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Fig. 1. (color online) (a) Side view and (b) top view of the optimized ZnO nanowires. The dashed rectangle

represents the supercell adopted in the calculations, which contains 96 atoms, composing of 48 Zn atoms

and 48 O atoms.
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Fig. 2. (color online) (I)-(VI) Six different configurations of the optimized Gd-doped ZnO nanowires and
(VII) the Gd-doped ZnO nanowires with one oxygen vacancy.

#1 GdaZngeO4s fl GdaZngsO47 HUKLKHERE &7 DY e
Table 1. The magnetic coupling states and forming energies of the Gd2Znss0O48 and Gd2ZngeO47 nanowires.

BT 1 11 111 v A% VI VII
WA P& AFM AFM FM FM FM FM AFM
E¢/eV —9.223 —9.203 —9.171 —8.981 —8.791 —8.781 —0.73

F2 G I PSR B S I BRGNS i & Z IR I BE B 22 AE SV BGRE Fe
Table 2. The energy difference AE between FM and AFM states, as well as the forming energies Ef of

configuration III with different electron charges.

NG 05e 1.0 e 15e 20 e 0.5h 1.0h 15h 20h O
AE/meV 2 160 20 —12 -3 —-10 -8 —51 —17
E¢/eV -10.162 —10.931 —11.703 —12.323 —7.967 —5.527 —4.867 —3.036 —0.73

BARTRATAEAS T E45 B GdyZnggOus 9N
KEn] LR RERIEYE, (B2 RER AE R/, [A I
ANFEB S TR RE 2 18] ) 22 3 L B0, R gk

WG AR g, B PASEEG = F il 4 1 Gd $:4% ZnO
TR25 5 B AR MG M. Ungureanu 45 & PLLE 5256
AR GO AL IR ) 2 G R i 2, 5] N AL
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Fig. 3. (a) The spin density (Ap = pT —pl) of config-
uration III with one extra electron. The yellow means
Ap > 0, while the blue means Ap < 0; (b) projected

density of states.
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Magnetic coupling properties of Gd-doped ZnO
nanowires studied by first-principles calculations”
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Abstract

Magnetic coupling properties of Gd-doped ZnO nanowires are studied theoretically by using first-principles calcu-
lations. Several positions of Zn atoms that may be substituted by Gd atoms in ZnO nanowires are discussed. Numerical
results show that the magnetic coupling is ferromagnetic when the two Gd atoms doped in ZnO nanowires are near each
other. Injection of suitable amount of electrons can enforce these ferromagnetic properties in Gd-doped ZnO nanowires.
It is also found that s-f coupling becomes remarkable when the Gd atoms are doped in ZnO nanowires, making the
ferromagnetic coupling state more stable than the anti-ferromagnetic coupling state, and this is also the mechanism to
elucidate the origination of ferromagnetic state in Gd-doped ZnO nanowires in experiments. These results will give a

theoretical support for those who found experimentally that Gd-doped ZnO nanowires show ferromagnetic properties.

Keywords: Gd-doped ZnO nanowire, magnetic coupling, first-principles calculations
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