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Abstract. Hydrogen evolution reaction (HER) is long considered as a promising chemical reaction that can
produce the clean fuel hydrogen to resolve the energy crisis and environmental pollution. Herein, we report
the in situ growth of Co-Ni-Se network on a 3D porous Ni foam support (Co-Ni-Se/NF) as an efficient
electrocatalyst for HER. The obtained Co-Ni-Se/NF electrode exhibits high HER activity that only needs a low
-2
overpotential of 106 mV at 10 mA cm .
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1. Introduction
Facing the energy and environmental crisis, the grand challenge is
to explore sustainable, carbon-neutral energy sources as a
substitution for traditional fossil fuels [1]. The hydrogen evolution
reaction (HER) is widely considered as a promising strategy to
produce clean and renewable hydrogen energy [2]. The crucial
conundrums are design and synthesis of catalysts with great
efficiency and excellent stability. So far, most highly active catalysts
are the noble metal-based materials, such as Pt for HER. But the
high cost and poor stability seriously limit their large-scale
commercial applications [3, 4]. Therefore, it is an emergency to
develop highly active and inexpensive electrocatalysts for HER.
Over the past few years, a variety of non-noble based
catalysts have been reported as electrocatalysts for HER, such
as carbon materials [5], transition-mental hydroxides [6],
sulfides [7], selenides [8], and so on. Among these materials,
the 3D transition metal (3d-TM) selenides have exhibited the
higher electrocatalytic activities and conductivities than their
oxide or hydroxide counterparts [9]. Furthermore, compared
22with S , Se has the larger size anions, which may endow
suitable band gap thus enhance the electrochemical
performance [10].
Herein, we synthesized Co-Ni-Se network on a nickel foam
support (Co-Ni-Se/NF). The synergistic effect of cobalt and
nickel atoms could effectively increases the electrocatalytic
-2
activity for HER. When the current density reach to 10 mA cm ,
this material only needed the overpotential of 106 mV with
superior stability.

6 h with the presence of the Ni foam. Secondly, Co-based/NF
precursor reacted with NaHSe at 160 °C or 10 h and converted
into Co-Ni-Se/NF.

3. Results and discussion
The chemical composition of the product was carried out by Xray powder diffraction (XRD). As shown in Figure 1a, the three
marked peaks from left to right matches to the (111), (200),
and (220) planes of metallic nickel (JCPDS: 070-0989), which
are attributed to the Ni foam substrate. Moreover, the
diffraction patterns are very consistent with those of CoNiSe 2
(JCPDS: 65-7038). Remarkably, except for three strong peaks
stemming from the Ni substrate, the (101) diffraction peak
displays the highest intensity, indicating the preferential
growth of (101) planes. The morphological and structural
evolution of the electrode was investigated by scanning
electron microscopy (SEM). Figure 1b reveals that the nanoarchitecture uniformly distributes on the NF surface.
Noticeably, those nanorods interconnecting with each other
are beneficial for electron transfer, which lays the foundation
for high electrocatalytic activity. Furthermore, the inset of
Figure 1b is the high-resolution transmission electron
microscopy (HRTEM) of the Co-Ni-Se/NF, the lattice fringe of a
lattice fringe of 0.27 nm is readily indexed to the (101) planes
of CoNiSe2, completely coinciding with the result of XRD.
XPS was employed to further refine the composition and

2. Experimental section
The overall synthesis of Co-Ni-Se/NF was synthesized by two
step hydrothermal method. Primarily, Co precursor/NF was
synthesized by Co(CH3COO)2 4H2O, NH4F, and urea at 120°C for
Figure 1 (a) XRD pattern of Co-Ni-Se/NF (b) the SEM images of the Co-Ni-Se/NF nanoarchitecture directly grown on the nickel foam, the inset in (b) shows the HRTEM of
the Co-Ni-Se/NF.
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chemical state of the Co-Ni-Se/NF, as shown in Figure 2a, the
XPS survey spectrum shows the Co, Ni, and Se signals in
addition to those from oxides and adventitious C species. The
Co 2p spectra peaks at 781.2 and 796.8 eV (Figure 2b)
correspond to spin-obrit splitting values of Co 2p 3/2 and Co
2+
2p1/2, which are associated with Co [11]. The Ni 2p region
(Figure 2c) exhibits two peaks at 855.5 and 873.3 eV are
assigned to the Ni 2p3/2 and Ni 2p1/2, confirming the signal of
2+
Ni at the surface [12]. The Se 3d XPS spectrum in Figure 2d
shows the peak for Se 3d at 54.4 eV (Se 3d5/2) is originated
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from the state of Se and the peak at 58.8 eV is attributed to
oxidation of surface Se species (SeO x). Based on XPS data, this
2+
2+
2sample has a composition of Co , Ni and Se cation, which is
consistent with the XRD result.
The HER performance of all samples was evaluated in 1M
KOH solution with a three-electrode system. As shown in
Figure 3a, the LSV curves of Co-Ni-Se/NF displayed a low
-2
overpotential of 106 mV at a current density of 10 mA cm . It
is obviously smaller than Co precursor/NF (256 mV) and bare
NF (278 mV), indicating the highly efficient catalytic activity of
Co-Ni-Se/NF. The corresponding Tafel plots are displayed in
Figure 3b, the Co-Ni-Se/NF shows the smallest Tafel slope
among the other samples, verifying that the Co-Ni-Se/NF
catalyst follows a faster HER kinetics with efficient HER
catalytic properties.
Meanwhile, the electrochemical impedance spectroscopy
(EIS) was shown in Figure 4a, the observed Rct value of Co-NiSe/NF (2.05Ω) was visibly smaller than Co precursor/NF
(28.38Ω) and NF (77.15Ω), indicating that the Co-Ni-Se/NF
catalyst possess a much faster electron transfer thus resulting
in a better HER catalytic activity. In addition, the stability of
electrocatalyst as shown in Figure 4b, the Co-Ni-Se/NF
electrode displays insignificant degradation of current density
after a long period, demonstrating the superior stability of CoNi-Se/NF for HER.

4. Conclusion
Figure 2 (a) The full scan XPS survey spectrum for Co-Ni-Se/NF and the high
resolution (b) Co 2p, (c) Ni 2p and (d) Se 3d XPS survey spectrum for Co-NiSe/NF.

In conclusion, in situ growth of Co-Ni-Se on a 3D porous
conductive Ni foam support (Co-Ni-Se/NF) exhibits efficient
electrocatalytic performance and catalytic stability for HER in
strongly alkaline solutions. Bimetallic synergy is conducive to
increase active site concentration, making the binder-free CoNi-Se electrode only a low overpotential of 106 mV to reach a
-2
current density of 10 mA cm for HER. Our work offers one of
a new insight to design non-noble bimetal electrocatalyst with
highly activity for HER.

Acknowledgements
Figure 3 (a) Polarization curves for HER at a scan rate of 5 mV s -1 in 1.0 M KOH
and (b) corresponding Tafel plots.

This work was supported by Chongqing Municipal Natural
Science Foundation (cstc2018jcyjAX0625).

References

Figure 4 (a) Nyquist plots of different electrodes at an overpotential of 200 mV
for HER; (b) time dependent-current density of Co-Ni-Se/NF for HER at an
overpotential of 120 mV.

This journal is © Copyright 2019, Global Science Press

[1]. Liu Y, Li Q, Si R, et al. Coupling Sub-Nanometric Copper
Clusters with Quasi-Amorphous Cobalt Sulfide Yields Efficient
and Robust Electrocatalysts for Water Splitting Reaction[J].
Advanced Materials, 2017, 29(13): 1606200.
[2]. Anantharaj S, Ede S R, Sakthikumar K, et al. Recent trends and
perspectives in electrochemical water splitting with an
emphasis on sulfide, selenide, and phosphide catalysts of Fe,
Co, and Ni: a review[J]. ACS Catalysis, 2016, 6(12): 8069-8097.
[3]. Li H, Li Q, Wen P, et al. Colloidal cobalt phosphide
nanocrystals as trifunctional electrocatalysts for overall water
splitting powered by a zinc-air battery[J]. Advanced Materials,
2018, 30(9): 1705796.

J. At. Mol. Sci., 2019, Vol.10, No.1, 4-6 | 5

Journal of Atomic and Molecular Science

ARTICLE

[4]. Hunter B M, Gray H B, Muller A M. Earth-abundant
heterogeneous water oxidation catalysts[J]. Chemical reviews,
2016, 116(22): 14120-14136.
[5]. Wang S, Qin J, Meng T, et al. Metal-organic frameworkinduced construction of actiniae-like carbon nanotube
assembly as advanced multifunctional electrocatalysts for
overall water splitting and Zn-air batteries[J]. Nano Energy,
2017, 39: 626-638.
[6]. Jia Y, Zhang L, Gao G, et al. A heterostructure coupling of
exfoliated Ni-Fe hydroxide nanosheet and defective graphene
as a bifunctional electrocatalyst for overall water splitting[J].
Advanced Materials, 2017, 29(17): 1700017.
[7]. Yang Y, Zhang K, Lin H, et al. MoS2-Ni3S2 heteronanorods as
efficient and stable bifunctional electrocatalysts for overall
water splitting[J]. ACS Catalysis, 2017, 7(4): 2357-2366.
[8]. Wang C, Zhang P, Lei J, et al. Integrated 3D MoSe2@Ni0.85Se
nanowire network with synergistic cooperation as highly
efficient electrocatalysts for hydrogen evolution reaction in
alkaline medium[J]. Electrochimica Acta, 2017, 246: 712-719.
[9]. Liu B, Zhao Y F, Peng H Q, et al. Nickel-Cobalt Diselenide 3D
Mesoporous Nanosheet Networks Supported on Ni Foam: An
All-pH Highly Efficient Integrated Electrocatalyst for Hydrogen
Evolution[J]. Advanced Materials, 2017, 29(19): 1606521.
[10]. Sivanantham A, Shanmugam S. Nickel selenide supported on
nickel foam as an efficient and durable non-precious
electrocatalyst for the alkaline water electrolysis[J]. Applied
Catalysis B: Environmental, 2017, 203: 485-493.
[11]. Murugadoss V, Wang N, Tadakamalla S, et al. In situ grown
cobalt selenide/graphene nanocomposite counter electrodes
for enhanced dye-sensitized solar cell performance[J]. Journal
of Materials Chemistry A, 2017, 5(28): 14583-14594.
[12]. Chen H, Chen S, Fan M, et al. Bimetallic nickel cobalt selenides:
a new kind of electroactive material for high-power energy
storage[J]. Journal of Materials Chemistry A, 2015, 3(47):
23653-23659.

This journal is © Copyright 2019, Global Science Press

J. At. Mol. Sci., 2019, Vol.10, No.1, 4-6 | 6

