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PREFACE

Nanotechnology is one of the most promising technologies of the twenty-first
century. Nanotechnology is described as the design, development, and implementation of
materials and technologies on the nanoscale with the smallest functional components (1
to 100 nm). Nanotechnology covers a wide range of issues, from standard device physics
and chemistry extensions to entirely new techniques based on molecular self-assembly,
from developing new Nano size materials to investigating whether we can directly alter
matter at the atomic scale level.

Nanotechnology can be used in a variety of fields, including medical, agriculture, and
environmental protection. Many diseases for which there are presently no treatments may
be treated in the future as a result of nanotechnology. The use of nanotechnology in
medical therapy needs a careful examination of its risks and potential side effects. Even
scientists who oppose the use of nanotechnology agree that advancement in the field
should continue since it offers enormous benefits, but more testing is needed to ensure its
safety in people. Nano medicine may play a key role in the treatment of human and plant
disorders, as well as the enhancement of normal human and plant physiology and systems,
in the future.

Nanoscience and nanotechnology are the study and application of extremely small
objects, with applications in chemistry, biology, physics, materials science, and
engineering, among other fields. Nanotechnology is being used in a range of energy-
related applications, including increasing the efficiency and cost-effectiveness of solar
panels, producing new types of batteries, boosting fuel production efficiency through
better catalysis, and building better lighting systems. Nano science and nanotechnology
applications in engineering connect academic research in Nano science and
nanotechnology to industry and everyday life. As a result, a diverse range of
nanomaterials, nano devices, and nano systems have been developed and deployed for
human benefit in a number of technical applications.

Nanoscience and Nanotechnology in Engineering is based on the authors' numerous
lectures and courses given all over the world. Nanotechnology has also helped to design
more efficient and long-lasting materials, such as self-cleaning and self-repairing concrete
and windows. Coatings based on nanotechnology can help with fire protection, corrosion
resistance, insulation, and a range of other applications. All scientists, academicians,
researchers, and students working in the fields of chemistry, biology, physics, materials
science, and engineering, among other fields, will find this book quite valuable.

This book with valuable book chapters from eminent scientists, academicians, and
researchers will surely be a part of utmost information for the coming new research taken
by the researchers in the field of chemistry, biology, physics, materials science, and

engineering, among other subjects.



ABOUT THE BOOK

As scientists endeavour to comprehend the mechanisms of natural and
biomolecular computing, Nano scale science and computing is becoming a key research
subject. The architecture and design of molecular self-assembly, nanostructures, and
molecular devices, as well as understanding and harnessing the computational
processes of biomolecules in nature, are all topics in this discipline.

This book provides a unique and authoritative view of contemporary Nano scale
science, engineering, and computing research. The book is appropriate for academic and
industrial scientists and engineers working in Nano scale science, particularly those
interested in molecular level computing.

Nano science and nanotechnology are the study and application of extremely small
objects, and they can be applied in chemistry, biology, physics, materials science, and
engineering, among other subjects. Nanotechnology is being employed in a variety of
energy-related applications, including improving the efficiency and cost-effectiveness of
solar panels, developing new types of batteries, improving the efficiency of fuel
production  through  better catalysis, and developing better lighting
systems. Engineering's application of Nano science and nanotechnology connects
academic research in Nano science and nanotechnology to industry and everyday life.
As a result, a wide range of nanomaterial’s, Nano devices, and Nano systems for a
variety of technical applications have been produced and deployed for human benefit.
Nano science and Nanotechnology in Engineering is based on the many lectures and
courses presented around the world by its authors. Nanotechnology has also aided in
the development of more efficient and long-lasting materials, such as self-cleaning and
self-repairing concrete and windows. Nanotechnology-based coatings assist in
increasing fire resistance, corrosion resistance, insulation, and a variety of other uses.
This book is very useful to all scientists, academicians, researchers and students in the
field of chemistry, biology, physics, materials science, and engineering, among other
subjects.

This book with valuable book chapters from eminent scientists, academicians, and
researchers will surely be a part of utmost information for the coming new research
taken by the researchers in the field of chemistry, biology, physics, materials science,

and engineering, among other subjects.

Dr. Bassa Satyannarayana
Editor
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ABSTRACT

The availability of secure and affordable water to meet human needs is a significant challenge for the 21+
century. The world's water supply is struggling to keep up with rapidly rising demand that is
exacerbated by growth of population, global environment change, and deterioration of state of the water.
It is impossible to overstate the importance of technological innovation in enabling water management
that is integrated. In present scenario nanotechnology play an important role in improving the quality of
water and treatment of wastewater. Present chapter explain waste water, water borne disease, toxic
elements and purification of waste/toxic water through conventional method and with the help of

Nanomaterials.

KEYWORDS: Waste water, ion-exchange method, Lime-soda process, Zeolite, Nano adsorption, Nano-
catalyst.

INTRODUCTION

Human civilization's most valuable resource is water. However, we are still unable to provide fresh water
to meet the needs of global demands, and this problem may increase over the time. Water is required by
all living organisms, including plants and animals. Without water life does not exist on the earth. The
entire organisms contain 65-75% of water in their body, which remove in the form of excreta. About 97%
of water present in the ocean, which is unfit for drinking because lots of salt dissolve in ocean water
causes dehydration. Remaining 3%, 2% of water present in the form of ice-caps and glacier and only 1%
of water is fresh water!, present in lakes, river, underground water, streams etc. but due to global
warming and human activities water quality get reduce which is unfit for drinking purposes. According
to the WHO (world health organization) impure or contaminated water responsible for about 6% of the
worldwide disease2 For the purification of waste water conventional methods such as lime-soda, ion-
exchange, Zeolite process and reverse osmosis have been used. In recent past year nanomaterials have
had an unparalleled impact on the water and wastewater treatment process. Because of their unique
qualities such as high surface area and high adsorption capacity, nanomaterials hold enormous promise

as the best possible solution to remediate organic and inorganic pollutants.

CHARACTERISTIC OF GOOD WATER
a) Itis transparent, odorless and colorless liquid.

b) Itis free from biological and bacteriological contamination.
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¢) Itis free from toxic and chemicals.

d) Itis free from essential nutrients like nitrogen, phosphorus etc. which causes Eutrophication.

MAJOR FACTS CAUSES DETERIORATION OF WATER
a) Eutrophication
b) Pesticides contamination
¢) Domestic sewage and ground water contamination

d) Insufficient or incomplete treatment of domestic waste and industrial waste.

WATER BORNE DISEASE
It is caused by contamination of water by bacteria, virus, protozoa etc. The different water borne diseases
are as follows;
a) Cholera: it is highly contagious disease caused by bacteria vibrio choleriae. The typical
symptoms are diarrhea, vomiting, dehydration, kidney failure etc.
b) Typhoid: it is water borne disease caused by bacteria salmonella typhie. The major symptoms are
weakness, constipation, diarrhea, vomiting etc.
c) Amoebiasis: it is also water borne disease caused by protozoa’s Entamoeba histolytica. The
disease is characterized by liquid stool with mucus and blood.
d) Fluorasis: if fluoride content is higher than 1.5 ppm causes Fluorasis. The major symptoms are

deterioration of teeth and deformation of bone.

PREVENTION OF PURE DRINKING WATER
a) Water must be boiled before drinking.
b) Maintain personal hygiene

c) Hygienic kitchen appliances

MEASUREMENT OF WATER QUALITY

DISSOLVE OXYGEN (DO)

Oxygen present in dissolve or diffuse form in water is known as dissolve oxygen. It is supplied by the
diffusion of atmospheric oxygen into the water or by the photosynthesis of aquatic plants. Dissolve

oxygen is very useful for all the aquatic plants and animals. It is measure in terms of mg/l.

FACTOR AFFECTING DISSOLVES OXYGEN LEVEL
a) Eutrophication
b) Oxygen level also affected by amount of photosynthesis and degree of water wave action.
c) Temperature and pressure are also affects the oxygen level in water. At high temperature and
low pressure diffusion of oxygen decreases whereas at low temperature and high pressure

diffusion of oxygen in water increases.

METHOD OF MEASUREMENT OF DO

Winkler method?

In this method, dissolve oxygen present in sample is combined with metal ion Mn?* to form metal oxide
precipitate. The oxidation of Mn?* into MnO: is known as oxygen fixation. When MnO2 form, iodide ions

are added and MnO: react with iodide ion to form iodine. The liberated iodine or quantity of iodine is
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titrated against sodium thiosulphate. The quantity of MnO: form is directly proportional to the amount of

dissolve oxygen present in water. The reactions involve in this method are as follows;

Mn** + 0, » MnoO,
MnO, + 21~ + 4H* - Mn?* + I, + 2H,0
I, + 25,0~ > S,02~ + 21~

BIOLOGICAL OXYGEN DEMAND (BOD)
It is define as amount of dissolve oxygen required by aerobic bacteria or microorganism to decompose
the organic waste present in the waste water. In BOD, amount of waste present in water is exactly

proportionate to the amount of oxygen utilized. In fresh water BOD is 2mg/l whereas in impure water
BOD is 10mg/l. The BOD measurement takes 3 days at 27°C and 5 days at 20°C.

CHEMICAL OXYGEN DEMAND (COD)
It is defined as oxygen required decomposing the entire organic and inorganic compound present in
waste water. COD measurement takes few minute as compare to BOD. Like BOD, COD is also utilized

oxygen from potassium dichromate to oxidized organic and inorganic matter present in water.

K,Cr,05 + waste matter —— Cr3* + CO, + H,0 + Energy

The amount of potassium dichromate consumed is proportionately proportional to the amount of waste

present in water.

Table 1: Water quality parameter (Indian Standard)*

S.No | Parameter Maximum Health effect
permissible
limit
1 Fluoride 1.5 mg/l Dental Fluorasis, deformation of skeleton
2 Aluminium 0.2 mg/l Alzheimer’s disease
3 Copper 1.5 mg/l Liver damage, slow plant growth
4 pH 6.5-8.5 Bitter taste, mucosal membrane effect, aquatic like affected
5 Hardness 600 mg/1 Causes hardness of water, skin irritation
6 Total dissolve solid | 2000 mg/1 Gastro-intestinal irritation, corrosion,
7 Nitrate 100 mg/1 Blue baby disease
8 Mercury 0.001 mg/1 Minamata disease
9 Arsenic 0.05 mg/1 Carcinogenic, CNS affected
10 Chloride 1000 mg/1 Taste affected, corrosive
11 Alkalinity 600 mg/1 Boiled rice become yellow
12 Iron 1.0 mg/1 Bitter taste causes turbidity
13 Calcium 200 mg/1 Causes hardness of water, scale formation
14 Cadmium 0.003 mg/1 Ttai-Itai disease
15 Lead 0.01 mg/l Anaemia, damaged kidney, neurological impairment
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HARDNESS OF WATER
Due to presence of Ca & Mg salts like bicarbonates, carbonate, sulphates, chlorides in water, water does
not produce lather with soap, known as hardness of water. It is due to presence of Ca & Mg salts like

bicarbonates, carbonate, sulphates, chlorides etc.

FORMATION OF HARD WATER
Hard water is formed due to presence of minerals like Ca and Mg. they are not removed or separated by
sedimentation or filtration. When hard water contains Ca and Mg impurity reacts with soap (sodium salt

of stearic acid or pametic acid) to form curdy precipitate.

2Cy;H3sCOONa + CaCl, — Ca(Cy;Hz5C00), L + NaCl
2Cy;H3sCOONa + MgS0O, — Mg(Cy;HssC00), L + Na, SO,

In above reaction, precipitate of calcium stearate or magnesium stearate are formed which are insoluble

and separate out without producing lather.

TYPES OF HARDNESS
TEMPORARY HARDNESS
Ca and Mg bicarbonate are responsible for temporary hardness. This type of hardness can be removed

simply by boiling of water. Due to boiling bicarbonate is converted into carbonate (insoluble precipitate)

Ca(HCOs)2 > CaCOsy +H0 + CO2
Mg(HCOs)2 > Mg(OH)2 +2C0O21

Temporary hardness can also be removed by adding hydrated lime to precipitate insoluble carbonate.
Ca(HCOs)2 + Ca(OH)2 <> 2CaCOs{ +2H:0
Mg(HCOs)2 +2Ca(OH)2 - Mg(OH)2{ +2CaCOs{, + 2H-0

PERMANENT HARDNESS
It is caused by the presence of soluble salt of Ca and Mg other than bicarbonate such as chloride and
sulphate. These impurities cannot be removed by boiling of water or hydrated lime. It can be removed by

techniques like Lime-soda process, Zeolite, lon-exchange resin, reverse osmosis etc.

DEGREE OF HARDNESS
The unit in which hardness is usually expressed, known as degree of hardness. Calcium carbonate
(CaCOs) equivalent is used to express Degree of hardness because CaCOs have molecular weight 100 and

it is easily precipitate. Degree of hardness may be expressed as follows-

[strengt h of substance producing hardness (ﬂ)] x100

1 = lit
Equlvalent of CaCOs = [ chemical equivalent of hardness producing substance ] x2
UNIT OF HARDNESS
i) Parts per million (ppm): It is define as the number of equivalent part calcium carbonate

present per million (10) part of water by weight.
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ii) Milligram per litre (mg/lit): It is defined as the number of milligram of calcium
carbonatepresent in one litre of water.

iii) Degree Clarke (°Cl): It is define as the number of equivalent part of calcium carbonate
present per 70,000 part of water.

iv) Degree French (°Fr): It is define as the number of equivalent part of calcium carbonate
present per 105 part of water.

Correlation between ppm, mg/lit, °Cl and °Fr:

[1ppm= 1mg/1it=0.07 °Cl= 0.1 °Fr]

GENERAL METHOD FOR WATER SOFTENING

ZEOLITE PROCESS

Zeolite is a three-dimensional hydrated sodium aluminium silicate. Zeolite represented as
Na:0OAL03.x5i02.yH20 (x = 2-10 & y = 2-6). Zeolite are capable to exchange sodium ion with hardness
producing ions like Ca? or Mg?. Zeolite process is also known as permutit method. Due to complex

chemical formula of Zeolite, it can be written simply as NazZe. The two Na* ions are replaced by one Ca?
or Mg?*ions.

NaxZe + Ca2* ——p (CaZe +2Nat

PROCESS

The apparatus used in Zeolite process, is made of metallic cylindrical which contain several layers (beds)
in which Zeolite salt is kept. When hard water is pass through it, hardness producing ions exchange from

the layers. Zeolite bed/layers exhausted after some time, means all Na* ions are exchange by Ca?* or Mg?-.

Naz2Ze + CaCl2/CaSOs/ Ca(HCO3)2 —» CaZe + 2NaCl/Na2504/2NaHCOs

REGENERATION
The exhausted Zeolite again regenerated by treatment of layers with brine solution or 10% NaCl solution.
(Ca2t/Mg?*) Ze + NaCl —» NazZe + CaClz (or) MgCl2

After treatment with brine solution, exhausted Zeolite layer is washed with cold water, by which CaCl2&
MgCl: salt can be removed

Hardwater inlet

Injector

NaCl
Solution

To Soft water
: outlet

Fig 1: Regeneration of Zeolite
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ION-EXCHANGE RESIN
From ion-exchange process both the cations and anions are completely removed by passing impure water
into two different columns. First column contain sulphuric acid resin with acidic group -SOsH. This

column is known as cation exchange resin because it exchange only cations like Ca?, Mg?:, Na* etc.

Resin-SOsH + Na* — > resin- SO; Na* + H*
2Resin-SOsH + Ca? —>  (resin- SO5)Ca + 2H*
2Resin-SOsH + Mg? — > (resin- SO3)Mg+ 2H*
Whereas, second column contain resin with basic group like -NRj OH™. It is known as anion exchange
resin because it exchanges anions like CI~, SO7~ etc.
resin-NRfOH~ + CI~ ——— resin-NRICl™ + OH™

The removal of H*ions from the first column and OH~ ions from the second column react to form water.

REGENERATION
When both the column are exhausted, then first and second column are treated with dilute sulphuric acid
or HCI (generate H* ions) and aqueous NaOH (generate OH- ions) respectively. So, they have to be
regenerated.

(resin- SO3)2Ca+ 2H~* —» 2Resin-SOsH + Ca?

(resin- SO3)2Mg+ 2H* —» 2Resin-SOsH + Mg?*

resin-NRiCl~ + OH~  —» resin-NRjOH™ + Cl~

Hard water
inlet

Cation Exchange ST
Bed @] e oot

- — - — |=Anion Exchange
Bed

Injector === C=—=Injector

Acid Pump Soft water < Alkaline
Regenerator outlet Regenerater

Fig 2: Regeneration process
LIME-SODA PROCESS
In lime-soda process, hydrated lime and soda ash are used to remove hardness producing ions.

HYDRATED LIME
By the treatment with hydrated lime temporary hardness can be removed. When Ca(OH)2 react with
Ca(HCOs)2and Mg(CO:s)2 form insoluble precipitate of CaCOsand Mg(OH):respectively.
Ca(HCO:s)2 + Ca(OH): —> 2CaCOs +2H20

Mg(HCO:s)2 + 2Ca(OH):2 — Mg(OH)2{ +2CaCOs{, +2H20
Hydrated lime is also used to remove permanent hardness (magnesium salt impurities only) from water.
It reacts with MgSOs& MgCl: to form insoluble precipitate of magnesium hydroxide.

MgCl: + Ca(OH): —  Mg(OH)2{ + CaCl2

MgSOs+ Ca(OH): —»  Mg(OH)2, + CaSOx
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In above reaction calcium based impurities like CaCl2 & CaSOs also form, which are soluble in water.
Therefore calcium based impurities (CaCl2 & CaSOs) are not removed by lime treatment.
SODA ASH
Sodium carbonate (Na2COs) is used to eliminate permanent hardness of water which caused by MgSQOu&
MgClz2or CaCl2 & CaSOs.

CaClz+ NaxCO3  —  CaCOsl +2NaCl

CaSOs+ Na2CO3  —» CaCOs + Naz50s

MgCl2 + Na2COs —»  MgCOs{ +2NaCl

MgSOs+Na2COs  —»  MgCOs\ + Na:SOs
The lime-soda required for the softening of hard water can be calculated by following formula-
Lime requirement = % [temporary hardness of Ca + 2 Xtemporary hardness of

Mg + permanent hardness of Mg in terms of CaCOs equivalents]

Soda requirement = % [permanent hardness of CaCl2 + CaSO4 + MgCla + MgSOa

In terms of CaCOs equivalents]

REVERSE OSMOSIS
If we apply pressure higher to osmotic pressure on the solution portion then solvent (pure water) will
flow reverse, higher concentration solution to low concentration solution, the process is known as reverse

0SMmosis.

Fig 3: Reverse Osmosis Fig 4: Purification of sea water

The reverse osmosis process can also be used in the purification of sea water, for this purpose salty water
(sea water) is passed through a semi-permeable membrane under high pressure where sea water

percolate the minute pores of the semi-permeable membrane and after this process water is purified.

ADVANTAGES
1) Reverse osmosis system have low maintenance requirement.
2) It also removes colloidal silica.
3) RO system required less energy as compare to other technology.
)

4) The reverse osmosis is used for converting sea water into drinking water.

NANOTECHNOLOGY IN WATER PURIFICATION

Materials having size in the range of 1-100 nm is known as nanomaterials. Nanomaterials are effectively
used in purification of water because they possess a very large surface to volume ratio, spatial
confinement, aspect ratio, short intraparticle diffusion distance and reduce imperfection. Advantages of

Nanomaterials over other materials are as follows;



BHUMI PUBLISHING, INDIA

Effectiveness: Because of the high specialty of nanotechnology, new filters/devices are going too formed
for specific applications from Nanomaterials. Impurities that was antecedently difficult to remove; now
they can be removed more successfully.

Simple method: Nanotechnology has the potential to drastically minimize the steps involve, resources,
and energy required for purification of water.

Cost effectiveness: Incorporating or switching to nanotechnology-based water treatments will necessitate
a large initial expenditure. On the other hand, once implemented, these advances have the potential to
significantly reduce long-term water treatment costs.

Water treatment through Nanomaterials is described as follows;

NANO-ADSORPTION

Due to smaller pores size and large surface area nano-materials are used in purification of water. Heavy
metals are trapped/adsorb on the surface of nanomaterial. The Nanomaterials such as carbon, carbon
nanotubes, zinc oxide, magnesium oxide, titanium oxide and ferric oxides are frequently used to
eliminate or remove heavy metal from impure water®. Carbon based nnanomaterialare used in the

purification of water contaminated by organic matter and heavy toxic metals.

NANO-PHOTO CATALYSTS

"Photo catalysis" is combination of two Greek words, "Photo" refers to light, and "catalysis" refers to any
material that affects the rate of a chemical reaction without actually being a part of it. Photo catalytic
oxidation is a high-tech oxidation method for removing pollutants and microbiological pathogens. It's a
good way to improve the biodegradability of hazardous and non-biodegradable pollutants. Nano catalyst
formed from metal oxides used in different oxidation reactions. They exhibited high catalytic reactivity
towards toxic pollutants and change toxic pollutants into less polluted or environment friendly productss.
According to literature, photo degradation of pollutant through modified form of titanium oxide give

good results’.
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ABSTRACT

Nanotechnology is the study of particles with sizes ranging from 1 to 100 nanometers in one dimension.
Particles reduced to the nanometer length scale have a higher surface area to volume size ratio and
exhibit unusual properties, allowing them to be used in engineering, biomedical, agricultural, and allied
fields. Physical, chemical, and biological methods of synthesis can be used to create nanomaterials from

the bottom-up or top-down.
KEYWORDS: Nanotechnology, nanomaterials, Nano biotechnology, nanotech applications

INTRODUCTION

A nanometer is one-billionth of a meter (10 m or 107 cm), one hundred thousand times smaller than the
diameter of a human hair, a thousand times smaller than the diameter of a red blood cell, or around half
the size of the diameter of DNA (Scott and Chan, 2002). Nanotechnology is described as atomic,
molecular, or macromolecular research and development with a length scale of one to one hundred
nanometers in at least one dimension. On an atomic scale, structures, technologies, and systems with
novel qualities and functionalities are created and used due to their small size and ability to reign or
manipulate matter (Lengke et al., 2007). Nanotechnology is an interdisciplinary study that combines
scientific branches from biology, chemistry, physics, and engineering to open new possibilities of
application (Kulzer and Orrit, 2004). The underlying principle of nanotechnology is that when a
material's size is decreased to the nanoscale scale, its properties change substantially (Raliya and
Tarafdar, 2012). In the long run, nanotechnology will most likely be studied in the context of
nanotechnology, biotechnology, information technology, and cognitive technology convergence,
integration, and synergy. Convergence entails the creation of new goods with improved capabilities, such
as bottom-up assembly of small components and biological, computational, and cognitive capacities. The
already-progressing combination of nanotechnology and biotechnology will result in the creation of
innovative nanoscale materials. In the coming decades, the confluence of nanotechnology and
biotechnology with information technology and cognitive science is predicted to develop significantly.
Increased knowledge of biological systems will aid in the development of effective and adaptable
biomimetic tools, systems, and architecture. These nanomaterials have innovative electrical, catalytic,
magnetic, mechanical, thermal, or imaging characteristics due to their unique qualities (Boisselier and
Astruc, 2009).

Nanomaterials are created in two ways: "bottom-up" processes (such as self-assembly) build nanoscale

materials from atoms and molecules, and "top-down" procedures (such as milling) create nanoscale
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materials from macro-scale counterparts. When compared to their macro-scale equivalents, nanoscale
materials usually exhibit different or enhanced features (Petit et al., 1993). "Intentionally generated
nanomaterials," or simply "nanoparticles,” will be the name given to such constructed or manufactured
nanomaterials. Nanomaterials that are formed accidentally, such as diesel exhaust particles or other
friction or airborne combustion byproducts, are not included in the concept of nanotechnology, nor are
nanosized materials that occur naturally in the environment, such as viruses or volcanic ash (Roco, 2003).
Information derived from inadvertently manufactured or naturally occurring nanosized materials (such

as ultrafine particle matter) may aid in the comprehension of purposely produced nonmaterial.

CORE AND HISTORY OF NANOTECHNOLOGY

The first use of the beliefs found in 'nanotechnology’ (but pre-dating the use of that name) was in "There's
Plenty of Room at the Bottom", a talk given by physicist Richard Feynman at an American Physical
Society meeting at California Institute of Technology on December 29, 1959. Feynman described a process
for developing the ability to manipulate individual atoms and molecules, in which one set of precise tools
is used to build and operate another proportionally smaller set, and so on down to the required scale.
Scaling concerns would occur as a result of the changing magnitude of numerous physical phenomena,
he noted: gravity would become less important, surface tension and van der Waal attraction would
become increasingly essential, and so on. This basic concept seems reasonable, and exponential assembly
adds parallelism to make a useful number of end products. Professor Norio Taniguchi of Tokyo
University of Science defined "nanotechnology” as follows in a 1974 paper: Nanotechnology is primarily
concerned with the separation, consolidation, and deformation of materials by a single atom or molecule.
In the 1980s the basic idea of this definition was found out in much more depth by Dr. K. Eric Drexler,
who promoted the technological significance of nanoscale phenomena and devices through speeches and
the books Engines of Creation: The coming era of Nanotechnology (1986) and Nanosystems: Molecular
Machinery, Manufacturing, and Computation, and so the term acquired its current sense. An engine of

Creation is considered the first book on the topic of nanotechnology (Drexler, 1992).

EVOLUTION OF NANOTECHNOLOGY
The progressive increase of complexity in nanotechnology leads to progression and application in a wide
range of fields, which can be explained by different generations in which a significant change in situation

was observed or expected. Table 1 can help to simplify it.

Table 1: Successive development of complexity in nanotechnology

) ) Foremost infuse area of applications in which
Generation Period Theme
advancement happens

First Up to 2001 Passive Top down approach, nano-structured metal,

nanotechnology polymer, ceramics, catalyst, MEMS

Second 2001-2005 Active Bottom up approach, adaptive nanostructure, solar
nanotechnology cell, transistors, sensor, diagnostic assay, NEMS

Third 2005-2010 Nanosystem Biomemetic nanostructure, novel therapeutics,
technology targeted drug delivery, nanochips, agriculture

Fourth 2010-2015 Molecular Atomic manipulations and design nanoscale
nanosystem architecture
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MATERIALS PERSPECTIVE

As the size of the system shrinks, some physical phenomena become more prominent. These include
statistical and quantum mechanical effects, such as the "quantum size effect," in which the electronic
properties of solids are altered when particle size is reduced dramatically. Going from macro to micro
dimensions does not influence this effect. When the nanoscale size range is reached, often at distances of
100 nanometers or less, in the so-called quantum realm, quantum effects become dominating. When
contrasted to macroscopic systems, a multitude of physical (mechanical, electrical, optical, etc.) features
alter. An increase in the surface area to volume ratio, for example, can change the mechanical, thermal,
and catalytic properties of materials. Nanoionics refers to diffusion and reactions at the nanoscale, as well
as nanostructures, materials, and nanodevices with rapid ion transport. Nanomechanics research is
interested in the mechanical properties of nanosystems. Nanomaterials' catalytic activity creates possible
dangers when they interact with biomaterials. Materials reduced to the nanoscale can show different
properties compared to what they exhibit on a macro scale, enabling unique applications (Ahmad et al.,
2003). For instance, opaque substances are become transparent (copper); stable materials turn
combustible (aluminium); insoluble materials become soluble (gold). A material such as gold, which is
chemically inert at normal scales, can serve as a potent chemical catalyst at nanoscale. Much of the
fascination with nanotechnology stems from these quantum and surface phenomena that matter exhibits

at the nanoscale.

MOLECULAR PERSPECTIVE

Modern synthetic chemistry has advanced to the point where tiny molecules may be prepared for nearly
any structure. Today, these processes are utilized to make a wide range of valuable compounds,
including medicines and commercial polymers. This ability increases the possibility of taking this level of
control to the next level, i.e., finding ways to assemble single molecules into supramolecular assemblies
made up of numerous molecules grouped in a well-defined pattern. Through a bottom-up approach,
these systems leverage molecular self-assembly and or Supramolecular chemistry ideas to spontaneously
arrange themselves into some useful configuration. The concept of molecular recognition is particularly
important: non-covalent intermolecular forces can be used to design molecules so that a specific
configuration or arrangement is favoured (Schmid, 2004). The Watson-Crick base pairing rules, as well as
the specificity of an enzyme targeting a single substrate or the precise folding of a protein, are all direct
results of this. As a result, two or more components can be built to be complementary and mutually
appealing, resulting in a more complicated and useful system. The majority of useful structures
necessitate sophisticated and thermodynamically improbable atom configurations. In biology, however,
there are numerous examples of self-assembly based on molecular recognition, including Watson—Crick
base pairing and enzyme-substrate interactions. The question for nanotechnology is whether these
principles can be employed to create new structures in addition to those found in nature. Other
difficulties arise when nanostructures are used in biological systems. Nanostructures can be so minute
that they are cleared by the body too quickly to be useful for detection or imaging. Larger nanoparticles
could build up in key organs, posing a toxicity risk. Scientists will have to take these considerations into
account as they try to develop nanodevices that the body will tolerate.

TYPE OF NANOMATERIALS

CARBON-BASED NANOMATERIALS

These nanomaterials are largely made of carbon and typically have the shape of hollow spheres,
ellipsoids, or tubes. Fullerenes are spherical and ellipsoidal carbon nanoparticles, while nanotubes are

cylindrical carbon nanomaterials. These particles have a wide range of possible applications, including
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better films and coatings, stronger and lighter materials, and electronic applications (Oberdorster et al.,
2006).

MATERIAL-BASED NANOMATERIALS

Quantum dots, nanogold, nanosilver, and metal oxides such as titanium dioxide, zinc oxide, magnesium
oxide, iron oxide, and others are among these nanomaterials. A quantum dot is a tightly packed
semiconductor crystal made up of hundreds or thousands of atoms and measuring a few nanometers to a
few hundred nanometers in size. The optical characteristics of quantum dots alter as their size changes
(Dreizin, 2009).

DENDRIMERS

These nanomaterials are made up of nanosized polymers that are made up of branching units. A
dendrimer's surface has multiple chain ends that can be customized to conduct certain chemical tasks.
This characteristic could be useful in catalysis as well. Furthermore, because three-dimensional
dendrimers include internal spaces into which other molecules can be inserted, they may be beneficial for

drug administration (Astruc et al., 2010).

NANOCOMPOSITES

Nanoparticles can be combined with other nanoparticles or with larger, bulk-type materials.
Nanoparticles, such as nanosized clays, are already being used to improve mechanical, thermal, barrier,
and flame-retardant qualities in goods ranging from auto parts to packaging materials (Ajayan ef al.,
2003).

NANOBIOTECHNOLOGY

A prospective method for increasing agriculture food grain production and, as a result, value-added
products by strengthening the utilization of nanoscale characteristics. Nanobiotechnology brings up new
avenues for research and applications in areas such as nutraceuticals and pharmaceuticals. It develops

technology for higher-resolution materials and systems for biomolecule purification (Gazit, 2007).

MOLECULAR NANOTECHNOLOGY

Molecular nanotechnology, also known as molecular manufacturing, is defined as constructed
nanosystems (nanoscale machines) that operate at the molecular level. Molecular nanotechnology is most
closely related to the molecular assembler, a machine capable of producing a desired structure or device
atom by atom utilizing mechanosynthesis principles. Manufacturing in the context of productive
nanosystems is distinct from and distinct from the usual methods used to generate nanomaterials such as

carbon nanotubes and nanoparticles (Lapshin, 2011).

NANOTECHNOLOGY APPLIANCES IN ALLIED SCIENCE AND ENGINEERING SECTOR
AGRICULTURE

Agriculture is the lifeblood of most developing countries, with over 60% of the people depending on it for
survival (Brock ef al., 2011). Nanotechnology can improve our understanding of the biology of different
crops, potentially increasing yields or nutritional benefits, as well as establishing improved systems for
monitoring environmental conditions and administering nutrients or pesticides as needed. It may also
provide access to higher-value crops or environmental rehabilitation. As a new enabling technology,

nanotechnology has the potential to change agriculture and food systems. Agricultural and food system
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security, disease treatment delivery methods, new instruments for molecular and cellular biology, new
materials for pathogen detection, and environmental protection are some of the major ties between
nanotechnology and agriculture and food system science and engineering (Welch and Graham, 1999).

Nanotechnology works on the same scale as a virus or disease-infecting particle and hence can identify
and eradicate diseases at an early stage. Nanotechnology presents the promise of "Smart" therapeutic
delivery systems that can be turned on long before macro symptoms manifest. A smart therapy delivery
system, for example, could be a small device implanted in an animal that collects saliva samples
regularly. Long before a fever develops, the integrated sensing, monitoring, and regulating system can
detect sickness, alert the farmer, and activate bioactive systems including medications, insecticides,

nutrition, Probiotics, nutraceuticals, and implantable cell bioreactors.

NANOEFERTILIZER

Fertilizers serve a critical role in agriculture production, accounting for 35 to 40% of total productivity.
Nano fertilizers may be the best option for improving nutrient use efficiency and overcoming the
persistent problem of Eutrophication. Nano fertilizer has been attempted to synthesis to regulate the
delivery of nutrients based on the needs of the crops, and it has also been stated that nano fertilizer is

more efficient than conventional fertilizer (Liu et al., 2006).

NANOFOOD

The application of nanotechnology techniques or equipment during the growth, manufacture, processing,
or packaging of food is defined as nanofood. It does not include food that has been atomically changed or
food created by nanomachines. Although there are ambitious plans to use nanomachines to create
molecular meals, this is unachievable soon. Nanotechnologists, on the other hand, are more enthusiastic
about the ability to alter the current food processing system and secure the safety of food items, thereby
fostering a healthy food culture. They also want to increase the nutritional quality of food by using
specific chemicals and altering how the body digests and absorbs food. Although some of these aims are

still a long way off, nanotechnology is already being used in the food packaging business.

FOOD AND BIOPROCESS ENGINEERING

Nanotechnology can help to solve some engineering and scientific difficulties in the food and bioprocess
industries, such as producing high-quality, safe food efficiently and sustainably. Bacteria detection and
food quality monitoring utilizing biosensors; intelligent, active, and smart food packaging systems; and
nano-encapsulation of bioactive food ingredients are just a few of the new nanotechnology used in the
food sector. Food manufacturing, processing, safety, and packaging can all benefit from nanotechnology.
Antimicrobial agents might be placed directly on the surface of the coated film using a nanocomposite
coating method, which could improve food packaging. As needed for different goods, nanocomposites
could increase or decrease the gas permeability of various fillers. They can also increase mechanical and
heat resistance, as well as reduce oxygen transport. Nanotechnology is being used to identify chemical

and biological contaminants in foods, according to research.

MEDICINE

Nanomaterials' unique features have been used in biological and medical research for a variety of
applications (for example, contrast agents for cell imaging and therapeutics for treating cancer). This
hybrid field is described by terms like biomedical nanotechnology, nanobiotechnology, and

nanomedicine. Interfacing nanomaterials with biological molecules or structures can provide the
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functionality to them. Nanomaterials are the same size as most biological molecules and structures. As a
result, nanomaterials can be used in biomedical research and applications both in vivo and in vitro. Thus,
the integrality of nanomaterials with biology has led to the development of diagnostic devices, contrast
agents, analytical tools, physical therapy applications, and drug delivery vehicles. Nanotechnology-on-a-
chip is one more dimension of lab-on-a-chip technology. Magnetic nanoparticles bound to a suitable
antibody, are used to label specific molecules, structures, or microorganisms. Gold nanoparticles tagged
with short segments of DNA can be used for the detection of genetic sequences in a sample. Multicolour
optical coding for biological assays has been achieved by embedding different-sized quantum dots into
polymeric microbeads. Nanopore technology for the analysis of nucleic acids converts strings of

nucleotides directly into electronic signatures (Langer and Tirrell, 2004).

DISEASE DETECTION AND DIAGNOSIS

Nanomaterials generated by chemical and biological processes are used in a variety of extremely
promising fields of nanoscience. The use of bio-labelled nanoparticles to diagnose and cure cancer is
perhaps the most well-known. This is a burgeoning field of study, with some early successes that appear
to be promising. However, additional research is needed before nanoparticles are widely employed by
doctors to treat cancer. The early detection of cancer is a crucial step in improving cancer treatment.
Currently, cancer detection and diagnosis are based on changes in cells and tissues discovered through
physical touch or imaging skills. Rather, scientists want to be able to detect the earliest molecular
alterations, far before a physical checkup or imaging technologies can help (Ferrari, 2005). Scientists must
be able to detect molecular changes even when they occur in only a small fraction of cells to diagnose
cancer at its earliest stages. This necessitates the use of exceedingly sensitive tools. Nanostructures' ability
to access and inspect single cells suggests that they may be able to meet this need. Many nanotechnology
techniques will allow clinicians to conduct tests without physically modifying the cells or tissue obtained
from patients. This is critical since the samples used by clinicians to screen for cancer are frequently in
short supply. It is also significant since it can catch and preserve active cells. Scientists want to conduct
experiments without changing cells so that they can be reused if more tests are required.
Nanotechnologies that will aid in cancer treatment are now in various phases of development. Quantum
dots, nanopores, and other devices for detection and diagnostics, according to experts, could be accessible
for clinical usage in 5 to 15 years. In a similar period, therapeutic drugs are projected to be ready. In

around 15 or 20 years, devices that combine detection and therapy could be employed in clinical settings.

DRUG DELIVERY

Nanotechnology has exploded in the medical field, with nanoparticles being used to deliver medications
to specific cells. By depositing the active medication solely in the morbid region and at no greater dose
than required, overall drug consumption and adverse effects can be greatly reduced. Costs and human
suffering are reduced as a result of this extremely selective strategy. Dendrimers and nanoporous
materials are good examples. Another example is drug encapsulation using block co-polymers that form
micelles. They could hold small drug molecules transporting them to the desired location. Another vision
is based on small electromechanical systems; NEMS are being investigated for the active release of drugs.
Cancer treatment with iron nanoparticles or gold shells is one example of a potentially crucial use. A
targeted or tailored therapy minimizes drug consumption and treatment costs, resulting in a social
benefit through lowering public health system costs. The majority of mammalian cells have a diameter of
10,000 to 20,000 nanometers. This suggests that nanoscale devices (less than 100 nanometers) can interact

with DNA and proteins inside cells and organelles. Nanotechnology-based tools may be able to identify
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disease in a very small number of cells or tissue (Sahoo and Labhasetwar, 2003). They may be able to
enter and monitor cells within a living organism as well. Nanotechnology is also enabling new
possibilities in implanted delivery devices, which are frequently referred to as injectable medications due
to their first-order kinetics (the blood concentration goes up rapidly, but drops exponentially over time).
This quick rise may produce toxicity issues, and treatment efficacy may decrease as the drug

concentration falls below the desired range.

CHEMISTRY, ENVIRONMENT, AND ENERGY

Nanotechnology is already used in chemical catalysis and filtration processes, to name two examples.
Novel materials with specialized characteristics and chemical properties result from the synthesis, such as
nanoparticles with a distinct chemical environment (ligand) or optical qualities. Chemistry is, in this
sense, fundamental nanoscience. Chemistry will give unique "nanomaterials" in the short term, and
superior processes such as "self-assembly" will enable energy and time-saving tactics in the long run.
Because of its ability to synthesize specific molecules, nanotechnology can be used to explain all chemical
production (Mauter and Elimelech, 2008). Thus, chemistry forms a base for nanotechnology providing
tailor-made molecules, polymers, etcetera, as well as clusters and nanoparticles. As a result, chemistry
serves as a foundation for nanotechnology, allowing for the creation of custom molecules, polymers,

clusters, and nanoparticles.

FILTRATION

Photochemistry is projected to have a big impact on waste-water treatment, air purification, and energy
storage. Filtration procedures that are both mechanical and chemical can be applied. The use of
membranes with appropriate entire sizes and the pressing of the liquid through the membrane is one
class of filtering procedures. Nanoporous membranes, which may be made up of nanotubes, are suited
for mechanical filtering with extremely small pores (nanofiltration). Nanofiltration is mostly used to
remove ions from fluids or to separate them. Ultra filtration, which works on a bigger scale, is a
membrane filtering technology. The membrane filtering process is known as ultra-filtration on a wider
scale, and it works between 10 and 100 nm. Medical applications, like renal dialysis, are a major field of
application for ultra-filtration. Using magnetic separation techniques, magnetic nanoparticles provide an
effective and dependable way for removing heavy metal pollutants from wastewater. When compared to
typical precipitation and filtering procedures, using nanoscale particles boosts the effectiveness of
pollutants absorption while also being relatively inexpensive. Some nanotechnology-based water
treatment products are currently on the market, with more on the way. In a recent study, low-cost
nanostructured separation membranes technologies were demonstrated to be successful in producing
drinkable water (Thembela and Mbhuti, 2007).

CATALYST

Better insulation systems, the use of more efficient lighting or combustion systems, and the use of lighter
and stronger materials in the transportation sector can all help to reduce energy usage. Currently, light
bulbs convert just around 5% of the electrical energy they consume into light. Nanotechnological
techniques such as light-emitting diodes (LEDs) and quantum caged atoms (QCAs) could significantly
reduce lighting energy usage. Solar cells with layers of multiple different semiconductors stacked
together to absorb light at different energies are increasing the efficiency of energy production, although

they still only manage to use 40% of the Sun's energy.
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ENERGY

Nanoparticles, in particular, benefit from their exceptionally high surface-to-volume ratio. Nanoparticles
have a wide range of applications in catalysis, from fuel cells to catalytic converters to photo catalytic
devices. Catalysis is very significant in the chemical industry. Because of their large surface area,
platinum nanoparticles are now being considered for use in the next generation of automotive catalytic
converters. This could reduce the amount of platinum required. However, tests have shown that if
methane is mixed with ambient air, it will spontaneously explode, raising some worries. Their full use for
catalytic applications may be determined by ongoing research at the Centre National de la Recherche
Scientifique (CNRS) in France. Nanofiltration may become a popular application, but future studies must
take care to rule out any potential harm. The efficiency of commercially available solar cells is
significantly lower (15 to 20 percent). By utilizing nanostructures with a continuum of band gaps,
nanotechnology could assist boost the efficiency of light conversion. At the moment, the internal
combustion engine has an efficiency of around 30-40%. Nanotechnology has the potential to increase
combustion by inventing particular catalysts with a large surface area. Scientists at the University of
Toronto created a spray-on nanoparticle solution in 2005 that, when applied to a surface, quickly converts
it into a solar collector (TERI Report, 2009).

INDUSTRIES AND ENGINEERING

TEXTILES

Engineered nanofibers already make garments water- and stain-resistant and wrinkle-free. Textiles
treated with nanotechnology can be washed less frequently and at lower temperatures. Nanotechnology
was used to integrate microscopic carbon particles membrane and provide the wearer with full-surface

protection from electrostatic charges.

COSMETICS

Sunscreens are one of the areas where they can be used. The standard chemical UV protection method
has poor long-term durability. A sunscreen based on mineral nanoparticles, such as titanium dioxide, has
several benefits. Titanium oxide nanoparticles provide equal UV protection properties to the bulk
material, but when particle size is reduced, the cosmetically unattractive whitening disappears. Finally,
"Molecular Manufacturing” may one day enable the production of food and other necessities from
component atoms and molecules. Some research organizations are already investigating this, albeit from
a top-down perspective, utilizing cells rather than molecules. Although the practical use of such
technology is distant in the future, it is believed that it will allow for the development of a more efficient
and sustainable production process in which fewer raw materials are spent and a higher quality product
is obtained (Raj ef al., 2012).

OPTICS

Due to their vast bandwidth and capacity, optical or optoelectronic devices are gradually replacing
traditional analog electrical devices in modern communication technology. Photonic crystals and
quantum dots are two promising examples. Photonic crystals are materials that have a periodic
fluctuation in their refractive index and a lattice constant that is half the wavelength of the light they
utilize. They provide a chosen band gap for the propagation of a specific wavelength, similar to a
semiconductor, but light or photons rather than electrons. Quantum dots are nanoscale objects that can be
used to make lasers, among other things. The advantage of a quantum dot laser over a regular

semiconductor laser is that the wavelength emitted is proportional to the diameter of the dot. Quantum
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dot lasers are less expensive and produce higher-quality beams than traditional laser diodes. Carbon
nanotubes could be used to create screens with minimal energy usage (CNT). Carbon nanotubes are
electrically conductive, and because of their small diameter (a few nanometers), they can be employed as
field emitters with extraordinarily high efficiency in field emission displays (FED). The principle of
operation resembles that of the cathode ray tube, but on a much smaller length scales (Capitanio et al.,
2005).

COMPUTERS

It is a device that performs data operations directly using quantum-mechanical phenomena like
superposition and entanglement. Quantum computers differ from typical transistor-based computers.
Quantum computation is based on the idea that quantum qualities can be used to represent data and
execute operations on it. The quantum Turing machine, often known as the universal quantum computer,
is a theoretical model. Even though quantum computing is still in its early stages, experiments have been
conducted in which quantum computational processes were performed on a relatively tiny number of
quantum bits. Much national government and military funding agencies continue to promote quantum
computing research to create quantum computers for both civilian and national security reasons, such as
cryptanalysis. If large-scale quantum computers can be created, they will be able to tackle certain

problems significantly quicker than traditional computers (Drexler, 1992).

FUTURE TRANSPORTATION APPLICATION

The nano-engineering of steel, concrete, asphalt, and other cementation materials, as well as their
recycled forms, holds significant potential for enhancing the performance, resiliency, and longevity of
roadway and transportation infrastructure components while lowering their costs. New systems may
include unique characteristics, such as the ability to create or transport energy, into classic infrastructure
materials. Nanoscale sensors and gadgets may provide cost-effective continuous structural monitoring of
bridges, tunnels, trains, parking structures, and pavements throughout time. Nanoscale sensors and
devices may also serve to support an improved transportation infrastructure by communicating with
vehicle-based systems to assist drivers in maintaining lane position, avoiding crashes, adjusting travel
routes to avoid congestion, and other similar tasks (Chuah et al., 2014; Firoozi et al., 2014; Wong, 2014;
Yusoff et al., 2014; Agzenai et al., 2015; De Nicola et al., 2015; Firoozi et al., 2015; Golestani et al., 2015;
Singh and Sangita, 2015; Sobolev, 2015).

Nanotechnology is being used in research to stimulate nerve cell proliferation, such as in damaged spinal
cord or brain cells. A nanostructured gel fills the gap between existing cells and supports the growth of
new cells in one approach. The visual nerves of hamsters have been studied in the past. The use of
Nanofibres to restore injured spinal nerves in mice is another way being investigated (Ehrhardt and
Frommer, 2012; Jain, 2012; Nunes et al., 2012; Ahmadi and Ahmadi, 2013; Parpura and Verkhratsky, 2013;
Zhan et al., 2013; Qazi et al., 2015).

FUTURE CHALLENGE AND POSSIBILITY OF NANOTECHNOLOGY

The acceptance of new types of technology by society is one of the most difficult difficulties in the field of
nanotechnology. To ensure long-term investments and commercial acceptability of emerging advanced
technologies, such as nanotechnology, scientists and engineers in this field will need to collaborate with
other citizens. The industry has decreased its spending on research and development in recent years. This
is becoming a significant impediment to the commercialization of nanotechnology. While government

investments in research and technology have not declined in dollar terms, they are not increasing at fast
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enough paces to support American nanotechnology competitiveness. This is a severe issue that is already
affecting the crucial and necessary early phases of research and technology in this industry.

Integration of nanotechnology into cutting-edge products will be one of the most important future
themes in nanotechnology research. To do so, it will become increasingly vital for teams of scientists and
engineers from industry, academia, and government to handle the complex difficulties that
nanotechnology raises. Some important directions in the area of chemically or colloidally prepared
nanostructures include the development of useful nanoparticles from non-toxic materials, the
development of new fabrication strategies that allow for the manufacturing of ultra-pure nanoparticles,
the development of scale-up technologies that allow for the inexpensive production of nanoparticles on a

large scale, and finally the continued exploration of new technological horizons.
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ABSTRACT

Technology is actually a set of technological methodologies for creating, altering, utilizing and knowing
about instruments, scientific machines, specified strategies, frameworks and procedures for getting sorted
out them to deal with a problem, working on a prior solution for a problem, accomplishing an objective
or perform a particular action. Green Nanotechnology, which is additionally known as Clean Technology,
implies applying nanotechnology to upgrade the ecological supportability of cycles delivering adverse
consequences. It incorporates making green nano-items and utilizing nano-items to support
sustainability. The Green Nanotechnology under the broad umbrella of Green Chemistry and
Nanotechnology gives a new hope for future generation as it is environment friendly, energy efficient,
reduces wastes, lessens greenhouse gases emissions, cost effective, socially acceptable and sustainable.
This technology has definitely revolutionized the fields of agriculture, cosmetics, textiles and clothing,

food processing, medicine and health.
KEYWORDS: Green Technology, Nanotechnology, Sustainability, Clean tech, Green Future.

INTRODUCTION

In fact, the twenty first century is the century of the Environment. Government and residents cannot
leave the present social difficulties like contamination of natural resources, waning natural environmental
assets and changing environment as unsettled. We need to monitor our natural assets for future
generations. The possibilities for progress have never been more prominent. In this way, inventive
approaches, researches, education and innovative developments can assume focal part in building a
green future, local area by local area.

The term Technology alludes to the utilization of information for experiential objectives. The logical
information dealing with the creation, application and utilization of specialized technical means to
improve the way of life of individuals by providing comfortability is known as innovation. Innovative
technology has impacted the general public and its environmental factors in various ways that has
assisted with growing further developed economies worldwide.

Nanotechnology is an inventive science that incorporates the plan, portrayal, creation and utilization of
designs, gadgets and frameworks by controlling shape and size at the nanometer scale, which covers the
size range from 1 nanometer to 100 nanometer (nm), where 1 nanometer is 1 billionth of a meter. It is
prevalently the tiny size and a huge surface-to-volume proportion of nanoparticles (NPs) those records

for great contrasts in their physical and chemical properties.
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Clean Technology or Cleantech, is a cycle, product or administration that lessens negative natural effects
through critical energy productivity improvements, the feasible utilization of natural assets or ecological
insurance exercises. Clean Technology incorporates reusing sustainable power, information technology,
green transportation, electric engines, Green Chemistry, grey water and that's just the beginning.

Green Nanotechnology has two objectives: creating nanomaterials and items without damaging the
climate or human wellbeing, and delivering nano-items that give solutions for present environmental
issues. It utilizes existing principles of Green Chemistry and green designing to make nanomaterials and
nano-items without utilizing harmful toxic products but by using less energy and eco-friendly
inexhaustible sources at every possible opportunity. Any unwanted by-products generated by various
technological procedures give rise to different types of pollution leading to depletion of our precious
natural resources and deterioration of the Earth’s environment. Therefore, it is high time to rethink and
implement new technologies in order to improve present conventional technologies. The present chapter
deals with the application and advancement of Green Nanotechnology in various fields such as
agriculture, cosmetics, clothing and textiles, food processing, medicines and health, the opportunities and
the future challenges related to sustainability.

APPLICATIONS OF GREEN NANOTECHNOLOGY

Fig 1: Applications of Green Nanotechnology

AGRICULTURE

Nature is an extraordinary instructor and nanotechnology applications in farming can be effective by
assuming if regular natural cycles are invigorated in more prominent logical refinement or verbalization
for fruitful execution. Endeavours to apply nanotechnology in agriculture started with the developing
acknowledgment that customary cultivating advances would neither have the option to expand
usefulness any further nor re-establish biological systems harmed by existing technologies back to their
pristine state.

At the Nano scale, matter shows exceptional properties that are not shown by the mass materials. For
instance, surface area, cation exchange capacity, ion adsorption, complexation and some more properties
of the soil would multiply in the event when they are brought to Nano scale. In contrast to the particles of

macro size, nanoparticles may have high extent of molecules present on the surface. This would lead to
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fluctuate the valuable properties of nanomaterials in order to utilize these in agriculture. In this world
mainstream of people are underneath destitution level which are being scatted in the rustic region where
agricultural development isn't extremely powerful. Farming is in every case generally significant and
stable area since it delivers and gives unrefined substances to food and feed businesses. In present day
agriculture, sustainable production and proficiency are inconceivable without the utilization of
agrochemicals like pesticides, manures, and so forth. In any case, each agrochemical has a few potential
issues remembering pollution of water or deposits for food items that danger the person and natural
wellbeing. Consequently, the exact administration, precise management and control of inputs could
permit to diminish these threats. The advancement of the high-tech innovative agriculture framework
with utilization of designed smart Nano tools could be phenomenal technique and excellent strategy to
make an insurgency in farming practices to lessen and/or remove the negative impact of current
agriculture practices on the environment just as to improve both the quality and amount of agricultural
field yields.

Present day agriculture is an intensive chemical concentrated interaction beginning from fertilizers,
pesticides to food preservation. Current nanotechnology instruments whenever utilized reasonably in
future, can offer sustainable improvement along with the ideal, accurate, precise and more successful

utilization of synthetic chemicals.

COSMETICS
It has been determined from various overviews that practically every one of the significant cosmetic

makers uses nanotechnology in their different items.

NANO-VARIEGATION IN BEAUTY CARE PRODUCTS/ COSMETICS
* Mineral-based cosmetic constituents with nano-sized aspects
A few cosmetic products like sunscreens, utilize mineral-based materials and their presentation relies

upon their molecule size.

¢ Nano capsules

Profoundly Nano capsules are sub microscopic particles that are made of a polymeric capsule
surrounding an aqueous or oily core. It has been accounted for that the utilization of Nano capsules
diminishes the penetration of UV- radiation.

e Nano crystals

These are clusters containing a few hundred to a huge number of particles (size somewhere in the range
of 10 and 400 nm) that consolidate into a "bunch". They show physical and chemical properties
somewhere close to that of mass solids and molecules. They permit protected and effective entry through
skin.

* Nano silver and Nano gold

Cosmetic producers are tackling the improved antibacterial properties of nano-silver in a range of uses. A
few manufacturers are as of now creating under- arm deodorants with claims that the silver in the
product will give as long as 24-hour antibacterial protection. Nano-sized gold is professed to be
exceptionally viable in cleaning and disinfecting the bacteria/microbes in the mouth and has additionally

been added to toothpaste.
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TEXTILES AND CLOTHING

Expanding public interest for strong, durable and attractive clothes made in a sustainable way has set out
a freedom for nanomaterials to be incorporated into textile substrate. Nanomaterials can incite stain
repellence, wrinkle freeness, static disposal and electrical conductivity to strands without undermining
their comfort and flexibility.

The properties and execution of textile fibres are very important for texture assembling of clothes and
use. While it is notable that textiles made of cotton fibres give beneficial properties like high absorbency
and delicate quality for wear and comfort however extended utility of cotton fabrics in specific traditional
and particularly non-old style applications is restricted to some degree because of comparatively low
strength of fibre, not exactly acceptable sturdiness and easy creasing. On the other hand, textiles made
with synthetic strands are mostly strong, wrinkle free, dirt resistant and antimicrobial. However, they
surely do not have the comfort properties of cotton strands. Nanotechnology incites temptation to foster

fibres with the benefits of both cotton and synthetic strands.

FOOD PROCESSING

In practical food sources where, bioactive component regularly gets degraded and ultimately prompted
inactivation due to the antagonistic climate, Nano encapsulation of these bioactive components expands
the time span of usability of food items by dialing back the degradation processes or forestalls
debasement until the item is conveyed at the target site.

Microbial tainting has been prompting pathogenic contaminations and helpless sustenance related with
food varieties. Novel nano-antimicrobials have shown promising consequences for protecting food
deterioration. Nano-based "brilliant" and "dynamic" food packaging give various benefits over usual
ordinary packaging strategies from furnishing better packaging material with better mechanical strength,
hindrance properties, antimicrobial films to nano-detecting for microbe identification and making buyers
aware of the safety status of food. The innovative technology of Nano encapsulation in food protection
additionally force a few adverse consequences related with it.

The eatable nano-coatings on different food materials could give an obstruction to dampness and gas
exchange, convey colours, flavours, enzymes, antioxidants and anti- browning agents and could likewise
expand the time span of usability of fabricated food sources, even after the packaging is opened. The term
nano-embodiment depicts the utilization of encapsulation on the nanometer scale with films, layers,
covers or basically micro dispersion. The assurance of the protection of bioactive components or nutrients
- vitamins, antioxidants, proteins and carbohydrates might be accomplished utilizing this technique.
Nanotechnology determined food packaging materials are the biggest class of current nanotechnology
applications for the food processing sector which incorporate consolidating nanomaterials to improve
packaging properties (flexibility, gas obstruction properties, temperature/dampness stability) and fusing
nanoparticles with antimicrobial or oxygen scavenging properties. "Technologically Intelligent' food
packaging with nano-sensors can screen and report the state of the food items. Nanostructures in the food
sector may not make an immediate impact on human wellbeing. But these may cause a few unavoidable
aftereffects. Nano scale eatable coatings have arisen as an appealing choice to preserve food quality,
extend storage life span and forestall microbial decay, permitting direct exposure of humans to
nanomaterials. Nanoparticles or other nanomaterials can enter the human body by inward breath,
ingestion or by dermal infiltration. The toxic effects of nanoparticles rely not just upon their properties
and path of entry in the body, concentration and span of exposure to nanoparticles, yet additionally on

individual susceptibility and condition of organisms.
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MEDICINES AND HEALTH

The turn of events and advancement in the area of nanotechnology and its applications to the field of
medical prescriptions and pharmaceuticals has acquired upheaval the 20% century. Indeed, even today
numerous sicknesses or infections like diabetes, malignant growth, Parkinson’s disease, Alzheimer’s
disease, cardiovascular ailments and various sclerosis as well as different kinds of genuine provocative or
communicable infections establish countless serious and complex ailments which are representing a
significant issue for the humankind worldwide. Materials drawing closer Nano scale aspects show
surprising properties with various special and hitherto unexploited applications.

Green nanotechnology joins the principles of green science and green designing to manufacture harmless
and eco-accommodating Nano clusters to battle the issues influencing the human health or environment.
Therefore, combination of green nanotechnology with drug delivery area has really initiated another
domain of "green Nano medicine". The prospering interest for green nanotechnology-driven drug
delivery frameworks has prompted the improvement of various kinds of medication conveyance gadgets
such as inorganic (metallic) nanoparticles, quantum dots, organic polymeric nanoparticles, mesoporous
silica nanoparticles, dendrimers, nanostructured lipid transporters, solid lipid nanoparticles and so forth.
Metallic nanoparticles (NPs) are generally taken advantage of in the field of biomedical science and
designing attributable for their different potential benefits, for example, the huge surface area that
permits the foreign molecules (medication, tests, or protein) to tie, ingest, or entangle inside the outer
layer of the particles. Metallic NPs like Gold (Au), Silver (Ag), Platinum (Pt), Palladium (Pd), Copper
(Cu), Selenium (Se), Iron (Fe) and their oxides have drawn huge consideration as potential medication
conveyance frameworks inferable from their arising applications in the field of clinical diagnostics and
treatment.

Quantum Dots (QDs) have shown to be a key device in the area of biological imaging, detecting, and
discovery which further urged researchers to foster substances for translational restorative medicinal and
clinical examination. Due to having great biocompatibility and fantastic optical properties in quantum
dots an expansive scope of QDs, for example, carbon dots (C-QDs), silicon QDs (Si-QDs), graphene QDs
(G-QDs), nitrogen-doped QDs (N-QDs), Ag2Se, Ag2S, ZnS etc. have been developed. Various
medications have been successfully fused inside QDs to convey them at the particular target site.
However, the synthesis of QDs by conventional techniques requires the utilization of heavy metal
precursor and organic solvents that represent a potential threat to the environment. Hence, the best way
to make the procedures "greener" is to adjust harmless engineered approaches that incorporate the
utilization of non-toxic, environment amicable and inexhaustible natural substances as detecting solvents
like oleic acid, castor oil and olive oil.

Using nano medication early detection and prevention, speedy more sensitive and more adaptable
biochemical tests, improved diagnosis, legitimate treatment, follow-up of illnesses and repair of harmed
tissue is possible. The mediation of gold particles with little fragments of DNA, can be utilized for

identification of genetic sequence in a sample.

CONCLUSION
In this way Green Nanotechnology —

1. Needs less energy utilization during the nano fabricating/ manufacturing.

2. Isreplacing the existing materials with the non- toxic, eco-friendly and harmless materials.
3. has the ability to recycle/ reuse the materials after application.
4

Provides solutions for the present environmental problems.
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Albeit Green Nanotechnology presents many benefits over conventional strategies, there is still a lot of
discussion about the worries brought about by nanotechnology. Since the nanoparticles are little to the
point of being ingested into skin as well as breathed in, so it becomes obligatory to have extra explorative
research rotating around the effect of nanotechnology on organisms be vigorously contemplated.
However, present sustainability issues have prompted investigations of basic, ecologically safe blend
course. Among different natural biological entities, green approach to synthesize nanoparticles has arisen
as promising substitute to overcome the restrictions of traditional synthesis approaches.

In this manner Green Nanotechnology under the wide umbrella of Green Chemistry and
Nanotechnology gives another expectation for future generations as it is ecological cordial, environment
friendly, energy proficient, diminishes squanders, reduces ozone harming substances outflows, socially

acceptable and sustainable.
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ABSTRACT

Although the discovery of many medical technologies and advancements in treating cancer and other
diseases, still cancer cases are increasing unceasingly, and leading to the deaths of millions across the
globe. There is a need to focus more on specific drug target development, for effective treatment.
Nanotechnology has the potential to change the perceptions and outlooks of cancer treatment and it
emerged as a new multi-disciplinary branch to address global issues. Doctors have started using
nanotechnology for treating cancer for more than a decade, nanotechnology derived drugs (known as
Nanomedicine) have shown effectiveness in treating cancer in a safer and precise manner, by delivering
the specially designed nanoparticles with medicines to the tumor site, this has been stopped the drugs
from damaging the healthy tissues around the tumor, and minimized the side effects. In this book
chapter, our main focus is to illustrate the medical applications and progress of nanotechnology in

treating cancer and other diseases.

KEYWORDS: Nanomedicine, Cancer treatment, medical applications

INTRODUCTION

NANOTECHNOLOGY AND NANOMEDICINE

Renewed Physicist Richard Feynman in 1959 for the first time projected and shared his thoughts and
ideas on nanotechnology and nanoscience in a talk entitled “There’s a huge opportunity for studying
nanotechnology at Californian institute during American Physical Society meeting. For the first time-
Professor Norio Taniguchi, coined the term Nanotechnology and its discovery leads to the development
of a Scanning tunnelling microscope, with that we could differentiate the individual atoms that are where
the nontechnology has begun. In simplest words, we can define technology at the nanoscale level.
Nanotechnology is an attractive word for the scientific community, they were fascinated with the field of
nanoscience, as a broad term, scientists from biology, physics, chemistry and engineering started
exploring more for the application of practical potential. The word itself is defining the meaning of
nanotechnology, the technology which operates at the nanoscale level, which has applications in the
reality, by using single atoms and molecules to produce functional structures (Kaehler,
1994).nanotechnology utilizes chemical, biological, physical and engineering sciences for the creation and
formation of structures whose size is relatively very small and the length varies from nanometers to

microns. In biology and medicine terms, nanotechnology can be defined as the technology which covers

27


mailto:gajulaprabhakar@gmail.com

BHUMI PUBLISHING, INDIA

the devices, systems and materials whose function and structure are related to small in size and length

from nanometers to microns (10 m-10-¢ m) (Whitesides, 2003).

NANOTECHNOLOGY IN DEVELOPING POTENT CANCER DRUGS

At present mainly cancer treatment strategies include, either mainly chemotherapy follows, radiation and
in most severe cases surgery and latest immunotherapy, among all these, four methods are expensive and
cause damage to normal tissues and are not sure for complete eradication of cancer. But technology with
nanoscale particles research (nanomedicine) offered many ways to treat cancer with direct
chemotherapies or selectively chosen therapies for neoplasm’s and cancer cells, helps in surgical removal
of tumors and provided hope for the treatment efficacy towards better cancer treatment strategies like
radiation-based and other treatment modalities, with all these added advantages of nanotechnology,
which enhanced the better treatment strategies and decreased risk level of patients and prolonged the
survival rate of cancer patients (Duan et al., 2016; He et al., 2016; Alshehri et al., 2021). Investigate
advances of nanotechnology happening cancer therapy reached beyond the drug delivery techniques into
the creation for innovative therapeutically benefit methods through the applicable usage of those
developed and advanced nanotechnology techniques such as nanoparticles. These nanoparticles are
relatively small when compared with cells, but big enough to capture many small molecule compounds,
which can be several types.

Nanoparticles can act as fully functional when together with ligands, including peptides, proteins, DNA
or RNA strands, antibodies, aptamers and other small molecules. Either shows a direct impact on the
therapeutical level in vitro or in vivo. With these advantages, nanotechnology enabled the paths for
combinational drug deliveries, multi-modality treatments and combinational diagnostics and therapeutic
strategies known as the agnostic method. The advancement of technology for developing innovative
nanoparticle packages and active pharmaceutical ingredients enabled a wide exploration of the range of
active ingredients. These innovative strategies comprise designing nanoparticles as antigen-presenting
cells (artificial epitopes) and in vivo immune stimulant factors for exploiting sustained anti-tumor

activity.

CONCEPT OF CANCER NANOMEDICINE

As per the statistical analysis from ICMR (Indian Council of Medical Research) and WHO (World Health
organization), Cancer is the second-largest reported disease in India & the globe after heart disease even
after the COVID-19 pandemic, the victims of cancer affected people were 2.25 million, and the chances of
getting cancer before the age of 60-70 years is estimated as 9.81% in men and 9.42% in women. Critically
only 12-14% of patients receive treatment in the early stages of cancer & many of the other patients have
cancers that could have been prevented, screened for, or treated earlier (Acharya et al., 2009). At present
most cancer treatment includes surgery to remove the tumors, chemotherapy, radiation therapyé&
immunotherapies, although the latter is expensive & not yet widely available worldwide. Nevertheless,
the best thing is that one-third of common cancers are preventable if they are diagnosed early. potential
applications of nanoparticles were known for their healing application for cancer treatment, due to their
enhancement of the rate and route of drug delivery system, reduce toxicity of drug, and provide and help
drugs for flushing out from body, since the Doxil® discovery of first nanomedicine and other
Nanomedicine’s discovery have been approved by FDA due to their efficiency over other available drugs.
Their mechanism includes effectiveness towards tumor microenvironment (TME), but still further

requires further validation studies for further investigations (Ahmad et al., 2021).
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Fast development and usage of nanotechnology towards the development of nanomedicine products
helped in providing proper therapeutic approaches against cancer (Wicki et al., 2015). With the help of
nanomedicine, now clinicians and researchers got an opportunity to achieve stringent targeting methods
and multifunctional strategies for cancer treatment. Nanomedicine products had shown an impact on
pharmacokinetic and pharmacodynamic profiles compared to traditional treatment strategies and
optimised the efficacy of anti-cancer compounds, and several of the developed nanomedicine products
which are currently in clinical and pre-clinical trials for their final approvals, and few got approved for
emergency usage. Several first-generation nanomedicine products (table-1) have been approved and
entered the market, they improved the therapeutic efficacy by drug tolerability enhancing (Shi et al.,
2011). Van der Meel et al. (2019) proposed four strategic directions for improved nanomedicine usage. (a)
patient grouping based has become one of the common methods for drug development, instead, it should
focus on dividing patients according to their need for cancer nanomedicine, so that they can easily be
suitable for clinical trials (b) should replace conventional cancer drug prescription with investments in
flexible prodrug and specific-site targeting drug (nanocarrier). (c) Combinational therapies will show
good progress in clinical cancer care. (d) Immunotherapy with nanomedicine can modify myeloid and
lymphoid cells behaviour, aids in developing anti-cancer immunity and advanced immunotherapy
efficacy. Rather than alone, combination with nanomedicine, these four potential strategies will fasten

and foster the enhancing successful cancer nanomedicine therapies.

LATEST STUDIES

We will discuss the proper utilization and few reported latest studies on nanomedicine in particular case
studies in cancer patients. A recent review by (Mignani et al., 2021), summarized that dendrimers have
developed as efficient, original, hyper branched, assembled polymeric nanoparticles synthesised based
on synthetic monomers, and they were considered as best-in-class agents’ when either used as
nanocarrier of drugs or as drugs by themselves for enhancing and modifying the profiles of
pharmacokinetics and pharma dynamics of the drugs. In another study by (Sims et al., 2017), overviewed
many kinds of nanomaterials that were utilised or anticipated for the use of wide and extensive range of
biomedical usages, including therapeutic delivery systems, diagnostics assays, and tissue engineering.
Doxil and Abraxane are the two successfully developed nanoparticles using cancer Nanomedicines for
drug delivery. Doxil is derived from doxorubicin (a liposomal formulation) and Abraxane is a derivative

of paclitaxel (albumin-bound nanoparticle) ( Gradishar, 2006; Yingchoncharoen et al., 2016).

APPLICATIONS OF NANOTECHNOLOGY IN DEVELOPING DRUGS AND VACCINES FOR
OTHER DISEASES (INCLUDING COVID-19)

Cancer patients and cardiac patients were suspected to expose to other diseases, as they were immuno
compromised ones. Due to pandemics and other reasons, it would be problematic for that cancer patients
or immunosuppressed persons to stay healthy and safe from pneumonia and from other lung-viral
infections, which made them susceptible to covid-19. Virus-related ailments have contributed to an
increase of 19% in the death rate in such immuno suppressed patients including those with cardiac and
cancer (Wu and McGoogan, 2020). With the advances of nanotechnology, the nanoparticle-mediated
delivery system can easily deliver antigens and adjuvant in a mono particulate carrier (Kang et al., 2018;
Shin et al., 2020). Nanoparticles can help in the formulation of vaccine components which encapsulated to
attach as antigen-presenting cells. These formulations will reduce the adverse effects and enhance the
vaccine candidate’s efficacy. mRNA-1273 is one of the well-known recently developed SAR-Cov2
nanotechnology-based vaccine candidates by Mordena company (Chauhan et al., 2020), NVX-Cov2373,
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full recombinant Severe acute respiratory syndrome coronavirus-2 (SARS-CoV2) glycoprotein derived

nanoparticle vaccine by Novavax company, adjuvanted with support of MATRIX-M® (Weiss et al., 2020)

CONCLUDING REMARKS &FUTURE PERSPECTIVE

Conventional therapies are confined to surgery for removing tumors, radiation techniques, chemotherapy
methods for treatment and expensive immunotherapy with several disadvantages and side effects. Latest
cancer treatments focused mainly on precise drug delivery to reach the cancer tissues to minimize the
adverse effects on healthy tissues surrounded by cancer cells. Nanomedicine has the potential to bring
changes in cancer treatment methods for proper diagnosis and improved treatment and translate cancer
research into progressing nano-based cancer therapies and diagnostics to the clinicians, for precise
treatment methods. Nanoparticle mediated drug delivery and other combinational oncology are rapidly
progressing, with several major lines of area emerged as developing nanoparticle packages, API (active
pharmaceutical ingredients) for facilitating a broader range of active ingredients, established delivery
systems for immunogenic cargos and surface coatings for adjuvant for nanoparticle-mediated therapy,
combinational and single therapies, includes radiotherapy and chemotherapy. Further encouragement to
develop assays and kits for nano-based tests for early detection of cancer will be helpful to hasten the
clinicians, patients and researchers to enable them to use these developed assays as conveniently for

preventive measures.
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ABSTRACT

Graphene is a very enormous and utmost material for composite with metals, non-metals and
semiconductors in recent years, due to its has an eccentric atom-thick with two-dimensional (2D)
structure, outstanding physical properties like high conductivity and charge mobility, huge specific
surface area, exceptional mechanical, thermal and electrical properties. Thus, it has been regarded as a
foremost component for functional materials, peculiarly for developing a variety of catalysts and it has
been considered widely as an elevated precursor and a starting material for the synthesis of this
processable material. This work describes the synthesis of Graphene oxide (GO) by Modified Hummer’s
method and characterization of GO by UV-visible diffuse reflectance spectroscopy (UV-DRS), Ultra violet
visible spectroscopy (UV-Vis), X-ray diffraction (XRD), Energy dispersive spectroscopy (EDX) analysis
and Field emission scanning electron microscopy (FESEM). The results obtained from sophisticated
spectroscopic techniques for mentioned above are also explained in detailed and evaluation of catalytic
application to habitant restorative, such as water exoneration of degradation of methylene blue under

visible light irradiation.

KEYWORDS: Graphene, Graphene Oxide, Hummer’s method, Methylene blue, Photo -catalytic

degradation

INTRODUCTION

Nanoscience is a collaborative field, as it combines the knowledge from different disciplines: physics,
chemistry, and biology. Nanoscience is the art and science of exploit matter at the atomic or molecular
scale and holds the promise of providing remarkable refinement in technologies for preserve the
environment. The nanoparticles and nano sized materials have gained eminence in technological
expansion due to their tuneable physicochemical characteristics such as wettability, melting point,
catalytic activity, electrical, thermal conductivity, light absorption and scattering resulting in enhanced
accomplishment over their bulk counterparts. The technology has magnificent prospects for enslavement
across the medical, biotechnology, telecommunications, engineering, pharmaceutical, manufacturing, and
information technology markets. Nanometer (nm) is an International System of unit that represents
10 meter in length. In principle, nanomaterials are narrated as materials with length of 1-1000 nm in at
least one dimension; however, they are commonly elucidated to be of diameter in the range of 1 to 100

nm.
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GRAPHENE

Graphene oxide (GO) represents an materialize field of versatile science that duration a variety of
disciplines such as chemistry, physics, device fabrication, materials science and nanotechnology [1-3] The
current graphene boom started in 2004 when Geim, Novoselov et al. published the deposition and
characterization of single sheets of graphite on solid supports. Their unconventional experiments on
graphene were honoured with the Nobel Prize in Physics in 2010 [4-7]. Exceptional electronic,
mechanical and optical properties were discovered in quick succession as a significance of the experience
gained from other carbon allotropism [8-9]. In particular, the electrical, the high charge carrier mobilities
and thermal conductivity, combined with transparency and mechanical strength make graphene highly
charismatic for future high-tech applications [30].

The current status of graphene oxide with respect to prototype applications has been wide-
ranging reviewed.[10] Many graphene-based devices exceed reference systems, for example in high-
frequency transistors, foldable and resilient electronic or photo detectors,[11] capacitors,[12] transparent
electrodes,[13] sensors,[14] H: generation,[15] pollution management,[16] energy applications,[17] and
composite materials for biomedical applications [30].

Graphene is a two-dimensional (2D) carbon allotrope which can be viewed as both a solid and a
macromolecule with molecular weights of more than 10¢ —-10’gmol-. In natural graphite, the graphene
layers stick cooperatively through hugely conspicuous n-n stacking interactions [30]. This noncovalent
interlayer imperative contributes significantly to the high thermodynamic firmness of graphite. As a
ramification, the wet chemistry of graphene is always bothered with conquer these synergy action. For
example, an earmark exfoliation of graphite or the stabilization of solvent-dispersed graphene sheets
always competes with conglomeration. It should be pointed out that a solid sample of graphene can only
be stabilized on a support, such as a surface. A non-supported graphene powder can’t be expected to
exist since at least a partial restacking to graphite will take place! Another prospect of stabilizing
individualized graphene is to “masking tape” the surface through chemical functionalization [18, 30] In

inclusion; graphene is contemplate as the parent of all graphitic forms including fullerene (0D), carbon

nanotubes (1D), and graphite (3D) as shown in Fig. 1. [31].

" 5 o = > = -
e tefefoie

Fullerene Graphite

Fig. 1: A sheet of graphene rolled and stack together to form different allotropes of carbon [31].

PROPERTIES OF GRAPHENE
ELECTRONIC PROPERTIES: The electronic resources of graphene have received the bulk attentiveness.
Sling graphene shows tremendously elevated low-temperature, charge carrier mobility with a value

impending 200 000 cm? V- s7[19], making it a marvelous conductor of electricity. This magnificent
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conductivity is due to the astonishing property of graphene that its charge carriers act like mass less
reliance particles or Dirac fermions, and electrons can travel distances in the order of micrometers
without scattering under terrain conditions [21]. This idiosyncratic behaviour has led to supplemental
phenomena in graphene. UV-DRS spectra divulge the graphene oxide has a zero-band gap 2D
semiconductor due to it is like as a semi-metal, graphene exhibits a strong ambipolar electric field effect
and the concentration of charge carriers can be as high as 10 cm™, with room temperature mobilities of
up to 15000cm?V-1s? having been measured [22]. Moreover, a peculiar half-integer Quantum Hall Effect
(QHE) in graphene has been commemorating at room temperature [23, 29].

THERMAL PROPERTIES: The thermal conductivity of sling single-layer graphene at room temperature
has been calculated in the range (4.84 + 0.44) x 10 to (5.30 + 0.48) x 103 Wm"'K-1[24]. The worthier thermal
conduction property of graphene is favourable for making graphene as an outstanding material for
thermal management [29]. The thermal conductivity of large-area, monolayer graphene grown by
chemical vapour deposition (CVD) on an Au-coated SiNx porous membrane can reach about 2500 W m-!
K- at 350 K [25,29].

MECHANICAL PROPERTIES: According to Changgu Lee, graphene is the brawny material ever tested,
with a Tensile strength of 130.01 GPa and a Young’s Modulus (defines stiffness) of 1 TPa [22]. Apart from
this, graphene is incredible light weighing about only 0.766 mg/m?. [23, 31].

OPTICAL PROPERTIES: Graphene exhibit a hugely misty atomic monolayer in a vacuum, as it has a
capability to absorb roughly 2.30 % of the white light. Adding another layer of graphene increases the
amount of white light absorbed by approximately the same value (2.30 %) [24]. Once optical intensity
reaches a certain threshold impregnate absorption takes place. Due to graphene’s properties of
wavelength-insensitive ultrafast macerate absorption, full band mode secure has been achieved [33].
THINNESS AND LIGHTNESS: Since graphene has only one carbon atom thick layer is found to be very
light material. It has calculated ~2,630 m? g' theoretical specific surface area and evidently, it could
embed a football field with a sheet of graphene weighing less than a gram [34].

IMPERMEABILITY: The graphene nanosheets of closely linked carbon atoms can work like expectional-
fine atomic nets conclude other materials from getting through. Therefore, graphene is useful for
trapping and detecting gasses and might also have auspicious applications holding gasses (such as
hydrogen) that leak remarkably easily from standard containers [36].

The aforementioned unique structure and properties of graphene have recommended the significant
potential of graphene in electronics, optoelectronics, electrochemical and biomedical applications [37-38].
Although, pure graphene nanosheets are slight to practical applications in spite of their exceptional
properties [39]. For example, pure graphene has weak absorption for light, and thus pure graphene
nanosheets are not suitable for collecting solar light efficiently. Therefore the challenges of practical
applications of graphene induce a controlled functionality to pure graphene sheets. Instead of the pure
graphene, functionalized graphene or graphene nanocomposites are attracting increasing interest for real
applications [40-41]. The recent point on graphene as a general platform for nanocomposites has inspired
numerous potential applications in energy and environmental facet by introducing controlled functional
materials to graphene [42-43].

Graphite is one of the extended-known forms of pure carbon and familiar from everyday life. In
ideal graphite these planes are hoard in an ABAB manner. Macroscopic single crystals of graphite do not
occur in nature. It is fabricate from hexagonal planes of carbon atoms. So called Kish graphite which is
frequently referred to as a single crystal-consists of numerous tiny crystallites (up to 100x100 um?2) which
are align randomly. Highly aligned pyrolytic graphite (HAPG) is feigned grown graphite with a close to

perfect alignment perpendicular to the carbon planes. Along the in-plane directions, nevertheless, the
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crystallites are again tiny and randomly aligned. Graphite can be of natural inception or synthetically

generated [44]. The 3D stacking of the idiomatic sp? layers can further lead to a hexagonal (AB) or

rhombohedra (ABC) stacking or the structure can be turbostratic with no regularities within the layer

sequence [45]. Samples of natural graphite incorporate assorted portions of these structures, which

influence the reactivity [44]. The ideal structure of graphite is shown in Fig.1. But flakes of natural

graphite usually bear macroscopic cracks and holes that can materially affect the chemical reactivity.

Table 1: The summary on possession of graphene compared to other carbon families[46]

Carbon allotropes Graphite | Diamond Fullerene Carbon Graphene
(Ce0) nanotubes

Hybridized form sp? sp® Mainly sp? Mainly sp? sp?

Crystal structure Cubic Tabular Truncated Cylindrical Honeycomb
Icosahedron

Dimension Three Three Zero One Two

Experimental specific | ~10-20 20-160 80-90 ~1300 ~1500

surface area (m2g 1)

Density (g cm™) 3.09-2.23 3.5-3.53 1.72 >1 >1

Optical properties Uniaxial Isotropic Non-linear Structure 97.7% of optical
optical dependent transmittance
response properties

Thermal conductivity | 1500-2000 | 900-2320 0.4 3500 4840-5300

(Wm1K+1)

Hardness High Ultrahigh High High Highest (single

layer
Tenacity Flexible non-elastic | - Elastic Flexible elastic Flexible elastic
Electronic properties Electrical | Insulator, Insulator Metallic and | Semimetal,
conductor | semiconduct semiconducting | zero-gap
or semiconductor
Electrical conductivity | Anisotropi | - 10-10 Structure- 2000
(Scm?) c2-3x 104 dependent

GRAPHENE-BASED NANOCOMPOSITES

The composites of two or more materials with different properties have produced an end material with

unique and enhanced properties. The nanocomposite materials based on nanoscale size effectively used

to functionalize materials for various technological applications. The nanocomposites have combined

properties of the component materials and their synergy effect observes by enhances the solubility,
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dispersion stability, strength and lessening weight than the parent materials. In recent years,
nanocomposites have emerged as a crucial issue in the field of nanotechnology due to their eccentric
physicochemical properties and significant potential applications in the areas of electronics, photonics,
catalysis, biotechnology, and environmental applications [47-49].

It has been known that, prior to the discovery of graphene, carbon nanotubes (CNTs) and polymer matrix
are enthusiastic for the fabrication of numerous composites due to their magnificent electrical
conductivity, high mechanical strength and large surface area [50]. Although, the broke solubility,
difficult manipulation and high production cost of these composite matrixes fetter their potential
applications. In contrast, graphene can easily modify to form a stable aqueous dispersion and be
produced in a large-scale with low cost via the chemical conversion from graphite [51]. Moreover,
graphene due to its better mechanical, electrical and electrochemical properties makes preferable for
making nanocomposites materials [33]. Hence, to enhance the graphene applicability and intriguing
property, by developing composites or functionalized with small molecules, nanoscale, and polymers.

In general, graphene nanocomposites based on the nature of the other materials could be
classified into three, i.e. graphene-polymer, graphene-inorganic NPs and graphene-biomolecule
nanocomposites. By integrating the functionality of molecules, inorganic NPs and polymers with
graphene, graphene nanocomposites could create enhanced multifunctionality, which is not present in

the pure state of graphene or the complement materials.

GRAPHENE-INORGANIC NANOCOMPOSITES:

Inorganic nanoparticles such as metal, metal oxide or semiconductor are another most widely used
functionalization for graphene nanocomposites. Depending on the intrinsic characteristics of the
materials, inorganic NPs provide different functionalities, which cannot be found in pristine graphene.
Graphene-inorganic nanocomposites can have unique optical and electronic properties which combine
the advantages of graphene and the inorganic NPs and promote the potential of graphene in many
electronic and optoelectronic applications [52]. Semiconductor NPs, such as bismuth molybdate
(BixMoyOz), zinc oxide (ZnO) and cadmium sulfide (CdS), have excellent optical properties and can
improve the low-absorption value of pristine graphene. For example, Chang et al. reported ZnO
Nanowires/nanorods because of their UV-active and wide-band gap could enhance the UV responses of
graphene when they form graphene-ZnO [53]. Similarly, Bera et al. [54] reported CdS quantum dots-
graphene nanocomposite for improved photo catalysis. Zhang et al [46]. Were investigated an enhanced
photo catalytic and photoelectrical performances of titanium dioxide (TiO2) NPs by forming
nanocomposites with graphene. Hareesh et al. have reported gold (Au NDPs) decorated graphene
nanocomposites for surface-enhanced Raman scattering (SERS) and reduction of 4-nitrophenol to 4-
aminophenol [47]. Magnetite (FesOs) NPs—graphene nanocomposites demonstrates an effective
improvement of electromagnetic shielding efficiency and adsorption of organic and inorganic water
pollutants [48-49].Among various graphene oxide-based photo catalysts, bismuth molybdate (Bi2MoOe) is
stable, innoxious and with a smaller band gap (2.5-2.8eV), has been contemplate as a promising candidate
in organic dye degradation and water splitting [51-53]. In particular, mesoporous Biz2MoQs, due to its
large surface-to-volume ratio and comfortable porous structure, exhibits exceptional optical absorption

ability and surface catalytic activity [54-57].
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EXPERIMENTAL

MATERIALS

Nitric acid [HNOs 78% ], Ammonium molybdate [(NH4)sMo7 Oz .4H20] and Ammonium hydroxide
[NH4OH], Ferric chloride [FeCls.6H20], Ferrous sulphate [FeSO4.7H20] Graphite Flakes (Sigma Aldrich),
Sodium nitrate [NaNOz], Potassium permanganate [KNOs], Hydrogen peroxide 30% [H20:], Sulphuric
acid 98% [H2S04], Hydrochloric acid 35% [HCI], Ortho phosphoric acid [HsPOs], Bismuth Nitrate
[Bi(NOs)s .5H20], and Methylene blue [CisHisCINsS]. All chemicals received from Merck India except
Graphite flake received from Sigma Aldrich USA and used without further purifier.

SYNTHESIS OF GRAPHENE OXIDE BY MODIFIED HUMMER’S METHOD

Graphite flakes (2 g) and NaNO:s (2 g) were mixed in 80 mL of H2SO4 (98%) and 10 ml of HsPOs in a 1000
ml round bottom flask kept under at ice bath (0-5°C) with continuous stirring. The mixture was stirred
for 4 hrs at 0-5°C temperature and potassium permanganate (12 g) was added to the suspension
tremendously slowly. The rate of addition was meticulous controlled to keep the reaction temperature
lower than 15°C. The mixture is diluted with very slow addition of 200 ml double distilled water, the ice
bath was then removed and kept under stirring for 2 hrs at room temperature. The above mixture is kept
in a reflux system at 90°C for 1h. After 1h, change the temperature to 30°C which gives brown colored
solution. Again after 10 min, change it to 25°C, and maintain the temperature for 2 hrs. The solution is
finally treated with 41 ml H202 by which color changes to bright yellow, 200-230 ml of water is taken in
two separate beakers and equal amount of solution prepared is added and stirred for 1 hr. It is then kept
without stirring for 2-4 hrs, where the particles settles at the bottom and remaining water is poured to
filter. The resulting mixture is washed repeatedly by centrifugation with 5% HCI and then with distilled
water assorted times until it forms gel like substance (pH- neutral). After centrifugation the gel like

substance is vacuum dried [58].

Sonicated for 30

S0 mL of HyS0, (98 %)
-

10mL of HaPOy,

vacuum dried for next
application

The resulting mixture is washed
repeatedly by centrifugation with
35 %o IICI and then with distilled

Temp = 15°C

Ice was
removed. reflex
at room temp
for 3 h

Above mixture is kept
in a reflux system at
90°Cfor1h

Fig. 2: The schematic synthesis diagram of graphene oxide by Hummers method
PHOTOCATALYTIC TEST

Organic pollutant such as methylene blue was chosen for photo catalytically activities evaluate of the as
synthesized GO powder and Graphite flake (Sigma Aldrich USA). A 400 W HgX lamp was used as the
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light source to provide the simulated solar light. The experiments performed at an ambient temperature.
The photo catalysts (GO or Graphite flake) 0.05 g were added into 50 mL of organic pollutant 5 ppm
solution, and suspension was magnetically stirred for 30 min in the dark to reach an adsorption-
desorption equilibrium with the photo catalysts. At a every 30 min time intervals, a 3 mL solution
collected and then analyzed on UV-Vis spectrophotometer during the photo degradation process and
same experiment perform as blank (without GO or Graphite flake). The concentration of methylene blue

was determined by monitoring the variations in the main absorption cantered at 664nm.

<=

e L_amp

g Air Inlet

Quartz holder -
e s - Pyrex glass

S’ ;.' A Photocatalyst
i . A2 ee] slarry + Dye
Magne! —ag— IO e LT — Air Diffuser

Magnetic Stirrer
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Fig. 3: Schematic diagram of the photocatalytic reactor system

CHARACTERIZATION

The size and morphology of the product were obtained with a Scanning electron microscope (FESEM-
CARL Zeiis Germany, Model Ultra 55 FESEM, Gemini column, Inm Resolution, detector is INLENSE),
Energy dispersive spectroscopy (Oxford company, model 20 nm X Ma) UV-Vis & UV-Vis diffuse
reflectance spectra of the sample were obtained in the range 300 — 800 nm using a UV-vis
spectrophotometer (UV2550, Shimadzu, Japan) barium sulphate (BaSOs) was used as a reflectance
standard. The crystalline structure of the Graphene Oxide (GO) was investigated by powder X-ray
diffraction (XRD, PanAlytical, X-Pert pro, and Netherland) radiation.

RESULTS AND DISCUSSION

Figure 4. shows the UV-Visible spectra of Graphene Oxide (GO), the broad shoulder peak at 291nm is n —
7 transition due to C-O bonding and the peak at 215nm is n—n" transition due to C=C bonding is an
aromatic ring, whereas the absorption over 291 nm is expected to be basis by the conjugated fused ring
plane; this indicates a sp?-mt conjugated lattice.

The XRD pattern acquire for as correlate Graphene oxide (GO) nanoparticles by Hummer’s method is
shown in Figure 6.6b. The diffraction peak of pure graphite is found around 20= 269, corresponding to the
highly organized layer structure with an interlayer distance of 0.34 nm along the (002) aligned is shown
as illustration in Figure 6a. The XRD pattern for synthesized GO by Modified Hummer’s method is
shown in Figure 6.6b. It shows the diffraction peak at 20=10°, which is mainly due to the oxidation of
graphite. The disappearance of the peak at 26° and appearance of the peak at 10°, shows that the product
is absolutely oxidized after the chemical oxidation and exfoliation, indicating an increase in d-spacing

from 0.34 nm to 0.82 nm.
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Fig. 4: UV-Visible spectra of Graphene Oxide

Fig. 5: Possible structure of Graphene Oxide
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Fig. 6: XRD pattern of (a) Graphite flake, (b) Graphene Oxide

It shows single flakes of Graphene Oxide (GO) may be observed. Graphene Oxide flakes have
proportionately substantial surface and well defined and connected three-dimensional Graphene Oxide
sheets, forming a porous network that similitude a loose sponge like structure with 49.38 nm range in
size. Fig.8.shows the EDX spectra of Graphene Oxide, which divulge to sterility of C, H, O elemental
analysis and some defiled of the elemental with K, S due KMnO4 and H2SOs are predecessor for the
oxidation of Graphene Oxide (GO)
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Fig. 7: Shows the FESEM images of Graphene Oxide
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Fig. 8: EDX spectra of Graphene Oxide

Figure.9 Shows Ultra Violet Diffuse-Reflectance Spectroscopy (UV-DRS) is an essential method for
charactering the optical state, electronic state and calculates the band gap of semiconductor materials. The
DRS spectra of as synthesized of Graphene Oxide (GO) and the band gap calculated and the band gap is
zero, due to its revealed Graphene Oxide (GO) as a non-semiconductor, it’s like metal so Graphene Oxide
(GO) as a semi metal.

Band gap energy (Eg) =h*c/ A - (1)

Wherel, Eg, h, ¢, is band gap energy, plank constant, speed of light, cut of wavelength respectively.

— 5

W avdengok(nm)

Fig. 9: UV-DRS spectrum of Graphene Oxide
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PHOTOCATALYTIC EFFECT

Normally, photo catalytic degradation of dyes by a photo catalyst is captiously rely upon on particle size,
translucent, band gap energy, morphology, charge recombination and efficient charge separation.
Graphene Oxide (GO) as a good efficiency for charge separation. Figure 10. Shows the photo catalytic
activity under visible light irradiation over degradation of Methylene blue was select as indicative
facsimile containment. The initiation of adsorption — desorption equipoise was attain under continued
stirring 30 min before the degradation reaction was accomplish, estimate degradation under visible light
irradiation measured to UV- Visible spectrometer to the cut off filter 664nm. Figure 10a shows the
degradation of MB with Graphene oxide (GO) and Figure 10b shows the drawn the graph between % of
degradation and time with increase time degradation also increased, the increases of dye degradation
below 30 minutes is rapidly after 30 minutes the degradation of dye also slow due to Graphene Oxide
(GO) has large surface area so the degradation of starting 30 minutes is rapidly. So the effect of dye
degradation not only depend on photo light (visible or ultra violet) also depend on surface area also due
to this reason Graphene Oxide best material for composite to semiconductors and metals. Figure 10c
shows the 7.6 % degradation of MB in absence of catalyst within 120 min. Figure 10d shows a plot
between time vs. % of degradation of MB under GO, GF and in absence of catalyst. Among them
Graphene oxide (GO) responds more toward the degradation of MB under visible light irradiation.

% of degradation = (Ao— Ar) / Ao * 100 Eq ------- (2)

Where Ao and Atare respectively initial absorbance.
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Fig. 10: (a) Degradation of methylene blue under visible light irradiation (b) % of dye degradation as a
function of time’t’ (c) % of MB dye degradation without catalyst and (d) % of MB dye degradation

CONCLUSION

The synthesis of Graphene Oxide (GO) prepared by modified hummer’s method and confirmed by XRD
for the graphite flake disappearance of the peak at 26° and appearance of the peak at 10, shows that the
product is completely oxidized after the chemical oxidation to formation of Graphene Oxide (GO) and
presence of C-O ( n-mt transition) , C=C ( m-mt transition) bonds analysis by UV-Visible spectroscopy and
FE-SEM image revealed sponge porous with huge surface area and photo catalytic activity revealed the
degradation of methylene blue dye with Graphene Oxide as a catalyst i.e. catalytic activity depend on the
surface area and photo light.
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ABSTRACT

In chemo-sensors, studying and estimating the covid-SARs issues using bio sensor with biomarker based
analysis in a non-invasive manner is research trend Decrement of oxygen vacancies and potential barrier
lowering, depletion layer variations beneath the gate due to applied gate voltages, and deformation effects of
gate surface due to varied load leads to a path to estimate performance characteristics of the sensor device.
In the present work a bio sensor is designed using semiconductor metal oxide gate field effect transistor
(MOSFET). Based on the semiconductor device physics, device modelling studies, the adverse effects
caused by adding dopantare estimated. Metal oxide (MOX) sensor surface of the gate is coated with bio
molecules of nano particles (NP) as sensing layer at the nano level gives best gas sensing nature. Exhale
breathes analysis which is in huge demand in the field of medical health technology. The semiconductor
device modelling is performed to study the loading and mechanical bending effects of the device. Effects
of surface loads on the MOSFET gate produces deformation of gate and variation of device performance

reaction towards sensitivity is estimated by using COMSOL Multiphysics 5.5.

KEYWORDS: Chemo sensors, MOSFET modelling, solid state device physics, bio-species, impact

ionization effect.

INTRODUCTION

Covid-SARs related studies with bio marker analysis in non-invasive manner are great demand. The
biosensor is the most promising and maintains as the best alternative device to CMOS-based sensors due
to its high sensitivity, predominance on the effect due to dielectric-modulation, and functioning at even
very small channel lengths. Studying the mechanical optical, electrical, microbial characteristics of the sensor
using device simulations and device physics leads to the development of best biosensors. In chemo-sensors
humidity causes adverse effects in the mechanical and electrical properties of the composite at the nano
level. This main problem can be reduced slightly or nullified due to the thermal processes such as sinter
and annealing. Previous studies researchers followed many device modelling tools to design bio sensors
few are Synopsis TCAD, VISUALTCAD. W.Guan ! previously indicated that extended gate metal oxide
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semiconductor field effect transistor sensors might be used to determine uric acid in blood and urine. N.
Kannan et.al 1 developed conventional I-MOS and compared the performance with respect to DIMOS
device. G.Wenga 12! designed the CMOS compatible label free biosensor with s tep-gate polysilicon nano
wire field effect transistor. In this current work to mitigate the adverse effects of sub threshold swings,
and impact ionization effects on the conventional Planar bulk MOSFETs, a separate structure with
reduce gate lengths, high K-dielectric materials can be replaced. A nano gap is created in the Dielectric
modulated Impact ionisation transistor (DMII) biosensor, which uses a mix of gold and chromium
materials as gate materials 8. Inmersed bio molecules/ species added as load on the surface of the gate of
DMII MOSFET. From the findings, semiconductor device sensor performance is estimated by using
COMSOL 5.5 Multiphysics. Effects of dielectric material and doping concentration variations on the
surface studies are observed for the dielectric modulated impact ionization (DM II) MOS sensor. The
dielectric-modulated FET (DMII-FET) based biosensors are highly sensitive to both dielectric modulations
and change in biomolecule charges, with both the effects altering the device characteristics in reverse

directions are resulting in lower sensitivity!®l.
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Fig. 1. Conventional p-channel -MOSFET

A conventional Impact Ionized (II MOS) device is a gated p-i-n diode, with the Vg controlling the channel
inversion charges and causing the drain-source voltage to appear throughout the intrinsic area beyond
the gate region 112l The electrical field in the intrinsic area generates impact ionisation, which causes the

impact ionised transistor to flip on abruptly when a critical value is achieved [5 10,
=
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Fig. 2: (a) Design of DMII p-channel -MOSFET Bio sensor
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Fig. 2: (b) COMSOL Simulated p-channels -MOSFET

PHYSICAL DEVICE STRUCTURE OF DMII MOSFET BIO SENSOR

Figures 2(a) and 2(b) illustrate the architectures of conventional p-channel -MOS 11131 and COMSOL
simulated DMII MOSFET structures, respectively, with gate voltage (Vg) of 4V and drain voltage (V4) of
0.01V. The acceptor and donor doping profiles in the source and drain areas are modelled as a Gaussian

distributions, with acceptor doping (Na) of 1X10” atoms/cm? and donor doping (Np) of 1x10% cm?.
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Fig.3: DMII MOSFET as Bio sensor with bio species as loading elements

The physical dimensions and few parameters fixed to perform the device simulation are: film thickness
silicon substrate (Tsi) is100nm, gate oxide thickness(Tox) is 5 nm, buried oxide thickness (Tboxide) of 300nm,
silicon film doping quantity of 2x10' cm?, channel length(L) is maintained at 200nm, and a nanogap
thickness(Tcar) is 15 nm, chromium (Cr) work function of 4.5eV and the chromium gate length(Lcr) of 25
nm, work function of gold(Au) is 5.1eV and gold gate length (Lc) of 125 nm is Constructed. For the
conventional I-MOS, the gate length (Lc) of 125 nm and work function of the gate (Pm) of 4.6eV is
maintained. The length of the intrinsic area (LInt) outside of gate region is 75 nm for both devices. The
nano gap in the gate construction has been proven .. After etching the edges of the chromium gate
structure to create the nano gap, dielectric constant (K) of air is 1 that fills the nano gap 4. Immobilization
of biomolecules (K>1) improves bio sensing in a Dielectric-Modulated Impact-lonization (DMII MOSFET)
transistor. When the effective dielectric constant rises, the gate capacitance rises and, as a result, the
threshold voltage falls. Thus, the detection of a sub-threshold voltage change in (VTH) results in the

loading impact of bio molecules on the gate element's surface. 1[5
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MODELLING

The modelling of the DMII MOSFET biosensor is meant to study the device's sensitivity to detect the
immobilisation influence of the bio molecules' nano gap. Because bio molecules have a different dielectric
constant than air/free space, the immobilisation incident is imitated in the simulation by modifying the
dielectric constant of the nano gap. A value of K = 2 and 12 are used to indicate a category of bio
molecules with the low and a high dielectric constants. To model the impact ionization Selberherr’s
Model with Band-to-Band tunnelling effects are considered. In the COMSOL Multiphysics stationary and
semiconductor physics is taken in to consideration with relative permittivity of 11.7 approximately (12),
carrier lifetime is 10uS and energy band gap of 1.12e V. Taking the thin insulator gate with analytical
doping model, and trap assisted recombination effect, Shockley-Read Hall modelling is preferred. Doping
concentrations for source and drain are given with aurora mobility models of uniform doping, and
electron affinity is of 4.05V is taken in to consideration. Input gate voltages are given in the range of 0V-

5V with free triangular shaped meshing at the edges given to simulate the nodal analysis.

RESULTS AND DISCUSSION

Because of the vertical nano gap below the gate, dielectric modulation, and the presence of bio species,
FET-based biosensors can detect the presence of charge-free bio molecules 135781,

According to the findings, the DMII MOSFET's sensitivity for bio molecule detection is strongly
dependent on the nano gap length, with a significant loss in sensitivity for short impact ionisation

channel lengths. Previous studies have found a sub-threshold slope of 2-10 mV/dec 89131,
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Fig. 4: COMSOL Simulated p-channel -MOSFET

According to the COMSOL Multiphysics simulations, the DMII MOSFET generates very sensitive bio-
sensing nature with prospective uses in the biomedical area for detecting diverse bio-molecules/ species
instead of standard poly silicon.

The DMII MOS biosensor's Ip vs. Ve properties, as the simulated device is a p-Channel MOSFET with A
negative sweep is applied to the gate with Vs =5V and Vd = 0V. The DMII MOS operates at 1.06V in the
absence of bio molecular immobilisation (K=1), whereas the standard I-MOS runs at 1.36V. The greater
dielectric thickness in the nanogap area of DMII MOS (with K = 1) accounts for the higher turn on voltage
of the DMII MOS compared to the traditional MOS.
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Fig. 5: COMSOL Simulated p-channel MOSFET with Bio molecules as load

As a result, the gate control of the channel is reduced and the turn on voltage is enhanced. The inclusion
of high dielectric constant bio molecules (K =12) lowers the Vr of DMII MOS to 2.29V (an 86 percent Vr
shift), resulting in a very sensitive biosensor even at shorter channel lengths.

Another measure to consider for device sensitivity is the On-state current ION, which rises 14-15 times
when bio molecules are present vs an empty nano gap. Examining the transverse electric field profile
along the channel of the DMII MOS, as shown in Fig. 4, may help to explain the significant shift in Vr
generated by nano gap vaccination. The DMII MOS is activated by impact ionisation caused by a strong
horizontal electric field in the intrinsic region 9. The empty nano gap generates a low inversion in the
channel area underneath the nano gap, allowing VSD to emerge across a greater length of the silicon film.
As a result, impact ionisation takes place at a much higher gate voltage.
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Fig. 6: COMSOL Simulated p-channel -DMII-MOSFET with reduced (V)

CONCLUSION

Enough inversion happens in the channel area underneath the nano gaps as a result of bio molecular
vaccination and subsequent dielectric-modulation of the nanogap. As a result, VSD can now be seen over
a shorter length of silicon film. This will cause the DMII MOS's electric field profile to resemble that of a
conventional MOS, resulting in a decrease in V(m), as illustrated in figure.6. The effects of surface loads
on the MOSFET gate produces deformation of gate and variation of device performance reaction towards

sensitivity is estimated through the loading and mechanical bending effects of the device.
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ABSTRACT

Nanotechnology deals with manipulating materials at nano scale (10°m). Nanotechnology came into
existence in the year 1959 and gained the popularity in 1980s. Nanotechnology has opened new areas of
application in medicine, food and dietary industry, water treatment, basic sciences like chemistry and
botany, environment, genetics, civil engineering, education, defence, rural and agricultural science,
architecture bioengineering, etc. Nanotechnology enjoys the central position amongst the latest
technological advancement. The number of publications on different applications of nanotechnology is
increasing day by day. For example increasing fertilizer efficiency, soil quality, nano-biosensors, nano-
electronics, nano-weapons of mass destruction, nano-architecture. This review article gives broad outline
of present and prospective applications of the nanotechnology with respect to basic science (molecular
chemistry, atomic physics, genetics, microbiology, botany, education, environmental science, defence
etc.), information sciences (molecular coding, molecular modelling, simulation) and engineering sciences
(mechanical, chemical, electrical, biomedical, civil, architecture, biotechnology). This article will give and
insight into the varied applications of nanotechnology and will open new frontiers for the liking to

subject.
KEYWORDS: Nanotechnology, Basic Sciences, Engineering Technology, Biotechnology

INTRODUCTION

The literal meaning of the word nano in Latin is ‘Dwarf’. The term nanotechnology was first
conceptualized by Noble Laureate Richard P. Fennan, a physicist from South California way back in 1952.
Eric Drexler popularized the term ‘nanotechnology’. Nanotechnology deals with the study of the particles
which are of the scale of billionth part of a meter. Since the invent of nanotechnology, it has found wide
applications in various areas like nanoscale material, molecular and cellular biology, biotechnology,
nanomachines, controlled delivery system, pollution detection. This review is about the development of
nanotechnologies related to different walks of life. First, a brief discussion is made about the applications
of nanotechnology in basic science and engineering. Then a detailed study of the Applications of
nanotechnology to the particular area is presented. The literature review has shown a few application of
nanotechnology to medicine(%), food industry and dietary science), water treatment(11), chemistry2-14,
environment(516), biotechnology@719, civil engineering@%) education®2), defence®), rural and

agricultural science®*34, architecture®>39), bioengineering®-%), electronics and telecommunication“-4).
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Fig. 1: various applications of nanotechnology in science and technology

APPLICATION IN MEDICINE

Cancer treatment @: In their review, authors have discussed several recent techniques on the progress of
effective and specific cellular/molecular techniques related to the diagnosis and treatment of
gastrointestinal cancer. The review discussed the mechanism of Janus nanoparticle at first place followed
by presentation of recent discovery and challenges in the field of cancer treatment. The authors conclude
that Janus nanoparticles open the probability of improved methods of earlier diagnosis of cancer. Added
to this nanoparticle characteristics allow for the specific treatment of neoplasm’s and cancer cells, thus
lowering the potential side effects.

Orthopaedics @: This article proposes the nanotechnological applications of orthopaedics as in drug
delivery. It includes nanotherapeutics for the treatment of arthritis and bone cancer. Nanotechnologies
are widely used in orthopaedics and suppose to play a valuable role in forthcoming developments. The
work recognizes the carbon nanotubes of nanofibers as coating for implant and joint replacement.
Nanoparticles can become free through depletion of embedded materials by oxidation combined with
hydrolysis that accelerate exposure and may lead to toxicity as well.

Erectile dysfunction ®: The authors and co-worker provide the scientific evidence for the nanotechnology
based delivery method for treatment of erectile dysfunction(ED). They studied four method of ED
treatment in form of topical drug, injectable gels, hydro gels and encapsulation of drugs. They conclude
that the study provided the evidence for role of nanotechnology for ED therapies and these therapies
might be advantageous over the existing one for treating male ED.

Combating MDR bacteria ®: In their review, researchers discussed and summarized the recent advances
of probable nanomaterials to elude the Multi Drug Resistance (MDR) bacteria, such as Pseudomonas
aeruginosa, Acinetobacter baumanii, Mycobacterium tuberculosis, methicillin-resistant Staphylococcus
aureus, vancomycin resistant enterococci, Klebsiella pneumonia and others. They also summarized the
combined strategies like radiation and nanoparticle drug effectiveness against MDR bacteria. The authors
conclude that nanoparticle demonstrated activity against MDR and showed potential for synergistic
combination of radiation with nanoparticles.

Breast cancer therapy ®: The workers reviewed nanotechnology related tools for drug delivery and
existing scheme for addressing the chronological bio-barriers. The article refers to the conventional
method like hormone therapy, immunotherapy, systemic chemotherapy, side effect. They discussed the
application of nanoparticles in anti-cancer therapy, obstacle of anti-cancer therapy. They conclude that
there are number of nanoparticles which differ pertaining to several properties like size, charge, profile,
surface, therapeutic effect and drug payload. The authors felt need to identify physio-chemical properties

which would lead to injectable nanvectors to overcome barriers in nanotherapy.
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Nervous system therapy®: In this article, authors discussed the role of nanotechnology in neurology with
respect to neuro diagnosis, nanowires for brain activity monitoring, neuro protection, advancement in
nervous system drug delivery system, nanofibers brain inserts, nano scaffold for neural tissue repair, and
nanoparticles as an assistance to neurosurgery. Authors draw the conclusion that nanotechnology will

improve the drug delivery for CNS disorder.

APPLICATION IN FOOD INDUSTRY AND DIETARY SCIENCE

Food industry @: Researches reviewed the application as well as usefulness of nanotechnology with
realms of food industry. These include nanosensors, bioactive nanoencapsulation, packages, and edible
thin film. The conclusion from the review is that nanotechnology increases the security and quality of
food with considerable reduction in time for pathogen detection. The micro fluid and inorganic
nanoparticle lead to manufacturing of efficient sensor for pathogen and pesticide detection.
Functionalised food with nanoparticles enhances food quality and safety. Authors raised concern over
toxicity, accumulation and biotransformation of nanomaterials in plants.

Dietary science ®): In their work, authors felt the need for research in the field of absorption and excretion
of nanoparticles. They found out interim and long-term effects of nanoparticles. Their work discusses the
nutrient delivery, microstructure of food, toxicity, nanopathology and targeted nutrient delivery
system.In their conclusion they found out the probable zones of application of nanotechnology for
improving bioavailability of nutritional factors: (a) improvement and modification of composition of food
(b) new development in targeted drug delivery system (c) biomarker identification and characterization
(d) biomolecules site identification.

Food science ®: Author and Co-worker reviewed potential applications of nanoparticles in the food
industry so as to deliver consumers food that is innocuous and free from contaminants. This also ensure
the consumer food acceptability with enhanced functional properties. Aspects of nanotechnology
application concerning increased food nutrition and organoleptic characteristics of foods have also been
addressed concisely in conjunction fewer understandings on issues like safety and regulations concerns
on nanoprocessed food products. They found promising results in food preservation via nanomaterial as
they prove to be useful to protect the food from odours, off-flavours, gases, lipids and moisture.
Nanomaterials offer exceptional delivery systems to transport bioactive combinations to the targeted

tissues. They advise obligatory testing of nano-foods before their release to the market place.

WATER TREATMENT

Water purification: Writer of this article reported nanosorbents as separation media in water
purification in order to various aspects of nanoparticles such as zero valent Iron as nanosorbents, carbon
nanotubes nanoceramics as nanofilters and removal of nanoparticles after water treatment are discussed.
They conclude that processes such as RO, NF are becoming the standard membrane water purification
techniques as these are flexible, modular, measurable and comparatively easier with regard to operation
and maintenance. Authors raise concern over the fate and toxicity of the nanomaterials as double edged
sword.

Water security 1D: A new perspective regarding the water treatment is reported by researchers wherein
new approaches and opportunities for nanotechnological applications to increase the efficiency as well as
affordability of water treatment procedures are discussed. Barriers related to potential development and

implementation barriers and need to overcome them are discussed.
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APPLICATIONS IN CHEMISTRY

Photo catalysis for water purification: An interesting study by authors with respect to photocataysis is
reported where various nanomaterials such as carbon, ceramic, metal, polymer and semiconductor are
discussed as photo catalyst keeping in mind the various aspect of nanomaterials such as size,
morphology, physical and chemical properties. Materials like carbon nanotubes (CNT), SWCNTs i.e.
single-walled carbon nanotubes and MWCNTs viz. multi-walled carbon nanotubes, C-60 fullerenes are
reported as photo catalysts. Application of photo catalysts for water splitting, hydrogen production and
the factors affecting the efficiency of the photo catalyst were discussed. Conclusion was drawn that
different factors affecting the catalytic activity are electron hole pair separation as well as recombination
rate. Other factors include temperature, catalytic structure, pH and intensity of incident light. Ultimately
they concluded that photo catalytic technique is emerging as efficient and green technique with regard to
energy sector and in pollution.

Computational chemistry for carbon nanotubes and fullerenes 19: Computational approach was applied
to carbon nanotubes and fullerenes by researchers and covered computational techniques for nanoscale
simulation for instance classical molecular dynamics, general tight-binding molecular dynamics, ab initio
simulation methods, quantum conductance in nanoscale systems as applied to carbon and boron nitride
nanotubes. Other areas related discusser are molecular electronics, nanotube-based sensors and actuators
endofullerenes as qubits for solid-state quantum computer design. The authors drew conclusion that
certain areas such as nano manipulation and atomic and molecular level entity controls with ability of
self-assembly can lead to larger functional materials structure.

Carbon nanotubes production and application¥: Authors in their work, reported structure of the carbon
nanotubes emphasizing the structures of SWCNT and MWCNT and their synthetic method viz. electric
arc discharge, chemical vapour deposition method and laser ablation. The applications of CNTs like drug
and gene delivery, cancer cell identification, artificial implants, issue engineering, biomedical application,
are dealt with in detail. They conclude that because of their appealing chemical and physical features,
nanomaterials explain possibility and promise in regenerative medicine. Carbon nanotubes
(purified/modified) have the potential to be used in a wide range of medical applications. Furthermore,

the foreign material encapsulation in carbon nanotubes can open up the possibility of biomedical uses.

PROSPECTS IN ENVIRONMENTAL SCIENCE

Nanotechnology in prevention of pollution (%: Researchers in this article give insight by asserting
nanotechnology's role in pollution prevention. Nanoparticles have the ability to absorb a significant
amount of pollutants due the large surface area and high superficial energy hence they have vast
application in preventing air pollution, water pollution, cleaning of oil spill with environmentally
friendly materials, textile products and antimicrobial coating, and green manufacturing. In the realm of
environmental technology, nanotechnology, also known as nanoparticles, will have a favourable impact
on those who are involved. The main issue with this technology is that it lacks the ability to deliver
information.

Nanotechnology as in global warming (9: Nanotechnology and its products (or nanomaterials) are mostly
used in renewable energy applications (e.g., solar and hydrogen fuel cells), which produce practically
zero emissions. One strategy to slow down and ultimately stop global warming will be to increase the use
and efficacy of renewable energy whereas consecutively reducing the consumption of current fuels. The
production of nanomaterials and devices, on the other hand, may have a negative impact on global
warming. Furthermore, the economics of using nanotechnologies to address global warming must be

continuously monitored, necessitating a thorough cost-benefit study. Without a doubt, strong
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commitments to cut greenhouse gas emissions by large corporations and governments are also critical for

our future.

APPLICATIONS IN BIOTECHNOLOGY

mRNA vaccines for COVID-1907: The unique Nano carrier (LNPs) i.e. lipid nanoparticles is behind the
extraordinary success of two mRNA centred vaccines, which achieved 95% effectiveness in phase III
clinical trials. LNPs differ from bi-layered liposomes with respect to enhanced cargo stability, possess
hard shape, and aid in improved cellular penetration. This emergency use authorization (EUA)
represents a watershed moment for nanotechnology, demonstrating its enormous potential for vaccine
delivery and pandemic preparedness. The relevance of the nanoscale delivery systems to preserve
contents from degradation, enable targeted bio distribution, and cellular delivery are highlighted by these
nanocarrier-based vaccinations.

Modelling and verification for DNA nanotechnology (®: The workers modeled a DNA walker that
navigates a series of junctions on its own, and established design principles that improve the likelihood of
correct computational output. They devised a revolutionary continuous-time Markov chain parameter
synthesis method that guarantees a predetermined level of performance for the synthesized models.
DNA origami is a popular way to make nanoscale shapes out of DNA. From the scratch, model can create
a new discrete stochastic assembly model of DNA origami. The folding mechanism of a novel
polymorphic DNA origami tile, regulating the eventual shape, can be shown using the model, which
qualitatively reproduces experimentally observed behaviour.

Bio applications of DNA-nanotechnology on the solid-liquid interface : The evolution of DNA
nanotechnology is briefly discussed in this review. The significance of structural DNA-nanotechnology in
modifying the features of flat interfaces along with changes of nanoparticle boundaries is highlighted,
and their successful bio-applications are thoroughly reviewed. Furthermore, improvements in DNA-nano
devices at interfaces for enhanced in-vitro and in-vivo bio-sensing are discussed. DNA nanotechnology is
being proposed as a strategy for engineering cell membranes in order to disclose protein levels and cell
function. Finally, the obstacles and prospects for this new field are discussed. To start, further kinetics
research is needed so as to improve DNA nanostructure interfacial systems and broaden the range of bio
applications. Second, especially in complex contexts like biological samples, the stability of DNA binding
at interfaces is a key obstacle that must be dealt with. Third, for all types of interfacial dynamic DNA
machines, reversibility is a must. Because of the diverse possibilities related to interfaces and the fast
expanding DNA-nanotechnology toolbox, authors are hopeful that bio applications that use DNA
nanotechnology for the solid-liquid interface in addition to understanding of reaction kinetics will grow

in the future.

ROLE OF NANOSCIENCE IN CIVIL ENGINEERING

Glass technology @: Researchers discuss important features of these linkages, starting at the nanoscale,
with the goal of emphasizing their role in both existing and future glass research and engineering. They
propose that many of glass's valuable properties are due to the nanoscale, although they don't notice it at
first. Researchers discussed various aspects of glass technology like chemical bonding, localized
electronic state, photosensitivity, polychromaticism, photochromism, and photo nucleation, glass
transition, phase separation, nucleation and crystal growth, glass ceramic processing, polymorphism.
They also shed light on recent advances in glass technology like bio-glass, chemically tempered glass. As

demonstrated by the material reviewed, authors conclude that the knowledge of glass science and
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engineering has played a vital role in the research, production, and use of glass during the existing and
previous centuries.

The main objective of the study done by A. R. Abdine @) was to understand how different varieties of
glass used in the building cover can help minimise energy use in office structures. To test its efficiency,
the chosen type was coupled with various windows to wall ratios (WWRs) and alignments. A simulation
tool viz. Design Builder 3.1 was used for this, and afterwards comparison was performed so as to
examine the performance of various types of glass along with different orientations having glass widths.
The findings suggest that when using glass which has been treated with nanotechnology (Low-E) with
Solar Heat Gain Coefficient (SHGC) = 0.23, Light Transmission (LT) = 0.42, and U Value (UV) = 1.55
lowers energy intake by more than 20% as compared to normal 6mm glass.

Nanotechnology in civil engineering: The study done by authors ® examined the use of equipment to
reach nanoscale material characteristics. It has been discovered that a better knowledge and engineering
of complex structures formed of steel, cement or composite materials at the nanoscale would
undoubtedly result in a modern construction materials that are stronger, more durable, and have other
features. The study dealt with nanocement, nanocomposite, metal and mineral nanomaterials, and
nanocoatings for concrete, nanosteel, bacterial capacity, nanoglass, and nano particle for fire protection,
clay/polymer nanocomposite with respect to environment, cost and methods. The authors concluded that
nanotechnology is a fast growing field of research in which novel properties of nanoscale materials can be
used for the benefit of construction infrastructure, and to bring down the cost of construction
infrastructure in the future.

Another study @ attempted to establish and investigate nanomaterials and their applications in different
sectors of the real estate industry. Nanomaterial technologies are helpful for building infrastructure and
effectively safeguarding the environmental sustainability. The area of study was concrete, asphalt
concrete, asphalt concrete timber, brick mortar, steel, glass, and paint. Nanotechnology can aid with
facades, skeletons, interior design, building systems and other things. Nanotechnology has enabled the
manufacturing and accessibility of building material that are multi-functional with high efficacy and
supplementary value, while also enhancing the quality, design, and longevity of building materials and
ensuring energy efficiency.

An expansive overview of the nanotechnology's applicability in civil engineering was reported by the
authors @4. The authors explored the area of steel, concrete, pavement and water treatment. The
conclusions are drawn from the information presented in the paper:

* Nanomaterials appear to play an essential role in civil engineering, which could lead to advancements
in solving general engineering challenges.

® Various developments could potentially improve the time and life-cycle cost of civil engineering
projects.

¢ Nanotechnology is area of research where nanoscale produced novel materials can be used for the
betterment of civil engineering and development of novel construction materials.

Nanotechnology in built environment @9: The article reports that India is one of the top five countries
existing in the world for technical publications in nanoscience and technology. This study investigates
advanced nanomaterials with their impact on the building sector and the built environment in India and
worldwide. The article is about the use of nanomaterials and development of global and India technology
with comparative study of the applicability for hotel and office rooms. Authors draw conclusion that
Silica fume (70% particle having size diameters within the 100nm range) are not marketed as
nanomaterials by the manufacturers for concrete as s mentioned in Indian codes such as IS: 456-2000 and

IS: 1026-2019. But it is in use since 30 years and is widely available in most major global concrete supplier
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products. As a result, marketing and selling nano-products is still a struggle. Currently, India lacks a
regulation structure for nanotechnology. The epidemic has provided India with an opportunity to join the

microelectronics and nanotechnology bandwagon, helping to make 'Make in India' a success.

NANOTECHNOLOGY AND EDUCATION

Nano education @9: In this study the current state of advances and developments in nanotechnology and
Nano education is covered concisely with regard to applications. With a few simple examples,
instructional strategies for nanotechnology are also offered. The article addresses general framework of
nanotechnology, current status of nanoeducation, nanoeducation curriculums, and teaching strategies of
nanoeducation. The authors conclude nanotechnology teaching should be included in all undergraduate
engineering programs. In order to educate students in nanotechnology, government, industry, and
academic bodies should work together to create partnership.

Nanotechnology in undergraduate engineering curriculum®): The goal of the study is to provide
students having a wide understanding of basic sciences like atomic physics, molecular chemistry,
microbiology, genetics, etc.,, engineering sciences which include mechanical, electrical, chemical,
biochemical, computer, and so on, and information sciences including molecular coding, data analysis,
imaging and visualization, bio-computation, molecular modelling and simulation of complex structures
etc. as well as their application to nanotechnology. A framework for integrating nanotechnology teaching
into traditional undergraduate engineering curriculum is provided. Teaching strategies for
nanotechnology are also discussed. The authors suggest that nanotechnology teaching should be
included in all undergraduate engineering programs. In order to educate students in nanotechnology,
government, industry, and academic bodies should work together to create partnership.

Chemical nanotechnology as basic course in interdisciplinary sciences ?®: A genuine commitment was
made by the authorsto identify and combat the various misconceptions about nanotechnology. In
addition, a real attempt was made to encourage students, as informed citizens, to think about the social,
political, economic, environmental, and ethical issues that come with a nanotechnology as a powerful
tool. The authors observed that curriculum was quite well, and verbal advertising could result in
sustained student interest. The half-semester format did not limit coverage of the topics, but a full-
semester would relax the pace of the course. Full semester version of the course should include more
advanced laboratory exercises, additional molecular modelling assignments, student project

presentations, and a field trip to a modern research facility like scanning probe and electron microscopy.

NANOTECHNOLOGY IN DEFENCE

Role of nanotechnology in defence ?%: Nanotechnology (NT) is becoming a global 'industrial force." With
its numerous applications and intrinsic capacity to manufacture new materials such as noncorroding and
flexible iron, it has the potential to lower costs. According to the NanoBusiness Alliance trade group, NT
was used in $13 billion worth of products in 2004, accounting for less than 0.1 percent of global output.
However, by 2014, it is estimated that this number will have risen to about $3 trillion, in other words 15%
of production output. NT provides critical defence applications such as sensor development, troop
protection kits, and improvements to C4ISR which stand for Command, Control, Communications,
Computers, Intelligence, Surveillance, and Reconnaissance systems, among others. Investing in the
design and development of more powerful yet lightweight batteries, smart fabrics, reinforced armor,
small surveillance devices, and enhancing the performance of UAVs/UCAVs, could be a good example.
In this field, India should avoid focusing on overly ambitious military goals and instead begin with

technologically achievable work. Defence scientists and engineers in India must collaborate with their
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civilian counterparts. There's also a need to involve the military in the research, development, and
planning process from the start. Finally, the military utility of NT must be considered in conjunction with

a few additional technologies such as information technology and biotechnology.

APPLICATION IN RURAL AND AGRICULTURE SCIENCE

Nanotechnology as new frontier in agriculture ¢%: This article provides an overview of nanotechnology's
existing and future applications in agriculture and food. It explains the application of nanotechnology
with respect to nanoscale carriers, nanopesticides, nanoherbicides, smart dust (smart mini Lab.),
disinfectants, crop improvement, nanolamination and food packaging. Nanotechnology offers
tremendous potential in the agriculture sector to facilitate and build the next stage of precision farming
practices. It will improve agricultural potential, allowing farmers to collect bigger harvests in a more
environmentally friendly manner, especially in difficult conditions. But, at the same time, public
acceptance of this unique technology must be considered. It is also vital to develop a future
nanotechnology workforce that is well-trained. In order to understand the mechanism toxicity due to
nanomaterials and subsequent effects on the natural environment, further research is needed. If we can
overcome these obstacles, emerging countries can look forward to a bright and prosperous future.
Nanotechnology in animal health and productional improvement®): The article deals with use of
nanomaterials as metallic nanoparticles, quantum dots, magnetic nanoparticles, liposomes, carbon
nanotubes, fullerenes, and dendrimers for disease diagnosis, drug delivery, animal nutrition, animal
breeding and reproduction, and value enhancement of animal products. It also refers to use of
nanoparticles in the food industry, hygiene improvement, increase product shelf life, and avoid food-
borne illnesses and chemical contamination. The authors summarize that nanomaterials provide a slew of
benefits, including cost savings, reduced consumer risk, and a speedier approach, all of which will help
enhance the clinical side of veterinary medicine in the future. Nanotechnology is being used in the food
sector to increase the shelf life, safety, and quality control of foods. Despite all of the advantages and
potential that nanotechnology provides, it is still in its early phases of development and is not widely
used. There are also few concerns regarding nanoparticles' effect on human health and the environment.
Rural application potentials of nanotechnology ¢2: This review study compiled a list of some of the most
encouraging and substantial nanotechnology applications in agriculture, human health, energy,
environment, clean water, food, and other consumer goods. The article emphasizes the role of
nanotechnology in agriculture, nanomaterials for soil fertility, smart pesticide, nanosensors, animal
health and fisheries, nanotechnology for food production and processing, nutrient delivery, food safety
and food packaging water treatment, energy and environment, and safety and regulation of
nanomaterials. The assessment concluded with a discussion of the possible hazards of nanomaterials, as
well as the technical and financial hurdles of incorporating nanotechnology into rural community
development.

Nanotechnology as an instrument in animal products processing and marketing ¢3: This study covered a
vast area of applications of nanotechnology for animal products, including nanomeat, nanomilk,
nanoeggs, and nanomeat packaging. The packaging material makes it simple to transport animal
products that retain their natural qualities and freshness. Nanotechnology allows for the manufacturing
of a varied range of livestock-based foods in a relatively short amount of time. The productivity can also
be boosted directly through genomic changes or disease prevention.

Nanotechnology applications on fluid flow in agriculture and water recourses @9: Unique difficulties can
be tackled more creatively and with more success while working on nanoscale. Nano-clays and zeolites to

improve soil quality and fertility, seed germination with nano-polymer coatings, precision farming, nano-
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biosensors and a satellite monitoring system, Nanoherbicides to combat weed management, nano-
fertilizers to increase nutrient productivity and efficiency, reduce soli toxicity, and minimise
contamination issues. Nanotechnology has a lot of potential for sustainable agriculture, especially in

developing nations.

APPLICATION IN ARCHITECTURE

Role of nanotechnology in architecture and built Environment ¢: Authors in this article have tried to
correlate the two facets i.e. science and technology under the nanotechnology so as to design practical
and innovative material and devices using nanomaterials. Interesting ideas like the metamorphic capsule,
air quality, the floating conference center, and multi-storey apartment building with the application of
innovative nanomaterials are discussed. Authors are confident that the finding of the article will prove
beneficial in the field of architecture and building materials thus serving the cause of sustainability and
material use.

Role of nanotechnology in human comfort in interior environment®®: Investigators here have dealt with
nanomaterials which are helpful in keeping the interiors of the home clean and hygienic e.g. self-cleaning
(or lotus effect), self-cleaning (or photo catalysis), easy to clean approach, air purification, anti-fogging,
thermal insulation, vacuum insulation panels, thermal insulation through aero gel, temperature
regulation by phase change materials (i.e. PCM), solar protection, UV protection, anti-graffiti and fire
proofing, Authors summaries their finding that the nanoarchitecture is an area which is developing

rapidly and the scope of nanoarchitechtural materials will bring comfort to the interior space.

APPLICATIONS IN BIOENGINEERING

Bone tissue engineering ¢7: This study examines recent advances in bone tissue engineering, with a
particular focus on the encouraging role of nanotechnology, as well as future research directions. New
breakthroughs in promoting bioactivity by modifying the nanoscale interior surfaces of scaffolds are
investigated, followed by an assessment of ways for employing scaffolds as a mean for local drug
delivery to stimulate bone regeneration or integration and seeding cells into the scaffold. Critical issues
are presented in order to direct future research into developing materials and medicines that will bring
cutting-edge technology to the masses. The adaptable scaffolds integrates with bone tissue while being
actively resorbed or rebuilt in an anticipated manner, with controlled osteogenic activity, utilising the
biological doctrines of bone repair that have evolved over millions of years. These abilities will lead to
faster bone growth, shorter healing times, and quicker return to function.

Single cell detection ©®%: The progress of nanotechnologies relevant to single cell detection is discussed in
this paper. First, a short overview of current nanotechnology is given. Second, description of an overview
of the major concerns in cell biology that single-cell detection could help answer. Finally, single-cell
detection nanotechnology is discussed and grouped into four categories: nanomaterials as labels,
nanomanipulation, nanodevices, and nano Secondary lon Mass Spectrometry (or nanoSIMS). Finally, the
prospects for single-cell detection and analysis are addressed, as well as future trends. Researchers have
produced a range of nanolabels, including QDs, Au/Ag nanoparticles, and nanoeggs, to improve image
resolution when traditional imaging methods are coupled with nanolabels. These nanolabels have also
been employed as nanosensors to monitor physiological factors such as PH, ion concentration,
temperature, and so on. Single-cell data has a lot of promise for therapeutic applications that require
quick, en masse single-cell identification.

Tissue regeneration @»: The promises of nanomaterials for neural, bone, cartilage, bladder tissue

engineering and vascular applications are discussed in this review paper. Furthermore, the likely risk and
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toxicity of nanomaterials with respect to synthesis and use in relation to human health is identified as an
important future area of research. Although there are many obstacles ahead, synthesized nanomaterials
can match the features of the natural ECM and hence have a lot of potential in tissue engineering. The
molecular mechanisms mediating in-vivo interactions among nanomaterials and cells will considerably

improve the field's progress in the future.

NANOTECHNOLOGY IN ELECTRONICS AND TELECOMMUNICATION

Role of nanotechnology in electronic “9: This article is the review of the stances adopted by different
institutions in relation to that topic from 2000 to 2016. There are two primary positions that had
been identified. One places an emphasis on nanotechnologies’ technical advantages in resolving
important development issues themes. The alternative viewpoint, which we refer to as contextual,
examines nanotechnologies inside the nanoelectronic framework in social, economic, and political factors.
A wide range of micro materials and nanomaterials with distinct mechanical, electrical, and photonic
properties have been reported and utilized as functional elements in device applications. Self-assembly of
silica microspheres, for example, produced a photonic crystal with a full three-dimensional band gap.
Nanoelectronic circuits, solar cells, and nanosensors for the detection of biological and chemical species,
self-assembly, contact printing, and dielectrophoresis had all been built with semiconductor nanowires.
In the field of electronics, a new field is evolving that will be a huge leap forward in computer and
electronics technology. Quantum computing and quantum technology are the fields concerned. Science
and technology have always had an impact on society, but there is no way of knowing what novel
scientific discoveries will be discovered next or how technology will be used e.g. Nokia Morph, contact
Lens, electronic paper.

Nanotechnology in communication engineering “9: Nanotechnology could give excellent solutions for
power efficient computation, sensing, human machine interface and memory enlargement in
telecommunication engineering. In communication systems nanotechnology provides the opportunity to
make computer processors and sensors that are more energy efficient, less expensive, far smaller, faster
than current modules. This paper presents a quick overview of numerous difficulties linked to
nanotechnology in communication systems, as well as a basic notion of the potential application of
various nanotechnology breakthroughs in communication systems and future possibilities. This article
provides a review of the use of nanotechnology in more advanced and extensively used telecom
engineering techniques and intended to be utilized in a more intellectual in the near term where the
notion of nanotechnology was presented as one of the techniques used for the development of many
areas of telecommunications engineering. Molecular communication is the combination of biology and
nanotechnology to interface with biological systems, as well as computer science for the integration into
larger-scale systems for information and communication processing. Nano networking is a revolutionary
concept that will enhance the capabilities of Nano machines by linking them in a single Nano core
network that can connect to the internet, providing a new way of future Nano networking by improving

the concept and deployment of the internet of things.

CONCLUSION

Nanotechnology has proved to be a modern tool for the development of the basic science and technology.
The review done has shown the vast and varied application of nanotechnology to the various sectors of
life. Nanotechnology has been proved to effective in medicine as in cancer treatment, orthopaedics, gene
therapy, nervous system therapy. Nanotechnology is solving the problems pertaining to the food

production, dietary science, food for drug delivery system, and nanofoods. Electronics, automotive,
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packaging, construction, health care, energy, and defence are just a few of the industries where
nanomaterials have shown potential. Nanoparticles are expected to be less expensive than many other
nanomaterials, and they have a high strength-to-weight ratio, among other benefits. Nanostructured
ceramic coatings for machine parts are far more durable than traditional coatings. Nanotechnology-
enabled lubricants and motor oils also reduce wear and tear, allowing moving parts to last longer.
Catalysis with nanoparticles is becoming more popular as a way to speed up chemical reactions. This
results in lowering the catalytic materials amount required to achieve the synthesis, saving money and
lowering pollution for example petroleum refinery and automotive catalytic converters.

In the field of built environment nanotechnology has become a boon with applications like environmental
sensors, air purifiers and filters, degreasers and stain removers, antibacterial cleansers, specialty paints
and sealing solutions, e.g. self-cleaning home paints all made with nano-engineered materials. In the
personal care sector nanomaterials such as titanium dioxide and zinc oxide are providing the sun
protection. Nanotechnology can solve the drinking water problem of the world through quick, low-cost
detection of the pollutants and their subsequent treatment. To summarise, nanotechnology has become
the wonder science with potential application in every field of life. The concerns associated with the use

and mitigation of the nanomaterials are to be dealt with proper regulation and disposal mechanism.
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ABSTRACT

Synthesis of new dithiocarbamates namely AMPDTC prepared from 2-amino-6-methyl pyridine and
Carbon disulphide. 2-amino-6-methyl pyridine is one of the important compounds of unique series of
amino pyridine. The main interest is to prepare the new dithiocarbomate metals [AMPDTC] complexes
with Mn and Fe metals. Elemental analysis, IR, ' HNMR spectra, X-ray powder diffraction, and TGA-
DTA studies were used to synthesise and characterise dithiocarbamate. The ligands behave as
isobidentate ones, according to infrared and 'HNMR data. The electronic spectra show that charge
transfer transitions are mostly centred on the ligand. Interesting fragmentation patterns have been
reported in thermal studies, and kinetic parameters such as order of thermal radiations (n) and

activation energy E have also been evaluated.
KEYWORDS: Dithiocarbamates, Metal complexes, Biological activity

INTRODUCTION

The formation of complexes with metal ions is where dithiocarbamate ligands come into their own. This
is because there is a single pair of electron donating characters present. They also form stable chelates
with metals' 2 that have five or six members. Dithiocarbamates have numerous applications in many
fields, including pharmacy, medicine, and agriculture, photography, and polymer technology, in
addition to their ability to form complexes with metal ions. These are biologically applicable as antiviral,
antibacterial, and anticancer activities. Literature survey revealed that many number of dithiocarbamates
have been synthesized from Primary and secondary amines. The proposal work based on the synthesis of
new dithiocarbamates namely AMPDTC prepared from 2-amino-6-methyl pyridine and Carbon
disulphide. 2-amino-6-methyl pyridine is one of the important compounds of unique series of amino
pyridine. The main interest is to prepare the new dithiocarbomate metals [AMPDTC] complexes with Mn
and Fe metals. The antibacterial activity of the synthesised dithiocarbamate ligand and its metal
complexes was further extended by the Paper disc method against microorganisms such as E.Coli,

Bacillus substilis, and Klebsiella.

MATERIALS AND METHODS

In the current study, analytical reagent grade chemicals were used. Organic compounds are ~ 2-Amino-
6-methyl Pyridine (HiMedia), Carbon disulphide (Qualigens) and Methanol (AR-Loba). Inorganic
compounds are Manganese Chloride (SD Fine), Ferric chloride (Sigma Aldrich), Sodium acetate
trihydrate (AR-Merck) and Sodium Hydroxide (SD Fine).
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PREPARATION OF LIGAND

The cold methanolic solution of 2-Amino-6-methyl pyridine (0.51gm in 10 cm?) is transfer into the clean
casserole; add 5ml of 5N NaOH solution. To this mixture gradually add Carbon disulphide (8ml) drop
wise over a period of 30 minutes with constant stirring, oily precipitate separates out. The white
precipitate formed was allowed to stand for 5 hours in the water bath for crystallization. The product was
filtered on a Buchner funnel through suction, washed with Methanol and sucked dry. The resulting
product was recrystallized from ether and vacuum-dried over a calcium chloride dessicator. The yield is
80%, and the melting point is 195 - 197° C.

The new dithiocarbamate is,

= =

S
. C<< _NaOH _ ‘ +  HO
X NH, S X NH s
CHs N CHg N N/
c

\SeN(aD

Scheme 1: preparation of dithiocarbamate

PREPARATION OF MANGANESE (II) AND IRON (III) METAL COMPLEXES

Metal complexes have been dervied by adding an appropriate amount of dithiocarbamate ligand in 50%
Methanol to a metal salt solution of Mn and Fe metal ions in the presence of sodium acetate and refluxing
the mixture for four hours on a water bath. This reaction mixture was poured over a large amount of cold
water. With a high yield, a coloured precipitate of metal complex was obtained. These products were
washed several times with hot water and cold methanol to remove unreacted metal salts and ligands, and
then dried in a vacuum dessicator. High purity samples were obtained directly. TLC was also used to
check the purity.

An elemental analyzer was used to perform elemental analyses on both the ligands and complexes. After
digesting the complexes with conc. HNO3, the metal contents were determined using atomic absorption
spectroscopy. Conductivity measurements were performed at 300 + 0.1°K using a Beclanan Re-18A type
conductivity bridge on freshly prepared 10 M solutions in DMF. The Guoy method was used to measure
magnetic susceptibility at room temperature.

The infrared spectra were obtained using KBr pellets in the range and a Perkin-Elmer IR 598
Spectrometer (4000-200cm). At room temperature, 1H NMR spectra were recorded on an av-300 MHz
NMR spectrometer in DMSO-d6 solvent. The TG and DTA curves were recorded simultaneously for
powdered samples on an IUGAKU 8150 thermo analyser at a heating rate of 10°K min and a chart
speed of 2.5 min™ as the reference material. The powder diffraction patterns were obtained using an X-ray
powder diffraction model on a Lynx-Eye Detector, Make: Burker Axs, Model: D8 Advance.

RESULTS AND DISCUSSION

CHARACTERIZATION OF THE LIGAND

Elemental analysis revealed that the proportion composition of carbon, hydrogen, nitrogen and
sulphur had been in appropriate settlement with theoretically computed values.

IR spectrum of the compound clearly revealed that the formation of dithiocarbamate has taken place and
e, -
T
the peak at 1500-1450 cm-! shows the existence of Thioureide band -~ = in the compound. The
peak at 1459 cm assignable to v (N-CSS) stretching frequency. This band defines a carbon, nitrogen

bond order between a single bond (V=1250-1350 cm) and a double bond (vV=1640-1690 cm™). The presence
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of a band in that region indicates that electrons in the dithiocarbamate moiety are strongly delocalized.
The above dithiocarbamate peaks are in good agreement with the reported literature for the Thioureide
band. The peak at 1616 cm " is observed which is characteristic of (>C=N) of the pyridine ring.

Analytical data and spectral data of Sodium 2-amino-6-methyl pyridine dithiocarbamate is given in the
Table-1

Table 1: Analytical and Spectral data of AMPDTC

Molecular Formulae C7H7N2S:2Na
Colour Colour less
Melting Point 195-197°C
Elementary Analysis Found (%) Calculated (%)
Carbon 40.05 40.76
Hydrogen 3.00 3.42
Nitrogen 13.00 13.58
Sulphur 31.30 31.90
Yield 80 %
LR Absorption Bands
S - 1460 cm?t, 770 cm-?, 1130 cm?
T —C
~ "‘%

INFRARED SPECTRAL STUDIES

A plot of IR spectra shows the recurrence or wave number of episode radiation on the X-hub and its
conveyance on the Y-hub. The wave number unit is often utilized, since it is straightforwardly relative to
the energy of vibration and as such current IR instruments are direct in cm-1 scale. It was seen that the IR
spectra of all the Manganese (II), and Iron (III) particle buildings gave an extensive number of pinnacles,
each comparing to a specific vibrational progress.

Table. 1 portrays the investigation of IR range of the ligand and metal buildings of Mn and Fe. The
ordinary IR range is displayed in Fig 1, 2 and 3.

FT-IR. INVESTIGATION OF THE LIGAND

The ordinary LR spectra of AMPDTC ligand is introduced in the Fig 9.1. As concern the 2-Amino-6-
methyl pyridine dithiocarbamate moiety, two fundamental districts of the IR are of primary interest. In
The first place, the (1420-1490 cm™) district, which is fundamentally, related with v (N-CSS) extending
vibrations. Second, the 769 cm area, which is related with v (C-S) extending vibrations, the powerless
band is in the 1130 cm™ district and is related with the v(C=S) extending vibrations.

The trademark band at 1473 cm, is assignable to v (N-CSS); this band characterizes a carbon Nitrogen
bond request between a solitary bond (v =1250-1350 cm™) and a twofold bond (v =1600-1700 cm), The
presence of a band in that area shows that, of the three potential reverberation structures announced by
Chatt et al., portrayed by a solid delocalization of electrons in the dithiocarbamate moiety.

The band at 3200-3250 cm related with the v (N-H) extending vibrations and the band at 1550-1590 cm,
is related with the v (N=C) bond extending in the Pyridine ring.
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The groups at 2910-2930 cm”and 1330-1380 cm, are related with the v (C-H) extending vibrations and &
(C-H) bowing vibrations of Methyl bunch which is connected to the Pyridine ring in sixth position.

FT-IR. CHARACTERIZATION OF MN (II) COMPLEX

The interpretation of FTIR spectra of dithiocarbamates complexes of Transition metals has
been tremendous hobby each diagnostically to decide the mode of co-ordination and asa median of
assessing the character of bonding in these complexes. The FTIR. spectrum of the [AMPDTC] ligand is
compared with the Mn (II) complex. The typical FTIR spectra of [AMPDTC] Mn ligand are presented in
the Fig 2.

A solid band displayed at 1460 cm in the FTIR range of the ligand, which is alloted to the Thioureide
bond is moved to 1575 cm™ area. On Passage from the free dithiocarbamate ligand to their complicated,
the v (N-CSS) mode is moved to higher energies, showing an increment of Carbon-Nitrogen twofold
bond character and thus a more prominent commitment of the construction .The Infrared dynamic v (N-
CSS) mode is touchy to both chain length and the steric effect of the substituents. As twofold person is
more articulated in the complicated it tends to be inferred that the ligand is co-ordinated through S, S
molecules.

To recognize the holding sort of the dithiocarbamate ligand in their buildings, the Bonati-Ugo strategy is,
by a long shot, the most famous one. It comprises of following the 950-1060 cm™ phantom district, where
the v (C-S) modes are thought to show up. Truth be told, the groups due to — CSS moieties are typically
coupled to different vibrations and are exceptionally touchy to the climate around this gathering,
however they are likewise valuable to recognize Mono dentate and Bidentate Co-appointment. The
presence of just one band in the explored area, generally ascribed to v (SCS) mode, it shows totally even
holding of the dithiocarbamate ligand to metal in bidentate mode, where as a doublet is normal for the
Mono dentate co-appointment.

Basing on the above idea the presence of single band at 980-1030 cm district is accepted to v (C-S)
extending vibrational mode and it demonstrates the symmetric bidentate conduct of the ligand that
implies the AMPDTC ligand is co-ordinated through both the sulfur molecules.

Alongside these groups new groups are framed which are not seen in the spectra of the ligand, the band
at 450 cm™ is allocated to the v (Mn-S) metal ligand obligation of the complex. The presence of a wide
band at 3442 cm can be relegated to the v (O-H) extending vibrations of co-ordinated water atoms
present in the complicated and the band at 1575 cm™ due to v (C=N) of the pyridine ring doesn't show
any significant change in the intricate, which demonstrates that the pyridine Nitrogen's isn't partaking in
the perplexing arrangement. In the spectra of both ligand and perplexing, no huge change is noticed, for
v (N-H) extending mode, demonstrating non-association of amino nitrogen in Co-appointment. The two
more vulnerable groups at 800-750 cm™ and 750-720 cm™ are alloted separately to - OH shaking and

swaying vibrations of co-ordinated water in the complex.

FTIR ANALYSIS OF Fe (III) COMPLEX

The FTIR. spectrum of the [AMPDTC] ligand is compared with the Fe (III) complex. The typical FTIR
spectra of [AMPDTC] Fe ligand is presented in the Fig 3.

A solid band displayed at 1473 cm in the FTIR range of the ligand, which is allocated to the Thioureide
bond, is moved to 1530 cm-larea, this shift to higher wave number backings extensive twofold person of
the (N-CSS) bond* # 5. As twofold person is more articulated in the perplexing it very well may be
presumed that the ligand is co-ordinated by means of S, S particles, and this is upheld by the standard
structures given by Chatt et al. The presence of a solitary solid band at 950-1060 cm locale is appointed
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to v (C-S) extending vibrational mode. The v (C=S) groups at 1156 cm™ and v (C-S) groups at 769 cm™ in
the ligand shows negative and positive shift, separately in the spectra of the complex demonstrating the
co-appointment of both S-S atom. This demonstrates the bidentate conduct of the AMPDTC ligand in the
complex; any other way a doublet would be normal in the 950-1060 cm™ locale as on account of Mono
dentate co-appointment. Alongside these groups new groups are framed which are not seen in the
spectra of the ligand, the band at 410 cm is relegated to the v (Fe-S) metal ligand obligation of the
complex. The presence of a wide band at 3438 cm-'can be alloted to the v (O-H) extending vibrations of
co-ordinated water particles present in the mind boggling and the band at 1550-1570 cm™ due to v (C=N)
of the pyridine ring doesn't show significant change in the complicated which demonstrates that the
pyridine Nitrogen isn't partaking in the intricate development. In the spectra of both ligand and intricate,
no huge change is noticed, for v (N-H) extending mode, demonstrates the non-inclusion of amino
nitrogen in Co-appointment.

The band recorded for both the buildings and free dithiocarbamate forerunners in the 410-630 cm-
Iterritory can be attributed to the commitment of v(C-S), v(M-S) vibrational modes. The two more
vulnerable groups at 800-750 cm™ and 750-720 cm™ are allocated separately to - OH shaking and swaying

vibrations of co-ordinated water in the complex.

Table 2: The important IR Bands of the Ligand and Their Metal Complexes

vEN)
Compound OH (water) vEs) VM)
(Thioureide bond)
AMPDTC - 1473 1130,789 -
(AMPDTC)2Mn 3442 1575 975 420
(AMPDTC)2Fe 3438 1530 990 412

COMPLEX STUDIES OF '"H NUCLEAR MAGNETIC RESONANCE SPECTRA
In the present study, 'lH NMR spectra were recorded on an av-300 MHz NMR spectrometer in Apotex

Pharma chem. India pvt. Limited Bangalore in DMSO-ds solvent at room temperature.

ANALYSIS OF AMPDTC AND ITS METAL COMPLEXES

Fig. 4, 5 & 6. Portray the prominent the significant synthetic shift upsides of the ligand and metal edifices,
these qualities are summed up in Table.3.

Fig.4. gives the regular NMR range of the ligand AMPDTC. The methyl protons of the picoline of
dithiocarbamate ligand were seen at 2.60-3.60 ppm. The tops in the fragrant area were viewed as a bunch
of multiplets in the reach 6.6-7.6 ppm6, 7, 8 and the sign because of proton connected to the Nitrogen, in
Thioureide bond is showed up as a singlet at 7.4 ppm.

Fig.5. gives the ordinary NMR range of the [AMPDTC] Mn. In the complex [AMPDTC] Mn the sign
because of proton attached to Nitrogen in Thioureide bond is moved from 7.34 to 7.85 ppm on account of
the ligand .The down field shift of the complex may ascribed to an expansion of the IT - bond character
and the delocalization of electron along the C-N bond contributed by the substituents and furthermore
the bidentate idea of the dithiocarbamate ligand.On complexation, the electron thickness on — NH
diminishes, the precessional recurrence of Nitrogen containing proton increments, thus the sign is moved
to down field locales.

It was seen that the sweet-smelling ring protons of reach 6.74-7.45 ppm become expansive and less

serious when contrasted with the relating dithiocarbamate ligand. This impact might be because of the
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floating of ring electrons towards the metal particle.

The expansive sign at 9.8 ppm on account of Manganese (II) complex shows the complexation of water
atom to metal particle.

Fig.6. gives the ordinary NMR range of the [AMPDTC] Fe .In the complex [AMPDTC] Fe the sign because
of the nitrogen containing proton is moved from 7.34 to 7.81 ppm on account of the ligand. The down
field shift of the complex may credited to an increment of the n-bond character or the delocalization of
electron along the C-N bond contributed by the substituents and furthermore the bidentate idea of the
dithiocarbamate ligand.

It was seen that the sweet-smelling ring protons of reach 6.6-7.6 ppm become expansive and less
concentrated when contrasted with the relating dithiocarbamate ligand 2. This impact might be because
of the floating of ring electrons towards the metal particle.

The expansive sign at 10.1 ppm on account of Iron (III) complex shows the complexation of water particle

to metal particle.

Table 3: 'HNMR Spectrum of the ligands and its metal complexes in DMSO-ds in ppm

H-N-C
Compound . . CHs OH Ar-H
(thioureide bond)
AMPDTC 7.34 2.60 _ 6.6-7.6
(AMPDTC)-Mn 7.65 2.54 9.8 7.45-8.2
(AMPDTC)zFe 7.89 2.51 10.1 5.42-6.4

ESR STUDIES OF COORDINATION COMPLEXES

The ESR unearthly examinations are conveyed distinctly for Mn [AMPDTC] complex. As a result of the
way that the Spin-Orbit coupling constants for the 4d and 5d gatherings are a lot bigger than for the 3d
gathering, Spin-cross section unwinding times are generally exceptionally low. In this way it is frequently
hard to notice a range by any means besides at extremely low temperatures.

The designs of complex in arrangement might be not quite the same as those present in the strong state.
In arrangement the ESR range will be diverse because of the expansion in partition between Mn-Mn for
tumbling movement of Iron species in the arrangement. The ESR spectra were acquired in answer for all
Iron buildings in DMF medium at fluid nitrogen temperature.

The ESR spectra of the complex in polycrystalline state display just a single expansive sign, which is
ascribed to dipolar widening and improved twist — grid unwinding. ESR spectra acquired for copper
complex in DMF at fluid nitrogen temperature and agent ESR range of Mn (Il) particle complex are
introduced in Fig.7. In this low temperature range, four pinnacles of little force have been recognized
which are considered to start from g” part.

The twist Hamiltonian, orbital decrease and holding boundaries of the complex were given in Table.4.
The g” and gl are figured from the range utilizing DPPH free revolutionary as g marker. Kivelson and
Neiman have revealed that g” esteem is under 2.3 for covalent person and it is more noteworthy than 2.3
for ionic person of the metal-ligand bond in complex. Applying this model, the covalent bond character
can be anticipated to exist between the metal and the ligand for complex.

The pattern g"> gae> g *>2.0023 noticed for the complex proposes that the unpaired electron is restricted
in dx2— y? orbital of the Mn (II) complex. The most reduced g esteem (>2.04) likewise reliable with a dx2 -
y? ground state. It was seen that the G an incentive for the Cu-complex was under four and recommends

that there are no collaborations between Mn-Mn focuses in DMF medium.
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The ESR boundaries g”, gL, Alland A™ of the intricate and the energies of d-d changes are utilized to
assess the orbital decrease boundaries (K”, KJ'), the holding boundaries (a?), the dipolar cooperation (P)
and the Fermi consistent association term (K). The noticed Kl< K" demonstrates the presence of huge in
plane n-holding. The a? values for the current chelate 0.4109 supporting the covalent idea of the complex.
Giordano and Bereman recommended the distinguishing proof of holding bunches from the upsides of
dipolar term P. The decrease of P esteems from the free particle esteem (0.036 cm) may be credited to the
solid covalent holding. The lower P and a? values for [AMPDTC] Mn complex propose the presence of
solid in-plane m holding which in concurrence with higher ligand field. The states of ESR lines, ESR
information along with the electronic ghostly information propose square planar calculation for copper

complex.

Table 4: Spin Hamiltonian and orbital reduction parameters of Mn complex in DMF solution

Parameters Mn (AMPDTC(C):
fed 2.2373
gL 2.1699
Gave 2.2290
G 2.5369
Ay 0.0113
A 0.0016

Aave 0.0062
d-d 25600
K| 0.6241
K. 0.8052
P 0.0301
oz 0.3990

THERMAL ANALYSIS OF [AMPDTC] MN AND [AMPDTC] FE COMPLEX

TG methods were utilized to follow the warm conduct of buildings. As per the outcomes got, the edifices
are not unpredictable and their disintegration happens in various advances. The commonplace Thermo
gram of [AMPDTC] Mn complex is displayed in the Fig.8. Thermogravimetric examinations on the
buildings affirmed their proposed atomic formulae. The [AMPDTC] Mn complex is thermally steady up
to 171°C. The thermo gram of the complicated shows a First phase of disintegration around 196.35°C to
257.26°C, which demonstrates the presence of cross section water and this deterioration compares to
endothermic parchedness of the complex®!? and gives anhydrous complex. The subsequent disintegration
stage with two (or) three endothermic pinnacles is known as steady transitional conformed to 229.55°C
and they under goes deterioration bringing about the deficiency of ligand moiety at 292.44°C and
497.56°C. Exothermic decay happens to give the comparing Manganese sulfide as the last deterioration

item at a high temperature i.e. above 801.30°C. The decay conduct of the buildings is seen in nitrogen air.
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All the exploratory mass misfortune and absolute mass misfortune rate esteems found were introduced
in the Table.5.

TG methods were utilized to follow the warm conduct of buildings. As per the outcomes got, the edifices
are not unpredictable and their disintegration happens in various advances. Thermogravimetric
examinations on the buildings affirmed their proposed atomic formulae. The commonplace Thermo gram
of [AMPDTC] Fe complex is displayed in the Fig.9. The [AMPDTC] Fe complex is thermally steady up to
179.78°C. The thermo gram of the complicated shows a First phase of disintegration around 102.45°C to
168.54°C, which demonstrates the presence of cross section water and this deterioration compares to
endothermic parchedness of the complex and gives anhydrous complex. The subsequent decay stage
with two (or) three endothermic pinnacles is known as steady middle of the road conformed to 249.73° C
and them under goes disintegration bringing about the deficiency of ligand moiety at 362.440C and
590.16°C. Exothermic deterioration happens to give the comparing Iron sulfide as the last disintegration
item at a high temperature i.e. above 9300C. The deterioration conduct of the complex is seen in nitrogen
air. All the trial mass misfortune and complete mass misfortune rate esteems found were introduced in
the Table 5.

Table 5: Thermal analytical data of the Ligand and their metal complexes

Complex- | Molecular | Weightof | Temperature % of Probable assignment
X=H:20 weightin | the complex Range Fraction of
gms taken in during weight
mgs weight loss
in°C
[Mn.L2.X2] 438.938 8.1910 90-180 5.1580 Loss of 2H20 molecule.
L= C/H/N252 230-590 78.8033 Loss of two L molecules.
Above 590 9.5913 Remaining residue
Corresponds to MnO.
[Fe.L2.Xz] 439.847 12.1630 70-210 5.5135 Loss of 2H20 molecule.
L=C7H7sN>52 430-590 84.2341 Loss of two L molecules.
Above 590 17.1439 Remaining residue
Corresponds to FeO.

CONDUCTIVITY MEASUREMENTS OF METAL COMPLEXES

The molar electrical phenomenon of complexes in DMF (~2 x 103 M) determined at 27+2°C victimisation
Systronic 303 direct reading physical phenomenon bridge. The dithiocarmate metal complexes of Mn (II)
and Fe (III) area unit ready from the 2-Amino-6-methyl alkali and Carbon disulphide.It absolutely was
discovered that these complexes area unit soluble in dimethyl formamide (DMF). Therefore, these metal
chelates area unit dissolved in DMF to perform physical phenomenon measurements.

A best-known quantity of solid complicated is transferred into 25ml normal flask and dissolved in
dimethyl formamide (DMF). The contents area unit created up to the mark with DMF. The complicated
resolution is transferred into a clean and dry 100ml beaker and also the physical phenomenon values area
unit measured. If the Molar electrical phenomenon price (k) is quite 10 Ohm.cm™. mol! the metal
complexes area unit aforesaid to be electrolytic in nature. If the k price is a smaller amount 10 Ohm'.cm-.
mol the metal complexes area unit aforesaid to be non-electrolytic in nature. The physical phenomenon

measurements area unit used for the determination of electronic nature of the metal complexes.
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The electrical phenomenon values of all the metal complexes area unit given in Table.6. The molar
electrical phenomenon values for all the recently synthesized complexes area unit within the vary 2.53 -

2.99 Ohm™.cm™. mol™ that indicates the non-electrolytic nature.

Table 6: Conductance data for M [AMPDTC] complexes (with cell constant 1.00)

Conductance Specific Molar conductance
Metal Complex
(Ohm'’s) conductance (Ohm.cm™) (Ohm.cm™.mol?)
[AMPDTC]2Mn 0.035X10 0.035X10 35
[AMPDTC]2Fe 0.025X10 0.025X10 25

MAGNETIC SUSCEPTIBILITY MEASUREMENTS OF METAL COMPLEX

The powerful magnetic second values for all of the complexes are represented within side the Table.7.
The magnetic moments of the present (AMPDTC)2 Mn complicated is 3.forty two B.M. This feeshows the
formation of low-spin complicated, and digital spectral statisticsendorse the rectangular planar geometry
for the Manganese complicated. The (AMPDTC): Fe complicatedindicates magnetic second 3.70 B.M. and
this fee is much less than the spin-most effectivefee, displayingdecreased paramagnetism, which endorse
the formation of low-spin complicated having octahedral geometry. The take a look at of magnetic
measurements found out that the complexes are displayingdecreased paramagnetism suggesting that the
ligand is robust and the complexes fashionedhad been low-spin, internal orbital complexes.

Table 7: Magnetic moments of Metal chelate complexes

Metal Complex Magnetic moment (B.M)
(AMPDTC)2 Mn 3.42
(AMPDTC)2Fe 3.70

POWDER X-RAY DIFFRACTION STUDIES OF AMPDTC-MN AND AMPDTC-FE COMPLEX

The diffractogram record (sixteen diffractions) displays Fig.10. among 2-80 (20) values. Where O is Brages
angle. All the primary peaks are indicated and calculated values of Miller indices (h k 1) together
withlocated d-certain and 20 are certainwithinside the Table.8. All the Peaks had beenlisted and 20
values as compared in graph. Comparison values revels that there is idealsettlementamong values of 20
and d-values!! 2, thirteen. The powder X-ray diffraction factsconfirmedsame features with very negative
crystalline. The styles are qualitative and dispersive in depth for Mn complex. The XRD styles are used to
give an explanation for qualitatively the diploma of crystallinity. The diffractogram record (thirteen
diffractions) displays Fig.11. Between 2-80 (20) values. Where 0 is Brages angle. All the primary peaks are
indicated and calculated values of Miller indices (h k 1) together withlocated d-certain and 20 are
certainwithinside the Table.9. All the Peaks had beenlisted and 20 values as compared in graph.
Comparison values revels that there is idealsettlementamong values of 20 and d-values. The powder X-
ray diffraction factsconfirmedsame features with very negative crystalline. The styles are qualitative and
dispersive in depth for Fe complex. The XRD styles are used to give an explanation for qualitatively the
diploma of crystallinity.
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Table 8: X-ray Diffraction data of AMPDTC-Mn Complex

S.No. 20 expt 20 calc d expt d calc hkl
1 11.64455 11.64454 7.59322 7.59345 211
2 13.88366 13.88366 6.37324 6.37332 411
3 17.64759 17.64760 5.02150 5.02154 521
4 19.07534 19.07534 4.64875 4.64878 542
5 20.04740 20.04736 4.42549 4.42549 642
6 22.64731 22.64728 3.92298 3.92299 871
7 24.63296 24.63294 3.61106 3.61108 861
8 26.72232 26.7223 3.33327 3.33331 983
9 28.71865 28.71864 3.10594 3.10728 1072
10 30.13617 30.13622 2.96299 2.96301 1091
11 31.16592 31.16594 2.86740 2.86743 1190
12 38.90770 38.90774 2.31282 2.31284 1261
13 39.95965 39.95962 2.25433 2.25435 1283
14 41.62096 41.62086 2.16811 2.16812 149 2
15 45.87737 45.87724 1.97637 1.97636 14112
16 47.83538 47.83530 1.89994 1.89995 16101

Table 9: X-ray Diffraction data of AMPDTC-Fe Complex

S.No. 20 expt 20 calc d expt d calc hkl
1 5.74963 5.749636 15.35833 15.35952 210
2 10.12735 10.12724 8.72712 8.727239 321
3 12.43091 12.43004 7.11460 7.115093 431
4 15.57899 15.57968 5.68330 5.68346 632
5 18.01738 18.01688 491927 4.91940 752
6 19.19132 19.19084 4.62092 4.62103 860
7 21.25106 21.24996 417747 417767 965
8 24.90087 24.90028 3.57281 3.57289 972
9 26.28889 26.28890 3.38723 3.38726 1085
10 28.19587 28.19468 3.16233 3.16245 1182
11 34.47616 34.47580 2.59929 2.59931 1292
12 36.60534 36.60452 2.45283 2.45288 1420
13 50.37448 50.37348 1.80996 1.81005 14112

ANTIBACTERIAL ACTIVITY

METHOD EMPLOYED

To show the antibacterial interest of the ligand and steel complexes on micro organism paper disc
diffusion process become hired.

Nutrient agar medium becomehired for the testing. Peptone (5g) becomes dissolved in a liter of distilled
water. Beef extract (5g) become delivered to the peptone answer and agar (15g) become combined. The

contents had been combined very well and the pH becomes adjusted to 7.4-7.6. The answer becomes
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sterilized with inside the autoclave for 10-15 mins at 15 Ibs. in step with sq. inch pressure, to show the

equal.

TESTING EQUIPMENT

Petri plates of equal size, warm air oven, Autoclave, sterilized pipettes and clear out paper. The
giftresearch is atry anddiscover the antibacterial interest of ligand and their steel complexesl4, 15 in
opposition to Escherichia coli, Klebsiella and Bacillus subtilis with inside thevariety50-150
pum/ml.choosing serial paper disc diffusion method. The Antibacterial interestoutcomeshad been given
with inside the Table 10. Theoutcomes of the organicinterest of the steel complexes indicated the
subsequent facts. A comparative observe of the ligand and their complexes suggests that maximum of the
steel chelates exhibited better antibacterial interest than that of the loose ligand. The growthwith inside

the antibacterial interest of steel chelates becomedefined on the premise of overtones idea and chelation

theory.
Table 10: Antibacterial activities of ligands and their transition metal complexes (Zone formation in
mm)
Compound E.Coli KLEBSIELLA BACILLUS
AMPDTC 6 8 7
(AMPDTC): Mn 10 11 13
(AMPDTC)2Fe 15 13 12

CH3

H3C

/
Fig. 1: Structure of metal complexes (AMPDTC):Mn & (AMPDTC)zFe

76



CURRENT RESEARCH OF NANOTECHNOLOGY IN SCIENCE AND ENGINEERING VOLUME I
(ISBN: 978-93-91768-06-5)

95 \ / ’ ‘;T
: \\ \‘" k‘ ‘/1 k/‘i Jl‘i:"
» \\ A \\ . W
- e ‘ W
‘ Il

oo f —_— e, —_—————

40000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 200 600 4000

Fig. 2: IR SPECTRUM OF AMPDTC Ligand

i

g 2 8¢ 388 3 28R B2

\v\\\ WK W\J\J /

40000 3600 200 e 2400 200 1900 1600 rom 1200 .. - 0o e
om1
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Fig. 4: FTIR SPECTRUM OF AMPDTC -Fe Complex
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CONCLUSION

Finally basing at the above recordsit may be concluded that 2-amino 6-methyl pyridine dithiocarbamate
ligand act as anexcellent complexing agent in the direction of many transition steel ions. By the use of
above spectral researchits miles concluded that they behave as bidentate throughout complexation. All
the steel complexes deliver no fee and are thermally stable. As such no unmarriedmethod is impartial of
predicting very lastsystems of the complexes, the completerecordsto be had from all of theresearch is

clubbed collectively and tentative systems of the complexes belowresearch have be formulated as follows
Table 9.
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ABSTRACT

Nanotechnology (NT) has a remarkable perspective to modernize agriculture science and agricultural-
based industries including farming, food and seed production, food borne pathogen detection, and
fisheries/aquaculture. It has evolved as a tool utilizing nano-scaled nano-materials (NMs) or particles
(NPs) for the improvement of biotechnology, genetics, disease diagnosis, and health improvement.
Nanotechnology includes nano-materials, nano-sensors, nano-capsule, nano-vaccines (DNA/RNA), gene
delivery, drug delivery, and nano-pharmaceuticals have the prospective in the agricultural field, which
directly may lead to sustainability and availability of food resources. Nanotechnology emerges as a
science in the year 1974.Present work reviewed and summarized the potential of nanotechnology and

nanomaterial for their practices in the agricultural and food industry.

KEYWORDS: Nano-scale, Food, Agriculture, Nutrition

INTRODUCTION

Nanotechnology is an advanced field of science utilizing nanoscale particles to manipulate substances for
the amelioration of fertilizers, pesticides, herbicides, and growth promoters and regulators. In 1974, Norio
Taniguichi coined the term ‘nano-technology’ and defined as “nano-technology mainly consists of the
processing of separation, consolidation, and deformation of materials by one atom or one molecule”
[1].Nano-technology is extensively emerging technology that influences several trait of the agriculture
industry from crop growing to harvesting including produce processing, packing, to enhance adequate
shelf-life, and nutrients bio-accessibility [2]. Nano-particles can function as ‘magic bullets’, encompassing
active compounds like herbicides, chemicals, or genes, to discharge their slow and constant release and
action at target specific plant or animal parts [3].Nano-materials like silica, gold, silver, nano clays, and
titanium dioxide were implying to enhance the productivity of crops via increased efficacy of agricultural
input, thereby also ensuring the minimal usage of agri-inputs.

American Society for Testing and Materials (ASTM) under Astm E2456 - 06, (2012) standard defined
Nano-materials (NMs) as natural or synthetic materials, usually 1 and 100 nm, nano-size particles having
a high surface-area-to-volume (SA:V) ratio [4]. NMs have distinctive and nifty physical and chemical
properties, which increase their worthy in several different fields, viz life science, computer electronics,
and biochemical industrial [5].

In India, Nanoscience and Technology Mission (NSTM) begin in the year 2007 with an allocation of 100
crore rupees in five years plan in the Department of Science and Technology (DST). Department of
Science and Technology (DST) is the nodal agency for implementing the “Nano Mission” and several

other institutes in India are also actively involved in Nanotechnology science (Fig. 1). DST had also
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launched a Nano Science and Technology programme called the Nano Science and Technology Initiative
(NSTI) and the Nano Mission is the descendant of this programme. According to ASSOCHAM, India
ranks 34 in the field of nano-technology research and development, after China and USA.

In the last two decades, a noteworthy development and expansion was seen on nano-technology based
activities with its numerous applications in the field of agronomy and husbandry [6-8]. Nanotechnology
has the prospective to deliver effective benefits and remedies to multiple agriculture-related difficulties.

(Nanoscale phe
sy

(Nanodevices, Nanocomposites.
Nanobiosensors)

Sophisticated Analytical
Synthels & Chara rticies, [N instrument Faciiity
Theore! m -
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Fig. 1: Nanotechnology centers In India
(Source: DST; dst.gov.in/scientific-programme/ser.nsti.htm)
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Fig. 2: Nanotechnology in various agriculture and allied sector

NANOTECHNOLOGY IN THE FOOD INDUSTRY

Several nanomaterials implemented in different fields of the food industry including food pathobiology,
processing, formulation, packaging, uncovering and detecting food borne pathogens, and preservation to
extend shelf-life of food and related foodstuffs. Thus, utilization of nanomaterial provides advantages in
Food nanostructured for food processing to food canning and Nano-sensing of foodstuffs for good food

quality and food security assessment [9]. Chitosan/ nano silica coatings [10, 11] are nano-edible coatings
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used to increase the freshness and preservation of food items. Nano-based “smart” and “active” food
packaging techniques like antimicrobial food packaging, nanocomposite and nano laminate (clay, silicate
nano platelets, silica (5i02) nanoparticles, chitin or chitosan) for preservation and extending food shelf-
life [2, 12, 13]. Nano-based packing for antimicrobial effects involves the improvement of mechanical and
barrier properties along with traceability and bio sensing. Nano biosensors are used to detect certain
chemicals, microbes, and toxins, thereby providing a real-time status about food [14].Carbon-coated
copper nanoparticles are developed and used as a moisture sensor [15]. Thus nanotechnology help in the
improvement of organoleptic characteristics, increases bioavailability and absorption rate and add or
increase taste and flavour to food. Bioavailability of micronutrients, (vitamin B12, vitamin A, folic acid

and iron) in food items [16].

Bioelement Trgnsducer
Signal

_

o—i%

Arglyte Biosensor

L

Fig. 3: Biosensor (Google open source)

NANOTECHNOLOGY IN AGRICULTURE, CROP, AND SEED IMPROVEMENT

Gene-based nano-transfer method is applied for agriculture and crop enhancement. Nano-pesticides
(NPs) are effectively implies for plant/crop protection. The uses of nano-sensors and electronic based
monitoring systems significantly helpful in precision farming. Nano-materials (NMs) are likewise
suggested for increasing and stimulate stress tolerance in plant against environmental stressors and soil
nutritional enhancement. Bio plastic or nano-material infused with plant beneficial microbes or spores
such as plant growth promoting (PGP) microbiota, rhizobia, ectomycorrhizal fungi (AM), and
Trichoderma harzianum are used to stimulate significant plant growth and nutrition and increase plant
yield. Different nanoparticle-formulations based, comprising nano-emulsified based pesticides,
herbicides, manures, and biosensors, have been extensively examined for plant protection, pest
resistance, and soil enhancement. Nano-agrochemicals (Chitosan hydrogel, bifenthrin nanosphere,
neonicotinoid, etc.) are utilized for agronomic and crop augmentations; application of nano-sensors/nano-
biosensors in crop fortification from diseases; nanodevices for genetic manipulation [17].

Antimicrobial Nano Emulsions are used for decontamination of food equipment and food packaging.
Bio-Indicators are employed to detect the bio-magnification due to pesticides and fertilizers. Anti-

bacterial Silver Nano-Particles are used to enhancing the life span of agronomic produce.
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Fig. 4: Nanoliposomes containing antibiotic Eucalyptus citriodora shows antimicrobial activity (Lin et

al., 2014)
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NANOTECHNOLOGY IN FISHERIES AND AQUACULTURE

Nanomaterials are applied to various aspects in aquacultural activities viz. pond sterilization, treatment
of water, uncovering and monitoring of freshwater and marine diseases, effective transfer of hormones,
nutrients, and drugs/vaccines to boost aquaculture production [18, 19]. According to the Russian
Academy of Science, the growth of young carps and sturgeon can be increased to 30% when fed with iron
nanoparticles. Similarly, Nano Check a 40 nm lanthanum-based compound helps in the absorption of
phosphates from water and prevents algal growth. Several studies documented the use of titanium
dioxide (TiO2) based photocatalyst agents for the pathogens (microorganisms) inactivation [20, 21, 22].
Nano net are employed to reduction in mortality rate and ensure 100% survival rate of fishes.
Additionally, they are also supportive to drop nitrite and nitrate levels in water and improve the water
quality [23]. Nano-based photocatalytic adsorbents and hydrogel bio films are broadly used in water
purification free fluoride, nitrate, and E. coli from the polluted water. Magnetic konjac glucomannan
(KGM) aero gels are developed to decontaminate water from arsenite. The global use of graphene and
graphene oxide (GO) as these nano-materials plays role in eliminating several categories of impurities
from water [24, 25, 26].

Nanoparticles (like chitosan and poly-lactide-co-glycoside acid along with mild inflammatory inducers
are used and applied for the fishes and shellfishes protection against bacterial and viral diseases.
Recombinant DNA based development of chitosan nano-particles showed and used against white spot
syndrome virus (WSSV) in shrimps defence. Recently, RNA interference (RNAi) nanomaterial was used
for the down-regulation genes diagnosis and protection of Penaeus vannamei against white spot
syndrome virus (WSSV) [27, 28].

INFECTEID CELL

RMNAT MARNDPARTICLE

Fig. 5: RNA interference (RNAi) nanomaterials
(Source - Ufaz et al., 2018 [28])

The addition of Nano-Selenium (Nano-Se) or selano methionine and Glutathione peroxidase (GSH-Px)
supplemented dietary feed are also experimentally proven for fish (crucian carp) weight and growth
status.

Nano-barcoding and tagging are developed as a monitoring system for coding details of aquatic products
processing industry and export.

Nano micelles, liposomes, nano-emulsions complexes improve the utilization efficiency of nutrients in
the fodder.
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Fig. 6: Application of nanotechnology in different fields of agriculture

NANOPARTICLES AND THEIR ROLE

> Carbon nanomaterial- graphene, graphene oxide, carbon dots, and fullerenes are used for
enhanced and enrichment of seed germination. Graphene nanotubes or nanomaterials (GNs) are
characterized as single- or multi-walled nanotubes (SWNTs or MWNTSs). Recently quantum dots (QDs)
or fluorescent labelled NPs are used for plant protein labelling [29, 30, 31).Graphene is used in agriculture
as a plant growth stimulator, can increase germination rates, and is a component of fertilizers [32, 33, 34].
Minimal graphene concentrations also enhanced the seed germination in tomato seeds [35].

> Nanorods (NRs) - Gold nanorods are used for the transportation of auxin based growth
regulator (2, 4-D) employed to promote cell growth in tobacco (Nicotiana tabacum) plant tissue culture
[36]. Similarly, gold nanorods were also helpful in physiological changes and phytotoxicity activities in
plants [37].

> Nanoencapsulation - emerges as a protective method as it involves encapsulation of any
drugs/substance within a homogeneous or heterogeneous capsule. This is useful for the precision and
controlled distribution of any drug/substance for protecting against adverse and abrupt environmental
changes [38, 39]. Encapsulation varies at two levels or types based on their size i.e. macro-encapsulation,
and micro-encapsulation. Nan capsule (NCs) are organic, inorganic and biologically active components
and with a size of <200 nm. Having a core filled with oil and surrounded by a shell. The cavity is either

empty or filled with polar or non polar solvent.
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Fig. 7: Different Nanoparticles
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CONCLUSION
Potential utilization of nanomaterials and nanoparticles is involved in several benefits to the agronomical
development of society, farmers, leading to the sustainable development of agriculture. Few benefits are
stated below:

» Improvement and enhancement of agriculture and crop production

> Improvement in foods packaging and shelf life longevity

» Improvement in the precision disease detection and drug delivery

» It helps risk-free nutritional additives to combat malnutrition.

» Green nano-based applications are helpful in water and soil purification both at the quality and
quantity levels.
Regardless of the advantages of Nano based technology in various aspects of agronomy, there are always
hidden obstacles related to the cost and commercialization, and concerns safety issues involving the

public, environment, and health.

REFERENCES

[1] Taniguchi N., Arakawa C., Kobayashi T. (1974). On the basic concept of nano-technology;
Proceedings of the International Conference on Production Engineering; Tokyo, Japan. 26-29.

[2] Duncan, T.V. (2011). Applications of nanotechnology in food packaging and food safety: barrier
materials, antimicrobials and sensors. Curr. Opin. Colloid Interface Sci. 363, 1-24
https://doi.org/10.1016/].JCIS.2011.07.017.

[3] Perea-de-Lugue, A., Rubiales, D. (2009). Nanotechnology for Parasitic Plant Control. Pest
Management Science Journal. 65(5):540-5. DOI: 10.1002/ps.1732.

[4] Roduner, E. (2006). Size matters: why nanomaterials are different. Chem. Soc. Rev. 35, 583-592. doi:
10.1039/b502142¢

[5] Jeevanandam, J.,, Barhoum, A., Chan, Y. S, Dufresne, A., Danquah, M. K. (2018). Review on
nanoparticles and nanostructured materials: history, sources, toxicity and regulations. Beilstein J.
Nanotechnol. 9, 1050-1074. Doi: 10.3762/bjnano.9.98.

[6] Lv, M, Liu, Y., Gang, ].H., Kou, X.H., Xin, Z.H., Yang, D.Y. (2018) Engineering nanomaterials-based
biosensors for food safety detection. Biosens. Bioelectron. 106, 122-128.

[7] Chen, Y.W.,, Lee, H.V,, Juan, J.C,, Phang, S.M. (2016) Production of new cellulose nanomaterial from
red algae marine biomass Gelidium elegans. Carbohydr. Polym. 151, 1210-1219.

[8] Prasad, R., Bhattacharyya, A. Nguyen, Q.D. (2017) Nanotechnology in sustainable agriculture:
Recent  developments, challenges, and perspectives. Front. —Microbiol. 8§, 1014,
doi:10.3389/fmicb.2017.01014.

[9] Eczhilarasi, P. N., Karthik, P. Chhanwal, N. and Anandharamakrishnan, C. (2013).
Nanoencapsulation techniques for food bioactive components: a review. Food Bioprocess Technol. 6,
628-647. Doi: 10.1007/511947-012-0944-0.

[10] Shi, S., Wang, W., Liu, L., Wu, S., Wei, Y., and Li, W. (2013). Effect of chitosan/nano-silica coating on
the physicochemical characteristics of longan fruit under ambient temperature. J. Food Eng. 118,
125-131. doi: 10.1016/j.jfoodeng.2013.03.029

[11] Yu, Y., Zhang, S., Ren, Y., Li, H., Zhang, X., and Dj, J. (2012). Jujube preservation using chitosan film
with nano-silicon dioxide. J. Food Eng. 113, 408—414. Doi: 10.1016/j.jfoodeng.2012.06.021.

87



BHUMI PUBLISHING, INDIA

[12] Singh, T., Shukla, S., Kumar, P., Wahla, V., & Bajpai, V. K. (2017). Application of Nanotechnology in
Food Science: Perception and Overview. Frontiers in microbiology, 8,  1501.
https://doi.org/10.3389/fmicb.2017.01501.

[13] Othman, S. H. (2014). Bio-nanocomposite materials for food packaging applications: types of
biopolymer and nano-sized filler. Agric. Agric. Sci. Proc. 2, 296-303. Doi:
10.1016/j.aaspro.2014.11.042.

[14] Mustafa, F., Andreescu, S. (2018) Chemical and biological sensors for food-quality monitoring and
smart packaging, Foods, 7(10) 168.

[15] Athanassiou, E. K., Grass, R.N., Stark, W.]. (2006) Large-scale production of carbon-coated copper
nanoparticles for sensor applications. Nanotechnology.28; 17(6):1668-73. Doi: 10.1088/0957-
4484/17/6/022.

[16] Arshad, R., Gulshad, L., Haq, I. U, Farooq, M. A., Al-Farga, A., Siddique, R., Manzoor, M. F,, &
Karrar, E. (2021). Nanotechnology: A novel tool to enhance the bioavailability of micronutrients.
Food science & nutrition, 9(6), 3354-3361. https://doi.org/10.1002/fsn3.2311.

[17] Sekhon, B.S. (2014) Nanotechnology in Agri-Food Production: An Overview. Nanotechnology
Science and Applications, 7, 31-53. https://doi.org/10.2147/NSA.S39406.

[18] Bhattacharyya A., Janardana Reddy S, Mahbub Hasan M, Adeyemi M, Regina Mary R, Naika HR
(2015) Nanotechnology: a unique future technology in aquaculture for food security. International
Journal of Bioassay 04: 4115- 4416.

[19] Huang, S., Wang, L., Liu, L., Hou, Y., Li, L. (2015) Nanotechnology in agriculture, livestock, and
aquaculture in China. A review. Agronomy for Sustainable Development 35: 369— 400.

[20] Hu, C,, Lan, Y. Qu, J, Hu, X, Wang, A. (2006) Ag/AgBr/TiO2 visible light photocatalyst for
destruction of azodyes and bacteria. The Journal of Physical Chemistry B 110: 4066— 4072.

[21] Ouyang, K., Dai, K., Walker, S.L., Huang, Q., Yin, X., CAI, P. (2016). Efficient photocatalytic
disinfection of Escherichia coli O157: H7 using C 70-TiO 2 hybrid under visible light irradiation.
Scientific reports 6: 25702.

[22] Park, J., Kettleson, E., An, W-]., Tang, Y,, Biswas, P, (2013) Inactivation of E. coli in water using
photocatalytic, nanostructured films synthesized by aerosol routes. Catalysts 3: 247—- 260.

[23] Liu A, Cao Y, Dai M, Liao ZW (2008) Nanomaterial application in carp aquiculture experiment. Fish
Modernization 2: 24— 27.

[24] Motamedi, E., Talebi Atouei, M., Kassaee, M.Z. (2014) Comparison of nitrate removal from water via
graphene oxide coated Fe, Ni and Co nanoparticles. Materials Research Bulletin 54: 34— 40.

[25] Kuang, L., Liu, Y. Fu, D., Zhao, Y. (2017) FeOOH-graphene oxide nanocomposites for fluoride
removal from water: Acetate mediated nano FeOOH growth and adsorption mechanism. Journal of
Colloid and Interface Science 490: 259- 269.

[26] Liu L, Cui Z, Ma Q, Cui W, Zhang X (2016) One-step synthesis of magnetic iron-aluminum
oxide/graphene oxide nanoparticles as a selective adsorbent for fluoride removal from aqueous
solution. RSC Advances 6: 10783— 10791.

[27] Zhu, F., Zhang, X. (2012). Protection of shrimp against white spot syndrome virus (WSSV) with (3-
1,3-D-glucan-encapsulated  vp28-siRNA  particles. Mar Biotechnol (NY).14(1):63-68. Doi:
10.1007/s10126-011-9387-2.

[28] Ufaz, S., Balter, A., Tzror, C., Einbender, S., Koshet, O., Shainsky-Roitman, J., Yaari, Z.A., &
Schroeder, A. (2018). Anti-viral RNAi nanoparticles protect shrimp against white spot disease. Mol.
Syst. Des. Eng., 2018, 3, 38-48.

88



CURRENT RESEARCH OF NANOTECHNOLOGY IN SCIENCE AND ENGINEERING VOLUME I
(ISBN: 978-93-91768-06-5)

[29] Pyrzynska, K. (2011). Carbon nanotubes as sorbents in the analysis of pesticides. Chemosphere 83,
1407-1413.

[30] Chahine, N. O., Collette, N. M., Thomas, B. C., Genetos, D. C., and Loots, G. G. (2014).
Nanocomposite scaffold for chondrocyte growth and cartilage tissue engineering: effects of carbon
nanotube surface functionalization. Tissue engineering Part A. 20, 2305-2315. doi:
10.1089/ten. TEA.2013.0328.

[31] Prasad, R., Bhattacharyya, A., Nguyen, Q.D. (2017). Nanotechnology in Sustainable Agriculture:
Recent Developments, Challenges, and Perspectives. Frontiers in Microbiology20; 8:1014. Doi:
10.3389/fmicb.2017.01014.

[32] Cheng, F., Liu, Y. F,, Lu, G. Y., Zhang, X. K,, Xie, L. L., Yuan, C. F., Xu, B. B. (2016). Graphene oxide
modulates root growth of Brassica napus L. and regulates ABA and IAA concentration. Journal of
Plant Physiology, 193, 57-63. https://doi.org/10.1016/j.jplph.2016.02.011

[33] Shen, S., Liu, Y., Wang, F.,, Yao, G, Xie, L, Xu, B. (2019). Graphene Oxide Regulates Root
Development and Influences IAA Concentration in Rice. Journal of Plant Growth Regulation, 38,
241-248. https://doi.org/10.1007/s00344-018-9836-5

[34] Zaytseva, O., Neumann, G. (2016). Carbon nanomaterials: Production, impact on plant development,
agricultural and environmental applications. Chemical and Biological Technologies in Agriculture,
3(1), 1-26. https://doi.org/10.1186/s40538-016-0070-8.

[35] Zhang, M., Gao, B., Chen, J., Li, Y. (2015). Effects of graphene on seed germination and seedling
growth. Journal of Nanoparticle Research, 8(8387), 1-14. https://doi.org/10.1007/s11051-015-2885-9.

[36] Wan, Y., Li, J., Ren, H., Huang, J., and Yuan, H. (2014). Physiological investigation of gold nanorods
toward watermelon. Journal of Nanoscience and Nanotechnology. 14, 6089-6094. Doi:
10.1166/jnn.2014.8853.

[37] Nima, A. Z., Lahiani, M. H., Watanabe, F., Xu, Y., Khodakovskaya, M. V., Biris, A. S. (2014).
Plasmonically active nanorods for delivery of bio-active agents and high-sensitivity SERS detection
in planta. RSC Advances. 4, 64985-64993. Doi: 10.1039/C4RA10358K.

[38] Ezhilarasi, P. N., Karthik, P., Chhanwal, N., Anandharamakrishnan, C. (2012). Nanoencapsulation
techniques for food bioactive components: a Review. Food Bioprocess Technol. 6, 628-647. Doi:
10.1007/s11947-012-0944-0.

[39] Ozdemir, M., Kemerli, T. (2016). Innovative applications of micro and nanoencapsulation in food
packaging, in Encapsulation and Controlled Release Technologies in Food Systems, ed. ]J. M. Lakkis
(Chichester: John Wiley & Sons, Ltd).

[40] Adapted from “Figure 5 Different Nanoparticles”, by BioRender.com (2021). Retrieved from
https://app.biorender.com/biorender-templates

89


https://app.biorender.com/biorender-templates

BHUMI PUBLISHING, INDIA

ECO-FRIENDLY NANO FILMS - EXPULSION OF
POLLUTANTS IN WATER

V. DURGA PRAVEENA

Department of Chemistry,

Government Degree College, Rajamahendravaram, Adikavi Nannaya University, AP.

Corresponding Author: Dr. V. Durga Praveena, Email: praveena.veera@gcrjy.ac.in

ABSTRACT

Bio-synthesis of Nanoparticles through various plant materials is also known as green technology which
comprises non-involvement of harmful chemicals. The current analysis reported that the Achyranthes
aspera plant extract is used for the preparation of silver-nanoparticles (SNPs). These SNPs are embedded
with chitosan (CS) bio-polymer, which is useful to protect the accumulation of nanoparticles. The
membrane (SNP-CS) is characterized by FT-IR, EDS, FESEM, XRD and UV-Visible. The presence of SNPs
was confirmed through the images of the Field Emission Scanning Electron Microscope (FESEM), the
average particle size 20nm and their crystal structure also estimated by using XRD. The relative
absorbance of formed SNPs is shown between 425nm to 435nm in UV-VIS Spectroscopy. This novel
technique provides a selective methodology for the removal of inorganic ions and has been satisfactorily
applied to its quantification in parenteral solutions. This chapter provides the information about the film
which has been shown to be effective for the detection and the removal of inorganic pollutants such as
fluorides, phosphates, nitrites, thiocyanates from natural wastes and wastewaters within the response

time of 2-3 sec.

KEYWORDS: SNP-CS, Fluorides, Phosphates, Nitrites, Thiocyanate ions

INTRODUCTION

The water quality depends upon the analysis of their colour, odour and taste. The water-bodies like
ponds, lakes and rivers are the most predominant source of people consuming drinking water. According
to the enhancement of pollution in the environment due to the increasing population, the availability of
surface water dwindles with time and most of it capitulates to severe pollution. The rapid
industrialization and urbanization of the present human society which implies more contamination in
water bodies and these contaminations including heavy metal ions, bacteria, organics, viruses and so on,
such contamination is serious harmful to health of human-beings for example in Nalgonda District water
contaminated with fluoride and nearly one lakh people-effect from fluorosis disease so that it is health
effecting substance which is not a nutrient. The presence of fluoride concentration in ground water
significantly varies from place to place, and it naturally occurs through rock and soil formation in the
form of fluorspar, fluorapatite, amphiboles, geochemical deposit, natural water systems and earth crust.
In addition to the fluoride can also be found in various industrial work, chiefly electroplating, glass,
semiconductor, ceramic and fertilizer industries. In this area, fluoride impurity dissolved in water bodies
due to anthropogenic activities like granite polishing, pharma-industrial effluents & other agricultural

waste (pesticides).
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Phosphorus is a nutrient required by all organisms for the basic processes of life, and also a natural
element found in rocks soils and organic material. Phosphates are chemical compounds made from the
elements phosphorous and oxygen. Phosphorus strongly adheres to soil cells and is used by plants, and
its concentrations in pure water are usually very low. The low concentrations of phosphorous in water
also known as phosphate which restricts the plant growth. The phosphate hugely dissolved in water
through man-made causes like septic systems, laundries, industrial discharge fertilizer runoff and
improperly treated waste water, moreover the increasing phosphates impact that the (Eutrophication)
excess plant growth and decomposition. Suppose that large growth of algae (algal blooms) implies that
they can severely reduce or eliminate oxygen in the water resulting to illness in fish and raising the death
toll of fish. According to the EPA total phosphate should not exceed 0.05mg L-1 in a stream where it
enters to lake or reservoir. Similarly another pollutant Nitrite widely exists in ground and surface water
systems as a consequence of agricultural activity, improper human and animal waste disposal. According
to the Environmental protect agency (EPA) the Maximum Contaminant Level (MCL) for nitrite measured
as nitrogen in drinking water is 1 milligram per litre (parts per mil-lion). Even trace amounts of nitrite
ions are unsafe to human health, due to their potential toxicity.

SCN- is another pollutant which is a metabolite of cyanide detoxification, a toxic substance with similar
toxicity that has foremost attention of researchers in various fields such as medicine, food chemistry and
ecology. Thiocyanate generally exists in industrial effluents, pesticides and organism metabolites. Low
concentrated Thiocyanate present in human serum, saliva and urine, and its toxicity causes anorexia,
fatigue and mental status changes including psychosis, seizures, weakness, tinnitus and hyper-reflexia.
So that novel materials (with high sensitivity and efficiency) are essential for the removal of these

pollutants in the water systems.

METHODS
Preparation of SNP-CS film: 2 g CS was dissolved in 200 ml 2% (V/V) acetic acid solution under magnetic
stirring. When the solution became clear, silver nanoparticles, Chitosan solutions were mixed in 2:3

ratios. Finally, films were made by casting the solution on the glass slides, dried at room temperature.
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Fig. 1: (a) Leaves of Achyranthes aspera
(b) Photograph of aqueous extract of achyranthes aspera solution

EFFECT OF REACTION DURATION
The formation of silver nanoparticles (SNPs) was evidenced with the change in colour of the solution

from colourless to light yellowish colour. The formation of silver nanoparticles was monitored through
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UV-VIS spectrophotometer at different time intervals. The spectrum obtained at 90 min shows the
absorption maximum at 437nm. The intensity of the peak increases gradually with increase of time. The
position of the peak is stable up to 24hrs. Now these nanoparticles can be embedded in chitosan to

produce SNP-CS for further application.

RESULTS AND DISCUSSION

FTIR SPECTRA OF CHITOSAN AND ITS DERIVATIVE SNP-CS

Perkin Elmer version 10.03.06, Spectrophotometer is used to record FTIR spectra of SNP-CS film. The
spectral band for chitosan appear at 3,526 cm-1 (axial OH group), 2,364 cm-1 (CN asymmetric band
stretching), 3,337 cm-1 (N-H stretching), 1,754 cm-1 (amide linkage ), 1,523 cm-1 (NH angular
deformation in CONH plane), 1,673 cm-1 (CO band stretching), 1,320 cm-1(CN band stretching ,axial
deformation of amino group) and 1,140- 1,026 cm-1(ether linkage , C-O-C band stretching). In SNP-CS,
(Figure) shows bands are shifted to higher frequencies i.e., 3353.51 cm-1 (overlap of O- H and N- H
stretching vibrations), 2922.34 cm-1(C- H stretching), 1744.89 cm-1, 1728.74 cm-1(-NH:2 bending in
amide linkage), 1569.07 cm-1, 1411.41 cm-1, 1070.14 cm~-1, 649.17 cm-1[C-C, C-O(esters and ethers) and
C-O (polyols)] more pronounced shift in the FTIR spectrum could be observed in the complexes ( Figure
inside). The major differences are: the peak at 3,526 cm-1 corresponding to the stretching vibration of
amino group (-NH2) and hydroxyl group (-OH), shifted to lower frequency (3339 cm-1), and the peak of
3339 cm-1 becomes wider, which indicates hydrogen bonding is enhanced and may be explained as that
the additive effect of water absorbed on the surface of SNP and the -OH group of CS. This suggests that
SNPs were capped by the polymer. The polar groups O- H of polysaccharide have the good aptitude of
coordination reaction with metal ions (e.g., with silver ions). When O-H groups and Ag ions form
coordination bonds, the interactions among the resultant silver particles and oxygen atoms of O-H
groups become stronger with increasing amount of silver. This can lead to analogous changes both in the

positions and in the strengths of FTIR spectra of CS.
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Fig. 2: FT-IR Spectra of SNP-CS membrane
XRD

X-ray diffractometer (PAN Analytical X" Pert, Almelo, The Netherlands) e quipped with Ni filter and
CuKa (I = 1. 54056 A) radiation source is used to record XRD. The XRD pattern for SNPs synthesized
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using natural plants extract is shown in the figure and the broad diffraction peaks around their bases
indicating that the silver particles are in nanosized.

The mean particle diameter of SNPs was calculated from the XRD pattern according to the line width of
the plane, refraction peak using the following Scherrer’s equation: The equation uses the reference peak
width at angle h, where A is the X-ray wavelength (1.5418 A®), § 1/2 is the width of the XRD peak at half
height and K is a shape factor. The particle sizes of the samples in our study have been estimated by

using the Scherer’s equation and were found to be ~17nm for the strongest peak.
D=KA/B1/2COS©
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Fig. 3: XRD Spectra of SNP-CS membrane

a b
Fig. 4: (a) SEM image of the SNP-CS using Achyranthes aspera L, extracts
(b) EDS Spectra of SNPs.

UV-VIS SPECTROSCOPY

UV-visible spectroscopic data of each sample was analyzed by using UV-visible spectrophotometer (Jasco
V-670) in the range 250-750 nm and the wavelength corresponding to maximum absorption (Amax) was
recorded which are identical to the characteristics UV-visible spectrum of metallic SNPs. Chitosan in 1%
(v/v) acetic acid is used as blank. Due to the excitation of Surface Plasmon vibrations SNPs absorb
radiation in the visible region of the EMS (380—450 nm), and this is responsible for the striking yellow—
brown color of silver nanoparticles. SNPs stability was checked up to six months and it was found that

stability is nearly constant even up to six months. Due to Vander Waals forces or Coulomb’s forces of
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attraction the individual particles have a tendency to form large sized agglomerates during the
preparation of SNP suspension. Chitosan is used as a stabilizer in order to prevent the agglomeration of
small particles which can form a protective layer on the particle’s surface. A strong physical adsorption of
the CS onto the surface of the SNPs is also an indication of better stabilization. The evolution of UV-VIS
absorption spectrum of silver nanoparticles embedded in chitosan membrane was shown in Figure 5b. A

Plasmon absorbance of the membrane was observed between 410-450 nm.
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Fig. 5: (a) Schematic diagram of the SNP-CS thin Fig. 5: (b) Changes in the SPR band of the
film sensor; path of the light beam in the AgNps at various time intervals using UV-
spectrometer is shown. vis spectrophotometer.

(b) Surface Plasmon resonance (SPR) spectrum of
the SNP-CS.

DISSOLUTION AND SWELLING TEST OF SNP-CS
The swelling studies of SNP-CS were carried out in distilled water at room temperature for a period of 24
hrs the percentage of swelling of these films was calculated by using the eq.
Percentage of swelling=Ws-W X 100

w
Where, Ws is the weight of swollen SNP-CS film (g) and W is the weight of dry CS film. It was observed
that SNP-CS film had 37.5% swelling when allowed to remain in distilled water for 24hrs at room

temperature.

SENSING EXPERIMENTS

All experiments (except those related to the temperature dependence) were carried out at the ambient
temperature of 25°C. The sensor film was immersed in ultra-pure water (Millipore Milli-Q, resistivity = 18
M Q cm) then placed in a spectrometer; the SPR spectrum of the film was monitored at first time. The
water was removed and replaced with the analytic solution. The SPR spectrum of the film was recorded.
A fresh film was used for each new experiment. The reproducibility of the sensing process was examined

by running repeated batches of selected experiments.

POLLUTANT (THIOCYANATE, FLUORIDE, PHOSPHATE, NITRITE) SENSING OF ECO SNP-CS

FILM
To investigate the sensitivity effect of the SNP-CS toward pollutants, pollutants with the concentrations

of 2 to 25 ppm was added to the SNP-CS. The sensing ability and selectivity of the prepared SNP-CS were
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studied by using UV/VIS spectroscopy. On interaction of pollutants with SNP-CS, pollutants undergo
diffusion into the polymer matrix during which the metal changes into metal salt. A clear blue shift of the
peak is observed at higher concentrations of pollutant. This aspect can be exploited by including the peak
shift, A A= [Amax (0) —~Amax (t)] in the sensor response.

The absorbance spectra for a set of selected concentrations are shown in Figures. For each measurement,
fresh film of SNP-CSis taken. The spectra show small but definite and reproducible decrease in intensity
within a few minutes. In addition to the decrease in intensity, the peak undergoes a blue shift which
becomes prominent at higher concentrations and the LSPR peak intensity at 437 nm decreases and
another peak appears at decreased wavelength as the pollutant concentration is increased. Changes in
absorbance at two different wavelengths as a function of pollutant concentration are provided in the
figures. We have plotted absorbance ratio as a function of pollutant concentration, within the range of 2
to 25 ppm the absorbance ratio is almost linear which indicates that the SNP-CS is active for detection

and removal of pollutant content in the solution.

CONCLUSION

The silver NPs dispersion in a chitosan bio polymer matrix played a more important role in colorimetric
sensing applications. In this study we have shown the feasibility of forming silver nanoparticles from
silver nitrate through green process using aqueous extract of Achyranthesaspera.L,. Based on the unique
LSPR properties of metallic nanoparticles, Colorimetric assays have showed to be very useful due to their
simplicity, high sensitivity, low detection limit, low cost, fast response time and great reproducibility. The
present study reports the application of nanoparticles for the removal of nitrite ions using AgNps-CS film
with high selectivity and sensitivity over Mn*?, Fe*3, CO%2, Ni*?, Zn*?, K+, Mg®?, Ba*®2 ions. Keeping these
significance properties in mind, in the near future we can use this thin film as a filter to remove inorganic

pollutants for the water purification at room temperature.
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Fig. 6: a) UV-VIS absorption b) Plot of absorbance intensity at 379 nm versus F-
response of green SNP-CS film concentration
upon addition of different c) Ratio of absorbance peak (As7s/A4s7) of SNP-CS exposed
concentrations of F- ions. to increased F- content.
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response of green SNP-CS film concentration
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ABSTRACT

This chapter is aimed to explain the importance of nano fluids/nano lubricants in Mechanical Engineering
through characterization of nano fluids like thermal conductivity, viscosity, flash point and fire point
tests of CuO based engine oils. CuO based engine oils are synthesized nanoparticles using wet
precipitation method and those nanoparticles are charecterized using XRD and TEM analytical
techniques. The prepared CuO nanoparticles are separated in three different mass concentrations i.e.,
0.1wt%, 0.2wt% and 0.5wt% of CuO nanoparticles are mixed to commercially available engine oil for the
experimental investigations. KD2 pro thermal property analyzer, Redwood Viscometer-I and Cleveland
open cup apparatus are used to evaluate thermo physical properties like thermal conductivity, viscosity,

flash and fire point of nanoparticle based engine oil.
KEYWORDS: Nano fluids, Nano lubricants, CuO nanoparticles, Engine oil, Automobile Engineering.

INTRODUCTION

Nano fluid is an engine lubricant produced by mixing, of CuO nanoparticles as additive into
commercially available SAE 20W 40, 10W 30 and 15W 40 three different types of Engines oil’s. Recent
investigations into nanofluids show that they have improved thermo physical properties over the
conventional fluids like water, ethylene glycol etc. In spite of best thermal design, materials, and the
performance of any engine oil is restricted due to its inherited poor thermal conductivity. Solution to this
problem can be sort out from the newly discovered nano materials based nanolubricant. It has been also
observed that nanofluids have potential to improved thermo physical properties over the conventional
fluids. [1-2]

BACKGROUND OF STUDY

The use of petroleum products in the transportation sector has been steadily increasing, which contribute
in a larger extent to the rapid depletion of the natural resources. Even a 10% increase in the efficiency of
engines by decreasing friction is considered to be a significant improvement. Lubrication is essential to
reduce friction and wear in engine parts thus minimizing the associated dissipative energy loss. Thermal
conductivity is the most important property of lubricating oil, which accounts for its heat transferring
ability. Other important properties of lubricating oil include the flash point and the pour point, which are
related to oil storage and handling. These properties of lubricant can be further improved by the use of
various wear reducing agents. With the invention of nano structured materials in the recent years, this
project concentrated to use nanoparticles as lubricant additives to improve their lubrication properties.
[3-4]
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Recent manufacture technology provides excessive opportunities to process different material at
nanometer scales. Nano-structured or nanophase materials have made of nanometer-size substances
engineered on the atomic or molecular scale to produce either new or greater physical properties not
showed by conventional solids. All physical mechanisms have a critical length scale below which the
physical properties of materials are changed. Therefore, solid particles smaller than 100 nm have
properties different from those of conventional solids. Many kinds of liquids, such as water, ethylene
glycol, and oil, have been used as host liquids in nanofluids. There are different types of nanoparticles
used to disperse in fluids as given below.

1) Metallic nano particles.

2) Non-metallic nano particles.

3) Metallic and non-metallic oxides.

4) Carbon nano tubes.

5) Ceramics and composites.
Materials for base fluids and nano particles are varied. Stable and highly conductive nanofluids can be
produced by one-step production and two-step production methods. These both methodologies for
making nano particle suspensions suffer from agglomeration of nano particles, which is an important
issue in all technology containing nano powders. Therefore, production and suspension of closely non-
agglomerated or mono dispersed nano particles in liquids is the important to important enhancement in

the thermal properties of nanofluids.

METHODS AND MATERIAL

In this preparation process 400ml of deionised water is taken in a 1000ml of the beaker to these 10grams
of Copper chloride was added along with 20grams of sodium hydroxide pellets. The reaction mixture
was heated along with magnetic stirring and the process is carried out for one hour at 900C. The pH
value 7 of the so formed copper oxide wet precipitate is neutralized by adding droplets of Hydrochloric
acid. Washed the wet precipitate copper oxide with deionised water to remove the impurity ions present
in the solution. Copper oxide nanofluids are obtained by dispersing the wet precipitate into the required
amount of deionised water under ultrasonic vibration for about 4hours to have uniform dispersion of
copper oxide nanoparticles. Copper oxide particles with fluid are washed with distilled water and
acetone for 3 to 4 times and by using centrifugation method and the fine particles are collected. Obtained
Wet copper oxide particles are kept in muffle furnace at 3500C for 3hours to remove impurity ions known
as “Calcination”. The obtained CuO particles removed from muffle furnace and make fine nanopowder
by using ball milling method at for 3hours.The fine Copper oxide nanoparticles are in brownish-black in
colour as shown in figure 1. As a result, the color of the solution changes from blue to black after the
reaction, and then the mixture was cooled to room temperature the chemical reaction can be represented
as

CuCl+2NaOH—CuOV+NaCl+H:0T

Fig. 1: Snapshots of Synthesis of CuO Nanoparticles
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The synthesized CuO nanoparticles are mixed into three different types of engine oils with 0.1wt%,

0.2wt% and 0.5wt% concentrations by using probe sonication for 12hours as shown in figure 2.

Fig. 2: Weighing and Probe sonication of CuO-Engine oils.

RESULTS AND DISCUSSION
XRD (X-RAY DIFFRACTION)
The average particle size of the CuO nano particles is calculated by Debye scherrer formula and it is
found that 25-30nm. Lattice parameters of unit cell of CuO are found to be a = 4.446 A, b = 3.628 A, c=
5.228A reported in ICDD Card. The HKL values (111), (111), (202), (020), (202), (113), (310), (220) are in

accordance with the literature values reported in JCPS file.
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Fig. 3: XRD of CuO powder

TEM (TRANSMISSION ELECTRON MICROSCOPE)
The formation of CuO nanoparticles with accurate dimensions can be studies by using TEM. The image

shows that the average size of CuO nanoparticles is found that 27 £ 1.52 nm as shown in figure 4.

50 nm

Fig. 4: TEM image of CuO powder

101



BHUMI PUBLISHING, INDIA

THERMAL CONDUCTIVITY

KD2 pro thermal property analyzer consists of a platinum wire as needle which is used a sensor needle to
find the thermal conductivity of nanofluid at room temperature as shown in fig 5. The range of the sensor
needle 0.2-2 W/mK with an accuracy of +5% can be used for measuring thermal conductivity of fluids.
Each measurement cycle consists of 90 seconds. During the first 30 seconds, the instrument will

equilibrate which is then trailed by heating and cooling of sensor needle for 30 seconds each.

Fig. 5: KD2 pro thermal analyzer

Thermal conductivity w/mk vs Temperature in deg
Centigrade
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==h—0.3wt% CuO Oil
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J

Fig. 6: Thermal conductivity vs. Temp. 15W-40/CuO NP’s
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Fig. 7: Thermal conductivity vs. Temp. 10W-30/CuO NP’s
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Thermal conductivity w/mk vs Temperature in deg
centigrade
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= 0.2wt % CuO oil
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Fig. 8: Thermal conductivity vs. Temp. 20W-40/CuO NP’s

VISCOSITY

For the measurement of viscosity of CuO nanoparticles in engine oil's Redwood viscometer is used and
experimental procedure is followed by standard laboratory technique as shown in figure 9. The rate of oil
resistance against flowing is called viscosity, which is one of the most important factors for selecting

engine oil. Because of the importance of viscosity for a nanofluid, we have done experimentally for the
finding of viscosity.

Fig. 9: Redwood viscometer-I

The below tables 1, 2 & 3 shows the obtained experimental values of kinematic viscosity at 40°C and
100°C of 20W 40, 10W 30 & 15W 40 engine oils with CuO mass concentrations.
Table 1: Viscosity of 20W 40 engine oil with CuONP’s

) L. . Kinematic

. Kinematic viscosity . .
S.No. Oil samples viscosity
(cSt) 40°c

(cSt) 100°c
1. 20w 40 oil 138.8 15.68
2. 20w 40 oil + CuO 0.1wt% 141 15.84
3. 20w 40 oil + CuO 0.2wt% 144.77 15.92
4. 20w 40 oil + CuO 0.5wt% 146 16.12
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Table 2: Viscosity of 10W 30 Engine Oil with CuO NP’s

Kinematic Kinematic
S.No. Oil samples viscosity (cSt) viscosity
40°¢c (cSt) 100°c
1. 10w 30 oil 141.25 15.96
2. 10w 30 oil + CuO 0.1wt% 143.3 16.24
3. 10w 30 oil + CuO 0.2wt% 145 16.45
4. 10w 30 oil + CuO 0.5wt% 146.58 17

Table 3: Viscosity of 15W 40 Engine Oil with CuO NP’s

. Kinematic viscosity Kinematic viscosity
S.No. Oil samples
(cSt) 40°c (cSt) 100°c
1. 15w-40 oil 139 15.93
15w 40 oil + CuO
2. 142.44 16.13
0.1wt%
15w 40 oil + CuO
3. 144.77 16.92
0.2wt%
15w 40 oil + CuO
4. 146.35 16.98
0.5wt%
FLASH AND FIRE POINT

Flash and fire point measurement is experimentally done on Cleveland open cup apparatus. In this
experiment, the sample is warmed up according the methods. When the flash point is reached, there is a
blue color flame produced at above the sample. The sample to be heated continuously until permanent

flame is detected which is known as Fire point. Temperature readings are to be noted for flash and fire

points using high capacity thermometers.

Fig. 10: Cleveland open cup apparatus
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Fig. 13: Flash and Fire point of 15W 40 CuO/Oil

CONCLUSIONS

» Thermal conductivity of three different types of engine oils (base fluid) and engine oils with CuO
nanoparticles increases almost linearly with temperature (30 to 45 °C).

» At different mass concentration of CuO nanoparticles, the improvement in thermal conductivity is
gradually increasing with respect to temperature. This rise in the thermal conductivity is more at
high temperature (30°C to 45 °C). Same is true for higher value of mass concentration of
nanoparticles.

> But in the visual inspection it seems that at 0.5wt% CuO, it is difficult to mix with engine oil due to
the formation of agglomeration. However, at 0.1wt% and 0.2wt% CuO nanoparticles with engine oil
shows nearly 5.7% of improvement in thermal conductivity.

> The results show that viscosity increases with the nanoparticles concentration, while going from 0.1
to 0.5% mass concentration and due to increase in concentration of nanoparticle, particle to particle

bonding increase which results in more rise in viscosity.
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> On the basis of size effect, viscosity of engine oil with nanoparticles increases with the increases size
of nanoparticles at constant temperature. The results show that all the three types of oils with
CuO nanoparticles viscosity increases at constant temperature.

» Adding CuO nanoparticles to the base 0il causes an increase in the flash and fire point of the base oil
because CuO nanoparticles have high melting point.

» The rate of change in flash point of the CuO nanoparticles with engine oils at 0.1 wt. % concentration
with respect to the base oil is nearly 7.5%, and the highest amount of increase is at 0.5 wt. % sample,
which is nearly 13%.
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ABSTRACT

Milk is the all complete food for mammals and supplies all the energy and nutrients needed for the
proper growth and development of the neonate before they are able to digest other types of food. Milk
which contains the various mixtures of bioactive components such as high-quality proteins, lipids,
carbohydrates, vitamins, minerals, enzymes, hormones, immune globulins and growth factors which
influences the immune system of infants, providing protection, tolerance , facilitating development and
an appropriate inflammatory response.

From milk of different origins, such as that of Humans, Donkeys, Cows, Buffalos, Sheeps, Goats, Yaks, a
number of oligosaccharides have been isolated that have shown anti-tumour, anti-cancer, anti-
complementary, anti-inflammatory, anticoagulant, antiviral, antibacterial properties. Keeping in mind the
biological activity of Shyamadhenu milk and oligosaccharide present therein, it was collected in bulk and
was processed by method of Kobata and Ginsburg for obtaining its oligosaccharides content. During the
process the milk was deproteinated, filtered by microfilter and lyophilized followed by the gel filtration,
HPLC, column chromatography and thin layer chromatography, which resulted into the isolation of a
novel milk oligosaccharides namely Inose. The structure of isolated oligosaccharides was elucidated by
chemical transformations, chemical degradation, NMR (H, *C and 2D COSY, TOCSY HSQC) and mass

spectrometry.

GlcNAc—f—(1—+3)GlcNAc—[—(1—6)Gal-p—1—=4)Glc

KEYWORDS: Bovine milk, oligosaccharide, NMR Studies.

INTRODUCTION

Milk isa substance secreted by all mammals to provide nutrition and immunological protection
to their newborns [1]. Its main components are carbohydrates, lipids, proteins, fats, immune globin, and
lipids. Each component is present in a specific amount and has a specific function. One of the
major components is sugar, which contains lactose and oligosaccharides. Oligosaccharides
are bioactive macromolecules found in mammalian milk that are receiving a lot of commercial attention.
These complex carbohydrates (oligosaccharides) are known to be responsible for the beneficial effects of
breastfed newborns and perform a variety of bioactive functions, including Probiotics enrichment of a
protective micro biota, limiting the virulence of several pathogens, and increasing postnatal neural
development [2]. They also inhibit pathogenic microorganism adhesion to the intestinal and urinary tract
by acting as receptor analogues to prevent gastric and urogenital infections. As a result, these

oligosaccharides have anti-inflammatory, anti-tumor, anti-thrombotic, immunological stimulant, anti-
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cancer, antiviral, antibacterial, and cardio protective properties [3, 4]. Furthermore, these oligosaccharides
have been isolated from the milk of a variety of mammalian species, including buffalo, equine, caprine,
elephant, donkey, rat, goat, camel, and human. Simple and complex oligosaccharides can be found in
bovine milk. Recent study has found that bovine milk contains oligosaccharide analogues to human milk
oligosaccharide (HMO), implying that they have a comparable protective and nutritive role in the
immune systems of babies and humans [5]. The toxin's binding to the intestinal mucosa in these species'
suckling young is inhibited by bovine milk oligosaccharide (BMO). There are several texts that
demonstrate the significance and benefit of cow milk in human existence. Ayurveda recognises the
curative value of cow milk, particularly that of the black cow. It is supposed to boost vitality and
immunity, nourish bodily tissues, function as a natural aphrodisiac, rejuvenate and enhance intelligence,
increase breast milk in nursing mothers, and help with bowel motility and bleeding disorders. According
to the Rigveda, cow milk is Amrita, which protects humans from ailments, and its milk has therapeutic
and preventative properties. Cow milk as a drink offers vitality or OJA in man, the inner strength to
battle ailments, according to Charaksutradhan. It is a full diet that provides the ability to think clearly
and wisely. It brings us happiness and serenity. It protects the human body from vata, pitta, heart illness,
and leucoderma, according to Indian ancient physician Dhanvantri. Several studies have shown that
supplementing with bovine milk can help with diarrhoea in people with immune deficiency syndrome,
NSAID-induced diarrhoea, and other conditions. In light of this, milk from Shyama Dhenu was collected
in bulk and processed according to the Kobata and Ginsburg technique for the separation of new milk
oligosaccharide [6]. Following the procedure, an novel milk oligosaccharide was isolated from cow's
milk, and its structure was determined using chemical degradation, chemical transformation, and
spectroscopic methods such as 1H NMR, 13C NMR, and 2DNMR i.e. COSY TOCSY, HSQC methodology,

and mass spectrometry.

MATERIAL AND METHOD

GENERAL PROCEDURE

An AA-5 series automated polarimeter in 1dm tube was used to detect optical rotations. On a Bruker AM
300 and 300 FT NMR spectrometer, 1H and 13C NMR spectra of oligosaccharides were recorded in D20,
and spectra of acetylated oligosaccharides were recorded in CDCI3 at 25 °C A MICROMASS QUATTRO
II triple quadrupole mass spectrometer was used to record the ES-MS. The elemental analyzer CARLO-
ELBA 1108 was used to record the C, H, and N analyses. TLC with 50 % aqueous H2504 reagent and
Paper Chromatography with acetyl acetone and p-dimethyl amino benzaldehyde reagents were used to
visualise the sugars. For TLC, silica gel G (SRL) and CC silica gel were used as absorbents (SRL, 60- 120
mesh). PC was carried out using Whatman No.1 filter paper with an ethyl acetate-pyridine (2:1) solvent
solution saturated with H20. In gel permeation chromatography, Sephadex G-25 (PHARMACIA) was
utilised. The substance was freeze dried using a CT 60e (HETO) lyophylizer and centrifuged using a
cooling centrifuged Remi instruments C-23 JJRCI 763 centrifuge. A reverse phase HPLC system with a
Perkin Elmer 250 solvent delivery system, 235 diode array detector, and G.P. 100 printer plotter was used
to assess the homogeneity of the compounds. Aldrich Chemicals provided authentic samples of N-
acetylglucosamine (GlcNAc), N-acetylgalactosamine (GalNAc), galactose (Gal), glucose (Glc), fucose

(Fuc), and silalic acid.
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ISOLATION OF SHYAMADHENU MILK OLIGOSACCHARIDE BY KOBATA AND GINSBURG
METHOD

Isolation of Shyamadhenu (Black Cow) milk oligosaccharide by Kobata and Ginsberg method12 litre
Black cow milk was collected from a Shyamadhenu and then processed by method of Kobata and
Ginsberg (20). Milk was collected and kept at - 20°C for 12 hours before being centrifuged at 4°C for 15
minutes at 5000 rpm. Filtration via a glass wool column in the cold removed the solidified lipid layer.
Ethanol was added to the clear filtrate to reach a final concentration of 70 percent, and the solution was
kept at 0°C overnight. The lactose and protein-rich white precipitate was centrifuged and washed twice
with 70 percent ethanol at 0°C. The supernatant and washings were mixed together, filtered through a
microfilter, and lyophilized to provide a crude oligosaccharide combination (255 gm). The presence of N-
acetyl sugars in the lyophilized sample was confirmed by the Morgan-Elson test (21) and the
thiobarbituric acid assay. This lyophilized material (34 gm) was further purified by fractionating it by
using Sephadex G-25 chromatography at a flow rate of 3 ml/m with glass triple distilled water as the
eluant. The presence of neutral sugar was determined in each fraction using the phenol sulphuric acid

reagent. The oligosaccharide combination was finally obtained at a weight of 28 gm.

ACETYLATING OF SHYAMADHENUCOW MILK OLIGOSACCHARIDE MIXTURE

Dry oligosaccharides from pooled fractions (13 gm) were acetylated at 60° C for 24 hours using pyridine
(13 ml) and acetic anhydride (13 ml). The reaction mixture was then evaporated under reduced pressure,
and the viscous residue was collected in CHCls and washed with 2 N HC], ice cold 2N NaHCQOs, and H20
in that order. The acetylated mixture was obtained after drying the organic layer over anhydrous Na250s,
filtering, and drying to dryness (15.5g). Using CHCls: MeOH as an eluent, non-polar acetyl derivatives of
oligosaccharides were resolved satisfactorily on TLC. The spots were detected by spraying them with 50

percent H2504 and then heating them.

PURIFICATION OF ACETYLATED MILK OLIGOSACCHARIDE ON SILICA GEL COLUMN

Purification of acetylated derivatives into compounds was carried out using a silica gel column
chromatography system with a silica ratio of 1:100 and varied proportions of hexane: The CHCls,CHCls,
CHCIs:MeOH mixture was fractionated into twelve fractions: I(259mg), 11(92mg), I1I(164mg), IV(2.05gm),
V(1.95gm), VI(2.82gm), VII(120mg), VIII(286mg), IX(726mg), and X(187mg). These fractions have a
combination of two to three chemicals in them. The isolation of one chromatographically pure chemical f

resulted from repeated column chromatography of fraction V. (58 mg).

DEACETYLATION OF COMPOUND

In a stoppered hydrolysis flask, deacetylation of acetylated oligosaccharide f (58 mg) was carried out in
2ml acetone and 13ml NHs for 24 hours. After removing the ammonia under decreased pressure for 24
hours, an equal amount of CHCIs and water was added, and the chemical was recovered in the aqueous

phase. The water layer was then freeze dried, yielding deacetylated oligosaccharide F (32 mg).

RESULTS AND DISCUSSION

The existence of normal and amino sugars in compound F,C2sHsO21N2 was demonstrated by positive
Phenol sulphuric acid test [7], Fiegl test [8], and Morgan-Elson test [9]. F at 300 MHz 'H NMR spectra
revealed four doublets for five protons in the anomeric proton region at 5.25(1H), 4.65(1H), 4.52(1H), and
4.45(1H), implying that compound F is a tetrasaccharide in its reducing form. The emergence of four
signals for five anomeric carbons at 101.4(2C), 101.1(1C), 91.7(1C), and 89.2(1C) in the *C NMR spectra of
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acetylated F further supported. These data led to the suggestion that it may be a tetrasaccharide in its
reducing form. The four monosaccharide units present in compound Inose have been designated as Si, Sz,
Ss and S: for convenience starting from the reducing end. Methylglycosidation of compound F by
MeOH/H* followed by its acid hydrolysis led to the isolation of ot and 3—methyl glucoside, GIcNAc and
Gal which suggested the presence of glucose at the reducing end in the oligosaccharide. The reducing
and free nature of glucose was further supported by the presence of two anomeric proton signals as
doublets and their coupling constants, for a and 3 Glc at o 5.25(1H)(J= 3.6Hz) and 94.65 (1H)(J= 8.1 Hz)
respectively. The presence of lactosyl moiety at the reducing terminal was indicated by two anomeric
proton doublets resonating at 4.45(1H) (J= 7.5Hz) and 4.65 (1H) (J= 8.1 Hz) for Gal and Glc residues,
respectively, as well as the H-2 proton signals of -Glc as structural reported group for lactosyl moiety,
appearing as a triplet at 3.28(J= 8.7Hz. Furthermore, the '"H NMR revealed the existence of another
anomeric proton as a doublet at 4.45(J=7.5Hz) and one singlet of three protons at 2.09 for the NHAc
group, which was corroborated by the presence of just one GIeNHAc unit in compound F. The presence
of another anomeric proton doublet at 4.52(1H) (J=7.5Hz) and one triplet at 3.20(1H) (J=8.7Hz) indicated
that the fourth monosaccharide in F is the unsubstituted -Glc (54) molecule, which might be present at the
non-reducing end of the tetrasaccharide. The absence of a downfield shifted H-4 proton resonance of -Gal
(52), which appeared as a doublet at 3.92 (J=2.7Hz) instead of the downfield shifted chemical shift of this
proton around 4.13-4.15 due to substitution in the 3-position by a -linked GlcNHAc, along with the up
field shifted -GIcNHAc anomeric proton, confirmed that -Gal(S2) is not substituted that This means that
the -GIcNHAc in compound F is 1-6 connected to Gal, as evidenced by the 1H-1H connectivities in the
acetylated molecule F's HOMOCOSY spectrum. Further, the existence of the GIeNHAc H-3 proton, which
appears as a triplet in the downfield region at 4.05 (J=5.1 Hz), indicates that GIcNHAc (S3) is replaced at
the 3-position by a -Glc (S4), which is the fourth monosaccharide present at the non-reducing end of the
tetrasaccharide. COSY, TOCSY, and HSQC investigations of the acetylated compound F corroborated all
of the 1IH NMR assignments for structural reporter protons of monosaccharide units of compound F. The
tetrasaccharide composition of compound F was further verified by the chemical shifts of the anomeric
carbon of F in the 13C NMR spectra of acetylated compound F at 101.4 (2C, -GlcNHAc and -Glc),
101.1(1C, -Gal), 91.7(1C, -Glc), and 89.2(1C, -Glc), which correspond to the anomeric carbon values. The
1H and 13C cross peaks of -Glc (6.26x89.2) and -Glc(5.67x91.7) in the HSQC spectrum of acetylated
compound F confirmed anomeric assignments in 1H and 13C NMR spectra of compound. It also has
cross peaks for one -Gal, -Glc, and -GlcNAc moieties at 4.48 101.4 (2C), 4.48 101.1 (1C), and cross peaks for
glycosidically linked carbons with three protons at 4.48 101.4 (2C) and 4.48 101.1 (1C), respectively. Three
cross peaks for four glycosidically connected carbons were also found at 3.90 70.3, 3.79 73.3, 3.85 75.6, and
3.82 75.5. The chemical shift pattern of 1H, 13C, HOMOCOSY, TOCSY, and HSQC NMR tests indicated
that molecule F was a tetrasaccharide with the following structure.
Glc—p—(1—3)GleNAc—B—( 1—+6)Gal—B—( 1—4)Glc

The tetrasaccharide nature of F was also confirmed by the FAB-MS spectrum analysis of acetylated
compound F, which revealed the highest mass ion peaks at m/z 1276 [M+Na]* as pseudomolecular ion
peak, which was in agreement with the derived composition with the molecular ion expected at m/z 1253
for an acetylated tetrasaccharide with the molecular It also confirms the monosaccharide unit sequence in
the tetrasaccharide F. The existence of a terminal hexosyl moiety in the tetrasaccharide was shown by the
fragment ion at m/z 331, which was created by the cleavage of terminal non-reducing Glc (S4) and the
subsequent creation of fragment ion at m/z 922[S1, S2, S3]. The existence of a fragment ion at m/z 922
indicated that the tetrasaccharide included a trisaccharide including c-Gal (52) - Glc (S1) sugar. The

existence of additional amino sugar in the tetrasaccharide is confirmed by the subsequent loss of an
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NHCOCH:s from fragment ion at m/z 922 [S1-52-53] leading to ion at m/z 864. The presence of the lactosyl
moiety (S2-S1) is further confirmed by the presence of a mass ion fragment at m/z 619, which was
produced by the fragmentation of a molecular ion at m/z 1253 at the N-acetyl glucosamine residue
starting from the non-reducing terminal of the tetrasaccharide, as well as the formation of complementary
fragment ions at m/z 634, which correspond (S3). This proved that the lactosyl moiety was connected to
the disaccharide Glc-GlcNAc. The lactosyl disaccharide at m/z 619 fractured further to generate fragment
ions at m/z 289(S2) and m/z 331(51), confirming the presence of Glc at the tetrasaccharide's reducing
terminus.

The FAB mass spectrum of compound F also contained other mass ion peaks at m/z 1192[1276-
2CH>=C=0], 1120[11922-CH>=C=0,-OCHs], 1031[1192-CHsCOOH, CHsCO, NHCOCHs], 1014[1031-OH],
970[1120-CHsCOO-CHsCOOH-OCHs], 865[1014-2CHsCOO-OCHSs], 833[865-OCHs], 747[865-2CHsCOO],
705[747-CH>=C=0], 679[865-CHsCOOQO], 659[865-2CHsCOOH-CHsCO], 637[679-CH=C=0], 577[619-
CHsCOOH], 517[577-CHsCOOH], 475[517-CH>=C=0], 426[517-CHsCOOH-OCHs], 391[475-CH=C=0],
373[475- CHsCOOH-CH:=C=0], 211[331-CHsCOOH], 229[331-CHsCOOH-CH>=C=0],  169[229-
CHsCOOH], 109[169-CHsCOOH]. This fragmentation also supported the formation of various fragment
mass ion that served as anchoring units of the tetrasaccharide.

The structure of compound F was determined using physico-chemical methods and chemical

transformations, and it is as follows:

Gle-p—(1-+3)GlcNAc-p-(1-»6)Gal-f~(1—+4)Glc
Inose
CONCLUSION
In conclusion, Inose, a novel milk oligosaccharide, was isolated from Shyamadhenu milk and its structure

was determined using 1H, 13C, 2D NMR spectroscopy and mass spectrometry.
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ABSTRACT

Medicinal plant secondary metabolites and extracts are frequently utilised to treat a variety of chronic
conditions. The presence of pharmacologically important secondary metabolites varies according to a
range of aspects, including the ageing of medicinal plants, the time of harvest, and environmental factors.
This issue can be resolved with standardised herbal extracts and purified metabolites. However, for the
majority of herbal medications, formulation stability and active component absorption are limiting issues.
The innovation of new pharmaceutical drug delivery systems is crucial for overcoming the challenges
mentioned earlier. Also, treatment effectiveness is mainly dependent on selecting the suitable
formulation. In recent years, phytotherapeutics have found a novel drug delivery system to increase
patient compliance, therapeutic value, minimise toxicity, increase bioavailability, and avoid the need for
frequent administration of a drug. This purpose can be accomplished by developing innovative drug
administration vehicles for biologically or pharmacologically active herbal constituents. Scientific
approaches to the design of drug delivery systems for herbal medicines have recently become the focus of
pharmaceutical or herbal drug scientists. The development of herbal medicines as a novel formulation
has been delayed for a long time due to a lack of scientific verification and operational complications such
as selection of medicinal plants, extraction, isolation, and identification of individual drug components,
as well as standardisation of both single ingredients and complex polyherbal formulations. Over other
conventional herbal formulations, various nano-based herbal formulations are available, including
liposomes, phytosomes, solid lipid nanoparticles, microemulsion and polymeric nanoparticles.
Compared with traditional herbal formulations, nanotechnology-based herbal formulations offer many
benefits, including enhanced solubility of phytocomponents, improved bioavailability, lesser toxicity,
increased pharmacological activity, and enhanced macrophage distribution in tissue, constant drug
distribution, and protection from physicochemical damage. This review will discuss in detail the
importance of novel drug delivery technologies and their potential impact on herbal medications in the

future.

KEYWORDS: Herbal drugs, NDDS, Phytoconstituent.

INTRODUCTION

In Worldwide, numerous human populations have been using medicinal herbs or medicinal beneficial
plants as a reservoir of food and to cure infections prior to exploring allopathic therapies. Herbal
medicines or medicinal plants serve an essential role in the treatment of a wide range of illnesses. Herbal

medications are used by over 70% to 80% of the worldwide people as their first layer of protection against
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different diseases. Furthermore, world health organizations promote the use of herbal medicines to treat
a variety of ailments. It has an anticipated budget of three hundred million euro’s in Europe and a
consistent 10% increase in expenditure on botanical treatments in the United States alone (1). Herbal
medicines have a number of advantages over other conventional formulations, including their minimal
price, convenience of availability, and safety in terms of administration. A growing interest in creating
novel drug delivery systems for natural or herbal medications has attracted the attentions of researchers
in recent years. There are numerous advantages of the innovative medication delivery technology over
conventional drug administration systems, including delivering a drug in a controlled manner by
maintaining an optimal drug concentration and rate, dosage accuracy, increased efficacy and safety,
target-specific drug delivery at the required dose, and minimal toxicities(2).The limitations of
conventional drug delivery systems include medicines with a half-life that require subsequent
administration to achieve the desired concentration, poor solubility, which leads to decreased
bioavailability, stability, and toxicity issues. Thus, Drug delivery methods for herbal medicines that are
nano-sized and innovative in design may have a future in improving the activity of plant medicines while
also reducing difficulties associated with conventional drug delivery systems. In this review article, an
effort is made to summarise recent breakthroughs in nanotechnology-based medication delivery systems

as well as herbal medicines.

LIPOSOMES

Dr Alec D. Bangham, a British haematologist, was the first to characterise liposomes, which were
discovered in 1961(3). Liposomes have been around since the 1970s, and they are used to deliver drugs to
specific locations in the body. Biocompatible, biodegradable, and amphiphilicity are the most promising
for drug delivery of herbal drugs. Drug delivery systems like liposomes may fulfil the need or
requirement for novel drug delivery systems like nontoxic, biocompatible, biodegradable, increasing the
efficacy of drugs, reducing the toxicity of drugs, and active targeting. Liposomal drug delivery systems
are becoming increasingly important in treatment of cancer, where liposome-encapsulated
chemotherapeutic drugs have demonstrated a significant increase the effect and decreased toxic effects
when compared to the unencapsulated anticancer agent. Liposomal drug delivery systems are becoming
increasingly important in cancer therapy (4). On a global scale, cancer has the highest death rate. The
onset and progression of the disease may be influenced by oxidative stress and other environmental
factors such as genetic mutations and epigenetic changes (5). Curcumin powder is made from the
rhizome of the turmeric plant, which contains curcumin, a yellow-colored polyphenolic phytocompound.
Turmeric is used to cure a wide range of illnesses, including malignancies of the lung, cervix, prostate,
breast, bone, and liver. Turmeric is also used to treat a variety of other diseases. Poor water solubility,
low bioavailability, quick metabolism, and systemic elimination have all contributed to curcumin's
ineffectiveness in drug development (6).Curcumin liposomes are created by combining a cholesterol-
based cationic lipid with curcumin. On this basis, curcumin liposomes were created in order to increase
the stability, cellular absorption, and cytotoxicity of curcumin. Toxicities of curcumin encapsulated in
liposomes were greater than those of free curcumin when tested on the HeLa, A549, HepG2, and 1301 cell
lines. Researchers discovered that curcumin with ED50 values ranging from 2.5 to 10 pug was 2-8 times
more hazardous than natural curcumin. It is possible that this is due to the fact that the synthetic
cholesterol-based cationic lipid promotes curcumin uptake into the cells (7). In another study, curcumin
nanoliposomes were prepared using salmon, soya, and rapeseed lecithin. Salmon lecithin contains a
variety of fatty acids, particularly unsaturated fatty acids, which are known for their health benefits.

When compared to rapeseed and soya lecithin, the bioavailability of nanoliposomes containing salmon
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lecithin was enhanced by their greater solubility and entrapment efficiency. Curcumin nanoliposomes are
more effective at inhibiting the MCF-7 cell line. Curcumin-nanoliposomes' inhibitory activity may be
dose-dependent. Curcumin-nanoliposomes increase curcumin's bioavailability, which enhances its effect
on cell proliferation (8).Quercetin is a flavonoid that occurs naturally and is present in a variety of foods
medicinal plants, fruits, and dietary supplements. Recent flavonoid research has revealed quercetin's
promising pharmacological effects, including antioxidant, cardiovascular, neurogenerative-aging, anti-
inflammatory, and anticancer activity. Quercetin is a critical component in alternative or complementary
medicine owing to its high therapeutic potential, ease of availability, and affordability. There are several
fundamental disadvantages of employing quercetin in therapeutic applications, including its low
bioavailability, inadequate solubility in water, short half-life, chemical instability, and low stability in
aqueous solutions. A study in rats was conducted to determine the efficiency of quercetin liposomes in
the treatment of streptozotocin-induced diabetic nephropathy. It is obvious from the results of the
research that quercetin and pegylated quercetin liposomes dramatically alleviate diabetic nephropathy in
rats that have been treated with these compounds. The group that received pegylated quercetin
liposomes had higher quercetin concentrations in plasma than the group that did not get pegylated
quercetin liposomes,however, the treatment did not successfully manage diabetic nephropathy
symptoms. These formulations may be beneficial in lowering oxidative stress, inhibiting the production
of advanced glycation end products (AGE), and delaying the advancement of diabetic nephropathy (9).
The Eudragit coating on liposomes enhances the vesicles' physical stability by mimicking the
gastrointestinal conditions. The in-vitro results are also consistent with those that demonstrate quercetin
eudragit-coated liposomes reduce elevated reactive oxygen species levels and extend the effect of
quercetin in cells for up to six hours. The formulation of quercetin eudragit-coated liposomes has the
potential to regulate pro-inflammatory and pro-oxidant conditions that can result in DNA damage and
cell modification (10). Another study used a thin-layer evaporation method to prepare liposomal
quercetin. Liposomal quercetin is more effective as an antioxidant than free quercetin. The liposomal
quercetin exhibits improved polar solubility and bioavailability, which alleviates the issues associated
with quercetin application and promotes its use in the treatment of tumours. Liposomal quercetin inhibits
human breast cancer (MCEF-7 cells) more effectively in-vitro, resulting in a decrease in cell proliferation
and an increase in antitoxic effect (11).Quercetin is a potentially beneficial plant metabolite for the
treatment of liver injury. Nanopreparation of quercetin have been developed and found to be effective in
protecting rats' livers from oxidative damage. The nanoliposomes were spherical in shape and contained
quercetin in the lipid bilayer's centre. Nanoliposomal quercetin significantly outperformed pure quercetin
in terms control of serum levels such as glutamic-pyruvic transaminase, glutamic-oxal acetic
transaminase, and direct bilirubin. In histopathological studies, nanoliposomal quercetin effectively
reduced hepatic injury and protected hepatocytes from damage (12).Catechins are naturally occurring
polyphenolic phytochemicals that have the ability to protect cells and have a variety of beneficial
pharmacological actions, including free radical scavenging, antiviral, anti-inflammatory, anticancer, and
anti-aging properties. Green tea is naturally high in antioxidants, particularly epigallocatechin-3-gallate
(EGCG), which has been shown to inhibit microglia-mediated inflammation and protect neurons. The
primary disadvantage is that epigallocatechin-3-gallate is highly unstable and has low bioavailability in
nature. Liposomes containing PS and EGCG are prepared, and the resulting liposomes are smaller, more
stable, and have a better oral bioavailability. With vitamin E, EGCG is protected from the effects of
oxygenation, which improves its capacity for absorption and encapsulation. As an inhibitor of the
neuroinflammatory response, EGCG-loaded liposomes have been found to be crucial in the

neuroinflammatory response.During neuroinflammatory responses, these effects have been
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demonstrated in the prevention of cells from undergoing apoptosis (cell death). According to an in-vivo
investigation, LPS administered to the unilateral midbrain substantia nigra region of rats resulted in the
amelioration of the Parkinsonian syndrome in these animals. Post-treatment of EGCG-loaded liposomes
inhibited the neuroinflammation mechanism, including TNF- secretion (14).Silymarin is a polyphenolic
substance obtained from the seeds of the plant silybum marianum, which grows in the Mediterranean
region. Among its many pharmacological qualities are its anti-inflammatory, cancer-fighting, and
antiviral properties, and many others. However, silymarin is only seldom used to treat a range of liver
illnesses, including as chronic liver disease, cirrhosis, and hepatocellular carcinoma, according to the
National Institutes of Health. The key obstacle is silymarin having poor solubility in aqueous medium,
lesser bioavailability and insufficient intestinal absorption.Silymarin buccal liposomal is prepared to
address the bioavailability issue. In order to determine if liposomal dosage forms intended for buccal
distribution achieve the appropriate bioavailability at a lower dose when treating children with liver
disease.The experimental results clearly show that using stearyl amine as a positive charge inducer
allows for 70% encapsulation and product stability at 4°C for three months. In-vitro permeation studies
revealed that formulations containing lecithin, stearyl amine, cholesterol, and tween 20 in a 9:1:1:0.5
molar ratios had a higher permeation rate than silymarin alone (15).On the other hand, multidrug-
resistant tumours have a substantial impact on the effectiveness of anticancer medicines. To enhance
antitumor efficacy, encapsulated vincristine is prepared in folic acid-conjugated PEGylated liposomes. In
both In-vitro and In-vivo studies, the folic acid linked PEGylated liposomes of vincristine were found to
have the greatest cytotoxic potential. In accordance with the TUNEL assay, the folic acid conjugated
PEGylated liposomes of vincristine are effective in inhibiting tumour growth and had a higher apoptotic

index than the parent compound. (16).

PHYTOSOMES

Diverse medicinal plants have significant pharmacological effects that can be used to treat a variety of
diseases. The primary disadvantage of using phytocompounds is their low bioavailability. Multiple
carrier systems are available to improve the phytochemical bioavailability; among many one novel
method is phytosomes. Plants that are medicinal in nature are referred to as "phyto," and cell structure is
referred to as "some" (17). A potent drug delivery mechanism in polar conditions, phytosomes are an
excellent choice for poorly soluble medicines; their ability to increase absorption and availability results
in a minimum dose and sufficient to produce a better biological effect. Plant extracts can be combined
with phosphatidylcholine in an aprotic solvent to form phytosomes, which contain phospholipids as well
as phytochemicals that have therapeutic properties. Phytosomes are suitable for being administered
orally, intravenously, or transdermally. Primary advantages of phytosomes include their high
entrapment efficiency and the formation of a depot that releases the drug contents slowly over a period of
time (18). The study was designed to compare the systemic availability of curcumin versus curcumin in a
phosphatidylcholine-based formulation. Curcumin formulated with phosphatidylcholine (Meriva) is
found to have a fivefold increase in plasma concentration following administration. Additionally,
curcumin formulated with phosphatidylcholine demonstrated significantly greater absorption and
accumulation of curcumin in the liver when compared to unformulated curcumin. In comparison to
curcumin that has not been formulated with phosphatidylcholine, curcumin that has been formulated
provides significantly higher systemic levels of the parent compound (19). In another study, it was found
that curcumin phytosomes were capable of reducing glial activation in GFAP-IL-6 mice, which are
employed as an animal model of chronic glial activation. The formulation was administered at three

different doses (218, 438, and 874 ppm) for four weeks, and the results showed a significant reduction in
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neuroinflammation as well as the number of activated microglia in the hippocampus and cerebellum in
the rats. Microglia in the hippocampus and cerebellum of GFAP-IL6 mice were reduced by 26.2 and 48
percent, respectively, when phytosomal curcumin was administered at a dose of 874ppm, when
compared to GFAP-IL6 mice fed normal food. Furthermore, the number of GFAP+ astrocytes in the
hippocampus of GFAP-IL-6 mice was reduced considerably (20).Despite the fact that quercetin has
numerous pharmacological advantages; it also has a number of disadvantages, including poor solubility
and less oral absorption. In order to increase the oral absorption of quercetin by healthy human
volunteers, phytosomes containing quercetin were developed. The administration of two doses with
different formsof quercetin phytosomal formulation (250 and 500 mg) improved solubility without
adverse effects, significant increases in oral absorption, AUC (18 fold larger than quercetin), and reaching
the maximum concentration (20 fold greater than quercetin) in plasma when compared with quercetin
(500 mg) alone (21). In another study, a silybin-phospholipid complex was prepared and investigated for
its pharmacokinetics in rats. The silybin-phospholipid combination was much more soluble in water and
n-Octanol. The silybin-phospholipid complex and the silybin-N-methylglucamine combination were
administered orally to rats, and the mean plasma concentration-time curves for both conformed to the
open single compartment model with first-order absorption. When compared to silybin-N-
methylglucamine, the pharmacokinetic parameters Tmax, Cmax, and AUC of the silybin-phospholipid
complex were dramatically improved. The oral bioavailability of the silybin phospholipid complex
improved significantly. This may be due to the lipophilic property of the silybin-phospholipid complex
(22).A new nanophytosome was prepared from epigallocatechin-3-gallate and egg phospholipid complex
and evaluated for its antiinflammatory potential in a rat model.Microscopy images obtained using
scanning electron microscopy (SEM), and transmission electron microscopy (TEM) revealed that
phytosomes were nanoscale in size, with an average particle size of 100-250 nm. Further, it was confirmed
by Malvern Zetasizer data. The optimal addition rate, stirring temperature, and phospholipid
concentration resulted in a greater influence on entrapment efficiency. Pure EGCG and its phytosomal
preparation were found to have anti-inflammatory properties that significantly reduced carrageenan-

induced rat paw oedema in a rat model (23).

SOLID LIPID NANOPARTICLES (SLNPS)

Solid lipid nanoparticles (SLNPs) are a widely used nanocarrier innovation for a variety of
pharmaceuticals, including herbal remedies. The lipids in these nanoparticles, which range in size from
50 nm to 1000 nm, are stable at room temperature as well as in the body. Surfactants that are
biocompatible are essential in the production of solid lipid nanoparticles. Physical stability, degradation
resistance, controlled release, and ease of manufacture are some of the benefits of SLNPs over traditional
drug delivery techniques. The manufacturing of SLNPs is both affordable and feasible on a huge scale.
Unlike liposomes, storage and drug leakage issues are lower in soli lipid nanoparticles. Toxicity and
acidity were significantly reduced in SLNPs produced with biodegradable polymeric components.
Because most lipophilic chemicals may be easily incorporated into SLNPs, encapsulating cytotoxic
substances in SLNPs may be the best alternative for oral delivery of the drugs (4, 24). Curcuminoids
coated with solid lipid nanoparticles were created using the microemulsion process (SLNs).The amount
of lipid and emulsifier has the most significant influence on mean particle size and drug incorporation
efficacy. When compared to a free curcuminoid cream formulation, an effective formulation with an
average particle size of 447 nm and 70 percent encapsulation sustained the release of the medication for
twelve hours and remained stable for up to six months was found to be more effective. Curcuminoids'

light and oxygen sensitivity were significantly reduced by integrating them into SLNs. SLNs are a
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promising carrier system for molecules that are sensitive to light and oxygen. The results of an in-vivo
investigation conducted on healthy volunteers revealed that after three weeks of therapy, a cream
containing SLN curcuminoid dramatically decreased skin wrinkles while simultaneously improving skin
moisture and viscoelasticity (25). The oral bioavailabilities of cancer drug are improved by SLNs. Another
study discovered that surface-modified curcumin-loaded SLNs with N-carboxymethyl chitosan
dramatically increased oral bioavailability by enhancing cellular absorption and lymphatic uptake,
respectively (26). Resveratrol is a natural polyphenol rich in high antioxidant capacity and is found in
many foods, fruits, and nuts. The main problem associated with resveratrol is its low oral
bioavailability.As resveratrol-loaded stearic acid SLNs were stabilised with poloxamer 188, they
demonstrated a remarkable 8-fold increase in the oral bioavailability of resveratrol when compared to the
drug solution formulation (27). For effective drug release and tumour cell delivery, nanoparticles were
developed a podophyllotoxin-loaded solid lipid nanoparticle by the solvent emulsification-evaporation
method. When the SLNs were detected using transmission electron microscopy, the results revealed that
they were homogeneous and spherical in shape. The size of SLNs was 50 nm, and drug release was time-
dependent. Podophyllotoxin-SLNs show better anti-tumor potency against human embryonic kidney 293
cells (293T) and HeLa cells when compared with free podophyllotoxin. Podophyllotoxin-SLNs have been
shown to effectively reduce cancer growth for a longer period of time as well as promote apoptotic and
cellular uptake processes in tumour cells (28).A solid lipid nanoparticle of podophyllotoxin is synthesized
by enfolding it in stearic acid using a modified microemulsion process to boost efficacy and lessen
harmful effects. The mean diameter of the particles was 56.5+/-25.8 nm, and the entrapment effectiveness
of podophyllotoxin in the nanoparticles was 85.6 percent. Stearic acid solid lipid nanoparticles look

promising for epidermal delivery (29).

MICROEMULSIONS

Microemulsions have emerged as a significant part in the development of novel delivery strategies for
hydrophobic pharmaceuticals. Schulman and colleagues were the first to propose the concept of
microemulsions and to coin the term "microemulsion.” A microemulsion is a liquid solution composed of
water, oil, and an amphiphile that is optically isotropic and thermodynamically stable, according to
Danielsson and Lindman's definition published in 1981 (31).Microemulsion droplets have a diameter
ranging from 10 to 100 nanometers (nm).Microemulsions provide a number of advantages over other
novel drug delivery systems, including enhanced drug solubility, better thermodynamic stability, a
simpler fabrication procedure, optical clarity, and excellent kinetic stability. Microemulsions were
identified to be nanostructured vehicles capable of delivering medications via oral, parenteral, and
occular, pulmonary and transdermal routes (32).Curcumin's solubility, stability, and oral absorption were
all improved by the use of microemulsion techniques. The resulting optimised microemulsion
formulation is stable for two months, enhances solubility, and exhibits considerable penetration. The
improved formulation contains 3.3 g/100 g vitamin E, 53.8 g/100 g Tween 20, 6.6 g/100 g ethanol, and
water (36.3 g/100 g), with curcumin solubility up to 14.57 mg/ml and 70% penetration over the artificial
membrane (33).In another study, eucalyptol microemulsions were developed for the topical
administration of curcumin. The fastest curcumin delivery flux was produced by optimised
microemulsion containing 25% water, 25% eucalyptol, 37.5% ethanol, and 12.5% polysorbate 80.The
eucalyptol microemulsion is well-suited for the administration of curcumin via the skin's surface (34).
Another study designed a microemulsion of curcumin and myristic acid to inhibit Staphylococcus
epidermidis. Acne vulgaris is caused by Staphylococcus epidermidis, gram-positive bacteria. The optimised

formulated microemulsion contains 5% F127, 31.6% isopropanol, 15.9% myristic acid, and 47.5% water
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was shown to have the highest curcumin accumulation in the skin. Curcumin-loaded myristic acid
microemulsions exhibit superior inhibitory efficacy against Staphylococcus epidermidis, which may indicate
a desired synergy between the two (35).Livergol is a herbal formulation with hepatoprotective activity.
The efficiency of livergol is evaluated through an examination of its hepatoprotective properties in an
animal model of bromobenzene-induced liver injury. One of the ingredients of Livergol is Silybum
marianum, a liver-protective medicinal herb. Bromobenzene is a hepatotoxin that is used to induce
oxidative stress and is followed by elevations in serum biomarkers. Controlled release, high diffusion and
absorption rates, and improved oral bioavailability have all been used to establish the microemulsion
formulation's hepatoprotective benefits against bromobenzene toxicity (36).A piperine microemulsion
was developed and evaluated for its safety and efficacy in the treatment of Alzheimer's disease. Caproyl
90 (oil)/Tween 80/Cremophor RH 40 (surfactant) were selected microemulsion systems, as was Transcutol
HP (co-surfactant). The results of a colchicine-induced brain toxicity study revealed that a microemulsion
formulation (particle size 150 nm) increases piperine efficacy and improves its distribution to the brain,
leading to an enhanced therapeutic outcome than free piperine. Surfactants included in the formulation
could be the cause of the nephrotoxicity (37). Lycopene is a nutraceutical obtained from tomatoes that has
a variety of pharmacological benefits, including antioxidant activity and neurological illnesses. The
primary barriers to treating neurological illnesses are insufficient solubility, instability, and lower
bioavailability. A lycopene-loaded microemulsion was prepared and evaluated for the efficiency of brain
targeting. Lycopene and (R)-(+)-limonene as the oil phases, Tween 80, Trancutol HP, and water make up
the optimised lycophene microemulsion formulation. According to the physiochemical properties, it was
observed that the microemulsion had high lycopene incorporation content, small droplet sizes, a
spherical ultrastructural morphology, and good in-vitro stability. In-vivo experiments also demonstrated
that the formulation has higher bioavailability than the existing formulation. As an outcome, the
microemulsion drug delivery system may be employed to boost the therapeutic efficacy of lycopene,
particularly in neurological disorders, as well as a promising and adaptable nanocarrier for the oral
delivery of a variety of other poorly water-soluble therapeutics. (38).Lycophene-olive oil microemulsions
was prepared with various ratios of lecithin, 1-propanol, olive oil, and water in order to assess their
ability to generate microemulsions. Optimum tomato pomace: microemulsion ratio was considered to be
1:5 W/W. The maximum efficiency achieved was 88%. The optimised proportions are lecithin: 1-propanol:
water: olive oil (53.33:26.67:10:10 wt %). Olive oil and lycopene's health-promoting characteristics can be
improved with microemulsion formulations because of their strong solubility in water and non-polar
solvents (39).

POLYMERIC NANOPARTICLES

One of the most examined encapsulation strategies in modern medicine is polymer-based nanoparticles.
Nanoparticles are colloidal systems made up of particles size from 10 to 1000 nm. Nanocapsules are
referred to as such because the medicine is contained within a hollow encased by a polymer coating. The
medication is uniformly distributed in nanospheres, a polymeric matrix (40). In the pharmaceutical
industry, the primary focus is on developing a novel formulation that can deliver the medication in a
regulated manner and release the medication only at a specified location. When compared with existing
formulations, polymeric nanoparticles have many numbers of benefitscompared toother traditional
formulations, with greater solubility, increased bioavailability, reduced dose, better therapeutic
effectiveness, improved stability, improved intracellular pharmaceutical administration, and improved
absorption of herbal medicines.The objective of polymer-based curcumin nanoparticles preparation is to

improve curcumins anticancer therapeutic effectiveness and oral bioavailability. The emulsification-
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diffusion-evaporation technique was used to make the curcumin-loaded with Eudragit E-100
nanoparticles with acceptable significant impact on the effectiveness and small particle sizes.
Pharmacokinetic and toxicological tests show that, curcumin eudrajit nanoparticles were found to have a
higher oral bioavailability than pure curcumin. According to in-vivo investigations, increased curcumin
polymeric nanoparticles accumulation in tumour cells resulted in improved anticancer efficacy and
survival time in mice (41). The emulsion diffusion-evaporation method is used to make curcumin
nanoparticles. The curcumin-coated nanoparticles have a spherical structure shape and particle 264 nm
sizewith entrapment 76.9%. Piperine is used to improve absorption. Curcumin nanoparticles increase oral
bioavailability by nine times in rats (250 mg/kg) as compared to curcumin-piperine suspension (42). To
improve encapsulation efficiency and drug release qualities, chitosan nanoparticles with quercetin have
been designed with 200 nm size and 79.9% efficiency of encapsulation.A considerable reduction in the
size of the tumour(metastatic adenocarcinoma of breastand adenocarcinomiccells) and the level of
superoxide dismutase markedly increased in mice compared with the disease control group (43). The
nanoprecipitation method is used to prepare silymarin-loaded Eudragit nanoparticles, resulting in 84.70
nm spherical-shaped nanoparticles with 100% drug release after twelve hours. A rat animal model is used
to evaluate hepatoprotection, and carbon tetrachloride serves as a hepatotoxicant. Silymarin
nanoparticles have shown no adverse effects at50 mg/kgdosefor body weight.In comparison to the
advertised product, the silymarin nanoparticles treated group exhibits a considerable improvement in
various biochemical indicators, which is further validated by histological investigation (44).In an in-vitro
study, the combination of curcumin and camptothecin in chitosan-functionalized PLGA (poly lactic
acid/poly glycolic acid) nanomaterials had a synergistic effect on colon-26 cells. PLGA nanoparticles were
thought to be given a positive charge after being functionalized with chitosan, allowing them to better
adhere to negatively charged cell surfaces and be taken up by the cells. Importantly, cationic
camptothecin-loaded nanoparticles showed improved cell absorption than free camptothecin or
camptothecin-loaded nanoparticles, which suggest enhanced cell surface contact. In terms of anticancer
action, cationic camptothecin/curcumin 4:1 weight loaded nanoparticles outperformed the individual
treatment groups, with the highest drop in anti-apoptotic Bcl-2 expression and activation of cell apoptosis
(45).Hypericin nanoparticles photosensitizer naturally, synthesised form hypericum perforatum, were
employed for the initialrecognition of ovarian cancer using polymeric-loaded hypericin nanoparticles.
Hypericin (Photosensitizer) are difficult to administer systemically due to their high lipophilicity or
unsolvable nature in physiologically suitablesolvent vehicle, which limits their diagnostic potential. To
address these difficulties, biodegradable and biocompatible chemical polymers such as PLGA were used
to create a dispersion of hypericin-containing polymeric nanoparticles.The produced hypericin
nanoparticles were 200-300 nm in size and had up to 70% encapsulation effectiveness. In-vitro activity of

polylactic acid nanoparticles was higher than that of polylactic-co-glycolic acid nanoparticles (46).

CONCLUSION

Herbal medicines contain phytoconstituents that can heal a variety of ailments. Significant advantages of
using phytconstituents are their low toxicity and lack of undesirable effects. Many people in developing
countries still use herbal medicine as their first choice of treatment. Ayurveda, Siddha, Unani, and
Homeopathy are Indian traditional medical systems that are still followed in different parts of the world.
Inadequate solubility, reduction of bioavailability, lack of oral absorption, instability, and unexpected
toxicity are only some of the difficulties that can't be handled by conventional herbal formulations. To
overcome these obstacles and increase treatment efficacy, Novel drug delivery system technologies are

being developed using diverse nanoformulation methodologies. The use of liposomes, phytosomes, solid
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lipid nanoparticles, microemulsions, and polymeric nanoparticles in herbal formulations has enhanced
the therapeutic effects of plant-derived chemicals. The primary goals of designing advance drug delivery
systems are to enhance efficacy, patient comfort, and safety. This review emphasises the usefulness of

diverse phytocompounds in medicine administration as well as their role in illness prevention.
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ABSTRACT

Alzheimer’s disease is the most common type of dementia. It's a progressive disease that begins with
modest memory loss and advances to the inability to talk and respond to the environment. Alzheimer's
disease affects older adults, but it is rare. Around 50 million individuals worldwide have dementia, with
60-70 percent having Alzheimer's. Every five years beyond age 65, the disease's prevalence doubles. By
2060, this population is expected to quadruple to 14 million. The condition usually manifests after age 60,
and the risk increases with age. Symptoms include forgetting previous events or discussions. Alzheimer's
disease causes significant memory loss and loss of daily function. Medications may temporarily alleviate
or delay symptoms. These medicines can help patients with Alzheimer's disease function better and keep
some independence. Various programmes and services exist to assist Alzheimer's patients and their
caretakers. Alzheimer's disease has no cure or alteration in the brain. Dehydration, starvation, or infection

can cause death in advanced stages of the condition.
KEYWORDS: Alzheimer’s disease, Plaques, Tangles, Brain, Medications, Healthy lifestyle.

INTRODUCTION

Alzheimer's disease is a degenerative brain illness that impairs memory, thinking, and basic task
performance [1-4]. The majority of late-onset patients are in their mid-60s. Alzheimer's disease with early
start is unusual and usually occurs between 30 and 60. Among the elderly, Alzheimer's disease [5] is the
most frequent [6]. Dr. Alois Alzheimer named Alzheimer's disease. A woman who died of a rare mental
ailment in 1906 had alterations in her brain tissue. Her symptoms were forgetfulness, stuttering, and
unpredictable behaviour. Her brain had several aberrant aggregates (now known as amyloid plaques)
and twisted fibre bundles (now called neurofibrillary, or tau, tangles).

They are still considered to be among the most visible signs of Alzheimer's disease. The brain's
connections between nerve cells (neurons) also break down. Neurons connect the brain to muscles and
organs throughout the body. Other complex brain alterations may cause Alzheimer's disease. The
hippocampus, the part of the brain responsible for memory formation, appears to be the site of this
damage. Additional parts of the brain are impacted by the death of neurons. At the conclusion of

Alzheimer's, widespread damage has occurred, and brain tissue has decreased dramatically.

CAUSES
Alzheimer's disease is incurable and has no recognised cause. But brain proteins fail fundamentally,

affecting brain cell activity and setting off a chain of negative consequences. Neurons sustain damaged,
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lose synapses, and perish. Alzheimer's disease is thought to be caused by a mix of genetic, behavioural,
and environmental factors that slowly destroy the brain. Alzheimer's disease is caused by genetic
abnormalities that affect less than 1% of people. Due to these rare occurrences, the disease generally
presents around middle age. Brain injury often starts years before the first symptoms appear in the
memory-controlling region of the brain. Neuronal death spreads to different parts of the brain in
predictable ways. The brain has shrunk significantly during the disease's late stages. Plaques and tangles,
two atypical structures, are suspected of causing injury to and degeneration of nerve cells. Researchers
are examining the involvement of two proteins in their quest to determine what causes Alzheimer's
disease:

Plaques are beta-amyloid protein [7, 8] particles that accumulate in the spaces between nerve cells. These
fragments appear to disrupt neurons and impair cell-to-cell communication when clumped together.
They create amyloid plaques, which contain extracellular debris.

Tangles are tau filaments [9] that tangle and clump together within cells. Tau proteins are required for the
transportation of nutrients and other critical components within neurons' internal support and transport
system. In Alzheimer's disease, tau proteins alter form and self-organize into aggregates known as

neurofibrillary tangles [10, 11]. Tangles are damaging to cells and obstruct the passage of information.

RISK FACTORS
Alzheimer's illness is still unknown to scientists. There is no single reason, but rather a combination of
circumstances that effect each individual.

v Age is the most well-known risk factor [12].

v" Women appear to be at more risk than males, but overall, women have the condition because
they live longer.

v" Genetics may influence Alzheimer's progression [13, 14]. However, genes do not decide one's
fate. Alzheimer's disease can be reduced by leading a healthy lifestyle. Regular exercise, a
nutritious diet, limited alcohol use, and no smoking have been shown to help in two large-scale
experiments. The apolipoprotein E gene is one better-understood genetic component (APOE) [15,
16]. Alzheimer's disease risk is increased by the APOE e4 gene variant. The APOE e4 gene is
present in around 25%-30% of the population, but not everyone with this gene mutation becomes
ill. Scientists have uncovered uncommon alterations in three genes that nearly guarantee
Alzheimer's. But these mutations only affect 1% of Alzheimer's patients.

v Alack of sleep has been related to an increased risk of Alzheimer’s.

v Those with significant brain injuries are more prone to Alzheimer's. Several important studies
show that a traumatic brain injury raises the risk of dementia and Alzheimer's disease in older
persons.

v" Researchers are looking into how education, diet, and environment affect Alzheimer's disease.
Poverty, stress, and prenatal viral or nutritional exposure are possible environmental

contributors.

WARNING SIGNS

Alzheimer's is not a normal part of ageing. Memory loss is a hallmark of Alzheimer's and other
dementias [17].

Table 1 showed Alzheimer's disease symptoms. Alzheimer's patients may also have one or more of the

following symptoms:
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Table 1: Warning Signs of Alzheimer’s disease

Disruption of daily life due to memory loss Forgetting events, repeating you, or using extra

memory aides.

Problems with planning or solving Having difficulty paying bills or preparing old

favourites.

Difficulty performing routine duties at | Cooking, driving, using a phone, and going shopping

home, work, or leisure are all difficult tasks.

Time or place ambiguity Having problems understanding a subsequent

occurrence or forgetting dates.

Trouble with visuals and spatial relations More difficulties with balance or distance, more trips

and falls at home, and more spills and drops.

Word issues in speaking or writing Finding it difficult to follow or join a conversation
(Instead of mentioning "watch," say "the thing on

your wrist that displays time").

Loss of memory and ability to retrace steps Putting your car keys in the washer or dryer, or being

unable to locate items.

Lack or bad judgement A scam victim, poor money management, poor

cleanliness, or difficulty caring for a pet.

Disruption from job or social life Not wanting to do other things, being unable to
follow games or keep track of events.
Not wanting to do other things or keep up with what

is going on.

Mood and personality shifts Easily upset, apprehensive, or distrustful in everyday

settings.

Alzheimer's causes loss of memory. For example, forgetting recent events or discussions is a symptom.
As the condition advances, cognitive problems and other symptoms increase. Alzheimer’s disease
patients may initially experience memory loss and trouble organising their ideas. A family member or
friend may notice a worsening of symptoms. As seen in Table 2, the brain alterations linked with

Alzheimer's disease resulted in increasing difficulty with:

Table 2: Brain changes associated with Alzheimer's disease

Memory Alzheimer's causes progressive memory loss that impairs ability to
work or live independently.
Alzheimer's disease patients may exhibit the following symptoms:

e Repetition of comments and queries

e Forget about encounters, appointments, and events.

e Frequently misplace personal belongings, frequently in

awkward locations

e Become disoriented in familiar locations

e Forget familiar faces and daily stuff

e Difficulty recognising objects, expressing ideas, or

participating in conversations
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Thinking and reasoning

Alzheimer's disease hampers concentration and reasoning, especially
when it comes to numbers.

Multitasking, as well as managing funds, checking accounts, and
paying bills on time, are all demanding tasks. Alzheimer's patients

may lose number recognition and manipulation skills.

Making judgments and

decisions

Alzheimer's disease hampers daily judgement and decision-making.
For instance, someone may make unconventional social choices or
misappropriate clothing. Routine issues like cooking on the stove or

driving may be more difficult.

Planning and performing

familiar tasks

Routine tasks, such as meal preparation or favourite game becomes
more difficult as the condition progresses. Advanced Alzheimer's

sufferers commonly lose basic skills like dressing and washing.

Changes in personality and

behaviour

Alzheimer's brain changes can affect mood and behaviour. Among the
issues:

e Depression

e Apathy

e Social retach

e Spiral Moods

e Doubt in others

e Angry & irritable

e Sleeping habits change

e Wandering

e Inhibition loss

e Delusions

Preserved skills

Many critical skills are kept even as symptoms deteriorate. Reading,
listening to music, dancing, drawing, and making crafts are all
examples of abilities that have been passed down through the
generations. Because these skills are governed by later impacted brain

areas, they may last longer.

DIAGNOSIS

Alzheimer's disease must be identified when a person exhibits memory loss, cognitive decline, or

behavioural abnormalities that limit everyday functioning. Alzheimer's disease does not have a single

diagnostic test. If a doctor detects the disease, he or she should inquire about the patient's overall health,

medication use (prescription and OTC), food, previous medical problems, capacity to perform everyday

activities, and changes in behaviour and personality [18,19]. Additionally, the doctor may perform the

following tests:

v Neurological tests are used to check a person's balance, senses, and reflexes, while brain and

memory tests are used to measure a person's memory and cognition.

v" Conduct routine medical examinations, such as blood and urine testing, to rule out other

probable reasons.

v" Brain scans, such as CT, MR, or PET, can assist confirm or rule out an Alzheimer's diagnosis.

There are a variety of techniques available for evaluating cognitive function. Alzheimer's disease

symptoms, for example, can be associated with genetic illnesses such as Huntington's disease. Certain
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APOE e4 gene variations have been associated with an elevated risk of Alzheimer's disease. Genetic tests
performed early in life may aid in predicting the chance of having or developing the illness. In any event,

the findings are not totally trustworthy.

TREATMENT
Alzheimer's has no known cure [20-22]. Brain cell death is irreversible. Treatments can alleviate
symptoms and improve the standard of living for the patient as well as their family members.
Important elements of dementia care include:
v" Co-occurring disorders and Alzheimer's disease management
v Activities & day care programmes

v' Support groups and services engaged

MEDICATIONS AND TREATMENTS FOR BEHAVIOURAL CHANGES

MEDICATIONS FOR COGNITIVE SYMPTOMS

Although Alzheimer's disease is incurable, many therapies can help alleviate symptoms and improve
overall quality of life. Cholinesterase inhibitors [23, 24] may be beneficial in the treatment of memory loss,
disorientation, altered mental processes, and impaired judgement. They enhance brain connections and
help symptoms progress more slowly.

Three commonly used medications approved by the FDA to treat these Alzheimer's disease symptoms
include donepezil [25-27] for all stages, galantamine [28-30] and rivastigmine [31-33] for mild-to-
moderate stages. Another medication, memantine, has been licenced for the treatment of mild-to-

moderate Alzheimer's disease. Additionally, there is a memantine/donepezil combo [34].

EMOTION AND BEHAVIOUR TREATMENTS

Alzheimer's disease patients may exhibit emotional and behavioural abnormalities. Irritability, anxiety,
sadness, restlessness, and sleep problems may all worsen. The factors that contribute to these alterations
can be addressed. Several are adverse effects of medications, other medical disorders, or hearing or vision
problems. Identifying triggers and avoiding or altering them might assist individuals in coping with
change. Triggers may include changes in the surroundings, caretakers, or demands to bathe or dress.
Often, it is possible to alter one's environment in order to increase one's comfort, security, and mental
health. The Alzheimer's Association provides caregivers with a list of helpful coping mechanisms. A
doctor may give antidepressants to treat depression, antianxiety medications to treat anxiety, and

antipsychotic medications to treat hallucinations, delusions, or violence.

ALTERNATIVE THERAPIES
Professionals may prescribe alternative therapy to treat some behavioural issues associated with

Alzheimer's disease. Table 3 represented alternative therapies for Alzheimer’s disease some examples are:

Table 3: Alternative Therapies for Alzheimer's disease

Validation Therapy It is founded on acceptance of one's reality. Reminiscence Therapy involves

talking about past events in a group or individually.

Aromatherapy In aromatherapy, essential oils are used to promote health. Commonly used

oils include orange, lemon, rosemary, and lavender.
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Simulation Therapy Based on attachment theories, the Alzheimer's patient can listen to

recordings of loved ones' voices.

Bright Light Therapy Because Alzheimer's disease affects the circadian rhythm portion of the
brain, it can interrupt a person's wake and sleep cycle. This can disrupt
sleep. Intense bright light therapy can help re-establish the sleep and wake

cycle.

Acupuncture Component of traditional Chinese medicine used for centuries to treat a
variety of diseases. Most studies on its advantages for Alzheimer's disease

patients are positive.

Herbal Treatments Herbal supplements may help Alzheimer's patients. One highly
recommended choice is Gingko Biloba, a supplement with antioxidant
effects. Common natural therapies include coconut oil and omega 3 fatty

acids.

Massage This form of therapy is effective for many ailments. A few research show it
helps Alzheimer's patients. Massage may also help reduce agitation,
roaming, and hostility. Alternative Alzheimer's disease treatments are
currently undergoing extensive research.

Herbal supplements and vitamins are rarely subjected to the same rigorous
government scrutiny as pharmaceutical medications. As a result, people
with Alzheimer's disease should use alternative treatments with caution.
Despite the fact that many respectable researchers are investigating these
methods, unfounded claims abound. The disabled person should discuss
the dangers and benefits with their doctor.

A person should also consult their doctor before taking any vitamin or

herbal supplement because some may negatively interact with medications.

PREVENTING ALZHEIMER’S

Medical management can help Alzheimer's patients and caregivers live better lives. Alzheimer's has no
known cure. Treatment aims to maintain brain health, manage behavioural symptoms, and slow or delay
disease symptoms. Healthy lifestyle habits are being studied as a way to prevent cognitive decline. A
plant-based diet may help as well as quitting smoking and exercising regularly [35]. Eating a diet rich in
fresh fruits and vegetables, healthy oils, and low-fat foods, follow treatment guidelines for hypertension,
diabetes, and cholesterol, eat more antioxidants, and socialise. Some believe vitamin E can help prevent
mental decline, but studies show more research is needed. As with any supplement, consult your doctor

first. It may interact with some Alzheimer's medications.

FAMILY EDUCATION AND SUPPORT

Many individuals with Alzheimer's disease are being cared after at home by family members. Caring for
another person has a number of advantages for both the caregiver and the person being cared for. It may
provide personal fulfilment for the caregiver by allowing them to assist a family member or friend, as
well as strengthen family bonds. While the majority of individuals are ready to assist friends and family
members, caring for someone who has Alzheimer's disease at home can be challenging and

overwhelming. Each day presents a new set of obstacles as the caregiver adjusts to the caregiver's
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changing abilities and behaviours. As Alzheimer's disease advances, people frequently require more

extensive care.

CONCLUSION

Alzheimer's disease is a progressive disease that results in brain atrophy and cell death. Medical
management has the potential to significantly enhance the lives of Alzheimer's patients and caretakers.
Drugs and other treatments, on the other hand, can help alleviate cognitive, emotional, and behavioural
symptoms and enhance overall quality of life. Medications can temporarily ease or slow symptoms.
These treatments may improve the ability of persons with Alzheimer's disease to function and keep their
independence for a while. Numerous programmes and services are available to aid Alzheimer's disease

sufferers and caregivers.
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