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Abstract: 

Iron oxide nanoparticles (IONPs) have attracted considerable 

interest for diverse fundamental and biomedical applications IONPs 

play significant roles in nanotechnology and considered to be one of 

the prominently used particles due to their lesser toxicity and high 

chemical stability. The undertaken study describes biological 

synthesis of Iron Oxide nanoparticles (Fe2O3 NPs) using leaf Castor 

extract along with evaluation of the antibacterial efficiency. To 

synthesis the Iron oxide nanoparticles, freshly extract was added to 

0.1 M solution of Iron chloride hexahydrate in a 5:1 volume ratio. 

The synthesis of Fe2O3 NPs was confirmed via several 

characterizations. UV–Vis analysis detected a characteristic 

absorbance at the spectral range of 380 nm and the energy gap was 

(2.4 ev). The functional groups which are responsible for 

nanoparticle formation have been identified by Fourier transformed 

infrared spectroscopy (FTIR). NPs' XRD pattern doesn't have a 

definite crystalline peak, thus it is obvious that IONPs are 

amorphous compounds by nature. α-Fe2O3 NPs are more efficient 

to inhibit the growth of Staphylococcus aureus as the zone of 

inhibition (ZOI) ranging from 17-22 mm and the maximum ZOI was 

22 mm at concentration 75 µg/ml have been observed. It has been 

seen in this study that by increasing the concentration of the α-Fe2O3 

nanoparticles, the growth inhibition has also been increased. 
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التوليفات الخضراء والتوصيف والنشاط المضاد للبكتيريا لجسيمات أكسيد 
 .الحديد النانوية غير المتبلورة باستخدام مستخلص أوراق الخروع المائي

 2صفاء الشريف ارحومة   1صالح مريم صالح   *1منيرة مفتاح الشريف
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 يا.بقسم الكيمياء، كلية التربية زلطن، جامعة صبراتة، زلطن، لي 2
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 :الملخص

 الأساسيةاهتماما كبيرا بالتطبيقات  ( (IONPsاجتذبت الجسيمات النانوية لأكسيد الحديد
 تكنولوجيا النانو وتعتبر واحدة في( ادوار مهمة  (IONPsتلعب والطبية الحيوية المتنوعة.

صف ت .عاليالكيميائياللاقل وثباتها ل بارز بسبب سميتها ابشك المستخدمةمن الجزيئات 
( NPs)3 O2Feجسيمات اكسيد الحديد النانوية لالبيولوجيالدراسة التي تم اجراؤها التركيب 

الخروع مع تقييم الكفاءة المضادة للبكتريا. لتخليق جسيمات باستخدام مستخلص اوراق 
مولارى من  1.1محلول  إلىضافة المستخلص الطازج إاكسيد الحديد النانوية ، تمت 

من  (NPs)3 O2Feكيد تخليق تأم ت. 1:1 هيدرات كلوريد الحديد بنسبة حجم سداسي
مميزة  يةامتصاصخلال عدة خصائص. كشف تحليل الاشعة فوق البنفسجية والمرئية عن 

. تم تحديد المجاميع (فولت 2.2لفجوة الطاقة )نانومتر وكانت  081 الطيفيالمدى عند 
تحت  عةالطيفيللأشالوظيفية المسؤولة عن تكوين الجسيمات النانوية بواسطة التحليل 

ذروة  أيعلى NPsالخاصب XRDنمط  لا يحتوى . ) (FTIRالحمراء المحول فورييه 
عبارة عن مركبات غير متبلورة  IONPs فمن الواضح ان وبالتاليبلورية محددة، 

تثبيط نمو المكورات العنقودية الذهبية  فيكفاءة  أكثر -αNPs 3 O2Feتعتبربطبيعتها. 
 الأقصىالحد  أنملم وقد لوحظ 22 -11تتراوح بين  (ZOI) حيث ان منطقة التثبيط
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هذه الدراسة انه  فيميكروغرام / مل. وقد لوحظ  11ملم عند التركيز  22كان  ZOIل
 .و، تم ايضا زيادة تثبيط النم -α3O2Feمن خلال زيادة تركيز الجسيمات النانوية

التخليق الاخضر، جزيئات اكسيد الحديد النانوية، نبات الخروع،  الكلمات المفتاحية :
 منطقة التثبيط.

 

Introduction: 

Nanotechnology deals with the nanosized particles and involves the 

production and manipulation of stronger and lighter materials at the 

nanometer scale (Benelmekki., 2015; Chavali&Nikolova.,  2019 

andKhan et al., 2022). Nanotechnology is useful and bring benefits 

in diverse areas such as water decontamination, biology, chemistry, 

drug development. Nanoparticles (NPs) produced by 

nanotechnology are group of atoms and molecules in the range of 1 

– 100 nm and can be composed of one or more species of atoms or 

molecules (Benelmekki.,2015). The creations of nanoparticles 

(NPs) are either by scaling up from single groups of atoms or by 

refining or reducing bulk of materials (Chavali&Nikolova., 2019). 

NPs can reveal an extensive range of size dependent properties. 

Recently, iron oxide nanoparticles have attracted considerable 

interest for diverse fundamental and biomedical applications. Iron 

oxide nanoparticles having size and width of 10-100 nm play 

significant roles in nanotechnology (Nair et al., 2021) and 

considered to be one of the prominently used particles due to their 

lesser toxicity and high chemical stability (Abbaszadeh& Hejazi., 

2019). Iron oxide nanoparticles (α-Fe2O3 , γ-Fe2O3 , Fe3O4 and FeO) 

possess super paramagnetic properties. Hematite (α-Fe2O3) 

nanoparticle is one of different polymorphs of iron oxide. α-Fe2O3 

nanoparticles are more appropriate for biomedical application 

because of their high chemical stability and less toxicity 

(Abbaszadeh& Hejazi., 2019). 

Many methods have been reported for iron oxide nanoparticles 

synthesis, such as physical, chemical and biological methods (Khan 

et al., 2022 and Allafchian et al., 2019). The physical method 

supports the particle size in the nanometer range (Alphandéry 2019), 

while the chemical preparation method is very simple, and regulates 
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the morphology, scale, and some additional properties of 

nanoparticles (Amanzadeh et al., 2019). There are many physical 

and chemical methods for synthesis of INPs, However, chemical 

routes that involves usage of toxic solvents, which could possibly 

create dangerous byproducts, and physical methods usually require 

high energy and vacuum (Pallela  et al., 2019). The comparison 

between the mentioned methods suggest that the biological process 

of nanoparticle synthesis is cost effective, efficient for large-scale 

production and ecofriendly procedure (Khan et al., 2022 and Abou 

El-Nour et al., 2010). In addition, there is no requirement for high 

pressure, energy, temperature or toxic chemicals. Plant extracts are 

among the most used and abundant compounds for green synthesis 

in nano-chemistry. The biological synthesis of Iron oxide 

nanoparticles using plant extracts can be mono-dispersed by 

controlling parameters, such as temperature, pH and mixing 

ratio(Benelmekki.,2015). In this method, a variety of metabolites 

acts as reducing agents in NPs synthesis. Recently, synthesizing 

metal and metal oxide nanoparticles using plants has been 

extensively studied. The biological nanoparticles have been found 

to be more pharmacologically active than physic chemically 

synthesis nanoparticles (Akhtar et al., 2013; Prasad et al., 2014; Ali 

et al., 2016; Wu et al., 2008 and Teja & Koh.,2009). Plants serve as 

reducing and capping agents involved in the synthesis procedure 

which is considered ecofriendly (Bar et al 2009 and Sangaru et al., 

2003). Each part of the plant can be used for nanoparticle synthesis, 

such as the leaves, flowers, straws, stems (Bar et al., 2009;Sangaru 

et al., 2003; Armendariz et al., 2004; Armendariz et al., 2011; 

Herrera et al., 2003;  Gardea-Torresdey et al., 2003 and Huang et 

al., 2007). The leaf extract acts as an environmental reducing agent 

that is nonhazardous and nontoxic (Kouhbananiet al., 2019). 

Particularly, Nanoparticles produced by medicinal plant have been 

found to the most pharmacologically active and this because of the 

attachment of several pharmacological active residues. Castor plant 

has been used for medicinal purposes. The Preliminary 

Phytochemical study of castor leaves revealed the presence of many 

active phytochemicals including steroids, phenolic acid, alkaloids, 
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flavonoids, glycosides, and polyphenols, which act as bio-

reductants and stabilizing agent (Jena & Gupta2012).The study aims 

to biologically synthesis α-Fe2O3 NPs using castor plant extract as 

reducing agents and measure the antibacterial activity ofproduced 

α-Fe2O3 NPs. 

2. Materials and Methods 

2.1. Materials 

Fresh castor plant leaves were gathered at Al-Zawia city / Libya. 

Iron chloride hexahydrate (FeCl3.6H2O) was purchased from Sigma 

Aldrich. The test organisms selected include both gram-positive 

bacteria, Staphylococcus aureus and Staphylococcus spp and gram 

negative bacteria, Escherichia coli, Klebsiella pneumonia. 

2.2. Preparation of Leaf Extract 

Green castor leaves were collected from Zawia city. The extract was 

made by catting 20 g of castor leaves into small pieces, washing 

them in distilled water to get rid of any contaminants, and then 

adding them to an Erlenmeyer flask with 100 ml of distilled water. 

The mixturewas heated on hot plate 100°C for 15 minutes, cooled, 

and then filtered by what man filter and funnel filter. The obtained 

fine solution (brown color) was collected and stored at 4oC for 

further use to synthesis Iron oxide nanoparticles. 

2.3. Synthesis of Iron Oxide Nanoparticles 

To synthesis the Iron oxide nanoparticles, freshly extract was added 

to 0.1 M solution of Iron chloride hexahydrate in a 5:1 volume ratio. 

The precursor solution 0.1 M FeCl3.6H2O changed color from 

brown to black and precipitate was formed after addition of Castor 

extract. The nanoparticles were separated by centrifuging at 15000 

rpm for 10 min. The obtained precipitates were washed by ultrapure 

water and dried in the open air for 24 hours, and then subjected to 

characterization. The process to synthesis of Fe2O3 NPs with plants 

is shown in figure 1 (Dhananjayan et al., 2017 andShtewiet al., 

2021). 
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Figure 1. The process of a UV-visible spectrophotometer used to 

characterize α-Fe2O3 nanoparticles. 

 

2.4. Characterization of iron oxide nanoparticles 

Using the Shimadzu XRD-6100 diffract meter, the sample's crystal 

structure was examined and Copper Kα radiation (λ=1.54060 Å) 

was used to capture the patterns. Using an IR Affinity-1S 

(Shimadzu) spectrometer, Fourier transform infrared (FT-IR) 

spectroscopy was used for the identification of major chemical 

groups present with Fe2O3 NPs. The spectrometer recorded 

wavenumbers between 450 and 4,000 cm-1. Via UV-Vis-NIR 

Spectroscopy (5000), the sample's maximal optical absorption in the 

200–800 nm range was determined. α-Fe2O3 nanoparticles' optical 

properties were examined by measurement using an ultraviolet-

visible (UV-vis) spectrophotometer. 

 

3. Results and discussions 

3.1. FT-IR Spectroscopy: 

The binding of iron to phytochemical compounds included in the 

aqueous extract of castor plant leaves(Suurbaar et al., 2017 and 

Altameme et al.,2015) was investigated using FT-IR measurements. 

The FT-IR spectrum of the synthesized Fe2O3 nanoparticles, which 
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shows the functional groups and chemical bonds of the compound, 

ranged from 400 to 4000 cm-1 in figure 2. The stretching vibrations 

in the OH groups are responsible for the enormous broad band that 

appears at3409 cm-1. The weak peak at 2977cm-1 is attributed to 

asymmetric and symmetric C-H stretching mode of aliphatic 

hydrocarbon (Razack et al,. 2020). The asymmetric and symmetric 

bending vibration of C = O is responsible for the absorption picks at 

1645 cm-1 and 1388 cm-1. Fe-O stretching mode is ascribed to the 

strong band below 879 cm-1. From 550-603 cm-1, the band 

associated with the Fe-O stretching mode of Fe2O3 can be seen 

(Jamzad & Kamari Bidkorpeh., 2020). 

nanoparticles3 O2Fe-IR Spectra of α-. FT2 eFigur 

3.2. X-ray Diffraction (XRD): 

Figure 3 displays the α- Fe2O3NPs' XRD pattern. Since it doesn't 

have a definite crystalline peak, it is obvious that IONPs are 

amorphous compounds by nature(Yadav et al., 2020; Ajinkya et al., 

2020 and Yadav et al., 2022). They had previously been able to 

create amorphous α- Fe2O3NPs using pomegranate peel extract 

(Yadav et al., 2022). It was proposed that the organic components 

in the leaf extract, which stabilize and coat the nanoparticles, were 

responsible for the broad weak peak of (2θ) between 10° and 30°( 
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Hassan et al., 2018).  Consequently, the size (2 theta) of the 

nanoparticles was difficult to ascertain by the detection of 

diffraction peaks, and this was completely consistent with the 

previously mentioned FTIR for the presence of the Fe-O beam. 

Furthermore, it has been noted that amorphous α- Fe2O3NPs work 

better than metallic iron nanoparticles or nano-or polymorphic 

crystals same diameter (Machala et al., 2007). 

 
nanoparticles3 O2Fe -3. XRD pattern of αe Figur 

3.3. UV-Vis spectroscopy 

The reduction of iron chloride in the presence of aqueous castor 

plant extract was generally observed by the color change of the 

reaction mixture, which indicated the formation of nanoparticles. 

Next, UV-Vie spectroscopy was used to characterize the green 

synthesized iron oxide nanoparticles. It was taken once the 

nanoparticles were formed. The absorbance spectrum was recorded 

in the range of 200 nm to 800 nm. Figure 4 reveals the UV-vie 

absorption spectrum and Tauc plot of the synthesized α-Fe2O3 

nanoparticles.  Figure (4 a) shows the maximum absorption peak at 

380 nm, suggesting the synthesis of Fe2O3 NPs. This result is 

consistent with previous report, which indicated that the highest 

Fe2O3-NPs adsorption value was 380 nm (Shejawal et al., 2020 and 

Hammad et al., 2022). α-Fe2O3 is an n-type semiconductor with a 
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narrowband gap.The band gap energy calculated here for the 

synthesized nanoparticles figure (4 b) was found to be 2.4 eV, which 

is in a good agreement with reported value (2.5 eV) (Urabe & 

Aziz.,2019). The value of energy gap (2.4eV) is as a result of small 

size molecules and quantum confinement (Shejawal et al., 2020; 

Hammad et al., 2022 andUrabe & Aziz., 2019). The optical band 

gap (Eg) value was computed from the Tauc plot using the following 

equation: 

𝛼 =  
𝐴 (ℎ𝜈 − 𝐸𝑔)

𝑛

ℎ𝜈
                                                        (1) 

Where: α is the absorption coefficient, Eg  is the optical band gap of 

α- Fe2O3 nanoparticles, A is a constant,  hν is the energy of the 

photon,  n is the nature of transitions. 

(a) 

 

(b) 

NPs3 O2Fe-Vis spectrum and (b) Ban gap energy of α-4. (a) UV reiguF 

1 1.5 2 2.5 3
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  a
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A UV-Vis spectrophotometer was employed to assess the iron oxide 

nanoparticles' stability. The absorption peak occurred at a 

wavelength of 383 nm, and the first absorption band was seen right 

after synthesis. After then, it was monitored for 15 days, as shown 

by the absorption bands in figure 5. The graph indicates that iron 

oxide nanoparticles exhibit absorption values at the same peak 

wavelength (383 nm) throughout a period of 15 days. Regarding the 

variation in absorbency intensity resulting from the sample's 

dilution before to measurement. The steady state of the 

nanoparticles is shown by wavelength constancy. 

 
NPs over 15 days3 O2Fe-Vis spectrum of α-Figure 5. UV 

3.4. Antibacterial activity of the biosynthesized  

The α-Fe2O3 nanoparticles are more appropriate for biomedical 

application because of their high chemical stability and less toxicity 

(Pallela et al., 2019). Therefore, antibacterial activity of green 

synthesized α- Fe2O3 nanoparticles at different concentrations (25 

µg/ml, 50 µg/ml, 75 µg/ml) have been examined and significant 

zone of inhibitions (ZOI). In the present study, we have tested the 

antibacterial activity of α-Fe2O3 NPs which was performed against 

Escherichia coli, Klebsiella pneumonia, Staphylococcus aureus and 

Streptococcus spp using the agar well-diffusion method. ZOI 

showed in figure 6 were measured in millimeter, and the data were 

recorded. From the values of zone of inhibitions in Table 1, α-Fe2O3 

NPs are more efficient to inhibit the growth of Staphylococcus 

200 400 600 800 1000
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u
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aureus as the zone of inhibition (ZOI) ranging from 17-22 mm and 

the maximum ZOI was 22 mm at concentration 75 µg/ml have been 

observed.  

It has been seen in this study that by increasing the concentration of 

the α-Fe2O3 nanoparticles, the growth inhibition has also been 

increased. The size of inhibition zone was different according to the 

type of bacteria and the concentrations of α-Fe2O3 nanoparticles. 

 
Table 1: Zone of Inhibition (ZOI) of α-Fe2O3 NPs against for types of 

Bacteria at different concentrations 

Bacterium Types 
Sample 

Code 

ZOI (mm) of α-Fe2O3 NPs at 

different concentrations 

25 µg/ml 50 µg/ml 75 µg/ml 

Escherichia coli A 10 11 12 

Klebsiella pneumonia B 0 10 11 

Streptococcus spp C 0 10 12 

Staphylococcus aureus D 17 19 22 

 

A B 

C D 

 
Figure 6. Bacterial cultures showing the inhibition zones around wells 

loaded with 25, 50, 75 µg/ml of α-Fe2O3 NPs and(A) Escherichia coli, 

(B) Klebsiella pneumonia, (C) Streptococcus spp, (D) Staphylococcus 

aureus. 
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4. Conclusion: 

Ecologically benign and simple biosynthesis of iron oxide 

nanoparticles was carried out in the current investigation. Green 

castor leaf extract is used in its production as a covering and 

reducing agent. Under ideal circumstances, the generated α-Fe2O3-

NPs were characterized. Our research showed that the castor plant 

significantly produces iron oxide nanoparticles through 

biosynthesis. Special bands for OH groups, carbonyl groups, and 

other groups compounds that constitute the α-Fe2O3-NPs were 

detected using FTIR, along with the FeO bands that are exclusive to 

α-Fe2O3-NPs.The UV spectra revealed that the energy band gap was 

2.5 and the absorption band had a wavelength of 383 nm. It was 

feasible to verify that nanoparticles had formed. It is evident from 

the NPs' lack of a distinct crystalline peak in their XRD pattern that 

IONPs are amorphous compounds by nature. The end findings 

showed that even after 15 days, α-Fe2O3 NPs exhibited good 

stability. the appearance of an inhibitory zone  demonstrates the 

antibacterial activity of α-Fe2O3nanoparticles, since the effect rises 

with increasing concentration of α-Fe2O3-NPs. Staphylococcus 

aureus was more susceptible than other  species. 
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