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ABSTRACT 

Polymeric isoporous membranes have many interesting properties leading to various 

specific applications in different fields. However, such structures also have one main 

drawback, namely their poor solvent stability, which should be improved to extend the 

range of their possible applications. Therefore, this project will focus on the 

enhancement of solvent stability of polymeric isoporous membranes by UV cross-

linking. 

Stable isoporous films were obtained by creating honeycomb membranes from star 

polystyrene (PS) and its derivatives. The star PS was synthesized by Atom Transfer 

Radical Polymerization (ATRP) method and was then functionalized with methacrylate 

groups. The isoporous films made from these materials maintained the honeycomb 

structures after curing by UV light and immersion in chloroform. The crosslinking of PS 

under UV light exposure rather than the cross-linking of the methacrylates groups was 

responsible for the solvent stability of these membranes. 

To further investigate the effect of specific end-groups on the film stability, PEG2k-G3-

PCL30 linear-dendritic-linear hybrid polymers and its derivatives with allyl, acrylate, 

methacrylate end-groups were employed to cast films. Functionalized PEG2k-G3-PCL30 

linear-dendritic-linear hybrid isoporous films were cross-linked by UV-induced thiol-

ene reactions and allyl reactions. However, no significant increase in the solvent stability 

of these kinds of films was observed. 

When mixing PEG2k-G3-PCL30 linear-dendritic-linear hybrids with star PS, stable 

isoporous films could be obtained. The pores became smaller but the isoporous 

structures were still kept. 
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1. PURPOSE OF THE STUDY 

Polymer is a versatile material used in the fabrication of membranes nowadays since 

membrane’s structures, morphologies, mechanical properties, chemical activities, 

bioactivities and so on can easily be adjusted not only by the processing conditions but 

also by the type and architecture of the polymers. With a highly ordered pore structure, 

the isoporous polymeric membranes or honeycomb structured polymeric membranes 

have monumental potential applications ranging from technologies to life sciences1-4. 

Besides controlling the pore size, the distribution of pores, the thickness of the films, an 

important issue is the poor stability of the polymeric films due to the chemical and 

thermal instability of polymer. Therefore, the main purpose of this master thesis is to 

enhance the stability of isoporous membrane by UV cross-linking. 

The Breath Figure method is chosen as a method to create the isoporous membranes.   

Various polymer matrices and different polymer architectures are used to cast 

isoporous membranes, such as star PS and linear-dendritic- linear hybrid PEG2K-G3-

PCL30. To enhance the stability of such films, UV-crosslinking is used in this thesis since 

it is a convenient, fast and cheap method to crosslink networks. Hence, the polymer 

matrices above are modified with different UV sensitive end-groups. Methacryated, 

acrylated functionalized polymers as well as thiol-ene systems are exposed to UV light to 

investigate the effect of functional groups on the crosslinking degree and solvent 

stability of the formed isoporous films.  

 

2.  INTRODUCTION 

ISOPOROUS MEMBRANES 

Possessing a periodic arrangement of pores at the  micro- and nano-scale, isoporous 

membranes have potential attractive applications in the area of nano and 

microtechnology1. This kind of film is an attractive material for applications such as 

micro-reactors, photonic and opto-electronic devices2. As in recent researches, the 

isoporous membranes can be used in dye-sensitized solar cells because these 

membranes can trap liquid electrolytes into the pores, which decreases the leakage of 

electrolyte4. Moreover, honeycomb polymeric membranes are now an intriguing 

material used in medical devices such as cell culture substrates, cell separators, 

adhesion barriers,…3 
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With numerous applications, many methods have been investigated to fabricate the 

isoporous membranes. These methods can be classified into two main types: top-down 

and bottom-up methods. Depending on the requirements of the application and on the 

characteristics of the method, a specific method will be chosen for the fabrication of the 

films. However, in general, a method should be reproducible, easy to use and permit a 

good control over parameters such as pore size and shape… Among the currently used 

methods, the Breath Figure method (BF) is a successful and largely used method to 

create the honeycomb membranes  

2.1.1 BREATH FIGURE METHOD 

The Breath Figure method was first discovered and developed by François and 

coworkers in 19945. They casted a solution of star polystyrene and polyparaphenylene-

block-polystyrene in carbon disulfide solvent under moist air flow, which resulted in 

isoporous membranes. Up to now, due to its advantages such as low cost and simplicity, 

many researchers have been using this procedure to create the isoporous membranes. 

The other advantages of this method are that the morphology of films can be easily 

controlled by changing the casting conditions6, 7 and the removal of template is not 

required8. The BF method, which can create honeycomb membranes with a broad range 

of pore sizes ranging from 50 nm to 20 µm9, can be applied for different polymers with 

various architectures: star and graft polymers10, 11, conjugated polymers10, block 

copolymers3, 10, amphiphilic copolymers3, 12. 

 The formation of honeycomb membranes produced by BF methods results from a series 

of physical phenomena: evaporation of solvent, precipitation of polymer,  condensation 

of water, nucleation, growth and self assembly of water droplets2, 13. Generally, there are 

four main stages to form hexagonal arrays of holes in polymeric films. First of all, after 

casting the solution of polymer on  a substrate in a humid environment, the solvent 

having a high vapor pressure will evaporate rapidly causing a decrease of the 

temperature of the polymeric solution10. The surface temperature of the polymeric film 

in this step can be lowered up to -6 to 00 C, according to several studies 1, 2, 9. Then, in a  

second stage, the low temperature at the surface induces the condensation and 

arrangement of water droplets in the hexagonal packing2. Since the solvent used is 

immiscible with water, water just forms droplets at the polymer solution–air interface. 

Thirdly, the polymer begins to precipitate at the water-solvents interface, which 
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prevents water droplets from coalescing2. At this step, water droplets will sink into the 

solution of polymer9. Finally, the complete evaporation of both solvent and water 

droplets leaves an ordered hole structure in the polymeric film2. This mechanism is 

illustrated in Figure 1. 

During this process, the water droplets will grow in times, which mainly determines the 

structure and pore size of the polymeric films. From a kinetic point of view, there are 

several models illustrating the development in size of water droplets. These models 

show that the droplet growth is time-dependent9.  At the very beginning, the bubbles 

grows very slowly9 because at this step, the nucleation process dominates. After 3 

seconds, the evolution of the radius R of the droplets becomes proportional to time with 

R ~ t0,35, as the model supposed by Pitos and Francois9. However, the exponent will 

change at the end, R ~ t, due to the coalescence effect which makes the droplets to 

merge 9. 

 

 

Figure 1: The mechanism of BF method 
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Consequently, we can say that growth, formation and stability of water droplets play an 

important role in the formation of isoporous films. To make sure a breath figure is 

formed, several requirements must be fulfilled. Firstly, the films must form in humid 

surroundings in order to have a sufficient water vapor to condense onto the polymer 

solution. Often, if the relative humidity (RH) is smaller than 40 %, the porous films 

cannot form14. Moreover, the choice of solvents is also a crucial parameter. The solvent 

must satisfy several conditions: dissolve well the polymer, be immiscible with water and 

have a high vapor pressure7. These conditions ensure that the polymeric solution is able 

to dry under humid environment as well as induce the condensation and nucleation of 

water at the solvent-air interface. The most frequently used solvents in the BF methods 

are:  carbon disulfide (CS2)1, 9, chloroform1, xylene1, 9, toluene1, benzene9. Furthermore, 

the polymer absolutely affects the structure of the isoporous membrane. The high glass 

transition temperature (Tg) polymers have a higher tendency to form such films. This 

happens because the water droplets are more stabilized by the precipitation of polymer 

having higher Tg8. The stability of the water droplets is also controlled by the interfacial 

surface energy between the polymer and water droplets8. The architecture, viscosity, 

mechanical properties of the  polymer are some of the parameters to play with when 

using the BF method8.  

Unfortunately, the exact mechanism of BF formation is not known in detail7, 9. Generally, 

theories and experiments have proved that both Marangoni convection and 

thermocapillary effect are responsible for both stability and hexagonal packing of water 

droplets7, 9. The evaporation of the solvent at the polymer-solution interface causes a 

temperature gradient within the solvent and subsequently a gradient in surface tension 

is produced7. Therefore, the water drops will flow to the colder areas of the solution to 

reduce the surface tension until the water droplets completely cover the surface7. Two 

water droplets do not coalesce as long as a sufficient temperature gradient is 

maintained7, 9, 10. 

2.1.2 PARAMETERS AFFECTING THE MORPHOLOGY OF ISOPOROUS MEMBRANES 

As presented earlier, a number of factors greatly affect the morphologies of the 

isoporous films.  These must be optimized to obtain films of good quality. 
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2.1.2.1 Relative humidity 

The relative humidity (RH) of the environment affects both the pore size and the 

regularity of the isoporous membranes. A highly humid environment contains a large 

amount of water vapor which will condense onto the surface of the polymeric solution. 

The larger the amount of water that condenses, the higher the tendency of water 

droplets to coalesce is, causing larger pores as well as decreasing the regularity of the 

film2. Contradictorily, low RH leads to a lack of condensation, nucleation and growth of 

water droplets. Therefore, the isoporous films cannot form nor have a regular 

arrangement of pores2, 14. Hence, an optimal RH is necessary. This optimal RH will be 

different for each system, depending on the solvent and polymer used. 

2.1.2.2 Airflow 

The air flow favors the evaporation of solvent during the process of pore formation. The 

solvent will evaporate fast with a high airflow. A too fast evaporation shortens the time 

of nucleation and growth processes too much so that the water droplets do not have 

enough time to arrange themselves into a regular way2, 14. However, a slow flow rate is 

not always a good choice either. Due to the slow evaporation at low flow rate, the 

cooling of the surface of the solution is small so that less water will condense at the 

surface2. Therefore, the pore cannot form easily. Consequently, an optimization of the air 

flow is required for each system to find the appropriate conditions for the formation of a 

highly ordered film. Nevertheless, some solvents have a high enough evaporation rate so 

that no air flow is necessary for the water to condense. In this case the films are cast in a 

static environment. 

2.1.2.3 Concentration of polymer 

A low concentration of  the polymer solution results in a low viscosity of the solution 

and thus less precipitation around the water droplets, causing the coalescence of the 

water doplets10. At high concentration, the polymer will precipitate fast and better 

stabilize the droplets of water. Therefore, the obtained membrane will have thicker 

walls10. However a too high concentration will result in a too high viscosity and the 

droplets will then not have time to arrange themselves in an ordered pattern. 
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2.1.2.4 Molecular weight of polymer2, 10 

The molecular weight of the polymer also influences the pore size of the films, but this 

effect is not as large as the effect of the flow rate. The precipitation rate of the polymer 

decreases with increasing molecular weight of polymer. This is because at a constant 

polymer weight percent in solution, increasing the molecular weight means decreasing 

the polymer molar percent, resulting in a lower viscosity. 

2.1.2.5 Structure of the polymer 

Polymers commonly used in the BF method includes star polymers, amphiphilic 

polymers, dendrimers,… The morphology of the isoporous films changes with the 

variation of the structural parameters of the polymer such as architecture, 

hydrophobicity, nature of the end-groups… 

The architecture of the polymer strongly affects the structure of the film. For examples, 

in the case of polystyrene (PS), some researchers2, 6 claimed that star polystyrene 

formed well-ordered honeycomb films while the linear analog could not create the films. 

However the presence of some linear PS chains within the star PS solution will not affect 

the formation of the porous films, but rather decreases the formation of cracks within 

the film6, being then an advantage. Furthermore, at constant arm length, the number of 

arms changes the overall molecular weight of the polymers and thus affects the diameter 

of the pores9, 14. For example, at constant arm length, the more arms, the larger the 

molecular weight of the polymer is , which results in smaller pores9, 14. 

In the case of amphiphilic polymers, the proportion of the hydrophobic and hydrophilic 

parts plays an important role in forming honeycomb films. On one hand, when in contact 

with water, amphiphilic polymers will arrange themselves so that the hydrophilic parts 

will surround the water in order to reduce the surface tension between the droplets and 

the solvent6 11. However if the hydrophilic block is too long, , the water droplets can 

easily spread out, coalesce with each other and the film obtained will be less regular11. 

On the other hand, the hydrophilic block can permit the creation of nano-sized pores11. 

Similarly to the behavior of amphiphilic polymers, the polymers with polar functional 

end- groups, such as carboxylic acid functionalized star PS, can form pores with a 

hydrophilic surface1, which are covered by carboxylic acid groups. Therefore these kinds 
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of polymers form films that can easily be modified at the pore surfaces by many 

chemical reactions. Moreover, the shape of the pores can be modified by changing the 

nature of the end-groups, going from a spherical shape for hydrophilic end-groups to a 

more cylindrical shape for hydrophobic end-groups6. 

2.2. UV CROSSLINKING 

2.2.1. CHEMISTRY OF UV CROSS-LINKING 

UV-crosslinking is a curing method applicable in many fields such as: coating 

technology15-17, high resolution images15, glass laminates15, nanocomposite material15, 

printing inks16, adhesives16… Crosslinking of materials by UV light has many remarkable 

advantages which are high reaction rates,  possibility of using solvent free systems, low 

energy consumption, processing at ambient temperature 15. Especially, UV curing can be 

used for both liquid systems and solid state systems such as polymer films.  

In order to permit UV cross-linking, the films must contain cross-linking agents, 

photoinitiators and oligomers or polymers having reactive functional groups. UV light, 

as presented in figure 2, has a wavelength ranging from 100 to 400 nm. Although, the 

energy at the wavelength region between 300 – 400 nm can cleave homogeneously the 

C-C bonds to form the radicals17, the polymer itself cannot trigger the photo-crosslinking 

reaction because the quantum yield of photo-induced breaking of C-C bond is too low. 

Therefore, photoinitiators are required for UV curing. One important character of  the 

photoinitiator is the high absorption in the UV range18. After absorption of energy from 

the UV light, the photoinitiator molecules can split into radicals or ionic specices18. The 

photoinitiators can be divided into the following classes: aromatic ketones, alkyl benzoin 

ethers, acetophenon derivatives,…18 
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Figure 2: Electromagnetic energy spectrum17 

According to their mechanisms, there are two main kinds of UV crosslinking processes: 

radical and cationic types. Due to its high reactivity, the radical photo-induced 

crosslinking is mostly used15.  

Since the structure of the isoporous films are difficult to preserve when using heat or 

chemical reactions for cross-linking, UV cross-linking is an attractive alternative. The 

films can be cross-linked by photo-induced cationic mechanism during the process of 

the pore formation as proven by some researches19-21 or by radical crosslinking22-27. 

The thickness of the films strongly affects the degree of crosslinking and the rate of the 

reaction28. The thicker films result in low conversion and low rate due to the poor light 

adsorption of the polymeric chains closest to the substrates28. The degree of cross 

linking increases with increasing  time and then reaches the saturation28. 

However, some polymer matrices can be degraded under UV light due to the high energy 

absorbed or the heat released by the UV light or by exothermal polymerization. The 

degradation often occurs at some polyesters and polyhemiacetal bonds.  If the main 

chains contain ester linkages, the polymers can undergo hydrolysis upon UV exposure. 

The tertiary esters begin to degrade at 220o C, while secondary and primary esters 

degrade at higher temperature16. Poly(hemiacetal esters) can degrade upon irradiation 

at the wavelength of 254 nm with acid catalysts 29. 
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2.2.2. UV CROSS-LINKING REACTION 

2.2.2.1    ENE REACTION 

Oligomers containing ene functional groups, such as acrylate, methacrylate, azide, 

cinnamate groups, are UV-cured according to the radical crosslinking mechanism. The 

figure below illustrates the mechanism for radical photo-induced crosslinking17: 

- Step 1: Initiation 

 

- Step 2: Propagation and Transfer 

 

- Step 3: Termination 

 

Where PI is the Photoinitator, I is the initiating radical, M is the monomer and R-H is 

hydrocarbon chains 

Figure 3: The radical photo-crosslinking mechanism 

However, these reactions must be conducted in inert atmosphere because the presence 

of oxygen will inhibit the reaction30. 

2.2.2.2 THIOL-ENE REACTIONS 

The thiol-ene reactions carried under UV exposure have a high rate of polymerization31, 

32 even in the presence of oxygen31-34 and without adding photoiniators30-32. The absence 

of  photoinitiator in the compositions of the polymeric films prevents the polymers from 
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degradation or yellowing when exposed to sunlight for a long time30. Furthermore, the 

obtained polymers are optically clear31, 32, 34 and have good mechanical properties31, 32, 

34. 

Photo-induced thiol-ene reactions  follow a step growth mechanism30, 32, 33 

 

 

 

Figure 4: The mechanism of thiol –ene reactions33, 34 

The thiyl radicals are formed in the initiation steps as presented in the figure above. In 

the absence of photoinitiator, the thiyl radicals can be generated by cleavage of the thiol 

compounds into thiyl and hydrogen radicals under UV light or by charge-transfer 

between the thiol group and the double bond and in the dark surroundings30. The thiyl 

radicals react with double bonds during the propagation step and they are then 

regenerated again via the chain transfer process31, 32. 

The reaction rate closely relates to the vinyl structures. The higher the electron density 

or the less stable the radicals are, the faster the vinyl compounds are consumed35, as 

described in the figure below: 
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Figure 5: The relative reactivities of ene groups in thiol-ene chemistry35 

2.3. ATOM TRANSFER RADICAL POLYMERIZATION (ATRP) 

2.3.1. ATRP 

ATRP, one of the Controlled Radical Polymerization (CRP) technique36, is a powerful tool 

to synthesize  complex polymeric architectures with high precision36. This method 

discovered by Matyjaszewski in 1995 is a transition metal catalyzed polymerization 

which  is controlled by the dynamic oxidation-redox equilibrium of metal complexes37, 

38. The detailed mechanism of ATRP is illustrated in the figure below: 
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Figure 6  : Mechanism of ATRP39 

In the initiation step, the transition metal Mt abstracts an halide atom X from an organic 

halide compound R-X to form a new complex with a higher oxidation states XMt
n+1 and 

the carbon radical R40. The radical R  reacts with a vinyl monomer M and thus 

generates the new radical R-M, which in turn will abstract the halogen of XMt
n+1 

compound. As a result, the beginning state of the transition metal Mt
n

 is recovered and 

then triggers a new redox process37, 40. Since the deactivation constant kd is larger than 

the activation constant ka, the concentration of radicals is low. As a result, the 

termination reaction between two radicals is hindered and therefore a constant number 

of propagation chains is maintained37, 40 

One of the distinguished advantages of the ATRP method is that thanks to the halide end 

groups, the polymers obtained from ATRP can be easily functionalized by different kinds 

of reactions or can be used as the macroinitiators for the synthesis of block 

copolymers38. Moreover, ARTP can be applied  to a variety of monomers and the 

catalysts are commercially available38. Especially, complex structures of polymer can be 

obtained by this method38.  
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2.3.2. STAR POLYMER SYNTHESIS  BY ATRP USING AN “ARM-FIRST” APPROACH 

Star polymers having a controlled number of arms can be synthesized by using ATRP.  

There are three main approaches to get star polymers: the core-first approach38, 41, the 

arm-first approach38, 41, and the graft to-approach41. 

In this project, the arm-first method is mainly used. The macroinitiator (MI) with the 

halide end groups and the cross-linker having difunctional vinyl group such as divinyl 

benzene (DVB) are two reagents undergoing ATRP process38. 

 

Figure 7 : The mechanism of the arm first method41 

The figure above sketches the arm-first method principle. Firstly, the MI is reacted with 

the cross-linker to form a block copolymer37, 41 The block-copolymers, which have many 

vinyl groups, react with each other to produce star polymers containing a densely cross-

linked core37, 41. Hence, the products of the arm-first method are also called the core 

cross-linked stars (CCS)41. Under certain conditions such as long reaction time, the 

coupling of star polymers can occur37, 41. The main differences between the arm-first 
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approach and the other approaches is that the core has a considerable contribution in 

the molecular weight of the whole polymer41. Also, star polymers with a large number of 

arms (higher than 100 arms) can be obtained by this approach41. 

Many parameters can be controlled to maximize the yield of star polymers and minimize 

the star-star coupling such as the choice of the cross-linker agents, the monomer 

conversion, the solvent, the temperature,…42 

3.  EXPERIMENTAL PART 

3.1. MATERIALS 

4-dimethylaminopyridine (DMAP, 99%), 2-bromo-2-methylpropanoyl bromide (98%), 

N,N,N’,N’,N”-pentamethyldielthylenetriamine (PMDETA, 99%), copper (I) bromide 

(CuBr), methacrylate anhydride (94%), pentaerythritol tetrakis(3-mercaptopropionate), 

styrene, divinylbemzene, dimethylphenylacetophenone (DMPA), neutral activated 

aluminum oxide (Brockmann 1) were purchased from Sigma-Aldrich. Triethylamine 

(TEA, 99%) was acquired from Merk. Pyridine was obtained from VWR. Acryloyl 

chloride was purchased from Fluka. Solvents were acquired commercially and used as 

received. Trimethylolpropane (TMP) was acquired from Perstorp. 3-((2-

(allyloxy)ethoxy)carbonyl)propanoic anhydride22 and PEG2k-G3-PCL30 linear-dendritic-

linear hybrids43 were synthesized according to published procedures. 

3.2. EQUIPMENT 

Nuclear Magnetic Resonance (NMR): 1H-NMR and 13C-NMR spectroscopy were 

recorded on a Bruker Avance AM 400 NMR instrument using CDCl3 as a solvent and with 

TMS as internal reference. 

Size Exclusion Chromatography (SEC): SEC using PL-GPC 50 Plus and CHCl3 as mobile 

phase (1mL/min, 30o C) was calibrated by using polystyrene standards with a narrow 

molecular weight distribution. Polymer was characterized with a Verotech PL-GPC 50 

Plus equipment having PL-RI detector and two PLgel 10 µm mixed D (300 x 7,5 mm) 

columns from Varian. 

Swelling Test: The films were immersed in chloroform in 1 minute and then were dried 

naturally. 
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UV belt: Cross-linking was performed using a Fusion UV curing system Model F300, 

equipped with an H-bulb. The dose was measured in the wavelength range 320 to 390 

nm using a UVICURE Plus from EIT Inc., Sterling, VA, USA. 

UV box: UV curing were performed using a Blak-Ray® XX-15BLB UV bench lamp at a 

wavelength of 365 nm. The dose was measured in the wavelength range 320 to 390 nm 

using a UVICURE Plus from EIT Inc., Sterling, VA, USA. 

 

3.3. POLYMER SYNTHESIS 

3.3.1. INITIATOR 

Trimethylolpropane (TMP) (2,50 g; 14,90 mmol)  and  4-dimethylaminopyridine 

(DMAP) (1,00 mg; 7,45 µmol)  were dissolved in 4,13 mL of triethanolamine (TEA) and 

then 50,00 ml of dichloromethane (DCM) were added. The mixture was put on an ice 

bath followed by dropping of 2-bromo-2-methylpropanoyl bromide (1,84 mL; 14,9 

mmol). After reaction overnight, some drops of water were added. The solution was 

then extracted with NaHSO4 and Na2CO3. The remaining water was removed by drying 

on MgSO4.  The product was purified by column chromatography in a gradient of 

heptane/ethyl acetate (95/5 to 40/60). The initiator 1 was obtained as a viscous liquid. 

The weight of product was 1,766 g. The yield of the reaction was 42 %. 

HO

OH

OH
Br

Br

O

HO O

OH

O

+
TEA, DMAP

Br

1  

Scheme 1: Synthesis of Initiator 1 

 

3.3.2. LINEAR POLYSTYRENE 

Initiator 1 (0,510 g; 1,80 mmol), styrene (33,00 mL; 0,29mol), N,N,N’,N’,N”-

pentamethyldielthylenetriamine (PMDETA) (0,624 g; 3,60 mmol), and  toluene (40 mL) 

were introduced in a round bottom flask and the mixture was degassed by two freeze-

pump-thaw cycles. Then CuBr (0,2586 g; 1,80 mol) was added to the mixture followed 

by one freeze-pump-thaw cycle. The flask was then filled with argon and immersed in an 

oil bath at 110o C for 65 h.  The reaction was followed by 1H NMR. When a conversion of 

80% was reached, the mixture was diluted with 150 mL THF and was passed through a 
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column of neutral aluminum oxide to remove residual copper. The collected solution 

was concentrated and precipitated in 100 mL heptane twice. The product was dried in 

the vacuum oven at 500C and linear polystyrene 2, was obtained as white powder 

(15,044 g; 63 %). The sample 2 was analyzed by SEC.  

HO O

OH

O

Br

HO O

OH

O
Br

+ CuBr

PMDETA

1 2  

Scheme 2: Synthesis of linear PS 

 

3.3.3. STAR  POLYSTYRENE 

Initiator 2 (5,00 g; 0,50 mmol), divinylbezene (DVB) (1084 µL; 7,50 mmol), PMDETA 

(0,1733 g; 1,00 mmol), and anisol (33,30 mL) were introduced in a round bottom flask 

and the mixture was degassed by two freeze-pump-thaw cycles. Then CuBr (71,70 mg; 

0,5 mmol) was added to the mixture followed by one freeze-pump-thaw cycle. The flask 

was then filled with argon and immersed in an oil bath at 100o C for 65 h.  After 

completion of the reaction, the solution was diluted with 150 ml THF and was passed 

through a column of neutral aluminum oxide to remove residual copper. The collected 

solution was concentrated and precipitated in 100 mL heptane twice. The product was 

dried in the vacuum oven at 500C and the white powder product, core cross-linked star 

polystyrene 3, was obtained with the mass 3,509 g. The sample 3 was analyzed by SEC 

and 1H-NMR. 

HO O

OH

O
Br

+
CuBr

PMDETA

Star PS 3

2

 

Scheme 3: Synthesis of star PS 
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3.3.4. MODIFICATION OF FUNCTIONAL GROUPS 

3.3.4.1. INTRODUCTION OF METHACRYLATE 

Synthesis of methacrylate functionalized star PS: the star PS (5,0 g; 0,93 µmol), 

DMAP (0,001 mg; 9,65 µmol; 0,2 equiv/OH group) , pyridine (11,60 µl; 0,14 mmol; 3 

equiv/OH group) in 5,00 ml DCM were mixed in a round bottom flask and cooled in an 

ice bath. A solution of methacrylate anhydride (35,84 µL; 0,24 mmol; 3 equiv/ OH 

groupl) in 5,00 mL of DCM was slowly dropped into the flask and the mixture was 

stirred over night. The collected solution was concentrated and precipitated twice in 5 

mL of methanol. The product was dried in the vacuum oven at 500C and methacrylate 

functionalized star PS was obtained (0,455 g; 90 % yield). The pure product was 

characterized by 1H-NMR. 

 

3.3.4.2. INTRODUCTION OF ACRYLATE 

Synthesis of acrylate functionalized PEG2k-G3-PCL30 linear-dendritic-linear hybrid 

polymer: PEG2k-G3-PCL30 linear-dendritic-linear polymer (0,2 g; 6,61 µmol), 

triethylamine (11,00 µl; 79,30 µmol; 1,5 equiv/ OH group), DMAP (0,001 g; 10,60 µmol; 

0,2 equiv/ OH group) were dissolved in 1,00 ml DCM in a round bottom flask. 

Hydroquinon was added to prevent spontaneous cross-linking reaction of the acrylates. 

The flask was covered with aluminum foil and put in an ice bath. Then acryloyl chloride 

(6,4 µL; 79,30 µmol; 1,5 equiv/ OH group) was dropped into the flask. The reaction was 

stirred over night. The collected solution was concentrated and precipitated in 20 mL 

methanol.  
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Scheme 4: The structure of PEG2k-G3-PCL30 linear-dendritic-linear hybrid 

 

 

 

Scheme 5: Synthesis of acrylate functionalized PEG2k-G3-PCL30 linear-dendritic-linear hybrid 
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3.3.4.3. INTRODUCTION OF ALLYL 

Synthesis of allyl functionalized PEG2k-G3-PCL30 linear-dendritic-linear hybird: 

PEG2k-G3-PCL30 (0,1 g; 3,30 µmol), pyridine (6,40 µL; 79,30 µmol, 3equiv/ OH group), 

DMAP (6,48.10-4  g; 5,29 µmol; 0,2 equiv/ OH group) were dissolved in 0,50 mL DCM in 

the round flask. The flask was cooled down in the ice bath and then the solution of 3-((2-

(allyloxy)ethoxy)carbonyl)propanoic anhydride (0,05 g; 0,13 mmol; 5 equiv/ OH group ) 

in 0,50 mL DCM was dropped into the flask. The reaction was carried out in 22h.. The 

collected solution was concentrated and precipitated in 10 mL methanol. The product 

was dried in the vacuum oven at 500C and allyl functionalized star PS was obtained. The 

pure product was characterized by 1H-NMR. 

 

Scheme 6: Synthesis of allyl functionalized PEG2k-G3-PCL30 linear-dendritic-linear hybrid 

 

3.4. FILM FORMATION 

The glass substrates were washed with ethanol before use. 

Films of core cross-linked star PS and its derivatives: the polymer was dissolved in 

CS2 at a concentration  of 5 mg/mL. 50 µL of the polymer solution was cast on the glass 
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substrate in a closed humid chamber with ~90% RH and high flow rate. The completely 

dried film was analyzed by optical microscopy. 

Films of linear-dendritic-linear hybrid polymer and its derivatives: the polymer 

was dissolved in CS2 at a concentration of 2 mg/mL. 50 µL of the polymer solution was 

cast on the glass substrate in a closed humid chamber with ~90% RH. The completely 

dried film was analyzed by optical microscopy. 

 

3.5. UV CROSSLINKING: 

UV cross-linking was performed with different UV sources. 

 UV box: the film was exposed to UV light (365 nm). The films were placed at a 

constant distance of the light (10 cm). 

 UV belt: the film was put on the conveyor belt and exposed under UV belt several 

times with the light dose 0,92 mJ/cm2 per pass and a line speed of 6,52 m/min. 

Photoinitiator DMPA (2% per weight), if used, was added to the polymeric solution 

before forming isoporous film.  

 

4. RESULTS AND DISCUSSION 

4.1. SYNTHESIS OF INITIATOR 1 

In the 1H-NMR spectrum, the strong peak of the hydrogen atoms e at 1,95 ppm and the 

peak of the hydrogens d at 4,29 ppm proved that the 2-bromo-2-methylpropanoyl group 

was successfully added to TMP. Furthermore, the integrals of peak e and peak d 

confirmed the mono-substitution of one molecule of 2-bromo-2-methylpropanoyl 

bromide to one hydroxyl group of TMP. 
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Figure 8: 1H-NMR of photoinitator 1 

 

4.2. SYNTHESIS OF LINEAR PS, STAR PS AND METHACRYLATE FUNCTIONALIZED 

STAR PS 

According to the SEC result, the star PS had three different molecular weights (MW) 

(Table 1). The smaller MW was approximately equal the MW of linear PS, indicating that 

a small amount of linear PS still remained in the star PS. The higher MW correspond to 

star with different numbers of arms. The number of arms was approximately estimated 

based on MW ratio of the star PS and the linear PS. The star PS included two types of star 

polymers which had different numbers of arms: one with 9 arms and one with 29 arms. 

The larger star PS with 29 arms could be formed by the star-star coupling. 

Methacrylate groups in methacrylate functionalized star PS polymers could not be 

detected by 1H-NMR since the molecular weight of the star PS is so large compared with 

the molecular weight of the methacrylate groups for each star. The SEC results (Table 1, 

Figure 9) show changes in MW as well as in the distribution of the peaks from the star 

PS to the methacrylate functionalized star PS. These changes confirmed that methacylate 

groups were successfully attached to the star PS’s arms. 
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Sample Mn PDI 

Linear PS 18500 1,12  

Star PS 539050 174 100 19 700 1,15 1,16 1,21 

Star PS functionalized 

methacrylate 

209 300 18 600 1,44 1,21 

 

Table 1: The molecular weights and polydispersity indexes of the polymers synthesized by ATRP 

method. 

 

Figure 9: SEC results of Linear PS, Star PS and star PS Functionalized methacrylate. 

 

However, the molecular weight of the methacrylate functionalized star PS was lower 

than the molecular weight of the star PS, which was out of expectation. This can be due 

to changes in the hydrodynamic volume of the polymer because of the methacrylate 

groups and also interactions among the polymeric chains. As a result, a relationship 

between polymer’s hydrodynamic volume and molecular weight was no longer accurate 

and thus SEC method did not give the correct MW of methacrylated star PS. 

In a word, the results of SEC showed that star PS, and methacrylate functionalized star 

PS were successfully synthesized. The linear polymers were not removed from the star 

polymers since the presence of linear polymers does not affect the film formation but 

limit the formation of cracks. 
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4.3. UV CROSSLINKING OF STAR PS AND METHACRYLATED STAR PS 

The synthesized star PS and methacrylate star PS were used for the formation of 

isoporous films and the effect of methacrylate on the stability of the cross-linked film 

was evaluated. 

4.3.1. STAR PS ISOPOROUS FILM 

The star PS formed highly ordered porous films under a wide range of casting conditions 

such as concentration of polymeric solution, casting volume,… However, the direction 

and the rate of the air flow must be controlled to obtain the ordered films.

 

Figure 10: Optical Microscopy (OM) images of star PS film: a) 20 times magnification, b) 100 times 

magnification 

 

According to Figure 10a, the star PS formed isoporous films over large areas with only 

few cracks thanks to the presence of the residual linear PS. The pores were 

approximately 4 µm in diameter (Figure 10b). However, this film was not stable with 

solvents and dissolved completely in CHCl3 as shown by the results in Figure 11: 

 

Figure 11: OM images of star PS films a) before immersing in solvent, b) after immersing in solvent 
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Interestingly, the star PS porous films could be cross-linked by themselves without 

addition of photoinitiator in the normal atmosphere. The proposed mechanism for this 

kind of crosslinking is described in the Figure 12 below: 

 

 

Figure 12: The cross-linking mechanism of PS44 

In the PS chains, the radicals are formed due to the oxidation processes caused by UV 

light. These radicals abstract the hydrogens from other polymeric chains and thus 
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generate the macroradicals44. When two macroradicals meet, a new C-C bond is formed 

and the cross-linking occurs44.  

Solvent stability of the UV-cured PS isoporous films was investigated for various light 

doses. The UV cured films at 25 J/cm2 showed the better stability against the solvent 

than those at lower light doses. Figure 13 a, d illustrated that after UV curing at 25 J/cm2, 

the star PS film was stable with chloroform: the honeycomb structure and the pore size 

were kept after immersion of the film in CHCl3 for one minute. Though the white circles 

surrounding the pores in Figure 13d were larger than those in Figure 13a. This might be 

due to a rearrangement of some polymeric chains in contact with the organic solvent, 

modifying slightly the shape of the pores. When reducing the light dose or in other 

words, reducing the exposure time under UV light, the degree of cross-linking decreased. 

As a result, the cured films at low light doses became thinner and dissolved partly when 

immersed in chloroform (Figure 13 e, f). 

As a conclusion, the star PS forms isoporous membranes of good quality. Spontaneous 

cross-linking of polystyrene occurs under UV exposure. When exposed to a light dose of 

25 J/cm2, the cross-linking was sufficient to form films which are stable to solvent 

exposure. Lowering the light dose results in less stability against the solvent because of a 

lower degree of cross-linking. 
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Figure 13: The OM of star PS before UV crosslinking (the left column) and after UV crosslinking and 

immersing in CHCl3 in 2 minutes (the right column) with the light dose: d) 25 J/cm2, e) 10,8 J/cm2, 

f) 7,2 J/cm2 

4.3.2. METHACRYLATED FUNCTIONALIZED STAR PS 

Methacrylated PS stars were synthesized to study the effect of the cross-linking of end-

groups on the stability of isoporous films. Methacrylates were chosen because of their 

high reactivity. However, the spontaneous cross-linking of the polystyrene does not 

permit to evaluate the only effect of the end groups. Therefore, the films from 

methacrylated PS stars were cured at lower doses, namely 10,8 J/cm2 and 7,2 J/cm2 to 

limit the cross-linking of polystyrene.  The films were cured without initiator and the 

stability of the films was evaluated by solvent tests. 
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Figure 14: The OM of star PS (the left column) and methacrylated star PS (right column) before UV 

crosslinking and after UV crosslinking and immersing in CHCl3 in 2 minute after curing with 10,8 

J/cm2 

 

According to OM results, at the light dose 10,8 J/cm2, there was no significant 

contribution of methacrylate groups on the photo-cured porous films (Figure 14), since 

both PS-stars and methacrylated PS stars films showed the same results. As mentioned 

before, under UV light, macroradicals are generated along the PS star chains. These 

macroradicals could transfer to methacrylate groups in methacrylated functionalized PS 

stars. The results in figure 14 show that the limited cross-linking of PS due to a lower 

dose could be compensated by the participation of methacrylates in the cross-linking 

recation. At a light dose of 7,2 J/cm2, the film of star PS with methacrylate end groups 

was more stable against chloroform than the star PS film. As shown by the OM results, 

the methacrylate functionalized star PS films (Figure 15 d) was less distorted than the 

film of star PS (Figure 15 c) but had some regions in which the polymer was dissolved. 

This is due to the low cross-linking density of the film because of the limited number of 

methacrylate groups. 
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Figure 15: The OM of star PS (the left column) and methacrylated star PS (right column) before UV 

crosslinking and after UV crosslinking and immersing in CHCl3 in 2 minute after curing with 7,2 

J/cm2 

 

The study of polystyrene stars modified with UV-sensitive end-groups showed 

interesting results. Polystyrene stars can form stable films after UV exposure, without 

photoinitiator and under normal atmosphere. This suggests that the introduction of 

some styrene units or a short polystyrene block could be used to enhance the stability of 

honeycomb films. However this spontaneous cross-linking made it difficult to evaluate 

the effect of only the end-groups. Therefore, another system was needed. 

 

 

4.4. PEG2K-G3-PCL30 LINEAR-DENDIRTIC-LINEAR HYBRID 

In order to investigate the effect of end-groups on the stability of the films, another 

system was chosen, where the polymeric backbone could not undergo cross-linking. Due 

to the amphiphilic character of the structure as well as the crystalline nature of the PCL, 

the PEG2K-G3-PCL30-linear-dendritic–linear hybrid isoporous films are formed only 
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under specific conditions and do not form as perfect honeycomb membranes as the star 

PS films (Figure 16 a).  However, this system was used to evaluate the effect of cross-

linking of acrylates, methacrylates and allyl on the stability of the films. 

First, the UV stability of the linear-dendritic-linear hybrids was evaluated to ensure that 

no degradation of the polymer occurred. The PEG2k-G3-PCL30 hybrid has a temperature 

of crystallization of 31.7°C and a melting point of 52.9°C Isoporous films were exposed to 

UV light through several pass on the UV belt. When passed 5 times successively on the 

UV belt, PEG2k-G3-PCL30 linear-dendritic-linear hybrid isoporous films degraded and lost 

the isoporous structure (Figure 16 b). However, the morphology of the film was kept 

with three successive passes through the UV belt (Figure 17 a). Moreover, keeping the 

total light dose constant, the isoporous structure of the film almost did not change when 

they were cured by the UV belt with three successive passes followed by two passes 

after a break of 1-2 minutes between each pass. The film degraded at 6,44 J/cm2 total 

light dose when it was cured under the UV light with first three successive passes 

followed by four passes separated by a break between each pass (Figure 17 d).  

 

 

Figure 16: PEG2K-G3-PCL30linear-dendritic-linear hybrid isoporous film: a) before UV exposure, b) 

after 5 successive UV exposure under the UV belt 
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Figure 17: PEG2K-G3-PCL30 linear-dendritic-linear hybrid isoporous film passed through the UV 

times: a) 3 times continuously b) 3 times continuously, small break and one more pass, c) 3 times 

continuously and 2 more pass having a break between each pass, d) 3 times continuously and 4 

more pass having an interval between each pass 

 

This phenomenon could have the following explanation. The heat released from UV belt 

during the photoinduced crosslinking reactions could increase the temperature of 

isoporous films above the temperature of crystallization of the PEG2k-G3-PCL30-linear-

dendritic-linear hybrid. Therefore, the polymeric chains under UV curing were more 

flexible and could move around so that these movements disturb the honeycomb 

structures of the membranes. As a result, the porous structures were not observed any 

longer after UV exposure, as shown by the OM result in Figure 16b. The break between 

each pass reduced the film’s temperature during the UV-curing, hence the isoporous 

structure could be maintained at higher light doses or longer exposure under UV light 

(Figure 17b, c, d). 
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When the PEG2K-G3-PCL30 linear-dendritic-linear hybrid films were exposed in the UV 

box at the 365 wavelength, no degradation was observed, even with a very high light 

dose up to 60 J/cm2 (Figure 18).  

Therefore, the PEG2K-G3-PCL30-linear-dendritic-linear hybrid and its derivatives were 

cured in the UV box with a wavelength of 365 nm and a constant distance of 10 cm from 

the UV light in the latter experiments. 

 

 

Figure 18: PEG2K-G3-PCL30-linear-dendritic- linear hybrid films before a) and after b) UV curing in 

UV box at 365 nm with a distance of 10 cm 

 

4.5. SYNTHESIS OF PEG2K-G3-PCL30-LINEAR-DENDRITIC-LINEAR HYBRID 

DERIVATIVES 

4.5.1. ALLLYL FUNCTIONALIZED PEG2K-G3-PCL30-LINEAR-DENDRITIC-LINEAR 

HYBRID 

According to 1H-NMR spectrum, three small peaks at 5,91 ppm, 5,31 ppm, 5,22 ppm 

indicated the presence of allyl groups in PEG2K-G3-PCL30-linear-dendritic-linear hybrid 

(Figure 19) 
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Figure 19: 1H-NMR of alllyl functionalized PEG2K-G3-PCL30-linear-dendritic-linear hybrid 

 

4.5.2. ACRYLATE FUNCTIONALIZED PEG2K-G3-PCL30- LINEAR-DENDRITIC-LINEAR 

HYBRID 

According to the 1H-NMR spectrum, two small peaks at 6,38 ppm, 5,83 ppm indicated 

the presence of acrylate groups in PEG2K-G3-PCL30-linear-dendritic-linear hybrid (Figure 

20) 
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Figure 20: 1H-NMR of acrylate functionalized PEG2K-G3-PCL30- linear-dendritic-linear hybrid 

 

4.6. UV CROSSLINKING OF PEG2K-G3-PCL30-LINEAR-DENDRITIC-LINEAR  HYBRID 

DERIVATIVES: 

The different PE2k-G3-PCL30 derivatives were used for the formation of films. 

 

4.6.1. ALLYL FUNCTIONALIZED PEG2K-G3-PCL30-LINEAR-DENDRITIC-LINEAR 

HYBRID 

The cross-linking reaction was performed using a thiol-ene system to favor 

intermolecular cross-linking. The mixture of PEG2K-G3-PCL30-linear-dendritic-linear 

hybrid polymer and pentaerythritol tetrakis(3-mercaptopropionate) at equimolar 

amounts of ene to thiol end groups and photoiniator (2% of weight) in benzene was cast 

on a glass substrate at RH~90%, no airflow and 50 µL of polymeric solution to form the 

isoporous films (Figure 21a). This film after exposure to UV light at the wavelength 365 

nm for 35 minutes was still isoporous. However it became thinner after immersion in 

chloroform due to the low cross-linking degree. As shown in Figure 21 b, the film was 

still porous but lost the honeycomb structure. The cross-linking density was too low to 

efficiently stabilize the films. 
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Figure 21: UV crosslinking by thiol-allyl  reaction: a) before curing b) after curing and solvent test. 

 

4.6.2. ACRYLATE FUNCTIONALIZED PEG2K-G3-PCL30LINEAR-DENDRITIC-LINEAR 

HYBRID 

Acrylate groups are quite reactive to UV light and could be crosslinked without the use 

of photoinitiator. However, due to the small number of acrylate groups in PEG2K-G3-

PCL30 linear-dendritic-linear hybrids, the crosslinking density of the acrylate end-groups 

was too low to maintain the honeycomb structure of isoporous film (Figure 22) 

 

Figure 22:  Film of PEG2K-G3-PCL30-linear-dendritic – linear hybrid functionalized acrylate 

after UV curing and immersion in chloroform 1 min  

 

 

 



39 
 

4.6.3. METHACRYLATE FUNCTIONALIZED PEG2K-G3-PCL30LINEAR-DENDRITIC-

LINEAR 

Since under UV light, methacrylate groups generate more stable radicals than acrylate 

groups, methacrylate groups are less reactive than acrylate groups in UV induced 

reactions. Hence, methacrylate groups could not be crosslinked in the absence of 

photoinitiator. The UV cured isoporous films of methacrylate functionalized PEG2K-G3-

PCL30 linear-dendritic-linear hybrids without photoinitiator dissolved completely in 

CHCl3.  

The isoporous films of the methacrylate functionalized PEG2k-G3-PCL30 linear-dendritic-

linear hybrid could undergo UV crosslinking with the assistance of photoinitiator and in 

inert atmosphere. Unfortunately, the degree of crosslinking was still low so that the film 

became thinner, which could be observed by naked eyes. The OM image (Figure 23) 

showed that almost all the polymeric film was dissolved in the solvent after cross-

linking. 

 

Figure 23: OM images of UV cured PEG2K-G3-PCL30methacrylate functionalized film with PI and 

inert atmosphere after immersing in chloroform. 

 

As a conclusion, the introduction of UV-sensitive end-groups on the hybrid material was not 

sufficient to ensure the stability of the films. However, the use of a thiol-ene system instead of a 

simple acrylate or methacrylate cross-linking seems to increase the cross-linking density since a 

porous polymeric film can still be observed. Increasing the number of thiol groups by using thiol 
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functional stars could be a way to increase the cross-linking density and therefore the stability of 

the films. 

 

4.7. MIXTURE OF STAR PS AND METHACRYLATE FUNCTIONALIZED PEG2K-G3-PCL30 

LINEAR-DENDRITIC-LINEAR HYBRID 

The results presented earlier show that UV curing for PEG2K-G3-PCL30 linear-dendritic-

linear polymer functionalized with different groups by ene or thiol-ene reactions cannot 

improve significantly the solvent stability of the honeycomb films, while the PS stars can 

crosslink well and stabilize the honeycomb structure in the same conditions. 

Consequently, a mixture of star PS and methacrylate functionalized PEG2K-G3-PCL30 

linear-dendritic-linear polymer was used to make the isoporous films. A 2 mg/mL 

solution of star PS and methacrylate functionlazied PEG2K-G3-PCL30 linear-dendritic-

linear hybrid at a mass ratio 50:50 was cast on a glass substrate. Figure 24 showed that 

the isoporous film was formed. 

 

Figure 24: OM images of isoporous films of PEG2K-G3-PCL30 methacrylate functionalized and star 

PS mixture. 
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Figure 25: OM images of isoporous films of methacrylate functionalized PEG2K-G3-PCL30 linear-

dendritic-linear hybrid and the star PS mixture after UV curing and solvent test 

 

After photo curing in the UV box without photoiniator and soaking in solvent the 

isoporous structures were maintained. However, the pores were smaller due to the 

swelling of the polymeric walls of the films in chloroform (Figure 25). Also, there were 

some regions where the films were thinner and dissolved partly due to a lower 

crosslinking degree (Figure 26). The presence of two different regions (Figure 25 and 

Figure 26) could be explained by a non homogeneous repartition of the star PS and 

PEG2k-G3-PCL30-linear-dendritic-linear hybrid during the film formation, the area having 

higher concentration of the star PS giving the more stable isoporous films. 

 

Figure 26: OM images of isoporous films of methacrylate functionalized PEG2K-G3-PCL30 linear-

dendritic-linear hybrid and star PS mixture after UV curing and solvent test 
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These results show that the introduction of polystyrene stars favor the formation of stable films. 

This is due to the increased cross-linking density but also, probably to disruption of the 

crystallinity of the PCL blocks. 

 

5. CONCLUSIONS 

The solvent stability of polymeric isoporous membranes can be increased by UV 

crosslinking. Depending on the cross-linking degree, the honeycomb films can either 

maintain the isoporous structures or have swollen pores, become thinner or dissolve 

completely when immersed in organic solvents. 

The star PS matrix can be cross-linked by itself and is stable against chloroform when 

cured under UV light of at a light dose of 25 J/cm2. The introduction of UV sensitive end-

groups permits an increase in the stability of the films after exposure at lower doses. 

The PEG2K-G3-PCL30 linear-dendritic-linear hybrid polymer undergoes thermal 

degradation when exposed under the UV belt because of the crystalline nature of the 

PCL and the heat released during exposure. However, films cast from the PEG2K-G3-

PCL30 linear-dendritic-linear hybrid polymer are stable under UV light when exposed to 

a lamp of lower intensity at 365 nm wavelength. 

Even though using UV sensitive functional groups to modify the polymer matrices, these 

groups do not effectively support the solvent stability of the polymers due to the low 

conversion of cross-linking reactions. The small amount of the functional groups as well 

as the low mass ratio of these groups compared to the polymer matrices (for example 29 

methacrylate groups in the very large MW star PS (MW 539 050) or 8 functional groups 

in PEG2K-G3-PCL30 linear-dendritic-linear hybrid polymer (MW 30 200)) are responsible 

for low cross-linking degree and difficult examination of cross-linking reaction by IR, 

NMR,… 

The mixture of the star PS and PEG2K-G3-PCL30 linear-dendritic-linear hybrid polymer at 

a mass ratio of 50:50 permits the formation of  isoporous films which are rather stable 

against the chloroform solvent after curing under UV light.  
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6. FUTURE WORK 

A further study on the mixture of the star PS and PEG2K-G3-PCL30 linear-dendritic-linear 

hybrid polymer isoporous films could be interesting to find the optimal ratio of the star 

PS and PEG2K-G3-PCL30 linear-dendritic-linear hybrid polymer. Moreover, the light dose 

needs to be optimized, and further investigation of the film morphology by AFM and 

SEM before and after UV curing and solvent testing is necessary. Finally, the thermal 

stability of these films should be investigated by hot stage optical microscopy. It could 

also be interesting to evaluate the increase in stability when mixing the allyl 

functionalized hybrids with thiol functionalized hybrids or stars. 

In order to obtain the polymeric isoporous membranes stable with solvents, a high 

number of functional groups is necessary. Therefore the synthesis of polymer matrices 

having UV reactive groups along the polymeric chains could ensure a high cross-linking 

conversion. One possibility could be the synthesis of poly(hydroxyethylmethacrylate) 

stars followed by modification of the pendent hydroxyl groups to introduce UV sensitive 

moieties.  
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