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ABSTRACT 

Colloidal metallic nanoparticles hold enormous interest and research potential in the areas of material sciences, biocatalysts, diagnostic & therapeutics. Researchers 

are interested in the nanoscale systems because at this scale the properties of materials are vary different from those at larger scale. At the nanometer regime, 

materials demonstrate unique optical, electronic and magnetic properties which are remarkable but not observed in their bulk counterparts which result into a wide 

range of applications. Metal nanoparticles (MNPs) can be synthesized by various methods. Choice of appropriate synthetic method and processing conditions is 

mainly based on the criteria of size, shape, surface functionalities, various properties and applications of metallic nanoparticles. The current review mainly focuses 

on properties and methodologies of metal nanoparticles. 
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1. INTRODUCTION 

Now a days “Nanoscience” has been explored as a popular terminology reorientating the global arena of science and technology at the nanoscale level. 

It encompasses study of materials at atomic, molecular and macromolecular scales, where properties differ significantly from those at a larger scale. It 

signifies as an interdisciplinary field of science, where the concepts derived from physics, chemistry, biology and engineering are applied to synthesize 

nanomaterials for numerous applications. Nanotechnology, more aptly defined as the design, production, characterization and application of structures, 

devices and systems by controlling their shape and size at the nanometer scale. At nanoscale dimensions, inorganic and organic components exhibit 

unique physicochemical properties as compared to their bulk counterparts. The instigated research and development at nano level have major direct and 

indirect impact on the lifestyle of human beings due to their wide array of applications in daily life [1, 2]. 

Nanoscience deals with the smallest possible particle, retaining size on the nanometer scale conventionally defined as 1 to 100 nm. The “Nano” is meaning 

"extremely small" derived from the Greek word "dwarf". When quantifiable, one nanometer is equal to one-billionth (1 nm = 10-9 m) equivalent to the 

width of 6 carbon atoms or 10 water molecules [1]. 

Researchers are interested in the nanoscale systems because at this scale the properties of materials are very different from those at larger scale. Nanometer 

scale is a size range of matter where transition of properties takes place from atomic level to bulk level. On downsizing materials to nanoscale, the small 

size of nanomaterials exhibits special properties like high surface area which enables more functionality with improved performance in the given space, 

high surface area to volume ratio and elevated surface charge when compared with bulk counterparts [3]. Thus, they exhibit distinctive features which 

open up new avenues and applications in a wide range of different sectors, from medicine to packaging and from sensors to bioremediation. 

1.1 Metal Nanoparticles 

Colloidal metallic nanoparticles hold enormous interest and research potential in the areas of material sciences, biocatalysts, diagnostics and therapeutics. 

The ancient civilization also recognized metallic particles in the form of bhasmas as indigenous part of the traditional system of medicine for curative 

purposes [4]. During the 17th century gold (Au) was widely utilized in glass painting; dark-bright shades of yellow, red, or brown were generated based 

on the concentration of Au. The famous Lycurgus cup, “Imperial’’ Fabergé eggs, decorative pigments, colourful church windows, multihued palace 

structures were decorated using varied amount of Au colloids [5]. Lycurgus cup can be still seen at British museum and possesses the unique feature of 

changing colour depending upon the light in which it is observed. It appears opaque green when viewed in reflected light, but looks translucent red when 

a light is shine from inside and transmitted through the glass. Analysis of glass depicts that it contains a very small amount of tiny (~ 70 nm) colloids of 

gold. It is presence of these nanocolloidal structures that gives the Lycurgus cup its colour display. However, the prediction that the nanoparticles formed 

in the range 1-10 nm would have electronic properties intermediate between those of the bulk metal and small molecules, offering exciting possibilities 

for novel devices or materials with promising applications. Design of experimental protocols for the synthesis of metal nanoparticles has been an important 

http://www.ijrpr.com/


International Journal of Research Publication and Reviews, Vol 4, no 4, pp 3791-3798 April 2023                                     3792 

 

 

aspect of research activities towards fabrication of miniaturized sensors, electronic components, spectroscopic enhancers, functional nanostructures and 

micro imaging probes [6]. 

In this regard, aqueous and other organic solution-phase synthetic routes have facilitated the fabrication of variety of functional inorganic quantum dots 

or nanoparticles [7, 8]. These nanoscale functional building blocks are expected to be useful for the bottom-up approaches to materials assembly and have 

therefore received consideration due to their intrinsic size dependent characteristics and subsequent relevance potentials [9]. 

In 1857, Michael Faraday, an English chemist and physicist discovered the synthesis of deep red coloured solution of gold colloids by the reduction of 

aqueous chloroaurate ions (AuCl4
-) using phosphorus in CS2 [10]. He reported the optical properties of thin films prepared from dried colloidal solutions 

and observed reversible colour changes of the films upon mechanical compression (from bluish-purple to green upon pressurizing) resembling the colour 

of the wine-red solutions of the particles. This probably was the first rationalized report on the purposeful synthesis of colloidal gold nanoparticles. Soon 

thereafter, the term “colloid” was coined by Thomas Graham (1861) for suspended particles in liquid medium [11]. During recent developments in this 

field, the term “colloid” has been replaced by “nanoparticles” to describe particles with size range from 1 to 100 nm [12]. The famous quote of Louis 

Pasteur “The role of infinitely small is infinitely large” well suits the current trends of nanotechnology research. In the 19 th century, a great deal of 

theoretical and experimental research was conducted on many colloidal metals. In the 21st century, the number of potential applications of these colloidal 

particles is growing rapidly because of unique structure of nanosized metal particles and their extremely large surface areas [13]. 

In modern medicine, the initial utilization of gold (Au) was reported by Robert Koch (1890) for treating tuberculosis infection [14]. Commercial Au 

based compounds like RidauroTM, MyochrysineTM and SolgonalTM are still used today in various therapeutic applications [15]. Silver (Ag), another 

precious noble metal, was originally used as an effective antimicrobial agent and disinfectant for years together. Hippocrates claimed Ag in treatment of 

multiple maladies [14]. Earlier Phoenicians used Ag vessels for food and water storage in order to prevent spoilage. Before evolution of antibiotics, Ag 

compounds were established for the treatment of various diseases. In the early 20th century, nanosilver colloids like CollargolTM, ArgyrolTM, ProtargolTM 

were prescribed in the treatment of numerous acute and chronic infections [16]. Since 1970s, various Ag impregnated water filters were explored for safe 

domestic water applications while Ag nitrate amalgamated sticks were marketed for dental treatment [17]. 

1.2 Properties of metal nanoparticles 

At the nanometer regime, materials demonstrate unique optical, electronic and magnetic properties which are remarkable but not observed in their bulk 

counterparts which result into a wide range of applications. 

1.2.1 Optical properties 

Metal nanoparticles exhibit distinctive optical properties which rely on composition, size, shape and surrounding medium of the nanoparticles from their 

bulk form [18-20]. Au, Ag, and copper (Cu) nanoparticles are known to display unique optical characteristics in visible and in NIR region within certain 

size limit of particles [19]. These effects are attributed to the interaction of electromagnetic radiation with the electron cloud present on the surface of 

metal nanoparticles. 

1.2.2 Surface plasmon resonance (SPR) 

Metallic nanoparticles of Au and Ag attain brilliant colours as a outcome of the surface plasmon resonance (SPR) band. Free electrons of the metal 

nanoparticle undergo a collective coherent oscillation in the presence of electromagnetic field of light. This oscillation is termed as SPR [5] and has been 

established by Mie in 1908, based on the Maxwell’s equation of scattering [21]. Au, Ag and Cu nanoparticles represents the SPR in the visible spectrum. 

and are frequently used for various applications due to higher stability as compared with other metallic nanoparticles. Applications based on optical 

properties in the visible region have been receiving considerable scientific interest as a result of its promising technological development. Since the optical 

properties of metal nanoparticles are sensitive to surface modifications and environment around it. On these guidelines, DNA tagged gold nanoparticles 

were studied extensively for DNA base pair sequence recognition and genetic disorder studies [22]. 

1.2.3 Electronic properties 

Metal nanoparticles lower than certain size range demonstrates remarkable electronic properties. Such as, gold nanoparticles function as quantum dot 

below certain size range [23]. Coulomb blockade is major consequence that occurs when nanoparticles embedded between metal- insulator metal junctions 

illustrate charging of differential capacitance or charging at low temperature even at zero bias. The reaction is an outcome due to extremely small 

capacitance of the metal nanoparticles [24]. 

1.2.4 Melting point 

Metallic nanoparticles below 100 nm of size have low melting point as compared to its bulk form. Number of surface atoms increases with decrease in 

the size of nanoparticles. Since it decreases the co-ordination number of atoms, atoms on the surface can be easily rearranged than those atoms present 

inside the nanoparticles, thus melting process starts at lower temperature leading to decrease in melting point [25]. 
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1.2.5 Mechanical properties 

Mechanical strength of the material relies on a range of parameters viz. impurities, dislocations etc. Less mechanical strength is due to more defects in 

materials. Mechanical strength found to be enhanced in nano materials such as nano wires and nano rods due to due to small cross sections and less 

number  of imperfections. Nanomaterials attain better mechanical strength as they eliminate imperfections in the crystal which are thermodynamically 

more energetic [26]. 

1.2.6 Scattering property of metal nanoparticles 

Metallic nanoparticles have the distinguishing properties to resonantly scatter visible and near-infrared light upon the excitation of surface plasmon 

oscillation. The scattering light intensity is highly sensitive to the size and aggregation phase of the nanoparticles [27]. Green light is scattered by 

nanoparticles with a diameter of 58 nm and yellow light is scattered by particles diameter of 78 nm while red light under illumination of a beam of white 

light  scattered by  gold nanorods. [28]. 

Preliminary studies have described their application as contrast agents for biomedical imaging using confocal scanning optical microscopy. Sokolov et 

al., reported the scattering of anti-EGFR/Au nanoparticles for cervical cancer when stimulated with a laser at single wavelength [29]. Gold nanoparticle 

AuNPs) have many advantages for cellular imaging as compared to other agents. Gold nanoparticles scatter light intensely and are much brighter than 

chemical fluorophores. They do not photo bleach and they can be easily detected in as low as 10-16 M concentration [30]. 

1.3 Methods for synthesis of metal nanoparticles 

Metal nanoparticles (MNPs) can be synthesized by various methods. Choice of appropriate synthetic method and processing conditions is mainly based 

on the criteria of size, shape, surface functionalities, various properties and applications of metallic nanoparticles. Commonly, two strategies are used to 

generate metal nanoparticles: - 

A] ‘Top-down’ techniques: 

In the top-down method material is removed from the bulk material, leaving only the desired nanostructures by employing milling, attrition or any other 

mechanical and energy input processes. However, it causes structural imperfections and difficulty in controlling particle size. 

B] ‘Bottom-up’ techniques: 

In bottom-up method, the atoms which are produced from reduction of ions, assemble to generate nanostructures. These approaches involve self-assembly 

of nuclei into nanostructures with comparatively lesser defects, more control over the size and therefore, more homogeneous chemical composition. The 

methods for nanoparticle synthesis are mainly divided in three different types-Physical, Chemical and Biological Methods 

1.3.1 Physical methods 

Physical synthesis of nanoparticles involves attrition, thermal quenching and pyrolysis like mechanical techniques. In attrition, starting materials are 

reduced to submicron size particles through planetary ball mill, media mill, etc. In pyrolysis, an organic precursor (liquid/gas) is forced through an orifice 

at higher pressure and burned into ash from which oxidized nanoparticles are recovered [31]. In physical vapor deposition (PVD) [32], nanosized metal 

films are produced by electrical heating under high vacuum. In chemical vapor deposition (CVD), where carrier gasses containing the elements of desired 

compound are passed over heated surfaces resulting in decomposition of carrier gas with subsequent deposition of atoms/ molecules on the surface 

[33,20]. Solvated metal atom deposition (SMAD) [34] method involves heating of bulk metal till it starts to evaporate under vacuum followed by co-

condensation of its vapours with solvents to form nanoparticles in solution. Synthesis of Ag nanoparticles by inert gas condensation techniques involved 

evaporation of bulk metal in an inert atmosphere followed by subsequent cooling for nucleation and growth into nanostructures [35]. Laser ablation 

techniques [36-38] involve focusing of intense laser pulses on metal objects immersed in solvent containing surfactant. It results into high temperature 

conditions causing metal atoms to get vaporized and solvated to nanoparticles. In the ultrasonic irradiation assisted synthesis, continues bubbling at higher 

temperature result in generation of reactive radicals known to catalyse the synthesis process [39, 40]. In radiolytic techniques, free radicals produced by 

radiolysis are utilized to reduce metal ions in the presence of donor ligands to synthesize nanoparticles [41]. However, higher expense of production and 

hence scaling up of nanoparticles in larger quantities are major drawbacks of the physical routes. 

1.3.2 Chemical methods 

Wet-chemical methods are the most popular and easy route for controlled synthesis of nanoparticles involving a dual step mechanism of nucleation and 

successive growth [42]. Initially, nucleation of MNPs occurs by reduction and collision between ions and atoms followed by controlled growth under 

specific conditions of chemical concentration, mixing ratios, surfactant nature, pH and temperature. In this route, metal precursors are reduced by suitable 

reducing agents such as citrate [43], sodium borohydride [44], trisodium citrate [45], amino acids [46, 47], etc for concurrent reduction and stabilization 

[20]. The experimental conditions such as temperature, concentration of reducing agents may affect the morphology and properties of nanoparticles [48]. 

Easy manipulation in chemical reactivities of reactants, better control over reaction conditions during synthesis of nanoparticles and ease in surface 

functionalization of nanoparticles are the most attractive features of this route. It allows synthesis of nanoparticles in different solvent mediums; for 
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example, synthesis of nanoparticles in aqueous medium [44-47], organic medium [49], ionic liquids [50] and in supercritical fluids [51]. This particular 

feature is important with respect to the use of nanoparticles for different applications, which are mainly dependent on the use of medium or solvent; for 

example, catalysis in aqueous as well as organic medium and biological applications in aqueous medium etc. Chemical route also facilitates freedom to 

synthesize and assemble nanoparticles at various interfaces such as at air-water interface [52] and liquid-liquid [53] interfaces with the help of different 

chemical functionalities, which allow reduction and controlled growth of nanoparticles and facilitates 2-D arrangement of nanoparticles. Since the 

chemical route can be used to synthesize nanoparticles with minimum resources and with easy control on their shape and size of the nanoparticles, this 

route can be used to produce nanoparticles in larger quantities for various industrial applications. 

1.3.3 Biological methods 

Biological synthetic route involves biological resources such as plants, fungi, bacteria for synthesis of nanoparticles. It also involves direct synthesis 

using living cells, biomolecules like enzymes, peptides and biological templates. It uses microorganisms such as fungi and bacteria for the synthesis of 

nanoparticles [54-56]. Heavy metal ions are toxic to biological systems; micro-organisms detoxify these ions by reducing them into metal atom 

[56].During this process, formation of nanoparticles takes place and these nanoparticles are stabilized by biomolecules. In recent years, plant-mediated 

biological synthesis of nanoparticles is gaining importance due to its simplicity and eco-friendliness. Although biosynthesis of gold nanoparticles by 

plants such as alfalfa [57, 58], Aloe vera [59], Cinnamomum camphora [60], neem [61], Emblica officianalis [62], lemongrass [63], and tamarind [64] 

have been reported, the potential of plants as biological materials for the synthesis of nanoparticles is yet to be fully explored. Fungi (Verticillium sp [65] 

and Fusarium oxysporum [66] and actinomycete (Thermomonospora sp [67] and Rhodococcus sp [68] were also used to synthesize nanoparticles intra- 

or extracellularly. Recently, Sastry and co-workers showed efficient way of synthesis of gold nanoparticles with better control on size and morphology 

with help of medicinal plant extracts [69-71]. Recently, Abhijit et al. developed gold nanoparticles-based enzyme device by reduction mechanism using 

α-amylase, where the enzyme after synthesis of gold nanoparticles retained its activity and improved its functionality after being attached with gold 

nanoparticles under physiological condition [72]. Kumar et al. reported the synthesis of gold nanoparticles using α NADPH dependent sulphite reductase 

enzyme to form stable gold nanoparticles with 20 nm particle size. The glucose oxidase synthesized gold nanoparticles have been optimized with respect 

to temperature, pH and method of immobilization. Here, glucose oxidase enzyme served as a reducing agent providing green route of synthesis and 

retaining its catalytic activity [73]. Though biological methods are simple, high-yielding and non–toxic, involvement of these natural resources fails to 

illustrate the exact molecule involved in the reduction-based synthesis. Additionally, the slower rate of biosynthesis hampers the use of such biological 

mediators. To overcome these shortcomings, the approach has been shifted towards exploring biomacromolecules and remained limited to chitosan, 

gellan gum, dextran [74], pullulan [75], porphyran  and hydroxyl ethyl cellulose [76]. 

1.4 Surface modification and bioconjugation of metal nanoparticles  

1.4.1Surface modification strategies 

Stabilizing molecules maintain a shell around the colloidal nanoparticles. One of the ends of the stabilizing molecules are either adsorbed or chemically 

linked to the gold surface, while the other end points towards the solution and provides colloidal stability. After synthesis of the nanoparticles, the 

stabilizer molecules can be replaced by other stabilizer molecules in a ligand exchange reaction. As thiol moieties bind with high affinity to gold surfaces, 

most frequently thiol-modified ligands are used which bind to the surface of the gold nanoparticles (‘‘monolayer-protected clusters’’) by formation of 

gold-sulfur bonds [77]. Ligand exchange allows, for example, the transfer of gold nanoparticles from an aqueous to an organic phase (and vice versa) by 

exchanging hydrophilic surfactants with hydrophobic surfactants (and vice versa) [78]. In this way, by choosing the surfactant molecules, it is possible 

to adjust the surface properties of particles. For applications in aqueous solution, typically thiol-based surfactants with carboxylic groups at the other end 

pointing towards solution are used. These molecules provide colloidal stability due to their negative charges; in addition they can also be used as anchor 

points for the further attachment of biological molecules. Often poly (ethylene glycol) (PEG) is used as a ligand as PEG reduces nonspecific adsorption 

of molecules to the particle surface and it provides colloidal stability. PEG brushes on the surface of nanoparticles repel each other for steric reasons [79]. 

The cytotoxicity results of PEG stabilized AuNPs prove the biocompatibility of this molecule. Another approach is the use of mixed monolayer stabilized 

gold nanoparticles. Previous reports represented one step synthesis of PEG/BSA stabilized gold nanoparticles by the photochemical process. Mixed 

monolayer AuNPs are ideal for drug and gene delivery purposes [80]. 

1.4.2 Bioconjugation 

Biological molecules can be attached to the metal nanoparticles in several ways. If the biological molecules have a functional group which can bind to 

the gold surface (like thiols or specific peptide sequences), the biological molecules can replace some of the original stabilizer molecules when they are 

added directly to the nanoparticle solution. In this way molecule like oligonucleotides, peptides or PEG can be readily linked to gold nanoparticles and 

subsequent sorting techniques even allow particles with an exactly defined number of attached molecules per particle to be obtained [81,82]. Alternatively, 

biological molecules can also be attached to the shell of stabilizer molecules around the gold nanoparticles via bioconjugation. 

The most common protocol is the linkage of amino groups on the biological molecules with carboxy groups of stabilizer molecules with related strategies 

[83], almost all kinds of biological molecules can be attached to the nanoparticle surface. Though such protocols are relatively well established, 

bioconjugation of gold nanoparticles still is not trivial and the characterization of synthesized conjugates is necessary, in particular to rule out aggregation 

effects or unspecific binding during the conjugation reaction. In many conjugation protocols, the number of attached molecules per gold nanoparticle is 
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only a rough estimate, as no standard method for determining the surface coverage of particles modified with molecules has yet been established [84,85]. 

The nanobiology toolkit has been greatly enhanced by noble metal nanostructures, which have proven to be highly versatile and tunable materials for a 

range of bioapplications including biophysical studies, biological sensing, imaging and medical diagnostics. 

References 

1. Filipponi, L; & Sutherland, D. (2012). Introduction to nanoscience’s and nanotechnologies” in Text Book of Nanotechnologies Principles, 

Applications, Implications and Hands-on activities (ed. European commission) (pp-19-20). Brussels- RTD-publications. 

2. Saini, R., Saini, S; & Sharma S. (2010). Nanotechnology: The future medicine. Journal of Cutaneous and Aesthetic Surgery, 3 (1): 32–33. 

3. Lu, Y; & Chen, W. (2012). Sub-nanometre sized metal clusters: from synthetic challenges to the unique property discoveries. Chemical 

Society Reviews, 41: 3594-3623. 

4. Perks, B. (2010). Gold Fever. Chemistry World, 3: 48–50. 

5. Daniel, M. C; & Astruc D. (2004). Gold nanoparticles: assembly, supramolecular chemistry, quantum-size-related properties and applications 

toward biology, catalysis, and nanotechnology. Chemical Reviews, 104 (1): 293-346. 

6. Fan, H., Yang K., Boye D., Sigmon T., Malloy K. J., Xu H., Lopez G. P. & Brinker C. J. (2004). Self-assembly of ordered, robust, three-

dimensional gold nanocrystal/silica arrays. Science, 304 (5670) 567-571. 

7. Murray, C. B., Norris, D. J., & Bawendi M. G. (1993). Synthesis and characterization of nearly monodisperse CDE semiconductor 

nanocrystallites. Journal of the American Chemical Society, 115 (19): 8706- 8715. 

8. Sun, S., Murray, C. B., Weller, D., Folks, L. & Moser, A. (2000). Monodisperse FePt nanoparticles and ferromagnetic FePt nanocrystal 

superlattices. Science, 287:1989-1992. 

9. Jovin, T. M. (2003). Quantum Dots Finally Come of Age. Nature Biotechnology, 21 (1): 32-35. 

10. Faraday, M. (1857). The Bakerian Lecture: Experimental Relations of Gold (and Other Metals) to Light.Philosophical Transactions of the 

Royal Society of London, 147: 145-181. 

11. Graham, T. (1861). Liquid Diffusion Applied to Analysis. Philosophical Transactions of the Royal Society of London, 151:183-224. 

12. Taniguchi, N. (1974). On the Basic Concept of 'Nano-Technology: Proceedings of the International Conference on Production Engineering 

Tokyo, Part II. Japan Society of Precision Engineering, 18-23. 

13. Turkevich, J. (1985). Colloidal Gold: Historical and Preparative Aspects, Morphology and Structure. Gold Bulletin, 18 (3):86-91. 

14. Arvizo, R. R., Bhattacharyya, S., Kudgus, R. A., Giri, K., Bhattacharya, R. & Mukherjee, P. (2012). Intrinsic Therapeutic Applications of 

Noble Metal Nanoparticles: Past, Present and Future. Chemical Society Reviews,41 (7):2943-2970. 

15. Shaw, C. (1999). Gold Based Therapeutic Agents. Chemical Reviews,99 (9): 2589–2600. 

16. Fung, M. C. & Bowen, D. L. (1996). Silver Products for Medical Indications: Risk-Benefit Assessment. Journal of Toxicology Clinical 

Toxicology, 34(1): 119–126. 

17. Nowack, B., Krug, H. F. & Height, M. (2011). 120 Years of Nanosilver History: Implications for Policy Makers. Environmental Science & 

Technology, 45 (4): 1177-1183. 

18. Selvakannan, P. R., Mandal, S., Pasricha, R., Adyanthaya, S. D. & Sastry, M. (2002). One step synthesis of Hydrophobized gold nanoparticles 

of controllable size by the reduction of aqueous chloroaurate ions by hexadecyl aniline at the liquid–liquid interface. Chemical 

Communications,13:1334-1335. 

19. Henglein, A. (1993). Physicochemical properties of small metal particles in solution: "microelectrode" reactions, chemisorption, composite 

metal particles, and the atom-to-metal transition. The Journal of Physical Chemistry, 97 (21):5457-5471 

20. Burda, C., Chen, X., Narayanan, R. & El-Sayed, M. A. (2005). Chemistry and properties of nanocrystals of different shapes. Chemical 

Reviews, 105:1025-1102 

21. Mie, G. (1908). A contribution to the optics of turbid media, especially colloidal metallic suspensions. Annalen der Physik, 25 (3):377-445. 

22. Rosi, N.L. & Mirkin, C.A. (2005). Nanostructures in biodiagnostics. Chemical Reviews, 105: 1547-1562. 

23. Schon, G. & Simon, U. (1995). A fascinating new field in colloid science: small ligand-stabilized metal clusters and possible application in 

microelectronics. Colloid and Polymer Science, 273 (2):101-117. 

24. Andres, R. P., Bein, T., Dorogi, M., Feng, S., Hendorson, J. I., Kubiak, C. P., Mahoney, W., Osifchin, R. G., & Reifenverger, R. (1996). 

Coulumbic staircase at room temperature in self-assembled molecular nanostructure. Science, 272(5266): 1323-1325.35. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2890134
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2890134


International Journal of Research Publication and Reviews, Vol 4, no 4, pp 3791-3798 April 2023                                     3796 

 

 

25. Castro, T., Reifenberger, R., Choi, E., & Andres, R.P. (1990). Size dependent melting temperature of individual nanometer sized metallic 

clusters. Physical review. B Condensed matter, 42 (13): 8548-8556.36. 

26. Weertman, J. R. & Averback, R. S. (1996). Nanomaterials: synthesis, properties, and applications pp 323-329, London: Taylor & Francis 

Group. 

27. Sokolov, K., Aaron, J., Hsu, B., Nida, D., Gillanwater, A., Follen, M., MacAulay, C., Storthz, K.A., Korgel, B., Descour, M., Pasqualini, R., 

Arap, W., Lam, W., & Kortum, R.R. (2003). Optical systems for in vivo molecular imaging of cancer. Technology in cancer research & 

treatment, 2 (6): 491-504. 

28. Sonnichsen, C., Franzl, Wilk, T., Plessen, G.V., and Feldmann, J. (2002). Drastic reduction of plasmon damping in gold nanorods. Physical 

review letters, 88 (7):007402. 

29. Sokolov, K., Follen, M., Aaron, J., Pavlova, I., Malpica, A., Lotan, R., Kortum, R.R. (1999). Real time vital optical imaging of pre cancer 

using anti- epidermal growth factor receptor antibodies conjugated to gold nanoparticles. Cancer Research, 63 (9):1999-2004. 

30. Yguerabide, J. & Yguerabide ,E.E. (1998).Light scattering submicroscopic particles as highly fluorescent analogs and their use as tracer labels 

in clinical and biological applications.Analytical Biochemistry 262(2):137-156. 

31. Kaushik, N., Thakkar, K., Snehit, S., Mhatre, S., Rasesh, Y., & Parikh, M.S. (2010). Biological synthesis of metallic nanoparticles. 

Nanomedicine: Nanotechnology, Biology and Medicine, 6 (2): 257-262. 

32. Wolf, E. L. (2004). Nanophysics and nanotechnology An Introduction to Modern Concepts in Nanoscience. ISBN 3-527-40407-4 Weinheim 

-Wiley-VCH Verlag GmbHQ Co. KGaA. 

33. Okumura, M., Tsubota, S., Iwamoto, M., Hauta, M. (1998). Chemical vapor deposition of gold nanoparticles on MCM-41 and their catalytic 

activities for the low temperature oxidation of CO and H2. Chemistry Letters, 27 (4): 315- 316. 

34. Lin, S.T., Franklin, M.T., & Klabhunde, K.J. (1986). Nonaqueous colloidal gold: clustering of metal atoms in organic media. Langmuir, 2 (2): 

259-260. 

35. Singh, M., Singh, S., Prasad, S., & Gambhir, I.S. (2008). Nanotechnology in medicine and antibacterial effect of silver nanoparticles. Design 

Journal of Nanomaterials and Biostructures, 3 (3):115-122. 

36. Becker, M.F., Brock, J. R., Cai, H., Henneke, D.E., Keto, J.W., Lee, J., Nichols, W.T., & Glicksman, H.D. (1998). Metal nanoparticles 

generated by laser ablation. Nanostructured Materials, 10 (5): 853-863. 

37. Mafune, F., Kohno, J., Takeda, Y. & Kondo, T. (2003). Formation of stable platinum nanoparticles by laser ablation in water. The Journal of 

Physical Chemistry B, 107 (18): 4218-4223. 

38. Mafune, F., Kohno, J., Takeda, Y., Kondo, T. & Sawabe, H. (2000). Formation and size control of silver nanoparticles by laser ablation in 

aqueous solution. The Journal of Physical Chemistry B, 104(39): 9111-9117. 

39. Caruso, R.A., Ashok Kumar, M & Grieser, F (2002). Sonochemical formation of gold sols. Langmuir, 18(21): 7831-7836. 

40. Mizukoshi, Y., Oshima, R., Maeda, Y. & Nagata, Y (1999). Preparation of platinum nanoparticles by sonochemical reduction of Pt(II) ion. 

Langmuir, 15 (8):2733-2737. 

41. Gachard, E., Remita, H., Khatouri, J., Keita, B., Nadjo, L. & Belloni, J. (1998). Radiation induced and chemical formation of gold clusters. 

New Journal of Chemistry, 1257-1265. 

42. Nguyen, D. T., Kim, D., &   Kim, K.S. (2011). Controlled synthesis and biomolecular probe application of gold nanoparticles. Micron, 42 (3): 

207- 227. 

43. Turkevich, J., Stevenson, P.C. & Hillier, J. (1951). Nucleation and growth process in the synthesis of colloidal gold. Discussions of the Faraday 

Society, 11:55-75. 

44. Patil, V., Malvankar, R.B., & Sastry M. (1999). Role of particle size in individual and competitive diffusion of carboxylic acid derivatized 

colloidal gold particles in thermally evaporated fatty amine films. Langmuir, 15 (23): 8197-8206. 

45. Lee, P.C. & Meisel, D. (1982). Adsorption and surface enhanced raman dyes on silver and gold sols. The Journal of Physical Chemsitry, 

86:3391- 3395. 

46. Selvakannan, P.R., Mandal, S., Phadtare, S., Gole, A., Pasricha, R., Adyanthaya, S. D. & Sastry M. (2004). Water-dispersible tryptophan- 

protected gold nanoparticles prepared by the spontaneous reduction of aqueous chloroaurate ions by the amino acid. Journal of Colloid and 

Interface Science, 269 (1):97-102. 

47. Mandal, S., Selvakannan, P.R., Phadtare, S., Pasricha, R. & Sastry, M. (2002). Synthesis of a stable gold hydrosol by the reduction of 

chloroaurate ions by the amino acid, aspartic acid. Indian Academy of Sciences, 114 (95): 513-520. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6W9V-45KKSW5-53&_user=10&_coverDate=09%2F10%2F1998&_rdoc=5&_fmt=high&_orig=browse&_srch=doc-info%28%23toc%236692%231998%23997379997%23304010%23FLT%23display%23Volume%29&_cdi=6692&_sort=d&_docanchor&_ct=12&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b378d9cf455fe97d7eb0cf55ef33f640
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6W9V-45KKSW5-53&_user=10&_coverDate=09%2F10%2F1998&_rdoc=5&_fmt=high&_orig=browse&_srch=doc-info%28%23toc%236692%231998%23997379997%23304010%23FLT%23display%23Volume%29&_cdi=6692&_sort=d&_docanchor&_ct=12&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b378d9cf455fe97d7eb0cf55ef33f640
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6W9V-45KKSW5-53&_user=10&_coverDate=09%2F10%2F1998&_rdoc=5&_fmt=high&_orig=browse&_srch=doc-info%28%23toc%236692%231998%23997379997%23304010%23FLT%23display%23Volume%29&_cdi=6692&_sort=d&_docanchor&_ct=12&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b378d9cf455fe97d7eb0cf55ef33f640
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6W9V-45KKSW5-53&_user=10&_coverDate=09%2F10%2F1998&_rdoc=5&_fmt=high&_orig=browse&_srch=doc-info%28%23toc%236692%231998%23997379997%23304010%23FLT%23display%23Volume%29&_cdi=6692&_sort=d&_docanchor&_ct=12&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b378d9cf455fe97d7eb0cf55ef33f640


International Journal of Research Publication and Reviews, Vol 4, no 4, pp 3791-3798 April 2023                                     3797 

 

 

48. Milligan, W. O. & Morriss, R. H. (1964). Morphology of colloidal gold-a comparative study. Journal of The American Chemical Society, 86 

(17):3461-3467. 

49. Brust, M., Walker, M., Bethell, D., Schiffrin, D.J. & Whyman, R.J. (1994). Synthesis of thiol derivativetised gold nanoparticles in a two phase 

liquid liquid system. Journal of the Chemical Society, Chemical Communications, 1994:801-802. 

50. Li, Z., Liu, Z., Zhang, J., Han, B., Du, J., Gao, Y. & Jiang, T. (2005). Synthesis of single crystal gold nanosheets of large size in ionic liquid. 

The Journal of Physical Chemistry B ,109(30):144455-144448. 

51. Ohde, H., Hunt, F., Wai, C.M. (2001). Synthesis of silver and copper nanoparticles in a water in supercritical carbon dioxide micro emulsions. 

Chemistry of Materials, 13(11):4130-4135. 

52. Swami, A., Kumar, A., Selvakannan, P.R., Mandal, S., Pasricha, R. & Sastry, M. (2003). Highly oriented gold nanoribbons by the reduction 

of aqueous chloroaurate ions by hexadecylaniline langmuir monolayers. Chemistry of Materials, 15(1):17-19. 

53. Kumar, A., Mandal,S., Mathew, S. P., Selvakannan, P. R., Mandale, A. B., Chaudhari, R. V. & Sastry, M.(2002). Benzene- and anthracene-

mediated assembly of gold nanoparticles at the liquid-liquid Interface. Langmuir 18 (17): 6478-6483.  

54. Mukherjee, P., Senapati, S., Mandal, D., Ahmad, A., Khan, M.I., Kumar, R. & Sastry, M. (2002). Extracellular synthesis of gold nanoparticles 

by the fungus fusarium oxysporum. Chembiochem: a European journal of chemical biology, 3(5):461-463 

55. Klaus-Joerger, T., Joerger, R., Olsson, E. & Granqvist, C.G. (2001). Bacteria as workers in the living factory: metal-accumulating bacteria 

and their potential for materials science. Trends in Biotechnology, 19 (1):15-20. 

56. Mukherjee, P., Ahmad, A., Mandal, D., Senapati, S., Sainkar, S. R., Khan, M. I., Ramani, R., Pasricha, R., Ajayakumar,P. V., Alam M., Sastry, 

M., Kumar, R. (2001). Bioreduction of AuCl4 ions by the fungus, Verticillium sp. and surface trapping of the gold nanoparticles formed. 

Angewandte Chemie International Edition., 40 (19):3585-3588. 

57. Gardea-Torresdey, J.L., Parsons, J.G., Gomez, E., Peralta-Videa, J., Troiani, H.E. & Santiago, P. (2002). Formation and growth of Au 

nanoparticles inside live Alfalfa plants. Nano Letters, 2 (4):397-401. 

58. Gardea-Torresdey, J.L., Gomez, E., Peralta-Videa ,J. R., Parsons, J.G., Troiani, H. & Jose-Yacaman, M. (2003).Alfalfa sprouts: A natural 

source for the synthesis of silver nanoparticles.Langmuir, 19 (4): 1357-1361. 

59. Chandran, S.P., Chaudhary, M., Pasricha, R., Ahmad, A., Sastry, M. (2006). Synthesis of gold nanotriangles and silver nanoparticles using 

aloevera plant extract. Biotechnology Progress, 22 (2): 577-583. 

60. Huang, J., Li ,Q., Sun, D., Lu, Y., Su Y., Yang, X., Wang, H., Shao, W., He, N., Hong, J & Chen, C (2007) .Biosynthesis of silver and gold 

nanoparticles by novel sundried Cinnamomum camphora leaf. Nanotechnology, 18:105104 2007,18:1-11. 

61. Shankar, S.S., Rai, A., Ahmad, A. & Sastry, M. (2004). Rapid synthesis of Au, Ag, and bimetallic Au core–Ag shell nan oparticles using 

Neem (Azadirachta indica) leaf broth.Journal of Colloid and Interface Science, 275(2):486-502. 

62. Ankamwar, B., Chinmay, D., Absar, A. & Murali, S. (2005). Biosynthesis of gold and silver nanoparticles using Emblica Officinalis fruit 

extract, their phase transfer and transmetallation in an organic solution.Journal of Nanoscience and Nanotechnology, 5(10):1665-1671. 

63. Shankar, S.S., Rai, A., Ankamwar, B., Singh, A., Ahmad, A. & Sastry, M. (2004). Biological synthesis of triangular gold nanoprisms. Nature 

Materials, 3 (7): 482-488 

64. Ankamwar, B., Chaudhar, M., & Murali, S. (2004). Gold Nanotriangles Biologically Synthesized using Tamarind Leaf Extract and Potential 

Application in Vapor Sensing. Synthesis and Reactivity in Inorganic, Metal- Organic, and Nano-Metal Chemistry, ,35(1):19-26. 

65. Mukherjee, P., Ahmad, A., Mandal, M., Senapati, S., Sainkar, S.R., Khan, M.I., Ramani, R., Parischa, R., Ajayakumar, P.V., Alam, M., Sastry, 

M. & Kumar, R. (2001). Bioreduction of AuCl - ions by the fungus, Verticillium sp. and surface trapping o f the gold nanoparticles formed. 

Angewante Chemie International Edition, 40 (19): 3585-3588. 

66. Mukherjee, P., Senapati, S., Ahmad, A., Khan, M.I. & Sastry, M. (2002). Extracellular synthesis of gold nanoparticles by the fungus Fusarium 

oxysporum. Chembiochem: A European Journal of Chemical Biology, 3(5): 461-463. 

67. Ahmad, A., Senapati, S., Khan, M.I., Kumar, R. & Sastry, M. (2003). Extracellular biosynthesis of monodisperse gold nanoparticles by a 

novel extremophilic actinomycete, thermomonospora sp. Langmuir, 19 (8): 3550- 3553. 

68. Ahmad, A., Senapati, S., Khan, M.I., Ramani, R., Srinivas, V. & Sastry M. (2003). Intracellular synthesis of gold nanoparticles by a novel 

alkalotolerant actinomycete, Rhodococcus species. Nanotechnology, 14 (7):824-828. 

69. Sastry, M., Ahmad, A., Khan, M.I. & Kumar R. (2003). Biosynthesis of metal nanoparticles using fungi and actinomycete. Current Science, 

85 (2): 162- 170. 



International Journal of Research Publication and Reviews, Vol 4, no 4, pp 3791-3798 April 2023                                     3798 

 

 

70. Shivshankar, S., Ahmad, A. & Sastry M. (2003). Geranium leaf assisted biosynthesis of silver nanoparticles.Biotechnology Progress, 19:1627-

1631. 

71. Shivshankar, S., Ahmad, A., Pasricha, R. & Sastry, M. (2003). Bioreduction of chloroaurate ions by geranium leaves and its endophytic fungus 

yields gold nanoparticles of different shapes. Journals of Materials Chemistry, 13 (7): 1822-1826. 

72. Rangnekar, A., Sarma, T. K., Singh, A. K., Deka, J., Aiyagari, R. & Chattopadhyay, A. (2007). Retention of enzymatic activity of α-amylase 

in the reductive synthesis of gold nanoparticles. Langmuir, 23 (10): 5700- 5706. 

73. Kumar, S. A., Abyaneh, M. K., Gosavi, S. W., Kulkarni, S. K., Ahmad, A. & Khan M. I.(2007).Sulfite reductase-mediated synthesis of gold 

nanoparticles capped with phytochelatin. Biotechnology and Applied Biochemistry, 47: 191-195. 

74. Nath, S., Kaittanis, C., Tinkham, A. & Perez, J. M. (2008). Dextran-coated gold nanoparticles for the assessment of antimicrobial 

susceptibility. Analytical Chemistry, 80 (4):1033-1038. 

75. Ganeshkumar, M., Ponrasu, T., Raja, M. D., Subamekala, M. K., & Suguna, L. (2014) Green synthesis of pullulan stabilized gold nanoparticles 

for cancer targeted drug delivery. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 130(15):64-71. 

76. Uryupina, O. Y., Vysotskii, V.V., Loskutov, A. I., Cherkasova, A. V. & Roldugin V. I. (2013) Formation of gold nanoparticles in aqueous 

solutions of cellulose derivatives and a study of the properties of these nanoparticles. Russian Journal of Applied Chemistry, 86 (8):1268-

1274. 

77. Templeton, A. C., Wuefing, W. P. & Murray, R. W. (2000) Monolayer protected cluster molecules. Accounts of Chemical Research, 33:27-

36. 

78. Pellegrino, T., Kudera, S., Liedl, T., Munoz, J. A., Manna, L., & Parak, W. J. (2005) On the development of colloidal nanoparticles towards 

multifunctional structures and their possible use for biological applications.  Small, 1(1):48-63. 

79. Kanaras, A. G., Kamounah F. S., Schaumburg, K., Kiely, C. J., & Brust, M. (2002).Thioalklatedtetraethylene glycol: A new ligand for water 

soluble monolayer protected gold clusters. Chemical Communications, 20: 2294- 2295. 

80. Housni, A., Ahmed, M., Liu, S., & Narain, R. (2008). Monodisperse protein stabilized gold nanoparticles via a simple photochemical process. 

The Journal of Physical Chemistry C, 112:12282-12290. 

81. Zanchet, D., Micheel, C. M., Parak, W. J., Gerion, D., & Alivisatos, A. P. (2001).Electrophoratic isolation of discrete Au nanocrystal/DNA 

conjugates. Nano Letters, 1(1): 32-35. 

82. Levy, R., Wang, Z., Duchesne, L., Doty, R. C., Cooper, A. I., Brust, M., & Fernig, D. G. (2006). A generic approach to mono-functionalized 

protein like gold nanoparticles based immobilized metal ion affinity chromatography. Chembiochem : A E uropean Journal of Chemcial 

Biology, 7 (4) : 592-594. 

83. Sperling, R. A., Pellegrino, T., Li, J. K., Chang,W. H. & Parak W. J. (2006).Electrophoretic sepeartion of nanoparticles with a discrete number 

of functional groups. Advanced Functional Materials, 16(7):943-948. 

84. Demers, L.M., Mirkin, C.A., Mucic, R.C., Reynolds, R.A., Letsinger, R.L., Lghanian, R. E, & Viswanadham, G. (2000). A Fluorescence 

based method for determining the surface coverage and hybridization efficiency of thiol capped oligonucleotides bound to gold thin films and 

nanoparticles. Analytical Chemistry, 72 (22): 5535-5541. 

85. Pellegrino, T., Sperling, R. A., Alivisatos, A. P., Parak, W.J. (2007) Gel electrophoresis of gold DNA nanoconjugates. Journal of Biomedicine 

and Biotechnology, 1-9. 

 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Abyaneh%20MK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gosavi%20SW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kulkarni%20SK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Khan%20MI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.sciencedirect.com/science/article/pii/S1386142514005083#!
http://www.sciencedirect.com/science/journal/13861425
http://www.sciencedirect.com/science/journal/13861425
https://link.springer.com/journal/11167
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pellegrino%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17193348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kudera%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17193348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liedl%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17193348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%C3%B1oz%20Javier%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17193348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manna%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17193348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parak%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=17193348

