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The quenching kinetics of the partially quaternized poly(1-vinylimidazole)-bound ruthenium(II) complexes
RuQPIm-19 and RuQPIm-44 (the numbers represent the degree of quaternization in molar percentage) with
1,1@-didodecyl-4,4@-bipyridinium in the presence of the L-tyrosine esters with hexyl octyl(C12V2`) (C6Tyr),

and dodecyl groups has been investigated in methanol. A modiÐed SternÈVolmer equation for(C8Tyr) (C12Tyr)
the quenching reaction mediated by the L-tyrosine esters is proposed. In the absence of the L-tyrosine esters, the
quenching reactions for the RuQPIm-19 and RuQPIm-44 systems take place through a static quenching process
induced by a van der Waals interaction between the alkyl side chains on the polymers and In theC12V2`.
presence of the L-tyrosine esters, the quenching reaction only takes place through a static process mediated by
the L-tyrosine esters, and the kinetic parameters were calculated from the computed curve Ðtting using the
modiÐed SternÈVolmer equation. The second-order quenching constants, given by the product of the
equilibrium constant and the Ðrst-order quenching constant, decrease for RuQPIm-19 and increase for
RuQPIm-44 with increasing length of the alkyl group in the L-tyrosine esters. These results are attributed to the
fact that the kinetic parameters are a†ected by the conformation of these polymers ; RuQPIm-19 shrinks and
RuQPIm-44 is partially bridged by addition of and the L-tyrosine esters.C12V2`

In biological systems, long-range electron transfer in redox
proteins involves electron tunneling through a polypeptide
environment,1h3 and their kinetics and reaction mechanisms
have been extensively investigated.4,5 Many investigations
using modiÐed proteins have suggested that the long-range
electron transfer can be achieved because some amino acid
residues in the proteins act as pathway molecules ;6h9 for
example, photoinduced electron transfer in the photosynthesis
of green plants takes place through a tyrosine residue.10 Such
modiÐed proteins are difficult to modify, synthesize and char-
acterize.

The pathway e†ect of 3-methylindole (used as a model com-
pound for the tryptophan amino acid residue) on photo-
induced electron transfer from tris(2,2@-bipyridine)ruthenium(II),

to methylviologen, MV2`, in a synthetic polymerRu(bpy)32`,
Ðlm has been recently investigated.11 The electron transfer dis-
tance doubles because the 3-methylindole molecule acts as a
pathway molecule between and MV2`. Further-Ru(bpy)32`more, for electrochemical water oxidation in a polymer mem-
brane, the charge transfer distance is increased by the addition
of p-cresol (a model compound for tyrosine amino acid) from
1.28 to 2.25 nm, showing that p-cresol functions as a mediator
for the charge transport.12

On the other hand, we have reported that the ruthenium(II)
complex-containing polymers (RuQPIms), in which the bis
(2,2@-bipyridine)ruthenium(II) complex is coordinated with the
imidazolyl residues on the partially quaternized poly(1-vinyl-
imidazole), have excellent photosensitizing abilities for photo-
sensitized charge separation13,14 and photoinduced hydrogen
generation reactions.15h17 Recently, the e†ects of L-tyrosine
esters on the quenching of the RuQPIms with alkylviologens
have been investigated in methanol.18,19 By addition of L-
tyrosine esters, the quenching efficiency is enhanced and the
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reaction mechanism changes because the L-tyrosine esters act
as a mediator molecule. As far as we know, such investiga-
tions on the quenching reaction using the L-tyrosine esters are
the Ðrst reported. Furthermore, there is little known on the
kinetics of such quenching reactions. In this paper, the quen-
ching kinetics of RuQPIms with 1,1@-didodecyl-4,4@-bipyridin-
ium mediated by L-tyrosine esters has been(C12V2`)
investigated in methanol.

Results
The chemical structure of RuQPIms is shown in Scheme 1.
During the luminescence quenching reactions, a change in the
luminescence spectral proÐle was not observed, indicating the
absence of an emitting excited state complex under these
experimental conditions.

Absence of L-tyrosine esters

Fig. 1 shows the SternÈVolmer plots for the quenching of
RuQPIm-19, RuQPIm-44, and withRu(bpy)2(MeIm)22`in methanol. The SternÈVolmer plot showed upwardC12V2`

Scheme 1
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Fig. 1 SternÈVolmer plots for quenching of RuQPIm-19,(L) (K)
RuQPIm-44 and with(|) Ru(bpy)2(MeIm)22` C12V2`

deviating curves for RuQPIm-19 and RuQPIm-44, while it
showed a straight line for In theRu(bpy)2(MeIm)22`.

system, the species have no inter-Ru(bpy)2(MeIm)22` C12V2`
action with and the quenching reactionRu(bpy)2(MeIm)22`proceeds through a dynamic quenching process, giving the
SternÈVolmer plot as expressed by eqn. (1) :20

I0/I\ 1 ] KSV[C12V2`] and KSV \ kq2 É s0 (1)

where represents the second-order quenching rate constantkq2and represents the luminescence lifetime in the absence ofs0the This result is supported by the fact that theC12V2`.
SternÈVolmer plot obtained from the luminescence measure-
ments is also given by a straight line.21 In contrast, the

species undergo van der Waals interactions withC12V2`
RuQPIm-19 and RuQPIm-44,13,22 consequently giving
SternÈVolmer plots with upward deviating curves. We report-
ed that the MV2` species underwent a pÈp interaction with
RuQPIm-19, and that the quenching reaction only proceeded
through a static quenching process ; namely, only the MV2`
species undergoing a pÈp interaction participated in the quen-
ching reaction.23 Considering this fact, it is presumed that the
quenching reaction between these polymers and takesC12V2`
place only through a static quenching process. In order to
prove this assumption, luminescence lifetime measurements
were carried out. The luminescence decay curves showed
multiexponential decays for all systems. Furthermore, the
luminescence lifetimes for the longer lifetime components
barely depended on the concentration of These factsC12V2`.
support the assumption that the quenching reaction proceeds
only through a static quenching process. Considering the
experimental results, the SternÈVolmer plot for the static
quenching process can be expressed by eqn. (2) :23h25

I0/I\
1

1 [ kq1s0 K1[C12V2`]
(2)

where represents the Ðrst-order quenching rate constantkq1for the species undergoing a van der Waals inter-C12V2`
action with these polymers and is proportional to the number
of interacting molecules. represents the equi-C12V2` K1

librium constant incorporation of into the quenchingC12V2`
sphere of the ruthenium(II) complex residue on these polymers.
The observed SternÈVolmer plots for both systems can be Ðt
using eqn. (2), and the reciprocal plots also give straight lines,
therefore indicating that these quenching reactions only take
place through the static quenching process. The kinetic
parameters obtained from the theoretical curve Ðt are sum-
marized in Table 1.

Presence of L-tyrosine esters

For the L-tyrosine esters did not a†ectRu(bpy)2(MeIm)22`,
the quenching reaction ; the SternÈVolmer plot and the quen-
ching efficiency did not change. This result indicates that these
L-tyrosine esters completely disperse in methanol.

Fig. 2 shows the SternÈVolmer plots for the quenching of
RuQPIm-19 and RuQPIm-44 with in the presence ofC12V2`
L-tyrosine esters. The plots for RuQPIm-19 showed down-
ward deviating curves, and the quenching efficiency increased
only when was added ; it did not change whenC6Tyr C8Tyr
and were added at low concentrations of andC12Tyr C12V2`

Fig. 2 SternÈVolmer plots for quenching of (A) RuQPIm-19 and (B)
RuQPIm-44 with in the absence and in the presence ofC12V2` (…)
the L-tyrosine esters and The con-(L) C6Tyr, (K) C8Tyr (|) C12Tyr.
centration of the L-tyrosine esters was 0.05 mol dm~3

Table 1 Kinetic parameters obtained from luminescence quenching data in the absence of L-tyrosine esters

s0/ns KSV/mol~1 dm3 kq2/mol~1 dm3 s~1 K1kq1/mol~1 dm3 s~1
Ru(bpy)2(MeIm)22` 622 88.25 1.42] 108 È
RuQPIm-19 628 È È 1.32] 108
RuQPIm-44 648 È È 8.89] 107
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it decreased at high concentrations. On the other hand, the
SternÈVolmer plot for RuQPIm-44 showed downward devi-
ating curves for and and was not a†ected byC6Tyr C8Tyr

The quenching efficiency was also increased by addi-C12Tyr.
tion of and These results indicate that theC6Tyr C8Tyr.
mechanism of the quenching reaction is varied by the addition
of L-tyrosine esters, except for the RuQPIm-44ÈC12Tyr
system.

Our previous report shows that both the L-tyrosine esters
and undergo van der Waals interactions with theC12V2`
alkyl side chains on RuQPIm-19 and RuQPIm-44.18,19,23
Therefore, the van der Waals interaction of the C12V2`
species would be restricted due to steric hindrance by the L-
tyrosine esters, compared with the case in the absence of the
L-tyrosine esters. In the latter case, the binding of the C12V2`
species into the quenching sphere of the ruthenium(II) complex
residue would be a multistep process, and at least two C12V2`
species can bind to the quenching sphere. In the presence of
the L-tyrosine esters, however, the binding of the C12V2`
species should be a one-step process due to the steric hin-
drance of the L-tyrosine esters, as expressed by eqns (3) and
(4) :

RuIIQPImÉ É ÉnTyr ] C12V2` A8B

K

RuIIQPImÉ É ÉnTyrÉ É ÉC12V2` (3)

K \
[RuIIQPImÉ É ÉnTyrÉ É ÉC12V2`]

[RuIIQPImÉ É ÉnTyr][C12V2`]
(4)

where K is the equilibrium constant for the incorporation of
into the quenching sphere, and RuIIQPImÉ É ÉnTyrC12V2`

represents the RuQPIm to which n molecules of L-tyrosine
ester are bound. These quenching reactions would proceed
according to eqns (5)È(12) :

RuIIQPImÉ É ÉnTyr ÈÈÈÕhm
*RuIIQPImÉ É ÉnTyr (5)

*RuIIQPImÉ É ÉnTyr ÈÈÈÕke
RuIIQPImÉ É ÉnTyr ] hm@ (6)

*RuIIQPImÉ É ÉnTyr ÈÈÈÕkd
RuIIQPImÉ É ÉnTyr ] * (7)

*RuIIQPImÉ É ÉnTyr ] C12V2` ÈÈÈÈÈÕkq2*C12V2`+

RuIIQPImÉ É ÉnTyr ] C12V2` (8)

RuIIQPImÉ É ÉnTyrÉ É ÉC12V2` ÈÈÈÕhm

*RuIIQPImÉ É ÉnTyrÉ É ÉC12V2` (9)

*RuIIQPImÉ É ÉnTyrÉ É ÉC12V2` ÈÈÈÕke

RuIIQPImÉ É ÉnTyrÉ É ÉC12V2`] hm (10)

*RuIIQPImÉ É ÉnTyrÉ É ÉC12V2` ÈÈÈÕkd

RuIIQPImÉ É ÉnTyrÉ É ÉC12V2`] * (11)

k
q1
@

*RuIIQPImÉ É ÉnTyrÉ É ÉC12V2` ÈÈÈÕ
RuIIQPImÉ É ÉnTyrÉ É ÉC12V2` (12)

where and represent the rate constants of the lumines-ke kdcent and nonluminescent decays of the photoexcited
ruthenium(II) complex, is a second-order quenching con-kq2stant, and is a Ðrst-order quenching constant for the quen-kq1@ching reaction by the species present within theC12V2`
quenching sphere. Eqns (5)È(8) are the dynamic quenching
process and eqns (9)È(12) are the static quenching process.
Based on eqns (3)È(12), the luminescence intensity is rep-(I0/I)resented by eqn. (13) :

I0/I\
(1] kq2 s0[C12V2`])(1] K[C12V2`])

1 ]
K[C12V2`]

(1] kq1@ s0)
(1] kq2 s0[C12V2`])

(13)

where (the lifetime in the absence of is equal tos0 C12V2`)
Because the dynamic quenching process does not1/(ke ] kd).occur due to steric hindrance of the polymer chains19 and

thus only static quenching takes place,26 eqn. (14) is obtained
by setting in eqn. (13) equal to zero :kq2

I0/I\
1 ] K[C12V2`]

1 ] K[C12V2`]/(1] kq1@ s0)
(14)

Discussion
Absence of L-tyrosine esters

The observed SternÈVolmer plots for the quenching of
RuQPIm-19 and RuQPIm-44 can be Ðt well using eqn. (2). In
these systems, the reaction mechanism can be expressed as
shown in Scheme 2. The n molecules of interact withC12V2`
RuQPIms through a van der Waals interaction, and the photo-
excited ruthenium(II) complex residue is quenched only by
the interacting species. The value of is largerC12V2` K1 É kq1for the RuQPIm-19 system than that for RuQPIm-44.
RuQPIm-44 has more positive charges (the quaternized imid-
azolium residues) ; thus, the electrostatic repulsion is larger
than that for RuQPIm-19. Furthermore, our previous paper
reported that addition of caused shrinking ofC12V2`
RuQPIm-19 and partial bridging of the RuQPIm-44 through
the The bridging decreases the degree of freedomC12V2`.19
of the species and restricts the reaction betweenC12V2`
RuQPIm-44 and Although the contribution of theseC12V2`.
conformational changes to or is unclear, we reason asK1 kq1follows. The reactive species such as the ruthenium(II) complex
residue and the interacting are concentrated by theC12V2`
shrinking of RuQPIm-19 into the polymer domain formed by
the polymer backbone, which leads to an increase in the kq1value. In contrast, RuQPIm-44 with many quaternized imid-
azolium residues has a large value, while the value isK1 kq1small due to Ðxation of the induced by partial bridg-C12V2`
ing. Therefore, the contribution of the polymer conformation
to the value would be dominant.kq1

Presence of L-tyrosine esters

In the presence of the L-tyrosine esters, the observed SternÈ
Volmer plots can be Ðt well using eqn. (14), and the kinetic
parameters obtained are summarized in Table 2. The quen-
ching reaction also takes place only through the static quen-
ching process, regardless of the presence or absence of the
L-tyrosine esters. However, it is clear that, in the absence and
in the presence of the L-tyrosine esters, the two static quen-
ching processes of the reaction mechanism di†er substantially.
The static quenching process in the absence of the L-tyrosine
esters is the quenching reaction between RuQPIm-19 and

species undergoing a van der Waals interaction. InC12V2`
the presence of the L-tyrosine esters, the static quenching of
RuQPIm-19 with undergoing a van der Waals inter-C12V2`
action takes place through the L-tyrosine esters ; it is mediated
by the L-tyrosine esters. Based on the results, the reaction
mechanism can be expressed as shown in Scheme 3.

Here, the equilibrium reaction between RuQPIms and the
L-tyrosine esters, which shifts to the formation reaction with
a large excess of L-tyrosine, is neglected. As mentioned above,

Scheme 2
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Table 2 Kinetic parameters obtained from luminescence quenching data in the presence of L-tyrosine esters

L-Tyrosine ester s0/ns K/mol~1 dm3 kq1@ /mol~1 dm3 s~1 K É k11
@ /mol~1 dm3 s~1

RuQPIm-19
C6Tyr 628 308.8 3.42] 106 1.06] 109
C8Tyr 628 209.3 2.72] 106 5.69] 108
C12Tyr 628 176.7 2.80] 106 4.95] 108
RuQPIm-44
C6Tyr 648 195.1 2.99] 106 5.83] 108
C8Tyr 648 346.4 1.79] 106 6.20] 108
C12Tyra 648 È È È

a This system behaves the same as in the absence of L-tyrosine esters, given in Table 1.

only one molecule among the many interactingC12V2`
molecules can be incorporated into the quenchingC12V2`

sphere of the ruthenium(II) complex due to steric hindrance.

RuQPIm-19 system. For the RuQPIm-19 systems, the
quenching efficiency, corresponding to the liability of quen-
ching, is increased by addition of while it does notC6Tyr ;
particularly change with and it is smaller thanC8Tyr C12Tyr,
that in the absence of the L-tyrosine esters at high concentra-
tions of Furthermore, the quenching efficiencyC12V2`.
decreases with increasing length of the alkyl group in the L-
tyrosine esters, as this increases theC6Tyr [C8Tyr [ C12Tyr,
distance between the L-tyrosine esters and the ruthenium(II)
complex residue. With longer alkyl groups such as andC8Tyr

however, the quenching efficiency is only slightlyC12Tyr,
a†ected. This suggests a contribution of other factors to the
quenching efficiency ; just as it is with the conformation of
RuQPIm-19. We reported that the viscosity of the RuQPIm-
19 was decreased by addition of and L-tyrosine estersC12V2`
in the order of This result led usC6Tyr [C8Tyr [C12Tyr.18
to conclude that RuQPIm-19 shrank. This shrinkage would
shorten the distance between and the ruthenium(II)C12Tyr
complex residue. Therefore, the decrease in the quenching effi-
ciency is counterbalanced by the shortened distance induced
by shrinking.

As summarized in Table 2, the kinetic parameters also
depend on the L-tyrosine esters for the RuQPIm-19 systems.
Considering the Fuoss equation,27 can be regarded asK É kq1@the second-order rate constant for the quenching reaction
mediated by the L-tyrosine esters, and its value decreases with
increasing length of the alkyl group in the L-tyrosine esters.
Similarly, the K value decreases. In contrast, the values arekq1@independent of the length of the alkyl group in the andC8Tyr

systems. These facts suggest that the e†ects of the L-C12Tyr
tyrosine esters on the quenching reaction are determined by at
least two factors, length of the alkyl group and the conforma-
tional change. The K value is decreased by steric hindrance of
the alkyl group in the L-tyrosine esters. The value is alsokq1@decreased by the steric hindrance, while it is increased by the
shrinking of RuQPIm-19, particularly for the system.C12Tyr
Further, it is found that the conformational change induced
by addition of the L-tyrosine esters and hardly a†ectsC12V2`
the K value. Compared with the second-order rate constant

in the absence of the L-tyrosine esters, the(K1 É kq1) K É kq1@values are clearly larger, indicating that the quenching reac-

Scheme 3

tion mediated by the L-tyrosine esters is faster than non-
mediated quenching.

RuQPIm-44 system. For the system, the quenchingC12Tyr
reaction is not a†ected ; the quenching mechanism does not
change and the kinetic parameters are almost the same as in
the absence of L-tyrosine ester. The quenching efficiency is
increased by addition of and in the order ofC6Tyr C8Tyr

indicating that the species mediatesC6Tyr \C8Tyr, C8Tyr
more e†ectively the electron transfer from the photoexcited
ruthenium(II) complex to the We reported that theC12V2`.
viscosity of RuQPIm-44 was decreased by addition of the

and a further decrease was observed on addition ofC12V2`,
the L-tyrosine esters. This result led us to conclude that
RuQPIm-44 was partially bridged by through a vanC12V2`
der Waals interaction because it was difficult for the
RuQPIm-44, with many positive charges, to undergo a large
conformational change, as seen for RuQPIm-19. Probably, the
L-tyrosine esters are incorporated into the bridged RuQPIm-
44 through a van der Waals interaction. The mediated quen-
ching is barely inhibited by the bridging of RuQPIm-44
because the steric hindrance of the polymer backbone is small,
although the alkyl side chains and alkyl groups in the L-
tyrosine esters and species are close.C12V2`

On the other hand, the alkyl length dependence of the
kinetic parameters is also unique ; the second-order quenching
constants in the mediated quenching reaction(K É kq1@ )
increase with increasing length of the alkyl groups in the L-
tyrosine esters. Furthermore, the K values increase and kq1@values decrease with increasing alkyl length ; incorporation of
the molecule into the quenching sphere is acceleratedC12V2`
and the electron transfer from the photoexcited ruthenium(II)
complex to is restricted. For the mediated quenching,C12V2`
the distance between the ruthenium(II) complex residue and

molecule, that is, between the ruthenium(II) complexC12V2`
residue and the L-tyrosine esters as well as between the L-
tyrosine esters and molecule, is very important. TheC12V2`

species interact with RuQPIm-44 through a van derC12V2`
Waals interaction ; therefore, the distance between the
ruthenium(II) complex residue and the molecule doesC12V2`
not depend on the L-tyrosine esters. The L-tyrosine esters,
which interact with RuQPIm-44 through a van der Waals
interaction, but not by hydrogen bonding or pÈp inter-
actions,18 are incorporated from the side of the alkyl group
into the polymer domain. It is necessary that the L-tyrosine
esters are incorporated in-between the ruthenium(II) complex
residue and the molecule, in which the mediatedC12V2`
quenching is feasible. Lengthening of the alkyl group in the
L-tyrosine esters produces a strong van der Waals interaction,
which enhances incorporation, yet it also increases the steric
hindrance, which inhibits incorporation. The two e†ects a†ect
the K value and the value, respectively ; in addition, thekq1@balance between them determines the second-order quenching
constant. The having the longest alkyl group under-C12V2`
goes the strongest van der Waals interaction, while the steric
hindrance is largest ; consequently, has no mediatedC12Tyr
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Fig. 3 Tentative representation of the mechanism of the quenching
reaction between RuQPIm and C12V2`

e†ect. which has the shortest alkyl group, undergoes aC6Tyr,
weak van der Waals interaction and the steric hindrance is
relatively small, leading to large and small K values. Inkq1@contrast, with an intermediate alkyl group length has aC8Tyr
good balance of the two e†ects, leading to a large second-
order quenching constant.

Comparing the two systems, a di†erence in the conforma-
tion contributes to the quenching reaction, by shrinking of the
RuQPIm19 and partial bridging of the RuQPIm-44. Such
conformational changes, which are induced by addition of

and the L-tyrosine esters, a†ect the kinetics param-C12V2`
eters di†erently ; in particular, the alkyl length dependence of
the K value is typical. The shrinking of RuQPIm-19 restricts
the incorporation of into the quenching sphereC12V2`
through the L-tyrosine esters by the steric hindrance of the
polymer backbone and the alkyl groups in the L-tyrosine
esters. In contrast, the bridging of RuQPIm-44 accelerates the
van der Waals interaction of the L-tyrosine esters and incorp-
oration of into the quenching sphere because theC12V2`
steric hindrance is small. Based on these results, we propose
the reaction mechanism of quenching of RuQPIm-19 and
RuQPIm-44 with shown schematically in Fig. 3.C12V2`

Conclusions
We kinetically analyzed the quenching reactions between
RuQPIms and in the presence of L-tyrosine esters.C12V2`
The quenching reaction in the absence of the L-tyrosine esters
takes place through a static quenching process induced by a
van der Waals interaction of the with these polymers.C12V2`
The reaction mechanism for quenching is varied by addition
of the L-tyrosine esters ; namely, the quenching reaction takes
place through a static quenching process mediated by the L-
tyrosine esters. Furthermore, the kinetics parameters for the
mediated quenching process are calculated from the computed
curve Ðtting using the modiÐed SternÈVolmer equation as
expressed by eqn. (14). With increasing length of the alkyl
group in the L-tyrosine esters, the second-order quenching
constant for the mediated process, given by the product of the
equilibrium constant for the incorporation of into theC12V2`
quenching sphere through the L-tyrosine esters and the Ðrst-
order quenching constant, decreases for RuQPIm-19 and
increases for RuQPIm-44. This is attributed to the conforma-
tional changes in which RuQPIm-19 is shrunk and RuQPIm-
44 is partially bridged by addition of and theC12V2`
L-tyrosine esters.

Experimental
Materials

L-Tyrosine, alkyl alcohols, and other reagents, which were
commercially available and of guaranteed purity, were used
without further puriÐcation. 1,1@-Didodecyl-4,4@-bipyridinium
dibromide (laurylviologen, was prepared by reÑuxingC12V2`)
a methanol solution containing 4,4@-bipyridine and 1-

bromododecane for 8 h. Poly(1-vinylimidazole)-bound
ruthenium(II) complex (RuPIm) and cis-bis(2,2@-bipyridine)
di(1-methylimidazole)ruthenium(II) hexaÑuorophosphate,

as the low molecular weight model[Ru(bpy)2(MeIm)2](PF6)2 ,
complex, were prepared according to a method described else-
where.28 Partially quaternized poly(1-vinylimidazole)-bound
ruthenium(II) complexes were prepared by quaternization of
the RuPIm with 1-bromohexadecane. L-Tyrosine esters with
hexyl octyl and dodecyl groups(C6Tyr), (C8Tyr) (C12Tyr)
were prepared by a method reported previously.18,19

Measurements

UV/VIS absorption spectra were recorded on a JASCO V-570
UV/VIS/NIR spectrophotometer. Luminescence spectra were
measured using a Hitachi 650-10S Ñuorescence spectropho-
tometer. Luminescence lifetime measurements were carried
out using a Horiba NAES-550 nanosecond Ñuorometer.

The quenching reaction was carried out at 25 ¡C under an
argon atmosphere in methanol. The luminescence intensity at
648 nm from the triplet metal-to-ligand charge transfer
(MLCT) state,13,29 which was excited at 488 nm, was moni-
tored as a function of the concentration. The com-C12V2`
puted curve Ðttings of the observed SternÈVolmer plots were
carried out using the curve-Ðt program in DeltaGraph 4.0,
version 4.0.3 (Delta Point Inc.).
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