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Evidence for the Formation of Emissive A-D-D' Triplexes

in Quenching of 1,4-Dicyanonaphthalene-Arene Exciplexes by Olefins1)

Yasuhiro MASAKI, Shozo YANAGIDA, and Chyongjin pac”®
Department of Chemical Process Engineering, Faculty of Engineering,

Osaka University, Suita, Osaka 565

Evidence for the intervention of emissive triplexes has been
presented for quenching of 1,4-dicyanonaphthalene-arene exciplexes
by aromatic olefins. Chemical implications of the triplexes are
discussed in relation with reactivities of olefins in geometric

isomerization and dimerization reactions by charge transfer.

Termolecular interactions in an electronically excited state are important in

a variety of photophysical and photochemical phenomena, e.g., selective quenching

4-6) photosensitized

10)

of exciplexes,2'3) enhanced charge separation of exciplexes,
dimerization reactions,7'9) and photosensitized Diels-Alder reactions. One of
us (C.P.) also reported that the photosensitized reactions of diarylcyclobutanes
and quadricyclane by 1,4-dicyanonaphthalene (DCN) in aromatic hydrocarbon (ArH)
solvents proceed via DCN-ArH-substrate termolecular interactions in the excited
singlet state involving the intervention of hypothetical triplexes 1[A-D'D']*
different from usual A-D-D and A-A-D triplexes supposed in the other reactions.11)
Although a few reports have appeared on emissive A-D-D triplexes,12'13) there has
been no convincing evidence for the formation of discrete A-D-D' or A-A'-D trip-
lexes. In this paper, we wish to show evidence for the formation of emissive
A-D-D' triplexes in quenching of DCN-ArH exciplexes by aromatic olefins.
Excited-singlet DCN (1DCN*) forms emissive exciplexes with benzene and methy-
lated and methoxylated benzenesj1'14) The exciplex emissions were quenched by
a variety of olefins at rate constants increasing with the decrease of ionization

potential of the olefins or with the increase of ionization potential of aru.15)

Quenching of the DCN-ArH exciplex emissions by several aromatic olefins accompa-
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nied the appearance of new emissions at

longer wavelength as shown in Fig. 1.

It is reasonable to presume that the new
emissions are assignable to either DCN-
ArH-olefin triplexes or DCN-olefin excip-

lexes formed by the substitution of DCN-

ArH exciplexes with the olefins.16)
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the new emissions, therefore, we deter-

mined emission properties of DCN-trans-

Fig. 1. Corrected emission spectra of
the DCN-benzene-trans-2-methylstyrene
system following concentration of the
olefin; [DCN]=2xlO"“ mol dm~® in de-

aerated benzene.

In order to identify the origin of

B-methylstyrene and DCN-trans-anethole

exciplexes in either cyclohexane or

Table 1. Properties of Emissions from DCN-Olefin Exciplexes and from DCN-ArH-
Olefin Triplexes
Lefs Emiss a) M) c) d) ; e)
Olefin (D) mission source Solvent Amax/nm TEM/nS Pem TEM /ns
1 (penmpte CeHy,p 437 6.0 0.079 76
Bu20 448 10.7 0.068 157
t - g-Methyl-
transsp-Methyl PhH 462 22.3  0.13 172
styrene L ipen"arn (3784584 1w/ phye 456 22.1  0.13 170
C6H3Me3 449 17.9 0.091 197
l[DCN‘D+]* C6H12 502 20.0 0.057 350
Bu20 565 12.5 0.028 440
trans-Anethole
PhH 530 17.0 0.022 778
L ioen"ark (278 +p8* )« {phme 524 19.3  0.026 753
C6H3Me3 530 20.8 0.029 715
a) C6H12 = cyclohexane, Bu20 = dibutyl ether, PhH = benzene, PhMe = toluene, and

C_H Me, = 1,3,5-trimethylbenzene. b) Emission maxima.

673 "3
lifetimes.

c) Observed emission

d) Emission quantum yields. e) Natural radiative lifetimes.
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dibutyl ether as well as those of the new emissions from the DCN-ArH-olefin
systems in neat ArH. The observed quantum yields (@EM) and lifetimes (tgy)
give the natural radiative lifetimes (T%M =TEM/¢EM) which are essential for the
assignment of the new emissions. As shown in Table 1, the T%M values of the new
emissions are substantially longer than those of the DCN-olefin exciplexes in
cyclohexane and even in dibutyl ether, which is a more polar solvent than any of
ArH, thus demonstrating that the new emissions should be assignable to DCN-
ArH-olefin triplexes. The triplex formation appears to be rather general in
quenching of DCN-ArH exciplex emissions by aromatic olefins.15)

It was confirmed that neither geometric isomerization nor cyclodimerization
of the olefins shown in Scheme 1 1is photosensitized by DCN in cyclohexane,
dibutyl ether, or neat ArH (benzene, toluene, xylenes, and mesitylene) under con-
ditions where the DCN fluorescence or the DCN-ArH exciplex emission was completely
quenched by the olefins.'>) It is therefore evident that the singlet exciplexes
and triplexes do not undergo intersystem crossing to generate olefin triplets.

The lack of any chemical reaction in the present photosensitization is in sharp
contrast to the stereomutation of 1-phenoxYpropene17) and the cyclodimerization of
phenyl vinyl ether'8) and anethole19) via cation-radical species. Presumably
population densities of positive charge and/or excitation energy on the olefins in
the exciplexes and triplexes are not high enough to effect twisting of the C=C
bonds nor to allow the addition of a neutral olefin molecule to the charged one in
the excited complexes. It should be also taken into consideration that the life-

times of the exciplexes and triplexes (< 22 ns) are much shorter than those of

photogenerated free cation radicals (usually > 1 us).
n,.

L(DOND*1# or LIDCNTAFR DO e 2&{ + DCN (+ ArH)
Y& ~ \

< 22 ns
hv

(- hv' and heat) + DCN (+ ArH)
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Scheme 1.
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