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1. Faradic Efficiency 

  Two-electrode water electrolysis was operated by chronopotentiometry measurement at a constant current 

of 10 mA cm-2. 1.0 mol L-1 KOH solution was used as the electrolyte. The oxygen and hydrogen bubbles 

were collected by a water splitting apparatus continuing for 180 min. The theoretical volume of O2 and H2 

were calculated by the following method, 

 VO2 mL = Q C × 22.4 L mol-1 × 1000 / (F C mol-1 × 4) 

 VH2 mL = Q C × 22.4 L mol-1 × 1000 / (F C mol-1 × 2) 

where Q is the cumulative charge (C), F is the Faraday constant (C mol-1) [1]. 
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2. Figures 
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Fig. S1 XRD pattern of CoMn-LDH/Ni 

 

Fig. S2 a XRD patterns of CMS/Ni, Co9S8/Ni, and MnS/Ni. b-d EDS patterns of CMS/Ni, Co9S8/Ni, and 

MnS/Ni, respectively 
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Fig. S3 SEM image for the precursor of a Co9S8/Ni and b Co9S8/Ni. SEM images for the precursor of c 

MnS/Ni and d MnS/Ni 

 

Fig. S4 a-c SEM images of CoMn-LDH/Ni in different magnifications 
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Fig. S5 a Co 2p XPS spectra of Co9S8/Ni; b Mn 2p XPS spectra of MnS/Ni 

              

Fig. S6 a LSV curves of CMS/Ni and CoMn-LDH/Ni for HER. b A and A’ are corresponding to the onset 

overpotentials of CMS/Ni and CoMn-LDH/Ni for HER, and B and B’ are corresponding to the overpotentials 

of CMS/Ni and CoMn-LDH/Ni to achieve a current density of 50 mA cm-2. c LSV curves of CMS/Ni and 

CoMn-LDH/Ni for OER. d A and A’ are related to the onset overpotentials of CMS/Ni and CoMn-LDH/Ni 

for OER, and B and B’ are related to the overpotentials of CMS/Ni and CoMn-LDH/Ni to reach a current 

density of 50 mA cm-2. 

    As summarized in Fig. S6, the onset overpotentials and overpotentials of CMS/Ni to achieve a current 

density of 50 mA cm-2 for HER and OER are both lower than the CoMn-LDH/Ni, indicating improvement of 

electrocatalytic activities. 
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Fig. S7 EIS of CMS/Ni, Co9S8/Ni, and MnS/Ni analyzed at a static potential of -0.33 V 

 

 

Fig. S8 Cyclic voltammograms of a CMS/Ni, b Co9S8/Ni and c MnS/Ni tested at different scan rates of 5, 10, 

15, 20, 30, and 50 mV s-1, respectively 
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Fig. S9 a SEM images of CMS/Ni after HER and b OER stability tests 

 

 

 

Fig. S10 Photographs of CMS/Ni//CMS/Ni device driven by a 1.5 V dry battery. The white bubbles of H2 can 

be obviously observed in cathode, while the O2 has not enough bubbles simultaneously, attributing to its 

kinetically sluggish four-electron transfer process 
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Table S1 Comparison of catalytic activity of CMS/Ni to recently reported bifunctional materials for OER, 

HER, and overall water splitting 

 HER OER Two-electrode system 

 Ej=10 mA cm-2
 

 (V vs. RHE) 

Electrolytes 

( KOH) 
Ref. 

Materials 
ŋj=100 mA cm-2 

 (mV vs. RHE) 

ŋj=100 mA cm-2  

(mV vs. RHE) 

CMS/Ni 217 292 1.60 1 mol L-1 
This 

work 

Zn-Co-S/TMa >330 >340 1.66 1 mol L-1 [2] 

PCPTFb >430 >330 / 1 mol L-1 [3] 

Co@Co3O4-NCc >320 >391 2.00 1 mol L-1 [4] 

Ni3FeN-NPsd >260 >320 / 1 mol L-1 [5] 

NiCo2S4@NiFe LDH/NFe >220 <292 1.60 1 mol L-1 [6] 

SrNb0.1Co0.7Fe0.2O3- >300 >350 1.68 1 mol L-1 [7] 

CP/CTs/Co-Sf >252 >296 ~1.74 1 mol L-1 [8] 

CoP3 CPsg >217 >343 / 1 mol L-1 [9] 

CoP-MNAh >252 >300 1.62 1 mol L-1 [10] 

Co@CoO/NGi >217 >315 1.58 1 mol L-1 [11] 

FeCoNi >220 >325 ~1.69 1 mol L-1 [12] 

Ni2P 215 393  1.58 1 mol L-1 [13] 

Ni12P5 295 360 1.64 1 mol L-1 [13] 

a Zn0.76Co0.24S/CoS2 on Ti mesh; b porous Co phosphide/phosphate thin film; c N-carbon; d Nanoparticles, e 

Ni foam; f carbon paper/carbon tubes/cobalt-sulfide sheets; g concave polyhedrons; h mesoporous nanorod 

arrays; i N-doped graphene.   
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