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Abstract 

Atom Transfer Radical Polymerization (ATRP) is one of the versatile 

techniques of Controlled Radical Polymerization (CRP) which gives finer control 

over molecular weight and polymer architecture. Besides having the advantages of 

Free Radical Polymerization (FRP) i.e. tolerance towards functional groups and 

impurities, ATRP involves uniform growth of polymer chain throughout the 

polymerization hence eliminating termination reaction and side reactions like 

chain transfer etc to minimum extend. 

ATRP was reported simultaneously by Matyjaszewski et al. and Sawamoto 

et al. in 1995. Its initially application was on the synthesis of homopolymers 

having targeted molecular weights with low polydispersity. Gradually, ATRP was 

being used as a successful technique for preparation of copolymers like random, 

gradient, block, triblock, star etc. In recent years, ATRP has been successfully 

employed for the polymerization of various other monomers beside the standard 

ones. ATRP provides the choice to prepare polymers of desired molecular weight 

as well as structure, composition and architecture. 

NMR plays a poignant role in monitoring extends of reaction, checking the 

purity of polymer sample along with its identification and establishing polymer 

microstructure. The combination of newer 2D NMR techniques with the 1 D NMR 

experiments helping determining and detection of end group functionality and 

tacticity. 

The thesis consists of six chapters. The work done in the field "Atom 

Transfer Radical Polymerization" and "NMR of Polymers" has been surveyed and 

its impact on the current status of research being undertaken in the polymer 
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chemistry has been reviewed in Chapter 1. The chapter signifies the importance 

of the research project undertaken in the field of polymer chemistry. A general 

introduction to ATRP, with special emphasis on the mechanism, kinetics and 

importance of the various components involved in the mechanism is covered. Role 

of NMR in ATRP has been evaluated in this chapter. 

Chapter 2 contains the experimental details of synthesis of new ligand i.e. 

Tetramethylguanidino-tris(2-aminoethyl)amine (TMG3-TREN) for copper based 

ATRP and also the synthesis of tris(2-(dimethylamino)ethyl)amine (Me6-TREN). 

The details for synthesis of new initiator, N-2-bromoethyl carbazole (NBC) for 

homopolymerization of N-vinyl carbazole by ATRP and optimization of reaction 

conditions is also provided. The experimental details for the optimization and 

standardization of homopolymerizations, copolymerizations and block reactions 

through ATRP using well known catalysts are reported. 

In the characterization of polymers synthesized, determination of 

molecular weight and molecular weight distribution by Gel Permeation 

Chromatography is provided. The experimental details for the ID 111, 13C{'H}, 

DEPT-45, 90 and 135; 2D Heteronuclear Single Quantum Correlation (HSQC), 

Total Correlation Spectroscopy (TOCSY) and Heteronuclear Multi Bond 

Correlation (HMBC) NMR experiments are incorporated. The theoretical basis 

and the experimental details about the optimization of the reactivity ratios from 

the infeedloutfeed fractions using the least square methodology are also given. 

Chapter 3 deals with the evaluation of catalytic performance of a tripod 

amine ligand i.e. Tetramethylguanidino-tris(2-aminoethyl)amine (TMG3-TREN) 

for copper based ATRP for standard monomers like methyl methacrylate, n-butyl 
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acrylate, styrene and acrylonitrile. Our aim regarding the study of this catalyst was 

to obtain polymers having low polydispersity, predictable molecular weights and 

most of all, good control of polymerizations with reduced amount of catalyst. A 

comparative study of the performance of this catalyst with the already established 

catalyst CuBr/ Me6-TREN was also done. 

The homopolymer poly(methyl methacrylate) (PMMA) synthesized using 

the catalyst CuBr/TMG3-TREN was well-defined both in bulk and solution. 

Comparing the performance of ATRP using Me6-TREN copper complex with 

CuBr/TMG3-TREN, MMA polymerization was more feasible and easy to perform 

with the latter copper complex. 

While the polymerization conducted using TMG3-TREN as ligand for n-

butyl acrylate behaved in the similar pattern as for CuBr/Me6-TREN in terms of 

catalyst concentration and monomer conversion, the main demarcation was that 

all polymerizations using TMG3-TREN occurred at ambient temperature and at 

relatively faster rate. 

The polymerization of styrene using CuBr/TMG3-TREN was not well 

controlled and the curvature observed indicated that termination was not 

negligible. In comparison of these results with those for the same system with 

Me6-TREN as the ligand, the system with Me6-TREN showed better 

controllability and were much faster. 

Well-defined polyacrylonitrile (PAN) has been successfully synthesized 

only by CuBr/2,2'-bipyridine catalyst. On comparing the results with those 

published for the AN polymerization with 2,2'-bipyridine, performance of TMG3- 
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TREN as a ligand for copper based ATRP was on the similar lines with advantage 

of faster polymerization without affecting the molecular weight distribution. 

'H NMR and k3C{1H} NMR substantiated the presence of end groups. The 

isotactic parameters calculated using 13C { ' H] NMR spectra for all the 

homopolymers synthesized indicated that the tacticity remains the same as for 

other ATRP catalysts. 

Chapter 4 contains the NMR studies of methyl methacrylate / n-butyl 

acrylate (M/B) copolymers synthesized by ATRP. Methyl 2-bromo propionate 

was used as the initiator with CuBr/Cu(0)/ N, N, N; N', N'= 

pentamethyldiethylenetriamine (PMDETA) as the catalyst at 60°C. Molecular 

weight distribution determined by GPC showed linear increase in MM, with 

conversion indicating towards a controlled polymerization and low Polydispersity 

Index (PDI) (1.1 <M,,. /M„> 1.4). Copolymer compositions (FM) were calculated 

from 'H NMR spectra. Reactivity ratios calculated using Mao-Huglin terminal 

model at high conversion were found to be rM = 2.17 and rB = 0.47. 

Using two-dimensional HSQC and TOCSY experiments, compositional 

and configurational sequence assignments for M/B copolymers were done. Carbon 

resonances of a-methyl group were assigned upto triad level of compositional 

sensitivity. Methine carbon region of n-butyl acrylate was assigned upto triad 

level of compositional sensitivity based on the 2D HSQC spectral analysis. The 

methylene carbon and proton resonances were assigned up to tetrad level of 

compositional and configurational sensitivity. The assignments were further 

confirmed using 2D TOCSY experiments. 
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2D HMBC studies on these copolymer systems were helpful in the 

assignment of the carbonyl region. The completely assigned 'H NMR spectra 

obtained using the 2D HSQC and 2D TOCSY NMR studies was utilized to make 

assignments in the 2D HMBC spectra. 

The trend followed by FM as the function of conversion indicated that there 

is a significant continuous change in the copolymer composition with conversion. 

i.e. synthesis of gradient copolymers. So, the variation in composition reflected in 

the concentrations of the dyad and triad fractions along with conversion were 

analyzed in methine. methylene and a-methyl carbon region. 

Chapter 5 incorporates the synthesis of block copolymers of n-butyl 

acrylate and methyl methacrylate having targeted M„ ranging from 4000 to 60000 

using ATRP. The aim was to compare the relaxation studies of block of lowest M,z  

(4300) with the higher block (30000) and to perform the structural investigations 

of the block copolymers using both 1D and 2D NMR spectroscopy. 

calculated for both the homopolymers and for block copolymer was 

found to be comparable indicating that the tacticity of block copolymer and that of 

statistical copolymer remains the same. 

The structural investigations were also carried out on the same block 

copolymers to observe the BBM or BMM triads. The block having M„ = 4300 

showed the presence of BBM triad in the carbonyl region in the 13C{'H}NMR 

spectrum. The presence of this triad was confirmed by HMBC spectrum which 

showed the three bond order coupling between the carbonyl carbon of B unit with 

the backbone methylene of M unit. 
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TI relaxation studies were performed at three different temperatures to 

observe the,  change in the internal motion with temperature. As expected, for all 

the side groups as well as for the main chain methylene, methine, carbonyl, 

quaternary and a-methyl carbon of homopolymers and the blocks, TI increased 

with temperature. When comparison of the Ti relaxation values of the blocks with 

the corresponding homopolymers was made, it was found that although the 

backbone methylene (of M unit in the blocks) values were greater than PMMA, 

backbone methylene of B unit in the blocks showed values smaller than that of 

PBA. Similarly, the methine carbon of B unit of the blocks showed the decrease in 

value. 

Chapter 6 contains the optimization of reaction conditions for the 

ATRP of N-vinyl carbazole. For synthesizing poly(N-vinyl carbazole) (PVK) 

under ATRP conditions, the choice of initiator was based on the fact that the 

structure of initiator should be similar with that of monomer so as to have efficient 

initiation. Hence we, proposed to use N-2-bromoethyl carbazole (NBC) as 

initiator. A series of test reactions were performed to optimize and standardize the 

reaction conditions using various combinations of copper halide and suitable 

ligands. 

It was found that with the molar ratio [VCz] : [Cu(I)] : [Cu(II)] : [NBC] : 

[bpy] = 100: 1: 0.3 : 1: 3 and ethylene carbonate as the solvent, 76 % monomer 

conversion was observed in 20 h. The trend of M„ and polydispersity (M,v/M„) 

with percentage conversion for various [Cu(I)]o/[Cu(II)]o  showed that the 

polymerization proceeded in controlled manner. The effect of the addition of 

various initial concentration of deactivating species [Cu(II)]o  on the kinetics, 
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semi-logarithmic plots ln[M]o/[M] vs. reaction time i.e. both t and t213  were 

plotted. 

At 90°C, concentration of catalyst was reduced to 50% relative to initiator. 

As expected, the polymerization was slow but it was really very slow when 

compared to catalyst concentration of 1 equivalent relative to initiator 

To demonstrate the presence of Br at the chain end of the homopolymer, 

PVK was used a macroinitiator i.e. methyl methacrylate monomer was added 

along with CuBr/bpy to a solution of PVK in ethylene carbonate at 70°C. The 

resulting copolymer was block PVK-b-PMMA giving a monomodal curve in the 

GPC. 'H NMR of the polymer also confirmed the block structure. 
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