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Introduction

In modern field of science, nanotechnology is one of the most active field for research. Richard
Feynman is known as the father of nanotechnology. The nanotechnology field has a very
impressive development in past few years. Various methods are developed for the synthesis of
metal nanoparticles. Because of their Nano size the properties of metals like functionality,
biological properties, improved physical and chemical properties. Nanoparticles are efficiently a
bridge between bulk material and atomic or molecules due to this nanoparticles are of great
scientific interest. As the material reaches to nano scale its properties also changes. The interesting
and sometimes unexpected properties of nanoparticles are not partly due to the aspects of the
surface of the material dominating the properties in lieu of the bulk properties. Nanoparticles
exhibit a number of special properties relative to bulk material. Particles of metal oxide of size
less than 100 nm are considered as Nano sized particles and also used as precursors for the
synthesis of new materials. Nano particles of metal oxides are of great interest. They have a
characteristic properties and application in various fields. The properties of metal oxides nano
particles are depend upon the size of nano particles. Some of the applications of nano particles are
carbon nanotubes, fullerenes, nanopolymers, nanomembranes, nanocatalysts, nanoformulations
for cosmetics, nanoceramics etc. Nanoparticles also have applications in various fields such as
semiconductors, fuel cells, solar cells, agriculture, in therapeutic, drug delivery etc.

Nanoformulations are of great use in cosmetics and dermal patches for drug delivery.

Many harmful chemicals and gasses are released by the industries due to industrialization and
urbanization which is destroying our environment day by day. So we should reveal the secrets of

nature so as they are eco-friendly and it will lead the advancements of green synthesis in the field
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of synthesis of nano particles. Nanoparticles have exclusive properties due to which they are
suitable for biological molecules. The biological molecules require highly controlled assembly for
which make them suitable for the metal nanoparticle synthesis making them reliable and eco-
friendly 1. The vast area of research now a days is synthesis of metal and semiconductor due to
their potential applications which was useful for the development of novel technologies %, New
and improved properties are shown by the nanoparticles such as morphology of the particle and
size distribution etc. Novel applications of nanomaterials and nanoparticles are increasing rapidly

on various fields 3.

Surface area of nano particle is very high and has high fraction of surface atoms. Nanoparticles
possess many properties like optical properties, electronic properties, antibacterial properties,
catalytic activity and magnetic properties due to its unique physiochemical properties that’s why

they are seeking interest of the scientists for novel methods of synthesis.

At present there is an emergent need of development of synthesis routes of nanoparticles which
are environmental friendly. Many ecological materials can be used like bacterial cell extract, plants
leave extract, fungi and enzymes for the synthesis of nanoparticles. Today, the synthesis of these
nanoparticles are done by green synthesis using plant extract in many industries and scientific
research (4. Green synthesis plays a significant role in the synthesis of nanoparticles as the cost of
production is low and less time consuming as compare to chemical methods. The use of different
plants for the synthesis of nanoparticles is also beneficial for our environment. Also the chemicals
that are used for the synthesis of nanoparticles are toxic and form many harmful by-products.

Therefore the demand of “green synthesis” is increasing day by day.
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A Dbetter platform for the synthesis of nanoparticles is provided by plants as they are non-toxic and
easily available. The cost of microorganisms and to maintain their culture is very high so green
synthesis is preferred over the use of microorganisms for the production of nanoparticles ¥, Many
biological methods for the synthesis of nanoparticles involves the complex method for the

maintenance of microbial culture so in that case nanoparticles are prepared by various plants and

their extracts [ 71,
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REVIEW OF LITERATURE

Nanotechnology:-

Due to various applications in the field of medical science, technology and research areas,
nanotechnology becomes a high developing field. The word ‘nano’ means very small in Greek
language. Richard Feynman is known as the father of nanotechnology. The term
“Nanotechnology” was later coined by Professor Norio Taniguchi by using Feynman’s
explorations of ultra-precision machining. In 1974, the term nanotechnology was pioneered by

Nori Taniguchi on the talk of Production Engineering at the Tokyo International Conference [,

Nanoscience and nanotechnology provides a developed applications in the field of science and
development like chemistry, material, physics, metallurgy engineering, and biology and in
biotechnology also. ! Bio nanotechnology is the conjunction between biotechnology and
nanotechnology for developing various environmental eco-friendly and bio-synthetic technologies

for the production of various nanomaterials [*%.

The US National Science and Technology Council gives a brief definition of nanoparticles which
states that “The essence of nanotechnology has the capability to work at the molecular level such
as atom by atom for the creation of large structures with essentially innovative molecular
organization. The aim is to exploit these properties by gaining control of structures and devices at

atomic, molecular, and supra molecular levels and to become skilled at well-organized
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manufacture and use these devices.” The United States National Science Foundation (USNSF)

defines nanotechnology ' is the study which gives following properties:-

1. The particle size must be in the range of 1-100 nm.

2. The procedure of synthesis of nanoparticles can be designed in many ways and which
show elementary control over the physical and chemical properties of structures that
can be measure by the molecular-scale.

3. Large structures are formed by the combination of small structures this theory is
according to building block property. According to microbiological study, different
size of nanoparticles can be yield by using different types of bacteria, viruses and

enzymes.

Nanotechnology has a great role in various fields like diagnostic drug delivery, sunscreens,
antimicrobial bandages, diagnostic process, disinfectant and a friendly manufacturing process.
Nanotechnology is also used for the removal of toxic wastes from water 2. Nanotechnology
is also used in food industries for the packing purpose of food. Antimicrobial packing of
nanoparticles are done so as to protect the food from oxygen, carbon dioxide and from moisture
which control the growth of microorganisms [*3l. They have potential use as fungicides in

agriculture, imaging in biomedical applications and as an anticancer drug.
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- Chemical nature
Metals, metal oxides,
semiconductors, polymers,
carbon, biomolecules

Dispersion medium Spheres, cubes, cylinders or
Gases(aerosols),

needles, platelets, hollow
liquuds, solid matrix,

spheres, hollow tubes,
gels core/shell structures

ENGINEERED
NANOPARTICLES

¥ Surface modification

Dispersion state
Unmodified, grafting charged Individually dispersed,
ligand, attachment of DNA, :
enzymes or other
biomolecules, surface

coatings

aggregated irreversibly,
aggregated reversibly,
ordered structure

Green synthesis of nanoparticles:-

A better platform for the synthesis of nanoparticles is provided by plants as they are non-toxic and
easily available. . The cost of microorganisms and to maintain their culture is very high so green
synthesis is preferred over the use of microorganisms for the production of nanoparticles 1. Many
biological methods for the synthesis of nanoparticles involves the complex method for the
maintenance of microbial culture so in that case nanoparticles are prepared by various plants and

their extracts [® 7],
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Nanoparticles of iron have many applications in the field of environmental remediation techniques.
Many green routes are used for their synthesis by using various plants extract like Euphorbia milii,
Tridax procumbens, Tinospora cordifolia, Datura innoxia, Calotropis procera and Cymbopogon
citratus (lemon grass tea). FeCls (ferric chloride) is used for the synthesis of nanoparticles of iron
along with plant extract. The reductants present in plant extract is helpful for the stabilization and
reduction of nanoparticles. The synthesized nanoparticles are characterized by using various
techniques like transmission electron spectroscopy (TEM), XRD (X-ray diffraction), UV-vis
spectroscopy, IR spectroscopy, particle size analyser, scanning electron spectroscopy (SEM) etc.
These method of synthesis is eco-friendly, low cost, less time consuming therefore used for the

production of nanoparticles at large scale (41,

Zero valent iron nanoparticles are also very useful as they are used to remove the pollutants present
in soils and water. These zero valent nanoparticles of iron 10-1000 times more reactive than
granular and micro-scale iron particles because they are more specific, small particle size and high
reactivity. Zero valent iron nanoparticles are prepared by using green tea extract which is
antioxidant. Polyphenols present in the green tea extract not only reduce the nanoparticles produce

but also stabilize these nanoparticles (51,

Various biological processes are reported for the synthesis of nanoparticles but among all the
nanoparticles which are prepared by plant extract are more preferred. This process of synthesis is
not only eco-friendly but also economically favourable. Nepenthes khasiana has both medicinal
and antibacterial properties which is use for the production of gold nanoparticles. The synthesised
nanoparticles are then characterized by using UV-vis spectrophotometry, Scanning Electron
Microscopy (SEM), Fourier Transform Infra-red Spectroscopy, XRD (X-ray diffraction) and

Transmission Electron Microscopy 1261,
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Fe2O3 nanoparticles are also prepared by using peanut plant leaves and its characterization is done
by using FT infrared spectroscopy. The nanoparticles of iron which are prepared by using green

tea exact is also useful for the removal of malachite dye [*7],

For the synthesis of silver and gold nanoparticles by using various plant extracts like cauliflower
extract, papaya extract, Trianthema decandra root extract, Meringa oleifera leaf extract, Garcinia
mangostana fruit extract, Aloe Vera extract, Argemone Mexicana extract, Artocarpus

heterophyllus fruit extract, Nepenthes khasiana leaf extract, Ananas comosus fruit extract,

Mangosteen leaf extract etc. These nanoparticles are used in integrated circuits, sensors, textile
industry, food industries, biolabeling filters, cell electrodes, low cost paper batteries, health

industries and also used in environmental applications 1281,

ZnO nanoparticles were successfully prepared by biological synthesis using aqueous extracts
of Allium sativum (garlic), Allium cepa (onion) and Petroselinum crispum (parsley). The particle

size is influenced by the type of plant extract used and varies between 14 and 70 nm. [2°]

Copper oxide nanoparticles are also prepared by green synthesis using black bean plant extract
which was further characterized by using techniques like XRD, FT-IR, Raman spectroscopy,
TEM, SEM, and EDX. Synthesis of Copper oxide nanoparticles can induce apoptosis and suppress

the proliferation of Heal cells 2%,
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Many conventional methods are used for the preparation of iron nanoparticles. These are as

following:-

1. Top-down approach.

2. Bottom-up approach

The methods of preparation of nanoparticles using physical methods, thermal decomposition,
sonochemical synthesis, vacuum sputting are included in top-down approach. Whereas methods
like co-precipitations, hydrothermal, hydrolysis methods comes under bottom-up approach. Top-
down approach have many limitations like low production rate, requirement of energy, pressure,
high temperature and thus it is more expensive. NaBH is used as a reducing agent for the
production of nanoparticles by bottom-up approach for the synthesis of nanoparticles but it is toxic

to our ecosystem. Also many harmful by-products are released to our ecosystem 21,

So green synthesis methods are used for the preparation of iron nanoparticles. Nanoparticles are
prepared in this method by using plant extract, microorganisms (like fungi, algae and yeast),
bacteria. These are cost effective and also eco-friendly. Therefore green synthesis is a preferred

over conventional method 22,

For the production of iron nanoparticles many researches are carrying out by using plants as they
are cost effective as well as more eco-friendly. Iron nanoparticles are prepared by using green tea
leaf extract, extract of terminalia chebula fruit, oolong and black tea leaf extract, banana peel

extract (23,

Zero valent nanoparticles are prepared by using plants like Rosa damascene, Urtica dioica, Thymus
vulgaris. Polyphenols, organic acids and proteins which are present in plant acts not only as a

reducing agent but also stabilize the nanoparticles and prevent the aggregation of nanoparticles 24,
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Many environmental issues are increasing day by day due to the increase in industrialization,
excessive use of fertilizers in agriculture field which is a serious concern. So to remove these

impurities from water nanoparticles are used. [26:27],
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Scope of work

The concept of nanotechnology is very new to India and might take some time to get used to this
technology. However people have realized the potential of this field in commercial field. It is also
getting used in fields like electronics, healthcare markets, and other industrial products. Research
and Development is going on to understand the growth of it in the market. The industry is growing
in various sectors such as pharmaceuticals and medical products, electronics and computing,
energy generation, textiles, metals, auto and auto components, aviation etc. Green synthesis is also
used for the synthesis of nanoparticles which is eco-friendly and of low cost. Green synthesis of

nanoparticles and their applications in sensing area is of great interest to the research community.

We prepare the nanoparticles of iron because it is present in haemoglobin. Iron helps to carry
oxygen in our blood from lungs to tissues. Therefore it is most essential element for our body. Iron
nanoparticles will be used in a drugs or in food materials so as to reduce the deficiency of iron in

our body.

15| Page



Experimental work:-

Three plants were chosen for the green synthesis of nanoparticles of iron.

1. Neem plant:- It has  so many medicinal use such as
Anthelmintic, antifungal, antidiabetic, antibacterial, antiviral, contraceptive,
and sedative. It is also used for skin diseases.

2. Tulsi plant: - It also have many uses like digestion aid, stress relieve, immune support,

for the treatment of fever etc.

3. Pudina (metha):- It is used for headaches, rhinitis, cough sore throat, colic, and

prurigo and vomiting.
Process for the preparation of plant extract:-

1. Tulsi - water extract :-
We took 10 g of the dried tulsi leaves along with bushes and 300 ml of distilled water is
added into it. Boiled it for 3 hours and filter the extract. Extract is stored in refrigerator.
2. Neem - water extract:-
We Took 10 g of the dried neem leaves along with the bushes and 300 ml of distilled water
is added into it. Boiled it for 3 hours and filter the extract. Extract is stored in refrigerator.
3. Pudina - water extract:-
We took 10 g of the dried Pudina leaves and bushes. 300 ml of distilled water is added into

it. Boiled it for 3 hours and then filter the extract. Extract is stored in refrigerator.
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4. Tulsi - ethanol extract:-

For the preparation of tulsi and ethanol extract we used soxhlet apparatus. We took 10 g of
the dried leaves and bushes of tulsi in the thimble and 200 ml of ethanol in the round bottom
flask. The condenser is fitted and place it on heating plate. Allow this process for 3-4 hours.
Then we collected the extract prepared in round bottom flask. Extract is stored in
refrigerator.

5. Neem - ethanol extract:-

For the preparation of neem and ethanol extract we used soxhlet apparatus. We took 10 g
of the dried leaves and bushes of tulsi in the thimble and 200 ml of ethanol in the round
bottom flask. The condenser is fitted and place it on heating plate. Allow this process for
3-4 hours. Then collect the extract prepared in round bottom flask. Extract is stored in

refrigerator.

6. Pudina - ethanol extract:-

For the preparation of Pudina and ethanol extract we used soxhlet apparatus. We took 10g
of the dried leaves and bushes of tulsi in the thimble and 200 ml of ethanol in the round
bottom flask. The condenser is fitted and place it on heating plate. Allow this process for
3-4 hours. Then collect the extract prepared in round bottom flask. Prepared extract is

stored in refrigerator.
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Preparation of nanoparticle:-
Method 1:-
Prepared 10% solution of FeCls. Mixed the extract and FeCls solution in the ratio of 2:1.

Result:-

e Nano particles were observed in the case when we mix the FeClz solution with extract of
tulsi, Pudina, neem which is prepared in ethanol using soxhlet apparatus.

e No any nanoparticle was observed when the FeCls solution mixed with extract of tulsi,
neem, Pudina which is prepared by water.

e But we were not able to isolate the nanoparticles. We also used centrifuge technique to

isolate the nanoparticles. But we were not able to isolate the nanoparticles.
Method 2:-

1. Preparation of ferric hydroxide:-

e We took 5¢g of ferric chloride and dissolved it in 20 ml of water. Prepared
30% w/v solution of sodium carbonate.

e Sodium carbonate solution is added to the ferric chloride solution dropwise
till the pH reaches to 2.2. pH metre was used to monitor the pH. Then the
mixture was allowed to stand at room temperature for 20 min.

e After that addition of sodium carbonate is continued till the pH reaches to 4.
At this pH we allowed the mixture to stand at room temperature for 30

minutes so that the precipitates will settle down.
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Filtered the mixture and washed the precipitates of ferric hydroxide with 25

ml distilled water.

Prepared a slurry of precipitates and water (20 ml).

Scheme 1. Preparation of ferric hydroxide.

FeCls + 3H20 — Fe (OH) 3 + 3HCI

2. Preparation of iron sucrose complex:-

We took three necked round bottom flask fitted with reflux condenser and a
stirrer assembly.

15 ml water and 30 g sucrose was added to the round bottom flask. Then the
mixture was heated in the oil bath and temperature is maintained around 120°
C.

When the temperature of the mixture reached to 100-105° C. 2ml of 20% w/v
sodium hydroxide solution is added to it.

Then the slurry prepared in first step is added to the sucrose mixture over
about 15 minutes. A clear solution of brown color was formed after the
addition of ferric hydroxide is completed.

The reaction temperature was maintained around 100-150° C for 2 hours.

The mixture is cooled at room temperature.

Scheme 2. Preparation of iron sucrose complex

Fe(OH)3 + C12H22011 — [Fe(C12H19012)]
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3.

Result:-

20| Page

Iron sucrose complex

Isolation of iron sucrose complex:-

300 ml of ethanol is added to the reaction mixture prepared in step 1 at 25° C
with stirring.

A dark brown precipitates were collected by filtration.

For the purification of the precipitates 10 ml of water is added and
subsequently adding ethanol 50 ml to the dissolved product to precipitate a
purified product.

Precipitates were filtered and washed with ethanol and dried under vacuum

at 50°C.

After the preparation of this iron sucrose complex. We took 1 g of the iron
sucrose complex in a centrifuge tube and make the volume up to 5 ml by
adding plant extract which is prepared by water and ethanol. Centrifuge is

done for 4 hours.

e Iron sucrose complex was insoluble in plants extracts which was prepared
by ethanol.
e Iron sucrose complex was soluble in plant extract prepared by water as a

solvent.



e A brown precipitates were observed in the case of plant extract prepared
by water.

¢ No any precipitate was found in case of plant extract prepared by ethanol.
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Fig 1. Iron sucrose complex was not soluble in either of the extract prepared in ethanol.

22| Page



Fig 2. Precipitates were formed when iron sucrose complex was centrifuged with pudina and water

extract, tulsi and water extract, neem and water extract (from left to right).
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Method 3:-
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0.25 g of FeClswas taken in six centrifuge tubes.

5 ml plant extract (neem water, tulsi water, pudina water extract,
neem ethanol, tulsi ethanol, pudina ethanol) was added in each of
the centrifuge tube.

The centrifuge tubes were allow to stand for 24 hours.

Then it was centrifuge for 5 hours.

Result:-

Precipitates were observed in 3 centrifuge tubes which contain
FeCls with neem and water extract, tulsi and water extract, pudina
and water extract. No any precipitate was appear in ethanol

containing extract.



Fig 3. Precipitates were formed with neem water extract, tulsi water extract, pudina water

extract.(left to right).
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RESULT AND DISCUSSION:-

The analysis of nanoparticles formed is done by using SEM (scanning electron microscope). This
technique is used to identify the size and structure of the particles. The electrons beam scan the

surface of the particles and we get the images of those samples.

SEM image 1:- Nanoparticles of iron prepared by neem - water extract.

EHT = 10.00 kv Signal A=InLens Mag=10000KX WD= 44mm
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SEM images of the nanoparticles of iron prepared by using neem and water extract in FeCls. The

particles size observed in this case was 168.2 nm and 117.1 nm.
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SEM image 2:- Nanoparticles of iron prepared by neem - water extract.

EHT =10.00 kv Signal A= InLens Mag=100.00KX WD= 3.3 mm
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EHT =10.00 kv Signal A= InLens Mag=100.00KX WD= 3.3 mm

SEM images of the nanoparticles of iron prepared by using pudina and water extract in FeClz The

particles size observed in this case was 63.34 nm and 65.29 nm.
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SEM image 3:- Nanoparticles prepared by using tulsi - water extract.
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EHT = 10.00 kV Signal A=InLens Mag=10000KX WD= 3.5mm

SEM images of nanoparticles of iron prepared by using Tulsi and water extract in FeCls. The

particle size observed in this case was 46.49 nm and 62.86 nm.
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Following is the table of the result observed:-

Extract NP observed Size

Neem + water — FeCls Yes 117.1 nm
Pudina + water- FeCls Yes 63.34 nm
Tulsi + water — FeCls3 Yes 46.49 nm
Neem + ethanol- FeCl3 No -

Pudina + ethanol- FeCls No -

Tulsi + ethanol- FeCl3 No -

Iron sucrose with neem water extract yes Result awaited
Iron sucrose with tulsi water extract Yes Result awaited
Iron sucrose with pudina water extract Yes Result awaited
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CONCLUSION:-

The nanoparticles are formed by using plants extract which are prepared in water. The analysis of
those nanoparticles are done by using SEM. Nanoparticles which are prepared from different
plants extract have different size. The size of particle in case of neem and water extract is 117.1
nm, the size of particle in case of pudina and water is 63.34 nm and the size of particle in case of
tulsi and water is 46.49 nm. Therefore the best result is in the case of tulsi and water extract as the

particle size in this case is smallest among all.
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