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ABSTRACT

Article history:

The nanostructures of Fe2O3 have been synthesized applying sour
cherry juice and iron chloride as a low-cost and eco-friendly method
at ambient conditions. Sour cherry juice has been used as a surfactant
and the kind of surfactant had an important effect on the size and
morphology of the products. The effect of sour cherry juice
concentration and calcination temperature on the morphologies of
Fe2O3 nanostructures has been investigated. The prepared
nanoparticles were subjected to X-ray diffraction (XRD) analysis,
field emission scanning electron microscopy (FE-SEM), and
vibrating sample magnetometer (VSM) system. The powder X-ray
diffraction analysis confirmed that Fe2O3 nanostructures are in
Rhombohedral and Cubic phases. The average crystalline size
estimated by the Williamson-hall method was about 13-32 nm for all
samples. Various morphologies were also obtained by changing the
amount of sour cherry juice. The saturation magnetization increased
with the growth of crystals.
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1. Introduction
The construction of nano-scale materials with
the modified size, dimension, morphology, and
so forth has been receiving a great deal of
attention not only for their common interest, but
also for many practical and technological
applications [1]. Alternatively, the development
of new methods for the preparation of
nanomaterials which would overcome the
problems caused by the present methods is of
great interest. Recently, many efforts have been
made to search for alternative biotechnologies
and green mediums synthesis in order to develop
a new method for the creation of nano-materials,
as this is essential for addressing applications
such as green synthesis and clean energy storage
[2-11].
The use of fungus, leaf, bacteria, and plant
extracts as the green media for the synthesis of
*
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nano-materials and especially metal oxides is
called the biosynthesis method. The wide
ranging application of metal oxides increased
the awareness towards green chemistry of these
materials. The biosynthesis approach has led to
a desire to develop an eco-friendly approach for
the synthesis of nanocrystalline metal oxides
[12-20].
Hematite (α-Fe2O3) as one of the most
important metal oxides and an n-type
semiconductor has attracted much interest due to
its narrow band gap of 2.1 eV, and magnetic,
anti-corrosive properties, which are applicable
in medical science, catalysis, pigments,
photonics,
water
treatment,
sensors,
electrochemistry and magnetism [21-23].
These properties of Fe2O3 have led the
scientists to expose various methods for the
preparation of different shapes and sizes of
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Fe2O3. As a consequence, a variety of methods
have been reported for the synthesis of iron
oxide nanoparticles, including sol-gel, microemulsion, sono-chemical, ultrasonic spray
pyrolysis and microwave plasma methods [24,
25]. Some of these methods have their
drawbacks as they mainly involve several steps,
and are usually time consuming, costly, and
toxic [26]. To overcome these problems,
biosynthesis as a green synthesis method for
preparation of Fe2O3 nanoparticles has been
reported applying plants such as Camellia
sinensis leaves and curcuma and tea leaf extract.
These green syntheses are simple and viable
alternatives to chemical and physical methods
[27, 28].
In the present work, we expanded the green
biosynthesis of Fe2O3 nanoparticles by the use
of sour cherry juice for the first time as the
stabilizer and capping agent to control the
crystal growth for synthesis of Fe2O3
nanocrystalline using co-precipitation method.
The method is cost-effective and non-toxic, and
generally leads to the formation of crystalline
nanostructures with a collection of shapes.
Furthermore, the effect of various amounts of
sour cherry juice and different calcination
temperatures on morphology, crystal-size, and
magnetic properties of the samples is
investigated.

2. Materials and methods
2.1. Physical measurements
Phase identification the as-precipitated and heat
treated samples was carried out by X-ray
diffraction (XRD) method with a Rigaku D-max
C III, X-ray diffractometer using Ni-filtered CuKα radiation. Field emission scanning electron
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microscope (FE-SEM) images were obtained on
HITACHI S-4160. The magnetic measurements
were performed by a Lake Shore 7300 vibrating
sample magnetometer (VSM) system. The size
of the particle was calculated with the help of
Williamson-Hall plot.
2.2. Synthesis of Fe2O3 particles
Ferric chloride hexahydrate was purchased from
Merck Company and used without further
puriﬁcation. Fe2O3 nanostructures were
prepared by the following experimental
progression: two different solutions were
prepared. Solution A: a solution of 20 mmol of
FeCl3. 6H2O was dissolved in 200 mL of
aqueous ethanol 50% (v/v). Solution B: a
mixture of various amounts (100, 150, and 200
mL) of sour cherry juice with 20 mL of aqueous
ammonia. Solution B was added drop wise into
e solution A. The obtained mixture was stirred
at room temperature for 15 min. The resultant
black precipitates were ﬁltered, washed with
distilled water and pure ethanol and dried at
room temperature. Moreover, the experiment
was carried out by using 100, 150 and 200 mL
of sour cherry juice under the same conditions,
respectively. The precipitates were then heated
slowly up to 600 °C in an electric furnace using
alumina crucibles and maintained at the
mentioned stable temperature for 2h. For
investigating the calcination temperature, the
sample that was synthesized with 100 mL of
sour cherry juice was heated at 500 and 700 °C.
For comparison, a blank sample was prepared by
100mL of water and then heated in 600 °C for
2h. After calcination, the obtained Fe2O3
products were stored in an airtight container for
further analysis. All samples have been shown
on Table 1.

Sample
No.
1
2

Table 1. The properties of all samples.
Amount of Sour
TemperatureCrystal
of
size
Morphology
o
cherry Juice (mL)
Calcination ((nm)
C)
100
500
13
Nano-rod and Cube-shape
100
600
14
Agglomerated nano-rod and cubic

3

150

600

19

Nano-rod

4

200

600

21

Agglomeration

5

100

700

32

Agglomerated nanoparticle

6

-

600

210

-
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3. Results and discussion
The XRD patterns of Fe2O3 nanoparticles
prepared with various amounts of sour cherry
juice and calcined at different temperatures are
shown in Figures 1, 2, and 3.
All the XRD peaks could easily be indexed to
rhombohedral Fe2O3 (space group R-3C) with
lattice parameters =b= 5.03Å, c= 13.7370 Å,
Alpha=55.20o (JCPDS 013-034) and cubic
Fe2O3 (space group L-3a) with lattice parameters
= 9.4040Å, Alpha=90o (JCPDS 039-0238).
The XRD peaks of Fe2O3 blank sample are
indexed to rhombohedral Fe2O3 (space group R3C) with lattice parameters =b= 5.03Å, c=
13.7370, Å Alpha=90o (JCPDS-013-0534).
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By using the slope of the Williamson-Hall plot
[29] based on the powder diffraction peak
broadening the crystalline size of Fe2O3
nanoparticles was evaluated and the result is
summarized in Table 1. Surprisingly, crystals
have grown completely and their size has
increased by increasing the amount of sour
cherry juice due to the presence of hydrogen
bonding [30]. Undoubtedly, the more the
increase of the calcination temperature, the more
the growth of sample crystalline size will be.
The particle size of Fe2O3 decreased by adding
the sour cherry juice in comparison with a blank
sample since sour cherry juice act as a
surfactant.

Fig. 1. XRD patterns of Fe2O3 particles synthesized at different calcination temperature: (a) 500ºC, (b) 600ºC, and
(c) 700ºC.
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3.2. SEM images of the sintered composites

Fig. 2. XRD patterns of Fe2O3 particles synthesized using (a) 150 mL and (b) 200 mL of sour cherry
juice.

Fig. 3. XRD patterns of Fe2O3 particles synthesized without sour cherry juice in 600 ºC.
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The morphological investigation of the asprepared samples was done using FE-SEM
technique. The FE-SEM images of the asprepared Fe2O3 nano-structures using 100 mL of
sour cherry juice and calcined at different
temperatures of 500, 600 and 700 °C are shown
in Figure 4. It was revealed that the use of 100
mL of sour cherry juice and a calcination
temperature of 500 °C would lead to the
formation of mixtures of morphology, including
nano-rods and nano-cubes of Fe2O3 samples
(Figures 4a and 4b). The bundles of nano-rods
have a wide range in length and diameter.
Straight threads, with a minimum diameter of
100-150 nm, grow radially from the nucleation
points on the surface of the aggregated
nanoparticles.
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With increasing the calcination temperature to
600 °C, a break on the nano-rods aggregation
has occurred (Figures 4c and 4d). By enhancing
the calcination temperature to 700 °C, the
formation of nano-rods disappears and the
amount of agglomerated particles has increased
(Figure 4e and 4f).
In this regard, we used sour cherry juice as a
cheap and available surfactant. Moreover,
anthocyanin as the major component of sour
cherry is most likely responsible for uniform
shapes and sizes of the confirmed nanoparticles
[31]. The existence of the relatively resistant
benzene rings in sour cherry is a distinct
advantage to prevent agglomeration due to the
high-temperature
heating
of
powders.
Schematic diagram (Figure 5) illustrates the
effect of antioxidants in sour cherry juice.

Fig. 4. SEM images of Fe2O3 particles calcinated at (a) and (b) 500°C, (c) and (d) 600°C, (e) and (f) 700°C.
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Fig. 5. Effect of antioxidants (or phenolic) from sour cherry juice in synthesis of Fe2O3 nanoparticles.
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For further investigation, the effect of
concentration of the surfactant was studied by
changing the amount of sour cherry juice from
100, 150 and 200 mL in the other Fe2O3 samples.
It can be seen in FE-SEM images (Figure. 6) that
the Fe2O3 nanoparticles are synthesized in the
presence of sour cherry juice. Figures 6a and 6b,
which include 150 mL sour cherry juice, show
that the nano-rods have grown non-uniformly.
In Figures 6c and 6d, by raising the molar ratio
to 50 mL, agglomerated particles are obtained.
By enhancing the amount of sour cherry juice to
200 mL, heterogeneous particles are produced.
Clearly, the agglomeration processes take place
between the Fe2O3 nanoparticles capped by
anthocyanin molecules in sour cherry juice
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thanks to the presence of hydrogen bonding.
It is found that the size and shape of
nanoparticles are affected by many preparation
parameters, such as the initial materials, the type
of utilized surfactant, the annealing time, and so
forth. According to Table 2 and Figure 7, the
magnetic property of all samples of Fe2O3
nanoparticles has been considered. Through
increasing the calcination temperature, the
saturation magnetization (Ms) has increased and
the coercivity field (Hc) has decreased. By
enhancing the amount of sour cherry juice, the
saturation magnetization (Ms) has risen and the
coercivity field (Hc) has dropped off in lieu of
200 ml of sour cherry juice.

Fig. 6. SEM images of Fe2O3 particles synthesized using (a) and (b) 150 mL; (c) and (d) 200 mL of sour cherry
juice.
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Table. 2. The magnetic properties of all samples.
Sample Amount of
Sourcherry
No.
Juice (mL)

Temperature of
Calcination (°C)

(Emu/g)

1

100

500

0.90

0.54

0.60

1090

2

100

600

1.61

1.04

0.65

313

3

150

600

1.69

1.04

0.62

581

4

200

600

3.02

2.45

0.81

246

5

100

700

4.26

3.45

0.80

171

Mr(emu/g)

Sq

Ms

Hc(loop)
(Oe)

Fig. 7. VSM of Fe2O3 particles: (a) Sample1, (b) sample2, (c) sample3, (d) sample4, and (e) sample5.

In order to have a comparison between the
sizes of the as-prepared samples and to
understand the effect of the crystal size,
concentration was done on the coercivity field
and statistical analysis was performed from the
XRD and VSM analysis to obtain information
about the crystal size distribution of the samples

and the results are shown in Figure 8. It was
revealed that the crystal diameters are in the
range of 13 -32 nm.
In comparison with the XRD results, clearly,
the coercivity field has decreased with the
enhancing of the crystal size, which is in
accordance with the Cullity theory [32].
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Fig. 8. Investigation of crystal size on the Coercivity Field (Hc).

4. Conclusions
Fe2O3
nanostructures
with
various
morphologies have been successfully prepared
via a co-precipitation method with iron chloride.
The use of sour cherry juice as surfactant was
the novelty of this work and it was found that the
kind of surfactant had an important effect on the
size and morphology of the products. The
qualities of the method, nanometer scale were
formed by reasonable and low-price in a normal
atmosphere in which green synthesis. The XRD
results showed that Fe2O3 powders were
formed with crystalline sizes around 13-32 nm,
and that the coercivity field (Hc) decreased with
the growth of crystals.
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