
Engineering NiMoP Nanosheets on Hollow Cu3P 

Nanotube Arrays as Efficient Electrocatalyst for Hydrogen 

Evolution Reaction
Hongliang Yu&, Jiwei Wang&, Xianming Wang, Ningbo Yu, Xunxing Zuo, Yanan Xue, Ning Cai, 

Jie Liu, Jianzhi Wang* and Faquan Yu*

Key Laboratory for Green Chemical Process of Ministry of Education, Hubei Key 

Laboratory for Novel Reactor and Green Chemistry Technology

Hubei Engineering Research Center for Advanced Fine Chemicals

School of Chemical Engineering and Pharmacy,

Wuhan Institute of Technology, Wuhan 430073, China
& These authors contributed equally to this work and should be considered co-first 

authors

* Corresponding author

Faquan Yu, Professor, PhD

Wuhan Institute of Technology

LiuFang Campus, No.206, Guanggu 1st road, Wuhan 430205, Hubei, China

E-mail address: fyu@wit.edu.cn, fyuwucn@gmail.com
Tel: (86-27) 87194980; Fax: (86-27) 87194465

Electronic Supplementary Material (ESI) for Sustainable Energy & Fuels.
This journal is © The Royal Society of Chemistry 2022



Reaction mechanism of NiMoP@Cu3P/CF: 

The color changes of the samples from orange to light blue, green, and finally to 

brownish black were clearly observed, as shown in Figure S1. The specific reaction 

mechanism is as follows1-5:

(1) Preparation of Cu(OH)2/CF electrode: 

Cu + S2O8
2- + 4OH- + 2NH4

+ → Cu(OH)2 + 2SO4
2- + 2NH3+ 2H2O

(2) Preparation of NiMo LDH@Cu(OH)2/CF electrode: 

CO(NH2)2 + 3H2O → 2NH4
+ + 2OH- + CO2

CO2 + 2OH- → CO3
2- + H2O

2Ni2 + + 2OH- + CO3
2- → Ni2(OH)2CO3 

Mo6+ + 4OH- + CO3
2- → Mo(OH)4 CO3 

Cu2 + + 2OH- + CO3
2- → Cu2(OH)2CO3

(3) Preparation of NiMoP@Cu3P/CF electrode:

Ni2(OH)2CO3→ 2NiO+H2O+CO2

Mo(OH)4 CO3→MoO3+2H2O+CO2

Cu2(OH)2CO3→ 2CuO+H2O+CO2

6NiO+4PH3 → 3Ni2P+ P+ 6H2O

MoO3 + 2PH3 → MoP + P +3H2O

3CuO+ 2PH3 → Cu3P+ P+ 3H2O

Figure S1. From left to right are photos of foamed copper, Cu(OH)2/CF, NiMo 
LDH@Cu(OH)2, NiMoP@Cu3P/CF.



Figure S2. XRD patterns of NiMoP@Cu3P/CF

Figure S3. SEM images of Cu(OH)2/CF (a, b, c).



Figure S4. CV curves for CF (a), NiMo LDH/CF (b) Cu(OH)2/CF (c), NiMo 

LDH@Cu(OH)2/CF (d), NiMoP/CF (e), Cu3P/CF (f) and NiMoP@Cu3P/CF (g) under 

different scan rates increasing from 20 mV s-1 to 100 mV s-1 in 1 M KOH. The Cdl (h) 

of CF, NiMo LDH/CF, Cu(OH)2/CF, NiMo LDH @Cu(OH)2/CF, NiMoP/CF, 

Cu3P/CF and NiMoP@Cu3P/CF.



Figure S5. XRD patterns of the NiMoP@Cu3P/CF after HER test.

Figure S6. XPS survey spectrum of NiMoP@Cu3P/CF after long cycles of 

HER： survey (a), Cu 2p (b), Ni 2p (c), Mo 3d (d), and P 2p electrons for 

NiMoP@Cu3P/CF core level spectra.



Table S1. Comparison of the HER catalytic performance of NiMoP@Cu3P /CF with 
other previously reported electrocatalysts.

Catalyst Phosphorus 
source

Overpotential
(mV)

Tafel slope (mV 
dec-1)

Ref.

NiMoP@Cu3P NaH2PO2 81 133.1 This work

NiMo 
LDH@Cu(OH)2

- 111 188.1 This work

Ni5P4 nanosheets on 
Ni foil

red 
phosphorus

150 53 [6]

MoP/Ni2P/NF NaH2PO2 75 100.2 [7]

NiCu-P red 
phosphorus

175 53 [8]

MoP@NCF H3PO4 129.5 72.4 [9]

Cu3P NW/CFa NaH2PO2 143 /0.5M 
H2SO4

67 [10]

NiMoP2 NW/CC NaH2PO2 199/η100 112 [11]

Mn-NiP2 NSs/CC NaH2PO4 97 61 [12]

Ni2P-Cu3P/NiCuC NaH2PO2 78 177 [13]
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