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Director's Message

Greetings from the Institute of Advanced Study in Science and Technology!

As | address you today, it fills me with immense pride and joy to announce the realization of a vision
nurtured through extensive deliberation and collaborative endeavours. After tireless efforts and
countless discussions, Vigyan Chetna has finally come to fruition. This effort is a tribute to our eminent
scientists and researchers' devotion and commitment to furthering knowledge for the benefit of

society.

As summarized in its name, The essence of 'Vigyan Chetna' embodies the notion of Science
Consciousness. At IASST, this consciousness is reflected in every aspect of our ethos and serves as
our guiding principle. We believe in harnessing the power of science and technology to address the

myriad challenges facing humanity and to pave the way for a brighter and more sustainable future.

With the publication of the first edition of Vigyan Chetna, we have taken an essential step toward
attaining this goal. Through its pages, we hope to dig into the complexities of scientific realms,
showcasing the cutting-edge work of our researchers while also providing a forum for aspiring authors
to add to the conversation. Finally, the magazine's language medium has received much attention.
Understanding the significance of linguistic diversity in our attempts to promote science and
knowledge, including languages like Hindi, Assamese, and other regional languages, is equally vital.
Our earnest opinion is that by expressing scientific concepts in an understandable and approachable

manner, our work will reach a much larger audience.

In conclusion, the contributions of our researchers, writers, and supporters have been instrumental in
bringing Vigyan Chetna to life. | extend my heartfelt thanks to all for your dedication and commitment
to this cause. | am filled with a sense of optimism and excitement for the journey that lies ahead.
Vigyan Chetna is not just a publication but an endeavour to show how books can empower and

influence.

"Unleashing passion, igniting curiosity i Together, we redefine the limits of knowledge at IASST".
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28 | CAR-T Cell Therapy for Cancer: A Revolutionary Advancement in Indian
Biomedical R&D
29 | How the quantum world may influence our future
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Scorpion Stings: Let's Bust the Myths!
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1 Myths on scorpions:

One of the most terrible unintentional tragedies that affect humans is being stung by a
scorpion. More than 2 billion people on the planet could be stung by a scorpion; of them, over
1.2 million people get stung, and 3250 people lose their lives annually. The actual statistics,
however, are unknown for India; the reported occurrence rate is estimated to be 0.6%.
Southern India, including Kerala, Andhra Pradesh, Tamil Nadu, Saurashtra, Karnataka,
Konkan area, Pondicherry, Chennai, Bellary, Rayalaseema, and Western Maharashtra, is
where the highest death tolls are reported.

Scorpions are the oldest known arthropods on Earth, having existed for about 450 million
years. They are found in India and worldwide, except Antarctica and the Pacific islands. They
are mainly habitat to tropical forests, grasslands, and caves. However, most cases occur in
rural areas because of poor medical facilities, limited availability of antivenom, lack of trained
doctors (for envenomation), inadequate transportation, and lower socioeconomic structures.
One of the biggest challenges in managing scorpion stings is that the majority of the population
choose faith healers over medical aid or antivenom, or they resort to their wrong traditional
beliefs. There is a considerable portion of the population where people still tend to believe in
magical treatments, chants/mantras to treat the victim. This happens because of a lack of
awareness and so much misinformation spread among people that it leads to the formation of
wrong knowledge and myths, but in reality, they are not valid. Therefore, it is vital to take a
moment and help people to be aware and debunk such misinformation with the help of science
and proper scientific explanation. Some of such myths and misinformation are mentioned

below with their explanation:
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2. Conclusion:
Numerous difficulties and serious illnesses have resulted from such disinformation. Thus, we
and others must educate ourselves and one another on the dangers of scorpion stings. By

dispelling falsehoods and disseminating factual information, we can enable people to make



wise decisions and swiftly seek appropriate medical attention. Prioritizing education and
awareness is essential to preventing harmful practices from misconceptions and guaranteeing
that people receive prompt and efficient treatment in case of a scorpion sting.
Acknowledgements: Ms. S. Nath receives JRF from IASST, Guwahati.
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How the quantum world may influence our future
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Classical physics laws lose their footing when confronted with the intricacies of the
atomic and subatomic realms. The dissolution of familiar physical constraints that govern our
everyday experiences is particularly intriguing. Consequently, the realm of what can be
achieved undergoes a profound transformation. For instance, throwing a ball at a wall
guarantees a rebound in our macroscopic world. However, at the subatomic scale, there is
the possibility of quantum tunnelling, where a minute particle could traverse the wall's barrier.
While this phenomenon may strike some as surreal and implausible, it primarily stems from
being less known and thus not widely accepted or comprehended.

Quantum physics has revolutionized our perspective on basic physics concepts (such
as matter, electric current, chemical bonds, etc.) since the 20th Century. Quantum physics
allows us to get inside of the individual physical entities; as a result, in practical terms, we can
manipulate everything on the microscopic level. During the past 20 years, researchers have
observed a fisecond guanbyunderstandng hawtto isofate @nds pur r e
entangl e quantum objects. Researchers are -attempt
periodicbéb material s, which are too complex to b
physics makes it possible to explain the behaviour and interactions between particles and the
forces that drive them. We already use quantum physics in our everyday lives, but the second
guantum revolution could make it possible to apply it to industry. The medical field has also
made the quantum leap: how drug molecules interact with those in living organisms is being
studi ed t hrough fi gMaayn modem nedical nrieatntentsy and imaging
techniques are based on quantum physics. MRl would not be possible without quantum
physics and a detailed understanding of the behaviour of atomic nuclei in an electromagnetic
field.

Eighty years after Dirac formulated the quantum theory of electron spin, modern
information technology continues to rely heavily on classical electronics, utilizing electron
charge for computation and magnetic materials for durable storage. However, there is a
burgeoning interest in harnessing spins within semiconductor nanostructures to advance
spintronics and quantum logic technologies, aiming for enhanced information manipulation
and storage capabilities. Recently, localized electronic states found in carbon-based systems

have emerged as a distinctive solid-state platform. These systems offer a novel opportunity



for in-depth explorations of magnetism and quantum phenomena at the level of single spins,

marking significant strides in both fundamental research and practical applications.

Quantum technology stands at the forefront of a transformative frontier in scientific
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exploration and engineering innovation. It leverages the rinciples of quntﬂm mechanics o
usher in a new era of computation, communication, sensing, and simulation. At its essence,
guantum technology capitalizes on the extraordinary characteristics inherent in quantum
systems, including but not limited to the phenomena of superposition and entanglement.
These properties afford quantum systems a remarkable capability to execute tasks that
surpass the limitations of classical systems, thereby paving the way for unprecedented

advancements across various fields of study and technological domains.

Quantum computing uses qubits, which is the quantum equivalent of classical bits.
Qubits can exist in a superposition state, enabling simultaneous computation of multiple
states. Additionally, quantum entanglement allows qubits to be correlated in ways that
classical bits cannot, leading to exponential computational power. This promises
transformative applications in cryptography, optimization, drug discovery, and artificial
intelligence. Control of the above process and transmission of cryptographic keys is achieved
by quantum communication that offers unparalleled security through protocols like Quantum
Key Distribution (QKD), which leverages the principles of quantum mechanics to enable
secure transmission. Quantum teleportation and secure communication protocols hold the
potential to revolutionize data privacy and safeguard sensitive information. Precision in these
communication processes is ensured by quantum sensors that facilitate unprecedented levels

of precision in measurements. These quantum sensors find applications in navigation,



imaging, and defence, offering enhanced capabilities for detecting subtle signals and
phenomena. Out of these applications, quantum imaging is a prosperous field of quantum
technology. Unlike classical imaging, which relies on classical physics principles, quantum
imaging leverages the unique properties of quantum mechanics, such as superposition,
entanglement, and interference, to achieve improved imaging resolution, sensitivity, and
security. Quantum imaging holds promise for various applications, including biomedical
imaging, remote sensing, quantum-enhanced microscopy, and quantum communication.
While many quantum imaging techniques are still in the research and development phase,
they have the potential to revolutionize imaging technology and enable new capabilities not
achievable with classical imaging methods.

Quantum computers can instantly execute a task that would
normally take 47 years

Understanding complex quantum systems often necessitates modelling and using
advanced quantum simulation techniques. This cutting-edge technology empowers
researchers to replicate and analyse complex molecular structures, material compositions,
and biological systems with unparalleled precision and fidelity. By harnessing the capabilities
of quantum simulation, scientists gain invaluable insights into the behaviour and interactions
of these intricate systems, thereby unlocking new frontiers for scientific exploration and
technological advancement. This groundbreaking approach facilitates the elucidation of
fundamental scientific principles. It holds the potential to catalyse transformative innovations
across diverse fields, ranging from drug discovery and materials science to environmental

sustainability and quantum computing.

These technigues and applications make quantum technology a booming domain in
current research and technological development. For example, Google's achievement of
guantum supremacy with Sycamore demonstrated the ability of a quantum computer to solve
a specific problem that would be practically infeasible for supercomputers to solve within a
reasonable timeframe. This milestone showcases the immense computational power of
guantum computers and suggests their potential for tackling complex scientific problems that
are currently beyond the reach of classical computing. Google's advancements in quantum
computing could contribute to developing a quantum internet, enabling ultra-secure
communication and distributed quantum computing across global networks. A quantum
internet would facilitate quantum key distribution, teleportation, and distributed quantum
computing applications. While these potential benefits are promising, it's important to note that
guantum computing is still in its early stages, and significant technical challenges remain to

be addressed.



Despite the vast potential inherent in quantum technology, it encounters formidable
challenges that demand careful attention and innovative solutions. The main challenges are
scalability, error correction, and the preservation of quantum coherence, all of which pose
significant obstacles to the practical implementation of quantum systems. Overcoming these
challenges requires the development of robust frameworks and methodologies that can
effectively manage and mitigate the inherent complexities of quantum systems. Furthermore,
realising quantum technology's full potential depends not only on scientific breakthroughs but
also on establishing robust infrastructure and technological readiness. Building the necessary
hardware and software infrastructure and fostering a supportive ecosystem of research and
development is paramount to harnessing the transformative power of quantum technologies

across various industries and applications.

Moreover, as quantum capabilities advance, ethical considerations loom large on the
horizon. Questions surrounding data privacy, security, and equitable access to quantum
technologies demand careful deliberation and proactive measures to ensure responsible and
ethical deployment. Addressing these ethical considerations requires interdisciplinary
collaboration and a commitment to upholding ethical principles and societal values in
developing and applying quantum technologies. By confronting these challenges head-on and
fostering collaboration across disciplines, industries, and stakeholders, we can unlock the full
potential of quantum technologies and pave the way for a quantum-enabled, impactful, and

ethically sound future.

The future of quantum technology is promising, with ongoing advancements in
guantum hardware and cross-disciplinary collaborations driving innovation. Integration with
classical computing technologies and exploring societal impacts present exciting research,
development, and commercialization opportunities. Quantum technology is key to unlocking
unprecedented computational power, communication security, sensing capabilities, and
simulation accuracy. As we navigate the challenges and harness the opportunities of quantum
technology, collaboration across academia, industry, and government will be crucial in

realizing its transformative potential and shaping a quantum-enabled future.
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With the scientific marvels worldwide during the 20™ century, science and technology
have profoundly influenced the course of human civilization. Scientific achievements provided
remarkable insights into the issues and problems of human life. The achievements promise to
herald new eras in many fields. In the North Eastern region, we must take advantage to ensure
fullest use of these developments for our people's well-being and economic uplift. Science
and technology have a major impact on economic growth and social development. Scientific
knowledge has become a source of economic might, power and self-reliance. This has led to
increased restrictions on knowledge sharing, new norms of intellectual property rights, and
global trade and technology control regimes. The ongoing globalization and the intensely
competitive environment has a significant impact on the production and service sectors.

The North Eastern Region

The country's North Eastern region comprises seven states, Arunachal Pradesh,
Assam, Manipur, Meghalaya, Mizoram, Nagaland and Tripura, popularly known as seven
sisters. The total geographical area of the region is 2,55,063 ha, and it has a population of
about four crores. The region is joined with the main land of the country with a chicken neck
like land area belonging to the state of West Bengal. On immediate West Side and on top of
the chicken like structure there lies the state of Sikkim. The area is surrounded by the great
Himalayas in three sides of the region. In the west, Bangladesh shares the common boundary.
The Hi malayan range stands |ike a O6Berlin
sides. Across the Patkai hills, there lies Myanmar and Thailand in the east and south sides. In
fact, the Eastern and Southern tertiary folds of the Himalayan range surround the region. The
Himalayas also intrudes into the heartland of each of the states. Except Assam, Manipur and
Tripura, the other states have mostly mountainous terrains. The region is situated in between
89%2° to 97%2° E longitude and 21° to 30° N latitude. It has the typical sub-tropical climate of
moderate temperature and high humidity. The minimum and maximum winter temperature
ranges from below 10° - 22°C, whereas during summer 22° - 34°C. During winter, the region
experiences almost drought having rainfall less than 200 mm, but in summer 4,000 i 5,000
mm. More than 300 big and small rivers flow through the region and the main carrier of river
water in the region is the mighty Brahmaputra in Assam valley and the Barak in Cachar valley.

The excessive rainwater leads to severe flood in almost 40% area of Assam. The plain land
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of Assam has a common boundary with remaining six states effectively acting as a facilitator
cum gateway to all of them.

Topographically the region can be broadly divided into five parts: the Eastern
Himalayas, the Brahmaputra valley, Khasi and Jayantia hills, the Surama valley, the Naga,
Manipur and Lushai hills. The region represents tertiary old sedimentary and granite rocks,
whereas Assam valley contains Pleistocene rocks. The soil of both valleys is alluvial and
laterite-old alluvial. Meghalaya, Manipur, Mizoram and Nagaland predominantly contain red
loam soils. On the other hand, Arunachal Pradesh and parts of Tripura contain forest and hill
soils rich in organic matter. Every major hill range of the region is the direct or indirect
expression of some geographical niche.

Evergreen, mountainous sub-tropical and mountain-temperate natural forests
characterize the region. Almost 55% area of the region is covered by forest vegetation, 10%
is snow-clad wasteland and the remaining 35% area under crop cultivation. There is scope
for increasing the cultivation area in the region. The major crop plants of the region are rice,
tea, mustered, jute, black-gram, sugarcane, maize, potato and vegetables. However, the
productivity is one of the lowest except in the case of tea and jute. On the other hand, the
destructive shifting cultivation has still been practiced in the hilly areas.

People of the region are predominantly (80%) of Mongoloid origin and there are more
than 350 tribes each one of them having own language or dialect, culture and traditions. The
average population density in the region is hardly 250 per km, the highest being 400 per km
in Assam and the lowest 50 per km in Arunachal Pradesh. Education in the region is a far cry
having the average literacy rate of 30%. The highest literacy rate of above 80% is prevailing
in Mizoram and the lowest below 15% in Arunachal Pradesh.

Major problems of the Region

Every year the region suffers from natural calamities like flood riverbank erosion,
landslide, earthquake and drought. Due to excessive rainfall during summer, water levels in
all rivers of the region rise beyond the danger mark causing severe flood. The strong under
current of the rivers cause serious erosion of sandy alluvial riverbank soils of the Brahmaputra
and the Barak valleys. The hilly terrain of the region also encounters landslides every year
mostly during the rainy season. The region is situated in an active seismic zone; every year it
encounters weak to strong tremors. The region is characterized by very complex
contemporary tectonic setup due to accumulation of interplate stress below the Meghalaya
plateau and its surroundings, post-collisional adjustment along the Himalayan arc and active
subduction convergence along the Indo-Burmese arc resulting in high level of seismic activity.
Drought during the winter is becoming a regular feature in the region since 1997 having rainfall

less than 100 mm.



In the health front, diseases like cancer, malaria, cholera, jaundice and AIDS are
predominant in the region. Every year a large number of people suffer from the diseases and
a good number of them succumb to.

Human influx from foreign countries likes Bangladesh, Nepal and Bhutan is one of the
most serious problems of the region. Lack of economic development and employment coupled
with influx problem has lead to some complex social problems like insurgency in the region.

The region lacks effective quality roads and bridges affecting transportation and
communication. Large-scale deforestation has disturbed the ecological balance in the region
affecting the climate in a major way. Deforestation has also adversely effected the rich bio-
diversity of the region.

Limited cropping intensity coupled with low yield, low input application, lack of effective
weather forecasting, lack of cold storage facility for agro-horticultural crops, lack of measures
to control crop and food spoilage, lack of strong post harvest technology including food
processing and packaging, lack of proper marketing facility, lack of animal improvement and
management practices have hindered the development of agriculture sector of the region. The
region lacks effective strategies for systematic exploitation of plant, animal and microbial
diversity.

Pollution has been increasing at an alarming rate in the region. Contamination of sail,
water and air by crude petroleum is a major issue. Poly cyclic aromatic hydrocarbon fractions
are carcinogenic in nature. Burning of untapped natural gas over the last three decades has
caused serious impact on the agro-silk sectors of the region. Similarly, dusts, suspended
particles, fumes and waste chemicals released by paper industries, fertilizer plants, cement
and sugar factories cause pollution. Furthermore, excessive and injudicious use of pesticides
by the tea gardens has been polluting the river ecosystem of the region making them almost
barren.

The Science and Technology Policy, 2003

To address these problems, it is necessary to formulate certain policy decisions in line
with the science and technology policy of the Government of India. The Central Government
enunciated the following S & T Policy, 2003 for the country:

1 To ensure that the message of science reaches every citizen of the country for the
advancement of scientific temper, emerge as a progressive and enlightened society and
to make it possible for all people to participate fully in the development of science and
technology and its application for human welfare.

1 To ensure food, agricultural, nutritional, environmental, water, health and energy security

of the people on a sustainable basis.



1 To mount a direct and sustained effort on the alleviation of poverty, enhancing livelihood
security, removal of hunger and malnutrition, reduction of drudgery and regional
imbalances both rural and urban, and generation of employment by using scientific and
technological capabilities along with our traditional knowledge pool. This will call for the
generation and screening of all relevant technologies, their widespread dissemination
through networking and support for the vast unorganized sectors of our economy.

9 To use the full potential of modern science and technology to protect, preserve, evaluate,
update, add value to and utilize the extensive knowledge acquired over the long
experience.

1 To encourage research and innovation in areas of relevance for the economy and society,
particularly by promoting close and productive interaction between private and public
institutions in science and technology sectors such as soil and water management, human
and animal nutrition, fisheries, water, health, education, industry, energy including
renewable energy, communication and transportation would be accorded the highest
priority.

1 In the era of information technology, to ensure speedier access to information both in
guality and quantity for the development of science and technology.

1 To encourage research and application for forecasting prevention and mitigation of
national hazards, particularly flood, earthquake, cyclone, drought, riverbank erosion and
landslides.

9 Protection and conservation of bio-diversity, traditional knowledge base and their
improvement.

Work strategies

Mechanisms have to evolved for continuous and independent policy and planning of
science and technology. Scientists, technocrats as well as academic and professional bodies
have to be engaged for the purpose. These inputs will help in decision making and formulation
of policies in socio-economic sector. The states and the North East Council have to be
encouraged and assisted in the use of science and technology for developmental purposes
through suitable mechanisms and in establishing linkages with national/international
institutions for solving local and regional problems. The science departments, academic
institutions including Universities have to be substantially strengthened by giving full autonomy
and flexibility and de-burocratization. Reviewing mechanisms at all levels of academics
and administrative structures and procedures in science and technology have to be
established for meeting the challenge of changing needs. The State Governments and the

NEC should take steps to modernize science and engineering infrastructures.



Standard laboratory facilities have to be created for taking up research works on
seismology, riverine and water body studies, hill and riverbank soil conservation, flood control,
communicable disease control, cancer and AIDS research, refugee studies and planning,
agro-forestry, hill cultivation, eco-protection, road bridge construction, plant based medicine
production and improvement of economic and minor crop plants. Efforts have also to be made
to develop skilled manpower to take up the challenging science and technology tasks of the
states and the region. Funds may be created to impart training to qualified personnel.
Manpower has to be created in emerging areas like biotechnology, medicine production and
synthesis, hydropower, seismology, software and information technology etc. Planning and
investments have to be made for harnessing river and other water bodies, bio-diversity and
human resources.

Indigenous knowledge based on age-old traditions and experiences, have to be
harnessed for the purpose of wealth and employment. Modern approaches to document,
protect, evaluate and to learn from rich heritage of traditional knowledge of the natural
resources of land, water, bio-diversity, medicine, food processing preservation, packaging and
beverage production have to be strengthened and enlarged. Technologies need to be
developed to add value to indigenous resources and traditional knowledge systems for
providing holistic and optimal solutions suited to socio-cultural-economic issues. A concerted
plan to identify research on traditional systems of medicine, local beverage industry, food
processing and preservation so as to contribute to fundamental advances in health care,
nutrition and quality drink and leading to commercialization of effective products have to be
undertaken.

Science and technology have to be streamlined to address the problem of mitigation
and management of the impacts of natural hazards like earthquake, flood, river-erosion,
landslide, drought and cyclone. A concerted plan to enhance protective capabilities and
preparedness for meeting emergencies arising from the natural calamities has to be
developed. Measures have to be undertaken to promote research on natural phenomena that
lead to disasters and human activities that aggravate them. Practical technological solutions
have to be developed for predicated preparedness and mitigation and management of post
disaster situations.

There is a growing need to enhance public awareness of the importance of science
and technology in everyday life and the directions where science and technology are taking
us. People must be able to consider the implications of emerging science and technology
options in areas, which impinge directly, their lives including ethical, moral, legal, social and
economic aspects. Support for wider dissemination of scientific knowledge through

establishment of science museums, botanical gardens, herbarium preparation, planetarium,



natural aguariums and zoos have to be enhanced. Every effort has to be made to attract the
young ones to science and technology.
In order to highlight regional science and technology needs and to design policy

decisions and working procedures, the North Eastern Council should be the lead organization.
The state Governments should also frame their own policies on the basis of their local
problems |, aspirations and needs. Al ong with the OR:
under the auspices of the NEC, there should als
for each of the states of the region. An initiative has to be made to establish collaboration
among the scientists, teachers, planners, managerial and administrative personnel belonging
to Government departments, research and academic institutions and industries of the region
as well as of the states. As and when necessary, collaborative research works have to be
taken up by involving internal and external experts. The work strategies for the region could
be covered under:

l. Regional weather and climate forecasting

Il. Hazard warning and management

1. Science education and research

(\VA Biodiversity and resource management
V. Infrastructure development

VI. Agro-science & rural technology

VII. Food processing and

VIII. Energy and environment.
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India's most bio-diverse region, i.e., North Eastern Region (NER), holds sixteen national parks,
fifty-five wildlife sanctuaries, three bird sanctuaries, and two tiger reserves with a thriving
population of animals and birds. Besides, this region accounts for 24.3 million livestock, poultry
birds of 69.2 million, cattle occupy 54.84% of the total livestock population, the goat population
is about 22%, followed by the population of pigs, horses, mithuns, mules, donkeys, camels,
and yaks (20th Livestock Census, 2019). Despite such a large number of livestock and wild
animals and birds, entomological surveillance reports on disease viz., lumpy skin disease
(LSD), bluetongue disease (BTD), and the role of adult Culicoides (Diptera: Ceratopogonidae)
spp. prevalent in the North Eastern States (NESS), i.e., Assam, Arunachal Pradesh, Manipur,
Mizoram, Meghalaya, Nagaland, Tripura, and Sikkim (Barkataki et al., 2012; Mukhopadhyay
et al., 2016; Sarkar et al., 2023b) is lacking.

This article deals with the adult Culicoides, which are the smallest blood-sucking biting midges
ranging from 1-3 mm (Mellor et al., 2000), often known as biting machines that have been
implicated globally in vectoring several important arboviruses, bacteria, protozoa, filarial
nematodes, etc. Throughout Southeast Asia, these biting machines are known as "makunagi”
or "nukaka" (Japan); "agas" (Malaysia and Indonesia), "nyung noi" or little mosquitoes
(Laos) (Wirth & Hubert, 1989), and "ruwani" (rural areas of West Bengal), etc. The
developmental cycle is similar to any other holometabolous insect, consisting of an egg, four
larval instars, a pupa, and an adult (Mellor et al., 2000). Most immatures thrive in moist areas,
and these environments' availability is a crucial determinant limiting their seasonal occurrence,
distribution pattern, and abundance (Mellor et al., 2000). Geographically, the NER is
characterised by prolonged annual precipitation of 1500-2500 mm, a humidity of 70-85%
(Dikshit & Dikshit, 2014), and organic-rich soil, which is conducive to breed the vectors with
the large availability of host variety. The vectorial study of these essential medico-veterinary
flies remains utterly neglected throughout the region. In India, among 84 Culicoides species
recorded (Sarkar et al., 2023b), only 18 species (Table 1) were identified from this region to
date, and their impact in vectoring arboviruses, bacteria, protozoa, and nematodes to humans
and animals remains neglected. This article gives a cursory look into the status of the known
potential vector species recorded, particularly in the North Eastern Region (NER) and their
host range. It documents the transboundary occurrence of various Culicoides-borne

pathogens.
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Table 1. Distribution of Culicoides spp. recorded from the North Eastern Region (NER)

of India

Subgenus/Species
group

Species

Distribution

Avaritia Fox

Culicoides actoni Smith

Assam (Burnihat), Arunachal Pradesh

Culicoides annandalei
Majumdar & Das Gupta

Sikkim (Rhenock)

Culicoides orientalis
Macfie

Sikkim (Nayabazar)

Culicoides sikkimensis
Das Gupta

Sikkim (Nayabazar)

Haemophoructus
Macfie

Culicoides rariradialis
Das Gupta

Sikkim (Nayabazar)

Hoffmania Fox

Culicoides peregrinus
Kieffer

Assam

Meijerehelea Wirth &
Hubert

Culicoides arakawae
(Arakawa)

Assam (Golaghat, Guwahati)

Pontoculicoides

Remm

Culicoides kamrupi Sen
& Das Gupta

Assam (Guwabhati)

Remmia Glukhova

Culicoides oxystoma
Kieffer

Assam (Golaghat)

Culicoides schultzei
(Enderlein)

Assam (Golaghat, Nagaon, Burnihat,
Kaithalkuchi, Jorabat, Boko, Sonapur,

Silonijan

Culicoides anophelis
Edwards

Assam (Golaghat)

Culicoides flaviscutatus
Wirth & Hubert

Assam




Trithecoides Wirth & Culicoides inornatithorax | Sikkim (Nayabazar)

Hubert Das Gupta

Culicoides palpifer Das Assam
Gupta & Ghosh

Culicoides parararipalpis | Sikkim (Nayabazar)

Das Gupta

Culicoides raripalpis Assam (Burnihat), Sikkim
Smith

Culicoides shortti Smith | Assam (Guwahati)

shortti & Swaminath

Culicoides swaminathi Arunachal Pradesh (Pasighat)
Majumdar & Das Gupta

Virus
In Bluetongue disease (BTD) epidemiology, among 29 serotypes of bluetongue virus (BTV),
23 serotypes have so far been reported from India (Saminathan et al., 2020). A meta-analytic
study by Rupner et al. (2020) indicated BTV seropositivity in several animals, such as cattle,
buffaloes, mithuns, camels, sheep, and goats. The prevalence of BTV serotypes in different
states of India has already been summarized by Saminathan et al. (2020). Among seven
species reported transmitting BTV in India, the following four species, C. actoni, C. orientalis,
C. peregrinus, and C. oxystoma have been recorded in this north-eastern region (Harrup et
al., 2016; Mukhopadhyay et al., 2016; Sarkar et al., 2023b). Previously, BTV serotypes have
been detected in C. orientalis (serotype-21), C. oxystoma (serotypes-1 and 16), C. schultzei
(serotype-16), C. peregrinus (serotype-23) associated with Indian livestock farms of Gujarat
and Tamil Nadu, West Bengal and from Indonesia (Sendow et al., 1993; Dadawala et al.,
2012; Halder et al., 2013; Ranjan et al., 2017a; Ranjan et al., 2017b). Joarder et al. (2013)
documented seroprevalence of BTV within the animals (sheep, goat and cattle) from different
districts of Assam (Golaghat, parts of Karbi Anglong, Morigaon, Nalbari, Bongaigaon,
Goalpara, Kamrup Metro and Kamrup Rural) located within four agro-climatic zones (Upper
Brahmaputra Valley, Central Brahmaputra Valley, Lower Brahmaputra Valley, and hills).
Other viruses like ephemeral fever virus were detected from C. peregrinus (Wirth &
Hubert, 1989); Chuzan virus (CHUV), D'Aguilar virus (DAGV), Ibaraki virus (IBAV), Akabane
virus (AKAV), Aino virus (AINOV), and epizootic hemorrhagic disease virus (EHDV) isolated



by Yanase et al. (2005) and Thabet et al. (2023) from C. oxystoma trapped from Southern
Japan and Tunisia. Diarra et al. (2014) and Fall et al. (2015) suspected this species as the
potential vector of the African horse sickness virus (AHSV) based on its abundance data near
horses in the Niayes area, Senegal. Culicoides arakawae is the fowlpox virus vector (Wirth &
Hubert, 1989).

Lumpy skin disease (LSD), caused by the lumpy skin disease virus (LSDV), is a global
concern that affects cattle, buffalo, camel, gaur, and giraffes. Reddy et al. (2023) provided
insight into the occurrence of LSD in cattle, and Yak from Sikkim exhibited skin nodular
lesions. Bianchini et al. (2023) pointed out that Culicoides spp. are transmitted LSV, and
Topan (2023) documented LSD from Assam, Arunachal Pradesh, along with other states. ABP
News Bureau updated LSD from the villages of Meghalaya of the districts of Ri-Bhoi (Sumer,
Umkon-Umden, Mawlyngkhung, Saiden-Nongpoh, Umpyrdong-Umden, and Jyntru-Nongpoh)
and South West Khasi Hills district (Rangthong) and 20 cows dead on 31 May (2023). Press
Trust of India updated on 27 July (2023) that 900 cattle, especially the 'thutho' indigenous
breed to Nagaland, were infected with LSD and declared this state as an 'LSD positive state'.
Reddy et al. (2024) first reported LSD infection within Mithun distributed across NERs.
Bacteria
Pathogenic bacteria-specific information within Indian Culicoides spp. is still scarce. Sarkar et
al. (2023a) made a detailed study on beta haemolytic strains of Bacillus cereus from the non-
blood utilizing life stages, i.e., eggs, four larval instars, pupae including in laboratory-emerged
males and females, as well as in the field-collected males and females (nulliparous, parous,
and post-oviposited) of the abundant vector species, C. peregrinus trapped from the district of
Burdwan (West Bengal). Based on Drobniewski (1993) and Kotiranta et al. (2000), this
bacterium is pathogenic, as it also causes septicemia, endophthalmitis, and food poisoning in
humans and other mammals. Further studies will be needed to identify pathogenic bacteria
within salivary glands, specifically the saliva of these vector species, as it serves as an anterior
transmission route for these pathogens.

Protozoa

The protozoans: Leucocytozoon sp., Leishmania (Mundinia) martiniquensis, L. (M.) orientalis,
and Crithidia species were detected from another vector, C. oxystoma in Phatthalung Province
and Songkhla Province of Southern Thailand (Sunantaraporn et al., 2022; Songumpai et al.,
2022). Crithidia sp. and Leishmania (Mundinia) martiniquensis were also identified from C.
peregrinus (Sunantaraporn et al., 2022; Kaewmee et al., 2023). In Japan, C. arakawae has
been reported as a pest of fowls and turkeys, along with being implicated as the vector of
Leucocytozoonosis as Leucocytozoon caulleryi is transmitted by this species (Wirth & Hubert,
1989). Besides that, avian haemosporidia was detected in this species (Inumaru et al., 2023).

Nematode



Buckley (1938) recorded infections of C. actoni, C. orientalis, C. oxystoma, and C. shortti with
Onchocerca gibsoni's larvae, cattle filaria's causative agent, in Malaya.

Host range

Adult Culicoides spp. have diverse blood-meal sources, and the vast majority of midge species
are mammalophilic and ornithophilic; however, reptiles and amphibians are also in the host
spectrum of these midges (Lassen et al., 2012). The information about their blood-feeding
source is essential in elucidating the host-vector interactions and Culicoides-borne virus eco-
epidemiology. Some Culicoides spp. rely on insect haemolymph as a protein source (Lassen
et al., 2012). Further, there is a record of C. anophelis feeding on engorged mosquitoes (Ma
et al., 2013). Wirth and Hubert (1989) suggested that C. peregrinus is strongly zoophilic and
a general feeder. Kamyingkird et al. (2023) identified positive C. actoni, C. arakawae, and C.
peregrinus for horse blood. Sunantaraporn et al. (2022) detected the blood meal of C.
arakawae and found it positive for pigs. Based on the investigation of Kar et al. (2022) and
Kamyingkird et al. (2023), C. oxystoma fed the blood of cows, buffaloes, sheep, pigs, and
humans; C. anophelis fed the blood of humans; C. palpifer fed the blood of buffalo. Gomontean
et al. (2023) documented positive samples of C. shortii and C. flaviscutatus for buffalo's blood.
Wirth & Hubert (1989) observed that C. anophelis, C. raripalpis, and C. flaviscutatus bite on
cows and humans. Sarkar et al. (2023b) reviewed the data regarding blood meal analysis by
earlier researchers. They noted positive C. actoni for cow, buffalo, chicken, horse, and human
blood and C. orientalis for cow blood. Ogola et al. (2024) analyzed the blood meal of C.
schultzei and detected positive for cattle blood.

Despite several Culicoides spp. identified from NER, data regarding pathogens and
disease epidemiology still needs attention. Although their broad host range and pathogen-
specific information have been collated from other regions of India and contiguous Southeast
Asian countries, further mapping will still be required to generate these data specific to the
NER. Vector-borne disease assessments of animals of NER will need a continuous
entomological survey of the vectors, RTPCR-based pathogenic load analyses, and identifying
diseases in the host animals and birds, which should be taken up immediately. The
transboundary incursion of vectors and pathogens makes the situation more complex and
unpredictable. Let us not wait for disease outbreaks to spur but recommend to the competent
authorities amongst NER institutes that they build a strong network and generate interactive
databases of the host-vector-pathogen. This information, once generated, will safeguard our

animal resource wealth of NERSs.
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The Institute of Advanced Study in Science and Technology (IASST), Guwabhati, an
autonomous Institute of DST, has integrated programs that highlight the significance of
women's empowerment in the Northeast region because women are the driving force of
change and are necessary for a nation to prosper and sustain itself. With its objective to
empower tribal women and promote sustainable livelihoods, IASST has become a beacon of
success in Northeast India's varied cultural landscape. The institute has integrated its efforts
with the Government of India's ‘Atmanirbhar Bharat' and '"Vocal for Local' initiatives while also
revolutionizing traditional customs through creative activities under the "ST/SC Community
Development Program at IASST," which is supported by DST's SEED division.

Reviving Tradition: Xindol's Journey from Traditional Household Delicacy to
Supermarket Shelves

At Bakarapara village, near Guwahati, a Self-Help Group (SHG) named Upasona ethnic food
society was formed, bringing together 21 rural tribal women to promote their traditional
delicacy, Xindold a fermented fish product deeply embedded in their cultural heritage (Fig. 1).
IASST was pivotal in elevating Xindol from a household delight to a marketable product by
conducting nutritional analyses, facilitating FSSAI certification, and safeguarding traditional
knowledge through geographical indication (Gl) filing.

IASST has set up a Biofloc system for fish farming to guarantee a steady supply of fish for
fermentation. The members have received specialized training in handling Xindol safely.
Additionally, IASST has fostered the society for market connection under the Bionest facility.
In addition to over 300 direct and indirect beneficiaries, this program has tremendously aided
21 women in creating sustainable subsistence.

Diversification for Prosperity: Eri Silk and Edible Pupae Production

Recognizing the need to enhance income opportunities, IASST expanded its initiatives to
include the production of Eri silk and its edible pupae (Fig. 2). This forward-looking approach
not only contributes to the economic prosperity of tribal women but also preserves and
promotes indigenous practices, fostering a sense of self-sufficiency within the community.
Many women in the three adopted villages of IASST, viz. Satargaon, Kallapara, and

Bakarapara have incorporated Eri rearing into their livelihoods as a significant income source.
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Through hands-on training provided by IASST, these women are now equipped with the
knowledge and skills required for successful sericulture.

Soybean Cultivation: Transforming Lives and Landscapes

Scientists at IASST have launched an unprecedented project to grow soybeans to transform
the agricultural landscape and lives of tribal people in Northeast India. To reduce dependence
on imported soybean seeds, IASST's strategic intervention in Barnagaon village, Udalguri
district, led to the formation of the Daogalang Soya Society and Gwjwnsri Soy Society,
focusing on the cultural and economic importance of fermented soybean (Fig. 3). Comprising
more than 20 tribal women from the Bodo community, this society processes soybean seeds
into various products, including soy tofu. This initiative has positively impacted more than 200
individuals directly and indirectly. Through its BioNEST incubation facility, IASST is crucial in
facilitating market linkages for women engaged in soybean-related businesses. The institute
supports the commercialization of products developed by women, ensuring that their efforts
translate into tangible economic opportunities.

IASST's Commitment and Goal: Towards a Sustainable Future

The B. R. Ambedkar centre for Community Empowerment (BRACE), a specialized platform
created to serve the particular requirements of the weaker portion of society, primarily focusing
on women, is central to IASST's commitment to social empowerment (Fig. 4). Equipped with
cutting-edge facilities, BRACE is the focal point for programs promoting inclusive
empowerment. It provides targeted training, skill development, educational opportunities, and
awareness campaigns, particularly for women from under-represented groups. The center
aims to enable women to actively advance society by creating a supportive atmosphere

through networking and mentorship opportunities.



Beyond empowering tribal women, these programs significantly contribute to Northeast India's
larger objective of developing a locally oriented and self-sufficient economy. IASST grows
crops and sows the seeds of prosperity and change as success stories keep coming to life,

influencing the next generations.




Fig. 4 B.R. Ambedkar centre for Community Empowerment (BRACE).
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Cancer is a global health threat and a primary cause of death worldwide. In 2020, it was
estimated by the World Health Organization that cancer claimed the lives of 10 million
individuals. According to the National Cancer Registry, there were 1.39 million cancer patients
in India and around 8 million worldwide, with the global burden expected to increase 5-fold by
2025. Although conventional treatments like surgery, radiation therapy, and chemotherapy
are still crucial in cancer care, recent advancements have introduced new treatment options
that are significantly altering the landscape of cancer therapy for patients. Immune checkpoint
inhibitors, for example, are drugs that are widely used to treat various types of cancer,
including melanoma, lymphoma, lung, bladder, and kidney cancer. Immunotherapy is an
advanced approach to treating cancer by utilizingt he pati ent 6s i mmun
combat cancer cells. In the 2000s, targeted therapies like trastuzumab (Herceptin) and
imatinib (Gleevec) emerged, which destroy cancer cells by targeting specific molecular
changes found in those cells. CAR-T cell therapy is another promising treatment. India's first
indigenously produced NexCART, which uses this technique, made headlines in the news

after its successful application.

CAR-T cells are a revolutionary form of treatment for cancer patients. They involve genetic
modification of T cells taken from the patient, which makes them more efficient at recognizing
and destroying tumor cells. Chimeric antigen receptors (CARs) are produced from these
modified T cells and added to their surface, which helps them identify and bind specific
antigens on cancer cells' surfaces (Figure 1). This process is called precision medicine, as the
therapy is customized for each patient. The Food and Drug Administration has authorized six
CAR-T cell treatments for various blood cancer types, including lymphomas, specific

leukaemias, and multiple myeloma.
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Figure 1: Schematic representation of CAR-T cell therapy technology.
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In 2015, Dr. Alka Dwivedi and her team developed NexCAR19, a modified CAR-T cell that
showed promise in treating blood cancers. After unsuccessful attempts to design the CAR-T
cells, Dr. Dwivedi and her colleagues collaborated with experts in CAR-T cell therapy at the
National Institutes of Health (NIH) Clinical Centre in Maryland. They developed an innovative
CAR-T cell tailored for the Indian context that led to the approval of NexCAR19 in India in
October 2023, marking India's first venture into CAR-T cell treatments. NexCAR19
demonstrated impressive efficacy in treating advanced lymphoma or leukemia, with 67% of
patients experiencing a significant reduction in cancer burden and approximately half
achieving complete remission following promising outcomes from two clinical trials carried out

in India.
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Following that, in October 2023, CDSCO, India's drug regulator, approved NexCAR19 for

commercial use. It was developed by ImmunoACT, a company incubated at IIT Bombay. Dr.



(Col) VK Gupta, a gastroenterologist based in Delhi, underwent treatment in India for Rs 42
lakh instead of 4-5 crore abroad. On April 4, President Droupadi Murmu launched the first
CAR T-cell therapy developed within India, designed to target and treat cancer. She referred
to it as a "breakthrough" that provides "new hope for humankind" in the fight against cancer.

The therapy is now available throughout the country.

CAR-T cell therapy faces manufacturing, distribution, logistics, quality control, and affordability
challenges, particularly in low-resource settings like India. Challenges include high
manufacturing costs, complex supply chain logistics, GMP-compliant facilities, quality control,
and traceability measures. Standardized manufacturing, reduced pricing, infrastructure
development, and workforce development initiatives can help overcome these challenges.
Government support, policy formulation, and strategic collaborations are also necessary to
foster a conducive ecosystem for CAR-T therapy in India. The President of India praised CAR-
T cell therapy as a major advancement in cancer treatment, highlighting its accessibility and
affordability. This milestone represents a beacon of hope for patients worldwide, underscoring

the transformative impact of innovative medical interventions.

CAR-T cell therapy holds immense promise for transforming the approach to cancer care in
India, improving outcomes for patients nationwide. To position India as a global leader in this
field, investing in research, infrastructure, and regulatory frameworks is crucial. By continuing

these efforts, India can take advantage of the bright future that CAR-T cell therapy promises.
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Did you know that trillions of bacteria are present in your gut? These gut bacteria are crucial
in keeping our gut healthy and balanced. These microscopic heroes play an essential role in
digestion by breaking complex food matter, producing vitamin K, improving the immune

system, and controlling mood and sleep cycle.

Fig. 1 Gut microbes and foods are associated with human health.

Sometimes, these gut microbes may get out of balance. This may occur for many reasons,
like taking antibiotics that kill both good and bad bacteria or eating unhealthy foods that create
an i mbal anced state. No wad daady sh,a st hda atwear mmufcchu tat i &
their imbalanced state is linked with different human diseases like fatty liver, diabetes, obesity,
inflammation in the gut, depression, neurological disorders, and many more.
But don't worry; scientists have discovered magical bacteria known as probiotics,
which are live bacteria that can improve your gut health and maintain harmony when
consumed in adequate amounts. Probiotics are superheroes that help us fight diseases and
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foreign pathogens so that we live happily and age healthy. So now the question arises: from
where do we get probiotics? You can find them in foods like yogurt or curd, fermented food
products like kombucha, fermented bamboo shoots, kharoli, etc, or take them as supplements
available in the market with doctors' prescriptions.

Though probiotics are a new concept for improving our health in this modern twenty-
first century, do you know? In Bharat, our ancestors practiced probiotic-rich food daily while
worshiping or during pooja. They used to prepare prasad, known as panchamrit, and we still
follow the same. In Hindu ritual, no pooja is complete without offering panchamrit. It comprises
of five divine ingredients & milk, curd, honey, ghee (clarified butter), and jaggery 6 and
Panchamrit was a symbol of devotion and a secret of health and vitality. Curd is rich in
beneficial bacteria like Lactobacillus sp. Raw milk is a fundamental element in panchamrit,
which supplies nutrients for the growth of probiotic bacteria. Honey is also rich in potential
probiotic bacteria and micronutrients. In contrast, ghee contains butyric acid, which is good for
gut health, and a small amount of jaggary as an energy source.

How do you maintain good gut health? Include lots of (a) green vegetables and fruits
in your diet, which are rich in fiber, (b) a handful of sprouts and nuts, (c) fermented food
products like curd or dahi, (d) exercise daily and (e) avoid junk food or packed food packets.
fiTake care of your gut b actRytaking careDftyauygutwacteria,
you're supporting your digestive system and nurturing your overall health and well-being. So,

listen to your gut, nourish it with care, and it will surely take care of you in return.

Fig. 2 Key ingredients of Panchamrit.
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Water stands as an indispensable pillar of civilizations. The foundation of vibrant health rests
firmly upon the availability of pure water. In recent decades, the global landscape has
witnessed remarkable economic growth. As the surge in industrialization, expansion of
agriculture, and rapid urbanization continues to spike, a notable increase in water
contamination has escalated, ultimately leading to associated environmental problems. Water
pollution is an alarming challenge that has continuously evolved over the past decade.
Wastewater discharged from industries of different sectors like metal, food, textiles, paper,
leather, cosmetics, pharmaceuticals, and other manufacturing sites stands out as a major
cause of water pollution. This wastewater contains various hazardous pollutants, including
harmful synthetic dyes, which are detrimental to living organisms. Annually, out of the global
dye production of approximately 2 million tons, around 15% of it is being discharged as dye
wastewater into the environment. The unplanned and haphazard release of these dye-laden
industrial effluents into water bodies has given rise to numerous problems as they not only
impart artificial color to the water bodies but also possess carcinogenic and mutagenic effects
to living beings. These non-degradable and pigmented colorants when exposed to direct
contact can cause severe irritation of the eyes and skin, while their consumption may lead to
gastrointestinal discomfort like nausea, vomiting, and diarrhea. Prolonged exposure can affect
the organs such as the liver, thyroid, and spleen as well as can damage the nervous system
leading to headache, dizziness, and muscle cramps. Thus, considering the inherent toxicity of
these synthetic dyes, it has become crucial to establish effective dye removal techniques from
the wastewater.

Separating dye compounds from water can be a challenging task. Several techniques like
adsorption, membrane separation, chemical coagulation, precipitation, flocculation,
photodegradation, and ion exchange are available that bring the dye concentration within the
World Health Organization (WHO) recommended limits. However, these techniques along
with their excellent removal efficiency are also accompanied by several drawbacks like high

cost, complicated multistep process, toxic sludge production, and overall slow process.



Among them, adsorption stands out as a highly efficient technique for purifying colored
wastewater surpassing the available alternative techniques in numerous aspects due to its
straightforward and user-friendly operation making it relatively economical with widespread
availability. However, there are challenges related to the type of adsorbent used and their
disposal after potential post-contamination by the pollutants. These challenges can be
mitigated by using cheap and biodegradable sorbents originating from agricultural by-
products. The utilization of this waste biomass addresses waste management problems, and,

also seamlessly contributes to environmental sustainability.

Keeping this in view, a comprehensive series of studies was embarked on by a dedicated
team of researchers led by Dr. Arundhuti Devi, a distinguished senior scientist of the Institute
of Advanced Study in Science and Technology (IASST). Notably, one of their research
ventures on the utilization of the waste derived from the preparation of Kolakhar, a traditional
Assamese alkaline food additive used in many of their dishes. The solution is prepared by
collecting the filtrate of water-soaked ashes derived from Musa Balbisiana stems, locally
known as Athiya Kol. In the process, the stems of the banana plant are cut into small pieces
and sun-dried for a couple of days, and subsequently burnt to ash in the open air. The resulting
ash is then soaked in water and filtered to yield the alkaline solution known as Kolakhar. The
research team ingeniously used the residual ash, i.e. banana stem ash (BSA), as a
bioadsorbent to remove toxic synthetic dyes, viz., methylene blue (MB) and basic fuchsin (BF),
showcasing an innovative approach integrating traditional practices with a modern scientific
solution. Upon using different characterization techniques like FTIR, XRD, XPS, and EDX, it
was evident that the ash contained high carbon content along with different elements like K,
Ca, and Si with different oxygen and nitrogen-containing functional groups. These functional
groups of the ash interacted with the dye molecules via different interactions like n-" , -" 7,
cation-" hydrogen bond formati on, el ectrostatic int
insight into the mechanism involving the adherence of the dye molecules to the surface of the
bioadsorbent was examined by the team using various kinetic models, isotherm models, and
thermodynamics data, in conjunction with experimental factors. The team also studied the
potency of the mentioned bioadsorbent by using it to purify synthetic textile effluent formulated
by combining various dyes such as malachite green, methyl violet, methyl orange, rhodamine
B along with methylene blue, and basic fuchsin and salts like NaCl, NH4ClI. This testing aimed
to validate the efficacy of the removal process under conditions mirroring real-world
wastewater scenarios. The result showed perceptible performance of the bioadsorbent with a
57.38% removal percentage, demonstrating it as a highly efficient adsorbent suitable for

practical applications in the treatment of textile wastewater. This approach not only mitigates



waste management issues but also aligns with eco-friendly practices, a conscientious solution

that promotes both resource efficiency and environmental well-being.

Harnessing waste biomass for reuse not only effectively tackles waste disposal challenges
but also exemplifies a commitment to environmental friendliness. This practice not only
addresses waste management concerns but also aligns seamlessly with eco-friendly
principles, showcasing a thoughtful and sustainable solution that fosters resource efficiency
and environmental well-being. With detailed investigations and an analytical approach, Dr.
Arundhuti Devi and her research team have achieved significant advancements in unraveling
the intricate techniques that have proven to be exceptionally effective in purifying wastewater
using the waste agricultural biomass via an economically and environmentally sustainable

process.
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Fig 1-lllustrating the formation process of banana stem ash (BSA) during Kolakhar preparation



Methylene
blue

=O0C BSA cCOO Basic

= Il
Q SN 7 fuchsin

Fig 2- Removal of Methylene Blue (MB) and Basic Fuchsin (BF) with their potential
mechanisms

Reference:

Das, E., Rabha, S., Talukdar, K., Goswami, M., & Devi, A. (2023). Propensity of a low-cost
adsorbent derived from agricultural wastes to interact with cationic dyes in aqueous
solutions. Environmental Monitoring and Assessment, 195(9), 1044. doi.org/10.1007/s10661-
023-11656-1



Crude oil: An Environmental Boon or Curse

Nimisha Sarma 2 and Dr. Arundhuti Devit%

'Environmental Chemistry Laboratory, Resource Management, and Environment Section,
Institute of Advanced Study in Science and Technology, Vigyan Path, Guwahati, PIN-
781035 Assam, India
2Academy of Scientific and Innovative Research (AcSIR), Ghaziabad- 201002, India

*Correspondi ng aandhdii@iasétgov.mmai |

AWill you I|Iike to have coffeed, asked one of 't he
institute in a smalbustahpberinfomi hgwupo asked a
replied, AVery very |l engthyo. Everyone | aughed e

just sat quietly and listened with a confused look on her face. Days passed and one fine

morning sheaskedmeiBaa, why did you say that day that vy«
and replied, AfBecause | have so much to report
where to stopo. Wit hout a word, she stared at n

oilfield and its effects on the nearby areas? Have you seen crude oil just scattered
everywhere?d She nodded no. cfalnnldv & .elcantmdeg@®@maoe Yy O
ilt was |l i ke stepping into a night maheS&ibsagaren | f i
district in upper Assam. Everywhere | looked, there was oil; staining the grass, polluting nearby

ponds. There are tea gardens, agricultural rice fields, and muga cultivations nearby (Fig. 1).

The sight prompted us to launch a monitoring survey, driven by the urgent need to assess the
contamination levels and their potential impact on the local community. We also wanted to

investigate whether plants in the vicinity were absorbing crude oil from the soil, a possibility

that could have disastrous implications for those living in the area. We gathered samples of

water, soil, plants, and sludge (Fig.1) from a wide radius around the oilfield and do you know

what we found?o0. Just then we were interrupted

Arewdo | ate to catch the bus?d She ran and |l ucki



iBaa | was waiting for youbo, I heard someone as
|t was her agai n. | asked what t he matt md wa s,
Baa? Did you find oil in those places? In the soil, water, plants? Do plants take up oil from the

soil ? Are we eating plants full of oil ?206 were s
To her surprise, my answer \waeywhére/ EhS situalioh eeare was ¢
the oilfields was terrible, with soil contamination extending even into people's homes. Water

sources and ponds in the vicinity were polluted with oil as well. Analysis revealed alarming
concentrations of heavy metals and petroleum hydrocarbons, beyond safe levels. This

petroleum contamination has a tremendous effect on the environment causing water, soil, and

air pollution, as well as a threat to wildlife. Heavy metals, known carcinogens, pose grave

health risks, potentially leading to irreversible disorders after prolonged exposure. Human

health effects ranged from cancer to respiratory and cardiovascular diseases, gastrointestinal

issues, skin problems, and neurological complications. Petroleum hydrocarbons, on the other

hand, are highly toxic and lethal substances, that also threaten both human and animal health.

Their effects include haematotoxicity, carcinogenicity, genotoxicity, mutagenicity,
immunotoxicity, and neurotoxicity. Metabolites of these hydrocarbons also act as potent

endocrine disruptors, adversely impacting human reproductive development. In the samples

analyzed, heavy metals like nickel, lead, iron, and arsenic exceeded permissible limits at most

sites, while hydrocarbon concentrations were significantly elevated. Out of all, the most

alarming concern was the discovery of an aromatic hydrocarbon derivative in one of the
groundwater samples, with a concentration of 130.66 mg/L, far exceeding the safe threshold

for drinking water of 1 mg/L, posing a threat to aquatic ecosystems and biotic species.

Additionally, investigations into plant samples revealed the uptake of metal and hydro
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Fig. 1 Schematic representation of the study survey




carbon contaminants by six different plant species, namely, Chromolaena odorata,
Parthenium hysterophorus, Colocasia esculenta, Ageratum conyzoides, Leucas aspera, and
Vernonia cinerea, highlighting the widespread impact of pollution on local flora. Now can you
see why | called it a havoc of AsdamfAicGoShevhpazaedd
solution to this havoc?o0, she asked with distre
and strategies to protect the communities in those regions from this environmental threat. Our
laboratory is actively researching various remediation techniques to combat such disasters,

offering hope for both the environment and society."

"Ah, | see now," she murmured, "I've found my purpose too. I'll also try to find solutions for
such petroleum contamination that will be beneficial for our society," she declared with

newfound hope resonating in her words and determination lighting up her eyes.
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Tsunamis are one of the most devastating natural disasters, and they can cause significant
loss of life and property. These destructive waves are generated by large-scale disturbances,
such as earthquakes, landslides, or volcanic eruptions, which displace a large volume of water
in the ocean. Understanding the mathematical theory of tsunami wave generation is crucial
for developing early warning systems and designing effective mitigation strategies. In
particular, understanding and modelling the generation of surface ocean waves due to ocean
floor movement is paramount. The devastating impact of tsunami waves on coastal areas has
been witnessed throughout history; the recent one relevant to the Indian subcontinent is the
2004 Indian Ocean tsunami (Sumatra earthquake) that caused an estimated US$ 13 billion in
damage, 227,899 human casualties, and displacement of 1.7 million people. Appropriate
modelling will enable us to accurately predict the tsunami arrival time, leading to an early
warning system and preparation time for evasive measures to minimize potential damage.

My research group at IASST is engaged in building mathematical theory incorporating (i)
ocean water compressibility, (ii) density stratification and (iii) ocean floor softness that can
better simulate the tsunami generation mechanism and subsequent transoceanic propagation

(Fig. 1). These are a few important factors that require attention while building a mathematical
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model for tsunami propagation. It is well known that the slight compressibility of ocean water
triggers hydroacoustic waves, which

Fig. 1: Incorporation of ocean water compressibility, density stratification, and movement of
soft ocean floor.

are highly influenced by gravity at low frequencies and lead to the generation of acoustic-
gravity waves (AGW). These waves influence the propagation of tsunami waves, and their
importance was established by a series of works by the group led by Prof. M. A. Nosov. The
success of these works motivated researchers to look back at the theory of compressible
ocean, which is well established in the literature through the works over the last 80 years.
Detecting and analysing the AGWs plays a pivotal role in estimating the earthquake fault
location, intensity, and tsunami wave arrival time. On the other hand, natural density
stratification in the ocean, caused by variations in temperature and salinity, further complicates
wave propagation. Under these conditions, the ocean becomes a non-homogeneous domain,
requiring separate consideration of wave propagation within different layers (concept of a two-
layered ocean structure), as first discussed by Stokes in 1857. This aspect remains deficiently
understood and could prove to be a crucial connection.

Moreover, understanding how AGWs attenuate and dissipate is another crucial factor affecting
their propagation in a softer ocean bed, such as one with properties similar to that of a
viscoelastic medium. This knowledge could ultimately enable the measurement of AGW mode
strength at any depth and provide insights into the size of potential tsunamis. Hence, it is
imperative to closely study and understand these various factors in conjunction with one
another to arrive at comprehensive conclusions, highlighting the critical importance of such
investigations in tsunami research and early warning systems.

My international collaborative work on the factors of tsunami wave propagation
mechanism is focussed on the impact of (i) bathymetry change due to submarine earthquake,
(ii) sudden ocean depth change, and (iii) moving atmospheric pressure wavefront on tsunami
wave (Fig. 2). Let us dive deep into each of these aspects to understand their significance in

transoceanic tsunami propagation.
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Fig. 2: Incorporation of arbitrary motion of circular ocean floor, moving atmospheric pressure
front, and sudden depth change.

A bathymetry change is quite common after a submarine earthquake, and the process
varies event-wise. For example, the 2004 Indian Ocean tsunami resulted from a moving fault
under the ocean. A vertical uplifting of the seabed was observed in the 2011 Tohoku OKki
earthquake, such that the displaced block had different heights at both ends. The rupture of
numerous faults caused the 2016 Kaikoura earthquake. The 2018 Sulawesi earthquake
resulted from strike-strip faulting, leading to a moving Palu-Koro fault. These bathymetry
changes can be approximated with multiple moving circular patches, implying that a moving
circular patch holds the key to a benchmark solution and the associated mathematical problem
can be considered canonical.

Any changes in ocean floor bathymetry are associated with ocean water column depth
variations, often influencing surface wave propagation, including transoceanic tsunami waves.
These changes may occur slowly, allowing one to model the wave propagation using a mild-
slope equation and its variants, or it could be abrupt, so the assumption of slowly spatially
varying water depth stands invalid. The latter case primarily consists of oceanic plateaus
equivalent to large flood basalt provinces existing underneath the ocean, creating a
significantly thicker crust than the normal ocean crust, which is 6-7 km on average, and
trenches with thinner crusts than the average, resulting from tectonic plates' geological
movement. The discovery of such plateaus is relatively new (the term was coined by Kroenke
in 1974) compared to trenches (initially discovered by Vening Meinesz circa 1930). However,

significant progress has been made to locate numerous such topography over the years. A



surface wave generated by a submarine earthquake, underwater volcanic eruption, or
landslides occurring near such sudden topography changes undergoes a significant evolution
once it propagates across the sudden depth change. Such evolution results in variable impacts
along the coastline, depending on how much energy is transported towards it. The devastation
caused by a tsunami in coastal areas, financially or in terms of casualty, has been evident
over the years. An appropriate mathematical model accounting for a sudden depth change
near the submarine earthquake fault is key to accurate tsunami prediction.

As far as tsunami generation from a moving pressure front is concerned, it could be
from a volcanic eruption or any other event similar in magnitude of meteorological origin, such
as thunderstorms, atmospheric gravity waves, squalls, and frontal passages. The physical
mechanism behind these meteorological phenomena is an abrupt change in the sea-surface
atmospheric pressure leading to pressure wave propagation in the atmosphere. Nomitsu
provided the maiden description of tsunamis triggered by atmospheric phenomena, whereas
Defant coined the term. Even though the reported damages caused by meteotsunamis over
the years are not as monstrous as a seismic tsunami, reports of million-dollar damage to boats
and harbours worldwide are available. In addition, a similar wave height to the 2004 Indian
Ocean tsunami was recorded at Freemantle, Western Australia, during a 2002
meteotsunamis. The recent eruption of the Hunga Tonga-Hunga Ha'apai volcano (HTHH) in
2022 increased interest in meteotsunamis. The eruption was so violent that it generated a 58
Km high flume with an atmospheric pressure wave propagating at a speed of approximately
306-320 m/s, circling the globe for several days after the explosion.

The only two volcanos in India with historical or recent activity are Barren Island (active
volcano) and Narcondam (dormant one) in the Andaman Islands. The risk of tsunami
inundation from these is relatively low. However, any violent volcanic eruption, as destructive
as the HTHH 2022 eruption, in the vicinity of the Indian coastline, might trigger tsunamigenic
waves. A comprehensive atmospheric pressure-driven tsunami generation mechanism model
can be utilized as an initial state to an existing computational model. The ongoing collaborative
research successfully incorporated the impact of submarine earthquakes, including
bathymetry change, sudden ocean depth change, and moving atmospheric pressure
wavefront on tsunami waves using linearized water wave theory. The research shows intricate
relationships among oceanic and atmospheric parameters on tsunami propagation. The
proposed mathematical models are useful in testing different numerical models and
simulations for their accuracy and can be provided as the initial conditions. Recent tsunami
encounters point towards further efficacy of existing tsunami warning systems and improved
mathematical models that can eloquently capture the physics behind tsunami generation

mechanism and subsequent propagation.
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Achieving net-zero emissions is one of the most significant tasks humans have to perform
urgently to maintain a sustainable future and save the world before reaching the point of no
return. Inevitably, the search for clean and renewable energy sources has begun.
Consequently, we have various renewable energy sources such as bio, hydro, photovoltaic,
wind, thermal (renewable), geothermal, tidal, etc. Among these, photovoltaic and wind energy
are projected to be the leading ones, which will dominate the renewable energy sector in the
future [1,2]. Interestingly, both photovoltaic and wind energy are fundamentally derived from
the sun. So, looking at the parallel development of photovoltaic and wind energy sources is
more desirable and sensible than comparing their micro and macro details. Here, we will

primarily focus on wind energy sources.

With technological innovations and financial support, using renewable energy has
become more affordable and practical than ever, and relying on renewable energy is estimated
to contribute to half of the global energy mix by 2030 [2]. The world is on track for a
temperature rise of 2.8 °C above preindustrial levels at the end of this century. Hence, an
imminent deployment of renewables in electricity generation, heat production for buildings and
industry, and transport is pivotal to maintaining the global temperature rise below 2 °C
following the Paris Agreement [1,3]. This requires annual investments of 4-6 trillion US dollars
(USD) as suggested by the 27" Conference of the Parties to the United Nations Framework
Convention on Climate Change (COP27) [3]. Currently, only the solar photovoltaic (PV)
renewabl e ener gon trackddoh all otheo rgnewable enalgy technologies, the

st at unere éfferts eededd . Now coming to wi,thewoddwide tgay ,

wind energy generation stands at 902 GW, of which 93% is onshore, and 7% is offshore, with

an annual capacity addition of 75 GW, which is expected to reach 350 GW by 2030 provided

the annual generation growth rate is 17%, to get 'ontrackb . An out |l ook f or

and wind energy is presented in Fig. 1.
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Fig. 1. Outlook for renewable energy. (A) Bar chart showing the share of renewable
electricity generation by technology as of 2022. (B) Wind power capacity in the Net Zero
Scenario (a normative scenario defining a way for realizing net zero CO, emission for the
global energy sector by 2050, with advanced economies hitting the target in advance) from
2015 to 2022. Here, all data are collected from Ref. [1].

For this, the worldwide investment of USD 185 billion is reported, the second largest among
the renewable energy technologies next to solar PV [4]. In India, an unprecedented
advancement is also being observed, securing 4th place in overall renewable energy capacity
globally, according to the International Renewable Energy Agency (IRENA). Since 2014, the
total renewable energy production has increased 1.75 times from 190 TWh to 332 TWh, and
the wind energy generation capacity has increased 2.18 times from 21 GW to 45.88 GW [5].
It is noteworthy to mention that, till now, wind energy has been mainly harvested using giant
wind turbines. However, the installation and operation of those gigantic wind turbines face
common challenges of institutional investment, trade-offs with agricultural, residential, and
industrial lands; technological sophistication of maintaining the connection of large-scale
power grids, costly transmission infrastructure, governmental restrictions regarding the
specification of the wind turbines, and ecological impacts in terms of damages to the

ecologically sensitive areas, harming birds and bats, and changing landscape.

Therefore, to harness the maximum benefits of wind energy, progress in various
aspects such as engagement of more countries through inter-governmental collaboration and
participation in global organizations, partnership building and project facilitation, policy-making
and planning, technological advances and innovation, and socio-economic transition and
investment, must be focused on [6]. Moreover, introducing alternative systems to the
conventionally used wind turbine-based wind energy harvester, like triboelectric
nanogenerator (TENG) and piezoelectric nanogenerator (PENG) based wind energy
harvesters, can further expedite the process of achieving the target of net-zero emission, and

can make wind energy a more common energy source and at our doorstep [7, 8].
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We've all been annoyed by waiting in line. It happens a lot in busy, modern communities. We
experience waiting in various settings, including banks, airports, gas stations, automobile
traffic, hospitals, telephone queues, computerized commercial systems, flexible
manufacturing systems, production-to-order systems, inventory control, and whatnot. Whether
we're stuck in traffic, on hold during a phone call, waiting in line at the store, grabbing a quick
bite at a fast-food restaurant, or mailing a package at the post office, waiting is an inevitable
part of our daily lives. Customers prefer to avoid waiting, and businesses don't either because
it can lose them money. But why does waiting happen so much? The reason is straightforward:
There's more demand for service than resources available. This could be due to various
factors, like a staff shortage, financial constraints preventing optimal service levels, or physical
space limitations. To determine the right amount of service to offer, we need to understand

factors like how long customers are willing to wait and how many people will join the line.

The term "queue" originates from the German phrase "Wartesch lange" and the French phrase
"File de attende," signifying customers' desire for service at a service establishment. A queue
represents a waiting line typically formed in front of a service facility due to irregular arrival or
departure patterns or when demand for service surpasses availability. Queue formation, a
social phenomenon, can be mutually beneficial when managed effectively for those waiting
and those getting the service. A mathematical exploration of queues or waiting lines is called
"Queueing Theory". Specifically, queueing theory, a subset of stochastic process or stochastic
modeling, orchestrates service in an organized manner, capturing various common physical
and biological phenomena. It furnishes essential insights to forecast several queueing
characteristics, such as the average number of customers in the queue and system and the
mean waiting time. Numerous researchers dedicate significant efforts to crafting mathematical
models and formulating theories to analyze such systems' irregularities and statistical
fluctuations, aiming to propose improved and better-organized facilities for management. A
gueuing system primarily comprises customers arriving for service at a service channel,
waiting in a queue for service if necessary, and leaving the system after being served. Here,
the term "customer” is inclusive and not limited to human customers; any entity requiring

service is considered a customer.
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Agner Krarup Erlang, a Danish mathematician, statistician, and engineer (January 1, 1878 -
February 3, 1929), made significant contributions while working at the Copenhagen Telephone
Exchange. Widely recognized as the father of queueing theory, Erlang invented traffic
engineering and queueing theory, revolutionizing our understanding of service systems. His
notable publications include "The Theory of Probabilities and Telephone Conversations”
(1909), which demonstrated the applicability of the Poisson distribution to random telephone
traffic, laying the foundation for queueing theory. Additionally, "Solution of Some Problems in
the Theory of Probabilities of Significance in Automatic Telephone Exchange" (1917)
introduced Erlang's classic formulae for call loss and waiting time, which are still used by
telephone companies worldwide, including the British Post Office. Erlang also introduced the
concept of statistical equilibrium, developed techniques for balancing state equations, and

tackled optimization problems in queueing theory for the first time.
The topics investigated within queueing theory can be categorized as follows:

A Analyzing the stochastic behaviour of random variables and processes and evaluating

related performance measures.

A Utilizing various solution methods such as exact, transform-based, algorithmic,

asymptotic, numerical, and approximations to solve queueing models.

A Understanding the nature of solutions, including time-dependent and limiting
behaviours.
A Controlling and designing queues to compare behaviour and performance under

different scenarios, including queue disciplines, service rules, and strategies.

A Optimizing specific objective functions involving performance measures, associated

cost functions, and other relevant factors.

To sufficiently explain queueing theory, it's essential to understand and discuss its basic

characteristics. These include

1. Input Pattern: The arrival pattern in a service facility defines how customers enter and
interact with the system. It includes whether arrivals are predictable or random, the time
between successive arrivals, the total number of arrivals within a given period, and whether
customers arrive individually or in groups. Additionally, it considers behaviours such as balking
(refusing to join a long queue), reneging (leaving the queue after waiting), and jockeying
(switching queues to potentially find faster service). Understanding these dynamics is

essential for optimizing service systems and ensuring customer satisfaction.



2. Service pattern: Service pattern refers to how a server provides service to units arriving at
a facility, typically represented by a random variable indicating the time needed to complete a
service, known as the service rate. Units may be served individually or in groups by one or
multiple servers operating in parallel or series. The time to complete a service, termed 'service
time," can be stationary or non-stationary over time and deterministic or stochastic. If

stochastic, the distribution of service times must be specified.

3. Queue Discipline: Queue discipline outlines the rules governing how a queue forms and the

order in which customers are chosen for service. It can be one of the following:

(a) First-in, first-out (FIFO), also known as first-come, first-served (FCFS).

(b) Last-in, first-out (LIFO), also known as last-come, first-served (LCFS).

(c) Service in random order (SIRO).

(d) Priority Service, where customers are served based on their assigned priorities (PR).

4. System Capacity: System capacity pertains to the maximum number of units that a service
channel can accommodate, encompassing both those in the queue and those being served.
When the capacity is reached, additional arrivals are permitted once space becomes available
due to service completion. Systems can either accommodate an infinite number of customers,
allowing any number at a given time, or a finite number only. In the case of finite capacity, it

can be likened to force balking when the system size reaches its maximum limit.

5. Number of Service Channels: The number of service channels refers to the count of servers
within the system. Depending on the service requirements, systems can feature either a single
server or multiple servers organized in series, parallel, or hybrid configurations. With multiple
servers, customers may join a single queue or opt for parallel queues corresponding to each
channel. Typically, in parallel channels, service mechanisms are assumed to function

independently.

6. Stages of service: A queueing system can consist of either a single service stage or multiple
stages, known as a multistage queueing system, to fulfill a service. The number and nature of

service stages can vary based on the specific model being considered.
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Dyes possess a great deal of industrial applicability, whether in textiles, printing, beverages,
etc., due to their ability to selectively bind to specific molecules and structures. However,
overuse and improper disposal management of dyes can lead to major environmental
problems like water pollution, soil contamination, and human health [1]. The dyes from
industrial processes often end up in water bodies, contaminating them. This pollution can harm
aqguatic life and disrupt ecosystems and agricultural practices. Some dyes contain chemicals
that are harmful to human health, and their exposure to contaminated water, food, or air can
lead to various health issues, including allergic reactions, skin irritation, and even cancer.
Addressing these issues, we require developing eco-friendly treatment methods for dye-

containing wastewater, and photocatalysis is one method utilized for degrading dyes.

Photocatalysis is the phenomenon whereby a semiconductor material (e.g. TiO2 [2]) upon
irradiation with light of energy greater than its bandgap energy leads to the production of
electron-hole pairs (e h*). These (e h*) pairs resul:t OF @tc.) foandtioc a | s ( A
through the oxidation and reduction of water molecules present in the solution. The highly
reactive radicals interact with the dye molecule and eventually break down the dye molecules
into simpler compounds like water and carbon dioxide. A schematic representation of the
photocatalytic mechanism for the degradation of dye solution is shown in Fig. 1. A
photocatalyst can be in the form of powder, thin films, nanoparticles (suspended in a solvent),
etc., with each having its own merits and demerits. Although powder and nanoparticle forms
of the photocatalyst offer faster degradation of the dye present in the wastewater, they have
certain limitations. Thin film photocatalysts offer several advantages over their powder and
nanoparticle counterparts, such as enhanced surface area, improved stability, ease of
handling, reduced agglomeration, longevity, reusability, and better flexibility and scalability [3].

Overall, the
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advantages of thin-film photocatalysts make them a promising choice for efficient and

sustainable degradation of dyes present in wastewater.

With every photocatalyst, a region in the natural solar spectrum exists where the photocatalyst
is active, i.e., (€2 h*) pairs are formed. In the case of titanium dioxide (TiO2), this region lies in
the near UV region of the natural solar spectrum. This poses a problem, as only 5% of the
natural light from the sun is in the UV region. The solution to this problem can be overcome
by modifying the thin films using various methods, which results in the reduction of the
bandgap and also leads to enhancement in its surface properties. Various approaches have
ensured such enhancement by doping the photocatalyst with various metallic/non-metallic
elements, introducing vacancies and defect states in the bandgap (leading to reduced

bandgap energy), and surface madification by various treatment methods [4].

Plasma treatment is one method by which we achieve surface modification and reduce
bandgap energy [5,6]. In plasma treatment, the plasma generated is used as a medium to
introduce such defect states in the bandgap of the thin films, thereby enhancing photocatalytic
activity. With the bandgap energy reduced, the formation of (ed h+) pairs occurs in the visible
light region (45%) of the natural solar irradiation. Furthermore, this approach can be scaled
up for industrial applications, making it a viable solution for addressing dye pollution in various

sectors.



Overall, the synergistic effect of titanium-based compound films and plasma treatment holds
great promise for efficient and sustainable dye degradation, preserving environmental quality
and human health.
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Nuclear fusion energy is a promising alternative to traditional energy sources, as it provides a
safer, sustainable, and copious source of energy. Fusion reactions occur naturally in the sun
and stars, where light-weight atoms fuse to form heavier ones, releasing an enormous amount
of energy. Scientists have been working on reproducing fusion in the laboratory in a controlled
manner for decades, and nowadays, research has advanced to a crucial point where scientists
are constructing experimental reactors, i.e., tokamak, stellarator etc., that eventually may
demonstrate that fusion reactors can be utilized for commercial purposes to produce
electricity. Poor plasma confinement is one of the dead ends in the commercialization of fusion

reactors.

Plasma, the fourth state of matter, is an electrically conducting gaseous medium containing
roughly equal numbers of positively and negatively charged particles and are produced when
the atoms in a gas become ionized. Plasma is distinct from other states of matter (solid, liquid,
and gas) because of electric and magnetic forces present between the charged patrticles in
plasma, alongside forces like gravity that affect all forms of matter. Moreover, due to the long-
range behaviour of electromagnetic forces, plasma acts collectively, just like a fluid.
Surprisingly, almost 99% of our known universe exists in the plasma state, from the sun and

other stars to interstellar space.

Being consists of ions and electrons, it is the natural tendency that plasma particles recombine
and form neutral gas in the normal temperature of our earth. The term "plasma confinement"
describes the process of confining plasma using a variety of forces at the critical conditions
required for thermonuclear fusion. These circumstances are found in stars naturally, where
plasma is sustained by the force of gravity due to the enormous mass of the stars. In fusion
devices like tokamak or stellarator, a strong magnetic field is generally utilized to confine the

plasma.

Several waves and instabilities, generally, are present in the plasma, which enhance the
anomalous cross-field diffusion in plasma, causing degradation in plasma confinement. One
of the advantageous ways to curb low-frequency turbulence is zonal flow. In plasma physics,

zonal flows [1] are a fascinating and crucial phenomenon observed in various natural and
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laboratory systems, from the Jovian belts (alternating zones of light and dark-colored belts on
outer planets, namely, Jupiter, Saturn, Uranus, and Neptune) and Venusian atmosphere to
terrestrial atmospheric jet streams and even in the solar dynamo mechanism and solar
tacholine region. In the context of fusion plasma, zonal flows refer to azimuthally symmetric
band-like shear flows within a constant magnetic surface and localized in their radial extent
(see Fig. 1). Inhomogeneity in plasma parameters (i.e., density and temperature gradients)
generates instability and turbulence, eventually enhancing plasma transport. Like the
protagonist of Shakespearean tragedy, such type of turbulence carries the seed of its own
destruction. The low-frequency turbulence transfers the required energy in the formation of
zonal flows. Additionally, the zonal flows react to turbulence through shearing and wave
trappings. This back reaction further works as a reduction of turbulence. Due to its symmetric
nature, zonal flows prohibit radial or cross-field transport. Consequently, the anomalous
transport is reduced by increasing the zonal flow fraction in the turbulence. In this way, zonal
flows can play a crucial role in the self-organization of plasmas and improved magnetic
confinement. Furthermore, due to the presence of zonal flows in planetary atmospheres and
solar winds, studying zonal flows in these contexts helps understand atmospheric dynamics,

climate patterns, and solar activity.

However, the theoretical study of zonal flow started in the 1970s. The existence of
zonal flow in the core region of TFTR tokamak was confirmed using spectral analysis by
Levington et. al. [2] in the late 90s. The coupling between turbulence and zonal flows was
experimentally confirmed in the first decade of the 21st century. In the case of the experimental
study of ZFs, the main challenges come to ensure sensing long correlation length in the
azimuthal direction along with fast radial variation. Therefore, we need highly spatial and
temporal resolved measurement systems. Due to high heat flux in fusion devices, material
probes cannot be used in the core region of tokamak, making such studies challenging.
Furthermore, experimental investigation of zonal flows with external control is challenging in
tokamak-l i ke devices due to their compl ex ge
experimental study of zonal flows lies in linear device regimes. The pioneer groups for zonal
flow study in linear devices are Holland et al. (University of California, USA) [3], Sokolov et al.
(Columbia University, NY, USA) [4], and Itoh et al. (Kyushu University, Japan) [5]. Scientists
of the Institute of Advanced Study in Science and Technology (IASST), Guwahati headed by
Dr. Subir Biswas, in collaboration with the scientists from the Institute for Plasma Research
(IPR), Gandhinagar, are also working to build a linear plasma device suitable for zonal flow

study (see Fig. 2)

ometry.



-’
Fig 1. Simulated depiction of zonal flow in tokamak-like plasmas as well as Bands of zonal

flow velocity in Jovian turbulence [ref: http://www.ipp.mpg.de/4171847/zfsftp]

T

Fig 2. Schematic diagram of linear plasma device at IASST, Guwahati. The snapshot of the

device is in the present state in the inset.

The study of zonal flows has a profound impact on astronomical plasmas as well as
on fusion research, particularly in the context of magnetic confinement and eventual particle
and energy loss in fusion experiments. The study of zonal flows is a rich and complex field,

with many exciting discoveries and insights still to be made.
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Plasma, often called the "fourth state of matter," is a unique state in which gas particles
become ionized, forming a hot, electrically charged mixture of ions and free electrons. In
astrophysics, plasma plays a crucial role in the dynamics of stars, galaxies, and interstellar
space, influencing phenomena such as solar flares and cosmic ray propagation. Plasma's
applications extend to propulsion systems, where ion thrusters utilize the accelerated ions to
generate thrust efficiently in space exploration. In fusion research, plasma confinement is
central to achieving controlled nuclear fusion reactions, holding the key to sustainable and
clean energy production. Moreover, plasma finds application in medicine, specifically in
plasma medicine, where ionized gas is used for sterilization, wound healing, and cancer
treatment. The versatile nature of plasma makes it a fascinating and invaluable component
across various scientific disciplines, contributing to advancements in our understanding of the

cosmos, space exploration, energy generation, and healthcare.

One of the important phenomena in plasma is a double layer structure. It refers to a space
charge region where two distinct plasmas with different properties meet. These layers are
characterized by a sharp change in electric potential, creating a strong electric field.
Commonly found in celestial bodies' magnetospheres or in interstellar space, these double
layers play a crucial role in energy transfer and particle acceleration processes. Studying
plasma double layers enhances our understanding of astrophysical phenomena, including

solar flares, auroras, and the dynamics of cosmic plasma environments [1,2].

In laboratory settings, double layers are harnessed for advanced propulsion systems and high-
energy experiments. Additionally, their relevance extends to industrial applications, including
semiconductor processing and materials synthesis. Understanding and manipulating plasma
double layers offer promising avenues for advancements in both fundamental research and

technological innovation [3,4].

Plasma Physics research group of IASST recently executed an experiment focusing on the
formation of a plasma double layer within a DC discharge plasma. This double layer manifests
near the boundary of a fireball, a complex discharge phenomenon that has garnered

significant attention over the past two decades due to its diverse applications. A fireball as
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Fig 2: (a) Image of the fireball produced in IASST basic plasma laboratory, and (b) electrical

potential structure near double layer region.

seen in Fig. 1 (a) is a discharge phenomenon observed in the vicinity of an electrode biased

at a far higher positive potential within a plasma. The fireball zone (higher potential side) is

separated from the bulk plasma (lower potential side) by a double layer as shown in Fig. 1(b).

Our experiment revealed the presence of two electron populations: one comprises low-energy

trapped electrons situated upstream of the double layer, while the other consists of higher-

energy electrons accelerated by the double layer potential. Similar particle populations and

acceleration phenomena are commonly observed in auroral plasma and other analogous

astrophysical environments. This work has been published in the journal Physics Letters A,
Vol. 498, No. 129335 [5].
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A wave is a disturbance that propagates through a medium, transferring energy from one
point to another. They are more than just a natural spectacle, rather they are theunderlying
fabric of our entire universe. Waves exhibit a variety of forms, and their behavior is dictated
by parameters such as amplitude, wavelength, frequency, and velocity. While we encounter
many different types of waves in our regular lives, a fascinating wave that has been successful
in captivating human imagination for a longperiod of time is a Solitary wave. This wave which
has been observed in various fields ranging from fluids and plasmas to solid-state, chemical,
biological, and geological systems has a very intriguing property; it can propagate through a
mediumwithout any change in its shape and at a constant velocity. This particular class of
waves possesses another distinctive characteristic: when colliding with another solitary
wave, it can maintain its original shape and velocity. This unique particle-like property leads
to them being referred to as solitons, as the suffix "on" in physics is frequently used to denote
particles, acommon example of it being that of fip h o t which@an be defined as a tiny particle
or packet of light.

Solitary waves were first observed in water almost 200 years back by a Scottish civil
engineer, naval architect, and shipbuilder, John Scott Russell, in 1834. He observed these
waves traveling down the Scottish channel while conducting experiments to determine the
most efficient design for canal boats. These waves have since been observed in various
physical systems, including fluids, optics, plasmas, and more. These long-standing waves
are born from the delicate dance between nonlinearity and dispersion and emerge as self-
sustaining entities, gracefully moving through space and time. The nonlinearity prevents the
wave from spreading out, while dispersion tends to disperse the wave. The combination of

these effects allows for forming a stable, localized structure.

The enchanting elegance of the solitary waves is explained using complex mathematical
language. In this regard, the nonlinear partial differential equations are mostly used, notably
the renowned Kortewegi de Vries and nonlinear Schrodinger equations. These equations
provide a window into the intricate mathematical foundations that govern solitons. Solitary
waves are, however, not confined to the realm of theoretical physics and mathematics;

instead, they weave their magic across diverse fields. In telecommunications, solitons play a
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crucial role in optical fiber communication. This is because their ability to maintain their shape

over long distances makes them ideal for transmitting information without distortion.

One will find solitons performing in nature's grand theatre when stepping outside the
laboratory. From certain atmospheric waves to the rhythmic pulse of ocean waves, these
solitary dancers leave their mark on Earth's ever-changing landscapes. Solitons showcase
their elegance even in the intricate pathways of biological systems, such as nerve impulses.
Plasma physicists have also discovered the presence of solar waves in multicomponent,
dusty plasmas, adding a cosmic touch to their repertoire. These waves, undeterred by the
complexities of charged dust particles, exhibit a dance that mirrors the cosmic ballet seen in
planetary rings and cometary tails.

While we revel in the marvels of solitary waves, challenges persist in fully understanding their
dynamics in complex systems. Ongoing research seeks to unravel the mysteries surrounding
these waves, forever pushing the boundaries of our knowledge and opening up new avenues

for exploration.
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Humanity has looked towards the sky with curiosity for millennia, mesmerized by the blazing
sphere that sustains life on Earth. The complete mystery of the Sun's boundless energy
remained elusive until 1921, when Arthur Eddington proposed that the source of stellar power
lay in the fusion of hydrogen into helium. After this revelation, a team of visionary minds started
thinking about building a miniature Sun here on Earth, a nuclear fusion reactor. They
recognized the potential for near-limitless clean energy production, depending upon our ability
to control it successfully. The concept of replicating the process that fuels the stars is elegantly
simple. It just involves the fusion of atomic nuclei. Unlike nuclear fission, which involves
splitting of heavy atoms, fusion unites light atoms like hydrogen isotopes deuterium and tritium,
yielding far more energy with minimal radioactive waste. This boundless sea of energy holds
the promise of an almost limitless power source that is safe, sustainable, and environmentally
friendly.

The journey, however, is filled with challenges. Recreating the Sun's environment here on
Earth is a challenging task. It involves extreme conditions such as a high temperature of
around 150 million degrees Celsius, which is more than the temperature of the Sun itself, and
immense pressure to confine the hot, reactive plasma. This problem is now addressed through
a donut-shaped magnetic confinement device known as tokamak. The tokamak holds the
superheated plasma suspended within the vessel with the help of powerful superconducting
magnets, preventing it from coming into contact with the walls.

The efficacy of a fusion reactor is commonly assessed through its fusion energy gain factor
Q, which measures how much energy it produces compared to how much energy it takes to
operate. A Q value of 1 signifies equilibrium, where the power generated by fusion reactions
matches the input heating power. Ideally, a commercially viable fusion reactor should achieve
a Q value of at least 5. For over two decades since 1997, the Joint European Torus (JET) in
the UK held the record with a Q value of 0.67. In December 2022, the National Ignition Facility
(NIF, US) reached Q = 1.54, which remains the record as of 2023. Despite these modest
achievements, they seed optimism among scientists, offering valuable insights into the
challenges that need to be addressed. Pushing the boundaries of fusion research, ITER
(meaning 'the way") is the largest globally collaborated fusion reactor under construction in
France. ITER is designed to achieve a ten-fold return on power in its plasma (Q=10),

generating 500 MW of fusion power from 50 MW of input heating power. As a research reactor,


mailto:pegudebamoy45@gmail.com

the heat energy produced will not be converted to electricity but will be vented. ITER's primary
objective is to close the divide between the current generation of smaller experimental fusion
devices and the envisioned future fusion power plants. This initiative enables scientists to
examine plasma under conditions analogous to those anticipated in forthcoming power plants
and evaluate various technologies, including heating, diagnostics, cryogenics, control
mechanisms, and remote maintenance.

The road to commercial fusion power is long. Challenges of controlling instabilities within the
plasma, developing efficient methods for fueling and extracting energy, and ensuring the
materials can withstand the harsh environment remain. However, with each experiment,
scientists are making significant progress.

The Sun might be out of reach, but the fire it ignites can be replicated here on Earth. It will
illuminate a brighter future for generations to come through the promise of a world powered
by clean, abundant energy, freeing us from the shackles of fossil fuels and their detrimental
effects on the environment. It will open doors to energy independence and a future where

energy scarcity is a relic of the past.
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Transistors have become an inseparable asset of modern civilization, enabling the
development of a wide range of electronic devices and technologies. In 1947 John Bardeen,
Walter Brattain, and William Shockley of Bell Labs first invented the transistor. Fifty years ago,
as predicted by Gordon Moore, that the number of transistors (components) on a chip would
be doubled every couple of years [1]. Hence the miniaturization of the silicon (Si) based metal
oxide semiconductor field effect transistor (MOSFET) has been made possible by notable
advancements. However, how extensively Si -based transistors can be scaled down to
increase the number of transistors in a chip becomes a challenge. Currently, Samsung is
offering a 3 nanometer (nm) gate all round FET (GAA FET). Apple Corporation employed 3
nm transistor technology in its A17 Pro and M3 series chips. The minimum system sizes
achievable with current silicon semiconductor technology are reaching their limit. The problem
arises in further scaling down the silicon sheet thickness to the required value, which increases
the charge scattering at the interfaces and decreases the carrier mobility within the channels,
due to this the performance of the device reduces [2]. To overcome these, researchers have
focused on two-dimensional (2D) semiconductors of thickness below 1 nm with superior
carrier mobility for the past 15 years. 2D semiconductors are atomically thin, they are self-
passivated, and their charge carrier mobility is independent of surface scattering. Therefore,
mobility is large at the atomic thickness limit, unlike Si nanosheets [2],[3]. This distinct behavior
enables real scaling for several technologies and strongly motivates the semiconductor

industry to finally consider replacing silicon-based transistors with 2D materials.
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Fig 1: (a) Some common 2D nanomaterials; (b) several applications of 2D nanomaterials
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2D nanomaterials are atomically thin layered structures where layers are held together by
intralayer covalent and interlayer van der Waals bonding. These unique bonding structure
contributes to their exceptional properties and versatility. They have unique properties like
distinct surface chemistry, high surface to volume ratio, and quantum size effect [2][3]. The
first 2D nanomaterial, graphene was discovered in 2004 by Andre Geim and Konstantin
Novoselov [4]. Graphene is a monolayer layer of carbon atoms packed in a hexagonal lattice.
Apart from graphene, researchers have shown a great deal of interest in other 2D
nanomaterials, such as hexagonal boron nitride, graphitic carbon nitride, black phosphorous,
transition metal dichalcogenides (TMDs), Mxene etc [2][3][5]. Although graphene is widely
studied in 2D nanomaterials due to its excellent electrical, thermal, and mechanical properties,
it does not have a distinct band gap, making it unsuitable for digital electronic applications.

Fig 1 (a) represents some of the commonly studied 2D nanomaterials, and (b) represents the
various applications of these 2D nanomaterials. Among them, the most studied 2D
nanomaterial among TMDs is molybdenum disulfide (MoS;), where the band gap varies with
the layer thickness. The monolayer MoS; is a direct band gap semiconductor [6], which makes
it suitable for optoelectronic devices that can generate, detect, interact with, or control light. It
includes solar cells, lasers, LEDs, photodetectors, and displays [6]. The ability of light
absorption and emission is greatly influenced by the electronic band structure of 2D
nanomaterials. As single-layer TMDs are primarily direct band gap semiconductors, they can
absorb the photon whose energy is greater than its bandgap; hence, they are of great interest
for application in flexible and transparent optoelectronics. Owing to TMDs' comparatively high
earth abundance and bandgap in the visible range, they could be utilized in thin film solar cell
as an alternative light-absorbing material. Additionally, they can be applied as flexible
photovoltaics to cover curved and architectural structures. They can be used for flexible
electronic devices combined with other 2D materials, such as conducting graphene and

insulating boron nitride [2].

As 2D nanomaterials have a large surface-to-volume ratio, they are very sensitive to changes
in their surroundings. Any particle or molecule capable of adsorbing or chemically absorbing
to its surface may induce a change in electronic properties like resistance and, thus, current
[6]. Thus TMDs can be used for chemical and gas sensing. Owing to the large surface-to-

volume ratio, the surface is efficiently functionalized with biomolecules, and these



biomolecules can selectively capture the target molecule, enabling high specific detection of
biomolecules.

2D nanomaterials also show memristive behavior, which means that resistance can be
changed based on the history of applied voltage and current. This property has potential
applications as memory devices in quantum computing and physical neural networks [2][6].
Research has been going on in the application of 2D based memristive devices for
neuromorphic computing, which mimics the structure and architecture of the human brain

using electronic circuits.
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Florence Nightingale, renowned as the "Lady with
the Lamp," is often celebrated for her ground
breaking work in nursing during the Crimean War.
However, her contributions extend far beyond the
confines of the hospital ward. Nightingale's lesser-
known but equally significant role as a pioneering
statistician revolutionized the way we understand
and interpret data. Through her innovative use of
graphical representation, particularly the creation of
the rose diagram, Nightingale transformed complex
statistics into accessible and actionable insights,
leaving an indelible mark on the field of public
health.

Born on May 12, 1820, in Florence, Italy,
Nightingale enjoyed a privileged upbringing within a prominent British family. Upon their return
to England in 1821, the Nightingale household was situated across two residences: Lea Hurst
in Derbyshire served as their summer abode, while Embley in Hampshire was their winter
retreat. Raised in affluence, Florence received her education through home schooling under
her father's guidance and was groomed for early marriage as per societal expectations. During
her teenage years, Nightingale perceived a divine "calling" urging her to aid the impoverished
and the ailing. Undeterred by the prevailing norms, she pursued her calling with unwavering

determination, eventually receiving formal training in nursing against her family's wishes.

Nightingale's pivotal moment she has arrived with the outbreak of the Crimean War in 1854.
Appalled by the appalling conditions faced by wounded soldiers in military hospitals,
Nightingale resolved to make a difference. Accompanied by a cadre of nurses, she undertook
a mission to enhance sanitation, hygiene, and patient welfare, earning the nickname "the Lady
with the Lamp" for her nightly vigil and care among the wounded. However, it was during her

time in the Crimea that Nightingale's analytical mind began to intersect with her passion for

Jour n
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healthcare. Faced with staggering mortality rates among soldiers, Nightingale recognized the
urgent need for a systematic approach to understanding and addressing the underlying
causes[1]. She utilized her expertise in mathematics and statistics to thoroughly analyze the

data. She meticulously documented instances of disease and mortality, employing a rigorous
approach to her investigation.

Nightingale's keen observational skills and analytical prowess soon revealed a disturbing truth:
the majority of soldier deaths were not due to battlefield injuries but rather to preventable
diseases like typhoid and cholera, exacerbated by unsanitary conditions in the hospitals.

Armed with this insight, Nightingale set out to enact meaningful change, advocating for reforms
in hospital sanitation and administration.

Yet, Nightingale faced a formidable challenge in conveying the gravity of the situation to
policymakers and the public. Traditional tabular presentations of data proved ineffective in
capturing the attention and understanding of her audience. Undeterred, Nightingale turned to
a novel approach: graphical representation.

In 1857, Nightingale unveiled her new-iconic rose diagram [Figure 1], a groundbreaking
visual tool that depicted the monthly mortality rates of soldiers in the Crimea. Consisting of a
series of concentric circles divided into segments, each representing a month of the year, the
diagram vividly illustrated the stark contrast between deaths due to preventable diseases and
those from wounds sustained in battle. The visual impact was immediate and profound,

compelling viewers to confront the human cost of inadequate healthcare practices.
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The rose diagram was more than just a compelling visual[2]; it was a weapon of statistical
persuasion. Unlike traditional tabular presentations, the diagram offered a clear and
immediate comparison. It was a catalyst for change. With Nightingale's persuasive evidence,
policymakers were spurred into action, implementing widespread reforms to improve hospital
conditions and reduce mortality rates. Nightingale's advocacy laid the groundwork for modern
public health practices, emphasizing the importance of data-driven decision-making and the

power of visual storytelling.

Beyond her contributions to nursing and statistics, Nightingale's legacy endures as a
testament to the enduring power of dedication, compassion, and innovation in the face of
adversity. Her tireless efforts to improve the lives of others, both on and off the battlefield,

serve as an inspiration to generations of healthcare professionals and statisticians alike.

Florence Nightingale's journey from the Lady with the Lamp to statistical pioneer encapsulates
the intersection of passion, intellect, and social responsibility. Through her pioneering work in
graphical representation, Nightingale not only transformed the way we understand healthcare
data but also paved the way for a more equitable and compassionate approach to public
health[3]. As we continue to grapple with complex challenges in healthcare and beyond,
Nightingale's example serves as a guiding light, illuminating the path toward a healthier, more
just society. In an era marked by ongoing healthcare challenges, Nightingale's example

continues to serve as a beacon, guiding us toward a healthier and more just society[4].
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60 Oh! Wh that? Oneaof the snakes had seized hold of its taildprobably this could have
been the reaction to the surprising @enzenebédream that occurred to Friedrich August Kekule,=|
which led to the discovery of the organic structural theory of tetravalency and self-linking of

carbon in the year 1858-1859 along with Archibald Scott Couper. This was one of the leading

stepping stones that hel ped organic chemistry e

hands of human intelligence. The structural theory's impact was such that more than twenty
well-known reactions were discovered in the second half of the 19th century. The discovery of
structural theory and the tempo it followed have given the thrust for chemo, regio, and

stereochemical theories for reactions to emerge over time in due course. It marked the

beginning of the 06Selectived era in organic

Chemoselectivity deals with the reactivity of functional groups, regio with the reactive sites,

and stereo with the 3D spatial arrangements of atoms. The | ¢ et us learn to dream,
trinity of selectivity ruled the organic reaction pathways for | gentleman, then perhaps
centuries, but scientists started to realize something was we shall find the trutho

missing in the selectivity theory. There must have been | - Friedrich August Kekule :

some other concept, along with the trinity of selectivity,
which led to the formation of product molecules. Now consider a hydrocarbon chain with a
long string of carbon-carbon bonds. Each carbon atom is a potential reactive site ready to
undergo chemical transformation if given the reaction condition. The selectivity that allows
chemists to control the number of these sites to transform sequentially is different from the
chemo, regio, and stereoselectivity, and these theories will also not fit if we want a particular
reaction to occur twice on a polyfunctionalized substrate. This is entirely different from the pre-
existing selectivity theories. It was one concept that was not completely aligned with either of

the chemo, regio, or stereochemical aspects of a reaction.

The breakthrough happened when a team of scientists, Roy Lavendomme, Axel Leroy, Michel

Luhmer, and Ivan Jabin from the Department of Chemistry, Université Libre de Bruxelles

(ULB), Belgium,t er med t he concept its name.O6lterosel

chen

ect |
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Further, it was conceptualized by Lavendomme and Ivan in 2022. Iteroselectivity can be
defined as the selectivity that dictates the number of repeating transformations that can
happen or occur on a precursor molecule containing similar identical reactive sites or when
the reactive sites can be regenerated. It is completely different from sequential reactions since
sequence-based reactions occur by controlled methods of providing inputs to the reactant
molecules such as adding protecting groups for a reaction to occur on a site and then
deprotecting the group to further proceed according to the reaction needs. The number of
times a functional group wil | attach to i@ react
whereas the reaction can be termed an iterative reaction. The Iteroselectivity can only occur
in {pamracti onso. Substrates carrying multiple ide¢e

one-pot reaction.

* Functional group

Polyfunctional

Substrate \173
\_/: :\_;\ lteromers
U \ ) i

i=1 i=2 i=3

Iteroselectivity

Figure 1. Selectively modifying multiple substrate sites with functional groups gives its

iteromers in a typical one-pot reaction.

If one or more products appear primarily in opposition to the predicted outcome while
maintaining the same reaction kinetics during each cycle, iteroselectivity will occur. The
products can be thus termed as iteromers and not to be confused with or should not be termed
as iteroisomers. It emphasizes selectivity between several non-isomeric products formed
iteratively in a one-pot reaction. At the same time, the chemo, regio, and stereoselectivity
govern the selectivity between isomeric product forms in a single-step reaction. After a given
number of iterations in a kinetically controlled reaction, one iterative site or iteration site after
an iteration can activate or deactivate the reacting site in the same typical chemical reaction,
thus giving rise to iteromers irrespective of the stability of other iteromeric products. The
thermodynamic control of an iteroselective reaction will come into the picture in case of a

reversible reaction and under equilibrium, the most stable iteromer or iteromers will be formed.



The occurrence of Iteroselectivity may happen due to multiple reasons like electric, steric

effect, and supramolecular effects or can occur due to differences in solubilities.

A typical reaction of alkylation of ethylene glycol is an example of an iterative reaction. A
strategy to calculate the degree of Il teroselectiyv
enantiomeric and diastereomeric excesses has also been given in the literature. For positive
lteroselectivity the 06ited wielltdrosaleatnityiewillfrangem 0 t o
from 7 D to zero.

The discovery of iteroselectivity has opened up a new scope in organic chemistry where
control over molecules will result in the development of more precise and complex reaction
pathways more easily. The future lies in using the strategy standing upon the foundation of

selectivity theories to craft more intricate molecular architectures.
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Nanotechnology is now an inseparable part of our lives. It is the technology at the nano level.
6Nano, 8 as the word s ugg e snvigble toroe hamakvisionoOneni nu s c u
unit of a nanometer is one billionth of a meter. To put it into perspective, if humans were ant-
sized, every hair would have a one-nanometer thickness. Using nanomaterials in material
science is a boon for multiple applications. These come in every daily aspect. Nanotechnology
applications are ubiquitous from medical science, textile industry, energy harvesting,

environment-remediation, and agriculture to space technology [1].

The current energy crisis adds up the need for energy scavenging or harvesting as an
essential need of the hour. As we thrive on minimalistic things nowadays, conventional energy-
generating systems have shrunk to nano levels. These nanoscale generators, which convert
light, heat, mechanical fluctuations, etc., to electrical energy, are called nanogenerators. The
first work on nanogenerators came up about two decades ago. Professor Zhong Lin Wang of
the Georgia Institute of Technology and his group initiated the research on nanogenerators

[2,3]. The development of nanogenerators in research groups worldwide spread later with an
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increasing number of their types. Triboelectric nanogenerators (TENG) were the first
nanogenerators studied extensively, followed by piezoelectric nanogenerators (PENG) and
pyroelectric nanogenerators (PyNG). Triboelectric nanogenerators functioned with the use of
the triboelectric effect. It is the effect where contact or friction between two surfaces generates
electric charge, hence electric energy. Piezoelectric nanogenerators work on the principle of
piezoelectric effect. It is the effect where constant stress or strain generates continuous
electrical energy. Pyroelectric nanogenerators are based on the pyroelectric effect. This is a
temporal effect where temperature difference causes electrical energy output [3].

The nanogenerators are used for multiple reasons. Conventional generators hold numerous
advantages. In addition to being compact, flexible, adaptable, and adept at capturing energy
from small sources, nanogenerators offer improved efficiency, cost-effectiveness, and eco-
friendliness. Their ability to integrate seamlessly, withstand wear and tear, scale to different
sizes, and function independently as self-powered units highlight their potential to transform
energy harvesting methods [2].

At the beginning of the last decade (c. 2012), pioneering work was done by adapting the
flexible nature of such nano-electronics. An impactful work in flexible triboelectric
nanogenerator (FTENG) was done by the same group of Georgia Tech [2,4,5]. By introducing
flexibility using a rubber cover, their applications increased in manifolds. That included human
motion energy harvesting, wind, or even water flow. The invention marked a breakthrough in
energy scavenging from ambient energy sources. These sources may be in flexible or
deformed configurations. Flexible nanogenerators have developed over the years and have
stretchable properties. For flexible nanogenerators, polymers are used. They provide support

to the matrix as well as the entire body of the nanogenerators [4,5].

Recent years have shown flexible nanogenerators in a new light. Instead of being used
in single energy generation mode, they have also been used in hybrid mode [2,7]. Thus, they
are named flexible hybrid nanogenerators (FHNG). In this approach, triboelectric and
piezoelectric properties are conjoined in a hybrid way. The advantages of combining these
modes are high flexibility, high moisture, dust resistance, high electrical output, and wide

applications.

Various materials are used in flexible nanogenerators to impart triboelectric or
piezoelectric properties. As mentioned, some materials provide both properties as a single
framework. Materials like P(VDF-TrFE) nanofiber, BCZT (Ba0.85Ca0.15Zr0.1Ti0.903)
nanoparticles, BaTiO3/PVDF nanocomposite impart piezoelectric properties to flexible
nanogenerators. On the other hand, PDMS (polydimethylsiloxane), MWCNT (multi-wall

carbon nanotubes) doped into PDMS, silicone rubber, polyester conductive cloth, defatted



cowhide, etc. induce triboelectric properties to flexible nanogenerators [8]. As scientific
literature progresses, researchers discover new materials that show promising properties in

supportive, flexible nanogenerator frameworks.

Recently, flexible pyroelectric nanogenerators (FPyNG) have also been realized.
Mostly in literature, pyroelectricity is used to harness energy in the mutual application of the
piezoelectric effect to explore flexibility effects. It is because flexibility inherently makes
studying piezoelectric properties of immense importance. There is a broader scope for
photovoltaic materials to be used with other discussed properties. Flexibility improves the
benefits of photoconversion in specific configurations [9].

As mentioned here, flexible devices have immense capabilities of harvesting energy
from body movements and ambient light to power sensors, wearable electronic devices like
smartwatches, fitness trackers, health monitors, and communication modules without
requiring external batteries. They can also be used for textile integration due to flexibility, thus
forming intelligent fabrics. 10T sensors and nodes can utilize flexible nanogenerators to
harness energy from vibrations, temperature gradients, or ambient light, enabling numerous
applications in intelligent infrastructure. Biomedical applications like powering up implantable
medical devices, such as pacemakers, neuro-stimulators, and drug delivery systems, are also
at the forefront [10,11].

Researchers have kept pushing the boundaries of flexible hanogenerators, tinkering
with new materials, designs, and ways to make them work better, last longer, and fit into more
stuff. These tweaks and improvements have given rise to cool gadgets that the modern world

can welcome enthusiastically.
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In the vast area of electronics, advancement frequently depends on shrinking components to
microscopic scales; a curious phenomenon is emerging from the quantum realm: the spin of
electrons. This might sound not very easy, but it is pretty exciting and has the potential to
make our gadgets even better. Instead of just focusing on how much electricity flows, we can
also pay attention to how the electrons spin. In an atom, an electron revolves around the atom,
and along with the revolving, the electron also spins in a clockwise or anticlockwise direction.
Electron spin is permanent and can be described as spin up or down. Spin-up is when an
electron spins clockwise on its axis, while spin-down is when it spins counterclockwise. Spin

can be considered a tiny magnetic moment associated with the electron.

In traditional electronics, the movement of electrons occurs, which is called electronic current;
here, we are neglecting the spin of the electrons. The spin power of an electron can be used,
which means that instead of the flow of charges, the spin flow can be generated as a signal
called spin current or spintronics. As spintronics does not consider the physical movement of

electrons or charges, it is fast and can operate with meagre power.

Memory devices store data using binary code, where each bit represents a 0 or a 1. Memory
devices comprise millions or billions of tiny electronic component transistors, capacitors, or
logic gates. With the help of an electrical charge, data are stored like this: if a charge is present,
it is considered a 1; if no charge is present, it is regarded as a 0. The memory controller within
the computer or device manages the reading and writing of data to and from these memory
cells based on the binary patterns stored within them. However, instead of an electronic
charge, we can also use the property of electron spin orientation to encode bits of data, either
'up' or 'down," which can be manipulated to encode and process data. This shift from charge-
based to spin-based electronics opens up many possibilities. One exciting use of spintronics
in memory devices lies in non-volatile memory devices, where data retention without a
constant power supply uses the spin of electrons to store information, which makes them very
stable and energy-efficient. This approach holds immense promise for overcoming the
limitations of current memory technologies, which could mean faster computers, energy
efficiency, and data storage density. Spintronics promises a new wave of technological

innovation, from memory devices and sensors to quantum computing.

However, moving from theory to real-world application presents a strict set of obstacles. A

significant obstacle is found in materials engineering, where scientists are trying to find and
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create materials that have the necessary electrical and magnetic characteristics to manipulate
spin. A major challenge is still regulating electron spin, especially at average temperatures.
Quantum mechanical phenomena restrict the stability and dependability of spin-based

devices.

Despite these challenges, spin-based architectures hold the future for exponential
performance gains, opening up new applications in machine learning and artificial intelligence,
among other fields. As we stand at the threshold of a new era in electronics, the transition
from traditional electronics to spintronics signifies a step into the efficient one that will
undoubtedly provide difficulties and many opportunities. By welcoming the spin revolution and
opening a path for innovation and discovery, we can realize the full potential of spintronics and
reign in a time when the past will no longer limit technology. Let us take advantage of the
chances that are just around the corner that lie ahead in our pursuit of advancement.
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The theme of World Cancer Day 2022-2024 i s #fiCl ose the Care Gap:
accesstocancercared . Wor | d Can c e rtheDiof Febraap pvery year.dtsigoal
is to help reduce the impact of cancer by educating people, raising awareness, and
encouraging governments and individuals worldwide to take action. Oral cancer is a significant
health concern that demands attention worldwide. Oral cancer includes cancers of the lips,
cheeks, tongue, floor of the mouth, hard and soft palate, sinuses, and throat (pharynx).
Acknowledging the impact of too much use of tobacco and excessive alcohol consumption in
elevating the risk of oral cancer, it is crucial to address this issue and take proactive measures

to prevent, detect, and treat this disease.
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Source: https://www.indiancancersociety.org/oral-cancer/

The burden of oral cancer is particularly prominent in South Asia, where two-thirds of global
cases are reported, with India alone accounting for one-fourth of all oral cancer deaths.
However, it is encouraging to note that in the United States, the incidence and mortality rates
of oral cancer have been steadily declining over the past two decades. This positive trend can

be attributed to the decreasing prevalence of smoking and alcohol consumption.

In India, one of the significant contributors to the high prevalence of oral cancer is the
widespread habit of chewing betel quid and areca nut, especially among the youth. These
practices significantly increase the risk of developing oral cancer. Other risk factors include

mate drinking, viral infections, chronic trauma, and genetic predisposition.



Prevention and early detection are vital components in the fight against oral cancer. Visual
screening of the oral cavity, primarily by healthcare professionals, has proven to be a cost-
effective preventive method. This approach is precious in low- and middle-income countries
with limited resources. By identifying potential lesions or abnormalities at an early stage,
appropriate interventions can be initiated to prevent oral cancer progression. Preventive
measures for oral cancer include the following: discontinuing the use of tobacco products,
ceasing smoking, refraining from consuming betel nut and pan masala, abstaining from
alcohol, practising good oral hygiene, conducting regular self-examinations of the oral cavity,
scheduling regular dental check-ups, minimizing sun exposure, promptly addressing any
ulcers, bleeding, or pain in the oral region, adopting a balanced diet, and maintaining a healthy
lifestyle. These strategies are recognized as effective means of reducing the risk of oral

cancer.

Treatment, such as for oral cancer, depends on the stage of the disease. It typically involves
a combination of surgery, radiotherapy, immunotherapy, and chemotherapy followed by some
other diagnosis like CT scan, magnetic resonance imaging (MRI), and positron emission
tomography (PET). While these treatments are essential for combating the disease, they can
also result in side effects, particularly from radiotherapy. Managing these side effects and
providing supportive care during the treatment journey is crucial for improving patient

outcomes and quality of life.

The insights presented in this research highlight the importance of public awareness and
education about oral cancer prevention, early detection, and treatment. By understanding the
risk factors of cigarettes, smokeless tobacco, chewing tobacco, dipping snuff, cigars, bidis,
alcohol, lack of vitamin D, nutritional deficiency and papillomaviruses, and also socio-
economic conditions associated with oral cancer, individuals can make informed choices to
reduce their susceptibility to this disease. Moreover, healthcare professionals play a pivotal
role in conducting oral and visual screenings, visual inspections, and questionnaires, providing
necessary interventions, and ensuring comprehensive care for individuals affected by oral

cancer.

Through ongoing research, collaborations, and advancements in healthcare, the battle against
oral cancer continues. By promoting preventive measures, early detection strategies, and
effective treatment options, we can work together to reduce the burden of oral cancer, improve

patient outcomes, and ultimately save lives.



The Call for Skills

The world keeps turning, times they change,
New paths we tread, a different range.
While art and culture hold their sway,

Technical skills now light the way.

Once nimble hands with artist's touch,
Now, build and mend; they do so much.
Machines and tools, a helping hand,

To progress onward, across the land.

From screens that glow to gears that grind,
A world of knowledge we must find.
Engineers, technicians, side by side,

For a nation's growth, with purpose as their guide.

So let us learn, with minds alight,
These skills that make the future bright.
Education's flame, a guiding star,

To build a world that reaches far.

WritTaibur Rahman, PhD Scholar, MCS Lab, IASST.
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