Experiment title:

_ Experiment
1ig e Ti and Nb K-edge XAFS study of the relaxor number:
ey ferroelectrics PMN and BTZ in their non-polar state '
ESRF 3002 795
Beamline | Date of experiment Date of report:
BM 30B |from: 22/01/2008 to: 29/01/2008 02/09/2009
Shifts: Local contact(s) Received at
21 D. Testemale ESRF:

Names and affiliations of applicantg* indicates experimentalists):

C. Laulhé* , F. Hippert*

LMGP, Batiment INPG —Minatec

3 parvis Louis Néel

BP 257

38016 GRENOBLE cedex 1 (FRANCE)

Report :

Relaxor ferroelectrics are characterized by a braad frequency-dependent maximum of the dielectric
permittivity as a function of temperature, insteafl the sharp and frequency-independent divergence
observed in classical ferroelectrics. They exhilmtlong range polarisation but it is generally attiali that
their peculiar dielectric behaviour is relatedhe tlynamics of randomly orientated nano-scaledr petaons

[1]. In relaxors with the AB® perovskite structure, these regions arise from tsfaoige correlated
displacements of the A and/or B cations within itiigigatively charged oxygen cages. They are deteatd
above the temperature of the maximum of the dietepermittivity (T,) up to a temperature denotegl,fs

The persistence of cation displacements abgygslis an open question, related to the debate ondhee
(displacive or order-disorder) of phase transitionelassical ferroelelectrics such as BajiO

The aim of the experiment was to study cation dispinents in two typical relaxors Pbiyb,/:03 (PMN)

and BaTy gsZr0.3503 (BTZ) through XAFS measurements below and aboyg.dl Due to the risk of a Pb
pollution of the furnace, we decided to focuse @TBs5Zr0.3503 (Teuns 300 K and T, = 180 K at 1 kHz)
and to compare its behaviour with that of BaJ@&dd SrTiQ measured in the same experimental conditions.
BaTipe£r0.3503 has an average cubic perovskite crystallograpghictsire. EXAFS studies at the Zr K-edge
have shown that the Zr atoms are located clos@daéntre of their oxygen octahedron [2]. By castira
through the analysis of pre-edge features of théNE& spectrum at the Ti K-edge [3], we could essibli
that the Ti atoms are strongly displaced (by apipnately 0.2 A) in the temperature range [10 K — 800In
order to get information on Ti displacements ahkigtemperature, we have measured XAFS spectna dti t
K-edge from room temperature up to 700 °C.



Experiments have been performed in the transmissiotie, using a Si(220) double-crystal monochromator
Pellets were made by mixing the sample powders avitloron nitride powder. The temperature evolutibn
the pre-edge part of the XANES spectra in Baddr 3503 is shown in Fig. 1. A high intensity pre-peak
centred at 4970 eV is detected in the whole tenperaange.

S 20
0401 BaTij 6521 3503 § 15 0.35 . :
0.35- ’ ' 8 10 T=23T
¢ ozl g os _ 9397 Bario,
2 —— 23T 50 BT £ o025} zr, O
5 927 70 4960 4970 4980 4990 5000 5 0657035 3
8 0204 150C \ Energy S o020t
© @
E 0.15 \ / g 0.15f
‘T 0.104 N S
£ £ o10r
g 0.05 g
0.00 0.05}
-0.05 T T T T | 0.00 . .
4966 4968 4970 4972 4974 4965 4970 4975 4980
Energy Energy (eV)
Fig.1: XANES spectra of BagldsZr 205 at the Ti Fig.2: Comparison of XANES spectra at the
K-edge. The spectra have been normalized so that Ti K-edge at 23°C in Bad#sZro:0s ,
the edge step is equal to 1 BaTiG; and SrTiQ.

Neglecting a quadrupolar contribution, this prekpessults from the-d hybridization that occurs when Ti
atoms are displaced out of their centrosymmetrgitipm. In a first approximation its area is projpamal to
the mean squared Ti displacement, which includesvamtual static displacement and the effect aihato
vibrations [4,5]. These two contributions cannotdaesily separated. Nevertheless, at all tempesatyeo
700 °C, the amplitude of the pre-peak measureBaihip gsZrp3503 is found to be much larger than that
measured in SrTiQand similar to that measured in Ba%i@ne example is given in Fig. 2. Since the only
contribution to the pre-peak in the paraelectri@iG®g comes from atomic vibrations, we can conclude
qualitatively that appreciable (non vibrational) displacements persist in the BadsZro 3503 relaxor up to
700°C, that is well abovegfs.

EXAFS analysis (in progress) is expected to prowddditionnal information on the evolution of the @i
distance distribution as a function of temperatifewever the extraction of EXAFS oscillations isdea
difficult by the restricted available k- range inggo by the the presence of the Ba Llll-edge at ®X45
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