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Applications of Different TiO, Electrode Structures
on Dye-Sensitized Solar Cell
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The life of mankind with the development of the technology becomes more convenience and comfortable.
It also makes us to need more energy, and the development of new energy becomes very important
in this year. Recently, a new type of solar cell based on dye-sensitized nano-crystalline titanium dioxide
has been developed by Gritzel and coworkers. Dye-sensitized solar cells based on nano-crystalline
TiO, electrodes are currently attracting widespread attention as a low cost alternative to conventional
inorganic photovoltaic devices. In this research, applications of different TiO, electrode structures
on dye-sensitized solar cell were investigated. We investigate these different TiO, electrode
structures by X-ray diffraction (XRD), contact angle, ultraviolet-visible spectrophotometer (UV/Vis
spectrophotometer). These results provide clear evidence for the contact area between TiO,
electrode and TCPP sensitizer plays an important role on the efficiency of dye-sensitized solar cell.
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BRM—EBEESHERHIRIGHEEIREEE - iz
—FLETTRIGREEH - 1991 451 M. Gritzel 3
R EREH RN —EEICE - R K5GEERS
W B FHZRRE S TiO, ZfLIESEERMR - DA
7881 EY) (Ru-complex) Z YeRHELEEH % »
o P WA (/L) WERIFRERRE - fHEI B
B FineBrrEEEE Y - KEEA KEGER
A mERER - 8RR S ~ nIR Rk BB AT
WY 2R B R R S IEDR F A 5 T R
k- MEEZIBE -

QU FTE R BISCR B B R E T - 22K
R SOk AR B EE EE 1 o B SRR B RS
MR Z AL MR B B RS IR R Gkt
[HIHITE » (H ARG EREE R « FHEEHREK
ZF LB MAA Tio,"” ~ Zn0® ~ $n0,” - —{HE K
RGBS EERE M (dye-sensitized solar cell,
DSSC) » HSRl B EE A O TIEEM -
L2 TiO, Bk - 'ENEREIR AR CERIET) Wbt
HIZRIEITE ~ BERAIEER » EIWEEA L FLERERS
RE B E R E IHEEL - LR T LR E SR
KBRS TiO, KM B S E SR R
HHIREST - RIBZKH TiO, KiTFTfH kR HY 2 FLAG
i > B8HE/N (1030 nm)®” - FEEEEESA - LR
R > RESTR LR TR FE B R TR - i
B R R R AR G —E - P 2R IL
BERRRRAT - AHITRIFI VG — BB - RS
%~ EOLERRY T A KB Tio, HIE - If BER
KIGREEMAYTTH: - DAERET B L 2 A RE i &
{LEREA LRI RIS - DU G R LR S RE
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1. TERERYFE

PRt R IRERE M (DSSC) HIAHFAiHE 122
FI R RISy > aNE 1" AR » DSSC AYEAJR
HANE 2 A > A0l A] 7 R R B A A RERE L
B KR T > (R AT ELEEET
FHIA G4k 93F LOMO (lowest occupied molecular
orbital) EFEEL TiO, 47 (E. * conduction band) °
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Fir LA % REEE T~ AU Bk AR AY Tio, HiyH » 1
TRk RE T - Horh Tio, NE/ER YL R
HEEFHZ S - R DE S E TR s
EEREMIH R  (HRER S E RSB M E
YNEERE - EALRERIRRHEEREESEFIEM -
i HE O OE B RR Ry E U T P E S A B K RERE (Fermi
level) H1EE RSB AT E S (redoxcouple) Y
Nernst potential 7= (AV) * EEMASHHE B R L&
KREVEF MO - G5 » BEAERFRIEE - 7
B EER - FrER BRI ESE - BB {E S E
FORAN ¢

dye(S) + light — dye'(S") )
dye”(S") + TiO, — e (TiO,) + oxidized dye (S*) (2)

oxidized dye(S*) + %I‘(A‘) — dye(S) + %P‘(A) 3)

%I3’ (A)+ e (counter electrode) — %I’ (A) (4)




HAAHVEEICE S DSSC FEES SR - Al k[E
2.2 (=@ B (1) Rbhifa ZOtER (R
dark current) * TiO, #3524 FHHEEREHIE £ > &
TG A EBRRETEA - INEREZR A E T — B
HHIHERG - 1BRREECIN - HEARI T HER
GO ETE - HE R B ENCRA e -
(2) Bt TiO, HYEEFBLR A YR ERE < BB 4
REFREXNE - [FIERE S RRE IR DU A EERS
BT HEEERAA] © 3) Ryt E BHYE T —EilAHE
i GERLEGESEE Y - R REEREHIRER - (4)
Fo BRI BE TR (ionic diffusion) @ SERYT
BT AE A - MR RS ATRER « f T HERE]
(RS A FIR R BT A1 -

BB i oK B REEE M AHEL - DSSC HOEE
R AEREHIBSRA 5 - WA KB REE
(p/n junction cells) B DSSC HYELERANFE 1 Fivw ©

— ik (R A B R K HE i B R ORI
WK BT A WA A THAERIREEET T 1] DSSC 4]
e bR o eI ASDE - FHHETTE T~ BEiF B
HISHE » — A RERIAEHBALRFSRERR T » EJt
Bl @i EE A Er TIEEMR > thitZ Tio, &
fii > ‘ELEBERE AR OLRIUA) IRy AT
BIHYRR TR - EUWHBEA Z LIRS R B B g
BHEAL o R SEE IR (flat) i - 77
7 — LB - H SR A B R A~ R
HI B Gekl T A REE AR A IR LR - % E

R 1. 4% 58 5 F KB aLE it DSSC ey tb#s o

p/n or PE cells DSSC

BT — EREA MR
pin FREBRGEE 4 I
HIERE R

RO CREM B E T
FELETE T — R E B

PR — AT AR
O 32T — R

b E

N E 2Rk RS e
> KigfEA LR EE
AT 10° £%)

J-FE R (photovoltage) i
B p/n /THIINEES

B

KB TiO, Btk E
HAF (CB) L& KAEFEEL
ERES(LEREMNE
(Erodex)

BT EEREE TS
fEATRE

SR E IR RS —
EE

Gt e PHIE R A - 2RI > A2 - U
e IR - B TR E] 1% 1Y
AFDE - Wt - SR GER R A SRS
DK 6 78 Ot B B R S8R e (R — {18 2 22
° JEREE D LR AR KR8 R Tio,
KH ° FHEEDCEBMBEICKE ST - 2R
FORR TiO, R+ FrH A2 FLASHS - B8TE/ N (11—
15 nm)™ ~ FEESEHIA ~ IEREREA > ARSI
Gty TRFC e RO TR - AN AR AR SR AT S
BHAE—E > AT AR IR R 8 R R -

3. ZHERE
TRl e FERERIE S H 2 25| DSSC Eih

Z EEEHEIACR > IERIANEE T B A R A Bk

BBt > G ERE > TAE TIEE - gl

BRI E TiO, MESE - HFEZEER 388

nm ZERINE > (HERIMSEAE KRG HEERT 6% > 2

WNER RS KR REa = EL IR T 2% » TgeRtRE

SUE B Tio, BRI REEE ] ot » Kt

JullaE#E ] ROLRR(EBE T# 5 £ Tio, FEi8E

5 AR H EAENIE T o ik ERT

B LUT A BE G

(1) REBETE TiO, Al > WAL EREESIRER
E BRI SEiE B SR o FrlE 20 T-RHE
b — R ERE SR SRR RIS G
fJE:E - 41 -COOH ~ -SOH -~ -PO,H, - U113
2 -COOH &8l — & (LR LAY G AR
FESE - 3R T — S LEREA 3d PRI gL
K nE BTG > HETERERS -

(2) B n] RS B AR ICRE - BZRE S R
T HIAGE -

(3) HEALRE (5" FIgEERE (5) ThEAEmEIRE
PERIEM: -

@G WBESwENE  WEEESNERFN (B
+ ~ B R -

6 BEEMmangseaLBREN - DIRE
RWFEEE FEA S EET -

(6) FER(LEFUEIE (BEIEERAISER) HZAMH
SHMEAYEALT - DUBEAEFIRRFI R A BE T 18 A% AR
HH E EHREIR R
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3.
= 4% Ru-polypyridine £ &4 -

[Rufde-bpyHy),{(C);RalLLy; )

HR S EE S RAVSER > Ru-bipyridine #Y
s HATHEE B R a3k - lRRREA
TR - AHRPDEELEEE - SRENE
{LRE - 1= Ru BCHE (& 3 Fr) AYSSRHE LR RE
FEHIAEREZ 5 x 10" RVE(LBIFRE - Hi Ak
MHE BT SLEE BRI AR 10% DIE" -
EEBRERARESEA - BEIESSRIE
IR TEEd e - PIA0%ER%ZR (chlorophyll) A1
228 (porphyrin) AT & > ALIEARFE IR
F EARARSEE AT EYI Y tetra(4-carboxyphenyl)
porphyrin [TCPP] {Efs 44} > [& 4 K TCPP Z53+
e sl o

TEAM e 2R A IR RERYEE RS - TRRE
ERREN SN EEE T SRR - (H
B2 AU EE A S 5 B R e
TRES - RIILELE T [EREEME RIS R AINTSE - S8

~1.5 nm

B 4.TCPP = &% F&H#E -
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[Ruddo-bpyH, ), NCS), )
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U P ALEE G B R I AR - (BRI RE
FCARHMESE FEE HSR AR 2 HR B, LA - 55— Al
RN R E BB REE S T BAE (gl polymer
electrolytes) ° RESIEIA T INRE T IR (i = 18
J& - CRE FRRENT FHTEAIRER -

= -8BREE

1. ZF ek EMEE

TEASCHR B B2 R AN R R — S b ek E
et e e R LR S RE R L ERYEZ2E (181 5 I
EEBEE)  SERMRRABRE — SRERE
R L EIRERY 7 AR B Tio, &% - Tio, #EI
TSR TR R AR — R > RIMTRASRRE
{EPE R LG IFE R - B 3.6 ¢ B9VY T H & 8k
(Ti(OC,H,)) > LA 5.85g 2 ZI% (C,H;OH) Fia7] » i
JIA 0.55 mL FUEEESFT 1 mL F97K - IGEEEREE 10

EEERTEN DA A REUE
ITO 3518 Pt R E1R
" - =ELAUVEBEE » RISTA
e KB
N FAEBRSERRE
RBRH SREE \TMESER
BERREREES ﬂ%ﬁhﬁm%@uzﬁﬂi’ﬁ
) TiO, BiEXRE RIBEHIEIR

B 5. f b K58 & i B BRIRAZ o
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TiO; film
TiO, paste

6. & TiO, T @42 [E -

/N o R TR RBAR - BIISERK Tio, #ERER . B
fff o ZIRIBAHEFEF > DL 100 °C HEERZ% - B
FOAERAE T L 2 °C/min AIZLE] 500 °C - AHERF 1
/NEFR H ARG A B - ARREBMAE 1TO HEIK
i F o BI5EEL TiO, BEAfisE a5 (UkE 6) -

S AR A R A B T 2R B Tio,
WEEE M - 0 RF RHEHE - HINE Ti S
Ry TRIEHIAEL - (M ZUBTT R 1TO EEH IR,
£ holder I » HVELZE5%E 5 x 10° Torr 1% ° 15LIEE
IGFTEAE R FRFIRIELTFHY TiO, HIELL 600 °C
IR S SRR K R 3 > BIISERE TiO, R AR Y 8
fff o MEDEERRERY T =2 KHRFELTHY TiO, HIRLL
PE (acetone) JEYER 20 ¥ > DIMECRSRIELEHZIFY
(& 7 RBUERALE) > B2 A - FAJEFELL 50 °C
HEFE 10 708 > BB AE iR B B (spin-
coating) HJHE 5 F > BifigefH - T A1FER
#J 4 um HIEFH > BUHERLL 90 °C U6 30 438 5 %
TARBASEE (photo mask) &Y 15 7> ZRINE
IBFEIERZ 5 i o BEE AU A S I
25 1 o N SRARERZIE T =0 EE ) Tio,
IREFR - MR ERER (HF) + THER + KRBk
(DI water) * REEHYFAEC & 1:1:1 - FHFHPNERF Tio,
W EAYSERHERR - B8R TiO, B & -

2. EEmAIRE

HIFH SRR B & (Py) M - (I
HRZRHER (electron-beam evaporation) * JRE N & Pt
FEM B E R 2R gL > A it 2B R 5 R

BEAEYSE |

ITO glass | B0

PR
l RF sputtering ITO glass
B zrswan
PR
ITO glass
TiO,
l e ITO glass
B e
_ (NN NN N gl
ITO glass ITO glass

B 7. xriawEEARR -

HHAAELE holder I » HHEVEZZEFE 2 x 10° Torr
%0 LL03 A/s HUSERBAMAZREE - R TEZSE 20 nm
HIERE > ZR8EK) 20 43 88 1R BI5E EY <4 58 M g 8
fiff

3. R EAERERRE
(1) FrtEd(E

FABCIEE R 3 x 107 M ) TCPP (tetrakis(4-
carboxyphenyl)porphyrin) . Z.F (ethanol) /A& ©

(2) FEfRE L
FAEERE S 0.5 M IR EST (KD) B2 0.05 M 1Y
ft (1) 2 ZF% (acetonitrile) VATRTE Ry BB B E VAR -

4. TSR £

I Y L B e SE R TiO, BEAGA Pt EE
W = BRASERI R IGREBEMITE - iR =&
LLuv BHE - Y —EWURERERERIIA
R IF I BERR E YATR - LB S I
HIEF R W EMs B &%REH UV B G
FHEESE R T R ITO/TIO(TCPP)/[0.5 M KI , 0.05
M1, , CH,CN]/Pt/ITO (Zl1[E 8)

o~ SRR

HAFHER — BB B 2R Tio, 2B
FEEAL > TRTTR 2R EAAOLEREE anatase fi5d
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8. FHHAAL K it € b K TR -

FEHY TiO, » FTLAAENNEASR A BEIS B EAT B4 i
8 © [& 9 F TiO, HEALENEERE T #EEHT XRD %
GYEl > FHE R TR BN FNR R T - AR

[RS8 - EFEIR Ry 300 °C [F > anatase HUAS
b 7 AIEASHIER > 23 BITE 26 = 25.6° (101) ~ 20 =
37.9° (004) ~ 26 = 47.9° (200) ~ 26 = 53.9° (105) ﬂ]
20 = 55.06° (211) » HAEHERE R 500 °C K

anatase HJAdE AL /71A] (101) BEETIEE B © & f&@
TRFE Ry 600 °C I » FHEZHY 500 °C H: (101) #E4TIE
(B8N SBRBEIR AR E] 700 °C FF > Al E A5,

[A)EH anatase #E#%5y rutile FH » 477 20 = 27.45°
(110) ~ 26 = 36.09° (101) ~ 26 = 41.23° (111) ~ 20 =
54.32° (211) Fll 20 = 56.64° (220) = FEH XRD fFE5F 2
SR o Rl HDESBEIRETE 500 °C KA & ER

R(111) A(200) gzo 400°C

JjLA (105), 211 500°C

600°C

“WWW““MMM =

20 25 30 35 40 45 50 55 60
2 theta (degree)

9.TiO, ¥ KA Bl i #0882 XRD 4241 1 -

Intensity (a.u.)

78 REAE_+/\ 650 96.4

R 2. I%AR A BAE -

HIR | 3E2K 500 °C | 3Bk 600 °C | 3R’k 700 °C
HE%t Omin | 63° 29.7° 24 .5° 15.7°
HE%t Smin | 25.3° 7.3° 3.8° 11.4°
HE%t 10 min | 5° 3.5° 24° 13.6°
HE5F 15 min | 3.3° 1.7° 1.6° 14.8°
anatase i i fH{
FI AR SE R0 Tio, MR H S 2 S

PRIESA ORI HEIRE K B A BRI E R AT
FfE AR AT » (B 10 B TiO, HsAE R [E VR EE KT
f] XRD %’f%%il ’ EEIEP_J%%%H%EM@‘@%K
PRI HT > R REIRIERE > TERAKREZRE] 500
°C K > EJL/L?’%fE anatase HYAE L 7 A EASHIER - 43
HIE 20=25.6° (101) ~ 20 =37.9° (004) £ 20 =47.9°
(200) > MAEE KRB 600 °C B > H: anatase 56
J71] 26 = 25.6° (101) Z AT E Ry freni > B KR
JEAE] 700 °C ¥ > FLIFF TiO, At /7[RI H anatase FH
Ry rutile £H 0 A1y 26 = 27.45° (110) ~ 260 =
36.09° (101) ~ 26 = 54.32° (211) I 26 = 56.64°
(220) - 7E4SH XRD #ESTE S H71% - 155 Tio, #
FEAER K TR Ry 600 °C KEE A i (£ anatase 7 &
FENL -

11 B R ERE KR T W e R rg gL
FHE S ] DL 3R - fE R R K LR KRR 500
°C ~ 600 °C I » HESFFE R 0 min — 5 min — 10
min — 15 min * SHEARHZERYE/ N > B RO

Intensity (a.u.)

2 theta (degree)
10. TiO, #5242 7 ) i & 1B K F = XRD 44 °
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11. TiO, H B/ 4~ B iR KB & T HH4% A ey 441k -

100
ITO glass

=
> m

600°C

T%

0 : :
300 400 500 600 700 800

Wavelength (nm)
12.1TO $ THR AR R Z FHF oy 1k -

R HOEREE DI water BV » THE KIS
FELE 600 °C IR » HEEMl A Ryi/ N > W% 2 A
HSEEE TiO, EE R ERIIERS - 546 1R K
IR Ry 700 °C FF > BB E#ARNES > 2
&R B AFKE Tio, WK HLE 700 °C Frg it
anatase THEE Ry rutile M > SEERFRRIEHIERAR B HUHL
#= > A AR XRD S M #E R A TEERE -

12 5 ITO HEHIE{E R FEIGRAF T AT &R
RAEFER - Al LIHE SR E L - & 1TO &
TEIIESE - —F TiO, MR H T BRI N
REHGE K2 % > B ER AR KHTE N E—
2o T g A GBI R R RR K % o HEE
EURAIREIL - BEERER T - RS -
7E 0] FOEHIE 400 —800 nm [ » HAEBRMEFHS
TRIFE 80% DAL > HERBARTSERY Tio, WAREHE

422

Abs (a.u.)

0 1 1 L 1
300 400 500 600 700 800
Wavelength (nm)

13. 445 F TCPP 8B 3L E o

1.2
TCPP

1 TCPP + TiO, (sol-gel)

TCPP + TiO, (sputtering)

0.8

0.6

Abs (a.u.)

0.4

0.2

0 . ‘ ‘ ‘
300 400 500 600 700 800
Wavelength (nm)

14. TCPP & & & LR W & TiO, & @ X BRI

E

EEREAIR - HEENSRE B0 -

13 Z2$FEYkL TCPP AR AR O Etk E 75
B > BT DABERAE ST & 400 — 800 nm A R H
W AR IIRER - TR 14 5 TCPP &R H
W 7E TiO, FRIE < BHOEEE » B = Bdhii iz
TCPP 2 ZIEETRAIIRISOERS ~ VAR — BB LY
T3 B Tio, BSR4kl TCPP %2
R DUR RS 77 B TiO, BE RS HmL bt
Jukl TCPP ek - FAMAILLEE] » FEE B 400
—800 nm A] RSEHEIEIA - Neme G R — & HY
T AR R IRIER B Y Tio, WiR > KTt
Zert TCPP % » HIRIRERAEE R TCPP & ZE5
WE BB S > R B R E - IR
$ERY BT Tio, HIE - HYuk TR
AR — BB LB Tio, Hiaiisss - 58
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R R IR A B TiO, M > HIRZ EIHE S
By MHEA T — BEBE SR Y TiO, Bl » Hiot
TEEVEARE B ELERAFHY > Jekb o TR 5
I - [l 15 FylotEERZ 2.2 SEM RYIEMlE - [ rhm]
DI R it e & - KB/ NRIS 5 5516
By EHE BT 20 um > BIFEZ FEAYEEAE
WAR—E - MIEEAT R 20 um 7245 -

IR 72 28 BUM ) o B SR B Ry TiO, &
Wb T B ER B LT - MERR B IR i
BRI - SEZRE MR - (EE R R LI
REBAGURIIR I BE 2SR5 HIAE - WAk +RE
IR ETE R - BB T — B E A
HEEID - MR e L EREIAER - [ - (RE
Earh FAMEGLRHER T —7E DCA (deoxycholic acid)
HIVIE - ST — S PR R LK S RE R AR
I8 - HIR DCA 2 & B — 8 3t [5] 0 i 7l
(coadsorbent) > T YT A A #E G el o R 5
A ZEAE TiO, KA E AV - HEEN
BEARGRIAHIRER - S KIGREE IR
RIHEEAMEY) -

B~ B

ARG I LAVAIE — BB R RTS8 2 LUK R A
B LBIFRRY AR Tio, B » H XRD 4475
> TiO, MyARAESBIEIRAE B 500 °C KA RGREHR
SEBEAS M (20 = 25.6° (101)) * [MAE TiO, HE 5
M SRR Ry 600 °C B > HERSLIEISSAH 20 =
25.6° (101)) Eyfehf - fEE(E 700 °C KfHHEREATE
8 (anatase) #3558 <&KL FH (rutile) © T{EER AR
SrHT i > TiO, HMIEERFSEMBREINSER - 8
fil FE R BRI o i ELIRDE RS R AR - HOHEEE DI
water HYEEf AR » BUSEPDEE Tio, g ERY
(ERE - SLEREFIH > ETE 1TO BEIIH L8 - —
TiO, Zf% » HIEZEZELE 400—800 nm A] Kt
HIE L 80% DL L > HIEERGEE KL > 58
REEARE BN > (HELGERIRIFTE 80% » Hlt
A A RSB AR B ZEIRE
TGN o

Jukl2 2 F B AR SR ENTAEY) TCPP - HAAMN
EYHEERR R — 8 > RESTEL BN TiO, AU

80 RMBEHME_T/\EENLH 6.4

AR A BT ROEE - RO ERE -
LRl TiO, B #miI RGeS « frE AL
et - A HEDCEAE P S EHRIAIR Tio, Bk
BEREHA VAR — BEE 8 Tio, M »
DUR: PR iy N BUEH Tio, Bk - IR F sk sd
FEHHIFEAR TiO, BE MR Bl Gept ik i IR oK - # %
KGRI E A - BTG RphnA—fE L
AR Ff 7] DCA (deoxycholic acid) FJ¥)'& > DCA 1y
A SR TRV B ENA B E T TiO, FH
[EIEFHERS - KIHA B K B R T -

N RREBR

AW FTEET S TAFBE MRS R MR - R
HRENZE KIGRER AR - HATEKLIRIEN T
A TiO, #ilReE - A RO BRER T A BIE
HFEAR Tio, Bl - HEE REdZ= KIGRER M AYL
B o ARABATRA A LT R EBOR TR AR AER
Tt FEM - MHE I RIGREE ARG R REE T2
FHIRCER - HIMEARZE AT AR R E BN
TRREHY > fEEIEE EERE RN EMAE SN - S
iR > IRILE AT R FH B BB EHAR aE Se D B
111 AR AR A R 5 Rt P ] P A 2 I R R R
WA o AL ARFIEHR BT Gk (TCPP) » BEARF]
LIZRAIN DCA ASEHEEFEBHRSR - R1f > HELH
PR FEFE R —BEEE - MR SR E B
GE BB EUAEL Ru S G HEALE -

9 = Lns Date :Z May 2006
B0  WD= 8mm __ FCCHANG  Time:15:28

=100k

15. k#8954 < SEM B4 -
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