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S1 Supporting Figures

Figure S1. Structure features for the four Cu-PMOFs.

Figure S2. The infrared spectra for four Cu-PMOFs. 
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Figure S3. PXRD patterns for (a) JLU-Liu20, (b) JLU-Liu21, (c) JLU-Liu22 and (d) JLU-Liu46.

Figure S4. XPS spectra of a) JLU-Liu20, b) JLU-Liu21, c) JLU-Liu22 and d) JLU-Liu46 samples before and after 
cycloaddition reaction.
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A continuous sampling experiment was undertaken at 1, 6, 12, 18, 24, 36 and 48 hours to investigate the influence 
of reaction time on PC’s yield (20 mmol PO, 0.25 mol % Cu-paddlewheel, 5 mol % TBAB and 1 bar CO2 at 25 oC). As 
shown in Figure S4, before 12 hours the curve was almost straight, which showed that the reaction was within the 
kinetic interval. From 12 to 24 hours, the decline of the curve slope displayed that the inflexion existed in the 
interval.

Figure S5. Continuous sampling experiment of JLU-Liu21 for cycloaddition reaction of PO with CO2.

Figure S6. PXRD patterns of a) JLU-Liu20, b) JLU-Liu21, c) JLU-Liu22 and d) JLU-Liu46 for as-synthesized samples 

and after 5 times recycled samples.
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Figure S7. Space-filling view of JLU-Liu21 with multiple pores in different directions.

Figure S8. TGA curves for as-synthesized and activated samples of a) JLU-Liu20, b) JLU-Liu21, c) JLU-Liu22 and d) 
JLU-Liu46.
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S2 Cycloaddition reaction of CO2 with epoxides

Details of experiments and calculation procedures of catalytic efficiency 
In a typical catalytic reaction under 1 bar, epoxide (20 mmol), TBAB (1 mmol, 5 mol %), activated Cu-PMOFs (0.25 
mol % for open Cu sites or Cu-paddlewheel based on different reactions, respectively) were put into a 15 mL Schlenk 
tube with solvent free environment. For high pressure reaction, PO (40 mmol), TBAB (2 mmol), organic ligands (0.1 
mmol), Cu(NO3)2·3H2O (0.1 mmol) or activated Cu-PMOFs (0.25 mol % open Cu site) were put into a high-pressure 
reactor. To activate the MOFs materials, the as-synthesized sample were washed by DMF for three times, then put 
the samples into ethanol for 3 days and change fresh ethanol every 4 h to completely remove the non-volatile 
solvent molecules. After that, the samples were dried again using the “outgas” function of the surface area analyzer 
for 10 h at 90 oC and collected the MOFs for further cycloaddition reaction.

Before triggering the reaction, pump out the air inside the tube/reactor and fill in with pure CO2 (or post-
combustion flue). After 3 times pump-fill procedure, turn the temperature and pressure to specific conditions (1 
bar, 25o C for PO and 80 oC for other epoxides in Schlenk tube; 2 MPa, 60 oC in high pressure reactor). The speed of 
stirring was 400 rpm (the speed could slow a little down for PO in order to reduce the low-boiling-point compound 
volatilization in continuous stirring under 1 bar). After centrifuging to recycle the catalyst, a little supernatant 
reaction mixture was taken to get analyzed by 1H NMR.

The yields of PO, ECH, 1, 2-epoxy-3-phenoxypropane, glycidyl-2-methylphenyl ether and cyclohexene oxide 
(Ha for epoxides and Ha’ for carbonates, respectively) catalyzed by the Cu-PMOFs were calculated according to the 
following equation.

𝑌𝑖𝑒𝑙𝑑(%) =
𝐼

𝐻𝑎'

𝐼𝐻𝑎
+ 𝐼

𝐻𝑎'
× 100 %

The yield of SO to styrene carbonate were determined by calculation of the 1H NMR integrals of corresponding 
highlighted protons in styrene oxide (Ha), styrene carbonate (Ha’) and phenyl group (Hb-Hf) (from SO, styrene 
carbonate and other by-products) according to the following equation.

𝑌𝑖𝑒𝑙𝑑 (%) =  
5 × 𝐼𝐻𝑎' 

𝐼𝐻𝑏 ‒ 𝐻𝑓

 × 100 %
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1H NMR spectra

Figure S9. 1H NMR spectrum of the mixture products under pure CO2 atmosphere catalyzed by JLU-Liu21 (Table 1, 
Entry 6) in CDCl3. n-dodecane was used as internal standard.

Figure S10. 1H NMR spectrum of the mixture products under pure CO2 atmosphere catalyzed by JLU-Liu21 (Table 
2, Entry 1) in CDCl3 (n-dodecane was used as internal standard).
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Figure S11. 1H NMR spectrum of the mixture products under pure CO2 atmosphere catalyzed by JLU-Liu21 (Table 
2, Entry 3) in CDCl3.

Figure S12. 1H NMR spectrum of the mixture products under pure CO2 atmosphere catalyzed by JLU-Liu46 (Table 
3, Entry 3) in CDCl3.
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Figure S13. 1H NMR spectrum of the mixture products under pure CO2 atmosphere catalyzed by JLU-Liu21 (Table 
4, Entry 4) in CDCl3.

Figure S14. 1H NMR spectrum of the mixture products under post-combustion flue atmosphere catalyzed by JLU-
Liu21 (Table 5, Entry 9) in CDCl3. 
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Figure S15. 1H NMR spectrum of the mixture products under post-combustion flue atmosphere catalyzed by JLU-
Liu21 (Table 5, Entry 10) in d-DMSO.

Figure S16. 1H NMR spectrum of the mixture products under pure CO2 atmosphere catalyzed by JLU-Liu21 (Table 
5, Entry 12) in d-DMSO.
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Figure S17. 1H NMR spectrum of the mixture products under pure CO2 atmosphere catalyzed by JLU-Liu21 (Table 
6, Entry 4) in d-DMSO.

Figure S18. 1H NMR spectrum of the mixture products under pure CO2 atmosphere catalyzed by JLU-Liu21 (Table 
6, Entry 6) in d-DMSO.
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Figure S19. 1H NMR spectrum of the mixture products under pure CO2 atmosphere catalyzed by JLU-Liu21 (Table 
6, Entry 8) in d-DMSO.
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S3. Supporting Tables 

Table S1. Empirical formula and number of Cu open sites for the four Cu-PMOFs.

Cu-PMOFs JLU-Liu20 JLU-Liu21 JLU-Liu22 JLU-Liu46

Empirical formula C87H126Cu6N20O48 C87H121Cu6N17O54 C111H156Cu6N11O50 C72H91Cu6N13O42

Number of Cu open sitesa 16 24 24 16

[a] Twelve Cu-paddlewheels exist in each single MOP, four coordinated DABCO molecules in JLU-Liu20 and JLU-Liu46 which lead to 

their fewer open Cu sites than that of JLU-Liu21 and JLU-Liu22.

Table S2. Sizes of some epoxides (van der Waals radii were determined by Bondi).

Epoxides Size (Å3)

Propylene oxide 6.1 × 4.4 × 5.0

Epichlorohydrin 7.2 × 5.6 × 5.1

Styrene oxide 9.3 × 6.9 × 4.6 

1, 2-epoxy-3-phenoxypropane 12.5 × 7.1 × 5.4

Glycidyl-2-methylphenyl ether 12.6 × 7.8 × 5.2

Cyclohexene oxide 6.5 × 7.0 × 5.0
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Table S3. CO2 uptake for four compounds.

CO2 uptake (cm3g-1)
Compounds

273 K 298 K

References

JLU-Liu20 162 88 25

JLU-Liu21 210 118 25

JLU-Liu22 170 95 27

JLU-Liu46 185 104 26

Table S4. ICP-OES analysis of Cu2+ in the 5th cycled reaction mixture filtrate.

Catalysts JLU-Liu20 JLU-Liu21 JLU-Liu22 JLU-Liu46

Cu2+ concentration 

(ppm)

0.0292 0.0236 0.0304 0.0253

ICP-OES analysis of the fifth product filtrate catalyzed by four Cu-PMOFs catalysts (Table S4), which indicated almost 
no Cu2+ ions leaked after the catalytic experiment.

Table S5. Density of OMSs, LBSs and Qst of CO2 for four Cu-PMOFs.

Compounds Density of OMSs (nm-3) Density of LBSs (nm-3) Qst (kJ /mol) References

JLU-Liu20 1.08 2.3 32 25

JLU-Liu21 1.69 2.39 28 25

JLU-Liu22 1.0 0 30 27

JLU-Liu46 1.11 1.52 32 26
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Table S6. Comparisons of some reported MOFs-based catalysts in cycloaddition reaction of CO2 with PO under 
relatively high temperature and pressure.

O
CO2+

Catalyst

T. P.
O

O

O

Entry Catalysts Tem. (oC) P (bar) Time (h) Yield (%) Ref.

1 (Cu2BPDSDC·4DMF)·2DMF[a] 80 25 5 99 1

2 IL@ZIF-8(Zn/Co)[b] 100 10 2 99 2

3 JLU-Liu21 60 20 6 99 This work

4 PCN-224[i] 50 4 24 99 17

5 67BPym-MeI[d] 100 5 24 99 13

6 Zn3(L)3(H2L)[c] 80 10 5 99 12

7 [(CH3)2NH2][Zn1.5(μ3-O)0.5(F-
tzba)1.25(bpy)0.25(μ2-F)0.5]·2DMF·2H2O[e]

80 20 4 98 4

8 RH Au/Zn-MOF[h] 70 30 24 98 16

9 MIL-IMAc-Br[l] 60 5 20 98 19

10 IL-[In2(dpa)3(1,10-phen)2][f] 60 12 6 97 5

11 JLU-Liu20 60 20 6 97 This work

12 ZnC20H20N4O5
[g] 80 10 18 97 15

13 NUC-5[j] 80 1 24 97 18

14 JLU-Liu46 60 20 6 96 This work

15 RD Au/Zn-MOF[h] 70 30 24 96 16

16 CdC20H20N4O5
[g] 80 10 18 95 15

17 MIL-101-tzmOH-Br[k] 80 100 10 93 9

18 JLU-Liu22 60 20 6 92 This work

19 MOF-525[i] 50 4 24 85 17

20 PCN-222[i] 50 4 24 66 17

[a] Reaction conditions: PO (12.5 mmol), catalyst (50 mg), TBAB (0.1g), [b] catalyst (100 mg), [c] PO (34.5 mmol), 

catalyst (0.1 g), TBAB (0.1 g), [d] PO (20 mmol), catalyst (50 mg), [e] catalyst (0.2 mol %), TBAB (2 mol %), [f] catalyst 

(0.2 mol %), [g] catalyst (42.6 mmol), TBAB (1.8 mol %), [h] catalyst (36 mg, 0.07 mmol Au), [i] catalyst (0.1 mol % 

metal), TBAB (10 mol%), [j] catalyst (1.5 mol %), TBAB (5 mol %), [k] catalyst (0.17 mol % metal center), [l] PO (30 

mmol), catalyst (0.068 mmol).
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Table S7. Comparison for cycloaddition reaction of PO with CO2 to some reported high-level performing MOFs-
based catalysts under respectively optimized conditions in pure CO2 atmosphere.

Entry Catalysts Tem. (oC) P (bar) Time (h) Yield (%) Ref.

1 (Cu2BPDSDC·4DMF)·2DMF[a] 80 25 5 99 1

2 IL@ZIF-8(Zn/Co)[b] 100 10 2 99 2

3 Cu5(TPTC)3(BPDC-Urea)0.5(H2O)5
[c] 25 1 36 98 1

4 JLU-Liu21 25 1 48 98 This work

5 MOF-74-III(Co)-1[d] 25 12 48 98 3

6
[(CH3)2NH2][Zn1.5(μ3-O)0.5(F-
tzba)1.25(bpy)0.25(μ2-F)0.5]·2DMF·2H2O[e] 80 20 4 98 4

7 IL-[In2(dpa)3(1,10-phen)2][f] 60 12 6 97 5

8 Cu4(L8)[g] 25 1 48 96 6

9 JUC-1000[h] 25 1 48 96 7

10 Cu4MTTP[i] 25 1 48 96 6

11 MMCF-2[j] 25 1 48 95 8

12 MIL-101-tzmOH-Br[k] 80 10 10 93 9

13 JLU-Liu21 (post-combustion flue) 25 1 48 92 This work

14 MMPF-9[j] 25 1 48 87 10

15 MOF-892 25 1 60 70 14

16 HKUST-1[i] 25 1 48 65 6

17 Cu5(TPTC)3(BPDC-NH2)0.5(H2O)5
[a] 25 1 36 50 1

18 [(CH3)2NH2][Zn1.5(μ3-O)0.5(F-
tzba)1.25(bpy)0.25(μ2-F)0.5]·2DMF·2H2O[e] 25 1 48 45 4

19 MOF-505[i] 25 1 48 48 8

20 Cu5(TPTC)3(BPDC)0.5(H2O)5
[c] 25 1 36 40 1

21 (Zn4O)(Zn3CuO)(Cu2)1.5 (L)6(H2O)3
[c] 25 11.8 60 32 11

[a] Reaction conditions: PO (12.5 mmol), catalyst (50 mg), TBAB (0.1g), [b] catalyst (100 mg), [c] catalyst (0.25 mol % 

Cu-paddlewheel), [d] catalyst (0.05 mol %), TBAB (3.75 mol %), [e] catalyst (0.2 mol %), TBAB (2 mol %), [f] catalyst 

(0.2 mol %), [g] catalyst (0.2 mol % per Cu-paddlewheel), TBAB (10 mol %), [h] catalyst (0.016 mol % Cu-

paddlewheel), TBAB (3.75 mol %), [i] catalyst (0.2 mol % Cu-paddlewheel), TBAB (10 mol %), [j] catalyst (0.125 mol % 

Cu-paddlewheel), TBAB (0.58g), [k] catalyst (0.17 mol % metal center) [l] catalyst (0.32 mol %), TBAB(8 mol %).
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Table S8. Comparison for cycloaddition reaction of PO, ECH and SO by JLU-Liu21 to other reported MOFs-based 
catalysts under respectively optimized conditions (20 mmol epoxide, 5 mol % TBAB) in post-combustion flue 
atmosphere (15 % CO2 and 85 % N2).

O

R
CO2+

0.25 mol % open Cu site

post-combustion flue
O

O

O

R

Entry R Catalysts Tem. (oC) P (bar) Time (h) Yield (%) Ref.

1 CH3 JLU-Liu21 25 1 48 92 This work

2 CH3 IC2HCP-5b[b] 120 30 20 85 21

3 CH3 Zn(Bmic)(AT)[a] 25 1 48 5 20

4 CH2Cl FJI-H14[c] 80 1 24 95 22

5 CH2Cl JLU-Liu21 80 1 48 88 This work

6 CH2Cl IC2HCP-5b[b] 120 30 4 81 21

7 CH2Cl IC2HCP-5[b] 120 30 4 77 21

8 CH2Cl IC2HCP-1[b] 120 30 4 76 21

9 CH2Cl IC2HCP-5a[b] 120 30 4 75 21

10 CH2Cl IC2HCP-10[b] 120 30 4 73 21

11 CH2Cl IC2HCP-5c[b] 120 30 4 72 21

12 CH2Cl
[Co6(TATAB)4(DABCO)3(H2O)3]·

12DMF·9H2O[d]

80 4 15 63 23

13 Ph InDCPN-Cl[e] 80 1 48 91 24

14 Ph IC2HCP-5b[b] 120 30 4 87 21

15 Ph FJI-H14[c] 80 1 24 86 22

16 Ph JLU-Liu21 80 1 48 80 This work

17 Ph HKUST-1 80 1 24 67 22

[a] Reaction conditions: PO (34.5 mmol), catalyst (0.187 mmol), TBAB (0.50 mmol); [b] Epoxide (50 mmol), catalyst 

(0.01 mmol ionic sites), no co-catalyst; [c] ECH (20 mmol), catalyst (0.48 mol % per Cu units), TBAB (2.5 mol %); [d] 

ECH (20 mmol), catalyst (0.2 mol %), CO2:N2 = 13:87; [e] Epoxide (20 mmol), catalyst (0.05 mol %), TBAB (5 mol %).
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Table S9. Optimum conditions for cycloaddition of CO2 with PO catalyzed by four Cu-PMOFs.

Tem. (oC) Time (h) Yield (%) TON[a] TOF (h-1)[b]

25 1 27 108 108.0

25 6 46 184 30.1

25 12 59 236 19.7

25 18 69 276 15.3

25 24 76 304 12.7

25 36 85 340 9.4

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu20

25 48 90 360 7.5

25 1 32 128 128.0

25 6 54 216 36.0

25 12 69 276 23.0

25 18 79 316 17.6

25 24 86 344 14.3

25 36 94 376 10.4

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu21

25 48 98 392 8.2

25 1 22 88 88.0

25 6 36 144 24.0

25 12 49 196 16.3

25 18 61 244 13.6

25 24 72 288 12.0

25 36 81 324 9.0

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu22

25 48 86 344 7.2

25 1 19 76 76.0

25 6 32 128 21.3

25 12 46 184 15.3

25 18 58 232 12.9

25 24 70 280 11.7

25 36 79 316 8.8

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu46

25 48 85 340 7.1

[a] Turnover number (product (mmol)/metal (mmol)); [b] Turnover frequency (product (mmol)/metal(mmol)/time (h)).
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Table S10. Optimum conditions for cycloaddition of CO2 with ECH catalyzed by four Cu-PMOFs.

Tem. (oC) Time (h) Yield (%) TON[a] TOF (h-1)[b]

80 1 22 88 88.0

80 6 39 156 26.0

80 12 54 216 18.0

80 18 65 260 14.4

80 24 72 288 12.0

80 36 77 308 8.6

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu20

80 48 80 320 6.7

80 1 21 84 84.0

80 6 40 160 26.7

80 12 56 224 18.7

80 18 70 280 15.6

80 24 81 324 13.5

80 36 88 352 9.8

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu21

80 48 92 368 7.7

80 1 14 56 56.0

80 6 29 116 19.3

80 12 43 172 14.3

80 18 55 220 12.2

80 24 64 256 10.7

80 36 70 280 7.8

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu22

80 48 74 296 6.2

80 1 21 84 84.0

80 6 36 144 24.0

80 12 49 196 16.3

80 18 61 244 13.6

80 24 68 272 11.3

80 36 73 292 8.1

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu46

80 48 77 308 6.4

[a] Turnover number (product (mmol)/metal (mmol)); [b] Turnover frequency (product (mmol)/metal(mmol)/time (h)).
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Table S11. Optimum conditions for cycloaddition of CO2 with SO catalyzed by four Cu-PMOFs.

Tem. (oC) Time (h) Yield (%) TON[a] TOF (h-1)[b]

80 1 16 64 64.0

80 6 34 136 22.7

80 12 49 196 16.3

80 18 61 244 13.6

80 24 71 284 11.8

80 36 77 308 8.6

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu20

80 48 80 320 6.7

80 1 29 116 116

80 6 45 180 30.0

80 12 59 236 19.7

80 18 71 284 15.8

80 24 80 320 13.3

80 36 86 344 9.6

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu21

80 48 90 360 7.5

80 1 18 72 72.0

80 6 30 120 20.0

80 12 40 160 13.3

80 18 49 196 10.9

80 24 56 224 9.3

80 36 61 244 6.8

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu22

80 48 65 260 5.4

80 1 19 76 76.0

80 6 30 120 20.0

80 12 42 168 14.0

80 18 53 212 11.8

80 24 60 240 10.0

80 36 65 260 7.2

0.25 mol % open Cu site

5 % TBAB, 1 bar

JLU-Liu46

80 48 68 272 5.7
[a] Turnover number (product (mmol)/metal (mmol)); [b] Turnover frequency (product (mmol)/metal(mmol)/time (h).
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