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Summary

In order to accelerate spread of the solar power generation, it is increasingly becoming an 

important subject to develop and commercialize a less expensive and high performance solar 

cell replacing conventional solar cells, with lesser limitations in natural resources. Since the 

energy conversion efficiency of about 10% has been achieved by ruthenium dye-sensitized solar 

cell published by Professor Gratzel of the Swiss Federal Institute of Technology et al, it is 

attracting a great deal of attention as a future generation solar cell, but its details are unknown as 

yet. Basic properties of the Gratzel cell have been almost confirmed in our investigations up 

to 1999. In our 2000 investigation, the feasibility study of commercial use of the cell has been 

planned through review of various factors affecting the photoelectric conversion efficiency as 

well as the durability and also trial production of wet type (dye-sensitized type) solar cells.

1) Guideline for improvement of oxide semiconductors, dyes and electrolytes for the purpose

of improving the photoelectric conversion efficiency and the durability

In this study we have reviewed preparation of dye-modified ZnO thin film by the 

electrodeposition method without heat treatment (self assembled electrodeposition) and the 

possibility of its application to dye-sensitized solar cell. Porous ZnO thin film modified with 

dyes on the surface could be formed by electrolytic reduction of N03 ™ ion or dissolved oxygen in 

Zn2+ ion solution containing dyes based on phthalocyanine, xanthine, N3 and so forth. It has been 

found that the thin film obtained thus has a relative surface area and dye content equivalent to or 

greater than those of Ti02 obtained by existing processes and furthermore dyes, without being 

incorporated into crystalline particles, exist on the surface to which electrolyte can gain access. It 

is interesting that the form of dye-modified ZnO thin film, the dye content and the form of dye 

adsorption can be controlled by dye type, electrolytic potential, composition of electrolyte solution 

and so on. When checking function of these thin films as light electrodes in electrolyte containing 

I/I3, the photoelectric current by dye sensitization could be observed and a maximum IPCE value of 

47% was shown in the case of thin film carrying eosin Y under bias potential. Therefore, it 

has been found that these thin films can be potentially applicable to a photo-cathode for dye- 

sensitized solar cell.

While various metal oxide semiconductors had been studied targeting at a dye-sensitized 

solar cell with higher efficiency, no substance with higher efficiency than Ti02 was known. 

However, Tennakone et al. have recently found that the photoelectric conversion efficiency 

equivalent to that of existing Ti02 electrodes can be obtained by utilizing new zinc oxide/tin
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oxide mixture electrodes. In our study, we reviewed confirmation of reproducibility of the 

efficiency of the zinc oxide/tin oxide mixture system, observed the electrode surface by SEM 

and also reviewed the dependence of the efficiency on the mixture ratio of ZnO/Sn02. As a 

consequence, a high value of 7? eff=9.3% for photoenergy conversion efficiency could be obtained 

under simulated sunlight of AMI.5 and the result by Tennakone et al. could be almost reproduced. 

ZnO with a relatively large size of 0.2 JUL or so was used in this review whereas colloid solution 

with a superfine particle size of 15nm was used for Sn02. Values of Isc and Voc were measured 

with varying Zn/Sn02 mixture ratios. As a consequence, it was found that the value for both has 

been maximized at a ZnO/Sn02 mixture ratio of 53/47 at Isc= 18mA cm 2 and Voc=680mV. 

Compared to the cases of only ZnO or Sn02 are applied, the Isc value was 2 to 5 times larger and the 

Voc value was 1.5 times larger. While the mechanism of photoelectric conversion in this mixed 

oxide semiconductor system is not entirely clarified, the possibility of establishing a dye-sensitized 

solar cell with high efficiency was suggested by combing oxide semiconductors with different 

particle sizes appropriately.

General properties necessary for electrolyte for liquid electrolyte based solar cells were sorted 

out and such a way of thinking was applied to electrolyte for the Gratzel cell. Since anion and 

cation form ion pairs in organic solvents, it is anticipated that the cation structure can affect the 

performance of electrolyte in a system using oxidation-reduction reaction of iodine. Therefore, 

the performance was compared by changing the structure of cation. According to the results 

obtained thus, the power generation performance is expected to be improved by taking the 

following measures: ©Improvement of the diffusion velocity of electrolyte by synthesizing 

electrolyte with smaller intermolecular force and also smaller molecular weight. ©Co-existence 

of electrolyte or electric charge transfer material which is adsorbed in the vicinity of dye and 

can supply electron efficiently to the oxidized state of dye molecules- functional separation of 

electron injection and charge transfer. ©Improvement of open circuit voltage by replacing 

iodine-iodate oxidation-reduction couple.

2) Improvement of the durability and stability of sealed type cell (longer life)

A sealant with a ratio of 0.1% in the electrolyte leakage at 70°C x 2500 hours has been 

found. Also, an electrolyte has been found with a ratio of 93% of electrolyte preservation at 

20°C x 3800 hours with an UV filter. Regarding the effect of temperature conditions on the 

durability of cell, decreases in the conversion efficiency were not observed up to a condition of 

55°Cxl30 hours whereas on a condition of 70°C or more decreases in the electric current value 

were observed till 500 hours. Thus, the dependence of the cell performance on temperature is
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yet to be improved. Furthermore, as regards the dependence of the conversion efficiency, 

deceases in the efficiency were observed as the temperature rose. A small module in which 4 

cells with a size of 10x40mm each were connected in series was prepared on trial and with this 

module electric power output of 73mW was obtained. Based on these results, prospects for the 

commercial use and problems to be solved have been clarified.

Europe has a high potential in studies for the commercial development of the dye-sensitized 

solar cell and a variety of studies are being promoted in various organizations such as 

universities, public research institutes and venture capitals. In Japan, on the other hand, 

neither systematic studies nor studies towards commercial large scale production are being 

promoted. This is a remarkable difference between Japan and Europe.

Although dye sensitized solar cell for indoor uses is going to appear on the European market, 

several developmental subjects are yet to be solved for its application to outdoor uses, that is 

higher conversion efficiency and durability. While one of advantages of the dye-sensitized 

solar cell lies in the economics, it must be more economical so that it can be used commercially 

in competition with existing solar cells based on Si and so forth. For this purpose, the current 

conversion efficiency of 8-9% must be increased to 10% or more (with a target of 15%) and 

furthermore longer-term stability under outdoor conditions must be realised by improving the 

heat stability (up to 90°C or so).
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*m*©mmm*i:4:-3XBx#&#Mb6.25ooh *x©a^®wbj;i 

liSaSfffl 60%$XlSTLfcAs.tttbfiTI3:*W?$©ietilk*W«©eStt*sMEIX*ifco 
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2.2.1

*f^t»nffl©e*ii®s*®««-fe;nfS?ittWT© d) ~ (5) ©aa-ce^t.

( 6 X (7) ©£i£6fflvfc„

(1) IteSS • yi6)W$

V*|q|#@©** k LT ttjSfflal WtSHhlBEN"S # X x (y.TSn02S$u

'>- biSSi 10QCL 80%)S@1# bfe.Ti02)t*®(i Sn02#*tc^-y Ti02

h&XS V —>EP0iJU ttBK't-BWC<koTBfi6 V^io +

F 6ttl*fl-JW LftSUfc Ti02 3D-f P 6*E®H(230’Cx 12h) V. I4S 10~20nm <DYi~ 
9—iOtbW Ti02fc«i(afflfc»ffl*I*e^I 

©Ti02»*(S@50~200nm), /H >S- (###0), m*a©#*#&igfr'

•BXS V —>EPeM3©^—X PSffKLt. Sn02SE_tt:C© Ti02^-X b &XS 0-

>epmu *svft- 5oo=c so u Tio2 $%##&## uwi^t-cts

$k Ti02s*», XX 0->fflX r>i|, EPgiJIIlSSSxSSt;: J; DUBUfco ^©E 

CQM^SkM&ffofco 50mM © TiCl47jciS?$4 Ti02EtC?ST V. 70°C ©tlSts1$ 

■e 30 U 450‘C-e 30 fi-tMSfiofc,,

Lfc i> © k |S) b Sn02*«CX^ -y X T? Pt SEE L Pt/Sn02

iS® SfflB'feo

(3) ii@e*

6Stt cis-bis(isothiocyanato)bis(2,2 ’ -bipyridyl-4,4 ’ -dicarboxylato)- 

ruthenium(II)bis-tetrabutylammonium(RuL2(NCS)2:2TBAxL=2,2 ’ -bipyridyl-4,4 ’ - 

dicarboxylic acid ,TBA=tetrabutylammonium)SftM Lfco @#©^X X—Ib'iSfS (6S 

ifi® 0.3mM. mM:mmol/L)C Ti02 jS$6 1 S$sE#

(4) #####

fM¥Rt± 0.1M LiI(Lithium Iodine, 3 X lb U 3" X A),0.05M 12(Iodine 3 b|), 0.6M
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DMPIml(L2-dimethyl-3-PropylImidazolium Iodide l,2-V3 7°D ^ VV V

A 3 0.5M TBP(t-butylpyrridinex t-7"^-;i/b° V 'A' >) Lfzo iSSti

Me AN(Me thoxy acetonitrile) x 3MePN(3-Methoxyproionitrile) x PN(Propionitrile) x 

AN(Acetonitriie)® U

(5)

tz&izm 2-1 ^

l'X:&0b(5) b######7 4 )W±%:m^M±bfzo 2 WC##@b#fo|#:#2##a3

±Lfzo

Pt/Sn02Ti02/Sn02
mm

I 2-1 —

-5-



/-----7 *7X

X-f/lA

Ml=lES

S!Jg*14 x-f7UA

02-2

(6)

o-v##) ssjst-^ckc

z o *#$###&#« L&. saMTteSttttasttsasfftt$©v -x - ->; x v->? 

- (^xa) ©ami.5 ©s$«*iss)‘££<$ffl vtioT'eettg*naaH«ES#(JQA)tte$ 

(7fii'77^i/|j3>*giif5) txri/it—eawe J3 

100mW/cm2 tClSS Lfe„I-V ftti©SJ/£ti: Keitheley # 2400 V-X ^V3 >

J1S-C8934 C!B*©*|SBS-a^yx-;vfffl?4tcip

ffiLfeSffiTffofco

(7)

6il^©IStC!j:lt±-b;UtCV-x-'> V-^-^(AM1.5a00mW/cm2)6®Rto 

C,®*f L, VfcEC I-V fStt©«l|SSfTV Jsc(ffi«*:S),Voc(li®£*EX

Tffofc<,iaE!SM©EtCtt*|ig*?l!it»±(C L42 7-x-

i/;xV-j'-^(Ca$n^%^S»'y HL Sit. ifih-tzEti: 20”C©^iP7k6®ii 
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BWUZ: 14##0:c#^i>##&#E2-2,

70°C-2500 2-4 £ mto Z.(Do %l^tA,t'(D^^r

2-2 &'frotz&]

B# 2500h##dJ^
s-l ^^'>^1(100%) jKy^-/u(ioo%) D
S-2 ^-^^##(100%) 4<!JT^mS (100%) D
S-3 ^^'>^(100%) ^V^-^(100%) C
S-4 (100%) ^7^Kme(100%) C
S-5 ^^'ySS(ioo%) (100%) D

S-6 ^^^##(50%)###
(50%)

(50%) ###
(50%) B

S-7 ^^'yHiS(ioo%) tfy«--/Hl00%) C
S-8 (100%) yi/(100%) D
S-9 (100%) ^^V7^K(100%) D
s-10 ^%K4"^##(100%) %KD7^K7^y(100%) C
s-11 ^^>"##(100%) mm\ A
S—12 (100%) mmi A
S-13 (100%) mm\ D
S-l 4 ^^##(100%) C

A: Ag (%) <0.1
B: 0.1< Ag (%) <1.0 
C: l.OgAg (%) <10 
D: 10<Ag (%)

0 500 1000 1500 2000 2500 3000

Time (/h)

El 2-4

o- S-ll

■- s 12

-a- S-13 

■Jw— S 14

teBM-ffiffiLMffijfcltMtlX L^o/=^S-ll,S-12,S-14 0 3-OCD Ji^drvSBIti 2500

%0#{b0mi^Ag o.oi%wT-e& D,
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%####%##? 4 A/A FILM'D fci^^'>©sgs-12 4 

fflV'"t$fih-fe)i/£1fc$bE;Xti©1i&lt&ft:oZi<,

2.2.3

*fl¥«®«®/bs*l@Sil6-te;vE^tttc®l$t-Ke^^ifV/3= SSk bra MeAN. 

3MePN.PN.AN ® 4E»£figig bfc„ Ofte>©i§tt©£&tltik5®SEffi$!86©'r(8 2- 

3)oMeAN. 3MePN A. LT« PN. AN #0@#A#E jl 0

tt*fiJXifc5 k/#x6h3, b ft1 bMeAN. 3MePNttEElAs*t Vfc®*56't>lW < & •).

AN CE^$T%^>„^®SE4 8S^n^nS)SEkT-5

2-3 Sa?SE®6/ttkSSt.Ea8

MeAN 71.08 118-119°C 31°C 0.78745(15=0
3MePN 85.11 164-165°C 61=0 0.7818(20=0)

41.05

-20 -10 0 10 20 30 40 50 60 70 80 90 100
(SIS (/=C)

•fllrttO JloTiiit-tr;!/&#$ b.BtXtifflflJS&ff ofc„3500 BE® $X®i!S$6H 2-5

t^-ToOnfr?».3MePN.PN,AN$iSEt

its LX 92%y.±4«^bj|»*E(XttS^ LTO-5 O );*st)A^o3500ll#Sg®aM®W

tt a ifinefa k5SS6#x-5k a^jgJt® 2.5^cigiEr^,o* e.

e*©@HbS^->Xw7-&(£.JK-#E*sSHbiSS£« * bfcg!0£ltfl'r-5 fc

1400E®toil bfe.cncEb.MeANXIiikmto^ESAHST b/r= om®Hk bTliE

*P« S ft© tttbtfffiT b fc A\ SEto £ O x&m S> i>© BB9 £ Stilt k k # x ?>
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tli.Z C'txig»(MeAN,3MePN,PN,AN)ffl51*6aaiM^ttS1&8tLfc„ iSEffl^

tpcitA Lx -^neimisoo #im)ma#m(70°Cx90'C)i:e# L#toi$iitB6 

ffofc. iSES©l6$T(S MeAN k 3MePN 14^0*6311* 5,Lfc 

MTOiSE© FTIR-ATRX^ hT&k?6kC5#C#lRL°-^©$(bl4Me,af g 

H®3ffflttiti*6fr-3fc(BI 2-6)„T®iSE*6>fm Lfc*S«kx L/iM;

■f.

Jsc Voc

Time (/h)
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Time (/h)

MeAN
3MePN
PN
AN

h 2-5 to. msew)

Jsc CI4%#&K#@TI4M6d%&&o6#xf.f.%;i4#:p@TLZ:.C® 70°Cx90°C-500#

k1' olstttflfSfi-tiiflKigICfflStZM&T'WCfo£AL $t±-k;i/-e MeAN &### 

iSEtc L6k#CI4 500 BSg-el"T*K 10%@6 ® Jsc (ST #H, 6 tofc C k * 6 #x 3 k 

MeANT® Jsc(STI4$»^i§E®#$RC4^6®-CI4^®ckA#T&ti.^.k <C

MeANx 3MePN © T d »fl-T#®TtcE*@T6StriSEti: TiO;k;j(^k®##A^7

th75 NbT-Sk^ofBSt)* 0,C® Ti02 k-LTTC^* 4^®9(4^it

T^SSS&ISSiTfcS.
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MeAN MePN

9or
70°C V" —TUI

ttuY 1
....i.

ytT
. ■ .............. i....

4000 3500 3000 2500 2000 1500 1000 500

X Axis

AN

4000 3500 3000 2500 2000 1500 1000

X Axis

H 2-6 6n#*®S (70.Hire for 500h) 58E© FT\R 7,'- ^

2-4 Anmma utuz %

5=C
Jsc Voc f.f. EFF. Jsc

70°C-
Voc

-500h
f.f. EfF. Jsc

90=C-
Voc

-500h
f.f. Eff.

MeAN 14.30 0.747 0.668 7.14 14.00 0.744 0.664 6.91 13.91 0.748 0.620 6.44
3MePN 13.44 0.758 0.602 6.13 13.86 0.734 0.590 5.99 13.78 0.742 0.574 5.86

PN 14.58 0.751 0.630 6.89 14.36 0.737 0.649 6.87 13.23 0.747 0.621 6.14
AN 13.93 0.761 0.725 7.68 13.58 0.764 0.733 7.59 13.59 0.765 0.698 7.26

2.2.4 MlMiiSittC J; % E

(D inltoiS^ttic <k 3

2-5)„ ^

;v& 70-C.90-C©tlS$4C'@#U. flag* •

ft§ai|/Ebfco *#P«®iSEtt7-n £*- h 'J Lfc„ ISSSEI 2-7 (c^TAb s

STffl-9->7";v-ett#Stt*fldnr©5©t:^f LT 70°c.90°c©,WSttS7:tt*SS
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V'As*P§e$-fcA- • "E->-^-;i/0«66;©ECtt6aMa©ynHz7.^fftc+fl-@B'r5-£>

as prepared

Wavelength (nm)

02-10 *it®av^^*e©uwissijx^^ hv

2-6 An# L t *##): ji 6 *«$###

Jsc Voc f.f. Eff.

Without Heat Treatment 13.22 0.760 0.737 7.40
70°C-10min 12.39 0.725 0.711 6.39
130°C-10min 12.71 0.723 0.717 6.58
180°C-10min 8.38 0.645 0.741 4.01
230°C-10min 3.78 0.512 0.718 1.39
280°C-10min 1.44 0.474 0.684 0.47

2.2.5 *>|.*fflgfilt

Ufc=+h>y;v®tt(j;E2-ll

■50. ±s*itfe-feh;vr*$ij$-eZoic Ti02 

ISttiaB^-e^SSta^^^l'JidCftKL.BSJP* 6 5^D>fc;it,'§Wi: t(H 2-11®® 

fl-)xM[6|*#© Pt &£#&£>&wagtCi@< Ufc„$te*«?$©iS«'$ft6»]5Et-

-s fc » c^**©® c tio2 t ?> * 3 )^*a $ hr © * v \ mit r x a ?

*S«0^©®#£®fiEL;£(0 2-ll-©®#)o ^fflflfc0-blHM*ffttlel--C$)-6oTiO2
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3~3.5%tffii'&©©s #%^©B#©#mifw# 

T-fe-5 t^z-tzo ftsmtv—?-'> 51 i/-^-*©A*«*k*#a'7X7i' ;u^- 

(L42)$^UT©!fWi:SfT^, ^netl©-9->T‘;H2;V7l£*'$S#e©l:bR6fT-3^„ 0 

2-3 C/Sbfeioi;, **7

774;vj'-*«/W©ttR6fi7ci:-c*^©i«S*sfFfflai*s ISCSIS"ero^E^tt 

Co^TOSia^ff 6>n?.i;^Afeo a®6ffiWS#(ctt-fe;vsett20"C, 

©SS^fSIilSSttEk Lfco

Ru-dye/
Ti02(6// m.Tranceparent) 
/TOO

Pt/TCO

H2-ii s^iSE^ttSlSffl-y- > 7>©®tt

*m$##@©e#$'fb&Ei 2-12 £^T„ i6oo nemr-©^ o /m u;fr

A* 6 f If^SfiT b& fro fcfr*^®W tfc-0- > f.f.ffl

<STfrl,6n. f Ufr. ■9->7;H2;i/^*@$fl-
(H2-li-®)J;*»*g|l^(H 2-ll-©)tco^-t©^pJ^®JR7^7

(SB i3H)„c:nt J;?. t*^l-iiS=liTTV'*:i'-y->7;KcouTi±e*©©iRi;-7(;!)i 

m$tl6A=500nrnff&©U-7lflf k/vk'$AfrM6fl»frofr. &ST

+1 >7>ti£f ©B&iRffiTkfitSftfllT-© 1#1K:/D- M^fr#fM6fi,6#frM 6fr 

©&-fb&&D?l^C kfrkfr^.f fil:*UT.#:##©^©#iRI:-7l\-Clf#^&g 

T fc » > 7> T If A =360nm lf®©l®JKfr*$ < ffiT I2 S L < If Is"@6©iS

ffliCHi: LTti:W.T©*frsfx.e>ft;5o

i) i3'k v(owmtmm

ii) St^RH}!;:foresUh'WftM

electrolyte
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Lfc+7 > 7>4©Bf C«# UT i>7C©SfeCttM tt /tPo fe#4#t-e-^X -5 

t, i ) <% ii) 6 U < ttiii)

BjjiWiigt; £££© kMJo $fc, RufeS£l®g£-tiTU&VTi02ffl5!*©®l®-T*|8l 

UMlfekca 50R|g@m©^m*l:c 

tl>6 Ti02 aBCI®**§£ uTV'-5use*tt, ©jfl

g©*frS)f V"t*i6V'TV'-E.Ck»s^i@^^i^o gSHfl'CtoSIW

SiieC-yV-Ttt ii X iii) ©StWSB k UT@l£tl> 4-#©#M#(g'g-e&6o

in) ZcT Ti02 Lx iMZioTt*!©^ nljgWKtStf

Jsc Voc

Time (/h) Time (Zh)

h 2-12 m9\-yt<DB9 oies$ft#tt©Es$'fb)
• : (L42 7-f;Vj'-6^UT7le,W)

o: ***# D (asset)
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Electrolyte/dye/Ti02 Oh 
ElectroIyt,e/dye/Ti02 1400h 
Electrolyte Oh
Electrolyte 1400h

Wavelength(/nm)

(2)

E le ct.ro ly te/dy e /TiO 2 Oh 
Electro lyte/dye/TiO 2 1400h 
Electrolyte Oh
Electrolyte 1400h

....»iir>wvvy*vy'

W avelength(/nm)

ig 2-i3 - mmw uwis ^ ;i^b)
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2. 3. 1

3©*m*s-fe-'vr*5BeTS^,**tt^ni$k'*s6 60T-ii* <, $-©»> 

©*B««6SEf"j; -6c #tcSff ttfi < ,Si ^X’Smmttt

©THi'iESWT- $?>e*ti@*|S*}6tC*5Vr6 ,m*eKfc* 600mV~700mV -e

la>& ©„ z0tzibm&<Dtutiw±t)m t>tu> z ? c, lte

itSAU ©6Ett*lg*«tiH*l@-CGo * *5#fiJT-fe S „ 6Sil@*l®aW®S*to 

2-14 C7nT.6##0*^##-ei±mt©kC5###&co©#@?*/v%

® € CT, *B*S42;v6a?iJlr6$lf 5 CSS##

&eg\± T*$&@#cb%lt^H^%»©.c©t »C, #### @#©#%, #### k

«##©#*cz6K#,###-Tco e$k©e«!fiK»k\ #4-%ia@A^ t-s

c©j:a%ra@ss#aiu ^--^m^tztbcDm
tSS/^fCk^BtokUT. il^JgSSfO'J'S-fe^fflKff^ffofeo

2. 3 6*l|«i8*|S*Y6'J'$-b''V©6W

02-14 ;!,©«&

LfcfeSS^*B*i6T:l4 Ti02*ffitiiti 10mm, SS 40mm (D&Mit U 

Cft& 3mm ©fafiB^Kl'T 4 *!§■ L, C tl 6 SSWCficIS Lfc.TCO SSttll 12cm, 

I9PH 1mm ©X h 74” 7"ttSn02JjgAW'fc*©£«©£<,*fffittTCOi«J;|Blb<,tS 

12cm, HSIVM 1mm ©7, h 7 7 7'tt Pi SW74©fcfc©4/li©fc0(Ctt RuL2(NCS)2
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2TBA(L = 2,2 ’ -bipyridyl-4,4 ' -dicarboxylic acid,TBA:tetrabutylammonium)SfiiV'

0.6M[nPrImIK0.2M[LiIL0.05M[I2]©r-fc b- b 'J XTWStt

mux^dr->S®ggtcJ; m
ISitoWffilcSItfcaxnJ; b ax Us StffS'>- h koi^4r^5S®flgtcj;b Wit Ufc« 

±Tfs©s8iAak unis sg|7 4,^-6±Tsemc#^^©‘.

—eKmStti&fflvfco c©#As #e-TCOee®©gltiffifn;AsigStc&Si:!gt>n 

Soil 2-15 f:EMffitoke*tSS*BS?6© ff k®H«S7"n -y b UfeH^IX HA>«> 

bA^S otaiCs ±T«ffi©B8tliT tS AcWSiSfrCfbfS£'5 As$>S = HBtcSbSbd'-p 

-£#^CX£EWT8fiM8$JiS:ii;£Lfc kC5 0.6Q ~1.2Q ©JgJnASfe D sfiSEbblc

60 

55 
50 

jg 45 
*»40 

35 
30 
25

0 10 20 30 40
mzmtn. q

h 2-15 SMStoSA-A*ffsee 

W±g-k;bl:gMlcA#&#KUT#l&

Ti02 *ffi : H# lcm2, J$flt 12/zm, *fffi : Pt ##s 6* : RuL2(NCS)22TBAs 

««¥* : 0.6M [nPrImI]s 0.2M [Lil]s 0.05M [I2]s 0.5M [TBP] /4bby?tb;l» 

,W* : lOOmW/cm2

o v\x ©l&St A^iJg1 ®bix S o * tz s t WMWL t ©jf* (; t> a iff S -£'9 As£> S o jt

$BT- 7 BOttl*Itc*P«tcj;SK6A2l,6ns'$#a*tt<STUAco$Acs Btrt-tt$bb
©Me>a*A"ofc#g AsB (Cbb'Z t.$%##©#ftA^S©6a6oC©A:©sAg&#

)»«i:PBTtestS-ftgA5ifcS 3 t AsbA»o
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©feto. $fcff©3tt>

Tio2 *##m#©%An. ti7^ -v-/sno2 ©##mmc z -?>

Hk^X-tV-B.TiOa^SffiBfli (#C#g) ©toif^Ps Am9l'^-/Sn02©###R&

$61:. ^-EliJCffbt'J'ffl-b;i/©a7tBT, Ti02*8As6 

&%#%B#I±^#© 45%ggX <.#C Ti02tti@ggSto5 3mm k*gV'feto. 

Ti02 *ffifaigaEfflffi$i^@1ti*6s'£>S k @t> ft -5 „

a 2-8 /j\M3-iJ-fe;i/ k->> iOi/-fe;v©ttEhbK

'.hS-fcNV© Voc tt 1 *S3£b ©A- Ti02*tt : ASS 13,um. e* : RuL2(NCS)22TBAs 

*** : 0.6M [nPrlml], 0.2M [Lil], 0.05M [I2]. : 100mW/cm2

cm2

E5IJS Jsc
m A/cm2

Voc
V

ff
% %

4 4 14.9 0.550 55.5 4.6

itlx-b/v 1 1 15.3 0.585 61.5 5.5

2. 4 ^EfflES

• ign^T-maiE 3500 eEti.±©ftiA$/ett6 

*T3kk»sS£ftfc= kft>fe$FW©Stt&igJiT-tti:58ffli/^A/T63 kv'otfi

oTUJ. #EIXfiStiS$fflxVHX-(blX'OVT©®@SiPIJ^«

cniiais^^gcit*Lx*2.5#x&t>, #ftm*i###i:^sk$ft6e^#t:* 

urtt$!)ieLTu6v'o s^txftWiiigfflSStt^E^STdfe.So

ii)sm$$t±
SS±#txJ:^lt±#i8 -*P?8zitiitx-3urM*toC*aSEMTIiiBlt6n^V'

k#;i6ft-E>o i#fti U<
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iv)-fe;Mgj6s ffS-rn-fe^

*H*B©k LTttilSilSs

Sit»tt®tiT&aj*-5 6iigD®(j--Elfctoi;^nenciiLfes^#igssfflUTv^„ e

mtbhtixv^&Wi-ziibz-hK tea©-ok$n-E, &«%oo. *

iWi$46"CS-5*^6® • ## • 7D-t^ffiSS«fJ;450

(f±**RHr^ > MfcSistt •

t>htz-hK *is?$s*©E^tts xmu<DKM!>mm ■
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3.

3. 1 SB

S5t*i®s?fi©*is« t *» t n 5 &we & ss b, ^ ©# x # & ^ b 7 y ^ ;u
-fe;i/ffl®$rtCSTI2©£o

*«)SEtf-Ttty=*>k»^*>kAH*>yS:S/i£f 3->S©^bji75&

?:t-, »^*>©1#B£'$-(b£-tt-"tttl64]±$(L;fe=

4Er>"e-b7AS©»^*>-9-'fX6^bS-8-fckc%,

e-nto 4>^re*©fi«ic*Sb-e$>5ck*5»e>n'rv'.5 7>*n 

7’;u+;v*&^Xbfe*f-^>-C^S»*aWttsgS^fe*Mb^W*:$Se*5fi^ofe<) 

MSito»i@lbtt©i6i±6itokbTT;i/4r;v^-71;v«®6SXbfc*5:-*>Tttf4lb[6i

b^tv'-sESA^iestifc.

•5 fc^x-So

• <, »-o, 3>/i7 6CkCZb, SPHfflttE

ji®^i6)±$'e-2>

• bt, 6#©#ib#^m*Z<#?&#*&?$5*7b<

ia@##mw#&*#2'&5 (#?©axk#m©«#^#)

• 3'7SC-ftt>5®ibS7EftkE»'£-e5C<bic*o'T,

3. 2 ##

ffi©T $e css-e $ 5 nJ6ge*3$. 5 *Bes k b-c^-rf-aioK-^x-^Ae 

(b»5yi/ryxjb-fe*) #B@$frc#i04p#@:@b%o f©^ 

tcmb^B^ttotsi** gwfc &nr $fc0

##Rt:A^TK#amE&M^-C^5CkA^m*0±©6A©#±A&0& 

&-^BWbkVofcE^ti©iq|±as1&iit©*-b'-t-&b, @#B±lcMbx©*K%6#W 

(*ffi#8’Cl*^*3ofco

fct, *;m?i*@a*m#*©#A#*i:*©sji,5-#iR^#@&#ab-c, *©

f^ssyu'ryxw^iijtcittt®, ^ntcS-du-CSPK (?$) &ISffbtt
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mziftttz tti> tc, 4>E©&S©;5 i6ift6t&S»"r 3 c 11 b£o

3. 3

'fU'yy*A--te)Mz£ifzmffifi<D@:gma3-ilZKt£Jilz, *©%iRC»kbmS$

(SHb*) c*L%,

Rotstli-5ijt*^<*?4fi*©K'fbttC-^^^Ci;t;fe-5o-€-bT,*T**o 

teSfl¥H®-fb*ttSMffi!l©effi^$EVrSffi±-ee^S§lt@ibH$Sii^©T-$.-E.o 

-<Bcy v -y y x;v • -fe;i/©Sl$Kk UTtt3->s©®-fbS7c*f (v h'y^x*y7»

03-1 ^b'y-Vx* • ■fe;i/tf®**®®'fbiS7C

3-1 y v -y >yx.;v •
£iz&w&
stfznm

i&Mti •sibssstttfsasr-fes

mm

• (MfiK@Blc*'^Tftl9HS;ST-$.3

• KS6SSSC#6V, SffiT-63
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4 o X ft £ -5 * ©T* $> & „ fi US'tz> tl K !4 T - * > t * * f-* >T: <6 rJ t6'Tf tt $> & ft, 

>?\s«j"jx.)\, • ^i/ffleisitiii&ea, D, jtfli©*®ts

ifcbfc«»M (^fb#) Ass*Hi©e@$-eteK ue*. icmj® (#$) vraEroic

<Sffi£ft3 = -3$D, *S7c«ffi-r*>sstc$sv-t>sij-t^5

Zvtztbyi' y"jil)v • t;btl4%#%tc+a'-tl4%v\t©©tb 

etoA*7>x©kh,/x*ok vr, 3->s©E<ba%6sfflv'6nTV'5o

STte*EttSS*s$nT &1 <-bt l*% 3>>jg©K-fbiS7c&flH'fc* 

!8SC^4bTV'-5©ttr-^->0^-cfet3, y-^->©#E(i3$;i

oioCis.

6nria

D : Ti : m%©#@, a : ^*>©*8,

T : Sg, kB :

©KKI±##0%a©^T*m%

(ion pair)j SMt5. !RriC*^iSEtt,"C*tt'f *>M6

$fi$UTV^)'fe0As**k*^ =

tiv&v#, y-^>k-e©pcs6'r5*^*>©tosiisv'tc*t<Ee$n$>oT

V'-5o f&tJ'fe, yv-yyji;!/ • -b;v4,©3|t,'(bW'i'^">lj;*f*^*>t:5l$W"8'6ji,

bTV'%©!:&%. fuftinii, es%et:ttW#b^<r 
*>©#ifi»sE-fbt-n«, %mm&>s£ibt

&tb#f^ckk bA.
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3. 4 mmwomtt, mmm

3.4.1

\i'%lM7kfrffiLT&J$Ltz?-#~y^—Z h (¥±W?Sl5nm) ^ 20 X 20mm

##U, 450°Ctr^bfeo LT, ±IB^X

§L<7)*^&^-y (P25) ESrSteo J^TS&^-oTc/

s-bis(isothiocyanato)bis(2,2,-bipyridyl-4,4'-dicaroxylicacid)ruthenium(II) (Solaronix#

LTWMHUD-t)l%mfriLTfzo
M^fflv^S^Eti@#:cD^cD(d:W^nm^ =k D , ^®iiii7A^D7 b

7^-^:0.92M®#j^l!3^m (0.12M) (Ethylene-

carbonate/3-Methoxypropionitrile=4/l(w/w)) lZj§& LTMffiffl&fFM L/io 

fFiffiffl"hM^SURSFr]^, 4r;V®4,*S^10X10mm®+hd>Xvt7l6 (AMI.57 >f 11/#, U 

v*7 b7f 50mW/cm2) LT&®Lfco

3. 4. 2

^ 1 d: D, c a#?02fiao

1 2 i

1,1 - Dimethy lpy rrolidinium 
iodide

1,1-Dimethylpiperidinium 
iodide

NstO

1-Methyl- 1-propylpiperidinium 
iodide

4,4-Dimethylmorphorinium 
iodide

Tetrapropylammonium
iodide

if r

Triethyloctylammonium
iodide

3 -f.ee

Tetrabutylammonium
iodide

123-2 ^(Dit^zm^fz4WLT>^-iy^^M)a
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tt£t>%, ■s-'i'x©

'J' S &»SR©* tfteittCiX'T WJT-ifc 5 7 i: V-' 7 ? ®*SBS fc * ©T-fe o tz t fi % o 
*fc, firEtt®TH, 6 ft& »> o £ © ti:, **S©ttiCK^©g|5»C*^h
;v A7 7 A5 # a 1" 2> C t £ m VX © 3 i: # x -5 o

3.4.3 7;v^-dt>*;i/X6So^*8¥E

7;i/#n»-^>ttfl-x^*»s'jNSV'teto, 7;i/*n7;vjr;HSSAVfc7>^-e- 

A«tt^©a;S(©fflx#^jxfe ?, c t -5oH3-4tc^i-A 7 t

tz o

8 FF FF FF

FF FF FF
M'-'VVSA
^ FF FF FF

1-Methyl 1-(1H, lH,2H,2H-perfluorooctyl) 1H, lH,2H,2H-perfluorooctyltriethyl-
piperidinium iodide ammonium iodide

FF FF FF FF FF

1-Methyl 1-(1H, lH,2H,2H-perfluorohexyl) 1-Methyl 1-(1H, lH,2H,2H-perfluorooctyl) 
pyrrolidinium iodide pyrrolidinium iodide

r i
"A

FF FF 

FF FF

/=\ + -N^Ns
/=\ + 

-Ns^N
FF FF FF

FF FF FF
V J

-4

[3-3,

3-3

*^->E V)/% Voc/V
Isc/ 

mAcm 2 F.F.

8 573 5.58 0.52 9.74 0.55

9 575 5.45 0.51 9.77 0.55

IQ 459 4.87 0.43 9.05 0.63

11 559 4.64 0.42 9.08 0.61
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12 13/=\+ i

1-Methyl 3-(2-(2- methoxyethoxy) ethyl) 
imidazolium iodide

1 -Methyl 1 - (2 - (2 - methoxyethoxy)ethyl) 
pyrrolidinium iodide

■6

#3-4, )c

io~20E#^T-agt:mu&o

200 300 400
fr-f-m

500 600

200 300 400 500 600

0.8

0.7

8 0-6

0.5

0.4

\
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..........A..

000h
0

........

200 300 400 500 600

200 300 400 500 600
#?#

■7 y;v^r;v3i— t fife CD T > "& —AJfi t (D It i

-31-



3-4

tlAt'/W®#^ttH3-7j;|Bl bT-fe-5 
#@®#±±@A^ T@6nBE®«T$>-5

r]/% Voc/V Isc/ 
mAcm 2 F.F.

12 312
5.56 0.47 9.56 0.62

5.75 0.54 9.51 0.56

13 315
5.24 0.46 9.79 0.59

4.69 0.58 8.85 0.46

3.4.5

• 3^* (t-*» ®#<ba^&m\T*#f>®0is#e

• y;v^;vy>^-e7ASic*VM:tt,

®4£it® SO ?>0fi!i;Saifco

• ? ;v * d y ;v * ;i/8l £ s A L £ r > t - b>AigttttXHttlbti:<fct>, ^-?l@±£ 

@*f6ck®##@##g-e$7c. fe£U 4-lslirfiSLte*«Ktt<b¥to»$^tt 

Asffi<M;;tti$A>oko

3. 5 w?immt^'&e>m\

*Uf?STiir>;t = '>Affi0*^^>*jgCiKo'C0WSil0fe*5, glffltcEx-Sti-#

S)g«fflfl4?®«4i:*|sgS
»ttlbk®HS®fl|lB, 3b?#t:^ti3m<b@7c*®m#, «Jg«® «f$#*4®SSttl=l 
±, ?##®##®#m, to®*«y#®*)S$^®Sttito±^®0if*s-ii'Sr-afe5o 

*E%®iKgii:$'3<%Stttg®l=l±SSk bTttbTFfflio&fcffltfifcW’&J'iSo
i>-3. nws* ®SH®i£B

ilS6[p)±$e-E.

• ama#K##L-c, e*®mYb#^m* z < ^ j; o u <

■ 3b7SC-fbb5®4baSMkE^1i5Cktcj;oT, #&#E£|q|±$#&

$6C, Hayase6>®SSiSfflSk-TMb&l£Vfc5S3>®»M^, ###%##&
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1) B. O’Regan,M.Graetzel, Nature, 353(1991)737

2) 797075(1998)21

3) S.Mikoshiba,H.Sumino,M.Yonetsu,S.Hayase, http://www.nrel.gov/ips2000/lectures/Hayase~ 

Tulloch.PDF

4) U.Bach, D.Lupo.P. Comte, J.E. Moser,F.Weissortel,J.Salbeck,H.Spreitzer,M.Graetzel, Nature,

395,(1998)583
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4. zno/fes© i v

4.1 $W

fs«s. Eitfc y 61

ot5t«'tfc»lc. Etoa^y-roESFtffttj («#) fttc<t5fe*ttfflZnO*H©^S

7^o->r = y*. W>ry|, N3^^dfe*$r'aWd-ijrfcZn2+-i'*yiSE1,K*5 

V'T, N03-W *y *$r«*S7ct-5 r 11' J: I),

#-7X ZnO

7 TiOz #l#lcgc#f6 L. U^fcfe*

. e^roT^-fex^Bm^EBKWii-fsr £ 

*b*!*v'®(4, ^erofe*stozno
fe*roas, E#m@. BtifiS* if ic j; O T$J® L#d Z i: T-fc 5 „ rro8,#>£gB

EttlbUtfr irWUT. XSto&ltMSrfTofc.

&t;, ziL^roSKSr r/l3-^'6tf*<Ri$41T*)le*gl: LT<D#f66i@^fc fc r 6. 

fe5*l@!8fM(C J; £$il, eosinY *liS$i|TT*t4

fcStfy ft«47%rolPCE**iSb, fe*iSS*l»1:Mlffl),£ftg^to)$fflz)i«#SiL5 r

Stic. *&lt$*tol'f6?BY'n-tr-yyy'*-e, SMS^^FST-fcSTiA, ^77717 

y'XSSrfflv'^y yjr-yy>*ii*B, g7t&**Am7k66#em#L7t##A#g'tb 

icz6*7-^a-= yif. ^

Ilcov'tt^Wlfc.

4.2 ®H

s.*ti!6*iis:aroi*#i4. 4 91:.

E'fbK.toTMcfcSivtt/tirfl'xJ: 5„ *®6<jlcf6='X K y 1FY ;7 7H4i:V'ofcW

5ZA6#@g±i#mm^%m^e&L#67tAici4.

Tffi=x h Sr*a.i-5^S^fc5„ ^AftAlcti. ###3 ny KA#* - */$ - 6m#

enfcvofc®*roya-try-yy^A&#4>iettT*#E6<jlC't)gi<7>fc-5 ru Sgfftc-ftb^ie

!S'feSA®ffl?k ifv'< y>A'AiSll^sfc'5> 50
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* -7" 5 x A ■> y 7 y A- A * £' tz* # * Bin i: t , *{® i ©te^Afc-ti: lz i
9-£4Lib£WH--5EttT% ES*m6«#&)z4 5 ZnO/6*/W7'!J y 

h-tzc rr^-ii.^-roeSrOfee,* v

4. 3 t ¥S#:/fe*tt-a-SEto g aiaiift

t-1-t tmm* e>roBffessrtti§r-«<o a atta^se t $»*

Mlcit^-cti'#ro7F#-(b^*S<DSLtL^4i:^-f-V'i:#x:fciU7)';t,-efcd7ii\ *ie<D

WtcfHip-f-5 Z &lz4 0, WiStotzMi—^KISiSttfiK^# b4v-5 Z £ A4pot # /iy 

1,2)

A®SHfcWzov'T(4, &SS7kSE4,z?’S®t4$E$r» V— K^ttL, *, #A##,

ffiE-r* y#em%-4 ez&izz-cTOH-^^v&A^^-*, ©kjs

tzi 9iS)g|£#5Z t^T't-5. 3-» S,*iS«S*e«?&ffl £ UTetWSl: 34l5 TiG2 

tzoi'Tii, A? ycoi§E-fb!Bla#:roEtt*S$*>5)*S-fk^^ y#H$Sr* y— KWitiS

*5Z& &«*/£ tZ5, Z i tfXi-tz., SSttro TiOa Izf5 (Z|4,

«*®3o^ KB* • ^BtiSjrlBlEtzEM^^A^-ijykv^x z<o#Khlfe*iBi@9±IS

4) 0 —ZnO [ZOV 'T14, Izaki b 5) I4FAE4 4 y, Peulon 

6 G) t4iS#E*ro*®iiSSffiJffl VT^(D?VKSr#TV'5c z4lfe<D*-(?(4?i«ij5)c*Ai* 

WStKIZ <fc 5 atom by atom ikiSaiifi86IZ j: o XiMff'f'5 tz)bs 58S fcjStStfiSI-Sfjll-SZ 

i: |z J: b 32 f y 5r -y ^ /Hz/$e L 4cSgiJ#iS*K $r f# 5 Z j: Z)S T- # 5 „ ?-8> 8* (4, Zto

t, ur

SKcDSiSElcatt^E* tzEllz£-ti:#5 Z i: SrE6>^4z L4c„ 81 

a®isr$t-5 z j: 4e <, vrcestto zno mmm# btiz :m>mi

4-1), Ziiiztgj®6*£{yMS;£-ti:5 z i: 4rtt*fcz)$, SEcolSStt^EATSV'fcfc 

lz-ero$®E7)s/jx5 < , E=Hz>SAS4i-d6*l:/i'iKfeiL. ##l4#4)4z#64-5 

h^tz, tzt% izf A#AL, B#lz«#lz4 5###®&fT'o^tZ

5, t'<o4MD6*lz-ovT, Z 4i bTiB^zWziES,Zfitz ZnO 'SK»s#6>4i5 Z i:

frntz„ lo-is)
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zno/fe* 3 i^a-e-wie® § t vt, 6*»aiz*tgt4®7 7 q

•/T=yf h 7X/v*y®->y 3y$gf*(TSPcSi)&fflWc® £- tz -7 v > t @ V < V /i 0

SI 4-2(a)ll@aiH]#g%7' 7 7 T Y H0PG)*®O basal-plane LT, 70°CcO 0.1 M

b *6*14-0.9 V (vs. SCE)T*ff Lfc ZnO iWE,(b)tt«S®IC TSPcSi 

50 pM tC» LT, L/t ZnO/TSPcSi#e#<D SEM^*T'fcd„

121 OPG <D basal-plane (llilnn't-tT; tz ca f Van der Waals 6] 7 7> 4 7 T V,

#3it7,lkir:®ei;5:iBSiUla^tolc*t)$$*(002)l:®$*SSlcBai1-5J: 5 I:ZnO 

»> El4-2(a)^f)li7c||fttt®ZnO|giPB^(002)ffiCffiai-5iS®*Bffi 

UTtic* LTV'5<*W;b»25„ ZnOroct6z)SS$i:aa^ *5ISSiSaiiilSrWV-tV'5C 
V X S|[H]#fSl/6^Vt>lf||g£.hTcc 8* «Zd.&*%lb# Van derWaals ^ t°7

8>ZnO/TSPcSi^Jlro*ffi»ll(H4-2(b))lir^i:l:L.<S*0, *

oltv'£ ± 5 nats.
z <d*IS<d x - y i'fcv'T,(002)B^ f>«ni®f f-7 ii«»2ic$iii5 <d^x\

aboT(l00)B^ b<D®9r L < tB* LTjoO , ##<D%aBaide^ c ttiS

*«t¥ffd*5J:5lc90S*'ftLTy5ri:^yi^o7c0 22> *7, zro-XiVRrotfrtti 
#&m 0 m LT TEM T## L7 V Z 6, rivd^«ATlSStttoi«V2 ZnO 7'. 

Bt)s(002)B, MB7;(l00)'rffi!->ilt.: LTV-5 Z > yftSZll, n) #R7)sffi&7SnRn E rd 

ttt ro£-*i»7-i5c£S7„ El 4-i(b)iz^L7,fc 5 ft7 7 7-#it^#fctifca6 i VT, 
TSPcSi Af(D#B##^(002)BtZ#LT@%%lzez 0 , Z

ibii57*, •eiazafc'oT(lOO)B»s®i${|iJlcBtil Vfc V#x:-5Z V^T-#d„ u.12) 6 

ZnO |W|± t -ttl b cOftfW#

3„ =p-V&gC Zn(II)i: Al(III)(OH)«rjt 

o TSPcZn, TSPcAl 4 TSPcSi lzyV'T7d/fd/#'&#&lf#-T6 4, #Baf4f&R77 

V' TSPcZn «77 c-yr^yS^TeicE^JLfcTT^^ 7 jry7,*-6'ffSr®fiStL4'f < , 

E=PT-ZiUcS®Vfc*a-ft®» i:5rolc*f LT, ttgaeaSrS-o TSPcAl 4 TSPcSi 7 

tid7Fld±roE*i»mW£;h,, “>

<##V, TSPcZn tOS-e-ff^iliFrotoSSv^gEfyfflrorcAlz^iS 

V, l@a##*im4A4^A7V'(DIZ*LT, TSPcZn It 6.V 'iBSSI 4 7 5 Z

13) L/j1 L. [aJdVzS^T1 T'S. 4'lV£'iVfi£T5 tetrabromophenol blue141 T 

eosinY 151 TltJfMfgtOffiTtil.bMi'o7©7, V felt*

6* Sr ffiT S -Hr 3 Iff, H 4 It * b ?£ V3 i 5 T & 5 „
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tem yL/t„ o.i M f i:@g 55 hm

IC eosinY eWOf 6 k, A#@#© ZnO %L=f-tfi9i<D TSPcSi Ml* k itSfcg&ofc. 

«B*toY-©Si6- Ufc22---f iEib LTV'5 r t ~ ©i*S$li;$©#

feicSfeSiLTjS1), ffSfi l.Ygm toSE'PI^EtoSgBa&fc 9 X 4.8 x 10-8 mol/cm2

It 0.28M kMMhhMzfr, rjuasro^oi' KBS-itotiSlc J;oTffELfc#-7 

xKikf-y y#K(S 5 to iOnm)ic Ru $ 5 *7t S-g-© 0.13 M © 2 fgy _hx h Z> „

is> sv^xtuilsi^toY* kizttz.

TEM rro#Ei»s'ty»YX'(OW**t:T-'e#fi8Sii,TV'5 j; 5 lcfl.A-5,

L^L. ZnO lti§gSiL5 y yX kittle, X4<y

y-a-oTSti-Tjsy, ##©%&K^*Lx@<%©z x#ia#/<<z-yt

©»x, A/f-YX#%#©maa^m#Ati,5 j: 9 tA'o 

— K=yXi4M,e>tl-^C^»ofc0 iMSti ZnO Lfc t> ©X

li^<, ^tl&^2V4eig%LT, A#kLXZnO©e&#ia&#yX©5k#A6Zk

zno esro^i'BiyiASii-TvstoA-it^y, 

ZnO iZX\ #6>ivfcZ ©§i®l §:# KOH *iS$tcE# LZc

i:6, ZnO 6z ktc<6*^imi3%Ale##^6m#gh-^z

r <DZ k It&lKttTii ZnO ©*B©*|C#6 LTV'3 r k UTJ3 <0 , ±iz£©fiig

*ot©5 fc© k^A ib;h,50 Tk-gC6>ii5©A»k©5 

It, iWEiMBeiejoltS eosinY ^©SStcKJS^M#LT©3 b LV'k k^BfifeMe 

>s) -f-t£t>h, *8t4©il* LfcS56ffZn2+Y *Vk teftM L 

-c*gtc##L, -e©m5^?H<-^5±©eaR%#^ez , 6#itzno©#Bie%o

«S4x^rt(c*50 -*, ©i#Yc&#k%V'19 %z y

LYce-e-lt, 6*©K*^©2SAi4@r 5 t)©to, rtliisi^-rsr ifiX'tT, eosinY 

*l ZnOiBi,=Plef|x 0 iA$jVc0 4-l(a)leir: LfcJ; 5 * ZnO/eosinY^Y 7' V y KSS 

orders. k©J: 5lc, ##i@Sle6*g-f ©*YcStS^M4 Lxv^S k k itAE 

m'DahZM.x-hZO'
6SSA*^#<, ZnO *B©^le#@f6 ZnO/eosinY#g-#lt, *8#5

iLdili)i*v')tsg®|64-iF vfc0 i5> ia 4-4 icit r/i3-y Ky y xssKSfgtp-e, - © 

##«*!: ITO ^7^ISi!i'fe*Slt UTSteLfcftliisfcfMX'Xy *«

40



Se?8£l± 500 nm 525 nm eosinY »

f t a < -& u-c# 9,

K m^#m$apcE)ii#A 2i%ic# s

(150°C) t-ttaifci;?,, itut 47% 

1C*x=[6]± u/t„ rro«/ke?g7?roa®g(cx<>x ZnO

• (b)

£_ 30

& 20

500
wavelength [nm

Bl 4-4 ZnO/eosinY h/E„ MVf Lfc $ $<0#

Ji^fflWc»-6-(a)j:m$r i50°CT*a®a Lfc#lcfflWc«-e-(b)„ rroiUK®

iSBMtX^ h ;U(c)*-ttl57)fcyj!-z7- LA'., MKiSiSH: 0.5 MKI + 0.03 M 

I2 ^-atfT-tr h= h y;iz/3i^t/y*-s'^- h (##tt = l/4)

V ai|£*<6li+70 mV (vs. SCE).

6. rror j:l±7*7X9"y^$SrottfflronJtBt4SfS:1->()<DT'&5„

;v6o#7*G-trxK jt5S4"^SSr*S'LT, £—/E#g#|c p-CwO #& 

j: C5, 20mW/cm2®

nJtDtiflSItTT? 0.2mA/cm2 (OSIMES^BIIS :h./t„ L^L, h/VOx

6*tSSffffilCJ:5*^#T*lt*< , ZnO/Cu20 O p-nJ:5*W#

#tc ±5fc#aijdjvfc0

4. 6 W%E@i:4-®®Sa
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- h £fclf'5 1th x.h

<Xb. 5m* Z t(c± 9jESRT*#5BltHf^
fed. ii«»«H{f®ftlcj;oTlife*©?l-g-/4Si@(tfetbfi, ##»fim©aL

#%icz ^6&6

fcrofe*^BiJ* KSMS-ESraii-d r <k lc J: 9 EmxL-S d^JSgtt^fcd.
S. *©fe*£#frlf^fl£1IS1-;h,tf, #l©ff£*iiSHSW1-5r. iftiTC-. fig© 
6#&ff 9 mf c f: 6(B 4-5). ###©%%x^f b/v£*|igXx-<f' h/vicyu
TftSft-rtui, 7t h >####&**pg%©T$#a$©in]±&m $ z 11 »j# & % 
55. ZnO/NK3989('> T - y €,*) ^ ZnO/eosinY i ©WlffclC i 9 , *7

-^■^--V^©BjffittSr*tELfco »7-^3--=y^KMiSLTS*tt. ®$S©* 
mm*iciizkv'6#m#@*m«*©e6& LT6e*i-6Ai:am u -efx^s^i-r 
£ Sr#*.TV'S. fig©6^#^5 c &Il7fi y©g ffeffiSraiciSitiAtr

±W>nmh UT*S®SM4&«#L#3©x?li/j;W'6 5A\, r ©fSftflg t^©T, 6

##^L#
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5. v'

5. i m s

zh3n;&ifflm*mmba>M!iWb%BmLXs Ti02 may&m8tfUto¥M&6,

ffiCol'iTltSt/t)s&£tVZ:i'>3M Ti02 4)©ttftI?>iXTV'^i:frofeo 8®

Ttennakone feii, cn$TIC&V'SMb$SB/EfbXXSlBr1ffi6fljV;5C 0, E*ffl$E

4b3^ >SffiCE«t-6**$$$*## fetos C k §1,1 Zc Vfco WFSST-a, $Mb$SB/ 

Kfb^X#^*©*@$#m*lc*T6##e©#gt: SEM a <k ae@$H©ESjb‘<fcV 

znosno2ffi-a-it®?wt^k:ov>-ctftwtfeo f©8^ «*©sff^ST-fWiZc-feii©**; 

$###t:ci\-c, AM1.5SB*TFT-^^4v'V4:-Ei65a* net = 9-3 %

Tbnnakone £>©*§*§13:131181?- 3d tPXgfzo ZnOtt, 0.2 |un W$.<bl\M 

%Z@6t©-C&%©l:#U Sn02 Cli 15 nm kV?@0iKZ3D-i' bS^ffllvtl^o 

Zn0/Sn02©ig-£it§Sx.-t, Isc, Voc 6$J56UfdlS$> Zn0/Sn02 ©rg^rib*5 53/47©tZ 3 

X Isc= 18 mAcm2N Voc=680mV k#t^@Zk%o"C jo 0, Zn( >, Sn02##"C©#fr(Cl:b^ 

X, Isc Ii2~5fg, Vbc 1.5@a&:?1:l^o bit-5,

#©?(*=ZAcou-ca, m?g©#»#fb#*##6ag

5.2 a b©c

6StS@S*B*»lis •> V n >*B«SCl±^Tfi3 x 1, <m#A##©mAA^#r#

^©ZIBSSk LTimSn-O'.So 1991 ^ Gratzel &a$TLRTi02 }:*!###] (Rufgft

) 60S10% ^ 1 \ o #1 '$#%*§^Tc a6*

gu entomb #4%no2a*©#mmb#*##«@cci,

Ito&SftTl'-E)*5, Ti02 a±©@#6mf 6©a%6flT1^2P^6o ESTfennakone 6

a, cft£ta&i'gbfb®l&/K'fbxXigi%#ffi£ffli'-5^tJ;tK StieeSMb^ >Bffi 

cEEt--6«*Em*»sse,n^c k6i.v/s ute »„ czxu, m-ib&%i/mtozxM& 

mftmxmbmztttznmtvimt sem cj^wsunotiiSttijiD' zno/sno2$-er

tb##@# Ic c 1 \ T#W LfctiiSSZbtzStifit'-Bo
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5. 3

5. 3. 1 (f-)&.fnk

15%Sn02 3D-f h'7kiSr* (Alfa, $tE*9 15ran) 1.5 ml I:##0.3ml 65ST U llik?£ < 

S-BLteyiVttSilC ZnO 19*(Aldrich, SBiS 0.2 pm) 0.3 g, J-A> (20ml) Z'_l>Lt 

-o)XlXT&<m£<t?>o $ 61C Triton X-100(0.2ml), &to;VC =fc < SlB"f B<= 0.5 x 0.5

cm2 ICx-X^ lfc7 7i h*-ymmitXXSStiJIM7X (FTO) WEC* y h Xly-Hl00~ 

120°C)±-C#m#$U, 550-CT*te8UT Zn0/Sn02 CfflSffi

6, IK'SMT'fcB ltu $n(k (NgfeS: [RuLslNCS)^ L=4,4'-dicarboxy-2,2'-bipyridyl) x-7 7 — A,

8# CES L SiTT -B c k le J; 0, ;: © J; o tc VT{toLfcfiSM

Zn0/Sn02*ffi6*f® (Ptlfctbfc FTOSffi) k9-n^ V yTtSS, (0.5M

Pr4NI + 0.05 MI2 / ethylene carbonate : acetonitrile : tert-butylpyridine (7.3: 2.0: 0.7)) 6?iA

SE«ESS lac, iWS&SE Voc, IfittH-T FF, n, li, mi

AB^AMl.5 (lOOmWcm2) &^*t:)@©, OWfttttbFWXXxA (CEP-25BX, flOW 

SS) teiOifiiJSLfco

5. 3. 2 SHb$S6/$MbxXEirtt*©eHfb 

C©^©Ag^#ak urti, ZnO k Sn02 Sfgv-SiTt-ifc-Sx, ZnO ti,

0.2lungS©ttRtoAS*6©"e$i-B©te*fU Sn02Cii, 15nm k©7itSSWt73 0 T |- 

8«4fflV'-CVMBo Zn0/Sn02 0?g-Btt6$XT, lac, Voc SfllzEL&iESyH 5-1 T$>B= 

Zn0/Sn02 ©#g-n bbft5 53/47 © k k. <B"<? Isc= 18 mAcm2, \foc=680mV k#(e@Ak%"3X43 

0, ZnO, Sn02wt*©*£-CJ±^T, Isc&2~5©, Voc 12191.5 (gk&x, TV B„ S6te 

, C© ZnO8nO2im^#@%0##!k bT*@^##*t:*f 6 A-B. k

©H®6su^©»sii5-2t$>b„ en&MBk, A20pm©#e*-c,

LTVBo Ti02#@T©#)@#i#l2 8-10 pm k$eSnr©B©klb^B k, Zn0/Sn02S 

^#@%TI2A 0*1 #T#V*##*A# %2lT VB©44pm kVB A2* OJPV

«$r-t.$Ex!i*iiAs <«'>ltv&v, K±©is*(i, mm L -a©#e-&©Mei

timxT, ZnO ©e^gAstbSttoASVActote, «@i*i©SK1As Ti02«$tib^tAgufc 

«>T-$>Bk5Sx6>h-B<, a4ttttT©®0TfeBo *##«m^©m?&Atej:0#??Mk

&^rc&m&miwmcp® k©lis-eessseess*© i*s«

(J>f-B0T*, 7M;© 2t 'ASS* A'-aSwLT/takBAtoteiiktffito-6
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5. 3. 3 Lfe*ISS?6©e*tt66
Ufc-b^royceSftttngi-OV ffli#>±$g$63i 5-1 joctu® 5-3 C/n 

Lfzo AM1.5*11/T,w, = 9.3%

isbx i!6*©IS$2)&I$«S$UTV>3„ $.tz, a5-1 iziis Gratzel 6i:<kt)«S£n-tv3 

Ti02 6tb®®fcK)tcS VfzfiK Zn0/Sn02 S-S-SSffi©^-j'li.

ttLTV'^o Ti02AEn

5-1 6SjtS*ESSttlb©lb^
Zn0/Sn02 Ti02

Voc (V) 0.725 0.823

Isc (mA/cm2) 20.3 16.9

Fill Factor (%) 63.2 72.5

Tleff (%) 9.3 10

0 5-3 ZnO/SnOo SSifiS

5. 3. 4 E-erBfbtl© SEM, XRD *6

0 5-4 C(a) Sn02, (b) Zn(X (c) ZnO/Sn02Sffiaffl©^*S«?SlWi(SElVD«S:^ Lfco
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t,ttV5Sn02m*UTV'-E.C

wavelength/nm

0 5-5 a)Zn0/Sn02$B b)Sn02Sffi, S .to' c)ZnO *® J; D fto 

(DftMMTi' •> 3 's7..'< '7 h )U\PCK)

tt±©is$*^e>, mLm®mt£&2aotsno2%w.-ciibt%ztiz£*)s
ccT-P(SSk&

3®ti, #%c®j;o%#^bt:j:0m\*#8b*A4#6ft'5©A\ ku-SCkT-fc?,,,

Cfcj\ v' <-OTtMMMA5#*e>h3<, SnO2@»K?k0m^'(bC

j;^k^nt;#)6*®ye»® JtinT*$> s„tfru cnew-eiiznoasi 

b 8b*mk1- 3 c kttitoh!$4Ak Sn02tffi k ffliii.MMifl-e$ &v \, ?ct\ Sx-bft

•5®J;5®WH<6'£'® WJ8b$T-$>-5„ chii, $®j;dtcS5aflSh5o luxE®* 

sno2a@a®survx^kTnHs aee*^?»?tA$n*;**ii- $* sno2

©fiSSV^l/^Ab, ZnO ©fc#%ly<A^#6 k#xOhAjo C©@@#8b*z

<*fTtha> **ke*c*ofeiE*i5j®8g«*sAg<^b)BiS'a-*sttixf»n?>(0 s-@. 

ZnO, Sn02ib‘J:U= RuE<*6$®€S^, LUMO l/^;l/®W§6H

5-7 1^*0 cnCctnii, 0 5-6 T-7S$nfc®@®d%, #*AS Sn02©l£ji®l^;bfr£>

zno»-escbc<utMm. sag

Cli Zn0ffin02?g^*T-«V'^*S»a*Mf6iXs l>* Sn02©£»S? V ^OV *S! £
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\bc #j; % c sno2#@T##T

5-6 ZnO/SnOoSSSStiS^MS^^S^m^X^r-A

E/Vacuum

Ru(ll)*/Ru(lll)

- -5.0 - I"/I3-

-Ru(ll)/Ru(lll)

0 5-7 Zn(X Sn02CD £W^S-FTO, Ru SgttoSCD HOMO-LUMO *PB£<W

r/ia
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5. 3. 5

Zn0/Sn02®£®ffi*Bu *S©S@t:$> 3ii'OTi02©JS

£ k iig& % ex hcr>mfr-pt£>-&r\ Mi'M&ifflznzw&it&foZo cn$-e©

Ru$s<*esir'ftx.T. xf*&MT-&z^#'»Y%m^zimLtzmm<Dfm*iT-ifzs><> is
*&# 5-2 . Ru meseis-n-k 19#, ZnO/SnO, ig^SffiStrti:, ZnCX Sn02«g&

Voc, feftfeo $6>tc, x^-^y

> Y-Zn0/Sn02?g^-SffiSI©SM x*->>Y-Ti02 <t b Sig^-WS^f-C 2:ti:?ig£n-E.<, 

Sn02*J:lF Zn0/Sn02?g-6-effi5ST-tt, Ji*->>©*^*>®6aS©i- h V hm 

(EYNa) fr<b h bx^MUrv^xibAS (EYTEA) C1"5k®**Asl$l${5^U ^©ISSIsc 

^tiinvcvA^o to2,

ZnO#@Tm%##m^k/uk'^fbL-CV\%^©?x Sn02* £0ZnO/SnO^glB-effi^tS

$ 5-2 © Bfb WSftWi6 ffl u 5 x * -> >feStSS*l$**©ttie

eX Kjc 4> f)

pun 10"8 mol cm2 mV mA cm2 %

SnOg/ZnO 14.0 EYTEA 7.1 609 8.0 3.2

Sn02 7.0 EYTEA 2.4 293 4.9 0.6

ZnO 6.5 EYTEA 0.46 561 4.7 1.3

TiOg 8.0 EYTEA 2.7 491 4.3 1.3

Sn02/ZnO 14.0 EYNa 3.0 590 5.6 2.2

Sn02 7.0 EYNa 1.2 398 3.8 0.9

ZnO 6.5 EYNa 0.46 550 4.6 1.2

Ti02 8.0 EYNa 3.1 539 4.6 1.7
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*©9!Si"C*$>& kSbnSo tt±©§SflH3u few© '/MWSt'
kESSnrv^^feS-e*, C© Zn0/Sn02Sigtffi*T4iK^;iW;W#

Tl'2>o

5. 4 S©EirK-(bte*S<*&fflv ^fce*ti@*n*a

5. 4. l BHbxX/E(b vX* x XAEir*

EiSfiXfflVfcBHbXX (Sn02) »*?CK(bxX$XXA (MgO) $<mXTfffi8Lfc*S 

«SESI$IC*V'T6, Sn02, MgO «@f AfM#©#frZ 0 c

FluXStlXo MgO/Sn02 (Di'Hatt^'SlAr, IscN Voc &#l@LZzISiRAB 5-8 T'&6o Isc 

12MgO©M6A#4%©kC5X 1*= 18mAcm2 k@*k&bs ^ftWXT-HoiigtCM^L 

■O'-So :/j, Voc (4 MgO ©?Efflt/j;l?)/)lH"4 k:tti:'>Urol$ttllX4o A#©*«^#%* 

(2, IsciM&Ck&S MgO 4% ©kC3X\ I-

V #tt& Sn02 Sffiffl^©»-&tit®tTH 5-9 C$U&=

Zn0/Sn02l:«4HLTV^tK WMoWMti2^#*##*|(g±©;>< # -X A £ 12* 

mfx Zn0/Sn02m^*XI2 ZnORf (0.2 mn) Sn02Kf (10 nm) l:tb^ 

T 10{ga±*g<, fMUfce»2*£& ZnO #? © $ b b & Sn02A% b Mt( 2 0 

«i@T-fe-ofc©C*fU MgO/Sn02}glgMT-#t£ Ufc«BXI2^ MgOI2#?#XI2&<##R 

X Sn02K?©R b (:#* uxua 6 U1\C kA2, SEM^©fS^pe>^i@£tvTV'-6o C©C 

tt2, MgO ©eiSig-erlbA5 4%T$> b, ZnO«n02ig-&* (ZnOUiSiM-nit 53%) 2 b 6123

^ ^ *^XAlCCl^X 6,

Zn0/Sn02m^XI±x *4?@0*g% ZnO^#?A%*$4l3C kK2 b, fiJjttSSo&jE 

JlboMMftM&iSMZnZ &ft3©CtiU MgO/Sn02 s-e-^xii, *##kl^2

b i2%##ca^ Mgo ©### sno2*4?mmic#&f»t©t:x *m%6m*^©@fax 

#^B@coTV$xli (6t3/oC©m@l2, as©*Stt«»ctb^Tj8x b lc < < & o 

X^3k#x62i3#). Sn02ti$A;* ftfcW ke*i:Bo£ JE?Lk©SSRSSir;'* 41-4 

15 MgO **C2 b»x €.ft-5 k^fx e>ti3<>
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6.

6. 1 iiCtolc

is* 7*^© ®o,%£lx. frU'S©e*ti®*

mMMxfoZi'is'y'y^JU ■ -kin* 8%w±0i*V']:$ii/f—c k, 3000 

&i?3tj.±<DMxmK<o'&MmMs&mmi5zb,

8 fco

*sr-i», =ft &©fi£$S8g$xre*tis*m*#0Effl-fb^©ttrjSi@a4i$©s 

gmcov\T#st"?.o

6. 2 = fi> 6 0*m*ms®08g%

jF-fti$IBfg0*-yk 6Sx 4*®*%ssrrlg%li. B*I:J5V'T 

I* 1990 ^0 NEDO ©%MC* b#mbKM@%A%a$ftx 1993 tb>->

w>ihi • 9^/7 h©smi+ek vt 2000

$ftfc„ ^lWJ8tB©**liett, 7W7X->'J3>, CdTe. cis^©

***@*«©SS3^ h s ho n/wp icTtf^ST-s-ofco =©itsi;ft ssafigsn

"C*5Ds = ft£>©J$$&8g$xX\ «i#ffi*IfX4i0l7c; 2001 ^*'5)©if lft'>

*6§>t%efit«© #*A#m$ftT©^.

*®*a©-)KSB^.0S&l*, 0#0#@#&#*Ai&9R#: 3: 0 2000 ^61=1*40 

7?kWt=aLZz»X 2010#*?l:l* 500 77 kW0#A&B@L-Cl'6o f©%t=l*, *

m##©#&3% k& 2005 ^$7?t=sfij; ose,t= 40 nsvx 100 n/wP c-rs&s*5 

fe-stisstTV'-So ^fttfa^ft^txigsaott^ffl^xxA^sss^fflt&tf 30 

7?R/kW8®k&fK ^ ft c* 3 «*«*&# 25 H/kWh k%6ck#?m$ft, 314©—

o UfrU 500 % kW ©%#* 2010 $©s$© 1 %zi$;k 

^—18$$*© 3%g6i= ufrjSST, 47 u —>3L*.ii/4F—kL'r©*®*^*©^*;!/

bri*©$$*^+45--C-fetl, 2020 7: kW ©SA

i!if5St-fc5t$hTl'4o €©ai:l±^ $ 15 R/kWh
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15%-efens, *RS$»©8tiB3 7 hi* son/wp y.Ttztt&t 

$ffl»**#*i5H/kwh6SRjtg-t$>5ck*s/^$jifc=

10%A)6 i5%^ffl|pl±©BrfmS#i*LT»!#J;d= (*S

*#%*) ??I4, y.T®J;d*5$;r-s$n-5o

r? (sun) =Jsc x Voc x ff

77(sun)=AM1.5( fig 42=Ctll!i±C$iJ)i'f *®7tiffl*fTT-©SJ$o 100mW/cm2 

Jsc =MIS*t6t. Voc=#&#Ex ff=7J 117??^-

®g*« Jsc tt Ru &m (N3fi$) ©3i*ll/jr-jr-V >> 7" 1.6eV 

•37*) >»^T^$@K'VlEkLT$l£tiSiX3i:1-3 kSS(Jsc)ti: 26.4mA/cm2k& 

6o »"57©n7&H 5%k#x5 k8i<C$iL-B Jsc tt 25.1mA/cm2 (Jsc) k&-5„ |g 

tt*E Voc tt Ti02 F 7 i'Xffl^'fbSTcWiCS'CSSS

kf 6 a 0.9V (Voc) k&£o 71)1777?- (ff) 6 0.8 k

tit

V sun= 25.1mA/cm2 x 0.9V x 0.8 = 18.1 %

k&018.1%AW75C 

*»$tu mt-mmtit-i&tfxDu7,%'ptz<t--ssssi.aj'ti-iis N3 6#kTiO:*m@ 

fflfl»ftt)tffl7l7'7i)l • 15%ttnr|g*E(iT$>^. k k»s£>»-So -£
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