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Abstract

We have found that coating the graphene monolayer with Ti atoms to form the C,Ti
system, molecules such as carbon dioxide and methane, are adsorbed on the coated
graphene. Previously, the adsorption of other gases ona graphene layer has been studied. In
this work, it is proposed and probed with success that adding Ti atoms to the graphene
layer, we obtained a useful and cheap system to adsorb and capture some of the most
dangerous and pollutant gases such as CO, and CH4. Using density functional theory and
molecular dynamics, we obtained that the planar orientation of one CO, molecule above the
C,Ti system, is the most favorable one. After this final configuration was obtained, we
achieved the saturation of the system when a second CO, molecule was added. In this case,
we obtained 23.43 wt % for carbon dioxide. We also report in this work the density of
states, the partial density of states, band structure, HOMO (highest occupied molecular
orbital) and LUMO (lowest unoccupied molecular orbital) for the system. Ina similar way,
we studied the capacity of the C,Ti system of adsorbing methane. The most favorable
initial configuration was when three of the hydrogen atoms of the methane molecule are in
a plane nearly close and parallel to the graphene layer. The methane molecule is adsorbed
but not dissociated in the process. The adsorption energy is -0.176 eV. The C,Ti system is
saturated with 5.28 wt % for the methane gas. Finally, we obtained that the methane
molecule is desorbed at 600 K.
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2. — Method

First we study the stability of the pristine graphene. With a complete characterization of the
initial system it is added only one Ti atom above the graphene layer and it is obtained
additional information as the new energy of the system, the distance from the Ti atom to the
graphene layer, for example. If instead of adding only one atom, it is placed a molecule as
CO; or CH4, much more information is obtained. Lengths, angles and relative orientation of
each molecule above the graphene layer are obtained. A comparison is made also for the
energy changes in the different studied systems. For all the computational calculations it
was used the Quantum Espresso computer code. For the carbon atom it was used the
Perdew-Zunger exchange correlation functional and the LDA (local density approximation)
pseudopotential.

3.-Results and discussion

Minimizing the energy of the graphene layer, it was obtained 1.4076 A for the C-C bond
length. The experimental result is 1.415 A. From a theoretical study [1] it was obtained that
the CO molecule acts always as a donor giving a net charge to the graphene layer in the
range 0.1 to 0.19 e. The adsorption energy was from 8.4 to 14.1 meV. The most favorable
configuration was with the CO molecule parallel to the graphene layer above the C-C bond
(14.0 meV) or above a carbon atom (14.1meV). It was obtained the distance 3.74 A from
the CO molecule to the graphene layer. In a similar way, the most favorable configuration,
from a theoretical-experimental study [2] with B3LYP for the CO, molecule was when it
was above the hexagonal ring of the carbon atoms of the graphene layer. The adsorption
energy was 173.44 meV. Other group [3] make a TPD (temperature programmed
desorption) study for the adsorption and desorption of CO and CO, in a graphite
policrystal. In general, the adsorption process can be obtained at room temperature. The CO
and CO, desorption is in the range 400 — 700 K, and 423 — 443 K, respectively. One
experimental result [4] for the binding energy of methane and graphene is 170 meV, in
agreement with previous results in the range 171.97 — 182.33 meV. In a theoretical study
[5], they conclude that LDA and not GGA, gives good results to study the methane-
graphene system. The experimental adsorption energy is 126 meV and the calculated are in
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g. - For the methane case, it is possible to recover the gas with warming the system to
accessible temperatures.

h. - The feasibility of the system as a sensor is evident because of the changes on the
density of states.

I.- The C,Ti system maintain their adsorption-desorption properties. This is not the case
for the Ti alone.

J.-The C,Ti system is a cheap material based on C atoms.

k.- The charge transfer between the considered molecules and the C,Ti system depends
strongly on the molecule position respect to the Ti atom.

l.- The results help to understand better the adsorption properties of gases in carbon
based structures, and those of catalytic elements that help to increase the adsorption

process.
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