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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.   
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ABSTRACT 

Waste Water containing heavy metal ions are considered as the genuine ecological issue in human 

culture. Nanomaterials are the powerful adsorbent for the expulsion of heavy metal ions from waste 

water because of their remarkable design and surface science. In the space of water refinement, 

nanotechnology offers the chance of an effective evacuation of toxins and microorganisms. Today 

nanoparticles, Nano membrane and Nano powder utilized for location and expulsion of synthetic and 

organic substances incorporate metals (for example Cadmium, copper, lead, mercury, nickel, zinc), 

supplements (for example Phosphate, ammonia, nitrate and nitrite), cyanide, organics, green growth (for 

example cyanobacterial poisons) viruses, microorganisms, parasites and antibiotics. Fundamentally, four 

classes of Nano scale materials that are being assessed as utilitarian materials for water cleaning e.g., 

metal-containing nanoparticles, carbonaceous nanomaterials, zeolites and dendrimers. Carbon nanotubes 

and nanofibers likewise show some certain outcome. Nanomaterials uncover great outcome than 

different strategies utilized in water treatment in light of its high surface region (surface/volume 

proportion). It is recommended that these might be utilized in future overall scale water sanitization. It is 

likewise found that the coliform microscopic organisms treated with ultrasonic illumination for brief time 

frame period before Ag nanoparticle treatment at low fixation, upgraded antibacterial impact. In future, 

mix of both might be the most ideal choice for treatment of waste water. 

 

KEYWORDS: Nanoparticle, heavy metals, dendrites, zeolite, ceramics, Nano silver, Nano rod, 

nanofibers, synergic effect. 

 

INTRODUCTION 

Based on the arrangement and size of atoms, the small, localized matter is known as particles. Elementary 

particles are classified based on their size, mass, charge, average lifetime, spins interaction, etc. Here we 

discuss the classification of particles only dependent upon their sizes. Elementary particles are divided 

into 3 types in the nanometer scale range. 

 Coarse particles (10,000–2500 nm) 

 Fine particles (2500–100 nm)  

 Super-fine particles or nano particles (1 to 100 nm) 
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Fig. 1: Particles Sizes (nm) 

Nano is a prefix used to depict one billion, or 10-9 something. Nanotechnology was first presented by 

material science Nobel laureate RICHARD P FEYNMAN in 1959 [1]. From that point forward, there has 

been many numerous progressive advancement in physical science, chemical science, life science, clinical 

science, material science, and other various fields. Table 1 gave a thought regarding various areas with 

finished results containing NPs where nanotechnology is relied upon to have an impressive effect [2]. 

Table 1: Different NPs used in different sectors 

Sector Nanoparticles Application Ref. 

Cosmetics ZnO, TiO, Fe2O3 Sunscreen, UV protection, Lipstick etc. [3] 

Electronics Pb telluride, CdS, ZnSe, ZnS Led, Laptop, Mobile, Batteries [4, 5, 6] 

Catalysis Zerovalent metals (Pt, Ni, 

Fe) 

Reduction of metal oxide to metal [7] 

Medicines Carbon nanotubes gold (Au) Drug delivery, organ transplant, 

artificial implant, tissue engineering 

[8, 9, 10] 

Food Nano composite coating, 

nano drops 

Food protection processing & 

packaging, food supplements 

[11] 

Construction SiO2, Fe2O3, TiO2 Improve durability, paint, steel, 

strength of concrete, blocking of light, 

[12, 13, 14] 

Renewable 

Energy & 

Environmental 

remediation 

NiO, NiFe2O4, Fe2O3, ZnO, 

Carbon, Silicon 

nanoparticles 

Decontamination of air, water & soil, 

clean up oil, spill, heavy metal 

contamination self-cleaning solar cells 

[15, 16] 

 

DEFINITION OF NANOPARTICLES 

Nanotechnology means techniques that involve the use of nanomaterials and nano means describe 

something one billion or 10-9. Therefore ‚A natural incidental or produced substance containing particles 

in an unbound state or as an agglomerate with at least one outer aspects in the scope of 1nm – 100 nm for 

half or a greater amount of the particles in the number size appropriation". [17] Nanoparticles are utilized 

in different nanotechnologies which are broadly utilized in numerous spaces like medication 
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advancement, water sterilization, and expulsion of heavy metal ions, data and correspondence on 

advances, and the creation of more grounded and lighter materials. Imaginative advancements of science 

and designing have advanced exceptionally quickly toward the blend of nanomaterials to accomplish 

remarkable properties that are not equivalent to the properties of the mass materials. 

  

CLASSIFICATION OF NANOPARTICLES 

Nanoparticles are characterized in various ways, however most commonly classified into Organic, 

Inorganic, and Carbon-based particles. 

 

ORGANIC NANOPARTICLE 

Dendrimers, liposomes, micelles, and ferritin, etc. are known as nanoparticles. They are polymers, but 

their size, composition, and morphology keep them in the nanoparticles range. Natural nanoparticles are 

biodegradable, non-poisonous. A few particles have an empty centre as displayed in figure 2 otherwise 

called Nano capsules, they are touchy to warm, hotness, and light. 

 
Fig. 2: Core-shell nanoparticles of polymers 

INORGANIC NANOPARTICLES 

Inorganic nanoparticles are not comprised of carbon. Metal and metal oxide-based nanoparticles are 

ordered as inorganic nanoparticles. 

 

METAL-BASED INORGANIC NANOPARTICLES 

Nanoparticles that are combined from metals to nanometric sizes. Looking at the application of metal 

nanoparticles almost all the metal has been synthesized into their nanoparticles. Al, Cd, Co, Cu, Au, Fe, 

Pb, Ag, Zn, As, and Ni have been synthesized [18]. They are generally utilized in various regions because 

of their particular properties like size (as low as 1-100 nm) surface region, pore size, crystalline and 

amorphous nature and different shapes like spherical, cylindrical, sensitivity to environmental factors. 

METAL OXIDE-BASED INORGANIC NANOPARTICLES 

If metal oxide nanoparticles are synthesized in place of metal nanoparticles, their properties change 

remarkably for instance. Iron in a flash oxidizes to press oxide (Fe3O4) within the sight of oxygen at room 

temperature that expands their reactivity contrasted with iron NPs. Thusly, metal oxide NPs are 

synthesized primarily because of their expanded productivity [19]. Al2O3 (Aluminium oxide), CeO2 

(Cerium oxide), NiO (Nickel oxide), Fe2O3 (Iron oxide), Fe3O4 (Magnetite), TiO2 (Titanium oxide), ZnO 

(Zinc oxide), are the most commonly used synthesized metal oxide NPs. Today’s mixed metal oxides are 

also synthesized based on their uses. 
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CARBON-BASED NANOPARTICLES 

The nanoparticles which are absolutely made via carbon, known as carbon-based nanoparticles. 

Fullerene, graphene, carbon nanotubes, carbon nanofibers, and carbon black are the class of carbon-based 

NPs. 

 

SYNTHESIS OF NANOPARTICLES 

The NPs are blended by a few techniques. A few strategies that are physical, chemical, organic, 

mechanical utilized for the combination of NPs. Two combination approaches have been recognized that 

are hierarchical and base up techniques. The Top-down strategy contains processing lithography and 

continued draining, and Bottom-up approaches developing material from the base, particle by iota, atom 

by particle, and bunch by group [20, 21]. Fig 3 and 4 shows various types of top-down and bottom-up 

method. 

Table 2: different methods of synthesis 

Category Method Nanoparticles 

Bottom-up 

 

 

 

 

Sol-gel/Polyol Carbon, metal, and metal oxide-based 

Spinning Organic polymers 

Chemical vapour deposition (CVD) Carbon and metal-based 

Pyrolysis Carbon and metal oxide-based 

Biosynthesis Organic polymers and metal-based 

Top-down 

 

 

 

Mechanical milling Metal and metal oxide-based 

Nanolithography Metal-based 

Laser ablation 

Sputtering 

Carbon-based and metal oxide-based 

Metal-based 

Thermal decomposition Carbon and metal oxide-based 

 

 
Fig. 3: Various types of Bottom-up method Figure 4: various types of Top-down method 
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PROPERTIES OF NANOPARTICLES 

All physical and chemical properties of NPs, which differ from their parent particles but are very useful 

in different areas. In the present work. I am focusing on metal and metal oxide-based NPs. Therefore, 

some properties of these NPs are given in tables 3 and 4. 

 

Table 3: Metal-Based Nanoparticles 

Aluminium High reactivity, sensitivity to moisture, heat, and sunlight, 

large surface area 

[22] 

Iron Reactive and unstable, sensitive to air (oxygen) and water [23] 

Silver Absorbs and scatters light, stable, anti-bacterial, disinfectant [24] 

Gold Interactive with visible light, reactive [25] 

Cobalt Unstable, magnetic, toxic, absorbs microwaves, magnetic [26] 

Cadmium Semiconductor of electricity, insoluble [27] 

Lead High toxicity, reactive, highly stable [28] 

Copper Ductile, very high thermal and electrical conductivity, 

highly flammable solids 

[29] 

Zinc Antibacterial, anti-corrosive, antifungal, UV filtering [30] 

Nickel                        magnetic, ductile, good conductor of heat and electricity, 

ferromagnetic 

[31] 

 

Table 4: Metal Oxide Based Nanoparticles 

Titanium Oxide High surface area, magnetic, inhibits bacterial growth [32] 

Iron Oxide Reactive and unstable [33] 

Magnetite Magnetic, highly reactive [34] 

Silicon dioxide Stable, less toxic, able to be functionalize many molecules [35] 

Zinc Oxide Antibacterial, anti-corrosive, antifungal, UV filtering [36] 

Cerium Oxide Antioxidant, low reduction potential [37] 

Aluminium 

Oxide 

Increased reactivity, sensitivity to moisture, heat, and 

sunlight, large surface area 

[38] 

Nickel oxide Magnetic properties, high surface area, optical properties, 

versatile hydrogenation catalyst, anodic electro chromic 

material 

[39] 
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CHARACTERIZATION OF NANOPARTICLES 

Characterization of NPs is very important because it determines the potential and application of NPs. 

Characteristics of solid NPs are their size, surface area, composition, surface morphology, surface charge, 

and crystallography. Various measurement techniques are summarized in table 5 for solid NPs. 

 

Table 5: various measurement techniques for solid NPs. 

Characteristics Technique 

Size SEM and TEM, 

Surface area BET isotherm 

Composition XPS and compound digestion by chemical analysis 

Surface morphology Image analysis of electron micrographs 

Surface charge Zeta potential 

Crystallography XRD or Neutron diffraction 

 

 SEM = Scanning Electron Microscope 

 TEM = Transmission Electron Microscope 

 BET = Bruner – Emmett – Teller model 

 XPS = X-ray photoelectron spectroscopy 

 XRD = X-ray diffraction. 

 FTIR = Fourior transform infrared 

 

APPLICATIONS OF NPS FOR REMOVAL OF HEAVY METALS 

NPs are being used in different fields like cosmetics, electronics, chemical engineering, medicine, food, 

construction, renewable energy, and environmental remedies. The significant utilization of NPs is to treat 

municipal and industrial wastewater as well as the sludge produced. NPs find wide attention in the 

removal of heavy metal ions that cause toxicity in water. Heavy metal pollution is becoming one of the 

most serious environmental problems in the 21st century. 

The presence of an undesirable concentration of these heavy metals in water could be harmful to human 

health. To detoxify heavy metals numerous techniques like photochemical process, chemical coagulants, 

electrochemical, bioremediation, ion exchange resin, reverse osmosis, and adsorption have been 

employed [40, 41]. 

Similarly, various materials like conventional and unconventional chemicals, biomaterials, agriculture 

waste materials, are used extensively in the detoxification of heavy metals.  Among These NPs used as 

adsorbents are the greater traditional substances for removal of heavy metals from the aqueous solution 

because of their small size particle, huge surface area, and high adsorption capacity [53-56]. 
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Table 6: Conventional heavy metal ion removal technologies 

Method Advantages Disadvantages Ref. 

Chemical 

precipitation and 

filtration 

Cost-effective simple 

requires low 

maintenance 

Resulting in the 

generation of the huge 

volume of sludge 

impected by low pH and 

the presence of other salts 

[42] 

Chemical oxidation 

or reduction 

Ease of operate 

mineralization 

Requires chemical 

substance addition 

[43] 

Electrochemical 

treatment 

Pure metal can be 

recovered for reuse no 

reagents involved 

Require quite a large 

amount of electricity 

[44, 45] 

Reverse osmosis Minimal maintenance 

effective 

Not cost efficient [46] 

Photo catalysis Eliminates both the 

metal ions and organic 

pollutants 

concurrently. 

 

It takes a prolonged time 

to remove the metals. 

 

[47, 48, 49] 

Ion exchange Effective pure effluent 

metal recovery is 

possible 

Expensive resins highly 

sensitive to pH of 

solutions 

 

[50] 

Adsorption Cost effective, high 

surface area, operation 

ease 

No selective in adsorption 

of metals 

[51, 52] 

 

 

ADSORPTION 

Adsorption is known to be one of the quality technologies for the decontamination of water because it’s 

far an effective, low-cost, and eco-friendly treatment technique. It is a system rebuts enough to recognize 

water reuse obligation and high runoff requirements inside the industries [57]. Adsorption is the process 

that includes the transfer of a substance from a solution onto the surface of stable solid adsorbents by 

either chemical, physical attraction [58], or more frequently each physical adsorptions involve the 

attraction by electric charge between the adsorbent and the adsorbate [59]. The increasing environmental 

cognizance and concern amongst scientists led to the improvement of the adsorption method, which is 

effective for the purification and separation of water and wastewater pollution. Among all of the water 
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purification treatment strategies, adsorption is one of the popular strategies which are meant to be an 

efficient, reasonable, and eco-friendly approach for wastewater treatment [60]. 

 

 
Fig. 5: Adsorption Process 

 

Adsorption is the mass transfer process where adulterants are concentrated or adsorbed on a solid 

substrate from the liquid phase or gaseous surroundings in contact with the substrate. Here, adulterants 

are referred to as adsorbate and substrate as an adsorbent [61]. Various factors affect the adsorption 

process, similar as pH, temperature, types of adsorbates and adsorbents, and the concentration of 

pollutants, the presence of other adulterants, contact time, surface functional group, and other 

atmospheric and experimental conditions. Occasionally, prefiltration is needed to avoid the unwanted 

effect of suspended particles, oils, and greases in water during adsorption [62]. The adsorption process is 

especially suited for wastewater treatment and more so in the case of high concentration but a low 

volume of wastewater. Adsorption is the topmost universal method as it can remove different types of 

inorganic as well as organic adulterants from wastewater. It is economically feasible for the treatment of a 

large volume of wastewater due to the low construction, maintenance, and operation cost of the 

adsorption equipment’s *63+. Adsorption has advantages over conventional techniques. Adsorption, 

termed a surface phenomenon, is the transfer of molecules and atoms from one phase to another [64]. 

This separation process generally involves a metal (similar as copper, lead, arsenic, chromium, etc.) of 

interest. The metal is dispersed in an aqueous phase that is being transported to the surface of the solid 

material (adsorbent) similar as nanomaterials, biomaterials, and activated carbon. Adsorption is generally 

utilized in the gas phase but its disadvantage of being a selective process is a major advantage for 

effectively adopting this technology, for non-selective processes in water and wastewater treatment. 
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ABSTRACT 

Lantana camara contains several bioactive molecules having antimicrobial, fungicidal and insecticidal 

properties and acts as alternatives in some therapeutic markets. Due to demand supply gap it is essential 

to extract the bioactive substances from natural sources. It is biomass source from nature that occurs in 

tropical and subtropical region of world. It shows significant pharmacological and therapeutic properties 

dueto richness in content of important secondary metabolites that have different biological activities. 

However, considering trace level of few of these bioactive molecules, it is advisable to implement 

nanotechnology approach in research and development of these compounds. Nanoparticles are unique 

subset of the broad field of nanotechnology. Being sparingly soluble and labile biological active 

substance, it has great potential in the promising drug delivery system. Due to biocompatible and 

biodegradable properties, it interacts with target cell and improves the function of cell. A well-known 

versatile drug Lantadene / penta cyclic triterpenoids isolated from Lantana camara. Hence, special 

attention was given to importance of Nanotechnological workflows with different perspectives into 

research of this biochemically significant plant species.  

 

KEYWORDS: Anti-microbial, Therapeutic properties, Lantana camara, Nanotechnology. 

 

INTRODUCTION 

The source of various novel bioorganic compounds is waste lands. A waste land weed ; Lantana camara 

play vital role as  anti-motility, anti-ulcerogenic anti-microbial activity, allelopathic activity, anthelmintic, 

anticancer, antifungal, cytotoxicity, nematocidal,  insecticidal, analgesic, anti-inflammatory, antimalarial, 

haemorrhoidal activity, antipyretic, larvicidal, anti-tumour activity etc. The plant Lantana camara derived 

pharmaceutical active compounds namely pentacyclic tripene have complex structure making chemical 

synthesis, an economically competitive option. Yet, the derived compound and its potential need to get 

investigated for its additional potential.  

Lantana camara is rich source of natural product. The natural products contains active and bioactive 

molecules that are heterocyclic in nature. The Lantana camara exhibits various organic compounds 

extracted with organic and aqua solvents. The diversified processes for extraction of organic molecule 

depend on the physical properties such as its solubility and polar or non-polar bonds.  

Reflecting on the last decade of biosensor development, one can apparently perceive the impact of 

nanotechnology in this research area.  Antiquity, Ag-based antiseptics [Ratyakshiand Chauhan; 2009] Ag 

salts showed antibacterial [Khan etal; 2011]. Due to its pharmaceutical, stabilizing and reducing and 
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catalytic activity, the plant used for the fabrications of nanoparticles to advances significance in the filed 

of chemistry. Goswami-Giri and Ingawale; 2012 exhibited AgNP catalyses the chemical reactions of 

natural product including Pentacyclic triterpenoids having antitumor activity. Reduction of metal into the 

particle deviates the appearance of particles. Therefore, the potential for chemical reactivity of reaction 

extensively used by researcher for drug delivery (Narayanan and Pal; 2008, Hodges; 2011, ShuangToh, 

etal; 2013, Solomon etal; 2007). Considering above benefits, there is needed to develop bioactive silver 

nanoparticle having application as a bacterial inhibitor for the potential confirmation in chemical 

reactivity for urinary tract infection. Nano-technological approaches in the Lantana camara evaluation had 

pronounced attention as an alternative medicine. 

 

SYNTHESIS OF SILVER NANO PARTICLES (AGNP) 

METHODS 

IDENTIFICATION OF LANTANA CAMARA PLANT 

Lantana camara was identified and collected from VPM’s B.N Bandodkar College, (Autonomous) Thane 

(MS)-India campus. Segregated all part were air dried, powdered and store until used.  

 

EXTRACTION OF BIOACTIVE COMPOUND FROM LANTANA CAMARA L. 

Hundred gram of powder of Lantana leaf, stem powder, flowers and ripened black fruits were treated 

separately with 500 ml organic solvent/methanol and refluxed it for 3 hours to observed respective 

extract. The extract was concentrated under vacuum at 13-14 mm/Hg at 58oC.The obtained residue 

suspended in water, after filtration the residue was treated with methanol-water (1:7) followed by ethyl 

acetate (2 X 25cm3) and washed with n-butanol ((2 X 25cm3). The residue of lantana plants part loaded 

over silica gel column (60–120 mesh) using chloroform-methanol (9:1) as eluting solvent. The extract was 

re-chromatographed using n-Hexane and acetone. The concentred extract was suspended in water and 

then consequently extracted with ethyl acetate and n- butanol. The ethyl acetate fraction is loaded on a 

silica gel column using a mixture of CHCl3-Methanol with increasing solvent polarity as effluent for the 

segregation of layers. Neutral layer examines with n-Hexane and acetone to yield active compound.  

The similar process was carried out using aqueous reflexion under vacuum at 14 mm/Hg at 84oC to 

become concentrated residue. The residues obtained with methanol and aqueous media of all plants part 

were qualitatively analysed by TLC, HPLC UV, IR analysis, TEM. 

 

PREPARATION OF SILVER NANO PARTICLE (AGNP) OF BIOACTIVE MOLECULE 

The above characterized pentacyclic compound was used for the preparation of nanoparticles. Analytical 

pure grade Silver nitrate and tri-sodium citrate were used as starting materials without further 

purification. The silver nanoparticles of lantana camara were prepared by using chemical reduction 

method. 100M AgNO3 (90cm3) was heated to 80-90oC with 10 cm3 of 1 % trisodium citrate by gentle 

stirring on magnetic stirrer. In this reaction solution, 10cm3 (100µl) bioactive Pentacyclic triterpenoids 

isolated from Lantana camara (leaves) was added dropwise under vigorously, stirring. The obtained Silver 

nano particles were analysed by UV-Visible spectrophotometry and evaluated its role as an antibacterial 

and antifungal using amala fruit fungus. 

The fungus isolated from Amala fruit were utilised in the method. Silver nanoparticles of bioactive 

molecule (10 mgs) were used to urge concentration ranging from 25 to100 ppm by mixing methanol and 

distilled water. The experiment was carried out using hot malt agar broth under sterilised condition. The 

agar poured into Petri plate which was solidified into transparent solid. The disc test method was used to 

check antifungal and antibacterial activity. Three an inoculated plate was used for the evaluation by 
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using various drug disc along with the nanoparticles by streak plate method. The disc plates dried at 35-

37 0C incubated for 48 hours. One-disc plate was kept as controlled (containing malt agar). This control 

plate was kept as control without Silver nano particles. A fungus mycelium taken from the 48 hours old 

fungus culture were placed in disc containing silver nano particles and incubated at 350C. Observe the 

anti-fungal effect and % of inhibition of silver nano particles on the radial growth of fungus after three 

days. The Aggregate of lantadene nanoparticle was kept for room temperature for its atmospheric nature 

study. Serially up to four month sits nature was observed. 

 

SILVER NANOPARTICLE OF PENTACYCLIC COMPOUND LANTADENE 

The silver colloid particles were formed immediately after addition of reacting materials. Vigorously 

shaking with magnetic stirrer along with cooling the colourless solution changed to white, indicates the 

formation of AgNp of lantadene whereas without Lantadene it showed pink to violet (figure 1).The 

particle having reaction mechanism of reaction is as follows – 

4Ag+ + C6H5O7Na3 + 2H2O→ 4Ag + C6H5O7H3 + 3Na+ + H+ + O2↑ 

Also, Lantadene + Silver nanoparticles = Aggregation (figure2) 

 

FOR THE SILVER NANOPARTICLES OF LANTADENE SAMPLE 

UV spectrum was carried out of isolated pentacyclic compound and its nanoparticles at Shimadzu-1800 

spectrophotometer. Silver nano particles of pentacyclic compound/Lantadene is hydrophobic in nature 

due to these particles were dissolved in methanol and water. Purity and quality of solvents were strictly 

maintained. Correction line of methanol solvent was determined, after the standardization of the system. 

Sample solution of silver nano particles was subjected for the determination of UV-Visible spectra along 

with the determination of UV maxima. Colloidal particles have a +ve or –ve electrostatic charge.  Due to 

presence of electrical fields particle dispersion is more and the particles travel in oppositely charged 

directions. Hence its migration due to scattering light measured by Doppler shift method totally depends 

on electrophoresis mobility. Silver particle in suspension exhibited zeta potential because all solid, liquid 

& gases states and colloidal states have great impact on Van der Waals attractive (VA) and electrical 

double layer repulsive (VR) forces that exist between particles and colloidal system become stable due to 

energy barrier. The extract acts as reducing and stabilizing agent hence can be used in particles. Zeta 

potential is a very excellent index of the magnitude of the interface between colloidal particles and 

dimensions of zeta potential are normally used to evaluate the firmness of colloidal systems. It depends 

on pH and naturally occurring material aqua material. This information may be useful in the field of 

pharmaceuticals, agrochemicals, pigments, dyestuffs, foods and explosives. Conformation of same 

molecule in different solvents showed different stability and consequently its bioavailability gave 

knowledge to the chemotherapy of life. Crystals from acetone were treated with boiling methanol and 

then cooled at 4oC. 

 

 

White-pink-white 

 

 

 

 

Fig. 1: Changes in color of nano particle 

a. Colorless b. Pink c. White 

Fig. 2: AgNp-lantadene 

aggregated compound (10mgs) 
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Fig. 3:(a)SEM of pure 

Lantadene 

Fig. 3:(b) SEM of 

Nanoparticles (5 µM) 

 
 

Fig. 3:(c) SEM of Ag 

Nanoparticle (1 µM) 

Fig. 3:(d) SEM of Ag 

Nanoparticles (5 µM) 

Fig. 3: SEM of silver nano particles 

 

Silver nano particles with 100 ppm cause reduced the colonies number. Pentacyclic compound/ 

Lantadene AgNp by exhibiting excellent antifungal activity. The effect of AgNp treatment was evaluated 

by measuring the number of fungi colonies. Black, brown, green and yellow colored fungi detected on the 

plates. By varying (25ppm, 50ppm and 100ppm) concentration of Silver nano particles of Lantadene there 

was not considerable reduction of fungal growth observed. The incubation period by comparing number 

of different colored fungus growth showed the actual inhibition of growth of fungus. As in all three 

concentrations there was much growth of fungus observed towards the periphery as compared to the 

center of the plate. The efficiency of silver nano particles treatment was evaluated by measuring the fungi 

colonies diameter.  

 

RESULT AND DISCUSSION 

The literature review on Lantana camara has been dealing with the various aspects of bioactive molecules 

and its approach towards nano-techniques. The biophysical, biochemical methods are used for the 

characterization with the search for new microorganisms providing higher control rates. The purity of 

bioactive compounds and its nanoparticles effective of fungus inhibition.  The structural elucidation of 

the bioactive molecules and its potential inhibition explore in the field of medical application which 

verifies the pivotal role of Nano technological processes. 

Organic molecule in plant material is depending on solubility, polarity, extractions of a specific bioactive 

compound in the nature and extraction medium. The extract was carried out by conventional, novel 



CURRENT RESEARCH OF NANOTECHNOLOGY IN SCIENCE AND ENGINEERING VOLUME II 

    (ISBN: 978-93-91768-38-6) 

17 
 

methods and the yield of triterpenoid/tripene was compared in rotation with time. Assortment of 

effective organic solvent for natural product is very much important for the maximum recovery of 

product. Antibacterial screening with the help Lantana Camara pentacyclic compound and its fabricated 

silver nanoparticles. The extracts Lantana camara parts exhibits UV range from 270 nm to 330nm. UV 

spectrum of Lantana Camara Ag-Np’s were exhibited between 270-350nm. Various colour on TLC was 

monitored having Rf values are 0.82, 0.86, 0.46 for Lantana leaf, stem powder, flowers and ripened black 

fruits respectively. 

The FTIR spectra of leaves crude bioactive compound belongs to O-H and C-H with stretching modes by 

exhibiting at 3465 cm-1, 2700-3100 cm-11457 cm-1and   at 1302 -1396 cm-1. The involvement of function 

group of Lantana Camara leaf extract in the reduction and capping process of nanoparticles was well 

displayed in FTIR. Lantana camara leaves having anti-filarial activity as well as metabolites isolated from 

leaves possess antitumor, anti-thrombin, anti-nociceptive and antipyretic activity. The bioactive 

molecules observed in lantana various atoms with 270 normal modes of vibration. 

Antimicrobial activity of lantana and its Silver nanoparticles also possessing antifungal activity. 

Antibacterial effect was evaluated with B. Subtilis, S. aureus, S. typhi and E.coli.  TEM analysis of extract 

disclosed spherical and crystalline shaped nanoparticles along with antifungal activity. The consequence 

of nanoparticles X-ray diffraction pointed peak at 38 representing the crystalline nature. 

Contribution of phenol, amino groups in Lantana may have important role in toxicity. During processing, 

ethyl acetate does not sort out entire extract of tripene in methanol–water mixture. Hence, Ethyl acetate, 

methanol used in reaction along with hexane to observe maximum yield. Quantifications of it were 

completed with qualitative test-Salkowski Test, Liebermann Burchard test, and colorimetric method.  By 

surface morphology was evaluated to characterize coating surface with high resolution and by recording 

of X-ray spectra. Figures 3 indicate that there are no significant changes in the surface morphology. 

Nevertheless, it exhibited fluffy and rod-shaped uniform crystals which also confirmed with X- ray 

diffraction. 

Silver nanoparticals were synthesized from fruit extract using spectroscopy. Secondary metabolites, 

various acids indicate the interaction between silver nanoparticles is present in fruit extract of Lantana 

Camara Linn. Oleanolic acid was isolated from root.P. Rama Devi 2015 also evaluated antimicrobial 

active Silver nanoparticle synthesis from Lantana Camara seed extract. The process used in  biosynthesis 

process of antibacterial silver nanoparticles using Lantana camara seed extract are conjugated with 

organic bioactive molecules .The particles and its physical properties depend on the various dyeing 

material and its surface area ratio. 

Lantana nanoparticles have articulated substantial improvements owed to wide range of applications in 

the field of biomedical, sensors, antimicrobials, bio-insecticides, catalysts, electronics, optical fibers, 

agricultural, bio labelling, Bioremediation, their role in health care system, diagnosis in drug delivery. In 

the modulation of the size and shape of the nanoparticles product is nontoxic and to protect the 

environment. It also opens up the application in wood chemistry, industrial waste absorbent and harmful 

chemicals to useful with traditional medicinal properties. The nanoparticles are economy source and 

driver for its application in the field of medicine.  
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ABSTRACT 

Green chemistry is the form of chemistry or sustainable chemistry that begins by design and pollution 

prevention at the molecular state. We can't deny that chemistry is a huge element of our everyday lives. 

Green chemical goods are needed because of new environmental issues and hazardous side effects 

caused by chemical innovations. It is a critical topic of chemistry because of the role of chemistry in our 

world today and the impact it has on our environment. Production of green chemicals is the most 

challengeable one for chemist’s who manufacturing harmful chemicals. As part of the Green Chemistry 

programme, the fundamental elements may be used to make ecologically friendly compounds to 

reducing or eliminating the formation of harmful pollutants. Assuming that green chemical 

manufacturing is safe, it might lessen the damage that hazardous chemicals cause to plants and animals 

while also reducing greenhouse gas emissions, ozone depletion, and smog formation.  Hence, this review 

will be used to production of green chemicals by using basic building blocks elements and it will be most 

helpful to world’s environment.  

 

KEYWORDS: Basic elements, green chemicals, hazards prevention. 

 

INTRODUCTION 

The goal of green chemistry to reduce the negative health, safety, and environmental implications of 

laboratory methods and chemical products. Instead of dealing with hazardous chemicals, and waste 

disposal and treatment after a process or developing the material, it is better to take into account waste 

disposal and hazard prevention options during the design and development phase of the process or 

product (1). Designing chemical products and procedures that minimize or eliminate the usage of 

hazardous compounds is known as "Green Chemistry." Molecular design may benefit from new 

approaches to green chemistry and sustainable chemistry. Because of the chemists' ability to develop 

goods and methods that have fewer negative effects on people and the environment (2). We now have 

chemical building blocks that may be used for a variety of future materials and products. This includes all 

branches of science, as well as industry and the arts. Figure No. 18.1 shows divisions of green chemistry 

which have been interrelated to the human and environment. It is necessary to go beyond the immediate 

response or process in order to use the notion that it is preferable to address waste avoidance during 

design rather than disposing, treating and dealing garbage after a has been generated. 

All materials and wastes used to generate the making product must be considered, including raw 

materials; how they were made and what hazards were generated; the materials used and the waste 

generated in the creation of a chemical product; the ancillary materials needed to use a product and the 

Department of Pharmacy, Faculty of Engineering and Technology,  

Annamalai University, Annamalai Nagar – 608002. 

Corresponding Author: V. Manikandan, Email: saravanamani481@gmail.com  

V. MANIKANDAN* AND N. SRINIVASAN 

 

BASIC BUILDING BLOCKS OF GREEN CHEMICALS IN 

GREEN CHEMISTRY 

 

Chapter 

3 

mailto:saravanamani481@gmail.com


Bhumi Publishing, India 

20 
 

environmental fate of a pharmaceutical; and how they are disposed (3). This big-picture view of a 

product is called a life-cycle assessment. The major stages in a products lifecycle will be Materials 

Extraction, Manufacturing, Distribution, Usage, and End-of-Life. Each product will have many different 

factors that determine a material’s impact at each of these stages. 

 
Fig. 1: Divisions of Green Chemistry 

 

Learning to adopt life-cycle thinking does not happen overnight. The principles of green chemistry 

challenge chemists to consider where their raw materials come from and the kinds of materials used, and 

wastes generated in a process (4). In this review attempt to discuss about the basic building block 

elements used to the production of green chemicals. It may helpful to reduce the harmful environment. 

 
Fig. 2: The Sustainable Materials Management Coalition provides advice on how to incorporate life-

cycle thinking into environmental decision-making. 

 

NUCLEAR CONCEPT, ELEMENTS, AND MOLECULES 

Chemistry is the science of matter. All matter is made up of atoms, which include subatomic particles 

such the positively charged protons (+), negatively charged electrons (-) and electrically neutral neutrons 

(n). For matter to behave chemically, it must have qualities that are unique to each one of these individual 

elements. All chemical activity is determined by the arrangement and energy levels of electrons in atoms, 

which are determined by the atoms themselves (5). Elements behave differently as their atomic numbers 

increase, and this is one of the most basic principles in all of chemistry. The periodic table has been 
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created as a result of this grouping of elements by increasing atomic number. It is because electrons are 

supplied progressively to atoms and inhabit so-called "shells," each filled with a specified quantity of 

electrons, that the periodic behaviour of elements' chemical characteristics can be seen. As each shell is 

filled, a new row (period) of the periodic table is established (6). A full-time computational effort by 

banks of computers may be required to describe electrons' behaviour in matter, which seems complex. As 

a result, a shortened 20-element periodic table may be constructed based on simplified models of the 

behaviour of the first 20 elements, using dots to represent electrons. This table, despite its simplicity, 

serves as a useful tool for understanding and explaining many of the chemical process. The "green" 

atmosphere is mostly composed of water vapor, which contains the most oxygen and hydrogen of any 

chemical, as well as the salts sodium and chlorine found in ordinary table salt, nitrogen, oxygen, carbon 

dioxide, hydrogen and oxygen (in water vapor) (7). 

 

HYDROGEN 

Hydrogen is the simplest atom in periodic table. The atomic number of hydrogen is 1. The nucleus of 

most hydrogen atoms is made up of a single proton, and each hydrogen atom has a single electron. 

Covalent bonds between two hydrogen atoms, chemical formula H2, are formed by sharing two electrons 

between the two H atoms. Diatomic molecules are molecules that have two atoms attached to each other 

(8). A visual representation of the electrons in atoms may be quite helpful when understanding chemical 

activity and its relationship to the atomic structure (more specifically, the less strongly held outer shell 

electrons). Lewis symbols (named after G. N. Lewis), sometimes known as electron-dot symbols, are used 

for this purpose. This atom's Lewis symbol is H‧Aside from the rarefied atmosphere and chemical 

processes, hydrogen atoms are found only as H2 molecules under normal circumstances. 'H2' it is useful 

to be able to see the electrons in molecules with the use of an electron microscope (9). 

 

HELIUM 

Helium is the first noble gas and the atomic number 2, is the second element in the periodic table. The 

nucleus of all helium atoms contains two protons and two electrons. While 3He2 has two protons and one 

neutron in its nucleus and a mass number of 3, it's significantly less common than 2He4 which has two 

neutrons in its nucleus and a mass number of 4. Helium is a noble gas, which means that it exclusively 

exists as free-standing atoms of the elements. Helium is represented by the Lewis symbol of ‘He’ with 

two dots He꞉ this illustrates an essential atom property. The number of electrons in an atom increases as 

the number of electrons in the atomic nucleus increases. There is just one electron in hydrogen (H), thus it 

enters into the lowest-energy electron shell. Helix has a first-layer shell, and the electron that is added to 

it goes into the first-layer shell. Helium has a full electron shell since its lowest electron shell can only 

hold two electrons (10). It is impossible for atoms that have filled their electron shells to interact with 

other atoms via chemical bonding since they have no inclination to lose, acquire, or share electrons. 

 

LITHIUM 

Lithium (Li) is the first metal and has an atomic mass of 6.941 and an atomic number of 3. 3Li7, which has 

four neutrons in its nucleus, is the most common lithium isotope. Three neutrons are all that is needed to 

make the 3Li6 isotope. There is no room for a third electron in lithium's lowest energy shell since it is 

already occupied by just two other electrons. To put it another way, the outermost shell of lithium 

contains the third electron. Lithium has two inner electrons, like the previous noble gas helium, in the 

inner shell. This is because the electrons in the inner shell of atoms such as these are held extremely 

firmly and are not traded or shared in chemical bonds on an average. According to the preceding 
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paragraph, lithium has a third electron that is an outside electron that is less attracted to the nucleus. The 

atom's outer shell is believed to contain the outer electron. When an atom has both an inner and outer 

shell of electrons, the Lewis symbol usually depicts just the outer shell (11). It is possible to depict inner-

shell electrons in a symbol, although this may be cumbersome and difficult to understand.) One outer 

shell electron gives lithium, the Lewis symbol is Li‧  

 

THE SECOND PERIOD OF ELEMENTS 

Because it is so brief, the first period of the periodic table only has two elements: hydrogen and helium. 

The second period, which comprises eight elements, starts with lithium, atomic number 3. This section 

focuses on elements with atomic numbers 4-10, which conclude this era. 

 

BERYLLIUM 

Beryllium, atomic number 4, atomic mass 9.012, contains two inner shell electrons like all other elements 

in the second period of the periodic table. Beryllium's Lewis symbol is B ̇e꞉ because it possesses two 

electrons in the outer shell. Beryllium is used in a variety of metallurgical processes. Beryllium alloys 

make metal products that are robust and corrosion-resistant when melted with other metals. When 

working with volatile vapors, the ability to combine electrical conductivity with nonsparking properties 

of beryllium alloys is critical. Various specialized springs, switches, and miniature electrical contacts are 

among the devices for which beryllium alloys are particularly helpful. Aircraft brake components use a 

lot of berylliums because of its high melting point (approximately 1290 °C) as well as its ability to absorb 

and transfer heat (12). 

 

BORON 

Its most common isotope is B, which has an atomic number of 5, an atomic mass of 10.81, and six 

neutrons in addition to five protons. There are two electrons in boron's helium core and three in the outer 

electrons as represented by B ̇꞉ Boron is the first example of an element that has characteristics that fall 

somewhere between those of a metal and a nonmetal. In the metalloids, boron is one of the most well-

known; it is one of the first 20 elements in the periodic table of elements. Metalloids, like metals, have a 

lustrous appearance in the elemental state, but they do not form simple cations easily. As opposed to 

metals, metalloids typically don't conduct electricity, if at all; although under specific situations they can 

(13). Semiconductors are important because they are the building blocks of the world's semiconductor 

industry, which has brought us compact, powerful computers and a wide variety of electronic devices. 

 

CARBON 

Atomic number 6 is carbon in the second period of a periodic table, which takes us to the middle of that 

era. The neutral carbon atom possesses four outside electrons in addition to its two interior electrons, as 

illustrated by the Lewis symbol is ‧Ċ꞉ This "element of life" is carbon. Here are so many different kinds of 

molecules in biological systems due of its unique bonding strengths and flexibility. It is possible for 

carbon atoms to form covalent bonds with one another In this way, they are able to create a wide range of 

three-dimensional structures, including straight chains, branching chains, and rings (14). 

 

NITROGEN 

Diatomic N2 molecules make up 78% of the air's volume of nitrogen (N), an element with an atomic mass 

of 14.01 and an atomic number 7. The nitrogen atom possesses seven electrons, two of which are in the 
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inner shell and the other five in the outer shell (15). So, the Lewis symbol is ‧Ṇ̇꞉  Nitrogen is a nonmetal 

like carbon, and like other elements in the first twenty, it occurs in the form of N2 atoms. 

 

OXYGEN 

Many living species, including humans need oxygen. The atomic number of oxygen is 8 and atomic mass 

16.00. O2 molecules make up a diatomic nonmetal oxygen atom, which accounts for 21% of air volume. 

According to the Lewis formula is ‧Ọ̈꞉ the oxygen atom contains six electrons in its outer shell. Because it 

is freely available in the atmosphere, oxygen (O2) is unquestionably an environmentally friendly element. 

Liquid air distillation is used to move oxygen from the atmosphere to the earth's surface, much as it is for 

isolating pure nitrogen. As a gas to breathe by persons with lung deficiencies, chemical synthesis, 

welding and cutting metals, and oxyacetylene torches for welding, pure oxygen have several uses (16).  

 

FLUORINE 

Fluorine is the nonmetal element. The Lewis symbol for fluorine is ‧F̤̈꞉  atomic number 9 with an atomic 

mass of 19.00, indicates that it possesses seven outside electrons. Fluorine is a greenish-yellow gas made 

up of diatomic F2 molecules. In terms of nonmetallic elements, fluorine takes the cake. It's very corrosive 

to metals, plants, and even glass! Toxic to the flesh, fluorine is an elemental toxin that leaves wounds that 

heal slowly (17). Because of its dangers, green chemistry tries to limit the production or use of F2 as much 

as possible. 

 

AN OCTET OF EIGHT OUTER SHELL ELECTRONS 

The second period of the shortened periodic table has just one remaining element. Neon has an atomic 

number of 10, an atomic mass of 20.18, and a half-life of 3.6 hours. Even while most neon atoms have ten 

neutrons in addition to the ten protons in their nuclei, some have twelve neutrons, and a few have only 

eleven neutrons. Individual Ne atoms make up around two percent of the air's volume, making it a gas. 

Distillation of liquid air is used to extract neon. As a gas in neon sign tubes, it is the most prevalent usage 

of this substance. Eight of the atom's ten electrons are located in the outermost shell (18). Here's a look at 

the Lewis symbol for neon is ꞉ N ̤̈e꞉  

 

THE OCTET'S IMPORTANCE 

A total of four more noble gas elements exist, in addition to helium and neon. Atomic numbers 18, 36, 54, 

and 72 are the most common, and the most abundant, elements in the universe (atomic number 86). With 

the exception of helium, all of these atoms have eight electrons in the outer shell. An octet of electrons is a 

kind of electron configuration represented by the Lewis symbol ꞉ Ẍ̤꞉ , where X is the chemical symbol for 

the noble gas. 

 

FINISHING THE PERIODIC TABLE WITH 20 ELEMENTS 

While lithium is the most reactive metal in the periodic table (atomic number 11, mass 22.99), sodium, Na, 

is the next most reactive metal (atomic number 11, mass 22.99). In the nucleus of sodium, there is only one 

main isotope that has 12 neutrons. The first inner shell of sodium has two electrons, while the second 

inner shell contains eight electrons. The sodium atom's 11th electron is located in the third shell, the outer 

shell. 

There are 12 electrons in each atom of magnesium, Mg, atomic number 12, atomic mass 24.31; hence it has 

two outer shell electrons. Magnesium has neutrons in three different numbers: 12, 13, and 14. A 
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reasonably robust and lightweight metal, magnesium is utilized in aeroplanes, extension ladders, 

portable equipment, and other applications where minimal weight is a factor. 

In addition to the ten inner electrons, aluminium (Al) possesses three outer-shell electrons, giving it an 

atomic mass of 26.98 and an atomic number of 13. Metals such as aluminium can be found everywhere 

from aeroplanes to autos to electrical transmission lines to building construction. The oxide layer 

generated when aluminium interacts with oxygen in the air is self-protective and inhibits further 

corrosion, despite the fact that it is chemically reactive (19). 

Silicon, Si, atomic number 14, atomic mass 28.09, is a plausible contender for "element of the century" in 

the 1900s. Due to silicon's prominence as the most widely used semiconductor element and the 

subsequent development of electrical and computer technology based on silicon semiconductor devices 

in the late 1900s, this is the case. While silicon-based goods are valuable, silicon is plentiful in soil and 

rocks, ranking second only to oxygen as a component of the Earth's crust. On the periodic table, silicon is 

a metalloid because it possesses four outer-shell electrons and behaves as an intermediate between the 

metals and the nonmetals. 

Phosphorus, P, contains five outer-shell electrons and has an atomic number 15 with an atomic mass of 

30.97. So, it's just next to nitrogen on the periodic table, and it has a similar chemical structure to nitrogen. 

White phosphorus, the most common form of pure elemental phosphorus. White phosphorus is a highly 

flammable nonmetal that may spontaneously ignite in the atmosphere (20). It is harmful to the body and 

may lead to bone degradation. A disorder known as "phossy jaw" occurs when phosphorus causes the 

bone in the jaw to become porous and fragile, causing it to shatter under the effort of chewing. It's 

important to note, however, that phosphorus is one of the building blocks of DNA, the molecule that 

governs molecular life. Many industrial chemicals, including certain herbicides, include phosphorus as an 

important plant nutrient. 

Soluble sulphur (S), which has an atomic mass of 32.06 and an atomic number of 16, has six outer-shell 

electrons. It is a brittle, yellow nonmetal with a metallic lustre. Deficiency in this nutrient may have 

serious consequences for plant and animal life. Sulfur dioxide (SO2), a prevalent air pollutant, is produced 

when fossil fuels containing sulphur are burned. Hydrogen sulphide, H2S, which contaminates most 

natural gas (methane - CH4), is recovered for industrial manufacture of sulfuric acid and other sulfur-

containing compounds and provides a significant portion of the huge amounts of sulphur needed. 

One electron short of an octet of outer-shell electrons, chlorine, and atomic number 17 contains 7 outer-

shell electrons. Cl2 molecules make up the diatomic gas of elemental chlorine, which is greenish-yellow in 

colour. 

The shortened periodic table ends with element 18, argon, with an atomic mass of 39.95. There are eight 

outer-shell electrons in this gas, making it a noble gas (21). 

Potassium, symbol K, has an atomic mass of 39.10, making it the 19th most abundant element in the 

universe. The isotope 19K39, which has 20 neutrons, is the most common form of potassium. A minor 

percentage of the naturally occurring K is 4109K. This is a potassium isotope that is naturally radioactive 

since potassium is an important ingredient for life. People with larger muscle mass are more radioactive, 

because muscle mass contains more potassium than fat. In any case, radioactivity from potassium in the 

body is too low to be a concern, and it cannot be prevented under any circumstances. 

There are two outer-shell electrons in the atom of calcium, Ca, which has atomic number 20 and has a 

mass of 40.08. Ca2+ cation is formed by the loss of two "extra" electrons from the calcium atom. Calcium is 

an alkaline earth metal like the other elements in its group on the periodic table (22). The chemical 

reactivity of elemental calcium metal is comparable to that of potassium, but not as much as that of 



CURRENT RESEARCH OF NANOTECHNOLOGY IN SCIENCE AND ENGINEERING VOLUME II 

    (ISBN: 978-93-91768-38-6) 

25 
 

sodium. Magnesium, the alkaline earth metal next to calcium in the periodic table, has many chemical 

features with calcium. 

 

FULL PERIODIC TABLE IN BRIEF 

The shortened periodic table is complete with the description of element number 20. The electron 

arrangement in elements with an atomic number of 21 or more is outside the scope of this article. 

However, the whole periodic table is on the inner front cover, and all of these elements are included. The 

transition metals, which include chromium, manganese, iron, cobalt, nickel, and copper, are among the 

heaviest elements in the full periodic table. The lanthanides and actinides are also included. Thorium, 

uranium, and plutonium are three of these elements that are crucial to nuclear energy and armament (23). 

Figure 3 shows an abridged periodic chart of the first 20 elements. 

 
Fig. 3: 20-element rendition of the periodic table with Lewis symbols for each element 

 

This table includes the Lewis symbol for each element in addition to its atomic number and mass. Each 

element symbol has the same number of dots representing the same arrangement of outer-shell electrons 

in the same vertical columns. The reader should familiarize themselves with this basic, concise table, 

which provides a wealth of important information, and should be able to understand the Lewis symbols 

for each of the 20 elements. 

 

CONCLUSION 

Intentional releases (like pesticides), inadvertent releases (like emissions during production), or disposal 

are all ways that affect the nature in which chemicals enter the environment. The usage of green 

chemicals may assist to decrease the deterioration of benign goods, or they may be recovered and used 

again in a new application. Green chemicals may be safely produced by using just basic elements. In this 

review covered the basic elements nature to the production of green chemicals. Assuming that green 

chemistry's manufacturing is safe, it might lessen the damage that hazardous chemicals cause to plants 

and animals while also reducing greenhouse gas emissions, ozone depletion, and smog formation. 

 

REFERENCES 

[1] Goodwin Robbins, L. J., Rodgers, K. M., Walsh, B., Ain, R., & Dodson, R. E. (2020). Pruning 

chemicals from the green building landscape. Journal of exposure science & environmental 

epidemiology, 30(2), 236–246. 

[2] Orjuela, A., & Clark, J. (2020). Green chemicals from used cooking oils: Trends, challenges, and 

opportunities. Current opinion in green and sustainable chemistry, 26, 100369. 



Bhumi Publishing, India 

26 
 

[3] Pleissner, D., &Kümmerer, K. (2020). Green Chemistry and Its Contribution to Industrial 

Biotechnology. Advances in biochemical engineering/biotechnology, 173, 281–298. 

[4] Sahoo, T., Panda, J., Sahu, J., Sarangi, D., Sahoo, S. K., Nanda, B. B., &Sahu, R. (2020). Green Solvent: 

Green Shadow on Chemical Synthesis. Current organic synthesis, 17(6), 426–439. 

[5] Demirci U. B. (2009). How green are the chemicals used as liquid fuels in direct liquid-feed fuel cells? 

Environment international, 35(3), 626–631. 

[6] Clark, J. H., Luque, R., &Matharu, A. S. (2012). Green chemistry, biofuels, and biorefinery. Annual 

review of chemical and biomolecular engineering, 3, 183–207. 

[7] Tobiszewski, M., Marć, M., Gałuszka, A., &Namieśnik, J. (2015). Green Chemistry Metrics with 

Special Reference to Green Analytical Chemistry. Molecules (Basel, Switzerland), 20(6), 10928–10946. 

[8] Crawford, S. E., Hartung, T., Hollert, H., Mathes, B., van Ravenzwaay, B., Steger-Hartmann, T., 

Studer, C., & Krug, H. F. (2017). Green Toxicology: a strategy for sustainable chemical and material 

development. Environmental sciences Europe, 29(1), 16. 

[9] Acar Bozkurt P. (2017). Sonochemical green synthesis of Ag/graphene nanocomposite. Ultrasonics 

sonochemistry, 35(Pt A), 397–404. 

[10] Kuchurov, I. V., Zharkov, M. N., Fershtat, L. L., Makhova, N. N., &Zlotin, S. G. (2017). Prospective 

Symbiosis of Green Chemistry and Energetic Materials. ChemSusChem, 10(20), 3914–3946. 

[11] Mestres R. (2005). Green chemistry--views and strategies. Environmental science and pollution 

research international, 12(3), 128–132. 

[12] Philp, J. C., Ritchie, R. J., & Allan, J. E. (2013). Biobased chemicals: the convergence of green 

chemistry with industrial biotechnology. Trends in biotechnology, 31(4), 219–222. 

[13] Sperry, J., & García-Álvarez, J. (2016). Special Issue: "Organic Reactions in Green Solvents". 

Molecules (Basel, Switzerland), 21(11), 1527. 

[14] Saratale, G. D., Jung, M. Y., & Oh, M. K. (2016). Reutilization of green liquor chemicals for 

pretreatment of whole rice waste biomass and its application to 2,3-butanediol production. 

Bioresource technology, 205, 90–96. 

[15] Leisch, H., Morley, K., & Lau, P. C. (2011). Baeyer-Villiger monooxygenases: more than just green 

chemistry. Chemical reviews, 111(7), 4165–4222. 

[16] Wilson, M. P., Chia, D. A., & Ehlers, B. C. (2006). Green chemistry in California: a framework for 

leadership in chemicals policy and innovation. New solutions: a journal of environmental and 

occupational health policy: NS, 16(4), 365–372. 

[17] Schaub T. (2021). Efficient Industrial Organic Synthesis and the Principles of Green Chemistry. 

Chemistry (Weinheim an der Bergstrasse, Germany), 27(6), 1865–1869. 

[18] Sajid, M., &Płotka-Wasylka, J. (2020). Green analytical chemistry metrics: A review. Talanta, 238(Pt 

2), 123046. 

[19] Clark J. H. (2002). Solid acids for green chemistry. Accounts of chemical research, 35(9), 791–797. 

[20] Sheldon R. A. (2016). Engineering a more sustainable world through catalysis and green chemistry. 

Journal of the Royal Society, Interface, 13(116), 20160087. 

[21] Sarkar, O., Rova, U., Christakopoulos, P., &Matsakas, L. (2021). Organosolvpretreated birch sawdust 

for the production of green hydrogen and renewable chemicals in an integrated biorefinery 

approach. Bioresource technology, 344(Pt A), 126164. 

[22] Anastas, P. T., & Kirchhoff, M. M. (2002). Origins, current status, and future challenges of green 

chemistry. Accounts of chemical research, 35(9), 686–694. 

[23] Stanley, E., Manahan, Green Chemistry and The Ten Commandments of Sustainability, (2006), 

ChemChar Research, Inc Publisher, 2nd edition, 27-49. 



CURRENT RESEARCH OF NANOTECHNOLOGY IN SCIENCE AND ENGINEERING VOLUME II 

    (ISBN: 978-93-91768-38-6) 

27 
 

 

 

 

 

 
 

 

 

ABSTRACT 

Magnetic nanoparticles have sparked a lot of interest in research groups since they play such a significant 

role in medicinal applications. Magnetic nanoparticles' physico-chemical features, such as surface 

chemistry, nanoparticle size and composition, change greatly depending on their pharmacological and 

biological capabilities, as well as their medical procedures. Ferrites can also be found in a variety of 

technological applications. Ferrites are widely employed in electrical, electronic, and magnetic 

applications. Since the discovery of the superparamagnetic properties of nano-structured ferrites two 

decades ago, their applications in biotechnology and biomedical sciences, as well as cutting-edge 

electronics and microwave procedures, have gotten a lot of attention. Different synthetic techniques have 

been thoroughly studied, including typical instances, their applications, and their limitations. Traditional 

industrial submissions of a variety of ferrites have also been discussed, with patents cited where 

applicable. Finally, we reviewed the classification of ferrites, their properties, and their many applications 

in this chapter. 

 

KEYWORDS: Magnetic Nanoparticles, Ferrites, Super Paramagnetic properties. 

 

INTRODUCTION 

Nanotechnology can be considered as a sophisticated and modern technology that has created a niche for 

itself in these modern times. Nanotechnology deals with concepts of chemistry and physics of materials. 

It beckons an entirely new field progressing into the limelight and is continuously evolving, offering a 

broad scope for research activities. Nanotechnology and science of the nanostructured systems pertain to 

the synthesis method, characterization of the synthesized samples, their exploitation, and maximum 

utilization, characterized by at least a single dimension in the nanometre range. A bulk of 1-100 nm 

belongs to the nano regime, and the particles with sizes within this scale are called nanoparticles or 

nanomaterials. Thus it can be called the science of the small. These types of nanostructured materials 

bridge the single molecules with infinite bulk systems. Clusters, nanoparticles, nanowires, nanotubes, 

quantum dots, and nanocrystals belong to the individual nanostructures [1, 2]. The nanoparticles' 

uniqueness in their structural properties, dynamics, energetics, and chemistry provides a platform for the 

nano field's investigative and conceptual background. Appropriate size control and the response of the 

nanoparticles lead to the invention of new technologies and devices. The basic idea of nanoscience and 

technology is dual in nature-firstly the bottom-up technique comprising the molecular components' self-

assembly. Every single nanostructured part gets plugged inside a superstructure. Secondly, the top-down 
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process, which deals with the diminishing of the features. This increase causes atoms' behaviour on 

particles' surfaces to be dominant compared to those present in the particle's interior. The local 

coordination number will differ for the different sites on the surface [3]. The nanomaterials have a 

heterogeneous micro scale system, crucial for their properties to gels, glasses, etc. [4].Much research has 

been done on account of these nano particles' numerous unusual properties compared to their bulk 

counterparts [5]. The particle size, grain, grain boundary structure, inter-particle interactions, etc., 

influence the nano materials' properties primarily [6, 7]. These nanomaterials are applicable in energy 

production, electronics, medicine, national security, transportation, and energy utilization. Fig 19.1 gives 

progress of nanotechnology year by year. 

 
Fig. 1: Progress in Nanotechnology 

 

 
Fig. 2: Objects in different scales: macro to nano 

 

SPINEL COMPOUNDS 

Spinel in Italian is Spinella, meaning small spine. Spinels usually crystallize in the cubic octahedral form 

with Fd-3m space group. 30 oxide minerals are in this group. This group's main member is generally 

represented using the formula, AB2O4; where ‘A’ denotes a divalent metal ion like Fe, Mg, Mn, Zn, Ni, 

and quadrivalent metal lead occupy this site. The notation ‘B’ indicates trivalent metal ions like Fe, Al, Cr, 

and Mg. In addition to these, Ti4+ and Pb2+, etc., can also occupy this site. These minerals may also contain 



CURRENT RESEARCH OF NANOTECHNOLOGY IN SCIENCE AND ENGINEERING VOLUME II 

    (ISBN: 978-93-91768-38-6) 

29 
 

a percentage of different ions in any specific specimen [8]. This is also called solid solutioning. Numerous 

compounds possessing the spinel structure are oxides, sulfides, tellurides, selenides, and few halides in 

which eight positive charges balance the eight anionic charges [9]. Spinels are different depending on the 

distribution of cations in the two major sites [10, 11]. 

 

NORMAL SPINEL 

In the case of normal spinels belonging to the type A (BB)O4, all the divalent (A) cations are present on 

the tetrahedral (T-) sites and the octahedral (O-) sites are made up of the trivalent (B) cations. This is 

usually denoted using the formula [A]tet [B2]octO4. Few examples of normal spinels structures are shown 

in Table 1.  

 

INVERSE SPINEL 

In inverse spinel, the divalent cations occupy the O-sites, trivalent cations occupy equally in O- and T–

sites. E.g. [B]tet[A, B]octO4 structure like NiFe2O4 with NixFe1-x(Co1-xFe1+x)O4 (with x= 0) x for the cation 

distribution with fraction of tetrahedral sites occupied by Ni2+ cations are inverse spinel structures shows 

in Table 2 [12].  

 

Table 1: Some normal Spinels 

 

MgO.Al2O3 MgAl2O4 (normal, parent mineral), 

FeO.Al2O3 FeAl2O4 (normal) 

MnO.Al2O3 MnAl2O4 (normal) 

CoO.Al2O3 CoAl2O4 (normal) 

NiO.Al2O3 NiAl2O4 (normal) 

ZnO.Fe2O3 ZnFe2O4 (normal) 

 

Table 2: Some inverse spinels 

NiO.Fe2O3 FeNiFeO4 (inverse) 

CoO.Fe2O3 FeCoFeO4 (inverse) 

MgO.Fe2O3 FeMgFeO4 (inverse) 

 

RANDOM SPINEL 

The random spinel possesses an intermediate cation distribution denoted as [B0.67A0.33] tet [A0.67B1.33]octO4. 

In contrast, the second quantity inside the brackets indicates the B-sites' average occupancy having a 

coordination number of six (VI). 

 

SPINEL FERRITE 

CHEMICAL COMPOSITION OF SPINEL FERRITE 

The general chemical formula for spinel ferrite is MeFe2O4 with Me (Mn, Ni, Co, Fe, Cu, Cu, Zn, Mg, and 

Cd) asa divalent metal ion having an ionic radius nearly in the range 0.6 - 1Å. Mixed ferrites are made up 

of a combination of all these ions.  
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CRYSTAL STRUCTURE OF SPINEL FERRITE 

The spinel ferrites' have a close-packed fcc structure with 32 oxygen ions between many interstitial sites 

partially occupied by metal ions, as shown in Figure 19.3. The interstitial in a tetrahedral site lies in the 

tetrahedron's center, formed employing the four lattice atoms. Three atoms that touch each other lie in a 

plane and the fourth atom is located in the symmetrical top position. There is a definite geometry for the 

tetrahedral site. 

 

 
Fig. 3: Spinel structure of MFe2O4 

 

The crevices' space between 6 regular particles forming an octahedron is the octahedral position of an 

atom. Four stable atoms are positioned inside a plane, and the rest of the two lie symmetrically just above 

or below it. All the spheres are hard in nature and touch each other. A regular octahedron is defined by 

six spheres with a definite interior space for the interstitial atom and is bordered by six spheres.  

 

 
Fig. 4: Primitive cell of the spinel structure 

 

The spinel structure of the primitive cell is represented in Figure 19.4.The spinel structure of the primitive 

cell is Z=8 formula units per cubic unit cell, in which each consists of 32 anions and 24 cations, for a total 

of 56 atoms [13]. The cubic unit cell contains 96 interstices between the anions. The tetrahedral and 

octahedral sites are always in the same location, and the cations' nature has no bearing on the place. The 

relative sizes of the A and B cations influence the general position of the anions. The sub lattice of the 

anion has a pseudo cubic close-packed arrangement [14]. 

CATION DISTRIBUTION  

The distribution of the metal ions over the A and the B-sites depends on: 
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IONIC RADIUS 

The smaller ions occupy the smaller tetrahedral sites. The trivalent ions smaller than the divalent ions are 

found in the inverse structure. 

 

ELECTRONIC CONFIGURATION 

The choice of a certain environment is preferential for many ions. 4s, p or 5s, p electrons of Zn2+ and 

Cd2+preferably residing in tetrahedral site form four covalent bond [15]. 

 

ELECTRICAL PROPERTIES  

DEPENDENCY ON TEMPERATURE 

The microcrystals have numerous energy levels separated by very small gaps, making them similar to 

infinite solids possessing continuous bands of permissible energy. In the nano regime, the particles can 

still be considered giant molecules, but they will not be large enough to be approximated as infinite 

solids. As a result, the energy bands can always be distinguished, whereas the bands' gaps may vary from 

those found in bigger crystals. 

As a semiconductor crystal becomes smaller, many atomic orbitals contribute to the bands. As the crystal 

size continues to shrink, the number of orbital energy levels decreases, increasing the band gap [16]. The 

process of electrical conduction occurs due to the long-range migration of the electrons or ions. Usually, 

anyone type of charge carrier predominates conduction, but in the case of few inorganic materials, 

conduction by both ions and electrons is appreciable for the same system [17]. The ferrite system's 

electrical properties mainly depend upon the transport of charges among the ions in the B-sites. For 

ferrites rich in iron and has an ionic formula 

 

Mel2+Fe1-l3+[Mem2+Fe(1-ml)2+Fe3+1+l]O42-  ---------1 

 

When there is an interaction between the conduction hole and electron with nearby ions, the latter gets 

displaced, and the surrounding region gets polarized. 

 

CONDUCTION IN SPINEL FERRITES 

Ferrites have resistivity’s much higher than metals. Thus, ferrites are more preferred than ferromagnetic 

materials as very high resistivity is usually associated with very low energy loss. The range of ferrites' 

resistivity varies from 10-2 Ω-cm up to 1011 Ω-cm based on the ferrites' chemical composition. The 

simultaneous existence of Fe3+ and Fe2+ ions on B-sites is the main reason for the low resistivity in ferrites. 

The extra electron present on the Fe2+ ions requires a little energy to relocate to similar adjacent Fe3+ ions. 

These extra electrons begin to jump or hop, starting from one iron ion to the next ion in the presence of an 

electric field. It is important to ensure that Fe2+ ions are present in the stoichiometric ferrite to obtain 

ferrite samples with high resistivities. The temperature-dependent resistivity of ferrites follows the 

Arrhenius relation 

ρ = ρ0 exp (Ea/KT) ---------2 

Where ρ0 represents the pre-exponential constant, ρ denotes the resistivity, and Ea is the activation energy 

that can be interpreted as the amount of energy needed for the electrons to hop between the lattice sites. 

 

POLAR ON MODEL 

The small polar on is associated with a defect created when an electron gets trapped inside a self-induced 

potential well and starts to polarize that molecule. The entire weakness comprises the carrier defect, and 
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the distortion defect starts to migrate through a hopping mechanism that gets activated. The quasi-

particle, also called a polar on, can be considered the combined effect of the electron and its polarization 

[18]. Small polarons are usually formed in materials where the conduction electrons are located in the 

incomplete inner d shells or f shells that form very narrow bands overlapping small electrons. 

 

HOPPING MODEL 

According to Jonker's [23] hopping model, a charge carrier's mobility is facilitated by jumping or 

hopping. The expression for the charge carrier mobility for the jumping of electrons and holes are as 

follows 

μ1= [el1 f1exp(-E1/ KBT)] / KT -------3 

μ2= [el2 f2exp(-E2/ KBT)] / KT -------4 

μ1 and μ2 indicate the electrons' mobilities and holes, l1 and l2 stand for the jumping length. The 

lattice frequencies associated with the jumping process are f1, andf2 and E1 and E2 are the activation 

energies needed for the lattice deformation. The expression for the total conductivity in materials that 

have two types of conductivities can be represented as: 

σ = n1eμ1 + n2eμ2 ----------5 

The number of charge carriers is not affected by the temperature variations, influencing the charge 

carriers' mobility. According to the hopping model, there are a fixed number of charge carriers. 

 

POLARIZATION IN FERRITES 

ELECTRONIC POLARIZATION 

It is caused due to the displacement of electrons inside an atom [19]. There is no dipole moment in an 

individual particle in the absence of an externally applied field. When an external area E is used, the 

electron density is displaced by the electric field, and a dipole moment is acquired by the atom and is 

represented in Figure 19.5. The dipole moment is found to be directly proportional to E. It can be 

expressed using the equation P = α E, where the atom's polarizability is represented by α. 

 

 
Fig. 5: The electronic polarization, the electron cloud is displaced due to the applied electric field 

 

IONIC POLARIZATION 

Ionic polarization is caused when the anion and cation charge centers are displaced by the applied 

electric field, causing a net dipolemoment. The relation P= qdi (q stands for the dipole charge) can 

calculate the dipole moment's magnitude. Both the electronic polarization and the ionic polarization are 

of the same nature as both of them are caused by the displacement of the bound charges in the direction 

of the external field that is applied electric field. 
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DIPOLAR POLARIZATION OR ORIENTATIONAL POLARIZATION 

The orientational polarization is of importance for those systems containing complex ions with a 

permanent dipole moment. These dipoles freely rotate in the liquid or gas medium, but free rotation is 

not possible in solids. These dipoles tend to orient themselves in a direction along the applied electric 

field. As shown in Figure 19.5, the material will tend to acquire a net moment. This is termed 

orientational polarization. The dipoles are randomized by the thermal agitation, because of which the 

dipolar polarization is calculated under thermal equilibrium. Without field with field Figure 19.6.The 

orientational polarization, the already exist dipoles are aligned in the external field's direction. 

 

 
Without field                                                               with field 

Fig. 6: The orientational polarization, the already exist dipoles are aligned in the direction of the 

external field. 

 

SPACE CHARGE OR INTERFACIAL POLARIZATION 

Space charge polarization results due to the local accumulation of amounts while locally drifting through 

the material. The interfacial polarization is quite different from the rest of the polarization. In this 

polarization case, several factors are responsible for the distortion of the applied electric field [20]. The 

key elements are 

1- Piling up of the charges on the surface or the dielectric volume.  

2- Changes in the conductivities at the boundaries, defects, cracks, and the boundary region 

between the amorphous regions and the polymer's crystalline regions. The polycrystalline 

ferrites can be considered large domains of highly conducting material separated through 

very thin layers of comparatively poorly conducting materials. 

 

DIELECTRIC PROPERTIES OF SPINEL FERRITES 

A dielectric is a substance that has a high resistance to the flow of current. Dielectric materials can either 

be solids, liquids, or gases. The relative dielectric constant can be defined as the measure up to which the 

electrostatic lines of flux are concentrated. Ferrites are usually called magneto dielectrics as they are a 

combination of magnetic properties and dielectric properties. . Iwauchi put forth a strong relation 

between the conduction mechanism and the dielectric behaviour in the year 1971 

 

MAGNETIC PROPERTIES OF SPINEL FERRITES 

The spontaneous magnetization is caused due to the anti-parallel arrangement indicated by the atomic 

dipoles that are strongly coupled. If MA and MB represent the sub lattices' moments, then the 

ferrimagnetic moment can be expressed as MA- MB, when MA>MB. This inequality can be attributed to 
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elements in various ionic states, like Fe3+ and Fe2+. Different parts in either the same or different ionic 

states like Fe3+ and Ni2+ due to the various crystalline fields act at the two sites. The interactions existing 

between the magnetic ions may be grouped as A-A, A-B, B-B, and B-A, where A-A indicates the ionic 

interaction of ions in the A site with ions from the same area and also with the neighboring ions 

 

SIGNIFICANCE OF SPINEL FERRITES 

Nanosized spinel ferrites possess highly potential electrical and magnetic properties and the most 

preferential materials in technological applications. The usage of nanomaterials in the clinical and 

biological field is one of the most challenging parts of nano-magnetism. Iron oxide finds extensive use for 

various purposes like purification, cell separation, contrast agent in magnetic resonance imaging (MRI), 

nano biosensors, magnetic fluids hyperthermia (MFH), and targeted drug delivery. The use of magnetic 

particles having an affinity for specific cancer cells facilitates these particular cells to be heated selectively 

using an external alternating magnetic field in the frequency range of 50-500 kHz. This kind of selective 

heating destroys cancer-affected cells. It does not affect the healthy cells, reducing the side effects such as 

hair loss, etc., associated with chemotherapy [21]. In addition to this, a drug can be attached to a magnetic 

carrier guided by a magnet and be made to target particular drug site. This process is called targeted 

drug delivery which is very helpful in the localized treatment of bodily disorders. The method of 

magnetic heating is also used as a triggering agent to release drugs from any implant. For this, the drug is 

usually bound to a thermo responsive polymer, releasing the drug on the required target on being heated 

by an external applied alternating magnetic field [22]. 

 

CLASSIFICATION OF NANOPARTICLES 

Nanoparticles can be generally classified into two types: 

 

ENGINEERED NANOPARTICLES 

They can be intentionally designed and created with physical properties, and their applications pertain to 

the below-mentioned businesses:  

 Pharma  

 Chemical Mechanical Polishing  

 Quantum dots 

 Bio Detection and Labelling 

 Ceramic tiles 

 Food 

 Cosmetic and skincare 

 

NON-ENGINEERED NANOPARTICLES 

These are non-deliberately bred or created naturally, such as nano-particles in an atmosphere created 

through ignition. Physical properties play an essential role in this type of nanoparticles.  

Some industries with non-engineered nanoparticles: 

 Environmental Detection 

 Environmental Monitoring 

 Controlled Environments 
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ABSTRACT 

Aerobiology deals with the study of airborne aeromicroflora viz., pollen and fungal spores present in the 

atmosphere. Some airborne bioparticles cause allergenic reactions. An allergy caused by pollen grains is 

called pollinosis or allergenic rhinitis. Allergic reactions begin in your immune system, when a harmless 

substance such as pollen, fungal spores, dust or mold is encountered by a person who is allergic to that 

substance, the immune system may overreact. It may produce antibodies that attack the allergen. 

Symptoms of pollen allergy include sneezing, itching or runny nose, nasal congestion, redness, itching 

and watery eyes. Substances that cause allergies, including pollen, can trigger asthma. Airborne pollen 

such as pollen from trees, grasses and weeds cause allergenic reactions like Conjunctivitis and nasal 

mucosa, when tissues are allergic to cell-bound immunoglobulin E (IgE), release tissues that mediate 

histamine and annoying allergic symptoms. Our immune system produces substances known as 

antibodies. When people come into contact with the allergen, their immune system's reaction can inflame 

your skin, sinuses, airways or digestive system.  

Pollen exposure weakens the immunity against certain seasonal respiratory viruses by diminishing the 

antiviral interferon response. Coexposure to airborne pollen enhances susceptibility to respiratory viral 

infections, regardless of the allergy status and the effect could be stronger for those with allergies.  

Aerobiology will be useful for finding solutions to mitigate the environmental pollution of our country. 

Especially from the clinical point of view, it is important to know the details about the pollen season and 

pollen load in the atmosphere. Monitoring of airborne pollen and spores is at most important. So, 

aerobiology has a very important role to play concerning human health allergies and we hope to bring 

about a solution to monitor and control pollen and spore allergy in urban areas. 

 

KEYWORDS: Aerobiota, Pollen Allergy, Immunity System, Respiratory Diseases, Covid Infections and 

Public Health. 

 

INTRODUCTION 

Aerobiology is a rapidly developing science which studies organic bio particles which includes pollen 

grains, fungal spores and insect’s body parts which are passively transported through the air and triggers 

health issues like asthma, hay fever and various allergies (Agarwal and Shivpuri, 1974). Aerobiology first 

defined by F C Meier in 1935, deals with the source, release, dispersal and deposition of bio particulate 

matter; as well as their impact on man, animal and plant systems. Hyde and Williams (1945) mainly 

concentrated on airborne pollen and Hyde suggested the term "Aeropalynology" for such investigation. 
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From the medical and particularly clinical point of view, it is essential to know the information of the 

prevalence of these particles in the air, specifically pollen and fungal spores. Pollen grains constitute 

significant airborne bio particulate in the air which contain various proteins/glycoproteins that may act as 

aeroallergens capable of eliciting the formation of IgE antibodies through the body's immune system 

(Mandal et al., 2008). Following a direct contact of pollen with the moist oral cavity, eyes, nostrils pollen 

releases proteins to induce upper respiratory tract allergy and asthma.  

Aerobiology nowadays is an active discipline, employing contemporary techniques including 

computational fluid dynamics to study airborne particle flow, polymerase chain reaction (PCR) 

methodologies to identify infectious agents and quantify airborne particles concentrations in various 

settings and epidemiology to track the spread of allergenic diseases (Mohapatra, 1995). However, while 

the identity and concentration of airborne infectious particles under some conditions can be determined, 

few studies have thus translated this information to useable estimates of infection rates for particular 

airborne particles sizes and concentrations, airflow conditions, exposure intervals and pathogen virulence 

(Shivpuri, 1964). Such information would be of great value in helping to reduce the airborne transmission 

of infectious particles in all settings.  

In recent times aerobiology is an active discipline, employing cutting-edge strategies which include 

computational fluid dynamics to examine airborne particle flow, polymerase chain reaction (PCR) 

methodologies to become aware of infectious agents and quantify airborne particles concentrations in 

various settings and epidemiology to track the spread of allergenic diseases (Mohapatra, 1995). However, 

while the identification and concentration of airborne infectious particles under some conditions can be 

determined, few studies have thus translated this data to useable estimates of infection rates for specific 

airborne particles sizes and concentrations, airflow conditions, exposure periods and pathogen virulence 

(Shivpuri, 1964). Such records could be of tremendous value in assisting to reduce the airborne 

transmission of infectious particles in all settings. Indeed there is very necessary to discuss the impact of 

biological particles which are adversely affecting people by way of allergenic reactions to inhaled 

biological particles and many pathogenic microorganisms that are transported by the air. 

Urban air pollution has been indicated as one of the predominant threatened factors for this increase. 

Because of the change in the lifestyle of the human beings, air pollution patterns are also changing in 

several urbanized regions with a tremendous effect on respiratory health (Anonymous, 2000). The study 

of pollen morphology and biochemistry proves helpful to indicate the nature and extent of air pollution 

of a place (Lakhanpal and Nair, 1958). Airborne pollen grains and fungal spores survey about respiratory 

allergenic reactions has been carried out in various parts of India (Srinivasulu and Tilak, 1967; Tilak, 1980, 

1991; Shivpuri, 1980; Agashe et al., 1983, 1999; Solomon, 1984; Khandelwal, 2001; Sahney and Purwar, 

2002; Kalkar and Tatte, 2007 and Singh, 2017). In Eastern parts of India extensive work have been done by 

Sreeramulu, 1967; Subba Reddy, 1970; Chanda and Nandi, 1971; Chanda and Mandal, 1980; Bhattacharya 

et al., 1981, 1994; Chowdhury, 1998 and Chakraborty et al., 2000). As a citizen of India is our responsibility 

to keep India clean. Taking inspiration from our honourable Prime Minister's "Swatch Bharat Abhiyan" 

programme, I feel it not only leads to clean India but also a healthy India thereby taking our country to 

the greatest heights. 

An allergy caused by grass pollen grains in particular is called hay fever or asthma.  Typically, 

animophilus plant pollen (pollen is dispersed through air currents) produces huge quantities of mild 

pollen (due to the fact air diffusion is random and one pollen grain is much less probably to land on any 

other flower), which travels long distances in the air. And these pollen grains are easily inhaled through 

the delicate nasal passages, making them susceptible to allergic diseases or seasonal allergic rhinitis. 

Pollinia are powdery mildew containing many pollen grains.  The male germ cells produced by 



Bhumi Publishing, India 

38 
 

cryptogamic plants are called microsporophytes or pollen grains. These pollen grains have a tough/hard 

shell made of a chemical substance known as sporopollenin. The study of pollen grains is called 

palynology and could be very beneficial in palaeontology, paleoecology, and archaeology and forensics 

science. The pollen in flowers is used to transfer the haploid male genetic material from the anther of one 

flower to the apical tip of another flower in cross-pollination.  In the case of self-pollination, this process 

involves fertilization from the anther of a flower to the apex of the same identical flower.  

One study found that the risk of asthma increased by 54% when exposed to pollen and fungal spores.  

Pollen allergy is an allergenic circumstance that affects the mucous membranes of the nose and nostrils.  

Eyes, etc., generally with signs and symptoms along with nasal discharge, nasal congestion, itching and 

watering.  The eyes, itchy nose, internal ears and roof of the mouth are due to hypersensitivity conditions. 

Warning signs of an allergic attack can progress to more severe symptoms such as runny nose, sneezing, 

nasal congestion, itching and difficulty breathing, and tightness in the lungs and chest.  Allergens are 

identified as harmful invaders and try to prevent the release of histamine.  Histamine causes blood 

vessels to rupture, leading to eye, nose and throat problems, sniffles and sneezing.  Vein congestion on 

the face can result in dark circles beneath the eyes, called as "hypersensitivity/allergy shiners".  

Inflammation/Irritation of the nasal membranes can also lead to sinus infection or sinusitis. Doctors 

(immunologists) perform two tests to diagnose pollen allergy.  They are 1). Skin prick test (SPT) and 2). 

Specific IgE blood test. Most of the people with pollen allergies do not get complete relief from 

medication. That means they may be endorsed for immunotherapy treatment. Some people may be given 

certain over-the-counter and prescription medications (antihistamines, nasal corticosteroids spray and 

anti-leukotriene receptors) to assist reduce pollen allergenic reaction signs and symptoms. 

Immunotherapy is a long-term period treatment that facilitates prevent or reduce the severity of allergic 

reactions.  It can change the course of allergic diseases by means of enhancing the body's immune 

reaction to allergens. 

 

METHODOLOGY 

From the aerobiological concept "Aerospora" or "Aeromicrobiota" is the key factor responsible for 

ailments and the presence of microbes, their quality and quantity of bio pollutants in the air can be 

monitored by sampling the air through air samplers viz, gravimetric and volumetric.   

 

A). FIELD BOTANICAL SURVEY: Field botanical survey is a prerequisite for an aeropalynological 

survey. It is necessary to identify pollen and spores types in the atmosphere. Hence, it is necessary to 

survey and identify plants that are present in the area under investigation. And also the starting of the 

flowering period, peak and end of flowering in plants will be noted down. With the help of all these 

parameters, a pollen Calendar will be prepared for the identification of airborne allergenic pollen and 

spores. 

B). AEROBIOLOGICAL SURVEY: For the aerobiological investigation two different methods will be 

employed and these are namely: 1). Air sampler/Aeroscope method; 2). Spider web method. 

1). AEROSCOPE METHOD 

Aerospora of the different crowded areas will be collected by the Lakhanpal Aeroscope method, designed 

by Lakhanpal and Nair, 1958. This is a pollen/spore catching device that was designed and fabricated on 

the principles of slide ‚exposure - apparatus‛. In this aeroscope, micro slides were kept in a slanting 

position inside an aluminium tube open at both ends. Aeroscopes will be placed at a height of about 20-

30 feet above ground level at different sites like residential areas, open fields, commercial buildings, rail, 

bus stations and industrial areas and these localities will be a few km apart from each other. Two micro 
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slides (75x25 mm) will be exposed every day at each site for two calendar years, and these slides will be 

smeared with glycerine jelly stained with safranin. After that the exposed slides will be removed from the 

aeroscope every day, then a few drops of safranin stained glycerine jelly will be placed on the slides and 

mounted under a coverslip (30x22 mm) for microscopic observation. Identification of the trapped 

allergenic aerospora will be done by published literature (Wodehouse, 1935; Erdtman, 1952; Hyde and 

Adams, 1958; Nair, 1970; Faegri and Iverson, 1975; Nair et al., 1986; Tilak, 1991). 

 

2). SPIDER WEB METHOD 

Another sampling method for trapped airborne pollen grains and fungal spores using naturally formed 

spider webs during the winter season. Spider webs act as natural traps and are useful to know the 

incidence of aeroallergen components in the winter season (Song et al., 2007), which reflects the distinct 

characteristics of the regional flora, which also reflects changes from intra to extramural environments. 

The aerospora will also be analyzed by the spider web method (Bera et al., 2002). Spider webs will collect 

from the different crowded localities like public parks, residential buildings, hospitals, educational 

institutes, market areas and beaches of selected sampling sites. Spider webs will collect with the help of a 

stick and these webs will be rolled at the end of a stick and put into suitable plastic bags. Each web 

sample will be treated with concentrated HCL and HF for 2-4 days to dissolve the meshes and silica 

particles after centrifugation of each step. Then the residue will treat with the standard acetolysis method 

(Erdtman, 1943 & 1969). After the acetolysis, the residue will be treated with 50% glycerine then mounted 

with phenol under the coverslip for microscopic observation. Identification of the aerospora will be done 

by previously published literature (Nair and Rastogi, 1963; Mandal and Chanda, 1979; Nair, 1980; Bera et 

al., 2002; Hose et al., 2002; Song et al., 2007; Avinash, 2008; Reddy et al., 2009; Seetharam et al., 2015, 2016, 

2017; Kilash et al., 2016 and Narmada et al., 2016). 

 

3). SIGNIFICANCE OF THE STUDY 

Allergic disease is one of the most common chronic health conditions in the world. People with a family 

history of allergies have expanded chances of developing allergic disorders. Hay fever, eczema, hives, 

asthma, and food allergy are some kinds of allergic diseases. Allergy symptoms can range from mild to 

critical life-threatening allergic reactions (anaphylaxis). Allergic reactions begin in your immune system, 

when a harmless substance such as dust, mold and pollen is encountered by a person who's allergic to 

that substance, the immune system might also overreact. It may produce antibodies that attack the 

allergen. These can cause wheezing, itching, runny nose, watery or itchy eyes, and other symptoms. 

Allergic rhinitis can occur on a seasonal basis or year-round. Year-round allergic rhinitis happens more 

frequently in younger children. 

Aeroallergens originating from pollen and spores that trigger hay fever, asthma and allergy are 

increasingly spread day by day. The bio particulates implicated to cause allergenic symptoms are pollen 

grains, fungal spores, insect debris, house dust mites etc. amongst these kind of agents, pollen and fungal 

spores are the most predominant allergens in the air (Seetharam et al., 2015). The major contributors of 

aeroallergens are fungal spores (by number) and pollen grains (by volume) and naturally, we would lay 

more emphasis on these allergens, especially regarding their role in causing health hazards of human 

beings (Seetharam et al., 2016, 2017). Nearly 20 - 30% of the Indian population are suffering from 

respiratory disorders and among them, nearly 10% is suffering from pollen allergy or pollinosis, naso-

bronchial allergy, conjunctivitis and allergic rhinitis (Singh and Kumar, 2002; Singh, 2017), this is an 

alarming condition. Though aerobiology deals with all the biological organisms present in the air.  
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Nowadays people are suffering from allergies and other respiratory diseases due to airborne 

aeroallergens and these aeroallergens weakness the immune system of human beings and increase the 

chances of infections (Hosoki, 2015). Pollen is a substantial environmental component influencing 

infection rates, when airborne pollen levels are higher, increased SARS-CoV-2 virus infection rates can be 

observed. Recently, Damialis et al. (2021a) reported that higher airborne aeromicroflora concentrations 

were related to higher COVID-19 infection rates. From all the above research findings and discussions, 

creating awareness on the effects of airborne aeromicroflora which are the main cause of some forms of 

human allergic disorders is very crucial in the present day scenario.  

Several aerobiological studies have been conducted in different parts of the world to ascertain aerial 

concentration and seasonality of pollen grains and fungal spores (Cunningham, 1873; Chanda, 1973; 

Sreeramulu, 1967; Hyde, 1969; Tilak, 1980; Tilak and Saibaba, 1984; Sahney and Chaurasia, 2008). 

Especially from the clinical point of view, it is important to know the details about the pollen season and 

pollen load in the atmosphere. Monitoring of airborne pollen and spores is at most important. Knowledge 

about diurnal, seasonal and annual fluctuations in airborne pollen and fungal spores in any geographical 

area is essential for effective diagnosis and treatment of allergenic diseases (Agashe, and Alfadil, 1989). 

Aerobiology has a very important role to play concerning human health allergies and we hope to bring 

about a solution to monitor and control pollen and spore allergy in urban areas (Quamar and Bera, 2018). 

Some spores indicate the possible weather conditions prevailing, while some hint the future 

meteorological conditions to follow (Tilak, 1982). Such microorganisms are referred to as biological 

indicators, such a study would help in forecasting weather conditions.  

Some important airborne pollen grains and fungal spores can cause allergic respiratory diseases in 

humans over the past 5 years in areas around Hussain Sagar, Sanjeevaya Park, Pakhala Wildlife 

Sanctuary and Osmania University College of Science - Saifabad (2015-2020) of Telangana State.  Among 

the researchers, a scientist from Osmania University, Dr. Daramsothu Seetharam Naik's team of 

researchers confirmed.  They conducted their research on pollen grains and their density, especially in the 

winter season trapped in the spider webs, aero allergenic factors related to infectious respiratory diseases, 

and other necessary precautions to be taken to protect against them. Some important plant pollinators 

that cause allergies are viz., Parthenium hysterophorus, Tridox procumbens, Pythocolobium dulce, Peltophorum 

terocarpum, Eucalyptus globulus, Vernonia seneria, Azadirachta indica (Neem tree), Millingtonia hortensis, 

Tecoma stans, Xanthium strumarium, Alternanthera cecilis, Ricinus communis (castor), Syzygium cumini (apricot 

tree), Cocos nucifera (coconut tree), Prosopis julifera, Acacia nilotica, Sida cordifolia and grasses (Paddy, Wheat, 

Sorghum & Zea maize) pollen grains. 

Humans' exposure to these pollen grains weakens the antiviral interferon response and weakens the 

immune system against certain seasonal respiratory viruses, and some have been diagnosed with 

airborne respiratory infections (COVID-19) and others, including early-onset respiratory viral infections 

(COVID-19).  In a recent study, Talib & Dimitris (2021) investigated how pollen grains in the air can cause 

serious respiratory problems in humans.  Since pollen grains can capture ribonucleic acid viruses, it has 

been shown that pollen grains in the air can transmit airborne virus cells (COVID-19) or others. They 

performed computational Multiphysics, multiscale modelling and simulations, taking into account 

environmental conditions that had the highest pollen grain density season.  Research has been done on a 

prototype problem involving the transport of pollen grains in 10 × 4 air that fall from a mature willow 

tree at a speed of 4 km/h. Pollen grains have been shown to increase coronavirus (CoV) transmission rates 

in a group of individuals, including some infected individuals.  In the case of high pollen grains density 

in the air especially during winter & spring pollination, a social distance of 2 m is not safe for human 

safety standards in public places.  Therefore, government officials suggested revising the health, safety 
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and social distance guidelines. Because of the problems above, the creation of a pollen calendar for every 

month is necessary for information about allergenic pollen activity. Furthermore, characterization and 

identification of the dominant allergenic aeromicroflora present in the atmosphere are necessary for the 

diagnosis and treatment of allergenic diseases. To examine the potential effects of pollen−fungal 

coexposure, and their allergenic reactions on human health, a large cross-sectional and longitudinal study 

will be set up, based on airborne pollen/fungal spores monitoring sites in some important locations.  

 

MEASURES TO BE TAKEN TO REDUCE ALLERGIC REACTIONS TO POLLEN 

 1). Limit your outdoor activities when the density of pollen particles is high in the environment.  Be sure 

to wear a face mask if you have to go out in an emergency.  This will reduce the pollen allergen you 

inhale and reduce your symptoms. 

 2).  Keep windows closed during pollen season and use Central Air Conditioning (for home and any 

vehicle) with a certified Asthma & Allergy friendly filter attachment. 

 3). Bath daily with shampoo before going to bed.  It removes pollen from your hair and skin and keeps 

pollen particles away from your bed & pillow. 

 4). Wash the mattresses once a week in hot, soapy water.  Wear sunglasses and a hat.  This will help keep 

the pollen away from your eyes and your hair. 

 5). Limit close contact with pets who spend more time outdoors.  Change and wash clothes worn during 

outdoor activities. 

 

 

CONCLUSION 

Pollen allergy is an allergic condition that affects the mucous membranes of the nose and nostrils.  Eyes, 

nose etc., usually with symptoms such as nasal discharge, nasal congestion and itching and watering.  

The eyes, itchy nose, inner ears and roof of the mouth are caused by hypersensitivity. Pollen grains can 

capture ribonucleic acid viruses, it has been shown that pollen grains in the air can transmit airborne 

virus cells (COVID-19) or others. Pollen grains have been shown to increase coronavirus (CoV) 

transmission rates in a group of individuals, including some infected individuals. Aerobiology will be 

useful for finding solutions to mitigate the environmental pollution of our country. Especially from the 

clinical point of view, it is important to know the details about the pollen season and pollen load in the 

atmosphere. Monitoring of airborne pollen and spores is at most important. Aerobiology has a very 

important role to play concerning human health allergies and we hope to bring about a solution to 

monitor and control pollen and spore allergy in urban areas. The creation of a pollen calendar for every 

month is necessary for information about allergenic pollen activity. And also people should take 

precautionary measures to reduce allergic diseases. So, aerobiology has a very important role to play 
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concerning human health allergies and we hope to bring about a solution to monitor and control pollen 

and spore allergy in urban areas. 
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ABSTRACT 

Nano scaled particles have relatively larger surface area per unit mass which is the critical factor to 

increase mechanical modulus and other physical and chemical properties. Nanotechnology increases the 

strengths of many materials and devices, as well as enhances efficiencies of monitoring devices, 

remediation of environmental pollution, and renewable energy production. In general, nano technology 

devices consume less energy; reduce material wastes, and helps in monitoring devices. Nanotechnology 

can also be used to reduce and prevent the toxicity of nanoparticles in environment more efficiently. 

Nanoparticles have higher surface areas than the bulk materials which can cause more damage to the 

human body and environment compared to the bulk particles. Therefore, concern for the potential risk to 

the society due to nanoparticles has attracted national and international attentions. The present paper 

discusses about the positive and negative impacts on nano – technology on man and environment.  

 

KEYWORDS: Nano Particles, Toxicity, Environment. 

 

INTRODUCTION 

‘Nanotechnology’ is the science of studying phenomena and the manipulation of materials at atomic, 

molecular and macromolecular scale. Use of the prefix ‘nano’ in this context refers to a nano metre (nm). 

A nanometre is one-billionth of a meter. A sheet of paper is about 1, 00,000 nanometers thick; a single 

gold atom is about one third of a nanometer in diameter. Dimensions between approximately 1 and 100 

nanometers are known as the ‘Nano scale’. Nanomaterials are generally defined as materials that are <100 

nm (0.1 mm) at least one dimension. This means that nanomaterial’s can be three-dimensional particles of 

almost any shape, ultrathin films (two-dimensional-like) or fine rods (essentially one-dimensional). 

 

ECOLOGICAL PERSPECTIVE 

Ecologists have good reason to believe that even this shape difference will play a big role in their 

environmental and specifically, their biological influences. But most importantly and far beyond this 

simple classification with respect to size, nanomaterial’s are so fascinating because their properties and 

therefore their environmental/biological behaviour, depend on their size. This is to say that their chemical 

(reactivity, solubility etc.), mechanical (elasticity, hardness etc.), electronic (conductivity, redox behaviour 

etc.) and nuclear (magnetic) properties often change as a function of size. These changes can be and often 

are dramatic. Finally, through desertification, biomass burning, industrial combustion, engine exhaust, 

mining and other anthropogenic activities, humans have vastly increased the global supply and variety of 

incidental nanoparticles that is those nanoparticles unintentionally produced by humans.  
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ROLE OF NANO – TECHNOLOGY 

Nanotechnology has revolutionary changes in commerce will transform daily life of consumer products 

in many ways. 

1. Nanotechnology has been heralded as a ‚revolution‛ in science, for two reasons: first, because of its 

revolutionary view of the way in which chemicals and elements, such as gold and silver, behave, 

compared to traditional scientific understanding of their properties. Second, the impact of these new 

discoveries, as applied to commerce, can transform the daily life of consumer products ranging from sun 

tan lotions to cosmetics, food packaging, paints and coatings for cars, housing and fabrics, medicine and 

thousands of industrial processes. Beneficial consumer use of nanotechnologies, already in the stream of 

commerce, improves coatings on inks and paints in everything from food packaging to car paintings.  

2. Additionally, ‘Nano medicine’ offers the promise of diagnosis and treatment at the molecular level in 

order to detect and treat pre symptomatic disease or to rebuild neurons in Alzheimer’s and Parkinson’s 

disease. There is a possibility that severe complications such as stroke or heart attack may be avoided by 

means of pro phylactic treatment of people at risk and bone regeneration may keep many people active 

who never expected rehabilitation. Miniaturizations of diagnostic equipment can also reduce the amount 

of sampling materials required for testing and medical surveillance.  

3. Miraculous developments that sound like science fiction to those people who eagerly anticipate these 

medical products, combined with the emerging commercial impact of nanotechnology applications to 

consumer products will reshape civil society - permanently. Thus, everyone within the jurisdiction of the 

Council of Europe is an end-user of nanotechnology, even without realizing that nanotechnology has 

touched daily life. 

 

ENGINEERED NANOPARTICLES 

Engineered nanoparticles are defined simply as any intentionally produced particle that has a 

characteristic dimension between 1 and 100 nm and possesses properties that are not shared by no Nano 

scale particles with the same chemical composition (USNTC, 2004). As a result of their small size, 

nanomaterial’s possess unique properties, this is particularly true for nanoparticles <20 to 30 nm in size, 

which are generally characterized as having an excess of energy at the particle surface that makes them 

highly reactive and thermodynamically unstable (Auffan et al., 2009). Those nanomaterial’s that have the 

most unique characteristics (e.g., the fluorescence properties of quantum dots, the tensile strength of 

Carbon NanoTubes [CNTs], the photo catalytic properties of TiO2) have proven to be the most 

economically profitable (Wiesner et al., 2009). 

Number of laboratory trials has measured acute toxicity and sublethal effects of Engineered Nano 

Particles (ENPs) on organisms (Kahru and Dubourguier, 2009). Yet, the absence of evidence should not be 

taken as proof that environmental impacts will not occur. As a community, ecologists are primed to be 

concerned about the consequences of new technologies for the environment. One need only mention 

asbestos, tetraethyl lead, DDT and PCBs or chlorofluorocarbons to conjure up the lung disease, lead 

poisoning, bird population declines, contaminated fisheries, and Antarctic ozone hole environmental 

disasters caused by these technological innovations (Rattner, 2009; Rowland,1991). 

Scientists recognize that Engineered Nano Particles (ENPs) can enter the environment directly through 

intentional environmental additions (e.g., zero-valent Fe for remediation [Yantasee et al., 2007]) or 

unintentional spills: (i) as the waste byproducts of ENP manufacture; (ii) through the liquid waste stream 

as they are leached from industrial and consumer products; (iii) as constituents of solid wastes from bio 

solids; and (iv) through landfill leaching of disposed products or bio solids.  
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Once ENPs enter the environment, their impact on organisms will be mediated by abiotic reactions that 

influence their solubility, shape and chemistry. Engineered nanoparticles that remain soluble or that are 

in high concentrations in the environment are more likely to have (i) direct effects on the organisms they 

encounter. Engineered nanoparticles may also (ii) indirectly affect organisms by altering the chemical 

environment or by (iii) increasing or decreasing the solubility, transport, or membrane transfer of co-

occurring contaminants. Regardless of whether any organism experiences lethal or sub lethal effects, if 

the ENP is incorporated into tissues or into detritus it is susceptible to trophic transfer and 

bioaccumulation into higher trophic levels. 

 

POSITIVE IMPACTS 

Nanotechnology increases the strengths of many materials and devices, as well as enhances efficiencies of 

monitoring devices, consumes less energy, reduces material waste, prevents toxicity, remediation of 

environmental pollution, and renewable energy production. While these are considered to be the positive 

effect of nanotechnology. The use of nanomaterial’s and nanoparticles can also lead to significant savings 

in resources and efficiency increases in manufacturing and energy related applications. 

Nanotechnology offers potential economic, societal and environment benefits. It has the potential to help 

reduce the human footprint on the environment by providing solutions for energy consumption, 

pollution, and green gas emissions.  

Nanotechnology holds the promise of meeting global challenges of the twenty-first century regarding 

providing alternative energy, protecting the human right to clean water, ensuring wildlife protection, 

clean-up of brownfields and reducing the global disease burden.  

It offers the potential for significant environmental benefits, including:  

 Cleaner, more efficient industrial processes 

 Improved ability to detect and eliminate pollution by improving air, water, and soil quality 

 High precision manufacturing by reducing amount of waste 

 Clean abundant power via more efficient solar cells 

 Removal of greenhouse gases and other pollutants from the atmosphere 

 Remediating environmental damages 

The Nano scale products that utilize graphene in an industrial use or research can benefit the 

environment in several ways:   

 Graphene based Nano composites reduce the weight of airplanes by substituting traditional 

metals and composites and the consequence of the weight saving results in a reduction of a 

thousand tons of gasoline.   

 Graphene thin films or graphene buck papers can be substituted in place of metal meshes around 

the fuselage of airplane used to prevent the direct and indirect effects of lightning strikes.   

 The eminent properties of graphene increase the efficiency of advanced renewable energy 

processes, such as reducing the weight of a wind turbine blades and increasing the energy 

converse efficiency.  

 

ENERGY CONSUMPTION 

The use of graphene into a coating material resulting in the need for only one layer, which does not 

require a multifunctional film coating. Two applications for a graphene based coating are to apply it to a 

blade used in wind turbines or on the body of an airplane. It saves the weight increasing efficiency. 
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COST SAVING ON MATERIALS 

An alternative energy method such as hybrid automobiles will decrease the price by novel developments 

in nanotechnology.  

 

LESS WASTE ON RAW MATERIALS 

Large sample testing will be done on a smaller scale and simultaneously use of raw materials will become 

more efficiency. Nano scale chemical reagents (or catalysts) increase the reaction rate and other efficiency 

of chemical reactions.  

 

ENVIRONMENTAL MONITORING AND PROTECTION 

Utilizing advanced nanotechnology, a detector was made to detect a nuclear leak faster and more 

accurate at the Fukushima Daiichi Nuclear Power Plant. Which is one of the best radiation detectors in 

Washington and can sense the faintest amount of radiation?  

 

CHEAP AND CLEAN ENERGY 

Prototype solar panels incorporating nanotechnology are more efficient than standard designs when 

converting sunlight into electricity. Nanotechnology is in use in batteries, nanomaterials may improve 

hydrogen storage materials and catalysts for fuel cells. By creating more surface area and lighter storage 

units, nanotechnology can enhance energy generation, conversion and storage for: fuel cell, solar cell, 

thermo-to-electric, biomass energy, hydrogen storage, secondary batteries, super-capacitors, and thermal 

storage fluids.  

 

PROTECTING THE HUMAN RIGHT TO CLEAN WATER 

Nanotechnology offers inexpensive water purification due to rapid, low cost impurity detection. 

Magnetic interactions using ultra small rust can help remove arsenic from drinking water. 

Nanotechnology may also improve air and water quality monitoring, by developing more sensitive 

detection devices that can measure a broad range of pollutants and toxic agents simultaneously. Rapid 

detection allows for swift response, thereby minimizing damage and reducing remediation costs.  

 

CLEAN-UP OF BROWN FIELDS 

Antimicrobial properties of nano-silver may clean up oil spills and hazardous chemicals.  

 

POLLUTION REDUCTION AND ENVIRONMENTAL PROGRESS 

Lighter cars and machinery that require less fuel; alternative fuel and energy sources; and materials that 

detect and clean up environmental contaminants all seem possible. The University College of Dublin 

(UCD) Center for Bio-Nano Interactions (CBNI) studies the impact of nanoparticles dispersed in 

environmental milieu, where decaying plant and animal matter becomes natural organic matter, typically 

composed of polysaccharides, interact with nanoparticles, and examines how this interaction affects 

organic stability, dispersability, environmental fate and behaviour.  

 

REDUCING THE GLOBAL DISEASE BURDEN 

Improvements in health care through enhanced diagnosis and treatment will increase personal wellbeing 

worldwide. 
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MITIGATING ECONOMIC CRISIS 

 Investment in nanotechnology will stimulate economic growth that supports development of ancillary 

industries, such as marketing for new products, recycling and disposal of waste and litigation regarding: 

intellectual property and liability.  

 

APPLICATIONS 

Nanotechnology, which involves materials and processes on an ultra-small scale, is currently an area of 

intense scientific research due to the wide variety of potential applications in the biomedical, optical, and 

electronic fields. Nanotechnology can also provide solutions for certain environmental problems. 

Nevertheless, little is known about the potential impacts of nanoparticles on the environment and human 

health, even though in some cases chemical composition, shape and size have been shown to contribute 

to the toxicological effects. Nanoparticles can be beneficial in catalytic and remediation application.  

 

BIOLOGICAL APPLICATIONS 

Developing ultra-small probes on planetary surfaces for agricultural applications and control of soil, air, 

and water contamination. Biomedical applications: This includes the medical diagnostic and treatments. 

Polymer composite materials when compared to traditional structural materials made out of metals have 

a reduced weight, high specific modulus and high resistance to environmental effects. 

 

NEGATIVE IMPACTS 

Nanoparticles have higher surface areas than the bulk materials which can cause more damage to the 

human body and environment compared to the bulk particles there are certain negative impacts of 

nanotechnology on environment in many ways, such as increased toxicological pollution on the 

environment due to the uncertain shape, size, and chemical compositions of some of the nanotechnology 

products (or nanomaterial’s). Carbon nanotubes appear to cause health effects similar to asbestos when 

they come into contact with lung epithelia (Poland et al., 2009), but it is less clear what effect Carbon Nano 

Tubes (CNTs) will have when they are present at low concentrations in soils, sediments, and natural 

waters.  

Nano materials vary by shape and size which are important factors in determining the toxicity. Lack of 

information and methods of characterizing nanomaterials make existing technology extremely difficult to 

detect the nanoparticles in air for environmental protection. Also, information of the chemical structure is 

a critical factor to determine how toxic a nanomaterial is, and minor changes of chemical function group 

could drastically change its properties. Full risk assessment of the safety on human health and 

environmental impact need to be evaluated at all stages of nanotechnology. The risk assessment should 

include the exposure risk and its probability of exposure, toxicological analysis, transport risk, persistence 

risk, transformation risk and ability to recycle. Life cycle risk assessment is another factor that can be used 

to predict the environmental impacts.  

As current Nano scale materials are becoming smaller, it is more difficult to detect toxic nanoparticles 

from waste which may contaminate the environment. There are few ways that nanoparticles or 

nanomaterial’s can become toxic and harm the surrounding environment: 

 Hydrophobic and Hydrophilic Nanoparticles: Nano coating researchers are currently working 

on TiO2 powder as a coating inclusion that will reduce the weathering effects, such as salt rain 

degradation on composite materials. 

 Mobility of Contaminants: There are two general methods that nanoparticle can be emitted into 

atmosphere. Nanoparticles are emitted into air directly from the source called primary emission, 
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and are the main source of the total emissions. However, secondary particles are emitted 

naturally, such as homogeneous nucleation with ammonia and sulphuric acid presents. 

 

ENVIRONMENTAL ANALYSIS 

Several Nano scale inclusions have been used for various applications. Among these Nano scale 

inclusions, graphene has the higher priority for various reasons. Graphene is one of the most advanced 

materials for structural improvement, substitution of silicon for electronic devices, as well as thermal 

transferring, and fire retardant.  

 

ENVIRONMENTAL EFFECTS & RISKS 

The risks associated with current consumer and industrial uses remain unknown and therefore 

unquantified. CBNI has begun research regarding plants, animals, and micro-organisms in order to 

understand the potential impact of nanoparticles upon ecosystems. 

Environmental effects and risks associated with nanotechnology are very limited and inconsistent. The 

potential environmental harm through nanotechnology can be summarized as follows: 

 High energy requirements for synthesizing nanoparticles causing high energy demand 

 Dissemination of toxic, persistent nano substances originating environmental harm 

 Lower recovery and recycling rates 

 Environmental implications of other life cycle stages also not clear 

 

DISCUSSION 

Ecological research on ENPs can take advantage of the wealth of oceanic, terrestrial, and atmospheric 

earth science research involving naturally occurring nanoparticles. In particular, there are significant 

physical and chemical similarities between the most widely manufactured ENPs and naturally occurring 

nanoparticles, although in a number of cases the exact size, shape, and coatings/surface functional groups 

may be quite different from ENPs. Also, while the term nanoparticle may not yet be widely used in 

ecology, earth scientists have been studying at least some major classes of natural nanoparticles for many 

decades.  

This is because an exceptionally wide variety of nanoparticles exist on earth, and are in fact ubiquitous in 

both the biotic and abiotic compartments of earth (Gilbert and Banfield, 2005; Hochella et al., 2008). The 

most abundant of these particles include ash from volcanoes and forest fires, sea salt aerosols, and the 

iron and other transition metal oxides in soils, rivers, and oceans (Hochella, 2008; Buseck and Adachi, 

2008; Kulmala and Kerminen, 2008; Hassellöv and von der Kammer, 2008; and references therein). It has 

also been demonstrated that naturally occurring nanoparticles have important local, regional, and even 

global consequences (Simonson, 1995; Chadwick et al., 1999; Prospero, 1999; Jickells et al., 2005). We now 

know that naturally occurring nanoparticles are even present in interplanetary and interstellar space 

(Hochella, 2008). They have also been abundant on earth since its formation, were part of its formation 

(Becker et al., 2006), and life from the beginning has evolved in their presence. Emerging research is 

suggesting that many organisms synthesize nanomaterials. Bacteria in sediments may synthesize 

electrically conductive pilli, called nanowires, for sensing neighbours or for transferring electrons and 

energy (Gorby et al., 2006; Blango and Mulvey, 2009). Bacterial reduction of uranyl, U6+ (aq), to U (IV) 

oxide (uraninite) is an important bioremediation strategy (Bargar et al., 2008). Manceau et al. (2008) found 

that wetland plants, or their symbionts, synthesize copper (Cu) nanoparticles in their rooting zone when 

grown in contaminated soils, thereby reducing Cu uptake. As analytical tools for the detection of 

nanoparticles improves, that biogenic nanoparticles are ubiquitous and bio geochemically vital across the 
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living planet. Multiple characteristics contribute to the toxicity of many nanomaterial’s; they include not 

just mass or number of particles but also the shape of the particles, the electrical charge at the particle 

surface, the coating of the particle with another material and numerous other characteristics. 

 

CONCLUSION 

There is no doubt that nanotechnology will continue to be develop, be a benefit to society and improve 

the environment in various ways. Nano scale materials will make the products better in terms of 

functionality, weight savings, less energy consumption and a cleaner environment. Shortcomings always 

exist when new unproven technology is released. Nanomaterial may help clean certain environmental 

wastes, but contaminate environment in other ways. Choosing the right Nano scale materials is one of the 

key parameters for the future direction of nanotechnology. Engineering ethics need to be defined before 

the commercial use of nanotechnology. Risk assessment on new nanomaterial based application is 

important to evaluate potential risk to our environment when the products are in use. Full life cycle 

evaluation and analysis for all difference applications should be conducted with constant attention. A 

major concern regarding nanoparticles is that they might not be detectable after release into the 

environment, which in turn can create difficulties if remediation is needed. Therefore, analysis methods 

need to be developed to detect nanoparticles in the environment that accurately determine the shape and 

surface area of the particles (two of the factors that define their toxic properties).  

 

a. More information is needed regarding the structure-function relationships and in relating surface 

area and chemistry to functionality and toxicity. 

b. Full risk assessments should be performed on new nanomaterial’s that present a real risk of 

exposure during manufacture or use. Such assessments should take into consideration the 

toxicological hazard, the probability of exposure and the environmental and biological fate, 

transport, persistence, transformation into the finished product and recycling. 

c. Life cycle analysis will be a useful tool for assessing the true environmental impacts.  

d. When the use of scarce material is inevitable for the elaboration of the nanoparticles, an effective 

strategy for recycling and recovery is necessary. 
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ABSTRACT 

Nanotechnology is the science of engineering that deals with particle which are less than 100 nm in size. 

It is the study of manipulating matter on molecular and atomic scale. In recent years, nanotechnology 

showed its potential in the field of biomedical, electronics, robotics. Nano scale engineering, science, and 

technology have captured the imagination of many scientists and engineers. At the Nano meter scale, 

different disciplines seem to cross their traditional borders and collaborate. 

Research & Development in Material Science provides an international media for the publication of 

experimental and theoretical studies related to the load-bearing capacity of materials as influenced by 

their basic properties, processing history and microstructure and operating environment. It is a relatively 

new scientific field which involves studying materials through the materials paradigm (synthesis, 

structure, properties and performance). It incorporates elements of physics and chemistry and is at the 

forefront of Nano science and nanotechnology research. It focuses on scientific and/or engineering factors 

affecting the relationships of materials, particularly appropriate for research and development in material 

science. The present paper reviews the state of the art on the use of nanotechnology in the field of 

Engineering and Technology and also discusses its future prospect.  

 

KEYWORDS: Materials, Structures, Nanoparticles, Sustainability, Nanomaterial’s, Nanotechnology. 

 

INTRODUCTION 

Nanoparticles are defined as particulate dispersions or solid particles with a size in the range of 10-

1000nm. The drug dissolved, entrapped, encapsulated or attached to a nanoparticles matrix. Depending 

upon to the method of preparation,      nanoparticles, Nano spheres or nano capsules can be obtained. 

Nano capsules are systems in which the drug is confined to a cavity surrounded by a unique polymer 

membrane, while Nano spheres are matrix systems in which the drug is physically and uniformly 

dispersed. [1-2] 

 

DEFINITION 

 Nanotechnology is the study of manipulating matter on an atomic scale. 

 Nanotechnology refers to the constructing and engineering of the functional systems at very 

micro level or we can say at atomic level. 

 A Nanometer is one billionth of a meter, roughly the width of three or four atoms. The average 

human hair is about 25,000 nanometers wide. [3-4]. 
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HISTORY 

 The first ever concept was presented in 1959 by the famous professor of physics Dr. Richard 

P.Feynman. 

  Invention of the scanning tunneling microscope in 1981 and the discovery of fullerene (C60)in 

1985 lead to the emergence of nanotechnology. 

 The early 2000s also saw the beginnings of commercial applications of nanotechnology, although 

these were limited to bulk application of Nanomaterials. 

 Silver nano platform for using silver- nanoparticles as an antibacterial agent, nanoparticle-based 

transparent sunscreens, and carbon nanotubes for stain-resistant textiles. [5-7] 

 

TOOLS AND TECHNOLOGY 

 The early 2000s also saw the beginnings of commercial applications of nanotechnology, although 

these were limited to bulk application of nanomaterials. 

 Silver Nano platform for using silver- nanoparticles as an antibacterial agent, nanoparticle-based 

transparent sunscreens, and carbon nanotubes for stain-resistant textiles. [8-9]. 

 

CARBON NANOTUBE 

 Carbon nanotubes are allotropes of carbon with a cylindrical nanostructure. 

 They have length-to-diameter ratio of up to 132,000,000:1. 

 Nanotubes are members of the fullerene structural family. Their name is derived from their long, 

hollow structure with the walls formed by one-atom-thick sheets of carbon, called grapheme. [10-

11]. 

PROPERTIES 

 Highest strength to weight ratio, helps in creating light weight spacecraft’s. 

 Easily penetrate membranes such as cell walls. Helps in cancer treatment. 

 Electrical resistance changes significantly when other molecules attach themselves to the carbon 

atoms.  Helps in developing sensors that can detect chemical vapors. 

APPLICATION 

 Easton-Bell Sports, Inc. using CNT in making bicycle component. 

 Zyvex Technologies using CNT for manufacturing of light weight boats. 

 Replacing transistors from the silicon chips as they are small and emits less heat. 

 In electric cables and wires 

 In solar cells 

 In fabrics  

CARBON NANO TUBE INTERACTION 

 
Fig. 1: Carbon nanotube interaction 
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NANO RODS (QUANTUM DOTS) 

  Nano rods are one morphology of Nano scale objects. 

  Dimensions range from 1–100 nm. 

  They may be synthesized from metals or semiconducting materials.  

  A combination of ligands acts as shape control agents and bond to different facets of the Nano 

rod with different strengths. This allows different faces of the Nano rod to grow at different rates, 

producing an elongated object. [12-13] 

USES 

 In display technologies, because the reflectivity of the rods can be changed by changing their 

orientation with an applied electric field. 

  In micro electro mechanical systems (MEMS). 

  In cancer therapeutics. 

 

NANO BOOTS 

 Close to the scale of 10-9. 

 Largely in R&D phase. 

 Nanobots of 1.5 nanometers across, capable of counting specific molecules in a chemical sample. 

 

 Since Nano robots would be microscopic in size, it would probably be necessary for very large 

numbers of them to work together to perform microscopic and macroscopic tasks. 

 Capable of replication using environmental resources. 

 

APPLICATION 

 Detection of toxic components in environment. 

 In drug delivery. 

 Biomedical instrumentation. 

 

APPROACH IN NANO TECHNOLOGY 

1. Bottom up: 

  In the bottom up approach different materials and devices are constructed from molecular 

components of their own. They chemically assemble themselves by recognizing the molecules of their 

own breed. 

      Examples of molecular self-assembly are Watson crick base pairing, nano-lithography.  

 

2. Top down:  

 In top down approach nano objects and materials are created by larger entities without bouncing 

its atomic reactions usually top down approach is practiced less as compared to the bottom up approach. 

 Solid-state techniques can also be used to create devices known as nano electromechanical 

systems or NEMS, which are related to micro electromechanically systems or MEMS. 

     MEMS became practical once they could be fabricated using modified semiconductor device 

fabrication technologies, normally used to make electronics.  

 

MATERIAL USED 

 Zinc oxide: 

 Dirt repellent, hydrophobic, cosmetics & stain resistant. 
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 Silver ion: 

 Healing property 

 Aluminum silicate: 

 Scratch resistance  

 Gold ion: 

 Chip fabrication, drug delivery. 

 

NANOTECHNOLOGY GLOBAL MARKET OVERVIEW 

Governments has invested USD$40 billion for the year 2008, and USD9.75 billion had been invested in 

following year 2009. European Union (27 members + Seventh Framework Programmed), Russia, United 

States, Japan, China. The estimated rapid growth for 17% of the global market for the nanotechnologies 

by 2015 for the areas in healthcare and pharmaceuticals applications. The  corporations in the world was 

invested  USD$41bn  on  nanotechnology  R&D  for the year 2010 on  areas like defense, semiconductors, 

pharmaceutical and health care, aviation and food. 

 

NANOTECHNOLOGY ANALYSIS 

Nanotechnology developed in synthetic biology, Nano biotechnology, cost-effective carbon capture, 

quantum information systems, Geoengineering and other emerging and converging technologies 

(combination of biotechnology, ICT, nanotechnology and cognitive science). 

 

Table 1: Nanotechnology analysis 

Building Blocks Components End-Use Products 

Metal/Organometallics Catalysts  Fuels, Chemicals  

Metal Oxides Nanoparticlecoatings, UVBlock 

Dispersions, Chemical 

Mechanical Polishing (CMP) 

slurry additives  

Sunscreens, Cosmetics, High 

performancecoating, CMP slurries  

Silicon Quantum dots Films and encapsulation  Solar cells, in vitro diagnostics, Gene 

expression assay, Medical imaging  

Nanowhiskers Fabric coating  Moisture wicking apparel, Stain resistant 

apparel  

Carbon Nanotubes Scanning probe tip, Field 

emitting devices, Polymer 

additives, Carbon composite 

fillers, Electrodes, Transistors  

Aerospace, Displays (experimental), 

Sporting goods, Electronics, Non- volatile 

memory, Automobiles, ‚Super‛capacitors, 

Atomic force microscope  

Inorganic 

Nanostructure 

Coated thin films  Solar cells, Displays  

Organic Molecules Self-assembling structures  Molecular memory, Solar cells  

Gold core 

oligonucleotides 

Reagents  Bio-defence, in vitro diagnostics  

Nano scale porous 

silicon 

Medical implants  Drug delivery, in vivo diagnostics 
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APPLICATION OF NANOTECHNOLOGY 

 
Fig. 2: Applications of nanotechnology 

 

NANOTECHNOLOGY IN DRUGS (CANCER) 

 Provide new options for drug delivery and drug therapies. 

 Enable drugs to be delivered to precisely the right location in the body and release drug doses on 

a predetermined schedule for optimal treatment. 

  Attach the drug to a Nano sized carrier. 

 They become localized at the disease site, i.e. cancer tumor. 

 Then they release medicine that kills the tumor. 

 Current treatment is through radiotherapy or chemotherapy. 

 Nanobots can clear the blockage in arteries.  

 

NANOTECHNOLOGY IN FABRICS 

 The properties of familiar materials are being changed by manufacturers who are adding nano-

sized components to conventional materials to improve performance. 

  For example, some clothing manufacturers are making water and stain repellent clothing using 

nano-sized whiskers in the fabric that cause water to bead up on the surface. 

 In manufacturing bullet proof jackets. 

 Making spill & dirt resistant, antimicrobial, antibacterial fabrics. 

 

NANOTECNOLOGY IN MOBILES 

 Morph, a nanotechnology concept device developed by Nokia Research Center (NRC) and the 

University of Cambridge (UK). 

 The Morph will be super hydrophobic making it extremely dirt repellent. 

 It will be able to charge itself from available light sources using photovoltaic nanowire grass 

covering its surface.  

 Nano scale electronics also allow stretching. Nokia envisage that a Nano scale mesh of fibers will 

allow our mobile devices to be bent, stretched and folded into any number of conceivable shapes. 

NANOTECHNOLOGY IN ELECTRONICS 

 Electrodes made from nanowires enable flat panel displays to be flexible as well as thinner than 

current flat panel displays. 

  Nanolithography is used for fabrication of chips. 

 The transistors are made of nanowires that are assembled on glass or thin films of flexible plastic. 

 E-paper, displays on sunglasses and map on car windshields. 
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NANOTECHNOLOGY IN COMPUTER 

 The silicon transistors in your computer may be replaced by transistors based on carbon 

nanotubes.  

 A carbon nanotube is a molecule in form of a hollow cylinder with a diameter of around a 

nanometer which consists of pure carbon. 

 Nano rods are an upcoming technology in the displays techniques due to less consumption of 

electricity and less heat emission. 

 Size of the microprocessors are reduced to greater extend. 

  Researchers at North Carolina State University say that growing arrays of magnetic 

nanoparticles, called Nano dots. 

 Hewett Packard is developing a memory device that uses nanowires coated with titanium 

dioxide.  

 One group of these nanowires is deposited parallel to another group.  

 When a perpendicular nanowire is laid over a group of parallel wires, at each intersection a 

device called a memristor is formed. 

 A memristor can be used as a single-component memory cell in an integrated circuit. 

  By reducing the diameter of the nanowires, researchers believe memristor memory chips can 

achieve higher memory density than flash memory chips. 

 Magnetic nanowires made of an alloy of iron and nickel is being used to create dense memory 

devices. 

 Chips produced by Intel before ‚i‛ series processors were between 65nm -45nm. 

 Later with the help of nanotechnology 22nm chips were made which itself is a milestone. 

 

ADVANTAGES OF USING CARBON NANOTUBES 

 Faster and smaller- carbon nanotubes can be used to produce smaller and faster components.  

 This will also result in computers that consume less energy. 

 High speed and high capacity memory. 

 Allows circuits to be more accurate on the atomic level. 

 

OTHER USES 

 Cutting tools made of Nano crystalline materials, such as tungsten carbide, tantalum carbide and 

titanium carbide, are more wear and erosion-resistant, and last longer than their conventional 

counterparts. 

 Silver Nano crystals have been embedded in bandages to kill bacteria and prevent infection. 

 Nano particulate-based synthetic bone 

 Formed by manipulating calcium and phosphate at the molecular level. 

 Aerogels lightest known solid due to good insulating properties is used in space suits and are 

proposed to use in space craft.  

 

NANOTECHNOLOGY IN INDIA 

 IIT Mumbai is the premier organization in the field of nanotechnology. 

 Research in the field of health, environment, and medicines are still on. 

 Starting in 2001 the Government of India launched the Nano Science and Technology Initiative 

(NSTI).  
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 Then in 2007 the Nano science and Technology Mission 2007 was initiated with an allocation of 

Rupees 1000 crores for a period of five years.  

 The main objectives of the Nano Mission are basic research promotion,  

infrastructure development for carrying out front-ranking research, development of nano 

technologies and their applications, human resource development and  

international collaborations.  

 

POSSIBILITIES FOR FUTURE 

 Nanotechnology may make it possible to manufacture lighter, stronger, and programmable 

materials that require less energy to produce than conventional material and that promise 

greater fuel efficiency in land transportation, ships, aircraft, and space vehicles. The future of 

nanotechnology could very well include the use of Nano robotics.  

 These Nano robots have the potential to take on human tasks as well as tasks that humans 

could never complete. The rebuilding of the depleted ozone layer could potentially be able to 

be performed. 

 There would be an entire nano surgical field to help cure everything from natural aging to 

diabetes to bone spurs. 

 There would be almost nothing that couldn’t be repaired (eventually) with the introduction 

of nano surgery. 

 

CONCLUSION 

Nano particulate systems have great potentials, being able to convert poorly soluble, poorly absorbed and 

labile biological active substance into promising deliverable drugs. Generally nanoparticle have relatively 

higher intracellular uptake compared to micro particles and available to a wide range of biological targets 

due to their small size and relative mobility.  
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ABSTRACT 

This Chapter briefly describes the characteristics and applications of Nanotechnology. Due to properties 

like high surface to volume ratio, a high sensitivity and reactivity, a high adsorption capacity, and ease of 

functionalization, makes nanoparticles suitable for application in wastewater treatment. The biosynthesis 

of nanoparticles has been proposed as a cost-effective and environmentally friendly alternative to 

chemical and physical methods. Furthermore, among the biological alternatives, plants and plants extract 

seem to be the best option. This chapter attempts to review, biosynthesis of various nanoparticle from 

plants, and highlights their properties, advantages and applications in removal of various pollutants 

present in water. In addition, future prospects, significant difficulties and risks associated are also 

discussed. 

 

KEYWORDS: Nanoparticles, Green synthesis, Metals, Metal oxide nanoparticles, Wastewater, Plant 

mediated nanoparticles. 

 

INTRODUCTION 

Nanoscience and nanotechnology are the study and application of extremely small things and can be 

used across all the other science fields, such as chemistry, biology, physics, materials science, and 

engineering. Nanomaterials are particles having nanoscale dimension, with enhanced catalytic reactivity, 

a high sensitivity and reactivity, a high adsorption capacity, ease of functionalization and chemical 

steadiness owing to its large surface area to volume ratio. Since, nanoparticles have been integrated into 

various fields, these calls for a green and environment-friendly approach to their synthesis. 

Providing clean and affordable water to meet human needs is a grand challenge of the 21st century. Water 

is an important natural resource of all over the world. The environment, economic growth and 

development are all highly influenced by water, its regional and seasonal availability and the quality of 

surface and ground water. Today, water contamination is one of the major problems, which the world is 

facing. Water contamination not only effect environment and human health, but it also has impact on 

economic and social cost. The quality of water is being affected by human activities and is declining due 

to rise of population growth, urbanization, agricultural development and other factors, thus making it 

contaminated. Furthermore, current water and wastewater treatment technologies and infrastructure are 

reaching their limit for providing adequate water quality to meet human and environmental needs. 

Nanotechnology has proved to be one of the finest and advance ways for wastewater treatment. 

Nanoparticles have great advantage of treating water in depths and any location which is generally left 

out by other conventional technologies. This technology mainly emphasizes on the greater applications of 

lighter particles, but with strong environmental impact. Nanotechnology-enabled water and wastewater 
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treatment promises to not only overcome major challenges faced by existing treatment technologies, but 

also to provide new treatment capabilities that could allow economic utilization of unconventional water 

sources to expand the water supply. Nanomaterials have immense applications in various fields of 

science and these are considered as one of the significant materials in the remediation of waste water and 

contaminated sites. Nanomaterials are considered most significant in water treatment because of 

properties like highly reactivity, great surface area to volume ratio and have a good affinity for target 

substances and their extremely small size makes them most appropriate purification agents. 

 

SYNTHESIS OF NANOPARTICLES 

DIFFERENT METHODS LIKE: 

A) Physical Method: Various Physical methods are: Laser ablation, Lithography and High-energy 

Irradiation. The Physical method involves the use of costly equipment, high temperature and 

pressure, large space area for setting up of machines (Chandrasekaran, et al. 2016). 

 

B) Chemical Method: This Method involves the use of chemical reduction, electrochemistry, and 

photochemical reduction (Chen, et al. 2001; Eustis et al. 2005; Rodriguez et al. 2002; Starowiicz et 

al. 2006; Frattini et al. 2005). The chemical method involves the use of toxic chemicals which can 

be hazardous to the person and the environment (Agarwal, et al. 2017). Moreover, the toxicity of 

the chemicals used in physical and chemical methods make it unsafe for use in medical field. 

 

C) Biological Method: Biosynthetic routes for fabricating nanoparticles have aroused much interest 

because they are environmentally benign, have zero contaminants and by-products. Synthesis 

can be done in one step using biological organisms such as bacteria, actinobacteria, yeasts, molds, 

algae and plants, or their products (Shah et al. 2015). Of these bio-entities, plant extracts have 

received great attention due to their ability to reduce and stabilize metal nanoparticles in a single-

step synthesis using their distinct natural traits.  

 

GREEN SYNTHESIS METHOD: A REVIEW 

The Biological method, which is represented as an alternative to Chemical and Physical methods, 

provides an environmental friendly way of synthesizing nanoparticles using microorganisms (bacteria, 

actinomycetes, fungi and yeasts) and plants commonly referred to as Green Approach. Moreover, this 

method does not require expensive, harmful and toxic chemicals. Metallic nanoparticles with various 

shapes, sizes, contents and physicochemical properties can be synthesized. These biological systems can 

transform inorganic metal ions into metal nanoparticles via the reductive capacities of the proteins and 

metabolites present in these organisms (Makarov, et al. 2014). Biological synthesis of gold, silver, 

platinum, palladium, selenium, zinc and particles by bacteria, actinomycetes, fungi and yeasts have been 

reported worldwide (Shah et al. 2015). Several previous researchers reported the synthesis of MNPs from 

different plant extracts including coffee and tea (Nadagouda, et al.2008), Sorghum (Njagi et al., 2011), 

peanut (Pan et al., 2020) and Hordeum vulgare (Makarov et al., 2014), due to their efficacy as alternatives 

for chemicals. The Green Biosynthesis of nanoparticles can be achieved by selecting an environmentally 

acceptable solvent with eco-friendly reducing and stabilizing agents. 
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Fig. 1: Various synthesis approaches for the preparation of metal nanoparticles 

 

APPROACH 

There are two general approaches to the synthesis of nanomaterials and the fabrication of nanostructures: 

Top- down approach and Bottom-up approach. 

In Top-down synthesis technique, calls for breaking down of solid materials into small pieces by applying 

external force. In this Approach, many Physical, Chemical and Thermal Techniques are used to provide 

the necessary energy for nanoparticle formation. Although this method is inexpensive, efficient and 

simple, it is susceptible to contamination (Geonmonond, 2018). 

In Bottom-up (self-assembly) technique, arrangement of small fragments into more complex structures or 

in other words it is based on gathering and combining gas or liquid atoms or molecules. Chemical and 

Biological methods of synthesis commonly use the bottom-up approach in which the obtained MNPs 

(metallic nanoparticles) are chemically homogeneous and relatively pure. In addition, with the bottom-up 

approach, no waste materials that need to be removed are formed, and nanoparticles having smaller size 

can be obtained.  

 

PLANTS AS GREEN NANOMATERIALS 

Plants seem to be the best candidates and they are suitable for large-scale biosynthesis of nanoparticles as 

the rate of synthesis is faster than in the case of microorganisms. This technique retains benefits such as, 

being it low cost, simple and efficient. Extracts from plants may act both as reducing and capping agents 

in nanoparticle synthesis. Because of the important and critical roles of plants in bio-based protocols for 

metal nanoparticle production, the green synthesis of metal nanoparticles using plants has been 

discussed here. 

 

GREEN SYNTHESIS OF METALLIC NPS FROM VARIOUS PLANT EXTRACTS 

METHOD 

1. First, the plant parts like root, leaf, bark are washed, cut into small pieces under sterile conditions and 

boiled in order to obtain the extract. The extract so obtained is further purified by filtration and 

centrifugation.  

2. Then the purified plant extract, metal salt and water are incubated to obtain the nanoparticles of the 

desired metal ion. For this, the extract is mixed with metal precursor solutions at different reaction 

conditions (Hassanisaadi M., et al., 2021).  

3. The various parameters such as types of phytochemicals, phytochemical concentration, metal salt 

concentration, pH, and temperature determine the rate of nanoparticle formation as well as their yield 

and stability (Dwivedi and Gopal, 2010). 
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4. The phytochemicals present in plant extracts acts as both reducing and stabilizing agents in 

nanoparticles synthesis process to facilitate nanoparticles synthesis (Malik et al., 2014). The main 

phytochemicals present in plants are flavones, terpenoids, sugars, proteins, carboxylic acids, and amides, 

which are responsible for bio reduction of nanoparticles (Prathna et al., 2010). Flavonoids contain various 

functional groups, which have an enhanced ability to reduce metal ions. The reactive hydrogen atom is 

released due to tautomeric transformations in flavonoids by which enol-form is converted into the keto-

form. This process is realized by the reduction of metal ions into metal nanoparticles. Sugars such as 

glucose and fructose exist in plant extracts can also responsible for the formation of metallic 

nanoparticles. Similarly, carbohydrates and proteins biomolecules act as a reducing agent to promote the 

formation of metallic nanoparticles (Iravani S., 2011). They not only participate in the reduction of metal 

ions but also act as capping ligands of the nanoparticles .These capping ligands stabilize the nanoparticles 

to prevent further growth and agglomeration (Mude et al., 2009). 

 

 

 
Fig.2:  A schematic representation of metal nanoparticle synthesis in a plant extract 

 

 

 
Fig. 3: Different size and shapes of the nanoparticle synthesis from plant extracts 

(Derived from Chandran et al., 2006, Dubey et al., 2010). 
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THE BIOSYNTHESIS OF VARIOUS METAL NANOPARTICLES FROM PLANTS 

Plant Nanomaterials due to their small sizes and large specific surface areas, show great promise for 

removal of Heavy metals, organic pollutants, inorganic anions, and bacteria present in water and 

wastewater. The most extensively studied are: 

 

SILVER NANOPARTICLES (AGNPS) 

In recent past, development of silver nanoparticles and their application in the treatment of wastewaters 

is becoming a major area of research. It is mainly applicable to the removal of three major pollutants like 

pesticides, heavy metals, and microorganisms. 

The aqueous silver ions were reduced to silver nanoparticles when added to natural plant extract of O. 

tenuiflorum, S. tricobatum, S. cumini, C. asiatica and C. sinensis, indication in colour change confirms the 

formation of silver nanoparticles (Kasthuri et al., 2009). Biosynthesis of silver nanoparticles was also 

conducted using Cycas leaf extract (Jha and Prasad, 2010). Song et al., (2008) have elucidated that Pinus 

desiflora, Diospyroskaki, Ginko biloba, Magnolia kobus and Platanus orientalis leaves broth showed 

synthesis of stable silver nanoparticles with average particle size ranging from 15 to 500 nm, 

extracellularly. Also, a number of various plants have been reported for synthesis of silver nanoparticles. 

AgNPs have desirable antibacterial properties and enhanced adsorption capacities that make them 

valuable alternatives in removing contaminants from wastewater bodies. 

 

GOLD NANOPARTICLES (AUNPS) 

Gold metal is found to be very effective in dealing with the water pollution problem, as recent research 

on several fronts is advancing the concept of Nano scale gold as the basis for cost-effective 

nanotechnology-based water treatment. Nano-gold has special properties, such as enhanced catalytic 

activity, visible surface Plasmon resonance colour changes, and chemical stability that make it more 

useful than other materials. 

In the biosynthesis of AuNPs from the plant, different plants are used as source. Purified Plant extracts 

contain proteins that have functionalized amino groups (–NH2) that can actively participate in the 

reduction reaction of AuNPs. Here, different plants like Artemisia vulgaris (Mugwort) [Sundararajan et 

al., 2017}, Clitoria ternatea (Asian pigeon wings) [Vanaraj, 2017], Murraya koenigii Spreng (Curry leaves) 

[Alam, 2014], Artocarpus hirsutus (Wild jack) [Vijayashree, 2017] were exploited for the green synthesis 

of Gold Nanoparticles (AuNPs). 

 

PALLADIUM NANOPARTICLES 

One-pot biogenic synthesis of palladium and platinum nanoparticles from herbal extracts can be done 

under moderate conditions. Biogenic fabrication of palladium and platinum nanoparticles using various 

plant species such as Anogeissus latifolia, Cinnamom zeylanicum, Cinnamomum camphora, Curcuma 

longa, Doipyros kaki, Gardenia jasminoides, Glycine max, Musa paradisica, Ocimun sanctum, Pinus 

resinosa and Pulicaria glutinosa have been reported. Very recently, Palladium nanoparticles were 

synthesized from Salvadora persica root extract. Extract was found to contain polyphenols which acted 

both as bio reluctant and stabilizing agent (Khan, 2016). Synthesis of palladium nanoparticles from 

Maringa oleifera biomass containing bis-phthalate as a natural reducing and capping agent (Anand ,2016) 

and from degradable banana peel extract and soybean leaf (G. max) extract (Bankar,2010) has been 

reported . 

Further, their optimization may be done by controlling the pH, temperature, incubation time and 

concentrations of plant extract and those of the metal salts. Application of these biogenic nanoparticles as 
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nano catalyst can be done in waste water treatment to scavenge the dye from the textile industries and as 

an antibacterial agent. 

 

ZINC OXIDE NANOPARTICLES (ZNO NPS) 

ZnO NPs are environment-friendly as they are compatible with organisms (Schmidt, 2007) which make 

them suitable for the treatment of water and wastewater.  

The synthesized ZnO NPs were used to remove organic dye from aqueous solution by acting as a photo 

catalyst and adsorbent as well as, it also showed antimicrobial activity against two gram positive 

(Staphylococcus epidermidis, Staphylococcus aureus) and three gram negative (Escherichia coli, 

Klebsiella pneumonia, Pseudomonas aeruginosa) bacteria. Leaf extract of Becium grandiflorum has a 

potential to remove methylene blue dye pollutants and pathogenic bacteria from contaminated water 

(Kahsay, 2021).  

ZnO NPs synthesized by using leaf extracts of Passiflora caerulea, Scadoxus multiflorous and Camellia 

sinensis showed strong antimicrobial efficacy against Klebsiella pneumonia, Aspergillus spp., and 

Staphylococcus aureus and Pseudomonas aeruginosa respectively (Santoshkumar,2017 and Shah,2019) 

suggesting plant extract mediated synthesis of ZnO NPs and their usefulness. It was reported that zinc 

oxide nanoparticles have been used to eliminate sulphur, arsenic from water (Sagar et. al., 2013). ZnO 

NPs are environment-friendly as they are compatible with organisms which make them suitable for the 

treatment of water and wastewater. 

 

OTHER METAL OXIDES NANOPARTICLES 

Biosynthesis of hematite (α-Fe2O3) nanoparticles, exploiting the aqueous leaf extract of the cashew tree 

(Anacardium occidentale), [Rufus, 2017]. Ehrampoush (2015) reported Synthesis of iron oxide 

nanoparticles using tangerine peel extract for removal of Cd (II) from wastewater. Sundrarajan et al., 

(2017) synthesized titanium dioxide (TiO2) nanoparticles using leaf extract of Morinda citrifolia. 

Calotropis procure latex mediated green synthesis of cupric oxide nanoparticles (CuONPs) was 

investigated for its application against removal of Cr (VI) from aqueous solutions. Fluoride 

contamination of drinking water is one of the most serious health problems worldwide. Silveira et al., 

(2017) Synthesized FeONPs (iron oxide nanoparticles) using Maringa oleifera leaf extract as a template for 

fluoride ion adsorption from wastewater. Various metal oxide nanoparticles have been applied 

preferentially for the adsorption of organic pollutants. The merits lie in their high surface area to mass 

ratio. This leads to an increase in rate of contaminant removal at low concentrations. Consequently, a 

lower quantity of Nano catalyst will be required to treat polluted water relative to the bulk material (Roy, 

2010). 

 

ENVIRONMENTAL REMEDIATION APPLICATIONS 

ANTIMICROBIAL ACTIVITY 

Green synthesised Nano-Ag is currently the most widely used antimicrobial nanomaterial. Its strong 

antimicrobial activity, broad antimicrobial spectrum, low human toxicity, and ease of use make it a 

promising choice for water disinfection and microbial control.  

According to a literature survey, the antimicrobial potential of silver nanoparticles can be described in the 

following ways: (1) Denaturation of the bacterial outer membrane (Lok, 2006). (2) Generation of pits/gaps 

in the bacterial cell membrane leading to fragmentation of the cell membrane ( Yun ,2013)and (3) 

Interactions between Ag NPs and disulphide or sulfhydryl groups of enzymes disrupt metabolic 

processes; this step leads to cell death(Egger,2009). 
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REMOVAL OF POLLUTANT DYES 

Organic dyes have a widespread role in several industries. After use these dyes are wasted and are 

discharged into the hydrosphere, and they represent a significant source of pollution due to their 

recalcitrance nature and thus become source of ecological pollution (Ratna, 2012). These nanoparticles, 

show enhanced photocatalytic degradation of various pollutant dyes; for example, silver nanoparticles 

synthesized from Z. armatum leaf extract were utilized for the degradation of various pollutant dyes 

(Jyoti, 2016). 

 

REMOVAL OF HEAVY METAL 

Green synthesized NPs are highly proficient for recycling and removal of heavy metal from wastewaters 

without loss of their stability and degradation of a variety of organic pollutants from wastewaters and, 

thus, purify the wastewaters for reuse and recycling and could solve various water quality issues 

worldwide. Aqueous black bean extract (Nagajyothi,2017), fruit extract of Duranta erecta (Ismail ,2019), 

Eclipta prostrata leaves extract (Chung,2017), clove extract(Rajesh ,2019) and Hawthorn berries 

extract(Długosz,2020) are few examples of metallic oxide nanoparticles which are used to provide a long-

term solution to/for water quality and make possible water reuse. 

 

PESTICIDE REMOVAL 

Research indicated that there is a significant potential for pesticides removal by the use of the different 

processes of nanotechnology. Plant molecules capped Ag NPs can alter toxicity levels enhancing bio 

pesticidal effects. Various plants based metal oxides such as ferric oxides, manganese oxides, aluminum 

oxides, titanium oxides, magnesium oxides and cerium oxides are found effective and low cost 

adsorbents.  

 

CONCLUSION AND FUTURE PROSPECTS 

The metal nanoparticles produced by plants are more stable in comparison with those produced by other 

organisms. Plants (especially plant extracts) are able to reduce metal ions faster than fungi or bacteria. 

Plant mediated nanoparticles were effectively applied in the degradation process for the cost-effective 

removal of pollutants. In addition, it is easy to tailor the size, shape and nature of NPs by simply 

modifying the culture conditions like temperature, pH, pressure or the nutrient media and also this 

biosynthesis is economically viable as plants are easily/readily available.  

In future studies, Understanding the enzymatic mechanisms/biochemical processes involved in plant 

mediated synthesis will help to improve nanoparticle production. Research on genetic modification of 

plants with improved metal tolerance and accumulation capacities is the future approach to increase the 

productivity in nanoparticle synthesis.  Further, research should be carried on the properties of the 

synthesized nanoparticles in comparison with their other biomolecule counterparts. Challenges like 

environmental issues, socio-ethical issues, and health and safety risks may prevail during the 

manufacturing and production of green nanomaterials. To overcome such issues, national and 

international research communities should prepare proper guidelines.  

Nevertheless, the plant-extract based nanoparticles showed the advantages of cheap, environmentally 

friendly, self-capping and stabilization, which would be useful for practical application in waste water 

treatment.  
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ABSTRACT 

Liposomes, lipid particles have greater safety and efficacy. They are used to design the Core-Shell 

structures of Nanoparticles. This review accounts for the progress of the drug delivery system and its 

possible application. Liposomes are deemed to be the First-generation lipid nano carriers having sundry 

preparation in clinical practice. Liposome-based formulations are used in anticancer, antimicrobial, 

anesthetic agents, and vaccines. Lipid nanoparticles are controlled and targeted drug unleash, 

practicableness of carrying each hydrophilic and oleophilic drug, improved drug stability etc. But Drug 

loading capacity is limited. Solid lipid, surfactant, co-surfactant and water are general components 

needed for the preparation of SLN. Lipid used feasibly triglycerides (Tristearin, Tripalmitin and 

Trimyristin). Partial glycerides (glyceryl monostearate). Fatty acids (e.g., stearic acid, Lauric acid), waxes 

(carnauba wax). Charge modifier (Stearyl amine) Combination of surfactant enhances stability by 

preventing particle agglomeration. Surfactant (soybean lecithin, egg lecithin, Poloxamers). In the 

preparation of SLN, Hot and Cold homogenization methods are used. SLN are used for molecular 

sunscreens (110) and as carriers for actinic radiation blockers. 

It is also used topically, gene vector carrier delivery, Chemotherapy, Vaccine adjuvant. The primary 

generation is all concerning material science with sweetening of properties that are achieved by the 

incorporating "passive nanostructures". This may be within the kind of coatings and/or the utilization of 

carbon nanotubes to strengthen plastics. Research should continue in such a direction to supply 

improved effectuality, drug loading, targeting and lowering of the drug dose, thereby overcoming the 

toxicity challenges of this carrier system. additionally, structure and dynamics of SLNs on the molecular 

level, each in vitro and in vivo, stability, targeting, toxicity and aspects associated with interactions of 

SLNs with their biological close create a challenge that ought to be explored within the close to future by 

varied analysis teams round the world. 

 

KEYWORDS: Liposomes, Solid-Lipid Nanoparticle (SLN), Sterilization, Lyophilization, TEM, PCS. 
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INTRODUCTION 

In recent decades, an astonishing achievement in the Nanomedicine bailiwick has incited to the 

improvement of novel biomaterials and nanotechnology department. However, lipid-based Nano vectors 

have accordingly widespread approach i.e., Liposomes which possesses the combined effects of Safety, 

Efficacy, and Versatility. Charged Lipid particles are used to design the Core-Shell structures of 

Nanoparticles. In these nanoparticles, the shell is prepared by Lipids which will interact with the core 

that is prepared by different biomaterials wherein the Drug is encapsulated. This access has been 

interrogated with regard to the delivery of different active molecules along with the macromolecular 

drug, e.g., nucleic acids as well as, also small molecules, e.g., bisphosphonates. This review accounts for 

the progress of the drug delivery system and its possible application. During the last ten years, in various 

scientific studies, nanomedicine has abruptly growing lead to the development of a set of kinfolks of 

nano vector aimed to achieve the standard value in Drug delivery and targeting. Different biomaterials 

have been proposed depending on the drug and the biomedical target. Moreover, the combination of 

different biomaterials, as well as the structure of the nano vectors, represents a further level of 

complexity. Despite the number of nanotechnology-based platforms for drug delivery currently available, 

the number of clinical studies focused on these formulations is still very limited with few products on the 

market. In many instances, nanotechnology-based design formulation has produced decisive results in-

vivo study. It never gives accuracy in the result of clinical and industrial development. Other issues in the 

clinical and industrial development of nano vectors are the difficult scale-up and the poor chemical and 

physical stability of the formulation during storage (i.e., Conglomeration of Nano vectors, Decadence of 

Biomaterials, sudden Come out of encapsulated drugs). The synthetic and polymeric components used in 

the formulation to deliver the active drug molecule stay under conflict for their constraint on systemic 

toxicity and high cost of production. Lipid and Phospholipid-based delivery systems are most useful due 

to their biocompatibility, biodegradability, very low toxicity, and versatility. So, in the nanomedicines, 

Lipid and phospholipid-based delivery systems are used. Thus, lipid vesicles have been proposed to 

deliver both lipophilic and hydrophilic drugs by different routes of administration. Liposomes are 

deemed to be the First-generation lipid nanocarriers having sundry preparation in clinical practice. 

Liposome-based formulations are used in anticancer, antimicrobial, anesthetic agents, and vaccines. 

Other families of lipid nano vectors have been proposed for drug delivery. Exempli Gratia, the Solid lipid 

nanoparticles (SLN’s) are comprised of solid-lipid core contingent on glycerides and a surfactant coating 

used to stabilize it. To assure the stability of nanoparticles in-vivo the core of the SLN’s (Solid-Lipid 

Nanoparticles) stayed solid at 37 ̊C. The techniques required to prepare SLNs are solvent-free, although 

high energy forces are often necessary. SLN (Solid-Lipid Nanoparticles) is circumscribed by low drug 

encapsulation and fast drug release. Solid Lipid Nano capsule (LNC) can be deliberated as The Second 

generation of SLN exists at room and body temperature consist of Liquid-lipid phase enclosed by a Solid-

lipid shell. Compared to SLNs and LNCs are generally characterized by an improved encapsulation 

efficiency and finer management of drug unleash. LNC’s having higher encapsulation efficiency and finer 

control of drug release than the SLN’s. LNC have been successfully used as a drug delivery system for 

various applications and by different administration routes. Latterly, flourishing attention has been 

compensated to lipid-based self-emulsifying drug delivery systems (SEDDSs) which are the mixed 

composition of lipids, surfactant and co-surfactant able to emulsify in aqueous medium without the use 

of high energy forces. The resulting low production costs make SEDDS’s particularly attractive. They are 

merely used in oral route. Moreover, SEDDs, as well as SLNs and LNCs, are characterized by a lipid core 

and are suitable for the encapsulation of lipophilic drugs in particular. Liposomal Nano carriers stay, 

during this context, the system with the very best skillfulness, thanks to the chance to encapsulate 
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oleophilic, hydrophilic molecules, severally of mass. A good deal of labor has been administrated to use 

super molecule Nano carriers for the delivery of nucleic acids, i.e., small interfering ribonucleic acid 

(siRNA) and microRNA (miRNA). These oligonucleotides area unit probably helpful for the event of 

novel therapies for the treatment of varied diseases, but also are characterized by biopharmaceutical 

problems, so requiring the event of delivery ways. Within the case of liposomes, anionic molecules like 

siRNA and miRNA are with efficiency encapsulated by victimization ion lipids. Indeed, ion liposomes 

are used extensively in transfecting super molecule into cells and area unit the idea for variety of 

marketed business agents designed for in vitro experiments. Liposomes supported ion lipids are used for 

the native delivery of super molecule in humans. Encouraging results were found following nasal 

administration of deoxyribonucleic acid complexed with ion liposomes in patients with fibrosis. DC-Chol 

(3b (N- (N′, N’-dimethylaminoethanol) carbamoyl)-cholesterol)/ dioleoyl phosphatidylethanolamine 

(DOPE) ion liposomes were conjointly utilized in patients with completely different cancer varieties by 

injection directly into a connective tissue nodule, generating a powerful native immune reaction. Phase II 

of the clinical study incontestable the utility of direct intertumoral injection with Allovectin-7, (an 

inclusion deoxyribonucleic acid secret writing the genes HLA-B7 and beta2-microglobulin) complexed 

with a ion super molecule mixture, DMRIE (1,2-dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonia 

bromide) /DOPE. Though ion liposomes have conjointly been utilized in clinical trials for 

chemotherapeutics, e.g., paclitaxel, lipoplexes area unit characterized by heterogeneous size distribution 

and their size is extremely sensitive to the experimental conditions utilized in the preparation. SLNs 

containing ion super molecule, e.g., DOTAP, or different ion additives, e.g., acyl trimethylammonium 

bromide (CTAB), are planned to advanced miRNA to get economical protection of the super molecule 

towards accelerator degradation and increased ribonucleic acid delivery. Moreover, they combination in 

presence of blood serum, principally following interaction with the blood serum elements, particularly 

albumen with the resultant aggregation of the complexes and speedy uptake by the Kupffer cells of the 

liver. Following endogenous administration, nucleic acid/lipid nanoparticles complexes transiently 

accumulate into the capillaries of the respiratory organ, bit by bit redistributing to the liver, particularly 

within the Kupffer cells. The addition of PEGylated lipids to the advances prevents the complex 

aggregation in blood serum, conjointly providing concealing properties. However, this approach has 

achieved solely restricted in vivo applications, possible thanks to the problem to regulate the scale 

moreover because the advanced structure/morphology. Higher in vivo stability has been achieved by 

exchange charged lipids with ionizable ion lipids i.e., 1,2-dioleyl-3-dimethylammonium fuel (DODAP), 

1,2-dioleyloxy-N, N-dimethyl-3-aminopropane (DODMA). These Nano vectors area unit called stable 

nucleic acid-lipid particles (SNALPs). The use of associate degree ionizable lipid results in neutral 

vesicles at physiological pH scale with higher physical stability and longer circulation time compared to 

ionic liposomes. Nowadays, totally different formulations supported ionizable lipids are below trial. 

Despite the massive range of studies and also the encouraging results achieved over the last decade, the 

utilization of lipid Nano carriers in clinics remains in its infancy. Moreover, the utilization of lipid Nano 

carriers for the delivery of nucleic acids in clinical observe continues to be remote. Novel ways to boost 

the delivery potency are needed as may be a larger effort within the style of ways to facilitate the 

interpretation of those technologies from the workplace to an outsized scale. During this direction, the 

core-shell nanoparticles that have recently emerged for the delivery of various molecules should be 

thought-about a chance. During this review, the peculiarities and also the blessings of core-shell 

nanoparticles, compared to alternative lipid Nano carriers, are represented and mentioned. Special 

attention is going to be paid to the delivery of siRNA and miRNA, still thought-about associate degree 
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open challenge these days. However, once merit note, novel applications of lipid core-shell nanoparticles 

for the delivery of alternative categories of medication, i.e., peptides or; tiny molecules, are printed.  

 

CORE-SHELL NANOPARTICLES 

Charged lipids are additionally accustomed style core/shell nanoparticles. This approach permits 

encapsulating ionic molecules particularly, however not solely, polyanionic nucleic acids. Drug/molecule 

are often extremely condensed with totally different cationic additives forming a compact ‚core‛; this 

initial brick of the vector is often then lined with lipids, forming a core-shell Nano vector. This strategy 

overcomes a number of the problems found within the case of lipoplexes, like the high physical instability 

following preparation. On the opposite hand, the super molecule shell assures biocompatibility however 

additionally the chance to modulate the surface by introducing PEGylated lipids or/and targeting 

moieties. Lipids characterized by an internet charge, generally, cationic lipids, are used for spontaneous 

interaction with the core containing the anionic drug. during this review, the various approaches 

accustomed style core-shell nanoparticles (NPs) and therefore the resultant evolution of such delivery 

systems are delineated. Moreover, the foremost meaning application for the delivery of super molecule 

peptides and little molecules are reportable. 

 

WHAT IS SLN? 

 Solid macromolecule Nanoparticles (SLN) may be a recently developed technique, within which 

the dimensions range from one to one thousand nm particles will use for drug delivery system 

(DDS).  

 It's primarily a mixture carrier.  

 The preparation techniques for the assembly of SLN are Novel and a lot of economical.  

 Solid macromolecule nanoparticles (SLN) have emerged as a next-generation drug delivery 

system with potential applications within the pharmaceutical field, cosmetics, research, clinical 

drugs, and alternative allied sciences.  

 The solid macromolecule nanoparticles (SLN) are submicron mixture carriers that are composed 

of physiological macromolecule, spread in water or associate degree liquid.  

 

TYPES OF SLN 

 Nanoparticle is a nano sized particle is mainly divided by thirteen types, Polymeric  

 Nanoparticles, Solid Lipid Nanoparticles, Nanosuspension, Polymeric Micelles, Ceramic 

 Nanoparticles, Liposome, Dendrimers, Magnetic Nanoparticles, Nano shells Coated with Gold, 

 Nanowires, Nanopores, Quantum Dots, Ferrofluids  

 

ADVANTAGES AND DISADVANTAGES OF SLN 

ADVANTAGES 

i. Controlled and Targeted drug unleash 

ii. Dosable high drug payload 

iii. Practicableness of carrying each hydrophilic and oleophilic drug 

iv. Water-based formulation avoids organic solvents 

v. No bio-toxicity is proclaimed of the carrier system 

vi. Improved drug stability 

vii. SLNs have wonderful biocompatibility 
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DISADVANTAGES OF SLN 

i.  Drug loading capacity is limited. 

ii.  High pressure induces drug degradation.  

iii. Coexistences of several colloidal species.  

iv. Lipid crystallization and drug incorporation, super cooled melts, gelation phenomenon.  

v. Drug expulsion when chemical compound transition throughout storage. 

COMPOSITION OF SLN 

Solid lipid, surfactant, co-surfactant and water are some in general components which are used in the 

formation of SLN. Triglycerides which is the combination of Tristearin, Tripalmitin and Trimyristin may 

be used by Lipids. Partial glycerides (glyceryl monostearate). Fatty acids (e.g., stearic acid, Lauric acid), 

waxes (carnauba wax). Charge modifier (Stearyl amine) Combination of surfactant enhances stability by 

preventing particle agglomeration. Surfactant (soybean lecithin, egg lecithin, Poloxamers). 

METHODS OF SLN PREPARATION 

A. High Shear Homogenization :  i) Hot homogenization 

ii) Cold homogenization 

B. Ultrasonication   :                    i) Probe Ultrasonication 

 ii) Bath Ultrasonication 

C. Solvent Evaporation Method  

D. Solvent Emulsification-Diffusion Method 

E. Micro emulsion Based Method 

F.  Spray Drying Method 

G.  Double Emulsion Method 

H.  Precipitation Technique 

I.  Film-Ultrasound Dispersion  

A.  HIGH SHEAR HOMOGENIZATION 

(i) Hot homogenization : Fig 1: Hot Homogenization 
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ADVANTAGE 

1) Hot homogenization is carried out at temperatures above the melting point of the lipid 

2) A pre-emulsion of the drug loaded lipid melt and the aqueous emulsifier phase (same 

temperature) is obtained by high-shear mixing device.  

DISADVANTAGE 

1) Temperature induce drug degradation 

2) Partioning effect 

3) Complexity of the crystallization  

(ii) Cold homogenization : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Cold Homogenization 

 

ADVANTAGES  

1) Low capital cost. ™ 

2) Demonstrated at lab scale. 

3)  

DISADVANTAGE 

1) Energy intensive process. ™ 

2) Demonstrated at lab scale Biomolecule damage. ™ 

3) Polydisperse distributions. ™ 

4)  Unproven scalability 

 

B. ULTRASONICATION (HIGH-SPEED HOMOGENIZATION) 

SLNs are also prepared by ultrasonication or high speed homogenization techniques. For smaller   

particles size combination of both ultrasonication and high speed homogenization is required. 

 

 

Melted Lipid 

Drug solution in melted lipid 

DRUG 

Size Reduction 

High Pressure Homogenization 

Solid-Lipid Nanoparticles formed 
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 Types of Ultrasonication : 

1) Probe ultrasonication 

2) Bath ultrasonication 

 

ADVANTAGES 

Reduced shear stress.  

 

DISADVANTAGES 

1) Potential metal contamination. ™ 

2)  Physical instability like particle growth upon storage. 

 

Fig. 3: Configuration of Ultrasonication,(1. Microwave Irradiation, 2. Electrokinetic Disintegration,  

3. High - Pressure Homogenization or HPH, 4. The Micro sludge Module 

 

(C) SOLVENT EVAPORATION METHOD  

SLNs can also prepared by solvent evaporation method. The lipophilic material is dissolved in a water-

immiscible organic solvent (e.g. cyclohexane) that is emulsified in an aqueous phase. Upon evaporation 

of the solvent, nanoparticles dispersion is formed by precipitation of the lipid in the aqueous medium by 

giving the nanoparticles of 25 nm mean size. The solution was emulsified in an aqueous phase by high 

pressure homogenization. The organic solvent was removed from the emulsion by evaporation under 

reduced pressure (40–60 mbar). 

 

ADVANTAGES 

1) Scalable.   

2) Mature technology.  

3)  Continuous process. 

4) Commercially demonstrated. 

 

DISADVANTAGES 

1)  Extremely energy intensive process. 

2) Polydisperse distributions. 

3) Biomolecule damage 
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(D) SOLVENT EMULSIFICATION-DIFFUSION METHOD  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Solvent Emulsification-Diffusion Method 

ADVANTAGES 

Avoidance of thermal stress 

 

DISADVANTAGES 

Use of organic solvents 

 

MICRO EMULSION PRIMARILY BASED TECHNIQUE 

 Microemulsion has got to be created at a temperature higher than the freezing point of the 

macromolecule to create a microemulsion with the macromolecule solid at temperature. These 

microemulsions area unit clear or slightly blue-black solutions composed of a lipotropic part, surfactant, 

in most cases a co-surfactant, and water. macromolecule (fatty acid and/or triglyceride) is thawed first; a 

combination of wetting agent, co-surfactant, and water is heated to constant temperature because the 

macromolecule part and additional to the macromolecule soften below gentle stirring. once compounds 

area unit mixed during a correct magnitude relation, a clear and thermodynamically stable 

microemulsion system is created. This microemulsion is then spread during a cold binary compound 

medium (2–3 °C) below gentle mechanical mix to precipitate the macromolecule part forming fine 

particles. The addition of a microemulsion to water ends up in precipitation of the macromolecule part 

forming fine particles. This result is exploited within the SLN preparation methodology developed by 

Gasco. Large-scale production of SLN by the microemulsion technique is additionally possible and major 

method parameters that require to be thought of throughout scaling-up embody microemulsion and 

water temperature, temperature flows within the water medium, and natural philosophy of blending, 

Lipid matrix dispersed in water 

Emulsification in aqueous phase 

Evaporation of solvent under reduced 

pressure 

Precipitation of the lipid in aqueous 

medium 

Nanoparticle dispersion 
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that mustn't modification, or solely a touch, throughout scaling-up to keep up constant product 

characteristics. the primary try was created by mushroom et al.to encapsulate amide medicine into SLN 

employing a heat w/o/w microemulsion technique and incorporated [D-Trp-6] LHRH and thymopentin. 

 

SPRAY-DRYING-BASED TECHNIQUE  

Once particle dimensions area unit reduced to the nanometric size vary, their physical and chemical 

properties deviate from bulk properties and such particles suffer from several issues associated with their 

surface and thermal stability, form preservation, handling, and assembly into an acceptable device. 

Prolonged long stability, particularly for i.v. administered systems may be achieved once keep as dry 

merchandise. so a spray-drying technique was investigated for SLN as another approach to drying up to 

convert liquid dispersions into a dry system. This less cost-intensive technique may turn out fine, dust-

free powder particles with a spherical form, that area unit non-agglomerated and nearly monodisperse, 

with a controlled particle size. Spherical particles area unit of sensible importance since, in general, they 

need higher natural philosophy properties than irregular particles. Freitas and Muller suggest the 

utilization of lipids with a freezing point > 70 °C for spray-drying. 

 

DESOLVATION TECHNIQUE  

Soul Vandervoort and Ludwig created drug-loaded gelatin nanoparticles by exploitation the desolvation 

technique. Here, the drug is spread into Associate in Nursing binary compound gelatin resolution by 

continuous stirring. Then, to induce desolvation, the desolvating agent is additional to the higher than 

resolution till permanent faint cloudiness is obtained. Finally, Associate in nursing solution of the cross-

linking agent is additional, with continuous stirring, to harden the nanoparticles. A desolvating agent 

(e.g., alcohol, acetone, or salt resolution) is additional to the binary compound gelatin solution to 

dehydrate the gelatin molecules, indicated by an increase in resolution cloudiness because of the 

modification in conformation of gelatin molecules from stretched to coiling. in this study, the preparation 

and properties of gelatin nanoparticles loaded with each deliquescent alkaloid coordination compound 

and lipotropic corticosteroid were reported . If one tries to use a macromolecule matrix, rather than or 

beside the chemical compound, it'd be doable to extend the loading and denial of lipotropic medicine.  

 

PRECIPITATION TECHNIQUE  

The glycerides are dissolved in an organic solvent (e.g. chloroform) and the solution will be emulsified in 

an aqueous phase. After evaporation of the organic solvent the lipid will be precipitated forming 

nanoparticles. 

 

FILM-ULTRASOUND DISPERSION  

The lipid and the drug were put into suitable organic solutions, after decompression, rotation and 

evaporation of the organic solutions, a lipid film is formed, then the aqueous solution which includes the 

emulsions was added. Using the ultrasound with the probe to diffuser at last, the SLN with the little and 

uniform particle size is formed. 

 

STERILIZATION AND LYOPHILIZATION OF SLNs 

STERILIZATION: SLN formulations supposed for channel and ocular administration should be sterile. 

Sterilization by autoclaving at 121 °C cannot be achievable for lipid-based formulations ready deception 

poloxamers, sterically stabilized polymers, afterward this temperature images to be too about to the 

important activity temperature (CFT) of polymers. This is often illustrious to collapse part the compound 
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sorption layer and because of scarce stabilization of the system, particle aggregation happens. This 

drawback might be avoided by reducing the autoclaving temperature from 121 to 110 °C and prolonging 

the autoclaving time. However, autoclaving is feasible in lecithin-stabilized SLN formulations. 

Formulation melts at autoclaving temperature result in the formation of a hot o/w microemulsion within 

the autoclave and recrystallize throughout the cooling cycle manufacturing SLN particles larger than the 

initial ones because of unification of some nanodroplets throughout recrystallization. But, these 

nanodroplets perhaps not be amply stabilized as a result of SLNs are washed off before and when 

sterilization and amounts of surface-active agent and co-surfactant are smaller in a very hot emulsion 

system. 

 

LYOPHILIZATION : Freeze or freeze drying has been thought-about a superb technique of drying and 

up the long-run stability of assorted pharmaceutical product, together with vaccines, viruses, proteins, 

peptides and mixture carriers like nanoparticles, nano emulsions, and liposomes. Stresses that destabilize 

the mixture nanoparticulate suspension is also generated throughout freeze drying, notably stresses of 

state change and dehydration. Aggregation and generally irreversible fusion of nanoparticles might 

destabilize the mixture nanoparticulate system. To induce obviate this drawback, special excipients 

should be supplementary before state change to shield the nanoparticulate suspension. The 

supplementary excipients that defend the system from state change stress are referred to as 

cryoprotectants and people protective from the drying stress are referred to as lyoprotectants. Among the 

long list of cryoprotectants cited in literature, the foremost ofttimes used cryoprotectants embody sugars 

like trehalose, glucose, sucrose, and water pill. These sugars get shiny at a particular temperature, 

denoted as Tg (glass transition temperature). These cryoprotectants immobilize the nanoparticles inside 

their glassy matrix and defend them against destabilization by aggregation. In general, state change 

should be disbursed below Tg of associate degree amorphous sample or below Teu (eutectic 

crystallization temperature) of crystalline samples of cryoprotectants. Particle isolation hypothesis is one 

amongst the mechanisms for nanoparticle stabilization by cryoprotectants throughout the state change 

step. Sugars isolate individual particles in melting fraction and thereby stop particle aggregation 

throughout state change on top of Tg. Sugar vitrification isn't needed for this result. Water replacement 

hypothesis could be a major mechanism for nanoparticle stabilization by lyoprotectants throughout the 

drying step. These lyoprotectants are illustrious to create gas bonds with the surface polar teams of 

nanoparticles and function water substitutes to preserve the native structure of nanoparticles, thereby 

stabilizing the system. Freeze dried nanoparticles ought to have the subsequent fascinating 

characteristics: (i) preservation of primary physical and chemical characteristics of the merchandise (ii) 

long-run stability (iii) acceptable ratio. 

 

BIOLOGICAL MEMBRANES 

Biological membranes are the skinny layer that forms the fringe of a living cell or of an interior cell 

compartment. The fringe is that the semi permeable membrane, and therefore the compartments engulfed 

by internal membranes are referred to as organelles.  

 

BIOLOGICAL MEMBRANES HAVE 3 PRIMARY FUNCTIONS 

 (1) They keep noxious substances out of the cell;  

(2) They consist of receptors and channels that implement specific molecules, i.e, ions, nutrients, wastes, 

and metabolic product, that arbitrate cellular and living thing activities to move between organelles and 

the cell and therefore the outside environment; and 
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 (3) They separate important however incompatible metabolic processes conducted inside organelles. 

 

Composition of Biological membranes- Biological membranes are consists of a double sheet (known as a 

bilayer) of lipid molecules. This structure is generally referred to as the phospholipids bilayer. In addition 

to the various types of lipids that occur in biological membranes, membrane proteins and sugars are also 

key components of the structure. 

 

 

 

 

 

 

Fig. 5: Composition of Biological membrane 

 

BEHAVIOUR OF LIPID NANOPARTICLES ON BIOLOGICAL MEMBRANE 

Lipids still as phospholipids—the dominant lipids in bio membranes—are amphiphilic molecules with 

hydrophobic tails and hydrophilic head teams. the top teams will be charged (positively or negatively) or 

neutral. Phosphatidylcholine (PC)—the most prevailing phospholipid—is a zwitterionic lipide with a 

major electric doublet, that governs inter-lipid interactions. Hydrophobic interactions drive spontaneous 

assembly of lipides in associate degree liquid surroundings into lipid bilayers. Bilayers square measure 

quasi-2D (4 nm thick) nano-films that show made part behavior betting on temperature and pressure. 

Bilayers will be in fluid, gel, interdigitated and ripple phases. Phospholipids vary within their melting 

temperatures and influence the melting of the neighboring lipids in the bilayer in an exceedingly 

cooperative manner. For bilayers with mixed compositions, at bound temperatures and pressures, 

completely different bilayer phases might co-exist. 

 

(1) SOLID-SUPPORTED LIPIDE BILAYER: Multiple ways exist for deposition of a skinny organic film 

on a solid substrate, as well as thermal evaporation, sputtering, deposition, molecular beam growing, 

sorption from answer, the Langmuir-Blodgett technique, self-assembly, etc. Supported lipide bilayers 

(SLB) square measure unremarkably ready by 3 completely different strategies; the deposition of 

Langmuir monolayers, rupture of liposomes deposited on a surface, and self-assembly of spin-coated 

lipids upon association. The Langmuir-Blodgett (LB) technique allows solid deposition of the monolayer 

and bilayer over massive areas with the chance of constructing multilayer structures with variable layer 

composition. This system will be applied to virtually any quite solid substrate. SLBs will be fashioned by 

self-assembly of liposomes on hydrophilic surfaces (glass, silica, titania or mica), hydrophobic surfaces 

(sialinated glass) or metals (using alkanethiols or thiolipid). The mechanics of the self-assembly reactions 

powerfully depends on the composition and size of the liposomes, the chemistry and roughness of the 

surface and therefore the buffer conditions. A mixture of avoirdupois unit monolayer transfer and cyst 

fusion may be accustomed generate SLB. During this technique, liposomes square measure consolidated 

to a predeposited monolayer of lipoid. The tactic permits formation of uneven bilayers. 

 

 (2) POLYMER-SUPPORTED LIPIDE BILAYER: the space between the SLBs and therefore the 

underlying supports is often zero.2–1 nm, which implies there's hardly any free volume beneath the 

lipide layer. This hamper inserting supermolecule, finding out membrane transport processes, and 

establishing chemistry gradients across the bilayer. ways are projected to extend the space between the 
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bilayer and therefore the solid support: the utilization of chemical compound cushions, spacer lipids, and 

surfaces mottled with completely different thiol compounds. 

Various compound films are used as cushions for SLB. polythene glycol (PEG), polysaccharide and 

dextran square measure among the foremost unremarkably used chemical compounds for creating 

polymer cushiony SLB .hydrated chemical compound cushion acts as a spacer and a lubricating layer 

between the lipide bilayer and therefore the substrate and assists self-healing of native membrane defects 

.In addition to a padding chemical compound film, various ways embrace self-assembled monolayers 

(SAMs) and therefore the use of adsorbable  or certain proteins as a padding layer .One may conjointly 

directly tether the membrane to a lipide presenting chemical compound or amide layer.  

 

(3) PORE-SPANNING LIPIDE BILAYER: Black lipide membranes (BLM) square measure wide 

accustomed kind lipide bilayers spanning across apertures that square measure many many micrometers 

wide. One of the problems with BLM is that they need a brief period of time. Luckily the period of time of 

the BLM considerably will increase because the size of the aperture is reduced right down to many 

nanometers. Recently there are several efforts to arrange BLM on nano-sized pores. BLM square measure 

typically ready by painting, however instead, cyst fusion. The most challenge is to discover the formation 

of bilayer over the pores. The prevailing approaches square measure either tightened, slow and invasive 

or lack the required detection sensitivity. AFM and aroused Emission and Depletion Imaging (STED) 

have recently been accustomed discover and characterize nano-pore spanning bilayers. 

 

 (4) SUPERMOLECULE INCORPORATION INTO MEMBRANES: A technique that's conventionally 

accustomed insert trans-membrane proteins into supported lipide bilayers is to arrange proteoliposomes 

and prepare SLB by cyst fusion. This is much terribly difficult: there's no management on the orientation 

of the supermolecule and therefore the success of the tactic is proscribed to bound lipide compositions. 

what is more the slender spacing between the SLB and therefore the support hinders incorporation of 

enormous proteins like cellular adhesion proteins that will have intracellular domains larger than ten nm. 

This drawback will in essence be overcome by creating polymer-cushioned SLB or instead by nano-pore 

spanning bilayers. this is often a vigorous space of analysis and sure as shooting proteins, incorporation 

into bilayers and controlled distribution of incorporated proteins have already been with success 

achieved. 

 

Fig. 6: Supermolecule Incorporation into Membranes 
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LIPOSOME & ITS FUNCTION AS A DRUG DELIVERY MOLECULE 

LIPOSOMES: 

A cyst could be a spherical-shaped sac that's composed of 1 or additional lipoid bilayers that closely 

resembles the structure of cell membranes. The flexibility of liposomes to encapsulate deliquescent or 

lipotropic medicine have allowed these vesicles to become helpful drug delivery systems. 

 

COMPOSITION OF LIPOSOMES: 

 Liposomes are often composed of naturally-derived phospholipids with mixed lipide chains, like egg 

phosphatidylethanolamine, or of pure wetter elements like dioleoyl phosphatidylethanolamine (DOP). 

It’s common for liposomes to conjointly contain a core solution that's cornered by one or additional 

bilayers. The lipoid bilayers of a cyst will originate from natural sources that are biologically inert, 

immunogenic and exhibit a lower inherent toxicity. 

 

 

 

 

 

 

 

 

Fig. 7: Behaviour of lipid molecules on Biological membrane 

 

Classification of liposome’s 

The name liposome comes from the two Greek words 'lipos,' which means fat, and 'soma,' which means 

body. Liposomes will vary in size from 0.025 micrometers (µm) up to 2.5 µm vesicles. So as to see the 

half-life of liposomes, researchers should think about each the scale and variety of bilayers gift inside the 

cyst, as each of those properties play a job in determinative the drug encapsulation volume of liposomes. 

Liposomes will be classified as multilamellar vesicles or unilamellar vesicles, which may be more 

classified as massive unilamellar vesicles (LUV) or little unilamellar vesicles (SUV).  

 
Fig. 8: Different types of Liposomes 

SUVs are ‚small, unilamellar vesicles‛ or ‚Sonicated, Unilamellar Vesicles‛ and are typically ready by 

sonication employing a cup horn, bath, or probe tip sonicator. LUV is ‚Large, Unilamellar Vesicles‛ and 

might be ready by a range of strategies as well as extrusion (LUVET or ‚Large, Unilamellar Vesicles 

ready by Extrusion Technique‛), detergent chemical analysis (DOV or ‚Di-Octylglucoside Vesicles), a 

fusion of SUV (FUV or ‚Fused, Unilamellar Vesicles‛), reverse evaporation (REV or ‚Reverse 

Evaporation Vesicles), and fermentation alcohol injection. Unilamellar vesicles are ready from MLV or 

LMV (Large, Multilamellar Vesicles), the big ‚onion-like‛ structures shaped once amphiphilic lipids are 

hydrous. SUV are generally 15-30nm in diameter whereas LUV vary from 100-200nm or larger. LUV is 
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stable on storage, however, SUV can impromptu fuse after they drop below the state change temperature 

of the macromolecule forming the sac. 

 

LIPOSOME AS A DRUG DELIVERS 

Liposomes are wont to improve the therapeutic index of latest or established medication by modifying 

drug absorption, reducing metabolism, prolonging biological half-life, or reducing toxicity. This 

distinctive feature, let alone biocompatibility and biodegradability makes liposomes terribly engaging as 

drug delivery vehicles. Liposomes square measure vital candidates for the development of drug delivery 

systems. Recent studies illustrate the nice potential for the widespread adoption of liposomes in cancer 

treatment. These structures have major characteristics together with low toxicity, biocompatibility, lower 

clearance rates, the power to focus on cancer tissues, and controlled unleash of medication. Liposomes 

give many benefits over standard therapy through free drug treatment, as proved by the approval of 

Doxil. reckoning on the dimensions, lamellar range, and type and formulation of constitutes, there square 

measure many sorts of liposomes. Clinical usages of those systems cowl diagnostic, therapeutic, 

immunogen improvement. Drug and cistron delivery square measure 2 therapeutic aspects, during 

which liposomes may be effective because of their specific properties. several diseases were investigated 

relating to the involvement of liposomes in treatment and a few of the results were satisfactory. Among 

these diseases, cancer is that the most outstanding. during this regard, each imaging and therapy were 

surveyed by these structures. These studies result in numerous formulations of liposomes in many 

clinical phases on the market. To expand the fascinating aspects of drug delivery systems in clinical trials, 

a lot of investigations square measure necessary. 

 
Fig. 9: Liposome as potential drug delivers. 

 

ROUTES OF ADMINISTRATION AND BIODISTRIBUTION OF SLNS 

PARENTERAL ADMINISTRATION- Channel drug delivery took a significant leap when the 

prosperous development of the submicronic channel fat emulsion within the Nineteen Sixties. fast 

development of submicron emulsion based mostly merchandise, like Diazemuls (diazepam) and 

Diprivan (propofol), indicated the interest of pharmaceutical industries in mixture carriers. Since then, 

there are continuous efforts to develop novel mixture nanocarriers for improved channel delivery 

Scientists reviewed, the bioactivity of SLN when channel administration, i.e., tolerability, toxicology, 

cellular uptake, albumen surface assimilation, Materia medica, tissue distribution, and drug targeting. 

human Gasco and coworkers studied the Materia medica and tissue distribution of concealment and 

nonstealth SLN loaded with antibiotic when i.v. administration to rats and located prolonged circulation 
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time of SLN compared to the industrial antibiotic resolution. as compared with industrial camptothecin 

resolution, SLN was found to administer abundant higher AUC/dose and mean residence times (MRT), 

particularly within the brain, heart, and reticuloendothelial cells containing organs. the very best terrorist 

group quantitative relation of SLN to drug resolution among the tested organs was found within the 

brain. it absolutely was determined that shot reduced the biodistribution of SLN to any or all the tissues 

studied, whereas injection resulted in lower levels of etoposide-loaded SLN in RES made organs 

compared to free etoposide. SLN veteran considerably higher brain distribution when intraperitoneal 

injection, indicating its potential application in targeting etoposide to brain tumors. 

TRANSDERMAL ADMINISTRATION- Since the stratum lipids square measure found in high amounts 

within the penetration barrier, macromolecule carriers (liposomes, SLN, NLC, etc.) attaching themselves 

to the skin surface and permitting macromolecule exchange between the outmost layers of the stratum, 

and therefore the carrier seem promising (78). Incorporation of SLN dispersion in AN ointment or gel, by 

reduction of the macromolecule content of the SLN dispersion, is important to realize a formulation 

which will be simply administered to the skin (3). The cosmetic field offers attention-grabbing 

applications of SLN because of their ultraviolet light reflective properties. ultraviolet light coefficient is 

said to the solid-state of lipids and wasn't evident in Nano emulsions of comparable composition. These 

observations open a replacement application space for the event of SLN-based ultraviolet light protecting 

systems.  

 

PULMONARY ADMINISTRATION - Growing attention has been given to the potential of the 

pulmonic route as an alternate to the non-invasive native and general delivery of therapeutic agents 

victimization macromolecule particles since it provides an outsized absorb facient tissue layer space. The 

respiratory organ offers an outsized extent for drug absorption and therefore the alveolar animal tissue 

permits fast drug absorption. What makes pulmonic administration of the many medication terribly 

promising, significantly for proteins and peptides, is that the presence of assorted metabolic activities and 

pathways, which can show a discrepancy from those gifts within the duct. The superior chemical science 

characteristics of SLNs build them additional appropriate as AN applicable delivery system because of 

the correlation between the diameter at intervals the nanometric vary, biocompatible composition, and 

deep-lung deposition ability. Prolonged drug liquid body substance concentration and respiratory organ 

retention square measure each doable by suggests that of the particulate mixture drug carrier system as 

well as SLNs.  

 

OCULAR ADMINISTRATION- Eyes square measure among the foremost without delay accessible 

organs in terms of their location within the body, nevertheless drug delivery to eye tissues is especially 

problematic. Delivery of medication via nanotechnology-based merchandise fulfills 3 main objectives: 

increased drug permeation, controlled drug unleash, and better targeting potential. Atacama et al. ready 

metal diclofenac-loaded macromolecule nanoparticles combining the homolipid from goat (goat fat) and 

a lipoid, with high encapsulation potency applying hot aggressive blend technique. Administration of 

this formulation to bioengineered human membrane incontestable sustained unleash of the analgesic 

drug. Moreover, permeation of metal diclofenac through the tissue layer construct was improved by 

surface craft of nanoparticles with a lipoid that showed higher performance for ocular administration. 

TARGETING EFFICIENCY OF SOLID LIPID NANO PARTICLE ACROSS THE BARRIERS 

One of the foremost difficult aspects of pharmaceutical analysis is that the targeted delivery of drug 

molecules to a selected organ, tissue, or specific cellular web site. By developing mixture delivery systems 

like liposomes, micelles, and nanoparticles, a replacement frontier was opened for rising drug delivery. 
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BRAIN TARGETING- Nanosystems utilized for the event of drug delivery systems supposed for system 

targeting embrace chemical compound nanoparticles, nanospheres, nanosuspensions, nanoemulsions, 

nanogels, nano-micelles, nano-liposomes, nanofibres, nanorobots, solid lipide nanoparticles (SLNs), 

nanostructured lipid carriers (NLCs), and lipid drug conjugates (LDCs). The foremost formidable 

obstacles that always impede drug delivery to the brain square measure characterised by the presence of 

comparatively water-repellent epithelium cells with tight junctions, protein activity, and therefore the 

presence of active outflow transporter mechanisms like P-glycoprotein outflow. However, the 

appropriate and biocompatible nature of SLNs makes them less toxic  compared to chemical compound 

nanoparticles and that they square measure haunted by the brain as a result of their lipidic nature. SLNs 

below two hundred nm have inflated blood circulation and thus a rise within the time throughout that 

the drug remains in touch with BBB and is haunted by the brain. 

Several scientists prompt that the existence of an on the spot nose-to-brain delivery route for 

nanoparticles administered to the cavity and transported via the modality animal tissue and/or the 

nervus trigeminus nerves on to the system has relevancy within the field of drug delivery likewise as 

new developments in engineering science. Proteins and peptides (P/P) are observed as holding nice 

promise for the treatment of varied neurodegenerative diseases. a serious challenge during this regard, 

however, is that the delivery of P/P medication over the blood-brain-barrier (BBB). Technology-based 

approaches (comprising functionalized nanocarriers and liposomes) and pharmacologic methods (such 

because the use of carriers and chimeral amide technology) seem to be the foremost promising ones to 

facilitate increased P/P drug delivery over BBB. 

 

MICROPHAGE TARGETING- 

Macrophages play a central role in mediating inflammatory responses and additionally function a 

reservoir for microorganisms concerned in dangerous infectious diseases. the utilization of drug-loaded 

nanoparticles represents an honest different to avoid or a minimum of decrease facet effects and increase 

effectuality, compared to potent medication which regularly induce unwanted facet effects once applied 

as free forms for treating macrophage-mediated diseases. 

 

EPIDERMAL TARGETING- bird genus et al.formulated solid lipide nanoparticles loaded with 

podophyllotoxin (POD) stable with Poloxamer 188 (P-SLN) and Polysorbate eighty (T-SLN) and 

evaluated them as topical carriers for stratum targeting of POD. Penetration of POD from P-SLN, by 

microscopy, looked as if it would follow 2 pathways on the corneum and follicle route. Imaging disclosed 

that P-SLN had a powerful localization of POD among the cuticle. To sum up, P-SLN provides an honest 

stratum targeting impact and perhaps a promising carrier for topical delivery of medicine like POD. 

 

APPLICATIONS OF SLNs: 

To the solid macromolecule nanoparticles, that forms the idea of perishable and biocompatible mixture 

drug delivery systems. SLNs realize potential applications within the following areas of interest: 

 

COSMECEUTICALS 

SLN are used for dermal application of cosmeceuticals like molecular sunscreens (110) and as carriers for 

actinic radiation blockers. Cosmetic advantages of macromolecule nanoparticles include improvement of 

the chemical stability of actives, film formation on skin, controlled occlusion, skin association, drug 

targeting, increased skin bioavailability and physical stability of macromolecule nanoparticles as topical 
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formulations. Associate degree in vivo study showed hyperbolic skin association, by 31 %, when four 

weeks when addition of four nada SLN to a conventional cream formulation. 

 

TOPICAL DELIVERY 

Among macromolecule nanoparticles, each SLN and NLC are utilized in topical application of various 

pharmaceutical actives like podophyllotoxin (90), tretinoin, isotretinoin, Ansaid, psoralen, vitamin A. 

Lipid-based nano formulation fulfils 3 main objectives: controlled drug unleashes, increased drug 

permeation and web site specific drug delivery. Dermal penetration barriers contain a high concentration 

of dermal macromolecules and lipid primarily based carriers seem to be promising by attaching 

themselves to the skin surface, permitting macromolecule exchange between the outer layers of stratum. 

. 

GENE VECTOR CARRIER DELIVERY 

Rapid elimination of naked inclusion desoxyribonucleic acid from the circulation when endovenous 

administration calls for the event of associate degree optimized desoxyribonucleic acid delivery system 

for effective and undefeated clinical use. Cationic solid macromolecule nanoparticles will bind to the 

desoxyribonucleic acid directly via electricity interactions, thereby mediating factor transfection in vitro 

likewise as in vivo (117) and acting as a non-viral factor delivery vector carrier for desoxyribonucleic acid, 

plasmid DNA and nucleic acids. 

 

CHEMOTHERAPY 

Khuller and associates exploited the chemotherapeutical potential of oral solid macromolecule 

nanoparticles for the delivery of antitubercular medication like rifampicin, INH and pyrazinamide. The 

system was found to cut back the dosing frequency and enhance patient compliance. SLN-based 

metastatic tumor drug delivery systems are shown to be superior over the conventional ones and 

promising for improved cancer therapy. Antibiotic drug, an associate degree cancer drug encapsulated 

into PLN, a sophisticated sort of SLN, was found to be terribly effective in treating multidrug resistant 

carcinoma. Exalting effectiveness and neoplasm targeting are reportable to be increased with SLNs 

loaded with varied anticancer medication like antibiotic drug and mitoxantrone. 

 

VACCINE ADJUVANT 

Adjuvants area unit utilized in vaccination to boost the response. The lipid--based nanocarriers for 

substance delivery primarily embody liposomes, immune stimulating complexes (ISCOMs), and NLC, 

once more a sophisticated sort of SLN. Major characteristics that build nanocarriers distinctive 

immunogen adjuvants area unit foremost their effective increase of the number of antigens reaching the 

system, second that they management the discharge of antigens over prolonged periods of your time and 

at last that they'll add their immunostimulant or immunomodulating actions synergistically to their 

primary substance delivery function. 

 

FUTURE PROSPECTS 

1. The primary generation is all concerning material science with sweetening of properties that are 

achieved by the incorporating "passive nanostructures".this may be within the kind of coatings and/or the 

utilization of carbon nanotubes to strengthen plastics. 

2. The second generation makes use of active nanostructures, for instance, by being bioactive to supply a 

drug at a selected target cell or organ. this might be done by coating the nanoparticle with specific 

proteins. 
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3. The complexness advances any within the third and fourth generations. beginning with Associate in 

Nursing advance Nano system for e.g., nanorobotics and moving on to a molecular Nano system to 

regulate growth of artificial organs within the fourth generation of nanomaterials. 

 

CONCLUSION 

The use of NPs for cancer therapeutics has been exponentially increasing over the past few years and as 

discussed significant achievements has been made in this field of drug delivery. In the near future, this 

area of research is anticipated to lead to the development of novel, sophisticated multifunctional 

applications that can encompass the desired goals of early detection, tumor regression with limited 

collateral damage and efficient monitoring of response to chemotherapy. Therefore, NPs in the 

pharmaceutical biotechnology sector serve to improve the therapeutic index of drugs. Research should 

continue in such a direction to supply improved effectuality, drug loading, targeting and lowering of the 

drug dose, thereby overcoming the toxicity challenges of this carrier system. additionally, structure and 

dynamics of SLNs on the molecular level, each in vitro and in vivo, stability, targeting, toxicity and 

aspects associated with interactions of SLNs with their biological close create a challenge that ought to be 

explored within the close to future by varied analysis teams round the world. No work done so far 

regarding Cancer therapy, Plastic surgery in the field of Pharmaceutical industry, Cosmetic industry. So, 

there is a huge scope for astonishing invention on the particular field. There is a future prospect by 

adopting modern scientific invention for sterilization and lyophilization of SLN’s. Advancement in the 

application of Biomedical membrane with advance technology can modify behavior of Lipid 

nanoparticles on biological membrane. In the Pharmaceutical industry Liposome can make an 

astonishing effect as drug delivery molecule and can also be modify different type of administration on 

the different parameters i.e., Toxicology, Albumin surface assimilation, Tolerance, Tissue distribution, 

Drug targeting, Drug permeation and better targeting potential with fast drug absorption. This research 

work can also create a useful impact over various delivery system including vaccine adjuvant which will 

boost up Pharmaceutical Industry to invent different vaccine and development it’s better response 

toward various kind of epidemic related disease for finding a better result. This research can also write 

up the vaccine development sector by advance technologies and methods. Hence, there are no plenty of 

work has been done on this topic which will cover various sector and can bring changes for better human 

lifestyle across the globe. 
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ABSTRACT 

Acid rain, acidic nature of the soil and acids in the water bodies are a matter of great concern as gradually 

rising day by day in the different parts of the world. Forest of France, Canada, Germany gets badly 

affected due to acid rain. In India it is reported from Pune Maharastra, Singrouli Madhya Pradesh, 

Panipat Haryana, Bubneshwar, Tiruanatpuram etc. So, it is important to elaborate the causes, its adverse 

impacts and to find the possible mitigating measures. Here, study reveals that its basic sources are oxides 

of nitrogen and sulphur produced as a by-product on combustion of the fossil fuels (coal and petroleum). 

Marble cancer or colour fading of Tajmahal is well known worldwide, is one of the serious threats. It also 

adversely affects the productivity of the water bodies and observed negative impact on the growth of 

reared fishes and other aquatic animals tabulated below. Oxides of Nitrogen along with the Ozone and 

methane can also form secondary air pollutant in the presence of UV radiations i.e., Peroxyacetyl Nitrate 

(PAN) which has serious ill effects on human respiratory system. Use of Non-conventional sources of 

energy may be the possible suggestion and establishment of industries; refineries should always be away 

from the localities could minimize the acid rain. 

 

KEYWORDS: Acid Rain, water, UV, SO2. 

 

INTRODUCTION 

Rainfall or any other kind of precipitation with pH value less than 5.65 is considered as acid rain as per 

the Indian meteorological department. It is harmful to the vegetation, soil, Monuments, aquatic life etc. 

This precipitation usually has sulphuric acid (H2SO4), Sulphurous acid (H2SO3), Nitrous Acid (HNO2), 

Nitric acid (HNO3), Carbonic acid (H2CO3) and sometime Hydrochloric acid (HCl). Deposition of acidic 

substance along with the fog or dew drops sometime forms smog is also a great matter of concern. 

 

ACID RAIN:  

In the year 1994; more than 20% forest were devastated due to acid rain in France (France, nation 

encyclopedia). At that time it was the 11th most Carbon emitting country i.e., about 362 million metric 

tons per year. As carbon dioxide gets mixed with the rain water and forms weak carbonic acid that makes 

the rain water acidic but it doesn’t have any adverse effect because of its weak acidic nature. In North 

America reduction in fish number was also observed in the water bodies due to acidic deposition.  In 
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Canada more than 300,000 lakes are vulnerable to acidic deposition, consequentially few species may be 

endangered or going to extinct (Acid Deposition and Precipitation).  

 

CAUSES OF ACID RAIN 

Two kinds of contaminants cause acid rain.  

 

1. GASEOUS CONTAMINANTS: Major causal agents are found in the gaseous states called 

contaminants as Hydrochloride gas (HCl) is directly released into the atmosphere from the industries. On 

burning of fossil fuels i.e., coal and petroleum impurities like Sulphur (S) and Nitrogen (N) also gets 

oxidized. And these oxides of sulphur and Nitrogen are also released into the atmosphere. 

             HCl (g) + H20     HCl (Aqueous Solution) 

             S + O2      SO2 

             S + 3/2O2      SO3 

            1/2N2 + O2     NO2 

             N2 + 2O2      NO 

            N2 + 1/2O2     N2O 

 

When these oxides get mixed in rain water then respective acids are formed which leads to acid rain. 

These reactions require energy to proceed which is supplied by lightning, sunlight and ultra violet 

radiations. Consequently Sulphurous acid, Sulphuric acid, carbonic acid, Nitric acid and Nitrous acid etc. 

cause wet deposition. 

           NO+ H2O      HNO3 

           SO2+ H2O      H2SO3 

           SO3+ H2O      H2SO4 

 

2. DRY DEPOSITION: Running of water through the sulphur ores and ferric ores enhances the acid in 

the water bodies. Acidic particles can also be deposited on the foliage leaves, plants, buildings etc. Eg; 

Mercury, Aluminium binds with water and causes severe ill effects like Alzheimer disease, Minamata 

disease etc. This acidic water flows over the ground and may also contribute in the leaching of other 

metals. So, it causes a potential threat to the underground water pollution. Also affects the vegetation 

adversely as the required minerals washed away swiftly.   

 

VARIOUS SOURCES LEAD TO ACID RAIN 

Volcanic eruptions, Natural decaying of plants & animals and mining activities are the major sources of 

acid rain. Mostly impurities of sulphur and Nitrogen are found in the fossil fuels. Natural oxidation of 

sulphur, Nitrogen and their dissolution in water leads to acid rain.  Oxides of sulphur like SO2 or SO3 are 

released from the oil refineries, smelters, pulp mills, Natural gas processing unit and Thermal power 

projects. When these oxides combine with H2O vapour then Sulphurous or sulphuric acids are formed. 

And to proceed the reaction energy source is lightning.  
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Fig. 1: NOx Emission Sources 

 

SOURCES: European Union emission inventory report 1990- 2016 of NOx production. 

IMPACTS: Oxides of Nitrogen reacts with O2 and form their derivatives. These oxygenated derivatives 

may contribute in the formation off particulate matter (PM). These particulate matters can easily reach to 

your respiratory system, which may give rise to number of respiratory disorders. 

 

MITIGATING MEASURES: National Emission Ceiling directives are framed in EU to minimize the 

NOx emission in order to meet the Ambient Air Quality should be made mandatory to all the industries 

if have NOx emission. Harmful NOx can be converted into the NO3 which can easily be washed and 

comparatively unstable so consequences are less harmful (Paraschiv et.al. 2019). 

 

SO2 AND ITS SOURCES 

SO2 is produced as a by-product of burning of fossil fuels. It is also produced through the different 

sources depicted below in the pie chart. Smelters are also the major sources as sulphide are heated up to 

remove sulphur from the Ores in order to purify the metals. Number of secondary pollutants is also 

getting developed from it in the nature i.e., Sulphate aerosols, Particulate matter and acid rain.  

 

 
Fig. 2: SOx Emission Sources 

 

SOURCES: European Union emission inventory report 1990- 2016 of SOx production. 

 

IMPACTS: It leads to respiratory diseases like asthma and bronchitis. Also decreases visibility (Haze). 

Lichens are highly sensitive to SO2. If the contamination rises above the 75ppb in the atmosphere then the 

lichens get vanished from that area. Thus, lichens are the natural indicators of SO2 pollutant in the air.  

NOx Emission Sources

Agriculture 2 %

automobiles 40%

Energy 41%

Industries 17%

SOx Emission Sources

Agriculture 13 %

Automobiles 10% 

Energy 28%

Industries 48 %

Waste 1 %
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It is also observed that on increasing the concentration of SO2, functioning of the heart in Mice gets slower 

and slower (Zhang Q et.al. 2012). Heart modulation is also observed even at low concentration of SO2. 

Secondary pollutants derived from the SO2 are Aerosols. Its aerosols are having significant contribution 

in the Earth’s Albedo. Means enhances the whiteness of the earth. So, lot of solar radiation received by the 

earth is reflected back as it is & it may decrease the Gross Primary Productivity of the different 

Ecosystem. It also affects the temperature and may change the weather conditions of the particular zones.  

SO2 reacts with O2 and gives SO3. It is unstable comparatively. So, reacts with some other compounds of 

the nature and from particulate matter (PM). PM means solid particles or liquid droplets in the air. Their 

size may vary from 2 to 10 micron. Less than 2.5 Micron size PM from your lungs may diffuse into the 

blood stream. And if the particle size is more than 2.5 micron to 10 micron then they can easily be inhaled 

but remain harmful to the lungs only.  

 

MITIGATING MEASURES 

 Standard norms are framed by the US EPA in the year 2010 for the SO2 emission, as its hourly 

emission must not be more than 75 ppb and emission of the secondary derived pollutants must not be 

more than 500 ppb in three hours (Europian Environmental Agency report, 06 /2018). 

 By the catalytic convertors SO2 can be converted into SO3. These converters can be used over the 

chimneys or in the Silencer of the automobiles. SO3 are not as harmful as the SO2 is due to its instability. 

So, just after its formation, it gets modified into sulphuric acid as it takes water from the nature.  

 

            2SO2 + O2      2SO3 

            2SO2 + O2 + H2O                       SO3 + H2SO4 

            SO3 + H2O      H2SO4 

 

 Use of lime also mitigates the acidic nature of the artificial water body. And it also controls the 

acidic pH of rain water potentially as Soil of Indian continent is rich in the lime stone. 

 

ACID RAIN IN INDIA 

It is reported in the study conducted by team of scientists, Indian Institute of Tropical Meteorology, Pune 

for the three decades i.e., from the year 1980 to the year of 2010. In Industrial areas Chembur (pH<4.8), 

Colaba, Kalyan (pH<5.28) in Mumbai, state of Maharastra; National Thermal Power Corporation Singrouli 

(pH<5.3) in Rewa division of Madhya Pradesh; Panipat (pH<5.6) in Haryana state; the capital of India 

Delhi (pH<5.6) also receives the acid rain. Rural areas of Bhubneshwar, Orissa also receives the acidic rain. 

In Pune, Maharastra the rain fall is shifting from basic (pH 7.5) to acidic (pH<6.2) from 1986 to 1998 

respectively. So, we can clearly conclude that the acid rain is increasing due to increase in the industries 

of that area or nearby.  Also reported in Agra specially near by the Mathura refinery, Uttar Pradesh.  

North and northwest part of India are reported with normal rainfall, means pH remain 7 or more than but 

southern part of India. Silent Valley; Tiruanantpuram also receives acid rain because of acidic deposition 

in the soil. Nature of soil is also acidic in that region. In most part of the India, soil is basic due to its 

calcium rich nature, so it gets neutralized but up-to which times such kind of neutralization will be 

managed by the nature; that’s why environmentalists are greatly concern about it. 

Mathura refinery and Tajmahal 

Mathura oil refinery is situated approximately in the radii of 50Km from the Tajmahal. During the 

process of refining lot of sulphur Oxides are released in to the air through there chimneys. Along with the 

rainfall, it falls over the white marbles of the Tajmahal. Here, acid combines with base resultantly 
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neutralization reaction proceeded and new salts are formed. Thus, colour of the Tajmahal gets faded off. 

It is also famous by the name of Marble cancer. 

 

 CaCO3+ H2SO4                                                 CaSO4 + H2O + CO2 

 

MITIGATIONS:To minimize the production of SO2 catalytic converters can be used and SO2 will be 

converted into SO3 and H2SO4 and the produced SO3 is unstable which readily reacts with water and from 

sulphuric acid. The derived sulphuric acid can be used for industrial purposes.  

 

IMPACTS OF ACID RAIN 

1. CORROSION OF MONUMENTS:- 

Marble and lime stones are composed of Calcite (CaCO3). Granite is composed of silicate and feldspar so 

doesn’t get affected negatively, similarly sandstones also remain ineffective from the acid rain but if it has 

gypsum then it is sparingly soluble in water and reacts with acidic water as it also shows basic nature. It 

corrodes the monuments specially made up of limestone; also famous as marble cancer or yellow cancer. 

Marble is chemically Calcium Carbonate which reacts with acids received in acid rain and leads to 

neutralization chemical reaction. Thus new substances are formed that’s what the reason of colour fading 

of Tajmahal and other monuments.  

 CaCO3 + 2 HCl                                             CaCl2 + H2O + CO2 

 CaCO3 + HNO3                                   Ca (NO3)2 + H2O + CO2 

 CaCO3+ H2SO4                                            CaSO4 + H2O + CO2 

 

Other things like paint of cars and other vehicles also get corroded of. It also accelerates the process of 

rusting and corrosion in different metals. 

 

LEACHING:-  

Draining out of themetals like Calcium (Ca), magnesium (Mg), Aluminium (Al), Copper (Cu), Lead (Pb), 

Cadmium (Cd), Mercury (Hg) etc. from the soil is also observed as a consequence of acid rain. It is now 

experimentally proved that the rate of leaching enhances as far as the pH decreases. Due to acid rain most 

of the metals of the rocks may react with it and gets dissolved in it. Ultimately these metals reach into the 

water bodies. 

 Hg + 2H2SO4                                                   HgSO4 + 2H2O + SO2 

 2Al + 3H2SO4                                                  Al2 (SO4)3 + 3H2 

MITIGATING MEASURES: Go with the nature. As Oyester Shell powder absorbs about 78% to 80% 

mercury and lead (Torres-Quiroz C & et.al. 2021). It is experimentally proved. So if soil is acidic and if 

possesses heavy metals then the rearing of mollusks in that area may bind with their shell and problem of 

leaching can be reduced immensely. 

Bio-char (charcoal), red mud and Steel slag can also be used to minimize the heavy metal content 

form the polluted soil (Derakhshan & et.al. 2018). 

 

pH AND RATE OF PHOTOSYNTHESIS 

pH alone does not affect the rate of photosynthesis directly. But due to acidic environment leaching 

occurs which reduce the number of minerals in great extent from the water bodies and soil as well. So, 

water absorbed by the plants will have low amount of micronutrients. Thus primary productivity gets 

reduced in the acidic water bodies up to large extent.  
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Diatoms are highly sensible to low pH, then can’t survive below the pH value of 3.5.Few members of 

Rhodophyceae like Galdieria and cyanidium can survive in acidic medium also easily. 

 

ACID RAIN AND PLANTS 

Stunts of the plants can be seen at Jezera Mountains in the Czech Republic as a result of acid rain as 

described by the Lovecz. Source: Wikimedia.org.  Evergreen forest of the Germany gets converted into 

the black forest due to acid rain of acidic fog. Here, most of the pine green leaves gets dried up and 

changed into the black. Their trunk or tree bark also became black because of the acidic environment. 

Thus, immense loss of the greenery occurs due to acidic environment.  

 

LEACHING OF ALUMINIUM AND PLANT GROWTH 

Aluminium is most abundant metal found on the earth’s crust i.e., approximately 8.1% but it is a reactive 

metal so found in the form of minerals i.e., Bauxite (Al2O3.2H2O), Clay/ Kaolinite (Al2O32SiO2.2H2O) or 

Cryolite (Na3AlF6). It reacts with the acids easily due to its reactive nature. Its oxides are amphoteric in 

nature means can react with both acids as well as bases. 

 2Al + 3H2SO4     Al2 (SO4)3 + H2 

 Al2O3 + 3H2SO4     l2 (SO4)3 + 3H2O 

The daily intake of Aluminium for the children is recommended 2-6mg/Kg and for the adults it is 6- 

14mg/Kg of their body weight, as per the recommendation of WHO and FAO. It is obtained mostly 

through the cheese, cereals, milk and salts etc. Few plants show tolerance Eg; Eugenia dysenterica shows 

tolerance even at its higher level but few gets affected adversely (Almeida Rodrigues A & et.al; 2019). It 

inhibits the seed germination at its higher concentrations i.e., on or > 600 – 800 micromole/liter of water 

for the above mentioned plant. Its leaching enhances in the water due to acid rain, thus, its content in the 

water will become more. Few plant roots exudates (result of inflammation) at higher level of Aluminium. 

Aluminium is required in the constant amount to the different animals and plants. But as a result of 

leaching its amount got decreased in the water bodies, so number of phyto-planktons, mayflies, trout, 

spotted salamander, frogs and other animals gets affected due to lack of it consequently, increase in acidic 

nature of the water bodies is observed. Thus food web also gets affected negatively specially of the lentic 

water (stagnant water). Soil lacking in Aluminium also reduces the water absorption from the soil 

(Starska K et.a., 1993). 

 

LEACHING OF MAGNESIUM 

It is also a consequence of acid rain. Magnesium also leaches out due to acid rain from the soil as it is also 

a reactive metal. It reacts with the acids in the following manner. Respective chemical reactions are 

mentioned below. Different salts are formed which are easily soluble in water. So, easily be washed away 

from the soil. This is phenomenon is widely known as leaching. 

 

 Mg + 2HCl     gCl2 + H2 

 Mg + H2SO4    MgSO4 + H2 

 Mg + 2HNO3    Mg (NO3)2 + H2 

 

Leaching of magnesium and calcium also affect the plant growth adversely. Both these are the macro-

nutrients. Magnesium is important for chlorophyll formation. Calcium is important to from the middle 

lamella, tissue strength and growth. Also play pivotal role in the activation of many enzymes and cell 
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communication.  So, adverse effects are observed on the plant physiology. These minerals can easily be 

replenished with the help of oyster shell powders contains lot of calcium.  

 

ACID RAIN AND CHLOROPHYLL 

Chlorophyll content gets reduced in the sensitive plants due to acid rain. Fruits, vegetable producing 

plants, leaves of deciduous plants are more sensitive to acid rain. Plants located on the hilly regions may 

usually get more affected due to the dry deposition of acidic oxides on their leaves. As chlorophyll 

contains Mg metal which is highly reactive to different acids. Consequently leaves get corroded off. 

Hence it reduces the primary productivity up to the remarkable extent. Acid rain also reduces 

approximately 6.7% chlorophyll content per degree of pH reduction. 

 

COMPARABLE EFFECTS OF NITRIC ACID AND SULPHURIC ACID OVER DIFFERENT 

ORGANISMS 

Both sulphuric acid and Nitric acid affect the different organisms. Actinomycetes and Gram negative 

bacteria are more sensitive to sulphuric acid. Initially they stimulate the litter decomposition at very low 

concentration but as soon as concentration raises decomposition rate decreases sharply. So, we can 

conclude that acid rain also affect the growth of decomposers adversely, as acids are corrosive in nature. 

In a study it is also observed that effect of nitric acid is more adverse on the microbes in comparison to 

sulphuric acid. 

 

ACID RAIN AND AQUATIC LIFE 

In Canada, number of lakes was observed acidic due to the accumulation of sulphuric acid in them. 

Oxides of sulphur were discharged into these lakes heavily emitted from the nearby smelters. 

Consequently few fish species got extinct as the acidic nature of the lake affects the physiology of fishes 

adversely. First, spawning of the fishes got decreased hence low production of eggs and they came on the 

verge of extinction and few of them got extinct. Secondly, it changes the calcium metabolism inside the 

fish bodies and again egg production also get reduced which leads to mass extinction. 

 

CRITICAL PH LEVELS FOR THE ORGANISMS 

Extremophiles are the class of bacteria which can tolerate the wide range of pH (Aguilera et.al. 2013).  

Few organisms that can’t survive below the critical pH value are listed below. When the aquatic animals 

take water for the breathing then automatically acid enters in their body. Then, first it disturbs the pH of 

blood as it is usually basic and has fixed pH value for each and every animal. Secondly; it causes 

dehydration of the cells so tonicity inside the cells becomes hyper and water scarce conditions may 

disturb the concentration gradient/ homeostasis of the cell. Consequently cells get shrunken up and die.  

Similar kind of physiology takes place in the plant body. Excess of acids dehydrates the guard cells of the 

stomata and make them close for longer period of time. So, proper gaseous exchange got affected and 

total rate of photosynthesis also gets affected negatively. Critical pH values are mentioned below for the 

different animals. If the pH decreases from this level then these organisms can’t survive in that 

environment and it will be the immense loss to the ecosystem as well as to the farmers. 
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Table 1: Different Organisms and its Critical pH value 

S. No. Name of the Organism Critical pH value 

1 Pila 6 

2 Salamanders 5 

3 Marine bivalves 6 

4 Marine lobsters/ Crayfish 5.5 

5 May fly 5.5 

6 Trout fish 5 

7 Perch fishes 4.5 

8 Frogs 4 

9 Diatoms 3.5 

 Source: Epa.gov (Europian Environmental Agency report 06/2018). 

 

ACID RAIN AND HUMAN HEALTH 

Oxides of Sulphur and nitrogen also cause respiratory illnesses like bronchitis, Asthma and accelerate the 

degree of other lung infections. Its effect on the human skin is very poor. Nitrogen oxides contribute in 

the generation of ground Ozone as well which is toxic to highly lethal to the humans and other animals 

too. It may cause pneumonia and bronchitis to us.  

 

SUMMERTIME AIR POLLUTANT 

Photolysis of Nitrogen di-oxide (NO2) occurs in the presence of UV-A radiations in the troposphere and it 

gets converted into Nitric Oxide (NO). 

 Sunlight/UV-A     NO2       

 NO + [O]        [O] + O2 O3 

 

Here [O] symbolize for nascent Oxygen which is highly reactive with other oxygen molecules. When 

ozone combines with methane, CO2 and fog then it forms Perxoyacetyl Nitrate (PAN) which is a 

secondary air Pollutant (Paraschiv & et.al. 2019). 

Thus, ozone (O3) is formed which is highly toxic if inhaled any way. Its formation accelerates at higher 

temperature especially above the 300C in the presence of sunlight. It is a part of photochemical smog, 

which may lead to serious breathing problems. It reduces the Gross Primary Productivity and affects the 

plant physiology adversely. Oxides of Nitrogen also lead to breathing problems like bronchitis and 

Asthma. It also hazes the environment and reduces the visibility (Forster B.A.; 1985). 

 

MITIGATIONS 

 Stringent implementation of the standard norms of the EPA (Environmental Protection Act) 

framed by the respective states, countries or UN should be ensured.  

 Government has to recognize the generation sites and should implement the standard rules 

strictly along with their continuous monitoring in order to meet the National Ambient Air Quality 

Standards.  

Devastating effects of the acid rain can be minimized by the integral efforts of industrialists with proper 

safety audit as per the ISO, EPA or implacable norms by the government agencies or any other reliable 

agencies in the defined time frame. Stringent laws framed by governments and by ensuring their effective 

implementation. Sincere efforts of the environmentalists can’t be forgettable as they aware the people and 
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governments by fetching their attention towards these issues and about their ill effects. To solve all such 

issues need of Research and Development should always be welcomed. 
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ABSTRACT 

Podophyllum peltatum L is a rhizomatous perennial and herbaceous plant that belongs to the Berberidaceae 

family. Based on traditional Indian Ayurveda practices, different parts of the Podophyllum peltatum rich 

source of podophyllin and podophyllotoxin are anticancer bioactive compounds.Podophyllotoxin is 

standardized and stable, while podophyllin is a variable and unstable compound. Researchers proved 

that podophyllotoxin was more effective and gave quicker exceptional results than podophyllin. 

Podophyllotoxin is a crucial substance for the semi-synthesis of many anticancer drugs, viz., etoposide, 

teniposide, and etopophos. The particular compounds have been used to treat lung and testicular cancers 

and certain leukemias, psoriasis, and malaria. Notable findings observed about podophyllotoxin and its 

derivatives for its antineoplastic activity have also been revitalized to manage cytokine storm difficulty in 

COVID-19 patients. This finding has given a new era to studying and identifying the bioactivity of 

podophyllotoxin and its derivatives to be explored. Due to their high demand in pharmacognosy and 

phytochemistry, many approaches and the need to devote exertion towards sensibly designing the new 

generation of podophyllotoxin-derived compounds.There are fewer data available about this Podophyllum 

peltatum L. With this, we begin by presenting basic morphological features, bioactive compounds, and the 

significance and mentioned Podophyllum peltatum L’s life cycles. We anticipate that this chapter will 

help the researcher study and identify Podophyllum peltatum L’s bioactive compound and explore their 

bioactivity.  

 

KEYWORDS: Podophyllum peltatum L, podophyllin, podophyllotoxin, anticancer, bioactive compounds. 
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COMMON NAMES: Mayapple, American mandrake, Wild mandrake 

 

INTRODUCTION  

Indian Ayurveda is an alternate medicine system with ancient roots. The Indian Medical Association 

labels ayurvedic practitioners who claim to practice ayurvedic medicine. Ayurvedic system of medicinal 

profoundly practiced in India and Nepal, where 80% of their population depends on it because it is an 

easy method that helps them combat diseases and illnesses and adore an improved quality of life. The 

COVID-19 pandemic has spotlighted immunity, prevention, and health, and the World has witnessed a 

fundamental shift toward Ayurveda for health and wellness amidst the COVID-19 pandemic. During this 

pandemic, people consider that to strengthen the ability to fight the diseases. Individuals increasingly 

depend on prophylactic health remedies and methods to boost immunity based on the urgency. Against 

this backdrop, alternative medicine, especially Ayurveda, has come into the limelight like never before. 

While Ayurveda has always been a popular healing system in India, we are now at the precipice of an 

explosive growth period for the area. 

Similarly, various trends will define this fast-growing area over the predictable future. Previously the 

theory and practice of Ayurveda were pseudoscientific. The current scenario has been changed with ever-

increasing attentiveness to the effectiveness of natural and traditional medications. And a surge arose in 

research and developmental activities, less dependency on the allopathy healthcare system, the 

emergence of self-learned customers. Also, the prevalence of chronic ailments could help expand the 

scope of Ayurveda across the World. So most researchers are now thinking about the active principle of 

the plants (Pagadala et al., 2021). Though it's an old practice in India to purify bioactive compounds from 

the plants, now there is a surge to work on the bioactive compounds. 

Podophyllum is a rhizomatous perennial and herbaceous plant that belongs to the Berberidaceae family. 

Previously Linnaeus in 1753 was described as a genus. Earlier, many species were counted under this 

genus. Later all shifted to the other genera, Dysosma and Sinopodophyllum. The only continuing species 

with this genus is Podophyllum peltatum L through the familiar names Mayapple, American mandrake, 

Wild mandrake, and ground lemon. Podophyllum peltatum is widely known as the American apple. It is 

pervasive across, in particular to the Eastern United States and Southeastern Canada. Parts of this plant 

are rich in podophyllin, a bitter testing resin containing the active ingredient podophyllotoxin is a highly 

toxic substance. Podophyllotoxin is an aryltetralin-type lignan isolated from the rhizomes of Podophyllum 

peltatum and Sinopodophyllum hexandrum Royle. Zinnia Shah et al., 2021 reviewed and revealed that 

podophyllotoxin is the congener material for synthesizing clinically viable anticancer drugs, for instance, 

etoposide, teniposide, and etopophos. These compounds are pharmacologically active and widely used to 

manage lung, testicular cancers, and certain leukemias (Yang et al., 2002). Podophyllotoxin is also the 

pioneer to a novel derivative C.P.H. 82 is a semi-synthetic lignan glycoside derivative tested for 

rheumatoid arthritis in Europe and precursor to other products used for the cure of psoriasis and malaria. 

Many podophyllotoxin preparations exist in the market for dermatological practice to heal genital warts. 

Subsequently, the complete synthesis of podophyllotoxin is a costly process. The availability of the 

compound from natural renewable resources is an essential issue for pharmaceutical companies that 

manufacture these drugs. 

 

BOTANICAL DESCRIPTION 

Podophyllum peltatum L is a woodland plant, and these plants naturally grow in colonies originating from 

a single root. The stems of the plant reach 30-40 cm tall in size. Leaves are palmately lobed umbrella-like 

structures with 20-40 cm diameter and 3-9 shallowly cut lobes deeply. Plant raises many stems from a 
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creeping underground rhizome. Some stems bear only leaf and do not produce flowers or fruit. In 

contrast, flowering stems have more leaves with 1–8 flowers in the axil between the apical leaves. The 

flowers are white, yellow, or red with 2–6 cm diameter with 6–9 petals and, when mature, the color of the 

flower turns into a green, yellow, or red fleshy fruit 2–5 cm long. 

The worst entity of this plant is that whole parts of the plant are poisonous, including the green fruit. Still, 

the best thing is ripened fruit means once the fruit has turned green to yellow, it does not produce any 

toxicity. Then anyone can safely eat it because unripe fruits and plant parts are affluent in the substance 

called Podophyllotoxin or Podophyllin. If consumed, podophyllotoxin is highly toxic, which can be used 

as a purgative and cytostatic. Posalfilin is a drug prepared from the podophyllum resin mixture of two 

active ingredients, podophyllin, and salicylic acid, which is used to treat verrucas and plantar warts. 

They are harmoniously grown as ornamental plants due to their eye-catching greenery and dazzling 

flowers. This pant is a larval host for the golden borer moth and May apple borer.  However, the 

communal name of this plant is mayapple, but in fact, it is the flower that appears in the early month of 

May, not meant the "apple. Whereas the fruit or "apple" commonly produced early ripens later in 

summer. This plant species contain mycorrhizae to assist with nutrient uptake in sterile conditions. 

Mayapple plants are obligate as well as facultative. The Allodus podophylli rust frequently infects these 

plants, which appear as honeycomb-patterned orange colonies beneath the leaves with yellowish lesions 

on the upper surface layer of leaves.  

DeMaggio and Wilson 1986 described the life cycle of Podophyllum peltatum. The appearance of two 

phases in the life cycle of Podophyllum peltatum may take place. The underground phase appearance of 

terminal bud forms at the edges of a rhizome during winter. The other phase is an aerial phase arrival of 

primordial structures with the winter bud generated into an aerial shoot next spring. An aerial shoot 

contains a stem, two leaves, and a single flower. When the apical meristem turns into a globoid structure, 

the alteration from a vegetative to a floral apex occurs at the end of July. In the first two weeks of August, 

the floral organs are constituted laterally to the edges of the floral peak elongated. The order of 

arrangement of the floral organs is sepals, petals, stamens, gynoecium, and stamens. Then the petal 

primordia are instigated in the first week of August. Still, development stops once they reach about 2 mm 

height, and this reluctance perseveres till the mid of May in the subsequent growing period when the 

petals grow to 12 mm within two weeks of the period.  

At blooming, the petals have distended to a length of 2 cm or additional. The gynoecium is generally 

composed of a single terminal carpel. Branches from a ventral bundle composite predominantly supply 

the ovules, enhanced by medullary bundles shaped in the base of the gynoecium, under the loculus. It 

might be claimed that these medullary bundles are enduring fragments of the vascular supply to a 

second carpel, no longer extant. A transmitting tract ranges from the stigma around half the distance to 

the loculus. The track is lined with unicellular epithelial cells and is open from the stigma to the loculus. 

 

PHARMACOGNOSY AND PHYTOCHEMISTRY 

The successive discovery of podophyllotoxin-group of drugs. F.D.A. approved anticancer drugs 

etoposide, teniposide and etopophos were derived from the parent compound podophyllotoxin, which 

was originally extracted from mayapple plant as a curative for various diseases. As the side-effects for 

podophyllotoxin and its primary derivatives became evident, less toxic derivatives NK611 reported by 

Mross et al., 1996; GL-311 (Lee and Huang et al., 2001), TOP-53 and azatoxin (Solary et al., 1996) and 

various others were designed and synthesized. The therapeutic use of these drugs is however, in fact, 

hindered by myelosuppression, development of drug-resistance and their cytotoxic activity towards 

normal body cells. On these accounts, the synthesis of new potent podophyllotoxin-derivatives such as 
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NK-611 structures of some of these derivatives. These have thence opened a window for virtual 

designing of unlimited podophyllotoxin-derivatives geared at improving clinical efficacy. These studies 

necessitate reviewing all the recent advancement made on podophyllotoxin. Furthermore, the extinction 

of podophyllotoxin plant sources shifted the focus towards source alternatives, which includes the 

manipulation of microbes for the purpose. Etoposide (VP-16, epipodophyllotoxin) is a semi-synthetic 

derivative of podophyllotoxin. And it is a nonalkaloid lignan isolated from the dried roots and rhizomes 

of Podophyllum peltatum or Podophyllum emodi belonging to Berberidaceae. This was approved by the 

United States of America long back for clinical use in the year of 1983. Though etoposide was synthesized 

many years ago, it is still widely used in chemotherapy to cure different cancer types, that includes small 

cell lung carcinoma, testicular carcinoma, leukemia, adrenocortical carcinoma, breast cancer or brain 

tumors (Noronha et al., 2020; Economides et al., 2019; Paragliola et al., 2020; Atienza et al., 1995; Ruggiero 

et al., 2020; Chen et al., 2013).Lee et al., 2021 described podophyllotoxin (P.T.), a lignan compound from 

the roots and rhizomes of Podophyllum peltatum, with diverse pharmacological activities, including 

anticancer effects on several types of cancer. And also proved its molecular mechanism of the anticancer 

activities of podophyllotoxin on colorectal cancer cells. Ivanova et al., 2021 proved antiproliferative 

activities of junipers are attributed to podophyllotoxin (PPT). They also stated podophyllotoxin is a 

precursor for synthesizing efficient anticancer drugs.  

 

CONCLUSIONS 

Many medicinal plants around the globe are significantly less harmful. But, plants like Podophyllum 

peltatum L are unique. However, they are highly poisonous when taken directly by mouth. Though the 

research started in this plant long back, the availability of literature is pointedly less. The polyphenol, 

alkaloids, nonalkaloids, and lignans of these plants are potential chemotherapy agents. They show many 

health-promoting properties, mainly antioxidant, anti-inflammatory, antibacterial, and anticancer agents. 

But it requires detailed in vivo research preceded by the development of effective methods of obtaining 

and administering polyphenolic drugs. This chapter aims to provide insight into Podophyllum peltatum L 

an anticancer plant and the research that takes place in this plant and hence helps delineate further 

investigations needed in this field. So here we are concluding that Podophyllum peltatum L an anticancer 

plant needs to come to lime for its medicinal properties.  
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ABSTRACT 

Imidazole derivative 1-{3-[1-(4-Chloro-4H-imidazole-3-lmethyl)-piperidin-4-ylamino]-6-fluoro-3H 

indazol-5-yl}-methadone synthesized by using imidazole, piperidine and oather flourier compounds and 

characterized by IR and mass spectral analysis.  

 

KEYWORDS: Imidazole, Piperidine, flourier, IR, mass spectra 

 

INTRODUCTION 

Most of the drugs belong to the class of heterogeneous compounds. Heterocyclic compounds played a 

vital role in the metabolism of all living cells; large number of them is five and six membered heterocyclic 

compounds having one to three heteroatoms in their nucleus [1, 2, 3, 4]. The compounds may be 

pyrimidine and purine basis of genetic material DNA, and these heterocyclic compounds may be isolated 

or fused heterocyclic systems. Some of the common heterocyclic compounds find in medicines are amino 

acids such as proline, histidine and tryptophan, the vitamins and coenzymes precursors such as thiamine, 

riboflavin, pyridoxine, folic acid, biotin, B12 and E families of the vitamins. There are vast numbers of 

pharmacologically active heterocyclic compounds, many of which are in regular clinical use. The 

pyrimidines and its derivatives have played vital role in biological properties [5, 6]. 

In recent years, novel synthetic strategies for the synthesis of chalcones have been developed, which 

found many advantageous over the classical acid/base catalyzed reactions. A solvent free reactions using 

zeolites, adopting microwave irradiation and ultrasonic reaction conditions, which avoids the use of 

carcinogenic solvents, higher reaction time, produces higher yields with greater stereo selectivity and 

happens to be environmentally benign. Grinding technique gives the very easy route for the synthesis of 

the chalcones, where the reactants with the added catalyst are grinded till a syrupy is obtained. The 

reaction doesn’t require any solvents and happens in solid/ liquid conditions. Microwave induced 

reactions involves the irradiation of the reactants with electromagnetic radiation of the frequency range 

0.3 to 300GHz. The basic criteria of these reactions are the molecule must possess permanent dipole 

moment which has the ability to absorb the microwaves in the gaseous phase, and convert it into heat. 

The reaction time was greatly reduced from hours to minutes [7, 8, 9]. 

Imidazole derivatives play a central role in the process of discovery of drugs because of their wide range 

of chemical reactivity and manifold biological activities. Different substituted imidazoles show 

antibacterial, anti-inflammatory, anticonvulsant, anthelminthic, antiulcer, antiviral, antitumour, 

antispasmodic, antioxidant and antitubercular properties. This chapter describes the crystal and 

molecular structures and geometrical parameters of six imidazole derivatives. The compounds studied in 
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this chapter focuses on the crystal and molecular structures of imidazole with substitutions at positions 1, 

2, 4 and 5. 

 

4–(4,5–Diphenyl–1H–imidazol–2–yl)–N, N– dimethylaniline 

Benzil (1 mmol), N, N-dimethyl benzaldehyde (1 mmol) and ammonium acetate (2 mmol) were dissolved 

in boiling glacial acetic acid and refluxed for 5–6 hours. The progress of the reaction was monitored by 

thin layer chromatography. After completion of reaction, the mixture was poured into ice-water to obtain 

the title compound 4–(4,5–Diphenyl–1H–imidazol–2–yl)-N, N-dimethylaniline. The compound was then 

crystallized by slow evaporation in dimethylformamide to obtain white crystals suitable for X-ray 

diffraction studies. A schematic representation of the two dimensional structure of the molecule is shown 

in Figure 1. 

 
Figure 1: Schematic representation of the structure of the molecule 

 

A white block shaped single crystal of the title compound C23H21N3 with dimensions 0.17×0.19×0.24 mm 

was chosen for X-ray crystallographic studies. The procedures employed for data collection and 

reduction are explained. All the frames could be indexed using a primitive monoclinic lattice. The 

structure was solved by direct methods using SHELXS [10] with Rint and Rsigma values of 0.061 and 

0.063 respectively. 2000 phase sets were refined with the best phase set having combined figure of merit 

of 0.067. Using the normalized structure factors with these phases, a total of 451 phases were generated 

with RE value equal to 0.300. A full–matrix least squares refinement using SHELXL [10] with isotropic 

temperature factors for all the atoms converged the residuals to R1 = 0.202. The refinement of the non-

hydrogen atoms with anisotropic parameters was started at thisstage. 

 

4,5–DIPHENYL–2–(3,4,5–TRIMETHOXYPHENYL) –1H–IMIDAZOLE 

 
Figure 2: Schematic representation of the structure of the molecule 

 

Benzil (1 mmol), 3,4,5-trimethoxy benzaldehyde (10 mmol) and ammonium acetate (20 mmol) were 

dissolved in boiling glacial acetic acid and refluxed for 5–6 hours. The progress of the reaction was 
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monitored by thin layer chromatography. After completion of the reaction, the mixture was poured into 

ice water to obtain the title compound, 4,5–Diphenyl–2–(3,4,5–trimethoxyphenyl)– 1H–imidazole. The 

compound was then crystallised by slow evaporation in dimethylformamide to obtain white crystals 

suitable for X-ray diffraction studies. A schematic representation of the two dimensional structure of the 

molecule is shown in Figure 2. 

The dihedral angle values between the plane of the phenyl ring C6/C7/C8/C9/C10/C11 and the plane of 

the imidazole ring N1/C2/N3/C4/C5, 46.9 (2)◦ in A and 38.8(1)◦ in B differs from the dihedral angle value 

of 68.2(3)◦ reported earlier for 1–(4–Chlorophenyl)–4,5–diphenyl–2–(3,4,5–trimethoxyphenyl)– 1H– 

imidazole [25]. Also, the dihedral angle values between the plane of the phenyl ring 

C12/C13/C14/C15/C16/C17 and the imidazole ring N1/C2/N3/C4/C5, 40.2(2)◦ in A and 46.2(1)◦ in B show 

that they also bisect the plane described by the imidazole ring. These dihedral angle values do not vary 

much from 41.7(1)◦ reported earlier for 2–(2– Methylphenyl)–4,5–diphenyl–1H–imidazole[9,10]. 

 

2–(3,4,5–TRIMETHOXYPHENYL)–1–(4– FLUOROPHENYL)–4,5–DIPHENYL–1H– IMIDAZOLE 

Benzil (10 mmol), 3,4,5–Trimethoxybenzaldehyde (10 mmol), 4–fluoroaniline (10 mmol) and ammonium 

acetate (12 mmol) were dissolved in boiling glacial acetic acid and refluxed for 6–8 hours. The progress of 

the reaction was monitored by thin layer chromatography. After completion of reaction, the mixture was 

poured into ice-water to obtain the title compound, 2–(3,4,5–Trimethoxyphenyl)– 1–(4–fluorophenyl)–

4,5– diphenyl–1H–imidazole. The compound was then crystallized by slow evaporation in 

dimethylformamide to obtain white crystals suitable for X-ray diffraction studies. A 

Schematic representation of the two dimensional structure of the molecule is shown in Figure 3. 

 

Figure 3: Schematic representation of the structure of the molecule 

 

2–(2–Hydroxy–3–methoxyphenyl)–1–(4–chlorophenyl)–4,5–diphenyl–1H–imidazole 

 

 
Figure 4: Schematic representation of the structure of the molecule 
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Benzil (10 mmol), ortho vanillin (10 mmol), 4-chloro aniline(10 mmol) and ammonium acetate (12 mmol) 

were dissolved in boiling glacial acetic acid and refluxed for 6–8 hours. The progress of the reaction was 

monitored by thin layer chromatography. After completion of the reaction, the mixture was poured into 

ice- water to obtain the title compound. The compound was then crystallized by slow evaporation in 

dimethyl formamide to obtain white crystals suitable for X-ray diffraction studies. A schematic 

representation of the two dimensional structure of the molecule is shown in Figure 4. 

 

2–(2–Hydroxy–3–methoxyphenyl)–1–(4–methylphenyl)–4,5–diphenyl– 1H–imidazole 

Benzil (10 mmol), ortho vanillin (10 mmol), p-toluidine (10 mmol) and ammonium acetate (12 mmol) 

were dissolved in boiling glacial acetic acid and refluxed for 6–8 hours. The progress of the reaction was 

monitored by thin layer chromatography. After completion of the reaction, the mixture was poured into 

ice-water to obtain the title compound. The compound was then crystallized by slow evaporation in 

dimethylformamide to obtain white crystals suitable for X-ray diffraction studies. A schematic 

representation of the two dimensional structure of the molecule is shown in Figure5. 

 

 
Figure 5: Schematic representation of the structure of the molecule 

 

(E)–1–(4–(1–Isobutyl–1H–imidazo[4,5-c]quinolin–4–ylamino) phenyl)–3– phenyl prop–2–en–1–one 

To the stirring solution of 1–4–[(1–isobutyl–1H–imidazo[4,5-c]quinolin-4- yl)amino]phenylethanone (0.01 

mol) and aryl aldehydes (0.01 mol) in ethanol (30 ml) was added an aqueous solution of KOH (40 %, 15 

ml). The mixture was kept overnight at room temperature. It was poured into crushed ice and acidified 

with concentrated HCl. The product obtained was filtered, washed with water and recrystallized from 

ethanol. A schematic representation of the two dimensional structure of the molecule is shown in Figure 

6. 

Figure 6: Schematic representation of the structure of the molecule 
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The treatment of TB so many drugs are available for resistance of bacterial resistance, for that the 

treatment define the specific drug combination used and the different lengths of treatments [9, 10]. 

Inspired by the biological profile of imidazole and pyridazine their increasing importance in 

pharmaceutical and biological fields and in continuation of our research on biologically active 

heterocycles, we have incorporated thiazolidin moiety into the imidazo, pyridazine ring which leads to 

the presence of three active pharmacophores in a single molecular frame work for the intensified 

biological activity .In this chapter present two derivatives of pyrazoleandimidazole derivatives are 

synthesized by the addition of halo compounds, nitro compounds and benzene and heterocyclic 

derivatives in to differentsolvents. 

 

METHADOLOGY 

SYNTHESIS 

For the synthesis of imidazole derivative 4-Chloro-4H-[1,2,3]triazole 4-Chloro-4H- imidazole to react with 

the formaldehyde to produce (5-Chloro-5H-imidazol-4-yl)- methanol white powder. In next process 

(5-Chloro-5H-imidazol-4-yl)-methanol (C6H5N2Cl) reacted with cyclohexamine in presence of H2SO4 to 

give 1-(5-Chloro- 5H-imidazol-4-ylmethyl)-azepan-4- ylamine and finally 1-(5-Chloro-5H-imidazol-4- 

ylmethyl)-azepan-4- ylamine; compound with methane reacted with piperidine to give 1-{3-[1-(4-Chloro-

4H-imidazole-3-ylmethyl)-piperidin-4-ylamino]-6-fluoro-3H indazol-5-yl}-ethanone. For the synthesis of 

imidazole derivative in scheme 1 we used imidazole and HCHO for synthesis of chloro derivative than 

the chloro derivative reacted with piperidine derivative in scheme 2 and we get intermediate and further 

it reacted with imidazole to give final derivative with yield of 12.2gm. 

 
Scheme 1: synthesis of (5-Chloro-5H-imidazol-4-yl)-methanol 
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Scheme 2: Synthesis of 1-{3-[1-(5-Chloro-5H-imidazol-4-ylmethyl)- piperidin-4-ylamino]-6-fluoro-

3Hindazol-5-yl}- ethanone 

Figure 7: 1-{3-[1-(4-Chloro-4H-imidazole-3-ylmethyl)- piperidin-4-ylamino]-6-fluoro-3H-imidazol-5-yl}-

ethanone 

 

 

SPECTRAL ANALYSIS 

1-{3-[1-(4-Chloro-4H-pyrazol-3-ylmethyl)-piperidin-4-ylamino]-6-fluoro-3H-indazol-5-yl}-ethanone 

recorded by IR instrument Bruker F S 66 model spectrometer at SIRT, Bhopal is show in figure 8 and 

GLC- Mass spectra instrument Agilent 6890N with 5973 GC/MSRGPV Pharmacy department wereused. 

 

RESULTS AND DISCUSSION 

The FTIR analysis the spectrum of compound showed on intense and well defined bonds characteristic to 

compound at 3130.87 cm-1, 2929.58 cm-1and 2859.95 cm-1(Medium C-H stretching Alkene), 2801.71cm-1and 

2745.14 cm-1(Medium C-H stretching Aldehyde), 2115.61cm-1 (Weak C=C stretching), 1744cm-1 (Weak C-H 

bending), 1688cm-1(Strong C=O stretching), 1549.26cm-1(Strong N-O stretching), 1459.82cm-1(C-F 

stretching Strong), 1170.04cm-1 (Medium C-H stretching), 1063.25cm-1 (Strong S=O Stretching), 840.13 cm-

1(Medium C=C bending), 740.79 cm-1 (Strong C=C bending Alkene), 674.81 cm-1(C-Cl)and 615.95cm-1 

(Hello compound). 

 

https://www.ietltd.com/MASS-SPECTROMETERS/Agilent-6890N-with-5973-GC/MS/
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Figure 8: IR Spectral of 1-{3-[1-(4-Chloro-4H-pyrazol-3-ylmethyl)-piperidin-4- ylamino]-6-fluoro-3H-

imdazol-5-yl}-ethanone 

 

Table 1: Absorption Band for Compound  

Wave No. Band 

3130.87 Medium C-H stretching Alkene 

2929.58 Medium C-H stretching Alkene 

2859.94 Medium C-H stretching Alkene 

2801.71 Medium C-H stretching Aldehyde 

2745.14 Medium C-H stretching Aldehyde 

2115.61 Weak C=C stretching 

1744 Weak C-H bending 

1688 Strong C=O stretching 

1549.26 Strong N-O stretching 

1459.82 C-F stretching Strong 

1170.04 Medium C-H stretching 

1063.25 Strong S=O Stretching 

840.13 Medium C=C bending 

740.79 Strong C=C bending Alkene 

674.81 C-Cl 

615.95 Hello Compound 
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The mass spectra of compounds taken at RGPV, Pharmacy, Bhopal through GLC mass spectra instrument 

Agilent 6890N with 5973 GC/MS measurement in which the solution of synthesized drug turbo spray in 

to the column which given different fragments of compounds at m/z values with the intensity. For the 

compound (I) E/Z389.1 amu (II) E/Z 58.9 amu (III) E/Z 350 amu (IV) E/Z 780 amu we get. For the 

identification and qualitative analysis mass spectroscopy is great tool which easily count the spectra of 

compounds, in this technique we are count m/z ratio of compounds for that we all using gub mass 

spectrometer Agilent 6890N with 5973GC/MS by turbo spray method through which shows perfect 

identification of imidazole derivatives. 

 

CONCLUSION 

The synthesized all the compounds are found in good yield and highly sensitive compound 1-{3-[1-(5-

Chloro-5H-imidazol-4-ylmethyl)-piperidin-4-ylamino]-6-fluoro- 3Hindazol-5-yl}-ethanone occurs as 1.2 

gm. 

The FTIR spectroscopic analysis of the compounds suggest that the compounds are containing –F,-

COCH3,-Cl and –CH3 functional groups and the frequencies of these groups showing the proof of the 

structure and the mass spectra revealed that the sharp peaks are obtained at maximum abundance at 350 

to 400 nm and 200 at approximate 780 m/z, it count that the mass of drug around 350-352 amu 

 
Figure 9: Mass Spectral of 1-{3-[1-(4-Chloro-4H-pyrazol-3-ylmethyl)-piperidin-4- ylamino]-6-fluoro-3H-

indazol-5-yl}-ethanone 

https://www.ietltd.com/MASS-SPECTROMETERS/Agilent-6890N-with-5973-GC/MS/
https://www.ietltd.com/MASS-SPECTROMETERS/Agilent-6890N-with-5973-GC/MS/
https://www.ietltd.com/MASS-SPECTROMETERS/Agilent-6890N-with-5973-GC/MS/
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ABSTRACT 

Green synthesis is a prompt, consistent, and exceptional way to synthesize silver nanoparticles (Ag NPs). 

Now adays AgNPs have achieved special attention. The synthesis of biological material as a nanoparticle 

is becoming an emerging and trending area in biotechnology that provides economic and environmental 

benefits. It becomes an alternative source to chemical, and physical methods, a unique and potential 

substitute for chemically synthesized nanoparticles. The eco-friendly green chemistry includes biological 

agents, plants, or microbial agents as reducing and capping agents. Green synthesis of nanoparticles 

involves using biological material viz., plant or plant parts, bacteria, fungi, and yeast, for the bio 

reduction of metal ions into their elemental form in the size range 1–100 nm. Using plants as a natural 

source for AgNPs preparation is an entirely non-toxic and reducing, capping, and stabilizing agent. More 

or less, all plants around the globe comprised of phytochemicals viz., steroids, saponins, tannins, phenols, 

triterpenoids, flavonoids, glycosides, and glycerides are found to be responsible for bio reduction 

through the synthesis of silver nanoparticles. It is a rapid method, single-step procedure with safe 

reagents, eco-friendly, and biosafety also designates antimicrobial, anticancer, and antioxidant agents. 

The process of green synthesis is more efficient, more straightforward, and economical and can easily be 

scaled up to perform more significant operations. The formed Ag NPs were characterized by ultraviolet-

visible (UV-vis), Scanning Electron Microscopy (SEM) analysis, and Transmission Electron Microscopy 

(TEM) analysis.  

 

KEYWORDS: Green synthesis, Phytochemicals, silver nanoparticles, AgNPs. 

 

INTRODUCTION 

Nanotechnology is a new and promising tool in phytomedicine and Pharmacognosy. It mainly deals with 

developing materials size ranges from 1 to 100nm. Several researchers are currently focusing on nano-

related research and are actively being conducted in several aspects. Nano-sized particles ranges below 

10 nm have great significance because of their chemical and physical behavior (Kumar et al., 2014). 

Zahoor et al. (2021) reviewed the activity of nanoparticles activity arises from the quantum size effect that 

is remarkably different from bulk form. Due to the great potential of nanoparticles are used in various 

fields in other electronic, chemical, and mechanical industries, catalysts, drug carriers, sensors, magnetic, 

and pigments. Zahoor et al. (2021) also reviewed the classification and different methods of synthesis of 

silver nanoparticles and their potential roles in biomedical applications. In addition to this, they have 

deliberated about AgNp's usage in water treatment. Nanoparticles such as metals, semiconductors, and 
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metal oxides are of great interest for a wide variety of applications in the field of information, energy, 

environmental and medical technologies due to their unique or improved properties determined 

primarily by size, composition, and structure, along with their self-organized film structures. The 

impressive size, shape, and physical properties of nanoparticles provide a variety of unique 

characteristics that can be synthesized to meet the role's specific requirements (Ghojavand et al., 2020). 

Nowadays, nanotechnology has been used to aid drug discovery in different aspects of drug discovery 

from diverse natural sources, particularly plants and their derivatives. Nanotechnology also affords drug 

delivery to the target site and increases the efficiency of plant-derived medicines as novel formulations. 

Based on the lessons received from the latest COVID-19 pandemic have led to a substantial surge in new 

trends in Ayurveda. 

Silva, 2004 reported nanoparticles are organic (carbon compounds) or inorganic (metals) based materials, 

extending 1–100 nm in size. Silva (2004) and Mody et al. (2010) considered silver nanoparticles as NAg 

means nanosilver is currently the most widely fashioned nanoparticle. That is attributed to its unique 

physicochemical characteristics and multidimensional antimicrobial mechanisms. Many studies have 

confirmed the antimicrobial efficacy of NAg viz., antiviral, antifungal, antiparasitic, and antibacterial 

activities (Rai et al., 2012; Ge et al., 2014). Khan et al. (2017) reported that the healthcare sector is one of the 

principal markets for NAg. To inhibit the internal bacterial colonization, the nanoparticle is used as a 

coating agent in medical devices, such as intravenous catheters, wound dressings, and organ/dental 

implants.  

 
Figure 1: The quite impressive properties of nanoparticles 

 

Description About the figure: The quite impressive properties of nanoparticles came into the limelight.  

Medicinal plants used in Indian ayurvedic traditional systems to treat various diseases are immense 

(Arora and Jain, 2018). Recent trends indicate that studies to identify the health benefits of medicinal 

plants are on the rise and will continue to be so because of the constant demand to identify newer 

molecules for health benefits (Verma and Maheswari, 2019). Sharma SK, Sharma R (2016) described 

essential oil and their constituents and the antimicrobial capacity of Thuja orientalis were grown in 

Rajasthan. More or less, all plants around the globe are comprised of phytochemicals, such as steroids, 

saponins, tannins, phenols, triterpenoids, flavonoids, glycosides, and glycerides (Jyothi et al., 2013). 

Phytochemicals are found to be responsible for bioreduction through the synthesis of silver nanoparticles 

(Yasmin et al., 2020).  
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Ahmed et al. (2016) reviewed and compared the single-step protocol with green principles and the 

conventional method also described the antimicrobial proprieties of silver nanoparticles. Also mentioned 

about the vast plant diversity, which can be headed for green synthesis. And revealed the biological risk 

of using the chemical method to reduce agents and their toxicity.  

There is considerable research on the green synthesis of silver nanoparticles using various 

microbes, including bacteria, fungi, and plants. Their antioxidant or reducing properties are typically 

responsible for reducing metal compounds in their respective nanoparticles. Although, among the 

various biological methods of silver nanoparticle synthesis, microbe-mediated synthesis is not of 

industrial feasibility due to the requirements of highly aseptic conditions and their maintenance. 

Therefore, plant extracts for this purpose are potentially advantageous over microorganisms due to the 

ease of improvement, the less biohazard, and the elaborate process of maintaining cell cultures. 

 
Figure 2: Sequential protocol of plant-mediated green synthesis of silver nanoparticles 

 

Description About the figure: Sequential protocol of plant-mediated green synthesis of silver 

nanoparticles. Burange et al. (2021) comprehensively reviewed the synthesis of silver nanoparticles by 

using Aloe vera and Thuja orientalis leaves extract and revised their biological activity.  

 

DISCUSSIONS 

Plants provide a better platform for nanoparticle synthesis since they are free from toxic chemicals and 

natural capping agents. Furthermore, using plant extracts reduces the cost of synthesizing a compound 

by chemical synthesis and enhances the cost-competitive feasibility of nanoparticles synthesis. The 

accelerating use of plant based pharmaceuticals as replacements for conventional drugs for disease 

management demands the identification, isolation, biosynthesis, green synthesis and characterization of 

novel compounds. Despite the potential of plant extracts to mitigate the morbidity of diseases, several 

active principles and ligands like nanoparticles are preferred to avoid the interference of other 

compounds (Pagadala et al., 2021). The silver nanoparticles prepared by using plants are safe to be used 

as an antimicrobial agent, and AgNPs may also be efficiently utilized in medicinal research. Biosynthesis 

is the better way to acquire silver nanoparticles (AgNPs) from bioreduction of silver nitrate solutions 

using crude extracts of the medicinal plant. AgNPs have been appropriately characterized using UV-vis 

spectroscopy, SEM, TEM, and EDS analysis. Hence, due to their benign and stable nature and 

antimicrobial properties, these AgNPs may be used for industrial and remedial purposes. However, plant 
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and utilization of AgNPs require more detailed research on many issues like uptake potential, uptake, 

translocation, and the activities of the AgNPs at the cellular and molecular levels (Bruna et al., 2021). 

Kumar et al. (2014) have justified the antimicrobial activity of silver nanoparticles using leaf extract of  

Alternanthera dentata at room temperature. Burange et al. (2021) Satyavathi et al., (2019) reported the 

comparative analysis of crude seed, fruit, and leaf, silver nanoparticles prepared from crude seed, fruit, 

and leaf extracts of the Syzygium Cumini L and reported dosage-dependent synergetic antimicrobial, 

antifungal activities. Bhatt et al. (2021) evidenced biogenic synthesis and characterization of Ixora 

brachypoda (D.C.) leaf extract mediated silver nanoparticles and proved its antimicrobial activity. Green 

synthesis of silver nanoparticles using Alternanthera dentata leaf extract at room temperature and 

antimicrobial activity. (Nayagam, et al., 2018) reported and reviewed green synthesis of silver 

nanoparticles mediated by Coccinia grandis and Phyllanthus emblica. It is a comparative comprehension, 

and extracts are used to synthesize NP's with different metals and review the green synthesis of silver 

nanoparticles mediated by Artocarpus heterophyllus. Gopinath et al. (2013) reported Phytosynthesis of 

silver nanoparticles using leaf extract of Pterocarpus santalinus and their antibacterial properties. Also 

prepared nanoparticles using Sesbania grandiflora, Prosopis juliflora, and Semecarpus plant extracts and also 

found their antimicrobial activity. 

Usha et al., (2009) reported that the in-vitro antioxidant activity of Prosopis juliflora and Anacardium 

extracts is used to synthesize N.P.s. Also noted is bioactivity because of its abundance of active secondary 

metabolites.In addition, Paul and Londhe 2019 used methanolic seed extract of Pongamia pinnata to 

prepare AgNPs and incorporate it in a hydrophilic gel, proving its antibacterial potency. Recent research 

on silver nanoparticles is in food maintenance and handling, and silver nanoparticles can be used as drug 

delivery vehicles and exhibit high antibacterial activity (Silva et al., 2017). AgNPs often improve 

solubility, stability, and biodistribution in the drug delivery system, increasing efficacy. Since drug 

absorption increases multifold in the presence of nanoparticles, AgNPs can be used as a drug delivery 

system. AgNPs stand out in various innovations with their unique properties, including biomedical 

materials and optical and antimicrobial coatings (Yaquoob et al., 2020). They have proven their 

applicability in many fields such as medicine, catalysis, materials science, biotechnology, nanotechnology, 

and bioengineering. They have also been used in electronics, optics, and water treatment. 

 

CONCLUSION 

Nature has its own well-designed and inventive ways of crafting the utmost effective miniaturized well-

designed materials. Increasing attentiveness headed for green chemistry and using the green route to 

synthesize metal nanoparticles leads to develop environment-friendly techniques. This chapter discussed 

the methods for producing silver nanoparticles, a plant-based method, and their practical applications. 

These methods help reduce the cost of silver nanoparticles, save energy, and practice safely. The 

continuous increase in the demand for research on the above topic has been examined in the need for 

future researchers' benefit. Since the influence of AgNPs on the environment and human health could be 

a problem in their widespread application, further investigations on the accumulation and mechanism of 

action of AgNPs in the human body are necessary. Still, more research is required to be done to use 

nanoparticles outside the lab for ordinary people. 
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