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Abstract. Neutron scattering investigations were carried out in PbMg1/3Ta2/3O3 and BaMg1/3Ta2/3O3

complex perovskites. The crystal structure of neither compound shows any phase transition in the temper-
ature range 1.5–730 K. Whereas the temperature dependence of the lattice parameter of BaMg1/3Ta2/3O3

follows the classical expectations, the lattice parameter of relaxor ferroelectric PbMg1/3Ta2/3O3 exhibits
anomalies. One of these anomalies is observed in the same temperature range as the peak in the dielectric
susceptibility. Below T ∼ 180 K PbMg1/3Ta2/3O3 exhibits very small thermal expansion, similar to invar
alloys. We find that in PbMg1/3Ta2/3O3, lead ions are displaced from the ideal positions in the perovskite
structure at all temperatures. Consequently short-range order is present. This induces strong diffuse scat-
tering with an anisotropic shape in wavevector space. The temperature dependences of the diffuse neutron
scattering intensity and of the amplitude of the lead displacements are similar.

PACS. 77.80.-e Ferroelectricity and antiferroelectricity – 61.12.-q Neutron diffraction and scattering

1 Introduction

Since complex AB′
xB′′

1−xO3 perovskites have two differ-
ent ions in the B-sublattice, their properties are richer
than the ones found in the classic ABO3 counterparts [1].
In particular, there is a subgroup of complex per-
ovskites, relaxor ferroelectrics, which exhibit an anomaly
in the dielectric susceptibility, broad in temperature and
also frequency dependent. Unlike in usual ferroelectrics
this anomaly does not link to macroscopic structural
changes [1,2]. Despite numerous studies, a coherent un-
derstanding of relaxor ferroelectrics is still lacking [1–5].

PbMg1/3Nb2/3O3 (PMN) crystal is a model system
to study relaxor behaviour [1,2,6]. The real part of the
dielectric permeability ε′ of PMN has a maximum at
T ∼ 270 K and frequency ν = 10 kHz [1]. The average
crystal structure of PMN is cubic down to 5 K [7]. How-
ever, an applied electric field induces a structural phase
transition at T ∼ 210 K [8]. PbMg1/3Ta2/3O3 (PMT) is
a well-known relaxor ferroelectric and it was among the
first studied relaxors [1]. The average structure is cubic in
the range of examined temperatures and external electric
fields [1,9]. In PMT, the real part of the dielectric suscep-
tibility at ν = 10 kHz has a maximum at T ∼ 170 K,
i.e. considerably lower than in other important relaxor
crystals like PMN and PbZn1/3Nb2/3O3 (PZN) [1]. This
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suggests that temperature-induced anharmonicity less af-
fects the properties of PMT in the range of the dielec-
tric anomaly. Consequently, PMT can be considered as
the simplest relaxor system known. Thus, understanding
the physical mechanisms underlying the relaxor proper-
ties in a PMT crystal should be easier than in the re-
lated compounds. Unfortunately, PMT was studied much
less then PMN and PZN. It is only recently that stud-
ies of PMT by X-ray diffraction [9,10], neutron scatter-
ing [11–14], light scattering [12,15] and calorimetry [16]
were carried out. On the other hand, low-dielectric per-
meability is found in many Ba and Sr-based complex per-
ovskites [17]. BaMg1/3Ta2/3O3 (BMT) is an example of
such a material [18]. In spite of chemical disorder in the
B-sublattice, BMT does not exhibit any lattice instability
or relaxor-like dielectric anomaly [11,12,15,19]. Note also
that exchanging lead in PMT with barium in BMT sup-
presses the relaxor properties of the former crystal. Thus,
comparing the properties of PMT and BMT might be ex-
tremely instructive.

In this paper, we present results of neutron scatter-
ing studies in PMT and BMT in the temperature range
1.5 K < T < 730 K, that covers the dielectric maximum [1]
as well as the anomalies observed in the velocity and in
the damping of the longitudinal acoustic phonon [15] in
PMT. In Section 2, we describe the experimental proce-
dure. Section 3 starts with the explanation of the different
models used for the crystal structure refinement of PMT
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and BMT and contains a discussion of the diffuse scatter-
ing (DS) measurements in PMT. Further, in Section 3.3,
we present the temperature dependences of the lattice pa-
rameters of both BMT and PMT. In Section 4.1, we de-
scribe the evolution of the temperature factors and show
that there is a pronounced correlation between the diffuse
scattering intensity and the Pb displacements in PMT. In
Section 4.2 we propose a possible approach to describe DS
in relaxors. Finally, in Section 4.3 we compare the temper-
ature dependences of the lattice parameter of PMT and
PMN.

2 Experimental

The synthesis of the powder samples was described previ-
ously [11]. The mass of each sample was about 15 grams.
The single crystal of PMT used in the present study
was grown by the Czochralski method and has a size
6.5×4.5×1.6 mm3. The same crystal was used in previous
dielectric, light and neutron scattering studies [13,15].

The measurements were performed at the neutron
spallation source SINQ (PSI, Switzerland). The powder
diffraction data were taken with the multi-detector high-
resolution powder diffractometer HRPT [20]. The poly-
crystalline samples of PMT and BMT were placed into
cylindrical containers with 10 mm diameter and 50 mm
height. Measurements were performed with the neutron
wavelength λ = 1.1545 Å. This set-up gives access to
more then 40 unique Bragg reflections in the range of
scattering angles 7◦–164.5◦. A typical exposure time was
∼20 minutes, but at few temperatures the exposure time
was increased to ∼4 hours. The program Fullprof [21] was
used for crystal structure refinement using the Rietveld
method. The neutron scattering measurements on a sin-
gle crystal of PMT were performed at the cold neutron
three-axis spectrometer TASP [22]. The (002) reflection
of pyrolytic graphite (PG) was used to monochromate
and analyze the incident and scattered neutron beams.
The PG monochromator was vertically curved and a PG
filter placed in the incoming neutron beam was used to
suppress contamination from higher-order neutron wave-
lengths. The spectrometer was operated in the elastic
mode with the neutron wavevector ki = 1.97 Å−1. The
horizontal collimation was 30′ − 80′ − 80′ − 80′. The sam-
ple was mounted on an aluminum holder with the (h h 0)
and (0 0 l) Bragg reflections in the scattering plane.

3 Results

3.1 Structure refinement

Figure 1 shows the observed and calculated diffraction
patterns obtained for BMT at T = 580 K. For the refine-
ments, the chemical composition of BaMg1/3Ta2/3O3 was
fixed at the stoichiometric values. Random occupation of
the Mg/Ta ions over the B-sites of BMT perovskite struc-
ture was assumed. In a first approach, we used anisotropic

Fig. 1. Neutron powder diffraction pattern of BMT collected
at T = 580 K. Observed data points, calculated profile and
difference curve are shown. The two rows of ticks correspond to
the calculated positions of diffraction peaks for BMT (upper)
and MgO impurity (3%).

temperature factors for oxygen. It turned out, however,
that within the statistical errors, the ratio β11/β33 ∼ 1
was constant even at high temperatures. Hence, for the
subsequent refinements, the temperature factors were sup-
posed to be isotropic. The crystal structure was found to
be consistent with space group Pm3̄m, where barium is
located at (0 0 0), oxygen is at (0.5 0.5 0), and Mg/Ta
ions are statistically distributed over the (0.5 0.5 0.5) po-
sition. At T = 580 K the refinement procedure yielded
a lattice constant a = 4.10289(8) Å and temperature
factors Biso(Ba) = 0.86(2) Å2, Biso(O) = 1.09(1) Å2,
Biso(Mg/Ta) = 0.60(1) Å2. This model gives a precise de-
scription of the experimental data (χ2 = 2.52, Rp = 3.49,
Rwp = 4.44, RBragg = 3.571) and was used to refine neu-
tron diffraction patterns at other temperatures. We note
that, despite a general tendency toward hexagonal order-
ing in Ba-containing complex perovskites [17,18], the syn-
thesis method described in reference [11] produces cubic
perovskites with ionic disorder in the B-site.

Figure 2 shows the diffraction pattern obtained for
PMT at T = 588 K and treated with the Rietveld method.
Different hypotheses for the structural model of PMT were
tested during the refinement procedure. As in BMT, the
cubic perovskite structure (space group Pm3̄m) was as-
sumed as a starting model. In this model, the refined val-
ues of the isotropic thermal parameters for lead and oxy-
gen were found to be very high with Biso(Pb) = 4.08(3) Å2

and Biso(O) = 1.73(1) Å2, respectively. These values
are much higher then those found for Biso(Mg/Ta) =
0.58(7) Å2 and for the isotropic temperature factors in
the reference compound BMT. In particular, the large
value of Biso(Pb) is anomalous and indicates a possi-
ble structural disorder (see e.g. [23]). A similar situation
was observed before in many lead-based complex per-
ovskites like PMN [24], PMN+ 10%PT (PMN-PT) [25],
PbSc1/2Nb1/2O3 [26], and also in PbFe1/2Nb1/2O3 [27]

1 Bragg factor RBragg was calculated from intensities.
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Fig. 2. Neutron powder diffraction pattern of PMT collected
at T = 588 K. Observed data points, calculated profile and
difference curve are shown. The two rows of ticks correspond
to the calculated positions of diffraction peaks for perovskite
PMT (upper) and pyrochlore impurity (5%). Note an increase
of the background at higher values of 2θ. Such an increase is
much less pronounced on the diffraction pattern of BMT (see
Fig. 1).

(the list is far from complete). In all these examples, Pb
was never found to be located exactly at the 1a (0 0 0)
Wyckoff position. Thus, to improve our structural model,
both displacements of Pb from the 1a (0 0 0) special
Wyckoff position and anisotropic temperature factors for
oxygen ions were introduced. We considered the shifts of
Pb along the <001>, <110>, <111>, and <123> direc-
tions. In the latter case amplitude of the displacement
along <100> direction is two times smaller then in <010>
direction and three times smaller then along the <001>
direction. At 588 K the values for the Pb-shifts together
with the reliability factors RBragg are tabulated in Table 1.
Reliability factors for Pb-shifts along the <001> direc-
tion are significantly worse than the corresponding value
for the <110>, <111>, and <123> directions. For the
latter three directions, the quality of fit is nearly the
same at all temperatures. Displacing Pb along <110>
or <123> always gives a slightly better reliability fac-
tor and minimizes the value of the isotropic temperature
factor of Pb. However, we do not put a strict physical
sense in the choice of a particular direction for Pb-shifts.
Namely, as was pointed out in references [28,29], a prefer-
able direction of the Pb-shifts can be artificial because
of insufficiently high values in (sin θ)/λ (note that we
reached (sin θmax)/λ = 0.86 Å−1). In our opinion, the
quality of refinement for the different displacement direc-
tions depends on the associated degeneracies: six-fold for
the <001>, eight-fold for <111>, twelve-fold for <110>,
and 48-fold for <123>. The latter two directions of shifts
give the closest approximation of a sphere. We used the
<110> direction to refine the data taken at other temper-
atures since it is more convenient to define the amplitudes
of displacements in this case.

To improve the structural model further, we intro-
duced shifts for Mg/Ta ions and non-stoichiometric val-

Table 1. Comparison between results of neutron powder re-
finements for different modeled directions of Pb shift at T =
588 K in PMT.

Direction Value (Å) Biso(Pb) (Å2) RBragg χ2

no shift 0 2.98(3) 3.88 3.74
<001> 0.27(0.05) 1.98(7) 3.76 3.63
<110> 0.20(0.03) 1.51(6) 3.28 3.44

<111> 0.16(0.04) 1.68(6) 3.35 3.47
<123> 0.07(0.01) 1.48(6) 3.28 3.44

Table 2. Structural parameters for PMT obtained from refine-
ment of data at T = 588 K. Space group: Pm3̄m. Nominal
position for Pb is (0 0 0), oxygen is at (0.5 0.5 0), and Mg/Ta
ions are statistically distributed over the (0.5 0.5 0.5) position.

Parameters Values

a (Å) 4.05103(8)
Pb shift (Å) 0.20(0.03)
Pb Biso (Å2) 1.51(6)
Mg/Ta Biso (Å2) 0.66(1)

O β11 (Å) = β22 (Å) 0.0340(3)
O β33 (Å) 0.0101(4)
χ2 3.44

Rp 2.88
Rwp 3.74

ues for Pb and O content. However, the fit procedure
converged to the nominal stoichiometric ratio. The in-
troduction of shifts for Mg/Ta, while keeping all other
parameters fixed, did not allow us to improve the struc-
tural model noticeably. Therefore, in the subsequent re-
finements, these parameters were fixed at their nominal
values. The structural parameters obtained from the pow-
der refinement at T = 588 K are given in Table 2. We
observe that unlike BMT, the thermal ellipsoid for oxygen
is anisotropic (β11/β33 ∼ 3.4). We note also that despite
introduction of displacements, the isotropic temperature
factor for Pb is still quite large (see Tab. 1), being 2.5 times
larger than Biso(Mg/Ta) and 2 times larger than Biso(Ba)
in BMT. A comparison of the temperature dependences
of the Biso(Pb) and of the amplitude of Pb displacements
(Pb<XX0>) is presented in Figure 3.

3.2 Diffuse scattering

In the following, we discuss the influence of the dif-
fuse scattering present on the powder diffraction pat-
tern of PMT. Already in the earliest studies of PMN by
X-rays [24] and neutron [30] diffraction, diffuse scattering
was found, the intensity of which grows as the temper-
ature decreases [30]. Moreover, at low temperatures, DS
is so strong that it becomes observable even in powder
diffraction patterns [24]. Later work on PMN single crys-
tals showed that the distribution of diffuse scattering is
anisotropic in reciprocal space [31–35]. We have investi-
gated the distribution of DS intensity in a single crystal
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Fig. 3. Temperature dependence of the amplitude of the Pb
displacements (Pb<XX0>) and Pb isotropic temperature fac-
tors Biso. Note that dependence of Biso follows T 2 law.

Fig. 4. Surface of neutron diffuse scattering intensity around
the (110) Bragg peak of PMT at T = 140 K. Note that the
intensity is given in a logarithmic scale.

of PMT at T = 140 K in the vicinity of the (1 1 0) and
(0 0 1) Bragg positions. As shown in Figure 4, the DS
measured in the vicinity of (1 1 0) Bragg peak of PMT
has a “butterfly” shape in reciprocal space similar to the
DS observed in single crystals of PMN [32]. Note, that the
intensity of DS is mainly concentrated along the <001>
direction. Measurements in PMT around the (0 0 1) Bragg
peak give a very similar shape of DS. In that case, the most
intense part of diffuse scattering is concentrated along the
<110> direction. It is obvious that the q-dependence of
DS in PMT is complicated and to incorporate properly
the DS into the structural model for powder refinement is
an extremely difficult problem. Hence, the DS occurring in
the powder diffraction pattern was treated as background.

3.3 Temperature dependence of the lattice parameters
of PMT and BMT

Figure 5 shows that the temperatures dependences of
the lattice parameters for BMT and PMT are qualita-

Fig. 5. Temperature dependence of the lattice parameters of
PMT and BMT. The solid lines show the results of linear ex-
trapolation for the a(T ) dependence of PMT. The dashed line
shows the polynomial fit of a(T ) for BMT. The insert shows
the dependence of the lattice parameter of PMT in the region
of temperatures around T ∼ 180 K. Invar-like behaviour of
PMT for T < 180 K is obvious.

tively different. Starting from high temperature, the lat-
tice parameter of BMT decreases almost linearly as the
temperature decreases down to T ∼ 200 K. There is
a cross-over regime between this temperature and T ∼
30 K, below which the lattice parameter of BMT is ap-
proximately constant. The temperature dependence of
the lattice parameter of BMT can be described by a
quadratic polynomial a0 + a01 × T + a02 × T 2, where
a0 = 4.08275(8) Å, a01 = 1.77(1) × 10−5 ÅK−1 and
a02 = 2.6(1) × 10−8 ÅK−2. Similar temperature de-
pendences are commonly observed in solids (see for in-
stance [36,37] and references therein) and do not con-
tain any signature of anomalies. This simply reflects that
over a broad temperature range (1.5 K–730 K), the lat-
tice of BMT continuously expands. Hence, it appears
that the presence of chemical disorder on the B-sublattice
does not affect significantly the thermal expansion of
the BMT lattice.

The variation of the lattice parameters of PMT can be
separated into three distinct temperature regimes. As in
BMT, the lattice parameter decreases linearly from high
temperatures (da(T )/dT = 3.8923 × 10−5 ÅK−1T) with
a cross-over regime between T = 420 K and T ∼ 180 K.
Below this temperature, the lattice does not contract any
more (da(T )/dT = 8.8× 10−7 ÅK−1). Such a small value
of the thermal expansion is typical for invar alloys, see
e.g. [38]. In contrast to what is observed for BMT, a
quadratic polynomial does not reproduce the data shown
in Figure 5 and it is necessary to include terms up to
6th power to describe the temperature dependence of the
lattice parameter of PMT. It is clear that such a be-
haviour is anomalous. We remind the reader that the peak
in the dielectric susceptibility of PMT appears around
T ∼ 180 K [1,9]. Thus, the dielectric anomaly and the
invar-like property in PMT are observed at the same tem-
perature (see Insert of Fig. 5).
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4 Discussion

4.1 Correlation between the diffuse scattering
intensity and Pb displacements in PMT

We turn now to the description of the temperature depen-
dence of the amplitude of Pb displacements (Pb<XX0>)
and of the DS intensity in PMT shown in Figure 6.
We measured the temperature dependence of the DS in
PMT single crystal along [1,1,q]. In that direction, we find
that the line-shape can be reproduced using a Lorentzian
function:

S(q) =
I0

2π

Γ

(q − q0)2 + Γ 2
, (1)

where I0 is the integrated intensity, Γ is the full width at
half maximum (FWHM), and q0 determines the center of
the Lorentzian. Note that this approximation was used in
reference [34] to analyze the intensity of DS in PMN. We
monitored the evolution of DS in PMT in the temperature
range 1.5 K–375 K. At higher temperatures, the DS is
extremely weak in intensity and broad in q-space, and the
results obtained above T ∼ 400 K cannot be analyzed
reliably.

Figure 6 shows the temperature behaviour of the in-
tegrated intensity of DS and of the refined values of the
Pb<XX0> shifts in the temperature range 1.5−412 K. Note
that the values of the Pb<XX0> were derived from intensi-
ties of the Bragg peaks in the powder diffraction patterns
whereas DS was extracted from the broad intensity distri-
bution around these Bragg peaks i.e. from short-range cor-
relations. The correlation length ξ = 2/FWHM is found to
increase with decreasing temperature (see Fig. 7 and [13]).
There is a pronounced similarity between the increase of
DS intensity and the displacement amplitude of Pb<XX0>

as the temperature decreases. In the temperature range
1.5 K ∼ 90 K both quantities are constant within statisti-
cal errors and decrease monotonically as the temperature
is further increased. Finally, they tend to saturate above
T ∼ 300 K although a very slow decrease of Pb<XX0>

above ∼420 K is not shown in Figure 6 for better com-
parison with the DS intensity. The results shown in Fig-
ure 6 strongly suggest that lead displacements may be
responsible for the occurrence of DS in PMT. There is
however no linear relationship between the temperature
dependence of Pb<XX0> and DS: while the DS intensity
decreases by a factor of ∼30 when the temperature in-
creases from 1.5 K to 375 K, the change in Pb<XX0> is
∼20% only. At higher temperatures, lead displacements
are still important, the DS is broad in q-space, since the
correlation length is short as seen at Figure 7. In other
words, while Pb displacements are nearly (or totally) un-
correlated the DS is weak (or totally absent). With de-
creasing temperature the Pb displacements increase and
become correlated, which causes the appearance of the DS.
Note also, that one cannot claim that only Pb displace-
ments are responsible for DS. However, it was possible to
fit satisfactorily the diffraction patterns of PMT assuming
that only lead ions are displaced. This suggests that the
main contribution to the DS in relaxor crystals originates

Fig. 6. Temperature dependences of the integrated intensity
of diffuse scattering (DS) (black symbols) and amplitude of the
Pb displacements (Pb<XX0>) (open symbols) in PMT.

Fig. 7. Temperature dependences of the correlation length of
diffuse scattering. Black circles denote the result of the present
study. Open circles are data taken from reference [13].

from Pb ions. The recent observation of a temperature-
dependent relaxation mode, coexisting with the central
peak in PMN crystal [39], also supports this hypothesis.

4.2 Possible description of the DS

We discuss now the resemblance observed for the tem-
perature dependence of DS intensity and for Pb<XX0>. It
seems that the q-dependence of DS in all relaxors, which
have been studied so far, is very similar. For example, DS
with a “Butterfly-like” shape is observed in PMN [34,35]
and in PZN+8%PbTiO3 [41]. Furthermore, the intensity
of DS is found to increase with decreasing temperature
in PMN [25,30,34] and PZN [40,42], as here for PMT.
From neutron and X-ray diffraction data, it is known that
there is a general tendency that Pb displacements increase
as the temperature decreases in complex perovskites (see
e.g. [7,26,28]). One can expect that the observed correla-
tion between the DS intensity and the amplitudes of Pb
displacements in PMT may help to create a model which
describes short-range order in relaxors. In that vein, the
calculations of Kassan-Ogly and Naish predicting an in-
crease of diffuse scattering with decreasing temperature
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due to change in ionic-oscillation amplitudes may be con-
sidered as a useful starting point [43].

4.3 Lattice expansion

High-resolution neutron diffraction allowed us to study the
temperature dependence of the lattice constant a in PMT
from 41 unique Bragg reflections in the temperature range
1.5 K−730 K with temperature step of ∼10 K. We found
changes of slope in a(T ) at ∼420 K and ∼180 K which do
not strictly agree with previous temperature studies of the
lattice parameters in PMT. In reference [9], an anomaly
was observed first at T = 573 K and the lattice parame-
ters were found to remain constant below T = 280 K. We
ascribe the discrepancy between our data and those of Lu
et al. [9] to the facts that, first, the latter measurements
were carried out using three Bragg peaks of low Miller in-
dices and, second, the number of temperature points was
much reduced as compared to the present study. Thus, in
our opinion there is no anomaly in the lattice parameter of
PMT which could be directly connected with the Burns
temperature Td ∼ 570 K [44]. Interestingly, the change
of slope of a(T ) in PMT at high temperatures occurs at
temperatures where we are able first to observe the dif-
fuse scattering. In other words, deviation from linear law
in a(T ) of PMT crystal appears when the shifts of Pb
ions become correlated. Note, that the so-called “excess”
specific heat in PMT also appears at T ∼ 420 K [16].

It is useful to compare the behaviour of the lattice pa-
rameters of PMT and PMN [7,25,49] in the temperature
ranges where dielectric anomalies are observed. In the first
neutron measurements by Husson et al. [7], the lattice pa-
rameter of PMN was observed to remain roughly constant
below T ∼ 300 K. However, recent studies have revealed
a more complicated behaviour of a(T ) in PMN. In ref-
erences [25,49] a change of slope in a(T ) was found at
T ∼ 350 K and at T ∼ 200 K. In the temperature range
200–350 K, Dkhil et al. [25] reported a freezing of the lat-
tice parameters, similar to what we found in PMT below
∼180 K. An important qualitative difference in the behav-
iors of the lattice parameters of PMN and PMT is that
below T ∼ 200 K, a(T ) for PMN decreases again as the
temperature is lowered, whereas for PMT such a change
of regime is absent. We recall that at T ∼ 210 K PMN
has an additional phase transition in an applied electric
field [8]. However, even without application of an exter-
nal electric field, properties like damping of longitudinal
acoustic phonons [47], and the width of quasielastic com-
ponent in light scattering spectra [48] exhibit anomalies in
the vicinity of this temperature. Thus, it is possible that
this lattice instability is linked with the additional change
of a(T ) of PMN as the temperature decreases below 200 K.

In the following we discuss possible causes for the
anomalous temperature dependence of the lattice param-
eter in PMT. As it is well-known (see for instance [50]),
the unit cell volume V depends on temperature T as

dV

V
=

κT CV

V
γ(T, V )dT, (2)

where κT is the isothermal compressibility, γ(T, V ) the
Grüneisen function, and CV the heat capacity taken at
constant volume. However, it is not easy to understand
the low-temperature saturation of a(T ) below the tem-
perature of the maximum in ε′. The problem is related to
the large number of observed anomalies in the vibration
spectra of PMT (as well as in other relaxors) for temper-
atures close to the dielectric maximum, like

– increase in the generalized density of states at low en-
ergies [11,12],

– anomalies in the behaviour of the longitudinal acoustic
phonons [15,46],

– excess contribution to the specific heat [16,51].

Hence, to estimate the influence of each of these anomalies
on the behaviour of a(T ) using e.g. equation (2) is a dif-
ficult problem. We note only that an invar-like behaviour
generally can be described e.g by compensation of anhar-
monic behaviour of different phonon modes [52] or stric-
tion. The electrostriction mechanism originally proposed
in reference [2] can also give some contribution in the be-
haviour of a(T ). Since a(T ) is linear for temperatures well
below Td, it is unlikely that electrostriction is the only
mechanism responsible for the temperature evolution of
the lattice parameters in PMT.

5 Conclusion

To summarize, an extensive neutron study has been car-
ried out in PbMg1/3Ta2/3O3 and BaMg1/3Ta2/3O3 com-
plex perovskites in the temperature range 1.5 K–730 K.
The surface of diffuse scattering in a PMT single-crystal
has been measured at T = 140 K. Crystal structure pa-
rameters have been refined for both compounds. We found
that lead ions are shifted from the 1a (0 0 0) Wyckoff posi-
tion of the ideal perovskite structure and that the thermal
motion parameter of oxygen is anisotropic in PMT. The
lattice parameter of BMT does not exhibit any anomalous
behaviour. On the other hand, the lattice parameter of
PMT shows two anomalies. One of them appears around
T = 420 K which corresponds to the appearance of diffuse
scattering and of the excess specific heat in PMT. The sec-
ond anomaly is found close to the maximum of the dielec-
tric susceptibility at T = 180 K. An obvious correlation
in the behaviour of the lead displacements and of the neu-
tron diffuse scattering intensity is observed in PMT. This
indicates that lead displacements play a major rôle in the
occurrence of diffuse scattering in PMT and possibly also
in other relaxor ferroelectrics.
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(Switzerland) and was partially supported by RFBR Grant
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