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Synthesis and Photoelectrocatalytic Performance of Flower-like Copper Sulfide
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Abstract: A simple method for preparing flower-like Cu,S nanomaterials by sulfidation of pre-prepared mesoporous
Cu,0 microspheres was reported. Cu,S/FTO counter electrodes were further obtained via screen printing
technique. X-ray diffraction (XRD), scanning electron microscopy (SEM) and transmission electron microscopy
(TEM) were employed to characterize the structure and morphology of the prepared materials, and the influences
of the layers of Cu,S, solution concentration and sulfidation time on the electrochemically catalytic activity of
counter electrodes as well as the conversion efficiency of the assembled quantum dot sensitized solar cells were
also investigated. Results showed that the flower-like Cu,S had excellent catalytic activity and Zn-Cu-In-Se based

quantum dot sensitized solar cells had good performance with conversion efficiency as high as 8.80%.
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(a) 1 mol-L™, 10 min; (b) 1 mol-L™, 5 min; (¢) 0.5 mol-L7,
10 min; (d) 2 mol- L™, 10 min; (e) before sintering;
(f) after sintering
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Fig.1 XRD patterns of (a~d) Cu,S prepared at different
sulfur solution concentrations and sulfidation

times, and (e, f) Cu,0 before and after sintering
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Fig.2 SEM images of Cu,0 before (a) and after (b) sintering; SEM images of Cu,S via sulfidation for 5 (¢) and 10 min (d);

TEM images of (e, f) flower Cu,S via sulfidation for 10 min and corresponding single crystal nanosheet with electron

diffraction pattern
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Fig.3  J-V curves of QDSCs using Cu,S/brass or Cu,S/
FTO printed with different layers of Cu,O as

counter electrodes
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Table 1 Photovoltaic parameters obtained from J-V curves

Counter electrode Jo !/ (mA-cm?) Vel V FF / % PCE / %
CusS/brass 27.02 0.584 57.27 8.92
Cu,S/FTO-1 27.26 0.602 54.81 8.80
Cu,S/FTO-2 25.98 0.588 57.25 8.66
Cw,S/FTO (5 min, 1 mol-L7™) 12.40 0.571 24.04 1.70
Cu,S/FTO (10 min, 0.5 mol-L7™) 12.29 0.571 18.58 1.30
Cw,S/FTO (10 min, 2 mol - L™ 26.85 0.587 55.00 8.58

Cu,S ZECHh— 20, Wb IFEEE vV, R 0.602 V,
W = T2 V,.(0.588 V), 1A K FLIR L M 27.26
mA -em?, B35 5 T P)Z9(25.98 mA -em™?), & T
~5.16% HIEFE I F FF A5G, e & i #9 Fe %
B — 2 8.80% , W 5 T W 2 1Y 8.66% , 4 fwi i
FEAL~1.6% , [ AT AR — 2 Cuy0 ) Cu,S/FTO
VEBE a7 B | HLE 40058 o DR IE 52 30 50 1) vl
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(a) EIS, (b) Tafel polarization and (c) CV curves; (d) CV curves of Cu,S-1/FTO counter electrode with 50 cycles;

Inset in (a) is equivalent circuit diagram
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Fig.4 Electrochemical performance of Cu,S/FTO counter electrodes with different layers
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Table 2 Parameters from EIS spectra

Electrode R./Q Ru/Q Rl Q
Cu,S-1/FTO 3.06 0.52 3.04
Cu,S-2/FTO 3.44 0.67 4.74

i3t DA B X Cu, S/FTO R HL B 2 B8 4% T H b
2RO CARERE XS FE AT 0, il — J2 BT i 45 Y
Cu,S X HLAR PR RE O T W )2 | 53— J7 180 A i) 4 X FL Al
) B 2 1 — 2 X B A Ry Fe LA X FL A
24 TEWHEMEI CuS/FTO EIRIELER MM

it 5 YAV N 4K TR 2 Cu,0 0 K sk i
il AR Cu,S SR Y 2 A TS A, AL
JEH M RE R 2 RIS TS B 1 mol - L B IR
WPEFN 10 min PIBRALES (] 55 AR08 53 51 25 58 T f U
WS 0.5.2 mol - L7(10 min) M &RALEFA] 5 min(1 mol -
LB A X s il i g, Dbl MERES n sk 1
7N FIAT0.5 mol+L™(10 min) 1 5 min(1 mol - L)H 4%
A E TR0 1.30%F1 1.70% 53 514 1 mol
-L7(10 min)iY 14.8%F1 19.3% , R4 XRD 1 SEM 45
ST RN R R O Cu,0 K BE 74
AT A % Cu,S, M5 45144 2 mol - L7(10 min)
W, 0% K 8.58% , BEAK T 1 mol - L7(10 min), iX 7] fig
S K AR T AR D AR A Cu,S,

3 & i

e A AL Cw0 9K Ek, A Z K ED
L EE R B FTO B T 207 Wi AL il 45 7
R Cu,S FUKMEAT KR T Cu,S/FTO X HL#% | I B
S8 T AR 280 W B s Ak B ) XoF i A 2 P
BB S e FHALER . SCI 2 R SRR
1 mol - L, B ALHT 24 10 min, Bl — )2 B B 45 48 1R
Cu,S G4 R HAT I8 5 1 i AL 35 P | 5 Zn-Cu-
In-Se = T 5 B4k ' BH B 41 %% J5 | St 5% e 30 %k
8.80% , % S AT AR AR M i Ak TR AR T H A 25 B
A7 B 19 Y oA T 305 M RN 8 1 A T R R TR
T R A T P AR R 2 S R R A S
TN AL AT

SE .
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