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Intermediate monoclinic phase and elastic matching in perovskite-type solid solutions
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This paper is devoted to the study of elastic matching of phases coexisting in systems of perovskite-type
solid solutions close to morphotropic phase boundaries. Determined are different interfaces that separate
single-domain or polydomain phases in (12x)PbZn1/3Nb2/3O32xPbTiO3 single crystals and PbZr12xTixO3

ceramic grains. These interfaces are parallel to so-called zero net strain planes. Some results of recent experi-
mental studies of the crystal structure and electromechanical properties are analyzed in connection with the
revealed simplification of the domain structure in the intermediate monoclinic phase of (1
2x)PbZn1/3Nb2/3O32xPbTiO3 single crystals. The important role of the monoclinic phase in relieving stress at
the phase coexistence in both the systems is considered. Links between optimal domain volume concentrations
derived from unit-cell parameters’ behavior are discussed on the basis of concepts of the polarization rotation
path proposed by Fu and Cohen@Nature~London! 403, 281 ~2000!#.
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I. INTRODUCTION

In the last decade, heterogeneous ferroelectrics and
lated materials attracted attention due to the presence o
termediate phases. These phases appear, for examp
single crystals of PbZrO3 ~ferroelectric 3m phase over a nar
row temperature range!,1,2 KCN ~ferroelastic 2/m phase in-
duced by hydrostatic pressure or thermal cycling!,3

Cr3B7O13Cl ~unique intermediate antiferroelectric 42̄m
phase in boracite-type single crystals and ‘‘seagull’’ sha
domains of the ferroelectricmm2 phase induced epheme

ally at 4̄3m-4̄2m interfaces!,4–6 etc. Of particular interes
are perovskite-type piezoelectric PbZr12xTixO3 ~PZT! ce-
ramics and relaxor-based (12x)PbZn1/3Nb2/3O32xPbTiO3

~PZN-PT!, and (12x)PbMg1/3Nb2/3O32xPbTiO3 single
crystals. The three last systems of solid solutions are in
sively studied not only because of their remarkable ferroe
tric and piezoelectric properties~see, e.g., Refs. 7–11!, but
also as materials in which intermediate monoclinic pha
have been recently discovered.12–15Close to the well-known
morphotropic phase boundary,7 the monoclinic phase can co
exist with either the rhombohedralR3m phase or the tetrag
onal P4mm one over certain ranges of temperatureT, molar
concentrationx ~that occurs in PZT ceramic grains14!, or
electric field E ~as follows from results15–17 of structural
studies of PZN-PT single crystals!. The electric fieldE ap-
plied to crystal samples of the above-mentioned perovsk
type solid solutions influences their behavior and crysta
graphic features. For example, a ferroelect
incommensurate phase18 is observed at cooling the
PbZr0.95Ti0.05O3 samples from the paraelectricPm3m phase
under the fieldE. The ferroelectric monoclinicCm phase19

appears in 0.65 PbMg1/3Nb2/3O320.35 PbTiO3 single crys-
tals previously poled under the fieldE applied along a per-
ovskite unit-cell axis@001#.

Our recent analysis of elastic matching and features
relieving stress in PZT solid solutions reveals a link20 be-
tween phase boundaries in thex,T diagram, proposed by No
hedaet al.,14 and interfaces, which separate the coexist
0163-1829/2002/65~9!/094207~6!/$20.00 65 0942
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phases. Different variants of the elastic matching of t
polydomain or twinned phases were considered by us
concepts6,21,22of the zero net strain plane~ZNSP!. The inter-
faces lying along the ZNSP’s obey conditions for comple
stress relieving and the vanishing of an excessive elastic
ergy associated with the interaction of the coexisting pha
As for the PZT system, a line of the ZNSP’s at the coexi
ence of the above-mentionedP4mm phase and the interme
diate Cm one is practically parallel20 to the P4mm-Cm
boundary in thex,T diagram from Ref. 14. Such a novel an
original example of the elastic matching as well as rec
experimental data15–17,19prompt us to describe some effec
at the phase coexistence in PZN-PT single crystals where
intermediate monoclinicPmphase is observed under the a
plied electric fieldE at room temperature. In this connectio
the present paper is aimed at the study of the peculiaritie
the elastic matching of the above-mentioned phases in
vicinity of the morphotropic phase boundary in PZN-P
single crystals (x'0.08) and at the generalization of resu
on elastic matching in perovskite-type solid solutions.

II. POLYDOMAIN PHASES AND THEIR ELASTIC
MATCHING

A. Distortion matrices and zero net strain planes

In order to analyze elastic effects at the phase coexiste
let us consider a stress-free PZN-PT single crystal unde
ing a structural phase transition over some ranges ofx and/or
E. Orientations of individual ferroelectric domains as com
ponents of mechanical twins in each phase are given by u
cell vectors (a ,b ,c) in a rectangular coordinate syste
(X1X2X3), and axes of this system are assumed to be pa
lel to the perovskite unit-cell vectors in the paraelectric cu
Pm3m phase. These domains are separated by stress
planar walls whose orientations are determined in acc
dance with results of works by Fousek and Janovec.23 Four
types of 71°~109°! domains of the rhombohedral phase a
characterized by unit-cell vectors (ari , bri , cri ) and volume
concentrationsnri , where i 51, 2, 3, and 4. The vector
(ari , bri , cri ) are arranged by taking into account unit-ce
©2002 The American Physical Society07-1
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shear angles24,14 approximately along the following
directions:25 ~@100#, @010#, @001#! ( i 51), ~@ 1̄00#, @010#,

@001̄#! ( i 52), ~@01̄0#, @ 1̄00#, @001̄#! ( i 53), and~@010#,

@ 1̄00#, @001#! ( i 54). The volume concentrations of thes
domain types are described by two parameters,1 0<ur<1
and 0<gr<1, in accordance with formulasnr15(12ur)(1
2gr), nr25(12ur)gr , nr35ur(12gr), andnr45urgr . In
the tetragonal phase one can distinguish two types of
domains with unit-cell vectors (atj , btj , ctj ) lying along
~@100#, @010#, @001#! ~j 51, volume concentration 0<nt<1!
and ~@010#, @001#, @100#! ~j 52, volume concentration 1
e

rs

se

09420
0°

2nt!. The monoclinic phase induced by the electric fie
EiOX3i@001# is divided into four types of domains15 with
unit-cell vectors (amk , bmk , cmk), wherecmki@001# and k
51, 2, 3, and 4~Fig. 1!. Volume concentrations of thes
domain types in the monoclinic phase are expressed1 in
terms of two parameters, 0< f m<1 and 0<vm<1, as fol-
lows: nm15 f mvm , nm25(12 f m)vm , nm35 f m(12vm),
andnm45(12 f m)(12vm). According to definitions for dis-
tortions of the single-domain and polydomain regions,21,22

distortion matrices of the rhombohedral, tetragonal, a
monoclinic phases are written as
iNri5S ma m~2gr21! m~2ur21!~2gr21!

m~2gr21! ma m~2ur21!

m~2ur21!~2gr21! m~2ur21! ma

D , ~1!

iNti5ntS «a 0 0

0 «a 0

0 0 «c

D1~12nt!Scosw t 0 2sinw t

0 1 0

sinw t 0 cosw t

D S «a 0 0

0 «a 0

0 0 «a

D , ~2!

and

iNmi5vmS ha 0 h~2 f m21!

0 hb 0

0 0 hc

D 1~12vm!S coswab 2sinwab 0

sinwab coswab 0

0 0 1
D S hb 0 0

0 ha h~2 f m21!

0 0 hc

D , ~3!
s
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respectively. The unit-cell distortions from Eqs.~1!–~3! are
expressed in terms of the unit-cell parametersar ,v r of the
rhombohedral phase,at ,ct of the tetragonal phase,am , bm ,
cm , and vm of the monoclinic phase, anda0 of the cubic
phase as follows:ma5ar cosvr /a0, m5ar sinvr /a0, «a
5at /a0 , «c5ct /a0 , ha5am cosvm/a0. hb5bm /a0 , hc
5cm /a0 , and h5am sinvm/a0. The angles w t
5arccos@2«a«c /(«a

21«c
2)# and wab5arccos@2hahb /(ha

2

1hb
2)# from Eqs.~2! and~3! are introduced in order to tak

into consideration a rotation of crystallographic axes6,20,21of
adjacent domains in the tetragonal phase or domain pai
the monoclinic phase because«aÞ«c or haÞhb , respec-
tively.

The elastic matching of the coexisting polydomain pha
along ZNSP’s obeys conditions21,22

detiDi50 ~4!

and

Dpq825Dpq
2 2DppDqq>0 ~pÞq!. ~5!

Matrix elements used in formulas~4! and ~5! are written in
the general form as

Dpq5 (
w51

3

~Npw
~2!Nqw

~2!2Npw
~1!Nqw

~1!!, ~6!
in

s

whereNpw
(1) andNpw

(2) are elements of the distortion matrice
from Eqs.~1!–~3!. Orientations of the interfaces separatin
the phases are described by normal vect
n1(h1k1l1)'n2(h2k2l2), where the Miller indices represen
ratios

h1,25D11/D1,2, k1,25~D126D128 !/D1,2,

l1,25~D136D138 !/D1,2. ~7!

The ratios given by formulas~7! depend on the matrix ele
ments from Eq.~6! as well as on their combinations, such
Dpq8 from formula ~5! and D1,25@D11

2 1(D126D128 )2

1(D136D138 )2#1/2. If at least one of the conditions~4! and
~5! is not satisfied, the interfaces become strained and m
be approximated by second-degree surfaces1,22 in a series of
cases.

B. Results of calculations

Some interesting features of the elastic matching of
ferroelectric phases along the ZNSP’s in PZN-PT sin
crystals are listed in Table I and below. Our calculations w
made by using the room-temperature unit-cell data from
pers by Nohedaet al.15 ~rhombohedral and monoclinic
phases,x50.08! and by Kuwata, Uchino, and Nomura24 ~te-
tragonal phase,x'0.09!.27 Calculated field dependencies o
7-2
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the optimal domain volume concentrations are character
by slight sensitivity to changes in the above-mentioned c
centration parametersur and gr in the rhombohedral phas
and f m in the monoclinic one. Any variations of these para
eters over a range@0, 1# lead to changes in the calculate
values ofvm,opt, vm,opt8 nt,opt, andnt,opt8 up to 1% only. This
circumstance is caused by a negligible influence of the sh
unit-cell distortions of several domains on the elastic mat
ing of the polydomain phases. Such influence is expresse
fairly small off-diagonal elements depending onur , gr , or
f m and making the distortion matrices~1! and ~3! whose
elements are finally compared in accordance with formu
~4!–~6!.

Table I contains two sets of values of the volume conc
trations that range from 0 to 1. Their values were fou
without taking into account energy of the electrosta
interaction ‘‘domain field.’’ However, this interaction
becomes very important in the tetragonal phase split
90° domains with spontaneous polarization vectorsPs1iOX3
and Ps2iOX1 . It implies that increasing the magnitude
the electric field E at the phase transition monoclin
→tetragonal gives rise to a wide propagation of the doma
with Ps1iOX3 , and such behavior corresponds to the cal
lated nt,opt(E) dependence only. Contrary tont,opt(E), the
nt,opt8 (E) dependence is to be omitted becausent,opt8 →0 as
the magnitude of the electric fieldE increases.

III. ROLE OF THE INTERMEDIATE MONOCLINIC
PHASE IN HETEROPHASE STATES

A. PZN-PT single crystals under the electric field Ei†001‡

The results of our calculations of the optimal domain v
ume concentrations at the coexistence of the rhombohe
and monoclinic phases shed light on peculiarities15–17,28of
behavior of PZN-PT single crystals in the vicinity ofE
5E0515 kV/cm. As shown in Table I, optimal value
vm,opt'1 andvm,opt8 '0 correspond to a simplification of th
domain structure in the monoclinic phase. Apparently, aE
>15 kV/cm crystal samples contain either domain pa

FIG. 1. Schematic arrangement of domains of the monocl
phase induced by the electric fieldEi@001# in (1
2x)PbZn1/3Nb2/3O32xPbTiO3 single crystals. The directions of th
unit-cell vectors amk and cmk are marked by arrows.f m

5uOKu/uOLu and vm5uLSu/uLVu are parameters determining th
volume concentrations of the domain pairs~1,3! and ~1,2!, respec-
tively. The~010! domain wall is shown as a shaded plane separa
the domain pairs~1,2! and ~3,4!.
09420
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~1,2! or ~3,4! ~see Fig. 1!, and no displacements of~010!
domain walls separating these pairs are expected. Due to
simplification of the domain structure the unit-cell vecto
bmk are arranged to be parallel to either theOX1 (k53,4) or
the OX2 (k51,2) axis all over the crystal sample. Th
above-mentioned domain-wall displacements atE,E0 are
accompanied by strainsjpq

i induced because of an inequali
of unit-cell parametersamÞbm . Estimations based on for
mulas from Ref. 29, where the displacements of 90° dom
walls in grains of ceramic BaTiO3 were studied, result in
induced strainsujpq

i u<(am2bm)/bm . Taking into account
experimental dependencies15 am(E) and bm(E) we finally
haveujpq

i (E0)u<0.6% that is comparable with the piezoele
tric strainj33'0.5% measured17 on PZN-PT single crystals
with x50.08.

In our opinion, specific jumps28 in the piezoelectric coef-
ficient d31(E) and elastic compliances11

E (E) at E'E0 are
also caused by the simplification of the domain structure
the monoclinic phase. The relative changes in the value
these constants are several times less than at the fi
induced phase transition which was observed28 at E
'(20̄ 25) kV/cm. At the same time, no jump in the diele
tric permittivity «33

s (E) was experimentally registered atE
'E0 , and it may be explained in terms of the unit-cell ve
tors. The above-mentioned simplification does not affect
arrangement of the unit-cell vectorscmk : in all the domains
of the monoclinic phase it remainscmkiEi @001#. The spon-
taneous polarization vectorPsk of the domain of thekth type
rotates9 from the@101# to @001# unit-cell direction so that an
angle betweenPsk andE remains constant fork51, 2, 3, and
4 andE5const. As a consequence, the dielectric respons
each domain will be equal along theOX3 axis atE'E0 .

It should be pointed out that appreciable changes in
strain-field loopj33(E) ~Ref. 17! and the unit-cell paramete
cm(E) ~Ref. 15! are also observed in a vicinity ofE5E0 . At
E>E0 and increasing the magnitude of the field, thej33(E)
dependence is characterized by a considerable decrea
the slope that leads to a nonmonotonic field dependenc
the piezoelectric coefficientd33(E)5dj33(E)/dE.30 The co-
existence of the rhombohedral and monoclinic phases
PZN-PT single crystals is to be considered together with
jump in cm(E) ~Ref. 15! because of drastic changes in th
matrix elementNm,33 from Eq. ~3!. This matrix element in-
fluences a set of elementsDpq from Eq. ~6! and, therefore,
leads to a redistribution of the stress field in the crys
sample. It is believed that such behavior of the unit-cell d
tortions and internal stress fields is consistent with results
Viehland31 on the jump in the unit-cell parametercm .

The coexistence of the monoclinic and tetragonal pha
at E50 was earlier postulated by Durbinet al.16 According
to our current evaluations forE>0 ~see Table I!, the ZNSP’s
are realized in both cases, i.e., when the new tetragona
monoclinic phase appears. The ZNSP’s corresponding to
phase transition tetragonal→monoclinic at E'20 kV/cm
can take place if the optimal values of the parameters of
domain volume concentration in the monoclinic phase ob
a condition

c

g

7-3
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TABLE I. Elastic matching of phases in (12x)PbZn1/3Nb2/3O32xPbTiO3 and PbZr12xTixO3 solid solutions. The electric-field vectorE
is parallel to the perovskite unit-cell direction@001#.

(12x)PbZn1/3Nb2/3O32xPbTiO3 PbZr12xTixO3 , Ref. 20

Coexi-
sting
phases x

E
~kV/cm!

Optimal
domain volume
concentrations

corresponding to
elastic matching
along ZNSp’s x T ~K!

Optimal
domain volume
concentrations

corresponding to
elastic matching
along ZNSP’s

Rhom-
bohedral
and tetra-
gonal

0.09 0 nt,opt50.620 ornt,opt8 50.380a 0.45 550 nt,opt50.691 ornt,opt8 50.309b

500 nt,opt50.698 ornt,opt8 50.302

Rhom-
bohedral
and mono-
clinic

0.08 0 vm,opt50.775 orvm,opt8 50.225c 0.45 300 nm,opt50.700 ornm,opt8 50.300d

5 vm,opt50.801 orvm,opt8 50.199 20 nm,opt50.724 ornm,opt8 50.276
10 vm,opt50.873 ornm,opt8 50.127 0.46
15 vm,opt50.980 orvm,opt8 50.020
20 vm,opt.1 or vm,opt8 ,0, i.e., no

ZNSP’s are possible

Mono-
clinic
and tetra-
gonal

Monoclinic→tetragonal

0.08 0 nt,opt50.438 ornt,opt8 50.562e 0.46 400 nt,opt51 andnm,opt51 or
nt,opt8 50 andnm,opt8 50f

5 nt,opt50.461 ornt,opt8 50.539
0.09 10 nt,opt50.519 ornt,opt8 50.481

15 nt,opt50.588 ornt,opt8 50.412
20 nt,opt50.762 ornt,opt8 50.238

30 . . . 35 nt,opt'1 or nt,opt8 '0
Tetragonal→monoclinic

20 vm,opt50.429 orvm,opt8 50.571g

15 vm,opt50.274 orvm,opt8 50.726
10 vm,opt50.245 orvm,opt8 50.755
5 vm,opt50.224 orvm,opt8 50.776
0 vm,opt50.217 orvm,opt8 50.783

aResults of calculations forur5gr50 or ur5gr51 before the discovery of the field-induced monoclinic phase, see Ref. 26.
bResults of calculations forur5gr50.
cResults of calculations forur5gr5

1
2 and f m5

1
2 .

dIn the monoclinic phase there are domains with the unit-cell vectors~amk, bmk, cmk! having approximate orientations~@110#, @ 1̄10#, @001#!
and ~@011#, @011̄#, @100#! and volume concentrationsnm and 12nm , respectively. The orientation of the unit-cell vectors in the rhom
hedral phase corresponds tour5gr50.

eResults of calculations forvm51 and f m5
1
2 .

fOnly single-domain phases are elastically matched along the ZNSP’s.
gResults of calculations fornt51 and f m5

1
2 .
ig
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-
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2 . ~8!

It is more likely that the domain arrangement, shown in F
1 and satisfying Eq.~8! and condition f m,opt'1/2, corre-
sponds to pseudotetragonal symmetry as mentioned by
hedaet al.15

B. Comparison of heterophase states in PZN-PT and PZT
solid solutions

Our earlier results20 on the optimal domain volume con
centrations in the PZT system are listed in Table I for co
09420
.

o-

-

parison and generalization. Unit-cell parameters’ behav
over the x and T ranges close to the morphotropic pha
boundary does not give rise to considerable differences
tween the optimal domain volume concentrations at
rhombohedral-tetragonal phase coexistence and the opt
domain volume concentrations at the rhombohed
monoclinic phase coexistence. This fact is in agreement w
concepts9 on the polarization rotation path linking the@111#
and@001# perovskite unit-cell directions by the shortest wa
i.e., when the spontaneous polarization vector of the inter
diate monoclinic phase in PZT is parallel to@hh1#. Appar-
7-4
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INTERMEDIATE MONOCLINIC PHASE AND ELASTIC . . . PHYSICAL REVIEW B65 094207
ently, the fairly simple ‘‘transition’’@hh1#→@001# does not
result in striking differences between the related linear u
cell distortions of the monoclinic and tetragonal phases, a
as a consequence, a conditionnt,opt'nm,opt holds true.

The rhombohedral-tetragonal phase coexistence in P
and PZN-PT~Ref. 26! solid solutions atE50 is character-
ized by approximately equalnt,opt andnt,opt8 values. The elas-
tic matching of these phases in both the systems is assoc
with the similar anisotropy of the unit-cell spontaneo
strainsj11,ts5«a21 andj33,ts5«c21 in the tetragonal phas
and with the slight effect of the rhombohedral shear unit-c
spontaneous strainsjpq,r s5m @see Eqs.~1! and ~2!# on the
internal stress field. The electric fieldEi@001# applied to
monoclinic PZN-PT samples affects their unit-ce
parameters15 and, undoubtedly, the anisotropy of the unit-c
spontaneous strainsj11,ms5ha21, j22,ms5hb21, and
j33,ms5hc21 @see Eq.~3!#. The effect of the electric field
on the coexistence of the monoclinic and adjacent phase
PZN-PT consists of changes in domain structures and in
nal electric and elastic fields, and these changes promote
formation of ZNSP’s.

At E→0, revealed is an interesting link between the o
timal volume concentrations of domain pairs of the mon
clinic phase of PZN-PT. As shown in Table I, thevm,opt and
vm,opt8 values at the rhombohedral-monoclinic phase coex
ence are practically equal tovm,opt8 andvm,opt, respectively,
where the two last values are related to the monoclin
tetragonal phase coexistence. In both cases the phase
isting with the monoclinic phase is assumed to be sin
domain. The above-mentioned values of the optimal volu
concentrations are solutions of Eq.~4! and obey the follow-
ing conditions written in terms of elements of the distorti
matrices~1!–~3!:

Nm,11~vm,opt!'Nr ,11, Nr ,1q→0,

Nm,1q~vm,opt!→0 ~q51,3! ~9!

or

Nm,22~vm,opt8 !'Nr ,22, Nr ,2q→0,

Nm,2q~vm,opt8 !→0 ~q52,3! ~10!

for the rhombohedral-monoclinic phase coexistence or

Nm,11~vm,opt!'Nt,11, Nt,1q→0,

Nm,1q~vm,opt!→0, ~q51,3! ~11!

or

Nm,22~vm,opt8 !'Nr ,22, Nt,2q→0,

Nm,2q~vm,opt8 !→0 ~q52,3! ~12!

for the monoclinic-tetragonal phase coexistence. Conditi
~9! and ~11! correspond to a significant reduction in strai
09420
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induced in the two-phase sample along theOX1 axis whereas
conditions ~10! and ~12! correspond to the like reductio
along theOX2 axis.

To our best knowledge, links similar tovm,opt↔vm,opt8
were not mentioned in earlier papers on the elastic match
of phases in ferroelectrics and related materials. The cha
in the vm,opt andvm,opt8 values implies mechanical switchin
of domain regions withbmki@100# and bmki@010# or with
spontaneous polarization vectors lying in the~100! and~010!
planes, respectively. A rotation of the spontaneous polar
tion vector Psk of the domain of thekth type occurs in
PZN-PT along the rhombohedral-tetragonal path9,15 @111#
→@101#→@x0z#→@001#. The last sequence of the pero
skite unit-cell distortions really corresponds to the pass
Psk from the ~100! into the ~010! plane and testifies to the
correlation between the elastic matching of phases and
polarization rotation path of the individual domain.

Finally, the Miller indices~7! of the interfaces were evalu
ated for both systems of solid solutions in the vicinity of t
morphotropic phase boundary. Despite different orientati
of the unit-cell vectors (amk ,bmk ,cmk) in the monoclinic
phases of PZT~Refs. 13, 14 and 20! and PZN-PT~Ref. 15!
as well as the specifics of domain structures in these pha
the ZNSP’s orientations are approximated by the Miller
dices$0kl% in the perovskite axes. This result is true for a
the optimal domain volume concentrations provided t
their values belong to the range@0,1# ~see Table I!. A detailed
description of the evolution of the interfaces in polydoma
PZN-PT single crystals under the electric field is of indepe
dent interest and may be carried out in the future.

IV. CONCLUSION

The present study of the elastic matching of phases
ferroelectric perovskite-type solid solutions has provided
better understanding of the features of various heteroph
states in the vicinity of the morphotropic phase bounda
The current results of prognostication of different ZNSP’s
the two-phase coexistence over certain~x,E! or ~x,T! ranges
suggest the following.

First, unit-cell parameters’ behavior predetermines
outcome of the formation of various domain and heteroph
structures. Information about these structures is very imp
tant for the interpretation of experimental results by Nohe
et al.,15 Durbin et al.,16,17 and Paiket al.28 In particular, the
effect of the simplification of the domain structure in th
monoclinic phase of PZN-PT single crystals on their elect
mechanical behavior atE'15 kV/cm as well as the possi
bilities of completely relieving stress in two-phase states
0<E<20 kV/cm have no analogy with other known ferro
electrics. The link between the optimal domain volume co
centrations of the monoclinic phase at the phase coexiste
in PZN-PT and the slight differences between the optim
domain volume concentrations at the phase coexistenc
PZT are successfully explained on the basis of concepts
Fu and Cohen.9

Second, proposed are different versions of the ela
matching of the single-domain and/or polydomain phase
PZN-PT single crystals under the electric field~see Table I!,
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and this subject is believed to be a good stimulus for furt
experimental studies. Third, despite structural distin
tions,14,15 the monoclinic phases appearing as the interme
ate ones close to the morphotropic phase boundaries f
the elastic matching along the ZNSP’s in both systems
perovskite-type solid solutions.
.
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