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Photocatalytic hydrogen production test 

The catalytic process of photocatalysts was achieved in the online trace gas analysis 

system. Particularly, 100 mL of deionized water, 10 mg of photocatalyst, 33 mg of 

Eosin Y and 10 mL of TEOA were added into a 250 mL special designed transparent 

glass reactor. Throughout the entire experiment, Argon gas was served as the carrier 

gas and the reaction temperature was controlled at 6 ℃ by circulating cooling water. 

A 300 W Xenon lamp was placed above the glass container as light source, and 

magnetic stirrer was maintained at 500-600 r to ensure that the light was uniformly 

shone on the surface of the photocatalyst during the experiment. The test lasted for a 

total of 3 hours, a gas chromatograph was used to take samples every half an hour and 

recorded the amount of hydrogen production in the reactor. 

Photoelectrochemical test  

The photocurrent response test, electrochemical impedance test (EIS), and 

Mott-Schottky (M-S) test were carried out using an electrochemical workstation 

(CHI760E) and three-electrode system. In the three-electrode system, the Pt electrode 

and the Ag/AgCl electrode were used as the counter electrode and the reference 

electrode, respectively, while the working electrode was the FTO electrode coated 

with the sample. The electrolyte solution was 5 mol/L Na2SO4. 5 mg of sample 

powder was mixed with 10 μL of polytetrafluoroethylene and 300 μL of N-methyl 

pyrrolidone. Then the mixture was grinded for 30 min and coated on the FTO 

conductive glass sheet, and then dried to obtain the working electrode. 
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Characterization 

The morphology and structure of the samples were analyzed by scanning electron 

microscopy (SEM, JSM-7900F, JEOL) and transmission electron microscopy (TEM, 

JEM-F200, JEOL). The X-ray diffraction (XRD) patterns were examined by the X-ray 

powder diffractometer (D/MAX/2500PC, Rigaku). The UV-visable diffuse 

reflectance spectra (UV-vis DRS) were investigated through the UV-Vis diffuse 

reflectance spectrometer (Agilent Cary 5000) to evaluate the optical absorption 

capacity of the sample. The electrochemical impedance spectra, photocurrent response 

spectra and Mot-Schottky curves were determined using the photoelectrochemical 

testing instrument (PEC-2000). Ultraviolet photoelectron spectroscopy (UPS) and 

X-ray photoelectron spectroscopy (XPS) analyses were conducted on the AXIS 

SUPRA instrument (Shimadzu). Steady-state photoluminescence spectra and 

time-resolved transient photoluminescence decay were studied using the FLS-1000 

spectrometer (Edinburgh Instruments). 

 

 

Table S1. The content of each element obtained by EDS measurement. 

 

 

 

 

 

 

Element P S Co Mn Ni 

Mass Fraction (%) 11.42 35.41 41.34 5.06 6.78 
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Figure S1. XPS survey spectrum of Ni0.7Co0.3P/MnCo2S4. 

 

 

 

 

 

Figure S2. Photocatalytic hydrogen production efficiency of Ni1-xCoxP and Ni2P. 
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Figure S3. The SEM image of Ni0.7Co0.3P/MnCo2S4 after cyclic hydrogen production.  

 

 

 

 

Figure S4. The influence of different concentrations of the photosensitizer on 

hydrogen production performance. 
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Table S2. Comparison of photocatalytic H2 production performance of different 

catalysts. 

Photocatalyst 
H2 production amount 

(mmol·g-1) 
Ref 

Ni0.7Co0.3P/MnCo2S4 20.19 This work 

MnCo2S4/ZnIn2S4 17.50 [1] 

CoS2/MgIn2S4 0.29 [2] 

ZnIn2S4/MnS 7.95 [3] 

NiCoP/ZnIn2S4 3.84 [4] 

ZnCdS/NiCoP 1.37 [5] 

CdS/MnS 5.92 [6] 

NiCoP/TiO2/g-C3N4 2.31 [7] 

NiCoP/Cu3P 8.90 [8] 

2%Ni0.1Co0.9P-ZnIn2S4 3.84 [9] 

Ni2P/g-C3N4 0.22 [10] 

NiCoP/CdIn2S4 0.65 [11] 

NiCoP/Zn3In2S6 18.70 [12] 

NiCo2O4/MnS/Mn0.2Cd0.8S 3.31 [13] 

MnS@ZnS 3.99 [14] 

Mn-CoSx/CdS 19.1 [15] 

MnCo2S4/Zn3In2S6 4.47 [16] 
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MnCo2S4/CdS 12.0 [17] 

La-CoS, Gd-CoS 3.24, 2.91 [18] 

NiCoP/ZnSe 4.27 [19] 

NiCoP/g-C3N4 7.95 [20] 
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Table S3. Life-span calculation parameters of MnCo2S4, Ni0.7Co0.3P and 

Ni0.7Co0.3P/MnCo2S4. 

Samples A1 τ1 (ns) A2 τ2 (ns) τave (ns) 

MnCo2S4 0.99 1.09 0.07 4.11 1.74 

Ni0.7Co0.3P 0.94 1.02 0.09 3.78 1.73 

Ni0.7Co0.3P/MnCo2S4 1.12 1.09 0.04 6.89 2.05 

The time-resolved transient PL decay curves of MnCo2S4, Ni0.7Co0.3P and 

Ni0.7Co0.3P/MnCo2S4 were fitted at first. In our experiment, all the decay curves 

followed a double-exponential kinetic function fitting model (The equation was I =

A1e
−

t

τ1 + A2e
−

t

τ2). And all the fittings had close-to-unity coefficient of determination 

(R2), implying high goodness-of-fit for the model. The average lifetime (τave) of the 

samples were calculated through the equation τ𝑎𝑣𝑒 =
A1τ1

2+A2τ2
2

A1τ1+A2τ2
. 


