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MAGNETIC FTELD EFFECTS ON PHOTOELEmROCHEMlCAL RESPONSES 
OF MODIFIED ELECTRODES WITH LANGMUIR-BLODGE’IT MONOLAYER 
CONTAINING PORPHYRIN-VIOLOGEN LINKED COMPOUNDS 

HIROAKl YONEMURA, KEI OHISHI and TAKU MATSUO 
Dcpartmcnt of Chcmical Scicncc and Tcchnology, Faculty of Enginecring, Kyushu 
University, Hakozaki, Fukuoka 812, Japan 

Alxtract Modified clcctrodcs wcrc prcparcd by dcpositing a monolaycr containing 
porphyrin-viologcn linkcd compounds with various spaccr chain-lcngth on IT0  
clcctrodcs by Langmuir-Blodgctt method. Stable anodic photocurrcnts wcrc 
obscrvcd by visiblc light irradiation upon thc modificd clcctrodcs. Thc 
photocurrcnts wcrc clcarly cnhanccd in the prescncc of magnctic ficlds. Effccts of 
spaccr chain-lcngth on t hc magnetic ficld cffccts arc caused by photonctivc triplet 
radical pairs. 

INTRODU CTI ON 

Photoinduccd clcctron transfcr rcaction of donor(D)-acccptor(A) linkcd compounds in 
various organizcd molccular cnvironmcnts has bccn one of thc most invcstigatcd subjccts 
in the chemistry of photorcsponsivc materials. A number of modificd clcctrodcs havc 
lxcn constructcd by covalcntly hondcd D-A systcms. ’ 

Wc haw prcviously ohtaincd photogcncratcd radical pairs of D-A linkcd 
compounds, and found thc lifctimc of the radical pair was rcmarkahly cxtcndcd in thc 
prcscncc of magnetic ficlds (MF). 

Recently, as an application of thc magnctic ficld cffccts (MFE), wc had rcportcd 
MFE on photoclcctrochcmical rcaction of modificd electrodes, for thc first timc, by the 
usc of Langmuir-Blodgctt (LB) film of porphyrin-viologcn linkcd compound: In thc 
prcscnt paper, the following porphyrin-viologcn linked compounds with various spaccr 
chain-length wcrc cxamincd to elucidate the cffccts of spaccr chain-lcngth on thc MFE. D
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222 H. YONEMURA r /  al. 

Modified clcctrodes werc prepared by dcpositing the mixcd monolaycr with ZPnV 
(n=4,6,and 8) and arachidic acid (AC) (1: lO) on IT0 clcctrodcs by the usc of standard 
LB mcthod. Photoclcctrochemical measurements were carricd out by using a thrcc 
electrode ccll. The photocurrcnts of thc modified clcctrodc wcrc measured undcr a 
controllcd potcntial at 0 V vs AglAgCl in the presence of tricthanolaminc (50 mM), 
which serves as a sacrificial clcctron donor undcr nitrogcn atmosphcrc. 

Photoirradiation with visiblc light (>400 nm) upon thc ZPSV-modificd clcctrodc 
afforded anodic photocurrcnts. The samc anodic photocurrcnts wcrc obscrvcd for morc 
than 30 on-off cyclcs. Thc action spcctrum of the ZPSV-modificd clcctrode was shown in 
Figurc 1. Thc action spccttum was in good agrccrnent with thc absorption spcctrum of 
the porphyrin moicty of ZPSV in LB films. The result strongly indicates that thc 
photocurrcnts wcre due to the cxcitatbn of the porphyrin mokty. 

Esscntially the same phenomena were also obscrvcd with othcr ZPnV (n=4 and (1). 

Thc photocurrcnts of ZP6V- and ZPSV-modificd clcctrodcs wcrc almut twicc as lnrgc as 

those of ZP4V-modificd clcctrodc. Fluorescence emission from ZP4V, on the othcr hand, 
was almost half of those from ZPBV and ZPSV. Thcrcforc, the effects of spaccr chain 
lcngth on photocurrcnts should bc ascrilxd to triplct state rathcr than singlct of thc 
excited porphyrin. 
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FIGURE 1 Action spcctrum of ZPSV-modified clcctrodc (W) and 
ahsorption spcctrum of thc mixcd LB film (30 layers) of ZP8V and AC 
(1:lO) (-). 
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MAGNETIC FIELD EFFECTS 223 

MFE 0 N PHOTOCURRENTS OF MOD lFTED ETECTRODES 

Thc photocurrcnt of all modificd clcctrodcs wcrc clcarly cnhanccd in the prcscncc of MF. 
Thc samc MFE wcrc obscrved, when the dircction of MF was rcvcrscd. Thcsc rcsults 
indicntc that thc MFE on thc photocurrcnts are not duc to magnetohydrodynamic 
cffccts.’ Thc MFE arc cxplaincd by thc photogencratcd radical pair. As a rcfcrcncc 
system, another modificd clcctrodc was prcparcd by using thc amphiphilic porphyrin 
dcrivativc with an ammonium hcad group (ZPSAB). The action spcctra of photocurrcnts 
wcrc similar to thosc duc to ZPnV-modificd clcctrode. Howcvcr, no M E  on 
photocurrcnts in ZPSAB-modificd clcctrodc were obscrved. Thc results suggcst that 
thc MFE in ZPnV-modificd clcctrodc arc ascribcd to thc photogcncrated radical pair. 

Thc incrcmcnt of thc photocurrcnt (0) increascd with MF and bccamc constant 
valuc at almvc 0.3 T (Figurc 2). Thc Q valuc duc to ZPSV- and ZP6V-modificd 
clcctrodcs wcrc twicc grcatcr than that duc to ZP4V-modificd clcctrodc. Thc MFE on 
thc iifctime of radical pairs with ZPSV and ZP6V arc larger than thosc with Z P W  in 
solution. The cffccts of spaccr chain-lcngth on the MFE wcrc in good agrccmcnt with 
thosc on thc iifctimc of radical pairs. Thcrcforc, the MFE on thc photocurrcnts wcrc 
cxplaincd in tcrms of relaxation rncchanism as discusscd below. 
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FIGURE 2 MFE on thc fractional incrcmcnt (Q= (I(H)-I(0))/l(O) X 100) 
of photocurrcnt of ZPSV( A )-, ZP6V( 0), and ZP4V( 0)- modificd 
clcctrodes. The photocurrcnt in thc prcscncc and absence of magnetic filcds 
is denoted by I(H) and I(O), rcspcctivcly. 
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224 H. YONEMURA era/ .  

Thc MFE on photocurrcnts for ZPnV wcrc clcarly ascribed to photogencration of 
triplct radical pairs via intrarnolccular clcctron transfer proccss at the clcctrodc surfiicc. 
Intcrsystcm crossing (TSC) proccss will bccomc ratc-dctcrmining step for thc radical pairs 
to dccay via rcvcrsc clcctron transfcr. The ISC proccss is controllcd by rclaxation from 
triplct suhlcvcls to thc corrcsponding singlct. As thc ISC proccss wcre suppresscd with 
thc increase of MF, thc rcduced viologcn in triplct radical pair will gain hcttcr chanccs of 
transfcrring the clcctron to the clcctrodc. As a conscqucncc, thc photocurrcnts incrcnsc in 
thc prcscnce of MF. 

On thc hasis of spaccr chain-lcngth cffccts on thc photocurrcnts and thc MFE, thc 
photocurrcnts of ZPnV-modificd clcctrodcs wcrc mainly ascrilxd to photogcncration of 
triplct radical pairs via intrarnolccular clcctron transfer proccss zit thc clcctrodc surfwc. 
Thc cffccts of spaccr chain-length clucidntcd that thc spaccr hctwccn D and A moictics 
could Ix appropriatcly adjustcd to attain a highcr cfficicncy in gcncration of 
photocurrcnts and to cnhnncc MFE. The present MFE will providc an uscful mcans of 
rcaction control involving clcctrochcmical proccsscs 'in LB films and thc rclatcd systcms 
such as artificial photosynthctic molccular dcviccs. 
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