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Graphene oxide, has an intermediary role 
in the formation of graphene, but it also has 
its own applications being in conductive 
films, electrode materials [1], composite 
materials [1], [2], and filtration membranes 
[2]. 

The introduction of functional groups on a 
layer of graphene is typically carried out 
through oxidative processes.  The 
commonly used approach to oxidise 
graphite is the Hummers’ method [3], in 
which concentrated sulfuric acid acts as 
an intercalating agent that is able to  
separate the graphite layers, whereas 
sodium nitrate(V) together with potassium 
manganate(VII) act as oxidising agents 
and introduce several oxygen-containing 
functional groups [4].  These groups 
include: hydroxyl (-OH), carbonyl (-C=O), 
carboxyl (-COOH), and epoxy (-O-). The 
carboxyl groups are commonly found on 
the edges, whereas the epoxy and 
hydroxyl groups reside above and below 
the plane of a graphene oxide layer[5]  as 
shown in Figure 1.   

Two other prominent methods derived from 
the Hummers’ method, namely the 
Modified Hummers’ method and the 
Improved Hummers’ method are used to 
prepare GO and even graphite oxide 
(GrO, which is like GO but a few layers 
thick) from graphite flakes.  The difference 
between the two methods is that in the 
latter, phosphoric acid is utilised as part of 
the intercalating agent.  

In this review, both methods will be 
compared by characterising the degree of 

functionalisation of the reaction product 
graphene oxide using an array of 
techniques such as X-ray Photoelectron 
Spectroscopy (XPS), Raman, and X-Ray 
Diffraction (XRD).  
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Figure 1: One layer of graphene oxide showing 
possible functional groups along the plane and 
edges. 


