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Abstract: The hydrogen generated via the water splitting method is restricted by the high level of
theoretical potential exhibited by the anode. The work focuses on synthesizing a bifunctional catalyst
with a high efficiency, that is, a nickel phosphide doped with the reduced graphene oxide nanosheets
supported on the Ni foam (Ni2P/rGO/NF), via the hydrothermal approach together with the calcination
approach specific to the hydrogen evolution reaction (HER) and the oxygen evolution reaction (OER).
The Raman, X-Ray Diffraction (XRD), X-ray Photoelectron Spectroscopy (XPS), Transmission Electron
Microscope (TEM), Scanning Electron Microscopy (SEM), High-Resolution Transmission Electron
Microscopy (HRTEM), as well as elemental mapping, are adopted to study the composition and
morphology possessed by Ni2P/rGO/NF. The electrochemical testing is performed by constructing a
parallel two-electrode electrolyzer (Ni2P/rGO/NF||Ni2P/rGO/NF). Ni2P/rGO/NF||Ni2P/rGO/NF needs
a voltage of only 1.676 V for driving 10 mA/cm2, which is extremely close to Pt/C/NF||IrO2/NF (1.502 V).
It is possible to maintain the current density for no less than 30 hours. It can be demonstrated that
Ni2P/rGO/NF||Ni2P/rGO/NF has commercial feasibility, relying on the strong activity and high stability.
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1. Introduction

Hydrogen energy is an abundant and green energy with a high utilization rate and without
secondary pollution, making it an ideal source of energy to replace fossil energy [1,2]. At present,
electrochemical water decomposition is a key step in the production, storage and use of hydrogen,
rechargeable metal air cells and fuel cells, which are widely regarded as a key step in efficient renewable
energy [3–6]. At present, the most advanced catalysts for decomposing water include IrO2 for oxygen
generation reaction (OER) together with Pt for the hydrogen evolution reaction (HER), with ~1.5 V
reaching 10 mA/cm2 current for the entire water splitting [7–9]. Nevertheless, the application of these
precious metals is restricted due to the high price and the scarcity.

Researchers have made lots of effort and have conducted studies in the effective OER and HER
and the catalysts used contain a large amount of earth materials, like cobalt phosphate, transition metal
dichalcogenides, perovskite oxides, transition metal oxides (TMOs), as well as nickel molybdenum
alloy [10–15]. Even so, a huge difficulty in achieving a high performance of water splitting lies in
applying the same catalyst as anode and cathode to synthesize the HER and OER catalysts in alkaline
solutions [16–18]. The methods of straining, doping and other commonly used methods at present can
lower the half reaction potential in an efficient manner [19,20]. In spite of this, these usually lead to a
contradictory melting of two catalysts and as a result, the performance of the entire water splitting
is weakened [21]. While according to the density functional theory calculation of nickel phosphide,
the surface of Ni2P (001) at Ni and P sites is exposed and both the proton acceptor center and the
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hydride acceptor center exist to promote efficiency of hydrogen production by water splitting [22,23].
Therefore, nickel phosphide has a huge development potential.

Highly conductive materials such as metal, graphite, graphene, carbon black and carbon
nanotube can be used for fabricating metal oxides with nanostructure for effectively collecting
electron, thereby helping to enhance the electrical conductivity exhibited by electrons based on metal
oxide [24–26]. Graphene is characterized by strong conductivity, electrochemical stability and flexibility,
a high surface area as well as an outstanding mechanical performance and so forth, contributing to its
wide application as a proper matrix for the development of metal oxides [27,28]. The graphene-based
nanocomposites have the function of effectively using active metal oxides on the one hand and
improving the mechanical strength as well as electrical conductivity exhibited by the resulting on the
other hand.

In this work, we prepared the Ni2P doped with the reduced graphene oxide nanosheets array
on the Ni foam (Ni2P/rGO/NF), firstly synthesizing the NiO doped with the reduced graphene oxide
nanosheets array on the Ni foam (NiO/rGO/NF) by using the hydrothermal process, then synthesizing
Ni2P/rGO/NF. Subsequently, a calcination approach was adopted after placing above prepared
NiO/rGO/NF in the ceramic crucible, followed by the utilization of prepared catalysts for overall water
splitting (Figure 1).

of nickel phosphide, the surface of Ni2P (001) at Ni and P sites is exposed and both the proton acceptor 
center and the hydride acceptor center exist to promote efficiency of hydrogen production by water 
splitting [22,23]. Therefore, nickel phosphide has a huge development potential. 

Highly conductive materials such as metal, graphite, graphene, carbon black and carbon 
nanotube can be used for fabricating metal oxides with nanostructure for effectively collecting 
electron, thereby helping to enhance the electrical conductivity exhibited by electrons based on metal 
oxide [24–26]. Graphene is characterized by strong conductivity, electrochemical stability and 
flexibility, a high surface area as well as an outstanding mechanical performance and so forth, 
contributing to its wide application as a proper matrix for the development of metal oxides [27,28]. 
The graphene-based nanocomposites have the function of effectively using active metal oxides on the 
one hand and improving the mechanical strength as well as electrical conductivity exhibited by the 
resulting on the other hand. 

In this work, we prepared the Ni2P doped with the reduced graphene oxide nanosheets array on 
the Ni foam (Ni2P/rGO/NF), firstly synthesizing the NiO doped with the reduced graphene oxide 
nanosheets array on the Ni foam (NiO/rGO/NF) by using the hydrothermal process, then 
synthesizing Ni2P/rGO/NF. Subsequently, a calcination approach was adopted after placing above 
prepared NiO/rGO/NF in the ceramic crucible, followed by the utilization of prepared catalysts for 
overall water splitting (Figure 1). 

 
Figure 1. Map of overall water splitting in Ni2P/rGO/NF electrode. 

2. Experimental 

2.1. Materials  

Graphene oxide (GO) sheets and nickel foam (NF) used in the study were obtained from the 
XFNANO Materials Tech Co., Ltd (Nanjing, China) and Shenzhen Green and Creative Environmental 
Science and Technology Co. Ltd. (Shenzhen, China), respectively. Purchased from Shanxi Kaida 
Chemical Co. Ltd (Shanxi, China), were 20 wt% Pt/C and 20 wt% IrO2. The Sinopharm Chemical 
Reagent Co. Ltd (Beijing, China) provided nickel nitrate hexahydrate (Ni(NO3)2•6H2O), 
hexamethylenetetramine, NaH2PO2, as well as Potassium hydroxide (KOH). All these chemicals had 
been used once they were received without any purification. 

2.2. Ni2P/rGO/NF Synthesis 

First, the NiO/rGO/NF was synthesized. Experimenters dissolved a certain amount of 
Ni(NO3)2·6H2O (5 mmol) and hexamethylenetetramine (5 mmol) in 30 mL ultra-pure water and 
constantly stirred the mixture, followed by the addition of 50 mg GO and 1 h of ultrasonication for 
the formation of a suspension. Subsequently, we transferred the resultant suspension together with 
pretreated Ni foam to a Teflonlined autoclave (50 ml) and heated it at 120℃ for 8 hours. Second, the 
Ni2P/rGO/NF was synthesized. After the above prepared NiO/rGO/NF being placed in the ceramic 
crucible and the ceramic crucible with NaH2PO2 (1 mg) being placed on the upstream side of the 
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2. Experimental

2.1. Materials

Graphene oxide (GO) sheets and nickel foam (NF) used in the study were obtained from the
XFNANO Materials Tech Co., Ltd (Nanjing, China) and Shenzhen Green and Creative Environmental
Science and Technology Co. Ltd. (Shenzhen, China), respectively. Purchased from Shanxi Kaida
Chemical Co. Ltd (Shanxi, China), were 20 wt% Pt/C and 20 wt% IrO2. The Sinopharm Chemical Reagent
Co. Ltd (Beijing, China) provided nickel nitrate hexahydrate (Ni(NO3)2·6H2O), hexamethylenetetramine,
NaH2PO2, as well as Potassium hydroxide (KOH). All these chemicals had been used once they were
received without any purification.

2.2. Ni2P/rGO/NF Synthesis

First, the NiO/rGO/NF was synthesized. Experimenters dissolved a certain amount of
Ni(NO3)2·6H2O (5 mmol) and hexamethylenetetramine (5 mmol) in 30 mL ultra-pure water and
constantly stirred the mixture, followed by the addition of 50 mg GO and 1 h of ultrasonication for
the formation of a suspension. Subsequently, we transferred the resultant suspension together with
pretreated Ni foam to a Teflonlined autoclave (50 mL) and heated it at 120 ◦C for 8 h. Second, the
Ni2P/rGO/NF was synthesized. After the above prepared NiO/rGO/NF being placed in the ceramic
crucible and the ceramic crucible with NaH2PO2 (1 mg) being placed on the upstream side of the
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furnace, 10 cm away from the NiO/rGO/NF received 2 h of calcination treatment at 300 ◦C (2 ◦C·min−1)
under N2 flow.

2.3. Characterization and Electrochemical Measurements

The X-ray Diffraction (XRD) data were obtained from a RIGAKUD/MAX 2550 diffractometer
(Rigaku Corporation, Tokyo, Japan) with a Cu Kα radiation (λ = 1.5418 Å). X-ray Photoelectron
Spectroscopy (XPS) measurement was conducted on an ESCALABMK II XPS (VG Scientific, London,
UK) taking Mg as the excitation source. Scanning Electron Microscopy (SEM) measurement was
implemented on a XL30 ESEM FEG SEM (Carl Zeiss AG, Jena, Germany) under a 20 kV accelerating
voltage. Transmission Electron Microscopy (TEM) measurement was conducted on a HITACHI H-8100
electron microscopy (Hitachi, Tokyo, Japan) under a 200 kV accelerating voltage. The electrochemical
measurement was carried out on a CHI 660E electrochemical workstation relying on a standard
three-electrode system. We used the above prepared electrode materials as working electrodes
directly, taking the HgO/Hg (MOE) and the graphite rod as reference electrode and counter electrode,
respectively. We converted all measured potentials to the reversible hydrogen electrode (RHE)
following the Nernst equation, that is, ERHE = EHg/HgO + 0.098 + 0.059 PH. The electrochemical test
was implemented at 5 mV/s under the IR compensation. The electrochemical impedance spectroscopy
(EIS) was implemented in the frequency (Hz) range of 1–1,000,000.

3. Results and Discussion

3.1. Physical Characterization

Figure 2A displays the XRD pattern about the Ni2P/rGO/NF. The diffraction peaks at 40.8◦, 47.3◦,
54.2◦, 54.9◦ and 74.8◦, corresponded to (111), (210), (300), (211) and (400) crystal planes of Ni2P (JCPDS
No. 03-0953), respectively [29]. Besides, peaks of 44.4◦, 51.7◦ and 76.5◦ well corresponded with the Ni
(JCPDS No. 04-0850) [30]. However, the peak at 20.01◦ was caused by the reduced graphene oxide [31].
NiO/rGO/NF also well followed standard cards (Figure S1).

The chemical composition as well as the valences were obtained via the XPS measurement.
According to Figure 2B, peaks at the 853.4 eV and the 870.1 eV corresponded to Ni2+. Ni 2p1/2 at the
874.7 eV and the Ni 2p3/2 at the 857.7 eV may correspond to Ni3+ from surface oxide phase. Two
satellite peaks at the 860.2 eV and the 879.1 eV stand for the oxidation state of the Ni2+ [32]. Based
on Figure 2C, the P3/2 at 128.5 eV and P1/2 at 130.5 eV corresponded to P2−. The peak at 134.2 eV
could belong to P-O from the surface oxide phase [29,33]. The C1s of Ni2P/rGO/NF (Figure 2D) have 3
components according with the C-C=C (284.3 eV), C-O (285.1 eV), C=O (285.6 eV), as well as O-C=O
(287.9 eV). Raman spectra about the Ni2P/rGO/NF together with the NiO/rGO/NF composites are
displayed in Figure 3. The peak at 1357 cm−1 accorded with D band and that at 1583 cm−1 accorded
with G band. The G peak is related to the in-plane vibration of carbon atoms bonded to sp2, while the
D peak is related to the electronic configuration of sp3 and vibration of carbon atoms and the ID:IG

intensity ratio is used to characterize the disordered degree of carbonaceous material [34]. Obviously,
The ID:IG values of Ni2P/rGO/NF and NiO/rGO/NF are 1.25 and 1.13, which implies that Ni2P/rGO/NF
has more defects than NiO/rGO/NF.

SEM helped to observe the morphology exhibited by these as-prepared catalysts. Based on the
SEM image about Ni2P/rGO/NF, Ni foam (Figure S2A) is overspreaded with Ni2P/rGO nanosheets
array (Figure 4A). It is clearly observed that the Ni2P/rGO/NF presents a shaggy and uniform sheet
distribution (Figure 4B) and NiO/rGO/NF exhibits a sheet distribution (Figure S2B). The TEM about
Ni2P/rGO/NF is displayed in Figure 4C, with sheet structure being detected clearly. Based on Figure 4D,
crystal stripes can be found in the High-Resolution Transmission Electron Microscopy (HRTEM) of
Ni2P/rGO/NF. Besides, inter lattice distance of 0.223 nm corresponds to Ni2P/rGO/NF (111) crystal
plane and the fast fourier transform (FFT) of Ni2P/rGO/NF with distinct diffraction points and indicates
a highly crystalline structure [35]. This phenomenon supports the XRD result. The elemental mappings
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display the uniform distribution of Ni (Figure 4E), P (Figure 4F) and C (Figure 4G) elements across the
layer structure, which conforms that nickel phosphide nanosheets and rGO are successfully fabricated
on the Ni foam. 
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Figure 2. (A) X-ray Diffraction (XRD) of Ni2P/rGO/NF. X-ray Photoelectron Spectroscopy (XPS) of Ni 
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SEM helped to observe the morphology exhibited by these as-prepared catalysts. Based on the 
SEM image about Ni2P/rGO/NF, Ni foam (Figure S2A) is overspreaded with Ni2P/rGO nanosheets 
array (Figure 4A). It is clearly observed that the Ni2P/rGO/NF presents a shaggy and uniform sheet 
distribution (Figure 4B) and NiO/rGO/NF exhibits a sheet distribution (Figure S2B). The TEM about 
Ni2P/rGO/NF is displayed in Figure 4C, with sheet structure being detected clearly. Based on Figure 
4D, crystal stripes can be found in the High-Resolution Transmission Electron Microscopy (HRTEM) 
of Ni2P/rGO/NF. Besides, inter lattice distance of 0.223 nm corresponds to Ni2P/rGO/NF (111) crystal 
plane and the fast fourier transform (FFT) of Ni2P/rGO/NF with distinct diffraction points and 
indicates a highly crystalline structure [35]. This phenomenon supports the XRD result. The elemental 
mappings display the uniform distribution of Ni (Figure 4E), P (Figure 4F) and C (Figure 4G) 
elements across the layer structure, which conforms that nickel phosphide nanosheets and rGO are 
successfully fabricated on the Ni foam. 
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measured by virtue of the Tafel slope from LSVs [36]. The Tafel slopes of Ni2P/rGO/NF, NiO/rGO/NF 
and IrO2/NF are 106, 225, as well as 78 mV/dec, respectively (Figure 5B). Obviously, Ni2P/rGO/NF 
exhibits a lower Tafel slope than the monomer, meaning that its kinetics is fast and the OER catalytic 
activity is excellent [37]. Also, stability can greatly affect the OER. Based on Figure 5C, 
chronoamperometry testing (i-t) was conducted on Ni2P/rGO/NF at 0.449 V, finding that it can remain 
stable for no less than 44 hours. Following 3000 cycles, 92.2% of the initial value of current density 
can be kept (Figure S3) and XRD and SEM long-term stability is almost consistent with the previous 
test results (Figure S4). Hence, the stability is excellent [30]. 

 
Figure 4. (A,B) Scanning Electron Microscopy (SEM); (C) Transmission Electron Microscopy (TEM); 
(D) High-Resolution Transmission Electron Microscopy (HRTEM) (inset: fast fourier transform (FFT) 
of Ni2P/rGO/NF); and (E-G) Element mapping of Ni2P/rGO/NF. 
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Ni2P/rGO/NF, NiO/rGO/NF, Pt/C/NF as well as NF exhibited an overpotential of 115, 151, 42 and 250 
mV, respectively. The overpotential possessed by Ni2P/rGO/NF appears higher compared with 
Pt/C/NF but remains lower compared with NiO/rGO/NF and NF. The Tafel slopes of Ni2P/rGO/NF, 
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Figure 4. (A,B) Scanning Electron Microscopy (SEM); (C) Transmission Electron Microscopy (TEM);
(D) High-Resolution Transmission Electron Microscopy (HRTEM) (inset: fast fourier transform (FFT)
of Ni2P/rGO/NF); and (E–G) Element mapping of Ni2P/rGO/NF.

3.2. Electrochemical Characterization

Linear sweep voltammetry (LSV) of Ni2P/rGO/NF (loading: 0.35 mg/cm2) has been examined in
various electrolytes towards OER (Figure 5A). At 100 mA/cm2, the overpotentials of Ni2P/rGO/NF,
NiO/rGO/NF, as well as IrO2/NF are 449 mV, 542 mV and 230 mV respectively. Obviously, Ni2P/rGO/NF
presents a lower overpotential compared with NiO/rGO/NF. It means that Ni2P/rGO/NF possesses
a better OER activity. The electrode dynamics exhibited by the OER can be measured by virtue of
the Tafel slope from LSVs [36]. The Tafel slopes of Ni2P/rGO/NF, NiO/rGO/NF and IrO2/NF are 106,
225, as well as 78 mV/dec, respectively (Figure 5B). Obviously, Ni2P/rGO/NF exhibits a lower Tafel
slope than the monomer, meaning that its kinetics is fast and the OER catalytic activity is excellent [37].
Also, stability can greatly affect the OER. Based on Figure 5C, chronoamperometry testing (i-t) was
conducted on Ni2P/rGO/NF at 0.449 V, finding that it can remain stable for no less than 44 hours.
Following 3000 cycles, 92.2% of the initial value of current density can be kept (Figure S3) and XRD
and SEM long-term stability is almost consistent with the previous test results (Figure S4). Hence, the
stability is excellent [30].
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Figure 5. (A) LSV of Ni2P/rGO/NF, NiO/rGO/NF, IrO2/NF and NF and (B) Tafel slope of Ni2P/rGO/NF, 
NiO/rGO/NF, IrO2/NF and NF. (C) Multi-voltage process of Ni2P/rGO/NF. (D) LSV of Ni2P/rGO/NF, 
NiO/rGO/NF, IrO2/NF and NF and (E) Tafel slope of Ni2P/rGO/NF, NiO/rGO/NF, IrO2/NF and NF. 
(F) Chronoamperometry testing (i-t) about the Ni2P/rGO/NF. 

From Figure 5E, clearly, Ni2P/rGO/NF has a Tafel slope the nearest to Pt/C/NF, demonstrating 
its efficiency for the HER. Furthermore, HER was achieved in alkaline solution following the Tafel–
Volmer–Heyrosky mechanism (Equations (1)–(3)) [38]. The crucial role of the formation of transition 
(M-H*) is the rate determining step (Tafel–Volmer step, Equation (3)) [39]. Ni2P/rGO/NF has excellent 
HER performance, which can be attributed to the advantageous Tafel-Volmer step. This promotes 
the release of low overpotential hydrogen. 

M + H2O + e− → M − H* + OH− (aq) (Volmer) (1) 

M-H* + H2O + e− → M + H2 + OH− (aq) (Heyrovsky) (2) 

2M − H* → H2 + 2M (Tafel) (3) 

Chronoamperometry testing (i–t) was implemented on Ni2P/rGO/NF at -0.268 V, showing that 
it is able to remain stable for no less than 44 h (Figure 5F).  

The slope of the electric double layer capacitance (Cdl) as a function of scan rate and Δj (ja-jc), 
which reflects the changing trend of electrochemically active area (ECSA) by CV curves. The curves 
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Figure 5. (A) LSV of Ni2P/rGO/NF, NiO/rGO/NF, IrO2/NF and NF and (B) Tafel slope of Ni2P/rGO/NF,
NiO/rGO/NF, IrO2/NF and NF. (C) Multi-voltage process of Ni2P/rGO/NF. (D) LSV of Ni2P/rGO/NF,
NiO/rGO/NF, IrO2/NF and NF and (E) Tafel slope of Ni2P/rGO/NF, NiO/rGO/NF, IrO2/NF and NF.
(F) Chronoamperometry testing (i-t) about the Ni2P/rGO/NF.

We tested LSVs of Ni2P/rGO/NF in various electrolytes for analyzing its catalytic activity for HER.
LSVs about the above prepared catalysts are displayed in Figure 5D. At 10 mA·cm−2, Ni2P/rGO/NF,
NiO/rGO/NF, Pt/C/NF as well as NF exhibited an overpotential of 115, 151, 42 and 250 mV, respectively.
The overpotential possessed by Ni2P/rGO/NF appears higher compared with Pt/C/NF but remains
lower compared with NiO/rGO/NF and NF. The Tafel slopes of Ni2P/rGO/NF, NiO/rGO/NF, Pt/C/NF
and NF reached 100 mV/dec, 145 mV/dec, 42 mV/dec and 195 mV/dec.

From Figure 5E, clearly, Ni2P/rGO/NF has a Tafel slope the nearest to Pt/C/NF, demonstrating
its efficiency for the HER. Furthermore, HER was achieved in alkaline solution following the
Tafel–Volmer–Heyrosky mechanism (Equations (1)–(3)) [38]. The crucial role of the formation of
transition (M-H*) is the rate determining step (Tafel–Volmer step, Equation (3)) [39]. Ni2P/rGO/NF
has excellent HER performance, which can be attributed to the advantageous Tafel-Volmer step. This
promotes the release of low overpotential hydrogen.

M + H2O + e−→M − H* + OH− (aq) (Volmer) (1)

M-H* + H2O + e−→M + H2 + OH− (aq) (Heyrovsky) (2)

2M − H*→ H2 + 2M (Tafel) (3)

Chronoamperometry testing (i–t) was implemented on Ni2P/rGO/NF at -0.268 V, showing that it
is able to remain stable for no less than 44 h (Figure 5F).

The slope of the electric double layer capacitance (Cdl) as a function of scan rate and ∆j (ja-jc),
which reflects the changing trend of electrochemically active area (ECSA) by CV curves. The curves from
the inside to the outside indicate that CV tests are performed at the scan rates 10, 20, 30, 40, and 50 mV/s,
respectively. (Figure 6A,B). The measured potential range is 0 to 0.2 V without obvious redox regime.
Cdl of 35.05 and 27.82 mF/cm2 is obtained for Ni2P/rGO/NF and NiO/rGO/NF (Figure 6C). Obviously,
Cdl of Ni2P/rGO/NF is larger than that of NiO/rGO/NF indicates ECSA is larger, which reflects a
large roughness and excellent HER activity [40,41]. Electrochemical impedance spectrum (EIS) were
employed to further evaluate the electron transfer kinetics of all composites. Figure 6D shows Nyquist
plots of Ni2P/rGO/NF and NiO/rGO/NF. The high-frequency semicircle represents charge transfer
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resistance (Rct). Obviously, the impedance of Ni2P/rGO/NF is lower to that of NiO/rGO/NF. Therefore,
Ni2P/rGO/NF has excellent electron transfer rate [42].
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Ni2P/rGO/NF as the anode and the cathode for exploring the electrochemical performance exhibited 
by the Ni2P/rGO/NF electrode in the entire water splitting. And IrO2/NF as cathode and Pt/C/NF as 
anode (Pt/C/NF||IrO2/NF) are used to compare. Based on Figure 7A, Pt/C/NF||IrO2/NF requires 
voltages of 1.502 V at 10 mA/cm2. While Ni2P/rGO/NF||Ni2P/rGO/NF needs the value of 1.676 V. As 
indicated, Ni2P/rGO/NF||Ni2P/rGO/NF electrolyzer has a close performance to that of 
Pt/C/NF||IrO2/NF. Also, the study compared the electochemical performance exhibited by these 
materials in literature, finding that the catalytic activity possessed by Ni2P/rGO was more excellent 
compared with other materials (Tables S1 and S2). In addition, chronoamperometry (i-t) 
measurement was carried out under 1.919 V applied voltage on the water splitting, demonstrating 
the ability of Ni2P/rGO/NF||Ni2P/rGO/NF to preserve a higher current density within more than 30 
h of operation (Figure 7B). Therefore, it has a strong stability. The inset of Figure 7C shows the 
fluctuation of current density around the 22th hours, which may be caused by the accumulation and 
release of the remaining bubbles on the electrode surface [43]. 

Figure 6. CV of (A) Ni2P/rGO/NF and (B) NiO/rGO/NF. (C) A plot of ∆j and (D) EIS of Ni2P/rGO/NF
and NiO/rGO/NF.

A two-electrode electrolyzer, that is, Ni2P/rGO/NF||Ni2P/rGO/NF, was performed taking
Ni2P/rGO/NF as the anode and the cathode for exploring the electrochemical performance exhibited by
the Ni2P/rGO/NF electrode in the entire water splitting. And IrO2/NF as cathode and Pt/C/NF as anode
(Pt/C/NF||IrO2/NF) are used to compare. Based on Figure 7A, Pt/C/NF||IrO2/NF requires voltages of
1.502 V at 10 mA/cm2. While Ni2P/rGO/NF||Ni2P/rGO/NF needs the value of 1.676 V. As indicated,
Ni2P/rGO/NF||Ni2P/rGO/NF electrolyzer has a close performance to that of Pt/C/NF||IrO2/NF. Also, the
study compared the electochemical performance exhibited by these materials in literature, finding
that the catalytic activity possessed by Ni2P/rGO was more excellent compared with other materials
(Tables S1 and S2). In addition, chronoamperometry (i-t) measurement was carried out under 1.919 V
applied voltage on the water splitting, demonstrating the ability of Ni2P/rGO/NF||Ni2P/rGO/NF to
preserve a higher current density within more than 30 h of operation (Figure 7B). Therefore, it has
a strong stability. The inset of Figure 7C shows the fluctuation of current density around the 22th
hours, which may be caused by the accumulation and release of the remaining bubbles on the electrode
surface [43].
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Figure 7. (A) LSVs of water electrolysis. (B) i-t testing of Ni2P/rGO/NF||Ni2P/rGO/NF. 

4. Conclusions 
In summary, Ni2P/rGO/NF acts as a metal catalyst with a high efficiency and strong stability for 

OER. The overpotential of Ni2P/rGO/NF reaches 1.679 V at 100 mA/cm2. Besides, Ni2P/rGO/NF 
presents a high level of activity to HER and only 110 mV is needed for achieving 10 mA/cm2. On that 
account, Ni2P/rGO/NF serves as a bifunctional electrocatalytic material for the OER and the HER. The 
Ni2P/rGO/NF||Ni2P/rGO/NF has the function of driving 10 mA/cm2 at 1.676 V and can maintain 
electrolysis for at least 30 hours. The study helps to understand the hydrogen production via the 
transition metal nitride nanoarrays from a new perspective. 
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