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Recently, in various carbonyl compounds!~—7
and azines®, very weak absorption bands at
the long wavelength sides of the n—=* singlet-
singlet absorption bands have been found and
safely assigned as n—n* singlet-triplet absorp-
tion bands from the phosphorescence spectra,
the temperature-independency, the solvent ef-
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fect and the substitution effect. Previously,
Sidman®, in his study of the low temperature
crystalline spectrum of p-benzoquinone, found
a very weak absorption band at the long wave-
length side of the n—=* singlet-singlet absorp-
tion band and tentatively assigned it to the
n—n* singlet-triplet absorption band. Apart
from his study, the n—=* singlet-triplet absorp-
tion bands of quinones have not been studied.
Thus, we have studied this very weak visible
absorption band of p-benzoquinone in solu-
tion. Our results are now reported on.
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Experimental

Measurements. — The absorption spectra were
measured with a Cary recording spectrophotometer
14 M with 1, 5, 10ecm. path quartz cells. For the
measurements of the very weak absorption bands,
the slidewire for the scale expansion, the accessory,
was used. A thermostated cell jacket was used
for measurements at 5 and 42°C.

Materials.—The solvents were purified according
to the methods described in our previous work®,
Ethyl iodide (a commercial product) was washed
with a 1IN aqueous solution of potassium hyroxide
and repeatedly with water, and distilled after being
dried over calcium chloride. p-Benzoquinone, tolu-
quinone and p-xylo-p-quinone (commercial products)
were purified by cautious sublimation. o-'> and
m-xylo-p-quinones'>> were prepared according to
the methods described in the literature and were
purified by cautious sublimation. a-Naphthoquinone
was prepared according to Fieser’s method!®> and
purified by charcoal treatment in an ether solution.
2,5- and 2,6-dichlor-p-benzoquinones (commercial
products) were recrystallized from ethanol and n-
heptane, successively*!.

Melting Points (corr.) — p-ebnzoquinone 115~
116°C, toluquinone 69°C, o-xylo-p-quinone 56.5~
57.5°C, m-xylo-p-quinone 72.5~73°C, p-xylo-p-
quinone 125°C, a-naphthoquinone 124°C, 2,5-di-
chloro-p-benzogquinone 121.5~122.5°C, 2,6-dichloro-
p-benzoquinone 162~163°C.

Results

The absorption spectra obtained are given
in Figs. 1—6. In these figures ¢ represents the
molecular extinction coefficient.

Discussion

As seen in Figs. 1,2,3,4,5 and 6, p-benzo-
quinone and its derivatives have very weak
adsorption bands (emax ~0.2) at the long wave-
length sides of the n—z* singlet-singlet ab-
sorption bands. In the following remarks, this
band is called the a-band. In many carbonyl
compounds (formaldehyde®, acetaldehyde®,
benzophenone®, glyoxal®, diacetyl® and cam-
phorquinone™, very weak absorption bands
similar to the a-band, at the long wavelength
sides of the n—=z* singlet-singlet absorption
bands, have been found and safely assigned to
the n—x* singlet-triplet absorption bands by
many people on the basis of the phospho-
rescence spectra, the temperature-independency,
the solvent effect and the substitution effect.
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The maximum molecular extinction coefficient
of the a-band (ca. 0.2) is of the same order
of magnitude as those of comphorquinone (ca.
0.1) and diacetyl (ca. 0.05), but it is far larger
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Fig. 1. p-Benzoquinone, solvent (1) n-heptane;
(2) carbon tetrachloride; (3) benzene; (4)
ethyl iodide.
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Fig. 2. (1) p-Benzoquinone; (2) toluquinone ;
(3) p-xylo-p-quinone, solvent n-heptane.
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Fig. 3. (1) p-Benzoquinone; (2) toluquinone:
(3) p-xylo-p-quinone, solvent n-heptane.
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Fig. 4. (1) o-Xylo-p-quinone; (2) m-xylo-p-

quinone, solvent n-heptane.
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Fig. 5. (1) 2,5-Dichloro-p-benzoquinone ; (2)
2, 6-dichloro-p-benzoquinone ; (3) p-xylo-p-
quinone; (4) m-xylo-p-quinone, solvent n-
heptane.
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Fig. 6. (1), (2) p-Benzoquinone; (3), (4)

toluquinone; (1), (3)4 °C; (2), (4) 42°C,
solvent n-heptane.
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than that of acetaldehyde (ca. 0.0001). For p-
benzoquinone, the distance™ (wave number)
between the peak (at 539 mg) of the a-band
and the longest wavelength peak (at 479 mp)
of the n—=* singlet-singlet band in n-heptane
is 2330cm~!. If this value is regarded as the
separation between the n— =™ singlet and triplet
excited states, it is of the same order of magni-
tude as the reported values (2000~3000cm~')
for the above carbonyl compounds. As seen
in Fig. 1, the a-band of p-benzoquinone is
partly masked by the tail of the n—z* singlet-
singlet absorption band, and, especially in
ethyl iodide, the a-band is so almost entirely
masked that the spin-orbit interaction effect
of iodine atom on the a-band cannot be ex-
amined. In n-heptane one peak and one
shoulder are observed at 539 myg and ca. 527.5
my respectively. The distance between the
peak and the shoulder is ca. 410cm™!; this
vibrational sequence probably corresponds to
that in the crystalline spectrum assigned to
the totally symmetric ring deformation vibration
of the p-benzoquinone molecule by Sidman®.
The a-band shifts toward shorter wavelengths
in the order of nm-heptane, carbon tetrachloride,
and benzene, like the n—rn* singlet-singlet
absorption band of p-benzoquinone. On the
other hand, the =—=z* adsorption bands of
the quinones are at shorter wavelengths in n-
heptane than in carbon tetrachloride and in
benzene. As for the methyl group substitution
effect, in Fig. 2 the peak of the a-band shifts
towards shorter wavelengths as the number of
methyl groups increases, in the same manner
as in the n—=* singlet-singlet bands in Fig.
3. This fact is characteristic of the n—r¥*
absorption band!'¥>. The peaks of the a-band
of toluquinone and p-xylo-p-quinone in n-
heptane are at 528 and 519 mg respectively®.
From the solvent effect and the methyl
group substitution effect, the a-band is safely
assigned to the n—z* absorption band. As
seen in Fig. 2, toluquinone alone has a shoul-
der at the long wavelength side of the peak.
In the n—=* singlet-singlet bands in Fig. 3,
such an abnormality of toluquinone as the
above cannot be observed. Therefore, this
abnormality of toluquinone seems to be in-
trinsic to the a-band. In Fig. 4, the a-band
of o-xylo-p-quinone is similar to that of p-
xylo-p-quinone, while the band of m-xylo-p-
quinone has a shoulder similar to that of
toluguinone. Therefore, it is concluded that

*2 The corresponding one in the crystalline state,
studied by Sidman®', was 2060 cm-!.
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these shoulders are characteristic of the structure
where two carbonyl groups of p-benzoquinone
are not equivalent. As seen in Fig. 2, p-
benzoquinone has a tail which extends over
the long wavelength side of the peak. This
tail may be enhanced to become the shoulders
in toluquinone and m-xylo-p-quinone mentioned
above. It is uncertain whether this tail and
the a-band are due to the same electronic
transition or not. As seen in Fig. 5, in dichloro-
p-benzoquinones the intensities of the a-band
are considerably enhanced in comparison with
those of dimethyl-p-benzoquinones. This en-
hancement of the intensity of the a-band is
surely to be attributed to the spin-orbit inter-
action effect of chlorine atoms. Therefore,
this fact is indicative of the a-band being the
singlet-triplet absorption band. Further, we
have examined the temperature-dependency of
the a-band of p-benzoquinone and toluquinone.
Though, as seen in Fig. 6, owing to the tails
of the n—=z* singlet-singlet bands the temper-
ature-dependency cannot be fully examined,
it seems that no noticeable temperature-de-
pendency can be observed in the temperature
range 4~42°C. In conclusion, from the results
obtained in this work, the a-band is reasonably
assigned to the n—n* singlet-triplet absorption
band.
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Summary

The very weak absorption bands at the long
wavelength sides of the n—=z* singlet-singlet
absorption bands of p-benzoquinone and its
derivatives were examined with regard to the
solvent effect, the substitution effect and the
temperature -dependency. From the obtained
results, this absorption band is reasonably
assigned to the n—n™* singlet-triplet absorption
band. As for its absorption curve, a distinct
difference between the structure where the two
carbonyl groups of p-benzoquinone are equiva-
lent and that where the two carbonyl groups
are not equivalent is observed.
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