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ABSTRACT

In the present work, we report structural charactation of thelLag sSr; sTipsCros0, and LaSsTiCrO; phaseshy
Rietveld analysis using GSAS program. Both the gghasystallize with tetragonal unit cell in the spagroup
[4/mmm. The selected bond distances, as deternfiined structural refinements, suggests that the loedaa in
both the phases are distorted.
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INTRODUCTION

A rich variety of oxides classified as Ruddlesdapyser (RP) phases are described as intergrowtttstes having
the general formula (AO)(AB&k, where A is usually a rare-earth, alkaline-easthalkali ion and B can be a 3d or
4d transition-metal ion. The crystal structure ¢t Bhases can be described by the stacking of finitgrers of
perovskite ABQ between rock salt AO layers along the crystallpgra c direction [1, 2]. The corner-sharing 80
octahedra form infinite sheets in thb plane where strong electronic interactions carunc@/ith increasing,
anisotropic properties and an increase in dimeaditgrmay be expected in RP phases. While tire 1 member of
this series (ABO,) exhibits a quasi-two-dimensionabiF,;-type structure, with only one layer of corner hgr
BOs octahedra along thedirection, the compound ABQOwhich corresponds to the= o member of this series,
assumes the three-dimensional distorted perovskiteture. In the second member of the RP famikg.®;, two
infinite BOg sheets are connected in thdirection between the rock-salt layers. The phygicaperties of various
members within a given series are governed priganl the identity and valence of the transition-ahébn, the
width n of the ABG; perovskite slabs, the B-O-B bond angle and thgyemrycontent.

In our earlier work [3], we have reported the swsil, electric transport and magnetic propertieRuddlesden-
Popper (RP) phas&sysSr; sTiosCros04 (n = 1) and LaSiTiCrO; (n = 2). In this reported work, much has been left
about the structural characterization of the phasethe present work, we report structural chamazation of the
LagsSh sTigsCros04 and LaSsTiCrO; phasedy Rietveld analysis usin@SASprogram. The selected bond distances
have been determined on the basis of structurahpeters derived from structural refinements.

EXPERIMENTAL SECTION

LagsSh sTigsCros04 and LaSsTiCrO; phaseshave been synthesized by standard ceramic metlood Eg,0s,
SrCQ;, TiO, and CpOs (purity 99.9%), the details have been describsevehere [3].
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Formation of single-phase products and their chysttactures were studied by powder X-ray diffrantiPXRD)
with Bruker AXS diffractometer type D 76181 Karleey Germany using CuyKradiations. For Rietveld
refinements, the data were collected in theghge 10-100with a step size of 0.82The refinements were carried
out by means of the prograBSAS4]. The selected bond distances have been detechiin the basis of structural
parameters derived from structural refinements.

RESULTS AND DISCUSSION

The Rietveld refinements tfay sSr; sTigsCros04 Were carried out in the space gradgmmmstarting with atomic
positions taken from $FiO, [1] with La/Sr and O(2) atoms situated at spepa@itions 4e and 4e with coordinates
(0, 0,2). The Ti/Cr atoms are located at (0, 0, 0) inssRa, and the O(1) atoms at (0, 0.5, 0) in sitedmcase of
LaSKTiCrO;, refinements were carried out in tepace groupd/mmmstarting with atomic positions taken from
SiTi,0; [2] with La/Sr(2), Ti/Cr and O(2) atoms situated atcplepositions 4e with coordinates (0,2D,and O(3)
at 8g with coordinates (0, 0.9, The La/Sr(1) and O(1) atoms are located (0,.B), i sites 2b and O(1) atoms at
(0, 0, 0) in sites 2a. A sixth-order Chebychev polyial for the background, zero, pseudo-Voigt peofunction
(U, V, W and X), lattice parameters, atomic coordinates and é&athl temperature factokd, were used in the
refinement. Thermal parameters were constrainée tihe same for atoms occupying the same siteo@t@pation
factors for the metals were fixed by taking sangit@chiometry into account, assuming that the Lal$i Ti/Cr
cations were randomly distributed over the sitasijemthose of oxygen atoms were refined. No evigesfcoxygen
non-stoichiometry could be obtained from the XRBRuatural refinements and the oxide ion sites waerdfore
fixed at full occupancy. We noticed that calculatdiffraction patterns match well with measured on€ke
difference observed between the intensities oftlkasured and calculated diffraction lines can béated by the
existence of preferential orientation of the crijgés in the samples. The results of refinememgsliated in Tables
1 and 2 along with the residuals for the weightatlginR,,, the patterR,, and the goodness of fit. The reliable

parameterfy, R, and )(2 are reasonable for assigning the structure toptteses on the basis of the Rietveld

analysis. The observed, calculated, and differeqrefiles for the Rietveld refinements of samples
LagsSh 5TigsCro 504 and LaSsTiCrO; are shown in Fig.1.

The unit cell parameters obtained from the Rietwefthements (Tables 1 and 2) are slightly différieam those
reported in our earlier work [3]. The data in Tableand 2 suggests thae values of both parametersandc are
smaller than those of SO, (a=3.88 A andc=12.60 A) [1] and SfTi,O; (a=3.90 A andc=20.38 A) [2] which
could be due to the difference in ionic radii of 'Tand CF* and L&" and Sf* ions. It has been observed that the
lattice constant of LagsSh sTigsCrysO4 andof LaSkTiCrO; phases showed a dramatic variation comparea to
The systematic increase é¢rwith increasingn is attributed to the addition of perovskite laybetween the rock salt-
like (La,Sr)O layerslong thec direction where the layers are stacked

The selected bond distances, obtained from stralctefinements, are tabulated in the Table 3. Tdta th Table 3
suggests that (Ti/Fe)ctahedra in both the phases are not perfectiylaegonsisting, typically, of four short in-
plane Ti/Fe—O(1) equatorial distances (1.93123 %) avo Ti/Fe—O(2) slightly longer apical distan¢804999 A)
in case of LasSh sTiosCros0s While there are four in-plane Ti/Fe—O(3) distan(k94233 A), two apical Ti/Fe—
O(1) (1.94888 A) and Ti/Fe—O(2) distances (1.88#0)4distances in case &faSkTiCrO;. The mean values of
Ti/Fe—O bond distances (1.97A fordssr sTigsCros0, and 1.93 A folLaSkTiCrO; A) are in good agreement with
those obtained from the sum of Shannon’s ionid K496 A) [5].

The distortion of (Ti/Cr)@ octahedra may be parameterized by the bond-ledigtbrtion of the octahedral,
calculated using the equation:

A =

We)Y[d, ~(d) )’

The values ofA (Table 3), obtained by using the above equatibowsthat the (Ti/Cr)@ octahedra in the phase
LaSKTiCrO; are slightly distorted, while the distortion is ahigher in LgsSr; sTigsCros04 phase.
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Table 1 Structural parameters of LaysSry5TiosCrosO4

Atom X y z Uiso(A®)  Occupancy
La/Sr 0 0 03556(2) 00147  0.25/0.75
Ti/Cr 0 0 0 0.0192 0.5/0.5
o) 0 05 0 0.0532 1

0(2) 0 0 0.1635(14) 0.0286 1
a=3.8624(1)c = 12.5437(8)Rywp= 0.1643R> = 0.1196,° = 4

Table 2 Structural parameters ofLaSr,TiCrO 7

Atom X y z Uiso(A)  Occupancy
La/Sr(1) 0 0 0.5 0.0186 0.333/0.667
La/Sr(2) 0 0 031292) 0.0223 0.333/0.667
Ti/Cr 0O 0 0.0961(5) 0.0249 0.5/0.5

o(1) 0 0 0 0.0695 1

0(2) 0 0 0.189512) 0.0396 1

0(3) 0 05 0.0924(10) 0.0297

a=3.8803(1)¢ = 20.2397(16)Rwp = 0.1286R> = 0. 1014;( =2.39
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Fig.1 Rietveld refinement profiles for the fit to the XRD patterns ofLagsSr15TiosCros04 and LaSr,TiCrO ;
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Table 3 Selected bond lengths dfagsSrisTiosCros04 and of LaSr,TiCrO ;

Lao_gsl’l_sTio_scro_EOA LaSrzTiCrO 7
Ti/Cr — O(1)x4 1.93123(5) Ti/Cr-0(1) 1.94888(15)
Ti/Cr —O(2)x2 2.04999(13) Ti/Cr—0(2) 1.88804)15
Ti/Cr — O(3)x4 1.94233(4)
<Ti/Cr- 0> 1.97082 <Ti/Cr- 0> 1.93437
A(Ti/Cr — 0)x10* 8.069 A(Ti/Cr — 0)x10* 1.163
CONCLUSION

Rietveld analysis suggests that the phasgsSr 5TigsCro 50, and LaSsTiCrO, crystallize with tetragonal unit cell
in the space grou@/mmm The refinement parameters show that the octatiedrath the phases are distorted.
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