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Abstract: Iron oxide(Fe2O3) nanoparticle was successfully synthesized by using cost effective and eco-friendly 

green method assisted by leaf extract of Piper betle. The synthesized sample was characterized by using X-ray 

diffraction (XRD), Scanning electron microscope (SEM), Energy dispersive X-ray Spectroscopy (EDAX), UV-vis 

Spectrophotometer, Fourier transform Infra-red spectroscopy (FTIR) and LCR meter. XRD confirms the 

formation of pure rhombohedral phase of Fe2O3. The lattice parameters and crystallite size of the synthesized 

sample were found to be 66.22 nm, a=b=0.5395 nm and c=1.388 nm. The surface morphology of the 

synthesized sample was revealed by SEM image, EDAX spectrumshows the presence of light element K, Cl and 

Mg in addition to Fe and O in the synthesized sample. The band gap energycalculated from the UV-vis 

absorption spectrum is found to be 2.6 eV. FTIR study confirms the presence of Fe-O strectching vibration. The 

frequency dependent dielectric properties of the synthesized sample was measured by LCR meter in the 

frequency range of 100 Hz to 1 MHz which shows the typical frequency dispersion. The temperature dependent 

dielectric propertyand the ac electrical conductivity of the synthesized sample was studied and the results 

obtained were analyzed. The magnetic study of the synthesizedsample shows the ferromagnetic behavior. 
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I. Introduction 
 Magnetic nanoparticles have attracted wide research interest because of their potential application in 

information storage, color imaging, high density magnetic storage media, magnetic refrigerator, gas sensing, 

ferrofluids, catalysis, medical diagnostic etc.
1-4

 Among the various magnetic iron oxide nanoparticles, Fe2O3 

nanoparticle has wide range of advantage due to its high electrical resistivity, low eddy current loss 
5,6

.They are 

widely used in many ferrites devices and in production of electronic and magnetic components, converters and 

electromagnetic wave absorbers
7
. There are various methods used in the preparation of Fe2O3 nanoparticles such as 

hydrothermal method, sol gel method, co-precipitation method, auto combustion method,green synthesis method 

etc
8-15

. Green synthesis method is one of the most convenient technique to synthesize the Fe2O3 nanoparticles 

because of its cost effectiveness, environmental friendliness, easily sealed up for large scale synthesis and in this 

method there is no need to use high pressure, energy, temperature and toxic chemicals. In the present work, Fe2O3 

nanoparticle have been synthesized by economical and environment friendly green synthesis method using betel 

leaf extract. A detailed structural, optical, electrical and magnetic characterization of the synthesized sample have 

been carried out. 
 

II. Material And Methods 
Materials Required 

 For the synthesis of Fe2O3 nanoparticles Piper betle leaf extract was used as a reducing agent. The 

ferric nitrate Fe(NO3)3.9H2O which was used as a precursor material for Fe
2+

 ions was procured from 

LobaChemie. Whatmann filter paper No. 1 grade 42 was used for the filtration and Narang scientific work 

(NSW-142) heating Oven was used for the drying process.  

 

Preparation of Piper betle leaf (betel) extract 

 Fresh leaves of Piper betle were thoroughly washed with running tap water followed by distilled water. 

The washed leaves was then boiled with distilled water in a glass beaker until the colour changes to greenish 

yellow. The leaf extract was cooled at room temperature and filtered using filter paper. 

 

Green Synthesis of Fe2O3 nanoparticles 

 Appropriate amount of Fe(NO3)3.9H2O was dissolved in 400 ml of Piper betleleaf extract to make 0.1 

M solution of Fe(NO)3.9H2O. The mixed solution was stirred for 1 hr in a magnetic stirrer at 600 rpm to make 

the solution homogenous. The homogenous solution was heated in a heating mantle at 350
0
C until combustion 
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takes place. The reddish ash powder obtained after complete combustion was washed several times with distilled 

water to remove the impurities and dried in a hot plate at 200
0
C. The dried powder was ground using an agate 

mortar to obtain the fine powder. 
 

Characterization  

The structural properties of the green synthesized Fe2O3 nanoparticle was characterized by using 

Phillip’s PANanalyticalX’Pert PRO diffractometer with Cu target (λ=1.5405Å) in the 2θ range of 20°-80°. The 

XRD pattern was analyzed using X-pert Highscore Plus and data was compared with ICDD/PDF2 database. The 

surface morphology and elemental analysis of the synthesized sample was examined by scanning electron 

microscope (SEM) (FEI QUANTA 250) equipped with energy dispersive X-ray (EDAX) spectrometer (EDAX 

QUANTA 250). The optical absorption spectrum of the synthesized sample was recorded by UV-vis 

spectrophotometer (Ocean Optics HR4000) in the wavelength range of 350nm-700nm. FTIR spectrum of the 

synthesized sample was recorded over the range of 400-4000 cm
-1

 in a FTIR spectrometer (SHIMADSU 

8400S). Pelletized sample was used for the dielectric measurement by LCR meter (HP 4284A) as a function of 

frequency from 100Hz-1MHz and temperature in the range from 20
0
C-155

0
C. In order to obtain good electrical 

contact silver paste was painted on the polished sintered surface of the pellet. The magnetic property was 

characterized by VSM (Vibrating sample magnetometer). 

 

III. Resultand Discussion 
Fig 1 shows the XRD pattern of Fe2O3 nanoparticle.The X-ray diffraction peaks were obtained at 24
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corresponding to the planes (012), (104), (110), (113), (024), (116), 

(122), (214), (300) and (220). The XRD pattern confirms the formation of pure rhombohedral phase of Fe2O3 

nanoparticles which is in good agreement with ICDD/PDF2 database 00-24-0072. The crystallite size was 

calculated from the most prominent peak using the Debye Scherrer formula (eqn (1)) and was found to be 66nm.   

     

     g =
0.9λ

βcos θ
      (1) 

where, g is the crystallite size, λ is the wavelength of X-ray radiation, 𝛽 is the full width at half maximum 

(FWHM), θ is the Bragg’s angle. 

 
     Fig.1 XRD pattern of Fe2O3 nanoparticle. 

 

As the Fe2O3 nanoparticles crystallized in rhombohedral form, its lattice parameter and cell volume were 

calculated by using the formula  
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and cell volume,  V =
√3

2
a2c         (3) 

 where h, k, l are the miller indices and a, b, c are the lattice parameter. The lattice parameter and cell 

volume werefound to be a=b=0.503 nm, c=1.377nm and V=0.303 (nm)
3
 which were well matched to the 

standard value determined by ICDD reference no.00-024-0072. 

 

 
    Fig 2: SEM image of Fe2O3 nanoparticle. 

 
 Fig 2 shows the SEM image of the synthesized Fe2O3 nanoparticle. It is observed that the particles were 

highly agglomerated. Some distorted spherical shape particles is also seenin the image. 

 
Fig 3: EDAX spectrum of Fe2O3 nanoparticle 

 

 Fig 3 shows the EDAX spectrum of the synthesized Fe2O3 nanoparticle. The spectrum shows the 

presence of light elements K, Mg, Cl in addition to Fe and O. These light elements are present in high amount in 

plants and its detection in the sample might had been from the leaf extract that was used during the synthesis 

process
16

. 
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Fig.4(a) UV-vis absorbance spectrum of Fe2O3 nanoparticle (b) Tauc plot of Fe2O3 nanoparticle 

 

The direct band gap energy of the synthesized sample can be calculated from the absorption spectrum by using 

the Tauc relation given below 

 

αh𝑣 = c(h𝑣 − Eg)
n     (4) 

 whereα=2.303A/t is the absorption co-efficient, Ais the absorbance, tis the thickness, Cis the 

proportionality constant, Egis the band gap andhυ is the photon energy.  The value of band gap energy calculated 

from the Tauc plot is found to be 2.6 eV which is in good agreement with the value (~2.67 eV) reported by P. Mallick 

et.al
17

. 

 Fig 5 shows the FTIR spectrum of Fe2O3 nanoparticle. The absorption band at 3404 cm
-1

is due to the O-H 

strectching vibration mode of adsorbed water. The band at 2911 cm
-1

, 1380 cm
-1

 and 1000 cm
-1
are attributed to C-H 

and C-O bond. The strong band at 538 cm
-1

 and 456cm
-1

are  attributed to the Fe-O strectching vibration. 

 

 
Fig.5 FTIR of Fe2O3 nanoparticles. 

 

Fig 6(a) displays the variation of dielectric constant as a function of frequency at room temperature 

from 100 Hz to 1 MHz. From the graph it is observed that the dielectric constant decreases steeply at lower 

frequency and remain constant at higher frequencies indicating the usual frequency dispersion. When an electric 

field is applied within dielectric material orientational polarization and space charge polarization takes place 

within it
18-22

. At lower frequiencies, the dipoles within the material can orient themselves to respond to the 

applied field and accumulation of charges takes place at the grain boundaries which results in the high value of 

dielectric constant. However,with further increase in frequencies, a point is reached where the dipoles do not 

orient themselves with the direction of applied field, so polarization cannot achieve its saturation value and 
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hence a decrease in dielectric constant is observed at higher frequencies.  

 
 

 
 

 
 

 

Fig 7 displays the variation of ac conductivity as a function of frequency at room temperature from 100 

Hz to 1 MHz. From the graph it is observed that at low frequency range the ac conductivity is nearly 

independent of the frequency and had been attributed to the dc conductivity of the sample. With the increasing 

frequency, the ac conductivity increases obeying the Jonsher’s Universal power law σac=σdc+Aω
n,[23]

, where σdc 

is the dc conductivity (frequency independent plateau in the low frequency region), A is a constant and n is a 

characteristic parameter (0<n<1). The curves is not well fitted at lower frequency region due to the electrode 

polarisation effect along with the dc conductivity, however, the curves is well fitted at the higher frequency 

range confirming the frequencydependence of ac conductivity.The frequency dependence of ac conductivity is 

related with the conduction by the electron hoppingwithin the dielectric material. At lower frequencies the grain 

boundaries are more active and hence the hopping between dielectric is less. As the frequencies of the applied 

field increases, the conductive grains become more active thereby promoting the hopping within dielectric 

material which results high ac conductivity. Therefore a gradual increase in conductivity with frequency is 

observed. 
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Fig.6 Variation of (a) dielectric constant with frequency (b) dielectric loss with frequency of Fe2O3 nanoparticles. 

Fig.7Variation of ac conductivity with frequency of Fe2O3 nanoparticle 
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Fig 8 (a) and (b) displays the variation of dielectric properties with temperature. From the graph it is 

observed thatdielectric constant slowly increase upto 25
o
C then decreases steeply andremains constant at higher 

temperature. This may be attributed to the fact that with the increase in temperature the charge at the grain 

boundaries can overcome the resistive barrier and conduction take place which increases the thermal oscillation 

however after a certain temperature disorder of dipoles takes place which results the decrease in dielectric 

constant indicating a phase transition
24-27

.  

 
 

 
 

Figure 10 shows the variation of Magnetization M with Applied field H of Fe2O3 nanoparticles. From 

the hysteresis loop it is observed that Fe2O3 shows the ferromagnetic behavior with Coercitivity, Hc=216.90 G, 

Magnetization, Ms=2.9087 emu/gm, Retentivity, Mr=0.40377 emu/gm and Squareness=0.13882. Similar 

experimental results were also obtained by the Arvish Kumar Arora et.al
28

 which reports ferromagnetic behavior 

of Fe2O3 nanoparticles with Magnetization, Ms=1.7 emu/gm. The observed increase in Magnetization in the 

current work in comparision with the above isdue to the difference in crystallite size of the sample. 

 

 

 

20 40 60 80 100 120 140

50

100

150

200

250

300

350

400

450

500

d
ie

le
c

tr
ic

 c
o

n
s

ta
n

t

'

 101 kHz

251 kHz

551 kHz

 976 kHz

temperature(oC)

20 40 60 80 100 120 140

0

1

2

3

4

5

6

7

d
ie

le
c

tr
ic

 l
o

s
s

 


temperature(oC)

 101 kHz

 251 kHz

 551 kHz

 976 kHz

-15000 -10000 -5000 0 5000 10000 15000

-3

-2

-1

0

1

2

3

 

  

 

Applied field (G)

M
a
g

n
e
ti

z
a
ti

o
n

 (
e
m

u
/g

m
)

Fig.8 Variation of (a)dielectric constant with temperature (b) dielectric loss with temperature of Fe2O3 

nanoparticles. 

 

Fig. 10 Room temperature M-H loop of 
Fe2O3 nanoparticles 
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IV. Conclusion 

Fe2O3 nanoparticle was successfully synthesized by green method using the Piper betle leaf extract. 

The nanostructures of the prepared Fe2O3 have been confirmed by using XRD and SEM. The electrical 

properties were studied by the LCR meter. Morphological study shows highly agglomerated particles. EDAX 

spectrum shows the presence of impurity K, Mg, Cl in addition to Fe and O. From the UV-vis spectra the value 

of band gap energy was found to be 2.6 eV. FTIR confirms the presence of Fe-O stretching vibration. The 

sample shows the frequency dispersion at lower frequency and exhibit high dielectric constant. The dielectric 

loss factor shows the oscillating behavior and the ac conductivity shows the frequency dependence at higher 

frequency. The sample shows the high dielectric properties at lower temperature which decreases at higher 

temperature. The magnetic property of Fe2O3 nanoparticles shows the ferromagnetic behavior.  
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