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Aim of the research project 
 
The purpose of a research project funded by Zaiken was to characterize by a set of different techniques located at a 
laboratory (X-Ray diffraction, Transmission Electron Microscopy, ICP, XPS and Small Angle X-ray Scattering 
(SAXS)) different synthesized Graphene Oxides (GO) by a modified Hummer’s model at a laboratory of Prof. 
Sugahara. From the research project and the different characterizations of the graphene oxides, it was expected to 
obtain important insights about the structure of the graphene oxide sheets for their realistic modelling at a molecular 
level and in a second step for the adsorption/aggregation of organic compounds onto the GO sheets by Monte Carlo 
algorithm.  
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Contents and results of the research  
 Graphene oxide (GO), due to its large surface area (> 100 m2), mechanical stability and interesting tunable 
electrical features, represents an exciting and promising nanomaterial for numerous applications: as a building block 
in advanced materials or adsorbent for instance. The reactivity and the adsorption sites (organic moieties) of GO 
result from the defects generated during its synthesis and the oxidation rate. The GO were obtained through the 
Hummer’s method at two different temperatures 35 and 50°C showing different percentage of defects. These GO 
after being exfoliated at a weight percent of 0.05% in water were then thermally reduced at different temperatures 
(80 and 110°C) for 6 hours. The latter operation ensured a control of an oxidation rate which balances the 
hydrophilic character of GO and its reactivity in the adsorption or for other chemical reactions.  The GO were 
characterized by X-ray diffraction (Figure 1) and XPS techniques. shows XRD patterns of the starting graphite and 
GO synthesized for two temperatures at 35 and 50°C. The interlayer distance determined by the 00l reflection of the 
XRD lines, of pristine graphite and both GO obtained at two temperatures were about 0.34 and 0.93 nm 
respectively. The increase of the interlayer distance resulted from the change of the surface moiety due to the 
oxidation of graphite and this result confirmed the proceeding of oxidation, but it seems that the temperature for the 
synthesis reaction does not affect the interlayer space value and probably the degree of oxidation. The XPS allows 
us to determine the atomic ratio of C and O of GO which was similar at about 2.77 for the graphene oxide sheets 
prepared at two temperatures (35 and 50°C) underlining a same oxidation state.  

 

Figure 1: X-ray diffraction patterns of the pristine graphite and graphene oxide sheets synthesized through a 
modified Hummer’s method. XPS spectrum of GO at 35°C (similar result was obtained for that one of 50°C). 
 
From both XRD patterns and XPS spectra, the proper synthesis of GO could be confirmed. TEM measurements 
were also performed at Zaiken but unfortunately, the characterization of the GO was not possible due to an 
aggregation of the GO. Therefore, additional syntheses of GO were undertaken with different protocol or way of 
preparation with also different strains of graphite (different lateral size for instance). 
The informations provided from the experiments done in Zaken allowed to model GO structure which was 
successfully generated using a user-written code. The generated GO structure takes into account the number of 
layers, interlayer spacing, oxidation rate and other relevant defects on graphene sheets. The host GO structure is 
well adapted as input for the molecular simulation codes which are carefully elaborated and being examined at 
ICMN (Interface, Confinement, Matériaux et Nanostructrues, UMR 7374 CNRS). The pore distribution and surface 
density of the extracted GO structures are carefully characterized using numerical experiments. The comparison 
between GO and graphene sheets demonstrates that the specific area varies as a function of interlayer spacing. 
Indeed, the modified Hammer’s method procedures and thermal reduction may affect on the oxidation rate, defects 
and interlayer spacing. These effects may change the adsorption properties and capacity of the guest molecules in 
GO. The graphene sheet interlayer spacing changes the adsorption properties and selectivity issues for binary 
mixture adsorption of different molecules [1]. This may be related to the electronic mobility on the graphene surface 
[2] and should be investigated in depth using molecular simulations and experiments at ZAIKEN and ICMN. 
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