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Abstract. One step and facile synthesis of SnO
2
 doped graphene oxide (GO) nanoparticles were

conducted by applying a new doping method based on modified Hummer method. The structural
and thermal behavior were investigated by X-ray diffraction (XRD), scanning electron microscopy
(SEM), transmission electron microscopy (TEM), Raman spectroscopy, and thermal gravitational
analysis (TGA). GO sheets exhibited scrolling and crumpling morphology. SnO

2
 was embedded

in graphite during the initial stage of modified Hummer method and the surface morphology has
aggregated lamellar structure with wrinkles. In Raman spectra, the characteristic D-band and G-
band were observed in all the samples and the change in their ratio is attributed to the provided
defects. The effect of incorporating tin nanoparticles in GO on the electrochemical behavior was
investigated. The specific capacitance increases from 113 F/g to 355 F/g after SnO

2
 doping. The

better electrochemical behavior, the enhancement of conduction and capacitance is mainly re-
lated to the insertion of SnO

2
 nano particles which act as a well decorated spacers for GO nano-

sheets and the mechanical strength of GO prevents the volumetric expansion of SnO
2 
networks.

1. INTRODUCTION

Recently, an extensive attention was attracted to
the fabrication supercapacitors due to the wide-
spread of portable electronic devices, and implant-
able medical devices. However, to power electric
vehicles as well as hybrid vehicles, supercapacitors
with higher energy density is required. This can be
achieved using electrodes with relatively high ca-
pacity. Graphite and other high surface area carbon
nanostructures have been widely used in these
applications due to its thermal and mechanical sta-
bility during charging and discharging process
[1-3].

SnO
2
 have high theoretical specific capacitance

(992 mAhg-1), highly reversible reaction mechanism,
high Li storage potential, and volumetric energy
density is higher than graphite by nine times (7262

mAhcm-3) [4,5]. Graphene is a recently investigated
mono layer of Sp2 hybridized carbon atoms arranged
in a honeycomb structure, has attracted much at-
tention due to its superior properties and wide range
of applications [6,7]. Graphene can be used as a
host material for SnO

2
 nano-particles because of

the attached function groups which can act as a
nucleation sites [8,9].

However, during electrochemical reaction, the
high volumetric strain of SnO

2
 (greater than 250%),

lead to poor cyclic performance and break down
the anodic connection. Some researchers tried to
decrease the volumetric change by using SnO

2
 in

nano-scale or graphene doped SnO
2
 nano-compos-

ites. Although, graphene exhibited high cycling sta-
bility, the reported capacity of graphene as an an-
ode material in LIBs is low (100 mAhg-1) [10].
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Fig. 1. Schematic diagram describes the doping of GO from the initial stage.

Junfei et al. clarified that, getting the advantages
of high capacity SnO

2
 and promising (excellent)

cyclic performance of graphene can lead to high
capacity and good cyclic performance composites
[11-14]. The synthesis of graphene tin nano com-
posites has been conducted by different methods,
such as chemical doping, and hydrothermal method.
However, the aggregations of SnO

2
 are difficult to

avoid [15,16].
In the present work, we report a novel, facile and

one step approach to prepare GO-SnO
2
 nano-com-

posite based on modified Hummer method. This
method is almost identical to the modified Hummer
method except enrolling the required dopants at the
initial stage. The prepared Nano-composite showed
higher capacitance compared to GO. This method
is not limited to a distinct doping composite but
can be generalized to a wide scale of graphene nano-
composites.

2. EXPERIMENTAL

2.1. Preparation of nano-composites

A slight modification was done on the modified Hum-
mer method [17]. One step synthesis of SnO

2
 doped

GO (S1) and SnCl
2
 doped GO (S2) was performed.

Our approach is based on dissolving SnO
2
 and SnCl

2

in sulfuric acid at the initial stage which permits a
complete solubility and homogenous distribution of
SnO

2
 through the nan-composites, Fig. 1. Firstly,

0.1 g SnO
2
 was dissolved in 23 mL of sulfuric acid.

The prepared SnO
2
 in sulfuric acid was mixed with

1.0 g of commercial graphite powder and 0.5 g of
sodium nitrate within an ice bath, Slowly, we added
3 g of potassium permanganate while stirring for 2
hours. The mixture was kept in water bath at 35 oC
and stirred for 0.5 hour. The solution temperature
was kept at 95 oC while adding 46 ml of deionized
(DI) water and stirring was continued at the main-
tained temperature for another 0.5 hour. Then, 10

mL of hydrogen peroxide and 140 mL of deionized
(DI) water were added to terminate the reaction. In
the case of sample 2 (S2), Similar procedure was
repeated after dissolving 0.1 g SnCl

2
 in 23 mL of

sulfuric acid. The color of the mixtures was dark
yellow. The product was rinsed with 5% HCl. Filtra-
tion Washing were done for several times. Finally,
we obtained nan-composite powder after drying at
60 oC.

2.2. Characterizations

XRD measurements were performed using Burker
D8 diffractometer with Cu K  radiation. The local
vibration modes have been investigated by Raman
spectroscopy measurements at room temperature.
Micro-Raman spectroscopy system (Model
Renishaw system 2000) using Ar+ laser with power
of 100 mW and at wavelength of 488 nm has been
used. The surface morphology features were inves-
tigated using nano-lab Helois 400 attached by EDX.
The characterizations were extended to cyclic
voltammetry analysis using biologic science instru-
ment VSP with 1 M H

2
SO

4
 as an aqueous electro-

lyte at room temperature. The voltage window for
CV tests was enclosed between 0.5 and 2 V at
scan rates of 30 mV, 50 mV, 70 mV, 100 mV, and
200 mV respectively. Saturated calomel electrode
and platinum foil electrode were served as the refer-
ence and the counter electrodes, respectively. The
glassy carbon (GC) electrodes were polished, sub-
sequently cleaned in organic solvents and rinsed in
distilled water. The cleaned GC electrode was coated
with GO, S1, and S2 respectively and served as
working electrode.

3. RESULTS AND DISCUSSION

Representative XRD patterns of GO, S1, and S2
are shown in Fig. 2. An intensive (001) GO peak
can be observed at 10.4o and the detectable expand
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of the inter-layer spacing to 0.87 is attributed to the
introduction of oxygen containing function groups
during the exfoliation process which is related to
Van deer Waals force between GO layers [18]. Figs.
2c and 2d) shows the characteristic standard (110)
peak of SnO

2
 beside the existence of the distin-

guishable GO peak [19].
The morphology of the samples has been inves-

tigated using SEM. Scrolling and crumpling mor-
phology can be considered as intrinsic property of
GO [19-21]. We reported previously a few layers of
perfect hexagonal GO nano-sheets [18, 22]. Fig. 3
shows wide areas of few exfoliated GO expanded

Fig. 2. X-ray diffraction patterns for GO, SnO
2
 doped

GO (S1), and SnCl
2
 doped GO (S2).

Fig. 3. SEM images of GO nano-sheets with folds and crumbles.

layers with long wrinkles and crumpled paper like
morphology. As shown in Fig. 4a, S1 exhibited ag-
gregated lamellar structure with wrinkles of GO lay-
ers connected to each other. SnO

2
 nanoparticles

cannot be identified easily because of its well em-
bedding during the initial synthesis stage. The stack-
ing of GO nano sheets is prevented to some extent
since SnO

2
 Nano particles act as a spacer which

prevent the stacking. Fig. 4b shows that the mor-
phology of S2 is similar to S1, revealing that SnO

2

nanoparticles distributed was governed during the
initial preparation stage. Furthermore, the compo-
sition of nano particles was confirmed by EDX mea-
surements, which revealed the existence of Sn
within the composites as tabulated in Table 1.

Raman spectroscopy has been conducted at
room temperature in order to study the graphitic
quality of the prepared samples. A significant change
in the graphitic quality was confirmed using Raman
analysis. Fig. 5 displays a comparison of the Raman
spectrum of S1, S2, and GO. As one can see from
the spectrum there are several peaks. The first two
peaks at about 1341 cm-1 and 1572 cm-1 can be
attributed to the D-band and G-band respectively
[23]. It is well known that the peak at 1572 cm-1 is
assigned for the first order phonons scattering (E2g)
and the other peak around 1355 cm-1 is due to the
disorder and defects arise in the sp2 carbon rings
(D-band). It is well known that the ratio between the
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(a)

(b)

Fig. 4. (a) SEM images of S1 with wrinkles and aggregated lamellar structure and (b) SEM images of S2
with similar morphology to S1.

Fig. 5. Raman spectrum of GO, S1, and S2.

Table 1. EDX elemental analysis of the synthesized
composites.

Elements GO S1 S2

C K 79.57 72.78 76.03
O K 20.43 26.56 23.34
Cl K —- 0.25 0.43
Sn L —- 0.41 0.20

intensities of G-band to D-band (I
G
/I

D
) is correspond-

ing to the quality of the prepared GO [24, 25]. The
ratio of I

G
/I

D
 has found to be 1.26. This result indi-

cates that GO has less defects. The relatively sharp
peak centered at 2662 cm-1 could be attributed to
the 2D-band for graphene. The presence of the 2D-
band in the Raman spectrum of graphene oxide is
very rare and indicates the higher quality of synthe-
sized graphene by the present simple method. The
interactions between SnO

2
 Nano particles and GO

sheets were identified using the change in relative
intensity of Raman D and G peak [26]. The corre-

sponding relative intensities of S1 and S2 were 1.01
and 1.21 respectively. Comparing with the relative
intensity of GO (0.98), the SnO

2
 nanoparticles re-

duces the number of defects by attaching to the
dangling bonds.

The thermal stability of S1 and S2 and the mass
percentage of SnO

2
 were quantified using TGA mea-

surements as shown in Fig. 6. A drop in weight can
be observed around 100 oC due to the loss of water.
On the other hand, Dehydration and desorption of
attached gases from the surface of the synthesized
nano-composites takes place around 240oC and 200
oC for S1 and S2 respectively. The stability of SnO

2

can be realized and the residual amount of SnO
2
 is

43% in both samples [27].
The electrochemical performance of S1 and S2

were investigated through CV measurements by
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using 1.0 M H
2
SO

4
 as an electrolyte and the elec-

trochemical characteristics of the synthesized GO
Nano-sheets can be found elsewhere[18]. CV curves
of the samples for different cycle number is show in
Figs. 7a and 7b. Almost rectangular CV curves is
shown in Figs. 7a and 7b, reflecting the capacitive
behavior with two redox peaks, indicating the oxi-
dation and reduction process [28]. For both samples,
a little increment in current with increasing the num-
ber of cycles is recorded without distortion from the
symmetric rectangular shape with redox peaks. A
decrease in the discharge curve can be observed
with increasing the cycle number and with subse-
quent charge/discharge, an improvement in the
reversibility of the electrode was established [29].

The CV curves for S1 and S2 at different scan
rates with a potential window from -0.4~1V, is shown
in Figs. 7c and 7d. With increasing the scan rate
the redox peak is shifted because of the variation in
the electrode resistance. The typical capacitive be-
havior of increasing the current with increasing the
scan rate is established [30]. On the other hand, a
detectable distortion from the perfectly rectangular
shape was observed with increasing the scan rates,
as shown in Figs. 7c and 7d. At high scan rates,
the deviation of the shape is related to the differ-
ence between the faster flowing electron velocity
and the velocity of electrode reaction. So, there is a
difficulty to form the electric double layer at the in-
terface. A comparison of the current values for the
synthesized GO and composites during the fourth
cycle at a scan rate of 200 mV/s, is shown in Fig.
7e. The remarkable increase in current reflects an
improvement in specific capacitance for the syn-

Fig. 6. Thermal gravitational analysis (GTA) of S1 and S2.

thesized nano-composites and the optimum trend
was recorded for S1. This behavior can be attrib-
uted to the higher density of charge carries and the
well-known generation of SnO

2
 nanoparticles due

to the reduction of GO. Moreover, the bigger of the
area under CV curve indicates an increment of spe-
cific capacitance which result from the increase of
ions accessibility. SEM measurements confirm the
large area of the synthesized sheets. Meanwhile,
decoration of GO with nano particles diminish the
space between GO layers and facility the ionic tran-
sition. We think that nanoparticles form a network
for carrier transport.

Moreover, the specific capacitance was calcu-
lated from the well-known Eq. (1):

q q t I
С

m V m V t m V t
sp

d d / d
,

.d .d / d .d / d
 (1)

where C
sp

 is specific capacitance of the electrodes,
i is the current, dV/dt is the scan rate of the poten-
tial, and m is the mass of the active materials of the
electrodes [31, 32].

Capacitance of GO, S1, and S2 is shown in Fig.
8.The capacitance of S1 is more than S2, due to
the variation in surface morphology, dispersion of
SnO

2
 nano particles and the increase of current

[33,34]. With increasing the scan rate, partiall sta-
bility in the capacitance values were observed.

4. CONCLUSION

Comparing with the conventional preparation method,
the proposed new route does not require additional
steps or heat treatment. Furthermore, it is cost ef-
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Fig. 7. CV at a scan rate of 200 mv/s for S1 (7a),
S2 (7b) with different cycles, CV at different scan
rates 30mv/s, 50mv/s, 70mv/s, 100mv/s and 200mv/
s for S1 (7c), S2 (7d), and (7e) comparison of CV at
scan rate of 200mv/s for GO, S1, and S2.

Fig. 8. The specific capacitance of GO, S1, and
S2.

fective and applicable to different doping elements.
The enhancement in the electrochemical perfor-
mance is related to the following. First, SnO

2
 can

provide excellent electronic conducting channels.
Second, the high surface area of GO enhances the
capacitance. Third, GO accommodate the volumet-
ric strain of SnO

2
 nanoparticles.
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