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Structure and magnetic properties of V-doped ZnTe clusters

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

Abstract: The structural and magnetic properties of (ZnTe),, clusters doped with one (monodoped) and

two (bidoped) V atoms have been studied in term of a first-principles method. The substitutional, exo-

hedral and endohedral dopings are considered. The exohedral isomers are found to be most favorable for

both monodoped and bidoped clusters. The magnetic moments are mainly contributed by the 3d compo-

nent of V atom, the 4s and 4p orbitals also have some contributions. Due to the hybridization interac-

tion, a small magnetic moment is also induced in nearest neighboring Te and Zn atoms. The magnetic

coupling between the two V atoms is short-ranged.
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Fig.1 The optimized structures of monodoped (ZnTe),, clusters. Big ball, V atom; medium ball, Te atom; small

ball, Zn atom
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Tab. 1

The binding energies (E,, in eV/atom), HOMO-LUMO gaps (Gap, in eV), and fragmentation energies (AE,,

AE,, in eV) of various monodoped (ZnTe)y, clusters. The total magnetic moments ( sz, in gy ), local charges

(Q, in a. u. ) and magnetic moments ( p, inyy ) of V atom and the bonding Zn, Te atoms ( pz, and pre, inpy ) are

also shown

E Gap AE, AE, s e Q r o

4s 4p 3d total
M1 2.252  0.95 2.53 0. 00 / 0.27 0.35 0.168  0.086  3.173  3.172 3
M2 —2.235  0.39 2.12 —0.42 0.24 0.36 —0.01  0.596  0.129  3.677  4.403 5
M3 —2.254  1.24 2.58 0. 04 —0.09  —0.15 0.31 0.139  0.059  3.035  3.234 3
M4 —2.211  0.45 1.53 ~1.00  —0.15  —0.12 0.32 0.167  0.023  3.117  3.306 3
M5 —2.275 1. 06 3.08 0.55 —0.02 —0.01 0. 30 0.106 0.095 2.848 3.048 3
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Fig. 2 The optimized structures of substitutional bidoped (ZnTe),; clusters
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Tab. 2 The distances (d, in A) of two V atoms, binding energies (E} , in eV/atom), HOMO-LUMO gaps (Gap, in eV),
and total magnetic moments (po s in pp) of substitutional bidoped (ZnTe), clusters. The magnetic moments (y, in

pi) of V atom and the bonding Te atoms (ur.» in pp) are also shown

d E, Gap P 2T ot d E, Gap " e ot

S1 2.85 —2.364 0.74 3.22 —0.56 6 2.64 —2.374 0.35 2.63 0 0

S2 3.08 —2.359 0. 46 3.19 —0.54 6 2.83 —2.359 0.62 2.74 0.02 0

S3 5.32 —2.352 0.82 3.17 —0.24 6 5.22 —2.352 0.95 3.17 —0.28 0

S4 5.74 —2.352 0.82 3.17 —0.53 6 5. 70 —2.352 0.95 3.17 0 0

S5 6.39 —2.352 0.82 3.17 —0.55 6 6.50 —2.352 0.95 3.17 0 0
3.2.2 shM#HBE MEBRAENAN. ML  FREBEEAEAR .G THAEER TR VIET. B

R adt 1 O AT A R YL T B R A AR IR
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Fig.3 The optimized structures of exohedral bidoped (ZnTe),, clusters
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Tab.3 The distances (d, in A) of two V atoms. binding energies (E, , in eV/atom), HOMO-LUMO gaps (Gap, in eV),

and total magnetic moments (z s in pg) of exohedrall bidoped (ZnTe)y, clusters. The magnetic moments (zsin pp)

of V atom and the bonding Zn, Te atoms (uz, and pr., in pp) are also shown

d E, Gap n YTe P ot d E, Gap Nn YTe P ot
El 3.03 —2.158 0.68 —0.16 —0.33 3.25 6 2.96 —2.161 1.07 0 0 3.28 0
E2 5.10 —2.205 0.74 —0.10 —0.36 3.13 6 5.05 —2.206 0.71 0 0 3.15 0
E3 4.53 —2.185 0.66 —0.15 —0.21 3.15 6 4.48 —2.185 0.77 0 3.15 0
E4 9.77 —2.165 0.95 —0.22 —0.26 3.23 6 9.64 —2.165 1.22 0 0 3.23 0
E5 9.80 —2.158 1.21 —0.20 —0.29 3.23 6 9.80 —2.158 1.24 0 0 3.23 0
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Fig. 4 The optimized structures of endohedral bidoped (ZnTe), clusters. (a) front view;

(b) side view; (c¢) top view
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Tab.4 The distances (d, in A) of two V atoms. binding energies (E,, in eV/atom), HOMO-LUMO gaps (Gap, in eV),

and total magnetic moments (u s in up) of endohedral bidoped (ZnTe),, clusters. local charges (Q, in a. u.) and

magnetic moments (g, in gy) of V atom and the bonding Zn, Te atoms (pz, and pre s in pp) are also shown

¥
d E, Gap Q Hin MTe ot
4s 4p 3d total
BRREAS 2,452 —2.193 0.33 0.08 —0.028 —0.105 2 0.022 0.026 1.019 1.07
SRR A 2. 458 —2.227 0.16 0.09 0 0 0 0.117 0.096 2,472 2.68
3.2.4 R#BLmAAE LML T HA M BB R RRESEW. X5 VB4 (ZnS),, A

[F] 1) Ak 27 21 53 1) S0 3B 2 RN RS 2% 1AL 72 L A L8
F VAT 5 1) AR 8 LI L 3% B A1 BUEB 4% AT 8 L P XU
M ERE. X5 VB4 (IS, HHE" 1945
RAHR. WXt T Fe 382 (ZnTe),, B, N X

h T HC AR A 2 S AN TR RIS 4% A R 4 AH X
ot AT T MR E 19 A XUs 24 A1 iR E2
F e da g R UIB 2e % Bl 1943 2468 . E2—>DB1+
27Zn. HELEE N 0,62 V. X & B AN B L4 H

B BLI Fe 487 (ZnTe) . PR 06 2 5
IR APBT B2 A1 BLL A4 % B 6 117
R ETH 06 B MELA T AR B

4 # B

AR SR o — 1 D B R 0 o BEE AR 4
TV IRTHIBILHAE S (ZnTe) 1, WIHE 19 25 1
FIREPERT. BATHZIET =Bl B RB%k.
SMBIRFINEE 2%, T S HLE T 4% M5 2 MR 1 AR
SEPE. SRR RN B kb R WUB 2% L A B



542 W R FFRCE RHF RO % 55 &
Je N EE R R B LS. S LB 3l B, FR clusters of group-(II-VI) materials: Zn;X;, X = Se,

ﬂIXﬂﬁj’“Wﬁ%LﬁT%ﬁﬁ% KV B3 %
FREPEMCH T V R TR R EE. A 5K G A ok
H V-3d A0 simk, 4s 1 4p B 5TEE T — /NS

BEHE. T LIE A

<AL AHABIY Zn A0 Te J5i5 b ™

A A e VIET 2 R YERS A R B V-
V Rk BEREES VO Te i1 2 Ed@ i p-d 444k
7 A B R RS 5 3 I AR B A T 4 3 4 R R

S 23k

[1] Haase M A, QiuJ, DePuydt ] M, et al. Blue-green
laser diodes [J]. Appl Phys Lett, 1991, 59. 1272.

[2] Sato K, Asahi T, Hanafusa M, et al. Development
of pure green LEDs based on ZnTe [J]. Phys Stat
Sol A, 2000, 180 267.

[3] Bozzini B, Bader M A, Cavallotti P L, et al. Elec-
trodeposition of ZnTe for photovoltaic cells [J].
Thin Solid Films, 2000, 361-362: 388.

[4] Norris DJ, Efros A L, Erwin S C. Doped nanocrystals
[J]. Science, 2008, 319 1776.

[5] Talapin D V, Murray C B. PbSe nanocrystal solids
for n- and p-channelthin film field-effect transistors
[J]. Science, 2005, 310: 86.

[6]  Shim M, Guyot-Sionnest P. N-type colloidal semicon-
ductor nanocrystals [ J]. Nature, 2000, 407 981.

[7]  YuD, Wang C J, Guyot-Sionnest P. N-type conduc-

[8]

ting CdSe nanocrystal solids [ J]. Science, 2003,
300 1277.
Matxain ] M, Mercero ] M, Fowler ] E, et al. Small

[9]

[10]

[11]

(12]

[13]

[14]

[16]

[17]

Te, i=1-9 [J]. Phys Rev A, 2001, 64. 053201.
Yadav M K, Sanyal B, Mookerjee A. Structural, e-
properties of Cr-doped
(ZnTe), clusters [J]. J Magn Magn Mater, 2009,
321. 235.

MRETES. Fe $B2% ZnTe %5 45 ¥ F1 #E 1
5o 7Y, 2014, 31 909,
Sato K, Katayama-Yoshida H. Ab initio study on
ZnS-, ZnSe and ZnTe-based

lectronic and magnetic

B R T

themagnetism in ZnO-,
diluted magnetic semiconductors [J]. Phys Stat Soli
B, 2002, 229. 673.

Delley B. An all-electron numerical method for sol-
ving the local density functional for polyatomic mol-
ecules [J]. J Chem Phys, 1990, 92: 508.

Delley B. From molecules to solids with the DMol®
approach [J]. J Chem Phys, 2000, 113; 7756.
Perdew J P. Burke K, Ernzerhof M. Generalized gradi-
ent approximation made simple [ J]. Phys Rev Lett,
1996, 77. 3865.

Mulliken R S. Electronic population analysis on LCAO-
MO molecular wave functions. II. Overlap popula-
tions, bond orders, and covalent bond energies [J]. J
Chem Phys, 1955, 23; 1841.

WA B WREL S U5 A 0 AL B 11 5 e 1 R o
x]RS0 FYaaEiR, 2016, 33: 627.
Chen H X, Shi DN, Qi ] S, et al. First-principles
study on the magnetic properties of transition-metal
atoms doped (ZnS),, clusters [J]. ] Magn Magn
Mater, 2011, 323: 781.



