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A facile synthesis route for preparing SBA-15 silica 

of platelet shape and very short mesochannels was 

developed by introducing a small amount of Zr(IV ) 

ions in the synthesis solution.  In-situ small angle X-ray 

scattering (SAXS) using synchrotron radiation was found 

to be a powerful technique in studying the self-assembly 

processes.  The platelet SBA-15 with short mesochannels in 

the length of 150–350 nm was formed due to the fast self-

assembly rate of P123 micelles and tetraethyl orthosilicate 

(TEOS), accelerated by the Zr(IV) ions in the synthesis 

solution.  The synthesis route can be easily extended to 

prepare SBA-15 materials with various organic functional 

groups up to about 2.0 mmol/g loading in one pot.  The 

well ordered organic functionalized SBA-15 with platelet 

morphology and short mesochannels were prepared with 

TEOS prehydrolysis for 1–4 h.  The in-situ SAXS studies 

indicated that the self-assembly of P123 micelles and 

TEOS was slightly perturbed by the addition of organic 

silane, but adding Zr(IV) species in the synthesis solution 

still dominated the rate of mesoporous silica formation.
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SBA-15 silica of two-dimensional channeling pores 

arranged in hexagonal p6mm structure has received 

great attention because of its relatively large pore and 

high hydrothermal stability in comparison to MCM-41, its 

analog in M41S family.  The diameter of the channeling 

pores of SBA-15 can be varied in 3-10 nm, while the 

length of the pores is usually in the scale of micrometers. 

Molecular diffusion through the lengthy mesochannels 

and pore blockage along the channels are the main 

concern when applying these materials for sorption and 

catalysis.  Several studies have unveiled the preparation of 

pure siliceous SBA-15 materials with short mesochannels 

in the sub-micrometer level by adding either co-surfactant, 

co-solvent, electrolytes or organosilanes into the synthesis 

solutions.  The co-solvents and fluorocarbon surfactant 

were proposed to surround the silica particles and thereby 

limited the aggregation and growth of silica particles. 

However, these methods are not suitable to prepare 

organic functionalized materials in one pot due to the 

interference of the co-solvents in self-assembly process 

and the reactivity of NH4F toward organosilanes.

Our group found that the mesochannels of SBA-15 

materials could be shortened from micrometers to 

around 150–350 nm when the materials were prepared 

in the presence of Zr(IV ) with the Zr/Si ratios within 

0.03–0.1 in strong acidic environment.  The optimal molar 

compositions in the synthesis solution were 0.017 

P123 : 1 TEOS : 0.05 ZrOCl2 • 8H2O : 7.94 HCl : 221 H2O.  

Figure 1 shows the resultant siliceous SBA-15 has three 

distinct diffraction peaks at 2θ= 0.90, 1.52 and 1.76o 

indexed to the (100), (110), and (200) planes, respectively, 

of 2D-hexagonal p6mm symmetry and a narrow pore size 

distribution with the peak pore diameter at 6.7 nm.  SEM 

photograph shows the materials are homogeneously 

dispersed hexagonal thin platelets.  The average width 

and thickness of the platelets are 800 – 1100 nm and 150 

– 250 nm, respectively.  Well-ordered pores arranged in 
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2D-hexagonal p6mm structure and 

aligned along the thickness of the 

thin platelets are observed on the 

TEM photographs.  In other words, 

the lengths of mesochannels are 

the thickness of the thin platelets, 

which are slightly thinner at the 

edge and thicker at the center.  

The platelet  morphology and 

shor t  mesochannels  of  these 

mater ia ls  are  qui te  d i f ferent 

f r o m  t h o s e  o f  c o n v e n t i o n a l 

SBA-15, which possesses rod or 

fiber-like morphology and long 

mesochannels in micrometers. 

The in-situ small angle X-ray 

scattering (SAXS) technique was 

utilized to study the effect of Zr(IV) 

ions on the self-assembly of P123 

micelles and silica precursors.  The 

experiments were conducted 

at  B e a m l i n e  1 7 A  o f  N at i o n a l 

Synchrotron Radiation Research 

Center (NSRRC), Hsinchu, Taiwan.  The reaction mixture was 

circulated with a wriggle pump into a Teflon container of 

10 mm inner diameter and ca. 2 mm thickness with Kapton 

windows. The SAXS patterns were recorded with an 

image plate detector every 3 min. in the transmission 

mode using λ= 1.32 - 1.33 nm radiation (1.5 GeV and 120 

- 200 mA).  For the conventional SBA-15 with fiber-like 

morphology, the gel compositions were 0.017 P123 : 1.0 

TEOS : 7.94 HCl : 221 H2O.  Figure 2(a) shows that a broad 

diffraction peak at 2θ= 0.66o corresponding to d-spacing 

of 13.4 nm appeared after TEOS was added for 52.2 min.  

Meanwhile, white precipitate was observed.  Higher-

angle scattering peaks of (110) and (200) planes gradually 

appeared after about 2 h.  For the SBA-15 prepared with 

Zr(IV) ions, a scattering peak at 2θ= 0.61o corresponding 

to d-spacing of 14.5 nm was promptly observed after TEOS 

was added for 7.3 min (Fig. 2(b)).  The white precipitate was 

also seen at this moment.  The (110) and (200) scattering 

peaks appeared after about 30 min.  The effect of Zr/Si ratio 

on the time needed for the first appearance of scattering 

peak (designated asτ) is shown in Fig. 2(c).  Theτdrops 

markedly from 52 min to ca. 20 min by adding only 2.5 mM 

of ZrOCl2 in the synthesis solution.  When further increase 

in the Zr(IV) concentration, theτvalue decreases gradually 

and lowers to ca. 7 min when 12.5 mM of ZrOCl2 is added. 

These results demonstrate that the formation of ordered 

mesoporus silica is accelerated by Zr(IV) ions.

In combination of the results of cryo-TEM studies 

reported in the l iterature and our freeze-fracture 

replication TEM and in-situ SAXS studies, the effect of Zr(IV) 

ions on the evolution of mesostructure and morphologies 

F i g. 1 :  ( A )  S m a l l - a n g l e  X R D  p a t t e r n s  u s i n g 
CuKαradiation source (λ=1.5418 Å), (B) N2 
sorption isotherms, (C) SEM image and (D, E) 
TEM images of calcined SBA-15 with platelet 
morphology and short mesochannels.
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of SBA-15 is thoroughly known.  In the early stage of 

assembly processs, it can be pictured that the thread-like 

P123 micelles coated with silica are formed after TEOS is 

introduced into the synthesis solution for about 10 min.  As 

silica condensation proceeds, the disordered stuctures and 

aggregates of P123-silica nano-composite materials are 

formed in the following 20–30 min.  As the silicate further 

condensates around the P123 micelles, the micelles were 

stretched and aligned in 2D-hexagonal arrangement.  The 

short rods inter-connect through the ends of the channels 

and form longer rods along the channeling direction as 

the reaction prolongs.  As a result, the conventional SBA-15 

material with rod-like or fiber-like morphology is obtained. 

On the other hand, the silicate condensation around the 

micelles was accelerated by the presence of Zr(IV) ions in 

the synthesis solution.  The plate-shaped SBA-15 particles 

are a result of the quick silicate condensation which also 

terminates the possibility of inter-connection between 

particles. 

The incorporation of organic functional groups 

is important in the applications of mesoporous silica. 

The present synthesis route can be easily extended to 

prepare SBA-15 materials with various organic functional 

groups, including CH3-, C6H5-, Cl(CH2)3-, SH(CH2)3- CN(CH2)3- 

and NH2(CH2)3-groups, up to ca. 2.0 mmol/g loading in 

one pot.  The advantages of the resultant materials were 

demonstrated by the faster adsorption rates and larger 

adsorption capabilities toward bulky organic molecules, 

in comparison to the conventional SBA-15.  The influence 

of organosilanes on the self-assembly process was also 

examined by in-situ SAXS.  It was found that the process 

was seriously impeded if the organic silane and TEOS 

were mixed simultaneously in one pot.  Figure 3(a) shows 

that only one broad (100) peak can be seen without 

higher Miller index planes up to hours.  That is especially 

pronounced when the organic moieties have lone pair 

electrons to form dative bonds with Zr(IV) ions or strongly 

interact with P123 micelles through hydrogen bonding. 

As a result, the precipitates without ordering pore 

arrangement were obtained.

It is well documented that pre-hydrolysis of TEOS is 

Fig. 2: In-situ SAXS patterns using a synchrotron 
X-ray radiation source (λ  = 1.333 Å) of 
SBA-15 prepared (a) without adding Zr(IV) 
ions, (b) with Zr(IV) ions, and (c) the effect of 
Zr(IV) concentration on the time (τ) of first 
appearance of the scattering peak.

essential in order to obtain well-ordered SBA-15 materials 

with high loading of organic functional groups in one 

pot.  The organic functionalized SBA-15 with platelet 

morphology and short mesochannels were prepared with 

TEOS prehydrolysis for 1–4 h.  Although both FFR-TEM 

and in-situ SAXS show that well ordered 2-D hexagonal 

structures are formed after TEOS is added for 40 min and 

1.5 h with and without Zr(IV) ions, respectively, in-situ SAXS 
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shows that the assembly processes are still perturbed by 

the introduction of organic silanes.  Figure 3(b) shows the 

in-situ SAXS patterns of a synthesis mixture with 10 mol% 

methylsilane/TEOS ratio.  A broad scattering peak at 

2θ ~ 0.61o was observed in several minutes in the acidic 

solution containing TEOS, P123 and Zr(IV).  The peak grew 

stronger and sharper as the reaction progressed.  When 

methyltriethoxysilane (MTES) was introduced into the 

synthesis gel after 1 h, the scattering peak immediately 

weakened and moved toward higher-angle.  Nevertheless, 

the scattering peak regained its intensity in the next 

5 min and grew gradually without moving the position 

significantly.  After TEOS was added for 1.5 h, the (110) 

and (200) scattering peaks appeared at 2θ~ 1.13 and 

1.28o.  These results indicate that the self-assembly of 

P123 micelles and TEOS is slightly perturbed by MTES, 

but adding Zr(IV) species in the synthesis solution still 

dominates the rate of mesoporous silica formation. 

    In summary, large pore SBA-15 silica of platelet 

shape and very short mesochannels in 150–350 nm was 

developed by introducing a small amount of Zr(IV) ions 

in the synthesis solution.  In-situ SAXS using synchrotron 

radiation is a powerful technique to study the self-

assembly process of mesoporous materials.  The platelet 

SBA-15 with short mesochannels was formed due to the 

fast self-assembly of P123 micelles and TEOS accelerated 

by the Zr(IV) ions in the synthesis solution.  With the aid 

of TEOS pre-hydrolysis, this synthesis route could be 
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easily extended to prepare various organic functionalized 

SBA-15 materials with platelet morphology and short 

mesochannels.  These materials are superior to the 

conventional SBA-15 of rod or fiber morphologies in 

facilitating molecular diffusion and less possibility of pore 

blockage when used in the sorption or reactions of bulky 

molecules.◆

Fig. 3:  In-situ SAXS patterns using a synchrotron X-ray 
radiation source (λ= 1.333 Å) of methyl-
functionalized SBA-15 prepared with Zr(IV) ions, 
(a) no TEOS pre-hydrolysis and (b) TEOS pre-
hydrolysis for 1 h.
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