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Abstract:  

 This study focused on the biosynthesis of iron nanoparticles using an aqueous extract of Bauhinia Varieties as a 

reducing agent and stabilizer, followed by an evaluation of their antibacterial activity against several pathogenic 

bacterial isolates. Given the growing global challenge of antibiotic resistance, particularly in areas such as the 

Kurdistan Region, the search for effective therapeutic alternatives has become imperative. The nanoparticles were 

successfully synthesized by reacting ferric nitrate with the plant extract at pHs between 9 and 10 and temperatures 

between 60 and 80°C. Characterization using Fourier transform infrared spectroscopy (FTIR) confirmed this 

synthesis by detecting characteristic Fe-O-Fe vibrational bands at wavelengths of 576, 439, and 432 cm¹. 

Morphological analysis using scanning electron microscopy (SEM) and atomic force microscopy (AFM) 

confirmed the uniform spherical shape of the nanoparticles, with sizes ranging from 26 to 56nm and a 

homogeneous distribution. X-ray diffraction (XRD) also confirmed the formation of a pure Fe₂O₃ crystalline 

structure, with an average crystal size of 28.2nm. In antibacterial tests, the synthesized nanoparticles demonstrated 

inhibitory activity against all tested strains. The 100% concentration proved most effective against Staphylococcus 

aureus, showing an inhibition zone diameter of 14.3±1.1 mm. Notably, the 70% concentration showed superior 

activity against Staphylococcus epidermidis and Escherichia coli, with inhibition zone diameters of 15±1.1 mm 

and 12.67±1.3 mm, respectively. The nanoparticles reached 83.3% of the efficacy of doxycycline against 

Staphylococcus epidermidis, and all tested concentrations exceeded 50% of the antibiotic's efficacy against 

Klebsiella and Escherichia coli. These results confirm the promising potential of Bauhinia-mediated iron 

nanoparticles as effective antibacterial agents, especially against resistant bacteria. Further research is needed to 

comprehensively evaluate their toxicity, elucidate their mechanism of action, and explore their potential for 

synergistic applications with conventional antibiotics in future medical settings. 
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( من مستخلص بكتيريا  Fe₂O₃تخليق صديق للبيئة لجسيمات نانوية من أكسيد الحديد )

B. variegata لمكافحة مسببات الأمراض المقاومة للأدوية المتعددة 
 *بثينة صائب صالح

 ، العراقالانبار  ، الانبار مديرية التربية 1

: الملخص  

تقييم    ركزت هذه الدراسة على التخليق الحيوي لجسيمات الحديد النانوية باستخدام مستخلص مائي من أصناف بوهينيا كعامل اختزال ومثبت، تبع ذلك

لحيوية، لا سيما  لنشاطها المضاد للبكتيريا ضد العديد من العزلات البكتيرية الممرضة. ونظرًا للتحدي العالمي المتزايد المتمثل في مقاومة المضادات ا 

ل نترات  في مناطق مثل إقليم كردستان، أصبح البحث عن بدائل علاجية فعالة أمرًا ضرورياً. وقد تم تخليق الجسيمات النانوية بنجاح عن طريق تفاع

د أكد التوصيف  درجة مئوية. وق  80و  60ودرجات حرارة تتراوح بين    10و  9الحديديك مع المستخلص النباتي عند درجات حموضة تتراوح بين  

عند أطوال    Fe-O-Fe( هذا التخليق من خلال الكشف عن نطاقات اهتزازية مميزة لـ  FTIRباستخدام مطيافية تحويل فورييه بالأشعة تحت الحمراء )

)¹سم  432و  439و  576موجية   الماسح  الإلكتروني  المجهر  باستخدام  المورفولوجي  التحليل  أكد   .SEM( الذرية  القوة  الشكل  AFM( ومجهر   )
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( تكوين بنية بلورية  XRDنانومترًا وتوزيع متجانس. كما أكد حيود الأشعة السينية )  56و  26الكروي الموحد للجسيمات النانوية، بأحجام تتراوح بين  

نانومتر. في الاختبارات المضادة للبكتيريا، أظهرت الجسيمات النانوية المُصنّعة نشاطًا مثبطًا ضد    28.2حجم بلوري يبلغ  ، بمتوسط  Fe₂O₃نقية من  

مم.    1.1±14.3% فعاليته القصوى ضد المكورات العنقودية الذهبية، حيث أظهر قطر منطقة تثبيط  100جميع السلالات المختبرة. أثبت التركيز  

  1.1±15منطقة التثبيط    % أظهر نشاطًا متفوقاً ضد المكورات العنقودية البشروية والإشريكية القولونية، حيث بلغ قطر70ر بالذكر أن التركيز  والجدي

% من فعالية الدوكسيسيكلين ضد المكورات العنقودية البشروية، وتجاوزت جميع  83.3مم على التوالي. حققت الجسيمات النانوية    1.3± 12.67مم و

ات الواعدة لجسيمات الحديد النانوية  % من فعالية المضاد الحيوي ضد الكلبسيلا والإشريكية القولونية. تؤكد هذه النتائج الإمكان50التركيزات المختبرة  

ميتها بشكل  المُستخدمَة بوساطة البوهينيا كعوامل مضادة للبكتيريا فعالة، وخاصةً ضد البكتيريا المقاومة. هناك حاجة إلى مزيد من البحث لتقييم س

 تقليدية في البيئات الطبية المستقبلية. شامل، وتوضيح آلية عملها، واستكشاف إمكاناتها للتطبيقات التآزرية مع المضادات الحيوية ال

 

 

 .أكسيد الحديد Bauhinia variabilisالنانوية، التأثير المضاد للبكتيريا،  الجسيمات :المفتاحية الكلمات 

Introduction 

Antibiotic resistance is one of the most pressing global health crises, posing a fundamental challenge to the 

effectiveness of modern medical treatments for bacterial infections. In Iraq, particularly within hospitals in 

Ramadi, Anbar Governorate, alarming reports have documented the spread of multidrug-resistant bacterial strains, 

including common pathogens such as Staphylococcus aureus and Escherichia coli [1, 2]. This alarming trend is 

likely a direct result of several complex factors, such as the widespread and indiscriminate use of antibiotics, 

uncontrolled self-medication, and inadequate adherence to sound infection control protocols   [3  ,4]. , In response 

to this growing challenge, nanotechnology has gained significant momentum as a promising means of combating 

resistant bacterial strains [5]. Among the most compelling materials in this field are iron nanoparticles, which 

exhibit potent antimicrobial properties. Their effectiveness is attributed to multiple mechanisms, including the 

ability to enhance the permeability of bacterial membranes, directly damage cell walls, and generate reactive 

oxygen species (ROS), which cause severe oxidative stress [6] , a sustainable and cost-effective alternative to 

conventional chemical synthesis methods lies in green synthesis, which uses plant extracts to produce 

nanostructures [7, 8,9].  

   Bauhinia variegata, commonly known as the orchid tree, is one such valuable natural resource, valued for its 

potent medicinal properties; various parts of the plant form the basis of traditional medicinal preparations Despite 

the well-documented biological activities of plant extracts [9, 10,11], there is still a pressing need for further 

research into their applications for the manufacture of effective nanoparticles against drug-resistant pathogens, 

particularly when focusing on sustainable and locally sourced plants [12, 13, 14, 15]. Given this importance, the 

research aimed to manufacture iron nanoparticles by green synthesis using Bauhinia variegata extract as a reducing 

agent and stabilizer, and to evaluate the antibacterial activity of the prepared nanoparticles against a variety of 

Gram-positive and Gram-negative bacterial strains from different clinical sources, including S. aureus, S. 

epidermidis, E. coli, and Klebsiella spp. 

. Material and methods 

 Synthesis of Iron Nanoparticles 

Iron nanoparticles were prepared biosynthetically using B. variegata extract as a reducing and stabilizing agent 

[16,17]. The method involved adding ferric nitrate solution (0.1 mol/L) to the plant extract, adjusting the pH to 9-

10 using sodium hydroxide. The mixture was heated at 60-80°C for 1-2 hours, and a color change to brown was 

observed, indicating particle formation. After cooling and washing, the particles were oven-dried at 50-60°C. The 

study determined the optimal reaction conditions at a pH above 10, a temperature of 60-80°C, and a total reaction 

time of 21 hours . 

 

Characterization of Iron Nanoparticles 

To characterize the nanoparticles, multiple analytical techniques were used. Functional groups were examined 

using FTIR spectroscopy in the 400-4000 cm⁻¹ range. To assess the shape and size, a scanning electron 

microscope (SEM) at 110 kx magnification was used, along with an atomic force microscope (AFM) to obtain 

three-dimensional images of the surface in non-contact mode. Finally, the crystal structure was determined and 

the average crystallite size was calculated using X-ray diffraction (XRD) analysis and the Debye-Scherrer 

equation. All measurements were performed at room temperature (25±2°C) and repeated at least three times to 

ensure the reliability of the results. 
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Bacterial Isolates 

Bacterial isolates for this study were obtained from the microbiology laboratory of Erbil General Hospital and 

included Gram-positive (Staphylococcus aureus and Staphylococcus epidermidis) and Gram-negative 

(Escherichia coli and Klebsiella pneumoniae) bacteria. The identity of all isolates was confirmed using 

biochemical tests and a VITEK 2 apparatus, and they were stored in nutrient broth with glycerol at -80°C. Prior 

to starting the experiments, strains were activated and grown on blood agar and MacConkey agar at 37°C for 24 

hours to ensure their purity and viability. 

 

 Antibacterial Test 

The effectiveness of the nanoparticles prepared from Bohemia against bacterial isolates was evaluated using the 

disk diffusion method according to the Clinical and Laboratory Standards Institute (CLSI) 2023 standards [18]. 

Three different concentrations of nanoparticle suspension (50%, 70%, and 100%) were prepared using a base 

concentration of 10 mg/ml. Their effectiveness was tested against four pathogenic bacteria: Gram-positive 

Staphylococcus aureus and Staphylococcus epidermidis, and Gram-negative Escherichia coli and Klebsiella spp. 

Bacterial isolates were prepared by growing them on Mueller-Hinton agar medium, and turbidity was adjusted 

according to McFarland's 0.5 standard (approximately 1.5 × 10⁸ CFU/ml). The bacterial suspension was spread 

onto the agar surface using a sterile cotton swab. Sterile paper discs (6 mm diameter) impregnated with different 

concentrations of nanoparticles were then prepared and placed on the inoculated agar surface. The plates were 

incubated at 37°C for 24 hours. After incubation, the inhibition zones around the discs were measured in 

millimeters using a graduated ruler . 

 

 Data Analysis 

To analyze the data, the study used ImageJ software to assess the size and surface morphology of nanoparticles 

from microscope images. Statistical analysis was performed using Python to calculate means and standard 

deviations, and a t-test was performed to compare the effectiveness of different particle concentrations with 

standard antibiotics, with results considered statistically significant at p<0.05. FTIR and XRD spectra were 

analyzed, and the Debye-Scherrer equation was applied to determine crystallite size. Key results are presented in 

graphical form. 

 

 Results and Discussion  

Green Synthesis of Iron Nanoparticles 

The characterization results of the nanoparticles prepared using Bohemia—together with each other—show that 

the particles synthesized in this way had distinct physical and chemical properties. In Figure 1, FTIR analysis 

revealed several distinct absorption peaks, confirming the success of the biosynthesis process. Bands at 3414 cm⁻¹ 

were due to the aromatic C-H bond elongation mode, H-C-H vibrations at 1382–1427 cm⁻¹, C-O and C-C 

elongations in the range 1014–1062 cm⁻¹, in addition to the characteristic Fe-O-Fe vibrations at 576, 439, and 432 

cm⁻¹ (Figure 1) . 

 
Figure 1. FTIR spectrum analysis of iron nanoparticles prepared using B. variegata, showing the characteristic 

absorption peaks of chemical bonds in the range of 400-4000 cm⁻¹. The main peaks appear at 3414 cm⁻¹ 

(aromatic C-H), 1382-1427 cm⁻¹ (H-C-H), and 1014-1062 cm⁻¹ (C-O and C-C), with Fe-O-Fe vibrations at 576, 

439, and 432 cm⁻¹ . 
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Scanning electron microscope (SEM) images confirmed the regular spherical shapes of the nanoparticles with 

smooth surfaces and homogeneous size distribution ranging from 26-56 nm (Fig. 2) . 

 

 
 

Figure 2. Examination of the sizes and shapes of the biosynthesized iron nanoparticles using Bohemia using a 

scanning electron microscope (SEM) at a magnification of 110 kx. The images show regular spherical shapes of 

the nanoparticles with a smooth surface and a size distribution ranging from 26-56 nm. 

 

Atomic energy microscopy (AFM) results also supported these observations, as 2D and 3D images showed a 

homogeneous distribution of particles with an average diameter of less than 50 nm and a regular surface 

topography (Figure 3) . 

 
 

Figure 3. Atomic Energy Microscopy (AFM) images of the prepared iron nanoparticles. The image on the right 

shows the two-dimensional analysis and the image on the left shows the three-dimensional analysis of the 

surface topography, it reveals a homogeneous distribution of particles with an average diameter of less than 50 

nm and a regular surface topography. 

 

Finally, X-ray diffraction (XRD) analysis confirmed the formation of a pure crystalline structure for Fe₂O₃, with 

distinct diffraction peaks appearing at 2θ angles of 31.66° and 45.3°, corresponding to crystal distances of 2.85 

nm and 1.99 nm, respectively, with an average crystal size of 28.2 nm calculated using the Debye-Scherrer 

equation (Figure 4) . 
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Figure 4. X-ray diffraction (XRD) pattern of the prepared iron nanoparticles, showing characteristic diffraction 

peaks at 2θ angles equal to 31.66° and 45.3°, corresponding to the crystal distances of 2.85 nm and 1.99 nm, 

respectively, confirming the formation of a pure crystal structure of Fe₂O₃ with an average crystal size of 28.2 

nm . 

Effect of nano-iron on pathogenic bacteria 

The results of the antibacterial activity test of iron nanoparticles prepared using Bohemia showed varying efficacy 

against the tested bacterial strains (Figure 5). For S. aureus, the nanoparticles showed increasing inhibitory activity 

with increasing concentration, with inhibition zones of 13±1.1, 14±0, and 14.3±1.1 mm for concentrations of 50%, 

70%, and 100%, respectively, compared to 30±1 mm for clindamycin (p<0.001). For S. epidermidis, the highest 

inhibitory activity was observed at the 70% concentration (15±1.1 mm), compared to the other two concentrations 

and 18±2 mm for doxycycline (p=0.05). As for E. coli, the nanoparticles showed moderate activity with the best 

effect at 70% concentration (12.67±1.3 mM) compared to chloramphenicol (20±2 mM). Finally, the results against 

Klebsiella spp. showed similar activity across different concentrations (13.67, 11.67±1.2, and 12.33±1.3 mM) 

compared to meropenem (20±2 mM) . 

 

 
 

Figure 5. The antibacterial effect of iron nanoparticles against different bacterial species according to different 

concentrations and compared to the effect of the standard antibiotic. 

 

Fourier transform infrared (FTIR) spectroscopy confirmed the successful biosynthesis of iron nanoparticles. The 

spectra showed distinct absorption bands at 576, 439, and 432 cm⁻¹, attributed to the vibrations of Fe-O-Fe bonds, 

consistent with previous studies on iron oxide nanoparticles [19,20,21]. The spectrum also revealed the presence 

of functional groups in the Bauhinia extract, such as O-H and C-O groups, which played a vital role in reducing 

iron ions and capping and stabilizing the nanoparticles, consistent with documented green synthesis mechanisms 

[22,23]. These results confirm that the plant extract was not only a reducing agent but also contributed to 

stabilizing the particles and imparting antimicrobial properties [24]. Regarding the results of scanning electron 

microscopy (SEM) and atomic force microscopy (AFM) analysis, morphological and topographical 

characteristics of iron nanoparticles prepared using plant extracts, SEM images revealed a regular spherical shape 

of the particles with a smooth surface and a size distribution ranging from 26-56 nm, which is consistent with 

what Alamilla-Martínez et al. (2019) reported about the spherical shape of biosynthesized nanoparticles [25]. The 

AFM examination results supported these observations through 2D and 3D images that showed a homogeneous 

distribution of particles with an average diameter of less than 50 nm. This homogeneous distribution can be 

attributed to the effective role of plant as a stabilizing agent. Shaik et al. (2018) indicated that increasing the 

concentration of natural and plant extracts typically results in a reduced nanoparticle size and improved 

distribution [26]. These results are also consistent with the study by Stozhko et al. (2019), which demonstrated 

that the antioxidant activity of plant extracts significantly affects the synthesis kinetics, size, and stability of 

nanoparticles [27]. AFM results showed the absence of significant agglomerations, which is consistent with the 

study by Velgosova et al. (2024), which indicated the role of phytochemical compounds in plant extracts in 

preventing particle agglomeration [28]. It was also observed that the iron nanoparticles prepared in this study fall 

within the ideal size range for bioapplications (10–80 nm), according to Tarafdar and Raliya, enhancing their 
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potential as antimicrobial materials [29]. X-ray diffraction (XRD) analysis confirmed the successful synthesis of 

iron oxide nanoparticles with a regular crystalline structure. Sharp, distinct peaks at 2θ angles of 31.66° and 45.3° 

indicated the formation of a pure hematite (α-Fe₂O₃) phase, consistent with the results of previous studies [30]. 

Using the Debye-Scherrer equation, the average crystal size was calculated to be 28.2 nm, which is ideal for 

biological applications and consistent with other studies [31]. The broad peaks indicate the small size of the 

particles, while their sharpness confirms the purity of the crystals [32]. These results confirm the effectiveness of 

the plant extract in producing highly crystalline nanoparticles suitable for medical uses. The results of the current 

study show that iron nanoparticles prepared using bohemia possess antibacterial activity against both Gram-

positive and Gram-negative bacteria, albeit to varying degrees. These results are consistent with those of Behera 

et al. (2012), who indicated that iron oxide nanoparticles exhibit moderate antibacterial activity against a wide 

range of pathogenic bacteria [33]. An effect that increased with increasing concentration was also observed, with 

different concentrations (50%, 70%, 100%) showing varying efficacy against the tested bacterial strains. This is 

consistent with the study by Gupta et al. (2020), which confirmed that the effectiveness of metal nanoparticles is 

highly dependent on the concentration used [34]. It is noted that the highest inhibitory activity against 

Staphylococcus aureus was at the 100% concentration (14.3±1.1 mM), while the 70% concentration was most 

effective against Staphylococcus aureus (15±1.1 mM) and Escherichia coli (12.67±1.3 mM). These results are 

consistent with what Muthiah et al. (2016) reported on the effect of nanoparticle concentration on their 

physicochemical properties, as it can affect the dissolution rate and cluster formation, and thus their biological 

activity [35]. In the same context, Shoudho et al. (2024) indicated that the physicochemical properties of 

nanoparticles significantly affect their antibacterial activity by influencing the production of reactive oxygen 

species (ROS), which disrupt bacterial cells  [36 .]  

The effectiveness of some concentrations, especially the 100% concentration, against S. epidermidis and E. coli, 

may be attributed to the phenomenon of "self-toxicity" or the formation of nanoparticle aggregates at high 

concentrations, which reduces the effective surface area and thus affects its antibacterial activity. This is consistent 

with the study by Merrifield et al. (2017) which indicated that the concentration of nanoparticles significantly 

affects their fate and transformation in complex media  [37.]  

When comparing the effectiveness of nanoparticles to standard antibiotics, the efficacy was generally lower, but 

the inhibition rate exceeded 50% of the antibiotic's efficacy in several cases, particularly against S. epidermidis at 

a concentration of 70%. This is consistent with the study by Gudkov et al. (2021), which indicated the potential 

use of iron oxide nanoparticles as a new generation of antimicrobial agents [38]. The mechanism of action by 

which the prepared nanoparticles potentially affect the pathogenesis may involve several pathways, as indicated 

by Slavin et al. (2017), including the production of reactive oxygen species and free radicals, the release of iron 

ions, interaction with bacterial cell membranes, and disruption of cellular processes [39]. Huang et al. (2023) also 

demonstrated that nanoparticles can enter and accumulate within bacterial cells, leading to increased ROS levels, 

lipid peroxidation, DNA damage, and cell death  . [42,41,40 .]  

 

Conclusions 

This research successfully demonstrated the eco-friendly green synthesis of iron nanoparticles utilizing an extract 

from the Bauhinia plant. Advanced characterization techniques, including FTIR, SEM, AFM, and XRD, 

confirmed that the synthesized particles are spherical, fall within a size range of 26-56 nm, and possess a pure 

crystalline Fe2O3 structure. The synthesized nanoparticles exhibited effective antimicrobial activity against both 

Gram-positive and Gram-negative bacteria. The 70% concentration proved most effective against Staphylococcus 

epidermidis and E. coli, while the 100% concentration showed the highest potency against Staphylococcus aureus. 

Notably, the nanoparticles' efficacy against S. epidermidis reached 83.3% of the activity of the antibiotic 

Doxycycline at the 70% concentration. Furthermore, their effectiveness surpassed 50% of the standard antibiotics' 

efficacy against both Klebsiella spp. and E. coli. 
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