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1. Characterization 

Fourier transform infrared spectroscopy (FTIR) spectra of the samples were obtained under 

ambient conditions at a resolution of 4 cm-1 in the wave number range of 4000-400 cm-1 by using 

an EQUINOX 55 spectrometer. Elemental analyses for C, H, and N were detected on a Vario EL 

cube instrument. Inductively coupled plasma optical emission spectroscopy (ICP-OES) was 

performed on OPTIMA 8000DV (PerkinElmer). Thermogravimetry and differential 

thermogravimetric (TG-DTG) was carried out in a NETZSCH TG 209 F3 Tarsus instrument by 

heating samples from 40 °C to 850 °C at a heating rate of 10 °C·min-1 under air atmosphere. 

Liquid 1H and 13C NMR data were collected on a Bruker Varian INOVA500NB or Bruker 

AVANCE 400 spectrometer using TMS as an internal standard. The experimental parameters were 

as follows: 5 s relaxation delay and 16 scans for 1H NMR, and 1.55 s relaxation delay and 1800 

scans for 13H NMR. The Solid-state 13C NMR spectrum was recorded on Bruker AVANCE 400 

spectrometer. The experimental parameters were as follows: 2 s relaxation delay 2500 scans. 

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

was performed on a Bruker ultrafleXtreme MALDI TOF mass spectrometer using 

trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene]malononitrile (DCTB) as matrix. The 

halogen content was measured by oxygen flask combustion and mercury nitrate titration technique. 

X-ray photoelectron spectroscopy (XPS) analysis was carried out on an ESCALAB 250 

spectrometer. Field emission scanning electron microscopy (SEM) images were obtained by a FEI 

Quanta 400 FEG. Transmission electron microscopy (TEM) and EDX-mapping experiments were 

performed on JEM-2100F field emission electron microscope (JEOL, Japan) with an acceleration 

voltage of 200 kV, which incorporated a probe corrector and a super-X EDS system. The N2 

adsorption and desorption measurements were performed on a Micromeritic ASAP2020M 

analyzer at 77 K. Specific surface areas (SBET) were calculated using Brunauer-Emmett-Teller 

(BET) methods and the pore size distributions were analyzed by using nonlocal density functional 

theory (NLDFT). The isosteric heats of adsorption (Qst) for CO2 were calculated from the 

Clausius–Clapeyron equation by using the CO2 adsorption isotherms at 273 and 298 K. All 

samples were degassed at 130 °C for 10 h under vacuum before analysis. X-Ray diffraction 

patterns of the powder samples were obtained with a Bruker AXS D8 Advanced SWAX 

diffractometer by depositing powder on glass substrate, from 2θ = 4.0° to 60° with 0.1° increment 

at 25 °C. Isotherms of carbon dioxide were collected from Micromeritic ASAP2020M at 273 K 
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and 298 K. Gas chromatographic (GC) analysis was performed on a GC2010 gas chromatograph 

(Shimadzu) equipped with a flame ionization detection and a capillary column (Rtx-5, 30 m × 

0.32 mm × 0.25 µm) to determine the conversion (conversion = {[(total moles of epoxide) – 

(moles of residual alcohol)]/[total moles of alcohol]} × 100%) and yield (yield = {[moles of 

targeted product]/[total moles of epoxide]} × 100%). 
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2. Synthesis 

Synthesis of 5,10,15,20-tetra-(4-nitrophenyl)porphyrin (TNPP)1. A solution of 

4-nitrobenzaldehyde (11.0 g, 73 mmol) and acetic anhydride (12 mL, 127 mmol) in propionic acid 

(300 mL) was heated to 120 °C. The mixture of freshly distilled pyrrole (5.0 mL, 73 mmol) in 

propionic acid (100 mL) was added slowly, and the reaction solution was stirred at 140 °C for 2 h. 

Upon cooling, the mixture was refrigerated overnight, and then the resulted precipitate was 

collected by filtration and washed with methanol (5 × 100 mL) and deionized water (5 × 100 mL). 

Next, the obtained dark solid was dissolved in pyridine (80 mL) and refluxed for 1 h. After 

cooling down, the system was refrigerated overnight. The desired purple product (TNPP) was 

obtained by filtering, washing with the mixture of methanol/acetone and vacuum drying (yield, 

21.2 %). 

Synthesis of 5,10,15,20-tetra-(4-aminophenyl)porphyrin (TAPP)2. To a mixture of TNPP (1.8 g) 

in concentrated hydrochloric acid (75 mL), a solution of SnCl2 (7.0 g, 29 mmol) in 20 mL of 

concentrated hydrochloric acid was dropwise added under N2 atmosphere. After stirring at room 

temperature for 2.5 h, the reaction mixture was heated to 80 °C for 1 h, last chilled to 0 °C. Then 

the mixture was neutralized with ammonium hydroxide at 0 °C, and the green solid was obtained 

via vacuum filtration followed by dispersion in sodium hydroxide aqueous (200 mL, 5 %). Finally, 

the raw product was purified by Soxhlet extraction with chloroform to give purple TAPP (yield, 

78 %). 1H NMR (500 MHz, CDCl3, 25 °C) δ 8.90 (s, 8H, pyrrole ring), 7.991 (d, J =8.2 Hz, 8H, 

ArH), 7.07 (d, J = 8.2 Hz, 8H, ArH), 4.03 (s, 8H, NH2), -2.71 (s, 2H, pyrrole NH) 

Synthesis of 5,10,15,20-tetrakis(4-aminophenyl)porphinato]cobalt(III) chloride (CoIII-TAPP). 

Following a modified procedure from reference 3: Briefly, to a mixture of TAPP (0.3 mmol, 200 

mg) and NaOAc (1.3 mmol, 108 mg) in a 45 mL of DMF/chlorobenzene (2/3, v/v) , 

Co(OAc)2·4H2O (0.6 mmol, 149 mg) was added under cold condition. After equipping with a 

Soxhelt apparatus with a paper thimble containing K2CO3 (8.0 mmol, 1.1 g), the reaction mixture 

was stirred under nitrogen at reflux for 24 h. After cooling down to room temperature, the mixture 

was evaporated under reduced pressure. Obtained solid was suspended in CHCl3 (100 mL) and the 

solvent was removed through vacuum filtration. The crude product was then washed thoroughly 

with water (3 × 20 mL), saturate NaHCO3 solution (1 × 20 mL), and then water again (3 × 20 mL). 
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The resulting dark purple powder (CoII-TAPP, 76%) was dried under high vacuum at 80 °C for 12 

h. MALDI-TOF MS: m/z calcd for C44H32CoN8, 731.21; found, 731.18. UV-Vis (in DMF): 450, 

550, 600 nm.  

Finally, to a solution of CoII-TAPP (0.2 mmol, 146 mg) in DMF (50 mL), HCl (1.5 mmol, 0.15 

mL) was added under cold condition. After stirring for 12 h under air atmosphere, the solvent was 

removed under vacuum. The residue was washed with saturate NaHCO3 solution (1 × 20 mL) and 

water again (3 × 20 mL). The resulting dark purple powder (CoIII-TAPP, 96%) was dried under 

vacuum at 80 °C before being subjected to the following synthesis. 
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3. Elemental Analysis and ICP Analysis 

Table S1 Elemental analysis and ICP analysis of catalysts. 

Sample 
CHN Elemental Analysis (wt%) halogen content  

(mmol g-1) 

Co content 

(mmol g-1) C H N 

imine-TPP-POP 80.25 (80.20)a 4.23 (4.21) 15.50 (15.59) 0 (0) 0 (0) 

imine-CoTPP-POP 71.82 (71.07) 3.56 (3.48) 13.77 (13.81) Cl, 1.20 (1.23) 1.22 (1.23) 

TPP-PiP(Cl) 73.51 (73.62) 4.22(3.95) 13.56 (13.74) Cl, 3.86 (3.92) 0 (0) 

TPP-PiP(Br) 66.21 (66.38) 3.74 (3.57) 12.24 (12.39) Br, 2.15 (2.21) 0 (0) 

TPP-PiP(I) 59.85 (60.13) 3.46 (3.23) 11.13 (11.22) I, 1.92 (2.00) 0 (0) 

CoTPP-PiP(Cl) 65.89 (66.13) 3.54 (3.33) 12.26 (12.34) Cl, 3.24 (3.30) 1.02 (1.10) 

CoTPP-PiP(Br) 59.32 (59.16) 3.37 (3.18) 10.79 (11.04) Br, 1.92 (1.96) 0.93 (0.98) 

CoTPP-PiP(I) 55.78 (55.04) 2.98 (2.77) 10.98 (10.27) I, 1.67 (1.83) 0.87 (0.92) 

CoTPP-PiP(Br) 

 after 8 cycles 
59.25 3.43  10.93  Br, 1.89 0.89 

a Theoretical value in the parenthesis. 
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4. Thermogravimetric Analysis 
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Figure S1 TGA curves of CoTPP-PiP(Cl) (a), CoTPP-PiP(Br) (b) and CoTPP-PiP(I) (c).  
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5. PXRD Patterns 
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Figure S2 PXRD curves of CoTPP-PiP(Cl) (a), CoTPP-PiP(Br) (b) and CoTPP-PiP(I) (c).  
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6. CO2 Sorption Isotherms and Selectivity of CO2 over N2 
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Figure S3 Gas sorption isotherms (A) and adsorption selectivity of CO2 over N2 for 

CoTPP-PiP(Br) from initial slope calculations of CO2 and N2 isotherms(B) at 273 K 
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7. Characterization for the Reused Catalyst 
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Figure S4. FT-IR spectra (A) and N2 sorption isotherms (B) of the fresh and reused 

CoTPP-PiP(Br) 
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8. Activity Comparison 

Table S2. Results of the cycloaddition reaction of CO2 with PO over various metal-free catalysts.a 

 

Entry Catalyst CO2 (MPa) T (°C) Conv. b (%) Yield b (%) 

1 blank 1.0 80 n.d. n.d 

2 TAPP 1.0 80 15 14 

3 imine-TPP-POP 1.0 80 9 9 

4 TPP-PiP(Br) 1.0 80 98 98 

5 TPP-PiP(Cl) 1.0 80 88 88 

6 TPP-PiP(I) 1.0 80 56 55 

7c TPP-PiP(Br) 1.0 80 63 63 

8d TPP-PiP(Br) 0.5 80 74 74 

9 TPP-PiP(Br) 1.0 60 65 65 

a Reaction conditions: PO (3.0 mmol), catalyst (0.4 mol%, catalyst amount equal to the amount of 

ionic liquids), initial CO2 pressure (1.0 MPa), 24 h.  

b Determined by GC using biphenyl as an internal standard.  

c Catalyst (0.1 mol%) 

d Keeping CO2 pressure at 0.5 MPa. 
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9. Activity Comparison 

Table S3. Activity comparison in the propylene oxide to propylene carbonate conversion reaction 

Catalyst (mol%) 
Additive 

(mol%) 

Solven

t 

T 

(oC) 

CO2 

(MPa) 

t  

(h) 

Yield 

(%) 
Ref. 

CoTPP-PiP(Br) -a 
- 

80 1.0 12 99 
This 

work 

FIP-Im (5)  
 

80 1.0 10 99 4 

PDBA-Cl-SCD (2.4) - - 90 0.1 6 99.6 5 

NP-NHC (5 wt%) - - 120 0.1 24 98 6 

NPILs-BPA (0.5) -  150 2.0 4 98 7 

SBA-[V0.15OH0.60]R237 (0.65) -  140 2.0 6 99 8 

TBB-Bpy-a (80 mg) - - 120 1.0 4 99 9 

PDMBr (1.3) - - 110 1.0 4 98.7 10 

TBB-Bpy-a (4 wt%) - - 90 1.0 12 99 11 

mesoPILC (50 mg) -  150 1.0 6 92 12 

DVB-HTA (0.22) -  120 1.2 6 93 13 

SYSU-Zn@IL2 (0.16) - - 80 1.0 12 99 14 

DVB@ISA (0.25) - - 60 1.0 24 17 15 

Al-CPOP (1) - - 120 0.1 24 67 16 

TBB-Bpy@Salen-Co (0.2) - - 60 1.0 6 99.2 17 

Mg-por/pho@POP (0.5) - - 140 3.0 1 78 18 

PPh3-ILBr-ZnBr2@POPs (0.0125) - - 120 3.0 1 44 19 

1P+Br-&ZnBr2-1PPh3@POPs 

(0.0125) 
- - 120 3.0 1 49.8 

20 

Py-Zn@MA (0.28) - - 150 2.0 6 96 21 

POM3-IM (5) - EtOH 120 1.0 8 96 22 

HIP-Br-2 (4) ZnBr2 (4) DMF 25 0.1 96 99 23 

Zn@SBMMP (1.2) TBAB (1.8) DCE 80 2.0 4 95 24 

g-C3N4-475-NaOH (0.4 g) ZnI2 (38 mg)  140 2.0 6 89.5 25 

Bp-Zn@MA (0.086) TBAB (0.55)  100 1.0 1.5 99 26 

PPS⊂COF-TpBpy-Cu (0.1) -  25 0.1 72 94 27 

IL-ZIF-90 (0.5) -  120 1.0 3 697 28 

HF-MOP (5) TBAI (5)  80 2.0 18 89 29 

Co-CMP TBAB (7.2)  100 3.0 1 98.1 30 

Al-MON (0.05) TBAC (0.15)  60 1.0 12 71 31 

In-MOF (0.23) TBAB (2.5)  80 2.0 4 93.9 32 

Cu-MOF (0.2) TBAB (10)  25 0.1 48 96 33 

Co/POP-TPP (0.22) TBAB (0.7) - 29 0.1 24 94.8 34 

Cu/POP-Bpy (0.5) TBAB (7) - 29 0.1 48 99 35 

a Not added additive or solvent. 
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10. NMR Spectra 

The 1H NMR and 13C NMR spectral copies of various synthesized cyclic carbonates: 

4-methyl-1,3-dioxolan-2-one: 

1H NMR (CDCl3, 400 MHz, 25 oC, TMS): δ (ppm) = 4.77-4.86 (m, 1H, ring 

CH-CH3), 4.49-4.53 (t, 1H, J = 8 Hz, ring CH2), 1.41-1.43 (d, 3H, J = 8 Hz, CH3); 13C NMR 

(CDCl3, 101 MHz, 25 oC, TMS): δ (ppm) = 155.15, 73.70, 70.72, 19.31. 

4-(chloromethyl)-1,3-dioxolan-2-one: 

1H NMR (CDCl3, 400 MHz, 25 oC, TMS): δ (ppm) = 4.98-5.04 (m, 1H, CH-CH2), 

4.59-4.63 (t, J = 8 Hz, 1H, ring CH2), 4.40-4.44 (dd, J = 8 Hz, 4 Hz, 1H, ring CH2), 3.72-3.84 (m, 

2 H, CH2-Cl); 13C NMR (CDCl3, 101 MHz, 25 oC, TMS): δ (ppm) = 154.35, 74.38, 67.00, 43.86. 

4-ethyl-1,3-dioxolan-2-one: 

1H NMR (CDCl3, 500 MHz, 25 oC, TMS): δ (ppm) = 4.58-4.63 (m, 1H), 4.45-4.48 (t, 

J = 10 Hz, 1H), 4.00-4.03 (t, J = 10 Hz, 1H), 1.64-1.75 (m, 2H), 0.92-0.95 (t, J = 10 Hz, 3H); 13C 

NMR (CDCl3, 101 MHz, 25 oC, TMS): δ (ppm) = 155.21, 78.11, 69.06, 26.79, 8.38. 

4-butyl-1,3-dioxolan-2-one: 

1H NMR (CDCl3, 500 MHz, 25 oC, TMS): δ (ppm) = 4.59-4.64 (m, 1H), 4.42-4.45 (t, 

J = 10 Hz, 1H), 3.95-3.98 (t, J = 10 Hz, 1H), 1.63-1.71 (m, 1H), 1.55-1.62 (m, 1H), 1.19-1.36 (m, 

4H), 0.79-0.82 (t, J = 10 Hz, 3H); 13C NMR (CDCl3, 126 MHz, 25 oC, TMS): δ (ppm) = 155.16, 

77.15, 69.41, 33.35, 26.33,22.13, 13.66. 

4-hexyl-1,3-dioxolan-2-one: 

1H NMR (CDCl3, 500 MHz, 25 oC, TMS): δ (ppm) = 4.62-4.68 (m, 1H), 4.46-4.49 (t, 
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J = 10 Hz, 1H), 3.99-4.02 (t, J = 10 Hz, 1H), 1.69-1.76 (m, 1H), 1.59-1.65 (m, 1H), 1.34-1.44 (m, 

1H), 1.20-1.33 (m, 7H), 0.80-0.83 (t, J = 10 Hz, 3H); 13C NMR (CDCl3, 126 MHz, 25 oC, TMS): δ 

(ppm) = 155.16, 77.14, 69.42, 33.77, 31.46, 28.73, 24.26, 22.39, 13.92. 

4-((allyloxy)methyl)-1,3-dioxolan-2-one: 

1H NMR (CDCl3, 400 MHz, 25 oC, TMS): δ (ppm) = 5.83-5.92 (m, 1H), 

5.19-5.31 (dd, J = 10 Hz, 2H), 4.84-4.87 (m, 1H), 4.50-4.54 (t, J = 8 Hz, 1H), 4.38-4.42 (d, J = 8 

Hz, 1H), 4.01-4.10 (m, 2H), 3.60-3.73 (m, 2H). 13C NMR (CDCl3, 101 MHz, 25 oC, TMS): δ 

(ppm) = 155.06, 133.17, 117.79, 75.17, 72.51, 68.86, 66.27. 

4-phenyl-1,3-dioxolan-2-one: 

1H NMR (CDCl3, 400 MHz, 25 oC, TMS): δ (ppm) = 7.28-7.38 (m, 4H, ring ArH), 

5.58-5.62 (t, 1H, J = 8 Hz, PhCHO), 4.71-4.75 (t, 1H, J = 8 Hz, OCH2), 4.26-4.30 (t, 1H, J = 8 Hz, 

OCH2); 13C NMR (CDCl3, 101 MHz, 25 oC, TMS): δ (ppm) = 153.75, 134.78, 128.72, 128.23, 

124.83, 76.95, 70.13. 
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