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Abstract:

Several researches were conducted to perform synthesisation of metal oxides for nanoparticles by using green synthesis method,
shows the essence of using extracts of plants for reduction the metal into their nanoparticles and determined their application in
different research domains. NEEM also known as Azadirachta Indica is an evergreen tree throughout the year, member of
Meliaceous family. The presence of several phytochemicals such as glycosides, terpenes, triterpenes and flavonoids were reported
in Al leaves. This study focuses on application of Al leave extract are used for metal oxide NPs fabrication. The commonly used
metal oxides for this purpose are chromic oxide, cobalt oxide, molybdate oxide, titanium oxide, zinc oxide, manganese oxide,
calcium oxide and iron oxide. In this study the respective research attempts were included to better understand the applications of
nanoparticles like anticancer activity, antibiotic and antibacterial and photocatalytic activity. The use of extract of Al leave is to
indicate the involvement of phytocompounds for the reduction of metal oxides and also help in achieving stabilized nanoparticles.
The study concluded that NPs of metal oxide have more heterotrophic activity and also better catalysis potential over liquid extract
of Al leaves.
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1. Introduction

The scientific domains such as medicine, biomedical, environment, energy, sensors, IT, electronics, agriculture and material
chemistry are continuously working of exploring nanostructured metal oxides for their promising benefits and uses, [1] these
advantageous applications of nanoparticle metal oxides attract researchers to develop more advance methods and techniques of
fabrication with simple processing and cost effectiveness[2]. The metal oxides are unstable compounds then rare earth elements
such as Au, Ag, Pt and so on. To achieve their crystalline nanoparticles and remove oxygen, some processes such as annealing
and calcination are used. Metal oxides are heat treated at high temperature, sometimes beyond 300 °C. By the help of several
method of fabrication, the nano metal oxides are modified. Then after these metal oxides are further classified for different
parameters with the help of advance techniques. The characterization of these oxides is also helpful to modify their antibacterial
and anticancer effects as per the requirement in biological applications. A study over size of nanoparticles suggested that, the
antibacterial property increases with decrease in particle size [3].

The green approaches for extracting metals and metal oxides nanoparticles were basically used because they provide metal colloidal
dispersions by reducing the complex metals in dilute solutions. The most commonly used reducing agents were NaBH, (Sodium
borohydride) and HsN,O (Hydrazine hydrate), but they are not preferably used for synthesisation of nanoparticles because they infuse
toxicity in nanoparticles [4]. There are some particular chemicals presents in green and natural materials which were non-toxic at all and
have significant potential to be used as reducing agents for synthesisation of metal oxides. The green approaches use these microbial or
biological extracts and mix them with metal salt solutions [5]. These biomolecules are used to reduce metal salts to the state of zero
oxidation from positively oxidised state. They are also helpful in stabilization of the formed nanoparticles and also acts as in situ reducer
agents and recovery medium [6]. It also averts the formation of cluster of particles which forms due to physical and chemical reactions
between the nanoparticles. The agglomeration or cluster formation is prohibited due to the formation of a layer that surrounds the
nanoparticles. So that the energy of surface of nanoparticles should be unchanged [7]. The size of nanoparticles is highly affected by the
natural components present in nanoparticles. The high reduction rate depends on the stronger reductant available in the extract and that
affects the size of nanoparticles. The synthesised nanoparticles are smaller in size and have narrowed particle size distribution [8]. There
are several applications of nanoparticles, in which the most important is the antimicrobial action against different microbes. Antimicrobial
action increases with decrease in particle size. It is observed that the antimicrobial properties of final nanoparticle in improved, if the coated
natural compound also have antimicrobial characteristics. [9, 10].

As the demand of metal oxides increases, the researchers are using eco-friendly methods for synthesisation of metal oxides, in which the
plant extracts used for the purpose of synthesis are reported as the prominent ones [11]. Several research works were conducted to study
the synthesis of oxides and dioxides of zinc, copper, iron, titanium, cerium and selenium due to vast field of application in different
industries [12]. The present paper includes the requirement of materials, method and process of green synthesisation of metal oxide NPs
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with the help of neem leaves extracts and use of those NPs in different scientific domains.
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Figure 1: - Methods of Nanoparticle Synthesis
2. Morphology of Azadirachta Indica leaves

Azadirachta Indica leave have green petiole that connects leaf to the stem, odd-pinnate combination of 7 to 19 foliole. The foliole
are acuminate apex, serrate margins, lanceolate and opposite with asymmetric base. The foliole is botanical name for leaflets. The
foliole have dark green upper surface whereas lower surface is lighter green [13-15]. The lower surface has more important midrib
with some scales on reticulate venation. The length of the foliole is about 3-9 cm, width of 1 to 3 cm with papery texture. The
measuring diameter is 0.01 to 0.05 cm and length with 0.3 to 0.5 cm and each leaflet has cylindrical green petiole. Leaflets have
astringent bitter in taste and indefinite odour when it crushed [16].

3. Presence of Phytochemicals in Azadirachta Indica leaves

The demand of Al extract for conventional uses is very high, the varieties of specialised metabolites such as bioflavonoids,
isoprenoids, having large amounts of oils are also present in the extract; and are separated from Neem leaves and structurally elucidated
[17]. In 1992, Siddiqui Mahmoodin and Naheedin Hossain’s, worked for the detailed analysis of phytochemical which are present in extract
of Al leave. The analysis shows hexane-extract having C20H4oo, C19H3502, C20H4oo, ClsHseoz, C16H43035i3, C20H4002, C19H40, C22H4402,
CszOA, C24H4604, C27H56; chloro- form extract contains C20H4oo, C17H3402, C18H31C|O, C20H4oo, C13H3602, ngHeo; while methanolic-
extract having CgHsO, Ci7H3402, C1sH3602, C1sH31CIO [18]. In 2014, Banerjee et al. observed that Al leaves glycoprotein (or NLGP)
having immunity boosting properties when mammalian subjects is tested [19].
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Figure 2: - Scientific Approaches for Synthesis of Metal Oxide.
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Table 1: - Classification of Al (Neem) Leaves [20].

Common Name Neem
Botanical Name Azadirachta Indica
Kingdom Plantae
Class Magnoliopsida
Division Magnoliophyta
Tribe Melieae
Order Rutales
Genus Azadirachta
Species Indica
Family Meliaceae

Table 2: - Presence of phytochemicals found in NEEM leaves [21].

Phytochemical

Plant Extract

Alkaloids Present
Glycosides Present
Saponins Present
Steroids Present
Volatile Oils Present
Flavonoids Present
Fatty Acids Present
Phenol and Tannins Present
Carotenoids Present

4. Pharmacological benefits of Al leaves

In Al leaves, many phytochemicals are commonly found. Since long decade of time, the Al leaves are used for treatment of many diseases
and disorders. The pharmacological and medical aspects related to Al leaves were scientifically tested through various pharmacological

models and the results were acceptable as well as appropriate [22-24].
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Figure 3: - Pharmacological benefits of Al leaves and it’s extracts.
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5. Green Synthesized Metal Oxide NPs using Al leaves

5.1S-CaO nanoparticles: -

The several applications of calcium oxide (CaO) commonly used for making sensors, solar cells, ceramics, beauty products and
catalysts; also convenient for purification of gases having high temperature [25]. CaO have anti corrosive property and can be
handled easily and economically benignant. Due to no passivation and protection over the surface, aggregation takes place over CaO
NPs [26].

The dangling bond density and the defect sites are required to be passivate by the help of modification of the surface through suitable
capping agent. With concern to this, Dani et al. 2016 determined antibacterial properties of capped and uncapped S-CaO-NPs and report
green synthesis on capped S-CaO nanoparticles by the help of an Al leaf aqueous extract and C12H2,011, Ca(NO,), and NaOH [27]. Only
the presence carbon, calcium and oxygen were detected through EDX spectrum. The fine crystalline appearance of nanoparticles was
analyzed by XRD. Images of TEM shows that the sucrose capped CaO-NPs have star shape. Uncapped and capped S-CaO nanoparticles
shows antibacterial activity against bacillus bacteria. The study says that, uncapped S-CaO-NPs have lower exhibition zone than inhibited
by capped S-CaO-NPs. This is due to amphoteric nature of polyhydroxylated molecules, they act as acceptor as well as donor of hydrogen
bond [28]. These hydroxyl groups cause a high electrostatic interaction between Bacillus bacteria and S-CaO nanoparticles. Antimicrobial
activities can be achieved by the nanoparticles having large amount of free radicals. Hydroxyl radicals, superoxide and peroxide anions are
some free radicals which are generated by inducing oxidative stress, responsible for damaging primary intercellular biomolecules [29].

5.2 Mn30s4 — nanoparticles

Manganese oxide is commonly used for the purpose of catalysis of the waste gases; reduction of nitrobenzene; oxy-dehydrogenation of
alcohols and oxidation of CH4 and CO. With consideration of the uses, in 2016, Sharma et al. use manganous acetate and demineralized
extract of neem leaves to fabricate manganese oxide nanoparticles [30]. The characterization of the study found that MnsO4 NPs are
crystalline in nature through XRD pattern, Raman spectrum shows hausmannite structure and FESEM found spherical shape with average
size (20-30 nm). Through XPS spectral analysis, for Mnzpa;, and for Mnzpas,, the Mn shows different binding energies that means Mn have
two oxidation state (Mn?*). The hausmannite having both manganic ions and manganous, due to which weak interaction between 2 states
of the ions exhibits. For the tetravalent oxide and hydrated structure, three binding energies were assigned [30-31].

5.3 C0304 - nanoparticles

In various oxidation states Cobalt oxide is a p- type semiconductor and transition metal oxide, like Co, CoO, C0304, CoO(OH), Co,0; and
C00;[32]. Cos04 have a spinel structure of which octahedral sites were occupied by Co®* ions and tetrahedral sites were occupied by Co?*
ions. Due to this it becomes anti-ferromagnetic and highly stable [33]. There was wide area of application for Co3O4 nanoparticles in
several devices which include Li-ion battery, sensors, optical and thermal energy absorber and also in supercapacitors [34]. These
nanoparticles are economical to be synthesized and used as catalyst for heterogeneous reactions of chemicals [35]. On behalf of these
studies, in 2017, Sivachidambaram et al. perform green synthesis for Co304 nanoparticles with the help of amino acid glycine, extract of
Al leaves, solution of cobalt nitrate by the combustion method using hot plate [36]. Then after the mixture was separated with the help of
differential pelleting method and with the help of water the precipitate was washed several times. The polycrystalline nature of C0304
nanoparticles was observed with the help of XRD patterns. Agglomeration with quasi spherical shape of Co304 nanoparticles was analysed
by HRTEM analysis. Ultraviolet visible spectrum shows to peaks for Co304 nanoparticles. The internal oxidation and reduction process
and IVCT from Co? to Co® was indicated by absorption band at A = 415 nm while on other hand at 500nm LMCT of Co®" to Co? occurs
[37]. It is observed that under magnetic field, the magnetisation curve shows linear behaviour with no coercivity and remanence. The
observation was found with the help of magnetic hysteresis (M-H) measurements of Co3O4 nanoparticles. The antiferromagnetic barter
interaction helps us to observe the tetrahedral sites and octahedral sites occupied by cobalt ions. This causes zero net magnetisation [38,39].
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Figure 4: - Synthesis process of Cobalt Nanoparticles.
5.4 Mo0Os nanoparticles

MoOs is a type of semiconductor nanomaterial having improved characteristics. The MoOj3 has various application in electronic industry,
which includes, material for sensors, superconductors, photoelectron catalyst and in Li-ions battery [40-42]. On the basis of application
and demand, in 2018, Karthiga et al. uses liquid Al leave extract and Sodium molybdate dihydrate (Na,Mo0O4.2H,0) for biosynthesized
MoOj3 nanoparticles [43]. Several advance techniques were used to characterise the synthesized MoOs nanoparticles. The crystalline nature
of MoO; nanoparticles was indicated by XRD pattern, the presence of Mo and O was analysed by EDX analysis, the presence of metabolites
of Al such as saladucin, triterpenoids, vlassin, meliacin, flavonoids, geducin, alkaloids, numbidin on the surface of MoO3 nanoparticle was
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revealed by FTIR spectrum. These metabolites help nanoparticles to become highly stable without any change in crystal structure. The
SEM images found that the microrod-structure sample shows some aggregation.

5.5 a-Fe203 hexagonal cones

a-Fe;0s is a type of semiconductor which is having the most stable phase of iron oxide (E.g. 2.1eV) [44]. It has an extensive application
such as ferrofluids, solar energy conversion, clinical diagnosis, gas sensing, catalysis and corrosion resistance [45]. By considering these
applications, a-Fe,Os is fabricated in the form of Nano-fibres, Nano-rods, Nano-belts, Nano-tubes, Nano-cubes, Nano-rings, Nano-wires,
Nano-flakes and simple heterogeneity and complex hierarchical structures [46-48].

In 2015, Sharma et al. works on synthesis of a-Fe;O3 hexagonal cones by Al leave extract and FeCls as ion-donor [49]. HRTEM images
and SAED patterns revealed that a-Fe;O3 was having rhombohedral phase. Many researchers use a-Fe2O3 hexagonal cones as a catalyst of
burn rate for thermolysis of NH4ClO, that is found in solid composite propellants and the performance of a-Fe,O3 was analysed by the help
of thermogravimetric and differential scanning calorimetry analysis. TG-DSC thermal curve for ammonium- perchlorate added with green
synthesised a-Fe,03 and pure ammonium-perchlorate extreme decrease in higher temperature decomposition from 445°C to 370°C lower
thermolysis from 315 °C to 295 °C. The reduction in temperature shows efficiency of a-Fe;O3 hexagonal cones as an AP catalysis. The
isoconversional method is used to determine the kinetic parameters. a-Fe;O3 hexagonal cones added with AP require lower activation
energy then pure AP [49-50].
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Figure 5: - Synthesis of Iron Oxide using Al leave extract.
6. Purification of nanoparticles

The nanoparticles should be free from any type of impurities while using. Before using and evaluating the application of nanoparticle,
the nanoparticle must be processed by the step of purification to avoid any unwanted or unpredicted effect over its application [51,52]. In
final nanomaterial, there are several reasons responsible for appearing impurities. Impurities are present in nanoparticles be due to the
presence of unreduced metal or metal oxide or it may add directly through chemical used for the fabrication purpose [1, 53]. In different
cases, for synthesis of metal particles imidazolium-based ionic liquids like BMIM-BF4 are used as versatile solvents. The impurities like
water, 1-methylimidazole and chloride ions are commonly present in BMIM-BF4 causes harmful effects on quality of nanoparticles [54-
55]. If the sizes of nanoparticles are less, then it exhibited it’s uses as pharmacological potential to better extend. Thus, if there is slightly
large size of formation of nanoparticle accidently then is seems similar to impurities [55-57]. In 2016, Robertson et al. purify nanoparticles
with the help of several technique such as filtration, centrifugation, density gradient centrifugation and gas liquid chromatography on the
basis of shapes and sizes of nanoparticles [58]. In 2017, Suthar et al. analysed the presence of impurities while fabricating gold nanoparticle
using buffers and gold auric chloride. The nanoparticles were purified by HPLC [59]. The recent research analysed that some impurities
such as Fe, Co and Al is commonly present carbon nanotubes allows growth of microbial species without any toxicity but the carbon
nanotube with impurities causes depolarisation of cell membrane inhibited esterase activity to a notable extend [60-63].
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Figure 6: - Filtration process for removal of impurities from metal oxide nanoparticles.

Conclusions

Many research works were conducted till now, in which researchers used extracts of Al (Azadirachta indica) leaves to produce metal oxide
nanoparticles through an Eco-friendly and Economical methods. The phytochemicals which were present in Al Leaf works as reductants
as well as stabilizing agents for the synthesizing of metal oxide nanoparticles. The nanoparticles extracted by these synthesisation shows
meaningful roles for various applications in different scientific aspects. This study concluded that, the nanoparticles in form of metal oxides
extracted from Al leaf can be synthesized and also be analysed for different applications.

References

1.

Chavali, M. S., & Nikolova, M. P. (2019). Metal oxide nanoparticles and their applications in nanotechnology. SN applied
sciences, 1(6), 1-30.

2. Yuan, C., Wu, H. B,, Xie, Y., & Lou, X. W. (2014). Mixed transition-metal oxides: design, synthesis, and energy-related
applications. Angewandte Chemie International Edition, 53(6), 1488-1504.

3. Mekasuwandumrong, O., Pawinrat, P., Praserthdam, P., & Panpranot, J. (2010). Effects of synthesis conditions and annealing post-
treatment on the photocatalytic activities of ZnO nanoparticles in the degradation of methylene blue dye. Chemical Engineering
Journal, 164(1), 77-84.

4, Shin, H.J., Kim, K. K., Benayad, A., Yoon, S. M., Park, H. K., Jung, I. S., ... & Lee, Y. H. (2009). Efficient reduction of graphite
oxide by sodium borohydride and its effect on electrical conductance. Advanced Functional Materials, 19(12), 1987-1992.

5. Saratale, R. G., Karuppusamy, l., Saratale, G. D., Pugazhendhi, A., Kumar, G., Park, Y., ... & Shin, H. S. (2018). A comprehensive
review on green nanomaterials using biological systems: Recent perception and their future applications. Colloids and Surfaces B:
Biointerfaces, 170, 20-35.

6. Khalil, M., Jan, B. M., Tong, C. W., & Berawi, M. A. (2017). Advanced nanomaterials in oil and gas industry: Design, application
and challenges. Applied energy, 191, 287-310.

7. Arun, N. (2016). Isolation and ldentification of Microfungi from Ariyankuppam Mangrove Soil and their Application as
Nanomaterials (Doctoral dissertation, Department of Botany, KMCPGS, Pondicherry University).

8. Makarov, V. V., Love, A. ., Sinitsyna, O. V., Makarova, S. S., Yaminsky, I. V., Taliansky, M. E., & Kalinina, N. O. (2014). “Green”
nanotechnologies: synthesis of metal nanoparticles using plants. Acta Naturae (anrmos3sranas Bepcus), 6(1 (20)), 35-44.

9. Singh,P.,Kim, Y.J., Zhang, D., & Yang, D. C. (2016). Biological synthesis of nanoparticles from plants and microorganisms. Trends
in biotechnology, 34(7), 588-599.

10. Amini, S. M. (2019). Preparation of antimicrobial metallic nanoparticles with bioactive compounds. Materials Science and
Engineering: C, 103, 109809.

11. Wong-Pinto, L. S., Menzies, A., & Orddfiez, J. I. (2020). Bionanomining: biotechnological synthesis of metal nanoparticles from
mining waste—opportunity for sustainable management of mining environmental liabilities. Applied Microbiology and
Biotechnology, 104(5), 1859-1869.

Copyrights @Kalahari Journals Vol.7 No.4 (April, 2022)

International Journal of Mechanical Engineering
1560



12.
13.
14.

15.

16.
17.
18.
19.

20.
21.

22.

23.
24,
25.
26.
27.
28.
29.
30.

31
32.
33.
34.

35.
36.
37.
38.
39.

Ishak, N. M., Kamarudin, S. K., & Timmiati, S. N. (2019). Green synthesis of metal and metal oxide nanoparticles via plant extracts:
an overview. Materials Research Express, 6(11), 112004.

Hzn, D. B. (1972). Seedlings of some tropical trees and shrubs mainly of South East Asia. Centre for Agricultural Publishing and
Documentation.

Khillare, B., & Shrivastav, T. G. (2003). Spermicidal activity of Azadirachta indica (neem) leaf extract. Contraception, 68(3), 225-
229.

Razzaghi-Abyaneh, M., Allameh, A., Tiraihi, T., Shams-Ghahfarokhi, M., & Ghorbanian, M. (2005). Morphological alterations in
toxigenic Aspergillus parasiticus exposed to neem (Azadirachta indica) leaf and seed aqueous extracts. Mycopathologia, 159(4), 565-
570.

Sultana, S., Khan, M. A., Ahmad, M., Bano, A., Zafar, M., & Shinwari, Z. K. (2011). Authentication of herbal medicine neem
(Azadirachta indica A. Juss.) by using taxonomic and pharmacognostic techniques. Pakistan Journal of Botany, 43(Sl), 141-150.
Flora, S. J. S., Shrivastava, R., & Mittal, M. (2013). Chemistry and pharmacological properties of some natural and synthetic
antioxidants for heavy metal toxicity. Current medicinal chemistry, 20(36), 4540-4574.

Siddiqui, S., Faizi, S., & Siddiqui, B. S. (1992). Constituents of Azadirachta indica: isolation and structure elucidation of a new
antibacterial tetranortriterpenoid, mahmoodin, and a new protolimonoid, naheedin. Journal of Natural Products, 55(3), 303-310.
Banerjee, S., Ghosh, T., Barik, S., Das, A., Ghosh, S., Bhuniya, A., ... & Baral, R. (2014). Neem leaf glycoprotein prophylaxis
transduces immune dependent stop signal for tumor angiogenic switch within tumor microenvironment. PLoS One, 9(11), e110040.
Maji, S. (2020). Role of Neem leaves in Diabetes and obesity.

Pokhrel, B., Rijal, S., Raut, S., & Pandeya, A. (2015). Investigations of antioxidant and antibacterial activity of leaf extracts of
Azadirachta indica. African Journal of Biotechnology, 14(46), 3159-3163.

Esther, N., & Fatima, T. (2020). Evaluation of phytochemicals and activity index of some plant leaf extracts on typhoidal and non-
typhoidal Salmonella isolates from selected hospitals in Bauchi, Nigeria. GSC Biological and Pharmaceutical Sciences, 10(2), 120-
129.

Ferlemi, A. V., & Lamari, F. N. (2016). Berry leaves: An alternative source of bioactive natural products of nutritional and medicinal
value. Antioxidants, 5(2), 17.

Okoli, C. O., Akah, P. A., & Okoli, A. S. (2007). Potentials of leaves of Aspilia africana (Compositae) in wound care: an ex perimental
evaluation. BMC Complementary and Alternative Medicine, 7(1), 1-7.

Marouzi, S., Sabouri, Z., & Darroudi, M. (2021). Greener synthesis and medical applications of metal oxide nanoparticles. Ceramics
International, 47(14), 19632-19650.

Safaei-Ghomi, J., Ghasemzadeh, M. A., & Mehrabi, M. (2013). Calcium oxide nanoparticles catalyzed one-step multicomponent
synthesis of highly substituted pyridines in aqueous ethanol media. Scientia Iranica, 20(3), 549-554.

Jagadeesh, D., Prashantha, K., & Shabadi, R. (2017). Star-shaped sucrose-capped CaO nanoparticles from Azadirachta indica: A
novel green synthesis. Inorganic and Nano-Metal Chemistry, 47(5), 708-712.

Patil, S. P., Chaudhari, R. Y., & Nemade, M. S. (2022). Azadirachta indica leaves mediated green synthesis of metal oxide
nanoparticles: A review. Talanta Open, 100083.

Lee, S. H., & Jun, B. H. (2019). Silver nanoparticles: synthesis and application for nanomedicine. International journal of molecular
sciences, 20(4), 865.

Sharma, J. K., Srivastava, P., Ameen, S., Akhtar, M. S., Singh, G., & Yadava, S. (2016). Azadirachta indica plant-assisted green
synthesis of Mn304 nanoparticles: Excellent thermal catalytic performance and chemical sensing behavior. Journal of colloid and
interface science, 472, 220-228.

Bastami, T. R., & Entezari, M. H. (2012). A novel approach for the synthesis of superparamagnetic Mn304 nanocrystals by ultrasonic
bath. Ultrasonics Sonochemistry, 19(3), 560-569.

Gazulla, M. F., Ventura, M. J., & Andreu, C. (2019). Characterization of cobalt oxides transformations with temperature at different
atmospheres. Int J Chem Sci Res, 17, 312.

Richardson, J. T., & Vernon, L. W. (1958). The Magnetic Properties of the Cobalt Oxide—Alumina System. The Journal of Physical
Chemistry, 62(10), 1153-1157.

Li, Z. Y., Bui, P. T., Kwak, D. H., Akhtar, M. S., & Yang, O. B. (2016). Enhanced electrochemical activity of low temperature
solution process synthesized Co304 nanoparticles for pseudo-supercapacitors applications. Ceramics International, 42(1), 1879-
1885.

Ojha, N. K., Zyryanov, G. V., Majee, A., Charushin, V. N., Chupakhin, O. N., & Santra, S. (2017). Copper nanoparticles as
inexpensive and efficient catalyst: A valuable contribution in organic synthesis. Coordination Chemistry Reviews, 353, 1-57.
Sivachidambaram, M., Vijaya, J. J., Kaviyarasu, K., Kennedy, L. J., Al-Lohedan, H. A., & Ramalingam, R. J. (2017). A novel
synthesis protocol for Co 3 O 4 nanocatalysts and their catalytic applications. RSC advances, 7(62), 38861-38870.

Ndalamo, J., Mulaba-Bafubiandi, A. F., & Mamba, B. B. (2011). UV/visible spectroscopic analysis of CO3+ and CO2+ during the
dissolution of cobalt from mixed Co-Cu oxidized ores. International Journal of Minerals, Metallurgy, and Materials, 18(3), 260-269.
Maldonado-Camargo, L., Unni, M., & Rinaldi, C. (2017). Magnetic characterization of iron oxide nanoparticles for biomedical
applications. In Biomedical Nanotechnology (pp. 47-71). Humana Press, New York, NY.

Gordani, G. R., Mohseni, M., Ghasemi, A., & Hosseini, S. R. (2016). Microstructure, magnetic and microwave absorptive behavior
of doped W-type hexaferrite nanoparticles prepared by co-precipitation method. Materials Research Bulletin, 76, 187-194.

Copyrights @Kalahari Journals Vol.7 No.4 (April, 2022)

International Journal of Mechanical Engineering
1561



40.
41.
42.
43.
44,

45,
46.
47,
48.
49.

50.
ol.
52.
53.
o4,
55.

56.
o7.

58.
59.
60.

61.
62.
63.

De Castro, I. A., Datta, R. S., Ou, J. Z., Castellanos-Gomez, A., Sriram, S., Daeneke, T., & Kalantar-zadeh, K. (2017). Molybdenum
oxides—from fundamentals to functionality. Advanced Materials, 29(40), 1701619.

Deb, S. K. (2008). Opportunities and challenges in science and technology of WO3 for electrochromic and related applications. Solar
Energy Materials and Solar Cells, 92(2), 245-258.

Kalantar-zadeh, K., Ou, J. Z., Daeneke, T., Mitchell, A., Sasaki, T., & Fuhrer, M. S. (2016). Two dimensional and layered transition
metal oxides. Applied Materials Today, 5, 73-89.

Karthiga, P., Rajeshkumar, S., & Annadurai, G. (2018). Mechanism of larvicidal activity of antimicrobial silver nanoparticles
synthesized using Garcinia mangostana bark extract. Journal of Cluster Science, 29(6), 1233-1241.

Saragi, T., Santika, A. S., Permana, B., Syakir, N., & Kartawidjaja, M. (2017, May). Synthesis and Properties of Iron Oxide Particles
Prepared by Hidrothermal Method. In IOP Conference Series: Materials Science and Engineering (Vol. 196, No. 1, p. 012025). IOP
Publishing.Dippong, T., Levei, E. A., & Cadar, O. (2021). Recent advances in synthesis and applications of MFe204 (M= Co, Cu,
Mn, Ni, Zn) nanoparticles. Nanomaterials, 11(6), 1560.

Sheerazi, Z., & Ahmed, M. (2022). Nano-Adsorbents and Nano-Catalysts for Wastewater Treatment. In Emerging Nanomaterials for
Advanced Technologies (pp. 517-539). Springer, Cham.

Saha, S., Samanta, P., Murmu, N. C., & Kuila, T. (2018). A review on the heterostructure nanomaterials for supercapacitor
application. Journal of Energy Storage, 17, 181-202.

Satpati, A. K. (2022). Synthesis Strategies and Applications of Metallic Foams and Hollow Structured Materials. In Handbook on
Synthesis Strategies for Advanced Materials (pp. 325-376). Springer, Singapore.

Sharma, J. K., Srivastava, P., Akhtar, M. S., Singh, G., & Ameen, S. (2015). a-Fe 2 O 3 hexagonal cones synthesized from the leaf
extract of Azadirachta indica and its thermal catalytic activity. New Journal of Chemistry, 39(9), 7105-7111.

Zhang, Y., Liu, X., Nie, J,, Yu, L., Zhong, Y., & Huang, C. (2011). Improve the catalytic activity of a-Fe203 particles in
decomposition of ammonium perchlorate by coating amorphous carbon on their surface. Journal of Solid State Chemistry, 184(2),
387-390.

Gawande, M. B., Goswami, A., Felpin, F. X., Asefa, T., Huang, X., Silva, R., ... & Varma, R. S. (2016). Cu and Cu-based
nanoparticles: synthesis and applications in catalysis. Chemical reviews, 116(6), 3722-3811.

Makino, H., Emi, H., Yamaguchi, A., Iritani, E., Namiki, N., Myojo, T., & Yamamoto, K. (2008). Environmental and safety issues
with nanoparticles. In Nanoparticle Technology Handbook (pp. 385-417). Elsevier.

Li, X., Zhao, D., & Zhang, F. (2013). Multifunctional upconversion-magnetic hybrid nanostructured materials: Synthesis and
bioapplications. Theranostics, 3(5), 292.

Jeevanandam, J., Barhoum, A., Chan, Y. S., Dufresne, A., & Danquah, M. K. (2018). Review on nanoparticles and nanostructured
materials: history, sources, toxicity and regulations. Beilstein journal of nanotechnology, 9(1), 1050-1074.

Lazarus, L. L., Riche, C. T., Malmstadt, N., & Brutchey, R. L. (2012). Effect of ionic liquid impurities on the synthesis of silver
nanoparticles. Langmuir, 28(45), 15987-15993.

Migowski, P., Machado, G., Texeira, S. R., Alves, M. C., Morais, J., Traverse, A., & Dupont, J. (2007). Synthesis and characterization
of nickel nanoparticles dispersed in imidazolium ionic liquids. Physical Chemistry Chemical Physics, 9(34), 4814-4821.

Huber, D. L. (2005). Synthesis, properties, and applications of iron nanoparticles. Small, 1(5), 482-501.

Pratsinis, Anna, Pablo Hervella, Jean-Christophe Leroux, Sotiris E. Pratsinis, and Georgios A. Sotiriou. "Toxicity of silver
nanoparticles in macrophages." Small 9, no. 15 (2013): 2576-2584.

Robertson, J. D., Rizzello, L., Avila-Olias, M., Gaitzsch, J., Contini, C., Magon, M. S., ... & Battaglia, G. (2016). Purification of
nanoparticles by size and shape. Scientific reports, 6(1), 1-9.

Suthar, J. K., Rokade, R., Pratinidi, A., Kambadkar, R., & Ravindran, S. (2017). Purification of nanoparticles by liquid
chromatography for biomedical and engineering applications. American Journal of Analytical Chemistry, 8(10), 617-624.

Pikula, K., Chaika, V., Zakharenko, A., Markina, Z., Vedyagin, A., Kuznetsov, V., ... & Golokhvast, K. (2020). Comparison of the
level and mechanisms of toxicity of carbon nanotubes, carbon nanofibers, and silicon nanotubes in bioassay with four marine
microalgae. Nanomaterials, 10(3), 485.

Das, R., Leo, B. F., & Murphy, F. (2018). The toxic truth about carbon nanotubes in water purification: a perspective view. Nanoscale
research letters, 13(1), 1-10.

Mukherjee, A., Majumdar, S., Servin, A. D., Pagano, L., Dhankher, O. P., & White, J. C. (2016). Carbon nanomaterials in agriculture:
a critical review. Frontiers in plant science, 7, 172.

Yang, M., & Zhang, M. (2019). Biodegradation of carbon nanotubes by macrophages. Frontiers in Materials, 6, 225.

Copyrights @Kalahari Journals Vol.7 No.4 (April, 2022)

International Journal of Mechanical Engineering
1562



