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The pure quadrupole resonance of nitrogen-14

in some aliphatic nitriles was observed by means of

amodified Pound-Watkins type spectrometer pre-

viously described.2)Frequency modulation was

used for the determination of resonance frequencies,

while Zeeman modulation was employed for the

assignment of observed resonance absorptions to

vⅠ and vⅡ. The samples were procured from com-

mercial sources and purified by repeated distillation.

All the compounds investigated are liquids at room

temperature. Therefore, they were solidified slowly

in glass tubes and cooled gradually to liquid nitrogen

temperature.

Since nitrogen-14 has a nuclear spin equal to

unity, one can usually observe a pair of resonance

lines, vⅠ and vⅡ, for equivalent nitrogen nuclei when

the asymmetry parameter η is finite.

Here eQq denotes the quadrupole coupling constant

in frequency units. From the observed resonance

frequencies, the quadrupole coupling constant and

the asymmetry parameter were calculated with the

use of these equations as shown in Table 1.

Two sets of weak vⅠ and vⅡ resonance lines were

observed for succinonitrile. For other compounds

investigated, a single set of resonance lines was

observed, indicating that all atomic sites of nitrogen

are equivalent in each crystal. Accordingly, quad-

rupole coupling constants and asymmetry parame-

ters can be evaluated in a straightforward manner.

Quite recently, Colligiani et al.3) published the

results of their comprehensive study on the 14N

nuclear quadrupole resonance of organic nitriles.

Some of their results(propio-, butyro-, amylo-, iso-

propio-, glutaro-, adipo- and sebaco-nitriles)are in

good agreement with ours. However, resonance fre-

quencies(vⅠ=2881.4 and vⅡ=2824.6 kHz)observed

by them for pimelonitrile do not agree with ours(vⅠ

=2907 .7 and vⅡ=2793.3 kHz)within experimental

errors. Colligiani et al.3) detected only one set of

 resonance lines for succinonitrile at practically the

same temperature, the frequencies(vⅠ=2995.7 and

vⅡ=2844.7 kHz)being in good agreement with

those(2995.2 and 2844.1 kHz)of a set observed in

the present investigation.

The appearance of the two sets of vⅠ and vⅡ lines

indicates that there are two kinds of crystallographi-

cally nonequivalent nitrogen atoms in the crystals

at liquid nitrogen temperature, although the two

nitrogen atoms are chemically equivalent in the

molecule. Unfortunately, no X-ray crystal data

are available. For this compound, one-to-one

correspondence cannot be made between vⅠ and vⅡ

owing to the proximity ofdoublet lines. Therefore,

the frequencies of the doublet lines were averaged

to evaluate eQ4 and η.

One is tempted to consider the existence of the

traps and the gauche forms in the crystals of suc-

cinonitrile. However, we could observe only a

single set of vⅠ and vⅡ frequencies for tetramethyl-

succinonitrile having a chemical formula analogous

to that of succinonitrile. On the other hand,

malononitrile4)having no rotationaHsomers show

two sets of vⅠ and vⅡ at liquid nitrogen temperature.

These facts suggest that the nonequivalence of
nitrogen atoms is due to the difference in the crystal

Fig.1. The quadrupole coupling constants of 14N
in nitriles(cross)and dinitriles(circle).
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TABLE 1. NUCLEAR QUADRUPOLE RESONANCE FREQUENCIES vⅠ AND vⅡ QUADRUPOLE COUPLING CONSTANTS

eQq, AND ASYMMETRY PARAMETERS, η, OF 14N IN SOME ALIPHATIC NITRILES AT LIQUID NCCROGEN TEMPERATURE

field rather than to the existence of different kinds 
of isomeric molecules. 

As pointed out by Colligiani et al.,3) long-chain 
nitriles and dinitriles show essentially the same 

quadrupole coupling constant and asymmetry pa-
rameter. The asymptotic value of eQq for large 
number of carbon atoms in a nitrile molecule is

3,80 rather than 3.81 MHz3)as shown in Fig-1. It

is noteworthy that the asymmetry parameter is

considerably large and varies over a fairly wide

range in spite of the cylindrical symmetry of a single

-C≡N group. It is presumed that both the intra-

molecular charge distribution and the crystal field

are responsible for this effect.


