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Scheme S1. Synthesis of ligands 2 and 4. 
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Scheme S2. Synthesis of compounds 5, 6 and 7. 
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Scheme S3. Synthesis of hexameric monomer (Hex-M, compound 9). 
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Scheme S4. Synthesis of ligands 11 and 14. 
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Scheme S5. Synthesis of trimeric monomer (Tri-M, compound 17). 

 

 

 

Scheme S6. Synthesis of alkyne-terminated pentaethylene glycol (Alkyne-PEG). 
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Scheme S7. Synthesis of metallo-polymer with hexameric repeat unit (Hex-P, compound 19) 

and metallo-polymer with trimeric repeat unit (Tri-P, compound 20). 
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Materials and Methods 

All reagents were purchased from Sigma-Aldrich, Fisher, Acros, and Alfa Aesar. And they 

were used as received unless noted otherwise. Column chromatography was conducted using 

neutral Al2O3 (Brockman I, activity, 58 Å) or SiO2 (VWR, 40-60 μm, 60 Å) and the separated 

products were visualized by UV light. 

Nuclear magnetic resonance (NMR) spectra data were recorded on an Agilent 

Technologies 600 MHz nuclear magnetic resonance instrument and a Bruker 400 MHz nuclear 

magnetic resonance instrument using CDCl3 and CD3CN as the solvents with tetramethylsilane 

(TMS) as the internal standard at 25 °C. 

Electrospray ionization mass spectrometry (ESI-MS) and travelling wave ion 

mobility mass spectrometry (TWIM-MS) spectra were collected on a Waters Synapt G2 

mass spectrometer, using solutions of 0.01 mg sample in 1 mL of CHCl3/CH3OH (1:3, v/v) or 

acetonitrile for the intermediate compounds and ligands. The TWIM-MS experiments were 

performed under the following conditions: ESI capillary voltage, 1-3 kV; sample cone voltage, 

20-30 V; extraction cone voltage, 3 V; source temperature 100 ºC; desolvation temperature, 

200 ºC; cone gas flow, 10 L/h; desolvation gas flow, 700 L/h (N2); source gas control, 0 mL/min; 

trap gas control, 2 mL/min; helium cell gas control, 100 mL/min; ion mobility (IM) cell gas 

control, 30 mL/min; sample flow rate, 5 μL/min; IM traveling wave height, 25 V; and IM 

traveling wave velocity, 1000 m/s. 

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

characterization was conducted on a Bruker UltrafleXtreme TOF/TOF mass spectrometer 

(Bruker Daltonics, Inc., Billerica, MA) equipped with a Nd: YAG laser (355 nm). Trans-2-[3-

(4-tert-butylphenyl)-2-methyl-2-propenylidene] malononitrile (DCTB, Aldrich, >99%) was 
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served as matrix. The matrix dissolved in CHCl3 at 20 mg mL-1 and the metallo-polymers (Hex-

P and Tri-P) were dispersed in DMF at 10 mg mL-1. Sample was prepared by depositing 0.5 

μL of matrix on the wells of a 384-well ground-steel plate, allowing the spots to dry, depositing 

0.5 μL of the sample on a spot of dry matrix, and adding another 0.5 μL of matrix on top of the 

dry sample. The plate was inserted into the MALDI source after drying. The sample was 

conducted in linear mode. And the data analysis was conducted with Bruker’s FlexAnalysis 

software. 

Ultraviolet visible (UV-vis) spectra were recorded on a HORIBA Scientific FluoroMax-

4 spectrofluorometer at room temperature. 

Scanning tunneling microscope (STM). UHV-LT-STM experiments were performed at 

4 K using a home-built system with a Besoke-Beetle type STM scanner. The Ag(111) substrate 

was cleaned by repeated cycles of sputtering and annealing up to 1000 K. An electrochemically 

etched polycrystalline tungsten wire was used for the STM tip. The tip apex was prepared by 

using a controlled tip-crash procedure. The samples were deposited onto the cleaned Ag(111) 

surface at 25 °C, and then cooled to 4 K inside the STM system. 

Molecular modeling. Energy minimization was conducted with Materials Studio version 

4.2, using the Anneal and Geometry Optimization tasks in the Forcite module (Accelrys 

Software, Inc.). The effects of the counterions were omitted in the modeling. Geometry 

optimization was conducted using a universal force field with atom-based summation and cubic 

spline truncation for both the electrostatic and van der Waals parameters. 
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Experimental Section 

Counterion exchange. For samples, the counterion was exchanged from Cl- to PF6
- for better 

solubility before the NMR and MS characterization. The general procedure of counterion 

exchange was as follows. First, sample was dissolved in a mixed solvent of CHCl3/CH3OH 

(1/1, v/v) or DMF, and then the mixture was added into a solution of excess NH4PF6 in CH3OH 

(the volume of CH3OH was 5 times of the sample solution), which afforded the corresponding 

precipitate. Then, the precipitate was collected through centrifugation, washed by methanol 

repeatedly and dried in vacuum. 

 

Compound 1.1 3,5-dibromophenol (20 mmol, 5.0 g) and K2CO3 (120 mmol, 16.6 g) were 

added into a 200 mL Schlenk flask and degassed for three times. 1-bromooctane (30 mmol, 5.8 

g) and DMF (120 mL) were added under N2. The solution was stirred at 100 oC for 24 h under 

N2. After that, the mixture was cooled to room temperature. Then 200 mL distilled water was 

added and extracted with CH2Cl2. The combined organic phase was washed with brine and 

dried with anhydrous Na2SO4. After concentrated by rotary evaporator, the crude product was 

purified by column chromatography on silica gel with hexanes. 6.6 g pure product was obtained 

with high purity (Yield 91%), which was proved by 1H NMR. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 7.22 (s, 1H, Ha), 6.98 (s, 2H, Hb), 3.91 (t, 2H, J = 6.3 Hz, Hc), 1.79-1.72 (m, 2H, Hd), 
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1.46-1.39 (m, 2H, He), 1.36-1.27 (m, 8H, -CH2), 0.89 (t, 3H, J = 6.7 Hz, Hf). 13C NMR (100 

MHz, CDCl3) δ (ppm) 160.51, 126.28, 123.19, 117.07, 68.78, 31.94, 29.41, 29.35, 29.14, 26.06, 

22.80, 14.25. 

 

 

Compound 2.1 A mixture of compound 1 (18.3 mmol, 6.7 g), 4′-(4-boronatophenyl)-2,2′:6′,2″-

terpyridine (73.2 mmol, 28.1 g), Na2CO3 (219.6 mmol, 23.3 g) and Pd(PPh3)2Cl2 (1.0 g) was 

added into a 500 mL Schlenk flask and degassed for three times. Under N2 atmosphere, 200 

mL toluene, 50 mL tert-butyl alcohol and 100 mL H2O were added. The mixture was stirred at 

85 ºC for 48 h. After cooling to room temperature, the mixture was poured into 200 mL H2O 

and extracted with CHCl3. The combined organic layer was washed with brine, dried over 

anhydrous Na2SO4 and then concentrated by rotary evaporator. The crude product was purified 

by column chromatography on silica gel with the eluent from CH2Cl2 to CH2Cl2/CH3OH = 

100/1 (v/v, gradient) to afford a white solid. After dried in vacuum, 10.5 g product was obtained, 

and the yield was 70%. 1H NMR (600 MHz, CDCl3) δ (ppm) 8.81 (s, 4H, H3',5'), 8.76 (d, 4H, J 

= 4.3 Hz, H6,6”), 8.69 (d, 4H, J = 7.9 Hz, H3,3”), 8.04 (d, 4H, J = 8.2 Hz, Hw), 7.89 (td, 4H, J = 

7.8 Hz, 1.3 Hz, H4,4”), 7.82 (d, 4H, J = 8.2 Hz, Hv), 7.52 (s, 1H, Hj), 7.39-7.33 (m, 4H, H5,5”), 
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7.21 (s, 2H, Hh), 4.13 (t, 2H, J = 6.5 Hz, Ha), 1.93-1.83 (m, 2H, alkyl chain -CH2), 1.59-1.49 

(m, 2H, alkyl chain -CH2), 1.44-1.26 (m, 8H, alkyl chain -CH2), 0.90 (t, 3H, J = 6.6 Hz, He). 

13C NMR (150 MHz, CDCl3) δ (ppm) 160.19, 156.35, 156.06, 149.88, 149.23, 142.56, 141.90, 

137.69, 137.06, 127.92, 127.88, 123.98, 121.55, 118.90, 118.70, 112.80, 68.48, 31.98, 29.55, 

29.54, 29.42, 26.28, 22.82, 14.26. ESI-MS (m/z): Calcd. for [C56H48N6O + 2H+]2+: 411.20, 

Found: 411.13; Calcd. for [C56H48N6O + H+]+: 821.40, Found: 821.40. 

 

 

Compound 3.2 A two-phase mixture of 3,5-dibromophenol (5 mmol, 1.3 g), 1,10-

dichlorodecane (10 mmol, 2.1 g), tetrabutylammonium hydrogen sulfate (IPC-TBA-HS, 0.1 

mmol, 34.0 mg) and 3 M NaOH (3 mL) was heated to reflux for 16 h. After cooling to room 

temperature, the mixture was washed by water and extracted by CHCl3. After dried by 

anhydrous Na2SO4, the organic layer was concentrated by rotary evaporator. The crude product 

was purified by column chromatograph on silica gel with the eluent from hexanes to ethyl 

acetate/hexanes = 1/10 (v/v, gradient). After dried in vacuum, 1.1 g product was obtained, and 

the yield was 52%. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.22 (s, 1H, Ha), 6.98 (s, 2H, Hb), 

3.91 (t, 2H, J = 5.8 Hz, Hc), 3.53 (t, 2H, J = 6.3 Hz, Hd), 1.79-1.73 (m, 4H, alkyl chain -CH2), 

1.46-1.40 (m, 4H, alkyl chain -CH2) , 1.34-1.28 (m, 8H, alkyl chain -CH2). 13C NMR (100 
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MHz, CDCl3) δ (ppm) 160.47, 126.27, 123.18, 117.05, 68.71, 45.29, 32.76, 29.53, 29.49, 29.36, 

29.10, 28.98, 26.99, 26.02. 

 

 

Compound 4.1 A mixture of compound 3 (2 mmol, 0.85 g), 4′-(4-boronatophenyl)-2,2′:6′,2″-

terpyridine (8 mmol, 2.8 g), Na2CO3 (24 mmol, 2.5 g) and Pd(PPh3)2Cl2 (0.24 mmol, 0.17 g) 

was added into 200 mL Schlenk flask and degassed for three times. Under N2 atmosphere, 30 

mL toluene, 10 mL tert-butyl alcohol and 30 mL H2O were added. The mixture was stirred at 

85 ºC for 48 h. After cooling to room temperature, the mixture was poured into 200 mL H2O 

and extracted with CHCl3. The combined organic layer was washed with brine, dried over 

anhydrous Na2SO4 and then concentrated by rotary evaporator. The crude product was purified 

by column chromatography on silica gel with the eluent from CH2Cl2 to CH2Cl2/CH3OH = 

100/1 (v/v, gradient) to afford a white solid. After dried in vacuum, 0.75 g product was obtained, 

and the yield was 43%. 1H NMR (600 MHz, CDCl3) δ (ppm) 8.81 (s, 4H, H3',5'), 8.75 (d, 4H, J 

= 3.8 Hz, H6,6”), 8.69 (d, 4H, J = 7.7 Hz, H3,3”), 8.03 (d, 4H, J = 7.9 Hz, Hw), 7.88 (t, 4H, J = 

7.2 Hz, H4,4”), 7.81 (d, 4H, J = 7.8 Hz, Hv), 7.52 (s, 1H, Hj), 7.36 (t, 4H, J = 5.8 Hz, H5,5”), 7.21 

(s, 2H, Hh), 4.13 (t, 2H, J = 6.1 Hz, Ha), 3.53 (t, 2H, J = 7.0 Hz, He), 1.91-1.84 (m, 2H, alkyl 
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chain -CH2), 1.80-1.74 (m, 2H, alkyl chain -CH2), 1.57-1.50 (m, 2H, alkyl chain -CH2), 1.47-

1.38 (m, 4H, alkyl chain -CH2), 1.37-1.30 (m, 6H, alkyl chain -CH2). 13C NMR (150 MHz, 

CDCl3) δ (ppm) 160.19, 156.35, 156.07, 149.89, 149.23, 142.58, 141.90, 137.72, 137.08, 

127.93, 127.89, 123.99, 121.56, 118.91, 118.73, 112.81, 68.44, 45.32, 32.79, 29.62, 29.55, 

29.53, 29.03, 27.03, 26.25. ESI-MS (m/z): Calcd. for [C58H51N6OCl + 2H+]2+: 442.20, Found: 

442.18; Calcd. for [C58H51N6OCl + H+]+: 883.39, Found: 883.49. 

 

Ru(DMSO)4Cl2. To a 100 mL Schlenk flask, a mixture of RuCl3·xH2O (7.7 mmol, 1.6 g) and 

DMSO (5 mL) were added and degassed for 20 min. Then 17.5 mL isopropanol was added 

under N2. After heating at 85 ºC for 48 h, the mixture was cooled to room temperature. A yellow 

solid product was obtained after filtering and washing with acetone, toluene and diethyl ether 

in turn. After dried in vacuum, 2.5 g product was obtained, and the yield was 67%. The product 

was used directly without further purification.  

 

 

Compound 5.3 To a 1000 mL round bottom flask, a mixture of compound 2 (1.2 mmol, 1.0 g), 

Ru(DMSO)4Cl2 (0.2 mmol, 100.0 mg), 400 mL CHCl3 and 400 mL CH3OH were added. After 

refluxing for 18 h, the mixture was cooled to room temperature and concentrated by rotary 

evaporator. And the crude product was purified by column chromatography on Al2O3 with the 
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eluent from CH2Cl2 to CH2Cl2/CH3OH = 100/1.5 (v/v, gradient) to afford a red solid. After 

dried in vacuum, 223.3 mg product was obtained, and the yield was 60%. 1H NMR (600 MHz, 

CDCl3) δ (ppm) 9.56 (s, 4H, HA3',5'), 9.39 (s, 4H, HA3,3”), 8.79 (s, 4H, HB3',5'), 8.77-8.68 (m, 

8H, HB6,6”,Aw), 8.63 (d, 4H, J = 7.6 Hz, HB3,3”), 7.96 (d, 4H, J = 7.4 Hz, HBw), 7.89-7.81 (m, 

8H, HA4,4”,B4,4”), 7.65 (d, 4H, J = 5.4 Hz, HAv), 7.58 (d, 4H, J = 6.8 Hz, HBv), 7.39-7.33 (m, 

4H, HB5,5”), 7.28-7.22 (4H, HA5,5”), 7.05 (s, 6H, Hh,A6,6”), 6.91 (s, 2H, Hi), 6.86 (s, 2H, Hj), 

4.02 (t, 4H, J = 5.9 Hz, Ha), 1.85-1.79 (m, 4H, alkyl chain -CH2), 1.52-1.46 (m, 4H, alkyl chain 

-CH2), 1.40-1.35 (m, 4H, alkyl chain -CH2), 1.34-1.27 (m, 12H, alkyl chain -CH2), 0.87 (t, 6H, 

J = 6.5 Hz, He). 13C NMR (150 MHz, CDCl3) δ (ppm) 160.16, 158.15, 155.90, 155.87, 155.24, 

151.25, 149.51, 149.03, 148.98, 148.20, 142.24, 142.11, 141.70, 141.48, 138.47, 137.59, 

137.42, 137.34, 134.64, 128.91, 128.26, 128.17, 127.84, 126.59, 124.23, 121.76, 118.86, 

117.88, 113.10, 112.39, 68.58, 31.98, 29.84, 29.59, 29.44, 26.27, 22.82, 14.26. ESI-MS (m/z): 

Calcd. for [C112H96N12O2RuCl2 - 2Cl-]2+: 871.34, Found: 871.34. 

 

 

Compound 6.3 To a 1000 mL round bottom flask, a mixture of compound 5 (0.55 mmol, 1.0 
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g), Ru(DMSO)4Cl2 (0.1 mmol, 48.5 mg), 400 mL CHCl3 and 400 mL CH3OH were added. 

After refluxing for 18 h, the mixture was cooled to room temperature. The solvent was removed 

by rotary evaporator and the crude product was purified by column chromatography on Al2O3 

with the eluent from CH2Cl2 to CH2Cl2 /CH3OH=100/2.5 (v/v, gradient) to afford a red solid. 

After dried in vacuum, 187.3 mg product was obtained, and the yield was 49%. The counterion 

was exchanged from Cl- to PF6
- for better solubility before the NMR and MS characterization. 

1H NMR (600 MHz, CD3CN) δ (ppm) 9.12 (s, 4H, HA3',5'), 9.10 (s, 4H, HB3',5'), 9.07 (s, 4H, 

HC3',5'), 8.80 (s, 4H, HD3',5'), 8.77-8.66 (m, 20H, HA3,3”,B3,3”,C3,3”,D3,3”,D6,6”), 8.40 (t, 8H, 

J = 7.7 Hz, HAw, Bw), 8.35 (d, 4H, J = 7.8 Hz, HCw), 8.24-8.18 (m, 8H, HAv, Bv), 8.14 (d, 4H, 

J = 7.8 Hz, HCv), 8.05-7.93 (m, 24H, HA4,4”,B4,4”,C4,4”,D4,4”, Dw, Dv), 7.86 (s, 2H, Hj), 7.71 

(s, 2H, Hq), 7.53-7.48 (m, 12H, HA6,6”,B6,6”,C6,6”), 7.48-7.42 (m, 8H, Hh,i,D5,5”), 7.38 (s, 2H, 

Ho), 7.32 (s, 2H, Hp), 7.27-7.21 (m, 12H, HA5,5”,B5,5”,C5,5”), 4.30 (t, 4H, J = 5.8 Hz, Ha), 4.22 

(t, 4H, J = 6.2 Hz, Hb), 1.93-1.89 (m, 4H, alkyl chain -CH2), 1.89-1.83 (m, 4H, alkyl chain -

CH2), 1.63-1.57 (m, 4H, alkyl chain -CH2), 1.57-1.52 (m, 4H, alkyl chain -CH2), 1.49-1.32 (m, 

32H, alkyl chain -CH2), 0.94 (t, 6H, J = 6.1 Hz, He), 0.91 (t, 6H, J = 6.4 Hz, Hf). 13C NMR 

(150 MHz, CD3CN) δ (ppm) 161.42, 161.33, 159.21, 159.19, 159.17, 157.22, 157.19, 157.17, 

156.68, 156.66, 156.48, 156.46, 156.43, 153.42, 153.40, 150.33, 150.29, 148.63, 148.61, 

143.51, 143.19, 142.95, 142.73, 142.72, 142.37, 139.05, 138.54, 138.17, 137.07, 137.04, 

136.87, 129.39, 129.38, 129.30, 129.29, 129.28, 129.20, 129.05, 129.03, 129.02, 129.01, 

128.50, 128.48, 125.57, 125.27, 125.26, 122.47, 122.43, 122.38, 122.06, 122.05, 119.31, 

119.24, 119.23, 119.22, 119.13, 119.12, 114.07, 113.83, 113.65, 69.38, 69.31, 69.29, 32.59, 

32.58, 30.09, 30.08, 30.07, 30.03, 30.02, 26.82, 26.80, 23.39, 23.37, 14.39, 14.38. ESI-MS 
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(m/z): Calcd. for [C224H192N24O4Ru3P6F36 - 6PF6
- + H+]7+: 512.61, Found: 512.60; Calcd. for 

[C224H192N24O4Ru3P6F36 - 6PF6
-]6+: 597.88, Found: 597.88; Calcd. for [C224H192N24O4Ru3P6F36 

- 5PF6
-]5+: 746.45, Found: 746.44; Calcd. for [C224H192N24O4Ru3P6F36 - 4PF6

-]4+: 969.30, 

Found: 969.29. 

 

 

Compound 7.1 To a 1000 mL round bottom flask, a mixture of compound 6 (0.15 mmol, 570.0 

mg), RuCl3·xH2O (0.6 mmol, 124.5 mg), 400 mL CHCl3 and 400 mL CH3OH was added. After 

refluxing for 48 h, the mixture was cooled to room temperature. The mixture was concentrated 

by rotary evaporator and washed by methanol and distilled water, respectively. After dried in 

vacuum, 300.9 mg product was obtained, and the yield was 48%. Due to the extremely poor 

solubility, the product was directly used for the following step without further characterization. 

 



S18 
 

 

Compound 8.1 A mixture of compound 4 (0.29 mmol, 256.2 mg), compound 7 (0.07 mmol, 

300.9 mg), N-ethylmorpholine (2 mL), 400 mL CHCl3 and 400 mL CH3OH was added to a 

1000 mL round bottom flask. After refluxing for 48 h, the mixture was cooled to room 

temperature. The mixture was concentrated by rotary evaporator and the crude product was 

purified by column chromatography on Al2O3 with the eluent from CHCl3 to CHCl3/CH3OH = 

10/1 (v/v, gradient) to afford a red solid. After dried in vacuum, 189.2 mg product was obtained, 

and the yield was 46%. The counterion was exchanged from Cl- to PF6
- for better solubility 

before the NMR and MS characterization. 1H NMR (600 MHz, CD3CN) δ (ppm) 9.14-9.10 (m, 

20H, HA3',5',B3',5',C3',5',D3',5',E3',5'), 8.86 (s, 4H, HF3',5'), 8.78-8.68 (m, 28H, 

HA3,3”,B3,3”,C3,3”,D3,3”,E3,3”,F3,3”,F6,6”), 8.42-8.38 (m, 16H, HAw,Bw,Cw,Dw), 8.37 (d, 4H, J = 

8.0 Hz, HEw), 8.23 (d, 16H, J = 7.3 Hz, HAv,Bv,Cv,Dv), 8.18 (d, 4H, J = 7.4 Hz, HEv), 8.09 (s, 

4H, HFw), 8.03-7.95 (m, 28H, HA4,4”,B4,4”,C4,4”,D4,4”,E4,4”,F4,4”,Fv), 7.88 (s, 4H, Hj,q), 7.77 (s, 

2H, Ht), 7.51-7.46 (m, 32H, HA6,6”,B6,6”,C6,6”,D6,6”,E6,6”,F5,5”,h,i,o,p), 7.42 (s, 2H, Hr), 7.39 (s, 
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2H, Hs), 7.25-7.21 (m, 20H, HA5,5”,B5,5”,C5,5”,D5,5”,E5,5”), 4.30 (t, 8H, J = 6.1 Hz, Ha,b), 4.25 (t, 

4H, J = 6.4 Hz, Hc), 3.59 (t, 4H, J = 6.8 Hz, Hd), 1.92-1.86 (m, 12H, alkyl chain -CH2), 1.80-

1.74 (m, 4H, alkyl chain -CH2), 1.62-1.56 (m, 12H, alkyl chain -CH2), 1.50-1.45 (m, 12H, alkyl 

chain -CH2), 1.42-1.33 (m, 40H, alkyl chain -CH2), 0.94 (t, 12H, J = 6.5 Hz, He,f). 13C NMR 

(150 MHz, CD3CN) δ (ppm) 161.43, 159.22, 159.20, 156.48, 156.44, 153.45, 153.43, 153.42, 

150.38, 148.66, 148.64, 148.63, 148.62, 148.60, 143.52, 143.50, 143.49, 142.97, 142.96, 

142.95, 139.09, 139.06, 139.04, 137.09, 137.07, 129.44, 129.43, 129.37, 129.34, 129.30, 

129.21, 128.49, 125.71, 125.45, 122.59, 122.36, 114.07, 69.38, 69.36, 69.29, 69.28, 46.30, 

46.27, 33.37, 33.35, 32.58, 30.18, 30.17, 30.10, 30.08, 30.07, 30.02, 30.00, 29.52, 29.51, 27.53, 

27.52, 26.81, 26.74, 26.72, 23.38, 14.39. ESI-MS (m/z): Calcd. for 

[C340H294N36O6Ru5Cl2P10F60 - 10PF6
-]10+: 555.58, Found: 555.58; Calcd. for 

[C340H294N36O6Ru5Cl2P10F60 - 9PF6
-]9+:  633.42, Found: 633.42; Calcd. for 

[C340H294N36O6Ru5Cl2P10F60 - 8PF6
-]8+: 730.72, Found: 730.72; Calcd. for 

[C340H294N36O6Ru5Cl2P10F60 - 7PF6
-]7+: 855.82, Found: 855.82; Calcd. for 

[C340H294N36O6Ru5Cl2P10F60 - 6PF6
-]6+: 1022.62, Found: 1022.62; Calcd. for 

[C340H294N36O6Ru5Cl2P10F60 - 5PF6
-]5+: 1256.13, Found: 1256.15. 
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Compound 9 (hexameric monomer, Hex-M).4 A mixture of compound 8 (0.02 mmol, 118.2 

mg), NaN3 (1 mmol, 65.0 mg) and DMF (50 mL) was added to a 100 mL round flask and stirred 

at 100 ºC for 24 h. After cooling to room temperature, the mixture was concentrated under 

reduced pressure. Then the product was washed by distilled water to remove the excess NaN3 

and collected through centrifugation. After dried in vacuum, 69.1 mg product was obtained, 

and the yield was 58%. The counterion was exchanged from Cl- to PF6
- for better solubility 

before the NMR and MS characterization. 1H NMR (600 MHz, CD3CN) δ (ppm) 9.14-9.10 (m, 

20H, HA3',5',B3',5',C3',5',D3',5',E3',5'), 8.86 (s, 4H, HF3',5'), 8.77-8.70 (m, 28H, 

HA3,3”,B3,3”,C3,3”,D3,3”,E3,3”,F3,3”,F6,6”), 8.42-8.38 (m, 16H, HAw,Bw,Cw,Dw), 8.38 (d, 4H, J = 

8.3 Hz, HEw), 8.23 (d, 16H, J = 7.4 Hz, HAv,Bv,Cv,Dv), 8.19 (d, 4H, J = 8.0 Hz, HEv), 8.10 (d, 

4H, J = 7.9 Hz, HFw), 8.04-7.97 (m, 28H, HA4,4”,B4,4”,C4,4”,D4,4”,E4,4”,F4,4”,Fv), 7.88 (s, 4H, 

Hj,q), 7.77 (s, 2H, Ht), 7.51-7.46 (m, 32H, HA6,6”,B6,6”,C6,6”,D6,6”,E6,6”,F5,5”,h,i,o,p), 7.42 (s, 2H, 

Hr), 7.38 (s, 2H, Hs), 7.25-7.20 (m, 20H, HA5,5”,B5,5”,C5,5”,D5,5”,E5,5”), 4.30 (t, 8H, J = 6.2 Hz, 
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Ha,b), 4.25 (t, 4H, J = 6.5 Hz, Hc), 3.28 (t, 4H, J = 7.0 Hz, Hd), 1.92-1.86 (m, 12H, alkyl chain 

-CH2), 1.61-1.55 (m, 16H, alkyl chain -CH2), 1.50-1.45 (m, 12H, alkyl chain -CH2), 1.42-1.35 

(m, 40H, alkyl chain -CH2), 0.94 (t, 12H, J = 6.5 Hz, He,f). 13C NMR (150 MHz, CD3CN) δ 

(ppm) 161.43, 161.37, 159.21, 159.20, 157.20, 156.67, 156.48, 153.42, 150.32, 148.63, 143.52, 

142.96, 142.77, 139.05, 138.19, 137.08, 136.92, 129.39, 129.29, 129.21, 129.08, 128.49, 

125.58, 125.29, 122.47, 122.06, 119.30, 114.09, 113.88, 113.66, 69.38, 69.28, 52.10, 32.59, 

30.17, 30.12, 30.08, 30.03, 30.00, 29.79, 29.43, 29.31, 27.38, 26.81, 26.72, 23.38, 14.39. ESI-

MS (m/z): Calcd. for [C340H294N42O6Ru5P10F60 - 10PF6
-]10+: 556.99, Found: 556.99; Calcd. for 

[C340H294N42O6Ru5P10F60 - 9PF6
-]9+:  634.99, Found: 634.99; Calcd. for 

[C340H294N42O6Ru5P10F60 - 8PF6
-]8+: 732.48, Found: 732.49; Calcd. for 

[C340H294N42O6Ru5P10F60 - 7PF6
-]7+: 857.83, Found: 857.84; Calcd. for 

[C340H294N42O6Ru5P10F60 - 6PF6
-]6+: 1024.96, Found: 1024.97. 

 

 

Compound 10.5-6 A mixture of 1,2-dimethoxybenzene (0.12 mol, 16.6 g) and I2 (catalytic 

amount) was dissolved in CH2Cl2 (300 mL) to a 1000 mL round flask. Liquid bromine (0.28 

mol, 44.1 g) was dissolved in 100 mL CH2Cl2 to a 125 mL constant pressure funnel. Under 0 

ºC, liquid bromine solution was added into the round flask drop by drop. After it finished, the 

temperature was returned to room temperature gradually. Then the mixture was stirred under 

room temperature for another 12 hours. The reaction was quenched by the aqueous solution of 

sodium sulfite. And the product was extracted by CHCl3. Subsequently, the organic phase was 
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washed by distilled water and dried by anhydrous Na2SO4. After filtration, the filtrate was 

concentrated by rotary evaporator. Then, 300 mL isopropanol was added into the mixture. The 

mixture was kept at -20 ºC for 24 hours to afford a white crystal. After dried in vacuum, 18.4 

g product was obtained, and the yield was 51%. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.06 (s, 

2H, Ha), 3.86 (s, 6H, Hb). 13C NMR (100 MHz, CDCl3) δ (ppm) 148.68, 115.69, 114.54, 56.10. 

 

 

Compound 11.1, 5 A mixture of compound 10 (0.02 mol, 5.9 g), 4′-(4-boronatophenyl)-

2,2′:6′,2″-terpyridine (0.06 mol, 21.2 g), Na2CO3 (0.24 mol, 25.4 g) and Pd(PPh3)2Cl2 (2.4 

mmol, 1.7 g) was added into 500 mL Schlenk flask and degassed for three times. Under N2 

atmosphere, 200 mL toluene, 40 mL tert-butyl alcohol and 100 mL H2O were added. The 

mixture was stirred at 85 ºC for 48 h. After cooling to room temperature, the mixture was 

poured into 300 mL H2O and extracted with CHCl3. The combined organic layer was washed 

with brine, dried over anhydrous Na2SO4 and then concentrated by rotary evaporator. The crude 

product was purified by column chromatography on silica gel with the eluent from CH2Cl2 to 

CH2Cl2/CH3OH = 100/1 (v/v, gradient) to afford a white solid. After dried in vacuum, 7.5 g 

product was obtained, and the yield was 50%. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.74 (s, 

4H, H3',5'), 8.68 (d, 4H, J = 4.2 Hz, H6,6”), 8.65 (d, 4H, J = 7.9 Hz, H3,3”), 7.87-7.80 (m, 8H, Hw, 
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4,4”), 7.35-7.29 (m, 8H, Hv,5,5”), 7.03 (s, 2H, Hu), 4.01 (s, 6H, Ha). 13C NMR (100 MHz, CDCl3) 

δ (ppm) 156.41, 155.99, 149.85, 149.20, 148.66, 142.33, 136.89, 136.49, 132.63, 130.61, 

127.16, 123.83, 121.42, 118.87, 113.82, 56.30. ESI-MS (m/z): Calcd. for [C50H36N6O2 + 2H+]2+: 

377.15, Found: 377.15; Calcd. for [C50H36N6O2 + H+]+: 753.30, Found: 753.30. 

 

 

Compound 12.2 A two-phase mixture of 2-methoxyphenol (20 mmol, 2.5 g), 1,10-

dichlorodecane (40 mmol, 8.5 g), tetrabutylammonium hydrogen sulfate (IPC-TBA-HS, 1 

mmol, 340 mg) and 3 M NaOH (15 mL) was heated to reflux for 16 h. After cooling to room 

temperature, the mixture was washed by water and extracted by CHCl3. After dried by 

anhydrous Na2SO4, the organic layer was concentrated by rotary evaporator. The crude product 

was purified by column chromatograph on silica gel with the eluent from hexanes to ethyl 

acetate/hexanes = 1/10 (v/v, gradient). After dried in vacuum, 5.0 g product was obtained, and 

the yield was 83%. 1H NMR (400 MHz, CDCl3) δ (ppm) 6.89 (s, 4H, aromatic region -H), 4.01 

(t, 2H, J = 6.9 Hz, Hb), 3.86 (s, 3H, Ha), 3.53 (t, 2H, J = 6.9 Hz, Hc), 1.86-1.74 (m, 4H, alkyl 

chain -CH2), 1.48-1.40 (m, 4H, alkyl chain -CH2) , 1.35-1.28 (m, 8H, alkyl chain -CH2). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 149.51, 148.66, 120.88, 120.86, 113.16, 111.91, 69.01, 55.99, 

45.20, 32.70, 29.49, 29.44, 29.41, 29.27, 28.92, 26.93, 26.02. 
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Compound 13.5-6 A mixture of compound 12 (16.4 mmol, 4.9 g) and I2 (catalytic amount) was 

dissolved in CHCl3 (200 mL) to a 500 mL round flask. Liquid bromine (32.8 mmol, 5.2 g) was 

dissolved in 100 mL CHCl3 to a 125 mL constant pressure funnel. Under 0 ºC, liquid bromine 

solution was added into the round flask drop by drop. After it finished, the temperature was 

returned to room temperature gradually. Then the mixture was stirred under room temperature 

for another 12 hours. The reaction was quenched by the aqueous solution of sodium sulfite. 

And the product was extracted by CHCl3. Subsequently, the organic phase was washed by 

distilled water and dried by anhydrous Na2SO4. After filtration, the filtrate was concentrated 

by rotary evaporator. After dried in vacuum, the product was used directly for the following 

step without further purification. And the yield was 98% (7.3 g). 1H NMR (400 MHz, CDCl3) 

δ (ppm) 7.05 (d, 2H, J = 1.2 Hz, aromatic region -H), 3.95 (t, 2H, J = 6.8 Hz, Hb), 3.83 (s, 3H, 

Ha), 3.53 (t, 2H, J = 6.8 Hz, Hc), 1.84-1.75 (m, 4H, alkyl chain -CH2), 1.46-1.40 (m, 4H, alkyl 

chain -CH2) , 1.34-1.28 (m, 8H, alkyl chain -CH2). 13C NMR (100 MHz, CDCl3) δ (ppm) 

149.37, 148.61, 117.39, 116.35, 114.79, 114.66, 69.53, 56.42, 45.25, 32.72, 29.48, 29.45, 29.35, 

29.03, 28.95, 26.96, 25.94. 

 

 

Compound 14.1 A mixture of compound 13 (15 mmol, 6.9 g), 4′-(4-boronatophenyl)-2,2′:6′,2″-
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terpyridine (60 mmol, 21.2 g), Na2CO3 (180 mmol, 19.1 g) and Pd(PPh3)2Cl2 (1.8 mmol, 1.3 

g) was added into 500 mL Schlenk flask and degassed for three times. Under N2 atmosphere, 

200 mL toluene, 40 mL tert-butyl alcohol and 100 mL H2O were added. The mixture was stirred 

at 85 ºC for 48 h. After cooling to room temperature, the mixture was poured into 300 mL H2O 

and extracted with CHCl3. The combined organic layer was washed with brine, dried over 

anhydrous Na2SO4 and then concentrated by rotary evaporator. The crude product was purified 

by column chromatography on silica gel with the eluent from CH2Cl2 to CH2Cl2/CH3OH = 

100/1 (v/v, gradient) to afford a white solid. After dried in vacuum, 7.2 g product was obtained, 

and the yield was 53%. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.74 (s, 4H, H3',5'), 8.68 (d, 4H, J 

= 4.4 Hz, H6,6”), 8.65 (d, 4H, J = 8.0 Hz, H3,3”), 7.87-7.80 (m, 8H, Hw, 4,4”), 7.35-7.28 (m, 8H, 

Hv, 5,5”), 7.03 (s, 2H, Hu), 4.14 (t, 2H, J = 6.8 Hz, Hb), 3.99 (s, 3H, Ha), 3.53 (t, 2H, J = 6.8 Hz, 

Hc), 1.96-1.88 (m, 2H, alkyl chain -CH2), 1.82-1.73 (m, 2H, alkyl chain -CH2), 1.58-1.48 (m, 

2H, alkyl chain -CH2), 1.45-1.30 (m, 10H, alkyl chain -CH2). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 156.27, 155.88, 149.70, 149.08, 148.99, 148.20, 142.32, 136.77, 136.34, 132.52, 132.45, 

130.55, 127.05, 123.73, 121.30, 118.73, 115.33, 114.18, 69.32, 56.32, 45.22, 32.68, 29.49, 

29.43, 29.40, 29.29, 28.91, 26.92, 26.04. ESI-MS (m/z): Calcd. for [C59H53N6O2Cl + 2H+]2+: 

457.20, Found: 457.20; Calcd. for [C59H53N6O2Cl + H+]+: 913.40, Found: 913.41. 
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Compound 15.1 To a 1000 mL round bottom flask, a mixture of compound 11 (0.66 mmol, 

500.0 mg), RuCl3·xH2O (2.89 mmol, 600.0 mg), 400 mL CHCl3 and 400 mL CH3OH was 

added. After refluxing for 48 h, the mixture was cooled to room temperature. The mixture was 

concentrated by rotary evaporator and washed by methanol and distilled water, respectively. 

After dried in vacuum, 467.1 mg product was obtained, and the yield was 60%. Due to the 

extremely poor solubility, the product was directly used for the following step without further 

characterization. 

 

 

Compound 16.1 A mixture of compound 15 (0.43 mmol, 0.50 g), compound 14 (2.55 mmol, 

2.33 g), N-ethylmorpholine (4 mL), 400 mL CHCl3 and 400 mL CH3OH was added to a 1000 
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mL round bottom flask. After refluxing for 48 h, the mixture was cooled to room temperature. 

The mixture was concentrated by rotary evaporator and the crude product was purified by 

column chromatography on Al2O3 with the eluent from CHCl3 to CHCl3/CH3OH = 100/2.5 (v/v, 

gradient) to afford a red solid. After dried in vacuum, 0.64 g product was obtained, and the 

yield was 52%. The counterion was exchanged from Cl- to PF6
- for better solubility before the 

NMR and MS characterization. 1H NMR (400 MHz, CD3CN) δ (ppm) 9.01 (s, 4H, HA3',5'), 

8.98 (s, 4H, HB3',5'), 8.75 (s, 4H, HC3',5'), 8.70-8.65 (m, 8H, HC3,3”,C6,6”), 8.65-8.58 (m, 8H, 

HA3,3”, B3,3”), 8.19 (d, 4H, J = 8.3 Hz, HAw), 8.13 (d, 4H, J = 7.3 Hz, HBw), 7.97-7.91 (m, 4H, 

HC4,4”), 7.90-7.82 (m, 12H, HA4,4”,B4,4”,Cw), 7.69 (d, 4H, J = 8.3 Hz, HAv), 7.63-7.56 (m, 4H, 

HBv), 7.50-7.45 (m, 4H, HCv), 7.43-7.37 (m, 12H, HC5,5”,A6,6”,B6,6”), 7.21 (s, 2H, Ho), 7.17 (d, 

2H, J = 3.8 Hz, Hq), 7.15-7.09 (m, 10H, Hp,A5,5”,B5,5”), 4.21-4.11 (m, 4H, Hc), 4.01 (s, 6H, Ha), 

3.98 (s, 3H, He), 3.95 (s, 3H, Hb), 3.58 (t, 4H, J = 6.7 Hz, Hd), 1.89-1.83 (m, 4H, alkyl chain -

CH2), 1.79-1.71 (m, 4H, alkyl chain -CH2), 1.58-1.48 (m, 4H, alkyl chain -CH2), 1.47-1.39 (m, 

8H, alkyl chain -CH2), 1.38-1.32 (m, 12H, alkyl chain -CH2). 13C NMR (150 MHz, CD3CN) δ 

(ppm) 159.11, 157.12, 156.58, 156.39, 156.35, 153.37, 153.30, 150.33, 150.31, 150.27, 150.22, 

150.17, 150.11, 149.52, 149.37, 148.52, 148.49, 144.87, 144.79, 143.59, 143.58, 138.92, 

138.90, 138.16, 137.20, 135.69, 135.39, 133.34, 133.27, 132.92, 132.81, 132.71, 132.28, 

132.24, 131.98, 128.39, 128.35, 128.22, 128.20, 127.57, 125.48, 125.44, 125.22, 122.19, 

122.14, 121.96, 119.04, 116.41, 116.25, 115.39, 115.36, 115.30, 69.96, 69.84, 56.76, 56.74, 

56.66, 46.28, 46.26, 33.35, 30.14, 30.08, 30.03, 29.98, 29.96, 29.49, 27.50, 26.72, 26.69. ESI-

MS (m/z): Calcd. for [C168H142N18O6Ru2Cl2P4F24 - 4PF6
-]4+: 695.22, Found: 695.22; Calcd. for 

[C168H142N18O6Ru2Cl2P4F24 - 3PF6
-]3+: 975.28, Found: 975.29. 
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Compound 17 (trimeric monomer, Tri-M).4 A mixture of compound 16 (0.22 mmol, 0.64 g), 

NaN3 (7.69 mmol, 0.50 g) and DMF (100 mL) was added to a 200 mL round flask and stirred 

at 100 ºC for 24 h. After cooling to room temperature, the mixture was concentrated under 

reduced pressure. Then the product was washed by distilled water to remove the excess NaN3 

and collected through centrifugation. After dried in vacuum, 0.49 g product was obtained, and 

the yield was 77%. The counterion was exchanged from Cl- to PF6
- for better solubility before 

the NMR and MS characterization. 1H NMR (400 MHz, CD3CN) δ (ppm) 9.01 (s, 4H, HA3',5'), 

8.98 (s, 4H, HB3',5'), 8.75 (s, 4H, HC3',5'), 8.69-8.66 (m, 8H, HC3,3”,C6,6”), 8.65-8.58 (m, 8H, 

HA3,3”, B3,3”), 8.19 (d, 4H, J = 8.3 Hz, HAw), 8.13 (d, 4H, J = 7.3 Hz, HBw), 7.97-7.92 (m, 4H, 

HC4,4”), 7.90-7.82 (m, 12H, HA4,4”,B4,4”,Cw), 7.69 (d, 4H, J = 8.3 Hz, HAv), 7.63-7.55 (m, 4H, 

HBv), 7.51-7.45 (m, 4H, HCv), 7.43-7.37 (m, 12H, HC5,5”,A6,6”,B6,6”), 7.21 (s, 2H, Ho), 7.17 (d, 

2H, J = 3.8 Hz, Hq), 7.16-7.09 (m, 10H, Hp,A5,5”,B5,5”), 4.22-4.12 (m, 4H, Hc), 4.01 (s, 6H, Ha), 

3.98 (s, 3H, He), 3.96 (s, 3H, Hb), 3.28 (t, 4H, J = 6.7 Hz, Hd), 1.89-1.83 (m, 4H, alkyl chain -

CH2), 1.61-1.47 (m, 8H, alkyl chain -CH2), 1.44-1.32 (m, 20H, alkyl chain -CH2). 13C NMR 
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(150 MHz, CD3CN) δ (ppm) 159.11, 157.14, 156.59, 156.39, 156.36, 153.38, 153.30, 150.35, 

150.33, 150.29, 150.23, 150.17, 150.12, 149.53, 149.37, 148.55, 148.53, 148.48, 144.88, 

144.80, 143.60, 143.59, 138.93, 138.90, 138.16, 137.23, 137.21, 135.69, 135.40, 135.39, 

133.35, 133.28, 132.92, 132.81, 132.71, 132.28, 132.24, 131.98, 128.39, 128.36, 128.35, 

128.22, 128.20, 127.60, 127.58, 125.48, 125.45, 125.22, 122.19, 122.15, 122.13, 121.95, 

119.05, 116.42, 116.27, 115.40, 115.37, 115.31, 69.97, 69.85, 56.76, 56.74, 56.67, 52.10, 30.14, 

30.10, 30.03, 29.99, 29.96, 29.77, 29.43, 27.36, 26.73, 26.69. ESI-MS (m/z): Calcd. for 

[C168H142N24O6Ru2P4F24 - 4PF6
-]4+: 698.74, Found: 698.75; Calcd. for [C168H142N24O6Ru2P4F24 

- 3PF6
-]3+: 979.98, Found: 979.98. 

 

 

Compound 18 (Alkyne-PEG).7 A solution of propargyl bromide in toluene (80% by weight) 

(20 mmol) was added to a mixture of pentaethylene glycol (2 mmol, 0.48 g) and NaOH (20 

mmol, 0.80 g) in THF (30 mL). The mixture was heated at 60 ºC for 24 h under ambient 

atmosphere. Then, the mixture was washed by 1 M NH4Cl (100 mL) and extracted by ethyl 

acetate. The combined organic phase was washed by brine and distilled water. After dried by 

anhydrous Na2SO4, the solvent was concentrated by rotary evaporator, and the crude product 

was purified by column chromatography on silica gel with the eluent from CHCl3 to 

CHCl3/CH3OH = 20/1 (v/v, gradient). After being dried in vacuum, 0.38 g product was obtained, 

and the yield was 60%. 1H NMR (400 MHz, CDCl3) δ (ppm) 4.21 (d, 4H, J = 2.2 Hz, HAb), 

3.75-3.60 (m, 20H, -OCH2), 2.43 (t, 2H, J = 2.0 Hz, HAa). 13C NMR (100 MHz, CDCl3) δ (ppm) 

79.74, 74.68, 70.68, 70.64, 70.55, 70.47, 69.19, 58.49. ESI-MS (m/z): Calcd. for [C16H26O6 + 
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Na+]+: 337.16, Found: 337.18. 

 

 

Compound 19 (metallo-polymer with hexameric repeat unit, Hex-P). A mixture of 

hexameric monomer (Compound 9, Hex-M) (30.0 mg, 5.1 × 10-3 mmol), alkyne-terminated 

pentaethylene glycol (Compound 18, Alkyne-PEG) (1.6 mg, 5.1 × 10-3 mmol), PMDETA (0.1 

mmol, 17.3 mg) and DMF (1 mL, DMF was purified by distillation under reduced pressure) 

was added to a 25 mL Schlenk flask. The flask underwent three freeze/pump/thaw cycles. Upon 

an additional freeze, CuBr (0.1 mmol, 14.3 mg, CuBr was washed several times before use 

with a mixture of water and acetic acid) was added to the frozen mixture. Then another three 

freeze/pump/thaw cycles were undergoing. Subsequently, the reaction mixture was stirred at 

100 ºC for 48 h. After that, the mixture was exposed to O2, 1 mL PMDETA and 5 mL DMF 

were added. Then the mixture was stirred for another 24 h at 100 ºC to remove the Cu ions. 
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After that, the mixture was poured into a solution of excess NH4PF6 in methanol to exchange 

the counterion from Cl- to PF6
-. A dark red precipitate was formed, and the solution turned blue. 

Then, the precipitate was collected through centrifugation and washed by fresh methanol 

repeatedly. After being dried in vacuum, 33.4 mg product was obtained, and the yield was 90%. 

1H NMR (600 MHz, CD3CN) δ (ppm) 9.17-9.08 (m, 20H, HA3',5',B3',5',C3',5',D3',5',E3',5'), 8.90-

8.68 (m, 32H, HA3,3”,B3,3”,C3,3”,D3,3”,E3,3”,F3,3”,F6,6”,F3',5'), 8.43-8.36 (m, 20H, 

HAw,Bw,Cw,Dw,Ew), 8.25-8.17 (m, 20H, HAv,Bv,Cv,Dv,Ev), 8.08-7.93 (m, 32H, 

HA4,4”,B4,4”,C4,4”,D4,4”,E4,4”,F4,4”,Fv,Fw), 7.88 (s, 4H, Hj,q), 7.78 (s, 2H, Ht), 7.72 (s, 2H, Hg), 

7.51-7.38 (m, 36H, HA6,6”,B6,6”,C6,6”,D6,6”,E6,6”,F5,5”,h,i,o,p,r,s), 7.26-7.20 (m, 20H, 

HA5,5”,B5,5”,C5,5”,D5,5”,E5,5”), 4.68-4.43 (m, 4H, Hd), 4.41-4.10 (m, 16H, Ha,b,c,k), 3.58-3.44 (m, 

20H, ether chain -OCH2CH2O-), 1.89-1.77 (m, 12H, alkyl chain -CH2), 1.66-1.53 (m, 16H, 

alkyl chain -CH2), 1.51-1.45 (m, 12H, alkyl chain -CH2), 1.45-1.33 (m, 40H, alkyl chain -CH2), 

0.94 (t, 12H, J = 6.5 Hz, He,f). 

 

 

Compound 20 (metallo-polymer with trimeric repeat unit, Tri-P). A mixture of trimeric 
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monomer (Compound 17, Tri-M) (30.0 mg, 10.2 × 10-3 mmol), alkyne-terminated 

pentaethylene glycol (Compound 18, Alkyne-PEG) (3.2 mg, 10.2 × 10-3 mmol), PMDETA 

(0.1 mmol, 17.3 mg) and DMF (0.5 mL, DMF was purified by distillation under reduced 

pressure) was added to a 25 mL Schlenk flask. The flask underwent three freeze/pump/thaw 

cycles. Upon an additional freeze, CuBr (0.1 mmol, 14.3 mg, CuBr was washed several times 

before use with a mixture of water and acetic acid) was added to the frozen mixture. Then 

another three freeze/pump/thaw cycles were undergoing. Subsequently, the reaction mixture 

was stirred at 100 ºC for 48 h. After that, the mixture was exposed to O2, 1 mL PMDETA and 

5 mL DMF were added. Then the mixture was stirred for another 24 h at 100 ºC to remove the 

Cu ions. After that, the mixture was poured into a solution of excess NH4PF6 in methanol to 

exchange the counterion from Cl- to PF6
-. A dark red precipitate was formed, and the solution 

turned blue. Then, the precipitate was collected through centrifugation and washed by fresh 

methanol repeatedly. After being dried in vacuum, 34.7 mg product was obtained, and the yield 

was 92%. 1H NMR (400 MHz, CD3CN) δ (ppm) 9.06-8.91 (m, 8H, HA3ʹ,5ʹ,B3ʹ,5ʹ), 8.87-8.37 (m, 

20H, HA3,3ʺ,B3,3ʺ,C3,3ʺ,C3ʹ,5ʹ,C6,6ʺ), 8.23-8.15 (m, 4H, HAw), 8.14-8.05 (m, 4H, HBw), 8.02-7.75 

(m, 16H, HA4,4ʺ,B4,4ʺ,C4,4ʺ,Cw), 7.72-7.64 (m, 6H, HAv,g), 7.60-7.51 (m, 4H, HBv), 7.49-7.32 

(m, 16H, HCv,C5,5ʺ,A6,6ʺ,B6,6ʺ), 7.23-7.05 (m, 14H, Ho,q,p,A5,5ʺ,B5,5ʺ), 4.56-4.45 (m, 4H, Hd), 

4.33-4.22 (m, 4H, Hc), 4.14-3.88 (m, 16H, Hk,a,b,e), 3.56-3.45 (m, 20H, ether chain -

OCH2CH2O-), 1.86-1.75 (m, 4H, alkyl chain -CH2), 1.38-1.19 (m, 28H, alkyl chain -CH2). 

 

Coordination with Fe(II). A general experimental procedure for the coordination with Fe(II) 

is given below: in a 150 mL heavy-wall pressure vessel, 5 mg metallo-polymers (Hex-P or Tri-
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M) dissolved in a mixed solvents of 1 mL DMSO and 20 mL CH3CN and equivalent 

FeSO4•7H2O dissolved in 4 mL CH3OH were added. The mixture was stirred at 80 ºC for 8 h 

and then cooled to room temperature. Upon addition of excess NH4PF6 (100 mg) in CH3OH, a 

dark red-brown precipitate was formed. Then, the precipitate was collected through 

centrifugation, washed by fresh CH3OH repeatedly and dried in vacuum. The yield was 94% 

for hexagonal system and 91% for triangular system, respectively. 
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Figure S1. 1H NMR (400 MHz, CDCl3) spectrum of compound 1. 

 

Figure S2. 13C NMR (100 MHz, CDCl3) spectrum of compound 1. 
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Figure S3. 1H NMR (600 MHz, CDCl3) spectrum of compound 2. 
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Figure S4. 2D COSY NMR (600 MHz, CDCl3) spectrum of compound 2. 
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Figure S5. 2D COSY NMR (600 MHz, CDCl3) spectrum of compound 2 (aromatic region). 
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Figure S6. 2D NOESY NMR (600 MHz, CDCl3) spectrum of compound 2. 
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Figure S7. 2D NOESY NMR (600 MHz, CDCl3) spectrum of compound 2 (aromatic region). 
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Figure S8. 13C NMR (150 MHz, CDCl3) spectrum of compound 2. 
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Figure S9. ESI-MS spectrum of compound 2 in CHCl3/CH3OH (1/3) (A). Experimental 

(bottom) and calculated (top) isotope patterns for different charge states (B). 



S42 
 

 

Figure S10. 1H NMR (400 MHz, CDCl3) spectrum of compound 3. 

 

Figure S11. 13C NMR (100 MHz, CDCl3) spectrum of compound 3. 
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Figure S12. 1H NMR (600 MHz, CDCl3) spectrum of compound 4. 
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Figure S13. 2D COSY NMR (600 MHz, CDCl3) spectrum of compound 4. 
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Figure S14. 2D COSY NMR (600 MHz, CDCl3) spectrum of compound 4 (aromatic region). 
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Figure S15. 2D NOESY NMR (600 MHz, CDCl3) spectrum of compound 4. 
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Figure S16. 2D NOESY NMR (600 MHz, CDCl3) spectrum of compound 4 (aromatic region). 
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Figure S17. 13C NMR (150 MHz, CDCl3) spectrum of compound 4. 
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Figure S18. ESI-MS spectrum of compound 4 in CHCl3/CH3OH (1/3) (A). Experimental 

(bottom) and calculated (top) isotope patterns for different charge states (B). 
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Figure S19. 1H NMR (600 MHz, CDCl3) spectrum of compound 5. 
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Figure S20. 2D COSY NMR (600 MHz, CDCl3) spectrum of compound 5. 
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Figure S21. 2D COSY NMR (600 MHz, CDCl3) spectrum of compound 5 (aromatic region). 



S53 
 

 
Figure S22. 2D NOESY NMR (600 MHz, CDCl3) spectrum of compound 5. 
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Figure S23. 2D NOESY NMR (600 MHz, CDCl3) spectrum of compound 5 (aromatic region). 
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Figure S24. 13C NMR (150 MHz, CDCl3) spectrum of compound 5. 
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Figure S25. ESI-MS spectrum of compound 5 in CHCl3/CH3OH (1/3) (A). Experimental 

(bottom) and calculated (top) isotope patterns (B). 
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Figure S26. 1H NMR (600 MHz, CD3CN) spectrum of compound 6. 
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Figure S27. 2D COSY NMR (600 MHz, CD3CN) spectrum of compound 6. 
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Figure S28. 2D COSY NMR (600 MHz, CD3CN) spectrum of compound 6 (aromatic region). 
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Figure S29. 2D NOESY NMR (600 MHz, CD3CN) spectrum of compound 6. 
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Figure S30. 2D NOESY NMR (600 MHz, CD3CN) spectrum of compound 6 (aromatic region). 
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Figure S31. 13C NMR (150 MHz, CD3CN) spectrum of compound 6. 
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Figure S32. ESI-MS spectrum of compound 6 in CH3CN (A). Experimental (bottom) and 

calculated (top) isotope patterns for different charge states (B). 
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Figure S33. 1H NMR (600 MHz, CD3CN) spectrum of compound 8. 
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Figure S34. 2D COSY NMR (600 MHz, CD3CN) spectrum of compound 8. 
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Figure S35. 2D COSY NMR (600 MHz, CD3CN) spectrum of compound 8 (aromatic region). 



S67 
 

 
Figure S36. 2D NOESY NMR (600 MHz, CD3CN) spectrum of compound 8. 
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Figure S37. 2D NOESY NMR (600 MHz, CD3CN) spectrum of compound 8 (aromatic region). 
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Figure S38. 13C NMR (150 MHz, CD3CN) spectrum of compound 8. 
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Figure S39. ESI-MS spectrum of compound 8 in CH3CN (A). Experimental (bottom) and 

calculated (top) isotope patterns for different charge states (B). 
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Figure S40. 1H NMR (600 MHz, CD3CN) spectrum of compound 9 (Hex-M). 
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Figure S41. 2D COSY NMR (600 MHz, CD3CN) spectrum of compound 9 (Hex-M). 



S73 
 

 
Figure S42. 2D COSY NMR (600 MHz, CD3CN) spectrum of compound 9 (Hex-M) (aromatic 

region). 
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Figure S43. 2D NOESY NMR (600 MHz, CD3CN) spectrum of compound 9 (Hex-M). 
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Figure S44. 2D NOESY NMR (600 MHz, CD3CN) spectrum of compound 9 (Hex-M) 

(aromatic region). 
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Figure S45. 13C NMR (150 MHz, CD3CN) spectrum of compound 9 (Hex-M). 
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Figure S46. Experimental (bottom) and calculated (top) isotope patterns of compound 9 (Hex-

M) in CH3CN for different charge states. 
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Figure S47. 1H NMR (400 MHz, CDCl3) spectrum of compound 10. 

 

Figure S48. 13C NMR (100 MHz, CDCl3) spectrum of compound 10. 
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Figure S49. 1H NMR (400 MHz, CDCl3) spectrum of compound 11. 



S80 
 

 

Figure S50. 2D COSY NMR (400 MHz, CDCl3) spectrum of compound 11. 
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Figure S51. 2D COSY NMR (400 MHz, CDCl3) spectrum of compound 11 (aromatic region). 
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Figure S52. 13C NMR (100 MHz, CDCl3) spectrum of compound 11. 
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Figure S53. ESI-MS spectrum of compound 11 in CHCl3 (A). Experimental (bottom) and 

calculated (top) isotope patterns for different charge states (B). 
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Figure S54. 1H NMR (400 MHz, CDCl3) spectrum of compound 12. 

 

Figure S55. 13C NMR (100 MHz, CDCl3) spectrum of compound 12. 
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Figure S56. 1H NMR (400 MHz, CDCl3) spectrum of compound 13. 

 

Figure S57. 13C NMR (100 MHz, CDCl3) spectrum of compound 13. 
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Figure S58. 1H NMR (400 MHz, CDCl3) spectrum of compound 14. 
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Figure S59. 2D COSY NMR (400 MHz, CDCl3) spectrum of compound 14. 
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Figure S60. 2D COSY NMR (400 MHz, CDCl3) spectrum of compound 14 (aromatic region). 
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Figure S61. 13C NMR (100 MHz, CDCl3) spectrum of compound 14. 
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Figure S62. ESI-MS spectrum of compound 14 in CHCl3 (A). Experimental (bottom) and 

calculated (top) isotope patterns for different charge states (B). 
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Figure S63. 1H NMR (400 MHz, CD3CN) spectrum of compound 16. 
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Figure S64. 2D COSY NMR (400 MHz, CD3CN) spectrum of compound 16. 
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Figure S65. 2D COSY NMR (400 MHz, CD3CN) spectrum of compound 16 (aromatic region). 
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Figure S66. 2D NOESY NMR (400 MHz, CD3CN) spectrum of compound 16. 
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Figure S67. 2D NOESY NMR (400 MHz, CD3CN) spectrum of compound 16 (aromatic 

region). 
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Figure S68. 13C NMR (150 MHz, CD3CN) spectrum of compound 16. 
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Figure S69. ESI-MS spectrum of compound 16 in CH3CN (A). Experimental (bottom) and 

calculated (top) isotope patterns for different charge states (B). 
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Figure S70. 1H NMR (400 MHz, CD3CN) spectrum of compound 17 (Tri-M). 
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Figure S71. 2D COSY NMR (400 MHz, CD3CN) spectrum of compound 17 (Tri-M). 
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Figure S72. 2D COSY NMR (400 MHz, CD3CN) spectrum of compound 17 (Tri-M) (aromatic 

region). 
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Figure S73. 2D NOESY NMR (400 MHz, CD3CN) spectrum of compound 17 (Tri-M). 
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Figure S74. 2D NOESY NMR (400 MHz, CD3CN) spectrum of compound 17 (Tri-M) 

(aromatic region). 
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Figure S75. 13C NMR (150 MHz, CD3CN) spectrum of compound 17 (Tri-M). 

 

 

Figure S76. Experimental (bottom) and calculated (top) isotope patterns for charge state 4+ 

observed from compound 17 (Tri-M) (PF6
- as counterion). 
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Figure S77. 1H NMR (400 MHz, CDCl3) spectrum of compound 18 (Alkyne-PEG). 

 

Figure S78. 13C NMR (100 MHz, CDCl3) spectrum of compound 18 (Alkyne-PEG). 
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Figure S79. ESI-MS spectrum of compound 18 (Alkyne-PEG) in CHCl3/CH3OH (1/3). 

 

 

 

Figure S80. 1H NMR (600 MHz, CD3CN) spectrum of compound 19 (Hex-P). 
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Figure S81. 2D COSY NMR (600 MHz, CD3CN) spectrum of compound 19 (Hex-P). 
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Figure S82. 2D COSY NMR (600 MHz, CD3CN) spectrum of compound 19 (Hex-P) 

(aromatic region). 
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Figure S83. 2D NOESY NMR (600 MHz, CD3CN) spectrum of compound 19 (Hex-P). 
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Figure S84. 2D NOESY NMR (600 MHz, CD3CN) spectrum of compound 19 (Hex-P) 

(aromatic region). 
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Figure S85. 1H NMR (400 MHz, CD3CN) spectrum of compound 20 (Tri-P). 
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Figure S86. 2D COSY NMR (400 MHz, CD3CN) spectrum of compound 20 (Tri-P). 
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Figure S87. 2D COSY NMR (400 MHz, CD3CN) spectrum of compound 20 (Tri-P) (aromatic 

region). 
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Figure S88. 2D NOESY NMR (400 MHz, CD3CN) spectrum of compound 20 (Tri-P). 
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Figure S89. 2D NOESY NMR (400 MHz, CD3CN) spectrum of compound 20 (Tri-P) 

(aromatic region). 
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Figure S90. UV-vis absorption spectra in CH3CN of metallo-polymer with hexameric repeat 

unit (Hex-P) before and after metalation by Fe(II) (Left), and metallo-polymer with trimeric 

repeat unit (Tri-P) before and after metalation by Fe(II) (Right). 

 

 

Figure S91. Representative energy-minimized structures of hexagon (right) and triangle (left) 

with all alkyl chains omitted for clarity. 
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Figure S92. STM images of Hex-P on the supporting Ag(111) surface (scale bar: 20 nm). 
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Figure S93. STM images of Hex-P-Fe (Hex-P-C and Hex-P-L) on the supporting Ag(111) 

surface (scale bar: 10 nm). 
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Figure S94. STM images of Tri-P on the supporting Ag(111) surface (scale bar: 10 nm). 
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Figure S95. STM images of Tri-P-Fe (Tri-P-C) on the supporting Ag(111) surface (scale bar: 

5 nm). 

  



S120 
 

Reference 

1. Zhang, Z.; Wang, H.; Wang, X.; Li, Y.; Song, B.; Bolarinwa, O.; Reese, R. A.; Zhang, T.; Wang, X.-Q.; Cai, 

J.; Xu, B.; Wang, M.; Liu, C.; Yang, H.-B.; Li, X. Supersnowflakes: Stepwise Self-Assembly and Dynamic 

Exchange of Rhombus Star-Shaped Supramolecules. J. Am. Chem. Soc. 2017, 139, 8174-8185. 

2. Hardcastle, I. R.; Rowlands, M. G.; Grimshaw, R. M.; Houghton, J.; Jarman, M.; Sharff, A.; Neidle, S. 

Homologs of Idoxifene:  Variation of Estrogen Receptor Binding and Calmodulin Antagonism with Chain Length. 

J. Med. Chem. 1996, 39, 999-1004. 

3. Schultz, A.; Li, X.; Moorefield, C. N.; Wesdemiotis, C.; Newkome, G. R. Self-Assembly and 

Characterization of 3D Metallamacrocycles: a Study of Supramolecular Constitutional Isomers. Eur. J. Inorg. 

Chem. 2013, 2013, 2492-2497. 

4. Lai, C. T.; Hong, J. L. Influence of Molecular Weight on the Aggregation-Induced Emission Enhancement 

and Spectral Stability of Vinyl Polymers Containing the Fluorescent 2,4,6-Triphenylpyridine Pendant Groups. J. 

Mater. Chem. 2012, 22, 9546-9555. 

5. Zhang, Z.; Wang, H.; Shi, J.; Xu, Y.; Wang, L.; Shihadeh, S.; Zhao, F.-J.; Hao, X.-Q.; Wang, P.; Liu, C.; 

Wang, M.; Li, X. Stepwise Self-Assembly and Dynamic Exchange of Supramolecular Nanocages Based on 

Terpridine Building Blocks. Macromol. Rapid Commun. 2018, 39, 1800404. 

6. Ageshina, A. A.; Sterligov, G. K.; Rzhevskiy, S. A.; Topchiy, M. A.; Chesnokov, G. A.; Gribanov, P. S.; 

Melnikova, E. K.; Nechaev, M. S.; Asachenko, A. F.; Bermeshev, M. V. Mixed er-NHC/Phosphine Pd(II) 

Complexes and Their Catalytic Activity in the Buchwald-Hartwig Reaction under Solvent-Free Conditions. 

Dalton Trans. 2019, 48, 3447-3452. 

7. Spruell, J. M.; Paxton, W. F.; Olsen, J.-C.; Benítez, D.; Tkatchouk, E.; Stern, C. L.; Trabolsi, A.; Friedman, 

D. C.; Goddard, W. A.; Stoddart, J. F. A Push-Button Molecular Switch. J. Am. Chem. Soc. 2009, 131, 11571-

11580. 


