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Abstract. We have studied how water modifies the surface of graphene and in particular how the surface conductivity of graphene is affected. According to the literature,
two types of interactions should be distinguished: physical, where a water molecule remains intact and is located at some distance from the mesh, and chemical, where a water
molecule is imbricated in the graphene bond structure. We have developed theoretical
models for both types of interactions using the density functional theory (DFT) with the
B3LYP hybrid functional combined with the 6-31G(d) basis set. Our calculations show
that the surface conductivity of graphene is reduced in the presence of water.

1 Introduction
Graphene, a two-dimensional sheet of sp2 hybridised carbon atoms, is considered to be
a next-generation electronic material due to its
unique characteristics, such as high conductivity [1], optical transparency [2, 3], and ultrahigh mechanical strength [4]. Graphene has
been investigated for applications in small and
fast electronic devices, more efficient batteries, and stronger materials, amongst others. In
addition, the exceptional surface properties of
graphene hold promise for applications in biomaterials, medical instruments, microfluidic devices, sensors and energy devices [5, 6]. For
example, a large hydrophilic electrode surface
allows reactants to maximise the reaction surface area in aqueous systems for better electrocatalysis. The surface properties are governed
by both chemical composition and geometrical
structure, which can also significantly affect the
performance of nano-materials [7].

Both experimental observations [8] and theoretical studies [9] have revealed that graphene
is a strongly hydrophobic material, which limits its applications in contact deposition in solution and may contaminate the nano-electromechanical systems [10]. In addition, materials with controllable wetting properties are
widely used in advanced multifunctional systems, such as biomaterials and microfluidic devices [10, 11]. In particular, the wettability of
graphene is essential for its utilisation in hybrid
organic systems [12]. Although these hydrophobic properties, the graphene interacts with water molecules, and then the water may condense
on the graphene changing its properties. In this
study, we will examine how water modifies the
surface conductivity of graphene.

2 Computational methods
All calculations were conducted using density
functional theory (DFT) as implemented in the
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The binding energy is ca 180 meV and has a
weak water-orientation dependence.
Attempts to reproduce the gas phase data
of graphene with an increasing number of rings
showed that theoretical band gap tends to decrease. When the number of rings is 81, the
band gap decreases to 0.139 eV. This result is
in agreement with experimental values, which
are in the range 0-0.25 eV [15]. All calculation
results are shown in figure 3. We have used a
molecule with 81 rings for our calculations of
graphene-water interactions.
The structure of the graphene sheet used in
the present study are illustrated in figure 4. In
the present study, we examined the physical and
chemical interactions of a water molecule with
graphene mesh as seen figure 4 b and figure 4 c.
To determine the effect of water molecules on
the surface conductivity of graphene, all modeled geometries were fully optimised at the
DFT/6-31G(d) level.

GAUSSIAN 09 program package [13]. The
molecular geometries and vibrational frequencies of all molecules in the ground state have
been calculated using the B3LYP [14] hybrid
functional with the 6-31G(d) basis set. Vibrational frequencies were used for calculation of
the Gibbs free energies.

3 Result and discussion
Graphene may also find application in MPGDs,
GEMs in particular. The hope is that a graphenecoated GEM lets electrons through but not ions.
As a result, there would be no space charge due
to ions drifting from their production point into
the drift volume.
Graphene makes two types of interaction
with water: physical and chemical. These interactions are shown in figure 1.

Figure 1. Atomic structures of a H2 O molecule adsorbed on graphene with different types of defects.

In addition, there are four interaction orientations of the physical type. These orientation
are shown in figure 2.

Figure 3. Theoretical band gap calculations of
graphene through phenyl rings using 6-31G(d) basis
set.

In addition, the band gaps for graphene,
physically adsorbed graphene and chemically
adsorbed graphene were calculated with the TDDFT method. The band gaps were used for explaining the conductivity. It was found that the
band gap of graphene 0.139 eV. On the other
hand, the band gaps were calculated at 0.143 eV
and 0.221 eV for physically and chemically adsorbed water molecules, respectively. These results indicate that the band gap increases and

Figure 2. Various interaction orientations for water.
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the surface conductivity of graphene decreases
in the presence of water molecules.
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Figure 4.
Optimised structures of molecules
for 81 rings, a) graphene, b) physically adsorbed
graphene and c) chemically adsorbed graphene.

4 Conclusion
Graphene has two types of interaction with water: physical and chemical. These interactions
were studied theoretically with the DFT and TDDFT methods. All results indicate that the the
surface conductivity of graphene decreases in
the presence of water molecules.
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