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Enhancing Propylene/Propane Separation Performances of ZIF-8 

Membranes by Post-Synthetic Surface Polymerization 

Sunghwan Park,a Kie Yong Cho b and Hae-Kwon Jeong *ac

Zeolitic-imidazole framework-8 (ZIF-8) membranes have shown exceptional propylene/propane separation performances. 

Their commercial applications have, however, been impeded by several challenges. One such challenge is the difficulty of 

managing microstructural defects (i.e., grain boundary defects) in a consistent manner, leading to poor membrane 

performances and ultimately to a reproducibility issue. Herein, we introduce a new effective strategy to seal microstructural 

defects of polycrystalline ZIF-8 membranes using post-synthetic surface polymerization which consists of two steps: 1) 

introduction of initiator ligands on membrane surface by post-synthetic ligand exchange and 2) in-situ polymerization of 

poly(methyl methacrylate) (PMMA) via atom transfer radical polymerization. The ZIF-8 membranes were fully covered with 

ultra-thin PMMA layers of sub-10 nm in thickness, increasing the propylene/propane separation factor from ~ 60 to ~ 106 

with unexpectedly increased propylene permeance, effectively improving membrane reproducibility. The enhanced 

separation properties of the PMMA-coated ZIF-8 membranes were attributed due to the ultra-thin PMMA layers as well as 

to the possible facilitated propylene transport by Cu ions in the PMMA layers.

Introduction

ZIF-8 consists of Zn2+ metal nodes tetrahedrally coordinated 

with 2-methylimidazole (2-mIm) linkers, forming a sodalite 

(SOD) topology. The effective aperture size of the six-

membered ring in ZIF-8 was estimated at 4.0 ~ 4.2 Å, much 

larger than its crystallographically defined one of 3.4 Å due to 

the swing motion of the organic linkers, thereby suitable for 

propylene/propane (C3H6/C3H8) separation.2 As such, 

polycrystalline ZIF-8 membranes have shown exceptionally high 

C3H6/C3H8 separation performances.3 

Despite their great potential, the practical application of ZIF-8 

membranes for industrial gas separations faces several issues.4 

One such issue has to do with the reproducibility of consistent-

quality membranes. Inherent to any polycrystalline membranes 

such as zeolite membranes, polycrystalline ZIF-8 membranes 

contain non-selective microstructural grain boundaries (i.e., 

microscopic defects) that compromise their separation 

performances. It is, however, often difficult to obtain 

polycrystalline membranes with consistent grain boundary 

structures that depend greatly on processing conditions,5, 6 

consequently giving rise to a reproducibility issue. In this regard, 

the post-synthetic surface coating of polycrystalline 

membranes is a practical strategy to enhance the 

reproducibility of polycrystalline ZIF and MOF membranes by 

effectively improving their grain boundary structures (i.e., 

sealing microscopic defects).7-12 It is noted that the surface 

coating strategy has been successfully applied to commercial 

polymer membranes.13 

Polydimethylsiloxane (PDMS) has been widely used as a coating 

material to improve the grain boundary structures of 

polycrystalline membranes because it is highly gas permeable, 

inexpensive, and easily processible. Sheng et al.10 reported that 

when coated with PDMS, poorly-intergrown defective ZIF-8 

membranes showed significantly improved C3H6/C3H8 

separation factor which was attributed to the effectively 

blocked defects and the hindered flexibility of ZIF-8 upon PDMS 

coating.10 Other polymers (both rubbery and glassy) such as 

Pebax®, PTMSP (poly[1-(trimethylsilyl)-1-propyne]), PIM-1 

(polymers of intrinsic microporosity-1), and Matrimid® have 

also been used to seal microscopic defects of polycrystalline 

membranes.10-12 However, the defect sealing with a polymer 

often leads to substantial decrease in the gas permeance (i.e., 

flux) of the polycrystalline membranes, which is not desirable 

for their practical gas separation applications. This undesirable 

decrease in the permeance of the coated polycrystalline 

membranes is because of the limitation of the conventional 

solution processing that leads to undesirably thick polymer 

coating layers (i.e., > 100 nm). It is, therefore, highly desirable 

to develop a new coating strategy to efficiently seal grain 

boundary defects of polycrystalline membranes ideally without 

compromising the flux of the membranes.

Post-synthetic ligand exchange (PSLE) (also known as solvent-

assisted ligand exchange (SALE)14) has been successfully used in 

MOFs to modify surface properties,15 to introduce functional 

groups,16 to obtain particular morphologies17, to reduce 

membrane thicknesses,18 to tune effective aperture sizes,19 and 
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triethylamine (TEA, 99 %, Alpha Aesar), dichloromethane (DCM, 

> 99.5 %, Alfa Aesar), methanol (MeOH, > 99.8 %, Alfa Aesar), 

chloroform (99.8 %, VWR Chemicals BDH®), potassium 

hydroxide (KOH, > 85 %, VWR Chemicals BDH®), ethyl acetate 

(EtOAc, > 99.5 %, VWR Chemicals BDH®), toluene (> 99.5 %, 

VWR Chemicals BDH®), and 1-butanol (> 99.4 %, J.T. Baker®) 

were used as received.

Synthesis of N-(2-(1H-imidazol-4-yl)ethyl)-2-bromo-2-

methylpropanamide (his-BiB)

The synthesis procedure of his-BiB was described elsewhere.20 

Briefly, 5.0 g of histamine dihydrochloride was added to a 

mixture of chloroform (400 ml) and TEA (12.7 g) in a 1 L round 

bottle flask. After fully dissolving histamine dihydrochloride, 

12.7 g of BiBB was added into the solution dropwise using a 

syringe at 0 oC. Then the mixture underwent a reaction at room 

temperature for 12 h. The solution became transparent and 

brownish. After that, the reacted solution was quenched to 

deactivate unreacted reagents by pouring an aqueous KOH 

solution (106 g of KOH in 450 ml of H2O) into the solution under 

vigorous shaking. The bottom solution (chloroform/his-BiB) was 

decanted using a funnel. This quenching/decanting process was 

repeated three times. To increase a yield, his-BiB in the used 

KOH solution was retrieved by thoroughly washing with 

dichloromethane (DCM) several times. Again, the his-BiB/DCM 

solution was separated using a funnel. The solvents (i.e., 

chloroform and DCM) were evaporated at 40 oC overnight. As-

synthesized his-BiB precipitates were re-dissolved in a small 

amount of MeOH and recrystallized with EtOAc and dried at 40 
oC for one day. The yellowish his-BiB powder was obtained. The 

yield of his-BiB was 76 %, which was comparable with the yield 

reported.20

Synthesis of ZIF-8 membranes

Polycrystalline ZIF-8 membranes were prepared via microwave-

assisted seeding and subsequent secondary growth on porous 

N1�
����� disks (2.2 cm in diameter) as previously reported.37 

The alumina disks were prepared following the procedure 

described in our previous work.54 For microwave seeding, a 

metal precursor solution (2.43 g of zinc nitrate hexahydrate 

dissolved in 40 ml of MeOH) and a ligand precursor solution 

(2.59 g of 2-mIm and 0.125 g of sodium formate dissolved in 30 

ml of MeOH) were prepared separately. An N1�
����� disk was 

placed vertically in a custom-made Teflon holder and immersed 

in the metal precursor solution at room temperature for an 

hour. The saturated N1�
����� disk with the metal solution was 

then placed into a microwave-transparent glass tube containing 

the ligand precursor solution and immediately subjected to 

microwave irradiation with 100 W for 1.5 min. After resting 

inside the microwave oven (CEM, Discover-SP w / ActiVent®) for 

30 min, the ZIF-8 seeded N1�
����� disk was washed in MeOH 

on a lab shaker for 12 h. The ZIF-8 seed layer was dried at 60 oC 

for 4 h. For the secondary growth, a metal precursor solution 

(0.11 g of zinc nitrate hexahydrate dissolved in 20 ml of DI 

water) and a ligand precursor solution (2.27 g of 2-mIm 

dissolved in 18 ml of DI water) were prepared separately. The 

metal precursor solution was poured into the ligand precursor 

solution and stirred with a magnetic bar for 2 min. The seeded 

disk was placed vertically in a custom-made Teflon holder and 

immersed in the mixed solution in a beaker. After covering with 

a parafilm, the beaker was placed in a convection oven at 30 oC 

for 6 h. The resulting ZIF-8 membrane sample was washed in 

MeOH on a lab shaker at room temperature for 1 d and dried 

under the atmosphere for 12 h.

Post-synthetic ligand exchange (PSLE) of ZIF-8 membranes with 

BiB

A 0.025 M his-BiB stock solution was prepared by dissolving 5.2 

g of his-BiB powder in 800 ml of 1-butanol. 0.1 g of TEA was 

added to 12 ml of the his-BiB solution to adjust pH to ~7, which 

was necessary to prevent undesirable degradation of the ZIF-8 

membrane in the his-BiB solution. A ZIF-8 membrane was 

placed vertically in a custom-made Teflon holder and put in an 

autoclave containing the his-BiB/TEA solution. The autoclave 

was placed in a convection oven at 40 oC for 24 h. The resulting 

membrane (hereafter, ZIF-8-BiB membrane) was washed with 

MeOH overnight and dried under the atmosphere.

Atom transfer radical polymerization (ATRP) of ZIF-8-BiB 

membranes

In a typical synthesis, a ZIF-8-BiB membrane was inserted 

vertically in a Teflon holder and placed in a heavy wall glass 

tube. 12 ml of MeOH was poured into the glass tube until the 

membrane is completely immersed. 13.8 mg of MMA purified 

was mixed with 0.5 ml of MeOH. The mixture solution was 

added to the glass tube under magnetic stirring. After that, 0.2 

ml of a CuCl2/PMDETA stock solution was added. The stock 

solution was prepared by adding 85.5 mg of PMDETA and 5.5 

mg of CuCl2 sequentially in 200 ml of MeOH. The glass tube was 

sealed and the solution was degassed by several free-pump-

thaw cycles in a vacuum line. 0.17 mg of AA was dissolved in 0.2 

ml of MeOH and the AA solution was degassed. The degassed 

AA solution was added into the glass tube dropwise. ATRP 

reaction was maintained for 18 h at room temperature. After 

that, the resulting ZIF-8-PMMA membrane was sequentially 

washed in MeOH for 12 h and subsequently in toluene for 

another 12 h and dried under the atmospheric conditions 

overnight.

Characterizations

Powder X-ray diffraction (PXRD) patterns were obtained using 

an X-ray diffractometer (Rigaku Miniflex II) at a 2 X spanning 

from 5 o to 30 o with ��1-N radiation 7Y = 1.5406 Å). Electron 

micrographs were taken using a field-emission scanning 

electron microscope (FE-SEM, JEOL JSM-7500F) at a working 

distance of 15 mm and acceleration voltage of 5 keV. Vibrational 

spectra were taken using an attenuated total reflectance 

Fourier transform infrared (ATR-FTIR) spectrometer (Thermo 

Scientific Nicolet iS5 equipped with iD7 ATR) at the range of 

4000 – >��Z��-1 with a resolution of >Z��-1. Solution proton 

nuclear magnetic resonance (1H NMR) spectra were obtained 

using Bruker Avance III (400 MHz system). NMR samples were 

prepared by dissolving his-BiB in 600 [
 of CD3OD-d4 and ZIF-8 

and ZIF-8-BiB membrane samples in 20 [
 of D2SO4-d2 mixed 

with 580 [
 of CD3OD-d4. Thermogravimetric analysis (TGA) 

was carried out using Q50 (TA instruments) in the temperature 

range of 25 oC ~ 800 oC with the ramp rate of 10 oC min-1 under 
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air flow of 50 cm3 min-1. For TEM imaging and analysis, 

membrane samples were etched using a Tescan LYRA-3 Model 

GMH dual-beam FIB instrument. TEM imaging and analysis were 

conducted by a FEI Tecnai G2 F20 Super-Twin FE-TEM operating 

at 120 kV. X-ray photoelectron spectra (XPS) were obtained 

using Omicron ESCA+ with Mg X-ray source at 300W.

Gas permeation measurements

The binary propylene/propane 50/50 separation performances 

of membranes were measured using the Wicke-Kallenbach 

technique at room temperature under atmospheric pressure. 

The total gas flow rate on the feed side was 100 cm3 min-1 while 

the permeate side was swept by flowing argon at 100 cm3 min-

1. The composition of the permeate was analyzed using a gas 

chromatography (GC 7890A, Agilent) equipped with a flame 

ionized detector (FID) and a HP-plot Q column.

Conclusions

In conclusion, we have successfully demonstrated a new defect 

sealing strategy, post-synthetic surface polymerization (PSSP), 

consisting of post-synthetic ligand exchange (PSLE) and 

subsequent atom transfer radical polymerization (ATRP). The 

in-situ polymerization of poly(methyl methacrylate) (PMMA) on 

top of his-BiB-exchanged ZIF-8 membranes led to the formation 

of ultra-thin sub-10 nm PMMA layers covering the ZIF-8 

surfaces and sealing the grain boundary defects. The PSSP 

resulted in ZIF-8-PMMA membranes with the significantly 

increased C3H6/C3H8 separation factors (i.e., from 60.1 ± 13.9 to 

105.5 ± 2.8) and the unexpectedly enhanced C3H6 permeances 

(i.e., from 4.31 ± 0.53 x 10-8 to 5.58 ± 1.82 x 10-8 mol m-2 s-1 Pa-

1), outperforming the conventional polymer solution processing 

methods. These unexpected results were attributed possibly 

due to 1) the effective grain boundary defect healing, 2) the 

reduced effective thickness by partial degradation upon the 

PSSP process, and 3) the possible facilitated transport of C3H6 

by Cu ions in the sub-10 nm thick PMMA layers. The new 

strategy presented here is expected to substantially lower the 

cost of the membranes due not only to the substantially 

improved membrane performances but also to the enhanced 

reproducibility, thereby bringing polycrystalline MOF 

membranes close to their practical applications.
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