Research Article

APPL'ED&MATERIALS

INTERFACES

www.acsami.org

Facile Synthesis of Graphene-Wrapped Honeycomb MnO,
Nanospheres and Their Application in Supercapacitors

Jiayi Zhu"* and Junhui He*"

"Functional Nanomaterials Laboratory and Key Laboratory of Photochemical Conversion and Optoelectronic Materials,
Chinese Academy of Sciences, Zhongguancundonglu 29, Haidianqu, Beijing 100190, China

*Graduate University of Chinese Academy of Sciences, Beijing 100049, China

© Supporting Information

%

* Modlﬁcatlon + Electrostatlc
* ‘ ‘ with APTS mteractlons
Honeycomb MnO; Modified Mn02 Graphene Graphene-wra;ped MnO;
nanospheres nanospheres nanocomposites

ABSTRACT: Graphene-wrapped MnO, nanocomposites were first fabricated by coassembly between honeycomb MnO,
nanospheres and graphene sheets via electrostatic interaction. The materials were characterized by means of X-ray diffraction,
scanning electron microscopy, transmission electron microscopy, atomic force microscopy, and thermogravimetric analysis. The
novel MnO,/graphene hybrid materials were used for investigation of electrochemical capacitive behaviors. The hybrid materials
displayed enhanced capacitive performance (210 F/g at 0.5 A/g). Additionally, over 82.4% of the initial capacitance was retained
after repeating the cyclic voltammetry test for 1000 cycles. The improved electrochemical performance might be attributed to the
combination of the pesudocapacitance of MnO, nanospheres with the honeycomb-like “opened” structure and good electrical

conductivity of graphene sheets.
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1. INTRODUCTION

Supercapacitors are charge-storage devices that have been attract-
ing tremendous attention due to their high power density,
excellent reversibility and long cycle life.! Most research has
focused on the development of different electrode materials such
as various forms of carbon,” conducting polymers,” and transition
metal oxides.*

Among all the materials, manganese dioxide is considered as
a good candidate for supercapacitors because of its electro-
chemical behavior, low cost, and environmental compatibility.®
Varied methods have been reported to synthesize MnO,-based
materials with different structures and properties, including
microemulsion rnethod,6 hydrothermal reaction,” thermal decom-
position,® electro-deposition,” and template method."® Although
there is yet no standard uniform structure and morphology avail-
able for MnO, materials in supercapacitors, it is highly desired to
develop a rational design to maximize their electrochemically
active sites for redox reactions through obtaining “opened” struc-
tures to further increase their energy storage density.'’ Recently,
we synthesized monodisperse honeycomb MnO, nanospheres via
microemulsion method,® which were used as catalysts for oxidative
decomposition of formaldehyde. To the best of our knowledge,
however, the monodisperse honeycomb MnO, nanospheres
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synthesized by the microemulsion method have not been used
so far as electrode materials for supercapacitors.

Nevertheless, MnO, does not usually deliver ideal specific
capacitance because of its poor electrical conductivity and elec-
trochemical dissolution during cycling.'” To circumvent these
obstacles, carbonaceous materials with high electrical conduc-
tivity and buffer matrix have been widely chosen as matrices
for MnO,-based materials to improve their conductivity and
stability.*~"* Compared to other carbon matrices such as graphite,
carbon black, and carbon nanotubes, graphene is emerging as one of
the most appealing carbon materials because of its unique pro-
perties such as superior electrical conductivity, excellent mechanical
flexibility, and high thermal and chemical stability.'® In the synthesis
of hybrid materials for lithium jon batteries, a graphene coating,
which is conductive and flexible, was used for preventing inner
active materials from electrochemical dissolution as well as improv-
ing the electrical conductivity of electrode materials, such as Co;0,/
graphene,'” Fe,0,/graphene,'® and Mn,0,/graphene."
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Scheme 1. Schematic Illustration for the Synthesis of GW-MnO, Nanocomposites
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The self-assembly of charged nanomaterials via electrostatic
interactions is a controllable route for generating hybrid materials
in an aqueous environment.”**" It can be considered as a pro-
mising candidate for synthesizing electrode materials, in which the
electrostatic attractive interactions between oppositely charged
nanomaterials are employed to create the robustness of hybrid
materials. The layer-by-layer (LbL) electrostatic assembly is one of
typical exam les, which has been extensively investigated in the
past decade.”® In a very recent study, Zhang and co-workers™
prepared MnO,/graphene hybrid materials (FRGO-p-MnO,) by
dispersing negatively charged MnO, sheets on functionalized
RGO sheets via an electrostatic coprecipitation method.

Herein, we prepared monodisperse MnO, nanospheres with a
honeycomb-like “opened” structure. The novel graphene-wrapped
MnO, nanocomposites (GW-MnO, nanocomposites) were
synthesized by coassembly between positively charged honeycomb
MnO, nanospheres and negatively charged graphene sheets. The
process was driven by electrostatic interactions between the two
species. The electrochemical properties of the GW-MnO,
nanocomposites were investigated in detail, and obtained results
revealed that the hybrid materials had a good electrochemical
performance as electrode materials for supercapacitors.

2. EXPERIMENTAL SECTION

2.1. Preparation of Honeycomb MnO, Nanospheres. In a
typical procedure,® 1 g of KMnO, was dissolved in 500 mL of distilled
water, and the mixture was stirred for about 0.5 h. A total of 10 mL of
oleic acid was added, and a steady emulsion was formed. After the
emulsion was maintained at room temperature for 24 h, a brown-black
product was collected, and washed several times with distilled water
and alcohol to remove any possible residual reactants. Finally, the
product was dried in air at 60 °C for 12 h.

2.2. Preparation of Graphene Dispersion. In a typical pre-
paration, graphene oxide (GO) was prepared from natural graphite by
using a modlﬁed Hummers method.”® To synthesize graphene dis-
persion,** GO (0.5 mg/mL) was diluted with 80 mL of deionized
water under sonication. After S min, 40 yL of hydrazine solution
(35%) and 280 uL of ammonia solution (25%) was added to the GO
dispersion. Subsequently, the mixture was stirred at 90 °C for 1 h.
After cooling to room temperature, the black homogeneous dispersion
was separated by centrifugation and used for the following fabrication
of composites.

2.3. Electrostatic Assembly of Graphene-Wrapped MnO,
nanocomposites. As illustrated in Scheme 1, honeycomb MnO,
nanospheres were first reacted with aminopropyltrimethoxysilane (APTS)
to modify their surface with NH, groups.'” honeycomb MnO, nanospheres
(025 g), APTS (0.5 mL), and toluene (80 mL) were added successively
into a 250 mL round-bottomed flask. The reaction mixture was stirred and
refluxed at 120 °C under N, for 6 h. The modified MnO, nanospheres
were then washed with toluene, and dried in air at 60 °C.

The self-assembly of graphene sheets and honeycomb MnO,
nanospheres was carried out by electrostatic interactions. Briefly, 30 mL
of modified honeycomb MnO, nanospheres dispersion (3 mg/mL) was
added into 30 mL of graphene dispersion (0.3 mg/mL) under mild
magnetic stirring. The mixture was stirred at room temperature for 1 h.
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The GW-MnO, nanocomposites were obtained after centrifugation and
washing with water. The obtained GW-MnO, nanocomposites were
finally dried in air at 60 °C. In the synthetic procedure of the hybrid
materials, the feeding fractions of MnO, and graphene were 90.9% and
9.1%, respectively.

2.4. Characterization. Samples were characterized using powder
X-ray diffraction (XRD) on a Philip X’Pert PRO SUPER ¢ A rotation
anode with Ni-filtered Cu KR radiation (4 = 1.5418 A) at a step size of
0.1°per second. Thermogravimetric analysis (TGA) data were col-
lected on a thermal analysis instrument (NETZSCH STA 449C) with
a heating rate of 10 °C/min in an air flow of 50 mL/min. The mor-
phologies of samples were characterized by scanning electron micro-
scopy (SEM) on a Hitachi S-4300 scanning electron microscope
operated at 10 kV. Transmission electron microscopy (TEM) images
and selected area electron diffraction (SAED) patterns were achieved
on a JEOL JEM-2010 transmission electron microscope operated at an
acceleration voltage of 150 kV. The surface topology of the graphene
sheet was investigated using atomic force microscopy (Nano First
SPM, Suzhou Haizisi Nanotechnology Co.) in tapping mode under
dry condition. The graphene dispersion was drop-dispensed onto silicon
wafer, and dried for AFM observation. The zeta-potential measurements
of graphene sheets and honeycomb MnO, nanospheres were carried out
by means of Malvern Zetasizer 3000HSA equipped with a 633 nm laser.
The pH values of the colloidal suspensions were adjusted by using
ammonia solution or dilute sulfuric acid. UV—vis absorption spectra
were recorded using a TU-1901 spectrophotometer (Beijing Purkinje
General Instrument Co.). Fourier transform infrared spectra (FTIR)
were recorded on a Varian Excalibur 3100 spectrometer. The electrical
conductivity of graphene sheets was measured by using the four-point
probe method (Guangzhou Four Probes Tech Co).

2.5. Electrochemical Measurements. All electrochemical experi-
ments were carried out using a three-electrode system at room tem-
perature. For making a working electrode, as-prepared materials (GW-
MnO, nanocomposites and honeycomb MnO, nanospheres),
acetylene black and polyvinylidene difluoride (PVDF) with a weight
ratio of 7:2:1 were pasted on a platinum substrate to form a very
homogeneous film with a surface density of 1 mg/ cm?. Before elec-
trochemical tests, the prepared electrodes were soaked overnight in
1 M Na,SO, aqueous solution. Electrochemical measurements were
carried out with 1 M Na,SO, aqueous solution as the electrolyte. A
platinum foil and a saturated calomel electrode (SCE) were used as
the counter and reference electrodes, respectively. All cyclic
voltammetry (CV) and galvanostatic charge/discharge were performed
on a CHI 660D workstation.

3. RESULTS AND DISCUSSION

3.1. Structure Characterizations. Figure 1 shows XRD
patterns of graphene sheets, honeycomb MnO, nanospheres,
and GW-MnO, nanocomposites. After the chemical reduction
of GO, a broad peak around 25° could be seen for graphene
(Figure 1a). This peak is due to the deep reduction of GO,
1nd1cat1ng that most oxygen functional groups had been
removed.”* For honeycomb MnQO, nanospheres (Figure 1b),
significant XRD peaks were recorded at 20 = 12.3, 24.3, 36.6,
and 65.7°, and could be well-assigned to the (001), (002),
(100), and (110) planes of birnessite-type MnO,, respectively.
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Figure 1. (a) XRD patterns of graphene sheets, (b) honeycomb MnO,
nanospheres, and (c) the GW-MnO, nanocomposites.

From 26 = 12.3°, the interlayer spacing was estimated to be ca.
0.72 nm, in good agreement with the literature.**>* The (001)
reflection at 20 = 12.3° was used to estimate the thickness of
the MnO, nanoplatelet by the Scherrer equation.’ The obtained
results showed that the MnO, nanoplatelet had a thickness of ca.
4.3 nm. Thus, the MnO, nanoplatelet was supposed to consist of
3—4 MnO, monolayers. The GW-MnO, nanocomposites show
an XRD pattern (Figure 1c) similar to that of honeycomb MnO,
nanospheres. Hovever, the peak at 20 of ca. 43° corresponding to
the (100) crystal plane of graphene could not be observed
clearly,” suggesting that the self-assembly process with a low
fraction of graphene does not affect the crystal structure of
honeycomb MnO, nanospheres. Nevertheless, the addition of
graphene sheets is believed to enable electrical conductivity of
the hybrid materials.

Figure 2 shows FTIR spectra of honeycomb MnO, nano-
spheres. Before amination (Figure 2a), the absorption band at
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Figure 2. FTIR spectra of (a) as-prepared and (b) APTS modified
honeycomb MnO, nanospheres.

519 em™!is assigned to the Mn—O stretching vibration; the
band at 3450 cm™ corresponds to the O—H stretching vibra-
tion of water molecule and OH™ in the lattice; the band at 1640
cm™" derives from the O—H bending vibration of adsorbed
water molecules. The bands at 1421 and 2935 cm™! are assigned
to the C—H bending or stretching vibrations of oleic acid, indica-
ting the existence of a little oleic acid in honeycomb MnO, nano-
spheres.”” After the amination reaction (Figure 2b), compared
with the as-prepared honeycomb MnO, nanospheres, the bands
attributed to the Mn—O stretching vibration at 519 cm™! and
C—H bending vibration at 1421 cm™' decrease, and several
additional absorption bands at 1040, 1130, 1370, and 1570 cm™"
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appear, which are assigned to the (Si—O)n, Si-OMn, C—N, and
N—H stretching or bending vibrations, respectively.'” It suggests
that APTS moieties had been successfully grafted onto the
surface of honeycomb MnO, nanospheres during the
modification process.

The morphology and structure of honeycomb MnO,
nanospheres, graphene sheets, and GW-MnO, nanocomposites
were elucidated by SEM and TEM observations (Figure 3). As

Figure 3. (a—c) SEM and TEM images of honeycomb MnO,
nanospheres. (d) TEM images of graphene sheets. (e—h) SEM and
TEM images of GW-MnO, nanocomposites.

seen from images a and b in Figure 3, the MnO, nanospheres of
ca. 100 nm in diameter have a honeycomb-like structure that
was formed by the self-assembly of MnO, nanoplatelets.®
A magnified TEM image (Figure 3c) shows that each nanosphere
consists of nanoplatelets that self-align perpendicular to the
sphere surface and emanate from the center rather like the

dx.doi.org/10.1021/am3000165 | ACS Appl. Mater. Interfaces 2012, 4, 1770—-1776
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structure of honeycomb. Figure 3d shows that graphene sheets
are transparent as thin layers.”®*® Many wrinkles and folds
reveal that the two-dimensional structure of graphene sheets is
flexible. The average thickness of the graphene sheet was also
measured from the height profile of AFM image, and was
estimated to be ca. 0.86 nm, which indicates the perfect platelet
structure of single sheet graphene (see Figure S1 in the
Supporting Information). SAED measurements yielded well-
defined 6-fold-symmetry diffraction (see Figure S2a in the
Supporting Information).*® UV—visible absorption spectra
(Figure S2b, Supporting Information) show that the absorption
peak of the GO dispersion at 229 nm red-shifted to 265 nm
after the reduction reaction, suggesting that the electronic
conjugation within the graphene sheets was restored upon
hydrazine reduction. Thus, GO was successfully reduced to
flexible and conductive graphene.>’ The GW-MnO, nano-
composites show crinkled and rough textures, which is
associated with the presence of flexible and ultrathin graphene
sheets (Figure 3e). A magnified image (Figure 3f) shows that
honeycomb MnO, nanospheres are wrapped by flexible and
ultrathin graphene sheets, which would help to not only enable
electrical conductivity of the nanocomposites but also prevent
honeycomb MnO, nanospheres from electrochemical dissolu-
tion. TEM image (Figure 3g) reveals that these honeycomb
MnO, nanospheres are firmly attached to graphene sheets even
after ultrasonication used to disperse the GW-MnO, nano-
composites for TEM characterization, indicating the strong
electrostatic interactions between honeycomb MnO, nanospheres
and graphene sheets. Magnified TEM image (Figure 3h) shows
the edges of individual graphene layers and the honeycomb-like
“opened” structure of MnO, nanospheres.”

On the basis of the above analyses, a plausible synthetic
procedure was proposed and shown in Scheme 1. Honeycomb
MnO, nanospheres were first prepared via microemulsion
method,® and then modified by APTS moieties to render the
honeycomb MnO, nanospheres surface positively charged.*®
The modified honeycomb MnO, nanospheres were then
assembled with negatively charged graphene sheets by
electrostatic interactions. Notably, to obtain complementarily
switched opposing charges of graphene sheets and the modified
honeycomb MnO, nanospheres for electrostatic assembly,'”*®
the modified honeycomb MnO, nanospheres suspension was
adjusted to pH 2 for a positive zeta potential of +20.1 mV,
which also revealed the successful grafting of APTS moieties
onto the surface of honeycomb MnO, nanospheres, and the
graphene dispersion was adjusted to pH 9 for a negative zeta
potential of —30.3 mV, as listed in Table 1. Under the above

Table 1. Average Zeta Potentials of Samples Measured at
25 °C

samples pH zeta potential (mV)
graphene 9.0 -30.3
modified MnO, 2.0 +20.1

optimal conditions, almost all the graphene sheets and modified
honeycomb MnO, nanospheres coassembled to leave a
transparent aqueous solution (see Figure S3 in the Supporting
Information),"” resulting in GW-MnO, nanocomposites.

TGA analysis (Figure 4) was used to determine the actual
fractions of graphene and MnO, in GW-MnO, nanocom-
posites. The weight loss of 7.7% below 200 °C is attributed to
the removal of surface-adsorbed water, and the weight loss of

1773

100 7
7.7%
'
~ 90-
2
Y 17.6%
=]
< 80-
: |
5
ol
B t
704 8.9%
¥
604 . ; . . :
100 200 300 400 500 600 700

Temperature ( °C)

Figure 4. TGA curve of the GW-MnO, nanocomposites.

17.6% in the temperature range of 200—410 °C corresponds to
the release of adsorbed oleic acid and water in the lattice.”” As
manganese oxide does not have weight loss between 415 and
540 °C,*** the weight loss of 8.9% in the temperature range
should be attributed to the removal of carbon sketch by
burning of graphene,*”** and thus the actual fraction of MnO,
and graphene in the initial nanocomposites is 91.1% and 8.9%,
which are very similar to the feeding fractions of MnO, (90.9%)
and graphene (9.1%) in the synthetic procedure of the hybrid
materials. This similarity suggests that the electrostatic
assembly process could easily and accurately control the actual
fractions of MnO, and graphene in the initial nanocomposites
by the feeding fractions of two components, as compared with
other redox reactions.”'® The small weight loss above 550 °C is
attributed to the slight phase transformation of manganese
oxide.””** Such a high content of MnO, nanospheres with the
honeycomb-like “opened” structure in the hybrid materials, in
association with flexible, conductive graphene coatings as the
conducting pathways and protecting matrix, might result in
high capacity and excellent cycling performance when they are
applied to supercapacitors.

3.2. Electrochemical Properties. The capacitive perfor-
mances of materials were evaluated by cyclic voltammetry (CV)
and galvanostatic charge/discharge techniques in 1 M Na,SO,
aqueous solution.*®

CV is a suitable tool to characterize the capacitive behavior of
electrode materials. As seen from Figure Sa, GW-MnO,
nanocomposites have a rectangle-shaped and symmetric CV
curve at a low scan rate of 10 mV/s, indicating their perfect
capacitive behavior.**” The CV current density increases
gradually with increase of the scan rate, but the CV curves
do not always maintain an rectangular shape, especially at a
high scan rate. It can be attributed to the fact that the
charging—discharging process of GW-MnO, nanocomposites in
the Na,SO, aqueous electrolyte is mainly governed by the
insertion of Na* from the electrolyte into the hybrid material
and its release from the nanocomposites to the electrolyte.* At
a low scan rate of 10 mV/s, the Na* ion can easily diffuse into
almost all available space of the hybrid material, leading to a
sufficient insertion reaction and showing almost perfect capac-
itive behavior. However, increasing the scan rate has a remark-
able impact on the diffusion of Na* into the hybrid material. At
a high scan rate of 100 mV/s, the Na* ion can only approach
the outer surface of the hybrid material and the material located
in the deep space has little contribution to the electrochemical
capacitive behavior, leading to the deviation from the ideal
rectangular shape of the CV curve. Average capacitances (C,)
were calculated according to C, = ( / I1dV)/(mVv), where I is

dx.doi.org/10.1021/am3000165 | ACS Appl. Mater. Interfaces 2012, 4, 1770-1776
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Figure S. (a) CV curves of GW-MnO, nanocomposites at different scan rates of 10, 20, 50, and 100 mV/s. (b) Galvanostatic charge/discharge
curves of GW-MnO, nanocomposites at different current densities of 0.5, 1, 2, and S A/g.
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sheets at different current densities (0.5—2A/g).

the response current density, V is the potential window, v is the
potential scan rate, and m is the mass of the active material in
the electrode.’ They are 170, 154, 125, and 100 F/g at the scan
rates of 10, 20, 50, and 100 mV/s, respectively.

To assess the potential of GW-MnO, nanocomposites as
electrode materials for supercapacitors, galvanostatic charge/
discharge measurements were also carried out. As illustrated in
Figure Sb, during the charging and discharging steps, the charge
curve of GW-MnO, nanocomposites is almost symmetric to its
corresponding discharge counterpart with a slight curvature,
pointing to high reversibility of the hybrid materials.*® The
time of the charging—discharging procedure increases
gradually with decrease of the current density, which is
attributed to the sufficient insertion or release of Na* during
the charging and discharging steps. The specific capacitances
(C,) were calculated according to C, = (It)/(mV), where I is
the constant discharge current, V is the potential window, ¢ is
the discharge time, and m is the mass of the active material
in the electrode.® They are 210, 194, 172, and 147 F/g,
respectively, at discharge current densities of 0.5, 1, 2, and
5 A/g, respectively.

The specific capacitances of GW-MnO, nanocomposites and
honeycomb MnO, nanospheres at varied current densities
(0.5—5 A/g) in 1 M Na,SO, aqueous solution are shown in
Figure 6a. The GW-MnO, nanocomposites exhibit higher
specific capacitances at identical current densities than those of
pure honeycomb MnO, nanospheres. For example, the GW-
MnO, nanocomposites display the maximum specific capacitance
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of 210 F/g at 0.5 A/g, which is much higher than that of pure
honeycomb MnO, nanospheres (144 F/g). The enhance-
ment of capacitive performance of GW-MnO, nanocomposites
can certainly be attributed to good electrical conductivity of
graphene sheets, which was measured to be ca. 322 S/m.
Graphene acts as an electronic conductive channel in the nano-
composites, and is beneficial to the fast transfer of electrons
throughout the whole electrode and eventually to the higher
electrochemical performance.>"”

The capacitive performances of the as-prepared GW-MnO,
nanocomposites and honeycomb MnO, nanospheres were
compared with those of previous reported materials.”>**~*
Figure 6b shows the specific capacitances of GW-MnO,
nanocomposites (blue line), FRGO-p-MnO, (black line),**
honeycomb MnO, nanospheres (red line), and Na/MnO,
sheets (green line)***° at varied current densities (0.5-2 A/g).
Clearly, the GW-MnO, nanocomposites display higher
specific capacitances than three others, at identical current
densities. As seen from Scheme 2, there might be two reasons
for the higher electrochemical performance of GW-MnO,
nanocomposites. One could be attributed to the MnO,
nanspheres with the honeycomb-like “opened” structure that
was formed by the self-assembly of MnO, nanoplatelets.®
Pseudocapacitive reactions between manganese oxides and
Na* mainly occurred on the surface and in the bulk of the
electrode™"!

MnO, + Ct + ¢~ & MnoOOC (Ct =H, Na") (1)

dx.doi.org/10.1021/am3000165 | ACS Appl. Mater. Interfaces 2012, 4, 1770-1776
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Scheme 2. Schematic Ilustration for the Charging—
Discharging Procedure of GW-MnO, Nanocomposites
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Compared with Na/MnO, sheets, the interstitial space between
MnO, nanoplatelets in the honeycomb-like “opened” structure
could not only supply sufficient electrochemically active sites for
effective redox reactions on the surface of manganese oxides, but
also provide porous channels for the deep intercalation or
deintercalation of Na" in manganese oxides,>' 1% resulting in the
higher specific capacitance of honeycomb MnO, nanospheres.
The other could certainly be attributed to the conductive
graphene coatings, which could enhance the specific capacitances
of pure MnO, materials through improving their electrical
conductivity.*"** As a result, because of the synergistic effect of
the pseudocapacitive MnO, nanospheres with the honeycomb-
like “opened” structure and conductive, flexible graphene sheets,
the GW-MnO, nanocomposites exhibited the highest specific
capacitance.

Additionally, it is noted that the specific capacitance of
honeycomb MnO, nanospheres levels off with increase of the
current density but that of Na/MnO, sheets decreases quickly.
This might be because that the honeycomb-like “opened” struc-
ture of MnO, nanospheres could be beneficial to the fast
adsorption of Na* on the surface of manganese oxides through
the interstitial space, and thus maintain the sufficient elec-
trochemical reactions between MnO, and electrolyte cations
even at the higher current density within short time. Thus, it
could reduce the loss of specific capacitance with increase of the
current density as compared with Na/MnO, sheets.”>*

The electrochemical stability of GW-MnO, nanocomposites
was further investigated in the range of 0—1 V at 10 mV/s in
1 M Na,SO, aqueous solution. As shown in Figure 7 (black arrow),

120

100

Average capacitance (F/g)
( 2, ) uonuajaa duedede)

0 200 400 600 800 1000
Cycle numbers

Figure 7. Capacitance retention of GW-MnO, nanocomposites in the
range of 0—1 V at 10 mV/s in 1 M Na,SO, aqueous solution.

the initial average capacitance (first cycle) of GW-MnO, nano-
composites was 170 F/g, and it decreased to 140 F/g after 1000
cycles. Compared to the first cycle, the capacitance retained about
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82.4% of the initial capacitance after 1000 charge-dischange cycles,
indicating a good cycling stability of the hybrid material (pink
arrow). Herein, graphene might play a “flexible confinement”

role to enwrap honeycomb MnO, nanospheres,” and prevent
honezcomb MnO, nanospheres from electrochemical dissolu-
tion,” ™ which would contribute to the better cycling stablhty of
GW-MnO, nanocomposites than bare MnO, electrodes*® and
other graphene/MnO, composites.*”

4. CONCLUSIONS

In summary, we have first synthesized the novel GW-MnO,
nanocomposites by self-assembly of honeycomb MnO, nano-
spheres and graphene sheets via an electrostatic coprecipitation
method. It shows that the electrostatic coprecipitation method
is a simple and controllable method to synthesize hybrid materials
for supercapacitors. Moreover, the GW-MnO, nanocomposites
exhibited enhanced capacitive performance as high as 210 F/g at
0.5 A/g, which is attributed to the synergistic effect between the
pesudocapacitance of honeycomb MnO, nanospheres and good
electrical conductivity of graphene sheets. The GW-MnO,
nanocomposites retained about 82.4% of the original capacitance
after 1000 cycles of charge—discharge. These results demonstrate
exciting potentials of the GW-MnO, nanocomposites for high-
performance supercapacitors.
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