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1. Synthesis and characterization of the poly(N-isoproylacrylamide-co-5,6-benzo-

2-metylene-1,3-dioxepan)-poly(ethylene glycol) - poly(N-isoproylacrylamide-co-

5,6-benzo-2-metylene-1,3-dioxepan) triblock copolymers 

The reversible addition-fragmentation chain transfer (RAFT) polymerization 

techniques was employed for the synthesis of the poly(NIPAM-co-BMDO)-PEG-

poly(NIPAM-co-BMDO) triblock copolymers. 

 

1.1. Synthesis of the RAFT chain transfer macroagent 

 Poly(ethylene glycol)s with two OH end groups and approximate molecular 

weights of 2000 Da, 4000 Da, 6000 Da and 10000 Da (PEG2000, PEG4000, 

PEG6000 si PEG10000) were reacted with S-1-dodecyl-S’-(α,α’-dimethyl- α”-acetic 

acid) trithiocarbonate (TTC) in the presence of N,N’-dicyclohexylcarbodiimide and 

N,N-dimethylaminopyridine in order to prepare the RAFT macroagent as a precursor 

of the PEG middle block (Scheme 1). The end functionality was in the range 1.84 – 

2.0 TTC groups/molecule, as determined by 1H NMR (Fig. 1). 

 
Scheme 1. Synthesis of the PEGx RSFT macroagent (PEGx-TTC) 

 
 
 
 
 
 
Fig. 1. 1H NMR spectrum of   
            PEG6000-TTC 
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1.2. Synthesis and structural characterization of the triblock copolymers 

 The poly(NIPAM-co-BMDO)-PEGx-poly(NIPAM-co-BMDO) triblock 

copolymers were prepared by the copolymerization reaction of NIPAM and BMDO in 

the presence of a radical initiator and PEGx-TTC as the RAFT chain transfer agent 

(Scheme 2). 

 
Scheme 2. Synthesis of the poly(NIPAM-co-BMDO)-PEGx-poly(NIPAM-co-

BMDO) triblock copolymers 

 

 The composition of the P(NIPAM-co-BMDO) side blocks was determined by 
1H NMR by comparing the areas of the peaks corresponding to the ester CH2 groups 

from the BMDO units and isopropyl CH groups of the NIPAM moieties (Fig. 2). 

 
Fig. 2. 1H NMR spectrum of the NB10-PEG4000-5 triblock copolymer 
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 The synthesis process was studied from the point of view of the following 

parameters: a) reaction temperature; b) initiator concentration (RAFT agent/initiator 

mole ratio); c) monomer/ RAFT agent ratio; d) NIPAM/BMDO intial mole ratio; f) 

molecular weight of the PEG middle block. The results showed that: a) a reaction 

temperature of 120°C led to larger polydispersity indices and lower molecular 

weights, probably due to the chain transfer reacions with the PEG chain; b) the RAFT 

agent/initiator mole ratio did not display a too large influence upon the molecular 

weights and polydispersity when changed from 1/0.1 to 1/0.2 for a target degree of 

polymerization of 176 (for the side blocks); c) the increase of the reaction time led to 

an increase of the conversion, polydispersity and BMDO content within the side 

blocks; d) the increase of the monomer/RAFT agent  mole ratio determined a larger 

increase of the polydispersity and only a small raise of the molecular weight; e) larger 

concentrations of BMDO in the feed led to the decrease of both conversion and 

triblock copolymer molecular weight, without affecting too much the polydispersity; 

f) the molecular weight of the PEG middle block did not affect monomer conversion, 

BMDO content and polydispersity indices, but led to an increase of the molecular 

weight of the synthesized triblock copolymers, as expected. 

 

1.3. Removal of the dodecyltrithiocarbonyl (RAFT) end groups of the triblock  

     copolymers 

 The presence of the dodecyltrithiocarbonyl groups at both ends of the triblock 

copolymers led to high viscosity aqueous polymer solutions (even at only 10 wt% 

concentration), at room temperature or below, due to their association as a 

consequence of their hydrophobic nature. This would impede on the ability to inject 

the aqueous polymer solutions into the body. Therefore, in order to decrease the 

viscosity of the aqueous polymer solutions, the trithiocarbonyl end groups were 

completely removed through reaction with tributyltin hydride, as proven by 1H NMR 

(Fig. 3). 
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Fig. 3. 1H RMN spectra showing the 
removal of the RAFT end groups 
from the NB20-PEG10000-3 triblock 
copolymer.  
 

 

 After this reaction, a dramatic decrease of the tribloc copolymer aqueous 

solution viscosity was noticed. 

 

1.4. Thermal behavior of the NIPAM-BMDO statistical copolymers and poly(NIPAM- 

    co-BMDO)-PEG-poly(NIPAM-co-BMDO) triblock copolymers 

 The thermal transitions of the NIPAM-BMDO statistical copolymers and 

poly(NIPAM-co-BMDO)-PEG-poly(NIPAM-co-BMDO) triblock copolymers were 

investigated by DSC, while the thermal degradation of the NIPAM-BMDO 

copolymers were investigated by TGA as a function of copolymer composition.  

 In the case of the NIPAM-BMDO copolymers, the DSC analysis evidenced 

glass transition temperatures in-between those of the PNIPAM and PBMDO 

homopolymers, increasing with the NIPAM unit content. The thermal degradation of 

the same polymers was studied by TGA, and the degradation process was analyzed by 

the Kissinger-Akahira-Sunose isoconversional method. 

  The DSC analyses of the poly(NIPAM-co-BMDO)-PEG-poly(NIPAM-co-

BMDO) triblock copolymers revealed the influence of the molecular weight of the 

PEG middle block and composition and molecular weight of the poly(NIPAM-co-

BMDO) side blocks upon both the melting temperature of the PEG chain and glass 

transition temperature of the side blocks. 
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2. Additional experiments 

2.1. Preliminary test of hydrolitic degradation of the triblock copolymers 

 The tests performed showed that, indeed, the synthesized triblock copolymers 

degraded in water at both low temperature (4-8°C) and body temperature (37°C). 

 

2.2. Preliminary tests for the preparation of semiinterpenetrating network hydrogels  

      based on polyNIPAM and biodegradable and biocompatible degradable polymers 

  The properties of the polyNIPAM hydrogels were improved by  mixing in 

various biodegradable and biocompatible degradable polymers. 
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