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ABSTRACT: Hummer’s method, in which potassium permanganate (KMnO4) acts as the oxidant 

and concentrated sulfuric acid (H2SO4) serves as the intercalator is commonly used to prepare 

Graphene Oxide (GO). The amount of the intercalator, oxidant, and graphite are important factors 

that affect the properties and structure of graphene oxide. In this work, a detailed investigation  

is carried out to optimize the mechanism of Hummer’s method in order to get the maximum yield  

of GO and reduced graphene oxide (rGO). XRD, SEM, TEM, FT-IR, TGA, Raman spectroscopy, and 

UV-Visible spectroscopy are used for characterization. XRD results of optimized samples (Opt-3-GO 

and Opt-3-rGO) clearly showed that the value of interlayer spacing is increased due to increasing 

the amount of oxidant and intercalator. SEM and TEM results revealed that the Opt-3-rGO was highly 

wrinkled nanosheets as compared to the Opt-3-GO. The FT-IR results showed that the double amount 

of oxidant and intercalator had an effect on the functional groups in the structure of Opt-3-GO  

and Opt-3-rGO. TGA results indicated that Opt-3-rGO has higher thermal stability as compared  

to Opt-3-GO due to the lower defect density. The ratio of intensities of D and G bands (ID/IG) 

increased for Opt-3-rGO as compared to Opt-3-GO. UV-Vis spectra of Opt-3-GO showed a maximum 

absorption peak at 237 nm attributable to π-π* transition of the atomic C-C bonds. The prepared 

samples have their use in different applications such as electrode materials for batteries, capacitors, 

and solar cells.  
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INTRODUCTION   

In order to synthesize Graphene Oxide (GO), 

Hummer’s method is generally used [1]. There are three 
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steps that are involved in the formation of GO from bulk 

graphite [2]. Firstly, sulfuric acid (H2SO4) is used as  



Iran. J. Chem. Chem. Eng. Anwar Hafeez et al. Vol. 41, No. 12, 2022 

 

3982                                                                                                                                                                Research Article 

the intercalation agent for graphite which is converted into 

the Graphite Intercalation Compound (GIC) [3]. This GIC 

is a critical intermediate because it allows oxidizing agents 

to diffuse in the interlayer spaces of graphite. Secondly,  

the graphite intercalation compound is converted into 

pristine oxidized graphite. This process is used to control the 

diffusion. Thirdly, pristine oxidized graphite is converted 

into GO. Hence, during the preparation of GO, intercalation 

of graphite requires subsequent exfoliation. In the traditional 

Hummer method, potassium permanganate (KMnO4) is used 

as the main oxidant with some auxiliary agents such as 

sodium nitrate (NaNO3). The stoichiometry of the 

chemicals and synthesis process has effect on the 

properties of GO [4]. Many researchers have investigated 

this and introduced improvements in Hummer’s method 

by surmount these short comings. In previous works, the 

improvements of the Hummer’s method suggested to 

avoid the use of NaNO3. Replacement of NaNO3 was 

compensated by increasing the amount of KMnO4 for the 

improvement [5-9]. Many researchers used NaNO3 in the 

preparation of GO, in which the amount of NaNO3 was 

varied. Whereas, the same amount of graphite was used [10]. 

Sherif [11] reported that NaNO3 acted as an oxidant in the 

preparation mechanism of GO. In another study, NaNO3 

was not used which suggested its negligible role  

in the oxidation of graphite [12]. Chen reported NaNO3 

assisted H2SO4 intercalation, which is very helpful to the 

oxidation of graphite by the oxidant [13]. For the graphite 

prior to the formation of GO, Wu [14] reported that NaNO3 

acts as an agent of intercalation. Mombeshora [15] studied 

the physicochemical properties of GO and also 

investigated the effects on oxygen content due to the 

different ratios of graphite/NaNO3. It can be deduced from 

this discussion that the mechanism and role of NaNO3 still 

need to be investigated to further make this process efficient. 

Flake graphite is commonly used for the preparation of GO. 

The structure of flake graphite contains some defects that 

can act as reaction sites for oxidation [16-18]. Seyyedeh et al., 

reported that under identical conditions, a small size of 

graphite was considered as a time saver as compared to the 

larger size of graphite due to their lower resistance [19]. 

The sheets of the rGO are considered as chemically 

derived graphene. There are many methods for the synthesis 

of rGO such as chemical reduction of GO, electrochemical 

production of rGO, and thermal reduction [20]. For mass 

production, there are two methods that are very impressive 

such as electrochemical and chemical reduction of GO [21].  

The excellent properties of GO and rGO make these very 

useful materials for many applications and are thus widely 

investigated by researchers [22-25]. 

In this work, a detailed investigation is carried out to 

understand the mechanism lying behind the growth of GO 

from graphite by performing a series of experiments. The 

factors affecting the preparation of GO were systematically 

studied via XRD, SEM, TEM, FT-IR, TGA, Raman 

spectroscopy and UV–Visible spectroscopy. Therefore, the 

outcomes of this study are critical and helpful in order to get 

optimized oxidation of graphite thus having a maximum yield 

of GO. After the optimization of GO, rGO was also prepared.  

 

EXPERIMENTAL SECTION 

Chemical and reagents 

All the chemicals and reagents used were of analytical 

grade and were purchased from sigma- Aldrich. Graphite 

powder (particle size + 100 mesh), Sulfuric acid (H2SO4, 

98%), Sodium Nitrate (NaNO3), Potassium permanganate 

(KMnO4), Graphene oxide (GO), Hydrochloric acid 

(HCl), Sodium borohydride (NaBH4), Hydrogen peroxide 

(H2O2) and Sodium hydroxide (NaOH) were used without 

further purification in this work. 

 

Synthesis of Graphene Oxide (GO) 

Conventional Hummer’s method was used to prepare 

graphene oxide. Graphite powder (1.5 g) was mixed with 

70 ml of concentrated H2SO4 (98 %) under constant 

stirring. When the graphite powder was dissolved then 

suitable stoichiometric amount of NaNO3 was added in the 

solution and continuous stirring was done.  After this, 

KMnO4 was slowly added in the above solution and further 

stirred for 1 h.  It was an exothermic process and large 

amount of heat produced so that beaker was placed in the 

ice-bath to lower the reaction temperature (~10 ºC). 

Further, the solution was stirred at 65 ºC for 1 h. After this, 

300 ml of DI water was poured into the solution and stirred 

for 3 h. In order to stop the process of oxidation, H2O2 and 

HCl were added to separate the layers of graphite oxide. The 

solution was washed many times with de-ionized water in 

order to maintain pH at 7 and was collected by 

centrifugation. The sample was dried in an oven (Model 

Shel-Lab) at 80 ºC and thus GO was obtained as shown in 

Fig. 1(a).  In order get to full oxidation of graphite to GO and 

to get maximum yield, a series of experiments were conducted.  
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Table. 1: Detail of experiments having different amounts of precursors. 

Sample Graphite powder (g) KMnO4 (g) H2SO4 (ml) NaNO3 (g) 

Opt-1-GO 1.5 6 60 1 

Opt-2-GO 1.5 7 70 1 

Opt-3-GO 1.5 8 80 1 

Opt-4-GO 1.5 9 90 1 

Opt-5-GO 1.5 10 100 1 

 

 

 
Fig. 1: Schematic diagram for the synthesis of (a) Opt-3-GO 

and (b) Opt-3-rGO. 

 

Regarding this, experiments were conducted with different 

amounts of KMnO4, H2SO4 as shown in Table 1. The 

prepared samples were labeled as Opt-1-GO, Opt-2-GO, 

Opt-3-GO, Opt-4-GO and Opt-5-GO. The maximum yield 

of GO was obtained by sample Opt-3-GO. 

 

Synthesis of Opt-3-rGO 

Reduced graphene oxide was prepared by mixing  

the appropriate amount of Opt-3-GO powder in the  

(DI + ethanol) and sonicated for 1 h to make a good 

suspension as shown in Fig. 1b. Aqueous solution of 

Sodium borohydrite was prepared and added dropwise into 

prepared GO suspension with continuously stirring at 

room temperature for 24 h. Sodium borohydrite acted as a 

reducing agent. NaOH was used to maintain pH at 10. The 

solution was washed and dried in an oven (Model Shel-

Lab) at 85 ºC to obtain Opt-3-rGO.  

Characterization 

The prepared samples were characterized using X-Ray 

Diffraction [Model (PANalytical)] with Nickel filtered 

CuKα (λ = 1.50405 Å) radiation. Scherer’s formula was 

used to calculate the average crystallite size. The surface 

morphology and structural features were characterized 

using the SEM Model (JEOL-JSM 5910) and 

Transmission Electron Microscopy (TEM) (Tecnai G F30 

S-Twin made by FEI Company). Fourier Transform 

InfraRed (FT-IR) spectra of the samples were recorded on 

Nicolet Is50, in the range of 500-4000 cm-1. 

ThermoGravimetric Analysis (TGA) was performed using 

TG209F3 apparatus at the heating rate of 10 ºC min-1 from 

100 to 1000 ºC. Raman measurements were done by the 

FT-Raman made by Bruker, Germany. The absorption 

spectra of prepared samples were recorded with UV-Vis 

spectrophotometer PG Model T-80. The spectra were 

recorded in the range of (200-800 nm).  

 

RESULTS AND DISCUSSION  

X-ray diffraction analysis  

XRD results of graphite, GO and rGO prepared for the 

conventional Hummers method are shown in Fig. 2a. 

Using the Bragg equation, the d-spacing of graphite, GO 

and rGO were calculated to be 0.3355, 0.3366, 0.3363 nm. 

X-ray patterns of graphite, Opt-3-GO, and Opt-3-rGO 

prepared by improved Hummer’s method are only shown 

in Fig. 2b as the maximum yield of GO was obtained by 

Opt-3GO. The graphite showed a basal reflection (002) 

peak at 2θ = 26.60º. The interlayer d-spacing of graphite, 

Opt-3-GO, and Opt-3-rGO is 0.7775, 0.8335, and 0.8337 

nm, respectively.  A typical broad peak near 2θ = 11º was observed 

due to the formation of the oxygen-containing groups that 

confirmed the formation of GO as shown in Fig. 2b. This 

shows that double the amount of KMnO4 along with 

H2SO4 gives maximum yield whereas NaNO3 shows 

minute effects in the interlayer spacing of GO. 
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Fig. 2: X-ray diffraction patterns of graphite, (a) GO and rGO 

prepared by conventional Hummer’s method, (b) Opt-3-GO 

and Opt-3-rGO prepared by improved Hummer’s method. 

 

  

Fig. 3: Scanning electron micrographs of (a) Opt-3-GO (b)Opt-

3-rGO. 

 

Scanning electron microscopy and transmission electron 

microscopy analysis 

The scanning electron micrographs of Opt-3-GO and 

Opt-3-rGO are shown in Fig. 3 (a, b). Opt-3-GO has 2-D 

sheet-like structure. Fig. 3(b) shows the highly wrinkled 

structure of Opt-3-rGO as compared to the Opt-3-GO.  

It was found that Opt-3-rGO has highly wrinkled 

nanosheets which are considered to have more sensitivity 

and show good recovery ability. While reduction of GO to 

rGO, the surface of the GO is conjugated due to the escape 

of oxygen from its surface [26-29].  

  
Fig. 4: TEM results of (a) Opt-3-GO (b) Opt-3-rGO. 

 

TEM was used to investigate the microstructure of the 

Opt-3-GO and Opt-3-rGO. The TEM results of the Opt-3-GO 

show wrinkles and thick flattened nanosheets-like surface 

as shown in Fig. 4(a). It is due to the functional groups and 

electrostatics interaction of the oxides on the surface. Fig. 

4(b) shows that Opt-3-rGO has 2D structure which is 

considered as the thermal by dynamic stable due to the 

ripple effects [30]. 

 

Fourier Transform InfraRed (FT-IR) spectroscopy 

analysis 

FT-IR spectra of Opt-3-GO and Opt-3-rGO are shown 

in Fig. 5. The FT-IR spectrum of Opt-3-GO shows a broad 

peak between 3500 to 3300cm-1 due to the high frequency 

of the bending vibration and stretching of OH groups of 

water molecules adsorbed on Opt-3-GO. Thus, sample 

has strong hydrophilicity. For graphene oxide, the 

characteristic peaks for carboxyl C=O [31] were found at 

1735cm-1. By comparison of the FT-IR spectra of Opt-3-

GO and Opt-3-rGO, it was evident that the peaks of the 

carboxyl showed lower intensity for the Opt-3-rGO and 

also oxygen functional groups were reduced after the 

reduction of Opt-3-GO.  For both Opt-3-GO and Opt-3-

rGO samples, aromatic C=C groups were seen at the peak 

of 1500 cm-1. These oxygen groups revealed that graphite 

has been oxidized. In the case of Opt-3-rGO, a reduction 

in the intensity of the carboxyl C-O at 948 cm-1 and 

aromatic C=C at 1500 cm-1 was seen [32]. In this regard, 

the amount of oxidant and intercalator was increased and 

the results showed that the destroying structure of Opt-3-

GO was increased by producing more carboxyl groups due 

to the edge selective oxidations. 

 

Thermal Gravimetric Analysis (TGA) 

The measurement of TGA was done in the temperature 

range of the 100 to 1000 ºC under nitrogen to study the 
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Fig. 5: FT-IR spectra of Opt-3-GO and Opt-3-rGO. 

 

thermal stability of Opt-3-GO and Opt-3-rGO and the 

obtained TGA plots are shown in the Fig. 6. In both samples, 

the significant mass was loosed. GO was decomposed in 

different steps, i.e, in the range of 200 to 500 ºC the first 

weight loss 30 % was taken. Within this range of 

temperature, the removal of water, carbon oxidation, and 

decomposition of oxygen groups was completed. Before 

700 ºC it was clearly observed that the carbon is completely 

decomposed. Compared with Opt-3-GO, the Opt-3-rGO has 

better stability before 500 ºC and also completely 

decomposed at about 700 ºC. The stable state of the Opt-3-

rGO is attributable to low defect density. Therefore, Opt-3-

rGO shows relatively better stability till 730 ºC [33]. 

 

Raman spectroscopy analysis  

For the study of structural information, Raman 

spectroscopy, a non-destructive technique, was used. In 

the Raman spectra, the graphitic carbon-based materials 

have G peaks, D peaks and their overtones. The intensity 

peaks of the G band at 1580 cm-1 and the 2D band at 2700 cm-1 

were observed. Due to the G band, bond stretching of all 

the sp2 atoms in the form of chains and rings occurred. The 

2D band (G* band) is also observed in the graphite oxide. 

The peak at 1350cm-1 is known as the D peak. Due to the 

defects in the samples, the D peak shows an increase in the 

breathing mode of aromatic rings.  

The Raman spectra of Opt-3-GO and Opt-3-rGO are 

shown in Fig.7. It is observed that there is a strong D peak at 

1350 cm-1 as compared to the intensity of the G peak at 1580 

cm-1. The 2D peak is at about 2680 cm-1. D+G is also known 

as defect activated peak which is observed at 2950 cm-1. 

The size of grain in the sp2 region of Opt-3-GO and 

Opt-3-rGO were calculated by using the following equation.  

 
Fig. 6:  TGA plots of Opt-3-GO and Opt-3-rGO. 

 

 
Fig. 7: Raman spectrum of Opt-3-GO and Opt-3-rGO. 

 

La =
[2.4 ×10−10 (λι

4)]

[
ID
IG

]
                                                        (1) 

 Where La is the size of grain, IG and ID relative 

intensity of the G and D peaks, respectively, and λi is the 

laser wavelength which is 532 nm. The value of relative 

intensity ratio ID/IG of Opt-3-GO and Opt-3-rGO is found 

to be 0.80 and 0.84 respectively, and the corresponding 

average grain sizes were found to be 24.03 nm and 

22.88 nm, respectively. The result shows that the effects 

of the H2SO4 and NaNO3 improved the degree of oxidation 

in the graphite when a large amount of oxidant and 

intercalator were used. NaNO3 is not conducive to the 

diffusion of oxidants and intercalators [34].  

 

UV-Visible spectroscopy analysis 

UV-Vis spectra of Opt-3-GO and Opt-3-rGO showed 

maximum strong absorption peaks at 237 nm and 240 nm 

respectively as shown in Fig. 8. This is attributed to the π-π* 

(212.6 nm) transition of the C-C bonds. In the process of 
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Fig. 8: UV-vis spectra of Opt-3-GO and Opt-3-rGO. 

 

reduction, some of the oxygen group is removed in the 

Opt-3-rGO. Therefore, Opt-3-rGO showed semiconductor 

or semi-metal behavior [35]. 

 

CONCLUSIONS 

We developed an improved Hummer method for the 

synthesis of GO. When the double amount of KMnO4 and 

H2SO4 were used, the oxidation degree of graphite was 

found higher. To the diffusion of intercalator and oxidant, 

the NaNO3 was not suggested as a conductive. The amount 

of intercalator and oxidant was increased to improve the 

degree of GO and hence facilitated the preparation of GO. 

XRD results have shown that crystallinity is increased 

from GO to rGO in optimized samples, due to the 

formation of sp2 network in rGO. SEM and TEM 

micrographs show that the surface of Opt-3-rGO is highly 

sensitive and wavier than the surface of Opt-3-GO. The 

analysis of FT-IR and TGA confirmed that the oxygen-

containing functional groups are removed from GO due to 

their reduction. In Raman spectra, D, G and 2D bands 

clearly confirmed the characteristic structure of GO and 

rGO. The outcomes of this study are critical and helpful in 

order to get optimized oxidation of graphite for maximum 

yield of GO. 
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