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Abstract

Sustainable development seeks to satisfy the needs of today without undermining future generations' capacity to meet their needs. It is also our duty to protect and cultivate the mother planet for our younger ones. Several attempts are being made by scholars to extend this view. It involves renaming of green chemistry as sustainable chemistry, in order to conserve Mother Nature without damaging her treasures and in turn to maintain a much more secure ecological equilibrium with a focus on the use of sustainable production for a prosperous world, as we owe it to our siblings from whom we have borrowed it. The exponential development in science and technology has always sought to keep pace with this latest modernization situation, by breaking out new groundbreaking ideas such as green nanotechnology. This review delves into the sphere of amalgamating environmental sustainability with cutting edge nanoscience by unraveling the synergy of nanoparticle synthesis with principles of green chemistry. In a nutshell, it can be stated that Sustainable Nanotechnology acts as a beacon by directing young minds towards ecological mindfulness via harmonizing nature’s wisdom for creating novel biogenic nanoparticles and embrace a splendid journey in scientific sector.  
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Introduction 

"Green chemistry is replacing our industrial chemistry with
nature’s recipe book. It's not easy, because life uses only a
subset of the elements in the periodic table. And we use all of
them, even the toxic ones"
Janine Benyus
From these renowned words, it is quite clear that Green chemistry, the newly emerging interdisciplinary field of science has to an extent reduced our dependence on conventional chemistry. It involves the production of ecofriendly products with minimal or no use of hazardous substances. This field of studies was developed to apply innovative scientific techniques to solve the environmental problems existing today on behalf of the upheaval of global insecurity due to anthropogenic activities increasing at a sudden hike. The unexpected growth of industrialization has made earth susceptible to the negative impacts of pollutants, which is minimized by the outbreak of this new field that applies to all areas of chemistry. Hence more precisely we can define green chemistry as sustainable chemistry due to its interest in protecting the mother nature without losing its treasures and in turn by taking due care to maintain a much stable ecological balance with an emphasis on the usage of sustainable development for a better future, as we have to preserve nature for our siblings from whom we have borrowed it. In this present scenario of modernization, the rapid advancement of science and technology has always tried to keep in pace with this, by out breaking new innovative concepts like green nanotechnology. 
Green nanotechnology as uncharted frontiers of future
Green nanotechnology is a nascent branch of science that relies on the existing principles of green chemistry and green engineering (Verma et al., 2019). It was formulated as a cleaning technology to wipe out the environmental and human health risks posed by the increased production of nanotechnology products and to replace them with eco-friendly means of manufacturing by promoting the aspects of enhancing the sustainability of the environment. It revolves around the aim to produce nanomaterials and products with renewable recipes instead of toxic ingredients in a cost effective and energy-efficient manner. It also makes the production of non-nano products more nature friendly. Hence it aims at producing nanomaterials that benefit nature directly or indirectly by reducing greenhouse gas emissions. Green nanotechnology is also described as nanotechnology for green innovation. Nanotechnology is often regarded as a paradigm of emerging technologies that have brought about drastic revolutionary changes in all areas of science and technology with a unique perspective to mankind. It is a multidisciplinary area that incorporates approaches from every nuke and corner of knowledge and brings about scientific advancement. Despite the toxic effects nanomaterials have on human health and life, it has advanced to an extended field of science by outcasting its use in Nanomedicine, Nanorobotics, cancer nanotechnology and so on (Joshi, 2019a; 2019b). To overcome its hazardous impact on the earth, the endless effort of mankind has led to the carving out of green chemistry, the eco-friendly companion of nanotechnology. In other words, green synthesis or green nanotechnology is developed as a benevolent to human and environmental health, which has the inherent potential to light up the nano-synthesis procedures as a beneficiary of biomedicine segments of nanotechnological advancements (Matus et al., 2011). Concerning this concept, the nanomaterials produced by green synthesis from plants, microbes or other natural sources are in all aspects identical to their chemical counterparts. Hence it can be precisely pictured as an infant who has to learn and transform into an adult by overcoming its weaknesses. Once the famous poet, Robert frost stated in his poem "The Road Not Taken" that "Two roads diverged in a wood, and I took the one less travelled by and that has made all the difference”, which can be ironically correlated with this essence of nanotechnology and green chemistry which are treated as the future of sustainable nanosynthesis (Karn, 2008). In green nanotechnology, the usage of the term green coincides with the use of plant products, which in turn makes this field filled with a treasure of advantages for an assured safety of life on earth. Nanosynthesis is carried out either using herbal drugs or plant extracts.
From the great words of Hippocrates,
“Nature itself is the best physician”,
it is depicted that nature which is the storehouse of medicinal plants ranging from herbs to trees can be used extensively for formulating incredible recipes. These recipes are often regarded as an elixir of life as they are prepared from folk herbalism which encompasses medicinal plants with an ocean of phytochemicals as its chief ingredient or essence. Hence the employment of herbal drugs in the production of nanoparticles has opened up a ray of hope towards the treatment of chronic diseases like diabetes, cancer, asthma and others. In this world of lifestyle diseases that have been hiked upon the procurement of western culture, scientists are mainly focused on creating herbal drug-loaded nanoparticles on a large scale. Despite this method, mostly plant extracts are employed for the nanosynthesis. Among the broad spectrum of nanoparticles ranging from metallic to metal oxide nanoparticles, silver nanoparticles (AgNPs) sparkle out due to its remarkable physiological properties. This point towards the inherent potentiality of silver in nature. Silver mainly exist in 4 different states of oxidation viz., Ag0, Ag+1, Ag+2, and Ag+3, either in monovalent condition or as complexes (Sarmast & Salehi, 2016). Plants are treated as a pool of biological compounds which often act as potential agents of green synthesis of AgNPs. According to Charaka Samhita, Indian ayurvedic tradition makes use of metals like gold, mercury, silver, zinc etc. in healthcare. It is used to make utensils for cooking and sharp instruments for cutting umbilical cord along with its usage as a therapeutic agent (Galib et al., 2011). Conventionally AgNPs are prepared via physio-chemical methods such as chemical reduction (Khan et al., 2011a; 2011b), gamma-ray radiation (Chen et al., 2007), microemulsion (Zhang et al., 2006), electrochemical method (Reicha et al., 2012), laser ablation (Abid et al., 2002), autoclave (Yang & Pan, 2012), microwave (Khan et al., 2011a; 2011b) and photochemical reduction (Alarcon et al., 2012), which makes the use of toxic chemicals and high energy needs to provide with an effective yield. These actions have posed a threat to the balance of the ecosystem and its fellow beings. As a result, nowadays biological method of synthesis is preferred. It incorporates biotic agents of the biosphere as reducing and capping agents during the synthesis process. A recent search of scientific evidence makes us aware about the fact that AgNPs are synthesized extensively from plant extracts prepared from its different parts like leaf, bark, fruit, root and stem (Srikar et al., 2016). Even extracts made out of vegetable wastes like peels or rinds as well as germinated seeds also are employed for this purpose. In this green synthesis, metabolites, proteins (Elumalai et al., 2014) and chlorophyll (Shankar et al., 2003) present in plant extracts act as capping agents while water is chosen as the most suitable solvent for extraction of reducing agents from plants. But in rare cases, organic solvents like methanol, ethanol and ethyl acetate is also used. In most cases, plant extracts itself act as both stabilizing as well as capping agents (Rao et al., 2014).
During AgNPs synthesis, the chemical reactions undertaking between the plant extracts and the silver salt solution results in a remarkable color change from colorless to a variant of yellow to slight brownish-yellow, indicating the synthesis of nanoparticles. Once synthesized, it is purified into pellet or powder form by centrifugation of AgNPs suspension solution. Finally, silver ion reduction followed by agglomeration and stabilization results in the formation of nanoparticles. Further, the pellets obtained are characterized via different methods to analyze its specific features like morphological features, optical properties, and stability etc. The biophysical techniques employed comprises of UV-Vis Spectra, SEM, TEM, FTIR, XRD and EDAX or EDX/EDS (Srikar et al., 2016). Parameters like metal ion concentration, extract composition, reaction period, pH of the reaction mixture, temperature and agitation was found largely to affect the size, shape and morphology of the AgNPs (Kora et al., 2010). The importance of AgNPs is increasing day by day due to its widespread applications in different field of science like biomedical (Chaloupka et al., 2010), drug delivery (Prow et al., 2011), water treatment (Dankovich et al., 2011), agricultural etc. (Nair et al., 2010). But unfortunately, the extensive use of nanoparticles in fullfilling its applications at the medical field are under a standstill due to the cytotoxic effects caused by them. Mostly nanosilver whose size varies from 1-100nm finds acceptance in the zone of applications. The potential action and cytotoxicity of nanosilver are determined by its particle size, exposure dose, coating materials, aggregation of nanoparticles and the organism or the type of cells to be tested (Fahmy et al., 2019). More precisely we can state that AgNPs cause cytotoxic effects due to its size change where smaller ones are more toxic whereas aggregation and coating are found to reduce cytotoxicity as toxic effect get induced based on the chemical attraction of AgNPs to the cell surface and its dissolution to release silver ions get interrupted by these actions (Suresh et al., 2012; Akter et al., 2018). 
A deeper dive into Nanotechnology
Nanoscience is regarded as an entire knowledge about fundamental properties of nano-sized objects (Sergeev, 2003, 2006). Its results are often realized in nanotechnology as new materials. Nanotechnology is defined as the contemporary field of research concerned with the design, synthesis, and manipulation of particle structures ranging in size in the region of 1-100 nm (Remya et al., 2017). It undertakes to mix up with biotechnology for developing improved useful nanoscale products that could bring upheavals in the allied field of biotechnology (Goodsell, 2004). From a decade or so the synthesis of nanoparticles using noble metals is gaining more importance among the society due to its intensive and inexplicable use in various allied consumer products ranging from toothpastes, soaps to detergents along with its use in the pharmaceutical industry (Kim & Song, 2010). The transparency of silver nanoparticles colloidal solution has aided its use in cosmetics, coatings and packaging.
Nanoparticles : Types and approaches for its synthesis
 Nanoparticles are marked by main parameters like its shape, size and morphological substructure of the substance. Often these, nanoparticles exist either as aerosol, suspension or emulsions (Singh et al., 2010). Nanoparticles are mainly of two types namely organic and inorganic. Among these, the former is carbon-based while the latter can be either magnetic, noble metal types or semiconductor types. Not only that the inorganic nanoparticles are the ones to be frequently used for drug delivery due to its unique features such as ease of use, good functionality, biocompatibility, ability to get targeted into a specific cell and controlled release of drugs (Xu et al., 2006). Conventionally nanoparticles are synthesized by two approaches namely physical and chemical. The former involves the use of methods like evaporation, condensation and laser ablation while latter involves the use of reduction of metal ions in solution under conditions favorable for the synthesis of small metal aggregates (Abou El-Nour et al., 2010).
Physical Approach
 Under physical approach, nanoparticles are synthesized in a tube-like furnace at atmospheric pressure via evaporation-condensation. But silver nanoparticle synthesis using this was not found to be feasible as it requires large space along with usage of a long time to attain thermal stability. Thus laser ablation of metallic bulk materials in solution is performed where size and shape of nanoparticles are primly dependent on certain parameters like laser beam wavelength, its duration, fluency and so on (Abou EL-Nour et al., 2010). Thermal decomposition was also used as an alternative approach by Lee and Kang (2004). They synthesized nanoparticles in the range of room temperature to 2900C by slow heating at 20 C for 1minute until AgNPs of a definite size was obtained. 
Chemical Approach
Chemical approach employs water or organic solvents for an easy synthesis of nanoparticles. It comprises mainly the chemical reduction method, where Ag+ ions in aqueous solution are reduced to form colloidal silver of different diameter. The major reductants employed are namely borohydride, citrate, ascorbate and elemental hydrogen. These dispersive nanoparticles are further stabilized using polymers like polyvinylpyrrolidone (PVP), polyethylene glycol (PEG), polymethacrylic acid (PMAA), polymethylmethacrylate (PMMA) etc. for ensuring their protection during the entire synthesis (Abou El- Nour et al., 2010). AgNPs synthesis was earlier carried out by chemical reduction methods employing a source of silver salt, reducing and stabilizing agents. In 2008, AgNO3 was used as silver salt along with gallic acid both as reducing agent and stabilizer for the synthesis (Martínez-Castañón et al., 2008) while during the subsequent years, it was performed by altering the reducing agents namely with hydrazine hydrate solution, sodium citrate solution and aniline. Whereas, the stabilizers chosen were 8% sodium dodecyl sulphate and cetyltrimethylammonium bromide (Guzmán et al., 2009; Khan et al., 2011a; 2011b). It is the polyol synthesis that has aided in the production of nanosilver as nanocubes, nanowires and nanospheres (Sun et al., 2003; Slistan-Grijalva et al., 2005a; 2005b; Kim et al., 2006; Skrabalak et al., 2007a; 2007b; Wang et al., 2013). Out of these, nanocubes were formed when silver nitrate was reduced by ethylene glycol in the presence of poly vinyl pyrrolidone and Na2+ (Skrabalak et al., 2007a). 
Biological Approach
Biological approach is a nascent technology developed on the principles of green chemistry to substantiate the extensive use of chemical approach and to wipe out the hazardous effect created by it. Here reducing and stabilizing agents are substituted with molecules obtained from living organisms extending from bacteria to plants (Syafiuddin et al., 2017). Plants that are extensively available in our forest land and remained masked for eras are commonly employed for this synthesis. Mostly leaves are used for synthesis, but certain reports state that other parts of a plant like seeds, roots, bark etc. can be used. Not only that it was also reported that callus extract from Sesuvium portulacastrum L. was found to be more effective in producing nanoparticles that are more stable in terms of size and color intensity when compared to those made out of leaf extract (Nabikhan et al., 2010). The synthesis can be either intracellular or extracellular. One of the reports states that silver nanoparticles of Eucalyptus hybrida Maiden were synthesized via extracellular means by carrying out the reaction for 3 hours (Dubey et al., 2009). Thus generally during extracellular synthesis, either boiling of plant extract or crushing of leaves is preferred (Rai & Yadav, 2013). In 2008, Bar et al. utilized the latex of biodiesel producing plant Jatropha curcus L. for biosynthesis of AgNPs that maintain its stability for about one month in light protective conditions. While performing intracellular synthesis, plants were chosen to grow in either metal-rich soil, media or hydroponic solution (Gardea-Torresdey et al., 2002; Haverkamp et al., 2007; Harris & Bali, 2008).
Metal Nanoparticles fabrication approaches
Bottum-up Approach
Bottom-up approach works similar to the construction of a building one by one, by initially building a basement. Likewise, here nanoparticles are formed and further grouped into the final product via chemical or biological synthesis methods. Hence it ends up in the production of nanoparticles with homogeneous chemical composition and with few defects. Here nanoparticles are formed by chemical and biological methods, were atoms get self assembled into nuclei and grows into particles of nano size (Ahmed et al., 2016a). The most commonly used method under this is a chemical reduction with the involvement of reducing as well as capping agents. The former mainly include as many toxic chemicals like sodium borohydride (NaBH4), sodium citrate, ascorbate, elemental hydrogen, Tollen’s reagent, N,Ndimethyl formamide (DMF) and poly ethylene glycol that block copolymers (Tran et al., 2013; Iravani et al., 2014) whereas, the latter bring about the stabilization of the formed ones. Further on when technology progressed the green route of synthesis were chosen for replacing non-ecofriendly byproducts with eco-friendly ones. This greener route utilizes biotic entities of the environment as its incredible ingredient by altering the classical ingredients in physical and chemical methods of synthesis (Reddy et al., 2012).
Top-down Approach
In Top-down approach, beginning material is reduced by size via physical or chemical methods and found to produce nanoparticles with imperfect surface structure. In other words, it comprises of fabrication methods, which fabricate any bulk material substrate by removal of certain parts from it via chemical, electrochemical, mechanical means etc. based on the type of material chosen as base substrate and the size needed (Singh et al., 2010). Here the bulk material is broken down by reducing its size into finer ones via different lithographic methods namely grinding, milling, sputtering and thermal/laser ablation (Ahmed et al., 2016b) (Fig No.2).
Green synthesis –An innovative approach
Various chemical and physical techniques ranging from chemical reduction (Tan et al., 2002a; 2002b; Petit et al., 1993; Vorobyova et al., 1999), electrochemical reduction (Sandmann et al., 2000), photochemical reduction (Keki et al., 2000; Mallick et al., 2005) to heat evaporation (Bae et al., 2002; Smetana et al., 2005) were developed to synthesize metal nanoparticles. As these methods employ hazardous chemicals an alternative biological method of synthesis was developed. According to Absar et al. (2003), this method is a green chemistry approach which interconnects nanotechnology and biotechnology. The most astonishing part of nanotechnology is the emergence of the nascent methodology of synthesizing nanoparticles naturally using vitamins, sugars, plant extracts, biodegradable polymers, and microorganisms as reductants and capping agents has lighted up the hope for a safer eco-friendly ecosystem. Out of these reagents, plant-based materials or extracts seem to be the most suitable candidate for presuming the synthesis of nanoparticles at a larger scale (Iravani, 2011). These greener methods of synthesis are found to be more advanced over others due to its reproducibility, cost-effectiveness and inherent stability of green synthesized nanoparticles (Kalaiarasi et al., 2010).
Green chemistry has made its haptic victory over other approaches due to its indigenous aspects like cost-effectiveness, reliability, eco-friendliness and non-toxic nature and ease in processing that in turn aids in conserving mother earth and its fellow beings from the irritable effects created by age-old practices (Majeed et al., 2018). This greener method of synthesis is treated as an unexplored area in nanoscience and nanotechnology due to the classical wet chemistry routes for nanoparticle fabrication but is prone to rapid evolution due to its attitude in causing zero contamination to the Mother Nature (Kharissova et al., 2013). Among these, the phytosynthesis of AgNPs was found to be easier than other nanoparticles namely gold, platinum and palladium nanoparticles. Despite this, every time the success of a synthesis method is dependent on certain factors are namely pH, temperature and reaction or incubation time which are often monitored to carve out nanoparticles of a definite size and shape (Akhtar et al., 2013). Not only that some other parameters like extract and AgNO3 concentration, light intensity and pressure also helps in improving nanoparticle yield via greener methods.

Role play of different factors in phytofabrication  of silver nanoparticles (AgNPs)
Role of pH
The demand for optimization of a synthesis protocol increases with the ability of different plant parts to synthesize nanoparticles at a wide range of pH. Several reports state that larger ones are obtained at lower pH of 2- 4 range (Dubey et al., 2010). They also inferred that the higher stability of small-sized nanoparticles at basic pH accounted for lower zeta potential value of AgNPs at strongly acidic pH when compared with basic ones. It was also observed that the synthesis of highly dispersed nanoparticles was due to the increase in the absolute value of zeta potential with rise in pH (Andreescu et al., 2007). Reports state that in Eichhornia crassipes (Mart.) Solms, the shoot extract acts as the cellulose source that fulfils the roles of both capping and reducing agents by enhancing the rate of synthesis at alkaline pH (Mochochoko et al., 2013). In Avena sativa L., the size of gold nanoparticles is found to be dependent on pH value, which is marked by the formation of larger ones at pH 2 in little amounts and smaller ones at pH 3 & 4 in bulk quantity (Armendariz et al., 2004). Further, it was inferred that the accessibility of more functional groups for gold binding has encouraged the synthesis of nanoparticles of smaller size. Later on, these observations were duplicated by Sathishkumar et al. (2009) when they carried out an extensive study on the effect of pH on silver nanoparticles synthesized using Cinnamomum zeylanicum Blume powder and bark extract. He could summarize that pH had a remarkable effect on AgNPs synthesis via synthesizing large-sized ellipsoidal nanoparticles at acidic pH and small-sized spherical highly dispersed nanoparticles at alkaline pH. Recent studies state that the aggregation of nanoparticles is favored over nucleation at lower pH during AgNP synthesis (Veerasamy et al., 2011). Hence, it was summarized that major effect of pH is based on its ability to change electrical loads of biomolecules, which in turn alter its ability to stabilize, cap and also control the growth of nanoparticles (Lade & Shaneware, 2020). Briefly, it can be justified that pH causes a change in the charge of phytochemicals in plant extract and influence the sticking of silver ions to these biomolecules, such that enabling the binding of negatively charged ionizable groups to positively charged silver ions (Khatoon et al.,2017). Generally, it is the alkaline pH that is best suitable for synthesis as it enhances the functional groups being available, which in turn upgrades the reduction process and the stability of nanoparticles being formed (Majeed et al., 2018). 
Role of reaction temperature
It stated that the yield of AgNPs increases with the rise in temperature (Kim et al., 2011). According to Gericke and Pinches, (2006) gold nanoparticles synthesis exhibited a higher yield at higher temperature via producing nanorods and platelet-shaped ones not only that it also produces spherical-shaped nanoparticles at lower temperatures. At the same time, a positive correlation between nanoparticles yield and the temperature was established based on the increase in surface plasmon resonance with temperature by Sathishkumar et al. (2009). The underlying cause for thesharpness of absorption peaks was correlated with the temperature rise and associated increase in reaction rate for an enhanced nanoparticle synthesis, which in turn depends on the size of nanoparticles. Dubey et al. (2010) supported this by carrying out synthesis at a temperature range from 25 to 1500C with Tanacetum vulgare L. fruit extract. Hence it can be concluded that as the temperature rises, the rate of synthesis of nanoparticles reduces by increasing its stability. It is believed that at a higher temperature, Ag+ ions rapidly undergoes reduction followed by subsequent homogeneous nucleation resulting in the formation of small-sized nanoparticles (Lade, 2017). Hence rise in temperature corresponds to increased consumption of silver ions by molecules of higher kinetic energy to form uniform sized AgNPs (Verma & Mehata, 2016). In other words, it can be concluded that at high temperature, the particle size falls off due to the rapid conversion of ions to nuclei and by the stoppage of secondary reduction (Song & Kim, 2009; Dubey et al., 2010; Kumar et al., 2012). 

Role of incubation time
Like all other factors, it is the incubation time which acts as a key factor during the synthesis of nanoparticles. It accounts for the total time taken for all steps in a reaction to complete. Many reports state that nanoparticles are often formed within 10-15 minutes of reaction and showed a rise in yield up to a longer period of 2 hour or so (Dwivedi & Gopal, 2010; Dubey et al., 2010). But this was rejected by Veerasamy et al. (2011) who specified that nanoparticles formed were unstable and hence requires an optimum duration of 60 minutes for the completion of silver nanoparticles synthesis. It was also stated that AgNPs surface plasmon resonance increased from zero to 30 minutes of incubation to a constant phase indicating the completion of synthesis (Khatoon et al., 2015). In Coriandrum sativum L. leaf extract, AgNPs were formed rapidly within an hour (Sathyavathi et al., 2010) while for Psidium guajava L. It took only 90s and resulted in AgNPs that are stable for 18-20 weeks (Raghunandan et al., 2011). But the green synthesis using Azadirachta indica A. Juss. resulted in AgNPs that are stable only for 4 weeks after reacting for 4 hours (Shankar et al., 2004) whereas for Costus igneus N. E. Br. plant extract AgNP formed were found to be stable for at least 3 months (Nandibewoor & Sataraddi, 2012). While a period of 24 hours was needed by Syzygium aromaticum (L.) Merr. & L. M. Perry aqueous extract for synthesis to occur (Vijayaraghavan et al., 2012). In other words, incubation time corresponds to reaction stirring time which extends from the time of reactant addition to the occurrence of the reaction. It allows silver salt and the reducing complex components in the test plant extract to react properly. It is found to be dependent on certain factors like reaction mixture acidity, basicity, temperature, reducing power of extract, light intensity, enzyme and secondary metabolites of the test plant extract. Thus it can be briefly summarized that when more secondary metabolites are present, reduction of silver salt occurs in less time while for those having lesser metabolites, synthesis occurs rapidly in less time (Lade & Shaneware, 2020). More precisely, it can be pointed out that initially during the reaction there is an obvious increase in the number of nanoparticles, but later on, as times passes by, a limit to this is formed once they undergo agglomeration to form larger ones of various shapes (Song et al., 2009; Dubey et al., 2010; Christensen et al., 2011).
Role of Light intensity
Nanoparticles synthesis requires specific light conditions; it particularly takes place at dark conditions with respect to specific areas of application. The size and shape of nanoparticles are regulated by the light of different colors that correspond to respective wavelengths. When the synthesis is carried out under sunlight conditions, many enzymes in plant extract gets activated to produce different results. It is believed that the electromagnetic waves emitted by sun rays bring about a kinetic reaction between silver salts and functional groups of phytochemicals present in plant extract, hence resulting in the synthesis of much stable nanoparticles (Lade & Patil, 2017). During silver nanoparticle biosynthesis using Acalypha indica L. leaf extract, dark conditions were preferred to avoid photo-activation of AgNO3 (Krishnaraj et al., 2010). In spite of all these, dark conditions are mostly chosen as under dark, the light oxidized metal leads to photo leaching due to its photo-reactivity properties.
Role of Volume of Plant Extract
Another important factor that controls nanoparticles synthesis is the volume of the extract used in the reaction mixture which simultaneously affects both the synthesis and the time taken for it. Mostly, a smaller amount of extract is chosen, which ranges from 1-5 ml respectively. During nanoparticle synthesis, this parameter tends to influence the availability of contents (phenol, polyphenols, polysaccharides, tannins and anthocyanins) for the reduction of Ag++ ions to stable form and hence the average size of synthesized ones (Lade & Shaneware, 2020). Hence it is believed that the presence of phytochemicals in plant extract act as a prime aspect of reduction and stabilization taking place during synthesis. It includes a broad spectrum of metabolites comprising of terpenoids, flavonoids, ketones, aldehydes, amides, carboxylic acids and so on (Parashar et al., 2011). Generally, it can be stated that plants with extracts of higher quality show a reducing fashion on behalf of the nanoparticles being synthesized by it (Majeed et al., 2018).
Role of Silver nitrate concentration
Like plant extract quantity, the concentration of silver nitrate also seems to be a major factor determining the success of nanoparticle synthesis. Out of concentrations ranging from lower to higher millimolar studied, the well-chosen one is that of 1mM as we are often engaged in the synthesis of nanoparticles that are unseen by our naked eyes. It is also believed that the increasing concentration of reactants would lead to an incomplete reduction of Ag++ions. Moreover it makes the accumulation visible (Lade & Shaneware, 2020). Normally the surface plasmon resonance spectra of AgNPs are observed at a wavelength range of 400-480nm along with brown to yellow color. In 2014, Park stated that the change in AgNO3 concentration from 0.25-1mM would cause an increase in absorbance followed by the sharpening of the peak. Later Dubey et al. (2010) countered this by stating that a large-sized nanoparticle with an increased absorbance corresponds to a silver ion concentration of 1- 3 mM. Synthesis of AgNPs from Jatropha curcas L. seed extract was carried out using different concentration of AgNO3 ranging from10−3 to 10−2 M which resulted in nanoparticles of different size (Bar et al., 2009). Hence it can be summarized that higher the silver ion concentration, larger will be the size of nanoparticles produced (Dubey et al., 2010; Dwivedi & Gopal, 2010). 
Characterization of Silver Nanoparticles
Prior to characterization, the formation of silver nanoparticles was confirmed by the color change from yellow to dark brown exhibited on mixing AgNO3 with the aqueous extract of the respective plant in a specified ratio as reported earlier. Once nanoparticles are synthesized, they should be well analysed via biophysical methods to characterize its respective parameters ranging from size and shape to crystallinity. Thus it is said that proper understanding about properties of AgNPs will be beneficial for its applications in its allied fields. The properties are namely its size, crystallinity, toxicity, electrical, optical and catalytic properties etc. Biophysical parameters comprise of a bunch of techniques like transmission and scanning electron microscopy (TEM, SEM), atomic force microscopy (AFM), dynamic light scattering (DLS), X-ray photoelectron spectroscopy (XPS), powder X-ray diffractometry (XRD), Fourier transform infrared spectroscopy (FTIR), UV–Vis spectroscopy and so on (Abou El- Nour et al., 2010). The table shown below displays some of them along with its respective functions (López-Serrano et al., 2014; Patel et al., 2015; Gamboa et al., 2019a; 2019b). 
 
	Techniques 
	 Function 

	 UV- VIS spectroscopy
	Detection of nanoparticle formation via plasmon resonance 

	Fourier Transform Infrared (FTIR) Spectroscopy  
	Functional groups of biomolecules involved in the synthesis 

	X-ray Diffraction (XRD) Analysis
	 Crystalline nature 

	Scanning Electron Microscopy (SEM)
	Size, shape, morphology, aggregation

	Transmission Electron Microscopy (TEM) 
	Size and its distribution, shape, aggregation, elemental composition 

	Energy Dispersive X-ray (EDAX) Analysis
	Elemental analysis 

	Dynamic Light Scattering (DLS) Analysis
	Particle size and its distribution 

	Atomic Force Microscopy (AFM)
	Topological features – size, surface structure 

	Selected Area Electron Diffraction (SAED) Analysis
	Crystal structure and lattice parameters

	X-ray Photoelectron Spectroscopy (XPS)
	Interaction between capping agents and nanoparticles- crystallographic and elemental composition

	Zeta 
Potential 
	Stability of nanoparticles – surface charge

	Inductively Coupled Plasma with Mass Spectrometry/Atomic Emission Spectrometry (ICP-MS/ICP-AES).
	The yield of nanoparticle in a synthesis experiment 

	Thermal gravimetric analysis(TGA)
	Thermal properties 





The mechanism behind nanoparticle (AgNP) synthesis
In this future world of scientific research, many studies are being carried out to define the underlying molecular mechanism of nanoparticle synthesis such that the characters like size, shape and crystallinity of the metal nanoparticles can be modulated. But the exact mechanism is still to be found out. Inculcating a deep understanding of the biochemical mechanisms underlying the synthesis of nanoparticles using plant-based materials is an intellectual attempt to sculpture out this as economically competitive to the conventional methods (Akhtar et al., 2013). Characterization techniques like Fourier transform infrared (FTIR) spectroscopy helps us to analyze the involvement of biomolecules of plant extract in nanoparticle synthesis with a major focus towards phytochemicals like terpenoids, flavonoids etc. In 2003, Shankar et al. proved terpenoids to be the key factor involved in AgNP synthesis. While in cinnamon, eugenol was found to be responsible for this synthesis (Sathishkumar et al., 2009). In Ocimum basilicum L., the tautomerization of metabolites like polyphenols, flavonoids, eugenol from enol to keto form has resulted in the synthesis of AgNPs (Ahmad et al., 2010). Not only even sugars present in plant extracts take part in nanoparticle synthesis. In Lawsonia inermis L., apiin is involved in the synthesis of quasispherical nanoparticles, wherein its carbonyl groups get attached to silver ions (Kasthuri et al., 2009). This in turn indicates the involvement of glucose and fructose in nanoparticle synthesis, where the former leads to the production of nanoparticles of different morphologies and latter lead to monodispersive forms. Despite this, it was stated that nucleophilic addition of OH-group oxidises aldehydic group of carbohydrate to carboxylic group and brings about the synthesis of nanoparticles via reduction of metal ions (Makarov et al., 2014). Further, the synthesis of nanoparticles can be divided into 3 distinct phases as given below (Khatoon et al., 2017).
· Initial phase/activation phase - During this phase, the reduction of metal ions followed by nucleation takes place.
· Growth phase - Spontaneous aggregation of nanoparticles takes place to develop into larger diameter forms. An increase in this phase often results in the formation of nanotubes, nanorods and nanotriangles etc. (Makarov et al., 2014).
· Termination phase - Here the final shape of nanoparticles is determined. During this phase, nanoparticles undergo conformational change on behalf of the ability of plant extract to stabilize metal nanoparticles.
As per Tripathy et al. (2010), the reaction being performed during
synthesis is as shown below: - Ag + NO3- + plant extract       AgoNPs + byproducts 
The fabrication of silver nanoparticles brings about a transformation of water-soluble components like AgNO3, plant-based capping and stabilizing agents (secondary metabolites) to water-insoluble form (nanoparticles) (Lade & Shaneware, 2020). Hence precisely it can be summarized that during the green synthesis of nanoparticles, Ag+ is reduced in a single step reaction to a colored silver sol, which later on due to hyper-reactivity undergoes nucleation and increases in size. But some times for smaller ones, bigger capping agents are employed (Patel et al., 2015). Size is always determined by the concentration of the solution which can either be of silver nitrate solution or plant extract (Pandey et al., 2012). It was later proved that the increase in AgNO3 concentration from 2.5-15 mM has led to the formation of Ag clusters whereas increased plant extract (polysaccharides) resulted in large spherical AgNPs. Thus it can be concluded that in AgNPs, morphological properties arise via a complex combination of molecular, surface, and crystalline characters (Kiss et al., 2011). Hence newer techniques were developed for shape and size-controlled synthesis of nanoparticles. In most applications, it’s the size of AgNPs which affect its surface to volume ratio, quantum confinement and even the presence of microorganisms (Syafiuddin et al., 2017).
Silver nanoparticles- a magical recipe using nature’s treasure
Among this wide variety of nanoparticles, silver nanoparticles (AgNPs) was widely synthesized due to the antibacterial properties of zerovalent silver and the ability of silver salts to easily form zerovalent silver via reduction. Reports state that AgNPs of size 5-10 nm were synthesized via microwave irradiation conditions by employing glutathione as both reducing and capping agent in an aqueous medium (Baruwati et al., 2009). Similarly, AgNP of size 1-10 nm was synthesized using geraniol (Safaepour et al., 2009). A cost-effective method for synthesis of AgNPs (10-20nm) using table sugar was devised by Nazir et al. (2011) as a treatment for human cancer cell lines. These synthesized nanoparticles exhibited higher defence against HT144 (malignant skin melanoma) and H157 (squamous cell lung carcinoma) cells than clinically used reference compounds, vincristine and methotrexate. These silver nanoparticles were also produced using silver nitrate, gelatin, glucose, and sodium hydroxide namely as a silver precursor, stabilizer, reducing agent, and accelerator reagent (Darroudi et al., 2010). Later on, attempts were carried out to synthesize silver nanoparticles using plant extracts at room temperature below 1000C. Kaviya et al. (2011) employed Polyalthia longifolia (Sonn.) Thwaites leaf extracts along with D- sorbitol as a stabilizing agent for the synthesis of AgNPs at room temperature around 600 C. Despites of these, AgNPs are phytofabricated from wastes of fruits and vegetables (Fig No.1). They showcase remarkable potentialities and act as a limelight for a sustainable future in scientific sector. Bankar et al. (2010) reported a novel route for the synthesis of silver nanoparticles mediated by banana peel extract. With the help of a novel, non-toxic, environmentally safe biological material, namely banana peel extract (BPE), bio-inspired silver nanoparticles were synthesized.  Vasyliev et al. (2020) have found a low-cost and environmentally safe process for synthesizing and capping silver nanoparticles using aqueous extracts of apricot and currant wastes. The nanoparticles synthesized were spherical with its size ranging from 40-60 nm and 50-82 nm for black current and apricot respectively. Strong bactericidal properties were shown by black current pomace extract than apricot pomace extract. Flavonol glycosides were found to act as capping agent for AgNPs of black current extract while that of apricot extract lacked the presence of a capping agent. In 2021, Saad et al. synthesized silver nanoparticles from peel extracts of pomegranate and watermelon (Citrullus lanatus) and evaluated its larvicidal activity against Spodoptera littoralis. Spherical AgNPs of 15-85 nm capped with polyphenols are formed. The immense potency of polyphenols to induce first line defense against different stress conditions and infections has increased the mortality rate of S. littoralis larval instars.  He also revealed that fruits and vegetable peels posses’ rich treasure of polyphenols. The peels of pomegranate and watermelon house immense amounts of phenolic compounds (Rolim et al., 2018). The peel extract of Sharlyn melon depicted the presence four major phenolic compounds such as chlorogenic acid, vanillin, coumaric acid and 4-hydroxybenzoic acid (Al-Sayed & Ahmed, 2013). While pomegranate peel extract detected the presence of flavonoids and tannins namely gallic acids, punicalagin and punicalin (Al- Rawahi et al. 2014).  Faghihi et al. (2017) studied antifungal potential of AgNPs biosynthesized from grape fruit’s peel extract against Rhizoctonia solani. In cucurbits, damping off disease is caused by the fungus Rhizoctonia solani. On characterizing, biogenic AgNPs were found to be in the range of 50-65 nm. Cucumber plants exhibited lower damages from fungus via foliar application of these AgNPs. It was inferred to be due to increased SOD (Superoxide dismutase) enzyme scavenging. Xing et al. (2021) synthesized silver nanoparticles using mango peel extract via green synthesis. They were analyzed using various characterization and spectroscopic techniques. Its bactericidal activity against Staphylococcus aureus was found to be higher than E. coli. This enabled in formulation of a composite antibacterial material for preserving fruits and vegetables. Yang & Li (2013) fabricated AgNPs of size 7-27 nm from peel of Mangifera indica  via green synthesis. Silver nanoparticles produced from peel extract was regulated by controlling parameters like pH, incubation temperature, silver salt concentration and content of mango peel extract respectively. These nanoparticles exhibited enhanced antibacterial activity when loaded with non-woven fabrics, which in turn has raised its significance in medical sector. Wilkinson et al. (2011) revealed that mango peel is composed of lignin, hemicelluloses, polysaccharides, flavonoids and pectins.  Kokila et al. (2015) biosynthesized AgNPs from Cavendish banana peel and analyzed its details via different characterization methods. The biogenic nanoparticles produced were 23-30 nm in size and showed immense DPPH radical and ABTS scavenging activity than its aqueous peel extract. According to Someya et al. (2002), banana peel is remarked as an excellent storehouse of antioxidants due to the abundance of phenolic compounds and is often used as functional food for treating cancer and heart disease. Besides, nanoparticle synthesis it finds usage in other sectors such as fermentation of ethanol (Tewari et al., 1986) etc. Banana peel is enriched with polymers like hemicelluloses, lignin and pectins (Emaga et al., 2008).
Das et al. (2019) used outer peel extract of Ananas comosus for AgNP synthesis. Those biogenic nanoparticles were found to exhibit antioxidative, antidiabetic, antibacterial and cytotoxicity potential against HepG2 cells. This upholds its relevance in biomedical industry for developing drug as well as treatment for lifestyle diseases in addition to its role as wound dressing agent and antibacterial coating. A. comosus peel is enriched with bioactives such as vitamin C, flavonoids, carotenoids etc. (Romelle et al., 2016; Sah et al., 2016).  The antibacterial potential of these spherical AgNPs were tested against Enterococcus faecium DB01, Listeria monocytogenes ATCC 1911, Bacillus cereus KCTC 3624 and Staphylococcus aureus ATCC 13565 using disc diffusion technique (Diao et al., 2013). Antioxidant activity was analyzed via free radical scavenging assays such as DPPH assay, ABTS assay and reducing power assay. 
Ahmad et al. (2012) synthesized silver nanoparticles from Punica granatum peel extract. The biogenic AgNPs characterized by various biophysical methods was of size 5 nm. Pomegranate extract is a rich source of polyphenols and alkaloids. One of the prominent phenolic compounds, often remarked in pome is ellagic acid endowed with immense antioxidant potential. Anthocyanidins on amalgamating with ellagic acid synergically enhance pome’s efficacy as an antioxidant.  Its free radical scavenging potency is contributed by punicalagins, tannin and ellagic acid.  Khorrami et al. (2019; 2020) fabricated AgNPs from black peel pomegranate extract and analyzed its antioxidant as well as anticancer potential via DPPH scavenging assay and MTT reduction assay respectively. During MTT assay, these nanoparticles are tested for its cytotoxic potential against a normal cell line (L-929) and two breast cancer cell lines (BT-20; MCF-7). Antimicrobial activity of pome peel extract is screened via disc diffusion technique against Staphylococcus aureus (ATCC 25923), Pseudomonas aeruginosa (ATCC 27853) and Escherichia coli (ATCC 27853) and was found to exhibit strong antibacterial potency against S. aureus (Shanmugavadivu et al., 2014).  Habibipour et al. (2019) evaluated the Pseudomonas aeruginosa antibiofilm formation activity against biogenic silver nanoparticles of pomegranate peel extract and depicted a significant reduction in biofilm formation rate during co-treatment with 1mg/ml peel extract and 0.15 mg/ml AgNPs. 
Phongtongpasuk et al. (2016) synthesized biogenic silver nanoparticles from peel extract of dragon fruit (Hylocereus undatus) and were found to be spherical within the size range of 25-26 nm. Its peel is enriched with numerous metabolites such as phyllocactin, betanin, hylocerenin, pectin, betacyanin, steroid and triterpenoids (Herbach et al., 2005; Luo et al., 2014) which fill them with antitumour, anti-inflammatory and antibacterial properties (Kim et al., 2011). 
Shankar et al. (2014, 2015) synthesized AgNPs from peel extract of Lansium domesticum and studied its wound healing capacity by incorporating it into Pluronic F127 gels as delivery system respectively.  Animal models are chosen for testing wound healing potential. This gel is regarded as the best material as it enhances Vascular endothelial growth factor (VEGF) and TGF-β during inflammatory phases of healing (Kant et al., 2014).  L. domesticum peel extract comprises of a rich source of triterpenoids (lansionic acid) triterpene glycosides (lansiosides A,B and C) and certain organic compounds like lansic acid and methyl ester (Tanaka et al., 2002). Biogenic AgNPs produced from them were analyzed via UV-Vis spectroscopy, FTIR and Zeta potential analyses. MTT assay with C2C12 cells evaluated its cytotoxic potential and Almar Blue assay detected its cellular activity that support it’s biocompatibilty.  Microdilution method was employed as antimicrobial assay. Nanoparticles showed notable biocompatibility on C2C12 cell lines.
[bookmark: _Hlk96292001]Adebayo et al. (2019) synthesized AgNPs using fruit peel extract of Persea Americana (Avocado) and evaluated its antifungal, antibacterial and antioxidant properties. Spherical nanoparticles of size 18-80 nm were obtained. Antifungal activity was tested via mycelia growth inhibition test against 5 fungal cultures. Vishwasrao et al. (2019) fabricated AgNPs from fruit peel extract of sapota (Manilkara zapota). The nanoparticles produced were enriched with remarkable antibacterial potency and were spherical with size of 8-16 nm. Antibacterial potential was shown against Gram positive and Gram negative microorganisms. 
Balavijayalakshmi and Ramalakshmi (2017) synthesized silver nanoparticles via green synthesis using Carica papaya peel extract. Spherical nanoparticles with a particle size of 16-20 nm were formed. The fruit peels of papaya are enriched with vitamins, polyphenols, lycopene, aminoacids, carbohydrates and β-carotene. Besides these, it acts as a source of riboflavin enabling in the formation of coenzyme such as FAD (Flavin adenine dinucleotide) and FMN (Flavin mono nucleotide). They also evaluate its antibacterial activity against human pathogens. 
Naganathan and Thirunavukkarasu (2017) synthesized biogenic silver nanoparticles using multiple fruit peel extract by mixing 3ml of extract with 47 ml of 0.1 mM AgNO3. They assessed its antimicrobial activity against human, plant and marine pathogens using agar well diffusion method. Its anticancer potential against MCF-7 cell lines was studied. Kumar et al. (2012) synthesized AgNPs using Annona squamosa peel extract. Silver nanoparticles were irregular- spherical with a particle size of 20-60 nm.  Several other metals (Au, Fe, Pt, Pd, Cu) their alloys, oxides, and salts have also been obtained by ‘greener’ methods. Either extracellular or intracellular synthesis is performed in plant-based synthesis techniques; out of this, the former is considered to be more effective as it avoids the risk associated with the latter. 
Fig No.1- Schematic representation of AgNP formation from fruit peels
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Fig No.2 : Different methods for Nanoparticle synthesis
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