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Abstract 

Graphene shows remarkable optical behavior, where above an incident light 

intensity threshold, transmission is attenuated. There is significant interest in synthesizing 

large-area graphene films at low temperatures by chemical vapor deposition (CVD) for 

optical device applications. The results obtained shows that therefractive index of graphene 

is while that of graphene conductance is  

and graphene density . The modified CVD method is expected to allow the direct 

growth of graphene in device manufacturing processes for practical applications while 

keeping underlying devices intact. 

 Keywords:Graphene, Optical, Incident, Synthesizing and chemical vapor 

deposition (CVD) 

 

1. Introduction 

Graphene is a single atom, thick two-dimensional (2D) material, thus, exhibiting 

 transmittance throughout the entire visible light spectrum. Additionally, 

graphene has a flat transmittance spectrum from the ultraviolet (UV) region to the long 

wave length infrared (IR) region, thus exhibiting a wide window that allows a 

comprehensive range of photon wave length passed through it. Unconditionally, except 

graphene, these combinations of remarkable optical properties are yet to be observed in 

any types of materials till date. Similarly, graphene has unusual electronic transport 

properties, which follows the characteristics of 2D Dirac fermions, quantum hall effects, 

Landau level quantization, and so on. Consequently, graphene’s free charges are immobile 

in one spatial dimension but mobile in other two dimensions, and thus, charge carrier 

mobility is  in free-standing graphene (Yoshikawa K 2017). Similarly, 

graphene also exhibits excellent mechanical and thermal properties 

 and chemical inertness. Hence, all these properties coupled 

with the optical properties put together graphene a stronger candidate for applications in 
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transparent conducting electrodes (TCEs) flexible optoelectronics, energy harvesting 

devices, photo detectors, and many other optical devices (Yoshikawa 2017).  

Furthermore, graphene is anticipated as an emerging alternate for conventional 

transparent conductive metal oxides, specifically, indium tin oxide (ITO), which contains 

indium as a toxic, costly, and scarce element. In particular, the graphene-based TCE for 

application in solar cells with enhanced efficiency is of utmost interest. To date, graphene 

electrodes have been applied for different types of solar cells, namely, solid-state solar 

cells, electrochemical solar cells, quantum dot solar cells (QDSCs), and polymer solar cells 

(Zang Y 2011).  

2. Material and Method 

The experiment setup and data measurement was done at the department of 

mineralogy Kaduna state Polytechnic. This research will involve Graphene films deposited 

on a glass substrate using spin coating. It employed a reduction protocol where a 4 Watt, 

365 nm UV lamp was used for exposure of the synthesized Graphene films for different 

periods of time. The current-voltage (I-V) characteristics for the Graphene films were 

measured as a function of UV exposure time. For this, a four-probe configuration was used 

and current across the two inner terminals was taken as a function of the source voltage 

applied across the two outer terminals.  

The evolution of the I-V characteristics with the UV exposure time (up to 2 hours) 

was analyzed.  Raman and X-ray photoemission (XPS) spectra was obtained both prior to 

UV exposure as well as post 2 hours exposure for samples belonging to the same batch of 

synthesis. A comparison of the Raman spectra of the grown sample and a corresponding 

sample was synthesized after 2 hours exposure to UV light. The characteristic D, G and 2D 

peaks was labeled. A comparison of reduced GO Raman spectra with pristine graphene 

(CVD grown), graphene single layer (I2D/IG = 2.7), bilayer (I2D/I G = 1.4) and multilayer 

Raman spectra were compared to provide a recipe for estimating extent of disorder in 

Graphene.  

A conservative estimate of the extent of disorder based on the observed ID/IG ratio 

of the 2 hour reduced Graphene sample was made and were estimated. 

Distilled water of 1 was measured and mixed with the graphite sample, 

poured into the flotation cell and agitated for 3 minutes. During the agitation process, three 

drops of regulator (sodium hydroxide) was added to adjust the pulp pH to  and 
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conditioned for seven minutes. Thereafter,  of kerosene and pine oil added, 

immediately after the conditioning/agitation, air was allowed to pass through the pulp at a 

reasonable rate and froth emerged and collected till barren froth surfaced. 

 

Table 1.0: Shows fixed carbon content of raw graphite (as received) 

Where: 

MC = Moisture Content, VM = Volatile Matter, AS = Ash Content, FC = Fixed Carbon 

Table 2.0: Shows fixed carbon content of the concentrate  

 

 

3. Result and Discussion 

Optical properties ofgraphene 

 The electromagnetic properties of  graphene  are  based  on  its  unique  atomic structure 

and  the  electronic  band-gap  between  graphene  sheet  layers. As it is a two-dimensional 

material, the massless Dirac fermions in graphene have an amazingproperty: the optical response 

is universal and expressed only regarding to the fine-structure constant. To derive this response, we 

need determine the electric fieldof theincident lightviaavectorpotential: 

        (1.0) 

        (1.1) 

Thus, the incident working on the Hamiltonian of Dirac electron in the presence of an 

electric field is: 
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      (1.2) 

Where: 

        (1.3) 

Is the Hamiltonian of the electron photon interaction, the factor  in equation (4.3) is 

necessary since the standard expression for the complex field is: 

  (1.4) 

And only the first term need to take into account. This interaction induces transitions from 

the occupied whole states  to empty election state  with the same wave 

vector , the intraband transitions being forbidden by momentum conservation. 

The matrix element of the Hamiltonian equation is given by: 

     (1.5) 

Where the negative and positive signs correspond to  Valleys, the sign depends 

only on the polar angle  of the  vector, not on its length. After determination the 

average value, the square matrix element  over  is found by: 

      (1.6) 

Here, assuming the phone propagates perpendicular to the graphene plane, thus the electric 

field  lies within the plane. The absorption probability per unit time, to 

the lowest order of perturbation theory is:  

        (1.7) 

Where,  is the density of states of single layer graphene material, the spin 

and valley degeneracy has been considered and the energy of the final state is  

substituting the equation (1.6) result in: 

         (1.8) 

Thus the optical absorption energy per unit time is: 

, therefore the absorption coefficient is: 
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Optical refractive index of graphene  

From Maxwell equations and Snell’s law, displacement  magnetic field  and surface 

current   can be expressed as: 

        (1.9) 

          (1.10) 

        (1.11) 

 Where is the dielectric polarization, 𝜎 is the conductance, 𝑑 is the material 

thickness.  is the free space permittivity , and 𝑟 is the relative 

material permittivity,  is the open space magnetic permeability ,  

is relative permeability of the material. 

 The optical conductance of graphene defined from its linear dispersion relation as: 

          (1.12) 

Where  are the real and imaginary parts respectively, which can be rewritten as; 

   (1.13) 

   (1.14) 

Where  is the energy hopping between nearest atoms in the chemical potential near 

Dirac point,  is the incident photon energy and  is 

the universal graphene conductance.. One theoretical work shows when the temperature 

 under visible incidents real part and imaginary part of graphene conductance 

are;  respectively. 

Substitute equations (1.13) and (1.14) into (1.12), we can rewrite the equation as: 

        (1.15) 

We can extract the relative permittivity  as: 

         (1.16) 

By definition of the refractive index of the medium is  which indicates the 

transmission efficiency in the medium. Regarding the linear susceptibility, the refractive 
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index is  when the material is graphene. Therefore, we can obtain the 

graphene refractive index as: 

 

 Where the refractive index is expressed in terms of fundamental constants and the 

ratio of optical wavelength to graphene thickness. We note that a universal conductance 

implies a refractive index with strong dispersion. For  

Therefore we find  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.0: Refractive indexes of (a) monolayer graphene and (b) bilayer graphene 

 

4. Density of graphene   

 The unit hexagonal cell of graphene contains two carbon atoms and has an area of 

 and its density was found to be . A hypothetical hammock 

measuring 1m2 made from graphene would thus weigh 0.77 mg 

5. Electrical conductivity ofgraphene 

The sheet conductivity of a 2D material is given by. The mobility is theoretically limited to 

 by acoustic phonons at a carrier density of . The 2D 

sheet resistivity, also called the resistance per Square, is then . Our fictional hammock 

measuring would thus have a resistance of .    Using the layer 

thickness we get a bulk conductivity of for graphene. This is 

somewhat higher than the conductivity of copper which is . 
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Conclusion 

In general, solar cells are not that efficient. However, recent advances in graphene- 

based solar cells have seen the reflectance of solar rays reduced by 20%, which provides a 

potential efficiency increase up to 20%, the thesis explains and demonstrates the use of 

Graphene for making solar panels for deriving extreme power supply using the unlimited 

solar energy. The results obtained shows that the refractive index of graphene is 

while that of graphene conductance is  and 

graphene density . The modified CVD method is expected to allow the direct 

growth of graphene in device manufacturing processes for practical applications while 

keeping underlying devices intact. 
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