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INTRODUCTION COMPUTATIONAL DETAILS

Fullerenes that violate the isolated pentagon rule (IPR) are highly reactive and were obtained
either as endo- or exohedral derivatives.! The strain energy in fullerenes is heightened by the
presence of pentagon triple formations. In this work the ten smallest tetrahedral fullerenes (C,,
labeled 1-10) containing fused triples of pentagonal rings are investigated by means of density
functional theory (DFT), along with their nitrogen-doped heterofullerene (C,_,N,, labeled 1N-
10N) and exohedral fullerene hydride (C,H,, labeled 1H-10H) counterparts.? The effect of
nitrogen doping and exohedral hydrogenation at the four reactive sites on the electronic and
structural properties is analyzed.

The geometry optimization of each cluster was performed with and without symmetry
constraints using B3LYP/6-31G(d). The gauge independent atomic orbital approach was applied
to calculate the nucleus-independent chemical shifts (NICS). The global and local aromaticity
(Table 1 and 2) was assessed by calculating the NICS values at the cage center, at the ring
centers (NICS0), as well as 1 A above and below the rings. The strain energy corresponding to
the distortion from planarity of the sp? hybridized carbon atoms was also evaluated, according
to the m-orbital axis vector (POAV) approach (Table 4). All DFT calculations were performed
using the Gaussian 09 software package.

According to the Hiickel theory, fullerenes C,q, C,o, C,¢ and C,,, have an open-shell electronic
configuration, where the HOMO orbitals are triply degenerate and are partially filled with two
electrons. To preserve their high-symmetry state, the HOMO orbitals of each open-shell
fullerene were populated with electrons, and all subsequent computational analyses were
conducted on the tetraanionic state.

Table 1. Predicted NICS values (in ppm) of the tetrahedral fullerenes 1-10.
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Figure 1. DFT optimized geometries and the corresponding Schlegel projections of the E(-1) 2015 =22.79 -22.38

investigated nitrogen-doped tetrahedral heterofullerenes. The positions of the heteroatoms or

hydrogen addition sites are indicated with blue spheres. The fused pentagon-triples are
highlighted with blue shading. Equivalent rings are labeled accordingly.
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Table 2. Predicted NICS values (in ppm) of the tetrahedral azafullerenes 1N-10N.

Table 3. Topologically equivalent rings in clusters, where the ring labeling corresponds to

those used in Figure 1.
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Table 4.
theory.

Global strain energy per carbon atom (kcal/mol) evaluated according to the POAV
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Figure 2. DFT results: binding energies per atom (BE/N, kcal/mol) and the HOMO-LUMO energy
gaps (E,,,, eV) as function of the cluster size.

CONCLUSIONS

The results indicate that the stability increases with the elimination of the energetically
unfavorable strain. No correlation was observed between the computed global NICS values and
gap energies. With heteroatom substitution the structures maintained or showed a significant
increase in the global aromatic character.
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