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Synthesis, Structural and Optical Characterisation

of Orthoferrites Rfeo; (R= Pr,Nd)
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Abstract:_Orthorhombic structure of rare earth perovskite type
oxide (RFeQOs, R =Pr, Nd) nano particles prepared by metathesis
method. Powders prepared were characterized by several
measurements such as X-ray diffraction, scanning electron
microscope, EDX, FTIR, and diffuse reflectance spectroscopy to
understand their physio-chemical properties. NdFeo; and
PrFeos, synthesized metathesis method crystallite size of 61nm
and 60.5 nm respectively.
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I. INTRODUCTION

Perovskite oxides of general formula ABO3 (where A is

rare earth and B is a transition metal ion). Have been the
focus of intense research due to their fascinating properties
since long [1][13]. These properties include metal insulator
transition,  colossal ~ magnetoresistance, = multiferroic
behaviour etc. These systems are generally named on the
basis of transition metal ion at B site e.g cobalites,
Manganites, Orthoferrites, Ortho chromites etc. Among
these materials rare earth orthoferrites (RFeOs;,R=Pr, Nd)
found special status due to its multiferroic properties
[2][9][10][11]. These materials have potential applications
in spintronics and data storage, including high speed
memory with magnetically and electrically addressable
states magnetically tunable switches and sensors. RFeO3
(R=Pr,Nd) powders are sysnthesised by metathesis method
and structure and composition were analized byXRD and
EDX [1]. The optical properties were analysed by UV-
visible diffuse reflectance spectrometer. The vibration of
specific set of chemical bonds are known by FTIR (Fourier-
transforminfrared absorption spectra) which is recorded at
room temperature within the wave number 4000-400 cm™.
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K3 [Fe(c204)3] 3H20 and RCl; (R=Nd,Pr) were used as
precursors. Nd2O3 and PrsO1; were converted into NdCls and
PrCl; using concentrated HCL. Then K3 [Fe(c204)3]3 H.O
and RCl; (R=Nd, Pr) were mixed well using glass rod. The
resultant homogenized mixtures were calcinated to 1050 ° C
and 1050 ° C for 10 hours Use the "Insert Citation" button to
add citations to this document. to get NdFeOs and PrFeOs
respectively. Collected powders were washed with distilled
water several times to remove KCI and then heat treated.
Resulting powders were pelletized under uniaxial pressing.
The pellets were sintered at 1100 °C for 4 hours.These
sintered pellets were used for various measurements.

SYNTHESIS BY METATHESIS

Oxides of rare earths dissolved in con. Hel and
heated till RCI3 powder is obtained

RCl3( R= Nd,Pr) Ks3[Fe(C204)3]13H:0

Homogenious mixture of above two powders with glass
rod for 20 minutes is obtained

Pre-sintered the powder to 1050°C for 10 hours

The resultant powder is water washed several times to
remove HCI and heated

Powder

Resulting powders were pelletized under uniaxial pressing

II. RESULTS AND DISCUSSION

The XRD pattern of the powders shown in figure 1. It
shows the products are pure perovskite oxides, RFeO; (R=
Nd, Pr) with an orthorhombic structure of pbnm space
group. The diffraction data are in good agreement with
JCPD card of NdFeOs; (JCPDS NO 74-1473) and PrFeOs
(JCPDS NO 74-1472). The XRD pattern confirmed the
single phase of NdFeOs and PrFeOs.Lattice parameters were
calculated using POWD software shown in the table 1.
Which is in good agreement with the reported values.

a=5457A b=5585A c=7.780A  (NdFeO3-JCPDS
No. 74-1473 )
a=548A b=5578A ¢=7.786A  (PrFeO3-JCPDS
No. 74-1472)

The average size of particles were calculated by employing
the Scherrer equation

D = KM cosH
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Where D is the average crystallite size PrFeO;
K =0.94
A is the X- ray wavelength
B is the FWHM
0 is the Bragg angle

On the basis of this equation the mean particle size of
RFeO3( R=Nd, Pr). Orthoferrites were about 61nm and 60.5
nm respectively.
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10 20 %(deg“,?e%) %0 ® 7 EDAX analysis was carried out for confirming the
composition of synthesized powders. The data wascollected
Fig. 1: XRD pattern of PrFeOs at different locations on the sample. The weight percentage
and atomic percentage of the constituent elements are
: NdFeO, tabulated below.
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Fig. 2: XRD Pattern of NdFeO3
SEM:

The surface morphology was studied by using scanning
electron microscopy (SEM). The SEM images are shown in e
fig. The SEM images reveal the nonuniformity in grain o1 2 3 4 5 & 7T B 8 10

sizes and also existence of porosity. Full Scale 2300 cts Cursor: 0,000 ke
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Fig. 3: Surface Morphology of PrFeO3 Fig. 6: Chemical Composition of NdFeO3 from EDAX
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Element | Weight% | Atomic%
oK 22.36 65.08
Fe L 18.39 15.34
PrL 59.25 19.58

Totals 100.00 100.00

DRS Spectroscopy:

The optical absorption spectrum of PrFeOs; and NdFeO3
powders were recorded. The direct band gap energy (E,)
was determined by fitting the absorption data to the direct
transition using the following equation.

Ahv = Va(hv-E,)

Where A is the optical absorption coefficient, hv is the
photon energy.E, is the direct band gap and o is a constant.
The band values are estimated as 1.975eV and 2.08 eV for
PrFeO; and NdFeOs respectively which are lower than in
the previous works. This shows that these orthoferrite
samples are suitable for absorption of visible region of light
spectrum to efficiently utilize the solar energy. So these
materials can be used as photocatalysts.
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Fig. 7: UV-DRS Spectroscopy of NdFeO3
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Fig. 8: UV-DRS Spectra of PrFeO3
FTIR:

The FTIR spectra of PrFeO; shows strong absorption
bands at 432.07 cm™ and  563.23 cm™! and a few weak
intensity bands in the range of 1300 -1500 cm™' absorption
at 432.07 corresponds to O-Fe-O bending vibrations, while
that observed at 563.23 cm™ corresponds to Fe-O stretching
vibration as shown in the figure.

The FTIR spectrum of NdFeOs shows strong absorption
bands at 437.07 cm™ and 570.95 cm™' absorption at 437.07
cm! corresponds to O-Fe-O bending vibrations, while that
observed at 570.95 cm to Fe-O stretching vibration as
shown in the figure.
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Fig. 9: FTIR Spectra of PrFeO3
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Fig. 10: FTIR Spectra of NdFeO3

III. CONCLUSION

PrFeOs; and NdFeOs; samples were synthesized by
metathesis method. The crystalline nature was confirmed by
powder XRD pattern. From XRD studies it is clear that the
samples were formed of single-phase perovskite type
crystalline compound with Orthorhombic structure. The
chemical composition was confirmed through EDAX. These
samples were characterized by SEM, UV-DRS and FTIR
techniques. = The  UV-Visible diffuse reflectance
spectroscopic analysis exhibited an optical band gap of
approximately 1.975 eV and 2.08 eV of PrFeO3; and NdFeOs
respectively. These samples are capable of absorbing visible
light hence these samples can utilize the solar energy. This
is an interesting finding as such material could be potential
source of visible light photocatalytic activity.
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