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THE HUNTING MODE OF RESOURCE USE: AN EVALUATION OF 
THE INDIGENOUS TRIBAL POPULATION OF THE ANDAMAN 

ISLANDS IN THE COLONIAL ERA 
 

Krishnakumar M.V. Ph.D* 

Assistant Professor  & Head 
Department of History 

Newman College, Thodupuzha, Kerala, India 
 

 

ABSTRACT 

 

This paper attempts to understand the different facets of the hunting mode 
of resource use developed by the indigenous tribal population of the Andaman 
Islands during the British colonial phase. By analysing the aspects of 
technology, economy, social organization, ideology and the ecological impacts 
to understand the ‘mode of resource use’ paradigm, developed by Ramachandra 
Guha and Madhav Gadgil, this paper tries to reconstruct how the hunting mode 
of resource use has evolved historically among the indigenous Andamanese 
population. It is based on the assumption that the basic structure of each mode 
of resource use is developed according to their immediate environment/ecology 
and the human adaptations to these specific environments. In short, the paper 
seeks to understand the specific cultural formation and the impacts of the 
resource use pattern on the immediate environment of these islands. 

 
Keywords: Mode of Resource Use, Andaman Islands, Environment,  

Human Adaptation, Social Organization 
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HUMA� WILDLIFE CO�FLICT: THE PERIYAR  
TIGER RESERVE A�D MARAYOOR EXPERIE�CE 
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1Assistant Professor 
Department of Zoology 

Newman College, Thodupuzha, Kerala, India 
2U.G Student 

Department of Zoology 
Newman College, Thodupuzha, Kerala, India 

 
ABSTRACT 

Human-wildlife conflicts (HWC) have emerged as a pressing issue due to 
the increasing human population and the consequent loss of natural habitats. 
This comparative study focuses on analyzing the prevalence, seriousness, and 
extent of HWC in Marayoor and Periyar Tiger Reserve. The research 
methodology employed involved conducting surveys among the local inhabitants 
and analyzing the impact of cultivated crops, animals causing damage to 
agriculture and human populations. HWC has far-reaching implications for 
human well-being, safety, and quality of life, as well as for biodiversity and 
ecosystem health. Thus, promoting coexistence between humans and wildlife is 
of utmost importance. The study revealed that HWC is on the rise in both 
Marayoor and Periyar Tiger Reserve, attributed to the expanding human 
populations and encroachment into natural habitats. The survey findings shed 
light on the specific crops that have been affected by wildlife, as well as the 
animals responsible for causing damage to agricultural lands. These insights 
provide crucial information for designing effective mitigation strategies and 
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SUSTAI�ABILITY: A� A�ALYSIS 

 
Xavier Kurian P.* 

 
Assistant Professor 
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Newman College, Thodupuzha, Kerala, India 

 

ABSTRACT 

Rural tourism appears to be simple to define, but it is actually 
complicated in nature and has varied forms and meanings in different nations. 
Rural tourism is an emerging idea in India, and its marketing potential remains 
untapped. It is also recognized that the future of such niche tourism is extremely 
promising, as rural India boasts rich cultural and historical traditions. 
Moreover, its greenery, spectacular natural beauty, and abundant biodiversity 
can easily attract the attention of urbanites. Considering availability, 
accessibility, and cost, it is necessary to implement macro-level marketing 
techniques in addition to long-term planning, examination, monitoring, and 
routine inspection. In addition, proper market research will eliminate business 
uncertainty and deliver numerous socioeconomic benefits to rural communities. 
Rural tourism is a type of sustainable revenue-generating activity that ensures 
the flow of money from the urban to the rural economy while simultaneously 
preventing the migration of rural villagers to metropolitan areas in quest of a 
better standard of living. This type of tourism encourages host communities to 
remain on their own land by providing them with alternative income sources. It 
is a crucial tool for the sustainable development of human resources. Among the 
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 Research Scholar 
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ABSTRACT 

 

The food processing activity is not a recent origin. But it became a 
commercial activity in the modern world and it is considered as a sunrise sector. 
Studies show that people preference towards ready to cook and ready to eat 
food items shows an increasing trend all over the world. It has resulted in an 
increase in the number of food processing industries in the country and thereby 
increases in the demand for raw agricultural output from the food processing 
industry. Farmers started benefiting directly and indirectly and experiencing an 
increase in their standard of living. The rural economy can enjoy number of 
benefits from the operation of a food processing industry in the rural areas. A 
large number of Multi-National Companies are now occupied their seats in the 
food processing sector only because of its ability to generate income and a 
promising future. Some of them engaged in not only in the production of 
processed food but in the production of agricultural inputs also. A large number 
of Multi-National Companies are now occupied their seats in the food 
processing sector only because of its ability to generate income and a promising 
future. Some of them engaged in not only in the production of processed food 
but in the production of agricultural inputs also. India is being characterized by 
the features of a developing economy and still agriculture is the major 
�����������������������������������������������������������
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 1Assistant Professor 
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2Research Scholar 
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ABSTRACT 

 

Environment conservation is seen as one of the biggest challenges the 
humankind faces today. Many at times, issues in conservation are due to very 
unique factors that go beyond economic and demographic reasons. There are 
important psychological underpinnings behind human behaviour towards 
nature. Understanding why or why not people live a sustainable life is a big step 
towards environment conservation. Conservation psychology is a psychological 
field that explores this human-environment relationship. Despite growing 
research, this field is still unfamiliar among psychologists and professionals in 
the environmental field. In this chapter, a model is discussed that can help the 
understanding of unique dynamics behind why people hurt or help our 
environment. This model is developed using principles of social psychology that 
focuses on the context, past experiences and motives during a particular 
behaviour towards nature. It is hypothesised that a complex interplay of social 
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DEVELOPMENT AND CONSERVATION:  
THE SAGA OF DISPLACEMENT 

 

Jenni K. Alex Ph.D* 

Assistant Professor and Head 
Department of Economics 

Newman College Thodupuzha 
 

ABSTRACT 

Conservation, displacement, and development are major interconnected 
issues that have significant implications for the social, economic, and 
environmental well-being of communities all over the world. These issues can 
often be observed as paradoxical to each other, as they can sometimes have 
conflicting goals and outcomes. Conservation efforts often involve the protection 
of natural resources and ecosystems, which can sometimes lead to the 
displacement of local communities who depend on those resources for their 
livelihoods. This can create challenges for both the displaced communities and 
the conservation efforts, as the loss of access to resources can lead to economic 
and social disruption, and the presence of human settlements can potentially 
conflict with the goals of conservation. Displacement is often a result of 
development projects, but it can also be caused by conservation efforts, 
particularly in the context of protected areas such as national parks and wildlife 
reserves. On this ground, an attempt to explore the tensions and challenges that 
arise when these three issues intersect, and consider ways in which they can be 
reconciled to achieve more sustainable and equitable outcomes was examined. 

 
Keywords: Conservation, Displacement, Displacement, Protected Area  
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PERFORMA�CE A�ALYSIS OF AGRICULTURE A�D  
FOOD PROCESSI�G SECTOR I� KERALA 

 
Ratheesh E.R*

�

�

Research Scholar 
Research Centre in Economics  

Mar Athanasius College, Kothamangalam, Kerala, India      
 

ABSTRACT 

The Kerala Model of Development is a subject of great interest among 
planners and social scientists due to the state’s unique characteristics compared 
to other Indian states. Kerala’s external sector is also a topic of exploration, 
with marine products, spices, cashews, tea, cocoa, processed vegetables, fruits, 
juices and nuts being major items in the state’s export basket. Spices and marine 
products are particularly important for the state[’s export earnings. However, 
the food processing sector in Kerala is in its early stages, and both the central 
and state governments have introduced various supportive programmes to 
develop this sector. The budget allocation for the food processing sector is also 
promising. Nonetheless, the sector’s success relies on the primary sector of the 
country. As Kerala is a consumer state and its service sector plays a significant 
role in the state’s economy, the agricultural sector, which serves as the input 
bank for the food processing sector, shows a negative trend. The confidence of 
farmers and industrialists in the primary sector’s performance and its ability to 
meet the demand for input from the food processing sector is a significant 
concern. Studies indicate that in India, only two per cent of the total agricultural 
produce goes through any form of processing. The food processing industry’s 
linkages, such as forward and backward linkages, can boost other sectors of the 
economy for their growth. Adequate protection and preferences should be 
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ABSTRACT 

Historically control of r _ights to land has been a n 
instrun?.enr of oppression and - colonizarion. The issue of land 
righrs, conservarion and hisrorical irljusrice is a crUt cal challe n g e 
ro rhe i,.vell-being of communUies and ecosysrenis globally . The 
challenge of susrainable land use and conservarion has bec o-rne 
increasingly import-ant" in recent" rinies . due ro an array of fac tors 
including popularion groi,.vrh, urbanizarion, cliniare change, and 
economic development". The failure ro inregrate conse rvarion, 
just-ice, and land rights can lead to environ-rnental degradarion, 
social irljustice leading to anarchy and other coY!fiicts. The paper 
is an arrempr to explore the relationship bel"l/Veen land righrs, 
conservarion and historical_ injusrice, in achievirzg a susrainable 
furure. 
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Chapter 3 
 

PLA�T TISSUE CULTURE TECH�IQUES I� CO�SERVATIO�:  
THE PAST, PRESE�T A�D FUTURE 

 
Anju T.R Ph.D* 

Assistant Professor 
Department of Biotechnology 

Newman College, Thodupzha, Kerala, India 
 

 

ABSTRACT 

 

Plant tissue culture, a technique that dates back to the early 1990’s, 
explores the totipotency of plant cells to create clones in artificially maintained 
in vitro conditions. Many researchers started working on the culture techniques 
with commendable achievements at various timelines like the development of MS 
medium (Murashige and Skoog) in 1962 to first transgenic plant in 1984. In 
addition to its extensive use in agriculture and transformation studies, plant 
tissue culture techniques find application in conservation biology too. The 
advent of germplasm conservation by in vitro techniques; cryopreservation and 
embryo rescue ensured the undeniable role of plant tissue culture in 
conservation. The nexus of the in vitro culture techniques and plant 
conservation helped mankind to preserve many exceptional species for future 
generations.   

 
Keywords: Micropropagation, Cryopreservation, Tissue Culture Timelines 
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L AND R IGI-ITS A ND HISTORICAL INJUSTICE: 
T HE CONSERVATIO N DILE1\1'.11\11A 

Dr. Jenni K. Alex*1 and Xavier K urian P . 2 

1 Assist:ant: Professor and Head 
Department of Economics, Newman College Thodupuzh a , K e r a l a , 

India 
2 Assist:ant: Professor 

Department of Economics, Newman College Thodupuzha, Kerala , 
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ABSTRACT 

Historically control of r _ights to land has been a n 
instrun?.enr of oppression and - colonizarion. The issue of land 
righrs, conservarion and hisrorical irljusrice is a crUt cal challe n g e 
ro rhe i,.vell-being of communUies and ecosysrenis globally . The 
challenge of susrainable land use and conservarion has bec o-rne 
increasingly import-ant" in recent" rinies . due ro an array of fac tors 
including popularion groi,.vrh, urbanizarion, cliniare change, and 
economic development". The failure ro inregrate conse rvarion, 
just-ice, and land rights can lead to environ-rnental degradarion, 
social irljustice leading to anarchy and other coY!fiicts. The paper 
is an arrempr to explore the relationship bel"l/Veen land righrs, 
conservarion and historical_ injusrice, in achievirzg a susrainable 
furure. 
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ESG: RECAPITULATI�G THE PASSAGE TOWARDS 
SUSTAI�ABLE DEVELOPME�T GOALS 

 
Beena Deepthi Louis*

�

 
Assistant Professor 

Department of Commerce 
Newman College, Thodupuzha, Kerala, India 

 

ABSTRACT 

Sustainable development goals is an initiative by 193 member nations of 
the UN calling to action to end poverty, protect the planet and ensure that by 
2030 all people enjoy peace and prosperity. It is in this context that ESG 
initiative to reach these goals assumes significance. ESG (Environmental, Social 
and Governance) disclosure has been made mandatory while some are on its 
way to enforcement. It is noted that some less prominent nations have silently 
taken meaningful initiatives. In India it had been voluntary till 2021-22 but from 
2022-23 it has been made mandatory for the top 1,000 companies listed by 
market capitalization in a new form of disclosure, Business Responsibility and 
Sustainable Report (BRSR SEBI 2020). The responsibility for travelling towards 
the attainment of Sustainable Development Goals is not just with the 
government but also with the stakeholders, large corporates and fund houses 
that are sitting on huge pile of fund which can be better channelized towards 
ESG goals benefiting not just some stakeholders selectively but all stakeholders 
in a balanced and inclusive manner. It should be ensured that pure economic 
development and sustainability should not be at crossroads. Investing 
responsibly or considering Environmental, Social and Governance (ESG) 
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Abstract

Since the turn of the century, biopolymer uses in

the biomedical field have seen a tremendous rise

owing to their abundance, biocompatibility,

efficacy, minimal immunogenicity, and

biodegradability. Biopolymer-based scaffolds - 2D

films, hollow fibers, hydrogels, sponge, 2D/3D

Electrospun fibers, microcarrier beads are used to

produce prototypes to tackle many obstacles in the

fields of biotechnology, nanoscience, and in vitro

investigations for TE including bone, neuron,

muscle, tendon/ligament regeneration. Besides
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ABSTRACT 

The immense genetic resources contributed by the vast biodiversity of 

plant species have always posed intricate issues of proper conservation. The 

advent of urbanisation, human encroachment and settlement to flora rich areas 

has invariably resulted in draining off plant genetic resources (PGRs). The aim 

of this review is to delineate the integrated strategies for PGR conservation by 

identifying the shortcomings in the conventional conservation strategies like in 

situ and ex situ methods. The approach of in situ conservation, most commonly 

adopted in biological hotspots, retains and maintains the diversity in its own 

native environment keeping the natural species dynamics intact. Even though, a 

locally based ‘on farm’ conservation strategy can be adopted for regional crop 

plants, this approach mainly focuses on large scale conservation managed by 

authorities and Government like biosphere reserves, national parks, wetland 

sites etc. Considered to be a gold standard approach to conserve geographically 

restricted species, this method plays a critical role in conserving the flora 
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Abstract 

Experiential learning, a method or approach of engaging the learners in any form of 

direct experience and focussed reflection, is one of the most acceptable methods of 

pedagogy to promote critical thinking and problem solving. This approach is different 

from the usual ‘hands-on training’ as this ‘learning through experience’ method 

involves well identifiable steps of reflection and application. Experiential learning can 

be either field based experiences or classroom-based experiences, both delineated by 

the experiencing, reflecting, analysing, generalizing and application. Experiential 

learning can assist the learners in their chosen careers by reinforcing the content 

learning by experience. It also ensures holistic development of the learners with better 

problem solving and decision-making skills. Experiential learning has become an 

inevitable approach in the teaching learning process and the use of information and 

communications technology tools can make both field based and classroom based 

experiential learning more engaging.   

Keywords: Experience, reflection, application, field based, classroom-based 

experiences 

 

Introduction 

Experiential learning (EL) is a method or approach of engaging the learners in any form 

of direct experience, either in a field or classroom, and focussed reflection so that the 

learners can attain better knowledge, skills or values. Here, learning happens through 

experience, exploration and reflection thereby igniting the problem-solving capabilities 
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inevitable approach in the teaching learning process and the use of information and 

communications technology tools can make both field based and classroom based 

experiential learning more engaging.   

Keywords: Experience, reflection, application, field based, classroom-based 

experiences 

 

Introduction 

Experiential learning (EL) is a method or approach of engaging the learners in any form 

of direct experience, either in a field or classroom, and focussed reflection so that the 

learners can attain better knowledge, skills or values. Here, learning happens through 

experience, exploration and reflection thereby igniting the problem-solving capabilities 
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6
Processing methods of
unsaturated polyester
Cintil Jose Chirayil1, Biju Peter1, Liz George2, Annu Jorly1,
Sneha Jipson1, Abiya Varghese1 and Sabu Thomas3
1Department of Chemistry, Newman College, Thodupuzha, Idukki, Kerala,
India; 2Department of Chemistry, Nirmala Colllege, Muvattupuzha, Ernakulam,
Kerala, India; 3International and Inter University Centre for Nanoscience and
Nanotechnology, Mahatma Gandhi University, Kottayam, Kerala, India

6.1 Introduction
Polymers are substances whose molecules are made up of a

large number of units of a few different types; the units, which
are made up of a number of atoms, are referred to as polymer
segments. When a combination of two monomers is polymerized,
the structure of each macromolecule contains units from both
monomers. Copolymer is the name for such a polymer, and
copolymerization is the method of making it. Polyesters are a
type of synthetic copolymer with a wide range of applications.
Polyesters are produced in large quantities, with global produc-
tion exceeding 30 billion pounds per year [1e3]. They are
frequently employed in commercial applications such as fibers,
polymers, composites, and coatings [4e6]. They are heterochain
macromolecules with carboxylate ester groups incorporated into
their polymer backbones. Unsaturated polyester resins are a flex-
ible family of thermosetting polymers made up of low molecular
weight polyesters generated from unsaturated dibasic acids (or
anhydrides) soaked in unsaturated vinyl monomers. The resins’
markets have grown fast, with the most common applications still
including the use of glass fiber reinforcement to make laminar
composites, which are referred to as fiber-glass-reinforced plastic
(FRP) in the United States and glass-fiber-reinforced plastic (GRP)
in Europe and elsewhere. Resins have also evolved for use in cast-
ing processes, which are described as one type of polymer con-
crete and typically contain substantial loadings of fillers or
mineral aggregate [7,8].

Applications of Unsaturated Polyester Resins. https://doi.org/10.1016/B978-0-323-99466-8.00018-6
Copyright © 2023 Elsevier Inc. All rights reserved. 71
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Solvent-Casting Approach for Design of Polymer Scaffolds
and Their Multifunctional Applications
Blessy Joseph1, Cintil Jose2, Sagarika V. Kavil3, Nandakumar Kalarikkal1, and
Sabu Thomas1,4

1International and Inter University Centre for Nanoscience and Nanotechnology, Mahatma Gandhi
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2Newman College Rd, Mangattukavala, Thodupuzha 685584 Kerala, India
3Indian Institutes of Science Education and Research (IISER), Tirupati 517507 Andhra Pradesh, India
4School of Energy Materials, Mahatma Gandhi University, Kottayam 686560 Kerala, India

12.1 Introduction

Skin is one of the vital protective parts of the human body. It serves as an impor-
tant barrier against pathogens and prevents any mechanical, thermal, or chemical
stress. The repair and renewal of tissue after an injury is essential as the restoration of
the damaged part of the skin. Tissue engineering is an important interdisciplinary
field which mainly focuses on the production of engineered tissues for the repair
and replacement of damaged tissues or organs [1]. Tissue-engineering scaffolds play
a major role in the regeneration of tissues. Isolated cells need a surface for attach-
ment, to replicate, migrate, and function, since those cells are unable to form new
tissues on their own. That is, they require the presence of a supporting material that
can act as a template for cell growth. To mimic their natural extracellular matrices,
three-dimensional scaffolds are often used as this supporting material [2]. In the past
few years, increasing attention has been paid to nanocomposites made of biopoly-
mers and bioactive materials as scaffolds for application in tissue engineering [3–5].
Scaffolds can facilitate the organization of cells into a three-dimensional architec-
ture, direct cell behavior, and finally result in the formation of organ-specific tissue.
Scaffolds play a crucial role in tissue engineering because they represent an alterna-
tive to the conventional implantation of organs and tissues. The main goal of scaf-
folds is to provide appropriate base for tissue growth and cell proliferation [6]. A wide
variety of nanocomposites are currently being explored for use as porous scaffolds for
many tissue-engineering strategies. Nanocomposites scaffolds may prove necessary
for reconstruction of multitissue organs, tissues interfaces, and structural tissues
including bone, cartilage, tendons, ligaments, and muscles [7]. Scaffold fabrication
methods aim at the production of highly porous and interconnected pore struc-
tures. To fabricate such tissue scaffolds, a number of fabrication techniques have

Functional Biomaterials: Design and Development for Biotechnology, Pharmacology, and Biomedicine,
First Edition. Edited by Tamilselvan Mohan and Karin Stana Kleinschek.
© 2023 WILEY-VCH GmbH. Published 2023 by WILEY-VCH GmbH.
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6
Processing methods of
unsaturated polyester
Cintil Jose Chirayil1, Biju Peter1, Liz George2, Annu Jorly1,
Sneha Jipson1, Abiya Varghese1 and Sabu Thomas3
1Department of Chemistry, Newman College, Thodupuzha, Idukki, Kerala,
India; 2Department of Chemistry, Nirmala Colllege, Muvattupuzha, Ernakulam,
Kerala, India; 3International and Inter University Centre for Nanoscience and
Nanotechnology, Mahatma Gandhi University, Kottayam, Kerala, India

6.1 Introduction
Polymers are substances whose molecules are made up of a

large number of units of a few different types; the units, which
are made up of a number of atoms, are referred to as polymer
segments. When a combination of two monomers is polymerized,
the structure of each macromolecule contains units from both
monomers. Copolymer is the name for such a polymer, and
copolymerization is the method of making it. Polyesters are a
type of synthetic copolymer with a wide range of applications.
Polyesters are produced in large quantities, with global produc-
tion exceeding 30 billion pounds per year [1e3]. They are
frequently employed in commercial applications such as fibers,
polymers, composites, and coatings [4e6]. They are heterochain
macromolecules with carboxylate ester groups incorporated into
their polymer backbones. Unsaturated polyester resins are a flex-
ible family of thermosetting polymers made up of low molecular
weight polyesters generated from unsaturated dibasic acids (or
anhydrides) soaked in unsaturated vinyl monomers. The resins’
markets have grown fast, with the most common applications still
including the use of glass fiber reinforcement to make laminar
composites, which are referred to as fiber-glass-reinforced plastic
(FRP) in the United States and glass-fiber-reinforced plastic (GRP)
in Europe and elsewhere. Resins have also evolved for use in cast-
ing processes, which are described as one type of polymer con-
crete and typically contain substantial loadings of fillers or
mineral aggregate [7,8].

Applications of Unsaturated Polyester Resins. https://doi.org/10.1016/B978-0-323-99466-8.00018-6
Copyright © 2023 Elsevier Inc. All rights reserved. 71
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Abstract

Biopolymers are receiving much attention in

material science and biomedical engineering fields

because of their renewable nature, anisotropic

form, exceptional mechanical capabilities, high

biocompatibility, tailored surface chemistry, and

intriguing optical properties. The surprising inherent

features of biopolymers, including chemical

inertness, amphiphilicity, mechanical strength, high

stiffness, and low density, allow it to be used in a

broad array of optical-electronic devices. In this

chapter, we focus mostly on theoretical and
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Abstract

There is an increasing interest in the field of

nanocomposites and sustainable materials, namely,

for catalytic and biomedical applications, and

bacterial nanocellulose (BNC) is an interesting and

renewable natural nano-biomaterial that could play

a role in these areas. The exceptional crystallinity,

mechanical strength, purity, porosity, moldability,

water-holding capacity, biodegradability, and

biological affinity of BNC are only a few of its
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Abstract

Biopolymers, as opposed to petroleum, the

conventional source of polymers, are those that are

created by or obtained from living creatures, such

as plants and bacteria. Given their applications to

numerous facets of human existence, biopolymers,

one of the most diverse groups of organic

compounds, have recently attracted a lot of study

interest. Although only partially, these molecules

and the materials created with them have replaced

the chemical polymers and materials sourced from

petroleum. For instance, nanocellulose, which is

regarded as the material of the twenty-first century,
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Abstract

Biomimetics, an interdisciplinary field of science

denoting synthetic methods which mimic

biochemical processes in nature, has contributed to

the invention of many novel technologies and

designs. In this chapter, we discuss the various

nature-inspired biomimetic polymers, its

advantages and limitations, applications, and future

prospects. Classification of biomimetic materials is

broadly based on function, process, structure, and

molecular aspect of material, which is the source of

Home  Handbook of Biopolymers  Living reference work entry

Log in

Menu Search Cart

Handbook of Biopolymers pp 1–31

https://link.springer.com/
https://link.springer.com/referencework/10.1007/978-981-16-6603-2
https://link.springer.com/
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Freferenceworkentry%2F10.1007%2F978-981-16-6603-2_50-1
javascript:;
javascript:;
https://order.springer.com/public/cart
https://link.springer.com/referencework/10.1007/978-981-16-6603-2
https://link.springer.com/referenceworkentry/10.1007/978-981-16-6603-2_50-1/cover
https://link.springer.com/referenceworkentry/10.1007/978-981-16-6603-2_50-1/cover
cincy
Rectangle

cincy
Rectangle

cincy
Rectangle



11/26/23, 1:20 PM Nature-Inspired Biomimetic Polymeric Materials and Their Applications | SpringerLink

https://link.springer.com/referenceworkentry/10.1007/978-981-16-6603-2_50-1 21/23

L. Zhang, Z. Zhou, B. Cheng, J.M. Desimone, E.T.

Samulski, Superhydrophobic behavior of a

perfluoropolyether lotus-leaf-like topography.

Langmuir 22, 8576–8580 (2006)

M. Zheng, M. Pan, W. Zhang, H. Lin, S. Wu, C. Lu, S.

Tang, D. Liu, J. Cai, Poly(α-l-lysine)-based

nanomaterials for versatile biomedical

applications: Current advances and perspectives.

Bioactive Mater. 6, 1878–1909 (2021)

Author information

Authors and Affiliations

Department of Zoology, Bharata Mata College,

Thrikkakara, Kerala, India

Sherin Antony

Department of Biotechnology, Newman College,

Thodupuzha, Kerala, India

T. R. Anju

Department of Chemistry, Newman College,

Thodupuzha, Kerala, India

Bejoy Thomas

Corresponding author

Correspondence to Sherin Antony .

Editor information

Editors and Affiliations

School of Chemical Science, Mahatma Gandhi

University, Kottayam, India

mailto:sherin@bharatamatacollege.in
cincy
Rectangle



11/26/23, 1:20 PM Nature-Inspired Biomimetic Polymeric Materials and Their Applications | SpringerLink

https://link.springer.com/referenceworkentry/10.1007/978-981-16-6603-2_50-1 22/23

Sabu Thomas

Mahatma Gandhi University, Kottayam, India

Ajitha AR

Department of Chemistry, Newman College,

Thodupuzha, India

Cintil Jose Chirayil

Department of Chemistry, Newman College,

Idukki, India

Bejoy Thomas
Rights and permissions

Reprints and Permissions

Copyright information

© 2022 Springer Nature Singapore Pte Ltd.

About this entry

Cite this entry

Antony, S., Anju, T.R., Thomas, B. (2022). Nature-Inspired
Biomimetic Polymeric Materials and Their Applications. In:

Thomas, S., AR, A., Jose Chirayil, C., Thomas, B. (eds)

Handbook of Biopolymers . Springer, Singapore.

https://doi.org/10.1007/978-981-16-6603-2_50-1

.RIS .ENW .BIB

DOI
https://doi.org/10

.1007/978-981-

16-6603-2_50-1

Received
14 July 2022

Accepted
15 July 2022

Published Publisher Name Print ISBN

https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Nature-Inspired%20Biomimetic%20Polymeric%20Materials%20and%20Their%20Applications&author=Sherin%20Antony%2C%20T.%20R.%20Anju%2C%20Bejoy%20Thomas&contentID=10.1007%2F978-981-16-6603-2_50-1&copyright=Springer%20Nature%20Singapore%20Pte%20Ltd.&publication=eBook&publicationDate=2022&startPage=1&endPage=31&imprint=Springer%20Nature%20Singapore%20Pte%20Ltd.
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-6603-2_50-1?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-6603-2_50-1?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-6603-2_50-1?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-6603-2_50-1?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-6603-2_50-1?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-6603-2_50-1?format=bibtex&flavour=citation
cincy
Rectangle



11/26/23, 1:20 PM Nature-Inspired Biomimetic Polymeric Materials and Their Applications | SpringerLink

https://link.springer.com/referenceworkentry/10.1007/978-981-16-6603-2_50-1 23/23

14 December

2022

Springer,

Singapore

978-981-16-

6603-2

Online ISBN
978-981-16-

6603-2

eBook Packages
Springer Reference

Chemistry & Mat.

Science

Reference Module

Physical and
Materials Science

cincy
Rectangle



11/26/23, 1:20 PM Nature-Inspired Biomimetic Polymeric Materials and Their Applications | SpringerLink

https://link.springer.com/referenceworkentry/10.1007/978-981-16-6603-2_50-1 1/23

Nature-Inspired Biomimetic
Polymeric Materials and Their
Applications

Sherin Antony , T. R. Anju & Bejoy Thomas 

Living reference work entry
First Online: 14 December 2022

143 Accesses

Abstract

Biomimetics, an interdisciplinary field of science

denoting synthetic methods which mimic

biochemical processes in nature, has contributed to

the invention of many novel technologies and

designs. In this chapter, we discuss the various

nature-inspired biomimetic polymers, its

advantages and limitations, applications, and future

prospects. Classification of biomimetic materials is

broadly based on function, process, structure, and

molecular aspect of material, which is the source of
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The emergence of peptide- and polypeptide-based

materials in the field of biomedicine and

biotechnology is gaining importance due to its

unique physical, chemical, and biological properties

like biocompatibility, tunability, ease of synthesis

and removal from body, and lack of toxicity. These

biocompatible materials are the most suitable for

biomedical applications in vivo. The clear

understanding of the protein-structure function and

their self-assembling mechanism can pave way to
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Starch is a relevant biopolymer since it is easily

modifiable and can be used as an alternative

material to several petrochemical-based

nonbiodegradable materials. The physicochemical

characteristics and subsequent uses of starch are

dependent on their botanical origin, which has a

big impact on the granule structure and amylose to

amylopectin ratio, which ranges from 15:85 to

35:65, with the exception of waxy starch and high
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The nanoscale version of cellulose, known as

nanocellulose (NC), has emerged as a promising

green material thanks to its distinct properties,

including its renewability, biodegradability,

ecologically benign nature, and abundant natural

occurrence. Many of the beneficial qualities of

cellulose are also present in NC, such as their low

density, nontoxicity, biodegradability, thermal

stability, mechanical properties, reinforcing
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Abstract

Biopolymers are preferred materials for medical

applications on account of the great

biocompatibility they exhibit. Their natural origin

makes them highly bioactive and eco-friendly. But

poor technological properties and quick

deterioration rate pose enormous challenges on

their performance and utility in proposed

applications. The issues associated with lack of

desired mechanical properties and aqueous stability

of biopolymers can be managed to a great extent

through cross-linking. Cross-linked biopolymers are
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Abstract
The inefficiency of antibiotics against multi drug resistant bacteria is posing a major 
challenge to the medical field and other industries. The casualties, infections, and 
other damages caused by these multi-drug resistant bacteria are not easy to control by 
conventional antibiotics. The use of a higher dose of antibiotics is not a desirable solution 
as this high dose can be toxic to host tissue and it also favours the chance of developing 
an improved version of the drug-resistant bacterial strain. These concerns have prompted 
researchers to explore the therapeutic potential of other antibacterial agents; among which 
nanoparticles have proven to be a very attractive alternative due to its various properties. 
The varied mode of bactericidal action of nanoparticles can be extensively exploited to 
address the issues of drug resistance with more in-depth understanding of its concomitant 
interaction with bacterial and human system. This review paper discusses “antibacterial 
nanoparticles”, its mode of action, its use against few gram-positive and gram-negative 
bacteria and the future prospects. 
Keywords : Bacteria, Nanoparticles, Gram negative, Gram positive, Antibacterial

Introduction

‘Antibacterial’, the word itself, refers to the ability to act against bacteria and any 
substance which can act against bacteria is considered to have antibacterial property. 
Bacteria are diverse class of microorganisms that occur in a variety of habitats 
including extreme physio- chemical conditions. Some of the bacteria are considered 
as friends of human as they help in processes useful to humans on the other hand 
many others are the major cause of many human infectious diseases, spoilage of 
food, contamination of water, causative agent of  various plant and animal  diseases 
etc. So it is necessary to control these kind of harmful bacteria. The substances with 
anti-bacterial properties help us to control these bacteria by either killing the bacteria 
or by decreasing the rate of their growth (Hajipour et al., 2012). 

Scientists have always shown keen interest in finding raw materials for various 
industrial applications with good anti-bacterial property. This quest to find materials 
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IMPERIAL FORESTRY: AMBIGUITIES AND 
CONTRADICTIONS A STUDY IN 

GOVERNMENTALITY OF THE ANDAMAN 
FORESTS

Krishnakumar M.V. 
AM-21831, Newman College, 

Thodupuzha

Introduction
 The Andamans had been justifi ably described as an El-Dorado or 
literally a ‘Gold mine of timber wealth’. They constituted what is probably 
India’s most valuable single source of high-grade hard woods, and broad 
leaved soft woods estimated to contain about 15 million tons of mature timber 
ripe for the axe.1 Apart from providing annually large quantities of timber 
suitable for ply-wood, tea chests, and matches, the forests still continued to 
have rich parcels of ornamental woods and constructional timbers highly 
priced in UK, USA and other foreign markets. Forestry in these islands was 
treated as the undisputed queen, and agriculture, the handmaid.2 
 The establishment and the development of forestry in Andaman 
Islands had a direct relationship with the British colonialism, which, along 
with the other radical changes in traditional economy and society, completely 
transformed the basic patterns of the forest resource use and the entire system 
of forest management. It created a new system of forest resource management 
with the help of newly amended colonial laws by introducing the plantation 
industry and thus made great socio-economic as well as cultural changes 
in the traditional structure. This new form of forest management and the 
new laws were primarily concerned with the extraction of timber and other 
forest produces along with the collection of revenues from the forest land, 
rather to conserve the pristine forest ecology. The changing patterns of the 
proprietary rights of the forests with the intervention of the colonizers were 
also destructive in character. The forest policies of those times, whether they 
were scientifi c or unscientifi c, clearly led to great destruction of the basic 
ecological pattern of the Andaman Islands.
 Situated between the 92nd and 94th meridians of East latitude and 6th 
and 14th parallels of North Latitude, the Andaman and Nicobar Islands form 
part of a long, irregular chain that seems to continue the Eastern Himalayan 
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Abstract

Biopolymers gained increasing attention in various

fields due to their versatile properties such as

renewability, biodegradability, sustainability, eco-

friendly, and because they possess good

mechanical properties. However, some of the

intrinsic properties of biopolymer such as

wettability limit their industrial application.

Modification (physical/chemical) of biopolymers is

an accepted technique to tune their surface

properties and consequently increase the potential
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Fort/Da Sripad Bhat 

Dr George Sebastian 
Assistant Professor of English 

Newman College, Thodupuzha 
Idukki, Kerala  

I 
first met him in Hyderabad. It was in the midst of a very 
tiring and dull week of December 2018 at a refresher course 
for English teachers at Hyderabad University that I made 

an acquaintance of Dr. Sripad Bhat. His well-bred appearance 
and the  countenance of an English aristocrat coupled with his 
inimitable style of presentation  made him stand out among other 
trainers. My initial curiosity gave way to awe and  admiration of 
his novel ideas and insightful observations on a wide range of 
topics within language and literary studies. He spoke at length 
about cultural studies,  language teaching-learning, contemporary 
literary studies and instructional methods. A master in the art of 
rhetoric, his lecture was enthralling and a welcome change from 
the monotonous sessions. His eloquence and charm made such 
a compelling  impression on me that I hoped to get to know him 
more and I will forever be grateful  that I did. Over a cup of tea, I 
got a glimpse of another shade of Mr. Bhat, beyond the  brilliant 
academician and intellectual, a man of letters, he is an exemplary 
human  being, a great philanthropist, a staunch democrat, an art 
enthusiast who carries a  romantic charm at his heart that colours 
his interactions and engagements within his academic and private 
realms. A polyglot hailed from Konkan who His geniality and  
unassuming nature endears him to everyone and that was the 
beginning of a warm  fellowship between us. Even though chances 
of maintaining regular correspondence  with a scholar like him 
busy with a diverse range of academic enterprises, somehow,  we 
stayed in tough ever since.

My respect for him and his scholarship made me extend an 
exuberant invitation to Kerala when the institution I work at 
organized a Foundation Day Lecture two years later on 15 
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Use of energy and realizing a sustainable production are the greatest 
challenges of this century. All human activities require and presume :::J 
the availability of energy, and it is the center of societal development. <( 

Q) Nanotechnology plays an essential role in device applications for energy 
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CHAPTER 7

Neurooncogenesis in the Development
of Neuroectodermal Cancers

ANJU T. R., PHD • JAYANARAYANAN S, PHD

7.1 INTRODUCTION

Cancer is considered as one of the deadliest diseases in
the world. According to the World Health Organization
(WHO), cancer is the second leading cause of death
globally with 9.6 million deaths, or one in six deaths
in 2018. The severity of cancer lies in its capability to
affect people of all age groups and almost all body
parts. The genetic change in a single cell, when goes un-
controlled, resulted in tumor and can then invade other
body parts by metastasis, thereby making it fatal. The
risk factors for adult cancer are mainly linked to the
altered lifestyles (Irigaray et al., 2007). Broadly, cancer
is classified as carcinomas (which affect skin or
epidermal tissue lining the internal organs and glands),
sarcoma (which affect connective tissues such as bone,
muscle, blood vessels, and cartilage), leukemia (affect
bone marrow and blood cells), and lymphoma (affect
lymphatic system or immune system), of which carci-
nomas are the major solid tumors which account for
majority of all cancer cases.

Cancer is a leading cause of death for children
and adolescents around the world. Leukemia, lym-
phoma, and various solid tumors such as ectodermal
tumors, neuroblastoma (NB), and nephroblastoma
were the most common childhood cancers reported
(Steliarova-Foucher et al., 2017). After leukemia, central
nervous system (CNS) cancers were the most prevalent
childhood cancer (Ferlay et al.,2010 Siegel et al.,2012);
but the etiology of most of these is not well known.
Maternal exposure to carcinogen during conception
and exposure of children to physical carcinogens such
as radiation or biological carcinogenic agents such as
EpsteineBarr virus infection (Mawson and Majumdar,
2017) were considered as few risk factors for childhood
cancer.

Among the childhood and adolescent cancers, the
incidence of a rare carcinoma of neural crest cells called

primitive neuroectodermal tumors (PNET), which can
affect both CNS and peripheral nervous system (PNS),
has been increasing in the recent years (Berthold et al.,
2017) and hence needs a better understanding.

7.2 PRIMITIVE NEUROECTODERMAL

TUMORS

PNETs are rare malignant tumors, first described by
Hart and Earle (1973). These tumors are mostly found
in children and young adults and rarely seen in adults
(Tong et al., 2015). The WHO classified primitive neu-
roectodermal tumors as poorly or undifferentiated em-
bryonic tumors of neuroepithelial origin, which can
differentiate into various cell lines such as nerve cells,
glial cells, ependymal cells, and muscle cells (Patnaik
et al., 2012). As the name suggests, primitive neuroecto-
derm is the origin site of PNETs and may occur both
within and outside of the CNS. The neuroectoderm is
the region that gives rise to the entire nervous system
such as brain and spinal cord (CNS), autonomic ner-
vous system (ANS), dorsal root ganglia, adrenal me-
dulla, neuroendocrine system, and so on during
embryonic development (LeDouarin, 1982). Accord-
ingly, in 1996, PNET family of tumors is divided on
the basis of the site of origin as: (1) peripheral PNET
(pPNET), (2) CNS PNET, and (3) NB. This chapter
will identify various types of primitive ectodermal can-
cers and will discuss the oncogenesis and prognosis of
ectodermal cancers.

7.3 CENTRAL NERVOUS SYSTEMPRIMITIVE

NEUROECTODERMAL TUMORS

CNS PNETs are rare and aggressive small round cell car-
cinomas of the brain mostly affecting the childhood
population. In the recent classification, the WHO

The Molecular Immunology of Neurological Diseases. https://doi.org/10.1016/B978-0-12-821974-4.00004-2
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Abstract. In this work, a nanocomposite of PANI-CaWO4 is prepared by in situ oxidative polymerization of aniline 

monomer in an acidic medium in the presence of ammonium persulfate and CaWO4 nanoparticles. The prepared samples 

are subjected to different doses of high energy electron beam irradiation. The structural properties of the bare and 

irradiated samples are investigated using the X-ray diffraction technique, Fourier transform infrared spectroscopy and 

transmission electron microscopy methods. The DC and AC conductivity studies are carried out using the four probe and 

impedance analyzer methods respectively.  The results of the systematic investigation show that the electron beam 

irradiation technique is an effective tool for tuning the structural and electrical properties of the PANI-CaWO4 

nanocomposite for potential applications.  

INTRODUCTION 

Recently, the study of the structural, optical and electrical properties of conducting polymers composite created 

wide interest because of their simple synthesis method, environmental stability and potential applications [1]. Due to 

the presence of extended conjugation length bonds (π), the conducting polymers possess high electrical conductivity. 

Among the conducting polymers, polyaniline (PANI) is a distinct conductive polymer due to the presence of the 

reactive – NH– groups in the polymer chain [2]. It has good surface to volume ratios features, high electrical 

conductivity, and high specific capacitance which makes them suitable in optical devices and electrochemical 

storage applications [3]. It is reported that the emeraldine salt form of PANI exhibits electrical conductivity of order 

100 S/cm [4]. Various methods are used to synthesize PANI composite among these, chemical oxidative 

polymerization is one of the best methods to synthesize the PANI composite [5]. In recent years, numerous research 

has been done on the preparation of PANI nanocomposites with the inorganic nanostructures such as MnWO4 [6] 

and CaWO4 [5]. These nanocomposites show new properties, such as catalytic, electrical and optical that the single 

material does not have [5-6]. Among the tungstate nanostructures, calcium tungstate (CaWO4) nanostructures are 

interesting due to their unique structural and optical properties [5]. These nanostructures possess a Scheelite CaWO4 

containing Ca
2+

 ions and WO4
2−

groups with the coordination number of eight for Ca
2+

 and four for W
6+

. In this 

paper, we report the effect of different doses of high energy electron beam irradiation on the PANI-CaWO4 

nanocomposite prepared by in situ chemical oxidative polymerization.  

 

EXPERIMENTAL DETAILS 

Nanoparticles of CaWO4 is synthesized using the method described elsewhere [5]. For the synthesis of PANI-

CaWO4 composite, 1.44 gm (0.50% mol) of CaWO4 powder calcined at 650 ºC is dispersed in 10 ml of ethanol by 

ultrasonication for 30 minutes. It is then added in portions during the oxidative polymerization of aniline. The 

International Conference on Science and Technology of Advanced Materials
AIP Conf. Proc. 2263, 050015-1–050015-4; https://doi.org/10.1063/5.0017132
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Abstract 

 

Information and Communication Technology (ICT) enabled pedagogies can play a pivotal 

role in imparting cost effective and quality education to technologically relevant subjects like 

Biotechnology. The constraints in attaining all the laboratory resources required for cost-

effective laboratory education and inadequate model systems necessitates the use of ICT 

enabled virtual labs or other online tools as the platform for effective teaching and learning. 

An artificially created educational environment created by virtual labs offer many 

interactions like simulations, animations, videos and remote triggered experiments which 

facilitates user interactions. These possibilities can be explored at the first level of 

experimental learning where the student can learn to make clear work plan, its 

implementation and to trouble shoot and standardize protocols. Apart from being used for 

research processes, ICT infrastructures also play an important role in system biology by 

taking over all the relevant tasks regarding the integration, access and sharing of data. Being 

a research oriented subject, biotechnology always demands virtual labs, were advances in 

ICT made it possible by creating such novel platforms that helps users to engage in their 

proactive learning process and also in improvising academic performances of students and 

complementing classroom education (including   Google classrooms). 

Key words: Virtual labs; ICT; google classrooms; biotechnology 

The phenomenal growth of Information and Communication Technology (ICT) and 

their integration in pedagogy has offered unprecedented opportunities for teaching and 

learning processes. ICT, because of its flexibility and interactivity, has supported both 

teachers and students to access and share information in diverse communication styles and 

formats. One of the important outcomes of ICT in research based subjects is that teachers can 

work at home and then use the materials in the classrooms, like presentations, use of data 
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P llutcd duy by day. On ne hand induslrial dt!velopment make human hf e bcrrer wht!rea on th~ other hand, cause 
potabJt! water. Water get p llmed mainly by heavy metal . indu trial effluent , femliLcr-;. pe ricid1: , organic dye. 

dye · from lex rile • medicine pe ticid . solar cells etc comarninatc lhe open wa1er re ource<, rhcreby c.au mg lbmw ao 
l i fe leading to environmental imbalance:?. This ha Jed l int~nse re earch in the fit!ld of technoJogje refared ro waratrarmlS 

around the world
1
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Abstract: Hierarchically porous MOFs (HP-MOFs) are porous 

architectures containing mesopores (2-50 nm) and/or 

macropores (>50 nm) along with micropores (< 2 nm) in the 

MOF networks and have raised considerable interest recently, 

due to their variety potential applications in adsorption, drug 

delivery, catalysis, separation of molecules etc. Presence of 

meso- and macro-pores along with micropores in the network 

structures enable them to be used as hosts to accommodate 

bigger molecules which can undergo reaction or 

transformation in the cavities. A number of synthetic 

approaches were explored recently to generate hierarchically 

structured metal organic frameworks, most of which require 

extreme experimental conditions and prolonged down-stream 

treatments that are energy consuming, having potential risk of 

pollution and low production rate. In this work we report a 

green and ultrafast metal oxide-surfactant synergistic route for 

the synthesis of a mesoporous Zn-BDC MOF using ZnO as the 

accelerator and dodecyl amine (DDA) as the surfactant. MOFs 

with varying porosity get formed by the synergistic reaction 

between the hydroxy double salt (HDS) formed from ZnO and 

the template micelle formed from the surfactant DDA. The 

advantage of this method is that the synthetic procedure was 

accomplished at room temperature and pressure in a few 

minutes (<5 minutes). 

 
Keywords: Hydroxy double salts (HDS’s), dodecyl amine (DDA), 

hierarchically porous MOFs (HP-MOFs) 

I. INTRODUCTION 

Porous coordination polymers called metal organic 

frameworks obtained by binding together organic and 

inorganic units are rapidly developing as multifunctional 

materials with wide variety of applications [1]. They are 

largely used in gas storage [2], heterogeneous catalysis [3], 

sensing [4], separation and adsorption [5] and as magnetic 

materials [6]. Different synthetic routes with numerous 

metals and organic linkers have already been used for the 

synthesis of various MOFs [7]. However, majority of the 

MOFs reported to date are microporous (pore size <2 nm) 

that allow the diffusion of only micro molecules hindering 

the bulky ones thereby limiting their interaction with active 

sites of the MOF structures [8]. Recent researches are hence 

dedicated to the development of hierarchically porous 

MOFs (HP-MOFs) with mesopores (2-50 nm) and macro-

pores (>50 nm) along with micropores (<2 nm) [9]. A 

number of approaches were developed recently to generate 

tunable porosity in MOFs resulting in hierarchically 

structured materials which include post synthetic strategy 

[10], supercritical fluid synthesis [11], metal-ligand-

fragment co-assembly [12], encapsulation and etching 

method [13], ligand extension method [14], ionic liquid 

assisted synthesis [15], modulator-induced-defect-formation 

[16], spray- drying technology [17] etc. All these reported 

methods produce HP-MOFs with numerous active sites and 

excellent tunable porosities. However almost all these 

approaches require extreme experimental conditions such as 

high temperature and pressure, prolonged down-stream 

treatments, long reaction time, or special apparatus [18,19], 

which are energy consuming, with low production rate or 

having potential risk of environmental pollution. Hence 

synthesis of HP-MOFs using green and facile synthetic 

strategies remain challenging [20]. Recently Hou et al. 

reported the time-controlled synthesis of HP-MOFs with 

high STYs (2035 kgm-3d-1) at room temperature [21]. A 

different approach of using structure-directing agents for 

synthesizing mesoporous materials has proved to be a novel 

route for the synthesis of HP-MOFs [22-27]. Based on the 

surfactant-assisted technique, a series of hierarchically 

micro- and mesoporous MOFs, have been successfully 

prepared using structure directing agents (SDAs). The 

cooperative template strategy developed by Sun et al. uses a 

surfactant and a chelating agent to prepare hierarchically 

porous HKUST-1 where micelles are formed by the self-

assembly of surfactant molecules and the chelating agent 

bridges the MOF [28]. Synthetic method involving hydroxy 

double salts (HDS’s) as intermediates that can enable rapid 

growth of HKUST-1 provide another promising route for 

synthesizing mesoporous MOFs [29]. Recent developments 

such as cooperative template strategies as well as modified 

template strategies for producing HP-MOFs provide facile 
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Abstract: Hierarchically porous MOFs (HP-MOFs) are porous 

architectures containing mesopores (2-50 nm) and/or 

macropores (>50 nm) along with micropores (< 2 nm) in the 

MOF networks and have raised considerable interest recently, 

due to their variety potential applications in adsorption, drug 

delivery, catalysis, separation of molecules etc. Presence of 

meso- and macro-pores along with micropores in the network 

structures enable them to be used as hosts to accommodate 

bigger molecules which can undergo reaction or 

transformation in the cavities. A number of synthetic 

approaches were explored recently to generate hierarchically 

structured metal organic frameworks, most of which require 

extreme experimental conditions and prolonged down-stream 

treatments that are energy consuming, having potential risk of 

pollution and low production rate. In this work we report a 

green and ultrafast metal oxide-surfactant synergistic route for 

the synthesis of a mesoporous Zn-BDC MOF using ZnO as the 

accelerator and dodecyl amine (DDA) as the surfactant. MOFs 

with varying porosity get formed by the synergistic reaction 

between the hydroxy double salt (HDS) formed from ZnO and 

the template micelle formed from the surfactant DDA. The 

advantage of this method is that the synthetic procedure was 

accomplished at room temperature and pressure in a few 

minutes (<5 minutes). 

 
Keywords: Hydroxy double salts (HDS’s), dodecyl amine (DDA), 

hierarchically porous MOFs (HP-MOFs) 

I. INTRODUCTION 

Porous coordination polymers called metal organic 

frameworks obtained by binding together organic and 

inorganic units are rapidly developing as multifunctional 

materials with wide variety of applications [1]. They are 

largely used in gas storage [2], heterogeneous catalysis [3], 

sensing [4], separation and adsorption [5] and as magnetic 

materials [6]. Different synthetic routes with numerous 

metals and organic linkers have already been used for the 

synthesis of various MOFs [7]. However, majority of the 

MOFs reported to date are microporous (pore size <2 nm) 

that allow the diffusion of only micro molecules hindering 

the bulky ones thereby limiting their interaction with active 

sites of the MOF structures [8]. Recent researches are hence 

dedicated to the development of hierarchically porous 

MOFs (HP-MOFs) with mesopores (2-50 nm) and macro-

pores (>50 nm) along with micropores (<2 nm) [9]. A 

number of approaches were developed recently to generate 

tunable porosity in MOFs resulting in hierarchically 

structured materials which include post synthetic strategy 

[10], supercritical fluid synthesis [11], metal-ligand-

fragment co-assembly [12], encapsulation and etching 

method [13], ligand extension method [14], ionic liquid 

assisted synthesis [15], modulator-induced-defect-formation 

[16], spray- drying technology [17] etc. All these reported 

methods produce HP-MOFs with numerous active sites and 

excellent tunable porosities. However almost all these 

approaches require extreme experimental conditions such as 

high temperature and pressure, prolonged down-stream 

treatments, long reaction time, or special apparatus [18,19], 

which are energy consuming, with low production rate or 

having potential risk of environmental pollution. Hence 

synthesis of HP-MOFs using green and facile synthetic 

strategies remain challenging [20]. Recently Hou et al. 

reported the time-controlled synthesis of HP-MOFs with 

high STYs (2035 kgm-3d-1) at room temperature [21]. A 

different approach of using structure-directing agents for 

synthesizing mesoporous materials has proved to be a novel 

route for the synthesis of HP-MOFs [22-27]. Based on the 

surfactant-assisted technique, a series of hierarchically 

micro- and mesoporous MOFs, have been successfully 

prepared using structure directing agents (SDAs). The 

cooperative template strategy developed by Sun et al. uses a 

surfactant and a chelating agent to prepare hierarchically 

porous HKUST-1 where micelles are formed by the self-

assembly of surfactant molecules and the chelating agent 

bridges the MOF [28]. Synthetic method involving hydroxy 

double salts (HDS’s) as intermediates that can enable rapid 

growth of HKUST-1 provide another promising route for 

synthesizing mesoporous MOFs [29]. Recent developments 

such as cooperative template strategies as well as modified 

template strategies for producing HP-MOFs provide facile 
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2
Nanocellulose/polymer
nanocomposite membranes for
pervaporation application
Jithin Joy1, Neenu George2, Cintil Jose Chirayil1 and
Runcy Wilson3
1Newman College, Thodupuzha, India 2St. Joseph’s College, Moolamattom,

India 3Department of Chemistry, St. Cyril’s College, Adoor, India

2.1 Introduction
Pervaporation (PV) is an efficient membrane process for

liquid separation. The past decades had witnessed substantial
progress and exciting breakthrough in both the fundamental
and the application aspect of PV. The thermodynamic approach
of PV, featuring emphasizing membrane/species interactions,
though gained great successes in the past decades, is now fac-
ing its toughest challenge in the org�org separation. A kinetic
era of PV, featuring emphasizing diffusion selectivity, as well as
the synergy between the selective diffusion and sorption, is in
the making, and this approach will eventually find solutions to
the challenging org�org separation [1�3].

2.1.1 Design and choice of membrane materials
for pervaporation

For the practical application of PV, the membrane must
have a high permeation rate and a large separation factor. To
obtain a higher permeation rate, an improved permeability
coefficient is necessary. Although a so-called trade-off rela-
tionship exists between permeability and selectivity, that is,
high selectivity is generally accompanied by low permeability,
acceptable membrane materials with both high permeability
and high selectivity may be synthesized by polymer design.
Generally diffusion of small molecules through a dense mem-
brane is favored, and the solubility of a compound in a polymer
is governed by the chemical affinity between the penetrant and
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Nanocellulose/polymer
nanocomposite membranes for
pervaporation application
Jithin Joy1, Neenu George2, Cintil Jose Chirayil1 and
Runcy Wilson3
1Newman College, Thodupuzha, India 2St. Joseph’s College, Moolamattom,

India 3Department of Chemistry, St. Cyril’s College, Adoor, India

2.1 Introduction
Pervaporation (PV) is an efficient membrane process for

liquid separation. The past decades had witnessed substantial
progress and exciting breakthrough in both the fundamental
and the application aspect of PV. The thermodynamic approach
of PV, featuring emphasizing membrane/species interactions,
though gained great successes in the past decades, is now fac-
ing its toughest challenge in the org�org separation. A kinetic
era of PV, featuring emphasizing diffusion selectivity, as well as
the synergy between the selective diffusion and sorption, is in
the making, and this approach will eventually find solutions to
the challenging org�org separation [1�3].

2.1.1 Design and choice of membrane materials
for pervaporation

For the practical application of PV, the membrane must
have a high permeation rate and a large separation factor. To
obtain a higher permeation rate, an improved permeability
coefficient is necessary. Although a so-called trade-off rela-
tionship exists between permeability and selectivity, that is,
high selectivity is generally accompanied by low permeability,
acceptable membrane materials with both high permeability
and high selectivity may be synthesized by polymer design.
Generally diffusion of small molecules through a dense mem-
brane is favored, and the solubility of a compound in a polymer
is governed by the chemical affinity between the penetrant and
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Abstract. In this work, the effect of polyethylene glycol (PEG) on the structural, and optical properties of manganese 

tungstate nanorods are studied.  The tungstate nanorods are prepared by simple chemical precipitation method with and 

without using PEG. The analysis of the results confirms that the structural, absorption and photoluminescence properties 

of the MnWO4nanorods are modified considerably due to the presence of PEG in the synthesis process. The TGA/DTA 

analysis shows that the prepared nanorods are stable above 430 0C. The TEM analysis indicates that there is a 

considerable reduction in the size of the nanorods prepared in the presence of PEG.  

INTRODUCTION 

Over the past decade, nanostructured manganese tungstate (MnWO4)have aroused intense interest 

because of their novel structural, optical, electrical, and photocatalytic properties [1-4]. These unique properties 

make them suitable for potential use in lasers, light emitting diodes, humidity sensors, and scintillating detectors [5-

8]. MnWO4 has a wolframite structure in which each Mn and W atoms are in octahedral coordination surrounded by 

six nearest neighbor oxygen atoms. MnWO4 consists of several edge-sharing (MnO6) and (WO6) octahedrons in a 

series of zigzags along c-axis. The packing of oxygen ions is hexagonal and the metal ions are found to occupy a 

quarter of all the octahedral interstices. 

Various synthesis methods are reported in the literature for the synthesis of MnWO4 nanostructures which 

include surfactant assisted complexation-precipitation method [1], hydrothermal method [9], solvothermal method 

[3], and spray pyrolysis method [10].  The objective of the present work is to study the effect of polyethylene glycol 

(PEG) on the structural and optical properties of MnWO4 nanostructures. For this, MnWO4   is synthesized by a 

simple chemical precipitation method both in the presence and absence of PEG. Studying the effect of PEG on the 

properties of MnWO4 is of great importance in terms of understanding the variation of the properties of the 

nanostructures as well as from an application point of view. 

 EXPERIMENTAL DETAILS  

For the synthesis of nanocrystalline MnWO4 chemical precipitation method is used [11]. An aqueous solution of 

0.1 M manganese chloride (MnCl2.4H2O, 99.8%, Sigma Aldrich) and 0.1 M sodium tungstate (Na2WO4.2H2O, 

99.9%, Alfa Aesar) are the starting materials. The synthesis is done at room temperature and the pH value is 

approximately 7. The reactants are slowly mixed at the rate of about 10 ml per minute while being stirred well using 

a magnetic stirrer. The precipitate is obtained by decanting the supernatant liquid which contained NaCl and water. 

The precipitate collected is again stirred with distilled water. Again decantation is done to collect the settled 

MnWO4 particles. The overall process is repeated five times to ensure the purity of the final product.  The obtained 

precipitate is collected and dried in an oven at 70 
0
C for one day to get powders of MnWO4. Afterwards, the 

powders are calcined for 3 hours in a muffle furnace at 450 
0
C. To study the effect of PEG (HO (C2H4O) n) on the 
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3.1 Introduction

Plastics are inexpensive, light in weight as well as durable materials

that may conveniently be molded into a variety of products which search

for employed in several applications. For this reason, the development of

plastics materials has increased substantially over the last few years. Up-

to-date quantities of their consumption and disposal generated a range of

environmental problems. At least 4% of global coal as well as oil genera-

tion, a nonrenewable material, which is employed in form of feedstock

for plastics materials and an extra 3%�4%, is used to provide us energy

with their manufacturing [1]. A critical section of plastic materials formu-

lated each year is employed which could apply in the role of parts and

components of packaging or various other minor things that are thrown

away within every year of manufacturing. The two scientific studies

alone recommend use; current application of plastics is undoubtedly not

environmentally friendly. Additionally, on account of the durability of

the polymers involved, considerable levels of scrapped end-of-life plastics

are accumulating in form of waste in landfills as well as in natural habi-

tats globally. Reusing is the main guidelines, right now which is readily

available for reducing these types of influences and gives possibly one of

the most dynamic areas when we look at the plastics industry nowadays.

For instance, reusing offers opportunities to minimize oil usage, skin

tightening and emissions in addition to degrees of waste demanding dis-

posal [2�4]. The intention of this chapter is actually to evaluate the

recovery, direct reuse as well as incineration of polyethylene terephthal-

ate (PET) bottles recycling system, wherein more widely used bottles are

reprocessed into mutually fiber as well as bottles, additionally to evaluate

the recycling with a virgin. On account of, PET is now the most reliable
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CHAPTER

12NANOCELLULOSE-REINFORCED
UNSATURATED POLYESTER
COMPOSITES

Cintil Jose Chirayil1, Cincy George1, Mahesh Hosur2 and Sabu Thomas3
1Department of Chemistry, Newman College, Thodupuzha, India 2Department of Materials Science Engineering,
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12.1 INTRODUCTION
Environmental regulations and growing demand for high performance products have led to

increased interest in renewable and sustainable biomaterials that can be used as reinforcements in

polymer composites. Cellulose is an abundant and naturally occurring polymer that can be obtained

from numerous sources, and cellulose microfibrils are the basic structural units of all plants [1].

Cellulose in its nanocrystalline form has a high tensile strength, a high Young’s modulus, and is a

good reinforcing filler for various composite materials. The development of cellulose nanofibers

(CNFs) has attracted significant interest in the past few decades due to the unique characteristics

they endow such as high crystallinity, high purity, high surface area, unique optical properties, and

high Young’s modulus [2,3]. Smart materials based on cellulose have great advantages, especially

their intelligent behaviors in response to environmental stimuli and their ability to be applied to

many circumstances [4]. Some applications of nanocellulose in different forms include their use as

reinforcement materials, biomaterials, membranes in drug delivery systems, water treatment, optical

media, biomembranes, barrier films, and others [5�8]. Cellulose fiber�reinforced polymer compo-

sites have received much attention because of their versatile properties. This century could be

called the cellulose century and the future seems to be bright for biofibers and bio-based products

[9]. Nanocellulose has also been combined with a diverse set of inorganic nanoparticles. A sche-

matic representation of various types of organic�inorganic hybrid materials of nanocellulose with

inorganic materials with corresponding applications is shown in Fig. 12.1.

12.1.1 STRUCTURAL ORGANIZATION OF CELLULOSE

Cellulose is considered to be the most abundant renewable polymer on Earth. This structural mate-

rial is organized as microfibrils linked together to form cellulose fibers. It is biosynthesized by a

number of living organisms ranging from higher to lower plants, some amoebae, sea animals, bac-

teria, and fungi [10]. Cellulose consists of a linear homopolysaccharide composed of D-glucopyra-

nose units linked together by β-1-4-linkages. Each monomer bears three hydroxyl groups and these
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12.1 INTRODUCTION
Environmental regulations and growing demand for high performance products have led to

increased interest in renewable and sustainable biomaterials that can be used as reinforcements in

polymer composites. Cellulose is an abundant and naturally occurring polymer that can be obtained

from numerous sources, and cellulose microfibrils are the basic structural units of all plants [1].

Cellulose in its nanocrystalline form has a high tensile strength, a high Young’s modulus, and is a

good reinforcing filler for various composite materials. The development of cellulose nanofibers

(CNFs) has attracted significant interest in the past few decades due to the unique characteristics

they endow such as high crystallinity, high purity, high surface area, unique optical properties, and

high Young’s modulus [2,3]. Smart materials based on cellulose have great advantages, especially

their intelligent behaviors in response to environmental stimuli and their ability to be applied to

many circumstances [4]. Some applications of nanocellulose in different forms include their use as

reinforcement materials, biomaterials, membranes in drug delivery systems, water treatment, optical

media, biomembranes, barrier films, and others [5�8]. Cellulose fiber�reinforced polymer compo-

sites have received much attention because of their versatile properties. This century could be

called the cellulose century and the future seems to be bright for biofibers and bio-based products

[9]. Nanocellulose has also been combined with a diverse set of inorganic nanoparticles. A sche-

matic representation of various types of organic�inorganic hybrid materials of nanocellulose with

inorganic materials with corresponding applications is shown in Fig. 12.1.

12.1.1 STRUCTURAL ORGANIZATION OF CELLULOSE

Cellulose is considered to be the most abundant renewable polymer on Earth. This structural mate-

rial is organized as microfibrils linked together to form cellulose fibers. It is biosynthesized by a

number of living organisms ranging from higher to lower plants, some amoebae, sea animals, bac-

teria, and fungi [10]. Cellulose consists of a linear homopolysaccharide composed of D-glucopyra-

nose units linked together by β-1-4-linkages. Each monomer bears three hydroxyl groups and these
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Lignocellulose-Based
Nanoparticles and

Nanocomposites: Preparation,
Properties, and Applications

B. Deepa1,2, Cintil Jose Chirayil3, Laly A. Pothan1

and Sabu Thomas4
1Department of Chemistry, CMS College, Kottayam, India 2Department of

Chemistry, Bishop Moore College, Mavelikara, India 3Department of
Chemistry, Newman College, Thodupuzha, India 4International and Inter

University Centre for Nanoscience and Nanotechnology, Mahatma Gandhi
University, Kottayam, India

INTRODUCTION

Natural fiber reinforced nanocomposites are of interest to both scien-
tists and researchers because of their wide spread availability, sustain-
ability, biodegradability, and renewability (Gallos, Paës, Allais, &
Beaugrand, 2017; Malladi, Nagalakshmaiah, Robert, & Elkoun, 2018;
Mohammadinejad, Karimi, Iravani, & Varma, 2016; Xiong, Grant, Ma,
Zhang, & Tsukruk, 2018; Xue, Mou, & Xiao, 2017). Natural fibers can be
derived from plant, animal, and mineral sources. Among these, plant-
based cellulose fibers show promise as a reinforcement unit for the
preparation of green nanocomposites (Fernandes, Pires, Mano, & Reis,
2013; Kalia, Thakur, Celli, Kiechel, & Schauer, 2013; Mohammadinejad
et al., 2016; Namvar et al., 2014; Oksman et al., 2016; Sun et al., 2018).
Cellulose is the most abundant, natural, and renewable biopolymer,
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Applications of Aerogels in
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13.1 Introduction
Aerogel technology provides high added-value lightweight materials with
outstanding surface area and open porosity, suitable for loading with active
compounds.1 Efforts have been traditionally focused on aerogel develop-
ment with a wide range of applications in different fields, for example,
aeronautics, biomedicine, construction, environmental remediation or
agriculture.2 Kistler first described the preparation of aerogels from poly-
saccharides (agar, nitrocellulose and cellulose) in 1931.3 Since then, many
efforts have been focused on aerogel production from polysaccharide-based
precursors. However, research on these aerogels addressing biotechnologi-
cal and pharmaceutical applications has only recently been started. For
example, organic aerogels from Federal Drug Administration (FDA) and
European Medicines Agency (EMEA) approved bio-based polysaccharides
can afford the challenge of acting as a biocompatible plus biodegradable

Green Chemistry Series No. 58
Biobased Aerogels: Polysaccharide and Protein-based Materials
Edited by Sabu Thomas, Laly A. Pothan and Rubie Mavelil-Sam
r The Royal Society of Chemistry 2018
Published by the Royal Society of Chemistry, www.rsc.org
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13.1 Introduction
Aerogel technology provides high added-value lightweight materials with
outstanding surface area and open porosity, suitable for loading with active
compounds.1 Efforts have been traditionally focused on aerogel develop-
ment with a wide range of applications in different fields, for example,
aeronautics, biomedicine, construction, environmental remediation or
agriculture.2 Kistler first described the preparation of aerogels from poly-
saccharides (agar, nitrocellulose and cellulose) in 1931.3 Since then, many
efforts have been focused on aerogel production from polysaccharide-based
precursors. However, research on these aerogels addressing biotechnologi-
cal and pharmaceutical applications has only recently been started. For
example, organic aerogels from Federal Drug Administration (FDA) and
European Medicines Agency (EMEA) approved bio-based polysaccharides
can afford the challenge of acting as a biocompatible plus biodegradable
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