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ABSTRACT 

The potential of poly(2-hydroxyethyl methacrylate)-random-

poly(2-chloroethyl methacrylate)-block-poly(N-isopropylacryl-

amide) (PHEMA-r-PCEMA-b-PNIPAM) for biological purpose was 

investigated. In this study, the synthetic strategies to prepare this 

copolymer were developed. Initially, PHEMA and PNIPAM were 

synthesized via reversible addition-fragmentation chain transfer 

(RAFT) radical polymerization to obtain a controlled molecular 

weight of the polymer. 4-Cyanopentanoic acid dithiobenzoate 

(CPADB) and 4,4’-azobis(4-cyanopentanoic acid) (ACPA) were 

chosen as the RAFT agent and initiator due to its compatibility with 

both monomers. In order to replace hydroxyl group (-OH) in 

PHEMA macroRAFT with chlorine (-Cl), thionyl chloride (SOCl2) 

was used as chlorinating agent and copolymer of PHEMA-r-

PCEMA was successfully synthesized. The targeted copolymer, 

PHEMA-r-PCEMA-b-PNIPAM, was successfully synthesized by 

polymerizing PHEMA-r-PCEMA with N-isopropylacrylamide 

(NIPAM) monomer. The change of lower critical solution 

temperature (LCST) points for PNIPAM macroRAFT, PHEMA-b-

PNIPAM and PHEMA-r-PCEMA-b-PNIPAM were observed. A 

decreasing trend of temperature was spotted as the copolymer 

hydrophobicity in aqueous solution was increased. Both PHEMA-r-

PCEMA and PHEMA-r-PCEMA-b-PNIPAM were reacted with 

thiolglycerol to form a thioester via thiol-halogen SN2 nucleophilic 

substitution. PHEMA-r-PCEMA-b-PNIPAM potential as protein- 

polymer modification material was investigated by reacting 

PHEMA-r-PCEMA-b-PNIPAM with cysteine. Based on the 
1
H 

NMR result, chlorine (-Cl) was successfully substituted with 

cysteine. Thus, PHEMA-r-PCEMA-b-PNIPAM can potentially be 

used for biological applications. 
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ABSTRAK 

Keupayaan poli(2-hidroksietil metakrilat)-rawak-poli(2-

kloroetil metakrilat)-blok-poli(N-isopropilakrilamida) (PHEMA-r-

PCEMA-b-PNIPAM) untuk tujuan biologi telah dikaji. Dalam 

kajian ini, strategi sintesis untuk menyediakan kopolimer ini telah 

dibangunkan. Pada mulanya, PHEMA dan PNIPAM telah disintesis 

melalui pempolimeran radikal perpindahan rantai penambahan-

penyerpihan berbalik (RAFT) dengan tujuan untuk mendapatkan 

polimer dengan berat molekul yang terkawal. Asid 4-sianopentanoik 

ditiobenzoat (CPADB) dan 4,4'-azobis(4-asid sianopentanoik) 

(ACPA) telah dipilih sebagai agen RAFT dan pemula kerana 

keserasiannya dengan kedua-dua monomer. Untuk menggantikan 

kumpulan hidroksil (-OH) dalam makroRAFT PHEMA dengan 

kumpulan klorin (-Cl), tionil klorida (SOCl2) digunakan sebagai ejen 

pengklorinan dan PHEMA-r-PCEMA kopolimer telah berjaya 

dihasilkan. Kopolimer yang disasarkan, PHEMA-r-PCEMA-b-

PNIPAM, telah berjaya disintesis dengan pempolimeran PHEMA-r-

PCEMA dengan monomer N-isopropilakrilamida (NIPAM). 

Perubahan titik suhu larutan genting lebih rendah (LCST) 

makroRAFT PNIPAM, PHEMA-b-PNIPAM dan PHEMA-r-

PCEMA-b-PNIPAM telah diperhatikan. Penurunan suhu telah 

dikesan apabila tahap hidrofobik kopolimer di dalam berair 

ditingkatkan. Kedua-dua PHEMA-r-PCEMA dan PHEMA-r-

PCEMA-b-PNIPAM telah ditindakbalaskan dengan tiolgliserol 

untuk membentuk tioester melalui penggantian SN2 nukleofilik 

thiol-halogen. Keupayaan PHEMA-r-PCEMA-b-PNIPAM sebagai 

bahan pengubahsuaian protein-polimer telah dikaji dengan 

melakukan tindak balas PHEMA-r-PCEMA-b-PNIPAM dengan 

sisteina. Berdasarkan keputusan 
1
H NMR, klorin (-Cl) telah berjaya 

digantikan dengan sisteina. Dengan itu, PHEMA-r-PCEMA-b-

PNIPAM berpotensi digunakan untuk aplikasi biologi.  
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CHAPTER 1 

 

 

 

INTRODUCTION 

1.1 Background of Study  

The evolution of polymer’s application, especially 

biocompatible polymer in biomedical field attracted researcher’s 

attention to work on it. Since there was no valid method to evaluate 

the material’s biocompatibility, the acceptance of body towards a 

material was the key to evaluate its compatibility to living organisms 

[1].  

From 2-hydroxyethyl methacrylate (HEMA) (1), poly(2-

hydroxyethyl methacrylate) (PHEMA) (2) had been synthesized 

through various polymerisation method. PHEMA (2) was known to 

be a non-toxic polymer which was favourably compatible with 

human’s tissue (biocompatible) and had high content of water. 

Through chemical modification, its physical properties could be 

easily manipulated [2, 3]. PHEMA (2) and its hydrogels had been 

reported to be the first synthetic hydrogel used in the pharmaceutical 

and medical fields [4]. 
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Since 1960, PHEMA (2) had been widely used in a wide 

numbers of application including the soft contact lenses production, 

drug delivery, artificial corneas and degradable scaffolds for tissue 

engineering [5, 6]. Although PHEMA (2) was known as a 

hydrophilic type of polymer and had a high degree of hydration, it 

was insoluble in water [7]. PHEMA (2) swelled considerably in 

water due to the water affinity towards the hydrophilic hydroxyl 

sites [6]. 

One of the products from the chemical modification of 

PHEMA (2) is poly(2-chloroethyl methacrylate) (PCEMA) (3). By 

using chlorination agent, such as thionyl chloride (SOCl2) [8], 

hydroxyl group of PHEMA (2) was substituted by chlorine to obtain 

PCEMA (3). As the result, the physical properties of PHEMA (2) 

tuned from hydrophilic to hydrophobic of poly(2-chloroethyl 

methacrylate) (PCEMA) (3).   
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O
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Many researchers paid overwhelming attention to build up 

new copolymer based on the thermoresponsive polymer over many 

decades ago. This modification of copolymers based on 

thermoresponsive polymer had been reported to increase the 

biocompatible and tuneable response of the properties of the 

copolymers [9].  

From its monomer, N-isopropylacrylamide (NIPAM) (4), a 

novel thermoresponsive and biocompatible polymer, poly-(N-

isopropylacrylamide) (PNIPAM) (5) could be synthesized via 

various methods of polymerization. Interestingly, PNIPAM (5) has 

novel characteristic which is insoluble in aqueous as the temperature 

of the solution increase more than 32
°
C. This characteristic was 

different from other polymers which have their solubility increase as 

the temperature increases. Due to its LCST was approximately 

around human body temperature which is 37
°
C, the application of 

PNIPAM (5) had been widely explored including in tissue 

engineering, drug and gene delivery [10].  
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                         (4)                                            (5) 

 

Controlled radical polymerization (CRP) had been paid off  

with great interest recently in polymer synthesis due to the ability to 

form well-defined structure of polymers with narrow 

polydispersities [11]. Reverse addition-fragmentation chain transfer 

(RAFT) polymerization, one of the CRPs methods, had been widely 

known for its application in polymerisation process. Due to its 

tolerance to huge range of monomer’s functional group, it was 

attractive for its simplicity but can afford to synthesize complex 

architecture of polymers [12] such as stars polymers, hyperbranched 

polymers, block copolymers and higher order supramolecular 

structure. 

Most proteins were known to be chemically and physically 

unstable, which became a barrier on its application in 

pharmaceutical interest [13]. Due to this shortcoming, polymer 

modification on protein had been done and successfully overcame 

the shortcomings in pharmaceutical concern [14]. Thus, huge 

potential of polymer- protein modified material in biomedical 

interest could be discovered further.  
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1.2 Problems Statement 

Many researchers had put much interest in biocompatible 

and biodegradable polymer and their application in medical field. 

The biocompatibility of the polymer gave a lot of benefit especially 

in modern medical field. 

Although a lot of polymers were biocompatible and 

biodegradable, most of them had been found to be lacked in terms of 

degradation and also compatibility to human body. Thus, most of 

them need to be modified so that its properties meet the desired 

need. Poly(2-hydroxyethyl methacrylate) (PHEMA) (2) and poly(N-

isopropylacrylamide) (PNIPAM) (5) has been widely known as 

biocompatible polymer. By incooperating PHEMA (2) with another 

polymer will result increase in mechanical strength and improved 

their biocompatibility. Copolymer consist of PNIPAM (5) had 

turned to have tuneable response. The response can be altered based 

on the different types and properties of copolymers attached on 

PNIPAM (5). The copolymer consists of PCEMA (3) and PNIPAM 

(5) will exhibit different properties from another thermoresponsive 

polymer. The hydrophobicity of PCEMA (3) may alter the 

hydrophilic properties of PNIPAM (5) to form a hydrophobic 

copolymer.  

Due to limitations of conventional polymerization method, it 

is difficult to synthesize polymer to meet specific application. It was 

because, in conventional polymerization method, they have weak 

control over the polymerization process. Because of that, controlled 
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radical polymerization (CRP) was chosen to overcome the 

limitations. Herewith, reverse addition fragmentation chain transfer 

(RAFT) polymerization method is chosen as the main 

polymerization method. It has good control in synthesized polymer 

with small range molecular weight. 

Since most of the polymers were not easily being modified, 

the applications of the polymers were fixed to a number of 

applications. By added a good leaving functional group such as 

chlorine (-Cl), further modification can be introduced that lead to the 

increasing of polymer application. 

1.3 Objectives  

The objective for this experiment is as follow; 

1. To synthesis and characterise homopolymer of PHEMA 

macroRAFT (2) and PNIPAM macroRAFT (5). 

2. To synthesis block copolymer PHEMA-r-PCEMA (9), 

PHEMA-b-PNIPAM (10) and PHEMA-r-PCEMA-b-

PNIPAM (11) by using reverse addition fragmentation chain 

transfer (RAFT) polymerisation. 

3. To compare the change of lower critical solution temperature 

(LCST) of PNIPAM macroRAFT (5) and its block 

copolymer, PHEMA-b-PNIPAM (10) and PHEMA-r-

PCEMA-b-PNIPAM (11) in aqueous solution.  
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4. To investigate the reaction of PHEMA-r-PCEMA (9) and 

PHEMA-r-PCEMA-b-PNIPAM (11) with thiol and cysteine 

(15) via thiol-halogen SN2 nucleophilic substitute for 

modification of polymer as precursor for further 

functionalization.  

 

1.4 Scope of Research 

In this study, we focused on the synthesis of homopolymer of 

PHEMA macroRAFT (2) and PNIPAM macroRAFT (5) along with 

block copolymer of PHEMA-r-PCEMA (9), PHEMA-b-PNIPAM 

(10) and PHEMA-r-PCEMA-b-PNIPAM (11) by using reverse 

addition fragmentation chain transfer (RAFT) polymerisation. 

All the homopolymers were characterised by using 
1
H NMR 

and attenuated total reflectance fourier transform infrared (ATR-

FTIR). While the block copolymers were characterized by using 
1
H 

NMR and HMQC 2D NMR. The response of block copolymers, 

PHEMA-b-PNIPAM  (10) and PHEMA-r-PCEMA-b-PNIPAM (11) 

compared to PNIPAM (5) in term of their LCST point were 

observed to discover any changes of PNIPAM after being modified.  

Then, the presence of chlorine atom in PHEMA-r-PCEMA 

(9) and (PHEMA-r-PCEMA-b-PNIPAM (11) as good leaving group 

were tested on polymer modification by using thiol-halogen SN2 

nucleophilic substitution approached. PHEMA-r-PCEMA-b-
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PNIPAM) (11) ability to react with amino acid containing thiol (-

SH), cysteine, was discovered.  

1.5 Significant of Research 

Since, natural polymer made up from natural resource such 

as carbohydrate and protein have limitation which easily being 

degraded enzymatically and lose their bioactivity, polymer- protein 

modified material was favourable to be used in medical application 

such as in tissue engineering and drug delivery. This was because, 

polymer- protein modified material had longer circulating lifetime, 

reduced immunogenicity and easier to handle. Thus, synthetic 

polymers made up from HEMA (1) and NIPAM (4) had been chosen 

to be used in this polymer- protein modified material because it had 

widely been known to be biocompatible and widely used in medical 

applications. 

Besides that, as the formulation and molecular weight of the 

synthetic polymers can be controlled by the polymerization 

synthesis, such as reverse addition fragmentation chain transfer 

(RAFT) polymerization, therefore, the properties of the polymers 

could met their specific applications. RAFT polymerization has been 

chosen as the polymerization synthesis method due to its ability to 

control the molecular weight of the polymers although in complex 

building of polymer.  
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The presence of chloride (-Cl) which was a good leaving 

group, will let the final product easily being modified to its desired 

need. As we targeted the final product to be introduced in medical 

field application as polymer- protein modified material, amino acid 

and protein containing sulphur such as cysteine and its residue were 

used due to it is possible for chlorine (-Cl) to be substituted by 

sulphur (-SH) to form a thioester. Thus the application of the 

polymer could be optimized. By having good leaving group on 

polymer- protein modified material, the properties of the material 

can be altered to its specific need by introducing specific polymer.  
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