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1. Experimental section

1.1. Chemicals and materials

Cu(NO3)2·3H2O (AR, ≥99.5%), (NH2)2CO (AR, ≥99.0%), Terpineol (C10H18O, AR), NH4Cl 

(AR, ≥99.0%), H2NCSNH2 (AR, ≥99.0%), C4H6O4Zn·2H2O (AR, ≥99.0%), KCl (AR, 

≥99.5%), Na2SO3 (AR, ≥97.0%), ammonium hydroxide, isopropanol, glycerol, absolute 

methanol and acetone were purchased from Sinopharm. Na2S⋅9H2O (AR, ≥98.0%), 

Co(NO3)2·6H2O (AR, ≥99% ), polyvinylpyrrolidone (K30), Sulfur (S, 99.99%), Graphite 

powder (99.8%), Titanium oxide (TiO2, Degussa, P25). CdCl2 (AR, ≥99.0%), Cd(OAc)2 

(AR, 99.0%), N(CH2COONa)3 (AR, 98.0%), selenium powder (Se, 200 mesh, 99.9%)  

were purchased from Aladdin (Sigma-Aldrich).

1.2. Characterizations

X-ray powder diffraction test was conducted from 15 to 80° adopting Siemens D5005 

diffractometer with Cu target Kα (λ = 1.5418 Å) rays as X-ray source. A field emission 

scanning electron microscope (SEM JEOL JSM 4800F) equipped with X-ray energy 

dispersion (EDX) analysis was used to study the surface morphology and element 

composition of the samples. X-ray photoelectron spectroscopy (XPS) was carried out 

applying an ESCALABMKII spectrometer and the X-ray source was achromatic Al-Ka 

(1486.6 eV). The electron transmission microscopy (TEM) and HRTEM images was 

received using the transmission electron microscope JEOL-2100F. The datas of 

nitrogen adsorption–desorption isotherms were collected from an ASAP 2020 

(Micromeritics, USA). An IVIUM purchased from Tianjin Brillante Technology Limited 

with a filtered 500 W Xenon lamp is utilized to current–voltage (I–V) curves 

measurements under the condition of AM 1.5 100 mW/cm2. Incident photon-to-

current efficiency (IPCE) was received by BUNKOKEIKI CEP-2000. The EIS, Tafel, CV 

and open circuit voltage decay (OCVD) tests are all used CHI660D electrochemical 

workstation (Shanghai Chenhua, China). EIS test conditions: the frequency range is 

10-1-105 Hz; the amplitude is 0.01 V, which is performed under the condition of 

open-circuit voltage. All characterizations were conducted at ambient temperature 

and pressure.



Fig. S1. (a–e) EDX elemental mappings of Co (b), Cu (c), O (d), C (e) and (f) EDX image 

in the CuCo2O4/RGO12 composite. 

Fig. S2. XPS survey scan spectrum of CuCo2O4/RGO12 composite.



Table S1 Comparison of QDSSCs performance with other reported counter 

electrodes.

Counter 

electrode

Jsc 

(mA/cm2

)

V oc 

(V)

FF PCE 

(%)

Ref.

Cu1.18S-GOR 20.55 0.626 0.53 6.81           1
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0.79

0.80

0.708
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