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Photocatalytic degradation is an effective method to alleviate environmental pollution, which caused by 
organic pollutants. The expanding natural contamination has attracted the overall scientists to deal with the 
advancement of photocatalyst effectively depends on semiconductor for the treatment of defiled water assets by 
different natural poisons that are delivered from numerous industries. In this work, the research progress of 
properties and applications of photocatalytic and antimicrobial activities and understanding of the toxicity 
mechanisms of different metal oxide nanoparticles are reviewed. The metal oxide nanoparticles are a wide band 
hole semiconductor that can be eager to create electron opening sets when transmitted with light. Photographs are 

an actuated electron opening that instigates power hydrogen, oxygen, and debases inorganic/natural/organic 
mixes to make power. This review aims to examine the wide biological and mechanisms of photocatalytic 
degradation and antimicrobial applications. 
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Introduction 

One of the largest groups of organic compounds is 
industrial dyestuff. It causes great loss for aquatic life. 

Advanced Oxidation Processes (AOPs) have been 

utilized during the most recent decade to debase colors in 

watery media without the development of unsafe results. 

Later, the utilization of semiconductor materials was 

focused on photocatalyst for the solution of natural and 

inorganic species from the fluid or gas stage [1]. The rise 

of the anti-infection opposition microbes has become a 

genuine medical problem. According, to various 

investigations it has accounted to develop the presence of 

antimicrobial treatments. Seventy percentages of 
bacterial contaminations are impervious. At least one of 

the anti-infection agents is commonly used to kill the 

disease [2]. Nanotechnology envelops the turn of events, 

and the use of structures in the nanometer size range. It is 

corrected for the progress of recently progressed 

correction with incredible effect on different logical 

fields [3]. The therapeutic effects and physicochemical 

characteristics of innovative drug delivery were 

improved with nanomaterials [4]. Metal and supper oxide 

nanoparticles are the most conventional inorganic 

nanoparticles and to protect from customary anti-

infection agents and debasement cycles. For example, 

copper, zinc, nickel, titanium, magnesium, calcium [5] 

Metal oxide nanoparticles (NPs) has been demonstrated 
particularly for brining outcomes in antimicrobials and 

photocatalytic properties [6]. Nanocarriers and nano 

drugs could be utilized in the recognition, finding, 

anticipation, and therapy of numerous sorts of human 

illnesses including malignancy [7]. The dye wastewater 

from different industries, for example, materials, 

printing, food, and beauty care products has become a 

significant danger to humans and biology [8]. Thus, the 

successful expulsion of colors from watery frameworks 

turns out to be naturally significant. Until now, various 
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concoctions, physical, and organic strategies have been 

created for eliminating colors from wastewater. Among 

them, the adsorption method is accepted to be one of the 

best and most straightforward cycles [9]. This review is 

intended to survey the properties and portrayal of metal 

oxide nanoparticles along their system with extraordinary 

reference to photocatalytic movement. 

Dyes are the most dangerous pollutant in the water 
condition which is harmful and dangerous to numerous 

creatures due to decolouration, slow organic debasement, 

and high concoction oxygen requests [10]. Annually,  

70,000 tons of dyes are produced by mixing coal and 

petroleum dye into the water molecules without any 

treatment. A few metal oxide nanoparticles suggest 

predominant catalytic and biological activities execution 

towards the natural color debasement, human pathogenic 

microorganisms, and disease cell lines. Metal oxide 

nanoparticles are broadly utilized due to their physical 

and chemical properties and their non-toxic properties 

[11]. 

I. Synthesis of metal oxide 

nanoparticles  

Nano antimicrobial nanoparticles are synthesized by 

various methods. The methods are used to determine the 

properties and application of metal oxide nanoparticles. 

They are chemical co-precipitation, sol-gel, 

hydrothermal, microwave-assisted, ultrasonic-assisted, 

and biosynthesis. 
 

1.1. Chemical co-precipitation 

In this method, a metal antecedent break down in a 

dissolvable is synthesis with both a sensible decreasing 

specialist and a surfactant in a persistently mixing group 

reactor under a dormant atmosphere (Fig. 1). Exactly in 

any event two metal positive species are accessible in the 

dissolvable; a small-sized time of movable amalgamation 

is molded. This builds up a capable method to get 

metastable metal nanoparticles [12]. 

 
Fig. 1. Synthesis of Chemical co-precipitation. 

 

1.2. Hydrothermal 

This strategy uses electrolyte courses of action with a 

two-terminal setup where the mass metallic will be kept 

in an anode and changed into metallic groups. A metal 

sheet is positively separated and the momentary metal 

salt molded is diminished at the negative, offering to 

ascend to metallic particles balanced out by NH4 salts. 

The synthesis of AuNPs by methods for direct electro 

decrease of gold particle mass by utilizing PVP in 

improving the Au nanoparticle improvement and 

quelling the metal articulation on the cathode. Ex: Cr, 
CuO, and CdO [13, 14]. 

 

1.3 Microwave-assisted 

Microwave-assisted synthesis is a large and on-going 

method, where a synthesis comprises the iron forerunners 

that are introduced to microwave electromagnetic 

radiation (Fig. 2). This strategy has a few favorable 

circumstances, for instance, minimal effort; diminished 

interval of reaction, and controlled morphology of the 

nanoparticles [15, 16]. 

 

 
 

Fig. 2. Synthesis of microwave assisted. 

 

1.4. Biosynthesis 

For these techniques, plants, bacteria, yeasts, fungi 
have been utilized for synthetic reagents (Fig. 3). 

Biosynthesis is simple, minimal effort, and eco-friendly 

[17]. 

 

Fig. 3. Synthesis of Biosynthesis. 
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II. Characterization of metal oxide 

nanoparticles 

2.1 Structural studies of metal oxide 

nanoparticles  

A crystalline and functional structure of metal oxide 
nanoparticles were determined by using XRD and FTIR 

analysis [18]. XRD design uncovered CuO nanoparticles 

have a monoclinic structure. Diffraction peaks are 

acquired at 2θ point compares to (111) and (113) mill 

operator list. These diffraction peaks to the attributes of 

cubic focused on Cu NPs [19]. The XRD pattern, a 

pinnacle saw around 30.7° is doled out to (201) plane 

which was affirmed to be brookite stage [20]. The 

diffraction peaks at 2θ = 37.25°, 43.26°, 63.11°, 75.46° 

and 79.45° related with the (111), (200), (220), (311) and 

(222) [21]. The XRD analysis of MgO NPs was shown 

diffraction peaks at 36.92°, to 78.61° relating to the 

planes (111) and (222) individually. The mean molecule 

size of MgO NPs was discovered to be 43 nm [22, 23]. 
FTIR investigation is very useful to characterize the 

basic highlights and nature of green synthesis of ZnO 

nanoparticles. In examination with the IR range of the 

forerunner, it was found that the retentions at 3380 -

 
Fig. 4. XRD studies of different metal oxide nanoparticles. 

 
Fig. 5. FTIR studies of different metal oxide nanoparticles. 
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3600 cm−1 have been decreased [24, 25]. The FTIR 

examination was utilized to distinguish the topping, 

decreasing, and balancing out the limit of the leaf extract 

for copper nanoparticles, the high peaks at 3901 to 

1636 cm-1 were watched [26]. The peaks at 3581.96 cm-1 

were compare to the O–H extending of alcohols and 

phenolic groups, peaks at 1166.92 cm-1 is credited to 

C=C gatherings of sweet-smelling rings. The Absorption 
peaks were found at 596 cm-1 and 977 cm-1 which is 

noticeably demonstrates O-Ti-O security. The Broad 

peak in the higher essentialness region at (3371.36 cm-1) 

is a direct result of expanding vibration of the OH [27, 

28]. The trademark ingestion of a peak of oxide bunches 

has a place with 1116 to 2388 cm-1 demonstrates the 

occurrence of OH bunches. The FTIR range of 

microwave-helped green synthesis of NiO NPs is 

expansive retention peak showed up at 3417 cm-1 is 

because of the extending vibrations of O-H bunches. 

FTIR investigation was done to distinguish the bioactive 

of S. wightii plant liable for the reduction of Mg(NO3)2 to 
MgO NPs. A sharp absorbance peak at 322 nm showed 

the developed estimation of MgO NPs [29]. 

 

2.2 Morphological studies of metal oxide 

nanoparticles 

SEM examinations of Bio-coordinated ZnO 

Nanoparticles were completed for additional assess of 

size, dispersal, and shape. The SEM picture of ZnO 

nanoparticles were arranged at 30 °C and 80 °C. The 

outcome of SEM has shown explained that the 

nanoparticles combined at 30°C have no predefined 
shape, and present as groups [30]. SEM analysis has 

demonstrated the copper nanoparticles in circular and 

uniform shape at the peak of 60 - 100 nm [31]. Titanium 

dioxide integrated from plum strips indicates the 

molecular size of 47.1 and 63.21 nm with a general size 

of 200 nm and round and hollow shape. TiO2 

nanoparticles were round and their size ranges from 25 to 

87 nm [32, 33]. SEM pictures indicates flower formed 

structure and the agglomeration observed maybe because 

of the electrostatic fascination of MgO NPs. The normal 

size of the MgO NPs was discovered to be 231.1 nm 
[34]. EDX investigation has been demonstrated solid 

signs related to the components of Mg and O that affirms 

the development of MgO NPs [35]. Transmission 

electron microscopy of the amalgamated MgO 

nanoparticles are indicated a circular morphology [36, 

37]. EDX investigation shows that CuO nanoparticles are 

unadulterated and liberated from debasements of SEM 

comprises their possibility of expected application in 

catalysis. Transmission Electron Microscopic pictures 

have obviously demonstrated that the synthesis of NPs 

have hexagonal shape with a normal molecule size of 

10.4 nm [38]. The HRTEM picture has acquired for ZnO 
NPs blended at 80°C which is small in size, have high 

and uniform scattering which show higher action 

subsequently. The integrated Cu NPs were cubical 

structure with nano molecule size. The TEM image of 

green synthesis of TiO2 NPs indicates a homogeneous 

degeneration of nanocrystalline structure with a distance 

across 200 nm. The morphological investigations of NiO 

were affirmed for utilizing microscopically method from 

the TEM. It was discovered that the normal molecule 

size to be 10 ± 2 nm [39, 40]. Transmission electron 

micrograph of the incorporated MgO nanoparticles 
shows the indication circular morphology. HRTEM 

picture is a solitary belt-like nanocrystals which shows 

an exceptional request nonstop for periphery design and 

 

Fig. 6. Morphological studies of different metal oxide nanoparticles. 
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affirms that the development of nanoparticles 

morphology [41, 42].  

 

2.3 Optical studies of metal oxide nanoparticles  

The UV and noticeable light assimilation are basic 

for the advancement of photocatalytic, photovoltaic and 

direct conductive anode gadgets. UV–Vis spectroscopy 

of ZnO NPs has been shading changes from dull earthy 

colored to light brown [43, 44]. UV-Vis is the most 

significant technique to examine recognizes the Cu NPs 

was affirmed from the peak at 531 nm [45]. UV–Vis 

absorbance spectroscopy is used to choose atom size and 

bandgap of incorporated titanium dioxide nanoparticles. 

The greatest absorbance for unadulterated nanoparticles 

was discovered to be 337 nm [46]. The UV–Vis 
spectroscopy peaks of NiO NPs ranges from 374 to 

422 nm [47, 48] which shows the artificially synthesized 

NPs (243 nm) contrasted and green incorporated of NiO 

NPs (259 nm). 

III. Photocatalytic studies of metal oxide 

nanoparticles  

Photocatalytic metal oxide nanoparticles are 

important for the removal of dye colour from the 
wastewater treatment for reduction of further the 

contamination and environmental pollution. The CuO–

Cu2O photocatalysis system is introduced in Fig. 8. 

Based on the band hole estimations of Cu2O (2.2 eV) and 

CuO (1.7 eV), the two oxides have a high ability to light 

ingestion in the obvious range and can accordingly 

produce a photograph created electron-opening pair 

under noticeable light illumination [49, 50, 51].  

The TiO2 with surface imperfections improves the 

photocatalytic movement by presenting a nearby state at 

the base of the conduction band (CB) in the scope of 

0.75 eV–1 ), 0.18 eV so it expands the photoresponse of 

TiO2 from UV to obvious light area. The electron can be 

caught by Ti4+ to produce a removed Ti3+ particle as 

appeared in eqn. The H2O2 is then responded with the 

electron from TiO2 and in this way expands the 
convergence of OH radical to upgrade the corruption 

cycle as appeared. The NiO has to create H2O2, O2, H2O2 

and HO2
. These radicals, particularly HO assume 

noteworthy functions all through the photocatalytic 

corruption condition appeared Eqn [53, 54, 55, 56]. 

These OH groups are involved in NiO nanoparticles 

when degrading the dye in wastewater treatment. The 

following equations have explained the involvement of 

ROS in dye degradation Eqn (1-5). 

 

ecb + Ti4+OH             Ti3+ OH (1) 

Ti3+ OH + O2                 Ti4+OH + .O2
- (2) 

 
Fig. 7. Optical studies of different metal oxide nanoparticles. 

 
 

Fig. 8. Mechanism of CuO nanoparticles [52]. 
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     O2
-   + H+               HO2

.  (3) 

  HO2
.  + H+              H2O2   (4) 

         H2O2 + ecb                
. OH + OH+  (5) 

 

The applications of photocatalysis can possibly 

empower the usage of a generous and clean vitality 

source (regular daylight) with the goal of ecological 

remediation (poison corruption) [57, 58]. Numerous 

regular methodologies for the upgrade of the 

photocatalytic movement have been executed in poison 

corruption applications. For example: doping, deformity 

and morphology enhancement, and the utilization of 

composites or hetero structures [59].  
 Photocatalytic applications for energy creations are 

hydrogen development (by direct water parting or by 

utilizing surficial operators) and decrease the carbon 

dioxide [60]. Among different photograph activated, H2 

stage strategies photocatalytic water parting is promising 

a direct result of the easiness and high manageability 

highlights of the response framework. The quest for 

appropriate impetuses to part water under illumination 

has prompted escalated considers. The photograph 

corruption of poisons by photocatalysts has pulled in 

serious examination intrigue in light of their monetary 
and naturally safe alternative for tackling vitality and 

contamination issues [61, 62, 63]. 

IV. Antimicrobial activities of metal 

oxide nanoparticles  

Metal oxides are playing an important role as 

antimicrobial agents. These oxides are having different 

groups which are separated into various groups based on 

the mechanisms such as damage of cell wall, the release 

of toxic irons, interruption of protein oxidation, 

membrane collapse, and ROS.  

 

4.1. ROS 

The important method of antimicrobial movement is 

the stage of Reactive Oxygen Species (ROS). ROS are 

delivered when oxygen enters undesired decrease states 

and changes into free radicals, superoxides, and 
peroxides, as opposed to water (Fig. 7). A mass on the 

cell, for example, UV light, DNA damage, and NPs can 

make ROS creation increment to a level that is poisonous 

to the cell and can cause cell damage. The oxidized 

condition of the metal in the NPs may add to the 

bactericidal impact, for example, Cu2O NPs, Ag NPs, 

TiO2 NPs. At long last, it is all around archived that 

microorganisms are presented to nanoparticles present in 

oxidative pressure identified with ROS [74, 75]. 

 

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 [62] 

NiO MB UV-light Chemical 60 [62] 

ZnFe2O4 
EB 

(Evans blue) 
Sun light 

Green synthesis 

(Sugarcane juice) 
82 [64] 

CuO MB UV –light Chemical 15 [65] 

NiO MB UV –light Chemical 55 [65] 

SnO MB UV –light Chemical 83 [65] 

CuO MB Sunlight 

Green 

(Tinospora 

cordifolia) 

80 [66] 

CuO 

CR dye 

(Congo Red 

dye) 

UV –light 

Green 

(Bana leaf) 

 

90 [67] 

CuO Violet Sunlight 
Green 

(Oak fruit) 
92 [68] 

TiO2 MB Sunlight Chemical 80 [69] 

TiO2 MB UV-light Chemical 93 [70] 

MgO 

MO 

(Methyl 

orange) 

UV-light Chemical Data not known [71] 

NiO MeO UV-light Emulsion 86 [72] 

NiO MB UV-light 
Green 

(egg white) 
99 [73] 

CdO MB UV-light Chemical 81 [74] 
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4.2 Interruption of protein oxidation and 

membrane collapse 

There is solid proof that the positive charge of 

nanoparticles is basic for antimicrobial action since a 

microscopic organism’s cell wall is contrarily charged. 

The particles can influence layer bound with respiratory 

chemicals just as influence efflux shells of particles that 

can bring about cell death. Besides, bacterial Fe–S 
dehydrates are slanted to inactivation by MeO NPs. 

Other than blocking the reactant site, MeO NPs are 

furthermore prepared for legitimate to non-synergist 

regions thus preventing the development of protein [76, 

77]. 

 

4.3 Cell membrane damage 

The electronegative substance groupings of the 

polymers based on bacterial cells are destinations of 

metal cation fascination. The negative charge is carried 

on a superficial level both of microbes and spores at 

organic pH in light of the carboxylic corrosive gatherings 
in the proteins. In spite of the fact that the significance of 

the expression "opening" or "pore" despite everything 

requires explanation, pictures of cell damage have given 

away from this impact. In more genuine or extraordinary 

cases a break in the bilayer cells exists which advances 

the total loss of the plasma layer. The charge contrast 

between bacterial cells and MeO NPs prompts 

electrostatic fascination and in this manner, MeO NPs 

aggregates on the cell surface and eventual permit 

section into the microorganisms. Aggregation of MeO 

NPs inside the cell disperses the proton motive power, 
consequently disturbing the chemiosmotic capability of 

the layers and causing spillage of protons. Development 

is repressed as an eventual outcome of the electrostatic 

association between MeO NPs and the cell surface. Now 

and again, the development of pits is seen in the cell 

dividers of microscopic organisms presented to 

aluminum oxide (Al2O3) NPs [78, 79, 102-110]. 

Conclusion and Future aspects 

Photocatalytic is a huge down to earth enthusiasm 

for an assortment of uses. Metal oxides are 

fundamentally assessing photocatalytic and anti-toxin. 

Metal oxides are drawn in broad consideration for their 

possible ecological and vitality related uses, due to their 

greatness of physical and chemical properties. The metal 

oxides are having been high stability, biocompatibility, 

antimicrobial, and mainly degrade the dye from water.  

At long last, the metal oxides are amazing photocatalytic 
and anti-microbial activities. 

 

Conflict of the interest  

No conflict of the interest. 

 

Acknowledgement 

R. A. author thankful to Periyar University gave 

URF (University Research Fellowship). 

 

Author contribution  

R. A. Wrote the original copy, K. K. Structured the 

work, M. S. and D.R. Managed the work. 
 

 

Aswini Rangayasami – PhD Research Scholar at 

Department of Botany; 

Karthik Kannan – PhD in Physics, Researcher; 

Murugesan Subban – PhD in Botany, Assistant 

Professor of the Botany Department; 

Devi Radhika - PhD in Chemsitry, Assistant Professor of 

the Chemistry Department. 

 

 

 

[1] H. Assi, S. Atiq, S.M. Rammay, N.S. Alzayed, M. Saleem, S. Riaz, S. Naseem, J Mater Sci. Mater. Electron 

28 (2017) (https://doi.org/10.1007/s10854-016-5795-4).  

[2] A.M. Allahverdiyev, E.S. Abamor, M. Bagirova, M. Rafailovich, M, Future. Microbiol. 6, (2017) 
(https://doi.org/10.2217/fmb.11.78). 

[3] O.C. Farokhzad, R. Langer, R, Adv. Drug. Deliv. Rev. 58, (2006) (https://doi.org/10.1016/j.addr.2006.09.011). 

[4] A. Sabzevari, K. Adibkia, H. Hashemi, A. Hedayatfar, N. Mohsenzadeh, F. Atyabi,  M.H. Ghahremani, 

R. Dinarvand, R. Eur. J. Pharm. Biopharm. 84, (2013) (https://doi.org/10.1016/j.ejpb.2012.12.010). 

[5] U. Kadiyalaa, N.A. Kotov, J.S.V. Epps, Curr Pharm Des. 24, 8 (2018) 

(https://doi.org/10.2174/1381612824666180219130659).  

[6]  A.B. Djurisic, Y.H. Leung, A.M. Ng, X.Y. Xu, P.K. Lee, N. Degger, N., et al., Nano. Micro. Small 11, 1 

(2015) (https://doi.org/10.1002/smll.201303947). 

[7] S. Singh, J. Nanosci. Nanotechnol. 10 (7906) (2010) (https://doi.org/10.1166/jnn.2010.3617). 

[8] K.A. Ali, A.Z. Abdullah, A.R. Mohamed, Appl. Catal. A. Gen. 537 (2017) 

(https://doi.org/10.1016/j.apcata.2017.03.022). 

[9] J. Huang, Y. Cao, Z. Liu, Z. Deng, W. Wang, Chem. Eng. J. 191, 38-44 (2012) 
(https://doi.org/10.1016/j.cej.2012.01.057). 

[10] A. Mittal, J. Mittal, A. Malviya, V.K. Gupta, V.K, J Colloid Interface Sci. 344 (2010) 

(https://doi.org/10.1016/j.jcis.2010.01.007). 

[11] V. Gupta, R. Jain, A. Nayak, S. Agarwal, M. Shrivastava, M, Mater Sci Eng C. 3(5) (2011) 

(https://doi.org/10.1016/j.msec.2011.03.006). 

[12] K.S. Tan, K.Y. Cheong, J. Nanopart. Res. 15, (2013) (https://doi.org/10.1007/s11051-013-1537-1).  

[13] P. Pandey, S. Merwyn, G.S. Agarwal, B.K. Tripathi, S.C. Pant, S.C, J. Nanopart. Res. 14 (2012) 

(https://doi.org/10.1007/s11051-011-0709-0). 

https://doi.org/10.1007/s10854-016-5795-4
https://doi.org/10.2217/fmb.11.78
https://doi.org/10.1016/j.addr.2006.09.011
https://doi.org/10.1016/j.ejpb.2012.12.010
https://doi.org/10.2174/1381612824666180219130659
https://doi.org/10.1002/smll.201303947
https://doi.org/10.1166/jnn.2010.3617
https://doi.org/10.1016/j.apcata.2017.03.022
https://doi.org/10.1016/j.cej.2012.01.057
https://doi.org/10.1016/j.jcis.2010.01.007
https://doi.org/10.1016/j.msec.2011.03.006
https://doi.org/10.1007/s11051-013-1537-1
https://doi.org/10.1007/s11051-011-0709-0


A. Rangayasami, K. Kannan, M. Subban, D. Radhika 

 12 

[14] A. Raghunath, E. Perumal, Int. J. Antimicrob. Agents. 49(2), (2017) 

(https://doi.org/10.1016/j.ijantimicag.2016.11.011).  

[15]  W. Wu, Z. Wu, T. Yu, C. Jiang, W.S. Kim, Sci Technol Adv Mater. 16 (2015) (https://doi.org/10.1088/1468-

6996/16/2/023501). 

[16] M. Kobayashi, M., I. Yamashita, U. Uraoka, K. Shiba, S. Tomita, Proc. SPIE 8070, Metamaterials VI, 80700C 

(17 May 2011) (https://doi.org/10.1117/12.886652).   

[17] H.M. Jung, M.J. Chu, J. Mater. Chem. 2 (2014) (https://doi.org/10.1039/C4TC01132E).  

[18] Y. Abboud, T. Saffaj, A. Chagraoui, A. El Bouari, K. Brouzi, O. Tanane, B. Ihssane, Appl. Nanosci. 4 (2014) 
(https://doi.org/10.1007/s13204-013-0233-x).  

[19] P. Maheswari, S. Harish, M. Navaneethan, C. Muthamizhchelvan, S. Ponnusamy, Y. Hayakawa, Materials. Sci 

Eng. C 108 (2020) (https://doi.org/10.1016/j.msec.2019.110457). 

[20] P. Vijay Kumar, A. Jafar Ahamed, M. Karthikeyan, SN. Applied. Sciences 1, 1083 (2019) 

(https://doi.org/10.1007/s42452-019-1113-0). 

[21] A. Pugazhendhi, R. Prabhu, K. Muruganantham, R. Shanmuganathan, S. Natarajan, J. Photochem. Photobiol 

B: Biology 190 (2018) (https://doi.org/10.1016/j.jphotobiol.2018.11.014). 

[22] Parthasarathi and Thilagavathi et al, Journal of Textile and Apparel, technology and Management 6, 2 (2009).  

[23] Tetiana Tatarchuk, Marianan Myslin, Ivan Mironyuk, et al. J. Alloy. Compd. 819, (2020) 

(https://doi.org/10.1016/j.jallcom.2019.152945). 

[24] K. Saranyaadevi, V. Subha, R.S. Ernest Ravindran, S. Renganathan, I. J. Chem. Tech. Res. 6, 10 (2014). 

[25] P. Tiwari, R. Verma, S.N. Kane, Tetiana Tatarchuk, F. Mazaleyrat. Mater. Chem. Phys. 229, 1 (2019) 
(https://doi.org/10.1016/j.matchemphys.2019.02.030). 

[26] B.K. Thakur, A. Kumar, D. Kumar, D, S. African J. Bot. 124, (2019) 

(https://doi.org/10.1016/j.sajb.2019.05.024). 

[27] N. Ajmal, K. Saraswat, A. Bakht, Y. Riadi, M.J. Ahsan, Green. Chem. Lett. Rev. 12, 3 (2019) 

(https://doi.org/10.1080/17518253.2019.1629641).  

[28] Ivan Mironyuk, Tetiana Tatarchuk, Mu Naushad, Hanna Vasylyeva, Igor Mykytyn. J Mole. Liq. 1, 9 (2019) 

(https://doi.org/10.1016/j.molliq.2019.04.111).  

[29] M. Ramesh, M. Anbuvannan, G. Viruthagiri, Spectrochem. Acta. Part A. Mol. Biomol. Spectrosc. 136 (2015) 

(https://doi.org/10.1016/j.saa.2014.09.105). 

[30] S. Vasantharaj, S. Sathiyavimal, M. Saravanan, P. Senthilkumar, K. Gnanasekaran, M. Shanmugavel, E. 

Manikandan, A. Pugazhendhi, J. Photochem. Photobiol B: Biology 191 (2019) 
(https://doi.org/10.1016/j.jphotobiol.2018.12.026). 

[31] K. Karthik, S. Vijayalakshmi, Anukorn Phuruangrat, V. Revathi, Urvashi Verma., J. Clu. Sci. 30 (2019) 

(https://doi.org/10.1007/s10876-019-01556-1).  

[32] Angel Ezhilarasi, J. Judith Vijaya, K. Kaviyarasu, M. Maaza, A. Ayeshamariam, L. John Kennedy, J. 

Photochem. Photobiol. B: Biology 164 (2016) (https://doi.org/10.1016/j.jphotobiol.2016.10.003). 

[33] K. Karthik, M. Shashank, V. Revathi, Tetiana Tatarchuk, Mol. Cryst. Liq. Cryst. 673 (2018) 

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

[34] S. Krishna Moorthya, C.H. Ashokb, K. Venkateswara Raob, C. Viswanathana, Materials Today: Proceedings. 

2 (2015) (https://doi.org/10.1016/j.matpr.2015.10.027). 

[35] H. Fouad, H.  Li, D. Hosni, Artif. Cells. Nanomed. Biotechnol. 46 (2018) 

(https://doi.org/10.1080/21691401.2017.1329739). 
[36] D. Rehana, D. Mahendiran, R.S. Kumar, A.K. Rahiman, Biomed. Pharmacother 89 (2017) 

(https://doi.org/10.1016/j.biopha.2017.02.101). 

[37] Tura Safawo, B.V. Sandeep, Sudhakar Pola, Aschalew Tadesse, Open Nano. 3 (2018) 

(https://doi.org/10.1016/j.onano.2018.08.001). 

[38] M. Srinivasan, M. Venkatesan, V. Arumugam, G. Natesand, Proce. Biochem. 80 (2019) 

(https://doi.org/10.1016/j.procbio.2019.02.010). 

[39] J. Jeevanandam, Y.S. Chan, M.K. Danquah, New. J. Chem. 41 (2017) (https://doi.org/10.1039/C6NJ03176E). 

[40] S.O. Ogunyemi, F. Zhang, Y. Abdallah, M. Zhang, Y. Wang, Y, Nanomed. Biotech. 47(1) (2019) 

(https://doi.org/10.1080/21691401.2019.1622552)  

[41] H. Li, M. Li, G. Qiu, C. Li, H. Qu, B. Yang, J. Alloys. Compd. 632 (2015) 

(https://doi.org/10.1016/j.jallcom.2015.01.294). 

[42] M. Heinemann, B. Eifert, C. Heiliger, Phys. Rev. B. 87, 115111 (2013) 
(https://doi.org/10.1103/PhysRevB.87.115111).  

[43] S. Raut, P.V. Thorat, R. Thakare, Int. J. Sci. Res. 4(5) (2015).  

[44] T.R. Tatarchuk, N.D. Paliychuk, M. Bououdina, B. Al- Najar, M. Pacia, W. Macyk, A. Shyichuk. J. Alloys. 

Compd. 731, (15) (https://doi.org/10.1016/j.jallcom.2017.10.103). 

[45] Karthik Kannan, D. Radhika, A.S. Nesaraj, Mohammed Wasee Ahmed, R. Namitha, Mater. Res. Innov. 24(7), 

414-421 (2020) (https://doi.org/10.1080/14328917.2019.1706032).   

[46] N. Hasan, H.F. Wu, Y.H. Li, M.I. Nawaz, Anal. Bioanal. Chem. 396(8) (2010) 

(https://doi.org/10.1007/s00216-010-3573-3).  

https://doi.org/10.1016/j.ijantimicag.2016.11.011
https://doi.org/10.1088/1468-6996/16/2/023501
https://doi.org/10.1088/1468-6996/16/2/023501
https://doi.org/10.1117/12.886652
https://doi.org/10.1039/C4TC01132E
https://doi.org/10.1007/s13204-013-0233-x
https://doi.org/10.1016/j.msec.2019.110457
https://doi.org/10.1007/s42452-019-1113-0
https://doi.org/10.1016/j.jphotobiol.2018.11.014
https://doi.org/10.1016/j.jallcom.2019.152945
https://doi.org/10.1016/j.matchemphys.2019.02.030
https://doi.org/10.1016/j.sajb.2019.05.024
https://doi.org/10.1016/j.molliq.2019.04.111
https://doi.org/10.1016/j.saa.2014.09.105
https://doi.org/10.1016/j.jphotobiol.2018.12.026
https://doi.org/10.1007/s10876-019-01556-1
https://doi.org/10.1016/j.jphotobiol.2016.10.003
https://doi.org/10.1080/15421406.2019.1578495
https://doi.org/10.1016/j.matpr.2015.10.027
https://doi.org/10.1080/21691401.2017.1329739
https://doi.org/10.1016/j.biopha.2017.02.101
https://doi.org/10.1016/j.onano.2018.08.001
https://doi.org/10.1016/j.procbio.2019.02.010
https://doi.org/10.1039/C6NJ03176E
https://doi.org/10.1080/21691401.2019.1622552
https://doi.org/10.1016/j.jallcom.2015.01.294
https://doi.org/10.1103/PhysRevB.87.115111
https://doi.org/10.1016/j.jallcom.2017.10.103
https://doi.org/10.1080/14328917.2019.1706032
https://doi.org/10.1007/s00216-010-3573-3


Review of Photocatalytic and Antimicrobial Properties of Metal Oxide Nanoparticles 

 13 

[47] E. Haritha, S.M. Roopan, G. Madhavi, G. Elango, N.A. Al-Dhabi, M.V. Arasu, J. Photochem. Photobiol B: 

Biology. 162, 28 (2016) (https://doi.org/10.1016/j.jphotobiol.2016.07.010). 

[48] R. Aswini, S. Murugesan, Karthik Kannan, Int. J. Environ. Anal. Chem. (2020) 

(https://doi.org/10.1080/03067319.2020.1718668). 

[49] T. Liu, B. Liu, L. Yang, X. Ma, H. Li, et al, Appl. Catal B. Environ. 204 (2017) 

(https://doi.org/10.1016/j.apcatb.2016.12.011). 

[50] N.D. Khiavi, R. Katal, S.K. Eshkalak, S.M. Panah, S. Ramakrishna, H. Jiangyong, Nanomaterials 9, 1011 

(2019) (https://doi.org/10.3390/nano9071011).  
[51] Tetiana Tatarchuk, Natalia Paliychuk, Rajesh Babu Bitra, Alexander Shyichuk, et al, Desalin. Water. Treat. 

150 (2019) (https://doi.org/10.5004/dwt.2019.23751).  

[52] C.B.D. MarienT. Cottineau, D. Robert, P. Drogui, Appl. Catal B. 194, 5 (2016) 

(https://doi.org/10.1016/j.apcatb.2016.04.040).  

[53] Y. Zhang, W. Zeng, Mater. Lett. 195, 15 (2017) (https://doi.org/10.1016/j.matlet.2017.02.124). 

[54] F. Augusto, E. Carasek, R.G.C. Silva, S.R. Rivellino, A.D. Batista, E.A.J. Martendal, J. Chromatography A. 

1217, 16 (2010) (https://doi.org/10.1016/j.chroma.2009.12.033). 

[55] S.S. Shinde, C.H. Bhosale K.Y. Rajpure, Catal Rev: Sci. Eng. 55, 1 (2013) 

(https://doi.org/10.1080/01614940.2012.734202). 

[56] I.F. Mironyuk, L.M. Soltys, T. R. Tarachuk, V. I. Tsinurchyn. Phys. Chem. Solid State 21(1), 89 (2020) 

(https://doi.org/10.15330/pcss.21.1.89-104).  

[57] J. Xing, W.Q. Fang, H.J. Zhao H.G. Yang, Chem. Asian J. 7 (2012) (https://doi.org/10.1002/asia.201100772). 
[58] F. Xu, Y.T. Shen, T.L. Sun, H.B. Zeng, Y.N. Lu, Nanoscale 3 (2011) (https://doi.org/10.1039/C1NR11033K). 

[59] Y. Sun, H. Cheng, S. Gao, Z.H. Sun, et al, Chem. Soc. Rev. 3 (2015) (https://doi.org/10.1039/C4CS00236A). 

[60] Y. Xie, Angew Chem Int Ed. 51, 8727 (2012). 

[61] B. Seger, A.B. Laursen, P.C.K. Vesborg, Angew Chem Int Ed. 51, 9128 (2012). 

[62] T. Linda, S. Muthupoongodi, X. Sahaya Shajan, S. Balakumar, Optik. 127, 120 (2016) 

(https://doi.org/10.1016/j.ijleo.2016.06.025).   

[63] Basma Al-Najar, Mhamed Buoudina, J. Judith Vijaya, Radhika R. Nair, Tetiana Tatarchuk. Sustainable 

Agricultural Reviews 34 (2019) (https://doi.org/10.1007/978-3-030-11345-2_11).  

[64] S.B. Patil, H.S.  Bhojya Naik, G. Nagaraju, R. Viswanath, S.K. Rashmi, S.V. Kumar, Mater Chem Phys. 212 

(2015) (https://doi.org/10.1016/j.matchemphys.2018.03.038). 

[65] Y. Zhao, L. Hai, X. Li, X. Yang, X. Wang, Adv Mater Res. (2011) 
(https://doi.org/10.4028/www.scientific.net/AMR.197-198.281). 

[66] P.C. Udauabhanu, M.A. Nethravathi, D. Pavan Kumar, Suresh, et al, Mater Sci Semicond Process. 33 (2015) 

(https://doi.org/10.1016/j.mssp.2015.01.034). 

[67] M. Aminuzzaman, L.M. Kei, W.H. Liang, Green and stainable Technology AIP Conf. Proc. 1828 (2017) 

(https://doi.org/10.1063/1.4979387).  

[68] M. Sorbium, E.S. Mehr, M.A. Ramazani, S.T. Fardood, Int. J. Environ. Res. 12(9) (2018) 

(https://doi.org/10.1007/s41742-018-0064-4). 

[69] S.S. Muniandy, N.H.M. Kaus, Z.T. Jiang, et al, RSC Adv. 7 (2017) (https://doi.org/10.1039/C7RA08187A).  

[70] A.M. Tayeb, D.S. Hussein, American. J. Nano. 3(2), (2015) (https://doi.org/10.12691/ajn-3-2-2).  

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

(https://doi.org/10.1016/j.powtec.2013.09.016). 
[72] F. Fazlali, A.R. Mahjoub, R. Abazari, Solid. State. Sci. 48 (2015) 

(https://doi.org/10.1016/j.solidstatesciences.2015.08.022). 

[73] Z. Sabouri, A. Akbari, H.A. Hosseini, M. Khatami, et al, Polyhedron. 178(1) (2020) 

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

[74] S. Kumar, A.K. Ojha, B. Walkenfort, J. Photochem. Photobio B: Biology. 159 (2016) 

(https://doi.org/10.1016/j.jphotobiol.2016.03.025). 

[75] S. Meghana, P. Kabra, S. Chakraborty, N. Padmavathy, RSC Adv. 5 (2015) 

(https://doi.org/10.1039/C4RA12163E). 

[76] R.P. Allaker, J. Dent. Res. 89(11) (2010) (https://doi.org/10.1177/0022034510377794). 

[77] I.L. Calderon, A.O. Elias, E.L. Fuentes, G.A. Pradenas, et al, Microbiology 155 (2009) 

(https://doi.org/10.1099/mic.0.026260-0). 

[78] Y.C. Chung, Y.P. Su, C.C. Chen, G. Jia, H.L. Wang, Acta. Pharmacol. Sin. 25 (7) (2004). 
[79] J. Niskanen, J. Shan, H. Tenhu, H. Jiang, Colloid. Polym. Sci. 288(5) (2010) (https://doi.org/10.1007/s00396-

009-2178-x).  

[80] L. Palanikumar, S.N. Ramasamy, C. Balachandran, IET Nanobiotechnol. 8(2) (2014) (10.1049/iet-

nbt.2012.0008). 

[81] J.M. Yousef, E.N. Dania, J. Health. Sci. 2(4) (2012) (https://doi.org/10.5923/j.health.20120204.04).  

[82] M.P. Reddy, A. Venugopal, M. Subrahmanyam, Water Res. 41(2) (2007) 

(https://doi.org/10.1016/j.watres.2006.09.018).  

[83] D. Sharma, M.I. Sabela, K. Suvardhan, et al, J. Photochem. Photobiol B: Biol. 162 (2016) 

(https://doi.org/10.1016/j.jphotobiol.2016.06.043). 

https://doi.org/10.1016/j.jphotobiol.2016.07.010
https://doi.org/10.1080/03067319.2020.1718668
https://doi.org/10.1016/j.apcatb.2016.12.011
https://doi.org/10.3390/nano9071011
https://doi.org/10.5004/dwt.2019.23751
https://doi.org/10.1016/j.apcatb.2016.04.040
https://doi.org/10.1016/j.matlet.2017.02.124
https://doi.org/10.1016/j.chroma.2009.12.033
https://doi.org/10.1080/01614940.2012.734202
https://doi.org/10.15330/pcss.21.1.89-104
https://doi.org/10.1002/asia.201100772
https://doi.org/10.1039/C1NR11033K
https://doi.org/10.1039/C4CS00236A
https://doi.org/10.1016/j.ijleo.2016.06.025
https://doi.org/10.1007/978-3-030-11345-2_11
https://doi.org/10.1016/j.matchemphys.2018.03.038
https://doi.org/10.4028/www.scientific.net/AMR.197-198.281
https://doi.org/10.1016/j.mssp.2015.01.034
https://doi.org/10.1063/1.4979387
https://doi.org/10.1007/s41742-018-0064-4
https://doi.org/10.1039/C7RA08187A
https://doi.org/10.12691/ajn-3-2-2
https://doi.org/10.1016/j.powtec.2013.09.016
https://doi.org/10.1016/j.solidstatesciences.2015.08.022
https://doi.org/10.1016/j.poly.2020.114351
https://doi.org/10.1016/j.jphotobiol.2016.03.025
https://doi.org/10.1039/C4RA12163E
https://doi.org/10.1177%2F0022034510377794
https://doi.org/10.1099/mic.0.026260-0
https://doi.org/10.1007/s00396-009-2178-x
https://doi.org/10.1007/s00396-009-2178-x
https://doi.org/10.1049/iet-nbt.2012.0008
https://doi.org/10.1049/iet-nbt.2012.0008
https://doi.org/10.5923/j.health.20120204.04
https://doi.org/10.1016/j.watres.2006.09.018
https://doi.org/10.1016/j.jphotobiol.2016.06.043


A. Rangayasami, K. Kannan, M. Subban, D. Radhika 

 14 

[84] P.P. Arciniegas-Grijalba, M.C. Patino-Portela, L.P. Mosquera-Sanchez, et al, Applied Nanoscience 7 (2017) 

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

[85] G. Ren, D. Hu, E.W. Cheng, M.A. Vargas-Reus, et al, Int. J. Antimicrob. Agents 33(6) (2009) 

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

[86] S. Sathiyavimal, S. Vasantharaj, D. Bharathia, M. Saravanan, J. Photochem. Photobio B: Biology 188 (2018) 

(https://doi.org/10.1016/j.jphotobiol.2018.09.014). 

[87] S.M. Hasheminya J. Dehghannya, Particulate Sci. Tech. 38(8) (2019) 

(https://doi.org/10.1080/02726351.2019.1658664). 
[88] M. Safaei, M. Taran, M. Imani, Mater Sci Eng C. 101 (2019) (https://doi.org/10.1016/j.msec.2019.03.108).  

[89] R. Ahmadi, A. Tanomand, F. Kazeminava, F.S. Kamounah, A. Ayaseh, Int. J. Nanomed. 14 (2019).  

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

A. Abduz Zahir, K. Velayutham, Spectrochim Acta A. 91 (2012) (https://doi.org/10.1016/j.saa.2012.01.011). 

[91] S. Jebril, R.K.B. Jenana, C. Dridi, Mater. Chemis. Phy. 248(1) (2020) (https://doi.org/10.1016/j.matchemphys 

2020.122898). 

[92] R. Rekha, M. Divya, M. Govindarajan, N.S. Alharbid, J. Photochemi. Photobio B. Biology 199, 111620 

(2019) https://doi.org/10.1016/j.jphotobiol.2019.111620. 

[93] Y.W. Baek, Y.J. An, Sci Total Environ. 409(8) (2011) (https://doi.org/10.1016/j.scitotenv.2011.01.014).  

[94] S. Rakshit, S. Ghosh, S. Chall, S.S Mati, RSC Adv. 3 (2013) (https://doi.org/10.1039/C3RA42628A). 

[95] M.I. Din, A.G. Nabi, A. Rani, A. Aihetasham, M. Mukhtar, Environ. Nanotechnol. Monit. Manag. 9 (2018) 

(https://doi.org/10.1016/j.enmm.2017.11.005). 
[96] K. Alamelu, K. Ramasami, M.V. Reddy, R. Geetha, R. Balakrishna, Mat. Sci. Semicon. Proces. 40 (2015) 

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

[97] Z.X. Tang, Z. Yu, Z.L. Zhang, X.Y. Zhang, Quim Nova. 36 (2013) (http://dx.doi.org/10.1590/S0100-

40422013000700002).  

[98] I.I. Muhamad, S.A. Asgharzadehahmadi, D.N.A. Zaide, E. Supriyanto, Inter. J. Biol. Biomed. Eng. 3(7) 

(2013). 

[99] A. Almontasser, A. Parveen, A. Azam, IOP Conf Ser Mater Sci. Eng. 577 (2019) 

(https://doi.org/10.1088/1757-899X/577/1/012051). 

[100] G. Sharmila, C. Muthukumaran, E. Sangeetha, H. Saraswathi, Nano-Structures & Nano-Objects. 20 (2019) 

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

[101] H. Tong, S.X. Ouyang, Y.P. Bi, Adv. Mater. 24 (2012) (https://doi.org/10.1002/adma.201102752). 
[102] Karthik Kannan, Devi Radhika, Kishor Kumar Sadasivuni, Kakarla Raghava Reddy, Anjanapura V. Raghu, 

Adv. Colloid Interface Sci. 281, 102178 (2020) (https://doi.org/10.1016/j.cis.2020.102178). 

[103] Karthik Kannan, D. Radhika, Maria P. Nikolova, V. Andal, Kishor Kumar Sadasivuni, L. Sivarama Krishna, 

Optik, 218, 165112 (2020) (https://doi.org/10.1016/j.ijleo.2020.165112). 

[104] Karthik Kannan, D. Radhika, Maria P. Nikolova, Kishor Kumar Sadasivuni, Hakimeh Mahdizadeh, Urvashi 

Verma, Inorg. Chem. Commun. 113, 107755 (2020) (https://doi.org/10.1016/j.inoche.2019.107755). 

[105] K. Kannan, D. Radhika, S. Vijayalakshmi, K.K. Sadasivuni, A. A. Ojiaku, U. Verma, Int. J. Environ. Anal. 

Chem. 1 (2020) (https://doi.org/10.1080/03067319.2020.1733543). 

[106] P. Surendran, A. Lakshmanan, S.S. Priya, K. Balakrishnan, P. Rameshkumar, K. Kannan, P. Geetha, 

T.A. Hegde, G. Vinitha, Nano-Structures & Nano-Objects. 24, 100589 (2020) 

(https://doi.org/10.1016/j.nanoso.2020.100589). 
[107] S. Pandiyan, L. Arumugam, S.P. Srirengan, R. Pitchan, P. Sevugan, K. Kannan, G. Pitchan, T.A. Hegde, 

V. Gandhirajan, ACS Omega. (2020) acsomega.0c03290 (https://doi.org/10.1021/acsomega.0c03290). 

[108] K.Kannan, M.H. Sliem, A.M. Abdullah, K.K. Sadasivuni, B. Kumar, Catalysts 10 10, 549 (2020) 

(https://doi.org/10.3390/catal10050549). 

[109] Karthik Kannan, D. Radhika, A.S. Nesaraj, Kishor Kumar Sadasivuni, L. Sivarama Krishna, Inorg. Chem. 

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

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

Anjanapura V. Raghu, Mater. Sci. Energy Technol. 3, 853 (2020) 

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

 

 

https://doi.org/10.1007/s13204-017-0561-3
https://doi.org/10.1016/j.ijantimicag.2008.12.004
https://doi.org/10.1016/j.jphotobiol.2018.09.014
https://doi.org/10.1080/02726351.2019.1658664
../../../../../Downloads/Mater%20Sci%20Eng%20C
https://www.sciencedirect.com/science/journal/09284931/101/supp/C
https://doi.org/10.1016/j.msec.2019.03.108
https://doi.org/10.1016/j.saa.2012.01.011
https://doi.org/10.1016/j.matchemphys%202020.122898
https://doi.org/10.1016/j.matchemphys%202020.122898
https://doi.org/10.1016/j.jphotobiol.2019.111620
https://doi.org/10.1016/j.scitotenv.2011.01.014
https://doi.org/10.1039/C3RA42628A
https://doi.org/10.1016/j.enmm.2017.11.005
https://doi.org/10.1016/j.mssp.2015.06.017
http://dx.doi.org/10.1590/S0100-40422013000700002
http://dx.doi.org/10.1590/S0100-40422013000700002
https://doi.org/10.1088/1757-899X/577/1/012051
https://doi.org/10.1016/j.nanoso.2019.100380
https://doi.org/10.1002/adma.201102752).
https://doi.org/10.1016/j.cis.2020.102178
https://doi.org/10.1016/j.ijleo.2020.165112
https://doi.org/10.1016/j.inoche.2019.107755
https://doi.org/10.1080/03067319.2020.1733543
https://doi.org/10.1016/j.nanoso.2020.100589
https://doi.org/10.1021/acsomega.0c03290
https://doi.org/10.3390/catal10050549
https://doi.org/10.1016/j.inoche.2020.108307
https://doi.org/10.1016/j.mset.2020.10.008


Review of Photocatalytic and Antimicrobial Properties of Metal Oxide Nanoparticles 

 15 

А. Ранджаясамі1, К. Каннан2, М. Саббан1, Д. Радхіка3 

Огляд фотокаталітичних та антимікробних властивостей 
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Фотокаталітична деградація є ефективним методом зменшення забруднення навколишнього 
середовища, спричиненого органічними забруднювачами. Зростання природного забруднення залучає 
науковців до вирішення питання просування фотокаталізаторів, що ефективно залежать від 

напівпровідників для обробки забруднених водних ресурсів різними забруднювачами – викидами 
промисловості. У цій роботі розглядається хід досліджень щодо властивостей та застосувань 
фотокаталітичної та антимікробної активності, а також механізми токсичності наночастинок різних 
оксидів металів. Наночастинки оксидів металів - це широкозонні діркові напівпровідники, які можуть 
створювати електронні пастки при пропусканні світла. Наведені фото демонструють відкриті електронні 
пастки, що стимулює енергію водню, кисню та цим самим очищують неорганічні / природні / органічні 
суміші. Метою огляду є вивчення широкого спектру біологічної дії, механізмів фотокаталітичної 
деградації, а також застосування антимікробних препаратів.  

Ключові слова: наночастинки оксиду металу; фотокаталітична активність; антимікробна активність. 
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