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INTRODUCTION

Nanotechnology and nanocarbon has gained tremendous
progress in recent years owing to their versatile properties. It
broadly deals with the making, characterization and utility of
materials, devices and systems with dimensions in the nano
range, exhibiting significantly enhanced physical, chemical
and biological properties. Investigation of different types of
carbon nanostructures and graphene-forms the trending field
in Material Science [1-4]. Hence, newer, simpler ways are being
devised to synthesize this wonder material-graphene. Synthesis
of graphene at a large scale is still a challenge, owing to the
economy of the methods employed. In the present work, kero-
sene soot has been employed as the precursor for the synthesis
of few-layered graphene oxide. Also, soot being one of the
pollutants of the atmosphere, harnessing it and using it to
produce a fine material such as graphene, would be an eco-
friendly solution to the current needs. Dielectric measurements
and conductivity studies have been reported for a wide variety
of inorganic semiconductors. In nanocarbon materials such
reported studies are scarce.

EXPERIMENTAL

Kerosene soot: Kerosene soot was prepared by burning
kerosene in a glass bottle, with the help of a wick and collecting
the product of the incomplete combustion (soot) on a tile. This
black matter was then transferred to containers and labelled
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KS. The synthesis of few-layered graphene oxide was done
through three different approaches –oxidation with nitric acid-
sulphuric acid mixture, oxidation with nitric acid and hydro-
thermal treatment.

Oxidation with sulphuric acid-nitric acid mixture: The
first method, involved introducing 0.5 g of the soot to a 3:1
mixture of sulphuric and nitric acids (30 mL and 10 mL,
respectively). This mixture was sonicated for 2 h followed by
magnetic stirring for 24 h at 80 °C. The mixture was diluted
with 200 mL of water and was brought to room temperature.
The mixture was titrated against the standard NaOH (1M)
solution, till the mixture reached a neutral pH. The mixture
was left to evaporate for 24 h. The resulting particulate matter
was mixed in a minimum amount of water and sonicated and
dialyzed for 24 h. The final product was dried at 75 °C (sample
labelled KNS).

Oxidation with nitric acid: In the second method, 30
mL of nitric acid was used to treat 0.5 g of the precursor. The
same process of sonication and stirring was carried out. The
acidic content was washed with water, through continuous
centrifugation at approximately 11000 rpm. The mixture was
then centrifuged using acetone and dried. The dry sample was
again washed with acetone, then added to water and sonicated
and dialyzed. Finally, the residue was dried at 75 °C (sample
labelled KNA).

Hydrothermal treatment: The last method was carried
out by mixing 1 g of the precursor in 30 mL of water. The



mixture was sonicated for 2 h. It was then transferred to a
Teflon container for hydrothermal treatment at 150 °C for 24
h. The furnace was removed and left to cool. The sample was
further sonicated for 2 h. The sonicated sample was further
treated in a microwave oven for 2 min (sample labelled KHT).

Characterization: The samples were characterized by
X-ray diffraction analysis and the lateral size and stacking
height were obtained using modified Scherrer formula [5].

Lateral size of the particles is given by:
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where Ba and Bc are half widths of the peaks of the (100) and
(002) planes δ and φ are the corresponding 2θ values for the
peaks.

Measurements by impedance analyzer: The samples
were analyzed by impedance analyzer under varying freq-
uencies. The complex dielectric constant of the sample was
calculated by:

ε (t) = ε′ (t) – ε″ (t)

where real dielectric constant is given by:

p

o

C t
'

A

×
ε =

ε ×

where εo = permittivity of free space, t = thickness of sample/
pellet, Cp = capacitance in parallel, A = area of the sample and
the imaginary dielectric constant is given by:
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where ω = angular frequency, Rp = resistance in parallel.
Loss factor/loss tangent:
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AC conductivity of the sample is given by:

σac = ω × εo × ε′ tan (δ)

RESULTS AND DISCUSSION

The X-ray profile of the synthesized samples are carried
out and the results are presented in Fig. 1. The structural
parameters are elucidated and depicted in Table-1.

The typical 2θ values for the sp2 carbon forms of the (002)
planes occur at approximately 25°, which constitutes the π
band. However, there is a marked broadening of the peak,
which can be attributed to the γ band, formed due to aliphatic

TABLE-1 
STRUCTURAL PARAMETERS OF THE  
NANOSTRUCTURE FROM KEROSENE 

Sample La (nm) Lc (nm) do (Å) N 
KHT 1.3221 1.6514 3.5397 6 
KNA 2.6808 1.1172 3.6021 4 
KNS 2.0974 1.3023 3.5972 5 
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Fig. 1. X-ray analysis of the carbon nanostructure

side chains [2-6]. Lattice strain can also result in the broadening
of the peak, but due to the small particle size, this effect is
negligible. Some of the sharp, narrow peaks seen for KNA
and KNS close to 30° can be due to nano-crystalline structures,
which indicates that the sample is more varied when treated
chemically, having sp2-sp3 carbon forms along with the crysta-
lline forms, as opposed to a rather direct method used for KHT,
where such peaks are not very noticeable.

The (100) peak occurs at approximately 44°, which is a
common trait of these species. The lateral size ranges between
1 to 3 nm, with a stacking height of approximately 1 to 2 nm.
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The interlayer spacing is approximately 3.6 Å for KNA and
KNS. For KHT, it is slightly lower at 3.5 Å. The number of
layers is ranging between 4 and 6.

From the X-ray analysis, it is estimated that the synthesized
carbon nano dots has roughly of 1 nm in size, with not more
than 6 layers of carbon planes. These planes contain sp2 carbons,
which are also functionalized with sp3 carbons.

UV-visible spectroscopy results: From the UV-visible
spectra of the samples, there is a characteristic broad emphasis
across the region, particularly between 250 nm to 500 nm, in
all the samples. This indicates the π-π* transition, which clearly
occurs at higher energies (not shown).

Also, the Tauc plots of the samples are obtained, consi-
dering that the band gap arises due to indirect allowed transi-
tions (Fig. 2). In all the treated samples, as well as the precursor,
the optical band gap ranges between 4.8 to 5.2 eV. This is a
considerably high energy gap, which confirms the lower wave-
length dependence for π-π* transitions.

FTIR analysis: The FTIR spectra (Fig. 3) indicate the clear
presence of additional functional groups in the KNS and KNA
samples. First, the sample KS shows C=C stretching at 1593
cm-1 indicative of cyclic alkene/aromatic ring and the presence
of a slightly broad emphasis from 1200 to 1000 cm-1 showing
that there are some C-O groups present before treatment as
well. Since the trough is not sharp and lies in the fingerprint

region, the nature of the C-O bond is rather indiscernible. A
similar trend is seen in KHT, where no additional functional
groups are observed.

However, in KNS a slightly sharper C-O trough at 1095
cm-1 is observed pointing towards a secondary OH group. This
can also be attributed to C-N stretching, which happens in the
same range. The C=C stretching trough can be seen much
clearly here, at 1566 cm-1. A medium intensity trough is seen
at 3466 cm-1 which is due to N-H stretching. This N-H stret-
ching in 3500-3400 cm-1 region is a sign of primary amines.
There is also, a signal at 802 cm-1 which points to C=C alkene
bending [5-9].

KNA sample has the highest degree of functionalization,
have some characteristic features. The troughs of the C=C stret-
ching at around 1600 cm-1 are deepened by the presence of
N-O groups, as they have comparable bond transition energies.
This fact can be confirmed by the presence of N-O stretching
troughs present at two regions – at 1541 and 1373 cm-1. The
usual trend of C-O stretching is observed again around 1186
cm-1, with the possibility that some C-N stretching might also
contribute to the extended emphasis of the troughs. At 2354
cm-1, there is another trough, which is attributed to carbon
dioxide stretching. At 3386 cm-1 the trough corresponds to N-H
stretching and the nature of the functional group is an aliphatic
primary amine [7-12].
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Impedance analysis

Dielectric properties: The variation in real part of the
dielectric constant (ε′) and tan δ with frequency, for KNS and
KNA nanostructure is presented in Fig. 4. For KNS, the real
dielectric constant has a value of about 52 upto 20 kHz and
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Fig. 3. FTIR analysis of carbon structure from kerosene

decreases to around 37 at 0.65 MHz. In the case of KNA, the
real dielectric constant has a value of about 26.8 upto 10 kHz,
which decreases to about 25.8 at 0.6 MHz.

In both the cases, the value of the real dielectric constant
decreases with increase in frequency and become frequency
independent at high frequency. Space charge polarization can
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account for the higher values of ε′ at lower frequency. With
increase in frequency, space charge polarization diminishes
and electronic and atomic contribution dominates [13-16]. This
is also the reason why the dielectric constant attains an almost
constant value after a certain frequency (as the electronic and
atomic contributions become most prominent).

On comparing KNA and KNS, KNA is found to have a
lower value of ε′. It is known that higher the graphene con-
centration, lower the dielectric polarization and hence, lower
the value of the real dielectric constant. Thus, it is possible
that KNA has a greater graphene concentration than KNS.
Also, since the dielectric constant of KNA attains a constant
value almost immediately, it can be said that electronic and
atomic contributions to dielectric constant are most prominent
in KNA.

The dielectric loss or ‘tan δ’ represents the energy dissipa-
tion in the dielectric system. The above graph shows the varia-
tion of tan δ with frequency at room temperature. For KNA,
the value of dielectric loss reaches a high of about 590 at low
frequency and decreases to around 8 at 650 kHz. As for KNS,
the value of dielectric loss starts at 382 at 10 kHz and also
decreases to around 8 at 650 kHz. This shows that for both the
samples, the value of dielectric loss decreases with frequency
at room temperature. The high value of tan δ at lower fre-
quencies can be attributed to space charge polarization, or in
other words, accumulation of charges at the grain boundary
[13-16]. This gives rise to high resistivity and hence higher
dielectric loss.

The fact that the dielectric loss becomes constant for high
frequency region makes the materials advantageous for use in
high frequency device applications. It also indicates that the
nanostructure has excellent optical quality with lesser defects.

AC conductivity studies: The AC conductivity is showing
frequency independent behaviour for a wide range of frequency
variation confirming that the hopping frequency is more or
less constant (Fig. 5). From the above plots of frequency depen-
dence of AC conductivity of KNS and KNA, it is clear that KNS
sample has better frequency independent AC conductivity.

0.014

12

10

08

06

04

02

0

0.0

0.0

0.0

0.0

0.0

0.0

A
C

 c
on

du
ct

iv
ity

100000 200000 300000 400000 500000 600000 
Frequency (Hz)

KNS
KNA
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Conclusion

The XRD analysis of the obtained graphene oxide samples
shows formation of nano structured dots with few layer. Further,
from the UV-visible spectra, the π-π* transitions are seen to
occur at higher energies. This is substantiated by the band gap
obtained, which is markedly higher than that for semiconduc-
ting materials. The FTIR spectra show extensive functionali-
zation in the samples KNA and KNS. These functional groups
however, result in slight changes in electrical properties and
band gaps. KNA has a higher band gap than KNS, while in
the FTIR spectra, it is seen that it correspondingly has a higher
degree of functionalization. The dielectric loss (tan δ) values
are high at lower frequencies due to accumulation of charges
at the grain boundary and the obtained species has charges
that spend more time in one part of the grain, resulting in a
higher equivalent series resistance, i.e., higher dielectric loss.
The AC conductivity is showing frequency independent beha-
viour for a wide range of frequency variation confirming that
the hopping frequency is more or less constant. The values of
the real dielectric constant decreases with increase in frequency
and become frequency independent at high frequency. Space
charge polarization can account for the higher values of ε′ at
lower frequency.
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