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Introduction to Quantum Dots

Samiran Mondal

Abstract Quantum dots (QDs) or luminescent semiconductor nanocrystals possess
size-tunable elegant electro-optical properties, broad absorption spectra, and narrow
emission ranging from UV to NIR region, high fluorescent quantum yields, fluores-
cence intermittency, resistance to photobleaching, and significant Stoke shift, which
are the prerequisites for the application in vitro and in vivo bioimaging, biomarker,
molecular pathology, drug delivery, and many more. The suitable applicability of
QDs in the biomedical field needs to understand the science behind the QDs and
their fundamental properties, which are most relevant to biology and medicine. In
recent years, QDs have shown a wide variety of possibilities in the biomedical field
due to their recent development of synthetic procedures and biocompatibility. The
chapters will focus on the fundamentals of QDs. The chapter also includes a brief
description of chapters in the book, which may help readers understand the topics’
overview.

Keywords Quantum dots (QDs) - Fundamentals and applications of QDs -
Biomedical field

QDs are nanometer-scale (typically 2—10 nm in diameter) semiconductor nanocrys-
tals composed of Groups II (e.g., Zn, Cd).-VI (e.g., Se, S) or III (e.g., Ga, I),-V
(e.g., N, P) or IV (e.g., Pb)-VI (e.g., Se, S) elements of Mendeleev periodic table
that exhibit size-dependent optical properties, including absorbance and photolu-
minescence [1, 2]. Unique optoelectronic, catalytic, and semiconductor properties
of QDs are arising due to their three-dimensional quantum confinement regime,
i.e., the size of the QDs in the range of exciton Bohr radius [3, 4]. Valence and
conduction bands are separated by a band gap in the semiconductor material. On
photon absorption, electrons from the lower electronic energy state (valence band)
are promoted to the higher electronic energy state (conduction band), producing a
hole in the valence band. Bandgap energy becomes higher for the smaller QDs, and
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The Underlying Mechanism of Quantum
Dot-Induced Apoptosis: Potential
Application in Cancer Therapy

Jishu Mandal, Mriganka Mandal, Tamanna Mallick, and Samiran Mondal

Abstract Quantum dots (QDs) are a popular agent to use in a wide range of scientific
and industrial applications because the molecules consist of an excellent biophysical
and optical property, later varies with the compositions from a wide range of visible
to infrared wavelength. Being an established fluorescent probe QDs are useful in the
long-term, multiplexed and quantitative imaging and detection is governed wonder-
fully by QDs. Here we represent the present trends of the multidimensional use or
applications of QDs in the field of biological science to achieve disease diagnostics,
control over it and in particular cancer treatments and cellular mechanisms induced
by QDs. The QDs are small in size with a high surface ratio, capable of potentially
changing the therapeutic and pharmacological efficacy towards a good dimension of
disease management. These are unique anti-cancer activities like apoptotic cell death
and autophagy cell death, different types of molecular path-ways and mechanism of
apoptosis has been focused hereafter application of quantum dots in various cell lines
of malignant cells of mice and humans.

Keywords Quantum dots - Apoptosis - Cancer therapy
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Present Status and Future Perspective

Samiran Mondal

Abstract The present chapter illustrates an overview of the application of quantum
dots (QDs) and enlightens the future perspective on their potentiality in biology
and medicine. The chapter highlights the critical aspects of QDs and the present
state-of-the-art applications, both in vitro and in vivo.

Keywords Quantum dots (QDs) - Present status - Future perspective

The concept of artificial atoms or quantum dots (QDs) comes from the reduced dimen-
sionality of semiconducting crystals, i.e., the size of semiconductor particles controls
optical and electronic properties called the quantum size effect. QD synthesis, char-
acterization, and applications are still highly active fields of interest to researchers
despite being part of mature technologies. During the last three decades, researchers
have synthesized QDs by improving monodispersity and size tunability to amelio-
rate the overall optical properties by exploring different reaction conditions such as
solvents, salts, pH, and temperature. The size-dependent tunable emission is attrac-
tive for biomedical research since luminescence is commonly used in cell, tissue,
and animal experiments, supporting biomedical researchers with many precursors for
building tools to address important questions and diagnose and treat diseases. Many
researchers convincingly described many optical advantages of QDs over organic
fluorophores or dye molecules for biomedical research, owing to their high quantum
yield, broad absorption spectra, large Stoke shift, and highly stable. The widely
increased interest in QDs has been established as a technological revolution by the
tremendous efforts of scientists in chemistry, physics, biology, medical engineering,
and pharmaceutical sciences.

QDs present a versatile tool to obtain a series of remarkable results in the fields
of cell labeling, cell migration tracking, multiplexed imaging, flow cytometry, fluo-
rescence in situ hybridization, targeted tracing in living cells and animals, real-time
in vivo and cellular process imaging, genomic and proteomic detection, pathogen
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not gricve. In the Mahabharata, five Mahabhutas are recognized, which are
7o d viz. carth, water, fire, air and ether are five elements and are referred to
These five clements arc impermanent according to Mahabharata and it also
es organ, the five-motor organ and the mind, these eleven organs. The
Mahabharata concerning about the functioning of senses arc not
conclusions, but arc consistent with them. It is important to note that
mon has been characterized according to its deeds. The Mahabharata
ualities of sound, touch, rupa, taste and smell. In this context,
touch, rupa and rasa; Firc has sound, touches and rupa or sharp: Sound
the air. Tnterestingly, there is only one quality in the ether - the sound.
ly. There arc ten types of gandhas, six types of rasas, twelve types of

£ touches and ten types of sounds. ¥1‘l Mahabharata, Soul or Parameswar
= only eternal, because it is against the Veda to accept any cternal
ed in Vaisesika Philosophy. Furthermore, twenty-six theories have been
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Abstract

The goal of the proposed model is to

investigate and analyze the qualitative

behaviour of predator-prey fishery

resource in an aquatic ecosystem by a
non-linear mathematical model in

which prey and predator species are
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Subhas Cha

Introduction A
In India, Subhas Chandra Bose is considered as one of the greatest

leaders of Freedom Movement against the British Colonial rule.
His charismatic leadership and immense influence on the common
people has made him a legend among the national figures. T}ie
name, Subhas Chandra Bose has become an inspirational myﬂ? IYOT
the Indians in our long struggle for freedom against the Briish
Empire. Among all the other freedom fighters in India, Subhés
Chandra Bose actually stands in a different league. He- has
organized a massive military movement against the almight
British Empire which is still regarded as one of the most icot*
events in the history of struggle for freedom in the South AS®
context against the colonial rulers, Subhas Chandra BO¥
popularly is known as “Netaji’ because of his natural leadersh?
quality and patriotism, Moreover, he was an excelle
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Amorphophallus campanulatus:
An Untold Story of a Potent
Nutraceutical- Part |

Subhashree Basu ?, Moumita Das P and Gouriprosad Datta ©

DOI: 10.9734/bpi/cops/v2/3878B

ABSTRACT

The study aims to analyze the proximate composition, mineral and vitamin
content as well as active components present in the popularly consumed tuber of
West Bengal, Amorphophallus campanulatus. Medicinal plants are potential
sources of biomolecules and their analogues have great relevance in the
preparation of modern medicines. They are also good source of essential
nutrients and minerals that contribute to the wellbeing of an individual. On proper
supplementation through diet, they can acquire, convert, allocate, distribute and
pave way for proper utilization of all the essential components in the biological
system So this popular tuberous crop of south-east Asia that has its mention in
the Indian ancient medicinal system, Ayurveda, is taken into consideration to
analyze its nutritional components. The plant species were collected from
farmers of Santragachhi, Howrah district and authenticated by Botanical Survey
of India, Howrah district, West Bengal, India. Fresh tubers were analyzed for their
content of crude proteins, total carbohydrate, soluble carbohydrate, fat, fibre,
ash, moisture, carotenoids and vitamins. With the aid of an inductively coupled
plasma atomic spectrometer, the ash's mineral content was analyzed.
Phytochemical constituents were separated using gas chromatography and
components detected by mass spectrometry. According to the study,
Amorphophallus campanulatus tubers have high levels of crude protein,
moisture, fibre, ash, and vitamins E and C. In addition, the tuber contains
practically all of the necessary macro- and micronutrients. It's fascinating that the
tuber is a significant supplier of salt, potassium, and calcium. Additionally, the
tuber is devoid of heavy metals including arsenic, lead, cadmium and mercury.
None the less the tuber also contains several nutraceutical components that
have several health benefits. Thus, the study's findings make a significant
contribution to our understanding of the full nutritional profile of this tuber, which
may encourage increased use for the maintenance of a healthy lifestyle and
future attention to its therapeutic potential.
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ABSTRACT

The aim of this chapter is to present a brief outline of the background theories essential for
understanding numerous non-equilibrium phenomena, such as chemical and biological
oscillations, spirals and so on. Oscillations are one of th common phenomena in chemical
and biological systems. Oscillations of chemical origin ha been present since life originated._
Every living system contains thousands of chemical a biological oscillators. The systematic
study of oscillating chemical reactions and sub: of Nonlinear
Dynamics is of considerably fundamental domain of The chapter
starts with a brief outline of some background history of chemical oscillations followed by the
basic thermodynamic explanations and stability analysis. A short glimpse of Phase plane
analysis and Limit cycles are given. One dimensional stability analysis is followed by two
dimensional one. Relaxation oscillation is explained both theoretically and graphically.

Keywords: Steady State: Equilibrium: Phase Plane: Non-Equilibriurm Process; Oscillatory
Systems

Introduction

Dynamics is an interesting topic which explains how a physical variable of interest progresses
with time. Harmonic oscillator is an example of linear motion which is well known from
Newtonian Mechanics. In this motion the frequency of the oscillator is not dependent
onamplitude. Whenever the system is not linear its motion changes the behavior. It is not so
simple because of the dependency of its frequency over its amplitude. The result is the motion
may vary from purely rhythmic to chaotic region. Nonlinear dynamics has its origin in Physics
to Newtonian mechanics developed earlier in mid-1600s, it is now treated as an interdisciplinary
subject today (Epstein 1998, Strogatz 1995, Murray 1993, Gillespie 1977, Goldbeter 2006)
which has its application in almost all branches of Physics, Chemistry and Biology (Grossman
1990, Hillborm 1994, Jalan 2005, Julvez 2015). Although it developed early but the subject could
not found its applicability because the classical three-body system was not under the ability of
the Newtonian method. The Poincare developed a new geometric technique in studying such
systems (Strogatz). From this a new area of Nonlinear Dynamics has been developed which
has enlarged application in different area of science specially in chemistry and biology.

In order to go into the depth of aforementioned people have to get idea about the differences
between temporal and spatio temporal oscillations. Oscillations are of two types. One is
temporal that means it oscillates in time (Sen et a/, 2008. Sen ef al/.. 2009, Dhatt, Sen &
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