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Viologen-linked porphyrins have been synthesized to
devclop suitable redox systems for the photochemical
utilization of solar energy [1-8]. As reported previously
we prepared a series of two compounds, viologen-linked
porphyrins connected with viologen at the 3 (meta) and
4 (para) positions of the pyridine ring (the structures
are shown in Fig. 1) [7-9]. A comparison of these
compounds in the intramolecular electron transfer pro-
cess was made in this paper and the solvent effect was
also discussed.

The preparation and the characterization of these
compounds have been reported previously [7-9]. The
lumincscence intensity was measured using a Hitachi-
850 spectrometer. The excitation wavelength was 500
nm. The lifetime of the luminescence was measured
using a Horiba NAES-500 spectrometer. The lifetimes
of the photoexcited triplet states of the viologen-linked
zinc porphyrins were measured by laser flash photolysis.
Laser flash photolysis was carried out by the method
described elsewhere [3].

The transient difference spectrum of p-ZnPCsV in
deaerated acetonitrile (MeCN) solution, which is at-
tributed to the T-T absorption of the excited triplet
state of the compound, was observed as shown in Fig.
2. As indicated by closed circles, the T-T absorption
spectrum of p-ZnPC,V at 0.3 us after the excitation
changed from the initial T-T absorption spectrum (open
circles) and the absorption at around 600 nm increased.
The results show that the photoexcited triplet state of
zinc porphyrin of p-ZnPC,V is quenched by the bonded
viologen and the electron transfers from the porphyrin
to the bonded viologen and the reduced form of viologen
is formed. In the case of viologen free zinc porphyrin,
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p-ZnPC;, the T-T absorption at 0.3 us after the ex-
citation was the same as the initial T-T absorption
spectrum. The transient spectrum as indicated by closed
circles in Fig. 2 should be attributed to the one-electron
oxidation product of zinc porphyrin and reduced viol-
ogen, which may be produced through reaction (1).

3(p-ZnPCs)* —V —> (p-ZnPCs)* =V~ 1)

The decay of the T-T absorption of p-ZnPCs, as
shown in Fig. 3(a), obeyed first-order kinetics and the
lifetime of the photoexcited triplet state was estimated
to be about 100 us by the first-order plot. In the case
of p-ZnPC,V, the decay of the T-T absorption is shown
in Fig. 3(b). Compared with the T-T absorption of p-
ZnPCs,, the triplet lifetime of p-ZnPC,V became shorter,
indicating that the triplet state is quenched by the
bonded viologen. As shown in Fig. 3(c), the decay of
the transient absorption observed at 590 nm, at which
the reduced viologen has the characteristic absorption
band, increased rapidly and then decreased gradually.
This result is consistent with eqn. (2).

(p-ZnPCs) " — V™ — p-ZnPCs—~V (2)

The lifetime of the charge separated species was
obtained from the decay of the transient absorption
at 590 nm as 1.17 us. The decay profile of the T-T
absorption of the meta compounds was almost the same
as those of the para compounds. The intramolecular
electron transfer rate constants (k.,), the back electron
transfer rate constants (k,), and the lifetimes of the
charge separated species () are calculated as shown
in Table 1. A comparison of the kinetic parameters
between p-ZnPCsV and m-ZnPC,V, shows that the k.,
and k, values of the meta compounds are a little bit
larger than those of the para compounds in both solvents
DMSO and MeCN. In the meta compound the bonded
viologen can come close to the porphyrin ring by
conformational change compared with the para com-
pound and the electron may transfer more ecasily. &,
and k, values also strongly depend on the solvent used.
When a solvent with a lower dielectric constant, which
can solvate easily, was used, larger k. and k, values
were obtained, indicating that the coordinated solvent
disturbs the electron transfer.

The fluorescence spectra of p-ZnPCs and p-ZnPC,V
were recorded. Although the shapes of the fluorescence
spectra of these compounds are almost the same, the
fluorescence intensities are strongly affected by the
bonded viologen. In these experiments the concentration
of the sample solution was adjusted in order to keep
the absorbance at the excited wavelength (500 nm)
constant for all sample solutions. The relative fluor-
escence intensity of p-ZnPC, was much smaller com-
pared with that of p-ZnPC,V (the relative ratio was
0.243 in DMSO, 0.139 in MeCN), indicating that the
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Fig. 2. Difference transient absorption spectra for p-ZnPC,V
obtained immediately (O) and 0.3 us (@) after excitation.

photoexcited singlet state is quenched by the bonded
viologen in p-ZnPC,V.
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In the case of the meta compound, the relative
fluorescence intensity of m-ZnPC;V was 0.248 in DMSO
and 0.152 in MeCN. Though there is not much difterence
between the relative fluorescence intensities of p-
ZnPCsV and m-ZnPC,V, these values are much smaller
than those of metal free compounds such as 0.820 for
p-PCsV and 0.716 for m-PC,V in DMSO. These results
show that the photoexcited singlet state of viologen-
linked zinc¢ porphyrins is more efficiently quenched by
the bonded viologen compared with viologen-linked
metal free porphyrins.

In the casc of p-ZnPC;, the fluorescence decay obeyed
first-order kinetics. Its fluorescence decay profile was
found to be described by a single exponential decay
function and a lifetime of 1.08 +0.02 ns in DMSO and
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Fig. 3. Typical oscillograms obtained from laser flash photolysis
observed at 470 (a, b) and 605 (¢) nm. (a) p-ZnPCs, (b, ¢) p-
ZnPCsV.

TABLE 1. Intramolecular electron transfer rate constant (&),
back electron transfer rate constant (k,) and lifetime of charge
separated species

ke 571 ky, (s71) T (us) Solvent
p-ZnPCsV 5.52x10° 8.05%x 10° 1.25 DMSO
m-ZnPCs;V 9.58 % 10° 1.00x 10°® 1.00 DMSO
p-ZaPCV 3% 10 8.62x10° 117 MeCN
m-ZnPCsV 1x108 1.06 x 10° 0.95 MeCN

TABLE 2. Fluorescence lifetime of viologen-linked zinc porphyrins

T (ns) Solvent
P-ZnPC; 1.08 +0.02 DMSO
p-ZnPCsV 0.55+0.11 DMSO
m-ZnPC;s 1.4740.02 DMSO
m-ZnPC;V 0.53+0.13 DMSO
P-ZnPC; 1.07+0.01 MeCN
p-ZnPCsV 0.33+0.02 MeCN
m-ZnPC; 1.46+0.02 MeCN
m-ZnPCsV 0.14 +0.02 MeCN

1.07+0.01 ns in MeCN was obtained. Though the
fluorescence decay profile also obeyed single exponential
decay in the case of viologen-linked porphyrins, there
are some deviations (about 25%). As summarized in
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TABLE 3. Intramolecular electron transfer rate constant in
viologen-linked zinc porphyrins

ke 79 Solvent
p-ZnPCV 9.02x 108 DMSO
m-ZnPCsV 1.06x 10° DMSO
p-ZnPCV 2.10x 10° MeCN
m-ZnPC;V 6.51x10° MeCN

Table 2, the lifetimes become larger for porphyrins
with viologen. Therefore, the fluorescence decay may
arise from the direct quenching of the photoexcited
singlet state of the porphyrin by the linked viologen.

From the lifetimes shown in Table 2, intramolecular
clectron transfer rate constants (k.) were calculated by
the following equation.

k.=1/r—1/7

where 7, is the fluorescence lifetime of the viologen
free porphyrin. The results are shown in Table 3. A
comparison of k., values between p-ZnPC;V and m-
ZnPC,V, shows that the k. value of the meta compound
is a little bit larger than that of the para compound
in both solvents. In the meta compound the bonded
viologen can come more closely to the porphyrin ring
by steric effect compared with the para compound and
the electron may transfer more easily.
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