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Abstract

The preparation and research of TiO, film
electrodes of Dye-sensitized Nanocrystalline

solar Cells

Wang Yan-ming (Heat Energy Engineering)
Directed by: Li Xin-jun

Abstract

The Dye-sensitized Nanocrystalline Solar Cells(DSCs) has obtained a great deal
of attention and made great progress for a decade years because of its low cost, high
energy conversion, simple productive technics, and other advantages. But in fact
there are so many relative factors effecting on the capacities of DSCs need to be
improved, and the factors can be listed as follows: packing technics, energy
conversion, big scales and so on. It is no doubt that the direct and effective method
to reduce the cost of DSCs is to increase the DSCs® energy conversion. There are
also many factors those restrict the DSCs' energy coversion, including the
absorption efficiency of dyes, the transfers of electrons through the TiO, film, the
reactive speed of redox reaction in the electrolyte between I and I3, et al. and we
mainly research how the transfers of electrons through the TiO, film effects the

energy conversion of DSCs in the paper.

At first, TiO, thin films with Pt distributing in bottom layer or uniformly were
prepared by sol-gel method through alternate dip-coating process. The
photoelectrochemical behaviors of the films were measured by a three-electrode
system, and the dye-sensitized solar cells (DSCs) with these films as anodes were
assembled to investigate the photoelectric conversion capacities. The results show

that the photocurrent of the TiO, film with Pt distributing in bottom layer is higher
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Abstract

than the pure TiO, film and more enlarged by ethanol addition into the electrolyte as
holes’ capture agent. The above phenomena can be explained based on the separation
of photogenerated carriers and photoholes’accumulation in the surface layer. Due to
photoholes accumulating in the surface, the excited electrons can transfer to TiO,
thin film more easily. The short-circuit Isc and the open-potential Voc are increased
obviously.

Secondly, it must be pointed that the photoelectrical signals of above DSCs are
very small, because the TiO; films are so plat and thin that they can not absorb more
quantities of dye. For the purpose of increasing the energy conversion of DSCs, we
used the TiO, powders purchased from a semiconductor factory to prepare a kind of
thick and porous TiO, films by the blading method, and we assembled DSCs using
the prepared TiO; thick films. Moreover, we improved the structures of the TiO;
thick films, which we prior to prepared the thin films with a certain layers by
dip-coating method between FTO and TiO; thick films, and the thin films include
TiO; and Pt-TiO; thin films with a certain layers.

The photoelectrical signals are measured by a three-electrode system, and the
irradiation intensity of the light source is 4lmW/cm®. In contrast to the unimproved
TiO;, thick film, the improved TiO, thick films reduce a small quantity of
open-potential, but it increase the short-current more obviously. Surprisingly, we find
that there is a reverse dark potential appeared while DSCs being measured in the
dark, if the TiO; thick films contact with FTO directly.

Finally, we use the work principles of DSCs, internal potential in the interface of
FTO/TiO; film and PN junction to complain the transfers mechanism of electrons
through TiO, film, and we also complain how the dark potential form and how to

reduce or eliminate the dark potential.

Keywords: TiO; films; Pt distribution; DSCs; carrier separation; internal potential
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Fig.1.1 Schematic diagram of dye-sensitized nanocrystalline TiO; photovoltaic solar cells
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FITLL, fETIO M AR B Fe b, THIFEL R L P AR AR IFTO T B FS, 4R
5L A DSCs TR AT IR ik o

AT AEDSCsHEE M AE SRR N LA, AT 0T FUN LR 35 AR oS s I 25 i
(KBt AR, E M (R R UUR 2 I TIOL M, 416 DSCs, J%t
HHHT TG REMIEA, B AN IO . 5376 H. Lindstrom® AR FH i &
FERDR S LI & TIOL M, IR MEDSCs, RN 4~5%, HiE, X TiX
FhBEASTEIIDSCs, A7 7635 3 L BHL sy RS e MEAN G (R e A5, T BEAE 3
e M H ot PG A AR R K T TR R T TR %% D, SR EUASHAE ] AR T
DSCs b R H RS



Fe HHEAL TIO, K A4 o e 4 I3 o, A7 44 A7)

1.3.5 3R

FEDSCsH,Xof LA 14 1 B2 4% A sl 2 LA A2 i v LA R A e B s B v, 3 b
T EERGE A S AR A M . H AT A DB r bl B e R PR RE, 1T FLAT
PP JEE 13 T LA 1 2nm 475 T 2RI HH R A PRk R S8 1 5 B AR K VR
HUUR) | SRS PR B A5 D73k, JErp O ik 2 B, i AR s ik
S, BT RO R B T APV RE o TR HE A 27 B R T S v i ol
£ T REAN AR, B EAIRAR, AR RE S R . AT VL K HPCI6
N VT e YR AT I8 260°C INFTO S fi T B, S0 T4 5 N 390°C 1 54
Fhlrbedt, HoPtCle i AR il A2 A TR T-FTO 3 Huti b o #A1TR 48wl Lhad i
CA AR HL PEC L7 IR R B R A T I 1T

1.4 DSCs W=\ LIFHR

H A 1991 4 M.Gritzel 2% L HA/EFHRIE T DSCs LISk, 51E T % Ewt
FUHE R DSCs 1) V2 K%, DSCs 7 £+ JUFEH 43 2] T AR Kk g . Bt
7 HLHL 1 25 A AL o BB AEAE AR XA FBOIRFE A /e 2 AL, B2, —LERF5THL
FASITRE T EEXT DSCs & W WAL IIRIE R E, Horpgh A0 &% DSCs 1HARY K
WIIRRST, o DSCs 1P AL BE5E T S (f Sk fi o

AT Y RDSCsIHIFR, 7] LURH =R [ AR B AT R R
ELLAN HOE R W B Z IS A By oA e . WFSCUESE, & Fb
BEHCAT AT 55 1 P SR s B, e ey, B Lt (R BT A
SR, AT AR 2 G B

H AR AL X K RS DSCs 1 HUM ST EGEEAT T 7 A ERE IR, b AT 1R
64 HLHIBh 10emx10emffI BTG R, JER R b, SthifE 8 41 fibaith,
K AT IR) HATAH [R5 Dy 1) SR A oK BH e vt — R T P ob e il Kb P4
PEREII, 7EARRIZ00E S th D% n I 00, DSCs HL bR R B it T F
KB AE . (HJ2, ANDSCs B I T A e M2 Mt od, Jril, 7ad”
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KBTI AR R IR B, RS P R

o R R A Bt A B AR B ST RS . EALSESERGE, A T AR
15%20cm’ (AT, AR T 60%, FLIZASE e ith ) i e MR ok
T 5%, Tl AT A Ok G, 4DSCs HL it BRI AR T 100em? R, FLAE
HIEIBRART 7%, BRI AT IR BRI AT 7T /N DS Cs . B I,
FHBAR Y S W R e R, R AR EL N T 30%.  JoRUM 4y JEBEs
JNT DSCsHIAEF= A, IXFE, Sl A3 DSCsrlfk A BH e H it FH e IS it A
W, RETIRARTEAOuH. Brek, 380 e it G R AR A2 f it 1 7=k Ak

A R ARG o

A1 1 ZHRE AR e R fE 0 03K 2 R

Table.1.1 Initial rsearch for high efficient models and plates of DSCs

AN HERE
A K& A (cm?) Ko 453 R (%)
(mW/cm?)
AP — 104 10.2 7.4
A = 100 187.2 5.9
APk = 95 187.2 5.7
W, AR 78 1497.6 6.2

WA TG, FALESE, fEt LA, TR T At AR v AR () B,
U T35 NI RS TN 15x20em’ () F AR B, B R i e adt— b 3 e 3
6%, 1 H., W78/ N FIDSCs4125 (15 S00W L3k, Bk FH R T A K 40%60em? [
HUAEEL, RIS AR ERE . R 1 AR AMRAE N, S e s i S R
R ARV RE (TR B . S URIRII, AR ATT S R IR F00 - 30 o o v 1 e v
FIFRAG T UF 1AL RE, AT LA B RIE 7% M0 R R, O HL, ¥k T LUFIDSCs
ST HEA R ATAT () 2 L
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15 FEQBmELXBIER

WA RITRE . I A DSCsiliE T2, $RmRE R, i pEg
DSCsHUA i DR IS AT, Bz B LR LA RGEL: . FEARET GURME
FR BT RO U A, DABEROC UL AN RS, e H AT R A1 ARLBT
FEAERIOTHE B3 5, JsURMIR AT AL RIS AN e A UL BC R DL, KR 1 32
JCHUL A, $ERDSCsIRE IR b, AEHRRTIO2 HRMEH S
Je R b, DA gHoK S B B 4 22 B TIO R B, A3 L FREA R
Rk, HIEANJE R ARSI R P (B R IE Bt e fidl H il A8
PV FEAR ST, 7 A 1R Y VR I 1) 45 P A AR e B 25 el 7L, O R IR
A EDIE S 14 R ] 28R 1] 28 P AR SR S AR 5T, R 2 DSCs ™ MU AL B T T
FORATATSE: d. AR, SR EREIL S, B, 0 EERT
TAEA B L T P RE RAF, AR AR B TR KL e SEIMR A
FURRLML N EVEINLER,  EE a7 B AN, T 3% S o R 3R A, X8y
1B AR BT ri i A, S DS Cs R U AR

JAZ » DSCs i EHE— 0 S0 H 5 R, A5 2 A 2P i it 13 AR )
Itk DSCs ARSI AR, ¢ Hh AR TN ACRT DAL BRI PEpr EL S,
IXHFE, T DSCs AEARK LA A5 R AEAR P BE FLB A S AT — 5 2

1.6 FIEXRNEREE X KR EIR

N, KB IR A B, IF B AU SR T H 24 0T
B TE .  ARBRERIIE SRR I A I S SR, TR IR i
AR AR 0 BT 0k, A3 R B R LA
HUAACATREI . IR TUAR R AR AR . 2 m R A B 5 FUAT 8 2 e,
JF LG EFRARIHT R I R it HoH A 2

ST LR, BRLR AL I BRI B R e, DU 3 il T2,
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$—F 4% ®

TR (1 1 4% i PO i B e RO A0 A, TR AR SRAS T T2 A9, A
TRKEMIBED. B, HrmmeEsE T2, REERPCRAKHAY Kbk
PR AT TR A FERMAL . HERIDSCsIIBE BB HAR, TSE S i LB %
KDSCs A 112, R1fT, HIZADSCshe i HArRI MBI RM L, wfEg
FHIOE O, W AETIO AR HH R A% A DA S HL AR v 2804 388 Ji HL R (1R 484K
I JUS N R A

DSCs )2 FLAK S TIO M H AR S DSCs A% 4y, e e 21 Ay 43 25 A1
e, T H, BRrs T e EDSCs s A ERINLER, ASREBE 2E 1A
W FTLL, AR SC BRI H AR A2 3L 0 TiO 158 iR 45 # i eead, 308 i e
FURIS TIOL M AEDSCsH I FMLER o 380 X6 TiO 65 44 (1 e ad, 41 4%t g
fig MR 4 DS Csots FL M BE (1 THO 5 F K

1.7 EEMRAR

AL St SCHER AR T [ e DSCs il 4 L2, Z J5 X DSCsII 44K TiO, i
JRE AR HEAT T SR ek . IS A B AL

1. R BERRSE S T BHE 0.3at%I PO [A] 23 A FE 3K K TiO 5 11 i
i, AdE: AETIONEIHEIEETT . PR JE 7 A1 I TIOL K B PT AN P &) 73 Aii 1)
TiO A I IEPP, I BN 240nm A A7, FERT AT T AT dafb 2% 07
THT (R AE o FH )46 (00 5 FE Y IS 4 5 DS Cs -+ 45 SR 348 W P J2 40 A1 (1 THO 0 2 7
JEPTEE A A - H 3~ E N ARk, S T DSCs KL FURIsc AN T HEL s Voc.o

2. HPE ST 9K TION R, SR HIR AR IR B0 4 )5 I AUK TIO M, I
L% RS2 T, SEAEFTO S oI b, 40 il i — s 2 B0 TiO 5 M 338 i A
Pt-TiO W C i . I EIR BT BE LTl 46 (O TIO W MR b, 4135 RDSCs, B — s
JERIIE/N T DSCsH T HL Ik Voc, AEE#S W25 i1 K DSCs H LS HL ditIsc. e,
Fribl 2 JETIOW RN 4 JZPe-TIOW I, e fs 31T 50 K IDSCs % FL it
Isc, HEIMARAG T M HIR S Tsc
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3. ¥ AHIKITIONA IR T S b drrh MAb B, e 4h il 4% HH K 4l TiO. 2 K 3 A il
AR, 42ERDSCs, [RIFERILH #:P25 ZH2E M DSCs B /&y 11 44 5 L it Isc
FIFT % L Voc .

4, G5 SCHERIREAIDSCs TAEJHE IR, METO/TIO, 5 Sk py g r i, i 5
FTO S B [ 45 4 72 B DA N N 8 FE AV PN S JE AR LE = AN THE, 0 R JEDSCs
(R S0 48 BT T S5 B IR FERE
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FEX R MBS

2.1 LWER SRR

& 2.1 FEAH

Table 2.1 Experimental materials

M oH & A A A 3
AKBL T BSTi(OC4Ho)s =23 7 48 E AT BT
F7K LEEC,HSOH ST B OB A
— LE3BENH(C,HsOH), AT PR A XA
ZREMKH,0 £ 4 £ %1
ZA AR RET KRAFRA )
BALAT KI SHTEL EEIRRAF KA A R )
1, SHT 4, IR S XA A PR E)
N719 $4+ AR AR EE B T AR
AR T 4, LiEF S RA A PR )
% L= 600 HHTEL PPN i
R T =B 6000 HHTH JoM T R G T )
% T =8 20000 HHTEL UNI-CHEM
Triton X-100 HHTH R AT AR RACT KA T
LB 7 B LA KA ELLE RN
FRER 4 Na,SOy, HHTH JMAR KA T
FTO $w33 R TN T S N R
P2smA /% Degussa
FERITIOR e TN AR
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22 FIBBRIEE

Table 2-2 Apparatus and equipments

£ # A5 2R
M FY393 J N T KRR A R E)
BIEIT 150W LisBREITIRT
BN E 4W e RITET
RO o A U3010 & A A HITACHI
B o A S M22/1 & 12 E Framo-Gerratetechnik
WA T RA 101 & Lip A F N EIRR)
9 4 48000 A % & Thermolyne 23]
RALA £ 4 Be IR BT IR AL R I E
WAk A3k CHI 600A & L RAEABLZE )
RE RSB CQ25-6 LB R AN )
o AP HANGPIUC FA2004 LBERFRE
X G & AP RATHABL D/max-ITTA B A Z RIGAKU
K Fa g X A 4 TRM-2 #! 45 FE AR AT PR 8]

2.2 B RIELHI

2.2.1 TiOiREZHIECHI
THEREE R, SRR FTIR 7 L4 TiO B e, B LARRR 10U T Hg A
HU9NY), FEERIRIEDY T WR: Ol —OREE: —IRZEMEK=170:575:41.25:9 KA
MLCBCHIE IR . E oG, X 2/3 RRIE/K O, A8 — SEE AR =Y T
FevR A, JESSPEE 1Th, BEHA. REHZERHIMAS FLKZEFR K
VKRG, e AR IR NS0, 05 BRI 4k S 4 0.5h,
5 Ab E 24h, 3 TIONAK
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2.2.2 Pt-TiO, /&R BYEC $
¥ 0.9g5 411 (HoPtCle-6H,0) YEAELE 15mlIE/K LB, W55 2Pei il Y
(C TR I S, 5 SR IR FERBAIR S, NS R AT,

A, WEhnseEeRREREEE 0.5h, FEREAERE 24h, HIEPETIONANL, W&
o,

2.2.3 TiIO M KB #I &

¥ bk 2.2.1 F1 2.2.2 il £ (I TIO I FIP-TIO W IR AR IR TR IR AT
=il IR AR S, B BRHIRERCIR S, BT S b, LL2°C/min
FHEZ 500°C, R 1h, J5 HRAH, B T 2iTiok KRB P TION: K.
5 ROk AR SRR K TR RIT S, 5 350 H €0.041um) [RI57 704y, 4.

2.3 RIRITZ

2.3.1 BB LRI

¥ FTO VIHIS AR RN, SLmRYE, Bhut, BABIRG TR, IRk
Peja, e, ARG AE IR E . AR, SRR Bk s,
BRI AR AN - $RPLHE Y 2mm/sec, BERIE—IK, T 100°C RHET Rl E
J2 BT e L 2°C/min FHELE 500°C, {4 1h, J5 HERAHL.
2.3.2 MARKRBIERIR

FTOWRU VAR 2.3.1, K 3gf- 34K QK TIOM ARTRAWT A, FINA
1ml10% LML Fi ¥ TG /K SEEES M, WFES 30mins Z 5 M 4.5ml7K, 0.1mlTriton
X-100 1 30%wt (0.9g) KL W (715 200000 FVEGHW, HHE 30min,
PR AIEIREE, TR TIONMNE. [RIFEHLAHP2S M A H I SETIONMN K KA A
HIIPE-TIOZN KN K (BPtEN 0.3at% M TIOAN ARD A1 T8 41K TiOHn
K, BRI AH R R TIO R .

2.4 TiOAPIBFAL F FRAE
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2.4.1 UV-vis SR ET

K HAL U3010 FEA0-0] W43 606 BEvHIIRAE i A 2840 n] WG X Y Y (1)
PrEEvERE . M7 ARG, BAKSER 200-800nm, 3 KA [E+0.5nm, 4
FETH % 300nm/min.
2.4.2 7R XRD ik

K H AP 2ZZRIGAKUZA ) 2E 77 [ D/max-TITA B X 260 R ATHHL, MR T
il 8 DSCs Tk H I TIO M R 1 i B 454« SR FH Cu Ko 4k (A=1.54056A), TAE
HiHs 35KV, HLL 25mA . A AIHESHIRE, YU BOE LR 20=200-60°, FAHHE Ny
8°/min, TN 0.01°, OKEHHIE H+0.002°,
2.4.3 HIEBLFMERENR

KA HA Z AR RICHL 660ATY HIAL 4 T AR5, HARE R 0.01MI)
Na, SO, TG AWEAMTE, WK 365nm, Pl T 5 ¥ oAb 2 it

2.6 Pt X EREHIF

KGR Pe ek R, e R A 2 R SR R 1) T 7K LR
(0.9g Z MR T 250ml To/AK L), 60°CF, Tt S B Liasthdrsh
WEOYA), ERMAT =K. ROURITHEEE S 2°C/min, THEZ 390°C, fRiE}
NI IS ARV AL

2.7 EBRRRRFALRERECH

a. HARRAIECH]: 0.05molKI+0.01moll2+15ml Z. .

b. BRIEBIIECH]: T 45°C M 30mg N719 Jekl, #itdE, #iifE] 45ml E
IKCHEH . NT19 GURHR i il
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Abs
122
113
1.02
092
083
0.73
0.63
05
0.4-5
0.
0.2
0.1
0.

0.1

nm
200 300 400 500 600 700 800 900
K] 2.1 N719 Jekpi K

Fig.2.1 Absorption spectrum of N719 dye

2.8 DSCs HytHZE

W FAL ) 25 R TIOL WM FE A AE ARV H1 2 80°C N, BRIHTR A B TC il 4 1)
N719 Gkl WEAECE 24h. WS (IO M I R 28 Jo K SRS, JET
HE 5 (I TIOL 7 M H A 5 Pexst v AR 48 T I B e — ke, e e A oA
TR s, L IA) () e 2 N HLAR T, ol % U DS Cs il o

2.9 DSCs ByfHEEM)
FH T I 6 U5 AN TIO, S L RR 7 1) S, T B2 3 = M Ak IR B Ak 2% T

Ve, HARER TN LA RMERERPOs K, S b d AR A FE R ] ) e
PR TIO b b, I T DSCsHIIT % Hi s Vo 1% % FiL i Isc
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F=F TiO, Bl EEDSCs 4 gE

31 518§

TiOy /& R UF I ek it i), HAA MR e, i, 0 FE SR, o
FUTION - SR IR 120 B, T LU G b e LA R G A6 R i Ak g o B
DA AE RRHBAL TIO AN K K FHBE FELIE (DSCs) T HLA A1 80%, (i RETiO,
TEFRIE 6 BRI BH B ' AR e 4055 7 T PR N F BEAR T R

N T HRETIONM AL TR, B TAEE RS TR LSRR EEMIESE
JRICEB IS T R TAEPS >3, iifEDSCs 7 T, Wit 4 st &t
TiO P, LA ke £ v vt (¥ 016 v 8 8 280 %6 D T 1) AR AR R e 2, U
Kyung®"HIZHAO Gao-ling™ 3 TiO, #5435 HEAT T AWWRIVII B 2057, 1L
TAB ARG N T DSCs I T L s, JI0s/ 1 R AL, [z, WSS N 1 DSCs
ARG R, D TR R, B X TiO, IR EAT 34 51 I AW L [F] 45 4%,
DSCs It AR A — B . VB U AN KIS L T,
T 8 PR B e s (R S i . HE, 7EDSCs B IRIRI ST TE 2 AR 7R UL A
HL R T DA S R 48 4 ik B0,

AR AE T2 S POOE TIOL W 1 11 AR Y 59 4310 Tl b A & PR i v 1) At
EEOL BRI SO AR BRI T B i S R DR A AT W . R
ZHENRAE A DSCsIF M, 55X DSCsol FUEE M HE 1K 521

3.2 REAS

3.2.1 Pt FEIS TN EESEH
K RO R 5 VA PHE R 240 A (PT) 5434 (PP) (K TIO M b

CAR T Pk v A4y o IRt ie ), LABKIR IE DY T e Hir k4, K I Sol-geli il %
Pt 0.3at%[KIP-TIOME I, Tl ATEHRBD-TR BAAEFTO P LB (il rp A
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Bt &5 B AR BT B4 ) AUl B 3 b f i, BB R 3.1 o, AU
WIS R B T S hheess, FEZN 2°C/min, FHE S 500°C, fRild 1h5,
HARAHI, TiO L XRDIMAS A Bk BRI 451

3.1 il IR PO [ 23 A T S I TIO, RS AL
Table.3.1 Dip-coating orders of TiO, films with different Pt distributions

%O % M
TT 8-layer TiO2 film
PT 4-layer Pt-TiO2 film 4-layer TiO2 film
PP 8-layer Pt-TiO2 film

3.2.2 DSCs By§l#&

FHEAFTO S BB IR IR 28 1) o il R 4 5, ARV E] 80°C, M1
It U IR ANTLY I TCK SR, TG ALCE 24h, FJE/K SBEUEE
T, RIADSCsHYEPH . BTN 0.05M LA 0.5M KIF LRI, X
R FHPICIO 6HORMR DT ISAF FI, il A3 1 DSCsAT AL THI AL A 1x1em’. 1l
£ TR R il 3.1 o
3.2.3 ZWNE

K F = H M A R R AE R G A2 AT D D T A 0 A U R 1D
HLRI G AR 22 I 2R LSV, Jorh il & 1 e ot N A Sk 2 i3k
FUN B DG ER . JEUE AWEEAMT, B 365nm. = FIAR AR 5 10 R AR
M 0.0IMIINa;SOKIEM, LBFAINE A L8F: HEE=1: 500 (V/V), Zlb
PR A H R FAR, T AR A T HLARE

KH CHI660A B HIA 2= TARu, (R R 2D WlsE DSCs 1 2% i
Ui Isc FITF i FL IR Voco A6 45mW 1140 A CFRLIR 3V, B 15mAD.
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Kl 3.1 HFE 4t DSCs SE) K]

Fig.3.1 Picture of prepared DSCs with a certain TiO, film

3.3 KWHR

3.3.1 TiIOHER &R L&k

--10

Current/ p A

--20

--30

-40 T T T T T T T T T T T T -40
-04 -0.2 0.0 0.2 0.4 0.6 0.8

Potential / mV

Kl 3.2 =P TT, PT, PP (kR 2 i 2k
Fig.3.2 LSV curves of TT, PT and PP films
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3.2 PRI TE A TIO M R I L PEAR 2 i e o Fe P AE LR BL R, LSV
it 2 B G Bl i T AR A R RN D 2 D, TiO | PNRLE AR, 104
2B N=FE IR ILSV M T W Bl B nT LU, PTAHEL T-2UTiO 7 i A
THEZDT, Bl AAAEARZ I E 0B A RS e A

3.3.2 TiOEIRR L BB 37T

— PT

5 ——- PP
- TT

5 .

< . light

et e B P

= -10- It

s ;7 )’

o) ]

5 -15-

O ]
-20-
-25

0 50 100 150 200 250 300
Time /s

3.3 =R TT, PT, PP [¥6 fadii
Fig.3.3 Photocurrent of TT, PT and PP films

3.3 R HPCANIR] 53 A1 JE 2 R TIO 8 M A by A AR BTN AR (R G FLE . A
3.3 AT LAE H, = AR AR ZR I A B (R RO FRIR /NI 2y : PT>TT>PP,
HAPTHBOE TN 1.369x10°A, AL T4ETiO I TTY 0.893x10°A, 14N
T 53.3%, IMPPHEIEN 0.751x10°A, /N FAiTiO M) M. APTHEIAE %
MG T, R RO R T TTE G AR, IR = A i i
- ONAE I P AT B TARGF I 0 1, A R B AE RUR m ARl BRI TR
Ji T ORI = HAR AR RO B

FE = AR R AR 0.2mIZ 1 (LEE: HER=1: 500 (V/V))
VERZS AR, A TIO W AE Y Ha gt WL P 3.4+
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—PT
----- TT
0- dark — ---- PP
-10
< .
S light
S -204 e ]
5
O
-30
~—TT /\
-404

0 100 200 300 400 500
Time /s

3.4 NN CBE G =R TT, PT, PP )% FE R L

Fig.3.4 Photocurrent of TT, PT and PP films while ethanol as holes’ capture agent

] 3.4 SIS S, POANIR 43 A TR A TIO MR (R G i . 2
R NN ST, = A TIO WM R G LR R n, - 8 on g Js DRI mT 1 485 4 7
IR TR AR T OGS SR, TR B 11y T AR 5 362 T8 () 28001 R A A i
E T A v T A L IR R L . TT R H I AN R I B
0.893x10”A #4 i £ 1.705x10°A, #4117 0.812x10°A; PP # i Hi Jii A
0.751x10°A %] 1.902x10°A , HIN T 1.151x10°A , B i K T TTHE
(1) S AT T A2 FH T PRS2 THIA7 60 S B (K ), A 75 IR 1T S i
4 M AT 2 B AR AR s PT I R i U M 1.369x107°A 1 i £
3.549x10°A, HIINT 2.18x10°A, IR K. XU HPTHR M AIRE
N, MR MAAATE RN, A REATE, G TCREN A R T
BEFIF 2 /Al AR SR HE A A A B, DR, B KR R A -/
W B I ST A A 3o, [l o (R LA 5 B 0, XA — 2 U W P T bE
IR 5T 45 R R 1 A v 023 A B 0 40 8, T HOK S IR AR R O R
TER B 2R
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3.3.3 BB T =MiEE DSCs By BT Isc

Bl 3.5 s FOGIUR T =R IR DS Cs 140 2% HL i Isc LR . FOGRERTR, PTHE
I E B AT L T T R b, T 2 S I DS Cs Ji 45 FL I Isc N 2.61x10°A 38 i 2]
4.30x10°A, HEINT 64.8%, IMPPHEEMEAVE RGP, HDSCsk s HLH Isch

0.65x10°A, R ZE,

50+

40

30+

Isc/ uA

104

-10

20+

. dark [ &

r

0 100 200 300 400

Time/s

500

B 3.5 FOLIRE T =FhiEi DSCs AR H HLIAT Isc
Fig.3.5 Short current Isc of DSCs with wihte light irradiation

3.3.4 ARSI TEE DSCs BIFFIEHEJE Voc

> 354

Films

K 3.6 PGS TR DSCs 1T H I Voc
Fig.3.6 Open potential of DSCs with wihte light irradiation
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3.6 & FOGIRURT R DS Cs Y JT % HiLUHs Voc . AADSCs T Hi s Voc B
Al O, PP FEARDSCs ¥ FF % Hi i Voo /N T-2UTiO A5 FL AR, 1T P S sAi A AH
<o PT#IE AL DSCs ) T i F F Voo bl LE T 2B TiO M il oGRS, IF
% HL s Voe A\ 24mVIES N2 58mV, 3EINT 141.7%:;

3.4 itig

ARSI T IS A TIOL h BEARN 2 Sl AR £ 4, J TNBY K 4k, i L, Rk ikl
SEZEXPSUEW], 500°CHUCHE S, PHETIONN A 55 DL B4 B0 4 8 IR - 1%
B S AFAE

St FPURZ /3 A (R TIOL U ME MEIRP T, 6 ST B B A Jis— N, MR Py 3538 %)
b3 AT AT PRI A%, T T D0 SR P 8 D) AT PR A AR o SCHR T PERAT AR
KIS E CRTTiIZhR B, HETIO AN IG, Wk T4
JEDEAN WG 1) 5 1o i JE 2 R 9 S O PUA BT B, I R A A AN A A ) DY )R
— 1 3Pt 8 A TIOL M) PR REZAH S5 Ay 1l o PURJZE 53 AT I TIO W I P T HL AT 43 25
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Fig.3.7 Schematic diagram of PT film’s charge separation and photo-catalysis
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Fig.4.1 Light spectrum of high pressure sodium lamp
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Fig.4.2 Picture of DSCs with TiO; thick film

K 4.1 TIO JH L5 T —

Table 4.1 Constructions of the type one TiO; films

DSCs No. Thin film Thick film
1 0-layer TiO2 Thin film
2 2-layer TiO2 Thin film
BDT Thick film
3 4-layer TiO2 Thin film
4 8-layer TiO2 Thin film

* 4.2 TIO JH 45 T —

Table 4.2 Constructions of the type two TiO; films

DSCs No. Thin film Thick film
1 0-layer Pt-TiO2 Thin film
5 2-layer Pt-TiO2 Thin film
BDT Thick film
6 4-layer Pt-TiO2 Thin film
7 8-layer Pt-TiO2 Thin film
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K 4.3 TIO &5 A =

Table 4.3 Constructions of the type three TiO; films

DSCs No. Thick film
8 Pt-ZZ Thick film
9 P25 Thick film
10 77 Thick film

4.2.4 TiOMAXRD
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Fig.4.3 XRD picture of the prepared TiO, powders
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AU TR REE I CREAEVEBT ALY 204374 25.31°, 37.79°F1 48.05°), H[fif
SE SO BRI LA SR (Scherrer) A (X 4-1) W] LLREUE T ASIH]
BRI  BHRITIONMAN AR R RIARLA A 170m, K] TiO 24 KA
ARIAEZ) S 36nm.
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Fig.4.4 XRD picture of the BDT TiO, powders
4.2.5 BN E
DL 1SOW S IEghAT (LBRRANE RN AN ) Ayvl W eds, KA CHI660A
TR 2% T AE Sl 1 Lt 1) 6 % HL U Isc AT % HL s Voco

4.3 LIGHR

4.3.1 AR DSCs BRI LER

JIT % ) = AP TIO IR DS Cs K /N 42 HIIE 0.35cm=0.35¢m,  [HIAH A
0.1225cm’,  PAs HE AT A S4B R BHOY IR o] I, ek i f 2 T st e i 45
(¥ 282 — IR DS Cs ) FF % H Fs Voo FH AT i FL U Ise 45 SRl 1

33



Fe HHEAL TIO, K A4 o e 4 I3 o, A7 44 A7)

0.00015 - :
0.00014 ] light
0.00013 ]

Isc/ A

0.00012 P
0.00011 . i
0.00010 i i

0.00009 ! : )
0.00008 N j S
0.00007
0.00006
0.00005 J ﬁ

0.00004

0.00003

0.00002
0.00001 dark . \

0.00000 _ S '

-0.00001

0 10 20 30 40 50
Time /s

K] 4.5 25— DSCs [0 5% HL Tsc

Fig.4.5 Short-current of the type one DSCs
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Fig.4.6 Open-potential of the type one DSCs
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X 4.4 FI—E DSCs [ HL s Voc A LI Isc

Table 4.4 Open-potential and short-current of the type one DSCs

DSCs No. Voc(mV) Isc(mA) Jsc(mA/cm?)
1 993 0.05 0.41
2 867 0.13 1.06
3 888 0.12 0.98
4 886 0.08 0.65

ME 45, Kl 4.6 Fk 4.4 vJLUEH, MET 15 )RBEDSCsHLM, Gl 7E4
KRIRBEEZ |, (5SS et 2. 4. 8 ETIONA RN, HIRehs i3
(K14 INDSCs 14 % FL R Isc,  HETT 2534 0 T AR B 8 Isc. BAT 240 8 J2l
£ 22, R IER, 2 5DSCsI L B IR, A H T AR bl e i
Y 1 5 DSCs, HLIRE ETsc A\ 0.41 mA/cm® B H11E)] 1.09 mA/cm?, 01T 166 %;
SR, 8 S I TIOL WS IR, AN [\ 2 8 (1) B IS T DSCs ) FF 6 HiL s Vocs
TN 4.6 L Al ISR AN, @ R EIEER 1 5 DSCsTEARITT
HPIRA N, HAT 5 DSCsTT % I 7 ) AH S B L s, B 136mV, JF HAETT
KTHUF TG 3R M T BRI s R . S04k, FETFIT IR 2 5 Db, SR
O B 1S . thAh, Rl IDSCs, I A JIAS [ B2 /1N o
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Fig.4.7 Short-current of the type two DSCs
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Fig.4.8 Open-potential of the type two DSCs
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* 4.5 R G DSCs BT HEL T Voe FIRLES FELIR Isc

Table 4.5 Open-potential and short-current of the type two DSCs

DSCs No. Voc(mV) Isc(mA) Jsc(mA/cm?)
1 993 0.05 0.41
5 691 0.08 0.65
6 791 0.13 1.06
7 789 0.06 0.49
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J2, BRI . 6 S DSCsIIHIR R Chrfil 4 J2Pt-TiO K
VR, AT RPN 1 5 DSCs, R Isc )\ 0.41 mA/em ]
#] 1.06 mA/em®, BINT 159%. 1fii H., $iil 8 FPt-TIOMIRHNR, DSCsfHLIR
RN 1 S A Y GBS BRI PETIONN B, AR KRS (R PR A T
DSCsH i Hi Hs Voc; 5 RLHITIO IR 1), 7EARTFAT RSN, AHr
il 2 ZERr] 8 S MPETIO I IR AUDSCs, W R = A8 Bk, H 37
Ko
4.3.3 £E = DSCs BRI ER

A = FEEDSCs M R BU KR g, BHAERER TFTO R b, 454
515 Hib AR, HOEH B AETIOMN KK K . P-TiO KN AR FIIE K [FI P25
AR RARE P AT ARy, H A FE = Kb T ) 2% TiO i H
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Fig.4.9 Short-current of the type three DSCs
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Fig.4.10 Open-potential of the type three DSCs
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* 4.6 R =G DSCs BT HL s Voc FIRLES FELIA Isc

Table 4.6 Open-potential and short-current of the type three DSCs

DSCs No. Voc(mV) Isc(mA) Jsc(mA/cm?)
8 18 0.008 0.07
9 799 0.029 0.24
10 864 0.270 2.20
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VeREscZE, 5 9 51 10 S DSCsPEREAH ZE ik, ] LA H &0, 7EPt
S5 A TIOL W LA DSCs 1, Pe-TiO M v AR MERE 22, 1k 2 I Pl i
PR TN, X5 =5 8 JEPUYAI /A4 N TIOVE B HER PR AIK T
AUTIONA W DS Cs PERE M 45 ARF oS3 4152 H I TIOA KK AR I DSCs

(10 5D FIP25 HKM AR WMEDSCs (9 5) AESATREOL T, HHAT K S 17 s
HL, TTPE-TIOLIEDSCs (10 5 ) JUIAAG s oL R 7= 2
434 RHRERESE

Lty PP RALHIIE DSCs 23045 1, T LAHERFH DL 4518

a. SR AEFTO S LB 150 il — i J2 2 A TiO ¥ R IR PE-TiO ¥ TR il
JELER IR/ 1 T e LS Vo, RVRESS S 25 1 K DSCs 177 L ¥t Tsco

b. HIEFAET AR TION A P25 9K A E ] 1 TIOL 20 KA B R R
FTO'FHIBHS b, 9K)TNE S T b sy B e, ol o5 1) P A DS Cs 7R R
FEITIPRZS T, HATEBR IR S 17 1 HL

c. fEFTOT FLBEHE [ el — w2 2 EUN TIO IR, HL BE 5 I/ 1N s FiL

39



Fe HHEAL TIO, K A4 o e 4 I3 o, A7 44 A7)

(F2, ASRAT LT 22 AR IR B Im) 1 v B A AE

d. Jednifil— & EEIIP-TIOVA RSB, M 2 220 8 )%, Prifil# iDSCs i I]
I F S B 4/, RN % JF H, A HIIP-TIO KK T il 25 IRIDSCs (8 5,
WA W = A B U, T S 2 R PR A TR AR, T
LAV BRDSCs I 5 [ i L, 1t FLAR S SR 1 N H 1 1A A i o

4.4 DSCs FFE&HEERIHR

441 FRBEESHNEHRE

BEXS B3R f1 T e DSCs H IR TIO i H AR S My i 7= AL ARk, A0 45 T % He
Ji Voc [/« R % HL I Isc 1 3 RTINS B IR 784k, DA R I FL F (177 AR T 1]
[ JL, 255 SCRRARE FTDSCs LA JRBE,  NFTO/TiO, I S 1Ak Al 34, I
L FTOS HUTHI 45 & 22 3 LUK A 8 BB PN S JRUER AR S b, 2 B shx e (12 Il
AR R PEAT U P i

©
©
©
©
N O —
©
©
©
©
©
©
Py s e e
| Load |

] 4.11 DSCs &N TAE R BUR &K

Fig.4.11 Schematic diagram of internal potential and work principle of DSCs
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Fig.4.12 Diffusional movement of the carriers drived by concentration grads
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Fig.4.13 Formation of the internal electric field
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