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1. Experimental Section

1.1 General information

All starting chemicals were obtained from commercial suppliers and used as received, 

unless otherwise specified. Intermediates 1a–1c, trans-Pt(PBu3)2Cl2, 2, and 3 were 

synthesized following previously reported methods.S1–S6 PDMS 

(Polydimethylsiloxane, SYLGARD 184) was obtained from Dow Corning Silicone 

Trading Co., Ltd. (Shanghai, China), consisting of a base gum and curing agent. 

Tetrahydrofuran (THF) was dried over sodium wire and distilled under a dry nitrogen 

atmosphere prior to use.

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker AV-400 

spectrometer at 298 K. Chemical shifts are referenced in ppm relative to the signals of 

residual non-deuterated solvents (CDCl3: δH = 7.26 ppm and δC = 77.0 ppm). Matrix-

assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectra were 

obtained using a Bruker autoflex maX MALDI-TOF mass spectrometer. X-ray 

diffraction data were collected on a Bruker D8-Venture, Bruker APEX-II CCD, or 

Bruker PHOTON Ⅲ detector, using Mo-Kα (λ = 0.71073 Å) or Cu-Kα (λ = 1.54184 

Å) radiation. The structures were solved with the SHELXT structure solution program 
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using Intrinsic Phasing and refined with the SHELXL refinement package, employing 

Least Squares minimization in OLEX2 program. The X-ray crystallographic data for 

Pt-1b, Pt-2b, Pt-1c, and Pt-2c have been deposited at the Cambridge Crystallographic 

Data Centre (CCDC) under the deposition number CCDC 2288730, 2288731, 2213945, 

and 2288732, respectively. UV-vis spectra were measured using a TU-1900 UV 

spectrophotometer. Photoluminescence (PL) spectra, emission lifetimes and absolute 

phosphorescence quantum yields were measured on an Edinburgh FLS1000 

fluorescence spectrometer. Nanosecond transient absorption (ns-TA) spectra were 

detected on an LP980 laser flash photolysis spectrometer (Edinburgh Instruments, 

U.K.). The excitation source was the third harmonic output (355 nm) of a Nd: YAG 

laser (Continuum Surelite, pulse width: 4.0 ns, repetition rate: 1.0 Hz). The solutions 

were purged with nitrogen for 30 min before measurement. Thermogravimetric analysis 

(TGA) was performed on a NETZSCH STA 449 F5 with a heating rate of 10 °C min-1 

under a nitrogen atmosphere. Mechanical tensile tests were carried out using an 

INSTRON 3343 universal testing machine. Scanning electron microscopy (SEM) were 

performed on a Hitachi Regulus 8100 scanning electron microscope.

1.2 Computational details

All calculations were performed using the Gaussian 09 software package.S7 Density 

functional theory (DFT) calculations were carried out with the popular B3LYP 

functional. The effective core potentials with a LanL2DZ basis set were employed for 

the Pt atoms, while the 6-31G(d, p) and 6-31G(d) basis sets were used for other atoms 

for the ground-state and excited-state calculation. All the alkyl groups in the Pt(Ⅱ) 

complexes were replaced with the methyl groups to simplify the calculation process. 

The geometries of the ground-state and triplet excited-state structures were fully 

optimized in gas phase without any structural constraints. The frequency calculations 

were performed at the same level of theory to confirm that each configuration was a 

table state. Time-dependent DFT (TD-DFT) calculations were performed to calculate 

the vertical excitation energies. Natural transition orbitals (NTOs) were calculated by 
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TD-DFT calculations at the optimized triplet excited-state geometries obtained by the 

unrestricted B3LYP (UB3LYP) method. The orbital composition were analyzed by 

Multiwfn package and the orbitals were visualized by VMD program (the isovalue was 

set as 0.02).S8

https://cn.bing.com/dict/search?q=composition&FORM=BDVSP6&cc=cn
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1.3 Z-scan and optical power limiting measurements

The nonlinear optical properties of samples at 532 nm were evaluated by using the 

standard Z-scan techniqueS9 in the open mode with a Q-switched Nd: YAG laser 

(Continuum Surelite, pulse width: 4.0 ns, repetition rate: 10 Hz). The sample was 

loaded onto the platform, which was driven by a stepper motor and moved accurately 

over a distance of ± 30 mm from the laser focal point (Z = 0) along with the optical z-

axis. The spatial and temporal profiles of the laser pulses presented an approximately 

Gaussian distribution. The laser beam was split into two parts: one was collected by a 

reference detector to monitor energy fluctuations, while the other was focused onto the 

sample using a lens to measure the transmittance as the sample was scanned along the 

Z-axis, varying the laser intensity. The concentrations of Pt-1a–Pt-2c were adjusted to 

1 × 10–3 mol L–1 and measured in a quartz cuvette with 2 mm path length. For PDMS 

film samples, the 2 mm thick films were directly placed on the platform for 

measurement.

The laser source used for optical power limiting measurements was the same as that 

used for the open-aperture Z-scan technique and the samples were placed at the focus 

position in the Z-scan system.

The nonlinear fitting of Z-scan curves

The open-aperture Z-scan curves were fitted using the transmittance equation for a 

third-order nonlinear process.S10,S11

T (z, s =  1) =  
∞

∑
m =  0

[ - q0(z, 0)]m

(m +  1)3/2
 ≈  1 -  

βeffI0Leff

2 2(1 +  z2/z2
0)

   (m ∈  N)

Where T is the normalized transmittance, βeff is the effective nonlinear absorption 

coefficient, I0 is the input intensity at the focal point (z = 0), and z represents the sample 

position. The effective thickness Leff of the sample is given by Leff = [1-exp (-α0l)]/α0 

(where l is the sample thickness), α0 = (-lnT0)/l, α0 is the linear absorption coefficient at 
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the given wavelength, T0 is the linear transmittance. z0 = kw0
2/2, z0 is the Rayleigh 

diffraction length. w0 is the beam waist at the focal point (z = 0). k =2π/λ, where k is the 

wave vector and λ is the laser wavelength.

1.4 Synthesis procedures
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Scheme S1. The synthetic routes for Pt-1a–Pt-2c.

General synthetic procedure for precursors Pt-Cl-a–Pt-Cl-c

Compounds 1a–1c (5 mmol), trans-Pt(PBu3)2Cl2 (6 mmol), and CuI (0.25 mmol) were 

added to a degassed THF/Et3N solution (50 mL, 1:1, v/v). The resulting mixture was 

allowed to stir at 50 °C for 12 h under a nitrogen atmosphere. After solvent removal, 

the residue was extracted with ethyl acetate (EA) and washed with water. The organic 

layer was dried over anhydrous MgSO4, and the solvent was evaporated under reduced 

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

petroleum ether/dichloromethane (PE/DCM) as the eluent to afford the desired 

compound.

Pt-Cl-a: pale yellow oil (yield: 85%). 1H NMR (400 MHz, CDCl3): δ 8.03 – 7.97 (m, 

2H), 7.44 (t, J = 7.6 Hz, 1H), 7.37 (d, J = 8.1 Hz, 2H), 7.26 – 7.17 (m, 2H), 4.25 (t, J = 
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7.2 Hz, 2H), 2.07 (dt, J = 8.1, 3.9 Hz, 12H), 1.85 (p, J = 7.3 Hz, 2H), 1.61 (dt, J = 7.0, 

3.6 Hz, 12H), 1.48 (q, J = 7.3 Hz, 12H), 1.38 – 1.26 (m, 6H), 0.95 (t, J = 7.2 Hz, 18H), 

0.86 (t, J = 6.9 Hz, 3H).

Pt-Cl-b: pale yellow oil (yield: 77%). 1H NMR (400 MHz, CDCl3): δ 7.64 – 7.60 (m, 

1H), 7.53 (d, J = 8.2 Hz, 1H), 7.33 – 7.27 (m, 2H), 7.25 – 7.19 (m, 3H), 2.06 (dt, J = 

7.9, 3.8 Hz, 12H), 1.90 (td, J = 10.6, 5.5 Hz, 4H), 1.67 – 1.54 (m, 12H), 1.46 (q, J = 7.3 

Hz, 12H), 1.14 – 0.98 (m, 12H), 0.94 (t, J = 7.3 Hz, 8H), 0.76 (t, J = 7.2 Hz, 6H), 0.61 

(dq, J = 13.3, 6.5 Hz, 4H).

Pt-Cl-c: yellow solid (yield: 71%). 1H NMR (400 MHz, CDCl3): δ 8.72 (d, J = 8.2 Hz, 

1H), 8.57 (d, J = 6.4 Hz, 1H), 8.44 (d, J = 7.7 Hz, 1H), 7.67 (t, J = 7.8 Hz, 1H), 7.58 

(d, J = 7.7 Hz, 1H), 4.19 – 4.10 (m, 2H), 2.01 (dt, J = 7.7, 3.7 Hz, 12H), 1.71 (p, J = 

7.5 Hz, 2H), 1.66 – 1.53 (m, 12H), 1.46 – 1.30 (m, 18H), 0.90 (t, J = 7.3 Hz, 21H).

General synthetic procedure for complexes Pt-1a–Pt-1c

Precursors Pt-Cl-a–Pt-Cl-c (3.60 mmol), compound 2 (1 mmol) and CuI (0.10 mmol) 

were added to a degassed THF/Et3N solution (30 mL, 1:1 v/v). The mixture was stirred 

at room temperature for 30 min under a nitrogen atmosphere. Then TBAF (5 mL, 1 M 

in THF) was slowly injected into the mixture. The resulting mixture was stirred at 50 

°C for an additional 24 h. After solvent removal, the residue was extracted with EA and 

washed with water. The organic layer was dried over anhydrous MgSO4, and the solvent 

was evaporated under reduced pressure. The crude product was purified by column 

chromatography on silica gel using PE/DCM as the eluent. The product was further 

purified by recrystallization from a DCM/EtOH mixture.

Pt-1a: pale yellow powder (yield: 82%). 1H NMR (400 MHz, CDCl3): δ 8.04 – 8.00 

(m, 6H), 7.42 (d, J = 7.9 Hz, 6H), 7.36 (d, J = 8.1 Hz, 3H). 7.21 (dd, J = 14.9, 7.4 Hz, 

6H), 7.01 (s, 3H), 4.25 (t, J = 7.2 Hz, 6H), 2.19 (dt, J = 7.8, 3.9 Hz, 36H), 1.85 (p, J = 

7.2 Hz, 6H), 1.67 – 1.65 (m, 36H), 1.48 (q, J = 7.3 Hz, 36H), 1.38 – 1.27 (m, 18H), 

0.96 (t, J = 7.3 Hz, 54H), 0.87 (t, J = 6.9 Hz, 9H). 13C NMR (101 MHz, CDCl3): δ 
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140.80, 138.53, 130.34, 129.18, 128.31, 125.46, 122.93, 122.75, 122.70, 120.32, 

119.93, 118.64, 108.84, 108.73, 108.24, 43.24, 31.74, 29.11, 27.12, 26.59, 24.68, 24.61, 

24.54, 24.26, 24.09, 23.92, 22.70, 14.15, 14.08. 31P NMR (161.9 MHz, CDCl3): δ 3.15 

(s, 195Pt satellites, 1JPt-P = 2378.2 Hz). HRMS (MALDI-TOF-MS): m/z calcd for 

C144H226N3P6Pt3 [M+H]+ 2768.5146, found 2768.0810.

Pt-1b: pale yellow powder (yield: 85%). 1H NMR (400 MHz, CDCl3): δ 7.62 (d, J = 

7.1 Hz, 3H), 7.52 (d, J = 8.3 Hz, 3H), 7.29 (d, J = 6.2 Hz, 9H), 7.23 (d, J = 9.7 Hz, 6H), 

6.99 (s, 3H), 2.17 (dt, J = 7.9, 3.8 Hz, 36H), 1.96 – 1.84 (m, 12H), 1.64 – 1.61 (m, 36H), 

1.46 (dt, J = 14.5, 7.3 Hz, 36H), 1.14 – 1.02 (m, 36H), 0.94 (t, J = 7.3 Hz, 54H), 0.76 

(t, J = 7.2 Hz, 18H), 0.61 (dq, J = 13.3, 6.5 Hz, 12H). 13C NMR (101 MHz, CDCl3): δ 

150.70, 150.23, 141.30, 138.11, 130.19, 129.69, 128.13, 127.60, 126.60, 126.35, 

125.29, 122.67, 119.28, 119.07, 110.48, 54.77, 40.62, 31.57, 29.81, 26.44, 24.52, 24.46, 

24.39, 24.12, 23.95, 23.78, 23.70, 22.65, 14.01, 13.91. 31P NMR (161.9 MHz, CDCl3): 

δ 3.14 (s, 195Pt satellites, 1JPt-P = 2366.8 Hz). HRMS (MALDI-TOF-MS): m/z calcd for 

C165H265P6Pt3 [M+H]+ 3017.8106, found 3017.1540.

Pt-1c: yellow powder (yield: 77%). 1H NMR (400 MHz, CDCl3): δ 8.79 (d, J = 9.2 Hz, 

3H), 8.57 (d, J = 7.2 Hz, 3H), 8.45 (d, J = 7.7 Hz, 3H), 7.67 (t, J = 7.8 Hz, 3H), 7.61 

(d, J = 7.8 Hz, 3H), 7.03 (s, 3H), 4.16 (t, J = 7.3 Hz, 6H), 2.13 (dt, J = 7.7, 3.7 Hz, 

36H), 1.75 – 1.70 (m, 6H), 1.63 (d, J = 3.6 Hz, 36H), 1.45 – 1.34 (m, 54H), 0.91 (t, J = 

7.3 Hz, 63H).13C NMR (101 MHz, CDCl3): δ 164.57, 164.28, 139.26, 134.03, 133.49, 

132.17, 131.14, 131.00, 130.36, 128.53, 125.84, 122.84 , 118.31, 114.06, 109.53, 

108.14, 40.39, 31.60, 29.70, 28.13, 26.84, 26.50, 24.45, 24.39, 24.32, 24.13, 23.96, 

22.58, 14.07, 13.88. 31P NMR (161.9 MHz, CDCl3): δ 4.20 (s, 195Pt satellites, 1JPt-P = 

2340.9 Hz). HRMS (MALDI-TOF-MS): m/z calcd for C144H220N3O6P6Pt3 [M+H+] 

2858.4372, found 2858.0450.

General synthetic procedure for complexes Pt-2a–Pt-2c
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Precursors Pt-Cl-a–Pt-Cl-c (3.60 mmol), compound 3 (1 mmol) and CuI (0.10 mmol) 

were added to a degassed THF/Et3N solution (30 mL, 1:1 v/v). The mixture was stirred 

at 0 °C for 30 min under a nitrogen atmosphere. Then TBAF (5 mL, 1 M in THF) was 

slowly injected into the mixture. The resulting mixture was stirred at room temperature 

for an additional 24 h. After solvent removal, the residue was extracted with EA and 

washed with water. The organic layer was dried over anhydrous MgSO4, and the solvent 

was evaporated under reduced pressure. The crude product was purified by column 

chromatography on silica gel using PE/DCM as the eluent. The product was further 

purified by recrystallization from a DCM/EtOH mixture.

Pt-2a: pale yellow powder (yield: 78%). 1H NMR (400 MHz, CDCl3): δ 8.02 (d, J = 

6.3 Hz, 6H), 7.46 – 7.41 (m, 6H), 7.37 (d, J = 8.1 Hz, 3H), 7.26 (d, J = 8.5 Hz, 3H), 

7.21 (t, J = 7.3 Hz, 3H), 4.26 (t, J = 7.2 Hz, 6H), 2.19 (dt, J = 7.7, 3.8 Hz, 36H), 1.86 

(p, J = 6.3 Hz, 6H), 1.66 – 1.63 (m, 36H), 1.49 (q, J = 7.3 Hz, 36H), 1.39 – 1.27 (m, 

18H), 0.96 (t, J = 7.3 Hz, 54H), 0.87 (t, J = 7.0 Hz, 9H). 13C NMR (101 MHz, CDCl3): 

δ 160.46, 140.80, 138.56, 129.05, 125.51, 122.86, 122.74, 122.59, 120.32, 119.73, 

118.68, 110.14 , 108.73, 108.27, 43.23, 31.72, 29.09, 27.10, 26.58, 24.62, 24.55, 24.48, 

24.33, 24.16, 23.99, 22.68, 14.13, 14.04. 31P NMR (161.9 MHz, CDCl3): δ 3.40 (s, 195Pt 

satellites, 1JPt-P = 2345.7 Hz). HRMS (MALDI-TOF-MS): m/z calcd for 

C141H223N3P6Pt3 [M+H]+ 2771.5004, found 2771.8134.

Pt-2b: pale yellow powder (yield: 75%). 1H NMR (400 MHz, CDCl3): δ 7.62 (d, J = 

7.1 Hz, 3H), 7.53 (d, J = 8.3 Hz, 3H), 7.30 – 7.27 (m, 6H), 7.24 – 7.22 (m, 9H), 2.16 

(dt, J = 7.8, 3.8 Hz, 36H), 1.89 (tq, J = 14.6, 7.1, 6.0 Hz, 12H), 1.61 (dt, J = 7.5, 3.6 

Hz, 36H), 1.50 – 1.41 (m, 36H), 1.14 – 1.03 (m, 36H), 0.93 (t, J = 7.3 Hz, 54H), 0.76 

(t, J = 7.2 Hz, 18H), 0.62 (dq, J = 13.3, 6.5 Hz, 12H). 13C NMR (101 MHz, CDCl3): δ 

160.35, 150.72, 150.27, 141.22, 138.23, 129.55, 127.39, 126.62, 126.41, 125.24, 

122.69, 119.31, 119.11, 110.80, 110.02, 54.76, 40.56, 31.55, 29.80, 26.43, 24.47, 24.40, 

24.33, 24.17, 24.00, 23.83, 23.71, 22.63, 14.00, 13.88. 31P NMR (161.9 MHz, CDCl3): 
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δ 3.36 (s, 195Pt satellites, 1JPt-P = 2334.4 Hz). HRMS (MALDI-TOF-MS): m/z calcd for 

C162H262N3P6Pt3 [M+H]+ 3020.7963, found 3021.0667.

Pt-2c: yellow powder (yield: 73%). 1H NMR (400 MHz, CDCl3): δ 8.76 (d, J = 9.2 Hz, 

3H), 8.57 (d, J = 6.9 Hz, 3H), 8.45 (d, J = 7.7 Hz, 3H), 7.66 (t, J = 7.8 Hz, 3H), 7.59 (d, 

J = 7.7 Hz, 3H), 4.16 (t, J = 7.3 Hz, 6H), 2.11 (dt, J = 7.7, 3.7 Hz, 36H), 1.78 – 1.60 (m, 

42H), 1.46 – 1.31 (m, 54H), 0.91 (t, J = 7.3 Hz, 63H). 13C NMR (101 MHz, CDCl3): δ 

164.52, 164.23, 160.21, 133.67, 133.34, 132.08, 131.12, 128.55, 128.50, 125.94, 

122.86, 118.53,114.05, 110.85, 108.26, 40.39, 31.59, 31.43, 30.19, 29.69, 28.13, 26.83, 

26.55, 24.43, 24.36, 24.29, 24.26, 24.09, 22.58, 14.07, 13.87. 31P NMR (161.9 MHz, 

CDCl3): δ 4.19 (s, 195Pt satellites, 1JPt-P = 2313.3 Hz). HRMS (MALDI-TOF-MS): m/z 

calcd for C141H217N6O6P6Pt3 [M+H]+ 2861.4229, found 2862.2185.

1.5 Preparation of Pt-2b@PDMS films

Pt-2b@PDMS films were prepared following the reported methods.S12 In brief, PDMS 

base gum (10 g) and curing agent (1 g) were mixed, and a specific concentration of Pt-

2b in CH2Cl2 was added under stirring. The mixture was stirred for 1 h at room 

temperature to evaporate excess CH2Cl2, resulting in a homogeneous solution. 

Subsequently, the solution was poured into glass substrates (diameter: 40 mm) and 

allowed to place in air for 30 min. The substrates were then placed in a vacuum oven at 

80 °C for another 5 h. Finally, the flexible and transparent Pt-2b@PDMS films were 

obtained by peeling off. Blank PDMS and C60@PDMS films were prepared using the 

same procedure. The thickness of each film measured with a vernier caliper is 

approximately 2 mm.
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2. Structural Characterization

Figure S1. 1H NMR spectrum (400 MHz, CDCl3, 298 K) of Pt-1a.

Figure S2. 13C NMR spectrum (101 MHz, CDCl3, 298 K) of Pt-1a.
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Figure S3. 31P{1H} NMR spectrum (162 MHz, CDCl3, 298 K) of Pt-1a.

Figure S4. MALDI-TOF-MS spectrum of Pt-1a.
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Figure S5. 1H NMR spectrum (400 MHz, CDCl3, 298 K) of Pt-2a.

Figure S6. 13C NMR spectrum (101 MHz, CDCl3, 298 K) of Pt-2a.
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Figure S7. 31P{1H} NMR spectrum (162 MHz, CDCl3, 298 K) of Pt-2a.

Figure S8. MALDI-TOF-MS spectrum of Pt-2a.
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Figure S9. 1H NMR spectrum (400 MHz, CDCl3, 298 K) of Pt-1b.

Figure S10. 13C NMR spectrum (101 MHz, CDCl3, 298 K) of Pt-1b.
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Figure S11. 31P{1H} NMR spectrum (162 MHz, CDCl3, 298 K) of Pt-1b.

Figure S12. MALDI-TOF-MS spectrum of Pt-1b.
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Figure S13. 1H NMR spectrum (400 MHz, CDCl3, 298 K) of Pt-2b.

Figure S14. 13C NMR spectrum (101 MHz, CDCl3, 298 K) of Pt-2b.
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Figure S15. 31P{1H} NMR spectrum (162 MHz, CDCl3, 298 K) of Pt-2b.

Figure S16. MALDI-TOF-MS spectrum of Pt-2b.
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Figure S17. 1H NMR spectrum (400 MHz, CDCl3, 298 K) of Pt-1c.

Figure S18. 13C NMR spectrum (101 MHz, CDCl3, 298 K) of Pt-1c.
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Figure S19. 31P{1H} NMR spectrum (162 MHz, CDCl3, 298 K) of Pt-1c.

Figure S20. MALDI-TOF-MS spectrum of Pt-1c.
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Figure S21. 1H NMR spectrum (400 MHz, CDCl3, 298 K) of Pt-2c.

Figure S22. 13C NMR spectrum (101 MHz, CDCl3, 298 K) of Pt-2c.
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Figure S23. 31P{1H} NMR spectrum (162 MHz, CDCl3, 298 K) of Pt-2c.

Figure S24. MALDI-TOF-MS spectrum of Pt-2c.
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3. Stability Study

Figure S25. UV−vis absorption spectra of Pt-1a–Pt-2c in toluene solution for various time 

periods (c = 1.0 × 10−5 mol L−1, r.t.).

Figure S26. Thermogravimetric analysis curves of Pt-1a–Pt-2c.

4. X-ray Crystal Structures

Table S1. Crystal data and structure refinement for Pt-1b and Pt-2b.

Identification Pt-1b Pt-2b

CCDC No. 2288730 2288731

Empirical formula C330H528P12Pt6 C324H522N6P12Pt6
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Formula weight 6037.67 6043.62

Temperature/K 195.00 193.00

Crystal system triclinic triclinic

Space group P-1 P-1

a/Å 18.5790(4) 23.4510(6)

b/Å 25.2197(5) 23.9387(7)

c/Å 37.9825(8) 34.2530(10)

α/° 94.7760(10) 101.488(2)

β/° 98.0640(10) 106.607(2)

γ/° 109.9000(10) 105.679(2)

Volume/Å3 16403.9(6) 16926.6(9)

Z 2 2

ρcald, g/cm3 1.222 1.186

μ/mm-1 5.572 5.045

F(000) 6312.0 6312.0

Crystal size/mm3 0.15 × 0.13 × 0.12 0.15 × 0.12 × 0.11

Radiation CuKα (λ = 1.54178) CuKα (λ = 1.54178)

2θ range for data collection/° 3.764 to 137.266 4.018 to 136.85

Reflections collected 195414 222903

Independent reflections 60085 [Rint = 0.0677, 

Rsigma = 0.0543]

61825 [Rint = 0.0553, Rsigma = 

0.0535]

Data/restraints/parameters 60085/9251/3652 61825/9831/3799

Goodness-of-fit on F2 1.056 1.053

Final R indexes [I>=2σ (I)] R1 = 0.0701, wR2 = 

0.1959

R1 = 0.0918, wR2 = 0.2838

Final R indexes [all data] R1 = 0.0950, wR2 = 

0.2198

R1 = 0.1089, wR2 = 0.2982

Largest diff. peak/hole / e Å-3 3.24/-2.98 2.56/-1.95
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Table S2. Crystal data and structure refinement for Pt-1c and Pt-2c.

Identification Pt-1c Pt-2c

CCDC No. 2213945 2288732

Empirical formula C144H219N3O6P6Pt3 C141H216N6O6P6Pt3

Formula weight 2859.30 2862.28

Temperature/K 193.00 195.00

Crystal system triclinic triclinic

Space group P-1 P-1

a/Å 18.7424(9) 20.0033(7)

b/Å 20.0929(8) 22.9084(8)

c/Å 22.3154(10) 34.0378(14)

α/° 82.091(2) 99.793(2)

β/° 68.858(2) 103.159(2)

γ/° 68.3640(10) 102.423(2)

Volume/Å3 7285.7(6) 14433.5(9)

Z 2 4

ρcald, g/cm3 1.303 1.317

μ/mm-1 2.990 6.351

F(000) 2952.0 5904.0

Crystal size/mm3 0.13 × 0.12 × 0.1 0.13 × 0.12 × 0.1

Radiation MoKα (λ = 0.71073) CuKα (λ = 1.54178)

2θ range for data collection/° 3.828 to 50.054 5.34 to 133.188

Reflections collected 106286 124503

Independent reflections 25665 [Rint = 0.0651, 

Rsigma = 0.0561]

48978 [Rint = 0.1195, Rsigma = 

0.1521]

Data/restraints/parameters 25665/4083/1599 48978/4154/3039

Goodness-of-fit on F2 1.044 0.958

Final R indexes [I>=2σ (I)] R1 = 0.0902, wR2 = R1 = 0.0922, wR2 = 0.2348
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0.2560

Final R indexes [all data] R1 = 0.1187 wR2 = 

0.2937

R1 = 0.1681, wR2 = 0.3073

Largest diff. peak/hole / e Å-3 3.55/-2.95 1.69/-0.88

Figure S27. (a) ORTEP diagram of Pt-1b. (Ellipsoids are drawn at the 30% probability level). (b) 

Crystal stacking model of Pt-1b. H atoms are omitted for clarity.

Table S3. Selected bond distances and bond angles with estimated standard deviations 

(Esd’s) in parentheses for Pt-1b.

Bond Distances (Å)

Pt1-C1 1.990(10) Pt2-P3 2.291(3)

Pt1-C52 2.007(9) Pt2-P4 2.287(2)

Pt1-P1 2.296(2) Pt3-C113 1.987(10)

Pt1-P2 2.303(2) Pt3-C326 1.996(12)

Pt2-C60 1.995(9) Pt3-P5 2.251(4)

Pt2-C85 2.008(8) Pt3-P6 2.283(4)

Bond Angles (°)

C1-Pt1-C52 179.2(4) C1-Pt1-P2 87.1(3)

P1-Pt1-P2 175.4(9) C52-Pt1-P1 92.1(3)

C1-Pt1-P1 88.5(3) C52-Pt1-P2 92.4(3)
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Figure S28. (a) ORTEP diagram of Pt-2b. (Ellipsoids are drawn at the 30% probability level). (b) 

Crystal stacking model of Pt-2b. H atoms are omitted for clarity.

Table S4. Selected bond distances and bond angles with estimated standard deviations 

(Esd’s) in parentheses for Pt-2b.

Bond Distances (Å)

Pt1-C187 2.067(13) Pt2-P3 2.286(4)

Pt1-C214 1.852 (16) Pt2-P4 2.302(4)

Pt1-P1 2.299(3) Pt3-C273 1.997(14)

Pt1-P2 2.305(3) Pt3-C298 1.993(14)

Pt2-C219 1.979(13) Pt3-P5 2.295(4)

Pt2-C244 1.992(14) Pt3-P6 2.315(13)

Bond Angles (°)

C187-Pt1-C214 177.9(6) C187-Pt1-P2 92.1(4)

P1-Pt1-P2 178.1(11) C214-Pt1-P1 92.7(4)

C187-Pt1-P1 88.3(4) C214-Pt1-P2 87.0(4)
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Figure S29. (a) ORTEP diagram of Pt-1c. (Ellipsoids are drawn at the 30% probability level). (b) 

Crystal stacking model of Pt-1c. H atoms are omitted for clarity.

Table S5. Selected bond distances and bond angles with estimated standard deviations 

(Esd’s) in parentheses for Pt-1c.

Bond Distances (Å)

Pt1-C9 1.973(11) Pt2-P4 2.253(5)

Pt1-C38 2.005(11) Pt2-P6 2.413(7)

Pt1-P1 2.300(3) Pt3-C26 2.073(11)

Pt1-P2 2.287(3) Pt3-C64 1.774(12)

Pt2-C27 1.997(11) Pt3-P3 2.328(4)

Pt2-C47 2.001(12) Pt3-P5 2.298(4)

Bond Angles (°)

C9-Pt1-C38 175.4(5) C9-Pt1-P2 92.6(3)

P1-Pt1-P2 177.9(11) C38-Pt1-P1 92.7(3)

C9-Pt1-P1 85.4(3) C38-Pt1-P2 89.2(3)
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Figure S30. (a) ORTEP diagram of Pt-2c. (Ellipsoids are drawn at the 30% probability level). (b) 

Crystal stacking model of Pt-2c. H atoms are omitted for clarity.

Table S6. Selected bond distances and bond angles with estimated standard deviations 

(Esd’s) in parentheses for Pt-2c.

Bond Distances (Å)

Pt1-C21 1.983(17) Pt2-P3 2.292(6)

Pt1-C11 1.965(17) Pt2-P4 2.284(6)

Pt1-P1 2.296(5) Pt3-C33 1.980(17)

Pt1-P2 2.281(5) Pt3-C15 2.019(17)

Pt2-C36 1.963(17) Pt3-P5 2.303(5)

Pt2-C13 1.996(17) Pt3-P6 2.301(14)

Bond Angles (°)

C11-Pt1-C21 172.2(8) C11-Pt1-P2 88.4(5)

P1-Pt1-P2 177.4(18) C21-Pt1-P1 87.8(5)

C11-Pt1-P1 92.2(5) C21-Pt1-P2 91.3(5)

Table S7. Hydrogen bonds for Pt-1b, Pt-2b, Pt-1c, and Pt-2c (Å and °).

Complexes D–H···A[a] d(D–H) d(H···A) d(D···A) <(DHA)

C47–H47···π1 0.98 3.72 4.58 147.74

C73–H73B···π2 0.99 2.92 3.87 160.94Pt-1b

C97–H97···π3 0.95 2.95 3.75 143.95
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C188–H18S···π4 0.99 3.68 4.67 174.21

C235–H23C···π5 0.99 3.25 3.75 112.91

C50–H50B···π6 0.99 3.33 4.26 157.88

C185–H18E···π7 0.99 3.31 4.24 155.61

C236–H23E···π8 0.99 3.30 4.23 157.29
Pt-2b

C256–H256···N2 0.95 2.67 3.47 142.47

C65–H65A···π9 0.98 3.61 4.61 157.93

C83–H83A···π10 0.99 2.85 3.84 178.07Pt-1c

C41–H41A···O5 0.99 2.72 3.53 140.08

C3–H3B···π11 0.99 2.67 3.60 155.67

C7–H7A···π12 0.99 2.81 3.60 137.27

C11–H11A···π13 0.99 2.76 3.79 141.88

C7–H7A···N6 0.99 2.62 3.59 165.39

Pt-2c

C9–H9A···O1 0.99 2.57 3.43 155.04

[a] π1 is the centroid of the aromatic ring C247-C252, π2 is the centroid of the aromatic ring C240-

C245, π3 is the centroid of the aromatic ring C206-C211, π4 is the centroid of the aromatic ring C94-

C99, π5 is the centroid of the aromatic ring C87-C92, π6 is the centroid of the aromatic ring C253-

C258, π7 is the centroid of the aromatic ring C138-C143, π8 is the centroid of the aromatic ring 

C144-C149, π9 and π10 are the centroid of the naphthalimide unit in Pt-1c, π11 and π13 are the centroid 

of the naphthalimide unit in Pt-2c, π12 is the centroid of the triazine core.

5. Photophysical Properties
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Figure S31. (a) Normalized UV−vis absorption spectra of Pt-Cl-b, Pt-1b, and Pt-2b in CH2Cl2. 

(b) Normalized emission spectra of Pt-Cl-b, Pt-1b, and Pt-2b in deaerated CH2Cl2 (c = 1.0 × 10−5 

mol L−1, r.t.).

Figure S32. Normalized UV−vis absorption spectra of Pt-1a–Pt-2c in different solvents (c = 1.0 × 

10−5 mol L−1, r.t.).
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Figure 33. Normalized emission spectra of Pt-1a–Pt-2c in different solvents (c = 1.0 × 10−5 mol 

L−1, r.t.).

Figure 34. Normalized emission spectra of Pt-1a, Pt-2a, Pt-1b, and Pt-1c in 2-Me THF at RT 

and 77 K (c = 1.0 × 10−5 mol L−1).
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Figure S35. Time-resolved nanosecond transient difference absorption spectra of Pt-1b, Pt-2b, 

Pt-1c, and Pt-2c in deaerated toluene (λex = 355 nm, c = 1.0 × 10–5 mol L−1).

Figure S36. Kinetic curves of Pt-1b, Pt-2b, Pt-1c, and Pt-2c in deaerated toluene (λex = 355 nm, c 

= 1.0 × 10–5 mol L–1).
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Figure S37. (a) Nanosecond transient absorption spectra of Pt-Cl-b, Pt-1b and Pt-2b. (b) 

Nanosecond transient absorption spectra of Pt-Cl-c, Pt-

1c and Pt-2c. (c-d) Kinetic curve of Pt-Cl-b and Pt-Cl-c in deaerated toluene. (λex = 355 nm, c = 

1.0 × 10–5 mol L-1).

6. Theoretical Calculations

Figure S38. The five highest occupied molecular orbitals (HOMOs) and five lowest unoccupied 

molecular orbitals (LUMOs) involved in the S1 and T1 transitions of Pt-1a.
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Table S8. Molecular orbitals (MOs) results for Pt-1a based on the optimized S0 

geometries.

Contribution percentages of fragments to MO (%)

Orbitals Energy (eV)
Pt atoms PMe3 Core

Ethynyl 

ligands

LUMO+4 -0.46 19.30 41.70 25.90 11.40

LUMO+3 -0.54 12.90 26.50 20.80 38.30

LUMO+2 -0.58 2.78 5.50 2.19 89.40

LUMO+1 -0.58 1.63 3.46 2.11 92.80

LUMO -0.60 7.95 15.60 15.50 59.60

HOMO -4.75 14.40 4.19 16.30 65.00

HOMO-1 -4.76 13.60 4.40 14.10 67.80

HOMO-2 -4.79 10.40 5.49 3.18 80.90

HOMO-3 -4.91 21.40 4.16 43.30 30.90

HOMO-4 -4.98 20.90 5.26 47.80 25.90

Figure S39. The five highest occupied molecular orbitals (HOMOs) and five lowest unoccupied 

molecular orbitals (LUMOs) involved in the S1 and T1 transitions of Pt-2a.

Table S9. Molecular orbitals (MOs) results for Pt-2a based on the optimized S0 

geometries.
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Contribution percentages of fragments to MO (%)

Orbitals Energy (eV)
Pt atoms PMe3 Core

Ethynyl 

ligands

LUMO+4 -0.61 1.79 3.36 0.53 94.60

LUMO+3 -0.62 1.70 3.72 0.73 94.30

LUMO+2 -0.63 4.85 15.10 3.57 81.30

LUMO+1 -1.14 11.40 17.66 66.20 4.79

LUMO -1.15 11.10 17.20 65.00 6.85

HOMO -4.83 10.10 12.40 2.26 82.10

HOMO-1 -4.84 9.99 14.30 2.03 82.40

HOMO-2 -4.85 9.39 6.12 1.59 83.20

HOMO-3 -5.15 0.01 0.03 0.01 99.90

HOMO-4 -5.16 0.01 0.04 0.01 99.90

Figure S40. The five highest occupied molecular orbitals (HOMOs) and five lowest unoccupied 

molecular orbitals (LUMOs) involved in the S1 and T1 transitions of Pt-1b.

Table S10. Molecular orbitals (MOs) results for Pt-1b based on the optimized S0 

geometries.

Orbitals Energy (eV) Contribution percentages of fragments to MO (%)
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Pt atoms PMe3 Core
Ethynyl 

ligands

LUMO+4 -0.39 42.00 48.10 22.00 9.93

LUMO+3 -0.56 45.90 35.10 30.10 19.00

LUMO+2 -0.70 5.52 6.19 2.39 88.30

LUMO+1 -0.70 6.26 6.44 3.13 87.30

LUMO -0.71 3.07 6.25 2.41 88.30

HOMO -4.78 3.12 3.92 21.30 58.30

HOMO-1 -4.80 3.13 4.50 14.30 67.40

HOMO-2 -4.83 15.80 5.39 3.29 80.10

HOMO-3 -4.93 20.00 4.41 38.90 36.40

HOMO-4 -5.05 24.10 6.19 52.10 21.40

Figure S41. The five highest occupied molecular orbitals (HOMOs) and five lowest unoccupied 

molecular orbitals (LUMOs) involved in the S1 and T1 transitions of Pt-2b.

Table S11. Molecular orbitals (MOs) results for Pt-2b based on the optimized S0 

geometries.

Contribution percentages of fragments to MO (%)
Orbitals Energy (eV)

Pt atoms PMe3 Core Ethynyl 
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ligands

LUMO+4 -0.72 2.03 2.93 1.87 92.90

LUMO+3 -0.72 1.78 2.99 0.93 94.00

LUMO+2 -0.74 2.58 5.48 1.09 90.40

LUMO+1 -1.17 10.80 16.10 66.00 5.08

LUMO -1.17 11.20 17.40 65.50 2.95

HOMO -4.89 9.66 5.82 1.82 70.80

HOMO-1 -4.89 9.57 5.63 1.81 81.60

HOMO-2 -4.90 9.67 5.79 1.83 70.40

HOMO-3 -5.36 38.20 1.04 28.40 22.50

HOMO-4 -5.37 39.30 1.07 25.80 24.70

Figure S42. The five highest occupied molecular orbitals (HOMOs) and five lowest unoccupied 

molecular orbitals (LUMOs) involved in the S1 and T1 transitions of Pt-1c.

Table S12. Molecular orbitals (MOs) results for Pt-1c based on the optimized S0 

geometries.

Contribution percentages of fragments to MO (%)

Orbitals Energy (eV)
Pt atoms PMe3 Core

Ethynyl 

ligands
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LUMO+4 -0.97 19.20 43.10 30.00 7.70

LUMO+3 -1.09 18.20 38.00 36.40 7.46

LUMO+2 -2.16 1.89 2.52 0.26 95.30

LUMO+1 -2.16 1.86 2.50 0.24 95.40

LUMO -2.17 1.83 2.52 0.23 95.40

HOMO -5.32 25.80 1.61 59.50 13.10

HOMO-1 -5.38 20.80 3.53 54.10 21.60

HOMO-2 -5.52 12.30 5.49 5.22 76.90

HOMO-3 -5.54 11.00 5.95 3.11 79.90

HOMO-4 -5.57 15.10 5.86 13.10 65.90

Figure S43. The five highest occupied molecular orbitals (HOMOs) and five lowest unoccupied 

molecular orbitals (LUMOs) involved in the S1 and T1 transitions of Pt-2c.

Table S13. Molecular orbitals (MOs) results for Pt-2c based on the optimized S0 

geometries.

Contribution percentages of fragments to MO (%)

Orbitals Energy (eV)
Pt atoms PMe3 Core

Ethynyl 

ligands

LUMO+4 -1.59 11.10 16.40 67.20 5.30
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LUMO+3 -1.60 11.60 17.00 66.30 5.08

LUMO+2 -2.20 1.84 2.52 0.22 90.50

LUMO+1 -2.20 1.77 2.54 0.29 95.30

LUMO -2.20 1.89 2.61 0.40 95.10

HOMO -5.58 11.00 5.81 2.80 70.60

HOMO-1 -5.58 10.50 6.00 2.32 77.70

HOMO-2 -5.59 10.40 6.00 2.17 80.70

HOMO-3 -5.88 38.10 1.05 32.00 25.70

HOMO-4 -5.89 37.70 1.01 32.60 26.70

Table S14. Natural transition orbitals (NTOs) results for Pt-1a–Pt-2c based on their 

optimized T1 geometries.

Contribution percentages of fragments to NTOs (%)

Complexes NTOs[a]

Pt atoms PMe3 Core
Ethynyl 

ligands

P 5.74 5.67 2.99 85.23
Pt-1a

H 11.14 0.93 3.93 83.95

P 5.70 6.27 5.86 82.17
Pt-2a

H 10.30 1.02 3.19 85.49

P 4.72 3.86 1.57 89.80
Pt-1b

H 9.04 0.92 2.38 87.70

P 4.64 4.21 3.78 87.12
Pt-2b

H 8.69 0.92 2.50 87.85

P 2.56 2.39 0.46 94.58
Pt-1c

H 5.23 2.73 0.99 91.05

P 4.25 3.13 0.56 92.06
Pt-2c

H 2.29 2.59 0.41 94.72

[a] H and P represent NTO hole and particle orbitals, respectively.
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7. Nonlinear Optical Properties

Figure S44. Open-aperture Z-scan curves for toluene at 532 nm.

8. Solid-state Optical Limiter Devices

Figure S45. (a) Surface and (b) cross-sectional FE-SEM images of the Pt-2b@PDMS-1.00 wt%, 

respectively. (c-h) Corresponding elemental mappings of C, N, O, Si and Pt, respectively.
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Figure S46. (a) Linear transmittance spectrum of Pt-2b@PDMS-5.00 wt% (inset: Optical 

photograph of Pt-2b@PDMS-5.00 wt%). (b) Comparison of the OPL performance between Pt-

2b@PDMS-1.00 wt% and Pt-2b@PDMS-5.00 wt%.

Figure S47. (a) Open-aperture Z-scan curves and (b) output fluence versus input fluence curve for 

blank PDMS at 532 nm.

Figure S48. (a) Open-aperture Z-scan curves and (b) output fluence versus input fluence curves 

for Pt-2b in toluene and PDMS matrix at 532 nm. (c) Normalized emission spectra of Pt-2b in 

toluene and PDMS matrix.
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Figure S49. (a) Optical photographs of Pt-2b@PDMS and C60@PDMS films with various 

concentrations. (b) Linear transmittance spectra of C60@PDMS-0.05 wt% and C60@PDMS-0.10 

wt%.

Figure S50. Comparison of the NLO performance between Pt-2b@PDMS and C60@PDMS films 

with various concentrations.

Table S15. Linear and nonlinear optical parameters for Pt-2b@PDMS films with 

various concentrations.

Samples T0 (%)[a] Tmin
[b] βeff (cm GW-1)[c] FOL (J cm-2)[d]

blank PDMS 93.19 1 - -

Pt-2b@PDMS-0.05 wt% 91.35 0.46 317.22 0.57

Pt-2b@PDMS-0.10 wt% 90.45 0.42 394.58 0.52

Pt-2b@PDMS-0.20 wt% 85.56 0.33 513.75 0.39

Pt-2b@PDMS-0.50 wt% 77.28 0.25 650.06 0.33

Pt-2b@PDMS-1.00 wt% 67.09 0.11 965.83 0.26

[a] Linear transmittance at 532 nm (the thickness of all films is 2 mm). [b] The normalized minimum 

transmittance at the position Z = 0. [c] Third-order nonlinear absorption coefficient. [d] Optical 

limiting threshold.
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