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One-pot fabrication of flake Cu1.81S/C composite with size of 300 nm was successfully demonstrated in this work. As the supercapacitor
electrode material, the obtained Cu1.81S/C composite sample displayed good cycling stability of 83.6% capacitance retention after 1000
cycles and high specific capacitance of 617 F g−1 at current density of 0.5 A g−1. The excellent electrochemical performance is mainly
attributed to flake nanostructure, which provides large electrode-electrolyte contact area and facilitates an easy access of electrolyte ions to
the electrode surface. This result provides a new pathway for the fabrication of high-performance electrode material for supercapacitors.
Fig. 1 XRD pattern of Cu1.81S/C composite
1. Introduction: Supercapacitors (SCs), with high specific power
density and long cycle lives represent a unique sort of energy
storage device, which have attracted extensive attention in recent
years [1–3].
Pseudocapacitors, one type of SCs, store charges through rapid

and reversible electrochemical redox reactions from electrodes
such as metal oxides/hydroxides, metal sulphides and conducting
polymers which are able to provide high specific capacitance and
energy density [4–7]. Recently, metal sulphides have been widely
proposed for the SCs because of the excellent electroactive abilities
[8–11]. As important metal sulphides, copper sulphides exhibit
many different stoichiometric composition in a wide range from
Cu2S at the copper-rich side to CuS2 at the copper-deficient side
[12], including CuS nanowire arrays (305 F g−1 at 0.6 mA cm−1)
[13], Cu7.2S4 sub-microspheres (491.5 F g−1 at 1 A g−1) [14].
However, up to now there exist no reports about the electrochemical
properties of Cu1.81S electrode, and no doubt, Cu1.81S/C composite
is possible to have been used in SCs.
In this work, a one-pot method was developed to synthesise

Cu1.81S/C composite with novel flake nanostructure. What’s
more, the obtained sample showed excellent cycling stability and
high specific capacitance, due to nanoflake structure providing a
large contact area with electrolyte.

2. Experimental
2.1. Chemical and synthesis: All the reagents were analytical grade
and used without any further purification. The Cu1.81S/C composite
was prepared by a one-step sulphidation method. In a typical
process, 1.5 g copper nitrate (Cu(NO3)2·3H2O) and 3.0 g
benzene-1,3,5-tricrboxylic acid (C6H3(COOH)3) were dissolved
in a 5 ml and 55 ml methanol under ultrasonication for 1.5 h,
respectively. Then, the two solutions were mixed vigorously for
10 s. and the solution was placed at room temperature for 12 h
until blue precipitation finished. Finally, we collected
the precipitation with centrifugal machine and dried in vacuum at
70 °C for 12 h. During the final sulphidation process, 0.2 g
precipitation and 0.08 g sublimed sulphur were put into a
combustion boat and then heated to 650°C at the rate of 2°C
min−1 and kept at 650°C for 2 h under an argon flow in a tube
furnace.

2.2. Characterisation of materials: The crystal structures and
morphologies of the as-prepared product was characterised by
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X-ray diffraction (XRD, D8 Advance, Bruker, Germany), Hitachi
SU-70 scanning electron microscopy (SEM), FEI Tecnai G2 F20
transmission electron microscopy (TEM) and selected area
electron diffraction (SAED).

2.3. Electrochemical measurements: The electrochemical
measurements were all conducted on a CHI 660E electrochemical
workstation (Shanghai, Chenhua) in a three-electrode arrangement
with a Pt plate as counter electrode and a Hg/HgO electrode as
reference electrode, with 1 M KOH as the electrolyte. The
working electrodes were prepared by mixing by active materials
(Cu1.81S/C), carbon black and polyvinylidene difluoride in a
weight ratio of 8:1:1 to form viscous slurry. Afterwards, the
slurry was spread onto a piece of 1.0 × 2.0 cm nickel foam, and
then dried under vacuum at 70°C for 3 h. The electrochemical
properties of the supercapacitor electrodes were characterised by
cyclic voltammetry (CV), galvanostatic charge–discharge. The
specific capacitance C can be calculated according to the
following equation [15]

C = IDt

mDV
(1)

where I is the discharge current, Δt is total discharge time, and m
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Fig. 3 a TEM image of heart-shaped flake particle in Fig. 2c, b SADE
image of A particle in a, and c SADE image of B particle in a

Fig. 2 a–c SEM images of flake Cu1.81S/C nanoparticles with different magnification
and ΔV represent the weight of the active materials and total
potential difference, respectively.
3. Results and discussion: The XRD pattern of the obtained
sample are shown in Fig. 1. All diffraction pattern present peaks
that can be successfully indexed to those phase of Cu1.81S
(JCPDS Card No. 41-0959) except the diffraction peak around
27.4° which corresponds to the (331) diffraction peak of C
Fig. 4 a CV curves of Cu1.81S/C electrode, b Galvanostatic charge/discharge cu
acitance as a function of current density, and d Cyclic performance of Cu1.81S/C
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(JCPDS Card No. 44-0558) could be found in the pattern,
indicating that the as-prepared sample was Cu1.81S/C composite.

The morphology and structure of the as-prepared sample were
investigated by SEM and TEM technique. As shown in Figs. 2a–
c, we can clearly observe that the sample is mainly composed by
irregular flake nanoparticles with an average size of about 300
nm. The TEM image in Fig. 3a further confirm that the sample is
composed of nanoflake particles, which is consistent with the
above SEM results. To further confirm the component of
the sample, SAED patterns (Figs. 3b and c) are taken from the
marked area A and B in Fig. 3a, respectively. Fig. 3b indicates
the single crystalline nature of the flake area A, corresponding
well to the (250) plane of flake Cu1.81S. Fig. 3c illustrates the poly-
crystal nature of Cu1.81S/C sample, however, the image is not char-
acteristic due to irregular placement of flake particles.

The CV is regarded as a perfect technique to investigate the cap-
acitive behaviour of electrode materials. The CV curves displayed
in Fig. 4a were achieved at scan rates ranging from 10 to 100
mV s−1 in a potential window from −0.6 to 0.4 V (against Hg/
HgO). Obviously, one pair of well-defined redox peaks was exhib-
ited in the CV curves, indicating that the capacitance characteristics
were mainly governed by Faradaic redox reactions. It should be
noted that the current density generated by the nickel foam is
very low based on the CV areas, as compared with that of the
rves of Cu1.81S/C composites at different current densities, c Specific cap-
at 10 A g–1
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active material [16]. Therefore, the capacitance is mainly attributed
to the Cu1.81S/C composite. The redox peaks corresponding to the
reversible redox reaction could be expressed as

Cu1.81S+ OH− ↔ Cu1.81SOH+ e− (2)

Moreover, the shape of the CV curves is not changed with the in-
crease of scan rate, suggesting that the as-prepared nanoparticle
favours fast redox reactions.
To further evaluate the electrochemical properites of Cu1.81S/C

electrode, galvanostatic charge/discharge measurements were con-
ducted at various current densities (against Hg/HgO) and the
results are displayed in Fig. 4b. The flake Cu1.81S/C composite
exhibited a specific capacitance of 617 F g−1 at 0.5 A g−1 and
516 F g−1 at 5 A g−1, and it was higher than some previous
works which reported some other copper sulphides of CuS nano-
wire arrays (305 F g−1 at 0.6 mA cm−1), Cu1.96S/C octahedra
(200 F g−1 at 0.5 A g−1) [17], and CuS/polypyrrole composites
(427 F g−1 at 1 A g−1) [18].
The specific capacitance of the sample can be calculated based on

the charge–discharge curves and the results are illustrated in Fig. 4c.
The specific capacitances are as high as 617, 590, 553, 542.6, 519.2
and 516 F g−1 at discharge current densities of 0.5, 1, 2, 3, 4 and
5 A g−1, respectively. The sample exhibited approximately a
83.6% specific capacitance retention with the current density
increasing from 0.5 to 5 A g−1, suggesting a good rate capability.
To get more information of the electrochemical stability of the

Cu1.81S/C electrode, the cycling stability of the Cu1.81S/C electrode
was conducted at a current density of 10 A g−1 for 1000 cycles, as
shown in Fig. 4d. Although the specific capacitance decreased grad-
ually with increasing cycle number, it remained at over 86.4% rela-
tive to the initial capacitance after 1000 cycles. Electrochemical
properties suggest that the as-obtained Cu1.81S/C nanoparticles
are potential material for high-performance SCs.

4. Conclusion: In summary, a one-pot method has first been used
to synthesise Cu1.81S/C composite which has novel nanoflake
structure. The as-prepared flake Cu1.81S/C composites electrode
displayed excellent cycling stability and outstanding
electrochemical properties with high specific capacitance of 617
F g−1 at 0.5 A g−1, which is attributed to its nanostructure
providing a large contact area between electrode and electrolyte.
The facile synthesis method and excellent electrochemical
performance ensure such Cu1.81S/C nanoparticles significant
potential to be further exploited in high-performance SCs.
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