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Appendix A: The transient photovoltage (TPV) measurements

TPV measurement is based on stimuli-response method, which can be carried out at 

room temperature on a self-made platform. In the platform, the platinum wire is used 

as the counter electrode, and the working electrode is made by ITO with dried solution 

(200μl, by dispersing 10mg sample uniformly in 2ml ethanol and then applied an 

ultrasonic treatment). As shown in Fig. S0, the sample was excited by the third-

harmonic Nd: YAG laser (Laser beam with a wavelength of 355nm, pulse width of 5ns 

and excitation frequency 5Hz. Polaris Ⅱ, New Wave Research, Inc.). The feedback 

signal was amplified by 50 times in a signal amplifier, recorded by the digital 

oscilloscope and the signal acquisition card. 

Figure S0. Schematic diagram of Transient photovoltage test system.1



Appendix B: CoS/MoS2 synthesized in solutions with different Mo/Co ratio

The material shown in paper is synthesized from a precursor solution whose ratio 

of Co to Mo is 1:5. We also prepared samples by heating solution with ratio of 

Co to Mo being 1:4 and 1:6 to investigate the effect of concentration on structure 

of final product.

The preparation process of precursor solution with different ratio of Co and Mo 

is as same as that of shown in paper, except that the mass of CoCl2·6H2O (29.7 

mg in paper) and CH4N2S (23.8 mg in paper) added into ethylene glycol solution 

were adjusted to 37.2 mg and 29.8 mg to achieve Co: Mo = 1:4 in one product 

solution. For preparing another solution with different ratio of Co to Mo (1:6), 

the added CoCl2·6H2O and CH4N2S are 24.8 mg and 19.9 mg, respectively. The 

mass of MoS2 powder remain unchanged.

The TEM images and element mapping results are shown in Fig. S1. As shown 

in Fig. S1a and b, both MoS2 and CoS can be found in the structure, regardless 

of the concentration of precursor solution adopted in the present work. According 

to the element mappings (Fig.S1c-g) and elements ratio analysis, there’s no 

significant difference in loading of CoS with the change of ratio of Co: Mo, and 

in all of the samples prepared in the present work, the quantity of loaded CoS is 

bare, since the signals of Co are weak in all of the studied samples.



Figure S1. The TEM images of CoS/MoS2 synthesized in solution whose ratio of Co 

to Mo are (a) 1:4 and (b) 1:6, respectively, and the SEM image of CoS/MoS2 

synthesized in solution with (c) Co: Mo = 1: 4 and (g) Co: Mo = 1: 6. The element 

mapping of (d) S, (e) Mo and (f) Co are associated to the particles in (c), while the 

element mapping of (h) S, (i) Mo and (j) Co are associated to the particles in (g). The 

plane in TEM image (a) and (b) cited by dark blue belongs to CoS, while the ones cited 

by blue-gray are MoS2. In TEM image (a), the (100) and (101) plane of CoS can be 

observed clearly, while (101) and (103) plane of MoS2 are observed. In TEM image 

(b), (101) of CoS and (102) of MoS2 are observed.



Appendix C: Other supplemental figures

Figure S2. XPS survey spectrum of CoS/MoS2.

Figure S3. Original TPV data of (a)CoS/MoS2, (b)MoS and (c)CoS.

Figure S4. (a)Ultraviolet absorption spectra and (b) concentration-absorbance linear 
relationship for indophenol blue method.



Figure S5. (a)Ultraviolet absorption spectra and (b) concentration-absorbance linear 
relationship for Watt and Chrisp method.

Figure S6. (a) Ultraviolet absorption spectra of after-reaction N2-saturated solution 
under different potentials.



Figure S7. (a)Ultraviolet absorption spectra of after-reaction N2-saturated solution 
under different potentials.

Figure S8. I-T curves of (a) MoS2 and (c) CoS, and ammonia yields and FEs of (b) 
MoS2 and (d) CoS.



Figure S9. Cyclic voltammetry (CV) of (a) MoS2, (b) CoS and (c) CoS/MoS2, and (d) 
the derived double-layer capacitance.

Figure S10. EIS of MoS2, CoS and CoS/ MoS2.



Figure S11. The UV-vis adsorption spectra of CoS/MoS2 electrode in N2-saturated 
solution for 1 hr at -0.45 V vs. RHE, CoS/MoS2 electrode in Ar-saturated solution for 
1 hr at -0.45 V vs. RHE, bare carbon caper electrode in N2-saturated solution for 1 hr 
at -0.45 V vs. RHE, and the CoS/MoS2 electrode in N2-saturated solution for 1 hr at 

open circuit potential.

Figure S12. (a) The I-T curves of five cycles and the (b) corresponding UV-vis 
adsorption spectra.



Figure S13. The UV-vis adsorption of two 1-hr-tests before and after 12-hr- 
chronoamperometric test.

Table S1. Some reported electrocatalysts for NRR
Catalyst Yield rate of NH3 FE (%) Electrode Reference

Vo-MoO2@C 9.75 μg h-1 mg - 1
cat. 3.24 0.1M Na2SO4

2

Fe-MoS2 8.63 μg h-1 mg - 1
cat. 18.8 0.5 M K2SO4

3

Mo2C/NC 70.6 μmol h-1 g
- 1

cat. 12.3 0.1M Na2SO4
4

Mo-Co/NC 89.8 μmol h-1 mg - 1
cat. 13.5 0.1M Na2SO4

5

MoN NA/CC 3.01×10-10 mo1 s-1 cm-2 1.15 0.1M HCl 6

MoO3 nanosheet 4.80×10-10 mol s-1 cm-2 1.9 0.1M HCl 7

NiO-NF-3.0 16.16 μg h-1 mg - 1
cat. 9.17 0.1M Na2SO4

8

NiFe-nanomesh array 16.89 μg h-1 mg - 1
cat. 12.5 0.1M Na2SO4

9

Fe/Fe3O4 0.19 μg h-1 cm-2 8.29 0.1M PBS 10

5%Fe-NiMoO4 15.36 μg h-1 mg - 1
cat. 26.85 0.1M Na2SO4 This work
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