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Structures, electronic and magnetic properties of transition metal
doped ZnO nanowires
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Abstract: The gerometric structures, electronic and magnetic properties of the Co and Ni single doped
and double doped ZnO nanowires are systematically studied by using density functional theory. It is
found that the binding energies of the doped nanowires are negative, which indicates that the doping
process is an exothermic reaction. The Co atom tends to occupy the intermediate position, while the Ni
atom tends to occupy the surface position. All doped nanowires show direct band gap semiconductor be-
havior with the narrow energy gap. The magnetic moments of the nanowires mainly originate from the
3d orbitals of magnetic atoms. Two ferromagnetic and antiferromagnetic coupling states appear in the
Co-doped nanowires, while three ferromagnetic, antiferromagnetic and paramagnetic coupling states ap-
pear in the Ni-doped nanowires.
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Fig. 1 The top views of pristine and doped ZnO nanowires: the small, medium and big balls represent Zn, O and magnetic

atoms, respectively
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Tab. 1 The binding energies (E,,, in €V), band gaps (E, in €V) , total magnetic moments (g1 5 in ) 5 local charges (Q, in

a. u. ), and local magnetic moments (y, in pp) of magnetic atoms of pristine and monodoped ZnO nanowires. The

nearest-neighboring magnetic moments of O atoms and second nearest-neighboring magnetic moments of Zn atoms

(uo and pz » in pup) are also shown

Q p 270 M
0. 84 2. 65 0. 33 0. 06
0.79 2.61 0. 38 0. 04
0.91 1. 67 0.32 0.02
0. 82 1. 56 0. 39 0.03

Isomer E, E,
Co M-ZnO —2.735 0. 62
S-7ZnO —2.655 0. 66
Ni M-ZnO —1.672 0. 85
S-ZnO —2.007 1. 20
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Fig. 2 Electronic band structures of magnetic atom
monodoped ZnO nanowires
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Fig. 3 The PDOSs of magnetic atom monodoped
7Zn0 nanowires
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Tab. 2 The distances between two magnetic atoms (d, in A, binding energies (E), in €V), energy differences (AE, in
meV), total magnetic moments (o s in ) 5 local charges (Q, ina. u. ), and local magnetic moments (y, in pup) of

transition atoms in bidoped nanowires

Isomer
d Ey, Q M ot d E, Q " Mot AE
Co MM 3. 36 —5. 364 0. 83 2. 65 6 3.32 —5. 426 0. 83 2. 61 0 62
0.77 2. 60 0.76 2.52
MS 3.01 —5.354 6 3.03 —5.303 0 —50
0. 84 2. 64 0. 84 —2.59
SS 3. 39 —5.202 0.78 2.62 6 3.31 —5. 315 0.77 2. 56 0 112
Ni MM 3. 46 —3. 346 0. 90 1. 68 4 3. 44 —3.341 0. 89 1. 66 0 —5
0. 80 1. 56 0. 80 1.52
MS 2.95 —3.631 4 2.99 —3.610 0 —21
0. 90 1. 64 0. 90 —1.63
SS 3.28 —3.928 0. 82 1. 56 4 3.25 —4. 020 0. 81 1.51 0 92
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