NOTES
TABLE 1 Carbon

Acid

CALCULATEDENERGIESAi'lD NET CHARGEDENSITIESFOR SOMECARBONACIDS
pKa

21.65b(1l)
1. Methyl styryl ketones
22.09b(1l)
2. p-OMe
Do
21.42b(1l)
3. p-Cl
Do
21.37b(1l)
4. m-Cl
Do
20.65b(il)
5. p-CN
Do
6. m-NO,
Do
Do
7. p-NOa
21.55C(lt)
8. C6HS CO CH,
.........
25c(.)
9.. CH,CN
10.2C(9)
10. CH8N02
3.60C(8)
11. CH. (NO.)a
0.14C(8)
12. CH (NOt)!
5.3c(8)
13. CH8CH(NO,),
6.88c(12)
14. C6HsCH.NO.
3.71C(8)
15. C6H.CH (NO.h
6.22C(8)
16. NC CH(NO.h
17. CH.
18. C.Hs
40.9d(8)
19. CsHa CH,
(a) Energies are given in atomic units (a.u.);
state is cyclohexylamine.

ERH

{-.E

-93.4998
-119.5353

0.9728
0.9739

-110.5253
-139~458
-139. 532
-78.3486
-26.8805
-55.5066
-101.1368
-146.7576
-109.5779
-99.6494
-145.2838
-118.1445
-9.8639
-18.3065
-54.0193
(b) in DMSO-H.O;

to be materially affected by solvent changes. At
higher acidities (pKa>20) the slope of the !::"E-pKa
plot falls significantly
particularly for molecules
like toluene. Under these circumstances the strain
on the theory to produce the predicted order of acidities is much more stringent and it is significant that
it is for acids in this pKa range (alkanes and cycloalkanes) that such difficulties have been experienced-".
In order to determine the electronic features which
may have given rise to the order of stabilisation of
carbanions noted in Table 1, the charge distribution
in substituted methyls tyryl ketones has been investigated. The calculated net charge densities reveal
the variation in q, is insignificant probably due to
the relatively small negative charge on the a-carbon
atom coupled with the large separation between the
«-carbon and the substituent. Under these circumstances, the transmission of substituent effects by
inductive as well as mesomeric mechanisms will be
considerably reduced. On the other hand, both
ac -(anion) and !::"q show marked variation and
correlate well !::" E,s (Table 1), and quite evidently
the trend in the !::" E's is determined by the facility of
negative charge delocalisation in these carbanions.
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ec

(molecule)
-0.0223
-0.0235

qc(anion)

{-.q=qc-=qc)

-0.4531
-0.4544

-0.0233
-0.4483
0.9669
0.9635
-0.0235
-0.4452
0.9589
-0.0231
-0.4425
0.9799
0.9933
0.9260
0.8557
0.7959
0.8564
0.9121
0.8438
0.7233
1.0814
1.0413
0.9929
(c) the standard state is water; and (d) the
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Dielectric Behaviour of N-Methylacetamide
N-Dimethylacetamide in Benzene, Carbon
chloride & Dioxane Solutlons+

& N,
Tetra-
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Dielectric constants and dipole moments of N-methylacetamide
(NMA) and N.N-dimethylacetamide (DMA) have been determined
in benzene, carbon tetrachloride and dioxane solutions at 1 Mfu
by Guggenheim method. It has been inferred from the change in
dielectric constant versus concentration curves that NMA exists
in monomer "'" dimer equilibrium at all concentrations
as
compared to monomer alone in dioxane solutions. These findings
get further support from cryoscopic and Infrared measurements.

DIELECTRIC
behaviour of amides has been
investigated by a number of workerst+ with a
view to examining the mode of interaction and the
role of intermolecular hydrogen bonding present in
these amides. Although the subject has received
considerable attention through Raman and infrared
tPresented at the Convention of Chemists held in Jaipur
(December 1977) and Symposium on dielectric properties and
molecular structure held in Allahabad (March 1978).
:j:J\lexander . Von Humboldt. Fellow, Institute of Physical
Chemistry, University of Munich, Munich, West Germany.
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techniques,
the findings are limited, scanty and
inconclusive. Therefore, the present studies have
been undertaken to examine the state of mono- and
di-substituted amides inorder
to elaborate their
general feature in solutions from dielectric measurements.
N-methylacetamide (NMA) and N, N-diemthylacetamide (DMA) (E. Merck) and benzene, carbon
tetrachloride and dioxane (all BDH grade) were
purified by the usual methods. Refractive indices
and boiling points of the purified samples were found
to be in close proximity with the literatute values".
The dielectric constant measurements were carried
out at 30° at a radio frequency of I MHz with the
help of a Toshniwal dipole meter Type RL 09 and
refractive indices of the solvent and solutions were
determined with the help of "ASCO" abbe refractometer as described earlier>.
The dipole moment has been calculated
by
Guggenheim method-", i.e. by plotting a quantity
L, against the concentration C, in moles of polar
solute per em". The quantity L, is given by the
relation (1).
L, = (E12 -

ni2)-

(E1 -

where E1>n1 and E12' n12 represent the dielectric
constant and refractive index of pure solvent and
solution respectively; the slope L,/Co of the curve
at C = 0 is then used to calculate p. by Eq. (2),
Where k, T, Nand C have their usual meaning.
3
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The change in dielectric constant (L,E) has been
plotted against concentration C using the well known
relation of Govinda Rau12, i.e.
E12 = E1(1 + a C) }
,"
LE = (E12- E1) Ot C
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TABLE 1 - SLOPESOF /::,.VERSUSC AND THE DIPOLE MOMENTS
OF THEAMIDESIN DIFFTRENTSOLVENTSAT 30°
Solvent

Conc.
Cx 10-1 (mol/ml)
N-methylacetamide
0.044
0.105
0.173

Benzene

Carbon tetrachloride

0.Q15
0.050
0.150

Dioxane

\1 (Debye)

2.434
3.348
3.896

4.45
5.26
5.67

2.709
4.833
5.906
2.061

4.82
6.44
7.11
4.27

1.671
1.760
1.523

3.71
3.88
3.67

N. Nrdimethylacetamtde
Benzene
Carbon tetrachloride
Dioxane

3)

In order to arrive at the precision of dipole meter
and refractometer, the dipole moments of methanol,
pyridine, acetone and nitrobenzene were determined
in benzene. The experimental and literature values
agreed with in ± 3 %.
The plots of L,E against C for NMA and DMA
in benzene carbon tetrachloride and dioxane solutions
are shown in Fig. 1. Their slopes (L,/C) evaluated
from L, vs C linear plots in tangent to curves and p.
values determined by Guggenheim method are
surnmarised in Table 1.
The t:. E versus C plots are smooth curves for
NMA in benzene and carbon tetrachloride solutions
and linear in dioxane. However, for DMA the plots
are generally linear (Fig. 1). This abnormality can be
explaned on account of the absence of -NH group
in DMA restraining thereby to participate either in
bonding or self-association.
The p. values are in close agreement with those
reported by other investigators1,5'13'14 for DMA in
dioxane and benzene and for NMA in dioxane solutions, but are found to be higher than those deteremined in vapour phase by Meighan and Cole". This
can be explained in terms of the solvent effect. The
solvent effect of CCl., benzene, and dioxane for
68
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Fig. 1 - Plot of /::,.E vs C for NMA, DMA in benzene, carbon
tetrachloride and dioxane solutions at 30°

... (1)

ni)

-(:-E1-+-:-,-:20":-)-:-(n"""i -+---=2-:-) -(
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TABLE 2 -\1.1\10 VALUES OF NMA AND DMA IN CARBON
TETRACHLORIDE,
BENZENEANDDIOXANESOLUTIONS
Solvent

11./\10 for

NMA

DMA

Carbon tetrachloride

1.30
1.74
1.92

1.02

Benzene

1.20
1.42
1.52

0.98

Dioxane

1.15

0.96

NMA and DMA has been determined from the
Conner and Smyth15'16 relation using the literature
values of p. and has been classified in Table 2.
p.. = 1'-0 [1

+ C (E1 -

J)]

... (4)

where p.. and Po represent the dipole moment in
solution and vapour phase respectively.
The data in Table 2 reveal that the dipole moment
of DMA remains almost constant in benzene, CCI4,
and dioxane solutions; whereas it is found to increase
with concentration for NMA in CCI. and benzene

r
NOTES

solutions. The unusual large magnitudes of iL. and
iL.' iLo for NMA in CCl4 can be traced to the absence
of electrostatic interaction, causing the maximum
polarization and orienting the NMA dipoles in such
a fashion as to yield largest iL in this solvent.
On the other hand, the presence of -NH group
in NMA appears to be responsible for (i) -'-CONH
.... dioxane, CCl4 and benzene interactions and
(ii) -CONH .... OCNH- intermolecular hydrogea
bonding, causing dimerization with increase of concentration, depending upon the availability of electrons in these solvents. The linear plots in dioxane
points to strong -CONH .... dioxane interaction
than -CONH .... OCNH- hydrogen bonding. The
smooth curves of NMA in benzene and carbon tetrachloride points to dimerization of NMA as the concentration increases. The observed behaviour can
be interpreted on the basis of (-CONH
)rree
and bonded equilibrium, i.e., (-CONH
) :;:::
free

.... (-CONH .... OCNH)bonded from lower to
higher concentration of NMA. This is supported by
cryoscopic and infrared spectra. However, this peculiarity is found to be absent in a non-hydrogen bonded
amide like DMA because of the absence of amino
hydrogen for booding to oxygen of neighbouring
molecules or to interact with solvent molecules,
The overall behaviour can be represented as shown
in Chart 1.
~CONH)b+ BenZtIlt

Benz.nt········(HNCO)f:::;;::::==::!

Dioxane
Dioxane'-(HNC9-)f-ECONH)f

::;;:::==:

(Dioxane)
-C ONH)b-(-CONH

Monomer

,

;"'OloxaM

(-CONH)b

Monomer
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Polarographic Reduction of Nitrobenzene at Different
Temperatures
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bimer

Chart 1

The infrared spectra show free v NH at 3470 cnr-'
in solution of concentration < O.OIM. The intensity
of vNH decreases with increasing concentration
and finally vanishes in O.IM solution resulting in a
simaltaneous shift vCO from 1690 to 1680 crrr-',
which is found to be absent in DMA on account of
the absence of -NH group.
Further, the degree of association and observed
molecular weight have been found to increase with
increase in concentration of NMA as compared to
almost constant molecular weight for DMA.
The authors are grateful to the State Council of
Science and Technology, Lucknow and Indian
National Science Academy, New Delhi for their
financial assistance and a research fellowship to one
of them (A.K.S.).
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The polarographic behaviour of nitrobenzene (in 25 % of ethanolic solution) has been studied in Mcllvaine (Mcl) buffers of
pH 3.2 and 8 and Britton-Robinson 03R) buffers of pH 2.21 and
11 at different temperatures (25-55°). The reduction of nitrobenzene at d.m.e, is found to be irreversible and diff~sion·controlled
at different temperatures.
The variation of kinetic parameters
with temperatures suggests that the irreversible electrode' reaction
of nitrobenzene becomes more so at elevated temperatures.

UNLIKE
inorganic deploarizers, the effect of
temperature on the electrode .kinetics of the
irreversible reduction of organic depolarizers has not
attracted much attention. Kuznetsova- investigated
the effect of temperature on the reduction of organic
depolarizers at d.m.e. and found the temperature
coefficientof id lying between 1.15and 1.5% per degree.
Gupta and Kishore- reported .that with increasing
temperature 'u.na' for nitrobenzene decreased while
kJ,h value indicated that the system was less irreversible
at increasing temperature. However this observation is self-contradictory since a decrease in «n;
values signifies=" that the system is tending to become
more irreversible. It was therefore thought worthwhile to study the polarographic reduction of nitrobenzene at different temperatures in the range 25" to
55° in McIlvane (Mcl) and Britton-Robinson (BR)
buffers.
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