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Fig. 1 XRD patterns of A. FTO, CuS-1, CuS-2, CuS-3; B. CuS-1; C. CuS-2, and D. CuS-3( Insets are the photos for each

sample)
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&l 2 SEM K&l :A,B. CuS-1,C,D. CuS-2 il E,F. CuS-3

Fig. 2 SEM images of (A, B) CuS-1, (C, D) CuS-2 and (E, F) CuS-3

# 1 JLF Pt CuS-1.CuS-2 I CuS-3 Xf HL#l #4 %) QDSSCs Mtk 25025 5 LUK 4C
I A5 850 B 4 E 19 EIS BB (E
Tab. 1 Performance parameters of the QDSSCs based on Pt, CuS-1, CuS-2, CuS-3 counter electrodes, and

the EIS results fitting using the electrical equivalent circuit model in Fig. 4C

Sample Jso/(mA - cm?) VodV FF PCE/% RyQ Roi/Q)
Pt 13.83 0.42 0.27 1.56 9.93 1726

CuS-1 13.34 0.48 0.45 292 8.6 44.18
CuS-2 13.65 0.45 0.42 2.58 6.97 86.43
CuS-3 14.05 0.50 0.46 3.27 10.31 11.78

M 2A ] DL, CuS-1 FE 4§ B LAY CuS 4
KA FES], H CuS 40K Fr BHL3E SCH 5] A= K A
FTO Z1fi. W& 2B Al LLFE Y, CuS-1 4K i 3=
WOEH, B KL N 10 nm. M & 2C 7T LLFE H
CuS-2 JBEJZ VR B 5 M o3 A 7E FTO K Ti, H AW
TS 2 B AR R 25 4. 4R, NI 2D TR B R
CuS-2 B4k =15 CuS-1 A1 He AR X HLAE | 7 EL
JEEER K, 290 20 nm. AE 2E AT LLFE H, CuS-3
s )2 e i Ak 44, [/ 2F foR , CuS-3 R4 K H 45
5 CuS-2 Z5H9 25 MLL, 40K 5 20 1 Lah k.
m AT L, A TR CuS ARHE S R R Y
AT

Wk 3 A7 B AE FTO 21 1 45 19 CuS 44k
A BEFIE R CdS/CdSe QDSSCs X Hi 1 44 4k 4 2% hg
Ht. 2% 1 445 T QDSSCs HGIR S L R, & 3

15

12

Current density/(mA-cm?)

0.2 0.3
Voltage/V

0.4 0.5

€ 3 Pt,CuS-1.CuS-2 1 CuS-3 fE &y X Hi #h #4 Kt 1y
QDSSCs 4 Hi i 2 -6 i I (-V) il &
Fig. 3 J-V curves of the QDSSCs based on Pt, CuS-1,
CuS-2, CuS-3 counter electrodes
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& 4 F I A ok HLBR (SCE) = FiL A 28 GE XS DU X ol b 484 A4 HL AL 272 3R AIE - A Pt CuS-1.CuS-2 F CuS-3 7E %47 0.5 mol-L"!
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Fig. 4 Electrochemical characterizations of the four counter electrodes in a three-electrode system with the SCE used as a refer-
ence: A. cyclic voltammograms of Pt, CuS-1, CuS-2 and CuS-3 electrodes in a mixture of methanol and DI water (3/7,
V/V) containing 0.5 mol-L* Na,S, 0.125 mol-L" S and 0.2 mol-L"' KCI; B. 20 cycles of A; C. EIS plots, the top inset is
the electrical equivalent circuit model and the bottom inset is the enlarged Nyquist plot of the part marked by a red cycle;

D. Tafel curves of the symmetric cells based on Pt, CuS-1,CuS-2 and CuS-3 counter electrodes
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Fabrications of Three Copper Sulfide Counter Electrodes and
Their Influences on Photovoltaic Properties in QDSSCs

HONG Xiao-dan', XU Zi-jie', ZHANG Fa-yin'?, LI Yu-peng', YE Mei-dan",
LIN Chang-jian'?, GUO Wen-xi'

(1. Research Institute for Biomimetics and Soft Maiter, Fujian Provincial Key Lab for Soft Functional Materials
Research, Department of Physics, College of Physical Science and Technology, Xiamen University, Xiamen
361005, Fujian, China; 2. State Key Laboratory of Physical Chemistry of Solid Surfaces, Department of
Chemistry, College of Chemistry and Chemistry Engineering, Xiamen University,Xiamen 361005, Fujian, China;
3. The State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, College of
Materials Science and Engineering, Donghua University, Shanghai 201620, China)

Abstract: Quantum dot-sensitized solar cells (QDSSCs) have attracted intensive attention in scientific and industrial fields due
to their high molar extinction coefficient, spectral tunability by particle size, ease of fabrication, and low cost. In the past years,
semiconductor metal sulfides have attracted extensive attention because of their attractive physical and chemical properties for po-
tential applications in many fields,such as PbS, CuS, CoS and CdS. In particular, copper sulfides have become a promising candi-
date for counter electrode materials in QDSSCs for their outstanding electrochemical and catalytic properties. In order to explore
more stable and efficient copper sulfide counter electrode materials, in this work, we used three different methods to synthesize cop-
per sulfide nanosheet arrays (marked as CuS-1, CuS-2, CuS-3), which were then characterized by XRD, SEM and electrochemical
workstation. XRD patterns showed that all the three samples were copper sulfide (Cu:S = 1:1). And SEM images revealed that the
fabrication methods of CusS significantly affected their morphologies. The obtained CuS-1, CuS-2 and CuS-3 nanosheet arrays ex-
hibited enhanced PCEs up to 2.92%,2.58% and 3.27%, respectively, when used as CEs in QDSSCs, implying increases of 87%,
65% and 109% as compared to Pt-based QDSSCs, respectively. Through all the characterizations, we found that the CuS-3 showed

the best catalytic activity in the reduction of polysulfide electrolyte among the three samples.

Key words: copper sulfide; counter electrode; Quantum Dots Sensitized Solar Cells
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