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Electronic Structure and Magnetism of Transition Metal Doped SnO,

YU Li ZHENG Guang® HE Kai-Hua ZENG Zhong-Liang CHEN Qi-Li WANG Qing-Bo
(Institute of Material Modelling and Computational Physics, School of Mathematics and Physics,
China University of Geosciences, Wuhan 430074, P. R. China)

Abstract: Based on density functional theory, the geometric structures of SnO, and transition metal (M) V-, Cr-, and
Mn-doped SnO, were studied by an ultrasoft pseudopotential implemented in the plane wave method. The geometrical
parameters, density of states, and magnetic properties were calculated. By comparing two kinds of dopants with
concentrations of 6.25% or 12.5%, no significant changes were observed for the electronic and magnetic properties of
these systems. The O atom tended to be attracted by the M and the bond distance between O and the metal was
shortened. After doping with M, spin polarization appeared near the Fermi surface and the SnO, doped with V and Cr
had a half-metal nature, but the system containing Mn did not show such behavior. The impurity concentration had
little effect on the spin and magnetic moment. The magnetic moment of the M doped SnO, mainly originated from the
3d spin polarization and was also related to the electron configuration. The total magnetic moments of the SnO, doped
with V, Cr, and Mn were 0.94us, 2.02us, and 3.00us, respectively. These magnetic moments mainly originate from the
3d spin polarization as some negative moments exist for O and the Sn atom contributes little to the magnetic moment.
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Fig.1 Optimized supercell structure (1x2x2) of undoped SnO, (a) and M-doped SnO; (b)
M=V, Cr, Mn; (a) model A, (b) model B
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Fig.2 Density of states (DOS) for undoped and
M-doped SnO,
The solid line (in the positive direction) refers to spin-up electron,
whereas the dotted line (in the negative direction) corresponds to

the spin-down electron.
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Table 1

The atomic radii, electronic configurations, and lattice parameters, bond lengths and binding

energies in the related optimized structures of Sn0, and doped SnO,

System  Atom Atom radius Ele'ctroni'c Lattice constant Bond Bond length EJeV
(nm) configuration a/nm b/nm c/nm (nm)
SnO, Sn 0.1721 4d"55%5p* 0.4739 0.9478 0.6298 Sn—O1 0.2052 _

Sn—O02 0.2039
Sn—O03 0.2039

Sn;VOy, \ 0.1924 3d'4s® 0.4705 0.9427 0.6269 V—O01 0.1953 -88.3051
vV—02 0.1959 (-97.3254)
V—O03 0.1959

Sn,CrO,, Cr 0.1852 3d4s' 0.4701 0.9419 0.6258 Cr—O01 0.1941 —-88.3490
Cr—02 0.1951 (-98.6842)
Cr—03 0.1959

Sn:MnO,;  Mn 0.1793 3d’As* 0.4716 0.9432 0.6262 Mn—O1 0.1980 -90.5253
Mn—O02 0.1971 (-100.8925)
Mn—O03 0.1971

Binding energy data without parentheses refer to (1x2x2) model; and the relevant values corresponding to (2x2x2) model are given in parentheses.
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Fig.3 Partial density of states (PDOS) of V-doped (a), Cr-doped (b), and Mn-doped (c) SnO,

The solid line (in the positive direction) refers to spin-up electron, whereas the dotted line (in the negative direction)

corresponds to the spin-down electron.
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R 2 BEEH Sn,MO(1x2x2) A K £E#) Sn;sMO5(2x2x
2)H 3d BB FHEH(Q). B S BHEE ()
Table 2 Electron population (Q) of the 3d orbitals,
the spin and magnetic moments (u) for the doped
structures Sn;MOy; (1x2x2)and Sn;sMO;, (2x2x2)

Spin (%)
- s
single atom total
Sn;VO,, Sn 0.02 0.02 0.04
(Sny;sVOy,) (0.02) (0.02) (0.04)
(6] —-0.02 -0.12 —-0.24
(-0.02) (-0.12) (-0.24)
vV 320 0.57 0.57 (i'}i)
(3.19) (0.57) (0.57) 112
total 0.47 0.94
(0.47) (0.94)
Sn:CrO; Sn 0.01/0.02 0.06 0.12
(Sn.Cr0,) 003) (003  (0.06)
(6] -0.03/-0.04 -0.20 —-0.40
(=0.03/-0.04) (-0.20) (-0.40)
Cr 426 1.15 1.15 2.30
(4.25) (1.15) (1.15) (2.30)
total 1.01 2.02
(0.98) (1.96)
Sn:MnOy6 Sn 0.01 0.01 0.02
(Sn;MnOy) ©0D)  (0.01)  (-0.02)
(6] 0 0 0
(-0.02) (-0.04) (0.08)
Mn 5.28 1.49 1.49 (gﬁg)
5.2: 1.53 1.5: ’
(5:23) (153 W5y
total 1.50 3.00

(1.50) (3.00)
The data without parentheses refer to (1x2x2) model; and the relevant

values corresponding to (2x2x2) model are given in parentheses, The
italic data are the experimental values from Ref.[11], corresponding to
doping concentration of 6.25%.
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