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Quantum Chemistry Calculation on Mineral Surface
Chemistry Character of Apatite

ZHOU Yong, HONG Han-lie, BIAN Qiu-juan, YIN Li

Faculty of Earth Sciences, China University of Geosciences, Wuhan 430074, China

Abstract: In this paper, the Gaussian98W software package and the STO-3G basis set have been adopted to study the electric
charge, main atomic orbital populations of some frontier molecular orbits and covalent bond level of main atom of apatite
surface on the basis of the Hartree-Fock-Roothaan (RHF) method arising from quantum chemistry ab-initio calculation. In
apatite crystal structure, the composition characteristics of some frontier molecular orbits and Fermi levels are discussed by
means of DV-X, calculations. The results show that the highest occupied molecular orbits (HOMO) and the lowest
unoccupied molecular orbits (LUMO) of the apatite cluster are primarily composed of Cazs and Psy» which results in the
strongest covalent bone make of Cas and Py. Meanwhile, The structure achieves a good chemical stability. Then these
results can be used to help us predict the adsorption ability and surface activity of apatite.
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Fig. 2 Model of apatite crystal
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Table 1 Main bond lengths and bond angles of apatite mod-

el structure

(nm) (nm)

O(10)—P(39) 0.1555 Ca(38)—0(42) 0.236 3
O@37)—P(39) 0.1535 0O(15) —Ca(38) 0.2328
Ca(38)—P(39) 0. 306 6 0(35)—P(39) 0.1553
Ca(38 )—F(46) 0.2300 0(10) —Ca(38) 0.249 5
(@) )
Ca(19)—0OG)—Ca(38)  118.169  OG)—Ca(38)—PE9  30. 318
Ca(19—0GB)—P39) 142,288 (O35 —P(39)—Ca(38) 133. 061
Ca(38)—0OG)—P39) 95.596  O()—Ca(3®)—F46) 81.682
Ca(38)—0(10)—P(39) 95.592  O10)—Ca(33)—0(15) 136. 866
Ca(28)—O(15)—Ca(38) 118.195 OUO)—Ca3®)—P(39) 30.319
P29)—0015—Ca38) 142.285 O10)—Ca3)—042) 74.569
O5)—Ca(38)—000) 60.401  O10)—Ca(38)—F46) 81. 682
OB)—Ca(38)—015) 77.586  O(15)—Ca(38)—P(39) 106. 800
OGBH—P39)—Ca38) 115.732 015 —Ca38)—042) 85. 881

2

Table 2 Energies of some frontier molecular orbitals of
apatite (a.u.)
NHOMO HOMO LUMO NLUMO Ae(L—H)

—2.429 58 —2.00523 —1.35258 —0.67513 0.65265

:la.u. =27. 2116 eV
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Fig. 3 HOMO and LUMO map of apatite surface
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Table 3 Main atomic orbital populations of some frontier molecular orbitals (a. u. )
Ca_; [P()1 jg F
Casg Psg
3s 3py 3pz 4s 4px 4py 4pz 2px 2py 2pz 3s 3px 3py
HOMO 2. 54 1. 37 0.79 44,06  23. 36 4.56 8.97 0. 39 0. 07 0.01 0. 08 3. 00 0.11
LUMO 2.96 0. 65 7.18 27. 65 2.21 4.42 26. 05 2. 85 0. 96 0. 34 0.22 17. 80 5.22
4
Table 4 Electric charge and covalent bond level of main atomic of apatite surface (Au)
Q(Cary) Q(Caz) Q(Cax) Q(Cazs) Q(Cazs) Q(Casz) QP2) QMP)  QMP) QP QP  QPu)
1. 255 1. 372 1. 291 1. 202 1.212 1. 207 0. 708 0.731 0. 704 0.703 0. 662 0.703
P(Cam +P20> P(Cam‘#Pgs) P(Cazx +P29> P(Caxs +P31 ) P(Cam +P39) P(Cms +P11 )
2.035 1. 897 2. 005 2. 095 2.127 2.090
Q(Cay) << Q (Cazp) << Q (Capy) << Q (Cay ) <<
Q(Caz) QA) ,Ca
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