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Theoretical Design of the Qubit Molecular Device made by

Enclosing a Single Atom in a Nanocarbon Tetrahedron

oSayako Okumura, Shigeru Ishikawa
Department of Chemistry, Tokai University, Japan

[Abstract] We propose a tetrahedron-shaped nanocarbon for the qubit molecular device that
uses a single atom having nuclear or electron spins. We use a truncated tetrahedron hydrocarbon
as a host of the atom. The atoms enclosed in this molecule are *He with the nuclear spin | = 1/2,
2INe with I = 3/2, and **N with the electron spin S = 3/2 and | = 1. The binding energies of He,
Ne, and N atoms calculated by the MP2/cc-pVTZ method are —14, -39, and —118 meV,
respectively. The occupancy of the atom is evaluated by the Langmuir isotherm. The electronic
structure of the N atom enclosed in the molecule is similar to that of the isolated atom. The
unpaired electrons still remain on the N atom after enclosing. The charge and spin density of
the N atom enclosed in the molecule are —0.010 and 2.97, respectively.
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Table 1. Characteristic pressure p, for He Table 2. Characteristic pressure p, for N
and Ne atoms. atom.
T/K Po/ bar T/K Po/ bar
He Ne 100 0.2
20 0.1 6.0x107 140 18.0
30 5.5 3.2x103 180 295.7
40 41.6 0.3 200 822.8
50 159.4 4.8
60 424.2 34.3
70 906.0 148.4
80 1673.9 465.5

Fig.1. Equilibrium structures in the Ne adoption process: OUT the structure adsorbing the Ne
atom outside the opening, TS the transition state of process, IN the structure adsorbing the Ne
atom inside the molecule.
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