Regular Honeycomb structured porous films from varying polymer architectures prepared by RAFT polymerisation
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Porous materials are attractive materials for many applications such tissue engineering, membranes or photonics. Microporous films can be fabricated by several methods. A very simple method has been developed by Francois et al
 who obtained highly regular honeycomb structured porous films by casting a polymer under humid conditions. The polymer was dissolved in a highly volatile solvent, which evaporates rapidly when using airflow. The fast evaporation causes the temperature of the solvent to drop. As a consequence, water droplets condense on the cold solution surface and grow in size while organising themselves into a hexagonal closest packing. The polymer starts precipitating around the water droplets forming a solid envelope. The solvent and the water evaporate leaving a highly organised honeycomb structured film behind. The water droplets therefore act as templates for the pores.
,
 

Polymers that can be used to obtain honeycomb structured films range from star polymers, comb polymers and block copolymers as well as a variety of other polymers (Figure 1).2 
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Figure 1:

Regular porous honeycomb structured porous films from different polymer architectures

A very versatile method to obtain complex polymer architecture with control over molecular weight and molecular weight distribution is reversible addition fragmentation transfer (RAFT) polymerisation.
 The process is based on free radical polymerisation with thiocarbonylthio compounds as the controlling agent, which appear then as the end group of the final product. The polymerisation can easily be restarted in the presence these thiocarbonylthio end capped homopolymers using different monomers to form block copolymers. By attaching the RAFT group to a multifunctional compound a RAFT agent for the synthesis of comb or star polymers can be created (Figure 2).
 The molecular weight of the resulting polymers is influenced by the conversion of the polymerisation as well as the RAFT agent concentration. RAFT polymerisation provides us therefore with an easily accessible tool to well-defined polymer architecture with good control over the molecular weight.

The focus of our work is the influence of the polymers used on the preparation of honeycomb structured films. Keeping casting condition constant (humidity, air flow) a pronounced influence of the molecular weight of the polystyrene based polymer on the pore size was observed.5 Additionally, different polystyrene polymer architectures lead to the formation of different pore sizes.

Most studies have been done on polystyrene based stars, combs and block copolymers. However, films based on polystyrene are rather brittle showing a low impact resistance. With the usage of amphiphilic block copolymers for the preparation of honeycomb structured films we do not only obtain improved material properties but also introduce functional groups on the surface. These amphiphilic block copolymers interfere with the casting process leading to interaction between the water droplets of the humid environment and the hydrophilic polymer block. Consequently, the hydrophilic block arranges around the water droplets leading to the formation of hydrophilic pores, while the surface remains hydrophobic with an enrichment of polystyrene (Figure 2).  

[image: image4.wmf] 


[image: image5.png]



C: 90%

[image: image6.wmf]S

S

n

O

O

P

O

N

+

O

O

-

O

S

O

O

P

O

N

+

O

O

-

O

S

x

y

O: 7.5%

P: 0.8%

N: 0.8%
C: 79.6 %

O: 14.1 %

P: 1.5 %

N: 1.3 %

Figure 2: Composition of the pores and the surface as obtained with XPS analysis of the honeycomb structured before and after removal of the surface.

The molecular weight of the block copolymer as well as the ratio between two blocks determines the size of the pores. Studies on block copolymers with different ratios reveal the necessity to use block copolymers to achieve highly regular structures. Amphiphilic block copolymers undergo aggregate formation in selective solvents. The resulting spherical structure and the increased molecular weight of these micelles compared to a single block copolymer chain seem to promote the formation of hexagonal arrays.

In summary, we could great highly regular porous films with pore sizes between 300 nm and 7 m. The highly functionality inside the pores in contrast to the hydrophobic surface could potentially lead to the usage of these films as microreactors with the possibility to attach molecules selectively to the surface inside the pores.
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