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The dielectric measurements have been carried out in the microwave region (3.1 cm) over a range of tem-
peratures on propionamide, N-methylpropionamide, N,N-dimethylpropionamide, and N-ethylacetamide. All

the molecules except propionamide exhibit high value of distribution parameter.

The dielectric dispersion,

when resolved by Higasi, Koga, and Nakamura method gives two relaxation times (1) and 7(2) widely dif-
ferent from each other, suggesting the two separate processes occurring in the system. The enthalpies for dif-

ferent processes involved have been evaluated by the Eyring equations.

The comparison with NMR data of

enthalpy to AH, (), which is related to the process other than molecular, suggests that the rotation of -NR, group

around the carbonyl carbon nitrogen bond is not feasible.
These results are in agreement with the earlier investigations of Saxena et al. on some

to group inversion process.

substituted amides and of Phillips on N,N-dimethylamide using proton resonance spectra.

The observed result indicates that this may be due

The substituted

amides in dilute solution of benzene exhibit some association with the benzene molecules.

Leader and Gromley? reported a remarkable varia-
tion in the dielectric constant in the amides and sub-
stituted amides. The high values of dielectric constant
of monosubstituted amides were suggested to be due
to their association as a chain polymerisation. Since
his initial work, a series of investigations have been
carried out by several workers.?=19 Jordon et al.lV
recently confirmed Debye behaviour for formamide,
Itoh et all®» for N-methylacetamide and Srivastava
et al® for dimethylformamide. Brown and Pricel®
have ruled out the molecular flexibility in dimethyl-
acetamide. Karamyan and Shakhparonov® confirm-
ed a long frequency dispersion region for N-substi-
tuted amides with much smaller amplitude at mm wave-
length. In order to study the possibility of molecular
flexibility and to ascertain the thermodynamics of
dipolar relaxation Misra et al.'®) recently made a study
of N-methylformamide, N-methylacetamide, dimethyl-
formamide, and dimethylacetamide in the dilute solu-
tion of benzene over a range of temperatures. The
enthalpies of different relaxation processes observed
suggest the possibility of molecular and group in-
version processes in the above molecules. Due to
interesting results observed in the case of N-substituted
amides, a further study in this direction has been
undertaken. The molecules chosen are propionamide,
N-methylpropionamide, dimethylpropionamide, and N-
ethylacetamide so that the effect of propionyl (CH;CH,-
CO) group in different substituted amides could be
studied. The possibility of molecular association as
pointed out by other workers®!® has also been ex-
amined.

Experimental

The chemicals were of purest quality available and the
physical properties were checked against literature values.
The solvent used in the measurements was benzene (A. R.
Grade) obtained from B. D. H., England and was distilled
twice before use. The dielectric constant ¢ and dielectric
loss ¢’ at X- band have been measured by the technique
given by Dakin and Works.)” The static dielectric constant
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&, was measured by dipolmeter and dielectric constant at
infinite frequencies e» was determined from the measured
refractive indices of the system (ew=nj}). The slopes a,,
a’y a’, and a4, the most probable relaxation time 7oy and
the distribution parameter ‘@’ have been evaluated using
Higasi method.’® The details of determining these param-
eters and the dipolemoments have been reported in our
earlier paper.!® The dielectric absorbtion has been further
resolved by using Higasi et al. method?” in terms of two
seperate relaxation processes 7(1) and 7(2) where 7(2) stands
for the molecular relaxation process and 7(1) is associated
with the group process being an implicit function of 7,, 7,,
and the weight factor C,. The parameter v(0) stands for
the average relaxation time given by [¢(0)=1"7(I), ©(2)]
and 7, is the average relaxation time (Cole-Cole method)
as reported in the literature.!¥ Eyring equations?) have
been utilised to evaluate the thermodynamical parameters.
The enthalpies associated with different modes of relaxa-
tion have been evaluated by plotting the relaxation times
against 1/7. The dipolemoments calculated using Higasi
method'® have been compared with the literature values
(Table 2).

Discussion

The distribution parameter ‘@’ has been found to
be low in the case of propionamide but its value is
sufficiently high in the case of other three N- sub-
stituted amides indicating the flexibility of all the three
molecules under microwave field. The dielectric dis-
persion is further resolved by Higasi et al. method2®
in terms of molecular relaxation time 7(2) and the
relaxation time associated with group relaxation time
7(1). The (1) (=23.7 ps) and 7(2) (=30.5 ps) are
not widely different from one another in the case of
propionamide. Thus a single Debye dispersion seems
to occur for the above molecule. Further 7(2) and
Ton Calculated by Higasi method!®) are close to each
other for propionamide, suggesting that the molecular
process and the overlapped process are similar to one
another in this molecule. The observed single Debye
dispersion for this molecule is in agreement with the
earlier results of Jordon et al.*Y) on formamide.

The most probable relaxation time 7,; at 297 K
for N-methylpropionamide (==22.8 ps) and N-ethyl-
acetamide (=26.2 ps) can be compared with our
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TaBLE 1. VALUES OF a,, @', 4/, ax FOR THE SAMPLES IN BENZENE AT DIFFERENT TEMPERATURE
usiNG Hicast METHOD'®)
Compound T/K a, a’ a’ G
Propionamide 313 18.10 4.00 6.10 0.363
321 21.00 6.15 8.00 0.606
329 15.40 5.71 6.70 —0.289
N-Methylpropionamide 289 23.50 8.00 8.00 —-1.18
297 21.05 8.20 7.50 —0.53
305 19.04 9.60 7.30 —0.33
313 15.70 8.90 6.90 —0.31
N,N-Dimethylpropionamide 289 22.2 8.30 8.7 —-1.00
297 19.0 8.00 8.3 —0.68
305 18.0 10.00 7.4 —0.18
313 15.4 10.30 7.0 —0.25
N-Ethylacetamide 297 36.4 13.00 13.5 —0.72
305 33.0 12.30 12.9 —0.71
313 26.6 13.50 10.5 —0.43
321 24.6 15.00 10.00 —0.25
TABLE 2. RELAXATION TIMES AND DIPOLEMOMENT USING HIGASHI METHOD!®
AND CORRESPONDING ACTIVATION PARAMETERS
14 AF, AH, AS, Hiig
Compound Tx * Tou Debye kJ mol-t k] mol-1  J mol~!deg-?! Debye
Propionamide 313 0.08 37.8 3.56 (13.6—14.2) 22.5 (25.2—27.0) 3.47
321 0.07 30.0
329 0.00 21.4
N-Methylpropionamide 289 0.24 26.4 3.72 (10.6—12.2) 18.2 (20.0—24.3) 3.59
297 0.22 22.8
305 0.18 15.8
313 0.09 13.6
N,N-Dimethylpropionamide 289 0.17 21.8 4.0 (11.2—11.7) 14.2 (8.1— 9.6) —
297 0.14 19.2
305 0.12 14.2
313 0.02 11.5
N-Ethylacetamide 297 0.19 26.2 5.0 (11.7—12.7) 19.1 (21.3—23.1) —
305 0.15 23.1
313 0.16 15.6
321 0.10 12.0
TaBLE 3. REerLaxaTioN TIMES 7(1), 7(2), AND 7(0) AND ENTHALPY OF ACTIVATION
AH_ (), AH, (;), and AH, ) using Hicast, Koca, AND NAKAMURA METHOD??)
z(1) z(2) z(0) AH, ¢ AH, ) AH,
T K T T T
Compound / ps ps ps kJ mol-1 k] mol-* kJ mol-!
Propionamide 313 27.6 38.0 32.4 16.6 22.5 21.3
321 23.7 30.5 26.9
329 18.4 23.7 20.9
N-Methylpropionamide 289 14.3 31.8 21.3 — 21.3 13.7
297 14.1 27.7 19.8
305 12.0 21.3 16.0
313 12.3 16.2 14.1
N,N-Dimethylpropionamide 289 15.4 26.3 20.1 8.1 15.9 12.8
297 15.7 21.8 18.5
305 12.7 17.8 15.0
313 11.4 12.0 11.7
N-Ethylacetamide 297 16.2 29.6 21.9 10.9 21.3 15.3
305 16.3 26.4 20.7
313 12.4 20.5 15.9
321 10.8 15.8 13.1
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previous results'®) on N-methylformamide (=17.8 ps)
and N-methylacetamide (=18.0 ps). The observed
results are supported by the earlier observations of
Dannhauser and Johari® establishing that the relaxa-
tion times show specific dependence on the shape and
size of alkyl group attached to the carbonyl or amino
group. The 7, for dimethylpropionamide (=21.8
ps) can be compared with our earlier work!® on di-
methylformamide (=18.1 ps) and dimethylacetamide
(=25.6 ps). The wvalue is comparatively high as
regards to 7, (6.0—8.4 ps) reported for dimethyl-
acetamide by Brown and Pricel® in benzene at 293
K. The longer value of relaxation time seems to
result from the association of disubstituted amide.
The association in amides has been observed by many
earlier workers.®19 Further, 7(1) and t(2) are widely
different for all the three N-substituted amides showing
the non rigid behaviour of these molecules in the
microwave region.

The enthalpies corresponding to z(l), ©(2), =(0),
and 7y, processes have been evaluated. AH,.y and
AH,; are widely different from each other except
in case of propionamide, showing again the flexible
nature of the molecules in the microwave field.
AH.,, for N-ethylacetamide (=19.1k]J mol-1), N-
methylpropionamide (=18.2 k] mol—!) are comparable
with those N-methyl acetamide (=14.9 kJ mol-1) and
N-methyl formamide (=14.2 kJ mol—!) observed in our
earlier study.'® Further AH:, for dimethylpropion-
amide (=14.2 k] mol!) can be compared with the
values for dimethylformamide (=13.7 k] mol-1) and
dimethylacetamide (=12.8 kJ mol-') reported in our
previous work.1® The enthalpies for AH:,; and
AH_ ) are almost equal, showing the probability of the
molecular process being predominant. The enthalpy
AH.q) for N-methylpropionamide could not be evalu-
ated due to irregular variation of v(1). However, the
observed value of AH_ ) for N-ethylacetamide and for
dimethylpropionamide which represent a process other
than molecular has been found to be small when
compared with the enthalpy of activation for internal
rotation of -NR, group (>40 kJ mol~!), reported using
NMR data.22:28) Therefore, this value can not be
assigned to the internal rotation of ~NXR (where
R=CH,, CH;, and X=H, CH,;). This, however,
could be assigned to the group inversion process of
R and X substituents from their respective position
within the -NXR group. This is in agreement with
our earlier investigations on N-substituted amidel®) and
with the studies of Phillips?¥) using proton resonance
spectra of N,N-dimethylamides.

The dipolemoments of all the four molecules have
been evaluated by Higasi method'® and they agree
well with the literature values?*—%?) wherever available.
The slightly higher value of dipolemoments may be
due to the association and the interaction of benzene
with, N-subsituted amide. The observed association
is in agreement with the earlier studies of many
workers®:19 and such interactions in the dilute solution
of benzene have been prodicted by Ellision and
Mayer.28)

The free energy of activation has been found to
be almost of the same order in all the molecules and
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the entropy values of them have been found to be
positive. These have been reported in Table 2.

Conclusion

All the amides studied including propionamide fol-
low Debye behaviour. The propionamide has been
found to behave as a rigid molecule. This is in agree-
ment with the earlier work of Jordon et al.1V) on form-
amide.

It is observed that N-substituted amides give rise
to a high value of the distribution parameter, indicat-
ing that the three systems exhibit flexible behaviour
which is supported by two discrete relaxation times
7(1) and 7(2). There appears to be a possibility of
group inversion in amides, which is in agreement
with our previous work!® and also with the studies
of Phillips,2®) using proton resonance spectra of N,N-
dimethylamide.

Also a close study of the molecular process shows
that in N-substituted amides the relaxation time varies
according to the shape and size of the alkyl group
attached to the carbonyl or the amino group. This
agrees well with the studies made by Dannhauser
and Johari.® In almost all the cases investigated,
the relaxation times associated with the molecular
process and with the overlapped process have been
found to be longer than the values expected for such
species. The dipolemoments have been calculated and
found to be slightly higher than the literature values.
This indicates the possibility of association of the
amide molecules with the solvent benzene. The higher
value of dipolemoment in dilute solution of benzene
has been reported in an earlier study by Worsham
and Hobbs® in N-substituted amide.

One of us (SKS) is grateful to University Grant
Commission, New Delhi, India for the award of fel-
lowship and financial assistance.
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