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In this work, the theoretical investigations on the buckyball systems including
C20, Ca4, C26, Cas, C3pand Ci19Si were done to study the structures and properties
of different carbon nanoclusters. The geometries of all species were performed at
the B3LYP and PBEL1PBE levels using the 6-31+G (d) basis set. The HOMO-
LUMO energy gap, ionization potential, electron affinity, chemical potential,
electronegativity, global hardness and softness, electrophilicity and maximum
amount of electronic charge of studied clusters were computed. The results
showed that the computed electronic properties were considerable influenced by
the size of different carbon nanoclusters. The Si atom doped instead of the carbon
atom in Cyo Was investigated

1. Introduction

The use of nanomaterials is extensively increased in
many aspects [1]. A molecule of carbon in the shape of
a hollow sphere, ellipsoid, tube and many other forms, is
called buckyballs [2]. In 1985, Kroto and co-workers
discovered the first fullerene molecule that called
buckminsterfullerene (Ceo) [3]. The fullerene has opened
the new area of appropriate designing of nanomaterials
with full of novel attributes [4-7]. Important
thermodynamic  properties  including  ionization
potentials, electron affinity and other parameters have
been carried out on fullerene and its different derivatives
[8-12].

Experimental research of the vertical ionization
potentials of fullerene and its hydrogenated derivatives
namely CeoHis and CeoHszs have performed [8], which
the results indicated that the first ionization potentials of
the hydrogenated fullerenes are lower than that of the
fullerene Ceo. Recently, the theoretical study of size
dependence of ionization potential and dissociation
energies of neutral and charged carbon clusters (Cy;
n=40-70) have investigated at the B3LYP/6-31G(d)

level [9]. The fullerene Cso, Ceso and C7o have known as
magic number fullerenes, because of the largest
ionization potentials and dissociation energies. The aim
of this research is to investigate the effect of size on the
ionization potentials, electron affinities and other
electronic properties of different carbon clusters with
hybrid density functional B3LYP and PBE1PBE using
6-31+G(d) basis set at gas phase and latm pressure. It
has been shown that the size has notable influence on
the electronic properties of nanostructures.

2. Computational details

The ground state geometries were optimized at the
DFT level using the B3LYP and PBE1PBE functionals
and the 6-31+G(d) basis set. The energy required to
release an electron from the system at the ground state is
defined to the vertical ionization potentials (IP). The
energy difference between the neutral and the anionic
species is defined as the vertical electron affinity. The
quantum molecular descriptors for nanocarbons were
determined as follows:

Egap= ELumo- Eromo

1)
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H=(ELumo+ Enomo)/2 (2
Table 1. Different electronic properties at the B3LYP and
1= (ELumo- Eromo)/2 (3) PBE1PBE levels.
Structt Epomo  ErLumo Te IP EA Econ  Eco/A  Egap
o= p2 /21 (4) €v) (V) (au) (V) (V) (au) () (V)
Cx 550 -362 -76146798 7.78 -232 -49 0247 189
S=1/2n (5) Cxo ~-564 -347 -760.64400 691 -237 -62 -0.308 217
ANmax= -u/Mm 6) Cu -608 -430 -913.86587 7.47 -2.98 -7.0 -0.293 178
Cu 624 -419 -91287402 517 -306 -75 -0312 205
The electronegativity (y) is determined as the negative
amount of the chemical potential (n), as follows: x= -\ ¢, 607 -445 99008507 295 -334 -7.7 -0295 161
Furthermore, global hardness (1) can be approximated Cx -621 -438 -989.01166 247 -349 82 -0314 183
using the Koopmans theory. The electrophilicity (©) and
softr_less (S) were calculated from_Eqs.(4 and 5). Th_e C 6050 -464 100633200 226 351 B4 0208 141
maximum amount of the electronic charge, ANmax, IS Ci 622 -454 -106517908 210 -356 -89 -0317 168
given by Eq. (6) [13]. All calculations were performed
using the GAUSSIAN 03 program [14]. Co -618 -485 -114258672 209 -362 -90 -0.301 133
Cwo -635 -475 -1141.35229 205 -369 -96 ~-0.320 160
3. Results and discussion
The optimized geometries of different types of carbon  c.si 592 368 -101291445 747 241 ~ 294
clusters, Czo, Cas, Cas, Cos, Czoand CuoSi were presented  c,si -607 -353 -1011.99634 7.8 -2.43 255

(Fig. 1). Table 1 was presented the computed different
electronic properties at the B3LYP and PBE1PBE
levels.

Cos

Cso

C19Si

Fig. 1. Structure of different types of the carbon clusters: Ca,
Ca4, C26, C28, Cgpand CyoSi

3.1 Cohesive energy and HOMO-LUMO energy gap

The important quantity for understanding the trends in
the formation of fullerene-like molecules is the cohesive
energy, defined as the difference of the total molecular
energy and the sum of the energies of the isolated atoms
[15]. The cohesive energy from Cy to Cso calculated
with B3LYP and PBEIPBE are in the range from —4.9
to —9.0 a.u. and -6.2 to -9.6 a.u., respectively (Table 1).
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The DFT calculations indicated that the cohesive energy
increased when the size of the carbon nanoclusters
increased from Cy to Cso. The cohesive energy per atom
(in magnitude) also found to increase with increase in
the size of the carbon nanostructure. The results of
Table 1 also indicate that the PBELPBE cohesive
energies slightly overestimate in comparison with the
more reliable B3LYP ones.

The calculated HOMO-LUMO energy gaps for
nanostructures indicates that the HOMO-LUMO gaps
decrease from C20 to C30

In Table 1, all calculations indicate that C1eSi has the
largest HOMO-LUMO gap and is perhaps the most
stable isomeric structure with high chemical stability.
The HOMO-LUMO energy gap overestimate in the Si
atom doped instead of the carbon atom in Cy positive
slightly in comparison with the more reliable Cz ones.
We conclude that the present results suggest that with
changing the shape and size of carbon clusters one can
get material of different conducting properties i.e.
insulator, semiconductor or conductor.

The dipole moments of all studied nanostructures were
found to be zero

3.2 vertical ionization potentials (IP) and electron
affinities (EA)

The DFT calculations indicated that the vertical
ionization potentials (IP) increased when the carbon
nanoclusters size increased at both studied levels of
theory. The vertical ionization potentials were computed
as the energy required to release an electron from the
system at the ground state reference geometry. The
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computed vertical ionization potentials for Czo, Ca4, Cos,
Cas, C3z0 and Cy1oSi at were found to be 7.78, 7.47, 2.95,
2.26, 2.09 and 7.47eV with the B3LYP method and
6.91, 5.17, 2.47, 2.10, 2.05 and 7.18 eV with the
PBE1PBE level, respectively. The (IP) becomes more
positive in the order Czo > C19Si > C24 > C26 > C28 > Cao
(Table 1). Thus, the calculated values indicate that Cxo
has the largest vertical ionization potential and Thus, the
ionization potential is decreased in going from Cy to
other carbon nanostructures; the largest decrease is
revealed for the Cso structure at both studied functionals.

3.3 Electron affinities (EA):

The computed electron affinities (EA) of studied
systems were also computed at the B3LYP and
PBE1PBE levels. The calculations showed that the EA
decreased with the increase in the size of nanostructures.
The computed EA for Czo, C24, Cze, ng, Cso and ClgSi
with B3LYP functional at were found to be -2.32, -2.98,
-3.34, -3.51, -3.62 and -2.41 eV and with the PBE1PBE
level at were found to be -2.37, -3.06, -3.49, -3.56, -3.69
and -2.43 eV, espectively. For nanostructures, the
electron affinities becomes more negative in the order
Csp > Cug > Co6 > Cos > C19Si > Cyo. This is the order
with the increase in the size of nanostructures. Similar
results were also found in an earlier theoretical
investigation [15].

3.3 the electronegativity (y), chemical potential (u),
electrophilicity(w), global hardness (), softness(S) and
the maximum amount of electronic charge (ANmax)

Table 1 lists the calculated other parameters
including the electronegativity (), chemical potential
(1), electrophilicity(m), global hardness (1), softness(S)
and the maximum amount of electronic charge (ANmax)
for C20, C24, C26, C28, C30 and C19Si at the B3LYP
and PBEL1PBE functionals. For nanostructures, the
electronegativity (y), softness(S) and the maximum
amount of electronic charge (ANmax) Vvalues becomes
more pOSitiVG in the order Czp > Cyg > Cos > Cos > C1oSi
> Cz. The chemical potential (i) and hardness values
decreased in the order Czp < Cz < Cy < Ca < C1oSi <
C20. According to the results obtained from Table 1, the
electronegativity (), softness(S) and the maximum
amount of electronic charge (ANmax) Were increased
when the size of the carbon nanoclusters increased while
the chemical potential (u) and global hardness (1)
decreased when the size of the carbon nanoclusters
increased. The electrophilicity () not affected
significantly in the increase of the size of the carbon
nanoclusters. results showed that the cohesive energy
was increased when one silicon atom doped instead of a
carbon atom in Cy. The results showed that the total
energy (Te) was increased when one silicon atom doped
instead of a carbon atom in Cy. Other parameters like
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full carbon nanocluster, for B3LYP level including 1, o,
Egep and less than PBE1PBE level and for p and y are
equal and for IP, EA, S and ANmax more than PBE1PBE
level. Comparison studies between last theoretical work
about Cy and Cyhigh-level ab initio calculations
including B3LYP and PBELPBE levels [16] and our
paper were done and it indicated that calculated total
energies and relative energies had good agreement with
our results. At B3LYP and PBE1PBE methods gap
energy had reasonable relationship with cage forms of
Coo.

Table 2. Different electronic properties at the B3LYP
and PBE1PBE levels

Structure u X n ® S ANmax
€v) (V) (V) (V) (ev)  (eV)
Cx -456 456 094  0.0133 391.87  131.38
Cx -455 455 109 0.0152 34051 114.04
Ca -5.19 519 089  0.0162 41495  158.40
Ca -521 521 102 0.0188 361.13  138.47
Cu 526 526 081 0.0151 458.38  177.31
Cy 529 529 091 0.0173 404.76  157.58
Cas 535 535 070 0.0136 526.21  206.90
Cas -538 538 084 0.0165 439.42  173.88
Cao -551 551 066  0.0136 557.95  226.21
Cao -555 555 080 0.0167 462.66  188.96
C1oSi -480 480 112 0.0174 330.70  116.78
C1oSi -480 480 127 0.0198 290.35  102.46

Hydrogen atom energy at the B3LYP/6-31G(d) level is
0.50027 Hartree;.Eiso (C) =-37.7850283; Eiso(Si) =-
289.3313739

Hydrogen atom energy at the PBE1PBE/6-31G(d) level is
0.50027 Hartree; Eis, (C) =-37.7246732; Eisx (Si) = -
289.1824926

4. Conclusions

This paper presents the results of theoretical
investigations to determine the properties of different
size of carbon nanoclusters by using B3LYP and
PBELPBE levels at the 6-31+G* basis set. The
following conclusions can be drawn from the present
study:

1) Results show that with increase in the size of nano
structure at both studied levels; HOMO-LUMO energy,
vertical electron affinity, cohesive energy per atom,
chemical potential and global hardness decreased but
vertical ionization potentials, cohesive energy,
electronegativity, softness and maximum amount of
electronic charge increased and electrophilicity had no
reasonable outside among all sizes.

2) Finding clearly indicated that downtrend or uptrend
for all parameters was same and also different values of
energy were not significant at two levels.
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3) The total energy (Te) was increased when one silicon
atom doped instead of a carbon atom in Ca.

4) Finally, the total energy of C1eSi structure is similar
to Cys at both levels.
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