M. R. Benam,N. Shahtahmasbi,H. Arabshahi,Z.Zarei/ International Journal of Engineering
Research and Applications (IJERA) ISSN: 2248-9622 WWWw.ijera.com

Vol. 1, Issue 4, pp.2127-2131
First Principle Studies of Electronic Properties of
Nitrogen-doped Endohedral Fullerene

M. R. Benam,’N. Shahtahmasbi, *H. Arabshahi and Z.Zarei
'Department of Physics, Payame Noor University, P. O. Box: 19395-3697, Tehran, Iran.

“Nano Research Centre of Ferdowsi University of Mashhad, Mashhad, Iran.

Abstract : The electronic properties of C60 and encapsulated N@C60 has been studied within the Density
Functional Theory (DFT) and using SIESTA code. The calculation were performed using pseudopotential and
Generalized Gradient Approximation (GGA) for the exchange correlation potential. Our calculation of the band
structures and Density of State(DOS), for fcc lattice, show that the presence of a Nitrogen atom in the middle of
fullerene cage affects its electronic propertiec, specially the HOMO-LUMO band gap. The energy band gap of
N@C60 is much smaller than its value in C60, indicating increase in the conductivity of N@CG60.
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. INTRODUCTION

C60 is one of the carbon allotrope which has suitable and strong cage for filling it with atoms, molecules where
named endohedral. We can change its physical and chemical properties by inserting impurity in the center of
fullerene. It has been shown that their electrical properties depend on the kind of atom, ion, molecule that is inserted
as impurity [1-3].

In 1985, La atom trapped in C60 cage and was named La@C60, thereafter Y[4], Sc[5] and some small molecule
were encapsulated in fullerenes such as alkaline earth elementslike Be[6], Sr, Gd[7] and alkali metals like K and
tetravalent metals and etc. Since the impurities atoms push the electron density around the carbon atoms of fullerene,
these compounds are hamed endohedralmetallofullerenes.

The insertion of Nobel gases atoms and some other non-metal atoms in fullerene cage are much difficult
experimentally and such products are named non-metal doped fullerene because these impurities atoms absorb the
electron density of the carbon atoms. As a especial case it has been shown that N@C60 has a very interesting
electronic and transport properties [8]. For this reasons in the present work we study numerically the electronic
properties of C60 and N@C60 to see the effect of the presence of N atom in its electronic properties. We placed the
fullerene cages in afcc lattice sites and performed the band structure within the density functional and
pseudopotential using the SIESTA code. For the exchange correlation potential the Generalized Gradient
Approximation (GGA) was adopted. In the following we describe our method of calculation and the results.

Il. METHOD OF CALCULATIONS

We have used a linear scaling, fully self-consistent density functional method for performing first-principles
calculations, as implemented in SIESTA code [9-11].In our calculations we have used Density Functional Theory
(DFT) based on the work by Hohenberg and Kohn [12]and by Kohn and Sham [13].We have used Generalized
Gradient Approximation (GGA) for the exchange-correlation potential. In SIESTA code, core electrons which have
not considerable effect in chemical and electronic properties are replaced by efficient Troullier-
Martinspseudopotentials[14-15] in their fully separable form. In this code, Pseudo Atomic Orbitals (PAO's) basis set
[16] have been used for the expansion of the wave functions of valence electrons. These orbitals are constructed
from multiplying of a numerical radius function by an angular function with a definite m and | quantum numbers. In
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this study, we have calculated DOS and band gap energy of an encapsulated N@C60.From the available basis set in
the code, DZP (Double Zeta plus Polarization) was chosen.
We have used supercell approximation. The relaxed supercell wasafcc box with the length of 16.26 A°. The
diameter of C60 was 7.067 A°.
There is two important parameters in SIESAT code which should be optimized correctly for saving time and also to
have an acceptable precision in calculations. These parameters are Kgrid-cutoff and Mesh-cutoff energy.The Mesh-
Cutoff energy is used for the calculations in the plane wave expansion of potential integrals. According to the
converging of total energy with respect to Mesh-Cutoff energy (Fig.1) it was chosen to be 550 Ryd. The optimized
Kgrid-cutoff was chosen from converging total energy to be 7 A° .
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Figure 1. The change of total energy with Mesh-cutoff.

I1l. RESULTS AND DISCUSSION

The structure N@C60 molecule with the line of high symmetry in the first Brilloen Zone has been shown in Fig.
2. The length of single bond C—C and doble bond C=C,after relaxation, was 1.44 A" and 1.39 A°, respectively. These
results are in agreement with the other researcher’s results [17].

Figure 2. N@C60 molecule (left) and the first Brilloen Zone with the lines of high symmetry(right).
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The band structure and Density of State(DOS) of pure C60 has been shown in Fig. 3 and 4. We see that the distance
between its highest occupied molecular orbital (HOMO) and its lowest unoccupied molecular orbital (LUMO) is
about 1.63 eV which show pure C60 molecule have a semiconductor character. This energy gap is comparable with
the other researcher’s theoretical works which is 1.64[18] and 1.72[19]eV.
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Figure 3. Band structure of pure C60 with lattice constant 23A° . Fermi Energy has been set to zero.

600

500 —

400 —

300

200~

100 [~

-4 2 E, 2 4
NOS C60 23Ang

Figure 4. The calculated DOS of pure C60. Fermi Energy has been set to zero.

The results of band structure and DOS calculations for N@C60 are presented in figs .5 and 6, respectively. Here it is
clearly seen that the presence of N atom in the center of fullerene has dramatically changes the band structure by
creating two narrow bands near the Fermi energy which is an indication of higher conductivity compared with
C60.In conclusion the insertion of N atom in the centre of fullerene drastically changes the electronic and properties
of C60 considerably and therefore changes its conductivity.
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Figure 5. The calvulated band structure of N@C60.Fermi Energy has been set to zero.
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Figure 6. The calculated DOS of N@C60.Fermi Energy has been set to zero.
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