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1-Materials and Methods 
 

The chemicals were bought from commercial suppliers (Fischer Scientific, Sigma-

Aldrich, Strem Chemicals, VWR chemicals) and they were used without any further 

purification. Dried and distillated solvents were used (THF, CH2Cl2, CHCl3, triethylamine,…). 

The reactions were monitored by Thin layer chromatography (TLC) on Merck Silica gel 

60 T254 (coated on aluminium sheet). Column chromatography was performed using silica gel 

40-63 μm. 

 

 

BRUKER Avance III400 and BRUKER Avance III500 were used to record NMR 1H, 13C 

and 31P spectra in CDCl3 and CH2Cl2 using TMS as an internal standard. Chemical shifts are 

measured in parts per million (ppm). The following notation is used to designate the NMR 

signals; s: singlet, d: soublet, t: triplet, m: multiplet. 

 

High-resolution ESI-MS (HR-MS). Samples were analyzed by ESI-MS on a high-

resolution and high-accuracy mass spectrometer (LTQ-Orbitrap Elite, Thermo Scientific) in 

positive ion mode. Samples were dissolved in dichloromethane at a concentration between 1 

and 5 pmol/µL according to the sample. They were infused at a flow rate of 3 µL/min. The 

following experimental conditions were applied: spray high voltage, 3 kV; source temperature, 

350°C; sheath gas flow rate, 10. External calibration was carried out using the Pierce LTQ 

Velos ESI positive ion calibration solution. The resolution was set at 240 000 at m/z 400.  

 

Gel permeation chromatography (GPC) were performed on the GPC prominence 

Shimadzu with UV-visible detector SPD-20AV (Double wavelength), A metallooligomer 

concentration of 1mg/mL were used and the solution were filtered through a 0.45 micron filter 

before injection. Average molecular weights (Mw, Mn) were determined by GPC against 

polystyrene standards. THF was used as eluents with a flow rate of 1mL/min. 

 

Attenuated total reflection infrared (ATR IR) spectra were recorded on powders using 

Spectrum Two from PerkinElmer.  
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Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-

TOF/MS) Experiments were performed by MALDI-TOF/MS (Ultraflex, Bruker Daltonique) in 

positive ion mode and in reflectron or linear modes. The ion-accelerating voltage was 20 kV. 

One µL of sample was deposited on the target and was covered with dithranol as the matrix. 

External calibrations were carried out using the standard protein mixture (Peptide Calibration 

Standard kit, Bruker Daltonique). At least 150 laser shots were summed for each spectrum. Raw 

data were processed using Flex Analysis. 

Thermogravimetric analysis (TGA) were conducted on Perkin Elmer TGA Pyris 1. The 

samples were measured into an aluminium pan and sealed before heating with rate of 10 °C/min 

under a nitrogen atmosphere 

The metallooligomers thin films were prepared from solution of the metallooligomers 

dissolved in CH2Cl2 (5mg.mL-1), then they were spin-coated using LabSpin6/8 from SÜSS 

MicroTec on glass and quartz substrates at 3000 rpm for 100 seconds at 600 rpm.s-1 

acceleration. The film thicknesses were determined using a KLA-Tencor D-120 stylus 

profilometer. 

 

UV-Visible absorption. Analysis in CH2Cl2 were performed using the Perkin-Elmer 

(Lambda 35) UV–Vis Spectrometer (250-900 nm) in transmission mode. Room temperature 

(298 K) film spectra were recorded on a Varian Cary BIO300 spectrophotometer in reflectance 

mode. 77 K solution spectra were recorded on a Hewlett-Packard 8452A diode array 

spectrometer in transmission mode. The UV-vis spectra (200 - 900 nm) of film coated quartz 

substrates were recorded by a Cary 4000 spectrophotometer (Agilent Corporation) in 

transmission mode using the double-beam mode. 

Photoemission analysis. Steady-state measurements, emission and excitation spectra, 

were made using an Edinburgh Instruments FLS980 Phosphorimeter equipped with single 

monochromator. Solutions for 298 K measurements were prepared in a glovebox, to avoid 

excited state quenching by O2, and sealed in an airtight 1 cm cell. Low temperature 

measurements were made in an NMR tube using a homemade sample holder. Films were made 

by spin-coating the polymers on 2.5 cm quartz discs. Measurements exceeding 800 nm were 

performed using a Photon Technology International QuantaMaster 400 phosphorimeter coupled 
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with a NIR PMT-7-B detector. The fluorescence lifetime measurements were performed on the 

FLS980 using a 378 nm picosecond pulsed diode laser. 

 

The electrochemical measurements were carried out using an BioLogic SP-300 apparatus, 

at room temperature, under an argon atmosphere, in a three-electrode cell containing anhydrous 

acetonitrile (MeCN, 10 mL) as solvent and tetrabutylammonium hexafluorophosphate 

(TBAPF6, 10-1 mol.L-1) as supporting salt at a scan rate of 50 mV.s-1. The reference electrode 

was a saturated Hg/Hg2Cl2 reference electrode (further noted SCE for Saturated Calomel 

Electrode) from Radiometer. It was separated from the cell solution by a bridge compartment 

filled with the same solvent / supporting electrolyte solution as used in the cell. The counter 

electrode was a platinum wire. The working electrode was a disk obtained from a cross-section 

of a platinum wire (d = 5 mm) sealed in Teflon. Metallooligomers thin films were cast from 

dichloromethane solution on a platinum disc working electrode (d = 5 mm), and the cyclic 

voltammograms were recorded in acetonitrile solution containing TBAPF6, 10-1 mol.L-1 as 

supporting salt at a scan rate of 50 mV.s-1. 
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2-Ligands synthesis and characterizations 

 
Scheme S1: Synthetic Scheme for ligands LA, LB and LC (i) K2CO3, 18-Crown-6 cat., 1,9-

dibromononane, DMF, 60°C, 18h ; (ii) NBS, CH2Cl2, RT, 6h30 ; (iii) NaN3, THF, 70°C, 48h ; 

(iv) triisopropylsilylacetylene, Pd(OAc)2 10 mol%, CuI 10 mol%, PPh3 20 mol%, CH2Cl2/Et3N, 

RT, overnight ; (v) 5, propargyl derivatives 6a, 6b or 6c, CuSO4, sodium ascorbate, THF/H2O, 

RT, 48h. 

 

2,5-bis(9-bromononyl)-3,6-di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione (2) 

 

The procedure was inspired from the literature W. Lai, C. Li, J. Zhang, F. Yang, F. J. M. 

Colberts, B. Guo, Q. M. Wang, M. Li, A. Zhang, R. A. J. Janssen, M. Zhang and W. Li, Chem. 

Mater. 2017, 29, 7073. In a 250 mL flame-dried schlenk 1 (1.0 g, 3.33 mmol) freshly 

synthesized with a procedure from the literature C. H. Woo, P. M. Beaujuge, T. W. Holcombe, 

O. P. Lee, J. M. J. Fréchet, J. Am. Chem. Soc. 2010, 132, 15547, K2CO3 (1.38 g, 9.99 mmol, 3 

eq.), 18Crown6 (cat. 5 mg) and 1,9-dibromononane (4.06 g, 14.19 mmol, 4.3 eq.) were added 

in 80 mL of distilled N, N-dimethylformamide (DMF) under argon atmosphere. The mixture 

was heated at 60 °C for 18 h, monitored by TLC (Rf = 0.60, using CH2Cl2/pentane 60/40 as 

eluent). The reaction mixture was cooled to room temperature and extracted with CH2Cl2. The 

organic layer was washed with 4 x 100 mL of brine and dried over MgSO4, filtered and 

evaporated under reduced pressure. The crude product was purified by chromatography using 

silica gel with CHCl3/pentane (60/40) as eluent to afford 2 as a purple solid (1.18 g, 1.66 mmol, 

yield 50%). 1H NMR (500 MHz, CDCl3) δ (ppm): 8.90 (d, 2H, J = 3.7 Hz), 7.62 (d, 2H, J = 4.9 
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Hz), 7.26 (t, 2H, J = 4.5 Hz), 4.04 (t, 4H, J = 7.9 Hz), 3.37 (t, 4H, J = 6.8 Hz), 1.84-1.78 (m, 

4H), 1.77 (m, 4H), 1.74-1.68 (m, 4H), 1.41-1.27 (m, 16 H). 13C NMR (500 MHz, CDCl3) δ 

(ppm): 161.69, 140.34, 135.62, 131.06, 130.07, 128.97, 107.99, 42.49, 34.37, 33.10, 30.24, 

29.59, 29.42, 28.96, 28.43, 27.11. IR (cm-1): v = 3100, 3082 (v (C-H aromatic)), 2926 and 2851 

(v (C-H alkyl)), 1658 (v (C=O)), 721 (v (C-Br alkyl). MS-ASAP-TOF Calc. for 

C32H42Br2N2O2S2 (2), [M+H]+ m/z = 709.11 ; measured [M+H]+ m/z = 709.11. T m.p (°C) = 

178.  

 

2,5-bis(9-bromononyl)-3,6-bis(5-bromothiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-

dione (3).  

 

The procedure was inspired from the literature W. Lai, C. Li, J. Zhang, F. Yang, F. J. M. 

Colberts, B. Guo, Q. M. Wang, M. Li, A. Zhang, R. A. J. Janssen, M. Zhang and W. Li, Chem. 

Mater. 2017, 29, 7073. In a 250 mL flask wrapped in aluminum foil, to a solution 2 (1.80 g, 

2.53 mmol) in CH2Cl2 (70mL), N-Bromosuccinimide (NBS) (945.6 mg, 5.31 mmol, 2.1 eq.) 

was added in one portion. The reaction was stirred for 6h30 at room temperature, monitored by 

TLC (Rf = 0.4, using CH2Cl2/pentane 60/40 as eluent). The mixture was evaporated under 

reduced pressure and methanol (300 mL) was added. The precipitate was filtered and washed 

with methanol several times. 3 was isolated as a purple solid (1.31 g, 1.51 mmol, yield 60%). 

1H NMR (500 MHz, CDCl3) δ (ppm): 8.67 (d, 2H, J = 4.2 Hz), 7.23 (d, 2H, J = 4.2 Hz), 3.97 

(t, 4H, J = 7.8 Hz), 3.39 (t, 4H, J = 6.8 Hz), 1.85-1.82 (m, 4H), 1.71-1.65 (m, 4H), 1.45-1.24 

(m, 20H). 13C NMR (500 MHz, CDCl3) δ (ppm): 161.36, 139.32, 135.74, 132.01, 131.40, 

119.53, 108.11, 53.77, 42.56, 34.69, 33.11, 31.29, 30.27, 29.57, 29.37, 28.96, 28.44, 27.07. IR 

(cm-1): v = 3090 (v (C-H aromatic)), 2924 and 2852 (v (C-H alkyl)), 1659 (v (C=O)). MS-

ASAP-TOF Calc. for C32H40Br4N2O2S2 (3), [M]+ m/z = 863.93; measured [M]+ m/z = 863.95. 

T m.p (°C) = 182. 

2,5-bis(9-azidononyl)-3,6-bis(5-bromothiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-

dione (4).  

 

The procedure was inspired from the literature J. Yao, C. Yu, Z. Liu, H. Luo, Y. Yang, G. 

Zhang, and D. Zhang, J. Am. Chem. Soc. 2016, 138, 173. Under argon, to a flame-dried schlenk, 

3 (301.7 mg, 0.35 mmol) was solubilized in 30 mL of freshly distilled tetrahydrofuran (THF) 
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and NaN3 (113.35 mg, 1.74 mmol, 5 eq.) in 5 mL of deionized water was added. The reaction 

mixture was heated at 70°C for 48h, monitored by TLC (Rf = 0.7, using CH2Cl2/pentane 60/40 

as eluent). After cooling, the mixture was extracted with CH2Cl2 (2 x 50 mL) and washed with 

brine (2 x 50 mL). Organic layers were dried over MgSO4, filtered and evaporated under 

reduced pressure. The crude product was purified by column chromatography on silica gel with 

CH2Cl2/Pentane (40/60) as eluent to provide 4 as a dark purple solid (188.0 mg, 0.24 mmol, 68 

%). 1H NMR (500 MHz CDCl3) δ (ppm): 8.67 (d, 2H, J = 4.2 Hz), 7.22 (d, 2H, J = 4.2 Hz), 

3.97 (t, 4H, J = 7.8 Hz), 3.25 (t, 4H, J = 7.0 Hz), 1.69-1.65 (m, 4H), 1.61-1.53 (m, 5H*, 

supplementary H because of water traces, 1.56 ppm ), 1.43-1.27 (m, 20H). 13C NMR (500 MHz, 

CDCl3) δ (ppm): 161.30, 139.27, 135.73, 131.99, 131.39, 119.52, 108.07, 53.77, 51.78, 42.54, 

30.26, 29.38, 29.36, 29.14, 27.07, 26.99. IR (cm-1): v = 3090 (v (C-H aromatic)), 2924 and 2851 

(v (CH alkyl)), 2091 (v (N=N+=N-)), 1656 ( v (C=O)), 721 (v (C-Br alkyl)). MS-ASAP-TOF 

Calc. for C32H40Br2N8O2S2 (4), [M+H]+ m/z = 791.11 ; measured [M+H]+ m/z = 791.11. T m.p 

(°C) = 168. 

 

2,5-bis(9-bromononyl)-3,6-bis(5-((triisopropylsilyl)ethynyl)thiophen-2-yl)-2,5-

dihydropyrrolo[3,4-c]pyrrole-1,4-dione (5) 

In a flame-dried schlenk, 4 (170 mg, 0.21 mmol) was dissolved in a mixture of freshly distilled 

CH2Cl2/NEt3 (10mL/10mL). Then, copper iodide (4.1 mg, 21.53 µmol, 10 mol %), 

triisopropylsilylacetylene (95.7 mg, 0.52 mmol, 2.5 eq.) and PPh3 (11.0 mg, 42.0 µmol, 20 mol 

%) were added. The solution was degassed with an argon stream for 15 min before adding 

Pd(OAc)2 (4.8 mg, 21.4 µmol, 10 mol %). The reaction mixture was stirred at room temperature 

overnight, monitored by TLC (Rf = 0.6, using CH2Cl2/pentane 50/50 as eluent). The mixture 

was evaporated under reduced pressure and the crude product was purified by column 

chromatography on silica gel using ethyl acetate/pentane (40/60) as eluent to provide 5 as a 

dark blue solid (200.4 mg, 0.20 mmol, yield 96 %). 1H NMR (500 MHz CDCl3) δ (ppm): 8.83 

(d, 2H, J=4.1 Hz), 7.32 (d, 2H, 4.1Hz), 4.03 (t, 4H, J=7.5Hz), 3.23 (t, 4H, J=7,5Hz), 1.72 (m, 

4H), 1.61-1.54 (m, 6H* )) 1.34–1.18 (m, 22H*), 1.07 (s, 42H) * supplementary H because of 

aliphatic residue ; 13C NMR (500 MHz, CDCl3) δ (ppm): 161.49; 139.47; 135.57; 133.92; 

130.40; 129.17; 109.00; 101.83; 98.80; 51.79; 42.56; 30.31; 30.04; 29.66; 29.42; 29.37; 26.81; 

29.14; 27.11, 27.00, 18.99, 11.60 IR (cm-1): v = 2924 and 2864 (v (C-H alkyl)), 2135 (v (C≡C)), 
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2089 ((v ( N=N+=N-)), 1658 (v (C=O)). MALDI-TOF(dithranol) Calc. for C54H82N8O2S2Si2 

(5), [M]+ m/z = 994.55; measured [M]+ m/z = 994.62. T m.p (°C) = 116 

 

4’-prop-2-ynyloxy-biphenyl-4-carbonitrile (6a) 

 

6a was synthesized according to the reported procedure: M. Li, X. Wang, Y. Xu, Y. Ling, H. 

Tang, Polym. Int., 2016, 65(12), 1493-1500. In a 25 mL round-bottomed flask, 4′-

hydroxybiphenyl-4-carbonitrile, CAS N°=19812-93-2, commercially available (400 mg, 2.05 

mmol) and K2CO3 (566.33 mg, 4.10 mmol, 2 eq.) were added with 10 mL of acetone. Then 

propargyl bromide (365.20 mg, 3.07 mmol, 1.5 eq.) was added dropwise. The mixture was 

stirred at 60°C for 24h. The crude product was extracted with CH2Cl2 and the organic layer was 

washed with brine (2 x 100 mL) and dried over MgSO4, then filtered and evaporated under 

reduced pressure. The product was isolated without purification to provide 6a as a white solid 

(383.76 mg, 1.65 mmol, yield 80 %). 1H NMR (CDCl3) δ (ppm): 7.68 (m, 2H); 7.62 (m, 2H); 

7.53 (m, 2H); 7.06 (m, 2H); 4.73 (m, 2H); 2.53 (m, 1H). 13C NMR (500 MHz,CDCl3) δ (ppm): 

158.41, 145.41; 132.95; 132.79; 128.74; 127.56; 119.40; 115.84; 110.67; 78.54; 76.22; 56.20. 

MS-ASAP-TOF Calc. for C16H11NO (6a), [M+H]+ m/z = 234.09 ; measured [M+H]+ m/z = 

234.09. 

 

[1,1'-Biphenyl]-4-carboxylic acid, 4'-(octyloxy)-, 3-etyn-1-yl ester (6b). 

 

In a 25 mL round-bottomed flask, 4′-(octyloxy)-4-biphenylcarboxylic acid, CAS N°= 59748-

18-4, commercially available (400.0 mg, 1.22 mmol), N, N'-dicyclohexylcarbodiimide (DCC) 

(505.50 mg, 2.45 mmol, 2 eq.) and 4-dimethylaminopyridine (DMAP) (30.0 mg, 0.245 mmol, 

20 mol %) were added in 10 mL of distilled CH2Cl2. Then, propargyl alcohol (137.40 mg, 2.45 

mmol, 2 eq.) was added dropwise. The mixture was stirred at room temperature for 24h. The 

crude product was extracted with CH2Cl2 and the organic layer was washed with brine (2 x 100 

mL), dried over MgSO4, then filtered and evaporated under reduced pressure. The product was 

purified by column chromatography on silica gel using ethyl acetate/pentane (10/90) as eluent 

to provide 6b as a white solid (425.0 mg, 1.17 mmol, yield 95 %). 1H NMR (400 MHz CDCl3) 

δ (ppm): 8.03 (d, 2H), 7.56 (d, 2H), 7.49 (d, 2H), 6.91 (d, 2H), 4.87 (t, 2H), 3.93 (t, 2H), 3.12 

(m, 2H), 2.45 (m, 1H), 1.83-1.20 (m, 14H*), 0.82 (t, 3H) * supplementary H because of water 
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traces, 1.56 ppm. 13C NMR (500 MHz, CDCl3) δ (ppm): 165.79; 159.53; 145.74; 132.00; 

130.36; 128.35; 127.35; 126.50; 114.95; 77.84; 74.97; 68.16; 55.77; 52.41; 34.94; 31.83; 29.38; 

29.26; 26.06; 25.46; 24.71; 22.68; 14.13. IR (cm-1): v = 3253 (w, v (H-C≡C)), 2923 and 2852 

(w, v (CH)), 2118 (w, v(C≡C)), 1722 (w, v (C=O)), 1282 (w, v(C-O) aromatic ether). MS-

ASAP-TOF Calc. for C24H28O3 (6b), [M+H]+ m/z = 365.20 ; measured [M+H]+ m/z = 365.21. 

T m.p (°C) = 117.  

 

 

Scheme S2: Synthetic Scheme for intermediate 6c  

 

2-mono-hydroxy-3,6,7,10,11-penta- hexyloxy-triphenylene (6c) 

The intermediates A, B and 6c were synthesized according to a reported procedure: B. Han, P. 

Hu, B-Q. Wang, C. Redshaw, K-Q. Zhao, Beilstein J. Org. Chem, 2013, 9, 2852 (Scheme S2). 

Under argon atmosphere, in a 50 mL schlenk flask 2-hydroxy-3,6,7,10,11-penta-hexyloxy-

triphenylene B (74.5 mg, 0.10 mmol) and K2CO3 (27.63 mg, 0.20 mmol, 2 eq.) were added in 

distilled N,N-dimethylformamide (DMF) (8 mL). Then, propargylbromide (23.78 mg, 0.20 

mmol, 2 eq.) was added. The reaction mixture was stirred for 24h at 80°C. After cooling to 

room temperature, the crude reaction mixture was extracted with CH2Cl2 and the organic layer 

was washed with brine (2 x 50 mL), dried over MgSO4, filtered and evaporated under reduced 

pressure. The crude product was purified by column chromatography on silica gel using ethyl 

acetate/pentane (1/9) as eluent. Compound 6c was isolated as a white solid (m = 57.16 mg, 0.07 

mmol, yield 73 %). 1H NMR (400 MHz, CDCl3) δ (ppm): 7.98 (s, 1H); 7.75 (m, 5H), 4.87 (m, 
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2H); 4.14 (m, 10H); 2.49 (m, 1H); 1.85 (m, 10H); 1.49 (m, 10H); 1.31 (m, 20H); 0.85 (t, 15H). 

13C NMR (500 MHz, CDCl3) δ (ppm): 149.40, 149.27, 149.12, 149.06, 124.95, 124.14, 123.76, 

123.74, 123.57, 123.47, 123.42, 110.09, 107.70, 107.56, 107.48, 107.30, 106.94, 106.83, 79.12, 

76.05, 69.96, 69.87, 69.77, 69.56, 69.53, 58.03, 31.88, 29.61, 29.53, 29.50, 26.03, 22.86, 14.25. 

IR (cm-1): v = 3250 (w, v (H-C≡C)), 2924 and 2855 (w, v (C-H)), 2128 (w, v(C≡C)), 1256 (w, 

v (C-O) aromatic ether). MS-ASAP-TOF Calc. for C51H74O6 (6c), exact mass m/z = 782.55; 

measured m/z = 783.55 [M+H]+. 

 

The general reactional condition used for ligands preparation by click chemistry was inspired 

from the literature A. E. Daugaard, S. Hvilsted, T. S. Hansen, N. B. Larsen, Macromolecules 

2008, 41, 4321. In a round bottom flask, DPP derivative 5 and propargyl derivatives (3 eq.) 

were added to a mixture of 20 mL of freshly distilled/degassed THF and 4 mL of deionized 

water. Then, copper sulfate (20 mol %) and sodium ascorbic (80 mol %) were added. The 

mixture was stirred at room temperature for 48h. The solution was extracted with CH2Cl2. The 

organic layer was washed with brine, dried over MgSO4, filtered and evaporated under reduced 

pressure. The crude product was purified by column chromatography on silica gel with ethyl 

acetate/pentane as eluent to provide the desired compound. 

LA 

Using 5 (42 mg, 42 µmol), 6a (29.67 mg, 0.127 mmol), CuSO4 (1.34 mg, 8.40 µmol) and 

sodium ascorbate (6.65 mg, 0.033 mmol), monitored by TLC (Rf = 0.5, using 50/50 % ethyl 

acetate/pentane as eluent). Purification by column chromatography on silica gel with ethyl 

acetate/pentane (60/40) as eluent provides the product as a dark blue solid (43.0 mg, 0.029 

mmol, yield 70%). 1H NMR (500 MHz, CDCl3) δ (ppm): 8.82 (d, 2H, J = 4.2 Hz), 7.68 (d, 4H, 

J = 8.3 Hz), 7.62 (m, 6H), 7.52 (d, 4H, J = 8.8 Hz), 7.31 (d, 2H, J = 4.2 Hz), 7.08 (d, 4H, J = 

8.7 Hz), 5.25 (s, 4H), 4.33 (t, 4H, J = 7.2 Hz), 4.00 (t, 4H, J = 7.7 Hz), 1.90-1.85 (m, 4H), 1.71-

1.66 (m, 4H), 1.39-1.23 (m, 22H*), 1.13 (s, 42H) * supplementary H because of aliphatic 

residue. 13C NMR (600 MHz, CDCl3) δ (ppm): 161.46, 159.16, 145.38, 144.08, 139.42, 135.53, 

133.94, 132.91, 132.32, 130.36, 129.17, 128.73, 127.45, 122.87, 119.39, 115.71, 115.27, 

110.54, 108.98, 101.91, 98.75, 62.49, 60.73, 50.79, 42.50, 30.54, 29.50, 29.32, 29.15, 27.05, 

26.72, 18.98, 11.58. IR (cm-1): v = 2927 and 2862 (v (CH)), 2225 (v (C≡N)), 2137 (v (C≡C)), 

1661 (v(C=O)). MALDI-TOF (dithranol) calc. for C86H104N10O4S2Si2 (LA), m/z = 1460.72; 

measured m/z = 1461.70 [M+H]+, HRMS (ESI) ) calc. for C86H104N10O4S2Si2 (LA), m/1 = 
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1460.7222 ; measured m/1 = 1461.7201 [M+H]+ and m/2 = 731.3639 [M+2H]2+ ; T m.p (°C) = 

92.  

LB 

Using 5 (40.1 mg, 40.30 µmol), 6b (44.12 mg, 0.121 mmol), CuSO4 (1.28 mg, 8.02 µmol) and 

sodium ascorbate (6.38 mg, 32.20 µmol), monitored by TLC (Rf = 0.7, using ethyl 

acetate/pentane (50/50) as eluent). Purification by column chromatography on silica gel with 

ethyl acetate/pentane (40/60) as eluent give the product as a dark blue solid (52.1 mg, 30.21 

µmol, yield 75%). 1H NMR (500 MHz, CDCl3) δ (ppm): 8.81 (d, 2H, J = 4.1 Hz), 8.04 (d, 4H, 

J = 7.9 Hz), 7.67 (s, 2H), 7.59 (d, 4H, J = 7.9 Hz), 7.53 (d, 4H, J = 8.2 Hz), 7.30 (d, 2H, J = 4.1 

Hz), 6.96 (d, 4H, J = 8.1 Hz), 5.47 (s, 4H), 4.32 (t, 4H, J = 7.2 Hz), 4.04-3.96 (m, 8H), 1.96-

1.84 (m, 5H*), 1.83-1.76 (m, 4H), 1.74-1.64 (m, 6H), 1.42-1.23 (m, 47H*), 1.13 (s, 42H), 0.88 

(t, 7H*, J = 6.5 Hz) (* supplementary H because of aliphatic residue). 13C NMR (600 MHz, 

CDCl3) δ (ppm): 166.79, 161.47, 159.81, 145.87, 143.30, 139.44, 135.54, 133.95, 132.32, 

130.60, 130.39, 129.15, 128.63, 128.07, 126.73, 125.36, 124.10, 115.25, 109.00, 101.85, 98.79, 

68.46, 58.45, 50.75, 42.51, 37.43, 33.08-32.16, 30.57-29.20, 27.42-26.38, 23.77, 23.00, 20.07, 

18.99, 14.45, 11.59. IR (cm-1): v = 2923 and 2853 (v (CH)), 2138 (v (C≡C)), 1715 ( 

v(C=O)ester), 1665 (v(C=O)), 1271 (v(C-O) ether), 1100 (v (C-O) ester). MALDI-TOF 

(dithranol) calc. for C102H138N8O8S2Si2 exact mass, m/z = 1722.96, measured mass m/z = 

1723.96 [M+H]+. HRMS (ESI) calc. for C102H138N8O8S2Si2 exact mass, m/z = 1722.9618; 

measured mass m/1 = 1723.9659 [M+H]+. T m.p (°C) = 94 

LC 

Using 5 (36.3 mg, 36.46 µmol), 6c (85.66 mg, 0.109 mmol), CuSO4 (1.15 mg, 7.21 µmol) and 

sodium ascorbate (2.88 mg, 14.54 µmol), monitored by TLC (Rf = 0.7, using ethyl 

acetate/pentane (30/70) as eluent). Purification by column chromatography on silica gel with 

ethyl acetate/pentane (20/80) as eluent provides the product as a dark blue solid (m = 67.23 mg, 

26.24 µmol, yield 72 %). 1H NMR (500 MHz, CDCl3) δ (ppm): 8.80 (d, 2H, J = 4.2 Hz), 8.08 

(s, 2H), 7.81 (m, 10H), 7.67 (s, 2H), 7.30 (d, 2H, J = 4.2 Hz), 5.50 (s, 4H), 4.34 (t, 4H, J = 7.2 

Hz), 4.29-4.19 (m, 20H), 3.96 (t, 4H, J = 7.8 Hz), 2.01-1.83 (m, 24H), 1.72-1.52 (m, 27H), 

1.46-1.20 (m, 67H*), 1.17-1.10 (m, 43H), 0.96-0.87 (m, 31H*) (* supplementary H because of 

aliphatic residues). 13C NMR (600 Hz, CDCl3) δ (ppm): 161.45, 149.56, 149.43, 149.22, 

147.11, 139.42, 135.54, 133.90, 132.76, 131.21, 130.40, 129.12, 125.11, 124.30, 123.89, 



S-12 

 

123.72, 123.62, 123.58, 110.26, 108.97, 107.85, 107.70, 107.44, 107.09, 106.98, 101.79, 98.81, 

79.25, 76.21, 70.11, 69.91, 69.71, 69.68, 68.47, 58.18, 51.77, 42.53, 39.04, 32.02, 29.74, 26.19, 

26.17, 23.00, 18.97, 14.39, 11.60. IR (cm-1): v = 2926 and 2858 (w, v (CH)), 2137 (v (C≡C)), 

1663 (v(C=O)), 1259 and 1169 (v(C-O)). MALDI-TOF (dithranol) calc. for 

C156H230N8O14S2Si2 exact mass, m/z = 2559.65; measured mass m/z= 2582.64 [M+Na]+, 

2598.74 [M+K]+, 2621.58 [M+Na+K]+ ; HRMS (ESI) calc. for C156H230N8O14S2Si2 exact mass, 

m/z = 2559.6511; measured mass m/2 = 1280.8308 [M+2H]2+. T m.p (°C) = 98.
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Figure S1: 1H NMR spectra of LA in CDCl3 

 

 

Figure S2: 13C NMR spectra of LA in CDCl3 
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Figure S3: MALDI-TOF/MS spectrum (dithranol matrix) of LA 

 

Figure S4: High-resolution ESI-MS (HR-MS) spectrum of LA 
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Figure S5: High-resolution ESI-MS (HR-MS) spectrum of LA, Zoom of molecular peak from 

[M+H]+ 

 

 

Figure S6: High-resolution ESI-MS (HR-MS) spectrum of LA, Zoom of molecular peak from 

[M+2H]2+ 
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Figure S7: 1H NMR spectra of LB in CDCl3 

 

Figure S8: 13C NMR spectra of LB in CDCl3 
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Figure S9: MALDI-TOF/MS spectrum (dithranol matrix) of LB 

 

Figure S10: High-resolution ESI-MS (HR-MS) spectrum of LB 
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Figure S11: High-resolution ESI-MS (HR-MS) spectrum of LB, Zoom of molecular peak 

 

Figure S12: 1H NMR spectra of LC in CDCl3 
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Figure S13: 13C NMR spectra of LC in CDCl3 

 

 

Figure S14: MALDI-TOF/MS spectrum (dithranol matrix) of LC 
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Figure S15: MALDI-TOF/MS spectrum (dithranol matrix) of LC, ZOOM of the molecular 

peak 

 

Figure S16: High-resolution ESI-MS (HR-MS) spectrum of LC 
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Figure S17: High-resolution ESI-MS (HR-MS) spectrum of LC, Zoom of molecular peak  

3-Optical Properties for the ligands 

 

Figure S18:  Absorption spectra of the ligand LA in CH2Cl2 at different molar concentrations 

to calculate the molar extinction coefficient (ελ) 
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Figure S19:  Absorption spectra of the ligand LB in CH2Cl2 at different molar concentrations 

to calculate the molar extinction coefficient (ελ) 

 

 

Figure S20:  Absorption spectra of the ligand LC in CH2Cl2 at different molar concentrations 

to calculate the molar extinction coefficient (ελ) 
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4-Metallooligomer synthesis and characterizations 
 

 

Scheme S3: synthetic route of metallooligomers PA, PB et PC 

General procedure: 

In a 10 ml flame-dried schlenk flask, the diethynyl ligand Ln (1 eq.), copper iodide (10 mol %) 

and trans-dichlorobis(tributylphosphine)platinum(II) trans-[PtCl2(Pn-Bu3)2] (1 eq.) were 

added, those solids were degassed with three cycles of argon/vacuum. Then, they were 

dissolved in a solvent mixture of freshly distilled and degassed CH2Cl2/NEt3 4/2 (v/v). Finally 

the tetra-n-butylammonium fluoride (TBAF) (2 eq., 1 mol.L-1 solution in THF) was added. The 

reaction mixture was stirred at room temperature for 24 hours under argon atmosphere. The 

reaction was monitored in phosphorus NMR. The solution was evaporated under reduced 

pressure. The crude material was purified after a precipitation in CH2Cl2/MeOH (50/50 v/v). 

The solid was isolated after filtration as a dark blue colored solid and it was washed with 

methanol. Finally, the platinium (II) polyyne oligomer Pn was dissolved in methylene 

dichloride and purified on Bio Bead ® gel filtration to remove the metallic residues and 

remaining ligand. 

PA 

1H NMR (500 MHz, CD2Cl2), δ(ppm) 8.97 (m, 2H), 7.77-7.48 (m, 14H), 7.24-6.94 (m, 6H), 

5.25 (m, 4H), 4.34 (m, 4H), 4.02 (m, 4H), 1.90 (m, 6H), 1.79-1.19 (m, 84H*), 1.02-0.86 (m, 

19H*) * supplementary hydrogens from aliphatic residue such as pentane. 31P-NMR (CDCl3, 
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δ (ppm)): 3.80 ppm, 1J(31P-195Pt) = 2299 Hz, IR (cm-1): v = 2924 and 2854 (v (C-H)), 2224 (v 

(C≡N)), 2076 (v (C≡C)), 1652 and 1602 (v(C=O)). Tdec. = 279 ± 5 °C; GPC (THF): Mn = 6100 

g.mol-1, Mw = 23600 g.mol-1, Mw/Mn = 3.9. 

PB 

1H NMR (500 MHz, CDCl3), δ(ppm) 8.98 (m, 2H), 8.05 (m, 4H), 7.67 (m, 2H), 7.61-7.46 (m, 

9H),6.95 (m, 6H), 5.47 (m, 4H), 4.33 (m, 4H), 3.98 (m, 8H), 2.15-1.11 (m, 141 H*), 0.96-0.78 

(34H*) * supplementary hydrogens from aliphatic residue such as pentane. 31P-NMR (CDCl3, 

δ (ppm)): 3.80 ppm, 1J(31P-195Pt) = 2302 Hz, IR (cm-1): v = 2922 and 2852 (v (C-H)), 2078 (v 

(C≡C)), 1715 and 1656 (v(C=O)). Tdec. = 285 ± 5 °C; GPC (THF): Mn = 8100 g.mol-1, Mw = 

20900 g.mol-1, Mw/Mn = 2.6. 

PC 

1H NMR (500 MHz, CDCl3), δ(ppm) 8.98 (m, 2H), 8.08 (m, 2H), 7.82 (m, 10H), 7.66 (m, 2H), 

6.96 (m, 2H), 5.49 (m, 4H), 4.21 (m, 27H), 4.01 (m, 4H), 2.14-1.81 (m, 41H*), 1.77-1.10 (m, 

155H*), 1.01-0.77 (m, 54H*) * supplementary hydrogens from aliphatic residue such as 

pentane. . 31P-NMR (CDCl3, δ (ppm)): 3.80 ppm, 1J(31P-195Pt) = 2312 Hz, IR (cm-1): v = 2926 

and 2858 (v (C-H)), 2078 (v (C≡C)), 1756 and 1615 (v(C=O)). Tdec. = 310 ± 5 °C; GPC (THF): 

Mn = 35700 g.mol-1, Mw = 114500 g.mol-1, Mw/Mn = 3.2. 
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Figure S21: 1H NMR spectra of PA in CD2Cl2 

 

Figure S22: 31P NMR spectra of PA  
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Figure S23: 1H NMR spectra of PB in CDCl3 

 

 

Figure S24: 31P NMR spectra of PB  
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Figure S25: 1H NMR spectra of PC in CDCl3 

 

Figure S26: 31P NMR spectra of PC  
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Figure S27: Proton chemical shift comparison between ligand LA and metallooligomer PA in 

CD2Cl2 

 

 

Figure S28: Proton chemical shift comparison between ligand LB and metallooligomer PB in 

CDCl3 
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Figure S29: Proton chemical shift comparison between ligand LC and metallooligomer PC in 

CDCl3 

 

Figure S30: comparison of ATR IR spectra of LA and PA 
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Figure S31: comparison of ATR IR spectra of LB and PB 

 

Figure S32: comparison of ATR IR spectra of LC and PC 
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5-GPC analysis 
Number-average molecular weights and the molar mass dispersity (Mn, Mw, Đm) determined by Gel 

permeation chromatography (GPC) against polystyrene standards in THF with a flow rate of 1mL/min 

 
 M

n 
 (g.mol

-1
) M

w   
(g.mol

-1
) Đ Repeat units 

PA 6100 23600 3,9 3-4 
PB 8100 20900 2,6 4-5 
PC 35700 114500 3,2 12-13 

Figure S33: GPC chromatograms of the metallooligomers PA, PB and-PC 

6-Thermogravimetric analysis (TGA) measurements 
 

 

 PA PB PC 

Td (°C)a 279 285 310 

Figure S34: Thermogravimetric analysis (TGA) of PA, PB and Pc measuring at a heating rate 

of 10°C.min-1 under a nitrogen atmosphere. a: the decomposition onset was defined by a 5wt% 

loss 



S-32 

 

7-Optical Properties for the metallooligomers 
 

 

Figure S35: (a) Normalized absorption spectra of PA, PB and PC in CH2Cl2 (solid line) and 

as spin coated films on glass plate (dashed line). (b) Zoom of absorption spectra. 

 

8-Electrochemical characterization 
 

 

Figure S36: CVs of the PA, PB and PC metallooligomers. The oligomers thin films were 

cast from a CH2Cl2 solution onto a platinum disc working electrode (d = 5 mm), and the CVs 

were recorded in CH3CN solution containing TBAPF6, 10-1 mol.L-1 as supporting electrolyte 

(scan rate of 50 mV.s-1).  
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Figure S37: Zoomed on the CVs of the PA, PB and PC metallooligomers and ligand LA. 

The oligomers thin films were cast from a CH2Cl2 solution onto a platinum disc working 

electrode (d = 5 mm), and the CVs were recorded in CH3CN solution containing TBAPF6, 10-

1 mol.L-1 as supporting electrolyte (scan rate of 50 mV.s-1). For LA, cyclic voltammogram is 

recorded in CH2Cl2 + 0.1 mol.L-1 NBu4PF6, at a gold-disk microelectrode (0.25 mm diameter) 

at v = 0.05 V.s-1 and at room temperature, LA with a concentration at 1.4.10-4 mol.L-1. 

9-X-ray diffraction analysis  
 

 

Figure S38: X-ray diffraction pattern of P1, PA, PB and PC as thin film spin coated on glass 

plate PC before thermal annealing treatment (TAT) (in grey) and after TAT at 150 °C for 30 

min (in black), glass plate (blue dashed line)  
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10-Film thickness report 
The average thickness of the films was measured on a KLA-Tencor Profiler, AlphaStep D-120. 

Table S1: Film thickness for polymer thin film with and without PCBM 

Polymer 
Thickness 

(nm) 

Polymer 

+ PCBM 

Thickness 

(nm) 

PA 35 PA+PCBM 23 

PB 14 PB+PCBM 46 

PC 48 PC+PCBM 29 

P1 47 P1+PCBM 23 

 

11-Emission spectroscopy 

 

Figure S39: Absorption (black), emission (red and) excitation (blue) spectra of PA in solution 

in CH2Cl2 at 298K (top) and in film (bottom). 
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Figure S40: Absorption (black), excitation (blue), and fluorescence (red) spectra of PB in 

CH2Cl2 (top) and as thin film (bottom; thickness ~ 35 nm) at 298K.  
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Figure S41: Absorption (black), emission (red) and excitation (blue) spectra of PC in solution 

in CH2Cl2 at 298K (top) and in film (bottom). 
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Figure S42: Emission decay (black) of PA in thin film at 298K, residuals (green), IRF (blue) 

and best fit (red). Multi-exponential analysis yields τP = 57 ps (56.23%), 203 ps (35.22%) and 

509 ps (8.55%), χ2 = 1.061. 

 

Figure S43. Fluorescence decay (black) of PB in CH2Cl2 at 298K, residuals (green), IRF (blue) 

and best fit (red). Multi-exponential analysis yields: τP (fi) = 0.12 (27), 0.29 (21), 2.14ns (52%), 

χ2 = 1.048. λexc= 378 nm, λem = 673 nm. Inset : graph of Bi vs i where fi(%) = (Bii)/(Bii)  

100%; Ie(t) =
 B1exp(-t/1)

 + B2exp(-t/2) +
 B3exp(-t/3) + …). 
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Figure S44: Emission decay (black) of PC in thin film at 298K, residuals (green), IRF (blue) 

and best fit (red). Multi-exponential analysis yields τP = 72 ps (2.13%) ans 4.48 ns (97.87%), 

χ2 = 1.008. 
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Figure S45: Frame A: time-evolution of the fs-TAS spectra of PA as thin films (thickness ∼ 

35 nm) at4 298 K (exc = 620 nm). Note that the transient signals are negative in this scale. B: 

decay associated spectra stressing on the various transient species with their respective lifetime 

(IRF = 89 fs). Note that the uncertainties on the lifetimes are ± 10%. C and D: decay profiles at 

various wavelengths in the 0 to 7 ns and in the 0 to 7 ps range, respectively.  

 



S-40 

 

 

Figure S46: Frame A: time-evolution of the fs-TAS spectra of PA + PCBM (1:1 ratio) as thin 

films (thickness ∼ 35 nm) at 298 K (exc = 620 nm). Note that the transient signals are negative 

in this scale. B: decay associated spectra stressing on the various transient species with their 

respective lifetime (IRF = 99 fs). Note that the uncertainties on the lifetimes are ± 10%. C and 

D: decay profiles at various wavelengths in the 0 to 7 ns and in the 0 t0 7 ps range, respectively.  
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Figure S47: Frame A: time-evolution of the fs-TAS spectra of PB + PCBM (1:1 ratio) as thin 

films (thickness ∼35 nm) at 298 K (exc = 620 nm). Note that the transient signals are negative 

in this scale. B: decay associated spectra stressing on the various transient species with their 

respective lifetime (IRF = 123 fs). Note that the uncertainties on the lifetimes are ± 10%. C and 

D: decay profiles at various wavelengths in the 0 to 7 ns and in the 0 to 7 ps range, respectively.  
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Figure S48: Frame A: time-evolution of the fs-TAS spectra of PC as thin films (thickness ∼ 

35 nm) at 298 K (exc = 620 nm). Note that the transient signals are negative in this scale. B: 

decay associated spectra stressing on the various transient species with their respective lifetime 

(IRF = 102 fs). Note that the uncertainties on the lifetimes are ± 10%. C and D: decay profiles 

at various wavelengths in the 0 to 7 ns and in the 0 to 7 ps range, respectively.  
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Figure S49: Frame A: time-evolution of the fs-TAS spectra of PC + PCBM (1:1 ratio) as thin 

films (thickness ∼ 35 nm) at 298 K (exc = 620 nm). Note that the transient signals are negative 

in this scale. B: decay associated spectra stressing on the various transient species with their 

respective lifetime (IRF = 123 fs). Note that the uncertainties on the lifetimes are ± 10%. C and 

D: decay profiles at various wavelengths in the 0 to 7 ns and in the 0 to 7 ps range, respectively.  
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12-Photovoltaic properties  
 

 

Figure S50: Normalized absorption spectra of PB, PC, PC71BM and IT-4F as thin films casted 

from chloroform solutions. 

 

 

Figure S51: HOMO and LUMO energy level diagram for the polymers (white) P1, PA, PB 

and PC and for the acceptors (gray) PC71BM and IT-4F  
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Figure S52:  J-V characteristics under illumination for the optimized PA:PC71BM and PA:IT-

4F 

 

 

Table S2: Photovoltaic parameters of the PSCs based on PA:PC71BM and PA:IT-4F 

active layer  Jsc (mA/cm2) Voc (V) FF PCE  

PA:PC71BM 3.84 0.84 0.51 1.64 

PA:IT-4F 5.48 0.87 0.48 2.29 
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Figure S53: Photoluminescence spectra on thin film (a) of pristine PB and PC and blends with 

IT-4F (b) of IT-4F and blends with PB and PC 

 

Figure S54: Dark J–V characteristics for (a) hole only and (b) electron only devices based on 

optimized active layers.  
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Figure S55. Variation of photocurrent density (Jph) with effective voltage (Veff) for the polymer 

solar cells based on optimized PB:IT-4F and PC:IT-4F active layers.  

 

 

Figure S56. Variation of (a) Jsc and (b) Voc for the polymer solar cells based on optimized active 

layers. 
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Figure S57: (a) Transient photocurrent (TPC) and (b) transient photovoltage (TPV) curves for 

the devices based on optimized active layers. 

 

 


