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Stability and magnetic properties of V-doped ZnSe clusters
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Abstract: The stabilities and magnetic properties of ZnSe clusters doped with one and two V atoms have

been studied in term of a first-principles method. Substitutional, exohedral, and endohedral doping

modes are considered. The exohedral isomers are found to be most favorable for both monodoped and bi-

doped clusters. Most importantly, the total magnetic moments of monodoped clusters are related to

dopping pisotion, which have potential utility in new material with tunable magnetic properties.
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The optimized structures of monodoped (ZnSe),, clusters. Big ball, V atom; middle ball, Se
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Tab.1 The formation energies (E,, in eV/atom), HOMO-LUMO gaps (Gap, in eV), and [ragmentation energies (AE;
and AE,, in eV) of various monodoped (ZnSe);; clusters. The total magnetic moment (o, in g ), magnetic mo-

ments (g, in gy) of V atom and the bonding Zn, Se atoms (g1 and gz, in pug) in these clusters are also shown

E; Gap AE, AE; 7 2] a s
4s 4p 3d total
Al 2.597 0.88 2.79 0.00 / 0. 20 0.182 0. 086 2.811 3.08 3
A2 —2.593 1. 40 2.68 —0.11 —0.09 —0.12 0.137 0.062 2.982 3.18 3
A3 —2.550 0.61 1.65 —1.15 —0.15 —0.09 0. 164 0. 031 3.047 3.24 3
A4 —2.605 1.05 2.98 0.19 0.02 —0.02 0.102 0.091 2.814 3.01 3
A5 —2.566 0.68 2.03 —0.76 0.29 0. 33 0.524 0.119 3.739 4.38 5
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Fig. 2 The optimized structures of substitutional bidoped (ZnO),, clusters
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Tab. 2 The distances of two V atoms (d, in /o\) , formation energies (E,, in eV/atom), HOMO-LUMO gaps (Gap, in
eV), and total magnetic moments (s, in up) of substitutional bidoped (ZnSe),. clusters. The magnetic moments

(g in pg) of V atom and the bonding Se atoms (g, in pg) in these clusters are also shown.

d E; Gap e Z ot d E; Gap e Z Mot
Bl 2.80  —2.710  0.80 —0.39 3.12 6 2.67  —2.715  1.04 0 2.58 0
B2 2.99  —2.709  0.50 —0.35 3.08 6 2.72  —2.716  0.65 0 2.16 0
B3 5.35  —2.703  0.70 —0.19 3.08 6 5.66  —2.703  0.86 —0. 22 3.08 0
B4 6.08  —2.703  0.83 —0.37 3.08 6 6.08  —2.703  0.88 0.03 3.08 0
B5 6.11  —2.703  0.76 —0. 40 3.08 6 6.11  —2.703  0.88 0 3.08 0

3.2.2 hMHBH REBRAENOAR. FEE IR BREES A BREIE . JFOR 878 RT3
T AP HAIFER A, bRicy C1—C5. & 3 mii 1 Wi, B Z A LTI BRI C2 A C3 A
A RZS . i FAEREER T 24V T, K. 2SO0 ERm I TP,
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The optimized structures of exohedral bidoped (ZnSe),, clusters
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Tab. 3 The distances of two V atoms (d, in A), formation energies (E,, in eV/atom), HOMO-LUMO gaps (Gap, in
eV), and total magnetic moments (o, in pp) of exohedral bidoped (ZnSe),, clusters. The magnetic moments (u,
in up) of V atom and the bonding Zn and Se atoms (pand p, in py) in these clusters are also shown.

d E; Gap 7 ©e P ot d E, Gap 2 ©e p ot
C1 2.94 —2.473  0.63 —0.15 —0.26 3.18 6 2.58 —2.560 0.77 —0.05 —0.04 2.25 0
C2 4. 41 —2.490 0.83 —0.10 —0.31 3.13 6 4.18 —2.491 0. 88 0.01 0.01 3.05 0
C3 4. 96 —2.515  0.89 —0.15 —0.21 3.11 6 4.92 —2.515  0.90 0.03 —0.03 3.12 0
C4 9.11 —2.481 1. 37 —0.18 —0.23 3.18 6 9.11 —2.481 1. 37 0. 00 0. 00 3.18 0
C5 9.22 —2.474 1,37 —0.19 —0.23 3.18 6 9.22 —2.474  1.40 0. 00 0. 00 3.18 0
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Fig.4 The optimized structure of endohedral bidoped (ZnSe),, cluster
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Tab. 4 The distances of two V atoms (d, in A) , formation energies (E,, in eV/atom), HOMO-LUMO gaps (Gap, in

eV), and total magnetic moments (g , in i) of endohedral bidoped (ZnSe),. clusters. The magnetic moments (,

in up) of V atom and the bonding Zn snd Se atoms (zand s, in ) in these clusters are also shown

y23

d E, Gap m 2 friot
4s 4p 3d total
LR 2.52 —2.491 0.82 0.06 —0.09 4 0.038 0.058 1.919 2,01
R 2. 39 —2.516 1.33 0 0 0 0.11 0.096 2,403 2,61

3.2.4 EHRBLEAARB LMK HER
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