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INTRロDUCTION  

Photo－induced⊂harge or electron transfer reactions have   

been the subje⊂t Of e〉くtenSiveinvestigations durin屋 the past  

severalyears． Quenching of a Breat Variety of excited states  

either by electron tr・anS士er or by 士ormation of e〉（⊂iplexes   

（hetero－eXCimers）has been shown to be general．It has been  

thought that exciplexes are veryimportantintermidiates not only  

in photophysicalevents l〉but alsoin phQtOChemical  

reactions，2）5ince匂×Ciplex emission wa5Observed壬Or the士irst  
time in Salution cantaining perylene and dimethylaniline by 

Leonhardt and Wellerin1963．3〉Theinvestigations on behavior  

Q士 the exciple〉くeS are Veryirnportant to understand photo－induced   

Charge or ele⊂trOn tranSfer reactlons．  

Recently，lightinduced electron trans士er rea⊂tions are of   

呈reatinterestin relation with construction o士 e千手icient systems   

for conversion and storage of solar energyinto electricalor．   

Chemicalenergy． Theseinvestigations have been carried out both   

On hetero宣eneOuS SyStemS With semiconductor electrodes or   

Particle5 and on homogeneous systerns with dye sensitizers   

The photovoltaic ef士e⊂t at the semiconductor－1iquidinterface on   

lightirradiation has been studied for the construction of the   

above heterogeneous systems since the photoelectrolysi5 0士  

Water at the TlO2electr・Ode was donein1971by Fujishima and  

＝onda． 4）More recently，thelightinduced water decomposition  
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employin空Platinum and ruthenium dioxide doped⊂OlloidalTiO2  

was reported5），and that the quantum yield of the rea⊂tion  

reached8・4‡臥1・Although platinized TiO2POWder has been  

also used to⊂arry Out the photoelectroly5is of water． 6）the  

band gap o士Tiロ2is toolarge to utilize士or the solarlight・  

However，the remarkable e士ficiency o壬 the separation o士 Photo－   

generated electron－hole pairsin the semic（〕nductors seems   

available 士or novelsynthetic chemistry． Dye sensitized hydrogen   

evolution 士rom＼帽ter With visible tightin homogeneous systems   

has beeninvestigated with growing attention． Among the systerns．   

ruthenium complexes（SenSitizer）－methylviologen（a⊂CePtOr）is  

the best studied；7〉however，a士ew reports have appeared on  

utilization of or卵ni⊂dyes． 8）Although some organic dyes  

are cheaper than the metalcomplexes，the mechanistic studies of   

the organic dye－SenSitized electron transfer reactionin retation   

VJith the solar energy coversion have not been ⊂arried out at all．  

In these respects，in the present work，Photo－induced ⊂harge   

and electron transfer rea⊂tions have been studied．  

Eosin Y，One Of xanthene dyes，WaS 士Ound not to be photo－   

bleached with trliethanolamine（TEOA）on visiblelightirradiation  
2＋ 

in the presence o士methylvioIogen（MV），and to work as an  

e士士e⊂tive sensitiser to reduce MV2＋into MV＋・with TEOAin  

aqueous ethanolas describedin Chapter 3． Thelimiting quantum  

yield士orMV＋・production reached⊂a・8・3・Thevalueis equal  

Or hiBh as cornpared with the value from the system empIoying  
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ruthenium complexes as sensitizer．The resulting MV＋・reduced  

Water to hydrogenin the presence of colloidalplatinumin the  

same system． 9）The detailed kinetics and mechanism of the  

Photo－indu⊂ed rea⊂tions occurringln such a system were expIored  

by nano5eCOnd and microsecondlaser flash photolysis te⊂hniques．  

The results show that the rea⊂tionls started by ele⊂trOn  

trans士er士rom triplet ex⊂itedEY2－to MV2＋followed by  

∵ニ electron transfer to the resutting EY－’from TEロA．  

Chapterlde5Cribesintrlnsic rea⊂tivity o士 the ex⊂iplex  

between aromatic hydrocarbon and diben三Oylpero〉（ide 士rom the  

viewpoint of structural士actors o士sensitizers． 10）  

Previously，Kanno reported thatirradiation of semi⊂Onducto  

Particles（n一TiO2and n－CdS〉suspendedin organic solvents  

COntaining arornatic olefins under o〉くygen afforded the correspond－  

ing epoxides and carbonyl⊂OmPOunds． 11）chapter2report5that  

an obser－Vation of anodi⊂ Photocurrents 士rom aromatic olefins to  

the excited n－TiO2electrode to evaluate the extent of electron  

transferin theinitiation pro⊂eSS O士 the above reaction，and the  

mechanism o士the reactioni5discIJSSed． 12）  

ー 3 －   
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壁潮拍妊」  

REACTION EFFICIENCY OF E〉くCIPLE〉くESIN SINGLET SENSITIZED   

DECOMPOSITION OF DIBENZOYL PERO〉くIDE  

艶聞略㍑  

Quantum yields were measured 士or aromatic hydrocarbon－   

SenSiti＝ed decompo9ition o士 dibenzoylperoxidein benzene．   

For the senslti2：erS emPIoyed，naPhthalene，Phenanthr申ne，   

triphenylene．and chrysene，the ratio o士 the rate con5tantS for   

d申Cay and radi亡alformation 士romintermedlate e光⊂iplexes was   

found to be similar（0．2 －8．4），indicating that the r台aCtivity  

C，士 the peroxlde moletyin theintermediateisindependent of the   

StruCturalfactors o士 the sensitiヱerS aS 士ar as e）くamined．  

－ 6 －   



Introdl」Ction  

Ex⊂iplexes have been proposed as rea⊂tiveintermediatesin   

many photochemicalreactions though they are not necessarily  

emissive． 1－3）In some ca冒eS the exciplexes may be too reactive  

to be alivein su士ficientlylonglifetimes to exhibit  

emission． 3，4）However，few works have been carried out to  

actually e〉くamineintrinsic reactivity of the exciplexes from the  

viewpoint of stru⊂tural士actors of sensiti＝erS． 2・516）  

Previously，Sin皇Iet excited aromatic hydrocarbons have been   

revQaled to sensitize decomposition of dibenzoylperoxide（BPO〉  

in5Olution． 7－9）The reaction was proposed toproceed through  

5hortlived rea⊂tive excipl◎×eS Which either bring about   

homolytic decomposition of the pero〉くide moietyinto 士ree radicals   

Or deactivateinto the originalconlPOnentSin the ground state as   

Shownin the 士ollowing 5Cheme，Where Sens and P denote a   

Sen5itizer and the peroxide，reSPeCtively．  

S⊂h馴帽1  

★  

→1（Sens．。）  1sens ＋p ★   

＊  

1（Sens・P）  

★  

1（Sens・P）  

（1）  

k  

＝Free radicals＋Sens （2）  
kd  

（3）  Sens ＋ P   

and kq・kr・and kd mean the rate constants of the p［OCeSSeS  

COnCerned．  
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This Chapt昏r des⊂ribes an attempt to determine the relative   

reactivity of the ex⊂iplexesin sin皇Ie七 SenSitized decomposition   

O士 BPOin relat：ion to structuralfactor・S Of the hydroca．rbon   

＄窃n5itiz嗟rぢ．  

ー 8 －   
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Benzene solutions of a sensitizer（3．8x18－3－3．◎x  

l匂－2mol／dm3〉and varying concentrations o士BPO（1．2×1月－3  
－3．1x18－2mol／dm3〉wereirradiatedunder argon atmosphere  

With 366 nmlight（for chrysene as sensitizer）or 313 nm11Bht   

りQr・triphQnylene，Phenanthrene，and naphthalene〉isolated from a   

488 W hlgh pressure mercurylamp，and the quantum yields 士Or   

decorTIPOSition o士 BPO were derterrnined atlow conversion of 8PO   

（le5S than 28 ％）using potassium tris（0）くalato）ferrate（ⅠII）  

actinometry． 18）  

A⊂COrding to Schernel．the quantum yield for disappearance  

αf日POis expres5ed by Eq・4，Whereぢmeans thelifetime of the  

51nglet ex⊂ited 5enSitizerin the absence o士 the peroxide．  

◎‾1＝（1＋1／k。て冨［P‖（1＋k。／kr）  （4）  

For each senslti三er emPloyed，the reciprocalo士 the quantum   

yieldlslinearly correlated with the re⊂iprocalof the pero〉くide  

COn⊂entrat10n・and theintercept・（kr＋kd）／kr，eXCeeds  

unlty（Figurel）． This rneans clea∫ly that the rea⊂tion PrOCeeds   

through formation of some reactiveintermediateslike e〉くCIplexes．   

The results analyzed a⊂⊂Ording to Eq．4 are sumnarlzedln   

TablQl．   

InT細l葛1きr窃射啓白li摘d帥嘩kq瑠v射u関頭摘州n如by  

－ 9 －   



士Iuorescence quenchingin benzene using the single photon  

countlng technique， 11）the singlet e〉くCitation energies 18〉  

即do㈹七ionp机即tま摘 12）0＝h¢脚射七ま紺臥 Thなk。て芸  

Value obtained from the quantum yield rneasurements for each   

SenSitizer 5atis拍ctorily agr・eeS Wellwith tha七 千rorn the   

士Iuore5Cen⊂e quenChlng．  

As Tabl匂1indicates，the observed ratios of the rate   

COnStantS 士or．decay and radicalformation from the exciplexes，  

kd／kr・are nOt Signlficantly varied（8・21－8・41〉arnong the  

unsubstituted polycyclic arcImatic hydrocarbons empIoyed，   

naphthalene，Phenanthrene，triphenylene．and chrysene． This fact   

indicates that the reactivity of the peroxide moletyin the   

int8rrnedlate doe5 nOt depend upon 5uCh structuralfactors of the   

Sen5itizers as the singlet excltation energies o士 the  

SenSltizers，Es，and the extent of charge transfer from the  

excited sensitlzer to BPOin the exciplex・Eox－Es・This  

Observat：10n might b台 aC⊂Ounted for by the facts that thelow  

energy（Ca．31kcal／mol）13）is required for the cleavage of the  

PerOXidelinkage cornparQd to the slnglet e〉〈⊂itatlon energies of   

the sen5itlzers（Tablel〉 and that the overallprocess of the   

5enSiti2：ation gives free radicalproducts arising benzoyloxyland  

phenylradlcals，but not anyionic productsat all． 
7－9）  

Atternpts to determlne the quantum yields by enploying other   

SenSitizerslike anthracene，9，18－dlphenylanthra⊂ene，Pyrene，and   

Perylene were abandoned，Slnce these 5enSlti＝erS Were found to be  

州1申 －   



士airly consumed during the reactionin contrast to the above   

SenSitizers which were recovered more than 8匂嵩 after the   

rea⊂tion．  

鶉；＝L －   



馳蟻迅鮎勘  

The results reportedin this Chapter shows that the sin皇Iet  

Sen9itized decomposition o士dibenzoylperoxide proceeds throし唱h  

士Ormation o士 SOme reaCtiveintermediateslike exciplexe5．The   

reactivity of the exciplexes do nQt depend upon structuralfactor   

O士 the sensitizers．This result re士Iects that thelow energyis  

reqlJired for the de旦radation of the peroxidelinkage cornpared to  

the singl弓t eXCitatlon energies of the sensitizers and that the   

OVerallproces5 0f the sensitiヱation gives 士ree radicalproducts，  

but not anyioni⊂ PrOducts at all．  

－12 －   



巨￥臣鮎皇塑撃り宣塾1  

担垂！至r皇室1室⊥  Dibenzoylperoxide was puri士ied by reprecip卜   

tation from di⊂hloromethane－rnethanol． Triphenylene was prepared  

ac⊂Ording七Oliterature． 14）The other aromatic hydro⊂arbons，  

naphthalene，Phenanthrene．chrysene，anthracene，9．1匂－diphenyl－   

anthracene，Pyrene，and perylene，Were COrnmerCially available．   

The aromatic hydrocarbons were purified by⊂Olumn chrornatography   

On ヨilica gelwith petroleum ether as eluent and rec（yStallized   

from hexane． Benzene（SPe⊂ialgrade）was distilled bQfore use．  

！塵重要侵£重り撃白雲＿蔓豊＿馳重り馳型＿呈旦受ユ頁室エ Th喧quan七um y摘l細 fo∫   

disappearance of 8PO were deternlinedin benzene under argon   

atrnosphere empIoying potassium tris（0〉（alato）ferrate（ⅠⅠⅠ）as   

actinorneter．Irradiation was carried out with 366 nmlight for   

Chrysene，anthr．acene，9，1匂－diphenylanthracene，Pyrene，and   

Perylene and with 313 nmlight for naphthalene，Phenanthrene，and   

triphenylene． From a 4馴∂ W high pressure mer⊂Urylamp 366 nm   

light wasisolated through a Toshiba UV－D36B glass filter and 313  

nmliBht through a Toshiba UV－D33S and a K2CrO4／Na2CO3  

solution filter． 11〉 The amounts of the remaining BPOwere  

determined by HPLC（COIumn：Zo［bax ODS・SOlvent：CH30H－  

H20＝85：15）・Although BPO was decornposed on directirradiation  

With 313 nmlight，its quantum yield wasless thanl％ compared   

With the sen∈；itized de⊂OmPOSitions and can be satisfactorily   

negle⊂tedin the presentinvestigation．  

－13 －   
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400 800  

［BPO］‾ソm。‡‾】dm 3  

Fig・l Stern－Ⅴ0lmer Plots of ReciprocalQuantum Yields vs，   

RecIPrOCalConcentratiQnS、OfBPOin AroTnatic HYdrocarbon Sensitized   

Decomposition of BPO；Sensitizers：Naphthalene（○）′ TriphenYlene   

（口），Phenanthrene（A）′ and Chrysene（⑳）．  
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馳重臣圭撃£＿箋  

PHOTOELECTRロCHEMICALINVESTIGATION ON THE MECHANISM OF TITANIUM   

DIO〉くIDE PHOTOCATALYZED O〉くYGENATION OF AROMATIC OLEFINS  

鮎脚隠蝕  

Anodic photocurrents were measured between variou5 arOmatic   

Ole士ins and the excited titanium dioxide electrodein order to   

revealthe primary process of titanium dioxide photocatalyzed－  

0×ygenatlon o士 these olefins．The photocurrent5in⊂reaSed wlth  

in⊂rea9ing oxidation potentials o士 the olefins；however the  

reactivity of the olefinsin the semiconductor photo⊂atalyzed  

oxygenation dld not necessarily correspond with the magnitude of  

the photo⊂UrrentS．Theinitiation process o士 the photocatalyzed  

oxygenatlonls suggested to be el匂CtrOn tranSfer士rom the ole士1n  

to the positive holes of the excited n－TiO2；however the  

efficiency of the rea⊂tionis controlled not only by the electron  

transfer proces5 but by radicalchain pro⊂e5SeS・  

－18 －   



Introduction  

The photo⊂atalytic effects o士 semiconductor havQ beQn   

recently concerned with the construction o士 effi⊂ient systems for  

COnVerSion of solar energyinto⊂hemicalor electricalenergy   

Since the photoelectrolysis of water at the semi⊂Onductor  

electrodewas donein1971by Fujishima and Honda． 1）The  

⊂har・ge SeParationin the semiconductorsi5 Carried out by   

the electric field 士ormed at theinterfa⊂e between the semicon－   

ductor and an electrolyte solution．The separation of photo－   

generated electron－hole pairsinto the components before  

recornblnationis one o士 the mostimportant subje⊂tSin relation   

to the use士ulstorage and conversion of solar energy．A numbe  

O士 Photocatalytic rQaCtions empIoying semiconductor15in solution  

have been extensivelyinvestl宮ated． 2－4）Especially，thes  

studles hav匂 士0⊂USed on the productlon o士 hydrogen from  

water． 5・6〉  

More recently the dispersed semiconductors have been used to  

indu⊂enOVe19yntheticchemistry・ 7－9）Bardandcoworkers  

reported that platini＝ed n－TiO2WaS mOre e士士ective than  

n刊ロ21nth喧輌七廊鋸触yl紺0…士附七紬 1即  

Previously．Kanno reported thatirradiation of semi⊂On－  

ductor particles（n－TiO2and n－CdS）suspendedin organic  

solvents contalning aromatic olefins under oxygen afforded the  

c即用事POndin屋脚机舶昏抑d亡即bonylⅢmPOund凱 11〉（馳h帥嗟1〉  

－19 －   



鮎b印章一旦  

ph 
＼ ／RI  
c＝C  

Ph／ ＼R2  

hv，02   
cニ0・0ニく＋ 

Solven亡  
TiOZ or CdS 

The pho七OCatalyzed oxygenation proceeded e士flciently with the   

Oleflns su⊂h as 2qmethoxy－1，卜diphenylethylene，2－methyト1，卜   

dlphenylpropene．1，卜dlphenylethylene，and 21⊃henylpropene，Which   

have the oxidation potentials morle Cathodic thanl．6 V vs．Ag／8．1  

机Oldm－3AgNロ3・ 12）on七h8州即hand・名細旧ng七厘Ol紬ns  

investi皇ated，2－CyanO一卜Phenylethylene，ethy13－Phenyl   

PrOPenOate，4－Phenyト3－buten－2－0ne，and cycloo⊂tene，0士 which the   

OXidatlon potentlals＼リere mOre anOdic than 2．8 V，Were PraCtl⊂al－  

1y not oxldlzed．12）The5e reSUlts strongly suggest that the  

Primary process o士 the L・eaCtionis ele⊂trOn tran5士er 士rom the   

olgfins to the poeitive holes generated in the valence band of 

the semiconductors under・illumination． 11）  

Recently．Fox and coworkers carried out semicondu⊂tOr Photo－  

catalyzedoxygenation of aromaticand non－arOmaticole士ins13）  

and observed analogous results to thoseby Kanno． 11）  

Kagiya and coworkers showed that secondary amines could be  

synthssized fram primgry aminee in a aqueaus solution by using 

p佃：州摘nイまロ2POW鰍 14）  

榊 28 サ   



Shirnamura reported thatirradiation Of powdered tltanium  

dioxide suspendedin solution cOntaining arOmati⊂COmPOund5and  

叫ater Under oxygeninduced hydroxylation O壬aromatic nuclei  

宮iving phenolic compounds and oxidation of side chalns of the  

aromatic cornpoundsJand sho叫ed that the presenCe Of oxy豆enis  

e9Sentialfor the reaction and that under oxygen o〉くidation of  

Water COntribute5 tO arOmatic hydroxylation and oxidation of  

toluene a5a Sbstrateleads to oxidation ofits side chain． 15）  

This chapter describes an atternpt to elucidate the mechani5m  

O士TiO2－Photocatalyzed oxygenation of the aromatlc ole士ins by  

deternining anodlc photocurrent5 from olefin5 tO the 錮Cited n－  

TiO2ele⊂trOde and by estimating the extent of electron  

trans士erin theinitiatiQn PrOCeSS Of the above reactionln  

felation to the oxidation potentials of ole士in白． 16）  

－ 21－   



Results and Di5CUSSion  

Cyclic voltammograms of trans－Stilbene at an n－TlO2  

ele⊂trOde are shownin Figurel． As shownln curve a and⊂，   

negligibly 5mallbackgr・OUnd currentsl帽re Observedin the dark   

With and without trans－Stilbenein a⊂etOnitrile solutions  

containlng8，1moldm－3tetraethylammonium per⊂hlorate（TEAP）  

as a supporting electrolyte． Neither reduction nor oxidation o士   

WaVe Were Observedin the darkin the potentialrange of －8．5 －  

8・8V v5・Ag／ABNO3・In an acetonitrile solution contalning  

o．1moldm－3TEAP without trans－Stilbene，irradiationo士then－  

Tiロ2el白CtrOde with366nmlight caused an anodic photocurrent  

at more positive potentials than 8．◎5 V（CUrVe b）． This photo－   

Current Can PrObably be attributed to oxidation o士 TEAP or  

acetonltrile．In the presence of2．匂×18－2moldm－3trans－  
5tilbene・the onset photopotential，Von・WaS Slightly shi士ted  

to a more negative potential，－8．1V，and alargeincreasein the   

anodic photocurrent was observed at ◎．5 V（CurVe d）．This   

Photocurrent can clearly be due to the oxidation o士 trans－   

Stilbene，Which has a cathodi⊂ 0×ldation potential． On the other   

hand，in the presence of olefins which had more anodic oxidation   

POtentials thanl．9 V，for example，⊂yClooctene and 4－Phenyl－3－   

buten－2－One．the photocurrents were scarcely observed．  

Thenetphotocurrent，ip， WaSdeflnedaヨdifferenceof the  

Photocurrents with and without an olefin． The behavior of the  

一 22 一   



ip val，JeS With the sweeping potentiali5Shownin Figure2・  

Correlation o士thei values atO15V with the oxidation  
p  

POtentials o士 the olefins emptoyedisillustratedin Figure 3．  

Theip valueincrease5Withincreasing oxidation poten七ialof  

the ole士ins．On the other hand．士or cyc10OCtene and 4－Phenyト3－  

bu七帥－2璃n¢州Chh錮Qm即窃抑Odicoxid針目馴P摘n七i窃15・七h窃ip  

Value5 Can be hardly detected at this potential． These results  

sugeest thet the net photacurrent, 
lp・ 

is afforded by the  

electron transfer from the olefin to the positive holesin  

the valence band of the n－TiO2electrode underilluminatic）n and  

the extent o士 the electron tr・anSferis controlled by the   

ロ×idation po七entialo士 ole士ins．  

The ip value of each olefin shoUld be comparsd with 

the rea⊂tion e士ficiency of the olefinin the serni⊂Onductor－   

Photocatalyzed oxygenation． The rnore ⊂athodic the o〉（idation   

POtentials o士 the ole士ins，thelarger photocurrents and the  

higher rea⊂tivity tend to be exhibitedin the n－TiO2Photo－  

CatalyzQd oxygenation． On the other hand，the oleflns o士Iow   

reactlvityin the photocatalyzed oxidatlon，the photocurrents   

Were SCarCely obs台rVed，SuggeSting that the electron transfer  

from the5e Ole士ins to the po5itive holes of ex⊂ited n－TiO2  

ele⊂trOde underillumination did not occur． Consequentlyitis   

lndicated that the electron trans士eris the primary processin   

the serniconductor photo⊂ataly＝ed oxygenation． trans－Stilbene had   

a more cathodi⊂ OXidation potentialand showed alarger photo－  

－ 23 －   



亡urrent thanl．卜diphenylethylene but the reactivity o士 the   

tormerin semiconductor photocatalyzed oxygenation waslower than   

that of thelatter which showed a smallphotocurrent． Kanno   

des⊂ribed that the semiconductor photo⊂ataly2：ed o〉くygena・ヒion   

PrOCeeded thr－Ough elQCtrOn 七ransfer from the ole士in to the  

POSitive holes of the excited n－TiO2generating ole士in⊂ation  

ELadicals 士ol10Wed by free radicalchain rea⊂tionsincluding  

QXygen（FiBUre4）． 12〉 Moreover，Stilbene has alower  

re白⊂tlvityln radlcaladdltion thanl，1－diphenylethylene or  

styrene． 17〉 These fa⊂t5indicate that the rea⊂tion e士ficiency  

Of the n－TiO2Photocatalyzed oxygenation depends not only on  

the electron transfer effl⊂iency from the ole士in to the posltive   

holesin the excited semicondu⊂tOr but on the reactivity of the   

resulting radicalspe⊂iesin the dark rea⊂tions（Tablel〉．  

ー 24 一   



Conclusion  

This work shows that the extent of the anodic photo－  

CurrentS from severalaromatic olefins to the excited n－TiO2  

electrode depends upon the oxidation potentials of the ole士ins．   

Iti5 reaSOnable to suppo5e that theinitlation process o士 the   

Semiconductor photocatalyzed o〉くygenat10nis electron trans士er  

士rom the ole士in to the positive holes o士e＞くCited n－Tiロ21  

日owever，the reaction effi⊂iency of TiO2－Photocatalyzed  

OXygenationis not correlated with the magnitude o士 the anodic   

Photocurrent． The．results show that the e士士iciency of the   

reactlonis controlled not only by the electron transfer process   

but also by the subsequent radicalchain processes．  

－ 25 －   



巨￥2璧£旦塑受口圭如  

担重宝竺王主如萱」＿  2－Methyト1，卜diphenylpropene（1）．1，卜  

diphenylethylene（≧），2－Phenylpropene（⊇），CyCIooctene（些）．  

and 4－Phenyト3－buten－2－One（萱）were purified by dist：illation  

（bp：旦，115－116●C／4mmHg；⊇，182－184●C／3rnmHg；ヨ，53－54’C／   

38mmHg；些，8卜820C／133mmHg；塁，68・－61’C／4mmHg）． trans－   

Stilbene was recrystallized three times frorn ethanol． Tetra－   

ethylamrnonium perch10rate（TEAP）（Nakarai，POlarogr・aPhic grade〉   

as supportin£ electrolyte and acetonitrile（Nakarai，HPLC 点上、ade）   

Were COrnmerCially available and were used without further   

PUrifi⊂atlon．  

鮎重要坦£草野壁n圭＿望豊＿巨細憲史⊆臼££撃蛸畢エ  F曳gur葛5箔ho鵬患n   

apparatus 士Or the rneasurernent of photocurrents． The working  

ele⊂trOde was a pロIycrystalline n－Tiロ2Plate prepared by the  

following procedures． 18〉 A thin titanium plate（0．卜6．2mmin  

thickness）was heated stronglyin an oxidation 士Iarne of a town   

gas burner for 38 min． The ⊂Oating of the oxldized tltanlum was   

formed on the metaltitanium． The plate was ⊂OOled to roorn   

temperature and was cutinto a square，the area being 8．342  

2 cm・The working electrode wascontacted to a copperwire with  

COnductive silver paste which was ⊂0Vered with rapid－drying   

epoxy cement． The electrode，⊂OPPer Wire，and allsides o士 the  

Plate．∈ⅢCePt 士Or the newly forrned titanium dioxlde sur士ace，Wer8  

⊂0Vered with sIow－drying epoxy⊂ement． Be士Ore uSe，the surfacQ  

ー 26 －   



0士 the elec七rode was etched with dilute hydroch10ric a⊂id for38－  

4匂s and washed with distilled water and specialgrade a⊂etO－  

nitrile． A platinum plate was used as a counter electrode，  

The working electrode potentialwith respe⊂t tO Ag／＠．1m01dm－3  

ABNO3and the currents between the n－TiO2electrode and the  

platinum eleetrode were measured by sweeping the potential from 

－e）・5 V to 8．8V at78 rnV／S On a Hokuto HA，281potentiostat   

equipped with a Hokuto HB－1eI4 function generator． The voltam－   

metrlc curves＼リere PUt OUt On RikadenkiRW－11re⊂Order． Argon   

gas was bubbledinto a soIution 士or atleast 38 min before each   

measurernent and kept bubbling during the measurenents． A 588 W   

XenOnlamp（Ushio Uト501C）was employed as alight source． Light   

With wavelength o士 about 366 nm wasisolated through two 宮Iass   

filters（Toshiba UV－D36B and UV－35）． An acetonitrile soIution  

contained2．0×18－2moldm－301efin and C）．1moldm－3TEAP  

as supporting electrolyte．  

一 27 －   
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Figurel・ Vol亡a叩e亡ric curves onirradia亡ion of n－TiO2二▼in  

MeCNcontainingO・1m01／dm3Et4NC10ム；SCチnra亡e70mV′s・  

（a）Dark cyclic v01亡aTrmOgram On Ti02Wi亡hout s亡ilbene・  

（b）CurrenトPO亡en亡ialcurve underillumina亡ion wi亡h366nm  

ligh亡On TiO2Without．s亡ilbene・（c）Dark cyclic volyaTrmOgram  

onTiO2Wi亡hO・2m01／血3s亡ilb占ne・（d）Current－PO亡en亡ial  

CurVe under土11um土na仁王on w土th366nm・1土gh亡On T土02Wi亡h O・2  

m01／dm3stilbene・  
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Flgure2・ CurrenトPO亡en亡ialcurves onirradiation of n－TiO2  

inMeCNs01utioncon亡ainingO・1Tn01／dm3E亡4NC104Vithvarious  

aromatic 0lefins．（国）亡ranS－Stilbene，（A）2－Tnethyl－l，l－   

diphenylpropene，（⑳）l，1－diphenyle亡hylene，（A）2－Ph已nylpropeTle，  

（○）cycl00C亡ene，and（□）4－Phenyト3－buten－2－One・  
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（土p他cm－2）  Figure 3． Correlation of pho亡OCurren亡   

Wi亡h oxida亡ion po亡en亡ials（Eox／Vvs・Ag／AgN03）inMeCN  
3 

s01亡ionwithO・l皿01／血E亡左NC104・（l）亡ransqStilbene，  

（2）2－me亡hyl－l，l－diphenylpropene，（3）l，l－diphenyle亡hylene，  

（ん）2－PhenylpTOpene，（5）cy⊂100⊂亡ene，and（6）4－phenyト   

3－bu亡en－2－One．  
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Figure4・ Schema亡ic representation of semiconduc亡Or  

pho亡OCatalyzed oxygena亡ion of olefins・  
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馳重臣皇堅£＿ヨ  

PHOTOSENSITIZING ACTION OF EOSIN Y FOR VISIBLE LIGHTINDUCED   

HYDROGEN EVOLUTION FROM WATER  

鮎明暗毘  

Eosin Y was not photobleached with triethanolamine（TEOA）on   

Visiblelightirradiationin the presence of methylvioIogen  

（MV2十）．andworkedas an e士fectivesensitizer to reduce MV 2＋  

into MV＋・wlth TEOAin aqueous ethanol．The resulting MV＋・  

reduced water to hydrogenln the presence of collidalplatinumin  

the5ame SOlvent．The quantum yield for MV＋・formation was  

determined to be ca．匂．3． Nanosecond and microsecondlaser 士Iash   

Photolysi5 te⊂hniques enabted to elucidate the detailed mecha－   

nism． The phQtO－induced etectron trans士er processes are revealed   

to beinitiated by ele⊂trOn tranSfer trom triplet ex⊂ited Eosin Y  

to MV2＋followed byelectron trans士er to the re5UltingE・・｛l岬・ 叫■lナ  

士rom TEOA．  
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‡n七roduc七まOn  

Currently considerable effDrtS have been devoted to   

achievernent of hydrogen evolution frorn water through visible   

light－inducQd Tedox rea⊂tionsin relation to solar energy  

conversion and storage． 1）The generalscheme o士asuitable  

electron transfer systemis shown below：   

hv（Visiblelight）  
S －－－－－－－－－－－－－－－－－ 〉  

＊ 5＋A…－…………－ 〉S＋・＋A・  

Catalyst  
訓‾・＋2＝2ロ………… 〉＝2＋2ロ＝‾＋2A（3〉  

s＋・＋D－－……… 〉S＋D＋・  
（4〉  

D＋l－…－－－－－－…－－ 〉Products  
（5〉  

Wher匂 S stands for a photosensltl＝er，A and D are an electron   

acc8PtOr and an electron donor，reSPeCtively，and water reduction  

to hydrogen achieves＼再th a redox⊂atalyst．In mostinvestiga－  

tionsmethylviologen（MV2＋）has been employedas theele⊂trOn  

ac⊂ePtOr（A〉 and triethanolamlne（TEOA）or ethylenedianlnetetra－  

aceticacld（EDTA）as theirreversible ele⊂trOn donor（D），  

and colloidalplatinum or hydrogenas台is required as the redo〉く  

⊂atalyst・Among sensitizers，rutheniumcomplexes， 2〉  

porphyrlns， 3－12）andphthalocyanines13〉have almost exclu－  

Slvely been employedin the5e Studies；however，Only a f  
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reports havQ aPPeared on utilization of organic dyes． 14－18）For  

the purpose o士 solar ener営y COnVerSion，itisimportant that the  

Chrornophore absorbs alarge part of the solar spectrum，has an  

appropriate redox potentialIandisine〉くPenSive and readlly  

availablQ． Some organic dyes are more ⊂heape∫ than the above   

mQtalcomple粕5 and fillmoderately the other terms．  

prviously，Bellin and⊂OWOrkers 14）have found that  

PrOflavin．one of acridine dyes，WOrked as an ef士ective sens卜  

tizer to reduce MV2＋into MV＋・with EDTA，and the quantum  

yield士or MV＋lproduction a⊂hieved＠．72under optimalcond卜  

tions． 14）Theysug皇eSted that the rea⊂tion proceededthrouBh  

the Qlectron transfQr 士rom EDTA to 弓in皇Iet excited proflavin and   

Sub5equQnt reaCtion between the resulting one electron reduced  

proflavin andMV2＋（reduction cycles）；however，thedetailed  

invQStigation for the dynarnics of each reaction process wa5   

not ⊂arried out at all． On the other hand，Kalyanasundaram and  

coworkers 16〉performed alaser flash photolysis of the  

proflavin－MV2＋－EDTA system，and showed that the reactlon atlow  

M〉2＋concentrations（（5×1匂－5mol／d3）wasinitlated by the  
electron trans士er 士rom EDTA to triplet excited proflavin   

（reduction cycles）．and that at much higher concentration of  

MV2＋the MV＋・formation o⊂Curred both by thereductioncycles  

and by the ele⊂trOn tranS士er 士rom singlet ex⊂ited proflavin to  

MV2＋and5Ubsequent reaction between theresultingoneelQ⊂trOn  

oxidized proflavin and EDTA（○×idation cycles）． 16〉 However，  
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the detailed evaluation of the ratく∋ COnS七ants of the system wa5   

not attempted becau5e Of overlapping of the spectra o士 the  

various transient species．Bolton and coworkers 17）reported a  

⊂OrnPrehensive study，uSing ⊂Ontinuous and microsecond flash   

Photolysis techniques，Of the mechanism of the electron trans士紺  

reaction fromEDTA to MV2＋sensitized byacridine orange． 17〉  

They showed that the MV＋・士ormation occurred not only by  

O〉くida七ion cycles via triplet excited acridine orange but also by  

reduction ⊂y⊂les via singlet excited acridine orange．However，  

they did not determine the exact rate⊂OnStant O士 the fast stage  

O士 the reactionsin a nanosecond domain．In spite of the   

irnportance o士 the electron transfer reactios sensitized by   

Or－ganic dyesin solar energy ⊂OnVerSion and storage，littleis   

known about the mechani5m O士 these reactions．  

We setected Eo5in Y（2’，4′，5′，7′－tetrabromo士Iuorescein   

disodium salt）whichis one of xanthene dyes as a sensitizer．   

Xanthene dyes are knawn to be irreversibly phatobleached in 

alcaholic salutians under nitragen into their 

leu⊂0一士orms； 19・28〉the resulting matterscannotbe reconverted  

to the starting dyes on contact with air． This behaviorisin   

remarkable contrast with thiazine dyes which are reversibly  

Photoreduced under nitrogenin alcoholic soIutionsinto the  

leuco－forms； 19・21）thestartingdyescanbe recoveredon  

⊂OntaCt＼再th air． Ho＼帽Ver，We have recently found that Eosin Y  

（EY2－）皇誓nOtPhot細l串舵h¢din廿相即捌nC葛0＝V2＋andTE帆  
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and works as an effective sensitizer for reduction of MV2＋into  

MV＋・，Which subsequently reduceswater to hydrogenin the  

pre＝en⊂e O士⊂Olloidalplatinum． 22）Moreover，We have⊂arrled  

Out a detailed mechanistic study of the electron transfer  

processQSin the EY2－－MV2＋－TEOA system usingnanosecond and  

mi⊂rOSeCOndlaser 士Iash photolysi5 teChniques．  

Recently，5eVeralworkers 3・9－12）have found that positive－  

1y charged water－SOluble zinc porphyrins photosensitize the  

reduction of MV2＋to MV＋・with hiBh ef士iciency despite very  

S10W forwar・d electron transfer． However，ne帥tively ⊂harged  

substituen七50n POrPhyrins prevent to yield MV＋・despite the  

high probability of forward electron trans士er．It can be   

e〉くPlained that with the use of a positively char・ged porphyrin   

the electrostati⊂ rePulsionin theion pair 士orrned by the forward   

el白CtrOn tranSfer effectivelyleads to separatedion produ⊂tS   

before the recombination between the r・adicalion pairs can  

accomplish． 3・9－12）In⊂OntraSt With these report5，Eosin Y，  

Which has two negative char．ges．is found to be an effi⊂ient  

photosen5itizer of MV2＋redu⊂tion．This chapter deals with the  

mechanisti亡 Study of photoinduced ele⊂trOn tranSfer rea⊂tions o士  

EY2－employing steady－Stateirradiation andnanosecondlaser  

士Iash photolysIs techniques．  
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Re5Ults  

1．ContinuousIrradiation  

l⊥1…鵬捜要望£臣長旦望ロ＿軸撃⊆圭£星型＿駅劇場軋劇L鋸掛姻軋ふ摘封一旦££董舶孝二   

圭旦莫n   

IrradiatiQn Of methylene blue（MB＋）（1．5＞く1匂－5  

mol／dm3〉and TEOA（1．8x18－2mol／dm3）in al：1ethano卜  

Water（PH5）mixture with visiblelight o士 人〉55elnm from a   

tungsten－brominelamp under nitrogen atmosphereled to monotonous   

decr∈闇5e Of the absorption o士 the starting dye．Onintroduction   

O士 air to theirradiation mixture．the absorption band o士  

M日＋was recover8d unchanged as be士Ore theirradiation（Figure  

l）．However，irradiation of EY2－（1．7×18－5mol／dm3）in a  
l：1ethano卜Water（PH5）solution containing TEOA（5．1×18－2  
mol／dm3）with visiblelight ofh）458nm resultedin rapid  

bleaching of EY2－in60s．and the originalcoIor o士the dye  

was not recovered at allonintroduction of airinto the solution  

a士ter theirradiatlon（FiBure2〉．Thisbehavior o士EY2－isln  

rematkable contrast with MB＋whi⊂h are reversibly photoreduced  

into theleuco一千orm under nitrogen atmospherein alcoholic   

SOlutiロnS．  

Addltion of MV2＋（5．1×18－2mol／dm3）to a solution  
o士MB＋（1．5×18－5mol／dm3）and TEOA（1．8×1◎－2mol／  
dm3）in al：1ethano卜Water（PH5〉mixture onirradiation with  

Vi5ibleliかt of ゝ〉55匂nm under nitro皇en atmOSPhereled to  

嶋 ヰ1・－   



de⊂r－eaSe Of the ab50rPtion band o士 the starting dye during the   

initialillumination（Figure 3）． ロn prolongedillumination，   

Smallabsorption bands appeared around 395 and 682 nm due to the  

formation of MV＋・by one electron redu⊂tion of MV2＋．Intro－  

duction of air to theirradiatin mixture caused quick disapp－  

earance of the MV＋・，and the absorption o士the starting  

M日＋was recovered completely．These results show that the  

M〉＋・is produced by electron transfer from TEOA to MV2＋  

by sensitization with MB＋．through with a verylow efficlency．   

Irradiation of an aqueous ethanoIsolしJtion o士EY2－（1．7×  

18－5mol／dm3）in the presence of TEOA（4．7×18－2mol／  
dm3〉and MV2＋（5．2×18－3mol／dm3）with visible11ght  
（入〉45日 nm〉 under nitrogen atmosphere caused rapid growth of   

absorption bands around 682 and 395 nm due to the production of  

MV＋・in an amount ofl．6×18－4mol／drn3in98s．This  

result clearlyindicates that EY2－act5aS an e士fective  

sensitlzer toindu⊂e redu⊂tion o士MV2＋by TEOA．The amount of  

the resulting MV＋・during theirradiation means that the  

electron transfer through EY2－was cycled9timesin the  

irradiation period． Onintroduction of airinto theirradlated   

SOlutlon，the resulting absorpt：ion disappeared completely and the  

absorption band of EY2－was recovered quantitatively（Figure  

4）．Itis noti⊂eable that EY2－more efficiently sen5itize the  

redu⊂tion of MV2＋by TEOA than M8＋，although EY2－is  

irreversibly and MB＋is rever5ibly photobleached onirradiation  
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Wi七hTE口角．  

on the other hand，When EY2－（1．7×18－5mol／dm3）was  

irradiatedin the precence of only MV2＋（5．1×18－3mol／  

dm3）inl：1如hanoト臓ter（PH5〉withoutTEOAwithliEhto‡  

入〉458nm under nitrogen atmosphere．the absorption spectrum was   

not ⊂han皇ed at all．  

旦⊥⊇＿＿“⊆壁堕損郎LE9£ロ嬰壬捜L軸麺雪即」巨！2一針dMV2＋in                                                                                                                                              ■■■－■■u■■■－■．－■■■■■■■●■l   
圭b墾 鵬＿  

The absorption spectrum of EY2－was shifted on addition o士  

MV2＋in al：1ethanoトwater（PH5）mixture as depictedin  

Figure5．Thisindicates the formation of⊂OmPlex between EY2－  

and MV2＋．AIso，MV2＋ef士ectively quen⊂hed士Iuorescence of  

EY2岬in al：1ethanoトW摘［（PH5）inint馴葛itybut didnot  

a士fect the fluorescencelifetime at all（Figure 6）． These 士acts  

m銅n that EY2r forms a non－fluoresent complex with MV2＋in  

the BrOund state as shownin Eq．1，but singlet excited EY2－i弓  

no七qu鮒C幅d with MV2＋．  

K  

EY2－＋MV2＋  ほY2－…MV2＋）（1〉  

Figure 6 shows the plot o士 the ratios ofluminesen⊂eintensi一  

七鹿，り8川，in七h¢ab脚C葛OfMV2十洲dinthepr絹針Ce  

o＝V2＋against MV2＋concentrationsin al：1ethanoトWater  

（PH 5）rnixture a士fordinglinear relationship． This relatlonship  
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Can be expressed by E：q．2：  

‡8／Ⅰニ1…［MV2＋】  く2），  

VJhere K denotes the equilibriurn constant，Which corresponds to   

七he apparent Stem－Volmer constant． The equilibrium constantis  

obtained士rom the slopein Figure6as nearly6剛∋椚Ol－1dm 3  

in al：1ethano卜Water（PH 5）mixture． The equilibrium constant   

VJaS StrOngly dependent L」POn theionic str・ength o士 the rnediurn，and  

decreased with theincrease o士theioni⊂Strength23〉．Thi5  

fact sho叫S that the complexin the ground stateis produced by  

electrostatic attraction between EY2－and MV2＋and not by  

their hydrophobicinteraction．  

主⊥ヨ ＿…＿  
Quantum yields 叫ere determined onirradiation o士 sample   

SOlutionsin a mixture（1：1by volume，4 ml〉 of ethanoland water   

Which was adjusted to pH 5 wlth phthalate buffer＼再th 49eInm   

light obtained through a monochromator（Slit width：28 nm）士rom a   

5別∋ W 〉帽nOnlamp enploying potassium tris（OXalato）士errate（ⅠⅠⅠ）   

actlnclm∈∋try．  

The quantum yield for disappearanceof EY2－（8．6×l匂－5  
mol／dm3）in the pre5enCe O士TEOA［（3．匂－12．8〉×18－3mol／  

3 dm】alone was determined by following the decrease o士  

absorption of EY2－at488nm（molar absorption coef士icient：  
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2牒3×1田4dm3mol－1cm榊l）．A5indica七edin Figure7，  
the re⊂iprocalo士 the quantum yield shows alinear Stern－Volmer   

r葛IatiDn5hip 屠場ain5七 the reciproca10f 七he c仁）nC葛ntration oま TE〔〕A．   

Thelimiting quantum yield，the quantum yield extrapolated  

七Oinfinま七色 conc葛n七r励tまOn（コ士 TEOA，W歳事臥11．  

The quantum yield of MV＋・productionin the three－  

⊂OmPOnen七SyStem（EY2－－MV2＋－TEOA）was determined by the  

absorption of the resutting MV＋・onirradiation of EY 2－  

（8．6×1月－5mol／dm3〉with498nmlight as abovein the  

pre5enCe Of a fixed con⊂entration of MV2＋（1．8×18－3  
J 

mol／dm）and varying⊂OnCentrations o士TEOA［（3．8－12．匂〉×  

18－3mol／dm3］．The results士it the Stern－Volmer relationship  

as depictedin Fi宮ure 8with thelimiting quantum yield o士 臥29．  

on the other hand，Onirradiation of EY2－（8．6×18－5  

mol／dm3）with a fixed con⊂entration o士TEOA（1．8×18－2  
mol／dm3）and varied⊂0nCentrations of M、／2＋（1．8x18－5－1．匂  

×10－3mQl／dm3）the quantum yield for MV＋・production  

in⊂reaSed 士rom 8．15 t：0 8．2匂 withincreasing ⊂On⊂entration o士  

MV2＋士roml・匂x18－5tol．8×：柑－4mol／dm3，and then  
remained nearly8．28despite theincreasein MV2＋concentration  

up tone白［lyl・8x18－3mol′dm3as shownin Figure9．The  

observedinsensitivity of quantum yield to MV2＋⊂OnCentration  

in mDTe thanl．＠×18－4mol／dm3must be related with  
formation of the complex between EY2－and MV2＋．  
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1，4    ＿パ∴」地軸胡粉L如劇且鵠即  

To 緋amin窃 七h色 紬rma七ion oま hydro義博n 士∫Om 七h倉 Pr昏整卓nt   

SenSitizing system．irradiation was carried out with added   

CQllQidalplatinum catalyst carried by polyvinylalcohol（PVA）and  

七he re5Ulting hydrogen was determined．In a typicat run，1匂 ml  

oモal：1ethanoトwater（PH5〉mixture containing5．8×18－4  
m。l／dm3EY2∴1．8x18‾4m。l／dm3MV2十，1．匂x18‾2  

rnol／dm3TE口A，and6．6×18－5mol／dm3colloidalplatinum－  

PVA ⊂atalyst wasirradiated under sti上・ring through a 45〔ヨ nrn cuセー   

Off filter with a 58e）W xenonlamp． A士ter theirradiation for   

5 h，1．9 mlof hydrogen was generated．  

The yield of hydrogen was found to depend strongly on the  

con⊂entration of MV2＋．The e士fect of the MV2＋concentration  

On hydFO卵n eVOlut拍ni5illustra七edin Figurel臥 Th¢ high  

concentration of MV2＋tended to suppress the produ⊂tion of  

hydrogen．  

The hydrogen evolution wasinfluenced by temperature．   

SOlvent，andinorganic additiv∈S aS Shownin Tablel，2，and 3，   

respectively．  

2． Laser Pulse Ex⊂itation  

To determine the kinetics o士 the transient speciesin the   

Photoinduced ele⊂trOn tranSfer，nanOSe⊂Ondlaser 士Iash photolysis  

was carried out for EY2－－MV2＋．EY2p－TEOA，and EY2－－MV2＋  

一丁EロA 琶y雲七色m凱  
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on exci七離ion of EY2－（1．¢x18－3mol／dm3）in岳1：1  

色thano卜桐七紺（PH即 mix七ur卓Wま七h 七卜帽337．1nmla5紺 Pul空ほ  

transient absorptions appearled，Which are assigned to the t・riplet  

eゝ：Cited state of EY2－［3（EY2－）＊】，the one electron  

redu⊂ed士orm（EY3－・），and one electron oxidized士orm（EY－・）of ■■l■   

the dye． 24）Figures11and12illustrate the transient  

absorption spe⊂tra Obtained under argon and oxygen atmosphere，  

r昏5P昏C七ively．The br・Oad 七ransient absorption band ar・Ound6e佃 nm  

is assigned to the T-T absorption oZ EY 2－24）．As comparisorl  

between Figureslland12indicateミヨ，the ab50rPtion band around  

415 nm was quenched e士fectively by o〉くygen but that around 44匂 nnl   

WaS nOt qUenChed by o〉くygen，and a⊂⊂Ordingly，these bands are  

safely assigned to EY3－・and EY－1，reSPQCtively．  

Moreo、ノer，itis worth mentioning that the absor・Ptions of  

both EY 3－・and EY－・appeared simultaneously within25ns  

a士ter thelaser pulse．These results willbe discus5edlater．  

The twQ－⊂OmPOnent SyStem Of EY2－and MV2＋was examined  

in aqueous ethanolby nano5e⊂Ond and microsecondlaser flash   

Photolyses． The kineti⊂ analysis o士 this system was carried out  

by monitoring the⊂hara⊂teristic absorption of MV＋・at395nm，  

the T－T absorption of3（EY2－）‡at658nm，the absorption o士  

EY3－・at415nm，and that of EY－・at462nm，reSPeCtively．  

A士terlaser excitation，decay o士 the T－T absorption of  

3（EY2一）＊wa5aCCOmPanied by synchronized buildup o士the  

MV＋・absorption．Theinc．rease of MV2＋concentration tended  
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to reduce theintensity of the T・－－T absorption ob弓erVedimmediat∈巨  

Iy如七紺l竃5紺錮Ci七紺On（25nれ Theincr朗蔓葛0モ附2＋  

concentration tol．5×18－2mol／dm3did not resultin the  
app∈闇ranCe Of 七h卓 丁嶋T abso叩七ion，and 七h母 buildup of only a £rnall  

absorption due to MV＋・叫aS Observed・Thi5士a⊂t SeemS tO  

indicate that excitation of the comple〉（formedin the ground   

State doe5 nOt ef士iciently resultin the electron transfer and  

exci七ation of uncompl錮ed EY2Nis effici即t七O r葛duce EY2〟．  

Figures 13 and 14 illustrate oscilloscope traces of these 

糾enlt5．A5indica七edin Figure14－a，the absorption of MV＋・  

gradu爵＝ybuiltupまn ov紺Iappin宮With七heEY 3山・absorp七ion  

Which has arisenimmediately a壬ter thelaser pul5e and attained  

at the pla七eau．However．the absorption o士EY3－1around415nm  

did no七d紙ay during七he time dom鼻in of MV＋・buildup・The  

pseudo－fまrstord紺rate COn5tant for thebuildupof MV＋・I  

1kMV＋‥  ⊂an be estirnated by Eq．3：  

1kMV＋・Xt誓InくAp－A8いIn（Ap－At） （3），  

Where Ap，At・and A◎rePreSent the absorbancesin  

the plateau region（See Figure14），at the time t，and due to  

EY3q・which quickly bu‖七up afterl絹即糾Citation・  

E）くPeriments performedwith aserieso…V2＋⊂OnCentrations  

showed that the kinetic5 0f the quen⊂hing of the T－T absorption  

and the buildup of MV＋・  
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are p5eudo－first order with re5PeCt tO MV2＋as shownin Figure  

15． The slope of the plotin Figure15indicates second order  

r摘COn5t那七慧tObekMV＋・叫・8x柑9dm3mol－1蔓－1軌  

MV＋・buildup那dkトT＝2・日米189dm3mol【15－1甑  

quenchin屋 Of T一丁ab慧OrP七ion，r・葛5P愈Ctiv由Iy． Th錯色 Valu鵬COnform  

with each other・Ac⊂Ordingly，itis clear that MV＋lis  

PrOduced by electron trans士er 士rom the triplet excited state  

of EY2－toMV2＋asshownin Eq．4：  

k（附2＋〉   

3（EY2岬）＊＋MV2＋仙……－ 〉EY・＋附＋・   く4）  

The quenching rat。C。nSta。tis。btai。。das k（MV2＋）：3．匂xl㌔  

dm3mot－1s－1a忘the average o士the above values．  

Os⊂illoscope tracesin F’igure16 shows thelong－time  

behavior of MV＋・absorption at395nm and EY－・absorption at  

462nm・ 25〉 The signalat395nm decaysconcomitantlywith the  

462 nm absorption de⊂ayindicating that the back ele⊂trOn  

tran5士er from M〉＋・to EY－・0⊂⊂urredin this time domain as  

described by Eq．5：  

k（ba⊂k）  

EY－・＋MV＋・……－－－－－－－ 〉EY2－＋MV2＋ く5），  

Where k（ba⊂k）denotes the rate constant of this process．The   

rate constant exhibits second order ⊂haracteristics and the  

kinetic evaluation yields k（ba⊂k）＝6．8x189dm3mol－1  
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‾  
慧  

Inlaser 士Iash photolysis e〉くPerimentsin al：1ethanoトwater  

（P＝5）501ution5COntaining only TEOA and EY2－（1．田）（1窃M3  
3 

mol′dm），eVen at relatively high TEOA concentration（1．3x  

l＠－2mol′dm3〉，theli壬etime⊂，士T－Tabsorp七ion of EY2－  

remained unchanged and the chara⊂teristic absorption of EY 3－・  

at415 nm dj．d notincrease after the very rapid formation   

irnmedla七ely after alaser pulse．  

The three component system，EY2－（1．臼×18－3mol／dm3卜  

MV2＋（7・8＞く＝「4mol／dm3卜TEOAwasinve5tigatedwith  

Varying con⊂entra七ion of TEOA． Figure17 depicts build．」P CurVeS  

of MV＋・（395nm）whi⊂h shows that the rate was nota士fected by  

′ the presence of andincrease ot the ⊂OnCentration of TEOA． The  

ra七e⊂OnStantS for MV＋・formation are estirnated asin the  

EY2－－MV2＋system and are plotted a卵instTEOA concentrations  

in Figure18，Whi⊂h again shows that the rate constants are   

almost un⊂han宮ed with TEOA concentration．  

Figure19illuちtrate弓 the de⊂ay ⊂urVeS Of the 395 nm   

absorptionl，5 mi⊂rOSeCOnd a士ter the ex⊂itation examined wlth  

varyin望COnCent・ration of TEロA．The decay o士MV＋・became sIow  

Withincreasin望 COnCentrations of TEOA and，at［TEOA］＝2．8  

18－3mロIdm3）theabsorption did not decay at all．  

These resultsindicate that the primary electron trans士erin   

the three－COmPOnent SyStem OC⊂urS eXClusively via a reaction  

between the triplet excited state of EY2－and MV2＋．The  
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resultingMV上c抑be5uffまCまentlylong＝v蔦din th昏Pr郎紺Ce  

C）士 a s！」f士icient concentration Qf TEOA which willefficiently  

r色duc愈EY・in七oEY2－七Oin七紺C印七th¢back葛l絞仁丹On t用n慧摘r ■岬   

between EY－・and MV＋・．Therefore，the overallelectron  

tran∈；士曽r PrOCeSS may be written as follows：  

3（EY2－）＊＋MV2＋……… 〉EY・＋附＋・ （6〉  

EY・＋TEロA……～…叫仰－… 〉EY2－＋TEOA＋・  
（7ト   
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Di5CUSSion  

旦⊥＿巨ピニ＝‡巨軋萱空軍圭撃墜  

Asmentionedearlier，EY2－i5Photobleachedwith TEOA；  

however．the transient spectros⊂OPy Showed that the triplet  

5tate Of EY2－is not quenched byTEOAin the tlme dornain o士the  

Or－der of281」5，Which suE！geStS that the quenching willtake place  

inlate time domain a士ter the ex⊂ita・ヒion．If the photoredしICtion  

⊂げEY2－byTEOA proceedsvia the triplet e〉くCitedstateasshown  

in Figu・re2日， 24〉the Stern－Volmer equation of EY2－disappear－  

ance ⊂an be written as follows：  

蚤岬1＝壷sT（l＋1′kql［TEロA】川＋kdリkr〉 剤  

Where垂sT denotes the triplet yield・ki（i＝q・r・and d‖）  

repre5entS the corTeSPOnding rate constants shownin Fi皇ure 26．  

The ratio Qf theinter⊂ePt tO the sIopein the plotin Fi望u．re7．  

宮ivesl12dm3mol～享asth昏Valu…士kqてT・ Thefluo脾  

5CenCeOf EY2－was quenched by addition of TEOA and the  

Stern－Volmer plot was 士ound to belinear（Figure21）．The   

Stern－Volmer constants，Which are estimated by both fluoresce－  

3  

nce冊即慧咽andli紬七肺紺蔦kq句ニ…那dl・…m  
mol－1，reSPeCtively．These results clearlyindicate that the  

photoredu⊂tion of EY2－by TEOA proceeds via the tripletexcited  

state of EY2－a5Shownin Figure2＠．Thequen⊂hing rate  
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COn5七師t（k）of  
q  

Volm蔦r COn5tan七  

thi5 PrOCeSS C苫In be eちtimated from the Stern－  

（kqてT）抑dlま鮒meo士3（EY2－）＊（5・28  

micro細COnd‥oben摘再kご2米川7加3mol－19－1・  
q  

The ab亡〕Ve reSし】lt means that the transient absorption of  

3（EY2…）水i5SCarC頼qu即Chedby TEOA o士仰hich conc即tra－  

tionisless thanlx18－2mol／dm3．Laser excitation of  

EY2－in・ヨqueOuSlalcoholin the absence of TEOAled to rapid  

formation of EY3－・and EY－・within25nsafter the pulse  

excitati⊂）n，Which corresponds to the time ⊂OnStant Of the  

appa．ratus employed．One⊂0Uld suppose thatirradiatiQn Of EY 
2－  

with added TEOA，七he re5ulting EY岬・w仁＝react wi七h TEロA． 24〉  

However，Stern－uOlmer equation for D－D me⊂hanism（interaction of  

2M＊ l（EY2～）＊or3（EY）wまth EY2鵬）does no七Sati与頼  

七h昏 r蔦5ul七整 0ま S七色rn－Volm紺 P10七Sin Fまgur申 7，50 七haセ セhe  

phロtOreduction of EY2－．」nder the condition oモモhe continuロuS  

lightirradiation p∫OCeeds vi．ヨ the triplet ex⊂ited state of  

EY2岬．  

previously，it was reported that excitation of EY2－in the  

ab！ヨerlCe Of donorslike TEOA g・ヨVe EY3－1and EY－・by dispropor－ ＝＝；ゴご   

tionation between the triple七State EY2－and the ground state  

EY2‾（ローDm紬ani叫W州…摘COn離antkロゼ8米1㌔  

dm3mol～1s－1on the basis o士the mi⊂rOSeCOnd flash  

photolysis work． 24）However，the present results shロWS that  

the rate constant士or formation of EY3－；and EY－・ml」St be 二二∴二   

Iarger than1818dm3mol －1s－1．Theretore，itis  
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reas亡！nable to supp〔）Se that these radj．calions are ⊂Iirectly  

proclu⊂ed士rom the siIlglet excited state o士EY2－－（1D‡－D）but  

not form the七riplet excited state o士EY2－（3D木－D）．  

箋∴∈曇ニニ坦望竺二鰯雲撃野  

Although⊂Ontinuouslightir．radiation of EY2－in the  

pTeSen⊂e Of MV2＋does not resultin the forma・ヒion of MV＋・，  

laser pul5e eX⊂itation was fo●」nd to give MV＋・and EY－■，Which  

5ubsequently recombined to resultin EY2－and附2＋．A  

findin望in the effe⊂t Of hiBh⊂OnCentration of MV2＋t亡！redu⊂  

七he form訂＝on．0…V＋・and5uPPr郎5七he formation of即叩  

detectable amun七Of3（EY2－）‡indicates that the excitation  

o士the ground忘tate COmPle＞くbetween EY2－and MV2＋isnot  

e士tective to redu⊂e MV2＋into MV＋・or the resulting pair  

between EY－・and MV＋・would quickly underBO back electron ●■■i■  

trans士er．  

ヨこ＿Eだ二＝担壁空包巨劉L馳室主要り  

continuouslightirradiation o士the EY2－－MV2＋－TE口A  

systemled to redu⊂tion o士MV2＋into MV＋・．However，itls  

impロrtant tO dif士erentiate whether the rea⊂tionis started ヒーy  

electron transfer士rom ex⊂ited EY2－toMV2＋士ollowed by  

｛一■・ electron trans壬er to the resulting EY’from TEOA or by  

r銅Ction b摘een錮Ci七ed EY2－and TEロA拍IIowed by r闘C七ion  

bet鵬en the resul七ing EY3－・and MV2＋；both proc捕5e5ar葛  
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七hermc，dyn包mまCally po55ibl母． The re蔓ults ofla5e∫ SPeC七ro5COPy   

Clearlyindica七色S tha七 the r銅C七ioni5initiatod by 七he ¢l¢CtrO  

t．ransfer士rom the tripl．et EY2－to MV2＋，Whichis not observ計  

ble under・COn七inuouslight まrradia七ion． Thi5 r葛Sulti5 Ver．y   

望ま葛niflc昂n七 5まnc辱 the m葛Ch∂ni5m for the dye－ヨen51tiz葛d reduc七ion  

ロまMV2＋摘5nO七b脚Very Cl象紺．Ⅰ士the back el配trOn tr抑S土色r  

士rom MV＋・to EY・doe5nO七occurin七he pr葛琶enCe OまTEOA  

く2．8xlO榊2mol／dm3〉（Figur葛19〉，the ratQ COn5tant for  

∫ea。ti。。（7〉i5糾al。at融t。be。e紺Iy6米1㌔dm3m。l－1  

5岬1from七幅∫Q凱l七5in Figure22．  

些エ＿E£堅塁＿∈ロ撃££望一針矧媚鼠＿望圭～．‡b彗＿巨望撃＝萱竺口琴旦圭主要隻軋Eb望圭9＝主D如⊆更d   

EIQ⊂trOn Tr岳n5士er Proce慧慧  

The overallstandard 士．ree－erlergy Change of the photo－indLJCed   

electron transfer processes（AG〉 can be estimated 士rom relevant   

r曽dox po七ential5， The redox poten七ia1日Of the triple七 郎Cited  

＋・3＊ 3氷 
離離餞0士脚5itizer5【E窃（S′s）那dE窃（s′S岬・〉コ  

Can be esti帽t昏d by combining 七he triplet excitation energy and   

七h色 grOund state r卓dox po七entia15 aS 5h亡州nin Eq．（9〉 and（18），   

r昏SPeC七ively：  

＋3東 E8くSリs〉云E窃（S＋ソSいET  （9），  

3東 
E臼くs′S岬・〉霊E窃く馴5・）＋ET  （18），   
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Where S deno†：eS PISenSiti三er． The estima・睦d value5 for 5eVeral   

dy∈S arelistedin T・軸Ie4．The 士．ree ener宮y Chan宮e（AG）for the  

fol10Wing proc倉S5蔦慧（Eq．11，12，and13〉 are 離Ven by E叩．14，  

15，爵nd16，r母5P倉C七まVely．  

3s水＋MV2＋…－……鵬 〉S＋■＋附＋・  
（11）  

3穀 sヰTEOA…仙…－－ 〉S・＋TEOA＋・  
（12〉  

s・＋MV2＋…－…－… 〉S＋MV＋－  
（13）  

4G（kcal′mol）狐町E8（S＋ソ3s無上E8（MV2＋′MV＋t〉】く刷  

AG傭射′mol）ニ23・町E8（3s米′S－・巨E8潤OA＋ソTEOA〉コ（1即  

dG（kc紺mol）弧町E8（5／S・巨（E窃（MV2＋用V＋・）］  く16〉  

The estimated valueslistedin Table 5 ≡ihow that among the   

弓enSitize．rヨ eXamined the over．∋llstanderd 士ree－energ）／Chan里eS  

with EY2－are mu⊂h more negative than those with othe．r  

sensiti三e．rS（Figure23〉．In⊂OntraSt，With M日＋the overallAG  

for MV2＋reduction pro⊂eSSeS are POSitive（Fi糾re23〉，SO that  

the electron transfer should be prohibited on thermodynarnic   

g．round．  
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要エー⊆塁‡如宝玉主⊆－毀些頓緩拍L裏＿．蜘せ捉㈲担  

The additionロf pla七inum⊂13talyst to the EY2一刊V2＋－TE口A  

Sy雲；t宅間Ied 七O P∫Oduc七まOn Oま hyか0卵n． As Figure18indic爵七倍慧，  

hi帥con⊂entrationちOf MV？＋tended tQ SuPPreS5the produ・＝tiロn  

Of hydrogen．This result does not a営ree With the eモfect of  

MV2＋  COn⊂entratiQn Onl二he quヨntum yield；the quan七um yield clf  

MV＋・production remainednearly8．28despiteincreasein MV 2＋  

con亡母n七ratま訓告roml，窃×1田－4tol，ロx18榊3mol／dm3．Thi9  

means that the electron tと・ans士er process士rom MV＋・to cロ＝oidal  

Pla七inum－PVA wasinhibited whenirradiation was carried ⊂）u・ヒin  

the presence of high⊂OnCentration亡I士MV2＋．  

Previo．JSly．it has been repo．rted that MV＋■ tends to  

離帽riz¢まn粥u紺uS50lu七ion：26〉  

2MV＋・  くMV＋・）2  （17ト  

K＝714dm3mol－1  

The standar・d士ree－energy⊂hangein the dimerization o士MV＋・is  

estimated a5－3．9kcalmol－l，and the dimer．whichi百mu⊂h mor   

5t細Ie七han七he monomer，ha5a redox potentialE8宗一臥29V vsl  

卜購∴ 27〉 con鋼qu即tly，玩汀七hec針目on r如ic顔Idim紺tO r¢duce  

Water and 七O PrOduce hyd．rogenitis nec⊂e≡；Sary that the 冒Olution  

E（＝＋川2）・  has pHく5，Sin⊂e the reductiロn POtentia10f wa七er．   

i5 targe・r than －＠．295 V v5．NHE at pHく5．Ac⊂Ordingly，itis  

likely that at high⊂OnCentra・ヒionロ士MV2＋，the resultin営MV＋・  
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七蔦nd5 七O dim即i三色，and 七he r宅≧5ul七in屠 dimeri5 nOt 5uモモiこiently   

C蟄Pabl色 0丈 reducまn腰 W弟t臥r ヒ卑 七he a55i5七∂nCe 口舌 colloidal   

Plぬ七inu軋  

毎エー竪琴圭旦担如旦望ロu墾毘岬班撃．＿堅塁圭撃～⊆望口琴墓室口王室＿旦ロ＿塑口軋巨圭呈旦⊆旦壁ロ⊆望岬壁圭   

七he Electron Transfer  
■ ■■－■．－ ■■一 一■－ －．－．■・■1－ ■■■・・・・・・－ ■■■■・■ ■■●■■ ■■■■■■■■■■■■■ ■■－－■ ■■■－ ■■● 一 －■＿ ＿■．●■■ 一 ■－ ■■■－  

S（きVeralattempts have been done to estimate the rate   

COnSt．ヨnt弓irlVOIvedin and the effi一＝ien⊂y Of photo－induced   

int昏rmOlecul紺 申lなC七ron 七ran離er fr‡コm th¢ tripl∈≧七 e〉くCited 5七a七e  

sensitizers to MV2＋．9，l即 schemelshows the me⊂hanism ●  

fo＝l傍C七ron七摘n5紬rin七h昏EY2－珊V2十sy離緋．  

Scheme l  

kDIFF  
［3（EY2－〉東…MV2十】  3（EY2－〉＊＋MV2十   

kDISS   

EY2－＋MV2＋〈一山－－－－－－－ （EY－‥‥MV＋・）  

EY 暮 ＋MV＋・  
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Thus，int紺点Ction betwe鮒3ほY2－〉＊and MV2＋射V蔦5an  

encoun七愈r CロmPl拙 Wi七hin which thereis vir七u岳Ily no bindin宮   

ener・gy b∈王七Ween th昏 reaCtantS． Th蔭 forma七ion o士 5u⊂：h an 卓nCOun七草r  

COmPl葛×m叩be a diHu5ion岬COn七roll融町OC閏S（kDIFF〉洲れ  

5ince th昏 COmPl錮 may b葛 爵 Ve∫y W¢ak on葛，i七 和白y b色 reVeribl葛  

頼DISSト ロn亡母柏r和郎㍉ 七he compl錮may und紺gO葛l¢Ctrロn  

tran！Sfer to fQrm a gemj・nateion pair（kA）wherein the redo  

PrOduct5 爵re C叢唱草d by the 50l、ノen七． T卜帽≧ 卵mまn慮七色ion p飢r m讃y  

d昏Cay ei七h紺七O re柏川the ground5ta七¢re羞C七ant5（k日）or to  

giv草S印即納雨ま椚P∫Oducts（kcト  

The r飢葛Of forma七ion o†七h蔦enCOunt即COmPl¢×（kDIFF）c那  

be cal⊂ulated モrom the Debye 引くPreS5ion to．r d‖＝し」Sionalencounter  

between twoions o士charges ZA and ZB aS Writtenin Eq・18‥  

kDIFF＝47［rA日DA日NA6／（e）くP訂－1）  （18）  

Whe∫¢   

2 
gニZAZ日葛／帥T∫A日  く19）  

O  

and a distan⊂e bet叩een A and B，rAB＝18Althe di抽」Sion  

⊂On5七an七DA日翔一5cm25－1；N泉・kand已are輌  

Avog．ヨdro′s（＝OnStant，the Boltzmann′5 COnSt：ant，and the dielectric   

COrlSt．ヨnt Of the solvent，reSPeCtively．  

8 The5tandard free energy change（AG）asso⊂iated with the  

せOrmation o士 a very w銅kly bound compl錮be七We蔦n Char卵dion5Can  
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beこ励Ic－」l摘dモガOm Eq．2飢 
2即  

AG臼＝ZAZ日e2′・rA日已  〈28）．  

The free ene．r望y Change can be employed to estimate the equilibr・卜   

um ⊂OnStan七 千or forrnatiQn Of the encounter comple〉く（K）asin Eq．   

2l：  

G8＝－RTlnK  く21），  

∂nd   

r22），  K軸D‡FF／kDISS  

SO that the value o士kDISS  Can be obtained（Table6）l  

Now，the bimolecular triplet quenching rate ⊂OnStant  

2＋ 
k（附）canヒ】e eXPreSSed asin Eq．23：  

2＋ 
k（MV〉袖口IFFkA／（kA＋kDISS｝  （23），  

2＋ 
sothatkACanbeevaluated・＝owev紺，七hem闘Suredk（MV｝  

valueis str・⊃ngly dependent しIPOn theionic strength（u）o士 the  

medium，and the calcJJlated kDIFF and kDTSS  Values re士er to  

2＋ 
zeroionic5trength，Thus，the me・ヨSured k（MV〉valuehasbeen  

corTeCted to zen⊃ioni⊂ Stren屋th using the relationship asin   

Eq．24：  
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l痛くMV2＋）ニlロgk酬2＋）日＋…2ZAZ日中（24），  

那d the c鼻Icul讃ted value k（MV 2＋）葛i5giv馴in Table6  

（中霊臥19und紺七hi5COnditionト Emp10ying七h閏e Vall」捕，tO屈離h紺  

With七he calこul飢融kD‡FF and kD‡SS Value5一缶l10W5C愈Iucl針  

七ion of kA（Tぬl蔦6）which apply the r離e con5七郎再‥白倉蔦l蔦C七ron  

七∫鮒離紺青mm3（EY2…〉＊to MV2＋．The町Obab仁＝七yof  

electron transfer（P）⊂an be expre5Sedin the 士orm  

P軸A／（kA＋kD‡SS 2＋窃 〉叫MV）／kD‡FF  （25）・  

50 tha七 P can b葛 Ob七ain蔦d（Tabl葛 6）．‡七 Can be 5e葛n from Tabl蔦 6  

that the EY2－－MV2＋system has alarge probability of the  

electron transモer． Thisis ∈！XPlained that the electrostatic   

a七tra⊂tion between the re．ヨCtantS 壬avQrS the 吉OrWard electron   

tran離紺 P∫、oCeS5．  

The 宮eminateion pair formedin the ele⊂・ヒron transfer  

PrOCeSS（kA）can⊂lissociate to農「ロ．Jnd state reactants（kB）l  
吋hich must pro亡eed through spininversi一っn from the resultir唱  

tripl雪tin radj．calpair t（⊃ Singlet pair，Or tO SePara七ediQn  

PrOducts（kc〉，and the partition between these two deca・、′  

PrOCeSS COntrOIs th（∋ yield of redox products． 口nce tormed，the   

redo）く PrOdu⊂tS Willre⊂Ombine via a diモモusi・コn COntr亡Illed back  

ele⊂trOn tranSfer step k－C aS Shownin Eq・26：  
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k－C  k臼  

（EY岬・‥・附＋・い，… 〉（EY2‾＼MV2＋〉  EY・＋附＋t         ■J■■  

（2即．  

The proc¢dur¢ou七Iined血0Ve柏r calcul抽On Of kDIFF，  

kD‡S5， 那d kA Can be empl叩ed七o e離im離e k－C・kc・and  

k日・T幅equilibrium⊂On離ant（K′）for柏rm離ion口舌anion pair  

fg・Om 七h¢ 5¢P紺a七edion produc七5 Can b¢ eXPr¢S5ed 忍5 5hownin   

Ecト 27：  

K′軸…C／kc  （27ト  

The r摘COn離鮒七k（back）8cⅣr葛C七色d柏三倍rOionic如r馴離h c即  

be written asin Eq．28：  

k伽Ck〉8軋ckA′（kB＋kc）  （28ト  

The慧e derived value慧 鼻r葛 COll蔦C七曽din Table 7． The5e ra七重   

COn5tant5 0f both 士or・Ward and back 蔦Iectron 七ran離er pro⊂e5望；e5   

are s・Jmmari三edin Figure 22． Now，the yield〔）f redo）く PrOduct5   

depends upon the pa．rti七ion fraction o：E theion pair  

範軸c／帥日十kc〉  （29〉  
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那d率si5rel離匂d柏七h蔦qua「－tLJm yield柏㌃柏rm如ion of                                                                                          ▲▲ ▲′■■－    ノ●ヽノ■■ し  

1日，29〉  
5印即納昏d町Oduc短，畢。nS  

畢。n5＝範丁 米鞄X範  持闇ト  

Th色5ymbol5倭sT and範re士紺七O the quantum yield士Or七h葛  

無げmation of七幅七ripl如拙Ci七ed融点蟻Of EY2鵬く臥64） 訓那and  

七h昏P．rOb融再Iity oまquench行場七he七再Pl蔦七exci醸d5七鼻t…f EY 
2－  

a七 昂 given con亡：en七r鼻tion o士 quencher a5 5hown まn Eq．31：  

Q 
＝kくMV2＋）［MV2＋コ′tk（MV2ヰ吊MV2＋］＋てT）（31＞  

The d紺ived v射ue of範and畢。nS  ar昏COllなC七edin Tabl昏7・  

The value of卑on5may be related to七helimiting quantし仰yietd  

0…V＋・p∫Odu蛸Onく卑im）  

It is n亡）ti⊂eable that the  

deterLminedin the pr（∋冒en⊂e Of TE：OA．  

e5七まm摘dv帥」eOf垂ion雲 仙EY2∴  

8．13，i5 aSlarge a5 the v讃Iue de七即mined モロr tri5く2′，2ノー  

bipyrl腑射一冊h鮒ium（用便ion5 ニ…－凱25ト 29）  

zェ＿⊆墾塑臣垂£主要墾ロ｛軋班塁＿馳即庖軋旦L畏如座し転L輿＋・  

E£空地⊆圭主望り…重り⊇ロ£－圭b撃一軸口鎚圭主要更£萱鵬巨担臣19望撃頁  

Thelimiting quantum yield for EY2－－SenSitized MV＋・  

P．r（〕du⊂tionis equalto ロr higher than the quantum yieldin the   

Ca5e5 0士 r．uth葛nium complexes as a sen弓itizer（Table 8）． This  
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r蔦Sult mi屋h七 b蔦 rela七色d 細 th∈∋ di富士紺色nCe扇 th蔦redox po鴇n七i崩l5  

訓Ong SenSitizer慧・Wi柚七he us蔦0士EY2－5t那d即dまr葛e昏n紺gy  

2＋ cha噂くdG8＞翫汀廿帽el配trOn七用n5紬r七OMVi5冊葛  

ne即七ivな 七han 七ha七 色mpl亡卑ing．ruth昏nium complexes，Which 肘ill  

ac⊂elerate the 手口［帆ヨrd 昏Iectr・コn tranSfer．More⊂一Ver，the 駅nlina・亡母  

iorlPair fo．rmed ヒ卑 the fロrVJard ele・＝tr〔〕n tranSfe．ris a tr3．1：）let  

r爵dまC讃1・摘n p岳irI50 th鼻モ モhe b歳Ck 昏l蔦CtrOn 七，㌣蓋nS摘r can prロ亡母馴ゴ  

after the spininversion oモ モheion pairs．PrevioL」Sly，SモVeral  

w肝k紺53，9，18〉indまc摘dth愈t七her鳩首針＝vev讃Iueo篇ZAZ臼  
suこh舶the EY2一嶋村V2＋5y摘mi5unま糾Or油lな七0国母ldr馴触  

PrOduこ七ぢ 柏r 七h昏 凱Jb5tantialelec七ros七a七まC 讃ttr∂C七i亡）n Withえn 七h母  

ion p離r† 3・9・期 日owev紺，t摘ま紺mかHon of sep即急醸d拍n  

PrOduct5腫 
ion5 

即d垂Iim〉 まn七h蔦PreSen七5y5七emま5手綱Or曽d  

雨5Pま焼七h蔦n関針目v卓ZAZ日∨射u乱 丁hま慧雪崩ct5ug営農如慧帥爵t軒帽  

▲＝二▲＝ neg白ti＼婚 亡harge cn EY’isloc白Iizedin the ben三ene m〔）iety  

Orl蔦n楠d p紺P葛ndicul紺 七0 七h葛 X∂nth¢ne fr爵m馴Ork，慧0 七h藁t 軒帽  

P．rOdし忙ed 卵minate radi⊂ali亡）n Paj．r 亡Jif士uses ea⊂h othe．r．  
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Con⊂ll」Si亡）n  

The prQ雛n七WOrk5how5七h離EY2一帥0柏5即5ま七iz葛9帥葛  

r融uc七ion o士附2＋in佃MV＋・wi七h hまかe子音icま即Cy．The  

lim＝加g quan七um y摘Id手打r農duc七ion o＝V2＋，un雨r七he町捕即七  

COndま七ion写，r・鋸陀hed c凱 臥3． Thま誓 Valuei慧 葛qualor hえ畳h a慧   

COmPar葛d wi七h 七h¢、ノ讃IL」e 昏mPIc）ying ru七henまum compl継母慧 a⊆ 周  

5即5itizen Th臼r椙ul七ing附十 まn柚色町絹針t鞘融㈲＝聞uCeS  

W讃t紺 七O hydrc唱enin 七h∈き P∫e5昏nCe Of c亡）l10ic！爵Ipl讃tj．num．   

Moreover‡W葛 h鼻∨蔦 慧hロWn 七he d蔦七ailed 慧；七udy of kin昏七ics and   

m∈きChanism for the reactic7n by nan亡侶eC（〕nd and micr・つSeC・コndlase   

fl∂油 Pho咄Iy5i琶 七echn拍ues．‡n 七hi5 5y5七em，七he r鼻aC七ioni昏  

in冊離農d by母l配七ron七r抑Sf鮮血m侶Ple七錮C皇醸dEYか佃  

MV2＋手口Ilo臓d by色t蔦C七∫On tr那Sf紺七0七幅re5ulting EY一 打・m  

TEロA． Thi5is 七h¢ fir5七 me（＝hani望；七icinv鰐ti卵七ion of 愈Iec七r’C■n  

tr讃nS士紺r開こ七ion fm和讃dono∫七O MV2＋開n5itほ融by讃n  

Or見易nic dy草．  
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巨些臣堅£旦塑撃ロ‡如  

攣垂圭撃£旦塁上琴エ  Eこ唱in Y く2′，4′，5′，7′一七e七r劇b∫OmOモII」即唱5C酎n   

disodium salt）（Chroma）was recrystalli三ed three times from a 9：1  

象七卜庸nOト臓七即mまXtur臥 舶七hylene blue（M紺Ck，eXtra〉j 帽七hyl  

Viol⊂噌en（N，N′－dimethyト4，4′qbipyridinium dichlロride）（Nakarai，  

GR〉，七riethanolamin¢（Nak紺愈i，GR〉，W紺e uSQd wi七hout か」r七her  

Puri士ication・Coll（つidalpl・ヨセinum、帽S PrePared ac⊂C＞rdin．g to  

li七紺離ur軋 35〉 Eth那Oland2－P川PanOl（Nak即離，SPR〉鵬r倉  

dri昏d over芝草Oli七e3－A 川原ko〉 士or atl闘5セ セhr草色day忘and  

distilled before・JSe．Non～壬Iuore5Cent＼帽ter〔Drコjin）was u弓ed  

as received and adjusted to pt」5 with phthala・ヒe bu千手er（Clark－  

Lubs bu士fer soIution）．  

ロ更圭蜃£塑主口重圭主望ロ…望豊胸重臣寧望£臣圭主壁ロ＿重臣堅⊆圭£日野＿頭重ロ岩壁＿gロ＿⊆9ロ‡主口坦⊇』室  

ユ主離圭一主££鄭弛塾長旦望ロェ  E∂Ch 5amPl葛 四mり 桐慧 d銅即爵七ed まn a   

quar七三 ⊂ellwith along ne⊂k by b・Jbbling with nitrogen ロr arぎOn   

for a七Ie舶t 38 min be士or・eirLradi鼻ti（〕n． S七eady～5tateirrBldiation   

WaS Per・formed by ernpl叩irl．g a 65日 W tungsten－b．rominelarnp th．rou宮h   

∂ To慧hiba Y－45 凋nd an ロー55 gla55 舌まl無げ tOi501劇七e vi如bl㊥liか七   

Of 入〉458 nm and 入〉5・5日 nm，reSPeCtively． The visible and しJV   

absorption spe⊂tra Of theirradiated rleaCtion mi〉くtureS Were   

measured by a Hita⊂hi2旬日－28 spe⊂tr・⊃Photometer．  

担堅塁室侵‡撃野望ロ‡－⊇圭＿£撃如婆＿臣墾圭撃仁王え垂ユ寧エ T卜博 r葛do米 PO樋ntial5  
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肘er¢ m∈拍Sur昏din ∂Ce七oni七rile and aqu昏OuS50lu七まOn5 肘i七h   

こOnVen七まOn讃Ithree－el葛Ct，rOd粥，．ヨ Pl居け呈num wir昏 a慧 七h色 相Orkまn威   

葛Iectrode，a Pl屠itin－」m 銅uZe 爵5 th蔦COun七紺 農l昏CtrOd¢，鼻nd an  

舶用－1mol伽3AgNO30∫a銅七L」r離edcalomelel葛Ctr油  

（SCE〉 讃5 崩 r昏fer蔦nCe 葛Iec七rode．‡n 讃Ce七Onま七∫ile 琶Olu七ion5  

3 
七離r鍼thylammonium p紺Ch10r離農膵．1mol／dm）wa5emPl鞘帽d a5崩  

SuPPOr七まng ele亡：七rロIyt∈き．‡n aqu¢Ou5 慧Olu七ion5，POta55ium   

Phthal韻七曽 爵nd 50dまum hydroxi離！emPloyed 七0 爵dju5七 PH 七0 5 worked   

a5 5uPP凸r七まn盟 昏Iec七roly七色S．  

担壁垂室侵£撃嬰受口圭岬如一二弛撃＿撃9日主上主虹主星塑軸⊆9ロ室王室口雲仙貴史£＿；9塑E沌撃堅  

forma七ion． The 包quまIibrまum こ：On5七爵nt 士or complex forma七ion   

WaS de七ermined by twQ me七hods． ロne method empIoyed ahsorpti亡In  

5P昏こtrum Ch射場蔦Of EY2岬on add七まm oモ∨紺y拍g conc即tr∂tまロn50f  

MV2＋・Theothermethod was carriedou七by quenchinぎ口舌EY 2－・  

flLJOr’eSr＝en⊂eintensity 芸Indli．士etime by varyir噌 ⊂OnCer［tration5 Qf  

附2十．Fluor粥C馴C¢5P配七㌣忍耐EY2－with愈nd机thou七附 2＋  

We．re meaSしIred on a HitachiMPF’－2A fluores⊂en⊂e ちPe⊂trOmet∈げ．  

The fluores⊂enCelifetime of EY2－w．ヨS determined on a nano－  

Se⊂Ond single pho七On ⊂Ountin宮 aPParatUS，Applied Photophysic慧   

ModelSP－3〉く，and the da七a were analyzed by de⊂OnVOluti（コn   

七echnまque忘，  

蜘掛弘似担哩建＿墾圭一馳儲捜翔一出撃1≦麺エ  Allquan七um yield慧 脚色r昏   

determined onillLJmination of sample solutionsin a mi〉くtu．re（1：l  
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by votume，4mり 雨 eth鼻nOland叫a七紺ゐdj！」5七ed 柏PH5wま七h  

Phth爵Ia七色buモモ即Pl盈Cedin alxIx4cm quartz cellwi七h 鼻long  

n葛Ck．‡llumまn讃七iロn W爵S don昏Wi七h 利昭 n脚l摘h七Obtaまned 七hrough a  

［旭u如 讃nd L亡Imb monochrom訂ヒOr（51ま七 Wまd七h：別ヨ nm〉 from忍 5日日 脚  

LJ5hic！Uト5日1C絹n仁）nl凋mP．Thelight まn七en如ty肌ヨ5de七ermin葛d  

wまth 七h∈聖 u5蔦0ま a ch昏mまCal讃こ七まnome七er，POt捕忘il」m tri射0〉ほl鼻七郎｝  

ferra座りⅠⅠト 36）The5amPle50tutまms鵬∫e加附ated by  

bubblまn監 肘ま帥 a∫思On 士or 忍tl開S七 3¢ min befor倉i∫、r・∋di讃ti（コn．  

T摘qu那七umyi昏Id5玩汀di5剣叩関川nC倉扇EY2一札6xlロ ー5  

mol／加3）in七hepre開nCeO士TEOA［（3．葛－12・即〉く摘－3mol′  

dm3］相即昏加地rmまn蔦d by following七h葛鹿Cr葛爵5農Of the抽慧OrP－  

七ion o蒼EY2柵離4関門m恒l即急b5叩七ion coeモモici馴七：2，耶冥  

184dm3mol－1こm－1ト  

The quantum yields for MV＋・producti・コnin the three～  

compon即t5y5t即lほY2一用V2十／TEOA〉鵬r℡d摘即＝nedby  

m銅5urin農七h¢abso叩tまm of七h蔦re5ul七まng MV＋・a5de5Crまbed  

b¢10W（Fまgur蔦2射．The母XCi柏tionliか七 く九＝498±18nm）   

Wa5 0btain辱d a忘 abov葛∴ Al巧匂 W 七un夏S七倍n－ha10genl鼻mP Wa慧  

昏mPloゝ唱d a5讃m亡）ni七Orir唱Ii望h七50urC乱 丁helamp㌔臓S印uipF噂d  

Wま七h 鋸1R－68（To慧hib射 岩Ia55 士ilt紺WhまCh 鼻I10W雨 r讃di讃七ion  

o士Ii帥七Wi七h入〉68巧n軋 Th昏mOni柏rま「唱Ii£h七WaS P鍼5ed th∫Ou農h  

an Applま蔭d Pho七OPhy離C5M3銅monochromat肝and w爵ぢ血塊C甑d wi七h  

為n Applまed Pho七郎叶腔由謂IP28pho七Omul七まPlま葛r and讃Kaw爵5讃kま  

Ele⊂tr・Onica TM～141匂 transient memory． The rising curve∈；Of  

MV＋・were readinto the transient mernory and put out on a  
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Rik都痛nkまR嶋21r色COrd紺．T幅q－」即モー」myまeldsか∬帥草MV 
ヰ・  

g蔦ner凋七ionin 七he七hree－CロmPOnen七5y慧紬m肘鼠「莫P昏rfo∫m倉d by  

irradiating EY2～（8，6×1＠～5mol／dmヨ〉ei七h紺Wi七h varyまn慶  
concen七r離ionso子TEOA［く3．㊥－12潮×用…3mol／dm3】まn柚e  
pr葛慧enCe Of∂fixedconc倉n七㌃紬．on o＝V2＋り‥8x18－3  

mol／dm3）or wi七h varyin岩COnC即七㌻離ion弓0…V2＋（11闇米18－5  

3 －1．窃X］順一3mol／dm）in th色P∫母開nC色0まTEOA（1．窃Xl窃 －2  

3 
mol／dm）．  

9撃主筆£塑主口重圭主9ロー望圭一b望衰£望羞撃ロ．＿撃￥9ユ坦‡主9ロェ F沌ure255how5 七h¢  

坤P即題七u慧 柏r m銅5ur葛men七 Oモ モhe hyか0屋三色n eVOlu七ion．Th蔦  

sample50lL」tion con七ainin夏 COlloi雨Ipla七inum w叢闇 Pr印鋸ed by 七h昏  

follc糊ing procedu∫e慧．An app∫0町ia七豊洲Oun七 0告 COlloi雨I  

platinumin an ethanoトwater solution（6・6＞く10－5mol′dm3in  

18ml）was pl都泊din a Sh葛Ienck モl絹k and thな 501v台n七（¢thano卜  

Wa七er）in the flask＼帽S eVaPQrated cornplet：ely・ An aque草しtS  

葛t摘nol50lu七ion（1日mりロ士EY2－く5．日米18－50r5．8x18叫  
3 mol／dm3〉con似ningTEOA廿日xl功一2mol／dm）and v紺i葛d  

conc抑t甘Hon50f MV2＋（か1．日米18－3mol／伽3〉w舶add融to  

七h宅き COlloidalpla七inumin the 音Ia5k and 七h昏 re5i」l七1ng mi米七un崇 早帽偏   

Stirred・v・igorou51y． The dissoIved o〉くygen WaS remOVed bv bubbli．ng   

肘l七h 即題On for a七Ie鼻5t 3日 min． The 摘mpera七ur農 Oモ モhe mix七ur¢  

was controlled at 250C b）ノ Circulating water 士rom a Haake   

Circulator． The mi〉くture WaSirradiated wit：hlight o士 い415〔）nm   

七hrou営h a To5hiba Y－45 glas5 まilter frQm a5匂8 W 米enOnlamp  
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（し旭hio Uト5別Cう．Th色 代5ul七まng hydrog蔦n Wa5an鼻tゝ膵如意七 6日OC亡）n  

讃Hi摘Chi陽望3 銅慧 Chromatogr叩h vJi七h TCD wj．th a Mol昏こul紺Si昏Ve5   

5A column．  

ら重要撃£叫圭ユ垂室ヒL2巨⊇圭塁上望琴皇室エ  Fi糾re265how5 a5Ch◎ma七まC  

dia乱ram O雲 七he 讃PP讃ra七u5， The pho柏Iy5i慧 C慶IIw忍5 a quar七諾 Cell  

Oま 臥5 〉く 臥5 cm and 5 cmin h射場h七．Each 5讃mPle oモ モhe 七WO－  

cロmPOn馴t5yS醸m（EY200／附2＋）in明ueロt」5雨h那Ol（＝1by  

VCIlum射 倒錯 d捕吏㌃讃七草d by，reP昏讃七ed モre葛Z蔦一七haw cycles一 丁he  

dまS50lved oxy脚0普the七hr葛俊一COmPOn抑t勒唱七椚（EY2一用V2＋／  

TEOA）in aqu即u買昏七hanol（1：1by volume）wa慧r・蔦mOVed by bubbling  

Wまth argon 士or 讃tl¢a忘t 3窃 mまn．  

The 母×Ci七a七まOn WaS done by a nitrogen pul5edla5er くL讃mbda  

Phy5ik EMGl∈‖），CaPabl∈≧ 0告 provまding up to 8m・Jper pul5母a七  

337－1nm，h愚Vin屋 崩 Pulse dl」r讃七ion of 7 n5爵七half h如か七 Width．  

Th昏l鼻S紺 be讃m W忍雲 CClllec七ed by alen5 PC慣itioned 讃t the focal   

l辱ng七h 士rom the 慧讃mPl乱 丁h∈王 en紺gy CIま theinciden七l鼻9紺 Pul慧e   

Wa5 COntrOll¢d 佃 b葛 b葛low ∈宴 mJper p靂」l5母 by 馴岬10yまn望 哉 Varまan七   

5日mi岬tr讃n5P斎∫葛n七 mirror． The moni七Orまn屋Iiか七 W鼻5 PrOVided   

by a15日 W O即急m m和一15閣 Or 遣 帖com KXL岬151〉く¢nOn t斎mP． The   

moni七Orin屋lま紳七 似顔買 Ori蔦n七日d pe叩¢ndicular 七0 七hel鼻5昏r b草am aセ   

セh蔦 Par七 Of 七h蔦 SamPl葛 C蔦IIwhere pho七Olysi慧 七ak¢5 Plac∈∋． On   

m蔦a5ur馴帽nt Of 七he 七∫讃n5ien七 ぬ50rPtion 軒帽 mOni七Orin農 相nOnlamp   

W爵慧 七rま羞卵rなd by op昏ning 為 5hut七鋸 tこl七h蔦 5爵mPle cell咄 酎Ve   

ma〉くimumint曽nSity ofl．i．ght at the same time as thelaser pul．5e  

－ 78 －   



錮Cま七a七まOn． Th昏 5huモモer wa5 uS葛d 紬r minimま望まng 葛×POSure Of   

5讃mPle5 加 七h草 m〔〕nま七oringlまかt， The mclni柏∫in盟 Iiか七 購5   

PaS5ed thro・Jか aJ急S⊂O CT－2・5C 誓ratin思 mOn・コl＝hrorn．ヨ†：一っr 岳nd w・ヨS   

d蔦七重C醸d wま七h a H讃m即帽t5u PhcI柏ni〉く R〟446 ph亡I柏mul七iptier 歳nd 禽   

丁昏k七roni米 475A o5Cillo5CCIPe8  
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Tablel． Tempera●ヒure Effec七 for   

Hydro孟母n Evolu七ion  

Temperature H2Yield  

／OC  ／ml  

a）［EY2－］＝2．窃×16－5mol／dm3  

〔掴V2＋】＝1．日米柑叫mol／dm3  

［EDTA－2Na］＝1．8〉く18－2mol／dm 3   

SoIvent：EtOH－H20（PH5）＝（1／1）  

ー・76 －   



Table 2． SoIven七 E士士ec七 士ロr 卜Jydroger，   

EvoIution  

0榊nicSol榔七郎 ＝2Yi射d b）  

／ml  

acetonitrile  匂．18  

ethanol   

m卓七hanol  

射  （鋸綱nic50lven七巨H2ロ（PH5）ニ（1／＝  

b）［EY21－】＝2．8×10－5mol／dm3  
［M〉2＋］ニ1．8×18－4mol／dm3  

［EDTA－2Na］＝1．8×18－2mol／dm3  
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Table 3．  Ef壬e⊂t Of Additives for   

Hyか0屋en Evoluモion  

摘i七ま澗  ＝2Yま農Ida）  

／ml  

－－－－ 8．14  

KCl甘1mol／加3〉  凱23  

3 
舶2Sロ4（臥1mol用m｝   8・23  

a〉【EY2－】＝2．8×ほ嶋5mol／dm3  
［MV2＋】＝5．◎〉く1窃－4mol／dm3  

【EDTか2嘲＝1，8×摘一2mol／dm3   

Solvent：Et0日－H20〈pH5）＝（1／1〉  

－ 78 －   
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Table5・ Free energy change of the  

elec亡ron tranSfer processes．  

EqlOも）EqllC）Eq12d）  
Dye  

kcal／mol  

EY2－   －1．66  －2．8  －17．7  

MB＋  ＋1．4  －12．7   ＋1．6  

a）The values are calculated by the redox  

po亡en亡1als－inHeCNinTable左・b）附2＋／  
3 MVナ＝0・80Vvs・Ag′0・1m01／血AgNO3in  

MeCNwithEt4NC104・C）TEOA＋／TEOA＝＋0・22V  
3 vs・Ag′0・lmol／血AgNO3inMeCNvi亡h  

E亡4NClO4  
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Table8．Quan亡umyields for血productionin several  

SyS亡ems．  

Sys亡孤  ◎MV十  

Ru（b，y）…・a）／m2＋′2，6－l。tidi。e  
b）  叫b。y）…＋a）仰2＋′T弘  

叫bpy）三＋a）仰2＋′TEOA  

＋a） 
叫b。y） ／叫b。y）…＋C）′附加力EOA  

＋a） 
叫bpy） 仰2＋  

叫b。Z）…・d）仰2＋′TEOA  
餌L三＋e）仰2＋／2，6－1u此。e  

も）  

餌三＋e）′｝Ⅳ2＋′TEA  

pごOflavine／Ⅳ2＋／EDTA  

0．0232）  

0．1732）  

0．1933）  

0．3334）  

0．1～0．25 29）  

0．7733）  

0．0732）  

0．432）  

0．7214）  

a）Ru（bpy）…＋，Wherebpy＝2，2一－bipyridine・b）TEA＝  

trie亡hylamine・C）Rh（bpy）…＋，Wherebpy＝2，2－bipyridine・  

d）h（bpz）…＋，Wherebpz＝bipyrazyl・e）餌L三＋，WhereL＝  

4，4－－dicarboxy－2，2I－bipyT土d土ne di土sopropyles亡er・  
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Figure12・ Transien亡 absorp亡ion spec亡rain亡hellas巳r  

flashpho亡01ys土s ofEY2一土naqueous e亡han01  

under oxygen．（◎）：50ns afterlaser pulse，  

（○）：200ns afterlaser pulse，（□）：み00ns  

afterlaser pulse．  
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2＋ （c）入＝650nm；500ns／d土v．；【刃V〕＝1．00xlO  

Figure13・ Oscilloscope亡races moni亡Ored  
a七人＝650nmlntheflasbphot01ys土s ofEY 2－  

w土亡hMV2＋  
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Oscilloscope traces moni亡Ored  
土n亡be flashpho亡01ys土s ofEY 2－  

甘土gure14．  

a亡 入＝395 nm  

wi亡h肌2＋  
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（a）‥［EY2－］＝9・7x10－5日⊃［MV2十］＝l・Ox10－4M／EtOH－H20  

LASER PULSE  

（b）：［EY2－］＝9・7x10－5M，［MV2＋］＝l・Ox10・M／EtOH－HzO ＿4  

（pH5）（1／1）Excうtatうon：Dye Laser  

LASER PUL_SE 

Figure16・ Osci110SCOPe亡races mOni亡Ored a亡  
入＝395nm（a）and入＝462nm（b）土n亡he flash  
photolysis ofEY2－with附2＋  
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汀E¢勾＝】．0Ⅹ灯2m。且d㌔  

Figure17・ Oscilloscope 亡races moni亡Ored at＝ 入＝395nmin the  

flash phot01ysis of the亡hree cqTnPOnent SyStem，  

EY2－／附2＋／TEOA．  
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→  九＝395nm  

汀匿0倒＝l．⑳Ⅹl⑳‾㌔相加㌔  

Ⅳ匠⑳勾＝乱⑳Ⅹlす2m⑳蜃d霜3  

Figure19・ Oscilloscope亡races monitored at入＝395nmin  

the flash photolysis of the three component  

system，EY2－／附2＋／TEOA．  
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触臣撃ロ！弛婆鵬．旦  

PHOTOREDUCTIロN ロF SODIUM ANTHRAQUINONE－2－SULFロNATE SENSITIZED 日Y   

EOSIN Y  

馳塑堅塁£望  

The photo5en射tized reaction o士Eo草in Y（EY2～）with50dまum  

anthraquinone－2－Sulfonate（AQS）has beeninvestigated by  

COntinuc・uSlightirradiation．The production of AQS‾lwas  

Observed by absorption spe⊂trOSCOPy．  

－11日 －   



‡n七roduc七ion  

Re⊂en七Iy，it has beenindi⊂ated that quinones play an  

impロrt童nt partin the primary electron transpor七in the photo－  

Syn一ヒhesis of．green plants，and a plastoquinoneis considered to  

be a part of thelink between photosystemsIandII． 1〉  

Previously Dawent and Kalayanasundarum reported a study o士 the  

quenching o士 excited 七ri5（2，2′－bipyridine卜r－uthenium（ⅠⅠ〉 by  

quinones andhydroquinones． 2）  

This part attempts・ヒO e〉くamine the photロreductio「10f sodilJm  

anthraquinone－2－Sulfonate（AQS〉with Eosin Y（EY2－）as a  

5en5iti三er． The 手ree energy change of the electron transfer’   

rea⊂tion from 2－PrOPanOlto AQSislarger than tha七 千．rom  

triethanolamine（TEOA）toMV2＋in the system o士Eosin Y－MV2＋  

鵬TE〔〕A．  
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Re5ul七慧 and Di5Cu慧慧ion   

IrFadia七iロn・⊃士EY2－（1．5×1日－5rnol／dm3）and AQS（1．日  
東l巧－3mol／dm3）in a4：12－P．rOPanOトWater mi：細」re⊂On七aining  

弓Odj・um hydro〉くide（2xl折2mol／dm3〉with visibleliRht of  

D5e個nm 士rom a5∈闇W xenonlampし皇nder ar宮On atmSPhere ca・」5ed  

growth of absorption band5 arOund4匂◎ and 585 nm due t一コ PrOdし忙－   

ti〔〕n O：f 七he radi⊂alanion of AQS． Onint．roduct：ion of air j．nto  

thGirradiated mixture，the resultin£ absorption ⊂lisappeared  

cornpletely and the absorption band of EY2岬was．recovered  

quantitatively（Figu．rel）， The radicalanion was not generated  

uithQut EY2－■Jnder otherwi5e the same conditions as abo、帽．  

These result5indicate that EY2－works as an effi⊂ient  

SenSitizer for reduction of AQSinto AQS ●in alkal．ine aqueous  

2～PrOPanOIwithout TEOA．Itls surprising that EY2－can reduce  

AqS，Of which reduction potential（一切．92 V vs．SCEin   

a⊂etOnitrile；SUPPO∫ting electrolyte：tetraethytammonium  

pe．rchlorate）is more negative than that o士MV2＋，With？～  

PrOPanOla5 an electron donor under、ノisiblelightir上、adiation．  

Sまnc由七幅七ripl離即紺gyOfAqS（ET記〟68kc射′mol）3）まき  

威冊七紺th爵n七摘モロまEY2鵬（ET叫3〝46kc紺mol〉4〉・即紺屋y  

transfer from3（EY2－〉＊toAqS followedby reactions  

（1）〟（3〉 rnentiロned below cannot oc⊂ur，and AQS‾・produ⊂tion  

willresul七千rom electron transfer between EY2－and AQS（eq．4，  

5，6，Or 7ト  
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3（Eγ2－）＊＋AQS－－…－－… 〉EY2－十3AqS＊   （1〉  

3AQS東＋（嘲2C＝0＝……～岬 ＞AQS＝・＋（Me）2CO＝（2〉  

AqS・＋H＋  潮  Aq5日●  

3（EY2岬〉＊＋AqS……岬… 〉EY－・＋AQS－・  （4〉  

折・＋牌｝2C＝OH－…－… ＞EY2叫＋［（嘲2C＝0＝〕＋′（5｝  

3（EY2－）＊＋（Me）2C＝ロ＝…－ ＞EY3嶋・サ［傭＞2C＝0＝j＋・（6）  

EY3－・十Aq5嶋………－…－－ 〉EY2－＋AQS・  （7〉  

Prt葛Viou望；ly，Inoue and Hida r・印Orted tha七 AqS 一，Which wa5   

PrOduced onirLraldiation of UV「＝牒ht（〉365 nm）could reduce   

much anodic substrates such as benzonitrilein a reversed  

micellarsystem under visiblelight（〉45◎nm）illumination． 5〉  

On the other hand，Eriksen and coworkersinvestigated that  

ニ∵＝ the fluore5⊂enCe Of the radicalanion o士 anthraquinone（AQ L）   

WaS quenChed by organi⊂ aCCePtO．r mOlecules such as bromo－  

benzene． 6）If an e士fecti＼ノeirreversible electron transfer  

from th母 eXCited AqS ● to an appropriat匂 el喫ごtrOn aCCeP佃ris  

carried out5atis士a⊂tOrily，the EY2一明AQS systemin alkaline  

aqueou＄2～PrOPanO15hould be 錮PeCted to cover．a wid葛 rang蔦 0士   

redox potentialwhich can reduce carbon dioxide by the stepwise   

t肌コPho七On 卓×Ci七ation with a visible15戊ht after pho七O慧yn七h粥i慧   

Of green plants．  
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巨堅臣壁£旦町撃口王室1  

Ma七紺ま爵l凱  Sodium 冶n七hr粥uincIne－2005ulせ0「庸七草 仲Iakar爵ま，   

SPR）wa5 七hr∈増 times salted ou七 千．rom aqueou！ヨ COnCentrla†：ed 5Odium   

Chloride and．repeatedl．y．re⊂ryS七allized 士rom water 一」ntilthe  

ex七inctj・On CC，efficient at max in the UV spectrum becarne  

cロnS七即t． 5〉 2勅op那Ol（N納品r妬SPR〉w絹drま母dov即Z紺Ii摘  

3－A（Wako）for・atleas七 three days．ヨnd distilled be・fore use，  

proc馴九げ葛凱 A s叩Ie of EY2鵬（l．5×1日岬5mol／dm3）  

抑dAQS（1．㊥x18脚3mol／dm3）in a4：12叩rOP飢0ト〟離紺  

mixture（4 ml）wa5 de昂eratedin a qua∫tZ Cellwi七h alo「噌 neCk by   

bubbling wま帥 即脚n 柏r 離l∈≧崩5t 3窃 min． Con七1nuou51igh七   

Irradia七ion w崩慧 P紺拍rm葛d by 馴岬Ic■yin農 爵 5臼田 W Ushi亡IUト5日1C   

XenOnlamp through a Toshiba Y－5日 glass filter forirradiation   

With vi慧iblelight o士 入〉別帽 rⅧ． Th窃 Vi5ible and UV 爵b50rP七ion   

SPeCtra Ofirradiat：i〔）n mixtures vJe．re meaSured on a Hita⊂hi20巧－2日   

SPeCtr10Photometer，  
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紬臣撃り鮎￥＿箋  

coNSTRL）CTION OF A PHOTOGALVANIC CELL USING THE E口SIN Y－METHYL  

V10LOGEN－TRIETHANOLAMINE SYSTEM  
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A photogalvanic celli雲a batteryin which the cellsolution  

ぬ50rヒ唱Iight馴即紺dir蔦ごtly柏がn即納e5P¢Cま粥油はh，uPOn  

back reacti亡）n through an e〉くternalcircuit with the aid of  

SIJit・able electrl⊃de5！Pr・コdしICe elec・ヒric power・，and hen⊂e Photo一  

哉C七iv爵七まOn こ〉ま th¢ ¢l葛C七roc】esi慧 nOtinvoIv馴ゴ．掴05モ ロf 七hQ   

Pr鮒iou5 WOrk o士 th昏 Pho甑営為lv鼻nic ef紬c七ha5 b閑n doneロn  

七hionin慶柵青即rOu慧ion（F母2十）5y射色m5． 卜4）K銅iya那dロk錮ara  

r曽POrted that espe⊂ially high phctロVOlta宮eS and photo⊂urren七S  

W¢r◎Ob七ain葛d 青rom phcI七0卵Ivanicこ¢lls with cIr卵nic dy閃and  

aliphatic amines a忘red，JCin宮agentS，5）and mQreO、ノer that the  

ef士ectin the proflavin－trj．et：hanolamine（TEOA巨SyStemis consi－  

d紺地Iy即hanc雨by鼻ddition o士m如hylvまO10卵n（MV2＋ト6〉 on  

l：he other hand，reCently．Tsubomura and ⊂OWOrke．rs described the  

餃子摘C七0士aliph爵七ic reducing脚n醸那d MV2＋まn phot聯l㈹niこ  

⊂ells，⊂Ontaininga dye（thionine，rebo壬Iavin，OrPrOflavin）・ 7〉  

In this part，the photogalvanic processe5・ヨre e〉くamined  

employing theEY2－－TEOA（twocomponent）5yS■ヒemand theEY2・－－  

MV2＋ィEOA（three⊂OmPOnent）sys・ヒemlFi宮urelshows the  

apparatu5 fo［the measurement of photovoltaBeS and photo⊂UrrentS・  

Platinum plates were employed aslight and dark ele⊂trOdes・The  

light electrode potenti・ヨIs with上・eSPeCt tO an SCE．and the  

photocurrents between thelight and dark elect［Odes were measured  

by use of a＝okuto＝A－281potentiostat・Lightirradiation was  

perforlmed empIoying alkW xenonlamp（Ushio）through a Toshiba  

Y－45glas5filter forirradiation by visiblelight o士人〉4・59nm・  
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The r蔦凱l七in監Ph摘Cu汀en鴨（I）那dpho転VOl七聯5（V）  
P p  

ar¢ d印ic七edin Fま糾r∈≧ 2，3，讃ndlま5七edin T爵blel．  

－119 －   



R∈lferen⊂eS  

1） E．R讃bin⊂糊itch，J．Ch辱m．Phy望；．，室，551，56∽（1948ト   

2） K．Shi屋輝h讃で議 員nd E．T5u⊂hid忍，J．Phy5．Ch昏m．，鮎，1開3  

く1977）．   

3） P．［I．Wildes an亡IN．N．Licht：in，］．Phys．Chem．，萱⊇，981  

（197鋸．   

4） P．D．Wilde5，N．軋 Lich七in，軋 Z．Hofまm藁n，L．Andr糾5，and  

H．Linschi七Z，Pho七OChem事 Photobiol．，買室，21（1977）．   

5） N．Kamiya and M．Okawara，DenkiKagaku，⊇与，5匂6（1968）；  

Ⅰ離紺，ib皇d，ヨ凱 273（197日〉．  

6〉 N．Kamiy為竃nd軋 Okawar忍，Kogyo Ka卵ku Za55hま，Z茎，96  

（1969ト   

7〉 H，T5ubomura，Y．Shimoura，and S．Fujiwara，）．Phys．Chem．，  

寧ヨ，2183（1979ト  

－120 －   



Tablel・Photocurren亡S（i）andPhotov01亡ages（V）in  
P p  

Various Pho亡Ogalvanic Cellsa  

【附2＋］  s01ven亡  

m01／dm  

5・0Ⅹ灯3 EtOH－H20（押9）＝（1′1）  左3  

5・0Ⅹ10－3  H20（pH9）   

O  H20（pH9）  

40  

6．4  －320   

a The concen亡ra亡ion arel．75Ⅹ10－5m01／血3forEY2－，  

L．0Ⅹ10－2m01／血3for TEOA・  
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