Contents

Title Page
Dedication

Declaration

Contents

Approval of the Viva
Certificate by the Supervisor
Acknowledgement

List of Symbols

List of Abbreviations

Abstract
Contents

Chapter 1: Introduction
1.1  Different types of polymerization

1.1.1
1.1.2
1.1.3
1.1.4

1.1.5
1.1.6

1.1.7

Ionic Polymerization

Coordination Polymerization

Free radical polymerization

Application and Advantages of Free radical chain

Polymerization

Controlled Radical Polymerization

Different types of Controlled Radical Polymerization

1.1.6.1 Nitroxide Mediated Stable Free Radical
Polymerization

1.1.6.2 Reversible Addition Fragmentation transfer

1.1.6.3 Atom Transfer Radical Polymerization

Kinetics of ATRP

1.2 Literature Review

1.2.1
1.2.2
1.2.3
1.2.4

Specialty Monomers

Furfuryl Methacrylate

Acrylate bearing adamantyl group

Applications of these tailor-made specialty polymers

prepared by ATRP

1.2.4.1 Polymers with controlled end-functionality

1.2.4.2 Polymers with well-defined architecture

1.2.4.3 Post-polymerization modification of the
functional group in the tailor-made polymers

1.3 Scope and Objectives

Chapter 2: Experimental Section
2.1 Introduction
2.2 Materials

2.2.1
222
223
224
225
2.2.6

Monomers
Initiators
Catalysts
Ligands
Solvents

Other Chemicals

X1

Page
No.

i
1l
v
Vi
Vil

Viii

xi

1-29

WD W W N

oo N

10
11
13
15
15
17
18
20

20
21
24

26

31-38
31
31
31
31
31
31
32
32



Contents

2.3 Characterization
2.3.1 Gel Permeation Chromatography
2.3.2  Nuclear Magnetic Resonance Spectrometry
2.3.3  Fourier Transform Infrared Spectroscopy
2.3.4  Matrix-Assisted Laser Desorption Ionization Mass
Spectrometry
2.3.5 UV-vis Spectroscopy
2.3.6 Scanning Electron microscopy
2.3.7 Tensile Properties
2.3.8 Mechanical Properties
2.3.9  Differential Scanning Calorimetry
2.3.10 Thermogravimetric analysis
2.3.11 Dynamic Mechanical Analysis
2.3.12  Measurement of swelling ratio of cross-linked polymers
2.3.13  Chemical crosslink density
2.3.14  Hydrogen Bonded 3-D structure
2.3.15 Reactivity Ratios and Statistical Methods

Chapter 3: Atom Transfer Radical Polymerization of Furfuryl
Methacrylate (FMA): A Thermally Amendable Polymer
3.1 Introduction
3.2 Synthesis
3.2.1. Synthesis of Poly (furfuryl methacrylate) (PFMA) by
ATRP process
3.2.2.  Free Radical Polymerization (FRP) of FMA
3.2.3.  Synthesis of diblock copolymer (PFMA-b-PFMA)
3.3 Results and discussion
3.3.1 Kinetics of polymerization
3.3.2  Characterization of the Polymers
3.3.3.  Diels Alder reaction
3.4. Conclusions
Chapter 4: Atom Transfer Radical Copolymerization of Furfuryl
Methacrylate (FMA) and Methyl Methacrylate (MMA): A Thermally-
Amendable Copolymer
4.1  Introduction
4.2 Synthesis
4.2.1.  Copolymerization of FMA and MMA by ATRP
4.2.2.  Free Radical Copolymerization of FMA and MMA
4.2.3.  Preparation of Crosslinked Polymer via DA Reaction of
PFMA- co-PMMA with Bismaleimide (BM)
4.3 Results and discussion
43.1 Kinetics of polymerization
432 Structural Characterization and Copolymer Composition
4.3.3. Determination of reactivity ratios of FMA and MMA in
ATRcP
4.3.4  Diels Alder Reaction between Furfuryl Group of the
Copolymer and a Bismaleimide
4.4. Conclusions

Xii

32
33
33
33
34

34
34
35
35
36
36
36
37
37
38
38

39-51

39
40
40

41
41
42
42
44
48
51

5368

53
54
54
55
55

55
55
57
60
64

67



Contents

Chapter 5: Use of ‘Click Chemistry’ in the Properties of Polymers
Bearing Reactive Furfuryl Functionality

5.1  Introduction

5.2 Synthesis

5.2.1

523

524

5.25

Synthesis of Poly (furfuryl methacrylate) (PFMA) by
ATRP

Synthesis of Poly (furfuryl methacrylate)-co-Poly (methyl
methacrylate) (PFMA-co-PMMA) by ATRP

Preparation of thermally-reversible cross-linked polymers
(DA reaction)

Retro Diels-Alder Reaction (rDA)

5.3  Results and Discussions

5.3.1
532
534

5.35
5.3.6
5.3.7

Kinetic study of DA and rDA reaction

Solution property of the crosslinked polymers

Mechanical properties of the thermoreversible crosslinked
polymer at high as well as at low temperature
Self-healing Characteristics of Cross-Linked Polymer
Dynamic Mechanical Analysis

Thermal properties of the cross linked polymer

5.4  Conclusions

Chapter 6: Thermoreversible Self-Healing Triblock Copolymer via
Atom Transfer Radical Polymerization (ATRP): as a Smart Polymer
6.1  Introduction

6.2  Synthesis

6.2.1

6.2.2

6.2.3

6.2.4

Synthesis of Difunctional Initiator 1,2-
Bis(bromoisobutyryloxy)ethane (BBiBE)

Synthesis of a, ®- dibromo Poly (ethyl hexyl acrylate)
Macroinitiator by ATRP (Br-PEHA-Br)

Synthesis of PFMA-b-PEHA-b-PFMA (FEF) Triblock
Copolymer by ATRP

Synthesis of Thermoreversible Diels Alder (DA)
Crosslinked Polymer

6.3  Results and Discussion

6.3.1

6.3.2

6.3.3

6.3.4

Synthesis and Characterization of ABA Triblock

Copolymer

Thermal and Mechanical Studies of ABA Triblock

Copolymer

6.3.2.1 Differential Scanning Calorimetry (DSC)

6.3.2.2 Tensile Properties

6.3.2.3 Dynamic Mechanical Properties: Effect of
Temperature

Thermoreversible ABA Triblock Polymer for Self-Healing

Application via Diels Alder Reaction

Thermoreversible Studies of the Self-Healing Triblock

Copolymer

6.3.4.1 DSC studies

6.3.4.2 SEM Studies of the Self-Healing Cross-linked
Smart Polymer

Xiil

69-86

69
71
71

71
72
72
72
72
77
79
81
82

84
85

87-110
87
90
90
90
91
91

92
92

96
96
97
99
100
102

102
103



Contents

6.3.4.3 Solution Properties of the Cross-linked Smart
Polymer
6.3.4.4 Dynamic Mechanical Studies of
Thermoreversible Self-Healing Triblock
Copolymer: Effect of Frequency
6.4. Conclusions

Chapter 7: Highly Thermally Stable Tailor-made Poly (meth)acrylates
Bearing Adamantyl Group via Atom Transfer Radical Polymerization
7.1  Introduction
7.2 Synthesis
7.2.1 Synthesis of Initiators and Monomers
7.2.2 Synthesis of 1-Adamantane Methyl-2-bromo isobutyrate
(AdMBY) (1) (Initiator)
7.2.3 Synthesis of 1-Adamantyl-2-bromo isobutyrate (AdBr) (1)
(Initiator)
7.2.4  Synthesis of 1-Adamantyl Methyl Acrylate (AdMA) (IIT)
(Monomer)
7.2.5  Atom Transfer Radical Polymerizations
7.2.5.1 Polymerization of Methyl Methacrylate using
AdMBr (1) as Initiator
7.2.5.2 Homopolymerization of 1-Adamantyl Methyl
Acrylate (AdMA) (III)
7.2.5.3 Copolymerization of AAMA and MA
7.3 Results and Discussions
7.3.1 Atom Transfer Radical Polymerization of MMA Initiated
with AdMBr (I) or AdBr (II)
7.3.1.1 Kinetic Study of the Polymerization
7.3.1.2 Characterization of the Polymers
7.3.1.3 End group analysis
7.3.2  Atom Transfer Radical Polymerization of 1-Adamantane
Methyl Acrylate (AdMA) (I1)
7.3.2.1 Kinetic Study of the Polymerization
7.3.2.2 Structural Characterization and Copolymer
Composition by NMR
7.3.3 Thermal Properties of Polymers
7.3.3.1 Thermogravimetic Analysis (TGA)
7.3.3.2 Glass Transition Temperature (Tg)
7.4  Conclusions

Chapter 8a: Tailor-made Poly(methyl Acrylate) Bearing Amantadine
Functionality (Amino Adamantyl) via Atom Transfer Radical
Polymerization (ATRP): A Precursor of Supramolecular Crosslinked
Polymer
8a.l Introduction
8a.2 Synthesis

8a.2.1  Synthesis of Monomer, 3-Amino Adamantyl Acrylate

(Am-AdA) (III)
8a.2.2  Atom Transfer Radical Polymerization (ATRP)

Xiv

105

107

109
111-130

111
112
112
113

114

114

115
115

116

116
117
117

118
120
121
123

123
125

126
126
130
130

131-151

131
132
133

135



Contents

8a.2.2.1  Homopolymerization of 3-Amino Adamantyl
Acrylate (Am-AdA) (IIT)
8a.2.2.2  Copolymerization of Am-AdA (III) and Methyl

Acrylate (MA)

8a.2.2.3  Synthesis of the Diblock Copolymer (PAm-
AdA-b-PMMA)

8a.2.2.4  Preparation of Polyglycidyl Methacrylate
(PGMA)

8a.2.3  One-pot Synthesis of Hydrogen Bonded Polymer (VI)
8a.3  Results and Discussion
8a.3.1 Kinetic Study
8a.3.2  Characterization of the Polymers by NMR
8a.3.3 End Group Analysis
8a.3.4 Reaction Between Poly(Amino-Adamantyl Acrylate)
(PAm-AdA) and Polyglycidyl Methacrylate (PGMA): A
Supramolecular Polymer
8a.3.5 DSC Analysis
8a.4 Conclusions

Chapter 8b: Atom Transfer Radical Polymerization (ATRP) of Methyl
Methacrylate using a Functional Initiator Bearing an Amino-
Adamantane
8b.1 Introduction
8b.2  Synthesis
8b.2.1  Synthesis of Initiator, 3-Amino-Adamantyl Isobutyryl
Bromide (Am-AdiBr) (C)
8b.2.2  Atom Transfer Radical Polymerization (ATRP)
8b.2.2.1 Polymerization of MMA Using Am-AdiBr (c)
as Initiator (Am-Ad-PMMA-Br)
8b.2.2.2  Synthesis of Diblock Copolymer (PMMA-b-
PMMA)
8b.3 Results and Discussion
8b.3.1 Kinetic Study
8b.3.2  Characterization of the Polymers
8b.3.3  End Group Analysis
8b.3.4  Thermal Analysis
8b.3.4.1 Thermogravimetric Analysis (TGA)
8b.3.4.2  Glass Transition Temperature (Tg)
8b.4 Conclusions

Chapter 9: Summary and Conclusions

9.1 Summary and conclusions
9.2 Future scope of the study
References
Appendices

Curriculum Vitae

XV

135

135

136

136

137
137
138
141
143
145

150
151

153-166

153
154
154

156
156

156

157
157
160
161
163
163
164
166

167-169
167
168

171-197
-V
VII








