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Supplementary Figure 1 | SEM images and XRD patterns of ZIF-8 membranes. 

a, Top view SEM image of ZIF-8 membrane. The sample was prepared with sol 

concentration of 1 U, coating time of 2 s and deposition time of 2 h. b,c, Energy 

dispersion spectroscopy (EDS) mapping of the ZIF-8 membrane corresponding to 

image a. Top view SEM image of d, the inner surface and e, the ZIF-8 layer on inner 

surface of the PVDF hollow fibre. f, XRD patterns of the simulated ZIF-8 and the 

ZIF-8 membrane on inner surface of the PVDF hollow fibre. 
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Supplementary Figure 2 | Powder XRD patterns of Zn-based gel and 

experimental ZIF-8 powder. The Zn-based gel and bulk ZIF-8 powder were 

synthesized without substrate. The simulated XRD pattern of ZIF-8 is shown for 

reference. This result indicates that gel has been transformed to ZIF-8, and the 

prepared ZIF-8 shows intact crystalline structure.  
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Supplementary Figure 3 | FTIR spectrums of Zn-based gel and prepared ZIF-8. 

The Zn-based gel and bulk ZIF-8 powder were synthesized without substrate. This 

result shows the change of chemical structure after vapour deposition, demonstrates 

the formation of ZIF-8. 
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Supplementary Figure 4 | XRD patterns of ZIF-8 membranes with different 

deposition time (top) and calcinated ZIF-8 membranes with different deposition 

time (bottom). The simulated XRD pattern of ZIF-8 is shown for reference. There are 

no characteristic peaks of ZnO in calcinated ZIF-8 membranes, which verifies that all 

Zn-based gel has been transformed to ZIF-8. 
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Supplementary Figure 5 | Cross-sectional view SEM images of ZIF-8 membranes 

with various coating times. a, 5 s, b, 10 s and c, 30 s. These ZIF-8 membranes were 

prepared with sol concentration of 1 U and deposition time of 2 h. The thickness of 

the membrane increases with the coating time. 
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Supplementary Figure 6 | Cross-sectional view SEM images of ZIF-8 membranes 

with various sol concentrations. a, 0.1 U, b, 1.5 U and c, 2 U. These ZIF-8 

membranes were prepared with coating time of 2 s and deposition time of 2 h. The 

thickness of membrane increases with the sol concentration. 
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Supplementary Figure 7 | Schematic diagrams and top view SEM images. a,c, 

Schematic diagram and b,d, top view SEM image of a,b, the noncontinuous ZIF-8 

membrane fabricated with sol concentration of 0.05 U and c,d, the continuous ZIF-8 

membrane fabricated with sol concentration of 0.1 U. These ZIF-8 membranes were 

prepared with coating time of 2 s and deposition time of 2 h. The small concentration 

means the low viscosity, which leads to the small loading and spread in internal 

substrate of Zn-based sol. Because the surface of porous substrate is composed of 

nanoparticles with diameter of 20-50 nm, the formed membrane has some cracks. 
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Supplementary Figure 8 | AFM images of Zn-based gel layer and ZIF-8 

membrane. AFM analysis of a,c, Zn-based gel layer and b,d, ZIF-8 layer on PVDF 

hollow fibres. The samples were prepared with sol concentration of 0.1 U and coating 

time of 2 s. The vapour deposition time was 2 h. Root mean square roughness (Rq): a, 

3.6 nm, b, 5.8 nm c, 7.0 nm, d, 9.3 nm. Arithmetic average roughness (Ra): a, 2.8 nm, 

b, 4.7 nm c, 5.5 nm, d, 7.3 nm. 
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Supplementary Figure 9 | Comparison of the prepared ZIF-8 membranes with 

polymer membranes reported in previous studies for H2/N2 and H2/CH4 systems. 

The black line is the Robeson’s upper-bound of polymeric membranes reported in 

2008. The permeance is calculated from permeability by assuming membrane 

thickness of 1 μm. In H2/N2 and H2/CH4 systems, the performance of our membranes 

can surpass the Robeson’s upper-bound. 



 
 

10 

0

20

40

60

80

100

120

10
-1

10
0

10
1

10
2

10
3

10
4

P
er

m
ea

n
ce

 (
×

1
0

-7
 m

o
l-1

 m
-2

 s-1
 P

a-1
)

 Permeance

 H
2
/X

n

Coating time
30 s2 s

C
4
H

8
C

3
H

6
N

2
CH

4

H
2

CO
2

 S
el

ec
ti

v
it

y

 CO
2
/X

n

 

 C
3
H

6
/X

n

 

Supplementary Figure 10 | Single gas permeation behaviour of various gases 

through ZIF-8 membranes with various coating times of 2 s, 5 s, 10 s and 30 s. 

These ZIF-8 membranes were prepared with sol concentration of 1 U and deposition 

time of 2 h. Blue square is gas permeance. H2/Xn, CO2/Xn and C3H6/Xn selectivities 

are depicted in red circle, dark yellow rhombus and dark cyan hexagon, respectively. 

Xn represents various gases. Red arrow shows the increasing direction of coating time. 

Gas permeances decreased with increases of coating time. 
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Supplementary Figure 11 | Gas permeation behaviours of additional three ZIF-8 

membranes. These ZIF-8 membranes were prepared with sol concentration of 1 U, 

coating time of 2 s and deposition time of 2 h. The H2 permeances of these three 

membranes were 106.5, 122.9 and 126.7 ×10-7 mol m-2 s-1 Pa-1, and the corresponding 

selectivities of H2/C3H8-C3H6/C3H8 were 2701-67.2, 2845-64.4 and 3012-68.9, 

respectively. The results demonstrate the good reproducibility of the membranes. In 

binary mixture separation of additional ZIF-8 membrane 3, the similar permeances 

(117.8 ×10-7 mol m-2 s-1 Pa-1 for H2 in H2/C3H8 separation and 2.8 ×10-7 mol m-2 s-1 Pa-1 

for C3H6 in C3H6/C3H8 separation) and selectivities (3126 for H2/C3H8 and 73.4 for 

C3H6/C3H8) were achieved. 
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Supplementary Figure 12 | Effect of feed pressure on separation performance of 

C3H6/C3H8 mixture. The membrane was the additional ZIF-8 membrane 3, as shown 

in Supplementary Figure 11. The selectivity and the C3H6 permeance both decreased 

with the increase of feed pressure due to the gate opening of window of ZIF-8 

structure and the competitively diffusion of the C3H6 and C3H8 through the membrane. 

However, membrane still showed good C3H6/C3H8 selectivity of 22.7 and C3H6 

permeance of 2.0 ×10-7 mol m-2 s-1 Pa-1 at 9 bar. 
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Supplementary Figure 13 | Schematic diagram of in situ production of MOF 

membrane module (left) and crystallization process (right). Blue arrows present 

the diffusion of ligand vapour. 
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Supplementary Figure 14 | Optical photographs of membrane module and 

coated membrane module. a, membrane module and b, coated membrane module. 

The change of colour should be explained by the reaction between polymer and 

ethanolamine. 
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Supplementary Table 1 | Comparison of ZIF-8 membranes here with polymeric, 

zeolite and other MOF membranes reported in previous studies for H2/N2, 

H2/CH4 and H2/C3H8 systems. 

Membrane Substrate 
Thickness 

(100 nm) 

Permeance 

×10-8 mol m-2 

s-1 Pa-1 

Selectivity 

Ref 
H2/N2 H2/CH4 H2/C3H8 

ZIF-8 Al2O3 80 20.8 10.3 10.4 149.6 1 

ZIF-8 Al2O3 200 18.0 16.2 31.5 712.6 2 

ZIF-8 Al2O3 20 43.2 11.1 12.1 - 3 

ZIF-8/LDH Al2O3 200 14 10 12.5 - 4 

ZIF-8/LDH Al2O3 11 4.1 16.8 54.1 - 5 

ZIF-8 PES 72 40.0 9.2 8.7 - 6 

ZIF-8 PSF 200 11.1 22.7 - - 7 

ZIF-8-annealing P84 13 3.5 - 103 - 8 

ZIF-93-annealing P84 26 1.10 - 97.2 - 9 

ZIF-8/GO AAO 1 5.46 11.1 11.2 405.0 10 

ZIF-90- 

modification 
Al2O3 200 28.5 - 70.5 458.0 11 

ZIF-95 Al2O3 300 193.0 10.1 11.0 59.7 12 

NH2-MIL-53 Glass 150 151.7 23.9 20.7 - 13 

CuBTC Al2O3 130 3.2 8.7 6.2 - 14 

CuBTC PVDF 30 201.0 6.5 5.4 - 15 

CuBTC/MIL-100 PVDF 200 8.8 217 336 - 16 

PIM - 1810 1.4 14.8 11.1 - 17 

PIM - 1570 0.5 9.4 4.9 - 17 

Zeolite Al2O3 75 16 8.6 6.5 19.3 18 

ZIF-8 PVDF 0.17 2154 15.1 17.9 1145  

ZIF-8 PVDF 0.87 1190 22.4 27.3 2894 This 

ZIF-8 PVDF 1.14 949 23.1 28.7 3088  

ZIF-8 PSF 2.80 354 24.1 30.7 3212 work 

ZIF-8 PVDF 7.57 273 24.8 31.2 3401  
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Supplementary Table 2 | Comparison of ZIF-8 membranes here with carbon and 

other MOF membranes reported in previous studies for C3H6/C3H8 system. 

Membrane Substrate 
Thickness 

(100 nm) 

Permeance 

×10-8 mol m-2 s-1 Pa-1 

Selectivity 

C3H6/C3H8 
Ref 

ZIF-8 Al2O3 22 2.0-3.7 28.0-45.0 19 

ZIF-8 Al2O3 15 2.0 55.0 20 

ZIF-8 Al2O3 50-200 0.7 30.0 21 

ZIF-8 Al2O3 800 0.3 59.0 22 

ZIF-8 Al2O3 15 2.0 40.0 23 

ZIF-8 Al2O3 25 1.1 30.1 24 

ZIF-8 Al2O3 200 0.35 14.6 3 

ZIF-8 Al2O3 16 0.06 3.5 25 

ZIF-8/GO AAO 1 0.16 12 10 

ZIF-8 BPPO 20 1.5 27.8 26 

ZIF-8 Torlon 90 1.2 12.0 27 

ZIF-8 Torlon 50 2.2 65 28 

ZIF-8 Torlon 81 1.5 180 29 

Cabron Al2O3 3 0.75 16 30 

Cabron Al2O3 3 0.87 17 30 

Cabron Al2O3 3 1.4 23 30 

ZIF-8 PVDF 0.17 83.7 44.5  

ZIF-8 PVDF 0.87 27.6 67.2 This 

ZIF-8 PVDF 1.14 20.8 67.8  

ZIF-8 PSF 2.80 7.6 69.5 work 

ZIF-8 PVDF 7.57 5.7 70.8  
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