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Stability and magnetic properties of Co—doped ZnSe clusters

CHEN Hong-Xia
(College of New Energy and Electronic Engineering, Yancheng Teachers University, Yancheng 224000, China)

Abstract: The structures, electronic and magnetic properties of (ZnSe),, clusters doped with one and
two Co atoms have been studied in term of a first—principles method. Substitutional, exohedral, and
endohedral dopings are considered. The exohedral isomer is found to be most favorable in energy for
monodoped clusters, while the endohedral isomer is found to be most favorable for bidoped clusters.
The magnetic moments are contributed mainly by the 3d component of Co atom, while the 4s and 4p or-
bitals also have certain contributions. Due to the hybridization interaction, a small magnetic moment is
induced in the nearest neighboring Se and Zn atoms. Most importantly, we demonstrate that the endohe-
dral bidoped (ZnSe);, clusters favor the ferromagnetic state, which has potential applications in
nanoscale quantum devices.
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Fig. 1 The optimized structures of monodoped (ZnSe):, clusters: big ball, Co atom; middle ball, Se

atom; small ball, Zn atom
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Tab. 1

The formation energies (E;, in eV/atom), HOMO—LUMO gaps (Gap, in eV), and frag-

mentation energies (AE) and AE,, in eV) of various monodoped (ZnSe),. clusters. The total

magnetic moments (g, in #p), magnetic moments (g, in pus) of Co atom and the bonding

Zn, Se atoms (1 and g, in ug) in these clusters are also shown.

24 Mot
E; Gap AE, AE, m ne
4s 4p 3d total
Al —2.551 1. 25 1. 68 0. 00 / 0. 45 0.061 0.081  2.299 2. 44 3
A2 —2.552 0. 68 1. 69 0.01 0.11 0. 34 0.507 0.101  1.944 2.55 3
A3 —2.557 0. 81 1. 82 0.13 0.19 0. 28 0.108 0.111 2.194 2.41 3
A4 —2.533 0. 84 1.24 —0. 44 0. 15 0. 17 0.230 0.111 2.226 2.57 3
A5 —2.575 1. 03 2.24 0. 56 —0.11 —0.04 0.005 0.015 1.201 1.22 1
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Fig. 2 The optimized structures of substitutional bidoped (ZnSe);, clusters
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Tab. 2 The distances of two Co atoms (d, in /o\) , formation energies (E;, in eV/atom), HOMO—LUMO

gaps (Gap, in eV), and total magnetic moments (g, in us) of substitutional bidoped (ZnSe):;

clusters. The magnetic moments (u, in ps) of Co atom and the bonding Se atoms (g2, in uz) in

these clusters are also shown

d Ex Gap 72 P ot d E; Gap 72 o ot
2.04
Bl 2.37 —2.618 0. 57 0.13 1 61 4 2.62 —2.639 1. 33 0 2. 14 0
B2 3.76 —2.624 1.03 0.76 2. 48 6 3.08 —2.626 1.02 0.12 2.33 0
B3 5.52 —2.622 1.13 0.43 2.48 6 5. 39 —2.620 1. 09 —0. 33 2.45 0
B4 5.70 —2.617 0. 96 0. 67 2.45 6 5.75 —2.619 1. 26 0 2. 43 0
B5 6. 45 —2.623 1.12 0.72 2.45 6 6. 45 —2.624 1.28 0 2. 44 0

c4

B3 SRS E LM
Fig. 3 The optimized structures of exohedral bidoped (ZnSe);, clusters
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Tab. 3 The distances of two Co atoms (d, in A) , formation energies (E;, in eV/atom), HOMO—LUMO gaps

(Gap, in eV), and total magnetic moments (g, in uz) of exohedral bidoped (ZnSe)1, clusters. The mag-

netic moments (z, in ) of Co atom and the bonding Zn and Se atoms (g1 and g, in ) in these clusters

are also shown

d E; Gap m 72 2 ot d E; Gap 3 22 7 ot

Cl 2.45 —2.443 0.81 —0.07 0.17 1.95 4 2.54 —2.443 1.11 —0.04 0. 04 1. 81 0

C2  4.68 —2.472 1.02 0.01 0.19 1.91 4 4.70  —2.472 1.07 0.01 —0.04 1.92 0

C3  6.24 —2.434 1.15 —0.23 —0.07 1.20 2 6.24 —2.434 1.18 0 —0. 01 1. 20 0

C4 828 —2.427 0.8 —0.28 —0.11 1.24 2 8.52 —2.427 1.11 —o0.01 0 1. 20 0
2.40 2.40

C5 8.48 —2.424 0.66 0.09 0.25 4 8.47 —2.424 0.65 0. 30 0.32 2
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dral bidoped (ZnSe),, cluster
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Tab. 4 The distances of two Co atoms (d, in A) , formation energies (E(, in eV/atom), HOMO—LUMO
gaps (Gap, in eV), and total magnetic moments (g0 4 in ) of endohedral bidoped (ZnSe),. clus-

ters. The magnetic moments (g, in ug) of Co atom and the bonding Zn snd Se atoms (g and s,

in 45) in these clusters are also shown

/M
d E; Gap m n ot
4s 4p 3d total
BRI 2.37 —2.493 .19  —0.10 0.15 4 0. 031 0. 031 1.912 1.98
SERRERS 2. 40 —2. 486 0.01 0 0 0 0.065  0.038 1. 811 1.92
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