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Introduction

Nanoscience and nanotechnology primarily deal with the synthesis, 
characterization, exploration, and exploitation of nanomaterials. 
Carbon, one of the most common atoms on Earth, occurs naturally 
in many forms and as a component in countless substances which 
are called allotropes of carbon. Graphene, a “wonder material” is the 
world’s thinnest, strongest, and sti�est material, as well as being an 
excellent conductor of heat and electricity. It is the basic building block 
of other important allotropes. Graphene oxide (GO) is of great interest 
due to its low cost, easy access, and widespread ability to convert to 
graphene. Scalability is also a much desired feature. 

Graphene oxide is graphite that has been oxidized to intersperse 

the carbon layers with oxygen molecules, and then reduced, to separate 

the carbon layers completely into individual or few layer graphene. 

Graphene oxide is e�ectively a by-product of this oxidation as when the 

oxidizing agents react with graphite, the interplanar spacing between 

the layers of graphite is increased. �e completely oxidized compound 

can then be dispersed in a base solution such as water, and graphene 

oxide is then produced [1-22].

A large number of oxygen-containing functional groups have 

been introduced onto both sides of a single graphite sheet (namely, 

graphene). �e implantation of functional groups overcomes the inter-

sheet van der Waals force and enlarges the interlayer spacing. �e 

sheets in such an expanded structure are then easily pulled open using 

an external force such as sonication. �at is, the expanded graphite is 

exfoliated into multi-layered or even single-layered sheets. Generally, 

the oxidized graphene sheets, namely, GO, acquire multiple defects 

and the degree of the defects is subject to the additive amount of 

oxidant and the oxidizing time [22]. GO is produced by the oxidative 

treatment of graphite by one of the principle methods developed by 

Brodie, Hummers or Staudenmeir. 

Properties of GO

Graphene oxide, like graphite oxide, is o�en described as an 
electrical insulator, due to the disruption of its sp2 bonding networks. 
In actuality, this is not entirely true. �e ability for graphene oxide 
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Abstract

Technology research in nanotechnology promises breakthroughs in areas such as materials and manufacturing, 
nanoelectronics, medicine and healthcare, energy, biotechnology, information technology, and national security. One 
of the crucial bottlenecks for the application of graphene-based systems in materials science is their mass production. 
Meeting the requirements, graphene oxide (GO) has been considered widely as a prominent precursor and a starting 
material for the synthesis of this processable material. This work describes the synthesis of Graphene oxide (GO) by 
both Hummer’s and Modified Hummer’s method and its characterization by XRD, FT-IR spectroscopy and SEM. The 
results obtained from the characterization techniques mentioned above is also explained. This GO acts as a base 
material for the future application of water purification, super capacitors and as a composite in antibacterial activity, 
solar cells and coatings.

to conduct electrons depends on the amount of oxidization in the 
compound, as well as the method of synthesis. It’s the oxidization in the 

solution that disturbs electrical conductivity, so while highly oxidized 

graphene oxide would be a very poor conductor of electricity, even if 

graphene oxide were to be heavily reduced, though it would possibly 

be able to conduct electricity, it would still not perform as well as high 

quality graphene monolayers in terms of electron mobility. 

However, there are methods that can be used to counteract 

this situation, and those are by a process o�en referred to as 

functionalization, which means to chemically modify a substance in 

order to develop its properties to suit a speci�c application. �e main 

properties include: 1) Hygroscopicity, 2) Dispersibility and 3) Toxicity 

[23-31].

Functionalization of graphene oxide can fundamentally change 

graphene oxide’s electrical properties. �e resulting chemically 

modi�ed graphenes (CMGs) could then potentially become much 

more adaptable for almost limitless applications. �ere are many ways 

in which graphene oxide can be functionalized, depending on the 
desired application. 

Methods and Materials

GO consists of graphene sheets decorated mostly with epoxide 
and hydroxyl groups. Rapid heating of GO results in expansion 
and delamination, due to evaporation of the intercalated water and 
evolution of gases from pyrolysis of the oxygen containing functional 
groups. �e structure and properties of GO depend on the synthesis 
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method and degree of oxidation. �e most common method of 
synthesis is chemical method of synthesis by Hummer’s method [28]. 
�is method of synthesis can be varied by varying the oxidizing agents 
used to exfoliate graphite �akes. Here, we represent two method of 
synthesis technique one is by common method and other by modi�ed 
method of synthesis namely, Hummer’s and Modi�ed Hummer’s 
method of synthesis.

Chemicals required

Graphite Flakes (acid treated 99%, Asbury Carbons), Sodium 
nitrate (98%, Nice chemicals), Potassium permanganate (99%, RFCL), 
Hydrogen peroxide (40% wt, Emplura), Sulphuric acid (98%, ACS), 
Hydrochloric acid (35%, RANKEM).

Hummer’s method of synthesis

Graphene oxide was synthesized by Hummers method through 
oxidation of graphite. �e stepwise preparation is given as follows:

1. Graphite �akes (2 g) and NaNO
3
 (2 g) were mixed in 50 mL of 

H
2
SO

4
 (98%) in a 1000 mL volumetric �ask kept under at ice 

bath (0-5°C) with continuous stirring.

2. �e mixture was stirred for 2 hrs at this temperature and 
potassium permanganate (6 g) was added to the suspension 
very slowly. �e rate of addition was carefully controlled to 
keep the reaction temperature lower than 15°C.

3. �e ice bath was then removed, and the mixture was stirred at 
35°C until it became pasty brownish and kept under stirring 
for 2 days.

4. It is then diluted with slow addition of 100 ml water. �e 
reaction temperature was rapidly increased to 98°C with 
e�ervescence, and the color changed to brown color.

5. Further this solution was diluted by adding additional 200 ml 
of water stirred continuously.

6. �e solution is �nally treated with 10 ml H
2
O

2
 to terminate the 

reaction by appearance of yellow color.

7. For puri�cation, the mixture was washed by rinsing and 
centrifugation with 10% HCl and then deionized (DI) water 
several times. 

8. A�er �ltration and drying under vacuum at room temperature, 
the graphene oxide (GO) was obtained as a powder.

Modi�ed Hummer’s method of synthesis

 �is modi�ed method of synthesis involves both oxidation 
and exfoliation of graphite sheets due to thermal treatment of solution. 
�e stepwise synthesis method is given as follows:

1. Graphite �akes (2 g) and NaNO
3
 (2 g) were mixed in 90 mL of 

H
2
SO

4
 (98%) in a 1000 ml volumetric �ask kept under at ice 

bath (0-5ºC) with continuous stirring.

2. �e mixture was stirred for 4 hrs at this temperature and 
potassium permanganate (12 g) was added to the suspension 
very slowly. �e rate of addition was carefully controlled to 
keep the reaction temperature lower than 15º C.

3. �e mixture is diluted with very slow addition of 184 ml 
water and kept under stirring for 2 hrs. �e ice bath was then 
removed, and the mixture was stirred at 35°C for 2 hrs.

4. �e above mixture is kept in a re�ux system at 98°C for 10-15 
min. A�er 10 min, change the temperature to 30°C which gives 
brown colored solution.

5. Again a�er 10 min, change it to 25°C, and maintain the 
temperature for 2 hrs.

6. �e solution is �nally treated with 40 ml H
2
O

2 
by which color 

changes to bright yellow.

7. 200 ml of water is taken in two separate beakers and equal 
amount of solution prepared is added and stirred for 1 hr.

8. It is then kept without stirring for 3-4 hrs, where the particles 
settles at the bottom and remaining water is poured to �lter.

9. �e resulting mixture is washed repeatedly by centrifugation 
with 10% HCl and then with deionized (DI) water several times 
until it forms gel like substance (pH- neutral).

10. A�er centrifugation the gel like substance is vacuum dried at 
60°C for more than 6 hrs to GO powder.

�e following Figure 1 shows the synthesized GO solution as well 
as powder form.

Results and Discussions

�e synthesized GO by Hummer’s and Modi�ed Hummer’s 
methods are characterized by X-Ray Di�raction Analysis (XRD), 
Fourier Transform- Infrared Spectroscopy (FT-IR), Raman 
Spectroscopy, Scanning Electron Microscopy (SEM) & FESEM.

XRD analysis

�e X-ray di�raction (XRD) is the most widely used technique 
for general crystalline material characterization. It is used to Measure 
the average spacing’s between layers or rows of atoms, determine the 
orientation of a single crystal or grain. �e XRD pattern obtained for 
as synthesized GO nanoparticles by Hummer’s method is shown in 
Figure 2. 

It shows the di�raction peak at 2θ=100, which is mainly due to the 
oxidation of graphite. �e di�raction peak of pure graphite is found 
around 260, corresponding to the highly organized layer structure with 
an interlayer distance of 0.34 nm along the (002) orientation is shown 
as inset in Figure 2. �e XRD pattern for synthesized GO by Modi�ed 
Hummer’s method is shown in Figure 3.

�e disappearance of the peak at 260 and appearance of the peak at 
100, shows that the product is completely oxidized a�er the chemical 
oxidation and exfoliation, indicating an increase in d-spacing from 
0.34 nm to 0.82 nm.

 

Figure 1: Images of synthesized GO solution and powder.
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FT-IR analysis

It is a technique adopted to obtain an infrared spectrum of 
absorption, emission, and photoconductivity of a solid, liquid or 
gas. Also it can be utilized to quantitative analysis of an unknown 
mixture. FTIR measurement was employed to investigate the bonding 
interactions in graphene before and a�er the oxidation process. It 
assumes the intensities of the peaks are directly related to the amount 
of sample present.

Figure 4 shows that synthesized GO has a peak at 1081 cm-1 
which is attributed to the C-O bond, con�rming the presence of oxide 
functional groups a�er the oxidation process. �e peaks in the range of 
1630 cm-1 to 1650 cm-1 show that the C=C bond still remained before 
and a�er the oxidation process. �e absorbed water in GO is shown by 
a broad peak at 2885 cm-1 to 3715 cm-1, contributed by the O-H stretch 
of H

2
O molecules. �is supports the fact that GO is a highly absorptive 

material, as veri�ed by its ability to become a gel-like solution.

SEM analysis

Scanning Electron microscopy provides morphology and structure 
of nanomaterials. Figure 5a shows the SEM image of typical graphite. 
From SEM image it is clear that how the sheets are stalked together in 
Figure 5a. Figure 5b shows the SEM image of exfoliated GO. It clearly 

shows that how the graphene sheets are exfoliated.

FESEM analysis

�e grain size and surface morphology were observed by the �eld 
emission scanning electron microscope (FESEM). FESEM images 
of the Graphene Oxide (GO) have well de�ned and interlinked 
three-dimensional Graphene sheets, forming a porous network that 
resembles a loose sponge like structure as shown in Figure 6.

Raman spectrum analysis

Raman spectroscopy is a widely used tool for the characterization 
of carbon products, especially considering the fact that conjugated & 
double carbon- carbon bonds lead to high Raman intensities. Figure 7 

Figure 2: XRD of GO by Hummer’s method (inset shows XRD of graphite).

 

Figure 3: XRD of GO by Modified Hummer’s method.

 

Figure 4: FT-IR spectrum of GO.

 

Figure 5: SEM images of (a) Graphite and (b) GO.

 

Figure 6: FESEM images of GO at magnification (a) 24000 and (b) 50000.
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shows the Raman spectrum of GO, where the in-phase vibration (G 
band) of GO is at 1567.04 nm and the disorder band (D band) of GO 
is at 1339.22 nm.

Conclusion

�e Graphene oxide thus synthesized by Hummer’s & Modi�ed 
Hummer’s method in this work shows the simple and convenient 
method of synthesis. �is work con�rms the existence of oxygen 
functional groups by XRD and presence of C-O and C=C bonds by 
FT-IR analysis. Also the exfoliation of graphene sheets is con�rmed 
by SEM image. �us, the synthesized GO shows many interesting and 
unique properties that can be applied in variety of applications. 
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