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1. Pictures of the equipment and samples

Figure S1. Internal gear pump setup used for preparation of TiOz/epoxy dispersions

Figure S2. A sample of cured TiO2/epoxy composite prepared
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2. NMR spectroscopy of the obtained compounds
1,3,5,7,9,11,13,15-hexa((3-glycidoxypropyl)dimethylsiloxy)-di((trimethoxysilyl) dimethylsilloxy)
pentacyclo[9.5.1.13°.1515.173]octasiloxane (SS-6GP-2TMOS)

e Si(OMey, B product jsomer
V/\O/\/}Mezo osime, }&/\/
fslf”()“‘zfél J\L/V SicoOMe (04 H
V/\ SiMe,0— 3960\s|_o_oé|Me 4 1(OM®)3 product jsomer
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% S|Me20/ ~0- (BS|Me \/L\ V/\O/\/\;{

TH NMR (400 MHz, CDCls): 6 (ppm) = 3.70-3.67 (m, 6H position 3), 3.55 (s, 18H, OMe), 3.48-3.40 (m, 12H, position 4),
3.39-3.36 (m, 6H, position 3), 3.14-3.11 (m, 6H, position 2), 2.79-2.77 (m, 6H, position 1), 2.60-2.59 (m, 6H, position 1),
1.65-1.60 (m, 12H, position 5), 1.11 (d, alpha product -CHs), 0.62-0.59 (m, 20H, SiCH>CH-Si, position 6), 0.14 (s, 48H,
SiMez2); ac and P isomers were obseved in 8 : 92 ratio;

BC NMR (101 MHz, CDCl): 8 (ppm) = 74.25, 71.59, 71.58 (glycidoxy group), 50.97, 50.78, 50.69 (OMe), 44.46 (propyl-3-
CH>), 23.32, 13.81, 13.80 (propyl-1 and propyl-2-CHz), 8.62, 8.60 (Si-CH.CH>-Si), 7.41, 5.29 (SiCH(CHs)Si), 0.44 (Si-
CH>CHb>-5i), -0.25, -0.28, -0.31 (glycidoxypropyl SiMe2), -0.95, -0.98, -1.01 (trimethoxysilylethyl SiMez);

»Si NMR (79,5 MHz, CDCls): 8 (ppm) = 13.23-13.18 (Si-trimethoxysilylethyl), 12.97-12.91 (Si-glycidyloxypropyl), -41.67
(S5i(OMe)s), -109.09 (core).
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1,3,5,7,9,11,13,15-penta((3-glycidoxypropyl) dimethylsiloxy)-tri((trimethoxysilyl)dimethylsilloxy)
pentacyclo[9.5.1.13°.1515,173]octasiloxane (SS-5GP-3TMOS)
1

S& Si(Ome ;
Ov/\o/v;Mezo ' O_é'Mlez " i(OM®); [ proguct jsomer
NN 0°5. .\é' e
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1

H NMR (400 MHz, CDCls): & (ppm) = 3.70-3.66 (m, 5H position 3), 3.54 (s, 27H, OMe), 3.47-3.43 (m, 10H, position 4),
3.39-3.33 (m, 5H, position 3), 3.14-3.09 (m, 5H, position 2), 2.77-2.74 (m, 5H, position 1), 2.59-2.55 (m, 5H, position 1),
1.64-1.63 (m, 10H, position 5), 1.12 (d, alpha product -CHs), 0.61-0.59 (m, 22H, SiCH>CH-Si, position 6), 0.14 (s, 48H,

SiMe2); o« and P isomers were obseved in 10 : 90 ratio;

13C NMR (101 MHz, CDCls): & (ppm) = 73.87, 71.31 (glycidoxy group), 50.61, 50.32 (OMe), 43.99 (propyl-3-CH2), 23.06,
13.55 (propyl-1 and propyl-2-CHz), 8.36 (Si-CH2CH>-Si), 7.14, 5.01 (SiCH(CH3)Si), 0.17 (Si-CH2CH>-5i), -0.54, -0.57, -0.61

(glycidoxypropyl SiMe2), -1.24, -1.27 (trimethoxysilylethyl SiMez);

»Si NMR (79,5 MHz, CDCls): 8 (ppm) = 13.17-13.13 (Si-trimethoxysilylethyl), 12.92-12.87 (Si-glycidyloxypropyl), -41.87

(Si(OMe)s), -109.12 (core).

H NMR
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1-ethoxy-3,5,7,9,11,13,15-heptaisobutylpentacyclo[9.5.1.1%°.1515.17 3] octasiloxane (iBurSSQ-OEt)

iBU
\Si/O\Si/OEt

B~ sitosi 2 isu

[0} g o}
iBU ﬁ-gi\o .fc5>/i\iBu

iBU—>'~0—>'_,gu

1H NMR (400 MHz, CDCls): § (ppm) = 3.84 (q, ] = 7.0 Hz, 2H, OCH2CHs), 1.92-1.80 (m, 7H, iBu), 1.23 (t, ] = 7.0 Hz, 3H,
OCH:CHs), 0.97-0.95 (m, 42H, iBu), 0.64-0.59 (m, 14H, iBu);

13C NMR (101 MHz, CDCls): § (ppm) = 59.48 (OCH2CHb), 25.85, 25.83, 24.02, 23.98, 22.64, 22.59, 22.51, 22.49 (iBu), 18.03
(OCH:CHp);

2Si NMR (79,5 MHz, CDCL): § (ppm) = -66.71, -66.94, -67.87 (cage), -103.22 (SiOEt).
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3. MALDI-TOF mass spectra of obtained spherosilicate compounds
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4. SEM images of the TiO2/EP composites

1% TiOz, unmodified, mechanical stirrer

3/16/2021 det HV pressure WD 50 pm
11;33:58 AM | LFD | 10.00 kv 76 Pa | 10.8 mm www.wczt.pl

3/16/2021 pressure WD 50 pm
11:26:32 AM | LFD | 10.00 kv 70Pa | 10.7 mm www.wezt.pl
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3/16/2021 | det HY mag [J : 20 pm ——————
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1% TiOz, unmodified, mixing pump

3/3/2021 mag [ pressure 20 pm
9:34:22 AM | LFD | 10.00 k¥ | 5000 x 70 Pa www.wezt.pl

3/3/2021 mag [ pressure WD 10 pm
9:28:09 AM | LFD | 10.00 kv | 10 000 x 70Pa | 12.0 mm www.wezt.pl
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6202 | det | W | meg O e | wo
11:45:49 AM | LFD | 10.00 kV | 5000 x | 82.9 ym 11.7 mm
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2% TiOz, unmodified, mixing pump

3/16/2021 HFW pressure WD
11:47:59 AM | LFD | 10.00 kv 829um | 70Pa | 11.7 mm www.wezt.pl

/Y s ’G,‘/ Py = * - :

3/16/2021 det HV HFW pressure WD — 20 pm ———
11:50:42 AM | LFD | 10.00 kv 829pum | 70Pa | 12.0 mm www.wezt.pl
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3/3/2021 3 HV mag [ HFW
44 AM 00KV | 5000x | 829pum | 70Pa | 12.0 mm www.wczt.pl
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1%Ti0z, 0.5% iBuTMOS, mixing pump

3/17/2021 det mag [ pressure 20 pm
9:19:21 AM | LFD | 10.00 kv | 5000 x 70 Pa www.wezt.pl

3/17/2021 | det mag [ pressure WD 10 pm
9:21:35AM | LFD | 10.00 kv | 10 000 x 70Pa | 11.3 mm www.wezt.pl
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3/17/2021 det HV g HFW WD
LFD 00kV | 30000x | 13.8um | 70Pa 112
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2%TiOz, 0.5% iBuTMOS, mixing pump

3/15/2021 pressure WD 20 ym
12:08:17 PM 70 Pa 11.3 mm www.wezt.pl

/ »

.

»
-
g .
/
™,

. . 2
3/15/2021 pressure WD — 10 ym ——
12:09:59 PM | LFD | 10.00kv | 10000x | 41.4pm | 70 Pa 11.3 mm www.wezt.pl
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\ 4 : "
M0 | det | W | mag | MW | presre | o
1 PM | LFD | 10.00kV | 5000x | 829pm | 70Pa |113n
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1%TiOz, 1.5% iBuTMOS, mechanical stirrer

6/23/2021 det mag [ pressure V 50 pm
1:10:02PM | LFD | 10.00 kv | 1500 x 70 Pa www.wezt.pl

6/23/2021 det mag [ pressure WD 10 pm
1:11:29PM | LFD | 10.00 kv | 10 000 x 70Pa | 10.1 mm www.wezt.pl
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3/17/2021 det pressure V 50 pm
9:52:46 AM | LFD | 10.00 kv | 1 500 x 70 Pa www.wezt.pl

3/17/2021 | det mag [ pressure 20 pm
9:54:22 AM | LFD | 10.00 kV | 5000 x 70 Pa www.wezt.pl
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3/17/2021 HV pressure WD 50 ym
10:54:15AM | LFD | 10.00 kv 70Pa | 11.2 mm www.wczt.pl

3/17/2021 pressure WD —20 pm —————
10:56:18 AM | LFD | 10.00 kv 70Pa |11.1 mm www.wezt.pl
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3/17/2021 det HV mag [ HFW pressure wD
11:01 AM | LFD | 10.00kV | 10000x | 41.4um | 70 Pa 11.1 mm

www.mdpi.com/journal/materials
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1%TiOz, 0.5% GPTES, mixing pump

3/16/2021 pressure WD 50 pm
12:28:09 PM 70 Pa 13.0 mm www.wezt.pl

3/16/2021 det pressure WD 20 pm
12:30:50 PM | LFD 70Pa | 13.0 mm www.wezt.pl

www.mdpi.com/journal/materials




Materials 2022, 15, 494 37 of 73

det | H HPW | pressure
LFD | 10.00 kV 414pm | 70Pa | 13.0 mm
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38 of 73

pressure
www.wezt.pl

3/16/202

1:46:08 PM

LFD | 10.00 kV

mag ]

1 500 x

70 Pa

20 pm

pressure
www.wezt.pl

3/16/2021
1:47:29 PM

LFD | 10.00 kV

mag O]
5000 x

70 Pa
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10PM | LFD | 10.00kV | 10000 | 41.4pm | 71Pa |12.2n
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1%Ti0z, 1.5% GPTES, mechanical stirrer

3/22/2021 det mag [] pressure 50 pm
1:10:24 PM | LFD | 10.00 kv | 1 500 x 71Pa www.wezt.pl

(

i ¥
3/22/2021 | det mag [ pressure 20 pm
1:11:27 PM | LFD | 10.00 kv | 5000 x 70 Pa www.wezt.pl

www.mdpi.com/journal/materials
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HV g HPW wo | ———1opm———— | —— 10 ym ——
00 kY | 10000 | 41.4 pm 70 Pa

www.mdpi.com/journal/materials
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1%Ti0z, 1.5% GPTES, mixing pump

N » S A
3/16/2021 WD 50 pm
11:59:03 AM | LFD | 10.00 kv 10.7 mm www.wezt.pl

3/16/2021 pressure WD 20 pm
12:01:49 PM 70Pa | 10.7 mm www.wezt.pl

www.mdpi.com/journal/materials
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2%Ti0z2, 1.5% GPTES, mixing pum

A _:
( ‘ ) >1'] s 5

3/4/2021 det mag [] pressure 50 pm

8:09:57 AM | LFD | 10.00 kv | 1 500 x 70 Pa www.wezt.pl

3/4/2021 det pressure 20 pm
8:10:38 AM | LFD | 10.00 kV | 5000 x 70 Pa www.wezt.pl
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HY WD — 10 pm ———

.00 kV | 10 000 x 70Pa | 9.3 mm www.wczt.pl
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Materials 2022, 15, 494 46 of 73

3/4/2021 det mag [] pressure 50 pm
8:33:56 AM | LFD | 10.00 kv | 1 500 x 70 Pa www.wezt.pl

3/4/2021 det pressure 20 pm
8:34:31 AM | LFD | 10.00 kv 70 Pa www.wezt.pl

www.mdpi.com/journal/materials




Materials 2022, 15, 494 47 of 73

www.mdpi.com/journal/materials



Materials 2022, 15, 494

.

3/15/2021 pressure WD 50 ym
11:47:24 AM 70 Pa 10.4 mm www.wczt.pl

s

3/15/2021 HFW pressure WD —_— 20 pm —————
11:48:38 AM | LFD | 10.00 kv 829pum | 70Pa | 10.4 mm www.wezt.pl

www.mdpi.com/journal/materials
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HFW pressure WD
11:52:10 AM | LFD | 10.00 kv 414um | 70Pa | 10.4 mm
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1%Ti0z, 1.5% iBurSSQ-OEt, mechanical stirrer

3/22/2021 pressure WD 50 pm
12:14:58 PM 10.00 kv 70Pa | 8.8 mm www.wezt.pl

|
3/22/2021 pressure WD 20 pm
12:15:44PM | LFD 70Pa | 8.8 mm www.wezt.pl

www.mdpi.com/journal/materials
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200 | de | W P pressure | WD
12:16:33 PM | LFD | 10.00 kv 414pm | 70Pa | 8.8 mm

www.mdpi.com/journal/materials
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1%TiOz, 1.5% iBurSSQ-OEt, mixing pump

= -

4

3/15/2021 pressure WD 50 ym
11:58:30 AM | LFD | 10.00 kv 70Pa | 10.4 mm www.wezt.pl

”

3/15/2021 det pressure WD 20 pm
12:01:03 PM | LFD 70Pa | 10.4 mm www.wezt.pl

www.mdpi.com/journal/materials
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3/22/2021 det Hv mag [] HFW pressure WD — 10 ym ——
12:36:04 PM | LFD | 10.00 kv 00x |414pm | 70Pa | 7.2n

www.mdpi.com/journal/materials
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2%Ti0z2, 1.5% iBuzSSQ-OEt, mixing pump

> " s §
s

{ Vo

5 |

3/22/2021 pressure WD 50 pm
12:11:39PM | LFD | 10.00 kv 70Pa | 8.8 mm www.wezt.pl

{ e 7
3/22/2021 det pressure WD 20 pm
12:12:43 PM | LFD 70Pa | 8.8 mm www.wezt.pl

www.mdpi.com/journal/materials
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3/22/2021 | det | WV | mag O] | HAW | pressure | |
12:14:19PM | LFD | 10.00kV | 10000 x | 41.4pym | 70Pa | 8.8 mm

www.mdpi.com/journal/materials
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1%TiOz, 0.5% SS-6GP-2TMOS, mixing pump

\

3/22/2021 det HvV mag [] pressure 50 pm
1:02:15PM | LFD | 10.00 kv | 1500 x 70 Pa www.wezt.pl

" o
3/22/2021 | det mag [ pressure 20 pm
1:03:12 PM | LFD | 10.00 kV | 5000 x 70 Pa www.wezt.pl

www.mdpi.com/journal/materials




Materials 2022, 15, 494 57 of 73

www.mdpi.com/journal/materials



Materials 2022, 15, 494 58 of 73

2%Ti0z2, 0.5% SS-6GP-2TMOS, mixing pump

: ‘ Y ‘
3/4/2021 det mag [] pressure 50 pm
7:51:37 AM | LFD | 10.00 kv | 1 500 x 70 Pa www.wezt.pl

3/4/2021 det mag [ pressure 20 pm
7:55:05AM | LFD | 10.00 kV | 5000 x 70 Pa www.wezt.pl

www.mdpi.com/journal/materials
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WD —— 10 pm ——

.00 kV | 10 000 x 70Pa | 9.6 mm www.wczt.pl
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1%Ti02, 1.5% SS-6GP-2TMOS, mechanical stirrer

3/3/2021 det Hv pressure WD 20 ym ———
10:20:39 AM | LFD | 10.00 kv 70Pa | 13.5mm www.wezt.pl

3/3/2021 det HV mag [J HFW pressure WD —_— 10 pym ——
10:21:13 AM | LFD | 10.00kv | 10000 x | 41.4 pym | 70 Pa 13.5 mm www.wezt.pl

www.mdpi.com/journal/materials
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3/3/2021 det HV mag [J HFW pressure wD
0:22:48 AM | LFD | 10.00kV | 30000x | 138 ym | 70Pa |13.5m

www.mdpi.com/journal/materials
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1%TiOz, 1.5% SS-6GP-2TMOS, mixing pump

i)

3/15/2021 det pressure WD 50 pm
12:50:21PM | LFD | 10.00 kv | 1 500 x 70 Pa 10.3 mm www.wezt.pl

3/15/2021 | det HV mag [ pressure 20 pm
1:10:21 PM | LFD | 10.00 kv | 5000 x 70 Pa www.wezt.pl

www.mdpi.com/journal/materials
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HV g HRW wo | ———1opm——— |
00 kY | 10000% | 41.4pm  70Pa | 103n
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2%TiOz, 1.5% SS-6GP-2TMOS, mixing pump

3/15/2021 det mag [ pressure 50 pm
2:12:04PM | LFD | 10.00 kV | 1 500 x 70 Pa www.wezt.pl

“2[

3/15/2021 | det mag [ pressure 20 pm
2:13:45PM | LFD | 10.00 kV | 5000 x 70 Pa www.wezt.pl

www.mdpi.com/journal/materials
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-4

HV g HRW wo | ———1opm——— |
00 kY | 10000x | 414pm | 70Pa | 10.4mm  wwwatel |
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3/17/2021 mag [] pressure 50 pm
2:21:34PM | LFD | 10.00 kV | 1 500 x 70 Pa www.wezt.pl

L

3/17/2021 | det mag [ pressure 20 pm
2:23:31PM | LFD | 10.00 kV | 5000 x 70 Pa www.wezt.pl

-
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LFD | 10.00kV | 10000 x | 41.4pm | 70Pa | 15.3 mm

www.mdpi.com/journal/materials
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2%TiOz, 0.5% SS-5GP-3TMOS, mixing pump

3/17/2021 det mag [ pressure 20 pm
3:26:25PM | LFD | 10.00 kv | 5000 x 70 Pa www.wczt.pl

3/17/2021 | det mag [ pressure WD 10 pm
3:27:53 PM | LFD | 10.00 kv | 10 000 x 70Pa | 16.5 mm www.wezt.pl

www.mdpi.com/journal/materials
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b

00kV | 30000x | 13.8um | 70Pa | 16.5 mm i pl
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b

3/17/2021 mag [ pressure 50 pm
2:57:44PM | LFD | 10.00 kV | 2 000 x 70 Pa www.wezt.pl

3/17/2021 | det HV mag [ pressure 20 pm
3:00:34 PM | LFD | 10.00 kV | 5000 x 70 Pa www.wezt.pl
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3/15/2021 det mag [ pressure 50 pm
2:16:10 PM | LFD | 10.00 kV | 1 500 x 70 Pa www.wezt.pl

3/15/2021 mag [ pressure 20 pm
2:25:21PM | LFD | 10.00 kV | 5000 x 70 Pa www.wezt.pl

www.mdpi.com/journal/materials




Materials 2022, 15, 494 73 of 73

HV g HRW wo | ———1opm———— |
00 kY | 10000% | 41.4ym  70Pa_| 10.2 mm

www.mdpi.com/journal/materials
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