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Abstract:

In this work, SmxCuxFe204 ( x = 0.02 to 0.10) compound synthesized using microwave
assisted sol-gel technique. The synthesized series of compound were studied by using X-ray
diffraction Spectrometer, Fourier-Transform Infra-Red Spectroscopy and Ultra Violet- Visible
spectroscopic characterization. The structural analytic behaviour confirmed the formation of
tetragonal crystals structure and high purity of the compound. The analysis confirmed that the
formation of tetragonal unit cell structure with (211) is the highly dominating orientation. The
surface analysis confirmed presence of metal oxide tetragonal and octahedral ions along with -OH
and nitrite residuals. The Ultra Violet- Visible spectral analysis showed that the band-gap values

can be estimated
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I. Introduction

The materials are designed to fulfil requirements of the specific area of science and
technology. Metal ferrous oxides received prominent attention due to their spinal structure, high
thermodynamic stability, good electrical conductivity, and corrosion resistance nature. These
materials have applied applications in field of microwave devices, magnets, computer
manufactures industries etc. 4. CuFe2O4 have studied extensively for the mentioned applications
due to its spinal structure and good thermal as well as electrical stability 3. Further, CuFe>O4
material and doped CuFe>Os materials have extensively used for making sensors, magnetic and
optical devices, memory and spintronic devices etc ¢7. The band optical band of the compound is

suitable for catalytic activities, color mapping, and other applications.
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The impurities of the transition and rare-earth metal ions restructured the band structure
making quasi-stable energies. These doping helps to improve optoelectronic properties of CuFe2O4
material. In last decades, several elements like Ce, Zn, Ag, Sr, Ho, Ru, In and Zr were doped with
CuFe2O4 material and used for various applied applications 813. The dopant ions change metal ion
distribution in the lattice structure modifying crystal structure, electrical, optical, magnetic
properties 81416, Rare-earth metal ions have inherent optical, electrical and magnetic properties due
to strong spin-orbit coupling. The rare-earth metal ions along with CuFe2O4 arise 3d-4f coupling

between the host and rare-earth metal ions which alters the properties of CuFe>O4 compounds.

These materials can be synthesized using ceramic method, combustion method, precipitation
method, and solid-state reaction method 1317-20. In this research paper, SmxCua-xFe2O4 (x=0.02 to
0.10) material samples were prepared using microwave assisted sol-gel technique. The micro-
structural and structural properties of the synthesized material samples were carried out by X-ray
diffraction spectroscopy (XRD). Also, the optical properties are studied by using Fourier-Transform

Infra-Red (FTIR) and Ultra Violet-Visible (UV-Vis) spectroscopic measurements.
II. Experimental
Material Synthesis

SmyCu-xFe20s (x=0.02 to 0.10) material samples were prepared by microwave assisted sol-
gel method. The starting reagents for the sample preparation were Samarium Nitrate [Sm(NOLI)[],
Copper Nitrate [Cu(NOs)2], Ferric nitrate [Fe(NOL)LJ(HIIO)]], and urea. In beginning, the
stoichiometric amounts of all the starting reagents were dissolved in double distilled water and mix
together. The mixture was stirred for 10 min at 30 °C by using magnetic stirrer. Later, the mixture
heated for 3 hrs in a microwave until the solution burnt and turned to foamy brown ash. The
product left for some time to reach room temperature, and crushed for 4 hrs using mortar and
pastel. Later, crystalline powder was annealed at 750 °C for 7 hrs in muffle furnace. The obtained
compound left to reach room temperature and the powder crushed for 4 hrs. The obtained samples
kept in tubes to avoid from moisture. The prepared sample series sent for XRD, FTIR, and UV-Vis

spectroscopy.
III. Results and Discussion
3.1 Structural Analysis

The structural analysis of SmxCu-xFe2Os compound is carried out by using XRD patterns,
as shown in Fig. (1). The X-ray diffraction (XRD) patterns were measured between 20° to 80°. The
measured XRD data were well matched with standard XRD PDF card number 9011012 (dotted lines

in the figure). This suggests the synthesized samples has tetragonal crystal phase with a =5.8 Aand
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c =873 A; also the expected volume of a synthesized comound’s unit cell is 293.677 A3, The space
group of the synthesized samples was I4;/amd. The observed peak positions with reflection plane
values are 29.87° (112), 34.45° (103), 36.04° (211), 37.19° (202), 44.17° (220), 47° (213), 57.16° (303),
58.28° (321), 62.28° (224), and 64° (400). The most intense peak position with reflection plane values
for all Sm concentrations is 36.04° (211). The peak intensity decreased with increasing Sm ion
concentration in CuFe>Os. The standard peak positions are matched with the experimental data

which confirmed the synthesized Sm doped CuFe>Os compounds was in single phase.
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Figure(1). XRD data for SmxCu-x)Fe204 (x=0.02 to 0.10) compound

3.2 FTIR Analysis

This analysis helps to understand functional groups present at compound’s surface. Fig. 2
shows FTIR spectra for Sm,Cu.nFe2Os compounds measured in a range of 4000 - 400 cm’. The
tigures shows the multiple absorption peaks in a region of 3500 - 1500 cm due to stretching
vibration of -OH group which are due to the leftover water molecules present during the producing
process?l. However, absorption bands near 1500 cm! were prominently due to the availability of
nitrate group residual from the preparation process of the samples 22. The absorption peaks closer
to in a range of 470 - 480 cm-1 were due to stretching vibrations of octahedral complexes due to
ferrite metal ions 23. On the other hand, peak in range of 680 - 700 cm-1 were due to the tetrahedral

site of Cu?2* - O? metal oxide ions %3.
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Figure (2). FTIR spectra for SmxCu1-x)Fe204 (x=0.02 to 0.10) compound.

3.3 UV-Visible Spectra Analysis

The estimation of band gap in inorganic compounds is a crucial factor as it deals with optical
properties such as photocatalysis, luminescence. Fig. 3 shows UV-visible spectra for Sm,Cu.xFe2Oq
compounds measured between 275 - 1000 nm wavelength range. Two independent absorption
peaks were observed for all Sm concentrations of the samples which are due to the octahedral and

tetrahedral crystal fields of 3d orbitals of iron and copper crystals 24.
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Figure (3). (a) UV-visible spectra for Sm:Cug-xFe:O4 (x=0.02 to 0.10) compound (b) Tau-plots for
SmxCu1xFe204 (x=0.02 to 0.10) compound.

Energy band gap for these compounds are calculated from Tau’s plot. The plots were
obtained by considering ahv = B(hv — E QR equation. From the equation a, h, v, B, and Eg
represents coefficient of absorption, Plank’s constant, frequency of light, semiconductor constant
and semiconductor band-gap respectively. For n = 1, it represents allowed transition band gap is
obtained %26, Fig. 3 (b) respects Tau plots which were plotted between (ahv)? verses hv an example
of the plot for Sm,Cua-xFe2O4 (x =0.02 to 0.10). Two band gaps were calculated which are in rage
of 2.38 - 2.41 eV and 3.67 - 3.69 eV foe series of samples. It was seen that peak intensity increases

with increasing Sm concentration.

From the energy band gap, refractive index for the compounds are estimated using Herve

X
Eg+Y

and Vandamme equation R.I. = [1 + ( )] 27,28 where, X and Y are constant and their values

respectively are 13.6 eV and 3.4 eV. Calculated refractive index in UV region is 2.55.
IV. Conclusions

The mentioned research work confirmed the formation of Sm.Cu.Fe2O4 (x = 0.02 to 0.10)
which were prepared via microwave assisted sol-gel method. XRD study suggested the
compounds forms in tetragonal crystal phase with prominent peak at 36.04° and reflection plane of
(211). Out of all observed plane. (211) is most dominating orientation for all SmCu.x)Fe2O4 (x =
0.02t 0.10) compounds. FTIR analysis confirmed presence of octahedral complexes of ferrite
compound ions as well as tetrahedral Cu?* - O metal oxide ions. The data is consistent with the
literature. Further, the UV-Visible analysis suggested presence of the 3d-orbital of Fe crystal
depicting the tetrahedral and octahedral crystal field. In addition to this, calculated band gap values
were in range of 2.38 - 2.41 eV and 3.67 - 3.69 eV. These energy gaps are suitable in ultraviolet and
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visible region suggesting the prepared samples have photocatalytic and photovoltaic application in

these regions. The refractive index also estimated as 2.54.
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