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Abstract 

Water-soluble viologen-linked zinc porphyrin (ZnP(C,~V Ca)at and bisviologcn-linked zinc porphyrin (ZnP(C,~Va C4Vn )4) were synthe- 
sized. In ZnP(C4VA C4V~ )4, two viologens ( hutylviologen and I -benzyl- I '-butylvtologen ) are connected with the tetrakis- ( 4-pyridyl )-zinc 
porphyrin via a methylene chain (-(CH,).~-), so as to produce a gradient of redox potential in the molecule. The photochemical and 
electrochemical properties of ZnP(C.~V^ C,~Vn),a and ZnP(C4V C.~),a were investigated by using the absorption spectra, the fluorescence 
spectra and the cyclic voltammetric measurement. The photoexcited triplet state of the porphyrir~ of ZnP( C,NA CaV~)4 and ZnP(C4V C4 ).~ 
was studied by using a laser tlash photolysis. In the case oI'ZnP(CaV^ C,Nu)4, the photoexcited triplet state of the porphyrin was not quenched 
by the bonded viologen. On the other hand, for the ZnP(CaV Ca ).~, the photoexcited triplet state of the porphyrin was quenched by the bonded 
viologen, © 1998 Elsevier Science S.A. 

Keyu,m~ls: Zinc complexes; Porphyrin complexe,,,; Waler soluble hisviologen complexes: Eleclron transfer 

I. Introduction 

Pholoinduced inlrantolccular electron transler ill tit}nor ..... 
I)holosensiii/,er-~.acccptt)r systcnls has bccn studied eXlell., 
sively to understand tile primary pruccss in i)hotosynthcsis 
and to eslablish the systems for solar energy conversion and 
storage 11~81. The donor~photosensitizer=acceptor cOVao 
lently linked molecules mainly consisting of triethylamine as 
a donor, porphyrin as a photosensitizer and quinone, pyro- 
mellitimide or viologen as an accepter were synthesized to 
mimic the photoreaction center. In these compounds, pho- 
toinduced intramolecular electron transfer between poq~hyrin 
and accepter takes place via photoexcited singlet state of the 
porphyrin. Kinetic studies of the charge separation and charge 
recombination steps have been studied by using laser flash 
photolysis. These steps strongly depend on the redox poten- 
tials of the donor and the accepter, the distance between the 
donor and accepter, and the nature of tile linkage 19-171. 
Among these donor-photosensitizer-acceptor compounds, 
viologen-linked po~hyrins sound to be a good chemical 
device': t~ change solar energy into chemical energy, Ibr the 
porphyrins Ilave ma-,inmm absorption in the visible region. 
the photoexcited porphyrln can reduce the viologen and the 
reduction potential of the viologen is sufficiently negative to 
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reduce water to hydrogen. As viologen°linkcd pt)rl~hyrin~ 
serve as photosensitizer and clcclron carrier in the same tool° 
t:cule, tile photoexciled singlet state of tile porphyrin rcdlic,:.,, 
the bonded viologcn efficiently, qhu~, viologcn-linkcd pL~r° 
pltyrins arc altr~|¢tivc to develop |he prcviou~ photoindu~¢d 
hydrob, cn evolution systems [ 18oo21 ] ~.nsisting of an clec° 
trt)n dr,nor, a phott).~ensitizer, an electron eaffier and a catao 
lysl. To accomplish simpler redox systems for solar energy 
conversion, viologen-linked porphyrins with It)nger lifetimes 
of tile charge.separated states are desired. We have reported 
the preliminary study of the photoinduced hydrogen evoluo 
tion system using synthetic water-soluble four viologcn- 
linked zinc porphyrins and the photochenlical and 
electrochetnical properties ol'a series of water-soluble violo 
ogcn-linked zinc porphyrins 1 22~24 ], To attain the high yield 
of photoinduced hydrogen ewflution0 the long°lived charge- 
separated species arc desired. The long-lived charge-sepa- 
rated state was accornl')lished by the multi-step electron 
transfer in a photo~;c,:;itizc~ lad some dift'eret~t accept(~r- 
linked molecules II 1-14,25oo271. In this paper we hope to 
describe the preparation and photochemical and electrochem- 
ical characterizaBon of the water-soluble bisviologen-linkcd 
zinc porphyrin as shown in Fig. 1 ( ZnP( C~V^ CaV~)4 ). Two 
different viologens (butyiviologen and i-benzyl-i'obutyl- 
viologen) are connected to the zinc porphyrin, so thai pho° 
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toinduc~ two~stcp electron transt~r can occur to yield the 
long=lived chargeoseparatcd Sl~cies, 

2, Expedmenlal 

2. I. Synthesis 

All the t~agenls used were analytical or highest ~ra,:le avail° 
able, The synthesis mu~e and structures of viologenolinked 
~inc I~rphyrin and hisviologcn-linkcd ~in¢ purphyrm ar~ 
shown in Scheme I and Fi~, I, reSl~+llvely 

2, L I. Zinc tetrakisol4=pvrldyl)olU#rphyrin #Zn 7'PyP) 
ZnTPyP was synllLl~Sieed t~°om tcln~kisol4opyridyl~.por= 

phyrin (~ 'yP~ as a ~tarting matct~ial acc~-,~ing In the litera- 
iu~ [ 21 I. TPyP was ohlained lh~m Aldrich Chem. Co. TPyP 
( 12 × I 0  ~ tool) and ~inc actinic ( !,6 X I O  : tool) w¢~ 
di~olved in 2(X) ml of acetic acid and healed ~o ~tlux at 80°C 
ik~.r 3 h, The solvent was ~moved by ¢ValX~ration. A purple 

[ l C4V~ 
:~ ~ lo,.(c..~,.o, 

= = ' = " = "  

, 

~ : ~  OPYC4VIB 

I ~ ZnTPyP Or*lells)4"gr 

*==-=== Br.(CH=)4N~CNo(CF !)4N=~P=~"N=CH=,~ 

CaVAC4Vo 

N 
R --R 

{ ~ z.t~c,v,c,v.), 

pr¢¢ipilat¢ wa~ ¢ollc¢|~d and waxhcd wilh wa|rr and dwn 
with ¢l)!~,~fft~rm attd dried under vacuum i,VCl'iligh| |o yield 
lhti' desired produ¢l, 

2. I. 2, I oBen:flo4.4 °.hipyridinimtt ~ V,) 
4.4'oBipyridiu¢ {0.16 tool) and hen~yl hr~Jmidc 

( 0, I 5 tool ) were dissolved in 4{X) nd o1' acelolle and stirred 
at room Icm~ratur c fur 24 h. A while precipitate was col° 
letted by suction liltralion and washed will) acetone. The 
desired pn~luet was rccrystallized from ethanol { EIOH) and 
water and dried under vacuum overniglu. Proton nuclear 
magneti# t~:stma,cc (~H NMR) in D:O: ,~i (ppm~ 5.7 (s. 
2H):?,3~7.5 ira, $t l ) ,  7.%7.S (it), 21t), ~.,.=8.3 (m, 2tt),  
~.5~.h ( m, 2H ), ~.8-8.9 ( m, 2tl ). 

L 1.3~ /- Iten,: v/~ I '  *{ n ~ 4 ~ br~m~dml. I. yl)-.,l. ,i '. t~q~yridm mm 

l-Bcn/ylo4~4'°l~ipyridiniunl bromide ( 3.1 X IO ' n|ol) 
was dissulvcd m 150 ml ol'a¢clouilrdc ( McCN ), Ire;:tcd will) 
excess 1.4odihromohutane (0,16 tool) and healed to reflux 
fi~r 24 h, A bright yd low pr~¢ipilatc was ¢ollecled by suction 
tiltration, washed with MeCN and dried ~tnder vacuum over° 
m~ht, The p~duct was reerystaliit.ed i~rom EIOH and Ihcn 
dissolved in water and a solulion of ammonium hcxalluoro- 
phosphate (NH~PF~,) was added to trplace tile ¢ounter.amon 
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with PE;.  The white PF,~ salt was collected by stlction 
filtration, washed with water and dried under vacuum over- 
nighl ~H NMR in dimethylsuifi~xide-d~, (DMSO-d,~: ~5 
(ppm) 1.85 (quint, 2H), 2.12 (quint, 2H), 3.60 it, 2HI, 
4.72 (t, 2H), 5.92 is, 2H), 7.4-7.7 im, 5H), 8.3-8.4 (m, 
2H ), 8.7-8.8 (m, 4H), 8.4-8.6 ( m, 2H ). 

2.1.4. l-Benzyl- i '  -[ n-4-I I - (4 ,4 ' -b ipy r id in iuml ]bu t -  i -yl l- 
4, 4'-bipyridinium t BpyC~ Vn) 

C.tVB PF£ ( 1.5 X I O- 3 tool) was dissolved in i 50 mi of 
MeCN, treated with excess 4.4'-bipyridine (0.14 mol) and 
heated to reflux tbr 12 h. After cooling the solution to room 
temperature, tetraethylammonium bromide ( I Et4N 1Br)- 
MeCN solution was added to replace the counter-anion with 
Br ~. The yellow precipitate was uollected by suction liitra- 
(ion, washed with MeCN. The product ( Br salt) was rccry:~- 
tallized from EtOH and MeOH and then dissolved in water 
and solution of NH4PF~, was added to replace the counter- 
anion with PFg. The white PF~ salt was collected by suction 
Ill(ration. washed with water and dried under vacuum over- 
night to yield BpyC.~Va 3PF~, . ~1-I NMR in I,MSO-d.: ,5 
(ppm)  i .9-2.2 (m, 4H), 4.6-4.8 (m, 4H), 5.94 (s, 2H), 
7.4-7.7 (m, 5H ), 8.0-8. I (m, 2H), 8.6-9.0 (m, 8H ), 9. !-  
9.6 ( m, 6H). 

2. !.5. I-Beno'l- I'-In-4-11'.tn-4-bromobut- I-ylb4,4'- 
bipyridinimn Ilmt- I. yl 1-4,4'-hipyridinium ( C4 V,~ C4 V~) 

BpyC,~Vu 3Pl~, ( I . 8 x  I0 ~ tool) was dissolved in 
250 ml ot' MeCN, treatcd with excess 1,4-dibromobutane 
( O. I 6 n~i)  and heated to rellux for 24 h, Afire ct~oling tile 
solution to room leml)erature, [ ElaN [ I]r,-McCl'~ stflution was 
added I,~ replace the counteroanion with B r .  The yellow 
prccipilale was collected by suclion lillralion washed with 
McCN, The producl i Br salt ) was i'¢cryslalli~cd from EtOH 
and McOII and dried tlllder Vllt'lllllll overl!iglll to yield 
CaVACIVIt  4Br , ~tl NMR in D:O: ~5 (ppm) 1.85 itluint, 
2H), 2.0=2~3 (m, 6H), 3.42 (I, 21t), 4 ,64 ,8  (m, 61-tl, 5,81 
(s, 21-11, 7.42 (m, 51"11, 8,3-.-8,5 (m, 81"11, ,g,9.O.I (in, 8HI0 

2.1.6. I.(noButyll.4,4'.bipyridinium tC'~V) 
4,4'-l?,ipyridine i I). 16 tool) and I-bromobutanc ( O. 15 tool) 

were dissolved in 400 ml ol" acetone and stirred at roonl tem- 
perature for 24 h. A yellow precipitate was collected by suc- 
tion liltration and washed with acetone. The desired product 
was recrystallized from FIOH and water and dried under 
vacuum overnight. '1"! NMR in I)~O: t~ (ppm) (I.85 (s, 3H ), 
1.25 (quint, 2H), 1.9() i quint, 21,-I ), 4.55 ( t, 21,1 ), 7,%7.8 
(m, 21-11, 8.2-.8.3 (m, 21"!), 8.0-8.7 (m, 21t), 8.8~.8.9 (m, 
2H ). 

2. I. 7. io Bromobuo'i. I ' ( , - h .  tyi)o ,1, 4 '~ hipyridinium 
( BrC, VC'~) 

C4V I (3 .4x  I0 'Inlol) was dissulvcd in 15()ml ~t" 
MeCN, treatcd with excess 1,4-dibromobutanc (0.13 tool ) 
and heated to rellux for 24 II. A yellow precipitate was colo 
letted by suction Ill(ration, washed with MeCN and dricd 

under vacuum overnight. The product was recrystallized from 
EtOH and then dissolved in water and a solution of NH,~PF,, 
was added to replace the counter-anion with PF~, . The white 
PF~, salt was collected by suction Ill(ration, washed with 
water and dried under vacuum overnight. The PF~, salt dis- 
solved in MeCN and [ E h N I C I  was added to replace the 
counter-anion with CI-.  The white CI- salt was collected by 
suction liitration, washed with water and dried under vacuum 
overnight. 'H NMR in D-,O: 6 (ppm): 0.85 is, 3H), 1.25 
(quint, 2H), i.89 (quint, 4H), 2.14 (quint, 2H), 3.45 it, 
2H), 4.6-4.7 (m, 4H), 8.3-8.5 (m, 4H),  9.0-9.1 (m, 4H). 

2. !.8. Bisviologen-linked zinc potphyrin (ZnP(C4Va C~Vn)4) 
ZnTPyP (2 .9x  1 0  4nlol) and CaVAC.~Va 4Br 

i 5,5 × I 0 ~ tool) were dissolved in 150 mi of dimethylfor- 
mamide i DMF)-MeOH ( ! : ! ) and heated to retlux tor 72 h. 
The solvent was removed by vacuum pump and dissolved in 
water. The desired product was obtained by colunm chro- 
matography (Sephadcx LH-20 column 4 0 × 3  cm, eluted 
with w iter). IH NMR in DMSO-d,,: ~(pprn): 1.9-2.3 (|n, 
321-1 ), 4 6-4.9 ( m, 32H ), 5.99 ( s, 81-1 ), 8. i-8.2 ( m, 20H ), 
8.7-9.2 I al, 441-1 ), 9.3-9.7 ( m, 361-11. 

2. !. 9. Butyh,iologen-linked zim" porphyrin (ZnP( C y (741.s) 
ZnTPyP (2 .9x  li) 4 m~fl) and BrC4VC~ 2Br 

(5.5 x I0 a tool) were dissolved in 151)Ilil of DMF and 
heated to rcllu x for 72 il. 'l'be sol vent was removed by vacuum 
pump and dissolved in water. The desired product was 
obtained by column chromatography (Sephadex LH-20 col- 
unto 40 x 3 cm, elutcd with water), ~!t NMR in DMSOod.: 
b (ppm): I.i)O Is, 121"!), i,39 (quint, 81-1), !,9r~2,2 (quint, 
1611), 2,41 (m, 8 l l ) ,  4,6-4,8 (m, 1611), 4,£)9 (l, 81'I), 8,7 
~,~.2 (m, 2811 ) 9.3..9,6 ( 111, 21)I-1 ), 

2. I I0 Vlologcn,]rcc :ira' l . . p h  v t m (ZnP({',,) ) 
Zffl'l~yF ' (2,9.x !() ~ ultfl) and l obromc~butanc (BrC,s) 

((),20 nlol) were dissolved m 150 ml of I)MI: and healed to 
rellux for 48 h~ The solvent was removed by vacuum pump 
and dissolved in water. The desired product was obtained by 
column chronlatogral~hy i Sephadex l.Ho21) column, elulcd 
with water). 'H NMR in DMSO°d.: ~ ippm) ZnP(C,s)4: 
1.25 is. 12H). 1.74 (quint, 8H), 2,28 (quinl, 8HI, 4,95 (I, 
81-1 ), 9.11-9.3 ( m, 161-1 ), 9.5-9.7 ( m, 8H ), 

"~ ~ S ! lroscopic mcil ,S' l l l 'eml,  tll,~ 

l:or IH NMR IIlei|stll'elllclll, the PF. ,~alls of ZnP(C,~Va 
C,IVn).t, ZnP( C.,V C4)4 and ZnP( Ca ).8 were used, |n the case 
of ph~)tochcnlical and electrochenlical cxpcrinlents, tile CI 
sails of ZnP(C4Va C,sVl~),l, ZnP( C,V C,l),s and ZnP(C,~)4 

wcre used. 
'!~1 NMR spectra wcrc recorded on a Varian GEMINI,.2(){), 

Chemical shifts were referenced to the solvent peak calibralcd 
again,~t tctramethylsilane (TMS).  

The al~sorption spectra of ZnU(CsVa C4V,),~, ZnP(C~V 
C,~ ),~ and ZnP(C.~ ~,~ were measured in water using a Hitachi 
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U-2000 spe¢lmm¢ler. The absowtion coefficients of 
ZnP(C,V^ C4Va),), ZnP(C4V C4), and ZnP(C~)4 were 
estimated using the ab~rption toe fficient of zinc-5,10,15,20- 
le~is(N-methylpyfidinium-4yl) porphyrin (ZnTMPyP). 

The fluo~scence spectra of ZnP(C,V^ C4V~)4, 
ZnP(C~V C~)4 and ZnP(C4)~ were measured in water 
at room temperature using a Hitachi F-4000 spectrometer. 
The absorbance at the excitation wavelength was kept 

constant to be 0.2 for all the sample solutions in these 
experiments. 

2.3. Electrochemical measurements 

Redox potentials were determined by cyclic voitammetry 
( Hokuto Denko Potentiostat/Galvanostat HA-301, Function 
Generation HB-III, Riken Densho X - Y  recorder). All 

(a) 
Ill 

%~-' ZnP(c,v,c,v~ 
3.6.11,14 

tO:S, iO 

" I r 
,...,,.w 

/ 

isAt, l:l 

' 

/ t l J  1 ,I ,  ,,~ 

,l, ,, !A / i i l i  i .  

l~ig 2 lit NMR Sl'lecii'~i 1 21}I) M i l l  t i~f ZiIPl C4V,  C~V R ),~ and 7alPt C,~V C.~ },s in DMSO-d+, The sq~nal assignn~lll is sho;v,_,,i in I1~ ligui~. 

/ 

(b) 

# ~ ' ~  .t~ ~' 
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measurements were carried out under Ar in solutions of 
0.2 mol din- s KCI and 25 mmol d m  s Tris-HCi (pH = 
7.4 ) at a carbon working electrode, A Pt was used as a counter 
electrode, All potentials are relative to Ag/AgC! electrode as 
the reference, 

indicating no electronic interaction between Ihe ~inc porphy- 
tin site and the bonded vioiogen at the ground state. 

3.3. Electrochemical proper~, ,,f ZnP( C4 Va C~ Vn)4. 
ZnP(C~V C.~)~ and ZnP(C,,)~ 

2.4. Laser flash photolysis 

l.aser flash photolysis was carried out by using an Nd- 
YAG laser (Spectra Physics Quanta Ray OCR-3) with sec- 
ond harmonic light with 532 nm (pulse width 10 ns) at room 
temperature. Xenon arc lamp was used as a monitoring light 
beam, The transient spectra were stored in storage oscillo- 
scope (SONY-Tektronix 11401 ). 

3. Results and discussion 

3. I. Preparation of ZnP( C,~Va C4V.)4 and ZnP( C,V C,h 

The preparation method of ZnP{C,~Va C.~Vn)4 and 
ZnP(C,;V C4),~ is shown in Scheme !. The structures of all 
sy~thesized compounds were char,tcterized by 114 NMR. The 
IH NMR spectra of ZnP(CIV^ C4Vn),~ and ZnP(C,IV C4)4 
is shown in Fig. 2 and the signal assignment is given in the 

spectra, 

3.2. Absmption spectra of ZnP(C, Va C4Vn)#, ZnP(C4V C.~)4 
am/ZnP(C~)~ 

The wavelength of al)sorption maxinm and the absorption 
cocl'licicn|s of ZnP(C,IVa C.iVn).l, ZnP(CIV (',11,1 mid 
ZnP{C,  },l a|"tr listed ill Table !. The spectra t)l' ZnP(CIVa 
CIVu), l  and Znl)( C.iV C.,).I are Siulilar to lhill of ;/-,I'll)( C,I)~l, 

Table I 
Wavelength o1' at~surption lUaXinla of ZnP( C,~Va C.~Vu 1~. ZnP{ faV (:4),i 
aud ZuP(C,~ ~ 

Compound Sowl hand ( 11111 ) Q band ( ntn ) 

ZnP(C,;VA C,;Vu)4 437 (180000) ' 565 (17916) 608 (7067) 
ZnP(C4V C.;).; ,130 (I~I()O(X)) 504 (17333) 6()6 (37~il')) 
ZnI'(C.,)., 438 ( 1800001 505 (17500) 607 (7700) 

" Absorplitm ¢oeiilciel|l ( M i 011 ) given in parenlhe.,,es, 

The energy levels of ZnP(CaV A C.1VB),: and ZnP(C4V 
C4)4 were studied by electrochemical measurements. The 
results are listed in Table 2. The energies of the first excited 
singlet states of the ZnP(C4V g C4VB)4 or ZnP(C4V C414 
were calculated from the average value of the frequencies of 
the longest wavelength of absorption maxima and the shortes~ 
wavelength of fluorescence emission maxima. The redox 
potentials were determined from cyclic voltammetric meas- 
urements. The energies of charge-separated states of 
ZnP ' ( C 4 V A  C 4 V n  ) 4, ZnP " ( C4V A C4Vll ) 4 and ZnP ' ( C4V 
C4 )4 were estimated from the lirst oxidation potential of 
ZnP(C4),~ and the first reduction potential of butylviologen 
and C4Va. Each energy level is listed in Table 3. No correc- 
tion for Coulomb eiTccts was attempted because of no inter- 
action between each chromphore at the ground state. 

For ZnP(CaVA C4V!~)4, the first excited singlet state of the 
zinc porphyrin lies at !.99 eV above the ground state and the 
ZnP i (C4V A C4VB) 4 and ZnP '  (C4V A C4VI{ )4 cimrge- 
separated states lie at 1.65 and i.52 eV, respectively. 

For ZnP( C4V C,1)4, the lirst excited singlet state of the zinc 
porphyrin lies at 1.99 eV above the ground state and the ZnP ° 
(C,;V C,i ),; charge-separated states lie at i.65 eV. Scheme 2 
shows the energy levels of transient slates ot" ZnP(C4VA 
C.IVn ),~ and ZnP( C.IV (?.~).1 from Table 2. The elec|ron leans° 
for pathways are considered as shown in Scheme 2. Slep I 

Tahle 2 
The lil~I cx¢iled ~iuglcl slale energlcs o! ZuP{ (',~ },0 alld Icdox p~lcnltah { w~ 
Ag/AI~CI) I't)l' Z|IP( (:.~),a, bulylvlologen and (',lVn 

Coullmuud It) (eV) " I:, ~, ( V ) " E~ ( V ) ' 

ZIIP( C,i )~i It} l) 0 958 
Butylviolt,gen ~= 0 7  iO 
C.~Vn ..... 0,5') I 

" ~P is Ihe energy of tile lirsI cxciled 5inglet slate laken as 1he n~'an of 1he 
frequencies of 1lie hmge,~t wavelenglh of 1he absorptioll maXillla a|~d the 
silt)rlcst wavelength of tile eniission nlaxillla, 
" i.',;, is the iirst oxitlaltoll polenlial, 
' i':~ Is 1lie IirM lethtu:liOll potential 

Table 3 
Energies of the lit.,,1 excitetl singlet stale and 1he charge.separated state of ZnP( (:,~VA C,IVu )4 and ZnP( C~V (:,l),J 

Conlpound I I) ( eV ) " E (ZnP '  ( C4V C~ ),t ) I eV ) ' If ( Z n l "  ( C,IV^ C~V, h } { ¢V I t, /: 1ZnP'  (C,aVa C,~Vu !,~i (cV) " 

Znl'(C4V a C,IVu ),i 199 
ZI|P( C,;Y f,I LI 199 1{~5 

i 6 5  153 

'~ all iS tile t;lletgy of the iir~1 cxcilcd 5il)glel stale taken as the llle~ll) of 1115 frcqllcncies of lilt.' longcsl wavelength of 111¢ ai)~{~rpllon 011axima and fh¢ ,dlol1¢st 

wavclenglll of the emi,,~sio,) ul:lxinla 
h Calculalcd fronl 1he rcsulls of  cyclic voltanun¢lric Ineasuremcnts 



262 K Amao et ai. / lnorganwa Chimica Acta 267 (1998) 257-263 
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1.0 

0 

Iza'.C4vc4v~ ( 1.~ ~v) ~ - - l  
i ~ = /za,','.c v-c v t 

' / / /  " I ! 

Scheme 2. 

represents non-radiative and radiative processes, Steps 2, 3 
and 5 repre~nt electron transfer processes and steps 4 and 6 
repre~nt charge recombination processes, respectively. In 
the ca~ of ZnP(C,V^ C4V,),, the energy difference between 
the first excited singlet state of porphyrin and each charge- 
~parated state is 0.34 and 0.45 eV. 

3.4, Fluorescem'e spectra of ZnP(C, VA C4V~#4, ZnP. 
( C~V C,), and ZnP( C~), 

The photoexcited singlet states of ZnP(C:V^ C~V.)~. 
ZnP(C,,V C,t)~ and ZnP(C4)~ were studied using the fluo~ 
rcscence emission spectra. The Iluorescence spectra of 
ZnP(C,V^ C,V, )4, ZnP( C~V C4)4 and ZnP(C~ )4 arc shown 
in Fig, 3, Relative fluorescence inl,,~sities are listed in 
Table 4, These values were obtained by the integration of the 
emission spectra of ZnP(C:,V^ C4V,)~ and ZnP(CaV C~ )4 
relative to ZnP(C,~) a, The peak wavelength of the Sorer band 
of ZnP(C,|V^ C,~V,)~, ZnP(C4V C,~)4 was u~ed a~ the excb 
lation wavelength, The absorb^nee at the ex¢i!alion wave° 
iengttl wa~ kept constant to be 1),~ I~r all lhe .~ample so!ulion~ 
in these experiments, The shape of Ihe Iluoresceuce spectra 
uf ZnP(C~V^ C~V.)~ and ZnI:)(C~V C4),, are the saute a~ 
that of gaP(Ca)a, However, the fluorescence intensities ot 
ZnP(C,N^ C~V.),~ and ZnP(C~V C~)~ are lower than that 
of ZnP(C~)a. These results indicate that the phott~xcited 
si,glet state of po~hyrin is quenched by the bonded viologen 
due to intramoleeular electron transfer and no electronic inter° 
action t~curs between the I~rphyrin and the bonded viologen 

1 

~P~  CaW C,V~ )a itt water The exc|latitm wavdength was .138 nm 

Table 4 
Relative fluorescence intensities of ZnP( CaV,, C~V. )~ and ZnP( C4V C4 )4 

Compound I/! .  

ZnP(C4VA C~V.)4 0.29 
ZnP(C4V C4 ) 4 0.3 3 

lo is the value of fluorescence intensity of viologen-free zinc porphyrin 
ZnP(C4),. 

in the photoexcited singlet state. The fluorescence of 
ZnP(C4VA C4Vn) 4 is quenched by the bonded viologen more 
efficiently than that of ZnP( C4V Ca ),t. 

.!.3. Triplet state of ZnP(C,V a C~Vt~), ZnP(C,V C,), and 
ZtlP( C4),~ 

The electron transfer fi'om the photoexcited triplet state of 
the porphyrin to the bonded viologen was studied using laser 
flash photolysis. Fig. 4 shows the decay of the transient states 
of the porphyrin. The decay of the photocxci~ed triplet state 
of ZnP(C4) 4, as shown in Fig. 4 (a), obeyed first-order kinet- 
ics, and the lifetime of photoexcited triplet state of ZnP(C.t),t 
was !.2 ms. For the ZnP(C4V C.~)4, the decay of the pho- 
toexcited triplet state of porphyrin of ZnP(CtV C,~)., was 
shown in Fig. 4(b) and obeyed first-order kinetics. The life- 
time of photoexcited triplet state of porphyrin of ZnP(C4V 
C,~)4 was 9.5 ~s. The lifetime became sho~'|cr than that of 
ZnP(C~),,. indicating that Ihe pholoexctted tdplet state of the 

(a) ZnP (Ca, 

(b) Z.P (C,VC, h 

AT= 10% 

10 ;~s 

i,p (c.v,e;v;). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 m s  

Fig 4 T.vptcai decay of the photoexcited triplet state momtor:d at 4911 nm 
alter laser flash. The absurbance at the excitation wavelength ( i32 nm) was 
kept Io ~ 02  for all tl~ sample solutions. 
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porphyrin of ZnP(C.,V C.~).~ was quenched by the bonded 
viologen~ However. no increase of absorbance at 605 nm due 
to formation of the reduced viologen was observed. This 
result indicates that the back electron transfer reaction t~curs 
very rapidly compared with the forward electron transfer 
reaction. For ZnP(C.~Va C.~Vn) 4, the decay of the photoex- 
cited triplet state of the porphyrin of ZnP(C4V^ C4VB)4 is 
shown in Fig. 4(c) and obeyed iirst-order kinetics. The life- 
time of photoexcited triplet state of the porphyrin of 
ZnP(C.tV~ C~V~)~ was 0.$9 ms. This value is almost the 
same as that of ZnP(C4),~, indicating no intramolecular elec- 
tron transfer occurred via t b  photoexcited triplet state of the 
poq~hyrin. This result incicates the quenching reaction 
occurred via tl~e phomexcited singlet state of the porphyrin 
site of ZnP(C.~VA C.~V,~).t. 
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