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1. Materials and methods

1.1 General information

All reagents were of analytical purity and used without further treatment. TLC analyses 

were performed on silica-gel plates, and flash chromatography was conducted using 

silica-gel column packages. All air-sensitive reactions were carried out under inert N2 

atmosphere. 1H NMR, 31P NMR and 13C NMR spectra were recorded on Bruker 400 

MHz Spectrometer (1H: 400 MHz; 31P: 162 MHz; 13C: 100 MHz) or Bruker 500 MHz 

Spectrometer (1H: 500 MHz; 31P: 202 MHz; 13C: 126 MHz) at 298 K. The 1H NMR 

chemical shifts are reported relative to residual solvent signals, and 31P NMR 

resonances are referenced to an internal standard sample of 85% H3PO4 (δ 0.0). 

Coupling constants (J) are denoted in Hz and chemical shifts (δ) are denoted in ppm. 

2D NMR spectra (1H-1H COSY and DOSY) were recorded on Bruker 500 MHz 

Spectrometer (1H: 500 MHz) at 298 K. 2D NOESY was recorded on Bruker 400 MHz 

Spectrometer (1H: 400 MHz) at 298 K. The HR-ESI mass spectra were performed on 

Waters (SYNAPTG2-Si) Ion Mobility-Mass Spectrometry.

1.2 UV-Vis absorption, fluorescence emission spectra

UV-vis spectra were recorded in a quartz cell (light path 10 mm) on a Shimadzu 

UV2700 UV-visible spectrophotometer. Steady-state fluorescence spectra were 

recorded in a conventional quartz cell (light path 10 mm) on a Shimadzu RF-6000 

fluorescence spectrophotometerr (slit width 5 nm/5 nm for ex/em except for special 

instructions). All spectral measurements were made at room temperature.

1.3 Fluorescence quantum yields

Fluorescence quantum yields were measured in absolutely in solution using a 

commercial fluorometer with integrating sphere (RF6000, shimadzu). 

1.4 Fluorescence lifetimes

The Fluorescence lifetimes were recorded in a quartz cell (light path 10 mm) on the 

Edinburgh FLS980 transient fluorescence spectrometer.
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2. Synthesis and characterization

Br Br
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Scheme S1. Synthesis of ligand 1.

Synthesis of compound 1: Compound 1a (1.90 g, 2.67 mmol) and 4-pyridylboronic acid 

(1.92 g, 16.00 mmol) were added to a 200 mL Schlenk flask and the flask was evacuated 

and refilled with N2 three times. Then the freshly distilled toluene (80 mL), ethanol (20 

mL), and aqueous K2CO3 (2.88 g, 21.36 mmol) solution (20 mL) were added under 

nitrogen, Pd(PPh3)4 (601 mg, 0.52 mmol) was then added, and the reaction mixture was 

stirred at 80°C for 48 h under nitrogen atmosphere. After cooling to room temperature, 

the product was concentrated and purified by flash column chromatography to afford 

compound 1 (820 mg, 43.4%) as yellow powder. 1H NMR (500 MHz, acetone-d6) δ 

(ppm): 8.59 (d, J = 5.0 Hz, 4H), 7.59 (m, 8H), 7.19 (d, J = 5.0 Hz, 4H), 6.99 (d, J = 

10.0 Hz, 4H), 6.71 (d, J = 10.0 Hz, 4H), 3.92 (t, J = 10.0 Hz, 4H), 2.46 (t, J = 5.0 Hz, 

4H), 1.72‒1.82 (m, 4H), 1.67‒1.68 (m, 4H), 1.53‒1.62 (m, 4H). 13C NMR (126 MHz, 

acetone-d6) δ (ppm): 159.07, 151.35, 147.86, 146.31, 142.96, 138.56, 136.76, 136.34, 

133.46, 133.08, 127.18, 121.83, 120.70, 114.70, 68.18, 26.11, 26.07, 17.20. ESI-MS: 

Calculated for [1 + H]+: 709.3519; Found: 709.3530.

Scheme S2. Synthesis of metallacycle M.
Synthesis of metallacycle M: The 1 (12.63 mg, 17.82 μmol), and 2 (20.79 mg, 17.82 

μmol) were mixed in a 1:1 molar ratio and dissolved in acetone/water (2.4 mL, 5:1, 
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v/v). The whole reaction mixture was heated at 50℃ for 8 h to yield a homogeneous 

solution and then cooled to room temperature. Then the addition of a saturated aqueous 

solution of KPF6 into the bottle with continuous stirring precipitated the product. The 

reaction mixture was centrifuged, washed several times with water, and dried. The 

product M was collected and re-dissolved in acetone-d6 for NMR analysis.
 1H NMR 

(500 MHz, acetone-d6) δ (ppm): 8.98 (d, J = 5.0 Hz, 4H), 8.11 (d, J = 10.0 Hz, 4H), 

7.83 (d, J = 15.0 Hz, 4H), 7.70 (d, J = 10.0 Hz, 4H), 7.57 (d, J = 10.0 Hz, 4H), 7.30 (d, 

J = 10.0 Hz, 4H), 7.04 (d, J = 10.0 Hz, 4H), 6.78 (d, J = 10.0 Hz, 4H), 3.99 (t, J = 10.0 

Hz, 4H), 2.50 (t, J = 10.0 Hz, 4H), 1.78–1.83 (m, 4H), 1.68–1.74 (m, 4H), 1.60–1.64 

(m, 4H), 1.49–1.50 (m, 24H), 1.13–1.25 (m, 36H). 31P NMR (202 MHz, acetone-d6) δ 

(ppm): 14.22 (JPt-P = 2654.3 Hz). 13C NMR (126 MHz, acetone-d6) δ (ppm): 159.22, 

153.48, 150.71, 137.04, 134.07, 133.84, 133.43, 133.37, 130.05, 127.58, 125.18, 

120.63, 114.69, 26.04, 25.94, 17.10, 13.27, 13.11, 12.94, 7.86. ESI-TOF-MS: 

Calculated for [M – 5PF6
-]5+: m/z = 1080.0123, [M – 4PF6

-]4+: m/z = 1386.2565, [M – 

3PF6
-]3+: m/z = 1896.6636; Found: m/z = 1080.0124, m/z = 1386.2562. 

Compounds 3 and 4 were synthesized according to the literatures[1-2].
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Figure S1. 1H NMR (500 MHz, acetone-d6, 298 K) spectrum of 1.

O ONC CN

N N1

Figure S2. 13C NMR (126 MHz, acetone-d6, 298 K) spectrum of 1.

M
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Figure S3. 1H NMR (500 MHz, acetone-d6, 298 K) spectrum of M.
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Figure S4. 31P NMR (202 MHz, acetone-d6, 298 K) spectrum of M.

Figure S5. 13C NMR (126 MHz, acetone-d6, 298 K) spectrum of M.
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Figure S6. Partial 31P {1H} NMR spectra (202 MHz, acetone-d6, 298 K) of self-
assembled hexagon metallacycle M (a) and 120° diplatinum(II) acceptor 2 (b).

Figure S7. Partial 1H NMR spectra (500 MHz, acetone-d6, 298 K) of 120° 
diplatinum(II) acceptor 2 (a), self-assembled hexagon metallacycle M (b) and 120° 
dipyridyl donor 1 (c). 
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Figure S8. 2D COSY NMR (500 MHz, acetone-d6, 298 K) spectrum of M.
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Figure S9. 2D NOESY NMR (400 MHz, acetone-d6, 298 K) spectrum of M.



S9

Figure S10. 2D DOSY NMR (500 MHz, acetone-d6, 298 K) spectrum of M.
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Figure S11. Theoretical (top) and experimental (bottom) ESI-TOF-MS of rhomboidal 
metallacycle M.
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33.74 Å 

14.86 Å 

Figure S12. Simulation geometric structures of the self-assembled metallacycle M 
optimized by the GFN2-xTB semiempirical tight-binding method[3]

3. Host-guest complexation studies in dilute solution.

Figure S13. 1H NMR spectra (500 MHz, acetone-d6, 298 K) of 1.0 mM M (a), 1.0 mM 
M and 6.0 mM 3 (b), and 6.0 mM 3 (c).

Figure S14. 1H NMR spectra (500 MHz, acetone-d6/THF-d8(v/v, 4/1), 298 K) of 1.0 
mM M (a), 1.0 mM M and 3.0 mM 4 (b), and 3.0 mM 4 (c).
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Figure S15. The UV/vis titration of pillar[5]arene ligand 4 with the addition of ligand 1 
in acetone (a) and in acetone/water (v/v, 9/1) (c). By using the website 
(http://app.supramolecular.org/bindfit), the binding constant was calculated to be K = 
389.08 ± 5.16 M-1 in acetone (b) and K = 676.15 ± 4.62 M-1 in acetone/water (v/v, 9/1) 
(d), respectively.
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Figure S16. (a) The UV-vis spectra in acetone of pillar[5]arene ligand 3 (Host) with 
the addition of metallacycle M (Guest) ([3] + [M] = 20 μM). (b) Job plot for long-chain 
alkyl-CN-containing metallacycle M and pillar[5]arene ligand 3 in acetone ([M] + [3] 
= 20 μM). (c) The UV-vis spectra in acetone of pillar[5]arene ligand 4 (Host) with the 
addition of metallacycle M (Guest) ([4] + [M] = 20 μM). (d) Job plot for long-chain 
alkyl-CN-containing metallacycle M and pillar[5]arene ligand 4 in acetone ([M] + [4] 
= 20 μM).

4. Photophysical properties study
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Figure S17. (a) Normalized emission spectrum of M and absorption spectrum of 3. (b) 
Normalized emission spectrum of M and absorption spectrum of 4.
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Figure S18. Absorption spectra of M with the addition of 3 in the acetone/water (1/9, 
v/v) ([TPE unit] = 20 μM).

Figure 19. Fluorescence emission spectra of M and M-3 in the acetone/water mixtures 
(1/9) (ex = 365 nm, slit (5, 5), [TPE unit] = 20 μM, [BODIPY unit] = 40 μM)
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Figure S20. Absorption spectra of M with the addition of 4 in the acetone/water (1/9, 
v/v) ([TPE unit] = 20 μM).



S14

Figure S21. Fluorescence emission spectra of M and M-4 in the acetone/water mixtures 
(1/9, v/v) (ex = 365 nm, slit (5, 5), [TPE unit] = 20 μM, [DSA unit] = 20 μM).
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Figure S22. Fluorescence emission spectra at 400-500 nm (a) and at 500-700 nm (b) 
of M with the addition of 4 in the acetone/water (1/9, v/v) (ex = 365 nm, [TPE unit] = 
20 μM).

Table S1. The fluorescence lifetime of M-3-5 in the mixtures of acetone/water (1/9, 
v/v).

τ1/ns RW1[%] τ2/ns RW2[%] τ

M 1.41 98.5 4.49 1.5 1.55

M-3
(1:6)

0.95 100 --- --- 0.95

M-3-5
 (1:6:0.067)

0.81 100 --- --- 0.82
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Table S2. The fluorescence lifetime of M-4-5 in the mixtures of acetone/water (1/9, 
v/v).

τ1/ns RW1[%] τ2/ns RW2[%] τ

M 1.41 98.5 4.49 1.5 1.55

M-4
(1:3) 1.21 99.2 4.17 0.8 1.28

M-4-5
 (1:3:0.100)

1.13 99.8 5.09 0.2 1.17

5. Morphology characterization
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Figure S23. DLS data and TEM image of M-3 (a), M-3-5 (b) in the acetone/water (1/9, 
v/v) ([TPE unit] = 20 μM, [BODIPY unit] = 40 μM, [NiR unit] = 0.447 μM). Inset: 
Photograph of the Tyndall effect. 
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Figure S24. DLS data and TEM image of M-4 (a), M-4-5 (b) in the acetone/water (1/9, 
v/v) ([TPE unit] = 20 μM, [DSA unit] = 20 μM, [NiR unit] = 0.667 μM). Inset: 
Photograph of the Tyndall effect.
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6. Calculations of energy transfer efficiency and antenna effect
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Figure S25. (a) Normalized emission spectrum of M-3 and absorption spectrum of 5. 
(b) Normalized emission spectrum of M-4 and absorption spectrum of 5.
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Figure S26. (a) Fluorescence emission spectra of M-3 (1:6) and M-3-5 (1:6:0.067) in 
acetone/water. (b) Fluorescence emission spectra of M-3 (1:6) (black line normalized 
according to the intensity at 530 nm of the red line), M-3-5 (1:6:0.067) at 365 nm (red 
line) and 550 nm (blue line) in the acetone/water (1/9, v/v) (slit (5 nm, 5 nm), [TPE 
unit] = 20 μM, [BODIPY unit] = 40 μM, [NiR unit] = 0.447 μM). 
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Figure S27. (a) Fluorescence emission spectra of M-4 (1:3) and M-4-5 (1:3:0.1) in 
acetone/water. (b) Fluorescence emission spectra of M-4 (1:3) (black line normalized 
according to the intensity at 530 nm of the green line), M-4-5 (1:3:0.1) at 365 nm (green 
line) and 550 nm (orange line) in acetone/water (1/9, v/v) (slit (5 nm, 5 nm), [TPE unit] 
= 20 μM, [DSA unit] = 40 μM, [NiR unit] = 0.667 μM).
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Figure S28. (a) Fluorescence emission spectra of M in acetone/water (1/9, v/v) with 
the addition of 5. (b) Fluorescence emission spectra of M-5 (1:0.1) in acetone/water. 
(c) Fluorescence emission spectra of M (back line normalized according to the intensity 
at 550 nm of the red line), M-5 (1:0.1) at 365 nm (red line) and 550 nm (orange line) in 
acetone/water (1/9, v/v) (slit (5 nm, 5 nm), [TPE unit] = 20 μM, [NiR unit] = 0.667 
μM).

7. DFT calculations

The structural optimization and molecular orbital calculations of TPE, BODIPY, DSA, 

and NiR are based on Gaussian164. The optimization geometry task uses Becke’s three-

parameter hybrid functional with the Lee–Yang–Parr correlation functional (B3LYP)5 

and 6-31+G* basis set. Rendering of molecular orbitals and intermolecular interactions 

using IQmol software. Dispersion correction is performed using the Grimme-D3 (BJ) 

method6.
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Figure S29. Calculated HOMO and LUMO orbitals and corresponding orbital energies 
of TPE, DSA, and NiR molecules.
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Figure S30. Calculated HOMO and LUMO orbitals and corresponding orbital energies 
of TPE, BODIPY, and NiR molecules.
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