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This study involves the preparation of a-Fe;O3z(hematite) nanoparticles via simple and facile ultrasound-assisted method
from aqueous solution of FeS047H20 and NaOH in the presence of 3-MPA as a capping agent. X-ray diffraction analysis
exhibits that the as-prepared product are in the phase of FeO(OH) and excellently crystallized a-Fe,O3 nanostructures have
been formed after thermal annealing at 450°C. Scanning electron microscope (SEM) images reveal that the product
consisting of rod-like nanocrystallites of about 40nm width and 300nm length, which aggregated in the form of
polydispersive clusters. The FT-IR absorption spectroscopy of the as-prepared nanostructures and annealed nanopowders

were studied.
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1. Introduction

Metal oxide nanomaterials exhibiting interesting
optical and electrical properties that can be grown
efficiently as powder nanostructures are used extensively
for variety of applications in catalysis, sensors,
environmental remediation and optoelectronic devices [1-
7].Among different metal oxides, iron oxide nanoparticles
received great attention because of its potential
applications in technological applications such asrecording
media, biosensors,biomedicine, passive and active
targeting, ferrofluids, optical power limiting agent and
biogeochemical processes [8-16].

Controlled preparation of metal oxide nanoparticles is
essential for successful application, andseveral synthetic
methods have been developed for synthesizing metal oxide
nanoparticles over the past several decades.There are also
several important for preparation of metal oxide
nanoparticles, such as: synthesis of pure nanostructures,
shape and size control, maintaining a narrow size
distribution, control of degree of crystallinity and
structure. Recently, ultrasonic-assisted method has been
the topic of intense investigation in the synthesis of
nanostructures due to low-cost, simple and effective route.
Due to special sonochemical reaction effect, the
ultrasound-assisted preparation method has advantages
such as a rapid crystallization, controllable morphology
and size high purity [17-21].

In this paper, we report preparation and
characterization of nanocrystalline o-Fe,O; by the
ultrasound-assisted method. The nanocrystalline FeO(OH)
and o-Fe,O; was synthesized by sonication an aqueous
solution ofFeSO,7H,O and NaOH. The as prepared
nanoparticles were analyzed by X-ray diffraction (XRD),

scanning electron microscopy (SEM) and Furier transform
infrared (FT-IR) spectroscopy.

2. Experimental

2.1 Materials and preparation of a-Fe,0;
nanostructures

Ferrous sulfateheptahydrate (FeSO47H,0),
ammonium hydroxide (NaOH), 3-MPA (3-mercapeto
propionic acid) and absolute ethanol were obtained from
Merck and employed without further purification. Double
distilled water was used for washing the particles.

In a typical procedure 0.2M solution of Ferrous
sulfate was prepared by dissolving 1.39 g FeSO,7H,O in
25ml distilled water. The pH of the solution was 4. In a
different flask 0.4M aqueous solution of sodium hydroxide
was prepared by dissolving 0.4 g NaOH in 25 ml distilled
water and the pH amount of the solution was 12. These
solutions were mixed together in a rounded bottom flask
and Immol 3-MPA was added to the mixture and then the
product wasultrasonically irradiated for 1 h at room
temperature in open air on a laminar flow bench, using Dr.
Heilscher high intensity ultrasound processor UP200H
Germany (0.3 cm diameter Ti horn, 200 W/cm?, 23 kHz).
During the sonication of reaction mixture, the temperature
increased to about 80°C and the total pH of the solution
was 9.

After sonication, the solution was centrifuged (at
revolution rate of 4000 rpm) and a plenty of brown
precipitates could be observed. The precipitates were
washed with double distilled water and absolute ethanol
for several times and then were dried at room temperature
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for 1 day. To convert the as-prepared FeO(OH)
nanostructures into a-Fe,O; the as-prepared powders were
annealed at 450 C for 2 h in air atmosphere, where the
annealing temperature was selected from thermo
gravimetric analysis (not shown here).

2.2 Characterization Methods

The X-ray powder diffraction (XRD) pattern of
product was carried out on Philips X Pert X-ray
diffractometer with CuKa radiation (A = 0.154 nm) in the
20 range from 15° to 80°. Surface morphology and
distribution of particles were performed via LEO 1430VP
scanning electron microscope, using an accelerating
voltage of 15 kV. The sample used for SEM observations
was prepared by transferring the particles, which at first
was dispersed in the ethanol to the SEM stage. After
allowing the evaporation of ethanol from the stage, the
particles on the stage were coated with a thin layer of gold.
FT-IR Transmission spectrum of the sample was recorded
employing Perkin Elmer RXI spectrometer.

3. Results and discussion
3.1 XRD results

Fig. 1 (a) and 1(b) represents the X-ray diffraction
pattern of the prepared FeO(OH) and a-Fe,04
nanostructures, respectively. Diffraction peaks in XRD
spectra of the samples corresponding diffraction planes are
XRD patterns and clearly indicate the formation of
FeO(OH) and o-Fe,O; phase with polycrystalline
structures [22,23]. Peaks are broadened indicating that the
crystals are very small in size. The nanostructures mean
size of was approximately estimated by Hall’s method
[24]:

A
BcosO = D + 2esinf

where B is the measured full width at half maximum
(FWHM) in radians, 0 is the Bragg angle of the diffraction
peak, A is the X-ray wavelength, D is the grain size, ¢ is
the effective residual strain.
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Fig.l X-ray diffraction spectra for initial sample

prepared and dried at room temperature for 1 day

indicate the formation of FeO(OH) phase (a) and after

thermal annealing at patterns of the prepared samples

I(a) and after thermal annealing at 450 °C the

X-ray diffraction spectra clearly indicate the formation of
o-Fe,0; phase 1(b).

The angle of diffraction (20) and peaks miller index of
the as-prepared and annealed products are given in
Table 1.
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Table 1. Diffraction peaks in XRD spectra of the samples
and corresponding diffraction planes, at right: the data
before annealing and at left, the data after annealing.

26 Diffraction 26 Diffraction
planes planes
24 4 (012) 17.8 (020)
3410 (104) 21.4 (110)
35.8 (110) 26.5 (120)
41 (113) 334 (130)
49.6 (024) 36.8 (040)
54.1 (116) 40.1 (121)
574 (018) 41.3 (140)
62.4 (214) 50.6 (211)
64.1 (300) 533 (221)
72 (1010) 57.4 (231)
59.1 (151)
61.4 (002)
63.9 (061)
715 (132)
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Fig. 2(a) and 2(b) represents a typical plot of fcosé vs.
sin@ for FeO(OH) and a-Fe,Osnanostructures prepared by
ultrasound-assisted method respectively. € and D can be
estimated from the slope of the straight line and the
intercept on fcosf axis respectively.
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Fig. 2(a). plot of Bcos@ vs. sinf for FeO(OH) and 2(b) for
a-Fe,Osnanostructures prepared by ultrasound-assisted
method.

3.2 SEM Images

The SEM images of the as-prepared FeO(OH)
nanostructures are shown in Fig. 3(a) and (b) at different
magnifications. It is clear that as-prepared nanostructures
are in rod-type form with polydispersive size distribution.
The SEM image ofa-Fe,Osnanostructures are shown in
Fig. 4(a) and (b). As can be seen from Fig. 4 (a) and (b)
thatthe nanostructures have rod-like shape and the length
of the maximum number of particles are between 100 to
300nm and width of the particles are about 20 nm to
60nm, approximately.

N

Signal A=0BSD  Date :20 Sep 2011
Photo No. = 5866  Time :10:43:07

— EHT=1500kv WD= 5mm

Fig. 3(a) and (b). SEM images of FeO(OH)
nanostructures prepared by ultrasound-assisted method
at different magnifications.
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Fig. 4(a) and (b). SEM images of a-Fe,Osnanostructures
prepared by ultrasound-assisted method at different
magnifications.
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3.3 FT-IR characterization

Fig. 5 shows the FT-IR spectra of FeO(OH) and a-
Fe,O; nanostructures. As shown in curve a, the
Transmision peak at around 3143 cm™ related to vibration
of a-FeO(OH) v(O-H), also two sharp peaks at 795 and
890 cm™ belonging to torsional vibration modes of &(Fe-
O-H) that confirm previous peak. The characteristic
transmission peaks at 453 and 647 cm’, which were
attributed to the stretching vibration modes of v(Fe-O).
After annealing at 450°C, (curve b) three weak peaks
around 417, 454 and 505 cm™appear which are assigned to
the stretching vibration mode of v(Fe-O) and shows a
trend to the phases transition between v(Fe-O) and o-
Fe,Os3. The peaks at 978, 1053 and 1141 cm’! related to
stretching and torsional vibration mode of sulfate ion.
With increasing of temperature up to 450°C (curve b), we
see all of the vibration modes of FeO(OH) vanish and
other peaks belonging to stretching vibration modes of a-
Fe,0s. In general the bands of stretching vibration modes
of hematite Fe-O are contributed to 360, 385, 485 and 575
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Fig. 5. FT-IR Transmittance spectrum of the prepared
samples before thermal annealing (FeO(OH))(a) and
after thermal annealing at 450 °C (sample a-Fe,03)(b).

4. Conclusion

In conclusion, FeO(OH) and a-Fe,Oj;nanostructures
prepared by the facile ultrasound-assisted method from an
aqueous FeSO,7H,O and NaOH in the presence of 3-
MPA as a capping agent and some of structural properties
is reported. The XRD structural analysis indicated that the
FeO(OH) and a-Fe,Os;nanostructures were polycrystalline.
The SEM images indicated that nanostructures in both
cases formed in thepolydispersive rod-like shape and the
length of nanorods are smaller than 300 nm and the width
of nanorods are smaller than 50nm. The FT-IR
transmission spectrum also confirms existence the (Fe-O)
and FeO(OH) modes in products.
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