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In a previous work's, we have observed 

the ultra-violet absorption spectrum of 

pyridine N-oxide vapor with a complex vib-
rational structure. In order to carry out 

the vibrational analysis of this spectrum, 

assignments of the fundamental frequencies 

of pyridine N-oxide molecule are required, 

but we had no datum available for this. 

In the present paper, infrared and Raman 

spectra of pyridine N-oxide have been 

measured under various conditions, and as-

signments based on these data are presented. 

Experimental 

The sample of pyridine N-oxide was prepared 

according to the procedure of Ochiai2) and was 

purified by repeated vacuum distillations. All 
precautions were taken to eliminate the absorp-
tion of atmospheric moisture by the sample.

The Raman spectrograph used in this investi-
gation was a spectrograph with two dense flint 
glass prisms constructed in our laboratory, 
having a linear dispersion of 24 A/mm. at 4500 A. 
Raman spectrum of pyridine N-oxide was obtained 
for both the liquid and the solution. For the 
liquid, hot water was circulated through the outer 
jacket of Wood's tube during the exposure in 
order to prevent the formation of crystal (the
melting point of pyridine N-oxide is 59℃). For

the solutions, chloroform, ethyl alcohol and water 
were used as solvents and concentration of each 
solution was about 20g. pyridine N-oxide/20 cc. 

solvent. The Raman data for these conditions 
are listed in Table I, together with relative 
intensities based upon an arbitrary value of 5 

for the strongest Raman line on the spectrogram. 

Although very broad Raman lines are also ob-

served near 3000 cm-1, they are not included in 

the table on account of their doubtful values.

TABLE I 

INFRARED AND RAMAN FREQUENCIES OF PYRIDINE N-OXIDE (cm-1)

M Present address, Department of Pharmacy, Nagasaki 

University, Nagasaki.

1) M. Ito and N. Hats, This Bulletin, 28, 260 (1955). 
2) E. Ochiai, J. Org. Chem., 18, 534 (1953).
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v represents fundamental vibration.

An infrared spectrum was obtained with a 
Perkin-Elmer model 112 spectrometer with NaCl 
and KBr prisms. Measurements were made in 
the region of KBr for the solid sample and in 
the region of NaCl for the chloroform and alcohol 
solutions.* The frequencies of infrared absorption 
-maxima are given in Table I , together with the 
Raman data. The abbreviated notations for 
absorption intensity, w, m and s represent weak, 
medium and strong, respectively. 

Discussion 

If the oxygen atom of pyridine N-oxide 
lies on a straight line connecting the 
nitrogen atom with the opposite carbon atom 
in the pyridine ring, symmetry of this 
-molecule belongs to a point group C2v, like 
that of the parent molecule pyridine. This 
structure is the most possible one and the 
other structures (point group C2 and Cs) are 
difficult to consider. Here, assignments of 
the fundamental frequencies are carried out 
on the basis of the C2v, symmetry.

Ring Vibration.-As the heterocyclic ring 
of pyridine N-oxide is similar to that of 
pyridine, the ring vibration frequencies and 
their normal modes of the two molecules 
must also be similar to each other. On the 
other hand, the chemical similarity between 
benzene and pyridine is well known and 
electron diffraction3), infrared and Raman 
data4) show that the ring structures of 
benzene and pyridine are almost the same. 
Therefore, it is expected that the ring vib-
ration frequencies of pyridine N-oxide should 
nearly coincide with those of benzene or its 
derivatives. That this is actually the case 
for the fundamental frequencies, 373(v2), 
402(v3), 1015(v9), 1467(v13) and 1605 cm-1(v14), 
can be recognized in Table II, where numbers 
in the first column denote the normal modes 
for the vibrations of monodeuterobenzene 
shown in Fig. 15). Accordingly, it is evident 
that these vibrations belong to the ring 
vibrations with almost the same normal

TABLE II 

RING VIBRATIONS OF BENZENE, MONODEUTEROBENZENE, PYRIDINE AND PYRIDINE N-OXIDE

it The authors are indebted to Prof. S. Akiyoshi and 

Mr. T. Matsuda of Engineering Department of Kyushu 
University for tracing the infrared spectra. 

3) Schomaker and Pauling, J. Am. Chem Soc., 61, 
1769 (1939).

4) C.H. Kline and J. Turkevich, J. Chem. Phys., 12, 
300 (1944). 

5) C.K. Ingold and his coworkers. J. Chem Soc., 1946 
299 and 316.
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TABLE III 

HYDROGEN BENDING VIBRATIONS OF BENZENE, MONODEUTEROBENZENE, 

PYRIDINE AND PYRIDINE N-OXIDE

modes as those of the corresponding vib-
rations of monodeuterobenzene. 

In addition to these, the vibrations of 
549 cm-1(v5) and 638 cm-1(v6) are also the ring 
vibrations and can be interpreted as the A, 
and B1 component vibrations deriving from 
the doubly degenerate E+g vibration of ben-
zene (605.6 cm-1). This assignment seems to 
be reasonable from the fact that in mono-
halogenated benzenes, for example, A1 com-
ponent vibration shifts to lower frequency 
than 605.6 cm-1 and B1 component vibration 
to higher frequency6). 

Hydrogen and Oxygen Bending Vibrations. 
-The frequency 674 cm-1(v7) is assigned to 
the non-planar hydrogen bending vibration 
(mode VIII in Fig. 1) on the basis of its 
frequency value and on analogy with the 
frequencies of the corresponding vibrations 
in other molecules (Table III). In the cases 
of benzene and pyridine derivatives, planar

Fig. 1. Normal modes of vibrations of

monodeuterobenzene(after C. K. Ingold,

ref.5).

Notes: (1) Vectors perpendicular to the

plane of the ring are represented by

+and ○.

(2) For each point-set ○ : O=↑:↑=2:1.

hydrogen bending vibrations generally 
possess their characteristic frequencies in the
region of 1100～1300 cm-1 6). Pyridine N-oxide

have three fundamental frequencies, 1170 cm-1 
(v10), 1243 cm-1(v11), and 1321 cm-1(v12), in this 
region. As seen from Fig. 1, the planar 
hydrogen bending vibrations with X and XI 
normal modes might be expected to be 
almost unchanged in their frequencies on 
passing from benzene to pyridine N-oxide, 
but the vibration frequency with IX normal 
mode should be greatly changed in pyridine 
N-oxide as the result of a considerable 
contribution of planar oxygen bending vib-
ration. Therefore, as shown in Table III, 
1170 cm-1(v10) and 1321 cm-1(v12) are assigned 
to X and XI normal modes (A1 and B1 classes) 
respectively, and 1243 cm-1(v11) is assigned to 
IX normal mode (B1 class). 

For 283 cm-1(v1) and 478 cm-1(v4), there are 
no comparable frequencies in the other mole-
cules, so that these vibrations can be taken 
as oxygen vibration frequencies. Their fre-
quency values suggest that 283 cm-1(v1) is 
non-planar oxygen bending vibration and 
478 cm-1(v4) planar oxygen bending vibration. 

Oxygen Stretching Vibration.-As 832 cm-1 
(v8), which occur strongly in both infrared 
and Raman, has no corresponding frequency 
in benzene and pyridine, this vibration is 
also an oxygen vibration. In general, N-O 
stretching vibration in oxime compounds 
appears strongly in both infrared and Raman 
spectra in the region from 790 cm-1 to 
850 cm-1.6) For example, acetoxime have 
this vibration at 813 cm-1 7). Therefore, 832 
cm-1(v8) can be assigned to a characteristic 
N-O stretching vibration, (A1). 

The authors wish to express their sincere 
thanks to Prof. S. Imanishi for his kind 
guidance and helpful suggestions. They 
are also indebted to Prof. S. Akiyoshi and 
Mr. T. Matsuda of the Engineering Depart-
ment of this University for the free use of 
the Perkin-Elmer infrared spectrometer. 
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