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Preparation and characterization of V-doped titanium
dioxide films used for dye-sensitized solar cell

LAI Qi LIAO Xian-Jie, ZHANG Shu-Li, LI Jun-Han, WU En-Hui, ZHONG Can-Yu

(Panxi Science and Technology Innovation Center, Panzhihua University, Panzhihua 617000, China)

Abstract: In order to obtain titanium dioxide film used for high performance Dye-sensitized solar cells
(DSSC) the V-doped TiO, film was prepared by RF magnetron sputtering in this paper. The effects of
sputtering time, annealing temperature and amounts of vanadium-doped (V-doped) on the optical prop-
erties, photocatalytic properties, super hydrophilicity and electrical properties of the TiO, film were in-
vestigated by spectrophotometer, catalytic reactor and electrochemical workstation. The results showed
that the longer the sputtering time, the lower the transmittance of the thin film in the UV region. under
the condition of 3 h sputtering time, the transmittance of the sputtered film has been reduced to below
60% in the region of less than 400 nm. The annealing temperature influences the hydrophilicity and pho-
tocatalytic properties of the films at a certain degree, and that at 400 “C is best. The absorption peak of
the film was red shifted and the band gap became more narrow because of the doped V. When the doping
amount was 0. 5%, the red shift of TiO, film was the largest and the band gap was 2. 88 eV. Then,
DSSC was prepared by the V-doped TiO, thin films. The results showed that the range of the light re-
sponse of TiQ, thin film increasesed when the amount of doped V is 0. 5%, and the open circuit voltage

and short-circuit current are higher than that of the undoped, especially the short-circuit current increas-
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esed from 24. 82 to 88.15 uA, which showed that the performances of the cells were improved.
Keywords: V doping, TiO, film; Radio-frequency (R. F.); Dye-sensitized solar cells(DSSC); Perform-

ance
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Fig. 1 Schematic diagram of contact angler
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Fig. 2 Transmittance spectrum of TiO, thin films

with different sputtering time

3.2 BANEEX TIO, M aE R0
3.201 BRKBEMNERFARMEGm £1RH
A1 BRI 5 5L 5 980 TR Ak AR A AE AR . H
EI ST i o S = il = S S N IR £/ L 2 R
JEE BN % ol ff A KL i G RE RS R] K HE ik
AN SRR 2 h JE TR YR B ek AR A N
T 5% A Al A N T 15 I B SRR K
el /N 5B BT SRR . AT L D S A
P JIE AR 28 A0 KT BB HL A R SR K

1 OENMKRBETEMBHETLER

Tab.1 The contact angler variation under UV irradiation
FE ot BT R h LR 2 h
300 C 20. 40° 1.33° 0.96°
400 C 28.08° 2.07° 1.22°
500 C 35.48° 6.36° 4. 64°
600 C 31.28° 1.75° 1.84°

3.2.2 BKIBEERAIMEAKEG YR —
AR TiO, SefEAL N 3h ) 2245 & Langmiur-Hin-
shelwood BLRL. A 48 W B 288, 24 4 F 5 48 4 1k
) 2% 100 B B — 7 ELR SR W B A e A AR 3R
T PO o e B AR TG B IR B AR 553 B, B KL CJ<<<<1 B,
TEX TG B R 35 20 W B F- 4 )5 . L-H 5 #2 AT L

bR —In (C/CoH=K’t. 28, TiO, 3 5% A
PR fige S0 PR 2 1) B B4 I — G Bl g AR
ok e i 00 KO B R/ IN AT DL 4 I B AR e T Y ik
55, RIESLEEIE MR T In (C/CHH ¢t K FR R
2 WE 2 FEr. 300~600 °C X 37 (14 F4 it 3 5543 5l
J7:0. 1205, 0.1384, 0.0546, 0.0567. AJ %k B .8
DR BE Ry 400 C s, HOGAMEAR R BE T e, 3 0 1%
VAL ) R A R R L R R 6. R LI A i g
LWl BIGREEART 400 CHF, TiO, #E K T & B
Ay AR SRR, SR BT 600 CH, BT S8k
WA 2 A AH TiO,. FrLk, 78 400 “Chf TiO, #RAR
AT REEE AL Sy BBk 45 H . H A AR 5 Y O fk e

MM 500 CHEAEARUR ANE 7T RE 2 1 TR Y
E— 25 Tt i VA X R 2 R 7 AR 0 e A
TiO, AR, i 5 Y Bb 2 o0 ALk /1N 5 DA T 261G
T TiO, WAL ERE.

0.00

In(C/Cy)

075 1I 175 2l 2?5 3
Time/h
B3 TiO, FRA RN LR T2 9 R K%
M R (B KR B 4 %) A 300, 400, 500,
600 C)
Decomposition of methylene blue under
UV irradiation by TiO, thin films an-
nealed at different temperatures ( 300,
400,500,600 C)

Fig. 3

3.3 BZEX TIO, HERK X IEMBEHFEEN

=AU

S FEAFTTIE 2 (VL O5) J5 1 5 0% 0 ' 1%
A TE A L. B3 B4 (V.0 Ja AR 4%
G S 3 0 WA T DA R B 4B AR i T 1
Wl A T 40 RS Hoh LB 4% 0. 5% V. O 4158
EIRK. EHREA R E WG T RE
T S5 B ) 4% S — s B TG B 3ok SR AR ] s AR
JERE RN 22 5. F DA ke i 1 2T B B W U3 1
AW, W B % R T LR AT R L
Rt RO RN 7 B, e 5| W i iy 5



% 64 BA, % DSSC A ALs J = B ACEK T B o ) & oM Ak £ 1293
BiAERmAN E EENENS SR a®E. WA B 21 7% 14 ] DL i G 28 7 o 1 AR Ak 75

M N A B LA LR L R h T R B A
7 299 K SR 114 262 THT A A W A% 285 ™ G T 5 B
PRBCE T B & 1 25 2R ROk U, R T AR
2R 5 (A7 AE A TiO, -3 J7 [ R B 1 i
FESRE Dy I . 3 BOH RE IR B AR /NI 7= A8 1) 45
ST WA ) 1 R A 9 R A U 3 e Y R R
A P AL RCR 1T ).

0.3
*
- w=2.0%
025F 4 ¢ A - w=1.0%
*A, A w=05%
. X w=0.1%
024 * A *- w=0%
3 *3
=
2 0.15 ‘.
Z e
< z
o.Lr t 2.
. *
H L=} " A2 : ., .
0.05 !g\‘ A‘A"‘o
% A
f ts Ty . AL, e
0 . . Tt deedggggd
320 360 400 440 480 520 560
Wavelength/nm
B4 RESEZF TIO, 3B S0k ki

Fig. 4 Absorption spectra of films with different

doping amount
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Fig.5 The plot of (Ahy)*vs. energy of TiQ, thin films fabricated by sputtering with different doping amount
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Tab. 2 The optical band gap of TiO, film with different
doping amount
V205 (wt %0) 0 0.1 0.5 .o 2.0

AR E, (e V) 3.30 3.20 2.88 3.03  3.02

0.06
0.5%V, Os :sc:0.08815 mA
0.04F Voc:494.9 mV
0% V2 Os:1s¢:0.02482 mA
0.02 Voc:434.2 mV

5h (V;05, 0.5%)

Current/mA

5h(V,0s, 0%)

-0.12
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1

Potential/V
B 6 &£#Llis V,0,0.5% 8 &ty [V 4w &
Fig. 6

FV curve of solar cells base on TiO, film elec-
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