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Abstract 

Nanotechnology has developed as an adaptable stage that could provide efficient, cost-effective and 

environmentally acceptable solutions for the worldwide manageability challenges confronting society. The recent 

exploration on bio-frameworks at the Nano-scale and the nanotechnology has made a standout amongst the most 

powerful science and innovation areas at the conjunction of physical sciences, sub-atomic building, science, 

Biotechnology and Drug. Nano Bio-frameworks inquire about is a need in numerous nations and its pertinence 

inside nanotechnology is relied upon to increment later on. This paper summarizes the various applications of 

Nanotechnology and there has been a rapid increase in the fields of medicine and more specifically in targeted 

drug delivery. Opportunities of utilizing nanotechnology to address global challenges in Water purification, clean 

energy technologies, Greenhouse gases management and Cancer Therapy are discussed. 
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1. Introduction 

Nanotechnology is the study of extremely small structures, having size of 0.1 to 100 nm. Nano medicine 

is a relatively new field of science and technology1.  However it is also inherent that these materials should display 

different properties such as electrical conductance chemical reactivity, magnetism, optical effects and physical 

strength, from bulk materials as a result of their small size. Progression in the field of nanotechnology and its 

applications to the medications, pharmaceuticals and industries has upset the twentieth century 2. Metal and metal 

oxide nanoparticles have been additionally investigated, and their natural applications have surprisingly been 

illustrated; for example, anticancer, cell reinforcement, mitigating, wound-recovering and antimicrobial exercises 

3. Green amalgamation of nanoparticles is picking up deception around the world as a result of its favorable 

circumstances, for example, being ecofriendly, non-poisonous, and economic, over concoction and conventional 

physical strategies4,5. A few organic techniques have been utilized for nanoparticle generation from life forms 

including microbes, organisms, and plant extracts6. 

Nanotechnology has potential to detect meticulously the human diseases such as HIV, malaria, TB, diabetics, 

cardiac problems and cancer. Drug delivery systems using nanotechnology is a promising aspect. 
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Nanotechnology, unlike any other technology can find applications in many areas of human life7. It will play an 

increasingly crucial role in many key technologies of the new millennium. It is gaining important in areas such 

as catalysis, optics, biomedical sciences, mechanics, magnetic, and energy science8. 

The development of reliable green process for the synthesis of silver nanoparticles is an important aspect of 

current nanotechnology research. Nanomaterials such as Ag, Au, Pt, Zn and Pb have been synthesized by different 

methods, including hard template, using bacteria, fungi and plants9.  The towering environmental concerns had 

triggered the researchers to device novel methods of synthesizing the nanomaterials in biological systems such 

as bacteria, fungi and plants, termed as “green chemistry” approaches10. 

1. Methods for Synthesizing Nanoparticles 

Generally Nanoparticles were delivered just by physical and chemical methods11. A portion of the ordinarily 

utilized physical and synthetic strategies are particle sputtering, solvothermal blend, and sol gel method. 

Fundamentally there are two methodologies for Nanoparticles blend specifically the Bottom up methodology and 

the Top down methodology. The Nanoparticles are amalgamation by Physical and substance strategies like Sol-

gel strategy, Solvothermal blend, Chemical decrease, Laser removal, Inert gas buildup and Biosynthesis of 

nanoparticles12. 

2. Synthesis of Nanoparticle using Microorganisms 

Microorganisms have been appeared to be essential nanofactories that hold gigantic potential as ecofriendly 

and financially effective devices, evading dangerous, brutal synthetic compounds and the high vitality request 

required for physiochemical amalgamation13. Microorganisms detoxify substantial metals because of different 

reductase catalysts, which can decrease metal salts to metal nanoparticles with a tight size passage and, in this 

way less polydispersity. Over the past few years, microorganisms, including bacteria (such as actinomycetes), 

fungi, and yeasts, have been studied extra and intracellularly for the synthesis of metal nanoparticles 14. For the 

synthesis, extra cellular synthesis has received much attention, because it eliminates the downstream processing 

steps required for the recovery of nanoparticles15. Furthermore, these help in providing natural capping to 

synthesize nanoparticles, thereby preventing the aggregation of nanoparticles and helping them to remain stable 

for a long time, thus providing additional stability16. 

In recent research, bacteria, including Pseudomonas deceptionensis, Weissella oryzae 17, Bacillus 

methylotrophicus, Brevibacterium frigoritolerans  and Bhargavaea indica 18, have been explored for silver and 

gold nanoparticle synthesis. Similar potential for producing nanoparticles has been showed by using several 

Bacillus and other species19. As opposed to utilizing microbes, mycosynthesis is a clear methodology for 

accomplishing steady and simple organic nanoparticle combination, because fungi containing important 

metabolites with higher bioaccumulation ability and simple downstream processing are easy to culture for the 

efficient, low-cost, production of nanoparticles20. Fungal enzymes, such as the reductase enzymes from 

Penicillium species and Fusarium oxysporum, nitrate reductase, and /-NADPH-dependent reductases, were found 

to have a significant role in nanoparticle synthesis 21. 

3. Synthesis of Nanoparticle using Microorganisms 
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As of late, phytonanotechnology has given new roads to the synthesis of nanoparticles in an ecofriendly, simple, 

rapid, stable, and cost-effective method21. Phytonanotechnology has advantages, including biocompatibility, 

scalability, and the medical applicability of synthesizing nanoparticles using the universal solvent, water, as a 

reducing medium22. Recently, successfully synthesized gold and silver nanoparticles using the leaf and root 

extract from the medicinal herbal plant Panax ginseng suggested, the use of medicial plants as resources. 

Moreover, different plant parts, including leaves, natural products, stems, roots, and their concentrates, have been 

utilized for the amalgamation of metal nanoparticles. The exact mechanism and the components responsible for 

plant-mediated synthetic nanoparticles remain to be elucidated. It has been proposed that proteins, amino acids, 

organic acid, vitamins, as well as secondary metabolites, such as flavonoids, alkaloids, polyphenols, terpenoids, 

heterocyclic compounds, and polysaccharides, have significant roles in metal salt reduction and, furthermore, act 

as capping and stabilizing agents for synthesized nanoparticles23. 

4. Characterization of Nanoparticles 

UV-visible absorption spectroscopy: 

Absorbance spectroscopy is used to determine the optical properties of a solution. The optical 

measurement of UV-visible spectrophotometer has different absorbance peak like 410nm when treated with the 

Nerium Obander plant extract after addition of aqueous 1mM Silver nitrate solution. In case of Azadirachta indica 

get synthesized with Iron nanoparticles by the indication of suitable surface Plasmon resonance with high band 

intensities and peaks was found through UV-visible spectroscopy at the range of 216- 265 nm 24. 

X-ray diffraction (XRD) analysis: 

X-ray diffraction is an ordinary procedure for assurance of crystallographic structure and morphology. 

There is increment or on the other hand decline in force with the measure of constituent. This Technique is used 

to establish the metallic nature of particles gives information on translational symmetry size and shape of the unit 

cell from peak positions and information on electron density inside the unit cell, namely where the atoms are 

located from peak intensities25. 

Fourier Transform Infrared [FTIR] spectroscopy 

Measures infrared intensity vs. wavelength of light, it is used to determine the nature of associated 

functional groups and structural features of biological extracts with nanoparticles. The calculated spectra clearly 

reflect the well-known dependence of nanoparticle optical properties. The green synthesized silver nanoparticle 

by employing various leaf extract was analysed using Fourier Transform Infrared [FTIR] Spectroscopy showed 

characteristic peaks26. 

 

 

 

Microscopic techniques  

These techniques namely Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy 

(TEM) mainly used for morphological studies of nanoparticles.  
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Transmission electron microscopy 

Transmission electron microscopy is a microscopy procedure in which a light emission electrons is 

transmitted through a ultra-light example. A picture is shaped from the cooperation of the electrons transmitted 

through it; the picture is amplified and centered onto an imaging gadget, a fluorescent screen on a layer of 

photographic film or to be recognized by a sensor a CCD camera 27. 

Scanning electron microscope 

The characterization of Scanning electron microscope analysis is employed to determine the size, shape 

& morphologies of formed nanoparticle. SEM gives high resolution images of the surface of a sample is desired. 

The scanning electron microscope works as same principle as an optical microscope, but it measures the electrons 

scattered from the sample rather than photon. This makes the SEM capable of magnifying images up to 200.000 

times. Measures the particle size and characterization, Conductive or sputter coated sample involved and the 

sensitivity down to 1nm 28. 

Atomic Force Microscopy 

This technique is also known as scanning force microscopy (technique that forms images of surfaces using a 

probe that scans the specimen), very high resolution type of scanning probe microscopy, with reported resolution 

on the order of fractions of a nanomerter, more than 100 times better than the optical diffraction limit. The atomic 

force microscopy is based on a physical scanning of samples at sub-micron level using a probe tip of atomic scale 

and offers ultra-high resolution in particle size measurement29. Contingent on properties, tests are normally 

checked in contact or noncontact mode. Amid contact mode, the geological guide is produced by tapping the test 

on to the surface over the example and test drifts over the leading surface in non-contact mode. One of the prime 

favorable positions of AFM is its capacity to picture non-directing examples with no specifi c treatment. This 

include permits the imaging of sensitive organic and polymeric nano and microstructures30. 

 

 

5. Applications of Nanotechnology 

Water Purification 

Nanotechnology offers a low-cost and effective solution to the challenge of access to clean and safe water for 

millions of people in South Africa and the developing world. The technology holds the potential to radically 

reduce the number of steps, materials and energy needed to purify water. For example, titanium oxide at nanoscale 

can be used to degrade organic pollutants. And silver nano-particles have the ability to degrade biological 

pollutants such as bacteria. Carbon nanotubes, nanoporous ceramics, magnetic nanoparticles and other 

nanomaterials which could be used to remove water-borne diseases such as typhoid and cholera, as well as toxic 

metal ions, organic and inorganic solutes33. 

Health 

In both diagnosis and treatment, nanotechnology holds the key to revolutionize health care, particularly 

in developing countries where access to effective health care is still a challenge for millions of people living in 
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remote areas. In the field of diagnostics, nanotechnology promises quick, early and accurate detection of diseases. 

Portable, but highly sensitive point-of-care test kits are under development which will offer all the diagnostic 

functions of a medical laboratory. Depending on how they are designed and the intended application, the hand 

held kits could be used to test for viruses, bacteria or hormones. Thus they will be able to test – simply and quickly 

for infectious diseases such as malaria, cholera, HIV/Aids and other sexually-transmitted infections and even 

cancer. Also known as the “lab-on-a-chip” because of their ability to emulate the services of a complete medical 

laboratory, these inexpensive, hand-held diagnostic kits can pick up the presence of several pathogens at once 

and could be used for wide-ranging screening in remote clinics34. 

Biomedical imaging   

Nanotechnology applications are in development that will radically improve medical imaging techniques. 

For example, gold and silver nanoparticles have optical properties which make them extremely effective as 

contrast agents. Quantum dots which are brighter than organic dyes and need only one light source for excitation, 

when used in conjunction with magnetic resonance imaging, can produce exceptional images of tumour sites35. 

 

 

Targeted drug delivery systems 

 Nanostructures can be used to recognise diseased cells and to deliver drugs to the affected areas to combat 

cancerous tumours, for example, without harming healthy cells. In obesity, nanoparticles can target and inhibit 

the growth of fat deposits36. 

Slow-release drug therapy  

 Research shows that nano-sized biodegradable polymer capsules containing drugs for tuberculosis 

treatment are effectively taken up by the body’s cells. The effect is a slower release of the drug into the body and 

a reduction in the frequency with which TB patients need to take his or her medication. In countries where drugs 

are not readily available and compliance is generally low due to a number of reasons, the technology holds great 

potential for increased drug compliance and less chance of the development of drug resistance37. 

Cancer therapy  

This technology is being evaluated for cancer therapy. Nanoshells are tuned to absorb infra red rays when 

exposed from a source outside the body and get heated and cause destruction of the tissue. This has been studied 

in both in vitro and in vivo experiments on various cell lines31 

 

Diagnostic purposes  

They are useful for diagnostic purposes in whole blood immunoassays e.g. coupling of gold nanoshells to 

antibodies to detect immunoglobulins in plasma and whole blood. 

Micro metastasis  

Nanoshells are currently studied for micro metastasis of tumors and also for treatment of diabetes32 

Energy  
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Another impressive application for nanotechnology is energy production, conversion and storage38. 

Research is well advanced enough to establish that nanotechnology offers a viable alternative to non-renewable 

fossil-fuel consumption and gives us the means to achieve a “hydrogen economy”. Nano-applications in this area 

include: solar cells; fuel cells and new energy production, conversion and storage processes. In all cases, the 

results are energy that is cheaper, cleaner, more efficient and renewable. In future, nano holds the potential to 

produce hybrid vehicles with reduced fuel consumption and a lighter motor weight. 

Nanotechnology can produce cleaner process engineering which will in turn produce value-added 

chemicals and speciality products, including bio catalytic systems and novel heterogeneous catalysts. 

Nanotechnology can make catalytic converters more efficient, cheaper and more accurately controlled. 

Nanotechnology-based innovations can be designed that will combat air pollution remediation, detect toxic 

materials and leaks, reduce fossil fuel emissions and separate gases. 

Nanotechnology on Wound Dressing 

Efforts have been made during the last few years towards the development of new artificial wound coverings 

which will meet the requirements necessary for the treatment of major skin wounds. Research has been mainly 

focused on achieving the specifications of an ideal wound dressing, such as hydrogel technologies providing 

products suitable for applications in biomedical, personal care as well as nano-sensor. But as the hydrogels have 

low mechanical strength, recent trends have come up in the form of composite membranes, where a textile 

material is coated with the polymer solution. The fabric reinforcement provides strength to the dressing and the 

drug loaded dressings offer precise control of the release behavior39,40. 

6. Conclusion 

Based on the review in this paper, Nanotechnology can possibly be the way to a shiny new world in the fields 

of food and agriculture, construction materials, mechanical, medicine and electrical engineering. In spite of the 

fact that replication of common frameworks is one of the most encouraging regions of this innovation, researchers 

are as yet attempting to get a handle on their astonishing complexities. Furthermore, nanotechnology and 

nanomaterials is a swiftly growing area of research where new properties of materials on the nano-scale can be 

utilized for the benefit of industrial and a number of capable developments exist that can potentially modify the 

service life and life-cycle cost of construction infrastructure to make a new world in future. 
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