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porosity 50.4%

Figure S1. TEM images and porosity determined from the refractive index measured by ellipsometry

using the effective medium approximation as described in the literature’ for mesoporous silica heated to
350°C. The scalebar corresponds to 200 nm.
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Figure S2. Film porosity as determined by effective medium theory based on the refractive index
measured by ellipsometry and corresponding to Figure 2. Porosity was determined based on the
refractive index of air (n = 1), the refractive index of silica (n = 1.458), and the measured refractive
index of the mesoporous film by using the effective medium approximation as described in previously.'
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Sessile drop measurements. Static contact angles recorded for mesoporous thin films with
BPSilane (BPSi) and APTES concentration (NH,Si) and a drop volume of 4 pL. A slightly
contact angle with increasing organic function is observed as expected due to the increasing
more hydrophobic organic compound as compared to pure mesoporous silica (contact angle

< 20°). The error is based on 5 different measurement positions on the same substrate.
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Figure S4. Overview about the normalized IR N-H bending at 1542 cm™ at pH 3 and the normalized IR

C=0 vibration at 1650 cm™ with increasing BPSilane ratio as extracted from Figure 6b and 6c.
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Figure S5. IR-spectrum of BPSilane as comparison to Figure 6. The C=0O band is detected at 1658 cm’™
for pure BPSilane whereas the signal shifts to 1650 cm for BPSi films (Figure 5). Similar shifts of
C=0 signals were discussed in the literature e.g. for poly(lauryl methacrylate) polymers, and attributed
to interaction of the C=0 function with the surface silanol groups of silica.

Table S1. XPS-Results for all NH,Si films corresponding to Figure 8.

xN:1Si | xF:1Si xF:1N %N
modified
with
Sample C 0] N Si F Na Cl TFAA
at% | at% | at% | at% | at% | at% at%
339 435| 17 |196| - | 1.3 - ) ) i
. 0.09
10% NH,Si
309 444 | 1.7 |211| 1.0 0.9 -
. - 0.05 0.60 21
10% NH,Si + TFAA
365425 | 2.7 | 17.2 - 1.0 -
_ 0.15 - - -
15% NH,Si
346 (415 21 |195]| 1.3 0.9 -
. - 0.07 0.62 20
15% NH,Si + TFAA
0.23
39.6 396 | 3.5 | 16.0 - 1.2 -
25% NH,Si ) ] i
40.2 |1 373 | 26 | 184 | 1.5 - -
- 0.08 0.58 23

25% NH,Si + TFAA




Analyzing the carbon content the Cls signal was fitted as summarized in Table S1b. The detected ratios

of C-C : C-O : O-C=0 are similar to the ones reported for an APTES-postgrafted SBA-15 silica bulk

material.’

Table S1b: Results from the fit analysis of the Cls signal.

Sample c-C c-0 0-C=0
Feo\f] area% [%3/8] area% [%3/8] area%
284.9 286.5 288.7
10% NH,Si 2849 | 65.3 | 286.5| 29.3 [288.7| 5.4
15% NH,Si 2849 | 71.5 | 286.5| 241 [ 288.7 | 44
25% NH,Si 2849 | 72.6 | 286.5| 21.6 | 288.7| 5.7

Analyzing the C-C content per silica the XPS results indicate a higher carbon content as expected due to
the introduction of APTES (3 C-C per N ). One possible reason is the introduction of carbon due to
unreacted or not completely condensed silica precursors TEOS and APTES. This leaves unreacted
ethoxy functions which is reflected as well in the the C-O signal. Comparing the C-O ration per Si with
the excess of C-C it becomes clear that ~50% of the unreacted C-C might be due to unreacted ethoxy
groups resulting in ~ 1 unreacted ethoxy group per 2 Si. The same amount of C-C detected is most

probably due to contamination.



Table S2. Pore diameter and interpore distance as determined by TEM.

sample pore diameter interpore interpore distance
distance larger smaller distance
/nm distance
/mm
/mm
10 % NH,Si 5.9 (£0.8) 3.90.7) 1.6 (+0.5)
15 % NH,Si 7.3 (£0.8) 2.8(x0.9) 2.2(£0.5)
20 % NH,Si 7.8 (£1.1) 2.5 1.3) 3.0 (+0.9)
25 % NH,Si 8.9 (x0.8) 23 (x1.1) 2.1 (£0.6)
10 % BPSi 5.9 (%= 0.6) - 2.3(£0.8)

Table S3. Refractive index and Porosity corresponding to Figure 2.

Refractive Porosity Sample

index 1%

1.349 23 NH,Si 10%
1.372 18 NH,Si 15%
1.368 19 NH,Si 20%
1.369 19 NH,Si 25%
1.359 21 BPSi 10%
1.416 9 BPSi 15%
1.462 0 BPSi 20%
1.488 0 BPSi 25%

To determine the porosity out of refractive indices the Briiggemann effective medium approximation
was used. The relation between every volume fraction inside mesoporous silica and its dielectric
constant can be expressed as:

%) [;air*' 285] (%) [s + 285] (1-p) [851 + 2885] =0

P, Vp, €air » €s » Esi, €p correspond to the layer porosity, the polymer volume fraction, and the dielctric
constants of air, the measured sample, the silica, and polymer respectively. In case mesoporous NH,Si
and BPSi without polymer the term V, equals zero. To obtain reliable values every ellipsometric
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measurement needs to run at a relative humidity below 20 %. Otherwise adsorbed air moisture is too
high which consequently falsifies measurement results. The refrective index of pure SiO2 was

considered to be 1.45.
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Figure S6: Reflectivity profiles have been normalized to the Frensnel reflectivity for the amino- (A)
and benzophenon (B) containing silica networks. Curves have been shifted vertically for clarity. The
resulting peaks are fitted with a Gaussian in order to obtain their integral intensity.
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Figure S7. Cyclic voltammograms for BPSi mesoporous thin films with redox probe molecule
Ru(NH;)s*" at pH < 3 (a) and pH > 8 (b) and the redox probe molecule Fe(CNg)*™ at pH < 3 (c) and pH
> 8 (d). The BPSilane ratio of 10 mol % is shown in black, 15 mol % in red, 20mol % in green, and 25

mol % in blue
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Figure S8. Cyclic voltammograms for NH,Si mesoporous thin films with redox probe molecule
Ru(NH;)s’" at pH < 3 (a) and pH > 8 (b) and the redox probe molecule Fe(CNg)’~ at pH < 3 (c) and pH
> 8 (d). The APTES ratio of 10 mol % is shown in black, 15 mol % in red, 20mol % in green, and 25
mol % in blue.
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Figure S9. Maximum current density in dependence of the squareroot of the scanrate according to
Randles-Sevcik equation for all mesoporous films. These data correspond to Figure 6, Figure S7 and
Figure S8. A linear behavior is observed for all porous samples showing ionic accessibility of pores.
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