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Abstract: Many researchers from around the world are working hard to find solutions to purify the air of pollutants,
specifically greenhouse gases like (CO, CO2 and CH4) during this project, great efforts have been made for finding the simplest
way to get rid of these gas molecules in the air by adsorption using pure and nitrogen doped fullerenes (C20).Density functional
theory (DFT) was used at the B3LYP/6-21G level through the Gaussian 09W program package. The results indicate in our
work that the gas molecules CO and CO2) are weak physisorption molecules of pure and N- fullerenes with an adsorption
energy (Ead) ranging from (- 0.44 to- 0.3), while (CH4) is a powerful chemisorption molecule on C20 and N- C20. The geometry
optimization and electronic properties of fullerene C20were investigated with the presence of gas molecules and their absence,
to understand the possibility of fullerene C 20 and N-fullerene C20to be used as a sensor to detect these gases leading to improve
the human health.
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Introduction
Recently, the emission of greenhouse gases, such as
CO, CO2 and CH4, has been increased so rapidly that
has caused a serious environmental problem, as well as
led to the elevation of earth temperature. Scientists pay
great attention in solving the problem of greenhouse
gases by separating them or concentrating them [1-3].
To date, various technologies have been developed for
gas separation/purification, like membrane separation,
absorption, cryogenic distillation and adsorption.
Among the above mentioned separation techniques,
adsorption has received intense interest due to its good
advantages: high energy efficiency, easily controlled
low cost [4-5]. Since the discovery of fullerenes [6],a
massive attention has been given to study their physical
and chemical properties [7].
*Corresponding author: E-mail: Ahmed.jhassan84@gmail.com

Many studies focused on their geometry [8], energetic
stability [7, 9-11], spectra [7, 12], and interactions with
other molecules. Both theoretical and experimental
investigations of fullerene molecules are very
challenging [9]. Moreover, some of the recently
published studiesreveal about the ability of fullerenes
especially C20 fullerene semiconductor in sensing,
adsorbing and reacting with some chemical species like
dipoles [13], dienes [3], hazardous air pollutants [14]
and aromatics [15]. The synthesis of macroscopic
amounts of fullerene C60 and fullerene C70, has
stimulated the scientific community who interested in
this field to study their chemical and physical properties
[16]. the bigger numbered carbon clusters (Cn with
n>20 ) have been suggested in many works to
correspond to a spheroidal cage [17-18], while smaller
carbon clusters (n<20) correspond to the linear chains
or monocyclic rings which are one of the most
chemically stable isomers [19-20]. For fullerene C20 the
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most chemically stable isomer can have a ring-shaped, a
bowl or a cage structure, depending on the
computational method. the bowl shaped C20 structure is
found to be more stable than the cage shaped by Huda
and co-workers[21].In the present study, DFT
calculations are performed to simulate the adsorption of
(CO, CO2and CH4) gas molecules on the surface of
fullerenes C20 bowl as well as N-C20 and investigated
their effect on the electronic propertiesof these surfaces.
It doubted that N incorporation alters the structure of

A. j. Hassan

fullerene at the same time it will upgrade its quality as
a gas sensor [22].
Result and Discussion
In this work calculation starts with a pure fullerene
C20 bowl, the optimum bond length for C- C is about
1.43Å for pure fullerene as depicted in Figure 1 (a),
which is in agreement with previous results [23-25].

Figure 1: the optimized structure of (a) pure fullerenebowl and (b) N-fullerene andits densityofstates(DOS).

Doping fullerene with nitrogen atoms are efficient
ways to improve the electronic and structural
characteristics of pure fullerene. The C atom is
substituted with N atom. N- Fullerene retains the planar
form of fullerene after full relaxation and their
corresponding model as shown in Figure 1 (b). The
bond length of C- N for N doped fullerene is about
1.39Å, which is smaller than that of C - C bond length
1.41Å in fullerene C20. However, there is no distortion
or defect in the fullerene C20 bowl. The results of this
work are consistent with previous work that confirmed
planar structure of N-fullerene [26]. Table 1 explains
the electronic properties of pure fullerene and the effect
of N - doping to fullerene, where (HOMO) and

(LUMO) energies and also the DOS analysis values
were used for their.
Table 1: Calculated values of the electronic energies of
purefullerene and nitrogen - doped fullerene.
System (e.V)
EHOMO
ELUMO
Eg
EF

pure fullerene
-7.31
-3.51
3.79
-5.41

N-fullerene
-5.87
-3.36
2.24
-4.75

The computed Eg for N- fullerene are smaller than the
pure one. It's well known that the nitrogen atom
contains one extra electron than carbon atom; therefore
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the system displays electron doping properties. In the
electron doping, more states are pulled below Fermi
energy level. Thus, it is possible to change the Eg of
fullerene by doping N atom, this can affect the
electronic characteristics of fullerene, as well, doping
causes an slight decrease in the DOS in the conduction
and valence levels in comparison with those of pure
fullerene C20 as shown in Figure 1 (b) where the main
peaks can be observed. The DOS for fullerene C20
shown in Figure 1 (a) where the conduction and valence
bands have the highest number of the degenerated states
is (7) for fullerene. It is evident that there are states
available for the occupation at the high DOS for a
specific energy level and no states can be occupied as a
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zero- DOS for energy level. We also studded adsorption
properties of fullerene C20 and N doped C20 to CO, CO2
and CH4. Figures 2 and 3 and Table 3 show the most
stable adsorption structures and corresponding data for
one gas molecule adsorption on N-C20. Three molecules
were placed initially on sites on fullerene (parallel to
fullerenes C20), then after doping it is found that all the
gas molecules tend to adsorb near the dopant (N atoms)
site due to its high adsorption activity. CO and CO2
interact with C20 and N-C20 with physisorption, due to
the polyvalent properties of the nitrogen atom.

Table 2: Electronic and Structural properties of different gases adsorbed on pure and nitrogen-doped fullerenes
System(eV)

Gas

Ead

Eg

EHOMA

ELUMO

EF

Pure fullerenes

CO

-0.42

3.81

-7.27

-3.45

-5.36

CO2

-0.44

3.8

-7.28

-3.47

-5.37

CH4

3.25

2.67

-6.9

-4.23

-5.57

CO

-0.3

2.42

-5.98

-3.55

-4.77

CO2

-0.32

2.41

-5.96

-3.54

-4.75

CH4

29.6

2.32

-6.27

-3.94

-5.11

N- fullerenes

The chemisorption between molecule CH4 and the
fullerene and N-fullerene surface in the adsorption
process causes breakage of CH4 molecule structure,
thus reducing the usability of the fullerene gas sensor,
because it impedes the absorption of the gas molecule.
The adsorption distance between the gas molecules (
CO, CO2, and CH4) and the pure fullerene are 2.01 Å
, 2.01 Å and 2.0 Å, respectively and the adsorption
distance for above gases on N-C20 are 2.00 Å, 2.01 Å
and 2.00 Å respectively. It can be noticed from Table
2, the Eg for adsorbed pure C20 of molecules (CO and
CO2) is larger than those of C20, this indicates that Eg
increases with the adsorbed pure C20 except Eg at
molecules (CH4) it decrease, whereas the Eg for
adsorbed N- C20 of molecules (CO and CO2) is larger
than those of N – C20, this point out that the Eg
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increase with the adsorbed N–grapheme except Eg at
molecules (CH4). It has been found that the EHOMO and
ELUMO for adsorbed N – C20 are larger than N- C20,
conversely. The EHOMO and ELUMO for fullerene C20 at
adsorption are larger than the fullerene C20. The results
show the high value of EHOMO.
Thus, pure fullerene and nitrogen doped fullerenes
can be used in manufacturing sensors for the detection
of the molecules (CO, CO2 and CH4). The density of
states of molecules (CO, CO2 and CH4) adsorption on
pristine and N- fullerenes illustrated in Figures 2 and 3,
the Figure shows that the DOS of pristine with the
adsorption of gas molecules are different from the
pure, the highest of peaks becomes higher, i.e., the
conduction and valence bands are higher with the
highest number of the DOS, the adsorption of gas
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molecules on N- fullerenes are conformable with the
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DOS of N- fullerenes.

Figure 2: the optimized structure of gas molecules (a) CO, (b) CO2, (c) CH4 adsorbed on pure fullerene and its densityofstates
(DOS).
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Figure3: the optimized structure of gas molecules (a) CO, (b) CO2, (c) CH4 adsorbed on N-doped fullerene and its
densityofstates (DOS).

of fullerenes C20 bowl and N-doped the fullerenes,
based on the DFT calculations. The results of our
research are summarized that the adsorption of all gas
molecules on C20 and N-C20 undergoes a weak

Conclusions
This study has calculated the electronic properties of
adsorption CO, CO2and CH4 molecules on the surface
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physisorption interaction with a moderate adsorption
energy, except of CH4 has higher adsorption energy
with the adsorption a strong chemisorption. Our
results reveal that the electronic properties of
fullerene could be modified by nitrogen doping and
molecule adsorption, Thus can be used to design
nanostructure as chemical sensors, and fullerene and
N-fullerene could be used to build sensors for the
detection to purify the air of pollutants
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Computational details
A fullerene C20 bowl was selected as a model for this
study, which consists of five hexagons and one
pentagon, as seen in Figure 1. All quantum
calculations are performed using DFT , the geometric
structures were completely optimized using Gaussian
09 program package [27-28]. The system consist (20)
carbon atoms of fullerene as well as N- C20 was
created, where the doping ratio reached 5 %.The Ead
of molecules on the C20 (E ad (gas+ C20)) and N- C20 Ead
(gas+ N-C20) is defined as:
Ead

(gas+ C20)

= E(gas+ C20) - (E C20

+ Egas)

……. (1)
Ead

(gas+ N-C20 )=
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E(gas+ N-C20) - (E N-C20 + Egas)
..…… (2)

Where: E(gas+C20 ) and E (gas+ N-C20) are represent
total energies of the gas molecules on the C20 and
N- C20 respectively , E C20 and E N- C20 are represent
the energies of isolated C20 and N- C20 and Egas is the
energy of isolated gas molecule. The diversity of
relative energy of the highest occupied (HOMO)and
the lowest unoccupied molecular orbital (LUMO) of
free N- fullerene C20 and adsorbed molecule on Nfullerene C20 demonstrated the mechanism of
interaction [29].
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