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ABSTRACT

In this paper, we have studied stability, structural and electronic properties of Endohedral fullerene Cgy-X3N (X =
Ti, Zr, Hf) by using HF/6-31 G as the basis set. In the first step, we have done geometrical optimization. After
optimization, we have done different type of calculations. It is found that the XsN molecule is more compact when
the X3N is seated in the center of the C80 cage due to transfer of e ectrons from X;N to C80.
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INTRODUCTION

Nowadays, the interest in nanoscale materialsdyzdly increased due to their positive use in uasitechnical and
scientific researches relating on the energy, envirent, and biomedical fields. Carbon is one ofrtiust amazing
elements with a vast range of exotic propertiegs€tproperties have shed the light on carbon-haseaktructures,
such as fullerenes [1], carbon nanotubes [2], aadhgene [3]. Since its discovery in 1985 (Nobek®rn 1996) [1],
the subject of fullerene molecule C60, the closageccarbon molecules, has attracted immense ihtares
attention due to its fascinating chemical and pdaigproperties [4—7]. Cislowski found that C60 cageld act as a
polarizable sphere that stabilizes the polar mdéscand destabilizes the non-polar (or weakly padaes. These
results indicate that formation of the endohedaahglexes, from nonpolar or slightly polar molecutesh as H2,
N2 and CO separated molecules is an endothermaegso The C60 can stabilize molecules such as R ih
encased inside its skeleton [8]. Pupysheva etuied the possible structure and stability of niK2060 where n
represents the number of H20 molecules encapsuiat€®0 [9]. Ren and Liu [10] investigated the ehedral
complex of fullerene C60 with N4 using hybrid DFTIBA functional in conjunction with 6-31G (d) bassts.
Their results prove that formation of the endohkdoanplexes consisting of N4 and C60 is an endatieeprocess
with destabilization energies of 37.92 kcal/mol][1Bhameema et al. studied the encapsulation oécutd NH3
inside the C60 cage [11]. Ganji et al. studiedpbssibility of formation of endohedral complexes\#i3 and C60.
The DFT calculations showed that maximum of 7 amimanolecules inside the C60 cage have metastable
structures [12].

As a part of our ongoing work [13-16], here in tigiaper, we have done a theoretical study on thetreléc
structure and stability of X3N@C80 (X = Ti, Zr, HiVe hope that XAN@C80 species is sufficientlylgtadnd our
results may provide a suitable path for furtheregipental analysis.
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MATERIALS AND METHODS

Computational methods
The theoretical methods used in this study weredas ab-initio methods within the Hartree Fockragpnation
using HF/6-31 G as the basis set in Gaussian 0%ands View software package [17, 18].

RESULTS AND DISCUSSION

Firstly we have modeled the structures which avermiin figure 1 and 2 while optimized structures gshown in
figures 3 and 4. The first step of calculation vz geometry optimization which was followed by #iegle-point
MO and energy calculation. Stability of the modelas evaluated byEt, the difference of total energy (Et)
between the resulting model and the starting ote. drevious experimental researches showed theastvery
difficult to obtain C80-lh and C80-D5h in quantitgcause of their low stability, but the endohe@®0 with rare
earth metal atoms or their nitride had the incréasability that made it possible to prepare thesdohedral
fullerenes quantitatively [19]. It can be seen friva optimized geometric structures of X3N@C80 iguFe 3 that
X3N (X = Ti, Hf) has the plane form in both of C&-and C80-D5h, but Zr3N has the pyramid form, vhahic
resembles the previous XRD measurement of GA3N@K$RO]. In the optimized X3N@C80 models the bond
lengths of Ti-N and Hf-N were shortened from thaddree X3N, but that of Zr-N increased as seetainie 1.
Similar results were obtained by in literature [21]

X3N@C80-Ih X3N@C80-D5h

Fig-1 Models of X3N@C80
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Fig -3 Optimized structures of some X3AN@C80
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HiZr2@C80-Ih HR2ZrN@C80-Th TiZr2N@C80-Ih

Fig -4 Optimized structures of mixed X3N@C80-lh

From the electronic structures calculated fromapemized geometry, it was found out that the pesitharge of X
atoms was increased and the negative charge obMN décreased in the cluster fullerene compared thitbe in
free X3N, which shows more portions of electronXdfansferred to fullerene cage than those tdmMTable 2, C-
means the carbon atom with the maximum negativegehamong those of the fullerene cage. Changeseof t
electronic structure of the cluster fullerenes bgapsulation of X3N were different according toittgeometric
symmetry. In X3N@C80-Ih, its dipole moment) (and the maximum negative atomic chargé)Y@mong 80
carbon atoms increased, but in X3N@C80- Dphwas decreased and“Qdecreased or unchanged. Both of
Zr3AN@C80- Ih and Zr3N@C80- D5h had much larger ipmoment than others because in these cluster-
fullerenes N atom was located over the Y-Y-Y plane,forming the plane structure like others, buirimg the
pyramid structure. In case of the empty C80 withg8N, C80-D5h was a bit more stable than C80-Ilsefting
X3N (X = Ti, Hf) into C80 made the fullerene mor&alde, especially in C80-lh. But Zr3N made bothG80
isomers ( Ih and D5h ) unstable, more apparentl@80-D5h. as shown in Table 3. To simplify the peof, the
entire fullerene cages discussed below was fixe@&GIh. Figure 5 shows the optimized geometriadtires of
the mixed X3AN@C80, where most of the mixed X3N ttzel plane form, but the mixed X3N containing two Zr
atoms, Zr2TIN@C80 and Zr2HfN@C80, had the pyramoiunf In table 4 AHf (heat of formation) andEt of the
mixed X3N@C80 shows that the more portions of ebe transferred from the mixed X3N to C80, the enor
stability it obtained. It was already known thatide transfer £Q) from the encapsulated cluster to the fullerene
cage is the main reason of the stabilization ofdluster-fullerene. From the above results, it i@asd out that
more portions of Ti and Hf in the mixed X3N offdrigher stability to their mixed X3N@C80, but morerdakes it
unstable.

Table 1 Bond lengths (A) in free X3N and X3N@C80

Fullerene C8C-lh C8C-D5h
X Ti Zr Hf Ti Zr Hf
X-Ninfree X3N | 2.435| 2.107| 2.86§ 2435 2.1Q7 2.8p5
X-Nin X3N@C80 | 1.897 | 2.327] 1.764 1.80F 2.334 1.7p3
X-C (the nearest) | 2.358 | 2.649| 2.584 2.33p 2.606 2.5p5

Table 2 The electronic structures of C80 and RE3N@&D

Fullerene | X | p (D) Atomic charge

X N C
- 1 0.012 - - -0.056
Ti | 0.121| 2.009 | -1.698 | -0.223
C80-lh Zr | 2.645| 1.356 | -1.198 | -0.159
Hf | 0.027| 1.715| -1.356 | -0.113
- | 4974 - - -0.213
C80-D5h | Ti | 0.46¢ | 2.02: | -1.69< | -0.22¢
Zr | 1.92¢ | 1.117 | -1.24% | -0.17€
Hf | 0.017 | 1.763| -1.397 | -0.123
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Table 3 Total energy (eV) of X3AN@C80

C80-1h C80-D5h
X | Starting | Resulting | AEt | Starting | Resulting | AEt
state state state state

Ti | -10005.9| -10010.t | -4.8 | -10104.c | -10104.t | -04
Zr | -10079.t | -10071.¢ 7.8 | -10072.( | -10059.. | 11.7
Hf | -10008.9| -10109.2 | -10.3 | -10008.4| -10104.0 | -5.6

Table 4 The electronic structure of mixed RESN@ C80h

X3N AHf (kJ-mol-1) | AEt (eV) t (eV) AQ (e)
HOMO | LUMO | X3N =C80
Ti2ZrN 4327 -1.03 -8.234 | -3.234 -3.927
Ti2HfN 3367 -4.98 -8.387 -3.764 -3.103
Zr2TiN 509¢ 4.2¢ -8.119 -3.651 -3.67¢
Zr2HfN 4478 3.97 -8.327 -4.059 -3.054
Hf2TiN 2799 -6.64 -8.467 -4.023 -3.112
Hf2ZrN 3303 -2.19 -8.327 -3.289 -3.121
TiZrHfN 3315 -0.95 -8.299 -3.589 -3.124
CONCLUSION

Rare earth atoms in X3AN@C80 are the strong eledmors to the fullerene cage. X3N (X=Ti, Zr) makbs
fullerene more stable, but Zr3N seems to be untblerfor it. These calculated properties of theotedral
fullerene may provide a reference for further ekpental analysis.

Finally, the Hartree Fock method shows that onabie to produce accurate spectroscopic and phydatal in a
very reasonable computation time. Despite the anbiicity effects, the Hartree Fock method is recanded in
research laboratories where large-scale supercemspate not available.
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