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PREFACE

The 7th and 8th issues of this book series of “Education in Chemical Science
and Technology” is shaped with ten articles in the different domain which will be
valuable literature for the students those who are willing to adopt Chemistry as a part
of their career.

In the first article, Prof. D. V. Prabhu from Wilson College, Mumbai & General
Secretary, Association of Chemistry Teachers explained the role of catalysts in green
chemistry in his unique style of easiest explanation. He enlightened the role of catalysis
towards better atom economy, minimum waste production, eco-friendly products and
emissions, and reusability of catalyst materials.

Prof. Chittaranjan Sinha from Jadavpur University, Kolkata and Honorary Secre-
tary, Indian Chemical Society who is popular as ‘CRS Sir’ among inorganic chemistry
students, explained beautifully a very modern topic MOF (Metal-organic framework),
and the chemistry behind it, in the second article. The uniqueness of this topic is the
structural correlation between house frame and MOF frame which will be an easier
tool to understand the topic.

In the third article, Prof. Sagar Pal, an Organic Chemist from IIT (ISM) Dhanbad
has explained the formation of polysaccharide-based hydrogels in controlled drug
delivery applications.

Prof. Pijush Khatua et al. from Haldia Institute of Technology, Haldia explained the
role of polymers, resins, adhesive towards the formation of composite material in the
fourth article of this book. He also emphasized “Why fiber-reinforced composites are
impotent for surviving in the future?”, which will promote higher learners to find their
projects in this beautiful field.

In the fifth article, Dr. Tarun Kumar Barik et al. from IIT-Kharagpur explained the
deeper understanding of Foam-Raman spectroscopic characterization and its appli-
cations in different fields.

Dr. Partha Pratim Bag from SRM University, Sikkim explored the correlation between
the engineering techniques and the chemistry behind the crystal structure of the
molecule in the sixth article.

In the seventh article, Prof. Radha Das et al. from Haldia Institute of Technology,
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Haldia reported an original project outcome on the adsorption performance of Indian
neem leaf powder for the removal of cationic Methylene Blue dye from effluents of the
dye industry, its kinetics, and reaction isotherm.

In the eighth article, Dr. Madhurima Jana et al., NIT-Rourkela explained how alcohol
as a co-solvent plays an important role in the structure and stability of proteins.

From personal experience of teaching for a long period of time and interacting
closely with students at all levels, high school onwards, taking chemistry as a major
subject in different parts of the country, Prof. Nitin Chattopadhyay, Jadavpur Univer-
sity, Kolkata illustrates the different aspects of imparting chemical education in the
ninth article.

At the end, Dr. Aparna Das and Prof. Bimal Krishna Banik, Prince Mohammad Bin
Fahd University, Kingdom of Saudi Arabia explained the fundamental aspects of
cholesteroland its three crucial derivatives are explored. In the article, the cholesterol-
related health issues and their possible controls are also covered.

We appreciate the academic contribution of all the authors who kindly responded
to our invitation and contributed their articles. We are also thankful to all the council
members and advisors of Indian Chemical Society for their valuable suggestions to
bring this issue towards our readers.

Last but not least, the help of the Office Staff of the Society and Staff of the Press
are thankfully acknowledged for their kind help in every aspect of this publication.

Inspite of our best efforts some unintended eorrors might have gatecrashed in for
which we express our sincere apology.

We believe that the present issue would be warmly accepted by our readers. We
shal be highly obliged to accept any suggestions and critisim from the readers for
future improvement.

G.D. Yadav C.R. Sinha
President Honorary Secretary
Indian Chemical Society Indian Chemical Society
Biswajit Pal

Gourisankar Roymahapatra
Soumitra Deb
Honorary Editor(s)
Education in Chemical Science and Technology
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Conservation of the natural resources of our planet has become an issue of prime
importance all over the world. Due to rapid urbanization, metal and wood are
abundantly use in industry for development of building and household furniture.
Metal is limited where as wood is renewable but to grow it requires huge time. For
this reason, we are facing scarcity of metal as well as wood (not only used as
building material but majorly used in furniture industry, paper industry and several
other purposes). Global environmental consciousness induced us to use the other
materials which are not metal and wood but have equivalent properties like metal
and wood, called composite — a material. Most of the metals are non-biodegrad-
able and they need huge energy for production and process. On the other hand
wood collect from tree has a great roll on the ecosystem. In this situation fiber re-
inforced polymer matrix composite plays great roll as substitute of metal and wood
in numerous applications because of its some extraordinary strength properties.
Here, a preliminary and easy attempt has been taken for development of different
composite materials, there properties, application, merits and demerits as substi-
tute of metal and wood. Due to its high specific stiffness and strength, composite
could be an ideal solution of metal and wood which indirectly will save our natural
wealth and forest reserves.

Keywords: Metal, wood, material, composite, matrix, reinforcing agent.

Introduction

Due to continuous increase in gap between demand and supply of metal and
wood, we are passing through a critical state as they are not only limited in this
world at the same time play a massive roll in our ecosystem. Due to unbound use
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PREFACE

Keeping in mind the specific need of students of schools, colleges, and
universities, the Indian Chemical Society has undertaken the arduous task
to bring out a biannual periodical “Education in Chemical Science and
Technology” with a hope that the periodical would fulfill the requirement
of advance undergraduate and postgraduate students having diverse back-
ground and training. The first issue, published in August 02, 2013 has been
widely appreciated and we hope that this third issue of the periodical would
be equally appreciated by the budding researchers in basic chemistry, chemi-
cal technology, and interdisciplinary subjects.

I express our gratitude to Professor Mahesh C. Chattopadhyaya, former
President, Indian Chemical Society and Professor R. N. Prasad, President,
Indian Chemical Society for their initiative for the publication of this peri-
odical. I sincerely acknowledge with admiration the scholastic contribu-
tions of the authors who kindly responded very quickly for contributing
their articles.

I also express my thanks to Dr. Rahul Bhattacharya, Executive Officer,
Sri Mahananda Khamrui, and all the employees of the Indian Chemical
Society and M/s. Auto-Print and Publicity House for their hard work and
commitment.

In spite of our best efforts some inadvertent errors might have crept in,
for which I tender my sincere apology.

I sincerely believe that the present issue would be warmly received by
those for whom it is intended. We shall highly appreciate receiving any
suggestion and criticism from the users of this periodical.

D. C. Mukherjee

Honorary Secretary
Indian Chemical Society
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PREFACE

It is our great pleasure that the 2" edition of the 3" issue of the biannual
priodical “Education in Chemical Science and Technology” is being pub-
lished in the re-edited form on August 2022, to celebrate the auspicious
1615 Birth Anniversary of Acharya Prafulla Chandra Ray, the “Father of
Indian Chemistry”. It is to mention that the 15 edition of this issue was
initially brought out in August 2015, as the previous issues were extremely
popular among students and teachers. Prof. D. C. Mukherjee, the then
Hon. Secretary of the Indian Chemical Society (ICS), took the responsibi-
lity to edit the issue and seven beautiful articles were considered to be
printed. It includes - ‘Time economic innovative pedagogies in chemical
science’ by Das et al.; ‘Magnetic nanoparticles and their applications’ by
Gautam et al.; ‘Homoaromaticity’ by Basu ez al.; ‘Pams Quantum Periodic
Table’ by D. N. Raju, ‘Extraction of copper from small electronic devices’
by A. Kumari et al.; ‘Trace analysis of uranium in coal fly ash by fluori-
metry’ by Sarangi ef al. and ‘Zinc sensor’ by Bhanja er al. The issue was
highly recognized among the readers.

Keeping in mind the growing popularity and specific needs of the stu-
dents and teachers, the present Council of the ICS has decided to publish
the 2™ edition of the 3™ issue with International Standard Book Number
(ISBN). It is now an outcome of the original issue with four additional
articles as newly appended along with earlier seven articles in its content.

The newly entrant four articles are contributed from Prof. Avijit Banerji,
former Professor, Department of Chemistry, University of Calcutta and
presently at Central Ayurveda Research Institute, Kolkata, Prof. Niranjan
Karak of Tezpur University, Assam, Prof. Samaresh Bhattacharya of
Jadavpur University, Kolkata and Dr. Sibaprasad Maity of Haldia Institute
of Technology, Haldia, West Bengal, as the corresponding authors in their
respective articles. Overall, the four new articles shade lights on both hardcore



and applied chemical fields, covering the topics ‘Ruthenium(Iv)-oxo species
and their utilization in oxidation reactions’, ‘[3+2] cycloaddition reactions
from the molecular electron density perspective’, and ‘Bioplastics: greener
alternatives to conventional plastics, its opportunities and challenges’. All
articles in this re-edited issue are peer reviewed as per publication protocol
and seem to arouse academic interests in the chemistry fraternity; especially
the undergraduate and postgraduate student sections to supplement their
curriculum activities and also the research scholars to pursue their exploration.

The Indian Chemical Society gratefully acknowledges all the authors for
their scholastic contribution. The Council members and advisors of the ICS
deserve special thanks for their constant support in publishing this re-edited
issue. We sincerely thank to the cover page designer of the 1 edition,
which is used ‘as-it-is’ in this issue. Due thanks are extended to the Office
Staff of the Society as well as the Press for their cooperation.

In spite of our best efforts some unintended errors might have squirmed,
for which we tender our earnest apology. We sincerely believe that the
present issue would be warmly received by all possible readers for whom it
is purposive. We shall highly appreciate receiving all possible criticism and
positive suggestions from the readers.

Prof. G. D. Yadav Prof. C. Sinha
President Honorary Secretary
Dr. Biswajit Pal
Dr. G. S. Kapur
Dr. Gourisankar Roymahapatra
Honorary Editor(s)
Education in Chemical Science and Technology
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Aim: The biodegradable polymers appear as an alternative to
conventional plastic materials which are mostly non-biodegra-
dable in nature and creating a long term environment concern.
But we can’t deny the use of polymers in the present scenario.
The growing social concerns and environmental awareness have
triggered the search for new polymeric materials and processes
that are well-suited with the environment. People have been
keenly attracted to the concept and perceived environmental
advantages to biodegradable plastics. The polymers, if bio-
degradable, can be disposed of in the ecologically sound manner,
through waste management. Considering the necessity, in addition
to improving the degradation pattern of these synthetic poly-

ISBN : 978-81-954339-8-8 169



Maity

meric materials, the development of new polymeric materials
which might be degraded under environmental conditions draws
our attention.

Keywords: Sustainabillity, bioplastics, biodegradation.

1. Introduction

Polymers are one of the most important materials which have
garnered a universal presence in our daily lives with
remarkable versatility in form and function. Polymers are
macromolecules of higher molecular mass consisting of a long
chain backbone of smaller repeating units, built up by linking
of a large number of small molecules, named as monomers. In
earlier days we were dependent on cotton, jute and some
agricultural products for clothing, and wood, metal, glass,
stone and bricks etc. for manufacture of the materials needed
for a civilized life. But now the synthetic fibres have brought a
revolution in the textile industry. Presently terylene and nylons
have almost replaced cotton and silk. It is very difficult to
think of a day without synthetic or natural polymers because of
the fast growing demand of new materials used in buildings,
automobiles, aircraft frame, irrigation, daily utensils, elec-
tronic gadgets etc. - for better human living and comfort.
Inertness of the plastics under environmental conditions make it
useful as food packaging material and for storing of other
substances, but unfortunately due to the same reason, on
disposal they last for centuries in landfill sites, creating
difficulties to find more spaces for landfill sites and also it
leaches toxins slowly into the soil as time passes. The
microorganism may not degrade those plastics most of the time
properly into biomasses; if we go for incineration it emits large
quantities of CO, which may cause global warming. Recycling
plastics becomes also difficult and expensive. Thus scientists
are thinking about biodegradable plastic which might be an
alternative to conventional plastic, to be prepared easily and
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economically and can be disposed of in a safe and ecologically
sound manner.

2. Concern with plastics

Degradable plastics may be photodegradable or Oxo-
degradable which disintegrate into small pieces when exposed
to sunlight and oxygen, semi-biodegradable or 100% bio-
degradable which ensure degradation of plastics by bacteria,
fungi and algae etc. into biomass ultimately. Sustainability
requires the natural processes of degradation of these plastics,
such that the basic building blocks can be decomposed by
nature to make a new life form. Petrochemicals based plastics
are not designed by nature and obviously not degraded by
natural processes. Plastics are the polymerized material which
is easy to mould into a variety of products of different shape
and size. It is easy to spot them around us at every corner and
become an integral part of our lives due to their versatile
nature like light weight, possess thermal and electrical
insulation and long lasting. The mostly used polymers like PE,
PP, PVC, PS and PET, are produced by chemical synthesis
using petroleum feedstock. Packaging without plastics is just
what we can’t imagine in present days due to its low cost, light
weight and durability. When the designing of synthetic
polymers for packaging comes to our mind, good barrier
character to water vapour, oxygen and mechanical performance
as well as durability are the prime matters come to our mind
but hardly about their degradability and recyclability. The
polyethylene terephthalate (PET), polyethylene and poly-
propylene are the most widely used polymeric materials but till
date we are worried about their degradability and/or effective
recyclability!. As reported in Science article (Science 304,
838, 2004) the plastic debris around the globe can be
decomposed into microscopic granules or fibre like fragments,
which have been storing steadily in the oceans and marine
animals, seabird species are known to have ingested fine
synthetic polymer fragments that have been mistakenly
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consumed as their food, as seen sometimes in their digestive
tract. The unfortunate death of shore birds which play a vital
role in the ecosystem to maintain population sizes of fishes and
crustaceans might be a matter of great concern.

3. Bio-plastics and degradation

These plastics are no doubt durable but their lack of
biodegradability is now our primary concern. But overuse of
single use plastics has led to a global, environmental
catastrophe. Lack of recyclability or degradability into building
blocks and/or biomass is not only creating plastics waste but
also a great loss to the economy. Several efforts have been
made to address such problems during the last couple of years,
such as development of effective catalysts for effective
depolymerisation of plastics into building blocks and/or
monomers to reprocess these, designing of additives for
chemical recycling, copolymer like PT6HP-co-PyBL, of better
barrier and mechanical properties comparable to petroleum-

based polymers are noteworthy2~11.

Due to concern over climate change, limitation on supply of
fossil carbon source, there is increasing interest in bioplastics.
Polymers with biological relevance can be classified as:

(i) Biopolymers - i.e. polymers from plants, animals and
microorganisms. eg. starch, cellulose, proteins,

(i1) Biobased polymers - which are derived from renewable
natural resources like plants, animals or microorganisms,
as opposed to petroleum based resources. e.g. BioPE,
BioPET

(iii)Biodegradable polymers - They might be biopolymers,
biobased polymers and even polymers from petroleum
based resources. e.g. Polyvinyl alcohol

The words ‘bioplastic’ and ‘biodegradable plastic’ are similar

but not synonymous. Biodegradable plastics are commonly
produced from renewable raw materials, micro-organisms,
petrochemicals or combination of all of these. They are usually
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decomposed by the action of living organisms, into water, car-
bon dioxide and/or biomass. Biodegradable plastics are commonly
used for disposable items like crockery-dishes, cups, glasses;
cutlery-spoons; packaging-bags, bottles; and different food ser-
vice containers. In principle they could replace conventional
plastics, however their cost and performance are a matter of
worry. In a few countries use of biodegradable plastic bags and
shoppers have been compulsory by law.

Biodegradable generally refers to a substance that can be
broken down by microorganisms in the environment within a
stipulated period of time. Effective biodegradation requires
specific environmental conditions like temperature and level of
aeration, allowing microorganisms to convert the materials into
other natural substances such as water, carbon dioxide and
compost. Biodegradability is directly related to the chemical
structure of the materials, not to the origin of raw materials.
Biodegradation is a function of humidity, temperature, pH,
level of oxygen, concentration of salts and various nutrients.
Presence of fungicides may also affect biodegradability.
Structure and properties of polymers like molar mass, chemical
reactivity, cross-linking, porosity, mechanical strength play
important roles towards their biodegradability. e.g. polymers of
very high molecular mass are less susceptible to biodegradation.

Thus biodegradable polymers draw immense attention from
sensible communities. People are searching for biodegradable
plastics which will exhibit better resistance to penetration of
water vapour, oxygen and carbon dioxide as well as
considerable elongation at break and also be economically
viable. There are different polymers of biological relevance.
Biopolymers like proteins, polysaccharides which are generated
from plants, animals and microorganisms itself. Biobased
polymers like BioPE, BioPET which are prepared through
polymerization of some raw materials coming from some
natural resources or renewable sources rather than petroleum
resources. But biodedegradable polymers may include bio-
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polymers, biobased polymers and also polymers from petroleum
based resources but not all are biodegradable. During
biodegradation of polymers it seems the macromolecules are
converted into CO, under aerobic condition and CH, under
anaerobic condition along with some other residues and
biomasses. These polymers may be photodegradable, oxo-
degradable or even compostable, operated by microorganisms,
small insects and/or earthworms to produce humus. Degradation
of polyhydroxybutyrate is mainly based on depolymerisation by
hydrolase enzymes into oligomers, dimers or monomers and
finally into CO, or CH, and other residues depending on
availability of oxygen.

Plastics are referred to as ‘green’ if they resemble either or
all of the properties like-biodegradability or compostability
after end of life, source renewability, environmentally friendly
processing. ‘Green plastics’ are recognized as a possible
solution for concerns regarding the use of traditional petroleum
based plastics.

Compostable plastic is one that meets the scientifically
recognised standards of compostability regardless of the origin
of carbon. European Norm is EN 13432, and USA Norm is
ASTM D6400

As for example as per ASTM D6400- the main factors that
the plastics materials should exhibit, to be considered as
compostable are-

1. Mineralization:

e 90% conversion to carbon dioxide, water and biomass
through the action of microorganisms.

e The same rate of degradation as other organic waste
e Time period of degradation 180 days or less
2. Fragmentation:

Not more than 10% of the original dry weight of test
material shall fail to pass through a 2 mm fraction sieve.
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3. The impact on the environment:
No negative impact on flora and fauna

Biodegradability of polymers involves (a) copolymerization
of monomers which are vulnerable to micro-organisms and (b)
blending of biodegradable additive/polymer with non-biodegra-
dable polymer. Polymers can be degraded by (a) high energy
radiation (b) heat and oxygen (c) microbes.

Photo degradation initiated by the absorption of light energy
by certain groups present in the polymer molecule. It results in
the scission of the long chain macromolecule into smaller
fragments. Photo degradation of polymers requires either the
presence of a photo responsive group within the polymers chain
itself or some additive. Thermal degradation normally receives
support from oxygen in air and so it is also known as thermo
oxidative degradation. Rupturing of macromolecules generally
results in radical sites which react with oxygen to form peroxy
radicals thus converting the macromolecules into smaller
fragments.

Photo-biodegradable plastics are the synthetic polymers
which are incorporated with photo sensitizer, like diketones,
ferrocene derivatives and carbonyl containing species, or co-
polymers for purpose of weakening the bond of the polymer in
presence of ultraviolet radiation. Photodegradation may be useful
in applications where littering is an issue and pose a threat to
animal and marine life.

Plastic Additives- Prodegradant Concentrates (PDCs) promote
oxidation processes that break the plastic down into brittle, low
molecular weight fragments. Microorganisms gobble up the
fragments as they disintegrate, turning them into CO,, water,
non harmful residue and/or biomasses. As noted, PDCs being
present in 3% with PE can promote nearly 95% degradation
into bacteria friendly fragments within 4 weeks. They are not
biodegradable rather bioerodible. They are used to manufacture
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single use plastics such as disposable diapers, thin shopping
bags, food containers, landfill covers etc.

4. Biobased plastics

Few plastics™ which are enlisted below, among these few are
naturally produced and renewable (Green boxes), few are syn-
thetic and non-renewable (red boxes) but very few are synthetic
and renewable (sky colour box).

Polyesters

L L

Aliphatic Aromatic
PHA PLA

=
l N
- - — pHH - -

PHB/PHV | | PHB/PHH

y k-l

| Naturally Produced - Renewable

| Synthetic - Renewable

*PBS: Polybutylene succinate, PCL: Polycaprolactone, PHA:
Polyhydroxyalkanoates, PLA: Polylactic acid, PBSA: Polybuty-
lene Succinate adipate, PHV: Polyhydroxyvalerate, PHB:
Polyhydroxybutyrate, PHH: Polyhydroxyhexanoate, PET: Poly-
ethylene Terephthalate, AAC: Aliphatic Aromatic copolyesters,
PBAT: Polybutyleneadipate terephthalate, PTMAT: Polymethy-
lene Adipate Terephthalate
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*Type of plastic Applications Degradation

PHA Blow and injection moulded 10 weeks in compost
bottles and plastic films

PLA Drink cups, take away food 2 weeks via hydrolysis
trays, containers and planter
boxes.

PHBH Mono/multilayer films Under aerobic and

anaerobic conditions

PCL Film bags, food contact foam trays. 6 weeks in compost

PBS Mulch film, packaging films, 8 weeks in garden soil
and flushable hygiene products.

AAC Commercial food wrap for 12 weeks via composting

fruit and vegetables.

Agricultural waste and Food waste are the most common
environmental waste we see in our daily life. Production of
bioplastics from those wastes which are easily available may be
a renewable sustainable process. Biobased polymers derived
from biomass which can be used as polymeric materials and/or
with some chemical modifications or blending, like cellulose,
cellulose acetate which is prepared by acetylation of plant
cellulose, starches, chitin, modified starch etc. are used directly
without any purification. There are also bio-engineered poly-
mers which are biosynthesized by using microorganisms, it
facilitates to achieve desired physical properties than chemically
designed one of limited flexibility e.g. polyhydroxyalkanoates,
polyglutamic acid etc. There are monomers of another class of
polymer like PLA, PBS, bio-PET, that are derived from natural
sources through biological and/or chemical processes to reduce
the carbon footprint. Around 2010 analogous to petroleum
based, engineering-grade biobased polymers like bio-PET,
polyamide began to be of industrial interest!2-14. PLA,
polytrimethylene terephthalate(PTT), polyisosorbidecarbonate,
polyethylene 2,5-furandicarboxylate(PEF) are noteworthy indus-
trialized biobased polymers. PEF exhibits better gas barrier
properties and so is used for bottles and other packaging mate-
rials in the food and beverage industry. Let us discuss some
biodegradable/compostable polymers that are currently being
used and their properties, as well as their synthesis.
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Aliphatic polyesters are the biodegradable polymers which
are mostly studied. Low molecular weight polymers are pre-
pared using difunctional monomers preferentially but ring opening
polymerization is preferred to yield polymers of high molecular
weight!. Aliphatic polyesters are classified as polyhydroxyal-
kanoates -polylactic acid, polyglycolic acid(PGA) and polyalkene
dicarboxylates- polybutylene succinate, polyethylene succinate.

(i) Polylactic acid (PLA):

It is aliphatic polyester, prepared from D- and/or L- lactic
acid or from ring opening polymerization of lactide - cyclic
dimer of lactic acid. Renewable sources like fermented plant
starch - corn, cassava, sugarcane etc are the notable raw mate-
rials. Lactic acid, the simplest 2-hydroxycarboxylic acid with a
chiral carbon atom, is optically active. There are two optical
isomers - L-lactic acid and D-lactic acid. Lactic acid can be
extracted from fermentation of milk and laso sugars. Starch,
glucose, lactose and maltose produced from corn and potatoes
are used for lactic acid fermentation. The most employed
worldwide process to get one given isomer of lactic acid is
bacterial fermentation which leads to higher yield based on the
type of bacteria chosen. Fermentation needs 3-5 days under pH
5 at about 40°C in presence of low concentration of oxygen.

Chemical synthesis of lactic acid can be performed in diffe-
rent ways but the most popular route is the following one.

NPt HON —— \\/
CHN
\l/ aio \(CDOH
OH

COOH

COOMe
Y H,C—OH \r
_‘_-.

OH OH
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Acetaldehyde on reaction with HCN (as a source of which
mixture of NaCN and HCI can be used) produces lactonitrile
which on hydrolysis as lower pH using dilute HCI1 gives lactic
acid, it is then converted into methyl lactate through esterifica-
tion with methanol. This esterification facilitates recovery of
lactic acid as methyl ester through distillation. Methyl lactate
thus collected is hydrolysed back into lactic acid and methanol
which is recycled back into the esterification process. Lactic
acid can also be prepared from propionic acid by chlorination
in presence of red phosphorus using Hell Volhardt Zelinsky
reaction followed by hydrolysis, then the product collected
through esterification, distillation and hydrolysis. Purification
of lactic acid is expensive and determines process profitability.
Although the large-scale production of lactic acid can be
achieved by chemical methods, the processes do not accord
with the standards of green chemistry.

Using D- and L- lactic acid isomers three forms of polylactic
acid are prepared - poly-L-lactic acid (PLLA), poly-D-lactic
acid (PDLA) and poly-D, L-lactic acid (PDLLA). Direct con-
densation polymerization, azeotropic dehydration condensation
and lactide ring opening polymerization are the three major
synthetic techniques for synthesis of PLA163,

PLA is more hydrophobic than polyglycolic acid (PGA) due
to presence of side -CH; group, the glass transition temperature
of commercial PLA is 63.8°C, tensile strength is 32.22 MPa
and the elongation at break is 30.7%!%®. poly(L-lactide) PLLA,
the semi-crystalline polymer of L-lactide, is hard, transparent,
elongation at break of 85-105% and 45-70 MPa tensile strength
with glass transition temperature 53°C whereas poly(DL-lactide)
PDLLA is amorphous, glass transition temperature 55°C, but
much lower tensile strength. Physical properties of PLA are
improved with more content of L-isomer of lactic acid!’. PLA,
one of the most useful bioplastic, is compostable i.e. disinte-
grates within artificial composting conditions but not naturally
biodegradable. Degree of crystallinity decides the rate of
degradation. It can also be enhanced by grafting. Brittleness
and poor thermal stability are the demerits of PLA. Different
companies commercialize PLA with various ratios of D/L
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lactide!®. Due to improved physical durability and processiblity
it is being used in the packaging industry.

HO O

PLA

(ii) Polycaprolactone (PCL)

Polycaprolactone(PCL) due to its miscibility with a range of
polymers, biodegradability and mechanical strength marks its
importance. Mainly it can be prepared by the polycondensation
of 6-hydroxyhexanoic acid and ring opening polymerization
(ROP) of e-caprolactone. Emphasis is given to the ROP pathway
since it provides superior polymer quality!®2. If we think on
preparation of monomer, cyclohexanol can be oxidised by a
number of microorganisms into adipic acid, during which both
e-caprolactone and 6-hydroxyhexanoic acid are intermediary
products. Industrially, by oxidation of cyclohexanone with
peracetic acid, e-caprolactone can also be prepared.

Oxidation of Cyclohexanol to adipic acid:

cyclohexanol cyclohexanone
dehydrugenase mcnonygenase caprolactone H.
esterase HO C COCOH
5

B-hydroxy hexanoic acid

|

B-oxohexanoate COOH

COCH oxidoreductase /\_//‘-\//
W —_,—

OHC

OH

HOOC
adipic acid
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Production of e-caprolactone from cyclohexanone:

D 0

Ha,G_CD}H

4+ H:C—COOH
—

Ring opening polymerization e-caprolactone in presence of
Tin(11) 2-ethylhexanoate catalyst yields PCL. It is a semi-rigid
material at room temperature, with low tensile strength of 23
MPa and high elongation to break (~700%) and T, is low
nearly -60°C, and so PCL is often used as a soft block in
polyurethane formulations. PCL is degradable in presence of
enzymes and fungil®®-¢. Copolymers of e-caprolactone with
lactide or glycolide have better degradation rate.

0

Catalyst
0 —_— 0 5
4 Heat
o
n
PCL

Caprolactone

(iii) Polybutylene succinate (PBS) and polybutylene

succinate-co-adipate (PBSA):

PBS is a thermoplastic resin of the polyester family. It is a
biodegradable with properties that are comparable to poly-
propylene. PBS is prepared by polycondensation of 1,4-
butanediol and succinic acid.
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PBS is a white crystalline polymer, T,
having melting point 90-120°C. Its elongation at break is nearly
330% and tensile strength 33 MPa. Poly(butylene succinate-co-
butylene adipate) (PBSA) is prepared by co-condensation of
1,4-butanediol with succinic acid and adipic acid. All the
monomers can be produced from renewable as well as petro-
leum based feedstock. Compared to PLA, PBSA is more flexi-
ble and does not require plasticizers. PBSA is useful in food
packaging, mulch film, and hygiene products. PBSA degrades
faster than PBS but they are known to biodegrade slower than
PHAs. PBSA is less crystalline than PBS and is suited better to

O
OH

OH /\\N
+

HO HO

L) I
O

H{D\MD

PBS 0

film applications.
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(iv) Starch based polymer/Starch blends:

Starch is a means of storing and obtaining energy in plants.
Starch polymers by itself are brittle at room temperature, so
plasticizers are required to blend during the process of starch
gelatinization. Though all starches are biodegradable, not all
plasticizers i.e. biodegradability of starch blend depends on the
plasticizers used. Starch/PLA, starch/polycaprolactone, starch/
polybutylene-adipate-co-terephthalate are examples of biodegra-
dable starch blends whereas starch/polyolefin blends are non
biodegradable.

(v) Polyvinyl Alcohol (PVOH):

It is a well known synthetic colourless, odourless biodegra-
dable polymer, used in a range of film applications from the
lamination of safety glass to the packaging of laundry detergent.
It is water soluble and can be degraded by activated sludge
treatment.

OH OH OH

(vi) Ethylene Vinyl Alcohol (EVOH):

It is flexible, crystal clear, glossy, water soluble synthetic
copolymer, and is used as an oxygen barrier layer in multilayer
film packaging, exhibits high resistance to hydrocarbons, oils
and organic solvents. Its barrier resistance to oxygen, nitrogen
and carbon dioxide makes it suitable for packaging food, drugs,
cosmetics etc. Compared to other common films, EVOH has
superior barrier properties but when exposed to moisture, it
loses its barrier properties so very often it is used in a multi-
layered film with materials such as PET, HDPE, PP etc. but its
widespread use as biodegradable plastics is not so cost effective.
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(vii) Poly(hydroxyalkanoates) (PHAs):

They are the homopolymer or co-polymers of hydroxy-
alkanoates like poly(3-hydroxybutyrate) (P3HB) and poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) (P(3HB-co-3HV)) respec-
tively. PHAs from energy rich feed stock nowadays waste water
on which bacteria (PHA producing bacteria) feed is extracted
and processed into pallets or powder??. Though chemical synthe-
sis of PHA via ring opening polymerization of lactones is possi-
ble but stereochemically uncontrolled, chain lengths in this case
are shorter than biologically synthesized PHAs. In biological
synthesis of P3HB, sugars are converted to acetates, with
which coenzyme A complexes into acetylCoA. AcetylCoA is
dimerized to acetoacetyl A and finally through reduction
hydroxybutyryl CoA is polymerized. Glass transition tempera-
ture decreases as chain lengths of PHA increases. Melt tempe-
rature of P3HB is 160°C, while the melt temperature of P3HB-
co-3HV is only 145°C. Compared to conventional petroleum-
derived polymers processing PHAs is challenging because of
their sensitivity to thermal degradation and slow solidification
due to slow crystallization. The degradation temperature of
PHAs is around 180°C.

T, ko

P4HB

Poly(3-hydoxybutyrate) P3HB
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About 40% of overall polymeric materials used now-a-days is
in the packaging sector, and among the polymers used in
packaging applications PE, PP, PET and PS are most note-
worthy. The Polyethylene terephthalate (PET) is a thermoplastic
used in making bottles, films and also in the textile industry. It
is composed of 70% terephthalic acid and 30% ethylene glycol
by mass. In Bio-PET both monomers are the same but ethylene
glycol is produced from renewable resources e.g. using ethanol
from sugar cane. And it is in fact 20-40% more expensive than
conventional PET. In the long term, production of completely
biobased PET is yet to be achieved. Still there are some
biobased polymers analogous to conventional plastics derived
from petroleum.

Biobased Polyethylene (Bio-PE):

When ethylene, prepared from ethanol which is produced on
fermentation of sugar, is used for production of polyethylene,
the polymer is referred to as bio-PE. Bio-PE has almost similar
properties as the fossil based PE. Though biobased, its produc-
tion cost and non-biodegradability is the downside of bio-PE.

Biobased Poly(Ethylene Terephthalate) (PET) and
Poly(Trimethylene Terephthalate) (PTT):

PET, one of the commercially most important polyester
prepared by condensing terephthalic acid with ethylene glycol.
Instead of terephthalic acid very often dimethyl terephthalate is
used because terephthalic acid is nonvolatile and slightly
soluble in most of the solvents whereas dimethyl terephthalate
can be purified easily distillation.

CH, COOH OH

COOMe
H{C—COOH H,C—OH J’J //O
. —_— W ¢ ¢ o
Na,Cr,0; ﬂ W
n
0OMe PET

H, OOH

Bio-PET involves initially its monomer ‘ethylene glycol’ pro-
duction from sustainable sources such as biomass. But now
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people are trying to get biobased terephthalic acid (bio-TPA)
too, for further improvement of sustainability. Bio-TPA can be

prepared from iso-butanol?!, muconic acid??, limonene?3 or fu-
ran derivatives?4-27.

A group of scientists are focussing on chicken feathers which
are naturally abundant, and materials based on the renewable
protein keratin, which is available there, might be biodegra-
dable, and mechanically durable?®. These feathers are basically
waste products in the Poultry industry, causing environmentally
disposal problems since they are not extracted properly and
efficiently. Thus this waste, from both environmental and
economic point of view, is used to process these resources into
some useful materials which can exhibit biodegradability and/or
recyclability as well as address the societal concern on waste
disposal problems. Alpha and beta keratins are the two major
classes in the protein family. We find alpha keratin form
mainly in hair, whereas beta forms are present in nails and
horns like harder substances.

Feather Keratin extraction

Clean & dry Smash Ethanol

Chicken N . | Small filaments pre-treatment
feathers ‘ —_—
HCI pre-
treatment
Mixed keratin Reagents/water Pretreated
solution € feathers
Refluence stirring
J{ Filtrate
Acidification
l Keratin solution ‘ Keratin m
Precipitate ]

Ethanol
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As reported?® the major part of poultry feather is the
globular protein beta-keratin. The study reveals that hydro-
phobic amino acids content in feathers are more than
hygroscopic amino acids thus it is partially hygroscopic in
nature. Synthesis of glycerol-plasticized feather keratin films
cross-linked by dialdehyde starch3® were reported. The
solubility and moisture content of the films was reported to
decrease with increase in dialdehyde starch amount, whereas
the tensile strength and water vapour barrier property
decreased first and then increased.

Normally we can melt any plastics and mould them easily
into required shape. But in the case of protein in general it is
very difficult to get it into liquid, even if it happens irreversibly
it may deform protein in this process. Many factors help almost
all proteins to fold appropriately and thus assume a specific
shape. Keratin till now looks not a good substitute for plastics,
because of its brittleness i.e. easy to break.

Drawback of Bioplastics

(i) Starch based bioplastics are normally hydrophilic i.e.
having high moisture sensitivity, low water stability and
have high glass transition temperature.

(ii) Protein based bioplastics are hygroscopic and stiff and
brittle due to extensive intermolecular interaction between
protein chains.

Conclusion

The emerging areas for bioplastics are agricultural mulch
film, shopping bags, consumer packaging materials, fishing line
and nets, various sanitary products, coated paper, silage wrap
etc. There are some modifications- improving biodegradability
for certain environments, metallization to provide better barrier
properties, addition of SiO,, carbon fibre or other metals to in-
crease thermal conductivity, specialized enzymes to enhance
production- still required. Due to the belief that biodegradable
plastics will decompose quickly, a possible increase in the inci-
dence of littering may pose some adverse environmental risks
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because still most of the bioplastics need adequate composting
facilities and/or anaerobic digestion facilities to degrade it.

Overall, even though bio-plastics are generally more expen-
sive than regular plastic, the variety of uses and benefits could
outweigh the cost. It cuts down the municipal waste, reduces
greenhouse gases and is environmentally friendly. Hopefully
with developing technologies, these benefits will improve and
the cost will be competitive in the market and in the distant
future robust interest in a sustainable society will reduce the
dependency on conventional petroleum derived plastics.

** Picture Courtesy: https://executive.mit.edu/course/strate-
gies-for-sustainable-business/a056g00000URaZPAA1.html
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Globalization — A New Avenue to Women
Empowerment

Dulal Kumar Basu & Manikuntala Basu

In ancient India women enjoyed equal status with men in all fields of life.
They were educated in early vedic period. They were free to select their husband.
They used to enjoy equal status and rights during early vedic period. But the sta-
tus of women began to decline with Smritis (esp. Manusmriti in 200 BC.) and with
the Islamic invasion of Babur and of the Mughal empire and later Christianity
curtailing women'’s freedom and rights. It can be traced from one of the sayings of
Manusmriti that goes like this — “In childhood a female must be subject to her fa-
ther, in youth to her husband, when her lord is dead to her sons”. It means woman
is undeserving for independence. Since then the women in India began to face
confinement and restrictions.

Gradually with the passing of times the social status of women deterio-
rated particularly from medieval period when Sati, Child marriages and ban on
widow remarriages became part of social life in India. The Muslim conquest in the
Indian subcontinent brought purdah practice in the Indian society. In some parts
of India, the Devdasis or the temple women were sexually exploited, polygamy
was widely practiced esp. among Hindu Kshatriya rulers and in many Muslim
families women were restricted to zenana areas.

Practically speaking, patriarchal and social pressures like caste based dis-
crimination and social restrictions, lack of education, inadequate access to produc-
tive resources, perennial poverty, insufficient advancement facilities and power-
lessness in all spheres of life have plagued the lives of Indian women with little

respite. Socially the majority of Indian women is still tradition bound and is in a
disadvantageous position,

With this social background in view, this paper tries to give an overview ol
what are the pros as comparing to the cons for women empowerment in India in
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Mahasweta Devi and Caste Movement in
West Bengal: A Study on ‘Mother of Hazar
Churasi’ A

Rajarshi Maity

ABSTRACT

In Mahashweta Devi’s story, a mother who had been
changed over in the wake of losing her child is enlivened
against the setting of the systematic “destruction” of the
Naxalites in Bengal during the 1970s. During the level of
her vocation, one such renowned dissident, Mahasweta Devi,
composed for eighteen hours every day, revealing insight
into the difficulty of those living under the equitably masked
dictator system. She upheld for the strengthening and
freedoms of the Lodha and Shabar clans in the Indian
provinces of West Bengal, Bihar, Madhya Pradesh, and
Chhattisgarh. She is perceived for daring to confront serious
areas of strength for the that most of the male creators of
the day dreaded. She advanced into the reference point for
the muddled thoughts of the clans and the results of the
situation, known as the Naxalites. Mahasweta uncovered
the counter tribal, enemies of ladies, hostile to poor, and
against turner medieval system. With the guide of her picked
work “Mother of 1084” and a couple of others, the ongoing
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Feminism and Intersectionality in
India: Challenges and Opportunities

Rajarshi Maity

It has become a staple of feminist activism to ensure that

diverse, converging persecutory systems are used to sh
women's lives. Antiracist movements

understanding that persecution is
particular cycle or linked political con

seen as constituted of various, unifying, or united frameworks
begins. Women's rights activists examine the claim that
women's oppression may be discovered by looking solely at
their orientation. The lengthy and painful heritage of its
rejections is perhaps "the most pressing challenge confronting
contemporary feminism," and intersectionality is offered as a
speculative and political answer. The "primary commitment

that ladies' examinations have made to date" has been praised
as the intersectionality theory!.

ape
are  where this
most definitely not g

nection but is instead best

Women's activist artistic analysis has existed for around 200
years at this point. This academic analysis is made in light of
the perception of women's circumstances in the long run and
accomplishment of their unique and helpful activity without
assistance from anyone else. Feminism serves as the foundation
for scholarly research of women's activist movements. Two
Waves of feminism have come and gone. In the Primary Wave,
Women had successfully fought for their social liberties, the
OPportunity to pursue hj gher education, and the ability to obtain
Positions in the relevant business sectors. The fact that this wave
*¢rved as a prelude to later women's activists' more profound
and unpretentious social activism was more significant. The
Second Wave, also known as the Ladies' Freedom Movement,
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The ‘Other’ Desires

Exploring Intimate Lives and Sexuality of Disabled
and Female Ghosts in Nepali Cinema

Jenisha Singh

Introduction

Adrienne Rich (1995, p. 250) writes, “I know no woman ... for whom her
body is not a fundamental problem: its clouded meanings, its fertility, its
desire, its so-called frigidity, its bloody speeches, its silences, its speeches
and its mutilations” A woman’s body is never free of mediation and
interpretations (Suleiman 1998, p. 2). It is constantly under the scrutiny of
the male gaze and desire. The female body is seen as a site for constructing
the binaries of beautiful/ugly, pleasure/nurturance and angelic/monstrous.
A woman’s desiring body is situated at the central premises of scrutiny and
subsequent meaning-making. While her body is used to construct meaning,
she is “denied the opportunity of becoming the meaning creating bodily
subject” (Pateman and Gross 2013, p. 147). As Cixous (1976, p. 880) notes,
awoman’s body “has been more than confiscated from her... has been turned
into an uncanny stranger on display” The denial of a claim to on¢’s body
likewise signifies a denial of one’s sexuality, desires and passion. A woman is
thus deprived of laying a claim on her sexuality, passion and desirability in
a male society.

A popular proverb in Nepali—Chhori cheli gaali ko gund (a daughter
is a nest of shame/blame) explicates how women are at once relegated to
the realms of shame and honour. It is observed that Nepali women undergc
different levels of oppression in every sphere of their lives, be it private
or public. The antagonism against women is a result of the deep-rooted
patriarchal values of the Nepali society which sees the women’s body as a
site of reflecting the honour and respectability of the family (Greene 2015,



THE '"OTHER' DESIRES 73

p. 6; also see Ongmu 2022, this volume). In patriarchal Nepali society, the
location of a woman in her family determines her status and respectability
in the society. Her image in the social world is a reflection of her image
in the domestic sphere. As a bearer of the image of the family, the notion
of the family’s izzaz (honour) is attached to her body which ensures the
ineffability of her sexuality. Thus, any focus on female desire remains
unsolicited. Her sexuality is constructed as a symbol of defiance, her libido
perceived as an inherently uncontainable drive which might prove perilous
if unchecked. There is a moral hysteria attached to her body, where her
body becomes a site of exhibiting the morality of the society (Greene 2015).
One of the most significant challenges encountered by Nepali women are
constraints on their sexual mobility and autonomy since they are regarded
as the transmitters of group values and traditions and elevated to the status
of symbol of the community, thereby compelled to assume the burden of
reproduction of the group.

Seira Tamang (2011, p. 283) states that the “fiction of the ‘Nepali Mahila™
was constructed according to the “domestic roles of cooking, cleaning and
working exclusively within the household” (Tamang 2011, pp. 282-283).
Commenting on the married life of Nepali women, Nemu Joshi (in Mahtab
2016, p. 25) notes, “People here get married to produce children only...
what is required is that you have someone to carry on with your lineage.”
A Nepali woman is expected to present herself in a modest, shy, and highly
virtuous manner. Her only space of engagement should be the household. A
woman’s blatant assertion of her sexuality is seen as eccentric and abnormal.
Certain Nepali proverbs like pothi basnu ramro hudaina (it is not good for
a hen to crow), hints towards the abnormality of sexually assertive women.
Within Nepali society, the idea of female sexuality and desire is unnatural
and uncommon. Breaking the silence on the tabooization of Nepali women
and their inherent sexuality, films of the Eastern Himalayan regions have
engaged in voicing the female gaze and desires.

Cinema is a metaphor for life, juxtaposing art and humanity. It portrays
experiences which are otherwise repressed in real life (Jung 2001, p. 224).
Films are a signifier of social and cultural meaning. Films can also be seen as
an anthropological vehicle of depicting society as it is, in its bygone, existing,
and subsequent constructions. In postmodern culture, films act as a looking
glass for reality. Films are not what one perceives as a means of escape from
our predicaments but a means of representing our unconscious concerns.
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Having attributed films its realistic aspect, however, it is important to
note that it does not project reality in its absolute state, but a reality that
society reflects.

Films made in the Eastern Himalaya have evolved in recent years, from
being a source of sheer entertainment to a social and responsible cinema,
thus holdinga decisive influence on the masses. Slowly but surely, filmmakers
and artists from the region are working on social issues and creating
awareness amongst their viewers. These films are also creating spaces
for women to affirm themselves as sexual subjects capable of fashioning
their sexuality, and not simply existing as objects of patriarchal scrutiny.
By depicting women in intimate relationships, Nepali films question
the boundaries between the respectable/disrespectable, representable/
non-representable and the natural and unnatural female sensations and
sensualities (Padva and Buchweitz 2017, p. 1). This chapter studies the
notion of love, sexuality, intimacy and desire in two Nepali films, Kathaa
(2018) and Dhurba Tara (2015). By analysing the characters of a disabled
woman, Kumari, and a female ghost, Tara, as portrayed in these Nepali
horror romance films, the chapter will attempt to understand how the
notions of sexuality, intimacy and desire are (re)defined and negotiated by
the disabled and superhuman female body. It will further investigate how

non-human intimacy serves as a means of fulfilling what is rejected and

unfulfilled in reality.

Contesting Bodies, Contesting Spaces: A Disabled Woman and
Female Ghost as the Intimate Other

The discourse of creating the Other lies at the heart of culture and
society. Simone De Beauvoir (2011, p. xii-x) explains that, “otherness is a
fundamental category... no group sets itself up as one without at once setting
up the Other against itself” Paul Santilli (2007, p.3) further explains:

“Every collective human order, insofar as it comprises an understanding
of itself, is also haunted by figures and shapes with which it tries to
identify its Other. It suffers from the phantasms of what lies outside
its comprehension, alien figures, obscure, dangerous, or contemptible
denizens of those amorphous regions defined only by its primal silences,
exclusions, and rejections.”
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The disabled and the female body are the most otherised within society,
both symbolically and literally. Bodies are texts in which we can read the
ideological premises of the social institutions, social discourses and social
forms. Bodies are metaphors for defining the social world and the meaning
that society attaches to it. Bodies are sites where society signifies its inclusion
and exclusion of certain subjects. The body is not taken as simply a part of
nature but becomes cultural and political. Inequalities and discrimination
based on disability inscribe on the body the notions of human-ness and
non-human-ness, desirable and undesirable. Tom Shakespeare (1994, p.
283) states that the culture of “othering” disabled people and women are at
the core of social stereotypes and oppressive structures. While the impaired
body is seen as “deficient and inherently anomalous” women’s physical
attributes are considered inferior compared to men. The two films that we
study here likewise represent how the female body is otherised based on its
femininity and disability. Kumari, a woman with a disability in the film
Kathaa, is seen as a less desirable subject, devoid of sexuality and intimacy,
while Tara in Dhurba Tara is able to assert her desires and sexuality only
after she leaves the natural human body.

Kathaa, written and directed by Prashant Rasaily, portrays the tragic
love story of Kancha and Kumari, a verbally disabled couple living in a small
village in the hills of Sikkim. Passionately and emotionally charged, the
story of Kancha and Kumari confronts the binaries of abled and disabled
and the disabled’s claim to love and intimacy. Located in a village in Mirik
Valley, Dhurba Tara, a film by Nikky Nawang Golay, narrates the romantic
experience of an unlikely pair Dhurba and Tara. Dhurba is a quiet and
reserved man, a porter by profession, who falls for a beautiful yet mysterious
woman named Tara. The only constraint in their love is that while Dhurba is
a man by nature, Tara is a ka/o chaya (an evil shadow), a ghost. Both the films
present the struggles of love and intimacy between unlikely and unnatural
pairs. The films, by narrating the tale of love and passions of the disabled and
a female ghost, ponder upon the radicalism of love and intimacy to challenge
the binaries of human/non-human, abled/disabled and establish women as
the powerful autonomous agents in a romantic relationship. Masquerading as
family romance, these films unleash an excess of female sexuality that cannot
be contained without recourse to the supernatural, or indeed the unnatural.
By blending drama, romance and horror, the films present women as agents
of resistance against their society’s discourse of othering,
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Kathaabegins in dark lighting with a jbyakri (shaman) informing Sonam
(Kancha’s friend) that:

“There is one problem I figured that is upsetting the village ... There is a
woman who died in distress ... Her spirit haunts and roams this village ...
She is fair, has a round face. Not too tall, not too short. It’s been many
years since she’s dead, but her spirit still roams the village. Her spirit

needs to be sent off.”

Barbara Creed (1993, p. 37) observes that, “all human societies have a
conception of the monstrous-feminine, of what it is about a woman that
is shocking, terrifying, horrific, abject.” The recognition of the abject is
followed by its radical exclusion from the place of the living subject. The
spirit which Sonam identifies as that of Kumari threatens life and as the
Jjhyakri suggests, must be “propelled away from the body and deposited on
the other side of the imaginary border which separates the self from that
which threatens the self” (ibid, pp. 39-40). At the very beginning of the
film, we are informed of the non-human status of Kumari. As the next
scene immediately introduces us to Kumari, we realise that she is verbally
disabled, where her primary means of communication is through her
bodily expressions.

The idea of constructing a dual identity of Kumari, as a ghost and a
disabled woman, underlines the interrelationship between disability and
monstrosity. Godden and Mittman (2019, p. 26) state that not having
ontological statuses themselves ... disability and monstrosity are not just
similar in their categories of “otherness.” They argue that able-bodied-ness
is a temporary status, but disability is one identity marker that every person
would undergo in life. Similarly, the definition of the monster as a deviation
from the normal human-ness, then means that all are monsters, since like
the temporality of able-bodied-ness nothing ever remains the same. Instead,
the boundary between the normal and deviant are so absorbent that the
distinction dissolves instantly (ibid., p. 26). Kumari’s entire existence
revolves around loving and caring for Kancha, as her mother says:

“You are never home. All you do is pack food and rush to that shepherd.
A good whacking is all you need, a whacking. I buy some sugar, milk and
it goes to that shepherd, hot rice for Kancha, everything for Kancha ...
only Kancha, only Kancha”
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At one point her mother questions, “What do you even get doing that?
Wiasting everything on that shepherd.” At first glance, Kumari’s interaction
with Kancha establishes her as a typical traditional woman in a romantic
relationship. Todd (2013, pp. 3-4) observes that love is socially seen as a
woman’s territory, where the fostering of love is primarily a woman’s task.
Men and women engage in romantic affinities in an asymmetrical manner
where the women renounce their self-identity and submissively accept the
male counterpart and their relationship as her only identity. She enters into
a hetero-real construction of always identifying her “self” with the man.
As such, romantic love is criticized by Friedman (1998, p. 169) as 2 “curse”,
which entraps women in a patriarchal universe. Shulamith Firestone (2003,
p. 78) perceives romantic love as the core of women'’s oppression. She argues
that romantic love is a mechanism employed by the male power to keep
women from realising their condition.

However, alternatively Kumari’s act of caring for Kancha can be read as
an act of sexualizing and feminising herself. For the villagers and her mother,
Kumari is not “able enough” to be a “complete woman.” Her idenrity as a
disabled person overpowers her identity as a woman. Disabled women
are deemed asexual and unfeminine which thereby builds in them a sense
of “roleless-ness.” They become socially invisible and their feminity is
invalidated. Kumari is seen by the villagers merely as disabled and considered
a less desiring/desired subject. She is perceived as being bereft of sexuality
and desires, and hence, her visits to Kancha are not bound by any restrictions.
The villagers believe that her disability has eliminated yearning and passion
within her; Kumari’s growing sexual needs and desire are dismissed because
she does not live up to the fractured ideal of the womanly abled body being
the quintessence of sexuality. With Kumari acting as an unconventional
female lover, she does not fall victim to patriarchy, rather she claims her
essential femininity which is denied to her by society (Davis 2006, p.-283). It
is also important to observe that although Kumari feeds Kancha, she never
cooks or cleans after him. She instead takes meals prepared by her mother
for him. Her feeding Kancha is her way of being intimate, her expression of
love for him. Kumari’s intimacy is not only limited to her feeding of Kancha.
She is not just a shy, modest, Nepali woman but a sexually assertive female.
Immediately after the scene where Kumari feeds Kancha with her hand, the
film portrays their sexual consummation.
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Their sexual union is rendered visible on screen not through their bodies
but through their hand gestures (Fig. 4.1). The camera singles out their
hands and gives us a closer look at them. Through Kumari’s hand, we see
her shyness and intense yearning of capitulating to her desire for Kancha.
Kancha’s hand is shown to fondle her. Their hands act as a metaphor for
sexually motivated bodies. Kumari’s hand twirls and turns signifying her
sexual climax, while Kancha’s hand falls slowly in a tired motion. While
this scene, in particular, highlights the sexual appetite of a disabled body, by
focusing on the hands of the characters, the film subdues the possibility of
visualising the disabled body as a sexual body.

The film advances to Kumari’s separation from Kancha, as he leaves the
village to earn money. Before leaving, Kancha promises to marry Kumari
upon his return. Kumari is extremely disappointed with Kancha’s decision.
Kumari is more romantically charged than her male counterpart. She
challenges what Harlan Hahn calls “asexual objectification” of her body
(Davis 2006, p. 283), and asserts herself as a fully conscious sexual being.
After Kancha’s departure, Kumari falls into a spiral of intense longing for
him. The film takes a severe turn when Kumari becomes pregnant with
Kancha’s child. The news of her premarital pregnancy spreads quickly in the
village. Instead of an asexual being, she is now seen as a hypersexual woman.
Her unmarried motherhood transforms her image in the society from a
passive, weak, childlike and impotent person to a promiscuous woman.
Expressing his disgust over her, a villager comments, “Ae... who is the father
of that bastard?” and spits on her. From an object of society’s pity, she now
turns into an object of disgust. Pregnant and abandoned by her mother,
Kumari now undergoes shame and humiliation. She is no longer a childlike
figure but 2 woman who has transgressed the norms and morality of society.
This exhibits Foucauldian ideas of power and control that defines the norms
and creates a deviant, which in this situation was the act of Kumari’s sexual
relationship with Kancha.

Kumari’s sexuality opposes the overarching understanding of disability
in the village, it questions the morality and sanctity of women, particularly
scrutinizes women’s disability which is denied access to sexual cultures. As
punishment for transgressing the moral norms of the society, sheis boycotted
by the villagers. Unable to find food in one of the scenes we see her eating
a chicken bone stolen from a dog’s bowl. Kumari’s pregnancy modifies her
identity on two levels. First, she is now a socially recognised hypersexual
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woman, second, her pregnancy also instils in her a new marked sense of
pride. It is her unborn child which partially fulfills Kancha’s absence in her
life. Owing to her disability, Kumari was perceived as passive, impotent
and sterile but her pregnancy makes her feel like a normal woman. Her
pregnancy blurs the difference between her and the other women in the
village and threatens the boundaries of the self and the Other. Kumari’s
pregnancy puts her on an equal pedestal with the able-bodied women in
the village. We see a change in Kumari’s personality from being a passive,
sweet and playful lover to Kancha to a strong and enduring mother. She
perseveres through all social discrimination and alienation. However,
tragedy strikes, and during painful labour, Kumari dies along with the baby.
Some of the village men find her decaying body, secing which they spit on
her and later bury her. Kumari’s death and decaying body centres mainly
on a pedagogy that exemplifies the transience and the futility of passion
and desire. Kumari’s fellow villager, a woman, who laughs at the men’s
disgust over her body, seems to comprehend that Kumari’s death was a
consequence of her overarching sexuality and desire to transgress the moral
and patriarchal norms. Her death alludes to the impermanence of sexualiry.
The film takes yet another turn when Kumari returns to the village in the
form of an evil spirit.

She turns into a ghost and begins haunting the villagers. After her death,
Kumari takes on a new identity, one that is beyond human. While death
signals her punishment for being overtly sexual, her return asa ghost bestows
on her the autonomy to transgress further into regions unimagined. Disabled
are considered as surpassing or falling short of the natural characteristics of
man, so much that their bodily vulnerability signals towards unnaturalness
and non-human-ness. Kathaa in presenting us with Kumari, not just
suggests a relationship between the disabled and the transhuman, bur also
a continuity and existence of sexuality outside the living and the humanly.
Adrienne Rich (1995, p. 650) rightly states that sexuality is “unconfined
to any single part of the body or solely to the body itself” She perceives
sexuality as an “energy...omnipresent in the sharing of joy, whether physical,
emotional, or psychic” (ibid, p. 81). This extension of sexuality in non-
human bodies is captivatingly represented in the film Dburba Tara.

Dburba Tara is a highly charged, sentimental love story between
Dhurba, a porter, and Tara, a ghost. It is a mixture of horror and romance
which revolves around Tara’s sexuality and sexual vulnerabilities as a ghost.
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The film opens with Dhurba telling his mother that he will be going to
Panighatta carrying Pala’s goods for which he will be paid well. The film
portrays Dhurba as a stereotypical man upholding the patriarchal norms
of society. Dhurba is disrespectful towards his mother, who holds no
significance in his life simply because of her gender. A porter by profession
and as the only earning member of the family, Dhurba considers himself
superior to his mother. When his mother suggests finding another means of
livelihood, he rebukes her and dismisses her words as meaningless. Dhurba
perceives only the men in the village as worthy of conversation.

On his way to Panighatta along with his three friends, Dhurba’s horse
refuses to walk upon entering a jungle. Because of the horse, the men are
delayed in their journey. As night falls, they decide to seek shelter in any
available house. After walking for some time, they find a house, which is in
fact the only house in the entire jungle. In the house lives a young woman
named Tara. On seeing the men, Tara unquestioningly accommodates the
strangers in her house. On meeting Tara, Dhurba instantly develops a liking
for her. She feels familiar to him and he asks her if she used to come to
his village’s dbara (water spring). When Tara prepares roasted corn for him
and he happily eats them, Dhurba’s friends are shocked by the change in
his demeanour. In the company of Tara, Dhurba’s masculine demeanour
dissolves as he becomes gentle and soft-spoken.

Tara is beautiful, almost ethereal. Her actual identity as a ghost is not
realised throughout the film. Dhurba finds her mysterious but never
questions her “human-ness” Unlike Kumari whose human-ness was
otherised through her disability, Taras feminine beauty dismisses her
non-human-ness. Tara as a ghost transgresses the “metaphysics underlying
symbolic boundaries, the boundaries that determine all those categories and
classifications that separate kinds of being off from one another” (Santilli
2007, p. 3). Tara immediately begins roasting corn for them, depicting
herself as a stereotypical Nepali woman. Her domesticity attracts Dhurba so
much that by the next morning he believes he is in love with her. Tara reveals
that her parents passed away when she was a child. She has a sister who was
studying in Kurseong. She reveals no other information about herself, When
asked by Jojo (one of Dhurba’s friends) if she is not terrified to live alone in
a jungle, Tara replies, “I do feel scared, but what else can I do?”

'Unlike Dhurba who is vocal about his feelings for her, Tara on the other
hand appears guarded and closed. It is only after Dhurba’s fervent pursuit
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of her that Tara begins to develop closeness with him. Their love is shown
as purified mutual affection. Tara does not give in to Dhurba’s declaration
of love easily. For her, even though a ghost, virginity is of great importance.
Her sexual chastity on meeting Dhurba is the only state of human-ness that
she carries with her. Further, it is her resistance towards his pursuits that
confers her with power, significance and prestige. She accepts him only at her
own volition. As Tara begins to romantically engage with Dhurba, certain
paranormal activities also begin to take place around Dhurba. Dhurba is
shown to be in a trance-like state without Tara, and a shaman warns his
mother about a bad spirit haunting the house. When his mother warns him
that a bad spirit has been residing in the house, Dhurba retorts that ghosts
and spirits are not real, an imagination of the shaman. He fails to realise
that he has transcended the boundaries of the real and rational to form
an intimacy with the unreal, the paranormal. Further, Tara embodies the
female gaze in the film. While at the beginning of the film, we see Tara asan
object of Dhurba’s male gaze and desire, as the film progresses, the dynamics
of the gaze reverses. Dhurba becomes an object of the femme fatale gaze.
As a ghost, Tara has the opportunity to gaze at Dhurba even in her bodily
absence. In several scenes, in the film, we see how Tara’s shadow keeps staring
at Dhurba’s sleeping body. Dhurba becomes the object of her desire and lust.
By placing her gaze on him, Tara usurps the powerful male gaze.

Tara’s approach towards love, intimacy and sexual relationship is different
from that of Kumari and other female lovers. It is important to note that it
is difficult to give a single definition of female sexuality since “woman” is
not a homogeneous category. Women'’s sexuality is not only an individual
and personal experience embedded in the physical and material realities
of bodies and biology, personal sexual identities, but is also influenced
by interpersonal context, life experience, cultural meanings, gendered
dynamics of power and oppression, and layers of silence in the family and
society surrounding sexual identity. Tara constantly challenges Dhurba’s love
for her—"Do you love me? How can I trust you?” While trusting Dhurba
emotionally is demanding for her, forming a premarital sexual relationship
with him does not unnerve her.

Tara does not belong to one category of the dominant dichotomous
good versus bad notions regarding women’s sexuality and sexual expression.
Women are given two options, first to become a sexual temptress who is
ultimately disciplined through rejection or seclusion; second, to be the virgin,
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pious one waiting to be rescued by a man (Daniluk 2003, p.34). Tara does
not fit into the two because she “ghost[s] the margins of ... unrecognizable,
[she] deflies] our accredited norms of identification” (Santilli 2007, p. 3).
She is someone who does not respect boundaries and threatens identity. She
is neither good nor evil, subject nor object but something that transgresses
these very differences. For Tara, embracing Dhurba sexually is acceptable
but accepting his love is not. Dhurba’s declaration of love and his proposal
to marry her becomes a source of strain in their relationship.

The idea of marriage is central to the narratives containing female
ghosts, as marriage is 2 medium through which ghosts can re-enter the
human world, in the body of the wife (Zipes 2015, p. 189). However,
when Dhurba proposes marriage to Tara, she refuses. Tara’s refusal to
marry Dhurba is a radical act in itself, as she desires to remain free from
the societal constraints and responsibilities of married life. Her rejection
of Dhurba poses a real threat to the patriarchal regulations of women and
her sexuality. Though she mostly appears subversive before a hot-headed
Dhurba, Tara has the strength to overpower and terrify him and other
living males.

The film progresses to Tara finally agreeing to marry Dhurba. However,
on the day of their marriage, Dhurba falls severely ill. His friends leave to
meet Tara and deliver her the news of Dhurba’s sickness. When they reach
Tara’s house, they find it locked. Confused, they ask three passers-by about
Tara’s whereabouts. The three men in a state of disbelief answer, “Tara has
been dead for over a year. We buried her with our own hands.” On knowing
Tara’s true identity, the men rush to find Dhurba and save him from her
clutches. The scene shifts to Dhurba meeting Tara at their usual meeting
place (Pitledara). When Dhurba sees Tara waiting for him near a tree he
says, “Tara, look, I have come to marry you.” Upon realising that Dhurba
has come to her fighting against his sickness, Tara breaks down and starts
crying. Dhurba consoles her saying, “I know Tara, you were worried that
I would break my promise and not come to marry you, but look at me, I
am here for you. I have come just for you.” Tara sadly looks at Dhurba and
replies, “Dhurba, I am not what you think, I don’t deserve your love.”

She further says:

“I never had good intentions for you Dhurba, I am a £alo chhaya (evil
shadow), I wanted to ruin you, but your true love has changed me. I
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never knew you could love me like this, your love has changed me for
the better.”

Dhurba, though shocked at the revelation of her real identity, asks her
to marry him and stay with him. For Dhurba her identity as a non-human
does not matter as long as she loves him. Tara however once again rejects
him saying, “Dhurba, if I can live without you, you also have to learn to live
without me,” and slowly disappears into a fog. She does not reciprocate his
love and claims to be beyond human love. She refuses to be (re)defined in
a heteroreal structure. Her leaving of Dhurba is also an act of transcending
the patriarchal expectations from a woman in love. The ending of the film,
where we see an unkempt and lunatic looking Dhurba sitting in Tara’s house,
hints at the dependency of the male counterpart on the female. While Tara
has the power to leave Dhurba and retain her identity, Dhurba on the
other hand subsumes his identity and turns into a madman, away from the
real world.

Conclusion

The figure of the ghost represents a deviant other whose demeanour and
actions are deemed as manifestations of the moral and social ills in society.
Through the figure of female ghosts Tara and Kumari, the films respectively
challenge the notions of normality which is embodied by the patriarchal and
heteronormative society. Tara and Kumari tell us about feminine subjectivity
in socio-cultural contexts. They disrupt patriarchal narratives, make an
absence present and give expression to how women are rendered invisible.
As horror-romance films, Dhurba Tara and Kathaa subvert and
destabilise gendered subjects in a given society. These films ideally represent
existent and imagined apprehensions over the way women engage with their
male counterpart, and the way they experience, exemplify or employ their
femininity (Subero 2016, p. 2). Kumari and Tara are women who assert their
sexuality and navigate through their needs and desires. Sexuality becomes a
tool of claiming power over the exclusive society. The power of sexuality
rests in its potentiality of constructing spaces for (re)creation of identities.
Sexuality enables them to uncover or build alternative spheres and modes of
being in place. It helps them find a place and space to define their “self” and
challenge the prescribed identities of disabled and non-human. It facilitates
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them in discovering a place or space to (re)define themselves. Their assertion
of sexuality subverts, transgresses and transforms oppressive spaces.

The two films also present us with the concept of sexuality and intimacy
beyond the notions of the abled and the human. Kumari and Tara both
break the stereotype of romantic love as being only for the abled and the
human. These films swerve from the male monster/female victim dichotomy
by offering characters of a vengeful female ghost, thereby removing gender
hierarchies. Although the women in these films may start as vulnerable
objects of the male gaze and desire, they take charge of their situation, while
also complicating the nature of the feminine identity. It is also interesting
to look at the male characters in the two films respectively. While Kumari
tragically dies but returns as a ghost, her male counterpart, unable to bear their
separation, turns into a mad man and ultimately commits suicide. Tara, as a
strong woman, ends her relationship with Dhurba and leaves, while Dhurba,
unable to deal with her loss, like Kancha, turns into a mad man. By portraying
the male lovers as “mad” and lost without their female counterparts, the film
also points towards the strength and power that women have in intimate
relationships. With both Kancha and Dhurba taking on the role of madmen,
the films predict the systematic dismantling of patriarchy.
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