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Microwave absorption and molecular structure of polar
molecules in solutions, relaxation times and activation
energies of some substituted benzenes
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The present. communication reports tho relaxation timoes of 3-56 di-
chloronitro  benzene,  2-5  dichlovonitrobenzene,  2-5  dibromonitro
benzenc.  p-bromonitrobeuzene, 2-4 dinitrochlorobenzene. 1.2,4 di-
nitrochloro benzene in diate solutions of benzeno at wavelongth
3:13 cm (9585 Me/Sev) in the microwave region.  The measuroments
have bheen made at 20°, 30" and 40°CL in order 1o calenlate the {ree
onergics ol activation for process of dipole oriontation and viscous
flow. Tt is concluded that the dipole orientation is mainly contri-
buted by molecular rvotations  From the values of AF; for the
various compouids investigated inferenee has been drawn that energy
of activation increases with the size of molecules.

1. Tneory

Relaxation time has boen determined using the Concentration variation method

of Gopala Krishna (1957) givon by the velation as discussed in an earlier paper
(1969)
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Dielectric relaxation mechanism may bo explained in terms of absolute
rate theory (1941) by treating dipole orientation as a rate process in which the
polar molecules rotate from one equilibrivm tosition 1o another. This process
of rolation requires as activation energy sufficient 1o overcome the encrgy barrier
soparating the two mean oquilibrium positions and is given by

7~ (% )oxp (—ASr/R) exp (AH7|RT) . @

AH; is caleulatod from the slope of log T'r vs 1/7 plot as shown in Fig. 1 and 2.
The intercept of thoe plot log 7't vs 1/T gives the factor A'(= Ae25T|R). AFr
and AS7T are calculated using the equation given in the carlier paper (1972).

Tho concept of viscous flow of a liquid as a rate process that involves the
surmounting of a potontial barricr has led to an analogous equation for viscosity
of the solvent, benzenoe :

n = Boxp(—ASy/R)exp(AH7n{RT) e (3)
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AHy is obtained from the slopo of plot log 4 against 1/7" as shown in graph 1.
B has been ealculated from the intercept of the plot log  vs 1/7. AFy and ASy
aro obtained from the equation given in the paper (1972)
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Whiffen & Thompson (1946), Gopala Krishna (1958) and Shobhandri (1960)
have found onorgy of activation, AF, for viscous flow of solvent to he always
groator than AF,. Saxton (1952) and Van Eick & Poley (1957) have observed
that AF, and AF, aro nearly equal in case of somoe pure liquids. Bhanumati
(1963) havoe indicated that AFy and AF, are nearly equal only in case of low
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viscosity solvents. Smyth and collaborators (1948, 1960, 1961) have found

AF, to inerease with size of molecule.
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A study ol above results indicate that definite conclusion can not be drawn
regarding the variation of energics of activation with the sizo, shape and nature

of the molecules.

The present investigation, thereforo, has been undertaken to

study tho dielectric rolaxation in relation to molecular structure and to further
our knowledge about the vaviation of energios of activation for dieleetrie relaxa-

tion and viscous flow.

2. EXPERIMENTAL

Chemicals © Al the compounds used are of purest quality obtained from
Messrs British Drug House Lid.. England. Purest quality Analar Benzene
obtained from Messrs B. D, H. was distilled before use.



308 Pant, Somevanshi, Mehrotra, Saxena

A microwave bonch of 3-13 e, wavelength region has been used for measur-
ing the diclectric constant, ¢ and the loss factor, ¢”, of the dilute solutions of
compounds in honzono. The standing wave technique of Roberts & Von Hippel
(1946) and its subsequent simplification by Dakin & Works (1947) is used for
caleulating values of dielectric eonstant and loss factor. The measurcments of
¢’ aro accurate to +19% and those for € 1o --5%,. Thoe relaxation timoes oblained
by eoncontration variasion method of Gopala Krishna (1957) ave found to be
acearate to 4-0-5%.  The values of 5 ol solvent benzene are 6-47 31073, 5:61 x 10-3
and 5:23x10-3 poisc at 20°C, 30°C and 40°C respectivoly.

3. Rmsurrs

The values of dielectrie constants (¢') and losses (") for solutions of inercas-
ing concentrations at varvious temperatures are given in table 1. Tn table 2 the

Table 1. Exporimental data for the dotermination of relaxation times

Coneon- 20°C 3040 40°C
(fompound {tratwon ¢ »————— ~ - - - ——

4 (a4 e c” e e”

(1) 2-6 dichloro- L0220 0 2.31221  0.01771
nitrobonzenn L0248 2 32253 0 0.045626
0281 2. 34462 0.07858

L0306 2. 383064 (.09912

L0326 2.30418 (1 00987

L3201 0.03071 2.34161  0.0310)
J37215 0 0.06632  2.24543  0.03565
I8BGT 007468 286184 0.06164
41683  0.08K75 30002 0.06012
41629 0 0802} .41149 (. 08690

3
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(2) 3.-b dichloro- L0209 2.20501 0.06434 2.34221 0.10631 2.34240 0.02991
nitrobenzence L0281 2.20890  0.06809 245075 0.12119 2.34324  0.03274

L0299 2.30521 0.07478 2.39084 0. 14608 2.35015 (. 05088

0321 92,3082 0.07803 2.42140 0.17512 228793 0.06329

L0341 2.31513 0.07932 2.48912 0 23844 2.40821 0.08195

(3) 2-5 dibromo- L0231 2. 28721 0.0606R7 2.20501 0.07794 2.32163 0.08028

nitrobonzone L0253 2.31033  0.11598 2 32643 0.10908%¢  2.33084  0.11532
L0269 2.36054 0.171322 2.35110 1.13978 2.36405 0.13981

0281 237316 0.19894 2.38322 0.18222 2 38743 0.17939

L0298 2.37927 0 20125 2.36963 0.19951 2.40321 0.18592

(4) p-bromo- L0162 2.21001  0.02631 2.24832  0.02605  2.23041  0.03426

nitrobenzone L0202 2.23128  0.03018  2.26212  0.03199  2.25312  0.04512
L0342 2.235190 0.03198 2.2G/98 0 03511 2.25816 0.0582

L0375 9.24228 0.04319 2.27392 0.04412 2.26014  0.06321

L0416 2.26398  0.04516 2.28799 0 01599 2.27803  0.07913

(6) 2-4 dmitro- L0301 2.26623  0.04062  2.28021  0.05402  2.28562  0.05832

chlorobonzene 0352 2.27814  0.05815  2.20841 0.06975  2.30481  0.07179

L0391 2.32112 0.11981 2.31952 0.12143 2 35023 0.11243

L0462 2.39660 0.18871 2.35084 0.12395 2.36124  0.11827

LOR0T 2.41632  0.19023  2.36120  0.12486  2.44085  0.19421

(8) 1-2 dinitro 4- L0078 226621 0.04058  2.28021 0.05102  2.28399  0.05836

chlorobenzene . 0132 2.277113 0.05861 2.2081H 0.06959 2.30439 0.07129

L0188 2.33289 0.11972 2.34929 0,11129 2.35332 0.11219

L0241 2.39649 0.18981 2.35089 0.11998 2.35738 0.11892

L0269 2.40128  0.19002  2.36124  0.12016  2.44089 0.19318
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values’ of relaxation times (7) and thermo-dynamic parameters for dipole orienta-
tion and viscous flow have been reported. The valucs of A’ and B’ ulongwith
Eyring’s estimatod values of 4 and B are givon in {able 3.

Table 2. Relaxation times and mclar energy purameters

Al'r Ak AST ASy Allr AHy

Compound Tomp. +x102 Keal/ Keal] Calimol (hlfmol Keal]  Kealf
‘K Soc. mol mol mol mol
(1) 2,5 dichloro- 203 11.87  2.45  2.90 —0.81 —1.25 2.25 2.2
nitrohenzeno 303 10.72 2.52 2,08 —0.80 —).32 2.9 2.562
113 9.66 2.6 2.94 —-1.02 —1.31 2.2 2,062
(2) 3.6 dichloro- 293 14.34 2.569 2.90 —1.03 —1.29 2.89 2.52
nitrobonzone 303 12.97 2.64 2,92 —1.10 —1.32 2.29 2.62
313 11.86 2.69 2.0 —1.28 —1.34 2.29 2.02
(3) 2.6 dibromo- 293 21,51 2.82 2,00 —2 01 -1.29 2.2 2.02
nitrobenzene 303 19.97 2,89 2.92 -2.17 —1.32 2.23 2.52
313 18.86 2.97 2.04  —2.38 —1.34 2.23 2.62
(4) p-bromo- 293 8.21 2.27 2.90 —1.03 —1.29 1.82 2.062
nitrobenzeno 303 7.32 2.1 2,02 — .61 - 1.32  1.82 2.52
313 6.28 2.36 2.094 —1.69 —1.31 1.82 2.02
(6) 2.4 dinitro- 200 15.42 2,63 2 90 —2.18 —1.29 1.9% 2.62
chlorobonzone 303 14.08 2.70 2.92 —2.37 --1.32  1.98 2.52
313 13.67 .77 2,94 -2.56 —1 B4 1.908 2.02
(6) 1.2 dmitro-4- 203 17.53 2.171 2,00 1,77 —1.20 219 R
chlorobenzene 303 16.46 2.78 2,92 -1.94 —1 32 2,10 2.562
313 15.39 2.85 2.04 —2.04 -1.34 2.19 2.62
Table 3. Relaxation Times and Factors A', B, 4 and B
(e AASTH) asyyin MK B(=hN[V)
Compound Temy. T x 102 sc10M B(—1-""" x1lon v 108
°IK See. > 108
(1) 2.5 dichloro- 293 11.87 6.54 8.067 4.80 1.4
nitrobonzono 303 10.72 4.84 8,68 8.80 4.44
313 9.656 1.06 8 60 4.80 4.38
(2) 3,6 dichloro- 293 14.34 6.99 8.067 4.80 4.49
nitrobonzeno 303 12.97 6.43 8.58 4.80 4.44
313 11.86 5.96 8.60 4.80 4.38
3) 2,6 dibromo- 293 + 21.61 11.91 8.67 4.80 4.49
nitrobenzene 303 19.97 11.22 8.58 4.80 4.44
313 18.806 10 64 8.60 1 80 4.38
(4) p-bromo- 293 8.21 11.36 8.67 L 30 4.49
nitrobenzeneo 303 7.32 11.19 8.08 .80 4.44
313 6.28 12.01 8.060 .80 4.38
(5) 2,4 dinitro- 293 15.42 7.67 8.67 .80 4.49
chlorobenzone 303 14.58 7.46 8.58 .80 4.44
313 13.67 7.18 8.60 .80 1.38
(6) 1,2 dinitro-4- 293 17.63 8.30 4.67 .80 4.49
chlorobonzone 303 16.46 8.85 8.58 B¢ 4.44
313 15.39 8.29 8.60 4.80 4,38
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4. DiscussioN

The relaxation time of 3,56 dichloronitrobenzene is larger than that of 2.5
dichloronitro henzene, though the rize of the both molecules is same.  This can
ho rxplained by considering the fact that in 2,5 dichloronitrobenzene hoth chlorine
atoms are at pura positious 1o cach other henee the dipole formed is weak, while
in 3.5 dichloronitro benzens hoth ehlorine atoms are al. meta pesition to the
nitro group which due to negative mesomerie elleet produces greater stetie
hindrance to the rotation ol the molecule resulting in higher velue of relaxation
time. 2.5 dibromonitro henzene exhibits higher relaxation time than other
compounds of the series which is due to the Targer size of the molecule and strong
polavity of the bromo groap.  p-bromonitro henzene possesser the lowest relaxa-
tion time which can ho explained not only dac to the smallest size of the molecule
hut also due to the faet that both 1he substituted groups i.e nitro and hromo
groups are al pera position with crespeet of each other.

It is obscrved from the table that the dielectrie yelaxation time of 2.4 di-
uibtcehlorobenzene is larger than that of 2.5 dichloronitrohenzene which is due
to the larger size of former molecule and the strong polavity of the nitro groups
1.2 dinitre 4-chlorobenzene exhibits higher rvelaxation time than thad of 24
dinitro ehlorobenzeno, This can not be eaplained on the hasis of Debyc's (1929)
Conception, as the size of both the molecules is same.  This can be attributed

to the lager volume swept oul for dipole orientation hy the former molecule.

.
Thermodynamic paramelers

The free energies ol activation for both the process of dicleetrie relaxation
awd viseous flow inercases with inereasing temperature while the relaxation
time deercases. This is due to the fact that ot higher temperature the molecula
collision rate mercases with the result that energy required to bring olecules
info activatod stato will also inerease,  Similar results have also been oblained
by Moehrotra and Collaborators m case ol some substituted anilines and anisoles
(1972). 2.5 dibromonitrobenzene  molecule has the highest value for tbe free
enerey ol actividion for dioleetrie  relaxation and  the  p-bromonitrobenzene
exhibits the lowost value.  This can he attributed to the fact that the former
moleeule experionees the maximum resistance in dipolar 1otation. whereas the
latier oxperiences the least hindranee, It has heen observed from table 2 that
activation energy for dipole oricntation inereases with sizo and shape of molecules
which in accordance with the results obtained by Smyth and collaborator (1948,
1960. 1961)

1t has been {ound that the free encrgy of activation for viseous flow process
is always greater than that for the dieleetrie relaxation process in all  casos
investigated. This 18 due to the fact that the process of viscous flow involves
bYoth rvotation aud trauslation, while the process of dipole orientation involves
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only the rotation of the molecule.  Sinular résults have earlier been observod
by Petro & Smyth (1957). Krishnaji (1965) and two of the authers (1969)  Further
the ratio of AF, and AF, approaches unity for some of the compounds investi-
gated, which suggest= that the moving uts participating in {wo process are
identical and that activation takes place in some degree of freedoin hecause the
same boruls have to be broken hetore either motion is possible,

The most probable onthalpies of activation are loss than the correspondmg
free energies so that most probably entropies of activation are negative.  Accord-
mg to Branin & Smyth (1952) a negative entropy of activation indieatos (had
there ave fower coufignrations possible in the activated stades and for these con-
figurations activated state is more ordered than the normal state hecanse m
activated state dipoles try to align in the dircetion of applied ficld which should
obviously be more ordered. This mdicates the existimee of cooperative oricnta-
tions of the molecules resultine from <terie foreex,  Simifar 1esults have heen
obtained by Man Singh (1961). Fong & Smyth (1963) and by one of the authors
(L9GY).

The values of A’ (—= Ae=3ST/RY @iven in table 3 are Lound 1o vary little with
temperatare for oue solution but are different for solutions having diflerent,
polar moleeules varying from 456 1o 12:01x10-4, This mdicates that the
obsorved  values  of  this  factor  diffor  widely  from  Aheoretical  value

h e-ASTIR — 4.8 10-11, where A is equal Lo h/k as shown by Eyring and tho

exponential factor bas Loon taken 1o be nearly equal 1o 1 as ASy is a very small
quantity.

As given m table &, faclor B’ (== Be: 8S"R) which is very nearly oqual to
B, varies little withio {the observed range of temperature and is nearly twice
the Byring's estimated values of AN/V for the froquency factor B. Tt may
therefore e concluded that frequeney factors 4 and B ave not constants and
aro bettor represented by 4” and B, the now factors one of which A’ is appre-
ciably influenced by the nature of tho meleculo and temperature and is always
greater than the Lyring’s value A (= kjk). The factor B’ differs from factor B
but docs not vary appreciably with temperature or the nature of the molecules.
Similar results werce obtained by Shukla and workors in case of bonzaldehydes
(1968).
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