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Fluorescence Quenching of Rhodamine Through
Single-Electron Transfer from Trivalent
Phosphorus Compounds

SHINRO YASUI, MUNEKAZU TSUJIMOTO?, KENJI ITOHP and
ATSUYOSHI OHNOQOP

ATezukayama College, Gakuen-Minami, Nara 631-8585, Japan and Slnstitute Jor
Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan

Fluorescence from rhodamine 6G in the photoexcited state (Rh**) was quenched by sin-
gle-electron transfer (SET) from various types of trivalent phosphorus compounds Z;P in
aqueous acetonitrile. Dependence of the quenching rate on the oxidation potential of Z3P
suggests that the SET from Z3P to Rh*” is followed by a rapid reaction of the resulting radi-
cal cation Z3P"*with water in the solvent.

Keywords: trivalent phosphorus compounds; single-electron transfer; fluorescence quench-
ing; rhodamine

INTRODUCTION

Single-electron transfer (SET) is a fundamental process in chemical reac-
tions. Many Kinetic studies have been performed on the SET reactions
of various types of compounds to find relationship between Kinetics and
thermodynamics of the SET process. However, SET processes occur-
ring from trivalent phosphorus compounds (Z3P) have never been in-
vestigated Kinetically, although Z3P undergoes SET casily to an clectron-
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deficient compound.{!]

Rhodamine 6G (Rht) is photoexcited to its singlet excited state
Rh** upon irradiation at 525 nm, fluorescence from which is quenched
by SET from an electron donor.  We tried the photoreaction of Rh* with
Z3P and found that SET from various types of Z3P to Rh** takes place
to quench the fluorescence from the latter.  The reaction system is conve-
nicnt to elucidate how the rate of SET from Z3P is regulated by an elec-
tronic and geometric structure of the compound; the rate is evaluated by
the quenching rate constant, which can be easily obtained based on the
Stern-Volmer analysis. We herein present preliminary results concern-
ing the fluorescence quenching of Rh#* by SET from Z3P, showing the
dependence of rate of the SET on the oxidation potential of Z3P.

RESULTS AND DISCUSSION

Rhodamine 6G (Rh*) was photolyzed at 525 nm in the presence or ab-
sence of Z3P in aqueous acetonitrile under argon atmosphere at 20°C. It
was found that the fluorescence from Rh* in the photoexcited state
(Rh**) occurring at 545 nm is quenched by Z3P, and the Stern-Volmer
analysis gave a constant kqro for each compound, where kqis a quench-
ing rate constant and g is a fluorescence lifetime of Rh+* in this solvent.
Rhodaminc B, a dye structurally very close to Rh* used here, has a fluo-
rescence lifetime of 2.38 ns in methanol.[2]  Taking this value also for
Rh** in aqueous acetonitrile, we can evaluate kqvalues. The logarithm
of kqthus evaluated is plotted against Ep, the oxidation potential of Z3P
determined by cyclic voltammetry,Bl in Figure 1. As E, decreases,
logkq increascs to reach a plateau; kqin the plateau region is about 1010
M-1s-1 which is nearly equal to a diffusion-limited rate constant for SET
in solutions.

Most likely, the quenching results from SET from Z3P to Rh+*
(Eq.(1)). That is, Z3P and Rh+** form an encounter complex (k12),
within which the SET occurs to quench the fluorcscence from Rh**
(k23), and the radical cation Z3P*+ generated reacts with water in the
solvent (k3p). The conversion of the resulting phosphoranyl radical
Z3P*-OH to Z3P=0 is a highly exothermic process (Eq.(2)).l1 In
support for this mechanism, when the methanol solution of Rh* and
triphenylphosphine Ph3P in equimolar amounts (5 x 10-3 M) was irradi-
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ated with the light of >450 nm, triphenylphosphine oxide Ph3P=0 was
given as a sole product. Thus, SET from Ph3P to Rh** gives the radi-
cal cation Ph3P*+, which reacts with methanol to eventually give the
observed product, Ph3P=0.
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Figure 1. Dependence of logkq on E;, of Z3P.
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SET reactions taking place via the sequence shown by Eq.(1) gives
different kinetic behaviors depending on thermodynamics of cach step. [
Thus, when SET step (k23) is exothermic (AGa3 < 0),

kq= ki 3

is given, indicating that the quenching rate is diffusion-limited in_this
case. Mecanwhile, when SET step is endothermic (AG23 > 0) and an
irreversible chemical reaction takes placc as k3g step (i.e., k32 << k30),
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kq= K 12kiexp(-a AG23/RT) = K 12kiexp(~ FAEO/RT) (O < <( ; ))
is eventually obtained with the aid of the Horiuchi-Polanyi equation.
Here, K13 = k2/ks) and exp(-AG23/RT) = K23 = kp3/k3,, and kj is the
quenching rate constant when AG23 = 0. Eq.(4) predicts a lincar corre-
lation between logkq and AEO with a slope of ~aF/(2.3RT) in this case.
On the other hand, if k3¢ step represents any mode of reactions resulting
in disappearance of the radical pair (not only an irreversible chemical
reaction), kqis cxpressed by Eq.(5), instead of Eq.(4), when G23 > 0.15]

kq= k30K 12¢xp(-FAEO/RT). (5)

Eq.(5) predicts the slope in the plot of logkqvs AO to be —F/(2.3RT) (=
~17 at 20°C). In fact, many types of electron donors undergo SET
whose kinetics follows this prediction,

Figure 1 shows that kqis diffusion-limited when Ep(Z3P) < 1.3 V
vs Ag/Ag* in the present reaction. More importantly, when £, > 1.3 V,
a linear correlation is scen between logkq and Ep°* with the slope of
~3.7. Clearly, the observed kinetics follows the predictions by Egs.(3)
and (4) (not the prediction by Eq.(5)), since AEQ = Eg(Z3P) — Eo(Rh+™)
= Ep(Z3P) - Ep(Rh**). That is, k30 step in Eq.(1) is highly exothermic,
thus providing the condition k32 << k30. In addition, we have deter-
mined Eg(Rh**) = 1.2 V vs Ag/Ag*. Therefore, the point at which the
kinetic behavior is changed is quite reasonable.

In conclusion, this study has shown that Z3P undergoes SET to
Rh** to quench the fluorescence from the latter; the SET step is followed
by a rapid reaction of the resulting radical cation Ph3P*+ with nucleophile
in the solvent.
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