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208. NH, -Stretching Frequencies in Primary Amines. 
By W. J. ORVILLE-THOMAS, A. E. PARSONS, and C. P. OGDEN. 
Precise frequency values have been obtained for the NH, stretching 

vibrations of a number of primary aliphatic and aromatic amines in solution 
and in the vapour state. 

The greater intensity of the band due to the symmetric NH, vibration in 
aliphatic amines is explained in terms of hybridization changes at  the 
nitrogen atom during vibration. 

PRECISE values of N-H stretching frequencies are few since most of the published work 
has been carried out with the relatively low resolution afforded by a rock-salt prism. 

Primary amines give rise to two infrared absorptions, associated respectively with the 
asymmetric and the symmetric vibration of the NH, group, va(NH2) and v,(NH,). 

The purpose of this study was to obtain precise values for these bands of monomeric 
primary amines in the vapour state and in carbon tetrachloride solution. 

ExperiunentaZ.-Amines (from British Drug Houses Ltd.) and " AnalaR " carbon tetra- 

The measurements were made with a Grubb-Parsons G.S. 2 double-beam grating spectro- 
chloride used were dried and redistilled several times. 

meter, the band centres being measured within &2 cm.-l. 
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The vapour studies were carried out in a multiple-reflection cell ; path lengths of 120,240 cm., 

The experimental results are tabulated. 
etc., were available and the cell could be heated to any desired temperature fl". 

NH, Bond-stretching frequencies (cm.-l) in Primary amines. 
Solution (CCI,) 

va(NH2) ..s(NH,) 
Methylamine .................. 3398 3344 
n-Propylamine ............... 3390 3322 
isoPropylamine ............... 3383 3319 
n-Butylamine ............... 3387 3324 

a-Naphthylamine ............ 3472 3390 
j?-Naphthylamine ............ 3476 3390 

Aniline ........................ 3481 3394 

Vapour (path length 120 cm.) 

3425 3360 
3410 3342 
3434 3332 
3412 3348 
3497 3416 
3478 340 1 
3484 3407 

Va(NHz) Va(NH2) Temp. 
Room 
Room 

32" 
75 

150 
200 
200 

Discussion.-Except for methylamine, which as the first member of a homologous 
series is a special case, primary aliphatic amines give rise to two NH absorptions at 3387 & 5 
and 3322 & 5 cm.-l in solution; the corresponding vapour values are 3425 & 15 and 
334-0 & 10 cm.-l. For primary aromatic amines, however, they occur at higher frequencies, 
viz., at 3476 3 5 and 3391 & 5 cm.-l in solution and at 3487 & 10 and 3408 & 10 cm.-l 
in the vapour state. The average frequency of va(NH2) and vs(NH,) for aliphatic amines 
in the vapour state is 3382 cm.-l and for aromatic amines 3448 cm.-l. This frequency 
difference can be explained in terms of the configuration of the nitrogen valency bonds.2 

In methylamine, and it seems reasonable to suppose in other primary aliphatic amines 
also, the nitrogen valency bonds are ~yramidal .~  In aromatic amines the nitrogen a-bonds 
are approximately planar in ~onfiguration.~ The nitrogen atom is approximately sp3- 
hybridized in aliphatic amines but is close to being sp2-hydrized in aromatic amines. This 
increase in s-character of the nitrogen a-bond-forming orbital in aromatic amines results 
in shorter and stronger NH bonds, which account for the higher values obtained for the 
NH, stretching frequencies. 

Aniline appears to be the only primary aromatic amine previously studied in the vapour 
~ h a s e . ~ $ 6  Williams, Hofstadter, and Herman,6 using a cell of 22 cm. length at  150", 
detected one weak absorption at 3573 cm.-l which they assigned to a NH vibration. In 
the present study, with a path length of 120 cm. and temperatures of 150-200", both the 
va(NHz) and vg(NH2) absorption bands were recorded for three aromatic amines (Table). 

The vs(NH,) band of aliphatic amines in the vapour state is much more intense than the 
vn(NHZ) band. To a good approximation the only nuclei taking part in the normal 
vibrations va(NH),) and v,(NH,) are the nitrogen and the hydrogen atoms, and so the 
normal co-ordinates, Q, can be defined solely in terms of the changes in NH bond lengths 
during vibration. 

The intensity of an absorption band is proportional to the variation of molecular dipole 
moment, p, with the normal co-ordinate during vibration, i.e., to dp/dQ. The electric 
moment of the NH, group can be divided into NH bond moments and the atomic dipole 
of the lone-pair electrons (Fig. a) .  

A consideration of the form of the v,(NH,) vibration shows that the change in dipole 
moment (symbolized as +-t) as the atoms oscillate is a t  right-angles to the symmetry 
axis of the NH, group (Fig. b) ; a change of equal magnitude, but along the symmetry axis, 
will occur for the vs(NH2) vibration (Fig. c) .  
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It is now generally accepted that changes of hybridization occur a t  a central atom as 
the hybrid bonding orbitals tend to follow the vibrating outer atoms; 7 evidence has also 
been adduced for such changes during molecular rotatiom8 During the ve(NH2) vibration 
the lengthening of one NH bond, which decreases its s-character, is exactly compensated 
by the gain in s-character of the other NH bond as it contracts. The percentage s- 
character of the lone-pair orbital remains unchanged and dp/dQ depends almost entirely 
on the polar nature of the NH bond, which is small.g During the v,(NH,) vibration there 

Variation of electric moment during NH, bond-stretching vibrations. 

will be a variation in the s : p ratio of the nitrogen orbitals forming bonds to hydrogen. 
This will be off-set by a compensating change in the s-character of the Ione-pair orbital; 
the atomic dipole will therefore vibrate in phase with the NH bonds. In this case, dp/dQ 
has two components (Figs. c and d).  One component is equal in magnitude to dp/dQ for 
the vB(NH,) vibration; the other, much larger contribution arises from the lone-pair 
electrons forming the atomic dipole. An estimate of the change in dipole moment during 
the v,(NH,) vibration can be obtained by vector addition of the NH, bond moments and 
the atomic dipole when the NH bonds have their maximum and minimum lengths at the 
extremities of the vibration. This indicates that dp/dQ will be greater for the vs(NH2) 
than for the va(NH2) vibration and hence leads to a higher intensity for the vg(NH2) band. 

In accordance with expectations the same intensity anomaly is found for the vapour- 
state NH, stretching bands in hydroxylamine lo and in O-methy1hydroxylamine.ll 

In the vapour state formamide is planar,12 the lone-pair electrons contributing to the 
delocalized x-bonding which embraces the OCN grouping. No atomic dipole is associated 
with the nitrogen atom and the NH, bands are of comparable intensity.13 It is interesting 
to find a similar intensity ratio for the three aromatic amines studied. It seems then that 
evidence for the considerable sp2-hybridized nature of the nitrogen atom in these compounds 
arises from intensity considerations as well as from the frequency values of the bands. 
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