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MAGNETIC FIELD EFFECTS ON PHOTOELECTROCHEMICAL RESPONSES
OF MODIFIED ELECTRODES WITH LANGMUIR-BLODGETT MONOLAYER
CONTAINING PORPHYRIN-VIOLOGEN LINKED COMPOUNDS

HIROAKI YONEMURA, KEI OHISHI and TAKU MATSUO
Dcpartment of Chemical Science and Technology, Faculty of Engincering, Kyushu
University, Hakozaki, Fukuoka 812, Japan

Abstract  Modificd clectrodes were prepared by depositing a monolayer containing
porphyrin-viologen linked compounds with various spacer chain-length on ITO
clectrodes by Langmuir-Blodgett method. Stable anodic photocurrents were
observed by visible light irradiation upon the modified clectrodes. The
photocurrents were clearly cnhanced in the presence of magnetic ficlds. Effccts of
spacer chain-length on the magnetic ficld cffects arc causcd by photoactive triplet
radical pairs.

I O 0

Photoinduced clectron transfer rcaction of donor(D)-acceptor(A) linked compounds in
various organized molecular environments has been one of the most investigated subjects
in the chemistry of photorcsponsive materials. A number of modificd clectrodes have
been constructed by covalently bonded D-A systems.

We have previously obtained photogencrated radical pairs of D-A  linked
compounds, and found the lifctime of the radical pair was rcmarkably extended in the
presence of magnetic ficlds (MF). 2

Recently, as an application of the magnctic ficld cffects (MFE), we had reported
MFE on photoclcctrochemical rcaction of modificd clectrodes, for the first time, by the
usc of Langmuir-Blodgett (LB) film of porphyrin-viologen linked compound: * In the
present paper, the following porphyrin-viologen linked compounds with various spacer
chain-length were examined to elucidate the effects of spacer chain-length on the MFE.

Ph

2Br
ZPnV (n=4,6,8)

Ph
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w -VIO N
LINKED COMPOUNDS

Modified clectrodes werc prepared by depositing the mixed monolayer with ZPnV
(n=4,6,and 8) and arachidic acid (AC) (1:10) on ITO clectrodes by the usc of standard
LB mcthod. Photoclectrochemical measurements were carried out by using a threc
clectrode ccll. The photocurrents of the modified clectrode were measured under a
controllcd potential at 0 V vs Ag/AgCl in the presence of tricthanolamine (50 mM),
which serves as a sacrificial clectron donor under nitrogen atmosphere.

Photoirradiation with visible light (>400 nm) upon thc ZP8V-modificd clectrode
afforded anodic photocurrents. The same anodic photocurrents were observed for more
than 30 on-off cycles. The action spectrum of the ZP8V-modificd clectrode was shown in
Figurc 1. The action spectrum was in good agreement with the absorption spectrum of
the porphyrin moicty of ZP8V in LB films. The result strongly indicates that the
photocurrents were due to the excitation of the porphyrin moicty.

Esscntially the same phenomena were also obscrved with other ZPaV (n=4 and 6).
The photocurrents of ZP6V- and ZP8V-modificd clectrodes were about twice as large as
those of ZP4V-madificd clectrode. Fluorescence emission from ZP4V, on the other hand,
was almost half of those from ZP6V and ZP8V.* Thercfore, the effects of spacer chain
length on photocurrents should be ascribed to triplet state rather than singlet of the
excited porphyrin.

Abs.
Photocurrent / nA

400 450 500
Wavelength / nm

FIGURE 1 Action spcctrum of ZP8V-modified clectrode (®m) and
absorption spectrum of the mixed LB film (30 layers) of ZP8V and AC

(1:10) (—).
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MFE ON PHOTOQCURRENTS OF MODIFIED ELECTRODES

The photocurrent of all modificd clectrodes were clearly enhanced in the presence of MF.
The samc MFE were obscrved, when the direction of MF was reversed. These results
indicatc that the MFE on the photocurrcnts are not duc to magnetohydrodynamic
cffects.’ The MFE arc cxplaincd by the photogenerated radical pair. As a reference
system, another modified clectrode was prepared by using the amphiphilic porphyrin
derivative with an ammonium head group (ZP8AB). The action spectra of photocurrents
were similar to those duc to ZPnV-modified clectrode. However, no MFE on
photocurrents in ZP8AB-modificd clectrode were observed. ® The results suggest that
the MFE in ZPnV-modificd clectrode are ascribed to the photogencrated radical pair.

The increment of the photocurrent (Q) increased with MF and became constant
valuc at above 0.3 T (Figurc 2). The Q valuc duc to ZP8V- and ZP6V-modificd
clectrodes were twice greater than that duc to ZP4V-modified clectrode. The MFE on
the lifctime of radical pairs with ZP8V and ZP6V arc larger than thosc with ZP4V in
solution. * The cffects of spacer chain-length on the MFE were in good agreement with
thosc on the lifetime of radical pairs. Thercfore, the MFE on the photocurrents were
explained in terms of relaxation mechanism © as discusscd below.

20
15 o) 4 A
SR
Sial Ao
gors
] a (]
s o °
O
0&: 1 1 1 1 [
0 01 02 03 04 05 0.6

H/T

FIGURE 2 MFE on the fractional increment (Q= (I(H)-1(0))/1(0) X 100)
of photocurrent of ZP8V(A)-, ZP6V(O), and ZP4V(O)- modificd
clectrodes. The photocurrent in the prescnce and absence of magnetic fileds
is denoted by I(H) and [(0), respectively.
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The MFE on photocurrents for ZPnV were clearly ascribed to photogencration of
triplct radical pairs via intramolccular clectron transfer process at the clectrode surface,
Intersystem crossing (ISC) process will become rate-determining step for the radical pairs
to decay via reverse clectron transfer. The ISC process is controlled by relaxation from
triplet sublevels to the corresponding singlet. As the ISC process were suppressed with
the increase of MF, the reduced viologen in triplet radical pair will gain better chances of
transferring the clectron to the clectrode. As a consequence, the photocurrents increase in
the presence of MF.

CONCLUSION

On the basis of spaccr chain-length cffccts on the photocurrents and the MFE, the
photocurrents of ZPnV-modificd clectrodes were mainly ascribed to photogencration of
triplet radical pairs via intramolccular clectron transfer process at the clectrode surface.
The cffects of spacer chain-length clucidated that the spacer between D and A moictics
could be appropriatcly adjusted to attain a higher cfficiency in gencration of
photocurrents and to enhance MFE. The present MFE will provide an uscful means of
reaction control involving clectrochemical processcs in LB films and the rclated systems
such as artificial photosynthetic molccular devices.
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