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Materials and Methods

Monomers and bulk polymers
All reagents and chemicals were purchased from certial companies, unless otherwise
stated.*H and®*C NMR spectra were obtained on a Bruker Avancé®0 machine. APLI
mass spectra were recorded on a Bruker Daltrongk@iOF system (KrF*-Laser ATLEX-
SI, ATL Wermelskirchen). Elemental analyses wer¢amied on a Perkin Elmer 240 B.
Thermogravimetric analyses were recorded under nariow on a Mettler Toledo
TGA/DSC1 STAR System. Solid statéC{‘H} cross-polarization magic-angle spinning
(CPMAS) spectra were measured at 50.33 MHz usifidruker AVANCE Il 200 NMR
spectrometer with a contact time of 2.5 ms, avea@i2768 transients at a relaxation delay
of 2 s. All experiments were carried out at roomperature using a standard Bruker 2.5 mm
double resonance MAS probe spinning at 20 kHzcalpi/2-pulse lengths of 2.fs and
SPINAL64 proton decoupling (200.15 MHz; 1#@2 pulse set to 4.2 us) at rather modest
power levels of 46.5 Watt'YC) and 19 Watt 'H), respectively. The”C spectra were
referenced with respect to tetramethylsilane (TMIS)hg solid adamantane as secondary
standard (29.46 ppm fdrfC). FT-IR and UV-vis spectra were recorded on aQA@FT/IR-
4200 and V-670, respectively. Photoluminescencetspevere obtained on a HORIBA
Scientific FluoroMax-4 Spectrofluorometer. A TougnSamdri-795 system was used for
washing the bulk polymers with supercritical carbdioxide. Nitrogen and krypton
adsorption-desorption isotherms were recorded 8kla Japan Inc Belsorp-max system at
77 K. A maximum relative pressure of 0.6 was set rfeeasurements with Kr gas. All
samples were dried on a Belprep-vac Il at 140 °@ a2 Pa overnight prior to the gas

sorption measurements.

Synthesis of 2,2",7,7’-tetra(thien-2-yl)-9,9’-spirbifluorene (SpTh)
2,2',7,7-Tetrabromo-9,9"-spirobifluorétié (1.00 g, 1.58 mmol) and tributyl(thien-2-
yl)stannane (2.36 g, 6.33 mmol) were placed in an20 microwave vial and carefully
degassed. Dry toluene (20 mL) and tetrakis(triph@msphine)palladium(0) (0.09 g, 0.08
mmol) were added as solvent and catalyst, resgdgtiVhe mixture was stirred under argon
atmosphere and exclusion of light at 140 °C foofrk. After evaporation of the solvent, the
crude product was purified by column chromatograplon silica (eluent:
hexane/dichloromethane 7:3) and recrystallized franchloroform/ethanol mixture. The
product was isolated as yellow crystals, yield5006(64 %).XH NMR (600 MHz, GD,Cl,)
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5: 7.89 (d,J = 7.9 Hz, 4H), 7.68 (dd} = 8.0, 1.7 Hz, 4H), 7.20 (dd,= 5.0, 1.1 Hz, 4H), 7.18
(dd,J = 3.7, 1.1 Hz, 4H), 7.01 (d,= 1.4 Hz, 4H), 6.97 (dd] = 5.0, 3.7 Hz, 4H)}*C NMR
(151 MHz, GD.Cls) &: 149.16, 143.84, 140.48, 133.96, 127.92, 125.98, 75, 123.34,
121.11, 120.54, 65.75; MS (APLI) 644.046 [644.008]). Elem. Anal. for GiH».Ss, found:
C 76.03, H 3.39, S 20.4; calc: C 76.36, H 3.75984.

Synthesis of 2,2’,7,7’-tetra(thioen-3-yl)-9,9’-spiobifluorene (Sp3Th)
2,2'7,7-Tetrabromo-9,9'-spirobifluoréreé (2.00 g, 3.16 mmol), thien-3-ylboronic acid (1.66
g, 13.0 mmol), and sodium carbonate (3.00 g, 2&3Mmwere placed in a 250 mL two-
necked round flask and carefully degassed. Tol{@sanL), n-butanol (20 mL) and water
(15 mL) were added as degassed solvents. Tetrgbshylphosphine)palladium (0) (0.18 g,
0.16 mmol) in toluene (10 mL) was added and thetume was stirred under argon
atmosphere and exclusion of light under refluxZdrhours. After cooling down the mixture
to rt, chloroform (50 mL) was added and the resglorganic phase was washed 5 times with
aqueous 2N HCI. The collected organic phases weex dvith MgSQ. After solvent
evaporation, the crude product was purified by ewiuchromatography on silica (eluent:
hexane/dichloromethane 7:3) and recrystallized febioroform. The product was isolated as
white powder, yield: 1.19 g (58 %H NMR (600 MHz, THF-d8): 7.96 (d,J = 8.0 Hz, 4H),
7.72 (dd,J = 8.0, 1.6 Hz, 4H), 7.46 (dd,= 2.9, 1.4 Hz, 4H), 7.30 (dd,= 5.1, 2.9 Hz, 4H),
7.27 (dd,J = 5.1,1.3 Hz, 4H), 7.06 (d = 1.4 Hz, 4H);*C NMR (151 MHz, THF-d8):
150.86, 142.89, 141.54, 136.79, 127.15, 127.01,6626.22.49, 121.26, 79.48; MS (APLI)
644.053 [644.076] (M. Elem. Anal. for GiH24Ss, found: C 76.01, H 3.50, S 20.07; calc: C
76.36, H 3.75, S 19.89.

Synthesis of tetra[4-(thien-2-yl)phenyllmethaneTPTTh)
Tetra(4-bromophenyl)methafi@ (1.00 g, 1.57 mmol) and tributyl(thien-2-yl)stanea(2.93
g, 7.86 mmol) were placed in a 20 mL microwave wadl carefully degassed. Dry THF (10
mL), toluene (10 mL) and tetrakis(triphenylphos@)palladium (0) (0.18 g, 0.16 mmol)
were added as solvents and catalyst, respectiVédig. mixture was stirred under argon
atmosphere and exclusion of light at 140 °C forhddirs. After evaporation of the solvent,
the crude product was purified by column chromapgy on silica, (eluent:
hexane/dichloromethane 8:2). The product was isdlas white powder, yield: 0.18 g (18
%). *H NMR (600 MHz, GD,Cl,) &: 7.56 (d,J = 8.5 Hz, 8H), 7.35 (dd] = 3.6, 0.9 Hz, 4H),
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7.30 (m, 12H), 7.10 (dd] = 5.0, 3.6 Hz, 4H); MS (APLI) 648.102 [648.107] (MElem.
Anal. for G1H»sSs, found: C 75.89, H 4.35, S 19.77; calc: C 75.49.4b6, S 19.92.

Synthesis of tetra[4-(thien-3-yl)phenyllmethaneTPT3Th)
Tetra(4-bromophenyl)methaii@ (2.00 g, 3.14 mmol), thien-3-ylboronic acid (1.6613.0
mmol), and sodium carbonate (3.00 g, 28.3 mmol)ewsaced in a 250 mL two-necked
round flask and carefully degassed. Toluene (35, mihjutanol (20 mL) and water (15 mL)
were added as degasified solvents. Tetrakis(trjpéosphine)palladium (0) (0.18 g, 0.16
mmol) in toluene (10 mL) was added and the mixtues stirred under argon atmosphere
and exclusion of light under reflux for 24 hourdtek cooling down the aqueous mixture to
rt, chloroform (50 mL) was added and the resultinganic phase was washed 5 times with
aqueous 2N HCI. The collected organic phases weex dvith MgSQ. After solvent
evaporation, the crude product was purified by mwiuchromatography on silica (eluent:
hexane/dichloromethane 7:2) and recrystallized frbexane/chloroform mixture. The
product was isolated as white powder, yield: 0.42@%).*H NMR (600 MHz, THF-d8):
7.58 (m, 12H), 7.43 (m, 8H), 7.33 (m, 8HJC NMR (101 MHz, THF-d8p 146.67, 142.89,
134.80, 132.48, 127.13, 126.98, 126.45, 121.1B46MS (APLI) 648.107 [648.107] (M.
Ele. Anal. for GiH2sSs, found: C 75.89, H 4.18, S 20.03; calc: C 75.89.85, S 19.77.

Synthesis of bulk polymers by oxidative coupling vih FeCls;

All monomers were chemically polymerized using s@me methodology, which is here
described for the SpTh monomer: 2,2’,7,7-Tetrath2-yl)-9,9’-spirobifluorene (300 mg,
0.47 mmol) was dissolved in anhydrous chloroforfd (8L) and transferred dropwise to a
250 mL round flask which contains a suspensiomarf(ill)chloride (415 mg, 2.56 mmol) in
anhydrous chloroform (20 mL). The resulting mixtuvas stirred at room temperature for
one day under argon atmosphere. After addition ethamol (100 mL), the mixture was
stirred for one more hour. The resulting precipitatas collected by filtration and washed
with methanol. The powder was treated with aqudwydrochloric acid (37 %) for 2 h,
filtered off and washed with water and methanoteASoxhlet extraction with methanol and
THF for 24 h, the product was treated with ethgipah.) for three days and finally washed
with supercritical carbon dioxide. PSpTh was issdiaas yellow powder, yield: 261 mg (84
%), PSp3Th as slightly orange powder (92 %), PTPa3 klightly green powder (45 %), and
PTPT3Th as orange powder (99 %).
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Electrochemical polymerization and characterization

Dichloromethane (HPLC grade) was refluxed over phosus pentoxide for 3 h and
distilled. Tetrabutylammonium tetrafluoroborate ABF,4, > 99 %) was purchased from Alfa
Aesar; boron trifluoride diethyl etherate (BFEE46.5 % BE) and phosphate buffered saline
(PBS, pH 7.4) from Sigma-Aldrich; 1,3,5-trinitrobmane (TNB, neat) from Supelco; and
potassium chloride (KCE 99.5 %, ACS) from Roth. Indium tin oxide-coatednsparent
electrodes on glass (IT& 20 Ohm m? were purchased from pgo. For electrochemical
polymerization and characterization a PotentioS&li/anostat PAR VersaSTAT 4 was used
with a three-electrode cell. The AFM images werrded on an atomic force microscope
Bruker dilnnova operated in tapping mode. The ayeraurface roughness values were
extracted from the topography images. The thickridsghe films was measured with a

surface profilometer Vecco Dektak 150.

Electrochemical polymerization and characterizationon Pt electrodes

10 mL of 0.1 mM solutions of the monomers were pred in dichloromethane or

BFEE/DCM (1:4) using 0.1 M TBABFas supporting electrolyte. The solutions were giac

in a three-electrode cell under argon atmosphe@s&C. A platinum disc electrode (Pt, 1

mm diameter) was used as working electrode (WElainum wire as counter electrode
(CE); and Ag°/AgNQ@ (0.01 M AgNGQG/ 0.1 M TBAP in acetonitrile, 0.53 V vs. NHE) as

reference electrode (RE). For Figure S4, twentylicyeoltammograms were repeatedly
recorded in a potential range 0 — 1.2 V for SpTp3™h and TPTTh, and 0 — 1.3 V for

TPT3Th with a scan rate of 0.1 Vs For recording CVs of the resulting products, the
deposits on Pt disc electrodes were placed as W& nmonomer-free 0.1 M solutions of

TBABF, in dichloromethane. Cyclic voltammograms at ddéfar scan rates from 0.005 to

0.20 V$* were recorded in the potential range 0 — 1.0 \gyf& S5).

Electrochemical polymerization on ITO electrodedor porosity measurements, as
well as for optical, and morphological characterizéion
10 mL of the monomers solutions were placed inraetelectrode cell. ITO (~ 1.5x1.2 cm
deposit area) on glass and a platinum gauze (2%xt.area), separated by 1 cm, were used
as WE and CE, respectively; Ag°/AgN@s RE. For krypton gas sorption measurements,
thick films were produced by applying an oxidatpetential of 1.2 V (SpTh, Sp3Th and
TPTTh) or 1.3 V (TPT3Th) for 20 min. A potential & V was applied after the

electropolymerization for 60 s in order to disclea(dedoped) the deposits. After rinsing the
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deposits with acetonitrile and dichloromethaneytivere dried for 20 min at 100 °C. The
collection of ca. 2 mg of material was necessarydétiable BET measurements. For optical
and thickness measurements, MPN films on ITO weaepgred by applying ten cyclic

voltammograms in the same potential range as tbé fog Pt disc electrodes. After rinsing

the films with acetonitrile and dichloromethanegytiwere dried for 20 min at 100 °C.

Electrochemical polymerization of TPTTh on glassyarbon (GC) electrodes and
electrochemical sensing of TNB.
10 mL of a 0.1 mM TPTTh solution were prepared ichtbromethane or BFEE/DCM (1:4)
using 0.1 M TBABE as supporting electrolyte. The solutions were gdain a three-
electrode cell under argon atmosphere at 25 °Cladsyg carbon disc electrode (GC, 1 mm
diameter) was used as working electrode (WE); &nplan wire as counter electrode (CE);
and Ag°/AgNQ as reference electrode (RE). Potentiostatic palfaton of TPTTh was
achieved by applying a potential of polymerizatiohl.2 V until the required oxidative
charge (0.01 — 0.50 mC) was accumulated. A potemfa0 V was applied after
polymerization during 30 s in order to discharged@pe) the deposits. After rinsing the
deposits with acetonitrile and dichloromethane, MgN-modified GC electrodes were used
as WE in a 10 mL of aqueous 0.2 M KCl and 0.1 M RB8er argon atmosphere at 25 °C. A
platinum wire and Ag°/AgCl(sat.) (NaCl 3M, 0.21 \6 WHE) were used as CE and RE,
respectively. After 5 min of stirring, a prepotettof O V was applied for 30 s. Linear scan
voltammograms were recorded from 0-tb V with a scan rate of 0.01 Vs For 1,3,5-

trinitrobenzene (TNB) detection, gL of 1 mM TNB solution in acetonitrile were added

sequentially in order to adjust the TNB concentrafrom 0 to 3uM.
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Figure S1. TGA curves of the bulk polymers: (a) PSpTh, (b) 8p (c) PTPTTh and (d)

PTPT3Th.
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Figure S2.UV-vis (diffuse reflection mode) and PL spectralué bulk polymers: (a) PSpTh,
(b) PSp3Th, (c) PTPTTh and (d) PTPT3Th.
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Figure S3. Gas adsorption isotherms for the bulk polymers: {CGfcle; H, square; Ch
triangle; N, inverted triangle) for (a) PSpTh, (b) PSp3Th,KEPTTh and (d) PTPT3Th.
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Figure S4.Twenty consecutive cyclic voltammograms during ttgmlymerization of (a, b)
SpTh, (c, d) Sp3Th, (e, f) TPTTh; potential ran@eo 1.2 V, and (g, h) TPT3Th; potential
range: 0 to 1.3 V, scan rate: 0.10 Y=t Pt disc electrodes, 0.1 mM monomer solutions i

DCM (a,c,e,g) BFEE/DCM (1:4) (b,d,f,h), 0.1 M TBAIR supporting electrolyte.
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Figure S5. Cyclic voltammograms of (a, b) PSpTh, (c, d) PSp3E, f) PTPTTh and (g, h)
PTPT3Th on Pt disc electrodes within the poteméiabe of 0-1 V at different scan rates from
0.005 to 0.20 Vs, in monomer-free DCM containing 0.1 M TBAP. Therfs were prepared

as shown in Figure S4. Insets show linear depemdeihcathodic peak current and scan rate.
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Figure S6.FT-IR spectra of monomers: (a) SpTh, (b) Sp3Th,TEYTh and (d) TPT3Th
(black lines); the resulting bulk polymers (a-dj taes); the resulting MPN films prepared
by electropolymerization in pure DCM (a-d, greenel); and the resulting MPN films

prepared by electropolymerization in BFEE/DCM (1(&@X, blue lines).
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Figure S7. UV-vis (black lines) and PL (red lines) spectrambnomers: (a) SpTh, (b)
Sp3Th, (c) TPTTh and (d) TPT3Th (solid lines) ahd tesulting MPN films prepared by
electropolymerization in BFEE/DCM (1:4) (a-d, daghi@es).

Table S1.Average surface roughness (Rq) and thickness of Miaé on ITO made by

electrochemical polymerization in BFEE/DCM (1:43,@escribed on page S5.

ng Rq (nm)  Thickness (nm)
PSpTh 2.5 50.3
PSp3Th 3.6 51.6
PTPTTh 3.5 44.4
PTPT3Th 5.3 32.8
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Figure S8.Linear scan voltammograms for the reduction ofduM TNB in agqueous 0.2 M
KCIl and 0.1 M PBS solution at (a) nhon-modified, goil PTPTTh-modified GC electrodes
with a scan rate of 0.01 Vs Plots of peak current vs. [TNB] for (c) non-maef, and (d)

PTPTTh-modified GC electrodes for the three diffiémeduction waves (see a and c).
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