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In the present work alkaline iron oxide nanoparticles are synthesized by a novel solvo thermal
approach and characterized exhaustively by various complementary techniques. Field emission
scanning electron microscopy (FESEM) studies reveal that the size of nanoparticles is in the
range of 31.5 nm to 96.9 nm. Energy-dispersive X-ray spectroscopy spectral analysis reveals
the presence of oxygen, carbon, iron, and sodium. The X-ray diffraction studies confirm the
formation of tetragonal NaFeO2 as the major phase along with orthorhombic NaFeO2 ⋅ H2O and
rhombohedral FeCO3 (siderite) as the minor phases. Fourier transform infrared spectroscopy
exhibits peaks due to the stretching and bending vibrations of O—H, C=O, CH3—N, CH3,
C—H, C—N, and Fe—O groups. Differential scanning calorimetry (DSC) results display an
endothermic peak at 100.85 °C and a very small endothermic peak at 791.56 °C with
819.73 mJ and 349.28 mJ energies respectively. These DSC peaks can be correlated with
thermal gravimetric analysis (TGA) peaks representing 31.04 % weight loss and 7.70 %
weight loss respectively in the sample at around 160 °C and 980 °C respectively.
K e y w o r d s: alkaline iron oxide, nanoparticles, solvo thermal.
INTRODUCTION

In recent years the synthesis of nanoparticles is of great scientiﬁc interest because of their unique
properties and a wide application spectrum ranging from nanodevices[ 1 ], medical science [ 2 ], water
purification [ 3 ], nanocomposites [ 4 ], chemical sensors [ 5 ] to magnetic materials [ 6 ]. Some of the
common synthesis techniques for nanomaterials [ 7 ] includes the sol-gel method, the sonochemical
method, the hydrothermal method, microbial synthesis, microwave assisted synthesis, microemulsion
synthesis etc. Nano iron oxides are one of the important metal oxides because of their wide applications in pigments, anticorrosive agents, catalysts and also in in-vivo systems. Among various nano iron
oxides, ferrites have attracted increasing attention due to their superior magnetization properties and
high resistivity [ 8 ]. They possess a wide application spectrum in satellite communication, high capacity batteries, and low magnetization ferrofluids [ 9 ].
As reported by B.S. Randhawa et al. [ 9 ], the conventional ceramic method of the formation of
ferrites suffers from disadvantages of a low surface area, non-homogeneity, and poor sinterability. In
view of this, the present work has been undertaken, which involves the synthesis of alkaline iron oxide
nanoparticles by a novel solvo thermal method using anhydrous ferric chloride, sodium hydroxide solution, ethylene glycol, and cetyl trimethyl ammonium bromide as a surfactant. This method overcomes the drawbacks of the conventional ceramic method.
Materials. Anhydrous ferric chloride, sodium hydroxide, and cetyl trimethyl ammonium bromide
(CTAB) were procured from Rankem and ethylene glycol was procured from Merck and used as such
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without further purification. All reagents were of analytical grade and double distilled water was used
for the preparation of an aqueous solution as well as for the washing purpose.
Synthesis of alkaline iron oxide nanoparticles. Alkaline iron oxide nanoparticles have been
synthesized by a solvo thermal method. Ferric chloride was used as an iron ion source. Its aqueous
solution (25 g in 25 ml) was refluxed with sodium hydroxide (3M aqueous solution in 250 ml) and
ethylene glycol (62.5 ml) in the presence of CTAB (1.25 g) as a surfactant at a temperature around
198 °C to 200 °C for 58 hours. Excess of ethylene glycol was recovered back by distillation and the
system was allowed to cool at the end of the reaction at ambient temperature. The resultant product
was collected at the bottom of flask in the form of a reddish brown colored gel. The gel obtained was
washed repeatedly and extensively with water and finally with acetone for three times and dried at
room temperature.
Characterization. An X-ray diffraction pattern was obtained on a D8 ADVANCE X-ray
diffractometer using CuKα radiation to determine different phases. The X-ray diffraction intensity was
recorded as a function of Bragg′s 2θ in the angular range 5—70°. IR spectra were taken using a
Bruker alpha Fourier Transform Infra Red Spectrometer to determine the functional group present in
the samples in the range 500—4000 cm–1. Field emission scanning electron microscope (FESEM),
model NOVA NANOSEM-430 of COMFEI and energy dispersive X-ray spectroscopy (EDX), Model
X-MAX of Oxford were used for the determination of the morphology and microstructure. The sample
was sonicated for a period of 15 min in acetone before mounting for FESEM and EDX. Thermal gravimetric analysis (TGA) and differential scanning calorimetry (DSC) analysis were performed on Toledo TGA/ DSC-1 of Mettler Company by heating the sample at a heating rate of 10 °C/ min from 30 °C
to 1200 °C under the nitrogen atmosphere to determine the thermal properties of nanoparticles.
RESULTS AND DISCUSSION

X-Ray diffraction studies. The X-ray diffraction (XRD) pattern of synthesized alkaline iron oxide nanoparticles is given in Fig. 1. The experimentally obtained d values were compared with the
standard d values in JCPDS data [ 10 ].
The XRD peaks observed at a d value of 2.82, 2.64, 1.99 and 1.62 confirmed the formation of
NaFeO2 as the major phase (tetragonal, 2.84, 2.64,1.95 and 1.67, JCPDS file number 30-1196) along
with NaFeO2 ⋅H2O (orthorhombic, 2.83, 2.62, and 2.00, JCPDS fie number 21-1127) and FeCO3 (siderite, rhombohedral, 2.79 and 1.96, JCPDS file number 29-696) as the minor phases. The presence of
peaks for NaCl (halite, cubic, 2.82, 1.99 and 1.62, JCPDS file number 5-628) as impurity are also observed from XRD. The XRD peaks due to FeCO3 are observed due to the carbonation of alkaline iron
species which generally are nanomaterials absorbed from the environment due to their high surface
area [ 11 ].

Fig. 1. XRD pattern obtained for synthesized alkaline
iron oxide nanoparticles

Fig. 2. FESEM image of synthesized
alkaline iron oxide nanoparticles
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Fig. 3. EDX spectra of synthesized alkaline iron oxide nanoparticles: selected area (a); EDX outcomes (b); elemental compositions (c) (weight % and atomic %)

FESEM studies. The morphology of the synthesized material was studied using FESEM as
shown in Fig. 2 and EDX spectra are shown in Fig. 3. Several particles were investigated to determine
the particle size. It has been observed that the particles are well dispersed and almost spherical in
shape with a particle size ranging from about 31.5 nm to 96.9 nm. The EDX spectral analysis reveals
the predominance of carbon, oxygen, iron, and sodium with their weight composition of 35.11 %,
29.33 %, 26.29 %, and 3.52 % respectively in the synthesized nanoparticles. The appearance of a peak
of carbon in the EDX spectra is due to the presence of organic linkages due to ethylene glycol and
CTAB.
FTIR studies. FTIR spectra of the synthesized alkaline oxide nanoparticles are presented in
Fig. 4. It displays bands due to the stretching and bending vibrations of O—H (3844—3615 cm–1 and
2360 cm–1), C=O (1741 cm–1 and 1691 cm–1), CH3—N (1647cm–1), CH3 (1461 cm–1), C—H (1515 cm–1),
C—N (1031 cm–1), and Fe—O (877 cm–1, 520 cm–1, 447 cm–1, and 402 cm–1) groups, which are in
agreement with the reported values [ 12, 13 ].
Thermal analysis. TGA and DSC of alkaline iron oxide nanoparticles are shown in Fig. 5.
DSC results display endothermic peaks in the temperature range of 90.21 °C to 100.85 °C and a
very small endothermic peak in the temperature range of 784.78 °C to 791.56 °C and is associated
with 819.73 mJ (35.66 J/gm) and 349.28 mJ (15.19 J/gm) of energies respectively. These DSC peaks
can be correlated with TGA peaks representing 31.04 % and 7.70 % weight loss at 160 °C and 980 °C
respectively in the sample.
The first TGA peak can be ascribed to the loss of moisture and volatile matter and the second
peak can be ascribed to the decarbonation of FeCO3 [ 14, 15 ] formed due to the absorption of carbon
dioxide and water from the environment, as also indicated by the peak of FeCO3 in the XRD pattern of
the synthesized nanoparticles. The weight loss due to the decarbonation of FeCO3 is also confirmed by
the mass balance equation below indicating around 37.60 % weight loss in the sample which matches
with TGA values representing total 37.93 % weight loss in the sample:
FeCO3 (molecular weight = 116) → FeO (molecular weight = (72) + CO2 (molecular weight = 44).

Fig. 4. FTIR spectra of synthesized
alkaline iron oxide nanoparticles
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Fig. 5. TGA and DSC curves of
synthesized alkaline iron oxide
nanoparticles

CONCLUSIONS

Alkaline iron oxide nanoparticles were synthesized successfully by a novel solvo thermal technique obviating the need of sintering as used in the conventional ceramic route for the synthesis of
ferrites. The characterisation of synthesized nanoparticles was made exhaustively using various sophisticated complementary techniques. The XRD studies confirmed the formation of NaFeO2 as the
major phase along with NaFeO2 ⋅H2O and FeCO3 as the minor phases. The FESEM studies reveal that
the nanoparticles are almost spherical in shape with a particle size in the range of about 31.5 nm to
96.9 nm. The EDX spectral analysis revealed the predominance of oxygen, carbon, iron, and sodium
apart from iron-containing alkaline species. FTIR spectra displayed the bands due to the stretching and
bending vibrations of O—H, C=O, CH3—N, CH3, C—H, C≡N, and Fe—O groups. The TGA analysis
indicated around 37.93 % loss in weight due to the dehydroxylation and decarbonation of FeCO3.
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