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Synopsis. Quenching of triplet states of pyrene and
other aromatic hydrocarbons by metal ions in caffeine-
solubilized aqueous solution was investigated. The con-
comitant formation of aromatic cations was observed on
quenching of triplet pyrene by Hg?* and Fe®t and triplet
phenanthrene and benz[s]anthracene by Hg?+.

To the reactions between excited states of aromatic
hydrocarbons and metal ions have been paid attention
from the viewpoint of their application to solar energy
conversion based on the photo-induced electron trans-
fer reactions. However, such charge separation with
metal ions was known only for the triplet states of
thiazine dyes.!=% Recently, we have reported reduc-
tion of metal ions with the excited singlet state of
pyrene solubilized in aqueous solution of caffeine.?)
The experiments performed in aqueous solution are
of greater advantage than those in organic solvents
in regard to dissolving various metal ions. In the
present paper, we report a study on quenching of
triplet states of pyrene and other aromatic hydrocar-
bons by metal ions in caffeine-solubilized aqueous
solution. The results indicate that electron transfer
occurs from the triplet state of pyrene to Hg?t and
Fe3+ whose reduction potentials are rather low. Other
metal ions were not reduced, although they quenched
the triplet state of pyrene to a certain extent.

The apparatus using a frequency doubled Q-switched
ruby laser and experimental procedures have been
described in the previous paper.?) Figure 1 exhibits
oscilloscope profiles representing the decay of the py-
rene triplet state and concomitant growth of pyrene
cations on quenching by Hg?+. The assignment of
the growing species to the pyrene cation was based
on its absorption spectrum.® The concentrations of
pyrene cations and pyrene triplet states were estimated
from the absorbances at 450 and 414 nm using re-
ported values of extinction coefficient.”®) The yields
of the cation originating in the excited singlet state,
which also contribute to the observed cation yields in
the time region of Fig. 1, were given in the previous
report.%

The bimolecular rate constant for triplet-quenching
(k,) was obtained from the observed pseudo-first-order
rate constants;

kobsd = ko + kq[M”+]’
where [M™+] is the concentration of metal ions. The

reaction of the triplet state (®P) with metal ions is
expressed by Reactions 1 and 2.
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Fig. 1. Oscilloscope traces after laser excitation ob-

served at 414 and 450 nm, which correspond to ab-
sorption peaks for pyrene triplet state and pyrene

cation, respectively.  [Pyrene]=0.04 mM, [Hg-
(NO,),]=1.0 mM, and [caffeine]=60 mM.
Fig
3P + M2+ —— P 4+ M=z, (1)
£
3P + Mnt+ —2y P+ 4 M-D+, (2)

for which
ky = kyq + kg

Quenching rate constants £, measured for the reac-
tions of the triplet state of pyrene with some metal
ions and for the reactions of the triplet states of phe-
nanthrene (®Phe) and benz[a]anthracene (3BA) with
Hg?+ are shown in Fig. 2 as a function of the free-
energy change (AG°)%9 of the charge transfer reaction
(Eq. 2). For Eudt, Zn2%t, Cd%+, TI+, and Tb3+, the
experimental values for £, were less than 108 M-t
s71. Rate constants for pyrene fluorescence quench-
ing as well as a theoretical curve which has been dis-
cussed in the previous report® are also shown in Fig.
2. The theoretical curve implies that electron transfer
occurs with an activation energy of 0.75eV in the
case of AG°=0¢eV.9

The fraction of charge transfer, which is expressed
by the ratio of the rate constants, &, /k,, is calculated
as the ratio of an increment of the pyrene cations
to a decrement of the triplet state in the quenching
process. The charge transfer fractions were more than
0.9 for Hg?** and Fe®t, and less than 0.1 for Cu?+,
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Fig. 2. Plot of log £ as a function of the free energy
change(AG®°) for electron transfer reaction from ex-
cited states of pyrene to metal ions. Open circles
and crosses show the reaction rates for triplet state
and excited singlet state® of pyrene, respectively.
3Phe and 2BA are triplet states of phenanthrene and
benz[a]anthracene.

Ni?+, Fe?*, and Co?t. For metal ions by which hy-
drocarbon cations were formed, the experimental points
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for triplet excited states are located on the theoretical
curve presented for singlet excitated states.®) For the
other metal ions, the experimental points are not
located on the curve but above it, indicating existence
of some efficient quenching mechanisms other than
the electron transfer mechanism. The mechanism pre-
sented previously®) for triplet state formation on fluo-
rescence quenching may also be applicable to the
mechanism of singlet state formation on phospho-
rescence quenching in this case. Further experiments
for various metal ions will afford much information
concerning the quenching mechanism which is ap-
plicable to both singlet and triplet excited states.
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