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Abstract: In every day, new nanoparticles have been synthesized, and their properties have 

been evaluated since their unique physical and chemical properties, which are very different 

from the precursors. Nanoscience also has significant advances in obtaining environmentally 

friendly and sustainable products. Iron oxide nanoparticles, one of the metal oxide 

nanoparticles, have different forms and properties. In recent years, iron oxide nanoparticles 

have been successfully synthesized from various plant species using green synthesis pathways 

and have been analyzed for different bioactivity properties. In this study, iron oxide 

nanoparticles were synthesized using a completely non-hazardous method using Ficus carica 

leaf extract. The synthesized product was characterized by SEM, EDX, XRD crystallography, 

FT-IR, and UV-Vis spectroscopy. Characterization methods have shown that the product was 

synthesized in mixed form with 43-57 nm size. In addition, the antioxidant activity of the 

product was analyzed, and it was recorded that the nanoparticle has remarkable antioxidant 

activity.  
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1. Introduction 

Nanostructures have led to revolutionary developments in many scientific fields [1]. 

However, nanoparticle researches are still an intense field since the products have various 

applications in various fields [2]. Metal oxide nanoparticles have been drawn attention due to 

their unique and uncommon physical and chemical properties [3, 4]. Furthermore, metal oxide 

nanoparticles are prominent because of their vital role in many fields such as material 

chemistry, medicine, agriculture, information technology, biomedical, optics, electronics, 

catalysis, environment, energy, etc. [5-12]. Decreasing the size of nanoparticles increases the 

surface area, changes the magnetic, chemical, and electronic properties and metal oxide 

nanoparticles' characteristics [13]. For example, magnetite type of iron oxide nanoparticles has 

been used as a contrast agent in magnetic resonance imaging methods and magnetic storage 

devices [14]. The γ-Fe2O3 nanoparticle with 55 nm is ferromagnetic, while 12 nm is 

superparamagnetic [15]. Therefore, the nanoparticles with the desired size provide expected 

magnetic, electronic, and chemical properties.    
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Iron oxide nanoparticles have been used in many fields such as medicine, 

biotechnology, environment, photocatalysis since 1990 [16-18]. Magnetite and maghemite 

(Fe3O4 and γ-Fe2O3) include different oxidation steps of iron and show remarkable 

physicochemical properties such as high surface area, environmental compatibility, 

superparamagnetic, and non-toxicity [19]. Iron oxide nanoparticles are synthesized with many 

methods such as thermal decomposition, sonochemical reaction, hydrothermal applications 

[20-22]. These methods usually require special equipment and high cost but give low yield 

[23]. In addition, toxic, corrosive, and flammable chemicals are used during the processes, and 

the waste solvents and reducing agents that emerged after the synthesis procedures negatively 

affect both environment and human health [24, 25]. The disadvantages of these traditional 

methods could be overcome with sustainable and environmental-friendly methods by using 

natural precursors such as plants, bacteria, seeds, algae [26]. Green synthesis is based on using 

the seconder metabolites extracted from natural initiator as reducing and stabilizing agent, was 

first tried by Anastas and Warner in 1998 [27]. The type and part (stem, cell, leaf, seed, etc.), 

extraction method, and extraction conditions of the natural precursors change the properties of 

the nanoparticles [28, 29]. The purification method is also important in the amount and quality 

of the nanoparticle [30]. In other words, the properties of the synthesized nanoparticles are 

greatly affected by the experimental conditions, and many iron oxide nanoparticles have been 

synthesized with many biological sources. 

Ficus carica is a diploid species in the Moraceae family and has more than 1400 species 

divided into about 37 genera [31]. While fruits and leaves of Ficus carica have been used for 

human consumption for centuries, pharmacological properties of the different parts of the tree 

have been frequently investigated recently [32-36]. Bioactivities of Ficus carica such as 

antiviral, antibacterial, antifungal, hypoglycemic, and antimicrobial have been determined, and 

these properties are due to secondary metabolites such as flavonoids, phenolic compounds, 

phytosterols, fatty acids [37-39]. Athanasios et al. also noted the presence of psoralen and 

bergapten in Ficus carica leaf [31]. 

In this study, iron oxide nanoparticles were synthesized by using fig leaf extracts and 

characterized by energy-dispersive X-ray spectroscopy (EDX), transmission electron 

microscopy (SEM), UV-visible spectroscopy, X-ray diffraction (XRD), Fourier transform 

infrared spectroscopy (FT-IR). The antioxidant activity of these nanoparticles was also 

evaluated.  

2. Materials and Methods 

2.1. Apparatus and materials. 

UV-Vis spectra were analyzed with Shimadzu UV-1800 and the Fourier Transform-

Infrared (FT-IR) spectra were recorded on Shimadzu IR-Affinity spectrophotometer. The 

surface morphology, elemental composition and size of iron oxide nanoparticles analyzed 

using a scanning electron microscope (SEM) LEO-EVO 40, equipped with Energy Dispersive 

X-ray (EDX) Bruker-125 eV. X-ray diffraction (XRD) patterns were measured on a Rikagu 

RINT-2000. Also, the ultra-pure water obtained from Merck Milli-Q was used throughout all 

studies. 

Iron(III)chloride hexahydrate (97.0 %, FeCl3⋅6H2O), sodium hydroxide (99.5 %, 

NaOH) were purchased from Sigma-Aldrich. All solutions were prepared using ultrapure 
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water. All glassware was rinsed using distilled water and air-dried in a hot-air oven before 

using. 

2.2. Extract preparation. 

Ficus carica leaves were freshly collected, washed twice with tap water and deionized 

water, and dried in a laboratory oven at 70 oC for 2 days. The dried leaves were ground into 

fine particles using a laboratory grinder. 10 g of the finely divided leaf particles was dissolved 

in 200 mL of deionized water in a 500 mL flat bottom flask. It was heated and stirred in a water 

bath at 80 oC for 1 hour. The aqueous leaf extract was filtered using filter paper, put into an 

amber bottle, and stored in the refrigerator [40]. 

2.3. Green synthesis of iron oxide nanoparticles. 

2.70 g (0.01 M) of FeCl3.6H2O was weighed and dissolved with 100 mL of ultrapure 

water. The mixture was poured into a bottom flask and heated with a mechanical stirrer at 70 
oC. 40 mL of the plant extract was added in drops to the stirring iron solution. The pH of the 

mixture was altered to basic (pH of 11) using few drops of 0.1 M NaOH. The mixture was 

stirred for 1 h. The resulting product was isolated with the centrifuge, severally washed with 

ultrapure water to remove any unreacted salt and metabolites, and dried in the oven at 80 oC 

for 1 day [41, 42]. 

2.5. Determination of antioxidant activity. 

The antioxidative activity of the resultant product as a nanoparticle was determined 

with two different assays: DPPH free radical scavenging activity and oxygen radical absorption 

capacity (ORAC).  

To determine DPPH free radical scavenging activity of the nanoparticle, a certain 

weighable amount of it was added to DPPH (1,1-diphenyl-2-picrylhydrazyl) radical solution 

prepared in methanol and the mixture was left in the dark for 30 minutes. At the end of this 

period, the decrease in the amount of free radicals in the tube containing nanoparticles 

(Abssample) compared to the tube containing no nanoparticles (Absblank) was demonstrated 

by measuring the absorbance at 517 nm. The same experiment was also performed with 

standard antioxidant ascorbic acid.  

The scavenging activities of both ascorbic acid and nanoparticles were calculated using 

the following equation in percent. Thus, the DPPH free radical scavenging efficiency of 1 gram 

of nanoparticles was expressed as ascorbic acid equivalent (mgAAE/g sample).  

 

Scavenging activity (%)= (Ablank-Asample)/Ablank x 100 

 

In addition, by performing the same experiment in the presence of different amounts of 

nanoparticles, the amount of nanoparticles sufficient to destroy 50% of the radical in the 

environment was expressed as SC50. 

The oxygen radical absorbance capacity (ORAC) of nanoparticles as an indicator of 

antioxidant activity was demonstrated by a spectrophotometric method using pyrogallol red 

(PGR) [43]. For this method, in the presence of the sample, 12.6 µM PGR was combined with 

1.0 mM AAPH (2,2’-Azo-bis(2-amidinopropane) dihydrochloride) used as peroxyl radical 

source in phosphate buffer (pH 7.4, 75 mM) and after incubation at 37 °C, the decrease in 
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absorbance was measured relative to the content of the tube blank without sample.  With the 

help of the graph obtained by performing the same experiment in the presence of various 

concentrations of Trolox, which acts as a reference antioxidant, the ORAC value of the tested 

sample was calculated as Trolox equivalent (mg TXE/ g sample) 

3. Results and Discussion 

Morphological screening of synthesized nanoparticles is important in terms of 

composition and size analysis and SEM analysis was used for this study. SEM images of the 

synthesized product are presented in Fig.1(a) with a magnification of 100K and Fig.1(b) with 

a magnification of 60 K. The particle size was determined in the range of 43–57 nm. The figures 

indicate that the nanoparticles get agglomerated and are multiform. Building blocks of various 

bioactive reducing agents, lower capping ability of leaf extract, H-bonding presented in 

bioactive molecules could be the reason for the agglomeration of the nanoparticles [44]. 

 

(a) 

 

(b) 

 
(c) 

 

(d) 

Figure 1. Characterization of the iron oxide nanoparticle (a) SEM analysis with 100K, (b) SEM analysis with 

60K, (c) XRD analysis, (d) EDX analysis. 

XRD analysis is a characterization method accepted as an essential tool in nanoparticle 

researches [45]. Similar XRD peaks of iron oxide nanoparticles obtained by green synthesis 

have been sometimes labeled for a different form. Demirezen et al. reported that the XRD 

peaks 16° and 21° correspond to the crystal face reflection of γ-Fe2O3[46]. Liu et al. also 

recorded that the XRD peaks at 14°, 27°, and 49° indicate the lepidocrocite form [47]. Bhuiyan 

et al. also identified the 26.16°, 35.12°, 35.12°, 36.63°, 40.64° peaks for α-Fe2O3 nanoparticle 

[48]. The XRD pattern [Fig.1(c)] of iron oxide nanoparticle showed peaks at 16.6°, 24.01°, 
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32.86°, 34.72°, 35.94°, 41.26°, and 43.76°. These results confirmed the multiform of the iron 

oxide nanoparticles formed by the reduction method using Ficus Carica leaf extract. The two 

distinct peaks at 2θ (°) = 16.6°, and 24.01° which corresponds to phase planes of (111), and 

(211), respectively, could indicate the γ-Fe2O3 form of the nanoparticle. The XRD peaks at 

32.86°, 34.72°, 35.94°, 41.26°, and 43.76° with the phase plane of (311), (320), (321), (411), 

and (420) are the indicators of the α-Fe2O3 nanoparticle. 

EDX is an analytical method used to find the chemical compositions of various 

elements and determines the relative abundance of particular chemical elements on a solid 

surface [49]. The elemental composition of iron oxide nanoparticles was assessed by EDX 

analysis, confirming the occurrence of iron as a major metallic element [Fig. 1(d)]. The EDX 

spectrum determined the presence of iron and oxide. EDX measured the weight percentage of 

iron (76.56%) and oxide (17.09%). The synthesized iron oxide nanoparticles had 46.79% of 

iron, 36.47% of oxide and 15.96% of other elements (carbon and sulfur). 

IR spectra of dry Ficus Carica leaf extract and iron oxide nanoparticles were recorded 

by ATR attachment and these spectra are presented in Figures 2 (a) and (b). The difference 

between the spectra could be considered as proof of the transformation. The band observed in 

3300s cm-1 as hydroxyl, 1635 cm-1 as carbonyl, and 1574 cm-1 as C-H could be labeled in the 

extracted spectrum [50]. In the IR spectrum of iron oxide nanoparticles which is presented in 

Figure 2 (b), the band in 3271 cm-1 is considered hydroxyl, while the band in 2962 cm-1 could 

be considered as the sign of carboxylic acid. The carbonyl band is in 1605 cm-1, while the band 

in 1065 cm-1 could be evaluated as C=C [51]. It has been noted that, in the IR spectra of iron 

oxide nanoparticles, the bands observed between 400-570 cm-1 have been evaluated magnetite 

while maghemite has been recorded between 620-660 cm-1 and the bands on 470 cm-1 and 

540 cm-1 are considered as hematite [52]. In the recorded IR spectrum (Figure 2(b)), the bands 

recorded in 470 cm-1, 501 cm-1, 555 cm-1, 594 cm-1 and 633 cm-1 could be the different 

forms of iron oxide nanoparticles. 

  

  

(a) (b) 

Figure 2. (a) IR spectrum of Ficus Carica extract (A) and iron oxide nanoparticle (B); (b) UV-Vis spectra of 

FeCl3 (black), Ficus Carica extract (red), and iron oxide nanoparticle (blue). 

UV-Visible spectra of FeCl3, Ficus carica extract and iron oxide nanoparticles are 

presented in Figure 2(c). The FeCl3 solution shows remarkable UV bands at 291 nm and 206 

nm. On the other hand, many maxima, which correspond to electronic transitions of lots of 

biological macromolecules, were recorded for Ficus carica. A remarkable UV band considered 
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a certain indicator for the iron oxide nanoparticle was not recorded. This may be due to the 

various electronic transitions of a mixed form of synthesized product. Broad shoulders recorded 

at 222 nm and 362 nm for iron oxide nanoparticles can be analyzed in Figure 2(c). 

Two different methods demonstrated the synthesized nanoparticles' antioxidant 

activity, and it was concluded that they had a remarkable antioxidant activity. Calculated DPPH 

test results can be used to evaluate the product's ability to trap free radicals. As a result of the 

DPPH test, it has been calculated that 1 gram of nanoparticles has antioxidant activity 

equivalent to 5.14 mg ascorbic acid. In addition, it was shown that the nanoparticle at a 

concentration of 12.118 mg / mL has an antioxidant capacity that can destroy half of the DPPH 

radicals in the environment. In other words, we can say that the SC50 value calculated as a result 

of the DPPH test for the nanoparticle is 12.118 mg/ml. The scavenging efficiency of DPPH 

radicals of 3 different iron oxide nanoparticles obtained by green synthesis from palm leaf was 

found between 2 and 26.4 mg/ml [53]. 

The ORAC method, which is the other antioxidant activity determination method 

tested, reveals how many free radicals can be deactivated with the sample tested. The results 

obtained showed that 1 gram of nanoparticles has an oxygen radical scavenging activity 

equivalent to 7.360 mg Troloks. 

The antioxidant activity of magnetic iron oxide nanoparticles obtained using an inedible 

Borassus flabellifer seed coat was also evaluated according to 3 different methods. Although 

an increase in activity was observed with increasing concentration in each method, lower 

activity values were obtained compared to the standard antioxidant ascorbic acid. Significant 

cleaning activity of surface-functionalized iron oxide nanoparticles against free radicals can be 

attributed to the presence of bioactive components with good antioxidant activity in the extract 

[54]. 

4. Conclusions 

The synthesis of eco-friendly and sustainable nanoparticles by using green synthesis 

methods is promising. Suppose the hopeful developments in nanoparticle studies are evaluated. 

In that case, the synthesis of nanoparticles from cheap and easy starting materials and the 

unique properties of every synthesized product will motivate future studies. In this study, iron 

oxide nanoparticles were synthesized from dried Ficus carica leaves and characterized and 

their antioxidant activity was analyzed. The recorded activity is remarkable, despite the 

problem about the synthesis of uniform products in this study. In follow-up studies, the 

researchers will continue to synthesize nanoparticles with different metal precursors from 

natural products. It is clear that green synthesized iron oxide nanoparticles should be 

investigated with advanced studies to be potential candidates in various biomedical 

applications thanks to their antioxidant activities.  
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