Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2019

Supporting Information belonging to the manuscript

Phenothiazine electrophores loaded periodic mesoporous organosilicas by
ion exchange immobilization

Bjorn Schifgen,? Hilla Khelwati,> Dominique Bechtel,® Annelies DeCuyper,® Axel Schissler,? Adam Neuba,*
Antonio Pierik,® Stefan Ernst,®" Thomas J.J. Miiller ** and Werner R. Thiel "

2 Fachbereich Chemie, Technische Universitat Kaiserslautern, Erwin-Schrodinger-Str. 54, D-67663
Kaiserslautern, Germany.

b Institut fir Organische Chemie und Makromolekulare Chemie, Heinrich-Heine-Universitat
Disseldorf, UniversitatsstraRe 1, D-40225 Dusseldorf, Germany.

¢ Department Chemie, Universitat Paderborn, Warburger StraRe 100, D-33098 Paderborn,
Germany.

t In memoriam to Prof. Dr.-Ing. Stefan Ernst who deceased on Jan. 28, 2019.



N,N,N-Trimethyl-3-(10H-phenothiazin-10-yl)propan-1-ammonium trifluoromethanesulfonate

(4)
'H NMR spectrum
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135DETP NMR spectrum

wavenumber / cm™
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EI-MS spectrum

582-327 #250 RT:6.35 AV:1 NL:150E7
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3-(3,7-Dibromo-10H-phenothiazin-10-yl)propanenitrile (6)
'H NMR spectrum
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135DETP NMR spectrum
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EI-MS spectrum
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3-(3,7-Dibromo-10H-phenothazin-10-yl)propan-1-amine (7)

'H NMR spectrum
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135DETP NMR spectrum

7 - 3+(3,7-dibromo-10H-phencthiazin-10-yl)prop
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EI-MS spectrum
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tert-Butyl (3-(3,7-dibromo-10H-phenothiazin-10-yl)propyl)carbamate (8)

'H NMR spectrum
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135DETP NMR spectrum
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EI-MS spectrum
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tert-Butyl(3-(3,7-di(thiophen-2-yl)-10H-phenothiazin-10-yl)propyl)carbamate (9)

'H NMR spectrum
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135DETP NMR spectrum

9 - tert-butyl (37(3,?7%[%03@2—5{%10H7phen0thiazin—IO—yI)propyl)carbamate, 135DEPT (DMSO-d6, ISIGMHZ, 2\?8 K)
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EI-MS spectrum

582-253#213 RT:542 AV:1 NL:2.80E7
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3-(3,7-Di(thiophen-2-yl)-10H-phenothiazin-10-yl)-N,N,N-trimethylpropan-1-ammonium
trifluoromethanesulfonate (10)

'H NMR spectrum
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135DETP NMR spectrum

10 - 3-(3,7-di(thiophen-2-yl)-10H-phenothiazin-
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ESI-HRMS spectrum

Inten%: +MS, 0.2-0.3min #12-15
x10°4
1.254

463.1352

1.001
0.75]

0.50

] 464.1378
Ln 465.1326
466.1340

Q0+ T T L L e e e e L e P DL s s e

461 462 463 464 465 466 467 468 469 miz

Cyclic voltammogram (left) and UV/Vis / fluorescence spectra (right) of 10. CV: DCM, T=20"°C, v =
100 mVs, electrolyte: ("BusN)PFg, Pt working electrode, Pt counter electrode, Ag/AgCl reference
electrode; UV/Vis: DCM, T = 20 °C, AV = 1/Aax abs — 1/ Amax.em-

wavenumber / cm™”’
4000035000 30000 25000 20000
1 Il

3.0 1 1 1

—— absorption
—— emission

E*'=0.72V 254
E™¥=126V

0
o
L

intensity / a.u.
intensity / a.u.
o
1

/S
e

o
o
1
[

|
\
\

T T T T T T T T T T
025 000 025 050 075 100 125 150 175 300 400 500 600
E !V vs. Ag/AgCIl wavelength A/ nm



BTEB-PMO (12)
Solid state CP-MAS 3C NMR spectrum

12 - BTEB-PMO, 13C (125 MHz, 298 K)
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12 - BTEB-PMO, 295i (99 MHz, 298 K) F6E+08
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IR spectrum
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SH-BTEB-PMO (13)
Solid state CP-MAS 3C NMR spectrum

13 - SH-BTEB-PMO, 13C (125 MHz, 298 K)
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13 - SH-BTEB-PMO, 295i (99 MHz, 298 K)
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IR spectrum
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SO3H-BTEB-PMO (14)
Solid state CP-MAS 3C NMR spectrum

14 - SO3H-BTEB-PMO, 13C (125 MHz, 298 K) o Lacs08
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IR spectrum
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PySO5-BTEB-PMO (15)
Solid state CP-MAS 3C NMR spectrum
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PT1-BTEB-PMO (16)

IR spectrum
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PT2-BTEB-PMO (17)
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SH-SBA-15 (19)
Solid state CP-MAS 3C NMR spectrum

19 - SH-SBA-15, 13C (125 MHz, 298 K)
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19 - SH-SBA-15, 295i (99 MHz, 298 K}
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SO3H-SBA-15 (20)
Solid state CP-MAS 3C NMR spectrum

20 - S03H-5BA-15, 13C (125 MHz, 298 K)
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PySO5-SBA-15 (21)
Solid state CP-MAS 3C NMR spectrum

21 - PySO3-SBA-15, 13C (125 MHz, 298 K) A
=

@ o
T 8
| |

—528
—171
—10.3

4E+08
r3E+08
r3E+08
r3E+08
F3E+08
r3E+08
-2E+08
r2E+08
r2E+08
r2E+08
r2E+08
F1E+08
r1E+08
1E+08
‘ ~8E+07

FeE+07

4E+07

g r2E+07
! o
r-2E+07
| AT T L LA SUR L L. T LB |

T ———r— — T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 1] -1 -20 30 40
chemical shift / ppm

Solid state CP-MAS 2°Si NMR spectrum

21 - PySO3-SBA-15, 295i (99 MHz, 208 K) e
o5 r ~N 3o
Ll hisens
[ Vo L4E+08
-4E+08
\ F4E+08
‘ F3E+08
‘ L2e+08
‘ ‘ L2E+08
i
’ ﬂ 12E+08
k F1E+08
i FSE+07
| \W M'MWM MWMWWWMWWW i MWWMM WMN M‘» .MW,.U
r — T — ' ' Y - T - - 5 . i s i : & 3 i : k
200 150 100 50 0 -100 -150 200 -250 -300

-50
chemical shift / ppm



IR spectrum

transmittance / %

UV/Vis spectrum

absorption

100

80

60

40 -

20

4000

1,0

0,8 1

0,6

0,4 -

0,2 1

0,0

3351

—— PySO,-SBA-15 21

1636

797

957

1041~

I I I I
3500 3000 2500 2000

1
1500 1000

wavenumber / cm™’

— PyS0O,-SBA-15 21

y

200

I I I I
300 400 500 600
wavelength / nm

I I
700 800 900



—
o
>

L
£
-
[1h]
o=t
=
o
>
()]
o
£
T =
E-
o(ﬁ
-U--
€z
© 0
L
e
©
@
3

SEM

TG / wit%

e
o

7,5 K - min"" to 900 °C

ATG =21,91%

100

200

300

400 500
Temperature / °C

600 700 800

900

-1

- min

dTG /%




PT1-SBA-15 (22)
Solid state CP-MAS 3C NMR spectrum

22 - PT1-SBA-15, 13C (125 MHz, 298 K)
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Comparison of generating sulfonate loaded PMOs over NH; and pyridine in the powder XRD
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PT2-BTEB-PMO (17) after generating the radicalcation and after 10 month of storage in the
dark
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