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INTRODUCTION

PECTROSCOPIC studies of hydrogen bonding in

terms of freguency changes and variations in
the integrated intensity of the absorption bands
arising out of stretching and bending modes of
vibration pive information regarding the nature of
the acceptor and donor groups responsible for such
bonding. Barrow}!, Tsubomura2, Huggins and
Pimentald studied the spectral changes of the O-H
stretching absorption band with various donor groups
and concluded that these changes are a more reliable
indication of the acid-base interactions than can be
predicted from the presumed acid strengths. Kartha
et al.t and Venkata Ramiah et al.® studied hydrogen
bonds of the type O-H....S, O-H....0=C and
S H....0=C and calculated equilibrium con-
stants. We. report in this paper the spectral changes
of the free N—H stretching absorption band of N-
methylacetamide in the presence of N, N dimethyl-
formamide and N, N dimethylacetamide in order 10
investigate the strength of the hydrogen bonding in
these complexes.

FXPERIMENTAL AND RESULTS

The infrared spectra of the N-H stretching absorp-
tion band of N-methylacetamide in solution of car-
bon tetrachloride and in the presence of dimethyl-
formamide and dimethylacetamide were recorded
with Perkin Elmer Model 221 infrared spectrophoto-
meter using NaCl optics and matched quartz cells
of 3cm thickness. The functional groups respon-
sible for hydrogen bonding in N-methylacetamide are
the N-H and the C=0O linkages. It is well known
that N-methylacetamide has a structure with ‘O' and
‘H' atoms in frans-position with respect to the C-N
bond® with the result that these molecules form
an open chain as a result of hydrogen bonding., In
solution of CCl,, these intermolecular associations
break down progressively so that in dilute solutions
of the order of 0-0008 to 0-0018 molar, only the
free N-H stretching band at 3464 cm’! could be
recorded and the bonded N-H stretching band
which is in the region of 3340 cm™1 completely dis-
appeared indicating thereby that the intermolecular
associations have been eliminated. Thus the effect
of dimethylformamide oOr dimethylacetamide on the

free N-H stretching absorption band has been
studied.

The spectra of the N-H stretching band of N-
methylacetamide were recorded with various con-
centrations of the amide in CCl; in the sampie
beam with the CCl, in the reference beam. The
peak absorbance of the N-H stretching band of
N-methylacetamide was plotted against molar con-
centration of the amide. The analytical curve thus
obtained was linear as shown mm Fig, 1.
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Fic. 1. Plot of absorbance versus molar concen-
tration of the free N-H stretching band of N-methyl-
acetamide in solution of carbon tetrachloride.
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The spectra of the free and bonded N-H stretching
bands were then recorded with N-methylacetamide
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in CCl; in the presence of dimethylformamide or The concentrations of NMA, DMF and DMA

dimethylacetamide m the sample beem and a solu- and the frequencies of free and bonded N~H stretche
tion of the tertiary amide of the same concentration ing bands are given in Tables I and IL

TABLE 1
The N-H stretching freqnencie; and equilibrium constants in N-methylacetamide-dimethylformamide
complexes
Frequency of N-H Absorbance
Molar Molar stretching band Frequency of the free N-H Equilibriumm  Average
concentrationn concentration - ——— difference stretching band  constant  value of
DMF NMA free band bonded in the presence k k
in CCl, band of DMF
- 0125 - Q01 3,464 3,364 100 Q-39 69
69
0125 - 00150 3,464 3,364 100 0-57 6-9
0-0250 -001 - 3,464 3,364 100 0-34 9-9
11-0
(-0230 00150 3,464 3,364 100 G-49 12-0
in CCl, in the reference beam. Keeping the con- In case of these amide-amide complexes, the

centration of DMF or DMA constant, the con¢centra- hydrogen bonding was assumed on the basis of 1 : 1
tion of NMA was varied and the free and bonded complex and the equilibrium constants were calcula-
N-H stretching bands were recorded., The same ted using the expression®

spectra were recorded with different concentration

— ¢
of DMF and DMA. The spectra are given in [Mu = o
Fig, 2. Ktﬂ-r“—‘—“—*a_‘_m {1)
[MD - MN !I : m m

where M and M are the molar concentrations
of N-methylacetamide and dimethyliormamide or
dimethylacetamide respectively and ‘@’ i1s the absor-
bance of the free N-~H stretching band in the
presence of dimethylformamide or dimethylaceta-
mide. ‘m’ and ‘c’ which are the slope and intercept
of the analvtical curve are determined and used
for computing the equilibrium constants. In this
case, the wvalue of the intercept is zero. These
values are also given in Tables T and lI. The fre-
quency differences of free” and bonded N-H stretch-
ing absorption bands in N-methylacetamide-dimethyl-
i formamide and N-methylacetamide-dimethylaccta-
0o} | mide complexes are 100 ¢m-1 and 124 ¢cm-1 respec-
tively iIndicating the manifestation of sirong
O# L hydrogen bonding,
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3500 3400 5300 3200 In amides, two possible resonance structures con-
tribute 10 the resonance hybrid and the contribution

. of the dipolar resonance structure muahes subatantind
in Fgé]l ((](?(])GIP“II; em}érﬂ)‘str?;)c]hu;:gmgaf;?]dﬂfbggcﬁ contribution 1o the 'grmmd alnteﬂ of the I'l"mli.‘.'i:‘.":llﬂ
N-H st:etching bands of NMA ‘in solution of CCl, enhancing the polarity of the C=0 group. The
in the presence of dimethylformamide. (0'0_25 interaction of the =m-orbitals of the C=Q group
molar) and (¢) Free and bonded N-H stretching ,pq ype 25 orbitals of the Neatom in the 0-C—N

g?ﬁmﬁhﬁﬂ:ﬁaiﬁ? higﬁgzgf ngc:ft::lii-)in e PIERTEE group of the amide has boen diseised by Canaan?*
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TABLE IR

The N-I swrctching frequencies and equilibrium constants in N-methylacetamide-dimethylacetamide
complexes *

Frequency of N-H

Absorbance

Molar ‘ Molar stretching band Frequency ofthe fiee N-H Equilibrium Average
concentration  concentration difference  stretching band  constant value of
DMA NMA free band bonded in the presence k k

in CCl, band of DMA
0-0127 - 0008 3,464 3,340 124 0-250 32
-0127 - 00123 3,464 3,340 124 g 39 30 312-3
0 0127 - 001845 3.464 3,340 124 0- 546 35
0-02539 » 0003 3,364 3,340 124 0-127 66
0-02539 02125 3,464 3,340 124 0-208 64 66
(-02539 - 001845 3,464 3,340 124 0-276 68

il il - —— =S

and the high polarity of the C=0 group has been
atribued 1o the =-p orbital mixing.
the formation of strong hvdrogen bonding with the
C=0 group of dimethylformamide and dimethyl-
acetamide. The hydrogen bond is stronger in case
of dimethylacetamide due to hyperconjugation as
a result of the contribution of the structure

o~

/ ,
H+H,C=C—NR,. The infrared spectrum of N-
methylacetamide in solution of CCI, of moderate
concentration has two absorption bands at 3330 cm-1
and 3470 cm™ and these are assigned to the bonded
and free N-H stretching absorptions. It i1s significant
to note that this frequency difference is nearly the
same as thait of the bands arising out of the same
modes in  N-methylacetamide-dimethylacetamide
cemplex.

The equilibrium constants calculated for various
concentrations of N-methylacetamide with the same
concentration of dimethylformamide or dimethyl-
acetamide are found to be constant, but when the
concentration of dimethylformamide or dimethyl-
acetamide was varied, the values of the equilibrinm
constants also change. For the same concentration

This e&gs'.'aﬁm%'*

L _—

of dimethylformamide or dimethylacetamide. the'’
value of the equilibrinm constant in N-methylaceta-
mide-dimethylacetamide complex is much higher

than that in N-methylacetamide-dimethylformamide
complex.
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