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Introduction Numerical results

In this work we study two new carbon allotropes consisting in a combination of sp? and sp”
hybridized atoms: single-ring novamene and protomene. We carry out a detailed compu-
tational analysis, based on DFT techniques, of their structural and electronic properties. We
analyze their structural stability, finding that these new allotropes are just less stable than

The table shows some of the main energetic and structural results obtained with LDA
(GGA) simulations. The reference binding energy is the diamond one:
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diamond and graphite [1]. We investigate the possibility of induce a transition from metal- LDA Eglmm = —8.908 eV
lic to semiconductor regime, by switching the sp” to sp® with a small energy cost. We also diam
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suggest how hundreds new allotropes of carbon could arise by the combinations of simple
sp” carbon structures. We also present the results for diamond and graphite as a comparison.
Structural protomene  protomene novamene  Diamond Graphite
r ) parameters no dimers ground state ground state (GGA) (GGA)
GGA GGA GGA
Method S GeA) S
. . L . . Natoms per cell 24 48 52 2 4
To obtain a reliable equilibrium structure for the single-ring novamene and protomene, .
we resort to DFT simulations. We study the electronic structure by mean of the local N corner dimers B 4 B B B
density approximation (LDA) and of the generalized gradient approximation (GGA). A N central dimers — 2 2 — —
planz—waves l?a1515 is used w1tfh a lflmeltlc energly cutoff og 408beV, w1th stimdard glt.rasck)lft AE, [6V] 0.9713 0.1997 0.9979 0 00,1460
pseudopotentials to account tor the 1ls core electrons of carbon as implemented 1n the (0.1882) (0.1315) (0.1350) (0) (—0.3176)
Quantum Espresso package [2].
Band gap [eV] 0.000 3.380 0.336 4.220 0.000
L ) (0.000) (1.274) (0.371) (4.445)  (0.000)
a,b [pm] 807 807 842 352 243
r 3 (817) (816) (851) (357) (246)
Simulations ¢ [pm] 247 483 500 352 590
. s . . . . . (251) (498) (509) (357) (644)
e The starting point: initial rough configuration built from symmetries analysis.
Density kgm™3 3432 3512 3381 3649 2639
e Full relaxation of the nuclei positions allowing also the cell primitive vectors to change. (3303) (3338) (3248) (3055) (2366)
e Convergence conditions: Fo; < 4 pN, AE;y < 1073 eV.
e Flectron band and total energies are computed starting for the fully-relaxed structures. r .
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6 pairs of sp’ carbons can switch to sp?
hybridization and back with a small en-
ergy cost per dimer (LDA): 0.573 eV.
The removal of dimers closes the gap in
the electronic band structure (compare
with the No-dimers configurations).
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Single-ring novamene : : :
5 5 Simulated diffraction pattern
flﬁgle-m}?hrggvimene has an il.exagol?al Computed diffraction pattern of single-ring novamene and protomene crystal in their
1&12 Z;igg;s forrexll Oamgoiflgrggzlg;seﬂhg ground-state configuration. It will help experimental identification.
and 4 more atoms can switch from sp’ E— ' — T T
to sp? hybridization. The energy cost per T A=154 pm — Novamene | 1(§) o« |- 6. ~
dimer (LDA) is: 1.09 eV. 120+ — Protomene . q,G
Also in this case, The removal of dimers £ 100 -
closes the gap in the electronic band. % ,
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We report a structural study of two carbon allotropes of potential interest for application in
. 2 opto-electronics. In what follows we resume the main results:
e Both the allotropes show stability properties comparable with those of natural carbon
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