




Organic Polymers in Energy-Environmental Applications





Organic Polymers in Energy-Environmental
Applications

Edited by Ramesh Oraon, Pardeep Singh, Sanchayita Rajkhowa,
Sangita Agarwal, and Ravindra Pratap Singh



Editors

Dr. Ramesh Oraon
Central University of Jharkhand
Ratu-Lohardaga Road
Ranchi
Jharkhand 835205
India

Dr. Pardeep Singh
University of Delhi
PGDAV College
New Delhi
India

Dr. Sanchayita Rajkhowa
Haflong Government College
Haflong
Dima Hasao
Assam 788819
India

Dr. Sangita Agarwal
RCC Institute of Information
Technology
Canal South Road
Kolkata
West Bengal 700015
India

Dr. Ravindra Pratap Singh
Government of India
New Delhi
India

Cover Image: © Login/Shutterstock

All books published by WILEY-VCH are carefully
produced. Nevertheless, authors, editors, and
publisher do not warrant the information
contained in these books, including this book,
to be free of errors. Readers are advised to keep
in mind that statements, data, illustrations,
procedural details or other items may
inadvertently be inaccurate.

Library of Congress Card No.: applied for

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available
from the British Library.

Bibliographic information published by the
Deutsche Nationalbibliothek The Deutsche
Nationalbibliothek lists this publication in
the Deutsche Nationalbibliografie; detailed
bibliographic data are available on the Internet
at <http://dnb.d-nb.de>.

© 2025 WILEY-VCH GmbH, Boschstraße 12,
69469 Weinheim, Germany

All rights reserved (including those of
translation into other languages, text and data
mining and training of artificial technologies or
similar technologies). No part of this book may
be reproduced in any form – by photoprinting,
microfilm, or any other means – nor
transmitted or translated into a machine
language without written permission from the
publishers. Registered names, trademarks, etc.
used in this book, even when not specifically
marked as such, are not to be considered
unprotected by law.

Print ISBN: 978-3-527-35237-1
ePDF ISBN: 978-3-527-84279-7
ePub ISBN: 978-3-527-84280-3
oBook ISBN: 978-3-527-84281-0

Typesetting Straive, Chennai, India

http://dnb.d-nb.de
http://dnb.d-nb.de


v

Contents

Preface xxi
Acknowledgments xxv

1 Organic Polymers: Past and the Present 1
Jyotirmoy Sarma, Subhasish Roy, Bhaskar Sharma, Fredy A. Madukkakuzhy,
Monjumoni Das, and Pallabi Borah

1.1 Introduction and History of Polymers 1
1.2 Classification of Organic Polymers 6
1.3 Synthesis and Properties of Polymers 12
1.3.1 Polyamides 12
1.3.2 Nylon-6,6 12
1.3.3 Nylon-6 13
1.3.4 Polyesters 14
1.3.5 Polyethylene Terephthalate (PET) 14
1.3.6 Polycarbonates 15
1.3.7 Polyurethanes 15
1.3.7.1 Properties of Polyurethanes 16
1.3.8 Epoxy Resin 16
1.3.8.1 Properties of Epoxy Resin 16
1.3.9 Phenol Formaldehyde Resin 17
1.3.9.1 Properties of Phenol Formaldehyde Resin 17
1.3.10 Polyethene 18
1.3.11 Coordination Polymerization 18
1.3.12 Polyvinylchloride 20
1.3.13 Polytetrafluoroethylene (PTFE) 20
1.3.14 Application of Natural Polymers 21
1.3.15 Application of Synthetic Polymers 23
1.3.16 Recent Advances in Organic Polymers 27
1.4 Conclusion and Future Scope 31

References 31



vi Contents

2 Basics of Polymerizations and Application Toward Organic
Materials 37
Abhijit Mahanta, Arpita Joarder, Neha Khetawat, Dipjyoti Dutta,
Panchanan Puzari, and Rekha R. Dutta

2.1 Introduction 37
2.2 Preparation of Covalent Organic Framework (COF) 39
2.2.1 Hydrazone-Based COF 40
2.2.1.1 Boron-Containing COF 40
2.2.1.2 Imide-Based COF 42
2.2.1.3 Imine-Based COF 42
2.2.1.4 Azine-Based COF 42
2.2.1.5 sp2-Hybridized Carbon-Conjugated COF 42
2.2.2 Preparation of Covalent Triazine Framework (CTF) 43
2.2.3 Preparation of Hyper Cross-linked Polymers (HCP) 44
2.2.4 Preparation of Nitrogen-Containing Porous Organic Polymers 45
2.2.5 Preparation of Melamine-Formaldehyde (MF) Spheres 45
2.2.6 Preparation of Nitrogen-Rich Microporous Carbon 45
2.2.7 Preparation of Conjugated Microporous Polymer (CMP) 45
2.2.8 Synthesis of Organic Polymeric Membranes 45
2.3 Application Toward Organic Materials 46
2.3.1 Application of Porous Organic Polymers for Separation of Organic

Gas 46
2.3.2 Catalytic Application of POPs 47
2.3.2.1 Porphyrin-Based Functionalized POPs for Catalytic Application 47
2.3.2.2 Application of Chiral Porous Organic Polymer in Asymmetric

Catalysis 47
2.3.3 Application of POPs as Adsorbent for Volatile Organic Compounds 48
2.3.4 Application of POPs for Chemical Sensor 48
2.4 Conclusions 50

References 50

3 Organic Polymers Fabrication for Solar Cells 55
Sudeshna Kalita, Hemanta Singhania, and Anup Singhania

3.1 Introduction 55
3.1.1 Parameter that Describes the Effectiveness of Solar Cells 56
3.1.2 Generation of Solar Cells 56
3.2 Organic Solar Cells 57
3.2.1 General Considerations 57
3.2.2 Working Mechanism 59
3.2.3 Architecture of OSCs 61
3.2.4 Preparation Techniques 62
3.2.4.1 Spin Coating 62
3.2.4.2 Blade Coating 63
3.2.4.3 Inkjet Printing 65



Contents vii

3.3 The Role of Organic Polymers in Solar Cells and Their Recent
Progress 66

3.4 Conclusion 79
References 80

4 Supercapacitor Energy Storage Incorporating Conjugated
Microporous Polymer 93
Benjamin Raj, Arun Kumar Padhy, Atimanyu Dey, Ramesh Oraon, and
Mamata Mohapatra

4.1 Introduction 93
4.1.1 Challenges 94
4.2 Microporous Polymer Material 95
4.3 Conclusion 107

Conflicts of Interest 107
References 107

5 Modification of Surface Properties of Polymeric Materials:
Methodological Approaches and Applications 111
Akhi Das, Swrangsi Goyary, Sukanya Gogoi, Swaraj Pathak, and
Nilamoni Nath

5.1 Introduction 111
5.2 Physical Treatment for Polymer Surface Modification 113
5.3 Chemical Treatment for Polymer Surface Modification 115
5.4 Plasma Treatment for Polymer Surface Modification 119
5.4.1 Addition of Functional Group on Polymer Surfaces 119
5.4.2 Introduction of Roughness on the Polymer Surface 121
5.4.3 Formation of Crosslinking 121
5.5 Corona Treatment for Polymer Surface Modification 122
5.5.1 Modification in the Top Layer 125
5.5.2 Factors Affecting the Course and Effectiveness of Corona

Treatment 126
5.5.2.1 Parameters Controlling Optimum Treatment 126
5.5.2.2 Remedies and Causes of Treatment by Reverse Lateral 126
5.5.2.3 Effects of Additives in Corona Treatment 126
5.5.2.4 Treatment Time 126
5.5.2.5 Aging 127
5.6 UV Treatment for Polymer Surface Modification 127
5.7 Surface Patterning Treatment for Polymer Surface Modification 129
5.7.1 Instability-Induced Polymer Patterning 129
5.7.2 Patterning by Dewetting 130
5.7.3 Patterning by Evaporation 131
5.7.4 Patterning by Electric Field Gradient 132
5.7.5 Patterning by Thermal Gradient 132
5.7.6 Photolithography 133
5.7.7 Patterning by Block Copolymers 134



viii Contents

5.7.8 Microcontact Printing 134
5.7.9 Nanoimprinting Lithography 135
5.7.10 Laser Surface Texturing (LST) 135
5.8 Thermal Annealing Treatment for Polymer Surface Modification 137
5.9 Conclusion 138

Abbreviations 139
References 140

6 Organic Polymers as Potential Catalysts 153
Saponjeet Borah, Rajkanya Das, Bitap R. Thakuria, Pulakesh Das, and
Bedanta Gogoi

6.1 Introduction 153
6.1.1 Organic Polymer Photocatalysis (OPP) 153
6.1.2 The Mechanism of Photocatalysis 154
6.2 Recent Development of Porous Organic Polymer (POP) 156
6.3 Metal–Organic Framework (MOF)-Based Heterogeneous Catalysis 157
6.3.1 MOFs Chemistry 157
6.3.2 Active Sites of MOFs for Heterogeneous Catalysis 158
6.3.3 Active Sites at Organic Linkers 159
6.3.4 MOFs-Based Composites for Heterogeneous Catalysis 160
6.3.5 MOF-Molecular Species Composites 160
6.3.6 MOF–Metal Nanoparticle Composites 160
6.3.7 MOF–Polyoxometalate Composites 161
6.3.8 MOF–Enzyme Composites 161
6.3.9 MOF-Based Heterogeneous Polymerization Catalysts 162
6.4 Reversible Deactivation Radical Polymerization (RDRP) 162
6.5 Coordination Polymerization 163
6.6 Covalent Organic Frameworks (COFs)-Based Heterogeneous

Catalysis 163
6.6.1 COFs Chemistry 163
6.6.2 Structural Origins of COFs for Various Heterogeneous Catalyses 164
6.6.3 Classification of COFs-Based Catalyst 164
6.6.4 Applications of COFs as Heterogeneous Catalyst 165
6.6.4.1 COFs with Reactive Skeletons for Heterogeneous Catalysis 165
6.6.4.2 COFs with Reactive Pendant Groups for Heterogeneous Catalysis 166
6.6.4.3 COFs with Reactive Metals for Heterogeneous Catalysis 167
6.6.4.4 COFs with Molecular Catalysts for Heterogeneous Catalysis 168
6.7 Polymer-Based Homogeneous Catalysis 168
6.8 Conclusion 169

References 169

7 Environmental Fate of Water-Soluble Cellulosic-Polymer-
Based Composites 175
Bugra K. Debbarma, Sanghamitra Deka, Darshan Pegu, Golam Mohiuddin,
and Prasanta Baishya

7.1 Introduction 175



Contents ix

7.2 Starch: A Widely Known Water-Soluble Polymer 177
7.2.1 Structure of Starch 177
7.2.2 Advantages and Drawbacks of Starch as a Polymer 178
7.2.3 Modification of Starch 179
7.2.3.1 Grafting 180
7.2.3.2 Blending 181
7.2.3.3 Crosslinking Agent 182
7.2.3.4 Plasticizers 184
7.2.3.5 Use of Nanofillers 184
7.3 Carboxymethyl Cellulose (CMC) 185
7.3.1 Structure and Synthesis 186
7.3.2 Advantages of CMC 187
7.3.3 Drawbacks of CMC 188
7.3.4 Modification of CMC 188
7.4 Properties of Water-Soluble Polymer-Based Composites 189
7.4.1 Mechanical Properties 189
7.4.2 Thermal Resistance Properties 190
7.4.3 Water Resistance and Dimensional Properties 191
7.4.4 Chemical Resistance Properties 191
7.5 Conclusion and Future Prospects 192

References 193

8 Future Roadmap of Organic Polymers 201
Chanchal Bhardwaj, Manisha Sharma, Pinki R. Agrawal, Chankit Kaushik,
Rahul Sharma, and A.K. Sharma

8.1 Introduction 201
8.1.1 Hypercross-linked Polymers (HCPs) 201
8.1.2 Aromatic Frameworks with Pores (PAFs) 202
8.1.3 Covalent Organic Frameworks (COFs) 203
8.2 Polymers of Intrinsic Microporosity 203
8.2.1 Water Purification 204
8.2.2 Catalysis 205
8.2.3 Supercapacitors 206
8.2.4 Removal of Organic Pollutants from Water 207
8.2.5 Template Synthesis Methods of Porous Organic Polymers 207
8.2.6 Reaction Elaborated in the Chemical Synthesis of Porous Organic

Polymers 208
8.3 Conclusion 208

References 210

9 Covalent–Organic Frameworks (COF): An Advanced
Generation of Reticular Organic Polymers for Energy and
Environmental Applications 215
Adhithya Ravi, Athira J. Ajith, and Abhijeet K. Chaudhari

9.1 Introduction 215



x Contents

9.2 Synthesis 216
9.3 COFs as Thin Films 216
9.4 Polygon Skeletons 217
9.5 Pore Engineering 217
9.5.1 Pore Design 221
9.5.2 Increasing the Vulnerability of the Active Sites 221
9.5.3 Pore Surface Engineering for Environmental Application 221
9.6 Thermal Stability 223
9.7 Advantages Over Conventional Polymers 223
9.8 Backbone Modifications 223
9.8.1 Linkage Conversion 223
9.8.2 Linker Changing 224
9.9 Functional Group Changes 225
9.9.1 Inverse Vulcanization 225
9.9.2 Thiol-ene Rx 225
9.10 COFs on Different Scales 226
9.11 Terracotta Process 226
9.12 Pyrolysis of COFs 226
9.13 COFs in Mitigation of Pollutants and Organic Dyes 227
9.14 COFs for Energy Applications 228
9.14.1 Hydrogen Evolution Reaction (HER) 228
9.14.2 Oxygen Evolution Reaction (OER) 228
9.14.3 Oxygen reduction Reaction (ORR) 229
9.14.4 Bifunctional OER/ORR Catalysts 229
9.14.5 Carbon Dioxide Reduction Reaction (CO2RR) 229
9.15 COFs in Batteries and Supercapacitors 230
9.16 Batteries 231
9.16.1 COFs as Electrode Materials 233
9.16.2 Battery Additives and Functional Separators 233
9.17 Supercapacitors 234
9.18 Electrochemical Sensors 235
9.19 Proton-Exchange Membrane Fuel Cells (PEMFC) 236
9.19.1 Low-Temperature Conductivity 236
9.19.2 Degradation 236
9.20 Conclusion 236

References 237

10 A Multifunctional Polymer – POLYOX – and Its Uses as a
Novel Drug-Delivery System 243
Preeta Bose, Dibya Das, Devlina Pal, Pintu K. De, and Himangshu S. Maji

10.1 Introduction 243
10.1.1 Grades of POLYOX 245
10.2 Advantages of Using POLYOX 245
10.3 Physical and Chemical Constituents 245
10.3.1 Pharmaceutical Property 246



Contents xi

10.3.2 Characteristics 247
10.4 Release Mechanism 249
10.5 Ocular Drug Administration 251
10.5.1 POLYOX in Osmotic Pump Systems 252
10.6 Drug Delivery for the Gastroretentive System 252
10.7 Film with a Fast Turnaround Time 253
10.8 Extended Duration of Effect 254
10.9 Regulatory Aspects of POLYOX 255
10.10 The Consistency of POLYOX 255
10.11 Conclusion 256

References 256

11 Green Synthesis of Polymers and Its Application in
Industry 261
Raja Chakraverty, Dibya Das, and Tatini Debnath

11.1 Introduction 261
11.2 Polymer 262
11.2.1 Naturally Occurring Polymer 263
11.2.1.1 Natural Polymer Examples 263
11.2.2 Synthetic Polymer 264
11.2.3 Types of Synthetic Polymers with Examples 264
11.2.3.1 Nylon 264
11.2.3.2 Polyvinyl Chloride 264
11.2.3.3 Low-Density Polyethylene 264
11.2.3.4 Polypropylene 264
11.2.4 Natural Polymer 265
11.2.5 The Strategic Green Synthesis and Their Application 266
11.2.5.1 Developing Polymer Raw Materials 266
11.3 The Difference Between Degradable and Biodegradable Polymer 266
11.3.1 Degradable Polymer 266
11.3.2 Biodegradable Polymer 267
11.3.3 Biodegradable Polymers Classification 267
11.3.4 Compostable Plastic 268
11.3.5 Pipeline to Green Polymers 271
11.3.6 Green Reactions 271
11.3.7 Green Processing 271
11.3.8 Greening of Synthetic Raw Materials 272
11.3.9 Green Catalyst 272
11.3.10 Application of the Synthetic Polymer Materials 273

References 274

12 Organic Polymers and Their Role in Pharmaceutical and
Chemical Industries 279
Raja Chakraverty, Dibya Das, and Tatini Debnath

12.1 Natural Polymers: Inorganic and Organic 279



xii Contents

12.2 Synthetic Organic Polymers 279
12.3 Synthetic Polymers in Everyday Use 280
12.4 Synthetic Polymers Types 280
12.4.1 Polyethylene (Low Density) 280
12.4.2 (Polyethylene of High Density) 280
12.4.3 (Polypropylene) 281
12.4.4 (Polyvinyl Chloride) 281
12.4.5 Polystyrene 281
12.4.6 Nylon 281
12.4.7 Teflon 281
12.4.8 Thermoplastic (Polyurethane) 282
12.5 Addition Reactions 282
12.5.1 Electrophilic Addition 282
12.5.2 Nucleophilic Form (an Addition Reaction) 283
12.5.3 Free Radical 283
12.5.4 Condensation Reactions 283
12.5.5 Condensation Polymerization Reactions 284
12.6 Polymerization Method 284
12.6.1 Homogeneous Polymerization 284
12.6.2 Dispersion Polymerization 285
12.7 Polymers and Their Uses in Pharmaceutical and Chemical Industry 286
12.8 Polymeric Hydrogels 286
12.9 Conclusion and Future Scope 287
12.10 Future Scope 291

References 291

13 Current Trends in Organic Polymers and Nutraceutical
Delivery 293
Sudeepto Biswas, Senjuti Bhattacharjee, Sukanta Roy, Dibya Das,
Sourav Das, Panchali Dasgupta, Himangshu S. Maji, Subhasish Mondal,
and Anirbandeep Bose

13.1 Introduction 293
13.1.1 Nutraceutical and Its Global Progression 293
13.1.2 Classification of Nutraceuticals 294
13.1.3 Nutraceutical and Its Challenges in Delivery 294
13.2 Current Advancements in the Polymeric Delivery System for

Nutraceuticals 296
13.2.1 Polymers Used in Different Nutraceutical Delivery 296
13.2.1.1 Synthetic Polymers 296
13.2.1.2 Natural Polysaccharides 300
13.2.2 Different Nutraceutical Delivery Systems 302
13.2.2.1 Liposomes 302
13.2.2.2 Solid-Lipid Nanoparticle 304
13.2.2.3 Phytophospholipid 305
13.2.2.4 Biphasic System 305



Contents xiii

13.2.2.5 Self-emulsifying Delivery Systems 306
13.3 Scope of Developing New Polymeric Nutraceutical Delivery 307
13.3.1 Enhanced Medication Delivery Method Brought About by the Presence

of Chitosan on Nanoparticle Surfaces 307
13.3.2 Addition of Protein Nanohydrogels in the Drug-Delivery System 307
13.3.3 Supersaturating Drug-Delivery System 308
13.3.4 Development of Drug-Delivery System Through Microfluidic 308
13.4 Conclusion and Future Prospects 308

References 309

14 Conducting Organic Polymers Used in Biosensors for
Diagnostic and Pharmaceutical Applications 313
Ritambhara Dash, Aritri Das, and Arnab S. Bhattacharyya

14.1 Introduction 313
14.2 Processibility and Sensitivity Issues 314
14.3 Side Chain and π-Electron Backbone 314
14.4 Polarons, Bipolarons, and Solitons 315
14.5 Doping in CPs 316
14.6 CPs for Biosensing 317
14.7 Oxidation and Charge Transfer 318
14.8 Color Change in PDA Polymers 318
14.9 Ionic Detection 319
14.9.1 Cation Detection 320
14.9.2 Anion Detection 320
14.10 Conductometry 321
14.11 Enzyme Entrapment 321
14.12 DNA Sensing 322
14.13 Hydrogel-Based Biosensors 322
14.14 Urea and Melamine Detection 323
14.15 Summary 323

References 323

15 Organic-Polymer-Based Photodetectors: Mechanism and
Device Fabrication 333
Nasrin Sultana, Indranee Hazarika, and Bedanta Gogoi

15.1 Introduction 333
15.1.1 Types of Photodetectors 333
15.1.2 Mechanism involved in the Photodetection 334
15.1.3 Materials 335
15.1.4 Photodetector Parameters 335
15.1.4.1 Responsivity 335
15.1.4.2 Noise-Equivalent Power (NEP) 336
15.1.4.3 Detectivity 336
15.1.4.4 Quantum Efficiency 336
15.1.4.5 Detector Response Time 336



xiv Contents

15.1.4.6 Spectral Response 337
15.2 Organic-Polymer-Based Photodetector 337
15.2.1 Working Principle of Organic Photodetector 337
15.2.2 Basic Device Architecture of Organic Photodetector 338
15.2.3 Advanced Organic-Polymer-Based Photodetectors 339
15.2.4 Perovskite/Polymer Conjugate Photodetectors 341
15.2.5 Polymer–Metal Oxide-Based Photodetector 343
15.2.6 Polymer–Graphene Oxide (GO)/Reduced Graphene Oxide (rGO)

Conjugate Photodetectors 345
15.3 Conclusion 348

References 349

16 Organic-Solvent-Resistant Polymeric Membranes for
Emerging Application in Separation Science 355
Chinmoy Bhuyan, Prarthana Bora, Parashmoni Rajguru, Achyut Konwar,
and Swapnali Hazarika

16.1 Introduction 355
16.2 Importance of Organic Polymers in Separation Science 356
16.3 OSR Membranes: Materials and Classifications 357
16.3.1 Inorganic Membrane Materials 357
16.3.2 Organic Membrane Materials 358
16.3.3 Conjugated Microporous Polymers (CMPs): Trending Novel Membrane

Materials 358
16.4 Types of Membrane Used for the Treatment of Organic Solvent 359
16.4.1 Pervaporation (PV) 359
16.4.2 Organic Solvent Nanofiltration (OSN) 360
16.4.3 Organic Solvent Reverse Osmosis (OSRO) 360
16.4.4 Organic Solvent Forward Osmosis (OSFO) 361
16.4.5 Organic Solvent Ultrafiltration (OSU) 361
16.5 Modifications in Designing Membrane for Organic Solvent

Purification 361
16.5.1 Integrally Skinned Asymmetric (ISA) Membranes 363
16.5.2 Thin-Film Composite (TFC) Membranes 364
16.5.3 Mixed Matrix Membranes (MMMs) 365
16.6 Application of OSR Polymeric Membranes in Different Industrial

Processes 365
16.6.1 Separation of Organic Solvent from Solvent Mixtures 366
16.6.2 Food Processing 367
16.6.3 Wastewater Treatment 367
16.7 Commercial OSR membrane 368
16.8 Current Status of OSR Membrane 370
16.9 Conclusion 371

References 371



Contents xv

17 Biodegradable Organic Polymers for Environmental Protection
and Remediation 381
Adhithya S. Santhosh, Sreehari Suresh, Mridul Umesh, Liya M. Stanly,
Sneha Grigary, and Nilina James

17.1 Introduction 381
17.1.1 Environmental Concerns Raised by Synthetic Materials 381
17.1.2 Biodegradable Polymers: Significance and Prospects 382
17.1.3 Waste Valorization, a Crucial Strategy for Sustainable Production 382
17.2 Role of Organic Biodegradable Polymers in Environmental

Bioremediation 383
17.2.1 Plant-Based Polymers for Environmental Remediation 383
17.2.1.1 Cellulose and Cellulose Derivatives 383
17.2.1.2 Starch and Starch Derivatives 386
17.2.2 Animal-Based Polymers for Environmental Remediation 387
17.2.2.1 Chitin and Chitosan 387
17.2.2.2 Keratin and Keratin Derivatives 390
17.2.3 Microbe-Based Polymers for Environmental Remediation 392
17.2.3.1 Polyhydroxyalkanoates 392
17.2.3.2 Levan 393
17.3 Conclusion 395

References 395

18 Application of Organic Polymers in Agriculture 403
Deepak Kumar, Nandni Sharma, Raman Tikoria, Sandeep Kour, Mohd. Ali,
Parkirti, Roohi Sharma, and Puja Ohri

18.1 Introduction 403
18.2 Organic Polymers as Soil Conditioners/Stabilizers 405
18.3 Organic Polymers and Agrochemicals Delivery 407
18.4 Organic Polymer and Heavy Metal Toxicity 409
18.5 Organic Polymers and Other Plant Stress 411
18.5.1 Salinity Stress 411
18.5.2 Temperature Stress 413
18.5.3 Flooding Stress 414
18.5.4 Biotic Stress 414
18.6 Superabsorbent Organic Polymer and Agriculture 415
18.6.1 Superabsorbent Hydrogels and Water Retention 416
18.6.2 Superabsorbent Polymers and Drought Stress 416
18.7 Conclusion 419

References 419

19 Porous Organic Polymers as Potential Catalysts 433
Manisha Sharma, Chanchal Bhardwaj, Pinki R. Agrawal, Chankit Kaushik,
Rahul Sharma, and Ashok. K. Sharma

19.1 Introduction 433
19.2 Synthesis of POP Catalyst 434



xvi Contents

19.2.1 Radical Polymerization 434
19.2.2 Free Radical Reactions 435
19.2.3 Sonogashira Coupling 435
19.2.4 Miscellaneous 435
19.3 Advantageous Features of POPs 436
19.4 Principle 436
19.5 Properties and Functions 437
19.6 Porous Organic Polymer as the Catalyst 438
19.6.1 Degradation of Organic Pollutants 438
19.6.2 Hydrogen Evolution 439
19.6.3 Reduction of Carbon Dioxide 440
19.6.4 Water Splitting 441
19.6.5 Oxidation 441
19.6.6 Miscellaneous 441
19.7 Conclusion 443

References 443

20 Developing Trend in Organic Polymer Science 447
Jyoti Sarwan, Arfat P. Dar, Deeksha, Komal Mittal, and Jagadeesh C. Bose K

20.1 Introduction 447
20.1.1 What Are Polymers? 449
20.1.2 Types of Polymers 449
20.1.3 What Are Organic Polymers? 449
20.1.4 Advantages and Disadvantages of Organic Polymers 450
20.2 Applications of Organic Polymers 451
20.2.1 In Biomedical Field 451
20.2.1.1 Applications of Polymers in the COVID-19 Pandemic Crisis for Medical

Care 452
20.2.2 In Agriculture Field 453
20.2.2.1 Organic Polymers and Their Applications in Agriculture 453
20.2.3 Bioremediation 456
20.3 Purification of Drinking Water 459
20.4 Conclusion 459

References 460

21 Functionalization and Characterization of Organic
Polymers 465
Ritu Raj, Subhashri Dutta, Rajan Singh, Vikash Kumar, and Gajendra P. Singh

21.1 Introduction 465
21.2 Synthesis of Functionalized Organic Polymer 465
21.2.1 Direct Polymerization 465
21.2.1.1 End-Functionalized Polymerization 465
21.2.1.2 In-Chain Functionalized Polymerization 466
21.2.2 Post-polymerization 467
21.3 Transformation of Functional Group 468



Contents xvii

21.3.1 Transforming in Conducting Polymers 469
21.4 Characterization of Functional Organic Polymer 470
21.4.1 Nuclear Magnetic Resonance Spectroscopy 473
21.4.1.1 NMR-1H 473
21.4.1.2 NMR-13C 476
21.4.2 Characterization and Physical Structure 476
21.4.3 FTIR 478
21.4.4 Raman Spectroscopy 479
21.4.5 UV-Visible Spectroscopy 481
21.4.6 Thermal Analysis 483
21.4.7 Mechanical Testing and Rheometric Analysis 486

References 487

22 Organic Polymers for Adhesive Applications: History, Progress,
and the Future 491
Samiran Upadhyaya, Madhabi Devi, Saponjeet Borah,
and Neelotpal S. Sarma

22.1 Introduction 491
22.2 History and Developments 492
22.3 Classifications of Adhesives 494
22.3.1 Based on the Origins 495
22.3.1.1 Natural Adhesives 495
22.3.1.2 Synthetic Adhesives 495
22.3.2 Based on the Dispersion Medium 496
22.4 Adhesive Characterization Techniques 497
22.5 Adhesive Efficiency and Strength Test 497
22.5.1 Specimen Failures During Adhesive Strength Tests 498
22.6 Applications of Adhesives 498
22.6.1 Use of Adhesives in Industrial Sectors 498
22.6.2 Application of Adhesives in Medical and Pharmaceuticals 503
22.7 Commercial Aspects of Adhesives 504
22.8 Advanced Adhesive Formulations for Environment Sustainability and

Applications in the Energy Sector 505
22.8.1 Use of Organic Adhesives for Environment Sustainability 505
22.8.2 Applications of Organic Adhesives in the Energy Sector 507
22.9 Disadvantages of Organic Adhesives 508
22.10 Conclusion 509

References 509

23 Remediation of Environmental Toxins with Porous Organic
Molecules 513
Shambhawi Singh, Jyoti Sarwan, Shilpa Shalini, Nazim Uddin, Komal Mittal,
and Jagadeesh C. Bose K

23.1 Introduction 513



xviii Contents

23.2 Parameters of Oxygen-Rich POPs in Dye Adsorption from Water
Sources 517

23.3 TALPOPs Include Reversible Iodine Detection and Extraction 519
23.4 Sulfur- and Nitrogen-Rich Hierarchically POPs for Adsorptive Expulsion

of Mercury 520
23.5 Novel N-Enriched Covalent Crystalline POPs for Efficient Removal of

Cadmium 521
23.6 Novel Phenyl-Phosphate-Based POPs for the Elimination of

Pharmaceutical Water Contaminants 522
23.7 Nano-architecture POPs in the Elimination of Toxic Metal Ions 524
23.8 PSM (Post-synthetic Modification) 525
23.8.1 Bottom-Up Method 525
23.9 POPs for Gas Extraction, Segregation, and Transformation 526
23.10 Hydrogen 526
23.11 Methane 527
23.12 Carbon Dioxide 527
23.13 Conclusion 528

References 530

24 Versatile Applications of Organic Polymer and Their
Prospects 535
Shreya Sahani, Jyoti Sarwan, Komal Mittal, Richa Chaurasia,
Kanchan Kumari, Nazim Uddin, and Jagadeesh C. Bose K

24.1 Introduction 535
24.2 Characteristics of Organic Polymer 537
24.3 Methods and Preparation 540
24.4 Properties and Characteristics of Organic Polymers 541
24.5 Types of Organic Polymers 542
24.5.1 Porous Organic Polymers (POPs) 542
24.5.2 Covalent Organic Polymer (COPs) 543
24.5.3 Nanomedicines 545
24.5.4 Applications of Organic Polymer 545
24.6 Polymeric Co-delivery Systems in Cancer Treatment 548
24.7 Recent Clinical Research of Organic Polymers 549
24.8 Current Scenario of Organic Polymers 551
24.9 Future Perspectives of Organic Polymer 551
24.10 Conclusion 551

References 552

25 Transdermal Drug Delivery and Organic Polymers: Current
Scenario and Future Prospects 555
Sukanta Roy, Sourav Das, Dibya Das, Himangshu S. Maji, Anirbandeep Bose,
Senjuti Bhattacharjee, Sudeepto Biswas, and Subas Chandra Dinda

25.1 Transdermal Drug Delivery System (TDDS) and Current Scenario 555
25.2 Navigating the Complexities of Transdermal Delivery 556



Contents xix

25.3 Structural Overview of Transdermal Delivery Systems 557
25.3.1 Key Optimizing Principles for Designing a Transdermal Delivery

System 558
25.3.1.1 Reservoir Systems 558
25.3.1.2 Microreservoir Systems 558
25.3.1.3 Matrix Systems 558
25.3.1.4 Matrix-Dispersion System 558
25.3.1.5 Polymer Matrix/Drug Reservoir 559
25.3.2 Characterization of Drug Molecules for Transdermal Delivery 560
25.3.2.1 Characterization of Physicochemical Properties 560
25.3.2.2 Characterization of Biological Properties 560
25.3.3 Investigating the Properties of Various Permeation Enhancers for

Transdermal Delivery 560
25.3.3.1 Chemical Permeation Enhancers 560
25.3.3.2 Physical Permeation Enhancers 561
25.3.3.3 Other Permeation Enhancers 562
25.3.4 Pressure-Sensitive Adhesives (PSAs) 562
25.3.5 Optimization of Suitable Backing Membrane 562
25.3.6 Release Liner 563
25.3.7 Other Excipients 563
25.4 Exploring Different Organic and Synthetic Polymer-Based Strategies for

Transdermal Drug Delivery 565
25.4.1 Cellulose 565
25.4.2 Dextran 565
25.4.3 Chitosan 566
25.4.4 Silicone 566
25.4.5 Acrylic Polymers 566
25.4.6 Styrene-Block-(Ethylene-co-Butylene)-Block-Styrene (SEBS)

Copolymers 567
25.4.7 Polycaprolactone (PCL) 567
25.4.8 Polyvinylpyrrolidone (PVP) 568
25.4.9 Sodium Alginate 568
25.4.10 Pullulan 569
25.5 Conclusion and Future Prospects 569

References 570

Index 577





xxi

Preface

Polymers, natural or synthetic, have changed the lifestyle of each individual through
their immense application in almost every field. The first polymer discovered (early
nineteenth century) was completely natural and derived from “Rubber” plants.
It was known to have been used by the indigenous people in South America for
centuries. Then, in 1839, Charles Goodyear successfully vulcanized the rubber
by cross-linking the polymeric chains that impart strength to it. The year 1907
marked a special achievement in producing the first synthetic polymer that
was resistant to heat and electric current and used in various materials. It was
named after the creator Leo Baekeland as “Bakelite.” Since then, there have been
a series of remarkable discoveries in this budding field: polyethylene (1930s),
nylon (1930s), polyester and PET (1940s), polypropylene (1950s), high-density
polyethylene (HDPE) (1950s), and polycarbonate (1950s), to name a few. Since
the mid-twentieth century, a significant advancement in polymer science and
engineering has occurred, leading to novel and improved polymeric materials and
applications. Although these polymers are of great use to humankind, they also
have an adverse impact on the environment as they are not biodegradable and
have been persistent for centuries. In the late twentieth century, the discovery of
biodegradable polymers revolutionizes polymeric research and science. In recent
years, research has focused on creating advanced polymers with unique properties,
such as conducting polymers for electronics, smart polymers, biodegradable
polymers, biopolymers advanced polymer blends and composites, 3D printing,
polymeric nanoparticles, and polymers for energy storage that respond to environ-
mental changes. The deployment of organic polymers has surpassed the traditional
applications and can be seen in advances in imaging technology such as bioimag-
ing, oil absorption, tissue engineering, and self-healing nanometer coatings in
automobile and domestic housing. The recent advancements in organic polymers
are expanding the range of applications and addressing important challenges,
including environmental sustainability and improved performance across various
industries.

The inception of this book was based on numerous applications and a plethora
of research advancements in this field. The add-on factor of biodegradability to
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polymers has motivated us to dive into the depth of the knowledge. With this
view, we attempted to comprehend the subject matter for our audience, includ-
ing students, researchers, academicians, and scientists. The editors Dr. Ramesh
Oraon (Central University of Jharkhand), Dr. Pardeep Singh (Delhi University),
Dr. Sanchayita Rajkhowa (Haflong Govt. College, Assam, India), Dr. Sangita
Agarwal (RCC Institute of Information Technology, Kolkata), and Dr. R.P. Singh
(Central Public Works Dept., New Delhi) were keen to publish a handy material
on this burning topic with elaborate details starting from its history, development,
applications, and future aspects.

Chapter 1 starts with a basic introduction and history of organic polymers. It also
offers a comprehensive summary of the basis of polymerization methodologies for
synthesizing organic polymers, with recent developments describing the various
applications of such materials. Functionalization and characterization of organic
polymers demonstrate that the generation of hydrogels and their rheological
properties were significantly influenced by the alteration of carboxylates in high
molecular mass heparin (HMWH) with various maleimide groups and with
thiol-derivatization of PEG crosslinker. In Chapter 2, the progress of porous organic
polymers (POPs) as a potential catalyst in various applications like water splitting,
CO2 capture, and degradation of organic pollutants, among others, along with
the various synthetic processes of POP catalysts as well as their properties and
potential applications, are broadly discussed. The subsequent chapters 3, 4, 10, 14
and 18 comprehensively understand organic polymers in photodetectors, energy
storage and solar cells, agriculture, pharmaceuticals, drug delivery systems, etc.
There is a great emphasis on green synthesis of organic polymers and their appli-
cation in environmental remediation (Chapter 11). Another chapter (Chapter 22)
provides information about the history, the current research scenario, and the
future scope of organic polymer-based adhesives. Owing to their diverse functions
and utility, there is a blossoming resurgence of modified polymers in science
and technology. In this regard, the methods of polymeric surface modification
and their applications, along with the prospects in the future, are also discussed
(Chapter 5). A few chapters (Chapters 9, 13, 20, 21 and 24) discuss organic polymers’
current and developing trends in various fields, while another includes the future
roadmap of POPs (Chapters 19 and 23). Organic polymers are a fundamental
part of modern society, and their diverse properties and applications make them
a crucial area of scientific and industrial research. Advances in polymer science
continue to drive innovation in various industries, from materials engineering to
medicine.

Through this journey, we hope to provide our readers with a deeper understanding
of organic polymers, their applications, and recent trends that navigate to the future.
We aim to make the content accessible, engaging, and relevant.

We extend our heartfelt thanks to the authors, researchers, educators, and all the
contributors who have contributed their expertise to this endeavor.



Preface xxiii

So, dear readers, as you turn the pages of this book, I invite you to embark on
this adventure with an open heart and a curious mind. Let us delve into the past,
uncover its aspects and applications, and emerge with a deeper appreciation for the
incredible journey of the future.

Thank you for joining us on this exploration.

Dr. Ramesh Oraon
Dr. Pardeep Singh
Dr. Sanchayita Rajkhowa
Dr. Sangita Agarwal
Dr. Ravindra Pratap Singh
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1.1 Introduction and History of Polymers

The word polymer is derived from the Greek word “polumeros” where “Polus”
means “many” and “meros” means “units.” Henceforth polymers can be defined
as the complex and giant molecules or “macromolecules” which are supposed
to form by the combination of many small repeating molecules called monomers.
Examples of some commercially important polymers and their practical applica-
tions have been highlighted in Table 1.1. The most practical distinguishing feature
of polymer from its monomer is its huge difference in physical, chemical, and
mechanical properties after the polymerization process occurs (Dorel 2008). For
example, ethene is a gas but when they combine with each other via the polymer-
ization process, a new class of compound, i.e., polyethene, is formed which differs
from its monomer in terms of many physicochemical properties. Monomers being
smaller have low molecular weight, while polymers being much larger have very
high molecular weight. Compared to simple organic molecules, polymers aren’t
composed of identical molecules; hence, a polymer sample generally comprises
chains of different lengths, which is why their molecular weight is always expressed
as an average molecular weight. For instance, the HDPE (high-density polyethy-
lene) molecules are all long-chain carbon chains, but the lengths generally vary by
thousands of monomer units. Depending on the type of monomeric units, polymers
may be of different types such as homopolymers where all the repeating units (RUs)
are same and co-polymers which can be made up of two or more monomer species.
For example, in case of homopolymers such as polythene the monomer unit is
ethylene, in polyvinylchloride (PVC) the monomer unit is vinyl chloride. Important
examples of co-polymers include polyethylene-vinyl acetate (PEVA), nitrile rubber,
and acrylonitrile butadiene styrene (ABS) which are formed by the combination of
more than one monomer.

Based on the type of backbone chain and composition, polymeric materials
are classified into two types, viz. organic polymers and inorganic polymers
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Table 1.1 Some commercially important polymers and their uses.

Name of polymer
and structure Monomer Practical applications

Polythene
H

H

H

H n

Ethene
H

HH

H

Electrical insulators, packing of
materials

Polystyrene
Ph

H

H

H n

Styrene

Ph

As insulator, wrapping material,
for construction of toys

Polyvinyl chloride
Cl

H

H

H n

Vinyl chloride
Cl

HH

H

In the manufacture of raincoats,
handbags

Polytetrafluoroethylene
(Teflon)
F

F

F

F n

Tetrafluoroethene
F

FF

F

As lubricant insulator in the
manufacture of semiconductors,
non-stick coating in kitchen
cookware and medical devices

Polyacrylonitrile
(PAN)

CN

n

Acrylonitrile
N

In construction of synthetic
fibers and wools

Styrene butadiene
rubber (SBS) or
Buna-S rubber

Ph

n

1,3-Butadiene and
styrene

and

For making of automobile tires
and footwear, etc.

Terylene (Dacron),
polyester

O
O

O

O n

Ethylene glycol and
terephthalic acid

OH

OH

O

HO

O

OH
and

For making fibers, safety belts,
plastic bottles, hard wear clothes
like dresses


