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Abstract : The CNDO/2 calculations have been applied on cluster models for the representative hydroxyls on silica surface
to get Wiberg bond orders, total energies, LUMO energies, dipole moments, and formal charge densities. The Bronsted
acidities of suggested models for the hydroxyls were explained in terms of Wiberg bond orders. The calculated bond orders
of cluster models have been changed remarkably according to the hydrogen bond. However the Lewis acidities of terminal
hydroxyls on silica surface were not related to the structure of hydroxyls.
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Fig. 1 Schematic depictions of cluster models of silica hydroxyls, isolated(ISO), perturbed isolated(ISO-P),

geminal(GEM), and perturbed geminal(GEM-P).
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Table. 1. CNDO/2 Wiberg Bond Orders(P) of Cluster

oy,

Models
ISO ISO-P GEM GEM-P
P(1-2) 0.90 0.88 0.90 091
P(2-3) 1.28 0.98 1.27 0.8
P(2-21) 0.00 0.06 0.00 0.23
P(2-27) 0.00 0.22
P(3-4) 118 117 1.18 118
P(3-12) 1.20 1.23 1.18 1.27
P(3-20) 1.17 1.20 1.27 1.45
P(4-5) 1.25 1.25 1.25 1.28
P(5-6) 1.27 1.27 1.24 1.23
P(6-7) 0.91 091 091 0.91
P(12-13) 1.24 1.24 1.25 1.29
P(20-21) 1.24 13 0.90 0.48
P(21-26) 1.27 1.39
P(26-27) 091 0.56
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Table. 2. Calculated LUMO(Lowest Unoccupied Molec—
ular Orbital)Energies (ELumo), Total Energies
(E), and Dipole Moment(D.M) of Cluster

Models
ISO ISO-P GEM GEM-P
Evunola.w) 0.37 0.37 0.38 0.37
E(a.u) -262.06  -261.79 -259.77 -259.31
D.M(Debye) 2.70 461 419 7.85
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Table. 3. CNDO/2 Formal Charge Densities(q) of
Cluster Models

ISO ISO-P GEM GEM-P

ar 0.19 0.24 0.18 0.19
o7} -0.30 -0.36 -0.32 -041
as 052 051 0.56 0.54
Q4 -0.29 -0.22 -0.26 -0.20
Gs 0.56 0.56 0.57 0.56
a6 -0.32 -0.32 -0.32 -0.32
Qi -0.25 -0.20 -0.26 -0.14
ai 0.57 0.57 0.57 0.57
Q20 -0.24 -0.21 -0.32 -0.58
Q1 0.57 0.46 0.18 0.43
Q6 -0.32 -0.53

Q27 0.17 0.39
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