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CONSPECTUS: Conventionally, the virtue of porosity is only given to porous solids. Metal Organic Frameworks (MOF), 
carbon materials or zeolites are some examples. However, processing these solids is not a straightforward task. Here, we 
discuss how to endow porous solids (MOFs) with liquid phase processability. More specifically, we show that surface 
modification of MOF crystals can lead to the formation of porous liquids (PLs) that can be further processed in the liquid 
phase. For instance, when placed in mesitylene, ZIF-67 predictably sediments. In contrast, with the adequate surface 
modification, stable dispersion of ZIF-67can be achieved. Our proposed surface modification is facile and rapid. N-
heterocyclic carbenes were chosen as modifying agents as they are similar to imidazole linkers present on ZIFs. A simple 
stirring of a MOF and carbene mixture results in a modified solid. The morphology and textural properties of the modified 
MOF do not change from the ones of its parent. Since the porosity in solution remains unoccupied, the obtained stable 
colloids behave as porous liquids. Research into porous liquids is an emerging field that has already shown great promise 
in gases storage. Our breakthrough experiments show that this particular PLs have large potential for the separation of 
CO2/CH4 mixtures. 
The surface functionalized ZIF-67 could also be co-processed with polymers to yield highly loaded Mixed Matrix 
Membranes (MMMs) that cannot be achieved with a pristine MOF. Dispersions of functionalized ZIF-67 were blended with 
6FDA-DAM and other home-made polymer in a shape of MMMs. While MMMs based on pure MOF maintain good physical 
resistance at low loadings, increasing the concentration of MOF results in brittle composites. In contrast, MMMs made 
from functionalized ZIF retain good mechanical strength even at ca. 47.5 wt.% loadings. Such high loading was possible to 
achieve due the better dispersion of the MOF particles during MMM fabrication and to the better affinity of the modified 
MOF with the polymer. The results obtained for this MMM are among the best MMMs ever reported for high challenging 
C3H6/C3H8 separation.  
The method is not limited to ZIF-67, but can be applied to a large body of MOFs that are constructed from imidazole-based 
linkers, as shown in this account. The factors that determine whether a PL is formed include, but are not limited to surface 
to volume ratio, framework particle size and  topology. On top of that, we propose potential strategies for the expansion of 
this method by carefully choosing surface modifiers that will suit other families of MOFs. 

1. On the importance of processability 

The art of linking metals or metal clusters with the aid 
of organic linkers into porous crystalline 3D structures 
slowly started 25 years ago and rapidly grew into what we 
know today as reticular chemistry. These structured solids 
– Metal Organic Frameworks (MOFs) – are crystalline, 
porous, and (often) easily tuneable. Altogether, these 
properties make MOFs very interesting for a large range of 
applications1.  

Ideally, besides having specific chemical and physical 
properties, MOFs, as well as other nano-structured solids, 
should also be processable. Processability, the ability of a 
material to be processed at the macro scale, is behind the 
great success achieved by other families of materials, such 

as polymers. However, this is difficult to achieve in case of 
structured solids.  

While no universal method for the processability of 
MOFs has been developed, several attempts to facilitate 
the formulation of MOF-based macrostructures have been 
published in the literature. For example, composites can be 
formed by different means, such as extrusion of a blended 
solution, electrospinning, surface coating, or in-situ 
growth on a support.  For instance, Hong et al.2 shaped 
MIL-101 (Cr) using bentonite and water to prepare a MOF-
based paste, which was subsequently extruded into green 
monoliths. The same MOF was shaped into a similar 
fashion by phase separation using poly(vinyl alcohol)3. 
Electrospinning of a blended solution helps tuning the size 
of fibre shaped composites. For example, ZIF-8/PVP fibres 
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with a controllable thickness were obtained by this method 
by Fan et al4.  

To obtain pure MOF phase shaped bodies, their in-situ 
growth on different matrices can be applied. MOF growth 
is induced by heating a matrix, which was previously 
soaked in a MOF’s precursors solution. This approach was 
reported by Ameloot et al., who prepared a Silica-MOF 
composite as a stationary phase in liquid chromatography5. 
[Cu3(BTC)2] sphere particles were grown there within silica 
microspheres as matrices. Aguado et al. shaped 
imidazolate-based MOF on millimetre-sized alumina 
beads6. It has to be noted that monolith and tablet shapes 
were obtained for a few MOFs without the use of a binder7-

9, but simply using pressure. Metal oxide mesoscopic 
templates provide another way to synthesise single 
component MOF-based shapes. Thus, HKUST-1 monolith 
were obtained starting from a sacrificial Cu(OH)2 monolith 
by Moitra et al10. Sol-gel method is another way to obtain 
pure MOF monoliths. For instance, Fe-BTC monolith was 
obtained following this way by Lohe et al11. 

In this account, we discuss the main challenges to be 
addressed in order to facilitate MOF processability in the 
liquid phase. More specifically, using our recent work on 
the development and application of MOF-based porous 
liquids, we argue that stabilization of MOF-based slurries 
offers great opportunities for the manufacture of advanced 
materials and composites. 

2. Stabilizing MOFs in the liquid state 

Though the idea of a liquid being porous sounds 
counterintuitive, the concept of creating a customised 
empty void within a liquid is attractive, as discussed in 
several excellent papers and reviews on the topic12-14. 
However, here we will focus on the advantages that porous 
liquids, understood as the dispersion of a porous solid on 
a liquid, offer for the processability of these solids. 

Also, porous liquids can be understood as colloid 
solutions of MOFs with unoccupied available pores, and, 
thus, can be used directly as liquid membranes for 
separation and sorption purposes. However, it is worthy to 
mention, that for the processing aims, it is not crucial for a 
porous liquid colloid solution to be stable. Up to date there 
exist some reports on preparing stable colloidal solution of 
MOFs by solution physical properties modification15, , 
particle functionalization with polymers, surfactants, DNA 
16-18, or synthesis modification19, 20. Though these regular 
(non-porous) colloid solutions can be potentially applied 
in biomedicine, nonlinear optics, reaction systems, etc., 
their application is hampered as most of them are water-
based dispersions.21. This can (potentially) lead to the 
undesired pores degradation of pores, crystallinity loss 
upon water exposure 21 or inability to process water-based 
colloids into mixed matrix membranes, since most of 
polymers used for MMM production are water insoluble. 

The first attempts to incorporate MOFs into a porous 
liquid were based on employing ionic liquids as the 
dispersing. Liu et al. dispersed ZIF-8 in [Bpy][NTf2](N-
butyl pyridinium bis(trifluoromethyl sulfonyl)imide22 and 
achieved a stable colloid with the MOF’s retained porosity. 
Shan et al. employed ZIF-8, ZSM-5, and Silicalite-1 with an 

ionic liquid [DBU-PEG] [NTf2] in the same fashion23 Ionic 
liquids are indeed an excellent choice here since they offer 
a negligible vapor pressure and a tailored structure. Gomes 
et al. proved the concept again by dispersing ZIF‐8 in a 
phosphonium‐based ionic liquid24. 

Moving away from ionic liquids, Cahir et al. reported a 
large series of type III porous liquids13, based on various 
microporous solids, including MOFs, PAFs and zeolites, 
and conventional organic liquids, such as silicone oils, 
triglyceride oils, and polyethylene glycols. The authors 
have shown that with the right design and healthy 
imagination even such a pair as HKUST-1 and sesame oil 
lead to a permanent porosity within a liquid state. 

Porous liquids offer applications in gas storage, 
adsorption, and gas separation25 and are already 
commercially available.26  Here we argue that this is only 
the tip of the iceberg and that MOF-based liquids offer 
great additional advantages. 

We have previously reported on the preparation of 
porous liquid type III based on ZIF-67 and ZIF-827. Our 
research showed how surface functionalisation can help 
when a pair of a porogen and a solvent do not form a stable 
slurry. We described the functionalisation of the surface of 
ZIFs with N-heterocyclic carbenes, which allowed the 
powder’s dispersion in bulky mesitylene27. The choice of 
the functionalisation was made based on the similarity of 
carbenes to imidazole linkers of ZIFs and on their ability to 
easily coordinate to metals. We chose IDip and IMes 
carbenes for this role and coordinated them to the surface 
Co or Zn atoms. While the coordination proceeded easily 
in the case of ZIF-67, Zn-based ZIF-8 required more 
manipulations. The difference between these two 
frameworks comes from different crystal surface 
termination. While ZIF-67 has abundant Co sites on its 
surface, ZIF-8 is terminated with the linker, preventing the 
coordination of a carbene to Zn atoms. We immersed ZIF-
8 in a methanolic solution of Zn2+ prior to the coordination 
to ensure metal termination. This way we achieved ZIF-8 
modified with a carbene in a similar fashion as ZIF-67. 

The modified MOFs, when dispersed in organic solvents, 
formed a stable dispersion that did not sediment during 
the observed time of several month. We chose bulky 
organic molecules as solvents, so they cannot enter the 
pores of the ZIFs leaving the pores vacant. This way we 
obtained a porous liquid type III. We used this porous 
liquid to engineer a liquid phase separation of gases27. 

We extended the approach to other frameworks within 
the ZIF family in order to study which  parameters can 
affect porous liquid stability. ZIF-67, ZIF-8, ZIF-90, and 
ZIF-7 share similar topology of sodalite type (sod), while 
ZIF-L has diamond-type topology (dia), and ZIF-11 has rho 
topology. Particle size of most ZIFs is in nanometre range 
(30-300 nm), while the leaf-shaped ZIF-L forms as 
micrometre 2D particles. ZIF-67, ZIF-8, ZIF-L comprise the 
same linker 2-methylimidazole, while ZIF-7 and ZIF-11 
possess benzimidazole within their structure instead. ZIF-
90 has imidazolate-2-carboxyaldehyde as a linker.  

As it was mentioned before, any porous liquid can be 
considered as a colloidal solution. A colloidal solution is 
thermodynamically unstable (kinetically metastable), and 
its stability can be affected by different factors, such as (i) 
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particle size, (ii) particle-solvent interaction, (iii) 
electrostatic potential (can be alternated by pH, 
presence of ions, etc.), (iv) viscosity (following the 
Einstein equation)28: 

(E =  E0(1 +  2.5 V) 
where E is the viscosity of a suspension of solids, E0 is the 

viscosity of the dispersion medium, V is the volume in 
parts of a cubic centimeter occupied by the dispersed solid. 

 Thus, in order to obtain a stable colloidal solution, aka 
a porous liquid, it is preferred for MOF particles to be 
small, well-interacting with solvent, repulsive from each 
other, and to be present in a high concentration. Hence, 
we focused on those parameters in our experiments. In all 
trials viscosity remains the similar as we used the similar 
amount of MOF and the same (mesitylene) solvent each 
time when preparing or testing a porous liquid. Particle 
size, however, was varying from 30 to 7000 nm for different 
MOFs (Table 1). In general, smaller particles tend to form 
more stable solutions, thus ZIF-67, ZIF-8, and ZIF-90 
formed porous liquids, which are stable for more than a 
month. However, small particles of ZIF-11 are the outliers 
of this rule. While ZIF-11 is made of the same building 
blocks as ZIF-7, and has the same particles size, it was not 
possible to obtain a porous liquid with it as a porogen. ZIF-
11 is the only framework (among tested) that has an rho 
topology, so we speculate that this is the reason for such 
an outcome. Due to the different topology, surface 
functionalisation with a carbene might be not possible, 
changing the particle-solvent interaction, as well as the 
electrostatic potential of the particles. On the other hand, 
it is important to note that ZIF-L(Zn) and ZIF-L(Co) 
formed a stable colloidal liquid after 3 days of stirring the 
frameworks with the carbene, despite having a large 
particle size. This unusual behaviour might be explained 
by the 2D shape of the crystals. The particles have leaf-
shaped morphology, which leads to a higher surface area 
to volume ratio in the 2D ZIFs. Thus, ZIF-L(Zn) particles 
might have almost the same rate of particle-solvent 
interaction, as nanoscaled ZIFs. It is worthy to mention 
that both MOF-based porous liquids were stable for only 
several days in contrast to ZIF-67, ZIF-8, and ZIF-90, which 
might be explained by their size and following 
sedimentation. Also, we tried to obtain a porous liquid 
with a larger size (7000 nm) Co-based ZIF-L, however, no 
stable colloid solution was formed. ZIF-7 forms a colloid 
solution that was stable only for a couple of hours, which 
is significantly more unstable compared to ZIF-8. We 

speculate that the reason comes from different linkers, 
meaning different surface characteristics of the MOF. ZIF-
7 has bulkier linker benzimidazole, which might be 
sterically blocking access for the carbene to zinc ions on 
the surface of the ZIF. 

For all the described above porous liquids, mesitylene 
was chosen as a solvent. However, other solvents can be 
employed, such as cyclooctane, cyclohexane, squalene etc. 
The solvents choice is limited by two factors here, with 
solvent molecule size being the first, and the solvent 
boiling point as the second. The size should be such that 
the porosity of a MOF is hindered from it and remain 
empty. The boiling point should be high enough so that 
stable porous liquids can be made. 

3. Manufacture of Mixed Matrix Membranes from MOFs 
in a liquid state  

A Mixed Matrix Membrane (MMM) comprises a 
continuous organic polymer phase and a dispersed solid 
filler phase. MMMs offer the possibility to combine the 
advantages of molecular sieve based membranes, e.g., high 
intrinsic permeability and selectivity, and organic 
polymers membranes, e.g., reproducibility and good 
mechanical properties. However, the identification of a 
suitable molecular-sieve filler with excellent molecular 
sieving effects is still challenging.29  

Simply put, a good MMM should have a high MOF 
loading in order to facilitate the preferred gas transport 
and a good adhesion of the filler to the polymer matrix for 
a good gas separation30. And as it is common in research, a 
good MMM is demanding in its development and 
manufacture. High filler loading provokes membrane’s 
brittleness, as well as filler particles agglomeration. A good 
adhesion between organic and inorganic components is 
usually achieved by trial-and-error approach by testing 
different MOF-polymer combinations. While MMMs 
promise the advantages of both organic and inorganic 
membranes, their limitations still require attention and 
further development. As one of the possibilities on this 
path, we propose type III porous liquids as a novel and 
promising asset for advancing existing MMMs and 
developing new ones.  

 Table 1. Comparison of ZIFs  

MOF ZIF-67 ZIF-8 ZIF-7 ZIF-90 ZIF-L (Zn) ZIF-L(Co) ZIF-11 

PL Yes Yes Yes, not stable 
enough 

Yes Yes Yes No 

Linker 2-mIm 2-mIm bIm Ica 2-mIm 2-mIm bIm 
metal Co Zn Zn Zn Zn Co Zn 
Particle 
size, nm 

300 30 50 40 4800 3000 50 

S/V nm-1 0.02 0.2 0.1 0.1 0.01 0.01 0.1 
topology sod sod sod sod dia dia rho 

 



 

 

4 

Typically, MMMs are prepared by casting a dispersion of 
MOF particles within a solution of an organic polymer. 
Achieving a homogeneous dispersion is important for 
having a homogeneous membrane film with no 
aggregations as a final product. Casting membranes from 
porous liquids instead of conventional solvents offers clear 
improvements. Wang et al.31 prepared UiO-66 type I 
porous liquid by post-functionalising the MOF with 
corona-canopy species. This porous liquid was then 

incorporated into Pebax-1657 organic polymer to obtain 
MMM. The filler was very well dispersed in the polymer 
matrix and the polymer-filler interface compatibility was 
improved. That allowed for the enhanced CO2 selective 
permeation, which, subsequently, increased the CO2/N2 
selectivity compared to the pure Pebax-1657. However, the 
authors did not report on the performance of the MMM 
containing unmodified MOF in the same paper.  

Earlier, we used modified ZIFs as inorganic fillers in 
MMM preparation. Our surface functionalisation with a 
carbene provides a solution for two MMM manufacturing 
limitations. We speculate that the modified surface has 
higher affinity for the polymer phase and allows better 
contact between the organic and inorganic components.  

A solution-casting method was used to fabricate 
MOF/polymer composite membrane as self-supported 
MMMs with a thickness of ca. ~ 75 µm. The MMMs were 
fabricated using ZIF-67-IDip loadings varying from 20 to 
50 wt.% in the 6FDA-DAM polymer. The membrane 
displayed unprecedented physical resistance even with 
ZIF-67-IDip loading as high as 47.5 wt.% in 6FDA-DAM 
polymer. Notably, 47.5 wt.% ZIF-67-IDip loading was one 
of the highest attainable MOF loadings in MMMs 
compared to unfunctionalized ZIF-67 and/or other MOF 
fillers (Figure 1).32 The ability to increase the loading ratio 
of MOF nanocrystals to polymers offers the opportunities 
to greatly improve the separation performance of 
MOF/polymer membranes, while agglomeration of 
nanocrystals at high loadings in the polymers matrix can 
be avoided. 

No agglomeration or sedimentation of ZIF-67-IDip 
nanocrystals was observed throughout the membranes 

 

Figure 1. Photographs of (A) porous liquid  and (B) MMMs 
containing 34.5 wt.% ZIF-67 in 6FDA-DAM (left) and 47.5 
wt.% ZIF-67-IDip in 6FDA-DAM (middle and right). The 
differing degrees of fragility after being mechanically punched 
are apparent. Reproduced with permission from ref 27. 
Copyright 2019 Nature Publishing Group. 

 

Figure 2. Single- and mixed-gas propylene/propane selectivity versus propylene permeability for ZIF-67/6FDA-DAM and ZIF-
67-IDip/6FDA-DAM (A) and ZIF-67/6FDA-DHTM-Durene and ZIF-67-IDip/6FDA-DHTM-Durene (B) membranes with 
various MOF loadings in wt.%. Filled and half-filled symbols indicate gas separation data obtained from single- and mixed-
gas permeation measurements, respectively. Solid and dashed lines are guides for the eye highlighting the enhancements in 
propylene permeability and propylene/propane selectivity compared to the pure polymer (black symbols) by adding ZIF-67 
or ZIF-67-IDip. The black line labelled ‘Upper bound’ is a guide to the eye and is used only to indicate a general trade-off 
between permeability and selectivity in reported polymer-based membranes.27 Reproduced with permission from ref 27. 
Copyright 2019 Nature Publishing Group. 
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even at loadings as high as 47.5 wt.%. In contrast, 
membranes fabricated using unfunctionalized ZIF-67 with 
similar MOF loading were too brittle and pinholes/cracks 
appeared unavoidably.  

The same findings could be successfully translated to a 
different polymer matrix (6FDA-DHTM-Durene (2:8)), 
highlighting the universality of the approach. 

4. Advanced Mixed Matrix Membranes in action 

The propylene/propane separation performance of ZIF-
67/6FDA-DAM and ZIF-67-IDip/6FDA-DAM membranes 
was evaluated for single gases as well as for equimolar 

propylene/propane mixtures at 35 C. For single gas 
separation, some differences were observed when 
membranes were prepared using unfunctionalized ZIF-67 
and ZIF-67-IDip, at relatively low MOF loading region (≤34 

wt.%). Unfunctionalized ZIF-67 based MMMs showed a 
slightly higher separation factor, while considerably higher 
permeability are observed for the ZIF-67-IDip based on at 
similar loadings (Figure 2A). It should be stated that ZIF-
67 and ZIF-67-IDip have very similar sorption properties27. 
The enhanced permeability is therefore attributed to the 
more homogeneous and better embedding of the ZIF-67-
IDip in the polymer matrix, which may prevent 
rigidification of polymer around the MOF particles.33 
Importantly, a significant difference was observed under 
mixed-gas separation performances compared to single gas 
separation (Figure 2). Also, results show a clear 
improvement when considering the upper bound.34 
Specifically, the mixed-gas propylene/propane selectivity 
of 6FDA- DAM and ZIF-67/6FDA-DAM membranes 

 

Figure 3. Single- and mixed-gas propylene permeability and propylene/propane selectivity of ZIF-8/6FDA-DAM and ZIF-8-Zn-
IDip/6FDA-DAM (A), and ZIF-8/6FDA-DHTM-Durene and ZIF-8-Zn-IDip/6FDA-DHTM-Durene (B) membranes with various 
MOF loading by wt.%. Filled and half-filled symbols indicate gas separation data obtained from single and mixed-gas permeation 
measurements, respectively. Pure gas permeation was conducted under 2 bar, and mixed-gas feed condition was 
propylene/propane: 50/50, 4 bar, at 35 °C. Solid and dashed lines for eye guide and indicate the enhancements  in propylene 
permeability and propylene/propane selectivity compared with polymer (black circle) by adding ZIF-8 or ZIF-8-Zn-IDip. (C) Plot 
of propylene/propane selectivity versus propylene permeability under mixed-gas conditions providing a recent literature review 
of polymer/MOF-based MMMs. The solid black line indicates the mixed-gas upper bound for state-of-the-art polymer 
membranes.27 Reproduced with permission from ref 27. Copyright 2019 Nature Publishing Group. 
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decreased by 45% and 44%, whereas this value for ZIF-67-
IDip/6FDA-DAM membrane was only in the order of a 23 
%, even at similar MOF loading (⁓34 wt.%). 

This behaviour is due to the competitive adsorption of 

propylene and propane in both the polymer and MOFs and 
to the similar condensability of these two gases.34, 35 
However, IDip functionalization of ZIF-67 greatly 
prevented the swelling and/or dilation of the MOF-
polymer interface resulting in an overall 82 % selectivity 
and 89% permeability enhancement.  

Overall, a comparison of our separation results with 
those membranes reported to date in the literature for the 
same separation, 34, 36, 37,35,38,39 demonstrates (Figure 3) the 
enormous potential of this approach for the preparation of 
MMMs.  

Single and mixed-gas propylene/propane separation 
properties of 31.5 wt.% ZIF-90 and 33.1 wt.% ZIF-90-Zn-
IDip in 6FDA-DAM polymer were also evaluated (Figure 
4). In spite of the poorer separation performance, we 
further demonstrated that IDip functionalized ZIF-90 
showed a better performance than unfunctionalized ones, 
again confirming that IDip functionalization and 
processability lead to a much better compatibility between 
polymer and filler, the most important finding of this work.  

From our extensive study and the literature review, we 
conclude that most of the membranes fabricated using 
unfunctionalized MOFs nanoparticles showed a 
performance in single gas propylene/propane separation, 
but these separation significantly deteriorate when dealing 
with real mixtures.34, 35 Plausibly excessive 
swelling/dilation of the MOF-polymer interface structure 
induced by more condensable propylene/propane 
molecules. On the contrary, following the porous liquid 
approach, these issues are circumvented.  

5. Conclusion and perspective 

This method of employing carbenes as surface 
modifiers, though works perfectly with the ZIF family, has 
some limitations. The method relies, to a large extend, on 
the carbene nature – it has to be able to attach to the 
MOF’s particles outer surface and, therefore, help forming 
a homogenous dispersion. On top of that, the carbene 
should interact well with a polymer and has a good affinity 
towards it in order to obtain even distribution of particles 
in an MMM. Another basic requirement for the carbene is 
its solubility in the solvent which is used to form a porous 
liquid. 

IDip carbene has proven itself to be a versatile carbene 
for modification of MOF particles; we could obtain stable 
porous liquids with different ZIFs, and some Eu- and Nb-
based MOFs. For ZIF-67, ZIF-8, and Eu-based MOF, we 
could also obtain similar results using carbene IMes. We 
speculate that since both of the carbenes are similar in 
their structure to mesitylene, they promote interaction 
between particles and a solvent. Also, we believe that their 
structure, similar to imidazole-based linkers of ZIFs, might 
increase the affinity of the carbene to a MOF as well. 

Since the modification allows higher loadings of MOFs 
particles into a polymer, the obtained membranes display 
a better separation performance. As another promising 
application, we suggest that MOFs can be used as cages-
carriers for other compounds, which, for instance, cannot 
be loaded within a polymeric matrix in high content or 
compounds, that are unstable under ambient conditions, 
but have applied value. Those compounds include, but are 
not limited to, perovskites, quantum dots, metal oxides, 
metal nanoparticles etc.  

Though a large body of porous liquids, obtained 
without any surface modification is known, a modifier is 
needed when aiming for the production of composites. In 
this field, it will most likely be necessary to develop specific 
modifiers for different families of MOFs, following a 
similar approach to that used in the construction of MOFs. 
For instance, understanding the nature of the interaction 
between the metallic atoms and the binding groups 
appears to be the critical factor for designing the next 
generation of surface modifiers. To this end, we consider 
that the hard-soft acid-base (HSAB) concept could provide 
insightful information. Thus, MOFs-based on metals with 
high charge/ionic radius ratio (hard acids; Ti4+, Zr4+, Hf4+, 
Cr3+) will tend to form strong bonding with modifiers with 
high pKa values (hard bases; carboxylates, pyrazolates, 
etc). Similarly, coordination bonds between soft acids (low 
charge/ionic radius ratio) and soft bases (low pKa values) 
will be favoured. Accordingly, we believe that there is still 
room for further developments in the design and synthesis 
of surface modifiers towards the production of advanced 
composites for applications not only in the field of gas 
separation but also for the manufacture of a wide range of 
devices. 
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