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Abstract

Spinel ferrite nanoparticles have been of tremendous interest in the arena of nanomaterial synthesis and
has applications comprising industrial effluent treatment, as biosensors and for photocatalysis. Cadmium ferrite
and manganese ferrite nanoparticles have been in the limelight recently due to their versatile applications. In the
present work, nanoparticles of cadmium ferrite and manganese ferrite were synthesized using chemical
precipitation method and were calcined at 600 °C and 1000 °C. It was observed from the XRD pattern that the
samples were in normal spinel structure. The grain size of the samples was calculated using Debye-Scherrer as
well as Hall-Williamson method. The optical band gap was calculated from UV-Visible absorption spectrum. The
vibrational properties of the samples were studied using micro-Raman technique.
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1. Introduction

Ferrites are a group of magnetic oxide [1] compounds that has iron oxide as the basic
building block. Spinel Ferrite Nanoparticles with a general formula AFe>O4 can be fabricated
in varied morphologies by altering the synthesis routes. Still, they maintain the unique
properties of their spinel structure like high chemical and thermal stability, catalytic action and
magnetic behaviour [2, 3].

Cadmium ferrite nanoparticles (CdFe2O4) are normal spinel ferrite structures with
immense physico-chemical attributes. CdFe>O4 nanoparticles exhibit ferromagnetism, and
approximately 54% of Fe3* ions occupy the A site in contrast to 0% for the bulk materials with
normal spinel structures [4]. A higher octahedral preferential energy of Cd?* is responsible for
the enhanced occupancy of Fe®'ions in CdFe,Os Cadmium ferrite nanoparticles find
applications in the fields of sensors, catalysis and magnetic technologies. Manganese ferrite
(MnFe204) nanoparticles are magnetic metal oxide nanoparticles with very novel physical and
chemical properties which makes itself an impressive candidate for usage in storage devices,
biomedical and electronics applications [5-11].

A proper selection of synthesis route should be made based on the knowhow in crystal
chemistry to obtain tailor-made physical, electrical and catalytic properties. SNPs are
formulated in different methods of which co precipitation method is the fastest and most
economic one that can achieve uniform particle sizes. One major limitation of this method is,
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it necessitates subsequent thermal treatment to obtain better crystallinity [12]. Other methods
used for the fabrication of SNPs include microemulsion[13], ultrasonic [14,15], solvothermal
[16-19], mechanical milling [20], combustion [21], reverse micelle [22], spray pyrolysis [23],
electrospinning [24], self-reactive quenching [25], double sintering ceramics [26], powder
metallurgy [27], self-propagating high temperature [28], thermal decomposition [29], liquid
exchange [30], sol-gel [31] and solid-state reaction [32].

In the present work, cadmium ferrite and manganese ferrite nanoparticles were
synthesized by chemical precipitation method. The samples were calcined at 600 °C and 1000
OC. Structural characterization was done by X-ray diffraction method and grain size was
calculated using Debye- Scherrer equation and Hall-Williamson method. The optical properties
of the samples were studied using UV-Visible absorption spectra and the band gap was
calculated from Tauc’s plot. The vibrational properties of the samples were analyzed using
micro-Raman Spectroscopy.

2. Materials and Methods
2.1 Materials

CdFe204 and MnFe204 nanoparticles were synthesized by arrested precipitation method
with cadmium sulphate and manganous sulphate as the cadmium and manganese sources
respectively. Ferrous sulphate and Sodium Hydroxide were used as Iron and Oxygen sources
and glycine as the capping agent. Deionised water was used as the solvent. All reagents were
of analytical grade and used without further purification.

2.2 Methods

10ml, 3 M aqueous solution of NaOH was taken in a 250 ml beaker into which 65 ml of
distilled water was added by continuous stirring using a magnetic stirrer. After stirring for 5
minutes 5 ml glycine was added as the capping agent. While continuing the process of stirring,
10 ml, 0.2 M of cadmium sulphate and 10 ml, 0.4 M of ferrous sulphate were added. The
solution was then heated to 80 °C and stirred for 30 minutes. The precipitate was extracted
through centrifuging it for five times at 5000 rpm for 20 minutes each. The separated precipitate
was washed with distilled water and acetone. The sample was then dried and it was grinded
using agate mortar. The sample was then annealed at 600 °C to obtain CdFe2O4 nanoparticles.
Similar method was employed for the synthesis of MnFe>O4 Nanoparticles by substituting
Cadmium sulphate with Manganous sulphate.

3. Results and Discussion
3.1 X Ray Diffraction

X-ray diffraction patterns of the nanoparticles of cadmium iron oxide and manganese
iron oxide were recorded using a PANalytical 3 kW X’Pert PRO X-ray diffractometer with
CuKa radiation (A = 1.5418 A) source over the diffraction angle, 20, between 10 °C and 80 °C.
The X-ray diffraction pattern of nanoparticles [33-36] of CdFe,04 calcined at 600 °C and 1000
OC are shown in the figures 3.1.1a and 3.1.1b respectively.
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Figure 3.1.1a & 3.1.1b: XRD pattern of CdFe204 nanoparticles calcined at 600°C and 1000°C respectively

The d-value corresponding to each peak in the XRD pattern was calculated and compared
with the standard JCPDS (Card No. 22-1063) values for CdFe;O4 [37]. The patterns imply the
formation of cubic crystal structure. The XRD pattern of CdFe.O4 nanoparticles calcined at
600°C contained peaks corresponding to CdO and FesO4. On calcining at 1000 °C, the peak at
23.2 °C corresponding to FesO4 was absent and the intensity of the peaks corresponding to CdO
phases were reduced. The broad peaks of X-ray diffraction patterns suggest that the particles
of the synthesized samples are in nanometer range. The 20 values, d-values and corresponding

reflection planes are listed in table 3.1.
Table 3.1. The 20 values, corresponding d-values and reflection planes of CdFe204 nanoparticles

20(degrees) d-spacing [A] Planes
23.25 3.82 FesO4
28.72 3.12 (220)
32.61 2.74 (311)
33.84 2.65 Cdo
38.09 2.36 (400)
50.98 1.79 (422)
54.51 1.68 Cdo
54.69 1.66 (511)
59.82 1.54 (440)
65.64 1.42 (442)
69.17 1.36 (620)

The X-ray diffraction patterns of nanoparticles of MnFe,O4 calcined at 600 °C and 1000
OC are shown in the figures 3.1.2a and 3.1.2b respectively. The d-value corresponding to each
peak in the XRD pattern was calculated and compared with the standard JCPDS (Card No. 74-
2403) values for MnFe>O4 [37]. The patterns show the formation of cubic crystal structure. The
XRD spectrum of MnFe2O4 nanoparticles calcined at 600 °C contained peaks due to MnO
phase also. On calcination at 1000 °C, the XRD peaks due to MnO phase disappeared and a
peak at 65.7 °C corresponding to reflection from (442) plane appeared. The broad peaks of X-
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ray diffraction indicate the presence of nanosized particles. The 20 values, d-values and
corresponding reflection planes are listed in Table 3.2.
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Figure 3.1.2a & 3.1.2b: XRD pattern of MnFe204 nanoparticles calcined at 600°C and 1000°C respectively

Table 3.2. The 20 values, corresponding d-values and reflection planes of MnFe204 nanoparticles

20(degrees) d-spacing [A] Planes
32.89 2.72 (311)
35.65 2.52 (222)
38.17 2.35 (400)
44.99 2.01 MnO
49.52 1.85 (422)
53.72 1.72 MnO
55.13 1.66 (511)
65.57 1.42 (442)

Line broadening in the XRD pattern can be used to find grain size using Debye-Scherrer
Equation.

D= kN B cosB

where D is the mean grain size, k is a geometric factor (=0.89), A is the X-ray wavelength, B is
the FWHM of diffraction peak and 0 is the diffraction angle. The grain sizes of the CdFe204
nanoparticles calcined at 600 °C and 1000 °C calculated from the most intense peak are 49 nm
and 82 nm respectively; whereas those of MnFe2O4 stands at 40 nm and 49 nm respectively.

In the present study, Hall-Williamson method was used to calculate the grain size
corresponding to zero strain of as-prepared CdFe>O4 and MnFe>O4 nanoparticles. In Hall and
Williamson method, it is assumed that the two components of structural broadening i.e., size
broadening and strain broadening are independent of each other and the observed width of
broadening is the linear combination of these two factors [38,39]. According to Hall and
Williamson, plotting the value of Bcos8/A as a function of sinf/A, the strain n} may be estimated
from the slope of the line and grain size corresponding to zero strain from the y intercept.

4
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Figures 3.1.3a, 3.1.3b, 3.1.3c, 3.1.3d represent the plot of B cos6/A versus 4sinf/ A for the
CdFe204 and MnFe;04 nanoparticles of the present study calcined at 600 °C and 1000 °C
respectively. The grain sizes of the as - prepared CdFe>Os nanoparticles were found to be
approximately 58 nm and 90 nm for the samples calcined at 600 °C and 1000 °C respectively
whereas the value stands at 48 nm and 54 nm in the case of MnFe>O4 nanoparticles. Both the

graphs exhibit a positive slope indicating tensile strain.
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Figure 3.1.3a & 3.1.3b: Hall — Williamson Plot for nanoparticles of CdFe2O: calcined at 600°C & 1000°C
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Figure 3.1.3c & 3.1.3d: Hall — Williamson Plot for nanoparticles of MnFe204 calcined at 600°C & 1000°C

The micro strain (€) and the dislocation density ('0 ) of the grown nanoparticles can be
estimated using the following relations [40]
pcosé
Micro strain e = 4 and
1

Dislocation density # = D’

Micro strain in nanoparticles describes the root mean square deviation of the lattice
spacing from its mean value and it depends on the size. The micro strain and dislocation density
of CdFe204 nanoparticles of present study are tabulated in table 3.3. From the tables, it can be
observed that calcination at a temperature of 1000 °C reduced strain and dislocation density.
The higher temperature causes annihilation of dislocations with opposite Burger’s vectors and
absorption of dislocation at grain boundaries. In nanoscale, the grain boundaries reach more
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equilibrium state and becomes sharper [41,42]. This further explains the temperature
dependence of micro strain and dislocation density.

Table 3.3: Strain and dislocation density of CdFe2O4 Nanoparticles calcined at 600 °C and 1000 °C

Micro strain,  Dislocation Density,  Micro strain,  Dislocation Density,

Plane £ (*10%) p (*10*2 K gm. /cm?®) £ (*10%) p (*10%2 K gm. /cm?3)

at 600 °C at 600 °C at 1000 °C at 1000 °C
(311) 8.21 467 0.56 326
(400) 8.17 492 0.76 286
(422) 0.76 926 0.63 752
(511) 13.74 1610 0.59 833
(440) 164 2290 0.82 1789
(442) 11.54 1140 0.25 1013
(620) 19.36 3190 1.26 2875

The micro strain and dislocation density of MnFe2>O4 nanoparticles of present study are
tabulated in Table 3.4. From the tables, it can be observed that there is no considerable change
in micro strain and dislocation density on calcination at higher temperatures.

Table 3.4: Strain and dislocation density of MnFe204 Nanoparticles calcined at 600 °C and 1000 °C

Micro strain,  Dislocation Density,  Micro strain,  Dislocation Density,
Plane £ (*10%) p(*10% K gm. /cm?®) £ (*10%) p (*10? K gm. /cm?)

at 600 °C at 600 °C at 1000 °C at 1000 °C
(311) 8.42 608 8.03 549
(222) 2.52 288 4.98 211
(400) 6.02 308 5.73 279
(422) 13.88 1640 14.27 1740
(511) 10.44 928 8.51 616

3.2 UV - Visible Absorption Spectroscopy

In the present study, UV-visible spectrophotometer Systronics Type 117 which has a
spectral range of 200 nm to 1100 nm is used. The absorption spectra of the nanoparticles of
cadmium ferrite and manganese ferrite were recorded in the wavelength range from 200 nm to
800 nm. The samples were dispersed in ethanol to record absorption spectra.

Figure 3.2.1 shows the UV-Visible absorption spectrum and Tauc’s plot of CdFe204
nanoparticles calcined at 600 °C. Figure 3.2.2 shows the UV-Visible absorption spectrum and
Tauc’s plot of cadmium ferrite nanoparticles calcined at 1000 °C. The band gap of cadmium
ferrite calculated by extrapolating straight portion of the graph is found to be 2 eV. It is reported
that bulk CdFe.O4 has a band gap of 1.83 eV. The band gap of nanoparticles is found to be
increased due to quantum confinement effect which occurs when their grain sizes are
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comparable with the bulk Bohr exciton radius. The band gap of nanoparticles of CdFe.O4 of
present study showed blue shift compared to bulk band gap which may be attributed to quantum
confinement effect [43,46]. The band gap of cadmium ferrite nanoparticles increased on
calcination. The increase in band gap may be due to the orderly arrangement of crystal lattice
on calcination [43].

There exists a significant difference in the absorption spectra of CdFe2O4 nanoparticles
calcined at 1000 °C from those calcined at 600 °C. The broad absorption of the samples calcined
at 600 °C is due to the large size distribution. On annealing at 1000 °C the size distribution
becomes narrow and the absorption edge is shifted to higher wavelengths.
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Figure 3.2.1: UV-Vis absorption spectrum and Tauc’s plot of nanoparticles of CdFe2Os calcined at 600°C.
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Figure 3.2.2 UV-Vis absorption spectrum and Tauc’s plot of nanoparticles of CdFe.O4 calcined at 1000°C.

Figure 3.2.3 shows the UV-Visible absorption spectrum and Tauc’s plot of manganese
ferrite nanoparticles calcined at 600 °C. The band gap of manganese ferrite calculated by
extrapolating straight portion of the graph is found to 1.65 eV. It is reported that bulk MnFe,O4
has a band gap of 1.4 eV. The band gap of nanoparticles is found to be increased due to quantum
confinement effect as a result of their grain sizes being comparable with the bulk Bohr exciton
radius. The band gap of nanoparticles of MnFe>O4 of present study showed blue shift compared
to bulk band gap which may be attributed to quantum confinement effect. The absorption
spectrum of manganese ferrite nanoparticles calcined at 1000 °C is shown in the figure 3.2.4.
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A broad absorption band can be observed at around 717 nm, which indicates that the material
can be used as a photocatalyst.

The absorption spectra of the MnFe;Os nanoparticles calcined at 1000 °C is
conspicuously different from those calcined at 600 °C. A broad absorption peak in the higher
wavelength region is due to the charge transfer transition. This occurs when the Mn?* ions
occupy the clear structural positions in the lattice due to calcination [47].
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Figure 3.2.3: UV-Vis absorption spectrum and Tauc’s plot of nanoparticles of MnFe20. calcined at 600°C
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Figure 3.2.4: UV-Visible absorption spectrum of nanoparticles of MnFe2O4 calcined at 1000°C.

3.3 Micro Raman Analysis

The Raman spectrum of MnFe>O4 nanoparticles was recorded at room temperature using
532 nm DPSS laser with a maximum power after single mode fiber of around 70 mW in the
range 100-2000 cm™. Raman spectrum of nanoparticles of MnFe2O4 calcined at 600 °C of
present study is shown in the figure 3.3.1. The peak position and FWHM of the Raman peak
have been obtained by fitting a Lorentzian line shape into the spectrum.
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Figure 3.3.1: Raman Spectrum of MnFe2O4 nanoparticles calcined at 600°C

The peak position obtained in the experiment, FWHM and assignment of peaks to different
vibrational modes of MnFe>QO4 is shown in the table. The spectrum showed two Raman bands
of MnFe204,

Table 3.3.1 : Vibrational modes of MnFe204 nanoparticles calcined at 600°C

SI.LNo.  Peak position (cm™) FWHM (cm™)  Assignment

1 329 109 Eq

2 647 102 Aq

4. Conclusion

The CdFe204 and MnFe>O4 nanoparticles synthesized by co-precipitation method were
calcined at 600 °C and 1000 °C to study the effect of calcination temperature on the structural
and optical properties. From the XRD pattern of the samples, it was observed that both
nanoparticles of present study are in cubic phase with normal spinel structure. The grain size
of the samples were found to have increased on calcination at high temperature. It was observed
that calcination at 1000°C removed MnO phase in manganese ferrite nanoparticles but CdO
peaks were retained in the case of cadmium ferrite. Samples of CdFe>Os calcined at a higher
temperature showed significant reduction in strain and dislocation density; but the effect was
negligible with MnFe,O4. The band gap of nanoparticles of cadmium ferrite and manganese
ferrite was found to be blue shifted compared to their bulk counterparts indicating quantum
confinement effect. The broad absorption band in the UV- Visible absorption spectrum of
manganese ferrite nanoparticles suggests that it can be used as a potential photocatalyst for
utilising the whole spectrum of solar radiation rather than being selective of UV radiation.
Raman spectrum of the MnFe,O4 indicated that the samples of present study were in normal
cubic spinel structure, which was in agreement with the XRD pattern. The toxicity studies of
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these spinel nanoparticles at cellular and molecular levels and their impact on the environment
altogether could be an interesting topic of research on a future note.
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