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ا"ٔاٌٙ ٌٙا أٔا لاي ِٓ  

 

 ِحفٛفا واْ اٌطزٌك لا ٚ لزٌبا اٌحٍُ ٌىٓ ٌُ حىْٛ، أْ ٌٙا ٌٕبغً ٚلا لصٍزة اٌزحٍت حىٓ ٌُ

 باٌخسٍٙلاث

ٍٔخٙا ٚ فعٍخٙا ٌىًٕ   

 أصبح لذ ٚ أخظارٖ طاي حٍّا إٌى أٔظز اٌٍَٛ أٔا ٘ا بفضٍٗ اٌذي اِخٕأا، ٚ شىزا ٚ حبا لله اٌحّذ 

...بٗ أفخخز ٚالعا  

 ٌٛلا اٌذي الإٔجاس ٘ذا أ٘ذٌه" اًِ" الأبذٌت ٚ الأٌٚى داعّخً الله بعذ ٚلٛحً اٌطا٘ز، ِلاوً إٌى

لإْ ِّخٕت ٚجٛد، ٌٗ واْ ٌّا حضحٍاحه  

. عٛض ٚ سٕذ خٍز ٌا أِا اٌبشز ِٓ ًٌ اصطفان لذ الله  

ِمابً بلا أعطأً ٚ حذٚد بلا دعًّٕ ِٓ إٌى  

 "أبً ".

 

فٍُٙ لًٍ ِٓ إٌى  

( بأِخٍَِهَ  عَضُذَنَ  سَٕشَُذ   ) 

 

ضعفً ٚلج ًٍِ ٚلا وًٍ دْٚ ٌذٖ ِذ ِٓ إٌى  

أخخً أٌاًِ أِاْ ٚ بمذراحً إِٓج ِٓ إٌى، ًٌ ثابخا ضٍعا الله أداِه" أخً  

ٌىُ شىزا ِساعذحً عٓ ٌِٛا ٌذُ٘ ٌمبضٛا ٌُ اٌذٌٓ ِٚؤٔسٍٗ اٌطزٌك رفاق اٌى  

  



I | P a g e  
 

LIST OF CONTENT 

Subject   Page.no 

Abstract  

 
    III 

Chapter one 

Introduction 

1. Background 

1.1. Properties of ZnO NPs 

1.2. Synthesis of ZnO NPs 

1.3. Green synthesis 

 

    1-7 

      1 

      1 

      3 

      4 

      6 

Chapter tow 

Material and method 

2.2. materials 

2.2. method 

2.2.1. preparation of beetroot extract 

2.2.2. preparation of zinc oxide nanoparticals 

2.2.3. characterization of ZnO 

 

   8-10 

      8 

      8 

      8 

      8 

      9 

     10 

Chapter three 

Result and conclusion 

3.1. result 

3.2. conclusion 

 

   11-14 

      11 

      11 

      14 

References  

 

      16 

  



II | P a g e  
 

Table of fig. 

  

Title of fig. 

 

Page no. 

Figur-1: Crystal structure models of ZnO: (a) zinc blende, (b) 

wurtzite and (c) rock salt. 
 

     4 

Figure-2: Overview of some of the methods used for ZnO NPs 

preparation. 

 

    5 

Figure-3: Schematic of the most common ZnO NPs synthesis 

procedure. 

 

    7 

Fig-4:  liquid beet root extraction. 
 

    8 

Fig-5: filtering liquid beet root extraction. 

 

    9 

Fig-6: weight of zinc acetate by balance. 

 

   10 

Fig-7:  formation of ZnO nanoparticles. 
 

   10 

Figure-8: The SEM and Elemental composition of the synthesized 

zinc oxide nanoparticles. 

 

   14 

Figure-9:  FT-IR of Beta vulgaris aqueous extract.    17 



III | P a g e  
 

ABSTRACT 

Numerous methodologies have historically been employed for the 

synthesis of nanoparticles (NPs). However, many of these approaches 

have proven to be expensive, yielding toxic byproducts and necessitating 

measures to mitigate chemical and physical contamination. Consequently, 

the adoption of green nanoparticle synthesis utilizing plant extracts has 

emerged as a sustainable alternative within nanotechnology, boasting 

applications across diverse fields.  

In this study, beet root extract was utilized for the synthesis of ZnO 

nanoparticles. Through the utilization of scanning electron microscopy 

(SEM) and Fourier-transform infrared spectroscopy (FT-IR), we 

investigated and corroborated the presence of ZnO nanoparticles. The 

findings of this investigation underscore the efficacy of beet root extract 

in synthesizing ZnO nanoparticles, as evidenced by SEM and FT-IR 

analysis.  

In conclusion, our study demonstrates the feasibility and effectiveness of 

utilizing Beet root extract for the eco-friendly synthesis of ZnO 

nanoparticles. By harnessing the power of nature, we pave the way for 

sustainable nanotechnology solutions with far-reaching implications 

across various scientific And and industrial domains.  
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Chapter one 

INTRODUCTION 

1. Background   

Nanomaterials (NMs) have gained prominence in the 21st century owing to 

their ability and flexibility in addressing global research problems in fields 

of energy [1], water and water sanitation [2], medicine [3], agriculture [4], 

material science [5], and cosmetic industry [6]. In 1959, Richard 

Feynman’s phrase [7], ―There’s plenty of Room at the Bottom‖ emerged 

as a versatile and flexible platform capable of delivering efficient, cost-

effective, and environmentally friendly solutions to humanity’s 

sustainability challenges. 

The term NMs refers to materials with a diameter ranging between 1 and 

100 nm.The large surface area and size of NMs result in their unique 

properties, which are tuneable to suit their application. Furthermore, the 

distinct size, shape, and structure of NMs influence their reactivity, 

toughness, and other properties. These properties make them good 

candidates for a wide range of industrial and household uses, including 

environmental, imaging, medical, energy, catalysis, cosmetics, and 

medical applications [8]. 

 

Metal oxide nanoparticles (NPs) such as copper oxide (CuO), tin oxide 

(SnO2), zinc oxide (ZnO), and titanium dioxide (TiO2) are among the 

most studied NMs due to their numerous diverse properties and 

applications. Zinc oxide is one such metal oxide that has received 

extensive research due to its chemical stability, non-toxic nature, cost-

effectiveness, biocompatibility, and biodegradable nature [9,10]. To date, a 

number of different chemical and physical synthesis methods, including 

laser ablation, vapour deposition, electrodeposition, sol-gel, spray 

pyrolysis, hydrothermal, and microwave-assisted methods, have been 
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employed to prepare ZnO NPs. However, some of these synthesis methods 

are hampered by high costs and the usage of hazardous chemicals and 

solvents that are harmful to the environment, as well as by high energy 

consumption. [10,11]. As a result, new synthesis methods for the 

fabrication of ZnO NPs that are both safe and cost-effective are required. 

Thus, attention has been drawn toward green/biological synthesis as a 

substitute to conventional chemical and physical synthesis methods.  

Plants, bacteria, yeast, and algae have successfully been used to synthesise 

ZnO NPs, with plants showing great potential. This is due to plant-

mediated synthesis being easily scalable for industrial fabrication, simple, 

environmentally friendly, cost-effective, and time-effective. Plants are 

known to possess secondary metabolites known as phytochemicals, which 

include phenols, saponins, tannins, alkaloids, flavonoids, and 

carbohydrates that can be used as alternatives to toxic organic and 

inorganic chemicals, which are 2ynthesi as reducing or 2ynthesized agents 

in conventional preparation of ZnO NPs [12,13]. 

 

Cassia fistula [16], Euphorbia hirta [14], Rosa indica [15], Costus pictus 

[16], and Solanum nigrum [17] are medicinal plants that have been 

successfully employed in the fabrication of ZnO NPs. South Africa, found 

in southern Africa, is not only home to a unique and diverse plant species, 

with some of these species having medicinal properties, but it is also 

mostly endemic [18]. However, there have been few reports on the use of 

traditional medicinal plants from southern Africa in the preparation of ZnO 

NPs. As a result, there is a need to investigate more medicinal plants for 

the preparation of ZnO NPs. 

the majority of ZnO NPs created from medicinal plants have been 

investigated for biological uses such as antibacterial and anticancer 

properties. This is not shocking considering that NPs produced by utilising 

plant-mediated synthesis were found to have superior biological 
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characteristics in vitro compared to NPs made using traditional chemical 

techniques and plant extracts. In addition to biological applications, the 

varistor application and photodegradation of organic dyes have been 

investigated for the ZnO NPs synthesised utilising local medicinal plants. 

This demonstrates the versatility of ZnO NPs produced by plants. 

Agathosma betulina [19], Plumbago auriculata [20], Monsomia burkeana 

[21], Lessertia 3ynthes [22], Lessertia frutescens [23], Tulbaghia violacea 

[24], Aspalathus linearis [25], Dovyalis caffra [26,27], and Athrixia 

phylicoides DC [28] are some of the traditional medicinal plants that are 

endemic to South Africa and southern Africa that have been investigated 

for the fabrication of ZnO NPs and the as-synthesised ZnO NPs explored 

for various applications. This synthesis will focus on Beetroot extract that 

have been explored for the preparation of ZnO NPs. It will focus on this 

extract overview, synthesized ion. We believe that this project will draw 

more attention to the green synthesis of ZnO NPs using medicinal plants 

and lead to more exploration of the vast diversity of plant species in Iraq. 

 

1.1. Properties of ZnO NPs 

The hexagonal wurtzite, cubic zinc blende, and rock salt shown in 

(Fig.1)are the three known crystalline phases of ZnO. ZnO is commonly 

found in the wurtzite phase because it is stable under ambient conditions. 

Both the rock salt and the zinc blende are cubic and unstable under 

ambient conditions. Growing the zinc blende on cubic substrates makes it 

stable, whereas the rock salt phase can be obtained by converting ZnO 

under relatively high pressure [29]. The wurtzite phase belongs to the 

P63mc space group and has a hexagonal geometry with two 

interconnecting sublattices of Zn2+ and O2− such that each Zn ion is 

surrounded by four tetrahedral O2− ions and vice-versa. This geometry 

lacks inversion symmetry along the hexagonal axis giving rise to a polarity 

symmetry and resulting in piezoelectric and spontaneous 3ynthesized3 
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properties [30].ZnO NP is a low-cost n-type bandgap semiconductor that is 

dielectric, transparent, and piezoelectric. It has a wide bandgap of 3.37 eV 

at room temperature (RT), large exciton binding energy of 60 meV and 

high thermal conductivity. This allows its application in optoelectronics, 

gas sensors, photocatalysis, aerospace, light-emitting diodes, and 

photovoltaics. ZnO NPs are biocompatible, anti-inflammatory, anticancer, 

and have wound healing properties, which make them suitable for 

biomedical applications [31,32]. 

 

 

 

 

Figur-1: Crystal structure models of ZnO: (a) zinc blende, (b) wurtzite and (c) 

rock salt. [1] 

 

 

 

1.2. Synthesis of ZnO NPs 

An ideal synthesis method for the preparation of NPs needs to be low-cost, 

eco-friendly, able to produce high-quality NPs of desired morphology and 

size to suit applications of the NPs. Physical, chemical, and biological 

synthesis methods have been employed in the preparation of NPs, and 

these can be classified into top-down and bottom-up approaches, as 

illustrated in (Fig.2). The top-down approach includes both physical and 

chemical synthesis methods, which generally involve using chemicals or 
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force to break down bulk material into smaller particles. The top-down 

approach methods include ball milling, laser ablation, chemical etching, 

laser pyrolysis, mechanochemical, solid state, etc. [10,33]. 

The chemical synthesis methods that fall under the bottom-up approach 

include sol-gel, hydrothermal, microwave irradiation, spray pyrolysis, 

chemical precipitation, solvochemical, microemulsion, etc. This approach 

involves nucleation of ions, atoms or molecules in solution followed by 

aggregation of the nanoparticles. It is the approach that has been 

extensively reported for the preparation of NPs. Both physical and 

chemical conventional synthesis processes mentioned above have been 

reported for the preparation of ZnO NPs. However, some of these 

conventional synthesis routes are limited by high energy consumption and 

high pressure and require complex equipment, resulting in a high overall 

cost [33,34].  

Moreover, these methods can also be limited by toxic chemicals used 

during synthesis, which can be harmful to the environment and the person 

handling the chemicals. These toxic chemicals are mostly used as reducing 

agents or capping agents and include sodium borohydride, hydrazine, 

ethylene glycol, dimethylformamide, cetyltrimethylammonium bromide 

(CTAB), pyridine, polyethylene glycol, etc. [35]. Therefore, safer and 

cost-effective synthesis methods are needed for the preparation of NPs. 

Thus, green synthesis using microorganisms or plant extracts can be a 

substitute to conventional chemical and physical synthesis methods. 
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Figure-2: Overview of some of the methods used for ZnO NPs preparation[2]. 

 

1.3.Green Synthesis  

Biological synthesis is a bottom-up approach that synthesi plants, fungi, 

bacteria, algae, etc., for the preparation of NPs. This green synthesis 

approach eliminates the need for reducing and capping agents during the 

synthesis of NPs. This is due to the ability of microbes and plants to 

reduce metal salt precursors while also synthesized the synthesized NPs 

using naturally occurring substances such as enzymes and secondary 

metabolites. Thus, making biological synthesis a safer and low-cost 

alternative to conventional NPs synthesis methods. Suba and associates 

[36] successfully synthesized ZnO NPs using bacteria isolated from cow 

milk, and the synthesized ZnO NPs exhibited good antibacterial and 

anticancer activity.  
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The ZnO NPs were hexagonal in structure and spherical in shape and the 

average particle size was reported to be 32 nm. Additionally, Hefny et al. 

[41] successfully synthesized ZnO NPs using five fungal cultures isolated 

from five fungal species (Aspergillus niger, Aspergillus tubulin, 

Aspergillus fumigatus, Penicillium citrinum, and Fusarium oxysporum) 

and the synthesized ZnO NPs also exhibited good antibacterial activity. 

The synthesized ZnO NPs were crystalline with a hexagonal wurtzite 

structure, which is the typical structure of ZnO, and the particle size was 

between 30 and 100 nm. These studies demonstrate that ZnO NPs can be 

synthesized using microbe-assisted synthesis. However, isolation and 

growth of the microbes can be time-consuming, and contamination should 

be strictly avoided during the process; thus, it requires very skilled 

personnel to handle the process [37]. This has led to research efforts more 

focused on plant-mediated synthesis as plants are readily available, and 

their extracts can be extracted with simpler processes. (fig.3) 
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Chapter two 

2.1. Materials 

Zn(CH3COO)2. 2H2O (AR grade), calcium chloride (AR grade) and NaOH 

(AR grade) were purchased from SRL (India). Rhodamine B & Methylene 

blue dyes (AR grade) were procured from Sigma-Aldrich (USA). All of 

the chemicals used were not purified any further. The experiments were 

carried out at optimum pressure and temperature conditions. The reaction 

water used was distilled doubly. 

2.2. Method 

2.2.1. Preparation of beetroot extract 

Beetroots were purchased from the local market and washed with distilled 

water(DW) to remove dust particles. 20 g were grinded in a beaker and 

boiled with distilled water (100 ml) for 15 min. Then we kept the beaker 

for cooling. After cooling, the solution was filtered to remove the insoluble 

part. The wine-colored solution was then stored in glass bottles and kept in 

the fridge for further use.  

 

 

 

 

 

 

 

 

Figure-4: liquid beet root extraction 
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Figure-5: filtering liquid beet root extraction 

 

 

2.2.2. Prepration of zinc oxide nanoparticles 

To synthesise ZnO nanoparticles, 40 ml of beetroot extract was transferred 

in a 100 CC beaker having a magnetic bead. The solution was heated to 

100 °C followed by the addition of 4.5 g of zinc acetate (fig.6). The pH of 

the solution was maintained between 8.0. It was stirred at this temperature 

and pH for 40 min. till the formation of pale-yellow; the whole 

nanoparticles formation process is demonstrated in (Fig.7) The resulting 

solution was centrifuged and washed using double distilled water at 80 °C 

in the oven were dried.  

 

 

 

 



10 | P a g e  
 

 

 

 

 

 

 

 

 

 

Fig-6: weight of zinc acetate by balance.  

 

 

 

 

 

 

 

 

 

 

 

Fig-7: formation of ZnO nanoparticles. 
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2.2.3.    FT-IR Method 

In our analyses, we have performed two methods; the first method is the 

FT-IR method. 

To perform FT-IR spectroscopy on ZnO nanoparticles synthesized using 

Beet root extract (ZnB nanoparticles), several steps are involved: 

 Sample Preparation: In this, we have prepared the synthesized ZnB 

nanoparticles for analysis. Typically, that involves dispersing the 

nanoparticles in a suitable solvent or medium to form a uniform 

suspension or thin film. We have ensured that the sample preparation 

method does not alter the structural or chemical properties of the 

nanoparticles. 

 Instrument Setup: We have configured the FT-IR spectrometer 

properly for the analysis, such as calibrating the instrument, setting 

the appropriate spectral range, and selecting the desired resolution and 

scan parameters. 

 Baseline Correction: Before acquiring the spectrum of the ZnB 

nanoparticles, we performed the following baseline correction to 

account for any contributions from the solvent or medium. This step 

ensures that the observed spectral features are primarily attributed to 

the nanoparticles and not interference from the surrounding 

environment. 

 

    1000 * w 

          50 * 256.41 

        =0.6 

 Acquisition of Spectrum: Once the instrument is calibrated and the 

baseline corrected, the FT-IR spectrum of the ZnB nanoparticles can 

be acquired. This involves illuminating the sample with infrared 
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radiation over a range of wavelengths and measuring the intensity of 

the transmitted or reflected light as a function of wavelength. 

 Interpretation of Spectrum: After acquiring the spectrum, it needs 

to be analyzed to identify characteristic peaks and features. Peaks 

corresponding to specific molecular vibrations or functional groups 

are assigned based on known spectral patterns and literature 

references. Peaks in the fingerprint region are particularly informative 

for identifying organic compounds from the beet root extract and any 

surface functional groups on the ZnB nanoparticles. 

 Data Analysis: Once the spectrum is interpreted, we performed the 

data analysis to quantify the intensity of specific peaks, assess peak 

shifts or changes compared to reference spectra, and extract relevant 

information about the composition and structure of the ZnB 

nanoparticles. 

 Reporting and Interpretation: Finally, the results of the FT-IR 

analysis are reported and interpreted in the context of the synthesis 

process, the role of Beet root extract as a bio- template, and the 

potential implications for the properties and applications of the ZnB 

nanoparticles as shown in the result section. 

 

2.2.4.SEM of ZnO nanoparticles Method 

Here are the steps that are involved in acquiring Scanning Electron 

Micrographs (SEM) of ZnO nanoparticles: 

 Sample Preparation: In this step, we have prepared the ZnO 

nanoparticles for SEM analysis. This typically involves dispersing the 

nanoparticles onto a suitable substrate. Depending on the specific 

requirements of the analysis, the nanoparticles may be dispersed in a 

solvent and drop-cast onto a conductive substrate such as a silicon 

wafer or a carbon-coated grid. Care should be taken to ensure that the 
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nanoparticles are evenly distributed on the substrate to facilitate 

accurate imaging. 

 Instrument Setup: In this step, we have adjusted parameters in the 

SEM instrument such as accelerating voltage, beam current, working 

distance, and aperture size to optimize imaging conditions for the 

specific sample being analyzed. 

 Sample Loading: The prepared sample is then loaded into the SEM 

chamber and positioned on the sample stage. 

 Vacuum Pumping: Before imaging, we evacuated the SEM chamber 

to create a high-vacuum environment, which helps us to minimize 

scattering of the electron beam by air molecules and ensures optimal 

imaging conditions. 

 Electron Beam Scanning: Once the vacuum is established, the 

electron beam is scanned across the surface of the sample in a raster 

pattern. As the electron beam interacts with the sample, various 

signals are generated, including secondary electrons, backscattered 

electrons, and characteristic X-rays. 

 Image Formation: The signals generated by the interaction of the 

electron beam with the sample are collected by detectors within the 

SEM chamber and used to form an image of the sample surface as 

shown in our result. 

 Image Analysis: After acquiring the SEM images, they could be 

analyzed using specialized software to extract quantitative data such 

as particle size, shape, and distribution. Image analysis techniques 

such as particle counting, size measurement, and morphological 

characterization can provide valuable insights into the properties of 

the ZnO nanoparticles. 

 Interpretation and Reporting: Finally, the SEM images and analysis 

results are interpreted in the context of the synthesis process, sample 

preparation methods, and the properties of the ZnO nanoparticles. 
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Chapter three  

3.1. Result and discussion  

Scanning Electron micrographs (SEM) of ZnO nanoparticles show that the 

surface morphology of the SEM images depicts the nanoparticles as, 

aggregated and dense rock- shaped flakes. 

The uniform distribution of ZnO nanoparticles was observed on the entire 

surface as shown in (Fig-8) A, B, and C (40, 20, 10, respectively). 

Therefore, that can be represented as an improvement of the ability of beet 

root extraction to be a good method for ZnO nanoparticle creation. 

 

 

 

 

 

 

 

Fig-8: The SEM and Elemental composition of the synthesized zinc 

oxide nanoparticles, a (40µm), b (20 µm), c (10 µm) 

A 

C 

B 
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The nanoparticles appear predominantly as small and uniform spheres, 

characterized by their smooth surfaces and relatively homogeneous size 

distribution. The nanoparticles in Fig.8(C) appear to have a variety of 

shapes, including spherical, quasi- spherical, and irregular shapes. 

Moreover, a scale bar indicating a length of 30 μm, reveals a diverse array 

of morphologies and shapes. The nanoparticles exhibit predominantly 

spherical and quasi-spherical shapes, characterized by smooth surfaces and 

relatively uniform size distributions as shown in Fi.8(A). Therefore, that 

can be represented as an improvement in the ability of Beet root extraction 

to be a good method for ZnO nanoparticle creation.[39] 

Moreover, the uniform distribution of particles over the whole surface can 

be observed. The aggregation could be due to the interactions and Van der 

Waals forces between the ZnONPs [40]. Researchers also reported that 

larger grains could be attributed to the Oswald ripening process, with 

limited porosity and crystallinity [41]. 

Another result has been reported using the FT-IR method, Fourier 

transform infrared spectroscopy (FT-IR) was used to identify the possible 

biomolecules that are responsible for the reduction and capping of ZnO 

NPs. Fig.9 presents the FT-IR spectra of MgO NPs synthesized using the 

Aloe Vera herb extract. The spectra show bands at 3415, 1458, 1063, 868, 

667 and 438 cm−1. The strong infrared band near 3415 cm−1 was 

observed for the O–H bond vibrations of the hydroxy group, A study by 

Bindhu et al. (2014) on green synthesis of ZnO nanoparticles using plant 

extracts reported similar absorption peaks associated with hydroxyl groups 

[42]. 

The most intense band at 1458 cm−1 represents vibrations C=O, The 

absorption peak at this wavenumber indicates C-H bending vibrations, 

particularly associated with alkyl groups. Organic compounds present in 

Beet root extract may contribute to this peak, acting as stabilizing agents 
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during nanoparticle synthesis. Some researchers on the synthesis of silver 

nanoparticles using Beet root extract reported similar absorption peaks at 

around 1460 cm-1, attributed to the stretching vibrations of C-H bonds in 

aromatic compounds present in the plant extract [43]. 

Similar peaks have been reported in studies on the synthesis of metal oxide 

nanoparticles, confirming the presence of ZnO. The absorption at 869cm-1 

is due to C-N stretching in amines, potentially originating from organic 

compounds in the Beet root extract. A study on green synthesis of ZnO 

nanoparticles using plant extracts observed similar absorption peaks 

associated with organic functional groups [44]. 

The (fig-9) below shows the strong sharp absorption at 1458 cm-1 implies 

the presence of an aromatic ring and in-plane bending of C-H and C-C 

bonds of the alkyl groups and aromatic ring. The absorption at 869cm-1 is 

due to C-N stretching in amines. 

The band at 668 and 438 cm-1 confirmed the metal oxide linkage (ZnO). 

The broad and intense band at 3415 cm-1 indicates the presence of 

stretching vibrations of O–H groups in water. 

Further characterization techniques such as Raman spectroscopy could 

provide additional insights. Additionally, we can confirm these 

observations that FT-IR spectroscopy is a powerful tool for characterizing 

ZnO nanoparticles synthesized using beet root plant extract. The observed 

absorption bands reveal insights into the chemical composition and surface 

functionalization of the nanoparticles. Green synthesis methods utilizing 

plant extracts offer sustainable approaches for producing functional 

nanoparticles with diverse applications. 
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Figure-9: FT-IR of Beta vulgaris aqueous extract[4]. 
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3.2.Conclusion 

In conclusion, the findings of our study underscore the remarkable 

feasibility and efficacy of leveraging beet root extract in the eco-friendly 

synthesis of Zinc oxide (ZnO) nanoparticles.  Through  this  innovative  

approach,  we  not  only  achieve  successful nanoparticle synthesis but 

also significantly reduce the environmental footprint associated with 

traditional chemical methods. By harnessing the inherent properties of 

Beet root, a natural and renewable resource, we unlock a pathway towards 

sustainable nanotechnology solutions.  This  pioneering  research  not  

only  showcases  the  potential  of  bio-inspired synthesis techniques but 

also highlights the importance of interdisciplinary collaboration between 

biology, chemistry, and materials science. The implications of our work 

extend far beyond the confines of the laboratory, offering promising 

avenues for applications in diverse scientific and industrial sectors. From 

biomedicine to environmental remediation, the utilization of Beet root for 

nanoparticle synthesis opens doors to environmentally conscious 

innovations with the potential to revolutionize numerous fields. Embracing 

nature's versatility and resilience, we chart a course towards a more 

sustainable future, where the principles of green chemistry intersect with 

cutting-edge nanotechnology to address pressing global challenges. 
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 انخلاصخ

 جذر يستخهص يٍ نلاستفبدح انًهحىظخ وانفعبنُخ انجذوي عهً دراستُب َتبئج تؤكذ انختبو، فٍ

كَزان أكسُذ نجسًُبد نهجُئخ انصذَك انتىنُف فٍ انجُجز  (ZnO) هذا لخلا ويٍ.  انُبَىَخ 

 يٍ كجُز ثشكم أَضًب َحذ ثم فحست، انُبَىَخ نهجسًُبد َبجحًب تخهُمبً َحمك لا انًجتكز، انُهج

 انًتأصهخ انخصبئص تسخُز خلال ويٍ.  انتمهُذَخ انكًُُبئُخ ثبنطزق انًزتجطخ انجُئُخ انجصًخ

 انُبَى تكُىنىجُب حهىل َحى انطزَك َفتح فئَُب ويتجذد، طجُعٍ يىرد وهى انجُجز، نجذر

.انًستذايخ  

 َسهظ ثم فحست، انحُبح يٍ انًستىحبح انتىنُف تمُُبد إيكبَبد انزائذ انجحج هذا َعزض لا  

.  انًىاد وعهىو وانكًُُبء الأحُبء عهى ثٍُ انتخصصبد يتعذد انتعبوٌ أهًُخ عهً أَضًب انضىء

 يختهف فٍ نهتطجُمبد واعذح طزلبً َىفز يًب انًختجز، حذود يٍ أثعذ هى يب إنً عًهُب آحبر تًتذ

.وانصُبعُخ انعهًُخ انمطبعبد  

 انُبَىَخ انجسًُبد نتخهُك انجُجز جذر استخذاو فئٌ انجُئُخ، انًعبنجخ إنً انحُىٌ انطت يٍ  

 ويٍ.  انًجبلاد يٍ انعذَذ فٍ حىرح إحذاث إيكبَُخ يع نهجُئخ صذَمخ اثتكبراد أيبو الأثىاة َفتح

 حُج استذايخ، أكخز يستمجم َحى يسبرًا َزسى فئَُب ويزوَتهب، انطجُعخ تُىع احتضبٌ خلال

 انعبنًُخ انتحذَبد نًىاجهخ انًتطىرح انُبَى تكُىنىجُب يع انخضزاء انكًُُبء يجبدا تتمبطع

.انًهحخ  
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