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Density functional theory study of diaspore
( a-AlOOH) bulk and (010) surface
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Abstract: Geometry and electron structure of diaspore( a-Al0OH) bulk and (010) surface were studied by DFT-pseu-
dopotential Method. The calculated bulk structural parameters of GGA-PBE methods are found to be in good agreement
with experimental value. The possible cleavage position is determined according to overlap population. a-AlOOH ( 010)
surface is simulated with a four layers thickness and 7.5 U vacuum width slab model through test calculating. Relaxation
are found on a-AlOOH (010) surface, the relaxed surface energy is calculated to be 0.491 J/ m2. According to the sur-
face atom configuration, density of state analysis and frontier orbital theory, it is assumed that anion collectors such as
sodium oleate would react with surface hydrogen atoms through H-bond of a-AIOOH(010) surface rather than chemically

react with aluminum atoms of a-AlIOOH(010) surface.
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Table 1 Total energy as a function of plane-wave

cutoff energy of bulk a-AlOOH and density of k-point sampling

k- point Total energy of bulk a-AIOOH/ eV

sapmpling grid E = 400 eV E = 500 eV E u= 600 eV E = 700 eV E = 800 eV
3x2x5 - - - 3.820.026 - -
4x2%6 - 3.819.577 - 3819.738 - 3.820.028 - 3.820. 143 - 3.820.164
5x2x7 - - - 3.820.028 - -
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Table 2 Comparison of theoretical calculating
(Calc.) with experimental( Exp.) values
for lattice parameters and

fractional coordinate of diaspore’

Lattice Fractional . i .

parameters coordinate O Exp’. Deviation
a( U 4.367 1 43995 - 0.0324
b( ) 9.334 2 9.4270 - 0.0928
(U 2.807 8 2.8442 - 0.036 4
Al x 0.045 0 0.0451 - 0.000 1
y 0.8559 0.855 4 0. 000 5

z 0.250 0 0.250 0 0. 000 0
o(1) x 0.711 8 0.7120 - 0.000 2
y 0.198 8 0.1989 - 0.000 1

z 0.250 0 0.250 0 0. 000 0
0(2) x 0.196 4 0.1970 - 0.0006
y 0.054 4 0.053 2 0. 001 2

z 0.250 0 0.250 0 0. 000 0

H x 0.414 3 0.409 5 0. 004 8

y 0.090 6 0.087 6 0.003 0

z 0.250 0 0.250 0 0. 000 0

* . a—Experimental; b —Reference| 14]; Deviation= Calc". — Exp”.
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Table 3 Net atomic charges in diaspore bulk
and (010) surface’

Bulk (010) Surface
Atom
Exp® EHMO* GGA GGA
Al + 1.47 + 2.09 + 1.72 + 1. 80
0(1) - 1.08 - 1.45 - 1.11 - 1.16
0(2) - 0.59 - 1.13 - 0.99 - 1.07
H + 0.20 + 0.39 + 0.38 + 0.45

* : a—From reference[ 5]
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Table 4 Bond length and overlap population in
diaspore bulk and (010) surface’

Bulk (010) Surface
Bonds

Len®. Pop". Len® Pop”.
AFO(1) 1.833 0.76 1. 833 0.77
AFO(1) 1. 846 0.33 1.777 0.32
AFO(2) 1. 945 0.50 1. 874 0.59

AFO(2) 1.967 0.21 = =
0(2)-H 1.010 0.58 0.978 0.57

* : a—Bond length; b —Overlap population
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Table 5 Surface energy of a-AlOOH(010) as

a function of vacuum width

Vacuum width/ U Surface energy/ (J*m™ %)

2.5 0. 969
5.0 1.130
7.5 1.134
10.0 1.134

#£ 6 a-AlOOH(010) KSR FEHM KR
Table 6 Surface energy of a-AlOOH(010) as

a function of slab thickness

Surface energy/ (J*m™ %)
2 1. 104
1.799
1. 134
1. 801
1.135
1. 802
1. 135

Slab thickness/ layer
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Fig. 1 Unit cell scheme of relaxed
a-AlOOH(010) surface(4 x 4)
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