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1. Experimental sections
1.1 Synthesis of Co3O4 nanowire arrays
The Co3O4 nanowire arrays (Co3O4 NWAs) was synthesized by a simple
hydrothermal method, and similar synthesis process can be found in the previous
reports.1-3 Typically, the reaction solution was obtained by mixing Co(NO3)2·6H2O
(1.5 mmol), NH4F (3 mmol) and urea (7.5 mmol) in 50 mL of ultrapure water. After
string for 1 h, the homogeneous pink solution was transferred into a Teflon-lined
stainless steel autoclave. A piece of Ni foam was immersed into the reaction solution.
Subsequently, the bottle was capped and maintained at 120 °C for 8 h in an electric
oven and then cooled down to room temperature. After the reaction, the sample was
collected and rinsed several times with ultrapure water. Finally, the Co3O4 NWAs was
obtained by annealing at 300 °C for 3 h with a heating rate of 2 °C min-1.
1.2 Construction of hybrid Co3O4@Au-decorated PPy core/shell nanowire arrays
The hybrid Co3O4@Au-decorated PPy core/shell nanowire arrays (Co@Au-PPy
NWAs) was synthesized by a modified technique according to the previous reports.4, 5
In detail, 0.1 mL pyrrole monomer was added into 30 mL ethanol with vigorous
stirring for 10 min. After that, a piece of the obtained Co3O4 NWAs was placed in a
clean petri dish. The aforementioned pyrrole ethanol solution was slowly dropped into
the sample. Then, the Co3O4 NWAs having absorbed the pyrrole monomers was
dipped into HAuCl4 aqueous solution, and left in dark overnight before rinsing with
ultrapure water and ethanol.
1.3 Preparation of Co3O4@PPy core/shell nanowire arrays
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For the synthesis of Co3O4@PPy core/shell nanowire arrays, the self-supported
Co3O4 NWAs was directly used as backbone for the growth of PPy layer by electrodeposition.6,
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Briefly, the electro-deposition was conducted by a CHI 660E

electrochemical workstation with a standard three-electrode glass cell at room
temperature. The reaction solution for electro-polymerization was obtained by mixing
pyrrole (50 mM), LiClO4 (40 mM) and SDS (56 mM) in 100 mL ultrapure water. The
deposition of PPy layer was carried out at 0.8 V (vs. Ag/AgCl) for 60 s, 90 s and 120
s, respectively.
1.4 Materials characterization
X-ray diffraction (XRD) patterns were recorded by a Rigaku XRD-2400
diffractometer, using Cu-Kα radiation at 40 kV and 60 mA. The nanostructured
samples were analyzed using a field emission scanning electron microscope (FESEM,
JSM-6701F) and a field emission transmission electron microscope (FETEM, TF20)
with an energy-dispersive X-ray spectroscopy (EDX) analyzer. X-ray photoelectron
spectroscopy (XPS) was carried out by using ESCALAB 210 spectrometer (VG
Scientific, UK).
The electrochemical measurements were carried out in a three-electrode
electrochemical cell using the CHI 660E Electrochemical Workstation at room
temperature with the 2 M NaOH as the electrolyte. The Ni foam supported active
materials (Co3O4 mass ≈ 2.0 mg cm-2, Co3O4@PPy ≈ 3.0 mg cm-2, Co3O4@Au-PPy
mass ≈ 3.1 mg cm-2) were used directly as the working electrode. A Pt plate and an
SCE electrode were used as the counter electrode and the reference electrode,
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respectively. Electrochemical impedance spectroscopy (EIS) tests were conducted by
using a perturbation amplitude of 5 mV in the frequency range from 0.01 Hz to 100
kHz. The mass-specific capacitance (MSC, Cs) [F g-1] and areal-specific capacitance
(ASC, Ca) [F cm-2] were calculated from the galvanostatic discharge curves using
equations as below:
Cs = It/mΔV
Ca = It/SΔV
where I represents the charge-discharge current (A), t is the discharge time (s), ΔV is
the potential (V), S is the geometrical area of the electrode, and m designates the total
mass of the active materials (g).1, 4, 8
1.5 Fabrication of an aqueous asymmetric supercapacitor
To fabricate an aqueous asymmetric supercapacitor, the synthesized Co3O4@AuPPy on Ni foam was directly used as positive electrode, and the activated carbon (AC)
was used as negative electrode. The electrochemical performances of asymmetric
supercapacitor (AS) were explored under a two-electrode cell in 2 M NaOH
electrolyte solution.9 The negative electrode was prepared by a traditional “slurrycoating” method.6 The charge balance between the two electrodes will follow the
relationship q+ =q-. The charge stored (q) by each electrode depends on the equation:
q = mCΔV
where C represents the specific capacitance of the electrode (F g-1), ΔV is the
potential (V), and m designates the total mass of the active materials (g). To get q+ =
q-, the mass ratio between the positive and negative electrodes needs to follow:

4

m+/m- = ΔV- C-/ΔV+ C+
The energy density (E) and power density (P) were also calculated as follows:8, 10
E = 0.5 C(ΔV)2
P = E/t

2. Supplementary Figures
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Fig. S1 SEM images of the bare Co3O4 NWAs (A, B) and hybrid Co3O4@Au-PPy
NWAs (C, D) electrodes with different magnification times. Scale bar: 100 μm for A,
C; and 10 μm for C, D.
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Fig. S2 (A) XRD patterns, (B) TEM and (C) HRTEM images of the bare Co3O4
NWAs scraped from Ni foam substrate. The inset shows the highest intensity peak of
the as-synthesized sample.

Based on the XRD patterns, the average crystallite size of the bare Co3O4 NWAs
can be calculated using the Scherrer equation as below:

In our case, the calculated crystallite size of the bare Co3O4 NWAs is ~ 9.7 nm,
which is in good agreement with the TEM observation. As can be seen from Fig. S2 B,
the individual Co3O4 nanowire consists of numerous small nanoparticles with average
diameter of ~ 10 nm and a large quantity of mesoporous structures. The novel
structural features can be generally explained by the successive release of H2O and
7

gases during the thermal annealing.
Fig. S2 C shows the HRTEM image of the bare Co3O4. The interplanar spacing
is about 0.286 nm, which corresponds to the (220) plane of the cubic crystalline
Co3O4, indicating the growth plane of the nanowires is along the (220) planes. This is
similar to the result reported by Xia et al.3b
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Fig. S3 (A) CV curves of hybrid Co3O4@Au-PPy electrodes at a scan rate of 5 mV s-1,
(B) Charge-discharge curves of hybrid Co3O4@Au-PPy electrodes at a different
current density of 5 mA cm-2, (C) The specific capacitance values of hybrid
Co3O4@Au-PPy electrodes as a function of current density, (D) EIS tests with the
frequency from 0.01 Hz to 100 kHz.
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Fig. S4 Electrochemical performances of the bare Co3O4 NWAs and hybrid
Co3O4@Au-PPy NWAs electrodes measured in 2 M NaOH. (A, B) CV curves of the
bare Co3O4 NWAs and hybrid Co3O4@Au-PPy NWAs electrodes at different scan
rates, (C, D) Charge/discharge curves of the bare Co3O4 NWAs and hybrid
Co3O4@Au-PPy NWAs electrodes at different current densities.
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Fig. S5 (A) CV curves of the Co3O4@PPy NWAs electrodes at a scan rate of 10 mV
s-1, (B) Charge/discharge curves of the Co3O4@PPy NWAs electrodes at 5 mA cm-2,
(C) The maximum ASC values of the Co3O4@ PPy NWAs electrodes as a function of
deposition time, (D) CV curves of the pristine Co3O4 NWAs and Co3O4@PPy NWAs
electrodes at a scan rate of 5 mV s-1, (E) ASC values of the pristine Co3O4 NWAs and
hybird Co3O4@PPy NWAs electrodes as a function of current densities, (F) EIS tests
with the frequency from 0.01 Hz to 100 kHz. The inset shows the magnified highfrequency regions.
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Fig. S6 (A) schematic illustration of the asymmetric supercapacitor configuration, (B,
C) CV curves of the as-fabricated Co3O4@Au-PPy//AC asymmetric supercapacitor at
different scan voltage windows and different scan rates, respectively. (D) chargedischarge curves of the as-fabricated Co3O4@Au-PPy//AC asymmetric supercapacitor
at different current densities, (E) specific capacitance values of the Co3O4@AuPPy//AC asymmetric supercapacitor as function of current density, (F) Ragone plot of
the Co3O4@Au-PPy//AC asymmetric supercapacitor compared with other reported
data.
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