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The polymer poly(N-vinylpyrrolidone) (referred to as PVP) is known for its biocompatibility and is widely used in biomaterials.  PVP can be found in personal care products such as shampoos and cosmetics, pharmaceutical drugs, and is used for a blood plasma substitute.  Polymers containing siloxanes are also used in biomaterials, having the unique property of being permeable to oxygen but impermeable to water.  The uses of siloxanes range from bath tub caulking to prosthetic heart valves.

The combination of PVP and siloxane polymers for use in biomaterials provides further opportunities by combining the advantageous properties of each molecule.  However, it has proven difficult to combine these two types of polymers because PVP is hydrophilic while siloxanes are hydrophobic, resulting in phase separation.  

This study proposes that PVP and siloxane polymers can be combined by extending a PVP polymer chain with a siloxane polymer to form a single block copolymer.  Reversible Addition-Fragmentation Chain Transfer (RAFT) polymerization can be used to generate a radical addition reaction in which these two types of polymers are bonded together, even though they are otherwise incompatible.  The resulting block copolymer consists of “blocks” or large sections of both PVP and the siloxane polymer.  

Tris vinylcarbamate (TrisVC) is a siloxane polymer, containing a notable cluster of three siloxane groups at the end of its structure.  This study tested the hypothesis that a diblock copolymer composed of PVP and TrisVC can be synthesized. Furthermore, the nature of the reaction process was characterized.  RAFT polymerization techniques were used, including the use of xanthate for a capping group and AIBN as an initiator.  Figure 1 shows the reaction mechanism used to synthesize PVP-block-P(TrisVC).  Many trials were performed to determine the most favorable reaction procedure and to control the molecular weight of the polymer.
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Figure 1 Reaction Mechanism for the RAFT polymerization of NVP and TrisVC to produce PVP-block-(TrisVC)
It was found that the reactions did yield PVP-block-P(TrisVC), as confirmed with NMR and GPC data, as well as the polymer’s observable surfactant characteristics.  Block copolymers were synthesized to achieve varying proportions of PVP and TrisVC, specific molecular weights, and low polydispersities.  

PVP-block-P(TrisVC) exhibits unique properties due to its connected hydrophobic and hydrophilic ends, as well as the high siloxane content within its structure.  Further testing is required to better understand its solution and surfactant properties.  Tests will include tensiometry and pyrene fluorescence.  The feasibility of growing both PVP and TrisVC in a simplified reaction mechanism will also be examined in order to improve the efficiency of block copolymer synthesis.  As PVP-block-P(TrisVC) continues to be characterized, its application to specific biomaterials can be further elucidated.
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