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Photoinduced Electron Transfer in Supramolecular Assemblies
Composed of Dialkoxybenzene-Tethered Ruthenium(II)
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Abstract: Ruthenium(II) tris{4,4'-bis[(methyleneoxy)tris(ethyleneoxy)(4-methoxybenzene)]-2,2’-bipyridine} (1), forms
supramolecular complexes with N,N”-dimethyl-4,4’-bipyridinium, MV2* (2), and with cyclo[bis(V,N”p-xylylene-
4,4’-bipyridinium)], BXV#* (3). The association constants of the complexes generated between the dialkoxybenzene-
tethered units of 1 and the electron acceptors 2 and 3 correspond to K, = 28 = 1 M-! for MV2* and K, = 1200 £ 100
M-! for BXV4*. Time-resolved laser flash photolysis and steady-state emission studies show that electron transfer from
excited 1 proceeds by an intramolecular pathway to the electron acceptors organized in the supramolecular assemblies,
kiq = 1.7 X 108 57! for MV?* and k;q = 2.9 X 108 5! for BXV*#*, and by a diffusional route from free-uncomplexed
1, kg =1.9X 108 M1 57! for MV2*and kygq = 3.4 X 108 M-!s-! for BXV#*, Formation of the supramolecular assemblies
between 1 and 2 or 3 is supported by the intramolecular electron-transfer quenching of 1 and by the fact that the

assemblies dissociate upon addition of 8-cyclodextrin.

Substantial efforts are directed toward mimicking the orga-
nization of the photosynthetic reaction center.# Electron transfer
in covalently linked donor-acceptor diads® and triads$ has been
extensively studied, and efficient electron transfer followed by
charge separation was achieved in these supramolecular as-
semblies. Here we wish to report on an alternative approach to
tailor donor-acceptor complexes based on host—guest interactions.
We use as photosensitizer ruthenium(1I) tris{4,4’-bis[(methyl-
eneoxy)tris(éthyleneoxy)(4-methoxybenzene)]-2,2’-bipyridine} (1).
This complex exhibits the common photophysical properties of
ruthenium(II) trisbipyridine compounds, but includes in addition
covalently tethered p-dialkoxybenzene units. Recent studies’™®
revealed that dialkoxybenzene components form intermolecular

® Abstract published in Advance ACS Abstracts, March 15, 1994.

(1) Universitit des Saarlandes, Organische Chemie, Fachbereich 11.2,
66041 Saarbriicken, Germany.

(2) Institute of Chemistry, The Hebrew University of Jerusalem, Jerusalem
91904, Israel.

(3) School of Chemistry, The University of Birmingham, Edgbaston,
Birmingam B15 2TT, UK.

(4) (a) Deisenhofer, J.; Epp, O.; Miki, K.; Huber, R.; Michel, H. J. Mol.
Biol. 1984, 180, 385. (b) Deisenhofer, J.; Epp, O.; Miki, K.; Huber, R.;
Michel, H. Nature 1985, 318, 618. (c) Chang, C. H.; Tiede, D.; Tang, J.;
Smith, U.; Norris, J.; Schiffer, M. FEBS Lett. 1986 205, 82.

(5) Connolly, J. S.; Bolton, J. R. In Photoinduced Electron Transfer, Part
A; Fox, M. A., Chanon, M., Eds.; Elsevier: Amsterdam, Section 6.2. (b)
Cooley, L. F.; Headford, C. E. L.; Elliott, C. M.; Kelley, D. F. J. Am. Chem.
Soc. 1988, 110, 6673.

(6) (a) Gust, D.; Moore, T. A. Top Curr. Chem. 1991, 159, 103. (b) Gust,
D.; Moore, T. A. Science 1989, 244, 35. (c) Moore, T. A.; Gust, D.; Moore,
A. L.; Bensasson, R. V.; Seta, P.; Bienvenue, E. In Supramolecular
Photochemistry; Balzani, V., Ed.; D. Riedel: Boston, 1987; p 283. (d) Gust,
D.; Moore, T. A. In Supramolecular Photochemistry; Balzani, V., Ed.; D.
Riedel: Boston, 1987;p267. (e) Sanders, G. M.;vanDijk, M.;van Veldhuizen,
A.; van der Plas, M. J. J. Chem. Soc., Chem. Commun. 1986, 1311. (f)
Wasielewski, M. R.; Niemczyk, M. P.; Svec, W. A.; Pewitt, E. B. J. Am.
Chem. Soc. 1988, 107, 5562. (g) Mecklenburg, S. L.; Peek, B. M.; Erickson,
B. W.; Meyer, T. J. J. Am. Chem. Soc. 1987, 109, 3297. (h) Danieison, E.;
Elliott, C. M.; Merket, J. W.; Meyer, T. J. J. Am. Chem. Soc. 1987, 109,2519.

(7) Anelli, P. L.; Ashton, P. R.; Ballardini, R.; Balzani, V.; Delgado, M.;
Gandolfi, M. T.; Goodnow, T. T.; Kaifer, A. E.; Philip, D.; Pietraszkiewicz,
M.; Prodi, L.; Reddington, M. V.; Slawin, A. M. Z,; Spencer, N.; Stoddart,
J. F.; Vincent, C.; Williams, D. J. J. Am. Chem. Soc. 1992, 114, 193,

(8) Anelli, P. L.; Ashton, P. R.; Spencer, N.; Slawin, A. M. Z; Stoddard,
J. F.; Williams, D. J. Angew. Chem., Int. Ed. Engl. 1991, 30, 1036.

(9) Ashton, P.R.; Odell, B.; Reddington, M. V.; Slawin, A. M. Z.; Stoddart,
J. F.; Williams, D. J. Angew. Chem., Int. Ed. Engl. 1988, 27, 1550.

complexes with bipyridinium salts such as N,N-dimethyl-4,4-
bipyridinium, MV2* (2), and cyclo[bis(V,N“p-xylylene-4,4’-
bipyridinium)], BXV4* (3). Thus, association of 2 and 3 to the
dialkoxybenzene units might organize a sensitizer-acceptor diad.
Wedescribe here the formation of these supramolecular assemblies
and characterize the electron-transfer properties of the photo-
sensitizer within the complexes as well as by a diffusional path.

CH;0,
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Experimental Section

Absorption spectra were recorded with a Uvikon-860 (Kontron)
spectrophotometer. Fluorescence spectra were recorded with a SFM-25
(Kontron) spectrofluorimeter. 'H NMR measurements were performed
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Figure 1. Steady-state Stern—Volmer plots of the luminescence quenching
of 1 (a) and 4 (b) by MV2* (2) derived from eq 4.

with an AMX 400-MHz spectrometer (Bruker). Flash photolysis
experiments were carried out with a Nd-YAG laser (Laser Photonics
Model 34-10) coupled to a detection system (Applied Photophysics K-347)
that included a monochromator and photomultiplier and is linked to a
digitizer (Tektronix 2430 A) and computer for data storage and processing.
The resolution of this flash photolysis setup is >30 ns. For shorter time
scales of transients (>>0.5 ns) a flash photolysis instrument composed of
aN;laser (PRA,LN-1000) was employed. Thedetectionsystem consists
of a monochromator and a photomultiplier (Applied Photophysics) that
is linked to a digitizer (Tektronix 7912 AD) and a computer for data
storage and analysis. All materials and solvents were of highest purity
from commercial sources (Aldrich, Sigma). The ligand 4,4’-bis-
[(methyleneoxy)tris(ethyleneoxy)(4-methoxybenzene)]-2,2’-bipyridine
was prepared by the reaction of 4,4’-bis(bromomethyl)-2,2’-bipyridine!®
(100 mmol) with mono(4-methoxyphenyl)triethyleneglycol (210 mmol)
in the presence of NaH (210 mmol) (toluene, 3 h reflux). The raw
material was purified by column chromatography (SiO3, eluant CH»-
Cl1:CH30H/95:5/v:v). The complex ruthenium(II) tris{4,4’-bis[(meth-
yleneoxy)tris(ethyleneoxy) (4-methoxybenzene)]-2,2’-bipyridine} (1) was
synthesized by the reaction of Ru(DMSO0),Cl; (100 mmol) with 4,4'-
bis[(methyleneoxy)tris(ethyleneoxy)(4-methoxybenzene)]-2,2’-bipyri-
dine (330 mmol) (ethanol-water, 80:20 as solvent, reflux for 48 h). The
resulting raw material was purified by column chromatography (SiO,,
eluent CH,Cl,:CH30OH/85:15/v:v). Theligand 4,4’-bis[(methyleneoxy)-
bis(ethyleneoxy)ethanol]-2,2’-bipyridine was obtained by the reaction of
4,4'-bis(bromomethyl)-2,2’-bipyridine (100 mmol) with triethyleneglycol
(300 mmol) in the presence of NaH (210 mmol) (toluene, 3 h reflux).
The raw material was purified by column chromatography (SiO,, eluent
CH:C1;:CH;0H/90:10/v:v). The complex ruthenium(II)tris{4,4’-bis-
[(methyleneoxy)bis(ethyleneoxy)ethanol]-2,2’-bipyridine} dichloride was
prepared by the reaction of Ru(DMS0),Cl; (100 mmol) with 4,4’-bis-
[(methyleneoxy)bis(ethyleneoxy)ethanol]-2,2’-bipyridine (330 mmol)
(ethanol-water 60:40 as solvent, reflux for 48 h). The resulting raw
material was purified by washing five times with 40 mL of distilled CH2-
Cl,. Cyclo[bis(N,N"-p-xylylene-4,4’-bipyridinium)] tetrachloride (3) was
prepared according to the literature.!! All compounds gave appropriate
IH NMR spectra and clemental analyses. All photochemical measure-
ments were performed in triply distilled water.

Time-resolved fluorescence decays and steady-state emission of 1 were
recorded in a 0.4 X 1 cm cuvette equipped with a stopper. The aqueous
solutions (1 mL) containing 1, 3.7 X 10-5 M, and different concentrations
of 2 or 3 were placed in to the cuvette and deaerated by evacuation
followed by bubbling of oxygen-free Ar. The systems were photoexcited
at Aex = 532 nm (with the Nd-Yag laser) and at A; = 337 nm (with the
N3z laser), and the emission was recorded at A = 600 nm. Inthe inhibition
studies, 8-CD, 8.75 X 104 M was added to the photosystems.

Results and Discussion

The steady-state Stern—Volmer plots of the emission quenching
of 1 by MV2+ 2 and BXV#*, 3, are shown in Figures 1a and 2a,
respectively. Nonlinear Stern-Volmer plots are obtained, and
the curvature for the quenching process of 1 by 3 is enhanced as

(10) Gould, S.; Strouse, G.; Meyer, T. J.; Sullivan, B. P. Inorg. Chem.
1991, 30, 2942.

(11) Odell, B.; Reddington, M. V.; Slawin, A. M. Z.; Spencer, N.; Stoddart,
J. F.; Williams, D. J. Angew. Chem., Int. Ed. Engl. 1988, 27, 1547.
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Figure 2. Steady-state Stern—Volmer plots of the luminescence quenching
of 1 (a) and 4 (b) by BXV#* (3) derived from eq 4.

compared to that of 2. The quenching plots of the reference
compound ruthenium(II) tris{4,4’-bis[(methyleneoxy)bis(ethyl-
eneoxy)ethanol]-2,2'-bipyridine} (4) by 2 and 3 are also included
in these figures. The reference photosensitizer 4 lacks the

@ a—h N \_ /N+—cH3

3
7\ T

CH,— N—CH,
N/ \_/*

dialkoxybenzene units, and thus no association of 2 or 3 to this
photosensitizer is expected. The Stern-Volmer plots of 4
quenched by 2 and 3 are linear (Figures 1band 2b). The derived
electron-transfer quenching rate constants are k; = 1.6 X 108
M-ts-! for 2 and kg = 2.8 X 108 M-1.s! for 3. The fact that the
electron-transfer quenching rate constant by 3 is about 2-fold

C)

higher than by 2 is consistent with the availability of two relay
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Figure 3. Luminescence intensity decay of 1 with no quencher (a) and
after addition of increasing concentrations of BXV4+ (3): (b) 1.7 X 103,

(c) 3.4 X 1073 (d) 5.1 X 1073, (e) 6.5 X 10 M.

units in the molecular backbone of 3. The quenching rate
constants are, however, lower than the characteristic electron-
transfer quenching of ruthenium(II) trisbipyridine, Ru(bpy);?*,
by MV?* under similar jon-strength conditions and identical
counterion (kg = 5 X 108 M-lss-1).12 This is attributed to the
bulkiness of 4, introduced by the polyethyleneglycol chains that
hinder the quenching of the excited state. The nonlinear Stern—
Volmer plots of 1 quenched by 2 or 3, Figures 1a and 2a, might
reflect the existence of two complementary electron-transfer
quenching pathways of the excited state. One path involves the
intramolecular quenching (kig) within the supramolecular as-
semblies, while the second route includes the diffusional electron
transfer, kqq, (vide infra), Schemes 1 and 2, where Kj is the
association constant of the respective supramolecular complex.

The luminescence lifetime of 1 corresponds to 7 = 704 ns.
Addition of 2 or 3 to 1 influences the fluorescence of 1 in two
ways. As the concentration of 2 or 3 is increased, the initial
luminescence intensity is reduced, and the emission lifetime is
decreased. Figure 3 exemplifies these effects with the addition
of 3to 1. It should be noted that these luminescence transients
were recorded with a laser flash photolysis system with a time
resolution corresponding to 30 ns. Thus, only events proceeding
on time scales longer than 30 ns can be detected. These results
can be rationalized in terms of two-electron-transfer quenching
pathways, as schematically outlined in Scheme 3. The photo-
sensitizer, S, undergoes association with the electron acceptor,
A, to form the supramolecular assembly [S-A]. K, is the
association constant for the formation of the complex [S-A].
The specific identification of the supramolecular complexes is
given in Schemes 1 and 2. Electron-transfer quenching within
the supramolecular assembly (kiq) is assumed to be fast, as
compared with the experimental time resolution, and hence will
be reflected by the decrease in the initial emission intensity. The
diffusional electron-transfer quenching of free excited 1 (kqq) is
observed in the shortening of the emission lifetime. Figures 4
and 5 show the Stern—Volmer plots derived from the shortening
of the lifetime of 1 by addition of 2 or 3, respectively. The extracted
diffusional quenching rate constants, kqq, correspondto 1.9 X 108
M-tes-! for 2 and 3.4 X 108 M-!.s-! for 3. These values are very
similar to those observed for the reference compound 4 quenced
by 2 or 3. The diffusional electron-transfer rate constant of 1 by
3is 2-fold higher as compared to the value of 2. Thisis consistent
with the fact that 3 includes two relay units in the molecular
backbone thatare capable of participating in the electron transfer,
as we already discussed in the diffusional quenching of 4.

The model outlined in Scheme 3 can be further quantitatively
analyzed. The luminescence intensity I(z) decay of S at a time
resolution >30 ns is given by eq 1, and 7 is expressed by eq 2

(12) (a) Gritzel, M,; Kiwi, J.; Kalyanasundaram, K. Helv. Chim. Acta
1978, 61, 2720. (b) Darwent, J. R.; Kalyanasundaram, K. J. Chem. Soc.,
Faraday Trans. 2 1981, 77, 373.
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where kqq and 7o represent the diffusional electron-transfer rate

I(t) = Re" (1)
/7= I/To"'kdq[A] (2)

constant and the lifetime of the free excited photosensitizer, S*,
in the absence of quencher, respectively. Sincethis decay process
corresponds only to the diffusional electron transfer, the preex-
ponential coefficient, R, is proportional to the concentration of
the free photosensitizer, S (R « [S]). The steady-state lumi-
nescence intensities of S are given by eq 3. Since Ris proportional
to [S], the Stern—Volmer equation can be formulated in terms

I= [ Re*'"dt = Rer (3)

of eq 4, where [S]o represents the analytical concentration of S
and [y its luminescence intensity in the absence of the quencher.

Io/T=—=2e 2 @

Assuming!3 that S associates with the electron acceptor A with
an association constant K, given by eq 5, the ratio of [Slo/[S]
isgivenbyeq 6. Thisimplies that the steady-state Stern—Volmer
plot {eq 4) is nonlinear and depends on the association constant

K =[S__A] 5

+ = [STA] )
ISl _

o 1+ KAl ©)

K,.1* Furthermore, substitution of eq 6 in eq 4 gives eq 7. This
relation allows us to derive the association constants of 2 and 3
to 1 from the combined time resolved and steady-state lumines-

I
Te=1+K][Al ™
To
cence measurements. Figures 6 and 7 show the modified Stern—
Volmer plots according to eq 7 for 2 and 3, respectively. The
derived association constants of the photosensitizer, 1, are K, =
28 £ 1 M-! with 2 and K, = 1200 £ 100 M-! with 3. We thus
conclude that 1 forms supramolecular photosensitizer-acceptor
complexes with 2 and 3 and that electron transfer within these
assemblies occurs according to Scheme 3. It should be noted
that the association constant of 3 to 1 is higher by ca. two orders
of magnitude as compared to the association constant of 2 to 1.

The discussion implies that electron transfer within the
supramolecular assembly [S—A] proceeds rapidly at <30 ns time
resolution and is reflected in the decrease of initial fluorescence
intensity. The amount of photoexcited species that is quenched
within thesupramolecular assembly has been monitored indirectly
by following the fraction of unbound photosensitizer that decays
by the diffusional path and its subtraction from the total
photoexcited species concentration, determined by the fluorescence
yield of 1 in the absence of any quencher.

Direct insight into the electron-transfer quenching occurring
within the supramolecular structures, [S-A], was obtained by
laser flash photolysis experiments with a 0.5-ns time resolution.
Two photosystems were selected for these studies: one included
1 and MV2* (2), 2.7 X 102 M and the second photosystem
included 1 and BXV*4* (3), 6.5 X 10-3 M. From our previous
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Scheme 1. Electron-Transfer Quenching of 1 by 2 through Diffusional and Intramolecular Pathways

analyses, Figures 6 and 7, the fractions of photosensitizer 1 existing
in the supramolecular structure [S-A] at these compositions
correspond to 0.4 for MV2* (2) and 0.9 for BXV#* (3). Figure
8 shows the transient decay of the luminescence emission of 1 in
the presence of 2 or 3 (Figure 8 (parts b and c), respectively)
using the laser system of 0.5-ns time resolution. The emission
transients reveal biexponential decays. For MV2*(2) asquencher,
Figure 8b, a fast decay corresponding to a time constant of 6 ns
is observed, and a substantially slower decay process, 7 = 160 ns
is extracted. For BXV#* (3) as electron acceptor, the fast decay
proceeds with a time constant of 7 = 3.5 ns and the slow deacy
process exhibits a lifetime of r = 270 ns. Theslow decay processes
extracted from the biexponential analyses of the luminescence
transients are identical to the lifetimes of 1 in the presence of 2
or of 3, at these quencher concentrations (vide supra). Theshort
lifetimes of luminescence decay of 1 in the presence of 2 or 3are
attributed to the intramolecular electron-transfer quenching of
the excited photosensitizer in the supramolecular assemblies,
[S-A]. Thus, the intramolecular electron-transfer quenching
rate constants, kiq, are estimated to be 1.7 X 108 s-! for MV2*
(2)and 2.9 X 108s~! for BMV4* (3). The biexponential analyses
of the luminescence transients of 1 in the presence of 2 or of 3
allow us to directly extract the amounts of free photosensitizer
S and bound photosensitizer, S—A. For the system that includes
MV2+ (2) as quencher, the fast decaying species corresponds to
0.4 of the overall excited-state concentration. For the system

omomo’:o—©—oc:ﬂ,
et -NT>— S,

d ¥ Y o€ >—ocH,
+ —
=N < N-CHy
0 0 9 o~ D-om,

VI W W

UAAD _/o—©—ocH,

N

+ +

that includes BXV4* (3) as electron acceptor, the fast decaying
component (the supramolecular structure) corresponds to 0.9 of
the overall excited-state concentration. These values are in
excellent agreement with those derived from the analyses of the
long time scale transients of free photosensitizer, Figures 6 and
7. These results nicely support the electron-transfer pathways
outlined in Scheme 3. The photosensitizer 1 associates with 2 or
3 to form the supramolecular structures, S—A. The high
association constant of 3 to 1 results in a high population of the
intermolecular photosensitizer relay complex, [S-A]. Intramo-
lecular electron transfer in this supramolecular configuration
proceeds effectively (r = 3.5 ns). The fraction of free photo-
sensitizer undergoes diffusional electron-transfer quenching (kgq
=3.4X 108 M-1.s71). Therelay 2 exhibits a lower affinity toward
the binding site of the photosensitizer (1), K, = 28 M-1. This
results in a lower content of the supramolecular photosensitizer
relay complex. Theelectron-transfer quenching of 1 by 2 proceeds
similarly by two routes.

Further insight into the participation of supramolecular
structures in electron transfer from 1 to 2 and to 3 is obtained
from inhibition experiments. Cyclodextrins (CDs) are cyclic
polysugars composed of glucose units linked by 14 a-glycoside
bonds. These compounds are capable of binding organic com-
pounds and specifically aromatic residues to their hydrophobic
cavities.!516 The participation of the dialkoxybenzene components
of 1 in the generation of the supramolecular structures with 2 or
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Figure 4. Lifetime Stern—Volmer plot of the luminescence quenching of

1 by MV2+ (2) derived from eq 2.
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Figure 6. Modified Stern—Volmer plot of the luminescence quenching
of 1 by MV2* (2) derived from eq 7.

3 suggests that association of CD to the donor sites of 1 would
perturb the intermolecular complex formation between 1 and 2
or 3. The effect of added S-cyclodextrin (8-CD, seven glucose
units in the cyclic saccharide) on the electron transfer in these
supramolecular assemblies has been examined. Figure 9 shows
the transient luminescence decay of 1 in the presence of 3, 6.0
X 10-3 M, in the absence and presence of added 8-CD, 8.8 X 10+
M. We see that the intitial luminescence intensity of 1 is higher
in the presence of 3-CD, but the time constant for the long-lived
luminescence decay is unaltered, + = 270 ns, as compared to the

(13) A 1:1 stoichiometry is assumed between 1and 2 or 3. The electrostatic
repulsions resulting from the 1:1 complex and additional bipyridinium units
are assumed to eliminate the formation of supramolecular structures of higher
stoichiometries.

(14) Combination of eqs 6, 4, and 2 gives the relation Io/I =
(1 + K,[Alo)(1 + kyqro[Alo). This reflects a nonlinear Stern-Voimer plot
as a resuit of the formation of the supramolecular structure [S-A].

(15) (a) Cyclodextrin Chemistry; Bender, M., Kamiyama, L., Eds.;
Springer: 1978. (b) Sanger, A. Q. Angew. Chrm. Int. Ed. Engl. 1980, 19, 344,

(16) (a) Breslow, R. Science (Washington, D.C.) 1982, 218, 532. (b)
Tabushi, I. Acc. Chem. Res. 1982, 15, 66.
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Figure 7. Modified Stern—Volmer plot of the luminescence quenching
of 1 by BXV4*+ (3) derived from'eq 7.
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Figure 8. Transient decay of the emission of 1 using the 0.5-ns time-
resolution laser: (a) with no quencher, (b) in the presence of MV2+ (2)
2.7 X 102 M, and (c) in the presence of BXV4* (3) 6.5 x 10~ M.

Scheme 3. Electron-Transfer Quenching and Recombination
of Redox Intermediates Following Excitation of the
Photosensitizer in the Free and Supramolecular States

Ka

~S + A =/ [s-A]l-—
;—olm N
s+ A [s™-Al

kdq kiq

Ls“'+ A — [s%A]—

system that lacks 8-CD. The decreasein the initial luminescence
intensity of 1 upon addition of 3 was attributed to the electron-
transfer quenching within the supramolecular complex, while
the transient luminescence decay reflected the diffusional electron
transfer from free 1to 3. Thus, addition of 8-CD to the system
composed of 1 and 3 results in dissociation of the supramolecular
complex. Theincreaseinthe free chromophore stateis evidenced
by the increase in the initial emission intensity. The similar time
constants for the long-lived luminescence decay in the two systems
implies that in the presence of 8-CD a higher fraction of the
photosensitizer exists in the free form that is being quenched by
the diffusional path. These effects of added 8-CD on the
luminescence decay of 1 are general in the presence of different
concentrations of 2 or 3. Thus, 8-CD dissociates the supramo-
lecular complexes formed between 1 and 2 or 3 by competitive
binding of the dialkoxybenzene unit to the 8-CD cavity. Quan-
titative analysis of the competitive association of 8-CD and 2 or
3 to the dialkoxybenzene units can be made according to Scheme
4. Here, S-Drepresents the ruthenium(I1I) trisbipyridine complex
with the tethered dialkoxybenzene units (1). This photosensitizer
associates with the acceptor components 2 or 3 to form the
supramolecular structures [S—-D-+A], where electron-transfer
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Figure 9. Emission intensity decay of 1 in the presence of BXV4* (3)

6.0 %X 10~ M in the absence (a) and presence (b) of 8-CD 8.8 x 10~
M.

Scheme 4, Effects of 8-CD on Electron-Transfer Quenching
of the Photosensitizer (S), 1, by the Electron Acceptor (A), 2
or3

B-CD X, A Ka
— S-P == s 5D -
p-cD A
L L hv
T hy To hv
s'-? == ¢p —= s
p-cp A
k GJ Al \ deA] 1 ku;
— "D +A §*-D +A” =—= §"D —
f-cp A

quenching proceeds by the intramolecular pathway. The free
photosensitizer S-D and the fraction of the photosensitizer
associated with 8-CD, [S-D-+8—CD] are quenched by theelectron
acceptorsvia thediffusional route. Under these conditions, besides
the equilibrium existing between the photosensitizer and the
electron acceptor (eq 5), an additional equilibrium process between
the donor sites of the photosensitizer and 8-CD takes place, eq
8.
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The concentration of free photosensitizer is thus given by eq 9.
The modified Stern-Volmer equation is then expressed in terms
of eq 10. Therefore, the modified Stern-Volmer plot in the
presence of a constant concentration of 8-CD should yield an
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Figure 10. Modified Stern—Volmer plots of the luminescence quenching
of 1 by BXV#* (3) in the absence (a) and presence (b) of 8-CD 8.8 X
10 M, derived from eqs 7 and 10, respectively.

apparent association constant K/, given by eq 11,which is lowered
PP 8

K

=~ T+ K,[5-CD], an

KI
by the factor 1 + K;[8-CD]oas compared tothe system that lacks
the cyclodextrin receptor. Figure 10 (line b) shows the experi-
mental modified Stern—Volmer plot of the luminescence quenching
of 1 by 3 in the presence of 8-CD, 8.8 X 10~* M. The derived
K’ value for 3 is 850 M-!. From this value we estimate the
association constant of 8-CD to the dialkoxybenzene sites of the
photosensitizer to be K; = 360 M-1.17

Conclusions

We have demonstrated a novel approach to generate supramo-
lecular photosensitizer electron relay diads by intermolecular
association of the electron acceptor to w-donor units (dialkoxy-
benzene) tethered to the photosensitizer. Electron-transfer
quenching of the excited state of 1 proceeds effectively within the
supramolecular assemblies generated with the relay 2 or 3. We
reveal that selection of an appropriate electron relay, BXV4+ (3)
that exhibits a high association constant to the donor binding
sites of 1 (K = 1200 M-') yields effectively the supramolecular
complex.

The binding properties of the dialkoxybenzene units to
B-cyclodextrin provides a means to inhibit the formation of the
supramolecular assembly and confirm the intramolecular electron
transfer. Nonetheless, the association of 1 to g-cyclodextrin
suggests that this latter complex could be further used for electron
transfer in organized media, i.e., photosensitization of 8-CD
stabilized TiO, or CdS.!8
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(17) This value should, however, be considered as a formal association
constant rather than the actual thermodynamic value since the photosensitizer
includes six binding sites to 8-CD, and the existence of stoichiometries higher
than 1:1 cannot be excluded.
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