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Abstract: Graphene is a two dimensional carbon material that has caught the attention of
the scientific community because of its unique properties. Graphene has many novel
properties such as having a zero bandgap, however, this property has limited its
application in specific fields. Methods of doping graphene to tune its band gap are being
studied to overcome its limitations. These methods include introducing an edge to the
graphene which is normally periodic in two directions; this structure is called a graphene
nanoribbon. The armchair graphene nanoribbon is a quasi-one-dimensional material that
shares similar properties with graphene, but the presence of an edge parallel to the
periodic direction strongly affects its properties. In order to observe the effects of edge
doping to surface adsorption, DFT calculations were conducted where the armchair
graphene nanoribbon was doped along the edges with hydrogen, and copper. H-atoms
were then adsorbed on its surface. Calculations were carried out to solve for the binding
energy to quantify the strength of adsorption of the H-atom to the surface of the
nanoribbon. The results show that the copper doped system exhibited higher adsorption
energies for each H-atom.
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1. INTRODUCTION

Carbon-based 2D materials such as graphene
have been useful in the field of energy storage (Hussain
et al., 2019). Given its high conductivity, surface area per
mass, and tensile strength, graphene has caught the
attention of the scientific community for its potential
applications. Armchair graphene nanoribbons (AGNR)
are derived from graphene and share some of its
properties, but the termination along one of graphene’s
periodic directions introduced new ways to dope it, this
process is called passivation (Johnson et al., 2020).

It was shown that passivation affects the

conductivity of the AGNR system. In the study
conducted by Narin et al. in 2019, AGNR became
conducting when passivated with Zinc, while it
remained semiconducting when bonded to Cadmium,
and Mercury. Needless to say, these systems exhibited
different band structures and band gap energies. AGNR
when passivated with copper remained semiconducting.
The copper passivated system exhibited greater values
near the fermi level in its electronic density of states,
consequently, the quantum capacitance and surface
charge values were also increased (Paz et al., 2023).
These studies show that the passivating elements for the
AGNR are crucial to the properties the system will
exhibit. Different studies also show that doping or
passivating the ribbon also affects the adsorption
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energies of the system (Kumar & Singh, 2022; Salih &
Ayesh, 2021). In this study, we will see how the
termination of AGNR with Hydrogen, and Copper affects
the adsorption energies of H atoms. An illustration of
the passivated AGNR is shown in Figure 1,

Fig. 1. Captions should be 9 pt. Century, “Tight” Text
Wrapping

The surface adsorption will be quantified by the
binding energy. By definition, the binding energy would
be the energy required to bind an atom to a surface. A
negative value for binding energy means that the surface
would likely bond with the atom, while positive binding
energy means that it would require external energy for
the atom to be bonded to the surface. The magnitude of
the binding energy would determine how strongly the
aforementioned phenomena would be. The binding
energy is given by the formula (Kumar & Singh, 2022;
Narin et al., 2019; Paz et al., 2023; Salih & Ayesh, 2021).

(Eq. 1)𝐸
𝑏

= 𝐸
𝑡𝑜𝑡𝑎𝑙

− 𝐸
𝐶𝑢/𝐻 − 𝐴𝐺𝑁𝑅

− 𝐸
𝐻−𝑎𝑡𝑜𝑚

 

where:

𝐸
𝑏 = Binding energy

𝐸
𝑡𝑜𝑡𝑎𝑙 = Total energy of the copper or

hydrogen passivated AGNR and the
adsorbate

𝐸
𝐶𝑢/𝐻 − 𝐴𝐺𝑁𝑅 = The energy of the isolated energy of

the copper or hydrogen passivated
AGNR

𝐸
𝐻−𝑎𝑡𝑜𝑚 = The energy of the isolated H -Atom

2. METHODOLOGY

The atomic simulation environment (ASE) was

used to manipulate atomic positions for geometric
optimization and add the H-atoms on the surface of the
AGNRs (Hjorth Larsen et al., 2017). Initial atomic
position of the adsorbate H-atoms were identified using
the adsorption site finder (ASF) function of PYMATGEN,
its algorithm uses select sites on top of the atoms and
creates a Delaunay triangulation to identify the rest of
the adsorption sites, specifically hollow and bridge. (Ong
et al., 2013). The PW-DFT calculator via Quantum
Espresso was used in the code integrated within the
ASE module (Giannozzi et al., 2020). LDA
pseudopotential (PP) by Perdew and Wang was chosen
for this study (Wang et al., 2011). Generally, the LDA-PZ
PP exhibits good accuracy when calculating elastic
moduli, and its overall efficiency when optimizing
structures (Irifune & Tsuchiya, 2015). K-point sampling
was selected to be 1x6x1, and the cut-off energy for the
wave function was set to 25 Ry. The width of the
nanoribbon was set to 9 carbon atoms.

The AGNR structure passivated with Hydrogen,
and Copper was optimized to determine the vacuum size
and the optimal periodic dimension cell size. The
vacuum sizes for the two systems were determined to be
23.4 Å parallel to the surface, and 10.0 Å across
perpendicular to the surface. The periodic cell
dimension of the Hydrogen, and Copper passivated
AGNR is 4.10 Å, and 4.21 Å, respectively. The passivated
systems are shown on Figure 2. The carbon atoms are
gray, the hydrogen atoms are white, and the copper
atoms are orange. The ASE module was then used to
add the H adsorbate on the surface using the
coordinates identified by ASF, relaxed calculations were
then performed. This was repeated for every adsorption
site for the two systems.
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Fig. 2. H-Passivated (top), and Cu-passivated (bottom)
AGNR after optimization, the box with dashed lines
represents the unit cell.

3. RESULTS AND DISCUSSION

Figure 3 shows the binding energies in eV of
the H-atom on the H-passivated AGNR. The colored dots
represent different atoms. The gray atoms are carbon,
the white atoms are hydrogen, and the atoms colored
with a gradient are hydrogen adsorbates. For emphasis,
only one hydrogen atom is adsorbed on the surface at a
time. Figure 3 shows the highest binding energies are
found on top of the edge carbon atoms. The
H-adsorbates in the middle have varying values ranging
from -0.4 eV to -0.8 eV. Figure 3 also presents the
adsorption distance of the adsorbed H-atoms from the
surface. The lowest binding energy also has a shorter
distance from the surface of the ribbon. This is an
expected outcome since the H-atom with the most
negative binding energy should be closer to the surface.

Fig. 3. Binding energies (a) and adsorption height (b) of
the H-atom on H-passivated AGNR.

Figure 4 shows the binding energies of each
H-atom on the surface of Cu-AGNR, where the bronze
atoms are copper, and the rest is the same in Figure 3.
When comparing Figures 3 and 4, one can see that more
adsorption sites are identified for the Cu-AGNR system.
This could be due to the copper atom having higher
tendencies to bond with hydrogen atoms, and/or the
increase in the Y cell dimension. Regardless, both
effects are caused by the passivation of copper atoms.
Based on the binding energies shown in Figure 4, the
hydrogen atoms are more likely to bond well to the
surface near the copper atoms. Although the binding
energies of H-atoms situated at the center of the
Cu-AGNR surface and H-AGNR surface have similar
values, one can easily see that Figure 4 has a more
structured pattern for the final position of each
hydrogen atom. Whereas in Figure 3, the H atoms are
clustered in the center and near the edge carbon atoms,
Figure 4 shows that the H-atoms on the Cu-AGNR
system are well distributed. Figure 4 also shows the
adsorption height of every adsorbed H-atom from the
Cu-AGNR surface.
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Fig. 4. Binding energies (a) and adsorption height (b) of
the H-atom on Cu-passivated AGNR.

Similar to the H-AGNR system, the H-atoms
with the lowest binding energy also have a closer
distance to the surface.

4. CONCLUSIONS

This study aims to show the effects of
passivation towards adsorption on the AGNR surface.
This was accomplished by identifying the adsorption
sites and their corresponding binding energies on the
H-AGNR, and Cu-AGNR surfaces. More adsorption
sites are identified in the Cu-AGNR system, and the
highest binding energy values are located near the
copper atom. However, the binding energy values at
the center of the AGNR have no significant changes.
This result could mean that the effects of passivation
to surface adsorption are only evident along the edges,
while the changes at the middle of the ribbon are
insignificant.

5. ACKNOWLEDGMENTS

We would like to thank the Computational
Materials Design Research Group in De La Salle
University for supporting this study towards its
completion, as well as the Department of Science and
Technology–Science Education Institute (DOST-SEI)
for funding this research.

6. REFERENCES

Giannozzi, P., Baseggio, O., Bonfà, P., Brunato, D., Car,
R., Carnimeo, I., Cavazzoni, C., de Gironcoli, S.,
Delugas, P., Ferrari Ruffino, F., Ferretti, A., Marzari,
N., Timrov, I., Urru, A., & Baroni, S. (2020).
Quantum espresso toward the exascale. The
Journal of Chemical Physics, 152(15).
https://doi.org/10.1063/5.0005082

Hjorth Larsen, A., Jørgen Mortensen, J., Blomqvist, J.,
Castelli, I. E., Christensen, R., Dułak, M., Friis, J.,
Groves, M. N., Hammer, B., Hargus, C., Hermes, E.
D., Jennings, P. C., Bjerre Jensen, P., Kermode, J.,
Kitchin, J. R., Leonhard Kolsbjerg, E., Kubal, J.,
Kaasbjerg, K., Lysgaard, S., … Jacobsen, K. W.
(2017). The atomic simulation environment—a
python library for working with atoms. Journal of
Physics: Condensed Matter, 29(27), 273002.
https://doi.org/10.1088/1361-648x/aa680e

Hussain, F., Imran, M., Rasheed, U., Khalil, R. M., Rana,
A. M., Kousar, F., Arshad Javid, M., & Hayat, S. S.
(2019). A first principle study of
graphene/metal-oxides as nano-composite electrode
materials for supercapacitors. Journal of Electronic
Materials, 48(4), 2343–2349.
https://doi.org/10.1007/s11664-019-07064-2

Irifune, T., & Tsuchiya, T. (2015). Phase transitions and
mineralogy of the lower mantle. Treatise on
Geophysics, 33–60.
https://doi.org/10.1016/b978-0-444-53802-4.00030-0

Johnson, A. P., Gangadharappa, H. V., & Pramod, K.
(2020). Graphene Nanoribbons: A promising
nanomaterial for biomedical applications. Journal
of Controlled Release, 325, 141–162.
https://doi.org/10.1016/j.jconrel.2020.06.034

Kumar, M. R., & Singh, S. (2022). Na adsorption on para
boron-doped agnr for sodium-ion batteries (sibs): A
first principles analysis. Journal of Electronic
Materials, 51(5), 2095–2106.
https://doi.org/10.1007/s11664-022-09475-0

4



Narin, P., All Abbas, J. M., Atmaca, G., Kutlu, E.,
Lisesivdin, S. B., & Ozbay, E. (2019). Ab Initio Study
of electronic properties of armchair graphene
nanoribbons passivated with heavy metal elements.
Solid State Communications, 296, 8–11.
https://doi.org/10.1016/j.ssc.2019.04.005

Ong, S. P., Richards, W. D., Jain, A., Hautier, G., Kocher,
M., Cholia, S., Gunter, D., Chevrier, V. L., Persson, K.
A., & Ceder, G. (2013). Python Materials Genomics
(pymatgen): A robust, open-source Python Library
for Materials Analysis. Computational Materials
Science, 68, 314–319.
https://doi.org/10.1016/j.commatsci.2012.10.028

Paz, K. A., Villagracia, A. R., & David, M. Y. (2023). First
principles study on copper passivated armchair
graphene nanoribbon for a supercapacitor electrode
material. Electrochimica Acta, 462, 142753.
https://doi.org/10.1016/j.electacta.2023.142753

Salih, E., & Ayesh, A. I. (2021). PT-doped armchair
graphene nanoribbon as a promising gas sensor for
CO and CO2: DFT Study. Physica E:
Low-Dimensional Systems and Nanostructures, 125,
114418. https://doi.org/10.1016/j.physe.2020.114418

Wang, L., Wu, Y., Jia, W., Gao, W., Chi, X., & Wang, L.-W.
(2011). Large scale plane wave pseudopotential
density functional theory calculations on GPU
clusters. Proceedings of 2011 International
Conference for High Performance Computing,
Networking, Storage and Analysis.
https://doi.org/10.1145/2063384.2063479

5


