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Abstract, An Exars study of lead magnesium niobate was performed at the Nb K edge and
at the Pb Ly edge between 300 and 4.5 K. Two Nb—O bond lengths of 1.95 and 2.16 A are
observed and there is no significant modification of the local environment of the Nb atoms with
temperature, The distribution of these two bonds in both polar nancdomains and 1-1 Nb-Mg
ordered nanodomains is discussed in relation to results obtained previously by other technigues.
it is shown that the ordered nanodomains couid occupy about one third of the whole volume.
The results abtained for the Nb-Nb and Nb-Mg distances confirm the structural results and
particularly point to an increasing correlation of the Nb shift at their site, when the temperature
is lowered to below 300 K. The weak EXaFs signal obtained at the Pb Lyr edge and the small
backscattered contribution of Pb at the Nb K edge reveal a strong static disorder of the Pb
positions.

1. Introduction

In a recent paper [1] we have presented the EXAFS study of potassium niobate performed at
the Nb K edge between 300 and 4.5 K. It was shown that, at short range, in the thombohedral
phase (T < 263 K), the Nb shift along one [111] direction of the basis cube, within
its oxygen octahedron considered as rigid, originates three short Nb—O bonds and three
longer ones. In this case, the local position detected by EXAFS and the average position
determined by x-ray or neutron diffraction are the same. In contrast, in the orthorhombic
phase (263 K < T « 498 K), the EXAFS study shows that the Nb cation shift is identical
to that of the rhombohedral phase, whereas, for studies using long-range techniques, the
average position of the Nb appears as a shift along a [110] axis. So this work gave direct
confirmation of the ‘eight-site model’ [2-4] and thus of the order—disorder character of the
phase transitions in ferroelectric perovskites such as KNbO;. In this paper, we present the
EXAFS results obtained for the complex perovskite PbMg; sNby/s0; (PMN) between 300 and
4.5 K, in comparison with KNbQO, taken as reference.

PbMg, ;sNb;/303 has been studied at temperatures from 700 to 4 K by powder x-ray and
neutron diffraction [5-7] as well as by room temperature x-ray diffraction on a singie crystal

1 To whom comrespondence should be addressed.
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[8]. At 20°C, the average structure of PMN is cubic (space group Pm3m, a = 4.044 &)
with atoms statistically shifted off their special positions. The disordered local positions and
the isotropic thermal parameters of Pb and O atoms were defined. But the Nb/Mg atomic
shifts could not be determined precisely because they are small and strongly correlated with
the Buymg thermal parameters.

At low temperature, the atomic shifts, which were random at high temperature, would
become correlated from one cell to another one, originating very small polar regions
characterized by antiparallel shifts of the cations against oxygen atoms. The best structural
fit was obtained with shifts along the [111} direction of the cube, feading to a local
rhombohedral symmetry. The nucleation of the polar regions begins at about 600 K. Their
correlation length increases with the lowering of temperature and it was evaluated to be
about 100 A at 5 K. Due to local variations of polarization, two phases seem to coexist
in the crystal at 5 K: a polar phase, which has been roughly evaluated at 20%, and a
non-polar phase associated with host lattice. The polar region growth should be inhibited
by the existence of domains of about 20 A size in which the Nb(V) and Mg(II) cations
are ]1-1 ordered on the B site of the perovskite [9]. Taking into account the small size of
both polar and ordered nanodomains, the long-range structure remaing roughly cubic in the
whole temperature range. The existence of polar domains is only revealed in the powder
x-ray and neutron diffraction patterns by diffuse scattering increasing when the temperature
is lowered [7], and the 1-1 ordered domains are only revealed on the electron diffraction
patterns by superstructure spots at positions & -+ -;—, k+ %, 1+ % [10].

Finally, Raman spectroscopy studies [11,12] allowed the characterization of the
chemical bonds in PMN: the Nb—O bonds sharing their O atom with Mg are strengthened
and exhibit a vibration range at about 780 ¢cm~!, whereas the Nb-O bonds sharing their O
atom with another Nb exhibit a vibration range at about 500 cm™!. This latter presents two
maxima that reveal the existence of two Nb-O bond lengths and thus Nb—O polar bonds
at lemperatures above the maximum of the permittivity {Tax = 270 X). The Mg-O bonds
are revealed by a weak intensity line at about 450 cm™! [11]. On the other hand, polarized
Raman spectra have shown the existence of 1-1 ordered regions with an Fm3m structure
(121

This EXAFS study was thus undertaken in order to complete the data on the short-range
order in PMN and to define the Nb local environment.

2. Experimental details

2.1, EXAFS measurements

The spectra have been recorded at DCI, in the French Synchrotron Laboratory LURE,
by using the EXAFS IV spectrometer, mounted with a two-crystal Si(331) monochromator.
During the experiments, the storage ring used 1.85 GeV positrons with a 250 mA average
intensity. Data were collected in transmission mode by the measurement of the beam
intensities g and I, respectively before and after iptroduction of the sample, using ion
chambers with argon fill gas.

Samples were prepared from 20 pm gain size powders trapped in a nylon weave, then
recorded at 300, 230, 100 and 4.5 K, at the Nb K edge, from 18850 to 19850 eV (3 eV
steps) and at the lead Ly edge, from 12900 to 13900 eV (2 eV steps), with 1 s accumulation
time per point.
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2.2. Data processing

2.2.1. Niobium K edge. The atomic absorption above the edge was approxzimated by a
fifth-degree polynomial expression from 1900R to 198350 eV. The EXAFS contribution was
then extracted between 19010 and 19850 eV with Ep taken equal to the energy at half the
edge jump, 18986 eV. A Kaiser window (v = 3.5) extending from & = 2.8 up to 14.0 A-
(E ~ 30-750 eV) was then applied to the &"x({k) (r = 1 or 2 for the O and Nb shells
respectively) weighted data before Fourier transformation.

A removal of the low-range waves and noise has been performed through a 1-10 A
back Fourier transform, then a 2.8-14 A~ Fourier transform. All the moduli curves of
the Fourier transforms—called RDF—are not phase-shift corrected and are so psendo-radial
distribution functions.

BRI (A%

Figure 1. RDF (uncorrected for phase
shift} of the niobium K edge & x (k} EXAFS
spectra for the 300, 230, 100 and 4.5 K
samples, for PMN {——) compared to
KNbQy (- —-). The roF exhibits the
two O shells and the first Nb shell. The
Pb sheil, which should peak around 3 A,
does not appear, even at 4.5 K.

IFRY (A

222, Lead L;;; edge. The atomic absorption was approximated by a fifth-degree
polynomial expression from 13050 to 13900 eV. The EXAFS coniribution was extracted
between 13055 and 13900 eV with Ep taken equal to the energy at Ralf the edge jump,
13036 eV. A Kaiser window (z = 2.5) extending from £ = 2.6 up to 150 A1 (E ~25-
850 eV) was then applied to the &°x (k) weighted data before Fourier transformation. These
RDFs are also not phase-shift corrected.

The EXAFS analysis has been described previously [1). The various shells have been
firstly extracted by a back Fourier transform including a removal of the Kaiser window
contribution, then studied through a fitting procedure using Teo and Lee's tabulated [13]
amplitudes and phase shifts. The back Fourier transformed contributions of each of the
various shells have been analysed through the classical EXAFS formula based on the plane
wave single-scattering theory, expressed by the equation

kx (k) = —82 Z % exp(—2k202) exp(—2R: T/ k) f: (7, k) sin[2k R; +®; (k).

t '
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Figure 2. Simuiated spectra for the two O shells of
the pMN (4.5 K) ky (k) EXAFS spectrum: (@) EXAFS
spectrum {(——, experimental; @, calculated); (&)
Fourier transform (——, experimental modulus and
imaginary part, @, calculated modulus; O, calculated
imaginary part}.
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Figure 3. Comparison between the simulated spectra
for each O shell of the pMN (4.5 K) ky (k) Exars
spectrum with the experimental one. (a) EXAFS
spectrumt: the experimental spectrum looks like a
single-shell contribution becanse the two simulated
EXAFS spectra corresponding to each oxygen shell are
out of phase. {——, experimental; @, calculated for
the first shell (Rp; = 1.95 A) O, calculated for the
second shell (Rgz = 2.16 A)) (&) Fourier transform:
the RDES of the two simulated O single shells do not
peak at the same distance and with the same intensity as
the experimental one because real and imaginary parts
interfere. {——, experimental modulus and imaginary
part; ---~, calculated modulus and imaginary pari for
each O shell.)

‘When theoretical amplitude and phase shift files are used, Sy and I' can be basically
considered like agreement factors. Therefore they were not allowed to vary for the whole
series of samples, but were kept equal to those determined for our previous KNbO; study
in order to allow comparison with our results [1].

The quality of the fit is determined by both the error factor o and x>

p= D K kXexp(k) — kiXaheo ()T’ / Y K ke ()T
k k

X =3 Pk e (R) — Xieo (O,
k
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Table 1. Resuits of the fits for the twe O coordination shells. Np; and Ro; represent respectively
the number of O atoms and the distances Nb—O for the ith shell. o; and AE}’ are the Debye—
Waller factor and the energy shift vetsus the experimental K Nb edge. 2 and x? are ervor
factors. The fitting is performed with Teo and Lee’s tabulated amplitude and phase shift fies,
So (the scale factor) and ' (T" = k/A where A is the electronic mean free path) are respectively
fixed at 0.8 and 0.91 A2,

300 K 230K 100 K 435K
Oxygen 1
Ny 4.0 39 4.0 4.1
Ry (A) 1.95 1.95 1.94 1.95
o (A) 0.065 0.070 0,070 0.071
AEY (eV) 134 133 13.0 13.8
Oxygen 2
N2 20 2.1 2.0 19
Ry (&) 2.15 217 2.13 2.16
a (A) 0.054 0.074 0.059 0.056
AEY V) 114 13.1 129 12.8
p (%) 0.9 1.1 1.7 12
x? 01x107  07x10"? L3x 107 0.9 x 1073

The ¢ parameter was chosen as 0.5 for this study.

3. Results and discussion

3.4. Niobium K edge

Figure 1 compares the 300, 230, 100 and 4.5 K RDFs of PMN with the KNbOy values. The
two first peaks (1.5 and 2.0 A) correspond to the octahedral O environment and the other
peak (3.6 A) is due to the Nb atoms in the six closest octahedra. If we compare these
spectra to the KNbO; ones, we see that the peak which would have to appear at almost the
same distance as the K neighbours in the KNbO; structure (~ 3 ﬁx) is not observed, even at
4.5 K. It can be observed also (i) that the Nb peak is much less intense than the analogous
peak for KNbO3, and (ji) that the peaks corresponding to the outer shells do not appear.

3.1.1. The oxygen shell. All the RDFs exhibit two peaks, which are attributed to the
backscattering of the first O neighbours; they have approximately the same profiles and
the same intensities whatever the temperature. This shows that two types of Nb-O distance
exist in the rhombohedral phase as well as in the orthorhombic phase. We have performed
fits between 2.8 and 14.0 A~! on kx(k) EXAFS spectra from a back Fourier transform
taken from 1.07 to 2.10 A. We took the same value as in our previous study for I
(' = Ty = 0.91 A~?) and the scale factor (Sp = 0.8) [1]. The spectra were fitted by using
the condition {(Ngy + Ngz = 6).

The results, given in table 1 and figure 2, show that N and N are respectively close
to four and two and that the small variations of gg; and ogz from 4.5 to 300 K cannot
be assigned to a physical phenomenon. Actually, the results must be carefully considered
because the two contributions interfere as is shown in figure 3(2): as the two simulated
EXAFS spectra corresponding to each O shell are out of phase, the experimental spectrum
looks like a single-shell contribution (there is not a beat node as observed for KNbO; [1]).
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Figure 4, {2} Evolution of the x? factor with variation of the distance R and the edge shift £
for the first O shell (R; from 1.5 0 2.5 A and £ from —30 to 30 eV); (&) map of the 0.01 step
variations of x 2, {¢) map of the x? values Jower than 0.01,

For the same reason, it can be seen in figure 3(b) that the RDFs of the two simutated O single
shells do not peak at the same distance and with the same intensity as the experimental one
because real and imaginary parts interfere. On the other hand, it is well known that some
parameters of the EXAFS formula are highly correlated: for instance, if Nor and og; are
allowed to vary together, meaningless evolution often occurs because they can undergo
mathematical random deviations and cancel eack other. For analogous reasons, even if the
distance R; and AE‘?—-—the edge variation from the theoretical value of the references—
are not so linked usually, for our particular case (where the two EXAFS signals stongly
interfere), the mathematical treatment could lead to values further from the real ones. This
is why we had first to check the validity of the values found by EXAFS, These calculations
have been performed for the 4.5 K sample: we let two parameters vary, the others being
kept fixed and equal to the values given in table 1.

Figure 4 presents the variations of x? as a function of R, and AEY and figure 5 presents
the variations of x? as a function of R; and AEg. 1t is confirmed that the mathematical
values previously found can be assigned to a true minimum of the x? factor, even if we can
find a correlation in the range (1.90-2.00 A; 10-20 V) for (R|; AE{I’) and a stronger one in
the range (2.10-2.20 A; 7-17 eV) for (Rz; AED). As the average precision in the distances
is about 0.02 A, these figures confirm that a few ¢V variation of AE? does not actually
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Figure 5. {2) Evolution of the x? factor with variation of the distance Ry and the edge shift £
for the second O shell (R from 1.5 to 2.5 A and £ from —30 to 30 eV); (5) map of the 0.0t
step variations of y2; (¢) map of the x? values lower than 0.01.

affect the result concerning the distance. We carried out the same calculation for the set
(R1, Ry) (figure 6): a wrong minimum can be seen around R; = 2.05 A R, =185 A,
corresponding to the inversion of the real values (R; < Rp); it appears that, if there is
a good accuracy for Rj—around 1.95 A—there is a large minimum for Ry from 2.00 to
2.30 A, due to a weaker and thus less precise contribution. In the same way, we undertook
t0 study the relationship between the number of neighbours and the Debye—Waller factor,
The sets (N, o1) and (Vs, o2} are respectively shown in figures 7 and 8. For the two shells,
the Debye—Waller factor is weakly determined and a result with almost all the values could
be found. The variation in o; affects the number of neighbours but nevertheless, we observe
that we do not have the same behaviour for Ny and N,: whatever the Debye-Waller value,
Ny remains in general above three and Nz below.
A comparison with the results obtained for KNbQ; leads to the following remarks.

—Two Nb-O distances are evidenced in the two compounds and there is no meaningful
evolution of them in the temperature range 3004 K.

—The shortest Nb—O distance is Jonger in PMN (1.95 A) than in KNbO; (1.89 A [1)).
The longer distance is almost the same in PMN (2,16 A) and in KNbO; (2.15 A).

—The two populations of O neighbours are not equal; in KNbO;, we have found three
short and three long Nb—O bonds within the NbQOg octahedron whereas in PMN there are
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of the 0.01 step variations of x?; (¢} map of the x? values lower than 0.01.

about four short and two long Nb—O bond lengths.

These differences can be explained by the presence of two cations Nb** and Mg?* on
the B site of the perovskite in PMN, originating different types of Nb neighbourhood and
heterogeneities of composition as mentioned above.

As remarked previously, the nanostructure of PMN is made up of:

(1) Nanodomains of about 20 A size in which Nb™ and Mg>* cations are 11 ordered on
the B site of the perovskite. This ordering leads locally to a doubling of the perovskite unit
cell parameter (@ >~ 8 A) with Fm3m space group. In these domains, no ferroelectricity is
expected. Taking into account the difference in the chemical nature of the Mg?t and Nb5*
cations, and more particularly their resgective clectz;onegativities (1.2 and 1.6 according
to Pauling [14]) and ionic radii (0.72 A and 0.64 A according to Shannon and Prewitt
{15]), the Nb-O bonds are expected to be shorter and more covalent than the Mg-O
bonds. They should exhibit bond lengths close to those found in the [0.1 PbMg,;3Nby/303—
0.9 Png]nWl;zOﬂ solid solution (01 PMN-0.9 _PMW) [16] and i]‘l_ [Pbc0|/2w1/203] (PCW)
[17] in which such a 1-1 order exists. In 0.1 PMN-0.9 PMW, Amin er al [16] showed
that the O atoms undergo antiparallel displacements towards the smaller B cations (i.e.
W(ND) cations). The O octahedra about the W(Nb) and Mg(INb) cations are regular but not
equivalent. Thus, the metal-O bond lengths exhibit two values: Mg(Nb)-O bonds of 2.08 A
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and W(ND)-O bonds of 1.93 A, In the same way, Baldinozzi et af [17] give respectively
lengths of 1.93 and 2.105 A for W-O and Co-O in Pcw.

(2) The host lattice, richer in Nb than the average composition, in which atoms could be
shifted along {111} directions, originating three short and three long Nb-O bonds in each
NbOg octahedron. As the temperature is lowered from 600 K the shifts correlate to give
rise to polar nanodomains reaching a size of about 100 A at very low temperatures. These
nanodomains would exhibit a rhombohedral structure close to that of the rhombohedral
phase of KNbO;. In KNbOs;, the Nb-O bond lengths are respectively 1.89 and 2.15 A
In PMN, two such types of bond (Nb—O-Mg) are also expected with a more complicated
arrangement because of the presence of Mg atoms originating also Nb—O-Mg and Nb—
O «Mg polar bonds. This should lead to different types of bond and thus different lengths
_ for the Nb—O bonds.

EXAFS results show that there are only two types of Nb-O bond length. This result may
be interpreted as follows.

—In the ordered domains, Nb—O bonds should have a length of 1.95 A, which is quite
satisfactory in comparison to the results of PMN—-PMW and PCW.

—In the host lattice, it should exist short Nb-O bonds of 1.95 A and longer ones of
2.15 A. If we consider a shift of the Nb cation along a (111} direction in its octahedron,
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considered as rigid, the shift is about 0.115 A, comparable to the value of 0.126 A found
for KNbQ3;. The fact that only two lengths of Nb-O bonds are observed shows that there
are few Nb— O-Mg and Nb—O+«Mg polar bonds; there should be thus a small content of
Mg atoms that generally behave like Nb cations in the host lattice.

Now, if we consider the Ny and N, values, in the 1-1 ordered domains, there are six
short Nb—~O bonds per NbOg octahedron whereas in the host lattice, there are approximately
three short and three long Nb—0O bonds per NbOg octahedron. The real structure corresponds
to an average number of short bonds between three and six and of long bonds between zero
and three. The values found here—about four bonds at 1.95 A and two at 2.15 A—
are quite satisfactory. In the first approximation, this result leads to about one third
ordered regions in the material and about two thirds disordered ones. Thus, approximately
one half of the magnesium atoms should lie in the ordered regions with a chemical
formula PbMg; sNby 203 and one half in the host lattice with a chemical formula close
{0 Png1/4Nb3f4O3.

This result is in good agreement with other work. Raman spectroscopy studies [11] have
revealed the existence of polar Nb—O bonds with an Nb—O-Nb stretching frequency range at
about 600 cm™!. It exhibits a broad band at 300 K with two maxima at 570 and 510 em™",
which are better resolved at low temperature when the local ferroelectricity increases: they

N2 {Np-0)
e 1 r 3 s 5 5 73
0 : e
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Table 2. Results of the fits for the Nb/Mg shelfs. N; and R; represent respectively the number
of Nb neighbours and the Nb-Nb distances, o1 and AE; are the Debye-Waller factor and the
energy shift versus the experimental Nb K edge. M, and Ry represent respectively the number
of Mg neighbours and the Nb-Mg distances, oz and AF; are the Debye—~Waller factor and
the energy shift versus the experimental Nb K edge. p and x? are error factors. The fitting is
performed with Teo and Lee's tabulated amplitude and phase shift files; Sp (the scale factor)
and I (T = &/\ where A is the electronic mean free path) are respectively fixed at 0.9 and

047 A2,

300 K 230 K 100 X 45K
Niobium
Ny {fixed) (&3] (4) “) 1)
Ri (&) 3.88 3.93 3.93 392
oy (A) 0.09 0.00 0.09 0.08
AEY eV} 10 06 6.2 6.7
Magnesium
Ny (fixed) (2) @ (2) 2)
Rz (&) 4.00 3,80 3.39 4.00
oy (A) 0.02 0.09 0.00 0.00
AE? (eV) 2.7 1.1 6.5 53
p (%) 5.0 40 28 2.6
x* 0.6x 107 07x107%  08x10"*  0.7x10"3

are observed at 596 and 484 cm™! at 4 K. Such B-O polar bonds have also been evidenced
on the Raman spectra of FbZr,Ti;—;Os compounds [18]. Moreover, the existence of 1--1
ordered regions with Fm3m symmetry has been demonstrated by Siny and Boulesteix [12]
through polarized Raman study of PMN crystals. Taking into account the intensity of the
superstructure spots observed in the electron diffraction patterns, the ordered nanodomains
exist in relatively important quantities in the material [9, 10]. This is confirmed by the high-
resolution transmission electron microscopy images exhibiting numerous nanodomains with
an 8 A cell parameter. A pumerical treatroent of these images led to an ordered domains
content of about 30% [19].

3.1.2. The niobium/magnesium shell. For the first Nb/Mg shell, the RDF given in figure 1
shows one well resolved peak. For the outer shell, the resolution is very poor, in comparison
with that observed in KNbO5;. The intensity variation of these peaks in PMN compared to
KNbOj; reveals the cccurrence of an important disorder on the perovskite B site. In addition,
it can be observed, both in KNbO; and PMN, that the intensity of this peak increases
when the temperature is lowered, whereas the O peak intensity remains quite constant.
This observation may be linked to the increase of the atomic shift correlations with the
temperature decreasing.

The fits were performed for the first Nb/Mg shell between 4.0 and 14.0 A-lonk x (k)
EXAFS spectra from a back Fourier transform taken from 3.10 to 4.20 A. We took the same
value as in our previous study for I' (I'y = I'y = 047 A—z) and § = 0.9 {1]. In order
to simplify the calculations, we assumed that there is a statistical distribution of Nb and
Mg atoms. In that case, each atom of Nb has on average four Nb and two Mg as first
cationic neighbours. The tesults are given in table 2. The mapping of x* factor versus the
set (Ry, AE)) for the Nb neighbourhood (figure 9) exhibits three mathematical minima but
only the (3.9-4.0 A; 0-8 V) range has physical meaning, taking into account the previous
results and considerations. For the Nh-Mg distances, many mathematically correct results
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Figure 9. (2) Evolution of the x factor with the variation of the distance Ry and the edge shift
E for the Nb shell (R, from 30 to 5.0 A and E from —40 to 40 ¢V); (b) map of the 0.02 step
variations of x2: (¢} map of the x? values lower than 0.01.

can be found in a continnous set of Ry values (figure 10). Thus, we cannot trust the result
obtained through this fit process for the Mg neighbourhood,

3.2, Lead L”; edge

Figure 11 compares the ROFs of the PMN EXAFS spectra at 300 and 4.5 K with PbO and
PbTiO; ones. This comparison shows that for PMN, there is no obvious EXAFS signal at
the Pb Ly edge. This phenomenon cannot be due to thermal motion because the EXAFS
contribution does not appear with decreasing temperature, even at 4.5 K. This result must be
linked to the Nb K edge experiments for which we did not observe the Pb neighbourhood,
in contrast to the K one for KNbQs (see figure 1), The absence of the Pb contribution must
be explained by a large distribution in the atomic positions of Pb: it should give numerous
distances which could not lead to a constructive EXAFS signal. Verbaere et al [8] have
shown that the Pb atoms are shifted by 0.32 A from their ‘ideal’ site with 24 disordered
positions along directions close to {225). Our work confirms this result because such a
static dispersion explains why (i) the Pb EXAFS signal is so small and (ji) the Pb shell can
not be detected in the Nb edge EXAFS signal, even at low temperature.
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Figure 11. rOF (uncorrected for phase shift) of the &y (k) data at the Pb Ly edge EXAFS spectra
for the 300 K (a) and 4.5 K (b) samples (uncorrected for phase shift} for the PMN samples
compared to PbTiO; and PbO. Due to disorder, no shell can be seen in the RDF of pMN. The
lack of signal, even at 4.5 K, proves that this disorder is not thermal but static,
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4, Conclusion

This EXAFS study has allowed us to determine the local order in PMN. Firstly two types of
Nb—0 bond have been demonstrated. Taking into account (i) the presence of two cations
as chemically different as Nb** and Mg** on the B site of the perovskite and (ji) the
existence of both Nb-rich polar nanodomains and Mg-rich 1-I ordered nanodomains, the
result can seem quite surprising. If we consider the present results and those obtained by
other techniques, we can say that about one third of the material should consist of ordered
domains with Fm3m symmetry exhibiting regular NbQO; octahedra (Nb-O bond length of
1.95 A) and larger MgOg octahedra. The host lattice should present a chemical composition
close to PbMg; ;4Nb3/403 where the polar nanodomains progressively nucleate: Nb shifts
along a {111} cubic axis give rise to Nb-O bond lengths of 1.95 and 2.16 A.

The Nb-Nb and Nb-Mg distances are in good agreement with the structural data
obtained by x-ray and neutron diffraction [6,8]. However, the increase of intensity of
the Nb-Ng(Mg) peak on the RDF when the temperature is lowered confirms the progressive
correlation of the Nb shifts originating the polar domain growth. It is indeed well known
that EXAFS signals are very sensitive to disorder. It can be noted that the intensity of this
peak increases by about 50% between 300 and 100 K but does not grow further below this
temperatere. This observation confirms our previous structural studies that have revealed
that the structure seems to freeze below 100 K [9].

Finally, the lack of a significant EXAFS signal, both at the Nb edge for the Pb shell and
at the Pb edge for the local order around Ph** cations, confirms the very important disorder
of the Pb atomic positions, also revealed by x-ray diffraction results [8].
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