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Abstract: 

Studies showed that chemically produced nanoparticles are more expensive to produce and 
have limited applications due to the use of hazardous chemical reagents and toxic solvents. 

Exposure to these nanoparticles may have harmful impacts on living creatures and the 

environment. Therefore, a green and non-toxic approach to the synthesis of eco-friendly 
and environmentally acceptable metal oxide nanoparticles is required. Biological 

approaches for the preparation of metal oxide nanoparticles are an environmentally safe 

and green alternative because they do not require harmful chemicals or toxic solvents. 
Biological methods employ microorganisms (bacteria, fungi, and algae) and plant extracts 

for the synthesis of metal oxide nanoparticles. Green synthesis is a simple, single-step bio 

reduction method that requires relatively low energy to initiate the reaction. Therefore, 

biosynthesis is a cost-effective method for the production of metal oxide nanoparticles. 

Keywords:  

Green Synthesis, Nanoparticles, Biological methods, Non-toxic. 

1.1 Introduction: 

Nanoparticles (NPs) have gained significant attention in photocatalysis due to their unique 

properties such as chemical, optical, electrical and mechanical properties because of the 

quantum confinement effect (Pande et al., 2008; Trinh et al., 2020). Instead of bulk material 
as a catalyst, nano particles such as TiO2, ZnO, Fe2O3, WO3, SnO2, ZrO2, CdS, SrTiO3 

and Cu2O can be used to improve the efficiency of photocatalytic reactions (Abbas et al., 

2018; Falah & Mackenzie, 2020; Rani & Shanker, 2019, 2021). The surface to volume ratio 
property of nanoparticles especially as a catalyst increases efficiency hundred percent as 

compared to bulk materials (Dewangan et al., 2012). Studies showed that chemically 

produced NPs were costlier in production and have limited application due to the use of 

hazardous chemical reagents and toxic solvents. Furthermore, environmental exposure to 

these NPs may have harmful impacts on living creatures and the environment.  
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Therefore, a green and non-toxic approach for the manufacture of ecologically acceptable 
metal oxide nanoparticles is required. Biological approaches for the manufacture of metal 

oxide NPs are an environmentally safe and green alternative because they do not require 

dangerous chemicals or toxic solvents. 

Biological methods employ microorganisms (bacteria, fungi and algae) and plant extracts 
for the synthesis of metal oxide NPs (Singh et al., 2018). The NPs synthesised using these 

methods are known as bio-mediated NPs. Green synthesis is a simple and single step bio-

reduction method that requires relatively low energy to initiate the reaction (Kalpana & 

Devi Rajeswari, 2018). Therefore, biosynthesis is a cost-effective method for the production 

of metal oxide NPs. 

1.2 Different types of Bio-mediated nanoparticles: 

The distinct properties of nanoparticles depend upon the different method used for synthesis 

(Figure 1.1). Bio-mediated synthesised NPs have numerous applications in different fields 

such as photocatalysts, electrode active materials, solar cells and antibacterial activity. Due 

to presence of natural surfactants and stabilizing agents which are rich biological activity. 

 

Figure 1.1: Different methods used for the synthesis of nanoparticles 

1.3 Silver nanoparticles (Ag NPs): 

Ag NPs have been prepared by various methods including spark discharging, 

electrochemical reduction, solution irradiation and cryo chemical synthesis. The size of 

synthesized nanoparticles was smaller than 100 nm and consisted of about 20-15,000 silver 
atoms (Chen & Schluesener, 2008). Ag NPs have been widely used as antimicrobial agents 

in commercial medical and consumer products (Rai et al., 2009; Ravindra et al., 2010). Ag 
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NPs preparation using plants (inactivated plant tissue, plant extracts and living plant) is an 
important branch of biosynthesis processes. It was reported that different plant leaves have 

the potential to reduce metal ions to zero valent  metal nanoparticles (Makarov et al., 2014). 

Bio-mediated Ag NPs showed their applications in industries such as photocatalysts, in 
hospitals it was used for treating burns, and medical bandages because of its nano size and 

antimicrobial properties (Kirubaharan et al., 2012; Muthu & Priya, 2017; Pang et al., 2021; 

Vigneshwaran et al., 2007). 

(Bankar et al., 2010) synthesised Ag NPs using banana peel extract. It was reported that Ag 

NPs have antimicrobial activity against fungal as well as bacterial cultures. 
Tabernaemontana divaricate leaf extract was used for the reduction of silver ions to Ag NPs 

by (Arun et al., 2014). The synthesised Ag NPs exhibited size of 22 nm with excellent 

stability for six months and cytotoxic activity against human breast cancer cell line (MCF-
7). In a similar study (Ramesh et al., 2015) fabricated Ag NPs in an aqueous medium using 

Emblica officinalis fruit extract as a stabilizer and reducing agent. It was examined that the 

synthesized Ag NPs were spherical in shape (78 nm) and showed inhibition against both 

gram-positive and gram-negative bacterial strains.  

Furthermore, bio-synthesis of Ag NPs using aqueous extract of Neem (Azadirachta indica) 
leaves was done by (Verma & Mehata, 2016). Synthesized Ag NPs were crystalline in 

nature, and poly dispersed because of which they exhibited high energy surface plasmon 

resonance band at around 400 nm and a strong photoluminescence band at 450 nm. Bio-
mediated Ag NPs showed enhanced antibacterial activity against the bacterial colony and 

were used in the field of medicine, food and cosmetic industries. 

The synthesis of Ag NPs using Azadirachta indica (neem) was done by (Nagar & Devra, 

2019). Prepared Ag NPs were applied as the catalyst for the degradation of methyl orange 

(MO) in an aqueous solution and real wastewater. The degradation of MO followed pseudo-
first order kinetics and maximum degradation of MO reached 88% in 40 min in aqueous 

solution and 80 min in real wastewater. (Küp et al., 2020) prepared Ag NPs from aqueous 

extract leaf of Aesculus hippocastanum (horse chestnut). It was observed that horse chestnut 
leaves have reduction potential as well as being a capping agent to produce well-defined 

nanoscale silver particles. Bio-mediated Ag NPs using Aesculus hippocastanum exhibited 

strong antibacterial activity against tested bacterial species but have no effect against fungal 
strains. Bio fabricated Ag NPs (25 nm) were prepared using Nepeta leucophylla extract by 

(Singh & Dhaliwal, 2020). Synthesised Ag NPs exhibited Surface Plasmon Resonance band 

at 430 nm in the ultraviolet-visible spectrum and showed 82.8 % phototcatalytic degradation 

of methylene blue dye from the aqueous solution in the presence of light and 61.2 % in dark 

in 180 min.  

Ag NPs were prepared through in-situ reduction by aminated alkaline lignin by (Pang et al., 

2021). Results showed that Ag NPs has a good catalytic performance for the reduction of 

4-nitrophenol after recycling eight times. Ag NPs/aminated alkaline lignin composite 
exhibited cyclic catalytic activity due to the strong binding force between the amine groups 

of lignin and Ag NPs. Photocatalytic activity and spectral properties of Ag NPs fabricated 

using Ferula assafoetida were evaluated by (Subramaniam et al., 2022). Using halogen 

lamp, studies explored that the photocatalytic activity of Ag NPs against the methylene blue 

dye was 96 % in 90 min. 



Advanced Environmental Chemistry Applications 

4 

 

(Hashemi et al., 2022) synthesized bio based Ag NPs using Sambucus ebulus extract as a 
stabilizing, capping and reducing agents for the evaluation of efficient antibacterial, 
anticancer, and photocatalyst activities. TEM and FE-SEM analysis showed that Ag NPs 

were spherical in shape with a size range of 35–50 nm. The biosynthesized Ag NPs showed 
anti-cancer activity against breast (MCF-7) and gastric (AGS) cancer cell lines. The 

biogenic Ag NPs showed high catalytic activity with 95 % degradation of methyl orange 

dye under sun-light irradiation in 11 min. 

1.4 Cu2O NPs: 

Cu2O NPs have attracted the attention of researchers due to their tuneable direct bandgap, 
p-type conductivity, non-toxicity, abundance and low-cost productivity (Minami et al., 

2016; Nandy et al., 2013). The p-type behaviour of cuprous oxide nanoparticles is due to 

the special configuration of the valence band, formed by 3d10 levels of the Cu+ cation. The 

existence of these different levels contributes to a less localized population of holes, which 
improves the mobility of these charges (Matsuzaki et al., 2008). Cu2O NPs have shown 

unique properties in different fields such as solar energy, gas sensing, photocatalysis and 

magnetic storage devices because of their capacity to absorb visible light (Huang et al., 

2009; Kumar et al., 2018; Li et al., 2021).  

A comparison of previous studies with present study is shown in Table 1.1 (Jassal et al., 

2016) synthesised α-Fe2O3 nanoparticles using Sapindus mukorossi and showed the 81 % 

degradation efficiency for 4-Aminopyridine in 1440 min.  (Kerour et al., 2018a) showed the 
70 % degradation of methylene blue in 10 min using Cu2O nanoparticles prepared using 

Aloe Vera extract. Results demonstrated that the performance and catalytic activity of Cu2O 

NPs towards the degradation of various toxic dyes using different source of light was very 

effective. In the present study 80 % degradation of 4-Aminopyridine has been achieved 

using Cu2O NPs with 82 % COD and 65 % of TOC removal. 

Table 1.1: Comparison of Bio- mediated synthesised Cu2O NPs with other 

chemically synthesized 

Reference Methods Degradation 

Efficiency and 

Mineralization 

Time 

Nanoparticles 

And Reaction 

conditions 

Plant 

Extract 

Pollutant Removal 

Efficiency 

COD 

Removal 

(min) 

(Behera & 
Giri, 2016) 

Cu2O 

500 W Xenon 
lamp 

Calotropis 
Giganetea 

Methylene blue 
(20 ppm ) 

90 % - 120 

(Borah et 

al., 2016) 

Cu2O Syzygium 

jambos (L.) 
Alston plant 

Ary boronic 

acid (0.041 
mmol / 5ml) 

95% - 300 
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Reference Methods Degradation 

Efficiency and 

Mineralization 

Time 

Nanoparticles 

And Reaction 

conditions 

Plant 

Extract 

Pollutant Removal 

Efficiency 

COD 

Removal 

(min) 

(Jassal et 

al., 2016) 

α-Fe2O3 

nanoparticles 

Sapindus 

mukorossi 

4-

Aminopyridine 

(25 mg/L) 

81% - 1440 

(Mousavi-

Kamazani 

et al., 
2017) 

Cu/Cu2O 

250W Mercury 

lamp 

Pomegranate 

marc peels 

(PMP) 

Methylene blue 

(25 mg/L) 

99% - 150 

1.5 Conclusion:  

Studies showed that bio-mediated NPs are cheaper to produce and have wide applications 
in various fields due to the use natural surfactants. Biologically synthesized NPs are non-

toxic, eco-friendly and environmentally acceptable. Green synthesis of nanoparticles was 

found to be simple, single-step and low energy initiator. Bio-mediated prepared NPs were 
found to comparatively more effective as compare to chemically synthesize. Therefore, 

biosynthesis is a cost-effective method for the production of NPs. 
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