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1. INTRODUCTION 

Up to now, the origin of specific dielectric proper�
ties of relaxor ferroelectrics is not clearly understood.
In this respect, investigation of the relationship
between the local and average structures of complex
perovskites is an important problem. That is why it is
important to compare the data obtained by local
methods of nuclear magnetic resonance (NMR) and
electron paramagnetic resonance with the data
obtained using diffraction techniques and diffuse scat�
tering. 

In this work, we have performed the NMR study of
a PbSc1/2Nb1/2O3 (PSN) ferroelectric crystal that
belongs to the group of substitutionally disordered
complex perovskites. 

There is a large number of works in which the
Pb(Sc1/2Nb1/2)O3 structure has been determined by
diffraction methods. In the discussion of the results
obtained from 45Sc NMR measurements, we will pre�
dominantly use the results of the most recent studies
by Malibert et al. [1] and Perrin et al. [2]. 

In the paraelectric phase, there are two modifica�
tions of PSN crystals. The elpasolite structure with the
double parameter along three cubic directions is
ordered over positions of alternating Sc and Nb ions in
one�dimensional chains along the edges of the cube
and its diagonals. The space group is Fm3m. It should

be noted that, even in the elpasolite structure, the
ordering of Sc–Nb cations has a coherence length of
approximately 200 Å. The cubic structure, which is
randomly disordered over the Sc/Nb positions and has
space group Pm3m, belongs to perovskites. Both mod�
ifications undergo phase transitions from the cubic
phase to the trigonal ferroelectric phase R3m. The
phase transition occurring in the PSN compound is
observed at approximately 350 K in the ordered mod�
ification and at approximately 375 K in the disordered
modification [3–5]. Frequently, in rather large single�
crystal samples, two modifications coexist in weight
ratios depending on the growth conditions of the crys�
tal [4]. 

The trigonal polar phase is formed as the result of a
weak first�order phase transition accompanied by a
very small jump in the lattice constants. A reduction of
the symmetry leads to displacements of the Pb ions
and Sc/Nb positions toward the same direction along
the threefold symmetry axis [111]p of the high�tem�
perature phase [1, 3, 5]. This direction becomes the
polar axis. 

For the PSN modification with the elpasolite struc�
ture, the permittivity ε' is rather low and no relaxation
in the peak of ε' is observed. The PSN modification
with the perovskite structure is characterized by a high
value of the permittivity ε' and a significant relaxation
in the peak of ε', which is typical of relaxors [4, 5]. 
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The displacements of the Sc and Nb ions during
the phase transition are very small (~0.16 Å), and the
R factor in the Rietveld analysis of PSN almost does
not depend on the direction of the displacement of
these ions, which results in the loss of some informa�
tion regarding the structure. 

As is known, the average structure of the crystal is
determined from an analysis of the Bragg peaks. Inves�
tigations of the displacement ellipsoids and diffuse
scattering have revealed deviations of the symmetry of
local regions from the average structure [1, 2]. Reso�
nance spectroscopy provides a somewhat different
information. The electric�field gradient tensor in
place of the localization of a resonant nucleus is deter�
mined by its nearest environment in a range of approx�
imately 20 Å [6]. The quadrupole constant is sensitive
to variations in the interatomic distances by a value of
~0.05 Å. For 45Sc nuclei (with spin I = 5/2), the elec�
tric�field gradient tensor is determined from the orien�
tation dependences of a relatively small shift in the
central component of the spectrum on the Larmor fre�
quency. A specific difficulty encountered in investigat�
ing the spectra of relaxors is that the observed NMR
line is a superposition of the central components in the
spectrum of the crystal with a fine multidomain struc�
ture. Moreover, relaxors are characterized by extended
regions of the coexistence of crystallographic phases
with different symmetries, which also increases the
number of components in poorly resolved spectra of
45Sc nuclei. In this case, it is impossible to perform a
reliable decomposition of the superposition into spec�
tral components. However, by using the hypothetical
symmetry of displacements of the scandium ions, it is
possible to calculate the orientation dependence of the
shape of the spectral distribution. The calculation is
carried out using not only to the shape of the spectra
but also the difference in types of orientation depen�
dences of the line shape for different symmetries of the
displacements. This significantly improves the reli�
ability of the determination of the variational parame�
ters. In our recent works, this technique has been
applied to investigate the local structure of the
Na1/2Bi1/2TiO3 (NBT) crystal [7, 8]. 

It should be noted that the PSN crystals have
already been studied by the NMR method; however,
the spectra have been interpreted using a rather arbi�
trary decomposition of the most allowed 45Sc spectra
into components [9]. 

2. SAMPLE PREPARATION 
AND EXPERIMENTAL TECHNIQUE 

We studied isometric PSN single crystals (4–6 mm
in size along the edge) prepared through the bulk crys�
tallization from a solution in the melt with the PbO–
B2O3 system used as a solvent [4]. 

The orientation dependences of the shape of the
superposition of the central components in the 45Sc

NMR spectra were measured on a Bruker AVANCE�
300 pulsed spectrometer at a Larmor frequency of
72.9 MHz. The rotation of the PSN single crystal in
the coordinate system of the cubic unit cell of the
high�temperature phase was performed around the
pseudocubic axis [110]p. It should be noted that, dur�
ing this rotation, the vector of the external magnetic
field turns to be consequently directed along the sym�
metry axes of the cubic unit cell C4 ([001]p), C3

([111]p), and C2 ([011]p). The spectra were obtained by
the Fourier transformation of the accumulated induc�
tion signal observed after a 90�degree pulse, or by the
solid echo method. The duration of a 90° pulse was
approximately equal to 2.5 μs. The orientation depen�
dences were measured at twenty fixed temperatures in
the range from 140 to 549 K. At temperatures of 200,
295, and 420 K, the orientation dependences were
measured in steps of 5°–10°. At other temperatures,
the spectra were measured in the orientations where
the magnetic field vector was directed along the sym�
metry axes [001]p, [111]p, and [011]p. 

3. DESCRIPTION OF THE MODELS 

The method used in our work for analyzing the
NMR spectra is based on relationship (1) for the sec�
ond�order quadrupole shift of the central component
in the NMR spectrum of the nucleus with spin I and
quadrupole moment Q [6]: 

(1)

where νL is the Larmor frequency, θ is the angle
between the principal axis z of the axially symmetric
electric�field gradient tensor and the direction of the
external magnetic field H0, Vzz is the principal value of
the electric�field gradient tensor, e is the elementary
charge, and h is the Planck constant. 

The use of relationship (1) for the axially symmet�
ric electric�field gradient tensor imposes some restric�
tions on the displacements analyzed in our models.
These can be displacements of the scandium ion along
the symmetry elements of the cubic unit cell. It should
be noted that the displacements of the B�type ions,
which are observed during the phase transitions in
complex perovskites, correspond to this restriction. 

In the simulation of the orientation dependence of
the spectral shape, we specify the direction of the dis�
placement of the scandium ions from the position in
the cubic structure and, thus, determine the direction
of the principal axis of the electric�field gradient ten�
sor, which corresponds to the principal value of the
tensor Vzz. The quadrupole coupling constant q =
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eQVzz/h is the variational parameter. In the simulation
of the spectrum, all equally probable directions of the
chosen displacement from the position of the studied
nucleus in the cubic phase are taken into account.
Certainly, the electric�field gradient tensor is identical
for structurally equivalent nuclei in the crystal; how�
ever, the angle θ involved in relationship (1) has differ�
ent values for the nuclei belonging to different
domains. Such “magnetically inequivalent” scandium
positions lead to the fact that, in the NMR spectrum,
there appears a group of lines corresponding to the
structurally equivalent nuclei. This complicates the
observed spectrum; however, to any chosen symmetry
of the displacement, there corresponds an inherent
orientation dependence of the shift of the central
component. The superposition of the orientation
dependences of the frequencies of the lines in the
spectrum of the multidomain crystal is also deter�
mined by the symmetry of the displacement. 

It is these factors that make it possible to develop a
computer program for determining quadrupole cou�
pling constants and their temperature dependences
from the superposition of the broadened central com�
ponents of the spectra. For comparison with the actual
experimental spectra, in this program it is necessary to
introduce the corresponding values of the broadening
of individual spectral components. The broadening of
the lines is caused both by the existence of a chemical
disorder and by magnetic dipole–dipole interactions. 

In an ordered structure with long�range order, the
homogeneous Gaussian broadening of the lines is a
good enough approximation. The replacement of the
Sc/Nb positions leads to a random spread in the elec�
tric�field gradients in places of the localization of the
Sc nuclei. Since the dependence of the second�order
quadrupole shift on the principal value of the electric�
field gradient tensor Vzz is nonlinear, the broadening of
the line due to the spread in the electric�field gradients
is inhomogeneous. 

We have used the function describing the inhomo�
geneous broadening of the spectrum due to a random
spread in the electric�field gradients, which was pro�
posed in the work by Laguta et al. [10]: 

(2)

where Δ is the width of the Gaussian distribution with
respect to the average value of the electric�field gradi�

ent tensor , α is the parameter determined in rela�

tionship (1), and  is the frequency corresponding to

the average value . 

The shape of the individual component of the spec�
trum is a result of the convolution of the homoge�
neously broadened line and the function P(ν); that is, 
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where δ is the inhomogeneous broadening parameter. 

The deviation of the experimental profile of the
spectrum from the calculated curve was minimized
using the least�squares method. The degree of coinci�
dence of the line profiles was estimated by the R factor
with variations over a set of ten spectra constituting the
orientation dependence. The program includes a ver�
sion of the coexistence of different displacements and
makes it possible to evaluate the relative fractions of
the corresponding structures. 

4. EXPERIMENTAL RESULTS
AND DISCUSSION 

Figure 1 shows the 45Sc NMR spectra measured in
the paraelectric phase at a temperature of 505 K for
three orientations of the PSN crystal in a magnetic
field. The spectrum represents a superposition of a
narrow intense line and a broad component. The same
shape of the 45Sc NMR spectrum was observed in the
paraelectric phase of the PSN single crystals of
another origin [9]. As can be seen from this figure, the
position of the narrow intense line in the spectrum
does not depend on the orientation of the crystal in a
magnetic field. The maximum in the intensity of this
narrow line is located at the Larmor frequency νL

accurate to within a small magnitude of the chemical
shift. The zero (to within the accuracy of the measure�
ment) value of the shift in the quadrupole frequency
for the narrow component of the spectrum indicates
that it is attributed to regions of the structure with the
cubic symmetry. The small width of this line is associ�
ated with the fact that it corresponds to a long�range
order structure, i.e., the elpasolite structure. The
inhomogeneous broadening parameter δ was deter�
mined from the orientation dependence of the second
moment of the 45Sc NMR line, which was calculated
from the known coordinates of the atoms in the PSN
structure [1]. The magnetic dipole–dipole interac�
tions with neighboring nuclei were taken into account
in the sphere with a radius of 50 Å within the rigid lat�
tice approximation. Since the spectra were calculated
in a very wide temperature range, the inhomogeneous
broadening parameter δ in the calculation had a small
variable correction. 

The broad component of the spectrum, whose
shape and position depend on the orientation of the
crystal in a magnetic field, indicates the presence of
regions with a structure lower that cubic even in a deep
paraelectric phase. Since the Burns temperature in
PSN is approximately equal to 630 K, the presence of
such regions in the crystal can be expected, for exam�
ple, from data on diffuse scattering [1, 11]. Our pur�
pose was to determine the structure (or structures)
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responsible for the broad spectral component in the
paraelectric phase. We used different structural models
and a program for computer simulation of the spectra. 

In the simplest model (hereinafter, it will be
referred to as model 1), for the 45Sc displacements cor�
responding to the broad line of the spectrum, we tested
directions of the types [111]p (Fig. 1a) and [100]p

(Fig. 1b). 

All lines of the spectra shown in Figs. 1a and 1b
were approximated by the Gaussian broadening. The
experimental spectrum is in rather close agreement
with the calculated spectrum presented in Fig. 1b. In
the second approximation, for the 45Sc displacements
along directions of the [100]p type, we introduced a
random distribution of the quadrupole coupling con�
stants with the use of relationship (2). This led to a very
good coincidence between the experimental and cal�
culated spectra (Fig. 1c). Thus, according to the per�
formed analysis, the broad 45Sc NMR line in the spec�
trum of the paraelectric phase corresponds to posi�
tion�disordered regions with a tetragonal distortion of
the cubic structure. The shape of the 45Sc NMR spec�
trum, which is shown in Fig. 1c, is retained over the
entire region of the existence of the paraelectric phase
under investigation. An increase in the temperature
leads only to a gradual narrowing of the components of
the NMR spectrum. 

Below the temperature of the phase transition to
the polar phase, the line of the cubic elpasolite struc�
ture has already ceased to be a singlet. The minimum
of the R factor is achieved for the displacement of the
scandium ion along four equivalent directions of the
[111]p type (Fig. 2). For the magnetic field directed
along [110]p, there are two lines of elpasolite with the
double intensity. 

Figures 3 shows the temperature dependences of
the quadrupole coupling constants qtetr and qtrig, which
were obtained from analyzing the profile of the super�
position of the central components in the 45Sc spectra.
It should be noted that the very small quantity qtrig ≠ 0,
which is shown in Fig. 3 in the region of the paraelec�
tric phase, is a necessary “seed” value for the operation

(a)

(b)

T = 505 K

H0 || [110]

H0 || [111]

H0 || [100]

H0 || [110]

H0 || [111]

H0 || [100]

(c)

H0 || [110]

H0 || [111]

H0 || [100]

3020100−10−20−30
Frequency, kHz

Fig. 1. 45Sc NMR spectra measured in the paraelectric
phase at a temperature of 505 K for three orientations of
the PSN crystal in a magnetic field. The solid and dotted
lines represent the experimental and calculated spectra,
respectively. In the model, the displacement of scandium
ions is specified as follows: (a) along the directions of the
[111]p type and (b, c) along the directions of the [001]p
type. (a, b) Homogeneous Gaussian broadening of the
components and (c) inhomogeneous broadening added at
the expense of the spread in the parameters of the electric�
field gradient tensor. 

3020100−10−20−30
Frequency, kHz

H0 || [110]

PSN 45Sc NMR
T = 325 K

Fig. 2. 45Sc NMR spectra measured in the ferroelectric
phase (325 K). The dot�dashed line shows the 45Sc NMR
spectrum of trigonal domains in the elpasolite structure,
and the dotted line represents the contribution to the line
shape from the tetragonal perovskite structure disordered
over the Sc/Nb positions. The dashed line indicates the
calculated total spectrum. 
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of the variational program. The corresponding fre�
quency shift of the lines in the spectrum is less than the
experimental accuracy of its determination. The non�
linear temperature dependence of the quadrupole
coupling constant qtrig at temperatures below 350 K in
model 1 reflects the phase transition to the ferroelec�
tric phase in the ordered PSN modification with the
elpasolite structure. The quadrupole coupling con�
stants qtetr presented in Fig. 3 corresponds to a suffi�
ciently strong tetragonal distortion of the cubic PSN
structure in disordered regions. However, the value of
this constant in the phase transition region changes
only insignificantly. 

The model considered above completely describes
the spectrum of the paraelectric phase, but the phase
transition in it is clearly pronounced only in regions of
the crystal with the ordered structure. The obtained
result can be explained by the fact that model 1, which
is adequate for the paraelectric phase, is too simple to
describe the polar state. 

In the polar phase, we analyzed the set of displace�
ments and, accordingly, the group of lines in the spec�
trum of the PSN structure ordered over the Sc/Nb
positions, as well as the group of displacements and
spectral lines that makes it possible to simulate the sit�
uation observed in disordered regions of the crystal
(hereinafter, it will be referred to as model 2). In the
disordered PSN modification, this model allows for
the coexistence of displacements scandium ions along
the directions [111]p and [100]p. Above the tempera�
ture of the phase transition to the polar phase, the
presence of the trigonal phase in the compound is
determined by a fraction of ~0.25 (Fig. 4). At temper�
atures below 375 K, the content of this phase begins to
increase at the expense of the disordered tetragonal
phase and reaches a value of ~0.4 at a temperature of
275 K. The fraction of the tetragonal structure at
275 K decreases to the level of accuracy in the deter�
mination of the weight contributions in model 2. At
lower temperatures, the spectrum of disordered
regions in PSN loses a well�defined structure and the

relative contributions of the tetragonal and trigonal
phases are determined with a low accuracy. The frac�
tion of the ordered elpasolite structure in the paraelec�
tric phase is equal to ~0.43. 

Figure 5 shows the temperature dependences of the
quadrupole coupling constants. In this figure, white
triangles indicate values of the quadrupole coupling
constant qelp, which corresponds to the elpasolite
structure. At a temperature of ~350 K, this constant
nonlinearly increases from the “seed” value in the
paraelectric phase. The temperature dependence of
the quadrupole coupling constant qelp is close to that
obtained in model 1. Black triangles indicate values of
the quadrupole coupling constant qtrig for disordered
regions of the crystal with displacements of scandium
ions along directions of the [111] type. The value of
this constant at high temperatures is significantly
greater than the “seed” value for the elpasolite struc�
ture. Because of the large spread in the values of qtrig, it
is difficult to exactly determine the temperature at
which the quadrupole coupling constant begins to
slowly increase. Nonetheless, in Fig. 4, we can see a
well�defined range of temperatures at which the con�
tent of the disordered trigonal phase in this model
begins to increase. This temperature, which is equal to
375 K, corresponds to the phase transition to the polar
phase in the disordered PSN modification. The tem�
perature dependence of the quadrupole coupling con�
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Fig. 3. Temperature dependences of the quadrupole cou�
pling constants qtetr (squares) and qtrig (triangles) in
model 1. 
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stant qtetr for disordered regions with the tetragonal
structure also exhibits a phase transition at 375 K. 

Thus, according to model 2, in the paraelectric
phase, apart from the regions ordered over the Sc/Nb
positions of the cubic elpasolite structure, there also
exist regions of the disordered structure with trigonal
and tetragonal distortions. The relative content of
these structures at different temperatures is presented
in Fig. 4. The trigonal disordered phase at tempera�
tures below 375 K gradually replaces the disordered
tetragonal phase. By this means, model 2 describes the
diffuse phase transition occurring in the PSN crystal
disordered over the Sc/Nb positions. The disadvan�
tage of model 2 is a rather large spread in the model
parameters with variations in the temperature. Upon
minimization of the R factor, there appear local min�
ima with somewhat different combinations of the
parameters. Nonetheless, in this model, it is clearly
seen that, in the disordered PSN modification, there
occurs a diffuse phase transition from the tetragonal
phase to the trigonal phase. 

Model 2 most completely describes the changes
occurring in the PSN structure in the temperature
range under investigation. The changes observed in the
elpasolite structure are in agreement with the diffrac�
tion data [1, 2] over a wide range of temperatures.
However, the broad line in the 45Sc NMR spectrum of
the PSN structure disordered over the entire region of
the existence of the paraelectric phase is adequately
described by the displacements of the scandium ions
along directions of the [100]p type, rather than along
those of the [111]p, as follows from data on the struc�
ture determination using the Rietveld method [1, 2]. 

In the disordered PSN modification, according to
the neutron diffraction data, the average cubic struc�
ture exists before the phase transition to the polar
phase at a temperature of 375 K [1, 2]. However, at
temperatures below 630 K, the local structure differs
significantly from the average structure, which has
been revealed from the increase in diffuse scattering
around some of the Bragg peaks with decreasing tem�
perature [1, 2]. The results presented by Malibert et al.
[1] and Perrin et al. [2] are in agreement with the data
obtained by Takesue et al. [11], who reported on the
enhancement of ferroelectric fluctuations, according
to the observations of diffuse scattering around three
hundreds reflections with decreasing temperature in
the paraelectric phase down to the phase transition
temperature. Unfortunately, because of the weak
intensity of diffuse scattering in PSN, one could not
determine the magnitude and direction of the dis�
placement of the Pb atoms from the positions in the
cubic structure. In the previously studied crystal
PbMg1/3Nb2/3O3 (PMN), the observed increase in dif�
fuse scattering at temperatures above the phase transi�
tion to the polar phase was interpreted as a result of the
nucleation and growth of clusters that are precursors
of the rhombohedral polar phase in the cubic phase.

This interpretation of the behavior of diffuse scattering
with approaching the temperature of the ferroelectric
phase transition was used in [1, 2] for explaining a sim�
ilar phenomenon observed in the PSN structure. 

The growth of clusters, which are precursors of the
phase transition to the ferroelectric phase, should be
accompanied by a noticeable increase in the intensity
of the 45Sc NMR lines, which correspond to displace�
ments of the scandium ions along directions of the
[111]p type. As a consequence, the PSN structure
should exhibit a pronounced temperature dependence
of the shape of the broad component of the spectrum
over a very wide temperature range, from approxi�
mately 635 K to the phase transition temperature of
~350 K. Experimentally, we have observed only a
broadening of the lines forming a superposition. From
this point of view, it is of interest to compare our data
with the results of the investigation of the
Pb(Sc1/2Ta1/2)O3 (PST) compound with similar struc�
ture and properties [12]. The diffraction data in that
work were obtained using synchrotron and pulsed neu�
tron radiation. The average crystallographic structure
was determined by the Rietveld method. At tempera�
tures below the ferroelectric phase transition, the PST
crystal undergoes a trigonal distortion, which corre�
sponds to the displacements of Pb atoms along the
[111] direction, i.e., the easy polarization axis for the
perovskite structure. The local structure was investi�
gated using the pair�density function (PDF) method,
which has made it possible to determine the distribu�
tion of atomic density as a function of the interatomic
distances in periodic structures, glasses, and liquids.
This method has also been employed for determining

440400360320280
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Fig. 5. Temperature dependences of the quadrupole cou�
pling constants in model 2. 
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local deviations of the structure from the average
structure by comparing the pair�density function cal�
culated for the long�range order structure with the
pair�density function obtained from diffraction data
[13]. Experimentally, the pair�density function can be
obtained by the Fourier transformation of diffraction
data, including Bragg diffraction peaks and diffuse
scattering. 

The analysis performed by Dmowski et al. [12] has
demonstrated that, locally, in the region of the struc�
ture expanding during the simulation from the radius
of ~8 Å to eight unit cells, the displacements of lead
atoms occur along directions of the [100]p type. Such
a large difference between the local and average struc�
tures should lead to the formation of a complex frus�
trated structure. Dmowski et al. [12] considered a
hypothetical structure where the direction of a local
displacement of the lead atoms changes at large dis�
tances from point to point between three equivalent
directions of the [111]p type, thus resulting in the for�
mation of an average cubic structure. It should be
noted that a similar situation is encountered not only
in complex perovskites containing lead but also in sim�
ple perovskites, for example, PbTiO3 [14] and PbZrO3

[15], which do not exhibit properties of relaxors. 

The X�ray diffraction patterns of PSN and PST do
not contain any indications of the existence of tetrag�
onal distortions. However, it is known that, if the cor�
relation length of the displacements is small (a few unit
cells), the Rietveld method includes these displace�
ment in the thermal factor. For the cubic phase of the
PSN crystal, the determination of the structure in the
temperature range 375–653 K gave anomalously large
thermal B factors for lead (Biso = 4.5 Å2), sufficiently
large B factors for oxygen, and normal B factors for
Sc/Nb. 

From the analysis of the diffuse scattering lines in
the paraelectric phase, Malibert et al. [1] and Perrin
et al. [2] drew the conclusion that, in the cubic struc�
ture of PSN, there exist small regions with displace�

ments of Pb atoms in the ( ) planes that are orthog�
onal to the [111]p direction. For the disordered PSN
modification, the displacement approximately equal
to 0.25 Å along the directions [100], [110], and [111]
leads to the normal value of the B factor approximately
equal to 2.1 Å2 [1]. 

At low temperatures, the position of the Pb atom
along the polar axis is fairly well determined, but there
remains a positional disorder in the plane orthogonal
to this axis. At a temperature of 100 K, in addition to
the Bragg peaks 010, 110, and 200, photographs show
the diffuse scattering lines parallel to the directions

[ ] and [110]. This diffuse scattering suggests the
existence of static or dynamic correlated displace�

ments in the ( ) planes. A clear minimum of the R
factor is obtained for the displacement along the [110]

110

110

110

direction. When the displacements of the Pb atom in
the plane orthogonal to the threefold axis are taken
into account, the thermal B factor decreases from
1.76 Å2 to the normal value of 0.66 Å2. The existence
of a positional disorder of lead ions is also indicated by
a disk�shaped displacement ellipsoid elongated along
the directions orthogonal to the C3 axis [1, 2]. The
width of the reflections corresponds to the correlation
length of the order of several lattice parameters. The
intensity of the superstructure reflections is very low,
so that they have detected neither by neutron diffrac�
tion nor by X�ray diffraction. The results obtained
from the electron diffraction investigations for the
polar phase PbZrxTi1 – xO3 (PZT) were used to propose
a multidomain model with the correlated displace�
ments along the [100]p direction, which are overlapped
with the displacements along the [111]p direction [16].
It is interesting to note that the aforementioned disk�
shaped ellipsoid of the displacements of Pb atoms
observed in PSN can be obtained by the spatial averag�
ing over the three displacements of lead atoms in the
[100]p directions. The weak superstructure reflections
(1/2 3/2 0) and (5/2 3/2 0) observed in PSN are also
consistent with this model. 

5. CONCLUSIONS 

Corker et al. [16] noted that, because of the low
penetrability of the radiation, the surface layer of the
sample has been investigated using the electron dif�
fraction method. In the NMR method, information
comes from local regions of the crystal, irrespective of
their location in the sample. In the diffraction data
cited in this paper, the R factor in the Rietveld analysis
is almost completely independent of the direction and
magnitude of the displacements of scandium ions in
the PSN structure. Our data have revealed local dis�
placements of the scandium atoms from positions in
the cubic structure of the paraelectric phase along the
same directions of the [100]p type as those observed for
the Pb atoms according to the data reported by
Dmowski et al. [12]. 

It should be noted that the fraction of crystal
regions with such displacements, according to our
data, is large enough (see Fig. 4) to speak about the
existence of the tetragonal phase of disordered PSN at
temperatures above 375 K. Possibly, the temperature
of 630 K, which is considered in the literature as the
Burns temperature, is actually the temperature of the
phase transition from the cubic phase to the tetragonal
disordered modification. Unfortunately, this tempera�
ture is not achievable in our spectrometer. As we noted
earlier, in disordered PSN at temperatures above
375 K, there also exist regions of the trigonal phase. In
the temperature range where a strong dielectric relax�
ation is observed, the disordered modification of PSN
has a heterophase structure, like other relaxors, for
example, NBT [8]. 
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In the studied crystals, regions of the tetragonal
phase with a small correlation length of displacements
of the Pb and Sc atoms are randomly distributed in the
cubic matrix of elpasolite. As the temperature Tc is
approached, the fraction of the trigonal structure in
disordered regions of the crystal increases. At temper�
atures below ~320 K, the tetragonal structure is com�
pletely replaced by the trigonal polar phase (Fig. 4). 

Note that the observation of the tetragonal phase
eliminates the problem of the large difference between
the local and average structures of PSN. 
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