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Synthesis of PDCBT 

All reagents were purchased from Sigma-Aldrich (Saint Louis, MO, USA) and used as received, if not stated 

otherwise. All solvents used for the chemical reactions were dried by standard procedures. All manipulations 

involving air-sensitive reagents were performed under dry nitrogen atmosphere. The synthetic route to obtain 

the monomer bis(2-butyloctyl) 5,5'-dibromo-[2,2'-bithiophene]-4,4'-dicarboxylate (1) was performed as 

reported.[1,2] (Scheme S1). Then, the PDCBT polymerization was performed as follows. Specifically, in a dry, 

oxygen-free Schlenk tube bis(2-butyloctyl) 5,5'-dibromo-[2,2'-bithiophene]-4,4'-dicarboxylate (115 mg, 0.15 

mmol) (1), 2,5-bis(trimethylstannyl)thiophene (74 mg, 0.15 mmol) (2), PPh3 (5 mg, 1.8x10-2 mmol), Pd2(dba)3 

(4 mg, 4.5x10-3 mmol) were introduced, 3.2 ml of dry toluene, and 0.3 ml of dry dimethylformamide were 

added. The color turns quickly from burgundy to yellowish and then to greenish. Several freeze-pump-thaw 

cycles were performed to remove any oxygen traces. Then, the mixture was heated to 115°C under stirring 

overnight. The polymer was end-capped with 150 μl of 2-(tributylstannyl)thiophene and 150 μl of 2-

bromothiophene, heating to 115°C for 12 hours after each addition. Therefore, ~150 mg of scavenger resin (3-

mercaptopropyl-functionalized silica gel) was added together with 2 ml of toluene, and after about 2 hours 

under stirring at 115 °C, the mixture was filtered on Celite®, then poured into methanol, filtered and extracted 

with Soxhlet apparatus using acetone, hexane, and chloroform, in sequence. The chloroform fraction of 

PDCBT was obtained as a reddish solid (75 mg, Yield: 66%). 

 

Scheme S1. Synthetic route to poly [2,2''''-bis[[(2-butyloctyl)oxy]carbonyl][2,2':5',2'':5'',2'''-

quaterthiophene]-5,5'''-diyl] (PDCBT). 
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Molecular Characterization of PDCBT 

Nuclear Magnetic Resonance (NMR) experiments were carried out using a Bruker Advance 400 spectrometer. 

All chemical shifts were reported in the standard notation of parts per million (ppm) using the peak of residual 

proton signal of TCE-d2 (δ=5.94 ppm). 
1H-NMR (TCE-d2, 400 MHz, ppm) δ: 7.47-7.40 (m, 4H), 7.13-7.05 (m, 2H), 4.13 (d, 4H), 1.66 (s, 2H), 1.35-

1.15 (br, 32H), 0.84-0.75 (br, 12H). 

Size Exclusion Chromatography (SEC) measurements using ortho-dichlorobenzene (o-DCB) as mobile phase 

at high temperature were carried out by using an integrated GPCV2000 SEC system (Waters Corp., Milford, 

MA, USA) equipped with a differential refractometer (DRI) as concentration detector. In order to avoid the 

thermal degradation and the formation of aggregates, the samples were prepared with an optimized procedure, 

as follows: i) protection with butylated hydroxytoluene (BHT) antioxidant (0.05%); ii) samples solubilization 

in oven at 140 °C for about one hour; iii) filtration with sintered metal filters of 0.5 µm pores size; iv) insertion 

of the samples in the injection compartment of the system at 135 °C. 

HT-SEC: Mn= 16790 g∙mol-1; Mw= 36540 g∙mol-1; Mw/Mn= 2.2. 

 

Photophysical characterization of PDCBT and PDCBT-based WPNPs 

Photoluminescence (PL) spectra and Photoluminescence Excitation (PLE) profiles were obtained with 

NanoLog composed by an iH320 spectrograph equipped with a Synapse QExtra charge-coupled device, by 

exciting with a monochromate 450W Xe lamp. The spectra are corrected for the instrument response. PL 

Quantum Yield (PLQY) values of solutions were obtained by using Rhodamine 101 as the reference. Time-

correlated single photon counting (TCSPC) measurements were obtained with PPD-850 single photon detector 

module by exciting with DD-405L DeltaDiode Laser and analysed with the instrument software DAS6. 

 

Figure S1. Absorption (red), emission (green) and excitation profiles (blue) spectra of PDCBT. 



3 

 

Figure S2. Absorption (red), emission (green) and excitation profiles (blue) spectra of PDCBT-based 

WPNPs. 

 

Sample abs-max 
(abs range) [nm] 

PLE range [nm] em-max [nm] QY [%] 

PDCBT 
470 

(340-540) 
340-540 

580 
(shoulder at 615) 

24 

WPNPs 
505 

(375-610) 
335-620 645, 705 4.5 

Table S1. Photophysical properties of PDCBT and PDCBT-based WPNPs. 

 

 

Figure S3. PL decays of PDCBT (green) and PDCBT-based WPNPs (blue), measured at 575 nm and 

645, respectively, together with the laser response (red). 
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Sample 1 [ps] 2 [ps] A1 A2 avg [ps] 

PDCBT 180 600 0.11 0.89 554 

WPNPs 320 69 0.31 0.69 147 

Table S2. PL decays of PDCBT and WPNPs measured at 575 nm and 615 nm, respectively, by exciting 

at 407 nm. For the calculations bi-exponential fits have been considered. 

 

 

Figure S4. (a) DLS lognormal distribution by number of diameters, (b) multimodal size distribution by 

number and (c) correlation function of sample CPNP58B and (d) DLS lognormal distribution by number of 

diameters, (e) multimodal size distribution by number and (f) correlation function of sample CPNP64. 

 

Sample Mean Diameter [nm] PDI 

CPNP58B 36.80 0.16 

CPNP64 70.00 0.09 

Table S3. Mean diameter and Polydispersity Index of samples CPNP58B and CPNP64. 
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Figure S5. DLS data of PDCBT WPNP suspension: (a) multimodal size distribution by number and (b) 

correlation function. 

 

 

Figure S6. Time dependance of the regeneration efficiency changes of MV•+ produced in the system 

containing TEOA, WPNPs and MV2+ without irradiation (red triangles) and upon 60-minute-irradiation at 

pH 8 (black squares), pH 7.4 (blue circles) and without nanoparticles (green triangles). 
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Figure S7. Absorption spectra changes of the suspension containing TEOA, PDCBT WPNPs, MV•+, 

NAD+ and NaHCO3 over time. 

 

 

Figure S8. Spectral profile of the applied light source. 
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Figure S9. Experimental setup. 

 

 

Figure S10. TEM Image of WPNPs: the image is blurry because of the presence of surfactant around the 

WPNPs. 
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Figure S11. Absorption spectra of the suspensions containing TEOA, PDCBT WPNPs and MV+ over 

five consecutive photocatalytic cycles. 

 

 

Figura S12. Pictures of the reaction solution before (a) and after (b) the first photocatalytic cycle; before (c) 

and after (d) the second photocatalytic cycle; before (e) and after (f) the third photocatalytic cycle; before (g) 

and after (h) the fourth photocatalytic cycle; before (i) and after (j) the last photocatalytic cycle. The color 

change indicates the successful reduction of methyl viologen (MV+) and demonstrates the sustained activity 

of the photocatalyst over multiple cycles. 
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