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Abstract 

In this study, the discussion on the green hydrothermal synthesis of Zinc Oxide Nanoparticles is explored. It also implies 

several application areas like chemical, mechanical, industrial, and food manufacturing. The well-established 

nanotechnology leads to the development of green synthesis methods for multiple nanoparticles. In the literature review 

section, the use of environment-friendly chemicals or energy is analysed through the green synthesis process. Several green 

synthesis techniques are easy to use and flexible enough for large-scale manufacturing. The recent study addressed the 

verification and features of green synthesized ZnO NPs through the utilization of a wide range of instrumentation 

technologies like FTIR, UV-Vis, TEM, and SEM. The recent nanoparticle’s disadvantages are related to the synthesis 

methods. This method includes high costs, long processing times, complex and difficult operations, and the usage of 

hazardous materials specifically. The findings of the chapter include the exploration of the spectra of FTIR, TEM, SEM, 

and UV-vis with a thorough analysis. Therefore, the discussion section discusses all of the nanotechnologies.  
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Introduction 

The well-established cutting-edge technology of the real 

world is the nanotechnology. It applies to several 

application areas like mechanical, chemical, 

pharmaceutical industries, and food manufacturing. In 

the context of environmental sciences, energy 

production, and drug delivery systems, Nanotechnology 

plays a pivotal role. Nanotechnology leads to the 

evolvement of green synthesis methods for multiple 

nanoparticles. Zinc oxide nanoparticles have gained 

determined to be attention because of their various 

applications. During the creation of nanotechnology, 

various nanoscale technologies have evolved through the 

utilization of multiple techniques. It includes physical, 

chemical, and green techniques. Through the utilization 

of both materials biological and inorganic, the green 

synthesis method can be described as the process of 

nanoparticle synthesis. Over physical and chemical 

techniques, the green synthesis method has various 

benefits like cost-effectiveness, environmental 

friendliness, safety, and biocompatibility. The recent 

nanoparticle’s disadvantages are related to the synthesis 

methods. This method includes high costs, long 

processing times, complex and difficult operations, and 

the usage of hazardous materials specifically.  Scanning 

of Electron Microscopy (SEM), Transmission Electronic 

Electron Microscopy (TEM), Ultraviolet-Visible (UV), 

and Fourier Transform Infrared Spectroscopy (FTIR) 

play a vital role in offering valuable insights into the 

structure, size, shape, and composition of nanoparticles. 

The recent study addressed the verification and features 

of green synthesized ZnO NPs through the utilization of 

a wide range of instrumentation technologies like FTIR, 

TEM, and SEM.  

Literature Review 

The method of green synthesis of zinc oxide 

nanoparticles involves the approach of natural sources. 

The utilization of eco-friendly chemicals or renewable 

energy is also included in the green synthesis process 

(Batterjee et al. 2022). This method holds several 
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advantages over traditional synthesis routes. This can 

contribute to sustainable nanotechnology. Using 

phytochemicalsis the process of having extract. This 

extract is reduced and also stabilizing agents. The 

process of plant extract-mediated synthesis has the 

procedure with precursor solutions. It can also lead to the 

reduction procedure. This reduction procedure holds 

with the zinc ions and subsample of nanoparticle 

formation. Not only the plant extracts mediated synthesis 

but there is also microbial mediated synthesis process. 

This synthesis process holds a principle, processes, and 

advantages. In the case of principles, it involves 

microorganisms (Makarem et al. 2023). Microorganisms 

such as bacteria, fungi, and algae. All these can possess 

enzymes and metabolisms that are capable of reducing 

metal ions. Synthesizes nanoparticles by imitating 

biological processes or structures. Templates or 

mediators for the creation of nanoparticles are 

biomolecules, such as peptides, proteins, or nucleic 

acids. inspired by biological systems, provides exact 

control over attributes such as size, shape, and 

characteristics. 

There are several advantages of green synthesis. Such as 

environmental benefits, biocompatibility and safety, 

cost-effectiveness, and scalability. In the below 

paragraph, the benefits of these advantages are described. 

• Reduction of the use of organic solvents and 

dangerous compounds, which reduces toxic 

waste (Shebl et al. 2020).  

• Reduced energy use because a lot of green 

synthesis techniques operate in environmental 

settings.  

• Green synthesized nanoparticles are frequently 

safer, which improves their compatibility with 

biological systems.  

• Reduced danger for scientists and possible uses 

in biomedicine as a result of using safer 

substances (Nagaraj et al. 2023).  

• Utilizing natural chemicals, microbes, or plant 

extracts as precursors can save costs.  

• Several green synthesis techniques are easy to 

use and flexible enough for large-scale 

manufacturing. 

Some of the advantages are reducing the environmental 

impact with maintaining energy efficiency. Creating the 

biocompatibility and remembering the health 

considerations (Gao et al. 2021). The utilization of 

renewable sources with potential scale-up is also 

included in the list of advantages. 

The proper utilization of some techniques such as TEM, 

SEM, XRD, FTIR, and UV-visible spectroscopy can 

stand out as the major characteristics. There are also 

various types of properties of green-synthesized zinc 

nanoparticles such as structural, morphological, and 

physicochemical properties (Luqman et al. 2024). These 

techniques hold the assessment of several things. Those 

are the size, shape, surface properties, and stability of 

nanoparticles. All types of nanoparticles are finding 

some applications. Those applications are 

photocatalysis, sensors, drug delivery, and 

environmental remediation. All these happen due to their 

unique properties. The research file about the ongoing 

topic has the aim to highlight the properties. This 

specification are from the particular applications and 

exploresnew and various fields. 

TEM: 

The utilization of electron beams has some specific 

characteristics. Such as providing high-resolution images 

and their shape about the distribution, size, shape, and 

crystal structure of the particles (Malik et al. 2021). TEM 

is also known for its full form, and that is transmission 

Electron Microscopy. It also provides comprehensive 

details about the above structures and shapes. The 

utilization of observation by the scientists through the 

TEM process. It also holds the capability to examine the 

morphology of the nanoparticles of zinc oxide. These 

nanoparticles have the utilizedin different techniques. 

Validating crystalline structures is also included. 

SEM: 

For the purpose of scanning the sample surface the 

utilization of a concentrated beam is included. The 

process of producing pictures that hold high-resolution 

surface topography is done with the help of SEM (Ghosh 

and Das 2020).SEM is also known for the scanning 

electron microscopy. The features of the surface of zinc 

oxide nanoparticles with the morphology hold the entire 

study. This process of holding the study is happening 

through the post-synthesis surface aggregation behavior 

and its characteristics. 

FTIR: 

FTIR is also known for the Fourier transform infrared 

spectroscopy. The absorbed infrared light determines the 

amount of the sample by giving every detail (Gu et al. 

2022). Those details are about the functional groups and 
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chemical bonds. Determines the interaction with a 

surface group of functional, and chemical makeup of 

nanoparticles. The utilization of FTIR analysis is on the 

chemistry surface of the zinc oxide nanoparticles. This 

has been used to ensure the process of manufacturing the 

pathways. Not only that the identification of the surface 

functional groups and the look into the communications 

with the organic molecules and stabilizing agents. 

UV-Vis: 

Zinc oxide nanoparticles' optical characteristics have 

been studied using UV-Vis spectroscopy. The procedure 

of examining a sample to absorb or transmit light in the 

UV spectrums and visible spectrum is conducted (Ding 

et al. 2020). This UV-Vis is also known as the 

Ultraviolet-Visible Spectroscopy. Optical absorption 

behavior with bandgap energies has been properly 

evaluated. All these characteristics are connected to each 

other through the photocatalytic of nanoparticles and 

electrical applications. 

All these techniques contribute in a collective way. This 

entire study aims to correlate the characteristics. The 

characterization of techniques plays an important role in 

the purpose of elaborating the properties (Gonçalves et 

al. 2021). This research explores the proper impact of 

organic waste on ecosystems. This impact includes soil 

degradation, water pollution, and greenhouse gas 

emissions. The emphasizing need for effective waste 

management strategies to mitigate environmental risks. 

Literature on the degradation of organic matter and its 

role in photocatalysis refers to the early requirement for 

effective waste management. This behavior of the 

nanoparticles of zinc oxide takes the role of guiding the 

process of synthesis. The application in the various fields 

of science and technology is also included in the previous 

studies' contribution. This literature elaborateson the 

degradation of organic matter. The role of photocatalysis 

also holds the disciplines and the environmental studies. 

Methodology 

The green hydrothermal synthesis method for zinc oxide 

nanoparticles includes low temperature. Not only that the 

approach that is based on aqueous also has the utilization 

in the environment. Here is a detailed description of this 

process. The selection of precursor and its zinc salt 

source have common precursors. To start the reaction, 

the sealed vessel is heated to a relatively low temperature 

it happens between 80°C and 200°C (Yuvali et al. 2020). 

This includes eco-friendly sources. Sources are plant 

extracts, organic compounds, and the new version of the 

material. All of these can act as reducing and stabilizing 

agents. The setup of the reaction vessel holds the aqueous 

solution and the sealed reaction vessel. The sealed auto 

cut also known as the reactor vessel is widely used to 

establish the hydrothermal reaction. At the time of being 

under high pressure, is also known as controlled or 

autonomous pressure. All these can happen in the 

environment of aqueous. The containing solution of the 

zinc precursor and the reagent of green holds prepared 

particular concentrations and ratios. To allow zinc oxide 

nanoparticles to nucleate and develop (Latief et al. 2021). 

The hydrothermal treatment usually lasts several hours. 

When the green reagent and zinc ions from the precursor 

solution interact under hydrothermal conditions. 

Nucleation sites for the production of nanoparticles are 

set in motion. Crystal structures arise as a result of the 

regulated reaction conditions, which encourage the 

growth of zinc oxide nanoparticles. There are several 

advantages of green hydrothermal synthesis. 

Environmentally friendly and low-temperature 

processing are also included. 

The experimental setup for the UV light involves some 

specific factors. Particular factors such as photocatalyst 

preparation, reactor system, UV light source, organic 

compound solution, experimental procedure, UV light 

exposure, sampling and analysis, and the experiments 

over controls (Vishakha et al. 2023). In the photocatalyst 

addition, the synthesized zinc oxide nanoparticles are 

also added to the compound solution. This is to achieve 

the desired concentration. In the parallel experiments, 

there are no photocatalysts. There is also no UV light to 

verify the differences in the effects of photocatalysis. A 

quartz reactor has to be equipped with UV-transparent 

walls. This allows for efficient UV light transmission. 

This source of UV light has a high intensity in the range 

of 300 to 400 nanometres. This can activate the 

photocatalyst. Measuring the absorption of the 

ultraviolet visible light through this sample. Providing 

information about the electronic framework is under the 

principle of UV visible spectroscopy. In the section on 

characterization optical properties and quantification are 

included. Determining optical absorption characteristics 

such as absorption spectra, bandgap energy, and 

electronic transition. Spectroscopy has employed the 

optical properties of zinc oxide nanoparticles. FTIR has 

the principle of measurement of infrared light through 

the sample. This can provide information about the 

chemical connection and functional groups (Zhang et al. 

2023). Detecting the chemical composition with surface 

functional groups and interactions of nanoparticles are in 
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the list of characteristics. This entire literature is 

highlighting the degradation of organic matter. Also, the 

role of photocatalysis routine with various scientific 

schedules. This research explores the impact of organic 

waste on the ecosystem. Soil degradation, water 

pollution, and greenhouse gas emissions are also 

included. Pollutants such as agricultural and industrial 

pollution. The analysis of organic pollutants from 

various sources is in the list of organic pollutants.  

Results and Analysis 

 
Fig 1: Procedure of LP-ZnO NPs 

 

The process starts with grinding the lemon peel into a 

powder (5g) and mixing it with Dl water. After that stir 

the mix at 50 degrees centigrade for 30 minutes. After 

that, to omit the impurities washing and centrifugation 

steps are employed. This multistep reaction yields LP-

ZnO NPs, which integrate the residences of lemon peel 

extract and zinc oxide nanoparticles. Aqueous extraction 

offers natural compounds, even as zinc oxide 

nanoparticles provide specific bodily and chemical 

residences. This mixture method harnesses the 

synergistic capability of both substances, potentially 

starting the door to plenty of programs ranging from 

prescribed medicines to environmental healing.  

The well-defined absorption peak in the UV region 

suggests effective light absorption. It should be 

mentioned in this study that with higher brand gap 

energy, the rate of electrons in the recombination process 

and hole pairs is retarded, and photocatalytic properties 

are improved. This result offers a supportive method for 

the hypothesis that ZnO, NPs have a hexagonal wurtzite 

structure.  

 
Figure 2: Wurtzite structure of zinc oxide 

 

Figure 2 demonstrates the TEM analysis which is well-

dispersed ZnO NPs with a hexagonal wurtzite crystal 
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structure. The indication of the effective formation of 

nanomaterials is the average particle size. According to 

Kebede et al. (2023), the high-resolution images further 

highlight the crystallinity of the nanoparticles. It 

demonstrates different lattice fringes.  

To gain an understanding of the optical properties of 

ZnO-NPs, UV absorption spectroscopy was applied. In 

Figure 3 UV spectra demonstrate a major absorption 

edge and it also implicates the bandgap energy of ZnO 

NPs (Fouda et al. 2023). The brand gap energy was 

considered from the absorption spectra through the 

utilization Tauc relation, as demonstrated in the inset of 

Figure 3, and found to be around 4 eV.  

 

 

 
Figure 3: UV-vis spectrum of ZnO NPs and Tauc plot represents the energy band gap of ZnO NPs 

 

 
Figure 4: Surface and morphological characteristics of ZnO NPs using SEM technique 

 

In Figure 4, the images demonstrate the investigation of 

morphological analysis was conducted to utilize electron 

microscopic images. The SEM images of ZnO NPs 

reveal a distinct observation. Featured through a grain 

size ranging from 10 to 25 nm, the particles demonstrate 

a uniform aggregation pattern and possess a spherical 

morphology (Quddus et al. 2023). The use of XRD 

attachment in SEM has been identified for its capability 

to provide an understanding of the chemical analysis of 

the investigated areas or the composition at specific 

spots.  

The spectral analysis indicates that Zinc demonstrates 

absorption peaks. The elemental mapping images offer 

confirmation of the Zinc’s homogeneous distribution and 

oxygen within in sample. The TEM images and 

collaboratively chosen area electron diffraction pattern 

of the bioZnO NPs. The synthesised ZnO NPs are 

employed for the photocatalytic degradation of lemon 

peel in an aqueous environment under UV light. The 

findings show an important reduction in the 

concentration of organic pollutants related to the lemon 

peel extract. This validates the efficiency of the gree-

synthesized ZnO NPs as a photocatalyst for the 
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degradation of organic blends.  A valuable insight into 

the antimicrobial mechanism demonstrated by the 

synthesized zinc oxide nanoparticles ought to be 

examined (Bagum et al. 2023). ZnO NPs can block the 

transport of ions across the cellular membrane of 

microorganisms. Topological and morphological 

characteristics such as size, shape, surface, and porosity 

of roughness of NPs play a pivotal role in controlling NP 

dissolution and the efficacy of antimicrobials. The NPs’ 

morphology is also a critical factor in controlling the 

dissolution and antimicrobial efficacies. As it is higher 

surface energy shapes line nanoplates dissolve more 

rapidly than nanospheres, the consequence of their 

smaller dimensions and high-energy crystallographic 

facets.  

 

 
Fig 5: LP-Zno NPs procedure  

 

In the synthesis of LP-ZnO NPs, zinc ions react with 

phytochemicals in lemon peel extract. Oxygen binding 

reduces metal atoms, forming metal oxide nanoparticles. 

Phytochemicals coat metal oxide debris and act as 

coatings. Subsequent calcination strategies similarly 

refine the product and provide it with a greater natural 

and crystalline look. This approach exploits the inherent 

residences of zinc ions and lemon peel phytochemicals 

and their synergistic outcomes.  The ensuing LP-ZnO 

NPs have specific characteristics from both substances, 

making them promising for a variety of applications such 

as catalysis, biomedical packages and environmental 

mitigation. Using herbal substances and a managed 

production method, this approach gives a sustainable 

choice and maybe a price-effective method for the 

synthesis of producing nanomaterials with tailored 

properties.  

On the surface of the synthetic materials, to validate the 

presence of functional groups, FTIR was conducted. 

Figure 6 offers valuable insight into the presented 

functional groups on the surface of the ZnO NP 

(Batterjee et al. 2022). In the spectra, the observed peaks 

correspond to the distinctive functional groups. These 

groups represent the synthesized zinc oxide 

nanoparticles.  

 
Figure 6: FTIR spectrum of green synthesized ZnO NPs 

 

It implies the presence of organic compounds with the 

use of green synthesis. Vibration patterns of alkyl and 

aromatic nitro compounds contribute to the peak at 
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around 1600 cm−1. Through the production of a 

covering, extracellular proteins might hold NPs from 

sticking altogether and make them more stable.  

Discussion 

There are various aspect to discuss in this study. The 

synthesis method is effectively collaboratesZnO NPs 

with nanoscale different morphology, and it enhanced 

surface interactions with organic compounds.  

 

Key Aspect Discussion 

Synthesis Method Green hydrothermal synthesis effectively assembles ZnO NPs with nanoscale diverse 

morphology, size, and improved surface interactions with organic compounds. 

Characteristics - Nanoscale size - Diverse morphology noticed in SEM images - improved surface 

interactions, as implicated by FTIR analysis 

Environmental Application The noticed minimization in organic pollutants emphasises the potential of ZnO NPs 

for sustainable and environmental-friendly wastewater treatment (Kumar et al. 2022).  

Green Synthesis Approach The amalgam of green hydrothermal synthesis and efficient photo catalysis related to 

the principles of environment-friendly nanomaterials. 

Surface Area Enhancement Diverse morphology observed in SEM images supports increased surface area, 

potentially contributing to improved photocatalytic performance. 

Interactions with Lemon 

Peel Compounds 

FTIR analysis supports interactions between ZnO and lemon peel compounds, 

implicates a potential role in the catalytic degradation process. 

 

The schematic demonstration depicted in one of the 

figures of the study represented the potential mechanism 

of measure against antimicrobial agents. Through the 

wrapping and adherence to the outer surface of microbial 

cells, it is understood that the measures taken by the bio 

ZnO NPs commence. It affects membrane destruction 

and alteration of the transport potential. When the 

nanoparticles spread throughout the microbial cell, 

internal components like plasmids, DNA, and other 

essential organelles break apart. The ultimate cause of 

cellular toxicity is the production of reactive oxygen 

species (ROS) (Tran et al. 2023). In addition, ZnO NPs 

can prevent ions from passing through bacteria' cellular 

membranes. NP size, shape, porosity, and surface 

roughness are examples of morphological and 

topological characteristics that influence NP dissolution 

and antibacterial effectiveness. The increased surface 

area of Zno NPs may be contributed by the different 

morphology observed in SEM images. In the catalytic 

degradation process, the interaction between ZnO and 

lemon peel combinations, as supported by the analysis of 

FTIR, might hold a role. According to Souza et al. 

(2021), the green hydrothermal synthesis of ZnO NPs 

subsequently applied in the UV-light-induced 

photocatalytic degradation of lemon peel. It 

demonstrates the possibility of this approach for 

endurable environmental remediation.  

 
Figure 7: The schematic illustration of potential 

mechanisms 

 

This figure demonstrates a schematic illustration of the 

possible mechanisms that go into making bioZnO 

nanoparticles antimicrobial. (I) ZnO nanoparticles stick 

to the surface of microorganisms, causing damage to 

membranes and modifications to transport activity. (II) 

Zinc oxide nanoparticles may enter microbial cells and 

interact with a range of cellular organelles and 

biomolecules, such as ribosomes, chromosomal DNA, 

mesosomes, and plasmid DNA (Paiva-Santos et al. 

2021). The corresponding cellular machinery's ability to 

function is significantly impacted by this relationship. 

(III) The use of ZnO nanoparticles causes ROS 

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 11 Issue: 8 

Article Received: 25 May 2023 Revised: 12 June 2023 Accepted: 30 July 2023 

_________________________________________________________________________________________________ 

 

 
    807 
IJRITCC | August 2023, Available @ http://www.ijritcc.org 

production and enhancement, which damages cells. (IV) 

It has been noted that BioZnO NPs affect the cellular 

signaling pathway, which in turn causes cell death. (V) 

Lastly, ZnO nanoparticles successfully prevent ions from 

moving between microbial cells.  

Conclusion 

In a simple and eco-friendly method, the ZnO NPs have 

been synthesized. The process is defined by UV-vis 

through which ZnO NPs are presented extracellularly. 

The elemental compositions were shown to be pure 

phase through the analysis of EDX.  Nanotechnology 

leads to the evolvement of green synthesis methods for 

multiple nanoparticles. The recent nanoparticle’s 

disadvantages are related to the synthesis methods. This 

method includes high costs, long processing times, 

complex and difficult operations, and the usage of 

hazardous materials specifically. Through the production 

of a covering, extracellular proteins might hold NPs from 

sticking altogether and make them more stable. The use 

of XRD attachment in SEM has been identified for its 

capability to provide an understanding of the chemical 

analysis of the investigated areas or the composition at 

specific spots. With the crystalline structure of LP-Zno 

NPs, the surface morphology was also deduced through 

the observation of diverse modes of multiphoton 

resonance of Raman spectra. The findings of the free 

radical capture indicated that the major proactive 

substance was hydroxide. The present work may offer 

valuable insight into a strategy for preparing efficient UV 

light photocatalysts.  

 

Acknowledgement  

This article provides detail information about the green 

hydrothermal synthesis of zinc oxide nanoparticles. I 

would like to express my gratitude to my guide Sunil 

Kumar Pandey for his immense support and guidance 

while completing this project.  

References 

1. Shebl, A., Hassan, A.A., Salama, D.M., Abd El-

Aziz, M.E. and Abd Elwahed, M.S., 2020. 

Template-free microwave-assisted hydrothermal 

synthesis of manganese zinc ferrite as a 

nanofertilizer for squash plant (Cucurbita pepo 

L). Heliyon, 6(3). 

2. Ghosh, A. and Das, G., 2020. Green synthesis of Sn 

(II)-BDC MOF: Preferential and efficient 

adsorption of anionic dyes. Microporous and 

Mesoporous Materials, 297, p.110039. 

3. Yuvali, D., Narin, I., Soylak, M. and Yilmaz, E., 

2020. Green synthesis of magnetic carbon 

nanodot/graphene oxide hybrid material (Fe3O4@ 

C-nanodot@ GO) for magnetic solid phase 

extraction of ibuprofen in human blood samples 

prior to HPLC-DAD determination. Journal of 

pharmaceutical and biomedical analysis, 179, 

p.113001. 

4. Gao, S., Wang, X., Xu, N., Lian, H., Xu, L., Zhang, 

W. and Xu, C., 2021. From coconut petiole residues 

to fluorescent carbon dots via a green hydrothermal 

method for Fe 3+ detection. Cellulose, 28, pp.1647-

1661. 

5. Gonçalves, R.A., Toledo, R.P., Joshi, N. and 

Berengue, O.M., 2021. Green synthesis and 

applications of ZnO and TiO2 

nanostructures. Molecules, 26(8), p.2236. 

6. Latief, U., ul Islam, S., Khan, Z.M. and Khan, M.S., 

2021. A facile green synthesis of functionalized 

carbon quantum dots as fluorescent probes for a 

highly selective and sensitive detection of Fe3+ 

ions. Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy, 262, p.120132. 

7. Malik, J.H., Zaman, M.B., Poolla, R., Malik, K.A., 

Assadullah, I., Bhat, A.A. and Tomar, R., 2021. 

Hydrothermal synthesis of tetragonal and wurtzite 

Cu2MnSnS4 nanostructures for multiple 

applications: Influence of different sulfur reactants 

on growth and properties. Materials Science in 

Semiconductor Processing, 121, p.105438. 

8. Souza, V.G.L., Alves, M.M., Santos, C.F., Ribeiro, 

I.A., Rodrigues, C., Coelhoso, I. and Fernando, 

A.L., 2021. Biodegradable chitosan films with ZnO 

nanoparticles synthesized using food industry by-

products—Production and characterization. 

Coatings, 11(6), p.646. 

9. Batterjee, M.G., Nabi, A., Kamli, M.R., Alzahrani, 

K.A., Danish, E.Y. and Malik, M.A., 2022. Green 

hydrothermal synthesis of zinc oxide nanoparticles 

for UV-light-induced photocatalytic degradation of 

ciprofloxacin antibiotic in an aqueous 

environment. Catalysts, 12(11), p.1347. 

10. Batterjee, M.G., Nabi, A., Kamli, M.R., Alzahrani, 

K.A., Danish, E.Y. and Malik, M.A., 2022. Green 

hydrothermal synthesis of zinc oxide nanoparticles 

for UV-light-induced photocatalytic degradation of 

ciprofloxacin antibiotic in an aqueous environment. 

Catalysts, 12(11), p.1347. 

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 11 Issue: 8 

Article Received: 25 May 2023 Revised: 12 June 2023 Accepted: 30 July 2023 

_________________________________________________________________________________________________ 

 

 
    808 
IJRITCC | August 2023, Available @ http://www.ijritcc.org 

11. Gu, L., Zhang, J., Yang, G., Tang, Y., Zhang, X., 

Huang, X., Zhai, W., Fodjo, E.K. and Kong, C., 

2022. Green preparation of carbon quantum dots 

with wolfberry as on-off-on nanosensors for the 

detection of Fe3+ and l-ascorbic acid. Food 

Chemistry, 376, p.131898. 

12. Kumar, S., Shubha, J.P., Nagaraju, G., Rekha, N.D. 

and Nirmala, B., 2022. Facile combustion derived 

synthesis of copper oxide nanoparticles: 

Application towards photocatalytic, 

electrochemical and DNA cleavage studies. Nano-

Structures & Nano-Objects, 32, p.100923. 

13. Fouda, A., Saied, E., Eid, A.M., Kouadri, F., 

Alemam, A.M., Hamza, M.F., Alharbi, M., 

Elkelish, A. and Hassan, S.E.D., 2023. Green 

Synthesis of Zinc Oxide Nanoparticles Using an 

Aqueous Extract of Punica granatum for 

Antimicrobial and Catalytic Activity. Journal of 

Functional Biomaterials, 14(4), p.205. 

14. Kebede, M.A., Wubieneh, T.A., Yohannes, Y.B. 

and Shah, K.J., 2023. Green synthesis of zinc oxide 

from aqueous fruit extract of Dovyalisabyssinica 

(Koshem) and application for water purification. 

Ethiopian Journal of Science and Technology, 

16(1), pp.1-12. 

15. Makarem, A., Aldaghi, A., Gheibi, M., Eftekhari, 

M. and Behzadian, K., 2023. One‐step 

hydrothermal synthesis of a green NiCo‐LDHs‐

rGO composite for the treatment of lead ion in 

aqueous solutions. The Canadian Journal of 

Chemical Engineering. 

16. Nagaraj, K., Thankamuniyandi, P., Kamalesu, S., 

Lokhandwala, S., Parekh, N.M., Sakthinathan, S., 

Chiu, T.W. and Karuppiah, C., 2023. Green 

synthesis, characterization and efficient 

photocatalytic study of hydrothermal-assisted Ag@ 

TiO2 nanocomposites. Inorganic Chemistry 

Communications, 148, p.110362. 

17. Quddus, F., Shah, A., Iftikhar, F.J., Shah, N.S. and 

Haleem, A., 2023. Environmentally Benign 

Nanoparticles for the Photocatalytic Degradation of 

Pharmaceutical Drugs. Catalysts, 13(3), p.511. 

18. Tran, G.T., Nguyen, N.T.H., Nguyen, N.T.T., 

Nguyen, T.T.T., Nguyen, D.T.C. and Tran, T.V., 

2023. Plant extract-mediated synthesis of 

aluminum oxide nanoparticles for water treatment 

and biomedical applications: a review. 

Environmental Chemistry Letters, pp.1-23. 

19. Vishakha, V., Abdel-Mohsen, A.M., Michalicka, J., 

White, P.B., Lepcio, P., Tinoco Navarro, L.K. and 

Jančář, J., 2023. Carboxymethyl starch as a 

reducing and capping agent in the hydrothermal 

synthesis of selenium nanostructures for use with 

three-dimensional-printed hydrogel carriers. Royal 

Society Open Science, 10(10), p.230829. 

20. Zhang, H., Fu, Y., Nguyen, H.T., Fox, B., Lee, J.H., 

Lau, A.K.T., Zheng, H., Lin, H., Ma, T. and Jia, B., 

2023. Material challenges in green hydrogen 

ecosystem. Coordination Chemistry Reviews, 494, 

p.215272. 

21. Luqman, M., Alharthi, M.A., Shakeel, N. and 

Ahamed, M.I., 2024. A quick, easy and green 

hydrothermal method for the development of a 

bioanode based on a ternary nanocomposite for 

enzymatic biofuel cell applications. Materials 

Science and Engineering: B, 300, p.117107. 

 

 

 

 

http://www.ijritcc.org/

