( is used, where 

Np;ifl/ 
27soMjksT 

where Mi = molecular weight of the solute in kg. 

s;i = relative permittivity of solution (ij) 

Pii = density of solution (ij) 

ks = Boltzmann constant 

eq. (8.9) on differentiation with respect to Wj and at Wj ~ o 

d " N 2 X ii Pifli 
( d "'1 ) ":i ~ o = .:.2"'7s"'

0

2
M"'jk:--

6
-:=T:--

(8.9) 

(8.10) 

in the limit "'1 = 0, because Pii ~ p; , s;i ~ s; are the density , relative permittivity of solvent 

benzene 

From eqs.( 8.5) and (8.1 0) one obtains 

27s0Mjks Tl3 112 
fli= [ Np;(s;+2)2 b ] 

(8.11) 

where b = 1/ ( 1 + o}r:/) is a dimensionless parameter associated with estimated r:i of eq.( 

8.5), 13 is the linear coefficient of x';i- wi curves of Fig. 8.3· 

8. 3 EXPERIMENTAL 

The microwave radiations of frequency 10 GHz , generated by a Gunn oscillator fed by 10 

volt de power supply were passed through the isolator, tuner, frequencymeter, attenuator 

and a slotted line fitted with a probe connected with a crystal detector and a VSWR meter. 

The other end of the slotted line was connec~ed to a 6.4 em. long silvered waveguide cell 

which was connected to a thermostat by a 90° bend to carry out the experimental values of 

s';i and s";i at different temperatures [1 0]. 
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The viscosity l]; and density p; of benzene at various experimental temperatures 

were measured using an Ubbelohde viscometer and a pycnometer respectively.The 

analytical grade polysubstituted benzenes like 1 ,3-diisopropylbenzene, p-methylbenzoyl 

chloride and o-chloroacetophenone as well as the solvent benzene were supplied by 

Central Drug Research Institute, Lucknow. They were further purified by repeated fractional 

distillations and the physical constants like density, viscosity and relative permittivity e; of 

solvent CaHa were checked in agreement with the literature values [1 O].The polar liquids 

were kept over molecular sieve of mesh 4A for 48 hours with occasional shaking. They 

were then distilled through a long vertical fractionating column and the middle fractions 

were used for the present study. Benzene (BDH Analar) was purified by refluxing over 

sodium metal for 6 hours and then distilled through a long vertical fractionating column. 

The middle fraction of the solvent was used to make solutions of different WJ'S of the 

respective solutes at different experimental temperatures [23] 

8. 4 RESULTS AND DISCUSSION 

The J.l/S thus measured at all temperatures are entered in Table 8.1. Almost all the x'u- "UJ 

curves have a tendency to come closer within the range 0.00 < "UJ < 0.03 probably due to 

almost same polarity of the molecules [22] arising out of solute - solvent or solute -solute 

molecular association which may be supposed to be physico-chemical properties [14] of the 

systems. This can be inferred from the nonlinear variation of J.li- t curves of Fig. 8.5. Unlike 

the system I & II, o-chloroacetophenone(system Ill) shows minimum J.l/S at lower and higher 

temperatures. In the vicinity of -COCH3 and Cl, the electronic factor may operate between 

the carbonyl oxygen and Cl atom at ortho position may be the reason for its anamolous 

behaviour towards J.li value as seen in Fig 8.6.The minimun J.li'S indicate the attainment of 

slight symmetry in the molecules at those temperatures [20]. The monotonic increase of J.li 

with temperature for p-methylbenzoylchloride occurs for its increasing molecular asymmetry 

at higher temperatures. The above nature of J.li - t curves arises due to alignment of 

different types of bondings among the solute and solvent molecules which are either 

formed or broken to some extent [24,25]. Thus the measured J.li's reflects the stability or 

unstability of the molecules. This is confirmed by different thermodynamic energy 

parameters in order to make a strong comment on their physico-chemical properties. 
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Theoretical dipole moment's J.ltheo's, as seen in Fig. 8.6. are,however, 

considered by vector addition of bond moments of substituted polar groups of molecules 

from the available infrared spectroscopic data of bond moments assuming the molecules to 

be planar ones. They are placed in Table 8.1 to compare them with the measured hf lli's. 

The molecules under study have polar groups and there is large probability of 

intramolecular group rotations and, therefore, these molecules may not be represented by 

simple Debye type dielectric dispersions. On the otherhand, Higasi's equation. [7] for single 

frequency in dilute solutions or Higasi's frequency variation method could ,however, be 

used to evaluate those group rotations for such molecules. But the molecules are very 

simple and the purpose of the paper is to see the applicability of Debye type dispersions in 

them in evaluating "tJ and J.li which are claimed to be accurate with 10% and 5% 

respectively. The molecules of polysubstituted benzenes referred to Tables and figures are 

planar and have the property of cyclic delocalization of n electrons on each C-atom. The 

solvent benzene is a cyclic and planar compound with three double bonds and six p

electrons on six carbon atoms of the benzene ring. Hence n- n interaction or resonance 

effect combined with an inductive effect commonly known as mesomeric effect in excited 

state called the electromeric effect is expected to play the prominent role in hf J.t/S. The 

slight disagreement between hf lli's and J.ltheo's of Fig 8.6 is explained on the basis of the 

fact that the flexible polar groups of the molecules are greatly influenced by hf electric field 

to yield the inductive, mesomeric and electromeric effects in them to give higher J.li values, 

especially for m-diisopropylbenzene. All these effects ,are, however, incorporated in their 

structures by multiplying the bond moments by a factor J.li I J.ltheo to make J.ltheo's closer to 

J.t/S as sketched in Fig.8.6. The electromeric effect caused by >C = 0 in the 2nd and 3rd 

molecules may be the reason to make J.t/S more closer to J.ltheo's [26]. 

8. 5 CONCLUSION 

The theoretical formulations in terms of internationally accepted and established symbols 

of dielectric terminologies and parameters in S.l. units are more topical , significant and 

simpler one to have deep insight into the physico-chemical, structural and associational 

aspects of polysubstituted benzenes in CsHs at different temperatures under 10 GHz 

electric field. The conformational structures so far sketched in Fig. 8.6 are also significant 

because they enhance the scientific content of the existing knowledge of dielectric 
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relaxation processes The curves satisfied by experimental points in all the figures reflect 

the validity of the theoretical formulations based on Debye model to estimate several 

physical parameters such as ~/s, f!/S and L'l.H,, L'l.F,, L'l.S, etc which are more of archival 

values to study the temperature variation of physico-chemical properties of dipolar 

molecules. The uncertainity in the evaluated ~/ and f!i values are of 10% and 5% errors 

which are ·claimed to be accurate. 
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Table-8.1. Estimated relaxation times •i's , enthalpy t.H1:, entropy t.S1: and free 

energy t.F1: due to relaxation, dimensionless parameter y ( = ~H1: I ~H'lli ) from slope of In 

•iT vs. ln11i equation. enthalpy of activation ~H'lli due to viscous flow of the solvent, 

estimated hf dipole moment l..lj and theoretical dipole moment 1-ltheo in coulomb metre(C.m.) 

of some polysubstituted benzenes in solvent C6H6 at different experimental temperatures in 

°C under 10 GHz electric field frequency. 

System with Temp -ri in -ri in ~H. t.s, in J t.F, in Value ~H'll i = Estimat 
f..ltheoX 

sl. no.& in °C mole-1 of 8 ed 1030 in KJ KJ (~H't/y) 
mol. wt.in 

psec psec 
mole-1 K-1 mole-1 dipole 

C.m. (eq. from in KJ moment 
Kg. 8.4) eq. mole-1 

ll,X1 0
30 from 

bond 
(8.5) C.m. angle 

with ' J s& 
from reduc 
eq. ed 
(8.5) bond 

mom 
ents 

I. m -di- 30 8.80 8.80 
isopropyl- 109.01 10.12 12.70 

benzene 35 7.33 7.33 108.09 9.86 13.87 
(Mj = 0.162) 40 5.46 5.46 43.15 108.16 9.30 6.96 6.20 13.99 3.77 

45 3.74 3.76 109.01 8.49 14.76 

II. p-methyl-
30 2.72 2.72 

benzoyl -59.09 7.16 9.63 
chloride 

35 3.30 3.30 (Mj = 0.156) -60.26 7.82 9.82 

40 3.23 3.23 
-10.74 -59.66 7.93 -1 .61 6.67 9.95 8.80 

45 3.24 3.24 -59.28 8.11 10.10 

lll .o-chloro-
30 4.20 4.20 

acetopheno 255.12 8.26 6.83 

ne (Mj = 35 3.04 3.04 
0.156) 253.09 7.61 7.72 

40 1.26 1.26 85.56 255.84 5.48 13.56 6.31 7.05 7.40 

45 0.90 0.90 254.21 4.72 6.48 
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Fig.:. 8·1 : Variation of imaginary part x.";; against real part x.'1; of the complex hf 

dielectric orientational succeptibility x*1; of some polysubstituted benzens in C6H6 

under 10 GHz electric field at lt.3rious experimental temperatures. 

m-di-isopropylbenzene- Ia (-o-) at 30°c, lb (-o-) at 35°c,lc (-LI-) at 40°c,ld (-X-) at 45°c 
p-methylbenzylchloride-lia (-o-) at 30°c,llb (-o-) at 35°c,llc (-LI-) at 40°c,lld (-X-) at 45°c 
o-chloroacetophenone -lila (-o-) at 30°c,lllb (-o-) at 35°c,llle(-LI-) at 40°c,llld (-X-) at 45°c 
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Fig. 
8

·
2 Variation of imaginary part x";i of hf succeptibility with weight fraction 

Wj 's of some polysubstituted benzens in C6H6 under 10 GHz electric field at various 
experimental temperatures 

m-di-isopropylbenzene- Ia (-o-) at 30°C,Ib (-o-) at 35° C,lc (-~-) at 40° C, ld (-X-) 

at 45° C p-methylbenzylchloride -lla (-o-)at 30° C,llb (-o-) at 35° C,llc (-~-)at 40°C, 

lid (-X-) at 45° C o-chloroacetophenone-llla (-o-)at 30° C,lllb(-o-) at 35° C,lllc (-~-) 

at 40° C,llld (-X-)at 45° C 
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8

·
3 Variation of real part x';i of hf succeptibility with weight fraction wj 's of some 

polysubstituted benzens in C6H6 under 10 GHz electric field .at various experimental 

temperatures 

m-di-isopropylbenzene- Ia (-0-) at 30°C, Ib (-o-) at 35° C, lc (-L'l.-) at 40° C, Id (-X-) at 45° C 
p-methylbenzylchloride-IIa (-0-) at 30° C, lib (-o-) at 35° C,IIc (-L'l.-) at 40° C, lid (-X-) at 45° C 
o-chloroacetophenone -Ilia (-0-) at 30° C,IIlb (-o-) at 35° C,IIIc (-L'l.-) at 40°C,IIId (-X-) at 45°C 
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Fig. 8.4 The linear plot of In (~;1) against 1/T of some polysubstituted 

benzenes in C6H6 under 10 GHz electric field . 
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I. m-di-isopropylbenzene (- t..-) using ~i of eq. ( 2 ). II. p-methylbenzoylchloride 

(- x -) using ~i of eq.( 2 ). Ill. o-chloroacetophenone: (- o -) using~; of eq.( 2) 
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Fig. 8.5 Plot of measured dipole moment Ill in Coulomb metre [using 'tJ by our 

method i.e, eq.( 5 )] with temperatures I in °C of some polysubstituted benzenes 

in C6H6 under 10 GHz electric field. 

I .. m-di-isopropylbenene : (- o -) using -r ion eq.( 2 ), ll.p-ethylbenzoylchloride: 

(- 1;. -)using -r ion eq.( 2 ), Ill. o-chloroacetophenone:(- o-) using -r ion eq.(2 ), 
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Figure 6. Conformational structures of different poly substituted benzenes 

Fig.~.s th dipole moment !ltheo x 1030 in Coulomb metre (C.m.).] 

I m-diisopropylbenzene 
II p-methylbenzoylchloride 
Ill o-chloroacetophenone 
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