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ABSTRACT

The present research paper, we studied the effect of graphene on structural and optical properties of graphene-
ZnO nanoparticles. The graphene used in this work was synthesized by electrochemical exfoliation and ZnO
nanoparticles was synthesized by using the co-precipitation method. The ex-situ approach using weight percent
ratio was adopted for the preparation of nanocomposite. Based on x-ray diffraction (XRD) and field scanning
electron microscopy (FE-SEM) the nanoparticles and nanocomposite shows good crystalline nature and
graphene sheets decorated with ZnO. The ultraviolet-visible (UV-Vis) and photoluminescence spectroscopy of as
prepared materials show intense absorption in the UV-Vis region and its corresponding optical band gaps were
found to be 3.14 eV and 2.96 eV for ZnO nanoparticles and 1 wt. % graphene-ZnO nanocomposite.
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1. INTRODUCRION

Graphene is a two-dimensional system in which electric current is carried by massless quasiparticles [1,2]. Graphene
having its high specific surface area for a large interface, high mobility up to 10000 cm? V! s, and tunable band
gap, it should be a very promising electron acceptor in photovoltaic devices [3]. Graphene loaded with metal oxides
can considerably modify their electronic properties and put forward more surprising results [4]. Nanocomposites
especially graphene loaded provide an important milestone to improve the application performance of metal oxide
nanoparticles. The hybrids are multipurpose and tailor-made properties with performances superior to those of the
individual oxide nanomaterials. To date, various kinds of metal oxides are synthesized and reported on graphene,
which include SnO; [5], ZnO [6], TiO; [7], In2O3 [8] and Al,O3 [9]. Out of these ZnO nanoparticles are a widely
studies semiconductor due to its wide bandgap (3.3 eV) and large exciton binding energy of 60 MeV [10]. The
decoration of such nonmaterials on the graphene surface is highly desirable for tuning surface morphology,
electronic structure, and intrinsic properties of graphene [11]. In present work, we study synthesis, structural and
optical properties of ZnO nanoparticles and graphene-ZnO nanocomposite. The graphene and ZnO nanoparticles are
synthesized by using modified fast electrochemical exfoliation method and co-precipitation method. The
nanocomposite of graphene-ZnO is prepared by ex-situ approach using weight percent ratio. The ZnO and graphene-
ZnO nanocomposite are used for further characterization such as XRD, FE-SEM, UV-Vis and PL spectroscopy.he
reference number should be shown in square bracket [1]. However the authors name can be used along with the
reference number in the running text. The order of reference in the running text should match with the list of
references at the end of the paper.

2. EXPERIMENTAL

ZnO nanoparticles were synthesized by AR grade chemicals such as zinc nitrate and hexamethylenetetramine
(HMT) and applied for fabrication of PV cell using spin coating. ZnO nanoparticles were synthesized using co-
precipitation method using zinc nitrate and HMT in 1:1 M quantity. The chemical solution of zinc nitrate and HMT
was heated at 50 °C with stirrer continuous for 1 hour and kept half an hour without any disturbance. The obtained
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chemical solution was ultrasonication and centrifugation for 20-20 min, respectively. The final product was
collected and followed by calcinations at 350 °C in a muffle furnace for 3 hours. The ZnO nanoparticles were
synthesized with a practical yield of ~51%. Graphene used in this work was synthesized from graphite rod using a
modified fast electrochemical exfoliation method with thickness 0.5577 nm and reported in details in our previous
work [12]. The phase purity and structural of the as-prepared ZnO and graphene-ZnO were determined by x-ray
diffraction (XRD, PW 1830; Philips), and FE-SEM (JEOL JSM-7500F). For the preparation of nanocomposite first,
graphene (1 wt. %, with respect to ZnO to be synthesized) was dispersed in 10 mL acetone as an organic media at
room temperature. Then, ZnO nanoparticles (1 gram constant) are added in same 10 mL acetone. The graphene-ZnO
nanocomposite was kept overnight for evaporation of acetone and dried in muffle furnace at 100 °C for 2 hours for
complete evaporation of acetone. ntroduction related your research work Introduction related your research work
Introduction related your research work Introduction related your research work Introduction related your research
work Introduction related your research work Introduction related your research work Introduction related your
research work Introduction related your research work Introduction related your research work

2.1 Materials Characterizations

To study the structural and optical properties of as-synthesized samples were characterized through x-ray diffraction
(XRD, Rigaku, Miniflex-II) using CuKa radiation (0=1.54 A), Field Emission-Scanning Electron Microscope (FE-
SEM) from JEOL JSM-7500F, Ultraviolet-visible (UV-Vis) of samples were acquired on Perkin Elmer UV
spectrophotometer and Photoluminescence (PL) spectroscopy was performed on fluorescence spectrophotometer
HITACHI, F-7000.

3. RESULTS AND DISCUSSIONS
Figure 1 (a) and (b) shows XRD patterns for ZnO nanoparticles and 1 wt. % graphene-ZnO nanocomposite. The
XRD patterns of the samples were recorded using a Rigaku Miniflex-II in the 20 range from 20°-80° in steps of
0.02°. The fig. 1 (a) shows the sharp peaks for ZnO at 26 values of 31.8, 34.4, 36.3, 47.5, 56.6, 62.9, 66.4, and 68.0
can be indexed to (100), (002), (101), (102), (110), (103) and (112) crystal planes, respectively. It is seen that the
graphene-ZnO nanocomposite with 1 wt. % addition of graphene exhibit similar XRD patterns as that of ZnO
nanoparticles. Notably, in Fig. 1. (b) small broad peak appears at 26=26° as a (0 0 2) inside nanocomposite is the
characteristics peak for graphene. The sharp and broad peaks appear in graphene-ZnO nanocomposite show ZnO
nanoparticles were very well decorated on graphene nanosheets. The average crystallite sizes are determined by
using the classical Scherer’s formula [13].

D=KM(p COS 6) 1)
where, D is the average crystallite size, K is the shape factor, which can be assigned a value of 0.9 if the shape is
unknown, 0 is the diffraction angle at maximum peak intensity, and B is the full width at half maximum of
diffraction angle in radians. When, Eq. (1) is applied to the sharp peaks of ZnO and graphene-ZnO nanocomposite
the average crystallite sizes are found to about 67 nm and 75 nm.
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Fig -1: XRD pattern of (a) ZnO nanoparticles and (b) 1 wt. % graphene-ZnO nanocomposite
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Figure 2 (a) and (b) shows FESEM image for pure ZnO nanoparticles and 1 wt. graphene-ZnO nanocomposite. The
main structures of the ZnO nanoparticles represent small rods like structures (fig. 2 (a)) while graphene is shows
transparent sheets (fig. 2 (b)). Compared with graphene sheets, uniform small rods shape ZnO nanoparticles with an
average length of 67 nm was anchored on the graphene sheets as shown in fig. 2 (b). When graphene combined with
ZnO, steps like graphene sheets decorated by ZnO. The further confirmation of prepared ZnO like rods and
graphene/ZnO nanocomposite was examined by TEM microscopy as shown in fig. 2 (c) and (d). The fig. 2 (c)
shows ZnO as small rods likes structures which are decorated on graphene sheet (fig. 2 (d)). The ZnO nanoparticles
are connected to each other and also with graphene sheets. Such type of structure is very useful for transformation of
photon generated electrons and holes for improving efficiency of PV cells.

e

Fig -2: FE-SEM images of (a) ZnO nanoparticles and (b) 1 wt. % graphene-ZnO nanocomposite

Figure 3 shows the room temperature PL spectrum of ZnO nanoparticles and 1 wt. % graphene-ZnO nanocomposite.
The PL spectrum of ZnO and nanocomposite are similar with different small emission peaks centered at 400 nm,
430 nm, and 470 nm. The different emission peaks at different wavelength is appears due to presence of surface
defects and vacancies, which is distributed in ZnO nanoparticles. The maximum PL intensity in ZnO is reduced by
the use of graphene with lower defects density. PL intensity of 1 wt. % graphene-ZnO nanocomposite is much lower
than ZnO nanoparticles. Reduced in PL intensity is indicating the most efficient inhibition of charge carrier
recombination, which seems to be well reproducible with its highest efficiency toward efficient PV cells. The very
few defects in graphene involve relatively good electrical conductivity [14].
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Fig -3: PL spectrum for ZnO nanoparticles and 1 wt. % graphene-ZnO nanocomposite

Figure 4 (a) and (b) shows UV-Vis absorbance spectrum and energy band gap plot for ZnO nanoparticles and 1 wt.
% graphene-ZnO nanocomposite. The ZnO and nanocomposite shows linear UV-Vis absorbing nature (fig. 4 (a)).
The 1 wt. % graphene-ZnO nanocomposite shows higher absorption magnitude as compared to ZnO nanoparticles.
When graphene bonded with ZnO nanoparticles, nanocomposite as-formed show maximum absorption values and
have linear red-shift towards higher wavelength. This phenomenon is results from the excellent conductivity of
graphene that can facilitate separation of photogenerated electron-hole pairs. Fig. 4 (b) shows energy band gap
spectrum for ZnO nanoparticles and 1 wt. % graphene-ZnO nanocomposite. The plot is direct optical band gap for
ZnO and graphene-ZnO nanocomposite and estimated by plotting the (ahv)1/2 versus photon energy (eV). The
band gaps for pure ZnO and 1 wt. % graphene-ZnO nanocomposite were found to be 3.14 eV and 2.96 eV.
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Fig -4: (a) UV-Vis absorption spectrum and (b) energy band gap plot of ZnO nanoparticles and 1 wt. % graphene-
ZnO nanocomposite.

4. CONCLUSIONS

In the present work, the small rods like ZnO nanoparticles and graphene-ZnO nanocomposite examined for
structural and optical properties. In XRD analysis, nanocomposite shows sharp and broad peaks which indicate good
interaction between constituent of composite. The same result was obtained from FESEM analysis. Such
nanocomposite may be useful for transformation of photon generated electron-hole pairs and may enhance
performance of various electronic devices. The reduced in emission intensity within PL spectra was shows that
recombination rate of electron-hole pairs in nanocomposite is much lower than ZnO nanoparticles. The present
result encourages to us to study in future application.
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