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Fig. 1. (a) Relative energy of each CO nanotube; (b) the bond angle as a function of the diameter of each CO nanotube.
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Table 1.

Structural parameters of Tube-3—Tube-7, where di_( is bond length between carbon atoms, d- ¢ is bond length

between carbon atom and oxygen atom; total energy (Ei,) and cohesive energy (E,,,); electron transfer from carbon atom to

oxygen atom (Ccug—Ocnua)-

de /A de_o/A Ei/eV-CO™ Eeon/eV-CO™ Ccna—Ocua/e
Tube-3 1.53 1.40 14.61 0.16 0.99
Tube-4 1.58 1.40 -15.01 -0.24 0.99
Tube-5 1.58 1.41 -15.13 -0.36 0.98
Tube-6 1.61 1.41 -15.03 -0.25 0.95
Tube-7 1.64 1.40 -14.84 -0.07 0.96
Tube-8 1.67 1.40 -14.64 0.13 0.93
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Fig. 3. (a) Phonon spectra and (b) evolution of energy as a function of time during the molecular dynamics simulations at 300 K of

Tube-4— Tube-6.
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Table 2.

modes of nanometer tube bundles (in eV/CO).

Total energy of different dense packing

Bundles-4 Bundles-5 Bundles-6
Square -15.149 -15.268 -15.159
Hexagon -15.146 -15.276 -15.161
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Bl 4  Tube-4—Tube-6 44 K45 HEBR M B A 94K B RSG5 1

Fig. 4. Structure diagram of nanotube bundle.
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Abstract

The crystal structure of carbon monoxide has been studied for more than half a century. The internal
structures of low-pressure carbon monoxide crystals have been investigated by means of infrared analysis and
Raman analysis, and the internal structure of carbon monoxide has also been studied through computational
analysis. Previous studies showed that carbon monoxide can produce different phase transitions at different
pressures, and thus forming new polymers with new physical properties such as electrical, optical and
mechanical properties. In this paper, from first-principles calculations, we propose six nanotube structures made
of carbon monoxide, named Tube-3—Tube-8. The nanotubes are packed into the nanotube bundles, and carbon
monoxide nanotube bundle structures that are similar to carbon nanotube bundles are constructed by first-
principles calculation. We study the structural, energy and electronic properties of the nanotubes and nanotube
bundles. In order to evaluate the relative stability of the predicted nanotubes, we calculate the cohesive energy
and phonon spectrum, and we also carry out the molecular dynamics analysis. The results show that there are
three nanotubes (Tube-4—Tube-6) that are relatively stable, of which Tube-5 nanotube is the most stable phase.
We attribute the stability of Tube-5 to sp3-hybridized C atoms being nearest to the hybridized atoms of
diamond. Then we investigate nanotube bundles from the three stable nanotubes, and accordingly name them
Bundles-4 —Bundles-6. We calculate the enthalpy function under pressure and compare it with the enthalpy
function of several known carbon monoxide molecular crystal and chain crystal, which are the most stable
structures according to the current studies. More pleasingly, we find that these nanotube bundles are more
stable than these carbon monoxide molecular crystal and chain crystal at low pressure. In addition, by
calculating the energy bands of Tube-4 —Tube-6, we can deduce that these nanotube bundles (Bundles-4 —
Bundles-6) are all wide band gap semiconductors, which are entirely different from molecular and chain crystals
that are metals. We expect that the discovery of nanotube bundle structures will increase the diversity of
carbon monoxide crystal under low pressure, and provide a new understanding of exploring the internal

structure of carbon monoxide crystal.
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