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Magnetic moments of the carbododecahedron (C2o fullerene) with charges from (-5) to
(+4) (in units of the elementary charge e) were calculated by linear combination of
atomic orbitals method at the density functional level. It is established that the C20 in the
charge state (-1) and the multiplicity 2 has the lowest total energy, while for charge states
(-4), (-2) and (+4) the magnetic moment of |j = 2UB (HB is the Bohr magneton) is found.
Depending on the charge state and the multiplicity, carbon bonds and the h symmetry of
the starting structure of the C2o can change substantially. Neutral C2o may have u = 2(iB.

1. Introduction

Following the discovery of the smallest fullerene C20 [1], the models of different
fullerene formation involving C20 become more reasonable. Experimentally
observed nanotubes (5,0) have the same diameter as the C20 [2]. Calculations [3]
show anomalous thermal stability of carbododecahedron cage. The path of C2o
fullerene formation in the plasma-arc discharge proposed in [4] is consistent
with the kinetic models [5,6]. Note, that small fullerenes as electron acceptors
are promising for applications in organic photovoltaics [7,8] and medicine [9].

The analysis of the survey [10] on the prospects of molecular magnetism
and data from [11] on features of magnetism of nanoparticles and their
experimental production leads to the question of magnetic states of a charged
C20. By ab initio calculations [12] it have been shown that carbododecahedron in
the ground state with different spin configurations can have a magnetic moment,
while there is a distortion of the starting symmetry due to the Coulomb
distortion and the Jahn-Teller effect. Changes in symmetry of the
carbododecahedron are also discussed [13]. The purpose of the paper is to
investigate theoretically stability of C20 fullerene in different charge and
magnetic states.

2. Calculation details

For quantum chemical calculations the linear combination of atomic orbitals
(LCAO) method realized in software package Gaussian 09 [14] was chosen as
the most suitable and widely used for calculating the properties of molecules or
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clusters. The calculations were performed within the hybrid functional
exchange-correlation UB3LYP (unrestricted Becke, Lee, Yang, and Parr)
potential and basis wave functions 6-31G (d, p) for open electron shells. In the
calculations a full optimization of C20 molecule structure with the given charge
state Q and multiplicity M was performed (with an accuracy in energy of
0.01 eV per molecule). For the purpose of optimization we used a quasi-Newton
ion relaxation implemented in the Broyden-Fletcher-Goldfarb-Shanno method.
The calculations were carried out for the charge states of carbododecahedron
from
(-5) to (+4) with the lh icosahedral (dodecahedral) starting point group
symmetry. For the charge state (+5) we could not find stable configurations.

3. Results and discussion

The magnetic moment u is defined as u = (Af - l)|iB, where \iB is Bohr
magneton and M is the multiplicity. For each charge state the calculations of the
C20 with multiplicity corresponding to the minimum total energy of molecule is
present in Figs. 1 and 2. The charge states (-3, -2, - 1 , 0, +2, +4) shown in Figs. 1
and 2 are stable (which were confirmed by the absence of imaginary frequencies
in IR-spectrum), while the charge states (-5, -4, +1, +3) are metastable. Figs, la
and lb show the calculation results of the magnetic moments and the
corresponding total energy difference with respect to the minimum energy
(£UB3LYP = -20.722 keV), which belongs to the charge state (-1) of the C20

molecule. This fact may be attributed to the acceptor properties of all carbon
fullerenes and nanotubes [7]. The neutral carbododecahedron in the triplet state
has almost the same total energy with respect to the singlet state, and the
difference between these energies is about 0.07 eV. Therefore, the C2o molecule
could probably have a magnetic moment of 2 \iB (see, e.g., [12]). It is shown in
[12] that Coulomb interactions may cause the magnetic moment formation in the
neutral C20. Fig. 1 shows that for the charge states (-4), (-2) and (+4) the
magnetic moment \i = 2|iB- Note, that the energy difference between
H0M0-LUM0 for the neutral singlet state C2O is 1.948 eV, which agrees with
the results of calculations given in [15] (1.93 eV for C20 isomer in the form of
"cage").

The dependence of the optimized average C-C bond lengths (a total of
30 bonds in the molecule) with respect to the charge state is shown in Fig. 2.
Note, that for Q ± +2e the C20 has different bond lengths that break its starting lh
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Figure 1. (a) The dependence of the magnetic moments |i (in units of the Bohr magneton (iB) of C20
molecule with respect to the charge Q (in units of the elementary charge e)\ (b) the dependence of the

energy difference AE = E(Q) - E(-\e) on the charge Q.
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Figure 2. Dependence of the optimized average length of C-C bonds of the C20 molecule on the
charge Q, corresponding symmetry point group Cf, Cy, and h are indicated; magnetic moments and

energies correspond to the states shown in Fig. 1.

symmetry. The symmetry of the carbododecahedron decreases to C^ or Q. The
lh symmetry for Q-Vle is preserved contrary to the results obtained by
semi-empirical PM3 method in [16], where the symmetry was lowered to D3.
The stability of the C2o in the charge state (+2) may be attributed to the closed
7C-electron shells and the number of 7C-electrons which is equal to 18 and satisfies
the Hiickel rule [ 17]: An + 2, where n = 0, 1, 2,...

4. Conclusion

On the basis of calculations by the LCAO method realized in Gaussian 09 the
stable structures of carbododecahedron in different charge states from (-5) to
(+4) have been revealed. It was established that in the charge state (-1) with
multiplicity M = 2 and magnetic moment 1 \iB the carbododecahedron has the
lowest total energy. The neutral carbododecahedron has almost equal energies in
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singlet and triplet states, so the C2o may have a magnetic moment (u = 2|AB) (see
also [12]), or does not have any (u = 0).

The calculations show that the lh symmetry of the carbododecahedron is
reduced to Clh or C, for all charge states under consideration, except for the
charge state (+2). Semi-empirical and ab initio methods give different results in
calculations of stable states of the carbododecahedron with charge (+2): in the
calculation by LCAO method the highest lh symmetry is preserved, but in the
calculation by PM3 method the highest symmetry is lowered to D3 [16].
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