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ABSTRACT 

The remarkable development of polymer synthesis techniques to make complex 

polymers with controlled chain architectures has inevitably demanded the advancement 

of polymer characterization tools to analyze the molecular dispersity in polymeric 

materials beyond size exclusion chromatography (SEC).  In particular, man-made 

synthetic copolymers that consist of more than one monomer type are disperse mixtures 

of polymer chains that have distributions in terms of both chemical heterogeneity and 

chain length (molar mass).  While the molecular weight distribution has been quite 

reliably estimated by the SEC, it is still challenging to properly characterize the chemical 

composition distribution in the copolymers.  Here, I have developed and applied 

adsorption-based interaction chromatography (IC) techniques as a promising tool to 

characterize and fractionate polystyrene-based block, random and branched copolymers 

in terms of their chemical heterogeneity.   

The first part of this thesis is focused on the adsorption-desorption based 

purification of PS-b-PMMA diblock copolymers using nanoporous silica.  The liquid 

chromatography analysis and large scale purification are discussed for the PS-b-PMMA 

block copolymers that have been synthesized by sequential anionic polymerization.  

SEC and IC are compared to critically analyze the contents of PS homopolymers in the 

as-synthesized block copolymers.  In addition, I have developed an IC technique to 

provide faster and more reliable information on the chemical heterogeneity in the as-

synthesized block copolymers.  Finally, a large scale (multi-gram) separation technique 

is developed to obtain “homopolymer-free” block copolymers via a simple 

chromatographic filtration technique.  By taking advantage of the large specific surface 

area of nanoporous silica (≈300m2/g), large scale purification of neat PS-b-PMMA has 

successfully been achieved by controlling adsorption and desorption of the block 

copolymers on the silica gel surface using a gravity column.   

The second part of this thesis is focused on the liquid chromatography analysis 

and fractionation of RAFT-polymerized PS-b-PMMA diblock copolymers and 

AFM studies.  In this study, PS-b-PMMA block copolymers were synthesized by a 

RAFT free radical polymerization process - the PMMA block with a 

phenyldithiobenzoate end group was synthesized first.  The contents of unreacted PS and 

 ii



 

PMMA homopolymers in as-synthesized PS-b-PMMA block copolymers were 

quantitatively analyzed by solvent gradient interaction chromatography (SGIC) 

technique employing bare silica and C18-bonded silica columns, respectively.  In 

addition, by 2-dimensional large-scale IC fractionation method, atomic force microscopy 

(AFM) study of these fractionated samples revealed various morphologies with respect 

to the chemical composition of each fraction.  

The third part of this thesis is to analyze random copolymers with tunable 

monomer sequence distributions using interaction chromatography.  Here, IC was 

used for characterizing the composition and monomer sequence distribution in statistical 

copolymers of poly(styrene-co-4-bromostyrene) (PBr S). The PBr S copolymers were 

synthesized by the bromination of monodisperse polystyrenes; the degree of bromination 

(x) and the sequence distribution were adjusted by varying the bromination time and the 

solvent quality, respectively. Both normal-phase (bare silica) and reversed-phase (C18-

bonded silica) columns were used at different combinations of solvents and non-solvents 

to monitor the content of the 4-bromostyrene units in the copolymer and their average 

monomer sequence distribution. 

x x

The fourth part of this thesis is to analyze and fractionate highly branched 

polymers such as dendronized polymers and star-shaped homo and copolymers.  I 

have developed an interaction chromatography technique to separate polymers with 

nonlinear chain architecture.  Specifically, the IC technique has been used to separate 

dendronized polymers and PS-based highly branched copolymers and to ultimately 

obtain well-defined dendronized or branched copolymers with a low polydispersity.  The 

effects of excess arm-polymers on (1) the micellar self-assembly of dendronized 

polymers and (2) the regularity of the pore morphology in the low-k applications by the 

sol-gel process have been studied.  
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