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1N nuclear quadrupole resonances have been ob-
served in a number of nitrogen heterocyclic com-
pounds, such as diazines! and s-triazine,? since
Guibé found the resonance of pyridine® in 1960.
The electronic structures of these compounds have
been studied by Lucken® recently.

In this connection, it seemed that it would be
interesting to study the N nuclear quadrupole
resonances of 2,2’- and 4,4’-dipyridyls, which are
considered to be as fundamentally important as
pyridine, diazines and s-triazine. When 2,2’-di-
pyridyl is used as a chelate reagent, it attaches a
cation, itself keeping the cis-form, whereas it is
known to exist as the ¢rans-form in the crystal.?)

Experimental

Two kinds of dipyridyls obtained from commercial
sources were purified by recrystallization in organic
solvents; about 10-g portions of the samples were used
in the experiment. 2,2’-Dipyridyl was examined in the
powder state, while 4,4’-dipyridyl was examined after
having once been melted.

A frequency-modulated spectrometer of the Pound-
Watkins type was used to detect the resonance signals,
because large asymmetry parameters were expected in
both dipyridyls.®) For the frequency modulation, the
bidirectional square wave of 140 Hz was fed to an

SD-111 diode, which was connected in parallel to the
tank circuit of the main oscillator.

Results and Discussion

The resonance frequencies, v, the quadrupole
coupling constants, ¢2Q g, and the asymmetry para-
meters, 7, are given in Table 1.

Since ¥N has a nuclear spin of unity, one can
usually observe a pair of resonance frequencies,
v; and vy, due to a species of nitrogen atoms as
follows:

vi=e*Qq 3—n)/4

vir = ¢*Qq (3+7)/4

The numbers of the resonance lines of 2,2°- and
4,4’-dipyridyls are two and six respectively. Since
the six lines of the latter compound are grouped into
two sets of three lines each, as is shown in Fig. 1,
it seems that there are three kinds of nonequivalent
nitrogen atoms, each slightly different from the
others. This situation, however, gives rise to the
problem on the pairing of the six lines. It can be
seen from Fig. 1 that the three lines on the higher-
frequency side have different intensities, while those
on the lower-frequency side are so weak as to be
undistinguishable. Accordingly, it is difficult to

)

TaBLE 1. N NUCLEAR QUADRUPOLE RESONANCE PARAMETERS OF DIPYRIDYLS AND PYRIDINE
Resonance frequencies Coupling  Asymmetry Oglc:r?g;gn
Compounds . constants parameters P R

vi (kHz) vir (kHz) €*Qq (kHz) 7 (%) a (m) b (o)
2,2’-Dipyridyl 3074.0+0.1 3902.5+0.1 4152.8 35.5 1.27 (1.20)* 1.38

4,4’-Dipyridyl 3001.8+0.2 3889.0+0.3
2996.4+0.2 3875.0+0.2 4574.2 38.1 1.27 (1.23) 1.40

2987.4+0.2 3835.2+0.2

Pyridine® four lines four lines

(2956—3001)  (3856—3919) 4584.0 39.7 1.28 (1.20) 1.40

* The values in the parentheses were calculated by the method of LCAO MO, using parameters such
as ay = o + 0.6f, otaq; = o + 0.18 and Bc_n = Pc_c-

*1  Present address: Department of Applied Chem-
istry, Faculty of Engineering, Hiroshima University,
Hiroshima.
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Fig. 1. N nuclear quadrupole resonance absorp-
tion lines in 4,4’-dipyridyl.

determine which two are to be paired. The coupl-
ing constant and the asymmetry parameter of 4,4'-
dipyridyl in Table 1 were derived from the two
averaged values, v;(av) and v (av), of three reso-
nance frequencies grouped in the same sets.

The nitrogen atoms in dipyridyls are assumed to
be in the sp’-hybridized state and to have the
maximum field gradient, ¢,, approximately in the
direction of the bisector of the L/ CNC angle. The
asymmetry parameter, 7, is defined as 7= (¢, —g;)/
g, under the condition that |g,|>lg,|. In view of
the N nuclear quadrupole resonances of pyridine,
hexamethylenetetramine, and y-picoline,” it is
preferable to choose the X- and Y-axes shown in
Fig. 2.

From the bonding orbitals and the occupation
numbers of these electrons, a, b;, and b,, at the
nitrogen atom, the following expressions? are ob-
tained :

Up = [a+(by+0,)/2}/24[2— (b1 +55)/2] cot® y — 2 @
7 = —3[a—(b1+5,)/21/(2Up)
7) E. A. C. Lucken, Trans. Faraday Soc., 57, 731

(1969).
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Fig. 2. Cartesian-coordinate systems at the nitrogen
atoms of dipyridyls. a is the occupation number
of m-orbital at the nitrogen atom, whereas b, and
b, are those of g-orbitals.

where U,=—¢*Qq,/¢*Qq,. In Eq. (2) it is assumed
that 2y=_/CNC=120° and that ¢2Qg¢,=10 MHz.

In 4,4-dipyridyl, it is evident that b;=b,=b.
Therefore, the values of @ and b are calculated from
¢>Qq and 7. On the other hand, b,%b, in 2,2'-
dipyridyl; hence a, b,, and b, cannot be calculated
from Eq. (2). Therefore, the value of b in 2,2’-
dipyridyl is obtained by averaging 6, and b,. As
is shown in Table 1, the n- and o- charge excesses
in both dipyridyls are about 0.27 and 0.40 respec-
tively, nearly equal to those of pyridine.

Simple LCAO MO calculations were carried out
in order to compare the results with one another
and also with those of NQR. The occupation
numbers of the electrons calculated at the nitrogen
atoms are almost all the same, as is to be expected
from the experimental values, although calculated
values are generally lower than experimental values.
This discrepancy can be improved if a slightly smal-
ler value than 10 MHz is adopted for ¢2Q ).






