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Methods

Synthesis of UiO-66-NH2

In a clean vial, 2-aminoterephthalic acid (271.5 mg) was sonicated in 10 ml DMF for 10 minutes 
to which was then added a separately prepared solution of ZrCl4 (251.3 mg) in 10 ml DMF and 2 
ml conc. HCl 37 %. The vial was capped and the mixture was left in oven at 80°C for 24 h. The 
solid was then filtered under vacuum through a membrane filter and washed with ACN, then 
exchanged in ACN at 80°C for 24 hrs. The solid was then filtered under vacuum and dried in oven 
at 80°C for 24 hrs. (Yield = 192 mg, Yellow Solid). Successful synthesis was confirmed via FTIR 
spectroscopy, XRD powder diffraction, as well as N2 adsorption isotherm measurement and BET 
surface area calculation (Figure below).

Preparation of PCL Control Membranes

In a vial, 10 wt% of PCL was added to DCM: 2-MethoxyEtOH solvent mixture and left to stir at rt 
overnight. The solution was casted onto a petri dish and covered with perforated parafilm and 
left to dry slowly at rt overnight. The formed membrane was cut into pieces and dried under 
vacuum for 30 min for further characterization. Different ratios of the DCM: 2-MethoxyEtOH 
solvent mixture were prepared according to Table S1.



 Table S1. Preparation of PCL control membranes with different solvent:non-solvent ratio of 
DCM: 2-MethoxyEtOH solvent mixture.

DCM: 2-
MethoxyEtOH DCM Volume (mL) 2-MethoxyEtOH Volume 

(mL)
Weight of PCL 

(mg)
100:0 10 0
70:30 7 3
50:50 5 5
30:70 3 7
0:100 0 10

1000

Due uptake and recyclability study of 5% MOF@PCL MMM using filtration setup

This study was performed using a stainless steel membrane filtration setup with an automated 
syringe pump at a fixed flow rate of 1 mL/min. The membrane is fitted into the filtration setup, 
where it is pre-treated with 5 mL of distilled water, followed by 5 mL of MOF activation solution 
(NaOH pH ~ 10 for MB and 0.1 M HCl pH ~ 1.5 for MO), then finally washed with another 5 mL of 
distilled water. Immediately, 5 mL of respective dye solution was passed through the membrane 
at a flow rate of 1 mL/min. The effluent was then collected and its concentration was determined 
using UV-Vis spectrophotometry. Initial concentrations of standard dyes were measured and 
designated cycle 0, after which concentrations of filtrate solution was employed. For 
breakthrough experiments, similar procedure was employed using dye solutions of 5 ppm 
concentration and flow rate of 0.5 mL/min. Regeneration of 5% MOF@PCL MMM was carried 
out via a washing step between consecutive cycles by passing 5 mL of MOF activation solution 
followed by 5 mL of distilled water. This process was repeated for 10 cycles, where the 
concentration of remaining dye in the filtrate was measured after each cycle using UV-Vis 
spectrophotometry.



Scheme S1. Preparation of porous PCL control membranes.

Figure S1. SEM images of 10 wt% MOF@PCL from the top view (a) and cross-sectional view (b) 
demonstrating the inhomogeneous distribution and aggregation of MOF NPs (yellow circles) 

within the PCL polymeric matrix.



Figure S2. (a) Stress-strain curve of PCL(100:0) before and after smoothing, and (b) Stress-strain 
curves of PCL membranes fabricated using different ratios of DCM:2-methoxyethanol 

solvent:non-solvent mixture.

Figure S3. Stress-strain curves of PCL control membrane and MOF@PCL MMMs.



Table S2. Average densities and porosity values of prepared PCL control membranes. Density of 
PCL (ρ0) was taken to be 1.145 g/cm3.

Density, ρ (g/cm3) Porosity %, ε
100:0 1.127 1.6
70:30 0.311 72.9
50:50 0.209 81.7

PCL control 
membranes

30:70 0.947 17.3

Table S3. Tensile properties of PCL control membranes with different solvent:non-solvent ratio 
of DCM:2-methoxyethanol solvent mixture and MOF@PCL MMMs with different MOF wt%.

Break stress 
(MPa)

Maximum 
elongation %

Young’s modulus 
(MPa)

100:0 2.596 615 0.3467
70:30 0.866 19 0.2123
50:50 0.148 10 0.0337

PCL control 
membranes

30:70 0.943 76 0.2634
2.5 wt% 0.380 11 0.0933
5 wt% 0.746 88 0.0955MOF@PCL

MMMs
10 wt% 0.633 73 0.0588

Figure S4. Water contact angle images of PCL membranes with different DCM: 2-MethoxyEtOH 
ratios and MOF@PCL MMMs with different MOF wt%.



Figure S5. TGA profiles of PCL control membrane, UiO-66-NH2 MOF, and MOF@PCL MMMs 
with different MOF wt%



Figure S6. (a and b) UV-Vis spectra and calibration curve for MB (at pH = 11), respectively and (c 
and d) UV-Vis spectra and calibration curve for MO (at pH = 7), respectively.

Figure S7. Adsorption capacities of MOF@PCL MMMs with different MOF wt% for MB and MO 
after passing dye solution of 600 ppm concentration.



Figure S8. Intraparticle diffusion plots of MB (a) and MO (b) adsorption by PCL control 
membrane at 298 K.

Figure S9. Comparison of maximum adsorption capacities of 5% MOF@PCL MMM and PCL 
control membrane for MB and MO.



Figure S10. Linear adsorption isotherm plots fitted by (a) Langmuir, (b) Freundlich, and (c) 
Temkin models to investigate uptake behavior of 5% MOF@PCL MMM towards MB and MO.

Figure S11. Uptake capacities of MB and MO by 5% MOF@PCL MMM at different temperatures 
using 25 ppm initial dye concentration.



Figure S12. XRD patterns (a) and FTIR spectra (b) of UiO-66-NH2 before and after dye uptake.

Table S4. Adsorption capacities for dye removal by MOF-polymer MMMs.

Adsorption capacity (mg/g)
MOF-polymer MMM MOF wt%

MB MO
Ref.

UiO-66@PSF 9 86 94 [1]
UiO-66-NH2@CA 10 345 587 [2]
UiO-66@PANI 10 - 432 [3]
Chitosan@UiO-66 95 - 370 [4]
MIL-140C-2NMe+@PVDF 67 - 300 [5]
MIL-68(Al)@PVDF 6 74a - [6]
PDA/ZIF-67@PP - 92.3%b 99.5%b [7]
UiO-66-NH2@PCL 5 309 208 This work

a Units in g/cm2
, b Dye removal % values were reported rather than adsorption capacities
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