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A Photoelectrochemical Study of p—n Heterojunction between P3HT and
Nanodendrite CdTe Sensitized ZnO Nanotube Array
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(College of Sciences, Hebei University of Science and Technology, Shijiazhuang 050018, China)

Abstract In this paper, we fabricated a semiconductor-sensitized solar cell using the photoelectrode based on
poly(3-hexylthiophene) (P3HT) modified nanodendrite CdTe coated ZnO nanotube array (P3HT@CdTe@ZnO) composite
film. One-dimensional vertically ordered ZnO nanotube arrays were prepared on ITO conductive glass substrate by electro-
chemical etching of the electrodeposited ZnO nanorod arrays in alkaline solution. Nanodendrite CdTe was electrodeposited
on ZnO nanotube array, and a CdTe nanodendrite coated ZnO nanotube array shell-core structure was obtained. Different
CdTe nanodendrite length could be obtained by adjusting the total charge quantity applied during deposition. Then a thin
P3HT layer was spin-coated onto the above nanostructure, and a P3SHT@CdTe@ZnO composite film was obtained. Scanning
electron microscopy (SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD), and energy dispersive-ray
spectroscopy (EDS) were used to characterize the samples. The photoelectrochemical properties of the above samples were
studied, and the results showed that CdTe and P3HT were excellent n-type and p-type materials. A suitable length of CdTe
nanodendrite could improve the photovoltaic properties of the solar cell, which was attributed to the enhanced light absorp-
tion in the visible region and the decrease in the recombination of photogenerated electrons and holes due to the multiple
channels provided by nanodendrites. It has been demonstrated that the favourable hole transportation material P3HT coated
on the surface of the CdTe@ZnO shell-core nanotube array largely improved the photoelectrochemical performance. A het-
erojunction was formed in the interface between n-type CdTe and p-type P3HT, and played an important role in the efficient
charge separation and fast charge transportation. A semiconductor-sensitized solar cell with the P3HT@CdTe@ZnO film as
photoactive layer was fabricated. The photovoltaic properties of the semiconductor-sensitized solar cell was studied, and the
mechanism of the solar cell was investigated. An energy conversion efficiency up to 1.38% with short circuit current density
(Jio) 8.980 mA/cm?, open circuit voltage (Vo) 0.599 V, fill factor (FF) 0.26 respectively was obtained with the designed
semiconductor-sensitized solar cell.

Keywords ZnO nanotube; nanodendrite CdTe; P3HT; semiconductor-sensitized solar cell
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Figure 1 SEM images of ZnO nanotube array (a), CdTe(0.5 C)@ZnO (b), CdTe(1.0 C)@ZnO (c), CdTe(1.5 C)@ZnO (d), CdTe(2.0 C)@ZnO (e)
shell-core nanostructure arrays and HRTEM image of CdTe(1.5 C)@ZnO shell-core nanostructure (f)
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Figure 2 X-ray diffraction (XRD) patterns (a) and energy dispersive-
ray (EDS) spectrum (b) of the CdTe(1.5 C)@ZnO shell-core nanoarray
film
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Figure 3 UV-vis diffuse reflection spectra of different electrodes

(a) ZnO nanotube array, (b) CdTe(0.5 C)@ZnO nanoarray, (c) CdTe(1.0
C)@ZnO nanoarray, (d) CdTe(1.5 C)@ZnO nanoarray, (¢) CdTe(2.0 C)@ZnO
nanoarray
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Figure 4 The transient photocurrent plots of different electrodes

ZnO nanotube array (a), [lluminated from 340 nm to 430 nm (10 nm interval length); CdTe (0.5 C)@ZnO nanoarray (b), CdTe(1.0 C)@ZnO nanoarray (c), CdTe(1.5
C)@ZnO nanoarray (d), CdTe(2.0 C)@ZnO nanoarray (), [lluminated from 380 nm to 840 nm (20 nm interval length). Electrode potential: 0.2 V (vs. SCE), elec-

trolyte: 0.1 molsL ' KSCN aqueous solution
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Figure 5 SEM image of PBHT@CdTe(1.5 C)@ZnO composite film
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Figure 6 UV-vis diffuse reflection spectra of different electrodes

ZnO nanotube array (a), P3HT film (b), P3HT@ZnO nanostructure (c),
CdTe(1.5 C)@ZnO nanoarray (d), PABHT@CdTe(1.5 C)@ZnO nanostructure
(e
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Figure 7  The transient photocurrent plots of P3HT@CdTe(1.5
C)@ZnO nanostructure
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potential: 0.2 V (vs. SCE), (b) illuminated from 350 nm to 650 nm (10 nm
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Table 1 Photovoltaic properties of semiconductor-sensitized solar cells based on different photoelectrodes
Sample Photoelectrode Jio/(mAscm 2) Vo/ V FF PCE/%
Device A ZnO 0.035 0.227 0.26 0.002
Device B P3HT@ZnO 1.030 0.396 0.26 0.11
Device C CdTe(0.5 C)@ZnO 6.503 0.425 0.27 0.69
Device D CdTe(1.0 C)@ZnO 6.634 0.453 0.26 0.76
Device E CdTe(2.0 C)@ZnO 7.043 0.472 0.25 0.82
Device F CdTe(1.5 C)@ZnO 8.152 0.523 0.26 1.00
Device G P3HT@CdTe(1.5 C)@ZnO 8.980 0.599 0.26 1.38
- Device G 0% it P 48y B R FE 0425,
~ 9- LA ek P3HT T Device F XFLE, LA EHE#HL
§ 8- LT 38%, A5 1.38%. Device G b PEAL IR
g 7] AT BL R JLAYRIE: —J PIHT it — st
2 67 BAE T WG (B 6), AT e AR 30 1 B 1
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Figure 8 J-V curves for semiconductor-sensitized solar cells based on
different photoelectrodes

Device A fabricated with ZnO electrode (a), Device B fabricated with
P3HT@ZnO electrode (b), Device C fabricated with CdTe(0.5 C)@ZnO elec-
trode (c), Device D fabricated with CdTe(1.0 C)@ZnO electrode (d), Device E
fabricated with CdTe(2.0 C)@ZnO electrode (e), Device F fabricated with
CdTe(1.5 C)@ZnO electrode (f), Device G fabricated with PAHT@CdTe(1.5
C)@ZnO electrode (g)
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MR H R WA O Z i, fESFF 0.005 moleL !
K,TeOs;, 0.05 moleL ™' C4HeNOgNa; Fil 0.02 molsL ™'
C,HoCdO42H,0 i, =il Rl sl —1.13
V, JIBAFREE0.5 C, 1.0 C, 1.5 C, 2.0 C), BpAT#HIE
CdTe@ZnO HLH%, FrfAEdh &8 7oKk, RE7E
340 CHEEE 1 h. LY CdTe A L&, HAEI
FE Y A 44 0 CdTe(0.5 C)@ZnO, CdTe(1.0 C)@ZnO,
CdTe(1.5 C)@ZnO F1 CdTe(2.0 C)@ZnO 1%,

4.2 P3HT@CdTe@ZnO E&ERE %

1t CdTe@ZnO K& BES b Jigds PIHT K. il &
20 mgemL " (] P3HT(Alfa Aesar) & A, 7 1.0 cm X
1.0 cm K/ CdTe@ZnO HLHK L —if P3HT %,
U 15 uL, 2 Ja sl AE 2SS HRIE 550 t/min R iE
B10 s, BfiJ5 A EE 3500 r/min BEEE 50 s, FTARREMAE
80 C N4 40 min, Z/MRY K 150 CiE-K 30 min,
55| P3HT@CdTe@ZnO 4 & 3 fix.

4.3 HEFRFMEF A MERENIX

X H D/MAX-2500X 5 A7 (H A Rigaku 2 7))
AR i 1) (R S84, R S-4800-1 373 & i 1t v 7 1
945 (H A Hitachi 23 7)) A1 JEM-2100 37 5 v 5 St (H
A Jeol 23 F)MEEFE A LA RS, SKH U-4100 $£4h-
AT DL G (H A4S Hitachi 23 &)W 52 A [m] Hi bR 1)
e uE T R R AS R 45 AR A4 1 PBHT@CdTe@
ZnO, CdTe@ZnO, ZnO HLAZAE N MK, U A
CHF-XQ 500W 1 AT (b 500 30 Bl 2 A R 2 w)),
WDG30 M 5 (8 4 (b 30 e AR ), R
Galvanostat Model 263 A Y HALZENAAN(GEE Elmer
Perkin 2 ] )% FUAREEAT Y6 AR #0F 5L, T vl
0.1 molsL" i URR S (1) ZWEHEAT 0.1 moleL ' BT IR
PRAKEE L. P A F AT T 4% 1K) PZBHT@CdTe@ZnO,
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CdTe@ZnO, ZnO WLHAE G AR, HE47 Pt M2 FTO
S BEFR A R, R TR N LRI A e AR AR
BH R, FEAEIBCA 0.05 moleL ™" Lil, 0.05 molsL ™' I, 0.6
moleL ™" 1-TA3E-3 FHE Ik Me i £k (PMIT) 2 7944, 0.5
moleL ™" 4-U T FEMIE (1) 3- AR PR VA 0 TR A V.
K1) SOLAR CELL I-V STATION 2000AAA (3 [
Y72 F Crowntech, Inc. )R AT Y6 AR BED .
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