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Here we report the hydrothermal synthesis and detailed study on supercapacitor applications of a patronite hybrid,

VS,/reduced graphene oxide, which showed an enhanced specific capacitance of ~877 F/g at a current density of 0.5 A/g.

In comparison to bare vanadium sulfide and reduced graphene oxide, the hybrid showed ~6 times and ~5 times higher

value of specific capacitance respectively. Obtained energy density (117 Wh/Kg) and power density (20.65 KW/Kg) are

comparable to other reported transition metal sulfides and their graphene hybrids. Theoretical calculations using density

functional theory confirm an enhanced quantum capacitance on VS,/graphene composite systems, owing primarily to a

shifting of the graphene Dirac cone relative to the band gap of VS,. Results infer that the hybrid has the potential to

beusedasa high

1. Introduction

Recent developments in the field of two dimensional (2D)
layered materials have drawn immense attention from the
researchers, globally. The intriguing properties exhibited by
graphene in terms of its unmatched mechanical strength,lf3
exceptionally high surface area,4'5 high electrical and thermal
conductivitys‘7 and resistance towards any kind of chemical
adversities,8 has created a specific paradigm for it in the
scientific community. In addition, there are other 2D inorganic
graphene analogues like layered transition metal
chalcogenides (TMCs) which are currently drawing significant
attention due to their intricateness, tunable physical and
chemical properties.c“‘f12 Because of their unique layered
structures with each layer stacked onto another via weak van
der Waals force, they can be easily exfoliated to form few
layered structures.”> ™ Because of these properties, they have
been known to form excellent materials to be used in flexible
and transparent electronics.* ™ Some of the TMCs like MoS,,
SnS,, and WS,, have been studied extensively owing to their
exceptional applicability in areas like electronics,lgf20 energy
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performance supercapacitor electrode.

21-24 . .
storage, energy conversion, optoelectronics etc.

TMCs have been extremely popular not only for their wide
range of applications but also for the facile route by which
they can be synthesized.30'31 They have been studied in their
pristine form as well as hybrid form with graphene/reduced
graphene oxide (RGO).24'29'32735 Graphene/RGO as a platform
provides mechanical support and facilitates fast charge
transportation. In addition to that, hybrid structures
comprising of RGO, in most cases, result in formation of many
active sites and tend to promote open edge growths, which
greatly enhances the electrochemical and physical properties
as compared to their pristine forms. A number of hybrid
materials containing graphene/RGO as active template, have
shown much improved performances.33’3&38For example,
MoS,/RGO has shown much better specific capacitance value
of 282 F/g as compared to 156 F/g for pristine MoSz.39
Similarly WS,/RGO showed a specific capacitance of 350 F/g
which is 5 times higher as compared to bare WSZ.24 Other
metal sulfides such as Ni52,40‘41 CoSz‘u’42 and FeS, etc.”** have
also been reported to show many intriguing applicability in
various areas of research and it is highly expected that their
graphene hybrids would yield even better results.

Vanadium sulfides are another prominent group of TMCs
which have shown promising results in areas like energy
storage,“s’46 sensing,47 and spintronics.‘l&49 Recently, few
researchers have demonstrated that various stoichiometrically
different forms of vanadium sulfide can be synthesized via
facile hydrothermal routes.sO’SIMany interesting properties of
vanadium sulfides have been explored recently. In their report,
Zhang et al. have shown that vanadium sulfide nano-ribbons
have the potential to be used as an active material in
spintronics.48 Catalytic properties of vanadium sulfides have
been detailed in a report by Guillard et al>? In another report,

25-27 22,28,29
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ultrathin nanosheets of VS, have shown exemplary moisture
sensing properties.47 Few layered flower-like VS, has been
reported to have high field emission properties.53 Jing et al.
have conduced that 2D monolayered VS, has great potential as
an anode material for Li-ion batteries.*® Similarly, Feng et al.
have inferred that VS, shows exceptional in-plane
supercapacitor properties correlation between
electrons of vanadium atoms.” These reports suggest that
vanadium sulfides do have the required physical and
electrochemical properties to be used extensively in energy
storage applications like supercapacitors and Li-ion batteries.
Another such compound, VS,, is currently going under careful
observation by a number of researchers due to its intriguing
properties and unique morphology and composition. In VS,,
the vanadium atoms are present in an unusual geometry and
form a linear chain containing two S?~dimers, though the
oxidation state of vanadium remains the same as in the case of
VS,. VS, mineral is known as patronite and was first discovered
in the year 1906.>* Its crystallographic data were specified in
1964,55 and since then, many attempts have been made to
synthesize it,56759 until recently, few reports depicted that it
can be synthesized by a facile hydrothermal method in the
presence of graphene as template,so‘so'slbecause graphene
promotes nucleation process which facilitates the growth of
VS, instead of VS,. VS,/RGO is semiconducting in nature and
possesses a band gap of the order 1.0 eV,50 in contrast to VS,
which is metallic. Also various reports reveal that it has got
potential applicability in the area of energy storage; especially
the storage of lithium and it shows much better reaction
mechanism and high rate capacity.61 It has also been reported
that VS,/RGO has excellent photocatalytic activity under
visible-light irradiation.’® Here we report the detailed
supercapacitor performance of VS,/RGO, synthesized by facile
one-step hydrothermal route and a thorough comparison with
that of VS, and RGO.

due to

2. Experimental Methods

All the chemicals were used as supplied without any further
modification.

2.1. Synthesis of GO and RGO

Graphene oxide (GO) was synthesized from graphite powder
by a modified Hummer’s method as detailed in an earlier
report.24 Further reduction of GO to form RGO was carried out

by a hydrothermal reaction performed at 160 °C for 24 hrs.

2.2. Synthesis of VS, and VS,/RGO

VS, sheets were synthesized by a previously reported
hydrothermal method involving reaction of sodium
orthovanadate (Na3zVO,, Sigma-Aldrich, 99.98%) and

50,53

thioacetamide (C,HsNS, Sigma-Aldrich, = 99%) at 160 °C.
During hydrothermal reaction, hydrolysis of thioacetamide
generates HS’, which acts as a reductant to reduce V" into V**
and VS, layered structures are formed. VS, sheets were also

2| J. Name., 2012, 00, 1-3

synthesized by the same hydrothermal reaction in a GO
solution (with varied GO concentration) at 160 °C and the final
carbon content of the composite was estimated by elemental
analysis.50‘53During the hydrothermal process, VS, sheets were
formed on GO and the GO transformed to RGO.>°

2.3. Characterization

The samples were characterized by X-ray diffraction (Bruker D8
Advance diffractometer, 40 kV, 40 mA) having Ni filtered Cu-K,
radiation with a wavelength, A = 1.54184 A. Morphology of the
sample was studied by FESEM (Merlin Compact with GEMINI-I
column, Zeiss Pvt. Ltd.,, Germany). EDAX and elemental
mapping (INCA, Oxford Instruments, UK)
performed.Raman spectroscopy was performed using a micro

were also
Raman spectrometer (Renishaw inVia Raman microscope).

2.4. Electrochemical Measurement

2.4.1.
supercapacitor properties of the samples were tested with the

Two electrode measurement. Electrochemical
help of Swagelok type two electrode cells comprising high
grade stainless steel electrodes with Teflon encapsulation. The
stainless steel electrodes were polished with emery paper and
alumina powder (1 um Al,03) for about 30 minutes and then
sonicated with de-ionized (DI) water for about 1 hr. In a typical
procedure, 4 mg of the sample was taken and it was finely
ground with the help of a mortar-pestle for about 1-2 hrs.
Then it was equally divided and was taken in two different
glass tubes and dispersed with viable amount of ethanol by
ultrasonication in an ice bath for about 15 minutes in order to
achieve nearly homogeneous mixture containing ethanol and
the sample. The sample contained in one glass tube was drop-
casted on to one electrode using a micropipette so that each
electrode would carry 2 mg of the sample with uniform
coverage. Both the electrodes were then dried in a vacuum
desiccator for about 2-3 hrs. To provide separation between
those electrodes, a porous cellulose nitrate membrane
(Himedia Laboratories, Pvt. Ltd., India) having diameter equal
to the diameter of the electrodes and pore size ~0.22 um was
used. Before that, the membrane was thoroughly soaked in
1M aqueous Na,SO, solution which acted as the electrolyte. All
the measurements like cyclic voltammetry (CV) at different
scan rates, charge-discharge (CD) at different current densities
and long cycle stability test were performed by a
potentiostat/galvanostat (PG262A, Techno Ltd.,
Bangalore, India) while keeping the working potential within
the range of -0.1Vto 0.9 V.

science

2.4.2. Three electrode measurement. Investigation and
comparison of the redox (faradic) activities of VS, and VS,/RGO
have been carried out using a three-electrode electrochemical
configuration. For that, a typical glassy carbon electrode (GCE)
coated with sample was used as the working electrode,
Ag/AgCl was taken as the reference electrode and a platinum
wire was used as the counter electrode. First the GCE was
properly polished with fine emery paper and alumina powder

This journal is © The Royal Society of Chemistry 20xx
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(0.3 um Al,O3) for about 10-15 minutes and then sonicated in
DI water for 30 minutes and dried in a vacuum desiccator for 1
hr. The sample was dispersed in ethanol to get a homogeneous
mixture and then was drop-casted on to mirror finished
surface of the GCE using a micropipette. 5 pl of nafion was
then drop-coated on to the as deposited sample and was kept
in a vacuum desiccator, overnight. Cyclic voltammetry at a
particular scan rate (10 mV/s) was performed by taking 1M
aqueous Na,SO, solution as the electrolyte to verify the
pseudocapacitive (in terms of faradic reaction) behavior of VS,
and VS,/RGO. Here the working potential range was kept
within-0.1V to 0.9 V.

2.5. Calculation of Specific Capacitance, Power density and
Energy Density

All the calculations such as specific capacitance, energy
density, power density were done by taking the data from
two-electrode measurements. Specific capacitance for the
sample was calculated from both the cyclic voltammetry and
charge-discharge curves. From the cyclic voltammetry curves,
the specific capacitance was calculated using the following
equation;[ezl

$1vyav _ [S 1W)av+ [t 1w)av

CCV = =
P mr2(ve-vy) mr2(Ve=v;)

(1)

Where, Cgy is the specific capacitance calculated using CV
curves, m is the mass of the sample drop-casted on one
electrode (2 mg), r is the scan rate, VfV; is the potential
window (V¢= 0.9V and V;= -0.1V) and /(V)dV is the area under
the cyclic voltammetry Similarly, the specific
capacitance from thecharge-discharge curves was calculated
using the following equation:

curve.

cd — I
Csp = rns

(2)

Where, Cscg is specific capacitance calculated using charge-
discharge curve, s is the slope of the discharge curve, I is the
current at which the charge-discharge measurement was
performed.

Energy density (Ey) for the sample was calculated from the
cyclic voltammetry data by using the following equation;

1

Eq = Csy(VF — Vi)? (3)
The unit here is J/g which is why Equation 3 should be divided
by a factor of 3600 to get the unit converted to Wh/gram. To
get E4 in terms of Wh/Kg, the modified equation was again
multiplied by a factor 1000, as given below;
11000

11000 cer (v — V)2

E =
4 ™ 23600

(4)

Power density (P4) from the CV curve was calculated using
Equation 5, as given below;

1
Py =2 Cop (Ve = VT (5)

This journal is © The Royal Society of Chemistry 20xx

Where r is the rate of scan at which CV measurement was
performed. Here the working potential window (i.e. V;-V,) is of
the same value as taken for the evaluation of specific
capacitance using equation 1.

3. Results and Discussion

VS,/RGO containing 0.75 wt% of RGO, 1.5 wt% of RGO and 3
wt% of RGO have been denoted hereafter as VS,/RGO_0.75,
VS,/RGO_1.5 and VS,/RGO_3, respectively. FESEM images of
the VS,/RGO (1.5%) hybrid confirm uniform distribution of VS,
over RGO layer (Fig. 1a and Fig. 1b). Fig. 1c shows the EDS data
of the VS,/RGO hybrid confirming the presence of the
components with appropriate proportions. Elemental mapping
of the hybrid has also been done (Fig. 2a-d) depicting the

Element Atomic% Weight %
27.99
35.05

29.42

12

Fig.1 (a) LO\;V and (b) high magnification FESEM images of
VS,/RGO_1.5 hybrid. (c) EDS spectrum, atomic percentage and
weight percentage of the elements.

(b)

E)
=
2
)
(=
2
=
JCPDS:72-1294
. L L4 l'...L ool
15 30 45 60 75

2 Theta (degree)

Fig.2 Elemental analysis of VS,/RGO_1.5. (a) Electron image of the
hybrid over which the mapping has been done. Presence of (b)
Carbon, (c) Sulfur and (d) Vanadium in the hybrid. (e) XRD pattern
of VS,/RGO_1.5 showing prominent growth along (110).
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uniformity of the elements in the hybrid. Fig. 2e shows the X-
ray diffraction pattern of the hybrid demonstrating a
prominent growth along (110) direction with another peak
along (020). FESEM and XRD analyses for pristine VS, confirms
the formation of pure phase without any impurities (see Fig.
S1 in the supporting information). In XRD pattern of VS,/RGO,
the supressed carbon peak (at 28 value of ~26°), characteristic
of RGO is due to low thickness of the RGO layer and sharp
crystalline peak of VS,. Applying Scherrer equation (to
calculate crystallite size over all FWHM values of diffraction
peaks), the average grain size was found to be within the range
of 24-29 nm. It confirms the uniformity of the VS, crystallites in
the hybrid. All these diffraction peaks can be assigned to a
highly crystalline patronite V(S,), having a monoclinic structure
(JCPDS file: 72-1294). Furthermore, diffraction patterns of
VS,/RGO_0.75 and VS,/RGO_3 were compared with that of
VS,/RGO_1.5 (see Fig. S2a in the supporting information).
Hybrid containing 0.75 wt% of RGO shows poor uniformity of
the VS, crystallites (hence larger grain boundaries) and also
has additional peak of VS, (along the direction of (004),
denoted by the asterisk mark in Fig. S2a) which may be due to
the insufficiency of RGO template which hindered the
nucleation of VS, significantly. However, better crystallinity of
VS, is clearly visible in case of both VS,/RGO_1.5 and
VS,/RGO_3. To check the reduction quality of GO in case of
RGO and the hybrid, X-ray photoelectron spectroscopy has
been performed (see Fig. S2b in the supporting information).
The characteristic Cls spectra for all the three samples were
compared. As can be seen, the Cls spectrum of GO has two
distinct peaks at 285 eV (C-C) and 289.48 (O-C=0). Whereas for
RGO and hybrid, only one distinct peak is observed at 284.48
eV (C-C) indicating the absence of oxygen containing functional
groups (due to thermal reduction process). Raman
spectroscopy for GO, RGO and VS,/RGO were performed to
investigate the vibrational modes and the quality of reduction
of GO in both RGO sample and the hybrid. Fig. S2c shows the
Raman spectra of the samples. It shows the characteristic D
and G band for both GO and RGO. The D-band appears at
~1350 cm™ which confirms lattice distortions and the G-band
appears at ~1590 ecm™ which corresponds to the first order
scattering (E,, mode).[63] Io/1g ratio for GO, bare RGO and RGO
in the hybrid has also been calculated. The increased intensity
ratio in case of both bare RGO and RGO present in the hybrid is
in good agreement with previously reported data.[®*® ¢
confirms the restoration of sp2 carbons and formation of
smaller sp2 domains. The electrochemical measurements were
performed for VS,, RGO and VS,/RGO at three different
concentrations (i.e. 0.75 wt%, 1.5 wt% and 3 wt%) of RGO.
Fig.3a and 3c show the cyclic voltammetry and charge-
discharge curves of the VS,/RGO_1.5 hybrid using a two-
electrode system. At a scan rate of 2mV/s, it showed a specific
capacitance of 845 F/g. This high value of specific capacitance
can be attributed to the electric double layer capacitance
(EDLC) from the RGO layer as well as pseudocapacitive
contribution from VS,. Electrochemical measurements (using
two-electrode configuration) were also carried out for pristine
VS, (Fig. S3), RGO (Fig. S4), VS,/RGO_0.75 (Fig. S5) and

4| J. Name., 2012, 00, 1-3

VS,/RGO_3 (Fig. S6). Comparison between the supercapacitor
performances of VS,/RGO_1.5, RGO and VS, has been
elucidated in Table 2. Dependence of specific capacitance on
both scan rates and current densities is shown in Fig. 3b and

900
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Fig.3 Two-electrode measurement data for VS,/RGO_1.5 (a) Cyclic
voltammetry curves at different scan rates, (b) Specific
capacitance vs scan rate showing a gradual decrease in
capacitance at higher scan rates. (c) Charge-discharge curves at
different current densities and (d) Variation of capacitance with
current density.

3d respectively. At a current density of 0.5 A/g, the hybrid
shows its maximum calculated specific capacitance of 877 F/g.
The obtained specific capacitance of VS,/RGO hybrid is found
to be comparable to the best supercapacitors based on other
metal sulfides reported in literature (see Table 1).
example, NiS nanoparticles on graphene oxide sheets grown
by a facile hydrothermal route have shown a specific
capacitance of 800 F/g at a current density of 1 A/g.65 Wang et
al.,66 have reported supercapacitors based on CosS, hollow
nanospheres on graphene which showed a maximum specific
capacitance of ~675 F/g. At higher scan rates the capacitance
values decrease as shown in Fig. 3b. The phenomenon can be
correlated to a kinetically slow faradic reaction on the
electrode surface and high electrolytic resistance (slower
response towards voltage changes during fast scan). For higher
scan rates, the cycle completes with relatively lower value of
surface reaction and the resultant current (including much
lower value of faradic current) is mostly due to the double
layer capacitive property of the hybrid. This doesn’t occur with
lower scan rates, resulting in the decrease in capacitance value

For

as the scan rate increases. The values of specific capacitance
for the hybrid obtained at different current densities are
comparable to the values obtained at different scan rates. Also
the charge-discharge curves are nearly symmetrical which
explains that the redox reaction (faradic reaction) is reversible
in nature and the material possesses good capacitive property.
Further, it was found that VS,/RGO_1.5 shows much better
capacitive effect as compared to both VS,/RGO_0.75 and
VS,/RGO_3. In case of VS,/RGO_0.75, the reason behind poor
electrochemical performance is due to the large variation in
grain size of VS, particles and their non-uniform distributionon
RGO layer. As the concentration of RGO was not optimum,
hence the nucleation of VS, was not facilitated in a significant

This journal is © The Royal Society of Chemistry 20xx
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manner (which can be inferred from additional VS, peaks
found in the X-ray diffraction pattern of VS,/RGO_0.75 which
is shown in Fig. S2a by the asterisk mark). Although better
electrochemical performance should have been shown by
VS,/RGO_3, yet the undesired outcome may be assigned to
the agglomeration of VS, particles and RGO to form larger
entities due to uncontrolled nucleation process in the
presence of RGO in an excess concentration.®”?  This
agglomoration effect was avoided in the hybrid with 1.5 wt%
of RGO in which the cordination between VS, and RGO was
superior, which yielded better electrochemical supercapacitor
performances. This was further corroborated by the detailed
electrochemical investigation done for VS,/RGO_0.75,
VS,/RGO_1.5 and VS,/RGO_3 in this report.Thus the capacitive

<
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Fig.4 (a) Power density and energy density for VS,/RGO_1.5 at
different current densities, (b) Last 5 cycles taken from the long
cycle stability test to show no variation of symmetry in the charge-
discharge pattern even after 1000 cycles. (c) Capacity retention of
the hybrid showing much better stability even after 1000 cycles
with inset showing data plot for 1000 charge-discharge cycles.

0 200

effect of the hybrid has a strong dependency on RGO
concentration. Fig. 4a shows the Ragone plot which depicts the
energy density and power density of the hybrid material at
different scan rates. At a scan rate of 2mV/s, the hybrid
material shows a maximum energy density of the order of
~117 Wh/Kg and a maximum power density of the order of
~20.65 KW/Kg. Stability is a factor of immense priority for the
material, which is to be used as a supercapacitor electrode and
therefore a long cycle charge-discharge measurement was
performed in which the stability of the hybrid was tested for
about 1000 cycles. Fig. 4b shows the last 5 cycles of the long
cyclic measurement, carried out at a current density of 9 A/g.
Specific capacitance value for the hybrid was calculated at an
interval of 50 cycles and the corresponding plot has been
provided in Fig. 4c and the inset shows the data containing
1000 cycles of charge-discharge. The data shown in Fig. 4c
elucidates that even after 1000 cycles, the degradation in
specific capacitance of the hybrid material is merely ~10% of

This journal is © The Royal Society of Chemistry 20xx

the original value. The corresponding Ragone plots for
VS,/RGO_0.75, VS,/RGO_3, VS, and RGO have been provided
in Fig. S7. VS, is metallic whereas VS, is a low band gap
semiconductor with superior electrochemical properties.
Comparitive electrochemical cyclic voltammograms are shown
in Fig. S8 which illustrates the redox activity of both VS, and
VS, (VS4/RGO) at a scan rate of 5 mV/s. It can be observed that
the pseudocapacitive behaviour of VS, in the hybrid is better
than that of pristine VS,. The reason behind such anomally can
be correlated to the defect parameters (in terms of functional
groups such as carbonyl, epoxy or hydroxyl etc.) already
present in RGO layers, which readily contribute towards
surface faradic reaction making the redox activity of VS,/RGO
more prominent as compared to bare VS,.

3.1. Computational Results

Density-functional simulations were performed using the
SIESTA®® software package to investigate the electronic
structure of the graphene/VS, interface. The details are
reported in the Supporting Information. A side image of the 1-
dimensional “chains” that make up bulk VS, is shown in Fig. 5a
with adjacent chains extending in the direction perpendicular
to the page. The interaction between adjacent chains as well
as between the chains and graphene is weak and due to the
van der Waals interaction.’® We considered a single monolayer
of these chains spaced 3.3 A above a graphene sheet, with the
spacing between adjacent chains taken to be the same as in
the bulk structure. The monolayer was cut in the direction
indicated by the red arrow in Fig. 5a and the resulting
structure is shown in Fig. 5b.
The quantum capacitance C,is related to the density of
states g(g) through the following relationship:
92

Cq= T f_oow de g(&) sech?(

e—p
szT)

(6)

Wehere e is the fundamental electronic charge, kg is

= o
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Fig.5 (a) Side-view of the one-dimensional chains that make up
bulk VS, (b) The graphene/VS, interface used for the simulations
(c) density of states of graphene/VS, heterostructure (d) quantum
capacitance for graphene/VS, interface.
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Boltzmann’s constant, T is temperature (taken to be 300 K
here) and u is the Fermi Energy. The calculated density-of-
states for the graphene/VS, interface is shown in Fig. 5c,
where both the Dirac cone of graphene and the band gap of
VS, are clearly visible below and above the Fermi level,
respectively. Interestingly, because the Dirac cone of graphene
is not located inside the band gap of VS,, the net DOS gives rise
to a larger-than-expected quantum capacitance in this region
(Fig. 5d). The shape of the capacitance with respect to the bias
potential mirrors that of the density of states near the Fermi
level. For all values of bias voltage considered, the quantum
capacitance of the composite graphene/VS, system is larger
than that of graphene alone, a trend that confirms the
measured experimental capacitance. It is worth noting that the
quantum capacitance of a semiconductor in the off state is
defined to be zero. Depending on the bias voltage considered,
the capacitance of the composite system is anywhere from
roughly 1 to 10 times larger than that of graphene alone.

Table 1. Comparison of supercapacitor performance of VS4/RGO_1.5
with the reported metal sulfides/graphene hybrids.
Hybrid Maximum Maximum Maximum Referen
Specific Energy Power ce
Capacitance Density Density
NiS/graphene 775Fig 11.2 ~1KW/Kg |
(at 0.5 A/g) Wh/Kg
WS,/RGO 350 Flg 49Wh/Kg | 82KW/Kg | 2
(at2 mV/s)
CosS4/graphene | 675.9 Fig NN &6
(at 0.5 A/g)
CoS,/graphene | 314 Fig RN R — o
(0.5 A/g)
VS4/RGO_1.5 877 Flg 117 20.65 Present
(at 0.5 A/g) Wh/Kg W/Kg Work
Table 2. Comparison of supercapacitor performance of
VS,/RGO_0.75, VS,/RGO_1.5, VS,/RGO_3, RGO and VS,.
Sample Maximum Maximum Maximum
Specific Energy Density | Power
Capacitance Density
VS4/RGO_0.75 | 223 F/g 29.72 Wh/Kg 4.53 KW/Kg
VS4/RGO_1.5 877 Flg 117 Whi/Kg 20.65 KW/Kg
VS4/RGO_3 259 Flg 35.36 Wh/Kg 11.57 KW/Kg
RGO 144 Flg 20 Wh/Kg 6.2 KW/Kg
VS, 137 Flg 19 Whi/Kg 6 W/Kg

4. Conclusions

The synthesis of VS,/RGO hybrid by facile one-step
hydrothermal techniques has been accomplished and its
supercapacitor performance is tested. The results obtained so
far have shown the great potential of the VS,/RGO hybrids

6| J. Name., 2012, 00, 1-3

with the specific capacitance as high as 877 F/g. Simulations
based on density functional theory confirm an enhanced
quantum capacitance when VS, is heterostructured with
graphene, due primarily to the location of the graphene Dirac
cone relative to the band gap of VS,. The Hybrids exhibited
enhanced energy density of 117 Wh/Kg and power density of
~20 KW/Kg which is compared to reported metal sulfides and
their graphene based hybrids. These experimental
theoretical findings provide useful insights in the design of
supercapacitors for potential high performance energy storage
application in future.
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