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Abstract: Dye-sensitized solar cells (DSSCs) have attracted extensive attention in recent years due to their simple fab-
rication, low cost and environmental friendliness. The production process for counter electrode (CE) as one of the key
components of DSSC, will significantly affect the DSSCs development and application. Therefore, it is important to
develop low cost and high performance catalytic materials instead of noble metal Pt to reduce the production cost of
DSSC. Transition metal compounds with Pt-like catalytic activity have become a hot research area for CEs of DSSC in
recent years, due to their wide variety and simple preparation. This review briefly addresses recent progresses of tran-
sition metal compound CEs of DSSC, focusing on their preparation methods and performance. In addition, the devel-
opment trends and application prospects of CEs were also discussed.
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Fig. 1 Schematic for the synthesis of ordered mesoporous
TiN-C nanocomposites, photocurrent-voltage curves of DSCs
employing the Pt/FTO, and TiN-C/FTO counter electrodes
(insets)
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Fig. 4 Overall procedure for the fabrication of MS/graphene
composite CEs for DSSCs:

(a) Reaction equation of MS precursor preparation; (b) Well dispersed
MS precursor solutions in acetone and ethanol solvents; (c) Dielectric
SiO; substrate; (d) Graphene film directly grown on SiO, substrate; (e)
MS NPs loaded on the graphene surface; (f) Application of
MS/graphene composite CEs in DSSCs"!
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Table 1 Photovoltaic parameters of dye-sensitized solar cells with different substrates, redox couples, dyes, and CE catalysts

CE catalysts Substrate Ciii?; Dye . A]c/m 2 VeV FF PCE/% Ref
CossSe FTO /15 N719 16.98 0.738 0.75 9.40 [49]

TiC FTO Co*'/Co* N719 9.77 0.640 0.66 4.13 [63]
Carbon/SnO,/TiO, FTO I/ N3 12.98 0.740 0.64 6.15 [66]
NiO-Pt FTO /1y Ru535 0.30 0.530 0.63 2.80 [71]
Co0sSs Mo /1y N719 13.98 0.720 0.69 6.91 [32]

TiN Ti /15 N719 15.78 0.760 0.64 7.73 [67]
TiN/PEDOT-PSS Ti /15 CYC-BI1 14.20 0.68 0.69 6.67 [69]
NiS Ni /15 N719 16.26 0.800 0.66 8.55 [45]

TiC BG/CC I/ N719 12.98 0.790 0.56 5.71 [68]

TiC PI/CC I/ N719 12.32 0.770 0.41 3.90 [68]

FeS, ITO/PEN /1y N719 15.14 0.710 0.68 7.31 [31]

CoS ITO/PEN /15 7907 11.91 0.750 0.73 6.50 [41]
TiO,-C FTO /15 7907 12.53 0.700 0.57 5.50 [70]

CoS ITO/PEN TJT 7907 14.60 0.643 0.49 4.60 [65]
TiN-C FTO T/T N719 14.36 0.697 0.67 6.71 [22]
Ta;Ns/Graphene FTO Co*"/Co®"  FNE29 13.53 0.837 0.69 7.85 [64]

Vi open-circuit voltage; Js.: short-circuit current density; FF: fill factor; PCE: power conversion efficiency; BG: bare glass; PI: polyimide;
CC: conductive carbon
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