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Stereoselective Luminescence Quenching in the Complex of Excited Triplet State of A-Tris(2,2'-
bipyridine)ruthenium(IT) with Optically Active Viologens in an Aqueous Solution!
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Stereoselectivity was found in the intracomplex quenching
process between the excited triplet state of A-tris(2,2'-bipyri-
dine)ruthenium(Il) and optically active viologen containing
naphthyl group(s), where the bipyridine ligand interacts with the
naphthyl group of viologen.

Stereoselectivity in the electron-transfer (ET) reaction has been
received considerable attention because of both theoretical basis
and applications, for example, the regulation of the electron flow
in biological systems in which the electron donor and acceptor are
fixed in their orientation.2 The best studied metal complex in the
stereoselective photoinduced ET reactions is a tris(2,2'-bipyri-
dine)ruthenium(Il) ([Ru(bpy)3]%*) ion.3* Homochiral preference
in the photoinduced ET quenching of the excited triplet state .of
[Ru(bpy)3]>* (3([Ru(bpy)3]?*)™) by cobalt(Il[) complexes has
been demonstrated.2® Rau and Ratz have first reported the
stereoselectivity in the luminescence quenching of 3([Ru-
(bpy)3]2)" by optically active viologen, 1-methyl-1'-[(35)-(-)-3-
pinanylmethyl]-4,4'-bipyridinium ion (S-PMVZ*).>  The A-
isomer is preferentially quenched by S-PMV2+.

In this work we present the stereoselectivity in the intra-
complex ET quenching process between 3([Ru(bpy)3]**)" and
optically active viologens containing naphthyl and/or phenyl
groups (1—6). Interestingly we found that 3(A-[Ru(bpy)3]>*)”*
was preferentially quenched by (S, S)-isomers in contrast to Rau's
results.”
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A A-[Ru(bpy)3]Cl2-6H20 complex was prepared by the
previously reported method.* Viologens containing naphthyl
and/or phenyl groups (1 — 6) were prepared by the same method
reported previously.®’ Chloride salts were used for kinetic
measurements. The luminescence decay was followed by a
NAES-500 ns-fluorometer with an excitation at >420 nm
(Toshiba Y44 cut-off filter) for an Ar-saturated aqueous solution.

Figure 1 shows the luminescence decay-profile for the 3(A-
[Ru(bpy)3]2+)*/ (S, S)-NOAV2+ system. Although the sponta-
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Figure 1. YTuminescence decay-profile for the 3(A-[Ru-

(bpy)312+)*/ (S, 8)-NOAV2+ system at 25 °C and 1 = 0.01 mol
dm3. (1) 1.0 x 10° mol dm?3 A-[Ru(bpy)s]?*, (2) in the
presence of 1.00 x 10 mol dm (S,5)NOAVZ*, (3) in the
presence of 2.00x 1073 mol dm3 (S, S)-NOAV2+, and (4) lamp.

neous decay of 3(A-[Ru(bpy)3]**)" was fitted with a single
exponential function, the decay in the presence of NOAV2* or
NPOAVZ* has two exponential components. The fast component
within 20 ns after excitation is a major decay process and
dependent on the concentration of viologen (Figure 1). The
amplitudes of the fast component were 0.34, 0.48, 0.67, 0.75,
and 0.81 for [NOAVZ*]g = 2.5 x 104 mol dm™3, 5.0 x 10# mol
dm3, 1.0x 103 mol dm3, 1.5x 10" mol dm?3, and 2.0 x 103
mol dm3, respectively. The quenching rate was independent of
the concentrations of viologen above 5.0x 104 mol dm™ at 25 °C
and an jonic strength (7) of 0.01 mol dm™: k¢"r2 = (2.4 0.2) x
102 5L, (1.8+0.2)x10% 7L, (1.7£0.1) x 109 571, and (1.5+0.1)
x10% s°1 for (S, S)-NOAV2+, (R,R)-NOAVZ#, (S,S)-NPOAVZ+,
and (R,R)-NPOAV2+, respectively. Moreover, we have the
evidence of red shift in the luminescence spectral maximum by 4
nm on adding 3.0 x 103 mol dm> NOAVZ* with a decrease in its
intensity. On the contrary, no appreciable fast decay component
was observed for the OAV2* systems. These results strongly
suggest that the complex of 3(A-[Ru(bpy)3]2*)" with NOAVZ* or
NPOAV?2+ forms through an interaction between the bipyridine
ligand and the naphthyl group, followed by an infracomplex
quenching of 3(A-[Ru-(bpy)3]%*)" by the bound viologen. The
quenching mechanism can be represented as follows:8
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The values of k¢ for (S,S)-isomers of NOAVZ?* and
NPOAV2+ are larger than those for the (R, R)-isomers (the ratios
are 1.13—1.33). The electronic structure of 3([Ru(bpy)3]2*)" is
[Rulll(bpy~)(bpy)2]**. Therefore, the stereoselectivity may arise
from the charge-transfer interaction between a bipyridine ligand
(probably bpy—) in 3(JRu(bpy)3]?*)” and the naphthyl and/or
phenyl group in viologen. In the case of the quenching of
3([Ru(bpy)3]?*)" by metal complexes, homochiral preference in
the stereoselectivity arises from the interaction along C3 axis.3
The charge-transfer interaction in our optically active viologens
might not be achieved along C3 axis. In the case of PMVZ* in
Rau's work,> the opposite stereoselectivity may arise from the
absence of the aromatic substituents, and thus, the interaction
along C3 axis of the Ru(II) complex might be assumed in the case
of PMV?Z+.

For the slow decay component, plots of the first-order
quenching rate constant vs. the concentrations of viologen became
linear and the lifetimes are comparable with those for the
quenching by OAVZ* and methylviologen. Therefore, the slow
decay component must be due to the quenching of free 3(A-
[Ru(bpy)3]?*)* by viologen through diffusive encounters. The
stereoselectivity was also observed in these infermolecular
quenching reactions: k¢i™ef = (6.5+0.5)x 10° dm3 mol ! s°1, (5.1
+0.4)x 109 dm3 mol"! s71, (9.0 = 0.5)x 109 dm3 mol! s°1, (8.0 =
0.5)x10° dm3 mol! s, (1.20 £0.05) x 10° dm3 mol! s71, and
(1.10 = 0.05) x 109 dm3 mol! s for (S,5)-0AV2+, (R R)-
0AV2+, (S, S5)-NOAV2+, (R, R)-NOAV?*, (S, S)-NPOAVZ*, and
(R, R)-NPOAV?2*, respectively. The same stereoselectivity in the
intermolecular quenching as that in the inframolecular quenching
process may arise from that the chiral substituent of viologen
interacts with the bpy ligand of the Ru(Il) complex.
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In conclusion we found the stereoselective intracomplex ET
quenching of 3(A-[Ru(bpy)3]?*)" with chiral viologen whose
paphthyl group interacts with the bipyridine ligand of the
ruthenium(II) complex.
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