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HYDROGEN BONDING IN N-METHYL FORMAMIDE
K VENKATA RAMIAH anp P. G. PURANIK

DErARTMENT oF Puysics, UNiversiry (OLLEGE OF SCIBNCE,
OsMaNIA UnivERSTTY, [TYDERABAD
(Recewed, Auqust 28, 1962)

Tn our earlier work (1952), we have caleulatod the shifts in the OH and NH
stretching froquencies of alcohols and wnides, treating hydrogen bonding as an
electrostatic  interaction.  In these caleulations 1t 19 assumed that the iome
charactor of the NH bond dimmishes due to intermolocular associations  In this
communication, the suft in the NH stretching frequency of N-methyl forma
mide due to intermolecular associations of the type N-H...O -= C is calculated
and compared with tho experimentally ohserved valuo.

The infrared spectra of N-methyl formwnude have boen rocorded with Perkin-
Elmer IR Double beam Spectrophotometer Model 21, with NaCl opties. The
bonded NH strotching absorption has been recorded by pressing a drop of the
liquid between two plates of NaCl so as o form u microfilin of unknown thickness.
The free NH strotching [requency of the anude was recorded in dilute solutions
of CQCl, with matched cells of 0.94 nun thickness. The bonded and free NH
stretchmg frequencies, thus recorded are 3290 em=' and 3484 cm~.

Tho bond lengths used in these calculations are (Katz, 1957) 4(N-H) = 0.995 A,
A(N-CH,) = 1474, d(C-N) = 1.294, d(C-H) = 1.0944, d(C = 0) = 1.234 und
d(N-H...0) = 2.834. The bond moments of the various linkages are the sume
as reported oarlier (1962).
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In N-methyl formamide there are two possible 10s0nance structures as shown
m Kig. 1.
The unbalanced charges m es.u. on various atoms m these two structwres ure
ulso indicated in Fig. 1 and are calculated ay earher (1962). They are

gy = 13X10710, g, =—-046%10-19, ¢, =—0.13 X107,
7y = 0.88X107° g, =036x1070 gy =-1.95%x10-10
fa=—1241010 g = 069X 10719, ¢ =—0.65x10-10,

The percentage of double hond character of ¢ = 0 and C-N bonds in thi
amule are 88 per cent and 70 per vent respectively. The unbalanced charg
on the oxygen atom is therefore -179x1077 es.u. and that on the nitrogen
aton 18 —0.99%10 10 esu.

The intormolecular associations in N-methyl formanude are as shown in 3
Fig. 2. The ratio of the electrostatic force F, on the hydrogen atom duc to
hydrogen hondmg to ¥y duo to charge mequality m the NH groups is given as

FyJFy = 1.719x(0.995)/(1.853)2 X 0 99 -= 0.537 (1)

The fractional reduction 1onic character of the NH hond, due to intermolecular
agsoerations 1 22 1 X (Fy/Fy). Tho dissociation energy D' of the bonded NH
linkage is then given by

D' = 93421 x(F,[F, @)

where 93.4 Keal/mole 1s the dissoeration energy of the froe NH linkage. D' thus
obtained w 81.7 Kcal/mole. The dissociation cnergy of the free NH linkage.
the reduced mass of the NH group and the free NH stretehing frequency of N-
mothyl formamide are used iu

v = afmc(D2M }—uw*hjdn:Mc (3)

to oblain the constant ‘e’.  Its value is]2.43 x 108 in cin=t, Using the value of
D’ and ‘a’ in equation (3) the bonded NH stretching frequency of N-methyl
formamide 18 obtamed ag 3200 em~'. It 1 seen the caleulated and the obsorved
values agree very well.
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