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Abstract

In this year, we focus our attention on the

synthesis control of mesoporous silica. This
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includes post-synthesis hydrothermal
treatment, surface functionalization and
counterion effects. The mesoporous materials
can thus be synthesized with controlsin pore

size wall-thickness and morphol ogy.

Key Words: MCM-41 molecular sieves,

Catalysis, surface adsorption

1. Salt Effect in Post-Synthesis
Hydrothermal Treatment of MCM-41
Postsynthesis hydrothermal
treatment of MCM-41 porous silica provides
a convenient method of pore expansion and
improvement of its stability. The physical
chemistry of the process is investigated by
examining the effects of salt, aluminum, and
water content on pore expansion. A
hydrothermal treatment at 150 °C in water or
salt

expansion. The pore size varies with the kind

solution leads to controlled pore



of anion of the salt and their concentrations.
The sat effect follows the well-known
binding strength Hofmeister series of anion
NOs>Br>CI
>3S0, ~F . It is proposed that an equilibrium

for the cationic surfactant,

of distributing surfactants inside the MCM-
41 channels and in solution controls the pore
Size upon varying the salts. The anion binds
with surfactant molecules in solution to shift
the equilibrium of surfactant/silicate binding
leading to lesser surfactant and water in the
pore and hence less pore expansion. The
effect of ammonia hydrothermal treatment is
to shift

surfactant/silicate binding and thus more pore

the equilibrium to stronger
expansion. At neutral condition, the wall
thickness varies inversely with respect to the
pore diameter. The wall thickness variation
agrees with amodel of elastic deformation of

the wall silicamaterials at high temperature.

2. A

M odification of

Direct Surface Silyl
Acid-Synthesized
M esoporous Silica

A surface silyl modification and
surfactant removal of acid-synthesized
mesoporous silica process in a single step is
investigated. The surfactant-silyl exchange
process alows large amount of surface
attachments of silanes.
Acid

Synthesis of Mesoporous Silica Materials

3. Counterion Effect in
The mesoporous silica materials with
well-ordered hexagonal  structure were

synthesized under acid condition by using

various acid sources HX. The induction
period time for the formation of meso-
structural  precipitation increases in the
lyotropic series. HNO; < HBr < HCl <
H,SO, under the same acid concentration.
The induction rates are analyzed with a
micelle-catalyzed reaction scheme. The order
in induction time reflects the strength in
counter-ion binding of X". Nitric acid with
the highest binding strength counterion NO3°
tends to form very long micelles. We have
determined the counterion association
constants and found the degree of counterion
dissociation under synthetic condition in
solution. The association is only partial
during the early morphology-setting stage.
HNOs; is a suitable acid source for preparing
hierarchical order silica ropes, which are
consisted of silicafibers formed from parallel
nano-sized channels. The elongation of the
surfactant micelles and shearing flow are the
controlling factors in the morphology.
Temperature, acid concentration, surfactant
chain length and the addition of polar solvent
have strong influence on the morphology and
nanostructure of the mesoporous materials

under acid condition.
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