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Abstract: Quantum dots sensitized solar cells (QDSCs) play a key role in the new generation photovoltaic devices
due to their low cost and easy fabrication process. The absorption spectrum of quantum dots can be tailored by con-
trolling grain size, and multi-exaction generation. QDSCs using inorganic compound QDs replaces the dye as a sensi-
tizer, which is able to solve the stability of the dye sensitized solar cells. However, further improvement of the conver-
sion efficiency of QDSCs is still a major issue for their application. Recently, tailoring electronic properties of the
counter electrode(CE) in QDSCs using different materials has been considered as a promising way to improve photo-
voltaic performance of QDSCs. This article reviewed the quite recent progress of CE in QDSCs based on synthesis
method, surface microtopography and crystal structure. This review gave a panorama of metal chalcogenides, compos-
ite materials, hybrid materials, muti-component metal chalcogenides, conductive polymers, and carbon CE materials
for QDSCs, while the influence of CE materials on the charge transfer impedance, the electron transport process, cata-

lytic properties, and I-V characteristics was stressed in detail. Finally, an outlook on the future challenges and pros-
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pects of novel materials as the CE for QDSCs were also briefly put forward.

Key words. quantum dots; sensitized solar cells; counter electrode; charge transfer resistance; review

AR, SRR T S cds!'. cdse!™,
PbS!', PbSel', InPM . ZnSelH A WS i AT
VAL 2B R e MU S A 0T, R T S L R PR BE
H(QDSCs) NI 7T # i18, QDSCs 2 H W fff &
T R G BE R S A — I8 T E o R A 5T R S R AR = 35
SRR TR R T RO TR R, T
B RE E S, AT ERSET RS KE
B TiO, S h, & T HMELMm S FTO T
JiK, JEI AR BA X AR . B SN I SR
R 5 VR I LR (S, ) AL I S LR
STETRAESMRMAERS, S5 STETRAEZR
REER STHET, SO T BBk, 52H
TR SRR xS™TES T, W T 8 52 B 1 LR R
K1), 80 QDSCs 6 HL 4 3R 1 32 B R A
SR TR R TSRS TiO, 6P 22 11 1 4
BEAK, #5806 A BT RN R BRI
BT 5/TiO, JaBA MK 5 HL AR R 2 18] 7 5 [ i T R/
A, TS A TR R X AR E AR P AT RN, BL K
TR 2B J A ' BH AR 2 T (1 B A b 5 i
RORMEZ N, e A RN CR AR D &
AR T R B T2 O IRIE . QDSCs [ H
AR AT 380 Ao iR R AR (O VE L, N LA b
MG, A Pt X T QDSCs B RURE
1K, X2 T Pt 52 HAMIEF xR 102
A MRS ZE . 3RS 2 BB AR A b Ak
., Ak, £ QDSCs il it b Xt Al (&5 44, 1
KE LRI, B rfEmsE, el Sh
PERT R AL TE P, T DLAT AP R QDSCs b HL L 4t
R . AL TR T 6 T ek, =
AT ERAE YIS AR A TR, o ISR
TiESEAEY . EAMEL RUAUME. 208

Working electrode Counter electrode

Kl 1 QDSCs {47 i ]
Fig. 1 Schematic diagram of the QDSCs
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Fig. 2 Schematic energy-level diagrams of a p-type PbS sem-
iconductor under sequentially varied conditions
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Tablel Photoelectric propertiesof QDSCS with different transition metal electrode

CE QDs Synthesis method Electrolyte R, /(Q-cm?) V,/mV J/(mA-cm™2) FF/%  5/%
Cu,SP4 CdSe Dipping immersion  Polysulfide 2.72 590 16.04 56 5.21
PbsH¥! CdS/ZnS SILAR Polysulfide 30.00 580 18.30 45 4.70
CuSP! Cds CBD Polysulfide 1.04 570 14.58 55 4.53
CuSP CdS/CdSe Heat-sealed method  Polysulfide 47.20 550 16.05 49 432
CoS,H*! CdS/CdSe Thermal sulfidation  Polysulfide 40.60 510 14.44 56 4.16
Cust” CdS/CdSe CBD Polysulfide 2.70 600 12.51 53 4.02
CcusP®  (ds, CdSe, ZnS CBD Polysulfide 4.40 550 13.87 51 4.01
Cu,SP CdS&CdSe Dipping immersion  Polysulfide 0.65 450 13.45 60 3.65
PbSH*4 CdsSe Dipping immersion  Polysulfide 130.00 550 9.28 59 3.01
Nis* ¢ds, CdSe, ZnS CBD Polysulfide 3.16 510 10.38 55 2.97
Co,Sel*” Cds Hydrothermal Polysulfide 2.68 650 9.29 35 2.11
FeSP" Cds Dipping immersion  Polysulfide 13.60 430 9.60 43 1.76
Mo,SPY CdS. ZnS Hydrothermal Polysulfide / 480 6.22 41 1.21
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Fig. 4 Depiction of superiority of the QDSCS with CuS/EC
compared with Pt as counter electrodel®”)
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Fig. 6 Schematic diagram showing the electron transport

from QDs into TiO, and reduction reaction at CE/electrolyte
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Table2 Different composite materials asthe electrode assembly QDSCS photoelectric parameters

CE QDs Synthetic method Electrolyte R/(Q-cm?) Jso/mV Vo/(mA-cm?)  FF/%  5/%
RGO/Cu,SP¥  CdSe Spin-coating Polysulfide 1.61 18.40 520.00 46 4.40
CulnS,/CP®  CdS/CdSe  Dotor-blading Polysulfide 18.79 14.16 512.00 60 432
PbS/CB®!!  CdS/CdSe  Dotor-blading Polysulfide 10.28 13.32 509.58 58 3.91
CuS/ECP”] Cds Hydrothermal Polysulfide / 14.60 521.00 51 3.86
CoS/NiSI%  cds/CdSe CBD Polysulfide 1.97 11.15 579.00 53 3.40
ZnO/PbSL® CdSe SILAR Polysulfide 5.20 11.17 520.00 53 3.06
From PE SE S

€
A

K7 TiN/CNT-GR %t AR E QDSCs A (7 i 6%
Fig. 7 Scheme of QDSCs with a TiN/CNT-GR CE!**

8  QDSCs [ FH AR AN X HL R M) A4 AL b RO

Fig. 8 QDSCs with a CdSe/CdS/ZnO-NW photoelectrode and
a graphene-based hybrid material CE (a color version of this
figure can be viewed online)®!
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Table3 Different hybrid materials as the electr ode assembly QDSCS photoelectric par ameter 565!

CE QDs Synthetic method Re/(Q-cm?) Voo/mV J/(mA-cm™)  FF/%  3/%
AuPtNP/RGO CdSe Co-reduction 34.25 720 15.2 41 4.50
TiN/CNT-GR ~ CdSe/CdS 14.40 642 14.0 46 4.13

TiN/CNT ~ CdSe/CdS 23.60 645 13.7 44 3.89
TiN-GR CdSe/Cds SILAR 36.60 636 12.7 43 3.47
TiN CdSe/CdS 123.00 609 6.6 20 0.80
CuS/Pt CdS Coated reaction method 424.00 567 8.0 50 2.27
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