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Fig.1 The XRD patterns of mesoporous materials
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I(a~e) XRD patterns for mesoporous materials produced by GEM 16-s5-16 surfactants (s=4,6,8,10,12) as templates,
(f) XRD pattern for that produced by CTAB as temptate.
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Table 1 The analysis data of adsorption and desorption prop-
erties of mesopourous materials produced by GEM16-
6-16 and GEM16-12-16 surfactants

Surfactant Sper / m*+ g V/cm?-g! D,/ nm
GEM16-6-16 1208 1.10 2.80
GEM16-12-16 1495 1.22 2.27

Sger, surface area calculated by BET isothermal at p/p,=0.1988;
V:cumulative pore volume and D,:average diameter, both were
calculated by Barrett-Joyner-Halenda (BJH) method based on

desorpotion curve.
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Fig.2 The TEM patterns of mesoporous materials

(a) TEM pattern of (100) plane of mesoporous materials produced by GEM16-6-16 surfactant; (b) TEM pattern of (010) plane of mesoporous
materials produced by GEM16-6-16 surfactant; (c) TEM pattern of plane of (110) materials mesoporous produced by GEM16-12-16

surfactant; Insets are the Fourier diffractograms obtained from the part of each image.
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Fig.3 The XRD pattern (a) and SEM pattern (b)
of mesoporous product prepared by using
GEM16-3(0H)-16 surfactant
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Table 2 Properties of series Gemini surfactant solutions and corresponding morphologies of mesoporous products

Calculation Experiment
Surfactant Mesoporous morphology
Spacer length (nm) 10" I" / mol*-m™ a, / nm®

GEM16-3-16 0.61 10.500 1.582 no order

GEM16-4-16 0.76 9.874 1.682 hexagonal

GEM16-6-16 1.07 9.315 1.783 hexagonal

GEM16-8-16 1.38 8.078 2.056 hexagonal
GEM16-10-16 1.68 7.515 2.210 cubic

GEM16-12-16 1.98 7416 2.240 cubic

I":surface excess, ay: headgroup area
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Fig.4 The SEM pattern (a) and TEM pattern (b) of hollow spheres prepared by using GEM16-(1-Ar-1)-16 surfactant
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The Influences of the Spacer of Gemini Surfactants on the Structure of Silicic Mesoporous
Materials”

HU, Jun ZHOU, Li-Hui LI, Hong-Ning LI, Wan-Xin LIU, Hong-Lai HU, Ying
(Laboratory for Advanced Materials, Department of Chemistry, East China University of Science and Technology, Shanghai 200237)

Abstract Gemini surfactants, with two quaternary ammonium head groups separated by a spacer with variable
configurations and with each head group attached to a same or different hydrophobic tail, can be used to control
the packing parameter and the organic polycharge centers. By this means, the structure of mesoporous material
prepared using surfactant template can be considerably controlled by changing the structures of Gemini surfactant,
especially the characteristics of the spacer. The flexibility and the hydrophilicity of the spacer can be changed by
varying the length of methylene chain of spacers from 3C to 12C, or adopting phenyl and hydroxyl radicals. These
deduced successful synthesis of series of ordered mesoporous structure. When the length of methylene spacer
chain of template was between 4C~8C, hexagonal mesoporous materials were produced, while cubic mesoporous
materials were obtained when the length of spacer chain was 10C~12C. It is shown that the GEM16-6-16 and
GEM16-12-16 were effective templates for highly ordered MCM-41 and MCM-48 respectively. The GEM16-
3(OH)-16, which introduced a hydrophilic flexible hydroxyl radical to the spacer, produced less ordered sandwich
structure. The GEM16-(1-Ar-1)-16, with a hydrophobic rigid spacer of p-xylyl, was hard to dissolved in water.
When ethanol was used as cosolvent, hollow sphere materials were produced. The samples were characterized by
XRD, TEM, and N, adsorption-desorpotion.

Keywords: Gemini surfactants, Spacer, Template, Mesoporuos materials, Structure
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