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Dielectric absorption studies on four substituted anilines viz. 3-chloro aniline (A), 4-chloro-3-nitro
aniline (B), 4-chloro-2-nitro aniline (C), 2-chloro-4-nitro aniline (D) have been made in the dilute
solution of benzene and over a range of temperature in the microwave region of wave length 3.11 cm.
The distribution parameter has been found to be low in the case of 3-chloro aniline, and for the
other three molecules it is slightly high. The dielectric absorption was therefore, resolved by Higasi,
Koga and Nakamura method which yielded two relaxation times 7, and 7¢s). The Ty and 7y are

. widely different in the case of molecules B and C, showing the flexible nature of these molecules
in the microwave field. The flexibility of the molecules increases as the relaxation time decreases,
. This is'in agreement with our previous observations. The relaxation time has been found to be the
highest in the case of 2-chloro-4-nitro aniline. The higher relaxation time is explained on_the basis
of hydrogen bonding taking place in case anilines in ortho position. These results are in agreement
 with the observations of Smyth et al.

Introduction

- FisCHER [1] suggested that non rigidity was an important feature of anilines
and predicted the rotation of —NH, group around C—N bond. Since then measure-
ments have been made by many workers [2--7] to investigate the non rigidity of
anilines. GrRuBs and SMYTH [8] studied primary and secondary amines and diamines
in viscous medium and in dilute solutions and have resolved the dielectric data in
terms of two relaxation times. WILLIAM [9] has given a theoretical treatment and.
discussed that internal reorientation is feasible in amines. STOCKHAUSEN [10] and
KLAGEs [11] studied anilines ‘and attributed the short group relaxation time to the
inversion of non polar configuration of —NH, group through the plane of phenyl
ring. FLORANTA and KADABA [6] studied the o-, m- and para chloro aniline both in
pure liquid and in dilute solution and analyzed their results in terms of two relaxa-
tion times attributed to the rotation of molecule and the inversion of —NH, group.
CHitokU and HiGasi [12] studied anilines, methyl anilines, dimethyl anilines and
p-nitro aniline and have reported very small values of distribution parameter for
these compounds. According to the, existing literature {1—12] amines behave as

\

* The work supported by U.G.C. (India).
‘1 (On leave) Department of Physics, D.B.S. College, Kanpur
2 (On leave) Department of Physics, K.S. Saket P.G. College, Faizabad.



142 S. K. SAXENA et al.

feebly flexible molecules, though not much work has been reported on trisubstituted
anilines. Therefore, it was considered worthwhile to carry out dielectric measurements
on X-band in the dilute solution of benzene and over the range of temperature
(297—321 K) on 3-chloroaniline (A), 4-chloro-3-nitroaniline (B), 2-chloro-4-nitro-
aniline (C) and 4-chloro-2-nitroaniline (D). The effect of chloro and nitro group
on the group relaxation process of —NH, group have been examined and the energy
barriers associated with the different modes of relaxation have been evaluated.
3-chloroaniline has been used to compare and verify the results obtained by Higasi
method and to study the systematic variation of chloro and nitro group in the o, m,
and para position in the studied anilines.

Chemicals

The chemicals used were of purest quality available, obtained from B.D.H.
England. The physical properties have been checked against the literature values.
The solvent used in the measurements was benzene of the A.R. grade, obtained
from B.D.H., England, and was distilled twice before use.

Experimental

The dielectric constant ¢’ and dielectric loss ¢” have been measured at X-band. °
by the technique of ROBERTS and VonN HIPPEL [13] latter modified by DAKIN and
WoRks [14]. The static dielectric constant &, was measured at 300 KHz by dipole-
meter ‘based on the principle of heterodyne beat method. The refractive indices of’
the different solutions were measured by Abbe’s refractometer, the density and
viscosity by pyknometer and Oswald’s viscometer respectively. The measurements.
of ¢” and &¢” are accurate up to +2% and + 5% respectively.

The most probable relaxation time 7oy and distribution parameter a have
been evaluated by Higasi method [15], using equations (1) and (2)

1
1 A2+B2 2(1—a)
o = 5 [ ()
_ 2 (A)
l—a = - tan 3 2)

where
- A= a”(ao_aoo)

B =(a,—a’)(a’"—a.)—a™
C=(a"—a.)+a™. ‘
The slopes a,, 4’, a” and a.. are defined earlier [16] obtained by plotting weight

fractions versus &y, ¢’, ¢” and &., and w is the angular frequency selected for the measu-
rements. :
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In the absence of multifrequency data being available Higasi, Koga and Naka-
mura method [17] has.been utilized. It has been observed [18—20] in. previous studies
that 7, stands for the molecular relaxation time 7; and the relaxation time 'Ica)
associated with group process is a implicit function of 7, 7, and C, defined by
equation (3) and (4)

. . ! l a//

; _ . T(1) o (@—az)’ 3)
. 1 (a,—a’

Tey = 5%- : (4)

Wlth no elaborate and accurate method bemg available for the measurement
of da.., the most general approximation a.s=ap has been applied to calculate the
slope at infinite frequencies. The equations (3) and (4) are employed when the measu-
rements of the slopes have been made very accurately. If 7,y and 17,y come out w1dely
separated it is a clear indication of more, than a single relaxation process occurring
in the system. Contrary to this, T(l)~1(2) may be treated as a criterion [18] for the
pure Debye.type of dispersion and is indicative of a single relaxation time. The
average relaxatlon time ‘r(o)( Vtays 1(2)) is the square root of the product of 7,
and 7y,

]('lie enthalpy of activation AH1(2), AHT(O) and AHrtgoy have been determined

1
T b
wherever possnble The free energy of activation and the entropy of activation
have been calculated by employing Eyring theory [21] of rate process.

from the straight line plots of log (- T log 7y« T and log Ton « T against

Results.

The value of the slopes a,, a’, a” and a.. for all the four molecules in dilute so-
lution of benzene and at varying temperatures have been reported in Table 1. The
most probable relaxation time together with the distribution parameter o are given
in Table II. The value of dielectric relaxation time (), 7(s) and 7y, and the enthal-
pies of activation AHt) and 4Hrtgy and AHy have been reported in Table III.

. Discussion
(A) 3-Chloroaniline

" The distribution parameter « for this molecule has been found to be sufficiently
low (0.0—0.8) in the range of temperature 297—321 K.* The most probable
relaxation time at 297 K has been found to ‘be 16.3 ps. This value agrees well with'
the relaxation time 1,(=15.5ps) by ELORANTA and KADABA [6] on meta chloro aniline
using CoLE—COLE [22] method. The small value of « indicates the rigid nature
of molecule in the microwave field under investigation. In order to analyze, the
dielectric dispersion data has been further analyzed by Higasi, Koga and Nakamura
method [17], which yielded two relaxation time 7(,)(=14.2 ps) and 7,(=18.3 ps)

3*
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. Table 1
Value of slopes aq, a’, a”, a., for the samples in benzene at different temperature
Temp. -
Compound K a a a a,,

(A) 3-chloro aniline 297 8.00 4.44 3.00 0.68
305 7.00 4.20 2.95 0.49

313 6.20 4.00 2.90 0.32

. 321 5.06 3.25 2.20 0.27

(B) 4-chloro-3-nitro aniline ’ 297 24.2 9.1 8.0 -1.25
305 13.3 5.0 4.3 —0.66

313 10.0 4.12 4.0 —0.40

321 6.15 275 3.0 -0.30

(C) 4-chloro-2-nitro aniline 297 30.0 9.0 10.6 .0.71
305 25.0 74 9.1 0.48

313 18.2 6.1 7.5 0.33

321 13.8 6.0 5.71 0.31

D) 2-chloro-4-nitro aniline 297 50.0 12.0 16.7 0.37
305 40.1 10.5 14.3 0.38

313 32.0 10.0 10.8 0.35

321 26.2 9.5 9.5 0.32

at 297 K. The 7,y and 1, values are quite close to each other, which indicates a
single Debye type of dispersion occurring in the molecule. The results are in agree-
ment with the observation of [6]. The smaller value group relaxation in the case
of aniline was explained on the basis of high value of critical wavelength selected
for the measurements. The dispersion in aniline occurs in the mm region and hence
.the absence of group relaxation time and distribution parameter in the higher wave-
length region. _

The equality in the values of 7;, and 7(5) and very small value of distribution
parameter o indicates that the dispersion is only feebly occurring in the 3.11 cm
wavelength region.

The average relaxation time 7., (=16.1 ps) agrees very well with toy (=16.3 ps)
at 297 K. These results are in agreement with our earlier studies on N-substituted
amides [20], a-substituted benzyl cyanides [16] and the observation of HiGasi et al.
on alkyl acetate [23]. ’

Enthalpies associated with different processes involved in the dielectric
absorption have been evaluated and found to be AHrtgy (=6.5 kI mol-1),
AHz,) (=8.4kJ mol™), AHrtg (=6.1kIJmol™?) and 4H, (=10.5kJ mol™?).
The enthalpy 4Hz(, is not very accurate due to the irregular variation of t;,. The
enthalpy 6.5 kJ mol~! associated with most probable relaxation time 7oy can be
compared with the enthalpy of average relaxation time (=6.1 kJ mol=*). The most
probable enthalpies of activation are less than the corresponding free energies and
so the entropies are usually negative. According to BRANIN and SMYTH [24] a negative
entropy of activation indicates that there are fewer configurations possible in the
activated state and for these configurations the activated state is more ordered than
the normal state, which is in agreement with our previous studies [4, 5, 16]. The
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enthalpy of viscous flow is highest because the process of viscous flow involves both
rotation and translation, while the process of dipole orientation involves only the
rotation of the molecules. Similar conclusion has been derived by HoLLAND and
SmyTH [25].

(B) 4-Chloro-3-nitroaniline Ny

The distibution parameter for this compound has been found to be (0.05—0.27)
in the range of temperature 297—321 K. The most probable relaxation has been
found to be 1oy =23.7 ps at 297 K. This relaxation time can be compared with
the relaxation time of 4- chloro aniline [6] (=21.5 ps) in benzene. The presence of
—NO, group at the position 3 slightly increases the relaxation time of the mole-
cule. Due to the high value of « the dielectric absorption was resolved, which gave
two relaxation times 7,y (=12.7 ps) and 1, (=31.1 ps). The 7,y and 7, are widely
different from each other, suggesting the flexibility of the molecule under the micro-
wave field. The relaxation time 7, associated with group process has been found
to be irregular with temperature where as 7,), representing the molecular process
is decreasing with the temperature. These observations are in agreement with the
observation of SRIVASTAVA et al [26] in N, N-dimethyl aniline and N, N- dlethyl
aniline.

The average relaxation time 1. has been found to be 19.9 ps which is slightly
less than 1oy (=23.7 ps). This type of behaviour can not be ruled out because 7,
is the root average of 7, and 7). Such variations have been reported in the earlier
work [16] of the author using Higasi, Koga and Nakamura method and also in the

observations of HiGasI et al. [23]. _ _ °
Table IT
Relaxation time evaluated using Higasi method and corresponding activation parameters
a8,
AF, 4H, =
Compound TK a ToH kJ mol-1 k3 mol=1 J mo]_'ll
deg
(A) 3-chloroaniline 297 .08 16.3 11.4 —16.5
: 305 .01 14.1 11.4 6.5 —16.0
313 — 12.8 11.5 - 159
321 - 01 11.3 11.5 . ~15.6
(B) 4-chloro-3-nitroaniline 297 - 0.27 23.7 12.3 —-12.1
: 305 0.25 21.1 124 | 8.7 —12.1
313 0.16 20.0 12.7 -12.7
k¥3 0.05 17.5 12.7 —12.5
(C) 4-chloro-2-nitroaniline 297 0.16 33.0 13.1 -84
305 0.11 30.2 13.2 10.6 —-8.5
. 313 0.06 25.5 13.3 —8.6
321 0.10 20.2 13.2 —-8.1
(D) 2-chloro-4-nitroaniline 297 0.12 37.2 134 -11.8
305 0.11 33.3 13.6 - 99 . —-12.1
313 0.17. 31.0 13.8 —~12.5
321 . 016 - 25.8 13.8 —12.5
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The enthalpies asSociated with the various processes involved in the dielectric
absorption have been found to be AHtgy (=8.7 kI mol~1), AHz,) (=9.6 kJ mol—?),
AHtg) (=4.9kI mol™?), 4H,(=10.5kJmol~?). The enthalpy for the average
process AHt, is not very accurate due to irregular variation of 7., because 7,
is the square root of the product of 7, and 7, and 7, is irregularly varying with
the temperature. The enthalpy associated with most probable relaxation 74y for
the molecule B (=8.7 kJ mol~!) has been found to be greater than A. This is in
accordance with the bigger shape and size of the molecule B in comparison to mo-
lecule A.

The enthalpy, free energies and entropies are reported in Table 1I. The free
energy AF,(=12.3—12.7kYmol™*) and 48, (=12.1—12.5F mol~*deg~') have
been found in the range of temperature 297—321 K. The entropy found to be nega-
tive is similar to the molecule A and a slightly high value of free energy is due to
high value of relaxation time in this molecule. These observations are in agreement
with the earlier results of many workers [4, 5, 16, 24].

(C) 4-Chloro-2-nitroaniline

The distribution parameter o for this molecule has been found to be in the
range of 0.06—0.16. The most probable relaxation time 7oy for this molecule has
been found to be 33.0 ps at 297 K. The relaxation time for this molecule has been
found to be higher than that of B (=23.7 ps), this can be attributed to the greater
hindrance offered by —NO, group to the rotatlon of —NH, group in the position
2 than in the position 3.

« The dielectric absorption has been further resolved whlch gave rise to two
relaxation times 7.,y (=21.7 ps) and ;) (=34.6 ps). The average relaxation time
for this molecule has been found to be 26.2 ps at 297 K.

The enthalpies involved in the yarious processes have been found to be
AHr sy (=14.7 kJ mol~Y), AHrg) (=9.8 kI mol~?), 4Hroy (=10.6 kJ mol~%). The en-
thalpy associated with 144 for this molecule has been found to be greater than that
of A and B. The enthalpy for the most probable relaxation process (=10.6-kJ mol~?)
can be. compared .with the enthalpy. of the average . .relaxation process
(=9.8 kImol~") within the experimental error, suggesting that the two processes
are similar 'to one another.

The free energy AF, (13. 1—13.3 kJ mol~ 1) and a negative entropy A4S, (=8.1—
8 6 J mol-1 deg 7Y have been found in the temperature range 297—321 K. The
free energy has been found to be greater than A and B and the negative value of
entropy is in agreement with the results obtained by previous workers [4, 5, 16, 24].

(D) 2—Clzloro-4;nitroaniline ‘ : R

The distribution parameter. « for this compound has been found to be in range
of: (0.11—0.17) in the range of temperature 297—321 K. The most probable relay
xation time for this molecule has been found to be 37.2 ps which is sufficiently high
. in comparison to the other three molecules. Obviously this results from greater steric
hmdrance offered by —NH group to; the rotatlon of molecule by forming the intra-
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molecular hydrogen bond between hydrogen atom of —NH, group and chlorine
atom at position 2. The intramolecular hydrogen bonding is responsible for lowering
the distribution parameter in comparison to the molecule B and C and increasing
‘the overall relaxation time of the molecule. This is in agreement with the observa-
tions of SMYTH et al. [27] that the presence of —NQ, group at the para position
aids the delocalization of zn-electrons between the nitrogen atom of —NH, group
and the ring, which results in the intramolecular hydrogen bond, and consequently
is responsiblé for long mean relaxation time and smaller distribution parameter for
the p-nitro substituted aniline in benzene.

(g is very close to the most probable relaxation time 7oy, showing that mole-
cular process predominates in the system. Slight increase in « value with the tempera-
ture may be due to breaking of intramolecular hydrogen bond.

The enthalpies associated with different processes AH1,) and AHtoy
{=9.9 kI mol™?), 4Hz, (=9.0kJ mol~1), 4H, ( 10.5 kJ mol~?) have been re-
ported in Tables I1., II1. When compared to the enthalples of molecule A and B. the

Table 111

Relaxation times 1), (2 and t, and enthalpy of activation AHr sy, 4Ht 0, AHr]
Using Higasi, Koga and Nakamura method

AHz(g 4Ht gy 4Hn -

. T, T T
Compound TK ps oy ps | kI moi~1 | i mol~1| kI moi-1
(A) 3-chloroaniline “297 14.2- 18.3 16.1
305 13.3 15.3 14.3 8.4 6.1 10.5
313 12.9 12.5 12.7
- 321 11.2 1.7 11.4
(B) 4-chloro-3-nitroaniline 297 12.7 31.1 19.9

305 12.7 28.8 18.8 9.6 4.9 10.5
313 146 | 242 18.8 .
321 16.2 18.7 16.2

(C) 4-chloro-2-nitroaniline 297 21.7 34.6 26.2
305 21.7 31.9 26.3 14.7 9.8 10.5
313, 214 26.6 23.8
321 16.5 22.5 204

(D) 2-chloro-4-nitroaniline 297 23.7 37.5 29.8 I A .
305 23.2 34.1 28.1 |- 99 9.0 10.5-

313 18.5 '33.6 | 249 .

321 17.1 29.0 223

\

enthalpy of molecule D (=9.9 kJ mol=)>B (=8.7kJ mol~Y)>A (=6.5kJ mol~1),
This may be due to the greater hindrance offered by —NO, group in para position.
The more rigid nature of this molecule in comparlson to Bis perhaps responsible
for the high value of enthalpy.

The freeenergy AF, (=13.4—13.8kJ mol 1) and 48, ( 11.8—12. 1Jmol- ldeg™1)
have been reported in Table II. The 4S, has been found to be negative, showing
that fewer configurations are possible in the activated state and the activated state
is more ordered than the normal state. These results are in ‘agreement with our.
previous studies [4, 5, 16] and the study of BRANIN and SmyTH [24]. :
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Conclusion

All the four investigated aniline molecules have .been found to be flexible.
The flexibility is small in the case of 3-chloroaniline (A), the rest three molecules
2-chloro-4-nitroaniline (D), 4-chloro-2-nitroaniline (C) and, 4-chloro-3-nitroaniline
(B) have been found to be more flexible in microwave region under investigation.
Although molecules B, C and D are of the same size and shape, still their behaviour
in the microwave field, the relaxation time, distribution parameter, and dipolar
relaxation parameters are found to be different. The relaxation times of the molecules
are increasing as the flexibility is decreasing. These observation are consistent with
our previous observations [4, 5].

Relaxation time of 4-Chloro-3-nitroaniline (=23.7 ps) is sufficiently small as
compared to the compounds (C) and (D). This probably appears due to the vacant
position 2 in this molecule. FONG et al. [28] have interpreted their results of larger
relaxation times of 2,6-dimethyl aniline as compared to 2,5-dimethyl aniline in
terms of greater steric hindrance offered to the rotation of —NH, group in the
former molecule. _

In the case of 2-Chloro-4-nitroaniline the relaxation time has been found to

. be the longest. This is attributed to the formation of hydrogen bond between the
chlorine atom at position 2 and the hydrogen of —NH, group. These results are
_in agreement with the observation of SmyTH et al. [27].
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N3VUYEHUE ITUSJEKTPUYECKOI O HOFJTOIIIEHI/III B XJIOP-
1 HUTPO3AMENEHHBIX AHUJIIMHAX B BEH3O0JIE

C. K. Caxcena, I{. JI. 'ynma, M. H. lllapma u M. I[. Caxcena

YIpoBeIeHO M3yYEHHE AUITIEKTPHIECCKOTO MOTJIOMEHHS YETHIPEX 3aMEILCHHBIX AHU/IAHOB BHIM -
HanbHOro 3-xnopammmHa (A), 4-xsopo-3-mwutpoanmmmea (B), 4-xnopo-2-mmtpoammmuEa (C),
2-xnopo-4-suTpoarniivmia (/) B pa3baBleHHBIX pacTBOpax B MUKPOBOJHOBOH 00JIacTH ANHUH BOJH
3,11 cM. PaccuMTBIBAIM IAMINEKTPHYECKOE TOTJIOIIEHHE no MeToay Xuramm, Kora 1 Hakamypa, no-
KOTOPOMY ITOJIyYEHDBI [BA PEJIAKCAIAOHHBIX BPEMEHU . 3HAYCHUS Ty ¥ T, SHAUUTEIIBHO PA3NTHYaJINCh IS
MoJtexyn B u C, ykasbiBag Ha THOKOCTb CTPYKTYPBI 3THX MOJIEKYJI B MHKDOBOJIHOBOM noJre. [lomy-
YeHHEIE PE3HJIbTATH HAXOAATCS B XOPOILIEM COOTBETCTBHY C JaHHBIMH, MMCIOLMMHNCS B JIKTEPAType.



