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ABSTRACT 
 

Graphene oxide, two-dimensional material with the thickness of 1.1±0.2 nm, has gained attention 
to a greater extent in the field of science for its radically distinctive properties: physical, chemical, 
optical as well as electrical etc. Graphene oxide (monolayer sheet) has been synthesized by 
oxidizing graphite (millions of layer) to graphite oxide (multilayers) which has been converted into 
graphene oxide via exfoliation followed by sonication and centrifugation - a method mentioned as 
Modified Hummer Method. I focus on the chemical structure of graphene oxide. However, I discuss 
the different analytical methods such as UV-Visible spectroscopy, Atomic Force Microscopy (AFM), 
X-ray Photoelectron Spectroscopy (XPS), Fourier Transform Infrared Spectroscopy (FTIR) as well 
as X-ray Diffraction pattern for characterizing the graphene oxide. Furthermore, this review covers 
the analytical evaluation of graphene oxide and discuss the past, present and future of graphene 
oxide in the scientific world. 
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1. INTRODUCTION 
 
Graphene, a hexagonal crystal lattice with SP
bonded structure, has recently recognized as a 
smart material in the field of material science 
3]. Due to its remarkable physicochemical 
properties, graphene has become a unique 
material, and the usage of graphene is 
increasing day by day. As a result 
two-dimensional structure, monolayer graphene 
has a large surface area; i.e. 2630 m
theoretically [4] and high thermal conductivity; 
i.e.~5000Wm-1K-1 [5,6]. Graphene oxide has 
greater interactions with a lot of molecules for its 
high surface to volume ratio [7]. Owing to its 
special surface properties, graphene oxide can 
be modified in different ways to make it an 
imaging probe for biomedical applications 
Even, Graphene oxide has been appraised as a 
nano vector in the field of nanomedi
As a result of having oxygen functionalities, it has 
higher scope of dispersibility in water, but it 
works as an insulator unless otherwise it is 
converted into reduced graphene oxide
with some chemical reduction methods. To 
speak the truth, graphene oxide research is a 
certain branch of graphene research. So, GO is 
considered as a precursor of graphene. The one 
atomic thick layer of graphene oxide is produced 
by using Modified Hummers Method 
Graphene, prepared from natural gra
contains epoxy bridges, hydroxyl groups and 
pairwise carboxyl groups as shown in the 
[12]. The structural flaws are observed during 
oxidation process cited in Modified Hummers 
Method. These defects integrate the physical 
properties of GO from that of pure graphene. 
However, graphene oxide contains strong 
hydrophilic character for the presence of oxygen
containing functional groups which makes it 
readily dispersible in water [13,14]. 
 

(a) 
  

Fig. 1. Schematic structure of (a)

Islam; AJACR, 4(2): 1-8, 2019; Article no.

 
2 
 

Graphene, a hexagonal crystal lattice with SP2 
bonded structure, has recently recognized as a 
smart material in the field of material science [1-

. Due to its remarkable physicochemical 
properties, graphene has become a unique 
material, and the usage of graphene is 
increasing day by day. As a result of having a 

dimensional structure, monolayer graphene 
has a large surface area; i.e. 2630 m2/g 

and high thermal conductivity; 
. Graphene oxide has 

greater interactions with a lot of molecules for its 
. Owing to its 

special surface properties, graphene oxide can 
be modified in different ways to make it an 
imaging probe for biomedical applications [8,9]. 
Even, Graphene oxide has been appraised as a 
nano vector in the field of nanomedicine [8,9,10]. 
As a result of having oxygen functionalities, it has 
higher scope of dispersibility in water, but it 
works as an insulator unless otherwise it is 
converted into reduced graphene oxide (rGO) 
with some chemical reduction methods. To 

truth, graphene oxide research is a 
certain branch of graphene research. So, GO is 
considered as a precursor of graphene. The one 
atomic thick layer of graphene oxide is produced 
by using Modified Hummers Method [11,12]. 
Graphene, prepared from natural graphite, 
contains epoxy bridges, hydroxyl groups and 
pairwise carboxyl groups as shown in the Fig. 1 

. The structural flaws are observed during 
oxidation process cited in Modified Hummers 
Method. These defects integrate the physical 

that of pure graphene. 
However, graphene oxide contains strong 
hydrophilic character for the presence of oxygen-
containing functional groups which makes it 

 

Accordingly, it necessitates the exploration of 
properties of graphene oxide for its wide range of 
applications. That’s why, successfully 
synthesized graphene oxide is characterized by 
using different analytical methods for different 
purposes. UV-Visible spectroscopy is used to 
study the absorbance of GO sheets. At
Force Microscopy (AFM) is used to study the 
topology of the thin films of graphene oxide, and 
the binding energies of the carbon atoms are 
analyzed by X-ray photoelectron spectroscopy 
(XPS). 
 

2. GRAPHENE OXIDE FABRICATION 
METHOD 

 

2.1 Materials 
 
Analytical grade chemicals such as natural 
graphite (crystalline, briquette), concentrated 
sulfuric acid (H2SO4), sodium nitrate (NaNO
potassium permanganate (KMnO4) and hydrogen 
peroxide(H2O2) etc. are used for graphene oxide 
synthesis. 
 

2.2 Common Synthesis Techniques of 
Graphene Oxide 

 
Graphene oxide is prepared according to 
Modified Hummer’s Method where natural 
graphite is used a starting material [12]. This 
review depicts the most common synthetic 
methods such as Brodie (1859),
(1898), Hummers (1958) and Tour (2010) which 
have become fashionable after the late discovery 
of graphene in 2004.Brodie, the chemist who 
synthesized GO for the first time, used potassium 
chlorate (oxidizing agent) and fuming nitric acid 
(intercalating agent-aids in oxidation) to produce 
GO with the thickness of 0.05 mm. Staudenmaier 
utilized sulfuric acid with the chemicals used by

 

(b) 

Schematic structure of (a) A single layer graphene sheet (b) Graphene Oxide 

 
 
 
 

; Article no.AJACR.52631 
 
 

Accordingly, it necessitates the exploration of 
f graphene oxide for its wide range of 

applications. That’s why, successfully 
synthesized graphene oxide is characterized by 
using different analytical methods for different 

Visible spectroscopy is used to 
study the absorbance of GO sheets. Atomic 
Force Microscopy (AFM) is used to study the 
topology of the thin films of graphene oxide, and 
the binding energies of the carbon atoms are 

ray photoelectron spectroscopy 

GRAPHENE OXIDE FABRICATION 

Analytical grade chemicals such as natural 
graphite (crystalline, briquette), concentrated 

), sodium nitrate (NaNO3), 
) and hydrogen 

) etc. are used for graphene oxide 

thesis Techniques of 

Graphene oxide is prepared according to 
Modified Hummer’s Method where natural 
graphite is used a starting material [12]. This 
review depicts the most common synthetic 
methods such as Brodie (1859),Staudenmaier 
(1898), Hummers (1958) and Tour (2010) which 
have become fashionable after the late discovery 
of graphene in 2004.Brodie, the chemist who 
synthesized GO for the first time, used potassium 
chlorate (oxidizing agent) and fuming nitric acid 

aids in oxidation) to produce 
GO with the thickness of 0.05 mm. Staudenmaier 
utilized sulfuric acid with the chemicals used by

 

Graphene Oxide (GO) 



 
 
 
 

Islam; AJACR, 4(2): 1-8, 2019; Article no.AJACR.52631 
 
 

 
3 
 

 
 

Fig. 2. Chemical route for the oxidation and exfoliation of graphite resulting in GO as depicted 
by Garg et al. [16] 

 
Brodie giving a favor over Brodie method 
because of having no repeated use of nitric acid 
to reduce the production of NOx gases during 
chemical reaction. Hummers then developed the 
technique after half of a century of the time of 
Staudenmaier replacing nitric acid by sodium 
nitrate as well as potassium chlorate by 
potassium permanganate as an oxidizing agent. 
The improvements developed by Hummers only 
for removing toxic gases produced in Brodie and 
Staudenmaier made it a promising candidate for 
GO production. Tour and Kosynkin has lately 
developed the Hummer’s method by replacing 
sodium nitrate with phosphoric acid (chelating 
agent) to protect the GO surface from 
undesirable defects and fragmentation through 
inhibiting conversion of vicinal hydroxyl into 
vicinal oxygen groups [15]. The chemical scheme 
for synthesizing GO is shown in Fig. 2. 
 

3. CHARACTERIZATION 
 

3.1 UV-visible Spectroscopic Analysis of 
Graphene Oxide 

 
UV-Visible study of graphene oxide lattice shows 
that the predominant absorption maxima occurs 

at ~230 nm for its π-π* sp2 clustered C=C 
chromophore units and there is a shoulder 
located at ~300 nm for its n-π* plasmon peak of 
autochrome’s containing carboxyl, carbonyl and 
hydroxyl functional groups. Besides, another 
absorption will occur at approximately 212 nm for 
π-π* aromatic transition for C-C bonds which 
corresponds to sp3 character in GO. The above 
absorptions will not change despite having 
different mass ratios of oxidizer potassium 
permanganate (KMNO4) to graphite, for example, 
Fig. 3(a) reported by Q Lai et al. [17]. But it can 
be changed such a way that the samples others 
than above under UV-visible analysis will not 
show these behaviors due to reduction of oxygen 
functionalities in graphene oxide sample, for 
instance, Fig. 3 (b) reported by E. Aliev et al. 
[18]. 
 
As sonication and centrifugation are the two 
ways for getting exfoliated graphene oxide, these 
two methods have different impacts on graphene 
oxide. Tindall scattering effect is seen after 
centrifugation. Besides, sonication has also 
greater effects on graphene oxide. However, the 
absorbance of graphene oxide dispersions 
increases with increasing sonication time. 



Furthermore, Beer-lambert law aids in 
determining the concentration of graphene 
dispersions. 
 

3.2 Atomic Force Microscopic Analysis of 
Graphene Oxide 

 
AFM is viewed as the straightforward method for 
the topological studies of graphene oxide sheets 
[19]. To observe the thickness of different layers 
of graphene oxide, graphene oxides are placed 
on some inert substrate (e.g., Si) dropwise
air dried at room temperature. Exfoliation has a 
profound effect on the dispersion of graphene 
oxide layers. If exfoliation time is increased, 
graphene oxide layers are properly dispersed. 
AFM analysis shows that the thicknesses of 
single, double and triple layer graphene sheets 
after chemical oxidation are approximately 0.57, 
 

 
                       (a) 

                                                                                                                    

Fig. 3. (a) UV-visible absorbance of samples of different mass ratios of KMnO
(N=10 g and graphite=10 g); (b) UV

 

Fig. 4. AFM images of a few layer graphite (a) 
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lambert law aids in 
determining the concentration of graphene 

Atomic Force Microscopic Analysis of 

AFM is viewed as the straightforward method for 
the topological studies of graphene oxide sheets 
[19]. To observe the thickness of different layers 
of graphene oxide, graphene oxides are placed 
on some inert substrate (e.g., Si) dropwise and 
air dried at room temperature. Exfoliation has a 
profound effect on the dispersion of graphene 
oxide layers. If exfoliation time is increased, 
graphene oxide layers are properly dispersed. 
AFM analysis shows that the thicknesses of 

triple layer graphene sheets 
after chemical oxidation are approximately 0.57, 

1.25 and 1.83 nm respectively [20]. The 
interlayer distance between layers of graphite is 
0.335 nm which is larger than that of 0.5 nm in 
layers of graphene oxide. Graphite plate
measured at the central parts when placed in the 
substrate of 2.7 nm which is probably equal to 
eight layers of graphene isolated by the 0.34 nm 
Vander Waals distance. Graphite platelets tends 
to fold in some places and the surface contains 
nanoparticles attached to it Fig. 4(a) and 
nanoparticles evaporate mostly from the surface 
after oxidation Fig. 4(b) [21]. 
 
3.3 X-ray Photoelectron Spectroscopic 

Analysis of Graphene Oxide
 
X-ray photoelectron is a quantitative surface 
analytical technique used to find elemental as 
well as chemical composition of the material 

 
 

                         (b) 
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(b) UV-Visible absorbance of samples of GO and base washed GO 

& their reduced forms 

 

AFM images of a few layer graphite (a) Before oxidation and (b) After oxidation [

 
 
 
 

; Article no.AJACR.52631 
 
 

1.25 and 1.83 nm respectively [20]. The 
interlayer distance between layers of graphite is 
0.335 nm which is larger than that of 0.5 nm in 
layers of graphene oxide. Graphite platelets are 
measured at the central parts when placed in the 
substrate of 2.7 nm which is probably equal to 
eight layers of graphene isolated by the 0.34 nm 
Vander Waals distance. Graphite platelets tends 
to fold in some places and the surface contains 

rticles attached to it Fig. 4(a) and 
nanoparticles evaporate mostly from the surface 

ray Photoelectron Spectroscopic 
Analysis of Graphene Oxide 

ray photoelectron is a quantitative surface 
tical technique used to find elemental as 

well as chemical composition of the material 

 

 to Graphite 
absorbance of samples of GO and base washed GO 

 
oxidation [21] 



 
 
 
 

Islam; AJACR, 4(2): 1-8, 2019; Article no.AJACR.52631 
 
 

 
5 
 

 
(a)                                                                               (b) 

  
Fig. 5. (a) The XPS spectra of GO sheet (a) C 1s and (b) O 1s 

 
under study [22]. I observe the elemental 
analysis of graphene oxide (GO) from literature 
study, and XPS shows the characteristic  signal 
of C 1s at ~285 eV which corresponds to C=C, 
C-C and C-H functional groups and characteristic 
signal of O 1s at~533 eV which corresponds to 
C-O and C=O bond groups [23,24]. The 
characteristic signal for the binding energies are 
follows Fig. 5 (a) & 5(b) [25]. 
 

C-C and C=C graphene lattices show 
characteristic signal at approximately ~284.4 eV 
while carbons attached to epoxy and phenolic 
groups exhibit their relative binding energies at 
around ~286.5 eV. However, carbons attached to 
ketone and carboxylic groups show characteristic 
signal in between ~288-290 eV. O 1s spectra 
from GO sample confirms the strong oxidation of 
graphite and contains different oxygen 
functionalities. Carboxyl groups containing C=O 
and O-C=O show characteristic signal at about 

~532 eV and phenolic -OH and epoxy groups 
show their corresponding signals at ~533 eV 
[26]. 

 
3.4 Fourier Transform Infrared 

Spectroscopy of Graphene Oxide 
 
Oxygen functionalities are observed through 
analyzing FTIR spectrum. The spectrum (Fig. 6) 
depicts the broad peak between 3000-3700 cm

-1
 

for the presence of stretching and bending 
vibrations due to the OH group of water 
molecules attached on the GO surface [27,28]. 
Symmetric and anti-symmetric vibrations of CH2 
occurs at 2930 and 2850 cm

-1
 respectively. 

Edges of GO contains carboxylic and carbonyl 
functional groups where C=C and C=O stretching 
vibrations of both functional groups occur at 1630 
and 740 cm

-1
 respectively. The peaks at 1385 

and 1110 cm
-1

 are likely to be noticed for the 

 

 
  

Fig. 6. FTIR spectrum of GO [28] 



Fig. 

Fig. 
 
occurrence of stretching vibrations of C
carboxylic acid and C-OH alcohol groups which 
ultimately state the hydrophilic character of GO 
[29]. 
 

3.5 X-ray Diffraction Pattern of Graphene 
Oxide 

 
The crystalline properties of natural graphite and 
graphene oxide is analyzed by XRD. The
intense peak (002) is observed at 2θ=26.42
which depicts the higher crystalline properties of 
natural graphite with d-spacing of 3.37 A
shown in Fig. 7 (a). A sharp diffraction 
peak is observed at 2θ=11.95⁰ with d
7.4 A⁰ for Modified Hummers Method 
synthesized GO as shown in Fig. 7 (b). 
The larger interlayer spacing in GO is due 
to the presence of oxygen functionalities
[30-32]. 
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 7(a). XRD plot of natural graphite 
 

 
 

7(b). XRD plot of Graphene Oxide 

of stretching vibrations of C-O 
OH alcohol groups which 

ultimately state the hydrophilic character of GO 

ray Diffraction Pattern of Graphene 

The crystalline properties of natural graphite and 
analyzed by XRD. The  

intense peak (002) is observed at 2θ=26.42⁰ 
which depicts the higher crystalline properties of 

spacing of 3.37 A⁰ as 
shown in Fig. 7 (a). A sharp diffraction                   

h d-spacing of 
for Modified Hummers Method 

synthesized GO as shown in Fig. 7 (b).              
The larger interlayer spacing in GO is due                 
to the presence of oxygen functionalities           

4. CONCLUSION AND PERSPECTIVES
 
Due to its higher electrochemical properties, 
graphene oxide has captured a large field in 
electroanalytical chemistry as well as 
electrochemical applications; for instance, 
electrocatalysts, electrochemical biosensors, 
enzyme biosensors, electrochemilumines
etc. Even, graphene oxide likely to dominate over 
other carbon-based materials such as fullerene, 
carbon nanotubes (CNT), graphite and diamond 
for higher physicochemical properties. Scientists 
and researchers have designed the graphene 
oxide easily due to its superior structural 
properties and applied it for electrochemical 
sensor. These types of developments have been 
progressed recently. Furthermore, developments 
are advancing day by day to make it available for 
different applications and much more 
be done for further improvement. Modified 
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Hummer’s method has achieved the highest 
favor over the most common synthesis 
techniques because of selecting the chemicals 
for synthesizing GO in the perspective of toxic 
gases. The method produces the GO with high 
surface to volume ratio to make it applicable for a 
diverse range of applications. Several common 
analytical methods such as UV-visible, 
AFM,XPS, XRD and FTIR have been used to 
study the properties of graphene oxide though 
there are other analytical methods; for example, 
EDX, TGA, etc. to analyze the properties              
of GO.  
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