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ABSTRACT 

Physical, chemical, and mechanical approaches are all well-known ways to create nanoparticles. As for the 

production and synthesis of nanomaterials, many definitions are in use. The manufacturing of nanoparticles 

using biological systems has been suggested by many research groups recently. The use of physiological pH, 

temperature, and pressure during the production of nanoparticles using biological approaches will help 

eliminate harsh processing conditions while also reducing the cost to a minimal level. The chemical and 

physical approaches are quite costly. There are a variety of chemical techniques for precipitation, such as 

chemical vapor deposition, epitaxial growth, sol-gel, hydrothermal route, microemulsions, and polymer route. 

Some examples of mechanical processes include reactive milling, mechanical alloying (MA), mechanical 

grinding, and high-energy ball milling. These methods have the benefits of being easy to implement, requiring 

little equipment, and being able to process any powder that can be created from coarse feedstock. 
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INTRODUCTION 

The study of nanomaterials is essential to the fields of nanoscience and nanotechnology. Nanostructure science 

and technology spans a broad variety of fields and has had great development in recent years, both nationally 

and globally. This growth has been observed in both the United States and other countries. It is possible that it 

will significantly affect the range and kind of functions that are accessible, as well as the methods that are 

utilized to manufacture materials and goods. At the moment, the quantity of money that it generates is rather 

large, and it is just going to increase in size from this point forward. 

Materials that are considered to be on the nanoscale are precisely those that have dimensions that are less than 

one hundred nanometers. In comparison to a nanometer, which is equal to one millionth of a millimeter, the 

diameter of a human hair is around 100,000 times significantly greater. The creation of unique electrical, optical, 

magnetic, and other features at the nanoscale is made possible by nanomaterials, which is a fascinating attribute 

of these materials. There is a possibility that these new characteristics may change a variety of sectors, including 

healthcare, electronics, and others. 

There is a possibility that natural nanoparticles exist; however, the actual action lies in engineered nanomaterials 

(EN), which are materials that have been developed particularly for use in a broad range of industrial product 

and process applications. In addition to their extensive use in sunscreens, cosmetics, sports goods, stain-resistant 

garments, tires, electronics, and a plethora of other everyday items, they also play a key role in the diagnostic 

and imaging processes of the medical field and make it easier to transfer medications. 

Engineers are responsible for the creation of engineered nanomaterials at the molecular (nanometer) level. These 

nanomaterials are resources that make advantage of their very small size and distinctive properties that are 

sometimes lacking in their bulk counterparts. Materials on the nanoscale might display different properties via 

two key processes: enhanced relative surface area and new quantum effects. These are the two ways that are 

most likely to do this. In comparison to their more conventional counterparts, nanoparticles have a surface area 

to volume ratio that is much larger. This ratio has an effect on the nanomaterials' strength as well as their 

chemical reactivity. In addition, novel optical, electrical, and magnetic behaviors may be produced at the 

nanoscale as a result of the increased significance of quantum effects in defining the characteristics and 

characteristics of materials. A variety of nanomaterials have been available for purchase for years, if not 
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decades, and are now finding extensive use in a variety of applications. These days, a wide variety of 

commercial products are easily available, including but not limited to cosmetics, sunscreens, electronic devices, 

paints and varnishes, wrinkle-free and stain-resistant textiles, and a multitude of other goods. The use of 

nanocoatings and nanocomposites is being used in a wide variety of consumer items, including automobiles, 

bicycles, sports goods, and windows, to name just a few. Tennis balls constructed of butyl rubber/nano-clay 

composites have a longer lifespan, while new UV-blocking coatings for glass bottles protect beverages from the 

sun's harmful rays. For example, cosmetics, sunscreen lotions, and self-cleaning windows are all employing 

nanoscale titanium dioxide, while dental fillings and cosmetics are two examples of the numerous things that 

utilize nanoscale silica as a filler.  

OBJECTIVE 

1. To explore nanomaterial manufacturing chemistry. 

2. Analyze and alter nanoscale physical, chemical, and biological characteristics of materials. 

Structure of nanomaterials 

When it comes to nanotechnology, there are a few different ways that nanostructures may be classified. In order 

to classify nanostructures, geometrical characteristics are often used. There are a wide variety of nanostructures 

that can be discovered in nature. Some examples of these nanostructures include nanocages, nanocrystallites, 

nanobelts, nanoneedles, composites, fabrics, fibers, flakes, flowers, foams, meshes, particles, pillars, pin films, 

rings, rods, shells, powders, clusters, wires, tubes, quantum dots, heterostructures, and sculptured thin films. To 

this day, the vast majority of researchers continue to advocate for a dimensional approach to the classification of 

nanostructures. Nanostructures may be classified as zero-, one-, two-, or three-dimensional (3-D) materials, as 

shown in Figure 1.2. These are the four various ways that nanostructures can be classified.  

There exist zero-dimensional nanostructures, which are known as nanoparticles. In terms of nanostructures, the 

one-dimensional nanostructures include nanowires, nanofibers, nanorods, and nanoshafts. Even though 

nanotubes and nanocables are two-dimensional structures, it is usual practice to conceive of them as one-

dimensional structures. In the realm of nanostructures, thin films are considered to be two-dimensional. The 

presence of nanostructures in three dimensions may be found in colloids that have many different morphologies.  

 

 

Fig. 1 classification of nanostructure according to 0-D, 1-D, 2-D and 3-D 

Nanomaterial - Synthesis and Processing: One billionth of a meter is equal to one nanometer, and 

nanomaterials are substances that are concerned with structures that are very fine. It is true that this permits us to 
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manufacture nanomaterials in two different ways: either by assembling atoms together or by dis-assembling 

(breaking or dissociating) bulk solids into small pieces until they are constituted of only a handful of atoms. 

Both of these methods are described in more detail below. An excellent example of multidisciplinary work is 

provided by this particular instance, which brings together disciplines as disparate as chemistry, engineering, 

physics, and medicine. 

 

Figure.2. Schematic illustration of the preparative methods of nanoparticles 

Methods for creating nanostructures: When it comes to the fabrication of nanostructures, there is a wide 

variety of alternatives available. For instance, it is possible to generate nanostructures by mixing 

macromolecules, nanoparticles, bucky balls, nanotubes, and other similar phenomena for specific materials. 

There is also the possibility of controlling them via the use of techniques that are founded on equilibrium or 

near-equilibrium thermodynamics. These techniques include self-association and self-gathering strategies, 

which are also known as bio-mimetic processes. Through the use of these techniques, coordinated materials may 

be organized into forms that are of use, which ultimately enables the material to be connected to a specific 

implementation. 

Wet Chemical Synthesis of Nanomaterials: Generally speaking, there are two primary groups of 

nanomaterials that are produced with the use of wet chemical means:  

An example of this top-down technique is the synthesis of porous silicon by the use of electrochemical etching. 

This method includes etching individual crystals in aqueous solutions in order to form nanomaterials.  

For the purpose of producing a colloidal solution, the bottom-up method entails exercising strict control over the 

mixing of components that contain the required precursors. This may be accomplished by a variety of methods, 

including the sol-gel process or precipitation, for example.  

Quantitative characteristics of nanoparticles: Nanomaterials are constructed from the fundamental elements that 

are located between atoms and bulk materials. When compared to molecules and mass materials, the features of 

materials with nanoscale measurements are fundamentally different. On the other hand, the majority of 

microstructured materials have attributes that are comparable to those of bulk materials. This is mostly due to 

the fact that these materials are so minute, particularly on the nanoscale scale, that they are:  

• Vast portion of surface molecules;  

• High surface vitality;  

• Spatial confinement;  

• Decreased defects, which don't exist in the relating mass materials.  

A multitude of "surface" dependent material properties may be found in nanomaterials. This is because 

nanomaterials have an extraordinarily high surface area to volume ratio, which is a direct consequence of their 

incredibly small size. Because of this, they are great candidates for use as molecules that are surface or 

interfacial. The surface features of nanoparticles will have an effect on the whole material, particularly in 
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situations when the diameters of the nanoparticles are similarly proportional to their lengths. As a consequence 

of this, the properties of the bulk materials may be altered or become more satisfactory. As an example, metallic 

nanoparticles have the potential to be used as stimulants that are very active or powerful. Through the use of 

compound sensors that were produced from nanowires and nanoparticles, it was possible to attain improved 

affectability and selectivity. The spatial control effects of nanomaterials, which are governed by the nanoscale 

highlight sizes of the nanoparticles, are responsible for the quantum effects that were seen. 

CONCLUSION 

Nanomaterials' grain size restrictions are significant. Consequently, their chemical, physical, and mechanical 

characteristics are highly dynamic. Nanomaterials may be used as catalysts to react with hazardous gasses like 

carbon monoxide and nitrogen oxide in automobile exhaust systems and force-era hardware to prevent natural 

pollution from burning gas and coal. Infection therapy has seen several significant breakthroughs in recent 

years. Nanotechnology in medicine delivery nanocarriers is inspiring confidence and enthusiasm in medication 

delivery research. Nanoscale drug delivery systems have greater intracellular absorption than conventional 

methods. Nanocarriers may be conjugated with a legend/counteracting agent to assist a beneficial technique. 

Another useful method is using empty infection capsids to transport medications. Nanoscale medicine delivery 

systems may change the whole pharmaceutical treatment process in the near future. Details should not be 

ignored due to risk concerns. Full verification procedures should be built up to analyze nano drug delivery 

system transitory and long-term damage. 

REFERENCES 

1. Balogh L, Why do we have so many definitions for nanoscience and nanotechnology? Nanomed 

Nanotechnol Biol Med, 6, 2010, 397-398.  

2. Eswaraiah V, Jyothirmayee Aravind SS, and Ramaprabhu S, Top-down method for synthesis of highly 

conducting graphene by exfoliation of graphite oxide using focused solar radiation, Journal of 

Materials Chemistry, 21 (19), 2011, 6800- 6803.  

3. Jandt KD, Sigusch BW, Future perspectives of resin-based dental materials, Dent Mater, 25, 2009, 

1001-1006.  

4. Kanaparthy R, Kanaparthy A, The changing face of dentistry: nanotechnology, Int J Nanomedicine, 6, 

2011, 2799- 2804.  

5. Sahoo SK, Parveen S, Panda JJ, The present and future of nanotechnology in human health care, 

Nanomed Nanotechnol Biol Med, 3, 2007, 20-31. 

6. Engineering Chemistry with Laboratory Experiments, R. K. Mohapatra, PHI, Delhi, 2015.  

7. Chemical Modification of Solid Surfaces by the Use of Additive, Chapter-2, R. K. Mohapatra and D. 

Das (edt.), Bentham Science, Singapore, 2020. 

8. S.K. Murthy, Nanoparticles in modern medicine: state of the art and future  challenges., Int. J. 

Nanomedicine. 2 (2007) 129–41. 971 http://www.ncbi.nlm.nih.gov/pubmed/17722542 (accessed 

February 2, 2019). 972  

9. A.V. Rane, K. Kanny, V.K. Abitha, S. Thomas, Methods for Synthesis of Nanoparticles and Fabrication 

of Nanocomposites, in: Synth. Inorg. Nanomater., Elsevier, 2018: pp. 121–139. doi:10.1016/b978-0-08-

101975-7.00005-1. 975  

http://www.ardigitech.in/


A R DIGITECH   

International Journal Of Engineering, Education And Technology (ARDIJEET)  

www.ardigitech.in  ISSN 2320-883X,VOLUME 12 ISSUE 03  04/07/2024 

5 

10. S. Sun, H. Zeng, Size-Controlled Synthesis of Magnetite Nanoparticles, J. Am. Chem. Soc. 124 (2002) 

8204–8205. doi:10.1021/ja026501x. 977  

11. S. Pothukuchi, Y. Li, C.P. Wong, Shape controlled synthesis of nanoparticles and  their incorporation 

into polymers, in: Proc. - Electron. Components Technol. Conf., 2004: pp. 1965–1967. 

doi:10.1109/ectc.2004.1320396. 980  

12. X. Fu, J. Cai, X. Zhang, W. Di Li, H. Ge, Y. Hu, Top-down fabrication of shape controlled, 

monodisperse nanoparticles for biomedical applications, Adv. Drug 982 Deliv. Rev. 132 (2018) 169–

187. doi:10.1016/j.addr.2018.07.006. 983  

13. G. Mohammadi Ziarani, M. Malmir, N. Lashgari, A. Badiei, The role of hollow 984 magnetic 

nanoparticles in drug delivery, RSC Adv. 9 (2019) 25094–25106. 985 doi:10.1039/C9RA01589B. 986  

14. M. Rai, A. Yadav, A. Gade, Silver nanoparticles as a new generation of 987 antimicrobials, Biotechnol. 

Adv. 27 (2009) 76–83. 988 doi:10.1016/J.BIOTECHADV.2008.09.002. 989  

15. X. Huang, M.A. El-Sayed, Gold nanoparticles: Optical properties and 990 implementations in cancer 

diagnosis and photothermal therapy, J. Adv. Res. 1 991 (2010) 13–28. 

doi:10.1016/J.JARE.2010.02.002.  

16. Khan, K. Saeed, I. Khan, Nanoparticles: Properties, applications and toxicities, 993 Arab. J. Chem. 12 

(2019) 908–931. doi:10.1016/j.arabjc.2017.05.011.  

17. G. Suriati, M. Mariatti, A. Azizan, Synthesis of silver nanoparticles by chemical  reduction method: 

effect of reducing agent and surfactant concentration, Int. J. Automot. Mech. Eng. 10 (2014) 1920–

1927. doi:10.15282/ijame.10.2014.9.0160. 997  

18. B. Kalska-Szostko, Electrochemical Methods in Nanomaterials Preparation, in: Recent Trend 

Electrochem. Sci. Technol., IntechOpen, 2012: pp. 261–280. 999 doi:10.5772/33662. 

19. K.L. McGilvray, M.R. Decan, D. Wang, J.C. Scaiano, Facile Photochemical  Synthesis of Unprotected 

Aqueous Gold Nanoparticles, J. Am. Chem. Soc. 128  (2006) 15980–15981. doi:10.1021/ja066522h.  

20. H. Xu, B.W. Zeiger, K.S. Suslick, Sonochemical synthesis of nanomaterials, Chem. Soc. Rev. 42 

(2013) 2555–2567. doi:10.1039/C2CS35282F.  

21. J. Kis-Csitári, Z. Kónya, I. Kiricsi, Sonochemical Synthesis of Inorganic Nanoparticles, in: Funct. 

Nanoscale Mater. Devices Syst., Springer, Dordrecht, 2008: pp. 369–372. doi:10./978-1-4020-8903-

9_33.  

22. S.L. Li, S.G. Weber, Determination of Barbiturates by Solid-Phase  Microextraction and Capillary 

Electrophoresis, Anal. Chem. 69 (1997) 1217–1222. doi:10. /AC960790O.  

23. T.J. Daou, G. Pourroy, S. Bégin-Colin, J.M. Grenèche, C. Ulhaq-Bouillet, P. Legaré, et al., 

Hydrothermal Synthesis of Monodisperse Magnetite Nanoparticles, Chem. Mater. 18 (2006) 4399–

4404. doi:10. /cm060805r. 1014 

24. H.-C. Chiu, C.-S. Yeh, Hydrothermal Synthesis of SnO 2 Nanoparticles and Their Gas-Sensing of 

Alcohol, J. Phys. Chem. C. 111 (2007) 7256–7259. 1016 doi:10. /jp0688355.  

25. M. Mascolo, Y. Pei, T. Ring, Room Temperature Co-Precipitation Synthesis of Magnetite Nanoparticles 

in a Large pH Window with Different Bases, Materials (Basel). 6 (2013) 5549–5567. 

doi:10.3390/ma6125549 

26. K. Petcharoen, A. Sirivat, Synthesis and characterization of magnetite nanoparticles via the chemical 

co-precipitation method, Mater. Sci. Eng. B. 177 (2012) 421–427. doi:10.1016/J.MSEB.2012.01.003. 

http://www.ardigitech.in/


A R DIGITECH   

International Journal Of Engineering, Education And Technology (ARDIJEET)  

www.ardigitech.in  ISSN 2320-883X,VOLUME 12 ISSUE 03  04/07/2024 

6 

27. M.A. Malik, M.Y. Wani, M.A. Hashim, Microemulsion method: A novel route to synthesize organic 

and inorganic nanomaterials: 1st Nano Update, Arab. J. Chem.  (2012) 397–417. 

doi:10.1016/J.ARABJC.2010.09.027. 

28. M.A. López-Quintela, J. Rivas, M.C. Blanco, C. Tojo, Synthesis of Nanoparticles in Microemulsions, 

in: Nanoscale Mater., Kluwer Academic Publishers, Boston, 2004: pp. 135–155. doi:10.1007/0-306-

48108-1_6. 

29. G.B. Sergeev, K.J. Klabunde, G.B. Sergeev, K.J. Klabunde, Solvated Metal Atom Dispersion (SMAD) 

for Making Metal Nanoparticles, Nanochemistry. (2013) 55–73. doi:10.1016/B978-0-444-59397-

9.00003-7. 

30. A. Urumese, R.N. Jenjeti, S. Sampath, B.R. Jagirdar, Colloidal europium nanoparticles via a solvated 

metal atom dispersion approach and their surface enhanced Raman scattering studies, J. Colloid 

Interface Sci. 476 (2016) 177–183. doi:10.1016/J.JCIS.2016.05.015. 

 

 

http://www.ardigitech.in/

