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In this modern era, (M/MO-NPs) Metal/metal oxide nanoparticles are utilized in various areas. The growth 

of nanoparticles is tremendous in our daily activities like beauty products, doses, delivery of drugs, and outfit. 

They can be set up by numerous strategies, for example, green amalgamation and the ordinary compound blend 

techniques. Green synthesis incorporates endless increase to deliver M/MO-NPs with requesting properties. In 

Bioengineering, the "green" combination has increased massive consideration as a trustworthy, dependable, and 

natural benevolent convention for orchestrating a wide scope of Nanomaterials including M/MO-NPs and bio 

propelled materials. Photocatalytic and biological applications of metal oxide nanoparticles are an all-around 

intriguing point covering a wide assortment of cutting edge research and rising improvements in this field. A 

biological application is developing as alternate green and secure strategy for the synthesis of M/MO-NPs 

utilizing plants and organisms as a wellspring of forerunner material. Be that as it may, the utilization of plant 

extracts for this intention is profitable over organisms because of usability and less biohazard. Union of metal and 

MO-NPs by using the extract of plant fluid arrangement have increased consideration toward the green 

methodology and with no antagonistic impact on nature. These NPs have assumed a significant job in differing 

areas particularly in the biomedical and photocatalytic investigation. The current article intends to survey the 

advancement made lately on nanoparticle biosynthesis by organisms. These microbial assets incorporate 

microorganisms, organisms, yeast, green growth, and viruses. This study predominantly centres on the 

biosynthesis of the most usually examined M/MO-NPs, for example, copper, cadmium, noble metals, platinum, 

titanium oxide, palladium, zinc oxide, and cadmium sulfide.  
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Introduction 

Throughout the most recent decade, novel 

amalgamation approaches for nanomaterials, have been 

an intriguing region with regards to nanoscience and 

innovation. Numerous investigations have given an 

account of the wide scope of metal and metal oxide NP 

applications, attributable to their extraordinary and wide-

extending physicochemical properties. Silver (Ag) 

Nanoparticles, for instance, are broadly utilized for 

clinical, material, food bundling, and application of water 

treatment. In biomedical examination Gold (Au) 

Nanoparticles have been utilized largely, due to their 

catalytic properties platinum (Pt) Nanoparticles are 

broadly utilized in modern applications [1, 2]. At last, 

palladium (Pd) nanoparticles have been utilized as 

impetuses during the production of pharmaceuticals and 

because of the demonstrated antibacterial properties 

Nanoparticles of copper oxide (CuO) in paints and 

textures acts as an antifouling specialist. 

Here, we summed up the present work on the green 

amalgamation of M/MO-NPs with their focal points over 

substance blend strategies. Furthermore, we additionally 

talked about the job of manufactured materials, normal 
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concentrates, and microorganisms, green growth, 

parasites, and plant extricates compounds with their 

favorable circumstances over other traditional solvents 

[3, 4]. The main point of this work is to give brief 

understanding of green and genuine natural remediation 

applications [5]. By and large, we will likely deliberately 

portray "green" combination methodology and their 

related parts that will profit scientists associated with this 

developing field while filling in as a valuable guide for 

readers with an overall enthusiasm for this concept. 

I. M/MO-NPs of Green synthesis  

The previous method, nanoparticles/materials 

structured through assorted scope of synthesis 

approaches such as lithographic strategies, ball milling, 

etc. The utilization of a bottom-up approach along with 

includes various techniques such as CVD, sol-gel 

method, spray & laser pyrolysis [6]. The combination of 

metallic nanoparticles by plants and microorganisms is 

shown in Figure 1. 

 

1.1.  M/MO-NPs synthesis by bacteria 

Species of bacteria have been broadly used for 

various applications in biotechnology, for example, 

hereditary, and bioleaching purposes. Microbes can 

decrease metal particles and are pivotal competitors in 

the preparation of nanoparticles. Instead of different 

organisms, microorganisms can be effectively formed 

and controlled genetically for the biomineralization of 

metal particles. Microorganisms are ceaselessly 

presented to unforgiving and dangerous conditions 

coming about because of high centralizations of 

substantial metal particles in their environmental factors 

[8]. These methods can be proficiently used by the 

microscopic organisms for nanoparticle synthesis for 

various sorts of utilizations. Metal nanoparticles 

bacteria’s can combine either by extracellular or 

intracellular components. 

Srivastava et al. In 2012 reasoned that Pseudomonas 

aeruginosa has the synthesized capacity of nanoparticles 

variety intracellularly, for example, nanoparticles Pd, Rh, 

Ag, Co, Ni, Pt, Li, and Fe respectively. This work did 

exclude any outside electron givers and was liberated 

from the progression of adjusting pH during the 

biomineralization venture of various metal particles. In 

ongoing reports, diverse bacterial strains, like E.coli,  

B. subtilis, B.megaterium, P.aeruginosa, B. cereus, 

Alteromonas, and Ochrobactrum have been widely 

utilized for nanoparticles blend. 

 

1.2.  M/MO-NPs synthesis by fungi 

Biosynthesis of fungal NPs is another basic and 

direct methodology which has been investigated widely 

for nanoparticle fabrication. Metal/Metal oxide 

 
 

Fig. 1. Metallic Nanoparticles synthesis by microorganism and plant, Reprinted with permission from, Reprinted 

with permission from Ref. [7]. 
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nanoparticle biosynthesis of mediated fungi is likewise a 

productive cycle for the monodispersed nanoparticles 

generation with all around characterized morphologies. 

Due to the involvement of an assortment of intracellular 

catalysts, they also act better organic specialists for the 

arrangement of M/MO-NPs. In contrast with 

microorganisms, fungi have higher profitability as far as 

the generation of nanoparticles and higher resilience’s to 

metals particularly in the setting of high cell divider 

restricting the limit of metal particles with biomass. 

Investigation of different strains of fungal Fusarium 

oxysporum for silver nanoparticles by Rajput et al. [11] 

shows that synthesis and examined the impact of 

selection isolation, pH, and temperature on the 

morphology of nanoparticles. Their investigation 

summed up that understanding the connections among 

the interfacial layer and organic for creating novel, 

particularly in the region of biosensors. Kitching et.al. To 

additionally investigating the nanoparticle bio-inspired 

arrangement, in Rhizopus oryzae, removed the cell 

surface proteins for in vitro creation of gold 

nanoparticles for biomedical and biocatalytic 

applications. [12]  

 

1.3.  M/MO-NPs synthesis by plant extracts 
Many remarkable resources have been given by 

nature that has profited human life since old occasions. 

Bio-manufacture is predominantly gotten from plants and 

microorganisms which is normally occurring reagents 

that can be utilized in biosynthesis and green science-

based procedures for material [13]. Plants, 

microorganisms, microalgae, seaweed these natural 

elements, have been accounted for in the successful 

synthesis of different nanoparticle of M/MO. Plant 

extracts have gotten wide consideration due to their 

straightforwardness, economical expense, and fast 

response time notwithstanding their capacity to lesser 

metal particles to M-NPs and their capacity to deliver 

NPs for huge scope [14, 15]. The investigation reported 

on the synthesis of the biological entity has shown that a 

superior characterized size and morphology and can be 

accomplished with certain physical and chemical 

strategies [16]. 

The subsequent metal nanoparticles from plant 

extracts have been reported by numerous researchers not 

exclusively are nontoxic and biocompatible with 

ordinary human cells however can likewise it may 

exhibit antibacterial/viral and anticancer properties and 

permit focus on the delivery of drugs with metal 

nanoparticle limitation to specific areas. For instance, 

AuNPs created by Muniyappan and Nagarajan and 

Ahmad et.al., [17] fundamental oil and leaf of Mentha 

piperita of Curcuma pseudomontana removes, 

individually, it displayed critical drug delivery anticancer 

movement against malignancy cell lines alongside cancer 

prevention agents. 

The working cycle is exceptionally simple for 

delivering nanoparticles that are utilizing plant extricates. 

Extract of plant is essentially blended in with precursor 

in a metal particle salt arrangement in the surrounding 

environment and the response is finished in no time or 

long time. The metals are changed over from single or 

bivalent oxidation states to zero-valent states. This 

denotes the development of NPs. Investigation of the 

analysis shows that much work has been performed for 

NP combination utilizing plant extracts, principally with 

Nobel metals and seldom for Palladium and Platinum 

[18, 19]. Notwithstanding, less amount of works have 

been distributed on the synthesis of other MO-NPs 

utilizing plant separates. 

II. Characterization of M/MO-NPs 

2.1. Characterization of M/MO-NPs by bacteria 

2.1.1. EDX for Ag, Co 
The bacterial strain for Ag, Co [20] of Proteus 

mirabilis has been detailed by Marwa Eltarahony and 

Sahar Zaki. To know the compositional analysis of the 

quantitative status of components that might be engaged 

with the arrangement of NPs can be studied using EDX. 

Manufactured NPs exhibited elemental characteristic 

peaks at 3 keV, 7 keV which was credited to Ag, Co with 

nuclear rates 50, 21 %, individually, and affirms the 

development of their comparing nanomaterial. 

Notwithstanding, sulfur is a significant functional 

component of amino acids as methionine and cysteine 

[21]. A few signs of sodium, Calcium, and Copper was 

distinguished, suggesting that they are of amino acid 

constituents that despite everything adhered to the 

nanoparticles which are shown clearly from the Figure 

2(b) [22]. Moreover, an Al peak was likewise uncovered 

because of the Al stub used to put the sample in the 

instrument.   

 

2.1.2. ZnO nanoparticles activity in E.coli  

ZnO nanoparticles antibacterial activity was reported 

by Richard B. Asamoah, Abu Yaya, to locate the 

antibacterial action of nano metal oxides on bacterial 

species by Kirby Bauer Disk dispersion technique [24]. 

Nanometal oxides of range 5 mg/ml to 0.01 mg/ml were 

tested on gram- positive & negative microbe’s species of 

Escherichia coli. Nanometal oxides showed shifting 

action against the gram-negative-positive bacterial 

species. From the results, we can see that E. coli was 

more resistive to the antibacterial action of copper oxide. 

ZO-NPs were comparably tested on E. coli. The action of 

ZnO-NPs on E. Coli is shown in Figure 3 [23]. The 

outcomes show that ZnO had no impact on E. coli. From 

5 mg/ml to 0.01 mg/ml indicated no movement against 

E.coli. Hence, all the different concentrations of ZnO-

NPS recorded no zone of inhibition when tried on E. 

Coli. 

 

2.2. Characterization of M/MO-NPs by fungi 

2.2.1. Fusarium oxysporum SEM for silver NP 

Significant report has been carried out with Ag-NPs 

by fungi extracellularly or intracellularly produced. From 

the interaction of Ag-NPs produced by Aspergillus 

fumigates might not have a similar measurement as those 

created by Fusarium oxysporum regardless of whether 

different conditions like temperature, pH are 

indistinguishable. The brooding time may likewise shift 

from fifteen min to an hour. Synthesis of Au-NPs from 

Trichoderma reesei takes 72 h, yet it is valuable for the 

enormous scope creation of NPs. It has additionally been 
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reported by Vahabi et al. [25]. The extracellular decrease 

of metal particles was done by a nitrate-subordinate 

reductase catalyst was investigated. The extra 

intracellular arrangement of Ag-NPs was examined by 

Sanghi et al., in Coriolus Versicolor ordinarily known as 

white decay fungus [26]. A SEM picture is shown in 

Figure 4 [27]. 

 

2.2.2. Verticillium sp SEM and EDAX analysis  

Nanoparticles of Au-Ag have obtained by Gericke 

and Pinches have got Au-NPs of various shapes and sizes 

from the culture of fungus. It has been seen that their size 

can be constrained by observing its acid base balance, 

and temperature of the extract. Intracellular combination 

yields nanoparticles of littler size are also noted [28]. 

AgNO3 arrangement at 28 °C for 72 h was allowed to 

communicate which is separated from the Taxus plant 

with the organism (fungus), Verticillium sp. The change 

was observed outwardly and spectroscopically by an 

adjustment in the shade of the biomass of fungus. 

Exposure of fungi before and after comparison of their 

spectra of both gold and silver nanoparticle development 

was additionally affirmed. It is additionally significant to 

take note of that the organisms continue becoming even 

 
Fig. 2. Biosynthesized EDX Nanoparticles strain (a) AgNPs, (b) CoNPs, Reprinted with permission from Ref. [22]. 

 

 
Fig. 3. Antibacterial activity of zinc oxide on E.coli Reprinted with permission from Ref. [23]. 

 

 
 

Fig. 4. SEM image of the Fusarium oxysporum, Reprinted with permission from Ref. [27]. 
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after the arrangement of Ag-NPs, demonstrating that they 

are not harmful to the fungus. 72 h demonstration of 

AgNO3 for uniform dispersion of Ag nanoparticles over 

the whole surface of the parasitic cell is shown in Figure 

5(a). The vast availability of Ag nanoparticles is 

indicated in EDX it is shown in Figure 5 (b) other weak 

peaks such as Carbon, sulfur, phosphorous, and Sodium 

are beside [29, 30]. 

 

2.3. Characterization of M/MO-NPs by plant 

extracts 

2.3.1. SEM & XRD analysis of Cu NPs by 

Peppermint extract 
From different plant extracts, Cu NPs have been 

effectively combined through green techniques. Separate 

to this, for settling and reducing agent Woźniak-Budych 

et al. [31, 32] utilized peppermint extract lessening 

copper particles to get Cu NPs and affirmed by a change 

in color from green to orange. The round shape and 

normal size from the studies as seen by SEM as 

portrayed in Figure 6(a) [33]. From the XRD 

examination appeared in Figure 6(b) we can individually 

see the most extraordinary peak at 2θ = 43.30° crediting 

(111) plane with different peaks at 2θ of 74.45, 90.22, 

and 94.99° for (220), (311), and (222) planes. 

Furthermore, during XRD examination some of the 

cuprous oxides have likewise been recognized at 2θ = 

36.32° for (111) plane and present in the vicinity of 

Copper nanoparticles [34].  

 

2.3.2. Characterization of CuO NPs 

Synthesized CuO NPs have been discovered to be 

efficient and ecologically benevolent and have shifted 

sizes relying upon the plant source [35]. From the XRD 

analysis it shows the structure of monoclinic by utilizing 

Aloe vera, and in the High resolution Transmission 

Electron Microscope Figure 7 we can observe 0.23nm 

planar dispersing having the size range of 20 - 30nm of 

scattered, flexible, and circular nanoparticles. 

III. Applications of M/MO-NPs 

3.1. Photocatalytic applications 

M/MO-NPs catalyst behavior is another significant 

and overpowering region of exploration. AgNPs show 

superb reactant action for the decrease of different 

dangerous colors. Azo colors degradation and for 

wastewater treatment, Pd-NPs exhibits green synthesis 

catalytic properties [36, 37]. Manoj B. Gawande and 

 
 

Fig. 5. (a) SEM image of the Verticillium fungal (b) EDAX spectrum recorded from a film of fungal cells, Reprinted 

with permission from Ref. [27]. 

 

 
 

Fig. 6. (a) SEM image, (b) XRD peak Reprinted with permission from Ref. [33]. 
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Fig. 7. XRD pattern and HRTEM image, Reprinted with permission from Ref. [33]. 

 

Table 1 

 

Photocatalytic activity of some metal oxide nanoparticles against different dyes 

Name of the 

Sample 
Dye used 

Condition of 

irradiation 

Method of 

synthesis 

Degradation efficiency 

(%) 
Ref. 

CdO 
MB (Methylene 

blue) 
UV-light Chemical 48 [41] 

NiO MB UV-light Chemical 60 [41] 

CdO MB Sun light Hydrothermal 78 [42] 

ZnFe2O4 
EB 

(Evans blue) 
Sun light 

Green synthesis 

(Sugarcane juice) 
82 [43] 

Co doped 

BiFeO3 
EB UV-light Chemical 39.23 [44] 

NiO EB UV -light Microwave 88.13 [45] 

CuO MB UV –light Chemical 15 [46] 

NiO MB UV –light Chemical 55 [46] 

Ta2O5 MB UV –light Ultrasound 96 [47] 

CuO MB Sunlight 

Green 

(Tinospora 

cordifolia) 

80 [47] 

CuO 
CR dye (Congo Red 

dye) 
UV –light 

Green 

(Bana leaf) 
90 [48] 

CuO Violet Sunlight 
Green 

(Oak fruit) 
92 [49] 

TiO2 MB Sunlight Chemical 80 [50] 

TiO2 MB UV-light Chemical 93 [51] 

MgO MO (Methyl orange) UV-light Chemical Data not known [52] 

NiO MeO UV-light Emulsion 86 [53] 

NiO Polymer matrix UV-light 
Green 

(Ananas cosmosus) 
83 [54] 

NiO MB UV-light 
Green 

(egg white) 
99 [55] 

CdO MB UV-light Chemical 81 [56] 

 

collaborators examined copper and Copper-based 

nanoparticles like copper oxide and metallic copper 

catalytic activity, in different catalytic measures like 

photocatalysis, electrocatalysis, and so forth [38]. 

Sunlight helped photocatalytic debasement of 

Methylene Blue (MB) dye utilizing MgO nanostructure 

is introduced. Microwave-helped MgO nanorods are 

found to corrupt MB more productively than 

hydrothermally arranged MgO nanoparticles because of 

the moderately littler molecule size (14 nm) and high 

explicit surface territory. The debasement level of 88% is 

acquired for MgO at 90 min individually. MgO 

nanostructures have higher photocatalytic movement 

contrasted and some other detailed metal oxide 

nanoparticles against MB color is represented in Table 1. 

At the point when the crystallite size, the quantity of 
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dynamic surface destinations expands this improves the 

photocatalytic action. The dispersion of photograph 

prompted electron from the outside of metal oxide 

nanoparticles turns out to be quick, which prompts the 

improvement of the photo degradation action. From the 

Table 1, MgO nanostructures (nanorods) show an 

altogether better reactant movement under solar 

illumination than the current business impetus. 

 

3.2.  The efficiency of the photo catalyst 

The performance of algal ZnO NPs catalytic activity 

was also carried out in the contaminated condition. The 

sample containing Dibenzothiophene (DBT) was 

acquired from Abadan Oil treatment facility, Iran. The 

variation of photocatalytic degradations of diluted DBT 

arrangement (200 ppm) in presence of organic ZnO NPs 

(10 mg) at various occasions utilizing UV-vis procedure 

is shown in Figure 8. It is clearly seen from the peak of 

DBT at 270 nm diminished progressively with expanding 

UV exposure time and nearly vanished after 190 min of 

photocatalytic response. The photocatalytic removal of 

DBT in the polluted sample was leveled off to a degree 

of 95 % by algal ZnO NPs utilizing Lambert Beer's Law. 

This result indicated that biosynthesized ZnO NPs 

demonstrated high photocatalytic efficiency toward the 

degradation of organic pollutants in wastewater. 

 

3.3. Reusability of biogenic ZnO Nps 

To assess the photostability and reusability of the 

organic ZnO Nps in the photo degradation of DBT, 

cycling tests were examined utilizing a oven drying 

technique at 100 °C between response cycles. After 

continuous five patterns of photodecomposition, there is 

negligible change in the catalytic efficiency of the ZnO 

NPs. The degradation execution for the five runs was had 

all the earmarks of being marginally diminished from 

97 % to 93 %, demonstrating higher solidness and 

recyclability of biosynthesized ZnO NPs for degradation 

of DBT in Figure 9. These discoveries are viable with the 

outcomes by Obendorf and Han [83], Malghe and 

 
Fig. 8. UV-vis spectra of photodegradation of DBT in real industrial wastewater using green ZnO NPs at different 

UV exposure time, Reprinted with permission from Ref. [86]. 

 

 
 

Fig. 9. Reusability test of the photocatalytic degradation of DBT in five catalytic cycles using biological ZnO NPs, 

Reprinted with permission from Ref. [86]. 
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Lavand [84], and Sun et al. [85] for debasement of 

methyl parathion, Malachite green, and Rhodamine B, 

individually, 

Some of the MO-NPs propose transcendent catalytic 

activity execution towards the normal shading 

degradation, a human pathogenic microorganism which 

is tabulated in Table 1. MO-NPs are comprehensively 

used because of a direct and less dull test framework and 

moreover non-destructive. 

Various ordinary methods for the redesign of 

photocatalytic development have been executed in 

poison debasement applications, for instance, doping, 

disfigurement and morphology improvement, and the use 

of composites or hetero structures. Photocatalytic is an 

enormous practical energy for a grouping of 

employments. Metal oxides are generally surveying the 

photocatalytic and immunizing agent poison. Metal 

oxides are pulled in wide thought for their conceivable 

biological and imperativeness related applications, 

because of their enormity physical and invention 

properties of metal oxide. Finally, the metal oxides are 

stunning photocatalytic and hostile to microbial 

exercises. 

 

3.4.  Biological Applications 

Metal and metal oxide nanoparticles have a unique 

structure, biocompatibility, intriguing redox and reactant 

properties, and great mechanical steadiness. Because of 

these properties and remarkable plasmonic properties, 

M/MO- Ps have impressive consideration in the 

biomedical applications field [39, 40]. Some of the 

characterisation and biological activities of different 

metal oxide nanoparticles is tabulated in Table 2. 

Table 2 

 

 Characterization and biological activities of different metal oxide nanoparticles 

 

Nanomaterials 
Micro 

organisms 
Morphology 

Mode of 

synthesis 

Size of 

nano 

particles 

(nm) 

Activity of 

microorganisms 

MIC values 

or MBC 

values 

(mm,cm) 

Ref. 

ZnO 

Bacteria 
Data not 

known 

Wet chemical 

precipitation 
15-32 

B.subtilis, 

S.paratyphi, 

K.pneumonia, 

S.epidermis 

Data not 

known 
[57] 

Bacteria Spherical Sol-gel 19.82 MSSA, MRSA 
Data not 

known 
[58] 

Bacteria Spherical Chemical 13 
E.coli, 

S. aureus 

Data not 

known 
[59] 

Fungus 

Hexagonal 

 

 

Green synthesis 

(Jacaranda 

mimosifolia) 

10-61 

E.coli, 

S. marcescens, 

B. subtilis, 

S. aureus, 

S.epidemris 

Data not 

shown 
[60] 

Fungus Rod 

Fungus 

mediated 

(B.cinera and 

P.expansum) 

70 
B.cinera and 

P.expansum 

Data not 

known 
[61] 

Fungus Spherical 
Chemical 

precipitation 

Data not 

known 

A.brasiliensi, 

C.albicans 

36mm, 

5.6mm 
[62] 

Fungus 
Spherical, 

acicular 
Sol-gel 

Data not 

known 
E.salmonicolor 1-0-15 [63] 

CuO 

Bacteria Spherical 
Thermal plasma 

technology 
20-95 

S.epidermis, 

P.aeruginosa, 

E.coli 

Data not 

known 
[64] 

Bacteria Spherical Electrochemical 5-10 E.coli, S.aureus 9mm, 16mm [65] 

Bacteria Nano rod Biosynthesis 50 

E.coli , 

P.vulgaris, 

S.aureus 

15mm, 

10mm, 

10mm 

[66] 

Bacteria Spherical 

Green synthesis 

(Erygium 

caucasicum) 

40 

E.coli, 

S.typhi, 

B.cereus, 

S.aureus 

23.3mm, 

23.1mm, 

21.3mm, 

21.1mm 

[67] 
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Conclusion 

In this work, we have attempted to highlight the 

different techniques of green synthesis utilized for 

M/MO-NPs synthesize. Green synthesis has a huge 

potential and various overpowering favorable 

circumstances over the regular technique of synthesizing 

nanoparticles like as far as time and energy, economic, 

and liberated from synthetic contaminants for clinical 

and biological applications, utilization of waste 

materials, different natural focal points, and so on. The 

M/MO nanoparticles showed vast changes in different 

fields, and their applications appear to be flexible. A 

portion of the significant utilization of different M/MO in 

biomedical, antimicrobial, sensor, energy components, 

and photocatalysis are featured. The significant 

difficulties experienced in the biosynthesis of 

nanoparticles are to control the shape and size of 

particles. Additionally, there are just small data about the 

particle arrangement, which is significant for the 

balanced and financial viewpoint advancement of 

nanoparticles biosynthesis.  

Consequently, such significant specialized 

difficulties and issues ought to be defeated before this 

green synthesized strategy will turn into a fortunate 

option in contrast to ordinary technique at the industrial 

level of synthesizing nanoparticles. In biomedical 

purposes, it is crucial to see how dynamic moieties from 

Table 2 

(continuation) 

 

CuO 

Fungus 
Data not 

known 
Electrochemical 20-60 

A.niger 

C.albicans 

Data not 

known 
[68] 

Fungus Cubic 

Fungal 

(F.solani, 

F.oxysporum) 

200-500 
F.solani, 

F.oxysporum 

Data not 

known 
[69] 

Fungus Spherical 

Biosynthesis 

(Alginate-

Azotobacter 

vinelandii) 

Data not 

known 
A.niger 2mm [70] 

TiO2 

 

Bacteria 

Data not 

known 

Green synthesis 

(Salvadora 

persica) 

19.7 

S.aureus, 

E.coli, 

 

Data not 

known 
[71] 

Bacteria 
Spherical, 

Oval 

Fungal 

(A.flavus) 
62-74 

S.aureus, 

E.coli, 

P.aeruginosa 

K.pneumonia 

B.subtilis 

25mm, 

35mm, 

27mm, 

18mm, 

20mm 

[72] 

Fungus Spherical 

Green synthesis 

(Melia 

azedarach) 

18-30 
Verticillium 

dahliae 

Data not 

known 
[73] 

Fungal Tetragonal 

Antimicrobial 

peptide 

(Crustin) 

10-50 C.albicans 
Data not 

known 
[74] 

NiO 

Bacteria 
Data not 

known 
Sigma-Aldrich 10-20 

E.coli, 

B.subtilis, 

S.aureus 

160EC50 

121 EC50 

121 EC50 

[75] 

Bacteria Spherical 
Bio gel two 

step synthesis 
20-30 

P.aeruginosa,   

B.subtilis 

18mm, 

21mm 
[76] 

Bacteria 
Data not 

known 

Green synthesis 

(Calotropis 

gigantea) 

20-40 

 

E.coli, 

B.subtilis, 

 

Data not 

known 

[77] 

Fungus Cubic Sol-gel 35-60 C.albicans 13mm [78] 

MgO 

 

Bacteria 
Data not 

known 

Sol-gel, 

mycroemulsion, 

hydrothermal 

45-70 
E.coli, 

S. stanely 
500mg/mL [79] 

Bacteria Spherical Chemical 
Data not 

known 
E.coli 15.19cm [80] 

Bacteria 
Data not 

known 
Precipitation 7mm 

E.coli, 

S.aureus 

12mm 

9.7mm 

 

[81] 

Fungus Spherical 

Green synthesis 

(Pisonia alba 

 

Less than 

100 

A.flavus 

F.solani 

2mm, 

4mm 
[82] 
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different biological resources tie to the surface of the 

nanoparticle to give steadiness, and nanoparticle 

synthesize with higher biocompatibility. Production of 

Enormous amounts is another significant bottleneck in 

the turn of events and commercialization of 

biocompatible nanostructures with controlled sizes and 

shapes. As of late, scientists have focused on enormous 

scope development methods for nanoparticles 

combination which are versatile and reproducible with 

restricted size dissemination. 

 

 

 

 

Geetha Palani – PhD in Physics, Assistant professor of 

the Physics Department; 

Karthik Kannan – PhD in Physics, Researcher; 

Radhika D. – PhD in Physics, Assistant professor of the 

Chemistry Department; 

Vijayakumar P. – PhD Research Scholar at the 

Department of Chemistry; 

Pakiyaraj K. – PhD in Physics, Assistant Professor of the 

Physics Department. 

 

. 

[1] V. Bhuvaneshwari, D. Vaidehi, S. Logpriya, Microbiol Curr Res 2(1), 5 (2018). https://doi.org/10.4066/2591-

8036.e105.  

[2] O. Yamamoto, M. Komatsu, J. Sawai, Z.E. Nakagawa, J Mater Sci. 15, 847 (2004). 

https://doi.org/10.1023/B:JMSM.0000036271.35440.36.  

[3] Blecher, A. Nasir, A. Friedman, Virulence 2, 395 (2011). https://doi.org/10.4161/viru.2.5.17035.  

[4] M. Farahmandjou, S. Jurablu, Int J Bio Inor Hybr Nanomater. 3, 179 (2014). https://doi.org/10.1186/s12951-

016-0225-6.  

[5] C. Abinaya, J. Mayandi, J. Osborne, M. Frost, C. Ekstrum, and J. M. Pearce, Materials Research Express, 4(7), 

075401 (2017). https://doi.org/10.1088/2053-1591/aa796d.  

[6] M. Eltarahony, S. Zaki, Z. Kheiralla, and D. Abd-El-haleem, International Journal of Recent Scientific 

Research 6, 7225 (2015). 

[7] G. Cao, Nanastructures and nanomaterials—synthesis, properties and applications (Singapore, World 

Scientific, 2004). 

[8] A.K. Gade, P. Bonde, A.P. Ingle, P.D. Marcato, N. Durán, M.K. Rai, J Biobased Mater Bioenergy 2, 243 

(2008).  https://doi.org/10.1166/jbmb.2008.401.  

[9] P. Ghosha, G. Hana, M. Dea, C.K. Kima, V.M. Rotello, Adv Drug Del Rev 60, 1307 (2008). 

https://doi.org/10.1016/j.addr.2008.03.016.  

[10] K. Govindaraju, S. Khaleel Basha, V. Ganesh Kumar, G. Singaravelu, J Mater Sci 43, 5115 (2008). 

https://doi.org/10.1007/s10853-008-2745-4.  

[11] T. Kathiraven, A. Sundaramanickam, N. Shanmugam, T. Balasubramanian, Appl Nanosci 5, 499 (2015). 
https://doi.org/10.1007/s13204-014-0341-2.  

[12] S.S. Shankar, A. Ahmad, M. Sastry, Biotechnol Prog 19, 1627 (2003). https://doi.org/10.1021/bp034070w.  

[13] S.H. Ilias, K.Y. Kok, I.K. Ng, N.U. Saidin, J. Phys. Conf. Ser. 2013, 431, 01 (2003). 

https://doi.org/10.1088/1742-6596/431/1/012003.  

[14] L. Castro, M.L. Blázquez, J. Muñoz, F.G. González, A. Ballester, Rev. Adv. Sci. Eng. 3, 199 (2014). 

https://doi.org/10.1166/rase.2014.1064.  

[15] S. Ahmed, M. Ahmad, B.L. Swami, S. Ikram, J. Adv. Res., 7, 17 (2016). 

https://doi.org/10.1016/j.jare.2015.02.007.  

[16] A. Raja, S. Ashokkumar, R.P. Marthandam, J. Jayachandran, J. Photochem. Photobiol 181, 53 (2018). 

https://doi.org/10.1016/j.jphotobiol.2018.02.011.  

[17] M.R. Vaezi and S.K. Sadrnezhaad, Materials and Design, 28(2), 515 (2007). 

[18] P. Raveendran, J. Fu, S.L. Wallen, J Am Chem Soc 125, 13940 (2003). https://doi.org/10.1021/ja029267j.  

[19] S.P. Chandran, M. Chaudhary, R. Pasricha, A. Ahmad, M. Sastry, Biotechnol Prog. 22, 577 (2006). 

https://doi.org/10.1021/bp0501423.  

[20] Mohammad Malakootian, Karthik Kannan, Majid Amiri Gharaghani, Abbas Dehdarirad, Alireza Nasiri, 

Yousef Dadban Shahamat, Hakimeh Mahdizadeh, Journal of Environmental Chemical Engineering, 7, 

6,103457 (2019) https://doi.org/10.1016/j.jece.2019.103457. 

[21] S.A. Aromal, K.V.D. Babu, D. Philip, Spectrochim Acta A Mol Biomol Spectrosc 96, 1025 (2012). 

[22] A Phuruangrat, Paveen-On Keereesaensuk, K Karthik, Phattranit Dumrongrojthanath, Nuengruethai 

Ekthammathat, Somchai Thongtem, Titipun Thongtem, J. Inorg. Organomet. Polym. Mater. 30, 1030 (2020). 

https://doi.org/10.1007/s10904-019-01254-5.  

[23] R.B. Asamoah, A. Yaya, B. Mensah, Results in Materials 7, (2020). https://doi.org/10.1155/2020/7814324.  

[24] A Rangayasami, K Kannan, S Joshi, M Subban, Biocatalysis and Agricultural Biotechnology 27, 101690, 

(2020). https://doi.org/10.1016/j.bcab.2020.101690.  

[25] D. Suresh, P.C. Nethravathi, Udayabhanu, H. Rajanaika, H. Nagabhushana, S.C. Sharma, Mater Sci Semicond 

Process 31, 446 (2015). https://doi.org/10.1016/j.mssp.2014.12.023.  

[26] M. Khan, A.H. Al-Marri, M. Khan, et al., Nanoscale Res Lett. 10, 1 (2015). https://doi.org/10.1186/s11671-

015-1144-4.  

[27] Khwaja Salahuddin Siddiqi and Azamal Husen, Nanoscale Res Lett. 11, 98 (2016). 

https://doi.org/10.1186/s11671-016-1311-2.  

https://doi.org/10.4066/2591-8036.e105
https://doi.org/10.4066/2591-8036.e105
https://doi.org/10.1023/B:JMSM.0000036271.35440.36
https://doi.org/10.4161/viru.2.5.17035
https://doi.org/10.1186/s12951-016-0225-6
https://doi.org/10.1186/s12951-016-0225-6
https://doi.org/10.1088/2053-1591/aa796d
https://doi.org/10.1166/jbmb.2008.401
https://doi.org/10.1016/j.addr.2008.03.016
https://doi.org/10.1007/s10853-008-2745-4
https://doi.org/10.1007/s13204-014-0341-2
https://doi.org/10.1021/bp034070w
https://doi.org/10.1088/1742-6596/431/1/012003
https://doi.org/10.1166/rase.2014.1064
https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.1016/j.jphotobiol.2018.02.011
https://doi.org/10.1021/ja029267j
https://doi.org/10.1021/bp0501423
https://doi.org/10.1016/j.jece.2019.103457
https://doi.org/10.1007/s10904-019-01254-5
https://www.sciencedirect.com/science/journal/2590048X
https://www.sciencedirect.com/science/journal/2590048X/7/supp/C
https://doi.org/10.1155/2020/7814324
https://doi.org/10.1016/j.bcab.2020.101690
https://doi.org/10.1016/j.mssp.2014.12.023
https://doi.org/10.1186/s11671-015-1144-4
https://doi.org/10.1186/s11671-015-1144-4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siddiqi%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=26909778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Husen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26909778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4766161/
https://doi.org/10.1186/s11671-016-1311-2


Bioengineered Metal and Metal Oxide Nanoparticles… 

 581 

[28] K. Kannan, D. Radhika, M.P. Nikolova, V. Andal, K.K. Sadasivuni, Optik 218, 165112 (2020). 

https://doi.org/10.1016/j.ijleo.2020.165112.  

[29] Q. Huang, D. Li, Y. Sun, et al., Nanotechnol. 1, 1 (2007). https://doi.org/10.1088/0957-4484/18/10/105104.  

[30] P. Velmurugan, S.-C. Hong, A. Aravinthan, et al., Arab J Sci Eng. 42, 201 (2017). 

https://doi.org/10.1007/s13369-016-2254-8.  

[31] K. Kannan, D. Radhika, S. Vijayalakshmi, K.K. Sadasivuni, A.A. Ojiaku, International Journal of 

Environmental Analytical Chemistry 1, 14 (2020). https://doi.org/10.1080/03067319.2020.1733543.  

[32] J. Fowsiya, G. Madhumitha, N.A. Al-Dhabi, M.V. Arasu. J Photochem Photobiol B Biol. 162, 395 (2016). 

https://doi.org/10.1016/j.jphotobiol.2016.07.011.  

[33] Annu, Akbar Ali, Shakeel Ahmed, Handbook of Ecomaterials 1 (2018). 

[34] D. Raghunandan, M.D. Bedre, S. Basavaraja, et al., Colloids Surf B Biointerfaces 79, 235 (2010). 

https://doi.org/10.1016/j.colsurfb.2010.04.003.  

[35] S. Nagarajan, K. Arumugam Kuppusamy, J Nanobiotechnol 11, 39 (2013). https://doi.org/10.1186/1477-3155-

11-39.  

[36] K. Karthik, S. Dhanuskodi, S. Prabukumar, S. Sivaramakrishnan, Optik 204, 164221 (2020). 

https://doi.org/10.1016/j.ijleo.2020.164221.  

[37] J.C. Yu, J. Yu, W. Ho, L. Zhang. Chem Commun. 19, 1942 (2001). https://doi.org/10.1039/B105471F.  

[38] K. McNamara, Tofail SAM, Adv Phys X 2, 54 (2017). https://doi.org/10.1080/23746149.2016.1254570.  

[39] P. Tiwari, K. Vig, V. Dennis, S. Singh, Nanomaterials 1, 31 (2011). https://doi.org/10.3390/nano1010031.  

[40] P. Surendran, A. Lakshmanan, S. Sakthy Priya, P. Geetha, P. Rameshkumar, Karthik Kannan, Tejaswi Ashok 

Hegde, G. Vinitha, Inorg. Chem. Commun. 124,108397 (2021). https://doi.org/10.1016/j.inoche.2020.108397.  

[41] K. Karthik, S. Dhanuskodi, C. Gobinath, S. Prabukumar, S. Sivaramakrishnan, Journal of Photochemistry and 

Photobiology B: Biology 190, 8 (2019). https://doi.org/10.1016/j.jphotobiol.2018.11.001.  

[42] K. Karthik, S. Dhanuskodi, C. Gobinath, S. Prabukumar, S. Sivarama krishnan, J Mater Sci: Mater Electron, 

28, 11420 (2017). https://doi.org/10.1007/s10854-017-6937-z.  

[43] Surendran Pandiyan, Lakshmanan Arumugam, Sakthy Priya Srirengan, Rameshkumar Pitchan, Pushpalatha 

Sevugan, Karthik Kannan, Geetha Pitchan, Tejaswi Ashok Hegde, Vinitha Gandhirajan, ACS Omega 5 (47), 

30363 (2020). https://doi.org/10.1021/acsomega.0c03290.  

[44] A. Paliwal, R. Ameta, S.C. Ameta, Eur Chem Bull 6, 120 (2017). https://doi.org/10.17628/ecb.2017.6.120-

124.  

[45] K. Karthik, M. Shashank, V. Revathi, and Tetiana Tatarchuk, Molecular crystals and liquid crystals 673, 170 

(2018). https://doi.org/10.1080/15421406.2019.1578495.  

[46] Y. Zhao, L. Hai, X. Li, X. Yang, X. Wang, Adv Mater Res 197-198, 281 (2011). 

[47] G. Nagaraju, K. Karthik, M. Shashank, Microchemical Journal 147, 749 (2019). 

https://doi.org/10.1016/j.microc.2019.03.094.  

[48] P.C. Udauabhanu, M.A. Nethravathi, Pavan Kumar, D. Suresh, et al, Semiconductor Processing, 33, 81 

(2015). 

[49] M. Aminuzzaman, L.M. Kei, W.H. Liang, Green and Sustainable Technology AIP Conf. Proc. 1828, 020016 

(2017).  

[50] M. Sorbium, E.S. Mehr, M. A. Ramazani, S.T. Fardood, International Journal of Environmental Research 

12(9), 29 (2018). 

[51] S. Sunderishwary, Muniandy, N.M.H. Kaus, Z.T. Jiang, et al, RSC Adv. 7, 48083 (2017). 

https://doi.org/10.1039/C7RA08187A 

[52] M. Aghareed, Tayeb, D.S. Hussein, American Journal of Nanomaterials 3(2), 57 (2015). 

https://doi.org/10.1007/s10924-017-0985-6.  

[53] K. Mageshwari, S.S. Mali, R. Sathyamoorthy, P.S. Patil, Powder Technology 249, 456 (2013). 

https://doi.org/10.1016/j.powtec.2013.09.016.  

[54] F. Fazlali, Ar. Mahjoub, R. Abazari, Solid State Sciences 48, 263 (2015). 

[55] A.A. Olajire, A.A. Mohammed, Advanced Powder Technology 31, 211 (2020). 

[56] Z. Sabouri, A. Akbari, H.A. Hosseini, M. Khatami et al, Polyhedron 178, 114351 (2020). 

https://doi.org/10.1016/j.poly.2020.114351.  

[57] Karthik Kannan, Devi Radhika, Kishor Kumar Sadasivuni, Kakarla Raghava Reddy, Anjanapura V. Raghu, 

Advances in Colloid and Interface Science, 281, 102178 (2020) https://doi.org/10.1016/j.cis.2020.102178. 

[58] J.M. Yousef, E.N. Dania, Health 2, 38 (2012). 

[59] M.P. Reddy, A. Venugopal, M. Subrahmanyam, Water Res, 41, 379 (2007). https://doi.org/10.1007/s10562-

008-9561-y.  

[60] D. Sharma, I.S. Myalowenkosi, K. Suvardhan, S.M. Phumlane, S. Gulshan, et al., J Photochem Photobiol B 

Biol, 162(1), 199 (2016). https://doi.org/10.1016/j.jphotobiol.2016.06.043.  

[61] Lili He, Yang Liu, Azlin Mustapha, Mengshi Lin, Microbiological Research 166, 207 (2011). 

https://doi.org/10.1016/j.micres.2010.03.003.  

[62] J. Kumar, V. Shrivastava, S. Thakur, Advanced Science Focus 1, 346 (2013). 

[63] P.A. Arciniegas-Grijalba, M.C. Patin˜o-Portela1, L.P. Mosquera-Sa´nchez, et al., Applied Nanoscience 7, 225 

(2017). https://doi.org/10.1007/s13204-017-0561-3.  

https://doi.org/10.1016/j.ijleo.2020.165112
https://doi.org/10.1088/0957-4484/18/10/105104
https://doi.org/10.1007/s13369-016-2254-8
https://doi.org/10.1080/03067319.2020.1733543
https://doi.org/10.1016/j.jphotobiol.2016.07.011
https://link.springer.com/referencework/10.1007/978-3-319-48281-1
https://doi.org/10.1016/j.colsurfb.2010.04.003
https://doi.org/10.1186/1477-3155-11-39
https://doi.org/10.1186/1477-3155-11-39
https://doi.org/10.1016/j.ijleo.2020.164221
https://doi.org/10.1039/B105471F
https://doi.org/10.1080/23746149.2016.1254570
https://doi.org/10.3390/nano1010031
https://doi.org/10.1016/j.inoche.2020.108397
https://doi.org/10.1016/j.jphotobiol.2018.11.001
https://doi.org/10.1007/s10854-017-6937-z
https://doi.org/10.1021/acsomega.0c03290
https://doi.org/10.17628/ecb.2017.6.120-124
https://doi.org/10.17628/ecb.2017.6.120-124
https://doi.org/10.1080/15421406.2019.1578495
https://doi.org/10.1016/j.microc.2019.03.094
https://doi.org/10.1039/C7RA08187A
https://doi.org/10.1007/s10924-017-0985-6
https://doi.org/10.1016/j.powtec.2013.09.016
https://doi.org/10.1016/j.poly.2020.114351
https://doi.org/10.1016/j.cis.2020.102178
https://doi.org/10.1007/s10562-008-9561-y
https://doi.org/10.1007/s10562-008-9561-y
https://doi.org/10.1016/j.jphotobiol.2016.06.043
https://doi.org/10.1016/j.micres.2010.03.003
https://doi.org/10.1007/s13204-017-0561-3


Geetha Palani, Karthik Kannan, D. Radhika, P. Vijayakumar, K. Pakiyaraj 

 582 

[64] G. Ren, D. Hu, E.W. Cheng, M.A. Vargas-Reus, et al., Int J Antimicrob Agents 33, 587 (2009). 

https://doi.org/10.1016/j.ijantimicag.2008.12.004 

[65] S. Jadhav, S. Gaikwad, M. Nimse, A. Rajbhoj, J Clust Sci, 22, 121 (2011). https://doi.org/10.1007/s10876-

011-0349-7.  

[66] S. Sathiyavimal, S. Vasantharaj, D. Bharathia, M. Saravanan, et al., Journal of Photochemistry & 

Photobiology, B: Biology 188, 126 (2018). https://doi.org/10.1016/j.jphotobiol.2018.09.014.  

[67] S.M. Hasheminya and J. Dehghannya, Food Biosci. 34, 100510 (2020). 

https://doi.org/10.1016/j.fbio.2019.100510.  

[68] R. Katwal, H. Kaur, G. Sharma, M. Naushad, D. Pathania, J Ind  Eng Chem. 31, 173 (2015). 

https://doi.org/10.1016/j.jiec.2015.06.021.  

[69] N. Pariona, A.I. Mtz-Enriquez, D. Sanchez-Rangel, et al., RSC Adv, 9, 18835 (2019). 

[70] M. Safaeia, M. Taranb, M.M. Imanic, Materials Science and Engineering: C 101, 323 (2019). 

[71] KiranT., AhmedH. M. P., BegumN. S., KannanK., RadhikaD. Physics and Chemistry of Solid State, 21(3), 

433-439 (2020). https://doi.org/10.15330/pcss.21.3.433-439.  

[72] G. Rajakumar, A. Abdul Rahuman, S. Mohana Roopan, V. Gopiesh Khanna, G. Elango, C. Kamaraj, 

A. Abduz Zahir, K. Velayutham, Spectrochimica Acta Part A 91, 23 (2012). 

https://doi.org/10.1016/j.saa.2012.01.011.  

[73] P. Surendran, A. Lakshmanan, S. Sakthy Priya, K. Balakrishnan, P. Rameshkumar, Karthik Kannan, P. 

Geetha, Tejaswi Ashok Hegde, G. Vinitha, Nano-Structures & Nano-Objects, 24, 100589 (2020). 

https://doi.org/10.1016/j.nanoso.2020.100589. 

[74] K. Karthik, S. Dhanuskodi, S. Prabu Kumar, C. Gobinath, S. Sivaramakrishnan, Mater. Lett. 206, 217 (2017) 

https://doi.org/10.1016/j.matlet.2017.07.004. 

[75] Karthik Kannan, D. Radhika, A.S. Nesaraj, Kishor Kumar Sadasivuni, L. Sivarama Krishna, Inorganic 

Chemistry Communications, 122, 108307 (2020) https://doi.org/10.1016/j.inoche.2020.108307. 

[76] S. Rakshit, S. Ghosh, S. Chall, S.S. Mati et al, RSC Adv. 3, 19348 (2013). 

[77] Karthik Kannan, D. Radhika, A.S Nesaraj, Kishor Kumar Sadasivuni, Kakarla Raghava Reddy, Deepak Kasai, 

Anjanapura V. Raghu, Materials Science for Energy Technologies, 3, 853 (2020)  

https://doi.org/10.1016/j.mset.2020.10.008. 

[78] K. Alamelu, K. Ramasami, M.V. Reddy, R. Geetha, Science Semiconductor Processing 40, 194 (2015). 

https://doi.org/10.1016/j.mssp.2015.06.017.  

[79] Z.X. Tang, Z. Yu, Z.L. Zhang, X.Y. Zhang et al, Quim Nova 36, 933 (2013). 

[80] I.I. Muhamad, S.A. Asgharzadehahmadi, D.N.A. Zaide, E. Supriyanto, International Journal of Biology and 

Biomedical Engineering 3, 7 (2013). 

[81] Almontasser, A., Parveen, A., Hashim, M. et al. Structural, optical, and antibacterial properties of pure and 

doped (Ni, Co, and Fe) Cr2O3 nanoparticles: a comparative study. Appl Nanosci (2020). 

https://doi.org/10.1007/s13204-020-01590-w 

[82] G. Sharmila, C. Muthukumaran, E. Sangeetha, H. Saraswathi, et al, Nano-Structures & Nano-Objects 20, 

100380 (2019). https://doi.org/10.1016/j.nanoso.2019.100380.  

[83] Y. Han, & S. Obendorf, Textile Research Journal 86, 339 (2016). https://doi.org/10.1177/0040517515596935. 

[84] A.B. Lavand, & Y.S. Malghe, Journal of Asian Ceramic Societies 3, 305 (2015). 

https://doi.org/10.1016/j.jascer.2015.06.002.  

[85] L. Wang, et al., Physical Chemistry Chemical Physics 19, 16576 (2017). https://doi.org/10.1039/C6CP05108A.  

[86] Tariq Khalafi, Foad Buazar & Kamal Ghanemi, Scientific Reports 9, 6866 (2019). 

https://doi.org/10.1038/s41598-019-43368-3.  

https://doi.org/10.1016/j.ijantimicag.2008.12.004
https://doi.org/10.1007/s10876-011-0349-7
https://doi.org/10.1007/s10876-011-0349-7
https://doi.org/10.1016/j.jphotobiol.2018.09.014
https://doi.org/10.1016/j.fbio.2019.100510
https://doi.org/10.1016/j.jiec.2015.06.021
https://www.sciencedirect.com/science/journal/09284931
https://www.sciencedirect.com/science/journal/09284931/101/supp/C
https://doi.org/10.15330/pcss.21.3.433-439
https://doi.org/10.1016/j.saa.2012.01.011
https://doi.org/10.1016/j.nanoso.2020.100589
https://doi.org/10.1016/j.matlet.2017.07.004
https://doi.org/10.1016/j.inoche.2020.108307
https://doi.org/10.1016/j.mset.2020.10.008
https://doi.org/10.1016/j.mssp.2015.06.017
https://doi.org/10.1007/s13204-020-01590-w
https://doi.org/10.1016/j.nanoso.2019.100380
https://doi.org/10.1177%2F0040517515596935
https://doi.org/10.1016/j.jascer.2015.06.002
https://doi.org/10.1039/C6CP05108A
javascript:;
javascript:;
javascript:;
https://www.nature.com/srep
https://doi.org/10.1038/s41598-019-43368-3


Bioengineered Metal and Metal Oxide Nanoparticles… 

 583 

Г. Палані, К. Каннан, Д. Радхіка, П. Віжайякумар, К. Пакьярадж 

Біоінженерні наночастинки металів та оксидів металів для 

фотокаталітичного і біологічного застосування (огляд) 

1Фізичний дослідницький центр, Інженерний коледж Дханалакшмі, Ченнаї, Тамілнаду, Індія; ksangee@gmail.com 
2Центр передових матеріалів, Катарський університет, Доха, Катар; karthikkannanphotochem@gmail.com 

3Школа інженерії та технології, Університет Джейна, Джакасандра, Рамнагара, Карнатака, Індія; 

radhikadv8@gmail.com 
4Університет Бхаратідасан, Тіручіраппаллі, Тамілнад, Індія; vijaystewan@gmail.com 

5Коледж мистецтв і культури Арулмігу Паланіяндавар, Палані 624601, Індія; kpakiyaraj@gmail.com 

У сучасну епоху (M/MO-NPs) наночастинки металу / оксиду металу використовуються в різних 

областях. Для повсякденного життя сьогодні вирощують величезну кількість наночастинок, як, 

наприклад, для косметичних засобів, дозування та доставки ліків, легкої промисловості. Для їх створення 

використовують різноманітні стратегії, наприклад, дослідження натуральних речовин (зелений синтез) та 

стандартні методи створення сумішей сполук. Зелений синтез включає постійний ріст доставки M / MO-

NPs із потрібними властивостями. У галузі біоінженерії саме для "зелена" комбінації спостерігається 

посилена увага, як до надійної та природно сприятливої конвенції для формування широкого спектру 

наноматеріалів, включаючи M/MO-NPs та біологічні матеріали. Інтригуючими є фотокаталітичні та 

біологічні застосування наночастинок оксиду металу, що охоплює широкий спектр передових досліджень 

та нових розробок у цій галузі. Як би там не було, використання рослинних екстрактів є вигідним для 

організму через зручність та меншу біологічну небезпеку. Поєднання металів та MO-NPs за допомогою 

екстракту рослинної рідини збільшило увагу до зеленої методики і не має антагоністичного впливу на 

природу. Ця стаття має на меті проаналізувати досягнення, зроблені останнім часом щодо біосинтезу 

наночастинок організмами, зокрема, мікроорганізмами, дріжджами, зеленими утвореннями та вірусами. 

Дане дослідження переважно зосереджено на біосинтезі найбільш часто досліджуваних M/MO-NPs, 

наприклад, міді, кадмію, благородних металів, платини, оксиду титану, паладію, оксиду цинку та 

сульфіду кадмію. 

Ключові слова: метал; наночастинки оксиду металу; XRD; ТЕМ; фотокаталіз; біологічні 

дослідження. 
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