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ABSTRACT

The synthesis of Cd,,Zn, ,Fe,0, nanoparticles has been achieved by a simple thermal decomposition method from the inorganic
precursor, Cd,;Zn,,Fe,(cin);(N,H,), which was obtained by a novel precipitation method from the corresponding metal salts,
cinnamic acid and hydrazine hydrate. The precursor was characterized by hydrazine and metal analyses, infrared spectral analysis
and thermogravimetric analysis. Under appropriate annealing conditions, Cd,,Zn,Fe,(cin),(N,H,), yielded Cd,,Zn ,Fe,O,
nanoparticles, which were characterized for their size and structure using X-Ray Diffraction (XRD), High Resolution Transmission
Electron Microscopic (HRTEM), Selected Area Electron Diffraction (SAED) and Scanning Electron Microscopic (SEM) techniques.
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1. Introduction

Spinel ferrites in nanoscale are gaining eminence due to their
effectual properties such as high thermodynamic stability, high
electrical conductivity, and high corrosion resistance, making
them suitable in metallurgical field and other high temperature
areas. Zinc ferrite (ZnFe,0,), an important spinel ferrite, is a
commercially important material and has been widely used in a
number of applications." Various methods have been developed
to synthesize nanocrystalline ZnFe,O,.” . Among these estab-
lished methods, thermal treatment is the most important as it
ensures smaller particle-size product of high purity, high
crystallinity, chemical homogeneity and better yield, and is a
low-cost technique especially suitable for mass production of the
pure and doped spinel ferrite nanopowders.

There is ample literature on the synthesis and characterization
of zinc ferrite nanoparticles. Recently, we have been successful
in synthesizing nanocrystalline ZnFe,O, through the thermal
decomposition of the corresponding inorganic precursor.”
There are merely a very few reports on the synthesis of cadmium
substituted zinc ferrite by various other methods."" Therefore,
an attempt has been made in the present work to synthesize
nanocrystalline Cd, ,Zn, ,Fe,O,by thermal decomposition route.

2. Experimental

2.1. Preparation and Characterization of the Precursor
Cd,;Zn,;Fe,(cin),(N,H,),

Cd,,Zn,Fe,(cin),(N,H,), was prepared by the addition of an
aqueous solution (50 mL) of hydrazine hydrate (1.6 mL,
0.02 mol) and cinnamic acid (1.18 g, 0.0079 mol) to the corre-
sponding aqueous solution (50 mL) of cadmium nitrate
hexahydrate (0.3 g, 0.0009 mol), zinc nitrate hexahydrate (0.7 g,
0.0023 mol) and ferrous sulphate heptahydrate (1.11 g,
0.0039 mol). The brown orange product formed immediately
was kept aside for an hour, then filtered and washed with water,
alcohol followed by diethylether and air dried.

The hydrazine content in the precursor was determined by
titration using KIO, as the titrant under Andrew’s conditions."
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The percentage of cadmium, zinc and iron in the precursor was
estimated by gravimetry as given in the Vogel's textbook." The
infrared spectrum of the solid precursor sample was recorded by
the KBr disc technique using a Shimadzu spectrophotometer
(IRTracer-100). The simultaneous TG-DSC experiment was
carried outin Universal V4.5A TA Instrument, in nitrogen atmo-
sphere at the heating rate of 20 °C per minute using 510 mg of the
sample. The temperature range was ambient to 700 °C.

2.2. Preparation and Characterization of Cd,,Zn, Fe,O,
Nanoparticles

Cd,,Zn, ,Fe,O, nanoparticles were obtained from the
autoatalytic decomposition of the precursor. In this method, the
dried precursor was transferred to a silica crucible and heated to
red-hot condition in an ordinary atmosphere for about 45 min-
utes. The precursor started decomposing violently. The total
decomposition of Cd,,Zn,,Fe,(cin),(N,H,), led to the formation
of Cd,,Zn,,Fe,0, which were cooled to room temperature,
ground well in a mortar and stored.

The size and structure of the synthesized nanoparticles were
determined by High Resolution Transmission Electron Micros-
copy (HRTEM) operating on Jeol Jem 2100 advanced analytical
electron microscope. Scanning electron microscopy (SEM)
was performed with a HITACHI Model S-3000H by focusing
on nanoparticles to study the morphology. To check phase forma-
tion and purity, XRD pattern was recorded using an X-ray
diffractometer (X'per PRO model) using CuKa radiation, at
40 keV.

3. Results and Discussion

3.1. Chemical Formula Determination of the Precursor

Based on the observed percentage of hydrazine (9.35),
cadmium (12.90), zinc (17.31) and iron (42.98) which are found
to match closely with the calculated values (9.60), (13.21), (17.92)
and (43.76) for hydrazine, cadmium, zinc and iron, respectively,
the chemical formula Cd,,Zn, Fe,(cin),(N,H,), has been tenta-
tively assigned to the precursor.
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3.2. IR Spectral Analysis of the Precursor

The IR spectrum of Cd, ,Zn, ,Fe,(cin),(N,H,), exhibited a strong
band at 972 cm™ due to the N-N stretching frequency, which
explicitly proved the bridging nature of the hydrazine moieties.”
The asymmetric and symmetric stretching frequencies of the
carboxylate ions were seen at 1639 and 1411 cm™, respectively,
with the Avy, . vem S€paration of 228 cm™, which indicated the
monodentate linkage of the carboxylate groups. The N-H
stretching was observed at 3363 cm™.

3.3. Thermal Analysis of the Precursor

The TG-DSC curve in Fig. 1 shows that the precursor loses
weight in three particular steps. The first step is the dehydra-
zination, which is the removal of hydrazine molecules from the
precursor, taking place between room temperature and 190 °C
with a weight loss of 5%. The corresponding peak in DSC is
observed as an endotherm. The second and third steps are at-
tributed to the decarboxylation of the dehydrazinated precursor,
which gives Cd,,Zn,,Fe,O, as the final residue.

3.4. Characterization of Cd, ,Zn, Fe,O, Nanoparticles

3.4.1. XRD Analysis
The diffraction pattern shown in Fig. 2 corresponds to that of
the as-synthesized Cd,,Zn,,Fe,O, nanoparticles. The broaden-
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Figure 1 TG-DSC curve of Cd,,Zn,,Fe,(cin);(N,H,),.
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Figure 2 XRD pattern of Cd,;Zn, Fe,0O, nanoparticles.

ing nature of the peaks indicates that the crystallite size of the
sample is within the nanometer scale. The average crystallite
size estimated using Debye-Scherrer formula, D = KA/ B cos9,
where, 0is Bragg diffraction angle, Kis Blank’s constant, A is the
source wavelength (1.54), and B is the width of the XRD peak
at half maximum height is found to be around 20 nm. No charac-
teristic peaks for other impurities are detected, confirming that
the product obtained is phase pure.

3.4.2. HRTEM Analysis

HRTEM micrograph of Cd,,Zn,,Fe,O,in Fig. 3 shows that most
of the nanoparticles are sphere-shaped. A slight aggregation is
visible which is probably due to the aggregation or overlapping
of some small individual particles, owing to their magnetic
induction. The average grain size observed from the micrograph
is about 19-20 nm, which is in concurrence with the calculation
using Scherrer’s formula. Figure 4 shows the selected area elec-
tron diffraction (SAED) pattern indicating sharp rings, which
reveal the polycrystalline nature of the nanoparticles.

3.4.3. SEM Analysis

The SEM picture in Fig. 5 clearly shows randomly distributed
grains with fairly uniform size. A large agglomeration of particles
is noticeable which may be due to their magnetic interaction.

Figure 3 HRTEM image of Cd,,Zn,,Fe,O, nanoparticles.

Figure 4 SAED pattern of Cd,,Zn,,Fe,O, nanoparticles.
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Figure 5 SEM image of Cd,,Zn,,Fe,O, nanoparticles.

EDX spectrum of Cd,,Zn,,Fe,0O, nanoparticles is presented in
Fig. 6, which furnishes the chemical compositional analysis of
the nanoscale Cd,,Zn, Fe,O,.

4. Conclusions

Nanocrystalline Cd,,Zn, Fe,O, was prepared by using a
simple and novel thermal decomposition method and charac-
terized for their size and structure by XRD, HRTEM, SAED and
SEM techniques. The average particle size of Cd,,Zn,,Fe,O,
nanoparticles determined from XRD and HRTEM is about
20 nm. SEM image reveals that the sample consists of grains of
almost spherical shape.
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Figure 6 EDX spectrum of Cd, ;Zn,,Fe,O, nanoparticles.
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