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The Nature of Difference of RAFT-Based and Conventional Copolymers of Acrylonitrile 

The recent progress in the reversible–deactivation radical polymerization (RDRP) is based on 

the successful synthesis of macromolecules with complex architectures, in particular, block- and 

graft-copolymers of various topologies, as well as copolymers with controlled monomer sequence 

distribution. Reversible addition – fragmentation chain transfer (RAFT) polymerization being a type 

of RDRP, can be successfully used for the controlled synthesis of homo- and copolymers of 

acrylonitrile. The advantages of this approach over other RDRP techniques come from: 1) tolerance 

to functional groups of the reagents; 2) use of various types of radical initiation; 3) wide range of the 

polymerization temperatures; 4) synthesis of the polymers with narrow molecular weight 

distribution and desired MWs; 5) control over composition homogeneity in the case of copolymers; 

6) low degree of branching due to suppression of chain transfer to polymer.  

Briefly, this process is based on the multiple repeats of the acts of activation and deactivation of 

propagating radicals (Pn
) via a reversible chain transfer reactions, which is caused by so-called RAFT 

agents of general structure ZC(=S)SR (where Z and R are stabilizing and leaving groups of different 

nature, typically aryl or alkyl):  

 

 
As a result, the macromolecules grow throughout the polymerization, while the irreversible 

termination of propagating radicals (typical for conventional radical polymerization) becomes 

negligible. The kinetic features of RAFT polymerization become similar to living anionic 

polymerization. 

In the batch synthesis, the monomer unit sequence is determined by monomer reactivities (Fig. 

S1) and monomer feed. According to results presented in Figs. S2a, S3, S4a, S5, and S6a, the main 

difference between the samples A3 and B3 (Table S1) comes from MWDs. During polymerization of 



Materials 2020, 13, x FOR PEER REVIEW 2 of 5 

 

sample A3 the MWD becomes broader, while Mn decreases due to decrease of monomer 

concentration. In contrast during polymerization of sample B3 the living features of polymerization 

are observed and Mn increases, while MWD is narrower. Both samples are characterized by random 

monomer distribution. According to our estimations the composition heterogeneity of sample A3 

becomes noticeable after 80 % of monomer conversion, this comes from relatively low concentration 

of AA taken for the synthesis. While sample B3 is characterized by low composition heterogeneity 

due to living mechanism of polymerization. 

In semi-batch polymerization the differences between the samples A2 and B2 includes 

composition heterogeneity along with MWDs. The similar trend in MWDs is observed (Figs. S2b, S3, 

S4b, and S5). Besides, in both samples the macromolecules formed up to middle conversions are pure 

homopolymers, PAN (Fig. S6). In the case of conventional radical polymerization (sample A2), the 

further increase of overall monomer conversion is accompanied by formation of new macromolecules 

comprising units of AA. The higher is monomer conversion, the more pronounced is composition 

heterogeneity. In contrast, in the case of RAFT polymerization (sample B2), the continuous activation 

of propagating radicals results in the formation of diblock copolymer PAN-block-poly(AN-co-AA). 

The higher is monomer conversion, the longer is the block of random copolymer of AN and AA. The 

living mechanism provides composition homogeneity of sample B2, but its significant heterogeneity 

along the macromolecule. 

Finally, in continuous polymerization the situation should be similar to batch polymerization. 

Samples A1 and B1 differ mainly in MWDs (Figs. S2c, S3, S4c, and S5). Both samples are characterized 

by random monomer distribution. Comparing to batch polymerization, it may be noted that the 

monomer sequence is slightly different due to different instant concentration of AA in monomer feed 

(Fig. S6). 

More details about polymer synthesis and characterization for AN and AA RAFT and 

conventional copolymerization using various methods of AA addition can be find in [1,2]. 

Table S1. The method of AA addition. 

Method Sample The method of AA addition 

Conventional radical copolymerization 
A1 Continuous 
A2 Semi-batch 
A3 Batch 

RAFT copolymerization 
B1 Continuous 
B2 Semi-batch 
B3 Batch 

0 50 100

50

100
F

AA

f
AA  

rAA = 0.82±0.26 и rAN = 0.69±0.05 

Figure S1. Dependence of molar fraction of AA in copolymer (FAA) from molar fraction AA in 

monomer feed (fAA) for the copolymers formed at overall monomer conversions less than 10% in 

conventional radical copolymerization in DMSO, T = 55 °C. 
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Figure S2. The SEC curves normalized by unit area for copolymers formed from monomer 

mixture of acrylonitrile and AA in batch (a), semi-batch (b) and continuous conventional 

radical copolymerization (c). 
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Figure S3. Dependence of Mn (a) and dispersity Ð (b) from overall monomer conversion for 

copolymers formed from monomer mixture of acrylonitrile and AA in batch (1), semi-batch 

(2) and continuous conventional radical copolymerization (3). 
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Figure S4. The SEC curves normalized by unit area for copolymers formed from monomer 

mixture of acrylonitrile and AA in batch (a), semi-batch (b) and continuous RAFT 

copolymerization (c). 
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Figure S5. Dependence of Mn (a) and dispersity Ð (b) from overall monomer conversion for 

copolymers formed from monomer mixture of acrylonitrile and AA in batch (1), semi-batch 

(2) and continuous RAFT copolymerization (3). 
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Figure S6. Dependence of molar fraction of AA in copolymer (FAA) from overall monomer conversion 

for the copolymers formed in batch (a), semi-batch (b) and continuous copolymerization (c) via 

conventional radical mechanism (1) and RAFT mechanism (2). 
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