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Fig. 1. (color online) Schematic diagrams of (a) sta-
tionary photovoltaic spectroscopy and (b) transient

photovoltaic spectroscopy.
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Fig. 2. (color online) Nitrogen adsorption-desorption
isotherms of mesoporous La-doped and undoped nano-
TiO2 powder samples. The corresponding pore size

distribution curves are illustrated in the inset.
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YEFH, iX 5 -7 8 ZnSe 8 T 5 FT-IR f5 . 564 —
#; [FIl, 1600 e~ 4k —COOH [ 4 1k 5 4 7F
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Fig. 3. (color online) (a) SEM of mesoporous nano-TiO2 film, and inset is the thickness distribution curve of the

mesoporous nano-TiOz film with 3 layers measured by stylus profilometer; (b) and (c) are SEM and EDS of ZnSe

QDs-sensitized nano-TiOg film prepared at the sensitization temperature of 60 °C for 5 h, respectively.
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Fig. 4. (color online) FT-IR spectra of mesoporous
nano-TiO2 film, pure L-Cys, L-Cys-capped core-shell
ZnSe QDs, and ZnSe QDs-sensitized nano-TiO2 film.

3.2 NEFMEEDHT

A FL nano-TiO, ., ZnSe & T & Ml #% -7%
25 K] ZnSe & 1AL A FL nano-TiO, & H UV-
Vis WIS 2 M AEE S (a)—(c) Hgh . B 5 (a)

H A £l nano-TiO04 ¥ 5 IR YA ' 1% (1) W Wi s 3 24
400 nm, F| F Tauc 2 2017 5 H ok 24 B oA
3.16 eV; K5 (b) H ZnSe & T 55 W IS G 1% W i
%1650 nm, F FH Tauc 2 2 U7+ 8 Hok 247
BN 2.56 €V; ZnSe & T UL nano-TiO- 78 B
WAL i 28 P W WA S 1467 T 650 nm PRI, FH Tauc 24 5%
B SR ON2.23 oV (LB S5 (b). 544l
nano-TiOq V& BRI U5 it 285 L mT 01, &7 sk 5
VIS T R WA i 2R R G I B R AR BT AU
Ak 87 B B B 5 PO 2R AR AIE A 4% -3% ZnSe & T
R G B A FL nano-TiO v 15 % kW Uik K i
350 nm LAMX Y JEE] T 650 nm AT WX ML )E
nano-TiOq 7 5 1) 76 2% 45 B 43 ) /T 84k 3 nano-
TiOo # I F ZnSe & T 55 (1) 6 25245 B, 5 U [RI i,
TR, i T B R S e P58 2 A Tt KR P 3 v
T IR EE RBATIN Y, S5 1A4H ZnSe F1 TiO, AH L,
18 i ZnSe B T 5B S 999K TiOo 38 I 6 5 7 B
RE 2 AR /N (RIS K B R 2088 1) R A
A1) GRS B0 & 7 R N
2) ZnSe & ¥ 15 nano-TiOo /IR [A] 57 5T 45 H A7
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FERER AR, XS EL T A b 1
RIEDERFFME T LUESE. B4R, R R ek
AN R T4 KRR 7T L' A MR AL
I B 7 R ' F R S R (i .

(a) —(O— nano-TiO; film

By=316eV
3.5

Absorbance/arb. units

—o— ZnSe QDs
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T Ey=256eV
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hv/eV

c
©) —@— ZnSe QDs/nano-TiO, film

,~"Eg:2.23 Y%
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hv/eV

Absorbance/arb. units
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Wavelength /nm

5 (a) /M fL nano-TiO2 . (b) ZnSe & F s LK (c)
7E60 °CHL 5 h %A N il % 73 B ZnSe & T s A 1L
nano-TiOz H K[ UV-VIS I IBOL R (a), (b) 1 (c) H 1
B4 5938 Taue ARG =F 1 ho-(ahv)? KRN

Fig. 5. Room-temperature UV-VIS adsorption spectra
of (a) mesoporous nano-TiOz film, (b) ZnSe QDs, and
(c) ZnSe QDs-sensitized nano-TiO2 film prepared at the
sensitization temperature of 60 °C for 5 h. Their corre-
sponding hv-(ahv)? curves obtained from Tauc formula
are illustrated in the insets of (a), (b), and (c), respec-

tively.

3.3 NEFHEMDT
3.3.1 A&5 SPV #4547

K625 H T A FL nano-TiO, H K. #% -5% ZnSe
=1 8 LA -5 ZnSe & T R/ FL nano-TiO,
IR ) 2 45 SPV . 14 L nano-TiO4 1 i 1]

2 T ' K 0 7 H B AE 300400 nm 9% K 78 B A,
O H RIE (3R 10 6 £R mey S U 7 A AR bR b ) B oK
Hh00) 314 eV. ZfH 5 EIR UV-VIS Wil i
1 7€ 41 L. nano-TiO H JE ) 6 77 B (3.16 eV) 2
A, #% -7% ZnSe &1 11 AR TG AR A B % K
£ 350750 nm & Bl . AR A AT BT T4
SLUS] R - S5 K ZnSe BT E 6 R M B T L Y
HI ) =N/ JE Wy ) 5 A R Bl AA L-Cys. 582
ZnS LA K t% ZnSe W7 -7 BRAE A K. HIE 6 7T LLE
B, ZnSe #% -7 T AL BIE N 1.7 eV. K6 H
SEOAARFEAZ -7 ZnSe & T B FL nano-TiO-
W FR A SPV k. v DUE B, & AUk 5
JIRE P 2 T 6 AR A R HE IAE 300—800 nm HE AN Al
BRIEHEAN. WE 6 iR, &1 B ERAEX —
9 BB DAY PR 3 T AR e S B T DY A B R 1 S U e
2. H TR U 10 R K 490 350 nm, AR
Ve 1R 7T fe 5 Bk )5 I nano-TiO9 B 77 -7 2R
LA K; B2 5% - 52451 ZnSe & ¥ sUR
S AR e B H E AR L-Cys B 7 -7 BT g B AH X B
JCHAERE R, JE g 15 )R U 2 R oa R m
PR HEE DL AT LAESE: #% -52 4514 ZnSe B 1 57
fL nano-TiOo ¥ i 2 8] & A 1 B S 1 6 A= F for %
BIELRE, X5 iR EF S 8U4L nano-TiO, HfE
H FT-IR WSO iE &5 R 58 & — 8. 54h, X—#RiL
2 T3 ZnSe &1 AN EC A — M) R DGR
R 2 HG 55 ) 1T nano-TiOo 8 B — ] Y % [ ' AR e
NEEE A BEAC. IAMNFHE &7 A K% )ZE -ZnS
1% -ZnSe A JC I JE W 3 R0 4 (¥ 5 AR e 37 5 i B 2 4
i, A1 -5% ZnSe & T S 84K nano-TiO, H K
B HE A N B 22 1.57 eV HL 3 T G AR i 57 3 [H
A FL nano-TiO, # 38 I 7 400 nm, b ZnSe &=
F M7 150 nm. XEEHLGAR AT RE S & A
Ak 5 R A FL nano-TiOg A ZnSe & 1 i 2 [A] i 7
MAZ 5 AERR PRI EEA L. KR
A BB R E A T B, Bl HiX L 5
REZA 8 B0y B KA P 75 e | B/ T B, 45 51
T 6 R S TR Y 2 TR G AR e B AR A1 F
O L BRI AR /I, T EL GG AR w879 B B 5K T A AL
nano-TiO, A1 ZnSe &1 ., I HE = #1706
FHAR By E A K, 1w Y ZnSe & &%) nano-TiO,
MR BAE R . X ESE T Rk S T8 5 R
it UV-VIS IO i 8.
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Fig. 6. (color online) SPV of mesoporous nano-TiO2
film, core-shell ZnSe QDs, and ZnSe QDs-sensitized
nano-TiO» film prepared at the sensitization tempera-
ture of 60 °C for 5 h.
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Fig. 7. (color online) TPV spectra of mesoporous
nano-TiO2 film, core-shell ZnSe QDs, and ZnSe QDs-
sensitized nano-TiOg film prepared at the sensitization
temperature of 60 °C for 5 h.
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Abstract

In the paper, the core-shell ZnSe quantum dots (QDs)-sensitized mesoporous La-doped nano-TiOz thin film is
prepared by a direct adsorption method. Photoelectron characteristics, photogenerated carriers transport mechanism,
and microstructure of the QDs-sensitized nano-TiO2 thin film are probed via the stationary surface photovoltaic (SPV)
and the transient photovoltaic technologies, supplemented by the Brunauer-Emmet-Teller adsorption isotherm technique,
scanning electron microscope, Fourier transform infrared (FT-IR) absorption spectrum, and ultraviolet-visible (UV-VIS)
absorption spectrum. The experimental results confirm that the surface of the nano-TiO2 film is covered with the
ZnSe QDs with smaller particles by a chemical absorbing way, resulting in denser composite film of the QDs and the
mesoporous nano-TiOz than the nano-TiO2 film. In our experiment, the adsorption quantity of ZnSe QDs on nano-TiO2
film can be controlled effectively. The results show that ligand L-Cys capped at the outer layer of ZnSe QDs plays
an important role in the sensitization process. Specifically, the peak of vs g in the ligand disappears at 2552 cm™*
in the FT-IR spectrum of the ZnSe QDs capped by the ligand as a stabilizer. This indicates that the S—H bond is
broken. In the meantime, the peak of the C—S stretching vibration in the ligand shifts from 638 cm™' to 663 cm ™!
due to the formation of Zn—S bond. These imply that the core-shell ZnSe/ZnS/L-Cys QDs are obtained. On the other
hand, according to the peak of —COOH stretching vibration disappearing at 1600 cm ™! in the FT-IR spectrum of the
core-shell QDs-sensitized mesoporous nano-TiO film, the unsaturated Ti atoms on the surface of the TiO2 film are
bonded to carboxy groups from the ligand capped at the QDs. That is, the ligand acts as a bridge between the QDs and
the nano-TiO2 film for achieving the sensitization. Some excellent photovoltaic characteristics of the composite film are
found as follows. 1) The SPV responses of the QDs-sensitized film appear in a wavelength region of 300 nm to 800 nm
(UV-VIS-Near-IR), causing the region of SPV response to enlarge about 200 nm over that of the ZnSe QDs, and 400 nm
over that of the nano-TiO; thin film. 2) The QDs-sensitized film displays an n-type photovoltaic characteristic that is
different from that of the QDs. This may be more favorable for transferring those carriers from the film surface to the
photo-anode material. 3) Both the separation rate and the diffusion length of photogenerated electron-hole pairs are
obviously increased, and the lifetime of free charge carriers in the ZnSe QDs-sensitized film prolongs about an order of

magnitude over that of the nano-TiO film and ZnSe QDs.

Keywords: ZnSe QDs, nano-TiOs, quantum dots-sensitized film, surface photovoltaic technology
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