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Abstract 

	 Contamination of surfaces has long been identified as a significant factor in viral transmission. 
Therefore, sustained efforts are required to address this issue. This work aims to build a scientific 
database on nano-sized metal oxides as intelligent materials for surface disinfection against corona 
viruses, synthesize and characterize nano-sized MgO, and discuss the possibility of using it in virus 
eradication. The MgO nanoparticle was prepared through the heating method. Meanwhile, XRD 
diffractometer, Scan electron microscope, and nitrogen adsorption were used to characterize the 
MgO nanoparticle. The synthesized MgO nanoparticle showed an average crystallite size of 18.55nm, 
lattice strain 0.0053, surface area 27.56 m2/g and d-spacing 2.1092. The outcomes of this review 
highlight the advantage and challenges of AgO, CuO, ZnO, TiO2 and MgO nanoparticles and their 
utilization for surface disinfection against coronaviruses.

Keywords: Nanoparticles, Metal oxides MgO, AgO, CuO, ZnO, TiO2, SARS-CoV-2, 
Surface disinfectants.  

Introduction 

	 A novel coronavirus (SARS-CoV-2) was 
reported in Wuhan, the People's Republic of China, 
in December 2019.1 Coronaviruses are a vast group 
of viral pathogens responsible for many diseases, 
including respiratory illness.2 This disease can 
produce a variety of signs involving temperature, 
respiratory problems, sneezing and aggressive lung 
diseases.3 When viruses enter the lungs, they cause 

harm, which results in fluid seeping from tiny blood 
vessels in the lung tissue. The fluid gathers in the 
lungs' alveolar or air sacs. Because of this, the lungs 
have a tough time transferring oxygen from the air to 
the blood. It has the potential to extend to the lower 
respiratory tract, resulting in viral meningitis. Patients 
with severe breathlessness and breathing stress 
syndrome suffer from the condition.4 COVID-19 could 
be spread from person to person via the air, and in 
extreme cases, the incubation time might be up to 
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14 days or more.5 There are no clinical indications 
or symptoms to help identify those at risk, and the 
virus can be spread even during the incubation 
or recessive infection phase.6 Infection rates and 
fatalities have already overtaken SARS cases 
significantly in the same timeframe. Coronavirus 
is a sphere-shaped, encapsulated particle with a 
diameter of around 120nm produced by the virus. 
Several features of the viral life cycle are influenced 
by envelope proteins, including virus assembly, 
envelope development and pathogenesis.7 The 
coronavirus structure and essential components 
were depicted in Fig. 1, which comprised the 
spike protein, nucleocapsid protein, hemagglutinin 
esterase glycoprotein, viral genome RNA and 
envelope and the membrane protein.8-10 According 
to current studies, the virus is more likely to spread 
amongst people near by.11,12 Tiny liquid particles can 
spread the virus when an infected person coughs, 
sneezes, talks, sings, or breathes.13,14 Viruses 
can also spread within busy or poorly ventilated 
spaces, where people are more prone to linger 
for long periods.15-25 A person may get COVID-19  
if they come into contact with a surface or object that 
has been infected with the virus because aerosol 
particles have the potential to float in the air or travel 
beyond a conversational distance.26-30 In the past 
few decades, nanotechnology and nanostructured 
materials significantly assisted the progress of 
scientific and technological fields. The study of 
nanomaterials, including graphene, nanotubes, 
metal and polymer nanoparticles, has received 
much attention. Due to their smaller size (less than 
100nm), these nanostructured materials display 
exceptional physical and chemical characteristics 
like higher molar extinction coefficients, superior 
reactivity, higher sorption and surface area, tunable 
plasmonic properties, photo and magnetic properties, 
and quantum effects. As a result, numerous 
nanomaterials have been examined extensively in 
various sectors. Significant focus has been placed 
in particular on the biomedical small molecule 
treatments have substantial drawbacks in human 
health applications, including poor photostability, 
non-biocompatibility, adverse effects on other 
organs, rapid renal clearance, a shorter blood fluid 
retention period, poor targeting, and insufficient 
cellular uptake. Nanomaterials were later created 
and studied. However, although they are superior 
to tiny molecules in some ways, their unregulated 
medicinal applications limit their use. In recent times, 
stimuli-responsive materials have been developed 
to address the current issues. Substantial attention 
results from their controlled responses to particular 
stimuli and these materials are frequently referred to 

as intelligent mates.31-33 Nanotechnology is one of the 
most important technologies developed recently for 
preventing virus infection in the air and contact with 
infected surfaces.34-35 They might be very effective 
in sterilizing protective equipment and the hospital 
environment.36-38 Nanoparticles and nanocomposites 
are also physical and chemical characteristics 
that have been extensively investigated in the 
development of biomedical purposes.39-40 The 
purpose of the present review is to establish a 
scientific baseline data of metallic nanocoating as 
intelligent materials for surface disinfection against 
bacteria and coronaviruses and introduce MgO 
nanoparticles as promising and prospects material 
for viral surface disinfectant.

Fig. 1. Diagram showing the structure of coronavirus.41

Materials and methods

Synthesis of nanoparticles MgO 
	 An adequate amount of magnesium 
carbonate (MgCO3) was loaded into a hollow 
cylindrical furnace and heated to 700oC for one hour. 
The obtained white powder was characterized by 
employing various techniques to prove the MnO at 
the nanoscale level.

Nanoparticles characterization 
	 The Rigaku Min i  F lex  600 X-ray 
diffractometer was utilized to acquire the XRD 
data. N2 adsorption-desorption technique was 
employed to measure the surface area and pore 
size. The textural characteristics of the produced 
materials were examined using scanning  electron 
microscopy (Phenom) Energy Dispersive X-ray 
(EDX) microanalysis combined with scanning 
electron was utilized to determine the elemental 
compositions of the samples.

Result and discussion 

COVID-19 and surfaces contamination 
	 The National Institutes of Health (NIH) has 
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proposed that healthy people might become infected 
with COVID-19 by contacting virus-infested surfaces.42 
The virus may survive on surfaces for many hours to 
several days.43-46 However, studies demonstrate that 
the virus is less likely to spread three days after a 
person with COVID-19 contacts a common surface. 
Breath droplets or droplets can linger in the air for 
minutes or hours.47-50 Droplets condense enough in 
tight, poorly ventilated locations to transmit the virus 
to individuals nearby long after the patient has left the 
room.51-52 The potential of Coronavirus spread can 
be reduced by cleaning and disinfecting frequently 
touched surfaces, such as tables, doorknobs, 
furniture, light switches, desks, toilets, taps and 
sinks.53-54 There are already some protective tools 
available today. In this sense, nanotechnology opens 
up new avenues for developing COVID-19 preventive 
strategies that provide high disinfection with minimal 
dosages, no adverse effects, are environmentally 
acceptable, and have a long life.55-57

Nanotechnology and surfaces control against 
COVID-19 
	 The interest in nanotechnology has 
increased because of its exceptional properties to 
enter many fields and applications.58-60 Nanomaterials 
are particles with sizes varying between 1 and 
100 nanometers, allowing them to have many 
properties.61 It has been used in the chemical, 
mechanical and technological industries, and it has 
entered the medical field and the pharmaceutical 
industry.61-62 The field of nanotechnology is one of 
the most popular areas of research and development 
in all disciplines.63-65 This is due to its high strength, 
lightweight, excellent chemical reactivity, minimal 
size, high surface area, and increased stability.66 
Recently, nanotechnology has emerged as one of 
the most advanced techniques for preventing surface 
contamination with microbes such as bacteria, 
viruses, and other pathogens.67-68

Metallic nanoparticles 
Titanium dioxide nanoparticles TiO2 
	 TiO2 is semiconducting substances having 
distinct physicochemical characteristics, which 
might affect their bioactivity.69-70 These features 
can be used in a variety of applications.71 Titanium 
oxide nanocrystals (TiO2) are frequently employed 
in contemporary medicine because they exhibit 
significant antimicrobial and antiviral capabilities and 
the capacity to be used as drug delivery carriers72-73. 

These NPs are valuable in livestock farming as an 
antibacterial agent for treating bacteria resistant 
to medications and as development boosters; 
however, their usage and usage are being limited 
in several countries.74-75 Metal nanoparticles are 
also used to improve nutritional supply, enhance 
meat productivity, improve milk and egg quality, 
and improve sperm function.76 Despite, TiO2 
nanoparticles being believed to be non-toxic in 
minimal quantities, cytotoxicity has been shown 
at large dosages.77 Because of their vast surface 
area, TiO2-NPs have a significant propensity to 
capture various toxic compounds. Exposure to TiO2-
NPs inhibits development in certain animals and 
induces oxidative stress, damage, and disability.78 
TiO2-NPs exhibit a substantial antiviral effect 
against coronavirus and can generate numerous 
free radicals, which could cause oxidative stress to 
coronavirus, which is a good potential in the fight 
against coronavirus.79-85

ZnO nanoparticle 
	 Zinc oxide is one of the most widely 
used semiconducting materials in various fields 
such as flat displays, electroacoustic devices, and 
photocatalysts.86 Zinc oxide is a remarkable material 
with multiple properties suitable for high technology, 
such as light-emitting diodes, photodetectors, 
chemical and biological sensors and energy 
collectors; including solar cells.87 The use of nano-
zinc oxide was not limited to these areas only.88 
Still, it was an essential element in the medical field, 
especially in the last few years, where it witnessed 
a remarkable development in nanotechnology in 
medicine.89 Among the many semiconductors, metal 
oxides, especially zinc oxide, are biologically safe, 
cost-effective, and non-toxic medicine.90 Zinc oxide is 
beneficial against pathogenic bacteria, and viral has 
received increasing attention in recent years due to 
its stability under harsh environmental conditions.91-92 
ZnO-NPs display substantial inhibitory activity on 
some types of bacteria, and SARS-CoV-2 is one of 
the most challenging viruses to tackle in terms of 
human health.93-96

Copper oxide nanoparticle CuO  
	 CuO is a remarkable nanoscale material 
with various applications, including catalytic 
reactions, heating processes, superconductors, 
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photovoltaic cells, chemical technology, gaseous 
sensors, and batteries. CuO nanoparticles are 
primarily used as antibacterial agents in medical 
applications.97-98 CuO employed in healthcare 
centers because of their antimicrobial properties, 
which allow them to eradicate over 99.9 percent 
of bacteria after 2 h of exposure if a sufficient 
dose is administered.99 Copper ions are antiviral 
substances and can be used to treat viruses 
such as herpesvirus, pneumonia, and hepatitis 
A. 100. Fur ther,  compared to AgNPs and 
AuNPs, CuO NPs display numerous benefits, 
such as being less costly and stable. According 
to an investigation carried out by The National 
Institutes of Health (NIH) in the United States, 
the viral lifetime on Cu surfaces was less than 
on cardboard, stainless steel, and plastics 
surfaces.101 CuO nanoparticles inter-reaction with 
the virus including coronavirus appears to be time 
and dosage based, leading to irreparable virus 
destruction and cell wall breakdown.102-104

Silver oxide nanoparticles AgO 
	 AgNPs have specific optical, electrical, 
and thermal characteristics and are employed 
in various products, including environmental, 
photovol ta ics,  sensors and industr y. 105-106 
Furthermore, silver nanoparticles are increasingly 
used in antimicrobial coatings, different textiles, 
wound dressings, and biomedical equipment.107 
Silver nanoparticles absorb and scatter light 
with incredible efficiency and their color changes 
with particle size and shape, unlike many dyes 
and pigments.108 The antimicrobial, antiviral, and 
immunological properties of AgNPs are well-
established.109 AgNPs are a possible antiviral 
medication that is efficacious versus COVID-19 
and other viral such as respiratory syncytial, 
HBV, and HIV110-111 AgNPs can produce free 
radicals and reactive oxygen species (ROS), 
which cause apoptosis-mediated cellular damage 
and hence prevent virus replication.112 AgNPs 
bind to the viral genome, controlling the function 
and interaction of numerous viral and cellular 
replication components, leading to viral replication 
suppression and the release of progeny virions.113 
Furthermore, numerous physicochemical features, 
including size, morphology, surface characteristics, 
disparity, can be used to improve AgNPs-virus 
interactions.114 The use of silver nanoparticles is 
limited due to the high cost.115

MgO nanoparticle 
	 Magnesium oxide (MgO) nanoparticles 
attract many researchers owing to their special 
features, including odorless, non-toxic, and positive 
antimicrobial attributes.116 Hence, MgO NPs was 
synthesized and characterize to present it as a 
material with suitable properties that might act as a 
surface disinfectant against bacteria and viruses.117-120

XRD diffraction patterns analysis of MgO 
	 In accordance with the spectra, the samples 
have an excellent crystalline structure, with the 
highest peak position around 42.5 (2 theta) as shown 
in Fig. (2).  The diffraction peaks might be associated 
to face-centered cubic structure of MgO (JCPDS 
card No: 78-0430). The XRD pattern revealed no 
impurities existence in the sample. The presence of 
nanostructures in the specimens was suggested by 
greatly expanded lines in the XRD pattern. The X-ray 
diffraction parameters of MnO nanoparticles including 
average crystallite size, lattice strain and d spacing 
were computed employing Debye-Scherer's equation. 
The average crystallite size was (18.55nm), lattice 
strain (0.0053) and d spacing (2.1092).121

Fig. 2. XRD diffraction patterns Of MgO nanoparticles 
annealed at 700 for 1 hour

Morphological features of MgO  
	 Figure 3 illustrates the morphological 
characteristics of MgO nanoparticles at various 
micrographs. The SEM analysis showed that the MgO 
nanoparticles seem to have an irregular shape; however, 
some of them look like coffee beans. The SEM images 
show that the obtained materials were in nanoscale 
form. The energy dispersive X-ray analysis shows the 
chemical composition of the MgO nanoparticle.

Nitrogen Adsorption Study of MgO  
	 An investigation of nitrogen isotherms 
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and  t he  po re  s i ze  d i s t r i bu t i on  o f  MgO 
nanopar t icles are descr ibed in the Figure 
(4 and 5). The absorption isotherm of MgO 
nanoparticles showed nanostructures feature 
according to the IUPAC categor izat ion of 
mesoporous oxide.122 The value of surface area, 
pore volume, and pore size of MgO nanoparticle 
are summarized in Table 1.

Fig. 3. SEM image of MgO NPs at various micrographs

Fig. 4. Nitrogen adsorption-desorption isotherms of MgO NPs

Fig. 5. Pore size distribution of MgO NPs

Table 1: Summary of surface area, pore volume, 
and pore size values of MgO NPs

                                        Surface Area

Single point surface area at	 26.6493 m²/g

P/Po=0.200365063

BET Surface Area	 27.5683 m²/g

Langmuir Surface Area	 38.6759 m²/g

t-Plot Micropore Area:	 1.6599 m²/g

t-Plot External Surface Area:	 25.9084 m²/g

between 17.000 Å and 3000.000	 28.261 m²/g

Å diameter	

between 17.000 Å and 3000.000	 33.2095 m²/g

Å diameter

                                         Pore Volume

less than 1301.586 Å diameter at	 0.193801 cm³/g

P/Po = 0.984901476

less than 862.205 Å diameter at	 0.212019 cm³/g

P/Po = 0.977020323

between 17.000 Å and 3000.000	 0.260676 cm³/g

Å diameter

between 17.000 Å and 3000.000	 0.260250 cm³/g

Å diameter

                                             Pore Size

Adsorption average pore width	 281.1938 Å

(4V/A by BET)

Desorption average pore width	 307.6281 Å

(4V/A by BET)

BJH Adsorption average pore diameter	 368.960 Å

(4V/A)

BJH Desorption average pore diameter	 313.465 Å

(4V/A)

Virus elimination by metallic oxides nanoparticles
	 Metal nanoparticles have several uses, 
including disinfectants, due to their antiviral and 
antibacterial capabilities.123 Metallic particles 
such as as AgO, CuO, ZnO, TiO2 and MgO, in 
contrast to alcohol-based sanitizers, which is 
ecologically beneficial, fireproof, and nonvolatile, 
are considered as clean technology124. In 
addition, metal nanoparticles primarily operate 
on the virus's surface, preventing physical 
connection with viruses and host cells.125-128 This 
is extremely useful because the virus infects the 
host cell by introducing the virus's nucleic acid 
into the host cell following physical touch.129 

Therefore, sanitizer’s metal-oxide nanoparticles 

offer enhanced safety and health features that 

might be effective towards COVID-19.130 The 
primary idea behind our study is to coat any 
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material including, leather surface with AgO, 
CuO, ZnO, TiO2 and MgO nanoparticles in order 
to eliminate Coronavirus.131 To adhere the AgO, 
CuO, ZnO, TiO2 and MgO nanoparticles to the 
leather surface, a binder material was utilized. 
Metallic oxide NPs were then dispersed in an 
ethanol solution and distr ibuted across the 
leather surface to produce a coating as shown 
Fig. (6). Various studies have been investigated 
the lifetime of SARS-CoV-2 on porous and  
non-porous surfaces.132 The results have shown 
that viable viruses cannot be found on porous 
surfaces for minutes to hours; however, viruses 
may be detected on non-porous surfaces for 
days to weeks, according to the findings.133-134 
Because of capillary action inside pores and 
quicker aerosol droplet evaporation, it is possible 
that SARS-CoV-2 inactivation occurs more 
quickly on porous surfaces than on non-porous 
surfaces when compared with non-porous 
surfaces.135-137 Various studies have obtained 
varied results when examining negative-stained 
SARS-CoV-2 viral samples under electron 
microscopy; it has been determined that the 
virus's diameter ranges between 50 nanometers 
to 140 nanometers.138-139 Therefore, coating 
nanomaterials such as AgO, CuO, ZnO, TiO2, 
and MgO with a particle size of fewer than 50 
nanometers can stop the virus from penetrating 
surfaces. The average crystal size of MgO NPs 
nanoparticles in our investigation was 18.55 
nm, indicating that MgO NPs have the potential 
to inhibit coronavirus.140 Some microscopic 
imaging investigations of bacterial cells and 
virus proteomics data revealed that MgO 
nanoparticles caused membrane damage.141  

Fig. (7) presents the proposed mechanism of 

AgO, CuO, ZnO, TiO2 and MgO nanoparticles 

in the virus elimination by means of three 
processes.142 The metallic oxide nanoparticles 
break the v i ra l  membrane and envelope, 
interfering with the virus's critical proteins, 
which lead to the destruction of the RNA of 
the virus.142-143 Moreover, as proved by the 
SARS-CoV, metallic oxide nanoparticles induce 
reactive oxygen species that ultimately eradicate 
the virus.144-145 

Fig. 6. Proposed Scenario for surface disinfection against 
SARS-CoV-2 by AgO, CuO, ZnO, TiO2 and 

MgO nanoparticles

Fig. 7. Proposed mechanism of AgO, CuO, ZnO, TiO2 
and MgO nanoparticles in virus elimination

Conclusion

	 To sum up, metallic oxides nanoparticles 
including AgO, CuO, ZnO, TiO2 and MgO and their 
uses as a surface disinfectant against Coronavirus 
were considered in this work. MgO nanoparticle 
samples were prepared through the heating method. 
The synthesized MgO nanoparticle showed that 
the average crystallite size was (18.55nm), lattice 
strain (0.0053), surface area (27.56m2/g) and 
d-spacing (2.1092). Magnesium oxide nanoparticle 
has properties that enable it to act, as a surface 
coating material against coronaviruses due to its 
unique properties beside it is eco-sustainable, 
cheap. Obviously, AgO, CuO, ZnO, TiO2 and MgO 
nanoparticles will play a crucial part in the fight against 
COVID-19 by producing nanocoating materials that 
will inhibit the virus's infection and might be utilized 
to clean public spaces and medical devices.



1334Idriss et al., Orient. J. Chem., Vol. 38(6), 1328-1337 (2022)

Acknowledgment

	 This research was supported by the 

Deanship of Scientific Research, Imam Mohammad 
Ibn Saud Islamic University (IMSIU), Saudi Arabia, 
Grant No. (21-13-18-042).

References 

1.	 Liu, J.; Zheng, X.; Tong, Q.; Li, W.; Wang, B.; 
Sutter, K.; Trilling, M.; Lu, M.; Dittmer, U. and 
Yang, D., J Med Virol., 2020, 92(5), 491-4.

2.	 Ortiz-Prado, E.; Simbaña-Rivera, K.; Gomez-
Barreno, L.; Rubio-Neira, M.; Guaman, L.P.; 
Kyriakidis, N.C.; Muslin, C.; Jaramillo, A.M.G.; 
Barba-Ostria, C.; Cevallos-Robalino, D. and 
Sanches-SanMiguel, H., Diagn Microbiol 
Infect Dis., 2020, 1, 98(1), 115094.

3.	 Zhu, H.; Wei, L., & Niu, P., Glob Health Res 
Policy., 2020, 5(1), 1-3. 

4.	 Samannodi, M.; Alwafi, H.; Naser, A. Y.; Al 
Qurashi, A. A.; Qedair, J. T.; Salawati, E.; 
Almatrafi, M. A.; Ekram, R.; Bukhari, R.I.; 
Dahlawi, M. and Hafiz, B., Diseases., 2022, 
23,10(3), 55.

5.	 de Almeida, M.S.; Susnik, E.; Drasler, B.; 
Taladriz-Blanco, P.; Petri-Fink, A. and Rothen-
Rutishauser., B. Chem Soc Rev.,  2021, 50(9), 
‏.5397-5434

6.	 Schoeman, D., & Fielding, B. C.  Virol J., 2019. 
‏.1-22 ,(1)16

7.	 Jones, J. E.; Le Sage, V., & Lakdawala, S. S. 
Nat Rev Microbiol., 2021, 19(4), 272-282.‏

8.	 Prajapat, M.; Sarma, P.; Shekhar, N.; Avti, 
P.; Sinha, S.; Kaur, H., & Medhi, B., Indian J 
Pharmacol., 2020, 52(1), 56.‏

9.	 Mousavizadeh, L., & Ghasemi, S.  J. Microbiol 
Immunol Infect., 2021, 54(2), 159-163.‏

10.	 Garoff, H.; Hewson, R., & Opstelten, D. J. E. 
Microbiol Mol Biol Rev., 1998, 62(4), 1171-1190.‏

11.	 Lippi, G.; Sanchis-Gomar, F. and Henry, B. M. 
Ann Transl Med., 2019, 8(7), 2020.‏

12.	 Cheng, Z. J., & Shan, J. Infection., 2020, 
‏.155-163 ,(2)48

13.	 Stadnytskyi, V.; Anfinrud, P., & Bax, A. J Intern 
Med., 2021, 290(5), 1010-1027.‏

14.	 Scheuch, G. J Aerosol Med Pulm Drug Deliv., 
‏.230-234 ,(4)33 ,2020

15.	 Baraniuk, C. Bmj., 2021, 373.‏
16.	 Lipinski, T.; Ahmad, D.; Serey, N., & Jouhara, 

H. Int. J. Thermofluids., 2020, 7, 100045.‏
17.	 Miller, S. L.; Nazaroff, W. W.; Jimenez, J. L.; 

Boerstra, A.; Buonanno, G. Indoor air., 2021, 
‏.314-323 ,(2)31

18.	 McLeod, R. S.; Hopfe, C. J.; Bodenschatz, E.; 

Moriske, H. J.; Pöschl, U.; Salthammer, T., & 
Willich, S. N. Indoor air., 2022, 32(10), e13142. 

19.	 Wang, C. C.; Prather, K. A.; Sznitman, J.; 
Jimenez, J. L.; Lakdawala, S. S.; Tufekci, Z.; & 
Marr, L. C., Science., 2021, 373(6558), 9149.‏

20.	 Lewis, D. Nature., 2020, 583(7817), 510-513.‏
21.	 Dong, H.; Ma, S.; Jia, N., & Tian, J. Transp 

Policy., 2021, 101, 81-88.‏
22.	 Lewis, D., Nature., 2020, 580(7802), 175.‏
23.	 Al Huraimel, K.; Alhosani, M.; Kunhabdulla, 

S.; & Stietiya, M. H., Sci. Total Environ., 2020, 
‏.140946 ,744

24.	 Sleiti, A. K.; Ahmed, S. F., & Ghani, S. A. J. 
Energy Res. Technol.,  2021, 143(8).‏

25.	 Ferrari, S.; Blázquez, T.; Cardelli, R.; Puglisi, 
G.; Suárez, R. and Mazzarella, L. Build. 
Environ., 2022, 109366.

26.	 Zarei, M.; Rahimi, K.; Hassanzadeh, K.; 
Abdi, M.; Hosseini, V.; Fathi, A., & Kakaei, K. 
Environ. Res., 2021, 201, 111555.‏

27.	 Hossain, M., & Faisal, N. H. AIP Adv., 2021, 
‏.045111 ,(4)11

28.	 Jimenez, J.L.; Marr, L.C.; Randall, K.; Ewing, 
E.T.; Tufekci, Z.; Green halgh, T., Tellier, 
R., Tang, J. W.; Li, Y.; Morawska, L. and 
Mesiano‐Crookston., J. Indoor air., 2022 
32(8), p.e13070.

29.	 Mikovits, J., & Heckenlively, K., The case 
against masks: Ten reasons why mask use 
should be limited. Simon and Schuster., 2020.

30.	 Jones, Victoria J E. GeoHumanities., 2022, 1-18.
31.	 Palmieri, V.; De Maio, F.; De Spirito, M., & 

Papi, M. Nano Today., 2021, 37, 101077.‏
32.	 Talebian, S.; Wallace, G. G., Schroeder, A., 

Stellacci, F., & Conde, J. Nat. Nanotechnol., 
‏.618-621 ,(8)15 ,2020

33.	 Basak, S., & Packirisamy, G. Nano-Struct. 
Nano-Objects., 2020, 24, 100620.‏

34.	 Sportelli, M. C.; Izzi, M.; Kukushkina, E. A.; 
Hossain, S. I.; Picca, R. A.; Ditaranto, N., & 
Cioffi, N., Nanomaterials., 2020, 10(4), 802.‏

35.	 Chakravarty, M., & Vora, A. Drug Deliv Transl 
Res., 2021, 11(3), 748-787.‏

36.	 Ruiz‐Hitzky, E.; Darder, M.; Wicklein, B.; 
Ruiz‐Garcia, C.; Martín‐Sampedro, R.; Del 
Real, G., & Aranda, P. Adv Healthc Mater., 
‏.2000979 ,(19)9 ,2020



1335Idriss et al., Orient. J. Chem., Vol. 38(6), 1328-1337 (2022)

37.	 Ramasamy, M., & Lee, J. Biomed Res Int., 2016.‏
38.	 Rai, M.; Bonde, S.; Yadav, A.; Bhowmik, A.; 

Rathod, S.; Ingle, P., & Gade, A. Viruses.,m 
‏.1224 ,(7)13 ,2021

39.	 Kannan, K.; Radhika, D.; Sadasivuni, K. K.; 
Reddy, K. R., & Raghu, A. V. Adv Colloid 
Interface Sci., 2020, 281, 102178.‏

40.	 Chimene, D.; Alge, D. L., & Gaharwar, A. K. 
Adv. Mater., 2015, 27(45), 7261-7284.‏

41.	 Varshney, S.; Nigam, A.; Singh, A.; Samanta, 
S. K.; Mishra, N., & Tewari, R. P. Mater. 
Technol., 2022, 1-14.‏

42.	 Jamal, M.; Shah, M.; Almarzooqi, S. H.; Aber, 
H.; Khawaja, S.; El Abed, R., & Samaranayake, 
L. P., Oral. Dis., 2021. 27, 655-664.‏

43.	 Mohite, V. S.; Darade, M. M.; Sharma, R. K.; 
& Pawar, S. H. Catalysts., 2022, 12(3), 326.‏

44.	 Chu, D. T.; Singh, V.; Ngoc, S. M. V.; Nguyen, 
T. L., & Barceló, D. Case Stud. Chem. Environ. 
Eng., 2022, 100, 184.‏

45.	 Chen, W.; Chen, C. L.; Cao, Q., & Chiu, C. H. 
Biomed. J., 2022.‏

46.	 Adedeji, A. A. and Vijayakumar, P. P. Bull. Natl. 
Res. Cent., 2022, 46(1), 1-10.

47.	 Tellier, R. Interface Focus., 2022, 12(2), 
‏.20210072

48.	 El Hassan, M.; Assoum, H.; Bukharin, N.; Al 
Otaibi, H.; Mofijur, M., & Sakout, A. Eur. Phys. 
J. Plus., 2022, 137(1), 1.‏

49.	 Mallakpour, S.; Behranvand, V., & Hussain, 
C. M. Polym. Bull., 2022, 1-19.‏

50.	 Shankar, S. N.; Witanachchi, C. T.; Morea, A. 
F.; Lednicky, J. A.; Loeb, J. C.; Alam, M. M., & 
Wu, C.  Y. J. Aerosol Sci., 2022, 159, 105870.‏

51.	 Delikhoon, M.; Guzman, M. I., Nabizadeh, R., 
& Norouzian Baghani, A. Int. J. Environ. Res. 
Public Health., 2021, 18(2), 395.‏

52.	 Collignon, P. Intern. Med. J., 2021, 51(5), 
‏.647-653

53.	 Ingrassia, P. L.; Capogna, G.; Diaz-Navarro, 
C.; Szyld, D.; Tomola, S., & Leon-Castelao,  
E. Adv. Simul., 2020, 5(1), 1-14.‏

54.	 Poggio, C.; Colombo, M.; Arciola, C. R.; 
Greggi, T.; Scribante, A., & Dagna, A., 
Materials., 2020, 13(15), 3244.‏

55.	 Hirschmann, M. T.; Hart, A.; Henckel, J.; 
Sadoghi, P.; Seil, R., & Mouton, C. Knee., 
Surg. Sports. Traumato.l Arthrosc., 2020. 
‏.1690-1698 ,(6)28

56.	 Saber, D., & Abd El-Aziz, K. J. Ind. Text., 2021. 

51, 246S-271S.
57.	 Liu, M.; Cheng, S.Z.; Xu, K.W.; Yang, Y.; Zhu, 

Q.T.; Zhang, H.; Yang, D.Y.; Cheng, S.Y.; Xiao, 
H.; Wang, J.W. and Yao, H.R., Bmj., 2020, 369.

58.	 Smith, D. M.; Simon, J. K., & Baker Jr, J. R. 
Nat. Rev. Immunol., 2013, 13(8), 592-605.‏

59.	 Seil, J. T., & Webster, T. Int. J. Nanomedicine., 
‏.2767 ,7 ,2012

60.	 Nikalje, A. P. Med Chem., 2015, 5(2), 081-089.‏
61.	 Khan, I.; Saeed, K., & Khan, I. Arabian J. 

Chem., 2019, 12(7), 908-931.‏
62.	 Duan, X., & Li, Y. Small., 2013, 9(9,10), 1521-1532.‏
63.	 Huang, C., Notten, A., & Rasters, N. J. 

Technol. Transf., 2011, 36(2), 145-172.‏
64.	 Qu, X.; Brame, J.; Li, Q & Alvarez, P. J. Acc. 

Chem. Res., 2013, 46(3), 834-843.‏
65.	 Selin, C. Sci. Technol. Human Values., 2007. 

32(2), 196-220.
66.	 Ealia, S. A. M., & Saravanakumar, M. P. In 

IOP Conference Series: Materials Science 
and Engineering., 2017, 263, 3, 032019. 

67.	 Wu, Z.; Chan, B.; Low, J.; Chu, J. J. H., Hey, 
H. W. D., & Tay, A. Bioact. Mater., 2022.

68.	 Muthiah, G.; Sarkar, A.; Roy, S.; Singh, P.; 
Kumar, P.; Bhardwaj, K., & Jaiswal, A. Chem 
Nano Mat., 2022, 8(4), e202100505.

69.	 Wang, D.; Zhang, B.; Ding, H.; Liu, D.; Xiang, J.; 
Gao, X. J.; Chen, X.; Li, Z.; Yang, L.; Duan, H. 
and Zheng, J., Nano today., 2021, 40,  101243.

70.	 Yazdanian, M.; Rostamzadeh, P.; Rahbar, 
M.; Alam, M.; Abbasi, K.; Tahmasebi, E.; 
Tebyaniyan, H.; Ranjbar, R.; Seifalian, A and 
Yazdanian, A. Bioinorg. Chem. Appl., 2022.

71.	 Saleemi, M. A., & Lim, V. Eur. Polym. J., 2022. 
‏.111087

72.	 Ikram, M.; Javed, B.; Hassan, S. W. U.; Satti, S. 
H.; Sarwer, A.; Raja, N. I., & Mashwani, Z. U. 
R.  Nanomedicine., 2021, 16(16), 1429-1446.‏

73.	 Bhattacharya, D.; Ghosh, B., & Mukhopadhyay, 
M. IET Nanobiotechnol., 2019, 13(8), 778-785.‏

74.	 Neculai-Valeanu, A. S.; Ariton, A. M.; Mădescu, 
B. M.; Rîmbu, C. M., & Creang., Animals., 
‏.1625 ,(6)11 ,2021

75.	 Vassallo, A.; Silletti, M. F.; Faraone, I., & 
Milella, L. J. Nanomater., 2020.‏

76.	 Hill, E. K., & Li, J. J. Anim. Sci. Biotechnol., 
‏.1-13 ,(1)8 ,2017

77.	 Ivask, A.; Titma, T.; Visnapuu, M.; Vija, H.; 
Kakinen, A.; Sihtmae, M., & Kahru. Curr. Top. 
Med. Chem., 2015, 15(18), 1914-1929.‏



1336Idriss et al., Orient. J. Chem., Vol. 38(6), 1328-1337 (2022)

78.	 Sadiq, I. M.; Dalai, S.; Chandrasekaran, N.; & 
Mukherjee, A. Ecotoxicol. Environ. Saf., 2011. 
‏.1180-1187 ,(5)74

79.	 Hamza, R. Z.; Gobouri, A. A.; Al-Yasi, H. M.; Al-
Talhi, T. A., & El-Megharbel, S. M. Coatings., 
‏.680 ,(6)11 ,2021

80.	 Yao, L.; Chen, L.; Chen, B.; Tang, Y.; Zhao, 
Y.; Liu, S., & Xu, H. Ecotoxicol. Environ. Saf., 
‏.111762 ,208 ,2021

81.	 Li, Q.; Yin, Y.; Cao, D.; Wang, Y.; Luan, P.; Sun, 
X.; Liang, W. and Zhu, H. ACS nano., 2021 
15(7), 11992-12005.

82.	 Khan, G. R. and Malik, S.I. Mater. Chem. 
Phys.,  2022, 282, 125803.

83.	 Grozdanov, A. and Paunovic, P. Material Sci 
& Eng., 2021, 5(5), 142-146.

84.	 Xu, R.; Liu, X.; Zhang, P.; Ma, H.; Liu, G. and Xia, 
Z., Journal of Wuhan University of Technology-
Mater. Sci. Ed., 2007, 22(3), 422-425.

85.	 Mohammed, S. A., & Shaaban, E. I. A. 
Nanotechnol. Rev., 2022, 11(1), 680-698.‏

86.	 Idriss, H. and Alakhras, A. J. Optoelectron. 
Biomed. M., 2020, 12(4), 109-119.

87.	 Idriss, H.; Moussa, S. A.; Alaamer, A. S., &  
Al-Rajhi, M. A. Dig. J. Nanomater. Bios., 2017, 
‏.1069-1073 ,(4)12

88.	 Singh, P.; Kumar, A., & Kaur, D. J. Cryst. 
Growth., 2007, 306(2), 303-310.‏

89.	 Wolska, E.; Kaszewski, J.; Kiełbik, P.; Grzyb, 
J.; Godlewski, M. M., & Godlewski, M. Opt. 
Mater., 2014, 36(10), 1655-1659.‏

90.	 Yousef, J. M., & Danial, E. N. J Health Sci., 
‏.38-42 ,(4)2 ,2012

91.	 Santhosh kumar, J.; Kumar, S. V., & 
Rajeshkumar, S. Resour.-Effic. Technol., 
‏.459-465 ,(4)3 ,2017

92.	 Azizan, A.; Samsudin, A. A.; Shamshul 
Baharin, M. B.; Dzulkiflee, M. H.; Rosli, N.R.; 
Abu Bakar, N.F. and Adlim, M., Environ. Sci. 
Pollut. Res., 2022, 1-18.

93.	 El-Megharbel, S. M.; Alsawat, M.; Al-Salmi, F. 
A & Hamza, R. Z. Coatings., 2021, 11(4), 388.‏

94.	 Attia, G. H.; Moemen, Y. S.; Youns, M.; Ibrahim, 
A. M.; Abdou, R., & El Raey, M. A. Colloids 
Surf., B., 2021, 203, 111724.‏

95.	 Hamdi, M.; Abdel-Bar, H. M.; Elmowafy, E.; 
El-Khouly, A.; Mansour, M., & Awad, G. A. 
ACS omega., 2021, 6(10), 6848-6860.‏

96.	 Merkl, P.; Long, S.; McInerney, G. M., & Sotiriou, 
G. A. Nanomaterials., 2021, 11(5), 1312.‏

97.	 Ferreira, C.A.; Guerreiro, S.F.; Valente, J.F.; 
Patrício, T. M.; Alves, N.; Mateus, A. and Dias, 
J. R. Polymers., 2022, 14(16), 3329.

98.	 Das, D.; Nath, B. C.; Phukon, P., & Dolui,  
S. K. Colloids Surf., B., 2013, 101, 430-433.‏

99.	 Pandey, P.; Packiyaraj, M. S.; Nigam, H.; 
Agarwal, G. S.; Singh, B., & Patra, M. K. Beilstein 
J. Nanotechnol., 2014, 5(1), 789-800.‏

100.	 Zhou, J.; Hu, Z.; Zabihi, F.; Chen, Z., & Zhu, 
M. Adv. Fiber Mater., 2020, 2(3), 123. 

101.	 Scully, J. R. Corrosion., 2020, 76(6), 523-527.‏
102.	 El-Nahhal, I. M.; Salem, J.; Kodeh, F. S.; 

Anbar, R., & Elmanama, A. J Nanomed 
Nanotech., 2021, 12, 566.‏

103.	 Yi, G.; Riduan, S. N.; Armugam, A.; Ong, J. T.; 
Hon, P. Y.; Abdad, M. Y., & Zhang, Y. Chem.
Med. Chem., 2021, 16(23), 3553-3558.‏

104.	 Al-Radadi.; N.S. and Abu-Dief, A. M. Inorg. 
Nano-Metal Chem., 2022, 1-19.

105.	 El Gamal, A.Y.; Tohamy, M.R.; Abou-Zaid, 
M.I.; Atia, M.M.; El Sayed, T. and Farroh, K.Y. 
Arch. Virol., 2022, 167(1), 85-97.

106.	 Wan, H.; Li, C.; Mahmud, S.; & Liu, H. Colloids. 
Surf. A Physicochem. Eng. Asp., 2021, 616, 
‏.126325

107.	 Knetsch, M. L., & Koole, L. H. Polymers., 2011, 
‏.340-366 ,(1)3

108.	 Abbasi, E.; Milani, M.; Fekri Aval, S.; Kouhi, 
M.; Akbarzadeh, A.; Tayefi Nasrabadi, H., & 
Samiei, M. Crit. Rev. Microbiol., 2016, 42(2), 
‏.173-180

109.	 Galdiero, S.; Falanga, A.; Vitiello, M.; 
Cantisani, M.; Marra, V., & Galdiero, M. 
Molecules., 2011, 16(10), 8894-8918.‏

110.	 Allawadhi, P.; Singh, V.; Khurana, A.; Khurana, 
I.; Allwadhi, S.; Kumar, P. & Bharani, K. K. 
Sens. Int., 2021, 2, 100101.‏

111.	 Vazquez-Munoz, R., & Lopez-Ribot, J. L. 
Challenges., 2020, 11(2), 15.‏

112.	 Mohammadzadeh, V.; Barani, M.; Amiri, M. 
S.; Yazdi, M. E. T.; Hassanisaadi, M.; Rahdar, 
A., & Varma, R. S. Sustainable Chemistry and 
Pharmacy., 2022, 25, 100606.‏

113.	 Ghosh, U.; Ahammed, K. S.; Mishra, S., & 
Bhaumik, A. Chem. Asian. J., 2022.‏

114.	 Djellabi, R.; Basil ico, N.; Delbue, S.; 
D’Alessandro, S.; Parapini, S.; Cerrato, G.; 
Laurenti, E.; Falletta, E. and Bianchi, C.L. Int 
J Mol Sci., 2021., 22(16), 8836.

115.	 Keat, C. L.; Aziz, A.; Eid, A. M., & Elmarzugi, N. 
A. Bioresour. Bioprocess., 2015, 2(1), 1-11.‏



1337Idriss et al., Orient. J. Chem., Vol. 38(6), 1328-1337 (2022)

116.	 Modwi, A.; Khezami, L.; Taha, K. K.; & Idriss, 
H. Flower buds like MgO nanoparticles. Z Nat 
Forsch A J Phys Sci., 2018, 73(11), 975-983.‏

117.	 Rafiei, S.; Rezatofighi, S. E.; Ardakani, M. R.; 
& Madadgar, O. In vitro anti-foot-and-mouth 
disease virus activity of magnesium oxide 
nanoparticles. IET. Nanobiotechnol., 2015. 
‏.247-251 ,(5)9

118.	 Krishnamoorthy, K.; Manivannan, G.; Kim, S. 
J., Jeyasubramanian, K., & Premanathan, M. 
J. Nanopart. Res., 2012, 14(9), 1-10.‏

119.	 Pereira, D.; Carreira, T. S., Alves, N., Sousa, Â., & 
Valente, J. F. Int. J. Mol. Sci., 2022, 23(3), 1165.‏

120.	 Koper, O. B.; Klabunde, J. S.; Marchin, G.L.; 
Klabunde, K.J.; Stoimenov, P. and Bohra, L. 
Curr. Microbiol., 2022, 44(1), 49-55.

121.	 Idriss, H. J. Optoelectron. Biomed. M., 2021, 
13(4), 183-192.

122.	 Chammingkwan, P., Ikeda, T. and Mohan,  
P. J. CO2 Util., 2021, 51, 101652.

123.	 Jamshidinia, N., & Mohammadipanah, F. 
Food. Environ. Virol.2022. 1-15.‏

124.	 Cenci, M. P., Scarazzato, T., Munchen, D. D., 
Dartora, P. C., Veit, H. M., Bernardes, A. M., & Dias, 
P. Adv. Mater. Technol., 2022, 7(2), 2001263.‏

125.	 Chue-Gonçalves, M.; Pereira, G. N.; Faccin-
Galhardi, L. C.; Kobayashi, R. K., & Nakazato, 
G. Nanomaterials., 2021, 11(11), 3118.‏

126.	 Khoshnevisan, K.; Maleki, H., & Baharifar, H. 
Nanoscale Res. Lett., 2021, 16(1), 1-9.‏

127.	 Zhou, J.; Krishnan, N.; Jiang, Y.; Fang, R. H.; 
& Zhang, L. Nano Today., 2021, 36, 101031.‏

128.	 Ribeiro, A. I., Dias, A. M., & Zille, A. ACS Appl. 
Nano Mater., 2022.

129.	 Gandhi, L.; Maisnam, D.; Rathore, D.; 
Chauhan, P.; Bonagiri, A. and Venkataramana, 
M. Eur. J. Med. Res., 2022, 27(1), 1-21.

130.	 Deng, W.; Sun, Y.; Yao, X.; Subramanian, 
K., Ling, C.; Wang, H. & Wang, S. Advanced 
Science., 2022, 9(3), 2102189.‏

131.	 Idriss, H.; Habib, M.; Alakhras, A.I. and El 
Khair, H. M. J. Optoelectron. Biomed., 2022, 
14(2), 53-61.

132.	 Richter, W. R.; Sunderman, M. M.; Mera, T. O.; 
O'Brien, K. A.; Morgan, K. and Streams, S. J. 
Appl. Microbiol., 2022, 132(4), 3405-3415.

133.	 Farooq, S., & Tizaoui, C. Crit. Rev. Environ. 
Sci. Technol., 2022, 1-23.‏

134.	 Wolfgruber, S.; Loibner, M., Puff, M., 
Melischnig, A., & Zatloukal, K. N. Biotechnol., 
‏.36-45 ,66 ,2022

135.	 Chatterjee, S.; Murallidharan, J. S.; Agrawal, 
A., & Bhardwaj, R. Phys Fluids., 2021, 33(2), 
‏.021701

136.	 Hosseini, M.; Chin, A. W.; Behzadinasab, S.; 
Poon, L. L., & Ducker, W. A. ACS Appl. Mater. 
Interfaces., 2021, 13(5), 5919-5928.‏

137.	 Tharayil, A.; Rajakumari, R.; Mozetic, M.; 
Primc, G. and Thomas, S. Interface Focus., 
2021, 12(1), 20210042.

138.	 Lee, J., & Huh, K. H. Kidney Int., 2020, 98(2), 
‏.512-513

139.	 Phuna, Z. X., Panda, B. P., Hawala Shiva 
shekaregowda, N. K., & Madhavan, P. Int. J. 
Environ. Health. Res., 2022, 1-30.‏

140.	 Pascuta, M. S., & Vodnar, D. C. Coatings., 
‏.102 ,(1)12 ,2022

141.	 Shehabeldine, A. M.; Hashem, A. H.; 
Wassel, A. R., & Hasanin, M. Appl. Biochem. 
Biotechnol., 2021, 1-18.‏

142.	 Lin, N.; Verma, D.; Saini, N.; Arbi, R., Munir, 
M., Jovic, M., & Turak, A. Nano Today., 2021, 
‏.101267 ,40

143.	 Vahedifard, F., & Chakravarthy, K. Emergent 
Mater., 2021, 4(1), 75-99.‏

144.	 Ibrahim Fouad, G. Bull. Natl. Res. Cent., 2021, 
‏.1-22 ,(1)45

145.	 Malathi, S.; Pakrudheen, I.; Kalkura, S. N.; 
Webster, T. J., & Balasubramanian, S. Sens. 
Int., 2022, 100169.‏


