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Abstract 

Hydroxy-tethered platinum(II) complexes were synthesized and used as diol monomers for 

polyurethane synthesis. Polyurethanes with moderate molecular weights were obtained by the 

conventional polyaddition with a diisocyanate. The polyurethane containing platinum(II) complex 

substituted with t-Bu groups was well soluble in common organic solvents including CHCl3 and 

tetrahydrofuran. Segmented polyurethanes containing platinum(II) complex moieties were also 

synthesized using polytetrahydrofuran and 1,4-butanediol. They showed good elastic properties. 

The non-segmented polyurethane exhibited distinguishable photoluminescence changes upon 

grinding in the solid state, while the segmented polyurethanes did not. 
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Introduction 

Mechanochromic and mechanofluorochromic polymers are one of smart stimuli-responsive 

materials, whose appearance and photoluminescent colors can be tuned by mechanical force [1-5]. 

These polymers are applicable to stress-sensing materials and evaluation of fracture mechanism. 

Various mechano(fluoro)chromic polymers containing mechanophores in their main chains have 

been developed, in which the applied mechanical force is transferred along the polymer chains and 

also mechanophores, resulting in mechano(fluoro)chromism. Sottos and coworkers discovered 

force-induced color changes of spiropyran-containing polymethacrylates as a pioneering work 

[6,7]. Otsuka and coworkers developed a series of diarylbibenzofuranone-containing 

mechanochromic polymers [8-12]. With use of polyurethanes (PUs) and vinyl polymers as the main 

chain scaffolds, colored stable radicals were generated by applying mechanical force in the air. 

Sagara, Weder and coworkers reported mechanically responsive luminescent PUs containing 

cyclophane mechanophores. The applied force induced conformational changes of pyrene-

containing cyclophane units, leading to content changes between monomer and excimer emission 

[13]. They also reported perylene-diimide-containing mechanofluorochromic polymers that change 

photoluminescent color based on the same principle [14]. 

Several organometallic compounds display photoluminescence color changes in response to 

mechanical force [15-17]. Ito and coworkers developed mechanofluorochromic crystals of gold 



 
5 

(Au) complexes [18-20]. The photoluminescence color was changed by aurophilic interaction 

caused by proximity distance between the Au atoms in the crystalline state. In other words, tuning 

of metal-metal electronic interaction is a key for exhibiting mechano(fluoro)chromism. Some 

platinum (Pt) complexes exhibit similar mechanoresponsive photoluminescent changes. A series of 

Pt(II) complexes have been reported so far, in which coordinated with NCN and NNN pincer-type 

ligands [21-25], 2,2’-bipyridine ligands [26-29] and others [30-32]. In spite of these numerous 

efforts, the combination of mechano(fluoro)chromic Pt complexes and polymeric materials is quite 

limited. Li et al. reported that Nafion embedded with Pt(II) complexes served as singlet oxygen 

photosensitizers but the detailed mechanisms of optical properties and mechano(fluoro)chromism 

were unclear [33,34]. He, Bu and coworkers end-functionalized poly(ethylene oxide)-block-

polystyrenes with a Pt(II) complex to find luminescence changes by self-assembling into micelle 

and lamellar microstructures [35]. Nevertheless, no mechanofluorochromism was discussed in this 

work. Rowan and coworkers successfully fabricated vapochromic and mechanochromic films by 

blending a cationic Pt(II) complex and an NNN pincer ligand with a polymethacrylate matrix [36]. 

This result is very fascinating due to easy preparation, but bleaching of Pt complexes likely 

becomes an issue in practical applications. We synthesized a variety of Pt-containing polymers 

focusing on the control of higher-order structures and photoluminescent properties. The formed 

polymers exhibited stimuli-response of higher-order structures [37-46], catalysis [47] and triplet-
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triplet annihilation photon upconversion [48,49]. Based on these backgrounds, we came up with an 

idea that mechanofluorochromic Pt-containing polymers, which are exempt from bleaching of Pt 

complexes, may be fabricated by incorporating mechanofluorochromic Pt complex moieties into a 

PU main chain as a scaffold, because PU is widely utilized as engineering materials featuring good 

processability, moldability and recyclability [50-52]. In the present study, we synthesized Pt-

containing PUs using a Pt(II) complex ligated with 4,4'-bis(hydroxymethyl)-2,2'-bipyridine 

[bpy(CH2OH)2] (1) as a diol monomer. We examined the polyaddition of 1 and 1,6-hexamethylene 

diisocyanate (2) to obtain Pt-containing PUs, and evaluated their mechano(fluoro)chromism. 
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EXPERIMENTAL 

Materials 

All solvents for the reaction were desiccated by molecular sieve 4A and degassed by Ar bubbling 

before use. 2,2′-Bipyridine-4,4′-dimethanol [Bpy(CH2OH)2], CuI, hexamethylene diisocyanate (2), 

dibutyltin dilaurate (DBTDL), and 1,4-butanediol (BDO) were purchased from Tokyo Chemical 

Industry Inc. (Tokyo, Japan). Polytetrahydrofuran (PTHF, Mn = 2000) and K2PtCl4 were purchased 

from FUJIFILM Wako Pure Chemical Corporation (Osaka, Japan). p-t-Butylphenylacetylene and 

phenylacetylene were purchased from Sigma-Aldrich (St. Louis, USA). All other reagents were 

commercially obtained and used as received without purification.  

 

Instruments 

1H (400 MHz) nuclear magnetic resonance (NMR) spectra were recorded on a JEOL JNM–ECZ400 

and a JEOL JNM–ECS400 spectrometers. Infrared (IR) spectra were measured on a JASCO 

FT/IR–4100 spectrophotometer. For attenuated total reflection (ATR) measurements, ATR 

PRO410–S equipped with a Ge prism was used. Mass spectra were measured on a Bruker Compact 

QToF mass spectrometer using an electrospray ionization (ESI) probe under the following 

conditions: solvent, acetone/i-PrOH; mass range (m/z) < 2000; mode, negative. Peak-top molecular 

weight (Mp), weight-average molecular weight (Mw) and dispersity (Đ) values of polymers were 
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determined by size exclusion chromatography (SEC) on a JASCO SEC system consisting of (i) RI-

930, UV-4570, PU-4580, DG-2080-53, CO-965, LC-NetII/ADC, equipped with Shodex TSK gel 

α-M and GMHXL, using a solution of LiBr (10 mM) in N,N-dimethylformamide (DMF) as an 

eluent at a flow rate of 1.0 mL/min, calibrated by polystyrene standards at 40 °C, and (ii) JASCO 

RI-4030, UV-4075, PU-4180, CO-4060, LC-NetII/ADC and AS-2055 Plus, equipped with Shodex 

LF-804, using tetrahydrofuran (THF) as an eluent at a flow rate of 1.0 mL/min, calibrated by 

polystyrene standards at 40 °C. UV–vis absorption spectra were recorded in a quartz cell (optical 

path length: 1 cm) on a SHIMADZU UV-2600 spectrophotometer. UV–vis diffuse reflectance 

spectra were recorded on a SHIMADZU UV-2600 spectrophotometer. Photoluminescence spectra 

were recorded in a quartz cell (optical path length: 1cm) on a SHIMADZU 

spectrofluorophotometer RF-6000. Mechanical properties were evaluated using a SHIMADZU 

EZ–Test, SMT–500N lap shear test machine at an elongation rate of 50 mm/min. Samples for the 

tensile test were fabricated using a punching blade conformed to ISO 37-4 specimens (dumbbell 

shape, 12 mm × 2 mm) from film samples. The measurements were conducted over three times for 

each condition to ensure reproducibility. Small-angle X-ray scattering (SAXS) measurements were 

performed at BL19B2 in SPring-8 [53]. The scattered profile from the sample was collected using 

an area detector (PILATUS 2M). The distance between the sample and detector was 2040 mm, 

which was calibrated by observing the diffraction patterns of standard silver-behenate powders. 
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The integration time for each profile was 100 s. The obtained two-dimensional SAXS patterns were 

occasionally converted to a one-dimensional profile by conducting the circular average. 

 

Synthesis of [bpy(CH2OH)2]PtCl2  

Bpy(CH2OH)2 (1.08 g, 5.00 mmol) and K2PtCl4 (2.07 g, 5.00 mmol) were dissolved in a mixture 

of THF (4 mL) and 1.0 M HCl aq. (5.67 mL) under Ar, and the resulting mixture was refluxed at 

80 °C for 12 h. Then, THF (25 mL) and H2O (25 mL) were added to the mixture, and the resulting 

mixture was further stirred at room temperature for 1 h to afford a solvent-insoluble residue. It was 

separated by filtration using a membrane (ADVANTEC H020A047A), and dried in vacuo to obtain 

[bpy(CH2OH)2]PtCl2 (2.28 g, 4.73 mmol) as a yellow solid in 95% yield. 1H NMR (400 MHz, 

DMSO-d6): δ 9.33 (d, J = 6.3 Hz, 2H), 8.39 (s, 2H), 7.73 (d, J = 5.9 Hz, 2H), 5.89–5.77 (m, 2H), 

4.79–4.64 (m, 4H) ppm. IR (KBr): 3445, 3068, 2901, 1990, 1731, 1620, 1427, 1059 cm–1.  

 

Synthesis of 1a 

 [Bpy(CH2OH)2]PtCl2 (723 mg, 1.50 mmol) and CuI (28.6 mg, 0.15 mmol) were dissolved in a 

mixture of N-methyl-2-pyrrolidone (NMP, 8 mL) and Et3N (3 mL) under Ar. Then, phenylacetylene 

(0.70 mL, 6.00 mmol) was added to the mixture, and the resulting mixture was stirred at 60 °C for 

overnight. After cooling to room temperature, MeOH (250 mL) was added to the mixture, stirred 
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for 30 min, and stored at 0 °C for 30 min. A solvent-insoluble residue was filtrated using a 

membrane (ADVANTEC H020A047A) and dried in vacuo to obtain 1a (451 mg, 0.73 mmol) as a 

yellow solid in 49% yield. 1H NMR (400 MHz, DMSO-d6): δ 9.42–9.19 (m, 2H), 8.54–8.40 (m, 

2H), 7.85–7.70 (m, 2H), 7.45–7.12 (m, 10H), 5.79 (s, 2H), 4.78–4.64 (m, 4H) ppm. 13C NMR (100 

MHz, DMSO-d6): δ 61.9, 121.0, 125.8, 128.5, 131.8, 150.1, 155.8, 156.8 ppm. IR (KBr): 3411, 

3071, 2899, 2120, 2109, 1657, 1620, 1592, 1486, 1030 cm–1. ESI-MS (m/z): calcd. 648.1462 

([C28H22N2O2Pt + 2H2O – H]–), found 648.1087. 

 

Synthesis of 1b 

Compound 1b was synthesized in a manner similar to 1a using p-t-butylphenylacetylene instead 

of phenylacetylene. Yield 74%. 1H NMR (400 MHz, DMSO-d6): δ 9.45–9.40 (m, 2H), 8.48 (s, 2H), 

7.77 (d, J = 5.9 Hz, 2H), 7.28–7.23 (m, 8H), 5.79 (t, J = 5.4 Hz, 2H), 4.70–4.66 (m, 4H), 1.24 (d, 

J = 6.3 Hz, 18H) ppm.  13C NMR (100 MHz, DMSO-d6): δ 31.6, 37.4, 60.9, 120.8, 125.4, 131.4, 

148.3, 156.0, 157.2 ppm. IR (KBr): 3433, 3030, 2961, 2867, 2113, 1620, 1557, 1501, 1425, 1394, 

1363, 1268 cm–1. ESI-MS (m/z): calcd. 760.2714 ([C36H38N2O2Pt + 2H2O – H]–), found 760.2282. 

 

Synthesis of Pt-containing PUs  

Typical procedure is as follows. Compound 1a (61.3 mg, 0.100 mmol) was dissolved in NMP (1 
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mL) under Ar. Compound 2 (16.0 μL, 0.100 mmol) and DBTDL (1.80 μL, 3.0 μmol) were added 

to the solution, and the resulting mixture was stirred at 60 °C for 6 h. A yellowish solid precipitated 

during the reaction. MeOH (0.20 mL) was added to the mixture, and the resulting mixture was 

stirred for 30 minutes at room temperature to quench the reaction. MeOH (15 mL) was further 

added, and a solvent-insoluble residue formed was collected by filtration using a membrane 

(ADVANTEC H020A047A). It was dried in vacuo to obtain poly(1a–2) as a yellow solid (22.7 

mg) in 30% yield. 1H NMR (400 MHz, DMSO-d6): δ 7.50–7.10 (br, 16nH), 5.25–5.05 (br, 4nH), 

3.18–2.82 (br, 4nH), 1.50–1.23 (br, 8nH) ppm. Unreacted monomer 1a was also confirmed. IR 

(KBr): 3410, 3070, 2930, 2110, 1718, 1658, 1621, 1592, 1558, 1486 cm–1. Poly(1b–2): 60% yield. 

1H NMR (400 MHz, DMSO-d6): δ 9.45–9.07 (br, 2nH), 8.50–8.25 (br, 2nH), 7.80–7.05 (br, 10nH), 

5.28–5.11 (br, 4nH), 3.17–2.91 (br, 4nH), 1.41–1.25 (br, 26nH) ppm. IR (KBr): 3347, 3029, 2953, 

2863, 2114, 1724, 1622, 1511, 1463, 1108 cm–1. 

 

Synthesis of Pt-containing segmented PUs  

Segmented PUs were synthesized according to the literature procedure [54]. Typical procedure is 

as follows. Compound 1b (14.5 mg, 0.02 mmol) and PTHF (1.96 g, 0.98 mmol) were dissolved in 

THF (10 mL) under Ar. Then, 2 (0.33 mL, 2.00 mmol) and DBTDL (50 μL, 0.084 mmol) were 

added, and the resulting mixture was stirred at 60 °C for 3 h. Then, BDO (0.090 mL, 1.00 mmol) 
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was added to the reaction mixture, and stirred at 60 °C for further 24 h. The reaction mixture was 

poured into a large amount of MeOH to precipitate a polymer. It was filtrated using a membrane 

(ADVANTEC H020A047A) and dried in vacuo to obtain SPU1b_1.0 quantitatively. 1H NMR (400 

MHz, CDCl3): δ 5.19–5.10 (br), 4.90–4.65 (br), 4.20–3.92 (br), 3.51–3.30 (br), 3.20–3.05 (br), 

2.90–2.80 (br), 2.41–2.28 (br), 2.20–2.10 (br), 2.05–1.90 (br), 1.82–1.12 (br) ppm. IR (KBr) = 

3410, 3070, 2930, 2110, 1718, 1658, 1621, 1592, 1558, 1486 cm–1. SPU1b_2.0: 48% yield. 1H NMR 

(400 MHz, CDCl3): δ 4.88–4.55 (br), 4.20–4.01 (br), 3.51–3.35 (br), 3.18–3.05 (br), 2.41–1.90 (br), 

1.82–1.23 (br) ppm. IR (KBr) =3320, 2938, 2854, 2863, 2114, 1718, 1684, 1622, 1105 cm–1. 

 

Computation 

Density-functional theory (DFT) calculations were performed with Gaussian 16 [55] using 

ωB97X-D functional in conjunction with 6-31G* basis set, running on the supercomputer system, 

Academic Center for Computing and Media Studies, Kyoto University.  

 

Film preparation 

A PU sample was dissolved in THF (c = 43 mg/mL), and the resulting solution was poured into a 

Teflon petri dish (Φ = 80 mm) slowly, followed by drying in a fume hood for 24 h to give a self-

standing yellowish film.   
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RESULTS AND DISCUSSION 

Synthesis of Pt-containing PUs 

Hydroxy-tethered Pt(II) complexes 1a and 1b were prepared according to Scheme S1. Their 

chemical structures were confirmed by 1H/13C NMR (Figs. 1 and S1–S5), IR absorption (Fig. 2) 

spectroscopic and high-resolution mass spectrometric analyses. Monomer 1b was synthesized 

expecting enhancement of solubility of formed PUs, because 1a was only soluble in DMSO, DMF 

and NMP. As expected, 1b was soluble in CHCl3 and THF in addition to these solvents. The 

polyaddition of 1a and 1b with 2 was carried out in the presence of a small portion of DBTDL as 

a catalyst to obtain poly(1a–2) and poly(1b–2), respectively according to Scheme 1. The 

polyaddition of 1a with 2 was conducted in NMP at 60 °C, while that of 1b with 2 was done in 

THF at 40 °C considering the solubilities of 1a and 1b. The low yield (30%) of poly(1a–2) was 

mainly due to technical loss caused by the low solubility of 1a. Figs. 1 and S6 show the 1H NMR 

spectra of 1a, 1b, and poly(1a–2), poly(1b–2), both in which the benzylic proton peak (Ha) was 

clearly shifted downfield after polyaddition. However, the contamination of unreacted monomer 

1a was also confirmed in poly(1a–2) likely due to the difficult monomer separation from the 

formed polymer via precipitation using MeOH as a poor solvent. The SEC trace (eluent: DMF with 

10 mM LiBr) of poly(1a–2) also indicated the contamination of 1a judging from the bimodal peak 

(Fig. S7a). The first fraction is assignable to poly(1a–2), whose Mw and Đ were estimated to be 
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16,100 and 1.7 calibrated by polystyrene standards (Table S1), whereas the second fraction is 

assignable to 1a. The integration ratio of the first and second fractions was 25/75. On the other 

hand, a unimodal peak was observed in the SEC of poly(1b–2) at a molecular weight region higher 

than the peak of 1b, indicating the successful removal of monomer 1b (Fig. S7b). The Mw and Đ 

of poly(1b–2) were estimated to be 18,000 and 2.75. Fig. 2 displays the IR absorption spectra of 

poly(1a–2) and poly(1b–2), together with those of 1a and 1b. A characteristic peak of Pt–acetylide 

was observed at 2110 cm–1 in the spectra of all the samples, indicating that this bond was intact 

during the polyaddition and also purification process. Besides, a urethane carbonyl absorption peak 

was observed at 1720 cm–1 in the spectra of poly(1a–2) and poly(1b–2). The peak intensity of 

poly(1b–2) was larger than that of poly(1a–2).  

 

Scheme 1 Synthesis of poly(1a–2) and poly(1b–2) 
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Fig. 1 1H NMR spectra of 1b and poly(1b–2) measured in DMSO-d6 (400 MHz). 

 

Fig. 2 IR absorption spectra of 1a, poly(1a–2), 1b and poly(1b–2) (KBr method). 
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Solution state UV–vis absorption and photoluminescence properties of 1b and poly(1b–2) 

The UV–vis absorption and photoluminescence spectra of 1b and poly(1b–2) were measured in 

DMF (c = 0.01 mM). The spectra of poly(1a–2) were not measured because of the presence of 

residual monomer 1a and poor solubility in common organic solvents. Both 1b and poly(1b–2) 

showed similar UV–vis absorption peaks as shown in Fig. 3. The peak around 300 nm is assignable 

to π-π* transition of the aromatic rings, whereas the peak around 420 nm is metal–ligand and 

ligand–ligand charge transfer (MLCT and LLCT) transitions. The peaks of poly(1b–2) were 

slightly red-shifted compared to 1b. To gain knowledge about these transitions, DFT calculations 

were conducted. The geometries of 1b and 1b’, a model compound of poly(1b–2) (Fig. S8) were 

optimized with ωB97X-D functionals, and their UV–vis absorption spectra were simulated by the 

time-dependent DFT (TD-DFT) method (Figs. S9 and S10). It was confirmed that the peak around 

420 nm is MLCT and LLCT transitions, which are mainly assignable to the electronic transitions 

of HOMO → LUMO, HOMO–1 → LUMO, HOMO–2 → LUMO and HOMO–3 → LUMO 

(Tables S2 and S3). Moreover, the simulated peak top around 400 nm of 1b’ was red-shifted by 30 

nm from that of 1b (Fig. S11), coinciding with the observed results (Fig. 3). The urethane bonds 

connected to the bipyridine ligand seem to narrow the band gaps inductively, although they do not 

contribute largely to the delocalization of HOMO and LUMO as shown in Figs. S12 and S13. It is 

difficult to assign the absorption around 300 nm clearly because of many transitions that contribute 



 
17 

to this absorption. Meanwhile, both 1b and poly(1b–2) showed weak photoluminescence in DMF 

around 610 nm (λex = 405 nm) with quantum yields of 1.0 and 0.3%, respectively (Fig. S14). No 

clear photoluminescence was recognized in the solution state. 

 

 

Fig. 3 UV–vis absorption spectra of 1b (red) and poly(1b–2) (blue) measured in DMF (c = 0.01 

mM). 

 

Mechano(fluoro)chromism of 1b and poly(1b–2) 

The mechano(fluoro)chromism of 1b and poly(1b–2) was evaluated by grinding the solid samples 

in a mortar. Fig. 4 displays the appearance of 1b and poly(1b–2) under ambient and UV-lights (λmax 

= 365 nm). The colors were slightly changed by grinding under ambient light (Fig. 4 a, c). This 
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color change was also evaluated by UV–vis diffuse reflectance spectroscopy. The reflectance band 

of 1b was red-shifted around 30 nm after grinding, whereas no significant change was observed 

for poly(1b–2) (Fig. S15). More obviously, the photoluminescent color of 1b was changed from 

yellow to orange (Fig. 4 b), whereas that of poly(1b–2) was changed from orange to brown (Fig. 4 

d) upon grinding. Further, the fluorescent color changes of 1b and poly(1b–2) were plotted in 

Commission Internationale de l'Éclairage (CIE) coordinates to determine the photoluminescent 

color change upon grinding quantitatively (Fig. S16). The difference of the color changes may be 

caused by the difference of alignment of Pt complex moieties. A series of Pt-bipyridine 

bis(acetylide) complexes are reported to exhibit appearance and luminescence color changes upon 

grinding because the distances between Pt-complexes become close [26,56,57]. The similar 

rearrangement of Pt complex moieties of 1b and poly(1b–2) seems to take place judging from their 

color changes. The degree of photoluminescent color change of poly(1b-2) (Fig. 4 d) was small 

compared to that of 1b (Fig. 4 b) after grinding. This result suggests that the Pt-complex moieties 

of poly(1b-2) are closely packed compared to those of 1b due to intramolecular hydrogen-bonding 

between the urethane groups. Meanwhile, the chemical structures of 1b and poly(1b–2) after 

grinding were characterized by 1H NMR spectroscopic measurements. There was no significant 

difference before and after grinding, indicating that the chemical structures remained intact after 

grinding (Figs. S17 and 18). Moreover, the ground samples were dissolved in CHCl3, and the 
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obtained solutions were evaporated to check the reversibility of mechano(fluoro)chromism. As 

results, 1b and poly(1b–2) almost recovered the original appearance and the fluorescent color (Fig. 

S19). 

 

 

Fig. 4 Photographs of 1b and poly(1b–2) under ambient light (a: 1b and c: poly(1b–2)) and UV-
light (λmax = 365 nm) (b: 1b and d: poly(1b–2)) upon grinding. 

 

Synthesis and characterization of Pt-containing segmented PUs 

Although poly(1b–2) exhibited distinguishable photoluminescent color changes upon mechanical 

stress, it was difficult to prepare a self-standing film likely due to its relatively low molecular 

weights. To obtain PUs with higher molecular weights showing good mechanical properties, 

poly(1b–2)-based segmented PUs, SPU1b–2_1.0 and SPU1b–2_2.0 were synthesized according to 

Scheme 2. The so-called “prepolymer method” was employed using PTHF (Mn = 2,000), 2 and 

10 min 5 min 

grinding grinding 
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BDO as polymeric diol, diisocyanate and chain extender, respectively, wherein the feed ratios of 

1b were set at 1.0 and 2.0 mol% for SPU1b–2_1.0 and SPU1b–2_2.0, respectively. Further details of 

feed ratios of the reagents are summarized in Table S4, As expected, both SPU1b–2_1.0 and SPU1b–

2_2.0 were easily soluble in common organic solvents, and showed higher molecular weights (Mw = 

105,900 and 43,000, Table 1) compared to poly(1b–2) (Mw = 18,000). Hydrogen-bonded N–H and 

C=O peaks were observed around 3320 and 1705 cm–1 in the IR spectra [58,59] together with a 

weak Pt–acetylide peak around 2100 cm–1 (Figs. S20 and S21). Note that the intensity of the latter 

peak was very weak as the feed ratio of 1b became small. The UV–vis absorption spectra of SPU1b–

2_1.0 and SPU1b–2_2.0 were also measured to reveal that the Pt(II) complex moieties were successfully 

incorporated into the PU backbone judging from the characteristic peaks around 280 and 420 nm 

(Fig. S22). The absorption intensities of SPU1b–2_2.0 were larger than those of SPU1b–2_1.0 as 

predicted from their incorporated ratios of 1b. Generally, segmented PUs form microphase 

separated structures originating from the immiscibility between the crystalized hard segment and 

soft segment, which largely affect their thermal and mechanical properties [60]. SPU1b–2_1.0 

exhibited a broad SAXS peak as shown in Fig. S23. The domain spacing (d = 2π/q = λ/2sinθ, where 

q is scattering vector, θ is half the scattering angle and λ is the X-ray wavelength) was determined 

to be approximately 16 nm, which was calculated by using the q value at the peak top of SAXS 

profile. This value is assignable to the distance between the hard segments of SPUs, and reasonable 
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compared to the reported ones [54,61,62].   
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Scheme 2 Synthesis of SPU1b–2_1.0 and SPU1b–2_2.0 

 

 

 

Table 1 Yields and SEC data of SPU1b_1.0 and SPU1b_2.0 

Polymer Yielda (%) Mp
b Mw

b Đb 

SPU1b–2_1.0 quant. 79,900 105,900 2.17 

SPU1b–2_2.0 48 39,000 43,000 1.62 
aMeOH-insoluble part.  
bDetected by SEC eluted with THF calibrated by polystyrene standards. 

 

Mechanical properties and mechano(fluoro)chromism of Pt-containing segmented PUs 

The mechanical properties of SPU1b–2_1.0 and SPU1b–2_2.0 were evaluated by tensile tests. Fig. 5 

shows the representative stress–strain curves of SPU1b–2_1.0 and SPU1b–2_2.0 at an elongation rate of 
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50 mm/min. The breaking strengths of SPU1b–2_1.0 and SPU1b–2_2.0 were around 20 MPa. On the 

other hand, the breaking strain of SPU1b–2_1.0 was 1.3 times larger than that of SPU1b–2_2.0. Thus, 

the total toughness of SPU1b–2_1.0 (150 MJ/m3) was larger than that of SPU1b–2_2.0 (135 MJ/m3), 

likely reflecting their molecular weights (Mw = 105,900 and 43,000). To elucidate their 

mechano(fluoro)chromism, SPU1b–2_1.0 was ground in a mortar. SPU1b–2_1.0 was orangish under 

ambient light, while significantly luminesced yellowish under UV-light. Upon grinding this elastic 

sample, their colors did not change significantly (Fig. S24) both under ambient and UV-lights. The 

tensile tests of the samples were also performed under UV-light to check their photoluminescent 

color change upon elongation (Fig. S25). However, no clear color change was observed by naked 

eyes upon elongation of SPU1b–2_1.0 and SPU1b–2_2.0 specimen. The high mobility of main chains of 

the elastic PUs possibly suppressed the reorientation of the Pt(II) complex moieties, resulting in no 

mechano(fluoro)chromism.   
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Fig. 5 Representative stress–strain curves of SPU1b–2_1.0 (red line) and SPU1b–2_2.0 (blue line). 
Elongation rate: 50 mm/min.  
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Conclusions 

Hydroxy-tethered Pt(II) complexes, 1a and 1b were newly synthesized and employed as diol 

monomers for PU synthesis. By the polyaddition with isocyanate 2, poly(1a–2) was not obtained 

efficiently due to the poor solubility of 1a, while poly(1b–2) with a moderate molecular weight 

was successfully obtained, which was well soluble in common organic solvents including CHCl3 

and THF. The photoluminescent color changes of 1b and poly(1b–2) were observed upon grinding 

at the solid state. Poly(1b–2)-based segmented PUs, SPU1b–2_1.0 and SPU1b–2_2.0 containing Pt(II) 

complex moieties in the main chain were also synthesized. SPU1b–2_1.0 and SPU1b–2_2.0 exhibited 

good mechanical properties, but no clear mechano(fluoro)chromism. It is desirable to optimize the 

molecular structures and polymerization conditions for controlling the location of Pt complex and 

the domain balance of hard and soft segments in order to develop useful Pt-containing elastic 

materials that show both good mechanical properties and mechanoc(fluoro)chromism. Further 

study is ongoing and will be reported elsewhere in the future. 
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calculations (Tables S2 and S3); shapes of representative molecular orbitals (Figs. S12 and S13); 

photoluminescence spectra (Fig. S14); UV–vis diffuse reflectance spectra (Fig. S15); CIE plots 

(Fig. S16); 1H NMR spectra of 1b and poly(1b–2) before and after grinding (Figs. S17 and S18); 

photographs of 1b and poly(1b–2) after evaporating CHCl3 of ground samples (Fig. S19); reaction 

conditions of SPU1b–2_1.0 and SPU1b–2_2.0 (Table S4); IR spectra of SPU1b–2_1.0 and SPU1b–2_2.0 (Figs. 

S20 and S21); UV–vis absorption spectra of SPU1b–2_1.0 and SPU1b–2_2.0 (Fig. S22); SAXS profile 

of SPU1b–2_1.0 (Fig. S23); mechano(fluoro)chromism of SPU1b–2_1.0 (Figs. S24 and S25). 
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