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Synopsis. The spectra of the anion radicals of tetra-~
cyanoquinodimethane and tetracyanoethylene formed on
porous Vycor glass change by introducing O, at 77 K. The
main features are broadening and slight energy shift of the
bands and appearance of a new band. These changes are
explained by assuming the charge transfer interactions between
O, and the anion radicals.

Anion radicals are expected to act as strong electron
donors, since their ionization potentials are very low. It
is expected therefore that they interact or react easily
with O,, a weak electron acceptor. Tsubomura et al.
studied extensively the charge transfer (CT) interactions
between O, and a large number of organic molecules.»2)
In this paper, the interactions between O, and anion
radicals of tetracyanoquinomethane (TCNQ) and
tetracyanoethylene (TCNE) formed on Vycor glass are
reported.

TCNQ and TCNE were adsorbed on porous Vycor
glass plates in vacuo and their anions were produced by
introducing triethylamine. The electronic absorption
spectra of the anions agreed well with those reported in
the literature.%® The sample was cooled down to 77K
and oxygen was introduced into the sample cell, since
these anion radicals react easily with O, at room tem-
perature.
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Fig. 1. Absorption spectra of TCNQ- at 77 K before

(-——-) and after ( ) the introduction of O,.

Figure 1 shows the electronic absorption spectra of the
anions before and after the introduction of O, at 77 K.
The band systems at ~15000 cm~? showing some vibra-
tional structures are attributable to the first excited state
of TCNQ-.9 The strong band systems centered at
around 25000 cm? is attributable to the second excited
state of the anion. The weak absorption at 20500 cm—?
might be due to an impurity because it cannot be observ-
ed in the spectrum of TCNQ~.%

*  Present address: Nippon Paint Co., Ltd., Osaka.

The spectra show that the second band system of the
anion becomes broad and the first one shifts slightly to
red (~50 cm™1), its intensity decreasing by the introduc-
tion of O,. It is also shown that the absorption from
18000 to 22000 cm~! swells, suggesting the appearance
of a new absorption band. When O, is removed, the
spectrum is mostly restored, showing that these spectral
changes due to O, are reversible. Swelling of the
absorption around 18000—22000 cm-! with the intro-
duction of O, and its reversibility with removal of O,
were also observed in the case where N,N,N’,N’-tetra-
methyl-p-phenylenediamine was used as a reducing
agent instead of triethylamine.
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Fig. 2. Absorption spectra of TCNQ- at 77 K before
(——--) and after ( ) the introduction of O,.

Figure 2 shows similar results on TCNE-. The
vibrational structure characteristic of TCNE~ almost
disappears upon introduction of O,, and the absorption
around 20000 cm~* swells, suggesting the appearance of
a new band. The reversibility with O, removal was
also observed.

These results can be explained by assuming weak
charge transfer (CT) interactions between O, and the
anion radicals (A-). The vertical CT energy (E&r)
from A- as an electron donor to O, can be expressed
by

ES = I3(A7) — EX(Oy) + P(A--Op7) — P(A™--0y) (1)

where I} and E} are the vertical ionization potential and
the vertical electron affinity, respectively, and AP=
P(A--Oy")—P(A—--O,) represents the change in the
polarization energy during the optical transition. Tak-
ing I¥(A-) to be roughly equal to E.(A), I3 (TCNQ-)
and IY(TCNE-) are estimated to be 1.7 eV and 2.0
eV,1? respectively. The adiabatic electron affinity of
O, was determined to be 0.43 eV.13 The vertical one,
E}(O,), is probably a littly negative.)) As a counter
balance to the adoption of E,(A) values for I3(A-)
which must cause some underestimation, it seems most
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appropriate here to take E}(O,) to be roughly zero.
Inspite of the difficulty in evaluating the polarization
energies rigorously, it seems reasonable to assume 1.0 eV
for the value of AP.1) Under these evaluations, the
transition energies E¢; for TCNQ----O, and TCNE---
O, are obtained as 2.7 eV (22000 cm~?) and 3.0eV
(24000 cm™1), respectively, in fair agreement with the
spectral position where swelling occurs.

The reversible change of the absorption spectra
around 20000 cm—! for both anions is thus reasonably
attributable to the CT interactions between O, and the
radical anions. The small red shift and intensity change
for the first band of TCNQ:~ and the broadening of the
band shape in both cases are then explained by the CT
interaction between O, and the anion radicals.
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