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Formation Mechanism of Highly Ordered MCM-48 via Phase Transformation
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Abstract: Highly ordered mesoporous molecular sieve MCM-48 with /a3d cubic structure was hydrothermally
synthesized using new surfactant cetyltrimethylammonium tosylate (CTATos) as template via phase transformation
(PT). Structural study by small angle X-ray diffraction (XRD), scanning electron microscopy (SEM), high-
resolution transmission electron microscopy (HR-TEM) and nitrogen adsorption-desorption shows the time-
dependent structural change in M41S mesoporous silica from MCM-41 to MCM-48 and MCM-50. The driving
force for this transformation seems to be an increase of the local effective surfactant packing parameter (g), which
resulted from the leaching of surfactant counter anions (Tos”) in the pore with the prolongation of the reaction
time. One-dimensional solid state ®Si NMR spectra, X-ray diffraction patterns, and infrared spectra show the
progression of molecular organization in the self-assembled mesophases from structures with initially amorphous
silica networks into sheets with very high degrees of atomic order when the phase transformation is happening.
The finally obtained self-assembled lamellar silica-surfactant mesophase composites with crystal-like ordering in
the silica frameworks can be an ideal precursor to fabricate the three-dimensional microporous zeolites with the

expanded pore size.
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lamella or layered phase; atomic ordering
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Table 1 Textural properties of samples synthesized for varied crystallization time

Sample d / nm* a / nm" Sper / (m*- g™ Dypy / nm?! tgm /nm® Vi / (mLe g™ Ce

MCM-41 3.8 44 1 140 2.8 1.5 1.07 51.7
MCM-48 3.7 9.1 1381 2.6 1.7 0.96 62.1
MCM-50 33 33 421 3.9 — 0.51 354.7

* d value of first peak from XRD patterns; " Unit lattice parameters: ap=dy; (h*+k*+%)" and ay=2d,w/1.732 calculated from XRD

patterns for MCM-48 and MCM-41, respectively; © Sger calculated using BET equation in a range of relative pressure from 0.05 to 0.3, and

the correlation coefficient of each sample is larger than 0.999; ¢ Dy,=pore size calculated by BJH method using desorption branch; © tyy is

the pore wall thickness; " Single point pore volume at P/Py=0.99; # BET parameter calculated from BET is characteristic of adsorbent-

adsorbate interactions, and a higher value evidences stronger interaction of nitrogen molecules with the silanol groups on the silica

surface, indicating more hydrophilic surface.
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