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Aim of the research project

The purpose of a research project was a continuation of the modeling of realistic graphene oxide sheets based on the
data obtained previously at Zaiken (XPS, X-ray diffraction, TEM…). It was expected to obtain important insights
about the structure of the graphene oxide sheets for their realistic modeling at a molecular level and in a second step
for the adsorption/aggregation of organic compounds (surfactants and pollutants) onto the GO sheets by Monte
Carlo simulations.
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Contents and results of the research
The realistic modeling of GO is carried out by the graphene sheet atomistic structure and taking advantage of
experimental results in the framework of the ZAIKEN project (XPS, TEM, XRD, and Raman scattering). The
chemical surface groups are simulated using a probabilistic approach (Epoxy, hydroxy, and top site [1]). The first
step in the GO realistic modeling is to create the graphene sheets with or without defects [2]. The chemical groups
have been generated on the top and bottom of the graphene sheets through randomly distributed chemical groups
and experimental data in ZAIKEN. The relevant point charges on the graphene oxide surfaces have been obtained
with the given data from Quantum Mechanics in the literature [3-5]. The point charges on the chemical surface
groups are very important in dealing with the adsorption capacity and adsorbate-adsorbent interaction in the
molecular simulations (Figure 1a). This substantially affects the adsorbate and adsorbent behavior in the narrow
pores and surfactants. The numerical HRTEM images of these graphene oxide modeling are also generated and
compared quantitively with TEM images obtained in ZAIKEN.

The adsorption of water in the graphene oxide and binary mixture of C12E8/H2O has been studied using Grand
Canonical Monte Carlo. An outstanding aspect of the present project is to arrive at the modeling of ternary mixture
of C12E8/H2O/H3O

+.
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The carboxyl groups are mainly reported on the graphene
oxide edges. However, as probed by Raman scattering and
TEM observations, the GO sheets show a substantial
number of defects or holes in the structure of the sheets.
These defects can bear or lead to the presence of carboxyl
groups, that may explain the properties of GO. By taking
advantage of the applied algorithm in the current study,
the defects can also be generated, and subsequently, the
carboxyl groups can be generated in these defects. The
comparison between reverse methods, e.g., Hybrid
Reverse Monte Carlo (HRMC) and MD using state-of-art
reactive force fields would also be beneficial in more
realistic GO modeling in the next studies [6].

a) b)

Figure 1 : a) Snapshot of GO modeling with epoxy, topsite and hydroxyl
groups, and b) Numerical HRTEM micrograph of atomistic structure of
GO (size: 10×10 nm).

The results of the adsorption of C12E8/H2O/H3O
+ are

shown in Figure 2 (before equilibrium). To arrive at a
more realistic level for the GO modeling as well as the
adsorption/aggregation simulations, it is necessary to
introduce more realistic defects and the presence of the
carboxylic groups. An accurate chemical potential
estimation of the above-mentioned mixtures using
quantum chemistry is required. This can help us to
estimate different phases and pH in the aqueous medium.
The quantum mechanics calculation for the solution
thermodynamic properties is an essential task in
determining the chemical potentials in the aqueous
medium.
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Figure 3 : a) b) and c) snapshots of C12E8/H2O/H3O+ ternary mixture
simulation using Grand Canonical Monte Carlo (cell size: 20×10×10 nm).
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