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Supplementary Material 

Substrate functionalization 

Methyl substrates 

Cleaned substrates were placed in a sealed vessel with few droplets of TMCS at room temperature 

for 15 min. The vessel was then kept open for the residue of TMCS evaporated for 20 min prior to use. 

Amino substrates 

The APTMS functionalization followed a modified route from Du [1]. Cleaned substrates were 

immersed in 1% APTMS in ethanol at ambient temperature for 2 h followed by through rinsing with 

95% ethanol. The substrates were stored in 95 % ethanol and were washed with deionized water and 

dried under a continuous stream of N2 gas prior to film deposition. 

Thiol substrates 

Substrates were functionalized with MPTMS according to the protocol by Shiku et al. [2]. Cleaned 

substrates were soaked in a solution with 10 mM MPTMS in benzene for 8 h at ambient temperature. 

The substrates were then washed with benzene, ethanol, and deionized water under sonication. 

Sulfonic acid substrates 

Thiol functionalized substrates were prepared as described above. The substrates were then 

immersed in a 1.0 M H2O2 solution for 30 min to oxidize the thiol terminal group to sulfonic acid and 

then washed with deionized water. 

P123 substrates 

P123 substrates were prepared following the protocol by Wooten et al. [3]. A drop of glycerol was 

first added in an acetone solution with 0.696 mM P123 under constant stirring, and an equimolar 

amount of 1,6-diisocynanatohexane was then added in the mixture. As-prepared clean substrates were 

dip-coated in the mixture and aged at 120 ℃ overnight. 

 

Template removal 

Ethanol extraction 

Ethanol extraction was performed using a modified procedure of Li et al. [4]. 0.2 g of as synthesized 

SBA-15 powder and films was immersed in 150 ml of 99.5 % ethanol under reflux at 78 ℃ for 24 h. The 

material was then filtered and dried at room temperature. 



H2O2 oxidation 

H2O2 oxidation of the P123 was performed following the route protocol by Johansson et al. [5]. One 

synthesis batch, including films, was mixed with 120 g H2O2 solution under reflux at 100 ℃ for 24 h. 

The material was then filtered and dried at room temperature. 

Methanol sonication 

Methanol sonication was performed according to the route described by Pirez et al. [6]. 100 mg of 

SBA-15 and film samples were covered with methanol in a sealed in polypropylene vessel and 

immersed in an ultrasound bath at ambient temperature for 5 min. After the post-extraction, the 

material was rinsed with methanol, collected by filtration, and finally dried in an oven at 80 ℃. 

 

 

Nitrogen sorption and x-ray diffraction data for SBA-15 particles 

 

 

Figure S1. (a) Pore size distribution and physisorption isotherms, and (b) small angle x-ray 

diffractograms of materials synthesized with NH4F/P123 molar ratios of 0.0 – 1.8. 

Table S1. Physiochemical properties and acidity of materials synthesized with NH4F/P123 molar ratios 

of 0.0 – 1.83. 

Sample 
Specific surface areaa 

(m2/g) 

Pore sizeb 

(nm) 

Pore 

volumec 

(cm3/g) 

Unit cell 

parameter 

(nm) 

SBA-15_0.0 675 10.1 0.87 12.4 

SBA-15_0.4 784 9.3 0.97 12.3 

SBA-15_0.9 610 9.7 0.93 12.2 

SBA-15_1.8 606 9.5 1.02 11.9 
a Calculated with the BET method at P/P0 = 0.10 – 0.20. 

b Calculated using the KJS method on the adsorption isotherm. 

c Estimated at P/P0 = 0.98. 

 



 

Figure S2. (a) Pore size distribution and physisorption isotherms, and (b) small angle x-ray 

diffractograms of direct sulfonated SBA_0.0s. 
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