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Abstract 

The goal of this study was to developed a conducting Lithium doped sulfur supported reduced 

graphene oxide composites using hydrothermal reduction technique approach that allows the 

presence of different weight concentration of Li ion in network of supported reduced graphene 

oxide for application as electrode material. Scanning electron microscopy, X-ray diffraction, and 

UV Spectrometry analysis were each used to evaluate the produced composites. From the 

findings, it was possible to predict that the presence of a nano-size additive Li in the network of 

the S-rGO composite significantly improve the charge transport and dielectric characteristics of 

the material at the percolation threshold. The optical energy band gaps for S-rGO, Li0.4:S-rGO0.6, 

and Li0.6:S-rGO0.4 are, respectively, 3.4 eV, 3.5 eV, and 3.6 eV. These values are optimal and favour 

achieving the threshold voltage for optoelectronic and energy storage application. 

Keywords: Electrode, Optoelectronics, Reduced Graphene Oxide, Lithium, Doped Sulfur 

Composite. 

 

 

Introduction 

Due to the distinguishing characteristics, such as stabilisation, anti-corrosive 

characteristics, simple acid/base doping/de-doping, being light-weight, and being relatively 

inexpensive for composite preparation, reduced grapheme oxide (rGO) filled nano-

composites have recently attained a distinct importance in both science and academia. 

Depending on the level of protonation and the synthesis process, they show substantial 

physical changes (Nakazawa, et al., 2014; Siamak, et al., 2015).  Li has most frequently been 

used in different composites with carbonaceous materials in a variety of technological 

applications, including sensors, electrodes for supercapacitors and optoelectronics. One 

such substance that has drawn a lot of interest since its discovery is graphene, which has a 

wide range of uses and incredibly intriguing features. A really fantastic material, graphene 

has the potential to create breakthrough technology. Subsequently graphene was first 

discovered in 2004, it has since been claimed to have a wide range of amazing properties 

(Alpha et al., 2019; Raymundo-Pinero et al., 2004; Martinelli et al., 2009).  

For energy storage in optoelectronics, selection of electrode material is of paramount 

importance because it determines the electrical properties.  
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However, the main challenges towards the development of cheap and high performance 

electrode composites for optoelectronics are;  

1. Lower achievable electrode charge surface area  

2. Less expectation for cost reduction problems. 

These challenges limit the electrical performance of the electrode. So their popularity 

among manufacturers seem to have progressively decreased, also their wider usage is 

highly limited by their charge surface area. Hence the need for the development of cheap 

and high performance electrode composite material. 

Li and S-rGO are combined in different doping concentration with the intention of 

strengthening conducting electrode materials as well as creating intriguing electronic 

properties by morphological alteration and electronic interaction between components. 

There are many ways to make rGO composites, however one common technique that is 

frequently utilized is hydrothermal reduction technique. The composites used in this 

research are produced using this technique. 

The elemental composition of the composite, morphology of the composite, and optical 

parameters were determined using energy dispersive x-ray spectroscopy, scanning 

electron microscopy (SEM), X–ray diffraction, and a UV Spectrophotometer analysis. The 

average crystallite size (D) can be computed using  

D =
0.9λ 

βcosθ
        (1) 

Where θ = diffraction angle, λ = wavelength of the X-rays (1.5406 ˚A) and β = full width at 

half maximum (FWHM). Dislocation density δ was calculated from (Ilican et al., 2008; 

Largeot et al., 2008). 

δ =
1

𝐷2         (2) 

The micro-strain ε can be evaluated from (Mukherjee and Mitra, 2015) 

ε =
β

4tanθ
        (3) 

Where D, β and θ retain their meanings as defined for Eq. (1). The absorption coefficient α 

(alpha) can be calculated from (Mukherjee and Mitra, 2015) 

α = 2.303
A

t
        (4) 

 

Methodology 
Synthesis of reduced graphene oxide (rGO) 

5 g of graphite was measured and another 2.5 g of sodium nitrate were added together. 115 

ml of concentrated sulfuric acid was added to the mixture and sonicated at 60 0C for thirty 

minutes. The mixture was then transferred into an ice bathe, then 15 g of potassium 

permanganate was added slowly into the mixture and the temperature was maintained at 

below 20 0C, after the potassium permanganate was added, the temperature was then 

raised to 35 0C by sonication process for 20 min. 100 ml of distilled water and 1 g of ascorbic 

acid was added to the mixture slowly to aid reduction and the temperature was raised to 95 
0C, then it was stirred for another 15 min. At the end of the 15 min, 100 ml of distilled water 
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and 10 ml of hydrogen peroxide was added to the mixture to aid homogeneity. The solution 

was then filtered and then washed with 1 M of hydrochloric acid (8.3 ml of hydrochloric acid 

mixed with 100 ml of distilled water gives 1 M) and 100 ml of distilled water. The residue 

was then mixed with polyvinyl chloride and 4 drops of toluene were used to bind the 

residue, it was then placed on slides in an electric oven at 60 0C for 8 hrs to dry, and graphene 

oxide was obtained. 

 

Synthesis of Sulphur Supported Reduced Graphene Oxide (S-RGO) 

Reduced Graphene Oxide was synthesised from graphite powder by modified Hummer’s 

method as described by [1]. The rGO was synthesized by hydrothermal method. The rGO 

was grounded into powdered form then 100 ml of distilled water and 2 g of Thiourea was 

added to the solution as source of Sulphur, the mixture was then sonicated for 30 min at 60 
0C. The mixture was transferred into a stainless-steel autoclave for the hydrothermal 

reaction at 160 0C for 6 hrs. The product was then collected and washed with distilled water 

and it was filtered. Finally, the residue was mixed with polyvinyl chloride and 4 drops of 

toluene and it was placed on slides in an electric oven at 60 0C for 6 hrs to dry. After it dries 

Sulphur supported reduced Graphene Oxide was obtained. 

 

Synthesis of Lithium Doped Sulphur Supported Reduced Graphene Oxide (LiX:S-rGO1-

X) (0.4≤X≤0.6) 

Li2CO3 serves as source of Li and S-rGO were added to 100 ml of distilled water for the 

synthesis of Lix:S-rGO1-x (0.4≤X≤0.6) in the following compositions: Li0.4:S-rGO0.6, Li0.6:S-

rGO0.4. the S-rGO cake was thoroughly grounded using an agate mortar and pestle, the 

mixture for each composition was sonicated for 30 min at 60 0C, after which it was 

transferred into a stainless-steel autoclave for hydrothermal reaction at 160 0C for 6 hrs. 

The pH was adjusted to neutral value using 50 ml of 0.1 M potassium hydroxide (1.12 g of 

potassium hydroxide diluted with 200 ml distilled water). The final product was collected, 

filtered and washed with distilled water. The mixtures were then mixed with polyvinyl 

chloride and 4 drops of toluene and it was placed on slides and then dried in an electric oven 

at 60 0C for 2 hrs. After it was dried, a composite of Lix:S-rGO1-x (0.4≤X≤0.6) was obtained. 

 

Results 
The XRD Results 

Figure 1 shows the XRD pattern for S-rGO, Li0.4:S-rGO0.6 and Li0.6:S-rGO0.4 composites 

scanned across a 2 theta angle of 200 to 800 range utilising a CuKá1 X - ray source with a 

wavelength of 1.5406Å using an XPERT-PRO diffractometer from Panalytical (Netherlands) 

that was powered at 35 kV, 50 mA, and a scan rate of 0.02° per step. 
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Figure 1: XRD Diffractogram for (a) S-rGO; (b) Li0.4:S-rGO0.6; (c) Li0.6:S-rGO0.4 

  

Using the typical pattern for the mineral herzenbergite, the composites' peaks were 

analysed and indexed (JCPDS PDF card 39-0355). The XRD pattern reveals the formation of 

crystalline with few peaks. The peaks with the most preferred orientation diffracted along 

the reflection planes (111) for the corresponding composites S-rGO, Li0.4:S-rGO0.6 and 

Li0.6:S-rGO0.4, at 2 theta angles of 19.70, 30.10, and 30.90, respectively and have a tetragonal 

rutile-type structure having intensity which is directly proportional to the number of 

diffracting particles (atoms) for the entire composite, regardless of the doping 

concentration. This suggests that the presence of the doped metal ion and the change in 

electron density in the conduction band, brought about by the addition of active cations 

(Li+) into the network of S-rGO and have enhanced ordering of the material along the 

stacking direction. The smaller peaks point in the direction of stacking that is primarily 

composed of reduced graphene oxide this agrees with (Skoog et al., 2016; Uwe and Neil, 

2011). This is due to early crystallization. This favours the formation of atomic layers, 

increasing crystal size and reducing crystal defects in the network of the composite 

material.  

 

The SEM Results 

The SEM images and EDXs of S-rGO, Li0.4:S-rGO0.6 and Li0.6:S-rGO0.4 are shown in Figures 

2, 3 and 4. All samples in this study had their surface morphology and microstructure 

examined using a Phenoworld Pro X Model scanning electron microscope (SEM) run in 

secondary electron detection mode at 2 kV. On the carbon double-sided tape that was 

fastened to an aluminium substrate holder, the samples were inserted.  
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Figure 2: (a) SEM Image and (b) EDX for S-rGO 

 

 
Figure 3: (a) SEM Image and (b) EDX for Li0.4:S-rGO0.6 



 

 

Afropolitan Journals 

27       December 2022, Vol. 8, No. 1   African Journal of Advanced Sciences & Technology Research 

www.afropolitanjournals.com 

 

 
Figure 4: (a) SEM Image and (b) EDX for Li0.6:S-rGO0.4 

 

As seen in the SEM image in figures 3 and 4, the doped metal oxide is chemically 

encapsulated between the layers of the sulfur supported reduced graphene oxide, 

generating a 3D architectural composite material with excellent distribution. For the doped 

composites, the SEM images revealed very uniform porous surface structures, which are 

seen to grow with an increase in the doping concentration. 

With increasing dopant concentration, the surface coalescence breaks down, as shown in 

the SEM image by a modest increase in the number of grain boundaries. However, because 

all the samples were created under the same conditions, independent of the doping 

concentration, a nearly identical microstructure and surface morphology were observed in 

all the doped electrode composites. The enhanced electrochemical utilization of Li and S 

nanoparticles into the network of the composite electrode are made possible by the 

interaction of reduced graphene oxide layers via van der Waals forces (Uwe and Neil, 2011), 

which create an open pore system that allows electrolyte ions to readily access the surfaces 

of the composite.  
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Optical Characterisation 

 

 
Figure 5: UV Spectra: (a) S-rGO; (b) Li0.4:S-rGO0.6; (c) Li0.6:S-rGO0.4 

 

The normalising spectrum for the UV spectrum in figure 5 above allows us to more easily 

see shift in peaks in the location of wavelength. The spectra in figure 5 indicated that smaller 

particle sizes are closer to the shorter blue wavelength of light i.e blue-shifted and the larger 

particle sizes are closer to the longer wavelength of light i.e red-shifted.  
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Figure 6: Tauc Plot:  for (a) S-rGO; (b) Li0.4:S-rGO0.6; (c) Li0.6:S-rGO0.4 

 

This red-shifted and blue-shifted is caused by absorption of radiation which causes the 

promotion of electrons from the ground state to the excited state in functional groups 

called chromophore. Electron excitation that occurs in UV-VIS spectrophotometry is 
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recorded in the form of a spectrum expressed as wavelength and absorbance, according to 

the type of electrons present in the composite material (Uwe and Neil, 2011; Daniel, et al., 

2019). The easier the electrons to excite, the more electrons are excited and the higher the 

absorbance as seen in the figure 5. As the particle size get larger the optical density goes 

down, this is as a result of the increase in number of particles during the doping of Li. As the 

Li ion are released from the surface, the ionic Li is reduced and self-nucleated to form new 

particles. The optical band gap (Eg) and absorption coefficient are related by the Tauc plot 

as reported by (Uwe and Neil, 2011; Daniel, et al., 2019), where the symbols retain their 

usual meaning:  

(αh𝑣)
1

𝑝 = A(hv−Eg)       (5) 

The optical band gap (Eg) of S-rGO, Li0.4:S-rGO0.6 and Li0.6:S-rGO0.4 were obtained by 

extrapolating a straight line from the (αhv)2 vs Eg plots to the (αhv)2 = 0 axis, where the 

intersection point gives the optical band gap. Figure 6 gives the Tauc’s plot from which the 

optical band gap (Eg) was estimated. The band gap for S-rGO, Li0.4:S-rGO0.6 and Li0.6:S-

rGO0.4 are 3.4 eV, 3.5 eV and 3.6 eV respectively. The increase in the band gap was as a result 

of increase in the Li ion concentration in the network of the composite material, this agrees 

with (Deshmukh et al., 2015; Nakazawa, et al., 2014). 

 

Conclusion 
From the findings, it was possible to predict that the presence of a nano-size additive Li in 

the network of the S-rGO composite significantly improve the charge transport and 

dielectric characteristics of the material at the percolation threshold. The optical energy 

band gaps for S-rGO, Li0.4:S-rGO0.6, and Li0.6:S-rGO0.4 are, respectively, 3.4 eV, 3.5 eV, and 

3.6 eV. These values are optimal and favour achieving the threshold voltage for 

optoelectronic and energy storage application.  
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