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Abstract

Sn0O,/Co;0, (BTMO) with reduced graphene oxide (rGO) nanocomposite were synthesized by co-precipitation method to
determine its electrochemical properties for the betterment of Supercapacitor applications. The XRD pattern of BTMO/
rGO nanocomposite shows tetragonal rutile and spinal cubic structure. The XRD peak of BTMO/rGO nanocomposite is
comparatively broader than the BTMO nanocomposite and bare nanoparticles due to the presence of high surface area rGO.
From the SEM image it is observed that the BTMO nanocomposite has comparatively larger particles than the bare nano-
particles and BTMO/rGO nanocomposites. Hence, the BTMO/rGO nanocomposite has alteration in surface to volume ratio
and improved electron conductivity were observed with increased integral area and current such as 2.5117x 10~ A/s and
3.1686x 10~ A respectively in CV behavior, when it is compared to BTMO nanocomposite and bare nanoparticles. The
BTMO/rGO nanocomposite also has an increased specific capacitance value of 317.2 F/g at 1 A/g. The increased specific
capacitance value of BTMO/rGO nanocomposites are mainly due to the synergistic effect between SnO,/Co;0, and rGO.
Hence, it may be responsible for the improved electron conductivity, due to the free diffusion pathway for the fast ion move-
ment and also it has easily ion accessibility nature to the storage sites makes the materials with both the electric double layer
capacitance and pseudocapacitance behavior. Hence, BTMO/rGO nanocomposite would be a promising candidate material
for energy storage supercapacitor application.

1 Introduction

Nanomaterials are in need for the betterment of energy stor-
age devices and supercapacitors. Due to the advancement in
nanomaterials research nowadays, there are many permut-
able combinations of new nanomaterials are identified with
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longer cycle life (> 100,000 cycles), high power density etc.,
when it is compared to conventional dielectric capacitors.
Those nanomaterials show an excellent energy density, rapid
charge/discharge rate and low maintenance cost etc., [1].
Based on the energy storage mechanism, the supercapacitors
are classified as electric double layer capacitors (EDLC) and
fast reversible faradic pseudocapacitors [2].

Recently, metal oxide nanoparticles such as SnO,, ZnO,
TiO, and WO; have attracted extensive research interests
owing to their unique physical and chemical properties and
diverse potential applications in optical and electronic fields
based research shows dramatic improvement in the field of
supercapacitors applications [3, 4]. Among various metal
oxide nanoparticles, SnO, gains importance because of its
n-type semiconductor property with a wide band gap of (E,
= 3.6 eV at 300 K), high chemical stability, temperature
stability, excellent electron conductivity, optical property,
mechanical property and electrochemical properties etc.,
[5-7]. The redox activity of SnO, nanomaterials, it is widely
considered as an anode material in lithium ion batteries [8,
9]. The SnO, nanoparticles has shorter electron transporting
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paths and also it has high surface-to-volume ratio, hence
the bare nanoparticles has poor electrical conductivity. To
improve the electrical conductivity of the material, the bare
nanoparticle SnO, combined with activated carbon or gra-
phene, a conductive materials is another very promising
material to improve electronic conductivity and accommo-
date volume change of metal oxide active materials during
cycling [10]. However, SnO, has both the charge/discharge
property, superior chemical stability and excellent electrical
conductivity, when it combines to graphene, which makes
the composite material with both buffer accommodate vol-
ume change and also it improves the electrical conductivity
of the material. It is mainly due to the change in surface to
volume ratio of the SnO,/rGO nanocomposite when com-
pared to bare nanoparticles [11, 12]. SnF,/C composite
materials were also widely considered as an anode material
due to its improved discharge and charge capacities. SnF,/C
composite material showed superior cycling stability when
compared to bare nanoparticle such as SnF, composites [13].

In recent years, many researchers reported that the tran-
sition metal oxides such as MnO, [14], Co;0, [15], Fe,04
[16] and NiO, [17] are also widely considered because of it
energy storage properties (the d-shell elements usually has
higher free electron carrying property) [18]. Among various
transition metal oxides, Co;0, is widely considered for its
unique energy storage, catalytic activity, magnetic behav-
ior, adsorption properties and eco-friendliness etc., [19-21].
However, the Co;0, nanoparticles has high electron storage
property but the bare nanoparticle has poor electron con-
ductivity. It is so because of its larger crystalline size, the
bare Co;0, nanoparticle has poor capability and reversibility
in charge/discharge rate of the materials. Even though, the
p-type semiconductor Co;0O, nanomaterials possesses poor
electronic conductivity, when it combined with high con-
ducting materials such as carbon black shows the improved
electron conductivity than the Co;0, bare nanoparticles
[22]. Due to the reduced particle size and improved sur-
face area of the nanocomposites, when it is compared to
the bare nanoparticles shows better charge—discharge activ-
ity and improved energy storage property of the materials.
Hence, transition metal oxide Co;0,~rGO nanocomposites
are widely considered has a candidate for the supercapacitor
application [22-24].

Different combinations of metal oxide and transition
metal oxide nanocomposites are commonly known as binary
transmission metal oxide (BTMO) are widely considered
because of it’s unique physical, chemical, electrical, optical
and magnetic properties. Researchers in the field of basic
research gives much more attention to BTMO nanocom-
posite materials and make them in use for technological
applications such as energy storage devices in particular
for supercapacitor etc. Nowadays, there are many different
combinations of metal oxides and transition metal oxide

nanocomposites alone and in combination with rGO such
as Co,Sn0,/activated carbon composite electrode for super
capacitor applications [25], SnO, coated Co;0, hollow nano
spheres used in Li-ion batteries shows extraordinary perfor-
mance [26] etc.,

In recent year carbonaceous materials such as MWCNTs,
reduced graphene oxide, acetylene black etc, plays an impor-
tant role in electrochemical energy storage devices, due to
their high mechanical, thermal stability and excellent electri-
cal conductivity [13, 27, 28]. Carbon based materials such
as graphene are widely considered as an electronic material.
Graphene is a two-dimensional single atom thick membrane
of carbon atoms arranged in a honeycomb crystal [29] and
also it has mechanically strong, transparent, thin flexible
conductor and excellent electrical conductivity [30].

In this regard, a pilot attempt were made to synthesized
and characterize the SnO,~Co0;0,/rGO (BTMO/rGO) nano-
composites by co-precipitation method and the same were
compared to SnO,, Co;0, bare nanoparticles and BTMO
nanocomposites. The structural morphology and crystallin-
ity of the synthesized nanomaterials were determined by
X-ray diffraction (XRD), surface morphology by scanning
electron microscopy (SEM), the functional groups by Fou-
rier transform infrared (FT-IR) and Raman spectroscopic
studies. Electrochemical properties of the synthesized
materials were also determined by recording cycling vol-
tammogram (CV), galvanostatic charge—discharge and elec-
trochemical impedance spectroscopy (EIS). From the charg-
ing and discharging spectra, the specific capacitance value
of the nanomaterials were calculated. From the CV result,
cyclic behavior of bare nanomaterials such as SnO,, Co;0,,
BTMO nanocomposites and BTMO/rGO composites were
compared and discussed.

2 Experimental
2.1 Materials

Tin(IT)chloride (SnCl,) molecular weight (MW) 189.62 g/
mol, product no. 208256, 98% pure reagent grade chemi-
cal were purchased from Sigma Aldrich, Saint Louis, MO
63103, USA. Cobalt(I)chloride (CoCl,) MW 129.84 g/mol,
product no. 60,818, 98% pure reagent grade chemical were
purchased from Sigma Aldrich Pvt. Ltd, Bangalore, INDIA.
Graphene oxide powder MW 4239.48 g/mol, product no.
796034, powder of 15-20 sheets, 4-10% edge oxidized were
purchased from Sigma Aldrich, Saint Louis, MO 63103,
USA. Sodium hydroxide (NaOH) MW—40 g/mol, product
no. S8045, 98% pure pellets were purchased from Sigma
Aldrich, Saint Louis, MO 63103, USA were utilized for the
experiment.
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2.2 Synthesis of SnO, nanoparticle

2.2563 g of SnCl, was dissolved in 100 ml of distilled
water. The above solution were stirred well for 5 h at
60 °C. The final pH of the solution were adjusted to pH-7
using 0.1 mol (M) of NaOH solution, at pH-7 a white
precipitate appears and the obtained precipitate were fil-
tered using wattman grade-1 (4 mm) filter paper and the
same were washed for 4-5 times with ethanol and distilled
water.

2.3 Synthesis of Co;0, nanoparticle

2.379 g of cobalt chloride were dissolved in 100 ml of
distilled water. The resultant solution were stirred well for
5 hat 60 °C. Then the pH of the above solution adjusted to
pH-7 using 0.1 M of NaOH solution, at pH-7 a brown pre-
cipitate appears and the resultant brown precipitate were
collected by filtration using wattman grade-1 (4 mm) filter
paper, and then the filtrate were washed 4-5 times using
ethanol and distilled water.

2.4 Synthesis of BTMO nanocomposite

The BTMO nanocomposite materials were synthesized
by co-precipitation method. First, 1.579 g of SnCl, were
added to 100 ml distilled water taken in a beaker, then
0.713 g of CoCl, were also added pinch by pinch into it.
The above solution were stirred vigorously 5 h at 60 °C.
Finally, the pH of the above solution were adjusted to 7
using 0.1 M of NaOH solution. When the reaction mixture
reaches to pH-7, a brown precipitate appears. The result-
ant precipitate were collected by filtration using watt man
grade-1 (4 mm) filter paper, then the filtrate was washed
for 4-5 times using ethanol and distilled water.

2.5 Synthesis of BTMO/rGO nanocomposite

The BTMO/rGO nanocomposite materials were also syn-
thesized by co-precipitation method. Here first, 0.1 g of
graphene oxide were dissolved in 100 ml distilled water,
then the solutions were kept under sonication for 1 h. After
1 h, 1.579 g of SnCl, and 0.713 g of Co;0, were added
into the solution, then the reaction mixture were stirred
well for 5 h at 60 °C. The pH of the solution were adjusted
to 7 using 0.1 M NaOH solution. When the pH of the solu-
tion reaches to 7, a black color precipitate appears. The
above precipitate were collected by filtration using watt
man grade-1 (4 mm) filter paper, and then the filtrate were
washed 4-5 times using ethanol and distilled water. After
final washing, all the resultant precipitates were allowed to
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dry at 60 °C in vacuum oven for 24 h, then the composite
were annealed at 300 °C for 5 h.

2.6 Characterization equipment

The synthesized bare nanoparticles, BTMO and BTMO/rGO
nanocomposites purity and lattice parameters were deter-
mined by recording the XRD pattern using PAN analyti-
cal X-ray diffraction instrument. The crystalline nature of
the prepared nanomaterials were analyzed with the source
wavelength of 1.542 A Cu Ka radiation. The surface mor-
phology and microstructure of the synthesized nanomateri-
als were determined using Carl Zeiss instruments model no.
MA15/EVO-18, with electron high tension of 10.00 kV with
the wide angle of 10.5 mm along with the magnification
range starts from x20,000 (x20.00k). The functional group
rotational vibration of the synthesized materials were deter-
mined by recording FT-IR spectra with the spectral range
from 400 to 4000 cm™! using Frontier Biodiesel FAME
Analyzer, model no. L125000P from Perkin Elmer instru-
ments, USA. The Micro Raman spectrometer from Renishaw
instrument, model RM'%’ were used to study the functional
group excitation vibration of the synthesized nanomaterials
using 532 nm Nd-YAG laser as an excitation source. The
Cyclic Voltammetry instruments from Sinsil International,
Ahmedabad, Gujarat, India. were utilized to calculate the
electrochemical properties of the synthesized nanomaterials.

2.7 Preparation of modified glassy carbon
electrode

The modified glassy carbon electrode (GCE) were prepared
by mixing the synthesized nanomaterials with the carbon
black and polyvinyllidene fluoride (PVDF) in weight per-
centage of 80:10:10 respectively. The mixture were dis-
persed in 20 pl of 80% ethanol and 20 ul of dimethylfor-
mamide (DMF), the same were sonicated for 1 h. Then the
suspension were dropped onto the GCE and dried at 80 °C
for 5 h. The electrochemical properties of the modified elec-
trode were investigated under a standard three-electrode cell,
which also includes platinum electrode (counter) and Ag/
AgCl (reference electrode) respectively. The CV, galva-
nostatic charge/discharge and electrochemical impedance
spectroscopy (EIS) were performed on an electrochemi-
cal workstation (Auto lab PGSTAT302, Metrohm). The
CV measurements were carried out in a potential range of
—0.2-0.7 V at different scan rates. Galvanostatic charge/
discharge curves were measured in the same potential range
at different current densities. Electrochemical Impedance
Spectroscopy (EIS) measurements were recorded in the fre-
quency range from 1 Hz to 100,000 kHz at 5 mV amplitude
which was referring in to the open circuit potential.
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3 Result and discussion
3.1 XRD measurements

The XRD patterns of synthesized nanomaterials were shown
in Fig. 1. Figure 1a represents the XRD pattern of SnO,
nanoparticles with the corresponding 26 peak value of 26.6°
33.9°, 38°, 42.5°, 51.9°, 54.5°, 58.2°, 62.05°, 64.8°, 66.0°,
71.1° and 78.7° which is associated to (110), (101), (200),
(210), (211), (220), (002), (310), (112), (301), (202) and
(321) planes respectively. The obtained XRD pattern the
synthesized materials are matched to the standard (hkl)
planes of SnO, and hence, the obtained result represents
that the synthesized materials is in the form of SnO, having
a tetragonal rutile structure, which are in good agreement
with the literature values of JCPDS card no. 41-1445 [3, 31].
Figure 1b represents the Co;0, nanoparticle with the cor-
responding 20 peak values at 19.072°, 31.2°, 36.82°, 38.5°,
55.64°, 59.12° and 65.15° which indicate the plane (111),
(220), (311), (222), (440), (422), (511) and (440) respec-
tively. The obtained XRD pattern the synthesized materials
are in good agreement to the standard (h k 1) planes of Co;0,
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Fig.1 XRD Pattern of synthesized nanomaterials along with JCPDS
card no. 41-1445 represents SnO, and JCPDS card no. 42-1467 rep-
resents Co;0, for better understanding. 1 (a) the XRD pattern of
synthesized SnO, nanoparticles, (b) Co;0, nanopatticles, (¢) BTMO
nanocomposite and (¢d) BTMO/rGO nanocomposite

JCPDS card no. 42-1467 hence, the obtained result repre-
sents that the synthesized material is in the form of spinal
cubic structure of Co;0, nanoparticles [20].

Figure 1c represents the BTMO nanocomposite materi-
als with peaks values of 18.9°, 29.8°, 33.3°, 37.05°, 50.66°,
57.4°, 62.5° and 79.1° with the corresponding plane (111),
(220), (101), (311), (211) (002), (221) and (321) respectively
were observed. The plane around (111), (220) and (311) cor-
responds to the spinal cubic structure of Co;0,, the plane
around (101), (211) (002), (221) and (321) associated to the
tetragonal structure of SnO,. Based on the obtained result, it
is concluded that the synthesized BTMO composite material
has both the SnO, and Co;0, materials may fused together
and form the BTMO nanocomposites. The peak intensity of
Co;0, are comparatively higher and sharper than the bare
nanoparticles, which may be due to larger cubic crystalline
nature of Co;0, it is so because of the Co;0,4 has com-
paratively larger ionic radius than SnO, in this nanocom-
posite [32]. Hence, BTMO nanocomposites may have with
improved crystalline Co;0, along with the fine crystalline
SnO, in the nanocomposites were determined.

Figure 1d represents the XRD pattern of BTMO/rGO
nanocomposites, the peaks observed around 26.4°, 33.88°,
37.52°, 51.94°, 65.14° and 71.5° with the corresponding
plane (002), (110), (101), (311), (211), (440) and (320)
respectively. Here, the plane around (002) may be cor-
responds to the presence of rGO, the plane around (110),
(101), (211) and (320) represents the presence of SnO,, and
the plane around (311) and (440) represents the presence of
Co50,. Based on the obtained results it is observed that the
peaks are broader than the bare nanoparticles and BTMO
nanocomposite. It may be due to the presence higher surface
area carbon atom along with the composite materials. The
higher surface area carbon atom may also influence further
reduction of particles size of nanomaterials such as SnO,
and Co;0, in the nanocomposite [22]. Hence, the particle
size SnO, nanoparticles reduced further when compared to
bare nanoparticle (SnO,) and also the particle size. The sur-
face area of SnO, are comparatively higher than the Co;0,.
In this regard, the peaks of SnO, dominates over Co;0, in
the BTMO/rGO nanocomposite.

3.2 SEM with EDAX

The surface morphology and microstructure of the synthe-
sized nanomaterials were determined by recording SEM
image and the same were shown in Fig. 2. Figure 2a rep-
resents the SEM image of SnO, nanoparticles. From the
figure, it is observed that the synthesized nanoparticles
has fine crystalline nature. The respective EDAX pattern
of SnO, bare nanoparticles were shown in Fig. sla, from
the Fig. sla it is confirmed that the synthesized material
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Fig.2 SEM image of a SnO,
nanoparticles, b Co;0, nano-
particles, ¢ BTMO nanocom-
posite and d BTMO/rGO
nanocomposite
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has Sn and O elemental peaks only. Figure 2b represents
the SEM image of Co;0, nanoparticles. From the figure,
it is observed that the synthesized nanoparticles has fine
cubic shape crystals with averaged particles size of around
0.1 pm. The respective EDAX pattern of Co;0, were
shown in Fig. s1b. From the Fig. s1b it is confirmed that
the synthesized material has Co and O elemental peaks.
Figure 2c represents the SEM image of BTMO nanocom-
posite. From the figure, it is observed that the synthesized
nanocomposite has comparatively larger cubic crystals
with average particle size of around 1.04 um, along with
fine rutile crystals of SnO, nanoparticles were also pre-
sent in it. The respective EDAX pattern of BTMO nano-
composite were shown in Fig. slc. From the Fig. slc it is
confirmed that the synthesized material has Sn, O and Co
element peaks alone. The SEM and it EDAX pattern has
in good agreement to the XRD result. Figure 2d represents
the SEM image of synthesized BTMO/rGo nanocompos-
ite material. From the figure, it is observed that the SnO,
and Co;0, uniformly merged onto the surface of reduced
graphene oxide sheet. The EDAX pattern of BTMO/rGO
nanocomposite materials were shown in Fig. s1d, from the
figure it is confirmed that the synthesized materials shows
predominant peaks of C, Sn, O and Co elemental peaks
only. The respective EDAX spectra confirms the presence
of carbon element along with the BTMO nanocomposites
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and the obtained results are in good agreement to the
XRD.

3.3 FT-IR spectroscopy

The synthesized SnO, and Co;0, bare nanoparticles, BTMO
and BTMO/rGO nanocomposite materials were subjected
to confirm the functional group rotational vibration by
recording FT-IR spectra with the spectral range from 40 to
4000 cm™! and the same were shown in Fig. 3. Figure 3a
represents the FTIR spectra of the SnO, bare nanoparticles.
The dip in the spectra around 3438-3900 and 1629 cm™!
were due to stretching vibration of water molecules. The
band at 2290 cm™! assigned to C—H stretching and bending
vibration. The vibration around 667 cm ™! is assigned to anti-
symmetric Sn—O-Sn stretching mode of the surface bridging
oxides formed by condensation of adjacent surface hydroxyl
group vibration. The obtained results confirm the SnO,
nanoparticle formation [5]. Figure 3b represents the FT-IR
spectra of the Co;0, nanoparticles, the following dips were
observed around 3447, 2371, 1647, 663 and 570 cm™'. The
band at 570 cm™! was assigned to Co—O stretching vibra-
tion mode and 663 cm™! assigned to the bridging vibration
of O—Co—-O band. The weak band near 1647 and 3447 cm™!
is assigned to H-O-H bending vibration mode were pre-
sented due to the moisture [19, 20]. Figure 3c represents
the BTMO nanocomposite functional group vibrations; the
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Fig.3 FR-IR vibration spectra of synthesized nanomaterials, 3 (a) the
FT-IR functional group vibrations of synthesized SnO, nanoparticles,
(b) Co30, nanoparticles, (c¢) BTMO nanocomposite and (d) BTMO/
rGO nanocomposite

following dips were observed around 570, 1653, 2372, 3422
and 3853 cm™!. The small dip 570 cm™! confirm the Sn—O
stretching vibration, 3422-3853 and 1653 cm™' were due
to stretching vibration of water molecules. Figure 3d rep-
resents the BTMO/rGO nanocomposites functional groups
vibrations. The dip at 570, 1653, 2372, 3422 and 3853 cm™!
confirms BTMO nanocomposite form along with the above
an another dip around 1465 cm™! belongs to the vibrations
of rGO present in the nanocomposites. The FT-IR functional
group vibration spectra are in good agreement to the XRD
and SEM with EDAX results.

3.4 Raman spectroscopy

The functional group excitation vibrations of the synthesized
nanomaterials were determined by recording Raman spectra
and the same were represented in Fig. 4. Figure 4a repre-
sents the Raman vibration spectra of SnO, nanoparticles.
The peaks observed at around 632 and 773 cm™! result from
the rutile SnO, nanoparticles, which may assigned to the
Ajg, By, vibration mode of SnO, nanoparticles respectively
[33]. Figure 4b represents the vibration spectra of Co;0, the
peaks observed at around 185, 471, 510 and 655 cm™! may
assigned to Fy,, E,, F,, and A, modes of Co;0, [34, 35].
Figure 4c represents the vibration spectra of SnO,/Co;0,
nanocomposite were observed around 207, 311, 513, 658
and 747 cm™! it conform the nanocomposite formations.
The excitation level vibration spectra peak around 207,
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Fig.4 Raman Spectra of synthesized nanomaterials, 4 (a) represents
the functional group Raman vibrations of synthesized SnO, nanopar-
ticles, (b) Co;0, nanoparticles, (¢) BTMO nanocomposite and (d)
BTMO/rGO nanocomposite

311, 513 and 747 cm™! are may be due to the vibrations
of SnO, nanoparticles and the strong vibration at around
658 cm™! are may be due to the presence of Co;0, nanopar-
ticles. Figure 4d represents the vibration spectra of BTMO/
rGO composite the peaks observed around 185, 258, 507
and 632 cm™!. The vibration peak around 185 cm™' may
be due to Co;0, nanoparticles, the other vibration peaks
around 258, 507 and 632 cm™! may be due to the presence
of SnO, nanoparticles, the carbon peak was not observed
in the obtained Ramen spectra. It may be due to lesser con-
centration of carbon or over deposition of SnO, and Co;0,
nanoparticles on the surface of rGO sheets. In this regards,
the Raman vibration peak of carbon are not observed in the
BTMO/rGO nanocomposites.

3.5 Electrochemical analysis
3.5.1 Cyclic voltammetric studies

The electrochemical properties of the synthesized bare nan-
oparticles such as SnO, and Co,0,, BTMO nanocompos-
ites and BTMO/rGO nanocomposites were investigated by
means of cyclic voltammetry (CV) with potential window
—0.2t00.7 in 1 M H,SO, electrolyte solution. The CV curve
of all the synthesized nanomaterials with different scan rate
such as 100, 75, 50, 25, 5 mV/s were shown Fig. Sa—d. From
the Fig. 5a, b, it is observed that both the synthesised bare
nanoparticles such as SnO, and Co;0, nanoparticles CV
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Fig.5 The cyclic voltammetry of the synthesized a SnO, nanoparti-
cles, b Co;0, nanoparticles, ¢ BTMO nanocomposite and d BTMO/
rGO nanocomposite materials with potential window —0.2 to 0.7 in
1 M H,SO, electrolyte solution with different scan rates of 100, 75,

curve nature and behavior, both the nanoparticles behaves
like pseudocapacitance due to their electrochemical proper-
ties, with lesser redox peak were observed and the obtained
results are well correlated to the previous literature [21, 36].
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50, 25, 5 mV/s. e Represents the comparison of CV curve of SnO,,
Co;0, bare nanoparticles, BTMO nanocomposites and BTMO/rGO
nanocomposite with a scan rate of 100 mV/s between —0.2 and 0.7 in
1 M H,SO, electrolyte solution

Figure 5c represents the CV curve and behavior of BTMO
nanocomposite materials. During the oxidation/reduc-
tion process, the BTMO exhibits smaller and rectangular
shaped CV curve, which is due to the typical electric double
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layer capacitive behavior and also the reaction mechanism
is surface reaction but not diffusion limited at the BTMO
composite [28]. The size of the CV loop area of BTMO
nanocomposite was less when compared to SnO, and Co;0,
nanoparticles. Which is mainly due to larger particle size of
BTMO nanocomposite with lesser surface to volume ratio.
The electrical conductivity of the BTMO was comparatively
low because of the larger particle size when it is compared
to the bare nanoparticles.

Figure 5d represents CV curve nature and behavior of
BTMO/rGO nanocomposite. The BTMO/rGO nanocompos-
ite materials has rectangular shape curve and also it has a
pair of well-resolved redox peak with the potential redox
value of Pa=0.0917 V, Pc=—-0.0814 V respectively at the
scan rate of 100 mV/s. Hence, the BTMO/rGO nanocom-
posite has combined contribution of both electric double
layer capacitance and pseudocapacitance behavior. It may
be attributed to the presence of layered morphology of rGO,
that reduces the particle size of the SnO,/Co;0, when the
composite have been made with rGO, nanomaterials when
compared to bare nanoparticles and BTMO nanocomposite
materials. In this regards, the conductivity, chemical stabil-
ity and mechanical support of the material were increased.
Hence, BTMO/rGO nanocomposite shows the hybrid capac-
itance behavior.

Figure 5e represents the comparison of CV curve of SnO,,
Co;0, bare nanoparticles, BTMO nanocomposites and
BTMO/rGO nanocomposite with a scan rate of 100 mV/s
between the potential window —0.2 to 0.7 in 1 M H,SO,
electrolyte solution. The SnO,, Co;0, bare nanoparticles
shows the nonrectangular behavior due to the faradic redox
reaction occurring at CV curve and the result for pseudo
capacitance performance. The BTMO nanocomposite shows
the rectangular behavior, but the redox peak is absent in the
composite and obtained result shows an ideal capacitance
behavior. Among the CV curve, the integral area and current
of BTMO/rGO composites is larger, which means that this
composite has the higher capacitance when compared with
bare SnO,, Co;0, nanoparticles and BTMO nanocomposites
and the same were shown in Table 1. The capacitance value
of BTMO/rGO composites were enhanced due to synergistic
effect between SnO,/Co;0, and rGO these three material

Table 1 CV curve integral area and current of SnO, Co;0, BTMO
and BTMO/rGO nanocomposite for the scan rate of 100 mV s~

S.no. Materials Integral area (A/s) Current (A)

1 Sn0, 3.5557%107° 2.557x107°

2 Co;0, 5.3294x 1075 5.579%107°

3 Sn0,/Co;0, (BTMO) 1.0924x 1073 3.5557%107°

4 BTMO/tGO nanocom-  2.5117x107* 3.1686x 1074
posite

responsible for the improved electrical conductivity, pro-
vides the free diffusion pathway for the fast ion movement
and also it has easily ion accessibility nature to the storage
sites makes the materials with both supercapacitance and
pseudocapacitance behavior.

Figure 6a—d represents the galvanostatic charge/discharge
curve of Sn0O,, Co;0, bare nanoparticles, BTMO nanocom-
posite and BTMO/rGO nanocomposite materials were inves-
tigated by chronopotentiometry. Form chronopotentiometry
the potential window were set between —(.2 and 0.7 at the
different current density of 1, 2, 3,4 and 5 A/gin 1 M H,SO,
electrolyte solution. The specific capacitance value calcu-
lated from charge discharge curve by using Eq. (1).

C=1Ixty/mxDV €))

where (I) denotes for the applied current, (t;) discharge
time, (m) mass of active electrode, (AV) potential window.
The charge/discharge curve of SnO,, Co;0, bare nanoparti-
cles seems to be an anti-symmetric capacitance behavior and
the same were show in Fig. 6a, b. The specific capacitance
value for the bare nanoparticles SnO, has 122.8, 47.7, 25.3,
20.8 and 19.4 F/g, and Co;0, has 265.7, 124.1, 54.3, 41.3
and 36.6 F/g at the current density of 1, 2, 3, 4 and 5 A/g
respectively. Figure 6¢ represents the specific capacitance
behavior of larger crystalline BTMO nanocomposites ranges
from 6.1, 3.7, 2.7, 2.1 and 1.1 F/g at the current density
1,2, 3,4 and 5 A/g respectively. The specific capacitance
values of BTMO nanocomposites has comparatively lesser
than the bare nanoparticles. It was so because, the BTMO
nanocomposite are comparatively larger crystalline size than
Sn0O,, Co;0, bare nanoparticles. The larger particle size of
Co;0, the materials has lesser electrical conductivity. In this
regard, the specific capacitance value of the BTMO nano-
composite material has drastically reduced. Figure 6d repre-
sents the charge/discharge pattern of BTMO/rGO nanocom-
posites materials. The BTMO/rGO nanocomposite has good
capacitance behavior when compared to bare nanoparticles
and BTMO nanocomposites. The BTMO/rGO nanocompos-
ite has specific capacitance values ranges from 317.2,316.4,
292.3,272.4 and 104 F/g, with the current density 1, 2, 3,4
and 5 A/g respectively.

Figure 6e represents the comparison of galvanostatic the
charge/discharge behavior of (i) SnO, nanoparticles, (ii)
Co;0, nanoparticles, (iii) BTMO nanocomposite and (iv)
BTMO/rGO nanocomposites were investigated by chronopo-
tentiometry with the potential range between —0.2 and 0.7 at
a current density 1 A/g in 1 M H,SO, electrolyte solution.
The charge/discharge behavior of BTMO/rGO nanocompos-
ites has longer time duration when compared to SnO,, Co;0,
nanoparticles and BTMO nanocomposites, which indicating
higher specific capacitance nature of BTMO/rGO nanocom-
posites based supercapacitance. The specific capacitance
values for SnO,, Co;0,, BTMO composites and BTMO/rGO
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Fig.6 Represents the galvanostatic charge/discharge curve of a SnO,
nanoparticles, b Co;0, nanoparticles, ¢ BTMO nanocomposites and
d BTMO/rGO nanocomposites were investigated by chronopotenti-
ometry with the potential range between —0.2 and 0.7 at a current
density 1, 2, 3, 4, 5A/g in 1 M H,SO, electrolyte solution. e repre-
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of (i) SnO, nanoparticles, (ii) Co;0, nanoparticles, (iii) BTMO nano-
composites and (iv) BTMO/rGO nanocomposites were investigated
by chronopotentiometry with the potential range between —0.2 and
0.7 at a current density 1 A/g in 1 M H,SO, electrolyte solution
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Fig.7 Represents the Nyquist plots of the EIS are tested in the fre-
quency range from 1 to 1,00,000 Hz at open circuit potential with
amplitude of 5 mV for (i) SnO,, (ii) Co;0, bare nanoparticles, (iii)
BTMO nanocomposites and (iv) BTMO/rGO nanocomposite. The
inset represents the zoomed semicircle view

nanocomposites charge/discharge curves values ranges from
122.8, 265.7, 6.1 and 317.6 F/g respectively. The enhance-
ment in the specific capacitance behavior of BTMO/rGO
nanocomposites are may be due to the presence of higher
surface to volume ratio, electron conductivity, chemical sta-
bility, mechanical stability and improved storage capacity.

The kinetic and mechanistic information of prepared elec-
trode materials can be evaluated by electrochemical imped-
ance spectroscopy (EIS). The EIS are tested in the frequency
range from 1 to 1,00,000 Hz at open circuit potential with
amplitude of 5 mV, where Z' and Z" are the real and imagi-
nary parts of the impedance respectively. Figure 7 shows
the Nyquist diagrams of SnO,, Co;0, bare nanoparticles,
BTMO nanocomposites and BTMO/rGO nanocomposite.
According to the analysis, the Nyquist diagram of electrodes
displays a semicircle in the high frequency region and a lin-
ear in the low-frequency region. The diameter of semicircle
presents in the high frequency region suggests that there
is a charge transfer resistance (R,) in the electrochemical
system, which correlates the diffusion of charge. Obviously,
the smaller semicircle in BTMO/rGO means charge transfer
resistance (R,,) decreases which may attributed to the syner-
gistic effect between the BTMO when it combined to rGO,
which may be responsible for improved electrical conductiv-
ity when compared to SnO,, Co;0, and BTMO composites.
This result indicates that the composite providing an ideal
pathway for easy and fast penetration of the electrolyte ions
into the inner layer of the BTMO/rGO composites. The ver-
tical line at lower frequencies indicates an ideal capacitive
behaviour, representative of the ion diffusion of electrolyte
within the pores of the electrode.

4 Conclusion

Based on the obtained results, it is concluded that the
synthesized BTMO/rGO nanocomposites has improved
integral area and increased current such as 2.5117 x 107*
A/s and 3.1686 x 10™* A respectively in CV behavior,
when it is compared to BTMO nanocomposite and bare
nanoparticles. The BTMO/rGO nanocomposite also has an
increased specific capacitance value of 317.2 F/g at 1 A/g.
This may be due to the synergistic effect between BTMO
and rGO. It may be responsible for the improved electron
conductivity due to free diffusion pathways and the fast ion
movement in BTMO/rGO nanocomposites when compared
to the BTMO nanocomposite and bare nanoparticles. It
may be due to the presence of high electron conducting
reduced graphene oxide present along with the BTMO
nanocomposite. Hence, the BTMO/rGO nanocomposite
materials show both EDLC and pseudocapacitance behav-
ior. In this regards the BTMO/rGO nanocomposite mate-
rial may be considered for the betterment of supercapacitor
applications.
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