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Small Endohedral Metallofullerenes: Exploration of the Structure and Growth Mechanism in the Ti@C2n (2n=26-50) Family
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Results and Discussion


Smaller fullerenes remain a largely unexplored class of all-carbon molecules that are predicted to exhibit fascinating properties due to the large degree of curvature and resulting highly pyramidalized carbon atoms in their structures. However, the curvature also renders the smallest fullerenes highly reactive, making them difficult to detect experimentally. Gas-phase attempts to investigate the smallest fullerenes by stabilization through cage encapsulation of a metal have been hindered by the complexity of mass spectra that result from vaporization experiments which include non-fullerene clusters, empty cages and metallofullerenes. The development of high resolution Fourier Transform Ion Cyclotron Resonance (FT-ICR) mass spectrometry has become the key factor to overcome that problem and investigate the formation of the smallest fullerene and the entire families of, up to now, missed endohedral fullerenes.
[image: image2.png]Figure 1. Relative abundance for the cluster cations generated from vaporization of Ti-doped graphite target under conditions that most efficiently favor the generation of endohedral metallofullerenes (top). Energy per atom (in eV) for the lowest-energy Ti@C2n isomers (2n=26-50), black dots; and their fit to an exponential decay function, blue line. The energies for the Ti@Td-C28(2) and Ti@D2-C44(89) are shown as red dots. The insets show the extra stability of these two isomers, matching the experimental relative abundances.

We report here a computational analysis using standard DFT calculations and Car–Parrinello MD simulations for the family of the titled compounds, aiming to identify the optimal cage for each endohedral fullerene and to unravel key aspects of the intriguing growth mechanisms of fullerenes. We show that all the optimal isomers from C26 to C50 are linked by a simple C2 insertion, with the exception of a few carbon cages that require an additional C2 rearrangement. The ingestion of a C2 unit is always an exergonic/exothermic process that can occur through a rather simple mechanism, with the most energetically demanding step corresponding to the closure of the carbon cage. The large formation abundance observed in mass spectra for Ti@C28 and Ti@C44 can be explained by the special electronic properties of these cages and their higher relative stabilities with respect to C2 reactivity. We further verify that extrusion of C atoms from an already closed fullerene is much more energetically demanding than forming the fullerene by a bottom-up mechanism. Independent of the formation mechanism, the present investigations strongly support that, among all the possible isomers, the most stable, smaller non-IPR carbon cages are formed, a conclusion that is also valid for medium and large cages.
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