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Perfor mance of Transparent Cu,S@N-doped Carbon Film as
Counter Electrode for Bifacial Quantum Dot Solar Cells
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Abstract: A copper-metalloporphy in metal-organic framework material (Cu-TCPP) was synthesized via a liquid-phase epitaxy
approach. Afterward, a transparent Cu,S@N-doped carbon film was in situ fabricated using Cu-TCPP as a template, and was directly
used as a counter electrode for bifacial CdS/CdSe quantum-dot sensitive solar cells (QDSSC). The morphology, construction, and
performance of Cu,S@N-doped carbon film were also investigated. During the sulfidation process, the cupric ions in Cu-TCPP thin
film were transformed into Cu,S nanoparticles, while the nitrogen-rich ligand (TCPP) was in situ carbonized, generating N-doped
carbon and leading to the formation of a uniform Cu,S@N-doped carbon film. After the sulfidation of Cu-TCPP, the original
nanosheet morphology is maintained and uniform Cu,S nanoparticles are embedded on the nanosheet surface. As a result, the
transparent Cu,S@N-doped carbon film exhibits greater power conversion efficiencies (i.e., 4.16% and 3.72%) rather than Pt (i.e.,
2.39% and 1.73%) from the front and rear irradiations, respectively. Based on the analysis of the systematic electrochemical data by
cyclic voltammetry test, electrochemical impedance spectroscopy and Tafel test, a transparent Cu,S@N-doped carbon film with a low
charge-transfer resistance, a fast ion diffusion rate, and an excellent catalytic ability is obtained for S,2/S* redox reaction. As a result,
the superior photovoltaic performance of bifacial CdS/CdSe QDSSC can be achieved.
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Fig. 2 Micromorphology of Cu-TCPP and Cu,S@NCF
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Fig. 4 Current density—voltage (J-V) curves of quantum-dot
sensitive solar cells (QDSSC) using various counter
electrodes (CEs)

F* 1 RAAEXTHERLELR QDSSC HtRE#
Table 1 Photovoltaic parameters of QDSSC using

various CEs
CE Irradiation  Voo/V Jso/(mA-em™)  FF/%  n/%
P Front 0.53 13.45 33.51 2.39
't

Rear 0.47 10.91 33.95 1.74

Front 0.53 15.38 51.21 4.16
Cu,S@NCF

Rear 0.49 14.37 5295 3.72

Front 0.54 12.33 23.98 1.58
Cu,S@NCP

Rear 0.49 7.32 2539 091

Voc is open circuit voltage; Jsc is short circuit current; FF is fill factor; # is

power conversion efficiency.
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R is series resistance; R is charge-transfer resistance; Zy is Nernst diffusion
impedance.
(c) Nypuist plots of symmetrical cells with various CEs
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(d) Tafel curves of symmetrical cells with various CEs
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AR A0 R L U PR ST BEL BT B AN Tafel AR AL 122
Fig. 5 CV curves of Cu,S@NCF and Pt for cycling 50 times,
and Nyquist plots and Tafel curves of symmetrical cells
with various CEs
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Table 2 Electrochemical impedance spectroscopy parameters
of QDSSC with various CEs

CE R/Q R/Q InNIQ
Pt 15.89 10.77 2.50
Cu,S@NCF 15.62 6.19 1.34
Cu;S@NCP 18.17 14.66 3.04
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