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S1. XRD characterization of the MOFs 

 

Figure S1. XRD patterns of UiO type MOFs 

S2. Preparation of PA/UiO-66 composite materials and membranes 

 

Figure S2. The process of fabrication of polyamide based composite membranes by 

interfacial polymerization 
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S3. Viscosity of PEI/UiO-66 solution 
This elucidated the interactions between PEI chains and the UiO-66 additives. Figure 

S3 shows that after the addition of 0.2 g UiO-66 to 2 wt.% PEI solution, the viscosity 

of the mixture declined by 12~14%. This can be attributed to UiO-66 limiting the 

entanglement of PEI chain. This phenomenon might be due to some non-bonding 

interaction between the side chain of the branched PEI and the UiO-66. To further 

confirm this results, the zeta potential of the UiO-66 and UiO-66-NH2 were 

characterized by a nanoparticle analyzer (Zetasizer Nano, Malvern Instruments Ltd.). 

The zeta potential of the UiO-66 and UiO-66-NH2 were about 23.7 and 18.5 mV, 

respectively, indicating the UiO-66 based nanoparticles demonstrate positive charged. 

Thus, the non-bonding interaction contributes all of the viscosity decline of the 

solutions after adding the UiO-66 nanoparticles in the solutions. Similar phenomenon 

was also found in other work.1,2 
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Figure S3. The viscosity of the solutions. S1 contains only 2.0 wt.% of PEI solution, 

S2~S5 solutions  contain 2.0 wt.% PEI with 0.2 wt.% of UiO-66-(CH3)2 (S2), UiO-66-

NH2 (S3), UiO-66 (S4) and UiO-66-(Ti) (S5). 

S4. Fourier transform infrared spectroscopy (FT-IR) of PA/UiO-66 

composite materials 
The ATR-FTIR spectrum of reactants TMC and branched PEI are shown in Figure S5. In the 

spectrum of TMC, the peak at 1741 cm-1 belongs to the C=O in the acyl chloride group.2 For 

the spectrum of PEI, the peak at 3277 cm-1 is the -NH stretching vibration peak, and the 

peak ranging from 2882 to 2887 cm-1 belongs to the -CH stretching vibration peak. The peak 

at 1584 cm-1, 1443 cm-1 and 1347-1, are attributed to N-H in-plane bending vibration peak, C-

H in-plane vibration peak, C-N stretching vibration peak, respectively.3-4 After interfacial 

polymerization, the absorption of —C=O of acyl chloride shifted to 1614 cm-1.  This is due to 

the transformation of acyl chloride group to C=O-NH. Furthermore, the peak at 1547 cm-1 

belongs to C-N in C=O-NH; indicating the formation of —C=O-NH group as well.5 After 

incorporation of UiO-66, the peaks around 2880 cm-1 weakened and new peaks around 

1000 cm-1 occurred; indicating that some interaction between the UiO-66 and polyamide. 
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This kind interaction may derive from non-bonding interaction between the side chain of the 

branched PEI and the UiO-66. 

 

Figure S4.  The FT-IR of monomers, UiO-66 additives, and polyamide or polyamide/UiO-66 

composite materials.  

S5. Element analysis of PA/UiO-66 composite materials 
After incorporating different type of UiO-66, the Zr element was detected in the 
polyamide/UiO-66 composite materials, indicating that the UiO-66 was successfully loaded 
in the polyamide based composite materials.  

Table S1. The element content of polyamide based composite materials 

Samples 

Element content (At. %) 

C N O Zr Ti 

PA 77.5 12.8 9.7 -- -- 

PA/UiO-66 75.9 11.5 11.8 0.8 -- 

PA/UiO-66-NH2 75.2 13.1 11.1 0.6 -- 

PA/UiO-66-(CH3)2 76.4 11.4 11.5 0.7 -- 

PA/UiO-66 (Ti) 75.4 11.7 12.0 0.5 0.4 
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S6. Differential scanning calorimeter (DSC) of polyamide/UiO-66 

composite 
Tg values were taken from the second heating cycle. The DSC curves of polyamide based 

composite materials was depicted in Figure S6. The Tg of polyamide prepared by interfacial 

polymerization of PEI and TMC is about 45.9 oC.  After incorporation of UiO-66, the Tg 

increased slightly to 47.5 oC and 48.3 oC, indicating good compatibility of UiO-66 and 

polyamide.  

 
Figure S5. The DSC curves of the polyamide/UiO-66 composite materials 

S7. Contact angle measurements 
With water contact angle of 55 o, the surface of pristine polyamide membrane is hydrophilic. 

In the polyamide structures fabricated by PEI, some amino groups might not react with TMC 

due to steric effects. Therefore, the surfaces of polyamide are more hydrophilic that PAN 

substrates. After incorporation of UiO-66, the water contact angle of the membranes 

increased slightly. UiO-66 MOFs are known to be hydrophobic, hence reducing the 

hydrophilicity of resultant PA/MOF composites.  
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Figure S6. Contact angles of fabricated membranes: M0=PAN substrates, M1=polyamide 

membrane, M2=PA/UiO-66 membrane; M3=PA/UiO-66-NH2 membrane; M4=PA/UiO-66-

(CH3)2 membranes, M5=polyamide/UiO-66-(Ti) membrane 

S8. Nanofiltration experiments 
Since the permeance of our membranes is high, the concentration polarization phenomenon 

might be serious. The absorbance of the concentrate of RB solution was measured by UV-

Vis to evaluate the concentration, which was shown in Figure S8. After the filtration, the 

concentration of the feed solution increased above 200%. Considering the concentration of 

the solutions near the membranes is much higher than that of bulk solution during the 

measurement, the CP affect the mass transfer of RB solution indeed. In this circumstances, 

our membranes still showed high rejections to organic solutes, confirming the excellent 

performance of our membranes. To simulate the separation performance of PA/UiO-66 

membranes under concentration polarization, we also measured the RB rejection and 

permeance of RB solution varying with the feed concentration. With the increment of the RB 

concentration, both the permeances and the rejection of our membranes slightly declined. 

Interestingly, our membranes demonstrate RB rejection as high as 99.5 % even under high 

concentration (1000 ppm), confirming that our membranes could demonstrate high 

separation performance at high concentration polarization level (Figure 10). 

 

We also compared the separation performances of our membranes in water/organic solvents 

with those reported in literature (Figure 5).6-17 From the results, the permeances of the 

PA/UiO-66 membranes are much higher than other kinds of nanofiltration 

membranes with comparable or even higher rejection performances when separating 

the RB from water. For separating Rose Bengal in methanol, the rejection of the 

PA/UiO-66 is about 97.5%, which is comparable with commercial membranes 

(SW30HR and DuraMem DM150). Interestingly, the permeance of the PA/UiO-66 
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membranes is about 3 times higher than that of commercial OSN membranes. For 

the thin polyamide membranes building nanochannels by etching the Cd(OH)2 

nanostrands, the MeOH pemeance is higher than that of our membranes. However, 

it is hard to get defect-free membranes in large scale through this method and the 

etching of Cd(OH)2 will generate Cd
2+ which is harmful for water. Meanwhile, the 

membranes demonstrate high 97.6% rejections of azithromycin with high flux as well 

(discussed in manuscript), a typical of antibiotics. Taken together, the PA/UiO-66 

membranes show strong promise in separating organic contaminants including dyes 

and antibiotics from both water and organic solvents. 

 

 

Figure S7. The effects of the pressure on the water permeances of the composite 

nanofiltraion membranes 
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Figure S8. The UV-Vis spectra of the dye solution; blue: feed solution; green: permeate 

solution; red: concentrate solution 
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