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Light-induced electron transfer in multicomponent systems and
polychromophoric molecules is a subject of current interest.*!
In nonpolar media, a photoexcited molecule may react with a
ground-state molecule in a specific orientation yielding an exciplex
which may be characterized by its fluorescence.!! Exciplexes
may be deactivated by another ground-state molecule, and it has
been suggested that electron transfer may play a role in this
deactivation (e.g., reaction 1 where A* is an excited acceptor and

A* + D = [A* - D] — A~ + D + D*. 1)

D is a donor).*® However, this suggestion was not supported by
any direct experimental evidence. A photoexcited molecule may
react with a ground-state molecule to undergo electron transfer
at an encounter distance yielding a radical ion pair in polar media
(e.g., reaction 2)."! These radical ions tend to undergo rapid back

encounter distance

A*+D A~ + D* (2

acetonitrile
electron transfer to revert back to substrates in their ground state
or triplet state (e.g., reaction 3).'2!3 In order to convert light

A+ D" —3AorA+D 3)

energy into chemical energy in an efficient manner, the rate of
back electron transfer must be controlled or retarded. In this
investigation, we examined the reactive intermediates generated
from photoexcited polychromophoric systems by kinetic spec-
troscopy. The compounds used were 1-3 containing an anthryl
group as the photoexcited acceptor and one or two dialkylanilino
groups as the donor(s).*'*'¢ The intermediates derived from these
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photoexcited compounds, the anthryl radical anion, dialkylanilino
radical cation, and anthryl triplet all exhibit well-defined ab-
sorption characteristics.!”'® This paper demonstrates that an
exciplex may undergo electron transfer with another donor
molecule in dichloromethane and the lifetimes of ions generated
in such a system are substantially longer than the lifetimes of ions
from analogous electron transfers in polar media.

Nanosecond transient absorbence measurements were per-
formed with a spectrometer of conventional design, utilizing, a
frequency tripled Nd-YAG laser.® The laser generates a 355-nm,
5-mJ, and S-ns (fwhm) pulse at 10 Hz which determines the
limiting time resolution for the measurements. Similar experi-
ments were performed on a picosecond time scale using a dual
beam spectrometer employing multichannel detection. A 600-nm,
2.5-mJ and 2-ps (fwhm) pulse at 10 Hz frequency doubled to yield
a 140-uJ pulse at 300 nm. The residual 600-nm light was focused
into a cell containing D,O to generate the picosecond white light
pulse used in the spectroscopic measurements.?! Solutions con-
taining 5 X 10 M of the samples were circulated through a 1-mm
curvette at a rate sufficient to ensure the excitation of a new sample
for each pulse from the laser. The formation and decay of the
anilino radical cation as well as that of the anthryl anion were
monitored at 470'7 and 700 nm,'® respectively. The formation
of anthryl triplet was monitored at 425 nm.'> The data were
collected and analyzed with a PAR OMA-II detector controlled
by a DEC LSI-11/73 computer. The results are tabulated in
Table 1.

The data from Table 1 clearly demonstrate that the properties
of photoexcited 1 and 2 in acetonitrile, a polar solvent, are
pratically identical, while those of 3 are in agreement with previous
findings.22*  All these compounds exhibit extremely rapid rises
in absorption of the order of 5-10 ps in the regions where radical
ions absorb followed by a rapid decay to form either the ground
state or the triplet state of the substrate (270 ps—2.5 ns).?®
However, the properties of photoexcited 1 in dichloromethane
differ from those of 2 in that 1 undergoes electron transfer to
generate radical ions while 2 does not. Photoexicted 2 exhibits
an appreciable exciplex fluorescence (A, 530 nm, ¢;0.12, 728
£ 1 ns) in deaerated dichloromethane. Although photoexcited
2 also yields a broad and weak absorption at 700 nm, it decays
with the same lifetime as that of the exciplex which corresponds
to the risetime of the anthryl triplet absorption. The results
indicate that the exciplex from 2 undergoes intersystem crossing
without passing through the intermediate stage of radical ions.
Photoexcited 1 exhibits a very weak exciplex fluorescence (A,
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Table I. Excited State Behavior of 1-3
1 2 3
In Dichloromethane

fluorescence

Amax 530 nm 530 nm 552 nm

oF <0.01 0.12 b

T <2 ns¢ 28 = 1 ns b
absorption

470 nm, -rdmy" 19 £ 3 ns e b

700 nm, 74e,,*% 20 £ 1 ns 28+ 2 ns b

425 nm, 7,.° 21 £ 2 ns 27 £ 2ns b

In Acetonitrile

absorption
470 nm, Tgecay® 20+ 02ns 20x03ns 270+ 30 ps
700 nm, 20+ 03ns 1.6x04ns 270+ 30 ps

Tdecay ©

425 nm, frisﬁl 18£03ns 25+04ns e
In deaerated solution. ?Not measured. ¢Calculated from the
quantum yield and the radiative lifetime of 1. ¢Rise time is <2 ns or
instrument limiting. ¢No appreciable absorption detected with our in-
struments. /The values were the same within experimental error when
they were measured over a 10-nm range. £Rise time is 10 ps or less,

see also ref 19-21.

530 nm, ¢ < 0.01) in dichloromethane but yields the absorptions
of both the dialkylanilino radical cation and the anthryl radical
anion. Furthermore, in contrast to radical ions generated from
photoexcited 1-3 in acetonitrile, the radical ions generated from
1 in dichloromethane exhibit a lifetime of 20 £ 3 ns, 10~75 times
longer than those generated from 1-3 in acetonitrile, and annihilate
to give anthryl triplet among the products (risetime, 21 £ 1 ns).
All these times are about an order of magnitude longer than the
estimated lifetime of the intramolecular exciplex form 1.
[Arene*—dialkylaniline] exciplexes are highly polar systems
which exhibit a dipole moment of approximately 10-13 D;!626
therefore, the exciplex exhibits a high effective polarity in its
vicinity even in a nonpolar solvent. Since a photoexcited molecule
is known to react with a donor to generate an ion pair in a polar
environment, it is not surprising that a donor molecule will react
with an exciplex in a nonpolar medium in view of this high effective
polarity, while an excited “nonpolar” uncomplexed aromatic hy-
drocarbon cannot. The ion pair generated from 1 in this inter-
action differs from the intimate ion pairs generated from 2 and
3in that the average distance between the donor and the acceptor
is increased which may retard the back electron transfer (reaction
4). A similar suggestion has been made by Mataga and his
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co-workers independently on a linked polychromophoric system
containing one porphyrin group as the photoexcited donor and
two quinoid groups as the acceptor.®?’ Since amine dimer cation
radicals have been implicated as intermediates in the exciplex
quenching processes,>?® the anilino intermediate detected in our
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study may be such a species. The longer lifetime of ion pairs
formed from excited 1 in dichloromethane may also be caused
by the delocalization of the charge between the two anilino groups.

In conclusion, our investigation of the photochemical behavior
of polychromophoric systems containing an anthryl group and one
or two dialkylanilino groups demonstrates that the presence of
the second anilino group promotes the electron transfer of ar-
ene—amine exciplexes to generate radical ion pairs in dichloro-
methane. These ion pairs exhibit an appreciably longer lifetime
than the ion pairs generated from the electron transfer of pho-
toexcited bichromophoric analogue in polar media. The results
will assist us in the construction of other sytems which may yield
radical ions of even longer lifetimes. Such an investigation may
lead to a better understanding of the conversion of light energy
into chemical energy via electron transfer among organic com-
pounds.
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Semibullvalene SBV, (1) is a hydrocarbon, discovered by
Zimmerman and Grunewald,* remarkable for undergoing a rapid
degenerate Cope rearrangement at =150 °C.>%¢ We were led to
investigate its higher temperature thermal behavior in connection
with separate studies of the isomeric molecules, cyclooctatetraene
(COT, 2)* and cubane.”> There are conflicting reports of the
product of SBV (1) decomposition. Two studies®’ claim COT
(2) as the product while a third states that it reacts reversibly to
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