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Abstract

Magnetic iron oxide nanoparticles have numerous applications in the biomedical field. This paper
reports the preparation and properties of iron oxide nanoparticles synthesised by thermal decomposition
method from iron chelates. The iron oxide nanoparticles were characterized by FTIR, powder XRD,
VSM, SEM and TEM techniques. FTIR and powder XRD studies show that iron oxide was formed as o -
Fe,Os in its pure form. VSM study shows that the particles have got ferromagnetic property. XRD, SEM

and TEM images show that the particles formed are in nanometre crystallite size.
Keywords: Thermal decomposition, Nanoparticles, Iron chelates, Hematite, VSM, TG-DTG.

1. INRODUCTION

Nanoscience and nanotechnology have
gained significant momentum in recent
years to interplay with biology and medical
science, leads to the emergence of a new
interdisciplinary field called nanomedicine
[1]. Among different types of nano
materials, magnetic iron oxide
nanoparticles as magnetic resonance
imaging contrast agents have set the most
successful example for medical
applications of inorganic nanoparticles.
Various aspects of magnetic engineering to
iron oxide nanoparticles ranging from
chemical synthesis, magnetism engineering
to in vivo applications have been published
in recent years [2-9]. Magnetic iron oxide
nanoparticles have many unique properties
such as  superparamagnetic,  high
coercivity, low Curie temperature, high
magnetic  susceptibility etc. Magnetic
nanoparticles are of great interest for
researchers from a broad range of
disciplines including magnetic fluids, data

storage, catalysis and bioapplications [10-
14]. Currently magnetic nanoparticles are
also used in important bioapplications
including magnetic bioseperation and
detection of biological entities, clinic
diagnosis and therapy, targeted drug
delivery and biological labels. The
application of iron oxide nanoparticles in
in vitro diagonostics has been practised for
nearly half a century [2]. In the last
decades increased investigations with
several types of iron oxide have been
carried out in the field of magnetic
nanoparticles mostly include the a - Fe;0s,
Y- Fe203, FeO, € —F9203, B- F9203 and
Fe,O3, among which maghemite is very
promising in its biocompatibility. a - Fe;03
is most widely used material in pigment,
magnetic, biomedical and gas sensing
applications [15]. In recent years many
works are being done to synthesize nano
sized Fe;O3 [16]. Non toxicity, low cost
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and relatively good stability are attractive
features of nano sized Fe;Os.

In last decades, much research have been
carried out to synthesise iron oxide
nanoparticles and many reports have come
out  describing  efficient  synthetic
approaches to synthesise shape controlled,
stable, biocompatible and monodispersed
iron oxide nanoparticles [17,18]. Among
the most common methods, thermal
decomposition offers great advantages
over the hydrolytic synthetic route
regarding monodispersity as well as
magnetic  susceptibility of  resultant
particles [11-21]. Nano sized a - Fe;O3
shows unusual magnetic behaviour
depending on the size and shape of a -
Fe, O3 particles. Nano sized a-Fe,O3 having
different shapes shows difference in their
magnetic behaviour. Thus the effect of size
and shape of a - Fe,O3 has got much
attraction. Nano size distribution makes
iron oxide particles nontoxic and
biocompatible [22].

In this present work an attempt has been
made to synthesise nanosized iron oxide
particles from three different iron chelates
by thermal decomposition method. The
TG/DTG analysis of three newly prepared
Fe(lll)  chelates were taken. The
decomposition temperature of the iron
chelates were found out from thermogram
and iron oxides were prepared for each
complex at  their  decomposition
temperature by thermal decomposition
method. The iron oxide obtained is
characterized by various analytical
techniques like FTIR, powder XRD and
VSM  measurements.  The  surface
morphology of the obtained iron oxide
were analysed using SEM and TEM
techniques.

2. EXPERIMENTAL

All reagents and solvents for synthesis
and analysis were Merck products and
used as supplied. Thermogravimetric
measurements of iron complexes were
recorded in nitrogen atmosphere at heating
rate of 10°C/min on a TGA-50 analyzer.

TG curves were recorded from ambient
temperature to 1000°C in an atmosphere at
a linear heating rate of 10°C/minute. FTIR
spectra recorded using KBr discs on a
Perkin-Elmer spectrum 65
spectrophotometer. FEG-SEM analysis of
iron oxide residues obtained by heating the
iron complexes just above their
decomposition temperature were done on
FEG-SEM JSM-7600F. TEM analysis of
iron oxide residues were done on Philips
CM 200/20-200 kV. VSM analysis of iron
oxide residue were done on Lakeshore
VVSM 7410. The powder X-ray diffraction
studies of iron oxide residues were done on
Philips X-ray diffractometer (PW1710)
using Cu K a (A=1.5405A) radiation.

The ligands were synthesized by usual
diazotization procedure [23]. The three
azo dye ligands prepared were 5-(2,3-
dimethyl-1-phenyl-3-pyrazolin-5-one-4-
ylazo)-1H-pyrimidine-2,4-dione (LY
[24,25,26], 2-(2-hydroxynaphthalen-1-
ylazo)-pyridin-3-ol (L% [27], 4-(2,4-
dihydroxyphenylazo)-3-
hydroxynaphthalene-1-sulfonic acid (L®)
[28, 29,30]. The complexes of L}, L? and
L® prepared by mixing ethanolic solutions
of FeCls. 2H,0 and azo dyes in molar ratio
1:2. The solution obtained was heated
under reflux for 6 hours for completion of
reaction. The solid compound deposited
was separated by suction filtration washed
several times with ethanol and dried over
silica gel in a desiccator. The complexes
obtained were characterized by various
spectral and analytical techniques.

The TG/DTG analysis of complexes
were carried out on a simultaneous
TG/DTG analyser in order to obtain a prior
knowledge about the decomposition
temperature of three different iron chelates.
The decomposition temperature is different
for different complexes and is obtained
from their respective thermogram. In order
to prepare iron oxide from their respective
complex, a known mass of complex was
taken in a silica crucible and subjected to
pyrolysis at its decomposition temperature.
The complexes were subjected to a
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controlled heat treatment in a programmed
muffle furnace. After firing the sample for
30 minutes, the residue was allowed to
cool within the furnace and transferred to a
desiccator. After  attaining room
temperature, the residue was weighed once
again to confirm its stoichiometry. The
sample was used for FTIR, powder XRD
and VSM analysis for characterization.
The surface morphology studied by SEM
and TEM imaging.

3 RESULTS AND DISCUSSION
3.1 Thermal Analysis

Thermogravimetric studies of Fe(lll)
complexes were carried out from room
temperature to 800°C. The stages of
decomposition, temperature range,
decomposition products as well as mass
percentage loss of all Fe(lll) complexes
found. The TG-DTG graphs of [Fe
LL,]Cls, [Fe L?,(H,0)ClI] and
[FeL®,(H,0)CI] are given in Figure 1,2,3
respectively. The results shows good
agreement with the theoretical formula as
suggested from analytical data [24, 27].
The data revealed following findings; [Fe
L',]Cl5 shows single stage decomposition.
The complex is found to be stable up to
210°C. Beyond 210°C, it decomposes in
single stage. The decomposition starts at
210°C and ends at 400 °C. The mass loss
has a peak temperature of 270° C. The
mass percentage of Fe is found to be
6.90% which further confirms the
stoichiometry. The final residue is obtained
at a temperature of 510°C that corresponds
to iron oxide.

Weight

Derivative weight

Temperature(°C)

Figure 1. TG/DTG of [Fe L*;]Cls,

In the case of [Fe LZ%(H.O)CI], the
complex is found to be stable up to 180°C.
The first stage decomposition starts at

190°C and ends at 215°C. The mass loss is
27% with a corresponding peak
temperature of 210 ° C may be attributed to
liberation of coordinated water molecule.

weight
Derivative Weight

Temperature (°C)

Figure 2. TG/DTG of [Fe L%(H,0)ClI].

The second stage starts around 400°C
and ends at 680°C. This mass loss is
mainly due to loss of chloride ion and two
molecules of L? which has a peak
temperature of 550°C. The mass
percentage of Fe is found to be 8.90%
which further confirms the stoichiometry.
The decomposition is continuous and
relatively slow. The final residue of Fe,O3
is obtained at a temperature of 680 °C.

The TG-DTG graph of [Fe L(H.0)CI]
also shows two stage decomposition. This
complex is stable up to 150°C. The
decomposition shows mainly two stages.

Weight

Derivative welght

Temperature( °C)

Figure 3. TG/DTG of [Fe L3,(H,0)Cl].

The first stage starts at 160°C and ends at
220°C. This may be due to loss of
coordinated water molecule that comes to
2.17%. The second stage starts at 270°C
and ends at 550°C. The second stage
decomposition is continuous and relatively
slow. The final stage involves
decomposition of chloride ion and two
molecules of L® moiety which has a peak
temperature of 390°C. The residue
corresponds to Fe,O3 which is obtained at
700°C. The mass percentage of Fe is found
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to be 6.71% which further confirms the
stoichiometry.

3.2 IR Spectra of Iron Oxide

IR analysis was employed to confirm the
transformation of Fe(lll) chelates to iron
oxide during the thermal treatments. In
order to find out the type of iron oxide
formed on thermal decomposition the
infrared spectra of iron oxide in the range
400-750 cm™ were analyzed. The
absorption bands in range 400-750 cm™
represent Fe-O vibration mode [30]. The
iron oxide formed can exist mainly in
different polymorphs, hametite (a-Fe;O3)
magnetite (Y- Fe,03), other polymorph
designated as B- Fe,O3 which is very rarely
found and Fe3O,4. For Fe3Oy4 there is only
one peak seen around 574 cm ™. For Y-
Fe,O3 three peaks can be seen in range 500
— 700cm™. For a-Fe;O3 two peaks are seen
around in range 500 — 700cm™ [31]. The
represented FTIR spectra confirms the
transformation of Fe(lll) complexes to a-
Fe,O3 on thermal decomposition.

IR spectra of residue obtained from
[FeL%,]Cls, [FeL?(H,0)Cl] and
[FeL3,(H20)CI] is given in Figure 4,5,6
respectively.
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Figure 4. IR spectrum of iron oxide
obtained from [Fe L] Cls
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Figure 5. IR spectrum of iron oxide
obtained from [FeL2(H,0)CI].

The IR sPectrum of iron oxide obtained
from [FeL",]Cl; shows two peaks at 534
and 429 cm™. The residue obtained from
[FeL?(H,0)CI] shows two peaks at 584
and 486 cml and that from
[FeL®,(H,0)Cl] also shows two peaks at
580 and 545 cm™ attributed to Fe-O
stretching and O-Fe-O bending vibration
modes of iron oxide that corresponds to a-
Fe,03[28, 29].
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Figure 6. IR spectrum of iron oxide
obtained from [FeL>,(H,0)CI].

From IR spectral evidences it is
confirmed that iron oxide obtained from
different chelates are of type a-Fe;Os3 [32].
The presence of low intensity bands in
addition to the desired peak can be due to
the remnants of undecomposed parent
compounds.

3.3 Powder X-Ray Diffraction Analysis
of the Iron Oxide Residue

The X-ray powder method is a finger
print method used to characterize and
check the purity of crystalline materials.
Here we have done XRD analysis of newly
synthesized iron nanoparticles to evaluate
the size of nanoparticles and its crystalline
nature. Data was compared with JCDPS
file.

The powder X-ray diffraction (XRD)
pattern recorded for the prepared iron
oxide from thermal decomposition of
complex [FeL;]Cls is shown in Figure.7.
The XRD diffraction pattern peak of iron
oxide  nanoparticles  obtained  was

68 Girija and Vasu



compared with the standard [JCDPS file
No0.33-0664] and it shows that metal oxide
are in pure o-Fe,O3 form. The diffraction
peak corresponding to (012) (104) (110)
(113) (024) (116) (214) (300) (1010) are
quite identical to characteristic peaks of a-
Fe,O; crystals. The XRD diffraction
pattern peaks of Fe,Os; become narrower
with prolonging reaction time and narrow
peaks suggested that a-Fe,O; samples are
highly crystalline and is testified that iron
oxide nano crystalline could be
synthesized through this method [34, 35].

Average particle size have been
calculated from high intensity peak using
the Debye -Scherrer equation.

4= 0892

3 cosB

Where A is wavelength of X-ray
radiation, B is the full width at half
maximum intensity in radians and 0 is
angle of diffraction [36]. From the XRD
data, particle size calculated is 69 nm. The
(110) peak is used for calculation.
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Figure 7. XRD pattern of iron oxide
obtained from [FeL';]Cls,

The powder X-ray diffraction (XRD)
pattern recorded for the prepared iron
oxide from thermal decomposition of
complex [FeL?(H,0)CI] is shown in
Figure 8. The XRD diffraction pattern
peak of iron oxide nanoparticles obtained
was compared and it shows that metal
oxide are in pure a-Fe,O3 form. From the
XRD data, particle size calculated is 78 nm
using this equation. The (104) peak is used
for calculation.

The powder X-ray diffraction (XRD)
pattern recorded for the prepared iron
oxide from thermal decomposition of

complex [FeL3,(H,0)CI] is shown in
Figure 9.
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Figure 8. XRD pattern of iron oxide
obtained from [FeL2(H,0)CI].

From the XRD data, particle size
calculated is 121 nm. The (110) peak is
used for calculation.
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Figure 9. XRD pattern of iron oxide
obtained from [FeL>; (H,0)ClI].

3.4 VSM Measurement

The magnetic characterization  of
nanoparticles was done using vibrating
sample magnetometer at room temperature
with a magnetic field in the range -10000
to 10000 Oe. VSM of iron oxide
nanoparticles carried out at room
temperature obtained by the decomposition
of [FeL?(H,0)CI] shows hysteresis
behavior (M-H loop), relation between the
induced magnetic flux density and
magnetization force. The curve shows
saturation magnetization at 10.360 x 107
emu/g with a coercive force of 2811.8 G
and retentivity 3.683 x 10° emu
representing ferromagnetic behavior in
nano crystalline form [37]. The VSM of
iron oxide nanoparticles obtained from [Fe
L2,(H20)CI] is shown in Fig. 10.
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Figure 10. VSMV Qraph of iron oxide
obtained from [FeL?,(H,0)CI].

3.5 Morphological Characterization of
Iron Oxide Nanoparticles

Morphology of the prepared iron oxide
was characterized by SEM and TEM
analysis [38, 39, 40, 41].

3.5.1 FEG-SEM Analysis of Iron Oxide
SEM micrograph of iron oxide residue
obtained by heating [FeL?(H,0)Cl] and
[Fe L%(H,0)CI] were taken. Iron oxide
nanoparticles  obtained  from [Fe
L%(H,0)CI] at 680°C for about 20
minutes, shows rod shaped, flakes like and
sphere like particles. Both aggregated

SEM image at resolution 20000 SEM image at resolution 15000

SEM image at resolution 100,000 SEM image at resolution 100,000

particles and voids are seen. The SEM
images of iron oxide nanoparticles from
[Fe L% (H,0)CI] are given in Figure 11.

The SEM  micrograph  of  the
decomposition product of the complex [Fe
L%(H,0)CI] heated at 700°C shows
particles in the range 19, 30, 65, 64.3, 69,
80.4, 84.7 nm. The aggregation of particles
are clearly seen. Voids are also seen in
between. The SEM image shows spherical
particles in above dimensions. SEM
images of [Fe L3(H,O)CI] are given in
Figure 12.

3.5.2 TEM Analysis

TEM micrograph of the iron oxide
obtained by thermal decomposition of [Fe
L',]Cl5 heated at 510°C shows shows nano
particles having size in the range 21 — 50
nm. The figure shows spherical particles
with narrow size distribution. The TEM
image of iron oxide obtained from [FeL’,
(H20)CI] is shown in Figure 13.

SEM image at resolution 50,000  SEM image at resolution 30,000

Figure 12. SEM images of iron oxide obtained from[Fe L3,(H,O)CI] heated at 700°C.
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FigUre 13. TEM images of iron oxide obtaihed from [Fe L] Cl; heated at 510°C

4. CONCLUSION

The study demonstrates that the nano
sized a-Fe,O3 particles with  good
homogeneity in size can be prepared by
thermal decomposition of iron complexes.
The physical property analysis of iron
oxide nanoparticles studied by XRD, VSM
and FTIR analysis and surface
morphological analysis by SEM and TEM.
XRD analysis show that iron oxide was
formed as o-Fe,O3 instead of commonly
formed magnetite nanoparticle, Fe3O4 or a
mixture of magnetite and maghemite.
VSM studies shows that iron oxides
exhibit ferromagnetic behavior. It is
believed that this approach may be
extended to synthesize other metal oxide
nano structures. The particles obtained by

thermal  decomposition needs some
treatment for purification and also for
obtaining close uniformity.
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