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Abstract

a-Fe,Os3 (hematite) nanoparticles were synthesized using tragacanth gel as biotemplate and
iron chloride as the iron source by the sol-gel method. This method has many advantages such
as nontoxic, economic viability, ease to scale up, less time consuming and environmental
friendly approach for the synthesis of a-Fe,Os; nanoparticles without using any organic
chemicals. Nanoparticles were characterized by Fourier transform infrared (FT-IR)
spectroscopy, UV-visible spectroscopy and X-ray diffraction (XRD). The powder X-ray
diffraction (XRD) analysis revealed the formation of Rhombohedral phase a-Fe,Os; with
average particle size of 21 nm.
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Introduction

Recently, nanomaterials nanoparticles have received more attention due to their physical
properties and technological applications. Nanoparticles of iron oxide, in its different phases,
are being currently explored for their diverse range of applications such as magnetic storage
media, environment protection, sensors, catalysis, clinical diagnosis and treatment [1-7].
Fe,0; has four phases: a-Fe,O3 (hematite), B-Fe,Os, y-Fe203 (maghemite), and &-Fe2O3 [8].
Among them a-Fe,O3 has the corundum structure, while the others have the cubic structure
[9]. Gamma and epsilon type Fe,O; are ferromagnetic; alpha Fe,O; is a canted
antiferromagnetic while beta type Fe,O; is a paramagnetic material. As alpha Fe;Os; has
canted magnetism which means that the magnetic moments of the two magnetic sub-lattices
do not fully cancel each other and result in small magnetic moment value in the direction of
the basal plane.

When the size of the magnetic particles becomes very small the magnetic moment in the
domain fluctuates in direction, due to thermal agitation which leads to superparamagnetism.
Among different magnetic nanoparticles, a- Fe,O3; is of great interest for potential
applications as a gas sensor, lithium ion battery, catalyst, and pigment [10-12]. The
environmental friendly a Fe,Os; (hematite), an n-type semiconductor is the most stable iron
oxide phase under ambient conditions. It can be used as gas sensors, catalysts, high density
magnetic recording media, clinical therapy and diagnosis, negative temperature coefficient of
resistance, ferrofluids, high resistivity to corrosion, printing ink, magnetic resonance imaging,
photoelectrodes for solar energy conversion and especially biomedical field [13-20]. There
are many developed methods for the synthesis of Iron oxide such as: sol-gel [21],
electrochemical techniques [22], sputtering [23], vapor deposition [24] and hydrothermal
[25]. The mentioned methods have proven to be advantageous in different aspects, but
recently attentions have drawn to methods which are both eco-friendly and commercially
feasible.

Tragacanth gum (TG) is a naturally occurring complex, acidic polysaccharide derived as an
exudate from the bark of Astragalus gummifer (Fabaceae family), a native tree of western
Asia. It is commercially produced mostly in Iran and Turkey [26]. This biopolymer is an
arabinogalactan type of natural gum and its structural, physicochemical, compositional,
solution, thermal, rheological and emulsifying properties have been well characterized and
studied [27, 28]. This natural polymer consists of a mixture of water-soluble (tragacanthin)

and water-swellable (bassorin) polysaccharide fractions [26,29].
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a-Fe,O3; (hematite) is the most stable iron oxide under ambient conditions. This transition
metal oxide has been extensively investigated because it has unique electrical and catalytic
properties [9]. In the present work, for the first time, we have synthesized ferric oxide
nanoparticles using TG by the sol-gel method as a cheap and friendly approach to the nature.
The samples were characterized by X-ray diffraction (XRD), Fourier transform infrared

spectroscopy (FTIR), UV-Vis spectroscopy.

Experimental

Material and methods

The Tragacanth gum (TG) was obtained from a local health food store. Iron Chloride FeCls
was purchased from merck (Darmstadt, Germany) and used without further purification. The
IR spectra were measured on a Jasco 6300 FT-IR spectrometer (KBr disks). UV-Vis
absorption spectra were prepared on a Metrohm (Analytical Jena-Specord 205) double beam
instrument. The measurement was carried out from 200 nm to 700 nm wavelength for all of
the samples. The structural properties of synthesized nanoparticles were investigated by X-ray
powder diffraction (XRD) pattern on a X'Pert-PRO advanced diffractometer using Cu (Ka)
radiation (wavelength: 1.5406 A) at 40 kV and 40 mA at room temperature in the range of 20
from 20 to 80°.

Synthesis of a-Fe,O3 nanoparticles using Tragacanth gum

In a typical synthesis, 1 mmole of FeCl; was dissolved in 5 ml of distilled water and then
stirred for 5 min. Meanwhile, 0.2 g of the Tragacanth gum (TG) was dissolved in 40 ml of
distilled water and stirred for 80 min at 70 °C to achieve a clear Tragacanth gel (TG) solution.
After that, the FeCl; solution was added to the TG solution, and the container was placed in a
sand bath. The temperature of the sand bath was fixed at 70 °C and stirring was continued for
12 h to obtain a black colour resin. The final product was calcined at 600 °C temperatures in

air for 3h to obtain a black powder of a-Fe,Os.

Results and discussion

Preparation of a-Fe,0; nanoparticles.

Synthesis of a-Fe,O3;-NPs was reported via various methods such as sol-gel [30], emulsion
precipitation [31], microwave irradiation [32-33], hydrothermal [34] and co-precipitation
[35]. In this study, we demonstrated a new method of sol-gel to synthesize a-Fe,O3;-NPs using

Tragacanth gum (TG) without using any organic chemicals. The major advantages of this
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research is the synthesis of a-Fe,O3;-NPs in eco-friendly, very cost effective and green
conditions. Particle sizes of the synthesized a-Fe,O3;-NPs by various methods are listed in
Tablel. The presented results show that using of Tragacanth gum-based Sol-gel method leads

to the formation of smaller particle sizes for the prepared a-Fe,O3-NPs.

Tablel. Particle sizes of the synthesized a-Fe,0;-NPs by various methods.

Entry  method Size of nanoparticles* Ref.

1 Sol-Gel 22-56 nm [30]

2 emu%si'on' 42 nm [31]
precipitation

3 microwave 57 nm [32]
microwave 68-79 nm [33]

4 hydrothermal 40-50 nm [34]

5 co-precipitation 30 nm [35]

6 Sol-gel (TG) 21nm This work

*Calculated by Scherer formula

Characterization of a-Fe;O3 nanoparticles.
FTIR spectra were recorded in solid phase using the KBr pellet technique in the range of 400-
4000 ¢m'. FTIR The formation of a-Fe,Os3 nanoparticles was further confirmed by FT-IR

1
and

spectroscopy in Figure 1. The spectra show two characteristic bands at 437-440 cm’
537-541 cm™' which corresponds to Fe-O stretching. The highest one v, (Figure 1) observed
at 539 cm™ corresponds to intrinsic stretching vibration of the, Fe«>O, where as the v,-lowest

band, usually observed at 439 cm™, is assigned to bending vibration of the, O«>Fe«<0 [36].
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Figure 1. FT-IR spectrum of a-Fe,O; NPs.
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The room temperature UV-Vis absorption spectrum of the a-Fe203 is shown in Figure 2.
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Figure 2. UV-Vis spectrum of a-Fe,O3; NPs.

UV-vis absorption measurement of the as-prepared a-Fe,O; nanoparticles were carried out.
According to the literature [37,38], two absorption regions are expected between 200 nm and
600 nm. The absorptions were observed at 200-300 nm centered at 262 nm (region 1) and at
400-600 nm with maximum about 533 nm (region 2) in Fig. 2. The first region mainly results
from the ligand to metal charge transfer transitions and partly contributed from the Fe** ligand
field transitions °A; —»'T; (*P). In the second region the absorption peaks are mainly due to
the A+ °A; 2T, (*G)+ *T, (*G) excitation of an Fe**- Fe*" pair, possibly overlapped with
the contributions of °A; _,'E, *A; (*G) ligand field transition and the charge-transfer band tail
[39].

Similar results were reported for the preparation of a-Fe,O; nanoparticles by oxygenating of
pure iron. The absorption bands (a-Fe,Os nanoparticles suspended in ethanol) at 310 and414
nm are assigned to the °A;*T; (*P) and °A,*T, while the absorption bands in the visible region
near 580 nm and 681 nm are assigned to the °A;+°A; *T; (*G) + *T; (*G) double excitation
process (DEP) and 5A\*T, (4G) ligand field transitions of Fe** respectively [40]. The crystal
structure confirmation analysis was carried out by the X-ray diffraction patterns. XRD

patterns of the product obtained by calcination of precursor at 600 °C are shown in Figure 3.
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Figure 3. XRD pattern of synthesized a-Fe,O3; NPs.

XRD analysis showed a series of diffraction peaks at 20 of 24.12, 33.17, 35.65, 40.87, 49.46,
54.07, 57.61 ,62.46, 64.03, 72.03 and 75.55 can be assigned to (012), (104), (110), (113),
(024), (116), (122), (214), (300), (1010) and (220) planes, respectively. All the diffraction
peaks were readily indexed to a pure rhombohedral phase of a-Fe,Os; (JSPDS Card no. 24-
0072) with a=b = 5.0380 A and ¢ = 13.7720 A. The diffraction patterns are well matched with
the literature [41] and no impurity peaks were observed.

Furthermore, the strong and sharp diffraction peaks confirm the high crystallinity of the
products. The average particle size of a-Fe,Os nanoparticles was determined from the full
width at half maximum (FWHM) of the XRD patterns using the well- known Scherer
formula: D = 0.9A/Bcos 6 where D is the crystallite size (nm), B is the full width at half
maximum of the peak, A is the X-ray wavelength of Cu Ka= 0.154 nm and 0 is the Bragg
aangle [42]. Using the above method we obtained an average size of 21 nm for a-Fe,Os;

nanoparticles.

Conclusion

In this paper, we have reported for the first time, the green synthesis of a-Fe,O3 nanoparticles
that was carried out by the sol-gel method in Tragacanth gel (TG) as a bio-polymeric
template. A pure hematite a-Fe,Oz phase was formed after heat treatment at 600 °C for only 3

h. This method has many advantages such as non toxic, economic viability, ease to scale up,
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less time consuming and environmental friendly approach for the synthesis of a-Fe,Os;

nanoparticles without using any organic chemicals.
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