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Abstract

The intrinsic distortions present in rare earth ortho chromites (RCrOs3) observed from lanthanum to lutetium (in R-
site) can influence the magnetic properties like Neel Transition and weak ferromagnetic coupling. A non-magnetic
cation with similar ionic radius would be a suitable candidate to engineer the inherent distortions of particular
orthochromite. In this study Bismuth (Bi®*) with a 6s? lone pair was chosen to substitute in Neodymium (Nd®*) site
of NdCrO3; (NCO) to tailor the intrinsic structural distortions. The variation of optical absorption edge evidently
suggests that Bi (6s?) substituted in the magnetic rare earth Nd*3 influences the Cr-O overlap integral. The
interaction of Bi cation with oxygen bonds influences the structural distortions through Cr-O polyhedra which are
evident from Raman scattering studies. The observed structural and magnetic properties of similar ionic radius of
Bi®* in Nd®* reveals that intrinsic structural distortions are interrelated to enhanced weak ferromagnetic component
and change in Neel and spin reorientation temperatures in our compounds. In addition a reduction in the optical band

gap of NCO from 3.1 eV to 2.6 eV was observed.
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1. INTRODUCTION

Orthochromites, RCrOs, (R- Rare earth) are interesting family of compounds due to intriguing physical properties
and their complex magnetic interactions. These compounds has received wide attention aiming at versatile
applications like solid oxide fuel cells [1,2], Negative temperature coefficient (NTC) thermistors [3], Multiferroic
applications [4-7] etc. The intriguing ferroelectric nature of magnetic rare earth ortho chromites RCrOs (R= Sm, Gd,
Er, Tb and Tm) is expected to arise by the local symmetry breaking due to the interaction between magnetic rare
earth ion and weak ferromagnetic Cr¥* ions leads at magnetic ordering temperatures[4]. Thus the short range polar
order in chromates is due to local symmetry present in the samples [8]. In addition, the honmagnetic nature of
yttrium can also induce polar nature in YCrOs due to inherent distortions present in system [6,9,10]. On the other
hand RCrOsz show extremely rich magnetic properties due to interaction between R3*-R%*, R%*-Cr®* and Cr¥-Cr®*
ions leading to various types of magnetic ordering at different temperatures. The Cr®* moments in all rare earth
orthochromite pervoskites exhibits G-type antiferromagnetic structure at Neel temperatures (Tn) ranging from 115
to 289K and also possess weak ferromagnetic order below Ty [11,12,13]. Presence of magnetic moment at rare
earth site in ortho chromites enhances the magnetization due to Cr3* sublattice polarize R®* rare earth ions[14]
which results into another transition at low temperatures called spin reorientation temperature Tsger. Due to the
interaction of R%¥-Cr® (R= Gd, Nd, Ho, Er, Tm) in orthochromites the Tsger varies from 6.5 to 35K. [15,16,17,18]
The rare earth ordering due to weak interactions among R**-R3* can be observed at very low temperatures and in
some compounds like HoCrO3; and PrCrO; the rare earth ordering is not at all observed with in the measured
temperature range [13]. Few magnetic rare earth chromites also show magnetization reversal properties due to rare
earth moments are aligned antiparallel to the chromium magnetic moments [16,19]. The strong among these
interactions are Cr3*-Cr3* responsible for antiferromagnetic ordering in chromites and it is greatly influenced by the
rare earth ionic radius. A monotonic decrease of Ty is observed in series of orthochromites with decreasing of ionic
radius of rare earth and mixed orthochromites [13,14]. The observed weak ferromagnetic nature below Ty in these
chromites is due to canting of the Cr3* system which arises from the Dzyaloshinsky-Moriya exchange
interaction[20]. When compared the Neel transition temperature dependence of orthoferrite with the ortho

chromites (isostructural and non JahnTeller active ions) with the variation of ionic size of rare earth ion, the former



depends on Fe**-O-Fe** bond angle [21] whereas the latter dependence on Cr3*-O-Cr®* bond angle is overall 30% of
Twn[22]. Thus additional intrinsic structural distortions which leads to involvement of overlapping t and e orbitals
of Cr*3 in orthochromites along with the bond angle dependence in chromites can explain the observe Ty variation
with ionic sizes[22]. This can be understood from the simple picture of octahedra units built by pervoskite oxides.
When a transition metal is surrounded by six oxide ions in a regular octahedral arrangement, 3d orbitals of Cr (3d®)
splits into two groups, a lower triplet, tog or t and an upper doublet eq or e. The physical basis for this splitting is
simply the electrostatic repulsion between the d electrons and the surrounding negative oxygen ions where the eq
orbitals point directly at these ions and the tyq orbitals point in between the ions. Although this simple picture does
not take covalent bonding into account; its inclusion does not affect the fundamental result [23]. After involving the
covalent bonding, it leads to exactly same kind of splitting into a lower nonbonding t,y orbital and an upper
antibonding ey orbital with difference in magnitude of the energy separation between the two orbitals. Thus the
inclusion of mixed ionic and covalent character of metal to oxygen bonding in metal ion influences the T.
However, in chromites, size or ionic radius of rare earth cations (Lu-La) plays important roles on the structural
distortions of RCrOz; which makes the octahedra are linked in canting position with each other[22,24]. These
structural distortions indeed involve the change in bond angles which further leads to inherent bond overlap of tog
(filled) and ey (unfilled) orbitals of Chromium with oxygen and observed changes in Tn. Thus tog-e4 hybridization is
inevitable with the change of bond angle in chromites whereas this hybridization on Fe3*(t3%?) (i.e. t>-O-t*and e?-O-
e?) did not bring any change of Ty in orthoferrites. The observed weak ferromagnetic coupling in these chromates
(Cré*:1%° can be understood by the super exchange interaction between two adjacent transition metal ions is
delivered by a virtual charge transfer [22] i.e. tog°-O-e,°. Thus understanding on orthorhombic pervoskites that
possess intrinsic structural distortions in addition to the cooperative octahedral-site BOg (B=Fe, Cr, Mn) rotations are
essential elements to interpret magnetic properties in these systems [25]. In this study we attempt to tune the
inherent structural distortions which can in turn affect the magnetic properties of RCrO3z especially NdCrOs.
Structural [26]° Magnetic susceptibility [27], Neutron studies [12,28] and specific heat properties [29] investigations
performed on NdCrO3 and also limited number of studies such as Ndi-«<EuxCrOsz [17], Ndi-xLaxCrOs [30], Ndi-

xSrkCrO3[28] to understand the altered interactions among Nd and Cr in NdCrOs. These studies reveal that the effect



of substitution of higher ionic radius or magnetic rare earth ions in Nd-site either dilutes the Nd-Cr coupling or
decrease of structural distortions due to increase of bond angle further leads to increase of Tn. Inorder to understand
the inherent structural distortions and its relation to magnetic properties, a nonmagnetic and similar radius of Nd3* is
suitable candidate for the study. At present we have chosen an element other than rare earth, nonmagnetic Bismuth
cation (reis+=1.11A), which is prone to introduce local structural distortion due to the presence of stereo chemically
active 6s2 lone pair electron [31] and profoundly influence the magnetic properties. Unlike the electron configuration
of Nd3 (rnas+=1.109A) ions (4f3), the outermost shell of Bi3* (6s?) is fully occupied. To the best of our knowledge
structural distortions interrelated magnetic and optical properties of Bi®* in Nd** of NdCrO; have not been reported
due to high pressure synthesis [32] required for Bi-based chromates. The substitution of Bi®* in NdCrOs of its own is
challenging and not many efforts have been carried out in orthochromites. In this study Ndi1-xBixCrOs; (NBiCO) with

varying Bi content was successfully synthesized by Sol-gel route upto 15 at% Bi substituted at Nd®* site.

2. MATERIALS AND METHODS

Nd1«BixCrOs (x=0, 0.05, 0.1, 0.15 at %) (NBiCO) was synthesized by the Sol-gel method using the nitrates of
Neodymium, Bismuth and Chromium. Nitrates of Neodymium and Bismuth are prepared from the oxides dissolved
in nitric acid whereas chromium nitrate (Cr (NO3)3.9H20) is obtained from the sigma Aldrich (99% pure). The
Nitrates of all cations are homogeneously mixed with simultaneous addition of citric acid (chelating agent) and
ethylene glycol (gelating agent). The obtained solution was dried at 393K for 2days and then heat treated to
evaporate the nitrates. The extracted powder was calcined at 1123K for 4 hrs. Calcined powders were pelletized by
adding freshly prepared polyvinyl alcohol solution as binder and sintered at 1373K for 10hrs in closed environment,
inorder to minimize the loss of Bismuth. Structural analysis was performed through X-ray powder diffraction (XRD)
studies at room temperature (RT~303K) (Panalytical X’pert Pro, Cu K, radiation). Rietveld refinement was
performed on the powder diffraction data by using ‘full proof” software [33]. The phonon modes of all the
synthesized compounds was studied using a Laser Micro Raman spectrometer (Bruker, Senterra) with an excitation

source of 532nm at RT. Magnetic measurements are carried out by Physical Property Measurement System (PPMS)



Dynacool (Quantum design, USA) with magnetic fields varied from -5T to +5T and temperature sweep from 5-

300K. The optical studies were done by using UV-Vis Spectrometer lambda 1050 make Perkin Elmer

3. RESULTS AND DISCUSSION

3.1 Structural diffraction patterns

Rietveld refinements of NBiCO were carried out using the orthorhombic crystal system with the centrosymmetric
Pnma space group, which shows good agreement between the observed and calculated diffraction patterns shown as
difference (Yons-Yca) plot given at the bottom ensures a reliable fit of the experimental data. The bars represent in
the Fig 1 are Bragg diffraction positions and the reasonable reliability parameters such as low R-factors and y2
values indicate the authencity of the refinement. The background was refined with 6" order polynomial function and
Pseudo-Voight is used as peak shape profile to refine the patterns. The diffraction patterns revealed that x= 0.15
refined with the single phase orthorhombic Pnma symmetry along with minor amount (< 2%) of Bi.O3
(nonmagnetic) impurity .The observations suggests that the solubility of Bismuth (Bi) in Nd site is lower than 15 at.
% through our sol-gel processing technigue. Single phase of NBiCO and the minimal change of lattice parameters
(Table 1) show that the similar ionic radius of Bismuth occupies the Neodymium site. The observed average change
in bond angles from 154° to 152° upto 10at% through our XRD patterns. The average change in bond lengths such
as Cr-O1 (1.984 to 1.973A), Nd-O1 (3.14 to 3.2 A), Cr-02 (1.97 to 1.95) and Nd-O2 (2.72 to 2.49 A) indicates a
global structure orthorhombic (Pnma) throughout the composition range. Even though the XRD structure remains
the same but the difference of electronic configuration and sterochemical activity of ‘Bi’ in ‘Nd’ site is expected to

affect the local structural distortions such as CrOg rotations has its impact on physical properties.

3.2 Phonon Studies

Raman spectroscopy is a versatile technique to investigate the lattice dynamics of pervoskites and also
reveal the local structural distortions due to CrOg rotations or displacement of cations in a unit cell. The irreducible
representation of the Raman modes [34] for the pervoskite orthorhombic pervoskite structure at the center of the

brillioun zone is given by equation (1).



F :7Ag+5Blg+7BZQ+SBag ........................ (1)

Equation (1) shows the 24 Raman active modes possible for Pnma symmetry. Structural distortions in pervoskites
are generally attributed to atomic phenomena which include rotation of CrOs octahedra, displacement of cations and
Jahn-Teller (JT) distortion[35].In the present studies the structural distortions are expected to happen either by the
rotation of CrOs octahedra and/or A-site displacement of cations whereas inactive Jahn-Teller ion (Cr®*) cannot
create any distortions within the unit cell. It is known that change in bond angles, bond lengths and tilt angles of the
CrOs octahedra are decisive of functional properties of chromites [22, 25]. The Raman spectra of NBiCO captured at
RT is shown in Fig 2 and the Raman mode assignments (shown in Table 2) were performed in accordance to
orthochromites[34,35,36] In order to identify the Raman shift peaks for different ‘Bi’ substituted samples, the
NBiCO Raman spectra were fitted in the range of 100-600 cm™ by a Gaussian profile [30] and each of the profile is
characterized by three parameters namely frequency shift, intensity and line width. We observed 14 Raman modes
out of 24 possible modes for Pnma structure. As we increase the substitution noticeable change in the phonon modes
like Ag (5), B3y (5), Aq (6), Bag (6) and Bsy (2) shift to red frequency regime. The peak position depends on the
natural vibrational frequency of the isolated molecule and the interactions with the environment. It is known that
heavier atoms occupying at the A-site vibrates at low frequencies and that of light atoms like oxygen vibrate at
relatively higher frequencies based on the relation v o (K/pw)Y? where K force constant depends on the interaction
strength between atoms, v the frequency and p is the reduced mass[14]. Due to similar ionic radius of Bismuth the
relative shift to red frequency observed in the Raman modes like Aq (6), Aq (5), Bsg (5) could be due to the heavier
ion of Bi in Nd-site .The relatively heavier Bi cation could potentially alter the interactions among Nd-O modes and
eventually resulting in observed shift of By (6) (5¢cm™) and Bsg (2) (21cm?) with ‘Bi’composition and such
significant changes observed in these phonon modes could be due to the weakening of interactions among A/B-site
cation with oxygen atom and/or oxygen stretching modes with substitution. Thus the Nd-O bond lengths observed
from the XRD measurements are minor but its effect is dominantly visible in our Raman studies. The octahedral
rotations of CrOs as observed in Biq (3) and Bsg (3) which shifts in blue frequency regime i.e. increases the strength
of interaction with Bismuth composition. Thus Bi substitution can create the short range forces which lead to

increasing the force constant and vibrational frequencies, become more effective with composition [37]. The



interaction strength can only be observed when the bond distances/lengths are coming closer with substitution. This
can be seen from the minor decrease of Cr-O2 bond lengths and change in bond angles along Cr-O2-Cr.The three
modes Ag (2), Ay (4) and Byg (3) are observed as individual modes in NCO, whereas with substitution of Bi they
merge to a single broader phonon mode. The broader phonon mode was deconvoluted into three modes (~ 280-
370cm™?) and shown in Fig 2 resulting from atomic motions related to A-cation and CrOs out of phase x-rotations.
The variation of line widths (full width half maximum, FWHM) of three modes is shown in Fig 3 and it shows that
the FWHM are related to the environmentally induced frequency fluctuations due to electrostatic forces or inherent
disorder leads to increase of broadening with Bismuth [37,38]. In addition we observe a unique Raman mode at By
(2) (Octahedral tilt, refer Table 2) with an enhanced Raman intensity as composition increases, which might arise
from the oxygen sublattice. The increased intensity of Byg (2) with composition reveals that the structural distortions
introduced in NCO could be due to oxygen stretching modes at higher wavenumbers. The major changes observed
in Raman modes with Bismuth substitution suggests that the change rotational and/or CrOg¢ bending, Nd-
displacement and oxygen stretching could collectively create the distortions observed. The structural distortions
could arise from the octahedral site rotations plausibly arising from changes in the Cr-O and Nd-O bonds However,
these structural distortions on an average scale i.e. from XRD measurements are minor the effects could be

dominantly seen in Raman scattering experiments.

3.3 Magnetic properties

The magnetic molar susceptibility (ym) as a function of temperature (T) from 5 to 300K in magnetic field
of 1000e is plotted for zero field cooling (ZFC) and field cooled (FC) conditions (Fig 4(a)). With falling
temperature, the first magnetic ordering (Neel Transition Temperature, Ty was obtained by using the derivative plots
of Magnetization as seen from the inset of Fig 4(b)) was observed at 230K for NCO which is attributed to
cooperative Cr*® spin ordering. It is found that Ty decreases linearly from 230(x=0) to 223K (x=0.1). The Cr
sublattice undergoes a long range cooperative ordering transition that can be observed in drop of magnetization
(around Neel Transition) in ym-T measurements in NBiCO samples. Below Ty the spontaneous magnetization first

increases with decreasing temperature, reaching a maximum around T=187K. It then decreases and exhibits a



minimum around T=100K, below which it again increases to a maximum at 35 K(x=0). The unusual temperature
dependence of magnetic behaviour can be explained by strong effective field on the Nd** moments by the ordered
Cr¥* spin system [11]. Thus below Ty the Cr sublattice magnetization induces an effective magnetic field on Nd
sublattice due to Nd-Cr interaction which tends to polarize the system from rz (Fy, Cy, Gz) into r1 (A, Gy, Cz) at
lower temperature (related to spin reorientation; Tsrpr=35K for x=0) [27,39].From the Fig 4(a) ZFC curves we
observed a small hump at (T~10-11K) in all the samples from x=0 to 0.1 whereas this hump is not observed in FC
condition. The specific heat measurements on NCO system revealed that the hump at 10K is due to the two-level
Schtokky effect caused by the split of ‘Nd’ ground doublet [39]. Doping Bi®* into NCO increases the magnitude of
ym below transition temperature and has a strong effect on ym-T behaviour below the magnetic ordering temperature.
The presence of nonmagnetic Bi®* in magnetic site Nd®* site decreases the strength of interactions among the Nd3*-
Cr¥ leads to decrease of Tsger from 35K [x=0] to 28K [x=0.1]. To elucidate the nature of the magnetic interaction
above the transition temperature Ty, inverse susceptibility has been plotted with Temperature (Fig 4(b)) following
curie Weiss behaviour

L 3ks(T = 6cw)

X
N, /“tgff

The Curie Weiss fit was done at paramagnetic region of our samples and is shown in Fig 5 for different
compositions. The observed increase of effective magnetic moment values from curie fit are 5.39ug (x=0) to 6.72ug
(x=0.1) which is greater than the theoretical calculated values of 5.29 ug for NCO [per = [(1?nas+ + p2cra+)] Y2 where
ungs+ =3.62us and pcrs+=3.87ug)]. The observed higher values of effective magnetic moment is due to curie Weiss
fitting done above 250K which is immediately above the transition temperature. The higher temperature fitting i.e.
2-3 times of transition temperature may give effective moment close to Cr3* values. The observed Weiss temperature
(Bcw), shown in Table 3, is decreases from -389 to -345K. These values signify that increase of Bi concentration
strengthens the ferromagnetic interaction or weakens the antiferromagnetic interactions. Fig 6(a) & 6(b) we have
shown Isothermal M-H loops at 5K and 100K for NBiCO which shows that magnetization does not saturate up to
5T. The coericivity varies from 184 Oe(x=0) to 445 Oe(x=0.1) shown in Fig 6(a) for T=5K (T<Tsrer) (inset shows

clear variation of MH loops for x=0 and 0.1) and the coericivity varies from 400e (x=0) to 8230e (x=0.1) at



T=100K (Tsrer<T<Ty) shown in Fig 6(b) (inset shows clear variation of MH loops for x=0 and 0.1). The Room
temperature M-H loops (not shown here) almost straight line indicating absence of any ferromagnetic ordering

above Neel Transition temperature.

It’s worth remembering that the structural distortions due to the Bi substitution in NCO lattice was evident
from the structural studies such as change in phonon behaviour related to CrOs rotations as discussed in Raman can
possibly facilitate this hybridization in NBiCO samples. Chromites with Cr3* configuration, only 7 bonds of t3-o-t®
are present and eventually lead to an antiferromagnetic ordering. However, in NdCrOs structures introducing a
plausible t-e hybridsation is expected to induce an additional structural distortion in the lattice associated with a
change (reduction) in the antiferromagnetic interaction. Presence of such distortion facilitates virtual charge transfer
(VCT) to the empty e component of the hybridized orbital, i.e., t3>-O-e°, which effectively leads to observed weak
ferromagnetic coupling [22] in our compounds. Thus the present study Bi with similar ionic radii, but with a 6s? lone
pair configuration plausibly create the local structural distortions due to rotations of CrOs further leads to t-e
hybridization which in turn changes the values of Ty in our chromites. The observed increase of 40 Oe to 8300e
above Tsrpr and 184 Oe(x=0) to 445 Oe(x=0.1) below Tsrpr gives a clear indication that Bi®* can influence greater
in Cr3*-Cr® interaction than that of Nd**-Cr®* interaction. Thus nonmagnetic Bi®* alter the magnetic interactions of

Nd* and Cr*® ion coupling which can be observe as change in Tsget (AT~7K with composition) .

3.4 Optical Studies

Bi®* cation is expected to interact strongly with the Cr - oxygen interaction and hence the optical absorption
features of NCO would be strongly influenced by Bi substitution. Hence, the optical absorption studies were carried
out to study the influence on optical band gap of NCO with Bi substitution. The optical absorption edge was

analyzed by the following relation ship

ahv = A(hv — Ej)™

Where A is constant, m value is %2 and 2 for direct and indirect transitions respectively and Eg is the optical band gap

[40]. The optical absorption spectrum of Cr3* ion in NBiCO was recorded at room temperature (RT) from A=200nm



to 900nm. The absorption spectrum of NBIiCO is typical of Cr3* in a predominantly octahedral environment. The
value of optical band gap was estimated from the linear fitting and extrapolation of the (a4v)? vs. hv graph to the hv
axis band gap of the compounds as shown in Fig 7 and inset shows the absorption spectrum plotted with
wavenumber. The studies reveal that the NCO ceramics have a direct band gap characteristics and the absorption
edge is observed at 3.1eV for NCO. The absorption edge of NCO is primarily associated with the manifold of
Charge transfer transitions between O (2p) and Cr (3d) states [41] and this value decreases to 2.6 eV from 3.1 eV
with increase of Bi content in NCO. The other optical absorption bands commonly observed in ortho chromites
arising from d-d transitions of Cr were also present. The optical absorption from ground state (electronic
configuration of Cr® ion) *A; to *T, and “T; leads to observed two intense and broad bands were recorded at
16863cm ™ and 21645cm ™. In addition to that two sharp bands at lower energies due to optical absorption from “A;to
2T, and 2Eq at 13377 cmand 12446 cm™for NCO was also observed. The variation of optical absorption edge
evidently suggests that Bi (6s?) substituted in the magnetic rare earth Nd*3 influences the Cr-O overlap integral. This
increase of interaction of Bi cation with oxygen bonds influences the structural distortions through Cr-O polyhedra
[42]. Thus the changes in rotational octahedra distortions observed through Raman scattering measurements and Cr-
O changes through optical studies are in good agreement and this distortions that could plausibly be responsible for
the observed changes in Neel transition temperatures as well as ferromagnetic nature in these compounds. Hence,
the tunable optical properties such as bandgap from 3.1 to 2.6eV and enhanced weak ferromagnetism (40 Oe to
8300e) associated with structural distortions in NBiCO could be used for photocatalytic and magnetic applications

[43,44].

4. CONCLUSIONS:

Nd1.xBixCrOs ceramics with <x” varying from 0 to 0.1 at% were successfully synthesized through Sol-gel method.
All the compositions studied and they are stabilized in an orthorhombic Pnma structure, which was evident from the
refinement studies. The variation of optical absorption edge evidently suggests that Bi (6s?) substituted in the
magnetic rare earth Nd*® influences the Cr-O overlap integral. This increase of interaction of Bi cation with oxygen

bonds influences the structural distortions through Cr-O polyhedra were evident from the Raman studies.



Nonmagnetic and similar ionic radius of Bi*® in Nd*® creates local structural distortions due to plausible nature of
6s? electron configuration of Bi*. These structural distortions further influence the magnetic properties in our
present studied samples. The involvement of t-e hybridization along with canting angle of Cr-O-Cr leads to the
observed change in Ty from 230 to 223K and Tsrer from 35 to 28K with Bi*® content. Isothermal magnetization
curves performed at 100K (T>Tsrer) shows increase of coercive field from 40 to 8300e gives clear evidence of Bi®*

can influence Cr*3-Cr*3 exchange interactions.
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Table 1 Refinement details of Nd1«xBixCrOs3(x=0, 0.05 and 0.1) for orthorhombic Pnma space group

Refined Parameters X=0 X=0.05 X=0.1
a(A) 5.4849(6) 5.4838(7) 5.4885(4)
b(A) 7.6936(7) 7.6930(8) 7.6989(6)
c(A) 5.4197(6) 5.4180(7) 5.4214(4)
Cr-01 1.984(8) 1.986(9) 1.973(8)
Cr-02 1.97(2) 1.95(3) 1.95(3)
1.99(2) 2.01(3) 2.03(3)
Cr-O1-Cr 151.5(3) 151.1(4) 154.5(3)
Cr-O2-Cr 154.3(9) 154.2(11) 152.3(12)
Bragg R-Factor (Rs) 6.54 11.6 15.5
RF-factor 5.76 9.57 13.4
12 1.21 1.52 1.52
Rp 9.08 7.23 7.0
Rwp 11.8 9.40 9.03
Rexp 10.75 7.62 7.31
Thermal parameter (B)( A2 1.48 2.22 2.11
Volume(A3) 228.7 228.6 229.1
. ositions—»> X y z
Composition lonsd
Nd3*/Bi®* 4(c) 0.0414(3) 0.25 0.0084(7)
X=0 Cr3t 4(b) 0 0 0.5
01 4(c) 0.477(4) 0.25 -0.087(6)
02 8(d) 0.296(4) 0.035(4) -0.294(4)
Nd**/Bi** 4(c) 0.0403(4) 0.25 0.0056(9)
X=0.05 Cr3* 4(b) 0 0 0.5
01 4(c) 0.462(4) 0.25 -0.083(7)
02 8(d) 0.289(5) 0.045(4) -0.282(5)
Nd3*/Bi®* 4(c) 0.0413(4) 0.25 0.0055(10)
X=0.1 Cr3* 4(b) 0 0 0.5
01 4(c) 0.463(5) 0.25 -0.071(7)
02 8(d) 0.281(5) 0.056(3) -0.271(6)




Table 2 Raman modes at Room temperature for Nd1-xBixCrOs

Assignment  of 0 o Activating Atomic motions
modes = c”> c”> distortion
X X X
Ay(7) 142 143 140  A-shift
Ay(5) 151 149 142 rot[010] A(X)
Ay(6) 195 195 181 rot[101] CrOs in phase y rotations
Bag(5) 168 165 161 rot[101]
Bagy(6) 211 211 206 A-shift A(2),01(2),
Ay(2) 288 288 286 rot[010] 01(x),A(-x)
Ay(4) 332 331 330 rot[101] A(2),01(-2),
B14(3) 367 379 386 rot[101] CrOg out of phase x rotations
B3y(3) 434 438 439 rot[101] Out of phase O2 scissors like
Aq(1) 452 452 449 rot[010] CrOg bendings
B2g(2) - 513 504  rot[010]
B1y(2) 551 551 550 rot[101] CrOg out of phase Bendings

B3y(2) 575 569 554 rot[101] 02,01 antistrecthing




Table 3 Coercive fields, Weiss temperature and Neel Transition temperatures for different compositions.

X=0 X=0.05 X=0.1

Hc(Oe) at 5K 184 450 445
Hc(Oe) at 100K 40 175 823
Neel Temperature (K) 230 228 223

Weiss Temperature (K) -389 -350 -345
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Fig 1 (color online) represents the XRD patterns at Room temperature for compositions x=0 to x=0.15 in Nd-
xBixCrOs. * indicates the minor impurity of Bi»O3
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Fig 2 (color online) The Raman studies on Nd1xBixCrOs (x=0 to 0.1) compound at room temperature. The Raman
modes are fitted with Gaussian profile method from 100-600cm™.
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Fig 3 (color online) Raman shift and FWHM variation of Aq (2), Aq (4) and Big (3) with composition.
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Fig 4 (color online) the magnetic studies on Nd:xBixCrOz a) ZFC and FC done under the application of 1000e
magnetic field and b) inverse susceptibility with temperature (inset shows Neel transition temperatures obtained
from the derivative plots)
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