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A B S T R A C T

Oxygen reduction reaction (ORR) and hydrogen evolution reaction (HER) are traditionally carried out with
noble metals (such as Pt) as catalysts, respectively. Herein, Co-N-doped MoO2 nanowires catalysts were
synthesized by employing MoO2 nanowires as templates and conductive substrates. The effect of nanowire
structure and non-metal/metal doping on ORR and HER performance were scientific discussed. The most active
Co-N-MoO2 (Co-N-doped MoO2) exhibited high ORR catalytic activity (an onset potential of +0.87 V vs. RHE, n
values of 3.56 and 3.68, excellent electrochemical stability) and outstanding HER performance with a low
overpotential (69 mV vs. RHE), high electrochemical area and robust stability in 0.1 M KOH, which are
associated with the defined nanowires structure, and homogeneous doping of Co/N into MoO2 with numerous
active sites.

1. Introduction

The development of oxygen reduction reactions (ORR) electrocata-
lysts with efficient activity and robust stability is crucial to solve the
energy shortage problems, which plays key roles in proton exchange
membrane fuel cells and zinc-air batteries, and so on. Meantime,
hydrogen evolution reaction (HER) is significant in the production of
pollution-free and sustainable energy. Platinum-based noble materials
have been known as the best electrocatalysts with excellent ORR and
HER catalytic activity [1,2]. However, their widespread applications in
ORR or HER are restricted because of high cost and low abundance.
Thus, one of critical challenges is exploring low-cost, non-noble metal
efficient electrocatalysts for ORR and HER [3,4].

In fact, extensive efforts have been contributed to alternative
materials of low costs and rich earth abundance that may eventually
replace platinum-based catalysts [5,6]. A variety of materials, including
carbon nanostructures [7–9], transition metals [10–12] and their
oxides [13–15], carbides [7,16], and disulfides [17,18] have been
prepared and examined as electrocatalysts for ORR or HER. It is worth
noting that molybdenum dioxide (MoO2) with a rutile structure possess
metallic properties with an electrical resistivity of 8.8×10−5 Ω cm at

300 K and high chemical stability [19,20]. Prof. Shen and Prof. Cui
reported the porous MoO2 nanosheets grown on Ni foam by the wet-
chemical route and followed annealing possessed high performance for
HER and OER, which attributed to porous nanostructure and good
conductivity [21].

In addition, extensive work about the heteroatom doped electro-
catalysts, such as N, P, S, Fe or Co has been reported, which exhibited
an enhanced ORR and HER performance due to their unique electronic
properties [22–25]. For example, Prof. Guo reported that cobalt and
nitrogen co-embedded in mesoporous carbon significantly promoted
electron penetration to enhance the ORR catalytic activity, which is
attributed to the homogeneous distribution of abundant Co-N actives
sites on the surface of the mesoporous carbon [16]. Our group also
reported N-doped carbon coated Co nanoparticles onto N doped
graphene substrates possessed the efficient HER electrocatalytic activ-
ity (small overpotential of 49 mV and Tafel slope is 79.3 mV dec−1) due
to the promotion of cobalt nanoparticles entrapped into carbon shell
[26,27]. However, the other conductive substrates, such as MoO2, as
active catalysts enhanced by the optimized selection of N/Co doping
need breakthroughs.

Recently, we demonstrated that MoO2 nanowires can be employed
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as nanowire templates and conductive substrates for ORR and HER.
The deliberate doping with N and Co atoms into MoO2 nanowires as
bifunctional electrocatalysts enhanced the ORR and HER catalytic
activity. The obtained Co-N-MoO2 catalysts exhibited high activities
and long-term durability towards ORR and HER in alkaline electrolyte
(0.1 M KOH), which are associated with the defined nanowire struc-
tures, and homogeneous doping of Co/N into MoO2 with numerous
active sites.

2. Experimental

2.1. Preparation of Cobalt and Nitrogen Co-Doped MoO2 nanowires
(Co-N-doped MoO2)

First, the molybdenum dioxide nanowires (MoO2 NWs) were

prepared according to the reported method with modifications [28].
Second, 255.9 mg of the obtained MoO2 NWs and 59.78 mg
Bis(acetylacetonato)cobalt (Co(C5H7O2)3) were added into 30 mL DI-
water to form a mixture. The reaction was stirred for 10 h at 80 °C.
After that, the reaction mixture was transferred to a 40 mL autoclave
for hydrothermal reaction at 150 °C for 3 h. The resulted Co doped
MoO2 nanowires were collected by centrifugation and washed with
ethanol. At last, 50 mg of the prepared Co doped MoO2 nanowires and
20 mg of dicyanamide (C2H4N4) were dispersed into 20 mL of ethanol
under continuous stirring. After the drying, the obtained products were
heated at 450 °C for 1 h, then 650 °C for 2 h under an argon
atmosphere. The above products were further treated by 1.0 M HCl
to remove excess Co compounds, and the Co-N-MoO2 nanowires were
finally obtained. In addition, N-doped MoO2 nanowires were prepared
by similar process without adding Co(C5H7O2)3 as blank samples.

Fig. 1. SEM images (a, b), XRD patterns and the corresponding zoom-in regions (inset) (c), (HR)TEM images (d, e), elements mapping for Mo, Co, N (f) of Co-N-MoO2.

L. Yang et al. Nano Energy 41 (2017) 772–779

773



2.2. Characterization

Field-emission scanning electron microscopic (FESEM, NOVA
NANOSEM 430, FEI) and Transmission electron microscopic (TEM,
Tecnai G220 FEI) measurements were employed to characterize the
morphologies and structures of the as-prepared electrocatalysts.
Powder X-ray diffraction (XRD, Bruker D8 Advance powder X-ray
diffractometer, Cu Kα (λ=0.15406 nm)), and X-ray photoelectron
spectroscopic (XPS, PHI X-tool instrument) were carried out to
characterize the crystal structure, elementary composition. Nitrogen
adsorption-desorption analysis was conducted with an ASAP 2020
instrument to evaluate the specific surface areas of the samples.

2.3. Electrochemistry

Electrochemical measurements of ORR and HER activity were
performed with a CHI 750E electrochemical workstation (CH
Instruments Inc.) in 0.1 M KOH aqueous solution. A rotating ring-
disk electrode (RRDE) with a glassy carbon disk and gold ring was used
as the working electrode. A Hg/Hg2Cl2 electrode and a carbon rod were
used as the reference and counter electrode, respectively. 4 mg of the
catalyst powders was dispersed in 1 mL of 1:4 (v:v) ethanol/water
mixed solvents along with 80 μL of a Nafion solution (5% Nafion in
ethanol), and the mixture was sonicated for 30 min. Then, 10 μL of the
above solution was dropcast onto the surface of the RRDE at the
catalyst loading of 0.204 mg cm−2 and dried at room temperature. For
ORR, the polarization curves were acquired at 10 mV s−1 from 0 to
−1.0 V (vs. SCE) at different electrode rotation rates (400–2025 rpm)
at O2-saturated 0.1 M KOH. CV tests were performed at 50 mV s−1

from 0 to −1.0 V (vs. SCE) in N2 and O2-saturated 0.1 M KOH. The
numbers of electron transfer were calculated from RRDE data using the
equation, n =4ID/(ID + IR/N), where ID and IR are the disk current and
the ring current, respectively, and N is the current collection efficiency
(0.37) of the Au ring. Chronoamperometric measurements were
performed at +0.47 V vs. RHE for 10 h in O2-saturated 0.1 M KOH.
For HER, polarization curves were acquired by sweeping electrode
potentials from −0.8 to −1.6 V (vs. SCE) at a potential sweep rate of
5 mV s−1. Accelerated stability tests were performed at room tempera-
ture by potential cycling between −0.8 and −1.4 V (vs. SCE) at a sweep
rate of 100 mV s−1 for 1000 cycles. Current-time responses were
monitored by chronoamperometric measurements at −0.32 V vs.
RHE for 10 h.

3. Results and discussion

The morphology and the structure of the prepared Co-N-MoO2

were examined by scanning electron microscopy (SEM). From Fig. 1a
and b, Co-N-MoO2 possessed the nanowire morphology with nano-
particles on the surface, which inherited the morphology of MoO2 (Fig.
S1 in the Supporting Information). After Co and N doping, there is no
obvious morphology change between Co-N-MoO2 and MoO2. Fig. 1c
showed the XRD patterns of MoO2 and Co-N-MoO2. All the diffraction
peaks at 26°, 36.98°, 41.62°, 53.46°, 60.32°, 66.5°, 78.8° (black curve)
can be indexed to the (011), (211), (210), (311), (013), (402), (133) of
crystal faces for the monoclinic MoO2 (JCPDS number. 32-0671) [29].
After Co and N doping, the diffraction peaks of MoO2 did not change
obviously (red curve). Meanwhile, the XRD patterns in Co-N-MoO2

show a slight shift to higher diffraction angle in comparison with pure

Fig. 2. XPS survey spectra of pure MoO2 and Co-N-MoO2 (a) and high-resolution scan of the Mo 3d (b), Co 2p (c) and N 1s (d) electrons.
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MoO2. In inset of Fig. 1c, after doping Co, N into bare MoO2, (311),
(013) and (402) planes of Co-N-MoO2 shift to the higher angles. The
smaller Co atoms substituted for Mo atoms randomly in the crystal
structure, then facilitated the shrink of MoO2 unit cell, implying the
successful Co doping into MoO2. This observation is consistent with the
Co or Fe-doped Mo2C [30,31]. In addition, the N and O atoms
possessed the similar atomic radius, and N doping caused the ignored
lattice distortion. TEM measurements were then performed to further
characterize the morphology and structure of the Co-N-MoO2 catalysts.
Fig. 1d showed that Co-N-MoO2 exhibited the nanowire morphology
with width of 30–40 nm and length of 0.2–0.3 µm. The HRTEM image
in Fig. 1e clearly showed the very well-defined lattice fringes with an
interplanar spacing of 0.342 nm that was in good agreement with the
(011) crystal faces of MoO2. No other crystal lattices of impureness
were observed. The elements mapping (Fig. 1f) confirmed the presence
of Mo, Co, and N with uniform wire-like distribution in the Co-N-MoO2

product, implying the successful Co and N doping into MoO2. In
addition, the BET specific surface area of MoO2 and Co-N-MoO2

measured the N2 adsorption-desorption method have the values of
23.82 m2 g−1 and 31.97 m2 g−1, respectively (Fig. S2). The pore volume
of 0.19 cm3 g−1 with a pore size distribution of 4−10 nm for Co-N-
MoO2 was obtained. The above results confirmed the MoO2 nanowire is
a potential substrate for catalysis due to the defined nanowire structure
with porous structure.

Elemental characteristics of pure MoO2 and Co-N-MoO2 were
further studied by XPS measurement with full spectra (Fig. 2a) and
high-resolution spectra for Mo (Fig. 2b), Co (Fig. 2c) and N (Fig. 2d).
The binding energies of Mo4+3d 5/2 and Mo4+3d 3/2 for Co-N-MoO2

(red curve, Fig. 2b) can be found at 231.9 and 235 eV, compared with
those of bare MoO2 (Mo4+3d 5/2 232.4 eV, Mo4+3d 3/2 235.5 eV and
Mo2+229.3 eV, black curve) [32]. The negative shift of 0.5 eV suggested
that electron transfer possibly took place from the MoO2 nanowires
into the doping N and Co. The binding energies of Co 2p3/2 and Co
2p1/2 for Co-N-MoO2 (red curve, Fig. 2c) can be identified at 782.3
and 796.9 eV, in comparison with those of pure MoO2 (without any
distinct peaks, black curve), suggesting the successful Co doping into
MoO2 nanowires. For the high resolution XPS spectrum of N 1s
(Fig. 2d), it was complicated that peak of N 1s was partially overlapped
with the Mo 2p1/2 peak at ∼395 eV [33–35]. The MoO2 nanowires
detected Mo 2p3/2 at 396.5 eV and Mo 2p1/2 at 398.9 eV. The peak
intensity of Mo 2p3/2 was higher than that of Mo 2p1/2, and the
intensity ratio was about 1.13. After the calcination of MoO2 nanowires
by Co(C5H7O2)3 and dicyanamide, the apparent peak of N 1s at
398.3 eV appeared and caused the decreased intensity ratio of about
0.71 between peak at 396.5 eV and peak at 398.9 eV, suggesting
successful N doping into MoO2 nanowires. Furthermore, on the basis
of the integrated peak areas, the atomic contents of Co and N in Co-N-
MoO2 were estimated to be 2.1 at% and 4.32 at%, respectively. The
atomic contents of Co and N of Co-N-MoO2 nanowires synthesized with
various amount of Co(C5H7O2)3 and C2H4N4 were shown in Fig. S3 and
summarized in Table S1.

The electrocatalytic activities of the Co-N-MoO2 and a series of
control samples including MoO2, N-MoO2, Co-MoO2, and 20 wt% Pt/C
were then investigated. As shown in Fig. S4, the rotating ring-disk
electrode (RRDE) voltammograms of Co-N-MoO2 suggested that the
Co-N-MoO2 is the multifunctional electrocatalysts for ORR and HER in
0.1 M KOH solution. Fig. S5a and S5c depicted the RRDE voltammo-
grams for the four samples prepared by different amount of
Co(C5H7O2)3 and dicyanamide. As depicted in Fig. S6, cyclic voltam-
metric measurements of Co-N-MoO2 tested in O2 saturated 0.1 M KOH
showed the apparent cathodic current emerged at approximately
+0.87 V. Whereas, only a double-layer charging current was seen in
N2-saturated electrolyte. As shown in Fig. 3a, MoO2 NWs (TEM image
shown in Fig. S7) possess the poor ORR activity by itself with the onset
potential at +0.78 V vs RHE. When chemically doped with Co and N,
Co-N-MoO2 exhibits surprisingly high ORR performance with an onset

potential of +0.87 V vs. RHE, comparable to that of 20 wt% Pt/C
(+0.95 V), and a higher diffusion limited current density
(5.39 mA cm−2 at +0.4 V) than that of 20 wt% Pt/C (5.11 mA cm−2).
In order to study the ORR mechanism of Co-N-MoO2, the similar slope
of Co-N-MoO2 (60 mV dec−1) with Pt/C (63 mV dec−1) indicated that
the rate-determining step both of them was the first electron reduction
of oxygen (Fig. S8). The fact that the onset potential of Co-N-MoO2 was
markedly more positive than that of Co-MoO2 (+0.84 V vs. RHE), N-
MoO2 (+0.81 V vs. RHE) signifies the important role of the Co and N
co-doped in enhancing the ORR activity of MoO2 due to a synergistic
interaction between the MoO2 and the Co/N doping.

RRDE measurements at different rotation rates (from 400 to
2025 rpm) were also carried out to further investigate the electron-
transfer kinetics of Co-N-MoO2, and the results are shown in Fig. 3b.
The Koutecky–Levich (K-L) plots within the potential range of +0.55 V
to +0.67 V are included in Fig. S9. The good linearity with a consistent
slope of Co-N-MoO2 suggests first-order reaction kinetics, with respect
to oxygen concentration in the electrolyte. The difference in ORR
performance is also obvious in the number of electron transfers (n). As
depicted in Fig. 3c, the n values for Co-N-MoO2 were between 3.56 and
3.68 within the potential range of 0 to +0.8 V, signifying that ORR
largely followed a four-electron pathway, similar with 20 wt% Pt/C
(3.92–3.78). In contrast, the n values for Co-MoO2, N-MoO2 and MoO2

were significantly lower, at only 1.06–3.72, 2.64–3.63 and 1.34–2.86,
respectively. The high electrocatalytic activity of Co-N-MoO2 was also
confirmed by the H2O2 percent yield during the ORR, which was < 10%
in the low overpotential range from +0.50 to +0.70 V (Fig. S10).

As shown in Fig. 3d, the durability of Co-N-MoO2 was tested by
chronoamperometric measurements. It can be seen that, in addition to
a high activity, Co-N-MoO2 also exhibited robust stability in an O2-
saturated 0.1 M KOH solution. After continuous operation at +0.47 V
for 10 h, ∼97.01% of the current density was remained, but only
84.05% for commercial 20 wt% Pt/C. In addition, after the injection of
1 M methanol into the electrolyte, the 20 wt% Pt/C showed a highly
reduced current density due to CO poisoning from oxidation of
methanol (inset of Fig. 3d). In contrast, the ORR currents of Co-N-
MoO2 remained virtually unchanged, confirming the strong tolerance
to methanol crossover. Significantly, the Co-N-MoO2 with high cataly-
tic activity is comparable to or even smaller than those of many metal
compound-based ORR catalysts, such as Co0.50Mo0.50OyNz (onset
potential +0.80 V) [36], Co3Mo2OxN6−x/C (onset potential +0.90 V)
[37], Co3O4/N doped-reduced grapheme oxide (onset potential
+0.90 V) [38], cobalt-nitrogen-graphene (onset potential +0.87 V,
n=3.44–3.72) [39], and yolk-shell cobalt-nitrogen co-doped porous
carbon (onset potential +0.94 V, n=3.5) [40] (Table S2).

The polarization curves for the four samples prepared by different
amount of Co(C5H7O2)3 and dicyanamide as shown in Fig. S5b and
S5d. The HER electrocatalytic activities of Co-N-MoO2 including the
contrast samples of MoO2, N-MoO2, Co-MoO2 and 20 wt% Pt/C were
tested in a three-electrode system in 0.1 M KOH. As shown in Fig. 4a,
the onset potential of Co-N-MoO2 was −69 mV vs. RHE (1 mA cm−2),
which was markedly better than that of MoO2 (−280 mV vs. RHE), N-
MoO2 (−212 mV vs. RHE) and Co-MoO2 (−158 mV vs. RHE). The
results confirmed that the synergetic effect between doped N and doped
Co played a vital role in enhancing HER activity of Co-N-MoO2.
However, the onset potential of Co-N-MoO2 was still inferior to that
of 20 wt% Pt/C (−8 mV vs. RHE). Additional, for Co-N-MoO2, the
overpotentials need to drive cathodic current densities of 10 and
20 mA cm−2 were 258 and 336 mV, respectively. Tafel slopes revealed
the inherent reaction processes of the HER (Fig. 4b). The Tafel slope of
20 wt% Pt/C was 38.9 mV dec−1, consistent with published literatures
in 0.1 M KOH [41]. In contrast, Co-N-MoO2 possessed a Tafel slope of
126.8 mV dec−1, lower than that of N-MoO2 (208.7 mV dec−1) and Co-
MoO2 (211.5 mV dec−1)，indicating that the HER for Co-N-MoO2

proceeded through a Volmer-Heyrovsky mechanism and the electro-
chemical desorption process was the rate-limiting step.

L. Yang et al. Nano Energy 41 (2017) 772–779

775



Electrochemical impedance spectroscopy (EIS) was also used to
investigate the electrode kinetics in HER. The comparison of Nyquist
plots among Co-N-MoO2-modified electrode and other control samples
were shown in Fig. 4c. The decreasing charge-transfer resistance (Rct)
value of Co-N-MoO2-modified electrode (360.1 Ω) was smaller than
those of MoO2 (2675.3 Ω), N-MoO2 (1570.0 Ω) and Co-MoO2

(454.1 Ω) with an overpotential of 150 mV. Lower resistance suggested
a faster reaction rate of HER, indicating that Co-N-MoO2-modified
electrode was more active than other samples. Besides, the electrical
electronic conductivity (Rs) of electrodes that removed the influence of
glassy carbon electrode (Fig. S11a) increased in order of Co-N-MoO2

(7.3 Ω) < Co-MoO2 (7.9 Ω) < N-MoO2 (17.5 Ω) < MoO2 (33.2 Ω),
which implied that N-doped and Co-doped treatment reduced the
electrical conduction resistance and leaded to the enhanced HER
catalytic activity. The typical Nyquist plots of Co-N-MoO2-modified
electrode at various overpotentials were shown in Fig. S11b. It can be
seen that the Rct values decreased apparently with the increased
overpotentials, from 661.2 Ω at 80 mV to 360.1 Ω at 150 mV, suggest-
ing the decreasing charge-transfer resistance (Rct) with the increased
negative potentials.

The double-layer capacitance of Co-N-MoO2 and other samples
were measured by cyclic voltammograms (CVs), which was an im-
portant parameter to estimate the electrochemically active area at the
solid-liquid interface. The CVs curves under various scan rates of
different samples were shown in Fig. S12. The double-layer capacitance
of Co-N-MoO2 (16.5 mF cm−2) was bigger than those of N-MoO2 (8.9
mF cm−2), Co-MoO2 (6.1 mF cm−2) and MoO2 (3.4 mF cm−2), as
exhibited in Fig. 4d. The larger electrochemically active area was
associated with more active sites on the surface of Co-N-MoO2 at the
solid-liquid interface, contributing to the excellent HER activity.

The durability was crucial aspects for HER catalysts, which was
measured by accelerated degradation testing and chronopotentiometry
at fixed potentials over extended periods in 0.1 M KOH. At an over-
potential of 320 mV, the Co-N-MoO2-modified electrode was operated
continuously for 10 h and a little increase of current density was
observed, suggesting the long-term extraordinary durability for HER in
0.1 M KOH (Fig. 4e). The polarization curves of Co-N-MoO2 before and
after i-t testing further confirmed robust stability with a slight increase
in the current density (Fig. 4f). In addition, no significant changes of
the morphology (inset of Fig. 4f) confirmed the structural integrity of
Co-N-MoO2 as well as catalytic stability.

Note that such an HER performance of Co-N-MoO2 (onset potential
of −69 mV vs. RHE, 258 mV at 10 mA cm−2, and Tafel slope of
126.8 mV dec−1) was markedly better than or comparable to those of
the most active HER electrocatalysts in alkaline solutions, such as
porous cobalt based thin film (−38 mV, 133 mV dec−1) [42], compact
MoO2/Ni foam (124 mV, 116 mV dec−1) [43], cobalt-carbon-nitrogen
(−81 mV, 178 mV dec−1) [44], cobalt-embedded nitrogen-rich carbon
nanotubes (−160 mV,370 mV dec−1) [24], cobalt-sulfide/fluorine-
doped tin oxide (−100 mV) [45] (Table S3). The superior ORR and
HER performance observed herein with Co-N-MoO2 was attributed to
the following aspects. Firstly, the one-dimensional structure of MoO2

nanowires with high electrochemical area facilitated the diffusion
among the electrocatalyst, electrolyte and gas [46,47]. Secondly, the
good electrical conductivity of MoO2 nanowires effectively collected
and rapidly transferred electrons from the electrocatalysts to electrode
[33]. Thirdly, the synergistic manipulation of N and Co doping with the
opposite electron density states leaded to the relatively moderate
bonding energy of Mo-H/O, and caused the enhanced catalytic activity
with more catalytically active sites [31,48–50].

Fig. 3. (a) RRDE voltammograms of MoO2, N-MoO2, Co-MoO2, Co-N-MoO2 and 20 wt% Pt/C at a rotation rate of 1600 rpm and (b) RRDE voltammograms of Co-N-MoO2 at different
rotation rates with ring potential of +1.5 V in an O2-saturated 0.1 M KOH solution at 10 mV s−1. (c) Number of electron transfer of MoO2, N-MoO2, Co-MoO2, Co-N-MoO2 and 20 wt%
Pt/C, as a function of electrode potential. (d) Chronoamperometric responses of Co-N-MoO2 and 20 wt% Pt/C at +0.47 V vs. RHE (900 rpm) without and with 1 M methanol (inset).
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4. Conclusions

In summary, we developed Co-N-doped MoO2 nanowires catalysts
by employing MoO2 nanowire as templates and substrates. The XRD
and XPS results confirmed the successful Co and N doping into MoO2

nanowires. The most active Co-N-MoO2 nanowire exhibited high ORR
activity (an onset potential of +0.87 V vs. RHE), high selectivity
(electron transfer number of 3.56–3.68), and excellent electrochemical
stability. In addition, Co-N-MoO2 as multifunctional catalysts also
exhibited high HER performance of low onset potential (−69 mV vs.
RHE) with Tafel slope of 126.8 mV dec−1. The prominent HER
performance with a low overpotential (69 mV vs. RHE), high electro-
chemical area and robust stability in 0.1 M KOH, are associated with

the defined nanowire structures and homogeneous doping of Co/N into
MoO2 with numerous active sites. The concept of the one-dimensional
conductive substrate with co-doping process demonstrated here is
attractive for broad applications for heterogeneous catalysis.
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Nyquist plots of MoO2, N-MoO2, Co-MoO2, Co-N-MoO2 modified electrodes at 150 mV HER overpotentials in 0.1 M KOH. (d) The capacitive currents at +0.05 V vs. RHE as a function
of scan rates for MoO2, N-MoO2, Co-MoO2, Co-N-MoO2 and 20 wt% Pt/C. (e) Chronoamperometric response for Co-N-MoO2 and 20 wt% Pt/C at −320 mV vs. RHE for 10 h. (f)
Polarization curves and SEM image (inset) of Co-N-MoO2 before and after i-t testing.
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Appendix A. Supplementary material

Supplementary data associated with this article can be found in the
online version at http://dx.doi.org/10.1016/j.nanoen.2017.03.032.
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