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Supplementary Fig. 1 ZIF structure diagrams (a) ZIF-8, (b) ZIF-62, (c) ZIF-4, (d) AFI-

[Zn(Im)2], and (e) CAN-[Zn(Im)2]S1-S6. The deep purple triangle represents Zn atoms, the purple 

sphere represents N atoms, and the gray sphere represents C atoms. 

 

 

Supplementary Table 1. Lists of representative ZIFs and their textural properties 

Topology Materials Framework formula 
Apertures 

Å 
Ref. 

SOD ZIF-8 Zn(mIm)2 3.4 S2 

CAG ZIF-62 Zn(Im)1.75(bIm)0.25 1.4 S3, S4 

CAG ZIF-4 Zn(Im)2 2.0 S5 

AFI 
AFI-

Zn(Im)2 
Zn(Im)2 20.0 S6 

CAN 
CAN-

Zn(Im)2 
Zn(Im)2 17.1 S6 
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Supplementary Fig. 2 XRD patterns and Powley refinement results of (a-b) AFI-

[Zn(Im)2] and (c-d) CAN-[Zn(Im)2]. The simulated XRD patterns were calculated from 

reported cif files. The ‘a.u.’ represents ‘arbitrary units’. 
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Supplementary Table 2 Lattice parameters of AFI-[Zn(Im)2] and CAN-[Zn(Im)2] 

obtained from reported cif files and Pawley refinement. 

 
Space 

group 
a (Å) b (Å) c (Å) 

α 

(o) 

β 

(o) 

γ 

(o) 
Ref. 

AFI-

[Zn(Im)2] 
P6/MCC 26.4372 26.4372 16.6315 90 90 120 Cif 

AFI-

[Zn(Im)2] 
P6/MCC 26.284(7) 26.284(7) 16.243(6) 90 90 120 

This 

work 

CAN-

[Zn(Im)2] 
Pnma 9.6256(8) 23.436(2) 41.593(3) 90 90 90 Cif 

CAN-

[Zn(Im)2] 
Pnma 9.927(4) 19.839(7) 39.00(1) 90 90 90 

This 

work 
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Supplementary Fig. 3 N2 isotherms and pore distribution of  (a-b) AFI-[Zn(Im)2] and 

(c-d) CAN-[Zn(Im)2]. The filled and hollow circles represent adsorption and desorption, 

respectively. 
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Supplementary Fig. 4 Melting behaviours of AFI-[Zn(Im)2]. (a) Enthalpic responses 

of AFI-[Zn(Im)2] on both the first (black) DSC heating upscan at 20 K/min and the 

second (red) one at 10 K/min under Ar. (b) XRD patterns of the sample quanched from 

813 K and calculated from the reported cif file of ZIF-zni. (c) XRD patterns of agAFI-

[Zn(Im)2], and the insert is a photograph of agAFI-[Zn(Im)2]. (d) TGA curve of  AFI-

[Zn(Im)2] measured under Ar. The ‘a.u.’ represents ‘arbitrary units’. 
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Supplementary Fig. 5 Melting behaviours of CAN-[Zn(Im)2]. (a) Enthalpic responses 

of CAN-[Zn(Im)2] under Ar. (b) XRD patterns of the sample quanched from 813 K and 

calculated from the reported cif file of ZIF-zni. (c) XRD patterns of agCAN-[Zn(Im)2], 

and the insert is a photograph of agCAN-[Zn(Im)2]. (d) TGA curve of CAN-[Zn(Im)2] 

measured under Ar. The ‘a.u.’ represents ‘arbitrary units’. 
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Supplementary Table 3. Summary of the temperature values obtained from the DSC 

data. 

Material Composition Tm 

(K) 

Tg 

(K) 

TA  

(K) 

AFI-bIm Zn(Im)1.68(bIm)0.32 705 607 618 

CAN-bIm Zn(Im)1.73(bIm)0.27 670 591 595 

AFI-Im Zn(Im)2 853 588 573 

CAN-Im Zn(Im)2 853 600 598 
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Supplementary Fig. 6 Powley refinement results of (a) AFI-[Zn(Im)1.68(bIm)0.32] and 

(b) CAN-[Zn(Im)1.73(bIm)0.27].  
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Supplementary Table 4 Lattice parameters of MOFs obtained from reported cif files 

and Pawley refinement. 

 
Space 

group 
a (Å) b (Å) c (Å) 

α 

(o

) 

β 

(o

) 

γ 

(o) 
Ref. 

AFI-[Zn(Im)2] 
P6/MC

C 
26.4372 26.4372 16.6315 

9

0 

9

0 

12

0 
Cif 

AFI-

[Zn(Im)1.68(bIm)0.

32] 

P6/MC

C 

26.137(

8) 

26.137(

8) 
16.59(1) 

9

0 

9

0 

12

0 

This 

wor

k 

CAN-[Zn(Im)2] Pnma 
9.6256(

8) 

23.436(

2) 

41.593(

3) 

9

0 

9

0 
90 Cif 

CAN-

[Zn(Im)1.73(bIm)0.

27] 

Pnma 9.623(3) 23.54(1) 41.21(1) 
9

0 

9

0 
90 

This 

wor

k 
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Supplementary Fig. 7 N2 isotherms of (a) AFI-[Zn(Im)1.68(bIm)0.32] and (b) CAN-

[Zn(Im)1.73(bIm)0.27].  
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Supplementary Fig. 8 1H NMR and enlarged aromatic region for (a, b) AFI-

[Zn(Im)1.68(bIm)0.32] and (c, d) CAN-[Zn(Im)1.73(bIm)0.27]. The ‘a.u.’ represents 

‘arbitrary units’. 
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Supplementary Fig. 9 1H NMR results of (a) agAFI-[Zn(Im)1.68(bIm)0.32] and (b) 

agCAN- [Zn(Im)1.55(bIm)0.45]. The ‘a.u.’ represents ‘arbitrary units’. 
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Supplementary Fig. 10 1H NMR and Enlarged aromatic region for (a, b) agAFI-

[Zn(Im)1.68(bIm)0.32] and (c, d) agCAN-[Zn(Im)1.55(bIm)0.55]. The ‘a.u.’ represents 

‘arbitrary units’. 
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Supplementary Fig. 11 SEM images of (a) CAN-[Zn(Im)1.73(bIm)0.27], (b) agCAN- 

[Zn(Im)1.55(bIm)0.45], (c) AFI-[Zn(Im)1.68(bIm)0.32] and (d) agAFI-[Zn(Im)1.68(bIm)0.32]. 
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Supplementary Table 5. Summary of the phase transition enthalpies obtained from 

the DSC data. 

Material Composition Tm 

(K) 

Tg 

(K) 

ΔHm  

(KJ/mol) 

Ref. 

ZIF-62 Zn(Im)1.75(bIm)0.25 708 604 2.92 S7 

ZIF-4 Zn(Im)2 852 - 11.46 S8 

TIF-4 Zn(Im)1.68(mbIm)0.32 709 611 2.69 S8 

ZIF-zni Zn(Im)2 858 - 11.88 S8 

ZIF-UC-5 Zn(Im)1.62(ClbIm)0.38 701 - - S9 

ZIF-8-

mIm0.15Im0.74bIm0.11 

Zn(mIm)0.15(Im)0.74(bIm)0.11 641 - 0.66 S10 

AFI Zn(Im)1.68(bIm)0.32 705 607 0.52 This 

work 

CAN Zn(Im)1.73(bIm)0.27 670 591 0.50 This 

work 
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Supplementary Fig. 12 DSC curves of AFI-[Zn(Im)1.68(bIm)0.32] at varying heating 

rates (a) 10 K, (b) 20 K, and (c) 30 K. 

 

 

 

Supplementary Fig. 13 DSC curves of CAN-[Zn(Im)1.73(bIm)0.27] at varying heating 

rates (a) 10 K, (b) 20 K, and (c) 30 K. 
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Supplementary Fig. 14. DSC curves of AFI-[Zn(Im)1.68(bIm)0.32]. (a) heat up to TA 

for the first scan, (b) heat up to above TA for all three scans. 
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Supplementary Fig. 15 Structure factors, S(q), of (a) AFI-[Zn(Im)1.68(bIm)0.32] and 

agAFI-[Zn(Im)1.68(bIm)0.32], and (b) CAN-[Zn(Im)1.73(bIm)0.27] and agCAN- 

[Zn(Im)1.55(bIm)0.45]. 
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Supplementary Fig. 16 Pair distribution functions, D(r), of agAFI-

[Zn(Im)1.68(bIm)0.32], agCAN- [Zn(Im)1.55(bIm)0.45], and agZIF-62.  
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Supplementary Fig. 17 Nano-indentation results of agAFI-[Zn(Im)1.68(bIm)0.32] and 

agCAN- [Zn(Im)1.55(bIm)0.45]. Error bars represent standard deviations from 5 different 

analyses. 
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Supplementary Fig. 18 N2 isotherms of AFI-[Zn(Im)1.68(bIm)0.32],  aTAFI-

[Zn(Im)1.68(bIm)0.32], and agAFI-[Zn(Im)1.68(bIm)0.32] tested at 77 K. The filled and 

hollow circles represent adsorption and desorption, respectively. 
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Supplementary Fig. 19 The porosity and pore size distribution of agAFI-

[Zn(Im)1.68(bIm)0.32] and agCAN-[Zn(Im)1.55(bIm)0.45]. (a) Pore size distribution of 

agAFI-[Zn(Im)1.68(bIm)0.32] obtained by CO2 isotherms at 195 K. (b) CO₂ isotherms at 

195K, (c) pore size distribution, and (d) the high-pressure CO₂ adsorption at 273 K and 

3000 kPa for agCAN-Zn(Im)1.55(bIm)0.45]. The filled and hollow circles represent 

adsorption and desorption, respectively. 
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Supplementary Table 6 Comparison of gas adsorption quantity (mmol g-1) at 100 kPa 

between agAFI-[Zn(Im)1.68(bIm)0.32] and other MOF glasses and MOF CGCs. 

Sample Density, 

g/cm3 

H2,  

77 K 

CO2,  

273 K 

CH4,  

273 K 

Ref. 

agAFI-[Zn(Im)1.68(bIm)0.32] 1.381(3) 1.56 1.12 0.45 This work 

agZIF-62 1.566(1) 0.42 0.89 0.17 S11 

ag[(ZIF-8)0.2(ZIF-62)0.8]  1.24 0.83 0.21 S11 

 (MIL-118)0.5(agZIF-62)0.5  1.63 0.49 0.12 S12 

(UL-MOF-1)0.5(agZIF-62)0.5   1.53 0.37 0.11 S12 
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Supplementary Fig. 20 Effects of post-pressing of AFI-[Zn(Im)1.68(bIm)0.32]. (a) TGA 

result of AFI-[Zn(Im)1.68(bIm)0.32] with solvent-free, (b) XRD patterns of post-pressing 

of AFI-[Zn(Im)1.68(bIm)0.32], (c) CO₂ adsorption at 273 K for AFI-[Zn(Im)1.68(bIm)0.32] 

and post-pressing AFI-[Zn(Im)1.68(bIm)0.32], (d) CO₂ adsorption at 273 K for agAFI-

[Zn(Im)1.68(bIm)0.32] and post-pressing agAFI-[Zn(Im)1.68(bIm)0.32]. The filled and 

hollow circles represent adsorption and desorption, respectively. 
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Supplementary Fig. 21 The CO2 adsorption isotherm of agAFI-[Zn(Im)1.68(bIm)0.32]T 

glass heated around at 673 K (above Tg) for 2h.The filled and hollow circles represent 

adsorption and desorption, respectively. 

 

 

 

 

 

 

Supplementary Fig. 22. Cross-sectional SEM images of agAFI-[Zn(Im)1.68(bIm)0.32] 

membranes with different thicknesses 
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Supplementary Fig. 23. HR-TEM dark field images of (a) agZIF-62 membrane, (b) 

agAFI-[Zn(Im)1.68(bIm)0.32] membrane. 

 

 

 

 

 

 

Supplementary Fig. 24 The CH4 and N2 adsorption-desorption curves at 273 K for 

agAFI-[Zn(Im)1.68(bIm)0.32]. The filled and hollow circles represent adsorption and 

desorption, respectively. 
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Supplementary Fig. 25. Long-term mixed-gas separation performance of the agAFI-

[Zn(Im)1.68(bIm)0.32] membrane (200 μm). 

 

 

 

Supplementary Table 7 Separation performance of the agAFI-[Zn(Im)1.68(bIm)0.32] 

and agZIF-62 membranes tested by mixed CH4/N2 gas. 

Membrane 
Thickness 

(µm) 

T 

(K) 

P  

(kPa) 

RCH4 

(GPU) 
α 

agAFI-[Zn(Im)1.68(bIm)0.32] ~ 100 298 50 15524 3.8 

agAFI-[Zn(Im)1.68(bIm)0.32] ~ 200 298 50 13260 5.2 

agAFI-[Zn(Im)1.68(bIm)0.32] ~ 300 298 50 10400 6.4 

agZIF-62 ~ 200 298 50 44.6 1.2 
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Supplementary Table 8. Gas permeability, solubility coefficient and diffusivity 

coefficient of the agAFI-[Zn(Im)1.68(bIm)0.32] and agZIF-62 membranes (~200 μm). 

Membrane 

CH4 

permeabilit

y 

[103 barrer] 

Solubility 

coefficient 

[10-3 cm3/(cm3 

cmHg)] 

SCH4/N

2
 

Diffusivity 

coefficient 

[10-4 cm2/s] 

DCH4/N

2
 

CH4 N2 CH4 N2 

agAFI-

[Zn(Im)1.68(bIm)0.32

] 

3238 
70.2

8 

12.5

9 
5.58 

46.0

7 

42.1

6 
1.09 

agZIF-62 14 25.53 9.71 2.63 0.56 1.05 0.53 

 

 

Supplementary Table 9. Gas permeability, solubility coefficient and diffusivity 

coefficient of the agAFI-[Zn(Im)1.68(bIm)0.32] and agZIF-62 membranes (~200 μm). 

Membrane 

CO2 

permeabilit

y 

[103 barrer] 

Solubility 

coefficient 

[10-3 cm3/(cm3 

cmHg)] 

SCO2/N

2
 

Diffusivity 

coefficient 

[10-4 cm2/s] 

DCO2/N

2
 

CO2 N2 CO2 N2 

agAFI-

[Zn(Im)1.68(bIm)0.3

2] 

10350 
113.4

0 

12.7

5 
8.89 

91.3

3 

42.1

8 
2.16 

agZIF-62 61 27.54 9.43 2.92 2.88 1.01 2.85 
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Supplementary Table 10. Gas separation performance comparison of the agAFI-

[Zn(Im)1.68(bIm)0.32] membrane with other reported membranes having high 

performance for CO2/N2 separation. 

 

Symbol Membrane 
PCO2

 

(GPU) 
α Ref. 

 UIO-66/AAO 2070 34.7 S13 

 MIL-100/AAO 2700 3.8 S14 

 ZIF-8/GO/AAO 102 7 S15 

 CAU-1/AAO 4080 14.8 S16 

 Co/Zn-ZIF-L 175.8 16 S17 

 UiO-66 (TG)/AAO 1221 27.6 S18 

 MIL-160/AAO 508.2 33.3 S19 

  ZIF-7/PSf hollow fiber 2.7 11.7 S20 

  PTO-30/TFC-MMM 1828 32 S21 

  TFC_PEBA(10IL)_ZIF94(

15) 
819 25 S22 

  
HPEO2-800/PDMS/PSF 

membrane 
850 37 S23 

  MOF-5/PI 0.267 14.16 S24 

  AZIF-8/PI 32 20.5 S25 

  B-PIM-1 3100 19 S26 

  UIO-66/PIM 79 21 S27 

  MOF-801/PIM 215 27 S28 

  agZIF-62/AAO 37 34 S29 

  agTIF-4/AAO 21 27 S30 

  agZIF-62 305 8.3 
This 

work 

   
agAFI-

[Zn(Im)1.68(bIm)0.32] 
51753 19.5 

This 

work 

  
agAFI-

[Zn(Im)1.68(bIm)0.32] 
37485 14.8 

This 

work 
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Supplementary Table 11. Gas separation performance comparison of CH4/N2 

separation performance of the agAFI-[Zn(Im)1.68(bIm)0.32] membranes with other 

reported membranes having high performance for CH4/N2 separation. 

Symbol Membrane 
PCH4 

(GPU) 
α 

 

Ref. 

 [Ni3(HCOO)6]/SBS-5 1.23 3.1 S31 

 Ni-MOF-74/SBS-15 0.83 2.94 S32 

 SBS10SN 0.28 7.2 S33 

 PVAm-CACl-10 (180)/MPSf  447 2.28 S34 

 PAA/ZIF-8@VR800 1763 3.12 S35 

 ZIF-62-L/PEI 2276 3.96 S36 

 PVA/ACU-120A/MPSf 5584 3.43 S37 

 PVAm/CSZ/MPSf 7600 4.35 S38 

 Single crystal ZIF-8 0.26 3.6 S39 

 TPC-RCC3@PIP/mPSf 1216 3 S40 

 CNT/PES membrane 1158 1.7 S41 

 agfZIF-62 45000 4.34 S42 

 agZIF-62 44.6 1.2 This work 

  agAFI-[Zn(Im)1.68(bIm)0.32] 16189 6.1 This work 

 agAFI-[Zn(Im)1.68(bIm)0.32] 13260 5.2 This work 
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