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%, BN Tio, 4K E A &, LUK E %
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SR, OFE. L. A BEKB0%IK
W) BRRIUIE T B, 4R 4G DUEfbek. UT
FERAL . 4-BUT SEMEE . BRALEN . BRI SN AT
ati, H35 e b E 255 B4 R BR 2w (o D3
f. ekl N719 (cis-[(debH,), Ru(SCN),J*, 2(n-C4Ho)N",
dcbH,=2,2"-bipyridine-4,4'-dicarboxylic acid)H Dye Sol
AFGERIRMEE, Ti A (R 0.2 mm, 461 99%) M FE A
aNEEAR A B EHRREE, FHRIEEETO, T7k
HIBH 15 Q/sq)I¥ E Nippon JEFE A &) (H A).

2.2 BE TiO, iR FURL A & B

K FH B AR 8 A B K TiO, 9K B )1,

(1) Ti Fr FALFE: 3 Ti BT 1 emx3 ecm K/,
WHEBE TR, BAE. L&A 5 min, ZEEEH
W5 JEREFE K CBER & . (2) FBR I ¥
L. EBETK. RAEIZREL 98:2:0.3 BRI
W, iR R 24 h 4 H. (3) TiO, PR FEHI i 45
FA2 R R YR DH-1718G #4t 50 v s EAb R KiE
Tk mAse) . E), A Ti BRI, B4
16 1 h G, KA B TiO, MR A5 Brini 2 Ja FRAEAR A
JE AT AR T 34T 5 T IRBHAR AL, B TEA 1~4 h, 3R
153 TiO, K E B,

¥ FR S IR BEARSEAIRTS I TiO, 9K B
F CEEETTJG, SAEB A 5 emx5 cm BEIEZ A,
BFSipiprh, 43 15 min PLETHEZE 500°C, F7E
500°C ORI 2 h, AEVE, FEIE Ti 7 B A Eg
fm TiO, PIKBURLIE. 4 HAE 80 V R M AL 10 min
JEIRN 30% WA KH 1 h, DKL, TiO, 99K Bk s
M Ti F E3E K.
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TiO, YK FURL IR RS 25 75 IR T & 47 (M BHF4 2 L, 450°C
AR 30 min. KRG AE T RIS B R Tio, 90K
WKL IR WO AE 70°C 0.05 mol/L ) TiCl, /K&
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JEE T 0.25 mol/L N719 YLkl 2, B i 1120 24 h, B
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A BUOREM i — 2D 3.
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F1  AEFAREAF R K TiO, 99K & B34 500°C %5 (4] 4k
2 h /5 EE

AR S AL TRl (h) KT RE A1 BB (um) - 9K AL R ) EZ (um)

1 6.2 6.0
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(b)~ SAED K (c)FIFRUR P45 AL TEM E(d)

AP0 I 4(c) AT AERE T LLAIE TiO, 99K
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A A BRI A A AE, YiBH TiO, 9Kk i
R A A R IS5 — i, MR AEKE—
T, X SR K LA B A KBRS TE — 21 TiO,
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FHARZEAL 3 h (1) TiO, 99K 8 5 41 (W 4% AR )

2 S5 PRI RERES
DSSCs Ve (V)@ Jie (mA/cm?) ® FF (%) © 17 (%) © TPCE oy (%) ©

al 0.768 14.39 0.662 7.12 71.28
b1 0.765 1591 0.656 7.98 82.63
cl 0.766 17.34 0.652 8.66 86.70
d1 0.761 15.22 0.646 7.48 77.00
c 0.766 16.28 0.676 8.43 83.10

a) JTESFIE; b) FBEHAE L, o) AR T, d) ek
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AR A TiO, 4K E BRI N F R 4% 1 TiO,
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b ER, B BRSO N, a4 R
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XA R R EARE A g At BT S
TGN, T e 5 el ATHN, B TiO, 44
KR B B R B DSSCs 1 J b A H R Tio,
UK BEHIRI L) DSSCs &, XA VAR T Tio, 452k
WORL PR IR 5 0, B BEARAT 5 b BR8] LA R 47
ML . X PHRRIR G5/ TiO, 9K BRI LA R
U AR SRR RE, S g P,

Bbah, 12 2 BedE T AN, B TiO, 99 K BURL Y BH AR
FI R DSSCs HYHH 78 K 5~ (FR) YK T H TiO, K
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B JEFE BN /. FE R IX e 48 4k $ 43 b5 e i
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B W/ LY ) M T2 3 v, BT T 1 A 328 3
BEE, W HEMARGEE, {f FF R BFP

6 ;= 5 K% 2 Frat BRI DSSCs [ 5 5
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PR AL TiO, 9KE BRI 4241 DSSCs M K
IPCE £7 & (510 nm)ZL# T 20 nm, 1% B TiO, 44K & FE
BIAL A TiO, KPR IS, Bt pe g o, M
T30 T DSSCs i I8 B A BH ¥ (1 1) i R 261,
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High-efficiency dye-sensitized solar cells based on single crystal TiO,
nanoparticle photoanodes

Zhang Lan*, Wanxia Wu, Lanfang Que, Jihuai Wu

Engineering Research Center of Environment-Friendly Functional Materials, Ministry of Education; Key Laboratory of Functional Materials for
Fujian Higher Education; Institute of Materials Physical Chemistry, Huaqiao University, Xiamen 361021, China
*Corresponding author (email: lanzhang @hqu.edu.cn)

Abstract: Single crystal TiO, nanoparticles were synthesized by high temperature thermal treatment of TiO,
nanotube arrays, which were prepared with potentiostatic anodization of Ti foils, in a closed environment. SEM
images of samples with different time of thermal treatment revealed that the single crystal TiO, nanoparticles were
regrown from TiO, nanotube arrays along with collapsing and disappearing of nanotube structure gradually. XRD
pattern and high magnification TEM images showed that the synthesized TiO, nanoparticles were anatase single
crystal. Photoanodes were fabricated by transferring the single crystal TiO, nanoparticle films from Ti foils to FTO
glasses. Through optimizing thickness of the single crystal TiO, nanoparticle films, the highest power conversion
efficiency of the DSSCs can attain to 8.66%, with the maximum monochromatic incident photon-to-electron
conversion efficiency of 86.70%. Meanwhile, the presented preparation method is a kind of non-hydrothermal
method, so it can overcome the output limitation of the hydrothermal method and give a facile way for large scale
synthesis of high quality single crystal TiO, nanoparticles.

Keywords: dye-sensitized solar cell, single crystal TiO,, photoanode, photon-to-electron conversion

doi: 10.1360/N032015-00160
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