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Intramolecular Electron Donor-Acceptor Complexes as a Model for Excited
Termolecular Complexes

By Misaku YosHIDA, Hitosal TATEMITSU, YOSHITERU SAKATA,* and SoicHi MisuM1i
(The Institute of Scientific and Industrial Research, Osaka University, Suita, Osaka 565, Japan)

and HirosHi MasUHARA and NOBORU MATAGA
(Department of Chemistry, Faculty of Engineering Science, Osaka University, Toyonaka, Osaka 560, Japan)

Summary The fluorescence spectra of three triple-layered
and one double-layered compounds (1)—(4) were investi-
gated; it is concluded from the solvent effects on the
spectra that the stacking arrangement donor-donor—
acceptor (DDA) is relevant to the structure of inter-
molecular 2:1 complexes in the excited state.

In a study of electron donor-acceptor systems, where the
donor (D) is a methyl-substituted benzene or l-methyl-
naphthalene and the acceptor (A) is 1,2,4,5-tetracyano-
benzene (TCNB) or p-dicyanobenzene, it has been found
that 2:1 donor-acceptor complexes are formed in the
singlet excited state.!»* Two possible structures have
been postulated for such termolecular complexes, namely
D+A-D <—— DA-D*and (DD)*A~. On the basis of solvent
effects! on both fluorescence and Sp<-S; absorption
spectra,? one plausible structure for the complexes is assumed
to be (DD)*+A-.

TaBLE. Fluorescence band maxima, in 10® cm~?, of (1)—(4) in
several solvents at room temperature

Solvent
(dielectric constant) (1) (2) 3 (4)
Cyclohexane (€ 2-02) 21-7 22-0 23-1 24-6
Ether (e 4-34) .. 206 21-2 23-0 24-1
Tetrahydrofuran (e 7. 58) .. 196 20-2 22-9 23-5
Acetonitrile (e 37-5) 18-2 18-9 22-7 22-6

In order to obtain further information about the geo-
metrical structure of the excited termolecular complexes,
we have prepared three triple-layered compounds (1)—(3)
in which one A and two D units are fixed face-to-face in
the orientations DDA (1 and 2) and DAD (3), as well as
a double-layered compound (4). The structures of all new
compounds were determined by mass, i.r., n.m.r.,, and u.v.
spectra and elemental analysis. The synthesis of (1)—(4)
will be reported elsewhere.

The electronic absorption spectra of (1)—(4) are almost
independent of the polarity of the solvent, indicating that
the ground state is non-polar. The layered compounds

(1)—(4) show broad and structureless fluorescence bands
in various solvents. Marked red shifts of the bands for (1),
(2), and (4) are observed as the solvent polarity increases,
but with a decrease in intensity (see Table). The red shifts
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(cm™1) in changing from cyclohexane to MeCN are 3500
for (1), 3100 for (2), 2000 for (4), but only 400 for (3), which
indicates that the S; states of (1), (2), and (4) are quite



588

polar, but that of (3) is not, although a plot of vmax
(fluorescence) against the solvent polarity parameter f(e,n)3
showed some deviation from linearity.

The fluorescence band of the termolecular complex
formed from TCNB and toluene shows a shift* of 3500 cm—!
with the increase in solvent polarity in changing from
cyclohexane to o-dichlorobenzene (€ 9-9). Thus, the solvent

t H. Beens and A. Weller, Chem. Phys. Letters, 1968, 2, 82.
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effect on this intermoleular complex is very similar to that
on (1) and (2), but not (3). Consequently, the present work
provides strong evidence that the intermolecular 2:1 com-
plex between toluene and TCNB has the structure (DD)+A~
in the excited states.
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