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Abstract

Most recently, Vanadium oxide nanoparticles/reduced Graphene oxide (VO-NPs/rGO) nanocomposite have attracted
extensive attention due to their potential applications in energy-related areas. Hence, understanding the interactions on behalf
the effect of graphene layers on the modification of VO-NPs properties as well as their growth mechanism are of great
importance. In this work, our results are revealing that VO-NPs were efficiently grown and coated on the graphene surface
and are clearly showing the strong effect of rGO layers on the growth of VO-NPs which leads to a modification in the form,
the shape and also the phase. These interactions which were studied based on structural and morphological investigations will
play an important role on the modification of these nanocomposites properties which is suitable for a wide range of potential
applications and particularly as electrode in Li-ion batteries. Copyright © 2017 VBRI Press.

Keywords: Vanadium oxide, graphene, growth mechanism, nanocomposites.

physical and chemical properties that are different from
the bulk materials due to their limited size and high
density of corner or edge surface sites [5]. Owing to their
important properties they exhibit potential application in
fabricating nanoscale electronic, optical, electrochemical,
optoelectronic, and electromechanical devices [6, 7].
Because of these attractive properties and applications,
various preparation methods of VO-NPs have been
developed such as chemical vapor deposition [8], sol-gel
[9], solution-based method [10], thermolysis [11], pulsed

Introduction

Graphene, a two-dimensional (2D) layer of sp?-bonded
carbon material with very unique physical and chemical
properties, high electrical conductivity, flexibility and
large surface area (theoretical value of 2630 m? g%)
has been explored as an ideal matrix to host
nanomaterials [1]. In addition, these unique outstanding
physicochemical properties depend strongly on the
number of layers and the dispersion performance of

graphene sheets [2]. Furthermore, these promising
properties have caused researchers and companies to
consider using this material in several fields for different
technologies including photovoltaics, nanoelectronics,
spintronics and energy storage [3].

One-dimensional  nanostructures  with  different
morphologies, such as nanorods, nanowires, nanotubes
and nanobelts, have attracted considerable attentions
because to both their wide range of oxidation states (from
+2 to +5) in the vanadium-oxygen system [4] and specific
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laser ablation [12].

Up to now, carbon matrices such as graphite, carbon
Black and carbon nanotubes have been widely chosen to
improve the electrode conductivities (ECs) and stabilities
[13]. Compared with other carbon matrices, graphene is
emerging as one of the most appealing materials because
of its unique properties [14]. Moreover, the development
of graphene-based composites provides an important
milestone. The hybridization of metal or semiconductor
nanoparticles with graphene has been demonstrated to be
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an effective strategy for improved the electrochemical
performance of electrode materials [15]. With this in
mind, considerable efforts of decorating graphene with
metal oxides NPs have recently been reported because of
the synergetic effect between them [16], which leads to
increase the stability were graphene acts as a buffer layer
and anchoring of this nanoparticles onto graphene sheets
prevents aggregation and loss of surface area [17].

Graphene-Vanadium oxide composites have attracted
extensive attention for their potential applications in
energy-related areas [18, 19]. They are a novel and one of
the most attractive anodes in energy storage applications
[20], so the hybrid ribbons of vanadium oxide and
graphene may accelerate the development of high-power
lithium-ion Dbatteries suitable for many demanding
applications [21]. Hence, understanding the interactions
which lead to this improvement as well as the growth
mechanism is of great importance. Many synthesis
methods solutions based method, sol-gel, chemical vapor
deposition, hydrothermal and several ones were used to
synthesize  graphene-Vanadium oxides composites.
Therefore, the hydrothermal method for is particularly
successful in terms of controlling the chemical
composition, particle shape, and crystallite size in a
simple and inexpensive way [22, 23].

To the best of our knowledge, this is the first study of
the effect of graphene nanosheets on the structural
properties. our result highlighted the modification of VO-
NPs form, shape and phase after the introduction of
graphene nanosheets, which is confirmed firstly by
transfer from nanobelt vanadium oxide to nanorods like
shape. Secondly, revealing the coexistence of three phases
HoVOs, VO, and VeOi3 starting only from two phases
V407 and VO, The use of these nancomposites is
promising way for the development of technological
applications especially for energy storage devices as
lithium-ion batteries [20, 21]

In this work, in order to understand the effects of the
graphene layers on the growth of vanadium oxide
nanoparticles, we are presenting a structural study of
these hybrids, which include growth mechanism
description and interactions discussion. It is revealing that
vanadium oxide nanobelts were efficiently grown and had
nanorods like shape in the presence of graphene. In this
sense, transmission electron microscopy (TEM), X-ray
diffraction (XRD), Raman Spectroscopy and Ultraviolet-
visible absorbance spectra (Uv-Vis) were investigated.

Experimental
Material preparation

In a typical procedure, commercial V,0s powder (0,45g)
sulphuric acid, H2SOs, (0.75 ml), and H,O (0, 5 ml) were
vigorously stirred in room atmosphere for 20 min, then an
orange suspension was obtained. The obtained suspension
was followed by the addition of NoH1-2H,0. After stirring
thoroughly, the solution color changed from orange (V°*
valence state) to blue, indicating the reduction of V5* to
yield V** ions. In this case, hydrazine was still necessary
for the formation of vanadium oxide nanoparticles. Heat
could also be applied to the solution while adding NaOH
solution. A gray to brown precipitate formed during the
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addition of NaOH solution. The pH of the resultant
strongly acidic blue VO?* solution was then close to 5 by
adding NaOH solution. Afterward, the suspension was
transferred into a 25 mL Teflon-lined stainless autoclave.
The autoclave was maintained at 230 °C for 48 h and then
air cooled to room temperature. The resulting dark blue
precipitates were collected and washed several times with
distilled water and ethanol and then dried at 60°C under
vacuum for few hours. Graphene oxide nanosheets were
synthesized from pure graphite using KMnO4 and H2SO4
according to the modified Hummer’s method [24], then
chemical reduction was occurred using hydrazine as
reducing agent with stirring for 6 h at 40°C to produce
reduced graphene oxide [25, 26]. Finally, VO-NPs/rGO
nanocomposites (1:1 in molar ratio) were prepared by
adding graphene suspension to the prepared vanadium
oxide nanoparticles solution before running the
hydrothermal process.

Material characterization

To characterize the obtained samples, TEM images were
employed to analyze the morphology of rGO, VO-NPs
and VO-NPs/rGO nanocomposite. XRD pattern were
obtained from a Rigaku Smart Lab system using Cu Ka
(A=1.54178 'A), Raman spectra were obtained using a
Bruker Multi Ram with and excitation wavelength of
1064 nm. Finally, Ultraviolet-visible absorbance spectra
were carried out using Perkin Elmer lambda 1050
UV/Vis/NIR spectrometer.

Growth mechanism

Vanadium oxides can be selectively synthesized with
controllable  phase  structures  under  controlled
hydrothermal conditions. For example, there is a definite
phase progression V;0s, V307.H20, VO2(B), VO2(A) and
VO,(M) with increasing hydrothermal time or
temperature. First, V20s and H,SO4 were mixed to form
VOSO,4 which will lead to the production of VO?* ions
after its reduction following the reactions below:

H,S0, + V,05 — V0SO, 1)
VOSO, + N,H, + H,0 — VO?* + 2~ + N,H¢S0,  (2)

By adding hydrazine and NaOH solution to VO?*
solution, the reaction was producing a gray-brown
hydrous precipitate, which is probably a complex of
VO?%, OH~, and hydrazine. Then, two reactions may
occur to form, a two-electron reduction leading to V?* and
a one-electron oxidation leading to VO?. The redox
potential for the vanadium half-reaction is given by:

VO* + H,0 — VOF +2H* + e~ (3)
VO-NPs nucleation starts hydrothermally when VO?*
and OH™ reach the critical value of the super-saturation of

VO OH™ and forms VO(OH),, the growth units of VO-
NPs as described by the following reactions:

VO; + 20H™ — VO(OH),(s) (4)
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VO(OH),(s) — V,0,(s) + H,0 (5)

In this step, the synthesized VO-NPs had nanobelt like
shape. To clarify, The overall reaction conditions, crystal
phases, and product morphologies of VO-NPs nanobelts
and other works by Son et al [27] and Zhang et al [28] are
summarized in Tables 1. The reaction conditions such as
pH, concentration, and temperature during the formation
of vanadium oxides nanoparticles were important factors
in determining the size and shape of the final product.

For the nanocomposite, VO(OH),, the growth units of
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Results and discussion
TEM measurements

The morphology of the samples was studied by
transmission electron microscopy (TEM). The images of
rGO reveal that graphene sheets were fully exfoliated
(Fig. 2(a)). Interestingly, thin graphene flakes with large
dimensions were observed as well as the thickness can be
estimated to be few nanometers. Fig. 2(b) shows a typical
panoramic TEM image of the VO-NPs film. It is clear
that the geometrical shape of the vanadium oxide

Table 1. Comparison between Synthesis conditions, crystal phases, Sizes and morphologies of the as-synthesized vanadium oxides nanoparticles

nanobelts ®and the literature [27, 28].

reaction

V20s5(g) H2S0s(ml) N2Ha2H:0(ml) T (°C)  NaOH condition size VO-NPs (%)
0.45 0.75 0.175 g0 0395 230°C 48 9-14nm V40790%+VO:
ml 10%
0.45 0.75 0.25 90 1N 4-2.64 230°C48h 2um VO2(M) 100% [27]
LN 12 VO(M) 64%
0.225 0.375 0.125 95 mi 5.8-7.4 230°C48h 20—100 nm +VO2(B) 36%
[27]
VO(M) 14%
0.225 0.375 0.125 100 IN13 7.8-7.1 220°C48h 20-50 nm +V02(B) 86%
[27]
V20s5(g)  Glucose (g) H20 (ml) reaction condition Product Morphology

0.91 0.198 30

0.91 1.60 30

180°C 12h

180°C 12h

Long and short

nanobelts [28]

Nanosheets and
carbon sphere [28]

V307-H20 and VO2(B)

VO2(B) and carbon

vanadium oxide, start to be attached on top of the seed
layer (graphene sheet in our case), then they became VO-
NPs nanoparticles. If the growth was not stopped
electronically, which produce CO bonds, and/or
mechanically, by the deposition of graphene sheets on the
top of those nanoparticles, they will continue growing to
form nanobelts where the growth conditions have a great
influence on the formation of the final synthesized
material (Fig. 1). In our solution, The size and the
morphology of those nanostructures will vary from one
region to another depending on the nature and the
concentration of ions incorporated between graphene
sheets which will give birth to nanoparticles, nanorods or
even non dissolved VO(OH)..

" H,50, f ’ NoH, G- .
: stirring ”/‘,}"g
: [ %oﬁ

VP g
a’{ it W
‘ VO-NPS

Fig. 1. Growth mechanism of VO-NPs/rGO nanocomposite.
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nanostructures is a belt with a uniform size distribution.
The length and width of vanadium oxides nanobelts with
very smooth and flat surfaces are 1 pum and about
9-14 nm, respectively. The TEM image in Fig. 2(c)
confirms rod-shaped morphology of VO-NPs and show
an important modification on the morphology of these
nanostructures were prepared in presence of graphene
nanosheets.

LB

2

Intensity (a.u.)

Fig. 2. (a), (b) and (c) TEM images of rGO, VO-NPs nanobelts and VO-
NPs/rGO nanocomposite respectively.(d) X-rays diffraction (XRD)
patterns of rGO, VO-NPs and VO-NPs/rGO nanocomposite.

The length and width of vanadium oxides nanorods
with very smooth and flat surfaces are 100 nm and about
9 nm, respectively. These results confirm the serious
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effect of graphene sheets on the growth of vanadium
oxide nanostructures. Hence, the TEM images (Figs. 2(a),
2(b) and 2(c)) confirm that vanadium oxides nanobelts
were efficiently grown and transformed to nanorods like
shape in the presence of graphene sheets.

X-ray diffraction

X-ray diffraction (XRD) patterns were used to investigate
the phases and structures of rGO, VO-NPs and VO-
NPs/rGO nanocomposite (Fig. 2(d)). The XRD pattern of
rGO has two principal peaks: the first at 20 = 23.5°
confirming that GO was completely reduced by hydrazine
solution [24] and the second peak located at about
20 = 43 is associated to the (100) plane of the hexagonal
carbon structure [29]. The XRD pattern of the as-prepared
vanadium oxide nanoparticles revealed the existence of
the two phases tetravanadium septoxide (V4O;) and
vanadium dioxide (VOj). The X-ray pattern For V4O
corresponds to the the Triclinic crystalline phase, this is
compatible with the standard value of ICDD card N’
1008024 already described in the literature (Space group
2 : Al a = 5456640 ‘A, b = 6.941393 A and
¢ = 12.139513 ‘A; a = 95.099998 p = 122.599998 and
y = 109.250000). Furthermore, the diffraction peaks of
VO, can be perfectly indexed to the Monoclinic (b)
crystalline phase (ICDD card N° 9009089, Space group
14 : P121/cl, a = 5.849727 A, b = 4.600944 °A,
¢ = 5.474888 ‘A and f = 122.599998). This revealing that
the V> ions in V,0s have been reduced to V#* ions by the
hydrazine in the reaction. No peaks of any other phases or
impurities were detected in the spectra, which mean that
the products are mainly composed of vanadium oxides
nanoparticles. The plot in (Figs. 3(a) and 3(b)) present an
estimation of these VO, and V4O; NPs size calculated
using Hall method where the obtained size average was
found to be 94 (93) and 96 (56) respectively.

Fig. 3(f) shows that the percentage of V407 was (90%)
while the one of VO, was (10%). Furthermore, The
overall elements, coordinates and occupations are
summarized in the Table2.

«= a) . Vo, ..
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The XRD pattern of the nanocomposite (Fig. 2(d)) shows
the existence of three phases, Duttonite (H;VOs3),
vanadium dioxide (VO3) and hexavanadium tridecaoxide
(V6013). For HVOs the diffraction peaks can be readily
indexed to the Monoclinic (b) crystalline phase, this is
compatible with the standard value of ICDD card N°
9011014 already described in the literature ( Space group
15 :112/cl, a = 8.8268 °A, b = 3.9620 ‘A, c = 5.9781 ‘A
and B = 90.6700). In addition, the diffraction peaks of
VO, can be perfectly indexed to the Orthorhombic
crystalline phase (ICDD card N° 9000071, Space group
62: Pbnm, a = 5.0077 'A b = 9.3563 "A and ¢ = 2.8964 "A
(a=90.0000 p = 90.0000 y = 90.0000).

Table 2. The overall elements, coordinates and occupations of VO-NPs.

Element X y Z Occupation
VO
Vi(V) 0.242 0.975 0.025 1
041(0) 0.100 0.210 0.200 1
02(0) 0.39 0.690 0.290 1
V407
Vi(V) 0.214 0.146 0.063 1
Vo(V) 0.223 0.655 0.067 1
V3(V)  0.682 0.440 0.199 1
V4(V) 0.687 0.941 0.202 1
01(0) 0.101 0.857 0.010 1
02(0) 0.586 0.796 0.054 1
O3(0) 0.854 0.493 0.084 1
04(0) 0.327 0.436 0.137 1
Os(0) 0.525 0.143 0.164 1
Os(O) 0.031 0.064 0.198 1
0O7(0)  0.2956 0.792 0.224 1

sinitheta)lambda (1/ang.)

In the case of V013 the diffraction peaks can be readily
indexed to the Monoclinic (b) crystalline phase (ICDD
card N° 2104009, Space group 7 : P1cl1, a = 10.0764 °A, b
= 3.7161 A and ¢ = 11.9817 ‘A (¢ = 90.0000 g =
100.9140 y = 90.0000). Moreover, the plot in Fig. 3(c),
(d) and (e) present an estimation of these H,VOs;, VO3
and V013 NPs size calculated using Hall method where
the obtained size average was found to be 264 (141), 397

H,VO; :: E) VeOi3

beta cosfheta)lambda (ad /ang)

f) Composition

= V407 = V02

Vo,

g) Compf.}sntlon

m H2VO3 mV02

Fig. 3. (a) and (b) Size estimation in VO-NPs of VO, and V4O respectively, (c), (d) and (e) Size estimation in VO-NPs/rGO nanocomposite (f) and
(0) Phases percentage of vanadium oxide nanostructures in VO-NPs nanobelts and VO-NPs/rGO nanocomposite respectively..

Copyright © 2017 VBRI Press
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(489) and 170 (73) respectively. Fig. 3(g) show that the
percentage of H,VVO3, VO, and VeO13 were (93%) (4.6%)
and (2.4%) respectively. In addition, the overall elements,
coordinated and occupations are summarized in Table 3.

These results revealed the existence of two phases of
VO-NPs while graphene sheets caused a change in the
crystallinity of these nanostructures by forming three
phases which is in good agreement with the TEM
observations.

Table 3. The overall elements, coordinates and occupations of VO-
NPs/rGO nanocomposite.

Element X y z Occupation
VO
Vi(V) 0.088 0.143 0.250 1
01(0) 0.106 -0.235 0.250 1
02(0) -0.227 -0.013 0.250 1
H2VOs
Vi(V) 0.000 0.336 0.250 1
01(0) 0.000 0.754 0.250 1
02(0) 0.150 0.250 0.500 1
03(0) 0.507 0.282 0.454 1
V6013
Vi(V) -0.006 0.297 0.346 1
Va(V) -0.003 0.236 0.642 1
V3(V) 0.360 0.250 0.417 1
Va(V) 0.632 0.248 0.591 1
Vs5(V) 0.364 0.249 0.719 1
Vs(V) 0.631 0.252 0.289 1
01(0) -0.003 0.256 0.184 1
02(0) 0.385 0.249 0.886 1
03(0) 0.407 0.252 0.254 1
04(0) -0.003 0.240 0.502 1
Os(0) 0.192 0.252 0.387 1
Os(0) 0.197 0.246 0.682 1
07(0) 0.404 0.251 0.565 1
Os(0) -0.004 0.241 0.829 1
O9(0) 0.609 0.251 0.122 1
010(0) 0.588 0.248 0.752 1
011(0) 0.799 0.247 0.617 1
012(0) 0.799 0.254 0.322 1
013(0) 0.589 0.251 0.442 1

Raman spectroscopy

Raman spectroscopy is a powerful technique to
characterize reduction and exfoliation of layers. The
Raman spectra of the of rGO, VO-NPs and VO-NPs/rGO
nanocomposites prepared in films form are shown in
Fig. 4. The spectrum of the rGO displays two main bands;
the first one G band located at 1600 cm™ arises from the
stretching of C-C bond in graphitic materials which is due
to the first-order scattering of the Ez; phonons at the
I' -point. The second one D band at 1330 cm™ arising
from the breathing mode of k-point phonons of Aig
symmetry [24]. In addition, G band represent the in-plane
stretching of ordered sp? bonded carbon atoms while D
band is ascribed to defects such as the density of impurity,
disordered carbon and oxygen -containing functional
groups on graphene [30, 31]. In addition, rGO spectrum
exhibits another broad band around 2600-2800 cm™
corresponding to 2D band is a second -order two-phonon
lattice process which is referred to the rGO number of
layers [31]. The intensity ratio of D to G bands Ip/lg
corresponding to the sp® to sp? hybridization, for the

Copyright © 2017 VBRI Press

2017, 8(3), 276-282

Advanced Materials Letters

VO-NPs/rGO nanocomposite intensity ratio (1.38)
decreased. This could be due to the decrease in sp® groups
corresponding to defects produced after hydrazine
treatment of GO.

In addition, this behavior confirms the reduction of
defects in rGO nanolayers after the interaction with the
VO-NPs nanobelts, leading to an increase of graphitic
domain created in VO-NPs/rGO nanocomposite.

a) b) VO-NPs —rGO
g
. L
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> i ]
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c
©
£
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500 1000 1500 2000 2500 3000
Wavenumber (cm'1)
C)—I'GO-VO-NPS
E)
o
2
W
=
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14
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500 1000 1500 2000 2500 3000
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Fig. 4. (a) Raman spectra of the rGO. (b) inset zoom VO-NPs nanobelts.
(c) VO-NPs/rGO nanocomposite; (d) inset zoom low frequency region
from 250 to 750 cm-10f VO-NPs/rGO nanocomposite.

The sample of VO-NPs prepared by hydrothermal
synthesis at 230 C for 2 days was investigated by Raman
spectroscopy (Fig. 4(b)). In this sample, the spectrum of
VO-NPs displays a series of Raman band corresponds to
the various vibrations of V-O type. The spectrum showed
the peak at 982 cm™ could be attributed to the V=0
stretching vibrations [32]. Furthermore, the peak at 688
cm™! corresponds to the doubly coordinated oxygen
(V2-O) stretching mode, which is due to corner-shared
oxygen common to two pyramids [33, 34]. The peak at
524 cm™! is attributed to the triply coordinated oxygen
(V3-O) stretching mode of edge-shared oxygen in
common with three pyramids [33, 34].

In addition, the peaks of weaker intensity which could
be attributed to VV-O-V bridging modes were observed at
407 cm™* and 485 cm™ [32, 35]. The two peaks located at
339 and 618 cm™! are associated to the vibrational modes
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By and Ag respectively [36]. Finally, the Raman spectrum
shows the existence of a band at 287 cm™* which could be
attributed to V-O-V in the bending mode [32].

The Raman spectrum of the nanocomposite prepared
from rGO and VO-NPs is shown in Fig. 4(c). The new
two peaks appearing at 818 and 907 cm™* are assigned to
the By vibrational mode and the presence of hydrated VO-
NPs nanords. In addition, the two peaks located at 998
and 1096 cm™ becomes very intense compared with
vanadium oxide nanobelts peaks, these results may be due
to the change of size and or shape of VO-NPs which
confirms the TEM observations and the results obtained
from X-ray diffractions. Furthermore, the Raman band in
the range of 200- 1000 cm™* becomes more intense, which
indicated a good interaction between vanadium oxide
nanobelts and rGO nanosheets. Below 750 cm™
(Fig. 4(d)), the vibrational Raman active mode of VO-
NPs/rGO can be described in terms of vanadium-oxygen
stretching modes, vanadium-oxygen-vanadium bending
vibrations, and translational modes [33, 35-37].
Therefore, the Raman results are consistent with the
formation of VO-NPs/rGO nanocomposite.

UV-vis spectroscopy

Ultraviolet-visible absorbance spectra of rGO, VO-NPs
and VO-NPs/rGO nanocomposite are shown in Fig. 5.
The UV-Vis absorption spectrum of reduced graphene
oxide shows a strong absorption peak at 270 nm in the
UV region. Which is mainly associated to n-z* transition
of C-O bonds now embedded by exfoliation and
intercalation on the graphene sheets [24]. Compared with
graphene oxide (GO), the red shift from 230 to 270 nm is
due to the electronic configuration of graphene after the
reduction of graphene oxide [24]. The transformation of
GO in our sample is confirmed by the disappearance of C-
C band centered at around 230 nm and its shifting to 270
nm upon reduction likely due to the decrease in the
concentration of carboxyl groups indicating that the
electronic conjugation within the reduced graphene sheets
was revived upon reduction of graphene oxide [24].

The UV-Vis absorption spectrum of VO-NPs nanobelts
(Fig. 5b) has two bands located at around 253 nm and 370
nm, the first could be assigned to charge transfer
transition, involving oxygen and vanadium (IV) in
tetrahedral coordination, present in isolated species [38,
39]. The second broad band at 370 nm is attributed to
octahedral V#* specie [36]. Moreover, the Uv-Vis
spectrum of VO-NPs/rGO nanocomposite absorbance
shown in (Fig. 5(c)) presents the existence of four bands.
The intense one is located at 273 nm can be attributed to
the absorption of graphene layers. The second one located
at 253 nm is due to the absorption of VO-NPs. Moreover,
the band at 490 nm can be attributed to the electron
transfer from oxygen atoms to vanadium in octahedral
coordination [39]. Indeed, the origin of this change of
spectral band position was suggested to be the
contribution of a quantum size effect in the VO-NPs [39,
40]. Finally, the band at 690 nm is attributed to d-d
transition of V#* [41]. According to the works by Luan et
al., Dutoit et al. [42, 43] and also Golinska et al. [44].
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The gap energy from Uv-visible spectra absorbance can
be determined at the tangent to the absorption front, and
the width of the band gap is strongly dependent on the
conjugation length. The band gap of the VO-NPs/rGO
nanorods nanocomposite was found to be 2.57 eV which
can be attributed to direct transition from occupied 2p
bands of oxygen to unoccupied 3d bands of vanadium
[45, 46]. On one hand, the optical band gap of bulk
monoclinic VO2 is Eg = 0.7 eV. On the other hand, Liu et
al and Wang reported that the band gap of vanadium
oxide nanosheets were 1.87 [47] and 2.1 eV [48],
respectively. Our results show a higher band gap. This
increment could be attributed partially to dimensional
confinement effects of the nanorods [49, 50].
Furthermore, Compared with vanadium oxide nanobelts
(Eg = 3.33 eV), in the nanocomposites the gap energy
decreases after the introduction of graphene nanosheets to
(Eg = 2.57 eV) confirming that vanadium oxide nanobelts
were transformed to nanorods like shape after
incorporation with graphene nanosheets.

* rGO
» VO-NPs
* rGO-VO-NPs

Normilzed Absorbance

1 & T . T T M 1 M
200 400 600 800 1000 1200
Wavelength [nm]

Fig. 5. Uv-Vis optical absorbance spectra: (a) rGO, (b) VO-NPs
nanobelts and (c) VO-NPs/rGO nanocomposite.

Conclusion

To summarize, the present study demonstrates important
interactions and effects of the growth of vanadium oxide
on graphene layers. It is revealing that vanadium oxide
nanobelts were efficiently grown and had nanorods like
shape in the presence of graphene. In addition, the
obtained phases without graphene were different to the
ones which were obtained in its presence. This is clearly
showing the strong effect of rGO layers on the growth of
vanadium oxide nanostructures which leads to a change in
the form, the shape and the phase. The previous outcomes
were confirmed by showing the formation of new
vibrational bonds which assisted to the understanding of
the growth mechanism. Furthermore, it is revealing an
important effect on the optical properties of this hybrid
material. Hence, the importance of this study is focused
on its offering of information which may assist to control
the preparation of this hybrids and modulate their
properties to enhance their efficiency then improve the
performance of their applications.
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