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In order to clarify the primary photochemical process of 4-nitropyridine N-oxide in

solution, investigations by means of a steady-light irradiation and a flash spectroscopic

method were carried out.4-Nitropyridine N-oxide changes photochemically to 4-hydroxy-

pyridine N-oxide nitrate (Process Ⅰ) or 4-hydroxylaminopyridine N-oxide (Process Ⅱ),

depending on the reaction conditions. In either case, Process Ⅰ and Process Ⅱ, the

photochemical reaction was found to proceed through the common intermediate species

A. We concluded from the experimental results that Process Ⅰ involves a bimolecular

interaction between the intermediate A and the unexcited 4-nitropyridine N-oxide molecule,

while Process IHnvolves a hydrogen-abstracting reaction from a solvent molecule.

Recently, pyridine and quinoline-N-oxides
and their several derivatives have been report-
ed by various workers to cause a photo-
chemical change in the N-O group when they
are irradiated with ultraviolet light in either
a solution or vapor.1-4) The introduction of

nitro group into the 4-position of pyridine
N-oxide, has been found to cause a photo-
chemical change completely different from
those of pyridine- and 2-picoline-N-oxides in
solution.5,6) That is, 4-nitropyridine N-oxide
in ethanol changes photochemically in two
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ways, depending on the reaction conditions,
to give 4-hydroxypyridine N-oxide nitrate or
4-hydroxylaminopyridine N-oxide, while the
N-O group remains unchanged.5,6) Therefore,
in order to clarify the primary process of such
.an interesting photochemical reaction of 4-
nitropyridine N-oxide, we carried out investi-

gations by means of a steady-light irradiation
and also a flash spectroscopic method in solu-
tion.

Experimental

Materials. The 4-nitropyridine N-oxide used in
this experiment was synthesized by Ochiai's meth-
od,7) and the product was purified by several
recrystallizations from acetone. Ethanol and gly-
cerol were reagent-grade products of Wako Pure
Chemical Industries, the spectro-grade ethanol was
also used.

Steady-light Experiment. The light source em-
ployed was a Toshiba high-pressure mercury lamp
(H-400P), while for the 3130Å irradiation a filter

combination of a nickel sulfate solution with a UV-
31 Toshiba filter was used. Sample solutions in
various concentrations were added to the quartz

cylindrical reaction cell and then placed in a ther-
mostated box with two quartz windows, through
which collimated light passed to irradiate the sam-

ple solutions. In order to determine the quantum
yield of the 4-nitropyridine N-oxide disappearance,
the light intensity was measured with a potassium
ferrioxalate actinometer. The absorption spectra

were taken with a Hitachi recording spectro-photo-
meter, EPS-2U.

Flash Spectroscopic Experiment. The photolysis
flash lamp consisted of a quartz tube 200mm in
length and about 20mm in diameter, filled with
.xenon gas to about 150 mmHg. By discharging a
bank of a condenser with a capacity of 25μF charged

to 4kV, 200 joules of energy were dissipated; the
.half-width of the discharge time was about 50
microseconds. The reaction cell, consisting of a
quartz tube 70mm in length and 20mm in diameter,
was set parallel to the photolysis lamp. The reac-
tion cell and the photolysis lamp were surrounded
by a reflection plate. The flash lamp for the spec-
trograph was constructed much like to the photoly-
sis]amp, but the capacity was 8 uF charged to

3.2kV, the energy was about 40 joules, and the
half-width of the discharge time was about 20
microseconds.

Experimental Results

Before describing the experimental results,
it will be usefull for understanding the pri-
mary photochemical process of 4-nitropyridine
N-oxide to mention briefly the photochemical
reaction in an ethanol solution. The absorp-
tion spectrum of 4-nitropyridine N-oxide
(ca. 10-4-10-3moll-1 in ethanol) decreases

progressively in intensity, and a new absorp-

tion band with its maximum at 269mμ ap-

pears, as the irradiation time increases. Fig-

ure 1 shows the results for the 5×10-5mol.

Fig.1. The progressive spectral change of

4-nitropyridine N-oxide on 3130Å irradia-

tion in ethanol(5×10-5moll-1).

Numbers refer to irradiation time.

l-1 ethanol solution . After concentrating the
irradiated solution under reduced pressure,
the oily residues (Prod. X) are gradually
crystallized to afford 4-hydroxypyridine N-
oxide nitrate.7) This photochemical reaction
is referred to as Process I. When the con-

centrated ethanol solution of 4-nitropyridne
N-oxide (ca. 10-2moll-1) is irradiated with a
3130A light in a nitrogen atmosphere, how-
ever, the nitro group of the 4-position is
photochemically reduced to yield 4-hydrox-
ylaminopyridine N-oxide.6) The progressive
change in the absorption, spectrum of 4-nitro-
pyridine N-oxide at 3130Å irradiation is shown

in Fig. 2, where two isosbestic points are

observed at 254mμ alld 308mμ.6) This photo-

chemical reaction is referred to as Process Ⅱ.
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In order to examine the concentration de-

pendency of the photochemical reaction, the
3130Å irradiation was carried out in ethanol

solutions with various concentrations of 4-

nitropyridine N-oxide. Whether Process Ⅰ

or Process Ⅱ was determined from the ultra-

violet absorption spectrum of the irradiated
solution, the results thus obtained are shown
schematically in Fig. 3. As can be seen from
Fig. 3, Process Ⅱ proceeds both in a solution

with an extremely low concentration (less

than ca. 2×10-5mol l-1) and in a solution with

a high concentration (over ca. 10-4moll-1),

whereas Process Ⅰ proceeds strikingly in a

solution with a medium concentration (ca.

10-4-10-5moll-1). The results obtained for

the deaerated solution indicate that Process Ⅱ

can be facilitated by excluding any oxygen

dissolved in the solution, and that Process Ⅰ

can proceed even in a deaerated solution.
Next, we examined the effect of the visco-

sity on the photochemical process and the
effect of the concentration on the quantum

yield of the 4-nitropyridine N-oxide disap-
pearance. Figure 4 shows the progressive
spectral change in 4-nitropyridine N-oxide
when it is irradiated with 3130Å light in

glycerol and also in a glycerol solution mixed

with various amounts of ethanol. Although

Process Ⅱ proceeded in a highly viscous solu-

tion, a lowering of the viscosity of the solu-
tion was observed to lead to a switch in the

photochemical reaction from Process Ⅱ to

Process Ⅰ. As is shown in Fig.5, the quan-

tum yield of 4-nitropyridine N-oxide disap-

pearance in ethanol, where Process Ⅰ takes

Fig.2. The progressive spectral change of

4-nitropyridine N-oxide on 3130Å irradia-

tion in ethanol(1.8×10-2moll-1).

Numbers refer to irradiation time.

place, increased markedly with an increase in
the concentration. givinrt a maximum value

(1.6-1.8) in the region of about 6×10-4mol.
l-1. A further increase in the concentration

caused a decrease in the quantum yield. On
the other hand, the quantum yield in glyce-
rol, where Process Ⅱ takes place, was inde-

pendent of the concentration and showed an
average value of about 0.7. Figure 6 shows
the temperature dependence of the quantum
yield where the quantum yield of 4-nitropy-
ridine N-oxide disappearance was observed to
increase with a rise in the temperature. Al-
though the quantum yield mentioned above
was measured in a solution which had not

Fig.3. Schematic representation of the photochemical processes of
4-nitropyridine N-oxide in ethanol.
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(a) glycerol (b) glycerol (1 vol) and ethanol (1 vol)

(c) glycerol (2 vol) and ethanol (3 vol) (d) glycerol (1 vol) and ethanol (2 vol)

Fig.4. The progressive spectral change of 4-nitropyridine N-oxide on 3130Å

irradiation in viscous solution (ca. 5×10-5moll-1).

Numbers refer to irradiation time.
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Fig.5. Quantum yield (Φ) versus concen-

tration of 4-nitropyridine N-oxide at 30℃

in ethanol.

Fig.6. Quantum yield (Φ) versus temper-

ature in ethanol (5×10-5moll-1).

been degassed, a comparison with the results
for a solution degassed by flushing with nitro-

gen at 30℃ indicated that there is possibly

no effect of the oxygen dissolved in the solu-
tion on the quantum yield.

Finally, in order to get information on the

photochemical intermediate which may be
formed during the reaction, the flash spectro-
scopic examination was carried out in both
ethanol and glycerol. In the case of a 5×10-5

moll-1 ethanol solution (Fig. 7 (a)), transient

absorptions were observed around 370mμ and

570mμ, but they disappeared within about

10-4sec to give a shorter wavelength absorp-

tion (260mμ-270mμ) corresponding to the

Prod. X being formed in Process Ⅰ. In the

case of a glycerol solution (4×10-5moll-1),

the same transient absorptions as in the case

of an ethanol solution appeared around 370mμ

and 570mμ, as is shown in Fig. 7 (b); these

absorptions decayed within about 10-4sec to

give the absorption of 4-hydroxylaminopyri-

dine N-oxide via Process Ⅱ. Figure 7 (c)

shows the results for the flash illumination in

avery dilute ethanol solution (2×10-5moll-1),

which indicated the appearance of the same

transient absorption, followed by Process Ⅰ and

Process Ⅱ. In all these experiments, the

transient absorption common to all three cases
was independent of the presence or absence of
oxygen in the solution.

Discussion

In the present paper, we propose the pri-
mary process shown schematically in Fig. 8
for the photochemical reaction of 4-nitropyri-
dine N-oxide in solution, where S0 and S1
denote, respectively, the ground and the low-
est excited singlet-state molecules, while both
A and B represent intermediate species.

The following conclusions have been drawn
from the flash spectroscopic experiments:1)
Both Process Ⅰ and Process Ⅱ proceed through

the intermediate A. 2) The absorption spec-
trum of the intermediate A is always observ-
ed around 370mμ and 570mμ, regardless of

the dissolved oxygen in solution, possibly
meaning that the intermediate A is not a
triplet state. 3) The intermediate A has a
relatively long lifetime (ca. 10-4sec), which
suggests the possibility of a bimolecular inter-
action between the intermediate A and unex-
cited 4-nitropyridine N-oxide (S0).

It is very difficult to bring the intermediate
A together with an unexcited N-oxide mole-
cule (S0) in a glycerol solution because of the
high viscosity of the solvent. As has been
reported in a previous paper,6) Process Ⅱ in-

volves a hydrogen atom-abstracting process

from a solvent molecule, and thus an inter-
mediate A probably abstracts a hydrogen
atom from a glycerol molecule to form 4-
hydroxylaminopyridine N-oxide finally. As
to the hydrogen atom-abstracting species,
however, it is not possible to say anything
about whether it is an intermediate A or an
intermediate B transformed further from an
intermediate A. In any case, the intermedi-
ate A is responsible for Process Ⅱ. Similarly,

in a very dilute solution of 4-nitropyridine N-
oxide the intermediate, either A or B, is con-
sidered to make an abstraction of a hydrogen
atom from an ethanol molecule before colliding
with an unexcited N-oxide molecule (S0). In
fact, the experimental results show that only
Process Ⅱ takes place in these solutions.
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Fig.8. The primary photochemical process of

4-nitropyridine N-oxide in solution.

On the other hand, as the concentration of
4-nitropyridine N-oxide in ethanol increases,
the possibility of a collisional encounter of the
intermediate A with an unexcited N-oxide
molecule (S0) becomes more likely; therefore,
a bimolecular reaction between them can be
expected to take place. This is confirmed by
the experimental results on the concentration
dependence of the photochemical reaction (Fig.
3) and on the quantum yield of 4-nitropyridine
disappearance (Fig. 5). Moreover, further
support for it is given by the following experi-
mental results: 1) As the viscosity of the
glycerol solution is lowered by adding various
amounts of ethanol, the photochemical reaction
is converted from Process II to Process I (Fig.
4). 2) The quantum yield of the 4-nitropyri-
dine N-oxide disappearance in an ethanol solu-
tion increases gradually with a rise in the

tempreature (Fig. 6), from which fact the
activation energy is estimated to be about
5kcalmol-1, which is considered to correspond
to the activation energy of diffusion.

However, the following experimental results
are not clearly explained: 1) In a very con-
centrated ethanol solution Process Ⅰ does not

proceed; rather, Process Ⅱ takes place. 2)

In connection with 1), the quantum yield of
the 4-nitropyridine N-oxide disappearance de-
creases with an increase in the concentration
after reaching its maximum value. One
possible explanation for these facts is to assume
the formation of a transient weak complex
between A and So. That is, with an increase
in the concentration, most of the weak complex
formed may be quenched by collision with an
unexcited N-oxide molecule (S0), thus repro-
ducing So and A, and the intermediate species,
A, thus reproduced may be responsible for
Process Ⅱ. Further studies of these points,.

including the details of Process Ⅰ and Ⅱ and

the nature of the intermediate A, are now in

progress and will be reported on later.
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their hearty thanks to Professor S. Kato of
Osaka University and Dr. Y. Mori of the
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able suggestions.


