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1. Materials synthesis and characterization

1.1 Synthesis of BT molecules

2,3-Dibromobenzo[b]thiophene-1-oxide (2). To a solution of commercial 2,3-dibromo-
benzo[b]thiophene (1) (0.5 mmol, 0.15 g) in 6 mL of CH,Cl, was added dropwise at -20 °C the
BF;.Et,0 (9 eq, 4.5 mmol, 0.57 mL). After 15 min, the temperature was adjusted at -40 °C and
mCPBA (70 wt.%, 1.2 eq, 0.6 mmol, 0.15 g) was added stepwise. The mixture was left stirring for 2
h at this temperature before washing with saturated Na,CO; aq. (20 mL), then with deionized (DI)
water (2 x 20 mL). After drying over anhydrous Na,SQOy,, the solvent was removed in vacuum and the
residue was chromatographed over silica gel using pentane/CH,Cl,/EA 70:15:15 (v/v) as the eluent.
A microcrystalline white solid was obtained (0.12 g, 76% yield); m.p. 155 °C; GC-EI-MS m/z 292
[M*"]; Amax = 326 nm in CH,Cl,. '"H NMR (CDCl;, TMS/ppm) & 7.86 (m, 1H), 7.56 (m, 3H); 13C
NMR (CDCl;, TMS/ppm) 6 143.6, 136.7, 132.9, 131.3, 129.8, 128.8, 126.3, 124.3.
5-(Trimethylstannyl)-2,2"-bithiazole (6). n-BuLi (2.5 M in hexane, 1.1 eq, 6.6 mmol, 2.64 mL) was
added dropwise to a solution of 1.0 g (6.0 mmol) of 2,2-bithiazole in 50 mL of THF at -70 °C and the
mixture was stirred for 40 min. Afterwards, Me;SnCl (1.1 eq, 6.6 mmol, 1.32 g) was added dropwise,
then the solution was allowed to reach room temperature and stirred overnight. 20 mL of a saturated
solution of NH,4Cl aq. was then added; the organic layer was washed with DI water (2 x 50 mL), dried
over Na,SO,, and evaporated. The obtained crude (1.89 g) was a mixture of the title product and
unreacted starting 2,2-bithiazole (85:15 ratio respectively), which was used without further
purification step for the next reaction. DEP-EI-MS m/z 335 [M*"]; 'H NMR (CDCl;, TMS/ppm)
7.89 (d, J=3.2 Hz, 1H), 7.81 (s, 1H), 7.41 (d, J= 3.2 Hz, 1H), 0.46 (s, 9H).
2-Bromo-3-methylbenzo[b]thiophene (11). Under exclusion of light, NBS (0.008 mol, 1.4 g) was
added stepwise to a solution of commercial 3-methylbenzothiophene (10) (0.0068 mol, 1 g) in 40 mL
of acetic acid/CH,Cl, 1:1 (v/v) at 0 °C. After overnight stirring, the mixture was washed with
saturated KOH agq. (2 x 30 mL), saturated NaHCO; aq. (2 x 30 mL), then with DI water (2 x 30 mL).
The solvent was removed under reduced pressure. The obtained residue (yellow-orange oil) was used
for the following reaction without purification. Yield 100%; GC-EI-MS m/z 228 [M**]; 'H NMR
(CDCl;, TMS/ppm) & 7.72 (m, 1H), 7.62 (m, 1H), 7.33 (m, 2H), 2.37 (s, 3H); *C NMR (CDCls,
TMS/ppm) 6 139.6, 138.6, 131.7, 124.5, 124.4, 121.7, 121.6, 112.4, 13.1.
2-Bromo-3-methylbenzo[b]thiophene-1, [-dioxide (12). A solution of 11 (0.0048 mol, 1.1 g) in 8 mL
of methylene chloride was added dropwise to a solution of mCPBA (70 wt.%, 2.5 eq, 0.012 mol, 3
g) in 25 mL of CH,Cl, and the mixture stirred overnight. Afterwards the mixture was washed with
saturated KOH aq. (2 x 20 mL), saturated NaHCO; aq. (2 x 20 mL), then with DI water (2 x 20 mL),
dried over Na,SO,, and evaporated. After crystallization from CH,Cl,, 1.1 g of a microcrystalline
white solid were obtained: 90% yield; m.p. 140 °C; GC-EI-MS m/z 260 [M**]; Apax = 315 nm in
CH,Cl,. "H NMR (CDCl;, TMS/ppm) & 7.77 (m, 1H), 7.60 (m, 1H), 7.52 (m, 1H), 7.44 (m, 1H), 2.26
(s, 3H); *C NMR (CDCl3, TMS/ppm) 6 138.8, 135.7, 133.9, 133.0, 129.9, 122.0, 121.7, 119.4, 12.9.
2-([2,2'-Bithiophen]-5-yl)-3-methylbenzo[b]thiophene- 1, I -dioxide (13). A solution  of
Pd,(dba);"CHCIl; (0.05 mmol, 51.8 mg) and AsPh; (0.4 mmol, 122.4 mg) in 90 mL of toluene under
a nitrogen stream was warmed to reflux, then 0.65 g (2.5 mmol) of compound 12 in 12 mL of toluene
was added to the mixture. Afterwards, 1.25 g (1.1 eq, 2.75 mmol) of compound (3)! in 10 mL of
toluene was added dropwise and the mixture stirred for 5 h. The solvent was evaporated and the crude
product was purified via column chromatography (silica gel, pentane/acetone/EA 80:10:10 v/v). The
isolated product was recrystallized from toluene and pentane to obtain a yellow powder (0.78 g, 91%



yield); m.p. 180 °C; DEP-EI-MS m/z 344 [M*"]; Apax = 395 nm in CH,Cly; App = 487 nm in CH,Cl,.
'"H NMR (CDCl;, TMS/ppm) 6 7.79 (m, 1H), 7.63 (m, 2H), 7.51 (m, 2H), 7.29 (dd, J=5.2, 1.2 Hz,
1H), 7.26 (m, 2H), 7.06 (dd, J= 5.2, 3.6 Hz, 1H), 2.49 (s, 3H); *C NMR (CDCl;, TMS/ppm) 8 140.6,
136.3,135.7,133.8, 133.7,132.3,131.8, 129.9, 129.6, 128.0, 127.0, 126.5, 124.7, 124.3,122.2,121.2,
12.5.

2-(5"-Bromo-[2,2"-bithiophen]-5-yl)-3-methylbenzo[b]thiophene 1,1-dioxide (14). Under dark
conditions, NBS (1.1 eq, 1.32 mmol, 0.23 g) was added stepwise to a solution of compound 13 (1.20
mmol, 0.41 g) in 12 mL of acetic acid/ CH,Cl, 6:4 (v/v) at room temperature. After overnight stirring
CH,CI, (10 ml) was added to dissolve the precipitate. The mixture was washed with 20% KOH agq.
(2 x 20 mL), saturated NaHCO; aq. (2 x 20 mL), then with DI water (2 x 20 mL). After drying over
anhydrous Na,SO, the solvent was removed under reduced pressure. The obtained residue was used
for the following reaction without purification. Yellow-orange powder (0.51 g, 100% yield); m.p. 157
°C; DEP-EI-MS m/z 424 [M**]; Apax = 396 nm in CH,Cl,. "H NMR (CDCl;, TMS/ppm) & 7.77 (m,
1H), 7.62 (m, 2H), 7.51 (m, 2H), 7.18 (d, /=4 Hz, 1H), 7.00, (s, 2H), 2.46 (s, 3H); 3C NMR (CDCls,
TMS/ppm) 6 139.3,137.7,135.7,133.8, 133.6, 132.3,132.2, 130.9, 129.9, 129.7, 127.4, 124.8, 124.5,
122.3,121.2,112.4,12.5.
3-Methyl-2-(5'-(tributylstannyl)-[2,2"-bithiophen]-5-yl)benzo[b]thiophene-1, I -dioxide (8). n-BuLi
(2.5 M in hexane, 1.15 eq, 1.38 mmol, 0.55 mL) was added dropwise to a solution of compound 14
(1.20 mmol, 0.51 g) in 16 mL of THF at -70 °C. The mixture was stirred at -70 °C for 1 h and at -40
°C for a further 30 min. After lowering the temperature at -70 °C, Bu3SnClI (1.15 eq, 1.38 mmol, 0.37
mL) was added dropwise, then the solution was allowed to reach room temperature and stirred
overnight. After removal of the solvent by using a rotary evaporator, the residue was dissolved in
CH,CI, (20 mL), washed in DI water (2 x 20 mL), and evaporated. A silica gel-packed column
(pretreated with trimethylamine) was used for the separation of the title product with
pentane/acetone/CH,Cl, 80:10:10 v/v as the eluent. Thick yellow oil (0.39 g, 51% yield): DEP-EI-
MS m/z 634 [M+"]; 'TH NMR (CDCl;, TMS/ppm) & 7.58 (m, 1H), 7.66 (d, J = 4 Hz, 1H), 7.59 (m,
1H), 7.48 (m, 2H), 7.38 (d, J = 3.6 Hz, 1H), 7.25, (d, /=4 Hz, 1H), 7.11 (d, J = Hz, 1H), 2.46 (s,
3H), 1.60 (m, 6H), 1.37 (m, 6H), 1.15 (m, 6H), 0.93 (s, 9H); *C NMR (CDCl;, TMS/ppm) 6 141.5,
140.8, 138.6, 136.3, 135.6, 133.7,132.4, 131.2, 129.9, 129.4, 126.6, 125.8, 123.9, 122.1, 121.0, 28.9,
27.2,13.6,12.5,10.9.

1.2 Characterization of BT molecules and alginate aerogels

All '"H NMR, and 3C NMR spectra were recorded at room temperature on a Varian Mercury-400
spectrometer (Varian, Palo, Alto, CA, USA) equipped with a 5-mm probe. For 'H NMR spectra
chemical shifts are reported in ppm from tetramethylsilane as an internal standard. Data are reported
as follows: chemical shift, multiplicity, coupling constants (Hz), and integration. 3C-NMR spectra
were recorded with complete proton decoupling. Chemical shifts are reported in ppm from the
residual solvent as an internal standard. Mass spectra were determined using a Trace 1300 gas
chromatograph or employing the direct exposure probe (DEP) tool, and ISQ EI mass spectrometer
(Thermo Fisher Scientific, Waltham, MA, USA). UV-VIS spectra were recorded using a Cary 3500
spectrometer (Agilent Technologies, Santa Clara, CA, USA). Photoluminescence spectra were
obtained with a LS50 spectrofluorometer (PerkinElmer, Waltham, MA, USA). Fluorescence
measurements were made at an excitation wavelength corresponding to the maximum absorption
lambda. Melting points are uncorrected. Melting processes were observed on a Leica DM LS optical
microscope equipped with a Leica 350 heating stage (Leica Microsystems, Wetzlar, Germany). SEM



was performed by using Environmental Scanning Electron Microscope Zeiss EVO LS 10 LaB6
operated at 15 kV. Samples were coated by gold prior measurement.

1.3 BTs photophysical data
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Figure S1: Reflectance spectra of the beads collected in quartz cuvet with 2 mm optical depth and
10 mm width.



Figure S2a: Fluorescence intensity and DIC Images of the beads: from top to bottom BT-T2,
BTO-T2, BTO,-T2, T2(BTO,); and BTO,-Tz2: left image is overlay of DIC image (right) with the
fluorescence intensity images in the green, yellow, or red ranges. Scale bar corresponds to 10 um.
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Figure S2b: Confocal spectral (left) images and FLIM (right) images representing the average
fluorescence lifetime in color scale ranging from 0,3 to 0,8 ns (emission wavelength range is
indicated below the image); from top to bottom: beads with BT-T2, BTO-T2, BTO,-T2, T2(BTO);
and BTO,-Tz2. Excitation at 488 nm (spectral image) and 485 nm (FLIM) except for BT-T2 excited
at 405 nm. 60X oil-immersion objective (NA 1,4). Scale bar corresponds to 10 pm.

Table S1.Fluorescence lifetimes obtained fitting with a bi-exponential decay function a region of interest in
the image and used to calculate the average fluorescence lifetime image in Figure S2b.

T1 T2
BT-T2 0,3 ns 1,2 ns
BTO-T2 0,3 ns 1,2 ns
BTO,-T2 0,3 ns 1,1 ns
T2(BTO,); 0,3 ns 1,4 ns
BTO,-TZ2 0,25 ns 0,7 ns
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Figure S3. Absorption, excitation and fluorescence spectra of 1 uM BT-T2, BTO-T2, BTO,-T2,
T2(BTO,;); and BTO,-Tz2 in PBS/DMSO and fluorescence spectra of BT-T2, BTO-T2, BTO,-T2,
T2(BT02)3 and BTOz-Tzz n CH2C12



2. Theoretical calculations
1.0 Experimental Spectra
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1.0 Calculated Spectra

BT-T2
BTO-T2
BTO2-T2 —

L BTO2-Tz2
0.8 T2(BTOg)3

Abs

%00 350 400 450 500 550 600 650 700
Wavelenght (nm)
Figure S4. On top. Experimental spectra of BT-T2, BTO-T2, BTO,-T2, BTO,-Tz2 and, T2(BTO,);. On
bottom. Calculated spectra of BT-T2, BTO-T2, BTO,-T2, BTO,-Tz2 and, T2(BTO,);.

Table S2. Excited singlet state S; energy, oscillator strength, MOs involved in the S, S, transition and, triplet
state T, energy for compounds BT-T2, BTO-T2, BTO,-T2, T2(BTO,); and BTO,-Tz2.

Structure S1 (nm) S1 (eV) Extinction f Trs T1 (eV)
coefficient (g) (M-
Lem)
BT-T2 359 3.45 21748 0.903 H->L 2.07
BTO-T2 406 3.06 17756 0.739 H->L 1.57
BTO,-T2 405 3.06 18979 0.790 H->L 1.51
H-2->L
T2(BTO,); 421 2.95 42718 1.348 H->L 1.50
H-2->L+2
BTO,-Tz2 386 3.21 25054 0.817 H->L 1.68

H-2->L+2
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Figure S5. MOs (H = HOMO, L = LUMO) involved in Sy=>S; transition for BT-T2, BTO-T2, BTO,-T2,
T2(BTO,); and, BTO,-Tz2.

Table S3: Average fluorescence lifetime of the oligothiophenes in solution for excitation at 405 nm.

PBS-DMSO DMSO
BT-T2 0,22 ns 0,34 ns
BTO-T2 0,68 ns 0,62 ns
BTO,-T2 0,56 ns 0,58 ns
T2(BTO,); 0,31 ns 0,26 ns
BTO,-Tz2 0,21 ns 0,08 ns

BT-T2, exc. at 405 nm BT-T2, exc. at 488 nm
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Figure S6: Confocal normalized spectra calculated for selected regions of interest in the images in Figure S2.

Excitation at 488 nm unless otherwise noted.
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Figure S7. Mechanism for the formation of the thiophene anion radical in the case of BTO,-Tz2
inside the alginate beads.

Figure S8. Spin density map of the BTO,-Tz2 anion radical.

3. Light-induced Reactive Oxygen Species quantification

Amplex Red assay. The concentration of peroxides produced by irradiating the oligothiophenes was
estimated through the Amplex Red assay. This test is based on the enzymatic-catalyzed oxidation of
nonfluorescent Amplex Red by peroxides, producing fluorescent resorufin (Figure 5b).!%-13 To
perform this test, two 96-multiwell plates were used, loading 90 uL of each oligothiophene sample
(PBS, 5% DMSO) 1 uM into each well. While one plate was maintained in the dark, the other plate
was irradiated 60 minutes using a blue LED (irradiance 10 mW cm2, energy fluence = 36 J cm™2,
measured with the photo-radiometer Delta Ohm LP 471 RAD on the plate surface). A freshly
prepared working solution (WS) was produced by mixing HRP enzyme (0.4 pg/mL) and Amplex
Red (500 uM) in 50 mM phosphate buffer. Following the addition of 10 puL of the WS to each well,
both plates were incubated for 30 minutes in the dark at room temperature. The calculation of the
generation of peroxides by alginate-BT aerogels was carried out with the same conditions, by
inserting a single bead into 200 uL of phosphate buffer, irradiating and then loading 90 pL of the
solution into each well with 10 pL of the WS. Using the EnSpire® Multimode Plate Reader
(PerkinElmer), the emission intensity of the resorufin, corrected taking in account the emission
contribution of thiophenes to resorufin signal, was recorded at 590 nm (A.x 530 nm) to estimate the
total amount of generated peroxides. A calibration curve made with H,O, standard solutions was used



to convert the fluorescence signal into the H,O, concentration. Each condition was examined in
triplicates, and the standard deviation was calculated.
ABMDMA assay. The amount of singlet oxygen ('0,) produced by the oligothiophenes after light
irradiation was estimated by using the ABMDMA assay. The selective reaction between the
ABMDMA molecule and the singlet oxygen breaks the conjugation of the anthracene moiety,
producing a stable endoperoxide (Figure 5a) that is transparent in the ABMDMA absorption range.
The decrease of the ABMDMA absorbance is used to estimate the amount of singlet oxygen
produced.'*!” To prevent the quenching of the singlet oxygen by H,O, each oligothiophene stock
solution (in DMSO) was diluted with deuterated PBS to obtain a final concentration of 1 uM. A 96-
multiwell plate was loaded with 97 pL of each solution (1 uM) and mixed with 3 uL. of ABMDMA
(5 mM) in DMSO. The calculation of the generation of singlet oxygen by alginate-BT aerogels was
carried out with same conditions, by inserting a single bead into 200 uL of deuterated PBS
(ABMDMA 150 uM). Successively, the plate was irradiated using the same conditions of the Amplex
Red assay. Using an EnSpire® Multimode Plate Reader (PerkinElmer, Waltham, MA, USA), the
absorbance was recorded at 380 nm, before and after the irradiation. Each condition was examined in
triplicates, and the standard deviation was calculated.
4. Photodegradation experiments
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Figure S9. Recycle of Alg-BTO,-T2, Alg-T2(BTO,); and Alg-BTO,-Tz2 aerogels on a) BPA, b)
OFLOX (V=3 mL, Ciy=4 mg/L, 5 mg of photocatalysts).



5. High performance liquid chromatography analyses

HPLC analyses of photodegradation samples were performed on a Shimadzu Nexera XR UHPLC
system equipped with a LC-40D XR pump, a SIL-40C XR autosempler, a DGU-405 degassing unit,
a CTO-40S column oven and a SPD-M40 photodiode array (PDA) detector. 200 pL. samples were
used as source for the automated injection. The chromatographic separation was performed on a
Zorbax Eclipse XDB-C18 column (4.6 x 150 mm, 5 um) at flow rate 1.0 mL/min, detection at A,
of each analyte, linear gradient trifluoroacetic acid 0.1% aqueous solution/methanol from 90:10 to
40:60. In each experiment, the removal of each analyte was determined by comparison with that of
the initial untreated solution. The results are expressed as the mean of two independent experiments
+ standard deviation.

6. Ecotoxicity experiments

Aliivibrio fischeri bacteria (strain NRRL B-11177) was used and the standardized acute bioassay was
performed, !° to assess the toxicity of the various ofloxacin solutions. This method provides signal of
acute toxicity based on the reduction of bioluminescence naturally emitted by the A. fischeri, in
contact with contaminants in solution. Bioluminescence was measured (A < 490 nm) using the
luminometer Microtox® analyser (Model 500, Modern Water, UK).

Bioassays were performed using freeze-dried bacteria (batch number BL11251022) purchased from
Ecotox LDS s.r.l. (Milan, Italy). The bioassay method consists on put rehydrated bacteria in contact
with samples, a negative (saline solution: 20 g/ NaCl) and positive (reference toxicant: 3,5-
dichlorophenol) control. The pH of all samples was measured and corrected with a solution of HCI
(0.1 M) or NaOH (0.1 M), to obtain values between 6.0 and 8.0. All bioassays were performed in
triplicate and the Coefficient of Variation (CV%: standard deviation/mean x 100) was verified
(CV>20%) for each trial (Persoone et al., 2003; Environment Canada, 2007). The effects were
calculated using the Microtox calculation software (Microtox Omni® software V 4.2).

The solutions (in ultrapure water) analysed were: OFLOX (Ciy =4 mg/L); OFLOX (Cy = 4 mg/L)
irradiated with blue visible light (Ae, = 461 nm, irradiation power density = 10 mW/cm?, distance
about 10 cm) for 5 h; OFLOX (Cy = 4 mg/L) irradiated with blue visible light (A.,, = 461 nm,
irradiation power density = 10 mW/cm?, distance about 10 cm) for 5 h in the presence of Alg-BTO,-
T2 (20 mg in a total volume of 12 mL); Alg-BTO,-T2 dispersed in ultrapure water (20 mg in a total
volume of 12 mL); Alg-BTO,-T2 dispersed in ultrapure water (20 mg in a total volume of 12 mL)
irradiated with blue visible light (A.,, = 461 nm, irradiation power density = 10 mW/cm?, distance
about 10 cm).

Table S4. Ecotoxicity of ofloxacin solutions, exposed to Aliivibrio fischeri for 5, 15, 30 minutes.
Effect %: mean value of bioluminescence inhibition; s.e.: standard error.

5 min 15 min 30 min
Solution effect % s.e. effect % s.e. effect % s.e.
OFLOX 2.28 0.23 0.32 0.32 6.91 1.23
OFLOX + UV 7.96 0.69 3.45 0.82 9.30 2.01
OFLOX+BTO,-T2+UV  13.60 1.39 6.27 0.72 0.93 0.42
BTO,-T2 6.20 1.41 2.40 1.39 0.20 0.20

BTO,-T2+UV 12.68 0.96 11.13 1.69 10.86 1.65
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