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Synopsis. On irradiation of 9,10-dicyanoanthracene
(DCA) in the presence of cis-(CS) and trans-stilbene (TS)
in dichloromethane, addition of tetrabutylammonium tetra-
fluoroborate efficiently accelerated production of the radical
cations from CS and TS along with DCA radical anions.

In these several years, much interest has been
paid to the isomerization of aromatic ethylenes sen-
sitized by electron acceptors like 9,10-dicyanoanthra-
cene (DCA).—® In acetonitrile the reaction was shown
to proceed through conversion of cis to trans radical
cations of ethylenes by steady state irradiation®) as well
as transient absorption spectroscopy.”® Recently some
of the present authors found that in dichloromethane, a
less polar solvent than acetonitrile, addition of tetrabu-
tylammonium tetrafluoroborate, BuyN*BF;, (TBTF)
accelerated DCA-sensitized isomerization of cis-(CS) to
trans-stilbene (TS) through quenching of the exciplex
between DCA and CS.% This finding has led us to inves-
tigate the mechanism of the above salt effect by means
of transient absorption spectroscopy and fluorometry as
reported below.

Experimental

Materials. DCA (Tokyo Kasei) and TS (Tokyo Kasei)
were recrystallized twice from ethanol. CS (Nacalai Tesque)
was chromatographed over silica gel eluting with hex-
ane. TBTF (Nacalai Tesque) and dichloromethane (Kanto
Kagaku) were used as received.

Measurement. Fluorescence was measured on a
Hitachi F-4000 fluorescence spectrophotometer. Fluores-
cence lifetimes were determined by single photon counting
on a Horiba NAES-1100 apparatus. Laser flash photolysis
was performed as described elsewhere.'?) The excitation was
done with 425 nm light from a Lambda Physik FL-3002 dye
laser (Dye: Stilben 3, 6—7 mJ/Pulse) pumped by a 308 nm
XeCl Lambda Physik LPX100 excimer laser (10 ns fwhm).

Results

Fluorescence Behavior. The fluorescence of
DCA was efficiently quenched by TS and CS in aerated
dichloromethane obeying the Stern—Volmer relationship
(Eq. 1) with quenching constants, kq7o, of 173 and 170
mol~! dm?® and giving fluorescence of the resulting ex-
ciplex at Apax=581 and 571 nm with lifetimes of 19.2
and 18.9 ns under air, respectively,

Io/T =1+ kq7o[Q] (1)

where Iy and I stand for the fluorescence intensity of a

fluorescer, DCA, in the absence and the presence of the
quencher, CS or TS, &y, the quenching rate constant,
and 79, the lifetime of the fluorescer in the absence of
the quencher. The ky’s were obtained as 1.15x10'°
dm3mol~1s~! for TS and 1.13x10'° dm3 mol~1s~!
for CS; the latter reasonably agrees with 9.6x10°
dm? mol~! s~ as previously determined for CS.” In di-
chloromethane, absorption and fluorescence spectra of
DCA did not show any evidence for its charge-transfer
interaction with TS or CS.

Addition of TBTF (1x1073—1x10"2 moldm~3) ef-
fectively quenched the intensity and the lifetime of
the fluorescence from the exciplex between DCA (1075
moldm~3) and CS (107! moldm™3) as previously
observed” and that with TS (5%1072 moldm~3) with-
out shift of the emission maxima as depicted in Fig. 1
for TS. On the other hand, TBTF did not affect the
fluorescence of DCA, since the fluorescence lifetime of
DCA (15.0 ns in aerated dichloromethane) was essen-
tially unaffected by addition of TBTF (10~3—10!
moldm~3). Quenching of the emission from the ex-
ciplex between ' DCA* and TS or CS by TBTF fits the
Stern—Volmer relation as illustrated in Fig. 1, which
gives the quenching rate constants as 5.9x10° and
5.5x10° dm3 mol~1s~! for TS and CS, respectively.

Transient Absorption. Laser excitation of
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Fig. 1. Stern—Volmer plots for quenching of DCA~
TS and DCA-CS exciplexes by TBTF in CH;Cls.
[DCA]=10"° moldm™3, [TS]=0.05 moldm ™2, [CS]=
0.1 moldm™3. Insert shows the quenching of DCA~
TS exciplex by BusNTBF; (TBTF) in CH:Cl.
[DCA]=10"° moldm™3, [TS]=0.05 moldm™>.
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DCA (10~* moldm™3) in the presence of TS (5x10~2
moldm~2) and CS (5x10~2 moldm~3) in dichloro-
methane under argon at 425 nm afforded transient spec-
tra as depicted in Figs. 2 and 3. Immediately after
the laser excitation, both the emission (around 600 nm)
and the S,«S, absorption of the exciplexes, ! DCA*~
TS and !DCA*-CS (around 500 nm), appeared and al-
most completely decayed in 200 ns (Fig. 2), to give in
subsequent 0.6—50 us the absorptions of 3DCA* (Amax
440, 660, 730, and 805 nm)'V along with weaker absorp-
tions of DCA anion, DCA~" (Amax 640 and 705 nm),'?
and the radical cation of stilbene as observed at 480 nm
for TS*" (Fig. 3a).

Laser excitation under air reduced the absorption of
3DCA*, which enabled one to observe the absorptions
of TS** and particularly CS*" more clearly along with
the absorption of DCA™" than under argon. In DCA-
TS, TST" decayed by second-order kinetics with a rate
constant of 3.9x107 dm3 mol~!s~! attributable to re-
combination with the resulting anion radicals.

On addition of 0.1 moldm=3 TBTF to DCA-TS un-
der argon, the !DCA*-TS exciplex was not observed
in the early stage but the production of TS*" and
DCA~" was accelerated retarding the production of
SDCA*. Moreover, introduction of air further sup-
pressed the formation of 3DCA*. The resulting TS*
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Fig. 2.  Transient absorption spectra observed in
nanoseconds region after the excitation of DCA (10™*
moldm~3) in CH2Cl; under argon with 425 nm laser.
a) in the presence of TS (0.05 moldm™2), b) in the
presence of CS (0.05 moldm™3).
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Fig. 3. Transient absorption spectra observed in mi-
croseconds region after the excitation of DCA (10~*
moldm~2) in the presence of TS (0.05 moldm™3) in
CH,Cl;. a) under argon, b) under air in the presence
of TBTF (0.1 moldm™3).

decayed nearly ten times more slowly than in the ab-
sence of the salt, with a second order rate constant,
2.4x10% dm®mol~!s~! (Fig. 3b). Likewise, in DCA-
CS under air, 0.1 moldm~3 TBTF increased the pro-
duction of CS*" and retarded the formation of 3DCA*;
however, no absorption due to TS*" was observed in
the experimental time region.

In both DCA-TS and DCA-CS, the addition of the
salt tended to increase the yield of TS** and CS**, re-
spectively. Figure 4 plots their absorbance observed 500
ns after the laser excitation against the concentrations
of TBTF. From TS, TST" was increased with the salt
concentration, however, from CS, CST° was increased
until [TBTF] reached to 1.5x1072 moldm~3, and then
saturated.

Table 1 summarized second order rate constants for
the decay of TST* determined in DCA-TS with varying
concentration of TBTF under argon and air together
with the absorbance of TS™" observed 500 ns after laser
excitation.

Discussion

The electron transfer from TS and CS to !DCA* in
dichloromethane will be accompanied by reduction of
Gibbs’s free energy (AG°<0) as estimated by the fol-
lowing equation.!®
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Fig. 4. The observed absorbance (AA) of the re-
sulted TS'" and CS*" against TBTF concentration
after 500 ns laser (425 nm) excitation of DCA (10~*
moldm~3) in the presence of TS (0.05 moldm™?) and
CS (0.05 moldm™2) in CH2Cly under air.
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Table 1. Effect of BusN*BF] Concentration on Sec-
ond Order Rate Constants for Decay of TS*" Re-
sulted from 425 nm Laser Excitation of DCA (1074
moldm™3) in the Presence of TS (0.05 mol dm~3)
in CH2Cly under Air and Argon
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Atmosphere Air Ar
Salt/M®  AA®  k/e 106 AA»  k/e 10° P
0 0.023 14.4 0.031 21.3
0.001 0.096 4.51 0.064 2.85
0.01 0.170 2.18 0.171 1.75
0.1 0.251 1.55 0.221 1.77

a) The initial increase of the absorbance at 480 nm
corresponding to the concentration of resulting TS*".
b) Second order rate constants measured as cms™! on a
transient digitizer. c¢) M=moldm3.

AG® = Eo (TSt /TS or CS*°/CS)
—F:ea(DCA/DCA™")
~Es(DCA) — e?/er + «

where E;(DCA) denotes the singlet excitation energy
of DCA, the term €2 /er corresponds to the Coulombic
energy between the resulting radical cation and anion
separated by distance rin a medium with dielectric con-
stant €, and « is an additional term applied in not very
polar solvents like dichloromethane around 0.2 eV.!®
Based on the values of Eo(TS*'/TS), Eox(CST"/CS),
and FEreq(DCA/DCA™") as 1.49, 1.59, and —0.98 V
vs. SCE in CH3CN, and E5(DCA) as 2.88 eV,'? ad-
dition of the first three terms of the above equation,
Eox — Erea — Es, gives —0.5 and —0.39 eV for TS and
CS, respectively. Further addition of the last two terms
in the above equation will still keep AG® to be slightly
negative for both TS and CS.

In dichloromethane, !DCA* is quenched by TS or CS
to give exciplexes, which either deactivate by the way
of fluorescence emission, internal conversion and inter-
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system crossing as observed by formation of SDCA*,
or dissociate, though not efficiently, into TS*™* or CS*"
along with DCA™".

However, addition of TBTF leads to quenching of the
exciplexes and their dissociation to TSt", CS*™" along
with DCA~" by retarding recombination between these
resulting radical ions. As Table 1 indicates, the sec-
ond order decay rate constant of TST" is remarkably
reduced on addition of 10~ moldm~—3 TBTF, and then
gradually decreased with further increase of TBTF con-
centration irrespective of the atmosphere. These results
show that the radical cations and anions are stabilized
by Coulombic interaction with BF; and BusN*, re-
spectively.

It is noteworthy that in the presence of the salt
the rate constant is essentially unaffected by the at-
mosphere, although the rate constant is slightly higher
under argon than under air in the absence of the salt.
These facts are much contrasted with the recombination
of the radical ions in acetonitrile; the radical ion pair
between 1,4-dicyanonaphthalene anion (DCN~") and
TS** as well as that between DCN~" and 1,4-dimeth-
oxybenzene cation undergo nearly ten times and forty
times slower recombination under air than under argon,
which was ascribed to production of O3 by electron
transfer from DCN~" to oxygen.'®

Therefore, in dichloromethane, a much less polar sol-
vent than acetonitrile, DCA~" does not efficiently un-
dergo electron transfer to molecular oxygen particularly
in the presence of the salt as observed in Fig. 3b, in
which DCA ™" is still sufficiently present under air. This
fact is attributed to special salt effect due to forma-
tion of contact ion pair between DCA~" and BuyN*
in dichloromethane, with smaller polarity than aceto-
nitrile,*¢—!9 which will retard the electron transfer to
molecular oxygen. Likewise, TST* or CS*" forms con-
tact ion pair with BF; . Formation of these contact ion
pairs much stabilizes TSt or CS** and DCA™" there-
fore retarding their reverse electron transfer, rotation of
CS** to TS™ as well as electron transfer from DCA~"
to oxygen. The rate constant for CS** to TS™' may
be smaller than that determined in acetonitrile, 1x10°
s~1 7 probably due to the stabilization of CS™* by BF
which prevents this process from being observed in the
present experimental time region.
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