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The morphology and particle size of SBA15 and MCM41 silica samples were investigated by 

transmission electron microscopy (TEM). The obtained images are reported in Figure S1. 

 

Figure S1. TEM images of MCM41 (A) and SBA15 (B) samples. 

TEM analysis (Figure S1) showed that both MCM41 (A) and SBA15 (B) materials present 

ordered porosity with hexagonal symmetry. The SBA15 sample is characterized by roundshaped 

particles with dimensions of about 400 nm, while the MCM41 sample is constituted by particles with 

dimensions below 50 nm with the presence of a wormhole pore network. The same network for 

MCM41 has been also observed by Park et al., 2002. Here, they found that the presence of a 

wormholetype pore system in the MCM41 sample, as well as of a lower condensation degree of the 

silica walls, leads to the generation of a higher population of structural defects [1]. Surface properties 

of silica samples were studied by FTIR spectroscopy (Figure S2). 
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Figure S2. FTIR spectra of fumed (curve a), MCM41 (curve b), and SBA15 silica (curve c). 

The spectra of fumed, MCM41, and SBA15 silica samples (Figure S2 curves a, b, and c, 

respectively) present a sharp peak at ca. 3745 cm1 that can be assigned to isolated silanols, and a 

broad absorption in the 3720–3200 cm1 region, with a maximum at around 3530 cm1, that 

corresponds to hydrogenbonded silanols [2,3]. In the SBA15 sample (Figure S2 curve c), the peak at 

3745 cm1 appears more intense than those observed in fumed and MCM41 silica samples (curves a 

and b, respectively), thus suggesting the presence of a higher amount of isolated SiOH species on 

SBA15. 

It is also essential to perform a quantification of the silanols present in the different samples, as 

this parameter can strongly influence the adsorption of toluene. The quantification was performed 

by using thermogravimetric analysis (Figure S3). 

 

Figure S3. TGA analysis performed at a heating rate of 2°C/min under oxygen flow (100 mL/min) of 

fumed (curve a), MCM41 (curve b), and SBA15 (curve c) silicas. 

The amount of silanols was determined by considering the weight loss within the 150−1050 °C 

range, which is approximately 1.5, 3.1, and 3.1%, corresponding to 2.5, 2.0, and 2.8 OH/nm2 for 

fumed, MCM41, and SBA15 silica, respectively. The equation used to determine the amount of 

surface silanols is reported below. 

 
(S1) 

Equation S1. Silanol number determination from TGA analysis. 
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Figure S4. Xray patterns of samples MCM41 (a), MCM41_8h (a’), MCM41_36h (a’’) (Frame A); 

SBA15 (b), SBA15_8h (b’), SBA15_36h (b’’) (Frame B). 

 

Figure S5. TEM images of MCM41 silica (A) and MCM41_36h (B). 

 (S2) 

Equation S2. Determination of wall thickness (t) of mesoporous ordered silicas (where D is the mean 

pore diameter, obtained from N2 physisorption analysis), while a0 is the hexagonal unit cell 

parameter, determined according to the following equation (Equation S.3): 

 
(S3) 

Equation S3. Determination of hexagonal unit cell parameter (where d100 is the spacing obtained 

from small-angle XRD analysis by using Bragg’s law). 
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Figure S6. N2 adsorption (full symbols) and desorption (empty symbols) isotherms of MCM41 (a), 

MCM41_8h (a’), MCM 41_36h (a’’) (A); SBA15 (b), SBA15_8h (b’), SBA15_36h (b’’) (B). 

Figure S6 shows the initial part of the N2 sorption isotherms of the porous silicas. The 

hydrothermal treatment steadily reduces the microporosity of MCM41 (Figure S6A). Figure S6B 

indicates that the hydrothermal treatment increases the volume of the micropores of SBA15 after 8 h, 

but then reduces it at longer times (36 h). This observation, together with the reduction in the 

thickness of the pore walls (Table 1), suggests a densification of the silica walls of SBA15 at the 

expense of the micropores. 

The modification of the silica surface as a consequence of the hydrothermal treatment was also 

followed by FTIR spectroscopy (Figure S7). 
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Figure S7. FTIR spectra of MCM41 (a), MCM41_8h (a’), MCM41_36h (a’’) (A); SBA15 (b), SBA15_8h 

(b’), SBA15_36h (b’’) (B). 

Both MCM41 and SBA15 samples after 8 and 36 h of hydrothermal treatments show a 

modification of bands related to surface SiOH sites: A decrease in the intensity of the band due to 

isolated silanols (3745 cm1) is noticed together with a modification of the large band due to Hbonded 

species. This evolution is another verification of the partial hydrolysis of weak SiOSi siloxanes and 

the formation of defect sites after hydrothermal treatment [3,4]. 

The modification of the amount of SiOH species after hydrothermal treatments was determined 

by thermogravimetric analysis (Figure S8 and Table S1). 

 

Figure S8. MCM41 (a), MCM41_8h (a’), MCM41_36h (a’’) (Frame A); SBA15 (b), SBA15_8h (b’), 

SBA15_36h (b’’) (Frame B). 

Table S1. Amount of SiOH species of MCM41 and SBA15 samples before and after hydrothermal 

treatment for 8 and 36 h at 50 °C. 

Sample 
 N° OH/nm2  

AsPrepared Samples 8 h Hydrothermal Treatment 36 h Hydrothermal Treatment 

MCM41 2.0 8.7 4.4 

SBA15 2.8 5.9 5.2 

The increase in the amount of OH groups per squared nm after 8 h of hydrothermal treatment 

for both materials is an indication of the progressive hydrolysis reactions on the silica surface. After 

8 h of treatment, silanol species of the SBA15 sample increase from 2.8 to 5.9 OH/nm2; prolonging the 

duration of treatment to 36 h, the silanol species remain around 5.2 OH/nm2. 
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The amount of silanols species of MCM41 after 8 h of hydrothermal treatment has a greater 

increase (from 2.0 to 8.7 OH/nm2) compared to the SBA15 sample. This is probably due to the fact 

that MCM41 silica has thinner pore walls than SBA15, and, consequently, more siloxane bonds are 

sensitive to hydrolysis, leading to longer times to the partial collapse of the structure (Figure S5(B)).  

After 36 h of hydrothermal treatment, half of the silanols in MCM41 8h condenses, leaving 4.4 

OH/nm2; the progressive fragmentation into non-porous silica is compatible with the steady 

reduction of SSA. 

FTIR spectra obtained after the adsorption of 30 mbar of toluene and subsequent gradual 

decrease in toluene pressure on SBA15 silica are reported in Figure S9. 
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Figure S9. FTIR spectra of toluene adsorbed at RT on SBA15 sample. Spectrum a was recorded after 

outgassing the sample for 1 h at 150 °C (before toluene adsorption); spectrum h was recorded after 

the admission of 30 mbar of toluene; spectra g to b were collected upon decreasing the dosage of 

toluene. 

The IR adsorption experiments were carried out starting from high toluene pressure (30 mbar, 

Figure S9, h) and progressively decreasing (Figure S9, curves gb); however, for the sake of clarity, in 

the following text, FTIR spectra are described starting from low to high toluene pressure. 

Adsorption of small toluene doses, from 0.1 to 9 mbar, on SBA15 silica (Figure S9, curves bg) led 

to the partial disappearance of the band related to isolated SiOH species at 3745 cm−1 and to the 

concurrent formation of a band at ca. 3592 cm−1. This behavior has already been observed in the case 

of toluene adsorption on dealuminated zeolites [5]: The band at 3592 cm−1 is due to the interaction of 

isolated silanols present on the silica surface with the aromatic ring of toluene (i.e., O−H·π 

interactions), the associated ΔυOH being ca. 153 cm1. This shift is similar to that observed in zeolites 

(i.e., 150 cm−1), thus indicating that the strength of the interaction between the silica and toluene is 

comparable to that between zeolites and toluene [5]. The IR spectra of SBA15 upon contact with 

toluene also show a broad band with a maximum at ca. 3400 cm1, more evident at pressures higher 

than 9 mbar. This band is probable due to the interactions of toluene with the hydrogenbonded 

silanol species present on the surface of SBA15 silica. 

Upon the adsorption of toluene, several absorption bands are formed in 31002850 and 16501350 

cm1 ranges. The attributions of these bands are described in Table S2.  

Table S2. IR bands formed after the adsorption of toluene on SBA15 [5]. 

Frequency (cm−1) Vibration Mode  

3085, 3060 and 3030  ν CH aromatic ring 

2922 and 2871  νs and νas CH toluene methyl groups 

1605  quadrant stretching mode of monosubstituted ring C=C bond 
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1495  semicircular stretching vibration monosubstituted aromatic ring 

1460 and 1377  outofphase and inphase deformations of methyl group 

Increasing the toluene amount (until 30 mbar, Figure S9, curve h), it is also possible to observe a 

slight increase in the intensity of the bands related to the toluene molecules. This indicates that the 

adsorption is likely driven by van der Waals interactions between the silica walls and toluene 

molecules (hostguest interactions) and among toluene molecules (guestguest interactions). 

 

Figure S10.  Dependence of toluene uptake to silanols for fumed (blue triangles), MCM41 (red 

circles), and SBA15 silicas (black squares). 

 

Figure S11. Adsorption kinetics of toluene from aqueous solution (80 mg L1) by MCM41 and SBA15 

mesoporous silicas before and after hydrothermal treatments at the silica/solution ratio of 10 mg/100 

mL. Standard error ≤ 5%. 
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