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Abstract: BaTiO,;, a well reported perovskite ferroelectric matetialdergoes structural phase transitions
under various temperatures. Growing crystals of iBaTirom stoichiometric melt always results in the
hexagonal phase which is a high temperature phak&h subsequently remains meta-stable at room
temperature. Single crystals of h-Bafiere grown in air and oxygen atmosphere by flgadane furnace
using four halogen lamps. The structure of growstal was monitored by powder X-ray diffractiodarious
measurements like UV-Vis, Raman scattering, werdethout in order to analyse the optical and vibrzl
properties of h-BaTig) Efforts were made to grow single crystals of, &g 1TipMng 103 composition in
order to induce ferromagnetism in BatiO
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Introduction and Experimental:

Extensive research has been carried out on feotoiel@erovskite BaTi@with higher permittivity, but
less attention is being given to polymorphic hexajoBaTiQ. Growing crystals of BaTi® from
stoichiometric melt always results in the hexagophbhse which is a high temperature phase, which
subsequently remains meta-stable at room temperftiirHexagonal BaTiQcrystallizes in the space group
P&/mmc with cell parameters a = 5.7238 A= 13.9649 Aand V = 396.22 &[2]. Hexagonal BaTi@can be
stabilized by two ways, one by melting at highenperatures [3] and other by doping it with tramsitmetals
likeMn, Fe, Coetc. [4, 5]. We have chosen both waydring about room temperature hexagonal phase in
BaTiOs. Single crystals of BaTipwith stoichiometric melt were grown by optical dling zone technique.
Attempts were made to grow single crystals of &ay 1Tig dMng 103 Which possessed hexagonal phase at room
temperature in its ceramic form.

Polycrystalline powders of the feed and seed roddhe floating zone crystal growth were BaZtiO
Stoichiometric amounts of the raw materials weierhled and the mixture was calcined at 95@For 10hrs
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in air with an intermediate grinding for homogegeiffter the confirmation of the single phase byras
diffraction the resultant powder was then isostdiicpressed in the form of rods and sintered &0i@ for
24hrs. Crystal growth was carried out in an opticeage furnace (FZ-4000-H-HR-I-VPO-PC) equippedhwi
four halogen lamps focused by four ellipsoidal st Phase identification was carried out usinggewX-ray
Diffraction (XRD) technique. To study optical tramssion behaviour of grown crystals, absorptionctpe
were recorded in the region of 190-1100 nm usingCELSL 218 double beam spectrophotometer.
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Fig 1. (a) & (b) Grown h-BaTi@Crystal in Air Atmosphere (c) Oxygen Atmospherggdwder XRD patterns
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Results and Discussion:

The crystals shown in Fig 1.were grown at higheswgh rates of 20mm/h in Air and Oxygen
atmosphere with feed rod and seed rod shaft rotati@0-30rpm. The grown crystals are black in @otiue to
oxygen deficiency but became transparent afteralimgeat higher temperature of 1000

It is evident from the pattern that the grown caygiossesseshexagonal structure (JCPDS #340129),
while the polycrystalline seed material has a tginal structure (JCPDS #050626). The phase cotiposif
the grown crystal was investigated by Raman spsobuy, which is a highly sensitive spectroscopititégue
to probe the local structure of atoms. Raman spdotrthe grown h-BaTigxrystal are shown in Fig .2.The
symmetry of the optical phonon modes at the zoméreere calculated by factor group analysis ifolsws
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Fig 2.Raman spectra of h-BaTiOrystals grown in Air & Oxygen atmosphere

All the spectra exhibit bands at 811, 640,501,440,296,151,105,71ch respectively which are characteristic
of the hexagonal phase of BaEj6]. Thus it can be proven through Raman spectmstioat the grown crystal
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possess hexagonal phase. The absorption spethka @fown crystal was recorded for 1.5mm thickreegstal

in the range 200-1100nm in Fig.3. The crystaldmsignificant absorption in the range 414 -1100rrhe cut

off wavelength is 413nm.The optical absorption ot (a) was calculated by the transmittance data using
the following relation

.= J.SGEIGE(%) It o

wherea is the absorption coefficient, T is the transmitta and t is the thickness of the crystal. Thecapti
band gap of the grownh-BaTiCrrystal is evaluated from the absorption coeffiti¢x) andtransmission
spectrum using the relation Eq. (2).

ahy = A (hy-E9™” (2)

wherek is the optical band gap, A is a constad, the frequencyof incident photons and h is trenélt’s
constant. Using Tauc’s method, the graph (Fig.h&is)been plotted for the product of absorptionfameft (o)
and incident photon energiesyfhThe band gap measured was 2.85 eV for the gmwstal. Based on the
energy dependent absorption coefficient in the lyrégs confirmed that the grown crystal has diteand gap

(Ey).
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Fig3. a) Absorbance spectra for h-BaJi@stal, b) Plot of ¢hv) vs. Photon energy (hv).

In order to induce ferromagnetism in BaZi®In was doped in Ti site and Zn was doped in Ba si
The starting materials BaGOTiO,, MnG,and ZnO were grounded and calcined at fcofor 10hrs. The
powder XRD pattern shown in Fig.4revealed thabagess hexagonal structure (JCPDS#340129).Ceradsc r
for crystal growth were prepared and sintered 80%2 for 24hrs. Crystal growth of BgZng 1TiggMng 103 was
performed using optical float zone technique. BDwehe volatilization of zinc at higher temperasjrstable
molten zone couldn’t be achieved [7]. The melt wastable which resulted in the failure of crygedwth.
Efforts are being made to make use of fluxes lik©dy B,Osetc to reduce the growth temperature below
1200°C, in order to suppress the ZnO evaporation duriggtal growth.
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Fig4.a) Brokenﬁbleces of B,aZno,fl:io,gMno,loscrystaI b) XRD pattern of BaZng 1TiggMng 103
polycrystalline powder.



S. Kalainathan et a//Int.J. ChemTech Res.2014,6(3),pp 1633-1636. 1636

Acknowledgement:

Authors would like to express their gratitude to C/GAE Consortium for Scientific Research for

providing financial support and VIT University mayganent for their constant encouragement. The author
thank Dr.Sandip Dhara, Nanomaterials and Sensardofe MSG, IGCAR, Kalppakkam for his support in
Raman measurements. Part of this work was perforatddGC-DAE Consortium for Scientific Research,
Kalpakkam Node, Kokilamedu,India.

References:

1. M. Saifi, B. Dubois, E.M. Vogel and F.A. Thiel, Gvth of tetragonal BaTi@single crystal fibers, J.

2.

3.

Mater. Res. 1, (3) 1986 p453.

J. Akimoto, Y. Gotohand Y. Oosawa, Refinement ok&tgonal BaTiQ, ActaCryst. C50(1994) 160-
161.

Jianding Yu, Paul Francois Paradis, Takehiko Isk&aShinichi Yoda, Yutaka Saita, Mitsuru Itoh and
Fumihisa Kano, Giant Dielectric Constant of HexagoBaTiO; Crystal Grown by Containerless
Processing, Chem. Mater. 162004 p3973.

S. K. DAS, P. P. ROUT, S. K. PRADHAN and B. K. ROUEffect of equiproprotional substitution of
Zn and Mn in BaTiO3 ceramic—An index to multifercoiapplications, Journal of Advanced
Ceramics1(3) 2012 p241-248.

Tanushree Chakraborty, Sugata Ray and Mitsuru Iféfectinduced magnetism: Test of dilute
magnetism in Fe-doped Hexagonal Bag#ihgle crystals, Physical Review B 83, 144407 (301
Hirotaka Yamaguchi, Hiromoto Uwe, TunetaroSakudd BtsuroSawaguchi, Raman-Scattering Study
of the Soft Phonon Modes in Hexagonal Barium Titepdournal of the Physical Society of Japan, 56,
589-595(1987).

Kunihiko Oka, Hajime Shibata and Satoshi Kashiw@ygstal growth of ZnO, Journal of Crystal
Growth 237 (2002) 509-513.

%k %k %k %k k



