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The adhesion of a graphene monolayer onto terminated or 2x1-reconstructed diamond (111) surfaces has in the present study been
theoretically investigated by using a Density FunctionalTheory (DFT) method. H, F, O, and OH species were used for the surface
termination. The generalized gradient spin density approximation (GG(S)A) with the semiempirical dispersion corrections were
used in the study of the Van derWaals interactions.There is a weaker interfacial bond (only of typeWan-der-Waals interaction) at a
distance around 3 Å (from 2.68 to 3.36 Å ) for the interfacial graphene//diamond systems in the present study.The strongest binding
of graphene was obtained for the H-terminated surface, with an adhesion energy of -10.6 eV. In contrast, the weakest binding of
graphene was obtained for F-termination (with an adhesion energy of -2.9 eV). For all situations in the present study, the graphene
layer was found to retain its aromatic character. In spite of this, a certain degree of electron transfer was observed to take place from
graphene to Oontop-, Obridge-, and OH-terminated diamond surface. In addition, graphene attached to Oontop-terminated surface
showed a finite band gap.

1. Introduction

2D crystalline graphene is unique due to its special band
structure. The 𝜋 and 𝜋∗ bands of graphene show a linear
dispersion around the Fermi level, and they are joined in a
single point (i.e., a Dirac point). Graphene possesses high
carriermobility (which can be affected by the surface), satura-
tion velocity, high stability, good electrical and thermal con-
ductivity under ambient conditions, etc. [1–3]. The attractive
physical and chemical properties make it popular in many
potential applications [4]. However, due to the zero band gap,
there is a limitation to use graphene in a transistor device [5].
Thus, it is quite interesting and important to create one size-
able and well-defined band gap without reducing the carrier
transport properties of intrinsic graphene. When positioning
graphene epitaxially on some surfaces, the perfect graphene
2D structure can become deformed in the third dimension,
which thereby affects the electronic properties of graphene.

For the growth of epitaxial graphene onto a Si/SiC/SiO2
substrate, the Si/SiC/SiO2 was observed to limit the carrier

mobility by causing additional scattering from charged sur-
face states and impurities, low surface phonon energy, and
large trap density. SiO2 is highly thermally resistive, which
will limit the intrinsic properties of graphene and thereby
reduce the current capacity of graphene [6, 7]. Diamond
has recently been introduced as a good surface for epitaxial
graphene. Experimental work has suggested that, by replacing
SiO2 with diamond, it will be possible to achieve a high
current-carrying capacitance of intrinsic graphene and to
increase the breakdown current density of grapheme [6].
Diamond consists of only sp3-hybridized carbon atoms. It
has a large band gap and possesses excellent properties
such as high thermal stability, radiation hardness, chemical
resistance, and heat dissipation [7]. There have been some
experimental studies on the electronic properties and synthe-
sis of this sp2 (graphene)-on-sp3 (diamond) system [6, 8–12].
The graphene-on-diamond system has also been explored in
many applications such as high-frequency graphene transis-
tors [13] and spin-polarized conducting wires [14].
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The interaction of epitaxial graphene onto diamond sur-
faces has earlier been theoretically studied [15–17].The inter-
action between graphene and clean nondoped (or doped)
diamond surfaces has also recently been studied by the
present authors. However, the detailed interactions between
graphene and different terminated diamond surfaces are
still unknown. The unpaired electrons on the surface C
atoms are usually passivated by terminations with different
atomic or molecular adsorbates. The diamond surface can
also passivate these radical C atoms by undertaking surface
reconstruction. The 2x1-reconstructed diamond (111) surface
has no dangling carbon bonds on the surface. Thus, this
saturated surface has been used as a reference surface in
this study comparing with different adsorbates passivated
diamond (111) surfaces. Themost commonly used adsorbates
are O, OH, H, and F. The terminating species, which are
used with the purpose to uphold the cubic structure of the
diamond surface, will not only improve the quality of the
diamond surface, but also most often influence the surface
electronic structure.The phenomena of diamond surface ter-
mination have experimentally been observed to significantly
influence the electron affinity, reactivity, and conductivity
[18–21]. Therefore, it is quite important to achieve a deeper
understanding about the interaction between graphene and
the adsorbates on the diamond surface. More specifically,
the aim of this study has been to study the energetic
stability and electronic properties of graphene attached to
diamond (111) surfaces with different termination types (H-,
F-, Oontop-, OH-, and Obridge-) compared with reconstructed
diamond (111)-2x1 surface. It is a theoretical study based on
DFT calculations under periodic boundary conditions. A
similar study on nonterminated, but doped, diamond (111)
surfaces has earlier been performed by the present authors. B-
and N-doped diamond surfaces where then compared with
nondoped surface [22]. Because of the small crystallographic
lattice mismatch (2%) between graphene and the diamond
(111) surface, this specific diamond surface is promising as
a substrate for the growth of epitaxial graphene. Hence,
this structural similarity between the diamond (111) surface
and graphene makes diamond (111) a most suitable surface
in studying the effects by diamond surface termination on
the interaction between graphene and diamond (111). In
order to investigate the effects of different terminations, the
adhesion energy of the epitaxial graphene and the electronic
structures when adsorbed on different terminated diamond
(111) surfaces have here been calculated and analysed.

2. Computational Methods

Geometrical structures of different diamond (111)/graphene
interfaces have in the present study been calculated by
using Density Functional Theory (DFT) (using the CASTEP
software fromBIOVIA [23–25]) and sowas also total energies
and electronic properties of the same systems. These calcu-
lations were based on an ultrasoft pseudopotential plane-
wave approach under periodic boundary conditions [26].
Moreover, a spin-polarized Perdew Burke Ernzerhof (PBE)
functional was used (from here on referred to as a Gradi-
ent Generalized Approximation method, GGA), augmented

with the Tkatchenko-Scheffler Van Der Waals (TS-VdW)
correction [27]. Van der Waals (vdW) interactions is very
important to be able to handle in a theoretical study of a
diamond/graphene system. The reason is that standard DFT
methods cannot properly describe the weak vdW interac-
tions.

Moreover, the plane-wave energy cutoff was set to 380.00
eV, which has earlier been found adequate to use for the
present type of study [28]. In addition, the Monkhorst-Pack
[29] scheme was used in generating a uniform mesh of k
points in the reciprocal space (1×1×1). This mesh has also
earlier been found adequate to use for this type of study. [30].

The possibility for electron transfer between the diamond
surface and the attached monolayer of graphene has also
been calculated by using electron density difference plots
and calculated density of states (DOS) spectra. The electron
density differences are calculatedwith respect to the variously
terminated diamond surface and to the graphene sheet (see
(1)). These density differences give, hence, information about
the electron redistribution when attaching a monolayer of
graphene onto diamond (111).

�𝜌 = 𝜌𝑑𝑖𝑎𝑚𝑜𝑛𝑑/𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒 − (𝜌𝑑𝑖𝑎𝑚𝑜𝑛𝑑 + 𝜌𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒) (1)

where 𝜌𝑑𝑖𝑎𝑚𝑜𝑛𝑑/𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒, 𝜌𝑑𝑖𝑎𝑚𝑜𝑛𝑑, and 𝜌𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒 are the elec-
tron density of the diamond/graphene system, terminated
diamond (111) surface, and graphene monolayer, respectively.

3. Models

A terminated diamond (111) surface, with an epitaxially
adhered monolayer of graphene, is used as a supercell model
in the present study. The very low lattice mismatch between
diamond (111) and graphene (2%) is the reason to the choice
of diamond surface plane.Themodels of systems of graphene
and H-terminated and reconstructed 2×1 diamond (111)
without any adsorbates are shown in Figure 1.

The diamond/graphene interface model includes dia-
mond 6 C layers (each containing 16 atoms) and 32 C atoms
within the graphene sheet. The energetically most stable
distance between the diamond (111) surface and graphene
was looked for by adjusting (manually) the distance between
diamond and graphene, and for each distance calculate the
total energy of the diamond/graphene system. Moreover,
earlier theoretical studies have shown that 6 C layers are
adequate to use in the study of diamond surface properties
and structures [31].

H-, OH-, F-, Oontop-, and Obridge-terminated diamond
(111) surfaces, as well as a nonterminated reconstructed
diamond (111)-2x1 surface, were in the present study used as
surfaces for the graphene epitaxial adhesion. The lowest posi-
tioned diamond carbon layer atoms were terminated with
hydrogen atoms, and both of those layers were kept fixed dur-
ing the geometry optimization in order to simulate the con-
tinuation of bulk diamond.All other atomswere allowed to be
completely relaxed in a geometry optimization process using
the BFGS algorithm (Broyden–Fletcher–Goldfarb–Shanno)
[32].The vacuum layer within the supercell was, as a result of
test calculations, set at a minimum of 15 Å in order to avoid
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Figure 1: Side view of graphene on top of a (a)H-terminateddiamond (111) surface, and on top of (b) a nonterminated reconstructeddiamond
(111)-2×1 surface. The H and C atoms are shown in white and gray colour, respectively.

interactions between graphene and the diamond surface in
the neighbouring cell.

4. Results and Discussion

4.1. Adhesion Energy and Geometrical Structure of
Graphene Adhered onto a Diamond (111) Surface

4.1.1. General. In the search for the optimal graphene//
diamond (GD) interfacial distance, the separation between
the attached graphene ad-layer and the diamond surface was
varied from 2 Å to 5Å, at step sizes of 0.2Å. Geometry
optimizations were performed, for each of these diamond-
graphene distances, with the purpose of identifying the
energetically most preferred interfacial structure. Adhesion
energies for the monolayer of graphene attached to the
terminated diamond (111) surfaces were thereafter calculated
by using

𝐸𝑎𝑑ℎ𝑒𝑠𝑖𝑜𝑛 =
1
𝑛
[𝐸𝑑𝑖𝑎𝑚𝑜𝑛𝑑−𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒 − 𝐸𝑑𝑖𝑎𝑚𝑜𝑛𝑑 − 𝐸𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒] (2)

where 𝐸𝑑𝑖𝑎𝑚𝑜𝑛𝑑−𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒, 𝐸𝑑𝑖𝑎𝑚𝑜𝑛𝑑, and 𝐸𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒 are the ener-
gies of the whole system, the diamond (111) surface, and
the monolayer graphene sheet, respectively. In order to
make it possible to compare these results with results for
other supercell sizes, these adhesion energies have here been
divided with the total number of graphene C atoms in the
supercell (n).

4.1.2. Calculations of Geometrical Structures and Adhesion
Energies Using the GGA Functional with TS-vdW Corrections.
The calculated results of the adhesion energies, in addition
to the diamond-graphene interlayer distances, are shown in
Table 1. The adhesion energy for all systems is quite small.
Hence, the interactions between the diamond surface and
the attached monolayer of graphene are all quite weak.
Moreover, one can observe that the adhesion energies for all

GD systems are negative and thus all adhesion processes are
exothermic. Themost obvious conclusion from Table 1 is that
the shorter the interfacial distance, the more pronounced
the adhesion energy (i.e., more negative adhesion energies)
(the exceptions from this conclusion are the OH- and
Obridge-terminated diamond (111), and the nonterminated
2x1-reconstructed (111) surface). Hence, it is possible to
conclude that the larger the interfacial distance, the weaker
the interfacial interaction between the ad-layer graphene
and the terminated diamond surface. The shortest distance
between the graphene monolayer and the H-terminated
diamond surface is 2.68 Å, which is correlated with the
adhesion energy of -10.6 kJ/mol. The largest graphene
adhesion energy is obtained for an F-terminated diamond
surface (-2.9 kJ/mol) at an interfacial distance of 3.11 Å.
There is, hence, a weaker interaction between graphene and
the F-terminated diamond surface, which will be explained
more in detail in the following section.

As mentioned above, there are exceptions to this clear
correlation between interfacial distance and adhesion energy.
For the O-related adsorbates (Oontop, OH, and Obridge), the
interfacial distances are quite similar (3.00 Å for Oontop , 2.94
Å for OH, and 2.97 for Obridge). However, the adsorption
energies do vary (-7.8 kJ/mol for Oontop, -4.8 kJ/mol for OH,
and -5.4 kJ/mol for Obridge). Hence, the interactions between
graphene and these diamond surfaces seem to be of different
types. As will be shown in Section 4.2, an Oontop-terminated
diamond surface shows the strongest interaction with the
graphene ad-layer.

Moreover, the interfacial distance for a nonterminated
reconstructed 2×1 diamond surface is 3.36 Å whilst the adhe-
sion energy is quite different (-6.69 kJ/mol). This interfacial
distance is very close to the interfacial distance (3.35 Å)
between different graphene layers in graphite.

Furthermore, it was also observed that the geometry
of the terminated diamond surfaces will not change when
adding graphene on top of them. This was also the situation
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Table 1: Interface distances and adhesion energies for a monolayer of graphene adhered to a nonterminated 2×1-reconstructed diamond (111)
surface, or to H-, F-, Oontop-, OH-, and Obridge-terminated diamond (111) surfaces, respectively.

Diamond (111) Surface Interface Adhesion Energy Adhesion Energy
Distance (Å) (eV) (eV)

H-Diamond 2.68 -0.11 -10.6
F-Diamond 3.11 -0.03 -2.9
Oontop-Diamond 3.00 -0.08 -7.7
OH-Diamond 2.94 -0.05 -4.8
Obridge-Diamond 2.97 -0.05 -5.4
Reconstructed 2×1-Diamond 3.36 -0.07 -6.7

for the nonterminated diamond surface. When initially posi-
tioning a monolayer of graphene quite close to the diamond
surfaces (in a range of 1.5 to 2 Å), the graphene layer was
found to repel from the terminated diamond surface to an
interfacial distance of more than 2.6 Å. As was found in an
earlier investigation by the present authors, where nontermi-
nated diamond surfaces were used in the calculations, there
is an energy barrier that has to be overcome in order for
the graphene sheet to chemisorb to the diamond surface. In
the present paper, the dangling surface carbon bonds have
been saturated by various species (H, F, O, and OH), or they
have been eliminated by reconstructing the surface carbon
atoms, and it is thus even harder for the graphene sheet to
form covalent bonds with the terminated diamond surface.
Thus, the graphene ad-layer prefers to interact with Van
der Waals interaction towards the diamond surfaces in the
present investigation.

4.2. Electronic Structure for Graphene Adhered onto
a Diamond (111) Surface

4.2.1. General. The diamond (111) surface has been 2x1-
reconstructed (as a nonterminated surface) or terminated
with various species (H, F, OH, and O).The electronegativity
differences between the carbon atoms and the adsorbates
will result in surface polarization. Moreover, physisorbed
epitaxial graphene onto the diamond surface is expected
to influence the diamond surface electronic properties. In
addition, the terminated diamond surface is expected to affect
the electronic properties of graphene. It is thereby interesting
to study the electronic interactions between graphene and
the diamond surfaces by analysing the electronic structure of
various interfacial systems. Electron density differences, band
structures, and density of states (DOS) spectra have for this
purpose been used as technical tools.

4.2.2. Calculation of Electron Density Differences. An earlier
study on nondoped diamond (111) surfaces showed that, for
the energetically preferred diamond-graphene distance, there
is no covalent bond formation. This is still the situation
for graphene on top of a 2x1-reconstructed, or terminated,
diamond (111) surfaces. Within the present study, more
detailed information about the binding situations within the
interfaces of the GD (graphene//diamond) systems has been
given as a result of electron density difference calculations.

Thismethod is described in Section 2.Computational Details.
These types of calculations do not only give information
about interfacial binding, but also about the occurrence of
electron transfer over the interface. Both electron accumula-
tion (red colour) and electron depletion (blue colour) can be
seen in Figure 2.These values are calculatedwith respect to an
isolated graphene sheet and an isolated diamond (111) surface.

For all GD systems, there are no electron accumula-
tion between the graphene carbon atoms and the diamond
surface atoms within the interfacial space. This observation
confirms the lack of covalent bonds between graphene and
all terminated or reconstructed diamond (111) surfaces. As
can be seen in Figure 2, there are different intensities in
colour in the various plots. A more intense colour indicates
a more pronounced electronic interaction between graphene
and the diamond (111) surface. It is quite apparent that the
Oontop-terminated diamond systems showed themost intense
colour of electron density difference. Thus, the interaction
between the graphene ad-layer and the Oontop-terminated
diamond (111) surface is the strongest of the various interfacial
systems studied. There is large electron depletion (intense
blue colour) at the 𝜋 orbitals of the graphene C atoms, a
small electron accumulation (light red) at the 𝜎 orbitals of
the graphene C, and a large electron accumulation (dark red)
at the site of the Oontop adsorbates. In addition, some elec-
tron redistribution takes place inside the graphene ad-layer
when attaching graphene on an Oontop-terminated diamond
surface. However, there is in total an electron transfer from
graphene towards the Oontop–terminated diamond surface.
For the other oxygen-related surface terminations (OH- and
Obridge-), the situations were found to be almost the same,
but with much weaker interfacial interactions. Electron
redistribution takes place also within the graphene ad-layer.
There is a small electron depletion on several of the graphene
carbon atoms that are situated just above the O atom (in OH
and Obridge) and some small electron accumulation on the
graphene C atoms close to the electron depleted C atoms.
Moreover, there are also some small electron accumulations
on the O atoms (in OH and Obridge) in both the GOHD
(graphene and OH-terminated diamond) and GObridgeD
(graphene and Obridge-terminated diamond) systems. Thus,
it is possible to state that the O-related adsorbates can
induce some electron redistribution within the graphene ad-
layer when attaching graphene on top of the terminated
diamond surfaces. In addition, there is a minor charge being
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Figure 2: Side view of the electron density difference for a (a) GHD system, (b) GFD system, (c) GOontopD system, (d) GOHD system,
(e) GObridgeD system, (f) GD2×1 system, (g) GHD system, and (h) GOontopD system. The isosurface for (a)-(g) was set to 0.001/Å, and the
isosurface for (h) was set to 0.015/Å. The H, O, C, and F atoms are shown in white, red, gray, and green, respectively. The colour scale in the
plots goes from �𝜌=-0.007/Å3 (blue) to �𝜌=0.007/Å3 (red).

transferred between graphene and the OH- and Obridge-
terminated diamond (111) surface.

The calculated electron density difference maps were
found to be somewhat different for the H- and F-terminated
surfaces. In the GFD (graphene and F-terminated diamond)
system, there is quite a minor electron accumulation on
the F adsorbates and above the C atoms within graphene
(with smaller red isosurface). These results confirm that
the GFD system is the system that involves the smallest
electronic interactions between the diamond surface and the
adhered graphene sheet. This agrees well with results from
the Section 4.1, where it shows that the F-terminated dia-
mond surface experiences the weakest interaction between
graphene and the diamond surface (of all surface termina-
tions studied).The adsorption energy (-2.9 kJ/mol) is thereby
the largest one in the present study.

Different from the GFD system, the electrons within
the H-terminated diamond are mainly redistributed on the

C-H bonds. It should be stressed that the smaller inter-
facial distance between graphene and the H-terminated
diamond surface (2.68 Å) is coupled to stronger atomic
interactions (stronger Van der Waals interaction and thus
larger adsorption energy) than that for the GFD system
(with a larger interfacial distance of 3.11Å). Besides the
electron redistribution within the C-H bonds, blue colour
(electron accumulation) is presentwithin the interfacial space
between graphene and the H-terminated diamond surface. In
addition, there is no visible electron density difference within
the graphene ad-layer. For comparison, the electron density
different plots of GHD and GOontopD are shown in Figures
2(g) and 2(h). For these two plots, the isosurface values
have been chosen differently due to the varied magnitude of
interactions between graphene and the terminated diamond
surfaces. When decreasing the values of the isosurface, there
is no additional appearance of new spheres around the atoms
in these systems. For the GOontopD system, there is large
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Figure 3: The electronic band structure of an (a, b) H-terminated diamond (111) surface, a (c, d) GHD system, an (e, f) Oontop-terminated
diamond (111) surface, and a (g, h) GOontopD system. The (a), (c), (e), and (g) figures represent spin-up states, and the (b),(d), (f), and (h)
figures represent spin-down states. The Fermi level is set to zero and is marked by dashed lines at zero energy.

electron depletion on the 𝜋 orbitals of the graphene C atoms.
Thus, there is an electron transfer from graphene towards
the Oontop-terminated diamond surface. This agrees with the
results shown in Figure 2(c). Moreover, in the GHD system
there is a minor electron accumulation on the C atoms just
above the H adsorbates on the diamond surface. Hence, it is
possible to conclude that there is a minor electron transfer
from the H-terminated diamond surface to the adhered
graphene ad-layer.

In summary, the here presented electron density different
maps do (generally) strongly correlate with the calculated
adsorption energies (as presented in Section 4.1). With few
exceptions, there is a minor degree of electron transfer
between the diamond surface and the attached epitaxial
graphene sheet. As an exception, there is quite a small elec-
tronic interaction between graphene and the F-terminated
diamond surfacewith almost no electron transfer taken place.
The direction of electron transfer for the Oontop- and OH-
terminated diamond surface is fromgraphene to the diamond
surface. It is the opposite for the H-terminated diamond
surface for which the electron transfer takes place from the
diamond surface to the graphene ad-layer. The direction of

electron transfer over the diamond-graphene interface will be
further presented and discussed in the following section.

4.3. The Band Structure of Graphene//Diamond Systems. It
is reasonable to expect that when positioning a graphene
layer on top of a diamond surface, the interaction with
the surface will induce some band opening. This property
can be quite important when using graphene in switching
electronic devices. Within the present study, the shapes of
the band structures for both the diamond surfaces and
graphene (within the GD systems) are quite similar as the
ones for intrinsic terminated diamond (111) and graphene,
respectively. For all GD systems investigated, there are no
mixing states for graphene and the diamond surfaces. This
circumstance indicates very weak interactions between the
diamond surface and its adhered monolayer of graphene.

As can be seen in Figures 3(c) and 3(d) for the GHD
system, the band gap opening of the graphene ad-layer at the
Dirac point is quite small. These band gap values of graphene
on top of an H-terminated diamond (111) surface are smaller
than kBT (25 meV) at room temperature. This agrees well
with the results by Hu et al., who predicted theoretically that
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Figure 4: Calculated DOS plots for intrinsic graphene (red dashed) in addition to (a) a monolayer graphene adhered to an H-terminated
diamond surface (black), or (b) a monolayer graphene adhered to an Oontop-terminated diamond surface (black).The Fermi level is indicated
by a black dashed line.

there is no band gap opening for graphene when attached to
an H-terminated diamond surface [15]. Within the present
study, GFD, GObridgeD, and GOHD systems also showed
band gaps that where smaller than kBT (25 meV) at room
temperature, which is similar to the GHD system. Hence,
the H-, F-, Obridge-, and OH- terminated diamond surfaces
will not affect the electronic structure of the graphene ad-
layer. However, there are some differences between these
band structures. For the GFD, GObridgeD, and GOHD sys-
tems, the Fermi level crosses the Dirac point, which is
identical to the situation for intrinsic graphene. However,
for the GHD systems, the Dirac point is -0.97 eV below
the Fermi level of the intrinsic graphene (see Figure 4(a)).
The main reason for this observation is the negative electron
affinity of the H-terminated diamond surface. Moreover,
the work function of a monolayer of graphene is even
larger than the work function of an H-terminated diamond
surface.TheVBM (valence band maximum) for the diamond
surface lies, hence, above the Dirac point for epitaxial
graphene. Thus, an electron transfer from the H-terminated
diamond surface to a monolayer of graphene is expected
to take place. As was shown in Section 4.2, the results
from electron density differences also proved this point. It
is, thus, possible to state that a monolayer of graphene,
attached to an H-terminated diamond surface, is n-type
doped.

Furthermore, because of the comparably strong effect by
the Oontop -terminated diamond substrate on the adhesion of
epitaxial graphene, a small bandgap at the Dirac point is to
be expected. In the GOontopD system, electrons will thereby
be transferred from the graphene monolayer to the Oontop-
terminated diamond surface.

In Figure 4(b), a comparison between the density of
states for intrinsic graphene and for the Oontop-terminated
diamond-supported graphene has beenmade.The dispersion
of states for the two systems is quite similar. However, for the
GOontopDsystem, the Fermi level of graphene is down-shifted
with respect to the Dirac point by almost 1 eV.This is because

the work function of an Oontop-terminated diamond surface
is larger than the work function for a monolayer of graphene.
Thus, the attached monolayer of graphene will be p-type
doped. Hence, there will be a hole accumulation within the
graphene ad-layer since electrons have been transferred from
themonolayer of graphene to theOontop -terminated diamond
surface. This phenomenon of electron transfer was also
observed in the calculations of electron density differences
and atomic charges.

The band structure of the Oontop-terminated diamond
(111) surface is shown in Figures 3(e) and 3(f), and so is also
the spin polarized band structure for the GOontopD system
in Figures 3(f) and 3(h). The Oontop-terminated diamond
surface has an induced spin polarization within the attached
graphene ad-layer. The band structure around the Femi level
of the GOontopD system is quite different from that of the
Oontop-terminated diamond. The Dirac point shifts up above
the Fermi level, which agrees with results from the DOS
calculations (as shown in Figure 4(b)). There is also a notice-
able, but small, band gap opening of abound 200 meV at the
Dirac point for the graphene ad-layer in theGOontopDsystem,
which is larger than kBT (25meV) at room temperature.
Hence, the graphene ad-layerwill act as a semiconductorwith
a finite direct small band gapwithout diminishing othermain
characteristics of intrinsic graphene (e.g., the zero band gap).
These findings improve the possibility of using graphene in a
variety of electronic device (i.e., to use the graphene ad-layer
in a transistor for switching on/off devices).

5. Summary and Conclusions

In the present study, the DFT method has been used in
studying the energetic and electronic interactions between a
monolayer graphene and variously terminated diamond (111)
surfaces or nonterminated 2x1 reconstructed diamond (111)
surfaces. It has been concluded that there is only Van der
Waals interactions between the graphene ad-layer and theH-,
OH-, F-, Oontop-, or Obridge-terminated, or the nonterminated
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2x1-reconstructed, diamond (111) surface. It has been shown
that the adsorbates can affect the adsorption energy of an
attached graphene sheet on top of terminated diamond
surfaces.The H adsorbates on the diamond (111) surface were
found to provide the largest interaction with the graphene
ad-layer (with an adsorption energy of -10.6 eV). In contrast,
the smallest diamond-graphene interaction was observed for
F-termination of the diamond surface (with an adsorption
energy of -2.9 eV). In addition, a partial electron transfer
was observed to take place between the graphene ad-layer
and the H-, Oontop-, OH-, or Obridge-terminated diamond
surface. There is in total an electron transfer from graphene
towards the Oontop-, OH-, and Obridge-terminated diamond
surface. On the contrary, there is an electron transfer from
the H-terminated diamond surface towards the graphene ad-
layer. Moreover, the Oontop-terminated surface was found to
have the strongest interaction with the epitaxial monolayer
of graphene. The system of graphene and Oontop-terminated
diamond shows the largest electron transfer. Moreover, a
monolayer of graphene, attached to an Oontop-terminated
diamond surface, showed a finite band gap. This observation
is very promising for the use of diamond-supported graphene
in transistor devices.
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“Theoretical investigation of the electronic structure and quan-
tum transport in the graphene–C(111) diamond surface system,”
Journal of Physics: Condensed Matter, vol. 25, no. 43, Article ID
435302, 2013.

[18] B. L. Mackey, J. N. Russell Jr., J. E. Crowell, and J. E. Butler,
“Effect of surface termination on the electrical conductivity and
broad-band internal infrared reflectance of a diamond (110)
surface,” Physical Review B: Condensed Matter and Materials
Physics, vol. 52, no. 24, pp. R17009–R17012, 1995.
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