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Abstract 

Among various metal and metal oxide nanoparticles, iron-oxide nanoparticles have been more 

widely used for the degradation of harmful organic dyes and the inhibition of microbial growth. 

In this study, Fe2O3 nanoparticles were prepared from Adhatoda schimperiana leaf aqueous 

extract and used to degrade Methylene Blue dye and inhibit microbes. UV-visible spectroscopy, 

TGA, FTIR, XRD and BET were employed to characterize the synthesized nanoparticles. The 

influence of pH, adsorbent dosage, contact time, and adsorbate concentration on methylene blue 

dye removal by iron oxide nanoparticles was investigated. The UV-Vis absorbance shift from 

416 nm to 397 nm (by 19 nm) suggested the synthesize of iron oxide nanoparticles. The XRD 

spectrum of Fe2O3 nanoparticles revealed a remarkably clean and crystalline structure with an 

average particle diameter of 14.31 nm. The surface area of uncalcineate and calcinated Fe2O3 

was 276.3 m
2
/g and 286.8 m

2
/g, respectively, according to BET analysis. The FTIR spectra 

confirmed the signature bands for Fe-O (574.1 cm
-1

) and organic moieties stretching vibrations. 

The point of zero charge iron oxide nanoparticles was 8.27, with a pH of 9. The thermal stability 

was determined by TGA, which revealed a 3.412% weight loss. Fe2O3 nanoparticles were 

reported to have a photo catalytic degradation rate of 97.082% for methylene blue. Using the 

well diffusion method, it was shown that synthesized iron oxide nanoparticles and plant extract 

exhibit antibacterial activity against gram-positive (Salmonella, Staphylococcus aureus,) and 

gram-negative (Escherichia coli) with the inhibition zone were 13.7 mm, 16 mm and 18 mm 

respectively. This green synthetic approach has been discovered to be easy ecologically friendly, 

and promising for usage in a range of applications, including pollutant removal from water 

bodies and antibacterial testing.   

Keywords 

 Anti-bacterial activity, Adhatoda schimperiana, Green synthesis, Iron oxide nano particles, 

Methylene blue dyes degradation. 
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1. Introduction 

1.1  Back ground of the study 

The quality of nature's gift of water has degraded as a result of industrialization and other man-

made activities, excessive chemical usage, and inappropriate product disposal [1]. Among the 

pollutants discharges from the companies such as azo, fiber-reactive, basic, acid, and dispersion 

dyes as pollutants [2]. A wide range of industries, including food, cosmetics, textiles, paint, 

printing, carpet, and paper, use dyes as colorants. Due to inappropriate handling, these colors 

have seriously damaged the environment, particularly water bodies, and exposed humans which 

can cause for harmful diseases like cancer, liver, kidney, brain, skin disorders, allergies, and 

mutations as well as aquatic life's ability to photosynthesis is impacted by light penetration that is 

blocked by dyes in the water system [3] . Thus, such types of problems can be overcome using 

different types of nanoparticles, particularly metal oxide nanoparticles [4]. 

On the other hand, antimicrobial resistance (AMR) is one of the worlds‟ challenges that require 

immediate solution. AMR refers to a microorganism's capacity to resist the effects of a 

medication that used to be able to cure the bacteria. This is accomplished through four 

mechanisms: (1) drug uptake limitation; (2) drug target modification; (3) drug inactivation; and 

(4) active drug efflux [5]. Safe and affordable plant extract-mediated nanoparticles have been 

showing promising results in resolving AMR. Among the several methods of synthesis of 

nanoparticles using a variety of techniques such as chemical, physical, and biological. From this 

method the biological molecules are assembled undergo highly control to make them appropriate 

for the production of metal nanoparticles, which have been proven to be dependable, accessible, 

nontoxic, and environmentally friendly. An environmentally friendly synthetic method for the 

synthesis of nanoparticles is generating interest globally in a biological method that free from the 

use of dangerous chemicals as by products. Many biological techniques for synthesis 

nanoparticles have been reported so far, employing microorganisms like bacteria, fungi, and 

plants [6, 7]. Of them, plants offer a superior substrate for the synthesis of nanoparticles. This is 

due to the fact that the synthesis of nanoparticles using plant extracts has several advantages over 

other methods, such as being inexpensive, effective, and environmentally friendly. Additionally, 

the plants are widely available, easily handled, and serve as a source of multiple metabolites by 
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the process. Nanotechnology's primary interests are the production of nanoparticles with 

different sizes, shapes, chemical compositions, control discrepancies, and possible applications 

for human benefit [8, 9]. The size, shape, texture, and chemical composition of these 

nanoparticles will all affect their potential. Due to their small size and high surface-to-volume 

ratio, these particles find extensive applications in biotechnology, microbiology, electronics, 

optics, mechanics, environmental remediation, medicine, and food technology [10]. Both the 

specific surface area and the proportion of surface atoms of metal nanoparticles are large since 

nanoparticles' unique physico-chemical properties such as adsorption, catalytic activity, optical, 

electronic, antibacterial properties, photo catalytic, and magnetic properties are gaining scientists' 

attention due to  their novel methods of synthesis [11, 12]. 

Metal oxide nanoparticles, like iron oxide nanoparticles, are widely used as catalysts, solar 

power converters, environmental protectors, sensors, biomedical applications, tissue repair, 

magnetic storage mediums, reactive oxygen species-induced oxidative stress, and drug delivery. 

Additionally iron oxide nanoparticles are utilized as an adsorbent in wastewater treatment and as 

nano medicines because of their exceptional ability to remove a variety of water pollutants and 

threat for antibacterial Activity [13]. Hence, presently several researchers have been reported on 

the synthesis of iron oxide nanoparticles using medicinal plants such as [14], Eucalyptus leaf 

extract [15], Carica papaya plant leaf extract [16], Siceraria leaf extract [17] ,Solanum nigrum 

leaf extract [18], Guava leaf extract as insect repellent [19] , Citrus (leome) leaf extract [20], 

Coriandrum sativum leaf extract [21]. Similarly to other medicinal plants Adhatoda 

schimperiana plant has given a priority by the field of biomedical, pharmaceutical and biological 

industries for different applications, more importantly for nanoparticle synthesis. This might be 

due the presence of phytochemicals including: polyphenols, tannins, alkaloids, flavonoids, 

saponins etc…. These phytochemicals are responsible for reducing the metal ions and then 

stabilizing during metal nanoparticle synthesis. Although Adhatoda schimperiana leaf extract 

used for the synthesis of CuO  nanoparticles [22]. No report has been available for the 

preparation of iron oxide nanoparticles using Adhatoda schimperiana leaf extract. Therefore, 

Adhatoda schimperiana has been selected for this study to synthesis of iron oxide nanoparticle 

for the application degradation of methyl bule dyes and anti-bacterial activity. 



 3 

1.2   Statement of the problem 

Adhatoda schimperiana is used as traditional medicine in rural area of Ethiopia. It is used as 

traditional medicine against malaria wounds, gonorrhea‟s rabies and other skin diseases ,wear as 

inadequate awareness among the public regarding  to the appropriate dosage of plant 

medicines[23].The discovery that is still unexplained multi-drug-resistant (MDR) bacterial 

strains and that organic dye (MB) contamination of water is increasing made it clear that this is a 

significant public health concern. To address this issue, the  new medications needed for the 

elimination of MB dye that are efficient, widely applicable, and economically feasible should be 

developed[24]. So, Adhatoda schimperiana produces a series of polyphenols, tannins, saponins 

and alkaloids that possess very potent and useful biological properties including antibacterial, 

antifungal and insecticidal properties. The bioactivities of these plants can be enhanced more 

when it is supported with metal/metal oxide NPs, Surface reaction phenomenon of these 

biosynthesized particles and high surface area to volume ratio of particles generate a tendency to 

interact and scavenge the free radicals. On the other hand, metal/metal oxide nanoparticles play a 

great role in the removal of toxic pollutants to remediate a safe environment; however, the 

physical and chemical methods of synthesis of metal oxide NPs are expensive and not eco-

friendly [25]. Therefore, green based synthesis of nanoparticles using plant-based material is the 

most widely used techniques to overcome shortcoming of chemical-based synthesis of 

nanoparticles. Many literature reports that the research in the field of green synthesis has been 

mainly focusing on Ag, Cu, Au Zn, NiO, CuO and ZnO NPs. Moreover, although iron oxide 

nanoparticles have many applications such as to remove toxic dyes to save environmental, health 

problems and for antimicrobial activity, there have been very few reports on the green synthesis 

of iron oxide nanoparticles. As far as I know, no one has reported IONPs using Adhatoda 

schimperiana leaf extract. Hence, this research was synthesized more iron oxide nano particles 

(IONPs) to be cheaply available so as to be used in different fields of applications [26, 27]. Thus, 

for green synthesis of IONPs using more local and easily available plants are highly 

recommended that Adhatoda schimperiana (“Simiza”) was implemented for this study for 

antibacterial activity and degradation of methyl blue dyes.  
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1.3   Objectives of the study 

1.3.1 General objective 

The main objective of this study was to synthesize and characterize iron oxide nano particles 

using aqueous leaf extract of Adhatoda schimperiana for degradation of methyl blue dye and 

antibacterial activity test. 

1.3.2 Specific objectives 

The specific objectives of this study were able to: 

 To check the qualitative test of phytochemicals in Adhatoda schimperiana leaf extract.   

 To synthesize iron oxide nano particle using aqueous leaf extract of Adhatoda schimperiana. 

 To characterize the synthesized IONPs using UV-Vis, TGA, FTIR, XRD and BET.  

 To evaluate photo catalytic activity of the synthesis IONPs using methylene blue dye.  

 To evaluate the anti-bacterial activities of the synthesized IONPs against Gram-positive and 

Gram-negative bacteria. 

1.4  The Significance of the study 

Green synthesis of nanoparticle has been shown to be a superior synthesis method, because of its 

better manipulation, stability, and slower kinetics. Since they offer solutions for various 

environmental and health problems, creating nanoparticles with the appropriate size and makeup 

is of great interest [28]. As a result, the produced iron oxide nanoparticles utilizing Adhatoda 

Schimperiana leaf extract may have the following importance:  

 The synthesized nanoparticles may be used to build medicine in the future. 

  Enhance knowledge of IONP and their applications.  

 The newly synthesized IONP could reduce environmental pollutants and health problems. 

 The freshly synthesized IONP were serving as a basis line for future study development 

by other researchers. 
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2. Literature review 

2.1 Nano materials  

A material with a nanoscale dimension of 1–100 nm is called a nanoparticle. The Greek word 

from which the word "nanometer" is derived means "dwarf" or "extremely small." Three to five 

atoms arranged in a row are represented by one nanometer. A nanoscale particle's diameter is 

around five orders of magnitude smaller than that of a human hair. The optical, magnetic, 

electrical, and other physical and chemical characteristics of nanoparticles are distinct from those 

of molecules and bulk solid states (Metals, ceramics, polymers, and composite materials are 

examples of nano materials) [29, 30]. They offer a great deal of potential for usage in 

nanotechnology, electronics, medicine, and other domains due to their unique physical and 

chemical characteristics. Silica, fullerene, carbon nanotubes, silver nano, and photo catalysts are 

a few examples. A number of electrical and optical systems' processing, storing, and displaying 

components are being enhanced via nanotechnology [31, 32]. One-dimensional (like surface 

films), two-dimensional (like strands or fibers), or three-dimensional (like particles) nano 

materials are all possible. They have spherical, tubular, and irregular shapes and can be found in 

solitary, fused, aggregated, or agglomerated forms [31]. A collection of techniques for working 

with matter at a small scale to produce nanoscale objects for real-world uses is known as 

nanotechnology. Therefore, nanomaterial‟s solid materials with distinctive properties related to 

their scale are the cornerstones of nano science and nanotechnology [33]. Nanotechnology is a 

promising science with wide applications from cosmetics, food products, clothing, and 

household appliances to fuel catalysts, disease treatment, and renewable energies. It is also being 

applied to a variety of industrial and purification processes, including construction materials, 

nano machining of nanowires, nano rods, grapheme, water filtration, wastewater treatment, 

energy storage, automotive parts, thin-film electronics, coatings, and anti-bacteria [34, 35]. 

2.1.1 Types of nano particles 

In general, nanoparticles can be divided into two categories: inorganic nanoparticles, which are 

made of metal or metal oxides (such as Ag, Fe2O3, TiO2, CuO, and ZnO nanoparticles), which 

have been investigated as possible tools for medical imaging, disease treatment, and adsorption 
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activity, and organic nanoparticles, which include due to their size features and advantages over 

available chemical imaging drug agents and drugs. Inorganic nanoparticles have been widely 

used for cellular delivery due to their various advantages, such as their wide availability, rich 

functionality, high compatibility, and ability to provide drugs with controlled release and 

precision [36]. 

2.1.2 Metal oxide nanoparticles  

For a number of basic scientific and technical reasons, as well as to get access to new classes of 

functional materials with unique properties and uses, nano-structured metal oxides have been the 

subject of much research. The production of nano-sized crystalline metal oxides has garnered 

more attention in recent years due to their high surface areas, peculiar adsorptive qualities, 

surface defects, and nanoscale conductivity, diffusivity, ionic structure, freezing, melting, and 

color [37]. 

2.1.3 Iron oxide nano particle 

Iron (III) oxide is an inorganic compound with the formula Fe2O3. The other two forms of iron 

oxides are iron (II) oxide (FeO), which is rare, and iron (II, III) oxide (Fe3O4), which occurs 

naturally as the mineral magnetite. Hematite, or Fe2O3, is the principal source of iron for the steel 

industry. Fe2O3 is paramagnetic, reddish brown, and easily dissolved by acids. Rust is 

comparable to iron (III) oxide in composition and properties; therefore, it can be useful to refer 

to it as such [38, 39].  

2.2 Techniques of synthesis of iron oxide nano particles 

Principally there are two approaches used to synthesize NPs including the top-down approach 

and the bottom-up approach (Figure 1). 

I. Top-down approach to NPs synthesis: This method uses a succession of synthetic 

technologies to synthesis NPs by removing certain components from a bulk material substrate. 

Pieces can be removed from bulk materials via chemical, electrochemical, or mechanical 

techniques. The bulk substrate material and targeted NP size decide the technique to be used. 

This method, however, does not provide perfect control over particle size [40]. 
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II. Bottom-up approach for NPs synthesis:  involves stacking components on top of a base 

substrate to construct complex systems while maintaining control over the chemical 

structure.  [41]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The schematic representation of the top-down and bottom-up approaches for 

production of metal oxide nano structures [42]. 

2.3 Synthesis methods of iron oxide nanoparticles 

There are three main fabrication methods for nanoscale entities: physical, chemical, and green 

synthesis techniques. The physical synthesis process is mostly determined by the instruments 

used in the experiment. Nano materials are produced using processes such as arc discharge, ball 

milling, and electron beam lithography. [43]. Chemical production of nanoparticles requires 

chemicals, reducing and capping agents, as well as suitable temperature and pressure conditions. 

Electrochemical, micro emulsion and ozonation are some examples of chemical synthesis 

methods. The biological method of synthesis is environmentally friendly and known as "green 
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synthesis" since it is non-toxic, saves reagents, and does not affect living creatures. Figure 2 

depicts multiple nanoparticle synthesis processes [44]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Different methods for synthesizing of nanoparticles [45]. 

2.3.1 Physical methods 

Physical procedures employed include plasma arcing, ball milling, thermal evaporation, spray 

pyrolysis, ultrathin films, pulsed laser desorption, lithographic techniques, sputter deposition, 

layer-by-layer growth, molecular beam epistaxis, and diffusion flame synthesis of nanoparticles 

[46].  

Nanoparticles synthesis methods 

Biological methods: 

 Bacteria 

 Fungi 

 Algae 

 Biomolecule 

 Plants. 

 

Chemical methods: 

 Chemical redaction 

 Sol-gel process 

 Solvothermal 

 Sonochemical 

 Electrochemical 

 

Beneficial: 

 Use of non-toxic and safe chemicals 

 Low costs 

 Eco-friendly 

 Availability 

 Rich in bioactive chemical 

 Easily scaled up. 

Physical methods: 

 Vapor condensation. 

 Laser pyrolysis 

 Photo irradiation 

 Thermal decomposition 

 Milling 

 Laser ablation 

Common limitations: 

 Short life up to (20min). 

 Use high toxic reagents. 

 Formation of by items. 

 Very costly. 

 Long maintenance time 

 Sludge creation. 

 



 9 

2.3.2 Chemical methods 

Chemical procedures include precipitation, oxidation, or reduction, the creation of an insoluble 

gas followed by tripping, and other chemical reactions that require the interchanging or sharing 

of electrons between atoms [46]. 

2.3.3 Green methods 

In the nanoparticle production process, green synthesis is utilized to produce environmentally 

beneficial materials such as bacteria, fungi, and plants. Green synthesis focuses on producing 

metal and metal oxide nanoparticles [47]. The development of green syntheses over chemical 

and physical methods is environment-friendly, cost-effective, and simply scaled up for large-

scale syntheses of nanoparticles in comparison to bacteria/fungi or plant-mediated synthesis; 

there was no need to use high temperature, pressure, energy, and toxic chemicals [6, 48].The use 

of green methods. 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 3: Key merits of green synthesis methods [49]. 

Use of green 

Synthesis 

 Can be used at large scale production of nanoparticles. 

 Eco-friendly 

approach, as toxic 

chemicals are not 

used. 

 External experimental 

Conditions like high energy 

and high pressure are not 

required. Leads to energy 

saving process. 

 

 

 Biological component itself act as reducing 

and capping agent, therefore reduction the 

overall cost of synthesis process. 
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2.4  Need for green synthesis 

The biosynthesis of nanoparticles is a bottom-up approach in which the primary reaction is 

reduction/oxidation. As the cost of physical and chemical methods rose, so did the need for 

nanoparticle biogenesis. Frequently, the chemical production process results in the presence of 

some of the toxic substances absorbed on the surface, which may have a negative effect in 

medical applications [50]. This is not an issue for biosynthesized nanoparticles created by the 

green synthesis approach. So, in search of cheaper nanoparticle production methods, scientists 

used microbial enzymes and plant extracts (phytochemicals), which have antioxidant or reducing 

properties and are often responsible for the reduction of metal compounds into their respective 

nanoparticles. Green synthesis outperforms chemical and physical processes because it is cost-

effective, ecologically benign, easily saleable for large-scale synthesis, and does not require high 

pressure, energy, temperature, or toxic chemicals [51]. 

2.4.1 Synthesis of iron oxide nano particles from plant extracts 

One of the first initiatives was utilizing plants to synthesize nanoparticles. The manufacture of 

nanoparticles using various plants and their extracts may be superior to other biological synthesis 

processes, which necessitate exceedingly complex procedures for maintaining microbial cultures. 

However, synthesis of nanoparticles using plant extracts is the most adopted method of green, 

ecofriendly manufacturing of nanoparticles and has the special advantage that the plants are 

widely distributed, inexpensively available, and much safer to handle in Ethiopia [52]. Plant 

extracts also contain bioactive polyphenols, alkaloids, proteins, sugars, phenolic acids, 

terpenoids, and other chemicals that play a crucial role in reducing and subsequently stabilizing 

metallic ions [53]. 

2.4.2 Mechanism of iron oxide nanoparticles synthesis 

Plant extracts contain secondary metabolites, and phytochemicals operate as both reducing and 

stabilizing agents in metal nanoparticle synthesis, making them ideal bio resources for 

synthesizing iron oxide nanoparticles. The most important phytochemicals in plants are phenols 

and flavonoids, which can be found in a wide range of plant components such as shoots, leaves, 

stems, flowers, roots, and fruits. The phenolic compounds contain both hydroxyl and ketone 
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groups. Nanoparticles synthesized utilizing this green technology increased in stability, reduced 

agglomeration and deformation of the nanoparticles, and allowed for the adsorption of 

phytochemicals on the surface of the nanoparticles, which raised the reaction rate of 

nanoparticles [54, 55].  

Depending on the iron precursor used to generate the iron oxide metal, electron-rich 

biomolecules containing hydroxyl groups (
-
OH) can effectively reduce iron ions from the 

trivalent oxidation state Fe
3+

. The characteristics of the produced nanoparticles are mostly 

determined by discrete parameters such as plant extract type, volume ratio of the extract, and 

metal salt solutions. [6, 56]. 

 

 

Figure 4: Mechanism of iron oxide nanoparticles synthesis [57] 

2.5  Applications of iron oxide nanoparticles 

Fe2O3 nanoparticles are efficient photo catalysts that absorb visible light. TiO2, a common photo 

catalyst due to its high 3.2 eV band gap, absorbs UV light at 380 nm. While Fe2O3, an interesting 

n-type semiconducting material with a band-gap of 2.2 eV, is a viable candidate for photo 
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degradation in visible light conditions, Fe2O3 nanoparticles surpass TiO2. Fe2O3 nanoparticles 

perform better. Photo catalytic performance over TiO2 can be attributed to the significant 

production of electron-hole pairs created by narrow band-gap irradiation [58, 59]. Several Fe 

(III) oxide species, particularly Fe2O3 and FeOOH, have been proposed to breakdown organic 

pollutants and lower their toxicity due to their increased photo catalytic action [60]. Fe2O3 

nanoparticles are one of the prospective materials for photo catalytic applications because of 

their low band gap energy [61], Chemical stability, high surface area, light absorption up to 600 

nm, and efficient electron excitation of Fe2O3 nanoparticles from the valence band to the 

conduction band [62]. Because of their lower band gap (2.2 eV), Fe2O3 nanoparticles can 

participate in Fenton reactions as Fe ion precursors as well as photo catalysts under visible light 

As a result, Fe2O3 nanoparticles can be employed to degrade dyes while also having 

antimicrobial properties [63].  

2.6  Dyes and the sources of dyes 

Dyes are colorful chemicals that are commonly used in the textile, printing, rubber, cosmetics, 

plastics, and leather industries to color their products, resulting in a large amount of colored 

wastewater. The textile industry uses the most dyes for fiber dyeing. Dyes are chemical 

compounds that bind to textiles or surface shells to impart color. Depolarization of wastewater 

from textile and industrial sources. Industries is a severe concern for ecological managers since 

dyes are water-soluble and generate very bright colors in water with acidic properties [59, 64]. 

Dyes come from a variety of sources, including textiles, printing, paper, carpet, plastics, and 

leather. These dyes are consistently detected in industrial waste and eventually end up in bodies 

of water. Dyes are discharged into wastewater from a variety of industrial sources. Textile 

manufacturing and dyeing companies utilize a wide range of colors and dump these dye 

pollutants into the environment as wastewater effluents. These colors are highly toxic and even 

carcinogenic to microbial populations and mammalian species; thus, they must be cleaned from 

wastewater before it is discharged into bodies of water. Dyes are stable to light and not 

biologically degradable due to the presence of functional groups comprising nitrogen, aromatic 

rings, and conjugated double bonds; they are resistant to aerobic digestion and represent one of 

the most difficult groups to remove from industrial effluent. Dyes are stable to light and not 
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biologically degradable due to the presence of functional groups comprising nitrogen, aromatic 

rings, and conjugated double bonds; they are resistant to aerobic digestion and represent one of 

the most difficult groups to remove from industrial effluent [65]. 

 

Figure 5: The pollutant and affected water body by organic dyes [66]. 

2.6.1 Methylene blue dye 

Methylene blue is a cationic dye with the chemical formula C16H18N3SCl with a molecular 

weight of 319.85 g/mol [67, 68]. 

 

Figure 6: Chemical structure of methylene blue dye [67].  

At room temperature, methylene blue dye is a solid, odorless dark green powder that turns blue 

when dissolved in water. It's an aromatic, heterocyclic compound. One or more carbon atoms in 

the backbone of the molecule are replaced by nitrogen, oxygen, or sulfur atoms  [69]. Methylene 

blue ingestion generates a burning sensation in the mouth and may result in nausea, vomiting, 
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diarrhea, and gastritis. Once inhaled, it can cause rapid, difficult breathing. An accidental 

overdose produces chest and stomach pain, severe headaches, profuse sweating, 

methemoglobinemia, and painful urination. Currently, considerable volumes of MB dye from 

various sectors are dumped into bodies of water without treatment. As a result, researchers have 

expressed an interest in removing MB dye from polluted water bodies. A low-cost, 

environmentally friendly, and efficient water treatment technology, such as photo catalytic 

degradation of methylene blue dyes, considers tacking the problem [69, 70]. 

2.6.2 Dye removal techniques 

Dyes are frequently used in the textile, plastic, leather, cosmetic, paper, culinary, and 

pharmaceutical industries to color the completed product [66, 71]. There are various common 

methods for eliminating color from industrial wastewater (effluents). These include biological 

treatment, electro dialysis, zonation, coagulation/flocculation, solid phase adsorption, membrane 

separation, electrochemical oxidation, ultrafiltration, sorption-floatation, and Fenton/Photo-

Fenton oxidation. However, there are substantial downsides to these approaches, including: 

Biological treatments involve a long reaction time and emit unpleasant scents. Incineration can 

produce dangerous and volatile gases. Ozonation has a limited half-life, and its stability is 

strongly impacted by pH, salts, and temperature. Expensive, ineffective, and generate massive 

amounts of sludge and pollutants [72]. To efficiently remove dye from water systems, unique 

and specialized treatment technologies are usually required, such as photo catalysis and 

sophisticated oxidation procedures. [73] . 

2.6.3 Mechanism of the Fe2O3 nanoparticles photo catalysis process. 

Iron oxide, an n-type semiconductor with a direct and narrower band gap in the near-UV spectral 

region (2.2 eV), has significant electron mobility [74]. Iron oxide's electrical structure enables 

photo catalytic activity, giving it outstanding multifunctional properties. When iron oxide is 

exposed to UV light with an energy equal to or greater than the band gap (Eg), excited electrons 

go to the conduction band (e
-
CB), leaving holes in the valence band (h

+ 
VB) (see Figure 7). In 

the presence of water and oxygen, two photochemical processes occur on the surface of iron 

oxide. The first involves photo-induced positive holes in oxidation, and the second involves 



 15 

photo-induced negative electrons in reduction. In these reactions, highly reactive oxygen species 

(OH
-
 and O

-2
) are created for the photo catalytic efficacy of iron oxide [75].  
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Figure 7: The proposed conduction and valence band diagram [76].  
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generated electrons then attack the dissolved oxygen, forming surface-bound superoxide anion 

and hydroxyl ions, which are also responsible for dye mineralization in the photo catalytic 

reaction. The produced OH radical breaks several bonds in the dye (C-N, C=N, C-S, N=N, C-C, 

etc.) and converts it into CO2, H2O, and inorganic ions (NH4
+
, NO

3−
, SO4

2−
, Cl

-
) [77]. The 

extremely reactive oxygen species (OH
.
 and O

2-
) are produced on the surface of nanoparticles, 

specifically iron oxide. Since employing this extremely reactive OH
. 

(radical) to convert 

methylene blue dye into CO2, H2O, and inorganic ions [78]. 

 

Figure 8: The reaction mechanism of the mineralization of methylene blue (MB) dye [79]. 

2.7 About Adhatoda schimperiana 

Medicinal plants have been used for centuries in almost every civilization on the planet. The 

World Health Organization has proved that herbal medicines serve the health needs of around 

80% of the world's population, notably millions of people in the vast rural areas of developing 

countries [80] . In Africa, the usage of traditional medicine has endured over the years, and the 

last few decades have witnessed an increase in interest in traditional medicine and various 

alternative types of treatment in both developing and industrialized countries [81]. 
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The Acanthacae (or Acanthus) family consists of 250 genera and 2500 species. This genus 

contains around 600 species dispersed in tropical and temperate climes; the majority are tropical 

plants or twining vines; some are epiphytes [82]. Adhatoda schimperiana is a plant in the 

Acanthaceae family. Adhatoda schimperiana is a common erect shrub that sprouts several 

branches from its base. It is relatively quick-growing and prefers altitudes of 8,000 feet or above 

[83]. It is a common shrub found in moist mountain forest, primarily near streams and rivers, in 

evergreen scrub on hill slopes, forest clearings, various plantations, waste land, or 

cultivated  [84]. It is an erect shrub up to 4 m tall, stem woody and with internodes, leaves 

decussate, estipulate, simple, ovate-oblong in shape, inflorescence thyroid, with densely 

flowered spikes, corolla bilabiate white to creamy white, fruit [85]. 

 

Figure 9: Adhatoda schimperiana in its natural habitat [84]. 
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2.7.1 Pharmacological medicinal use of Adhatoda schimperiana 

The traditional use of Adhatoda schimperiana varies by geography and culture. For generations, 

the Hadiya people of southern Ethiopia have used it to control malaria, wounds, gonorrhea, 

rabies, and headaches [86]. In Bahirdar Zuria, Ethiopia, traditional healers employ Adhatoda 

schimperiana leaf paste locally to treat burns and arthritis, and the leaf juice orally to treat 

jaundice [84]. In some areas of Ethiopia, the dried root of Adhatoda schimperiana is traditionally 

used to cure seizures [87]. In North Wollo and Gonder, Ethiopia, Adhatoda schimperiana leaves 

have also been used to treat malaria, rabies, diabetes, wounds, gonorrhea, headaches, intestinal 

parasites, and coccidiosis [88]. In addition to the aforementioned items, Adhatoda schimperiana 

is traditionally used to treat bilirubinemia and intestinal parasites [89]  
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3 Material and methods 

3.1  Description of study area  

The study was conducted in the North Wollo Zone, namely at Woldia town. Woldia, the largest 

town in North Wollo zone, is approximately 520 kilometers north of Addis Abeba in the Amhara 

region. Woldia town has an elevation of 2112 m above sea level and the average annual 

minimum and maximum temperatures, rain fall and relative humidity are 7 
o
C to 27 

o
C, 1.2 mm 

and 414.8 mm and from 40 to 74% respectively. 

  

Figure 10: Map of the study area  

3.2 Materials 

3.2.1 Reagents and Chemicals 

Ferric nitrate (Fe (NO3)3∙9H2O, 98%, India), Ferric chloride (FeCl3 98%, Maharashtra. India), 

Hydrochloric acid (HCl, 35%, India), Sodium hydroxide (NaOH, 99.8%, China), Iodine (I2, 

99.8%), Methyl Blue dye (India), Potassium Iodide (KI, 99.71%, India), Distilled water, Ethanol 

(96%, Addis Ababa, Ethiopia) and Gentamycin were used in this study. 

3.2.2 Apparatus and Instruments 

The apparatus and the instruments used for this study were: Polyethylene plastic bag, What man 

No 1 filter paper, droppers, aluminum foil, test tubes, test tube rack, watch glasses, Crucible, 

Measuring cylinders, Pipette, hotplate, volumetric flasks, Erlenmeyer flask, grinder, beakers, 
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Spatula, disk, washing bottles, reagent bottles ,cuvette, centrifuge tubes, Analytical balance 

(FA2104), pH-meter (AD8000 PH/MV/EC/TDS and temperature meter), Centrifuge 

(12HOLE,India), magnetic stirrer (MS7-H5O-S),Autoclave (AX-B122) refrigerator (LLR-450), 

Oven, Muffle furnace (FCD-3000), Biosafety cabinet (BSC-1300IIA2-X), incubator 

(DH4000LL),UV-visible spectroscopy (UV9000UV/VIS SPECTROPHOMETER), Fourier 

transform infrared (Jasco-FT/IR-6600A), X-ray diffraction (XRD-7000X-RAY 

DIFFRACTOMETER), thermo gravimetric (HCT-1) analysis, and BET (ANOVA 4000e 

Instruments) analysis. 

3.3  Methods 

3.3.1 Collection and preparation of Adhatoda schimperiana plant 

Adhatoda schimperiana leaves were collected from their native habitat in December 2016 E.C., 

Woldia town, near mugad, using a random sample approach in a polyethylene plastic bag. It was 

taken from three locations around "St. Micaal Church, Maksegno Gebeia, and Mugad" to limit 

the sample's geographical component. The sample was delivered to the chemical laboratory with 

a clean plastic bag in the morning. Fresh Adhatoda schimperiana leaves were washed with tap 

water to remove dirt before being rinsed with distilled water. Then it was allowed to dry in the 

shade at room temperature for two weeks. The dried leaf was pulverized with a grinder to create 

a coarse powder that was utilized for extraction. 

3.3.2 Aqueous extraction of Adhatoda schimperiana leaf 

An aqueous extract of the leaf was prepared by combining 2 g of A. Schimperiana dried leaf 

powder with 100 mL of distilled water in an Erlenmeyer flask and placing it on a magnetic 

hotplate with a stirrer (1200 rpm) at 80 °C for 30 minutes. Following cooling, the solution was 

filtered through what man No 1 filter paper and centrifuged for 40 minutes at 4000 rpm. The 

resultant fine solution was kept at 4°C for future use [90]. 
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3.4  Qualitative analysis of phytochemicals 

The presence of several phytoconstituents in aqueous extracts of Adhatoda schimperiana leaf 

was examined through phytochemical analysis utilizing standard chemical methods [91, 92].In 

this work the extract was tested for flavonoids, alkaloids, tannins, saponins, and phenols.  

3.4.1 Test of alkaloids 

Wagner's Test: Place 4 mL of plant extract solution in a test tube, and then add 5 drops of 

Wagner's reagent (1 g iodine and 3 g potassium iodide dissolved in 50 mL distilled water). After 

vigorous shaking, a reddish-brown precipitate was produced [93]. 

3.4.2 Test for flavonoids 

Alkaline Reagent Test: In a test tube, combine 4 mL of plant extract solution with 6 drops of 1 

M sodium hydroxide solution. They noticed the vivid yellow color [94]. 

3.4.3 Test for tannins 

In a test tube, 3 mL of plant extract was combined with 2 mL of distilled water and three drops 

of 10% FeCl3. During intense shaking, a blue-black color was detected [94, 95]. 

3.4.4 Test for saponins 

Froth (foam) Test:  2 mL of plant extract was added into a test tube with 4 mL of distilled water, 

stirs rapidly for 20 seconds, and let stand for 10 minutes. The top layer of the mixed solution was 

then covered with sturdy foam about 1 cm tall [95]. 

3.4.5 Test for phenols 

Ferric Chloride Test: Two drops of 10% ferric chloride (FeCl3) were added to the plant extract 

solution (4 mL) in a test tube, shaken, and the dark green solution was observed [96].  



 22 

3.5  Green synthesis of iron oxide nanoparticles 

For the synthesis of iron oxide nanoparticles, the method of [97] was employed. To summarize, 

the optimum Fe (NO3)3∙9H2O solution (0.1 M) was mixed with optimum volume of plant extract 

solution (1:2) mL in a conical flask. The mixture was placed on a hotplate (optimum temperature 

was 60 °C) with a magnetic stirrer (200 rpm) at optimum pH 10 and observed for a dark color 

shift to dark brown after 60 minutes. The reaction mixture obtained after cooling was centrifuged 

for 40 minutes at 4000 rpm, and the pellet was washed three times with distilled water and 

ethanol to eliminate impurities. Finally, pure-wash pellet were collected in a crucible and dried at 

room temperature. Then, thermal stability tests were performed and the synthesized pellet was 

calcined in a muffle furnace at 660 
o
C for 2 hours to improve purity. This yielded pure pellets, 

which were maintained in sealed bottles under dry circumstances to employ alternative 

characterization.  

3.6  Characterization of iron oxide nanoparticles (IONPs) 

3.6.1 UV-VIS spectroscopy analysis of IONPs 

To ensure the synthesis of nano iron oxide  and plant extract was examined for optical absorption 

properties using a UV-Vis spectrophotometer with a wave length range of 200-800 nm with 

quartz cuvette and distillation water as the blank solution [98]. 

3.6.2 Thermo gravimetric analysis of IONPs 

The thermal behavior was analyzed by thermo gravimetric (TGA) and differential thermal 

analysis (DTA) in the air using the TGA  with the range from ambient temperature to 800 °C by 

taking 10 g  [99]. 

3.6.3 FT-IR analysis of IONPs 

The major chemical groups in the leaf extract, uncalicinated iron oxide nanoparticles, and 

calcined iron oxide nanoparticles were studied using an FT-IR spectrometer. The transmittance 

was measured between 400 and 4,000 cm
−1

 with the KBr pellet technique [100]. 
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3.6.4 XRD analysis of IONPs 

The uncalicinated and calcinated iron oxide nanoparticles' phase variety and grain size were 

determined using X-ray diffraction spectroscopy. The X-ray diffraction (XRD) pattern of iron 

oxide nanoparticles was obtained using a powder X-ray diffractometre with Cu Kἀ radiations (k 

= 1.54060 nm) in the 2θ range of 10 to 80 
o
C [101]. 

3.6.5 BET analysis of IONPs 

The Brunauer-Emmett-Teller (BET) method was used to calculate the BET surface area and 

mean pore diameter of iron oxide nanoparticle samples based on the nitrogen adsorption-

desorption isotherm. Before measuring nitrogen gas adsorption, the samples were vacuum 

degassed for at for 2 hours to eliminate any adsorbed species in the pores. Adsorption-desorption 

of the samples were then done by N2 adsorption at 77 K [102] . 

3.7  Photo catalytic activity 

3.7.1 Photo catalytic degradation of methylene blue dye 

Methylene blue dye was chosen as the model water pollutant for Photo catalytic degradation test 

by optimizing the following variable parameters: adsorbent dosage (20 -120 mg) with pH8,10 

mg/l,0.1 M and 20 minute)) ,starting dye concentration (5-30 mg/L) with 0.1M,pH8 ,40 mg and 

20 minute )) , pH (2-12) with 0.1M,40 mg,10 mg/l and 20 minute)), contact time (20-120 min) 

with 0.1M, 10 mg/l, 40 mg,pH9 and temperature (25 °C)). All solutions had their initial pH 

adjusted with 0.1 M NaOH or 0.1 M HCl. Centrifugation (4000 rpm for 10 min) was used to 

achieve the deterioration of the catalyst-MB equilibrium, followed by filtration. At the 

conclusion of each experiment, a tiny amount of the solutions (supernatant) was removed at a 

specified time, and the absorbance was measured using a UV-VIS spectrophotometer with the 

range of wavelength 200-800 nm [103]. The present photo degradability capability MB dye was 

estimated using Equation 1. 

             ( )  
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Where, A0 -the initial absorbance of MB dye, At - absorbance of MB dye after photo degradation 

at a time„t‟. 

3.7.2 Recycling test of the iron oxide nano catalyst  

An iron oxide nanoparticle catalyst's reusability was tested utilizing the dye degradation method 

under natural sunlight [104]. The 40 mg optimal value of iron oxide was added to a 100 mL 

beaker containing 30 mL of the 10 mg/l optimum concentration of MB solution. The mixture 

was agitated at room temperature for 30 minutes to reach an adsorption-desorption equilibrium 

between the catalyst and the MB dye. Then 5 mL of the mixture was obtained, centrifuged for 10 

minutes, and its absorbance was measured between 200 and 800 nm. After the breakdown of the 

MB dye, the photo catalyst was centrifuged and rinsed with distilled water repeatedly before 

being dried at room temperature for one week before being used again. Using the same approach, 

photo catalytic degradation evaluations were carried out for three cycles under sunlight, and the 

percentage degradation was estimated for each trial using an equation (1) [105]. 

3.8  Anti -bacterial activity of iron oxide nanoparticles 

The synthesized IONPs were evaluated for antibacterial sensitivity against Gram-positive 

(Staphylococcus aureus, Salmonella) and Gram-negative bacterial pathogens (Escherichia coli). 

The agar well diffusion assay was used in this investigation. Colonies of several bacterial species 

were injected with selective media (Mannitol salt agar, Macckonkey agar) and incubated for 48 

hours at 37 °C in an incubator [106]. In the biosafety cabinet, bacteria were distributed evenly 

over the Muller-Hinton Agar substrate using a sterile spreader. The antibiotic disks (gentamycin 

as a positive control and distilled water as a negative control) with the produced calcined iron 

oxide nanoparticles in different concentrations (25 μg mL
-1

, 50 μg mL
-1

, 75μg mL
-1

, 100 μg mL
-

1
(1:2)) and the concentration of crude leaf extract (25 μg mL

-1
 and 50 μg mL

-1
) with 50 μL of 

volume each were placed at least 30 mm apart from the cultured petridish and incubated. 

Following incubation, the zone of inhibition around the disks was studied and measured with a 

ruler [107]. 
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4 Results and Discussion  

4.1  Phytochemical screening of the Adhatoda schimperiana leaf extract 

The reddish-brown aqueous extract was derived from Adhatoda schimperiana leaf. The 

phytochemical contents of the leaf extracts were then examined, with the results shown in Table 

1 and Figure 11 [108]. 

Table 1: Phytochemical screening of A.Schimperiana leaf extract. 

N

o. 

 

Secondary 

metabolites 

 

Tests 

 

Observations 

 

Result

s 

1 Phenols 

 

Ferric chloride test 

 

Dark green solution 

 

++ 

2 Alkaloids 

 

Wagner‟s test 

 

Reddish brown precipitate 

 

+ 

3 Saponins 

 

Frothing (foam) test 

 

A stable froth that persists for at least 2 

min 

 

++ 

4 Flavonoids 

 

 

Alkaline reagent test 

 

The observed intense yellow color. 

 

+ 

5 Tannins 

 

Ferric chloride 

 

Blue-black coloration 

 

++ 

+ = The sign indicates the presence bioactive component in Adhatoda schimperiana leaf 

extract. 

++ = The sign indicates the presence highly bioactive component in Adhatoda schimperiana 

leaf extract. 

The phytochemical examination of the aqueous extract of the chosen plant confirmed the 

existence of the phytoconstituents as shown in table 1, the Adhatoda schimperiana leaf extract 

was high in phytochemical elements such as phenols, saponins, flavonoids, tannins, and alkaloids 

were developed the color during the test was given in Figure 11. Recently, it was discovered that 

these bioactive compounds contain the OH
-
, C=O-C, C=C, and C=O functional groups and act as 

reducing, capping, and stabilizing agents in the synthesis of nanoparticles [109].  



 26 

P
la

n
t 

E
xt

ra
ct

A
lk

al
oi

d

F
la

vo
n

oi
d

T
an

ni
n

Sa
po

ni
n

P
h

en
ol

 

Figure 11: Phytochemical analysis of Adhatoda schimperiana leaf extract. 

4.2   Optimization of important parameters for synthesis of IONPs 

As previous investigations have revealed, examining physical factors including concentrations of 

precursor, volumes ratio of precursor and plant extract, effect of reaction time, effect of pH, 

effect of temperature and effect of plant extract during green synthesis of IONPs is critical for 

managing their stability. The absorption peak was kept between 200 and 800 nm wavelength for 

each parameter [110]. When a single parameter was optimized, the other values remained 

constant in each trial. 

4.2.1 The effect of concentrations of precursor (Ferric nitrate) 

The concentration of the precursor should be proportionate to the volume of plant extract used. 

In this study, 10 mL of different precursor concentrations (0.025, 0.05, 0.1, and 0.2 M) were 

mixed with 20 mL of leaf extracts to create each. 0.1 M was chosen because it produced a sharp 

peak that demonstrates the production of nanoparticles, as the intensity of the surface plasmon 
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peak has direct proportionality with the concentrations of synthesized nanoparticles in the 

solution [111]. The results obtained were in good agreement with current research, and an 

increase in intensity implies that more nanoparticles are synthesized [111].The results are 

depicted in Figure 27 (at appendix A) .  

4.2.2 The effect of varying volumes ratio of precursor and plant extract 

The types of biomolecules present in plant extracts, as well as the volume ratio, have a major 

impact on the production of IONPs. The volume ratio of ferric nitrate and plant extracts used in 

this study has a significant effect on the reduction of metal ions in their oxidation number (Fe
3+

 

to Fe
0
)  [112]. To find the best volume ratio of ferric nitrate to plant extracts, numerous volume 

ratios of ferric nitrate to plant extract (1:1, 2:1, 1:2, 3:1, and 1:3) mL were reacted with varied 

volumes of precursors and extract. In this procedure, the 1:2 ratios in mL were the best number 

for achieving the smallest wavelength, the most intense peak, and a larger blue shift wavelength. 

This is due to phytochemicals included in the plant extract that are responsible for the bio 

reduction and stabilization of the IONPs [113] react with precursor. The result is shown in Figure 

28 in (at appendix B).  

4.2.3 The effect of varying reaction time 

Reaction time is critical for the synthesis and stability of nanoparticles [114]. Thus, several 

reaction durations of 20 to 80 minutes were investigated, and 60 minute was shown to be an 

optimal time because the highest absorbance intensity of the UV-Vis peak was detected, 

indicating that all precursors were reacted with leaf extract and the reduction in metal ions was 

complete. The result is shown in Figure 29 (at appendix C).  

4.2.4 The effect of pH  

The pH was one of the parameters that affected the size, shape, and content of nanoparticles 

[114].  pH in an aqueous medium can have a significant impact on the progress of the metal ion 

reduction reaction, capping and stabilizing abilities, and consequently the growth of the 

nanoparticles [114]. For instance, the presence of OH
- 
ions in an alkaline pH environment may 

improve the reducing and stabilizing properties of the biomolecules in the leaf extract [115]. 
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Thus, the pH range from 6 to 12 was treated to know the optimum pH value of IONPs for this 

study, and the result is given Figure 30 (at appendix D). Thus, at pH 10 a blue shift was observed 

that could be attributed to the decrease in the particle size. Therefore, pH 10 was considered as 

an optimum value for study. Above pH 10, it was not able to synthesize IONPs, as may be the 

high OH ion concentration hinders the process. The formation of IONPs occurs rapidly in the 

basic pH, it may be due to the ionization of the phenolic group present in the extract. The slow 

rate of formation and aggregation of IONPs at acidic pH could be related to the electrostatic 

repulsion of cations present in the solution  [116]. 

4.2.5 The effect of temperature  

In this study, the effect of temperature on the creation of IONPs was investigated, that the 

temperature had a significant impact on IONPs formation. The temperatures ranged from 25 
o
C

 

to 120 
o
C were tested and an optimum value was found to be 60

 o
C. As shown in Figure 31 (at 

appendix E), there were sharp and intense SPR peaks of synthesized IONPs accompanied with a 

red shift along with temperature increase from 25 
o
C to 60 

o
C , whereas the broad and extremely 

weak absorption peak intensity of IONPs synthesized at 90 
o
C and 120 

o
C. As the temperature 

rises, the reactants are rapidly consumed, and smaller particles are produced [117]. 

4.2.6 The effect of plant extract  

The influence of plant extract on the synthesis of IONPs was investigated, and it was discovered 

that the amount of plant extract had a significant impact on IONPs formation. The plant extract 

ranged from 2 to 6 g were implemented and the optimized amount was found to be 2 g. As 

shown in Figure 32  and Table 5 (at appendix F & G respectively), there were strong and 

powerful surface plasmon resonance (SPR) peaks of manufactured IONPs accompanied by a 

blue shift, and the amount of plant extract decreased from 6 to 2 g when the peak shift in blue 

said the nanoparticle size might be decreased that enhance the surface area of synthesized IOPNs 

[118]. 
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4.3    Characterization of the synthesized samples 

4.3.1 UV-Vis absorption spectral analysis 

UV-Vis spectroscopy is one of the most commonly used easy and sensitive techniques for 

detecting nanoparticle formation [119]. The UV-Vis spectra of synthesized IONPs were 

measured at room temperature and ranged between 200 and 800 nm. The generated IONPs 

showed a distinct surface plasmon resonance (SPR) band in the 395–430 nm spectral range. The 

extract, ferric nitrate, and synthetic iron oxide all exhibited UV-Vis absorption bands at 426, 416, 

and 397 nm, respectively. As indicated in Figure 12. The shift from 416 nm to 397 nm (by 19 

nm) was shown to create nanoparticles at the optimal wavelength. The results are in line with the 

previously reported IONP values [120].  
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Figure 12: UV-Vis absorption spectra of extract, ferric nitrate and IONPs.  

4.3.2 The band gap energy calculation of IONPs 

The direct energy band gap of the synthesized IONPs was determined using the Tauc equation as 

given in equation 2:  
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              (     )                                 

In this equation, α represents the absorption coefficient, h is Plank's constant, ν is the vibration 

frequency, A is constant, and Eg is the band gap.  

Tauc plots were created by extrapolating UV-Vis data and plotting of hν (energy) on the X-axis 

and (αhν)
2 

on the Y-axis [121]. Based on the Tauc figure, the band gap energy of the adsorption 

edge wavelength of IONPs was measured and the result was found to be 2.18eV as shown in 

Figure 13. The shift of absorption edge of IONPs to a longer wavelength was resulted in smaller 

band gap energy. Thus smaller band gap of the IONPs might have a vital implication for various 

industrial applications as well as medical applications by photo catalytic activity and 

antibacterial activity [122]. 
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Figure 13: Tauc plot of IONPs for direct band gap calculation. 

4.3.3 Thermo gravimetric analysis of IONPs 

The results of thermo gravimetric analysis and differential thermal analysis (TGA/DTA) are in 

good accord with the findings related to the formation and decomposition phases that occur 

during heat treatment of synthesized IONPs. Thermal analyses were done between 800 °C and 

room temperature. The IONPs were heated in an air environment in an alumina crucible at a rate 
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of 10 °C/min to perform TGA. The thermal analyses (TGA/DTA) of synthetic iron oxide with 

Fe
3+

 = 0.1 M are shown in Figure 14. The operating temperature ranges have three different mass 

loss stages. The initial phase of weight loss, which accounted for approximately 1.0409% of the 

total weight loss, happened gradually between 44 and 227 °C. This weight loss is explained by 

the elimination of water that was present on the IONP surface. Our prepared sample contains 

combustible organic compounds, which is the reason for the mass loss of 2.025% at 228–593
 o

C 

in the second stage. The third stage represents a slight weight loss (0.346%) that takes place 

between 600 and 660 °C and is caused by the produced chemicals' transition phase. The curve 

becomes parallel to the temperature axis after 660 °C, high lighting the great stability of IONPs. 

There is no associated signal with the thermal processes of IONPs in the TGA curve confirming 

the crystallization and phase transition of IONPs associated with them. Moreover, no further 

modifications were observed after 660 °C, suggesting that the synthesized IONPs were 

extremely thermally stable (Figure 14) [123]. On the other hand, DTA enabled us to find 

endothermic peaks that; first, second, and third endothermic peaks were found around 105 
o
C, 

283 
o
C and 600 to 660 

o
C, respectively. 
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Figure 14: TGA and DTA analysis of synthesized IONPs. 
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4.3.4 FT-IR spectroscopic analysis of IONPs 

The surface functional groups of produced IONPs were investigated using FT-IR over a spectral 

range of 4000-400 cm
-1

 at room temperature with the goal of identifying the functional groups 

(such as phenol, saponins, flavonoid, alkaloids, carbonyl and hydroxyl) responsible for reducing 

and stabilizing agents. The result of the present study is given in Figure 15 a. Hence, a broad 

absorption band, most likely in the range of 3600-3100 cm
-1

, corresponds to the hydroxyl groups 

(O-H) stretching ,which it suggested the presence of alcoholic or phenolic groups in the leaf 

extract with a wide diversity of hydrogen bonding [124].The peak intensity of ~3378 cm
-1

(Figure 

15 b) indicates the coordination of O-H groups with IONPs (Figure 15 a). The strong and sharp 

peak at 1611 cm
-1

 indicates the presence of carbonyl (-C=O) groups, which are responsible for 

capping and stabilizing agents (Figure 15 a).The C=O stretching changed to 1610 cm
-1

 (Figure 

15 b), 1622 cm
-1

 (Figure 15 c), and got shorter, indicating that the carbonyl groups were capped 

in the produced nanoparticles. The brief peaks at 1622 cm
-1

 and 1383 cm
-1

 revealed the presence 

of -C=C functional groups and N-O in the extracts, respectively. There was also a spectral band 

at 1380 cm
-1

, which corresponds to the symmetric stretching of nitrate species in IONPs. The 

absorption peak at 1032 cm
-1

 could be attributed to C-N stretching in primary amine or to the C-

O stretching vibration of phenolic groups (Figure 15 c). A brief peak occurred at 956.4 cm
-1

 

(Figure 15 a), indicating the presence of polyphenols, carboxylic acid, polysaccharide, amino 

acid, and proteins in the leaf extract. The absorbance peak was then lowered to 574.1 cm
-1

 and 

443.3 cm
-1

, indicating that the produced IONPs were well coordinated with these metabolites 

(Figure 15 c). A strong peak at 574.1 cm
-1

 indicates the typical absorption of the IONPs bond 

(Figure 15 b). The FT-IR spectrum confirmed the existence of active chemicals in the extract, 

which may greatly contribute to nanoparticle stabilization, as previously described [125, 126]. 
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         Figure 15: FT-IR spectra of the leaf extract (a), uncalcineate (b) and calcinated IONPs (c). 

4.3.5 XRD analysis of IONPs 

Using X-ray diffraction (XRD) at a scan rate of 3
o
/min, the crystal structures and diffraction 

patterns of both calcinated and uncalicinated IONPs were identified. The patterns showed 

distinct peaks at 2θ, which corresponded to the crystal planes of the uncalicinated IONPs (Figure 

16 a). The peaks ranged from 30.13
o
 to 34.19

o
, 60.18

o
, and 62.39

o
. The joint committee on 

powder diffraction standards has suggested that these diffraction peaks are associated with the 

good crystalline structure of uncalicinated IONPs (JCPDS No: 025-1402) [127]. The additional 

many small peaks observed in the XRD pattern of uncalcineate IONPs may be contributed from 

the precursor ferric nitrate nine hydrate, water and phytochemicals, after calcinated of IONPs by 

660
o
c for 2h, there were a change in intensity peaks and slightly shift of diffraction angles 

observed. Specifically, the weak peaks looked at 24.1
o
, 33.11

o
, 43.31

o
, 54.1

o
,57.31

o
  and 74.69

o 
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were related to the intense (012), (104), (0012), (2212) , (1115) and (3315)  reflection (Figure 16 

b). However, the intense peak at 35.77
o
 was observed well, it may be resulted from high in 

amount of the IONPs. It was in good agreement with the already reported value and with 

standard data card (JCPDS No: 033-0664) [125].The presence of metallic iron content on the 

iron oxide surface was indicated by the appearance of those peaks in the diffraction pattern. 

based on XRD analysis, the diffraction peaks of (206), (119), and (4012) were narrow and high-

intensity when compared to uncalcineate iron oxide nanoparticles in Figure 16 a due to the effect 

of different impurities in uncalcineate FeO structures. Based on these findings, the majority of 

the impurities are found on the surfaces or the interface of the uncalcineate iron oxide structure. 

Some iron ion peaks were also not found in the XRD study due to limited dispersion and low 

metallic iron content. Using Debye-Scherer's equation   [128], the average crystallite size was 

determined to be between 12.82 and 16.66 nm in size that is the average crystalline size to be 

14.31 nm IONPs products. These results have good agreement with the previous study [129].  

  
     

     
                                     

Where, D = average crystallite size, λ is wavelength of X-ray beam (1.54056Å), θ is the Bragg 

diffraction angle in degree, β is full width at half maxima (FWHM) of XRD peak. 
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Figure 16: XRD pattern of calcinated (a) and uncalicinated (b) IONPs. 

Table 2: The structural parameters of IONPs as obtained from XRD analysis. 

2ᶿ (degree) 

Hkl Observed JCPDS 

012 24.1
o
 24.2° 

104 33.11
o
 33.1° 

119 35.67
o
 35.7° 

0012 43.31
o
 40.9° 

2212 54.1
o
 54.1° 

1115 57.31
o
 57.6° 

4012 63.04
o
 62.5° 

3315 74.69
o
 75.5° 

4.3.6 The BET analysis of IONPs 

The uncalcineate IONPs' BET surface area and pore volume were determined to be 276.325 m
2
/g 

and 5.46 cc/g respectively, with a pore diameter of 3.92 Å. Nonetheless, the calcined IONPs' 

BET surface area was determined to be 286.861 m
2
/g, which is significantly more than the 

uncalcineate IONPs' maximum surface area, which has been reported by several researchers and 

is displayed in table 3.The resultant nanoparticle surface area is found in the  of commercial 

Fe2O3 is 63 m
2
/g [130]. Therefore, the obtained surface area is 4.55 times greater than 

the commercial one. Furthermore, measurements of the pore width and pore volume of 

calcinated IONPs were 1.81 Å and 4.57 cc/g, respectively, which supported the micro porous 

character of the pores. Therefore, the IONPs' increased specific surface area and micro pore 

structure could be advantageous for the material's possible catalytic use in a variety of 

applications. Furthermore, the calcinated IONP's predicted diameter of 14.31 nm supported the 

nano range. 

 

 

 



 36 

 

Table 3:  BET surface area of some of the published reports on IONPs. 

No Synthesis Method BET surface 

area (m
2
/g) 

References 

1 Green synthesis camellia sinensis leaf extract  22.5  [131] 

3 Facile synthesis of porous α-Fe2O3 nano rods and 

their application in ethanol Sensors. 

221.9  [132] 

2 Synthesis of steel waste-based iron oxide 

nanoparticles.  

325.02  [133] 

 Green synthesized α-Fe2O3 nanoparticles using the 

leaf extract of Spondias dulcis. 

190.84  [134] 

3 Green synthesis Peltophorum leaf extract. 

 

66.44  [135] 

4 Chemical synthesis  

 

79.2  [136] 

5 Chemical synthesis  

 

90.71   [137] 

6 Green synthesis Adhatoda shembriana leaf extract of 

uncalcineate IONPs. 

276.325  This study 

7 Green synthesis Adhatoda shembriana leaf extract of 

Calcinate IONPs. 

286.861  This study 

4.4  Optimization of photo catalytic parameters 

For each parameter, the decolorization and percentage dye degradation efficiency (removal 

efficiency) were calculated using equation (1) [129]. 

4.4.1 The effect of IONPs dose 

The methyl blue (MB) dye degradation was assessed using the produced IONPs. In order to find 

out the optimum concentration, the effect of various amounts of synthesized IONPs (20, 40, 60, 

80, 100, and 120 mg) was studied at constant pH (8), concentration of dye (10 mg/l), temperature 

(25 
o
C), and contact time (20 minutes). It was observed that increasing the catalyst dose from 20 

to 40 mg enhanced the degradation rate. It indicates that the dose of iron oxide nanoparticles up 
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to 40 mg produces higher amounts of species having active sites (hydroxyl and superoxide 

radicals) on the synthesized IONPs surface and provides good photo catalytic degradation 

efficiency. However, the degradation performance decreases at further increases in the catalyst 

dose [63]. This could be due to an increase in turbidity of the working system that scatters solar 

radiation, delimits the photo excitation efficiency to activate the catalyst surface, and the photo 

catalytic activity decreases [63]. The obtained results showed that an optimum amount of catalyst 

for decolorization of the dye mixture was 40 mg, as greater than 89% of dye degradation was 

achieved [70]. 
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Figure 17: Effects of IONPs dose on MB photo degradation.  

4.4.2 The effect of initial dye concentration 

Other variables, such as PH (8), temperature (25 °C), catalyst dose (40 mg), and irradiation time 

(20 min), were held constant while different MB dye concentrations (10, 15, 20, 25, and 30 mg/l) 

were utilized independently to find the ideal amount of dye. As the dye concentration increased, 

the dye's efficiency of degradation reduced. This occurrence is caused by more dye molecules 

adhering to the catalyst's surface, which prevents photons from penetrating the iron oxide surface 

and reducing the number of active sites for the production of hydroxyl radicals [70]. More than 
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74.6% of MB dye (10 mg/l) was degraded, so that it was determined as initial optimal 

concentration (Figure 18). 
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Figure 18: Effects of MB dye concentration on photo degradation. 

4.4.3 The effect of pH and Point of zero charge 

One of the main elements affecting the dye pollutants' ability to break down photodegradable is 

the pH of the working solution [138]. The determination of the point of zero charge (PZC) 

preceded the optimization process for the impacts of pH. The pH value at which the particle 

surface's net charge is zero or neutral is known as PZC. Six beakers, each with a different pH 

adjusted between 2, 4, 6, 8, 10, 12, and 0.1 M HCl and 0.1 M NaOH, each labeled pHi, were 

filled with 30 mL of 0.1 M NaCl. Following the addition of 40 mg of Fe2O3 nanoparticles and a 

24-hour shake, the pH values of the supernatant in each vial were determined and assigned the 

letter pHf. The PZC was obtained from the intersection point of the plot of ΔpH (pHf – pHi) 

versus pHi (Figure 19). Below this value, the surface of the catalyst is positively charged and is 

always easier to adsorb an anion, whereas beyond this value, it is negatively charged particle 

surface so that it adsorbs a cation on a negatively charged surface[139]. 
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Figure 19: Determination of pH at point of zero charge. 

The study employed 0.1 M HCl and 0.1 M NaOH solutions to regulate the pH of a 10 mg/l 

solution mixture of MB dye, which contained 40 mg of nano catalyst. The pH was calibrated to 

fall between 4, 6, 8.27, 9, 10, 11, and 12 before initiating the photo catalytic degradation process. 

The experiment on the effects of pH on dye degradation was then carried out using the photo 

catalytic technique, and the findings revealed that pH 9 had the maximum degradation efficiency 

of 95.71% [137]. Therefore, pH 9 was accepted as the optimized value of the working condition 

for photo catalytic degradation. 
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Figure 20: pH effects on percent degradation of MB dye. 



 40 

As seen from Figure 20, at pH 4, the least effective photo catalytic degradation was observed. 

This low value results from a repulsion between the positively charged iron oxide nanocatalyst 

surface and the positive groups of the MB dye molecules, which reduces the photo degradation 

efficiency. Meanwhile, at pH values of 8.27 and higher, demethylation and photo degradation of 

methylene blue were noted in the presence of the Fe2O3 nanoparticle [63]. About 83.59% of the 

MB dye was partially decolorized and degraded at pH 8.27 at the start of the constant period. It 

has been established that when the pH is higher than 8.27 to 12, an excess of hydroxyl ions (OH
-
) 

can cause the catalyst's surface to become negatively charged. These excess OH
-
ions can then 

search for holes on the iron oxide surface and convert to hydroxyl radicals. As a result, the 

density of OH radicals and the coordination between the positive groups of MB dye were 

increased, which improved the photo degradation performance. However, the excess amount of 

OH caused the surface of the Fe2O3 nanoparticle to be hindered, causing the photo degradation 

performance to decrease from pH 11 to pH 12 [140]. The optimum pH value was obtained at pH 

9 which the value was 95.71%. 

4.4.4 The effect of irradiation time 

Using 40 mg of iron oxide catalyst and 10 ppm of MB dye solution at pH 9 and room 

temperature, the effect of irradiation time on the degradation efficiency of the photo catalyst was 

investigated at time intervals ranging from 20 to 120 min for the catalyzed and from 20 to 200 

min for the uncatalyzed MB dye, both under UV light. The result of the study has been given in 

Figure 21. The percent degradation was evaluated  using equation 3 [141]. 

The percentage of dye degradation at 80, 100, and 120 minutes was 93.74%, 96.61%, and 

97.13%, respectively. The dye mixture completely decolored after 120 minutes, and photo 

degradation was completed, allowing 120 minutes to be considered the ideal irradiation time. 

The current study's results are roughly comparable to those of the photo degradation of MB dye, 

which was completed at 120 minutes and resulted in 95% degradation by Fe2O3 nanoparticle 

[142]. 
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Figure 21: Effects of irradiation time on photo degradation of MB dye. 

4.5  Photo catalytic degradation activity of calcinated IONPs 

The degradation of MB was utilized to assess the iron oxide nanoparticle photo catalytic 

effectiveness under ideal conditions. After being exposed to an iron oxide catalyst for 20 to 120 

minutes, the absorbance of MB dye at 664 nm was dramatically lowered, resulting in dye 

decolorization (Figure 22, 23 and table 6 at appendix H).  
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Figure 22: UV-Vis of MB dye catalyzed by Fe2O3 nanoparticles (a) and uncatalyzed MB dye (b). 
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Figure 23: Photo catalytic percent degradation efficiency of MB dye. 
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The findings showed that an increase in illumination time boosted the iron oxide photo catalyst‟s 

effectiveness of degradation. After 120 minutes of irradiation, the dye combination catalyzed by 

Fe2O3 nanoparticles was completely decolorized, and more than 97.082% was photo catalytically 

degraded, while the dye catalyzed just by sunlight only saw approximately 25.431% degradation 

even after 200 minutes of irradiation. This data demonstrated the iron oxide catalyst's good 

efficacy in eliminating the MB dye pollution when it was generated using plant leaf extract  

[142]. The percent degradation of MB dye catalyzed and non-catalyzed by nanoparticles, 

respectively was illustrated (Figure 22 &23).  

4.6  Re-usability of the IONPs 

The reusability of the photo catalyst was progressively done, and the percent of degradation was 

determined after 120 minute of sunshine irradiation for three cycles [143]. The photo degradation 

results show 90.25%, 83.56%, and 70.34% of dye degradation in the first, second, and third 

cycles, respectively. It was illustrated by Figure 24. 
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Figure 24: Cycling times of the photo degrading MB dye applying IONP catalyst. 
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Reusability of the catalyst is a key component of the photo catalytic process since it significantly 

lowers the expense of treating dye effluent. For photo catalytic runs, iron oxide nanoparticles 

were utilized to evaluate the stability of the photo catalyst. The results in Figure 24 indicated that 

the activity of iron oxide slightly decreased and MB degradation was achieved after three runs 

from 1st cycle (90.27%) to 3rd cycle (70.34%). Also, the photo catalytic activity of the samples 

only minimally decreases, due to the unavoidable loss of photo catalysts during the cycle 

processes [144]. 

4.7   Antibacterial activity 

Using a well diffusion approach, the antibacterial potential of the produced IONPs containing 

Adhatoda shembriana leaf extract is evaluated against Salmonella, Staphylococcus aureus, and 

Escherichia coli. The results are displayed in table 6 and Figure 25.All examined bacterial strains 

were susceptible to the antibiotic effects differently to the green-produced IONPs. Because 

gram-positive and gram-negative bacteria have different structural compositions gram-positive 

bacteria have thicker peptidoglycan layers surrounding their cell walls, while gram-negative 

bacteria have thinner peptidoglycan cell walls the bacterial effect of IONPs was found to be 

greater for gram-negative bacteria than for gram-positive bacteria. IONPs synthesized from 

Adhatoda schimperiana aqueous leaf extract demonstrated the largest zone of inhibition against 

Salmonella (13.7 mm), Escherichia coli (18 mm) and Staphylococcus aureus (16 mm) at 

concentrations of 100 μg/l as well as the positive control (gentamycin) has zone of inhibition 21, 

25 and 22 mm respectively since the zone of inhibition to each disk approach to positive control 

value. Similar findings on IONPs' antibacterial activity against Salmonella and E. coli have been 

previously documented in the literature [145]. 
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The concentration of crude extract and IONPs synthesized using Adhatoda schimperiana 

aqueous leaf extract (mg/l).  
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Figure25: Graphical representation of zone of inhibition of crude extract and IONPs synthesized 

using Adhatoda schimperiana aqueous leaf extract.  

The mechanism of IONPs antibacterial activity may be explained by the way that smaller IONPs 

penetrate and break down membranes, causing cell lysis. Another theory regarding the potential 

mechanism of bacterial action of IONP is the release of H2O2 from their surface. The surface 

area of IONP has a significant impact on the production of H2O2, which enters cells and damages 

them, ultimately killing the bacteria. Adhatoda shembriana aqueous leaf extract had potential bio 

reducing and bactericidal activity against the studied bacteria since it contained alkaloids, 

flavonoids, tannins, saponins, phenolic groups, and amino acids. These compounds may find 

utility in biomedical applications [146]. 
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Table 4: Zone of inhibition (mm) of crude extract and Fe2O3 nanoparticle synthesized using 

Adhatoda schimperiana aqueous leaf extract. 

Bacterial 

pathogen

s 

 Zone of inhibition 

for crude extract of 

leaf 

Zone of inhibition for IONPs  

Staphylo

coccus 

aureus 

Trial 25 μg/l 50 μg/l 25μg/l 50μg/l 75 μg/l 100 μg/l Gentamycin 

(+ve) 

Water

(-ve) 

1 12 14 15 17 16 19 22 - 

2 13 15 14 13 15 14.1 24 - 

3 12.2 13.1 10.5 12 14 15 19.5 - 

Mean 12.40±0.

53 

14.03±1.

00 

13.17

±2.36 

14.00±2.

65 

15.00±0.

33 

16.03±2

.61 

21.83±2.25 - 

Salmonel

la 

1 12 14 10 13 14 12 22 - 

2 5.5 12 10.2 14 14.2 15 20 - 

3 10 10 11 12 13 14 22 - 

Mean 9.17±3.3

3 

12.00±2 10.40

±0.51   

13.00 ±1 13.73 

±0.64 

13.67 

±1.53 

21.33 ±1.63 - 

Escheric

hia coli 

1 12.5 13.4 17 18 19 19 26 - 

2 14 15 16.2 17.2 17 18 24.3 - 

3 13 14 17 17.3 16.5 17.2 25 - 

Mean 13.17±0.

58 

14.13±0.

81 

16.73

±0.69 

17.50±0.

44 

17.50±1.

54 

18.07±0

.90 

25.10±0.85 - 

          Note: +Ve  = positive controle and –ve = negative controle. 
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Figure 26: Antibacterial activity of Fe2O3 nanoparticles synthesized using Adhatoda 

schimperiana aqueous leaf extract.           
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5. Conclusion and Recommendations 

5.1  Conclusion 

The current study developed an eco-friendly approach for synthesizing Fe2O3 nanoparticles 

utilizing Adhatoda schimperiana aqueous leaf extract. The phytochemical screening results 

confirmed the presence of phenols, saponins, alkaloids, and flavonoids in leaf extracts. UV-Vis, 

TGA, FT-IR, XRD, and BET methods were used to characterize the Fe2O3 nanoparticle, 

verifying its successful production. The UV-Vis absorbance peak (λmax=397 nm) provided 

information on the crystallite size of the Fe2O3 nanoparticle. The results showed that the band 

gap of Fe2O3 nanoparticles was 2.18 eV, which is pretty good compared to other green synthesis 

methods. The presence of major functional groups was identified from the FT-IR spectra, and its 

absorbance peak was lowered to 574.1 cm
-1

 and 443.3 cm
-1

, indicating the synthesis of Fe2O3 

nanoparticles. This was confirmed the existence of active chemicals in the extract, which may 

greatly contribute to nanoparticle stabilization, as previously described. Furthermore, the XRD 

results revealed that the average crsthyline size of the synthesized Fe2O3 nanoparticles produced 

using the green synthesis approach was 14.31 nm. It was in good agreement with the reported 

value and with standard data card (JCPDS No: 033-0664)   The TGA revealed three mass losses 

and the stability of Fe2O3 nanoparticles, while DTA produced three endothermic peaks at 

different temperatures. The curve becomes parallel to the temperature axis after 660 °C, high 

lighting the great stability of IONPs.  The BET surface area of uncalicinated and calcined Fe2O3 

nanoparticles was determined as 276.325 m
2
/g and 286.861 m

2
/g. The pore volume of Fe2O3 

nanoparticles was measured to be 5.46 cc/g and 4.57 cc/g respectively which is excellent surface 

area to compared with other literature. The photo catalytic degradation of Fe2O3 nanoparticle was 

investigated using methylene blue dye in the presence of visible light, and the results ensured a 

drastic improvement from the earlier reports of the photo catalytic activity of Fe2O3 nanoparticle 

and Adhatoda schimperiana leaf extract-derived Fe2O3 nanoparticle showed the maximum zone 

of inhibition was observed against Salmonella (13.7 mm), followed by Escherichia coli (18 mm) 

and Staphylococcus aureus (16 mm) at 100 μg/l concentrations .As a result, the designed plant 

leaf-mediated Fe2O3 nanoparticle synthesis has provided avenues for the enhancement of high-

efficiency photo catalytic degradation and antibacterial activity due to the small size and high 

surface area of Fe2O3 nanoparticles, allowing the desired objectives to be fruitfully attained. 
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5.2  Recommendations 

From this study, the following recommendation has been forwarded: 

 SEM, TEM, and EDX techniques are used to further characterize the surface morphology, 

composition, stability, moisture content, and form of the produced Fe2O3 nanoparticles.  

 Further research is needed to determine the effectiveness of plant extract-mediated Fe2O3 

nanoparticles for photo catalytic degradation of various organic dyes.  

 It is also recommended that the synthesized Fe2O3 nanoparticle needs additional study for 

more applications like sensor and antioxidant activity. 

 The synthesized Fe2O3 nanoparticle was showing the excellent surface area, energy band gap, 

average crystalline size and stability, so this nanoparticle could be used for degradation 

methyl blue and antibacterial activity application. 
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7. Appendix 

 

 (Appendix A) the effect of precursor concentration. 
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  Figure 27: The effect of precursor concentration.  

(Appendix B) Varying volumes ratio of precursor and extract. 
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Figure 28: Varying volumes ratio of precursor and extract. 

(Appendix C) The effect of varying reaction time. 
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Figure 29: The effect of varying reaction time. 

(Appendix D) the effect of pH on IONPs synthesis.  
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 Figure 30: The effect of pH on IONPs synthesis. 

(Appendix E) the effect of temperature on IOPs synthesis 
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Figure 31: The effect of temperature on IONPs synthesis. 

(Appendix F) the effect of plant extract on IONPs synthesis. 
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Figure 32: The effect of plant extract on IONPs synthesis. 



 68 

Appendix G 

 Table 5: The optimization of parameters and their optimal value. 

N

o 

Optimize 

parameters 

Concentration 

range 

The other parameters values used during 

test. 

Optimal value 

1 Precursor(Ferric 

nitrate) 

(0.025,0.05,0.1and 

0.2) M 

pH10, 3% w/v plant powder, 60 min, 80 

o
C, and 1:2 ratio of ferric nitrate to plant 

extract. 

0.1 M 

2 Volumes ratio of 

precursor and 

plant extract 

(1:1, 2:1, 1:2, 

3:1,and 1:3) mL 

0.1M, pH10, 60 min, 80 
o
C and 3% w/v. 1:2 v/v 

3 Reaction time 20 to 90 minutes 0.1 M, 1:2 v/v, pH=10 ,80 
o
C and 3% w/v,  60 minute 

4 pH 6-12 0.1 M, 3% w/v, 60 min, 80 
o
C and 1:2 v/v, 10 

5 Temperature 25 
o
C

 
to 120 

o
C 0.1 M, pH10,3% w/v,1:2 v/v and 60 min. 60 

o
C 

6 Plant extract 

powder 

2 to 6 g 0.1 M, pH10, 1:2 v/v, 60 minute and 60 
o
C. 2 g(2% w/v) 

Appendix H  

Table 6: Percent degradation of both catalyzed with IONPs and uncatalyzed MB dyes. 

Time (min) 

 

λmax (nm) MB (Catalyzed with IONPs MB (Uncatalyzed) 

Absorbance 

 

%D 

 

Absorbance 

 

%D 

0 664 1.431665 ------- 1.451 ------ 

20 664 0.822993 42.515 1.383 4.686 

40 664 0.627135 56.195 1.361 6.203 

60 664 0.363795 74.589 1.352 6.818 

80 664 0.240382 83.210 1.343 7.443 

100 664 0.093954 93.437 1.270 12.474 
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120 664 0.041776 97.082 1.250 13.852 

140 664 0.041862 97.076 1.214 16.333 

160 664 ---------- ---------- 1.188 18.125 

180 664 ---------- ---------- 1.143 21.227 

200 664 ---------- ---------- 1.082 25.431 

 

 Decolorization of MB dye catalyzed by Fe2O3 NPs. 

                                                                                                                                                                                                                                                                                                                                                           

                                                                      

 Decolorization of MB dye catalyzed by natural sunlight. 
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