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Methods

First-principles DFT calculations were performed within the generalized—gradient
approximation (GGA) implemented in the DMol3 software. The Perdew, Burke, and
Ernzerhof (PBE) exchange—correlation functional is wused. All fullerenyne
nanostructures are optimized without any symmetry constraints. Double numerical
basis sets including polarization functions on all atoms (DNP) are used in the
calculations."” The DNP basis set corresponds to a double—¢  quality basis set with a
p—type polarization function added to hydrogen and d-type polarization functions
added to heavier atoms. The global cutoff radius is set to be 3.7 A. The convergence
criteria applied during geometry optimization is 1.0 x 107° Hartree for energy. All
atoms are relaxed until the force on each atom is less than 0.002 Ha/A. Smearing of
0.0001 Ha is used for these systems to accelerate SCF convergence. For corroborating
the stable structures, the vibrational frequency calculations have been performed,
which further verify the true minima of the potential energy surface of all
nanostructures. In addition, the binding energy per atom is calculated in order to
analyze the relative stability of clusters with different structures.” We have defined the
average binding energy (E,) as the energy gained in assembling the fullerenyne
nanocages from its isolated constituent atoms. Hence, the binding energies of
fullerenynes are calculated by Equation:

E, =(NEc — Eqpen )/n ,
where E. is the sum of the energies of individual carbon atoms; E, is the total

energy of the system.
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The molecular dynamics simulation (MD), with the simulation package GULP,
was performed for Cos fullerene based on ReaxFF force field at temperatures 298K
and 300-1100 K. All simulations were performed under constant temperature and
constant volume (NVT) conditions. The semiclassical reactive force field (ReaxFF)
method by van Duin and co-workers® is apparently computationally much more
economical and enables the simulation on a nanosecond time scale. ReaxFF
energetics of m-conjugated species are generally in good agreement with quantum
chemical DFT benchmark data by virtue of the empirical parametrization.” Cog
fullerene was allowed to equilibrate for 4000 ps with a time step of 1 fs. We simulated
the Cy¢ fullerene at 100 K intervals from 300 K to 1100 K. In addition, we calculated

the production stage of MD simulation for 5000 ps in this study.
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D, E,=6.178eV C, E,=6.571eV

Fig. S1 All sp-sp? hybridized fullerenyne models from Cy4 to Cio with different
symmetry groups and binding energies, and the corresponding closest (in molecular
weight) non-sp-sp® hybridized fullerene structures. The green carbon models and pink
carbon models present fullerenyne and fullerene, respectively. Herein, the
corresponding closest non-sp-sp® hybridized fullerene structures are very stable from

the available reports®’.
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Table S1. All the fullerenynes (C,) with the corresponding symmetry groups and

energy gaps (eV).

Ca Symmetry group Energy gap (eV)
Coa D34 1.44
Cse Dan 0.52
Cas Dan 0.55
Cas Ty 1.30
Ceo Dan 1.30
Ceo Cs 0.48
Crn Co 0.52
Crn Dan 0.85
Csa Cs 0.76
Cos On 0.74
Cos C, 0.51
Cios Dan 0.50
Cizo Csy 0.50
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The xyz coordinate of Cos fullernenyne with Oy symmetry group is presented.
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