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Recently, we have studied the quenching of
pyrene fluorescence by several electron acceptors
and donors in polar solvents.?) We have observed
extraordinary strong quenching in the case of
pyrene-TCNE-acetonitrile system, where the value
of § in the equation of relative fluorescence yield,
7'[p=0/(14ks[B]), is remarkably smaller than
unity. We have further confirmed that £, is not
simply proportional to the diffusion coeflicient, D,
at low temperatures, i. e., k,oc D™ (m(1) in contrast
to other systems where k,ocD. These facts for
pyrene-TCNE system have been given a tentative
interpretation that somewhat long range electron
transfer process in a quite loose encounter pair is
involved in the reaction.!

As we have pointed out previously,? the mecha-
nism of fluorescence quenching reaction due to the
electron transfer process in a polar solvent may be
discussed on the basis of Marcus’ theory of electron
transfer.Y) According to Marcus,®®) the reaction
scheme may be written as,

ks
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A* £ B == A*..B 7= A*..BF — )

ka kg
T
Then, we have,
kg = ky[[1+ (k- 1/k) + (k-sk- alkaks)]
= ky[[14 (k_1/k;°) exp(AF*|RT)
+ (k-1/ks)exp(4F°|RT)] @)

where k,=kexp(—AF*|RT), ky/k_y=exp(—AF°/
RT), AF* and AF° are respectively the free energy
of activation and the standard free energy for the
electron transfer process. Rehm and Weller? have
shown by measuring &, for many systems that £,
is nearly constant and equal to 1.6X 10°M1sec™
for AF°<—10 kcal/mol while it becomes much
smaller for 4F°>—10 kcal/mol. They have derived
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also numerical values for rate constants of Eq. (2)
and equations for AF* in terms of AF°, which re-

produce satisfactorily the observed &, values. AF°
value can be estimated by Eq. (3),
AFY = E®(B) — EC)(A) — C — AE(A*)
or 3
AF® = E®(A) — EC)(B) — C — AE(A¥)

where E®) and E©) are oxidation and reduction
potentials of electron donor and acceptor, respec-
tively, AE is the excitation energy of A to the
luminescent state and C is the coulomb interaction
energy in A*...B¥. C is approximately given by
C=¢%[eR,;, where R, is the inter-ionic distance and
¢ is the dielectric constant of solvent.

For several pyrene-quencher systems in acetoni-
trile, we have evaluated 4F° as follows. E®) and
E©) values in acetonitrile solution were taken from
literature.” R,, was assumed to be 7A. (Even if
we take somewhat smaller or larger value for R,;,
our conclusion in this report remains unchanged.)
Then, AF° values are —2.5 ¢V, —1.5 eV, —0.45 eV
and —0.55 eV for the quenchers TCNE, TCNB
(tetracyanobenzene), p-DCNB (p-dicyanobenzene)
and DMA (N,N-dimethylaniline), respectively.
TCNE, TCNB and p-DCNB work as electron ac-
ceptors while DMA works as a donor.

If the |4F°| value is very large just as in the case
of pyrene-TCNE system, it might be possible that
the electron transfer reaction occurs not only to the
ground state of A*...B¥ but also to its various excited
states when the ion radicals have low energy excited
levels. The pyrene cation and anion radicals have
presumably three excited levels in the range of
excitation energies of 1.5—2.0 ¢V and 1.3—2.0 eV,
respectively.®) Accordingly, the standard free ener-
gies of the electron transfer processes leading to the
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excited states of A*...B¥, are all lower than —0.5 eV,
in the case of pyrene-TCNE system. Thus, there
are presumably four reaction paths of electron trans-
fer, all of which have the rate constant of 1019m—1
sec.™. On the other hand, only the electron
transfer process to the ground state of A*...B¥ is
possible when TCNB, p-DCNB and DMA are used
as the quenchers. In these cases, the rate constant
of the reaction to the excited states of A*...B¥ is
much smaller than 10m~!sec™! according to the
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treatment of Marcus.?)

From the reasoning described above, the reaction
in the case of pyrene-TCNE system may be a multi-
channel process, the rate constant of which is the sum
of four rate constants, k":}:‘k‘“' Accordingly, it

may be possible for the electron transfer process
from the excited pyrene to TCNE to occur at much
larger intermolecular distance compared to the case
of the other single channel systems.






