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single-walled nanotubes
grown on mesoporous silica film

—- mesoporous silica film
~ oxidized layer

100nm

— Si substrate

single-walled nanotubes
catalyst

| mesoporous silica film

Si substrate
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silica condensed: less
less curved structure
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Mesophase Determination of Mesoporous Silica Through a Comprehensive Understanding of
Phase Transformation Induced by Drying Process

Masaru Ogura*, Hayato Miyoshi*, Yushi Suzuki*,
Shigehiro Yamakita*, and Tatsuya Okubo*,**
*Department of Chemical System Engineering, The University of Tokyo, **PRESTO, JST

The essential parameter on mesophase determination and transformation of mesoporous
silica is investigated, in particular, the phase selection induced by drying process subsequent
to the synthesis in aqueous phase. The phase transformation, which has been recognized to
be governed by a thermodynamic packing parameter, occasionally occurs in the opposite
direction determined by the parameter. Evaporation of solvent, H,O in this case, has a
critical role in the phase determination and transformation. The unique phase transformation
can be explained as follows; the H;O molecules trapped in the confined space between
silica and surfactant micelle structure are subtracted by drying, leading to a conformational
change of micelle packing structure. The degree of silica condensation is also strongly
related in the phase transformation; more condensed silica shows less mobility, in the case
phase transformation hardly occurs. In conclusion, the phase determination of mesoporous
silica depends on the thermodynamic packing parameter AND kinetic flexibility of the synthesis
medium.

Keywords: mesoporous silica, drying process, mesophase determination / transformation,
kinetic hindrance, system flexibility
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Synthesis and Crystal Structure of Novel Zeolite CDS-1
using a Layered Silicate as a Topotactic Precursor

Takuji Ikeda and Yasunori Oumi
National Institute of Advanced Industrial Science and Technology,
*School of Materials Science, Japan Advanced Institute of Science and Technology

Recently, we successfully synthesized novel high-silica zeolite CDS-1 by topotactic
conversion from a new three-dimensional layered silicate PLS-1. PLS-1 is obtained by
hydrothermal synthesis with Si0,-KOH-tetramethylammonium hydroxide-1,4-dioxane-H,0
system. Crystal structure of PLS-1 was determined by ab-initio technique using conventional
X-ray powder diffraction data. Crystal system, lattice parameters and chemical composition
of PLS-1 are monoclinic phase with space group of P2,/m and of a=10.5710(5)A, b=
14.0064(3)A, ¢=7.4220(2)A, B=98.014(4)° and Si ;303,(OH)4K, 3 1.7{(CH;3),NOH},
respectively. Framework of PLS-1 composed of all 5-MR is consistent with a part of
ferrierite framework. We estimated that new zeolite CDS-1 could be formed by a topotactic
dehydration-condensation between the layers of a new silicate with a layer structure
consisting of face sharing of pentagonal cylinders, and so available microporous structures
were simulated and designed by a molecular dynamics calculation. Experimentally, CDS-1
could be obtained by complete block dehydration-condensation of PLS-1 powder under evacuated
conditions. Crystal structure of CDS-1 was determined by the Rietveld refinement based on
simulated models. Space group and lattice constants were Pnma and a=18.355(3)A, b=
13.779(2) A and ¢ =7.3674(6) A, respectively. CDS-1 has a novel topology with two 8-MR
straight channels between pentagonal-cylinder layered blocks. Here, the novel high-silica zeolite
CDS-1(type CDO) is reviewed.

Keywords: zeolite, layered silicate, powder diffraction, ab-initio analysis,
MD simulation and topotactic dehydration-condensation
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