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Abstract

Graphene doping is described in this paper in terms
of its effects on solar cells and structural properties.
Solid-state reactions have been used to synthesize
bulk  polycrystalline  samples.Graphene  and
atomically thin two-dimensional -layered materials
have gained a lot of interest for the applications in
optical and electrical devices due to their unique
optical and electronic capabilities.2-4 Up to now,
bottom-up and top-down methods have realised
many types of two-dimensional materials, such as
hexagonal boron nitride (hBN), transition metal
dichalcogenides (TMDCs, e.g., MoS, and WSe»)
and black phosphorus (BP). Because of quantum
confinement. The SEM examination results showed
matching results.

Keywords: Graphene, synthesis, solar cell,
nanoparticle, two-dimensional materials.

I.  Introduction

Graphene and atomically thin two-
dimensional -layered materials have received great
interest to be used in optical and electronic devices
because of their unique optical and electronic
capabilities.The two-dimensional limit possesses
large quantum confinement effects, which are
unique in two-dimensional materials. Monolayer
graphene, for example, manifests a Dirac cone at
low energies, indicating zero bandgaps, the Dirac
fermion behavior of electrons, and a low density of
states [1]. two-dimensional semiconductors, apart
from graphene’s zero bandgap, have different band
topologies with finite and configurable bandgaps.6-
8 Reducing the thickness of TMDC materials leads
to a decrease in the dielectric screening effect,
which in turn enhances the Coulombic interaction,
giving rise to unique physical phenomena such as
valleys-dependent circular dichroism [2-5]. Two-
dimensional materials offer promising benefits
relative to conventional bulk materials for
optoelectronic devices. Initially, they can optically
respond to a majority of the electromagnetic (EM)
wavelengths, spanning from ultraviolet to terahertz
and extending into the microwave range.Between

17 and 19 seconds, the electrical and optical
characteristics of two-dimensional materials can be
readily modified [6-9].Although there have been
numerous  breakthroughs in the field of
photovoltaics, the total efficiency of power
conversion in traditional solar cells has been
constrained by limited carrier mobility and high
rates of recombination occurring in interfaces.
Graphene nanoparticles can be considered
promising material thanks to their extraordinary
electrical conductivity, vast surface area, and
excellent optical transparency. Nonetheless, the
development of a technique for controlled synthesis
of uniform in size graphene nanoparticles is still
challenging. Thus, this research is aimed at
producing and characterization of such particles as
well as investigating the impact of graphene
nanoparticles on the enhancement of solar cells.
Graphene nanoparticles can act as a carrier transport
medium that allows faster transport of carriers to the
corresponding electrodes of the solar cell device.
Due to their extensive surface area and optical
characteristics, they increase the range of
wavelength absorptivity, resulting in higher values
of photocurrent generation. In addition, their high
conductivity helps reduce losses of current flow in
internal interfaces and grain boundaries.

II. Plasmonic effects in metallic
nanostructures

LSPR is an effect, which occurs when the
frequency of light incident on the nanostructure is
made equal to the resonance frequency of the
collective electron oscillation inside the metal
nanostructure, as shown in Figure 1A. On
illumination, the electric field induces polarization
of the nanostructure by displacing the electrons
inside the metal. However, the ionic background of
the metal creates a "frictional" force on the
movement of the carriers, which is indicated by
purple color in Figure 1A.

The coherent electronic cloud on the metal
surface oscillates, similar to a mass-spring
oscillator, in response to the external field and
restoring force, while being dampened by frictional
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force. In the quasi-static limit for a sphere with
radius 'a’ (where the nanostructure is substantially
smaller than the wavelength of the received light),

the electric field external to the nanoparticle equals
[10-11]:
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Figure 1: Plasmonic metal structure dynamics. Illustration of moving plasmonic nanoparticles under light [4].

2.1 Plasmonic structures improve the optical
characteristics of two-dimensional materials.

The strong light-matter interaction present
in the sub-wavelength region in two-dimensional
material-plasmonic hybrid structures may greatly
improve the intrinsic optical responses of two-
dimensional materials, including PL, absorption,
and nonlinear signals. Interaction between light and
substances [12].

Robust optical techniques have been
demonstrated to  markedly augment the
photoluminescence intensities of monolayer
transition metal dichalcogenides
(TMDCs).Significant effort has been invested in the
creation of hybrid structures including two-
dimensional materials integrated with various
plasmonic  nanostructures, including  metal
nanoparticles, Nano arrays, Nano trenches, Nano
prisms, and nanotubes [13]. The resonance
frequency can be adjusted throughout a broad
frequency spectrum based on several parameters,
including the shape and dimensions of metallic
nanostructures, the kind of material, and the
dielectric environment (Fig. 1C). The tips, edges,
and nanogaps of the sharp geometries of plasmonic
nanostructures, where the local electromagnetic
field can be quite strong, are where the LSPR hot
spots are found. [14].

Physical deposition, chemical treatment,
and electrochemical deposition are some of the
manufacturing techniques that have been developed

to produce hybrid structures of two-dimensional
materials with plasmonic metallic nanostructures.
Strong tunability of the shape and size of plasmonic
structures and scalable surface areas of hybrid
structures are examples of qualities that
nanostructures should possess in order to be used.
The distance between the metal plasmonic
structures and the two-dimensional material has a
significant impact. PL intensity is decreased by
direct contact because it encourages non-radiative
transition, or charge transfer.

On the other hand, adequate spacing
promotes the radiative transition, which increases
the PL. Thus, suppressing the nonradioactive
transition in TMDC-plasmonic hybrid structures has
the potential to significantly increase PL intensities.
Furthermore, there is a considerable coupling of
excitons in TMDC[15]. The PL enhancement is
ascribed to plasmonic activity, which enhances
optical absorption in TMDCs. The transfer of CVD-
created monolayer MoS; on top of Au nanoantenna
patterns resulted in a significant increase (65%) in
the intensity of the PL obtained from the hybrid
structure at resonance excitation when compared to
bare MoS;. Furthermore, illumination-induced
heating broadened and redshifted the PL peak.
Similarly, coupling monolayer WS, to an Au
plasmonic nanoantenna increased PL intensity by
one order of magnitude [41]. The meticulous
construction of plasmonic nanostructures with
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nanogaps that strongly limit the EM field increased
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2.3 Improving the performance of plasmonic
structure-based two-dimensional material
photodetectors

As previously, stated, plasmonic structures can
increase light absorption in two-dimensional
materials by significantly enhancing localised EM
fields and sub-wavelength dispersion, which
increases light coupling. As a result, the link with
plasmonic structures can improve the photocurrent
obtained  from  two-dimensional  materials.
Furthermore, the hot electrons created during the
plasmon decay process can help to improve the
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Figure 2.Plasmonic coupling improves optical outputs in two-dimensional materials [5].

performance of photodetectors made of two-
dimensional materials. Graphene is a potential
material for high-speed broadband
photodetection[17-20] a graphene photodetector
connected to a plasmonic antenna. , the antenna-
induced near field and hot electrons generated from
plasmon decay were transported to the graphene,
enhancing the photocurrent. The photocurrent was
boosted by a factor of 8, and the internal quantum
efficiency of the graphene-antenna photodetector
reached 20% (Figure 5A)[21-22].
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Figure 3. two-dimensional material-plasmonic hybrid systems for SERS[9].
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III.  Experimental details
3.1 Methods of Thermal Chemical Vapour
Deposition

Graphene has recently been produced
using thermal chemical vapour deposition (CVD).
Planar few-layer graphene (PFLG) synthesised
using CVD was originally reported in 200659. In
this study, camphor—a natural, inexpensive, and
ecologically acceptable precursor—was used to
synthesise graphene on Ni foils. Camphor was first
evaporated at 180°C before being pyrolysed using
argon as the carrier gas in a separate chamber of the
CVD furnace. When the Ni foils naturally cooled
to room temperature, few-layer graphene sheets
were visible. Consequently, graphene was found to
contain many folds and an estimated 35 layers of
graphene sheets. This finding created a new
processing pathway for the production of graphene,
even if there are still other unresolved issues, such

5.0kV

as limiting the number of layers and decreasing
folds. Another method used thermal CVD to install
a graphene sheet that was 1-2 nm thick on a Ni
substrate; however, graphene was not produced on
Si. 60 using the same process.

IV.  Results and discussion

4.1 Scanning-electron-microscope (SEM)

An SEM image of electrospun graphene
with graphene oxide sheets is shown in Figure 1.
Electrospun fiber morphology was studied by
scanning electron microscopy to determine the
optimal temperature. A sublimation temperature of
6000 °C did not result in the charring of fibers.
Figure 1. The fibers in figure 1 are smooth and
uniformly sized, and their diameters range between
35 and 68 nm. Because of annealing at 600°C,
fibers exhibit.
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Figure. 3 SEM images of Graphene

V.  Conclusion

The current work  describes the
electrospinning of conductive graphene composites
with PVP as a carrier solution, producing fibers that
are structurally stable and well-defined. By using
SEM analysis, Formal’s structure and fibrous
morphology were verified. To create a highly
porous network, these electrospun fibres underwent

heat treatment at 600°C. Neutral electrolyte KOH
seemed to be the better response for graphene
electrospun nanofibres, according to research on the
performance of graphene nanofibres in various
electrolytes. ~ The study suggests that electrode
synthesis can enhance the electrospinning process,
which can then be applied to other transition metal
oxides to create extremely effective solar cells.
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