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UiO-MOFs are based on zirconium cluster and carboxylic acid linkers. They have excellent 15 chemical and thermal stability, tolerance to linkers of different length and functionalities, 16 making them good candidates for a broad range of applications. However, difficulties of 17 processing the polycrystalline powder of MOFs limit their application. Here, we report for 18 the first time the synthesis of the UiO-66 in the presence of a well-defined poly 19 (methacrylic acid)-b-poly (methyl methacrylate) (PMAA-b-PMMA) nanoparticles (NPs) 20 prepared via Reversible Addition-Fragmentation Chain-transfer Polymerization 21 controlled Polymerization Induced Self-Assembly (RAFT-PISA). The PMAA-b-PMMA NPs 22 with multi carboxylic acid groups on their surface, well defined in shape and size, act as 23 multivalent connecting agent for the synthesis of the UiO-66. The resulting colloidally 24 stable UiO-polymer NPs are crystalline, porous, and with an improved processability as 25 was demonstrated by the preparation of a thin film nanocomposite (TFN) membrane. 26 This membrane was applied in the filtration of Nickel(II) phthalocyanine-tetrasulfonic 27 acid tetrasodium salt aqueous solution obtaining a water permeability circa 20 L m -2 h -1 28 bar -1 with a rejection of more than 90%. This unprecedented facile synthesis approach 29 could be universally applied to other MOFs, expanding their application in different fields 30 due to their enhanced processability. [10] and water treatment. [11], [12] Among numerous MOF structures reported, Zrbased MOFs have attracted considerable attention in recent years due to their exceptional stability in different solvents, like water, acetone and N, Ndimethylformamide (DMF). [13] In 2008, Lillerud et al. [14] reported the first example of such structure, UiO-66 (UiO from University of Oslo) based on Zr 6 cluster and a dicarboxylate linker. Later, UiO-66 series have been obtained by varying the functionality as well as the length of the dicarboxylate linker.

Introduction

[15], [16] However, the crystalline nature of UiOs (and MOFs in general) limit their application in many fields since shaping and processing a polycrystalline powder is rather complicated. Various studies have focused on finding ways that facilitate MOF processing, mainly 58 in the form of membranes [17] or thin 59 films. [18], [19] One of the most used methods in 60 the preparation of MOF membranes, consists of 61 the dispersion of MOF within a polymeric matrix 62 resulting in formation of mixed matrix membranes 63 (MMMs). [20], [21] However, problems derived 64 from particle agglomeration, weak interactions 65 between MOF and the polymer matrix, results in 66 membranes with non-uniform particle distribution 67 and macro voids. Alternative strategies are based on the surface 82 functionalization of MOFs NPs by polymers to tune 1 both their inter-particle interaction and their 2 interaction with the polymer matrix which gives 3 rise to stable suspensions with improved 4 processability. [23], [24] In this sense, the bottom-5 up approach has also been employed to prepare 6 colloidal dispersions of MOFs, where MOF 7 synthesis is directly performed in the presence of 8 polymers that act as soft templates or modulators. 9

Lotsch et al. [25] used poly(acrylic acid) (PAA) and 10 polyvinylpyrrolidone -11 hexadecyltrimethylammonium bromide (PVP-12 CTAB) to fine tune the particle size of HKUST-1 and 13 IRMOF-3 within a large range (30-300 nm). which absolute intensity was equal to 4.9 cm -1 at 94 scattering vector q = 0.37 nm -1 . SAXS profiles were 95 simulated using the SASFit software. [37] Paar Litesizer 500 at 20 °C. The DLS samples were diluted (50 folds) as compared to the original NP solutions. Scanning Electron Microscopy (SEM) images were observed under Hitachi S4800 with 0.1-30 kV working voltage. Membrane cross sections for SEM analysis were prepared in liquid nitrogen via freeze-fracturing. Transmission Electron Microscopy (TEM) images were obtained from JEOL 1200 EXII (or JEOL 1400 Flash) and JEOL 3000F under working voltages up to 120 kV and 300 kV, respectively. TEM samples were prepared using 10 μL of the sample placed on a carboncoated copper grid for 60 s. The PMAA-b-PMMA samples were stained using ammonium molybdate for 20 s. Then the grid was dried using a vacuum hose under ambient conditions. All the image analysis were performed using ImageJ software. Optical microscope images were obtained by digital microscope Keyence VHX-7000.

Dye filtration experiment

The dye filtration experiment was carried out in a filtration cell (Amicon 8010, 10 mL filtration cell) which was connected to a water reservoir and a compressed air line. The effective area of the TFN membrane based on UiO-P-20% was 4.9 cm 2 and the feed volume was 10 mL. The membrane was firstly stabilized via filtration of deionized water with gradual increasing pressure from 0.5 to 2 bar for 2 hours and then kept the pressure at 2 bar for a further 2 hours. The excess of water was removed via dabbing with paper towel before performing the separation experiment. The experiment was performed at 0.5 bar using an aqueous solution of nickel (II) phthalocyaninetetrasulfonic acid tetrasodium salt (~0.04 mM). Between different cycles of experiments, dye solution was charged back to the filtration cell and the membrane was not washed in order to avoid the dilution of the dye solution. The volumetric flux (J v , L h -1 m -2 ) and the permeability (L P , L h -1 m -2 bar - 1 ) of the membrane were calculated according to Darcy's law using the following equations:

(1)

( The hydrodynamic diameter of the PMAA-b-PMMA NPs in ethanol was 40 ± 4 nm (Fig. S1a), and 34 ± 12 nm in DMF (Fig. 1a). The size of the spherical NPs calculated using TEM images was 23 ± 3 nm in ethanol (Fig. S1b, S2a), and 34 ± 3 nm in DMF (Fig. 1d,S2b). The particles show similar hydrodynamic diameter in ethanol and DMF by DLS and dry state size (obtained from TEM image analysis). These data indicate the preservation of the spherical shape, size, and colloidal stability of the core crosslinked PMAA-b-PMMA NPs in both solvents. The size of the resulting UiO-P-X% NPs in DMF changed according to the quantity of PMAA-b-PMMA NPs introduced into the system. When only 10% of polymer NPs was used, crystallites with average size from 170 to 240 nm were obtained (Fig. 1b). While when 20% of PMAAb-PMMA was introduced in the system, particle size range was from 170 to 220 nm as judged by DLS measurements (Fig. 1c). When 40 mol % of polymer NPs were used, crystallites with size range from 175 to 265 nm (175 -224 nm mainly) were obtained by DLS (Fig. S3a). While using 80 mol % of PMAA-b-PMMA NPs resulted in formation of particles with size of 128 -228 nm (128-174 nm mainly) (Fig. S3b). The NPs observed by TEM showed a well-defined shape with a particle size of 144 ± 43 nm (Fig. 1e, S2c) for UiO-P-10% and 130 ± 10 nm (Fig. 1f, S2d) for UiO-P-20%. In case of UiO-P-20%, no precipitation was observed after being left unstirred for a month at ambient conditions (Fig. S4). It seems that by increasing the quantity of PMAA-b-PMMA NPs to 20 mol %, a good control over the homogeneity and colloidal stability could be reached. In contrast, when the amount of PMAA-b-PMMA NPs were increased, the crystallites of UiO-P-40% observed by TEM showed a non-regular spherical shape with particle size of 65 to 210 nm (Fig. S3c) with 2 main populations (100 to 160nm and 160 to 200 nm). It is more difficult to observe individual crystallites in the UiO-P-80% sample as the solution was very viscous (gel-like) and difficult to re-disperse. The size of these particles ranged between 50 to 110 nm. To confirm that the stability of the hybrid particles was due to the direct growth of the UiO-66 structure within the hairy shell formed by PMAA chains, a mixture of pristine UiO-66 powders with the 20 mol % of PMAA-b-PMMA NPs was prepared in DMF (see supporting information for full details). 51

This mixture was colloidally unstable and phase 52 separated rather rapidly after stopping the stirring 53 (Fig. S5). It could clearly be observed that the 54 growing of UiO-66 from the surface of the PMAA-b-55 PMMA NPs totally changed the hydrodynamic 56 properties of the UiO-P-X% NPs as compared to the 57 core cross-linked polymer NPs. The shape of the 58 UiO-P-X% NPs were no longer perfectly spherical as 59 the edges started becoming angular and sharp (Fig. 60 1). UiO-P-X% powder isolated from the suspension 61 were also imaged using SEM and TEM and 62 compared to pristine UiO-66 (Fig. S6). Under SEM 63 the pristine UiO-66 showed polydisperse crystals 64 with octahedral shape with size range of 300 to 65 700 nm (Fig. S6a). Similar particles size could also 66 be observed under TEM with cubic shape showed 67 on two-dimensional TEM image (Fig. S6b). Shape 68 and size of the dry UiO-P-X% NPs were comparable 69 to what was observed for UiO-P-X% NPs in its 70 original state in DMF. UiO-P-10% and UiO-P-20% 71 crystallite size were 149 ± 24 nm and 101 ± 18 nm 72 respectively (Fig. S6c,S6d). UiO-P-40% presented a 73 spherical shape with sharp edges, with size range 74 of 70-200 nm (Fig. S7a,S7b). Shape and size of UiO-P-X% crystallites could not be observed well under SEM, especially for the UiO-P-80%, since the MOF portion of the sample was rather little. Under SEM the UiO-P-80% (Fig. S7c The chemical composition of the hybrid UiO-P-X% NPs was analyzed by FT-IR measurements (Fig. 3). It was noted that the characteristic C=O stretching of the uncoordinated carboxylate group at 1730 cm -1 and C-H stretching of methyl and methylene groups between 2995 and 2955 cm -1 from PMAA-b-PMMA NPs appeared in UiO-P-X% samples and the intensity of the bands increased with the increasing amount of the polymer NPs. The two intense bands around 1590 cm -1 and 1401 cm -1 are assigned to the asymmetric and symmetric stretch vibrations of C=O group, respectively, in the coordinated carboxylate group. Moreover, the band around 550 cm -1 represents the Zr-(O=C) asymmetric stretch. [39], [40] These results indicate that PMAA-b-PMMA NPs are participating in the interaction with the metal clusters during the UiO-66 crystallites formation. The presence of PMAA-b-PMMA NPs in the synthesized materials was also corroborated by TGA (Fig. 4). The TGA profiles show that UiO-P-X% NPs go through a multistep gradual decomposition while pristine UiO-66 decomposed in three main 46 steps. This difference is due to the presence of 47 PMAA-b-PMMA NPs coordinated to UiO-66 NPs 48 which decomposed in two steps. However, it is 49 difficult to determinate the exact amount of 50 incorporated PMAA-b-PMMA NPs since the organic 51 linker decomposition of UiO-66 also takes place at 52 the same temperature range (between 300 and 53 500 ºC). If the initial weight loss (due to free water 54 loss below 100°C) is not accounted for, the weight 55 loss of UiO-P-10% and UiO-P-20% at 800 °C is 5-7% 56 higher than the pristine UiO-66. However, the 57 additional weight loss at 800 °C for UiO-P-40% and 58

UiO-P-80% were 17.6% and 24.7% higher than UiO-59 66 respectively. 60 The nitrogen adsorption isotherms (Fig. 5) of the 7 pristine UiO-66, exhibit a typical type I isotherm at 8 77K with a Brunauer-Emmett-Teller (BET) surface 9 area of 1136 m² g -1 indicating the uniform 10 microporous structure of UiO-66. UiO-P-10% and 11

UiO-P-20% showed BET surface areas of 758 and 12 812 m² g -1 , respectively. As it was expected, the 13 adsorption capacity decreased around 30 % with 14 the decreasing size of the NP. This also highlights 15 that the presence of the polymer NPs does not 16 affect the accessibility of majority of the 17 micropores in the MOF-polymer structure. 18 UiO-P-10%, UiO-P-20% and UiO-P-40% showed 43 small mesopores within the range between 3 and 4 44 nm. The UiO-P-10% and UiO-P-20% also presented 45 large mesopores from 10 to 50 nm. One hypothesis 46 about the source of large mesopores is that initial 47 space occupied by the swollen polymer particles in 48 DMF was partially released, because of the collapse 49 of polymer particles during the drying and analysis 50 under low temperature (Fig. S10c). More careful 51 analysis is needed to investigate this effect. These 52 results show that for having a performant MOF 53 material the removal of the polymer particles is not 54 necessary as the performance of resulting 55 unprecedented UiO-polymer NPs are comparable 56 to the pristine UiO-66 while showing immense 57 improvement in terms of processability as it will be 58 demonstrated below. 59 60

Kinetic study 61

With the aim to understand how the UiO-66 was 62 formed in the presence of PMAA-b-PMMA NPs, a 63 kinetic study was performed, monitoring the 64 evolution of particle size and crystallinity by SAXS 65 and TEM. 66

The SAXS profile of PMAA-b-PMMA NPs dispersed 67 in DMF is shown in Fig. S8. At lower angles, the 68 intensity decrease shows no specific feature until 69 the appearance of two oscillations with intensity 70 maxima located at scattering vector q = 0.4 and 0.6 71 nm -1 (Fig. S8a, S8b), respectively. Such oscillations 72 could be related to the form factor of dispersed 73 nanometric objects of size larger than 14 nm, 74 whose lower angle signature involving the intensity 75 plateau and the first oscillations are hidden by a 76 more intense signal coming from other objects in 77 the sample (e.g., particle substructure such as 78 pores). Fig. S8c shows a simulation of the SAXS 79 intensity originating from monodisperse spherical 80 particles with diameter of 34 nm (obtained using 81 the SASFit software). It can be seen that the two 82 oscillations seen on the experimental pattern 83 match the fourth and combination of fifth and sixth 84 oscillations of the form factor of such objects, 85 which are of similar size obtained from TEM and 86 DLS. 87

Given the fast kinetics of the reaction, it was not 88 possible to perform an in-situ SAXS experiment. 89

Instead, samples at different time intervals were 90 taken during the reaction. The SAXS pattern of the 91 reaction mixture containing all the precursors for 92 synthesis of UiO-P-20% (T0) shows two peaks at 93 scattering vectors q of 5.27 and 6.10 nm -1 (Fig. 6a). 94

These two peaks correspond to the first two peaks 1 of the typical UiO-66, indicating that there was 2 already a small amount of UiO-polymer hybrid 3 present in the reaction mixture. TEM analysis 4

showed no large particles or crystals at this early 5 stage (Fig. 6d). At 20 minutes, the reaction mixture 6 started to turn opaque (as compared to 7 transparent) and the two peaks at q = 5.27 and 8 6.10 nm -1 became more intense. In addition, a new 9 signal at q = 8.61 nm -1 appeared in the pattern (Fig. 10 6a). These observations indicate the continuous 11 growth of UiO-polymer hybrid crystals as a function 12 of time. Similar trend could be observed in TEM 13 images, where a large number of small crystals 14 with size between 25 to 60 nm were visible (Fig. 15 6e). 16

At 40 min, the reaction medium turned milky 17 white. SAXS pattern showed more intense signals 18

with two new peaks at q = 10.55 and 15.87 nm -1 19 that could highlight the enhancement of 20 crystallinity and continuous growth of the UiO-66 21 crystals on the block copolymer NPs. TEM images 22 also showed the growth of UiO-P-X%. The size of 23 the crystals was 80-120 nm with spherical 24 morphology (Fig. S9a). 25 Similar trend could be observed for samples taken 26 between 1 to 20 hours (T1h and T20h). SAXS 27 patterns showed more and more intense peaks, 28 referring to the enhancement of crystallinity (Fig. 29 6a). TEM images revealed spheres with narrow 30 distribution as a function of the reaction time (Fig. 31 S9b-c and Fig. 6f). 32 T20h. 35 36 An important point to be noted in the SAXS 37 patterns, is the slope of the linear regions between 38 q = 0.25 to 0.4 nm -1 , 0.4 to 0.6 nm -1 and 0.6-1 nm -1 . 39

These correspond to power laws in such log-log 40 representations of the SAXS patterns. They changed significantly after 1 hour of reaction (Fig. 6b-c, Table S2). The power laws of the intensity decrease before 1 hour (T0, T20min and T40min samples) are respectively -4 from q = 0.25 to 0.4 nm -1 , -3 from q = 0.4 to 0.6 nm -1 , and -2 from q = 0.6 to 1 nm -1 (Fig. 6b). Two inflexions could be found at q = 0.4 and 0.6 nm -1 , representing the distances of ~16 nm and ~10 nm. After 1 hour of reaction, the power laws of intensity in the region where q ranges from 0.25 to 0.4 nm -1 decreased to -3 (T1h, T2h and T20h). The change of power laws in this region from -4 to -3 may indicate the increasing of particle size of UiO-polymer hybrid. This means that the -4-power law domain has been shifted to the lower angles which is not reachable with the used experiment set-up. Moreover, for q values ranging from 0.4 to 1 nm -1 , the power laws decrease to -2 and the second inflexion point is lost (Fig. 6c). The power law decrease at smaller angles (-4 to -3) may correspond to the increase of the largest particles roughness. In the q range between 0.4 and 0.6 nm -1 , it is not easy to explain the change of intensity power law from -3 to -2 in terms of morphological changes. The evolution of the overall shape of the SAXS profile in this mid -q range could also be attributed to an increase of intensity related to typical distances of 10-16 nm. Such a signal could originate from the emergence of a porous organization at 10 nm scale, which also affects the surface of NPs by increasing their roughness (Fig. 6f,S9d). The power laws in the range where q is larger than 0.6 nm -1 are not relevant as intensity is low and might be impacted by smaller intermolecular distances in the sample.

Proposed formation mechanism and structure

Based on the previous results two formation routes could be proposed (Scheme 1). The addition of the acid decorated polymer NPs to the synthesis of UiO-66 would result in the chelation of the zirconium ions and clusters to the poly (methacrylic acid) chains forming the shell of the polymer NPs (step 1). From this point on the synthesis of the UiO-66 would be carried out as in the case of classical UiO-66 (steps 2 and 3). This route should result in the formation of much smaller hybrid UiOpolymer NPs as the initial size of the PMAA-b-PMMA NPs were about 34 nm. The size of the hybrid NPs calculated from the TEM images is 130-140 nm (4 times bigger than the polymer NPs). This would mean that the UiO-66 would start growing The optimal properties of the UiO-P-20% NP 86 suspension in terms of particles size homogeneity 87 and colloidal stability, made it ideal for the 88 preparation of a TFN membrane which showed 89 good mechanical properties such as stability and 90 flexibility (Fig. 7a). The XRD (Fig. S11) and FT-IR (Fig. 91 S12) measurements showed that the crystallinity 92 and chemical functionalities of UiO-P-20% were 93 maintained during membrane preparation. The 94 TFN membrane was then observed under optical 95 microscope (Fig. 7b) to ensure the full coverage 96 and fissure free layer of UiO-P-20% on the nylon 97 support. In addition, the membranes analysis using 98 SEM revealed a continuous layer and 99 homogeneous MOF-polymer NP distribution on the 100 surface of the membrane (Fig. 7c). 101 The cross-section SEM images of the membrane 4 showed a compact thin film layer of UiO-P-20% NPs 5 (Fig. 7d, Fig. S13) with an average thickness of 1 6 µm. For comparison, a control membrane was also 7 prepared using a mixture of pristine UiO-66 8 powder and PMAA-b-PMMA NPs dispersed in DMF 9 (Fig. S14). This membrane showed different aspect 10 compared to UiO-P-20% nylon supported 11 membrane. From the top view under SEM (Fig. S14 12 a-b), the membrane showed a non-continuous 13 layer with numerous uncovered areas where the 14 nylon support could be detected directly 15 (inhomogeneous coverage with thickness from 0.8 16 to 3 µm). 17 based on UiO-P-20%. The results showed that more 23 than 90% of the dye was rejected (Fig. 8) from the 24 solution compared to less than 9% of dye rejection 25 by using the PMAA-b-PMMA membrane (Fig. S15) 26 after 7 filtration cycles. In contrast, the average 27 water permeability of the TFN membrane based on 28 UiO-P-20% was around 20.4 L m -2 h -1 bar -1 for the 29 first 5 cycles (Fig. S16) which is largely less as 30 compared to 410 L m -2 h -1 bar -1 of PMAA-b-PMMA 31 membrane. This decrease in the permeability is 32 clearly due to the presence of the UiO-66 structure 33 with a different pore size as compared to those in 34 the membrane prepared from block copolymer 35

NPs. Through further image treatment, (distance 36 map of binary images and manual measurement; 37 see Fig. S17, S18; Table S3) and comparison of 38 membrane permeability [35], an inter particle 39 distance of approximately 12.4 nm could be 40 estimated. The membranes were characterized 41 after dye filtration using XRD (Fig. S11) and FT-IR 42 (Fig. S12) to confirm the membrane stability. The 43 results suggested that both crystallinity and 44 integrity of the TFN membrane based on UiO-P-b-PMMA NPs as often is the case when polymers 1 are used. [28] The incorporation of the diblock 2 copolymer NPs in the MOF structure renders high 3 colloidal stability and flexibility to the UiO-66 4 structure while maintaining the fundamental MOF 5 properties such as crystallinity and porosity. 6

Moreover, straightforward approach could be 7 easily applied for the synthesis of other carboxylic 8 acid-based MOFs with enhanced processability 9 unknown to MOFs, which would lead to their use in 10 numerous different applications since they could 11 be shaped and processed easily. 

  functionalities with the metal clusters, stabilizing 25 the forming MOF structure in solution and avoiding 26 the phase separation of the formed crystalline 27 structures via coordinating micelles.[27] 28 Polystyrene-b-(acrylic acid) and polystyrene-b-29 polyvinylpyridine were used as templates for the 30 preparation of ZIF-8 and HKUST-1.[28] The 31 oligomers were assembled in solution forming 32 spherical micelles and acted as preferential sites 33 for the nucleation of MOF templating the crystal 34 growth. Mesoporous HKUST-1 was also prepared in 35 presence of poly(MAA-b-EDMA).[29] Likewise, 36 triblock copolymers such as poly(ethylene oxide)-b-37 poly(propylene oxide)-b-poly-(ethylene oxide)s 38 (PEO-b-PPO-b-PEO) has also been employed for the 39 preparation of HKUST-1[30] and Ce-HMMOFs.[31] 40 In this article, we report for the first time the 41 synthesis of UiO-66 (Scheme 1) in the presence of 42 well-defined core cross-linked poly (methacrylic 43 acid)-b-poly (methyl methacrylate) (PMAA-b-Assembly (PISA). 48 Scheme 1. Proposed mechanism for the synthesis of UiO-66 initiated from the surface of (a) one core 49 cross-linked PMAA-b-PMMA spherical NPs, (b) an agglomeration of more than one PMAA-b-PMMA 50 spherical NPs connected through Zr 4+ ions, serving as preferential anchoring site for the growth of UiO-51 66. 52 53 These well-defined spherical NPs with multi 54 carboxylic acid groups on their surface, stable in 55 organic solvents, acted as nucleation sites for the 56 synthesis of UiO-66. PISA has been developed for 57 the facile synthesis of well-defined functional NPs 58 with concentrations up to 50% w/w.[32] PISA 59 formulations could be carried out in aqueous,[33] 60 or organic solvents,[34] underlining the versatility 61 of this approach. Here, an ethanolic PISA 62 formulation was used to prepare the PMAA-b-63 PMMA spherical NPs with high surface area. The 64 shape, colloidal stability and the surface 65 functionality of the NPs were well preserved in 66 different solvents (ethanol, water and DMF, please 67 see Fig. S1) thanks to their cross-linked core.

Fig. 1 .

 1 , S7d) seems like a continues polymer film with embedded UiO 6 particles (size from 57 to 160 nm). 7 Particle size distribution obtained from DLS 8 for (a) PMAA-b-PMMA, (b) UiO-P-10% (c) UiO-P-9 20% in DMF and TEM images for (d) PMAA-b-10 PMMA, (e) UiO-P-10% and (f) UiO-P-20% in DMF. 11 Structural characterization of UiO-P-X% was carried out by XRD measurements. The diffraction patterns (Fig. 2) show the major peaks of pristine UiO-66, confirming the formation of the same crystalline structure. This means that the presence of PMAAb-PMMA NPs does not affect the crystalline phase growth of the UiO-66. However, the intensity of the main signals decreased, and peaks became wider with the increasing amount of the amorphous polymer NPs.

Fig. 2 .

 2 Fig. 2. XRD patterns of pristineUiO-66, UiO-P-10%, UiO-P-20%, UiO-P-40% and UiO-P-80%. The chemical composition of the hybrid UiO-P-X% NPs was analyzed by FT-IR measurements (Fig.3). It was noted that the characteristic C=O stretching of the uncoordinated carboxylate group at 1730 cm -1 and C-H stretching of methyl and methylene groups between 2995 and 2955 cm -1 from PMAA-b-PMMA NPs appeared in UiO-P-X% samples and the intensity of the bands increased with the increasing amount of the polymer NPs. The two intense bands around 1590 cm -1 and 1401 cm -1 are assigned to the asymmetric and symmetric stretch vibrations of C=O group, respectively, in the coordinated carboxylate group. Moreover, the band around 550 cm -1 represents the Zr-(O=C) asymmetric stretch.[39],[40] These results indicate that PMAA-b-PMMA NPs are participating in the interaction with the metal clusters during the UiO-66 crystallites formation. The presence of PMAA-b-PMMA NPs in the synthesized materials was also corroborated by TGA (Fig.4). The TGA profiles show that UiO-P-X% NPs go through a multistep gradual decomposition

61Fig. 3 .Fig. 4 .

 34 FT-IR spectrum for UiO-66, UiO-P-10%, UiO-62 P-20%, UiO-P-40%, UiO-P-80% and PMAA-b-PMMA 63 NPs. 64 The additional weight loss could also be an 65 indication of the copolymer fraction incorporated 66 in the hybrid structure (weight percentage of the 67 PMAA-b-PMMA NPs present in the UiO-polymer 68 hybrid structure). Moreover, it should be pointed 69 out that incorporation of low amounts of polymer 70 NPs in the MOF structure (UiO-P-10% and UiO-P-1 20%) has a low impact on the thermal stability of 2 the UiO-66. 3 TGA thermograms for pristine UiO-66, UiO-4 P-10%, UiO-P-20%, UiO-P-40%, UiO-P-80% and 5 PMAA-b-PMMA NPs. 6

Fig. 5 .

 5 Fig. 5. N 2 adsorption isotherms measured at 77 K 19 for pristine UiO-66, UiO-P-10%, UiO-P-20%, UiO-P-20 40% and UiO-P-80%. Filled and empty symbols 21 represent adsorption and desorption, respectively. 22 23 However, the introduction of higher amounts of 24 the non-porous polymer NPs has decreased the 25 surface 26 area, UiO-P-40% exhibit surface areas of 433 m² g -1 27 (about 38% of surface area compared to pristine 28 UiO-66). Then, when the PMAA-b-PMMA NPs 29 content reach to 80 mol %, the obtained hybrid 30 became nonporous with a BET surface area of only 31 2 m²/g. PMAA-b-PMMA NPs would become rigid 32 and lose their flexibility under such low 33 temperature. It is possible that the UiO-polymer 34 hybrid could show better pore accessibility in 35solution. However, to confirm this a complete 36 study needs to be carried out. The UiO-P-10%, UiO-37 P-20% and UiO-P-40% isotherms showed hysteresis 38

Fig. 6 .

 6 Fig. 6. (a) SAXS pattern of UiO-P-20% T0min to T20h, (b-c) magnification of the SAXS patterns in the small 33 angles region and the power laws of intensity in the region; TEM images for (d) T0, (e) T20min and (f) 34T20h.35 36 An important point to be noted in the SAXS 37 patterns, is the slope of the linear regions between 38

Fig. 7 .

 7 Fig. 7. UiO-P-20% nylon supported membrane images 1 (a) optical, (b) optical microscope, and SEM (c) top 2 view, (d) cross-section. 3The cross-section SEM images of the membrane 4 showed a compact thin film layer of UiO-P-20% NPs 5 (Fig.7d, Fig.S13) with an average thickness of 1 6 µm. For comparison, a control membrane was also 7 prepared using a mixture of pristine UiO-66 8 powder and PMAA-b-PMMA NPs dispersed in DMF 9 (Fig.S14). This membrane showed different aspect 10 compared to UiO-P-20% nylon supported 11 membrane. From the top view under SEM (Fig.S14 12a-b), the membrane showed a non-continuous 13 layer with numerous uncovered areas where the 14 nylon support could be detected directly 15 (inhomogeneous coverage with thickness from 0.8 16 to 3 µm). 17

3. 5 .

 5 Dye filtration experiment results 18 Membrane filtration properties were studied by 19 the filtration of an aqueous solution of nickel (II) 20 phthalocyanine-tetrasulfonic acid tetrasodium salt 21 as guest molecule through the TFN membrane 22
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