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he structural character and the nature

of molecular association of amides are
of particular interest because of the im-
portance of amides in biological systems.
As a result a variety of investigations of
these systems have been carried out, for
instance infrared and Raman spectra,!
NMR-spectra,? dipole moments,®*~* dielec-
tric constants,” dielectric loss,® diffusion
constants,” vapor pressure lowering,'®
viscosity,'* and surface tension ! have been
reported for several amides including N-
methylacetamide (NMA) and dimethyl-
acetamide (DMA).

From these investigations one can con-
clude, that the amide group is planar
and that NMA exists predominantly in
one configuration, namely in trans-form.
Because of this configuration and a strong
tendency to form hydrogen bonds a stepwise
association of NMA molecules occurs with
the result that chain polymers are formed.
This effect does not oceur in DMA because
of the absence of aminohydrogens for
bonding to oxygens of neighboring mole-
cules.

The rate constants involved in the molec-
ular association are primary factors in
the hydrogen-bond interaction which is so
important in the various configurations
of peptide and protein chains. Although
the ultrasonic absorption technique has
been very successfully applied in inves-
tigating hydrogen-bond kinetics 12~** it has
never to our knowledge been used on the
NMA/DMA system.

The present work shows that in the
frequency range investigated (1 to 70 Mc)
a relaxation occurs in NMA, but not in
DMA. Relaxation curves for pure NMA
and mixtures of NMA and DMA are given
in Fig. 1. The parameters computed for
a single relaxation process from these
results are given in Table 1. The amides
used were the purest grade obtainable.
NMA was fractionally recrystallized at
room temperature.
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Fig. 1. Ultrasonic relaxation curves for NMA

and NMA/DMA-mixtures at 45.0°C. xxyma Is
the mole fraction of NMA.

@®: pure NMA; O: xyya=0.897; V:

‘TNMA=O‘805; X wN“(A=O.575; Az TNMA=

=0.508; []: pure DMA.

Table 1. Ultrasonic relaxation parameters for
NMA/DMA mixtures at 45°C.

Mole

fraction 4% 10 Bx10v fe
2 —1 2 —1 Me
NMA sec” cm sec” em
1.000 103 62 3.4
0.897 100 56 2.6
0.805 85 51 2.9
0.575 74 37 2.9
0.508 58 36 3.6

Relaxation data fitted to equation for single
relaxation frequency, f.:

a/f*=A[[1+(flfc)*)+B

where a is the amplitude absorption coefficient
and f is the frequency.

The observed relaxation can be attri-
buted either to an internal rotation of
the same form as that found for methyl
formate,” or to the equilibrium between
hydrogen-bonded chains. If the relaxation
is caused by a rotation, i.e. by a perturba-
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tion of an equilibrium which is maintained
by two monomolecular reactions, the A-
parameter, used in Table 1 would depend
linearly on the concentration. Since this
does not seem to be the case (see Table
1) the hydrogen-bond mechanism is the
more probable.

The equilibrium between monomers and
hydrogen-bonded polymers of NMA mole-
cules is represented by a large number of
reaction steps. If only chains are formed
the simplest reaction scheme would be:
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where kiji1 and kit+aiare the forward and
backward rate constants, respectively, and
N, denotes a polymer with @ molecules
of NMA.

This type of a mechanism would in
general cause a distribution of relaxation
times rather than a single relaxation time,
t. If this distribution is sufficiently narrow,
7.e. if Tmax/Tmin<4¢ the sound absorption
data will show one relaxation time only
within experimental error.’® A kinetic in-
terpretation of this relaxation time is
complicated and can be done explicitly
only if further assumptions are introduced.
If ky=ky= "'zkf and Ry =k =k
the following expression is obtained:'

1/t = ky[K[N,]+1]

where [N,] is the equilibrium concentra-
tion of monomeric NMA and K is the
equilibrium constant. The same expression
is obtained even if the rate constants for
the first reaction step are different from
the rate constants for the remaining steps.
It is seen that in this approximation the
order of magnitude of the equilibrium
constant determines whether or not the
relaxation time is concentration dependent.
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Since the observed relaxation time appears
to be independent of the concentration
this means that K[N,]<1 and conse-
quently k,=1/t=3.1x1074-16 9 sec™1.

We want to express our appreciation to
professor Thor A. Bak for helpful discussions.
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