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Photo-Induced Dye-Sensitized Solar Cell using !TO-transparent electrode 

prepared by Sol-Gel Process 
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abstract: The photo-electrochemical (PEC) cell is composed of the porous titania adsorbed dye I transparent electrode (ITO by sputtering, 
ITO(spt)) as the photo-induced chemical reaction and the redox solution- the counter electrode division as the electrochemical 
reaction. The titania I transparent electrode interface was improved by the sol-gel coating of ITO (ITO(sg)). While only 
ITO(sg)-transparent electrode is caused by the internal resistance of cell, ITO(sg) I ITO(spt) double-layer transparent electrode 
is increased in the photo-electricity energy conversion efficiency. In short, making use of the transparent porous electrode on the 
PEC cell effectively enhances the energy conversion efficiency. The comparison the efficiency of PEC cell prepared by different 
titania of particle size is suggested that the conversion efficiency have some influences on the transparent electrode, the anchor 
effect and increase in the contact area for titania I ITO interface, and resulted from effectively electron-transfer to the transparent 
electrode from titania. 
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~ • ~~)JW~l!L~n>G~k fJ:77"o-'f"I3J-[SliJ>fJ:~h ~" 'Qo 

mt£, ~~*~**~7tm~~7tm~~&J;tcm -=t-tt.A)~mt 
~ill.?j!IJ""tr::.<~~~D0 ~" 'Qo ::.::. -c, !!UtJ'tf;:J:-:J ~JJJb!Bl~h 
tc!t~~* f'i, JJJb!Bl:tk~ii>G£11£:tk~ f;: illt~~;f$ T Qif,Iff%(flj\M 
~;f$*lfr.l)~~ft'f"?t/ ~m -=t-tt.A~l'i~Ht~nQif,Ill%< -t-~1&, =-~ 
~ft~ntcJt~~*~:t:tt;f?-tQ~ft~:JI;m~~;:J:VJ~:JI;·"i'f1:.~ 
hQ)~I;:J:-:J~*:<E:tk~l;:mQ(Fig.1)o M'ft'f"?t/~~m-=t-tt.A 
l:tJ't!Bl mn ~~ ~r~,~~ f;:ill.~~nQn\ fij!JM~;f$*lf1J w:\!1~~ 
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Fig.! Schematic illustration of the photo-electrochemical cell 
to transfer electron in the different phases. 
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Table 1 Properties ofiTO(sg) layer in ITO(sg) I ITO(spt) double-layer. 

ITO(spt)Jll 
ITO(sg)Jll ITO{sg)IITO(spt)=JIIll 

1 2 1 2 

Jlli!J( -ITO(sg)) - 600-800A 300-400A 600-800A 300-400A 

lt~m<WD> 3.88 722 824 17.5 16.1 

ITO(sg) ; ln20 3 doped Sn (ITO transparent conductor) prepared by sol-gel process. 
ITO(spt) ; ITO transparent conductor by sputtering process 

Table 2 The photo-Energy conversion efficiency of PEC cell by different transparent 
conductors, ITO{spt), ITO(sg) or ITO(sg)IITO(spt). ITO(sg)_1 or 2 indicate two 
layer-depth ofiTO(sg) 600-BOOA( 1) or 300 400AL2) 

' 
-

ITO(spt) ITO{sg)_l 

Isc (mA/cm2
) 1.4 1.5 

Voc (V) 0.73 0.66 

Wmax (mWicm2
) 0.40 0.28 

ff(-) 0.39 0.28 

71(%) 1.6 1.1 

absorption (a.u.) 1.0 1.4 

-f.i'~t!.J(7)f£if!U~~l:f. -c~td91 o 

*¥a-eiJ:, :J't•rt!H:::to~t'-c, ::.n;~-z-c~r±.A<!::1!!€~~-e<bQ<!:: 
:il5.:t~n -c~t;:lft{I::-7"?":..--I~~-~Wffii<!:::J't®.JJ<!::(7)~~~;:"'":) 
1t '""C, -{-(7)!f. ffii~fl!:H;:J: VJ:J't·~~W1~il;rR1 1:: -t Q::.<!::il;:$til>-? 
f;::(7)-z'¥allrT-5o ~I!Jj-~t_, -c Jtl lt'f;:ITOJll (Sn~P'-7"L-t;: 
lnz03Jll)IJ:, -%t~f,t;;v~~?"~ • mjf~.l;J,?j..(7).'f'.~, {91j;tl"!::l1v 
-IT /v~I;:J:-?""CbJiJGJll-eyfre-z-<bQ[ 10Jo ::.(7)::.,!::1;:jf § L-, ~~;: 

ITOill*iti~::l!v- IT Jv~-z'jl1m!L-t;:ITO=!I~i!lj-~tffl 1t ', 
:J't-~~WJ~.r-..(7)~-~;: --Jit '""Cb:ii5~L,f;:o ' 

2.~-jJ~ 

2.1 liOOtl. 

*~~'"t'Jtllt 'f;:~I!Jj~-'f<t'l"i, Table 1l:::iFL-t;:ITOJll'"t';bt}, .A 

/~~?"~'"t'fF~~ht;:ITOIJl(J2J. TITO(spt)l!l<!::TQ), './Jv-IT Jv 
~I;:J:QITOJll (ITO(sg)Jll), sl:ftOI::ITO(spt)Jlll::l::, ITO(sg)Jll~ 
7 4~7"::z-}- l-kiTO(sg)/ITO(spt)=/llll"eibQo 31! 1::, Jlli!Jil; 
Af.tQITO(sg)Jllil~2fl~Jtllt'Q::.<!::-e, 'hv-ITJv~I;:J:Q*OO 
[)!{'it (7)WJ*(7)~f>J-MT-? f;:o 

2.2 at:it~.:i:lllt~ll)·· 

Table 1l:::if-L-t;:~I!Jjt.fiLH;:~{I::7"?":..--~*ll:~:$t~~(7-t"7'­
i!, 1JLMJ*ll: ~~7nm)~~;fff • ~JiJG(450°C)l-, lft{l::7?":..--¥~f:iti:lll 
~~~ko tXIt'-z', ::.(7)¥/if:iti:-~(llli!JlO 11- m)~~'*m~(3.0 x 
10-

4
M I Ethanol solution)l::tiil(30:$t, 70°C)TQ::.,!::-e, :fi~~'* 

~lft{I::-7"?":..--Jlll::i!&jf~-itt;:o ::.::. '"t':fi~~'*I::IJ:, jJ Jvij{:.f-~ Jv 
£~1fT Qcis-di( thiocyanato) bis(2,2'-bipyridy 1-4,4'-dicarboxylate) 

ITO(sg)_2 
ITO(sg)IITO(spt) 

1 2 

1.0 · .. 1.4 1.5 

0.52 
.;. 

0.75 0.74 

0.13 ,0.4~ 0.38 

0.25 0.43 0.36 

0.5 1.8 1.5 

1.2 Ll 1.0 

Ruthenium {Il)~Jtllt'f;:o -{-(7)~, Pt%t~biRVJ~:b1t, h-IU~Ift{l:: 

~7Cm~~r±.A • ;t;t 11: -tQ::.<!::-e, ~*:ii~~~~t~:t*:i:IIJ.}•7!!1~Rml 
~j__,f;:o 

2.3 fMitilllat:it~.:i:ll~ll)JIZfJBj 

~#:ii~m.J:t*:i:i!J.}-7!!11J:, :.f--e J";,/7:..--7"~ JtJ lt 'f;:~ffJ.:i:IIJ.} 
:J'tiJh:(~&bffl:.f--eJ";/ilift:J'{;~~mt Table Sun, .AjJ~!f!timt~J:t~ 
t±) I::J: VJ :J't ta •n (7) if!U ~ ~rr 0 t;:o :J't m~ ~W1 ~ l"i, l!U-t 5ltili: 
250Wim2(7),!::~(7):J'ttaCJJ7J>~JJI:f:IL-f;:o 

3.NUR:.& "Cl~· 
3.1 ~oot.-ll)Ji~(.A.r(::Y~~~vtl::)/lv-J/ /v~)<!::J'tt~ 

-~· 
~i", Rml~~(7)JV.tQITO~I!Jj C~Hit!ffl L-tcm.J:t*:i:IIJ.}t7!!1 

(7):J'{;t~~WJ~~Table 2l::;if-L-t;:o '/ Jv-IT /v~I;:J:QITO~I!Jj 
C~l"i, .A/~~?"~I;:J:Qt(7)CJ;l:;.ro:::., :lll*:J'ttaCJJiJ;,J,~<, :J't 
-~~WJ~iJ;-tE;<t.t-?t;:o *fi;:Jll)!J(7)iilt'ITO(sg)_2"t'l"i, §R~ 
C?JfE~(}I;: IJI'.I:fjjcCJ±<!::b 1;:, ~L-<!J\~<f.tQl!=ZJ;~j-?f;:o JffitJ":J't 
(7)g&Jill.:fi~:iF-t :ii~~#li!t{I::7"?":..--Jil(7)g&il)t%ili: ('!&!&~* 
500nm) Hll:f., ~t;: ITO(sg)Jll-z'(7)7 ..{Jv77:7?"-(ff)iJ;fE;It 'fit 
"t'<bQ::.cJ:VJ, ::.(7)~~~j]~(7)~J/:I"i::IJv-IT JvJll(7)WC~il; 1 
#TIIC:~It '::.<!::l;:ta~TQP'JHi)~m(7):fi*I;:J:Qb(7)-z';bQo 

~I!Jj-~,!::t_, ""C ffllt 'ohQITOJlll"i, Ji@mjf~· ;A/~~?"~~ 
(7).'f'.~ -ef'F~~n, ::l1v- IT 1v~ -ei!M~ L-t;:ITOJlliJ:-~~-eiJ: 
ttlt ,[IOJ 0 ::.nl"i::IJv-IT Jv~il;iW~f:i$:(7):iJi~&~~ftJJtl L-t;:.'f'. 

~"e;bt}, iml~Jlli::IJ:~*P!ttiWU:rL ·@Jlj~$<1fL-, ~IJIH~ ·~C 
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f!O) #.( -r%-? '"Cit '.0fc.lb -rib.Oo :::_0):::_(: ~;:J:: IJ, ~ IEJ~JiH.Jc 
ITO(sg)Jiltlj13f!~CJ!l.!::L-'"C~:t:.IJ'ii~-z'ib-?tc.!::,li!!,:b:h.Oo 

"i.tc, )j13f!'I:~.!::L-'"CITO(spt).lll:a:-ffl~t 'fc~~~;:~-;t, 1.6%&it0) 
J'tC~~W1$-z'ib-?fco ~:hl:t, i!,:~U~~O)iiMJ~IJI!HHLI.:J!I!-eO) 
#IHJ3Q.ftj!JmH1't>fttP-? tc -il~±jlg-z'ib.Oo 

::_O)~O)~:J:\*J'tC7l!!O)~~W1$1:t, Jt~~*/!!i!l:{l::"f"-7/Jil 
cO)~oo~~~;:J::IJ5~<~e~:n.o::.cn~~Gn -c:toiJ, ~~3?11$ 
rR1 J:..O)fc.lb ~:.l:t Jt~i!,*O)fJ 1v*::\'-:/ ;v£.!::®:{1::'1--7/0)* oo 
*~iiticO)r~~,,:.c:r..A7;v~~I¥.Jtt){t~~~:a:-1::c~it.o£,~il; 
ib.O.!::~.:tG:h '"Cit'.Oo .f:O)fc.lb, Jl()t!~*~il;~t?L-td~~r 
-z'ii!l~l.Jc~it~:.l:t, Jt~i!.*tJ~G~{I::'T-7/"'-0)C::;-t-tAil~1!il 
ftjfj~;(L, ~~WJ$iJ~{ij;<ft.Qo 

*1iJF~-r~:t, ~{t"f"-7/ii~G)j13f!C~"O)Cfilf~jij~;:tt ~ L-, 
~{1::'1--7//)j13f!'l:~~ffiiO):j;k~:a:-r,,JJH;:L- '"Cit '.0o .f:O)fc.lb, II'IJ 
-tt!t~i!.*l~ft'T-7/ ~oon;~~Gn.oJ::? ~:., tm£ ~:.Jt~i!.* 
0) '!.&!4Ht1:J!I!:a:-~3Q. 4' -err 0 -cv '.0o 

3.2 .=.lil{tii!Jlt·O)~* 

7X~;:, ITO(sg)/ITO(spt).=JjJ!lO)~:liJ!::a:-if.L-fc ( Table 2 )o 
ITO(sg)li!JjjJ!l-z'l'i .f:O)Jil)!j!~;:~Gi":!ik*~CjJO){ij;r • 7-1 Jv 
77:7-7-0)~{l:;tJ;JtG:htctJ;, ITO(sg)Jilii~J!11t'b0) ( 600~ 
800A ) ~U::>It''"CI'i, .=jj{ti:.J::IJJ'tC~~WJ$0)rRJJ:..il~im.lOG 
:hfco 

ITO(sg)/ITO(spt).=JjJ!lO).lt~ml:tjjlij~.!::tlll!ii'IJC-rib.Q. 
tJ>G, Jll1!1 § f*~;:J::-?'"C J'tC~~WJ$0)rRJ l:..tJ>tt~:h -c~t '.0c.'i!.\ 
:b:h.Oo ITO(sg)Jill:.l:t~\Uillft*PJ:fL • ~~il;~< ~T-0.!::~ .:tG:h, 
.~:r.~mO):!f* ·)ji&J$0)~&clt '-?fd1j.O)~jlg l:.tt.on~, ],!IJO){j(IJ 
oo.!::L--c~CJ!lO)J:r.*ooflfO):lfka:ttcG-t~:JiJ!:I:.tt.Oo 

-ttl:.::/ ;v-if ;v~-z'O)*PJ:fLI:t-7X*ll::;-l:.~jlg-t.Q 1 ~2onm 
,ji)tO)-j-J*PJ:fL.!:: = tX(XI:t.=_ tX)*ll::;-~;:~jli;IT.Q"Y -1 :7P :fL.!::il~ib 
.Oo .f::::. -r, .=jj{l:;O)WJ:liJ!:O)iVJ-? fciTO(sg)_l /ITO(spt).=Jjj Jll~;: 
01! \'{" mJl&O)~{I::'T-7/*ll::;-(foJ't~~. ~5 Jl m, 77"-7-~) 
:a:-fflli''"C, II'IJ~O)~~:a:-rr-?fco 

"i.i", *llffO)i!l;lt ,~;:J::.QJ'tC~~W1$-z'ib.Oil~, 5t'!IX~O)ltit · 
ft!ilt tJ~14tt .Otc.lb, micro-sizeO) ~{1::'1--7:/~;:J::.Qt\fJ!lO) Jll)!j!il~ 

J!1<tt-?tc., .f:0)~5J!:!t~~*O)IJ.?kjf:I:O):!f1Jo~;:{*5 l!UtJ't 
O)IJ.&J&:I:il~:lf1JOL-fc.I;:J::I), lj!~~;:J;t.~T.O~.!::il~~--z'ib-?fco 
.f::::. -rr,,i!.!::T.QITO(sg)Jili;:J::.Q*oo~fl.!::~{t'T-7:/*llff.!::O) 
l?llf*:a:-~~T.Ofc.lbl:., 4)-k O)*llff-z'~JjjiTOJ!l:a:-ffl~t'fc.!::~O) 
~~WJ$0)J;t.:a:-~.:tfco nano-sizeO)~{I::'T-7/;fll::;--rl:tiTO(sg) 
Jll~;:J::.Q .=Jj{l:; ~;:J:: IJ, ~~W1$-z'f-J 1 0%0) rR1 1:.. :a:-t tcG L-tctJ~, 
micro-size0)~{1::7-7/~l'if-J30%bO)WJ${ij; r:a:-if-L-, =Jj JllO) 
WJ:liJ!:iJ~*'_L~~;:~<~WT.Q·tJ~*'J-?f~o 

ITO(sg)/ITO(spt).=JjJ!lO)*jij~;:~j: sol-geiJ!l~~O)*P):fL*'f~ 

il~ibiJ, nano-sizeO)l'i!l:{I::'T-7/;fll ::;-:a:-ffllt '.0:::..!::-z', 7/1J-W15J!: • 
tt€M!IloofltO):lf*~;:J::IJ, ~11::7-7/-z'~1::L-tc t::;-tJ~ W1~J::<)j 
13f!C~I;:~~L-fcfc.lb, ~~W1$tJ;[R]_LL-fc.!::~.:t.Oo 

4.~-g 

~**~~:~t* J'tt71!!~:.:t>~t .o~11::7-7//)j13f!'l:~ !f.oo-r, 
sol-gel'ft:.~;:-c*oo:1l!.:J!I!L-tciTO(sg)/ITO(spt).=/IJ!lO)~~:a:-W;t 
.li-tc~:liJ!:, £A r O)J::?tt~Jtii~~~G:hko 
1) ITO(sg)/ITO(spt).=JIJ!l:a:-ffllt '.0:::..!::-z;, J't'I:~~WJ$il; 

rRJLTQo 
2) ITO(sg)JilO)*P):fL*'f~il~, ~{I::'T-7/Jj,!::lj13f!~CJ!l.!::O) 

tt€M!Iloofltl:.~lj-L-, Cfilf~jijii;~::_L-~-t<-t.Oo 

::.::.-rtf ~ L--c~t'.0~1t7-7/l)j13f!C~ ~ool:t, *~~-~~ 
1t7-7/~oocl:tJVtiJJ't1t~i¥.J&J;t"O)~en~1"'t<, J't'l:~ 
~~::h$"'-O)OO:ft€1¥.JttW15J!:c~t '5J::IJt, f1'1®~mO)~&~~:.J::IJ rdl 
ft€1¥.JI;:~~WJ$0)[R]J:..I;:tflj-'"t.Qo 
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