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Many of the outstanding properties in oxides are related to materials with an intrinsic nanoscaled local
structure, where the different regions are characterized by competing chemical, structural, and/or physical
properties. One of the major challenges in the analysis of the nanoscaled oxides is experimental access to the
local properties, which is often at best a difficult task, a fact that often inhibits the understanding of properties
such as colossal magnetoresistance, giant piezoelectricity, and high-temperature superconductivity. Here we
present an investigation of the relaxor ferroelectrig M, TiO5, considered as a model type of nanostruc-
tured oxide, by combining the parameter high-pressure with x-ray diffuse scattering. We show that nanoscaled
characteristics can be investigated in detail by combining such measurements with simulation of different
diffuse scattering models. We observe two distinct structural disorders, one of which is characterized by the
observation of asymmetric diffuse scattering in perovskites due to planar polar defects.
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[. INTRODUCTION x-ray diffuse scattering studigXRDS) can lead to a deeper
understanding of the physics and chemistry in nanoscaled
The presence of a nanoscale structure is characteristic ¢fiaterials.
so-called relaxor ferroelectricérelaxors,® materials that
have attracted considerable attention since the recent discov- Il. EXPERIMENT

ery of ultrahigh strain and giant piezoelectric properties in  The system investigated in this work was the rhombohe-
relaxor-based single crystas.For another class of materi- grg) perovskite Ng,Biy,»TiO5 (NBT), which is an example
als, namely, rare-earth manganite-based oxides displayingg# a relaxor ferroelectric. NBT-based piezoelectrics offer ex-
giant magnetoresistance, the presence of nanoscaled phaggtionally high strain and are thus a promising environmen-
separation features has been controversial, and it is only really friendly alternative to the more usual toxic lead
cently that this property has generally been accepted to be axides'® NBT is unusual amongst perovskite materials
intrinsic key featuré® Without being exhaustive, we men- since it appears to have an exact 1:1 ratio of two different
tion in this connection higf-, superconductors or more gen- cations Na and Bi in thé sites. The two cations have dif-
eral correlated electron systems, which also display local inferent charges and electronic configurations, but they possess
trinsic inhomogeneitie@_10 On the way towards a similar ionic radii. The NBT single crystals used in the
fundamental understanding of nanoscaled materials, goderesent work were prepared by the flux growth
knowledge of the local chemistry and structural properties i¢echnique>“® High-pressure XRDS experiments were per-
an important building block for the efficient and meaningful formed at the European Synchrotron Radiation Facility

use of first principlesb initio calculations~23In addition, ~(ESRP at the ID30 high-pressure beam line. X-ray diffrac-

the understanding and tuning of local properties are of im{ion patterns, using the rotating crystal technique, were col-

portance in creating new functional oxides with superiorle‘:t?BOI on a CCD detectgBruke with a focused monachro-
properties. Consequently, new approaches towards the d atic bea_m at Wavelengthzo._3738 A.‘ The sample to
tailed characterization of nanostructured materials are of in-.eteCtor @stance and the .QCD inclination ?”9'63 WEre pre-
terest. In the past, the usual approach towards the unde‘?lse_Iy calibrated using a S'“CO_” st_andard. H|gh-pressur_e ex-
standing of nanoscaled materials was mainly through thejperiments on a crystal of 5‘””‘ In Siz€ were pe_rform?d with
chemical composition- or temperature-dependent behaviowe focused b_eam on a diamond anvil cell V.V't.h a4l metha—
However, very recent high-pressure- 1.5 GPa) investiga- nol:ethanol mixture as the pressure transmitting medium.
tions of relaxor ferroelectri¢é®® and manganite-type
oxides®!7 have illustrated the usefulness of pressure as a
variable. We will illustrate in the following, that the combi-  Before discussing the x-ray scattering of NBT at different
nation of high pressure witfexperimental and theoretigal hydrostatic pressures it is useful to inspect the patterns at low

Ill. SCATTERING AT AMBIENT PRESSURE
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on the low-angle side of the Bragg peaks and for this reason
we refer to these as asymmetrit-shaped” peaks. Although
asymmetric diffuse scattering is in itself not uncommon, we
believe that this is the first time it has been reported in the
important class of perovskite@8) Rather broad diffuse re-
gions of scattering most evident around the origin. In par-
ticular note the area confined within the diamond-shaped re-
gion bounded by lines joining the reciprocal lattice points

100, 010, 100, 010.

In order to explain featur€A), it is necessary to assume
some kind of planar defedin 3D) reminiscent of Guinier-
Preston zonefGPZ’s), as seen in metal alloys such as AICu
solid solutions’’ Such planar defects give rise to rods of
diffuse scattering in reciprocal space, in directions normal to
the planes of the defects. The marked asymmetry of the in-
tensity of these rods with respect to the Bragg peak positions
can be understood in terms of the so-called “atomic
size-effect.”®%0 The asymmetry in the intensity results
from the deformation of the structure around the chemical
segregation plané?.It is thus tempting to invoke a similar
explanation for the diffuse scattering from NBT. We should
point out that an explanation purely and simply in terms of
“atomic size” cannot hold for the case of NBT since Na
and BP" have almost the same ionic radii: 0.97 and 0.96 A,
respectively. However, bond-valence calculatidnshow

FIG. 1. (Color onling X-ray scattering imaging pattern for that in the average structure Bi is grossly underbonded while
Nay,Biq/,TiO5 at a hydrostatic pressure of 0.6 GPa, exhibiting theng is somewhat overbonded. An observed “size-effect”
Bragg peaks from the average structure together with strong diﬁus?night well be due to the excess charges on neighboring Bi
scattering originating from the nano-scaled structure. The Sharfbns causing the atoms to move further apart or alternatively
horizontal lines are due to the saturation of the detector. Spots d% distort the structure in such a way that more of the nega-
noted D are from th_e diamond anvil cell. To prqduce the pattarn tively charged O ions are drawn into the space between
;[rr:(?o(r:rr])ilr?;almvéisogsrc(;lrlr?;?ii f;(;nm;:ﬁfotrt(())n+t;|-e5a l;ﬂg'g_’;;g ic)t_ t%;?_e them. Before presenting di.fferent .models that_can explain the
terns(b)—(d) were obtained from small 0.5° oscillations around the \c/)il::/\(lar(\)/fel(\ilé)?ttern we will discuss in the following a structural

Bragg angle of particular reflections to emphasize the diffuse scat* W hat th incipal el
tering. (b) Pronounced asymmetric diffuse scattering around the _ VW& assume that the principal structural elements respon-

320 reflection(c) lllustration of the superimposition of asymmetric Sible for the diffuse scattering will be associated with the Na

scatteringblack in part(d)] thermal scatteringgreen and the large  @nd Bi parts of the structure. The average structure of the
underlying scatteringorange, exemplified for the 10 reflection. ~ Crystal can be thought of as consisting of unit cells in which
(d) Schematic representation of the diffuse scattering in the dotte#€ Na site is randomly occupied by Bi on a 1:1 basis, so that
area of part(a) illustrating the superposition and direction of the the average unit cell contains 0.5 Na superimposed on 0.5 Bi.
diffuse scattering as exemplified {h) and(c). As the space group iR3c, the structure is polar with aver-
age cation displacements alofyl1]. There is some evi-
pressure. Figure 1 shows an example of an x-ray patterdence from x-ray and neutron diffraction experiments that
from NBT exhibiting Bragg peaks, corresponding to the av-the Bi shows larger polar displacements than for*R:3!
erage crystal structure, together with diffuse scattering x-rayrurthermore, from a single-crystal diffraction experiment, it
scattering. XRDS provides information on the deviationswas found that the Bi shows an anomalously large isotropic
from the average structure and has been shown to be a wellisplacement parameter. This is consistent with a model in
adapted probe for the investigation of nanoscaled structuralhich the Bi's are disordered about the averftEl] direc-
feature$’~%* Regarding the average structure, we observetion, having small components of displacement perpendicu-
as in previous diffraction results, a slight rhombohedral lar. Similar behavior has been noted for the Pb atom in PZT
broadening of Bragg diffraction peaks and weak 31land PMN3233|f Bi moves off the[111] axis towards any of
superstructur@ reflections. This phase of NBT is known to the (001) directions, the effect is to reduce the local symme-
be rhombohedral with space groug3c.'® The average try to monoclinic whereas the average symmetry remains
structure is one in which the cations are displaced alonghombohedralsimilar to the proposed model for lead-based
[111] and the oxygen octahedra are tilted according to the tiltelaxors®). The requirement for Bi to improve its coordina-
systemaa"a~ (Glazer notatioff). tion environment is seen as the main impetus for the devia-
The diffuse scattering occurs in two formgA) Sharp tions from the average structure that gives rise to the diffuse
streaks emanating from Bragg peaks and extending alongcattering. If regions within the crystal containing correlated
(100 directions[Fig. 1(b)]. These systematically appear only (001) displacement components form, they can act as tem-
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plates for the formation of the tetragonal phase in NBT andrix, which would then explain the observed relaxor-type di-
NBT-related systems on going to higher temperatdr@. electric properties.
The space group corresponding to the monoclinic structure
might well beCm the same as is found in the rhombohedral
to tetragonal change with composition in PPH; _,O5, but
this will need further investigation. In order to try to establish the nature of the nano-scale
Diffuse scattering arises from local departures from thestructural features that give rise to the observed diffraction
average structure. In interpreting the diffuse scattering, wéeatures in NBT we have carried out calculations using
start by assuming that the majority of the NBT crystal hasMonte Carlo(MC) simulation of some simple models, from
the average structure described above. We shall refer to thighich we calculated diffraction patterns for comparison to
as the “matrix.” But how should we imagine the local de- the observations. We have previously used such methods
viations from this matrix, especially the structure, physicswith success to aid in the interpretation and analysis of a
and chemistry behind the Guinier-Preston zones? Let us revide variety of different disordered materials from ceramic
member that the sharp asymmetric diffuse scattering origioxides>*¢inclusion compound¥=8inorganic and organo-
nates from and is proportional to the differencEgp,  metallic compoundd?“° pure organic molecular crystds,
—Frmani) %, Of the structure factors due to the cations insideand quasicrystar&
(Fgpp) and outside I ayix) the GPZ zone. Such a difference  For the present case of NBT we have used, for simplicity,
can in principle come from a chemical and/or a structurafonly a two-dimensional2D) model with which we represent
difference and we thus suggest in this preliminary study twghe (001) projection of the structure. For this preliminary
models that might well explain the observation of the well-study we concentrate solely on the distributionfotations
defined asymmetric scatteriritype A). since it is on theseé\ sites that we expect to have Na/Bi
(1) The first model consists in assuming that the scatterersubstitutional disorder while thB cation sites and the oxy-
are different in the matrix and the GPZ, i.e., the GPZ consistgen anion arrays are expected to be essentially ordered. This
of chemical segregation zones, for instance GPZ's rich in Bsimplification necessarily precludes any meaningful descrip-
and/or Na. Following the traditional idea of GPZ'’s the asym-tion of thermal diffuse scatteringTDS), which we would
metric scattering can then be explained by a correlation oéxpect to be present in the system, and we have not at-
the substitution-disordefsegregationwith a displacement- tempted at this stage to include such effects in a model.
type disorder giving rise to a local deformation of the struc-Numerous variations of the two basic modéfs) and (B)
ture around the segregation plaédhe observed stronger Were investigated and full details of these investigations will
diffuse scattering towards smaller angles is then explained bhe presented elsewhere. For the present purposes we show
assuming that Bi" cations(which have larger scattering am- some selected results which demonstrate how the different
plitude than the sodiuptause a local expansion of the struc- diffraction features observed in NBT might arise.
ture around the GPZ. Alternatively if the GPZ’s are rich in  In Fig. 2@ we show a plot representing a small section
Na then the asymmetry can be explained by assuming thaapproximately 5% of the distribution ofA cations in a
there is a local contraction of the structure. The latter modemodel crystal. The actual model used in the present work
gains some support from the fact that Raman measurementsmprised 51X 512 sites. Each pixel in Fig.(& corre-
have shown that at least some Na segregation exists isponds to a single site of the model lattice. A white square
NBT.3* corresponds to occupancy by a Na atom and a gray square to
(2) The second model consists in considering that the tw@ccupancy by a Bi atom. The black squares, represent the
scatterers, inside and outside the GPZ, are on average cherfiPZ defects which occur as linear features normdlit®]
cally the same. That is, there is no chemical segregation bind[0 1]. In this example the GPZ was 2 unit cells wide but
there is a structural origin shift within the GPZ, which leadssimilar models with widths of 1 or 3 cells were also investi-
to the observed scattering phenomenon. We consider thgiated. The three different diffraction patterns that are shown
within the random matrix of rhombohedral symmetry thein Figs. 2b)—2(d) were each computed from the same basic
GPZ's are small planar islands of monoclinic symmetry, indistribution shown in Fig. @), but they differ in terms of
which there are correlated displacements of Na's and Bi'exact details of what the GPZ’s are comprised. For all three
with components parallel to thé001) directions. Within  patterns the size-effect distortion applied used the same set
these islands, there is still a random compositional arrangesf size-effect parameters. The mean length of neighboring
ment of Na and Bi. The important difference between anNa-Na vectors was reduced by2—-3% from the average
island and the matrix is the direction of the displacements. Iwhile the mean length of neighboring Bi-Bi vectors was cor-
order to form the diffuse streaks, these islands must be preespondingly increased by2—-3%. Na-Bi vectors were as-
dominantly in the form of small platelets oriented randomly sumed to remain at the average value. Regarding the distor-
perpendicular to all (001) crystallographic directions tion around the GPZ's themselves, Na-GPZ, Bi-GPZ, and
throughout the matrix. Furthermore, in order for the scatterGPZ-GPZ vectors were reduced by2—-3% from the aver-
ing to be asymmetrically disposed around the Bragg peaks, dge.
is also necessary for these islands to generate a “size-effect” The model also includes Na/Bi occupancy disorder in the
strain such that the unit cells in the GPZ'’s are contracted in anatrix part of the structure which results in the second type
direction perpendicular to the Na/Bi displacements. Note thadf diffuse scatterindform B above. This scattering, though
both models have polar zones in a somewhat different mavery broad, tends to be concentrated around positions be-

IV. CALCULATION OF DIFFUSE SCATTERING

014113-3



J. KREISELet al. PHYSICAL REVIEW B 68, 014113 (2003

(c) (d)

B ESEDPD A
S S s dh SAds0ehh
B o L LA EEEF " 1A
BN R R EEEE %3
CRBES sy S8 %F e
P eeeSSy gReReIyy
PPV EY QOO SwYyY

FIG. 2. Part(a shows a small representative region of the model structure. White pixels represent unit cells containing Na, gray pixels
cells unit cells containing Bi and black pixels represent GPZ’s the nature of which are interpreted differently in making the calculations of
the diffraction patterns ifb)—(d). In (b) the GPZ’s are assumed to contain Na atomgcjithe GPZ'’s are assumed to have a scattering power
equal to the average scattering power of the matrix, but these are displaced from the lattice site in a direction parallel to the length of the
GPZ. (d) is the same a&c) but the magnitude of the displacement has been reduced to zero.

tween reciprocal lattice nodes and therefore indicates som&b) is obtained if the GPZ's are assumed to be Bi and at the
local short-range ordefSRO. The degree of SRO in Fig. same time the sign of the size-effect parameters for Na-GPZ,
2(a) is in fact very smallWarren-Cowley SRO parameters in Bi-GPZ, and GPZ-GPZ is reversed, i.e., if the GPZs are Bi
the(10) and(11) directions were 0.0 ane- 0.1, respectively  rich the distortion must correspond to an expansion of the
but is significantly different from a purely random distribu- lattice spacing around the GPZ’s.
tion. These SRO parameters reflect a small tendency for al- For Fig. 2c) the atomic scattering factor of the GPZ sites
ternate short rows of Bi- and Na-containing unit cells to oc-was assumed to be the same as the average atomic scattering
cur in directions normal to eacH100) direction. In  factor of the matrix.(This was in fact achieved using the
considering the relaxor properties of NBT, this form of short-atomic scattering factor for Ag, which comes midway be-
range order is of minor importance, compared with the prestween Bi and Na in the periodic tablélhat there is now no
ence of the GPZ's on the nanoscale, though it may indicate eontrast between the GPZ and the matrix is indicated by the
tendency to reduce charge imbalance in the bulk of the latfact that there is no cross at the center of the pattern. For Fig.
tice. 2(c), however, all the cations within the GPZ have been dis-
For Fig. 2b) the atomic scattering factor for the GPZ sites placed in a direction parallel to the length of the GPZ, i.e.,
was assumed to be Na and was located at the average sitong (100. The quantity Egpr—Fmari)? NOW becomes
position. In this case the GPZ has an average scattering fanonzero away from the origin of reciprocal space and the “
tor less than that of the disordered matrix. It should be noted.” shaped diffraction features can be seen again at higher
that a diffraction pattern practically identical to that of Fig. angles. In contrast to Fig.() it is clear that this model
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be one or two unit cells thick to give the observed streak
lengths, but the streak widths mean that lateral dimensions of
the GPZ’s must be of the order of 20 nm.

The occurrence of GPZ's with correlated cation displace-
ments is important and, in particular, allows a new view of

. the temperature-dependent behavior of NBT, which under-
dependent changes of the average structure fqi,Blg,TiOs ex- oes two reversible phase transitions with decreasing tem-
emplified by the behavior of the 300 reflection. The first transitiong P 9

is shown by a splitting o{h00} reflections into three reflections, Perature from the cubic prototypic phaseri3m), to a te-
illustrating the crossover from a rhombohedral to a monoclioic ~ tragonal  phase R4bm) to the room-temperature
lower symmetry distortion. The observation o310 and {210 rhombohedralR3c phase'® The tetragonal-rhombohedral
superstructure reflectioriaot shown in the monoclinic phase sug- transition requires a radical rearrangement of the octahedral
gests a structure with in-phase octahedral tilts plus antiparallel catilts from a’a’c* toa“a"a~ and a redirection of the aver-
ion displacements. Note that the 1.6 GPa pattern indicates a regingge cation displacements frof01] to [111].*° The struc-
of rhombohedral-monoclinic phase coexistence. From 11.1 GPa onural transformation is so drastic that at first sight it seems
wards a new phase is observed through the change to a small tgifficult to imagine how such a reversible change can be
tragonal splitting. The distortion from the nearly metrically cubic accomplished. The phase transition occurs sluggishly with a
structure is further shown by nefh odd @ and{odd 0 Q. coexistence of the two phases over a considerable tempera-
ture interval. The local structure present in the rhombohedral
results in the intensity of thé at the 320 reflection being phase can be seen to recall the nature of this phase transition.
greater than that at the 110 reflection. We can postulate that there is a competition between the
In the final pattern, Fig. @), all aspects of the calculation tendency for rhombohedral ordering of the Ti-O framework
were the same as for Fig(@ except that the displacement of with displacements alongl11) and tetragonal Na/Bi dis-
the GPZ cations used for Fig(@ has been reduced to zero. placements along001). The final structure attained below
This demonstrates that if the effect of pressure on the modehe phase transition temperature possesses rhombohedral
was to force the cations back toward the center of their costructure on average but retains some elements of0D&
ordination polyhedrdor to a correlated displacement value displacements on the Na/Bi sites, as shown both by the Bi
which is the same for the whole samptlen theL-shaped disorder in the matrix and the correlated displacements that
scattering would be expected to disappear. This would not bgive rise to the GPZ’s. We believe that it is the existence of
the case for the chemical segregation model of Fif9).at  local monoclinic unit cells in the random matrix that pro-
can be seen that Fig(@ successfully models the observed vides a mechanism for the transformation. This is similar to
XRDS features shown in Fig. 1. recent models explaining the structure and remarkable piezo-
From an experimental point of view, a low-angle scatter-electricity in lead-containing perovskite solid solutions at the
ing experiment could provide more evidence to determineso-called morphotropic phase bound#ry?
whether chemical segregation exists or not. Finally, in our
simulations we have found that the GPZ platelets need only

FIG. 3. (Color online Images illustrating the pressure-

V. THE EFFECT OF HIGH PRESSURE

110 The analysis of the diffraction pattern as a function of
L 11/20 pressure illustrates that the average structure undergoes a
rhombohedral-to-monoclinic transition between 1.6 and 2.0
720 GPa and then an monoclinic-to-tetragonal transition between
170 9.9 and 11.1 GP4Fig. 3. The first phase transition is in
G agreement with diffraction investigations on powder
7 11.1GPa sampleé3 and in fact proceeds through a domain of coexist-
ence, as can be seen by the incoming weak reflections at 1.6
GPa which attain full intensity at 2.0 GPa.
Further instructive information on the pressure-dependent
behavior can be gained from the XRDSg. 4). First of all,
the formB diffuse scattering does not change with pressure
[Figs. 4a) and 4b)], showing that there is no effective
FIG. 4. (Color onling Pressure-dependent evolution of the dif- change in the Na-Bi short-range order, as expected since cat-
fuse scattering in NBT.(a), (b) lllustration of the pressure- jon diffusion under high pressure is unlikely in the close-
independence of the diffuse scattering named type B in the texppacked perovskite structure. Secondly, as the pressure in-
Note, that the 11.1 GPa pattern is characterized by, first, the appeagreases up to 2.8 GPa the fomnasymmetric XRDS around
ance of distortion-related superstructure reflections and second, tfe Bragg spots loses much of its intendifig. 4(c)] but
sharpening of the Bragg spots. The reduction of the asymmetrig,my disappears at 3.7 GPa. The loss of fofmscattering
diffuse scattering around the B2reflection in(c) gives evidence with pressure is consistent with a model where the matrix
for fundamental structural changes on a local scale. Pattern ¢ iand the GPZ's adopt the same polar displacen{ating
obtained from small 0.5° oscillations around the Bragg angle of th§110] in the monoclinic phasewhich then effectively sup-
320 reflection to emphasize the diffuse scattering. presses the differendéhus deformationbetween the matrix

b
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and the GPZ’s. Since high-pressure Raman spectroStopycontroversy concerning whether all relaxors are similar from
has revealed a pressure-induced suppression of the polarmicrostructural point of view or not. In this context let us
Ti** displacement, we might argue that the above outlinedtonsider the diffuse scattering of the two model relaxor fer-
competition between a rhombohedfall1l] and a tetragonal roelectrics PbMgsNb,,50; and Na,Bi,;,TiO5, which are
Na/Bi [001] displacement no longer exists, and this facili- often considered simildF. It is evident that the diffuse scat-
tates the development of a new long-range structure. tering patterns are distinctly different: the diffuse scattering
From the pressure dependent behavior it becomes cle@ symmetric in PMN but asymmetric in NBT. This illus-
that NBT is characterized by a local competition betweenyates nicely, even without a deeper analysis, that these two

different structures. In this sense we should mention thafg|axors should be different from a nanostructural point of
birefringence imagintf has shown that the rhombohedral yiew, Also, it is common consensus that the typical dielectric

phase rarely forms an optically homogeneous crystal, bubonerties of relaxors originate in local polar zones, which
consists of many regions with different orientations, where,.q gifferent from the rest of the matrix. However. the re-
the slow axis direction tends to be closer@?1) directions,  aining question is whether these polar zones are associated
instead of the(111) directions required by rhombohedral \yith chemical ordering or not: in PMN, for example, such a
symmetry. Since birefringence is a macroscopic quantity thigiy js ysually accepted, even though it has not been demon-
can only be explained by an additional macroscopic straiyrated directly. Our present work shows that in NBT at least,
W|th|n the NBT crystal, the origin of which was unknown_ the local Na-Bi ordering and the polar zonéBPZ's are
until now. We can now suggest, that the accumulated straingeya|ly decorrelated. Therefore, combining these observa-
caused by the presence of GPZAspproximately 20 nm isns we conclude that the locgiolar and chemicalstruc-
acros$ _result in an optical strain that could even dominatey e is very likely to be different from one relaxor to the
the optical behavior due to the average structure. other, which provides a new perspective for interpreting the
It should be noted that the x-ray diffusion experiment de-ittering properties observed in different relaxor systems.
scribed here has the invaluable advantage of yielding simulrhe corollary of this is that we dispense with the idea that
te_meou_sly information bc_)th_ abo_ut the average structvi®  (g|axor properties are the consequence of a universal nano-
diffraction) and local deviationgvia XRDS). This advantage  sirycture common to all systems. While there is commonality
allows us to address the frequent controversy concerning, the nanostructure through the presence of polar zones, the
whether the difference in critical phase transition pressuregyetails of the zones vary with those of the particular system
as measured by techniques with dlfferent characteristic P33 question. In NBT, for example, the crystallographic site
tial scales, such as Raman scattering and x-ray/neutron difyat js shared is thé site of the perovskite structure upon
fraction, for example, is intrinsic or not. Considering NBT, \yhich aliovalent iongdiffering by 2 of the same size are

the critical pressures determined from high-pressure powde{pstityted. By contrast, in PMN, the site-sharing is onBhe
diffraction® and high-pressure Raman measurentérdd site, with Mg and Nb both of different valenddy 3) and

not give the same information about the critical pressures fogitterent size. The average symmetry in PMN is cubic and

structural changes within the sample. As expected, the poW;onnojar whereas that in NBT is rhombohedral and polar,
der diffraction data gave correct evidence for a structuralyit the phase itself exhibiting ferroelectricity. All of these
phase transition from rhombohedral to monocliféc possi- igterences are expected to impact upon the details of the
bly orthorhombig symmetry at 1.6 to 2.0 GPa. However, the nanascale structure as revealed by the diffuse scattering.
pressure-evolution of Raman bands suggested a further trayh is also clear from this study is that high-pressure x-ray
sition around 4.5 GPa, which was not registered in the poWgittraction studies, particularly those in which Bragg peaks
der diffraction data. The present study now shows that NBTyq giffuse scattering are simultaneously collected, present a
undergoes in the pressure range up to 5 GPa two phase rgfisyerful means for elucidating the broad similarities and

sitions occurring at different pressures: first, the crystalloegajled differences between the nanostructures of different
graphic structural phase transition producing the change ifsjaxors. The technique is widely applicable to any nano-

long-range order from rhombohedral-to-monoclinic symme-ctyred oxide for which a single-crystal sample of size 10

try and second, a phase transition in the short-range ordeficrons or above is available.

associated With the_GP_Z’s. It is the use of the parameter Finally, a good knowledge of the local structure, as pro-
high-pressure, implying important volume changes and thugjged by this study, is an important building block for first-
major modifications of the energetic balance between longqincipie calculations of relaxor ferroelectrigand other

range and different short-range order, which allows an easigfanostructured oxidesin the past, the use of the parameter
(compared to temperatyreiscrimination of the characteris- nigh_pressure in first principle calculations was limited to

tic features in relaxors and, more generally, in nanoscaled|ssical ferroelectrics, for which it was shown to be very
oxides. instructive (e.g., Refs. 46, 47 We believe that calculations
of relaxors, as for instance presented in Refs. 11-13, com-
V. FINAL REMARKS _bin_ed vyith the parameter high—'pressure will lead to fur}her
insight into relaxor physics. This study, together with high-
It should be reiterated that the achievement of a detaileghressure Raman studies on NBT and PiRéfs. 14, 15and
knowledge of the average and local structure in a relaxowery recent high-pressure diffuse scattering investigations of
together with its correlated or decorrelated nature, is by n@®MN,*® provides the experimental basis for such investiga-
means straightforward. For instance, there is still an opetions.
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