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1. State-of-the-art on PBI@SiO; hybrid materials

In Table S1 we reviewed perylene bisimides@SiO,-based hybrid materials found in literature, as well
as the current state of their synthesis methods, and their features regarding solid-state fluorescence
and possible applications. The different synthetic strategies towards organic-inorganic hybrid materials
consist of:

(A) Strategies in which both organic and inorganic components are pre-made (e.g. dye loading into
the matrix by gas/liquid sorption; mechanical mixing; ion exchange).

(B) Strategies in which one of the components is pre-made and the second component is formed
subsequently (1: the dye is synthesized inside the matrix or 2: the matrix is made around the pre-made
dye).

(C) Strategies in which the organic component needs to be modified to be incorporated in the pre-
made inorganic component (1: the pre-made dye is modified with an alkoxy-group; then 2: sol-gel
hybrid from hydrolysis of the modified-dye; 3: grafting of the modified-dye into the pre-made matrix).



Table S1. (This table has been updated) Comparison of PBI dyes@SiO; hybrid materials (HMs) found in literature.

BONDING BETWEEN SOLID STATE OTHER
METHOD OF PREPARATION OF HMs Entry TYPE OF HMs PBI AND SiO FLUORESCENCE (FL) PHOTOLUMINESCENCE APPLICATION ! REFERENCES
2 BEHAVIOR (PL) INFORMATION
1 PBI@SiO: films non-covalent not reported - - S1
2 PBl@chiral SiO2 covalent not reported PL measured in dispersion in - S2
CHCI3, and shows solution-
like FL
COMBINATION OF PRE-MADE ) o
3 PBl@zeolite non-covalent solution-like FL - - S3
COMPONENTS:
. - v A< 4 PBl@zeolite non-covalent not reported PL measured in dispersion in - S4
o 4 toluene, and shows broad
M0, dye peaks
precursors  precursors
l, l 5 PBl+organic cation@zeolite  non-covalent solution-like FL - - S5
A ° ° high QY (measured as
+e, °q ., o o thin films)
L4 o
e ® ° 6 PBl@zeolite non-covalent solution-like FL - - Sé6
pre-made pre-made hybrid high QY (measured as
matrix dye material thin films)
7 PBI@MPS non-covalent not reported - - S7
8 PBI@MPS non-covalent solution-like FL - - S8
9 PBI@MPS non-covalent solution-like FL - - S9
10 PBl@zeolite non-covalent solution-like FL - - S10
(measured as thin films)
11 PBl-doped gel glasses non-covalent solution-like FL - - S11
12 PBI@PS-SiO2 non-covalent not reported PL measured in physiological cell imaging S12

solution, and shows solution-
like FL




ONE OF THE COMPONENTS 13 Core-shell non-covalent solution-like FL - luminescent solar S13
IS PRE-MADE: PBI@SNP (measured as thin films) concentrators
< ‘< ™ 14 PBl-doped sol gel non-covalent not reported - pencil ink S14
4 "ot
dye M0, 15 PBI@POSS covalent not reported PL measured in solution in - S15
precursors precursors CHCI3
l e o l ° 16 PBI@POSS covalent broad peaks - - S16
5 o o e O g4
= *EnSumrgm o~ : °. 17  PBI@POSS covalent broad peaks - - S17
o
pre-made hybrid pre-made 18  PBI@SNP covalent solution-like FL - - S18
matrix material dye
19 PBI@MPS covalent broad peak - - S19
20  Core-shell PBI@SNP non-covalent not reported PL measured in dispersion in  cell imaging S20
water or THF
21 PBI@MPS covalent broad peak - - S21
22 PBI@SiO2 non-covalent not reported - - S22
23  PBI@g-CsN4@SiO2 covalent not reported PL measured in suspension photocatalysis S23
with acetonitrile
24  Core-shell covalent not reported PL measured in dispersion in  LED S24
PBI@SNP ethanol
MODIFICATION OF ONE OF
THE COMPONENTS: 25 Core-shell PBI@QSNP covalent not reported PL measured in dispersion in - S25
ethanol or water
“Os @
O/I\fl n 26  PBI@SNP covalent not reported PL measured in dispersion in  cell imaging S26
| 0_ ethanol
o 1 27 PBI@SNP covalent not reported PL measured in dispersion in - S27
° . °
o %o 1 ® @ 20r3 e mr
° or3, e
e % ® e 5 ® 28  PBI@SIO: films covalent reported for films, - sensing aniline S28
pre-made modified hybrid broad peaks vapors
dye dye material
29  PBI@SNP covalent not reported PL measured in dispersion in  amine sensing S29

THF or water




30 PBI@SNP covalent not reported PL measured in dispersion in  photocatalysis S30
DMF
31 PBI@SNP covalent not reported PL measured in dispersion in - S31
CHCls or water
32 PBI@SiO: films covalent not reported - - S32
33 PBI@SiO@LLDPE covalent Reported for polymeric - - S33
films, show broad peak
34 PBI@SNP covalent not reported PL measured in dispersion in - S34
CHCls
35 PBI@SiO: covalent not reported - - S35
36  PBI@SNP covalent not reported PL measured in dispersion in  cell imaging S36
water and/or methanol
37  Magnetic core-shell covalent not reported PL measured in dispersion in  cell imaging S37
PBI@SNP water
38 PBI@SNP covalent not reported PL measured in dispersion in - S38
water, PE, or acetone
39  PBI@SIOz xerogel covalent reported for thin films in - - S39
quartz, broad peaks with
presence of dye
aggregates
40 PBI@SNP covalent not reported PL measured in dispersion in - S40
ethanol
41 PBI@SiO2 covalent not reported - pigment S41
42 PBl@super microporous non-covalent not reported - - S42
SiO2
43 PBI@MPS covalent reported for thin film on - S43

glass subtract, broad
peak




44 PBI@MPS covalent not reported PL reported in dispersionin - S44
ethanol
45 PBI@PEO-MSNP covalent not reported PL reported in dispersion - S45
46 PBI@MPS non-covalent broad peak - - S46
47 PBI@PMO covalent not reported - - S47
48  PBI@PEO-MPS covalent not reported PL reported in dispersion in  cell imaging S48
1,4-dioxane
49  PBI@MPS covalent broad peak - photocatalysis S49
50 PBI@PEO-MPS covalent FL spectra not shown, - imaging-guided S50
but intensity is reported chemotherapy
as high
51 PBl@Siloxane covalent solution-like FL, - - S51
measured in ureasil
probes
52 PBI@SiO> covalent measured as thin film, - - S52

broad peak

! application performed by the authors. Abbreviations: (PBl= perylene bisimide; PS= polystyrene; PEG= polyethylene glycol; PMO= periodic mesoporous organosilica; SNP=
silica nanoparticle; MPS= mesoporous silica; MSNP= mesoporous silica nanoparticle). The different synthetic strategies towards organic-inorganic hybrid materials are illustrated
in the frames A-C: (A) Strategies in which both organic and inorganic components are pre-made (e.g. dye loading into the matrix by gas/liquid sorption; mechanical mixing; ion
exchange). (B) Strategies in which one of the components is pre-made and the second component is formed subsequently (1: the dye is synthesized inside the matrix (‘ship-in-
a-bottle’) or 2: the matrix is made around the pre-made dye). (C) Strategies in which the organic component needs to be modified to be incorporated in the pre-made inorganic
component (1: the pre-made dye is modified with an alkoxy-group; 2: sol-gel hybrid from hydrolysis of the modified-dye; 3: grafting of the modified-dye into the pre-made

matrix).



2. Experimental Details

2.1 Chemicals

Perylene-3,4,9,10-tetracarboxylic dianhydride (PBA, 97 %, Sigma Aldrich), 1,7-Dibromoperylene-
3,4,9,10-tetracarboxylic dianhydride (Br-PBA, 97%, ABCR), 1,6,7,12-Tetrachloro-perylene-3,4,9,10-
tetracarboxylic acid dianhydride (CI-PBA, 97%, ABCR), n-Propylamine (C3, 95%, Sigma Aldrich), n-
Pentylamine (C5, 95%, Sigma Aldrich), Octylamine (C8, 98%, ABCR), Tetradecylamine (C14, 95%,
Sigma Aldrich), Tetraethylorthosilicate (TEOS, 99%, Sigma Aldrich) and 3-Triethoxysilylpropylamine
(APTS, 98%, Fluka) were used as received.

2.2 Synthesis
HT experiments were performed in Teflon-lined Parr Instruments general purpose acid digestion

vessels with V=45 mL. The experimental conditions are summarized in Table S2.

2.2.1 Synthesis of n-alkyl-PBl in the presence of TEOS. 1 equivalent of perylene-3,4,9,10-
tetracarboxylic dianhydride (PBA, 0.4 mmol), 2 equivalents of the n-alkyl amine R-NH; (with R= C3Hs
(C3), CsHy (C5), CgH15 (C8) and CisH27 (C14)) (0.8 mmol) and 15 mL distilled water were stirred in a PTFE
vessel at RT for 20 min. To this dispersion, n equivalents (n= 1, 5, 10 and 100) of tetraethylorthosilicate
(TEOS) were added dropwise and the mixture was stirred for another 5 min. The reaction mixture was
then placed in a steel autoclave, and brought to an oven preheated at a reaction temperature (Tg) of
200 °C for a reaction time (tg) of 24 hours. After tz, the reaction was quenched by cooling the autoclave
with cold tap water. The crude product was isolated via filtration and dried at 80 °C in vacuo overnight.
The samples were named CR-PBI/SiO; where R is the number of carbons in the n-alkyl-chain of the
employed amine. For comparison, pure dyes were prepared by the same procedure without the

addition of TEOS and were named CR-PBI.

2.2.2 Synthesis of PBI@SiO; class Il hybrid materials. 1 equivalent (0.4 mmol) of perylene-3,4,9,10-
tetracarboxylic dianhydride (PBA) or 1,7-dibromoperylene-3,4,9,10-tetracarboxylic dianhydride (Br-
PBA) or 1,6,7,12-tetrachloro-perylene-3,4,9,10-tetracarboxylic acid dianhydride (CI-PBA), 2
equivalents (0.8 mmol) of aminopropyltriethoxysilane (APTS) and 15 mL distilled water were stirred at
RT for 20 min inside of a PTFE vessel. The reaction mixture was placed in a steel autoclave and it was
placed in an oven preheated to Tz = 200 °C, and kept there for tz= 24h. After t, the reaction was

quenched by cooling the autoclave with cold tap water. The crude product was isolated via filtration



and dried at 80 °C in vacuo overnight. The samples were named APTS-PBI@SiO,, APTS-Br-PBI@SiO;
and APTS-CI-PBI@SiOs.

2.2.3 Synthesis of APTS-Br-PBI@SiO; with different amounts of TEOS. 1 equivalent (0.4 mmol) of 1,7-
dibromoperylene-3,4,9,10-tetracarboxylic dianhydride (Br-PBA), 2 equivalents (0.8 mmol) of
aminopropyltriethoxysilane (APTS), n equivalents of tetraethylorthosilicate (TEOS) (n= 2, 20 and 100),
and 15 mL distilled water were stirred in a PTFE vessel, at RT for 20 min. The PTFE vessel containing
the reaction mixture was transferred to a steel autoclave and placed in an oven preheated to Tz = 200
°C, and kept there for tz= 24h. After tz, the reaction was quenched by cooling the autoclave with cold
tap water. The crude product was isolated via filtration and dried at 80 °C in vacuo overnight. The
samples were named APTS-Br-PBI@SiO; (n TEOS), where n is the equivalents of TEOS employed in

the preparation.

Table S2. Summary of the materials prepared and their compositions.

ENTRY NAME PERYLENE AMINE APTS TEOS COMPOSITION®

1 C3-PBI 1 eq. PBA 2eq.C3-NHz - - -

2 C3-PBI/SiOz (1 eq. TEOS) 1eq. PBA 2eq.C3-NHz - 1eq. 75.93 wt% dye

3 C3-PBI/SiOz (5 eq. TEOS) 1eq. PBA 2eq.C3-NHz - 5 eq. 74.36 wt% dye

4 C3-PBI/SiO2 (10 eq. TEOS) 1eq. PBA 2eq.C3-NHz - 10 eq. 75.16 wt% dye

5 C3-PBI/SiO2 (100 eq. TEOS) 1 eq. PBA 2eq.C3-NHz - 100 eq. 45.30 wt% dye

[ C3-Br-PBI 1eq.Br-PBA 2eq.C3-NH: . - -

7 pure SiO2 - - - 1eq. -
35.88 wt% dye

8 APTS-PBI@SiO2 1eq. PBA - 2 eq. -
(0.763 mmol dye/g HM)
26.63 wt% dye

9 APTS-Br-PBI@SiO2 1eq.Br-PBA - 2 eq. -
(0.423 mmol dye/g HM)
25.40 wt% dye

10 APTS-Br-PBI@SiO2 (2 TEOS) 1eq.Br-PBA - 2 eq. 2 eq.
(0.403 mmol dye/g HM)
20.49 wt% dye

1 APTS-Br-PBI@SiO2 (20 TEQS) 1eq.Br-PBA - 2 eq. 20 eq.
(0.325 mmol dye/g HM)
8.11 wt% dye

12 APTS-Br-PBI@SiO2 (100 TEOS) 1eq.Br-PBA - 2 eq. 100 eq.
(0.129 mmol dye/g HM)

13 APTS-CI-PBI@SIO> 1eq.CI-PBA - 2 eq. - -

2 composition of the hybrid materials was determined by TGA.
The materials C5-PBI/SiO2, C8-PBI/SiO2 and C14-PBI/SiO> consist of a mere mixture of dye and silica particles, and no further
analysis was performed.



2.3 Characterizations

Powder X-ray diffraction (PXRD) data was collected with a PANalytical X'Pert Pro multipurpose
diffractometer (MPD) in Bragg Brentano geometry operating with a Cu anode at 40 kV, 40 mA. An X-
Celerator multichannel detector was used. The diffraction patterns were recorded between 5 ° and 60
° (20) with 69.215 s/step and a step size of 0.0050134 °. Sample holders were rotated during the
measurement with 4 s/turn. Samples were ground and mounted as loose powders on silicon single
crystal sample holders. Small-angle X-ray (SAXS) measurements were performed with Cu-K, radiation
(A =0.1542 nm) from a Bruker Nanostar, equipped with a pinhole camera and a 2D detector (VANTEC
2000). Samples were placed between two polymeric foils and measured in vacuum. All patterns were
azimuthally integrated and background corrected to obtain the scattering intensity in dependence on
the scattering vector g, being defined as g=(4n/A)sin6, with 26 being the scattering angle. The sample
to detector distance was chosen at 28 cm, which gives an accessible g-range from 0.3 to 10.6 nm™,
corresponding to a size from 0.6 to nearly 21 nm in real space.

Attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectra were recorded on a
PerkinEImer UATR Two with a diamond crystal. Resolution was set to 4 cm™ and spectra were recorded
from 4000 to 450 cm™. "*C and #Si solid state NMR spectra were recorded on a Bruker AVANCE 300
("3C at 75.4 MHz and #Si at 59.57 MHz) equipped with a 4 mm broadband MAS probe head. Spectra
were recorded with ramped CP-MAS (cross polarization magic angle spinning) experiments. The
sample holders were spun at 10 kHz for both ?’Si and *C.

Thermogravimetric analysis (TGA) experiments were performed with a PerkinElmer TGA8000 and TA
Instruments TGA Q500, under nitrogen flow using a heating rate of 10 °C/min, from rt to 1000 °C.
Scanning electron microscopy (SEM) was carried out with a Quanta 200F FEI microscope. Typically,
the samples were measured at 5 kV with a working distance of ca. 9 mm and spot size 2.5. Prior to
imaging, samples were coated by sputtering a 17 nm thick layer of Au/Pd 60/40 alloy with a Quarum
Q105T S sample preparation system.

The APTS-PBI sample was deposited on carbon film copper grids for transmission electron microscope
(TEM) characterization. A FEI TECNAI F20 operated at 200 kV and equipped with EDX (EDAX Apollo
XLTW SDD) detector was used.

UV/VIS absorption spectra were recorded in solid state or CHCl3 solutions (1 uM) with a Perkin Elmer
Lambda 750 spectrometer. Fluorescence emission and excitation of the powders were measured on a
PicoQuant FluoTime300 spectrometer, equipped with Xe lamp and single monochromator. Spectra
were collected with step size of 2 nm, integration time of 1s, and a 525 nm filter was employed to
reduce the stray light effect.

The GC-MS spectra were collected in a ThermoScientific equipment (model Trace 1300 GC) with BGB5

column, and coupled to a single quadrupole mass spectrometer (ThermoScientific ISQ LT).
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3. Results

3.1. The simultaneous synthesis of n-alkyl-PBI and SiO>
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Figure S1. TGA of C3-PBI, SiOz and PBI-SiO2 synthesized without a linker. Shown are the pure C3-PBI dye (A),
pure SiOz (B), C3-PBI/SiOz (1 eq. TEOS) (C), C3-PBI/SiO2 (5 eq. TEOS) (D), C3-PBI/SiO2 (10 eq. TEOS) (E) and C3-
PBI/SiO2 (100 eq. TEOS) (F).
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Figure S2. FTIR spectra of a) starting compound PBA, b) pure C5-PBI dye, c) C5-PBI@SiO> (1 eq. TEOS), d) C5-
PBI@SiO: (5 eq. TEOS), e) C5-PBI@SiO2 (10 eq. TEOS), f) C5-PBI@SiO: (100 eq. TEOS) and g) pure SiOa.
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Figure S3. FTIR spectra of a) starting compound PBA, b) pure C8-PBI dye, c) C8-PBI@SiO> (1 eq. TEOS), d) C8-
PBI@SiO: (5 eq. TEOS), e) C8-PBI@SiO2 (10 eq. TEOS), f) C8-PBI@SiO: (100 eq. TEOS) and g) pure SiO..
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Figure S4. FTIR spectra of a) starting compound PBA, b) pure C14-PBI dye, c) C14-PBI@SiO: (1 eq. TEOS), d) C14-
PBI@SiO: (5 eq. TEOS), e) C14-PBI@SiO2 (10 eqg. TEOS), f) C14-PBI@SiO: (100 eq. TEOS) and g) pure SiOx.
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Figure S5. PXRD patterns of a) starting compound PBA, b) pure C5-PBI dye, c) C5-PBI@SiO2 (1 eq. TEOS), d) C5-
PBI@SiO: (5 eq. TEOS), e) C5-PBI@SiO2 (10 eq. TEOS), f) C5-PBI@SiO: (100 eq. TEOS) and g) pure SiO..
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Figure S6. PXRD patterns of a) starting compound PBA, b) pure C8-PBI dye, c) C8-PBI@SiO2 (1 eq. TEOS), d) C8-
PBI@SiO: (5 eq. TEOS), e) C8-PBI@SiO2 (10 eq. TEOS), f) C8-PBI@SiO: (100 eq. TEOS) and g) pure SiO..
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Figure S7. PXRD patterns of a) starting compound PBA, b) pure C14-PBI dye, c) C14-PBI@SiO: (1 eq. TEOS), d)
C14-PBI@SiOz (5 eq. TEOS), e) C14-PBI@SiO2 (10 eq. TEOS), f) C14-PBI@SiO: (100 eq. TEOS) and g) pure SiO..



3.2. HTS of Class Il n-alkyl-PBI@SiO; hybrid materials
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Figure S8. Solid state CPMAS and HPDEC #°Si NMR spectra of APTS-PBI@SiO..
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Figure $9. ATR-FTIR of the APTS-PBI@SiO:; at different times of reaction. The starting compound PBA is shown in
red and its reaction with APTS after 2h to 24h of reaction under HTS in black. In 2h of reaction, the CO modes of
bisimides are observed at 1699 and 1648 cm™. APTS* was heated at 200 °C for 2h under HTS for comparison (in
blue).
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(B), APTS-Br-PBI@SiO> (2 APTS: 20 TEOS: 1 Br-PBA) (C) and APTS-Br-PBI@SiO: (2 APTS: 100 TEOS: 1 Br-PBA) (D).
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Figure S12. SEM of APTS-Br-PBI@SiO: (2 APTS: 1 Br-PBA) (A), APTS-Br-PBI@SiO2 (2 APTS: 2 TEOS: 1 Br-PBA) (B),
APTS-Br-PBI@SiOz (2 APTS: 20 TEOS: 1 Br-PBA) (C) and APTS-Br-PBI@SiO2 (2 APTS: 100 TECS: 1 Br-PBA) (D).



19

A) B)
0.1 o1
100 APTS-Br-PBI 100 APTS-Br-PBI (2TEOS)
oo L oo
95 4 _ 95 - _
£ IS
F-o1 E 01 E
907 2 90 - ]
X A | E
E F02 = < 02 %
5 85 2 5 854 E
2 03 = = -0.3
= ° z H
B b 80 -| =z
80 L os g L 04 2
4 £ £
a Qa
1 o5 1 k05
70 06 70— T T T T . 06
150 300 450 600 750 900 ' 150 300 450 600 750 900
Temperature / C Temperature / C
C) D)
) 0.1
APTS-Br-PBI (20 TEOS) 100 APTS-Br-PBI (100 TEOS)
L 00
EE =
€ 954 L-o1 E
o S
S ° £
g = g L 02 =
-~ -— ~ =
£ 5 £ g
g ° S 90+ 3
2 = 2 Loz 3
= o = o
5 K]
2 F-04 2
5] A [0
8 85 g
754 L o5 -0
70 T T T T T : 0.6 80 —— T T T T —L-06
150 300 450 600 750 900 150 300 450 600 750 900
Temperature / C Temperature / C

Figure S13. TGA of APTS-Br-PBI@SiO: (2 APTS: 1 Br-PBA) (A), APTS-Br-PBI@SiO2 (2 APTS: 2 TEOS: 1 Br-PBA) (B),
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3.3. Quantum yield (¢)

The ¢ of the hybrid APTS-Br-PBI@SiO, (100TEOS) was determined by direct method, using an
integrating sphere. First, to measure the scattering of the incident light, a spectrum of an empty quartz
cuvette was collected (So, blue curve in Fig. S16). The sample was then placed into the cuvette in the
integrating sphere, and a spectrum was collected (S, pink curve in Fig. S16). In both measurements,
the excitation wavelength was set to 430 nm, and the spectra were collected from 420-440 nm with
step size of 0.1 nm, and integration time of 0.5 s. The emission spectrum of the sample was then
collected from 445 nm to 700 nm, with step size of 0.1 nm, and integration time of 0.5 s, and it is

depicted in green in Fig. S16.
The QY is defined by the sum of all emitted photons (S2), divided by the sum of all absorbed photos

(So-S1):
Sy
So—5

o = x100

The corresponding areas of the peaks depicted in Fig S16 were calculated in Origin, by integrating
the area below the curves, and were found as So= 5.99x107, S;= 3.56x107and S,= 1.72x10°. Thus, the

¢ value was determined as 0.7%:

o 1.72x10° 100 = 0.7%
= X = 0.
5.99x107 — 3.56x107 °
3.5x10%
A
; 3.0x10* ( \ /'\ ) _
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Figure $15. Quantum yield (QY) determination of APTS-Br-PBI@SiO2 (100TEOS). Spectra of the excitation scatter
region of the sample (S1, highlighted in pink) and the blank (So, in blue), and spectrum of the emission region of

the sample (Sz, in green).
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3.4 Band gap calculation

The energy band gap of the hybrids and their individual components — all made by HTS — were
estimated from the solid state UV-Vis spectroscopy, using Tauc's relationship (ahv)""=A (hv - E,)
where A is a proportionality constant, ‘hv’ is the photon energy, ‘o’ the absorption coefficient and ‘Ey’

1

is the energy band gap of the material. 'n" is a constant whose value depends upon the type of
transition, n = 1/2 for direct allowed transition and 2 for indirect allowed transition.>® Figure S15 display
the graphs of (ahv)"" versus hv for n = 1/2 and the corresponding value of direct energy band gap was
calculated by drawing a tangent to the point of inflection on (athv)? versus hv curve. The extrapolation

of the tangent line to the hv axis gives the value of energy band gap (E,) in each case.
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Figure S16. Determination of Eg of the hybrid materials made by HTS. (A) C3-PBI in CHCls; (B) C3-PBI in the solid
state; (C) pure SiOz; (D) mixture C3-PBI/SiO2 (100 TEOS); (E) APTS-PBI@SiO; (F) APTS-Br-PBI@SIO2; (G) APTS-Br-
PBI@SiO2 (2 TEOS); (H) APTS-Br-PBI@SiO- (20 TEOS); (I) APTS-Br-PBI@SiO, (100 TEOS).
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3.5. Photocatalysis

In a typical procedure, reaction dispersions were prepared by adding 77.5 mg of the catalyst APTS-
Br-PBI@SiO; (100 TEOS) (i.e. the equivalent of 0.010 mmol of the organic C3-Br-PBI moiety) to DMF
(10 mL) in a Schlenk flask. Next, 0.1 mmol of iodo-benzaldehyde (IBZ) and 0.80 mmol of triethylamine
(TEA) were added to the catalyst dispersion. The flask was purged with argon gas for 30 min to remove
oxygen and protected under argon atmosphere during irradiation. During the photoreaction process,
the reactor was kept at 30-32 °C with the aid of a ventilator.

The reaction mixture was irradiated through the side of the Schlenk flask using a 455 nm LED lighting
(Kessil®, PR160L). After 8h of reaction, the photocatalyst particles was collected by centrifugation, dried
under vacuum and further characterized. The remaining filtrate were then analyzed by GC-MS. The
procedure was performed in triplicate. Photoreduction conversions were calculated from GC
measurements using a calibration curve of the standard compounds.

For comparison purposes, the procedure was also performed using (i) the homogeneous catalyst C3-
Br-PBI instead of the HM; (i) pure SiO; (iii) with HM photocatalyst but without light; and (iv) without
any catalyst.

In order to investigate the recyclability of the photocatalyst, the above-described procedure was
repeated twice using the recovered catalyst. After 8h of reaction, the catalyst was recovered by
centrifugation, dried under vacuum, and characterized by PXR, ATR-FTIR, TGA and SEM (Fig. S17).
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Figure S17. APTS-Br-PBI@SiO; (100 TEOS) before and after photoreduction of 3-iodobenzaldehyde under visible light (A=
455 nm). (A) PXRD, (B) ATR-FTIR, (C) TGA, and (D) SEM microscopy.
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3.5.2 GC-MS of the products of the photoreduction reactions

\\mac\Home\Doc...le\HM_299A1.raw Injection 1 {0,0} + cEI ... [50.00-550.00] TIC
6.0x10° 5838

5.0x10%
4.0x10%
3.0x10%
2.0x10%

1.0x10°%4 8.066

0.0 '/%

T T T T T T T T T T T T T T T T T T T T T T T T
58 5.9 6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 8.0 8.1
Retention time (min)
\\mac\Home\Doc...le\HM_299A1.raw Injection 1 {0,0} + c EI ... [50.00-550.00] MS + spectrum 8.07
231.883

1.5%10"4 N
100.00% |
7
1.0x10° 230.876
76.050 5385%
L 42.26%
s 202.887
.0%10°9.34% .
5010 : 23.04% Y
126.865 X
73.019; 78,060 15056‘20022 o 203.912 253229;?
4.25%|l12.67% " 2.12% ||
0.04 I T Lo = |

T T T T T T T T T T T T T T T T T T T T T T T T T
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540
m/z (Da)
\\mac\Home\Doc...le\HM_299A1.raw Injection 1 {0,0} + cEI ... [50.00-550.00] MS + spectrum 5.84
106.0¢

1.5x10° .
100.00%
H
1.0x10°%4
51.057
, | 6:42%
5.0x10"4
50.207 | 78.070
13.68% |15.78%  [107.070
‘  7.57% |
0.0 M‘ i [

T T T T T T T T T T T T T T T T T T T T T T T T T
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540
m/z (Da)

Figure $18. GC-MS analysis of the filtrate from the first cycle of photoreduction reaction with APTS-Br-PBI@SiO:
(100 TEOS). On top, the gas chromatogram is shown and the main peaks highlighted: the retention time of
iodobenzaldehyde was found at ~8.1 min and benzaldehyde at ~5.8 min. In the middle and bottom parts, are the
MS spectra of benzaldehyde and iodobenzaldehyde, respectively.
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Figure $19. GC-MS analysis of the filtrate from the second cycle of photoreduction reaction with APTS-Br-
PBI@SiOz (100 TEOS). On top, the gas chromatogram is shown and the main peaks highlighted: the retention
time of iodobenzaldehyde was found at ~8.1 min and benzaldehyde at ~5.8 min. In the middle and bottom parts,
are the MS spectra of iodobenzaldehyde and benzaldehyde, respectively.
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Figure $20. GC-MS analysis of the filtrate from the third cycle of photoreduction reaction with APTS-Br-PBI@SiO:
(100 TEOS). On top, the gas chromatogram is shown and the main peaks highlighted: the retention time of
iodobenzaldehyde was found at ~8.1 min and benzaldehyde at ~5.8 min. In the middle and bottom parts, are the
MS spectra of iodobenzaldehyde and benzaldehyde, respectively.
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Figure S21. GC-MS analysis of the filtrate from the photoreduction reaction with C3-Br-PBl (homogeneous
catalyst). On top, the gas chromatogram is shown and the main peaks highlighted: the retention time of
iodobenzaldehyde was found at ~8.1 min and benzaldehyde at ~5.8 min. In the middle and bottom parts, are
shown the MS spectra of benzaldehyde and iodobenzaldehyde, respectively.
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Figure S22. GC-MS analysis of the filtrate from the photoreduction reaction with APTS-Br-PBI@SiO: (100 TEOS)
in the absence of light. On top, the gas chromatogram is shown and the main peak from iodobenzaldehyde is

observed at 8.069 min. No peak assigned to benzaldehyde was found. The asterisks indicate impurities from
solvent.
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Figure $23. GC-MS analysis of the filtrate from the photoreduction reaction with SiO.. On top, the gas
chromatogram is shown and the main peak from iodobenzaldehyde is observed at 8.069 min. No peak assigned
to benzaldehyde was found. The asterisks indicate impurities from solvent.
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Figure S24. GC-MS analysis of the filtrate from the photoreduction reaction without catalyst. On top, the gas
chromatogram is shown and the main peak from iodobenzaldehyde is observed at 8.069 min. No peak assigned

to benzaldehyde was found. The asterisks indicate impurities from solvent.
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3.5.3 Calibration curves of benzaldehyde and iodobenzaldehyde obtained from GC-
MS
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Figure $25. Calibration curve. Concentration of iodobenzaldehyde versus peak area from GC-MS.
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Figure $26. Calibration curve. Concentration of benzaldehyde versus peak area from GC-MS.



33

3.5.3.1 GC-MS spectra of the solutions used for the calibration curve
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Figure $27. GC-MS spectra of benzaldehyde at 0.01 mg/mL.
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Figure $28. GC-MS spectra of benzaldehyde at 0.05 mg/mL.
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Figure $29. GC-MS spectra of benzaldehyde at 0.10 mg/mL.

\\mac\Home\Doc...MS\HM_BZ015.raw Injection 1 {0,0} + c EI ... [50.00-550.00] TIC

9.0x10% 5.834 Mass Peaks n

a8 @ > " el x @ \4
8.0x10°4 Report Copy  Set Paak Label Set Peck Fill Set Peaks Fill Automatically Dalets  Setup Setup Paak Labals
7. 0x10® RT  Scan Type  Height Area Total Height % Total Area % Start time  End time Fill .ak
Ox -

15834 1039 BB  870738317.792 3336000111.... 100.00 100.00 5811 5.865
6.0x10°
5.0x10°

H
4.0x10%
3.0x10°
2.0x10%
1.0x10%
o
0.0 L T

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 7T
5.58 5.60 5.62 5.64 5.66 5.68 5.70 5.72 5.74 5.76 5.78 5.80 5.82 5.84 5.86 5.88 5.90 5.92 5.94 5.96 5.98 6.00 6.02 6.04 6.06 6.08 6.10 6.12 6.14 6.16 6.18 6.2

Retention time (min)
\\mac\Home\Doc...MS\HM_BZ015.raw Injection 1 {0,0} + c EI ... [50.00-550.00] MS + spectrum 5.82
106.046
3.5x107 100.00%
77.051
3.0x10" 85.2%
2.5x10"
2.0x10"
1.5x10751.069
15.53%
1.0x10
50214 |78.078
Sox10%] [0 A% Huonos
’ 63.040 |lx9085 | 8.03%
huz%| 0.93%
0.04 sl == e — - - - -
e
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540

m/z (Da)

Figure $30. GC-MS spectra of benzaldehyde at 0.15 mg/mL.
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Figure $31. GC-MS spectra of benzaldehyde at 0.20 mg/mL.
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Figure $32. GC-MS spectra of iodobenzaldehyde at 0.10 mg/mL.
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Figure S33. GC-MS spectra of iodobenzaldehyde at 0.05 mg/mL.
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Figure S34. GC-MS spectra of iodobenzaldehyde at 0.03 mg/mL.
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Figure $35. GC-MS spectra of iodobenzaldehyde at 0.01 mg/mL.
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Figure $36. GC-MS spectra of iodobenzaldehyde at 0.005 mg/mL.
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