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Assessing the methylation degree by quantitative direct excitation solid-state 29Si
MAS NMR investigation

Q4

-20 -40 -60 -80 100 -120 -140
ppm

Figure S1. Deconvolution analysis using Gaussian functions on TS_Aer-14%Me to assign the
chemical shift of the different contributions (i.e., Q% Q3 Q?2...).

Selection of the calcination temperature

In this work, a mild calcination temperature of 623 K was selected to remove the
templating agents while preserving the methyl-functionalization. Previous works suc-
cessfully removed templating agents such as Pluronics at calcination temperatures lower
than 823 K from silicalites [1,2]. Inspired by these works, the sample with a nominal MTES
molar ratio of 0.20 was calcined at 523, 623, and 723 K in order to select the best calcination
temperature. At 523 K, the incomplete removal of the templating agents was noticed based
on the brown color of the sample (see Table S1). At higher calcination temperatures, the
sample color was beige, suggesting that the removal of the templating agents improved.
At this point, the selection of the calcination temperature was based on the difference in
the preservation of the methyl-functionalization. This was determined by following the
band corresponding to v(Si—C) at 1279 cm™' by FTIR-ATR. As depicted in Figure 52, almost
all the methyl moieties were lost due to calcination at 723 K, and good preservation of the
methyl-functionalization was achieved at 623 K. Therefore, the calcination temperature
selected for all the samples was 623 K.
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Table S1. Ti-SiO2 sample with MTES molar ratio of 0.20 calcined at 523, 623, and 723 K. 59

Calcination temperature
523K 623 K 723K

Absorbance, a.u.

1325 1300 1275 1250 1225

Wavenumber, cm’”
60

Figure S2. FTIR-ATR spectra of the sample with nominal MTES molar ratio of 0.20 calcined at 623 61
and 723 K in static air. 62
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T-plots derived from the N: adsorption branch of the isotherms of the TS_Aer-x%Me 63
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Figure S3. T-plots constructed based on the N2 adsorption data for the TS_Aer-x%Me catalysts. 66
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catalyst

H,O uptake, g, , 9

Scanning electron microscopy images of TS_Aer-0%Me and TS_Aer-9%Me

Figure S4. SEM images of TS_Aer-0%Me (a) and TS_Aer-9%Me (b).

Vapor-phase water sorption experiments at 295 K for TS_Aer-0%Me, TS_Aer -9%Me,

and TS_Aer -14%Me
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Figure S5. Water vapor adsorption isotherms for TS_Aer-0%Me, TS_Aer-9%Me, and TS_Aer-14%Me at 295 K. a) Water
uptake in grams of water per gram of catalyst. b) For comparison among samples, the water uptake was normalized by
the specific surface area corrected (SSAcorrected). The normalized water uptake values are depicted on the curve and the
shaded regions denote the estimated uncertainty (5%) due to the N2 physisorption measurement.
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Calculation of the band gap energy values (Eg) by the determination of the optical 80
absorption edge for the TS_Aer-x%Me catalysts 81
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Figure S6. Eg calculation from the optical absorption edge in the DRUV spectra for the TS_Aer-x%Me catalysts using the 83
Tauc method. 84
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Calculation of the band gap energy values (Eg) by the determination of the optical 86

absorption edge for pristine and methyl-functionalized Ti-SiO: catalysts synthesized 87

by conventional sol-gel method in a previous work 88

TS-0% Me TS-1% Me
= S
o <
Z £
3 s
i =
Eg=4.65 eV Eg=4.37 eV
3 5 6 3 4 5 6
hy, eV hv, eV
TS-5% Me TS-14% Me
= =
o ©
= =
LS @
L =
Eg=4.29 eV = AISEY
3 5 6 3 4 6
hv, eV hv, eV

89

Figure S7. Eg calculation from the optical absorption edge in the DRUYV spectra for pristine and methyl-functionalized Ti- 90

SiO2 catalysts synthesized by conventional sol-gel method [3] using the Tauc method. 91
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Ti surface density =

Description of the peak decomposition of Ti 2p XPS spectra for the samples TS_Aer-
x%Me

In this work, the shift and peak broadening of Ti 2p XPS spectra of the samples
TS_Aer-x%Me compared to the spectrum of pure titanium dioxide (TiO2) are attributed
to the presence of FW-Ti together with EFW-Ti [4-9]. The quantification of these two Ti
species was performed after some decomposition trials.

The first decomposition trial was performed under the following constraints: i) the
spectrum is formed by two components which are FW-Ti and EFW-Tj, ii) the separation
of Ti 2p 32 and Ti 2p 12 for each component is 5.7 eV [10], and iii) the area of Ti 2p 12
corresponds to half of the area of Ti 2p 3. This attempt showed that the binding energy of
the FW-Ti 2p 32 component falls at 460.0-460.1 eV, which is in agreement with the litera-
ture [4,5,7,9]. On the other hand, the binding energy of the EFW-Ti 2p 32 component falls
at 458.0-458.5, showing different binding energy values for the same component in each
sample. This difference does not allow comparison of the quantification of FW-Ti and
EFW-Ti species among the samples, so another constraint was added to set the difference
of the two components as constant in all the samples. This value was selected based on
the difference in binding energies of FW-Ti and EFW-Ti found in the literature, which is
1.5 eV [7,11,12]. Thus, the described constraint was included to perform the decomposi-
tion and quantification for all the samples.

XPS surface elemental quantification of the TS_Aer-x%Me catalysts

Table S2 shows the surface elemental quantification obtained from the XPS spectra
for each sample.

Table S2. XPS surface elemental quantification.

Sample C (of which C-H) 0) Ti (of which FW-Ti) Si
at.% at.% at.% at.%

TS_Aer-0%Me 5.1 (3.0) 72.2 0.34 (0.29) 223
TS_Aer-3%Me 6.3 (4.2) 714 0.36 (0.30) 21.9
TS_Aer-9%Me 7.0 (4.7) 69.9 0.40 (0.32) 22.6
TS_Aer-14%Me 8.5 (6.0) 69.3 0.41 (0.32) 21.8

Calculation of Ti surface density on the catalysts TS_Aer-x%Me

An example of the calculation of Ti surface density was performed for the sample
TS_Aer-14%Me. The same calculation was performed for all the samples for the estima-
tion of the Ti and FW-Ti surface density.

0.019mol Ti 0.015mol (Si +Ti) Yeatalyst 6.022E23 atoms Ti m?

_ 0.37 atoms Ti

nm?2

ol (Si + Ti) . Jecatalyst 462 m? mol Ti "1E18 nm2 0
Where
0.019 mol Ti . .
———— was determined from XPS analysis (Table 3);
mol (Si+Ti)

9015 Mol SHTD a5 determined from ICP-MS analysis;
Ycatalyst
g—““tz“ly >~ is the inverse of the SSAcomected for the sample TS_Aer-14%Me;

462 m? ]
6.022E23 atoms Ti

_ is the Avogadro number.
mol Ti

93
94

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111

112

113
114

115

116

117
118
119

120
121

122

123
124

125



Catalysts 2021, 11, 196

9 of 10

TBHP conversions of the TS_Aer-x%Me catalysts
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Figure S8. TBHP conversion as a function of reaction time of the TS_Aer-x%Me catalysts. Error
bars are shown for TS_Aer-14%Me.

Calculation of the Turnover Frequency values (TOF) for the TS_Aer-x%Me catalysts

An example of the calculation of Turnover Frequency values (TOF) was performed
for the sample TS_Aer-14%Me. The same calculation was performed for the rest of the
samples.

0.0118 molgyp
TOF = 0.014 mol FW —Ti 0.015 mol (Si + Ti) =57h @
mol (Si + Ti) Ycatalyst
Where
—0'0;;8 MOBHP number of mol of TBHP converted at 0.5 h reaction time per gram of
catalyst
catalyst;
20U mOLIWT! \vas determined from XPS analysis (Table 3);
mol (Si+Ti)

9015 moLGBTY a5 determined from ICP-AES analysis.

Ycatalyst
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Experimental setup for catalytic tests
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Figure S9. Experimental setup for catalytic tests.
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