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Abstract— Around the world, research institutions are trying 

to develop ways to revolutionise the production of graphene 

sheets of the highest quality through the synthesis of 

reduced graphene oxide (rGO). The aim of this study is to 

synthesize graphene oxide (GO) and reduced graphene 

oxide by using an improved Hummer’s method. The 

synthesis was carried out using natural graphite, sulphuric 

acid, phosphorous pentoxide and potassium permanganate 

instead of sodium nitrate that emits toxic gases into the 

environment. Graphene oxide was reduced by using sodium 

borohydrate as a reducing agent. This makes the reduced 

graphene oxide (rGO) formed similar to graphene but it 

contains residual oxygen as well as structural defects. The 

prepared Samples were analyzed by FT-IR and Raman 

analysis. FTIR spectroscopy showed the characteristic peak 

at ~3200 cm−1 attributed to O–H stretching of hydroxyl and 

carboxyl groups, characteristic peak of ~1510 cm−1 is 

attributed to benzene functional group (C=C), and the 

characteristic peak at ~1060 cm−1 (sp3 C–O), and 

~1200 cm−1 (sp2 C–O) are believed to be attributed to 

carboxylic acid and carbonyl groups. These oxygen 

functional groups indicated that the flake graphite powder 

has been oxidized to GO. The D and G bands of GO are 

situated at Raman shift of 1290 and 1600 cm−1 respectively, 

whereas the D and G band of rGO slightly shifted towards 

lower wavenumber in the Raman shift and are respectively 

located at 1300 and 1570 cm−1. The values of ID/IG ratio for 

GO and rGO were found to be 0.81 and 0.83 respectively. 

The increase in the value of ID/IG ratio of rGO compared 

with that of GO is an indication that rGO has been obtained 

after reduction of GO. 
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I. INTRODUCTION 

Graphene is one of the recent miracle materials because 

especially it has many applications in the electronic world 

since it is the thinnest, transparent, strongest, and conductive 

material [1]. Graphene started to gain interest since the 

successful theoretical work conducted by Wallace in 1947 

where single layer of carbon description was used as a 

model system for all sp2 carbon system. This is the starting 

point of comparing the structure of graphite, carbon 

nanotubes, and other sp2 carbon [2]. Graphene has the 

potential of replacing the costly and brittle silicon-based 

electronic devices [3][4]. The synthesis of GO can 

essentially divided into two main categories: first method 

where simple carbon molecules are used to construct 

pristine graphene and the second method where layers of 

graphene derivatives are extracted from a carbon source, 

typically graphite [5, 6]. Bottom-up synthesis (such 

as chemical vapour deposition, epitaxial growth on silicon 

carbide wafers, etc.) has been shown to be time-consuming 

and faces challenges to scalability [7]. Hence, the focus on 

top-down methods, which first generate GO and/or rGO, are 

more popular for realizing graphene derivatives, particularly 

for use in nanocomposite materials [8-10]. Many modern 

procedures for the synthesis of GO were based on the 

method first reported by Hummers in which graphite is 

oxidized by a solution of potassium permanganate in 

sulphuric acid. GO is the result of exfoliation and oxidation 

of graphite which can be synthesized by several well-known 

method such as Hummer’s method, modified Hummer’s 

method, single step oxidizing, thermal decomposition, and 

chemical vapour deposition (CVD) [8-10]. GO has a similar 

hexagonal carbon structure to graphene but also contains 

hydroxyl (OH), alkoxyl (COC), carbonyl (CO), carboxylic 

acid (COOH) and other oxygen-based functional groups [8]. 

Furthermore, GO can be treated by a number of methods to 

synthesize reduced graphene oxide (rGO) in efforts to 

minimize the number of oxygen groups and achieve 

properties closer to those of pristine graphene [11]. Reduced 

graphene oxide (rGO) is usually obtained from graphene 

oxide (GO) reduction; its important characteristics include 

light weight, high surface area, thermal stability, mechanical 

rigidity and excellent electrical conductivity [3][12]. 

Reduction of GO using hydrazine has been reported. 

However, hydrazine is highly toxic and can potentially 

functionalize the GO with nitrogen heteroatoms. Because of 

these issues we have mentioned about, for the reduction of 

GO, alternatives to hydrazine including NaBH4, ascorbic 

acid, and HI among others have been used. Reduction 

methods have been recently reviewed. Reduction of GO by 

thermal treatment relies on the decomposition of oxygen 

groups into CO and CO2 gases at elevated temperatures 

[11]. The fast evolution of these gases has also been shown 

to exfoliate individual GO Nano sheets. A thermal reduction 

can be done by thermal annealing at elevated temperatures 

in an oxygen-free environment or by less-conventional 

methods such as microwaving GO powders or flash 

reduction of GO films by high-intensity light. When 

graphene oxides was electrically insulated it is reduced, 

the reduced graphene oxide formed similar to graphene but 

contains oxygen residuals and other heteroatoms as well as 

structural defects. The interruption of its sp2 bonding, the 

reduce graphene oxide is important to restore the hexagonal 

lattice structure of graphene in order to retrieve electrical 

conductivity.  Sometimes the chemical reduction agents are 

categorised as corrosive or toxics. In order to produce large 

rGO films by using electrochemical method to reduce 

graphene oxide is safer, more convenient procedure and 

greener. The thermal expansion of graphite oxide can be 

https://www.sciencedirect.com/topics/materials-science/chemical-vapor-deposition
https://www.sciencedirect.com/topics/materials-science/epitaxy
https://www.sciencedirect.com/topics/materials-science/silicon-carbide
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https://www.sciencedirect.com/topics/materials-science/reduced-graphene-oxide
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used to be shed from a surface of graphite layers and finally 

to produce functionalized graphene sheets. The Van der 

Waals forces that stack the graphene layers break at above 

500 °C together and exfoliation occurs. Since rGO was 

made as a thin film from an aqueous dispersion of GO in 

water and has moderate conductivity, it is attractive for use 

in electronic devices [5][13-16].  

 
Fig. 1: Structures of Graphene, Graphene (GO) oxide and 

Reduced Graphene Oxide (rGO) 

II. EXPERIMENTAL PROCEDURE 

A. Synthesis of Graphene Oxide (GO)  

Graphite oxide was synthesized using 

improved Hummer’s method. Generally, 10 g of natural 

graphite powder, 5 g of Potassium per sulphate (K2S2O4) 

and 5 g of phosphorus pentoxide were poured in to a beaker 

containing 150 mL concentrated Sulphuric Acid (H2SO4) 

under magnetic stirring, the dark blue mixture obtained was 

isolated and allowed to cool to room temperature followed 

by dilution with distilled water. The mixture was filtered 

and washed with distilled water. The product was left to dry 

at room temperature for 2 days. This gives the pre-oxidized 

graphite powder. About 5 g of pre-oxidized graphite was 

poured into beaker containing 200 mL concentrated sulfuric 

Acid (H2SO4) in an ice bath under continues magnetic 

stirring. Potassium permanganate (15 mL) was gradually 

added to the mixture under magnetic stirring while keeping 

the temperature below 100 °C, a thick viscous mixture was 

obtained. About 100 mL of concentrated Sulfuric Acid 

(H2SO4) was also added to enable content dissolve. 

Therefore, the mixture was stirred for 2 hrs. The resulting 

mixture was then heated to 40 oC in a hot water bath and 

maintained at the temperature for 1 hr. The mixture was 

diluted with distilled water and 20 mL of Hydrogen 

peroxide (H2O2) and 2 mL of Hydrogen Chloride. The 

colour of the mixture gradually turned from dark-brown to 

brown-yellow because of the reduction of the residual 

permanganate and manganese oxide to colourless soluble 

manganese sulphate. The mixture was filtered and washed 

with distilled water and hydrochloric Acid, in the ratio of 

1:10 to remove metal ions. 

B. Synthesis of reduce graphene oxide (rGO) 

Graphene oxide was reduced by using sodium borohydrate 

as a reducing agent. About 400 mg of GO powder was 

dispersed in 400 mL of distilled water (0.1 mg·mL−1). Next, 

4 g of sodium borohydrate (NaBH4) was added to this 

solution and stirred with a magnetic stirrer for 30 min at 

60°C; the reduced product was centrifuged at 4000 r/s for 

40 min to remove the supernatant. Then, 30 wt % of 

Hydrogen peroxide (H2O2) was added to the black paste to 

oxidized the remaining sodium borohydrate by stirring for 

30 min at 60°C. After stirring, the resulting black product 

was collected by centrifugation at 4000 r/s, washed with 

ethanol and distilled water 3 times, respectively, and dried at 

120°C for 24 hours.  

III. CHARACTERIZATION DETAILS 

Fourier transform infrared (FTIR) spectrometer [Nicolet 

FTIR interferometer IR prestige-21(model-8400S)] was 

employed to analyze the presence or absence of functional 

groups on GO and rGO sheets. GO and rGO pellets were 

prepared using KBr, and the samples were scanned in the 

range from 400 cm− 1 to 4000 cm− 1 to obtain the FTIR 

spectra.  

IV. RESULTS AND DISCUSSIONS 

A. FTIR Analysis  

FTIR spectroscopy was used to examine the efficiency of 

introduction of oxygen-containing functional groups into 

carbon lattice.  

 
Fig. 2: FTIR Spectroscopy of GO and rGO 

FTIR spectra of GO and rGO are shown in 

Figure 2. Some carbon-oxygen functional groups of GO 

were observed in Figure 1, such as O–H, C=O, C–O and 

C=C functional groups. Characteristic peak (~3200 cm−1)  is 

believed to be attributed to O–H stretching of hydroxyl and 

carboxyl groups, and characteristic peaks of C=C 

(~1510 cm−1) is attributed to benzene functional group, sp3 

C–O (~1060 cm−1), and sp2  C–O (~1200 cm−1) are also 

believed to be attributed to carboxylic acid and carbonyl 

groups. These oxygen functional groups indicated that the 

flake graphite powder has been oxidized to GO.[17-20] The 
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characteristic peak at 1520 cm−1 correspond to the C=C 

skeletal vibration of rGO and characteristic peak at 1000 

cm−1 which correspond to sp3 C-O bond. Apart from these 

no other peaks were observed, which means that reduction 

of GO takes place. While carbon-oxygen functional groups 

all existed in the graphene oxide, their characteristic peaks 

are just very weak. At the spectrum, several typical modes 

corresponding to oxygen-containing functional groups were 

detected for graphene oxide. When reducing graphene oxide 

to reduced graphene oxide, some of the functional group 

disappeared. This is clearly reflected in the FTIR spectrum 

(Figure 2) for not having bands corresponding to any 

functional groups. The presence of oxygen containing 

functional groups, such as C=O and C–O, confirmed that the 

graphite indeed was oxidized into GO and was consistent 

with the literature [21]. The bond's intrinsic stretching 

vibrations are attributed to the high-frequency absorption 

band, while the lower frequency band is due to the reduction 

of graphene oxide (rGO).  [22-25] 

B. Raman Spectroscopic Analysis 

A Raman spectroscopy is a synthetic analysis technique that 

offers definite data on the structure and character of the 

chemical, phase and grouping, particle interactions, and 

crystallinity. Raman range has a special alternative 

substance label for a specific atom or material appears to use 

and identify or distinguish the example from others. By 

applying van der Waals force, all the different structural 

layers of graphite have held together. Each carbon atom in 

graphite structure contained sp2 hybridized and the 

hexagonal rings in graphite composed by each layer of 

carbon atoms presence. Graphene has a single thin layer of 

pure carbon, which consists of a graphite monolayer. 

[12][24][26-27]  

 
Raman shifts (cm-1) 

Fig. 3 Raman spectra of GO and rGO 

The Raman spectra of rGO and GO are presented 

in Fig. 3, the characteristics D and G bands of GO and rGO 

were clearly observed. The D and G bands of GO are 

situated at Raman shift of 1290 and 1600 cm−1 respectively, 

whereas the D and G band of rGO slightly shifted towards 

lower wavenumber in the Raman shift and are respectively 

located at 1300 and 1570 cm−1. This shift towards lower 

wavenumber in the Raman shift could be attributed to 

destruction of sp2 bonds between the atoms and the creation 

of imperfections in the rGO sheets [16]. The presence of D 

band could be ascribed to out-plane vibration resulting from 

defects observed at the edges of the structure of the GO and 

rGO sheets whereas G band is attributed to in-plane 

vibration resulting from defects of the sp2 bonded atoms in 

the structure of GO and rGO sheets [25]. The stretching 

bond of C-C in graphene increases to the Raman feature at 

G-band (1600 cm-1) and usually found in all sp2 fusion 

(hybrid) carbon atoms. The D band (1290 cm-1) is a band 

that has 55 Influential in the Raman spectra, which cause a 

result of a disorder of structure in graphene sheets. Increase 

in the ratio of intensity between the D-band and G-band 

(ID/IG) shown some disorder in the graphene sheets 

persuade. The values of ID/IG ratio for GO and rGO were 

found to be 0.81 and 0.83 respectively. The increase in the 

value of ID/IG ratio of rGO compared with that of GO is an 

indication that rGO has been obtained after reduction of GO 

[28]. Since the ID/IG ratio estimate the extent of the 

structural defects in the GO and rGO sheets, we can 

conclude that most of the hydroxyl, carbonyl and carboxyl 

groups have been remove from the surface of the sheets 

thereby reducing the structural defects [29]. It is worthy to 

note that the obtained values of Raman shift for D and G 

band coupled with the ID/IG ratio for both GO and rGO are 

in close agreement with those obtained by other authors 

[29]. An increase in the intensity ratio of reducing graphene 

oxide (rGO) compared with that of graphene oxide (GO) 

was indicated that reduce graphene oxide (rGO) obtained 

after the reduction of graphene oxide (GO). The intensity 

ratio considered the weakness of the stretching structure in 

graphene oxide (GO) and reduce graphene oxide (rGO) 

sheets. As weakness and reducing structure most of the 

carbon-containing oxygen as carbonyl, carboxyl, and 

hydroxyl groups removed oxygen from the surface of the 

sheets. [13][24,30-31] 

V. CONCLUSION 

Synthesis of graphene oxide was achieved by placing 

graphite in concentrated acid in the presence of an oxidizing 

and the reduction of graphene oxide was also achieved using 

sodium borohydrate as a reducing agent. Reduction of the 

rGO causes the intensity of the FTIR peaks of the oxygen-

containing functional groups to almost disappear; this 

indicates the removal of most of the oxygen-containing 

functional groups and the restoration of the carbon basal 

plane. Furthermore, the ID/IG ratio obtained from Raman 

spectra of GO and rGO indicate the removal of structural 

defects and oxygen-containing functional groups such as 

hydroxyl, carbonyl and carboxyl groups in the rGO sheets. 
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