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First Principle Studies on the Geometry and Electronic
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Abstract The geometry and electronic structures of the SnO,(110) surface have been investigated by using the first-
principle method. Compared to an ideal surface, the five-fold and six-fold Sn atoms at the top layer shift inwards and
outwards, respectively. For the surface oxygen atoms, the in-plane oxygen atoms move outwards, while the
displacement of bridged oxygen can be neglectable. When the thickness of slab is smaller than 3 nm, the oscillations of
surface energy and the displacements of surface atoms as a function of the number of layers are observed. The results
of band structure calculations show that the energy bands mainly originated from the 2p /2p, orbitals of the bridged
oxygen appear in the bottom of the band gap of bulk. Furthermore, the influences of the surface relaxation on the

electronic properties of SnO,(110) surface are also discussed.
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Fig.1 The structures of Sn0, bulk and (110) surface

Large and small spheres represent O and Sn ions, respectively. a) unit cell of bulk phase; b) (110) surface
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Fig.2 Band structure and DOS of bulk Sn0O,
a) band structure ; b) total DOS(density of state) and partial DOSs of Sn and O atoms; c) orbital DOSs of Sn atom;

d) orbital DOSs of O atom; All the energies shown are reported with respect to the Fermi level.
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Table 1 Dependence of relaxation structure and surface energy on the vacuum thickness for

SnOy(110) surface obtained by using a three-layer slab

Vacuum thickness

Displacement along the [110] direction (nm)

Eqi / (Jom™)

(nm) Sn(5) Sn(6) 03) 0@©)
0.3 -0.0095 0.0091 0.0186 -0.0054 1.26
0.4 —-0.0077 0.0146 0.0192 0.0021 1.17
0.5 -0.0078 0.0123 0.0197 -0.0016 1.16
0.6 —-0.0076 0.0144 0.0186 0.0023 1.15
0.7 —0.0090 0.0117 0.0157 -0.0015 1.15

Sn(5), Sn(6), O(2), O(3) represent 5-fold Sn, 6-fold Sn, bridging O, and in-plane O, respectively.
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Fig.3 Displacements of surface Sn and O atoms
as a function of the number of layers(NV)
The results reported in other works for N=3 and 6 are

also presented in the figure.
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Fig.4 The variation of surface energy and AE,,

as a function of the number of layers
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Fig.5 Band structure and some DOSs of Sn0,(110) surface

a) band structures of ideal (dashed lines) and relaxed (solid lines) surfaces; b) total DOS and layered DOS of the first layer;

c) partial DOSs of Sn atoms; d) partial DOSs of O atoms
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Fig.6 Arrangements of the bands of surface atoms and the charge density maps for Sn0,(110) surface

a) arrangements of the bands of Sn atoms; b) arrangements of the bands of O atoms; ¢) side view of total charge density maps; d) side view of

the difference charge density map. The filled and hollow symbols represent the bands originated from Sn(5) and Sn(6) in Fig.6a, O(2) and O(3)

in Fig.6b, respectively. Furthermore, the components of s, p,, p, and p, are labeled by symbols O, A, V and [], respectively.
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