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Abstract: Homochiral metal organic framework (MOF) has gained 

much attention owing to its excellent chiral properties for chiral 

separation. However, the fabrication of high-quality homochiral MOF 

membranes remains a challenge due to the difficulty in controlling 

growth of MOF membranes with chiral functionalities. Herein we 

report a continuous homochiral zeolitic imidazolate framework-8 (ZIF-

8) membrane for efficient chiral separation. The membrane is 

synthesized by incorporating a natural amino acid, L-histidine (L-His), 

into ZIF-8’s framework. The homochiral L-His-ZIF-8 membrane 

exhibits a good selectivity for the R-enantiomer of 1-phenylethanol 

over the S-enantiomer, showing a high enantiomeric excess value up 

to 76%. 

Chirality, a unique nature of chemical compound isomers that relates 

to non-superposition of their mirror images, plays an essential role in 

aspects of medical, life science, food chemistry and drug 

manufacture.[1] With intrinsic biological effects/activities that are highly 

specific to each enantiomer, considerable research efforts have been 

directed towards developing advanced techniques including 

spontaneous crystallization, enzymatic kinetic resolution, and the use 

of enantioselective stationary phases in chromatography, to 

discriminate chiral compounds.[2] In the last decade, metal-organic 

frameworks (MOFs) and their derivative membranes have emerged 

as promising materials for molecular separation as these exhibit pores 

of defined and tunable dimensions, high surface area, and generally 

good adsorption properties.[3] While the main research focus has been 

on the applications of MOFs for processes such as gas storage, gas 

separation, catalytic process and drug delivery[4], a few of new MOF 

materials with chiral properties have been recently reported for chiral 

separation. Conceptually, synthesizing such homochiral MOFs may 

create a chiral environment in the open channels of the framework 

material by the direct synthesis of MOFs using a chiral (enantiopure) 

ligand[5], formation of secondary building units with chiral linker [6], post 

synthesis of achiral MOF[7] or self-assembled of chiral ligands[8]. The 

self-assembled chiral ligands can sometimes be complex and 

expensive, but in none of these cases can success be guaranteed. 

In addition to separation based on MOF particles/columns, 

membrane-based separations show potential advantages over other 

techniques in respect of their low operating cost, low energy 

consumption and potential for scalability.[9] However, the use of MOF 

membranes are still relatively new to the application of chiral 

separations, and thus reports of homochiral MOF membranes are 

relatively limited to date. For instance, Jin et al reported the successful 

fabrication of [Zn2(bdc)(l-lac)(dmf)] membrane which achieved 

enantiomeric excess (ee%) value of 33% with R-methyl phenyl 

sulfoxide in excess. Another homochiral MOF, [Ni2(L-asp)(bipy)] 

membrane was reported by the same group which was able to 

separate racemic 2-methyl-2,4-pentadiol with ee% of 35.5±2.5% (R-

enantiomer in excess).[10] These works have demonstrated the 

potential of homochiral MOF membranes in chiral separation, but the 

selectivity of the MOF membranes is relatively low. Therefore, it is of 

great importance to fabricate MOF membrane with high chiral 

selectivity. 

In this work, we report a homochiral L-His-ZIF-8 (Zn(Hmim/L-

His)2, Hmim = 2-methylimidazolate and L-His = L-histidine) membrane 

to efficiently separate racemic 1-phenylethanol, the R-enantiomer of 

which is a useful chemical as ophthalmic preservative, inhibitor of 

cholesterol adsorption and component of fragrance[11]. The 

homochiral L-His-ZIF-8 membrane is synthesized by incorporating a 

natural amino acid, L-histidine (L-His), into the ZIF-8 framework. The 

L-His-ZIF-8 membrane showed good capability in separating the R-

enantiomer and S-enantiomer of racemic 1-phenylethanol, 

preferentially allowing preferential permeation of the R-enantiomer 

across the membrane with an enantiomeric excess value up to 76% 

with R-(+)-1-phenylethanol in excess. Such a high chiral selectivity of 

the L-His-ZIF-8 membrane is attributed to the specific interaction 

between the S-enantiomer and the chiral MOF framework. 

As shown schematically in Figure 1, a layer of L-His-ZIF-8 

functioned as a chiral selector was grown on a 20-nm porous anodic 

aluminium oxide (AAO) support (Figure S1) by in situ growth method 

(see Experimental Section). The existence of L-histidine introduced a 

homochiral environment in the framework and allowed R-(+)-1-

phenylethanol to pass through it. The membrane morphology was 

observed through scanning electron microscopy (SEM). Top-view 

SEM images proved the integrity of membranes where a continuous 

film of L-His-ZIF-8 with good intergrowth was formed (Figure 2a, left). 

A magnified image showed that L-His-ZIF-8 had fully covered the
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Figure 1. Schematic representation of a homochiral L-His-ZIF-8-membrane for separating the R-enantiomer of 1-phenylethanol from the S-enantiomer. 

 

AAO substrate (Figure 2a, right). The integrity of membrane was 

further justified by performing gas permeation test. From the 

permeation test, the membrane was able to separate binary gases 

with ideal selectivities higher than Knudsen diffusion constant, 

indicating the absence of macroporous defect. (Figure S2) From the 

cross-sectional view (Figure 2b), a consistent layer of L-His-ZIF-8 with 

a thickness of approximately 3.9 ± 0.19 µm was obtained. To further 

examine the quality of L-His-ZIF-8 layer grown on the porous AAO 

support, the crystal structures of both L-His-ZIF-8 crystal and 

membrane were examined. According to the X-ray diffraction (XRD) 

pattern (Figure 2c), L-His-ZIF-8 showed a similar crystal structure to 

that of ZIF-8 with no extra XRD peaks. Typical characteristic peaks of 

ZIF-8 with 2θ at 7.4, 10.4 and 12.8 also were observed with slight 

shifts to larger angles, indicating that L-His-ZIF-8 exhibits the same 

SOD topology as ZIF-8 with a slightly smaller unit cell. The peak shift 

was caused by the incorporation of amino acid, L-histidine which has 

been previously studied to cause slight lattice distortion in crystal.[12] 

On the other hand, the chirality in MOF crystals have been proved to 

show lattice distortion due to presence of homochiral amino acid and 

therefore the incorporation of L-his can be further justified.[13] 

To prove the successful incorporation of L-His into the L-His-

ZIF-8 framework, the L-His-ZIF-8 (Zn(Hmim/L-His)2) and ZIF-8 

(Zn(Hmim)2) membranes/crystals were systematically characterized 

via element mapping by energy dispersive X-ray spectroscopy (EDX), 

Fourier-transform infrared (FT-IR) spectroscopy, X-ray photon 

spectroscopy (XPS) and solid-state nuclear magnetic resonance 

(NMR). With respect to the molecular structures of the Hmim and L-

His organic ligands, L-His comprises additional amine groups (-NH2) 

and carboxyl groups (-COOH) than Hmim, which enables its presence 

in L-His-ZIF-8’s framework to be identified. As shown in Figure 2d, the 

elemental mapping of the cross section of the L-His-ZIF-8/AAO 

membrane showed a sufficient amount of oxygen atoms on the L-His-

ZIF-8 layer, corresponding to the two additional oxygen atoms of the 

carboxyl group in L-his molecular structure. As a comparison, 

elemental mapping of ZIF-8/AAO membrane confirmed that the 

oxygen atom did not exist in the ZIF-8 layer (Figure S3). From FT-IR 

spectroscopy, L-His showed a adsorption peak at 1627 cm-1, 

attributed to the C=O stretch in the carboxyl group for L-histidine, 

which was observed to have a slight shift to 1648 cm-1 for L-His-ZIF-

8 (Figure 2e). An additional adsorption peak was also found at 1057 

cm-1 in L-His and L-His-ZIF-8 which corresponded to the side chain 

amine group of L-His. However, FT-IR spectroscopy of ZIF-8 did not 

have these two adsorption peaks. XPS analysis identified the binding 

energy of carboxylic group (-COOH) of L-His-ZIF-8 at 288.21 eV from 

the C(1s) spectrum which was not present in ZIF-8[14] (Figure S4). The 

comparison of O(1s) spectra between L-His-ZIF-8 and ZIF-8 also 

revealed the presence of L-His endow L-His-ZIF-8 have a greater 

signal at 531.3 eV than ZIF-8 (Table S1 and S2). Deriving from the 

atomic percentage (at%) of L-His-ZIF-8, the ratio of L-His to Hmim is 

1:9.  To further verify the corporation of L-His into the framework, solid 

NMR was performed. Additional peaks attributing to L-his were 

identified compared to pure ZIF-8 with several peak shifts. Peak shifts 

indicated the structural change of L-His which was mainly due to the 

bonding of L-His in the framework. (Figure S5) 

 

 
Figure 2. (a) SEM images of the top surface of L-His-ZIF-8/AAO membrane. (b) 
SEM image of the cross section of the membrane. (c) XRD patterns of ZIF-8 
crystal, L-His-ZIF-8 crystal, L-His-ZIF-8 crystal/AAO membrane and AAO 
support. (d) EDX elemental mapping of oxygen on the cross section of the L-
His-ZIF-8/AAO membrane. (e) FT-IR spectra of L-His-ZIF-8, ZIF-8 and L-His. 
The insets indicate the chemical molecular structures of L-His-ZIF-8, ZIF-8 and 
L-His, respectively. 
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Figure 3. Gas chromatograms of resolved 1-phenylethanol enantiomers after 
separation for (a) 2 h, (b) 4 h, (c) 6 h and (d) 8 h under conditions of 0.008 mol 
L-1 feed solution at room temperature.  
 

Circular dichroism (CD) spectroscopy and nitrogen sorption 

isotherm were further performed to confirm the chirality and porosity  

of the L-His-ZIF-8 membrane. According to the CD spectrum, there is 

an adsorption at 234 cm-1, demonstrating the homochirality of L-His-

ZIF-8, but pure ZIF-8 did not have chirality (Figure S6). Furthermore, 

nitrogen adsorption analysis results showed Brunauer-Emmett-Teller 

(BET) surface area of L-His-ZIF-8 was 1275.93 m2 g-1 with the Horvatj-

Kawazoe pore volume of 0.46 cm3 g-1 (Figure S7), indicating the L-

His-ZIF-8 of a typical porous structure with high surface area. 

High-quality L-His-ZIF-8/AAO membrane was used to separate 

enantiomers of 1-phenylethanol. Since the enantioselectivities of a 

homochiral MOF arise from the chiral environment in open channels 
[15], one of the enantiomers is expected to interact with chiral L-His-

ZIF-8 framework and pass through the membrane at a slower rate 

than the other enantiomer. The separation process was performed in 

a homemade diffusion cell and the concentration gradient was used 

as the driving force. Real-time components of the permeate solution 

was analyzed every 2h by enantioselective gas chromatography (GC) 

analysis. 

Prior to using chiral 1-phenylethanol, the R-(+)-1-phenylethanol 

and S-(-)-1-phenylethanol were used as single entity to evaluate the 

diffusive permeability. The elution time of the R- and S-enantiomers 

were identified at around 6.03 min and 6.42 min respectively. 

According to GC analysis (Figure S8), R-(+)-1-phenylethanol showed 

higher permeability of 3.9313×10-6 mol L-1, giving rise to the ideal 

selectivity of 32.2 to the S-(-)-1-phenylethanol of 0.1220×10-6 mol L-1. 

Therefore, it is expected to achieve higher permeability of R-(+)-1-

phenylethanol when it comes to mixed chiral molecules. Figure 3 

shows GC results of the permeate solution versus time, where 

different intensities of enantiomers peaks were observed. The GC 

results provided the most direct evidence that the L-His-ZIF-8 was 

capable of performing chiral separation. From the figures (Figure 3, 

S9 and S10), the different peak areas of both enantiomers were 

obvious and R-(+)-1-phenylethanol generally showed greater peak 

response compared to S-(–)-1-phenylethanol. Compared with pure 

ZIF-8 membrane (Figure S11), no differences in peak areas were 

observed, indicating the achiral ZIF-8 is not capable of performing 

chiral separation. Figure 4a shows the enantioselectivity of the 

membrane when 0.008 mol L-1 racemic 1-phenylethanol in feed 

solution was measured in the receiving solution side of the membrane 

over 8 h measurements. The highest enantiomeric excess (ee%) of 

76% was observed in the first two hours with the R-enantiomer in 

excess. The ee% gradually decreased over an increase in duration of 

the separation process, with ee% of 46.6% Frates of enantiomers with 

L-His-ZIF-8 and the ee% is expected to decline with time until 

equilibrium is reached[16]. To investigate the effect of concentration 

gradient, the same membrane was used to study racemic 1-

phenylethanol of 0.004 mol L-1 and 0.006 mol L-1 concentration feed 

solutions (Figure S12 and S13). The results showed a similar ee% 

and same declining trend in ee% with increasing the permeating time.  

 

 
Figure 4. Chiral separation results under conditions of 0.008 mol L-1 racemic 1-
phenylethanol as feed solution at room temperature. (a) Enantiomeric excess 
(ee%) and (b) Concentration of each enantiomer as a function of time. 
 

We also studied the relationship between concentration of feed 

solution and the permeability of the chiral compound. From the GC 

analyses, the concentration of each enantiomer was calibrated and 

presented as a function of time. As shown in Figure 4b, R-(+)-1-

phenylethanol showed a higher concentration of 1.4168×10-6 mol L-1 

in the first 2 h, which suggests selectivity of 29.3 than the     

0.0483×10-6 mol L-1 of S-(–)-1-phenylethanol. As the diffusion 

proceeded, the diffusion rates of both enantiomers decreased but the 

concentration of R-(+)-1-phenylethanol still remained higher than S-

(–)-1-phenylethanol, suggesting L-His-ZIF-8 has higher affinity to 

interact with S-(–)-1-phenylethanol.  

The mechanism of chiral separation in MOF membrane was not 

well established up to date. Hence, high resolution synchrotron PXRD 

and solid NMR were performed in order to provide an understanding 

of the mechanism of separation. From synchrotron PXRD data, the 

lattice parameters of L-His-ZIF-8 before and after separation were 

compared. From Table S3, a 3D framework distortion of L-His-ZIF-8 

unit cells after separation was observed, suggesting the entering of 

chiral molecules into the framework. Meanwhile, the solid NMR 

analysis of L-His-ZIF-8 after separation showed two peak shifts at 

~14ppm and ~124ppm while the other peaks remained at same 

positions, suggesting the interaction of chiral molecules and L-His-

ZIF-8 was spatially closed to these two sites at molecular level. 

(Figure S14) Therefore, we hypothesized that S-phenylethanol was 

preferentially adsorbed in chiral channel of L-His-ZIF-8 while leaving 

R-phenylethanol passing through the membrane.  

 To prove the repeatability of the membrane preparation, we also 

performed the above chiral separations using three separate 

membranes and the average ee% is shown in Figure S15. Consistent 

ee% values ranging from 56% to 60% were observed in the first 

sampling analysis, reducing to 27% to 28% in the final one. Therefore, 

the concentration of feed solution did not have a significant impact on 

the chiral selectivity. Furthermore, we examined the effect of AAO  
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Figure 5. SEM images of L-His-ZIF-8/AAO membrane (a) before and (b) after 
tests. (c)XRD patterns of L-His-ZIF-8/AAO membrane before and after tests. 

 

support by using it for separation under the same conditions. The 

results show that AAO support does not have any chiral selectivity, 

and thus the effect of support on chiral selectivity is negligible.  

In addition to excellent chiral separation performance, the L-His-

ZIF-8 membrane exhibit good stability. Firstly, ZIF-8 has been 

previously reported to be stable in the ethanol, the diffusion medium 

used in this work[17]. Moreover, experimental data has proven the 

consistency of enantioselectivity over three separations of racemic 1-

phenylethanol with different concentrations. The SEM and XRD 

results demonstrate the integrity of the membrane after the tests 

Figure 5a and 5b shows that the L-His-ZIF-8 crystals remained intact 

on the support even after three cycles of separation. The XRD 

patterns confirmed that the crystal structure of the membrane 

remained the same (Figure 5c).  

In summary, we have successfully incorporated homochiral 

amino acid L-His into a ZIF-8 membrane, namely L-His-ZIF-8 

membrane. The chiral environment in this framework made it the first 

chiral ZIF membrane capable of chiral separation. In particular, the 

AAO supported membrane is prepared with a continuous L-His-ZIF-8 

layer of ca. 3.9 µm thickness. The L-His-ZIF-8 membrane exhibits 

good chiral selectivity for racemic 1-phenylethanol. The highest ee% 

of 76% with R-(+)-1-phenylethanol in excess was achieved for a feed 

concentration of 0.008 mol L-1 at room temperature. Moreover, the 

membrane did not show any loss in enantioselectivity after three 

cycles of separation. This work provides a new insight into the 

preparation of homochiral MOF membranes with high selectivity for 

potential practical chiral separation.    

Experimental Section 

Materials 

Porous anodic aluminium oxide template (AAO, diameter 13mm, 

average pore size 0.02µm) was purchased from GE Healthcare. Zinc 

nitrate hexahydrate (Zn(NO3)2·6H2O, 98%), 2-methylimidazole (Hmim, 

99%) and L-histidine (L-His, ≥99%) were purchased from Sigma-

Aldrich. Methanol (GR for analysis) and triethylamine (TEA, for 

analysis) were purchased from Merck. All reagents were used as 

received without any purification. 

 

Synthesis of L-His-ZIF-8 crystals and L-His-ZIF-8/AAO 

membrane 

0.6 mmol L-His was dissolved in 8 mL deionized water. 50 µL of TEA 

was then added into the L-His solution and stirred for 5 min. 1.2 mmol 

Zn(NO3)2·6H2O and 4.2 mmol Hmim were dissolved in 20 mL and 12 

mL methanol respectively. To prepare the MOF precursor solution, 

Hmim solution was first mixed and stirred with L-His solution for 15 

min, followed by the addition of Zn(NO3)2·6H2O solution. The solution 

was stirred for 24 h at room temperature. The product was collected 

by centrifugation at 7000 rpm for 5 min and repeatedly washed with 

methanol 3 times. The collected white powder was dried in the oven 

at 60 C overnight. 

 

To prepare the membrane, an AAO disk was placed vertically into the 

MOF precursor solution above. Crystal growth was allowed to occur 

for 72 h, and the MOF precursor solution was changed to a fresh one 

every 24 h. The resulting membrane was kept in methanol for future 

application.    

 

Synthesis of ZIF-8 crystals and ZIF-8/AAO membrane 

The synthesis of ZIF-8 crystals and membrane were according to a 

contra diffusion method, similar to the reported procedure 

elsewhere.[18] Briefly, 0.147 g (0.5 mmol) Zn(NO3)2·6H2O and 0.325 g 

(4 mmol) Hmim were dissolved in 5 mL MeOH respectively. To 

synthesize the ZIF-8 crystals, the zinc solutions was slowly mixed with 

Hmim solution and left stirring for 24 h at room temperature. The 

products were collected by centrifugation at 7000 rpm for 5 min and 

repeatedly washed with methanol three times. The obtained white 

powder was dried in an oven at 60 C overnight. 

Using a diffusion cell with an AAO support placed in the middle, the 

Zn(NO3)2·6H2O and Hmim solutions above were added to each side 

of the cell. The time of crystal growth was set to 24 h. 

 

Characterization  

Scanning electron microscopy (SEM) images were captured using a 

field emission scanning electron microscope, FEI Magellan 400 at an 

acceleration voltage of 5 kV. Powder X-ray diffraction (PXRD) was 

carried out by MiniFlex 600 (Rigaku, Tokyo, Japan) at a 2θ range of 

2-40 using Cu Kα radiation source (15 mA, 40 kV). Fourier-transform 

infrared (FT-IR) spectra were carried out using a PerkinElmer 

Spectrum 100 (USA) in the range of 500-4000 cm-1.  X-ray photon 

spectroscopy was performed using Kratos AXIS Nova (Kratos 

Analytical, Manchester, UK) with an Al Kα X-ray source operating at 

150 W (15 kV, 10 mA). The chiral optical properties were recorded by 

circular dichroism (CD) spectra using a J815 CD Spectrometer 

(JASCO, USA) in the spectrum region 190-260 nm. Synchrotron 

powder X-ray diffraction data was collected by a Mythen-II detector 

with wavelength of 0.6888Å at PD beamline, Australian Synchrotron. 

Solid-state NMR were performed on a 500 MHz wide-bore Bruker 

Avance III NMR spectrometer. A 4 mm double resonance probe were 

used for 13C single pulse excitation (SPEMAS) and cross-polarisation 

(CPMAS) experiments. All the spectra were recorded at room 

temperature (22 oC). Recycle delays were 2 s for CPMAS, 3 s for 13C 

SPEMAS, and 10 s for 1H-MAS experiments. Magic angle spinning 

rate was 10 kHz unless otherwise stated. The 1H and 13C chemical 

shifts were calibrated using adamantane as the reference (δH  = 1.63 

ppm, δCH2= 29.5 ppm). 
 

The concentrations of enantiomers were analyzed by a gas 

chromatograph (GC) (Agilent 6850 GC Series, Mulgrave, Australia), 
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with a flame ionization detector, a deactivated fused silica (DFS, 5 m 

long × 0.25 mm I.D.) and enantioselective column, Astec Chiraldex B-

PM column (Supelco, Bellefonte, PA, USA) (30 m long × 0.25 mm I.D. 

× 0.12 µm film thickness), connected via a Siltek universal press tight 

connector (Restek, Bellefonte, PA, USA). The injected volume of 

sample was 1 µL (Splitless). The oven temperature program was set 

at 100 °C, heated to 110 °C at 1 °C min-1, and finally to 180 °C at 15 °C 

min-1 (held for 60 min). Hydrogen was used as the carrier gas at a flow 

rate of 10 mL min-1. Data were collected at 10 Hz. Data acquisition 

and analysis were performed using ChemStation software. 

 

Measurement of Membrane Chiral Selectivity 

The chiral transport through the membrane was performed in a 10 cm3 

diffusion cell where the membrane was placed in the middle of the cell. 

The effective area of the membrane was 0.79 cm2. 5 mL of racemic 

solution in ethanol, and fresh ethanol, were added as the feed solution 

and permeate side, respectively. The racemic compound was allowed 

to diffuse through the membrane due to the concentration gradient. In 

this work, racemic 1-phenylethanol was dissolved in fresh ethanol to 

prepare feed solutions of different concentration (0.004 mol L-1, 0.006 

mol L-1 and 0.008 mol L-1). The separation process was allowed to 

proceed for 8 h and 0.5 mL of permeate was collected every 2 h. The 

collected permeates were sent for GC analysis.   

The collected samples were treated under slow nitrogen blowdown to 

evaporate the ethanol in order to increase the concentration of 

solution for ease of peaks identification in GC. Between each test, the 

membrane was washed with ethanol, and then soaked in ethanol 

overnight to remove any residual chiral compounds. 

 

Performance of Chiral Separation   

The enantiomeric excess (ee) value was calculated from the peak 

areas of each enantiomer, namely AR (R-enantiomer) and AS (S-

enantiomer) using the equation below: 

ee  𝑣𝑎𝑙𝑢𝑒 (%) =  
|𝐴𝑅 − 𝐴𝑆|

𝐴𝑅 + 𝐴𝑆

× 100% 

 

The concentrations of each enantiomer in the permeate side were 

derived from a standard calibration curve. The flux as a function of 

time and volume is interpreted using Fick’s second law of diffusion.  
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Figure S1. SEM image of porous anodic aluminium oxide (AAO) support with average pores 
of 20nm, diameter of 13mm. 

 

 

Figure S2. (a) Permeance of single gas and (b) ideal selectivity of binary gases using L-His-

ZIF-8 membrane. 
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Figure S3. EDX elemental mapping image of oxygen on ZIF-8 membrane. 

 

 

 

Figure S4. XPS analysis of (a)C1s and (b)O1s between L-His-ZIF-8 and ZIF-8 crystals. 

 

 

 

 

Table S1. XPS Data of L-His-ZIF-8 crystal 

Name Start BE Peak BE End BE FWHM eV Area (P) 

CPS eV 

At% 

C1s 289.71 285.00 

288.21 

280.83 3.191 5425.59 60.19 

O1s 533.44 531 527.97 3.233 5288.55 12.45 
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Table S2. XPS Data of ZIF-8 crystal 

Name Start BE Peak BE End BE FWHM eV Area (P) 

CPS eV 

At% 

C1s 287.86 285.00 

 

280.94 3.162 6174.66 64.15 

O1s 533.44 531 527.97 3.430 460.16 1.63 

 

 

Figure S5.13C CPMAS spectra of the neat L-Histidine (bottom), L-His-ZIF-8 (middle) and ZIF-
8 (top). The red stars in the figure indicate spinning sidebands. 
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Figure S6. Circular dichroism spectra of L-His-ZIF-8 and ZIF-8 crystals. 

 

 

 

 

Figure S7. Nitrogen adsorption isotherm of L-His-ZIF-8 crystal. 
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Figure S8. GC spectra of 1-phenyethanol as single entity for 2h under conditions of   
0.008mol L-1 feed solution and room temperature. 

 

 

Figure S9. GC spectra of chiral 1-phenylethanol after separation for (a)2h, (b)4h, (c)6h and 
(d)8h under conditions of 0.004 mol L-1 feed solution and room temperature. 
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Figure S10. GC spectra of chiral 1-phenylethanol after separation for (a)2h, (b)4h, (c)6h and 
(d)8h under conditions of 0.004 mol L-1 feed solution and room temperature. 

 

 

Figure S11. GC spectra of chiral 1-phenylethanol using ZIF-8 membrane after 8h. 
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Figure S12. Enantiomeric excess (%) results under conditions of 0.004 mol L-1 racemic 1-
phenylethanol and room temperature. 

 

 

 

Figure S13. Enantiomeric excess (%) results under conditions of 0.006 mol L-1 racemic 1-
phenylethanol and room temperature. 
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Table S3.Lattice parameters of ZIF-8, L-His-ZIF-8 and L-His-ZIF-8 after separation from 
synchrotron PXRD 

 
a(Å) b(Å) c(Å) α (◦) β (◦) γ (◦) Volume 

(Å3) 

ZIF-8 

(simulated) 

14.7363 14.7801 14.7640 109.6102 109.4692 109.3564 2474.73 

ZIF-8  14.4732 14.9477 14.6910 109.2831 109.651 109.6376 2443.24 

L-His-ZIF-

8  

14.6249 14.7695 14.6921 109.6021 109.4829 109.4647 2438.89 

L-His-ZIF-

8 after 

separation 

14.5318 14.5765 15.0184 110.0861 110.7231 108.0313 2434.85 
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Figure S14. (a) 13C CPMAS and (b) single pulse excitation spectra of ZIF-8-L-Histidine 
(bottom, red) and ZIF-8-L-Histidine after separation (top, green). The red stars in the figure 

indicate spinning sidebands. The carbon sites of Phenylethanol molecules are labelled 
numerically and their lines are assigned in the spectra. The single pulse excitation experiment 

exhibits much better sensitivity for the Phenylethanol molecules as compared to the cross 
polarisation experiments due to its fast molecular dynamics and thus short 13C T1 relaxation 

time. 
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Figure S15. Average enantiomeric excess (%) of each concentrations observed from three 
reproduced L-His-ZIF-8 membranes. 
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