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1 General remarks 

1.1 Reagents and solvents 

All starting materials and reagents were purchased from commercial suppliers (Alfa Aesar (Karlsruhe, 

Germany), Sigma-Aldrich (Schnelldorf, Germany), TCI Chemicals Europe (Zwijndrecht, Belgium), 

Merck (Darmstadt, Germany) and used without further purification. Solvents utilized for crystallization, 

chromatography and extraction were used in technical grade. Anhydrous tetrahydrofuran, toluene and 

dichloromethane were taken from MBraun Solvent Purification System equipped with drying columns. 

HPLC grade toluene (99.7% min.) was purchased from Alfa Aesar. TLC was performed on silica gel 60 

F254 plates, spots were detected by fluorescence quenching under UV light at 254 nm and 366 nm. 

Column chromatography was performed on silica gel 60 (particle size 0.040–0.063 mm). 

1.2 SWCNTs and standard polymer 

HiPco® SWCNTs were purchased from NanoIntegris. The raw material was used directly without 

purification or modification. 

PLV SWCNTs were prepared by pulsed laser vaporization of carbon targets doped with 1 atom % Ni 

and Co catalyst in 0.5 bar argon atmosphere flowing at ~ 80 sccm through an oven operated at 1100 °C.1 

PFO polymer was purchased from Sigma Aldrich (Lot# MKBP2103V). 

1.3 Instrumentation 

All NMR spectra were recorded on a Bruker Avance 500 spectrometer at 25 °C in CDCl3. 1H NMR (500 

MHz) spectra were referred to the solvent residual proton signal (CDCl3, δH = 7.24 ppm). 13C NMR (125 

MHz) with total decoupling of protons were referred to the solvent (CDCl3, δC = 77.23 ppm). For correct 

assignment of both 1H and 13C NMR spectra, 1H-1H COSY, 13C DEPT-135, HSQC, HMBC experiments 

were performed. UV-Vis-NIR absorption spectra were recorded with a Varian Cary 500 and Cary 5000 

Scan spectrophotometer in a 1 cm quartz cell at ambient temperature (excitation coefficient ε is given 

below in units of L mol-1 cm-1). EI MS spectra were recorded with a Thermo Trace 1300-ISQ GC/MS 

instrument (samples were dissolved in dichloromethane or introduced directly using direct injection 

probes DIP, DEP) and m/z values are given along with their relative intensities (%) at an ionizing voltage 

of 70 eV. MALDI-TOF mass spectra were recorded with a MALDI-TOF Synapt G2-S High Definition 

mass spectrometer. IR spectra were either measured with a Perkin Elmer GX spectrometer in KBr pellets 

or with a Nicolet iS50 FT-IR spectrometer under ATP mode. Analytical samples were dried at 40–

100 °C under reduced pressure (10-2 mbar). Melting points were measured with a Büchi Melting point 

M-560 apparatus and are uncorrected. Elemental analyses were obtained with a Vario MicroCube CHNS 

analyzer. The values are expressed in mass percentage. GPC results were obtained with Agilent HPLC 

system equipped with two PLgel GPC/SEC columns (5 μm, 300 × 7.5 mm) and polystyrene as standard. 

All samples were measured in THF at room temperature. The PLE maps were measured in the emission 
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range of 934–1700 nm and excitation range of 500–950 nm (scanned in 3 nm steps) using a modified 

FTIR spectrometer (Bruker IFS66) equipped with a liquid-nitrogen-cooled Ge photodiode and a 

monochromatized excitation light source.2 Raman spectra were obtained with Renishaw inVia Raman 

microscopes (532 nm, 785 nm) and Witec CRM200 (633 nm) from SWCNTs samples in toluene which 

were dropped on a glass wafer (2 × 2 cm) and dried with a nitrogen flow. The raw SWCNT samples for 

Raman spectroscopy were dispersed in toluene under bath sonication for 15 minutes and subsequently 

drop casted on a glass wafer as detailed before. AFM measurements were performed in air with a 

multimode head and Nanoscope III controller (Digital Instruments), operating in tapping mode. 

Commercially available silicon cantilevers with fundamental frequency of 320 kHz were used. 10 × 10 

μm topographic (height) and amplitude images were collected simultaneously at a scan rate of 1 Hz with 

the parameters set point, amplitude, and feedback control optimized for each sample. AFM samples 

were prepared by dropping 0.5 μL of polymer wrapped SWCNT solution onto a ~ 1 cm2 silicon wafer 

and spin coating at 4000 rpm for 1 min. X-ray photoelectron spectra (XPS) were measured with a 

custom-built spectrometer with a base pressure of 1.9 × 10-9 mbar.3 X-rays are generated by using 

SPECS, XR50 X-ray source equipped with a Al and Mg Anode, providing non-monochromatized 

radiation. The generated photoelectrons are energy analyzed by a SPECS Phoibos Hemispherical Energy 

Analyzer 150. Toluene solutions of the nanotube samples were drop casted onto gold-coated Si (100) 

wafers (typically 10 × 10 mm) with 5 nm Ti and 200 nm Au (Georg-Albert-PVD, Germany) and all 

volatiles were evaporated in vacuum prior to XPS analysis. 

  



5 

 

2 Experimental Details and synthetic procedures 

2.1 Synthesis of monomers 

Our synthetic approach towards a branched alkyl bromide 10 is outlined in Scheme S1. The reaction of 

ethyl acetoacetate with potassium tert-butoxide followed by addition of n-decyl bromide gives an 

alkylated acetoacetate ester 7, which is subsequently deacetylated by retro-Claisen condensation to yield 

the ester 8 in 69 % after the two reaction steps. Subsequent reduction using lithium aluminum hydride 

yield the corresponding alcohol 9 in 89% yield, which is finally converted into a branched alkyl bromide 

10 by Appel reaction using triphenylphosphine and carbon tetrabromide. 

 

Scheme S1. Synthetic strategy towards branched alkyl bromide 10. Reagents and conditions: (i) a) tert-

BuOK, DME, b) C10H21Br; (ii) EtONa, EtOH, 90 °C, 69% (after two steps); (iii) a) LiAlH4, Et2O, b) H+, 

89%; (iv) CBr4, PPh3, CH2Cl2, 97%. 

Ethyl 2-acetyl-2-decyldodecanoate (7). Under an argon atmosphere, ethyl acetoacetate (10.9 g, 10.7 

mL, 84 mmol) and anhydrous DME (200 mL) were placed in a dry 500 mL three-necked round-bottom 

flask equipped with a magnetic stir bar, a reflux condenser (fitted with an argon inlet), and a dropping 

funnel. A solution of potassium tert-butoxide (9.4 g; 84 mmol) in anhydrous DME (50 mL) was slowly 

added with stirring. Upon addition, the reaction mixture turned lime-green in color. After stirring at 

room temperature for 30 min., decylbromide (18.6 g, 17.4 mL, 84 mmol) was slowly added and the 

reaction mixture was then refluxed at 95 °C for 24 h. The reaction mixture was light yellow in color 

with a white precipitate. The progress of the reaction was monitored by GC-MS. After 24 h, the 

suspension was allowed to cool to room temperature. The second portion of potassium tert-butoxide 

(9.4 g; 84 mmol) in anhydrous DME (50 mL) and subsequently decylbromide (18.6 g, 17.4 mL, 84 

mmol) were dropwise added in the same manner as described above. The reaction suspension was 
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refluxed for a period of 40 h (monitored by GC-MS). After cooling to room temperature, the reaction 

mixture was slowly quenched with an aqueous solution of HCl (3 M). The obtained solution was 

extracted with Et2O (3 × 150 mL). The combined organic layer was subsequently washed with water (2 

× 200 mL), brine (100 mL), dried over MgSO4, filtered, and finally evaporated under reduced pressure 

to yield 34 g of the pale yellow oil as a product. This crude β-ketoester 7 was used in the next reaction 

step without the further purification. EI MS m/z (%) 411 (4, M+), 368 (91, [M-Ac]+), 241 (100), 213 

(32), 143 (99), 43 (40). 

Ethyl 2-decyldodecanoate (8). Under an argon atmosphere, a crude β-ketoester 7 (34 g) and anhydrous 

EtOH (150 mL) were placed in flame-dry 500 mL three-necked round-bottom flask equipped with a 

magnetic stir bar, and a reflux condenser (fitted with an argon inlet). A freshly prepared solution of 

sodium ethoxide (32 g) in anhydrous EtOH (150 mL) was subsequently added via cannula to the solution 

of β-ketoester 7 under an argon atmosphere. A light brown solution was then refluxed for 12 h 

(monitored by GC-MS). After cooling to room temperature, the reaction was slowly quenched with 

water (80 mL) and then with an aqueous HCl solution (200 mL, 3 M). The reaction mixture was 

extracted with Et2O (3 × 200 mL). The combined organic layer was subsequently washed with water (2 

× 200 mL), brine (100 mL), dried over MgSO4, filtered through a pad of silica gel (100 g, Et2O), and 

finally evaporated under reduced pressure to yield 23 g of the pale yellow oil as a crude product. The 

crude product was then stirred with CaH2 (ca. 3 g) overnight before its vacuum distillation a short 

Vigreux column (15 cm, 150-160 °C; 2 × 10-2 mbar). The product was further purified using a Kugelrohr 

apparatus to yield 8 (21.3 g) as a colorless oil in 69% yield (after two reaction steps). 1H NMR (500 

MHz, CDCl3) δ ppm 4.11 (q, J=7.1 Hz, 2H, CH2, Et), 2.27 (m, 1H, C2H), 1.55 (m, 4H, C3,1’H2), 1.40 (m, 

4H, C4,2’H2), 1.15-1.32 (m, 31H, 14×CH2, CH3), 0.86 (t, J=7.0 Hz, 6H, C12,10’H3); 13C NMR (125.8 MHz, 

CDCl3) δ ppm 176.9 (CO), 60.1 (CH2, Et), 46.0 (C2H), 32.1 (C10’H2), 32.7 (C3,1’H2), 32.1 (C10,8’H2), 

29.82 (CH2), 29.81 (CH2), 29.78 (CH2), 29.70 (CH2), 29.6 (CH2), 27.7 (CH2), 22.9 (C11,9’H2), 14.6 (CH3, 

Et), 14.3 (C12,10’H3); EI MS m/z (%) 368 (7, M+), 241 (43), 228 (100), 199 (32), 185 (48), 157 (56), 143 

(24), 101 (79), 88 (20), 73 (23), 69 (25), 55 (29); Anal. Calcd for C24H48O2 (368.65): C, 78.20; H, 13.12. 

Found: C, 77.87; H, 12.98. 

2-Decyldodecan-1-ol (9). A flame-dried, argon-flushed 500 mL three-necked round-bottom flask 

equipped with a magnetic stir bar, and a reflux condenser (fitted with an argon inlet) was charged with 

ethyl ester 8 (6.3 g, 17 mmol) and 200 ml of dry Et2O. This reaction mixture was then cooled to 0 °C 

under an argon atmosphere. To this stirring, cooled solution was portionwise added lithium aluminium 

hydride (2 g, 53 mmol) over a period of 20 min. The reaction mixture was stirred at 0 °C for 1 h then 

allowed to warm to room temperature and stirred for an additional 16 h. After cooling to ca. -20 °C, the 

reaction was slowly quenched with ethyl acetate (100 mL) and subsequently with water (50 mL). Upon 

formation of a gellike solution that hinders stirring, an aqueous solution of HCl (2 M, 100 mL) was 

added to complete quenching and dissolving all salts. The reaction mixture was washed with Et2O (3 × 
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200 mL). The combined organic layer was subsequently washed with NH4Cl (10%, 100 mL), water (2 

× 100 mL), brine (100 mL), dried over MgSO4, filtered through a pad of silica gel (50 g, Et2O), and 

finally evaporated under reduced pressure. The crude product was purified using a Kugelrohr apparatus 

(190-210 °C, 1 × 10-1 mbar) to yield 9 (5.0 g) as a colorless oil in 89% yield. 1H NMR (500 MHz, CDCl3) 

δ ppm 3.51 (d, J=5.5 Hz, 2H, C1H2), 1.43 (m, 1H, C2H), 1.17-1.35 (m, 36H, C3-11H2, C1’-9’H2), 0.86 (t, 

J=7.0 Hz, 6H, C12,10’H3); 13C NMR (125.8 MHz, CDCl3) δ ppm 66.0 (C1H2), 40.8 (C2H), 32.1 (C10,8’H2), 

31.1 (C3,1’H2), 30.3 (CH2), 29.90 (CH2), 29.87 (CH2), 29.6 (CH2), 27.1 (C4,2’H2), 22.9 (C11,9’H2), 14.3 

(C12,10’H3); EI MS m/z (%) 326 (2, M+), 308 (4), 280 (5), 182 (9), 167 (16), 154 (14), 139 (23), 125 (42), 

111 (77), 97 (100), 85 (84), 71 (88), 57 (91). Anal. Calcd for C22H46O (326.61): C, 80.90; H, 14.20. 

Found: C, 80.84; H, 13.93. 

11-(Bromomethyl)henicosane (10). In a 500 mL Schlenk flask, alcohol 9 (16.2 g, 50 mmol) and 

tetrabromomethane (20 g, 60 mmol) were dissolved in anhydrous dichloromethane (160 mL). The 

reaction mixture was cooled to 0 °C and triphenylphosphine (17 g, 65 mmol) was added portionwise 

over a period of 20 min. After complete addition, the light brown suspension was stirred at 0 °C for 30 

min, then warmed to room temperature and stirred at room temperature for an additional 12 h. The 

progress of the reaction was monitored by GC-MS. After 12 h, methanol (10 mL) and water (5 mL) 

were added and the reaction mixture was concentrated in vacuum. The light brown residue was treated 

with hexane (500 mL) then filtered through a short pad of silica gel (100 g, hexane), and finally 

evaporated under reduced pressure. The crude material was purified using a Kugelrohr apparatus 

(220 °C, 1 × 10-1 mbar) to yield 10 (19.0 g) as a colorless oil in 97% yield. 1H NMR (500 MHz, CDCl3) 

δ ppm 3.43 (d, J=4.8 Hz, 2H, CH2Br), 1.57 (m, 1H, C11H), 1.18-1.40 (m, 36H, C2-10,12-20H2), 0.86 (t, 

J=7.0 Hz, 6H, C1,21H3); 13C NMR (125.8 MHz, CDCl3) δ ppm 39.9 (CH2Br), 39.7 (C11H), 32.8 (C10,12H2), 

32.1 (C3,19H2), 30.0 (CH2), 29.9 (CH2), 29.8 (CH2), 29.6 (CH2), 26.8 (C9,13H2), 22.9 (C2,20H2), 14.3 

(C1,21H3); EI MS m/z (%) 309 (2, M-Br+), 239 (2), 225 (3), 211 (4), 197 (5), 183 (6), 169 (8), 155 (10), 

141 (13), 127 (18), 113 (24), 111 (14), 99 (34), 85 (66), 83 (26), 71 (80), 57 (100), 43 (48); Anal. Calcd 

for C22H45Br (389.51): C, 67.84; H, 11.65. Found: C, 67.90; H, 11.64. 

The synthesis of all monomers M1–M5 is outlined in Scheme S2. The carbazole-based monomers M1, 

M2, and M5 were synthesized from commercially available 2,7-dibromo-9H-carbazole 1 in a few 

reaction steps. Deprotonation of 2,7-dibromo-9H-carbazole 1 by sodium hydride and its subsequent 

reaction with the corresponding branched alkyl bromides yields n-alkylated carbazole derivatives 2 and 

3 with high yield. Lithiation using n-BuLi followed by direct formylation with DMF gives dialdehydes 

M1 and M2. The palladium-catalyzed Buchwald-Hartwig amination of N-alkylated carbazole 2 with 

benzophenone imine as an ammonia equivalent, and subsequent acid hydrolysis of imine derivative 4 

provides the corresponding primary diamine M5 in 72% yield. The fluorene-based monomers M3 and 

M4 were synthesized from commercially available 2,7-dibromo-9,9-didodecyl-9H-fluorene 5 following 

the same procedure as for M1 and M5. 
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Scheme S2. Synthetic strategy towards the monomers M1–M5. Reagents and conditions: i) sodium 

hydride, alkyl bromide, DMF, RT, 95% (2), 86% (3); ii) a) n-BuLi, THF, -78 °C, b) DMF, 55% (M1), 

66% (M2); iii) benzophenone imine, Pd2dba3, rac-BINAP, tert-BuOK, toluene, 100 °C; iv) HCl (aq., 

10%), THF, RT, 72% in two steps; v) a) n-BuLi, THF, -78 °C, b) DMF, 70%; vi) benzophenone imine, 

Pd2dba3, rac-BINAP, tert-BuOK, toluene, 100 °C; vii) HCl (aq., 10%), THF, RT, 88% in two steps. 

2,7-Dibromo-9-(2-decyldodecyl)-9H-carbazole (2). A flame-dried, argon-flushed 100 mL Schlenk 

flask was charged with 2,7-dibromo-9H-carbazole 1 (2 g, 6.15 mmol) and anhydrous DMF (40 ml). A 

suspension of NaH (340 mg, 8.5 mmol, 60% in mineral oil) was added portionwise to this solution. The 

reaction mixture was stirred at room temperature for 1 h prior to addition of alkyl bromide 10 (3.1 g, 8 

mmol). The resulting mixture was then stirred at room temperature until full conversion was observed 

by GC-MS (30 h). The reaction mixture was quenched with crashed ice and then poured into a separating 

funnel containing dichloromethane (200 mL) and water (150 mL). The layers were separated, and the 

aqueous layer was extracted with dichloromethane (2 × 100 mL). The combined organic layer was 

washed with NH4Cl (10%, 100 mL), brine (100 mL), dried with MgSO4, then filtered through a short 

pad of silica gel (40 g, dichloromethane), and finally concentrated in vacuo. Purification of the crude 

product by column chromatography on silica gel (800 g, hexane) afforded the pure product 2 (3.67 g) 

as a colorless oil in 95% yield (Rf = 0.50, hexane). 1H NMR (500 MHz, CDCl3) δ ppm 7.87 (d, J=8.3 

Hz, 2H, C4,5H), 7.48 (d, J=1.5 Hz, 2H, C1,8H), 7.31 (dd, J=8.3 Hz, J=1.6 Hz, 2H, C3,6H), 4.04 (d, J=7.6 

Hz, 2H, C1’H2), 2.06 (m, 1H, C2’H), 1.15-1.38 (m, 36H, C3’-11’,1’’-9’’H2), 0.86 (t, J=7.0 Hz, 6H, C12’,10’’H3); 

13C NMR (125.8 MHz, CDCl3) δ ppm 142.0 (C10,13), 122.7 (C3,6H), 121.6 (C4,5H), 121.4 (C2,7), 119.9 

(C11,12), 112.5 (C1,8H), 48.1 (C1’H2), 37.8 (C2’H), 32.1 (C10’,8’’H2), 31.9 (C3’,1’’H2), 30.1 (CH2), 29.82 

(CH2), 29.76 (CH2), 29.5 (CH2), 26.6 (C4’,2’’H2), 22.9 (C11’,9’’H2), 14.4 (C12’,10’’H3); FTIR (KBr) ν cm-1: 

3048 (vw, ν(=CH)), 2954 (m), 2925 (s, νas(CH)), 2852 (m, νs(CH)), 1621 (w), 1587 (m, ν(C=C)), 1451 

(m), 1426 (m, δ(CH)), 1327 (w), 1269 (m), 1132 (w, ν(CN)), 1056 (m), 999 (w), 836 (w, δ(=CH)), 792 

(m, δ(CH)), 721 (w, ω(CH)), 667 (w), 594 (w); EI MS m/z (%) 633 (40, M+), 338 (100), 258 (29), 178 
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(21), 151 (15), 83 (13), 69 (24), 55 (30), 43 (36); Anal. Calcd for C34H51Br2N (633.60): C, 64.45; H, 

8.11; N, 2.21. Found: C, 64.76; H, 8.18; N, 2.07. 

9-(2-Decyldodecyl)-9H-carbazole-2,7-dicarbaldehyde (M1). A flame-dried, argon-flushed 100 mL 

Schlenk flask was charged with 2 (3.5 g, 5.52 mmol) and anhydrous THF (30 mL). The solution was 

cooled to -78 °C and n-BuLi (2.5 M in hexane, 8.8 mL, 22 mmol) was added dropwise over 15 min. The 

milky mixture was stirred at -78 °C for 2 h under argon before diluted anhydrous DMF (2.3 mL, 30 

mmol) in anhydrous THF (6 mL) was added dropwise. After 1 h at -78 °C, the reaction mixture was 

allowed to warm to room temperature and stirred overnight. The reaction mixture was quenched with 

NH4Cl solution (10%, 50 mL). The aqueous layer was washed with diethyl ether (3 × 100 mL). The 

combined organic layer was washed with water (50 mL), brine (100 mL), dried over MgSO4 and filtered. 

All volatiles were removed under reduced pressure and the yellow residue was purified by column 

chromatography on silica gel (800 g) in the gradient from hexane to hexane/EtOAc (20:1) to afford 1.59 

g of M1 as a light yellow oil which crystallized in 55% yield (Rf = 0.16, hexane/EtOAc = 20:1). M.p. = 

74 °C. 1H NMR (500 MHz, CDCl3) δ ppm 10.16 (s, 2H, CHO), 8.25 (d, J=8.0 Hz, 2H, C4,5H), 7.95 (s, 

2H, C1,8H), 7.78 (d, J=6.7 Hz, 2H, C3,6H), 4.28 (d, J=7.7 Hz, 2H, C1’H2), 2.15 (m, 1H, C2’H), 1.11-1.40 

(m, 36H, C3’-11’,1’’-9’’H2), 0.85 (t, J=7.0 Hz, 6H, C12’,10’’H3); 13C NMR (125.8 MHz, CDCl3) δ ppm 192.5 

(CHO), 142.4 (C10,13), 135.4 (C2,7), 127.0 (C11,12), 121.9 (C4,5H), 121.4 (C3,6H), 111.0 (C1,8H), 48.5 

(C1’H2), 38.2 (C2’H), 32.1 (C10’,8’’H2), 32.0 (C3’,1’’H2), 30.1 (CH2), 29.77 (CH2), 29.76 (CH2), 29.68 (CH2), 

29.5 (CH2), 26.7 (C4’,2’’H2), 22.9 (C11’,9’’H2), 14.3 (C12’,10’’H3); FTIR (KBr) ν cm-1: 3045 (vw, ν(=CH)), 

2956 (w), 2922 (s, νas(CH)), 2852 (m, νs(CH)), 2719 (w, νs(CO-H)), 1682 (vs, ν(CO)), 1594 (w) and 

1567 (m, ν(C=C)), 1476 (w), 1466 (m), 1448 (w), 1330 (m, δ(CH)), 1227 (w), 1175 (w), 1159 (w), 1119 

(w), 1048 (w), 999 (w), 875 (w), 819 (m, δ(=CH)), 797 (m), 786 (m), 730 (w, ω(CH)), 660 (w), 556 (w); 

EI MS m/z (%) 531 (4, M+), 236 (16), 95 (2), 83 (3), 69 (3), 55 (5), 45 (6), 44 (100), 32 (5), 28 (12); 

UV-Vis (λmax[nm], ε, toluene) 295 (17 782), 339 (38 105), 400 (4 557); Anal. Calcd for C36H53O2N 

(531.83): C, 81.30; H, 10.05; N, 2.63. Found: C, 81.66; H, 10.13; N, 2.45. 

2,7-Dibromo-9-(2-hexyldecyl)-9H-carbazole (3). Compound 3 was prepared according to the same 

procedure described for 2, starting from 2,7-dibromo-9H-carbazole 1 (1.90 g, 5.85 mmol), NaH (340 

mg, 8.50 mmol, 1.4 eq., 60% in mineral oil), 2-hexyldecylbromide (2.26 g, 7.40 mmol, 1.3 eq.), and 

DMF (40 mL). 2.75 g (86%) of a colorless oil was obtained as the desired compound 3 (Rf = 0.31, 

hexane). 1H NMR (500 MHz, CDCl3) δ ppm 7.86 (d, J=8.2 Hz, 2H, C4,5H), 7.48 (d, J=1.5 Hz, 2H, C1,8H), 

7.31 (dd, J=8.3 Hz, J=1.6 Hz, 2H, C3,6H), 4.02 (d, J=7.6 Hz, 2H, C1’H2), 2.05 (m, 1H, C2’H), 1.14-1.39 

(m, 24H, C3’-9’,1’’-5’’H2), 0.86 (t, J=6.9 Hz, 3H, C10’/6’’H3), 0.84 (t, J=7.2 Hz, 3H, C10’/6’’H3); 13C NMR 

(125.8 MHz, CDCl3) δ ppm 142.0 (C10,13), 122.7 (C3,6H), 121.6 (C4,5H), 121.4 (C2,7), 119.8 (C11,12), 112.5 

(C1,8H), 48.1 (C1’H2), 37.8 (C2’H), 32.1 (C8’/4’’H2), 32.0 (C8’/4’’H2), 31.9 (C3’,1’’H2), 30.1 (CH2), 29.8 (CH2), 

29.7 (CH2), 29.5 (CH2), 26.59 (C4’/2’’H2), 26.57 (C4’/2’’H2), 22.9 (C9’/5’’H2), 22.8 (C9’/5’’H2), 14.33 

(C10’/6’’H3) ,14.30 (C10’/6’’H3); FTIR (KBr) ν cm-1: 3060 (vw, ν(=CH)), 2954 (m), 2933 (vs, νas(CH)), 
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2854 (m, νs(CH)), 1620 (w), 1585 (m, ν(C=C)), 1450 (m), 1425 (m, δ(CH)), 1326 (w), 1246 (w), 1131 

(w), 1055 (w), 835 (w, δ(=CH)), 790 (m, δ(=CH)), 722 (w, ω(CH)), 666 (w), 592 (w); MALDI-TOF 

MS (+) calcd. for C28H39Br2N (M+, 549.14); Found: 549.10; Anal. Calcd for C28H39Br2N (549.44): C, 

61.21; H, 7.15; N, 2.55. Found: C, 61.65; H, 7.07; N, 2.53. 

9-(2-Hexyldecyl)-9H-carbazole-2,7-dicarbaldehyde (M2). Monomer M2 was prepared according to 

the same procedure described for M1, starting from 3 (2.36 g, 4.30 mmol), n-BuLi (1.6 M in hexane, 

5.90 mL, 9.45 mmol, 2.2 eq.), DMF (2.0 mL, 26.00 mmol, 6.0 eq.), and THF (40 mmol). 1.27 g (66%) 

of a yellow solid was obtained as the desired monomer M2 (Rf = 0.28, hexane/EtOAc = 10:1). M.p. = 

73 °C. 1H NMR (500 MHz, CDCl3) δ ppm 10.17 (s, 2H, CHO), 8.26 (d, J=8.0 Hz, 2H, C4,5H), 7.96 (s, 

2H, C1,8H), 7.78 (dd, J=8.0 Hz, J=1.1 Hz, 2H, C3,6H), 4.29 (d, J=7.7 Hz, 2H, C1’H2), 2.16 (m, 1H, C2’H), 

1.11-1.39 (m, 24H, C3’-9’,1’’-5’’H2), 0.83 (t, J=7.2 Hz, 3H, C10’/6’’H3), 0.81 (t, J=7.1 Hz, 3H, C10’/6’’H3); 13C 

NMR (125.8 MHz, CDCl3) δ ppm 192.6 (CHO), 142.4 (C10,13), 135.4 (C2,7), 127.0 (C11,12), 122.0 (C4,5H), 

121.5 (C3,6H), 111.0 (C1,8H), 48.5 (C1’H2), 38.2 (C2’H), 32.03 (C8’/4’’H2), 32.00 (C3’,1’’H2), 31.9 (C8’/4’’H2), 

30.1 (CH2), 29.8 (CH2), 29.6 (CH2), 29.4 (CH2), 26.7 (C4’/2’’H2), 26.6 (C4’/2’’H2), 22.83 (C9’/5’’H2), 22.78 

(C9’/5’’H2), 14.31 (C10’/6’’H3), 14.26 (C10’/6’’H3); FTIR (KBr) ν cm-1: 3052 (vw, ν(=CH)), 2956 (w), 2925 

(s, νas(CH)), 2855 (s, νs(CH)), 2715 (w, νs(CO-H)), 1683 (vs, ν(CO)), 1593 (w) and 1567 (m, ν(C=C)), 

1472 (m), 1447 (w), 1326 (m, δ(CH)), 1232 (m), 1177 (w), 1158 (w), 1119 (w), 1047 (w), 998 (w), 873 

(w), 817 (m, δ(=CH)), 796 (m), 727 (w, ω(CH)), 660 (w), 554 (w); MALDI-TOF MS (+) calcd. for 

C30H41NO2 (M+, 447.31); Found: 447.29; UV-Vis (λmax[nm], ε, toluene) 295 (17 532), 339 (36 752), 

400 (4 459); Anal. Calcd for C30H41NO2 (447.66): C, 80.49; H, 9.23; N, 3.13. Found: C, 80.61; H, 8.93; 

N, 3.11. 

N,N’-[9-(2-Decyldodecyl)-9H-carbazole-2,7-diyl]-bis(1,1-diphenylmethanimine) (4). In a 100 mL 

Schlenk flask, 2,7-dibromo-9-(2-decyldodecyl)-9H-carbazole 2 (2.5 g, 3.9 mmol), benzophenone imine 

(2.12 g, 1.3 mL, 11.7 mmol), potassium tert-butoxide (1.3 g, 11.7 mmol), rac-BINAP (125 mg, 0.2 

mmol), and Pd2(dba)3 (104 mg, 0.1 mmol) were dissolved in anhydrous toluene (40 mL) under argon 

atmosphere. The dark red suspension was stirred at 100 °C for 16 h under argon before its cooling to 

room temperature and dilution with dichloromethane (100 mL). The solution was passed through a short 

pad of silica gel (50 g) and the silica gel was washed with dichloromethane (150 mL). After evaporation 

of all volatile compounds, the crude material was purified by column chromatography on silica gel (800 

g) in the gradient from hexane to hexane/EtOAc (20:1) to afford 3.17 g of the crude product as bright 

yellow oil (Rf = 0.25, hexane/EtOAc = 20:1). This product contains only the starting benzophenone 

imine as an impurity. Just a part of obtained mixture was further purified using flash chromatography 

system (40 g HP SiO2 cartridge in the gradient of hexane:chloroform from 80:20 to 10:90). The rest of 

the crude product 4 was used directly without further purification in the next step. 1H NMR (500 MHz, 

CDCl3) δ ppm 7.77 (m, 4H, C2’’’’,6’’’’H), 7.66 (d, J=8.2 Hz, 2H, C4,5H), 7.46 (m, 2H, C4’’’’H), 7.40 (m, 

4H, C3’’’’,5’’’’H), 7.20 (m, 6H, C3’’’,4’’’,5’’’H), 7.15 (m, 4H, C2’’’,6’’’H), 6.67 (d, J=1.5 Hz, 2H, C1,8H), 6.56 
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(dd, J=8.2 Hz, J=1.7 Hz, 2H, C3,6H), 3.77 (d, J=7.6 Hz, 2H, C1’H2), 1.66 (m, 1H, C2’H), 1.00-1.31 (m, 

36H, C3’-11’,1’’-9’’H2), 0.86 (t, J=7.0 Hz, 6H, C12’,10’’H3); 13C NMR (125.8 MHz, CDCl3) δ ppm 168.0 

(C=N), 149.0 (C10,13), 142.0 (C2,7), 140.3 (C1’’’’), 136.9 (C1’’’), 130.8 (C4’’’’H), 129.8 (C2’’’,6’’’H), 129.5 

(C2’’’’,6’’’’H), 128.7 (C4’’’H), 128.4 (C3’’’’,5’’’’H), 128.2 (C3’’’,5’’’H), 119.8 (C4,5H), 119.1 (C11,12H), 113.7 

(C3,6), 101.8 (C1,8H), 47.9 (C1’H2), 37.7 (C2’H), 32.11 (C10’,8’’H2), 32.08 (C3’,1’’H2), 30.3 (CH2), 29.8 

(CH2), 29.5 (CH2), 26.9 (C4’,2’’H2), 22.9 (C11’,9’’H2), 14.3 (C12’,10’’H3); Anal. Calcd for C60H71N3 (834.25): 

C, 86.38; H, 8.58; N, 5.04. Found: C, 86.76; H, 8.31; N, 4.92. 

9-(2-Decyldodecyl)-9H-carbazole-2,7-diamine (M5). The crude imine 4 (3 g) from the previous 

reaction step was dissolved in THF (60 mL) and aqueous solution of HCl (10 mL, 10%) was added. The 

yellow solution was stirred at room temperature for 2 h before work up. The reaction mixture was cooled 

to 0 °C and then slowly neutralized with an aqueous solution of NaOH (2 M) to pH ~ 8. A yellow 

solution was extracted with ethyl acetate (3 × 80 mL). The combined organic layer was subsequently 

washed with water (100 mL), brine (150 mL), dried over MgSO4 and filtered. All volatiles were removed 

under reduced pressure and the residue was purified by column chromatography on silica gel (700 g) in 

the gradient of hexane:EtOAc:Et3N from 93:6:1 to 83:16:1. The desired product M5 was isolated as a 

reddish oil (1.41 g) in 72% yield (after two reaction steps, Rf = 0.11, hexane/EtOAc = 10:1). 1H NMR 

(500 MHz, CDCl3) δ ppm 7.66 (d, J=8.0 Hz, 2H, C4,5H), 6.55 (s, 2H, C1,8H), 6.53 (m, 2H, C3,6H), 3.90 

(d, J=7.5 Hz, 2H, C1’H2), 3.72 (s, 4H, NH2), 2.04 (m, 1H, C2’H), 1.10-1.40 (m, 36H, C3’-11’,1’’-9’’H2), 0.86 

(t, J=7.0 Hz, 6H, C12’,10’’H3); 13C NMR (125.8 MHz, CDCl3) δ ppm 143.4 (C2,7), 142.7 (C10,13), 120.0 

(C4,5H), 116.6 (C11,12), 108.5 (C3,6H), 95.5 (C1,8H), 47.9 (C1’H2), 37.9 (C2’H), 32.13 (C10’,8’’H2), 32.08 

(C3’,1’’H2), 30.3 (CH2), 29.9 (CH2), 29.6 (CH2), 26.9 (C4’,2’’H2), 22.9 (C11’,9’’H2), 14.3 (C12’,10’’H3); FTIR 

(KBr) ν cm-1: 3444 (w, ν(N-H)), 3350 (m, ν(N-H)), 3205 (w), 3038 (vw, ν(=CH)), 2955 (m), 2925 (vs, 

νas(CH)), 2852 (s, νs(CH)), 1615 (s, ν(N-H)), 1507 (w, ν(C=C)), 1490 (w), 1467 (s, ν(C=C)), 1363 (w), 

1328 (m), 1292 (w), 1231 (w), 1206 (m), 1136 (m, ν(C-N)), 828 (m, δ(=CH)), 791 (m, ω(N-H)), 723 

(w), 615 (w), 522 (w); EI MS m/z (%) 505 (15, M+), 210 (15), 97 (5), 88 (11), 86 (64), 85 (8), 84 (100), 

51 (25), 49 (79), 47 (12), 44 (44), 28 (8); UV-Vis (λmax[nm], ε, toluene) 339 (19 299); Anal. Calcd for 

C34H55N3 (505.84): C, 80.73; H, 10.96; N, 8.31. Found: C, 81.11; H, 11.00; N. 7.94. 

9,9-Didodecyl-9H-fluorene-2,7-dicarbaldehyde (M3).4 A flame-dried, argon-flushed 150 mL Schlenk 

flask was charged with 2,7-dibromo-9,9’-didodecyl-9H-fluorene 5 (6 g, 9.08 mmol) and anhydrous THF 

(50 mL). The solution was cooled to -78 °C and tert-BuLi (1.7 M in pentane, 27 mL, 46 mmol) was 

added dropwise over 20 min. The reaction mixture was stirred at -78 °C for 2 h under argon before 

diluted anhydrous DMF (3.9 mL, 50 mmol) in anhydrous THF (6 mL) was added dropwise. After 1 h 

at -78 °C, the reaction mixture was allowed to warm to room temperature and stirred overnight. The 

reaction mixture was quenched with NH4Cl solution (10%, 100 mL). The aqueous layer was washed 

with diethyl ether (3 × 100 mL). The combined organic layer was washed with brine (100 mL), dried 

over MgSO4 and filtered. All volatiles were removed under reduced pressure and the residue was 
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purified by column chromatography on silica gel (800 g) in the gradient from hexane to hexane/EtOAc 

(20:1) to afford 3.5 g of M3 as a light yellow solid in 70% yield (Rf = 0.32, hexane/EtOAc = 20:1). M.p. 

= 56 °C. 1H NMR (500 MHz, CDCl3) δ ppm 10.08 (s, 2H, CHO), 7.87-7.93 (m, 6H), 2.04 (m, 4H, C1’H2), 

0.96-1.30 (m, 36H), 0.84 (t, J=7.0 Hz, 6H, C12’H3), 0.52 (m, 4H, C2’H2); 13C NMR (125.8 MHz, CDCl3) 

δ ppm 192.4 (CHO), 153.1 (C10,13), 145.8 (C11,12), 136.7 (C2,7), 130.5 (C1,8H), 123.6 (C3,6H), 121.5 

(C4,5H), 55.8 (C9), 40.3 (C1’H2), 32.1 (C10’H2), 30.1 (CH2), 29.8 (CH2), 29.7 (CH2), 29.5 (CH2), 29.45 

(CH2), 24.0 (C2’H2), 22.9 (C11’H2), 14.3 (C12’H3); FTIR (KBr) ν cm-1 3050 (vw, ν(=CH)), 2927 (s, 

νas(CH)), 2851 (m, νs(CH)), 2729 (w, νs(CO-H)), 1693 (vs, ν(CO)), 1606 (m) and 1572 (w, ν(C=C)), 

1469 (m), 1377 (w, δ(CH)), 1291 (w), 1203 (m), 1194 (m), 1186 (m), 1100 (w), 1006 (w), 924 (w), 829 

(w, δ(=CH)), 757 (w), 721 (w, ω(CH)), 655 (w); EI MS m/z (%) 558 (49, M+), 390 (29), 389 (25), 361 

(19), 235 (38), 234 (19), 233 (22), 222 (19), 221 (100), 207 (31), 193 (52), 179 (65), 85 (22), 71 (29), 

57 (48), 55 (24), 44 (45), 43 (51), 41 (21); UV-Vis (λmax[nm], ε, toluene) 309 (24 043), 326 (30 567), 

343 (36 383); Anal. Calcd for C39H58O2 (558.89): C, 83.81; H, 10.46. Found: C, 83.69; H, 10.52. 

N,N’-(9,9-Didodecyl-9H-fluorene-2,7-diyl)-bis(1,1-diphenylmethanimine) (6). In a 50 mL Schlenk 

flask, 2,7-dibromo-9,9’-didodecyl-9H-fluorene 5 (2 g, 3 mmol), benzophenone imine (1.63 g, 1 mL, 9 

mmol), potassium tert-butoxide (1 g, 9 mmol), rac-BINAP (93 mg, 150 μmol), and Pd2(dba)3 (78 mg, 

75 μmol) were dissolved in anhydrous toluene (30 mL) under argon atmosphere. The dark red dense 

solution was stirred at 100 °C overnight under argon before its dilution with dichloromethane (100 mL). 

The solution was passed through a short pad of silica gel (50 g) and the silica gel was washed with 

dichloromethane (50 mL). After evaporation of all volatile compounds, the crude material was purified 

by column chromatography on silica gel (800 g) in the gradient from hexane to hexane/EtOAc (20:1) to 

afford 2.7 g of the crude product as bright yellow oil (Rf = 0.3, hexane/EtOAc = 20:1). This product 

contains as an impurity only the starting benzophenone imine. Just a part of obtained mixture was further 

purified using flash chromatography system (40 g HP SiO2 cartridge in the gradient of 

hexane:chloroform from 85:15 to 40:60). The rest of the crude product was used directly in the next step 

without further purification. 1H NMR (500 MHz, CDCl3) δ ppm 7.75 (m, 4H, C2’’’,6’’’H), 7.46 (m, 2H, 

C4’’’H), 7.40 (m, 4H, C3’’’,5’’’H), 7.36 (m, 2H, C4,5H), 7.20 (m, 6H, C3’’,4’’,5’’H), 7.12 (m, 4H, C2’’,6’’H), 

6.73 (dd, J=8.0 Hz, J=1.8 Hz, 2H, C3,6H), 6.51 (d, J=1.7 Hz, 2H, C1,8H), 1.57 (m, 4H, C1’H2), 1.15-1.32 

(m, 24H, C6’-11’H2), 1.13 (m, 4H, C5’H2), 0.99 (m, 4H, C4’H2), 0.88 (m, 4H, C3’H2), 0.86 (t, J=7.0 Hz, 6H, 

C12’H3), 0.26 (m, 4H, C2’H2); 13C NMR (125.8 MHz, CDCl3) δ ppm 168.3 (C=N), 151.2 (C10,13), 150.3 

(C11,12), 139.9 (C1’’’), 136.75 (C1’’), 136.69 (C2,7), 130.8 (C4’’’H), 129.8 (C2’’,6’’H), 129.5 (C2’’’,6’’’H), 128.7 

(C4’’H), 128.4 (C3’’’,5’’’H), 128.0 (C3’’,5’’H), 120.4 (C3,6H), 119.4 (C4,5H), 115.4 (C1,8H), 55.0 (C9), 41.0 

(C1’H2), 32.1 (C10’H2), 30.5 (C3’H2), 30.1 (C5’H2), 29.91 (CH2), 29.86 (CH2), 29.7 (CH2), 29.6 (C4’H2), 

23.7 (C2’H2), 22.9 (C11’H2), 14.3 (C12’H3); Anal. Calcd for C63H76N2 (861.32): C, 87.85; H, 8.89; N, 3.25. 

Found: C, 88.06; H, 9.13; N. 3.02. 
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9,9-Didodecyl-9H-fluorene-2,7-diamine (M4). The crude imine 6 (2.5 g) from the previous reaction 

step was dissolved in THF (60 mL) and aqueous solution of HCl (5 mL, 10%) was added. The yellow 

solution was stirred at RT for 2 h before work up. The reaction mixture was slowly neutralized with an 

aqueous solution of NaOH (2 M) and extracted with ethyl acetate (3 × 80 mL). The combined organic 

layer was subsequently washed with water (80 mL), brine (100 mL), dried over MgSO4 and filtered. All 

volatiles were removed under reduced pressure and the residue was purified by column chromatography 

on silica gel (700 g) in the mixture of hexane:EtOAc:Et3N equal to 80:16:4. The desired product M4 

was isolated as a yellow oil (1.4 g) in 88% yield (after two reaction steps, Rf = 0.15, hexane/EtOAc = 

10:1). 1H NMR (500 MHz, CDCl3) δ ppm 7.31 (dd, J=7.2 Hz, J=1.4 Hz, 2H, C4,5H), 6.60 (s, 2H, C1,8H), 

6.59 (dd, J=8.0 Hz, J=2.2 Hz, 2H, C3,6H), 3.63 (s, 4H, NH2), 1.79 (m, 4H, C1’H2), 0.97-1.30 (m, 36H, 

C3’-11’H2), 0.85 (t, J=7.0 Hz, 6H, C12’H3), 0.63 (m, 4H, C2’H2); 13C NMR (125.8 MHz, CDCl3) δ ppm 

151.9 (C10,13), 144.1 (C2,7), 133.6 (C11,12), 119.3 (C4,5H), 114.3 (C1,8H), 110.5 (C3,6H), 54.9 (C9), 41.1 

(C1’H2), 32.1 (C10’H2), 30.5 (CH2), 29.9 (CH2), 29.84 (CH2), 29.83 (CH2), 29.61 (CH2), 29.56 (CH2), 

23.9 (C2’H2), 22.9 (C11’H2), 14.3 (C12’H3); FTIR (KBr) ν cm-1: 3372 (w, ν(N-H)), 3215 (w, ν(N-H)), 2922 

(vs, νas(CH)), 2848 (vs, νs(CH)), 1616 (m, ν(N-H)), 1580 (w, ν(C=C)), 1472 (m, ν(C=C)), 1332 (w), 

1302 (w), 1237 (w), 806 (w, ν(=CH)); MALDI-TOF MS (+) calcd. for C37H60N2 (M+, 532.48); Found: 

532.45; UV-Vis (λmax[nm], ε, toluene) 303 (27 275); Anal. Calcd for C37H60N2 (532.90): C, 83.39; H, 

11.35; N, 5.26. Found: C, 83.11; H, 11.40; N. 4.99. 
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2.2 Synthesis of polymers 

The imine based copolymers P1–P6 were prepared by polycondensation of equimolar quantities of the 

corresponding dialdehyde and diamine in toluene at 110 °C in the presence of p-toluenesulfonic acid 

(PTSA) as a catalyst and LiCl as a drying agent, which is outlined in Scheme S3. 

 

Scheme S3. Synthetic strategy towards the copolymers P1–P6. Reagents and conditions: i) p-TsOH, 

LiCl, toluene, THF, 110 °C. 

Polyimine (P1). To a 50 mL Schlenk flask, dicarbaldehyde M1 (0.2 g, 0.38 mmol), diamine M4 (0.2 g, 

0.38 mmol), p-toluenesulfonic acid (2 mg, 11 μmol), anhydrous LiCl (0.5 g), anhydrous toluene (15 



15 

 

mL), and anhydrous THF (5 mL) were added under argon atmosphere. The internal drying agent (LiCl) 

was employed to remove the water formed during the polymerization reaction and thus increase the 

molecular weight of the copolymer. The reaction mixture was vigorously stirred at 110 °C for 45 h under 

argon atmosphere. After cooling to ambient temperature, the polymer was precipitated in 60 mL 

methanol. A gummy copolymer was vigorously stirred in methanol for 4 h at room temperature to 

solidify. This suspension was then sonicated and the obtained copolymer was filtered off, washed 

subsequently with methanol (80 mL), water (100 mL), methanol (60 mL), hexane (40 mL), acetone (30 

mL) and air dried. The crude copolymer was further purified by Soxhlet extraction in methanol, and 

acetone, successively. After drying in vacuo, the copolymer P1 was obtained as a yellow solid (366 mg) 

in 94% yield. 1H NMR (500 MHz, CDCl3) δ ppm 8.76 (s, 2H, CH=N), 8.21 (d, J=8.0 Hz, 2H, C4,5H, 

CBZ), 8.04 (s, 2H, C1,8H, CBZ), 7.86 (d, J=6.5 Hz, 2H, C3,6H, CBZ), 7.73 (d, J=7.7 Hz, 2H, C4,5H, FL), 

7.33 (s, 2H, C1,8H, FL), 7.26-7.33 (m, 2H, C3,6H, FL), 4.33 (bs, 2H, C1’H2, CBZ), 2.28 (bs, 1H, C2’H, 

CBZ), 2.04 (bs, 4H, C1’H2, FL), 0.99-1.48 (m, 72H, 36 × CH2, FL, CBZ), 0.83 (2 × t, J=6.9 Hz, 12H, 

C12’,10’’H3, CBZ; C12’H3, FL), 0.72 (m, 4H, C2’H2, FL); 13C NMR (125.8 MHz, CDCl3) δ ppm 160.3 

(CH=N), 152.5 (C10,13, FL), 151.3 (C2,7, FL), 142.4 (C10,13, CBZ), 139.4 (C11,12, FL), 135.0 (C2,7, CBZ), 

125.3 (C11,12, CBZ), 121.3 (C4,5H, CBZ), 120.7 (C3,6H, CBZ), 120.3 (C4,5H, FL), 119.8 (C3,6H, FL), 116.5 

(C1,8H, FL), 109.7 (C1,8H, CBZ), 55.6 (C9, FL), 48.2 (C1’H2, CBZ), 40.9 (C1’H2, FL), 38.1 (C2’H, CBZ), 

32.15 (CH2), 32.12 (CH2), 32.06 (CH2), 30.4 (CH2), 30.2 (CH2), 29.91 (CH2), 29.85 (CH2), 29.65 (CH2), 

29.57 (CH2), 29.56 (CH2), 26.8 (C4’,2’’H2, CBZ), 24.1 (C2’H2, FL), 22.92 (C11’H2, FL), 22.89 (C11’,9’’H2, 

CBZ), 14.36 (C12’H3, FL), 14.32 (C12’,10’’H3, CBZ); FTIR (KBr) ν cm-1: 3059 (vw, ν(=CH)), 2922 (vs, 

νas(CH)), 2851 (vs, νs(CH)), 1695 (w, ν(CO)), 1622 (s, ν(C=N)), 1603 (m), 1560 (m, ν(C=C)), 1460 (s, 

ν(C=C)), 1339 (m), 1262 (m), 1231 (m), 1097 (m), 1022 (m), 804 (s, ν(=CH)), 721 (w); UV-Vis 

(λmax[nm], toluene) 339, 429, 452; Molecular weight characteristics: Mn = 41 kDa, Mw = 105 kDa, PDI 

= 2.6. 

Polyimine P2. Copolymer P2 was prepared according to the same procedure described for P1, starting 

from dicarbaldehyde M2 (0.30 g, 0.67 mmol), diamine M4 (0.36 g, 0.67 mmol), p-toluenesulfonic acid 

(3 mg, 16 μmol), anhydrous LiCl (0.9 g), anhydrous toluene (27 mL), and anhydrous THF (9 mL). The 

reaction mixture was vigorously stirred at 110 °C for 48 h under argon atmosphere. After work up, 

further Soxhlet extraction, and drying, the pure copolymer P2 was obtained as a bright yellow solid (613 

mg) in 97% yield.1H NMR (500 MHz, CDCl3) δ ppm 8.76 (s, 2H, CH=N), 8.22 (d, J=7.9 Hz, 2H, C4,5H, 

CBZ), 8.04 (s, 2H, C1,8H, CBZ), 7.86 (d, J=7.0 Hz, 2H, C3,6H, CBZ), 7.73 (d, J=7.9 Hz, 2H, C4,5H, FL), 

7.32 (s, 2H, C1,8H, FL), 7.26-7.34 (m, 2H, C3,6H, FL), 4.33 (bs, 2H, C1’H2, CBZ), 2.28 (bs, 1H, C2’H, 

CBZ), 2.04 (bs, 4H, C1’H2, FL), 0.97-1.49 (m, 60H, 30 × CH2, FL, CBZ), 0.79-0.86 (m, 12H, C10’,6’’H3, 

CBZ; C12’H3, FL), 0.71 (m, 4H, C2’H2, FL); 13C NMR (125.8 MHz, CDCl3) δ ppm 160.3 (CH=N), 152.5 

(C10,13, FL), 151.3 (C2,7, FL), 142.4 (C10,13, CBZ), 139.4 (C11,12, FL), 135.0 (C2,7, CBZ), 125.3 (C11,12, 

CBZ), 121.2 (C4,5H, CBZ), 120.7 (C3,6H, CBZ), 120.3 (C4,5H, FL), 119.8 (C3,6H, FL), 116.5 (C1,8H, FL), 

109.7 (C1,8H, CBZ), 55.6 (C9, FL), 48.2 (C1’H2, CBZ), 41.0 (C1’H2, FL), 38.1 (C2’H, CBZ), 32.11 (CH2), 
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32.07 (CH2), 32.01 (CH2), 30.4 (CH2), 30.2 (CH2), 29.9 (CH2), 29.8 (CH2), 29.7 (CH2), 29.55 (CH2), 

29.50 (CH2), 26.8 (CH2), 26.7 (CH2), 24.1 (CH2), 22.9 (CH2), 22.8 (CH2), 14.34 (CH3), 14.32 (CH3); 

FTIR (KBr) ν cm-1: 3060 (vw, ν(=CH)), 2921 (vs, νas(CH)), 2850 (vs, νs(CH)), 1624 (m, ν(C=N)), 1601 

(m), 1563 (w, ν(C=C)), 1462 (s, ν(C=C)), 1338 (m), 1260 (m), 1228 (m), 1090 (m), 1022 (m), 804 (s, 

ν(=CH)), 721 (w); UV-Vis (λmax[nm], toluene) 339, 429, 452; Molecular weight characteristics: Mn = 39 

kDa, Mw = 90 kDa, PDI = 2.3. 

Polyimine (P3). Copolymer P3 was prepared according to the same procedure described for P1, starting 

from dicarbaldehyde M3 (0.21 g, 0.38 mmol), diamine M4 (0.20 g, 0.38 mmol), p-toluensulfonic acid 

(2 mg, 11 μmol), anhydrous LiCl (0.5 g), anhydrous toluene (15 mL), and anhydrous THF (5 mL). The 

reaction mixture was vigorously stirred at 110 °C for 48 h under argon atmosphere. After work up, 

further Soxhlet extraction, and drying, the pure copolymer P3 was obtained as a bright yellow solid (368 

mg) in 92% yield. 1H NMR (500 MHz, CDCl3) δ ppm 8.66 (s, 2H, CH=N), 8.00 (s, 2H, C1’,8’H), 7.88-

7.95 (m, 2H, C3’,6’H), 7.80-7.88 (m, 2H, C4’,5’H), 7.72 (d, J=7.2 Hz, 2H, C4,5H), 7.30 (s, 2H, C1,8H), 7.25-

7.30 (m, 2H, C3,6H), 2.10 (bs, 4H, C1’’’H2), 2.04 (bs, 4H, C1’’H2Z), 0.90-1.44 (m, 72H, 36 × CH2), 0.84 

( t, J=6.5 Hz, 12H, C12’’,12’’’H3), 0.66 (bs, 8H, C2’’, 2’’’H2); 13C NMR (125.8 MHz, CDCl3) δ ppm 160.2 

(CH=N), 152.5 (C10,13, C10’,13’), 151.4 (C2,7), 143.8 (C11’,12’), 139.4 (C11,12), 136.2 (C2’,7’), 129.2 (C3’,6’H), 

122.8 (C1’,8’H), 120.8 (C4’,5’H), 120.4 (C4,5H), 119.8 (C3,6H), 116.4 (C1,8H), 55.8 (C9’), 55.6 (C9), 41.1 

(C1’’H2), 40.7 (C1’’’H2), 32.1 (C10’’, 10’’’H2), 30.4 (CH2), 30.3 (CH2), 29.9 (CH2), 29.8 (CH2), 29.7 (CH2), 

29.6 (CH2), 29.5 (CH2), 24.1 (C2’’,2’’’H2), 22.9 (C11’’,11’’’H2), 14.3 (C12’’,12’’’H3); FTIR (KBr) ν cm-1: 3051 

(vw, ν(=CH)), 2923 (vs, νas(CH)), 2850 (s, νs(CH)), 1697 (vw, ν(CO)), 1623 (m, ν(C=N)), 1594 (m), 

1568 (m, ν(C=C)), 1465 (s, ν(C=C)), 1437 (m), 1376 (w), 1261 (m), 1218 (m), 1098 (m), 1005 (w), 888 

(w), 823 (m, ν(=CH)), 754 (w), 719 (m); UV-Vis (λmax[nm], toluene) 318, 342, 427, 451; Molecular 

weight characteristics: Mn = 24 kDa, Mw = 57 kDa, PDI = 2.4. 

Polyimine (P4). Copolymer P4 was prepared according to the same procedure described for P1, starting 

from dicarbaldehyde M3 (0.30 g, 0.54 mmol), para-phenylenediamine M6 (58 mg, 0.54 mmol), p-

toluensulfonic acid (3 mg, 16 μmol), anhydrous LiCl (0.7 g), anhydrous toluene (20 mL), and anhydrous 

THF (5 mL). The reaction mixture was vigorously stirred at 110 °C for 48 h under argon atmosphere. 

After work up, further Soxhlet extraction, and drying, the pure copolymer P4 was obtained as a bright 

yellow solid (320 mg) in 94% yield. 1H NMR (500 MHz, CDCl3) δ ppm 8.62 (s, 2H, CH=N), 7.97 (s, 

2H, CH, Phe), 7.80-7.92 (m, 4H, C3,6H, C4,5H, FL), 7.36 (s, 2H, CH, Phe), 2.04 (bs, 4H, C1’H2), 0.94-

1.42 (m, 36H, 18 × CH2), 0.83 (t, J=7.0 Hz, 6H, C12’H3), 0.62 (bs, 4H, C2’H2); 13C NMR (125.8 MHz, 

CDCl3) δ ppm 160.3 (CH=N), 152.5 (C10,13), 150.3 (C, Phe), 143.9 (C11,12), 136.2 (C2,7), 129.2 (C3,6H), 

122.9 (C1,8H), 122.2 (CH, Phe), 120.8 (C4,5H), 55.7 (C9), 40.6 (C1’H2), 32.1 (C10’H2), 30.2 (CH2), 29.8 

(CH2), 29.6 (CH2), 24.1 (C2’H2), 22.9 (C11’H2), 14.4 (C12’H3); FTIR (KBr) ν cm-1: 3048 (vw, ν(=CH)), 

2923 (vs, νas(CH)), 2851 (s, νs(CH)), 1696 (w, ν(CO)), 1620 (s, ν(C=N)), 1602 (s), 1570 (m, ν(C=C)), 

1495 (m), 1465 (m, ν(C=C)), 1439 (w), 1375 (w), 1340 (w), 1261 (w), 1189 (s), 1103 (m), 1006 (w), 
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972 (w), 887 (w), 820 (m, ν(=CH)), 721 (m), 554 (w); UV-Vis (λmax[nm], toluene) 315, 418; Molecular 

weight characteristics: Mn = 12 kDa, Mw = 33 kDa, PDI = 3.0. 

Polyimine (P5). Copolymer P5 was prepared according to the same procedure described for P1, starting 

from dicarbaldehyde M1 (0.2 g, 0.38 mmol), diamine M5 (192 mg, 0.38 mmol), p-toluensulfonic acid 

(2 mg, 11 μmol), anhydrous LiCl (0.4 g), anhydrous toluene (15 mL), and anhydrous THF (5 mL). The 

reaction mixture was vigorously stirred at 110 °C for 48 h under argon atmosphere. After work up, 

further Soxhlet extraction, and drying, the pure copolymer P5 was obtained as a bright yellow solid (363 

mg) in 95% yield. 1H NMR (500 MHz, CDCl3) δ ppm 8.80 (s, 2H, CH=N), 8.23 (d, J=8.0 Hz, 2H, 

C4’,5’H), 8.08 (d, J=8.1 Hz, 2H, C4,5H), 8.05 (s, 2H, C1’,8’H), 7.88 (d, J=6.9 Hz, 2H, C3’,6’H), 7.32 (s, 2H, 

C1,8H), 7.16-7.26 (m, 2H, C3,6H), 4.35 (bs, 2H, C1’’’H2), 4.22 (bs, 2H, C1’’H2), 2.27 (bs, 2H, C2’’,2’’’H), 

1.00-1.52 (m, 72H, 36 × CH2), 0.82 (t, J=6.8 Hz, 12H, C12’’,12’’’H3); 13C NMR (125.8 MHz, CDCl3) δ 

ppm 160.5 (CH=N), 150.4 (C2,7), 142.7 (C10,13), 142.4 (C10’,13’), 135.1 (C2’,7’), 125.3 (C11’,12’), missing 

(C11,12), 121.4 (C4’,5’H), 121.2 (C4,5H), 120.8 (C3’,6’H), 112.7 (C3,6H), 109.8 (C1’,8’H), 102.5 (C1,8H), 48.2 

(C1’’,1’’’H2), 38.1 (C2’’,2’’’H), 32.1 (C10’’,10’’’H2), 30.31 (CH2), 30.26 (CH2), 29.89 (CH2), 29.87 (CH2), 

29.57 (CH2), 26.85 and 26.79 (C4’’,4’’’H2), 22.9 (C11’’,11’’’H2), 14.3 (C12’’,12’’’H3); FTIR (KBr) ν cm-1: 2922 

(m, νas(CH)), 2851 (m, νs(CH)), 1629 (s, ν(C=N)), 1456 (m, ν(C=C)), 1331 (w), 1261 (w), 1233 (m), 

1118 (m), 999 (w), 839 (w), 803 (m, ν(=CH)), 759 (w); UV-Vis (λmax[nm], toluene) 430, 455; Molecular 

weight characteristics: Mn = 39 kDa, Mw = 56 kDa. 

Polyimine (P6). Copolymer P6 was prepared according to the same procedure described for P1, starting 

from dicarbaldehyde M1 (0.30 g, 0.56 mmol), para-phenylenediamine M6 (61 mg, 0.56 mmol), p-

toluensulfonic acid (3 mg, 16 μmol), anhydrous LiCl (0.5 g), anhydrous toluene (15 mL), and anhydrous 

THF (5 mL). The reaction mixture was vigorously stirred at 110 °C for 48 h under argon atmosphere. 

After work up, further Soxhlet extraction, and drying, the pure copolymer P6 was obtained as a bright 

yellow solid (310 mg) in 92% yield. The obtained copolymer is only a little soluble in all organic 

solvents including CHCl3, toluene, THF, DMSO, NMP, DMF, 1,2-dichlorobenzene, therefore, it is not 

possible to record 13C NMR, UV-Vis spectra and run GPC analysis. 1H NMR (500 MHz, CDCl3) δ ppm 

8.72 (s, 2H, CH=N), 8.21 (d, J=7.5 Hz, 2H, C4,5H), 8.02 (s, 2H, C1,8H), 7.82 (d, J=8.5 Hz, 2H, C3,6H), 

7.39 (s, 4H, Phe), 4.32 (bs, 2H, C1’H2), 2.26 (bs, 1H, C2’H), 1.00-1.22 (m, 36H, 18 × CH2), 0.83 (m,6H, 

C12’,10’’H3); FTIR (KBr) ν cm-1: 3050 (vw, ν(=CH)), 2952 (m), 2921 (vs, νas(CH)), 2850 (s, νs(CH)), 1614 

(s, ν(C=N)), 1559 (m, ν(C=C)), 1495 (m), 1466 (m, ν(C=C)), 1436 (w), 1357 (w), 1339 (m), 1317 (w), 

1233 (w), 1199 (s), 1102 (w), 999 (w), 969 (w), 872 (w), 837 (m), 812 (m, ν(=CH)), 720 (w), 625 (w). 
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3 Characterization of copolymers 

3.1 GPC analysis of copolymers P1–P4 

 

Figure S1. GPC results of copolymers P1–P4 with peak molecular weight of 99 kDa (n ~ 96), 86 kDa 

(n ~ 91), 51 kDa (n ~ 48), and 34 kDa (n ~ 54), respectively. All samples were measured with a 

concentration of ~ 1mg/mL in THF at 25 °C. 

3.2 TGA analysis of copolymers P1–P4 

 

Figure S2. TGA curves of copolymers P1–P4. 
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3.3 Triggering of copolymer P2 in THF 

In order to study the recovery of the monomers after acid treatment, copolymer P2 was triggered in THF 

and the experimental details are described as: 100 mg of copolymer P2 was dissolved in 150 mL of THF 

and 5 mL of TFA (70%) was added. The mixture was stirred at room temperature for 4 h and sonicated 

for 0.5 h. After work up, the oil-like residue was purified by column chromatography (hexane/EtOAc = 

5:1, with 5% v/v NEt3). 82% of the dialdehyde monomer M2 was recovered. The diamine monomer M4 

has not been isolated possibly due to the protonation of amino groups or its instability. 

4 Procedure for sorting of raw HiPco SWCNTs 

As a typical procedure, 100 mg of raw SWCNTs and 100 mg of copolymer were high-shear mixed in 

100 mL of toluene for 1.5 h and subsequently sonicated using a titanium sonotrode (Bandelin, ∼20% 

power) for 2 h. During sonication, the suspension was placed in a water-circulation bath for continuous 

cooling. After sonication, the obtained suspension was centrifuged for 1.5 h at 20000 g and the 

supernatant was filtered off and collected. The same procedure was repeated several times (up to six 

times) with the precipitate obtained after centrifugation, which was then treated with 100 mg of the fresh 

polymer. Figure S3 shows a photograph of nanotube dispersion which was obtained after one round of 

sorting. The dark green color of the dispersion indicates the high concentration of extracted nanotubes 

and the yellow color above the solution surface is due to the existence of excess polymer. For 100 mg 

of raw nanotubes, the procedure can be repeated up to six times, thus several bottles of concentrated 

polymer wrapped nanotube dispersion can be obtained. This procedure is scalable and reproducible up 

to 200 mg of raw carbon nanotube soot in one batch. 

 

Figure S3. Photograph of polymer/SWCNT complex dispersion (~100 mL) in a glass bottle obtained 

after one round of sorting procedure with P2. 
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5 Procedure for purification of wrapped SWCNTs by SEC 

To generate the starting dispersion for purification by SEC the supernatants were concentrated by 

evaporating 90% of toluene. The SEC purification was performed in a glass column (40 mm × 200 mm) 

filled with Toyopearl HW-75F resin. After applying 5 mL of SWCNT starting dispersion to the column, 

the sample passed through the gel by gravitational force with a flow rate of ~ 4 mL/min with toluene as 

eluent. Raman spectra at 785 nm excitation were obtained directly at the outlet of the glass column with 

a Kaiser Optical Holospec spectrograph which comprises a fiber optic probe head incorporating both 

excitation laser aperture and collection optics. Sample fractions were collected in ~ 4 mL portions. 

Figure S4 shows the SEC setup for the purification of nanotube dispersions. The early fractions during 

the SEC contain are without excess polymer, while the following fractions contains excess polymer. 

The free polymer chains eluent slower due to the smaller hydrodynamic volume. 

 

Figure S4. Photograph of a SEC setup for the purification of polymer wrapped SWCNTs dispersion. 

After SEC purification, the polymer wrapped nanotubes dispersion is stable at least for one month, as 

shown in Figure S5, where no precipitation has been observed. 

 

Figure S5. Photograph of copolymer P2 dispersed HiPco SWCNTs after SEC purification (left vial) 

and after one month (right vial). 
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6 Procedure for triggering polymer wrapped SWCNTs 

To a polymer wrapped sample in toluene, a small amount of trifluoroacetic acid (1% v/v of 90% TFA) 

was added. The mixture was sonicated for 10 min and subsequently diluted with acetone to yield the 

precipitate of released nanotubes. The sample was filtrated and copiously washed on a PTFE membrane 

filter (0.20 μm) with acetone and toluene. The released nanotubes can be redispersed in toluene to form 

aggregates or dried in air/vacuum. 

 

Figure S6. Photographs of SWCNT dispersion during the triggering: (a) freshly sorted and purified 

polymer/SWCNT dispersion; (b) polymer/SWCNT dispersion after addition of TFA (90%) and stirring; 

(c) released and precipitated SWCNTs after sonication; (d) SWCNT aggregates after triggering, washing, 

and redispersing; (e) polymer-free SWCNTs as a thin film after drying. 

Figure S6 shows photographs of SWCNT dispersion during the triggering process. After the addition of 

TFA (90%), the original green “solution” (a) turned into a reddish-purple suspension (b) due to the 

protonation of polymer/SWCNT complexes. The sonication step accelerated the degrading of polymer 

and led to the precipitation of released nanotubes in the reaction mixture (c). After washing on a PTFE 

membrane filter, the released nanotubes can be directly redispersed in toluene (d) or dried and collected 

as a thin film (e). 

7 Procedure for rewrapping the released SWCNTs 

0.1 mg of released SWCNTs and 1 mg of polymer were dispersed in 5 mL of toluene under bath 

sonication for 6 h. The temperature during the sonication was kept around 15 °C. The suspension was 

then centrifuged at 17920 g for 1 h and the supernatant was collected for characterization. To remove 

the excess polymer, the supernatant can be further centrifuged at 112000 g to precipitate the nanotubes. 
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8 AFM image of copolymer P2 dispersed HiPco SWCNTs after SEC 

 

Figure S7. AFM image of copolymer P2 dispersed HiPco SWCNTs from one of the late fractions 

obtained after SEC, which is recorded on a silicon wafer with tapping mode in air. No residual catalyst 

particles or residues are present. Scan size was 10 μm × 10 μm. 

9 Characterization of sorted and rewrapped PLV SWCNTs 

9.1 PLE map of sorted and purified PLV SWCNTs 

 

Figure S8. PLE map of copolymer P2 dispersed PLV SWCNTs. The sample was measured in toluene 

at room temperature. The intensities of the spots are normalized to the most intense feature. 
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9.2 Raman spectrum of sorted and purified PLV SWCNTs 

 

Figure S9. Raman spectra of raw and copolymer P2 dispersed PLV SWCNTs. The spectra are 

normalized at the G+ peak. The inset shows the RBM region. The metallic region is highlighted in gray. 

9.3 Absorption spectra of rewrapped PLV SWCNTs by P2 and PFO 

 

Figure S10. Absorption spectra of copolymer P2 and PFO rewrapped PLV SWCNTs. All samples were 

measured in toluene at room temperature. 
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9.4 PLE maps of rewrapped PLV SWCNTs by P2 and PFO 

 

Figure S11. PLE maps of copolymer P2 (a) and PFO (b) rewrapped PLV SWCNTs. All samples were 

measured at room temperature. The intensities of the spots are normalized to the most intense feature. 

10 Sorting of raw HiPco SWCNTs by P5 

Due to the solubility problem of copolymer P5 and P6 in toluene, no detectable nanotube signals were 

observed from dispersed nanotube samples after the same sorting procedure as for P1–P4. However, P5 

is slightly soluble in toluene, while P6 is absolutely not soluble. Therefore, we modified the sorting 

procedure for P5: 1.75 mg of raw HiPco SWCNTs and 17.5 mg of copolymer P5 were high-shear mixed 

in 10 mL of toluene for 1 h and subsequently sonicated in a sonication bath (output frequency 45 kHz) 

for 6 h. The temperature during the sonication was kept around 15 °C. The suspension was then 

centrifuged at 17920 g for 1 h and the supernatant was collected for characterization. The absorption 

spectrum and PLE map are shown in Figure S12 and Figure S13. For PLE map, the supernatant was 

combined and centrifuged at 112000 g to precipitate the nanotubes. 

 

Figure S12. Absorption spectrum of copolymer P5 dispersed HiPco SWCNTs after modified sorting 

procedure. The sample was measured in toluene at room temperature. 
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Figure S13. PLE map of copolymer P5 dispersed HiPco SWCNTs. The sample was measured in toluene 

at room temperature. The intensities of the spots are normalized to the most intense feature. 
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11 1H and 13C NMR spectra of monomers and polymers 

 

Figure S14. 1H NMR spectrum (500 MHz, CDCl3) of 8. 

 

Figure S15. 13C NMR spectrum (128.5 MHz, CDCl3) of 8. 
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Figure S16. 1H NMR spectrum (500 MHz, CDCl3) of 9. 

 

Figure S17. 13C NMR spectrum (128.5 MHz, CDCl3) of 9. 
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Figure S18. 1H NMR spectrum (500 MHz, CDCl3) of 10. 

 

Figure S19. 13C NMR spectrum (128.5 MHz, CDCl3) of 10. 
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Figure S20. 1H NMR spectrum (500 MHz, CDCl3) of 2. 

 

Figure S21. 13C NMR spectrum (128.5 MHz, CDCl3) of 2. 
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Figure S22. 1H NMR spectrum (500 MHz, CDCl3) of M1. 

 

Figure S23. 13C NMR spectrum (128.5 MHz, CDCl3) of M1. 
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Figure S24. 1H NMR spectrum (500 MHz, CDCl3) of 3. 

 

Figure S25. 13C NMR spectrum (128.5 MHz, CDCl3) of 3. 
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Figure S26. 1H NMR spectrum (500 MHz, CDCl3) of M2. 

 

Figure S27. 13C NMR spectrum (128.5 MHz, CDCl3) of M2. 
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Figure S28. 1H NMR spectrum (500 MHz, CDCl3) of 4. 

 

Figure S29. 13C NMR spectrum (128.5 MHz, CDCl3) of 4. 
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Figure S30. 1H NMR spectrum (500 MHz, CDCl3) of M5. 

 

Figure S31. 13C NMR spectrum (128.5 MHz, CDCl3) of M5. 
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Figure S32. 1H NMR spectrum (500 MHz, CDCl3) of M3. 

 

Figure S33. 13C NMR spectrum (128.5 MHz, CDCl3) of M3. 
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Figure S34. 1H NMR spectrum (500 MHz, CDCl3) of 6. 

 

Figure S35. 13C NMR spectrum (128.5 MHz, CDCl3) of 6. 
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Figure S36. 1H NMR spectrum (500 MHz, CDCl3) of M4. 

 

Figure S37. 13C NMR spectrum (128.5 MHz, CDCl3) of M4. 
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Figure S38. 1H NMR spectrum (500 MHz, CDCl3) of P1. 

 

Figure S39. 13C NMR spectrum (128.5 MHz, CDCl3) of P1. 
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Figure S40. 1H NMR spectrum (500 MHz, CDCl3) of P2. 

 

Figure S41. 13C NMR spectrum (128.5 MHz, CDCl3) of P2. 
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Figure S42. 1H NMR spectrum (500 MHz, CDCl3) of P3. 

 

Figure S43. 13C NMR spectrum (128.5 MHz, CDCl3) of P3. 
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Figure S44. 1H NMR spectrum (500 MHz, CDCl3) of P4. 

 

Figure S45. 13C NMR spectrum (128.5 MHz, CDCl3) of P4. 
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Figure S46. 1H NMR spectrum (500 MHz, CDCl3) of P5. 

 

Figure S47. 13C NMR spectrum (128.5 MHz, CDCl3) of P5. 
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Figure S48. 1H NMR spectrum (500 MHz, CDCl3) of P6. 
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