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General chemicals and characterizations 

All manipulations involving air- and/or water-sensitive compounds were carried out in a 

glove box or using standard Schlenk techniques under an inert atmosphere of dry 

nitrogen. 

4-bromobenzaldehyde, 4-hydroxybenzaldehyde, propionic acid, triethylamine, 

methacryloyl chloride, 1-dodecanethiol, methyl trioctyl ammonium chloride, carbon 

disulfide, acetone, chloroform, 2-propanol, 1-Hydroxybenzotriazole (HOBt), n-(3-

dimethylaminopropyl)-n'-ethylcarbodiimide hydrochloride (EDC), 4-pentyn-1-ol, propargyl 

bromide, 7-octyn-1-ol, 11-dodecyn-1-ol, (3-chloropropyl)trimethoxy silane, sodium azide, 

methyl methacrylate (MMA), 2-(dimethylamino)-ethyl methacrylate (DMAEMA), cuprous 

bromide (CuBr), N, N, N’, N’, N’’-pentamethyldiethylenetriamine (PMDETA), pyridine, p-

toluenesulfonyl chloride, diethylaluminium chloride (AlEt2Cl, 2 M in hexane), sodium 

hydroxide (NaOH), sodium carbonate (Na2CO3), sodium chloride (NaCl), magnesium 

sulfate (MgSO4), sodium hydride (NaH), potassium iodide (KI), methanol, tetrahydrofuran, 

acetonitrile, hexane were commercially available and could be used without further 

purification unless otherwise specified. Anhydrous methylene chloride (CH2Cl2), N’N-

dimethylformamide (DMF), toluene, propylene oxide (PO) were distilled from calcium 

hydride under nitrogen atmosphere. Pyrrole (99%, Energy Chemical) was distilled under 

vacuum before use. Azodiisobutyronitrile (AIBN, 98%, Energy Chemical) and 

Bis(triphenylphosphine)iminium chloride (PPNCl, 99%, Energy Chemical) were 

recrystallized before use. Nano-silica (15 nm, 99.5%) was purchased from Aladdin. 

Sebacic acid (SA), adipic acid (AA), succinic acid (SuA), oxalic acid (OA), polyethylene 

glycol (PEG, Mn = 300 g/mol), bisphenol A (BPA), trimesic acid (TMA) and 1,2,4,5-

benzenetetracarboxylic acid (BTC) were purchased from Energy Chemical and dried 

under vacuum for 24 hours and stored in glovebox. Carbon dioxide gas (99.999%) was 

purchased and used without further purification. 

 

 

Solution NMR: 1H NMR spectra and 13C NMR spectra were recorded on a Bruker ARX-

400 and ARX-500 spectrometer at ambient temperature in deuterated chloroform (CDCl3) 
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or dimethylsulfoxide (DMSO) with tetramethylsilane (TMS) as the internal reference. 

Chemical shifts were reported in ppm from the internal standard, tetramethylsilane (0 

ppm) for 1H NMR. Solvent proton shifts (ppm): CDCl3, 7.26 (s); DMSO-d6, 2.50 (s). 

Solvent carbon shifts (ppm): CDCl3, 77.16 (t); DMSO-d6, 39.52 (m). 

Solid-state NMR: The 29Si CPMAS NMR spectra were recorded on a Bruker Avance 400 

MHz spectrometer operating with a 9 T wide-bore magnet with MAS rate of 12 kHz and 

300 scans. The 13C CPMAS NMR spectra were collected using Bruker Avance 400 MHz 

spectrometer with a 9 T wide-bore magnet. MAS rates of 8 kHz, 1000, 500, 3478, 2000, 

4000 scans were taken for SiO2-N3, sBFPC-1, sPC-1, sSC-1, sBFPC’-1 respectively. 

Solvent relaxation NMR: All single-pulse experiments and 1H NMR relaxation (T2) 

measurements were carried out using a PQ001 NMR analyzer (Suzhou Niumag 

Analytical Instrument Corporation, China). The measurement temperature was 

maintained at 32 °C with the aid of an external temperature control unit connected to the 

sample chamber. Each sample was dispersed in ethanol by sonication to create particle 

suspensions at a concentration of 10 mg/mL. The Carr−Purcell−Meiboom−Gill (CPMG) 

pulse sequence was used to generate and collect the magnetization and the 

corresponding echo, allowing for the determination of the solvent relaxation time for the 

suspended sample. This method simply involved collecting the magnetization echo 

intensity following a 90° pulse and ceasing the collection after the 180° pulse. 

Scanning electron microscopy (SEM): SEM images were obtained through the Zeiss 

lens in Merlin (Resolution: 0.6~1.0 nm (15 KV), 1.0~2.0 nm (1 KV); Acceleration voltage: 

0.02~30 KV; Beam strength: 1 pA-100 Na; Detector: Everhart-Thornley secondary 

electron detector of the photocoupled photomultiplier tube). 

Cryo-TEM: Cryo-TEM images were obtained using a JEOL JEM-3200FSC transmission 

electron microscope (TEM) operating at 200 kV. Cryo-TEM grids (quantifoil R 2/2 with 

300 mesh copper) were plasma-treated for 30 seconds. 5 μL of sample (2 mg powder / 

mL DMSO) was pipetted onto a freshly glow-discharged grid. The sample solution was 

incubated on the TEM grid for 20 seconds, blotted for 5 seconds, and then plunged into 

liquid ethane that had been pre-cooled with liquid nitrogen. 

ESI-MS: The samples for electrospray ionization mass spectrometry (ESI-MS) were 
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prepared in a solution of CDCl3 and analyzed using the Waters Quattro Premier XE mass 

spectrometer. 

MALDI-TOF-MS: Matrix-assisted laser desorption/ionization time-of-flight mass 

spectrometry (MALDI-TOF-MS) was carried out on a Bruker auto flex III Mass 

spectrometer. The samples were dissolved in CDCl3 at a concentration of 1~10 mg mL-1. 

The matrix was Trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidene] malononitrile 

(DCTB). 

Gel permeation chromatography (GPC): The molecular weight and its distribution of 

the CO2-polyols products were determined by gel permeation chromatography at 25 °C 

against polystyrene standard on Waters 410 GPC instrument with THF as eluent, where 

the flow rate was set at 1.0 mL min-1. 

Thermogravimetric analyzer (TGA): The TGA characterizations were carried out on the 

Mettler TGA2 at a heating rate 10 °C/min under N2 atmosphere from ambient 

temperature to 100 °C and keep for 10 minutes. Then heat to 800 °C at a heating rate 

10 °C/min. 

Attenuated total reflection Fourier transform infrared (ATR-FT-IR): ATR-FT-IR 

spectra were recorded on INVENIO-R Fourier transform infrared spectrometer. The 

spectral resolution is 2 cm-1 from 4000 cm-1 to 400 cm-1. 

Ultraviolet and visible spectrum (UV): UV-vis spectra were recorded on a HITACHI U-

4100 spectrophotometer with a high-temperature and high-pressure resistant cuvettes.  

X-ray photoelectron spectrometer (XPS): The XPS data were collected on a Thermo 

ESCALAB 250Xi spectrometer equipped with a monochromatic Al K radiation source 

(1486.6 eV; pass energy, 30.0 eV). The data were calibrated with C 1s 284.8 eV. 

 

  



S5 

 

Previous strategies for supported catalysis 

 

 

Supplementary Scheme 1. Cartoon models of previous heterogenization strategies: a) 

supported by coordination bonding, b) supported by covalent bonding, c) supporting 

catalyst and cocatalyst using their own anchors and d) connecting catalyst and cocatalyst 

prior to supporting. e) Schematic illustration of detrimental effects of surface on metal 

complex. 
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General synthetic routes 

 

Supplementary Scheme 2. Immobilization of homogeneous catalysts onto the surface 

of SiO2-N3. 
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Supplementary Scheme 3. Synthetic routes of the homogeneous ligands and catalysts 

with alkyne group. Preparation of a) BFPL and BFPC, b) BFPL’ and BFPC’, c) PL and 

PC and d) SC. 

a) Preparation of BFPC

c) Preparation of PC

d) Preparation of SC

b) Preparation of BFPC’
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Supplementary Scheme 4. Synthetic route of azide-functionalized SiO2 (SiO2-N3). 

 

 

Supplementary Scheme 5. Synthetic route of TPP-OH, monomer porphyrin (M-TPP) 

and monomer Al porphyrin (M-TPPAl). 

 

 

Supplementary Scheme 6. Synthetic route of RAFT agent (4) used in this work. 
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Synthesis of TPP-OH 

 

4-(10,15,20-tris(4-bromophenyl)porphyrin-5-yl)phenol (TPP-OH) was prepared according 

to the literature procedures1. In a three-neck flask, 4-bromobenzaldehyde (20.68 g, 112 

mmol) and 4-hydroxybenzaldehyde (4.55 g, 37 mmol) were dissolved in propionic acid 

(500 mL) and heated to 135 °C for 0.5 h. Then, pyrrole (10.00 g, 149 mmol) was added 

dropwise to the mixture under nitrogen. After refluxing for 2 h at 165 °C, the mixture was 

cooled to room temperature. The cooled mixture was then transferred to 1.5 L methanol 

and stored overnight at 0 °C. Following filtration, the purple solid was washed with 

methanol and hot water. The crude product was further purified using silica gel column 

with dichloromethane as eluent. Yield 6%. 1H NMR (500 MHz, CDCl3, δ, ppm): 8.94-8.68 

(m, 8H), 8.21-8.01 (m, 8H), 7.92 (d, J = 7.5 Hz, 6H), 7.15 (d, J = 8.3 Hz, 2H), 5.15 (s, 1H), 

-2.81 (s, 2H). 

 

 

Synthesis of M-TPP 

 

The product was prepared according to the literature procedures1. Briefly, TPP-OH (1.0 g, 
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1.1 mmol) and triethylamine (0.15 g, 1.5 mmol) were dissolved in the anhydrous CH2Cl2 

under nitrogen. Methacryloyl chloride (0.14g, 1.3 mmol) was then added dropwise to the 

solution at 0 °C, and the mixture was stirred overnight at 30 °C. The solution was 

subsequently washed with brine. The crude product was purified using silica gel column 

with CH2Cl2 as eluent and recrystallized from a mixture of CH2Cl2 and hexane. The yield 

was 80%.. 1H NMR (500 MHz, CDCl3, δ, ppm): 8.94-8.68 (m, 8H), 8.21 (d, J = 7.5 Hz, 

2H), 8.06 (d, J = 8.4 Hz, 6H), 7.90 (d, J = 7.5 Hz, 6H), 7.55 (d, J = 8.3 Hz, 2H), 6.55 (s, 

1H), 5.91 (s, 1H), 2.22 (s, 3H), -2.85 (s, 2H). 

 

Synthesis of BFPC, BFPC’ and PC 

 

Polymeric porphyrin was prepared according to the literature1. Generally, M-TPP (1 g, 

1.07 mmol), MMA (0.214 g, 2.14 mmol), DMAEMA (0.336 g, 2.14 mmol) (no need for PC), 

4 (46 mg, 0.107 mmol), AIBN (9 mg, 0.05 mmol) were dissolved in THF (20 mL). After 

degassing, the mixture was heated to 65 °C for 48 h. Once cooled to room temperature, 

the mixture was centrifuged in cold diethyl ether and washed with cold diethyl ether three 

times. The ligands were dried under vacuum at 80 °C. Subsequently, within a glove box, 

the ligands were metallized with AlEt2Cl to yield the corresponding Al porphyrins. 

  

n : m : p = 6 : 14.4 : 11.4

n : m : p = 6 : 12 : 12.6

n : p = 9 : 25.2
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Synthesis of pent-4-yn-1-yl methacrylate (1) 

 

The preparation of 1 is similar to that of M-TPP, except that the raw material was 

replaced by 4-pentyn-1-ol. Yield 95%. 1H NMR (500 MHz, CDCl3, δ, ppm): 6.11 (s, 1H), 

5.57 (s, 1H), 4.25 (t, J = 6.1 Hz, 2H), 2.32 (td, J = 7.2, 2.8 Hz, 2H), 1.97 (t, J = 2.8 Hz, 

2H), 1.95 (s, 3H), 1.91 (m, 2H). 

 

 

 

Synthesis of pent-4-yn-1-yl 4-methylbenzenesulfonatein (2) 

 

4-pentyn-1-ol (2.5 g, 30 mmol) and pyridine (3.38 g, 43 mmol) were dissolved in DCM (20 

mL) at 0 °C. p-Toluenesulfonyl chloride (8.4 g, 44 mmol) was added in three portions. 

The mixture was stirred at room temperature until completion, as monitored by thin-layer 

chromatography (TLC). The mixture was partitioned between DCM and water, and the 

organic layer was separated and washed with water three times. Subsequently, the 

organic layer was dried over anhydrous Na2SO4 and evaporated. The crude product was 

purified using silica gel column with CH2Cl2/hexane (1/2, V/V) as eluent to obtain oily 

colorless liquid. Yield: 95%. Synthesis of other p-toluenesulfonic acid substituted 

products follows a similar procedure, with the raw materials replaced by 7-octyn-1-ol and 

11-dodecyn-1-ol. 1H NMR (500 MHz, CDCl3, δ, ppm): 7.79 (d, J = 7.9 Hz, 2H), 7.35 (d, J 

= 7.9 Hz, 2H), 4.14 (t, J = 5.5 Hz, 2H), 2.45 (s, 3H), 2.26 (td, J = 6.9, 2.5 Hz, 2H), 1.95 (t, 

J = 2.5 Hz, 1H), 1.86 (m, 2H). 
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Synthesis of single site porphyrin ligand 

 

A single-site porphyrin ligand (3-TPPAl) was synthesized by reacting TPP-OH (500 mg, 

0.58 mmol) with an excess of pent-4-yn-1-yl 4-methylbenzenesulfonatein (143 mg, 0.60 

mmol) in DMF in the presence of NaH and KI at 50 °C for 5 h under nitrogen. Then, DMF 

was removed via vacuum distillation at 55 °C. The mixture was then cooled to room 

temperature, dissolved in dichloromethane and washed three times with deionized water. 

The CH2Cl2 was removed by rotary evaporators. After drying, the crude product was 

further purified on silica gel column with CH2Cl2/hexane (1/1 v/v) as eluent. Yield: 95%. 

Synthesis of other single-site porphyrin ligands follows a similar procedure. 1H NMR (500 

MHz, CDCl3, δ, ppm): 8.95-8.77 (m, 8H), 8.16-8.02 (m, 8H), 7.90 (d, J = 8.3 Hz, 6H), 7.29 

(d, J = 8.3 Hz, 2H), 4.38 (d, J = 6.1 Hz, 2H), 2.60 (td, J = 7.2, 2.7 Hz, 2H), 2.21 (m, 2H), 

2.08 (t, J = 2.7 Hz, 1H), -2.80 (s, 2H). 

 

 

General method of metallization of porphyrin ligands 

 

In an argon glove box, porphyrin ligand (1 mmol) was dissolved in CH2Cl2 followed by the 

addition of AlEt2Cl (1.1 mmol, 2.0 mol/L in hexane). After 2 h, CH2Cl2 was removed by 

vacuum distillation. The crude product was further purified on neutral alumina with 

CH2Cl2/CH3OH (10/1 v/v). Yield: 95%. 
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Synthesis of (3-azidopropyl)trimethoxy silane (3) 

 

(3-azidopropyl)trimethoxy silane (3) was prepared according to the literature2. Generally, 

(3-chloropropyl)trimethoxy silane (10 g, 50.3 mmol), sodium azide (4.9 g, 75.5 mmol), 

sodium iodide (0.1 g) and dry DMF (150 mL) were mixed in a round-bottom flask under 

nitrogen. The mixture was stirred at 100 °C for 24 h. After cooling to room temperature, 

the mixture was poured into the mixture of ethyl ether and water. The organic layer was 

washed with brine and water. After drying with MgSO4, the organic layer was 

concentrated to yield the product. Yield: 90%. 1H NMR (500 MHz, CDCl3, δ, ppm): 3.56 (s, 

9H), 3.25 (t, J = 6.1 Hz, 2H), 1.70 (m, 2H), 0.68 (t, J = 8.0 Hz, 2H). 

 

 

Synthesis of SiO2-N3 

 

The process of functionalization of silica was referred to the literature2. Generally, 1.0 g of 

freshly dried nano-silica (350 °C, 12 h) was added to anhydrous toluene (50 mL) under 

nitrogen and sonicated for 10 min. 0.1 mL of (3-azidopropyl)trimethoxy silane was added 

and the suspension was sonicated for an additional 10 min. Then the mixture was heated 

to 110 °C for 12 h. After cooling to room temperature, the functionalized silica was 

separated by centrifugation and washed successively with toluene, acetonitrile and 

ethanol, before being dried under vacuum at 80 °C. 
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Synthesis of DDMAT 

 

The RAFT agent S-1-Dodecyl-S’-(α,α’-dimethyl-α’’-acetic acid) (DDMAT) was prepared 

according to the literature changelessly3. Generally, 1-dodecanethiol (20.2 g, 0.1 mol), 

acetone (48.1 g, 0.83 mol) and methyl trioctyl ammonium chloride (1.6 g, 4 mmol) were 

mixed under nitrogen. Then NaOH solution (50%) (8.4 g, 0.1 mol) was slowly added and 

stirred for 20 min. Carbon disulfide (7.6 g, 0.1 mol) in acetone (10.1 g, 0.17 mol) was 

added and stirred for 30 min. Following this, CHCl3 (17.8 g, 0.15 mol) was added in one 

portion, followed by dropwise addition of NaOH solution (50%) (40 g, 0.5 mol). The 

mixture was stirred overnight. 300 mL of water was added, followed by 30 mL of 

concentrated HCl to acidify the aqueous solution. Acetone was evaporated by purging 

with nitrogen, and the solid was filtered off. The solid was then stirred in 2-propanol (400 

mL). After filtering off the undissolved solid, the 2-propanol solution was concentrated to 

dryness. The resulting solid was recrystallized from hexanes, yielding a yellow crystalline 

product. 1H NMR (500 MHz, CDCl3, δ, ppm): 3.29 (t, J = 7.4 Hz, 2H), 1.73 (s, 6H), 1.65 

(m, 2H), 1.48-1.17 (m, 18H), 0.89 (t, J = 6.6 Hz, 3H). 

 

 

Synthesis of RAFT agent (4) 

 

DDMAT (1.0 g, 2.75 mmol) was dissolved in methylene chloride (10 mL) in a 100 mL 

round-bottom flask and cooled to 0 °C. 1-Hydroxybenzotriazole (0.41 g, 3.0 mmol) and 

EDC (0.58 mg, 3.0 mmol) were added, and the solution was stirred  at 0 °C for 30 min. 

Then a solution of 4-pentyn-1-ol (0.23 g, 2.75 mol) in methylene chloride (5 mL) was 

added dropwise, and the reaction mixture was allowed to warm to room temperature and 

stir for 48 h. The reaction mixture was poured into a 10% aqueous sodium carbonate 
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solution and stirred for 30 min. The mixture was extracted with methylene chloride (50 mL 

× 2), and the organic layer was washed with a 10% sodium carbonate solution (100 mL), 

water (100 mL), and a saturated NaCl solution (100 mL), successively. The organic layer 

was dried over MgSO4, filtered, and concentrated under reduced pressure. The crude 

product was purified on silica gel column with CH2Cl2 as eluent to obtain oily yellow liquid. 

Yield: 40%. 1H NMR (500 MHz, CDCl3, δ, ppm): 4.19 (t, J = 5.9 Hz, 2H), 3.27 (t, J = 7.5 

Hz, 2H), 2.26 (td, J = 6.9, 2.5 Hz, 2H), 1.95 (t, J = 2.5 Hz, 1H), 1.86 (m, 2H), 1.71-1.63 (m, 

8H), 1.48-1.17 (m, 18H), 0.89 (t, J = 6.6 Hz, 3H). 

 

 

 

 

Synthesis of immobilized catalysts 

Generally, SiO2-N3 (0.5 g), homogeneous catalyst (0.05 g), CuBr (0.01 g, 0.07 mmol), 

PMDETA (0.025 g, 0.14 mmol) were added into a round-bottom flask. Then 10 mL DMF 

(10 mL) was injected under nitrogen. The mixture was dispersed by sonication and 

stirred for 24 h. The immobilized catalyst was separated by centrifugation, washed with 

CH2Cl2/CH3OH (V/V, 10/1) and then dried under vacuum at 80 °C. 
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Characterization of precursors and catalysts 

 

Supplementary Figure 1. 1H NMR spectrum of TPP-OH in CDCl3 at 25 °C. 

 

 

Supplementary Figure 2. MALDI-TOF-MS spectrum of TPP-OH. 
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Supplementary Figure 3. 1H NMR spectrum of M-TPP in CDCl3 at 25 °C. 

 

 

 

Supplementary Figure 4. MALDI-TOF-MS spectrum of M-TPP. 
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Supplementary Figure 5. 1H NMR spectrum of M-TPPAl in CDCl3 at 25 °C. The ring 

hydrogen peak (-2.8 ppm) disappeared after metallization. 

 

 

 

Supplementary Figure 6. 1H NMR spectrum of 2 CDCl3 at 25 °C. 
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Supplementary Figure 7. 1H NMR spectrum of 3-TPP in CDCl3 at 25 °C. 

 

 

 

Supplementary Figure 8. MALDI-TOF-MS spectrum of 3-TPP. 
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Supplementary Figure 9. 1H NMR spectrum of 3-TPPAl in d6-DMSO at 25 °C. The ring 

hydrogen peak (-2.8 ppm) disappeared after metallization. 

 

 

 

Supplementary Figure 10. 13C NMR spectrum of 3-TPPAl in d6-DMSO at 25 °C. 
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Supplementary Figure 11. 1H NMR spectrum of 1-TPP in CDCl3 at 25 °C. 

 

 

 

Supplementary Figure 12. MALDI-TOF-MS spectrum of 1-TPP. 
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Supplementary Figure 13. 1H NMR spectrum of 1-TPPAl in d6-DMSO at 25 °C. The ring 

hydrogen peak (-2.8 ppm) disappeared after metallization. 

 

 

Supplementary Figure 14. 1H NMR spectrum of 6-TPP in CDCl3 at 25 °C. 
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Supplementary Figure 15. MALDI-TOF-MS spectrum of 6-TPP. 

 

 

 

 

Supplementary Figure 16. 1H NMR spectrum of 6-TPPAl in d6-DMSO at 25 °C. The ring 

hydrogen peak (-2.8 ppm) disappeared after metallization. 
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Supplementary Figure 17. 1H NMR spectrum of 10-TPP in CDCl3 at 25 °C. 

 

 

 

 

Supplementary Figure 18. MALDI-TOF-MS spectrum of 10-TPP. 
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Supplementary Figure 19. 1H NMR spectrum of 10-TPPAl in d6-DMSO at 25 °C. The 

ring hydrogen peak (-2.8 ppm) disappeared after metallization. 

 

 

 

Supplementary Figure 20. 1H NMR spectrum of 1 in CDCl3 at 25 °C. 
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Supplementary Figure 21. 1H NMR spectrum of DDMAT in CDCl3 at 25 °C. 

 

 

Supplementary Figure 22. 1H NMR spectrum of RAFT agent (4) in CDCl3 at 25 °C. 
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Supplementary Figure 23. 13C NMR spectrum of RAFT agent (4) in CDCl3 at 25 °C. 

 

 

 

Supplementary Figure 24. ATR-FT-IR spectrum of RAFT agent (4). 
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Supplementary Figure 25. 1H NMR spectrum of BFPL in CDCl3 at 25 °C. 

 

Supplementary Figure 26. 13C NMR spectrum of BFPL in CDCl3 at 25 °C. 
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Supplementary Figure 27. GPC curve spectrum of BFPL in THF. 

 

 

 

Supplementary Figure 28. 1H NMR spectrum of BFPC in d6-DMSO at 25 °C. The ring 

hydrogen peak (-2.8 - -3.3 ppm) disappeared after metallization. 
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Supplementary Figure 29. 1H NMR spectrum of BFPL’ in CDCl3 at 25 °C. 

 

Supplementary Figure 30. 13C NMR spectrum of BFPL’ in CDCl3 at 25 °C. 
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Supplementary Figure 31. GPC curve spectrum of BFPL’ in THF. 

 

 

Supplementary Figure 32. 1H NMR spectrum of BFPC’ in d6-DMSO at 25 °C. The ring 

hydrogen peak (-2.8 - -3.3 ppm) disappeared after metallization. 
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Supplementary Figure 33. 1H NMR spectrum of PL in CDCl3 at 25 °C. 

 

 

Supplementary Figure 34. 13C NMR spectrum of PL in CDCl3 at 25 °C. 
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Supplementary Figure 35. GPC curve spectrum of PL in THF. 

 

 

Supplementary Figure 36. 1H NMR spectrum of PC in d6-DMSO at 25 °C. The ring 

hydrogen peak (-2.8 - -3.3 ppm) disappeared after metallization. 
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Supplementary Figure 37. 1H NMR spectrum of (3-azidopropyl)trimethoxy silane (3) in 

CDCl3 at 25 °C. 

 

 
Supplementary Figure 38. ATR-FT-IR spectra of SiO2 and SiO2-N3. 
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Supplementary Figure 39. SEM image of SiO2-N3. 

 

 

Supplementary Figure 40. Multi-point BET plot of SiO2-N3. The surface area of SiO2-N3 

is 128 m2/g. 
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Supplementary Figure 41. Solid-state 29Si NMR spectrum of SiO2-N3. 

 

 
Supplementary Figure 42. Solid-state 13C NMR spectrum of SiO2-N3. 
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Supplementary Figure 43. TGA curves of SiO2 and SiO2-N3. The loading of -N3 could be 

calculated as 0.35 mmol/g based on the method of literature4. 
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Supplementary Figure 44. ATR-FT-IR spectra of BFPC, sBFPC-1 and SiO2-N3. 

 

 

 

Supplementary Figure 45. ATR-FT-IR spectra of 3-TPPAl, sSC-1 and SiO2-N3. 
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Supplementary Figure 46. ATR-FT-IR spectra of PC, sPC-1 and SiO2-N3. 

 

 

 

Supplementary Figure 47. ATR-FT-IR spectra of BFPC’, sBFPC’-1 and SiO2-N3. 
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Supplementary Figure 48. Solid-state 13C NMR spectrum of sSC-1. 

 

 

 

Supplementary Figure 49. Solid-state 13C NMR spectrum of sBFPC-1. 
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Supplementary Figure 50. Solid-state 13C NMR spectrum of sPC-1. 

 

 

 

Supplementary Figure 51. Solid-state 13C NMR spectrum of sBFPC’-1. 
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Supplementary Figure 52. a) Comparison of Al 2p XPS spectra of SC (74.74 eV), PC 

(74.71 eV), BFPC (74.62 eV) and BFPC’ (74.66 eV). b) Comparison of Al 2p XPS 

spectra of sSC-1 (74.14 eV), sPC-1 (74.29 eV), sBFPC-1 (74.43 eV) and sBFPC’-1 

(74.11 eV). 
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Supplementary Figure 53. SEM image of sBFPC-1. 

 

 

Supplementary Figure 54. Multi-point BET plot of sBFPC-1. The surface area of 

sBFPC-1 is 126 m2/g. 

 

 

 

 

100 nm



S44 

 

 

Supplementary Figure 55. SEM image of sSC-1. 

 

 

 

Supplementary Figure 56. Multi-point BET plot of sSC-1. The surface area of sSC-1 is 

126 m2/g. 
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Supplementary Figure 57. SEM image of sPC-1. 

 

 

 

Supplementary Figure 58. Multi-point BET plot of sPC-1. The surface area of sPC-1 is 

129 m2/g. 
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Supplementary Figure 59. SEM image of sBFPC’-1. 

 

 

 

Supplementary Figure 60. Multi-point BET plot of sBFPC’-1. The surface area of 

sBFPC’-1 is 150 m2/g. 
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Supplementary Figure 61. The variable-temperature UV-vis absorption spectra of a) 

sSC-1, b) sPC-1, c) sBFPC-1 and d) sBFPC’-1. The supported catalysts are dispersed 

in DMSO (1 mg/mL). 
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Supplementary Figure 62. a) Schematic illustration of average immobilization site 

distance of supported polymeric catalysts, which were calculated based on the method of 

previous literature5. b) Comparison of the UV-vis absorption spectra of sBFPC-1, 

sBFPC-2 and sBFPC-3. The supported catalysts are dispersed in the mixture of 

CH2Cl2/CH3OH (10/1, V/V) at room temperature (1 mg/mL). 
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General method to analyze the loading of Al-porphyrins 

Plot the standard curve 

A quantitative amount of freshly prepared homogeneous Al porphyrin (parental catalysts) 

was dispersed in an aqueous solution of tetrahydrofuran containing sodium hydroxide 

(0.1 mol/L) and stirred overnight at 40 °C. Subsequently, sodium chloride was added to 

facilitate the separation of the tetrahydrofuran from the aqueous phase. The 

tetrahydrofuran solution containing Al porphyrin was partitioned, and the pH of the 

solution was adjusted to neutral with a small amount of diluted hydrochloric acid. The 

mixture was transferred to a 25 mL volumetric flask, and the volume was fixed with 

C2H5OH to 25 mL to obtain a standard solution. From this standard solution, aliquots of 

0.25, 0.5, 1.0, 2.0, and 3.0 mL were taken and diluted to 100 mL in separate 100 mL 

volumetric flasks using ethanol. The UV-vis absorption spectra of these dilutions were 

measured, and a standard curve was plotted 

 

Measure the loading 

A quantitative amount of supported catalyst was dispersed in an aqueous solution of 

tetrahydrofuran containing sodium hydroxide (0.1 mol/L) and stirred overnight at 40 °C. 

Subsequently, sodium chloride was added to facilitate the separation of the 

tetrahydrofuran from the aqueous phase. The tetrahydrofuran solution containing Al 

porphyrin was partitioned, and the pH of the solution was adjusted to neutral with a small 

amount of diluted hydrochloric acid. The supernatant was transferred to a 100 mL 

volumetric flask, and the volume was fixed with C2H5OH to 100 mL. The UV-vis 

absorption spectrum of the solution was recorded, and the intensity of the absorption was 

measured as A. The catalyst loading can be calculated from the standard curve. 
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Supplementary Figure 63. a) Cartoon models of the digest operation and UV-vis test of 

Al porphyrin. b) The picture of digested solution of sBFPC-1, where the organic phase is 

transparent, indicating complete hydrolysis of the nanoparticle. c) UV-vis spectrums of 

dispersion of sBFPC-1 (purple curve), nano SiO2 (black curve) and digested solution (red 

curve). d) UV-vis spectrums of standard samples (BFPC) prepared by digest operation. 

The calibration curve of e) digested BFPC, f) PC and g) SC plotted by the absorbance at 

422 nm. 

 

 

Supplementary Scheme 7. Calculation method to determinate the loading. 
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Supplementary Table 1. The unit and meaning of each symbol used to calculate the 

loading. 

Symbol Unit Meaning 

M g/mol The relative molecular mass of aluminum porphyrin 

n / The number of aluminum porphyrin units per polymeric catalyst chain 

M2 g/mol The molecular weight of polymeric catalyst obtained by GPC 

w% / The homogeneous catalyst porphyrin content  

k mL/(μg*cm) The slope of the standard curve of UV-vis spectrum 

ε L/(mol*cm) The molar absorption coefficient of digested aluminum porphyrin 

m g The mass of immobilized catalyst used to digest  

V mL The volume of the volumetric bottle 

A /cm The absorbance of diluted digest solution 

Loading μmol/g The loading of immobilized catalyst  

 

Supplementary Table 2. Information of homogeneous catalysts and immobilized 

catalysts. 

Corresponding  
homogeneous 

catalyst 

Mn 
(Đ) 

n ε 
Immobilized 

catalyst 
Loading 

(μmol Al/g) 

BFPC 
9.2 kg/mol 

 (1.11) 
6 

3.3 * 105 

sBFPC-2 2.1 

sBFPC-1 13.0 

sBFPC-3 38.0 

BFPC’ 
9.2 kg/mol 

 (1.13) 
6 sBFPC’-1 17.2 

PC 
12.1 kg/mol 

 (1.05) 
9.2 3.5 * 105 sPC-1 15.1 

SC 1.0 kg/mol 1 5.4 * 105 

sSC-1 12.3 

sSC-2 45.2 

sSC-3 95.5 
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Supplementary Figure 64. a) Comparison of results for non-polar versus polar condition 

treatments. b) The schematic of no interaction between (3-azidopropyl)trimethoxy silane 

(Si-N3) and M-TPPAl. c) 1H NMR spectrums of Si-N3, M-TPPAl and their mixture in 

CDCl3 at 25 °C. d) Schematic of the interaction between Al porphyrin and SiO2-N3 

regulated by solvent. e) Investigation of the state of Al porphyrin in the suspension of 

SiO2-N3 monitored by NMR spectroscopy.  

The physically adsorbed M-TPPAl cannot be washed out by non-polar solvents such 

as CHCl3, indicating an interaction between SiO2-N3 and M-TPPAl. Desorption of M-

TPPAl is easily achieved when a polar organic solvent, such as CH3OH, is used, 

suggesting that the interaction is unstable under polar conditions. The 1H NMR spectrum 
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Si-N3 and M-TPPAl. The result suggests that residual surface silanol is responsible for 

the adsorption of Al porphyrin (Supplementary Fig. 64d). In 1H NMR monitoring 

experiments, M-TPPAl and fluorobenzene (Ph-F, internal standard) were dissolved in a 

0.15:1 molar ratio in CDCl3. After adding SiO2-N3 and dispersing it by sonication, 1H NMR 

revealed a reduction in the signal of M-TPPAl from 15% to 12% of the internal standard, 

accompanied by a blurring of the peak split (9.5-7.5 ppm). This observation indicates 

partial adsorption of Al porphyrin onto silica in non-polar solvents, which restricts the 

mobility of molecular catalyst. Upon adding a drop of CD3OD (a polar solvent) to the 

dispersion, the peak of M-TPPAl reverted to 15%, with sharpened peak splitting, 

indicating desorption due to the solvent's polarity. Therefore, polar conditions are 

favorable for the conformational stretching of supported catalyst chain. 
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Basic principles of solvent relaxation nuclear magnetic resonance 

Supplementary Scheme 8. The basic principles of solvent relaxation NMR 

 

In a simple suspension system, solvent molecules exist in two environments: in the bulk 

solution (free) and at the particle surface (absorbed) 6. Protons within solvent molecules 

in bulk solution have a longer relaxation time (T2f) than those at the surface (T2b), due to 

their faster mobility and differing magnetic interactions7. Although the solvent molecules 

display distinct relaxation behaviors within the suspension system, a single-exponential 

magnetization can be obtained because of a rapid exchange between these molecules. 

The T2 relaxation NMR test provides the echo height M(t) as a function of time t, which 

can be expressed as eq (1). The dynamically averaged relaxation rate of the system is 

related to the fraction of solvent molecules in each state, as described by eq (2). 

𝑀(𝑡) = 𝑀(0)𝑒(−𝑡/𝑇2)       (1) 

1

𝑇2
=  

1−𝑝𝑏

𝑇2𝑓
+ 

𝑝𝑏

𝑇2𝑏
       (2) 

where T2 is the observed relaxation time and pb is the fraction of protons in the bound 

environment. It is convenient to define relaxation rate R2, R2f, R2b as 1/T2, 1/T2f, 1/T2b, 

respectively. Thus, the average relaxation rate can be described by eq (3). 

𝑅2 = (1 − 𝑝𝑏)𝑅2𝑓 + 𝑝𝑏𝑅2𝑏    (3) 

Substrate

Free solvent (higher mobility and longer T2)

Rapid exchange

Adsorbed solvent (lower mobility and shorter T2)
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For the specific suspension, the specific relaxation rate constant, Rsp, describes the 

relaxation rate with respect to the pure solvent (𝑅2𝑓) and can be calculated using eq (4). 

𝑅𝑠𝑝 =  
𝑅2

𝑅2𝑓
− 1              (4) 

Rsp can also be given as eq (5) from eq (3) and eq (4): 

𝑅𝑠𝑝 = (
𝑅𝑏

𝑅2𝑓
− 1)𝑝𝑏          (5) 

For the supported catalysts tested in this work, the volume fraction times the specific 

surface area (Vsolid·Vliquid
−1·SBET) is similar across the sample, which can be considered 

the same pb
8. Consequently, an increase in Rsp implies that the system is relaxing more 

efficiently, indicating lower solvent mobility at the surface. 
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Previous work of preparation of CO2-polyols synthesized by PO and CO2. 

Utilizing carbon dioxide (CO2) to prepare high-value products is advantageous for both 

academic and industrial communities9-11. One effective route is the ring-opening 

copolymerization (ROCOP) of CO2 and epoxides to yield polycarbonates12-14, a process 

first reported by Inoue and co-workers15. Propylene oxide (PO), an inexpensive 

commodity epoxide, is particularly attractive epoxide for producing high-molar-mass 

polymers and low-molar-mass CO2-derived polyols. While outstanding progress has 

been achieved in synthesizing high-molar-mass polymers16-20, research on the 

preparation of low-molar-mass CO2-polyols has advanced more slowly. These polyols 

typically consist of two or more hydroxyl end-capped polypropylene carbonate (PPC) or 

polyether carbonate (PEC) (Supplementary Scheme 9). Compared to the high carbonate 

unit content of PPC polyols (CU% ≥ 99%), the coexisting carbonate/ether structure in 

PEC polyols provides the advantages of both polyester and polyether polyols, including 

lower glass transition temperatures and viscosities, making them suitable for use in 

polyurethane applications21. 

Supplementary Scheme 9. Synthesis of CO2-polyols prepared by RD-ROCOP of 

PO/CO2. 

 

The most effective method for preparing CO2-polyols is telomerization of PO and CO2 

through the addition of protic chain transfer agent (CTA), such as carboxylic acids, 

alcohols, or phenols22-24. In reversible-deactivation ring-opening copolymerization (RD-

ROCOP), rapid and reversible proton transfer occurs between dormant and active chains, 

PO cPCPPC polyols
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allowing for the tailoring of polymer molar mass by varying CTA loadings23. However, the 

catalytic performance generally declines significantly at high CTA loadings due to two 

main factors: 1) reduced activation of the monomer resulting from the competitive 

coordination of CTA to the Lewis acid, and 2) decreased nucleophilicity of the anionic 

chain ends due to hydrogen bonding with the CTA25. Specifically, it is challenging to 

produce ultra-low molecular weight (ULMW, < 1000 g/mol) CO2-polyols under high CTA 

loadings, which are essential soft segments for the production of polyurethane foams26. 

In other words, proton tolerance is a critical factor to consider in RD-ROCOP. To compare 

the proton tolerance of different catalytic systems, a parameter ‘p’ was defined as the 

maximum molar ratio of active protons to catalyst at which the catalyst remains effective. 

Numerous studies have demonstrated that the synergistic effect is significant in 

enhancing proton tolerance (Supplementary Schemes 10-11), where active sites 

collaborate to catalyze various reaction steps27, 28. The binary catalytic system, 

characterized by synergy between two molecules, suffers from low activity and requires 

high catalyst loading to prepare polyols, usually used with low CTA loading (p < 40) 29, 30. 

To overcome the limitations, Nozaki and co-workers, along with many others, developed 

a strategy for constructing bifunctional catalysts, in which the catalyst and cocatalyst are 

covalently bonded17, 31-33. This innovation, benefiting from intramolecular synergy, has led 

to a remarkable improvement in catalytic performance in terms of activity, selectivity, and 

proton tolerance (p: 100~1200)34-36. The intramolecular synergy endows bifunctional 

catalysts with resilience against inhibition pathways caused by alcohol chains25. 

Simultaneously, a series of dinuclear complexes exhibiting intermetallic synergy have 

been developed and can function without any cocatalyst37-39. Recently, our group 

introduced multisite intramolecular synergy into catalytic design, achieving p of 1666640, 

41. However, the aforementioned catalysts displayed decreasing activity with increasing 

CTA equivalents at very dilute concentrations. Additionally, the difficulty in separating 

catalysts from products results in high costs, toxic residues, color issues, and premature 

polymer degradation. Although evidence suggests that synergistic effects exist on the 

surfaces of heterogeneous catalysts, such as double metal cyanide complexes (DMCC) 

and zinc glutarate catalysts42-44, they are less controllable in terms of selectivity and 
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molecular weight distribution. Merrifield resin has also been reported to load catalysts for 

better control over molecular weight45; however, the activity remains low (TOF ~ 500 h-1 

at 70 °C). It continues to be a challenge to construct a separable catalytic system that 

exhibits high activity, controllability, and proton tolerance for the synthesis of CO2-polyols 

 

Supplementary Scheme 10. Previous work of preparation of polypropylene carbonate 

(PPC) polyols. 

 

  

Angew. Chem. Int. Ed. 2013, 52, 10602-10606

Cat./Cocat./H2O/PO = 1/1/20/500

1.5 MPa CO2, room temperature, TOF ~ 10 h-1

Mn(GPC) = 4.4 kg/mol, PDI = 1.02

Angew. Chem. Int. Ed. 2006, 45, 7274-7277

Cat./MeOH/PO = 1/20/1000

1.4 MPa CO2, 25 °C, TOF = 47.5 h-1

Mn(GPC) = 5.1 kg/mol, PDI = 1.06

Macromolecules 2010, 43, 7398-7401

Cat./Adipic acid/PO = 1/600/100000

2.5 MPa CO2, 75 °C, TOF = 7300 h-1

Mn(GPC) = 2.4 kg/mol, PDI = 1.07

J. Am. Chem. Soc. 2020, 142, 19150-19160

Cat./1,2-cyclohexanediol/PO = 1/250/10000

2.0 MPa CO2, 50 °C, TOF < 800 h-1

Mn(GPC) = 1.3 kg/mol, PDI = 1.16
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Supplementary Scheme 11. Previous work of preparation of polyether carbonate (PEC) 

polyols. 

 

  

Macromolecules 2019, 52, 2431-2438

Et3B/Tertra-butylammonium carbonate/PO = 2.8/1/10

1.0 MPa CO2, 40 °C, TOF ~ 3 h-1

CU% = 90%, Mn(GPC) = 1.1 kg/mol, PDI = 1.4

Macromolecules 2023, 56, 892-898

Cat./1,4-benzenedimethanol/PO = 1/100/20000

1.0 MPa CO2, 70 °C, TOF = 870 h-1

CU% = 45%, Mn(GPC) = 6.9 kg/mol, PDI = 1.09

Chin. Chem. Lett. 2023, 34, 108011

Cat./Cocat./Sebacic acid/PO = 1/1/8333/50000

6.0 MPa CO2, 60 °C, TOF = 1580 h-1

CU% = 37%, Mn(GPC) = 0.5 kg/mol, PDI = 1.06

J. Polym. Sci., Part A: Polym. Chem. 2012, 50, 5177-5184

Sebacic acid/PO = 1/15.1

4.0 MPa CO2, 80 °C, 5 h

Productivity = 2.4 kg/g catalyst

CU% = 42%, Mn(GPC) = 1.2 kg/mol, PDI = 1.21

DMCC

Angew. Chem. Int. Ed. 2023, 62, e202305186

Cat./Sebacic acid/PO = 1/8000/40000

3.0 MPa CO2, 70 °C, TOF ~ 500 h-1

CU% = 31%, Mn(GPC) = 0.6 kg/mol, PDI = 1.00

Merrifield resin
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Calculation method of polymerization results 

 

Supplementary Figure 65. Crude 1H NMR spectrum of CO2-polyol using sebacic acid as 

chain transfer agent (entry 2, Supplementary Table 3). 

 

Calculation methods for determination of PO conversion, polymer selectivity, carbonate 

unit and the theoretical molecular weight of obtained polymers: 

 

𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 =  
A5.1-4.7+A4.5+A4.3-3.9+A3.7-3.3

A5.1-4.7+A4.5+A4.3-3.9+A3.7-3.3+3×A2.9

×100% 

 

𝑃𝑜𝑙𝑦𝑚𝑒𝑟 𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  
102×(A5.1-4.7−2×A4.5+A4.3-3.9)+58×A3.7-3.3

102×(A5.1-4.7+A4.5+A4.3-3.9)+58×A3.7-3.3

×100% 

 

C𝑎𝑟𝑏𝑜𝑛𝑎𝑡𝑒 𝑢𝑛𝑖𝑡 =  
A5.1-4.7-2×A4.5+A4.3-3.9

A5.1-4.7-2×A4.5+A4.3-3.9+A3.7-3.3

×100% 

 

𝑀𝑛
𝑡ℎ𝑒𝑜. = 𝑀𝐶𝑇𝐴 +

[𝑃𝑂]×𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛×𝑃𝑜𝑙𝑦𝑚𝑒𝑟 𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦×[102×𝐶𝑈+58×(1−𝐶𝑈)]

[𝐶𝑇𝐴]
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Calculation methods for determination of TOF and productivity of catalysts: 

 

𝑇𝑂𝐹 =  
[𝑃𝑂] × 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛

[𝐴𝑙] × 𝑇𝑖𝑚𝑒
 

 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  
𝑚𝑝𝑜𝑙𝑦𝑜𝑙

𝑚𝑇𝑃𝑃𝐴𝑙

=
[𝐶𝑇𝐴] × 𝑀𝐶𝑇𝐴 + [𝑃𝑂] × 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 × 𝑃𝑜𝑙𝑦𝑚𝑒𝑟 𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 × [102 × 𝐶𝑈 + 58 × (1 − 𝐶𝑈)]

[𝐴𝑙] × 𝑀𝑇𝑃𝑃𝐴𝑙
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Results of Telomerization of PO/CO2 

Supplementary Table 3. Optimization of conditions for telomerization of PO/CO2 in the 

presence of SA. [a] 

 

Entry Cat. [Al]/SA/M0
[b] p[c] 

T 
(°C) 

P 
(MPa) 

Conv. 
(%)[d] 

TOF 
(h-1)[e] 

Polymer 
(%)[f] 

CU 
(%)[g] 

Mn
theo. 

(kg/mol)[h] 
Mn

GPC 
(kg/mol)[i] 

Đ[i] 
Productivity 

(kg/g)[j] 

1 sBFPC-1 1/2000/200000 4*103 50 3 13 722 >99 38 1.1 1.2 1.07 2.5 

2 sBFPC-1 1/2000/200000 4*103 70 3 45 2500 97 35 3.4 2.7 1.06 7.2 

3 sBFPC-1 1/2000/200000 4*103 90 3 56 3111 88 35 3.8 2.8 1.06 8.1 

4 sBFPC-1 1/2000/200000 4*103 70 1 34 1880 85 27 2.2 1.8 1.38 4.7 

5 sBFPC-1 1/2000/200000 4*103 70 5 40 2236 95 42 3.1 3.0 1.18 6.6 

6 sBFPC-1 1/0/200000 0 70 3 37 2070 91 34 5400.0 66.5 1.52 5.4 

[a] The polymerization reactions were carried out in neat 4 mL PO in the presence of SA for 36 h. [b] The feed molar ratio. [c] p was the molar 

ratio of active proton to catalyst (p = [H]/[Al]). [d] Conversion of PO, determined by 1H NMR analysis of crude reaction mixture. [e] Turnover 

frequency (TOF) = number of moles of PO consumed/(number of moles [Al]*time). [f] Weight percentage of polyols over cPC. [g] The content of 

carbonate units in polyols determined by 1H NMR. [h] Theoretical molecular weight of the polyols calculated according to the conversion of PO, 

selectivity and CU content. [i] The molecular weight and polymer dispersity index determined by gel permeation chromatography (GPC) in THF 

at 25 °C, calibrated with polystyrene standards. [j] Kilogram polyol per gram Al porphyrin, calculated by mpolyol/mAl porphyrin. 
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Supplementary Table 4. Telomerization of PO/CO2 in the presence of SA catalyzed by 

different supported catalysts. [a] 

 

Entry Cat. [Al]/PPNCl/SA/M0
[b] p[c] 

Conv. 
(%)[d] 

TOF 
(h-1)[e] 

Polymer 
(%)[f] 

CU 
(%)[g] 

Mn
theo. 

(kg/mol)[h] 
Mn

GPC 
(kg/mol)[i] 

Đ[i] 
Productivity 

(kg/g)[j] 

1 sBFPC-1 1/0/2000/200000 4*103 45 2500 97 35 3.4 2.7 1.06 7.2 

2 sSC-1 1/0/2000/200000 4*103 2 111 94 26 0.3 - - 0.3 

3 sPC-1 1/0/2000/200000 4*103 18 1000 98 24 1.4 1.0 1.62 3.0 

4 sBFPC’-1 1/0/2000/200000 4*103 21 1160 95 36 1.7 0.9 1.23 3.5 

5 sSC-1 1/1/2000/200000 4*103 5 256 96 67 0.6 - - 1.3 

6 sPC-1 1/1/2000/200000 4*103 39 2141 88 36 2.7 2.0 1.05 5.8 

7 sBFPC-2 1/0/2000/200000 4*103 17 944 87 33 1.3 1.5 1.31 2.7 

8 sBFPC-3 1/0/2000/200000 4*103 34 1889 92 38 2.7 2.4 1.05 5.4 

9 SiO2-N3 0/0/2000/200000 - <1 - - - - - - - 

[a] The polymerization reactions were carried out in neat 4 mL PO under CO2 pressure of 3 MPa at 70 °C in the presence of SA for 36 h. 

[b] The feed molar ratio. [c] p was the molar ratio of active proton to catalyst (p = [H]/[Al]). [d] Conversion of PO, determined by 1H NMR 

analysis of crude reaction mixture. [e] Turnover frequency (TOF) = number of moles of PO consumed/(number of moles [Al]*time). [f] 

Weight percentage of polyols over cPC. [g] The content of carbonate units in polyols determined by 1H NMR. [h] Theoretical molecular 

weight of the polyols calculated according to the conversion of PO, selectivity and CU content. [i] The molecular weight and polymer 

dispersity index determined by gel permeation chromatography (GPC) in THF at 25 °C, calibrated with polystyrene standards. [j] Kilogram 

polyol per gram Al porphyrin, calculated by mpolyol/mAl porphyrin. 

 

 

Supplementary Figure 66. GPC curves of CO2-polyols made by different supported 

catalysts (entries 1, 3, 4 Supplementary Table 4; entry 1, Supplementary Table 5). 
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Supplementary Table 5. Performance comparison of different supported single-site Al 

porphyrin catalysts with different loadings and linker lengths. [a] 

 

 

Entry Cat. [Al]/PPNCl/SA/M0
[b] p[c] 

t 
(h) 

Conv. 
(%)[d] 

TOF 
(h-1)[e] 

Polymer 
(%)[f] 

CU 
(%)[g] 

Mn
theo. 

(kg/mol)[h] 
Mn

GPC 
(kg/mol)[i] 

Đ[i] 
Productivity 

(kg/g)[j] 

1 sSC-1 1/0/100/10000 200 24 34 140 96 26 2.5 1.8 2.22 0.26 

2 sSC-1 1/1/100/10000 200 24 59 246 84 30 4.4 2.8 1.74 0.39 

3 sSC-2 1/0/100/10000 200 24 51 211 95 28 3.6 1.9 1.71 0.38 

4 sSC-3 1/0/100/10000 200 24 46 191 97 29 3.4 1.6 2.54 0.36 

5 sSC-4 1/0/100/10000 200 24 46 193 93 22 3.3 2.0 2.00 0.33 

6 sSC-5 1/0/100/10000 200 24 42 173 94 25 3.1 2.0 1.82 0.31 

7 sSC-6 1/0/100/10000 200 24 55 230 91 32 2.6 1.6 1.46 0.40 

[a] The polymerization reactions were carried out in neat 4 mL PO under CO2 pressure of 3 MPa at 70 °C in the presence of CTA. 

[b] The feed molar ratio. [c] p was the molar ratio of active proton to catalyst (p = [H]/[Al]). [d] Conversion of PO, determined by 1H 

NMR analysis of crude reaction mixture. [e] Turnover frequency (TOF) = number of moles of PO consumed/(number of moles 

[Al]*time). [f] Weight percentage of polyols over cPC. [g] The content of carbonate units in polyols determined by 1H NMR. [h] 

Theoretical molecular weight of the polyols calculated according to the conversion of PO, selectivity and CU content. [i] The 

molecular weight and polymer dispersity index determined by gel permeation chromatography (GPC) in THF at 25 °C, calibrated 

with polystyrene standards. [j] Kilogram polyol per gram Al porphyrin, calculated by mpolyol/mAl porphyrin. 

 

  

sSC-1 (12.3 μmol Al/g)

sSC-2 (45.2 μmol Al/g)

sSC-3 (95.5 μmol Al/g)

sSC-4 (48.4 μmol Al/g)

sSC-5 (45.1 μmol Al/g)

sSC-6 (45.6 μmol Al/g)
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Supplementary Table 6. Comparison of performance of BFPC and sBFPC-1 at different 

ratio of SA. [a] 

Entry Cat. [Al]/SA/M0
[b] p[c] 

t 
(h) 

Conv. 
(%)[d] 

TOF 
(h-1)[e] 

Polymer 
(%)[f] 

CU 
(%)[g] 

Mn
theo. 

(kg/mol)[h] 
Mn

GPC 
(kg/mol)[i] 

Đ[i] 
Productivity 

(kg/g)[j] 

1[L] BFPC 1/2000/200000 4*103 36 50 2789 94 41 3.8 4.5 1.04 8.0 

2 sBFPC-1 1/2000/200000 4*103 36 45 2500 97 35 3.4 2.7 1.06 7.2 

3[L] BFPC 1/4000/200000 8*103 36 55 3055 94 43 2.1 2.3 1.05 9.3 

4 sBFPC-1 1/4000/200000 8*103 36 54 3000 92 39 2.1 1.8 1.04 8.8 

5[L] BFPC 1/20000/200000 4*104 36 55 3055 93 44 0.6 0.7 1.04 12.7 

6 sBFPC-1 1/20000/200000 4*104 36 58 3222 90 44 0.7 0.8 1.04 12.9 

7[L] BFPC 1/40000/200000 8*104 36 56 3128 99 57 0.5 0.6 1.01 18.4 

8 sBFPC-1 1/40000/200000 8*104 36 62 3240 99 59 0.5 0.6 1.01 19.4 

9[M] BFPC 1/160000/8000000 3.2*105 144 66 2777[k] 98 47 0.6 0.6 1.01 58.7[k] 

10[L] sBFPC-1 1/160000/8000000 3.2*105 144 73 3167[k] 95 44 0.5 0.6 1.01 62.4[k] 

11 - 0/40000/200000 - 144 16 - 100 47 0.3 0.5 1.00 - 

12[N] sBFPC-1 1/40000/200000 8*104 36 67 3722 99 45 0.5 0.6 1.03 19.5 

[a] The polymerization reactions were carried out in neat 4 mL PO under CO2 pressure of 3 MPa at 70 °C in the presence of SA. [b] The feed 

molar ratio. [c] p was the molar ratio of active proton to catalyst (p = [H]/[Al]). [d] Conversion of PO, determined by 1H NMR analysis of crude 

reaction mixture. [e] Turnover frequency (TOF) = number of moles of PO consumed/(number of moles [Al]*time). [f] Weight percentage of polyols 

over cPC. [g] The content of carbonate units in polyols determined by 1H NMR. [h] Theoretical molecular weight of the polyols calculated 

according to the conversion of PO, selectivity and CU content. [i] The molecular weight and polymer dispersity index determined by gel 

permeation chromatography (GPC) in THF at 25 °C, calibrated with polystyrene standards. [j] Kilogram polyol per gram Al porphyrin, calculated 

by mpolyol/mAl porphyrin. [k] Blank experimental result was subtracted based on the results of entry 11. [L] 20 mL PO was used. [M] 40 mL PO was 

used. [N] 2 L PO was used. 
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Supplementary Figure 67. GPC curves of CO2-polyols made by sBFPC-1 (entries 2, 4, 

6, 8, Supplementary Table 6). 

 

It is notable that GPC can distinguish chain lengths in the very low molar mass regime, 

so the curves exhibited several sharp peaks for the ULMW CO2-polyols46. 
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Supplementary Table 7. Comparison of reaction processes catalyzed by BFPC and 

sBFPC-1. [a] 

 

Entry Cat. [Al]/SA/M0
[b] p[c] 

t 
(h) 

Conv. 
(%)[d] 

TOF 
(h-1)[e] 

Polymer 
(%)[f] 

CU 
(%)[g] 

Mn
theo. 

(kg/mol)[h] 
Mn

GPC 
(kg/mol)[i] 

Đ[i] 
Productivity 

(kg/g)[j] 

1 BFPC 1/2000/200000 4*103 9 11 2449 99 59 1.1 0.6 1.05 2.4 

2 sBFPC-1 1/2000/200000 4*103 9 12 2725 99 53 1.2 0.8 1.05 2.5 

3 BFPC 1/2000/200000 4*103 18 24 2670 97 47 2.0 1.3 1.05 4.3 

4 sBFPC-1 1/2000/200000 4*103 18 22 2411 97 41 1.8 1.1 1.06 3.9 

5 BFPC 1/2000/200000 4*103 27 39 2877 98 44 3.1 2.1 1.06 6.7 

6 sBFPC-1 1/2000/200000 4*103 27 36 2673 97 42 2.9 1.8 1.05 6.1 

7 BFPC 1/2000/200000 4*103 36 50 2789 94 41 3.8 4.5 1.04 8.0 

8 sBFPC-1 1/2000/200000 4*103 36 45 2500 97 35 3.4 2.7 1.06 7.2 

[a] The polymerization reactions were carried out in neat PO (4 mL for sBFPC-1, 20 mL for BFPC) under CO2 pressure of 3 MPa at 70 °C in 

the presence of SA. [b] The feed molar ratio. [c] p was the molar ratio of active proton to catalyst (p = [H]/[Al]). [d] Conversion of PO, 

determined by 1H NMR analysis of crude reaction mixture. [e] Turnover frequency (TOF) = number of moles of PO consumed/(number of 

moles [Al]*time). [f] Weight percentage of polyols over cPC. [g] The content of carbonate units in polyols determined by 1H NMR. [h] 

Theoretical molecular weight of the polyols calculated according to the conversion of PO, selectivity and CU content. [i] The molecular 

weight and polymer dispersity index determined by gel permeation chromatography (GPC) in THF at 25 °C, calibrated with polystyrene 

standards. [j] Kilogram polyol per gram Al porphyrin, calculated by mpolyol/mAl porphyrin. 
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Supplementary Table 8. Telomerization of PO/CO2 in the presence of different CTA 

catalyzed by sBFPC-1. [a] 

 

 

 

Entry CTA [Al]/CTA/M0
[b] p[c] 

Conv. 
(%)[d] 

TOF 
(h-1)[e] 

Polymer 
(%)[f] 

CU 
(%)[g] 

(Poylyester + 
polycarbonate)[g] 

Mn
theo. 

(kg/mol)[h] 
Mn

GPC 
(kg/mol)[i] 

Đ[i] 
Productivity 

(kg/g)[j] 

1 SA 1/40000/200000 8*104 62 3240 99 59 74 0.5 0.6 1.01 19.4 

2 AA 1/40000/200000 8*104 77 4278 95 24 58 0.4 0.5 1.01 16.9 

3 SuA 1/40000/200000 8*104 78 4333 97 38 55 0.4 0.5 1.01 17.0 

4 OA 1/40000/200000 8*104 97 5389 99 33 53 0.4 1.5 1.16 18.6 

5 PEG300 1/40000/200000 8*104 62 3463 89 38 38 0.5 0.6 1.03 21.0 

6 BPA 1/40000/200000 8*104 60 3354 97 5 5 0.4 0.6 1.01 17.1 

7 TMA 1/40000/200000 1.2*105 90 4995 95 20 47 0.6 0.7 1.03 23.2 

8 BTC 1/40000/200000 1.6*105 99 5319 99 22 49 0.6 0.9 1.07 25.3 

[a] The polymerization reactions were carried out in neat 4 mL PO under CO2 pressure of 3 MPa at 70 °C in the presence of CTA for 36 h catalyzed by 

sBFPC-1. [b] The feed molar ratio. [c] p was the molar ratio of active proton to catalyst (p = [H]/[Al]). [d] Conversion of PO, determined by 1H NMR 

analysis of crude reaction mixture. [e] Turnover frequency (TOF) = number of moles of PO consumed/(number of moles [Al]*time). [f] Weight 

percentage of polyols over cPC. [g] The content of carbonate units and ester + carbonate units in polyols determined by 1H NMR. The ester unit is high 

in the ultra-low molecular weight (< 1000 g/mol) CO2-polyols when using acid as CTA so it cannot be ignored. [h] Theoretical molecular weight of the 

polyols calculated according to the conversion of PO, selectivity and CU content. [i] The molecular weight and polymer dispersity index determined by 

gel permeation chromatography (GPC) in THF at 25 °C, calibrated with polystyrene standards. [j] Kilogram polyol per gram Al porphyrin, calculated by 

mpolyol/mAl porphyrin. 
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Supplementary Figure 68. a) Comparison of TOF of sBFPC-1 using different acidic CTA 

(entries 1-4, Supplementary Table 8). b) Comparison of productivity of sBFPC-1 using 

different acidic CTA. TOF and productivity have different trends due to different 

calculation methods (Supplementary Figure 65). 

 

 

 

Supplementary Figure 69. GPC curves of polyols. a) Polyol a prepared using SA as 

CTA (entry 1, Supplementary Table S4). b) Polyol b prepared using mixture of polyol a 

and SA (1/1, m/m) as CAT. Conditions: The polymerization reactions were carried out in 

neat 4 mL PO under CO2 pressure of 3 MPa at 70 °C in the presence of CTA for 24 h. 

The results showed polymer grows faster on SA than on polyol a. 
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Supplementary Table 9. Telomerization of other substituted epoxide and CO2 in the 

presence of SA catalyzed by sBFPC-1. [a] 

 

Entry Mon. [Al]/SA/M0
[b] p[c] 

Conv. 
(%)[d] 

TOF 
(h-1)[e] 

Polymer 
(%)[f] 

CU 
(%)[g] 

(Polyester + 
polycarbonate)[h] 

Mn
GPC 

(kg/mol)[i] 
Đ[i] 

Productivity 
(kg/g)[j] 

1 BO 1/40000/200000 8*104 55 3056 99 20 58 0.6 1.01 18.0 

2 AGE 1/40000/200000 8*104 39 2167 99 30 65 0.5 1.01 16.9 

3 EHGE 1/40000/200000 8*104 22 1222 99 31 74 0.5 1.03 8.4 

[a] The polymerization reactions were carried out in neat 4 mL monomers under CO2 pressure of 3 MPa at 70 °C in the presence of SA 

for 36 h catalyzed by sBFPC-1. [b] The feed molar ratio. [c] p was the molar ratio of active proton to catalyst (p = [H]/[Al]). [d] 

Conversion of monomer, determined by 1H NMR analysis of crude reaction mixture. [e] Turnover frequency (TOF) = number of moles of 

monomer consumed/(number of moles [Al]*time). [f] Weight percentage of polyols over cPC. [g] The content of carbonate units in 

polyols determined by 1H NMR. [h] The content of ester and carbonate units in polyols determined by 1H NMR. The ester unit is high in 

the ultra-low molecular weight (< 1000 g/mol) CO2-polyols so it cannot be ignored. [i] The molecular weight and polymer dispersity index 

determined by gel permeation chromatography (GPC) in THF at 25 °C, calibrated with polystyrene standards. [j] Kilogram polyol per 

gram Al porphyrin, calculated by mpolyol/mAl porphyrin. 
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MS spectrums of polyols 

 

 

Supplementary Figure 70. MALDI-TOF-MS spectrum of CO2-polyol using sebacic acid 

as chain transfer agent (entry 1, Supplementary Table 5). 

 

 

 

Supplementary Figure 71. ESI-MS of CO2-polyol using sebacic acid as chain transfer 

agent (entry 1, Supplementary Table 8). 
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Supplementary Figure 72. ESI-MS of CO2-polyol using a) adipic acid, b) succinic acid 

and c) oxalic acid as chain transfer agent (entries 2-4, Supplementary Table 8). 
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Supplementary Figure 73. ESI-MS of CO2-polyol using polyethylene glycol (PEG, Mn = 

300 g/mol) as chain transfer agent (entry 5, Supplementary Table 8). 

 

 

 

 

Supplementary Figure 74. ESI-MS of CO2-polyol using bisphenol A as chain transfer 

agent (entry 6, Supplementary Table 8). 
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Supplementary Figure 75. ESI-MS of CO2-polyol using trimesic acid as chain transfer 

agent (entry 7, Supplementary Table 8). 

 

 
Supplementary Figure 76. ESI-MS of CO2-polyol using 1,2,4,5-benzenetetracarboxylic 

acid as chain transfer agent (entry 8, Supplementary Table 8). 
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Supplementary Figure 77. ESI-MS of CO2-polyol using a) BO, b) AGE and c) EHGE as 

monomer (entries 1-3, Supplementary Table 9). 

400 500 600 700 800 900
m/z

400 500 600 700 800 900
m/z

400 500 600 700 800 900
m/z

441.4

n = 3

m = 0

485.4

n = 2

m = 1

513.5

n = 4

m = 0

557.5

n = 3

m = 1 601.5

n = 2

m = 2

453.4

n = 2

m = 0

883.7

n = 3

m = 2

567.5

n = 3

m = 0

611.5

n = 2

m = 1

681.5

n = 4

m = 0

+ Na+

+ Na+

+ Na+

a)

b)

c)
597.6

n = 2

m = 0

783.9

n = 3

m = 0

411.4

n = 1

m = 0



S76 

 

Supplementary Table 10. Performance comparison for multiple uses of sBFPC-1. [a] 

 

Entry Cat. [Al]/SA/M0
[b] p[c] 

Conv. 
(%)[d] 

TOF 
(h-1)[e] 

Polymer 
(%)[f] 

CU 
(%)[g] 

Mn
theo. 

(kg/mol)[h] 
Mn

GPC 
(kg/mol)[i] 

Đ[i] 
Productivity 

(kg/g)[j] 

1 sBFPC-1 1/40000/200000 8*104 67 3722 99 45 0.5 0.6 1.03 19.5 

2 R-1 1/40000/200000 8*104 62 3463 99 47 0.5 0.6 1.02 18.8 

3 R-2 1/40000/200000 8*104 58 3195 99 45 0.5 0.6 1.03 18.1 

4 R-3 1/40000/200000 8*104 59 3277 98 46 0.5 0.6 1.02 18.2 

[a] The polymerization reactions were carried out in neat 2 L PO under CO2 pressure of 3 MPa at 70 °C in the presence of SA for 36 h. [b] 

The feed molar ratio. [c] p was the molar ratio of active proton to catalyst (p = [H]/[Al]). [d] Conversion of PO, determined by 1H NMR 

analysis of crude reaction mixture. [e] Turnover frequency (TOF) = number of moles of PO consumed/(number of moles [Al]*time). [f] 

Weight percentage of polyols over cPC. [g] The content of carbonate units in polyols determined by 1H NMR. [h] Theoretical molecular 

weight of the polyols calculated according to the conversion of PO, selectivity and CU content. [i] The molecular weight and polymer 

dispersity index determined by gel permeation chromatography (GPC) in THF at 25 °C, calibrated with polystyrene standards. [j] 

Kilogram polyol per gram Al porphyrin, calculated by mpolyol/mAl porphyrin. 

 

 

The loadings of recycled catalysts (R-z, z = 1, 2, 3) significantly decreased from 13.0 

μmol/g to 3.7 μmol/g (Supplementary Figure 78a). To investigate the underlying cause, 

we utilized the ATR-FT-IR spectrum (Supplementary Figure 78b) and SEM image 

(Supplementary Figure 78c) to characterize R-1. These results revealed that residual 

polyols were attached to the supported catalyst. These findings suggest that the weakly 

acidic silanol may function as CTA, facilitating the covalent attachment of polyols to the 

silicon and impeding their removall47. In subsequent tests, the loadings of R-2 and R-3 

remained essentially unchanged, showing 3.6 μmol/g (Supplementary Figure 78a). 

 

Supplementary Figure 78. a) The catalysts loadings before each cycle. b) ATR-FT-IR 

spectrums of sBFPC-1, R-1 and CO2-polyol. c) SEM image of recycled catalyst (R-1). 
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Investigation of interaction between compounds 

 

 

 

Supplementary Figure 79. The preparation and 19F NMR spectrum of M-TPPAl with a 

TFA axis. 

 

 

Supplementary Figure 80. a) The reaction between M-TPPAl and PO followed by the 

addition of TFA. b) 1H NMR signal changes (2.4-3.0 ppm from PO) of the mixture of M-

TPPAl/PO (1/5) titration with TFA in CDCl3. 
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Supplementary Figure 81. 1H NMR spectra of a) M-TPPAl/PO = 1/5 and b) M-

TPPAl/CH3CO2H/PO = 1/2/5 and c) CH3CO2H/PO = 2/5. 

 

Note: The spectra showed signals for 2-chloro-1-propanol and 1-chloro-2-propanol, 

which resulted from the nucleophilic attack on PO by chloride ions, followed by an 

exchange with the protic species and detachment from Al porphyrin48, 49. 

 

Supplementary Figure 82. 1H NMR spectra of a) M-TPPAl/PO = 1/5 and b) M-

TPPAl/CF3CH2OH/PO = 1/2/5 and c) CF3CH2OH/PO = 2/5. 
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Supplementary Figure 83. Comparison of 1H NMR spectra of a) M-TPPAl/PO (1/5) with 

a) CF3CH2OH (pKa = 12.8), b) CH3CO2H (pKa = 4.75) and c) CF3CO2H (pKa = 0.77). 

 

 

Supplementary Figure 84. 19F NMR spectra of a) CF3CH2OH (pKa = 12.8, 2 equiv.), e) 

M-TPPAl/CF3CO2H = 1/2 and f) CF3CO2H (pKa = 0.77). b) Adding M-TPPAl (1 equiv.) 

and PO (5 equiv.) followed by the addition of c) FArCO2H (pKa = 4.15, 2 eqv.) and d) 

CF3CO2H (pKa = 0.77, 2 equiv.). 

 

The primary purpose of mixing M-TPPAl and PO firstly is to obtain [Al]-alkoxide, 

which is subsequently replaced by CF3CH2OH to give [Al]-CF3CH2OH. Following the 

addition of FArCO2H, no free FArCO2H was detected, and the majority of [Al]-CF3CH2OH 

was converted to free CF3CH2OH. Upon the addition of CF3CO2H, the remaining [Al]-

CF3CH2OH and a portion of [Al]-FArCO2H were replaced by CF3CO2H. These results 

indicate that the pKa governs the chain transfer reaction25. 
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Supplementary Figure 85. 1H NMR spectrums of M-TPPAl and the mixture of M-

TPPAl/DMAEMA (1/2) titrated by CF3CO2H in CDCl3. The signal at 13-11 ppm derives 

from hydrochloride salt of the tertiary amine (Supplementary Fig. 87). 

 

 

Supplementary Figure 86. 19F NMR spectrums of the mixture of M-TPPAl/DMAEMA 

(1/2) titrated by TFA in CDCl3. 

 
19F NMR spectra indicated that the first two equivalents of CF3CO2H were 

coordinated to the Al porphyrin, while the remaining equivalents were not bound to Al 

porphyrin. 
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Supplementary Figure 87. Comparison of 1H NMR spectrums of 2-(dimethylamino)ethyl 

methacrylate hydrochloride (prepared by DMAEMA and HCl), DMAEMA and the mixture 

of DMAEMA/TFA = 1/1. 

 

 

 

Supplementary Figure 88. Comparison of 1H NMR spectrums of 1) DMAEMA, 2) M-

TPPAl/DMAEMA = 1/2, 3) M-TPPAl/DMAEMA/CD3OD = 1/2/3 and 4) M-

TPPAl/DMAEMA/CF3CO2H = 1/2/3. 

 

The interaction between Al porphyrin and tertiary amines can also be disrupted by 

the presence of hydroxyl groups. 
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Supplementary Figure 89. Comparison of 1H NMR spectrums of 1) M-

TPPAl/CF3CO2H/PO = 1/2/5, 2) M-TPPAl/DMAEMA/CF3CO2H/PO = 1/2/4/5 and 3) M-

TPPAl/DMAEMA/ CF3CO2H = 1/2/4. The analysis of products was in Supplementary Figs. 

85-88. 
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Supplementary Table 11. Comparison of different catalysts in the telomerization of PO/CO2 

in the presence of SA. [a] 

 

 
 

Entry Cat. [Al]/SA/M0
[b] p[c] 

t 
(h) 

Conv. 
(%)[d] 

TOF 
(h-1)[e] 

Polymer 
(%)[f] 

CU 
(%)[g] 

Mn
theo. 

(kg/mol)[h] 
Mn

GPC 
(kg/mol)[i] 

Đ[i] 
Productivity 

(kg/g)[j] 

1 SC 1/100/10000 2*102 24 4 15 100 82 0.5 0.7 1.04 0.06 

2 sSC-1 1/100/10000 2*102 24 34 140 96 26 2.5 1.8 2.22 0.26 

3 PC 1/2000/200000 4*103 36 16 911 99 34 1.4 1.5 1.08 2.9 

4 sPC-1 1/2000/200000 4*103 36 18 1000 98 24 1.4 1.0 1.62 3.0 

5 BFPC 1/2000/200000 4*103 36 50 2789 94 41 3.8 4.5 1.04 8.0 

6 sBFPC-1 1/2000/200000 4*103 36 45 2500 97 35 3.4 2.7 1.06 7.2 

[a] The polymerization reactions were carried out in neat PO under CO2 pressure of 3 MPa at 70 °C in the presence of SA. [b] The feed 

molar ratio. [c] p was the molar ratio of active proton to catalyst (p = [H]/[Al]). [d] Conversion of PO, determined by 1H NMR analysis of crude 

reaction mixture. [e] Turnover frequency (TOF) = number of moles of PO consumed/(number of moles [Al]*time). [f] Weight percentage of 

polyols over cPC. [g] The content of carbonate units in polyols determined by 1H NMR. [h] Theoretical molecular weight of the polyols 

calculated according to the conversion of PO, selectivity and CU content. [i] The molecular weight and polymer dispersity index determined 

by gel permeation chromatography (GPC) in THF at 25 °C, calibrated with polystyrene standards. [j] Kilogram polyol per gram Al porphyrin, 

calculated by mpolyol/mAl porphyrin. 
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