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Instruments 
1H (400 MHz) and 13C (100 MHz) NMR spectra were measured in deuterated chloroform 
(CDCl3), trifluoroacetic acid-d (TFA-d) or dimethyl sulfoxide-d (DMSO-d6) on JEOL ECA-
400, ECS-400 and ECZ-400 spectrometers. IR spectra were measured on a JASCO FT/IR-4100 
spectrophotometer. Number-average molecular weight (Mn) and polydispersity (Ð) values of 
polymers were determined by size exclusion chromatography (SEC) eluted with LiBr solution 
(10 mM) in N,N-dimethylformamide (DMF) with a Shodex LF-804 column calibrated by 
polystyrene standards at 40 °C using JASCO SEC system consisting of RI-930, UV-4570, PU-
4580, DG-2080-53, CO-965, LC-NetII/ADC. Dynamic light scattering (DLS) measurements 
were performed using a square glass cell on a Malvern Instruments Zetasizer Nano ZSP at 20 °C. 
TGA was acquired with a SHIMADZU thermogravimetric analyzer TGA-50 with a heating 
rate of 10 °C min-1 from 50 °C to 600 °C under nitrogen at a flow rate of 50 mL min-1. UV–vis 
absorption spectra were recorded on a SHIMADZU UV-2600 spectrophotometer. 
Photoluminescence spectra and absolute quantum yields were measured on a SHIMADZU 
spectrofluorophotometer RF-6000. Fluorescence lifetimes of solution samples were measured 
in a 4-sided quartz cell on a HORIBA DeltaFlex Lifetime System equipped with a NanoLED-
405 (λex = 405 nm). Lap shear test was performed on a SHIMADZU EZ-LX.  
 
Reagents 
4-Bromo-1,8-naphthalic anhydride (TCI), 6-amino-1-hexanol (TCI), trimethylsilylacetylene 
(Apollo Scientific Ltd.), 1,4-butanediol (BD, TCI), 1,4-diiodobenzene (TCI), diisopropylamine 
(TCI), CuI (NACALAI TESQUE, INC.), polytetrahydrofuran 2000 (PTHF, FUJIFILM Wako 
Pure Chemical), methylenediphenyl 4,4'-diisocyanate (MDI, FUJIFILM Wako Pure Chemical) 
and dibutyltin dilaurate (DBTDL, TCI) were purchased and used without purification. 
PdCl2(PPh3)2 was synthesized according to the literature.S1 Solvents used in the reactions under 
Ar were dehydrated over molecular sieves 4A1/16 and degassed by Ar bubbling before use.  
 
Synthesis of monomer 1 
Compound 2 
A mixture of 4-bromo-1,8-naphthalic anhydride (5.00 g, 18.0 mmol), 6-amino-1-hexanol (2.53 
g, 21.6 mmol) and EtOH (100 mL) was stirred at 80 °C for 18 h. After cooling the reaction 
mixture to r.t., it was slowly poured into water (300 mL) to precipitate a solid. It was collected 
by filtration, and dried under reduced pressure to obtain 2 (6.0 g, 15.9 mmol, 88%) as yellow 
solid. 1H NMR (400 MHz, CDCl3): δ 8.65 (dd, J = 1.2, 0.8 Hz, 1H), 8.56 (dd, J = 1.2, 0.8 Hz, 
1H), 8.42 (d, J = 8.0 Hz, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.84 (t, J = 7.6 Hz, 1H), 4.17 (t, J = 8.0 
Hz, 2H), 3.64 (broad s, 2H), 1.79–1.37 (m, 8H). 
 
Compound 3 
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A mixture of 2 (2.0 g, 4.5 mmol), trimethylsilylacetylene (0.95 mL, 6.8 mmol), PdCl2(PPh3)2 

(9.5 mg, 0.013 mmol), CuI (2.6 mg, 0.013 mmol), PPh3 (3.6 mg, 0.013 mmol), Et3N (15 mL) 
and THF (30 mL) was stirred under Ar at 80 °C for 18 h. After cooling the reaction mixture to 
r.t., solvents were evaporated off. CHCl3 was added to the residue, and the resultant solution 
was washed with saturated aq. NH4Cl. The organic layer was separated and dried over MgSO4, 
and concentrated on a rotary evaporator. The residual mass was purified by silica gel column 
chromatography (eluent: hexane/ethyl acetate = 1/1, v/v) to obtain compound 3 (1.60 g, 4.07 
mmol, 90%) as a yellow solid. 1H NMR (400 MHz, CDCl3) δ 8.63–8.61 (m, 2H), 8.52 (d, J = 
7.6, 1H), 7.90 (d, J = 7.6 Hz, 1H), 7.81 (t, J = 7.6 Hz, 1H), 4.17 (t, J = 7.6 Hz, 2H), 3.64 (t, J = 
6.4 Hz, 2H), 1.75–1.45 (m, 8H), 0.37 (s, 9H). 
 
Compound 4 
A mixture of 3 (1.57 g, 3.99 mmol), K2CO3 (1.00 g, 7.23 mmol) and MeOH (50 mL) was stirred 
at r.t. for 2 h. Then, the reaction mixture was slowly poured into water (300 mL) to precipitate 
a solid. It was separated by filtration, and dried under reduced pressure. The crude product was 
purified by silica gel column chromatography (eluent: hexane/ethyl acetate = 2/3 v/v) to obtain 
4 (0.30 g, 0.93 mmol, 23%) as a pale-yellow solid. 1H NMR (400 MHz, CDCl3) δ 8.65 (dd, J = 
13.0 Hz, 7.8 Hz, 2H), 8.53 (d, J = 7.7 Hz, 1H), 7.94 (d, J = 7.7 Hz, 1H), 7.83 (dd, J = 8.4, 7.5 
Hz, 1H), 4.20–4.16 (m, 2H), 3.64 (q, J = 5.9 Hz, 2H), 1.80–1.72 (m, 2H), 1.63–1.57 (m, 4H), 
1.50–1.37 (m, 5H). 
 
Monomer 1 
A mixture of compound 4 (0.200 g, 0.622 mmol), 1,4-diiodobenzene (0.0825 g, 0.250 mmol), 
PdCl2(PPh3)2 (5.26 mg, 7.50 μmol), CuI (0.14 mg, 7.5 μmol), PPh3 (0.20 mg, 7.5 μmol), iPr2NH 
(1 mL) and THF (10 mL) was stirred under Ar at r.t. for 18 h. After that, a precipitated solid 
was separated by filtration, and dried under reduced pressure to obtain 1 (0.176 g, 0.246 mmol, 
98%) as a yellow solid. 1H NMR (400 MHz, TFA-d) δ 8.95–8.68 (broad, 6H), 8.05–7.96 (broad, 
4H), 7.73 (s, 4H), 4.49–4.44 (broad, 4H), 3.99–3.90 (broad, 4H), 2.04–1.56 (broad, 16H). 
 
Synthesis of polymers 
Poly-1 
DBTDL (1 mol%) was added to a stirred mixture of compound 1, PTHF (Mn = 2,000), and MDI 
in THF and the mixture was stirred at 70 °C for 3 h. A solution of BD in THF (10 mL) was then 
added and the reaction mixture was stirred at 70 °C for an additional 24 h. MeOH (1 mL) was 
added to the reaction mixture and after stirring for another 30 min the reaction mixture was 
poured into H2O (300 mL). The precipitate was filtered off and dried in vacuo at r.t. for 24 h to 
obtain poly-1 as a yellow rubbery solid. 
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Poly-2 and poly-2-1 
Poly-2 was synthesized in a manner similar to poly-1, without adding 1. Poly-2-1 was prepared 
by mixing poly-2 (0.375 g) and 1 (0.83 mg) in THF, followed by volatilization of THF. 
 
Preparation of polyurethane films 
Typical Procedure. A solution of poly-1 (375 mg) in THF (7.5 mL) was poured into a petri 
dish (radius: 30 mm). It was covered with an inverted funnel to evaporate THF slowly for a 
period of 24 h. The resulting film was further dried in vacuo at r.t. overnight. 
 
Computation 
QM calculations were performed with the Gaussian 16,S2 Rev C.01, using the DFT method with 
ωB97XD functional in conjunction with 6-31G* basis set, running on the supercomputer 
system Fugaku provided by the RIKEN Center for Computational Science and Research Center 
for Computational Science, Okazaki, Japan. The UV–vis absorption and fluorescence spectra 
were simulated by the TD-DFT method, and analyzed using GaussView 6. S3 The simulated 
CD/UV–vis absorption spectra, and geometry-optimized structures were illustrated using 
GaussView 6 and PyMOL,S4 respectively. Noncovalent interactionsS5 were indicated by the 
reduced density gradient isosurfaces generated by MultiwfnS6,S7 based on the PROAIMS 
wavefunction calculated by Gaussian and visualized by PyMOL. MD simulations were 
performed with LAMMPS 2020.S8 The initial structures for MD simulations were constructed 
using the Winmostar V11, X-Ability Co. Ltd., Tokyo, Japan. Solvent boxes were constructed 
using PACKMOL.S9 The general amber force field (GAFF) was used.S10,S11 Atomic charges 
were assigned using a restrained electrostatic potential (RESP) fit modeS12,S13 with calculations 
performed at the HF/6-31G* level using Gaussian 16. The long-range Coulomb interactions 
were calculated using the smooth particle mesh Ewald (SPME) method.S14 A long-range 
correction of the LJ potential was applied to the energy and pressure. The MD trajectories were 
analyzed using CPPTRAJ,S15 and the snapshots were taken using OVITO.S16  
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Fig. S1  1H NMR (400 MHz) spectrum of 2 measured in CDCl3. 
 

 

 
Fig. S2  1H NMR (400 MHz) spectrum of 3 measured in CDCl3. 
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Fig. S3  1H NMR (400 MHz) spectrum of 4 measured in CDCl3. 
 

 

 
Fig. S4  1H NMR (400 MHz) spectrum of 1 measured in TFA-d. 
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Fig. S5  13C NMR (400 MHz) spectrum of 1 measured in TFA-d. 
 

 

Fig. S6  IR spectrum of 1 measured by the KBr pellet method. 
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Fig. S7  1H NMR (400 MHz) spectrum of poly-10.3 measured in DMSO-d6. 
 

 

 

Fig. S8  IR spectrum of poly-10.3 measured by the KBr pellet method. 
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Fig. S9  1H NMR (400 MHz) spectrum of poly-2-10.3 measured in DMSO-d6. 
 

 

 

Fig. S10  IR spectrum of poly-2-10.3 measured by the KBr pellet method. 
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Fig. S11  SEC charts of (a) poly-10.1, (b) poly-10.3 and (c) poly-2-10.3 (eluent: THF). 
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Fig. S12  (a) UV–vis absorption spectrum of 4 measured in NMP (c = 0.05 mM) and (b) PL 
spectrum of 4 excited at 351 nm measured in NMP (c = 0.05 mM). 
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Fig. S13  (a) Non-normalized UV–vis absorption spectra of 1 measured in NMP (c = 0.05–
0.50 mM), corresponding to Fig. 1a. (b) UV–vis absorption spectrum of 1 measured in NMP (c 
= 0.80 mM), showing saturation of the absorbance. 
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 (a) (b) 

 

Fig. S14  Stress-strain curves of (a) poly-10.3 and (c) poly-2-10.3 films. Each curve shows data 
obtained from three different specimens. The experiments were conducted with a strain rate of 
10 mm/min at r.t. 
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Fig. S15  TGA traces of (a) poly-10.1, (b) poly-10.1 and (c) poly-2-10.3 measured at a heating 
rate of 10 °C/min under N2. 
 

Table S1  5% and 10% weight loss temperatures of the polymers a 

polyurethane Td5 (°C) Td10 (°C) 

poly-10.1 263 290 

poly-10.3 260 290 

poly-2-10.3 275 301 

a Determined by TGA under N2 at a heating rate of 10 °C/min. 
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Fig. S16  Conformers of monomer models of 1 at the ground state (left) and first excited state 
(right). At the ground state, the geometries were optimized by the DFT method (ωB97XD/6-
31G*). At the first excited state, the geometries were optimized by the TD-DFT method 
(ωB97XD/6-31G*) starting from the geometries optimized at the ground state.  
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