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TABLE S1 

Experimental details of catalysts prepared by urea-glass-route. 

Precursor 
Metal Molar 

ratio 

Urea/Metal 

molar ratio 

Main phases 

from XRD 

NiMoUrea@C 1:1 7 MoC, Ni 

NiFeMoUrea@C 1:1:1 7 
Mo2C, NiFe, C, 

MoC 

 

 

FIGURE S1 

XRD pattern of (A) Pure Ni (from Ni-Urea@C precursor), (B) Mo2C sample (from Mo-

Urea@C precursor), (C) Fe3C (from Fe-Urea@C precursor), (D) NiFe (from NiFe-Urea@C 

precursor).  The corresponding reference patterns from ICDD are included for comparison.  



 

 

FIGURE S2 

SEM images of samples identified (from XRD) as (A) metallic Ni, (B) Mo2C, (C) Fe3C, (D) 

NiFe and (E) TEM image of NiFe.   

 

 

FIGURE S3 



Electrochemical performance of monometallic Ni, Mo2C and Fe3C and bimetallic NiFe in 0.5 

M KOH solution. (A) iR-compensated Linear sweep voltammetry (LSV) curves at a scan rate 

of 5 mV/s. (B) Tafel plots determined from the LSV curves.  

 

TABLE S2  

Element contents of different samples analyzed by XPS and binding energies obtained from 

XPS compared with literature 

Elements Attributions 

NiMoC@C  NiFeMo2C@C 

Ref 
Contents 

(wt.%)  

Peak 

positions 

(eV) 

Contents 

(wt.%)   

Peak 

positions 

(eV) 

C 

C=C 53.33 284.8 63.54 284.8 

(Smith et al., 2016; 

Destyorini et al., 

2021) 

C-C/C-O 42.11 285.58 32.33 285.8 

COO 4.56 289.2 4.13 289.2 

Ni 

Ni0 15 852.66 7.12 852.97 (Bancroft, 2000; 

Biesinger et al., 

2011) Ni2+ 54.98 856.2 54.84 856.54 

Sat. 30.03 861.5 38.04 861.86  

Mo 

Mo0 37.90 
228.5, 

231.86 
- - 

(Wan et al., 2014; 

Pu et al., 2020; Li 

et al., 2022) 

Mo3+ - - 65.14 
228.6, 

231.91 

Mo4+ 45.4 
229.4, 

233.14 
34.86 234.05 

Mo6+ 7.52 235.67 - - 

Fe 

Fe0 - - 21 706.85 
(Biesinger et al., 

2011) 
Fe3+ - - 79 710.98 

 

 



TABLE S3 

The performance of NiMo-based bimetallic/trimetallic electrocatalysts for OER. 

Electrocatalysts Electrolyte 
Overpotential@10 

mA cm-2 

Tafel slope 

(mV dec-1) 
Ref 

NiMoC@C 
0.5 M 

KOH 
314 86.0 This work 

NiFeMo2C@C 
0.5 M 

KOH 
292 65.3 This work 

NiMoO4@MoSe2/NixSey-

6/NF* 
1 M KOH 290 (200 mA cm-2) - 

(Zhang et al., 

2020) 

NF@NiMoCo nanowire 
1.0 M 

KOH 
277 87 (Hu et al., 2019) 

Mo-Ni3S2/NixPy/NF 1 M KOH 238 (50 mA cm-2) 60.6 (Luo et al., 2020) 

Mo–Ni/NC 1 M KOH 270 64.3 
(Zhao et al., 

2022) 

Ni/Mo-Ni microrods 1 M KOH 215 39 (Li et al., 2022) 

NiMo-FG 
1.0 M 

KOH 
338 67 

(Jeong et al., 

2019) 

O-MoNi-C/NF 1 M KOH 190 65.35 (Zu et al., 2019) 

NiFeMo IOS*@NF 1 M KOH 198 36 
(Hsieh et al., 

2020) 

MOF-derived ZIF-

67/NiMoCo/CNT 

1.0 M 

KOH 
306 70 

(Zhang C, 

Available at 

SSRN 4049709.) 



NiMoFe 

NiMoFeP 

1.0 M 

KOH 

337 

286 

57 

28 

(Baek et al., 

2019) 

NiMoFe/Cu nanowire 1.0 M PBS 520 148.53 (Cao et al., 2022) 

NiFeMo oxides 
0.1 M 

KOH 
280 49 

(Duan et al., 

2019) 

Ni/NiFeMoOx/NF 1 M KOH 255 35 (Li et al., 2020) 

NiMo-Fe 
1.0 M 

KOH 
217 30.05 

(Liao et al., 

2022) 

NiFeMo alloy 
1.0 M 

KOH 
238 35 (Qin et al., 2018) 

Ni-Fe-MoN Nanotubes 
0.1 M 

KOH 
228 41 (Zhu et al., 2018) 

Ni-Mo-Fe 1 M KOH 344 45 
(Badrnezhad et 

al., 2021) 

Ni-Fe-W-Mo alloy 
5.35 M 

KOH 
152 - 

(Zhang et al., 

2021) 

*NF: Nickel foam, IOS: inverse opal structure 
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