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Abstract
Graphene-metal nanocomposites are the best candidates

of 75Hz to 4MHz and real value of dielectric constant is

for the greater sensitivity for various applications. We

found to be 1200, which is quite larger than that of

have

(G/SnO2)

pristine SnO2 nanoparticle, i.e., 12. Further, AC

nanocomposite by using facile eco-friendly Anton-Paar

conductivity analysis revealed that the G/SnO2 is two

microwave synthesis reactor method. X-ray diffraction

orders conductive than the pristine SnO2. This work

patterns

G/SnO2

may offer an effective and economically viable for the

nanocomposite. The scanning electron microscopy and

preparation of graphene/metal-oxide nanocomposites

transmission electron microscopy images show a

for various applications.

prepared

revealed

Graphene-Tin

the

Oxide

formation

of

uniform distribution of nano-needles on the graphene
surface and the average particle size was found to be in

Keywords:

the range of 3-5 nm. The G/SnO2 composite shows an

Nanocomposite

Eco-friendly

method;

Graphene;

enhanced optical property, i.e., tunability in the band of
pristine SnO2 nanoparticles while in contacted with

1. Introduction

graphene. The dielectric properties of the G/SnO2

Over the decade, graphene has emerged as a promising

nanocomposite were measured in the frequency ranges

nano-platform with enormous potential for biomedical
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applications and translational research because of its

aggregation of the GO but also the aggregation of SnO2

excellent physical, chemical, and mechanical properties

nanoparticles.

[1-4]. Graphene is a novel two-dimensional nanomaterial composed of sp2-bonded carbon atoms,
possesses a number of extraordinary electronic, optical,
and thermal properties. A lot of interesting work has
been carried out to explore the graphene for widespread
biomedical

applications,

ranging

from

drug/gene

delivery, biological sensing and imaging, antibacterial
materials, to biocompatible scaffold for cell culture [35]. It is also known to have tremendous kind of
properties such as high mobility of charge carriers of
~2×105 cm2 V-1s-1 with intrinsic biocompatibility, low
cost

and

scalable

production,

and

facile

biological/chemical functionalization [6].

2. Synthesis of Graphene-SnO2 Nanocomposite
2.1 Preparation of graphene Oxide
A concentrated H2SO4 (100 mL) was added to a mixture
of graphite flakes (3.0 g, 1 wt. equivalent) and HNO 3
(25 mL), and the mixture was cooled to 0°C. KMnO4
(9.0 g, 3 wt. equivalent) was added slowly in portions to
keep the reaction temperature below 20°C. The reaction
was warmed to 35°C and stirred for 30 min and
simultaneously water (130 mL) was added slowly,
producing a large exotherm to 90°C. External heating
was introduced to maintain the reaction temperature at
90°C for 15 min and cooled down the reaction using a
water bath for 10 min. Additionally, water (420mL) and

As a new kind of carbon material, graphene has shown a
wealth of exceptional properties and a variety of
promising potential applications. Moreover, graphene is
also

established

as

composites

with

several

semiconducting and metal oxides [7]. For example,

30% H2O2 (3mL) were added, producing another
exotherm. After air cooling, the mixture was purified
(sifting, filtration, multiple washings, centrifugations
and decanting, vacuum drying) and left with the 1.2 g of
solid graphene oxide i.e., GO.

Graphene-Tin Oxide (G/SnO2) nanocomposite, which
has been explored as an efficient material for Lithiumion batteries application [8]. It is notably that there are
few studies related to the Graphene with SnO2 for
different applications [8-11]. Hence, this require to
develop reliable, facile and environmental-friendly
methods to synthesize this nanocomposite. Generally,
the synthesis methods of G/SnO2 nanocomposite were
either tedious (including synthesizing graphene sheets
and preparing nanocomposites) or needed dangerous
reagents. In this work, we have performed a detailed
analysis on graphene/SnO2 nanocomposite system by
using SnO2 as a model semiconductor and development
of Eco-friendly Green Synthesis method. The in-situ
growth of SnO2 leads to the formation of uniform
nanoparticles on graphene oxide (GO). Further, the

2.2

Preparation

of

graphene/SnO2

(G/SnO2)

composite
To synthesize G/SnO2 nanocomposite, 0.2 g of GO and
0.7 g (2 mmol) of SnCl45H2O were added to 60 mL of
de-ionized water followed by sonication for 30 min.
Then, 50 mL of hydrazine monohydrate (80 wt. %) was
added to mineralize the tin (Sn) ions. After 15 min of
stirring (at 70°C), the mixture was transferred into the
Anton pear monoreactor with a capacity of 30 mL and
reacted under hydrothermal conditions at 200°C for 1h.
The Anton paar monowave reactor was slowly cooled
down to room temperature, and a black-colored product
(i.e., G/SnO2) was isolated by filtration and dried at
60°C for 12 h. The whole synthesis process is
demonstrated in schematically in Figure 1.

SnO2 formation helps to prevent not only the
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Figure 1: Formation mechanism of G/SnO2 nanocomposite.

3. X-ray Diffraction (XRD)

G/SnO2 nanocomposite which shows diffraction peaks

Figure 2 show the XRD patterns of graphene oxide

of SnO2 and G which shows agglomeration of GNs and

(GO), SnO2 nanoparticle, and G/SnO2 nanocomposite.

SnO2 nanoparticles. The mean crystallite size of bare

The diffraction peaks of crystalline SnO2 nanoparticles

SnO2 and G/SnO2 are estimated to be 34 nm and 21.42

are clearly distinguishable. All strong diffraction lines

nm based on the Debye Scherrer formula[12].

can be indexed to the standard tetragonal SnO2 phase

𝐷=

(JCPDS card no. 41-1445), indicating their strong
crystalline nature. For pure GO, (002) reflection at 2θ =
10.4800 indicating a pure GO consists of multi-graphene
oxide layer stacked together confirms from the other
reports[8]. Further, GO is indeed reduced during
hydrazine treatment. This diffraction peak around
10.480° for GO was shifted to a higher angle of around
24.475°, indicating that the GO was reassembled into

𝑘𝜆
𝛽 𝑐𝑜𝑠(𝜃)

Where, ‘D’ is the crystalline size of the particle, k is
structure factor which is taken to be 0.94 for the
crystalline systems, ‘λ’ is wavelength of Cu-Kα, ‘β’ is
full width at half maxima and ‘θ’ is the diffraction
angle. The shrink of the particle size of SnO2 is
understandably due to the confinement of graphene
sheet.

graphene nanosheets (GNs). It can be noticeable in the
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Figure 2: XRD patterns of SnO2, GO and G/SnO2 nanocomposite.
nanoparticles

4. Scanning Electron Microscopy (SEM)

[6,

13].

Figure

3(c)

shows

the

G/SnO2

corresponding energy-dispersive X-ray spectrum (EDS)

nanocomposite sample. It reveals that the G/SnO2 has a

of GNs/SnO2 samples. Only Sn, C, and O elements are

wavy shape consisting of various sheets arranged in a

detected which further proves that there is no other

disordered manner while it seems that the tiny SnO2

impurities present in the sample. EDS elemental

nanoparticles

the

mappings for the elements Sn, O and C are shown in

graphene nanosheets. It is visible that the shape of

Figure 3 (d-f). The bright regions correspond to the

graphene is crumpled paper-like and has many folded

presence of the elements Sn, O and C and indicate that

edges which also show agglomeration of carbon

the elements are distributed uniformly throughout the

nanoparticles as predicted by XRD discussed in the

sample. The background signal in C mapping comes

prevision section. These results show that the SnO2

from the carbon conductive tape used to stick the

nanoparticles can be uniformly distributed on graphene

sample with the sample holder.

Figure

3

show

the

SEM

homogeneously

images

for

distributed

on

through the interaction between graphene and SnO2
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Figure 3: (a-b) Homogeneous distribution of SnO2 nanoparticles on G; (c) Energy-dispersive X-ray spectrum; (e-f)
are the elemental mapping of Sn, O and C.

5. Transmission Electron Microscopy (TEM)

Figure. 4(b), two distinct signatures exhibits such as

Figure 4 shows the images acquired at the edges of

void contain graphene sheets and needle like shape of

G/SnO2 composites. The composites are formed by

SnO2. The former is due to the stacked and curled

several graphene sheets stacked together with SnO2

graphene sheets few layers as can be seen in Figure 4

particles needle like shaped homogeneously dispersed at

(d), whereas in the latter, the SnO2 nano-needle

their surface (dark shapes). In TEM images, it appears

surrounded by graphene sheets. The voids between them

that the SnO2 nanocrystals are distributed on the surface

come from monolayer sheet that are not completely

of the graphene nanosheets and the diameters of the

anchored by SnO2 nano-needle Figure 4 (c).

SnO2 nanorods are measured to be less than 16 nm
which is in good agreement with XRD data analysis. In

Figure 4: (a) Graphene interaction with SnO2 Nano-needle. (b) Edges of GNs/SnO2 nanocomposites. (c) Graphene
sheet and SnO2 Nano-needle. (d) Graphene sheets of few layers.
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6. UV-Visible Spectroscopy

can be written as α = 2.303A/t, where A is absorbance

Energy emission of grown nanoparticles were analyzed

and t is the thickness of the cuvette used in the

by UV-Vis spectroscopy. Figure 5 shows the UV-Vis

measurement. Figure 5 (a) shows the UV-Vis absorption

spectra of G/SnO2 nanocomposite, GO and SnO2

spectra from three different samples where the

nanoparticles samples. As excepted, GO exhibits strong

absorption peaks corresponds to the GO and G/SnO2

band centered at 230 nm, corresponding to π–π*

clearly differentiate the band gap energies. The (𝛼ℎ𝜈)2

transitions of the aromatic C C band. It is clearly seen

vs energy gap Eg shown in Figure 5(b) and the

that the absorption peak shifted to 250 nm indicating the

extrapolation of the linear region on the X-axis gives the

reduction of GO and that the product is capable of

values of the optical band gap. The values of Eg of the

absorbing visible light. These results shows the

SnO2 is found to be 3.85 eV which is matched with the

endorsement synthesis of G/SnO2 nanocomposite. The

reported results [14, 15]. The red shift was observed for

electronic band gap (Eg) of the SnO2 and G/SnO2

G/SnO2 nanocomposite and band gap energy was

nanocomposite were determined by employing Tauc

estimated to be 3.66 eV. Reduction of band gap of bare

relationship,

SnO2 nanoparticles by introducing of graphene sheet (a
1/2

𝛼ℎ𝜈 = 𝐵(ℎ𝜈 − 𝐸𝑔 )

zero band gap system) effectively introduced metastable

.

Where ℎ𝜈 is the photon energy, α is the absorption

stages among the valence and conduction bands.

coefficient, and B is constant. The absorption coefficient

Figure 5: (a) UV-Vis spectrograph of SnO2, GO and G/SnO2 nanocomposite. (b) (αhν)2 vs. Eg plot for bandgap
energy calculation.

7.

Fourier

Transform

Infrared

(FTIR):

it contacted with SnO2 nanoparticles. Peak around 3450

Functional Analysis

cm-1 is attributed to O-H stretching vibrations of

Figure 6 shows the fingerprint of bonding in the GO,

adsorbed water molecules and structural OH groups

SnO and G/SnO2 nanocomposite systems. We are

which

mainly interested to look the vibrational bonds of

nanoparticles and broader in GO due to large oxygen

formation of graphene from GO when it reduced while

environment

Journal of Nanotechnology Research
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but

with

it

large

get

intensity

reduced
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to

SnO2
G/SnO2
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nanocomposite. The C-O stretching vibration observed
-1

around 1080 cm

to bare SnO2 nanoparticle corresponding change in

which is not present in the

nanocomposite [15]. No bonding confirmation is

nanocomposite sample which means the formation of G

observed between graphene and SnO2. Further, it is

in nanocomposite sample [16] and confirm the adhesion

important to see that the peaks of carboxyl group

of the graphene to SnO2 nanoparticles as discussed in

suppressed significantly and a new peak at 1640 cm-1

the previous sections. Moreover, on adding SnO2 into

appears, corresponding to the skeletal vibration of

the GO solution, a strong Sn-O-Sn anti-symmetric

graphene [17].

-1

vibration peak is observed at 585 cm which resemble

Figure 6: FTIR spectra recorded of GO, SnO2 nanoparticles and G/SnO2 nanocomposite samples.

8. Thermal Analysis: DSC and TGA

[18]. The thermal properties and the compositions of the

The DSC analysis consists in measuring the difference

as-prepared products were characterized by TGA in air

in heat flow between the sample and a reference (inert

environment.

material) when both are submitted to the same

nanocomposites and SnO2 nanoparticle are shown in

temperature ramp. The DSC plots for both of the

Figure 7 (left panel). An abrupt weight loss occurs from

samples G/SnO2 and SnO2 in the Figure 7 (right panel)

200ºC to 650ºC, indicating the oxidization of G/SnO2

shows their exothermic nature, which results when the

nanocomposite, and no further mass loss is observed

samples were heated at a rate of 5ºC/min. From 40ºC to

after 650ºC. In the spectrum weight loss show in two

400ºC in nitrogen gas flowing at a rate of 25ml/min. For

patterns, first pattern from 200ºC to 300ºC showing the

SnO2 nanoparticle, the DSC plot gives only one

SnO2 weight loss, mainly caused by its dehydration,

exothermic peak at 290ºC, which indicates change of

which can also be verified through alone SnO2 i.e. SnO2

phase

G/SnO2

shows the weight loss in the temperature region 200ºC

nanocomposite two exothermic peaks exists, one peak

to 300ºC with 60 weight % and second pattern 350ºC to

correlated to Graphene nanosheets at 70ºC and the peak

650ºC shows the weight loss with 30 weight % of

at 270ºC corresponding to SnO2 nanoparticles. The

carbon as a result of pyrolysis. The stability of the trace

corresponding change in temperature of nanocomposite

indicates the complete removal of graphene. According

on comparing to bare SnO2 nanoparticle also verifies the

to the TGA curves, 53 wt% of SnO2 are coated on the

at

the

temperature.

While

for

conformation of the synthesis of G/SnO2 nanocomposite
Journal of Nanotechnology Research

TGA

curves

of

the

G/SnO2

surface of graphene nanosheets.
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Figure 7: TGA(left panel) and DSC(right panel) of SnO2 and G/SnO2.

9. Frequency Dependent Electrical Properties

by dielectric relaxation phenomenon, which tells that

9.1 Dielectric constant

the charge carrier localization is not stable and

The dielectric constant is represented as ε = ε׳- jε״. The

frequency disturbances affect the charge carrier. In other

first term is the real part of dielectric constant and

words, a phenomenon of electron-hopping mechanism

describes the stored energy while the second term is the

is also responsible where it is prominent at higher

imaginary part of dielectric constant, which describes

frequency that results in reduction of the dielectric

the dissipated energy. The dielectric constants ε ׳and ε״

constant [19]. Further, it is seen that the value of ε׳

of the materials were evaluated by using the relation,

decreases faster compared to that of ε״. A larger value

𝜖′ =
′′

𝐶𝑝 𝑡
𝐴𝜖0

′

of ε ״in case of G/SnO2 nanocomposite shows the large
heat dissipation. Thus, the present nanocomposite

and 𝜖 = 𝜖 × 𝑡𝑎𝑛𝛿.

exhibits conducting behavior due to presence of

Where 𝜖0 is the permittivity of free space, Cp is the

graphene nanosheets. Further, the dielectric dispersion

capacitance of the specimen, A and t are the flat surface

curve can also be explained based on Koop’s theory

area and thickness of the pallet, respectively. Here 𝑡𝑎𝑛𝛿

[20], which is based on the Maxwell-Weigner model

represents the dialectic loss. Figure 8 show the real (ε)׳

[21, 22] for the homogeneous double structure.

and imaginary (ε )״part of dielectric constant of both the

According to this model, a dielectric medium is

samples. The ε ׳and ε ״values of SnO2 (G/SnO2) were

assumed to be made of well conducting grains that are

found to be 15-9 (1200-1000) and 12-7(14000-1000),

separated by poorly conducting (or resistive) grain

respectively. From figures, it is noticeable that a sudden

boundaries. Under the application of external electric
field, the charge carriers can easily migrate through the

decrease in lower frequency regime and become slower

grains and accumulated at the grain boundaries. This

at higher frequency. The trend of decrease in the

process can produce large polarization and high

dielectric constant with increasing frequency is due to
Journal of Nanotechnology Research

dielectric constant. The small conductivity of grain
143

J Nanotechnol Res 2020; 2 (1): 010-024

DOI: 10.26502/jnr.2688-85210013

boundary contributes to the high value of dielectric

shows the recombination effect of electron and holes

constant at low frequency. The higher value of dielectric

which cannot follow the alternating field. The large

constant can also be explained on the basis of

value of dielectric constant at lower frequency is due to

interfacial/space

to

the predominance of the effect like grain boundary

inhomogeneous dielectric structure, i.e. may be porosity

defects, presence of oxygen vacancies, etc. Further, the

and grain structure of nanocomposite. The polarization

decrease in dielectric constant with frequency is natural

decreases with the increase in frequency and then

because of the fact that any species contributing to

reaches a constant value beyond a certain frequency. It

polarizability is found to show lagging behind the

is understandably that in an external field the hopping

applied field at higher and higher frequencies.

charge

polarization

due

phenomena occurs between graphene & SnO2 and

Figure 8: (a), (c), (b) and (d) are the variation of real and imaginary part of the impedance with frequency for SnO 2
nanoparticles and G/SnO2 nanocomposite.

9.2 Dielectric losses

the previous section. The high value of dielectric losses

Figure 9 shows the SnO2 and G/SnO2 nanocomposite

at lower frequency may due to the high resistivity

exhibited the frequency dependent dielectric losses. At

caused by grains boundary. The low loss in G/SnO2

higher frequency, the losses are constant but large in

nanocomposite as compared to the SnO2 shows the

G/SnO2 nanocomposite as compared to the SnO2

capability of G/SnO2 to use in high frequency device

nanoparticles because of the smaller particle size as

applications.

confirmed form the structural analysis as discussed in

Journal of Nanotechnology Research
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Figure 9: Variation of dielectric losses with frequency.
9.3 AC conductivity

than one order) in G/SnO2 nanocomposite as compared

The total conductivity can be explained as,

to the SnO2 nanoparticles. It is due to small particle size

σtot = σ(T) + σ(ω, T).

of G/SnO2 nanocomposite that comprise graphene

The first term represents the dc conductivity due to the

ballistic conductivity, less defect and small grain

band conduction that is frequency independent and the

boundary. Due to this, as the frequency increases

second term is the pure ac conductivity due to the

electron-hoping process increases and shows a sharp

electron hopping processes. Figure 10 shows the

increment in the ac conductivity compare the SnO2

variation in ac conductivity with frequency for SnO2

nanoparticle attributed to the enhanced electron hopping

and

phenomenon [23].

G/SnO2

nanocomposite

measured

at

room

temperature. The ac conductivity is quite large (more

Figure 10: Variation of ac conductivity with frequency.

9.4 Impedance analysis
Journal of Nanotechnology Research
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It is an imperative tool to separate the bulk and grain

form of arc of a semicircle, when components of

boundary contribution by from the total conductivity.

impedance are plotted in a complex argand planes

The impedance spectrum is represented as imaginary

(Nyquist plots) [23]. Figure 11 shows the variation of

(Z") versus real component of impedance (Z’) and

real and imaginary part of the impedance with

known as Nyquist plot [23]. In that, at higher and lower

frequency

frequencies represent bulk and electrode process,

nanocomposite. It has been clearly visible from the

respectively, while that at intermediate frequencies

patterns that Z' decreases with the increase in frequency

represents grain boundary contribution. For the detailed

for both the samples (Figure 11(a) and (c)). This

investigation of the transport properties of as prepared

reduction with the rise in frequency is due to the

SnO2 nanoparticles and G/SnO2 nanocomposite, the

increase in ac conductivity with rise in frequency as

impedance

the

discussed in the previous section. It may also attributed

frequency range of 75Hz-4 MHz at room temperatures.

to high resistivity due to effectiveness of the resistive

The complex formalism of the impedance is given by

grain boundaries in the low frequency region and shows

the relation,

independent behavior in the higher frequency region. It

measurement

was

performed

Z ∗ = Z ′ − i Z ′′ = R S −

in

1
jωCS

for

SnO2

nanoparticles

and

G/SnO2

may be noticed that the Z' decreases with decreasing
particle size.

The electrical phenomenon due to bulk material, grain
boundary and interfacial phenomenon appears in the

Figure 11: (a) (c) and (b) and (d) are the variation of real and imaginary part of the impedance with frequency for
SnO2 nanoparticles and G/SnO2 nanocomposite.
Furthermore, the Z" decreases with the decreasing particle size due to capacitance of grain boundary (Cgb) as shown
in the Table 1 below,
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Sample
G/SnO2 Nanocomposite

Rgb (Ω)
0.46284

Cgb (nF)
181.58

τgb(×10-6 s)
84.0424872

SnO2

1860.9

1.1063

2058.71367

Table 1: Parameters are obtained by analyzing the impedance data on nonlinear least square fit method.

This can be attributed to the fact that Z" is inversely

number of insulating grain boundaries which act as a

proportional to capacitance by the relation, 𝑍 ′′ =

barrier to the flow of electrons. Smaller grains also

1/𝑗𝜔𝐶𝑆 . Moreover, Z' and Z" are given by the relations,

imply smaller grain–grain surface contact area and

𝑍′ =
𝑍 ′′ =

𝑅𝑔
(𝜔𝑔2 𝐶𝑔2 𝑅𝑔2 )

1+

𝑅𝑔 𝜔𝑔 𝐶𝑔
1+

(𝜔𝑔2 𝐶𝑔2 𝑅𝑔2 )

+

𝑅𝑔𝑏
1+

+

2
2 2
(𝜔𝑔𝑏
𝐶𝑔𝑏
𝑅𝑔𝑏 )

therefore a reduced electron flow. Figure 12 shows the
complex impedance plots (Nyquist plot) for the samples

𝑅𝑔𝑏 𝜔𝑔𝑏 𝐶𝑔𝑏

SnO2 and G/SnO2 nanocomposite. Generally, the grains

2
2 2
1 + (𝜔𝑔𝑏
𝐶𝑔𝑏
𝑅𝑔𝑏 )

are effective in high frequency region while the grain

.Where Rg, Rgb, Cg, Cgb are the resistance and

boundaries are effective in low frequency region. The

capacitance of grain and grain boundary respectively,

size of the semicircle changes with grain size and the

while ωg and ωgb are the frequencies at the peaks of the

number of grains. The presence of a single semicircular

circular arc for the grain and grain boundary

arc obtained at higher frequencies corresponds to

respectively. The capacitance and the relaxation times

electrical conduction by the interior of the bulk grain.

(τg, τgb) were calculated for the grain and grain boundary

The diameter of the semicircle corresponds to the

𝐶𝑔 = 1/𝑅𝑔 𝜔𝑔 , 𝐶𝑔𝑏 =

resistance of the grain. Accordingly, the semicircle at

1/𝑅𝑔𝑏 𝜔𝑔𝑏 , 𝜏𝑔 = 𝑅𝑔 𝐶𝑔 , 𝜏𝑔𝑏 = 𝑅𝑔𝑏 𝐶𝑔𝑏 . Grain boundary

high and low frequencies may be assigned to charge

resistance Rgb increases while the capacitance Cgb

transport within the crystallites and a grain boundary

decreases with decreasing particle size as indicated in

effect, respectively [24].

by

using

the

relations,

the table 1. This is due to smaller grains imply a larger

Figure 12: Nyquist plot of SnO2 and G/SnO2.
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In general, the grain boundary effect on electrical

such as biosensor, gas sensor, ultracapacitors, and

conductivity may originate from a grain boundary

electrochemical analysis.

potential barrier or from space charge layers which are
depleted in majority charge carriers and which are
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