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Abstract

Perovskites exist in varied structures and show structure dependent magnetic properties which is
of great interest in the field of multiferroics, magnetocaloric and spintronic devices. Here we
intend to study the various rare-earth(R) and transition metal (TM) ion interactions depending on
their structures. Different Curie temperature, spin glass transition and spin reorientation
transitions were observed depending on the degree of interactions and structural properties. It is
interesting to study the role of orbital interactions, disorder in magnetic transitions leading to

change in superexchange and double exchange interaction.

On substitution at A-site or B-site results in change in magnetic interactions, as well as creates
structural distortions. We also obtained results where the spin interaction of the transition metal
and rare-earth interaction, magnetic anisotropy, orientations of orbitals, disorder induced

interactions were observed.

The structural investigation of various combinations of rare-earth and transition metal ions at A
and B-site with La/Pr/Ho and Fe/Mn/Cr respectively were studied. The magnetic susceptibility
measured at 1000 Oe, was found to decrease in Ho; xPry(Mng 5Cry5)O; (x =0, 0.3, 0.5 and 0.7),
while in Hoj «Pry(Fep25sMng25Crg5)O3 (x = 0, 0.5 and 1) it increased as the value of x increases,
which could be attributed to increased Ho-Mn interaction and competing anisotropy of Pr and Fe
orbitals in the first and second case respectively. Pr(Feo2sMng25Cros)O; showed highest Curie
temperature (247 K) and Curie-Weiss temperature (-58 K) and a maximum change in remanent
magnetization at 5 K and 20 K amongst all the compositions, which suggests a stable spin

structure and rare-earth spin reorientation taking place in this composition.



The investigation on Pr-Mn-Ru-O phase, on effect of structural disorder due to Ru-deficiency at
B-site, as calculated from EDAX and XPS measurements by a stoichiometry of 0.15(2), which
leads to enhanced spin glass like behavior at temperatures below 31 K, as evident from the
bifurcation between the ZFC and FC curves. This pure Pr-Mn-Ru-O phase obtained was refined
in the orthorhombic Pmma spacegroup, with greater octahedral distortion along the axial
direction (157.15(1)°) than in the equatorial (168.88(1)°), along with a compression in the b
lattice parameter, which further suggests greater Ru-vacancy along the axial b direction. The
magnetic susceptibility increases at 18 K obtained from DC magnetic susceptibility data at 1000
Oe, suggests disorder induced ferromagnetic ordering, and that at 4.5 K which could said due to
‘Pr’ and Mn — O — Ru ordering. The non-saturation nature of isothermal magnetization at 2 K

and 50 K, further suggests short range magnetic ordering.

To further investigate the competing magnetic interactions of rare-earth and transition metal
ions, it was observed that the compound Lag 5 «<SmyProsCrOs; (x = 0, 0.1, 0.2, 0.3, 0.4 and 0.5),
showed negative magnetization at 100 Oe. The alignment of the rare-earth moment opposite to
the net moment generated by the canted antiferromagnetic moment generated by the Cr ion
resulted in negative magnetization for x = 0.4 and 0.5 at 100 Oe, ZFC. Pure phase of
Lags5.xSmyPrysCrO; (x = 0, 0.1, 0.2, 0.3, 0.4 and 0.5) were refined in orthorhombic Pnma
spacegroup, where the octahedral distortion increased as the value of x increased. This increase
of anisotropy as the value of x decreased has resulted in x = 0 and 0.1, to show magnetic
reorientation in the temperature range 160 K to 25 K, from the bifurcation and recombination of
FCC and FCW at 10,000 Oe. Exchange bias effect in ZFC and ZFW in the composition

Lag 1Smg 4Py sCrO; was investigated, with the observation of negative exchange bias effect at
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temperature below 230 K, which further suggests canted antiferromagnetic nature in the

following compositions.

In order to inspect further the effect of structural distortion with the decrease in rare-earth radii
was investigated in orthorhombic Ry sSrysFepsMngsO3; (R: Gd<Nd<Pr). Influence of increased
octahedral distortion, primarily due to Jahn-Teller distortion, resulted in decrease of magnetic
transition temperature due to increased hybridization between the transition metal and oxygen
orbitals. The octahedral distortion decreases as the rare-earth size increases from Gd to Nd to Pr.
Gdy 5StgsFepsMng sOs shows canted antiferromagnetic ordering of Mn** spins at temperatures
below 49 K followed by Gd antiferromagnetic ordering taking place at temperatures below 3 K.
The compositions Nd 5Sry sFep sMng 503 and Pry sSrgsFey sMng sO; showed spin glass like nature
at 47 K and 58 K respectively, as Ndg 5Sry sFep sMnysO3; showed greater octahedral distortion as

compared to PrgsSrgsFeysMngsO;.

To study the effect on disruption of long range ordering of orbitals on increased Curie —Weiss
(Bcw) temperature and on photoelecrocatalytic properties were investigated in monoclinic
Sr,YbRu; <TayOg (x = 0, 0.25, 0.5, 0.75 and 1) system. The long range ordering of Yb — O —Ru
was found to be maximum in Sr,YbRuOg, which decreased on substituting Ta in place of Ru, as
evident from the maximum O¢w obtained in Sr, YbRuOg (-148 K), which decreased substantially
forx =0.75 (-125 K) to x = 0.5 (-118 K), and x = 0.25 (-102 K). On increasing Ta concentration,
the bandgap was found to increase linearly from 1.78(1) eV (x = 0) to 2.08(1) eV (x = 0.75)
however with a slight decreased deviation (0.04(1) eV) observed in case of Sr,YbRuOg.
Photoelectrocatalytic measurement showed maximum oxygen evolution current density of
17 pA/em? in light and dark (12 pA/cm?®), in Sr;YbRuOg. XPS showed Ru and Ta were majorly

in +5 and +4 oxidation states.
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Rietveld refinement of the power X action data of Lao.s-x
SMyProsCrOs fora) x =0,b) x=0.1,¢) x=0.2,d) x=0.3,e) x=0.4
and f) x = 0.5 refined with orthorhombic Pnma spacegroup

Lattice volume and a lattice parameter in Laos5-SmyProsCrOs.
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Fig.4.4
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Fig. 5.2

Magnetic susceptility plot of zero field cooled (ZFC) at 100 Oe for
LaosxSmxProsCrOs for x = 0, 0.1, 0.2, 0.3, 0.4 and 0.5 and b) Inverse
magnetic susceptibility plot of LaosxSmxProsCrO3

Magnetic spin structure below the temperature where magnetization
crosses zero (Tcomp) in zero field cooled warming data at 100 Oe for
Laos-xSmyProsCrOs for x =0, 0.1, 0.2, 0.3, 0.4 and 0.5.

a) Magnetic susceptibility for field cooled warming (FCW) plot at
10,000 Oe for Lao.s-xSmxProsCrOsfor x =0, 0.1,0.2, 0.3, 0.4 and 0.5,
b) Inverse magnetic susceptibility plot for FCW at 10,000 Oe for Lao s-
xSMxProsCrOsfor x =0, 0.1,0.2, 0.3, 0.4 and 0.5.

Inverse magnetic susceptibility for field cooled cooling (FCC)

and field cooled warming (FCW) at 10,000 Oe fora) x =0 and b) x =
0.1

Isothermal magnetization plot at 5 K in Laos-xSmxProsCrOs for x = 0,
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Isothermal magnetization plot of LaosxSmxProsCrOsfor x =0, 0.1,0.2,
0.3, 0.4 and 0.5 where at 5 K for a) Virgin magnetic plot by increasing
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Isothermal magnetization measured for Laog.1Smo.4ProsCrOzin field
range + 5 T for temperatures 200-300 K.

Enlarged view of the Isothermal magnetization measured for
Lao.1Smo.4ProsCrOz in field range = 5 T for temperatures a) 200-230 K
and b) 240-270 K and c) 280-300 K.

Plot of a) exchange bias in ZFCW and ZFCC isothermal magnetization
for Isothermal magnetization measured for Lao.1Smo.4ProsCrOsin the
field range £ 5 T for temperatures 200-300 K. and b) Coercive field
(Hc) for ZFCW and ZFCC for Lao.1Smo.4ProsCrOsin the field range +
5T for temperatures 200-300 K

(a) Polyhedral representation of the structure of Ro.sSrosFeo.sMno.s03
(R :Gd, Nd and Pr).

The room temperature powder X — ray diffraction data (black) of
Gdo.5SrosFee5Mno503 (b) Ndo5SrosFeqsMnos03 and (c)
ProsSrosFeosMnosOs, refined in orthorhombic Pbnm space group. The
calculated profile from Rietveld refinement, the fitted Bragg peak
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positions and the residual are shown in red lines, green (short vertical
bars) and blue lines in panel.

Fig 5.3 (a) Variation of lattice parameter ¢ and cell volume. (b) Peak splitting 118
and shift of the (200) and (020) PXRD peaks, with variation in A site
cation.
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Survey scan of a) GdosSrosFeosMnos03 b) NdosSrosFeosMngsOs and
C) ProsSrosFeosMnosOs,

High resolution X-Ray Photoelectron Spectra (XPS) for A) Fe(2psr2) B)

Mn(2ps2) and C) O(1s) ions in GdosSro.sFeosMngs0s.

High resolution X-Ray Photoelectron Spectra (XPS) for A) Fe(2psr2) B)
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High resolution X-Ray Photoelectron Spectra (XPS) for A) Fe(2pzr2) B)
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temperature). (b) Ndo.sSro.sFeosMnosOs and (€) NdosSrosFeosMnosOs3
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