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Structure and Catalytic Properties of the SiO-H Groups on
SBA-15 Molecular Sieve: A Density Functional Theory Study

WANG Zhong-Xue WANG Da-Xi* ZHAO Zhen LAN Jie
(College of Science, University of Petroleum, Beijing 102249, China)

Abstract: A DFT study on the structural and catalytic properties of the SiO-H groups on SBA-15 molecular sieve
was carried out. The geometry and IR spectra data calculated are identical to the experimental data. The
electrostatic potential maps of the model clusters show that the H atoms of the single O-H groups on the surface
of SBA-15 are the L acid sites and the O atoms of the hydrogen-bonded O-H groups are the B basic sites. The
frontier molecular orbitals demonstrate that the hydroxyl groups on the surface of SBA-15 provide the oxidability.
Further, the strength of the B acid on the surface of SBA-15 was discussed by means of the deprotonation energy
and Mayer bond order.
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Table 1 Structural parameters and Mayer bond orders of the model compounds

5-6-v 5-7-v 6-6-v 6-7-v 5-6-s 6-7-s Experiment
O(1)-H(2) 0.097 4 0.097 4 0.097 5 0.097 4 0.097 8 0.097 8

(0.710 4) (0.710 5) (0.704 1) (0.695 6) (0.686 4) (0.677 5) N
H(2)-0(3) 0.209 3 0.207 1 0.204 5 02113 0.186 5 0.187 5

(0.055 7) (0.058 9) (0.064 6) (0.071 5) 0.092 6) (0.081 7) a
0(3)-H(4) 0.096 7 0.096 7 0.096 8 0.096 7 0.096 8 0.096 8

(0.758 0) (0.759 6) (0.758 3) (0.757 4) (0.755 3) (0.746 4) n
Si(5)-0(1) 0.163 8 0.163 5 0.163 0 0.164 0 0.163 4 0.165 2

(1.139 1) (1.116 7) (1.104 0) (1.115 1) (1.100 6) (1.152 4) a
Si(6)-0(3) 0.162 9 0.162 3 0.165 4 0.163 6 0.162 0 0.162 1

(1.041 8) (1.035 0) (1.042 4) (0.985 1) (0.994 0) (0.985 1) n
0(7)-5i(5) 0.163 4 0.163 3 0.164 0 0.163 0 0.163 8 0.163 9

(1.005 5) (1.029 7) (1.027 8) (0.922 6) (0.984 4) (0.876 5) B
0(10)-5i(6) 0.166 1 0.163 9 0.165 3 0.165 2 0.165 0 0.163 3

(1.026 5) (1.009 7) (1.046 0) (1.023 6) (1.040 6) (1.034 6) N
Si-0Si 0.164 0 0.163 9 0.163 9 0.163 9 0.164 3 0.164 2 0162 4"
(mean value) (1.643 4) (1.656 6) (1.643 7) (1.643 8) (1.643 3) (1.645 2)
0-Si-0 bond angle 109.46 109.46 109.46 109.24 109.47 109.60 109.517

* Values of Si-O bond lengths and 0-Si-O bond angles are the mean data of them in the models (bond length in nm and bond

angle in degree); * Values in parentheses are Mayer bond orders of these bonds.
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Table 2 IR spectra data of di-hydroxyl groups calculated at the B3LYP/6-31g(d)

5-6-v 5-7-v 6-6-v 6-7-v 5-6- 6-7-s Obs.™
Si-0 bending 811(2) 801(8) 805(4) 799(10) 777(32) 804(5) 809
Si-0 stretching 1 034(52) 1035(52) 1 027(60) 1 030(57) 1 .030(57) 1 039(48) 1087
0(1)-H(2) 3 443(34) 3 442(33) 3 432(23) 3451(42) 3 359(49) 3362(47) 3 409"
0(3)-H(4) 3 549(155) 3 546(158) 3 546(158) 3 550(154) 3 539(165) 3 537(167) 3 704!

* Center of the broad adsorption band of the SiO-H stretching frequencies is at 3 409 em™; * Broad adsorption band of the SiO-H

stretching frequencies is in 2702~3764 ¢m™ and the highest stretching frequencies is at 3704 ¢cm™; © Values in parentheses are the differ-

ences between the calculated results and the experimental ones.
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Table 3 Molecular orbital energies of the model clusters

5-6-v 5-7-v 6-6-v 6-7-v 5-6-s 6-7-s
Eyovo / a.u. -0.297 4 -0.296 5 -0.298 7 -0.298 5 -0.299 4 -0.302 4
Euno [ a.u. 0.003 8 0.004 2 0.003 1 0.003 5 0.003 9 -0.000 3
AE / a.u. 0.301 2 0.300 7 0.301 8 0.302 0 0.303 3 0.302 7
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Fig.7 Electrostatic potential maps of the model clusters
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