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ABSTRACT

The present investigation was aimed to synthesize bismuth strontium manganite of composition Big.sS.4MNOs
ceramic by low cost solid state technique. The ceramic showed orthorhombic crystal structure with micro-rod like
surface morphology. The crystallite size was 34nm, with preferential orientation in (111) plane with TC of 2.15.
On the basis of Zener polaron model and conventional model, possible Raman vibrational modes in bismuth
strontium manganites have been assigned.
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INTRODUCTION

Mixed valence manganites with the perovskite stmechave been studied for almost fifty years. Tystesn offers
a degree of chemical flexibility which permits tredation between the oxides’ structure, electramd magnetic
properties to be examined in a systematic way. &ebkeon the manganites has revealed new phenomehaas
colossal [1] dense granular magnetoresistancel§in Teller polarons [3]. The intriguing physicabperties and
the potential technological applications of,R,MnO; pseudocubic manganites (where R is a rare-earthl:na,
Pr, Nd, Dy; and A is an alkaline earth: Sr, Ca, Bh) have led to a resurgence of interest in tleskrelated
materials [4]. In these systems colossal magnestaese commonly occurs near the Curie temperdtaravhen
the system undergoes a paramagnetic (PM) to fegoeii (FM) transition. In the magnetic orderedtestahe
electron hopping process is favored by the spiangement, whereas for temperatures abqvehd conduction
mechanism is semiconducting. This behavior is tjoselated to the double-exchange (DE) mechanisimichv
involves the transfer ofy@lectrons between neighboring Mn ions when thesderomagnetically coupled. This
phenomenon is explained by “Double exchange (DE)teh proposed by Zener [5].

Rare-earth mixed-valence manganites;(k&,MnO5) with perovskite structure have been focused ainduhe last
years because of their colossal magnetoresist&d&) and charge ordering (CO) phenomena [6]. Whesitéis
doped with divalent ions (alkaline earth: Sr, Ca, Bb) usually spatially ordered distribution ofiMn** ions in
the lattice in a purely ionic picture accompanigdobbital ordering. As the ionic size of A-sitetica is relatively
small compared to the Mn—O bond length, the maghdftthe itinerant gelectrons is significantly suppressed due to
the lattice distortion, and the CO is reinforcedhwthe increase of the charge ordering temperd@®). A-site
cation size is playing an important parameter foring the ground state of manganites system [7]ddred
BiMnO; have presented quite different properties from dtieer manganites, even though the ionic size &f Bi

(1.24 A) is almost same as that ofL.41.22 A),the doping of Sr makes the BiMnéxtraordinary materials due to
lattice distortion, which intern due to the Bi lopair [8].
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In this paper property of B§Sr.4MnO; ceramic synthesized by solid state reaction is ntedo The structural,
morphological and FT-Raman vibrational analysisigmesl with the help of Zener polaron model and grou
theoretical analysis is reported.

MATERIALS AND METHODS

a.Materials:

The synthesis of orthorhombic structured bismutfor@ium manganites have been done by simple sdditk s
reaction, as shown in flowchart Fig.1 using properount of bismuth oxide, strontium chloride and gearese
chloride as starting materials. These precursonme weighed in stoichiometric proportion, ground fbhour in
acetone medium to get homogenous mixture. Thisuréxtvas pre-sintered at $for 7 hour in a muffle furnace.
Final sintering of samples was done at f5dor 8 hour to get orthorhombic BSM samples. €hemical reaction
at high temperature take place, through solid stdetion giving a stable sample product free sitieal reactants
as below,

BigOg + SI'CIQ'(‘;HEO‘F Mllelg AHAO } Bil_x S MO+
In order to understand structural parameters, X&EM, FT-Raman tools are used for analysis.

X-ray diffraction analysis was performed by a Risl{PW 3710) diffractometer using Cy-Kadiation)., The surface
morphological study was carried out by scanningted®@ microscopy (JSM- 6360 JEOL, Japan), and Raman
spectra was recorded in the spectral range of ¥®-40n' using Raman spectrometer (Bruker Multi RAM,
Germany Make) Nd:YAG laser source with excitaticamelength of 1064 nm and resolution 4 tm

Strontium

[B'sm"ﬂ' '““d"] [ chloride

il

Mixed in stoichiometry and grind for 4 hr for ]
homogenization
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[ Pre-sintered at 900°C for 7 hr in muffle farnace ]

!
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1

Final sintering is done at
1050°C for 8hr

Fig.1 Flowchart of Bip.sSro.sMnO3

68
Scholars Research Library



Vijaya Puri et al Euro. J. Appl. Eng. Sci. Res,, 2012, 1 (3):67-72

RESULTS AND DISCUSSION

The orthorhombic structure of the sample was cowdi from X-ray diffraction characterization as skow figure
2. The X-ray diffraction patterns were indexed gsi€PDS Card No. 49-0774. Using Debye -Scherertiei®]
Where D is the diameter of the crystallites of pewd is the wavelength of the CreKline, B is the FWHM in
radians and is Bragg's angle.

_ 094
[ cos 6

The lattice parameters of orthorhombic bismuthrgtum manganite sample are a=5.569(%4=5.452(A), and
c=3.758(A). The cell volume and crystallite size was caltedal14.10(A° * and 34nm respectively. In order to
understand the degree of orientation of planestetkiire coefficient was calculated which is nothbut preferred
orientation of planes.
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Fig.2. XRD pattern of Biy.6Sro.sMnO 3

Quantitative analysis depends on intensity ratibgchv are greatly distorted by preferred orientatiQuantitative
information concerning the preferential crystakatation can be obtained from the texture coefiicigC, defined
as where TC(hKI) is the texture coefficient, Ifhid the XRD intensity and n is the number of difftion peaks
considered.(hkl) is the intensity of the XRD reference of tlamdomly oriented grains.

The texture coefficient of each planes were takdlais shown in Table.2.

Texture Coefficient of all planes of bismuth stronum manganite
TC(i) =— 1(hil)/ [O(W)
(/)Y I(ki)/ 1, (b

hkiplanes| (110)] (200) (111) (201) (220) (00R)(130) | (131)
TC(hKI) 0.1€ | 0.03z | 245 | 1.3Z | 1.5¢ | 1.2€ | 0.48 | 1.0¢
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From table it is clear that the grains are morerigely orientated in the (111) plane, neverthelessiso find that
grain oriented in (110) is the least. The values@<hkl) <1 indicate the lack of grains orientedliat direction. As
TC (hkl) increases, the preferential growth of tngstallites in the direction perpendicular to tild plane is the
greater.

The sintered density was calculated using the feamu

Ps = 7rr ?h

where ‘m’ is the mass of the pellet, ‘r’ is the itzglof the pellet and ‘h’ is the thickness of tleigt.

The sintered density of the sample is 3.33 §/cm

Fig.3. Micro-rod like morphology of Bi.¢Sro.sMnO3

The surface morphology of the sample is shown @3 The scanning electron micrograph image revalisthe
rod-like nature of the sample without any ambiguiffe observed non-agglomerated micro-rods, of diffesizes.
Micro-rods length varies in the range of 5um tou3d. To the author’'s knowledge micro-rods like maiplgies of
BSM has been reported for the first time.

Generally perovskite-like manganites_fA,MnOs, where R is a trivalent rare earth and A is a léivaalkaline
element, are characterized by a strong interplapagnetism, electric transport and crystallograplistortion. The
perovskite distortions can be divided into two grsudistortions changing Mn-O-Mn bond angles goedrhy the
tolerance factor and distortions changing the Mdi€ances governed by the magnitude and the spati@rence
of the Jahn-Teller distortions of the R1®% octahedra.

K. Yamamoto,et al [10] from lattice dynamical calculation on LaMgQvhich gives the frequencies of the modes
corresponding to the JT and breathing modes ast &@fuand 670 cthThe group theoretical point of view that
both breathing modes and Jahn-Teller type modekkatg responsible for these phonon peaks withuagsion of
the lattice distortion since detailed crystal stune and symmetry in the charge-orbital orderetests unknown.
The band observed in the range500-708tkely to be due to likely assigned to the in-plavie-O bond stretching
modes.
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Fig.4.FT-Raman spectra of Bj.sSrosMnO3

According to M. V. Abrasheet al [11] major peaks are assigned in BSM with grougotktical technique using
two models, conventional checkerboard ordering Aewler polaron ordering. Thus on the basis of Zg@otsron
model in bismuth strontium manganites the posdtaenan vibrational modes are , Zener pair Jahref gpe
mode(~480 cit), Zener pair rotational modes(~200-300 tmZener-pair breathing mode(~630 ¢jrandZener-
pair bending mode(~470 ¢M. According to the group theoretical analysis, emdhe assumption of the
conventional model, for bismuth strontium mangantteere are two fand two By modes are possible, which are
namely can be assigned tg(B), Ay(2), Bi(1), and B4(2), respectively. The Breathing mode,(H at (~630 cn),
Jahn Tellar 4(2) at (~480 cnl), Breathing mode B(1) at (~630 ciif), and Jahn Tellar J82) at (~470 criv)
which are good agreement with result.[12]

The Raman spectra exhibits additional high frequenodes attributed to the local breathing vibratigroxygen
surrounding the substituent ion [13].

CONCLUSION

Bio.6Sh.4MnO; ceramic  having orthorhombic structure with crygalsize 34nm and micro-rod like morphology
has been synthesized by low cost, simple soli@ sesction. Preferential orientation of grainslifiX) plane is more
prominent. FT-Raman vibrational analysis, showsaBriag mode £(1) at (~630 cnt), Jahn Tellar A(2) at (~480
cm™), Breathing mode B(1) at (~630 cr), and Jahn Tellar @) at (~470 crit) prominent.
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