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diameter and 20 cm in length. The instrument

Formation of transient cations and anions from
the electron donor-acceptor interactions in the
excited states was confirmed by using the flash
technique in polar solutions for the first time by
Leonhardt and Weller? and recently by Koizumi

and Yamashita? and by us.?)
In this note, we report a simultaneous formation

of positive and negative ions of perylene revealed
by the flash technique.

An acetonitrile solution of perylene (8% 10-%Mm)
was used as a sample solution. It was carefully
de-aerated by the usual freeze-pump-thaw method,
and placed in a quartz cylindrical cell, 1.5 cm in

used for the flash illumination has been described
elsewhere.) The electric energy of a flash was
about 430 J. The profile of the flash is shown in
Fig. 2. A concentrated aqueous solution of sodium
nitrate was used as a filter solution, which absorbed
the light in the region shorter than 340 my, so that
the perylene was excited only in the region of its
1L, band.

Flash illumination of the sample through the
filter solution gave a transient absorption spectrum
consisting of two overlapping bands at 576 mu and
538 mu and two others near 490 myu and 480 my
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Fig. 1. Transient absorption spectrum caused by the flash illumination of perylene
(8 x1075M) in an acetonitrile solution. It was measured 10 usec after illumination.
Bands a) and b) correspond to perylene negative and positive ion respectively. Bands
c) and d) indicate the T-T’ absorption of perylene. Spectrum e) indicates absorption
of perylene in the ground state. Spectrum f) is that of the filter solution.
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Fig. 2. The formation and decay curves of transient absorption spectra caused
by flash illumination of acetonitrile solution of perylene.

-[-[J- perylene in the triplet state.

-O-O- perylene anion

-/\-/\- perylene cation

flash profile.
(Fig. 1). Only two bands at 480 and 490 mu  anion and cation formed at a flash energy of about

appeared in the case where nonpolar solvents such
as benzene or methylcyclohexane were used. When
the acetonitrile solution of perylene was saturated
with oxygen, the flash illumination of the solution
resulted in the appearance of only the 538 mu ab-
sorption band. From these results, it is highly
probable that the 480—490 my bands are T—T’
absorption bands and the 576 mu band is due to
a negative ion.

The 576 mu band may be ascribed to perylene
mononegative ion, because it nearly agrees in posi-
tion and shape with the spectrum of the perylene
anion (A,..: 581 my) formed by the action of
sodium metal in a tetrahydrofuran solution.? The
538 mu band is also attributed to the perylene
cation, because it approximately agrees with the
absorption peak at 543 myu of perylene oxidized by
antimony pentachloride in nitrobenzene.) The
490—480 myu bands can be identified with the
triplet-triplet absorption of perylene which Porter
and Windsor found on flash illumination of perylene
in solution.”?  The initial concentrations of perylene

5) P. Balk, G. T. Hoijtink and J. W. H. Schreurs,
Rec. Trav. Chim. Pays-Bas, 76, 813 (1957).

6) J. Hoijtink and W. P. Weijland, ibid., 76, 836
(1957).

7) G. Porter and W. H. Windsor, Proc. Roy. Soc.,
Ser A, 245, 238 (1958).

430 J was estimated to be about 2 X 10-?M from the
absorbances obtained and the molecular extinction
coefficients, 4.3 x 10* for the anion and 4.9x 10¢
for the cation.?®

The absorbances of the transient species were
followed in detail as the function of time. Some
of the results obtained are given in Fig. 2. It was
found that the ion concentrations increased during
the flash illumination which continued for about
15 pusec. The decay of the ions nearly followed the
second-order kinetics (k=7x 10M-1 sec-1). This
result suggests that the decay of the ions is mainly
due to recombination of the cations and anions and
is a diffusion-controlled process.

Three mechanisms may be set up as possible routes
for the simultaneous formation of perylene cation
and anion:

1) Auto-ionization from perylene excimer.
1Pe* 4+ Pe —> (Pe .- Pe)* ~w» Pef, .. + Pegy,.
2) T-T annihilation.

Pe + *Pe v Pe:olv. =+ Pes_olv-

~

3) Two-step (bi-photonic) excitation.
Pe + hy, —— 1Pe* ~~» 3Pe
3Pe 4+ hy, —> 3Pe’ ~w» Pel .. + esorv.

esolv. + Pe — Peg.
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The life time of perylene in the lowest singlet
excited state (*Pe) is 5x 10-® sec and, from this
short life and low concentration of perylene in our
experiment, it is unlikely that collisions of 'Pe* and
ground state perylene (Pe) occur to any appreciable
degree. Therefore, mechanism (1) may be dis-
carded. Also, the probability of formation of higher
excited singlet state of perylene by the S—S’ ab-
sorption is very small.

The second mechanism, T-T annihilation, was
assumed by Kawada and Jarnagin® for the explana-
tion of photo-current of anthracene and phenan-
threne in solutions. In such a process, ions need
collisions of two triplet molecules. As the con-
centration of triplet perylene in our experimental
condition is in the order of 10-®M, the T-T annihila-
tion process must be rather slow and the maximum
of the ion concentration should appear at a time
considerably later than that of the triplet molecules
as seen in the case of Kawada and Jarnagin’s work.
Our experimental result shows that the concen-
trations of the ions increase almost in the same way
as the triplet perylene and reach their maxima al-
ready at about 15 usec after the start of the flash.
Therefore, the second mechanism is also unlikely.

The third mechanism is consistent with the ex-
perimentally obtained rate of production of the ions.
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The ionization potential of perylene has been deter-
mined to be 7.15 eV? in the gas phase. Although
the phosphorescence spectrum of perylene has not
been observed, the lowest triplet state of perylene
is estimated to be ca. 1.6 ¢V from MO calculations.
As the filter solution used in the present experiment
allows entrance of light having energy up to 3.6 eV,
perylene can be excited to a level as high as ca. 5.2
eV by the T-T’ transition. This value seems to be
a little too low for ionization of perylene even in
a solution, based on our experience in the photo-
ionization of aromatics in condensed environ-
ments.1®) In spite of this, mechanism (3) seems to be
the most probable at the moment, as there is no
other strong alternative. Stevens and Walker!)
have studied the photo-ionization of perylene in the
rigid glass and conclude that the ionization poten-
tial of perylene is ca. 5.0 €V in liquid paraffine at
77°K. Photo-electron emission may then occur
from the higher triplet states.

Once an electron is emitted from a highly excited
perylene molecule, the electron can be captured by
another perylene molecule leading to the formation
of perylene anion.1?)
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