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Abstract: Polycrystalline GdFeO; and GdCu,Fe;—,O; (x=0.2, 0.3) ferrites were synthesized through solid state reaction method.
The prepared ferrites were characterized using x-ray diffraction (XRD) and a detailed structural study was analyzed by
employing Rietveld refinement techniques with the help of the Maud Program. Phase transitions in copper-modified GdFeOs,
structural and micro structural changes of ferrite samples were estimated from the Rietveld analysis and the effect of Cu
concentration in the crystalline phase and crystallite size were discussed in detail. Rietveld analysis revealed that octahedrally
occupied Cu?* ions modify the cationic distribution affecting the orthorhombic structure to shift into a partially inverse spinel
structure in the Cu doped GdFeO;ferrites. The results from Rietveld refinement were structurally illustrated using VESTA
software.
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L. INTRODUCTION

Multifunctional materials have been a subject of interest for researchers due to their technological applications such as magnetic
field sensors, transducers and information storage. The structure type of perovskite is one of the most versatile structures for
tailoring the properties of materials. The structure type of perovskite represents the parental structure for several complex atomic
arrangements, which are controlled by intergrowths, oxygen deficiency or due to action ordering [1[1]]. Ferrites are promising eco-
friendly materials to replace toxic lead-based perovskite relaxers, sensors, capacitors and optical storage devices [2].Rare earth
orthoferrites with the chemical formula RFeO; (R is a rare-earth element) crystallizing in the perovskite structure, the R atom and
the octahedrally coordinated six Fe** atoms are located at the A and B sites respectively[3, 4]. Rare earth orthoferrites are
antiferromagnets with unique magnetic properties, such as spin reorientations and rare-earth moment orders at low temperatures. In
ferrites the occupations at the A and B-sites may be substituted with distinct nonmagnetic cations. This may improve or add new
properties[5, 6].In this present work, incorporation of Cu atoms in the GdFeO; lattice, induce further inter atomic Cu*~0-Gd** or
Fe**-O-Cu®" interactions. Here we are reporting that how the dopant induced cationic displacements promote phase transitions
which further change the orthorhombic structure to inverse spinel.

1. EXPERIMENTAL STUDIES
GdFeO3, GdCugFep503 and GdCug sFey 703 ferrites were synthesized by standard solid-state reaction method. Gd,Os, Fe,03, CuO
chemicals were used as starting materials. All chemicals were of analytical grade and are used directly without further purification.
Initially an appropriate amounts of Gd,03; and Fe,O3have taken in stoichiometric ratio and well mixed in an agate mortar for 1h with
an appropriate amount of acetone for homogenous mixing and then sintered at 1000°C for 5h in an electrical muffle furnace. Later
0.2 and 0.3 mol% Cu doped GdFeO; ferrites were weighed properly, grinded in an agate mortar and sintered at 1000°C for 5h. The
final products were obtained and used for further characterizations.

I1l.  ANALYTICAL PROCEDURES
X-ray diffraction patterns of the GdFeO3, GdCug,Feys0; and GdCugsFeq ;05 ferrites were collected using Philips diffract meter
with Cu-K, radiation. The crystal structures and microstructures were refined applying Rietveld profile refinements (MAUD 2.55
program) [7[7]]- This program has the capacity to perform simultaneously a refinement of both, the atomic arrangement (lattice
parameters, atomic coordinates, occupancy factors, displacement parameters, quantitative abundances of individual phases) and the
microstructure (crystallite sizes (D), and R.M.S. lattice microstrain). Due to the anisotropy of the crystallite sizes and microstrain
values, the profiles of the Bragg reflections with distinct Miller indices exhibit different full widths of half maximum,; this effect
creates problems in Rietveld structure refinements frequently. To consider their influence in the profile shapes, the Popa anisotropic
model incorporated in the MAUD program was applied. The process of successive considering the reflection profiles modulates the
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different structural and micro structural parameters of the simulated pattern to fit the experimental diffraction pattern [8]. For
illustrations of the structural changes in the undoped and Cu doped GdFeOs lattice, the VESTA software was used [9, 10].

(AVA RESULTS AND DISCUSSION
A. XRD

Fig.s 2(a), 2(b) and 2(c) show the Rietveld refined XRD patterns of GdFeOz;, GdCug,FeosO; and GdCugsFey ;05 ferrites
respectively. From XRD pattern it is clear that all ferrites are well crystalline in nature. Gd is at Wyckoff position (4c) (x y 1/4), Fe
isat 4b (1/200) and O is at 8d (x y z) in GdFeOs structure[2, 6].
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Fig2(a, b, c): Rietveld refined XRD patterns of GdFeOs;, GdCugFe 503 and GdCug sFeq ;03 ferrites respectively
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Each XRD profile was fitted with a pseudo-voigt type function in MAUD software. Rietveld refinement results infer that in
undoped GdFeOsconsists of orthorhombic phase and cubic phases. This coexistence is due to the presence of small amounts of
secondary phase Gds;FesO;, (garnet) along with GdFeO; structure. Significant change in the phase concentrations of the lattice is
also observed from the Rietveld analysis.[11, 12,13] The line width and variation in the intensities of different reflections are
evident with increasing Cu content which is not in accordance with the structure and may have arisen due to structural changes
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occurred at higher concentration of Cu ions. Fig. 3 shows that with an increase in Cu concentration the diffraction peak at (0 2 0)
slightly shifts towards the higher 26 valuesi.e. from 31.969° to 32.255°. The shift in diffraction peaks towards higher 26 value,
indicates that co-substitution generates compressive lattice distortion in the host lattice which results in decrement of crystallite size
[14].
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Fig. 3:Enlarged diagram of (0 2 0) XRD peak indicating a shift towards higher angles in GdFeOs3, GdCuy ;Fe, 03 and
GdCuqsFe, ;05 ferrites

Considering the integrated intensity of the peaks as a function of structural parameters only, the Marquardt least squares procedures
were adopted for minimization the difference between the observed and simulated powder diffraction patterns and the minimization
was carried out by using the reliability index parameter, Ry, (weighted residual error), Rg (Bragg factor) and R.., (expected error)
[11-14]. The accuracy of the profile fitting was judged by the reliability parameters Ryy(equation i), Reg(equation ii), Rg (equation
iii)and the goodness of fit (GOF) (equation iv)as given below

1/2

] _ 2 1/2 N-P
R,, = [ZWE(ITZI)] ............. 0 Ry = [sp| e (ii)
R, = % ............. (iif) GOF = RR‘” ............. (iv)
0 exp

where Iy and I, are the experimental and calculated intensities respectively, w;i(1/lp) and N are the weight and number of
experimental observations, respectively, and P is the number of fitting parameters. The refinement of the structural parameters is
continued till convergence is optimized to a goodness of fit (GOF) between 1.0 and 1.2[15, 16, 17]. The Rietveld refined parameters
are tabulated in table 1.

Refined Parameters GdFeO, GdCuq,Fey 504 GdCugqsFey 704
Crystallite size (nm) 120.23 113.25 105.09
R.M.S. Microstrain (g) x10” 1.1 1.6 2.8
Rw(%) 5.23 5.41 5.41
Ry (%) 4.16 4.54 4.37
Rexp(%0) 4.83 5.07 5.06
GOF 1.08 1.06 1.08

Table 1: Rietveld refined results of GdFeO3, GdCuy . Fep 503 and GdCugsFe ;05 ferrites

B. Phase Transitions

Rietveld results had shown that doping of Cu®* ions into the GdFeO; lattice has induced formation of new structural phases in the
GdFeO; lattice structure because of the difference in valency, ionic sizes of the dopant and host lattice ions [18, 19]. The relative
percentages of phases obtained from Rietveld analysis are listed in table 2 and are plotted against Cu Concentration in Fig. 4.
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Relative phase percentages
Sample . Cubic Tetragonal
Orthorhombic GdFeO; GdsFe:On, CUGH,0,
GdFeO, 80 20 0
GdCuo2Feo 03 47 44 9
GdCugqsFey 704 38 36 26

Table 2: Phase percentages of the GdFeOs;, GdCug 2Fe, 03 and GdCug sFe, ;03 ferrites obtained from the Rietveld refinement of the
XRD patterns
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Fig. 4: Relative percentage of phases observed in undoped and GdFeO3, GdCug ,Fep 03 and GdCuyg sFeq ;O3 ferrites

T T
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From Fig.4 it is clear that the percentage of the tetragonal phase seems to increase at the expense of orthorhombic and cubic phases
with an increase in Cu concentration [20]. Based on the results of Rietveld analysis, tetragonal phase formation can be explained as
follows

In GdFeO; (ABO;) structure, B ions were octahedrally coordinated by six oxygen ions (BOg as shown in Fig. 5). The site
symmetries of the A and B atoms in the parental perovskite-structure type are m3m. On doping with Cu ion the point symmetry of
the Fe ion is reduced because Cu?* ion with d° configuration prefers to have octahedral geometry as it attains more crystal field
stabilization energy (CFSE) in octahedral coordination rather than in tetrahedral coordination. This substitution of Cu®* causes a
change in cationic environment which in turn causes a lattice distortion with the elongation of the out-of-phase B-O bonding lengths
and the shortening of the in-plane B-O bond (as shown in Fig. 5) [21,22,23]. This co-substitution stimulates the formation of
CuGd,0,, a partially inverse spinel with B site having Gd** ions. Gd* ions tend to have tetrahedral coordination for charge
compensation and to maximize the lattice stabilization energy. As the incoming flux of dopant increases, Fe atoms are replaced by
more number of Gd** ions and they appear in tetrahedral coordination because of their high spin state than Fe** ions. These
interpretations can be confirmed from the Rietveld analysis of Cu doped GdFeOsferrites. The cooperative nature of the crystal
distortions in these compounds can be rationalized in terms of elastic interactions between the locally distorted polyhedra. Each
polyhedron possesses its own local distortion, ground state splitting, and stabilization energies, which persist in the low-symmetry
phase. The distortions in spinels demonstrate that tetragonal structures result from parallel alignments of tetragonally distorted
polyhedra. The tetragonal distortion with c/a>1.0 are found at tetrahedral B-site Gd** ions. In atoms having outer electron
configuration d* or d° there is a strong elastic anisotropy that favours tetragonal (c/a>1.0) distortion of the octahedrally coordinated
atoms. This is a unique feature of Jahn-Teller effect found in octahedrally coordinated atoms having high spin state. The structural
phase changes appear as a consequence of coupling of local electronic states to bulk deformations and optical phonons of the lattice.
The relation between the structure types of distorted perovskite (GdFeO3) and inverse spinel (Gd,CuO, resulting from Cu doping of
GdFeO3) can be predicted as shown in Fig.5.

2002
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Inverse Spinel Structure

Fig.5: Schematic representation of Phase transition from Orthorhombic to tetragonal in Cu doped GdFeOs; structure

In further detail, it has been shown that if there is a degenerate orbital state associated with localized d electrons at the transition
metal cation in polar crystal, the structure is unstable to a distortion that provides enough asymmetry to lift the degeneracy [24, 25].
The calculated crystallite size and R.M.S micro strain were summarized in table 1. The changes in lattice parameters of GdFeO;
were determined from the refinement program and are shown as a function of Cu content in Fig. 6. From the Fig.a andc decreases
with an increase in Cu content while the lattice parameter b increases with Cu content. From that Fig. it is clear that within the
doping range x = 0.2 & 0.3 the lattice parameter cv2/2>a. With increasing Cu, the lattice parameters a andcv2/2 decrease but the
change in former is less than the latter. The cooperative Jahn- Teller effect, arising from the octahedral Cu®* ions affects the shape of
the octahedron so that the lattice gets distorted, c/a>1[2].
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Fig. 6: Variation of lattice Parameters a,b,c in Fig. 7: Effect of Cu concentration on Crystallite size
GdFeO;, GdCug,Fep 505 and GdCug sFep 703 and R.M.S Microstrain of GdFeO3, GdCug,Feq 05 and
ferrites GdCug3Feg 703 ferrites

The increase of the value of b with the increase of Cu concentration indicates the decrease of cooperative JT distortion since the
non-JT active Gd ion replaces the JT active Fe ion. With the increase of Cu content the orthorhombicity factor c/a decreases. Results
showed that increasing the Cu content (x) decreases the crystallite size from120 nm to 105 nm, but increases the average maximum
micro strain from 1.1 x 10 to 2.8 x 10 for x=0 and x=0.3 respectively. When cation of different radii and valence is introduced
into a host lattice, the mismatch between ionic sizes of the host and dopant cations creates a strain in the lattice which usually affects
the unit cell size and volume[5].Fig. 7 shows the change of crystallite size and micro strain with an increase in Cu concentration in
GdFeOsferrites.

©IJRASET (UGC Approved Journal): All Rights are Reserved 2003



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor:6.887
Volume 5 Issue X1 November 2017- Available at www.ijraset.com

V. CONCLUSIONS

GdFeO;, GdCug,FeysO; and GdCugsFey ;05 orthoferrites were synthesized through solid state reaction method. Structural and
compositional analysis of Cu doped GdFeO; ferrites were studied using XRD. Structural changes occurred on successful
incorporation of Cu into the GdFeOs lattice were determined using Rietveld refinement technique. Rietveld analysis of XRD data
revealed the existence of multiple phases and stabilization of Cu doped GdFeO; in tetragonal phase forming an inverse spinel at
higher concentrations of Cu. Based on these results structural illustrations were crafted using VESTA software. The formation of
new phases is also confirmed by variations in lattice parameters, decrease in crystallite size and increase in micros train.
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