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Abstract: Small Angle X-ray Scattering (SAXS) experiment using Synchrotron Radiation as X-ray 
source was used to determine the average wall thickness of mesoporous silica prepared by 
condensation of tetraethylorthosilicate (TEOS) using non-ionic alkylpolyethyleneoxide (AEO9) 
surfactant as templates.  The results agreed with that of high-resolution TEM (HRTEM) 
measurement. 
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Mesoporous silica formed by the condensation of silica oligomers around self-assembled 
surfactant micelle templates has recently attracted much interest owing to its potential for 
use in catalytic or adsorbent applications1.  Much attention has been focused on 
characterization of its pore structure by transmission electron microscopy (TEM), 
high-resolution TEM (HRTEM), N2 adsorption, small angle X-ray scattering (SAXS) et 
al., but seldom concerning its average wall thickness2-7.  This short communication 
introduced a flexible method to evaluate the average wall thickness of mesoporous silica 
under examination by SAXS. 

Mesoporous silica was prepared using tetraethylorthosilicate (TEOS) as precursor 
and non-ionic alkylpolyethyleneoxide CH3(CH2)n(OCH2CH2)9OH (AEO9) surfactant as 
templates8.  The surfactant extraction was performed by Soxhlet extraction with ethanol 
for 24h, and then the final solid was filtered, washed with distilled water and dried at 
100°C in air. 

XRD measurement indicated that the resultant silica was in amorphous state.  N2 
adsorption at −196°C with ASAP2000 and HRTEM measurement (see Figure 1) with 
HITACHI-9000 illustrated that the sample was of mesoporous structure. 

SAXS experiment was performed using Synchrotron Radiation as X-ray source 
with a long-slit collimation system at Beijing Synchrotron Radiation Laboratory.   
Incident X-ray wavelength λ was 0.154nm, and the scattering angle 2θ was 
approximately 0~3°, the scattering vector was denoted as q, where q=4πsinθ/λ.  The 
scattered X-ray intensity was recorded using imaging plate technology.  The 
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background scattering and the absorption of the sample were corrected.  Data analysis 
was directly based on slit-smeared intensity J (q). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the small angle X-ray scattering of ideal two-phase system of mesoporous 

material, there is the following relation between the average pore size lp, the average wall 
thickness of the solid matrix ls and the correlation distance ac that is a measure of phase 
size9: 

spc lla
111 +=                            (1) 

Thus, once ac and lp have been determined, ls could then be deduced from the 
formula (1).  In this paper, ac and lp were determined from Debye plot and Guinier plot, 
respectively. 

Guinier plot of the sample (see Figure 2) is continuous and strongly concave shows 
that the pores, which give the small angle X-ray scattering10, in the sample are 
polydispersive10.  The relation between the scattering intensity J(q) and the pore size 
distribution Vi(D)~Di is as following11: 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2  ln[J (q)] versus q2 plot of mesoporous silica

Figure 1  HRTEM image of a representative region of mesoporous silica 
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where C is a constant, Vi(D) is the fraction of the volume of the pores with diameter Di to 
the total volume of all pores in the sample.  By using the Shull-Roess method12, the 
pore size distribution Vi(D)~Di is deduced from equation (2) and Figure 213.  The 
average pore diameter lp can then be determined as: 

∑
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The result is that lp equals to 2.86nm. 
Figure 3 is Debye plot of the sample.  The well linear relation in Figure 3 

indicates that the sample is a completely random two-phase system, i.e. the uniform 
electron density of certain value in the silicon matrix and the zero electron density in 
pores.  According to Debye’s theory14, for slit-smeared intensities15: 
     

Figure 3  J (q)-2/3 versus q2 plot of mesoporous silica 
 
 
 
 
 
 
 
 
 
 

 
 
 

2/322 )1(
)(

qa
AqJ

c+
=                         (4) 

where A is a constant.  Thence ac may be evaluated from Figure 3, where 
2/1
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The result is that ac equals to 1.18nm. 
Having obtained ac and lp, the average wall thickness ls in the sample could then be 

determined with formula (1), and the result is that ls equals to 2.01nm.  This lies within 
the range of 1.50nm to 3.50nm obtained from HRTEM experiment in Figure 1. 

Unlike other characterizing techniques such as gas adsorption, TEM and HRTEM, 
SAXS can be used to the study of the microstructure of both wet and dry porous 
materials whether the pores are open or closed.  So, comparatively speaking, 
measurement of the average wall thickness of mesoporous material by SAXS represents 
probably the value close to the absolute limit. 
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