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Polycrystalline sam ples of nom i nal com po si tions
Nd0.7Sr0.3Mn1-yMgyO3 (Mg = 0.0, 0.1, 0.2 and 0.3) were
syn the sized by the stan dard solid-state re ac tion method.
Rietveld re fine ment of the neu tron pow der dif frac tion data
shows that all sam ples are sin gle phased with perovskite
struc ture of orthorhombic sym me try. The nu clear and mag -
netic struc tures of Nd0.7Sr0.3MnO3 and the Mg sub sti tuted
sam ples were stud ied by neu tron pow der dif frac tion and
mag netic mea sure ments.  It was found that Mg ini tially
pre ferred to sub sti tute for Nd and only at Mg con tent
greater than 0.1, a mea sur able and in creas ing sub sti tu tion
for Mn oc curred. The sub sti tu tion al ters the lat tice pa ram e -
ters and O-Mn-O bond an gles sig nif i cantly, but the nu clear
struc ture of the com pound re mains un changed [1]. The
par ent com pound Nd0.7Sr0.3MnO3 is a fer ro mag netic with a
Cu rie tem per a ture of 210 K and a mag netic mo ment of Mn

= 3.40(4) mB at 10 K, for the sub sti tu tion up to Mg = 0.1, the 

sys tem re mains fer ro mag netic but the Cu rie tem per a ture
has low ered to TC = 180 K and the mag netic mo ment of Mn

= 3.09(4) mB at 10 K. The sam ples with Mg sub sti tu tion Mg 
= 0.2 and 0.3 are not fer ro mag netic of long range or der, but
are fer ro mag netic of short range or der at tem per a tures be -
low 250 K, and an in di ca tion of spin glass-like or der is ob -
served at low tem per a tures in both sam ples [2]. 
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The ef fect of ox y gen de fi ciency, ob tained by high tem per a -
ture an neal ing un der N2, fol lowed by rapid cool ing, on the
atomic and mag netic struc ture of mixed-va lence
manganate La1-xSrxMnO3-d (x = 0.0, 0.1, 0.2) was stud ied by 
Rietveld anal y sis of neu tron pow der dif frac tion data. For
LaMnO3, the loss of ox y gen was ac com pa nied by a change
from one orthorhombic struc ture (‘Orto-II’) to an other
(‘Orto-I’), both in space group Pnma. Also, a trans for ma -
tion from fer ro mag netic to antiferromagnetic or der ing at
low tem per a ture took place. All other sam ples were ei ther
para mag netic or fer ro mag netic. La0.9Sr0.1MnO3, ini tially a
mix ture of orthorhombic and rhombohedral phases at room 
tem per a ture, be came sin gle phased orthorhombic af ter the

ox y gen de ple tion but also at low tem per a ture.
La0.8Sr0.2MnO3 re mained in rhombohedral sym me try. The
best-fit mag netic mod els for the as-pre pared and quenched
sam ples were not the same. Con se quently, we pro pose
mod els of the mag netic struc ture for the ox y gen de fi cient

mixed-va lence man ga nates La1-xSrxMnO3-d (x = 0.1, 0.2).
In ad di tion,  al ter nat ing (222) fer ro mag netic planes of the
two mag netic sublattices in the ox y gen de fi cient
La0.8Sr0.2MnO3 may in di cate an or dered state of Mn-ions
with dif fer ent ox i da tion states.
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The tetragonal sys tem TlCo2X2 (X = S/Se) be longs to the
ThCr2Si2 type fam ily. It con tains per fect atomic
square-planer lay ers of co balt. The lay ers are sep a rated by
the large non-mag netic at oms thal lium and se le nium/sul -
phur. The struc ture can be seen as a lay ered mag netic struc -
ture with two in ter est ing mag netic in ter ac tions dis tances,
de ter min ing intralayer and interlayer mag netic cou plings.
In both TlCo2Se2 and TlCo2S2, the mag netic mo ments are
ferromagnetically ar ranged in the co balt lay ers (mo ments
in the ab-plane). The in ter est ing dif fer ence be tween the
mag netic struc tures is the interlayer mag netic cou pling.
The dis tance be tween the co balt lay ers is 6.4 C in TlCo2S2

and the interlayer mag netic cou pling is fer ro mag netic (TC = 
146 K) [1].  In TlCo2Se2 the dis tance has in creased to 6.8 C
and the com pound is in stead antiferromagnetic (TN=95 K).
It is an in com men su rate he li cal struc ture run ning along the
c-axis. The turn of the mag netic mo ments be tween the co -

balt lay ers is 121° [2].
Solid so lu tion makes it pos si ble to grad u ally tune the

dis tance be tween the mag netic lay ers and thereby also the
interlayer mag netic cou pling. The chem is try in the struc -
ture is not changed much, due to se le nium and sul phur are
isovalent. Mag netic SQUID mea sure ments showed a sta -
ble antiferromagnetic com pound for TlCo2Se2-xSx

(x £ 1.0). For higher sul phur con cen tra tion, the ab so lute
val ues of the sus cep ti bil ity are in creased. The com pounds
show a weak net mo ment and are no lon ger
antiferromagnetic. This net mo ment in creases un til it is
fully aligned for fer ro mag netic TlCo2Se0.25S1.75 [3].

Neu tron pow der dif frac tion of TlCo2Se2-xSx sam ples

showed that the he li cal struc ture pre vails for 0 £ x £ 1.5
with a grad ual de crease of the cou pling an gle from

12° to 39°. For x ³ 1.75 the fer ro mag netic mag netic struc -
ture is sta ble. The mag netic peaks are shown in Fig ure 1,
the sat el lites to the (001) re flec tion for the he lix and the
(002) peak for the fer ro mag netic com pounds. The re la tion -
ship be tween the cou pling an gle and the interlayer dis tance
of Co-Co shows an al most lin ear be hav iour.
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Fig ure 1: The mea sured neu tron diffractograms at 10 K for
TlCo2Se2-xSx
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Co ex is tence of weak fer ro mag ne tism and su per con duc tiv -
ity have re cently been dis cov ered in the 1222 and 1212
ruthenocuprate sys tems RuSr2RECeCu2O10 and
RuSr2RECu2O8

1- 3. The su per con duc tiv ity orig i nates in the

CuO2 planes be low Tc ~ 37 K and the weak fer ro mag ne tism 
is con fined to the ruthenate lay ers be low TM = 124 - 215 K.
In or der to ex plore the in ter play be tween fer ro mag ne tism
and su per con duc tiv ity fur ther we have syn the sised
CoSr2Y2-xCexCu2O9+d (x = 0.5, 0.6, 0.7, 0.8). The sam ples
are phase pure and ex cel lent Rietveld fits have been ob -
tained for all sam ples us ing the Cmcm struc tural model.
Weak fer ro mag netic or der is ob served in the CoO1+x plane
and TN in creases from 43 K to 70 K as x in creases from 0.5
to 0.7 in the CoSr2Y2-xCexCu2O9+d solid so lu tions. Low di -
men sional mag netic or der is ob served for

CoSr2Y1.2Ce0.8Cu2O9+d with a broad max i mum at 130 K.
Co is oxi dised from Co3+ to Co4+ with in creas ing x, in con -
trast to sim i lar dop ing stud ies on RuSr2Gd2-xCexCu2O10

which showed that Cu is oxi dised as x in creases 4. The sam -
ples are not super con duct ing.
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Phys i cal prop er ties of rare-earth ferricyanides
Re[Fe(CN)6].nH2O, which be long to the group of mol e -
cule-based mag nets, have been a sub ject of in ves ti ga tion
for a few de cades. The crys tal struc ture mod els for the
com pounds were worked out on the base of X-ray dif frac -
tion tech niques [1-4]. How ever, in the struc ture de scrip -
tion, wa ter mol e cules lo ca tion was ap prox i mated by
po si tion of ox y gen at oms. As con tri bu tion of the deu te rium 
at oms to the neu tron scat ter ing in ten sity, which is used for
mag netic or der ing in ves ti ga tion, can not be ne glected, the
com plete crys tal struc ture in clud ing wa ter mol e cules po si -
tion must be de ter mined.

We pres ent an anal y sis of neu tron dif frac tion pat terns
taken from the pow dered Pr[Fe(CN)6].4D2O at room tem -
per a ture and in the tem per a ture range from 1.6 to 40 K. 
Deu te rium at oms were lo cal ized by di rect space method
based on a Monte Carlo sim u la tion pro cess, us ing pro gram
FOX [5]. The de ter mined atom po si tions were re fined by
Rietveld method [6,7].  Knowl edge of the com plete crys tal
struc ture al lows sub tract ing its con tri bu tion to the dif frac -
tion pat tern so the pure mag netic com po nent can be de ter -
mined and an a lyzed.

Al though the study of mag netic prop er ties of
Pr[Fe(CN)6].4H2O by NMR spec tros copy, mag ne ti za tion,
DC and AC sus cep ti bil ity mea sure ments has in di cated
mag netic cor re la tions in the sys tem (a max i mum in AC
sus cep ti bil ity and in zero-field-cool ing mag ne ti za tion
curves at about  12 K [8]), no sig nif i cant dif fer ence be -
tween low and high tem per a ture pat tern has been de tected.

Neu tron dif frac tion ex per i ment re vealed that the com -
pound does not or der mag net i cally down to 1.6 K, which is
con sis tent with mag netic or der ing tem per a ture TN < 1 K
sug gested in  [3]. The phe nom e non is prob a bly caused by
short range mag netic or der ing.
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Perovskite-type ox ides La1-xAxMeO3 (A=Ba, Sr, Ca; Me-
tran si tion metal) have been ex ten sively stud ied for over
four de cades due to their cat a lytic ac tiv i ties, unique mag -
netic, elec tri cal and trans port prop er ties [1, 2] mak ing these 
ma te ri als prom is ing for dif fer ent ap pli ca tions. In these
com pounds the rare earth el e ment plays an im por tant role
to sta bi lize the struc ture, and the elec tronic ground state of
3d-tran si tion metal (TM) ‘B’ is re spon si ble for the mag -
netic and trans port prop er ties. The sim i lar ity of the struc -
ture to high-TC su per con duc tors and re cent ob ser va tion of
gi ant mag neto-re sis tance in hole doped LaMnO3 have at -
tracted a great in ter est in these com pounds [3–5]. There -
fore, man ga nites have been in ten sively in ves ti gated in
re cent years. At the same time Sr-, Ca- and Ba-doped
cobaltites and fer rites can be used as gas-dense ox y gen per -
me able ce ramic mem branes for gas con ver sa tion [6-8]. The 
pos si bil ity of cre ation of such de vices is be ing stud ied
now a days.  A num ber of sci en tific pa pers give much in for -
ma tion about the phase equi lib ria and phys i cal prop er ties
of solid so lu tions LnFe1-xCoxO3, as a rule, when Ln =
(La0.3Sr0.3) the struc ture is sta bi lized by Sr and there fore
this so lu tion ex ists in a con tin u ous range of con cen tra tion
[9]. How ever, no de tailed struc tural LaFe1-xCoxO3-d stud ies 
have been car ried out.

The sam ples of the gen eral com po si tion LaFe1-xCoxO3-d

(0 £ x £ 1) with a step of 0.05 were pre pared us ing dif fer ent
routes. First route was a tra di tional ce ramic tech nique of
three-stage fir ing in air in the tem per a ture range of

850-1100 °C for 100-300 hours with in ter me di ate
regrinding in eth a nol. An other routes were prep a ra tion
through amor phous pre cur sors us ing ni tric or cit ric acid as
sol vent. The fi nal ther mal treat ment in volved heat ing in air

at 1100°C for about 150 hours. In or der to iden tify phase
com po si tion all sam ples were ex am ined by X-ray dif frac -
tion us ing a DRON-3 diffractometer with Cu-Ka ra di a tion

(10° £ 2q £ 75°). It is known that de ter mi na tion of the ox y -
gen lo ca tion in solid ox ides by means of X-ray dif frac tion
anal y sis lead to rel a tively large un cer tain ties. There fore,
neu tron dif frac tion was used ad di tion ally for the crys tal
and mag netic struc ture determination. The pow der neu tron
dif frac tion pro files were mea sured us ing neu tron
diffractometer D7a (wave length of 1.5152 C) at room tem -
per a ture at the re search re ac tor IVV-2, lo cated near
Yekaterinburg, Rus sia. For all sin gle phase sam ples unit
cells pa ram e ters and mag netic struc ture were cal cu lated
and re fined by Rietveld anal y sis. Struc tural anal y sis was
car ried out by si mul ta neous re fine ment of neu tron and
X-ray pow der dif frac tion data.

Ac cord ing to the X-ray anal y sis ini tial LaCoO3-d has a
cu bic perovskite struc ture with rhombohedral dis tor tions
(space group R-3c). Rietveld neu tron pow der dif frac tion

pro file of this sam ple at room tem per a ture is shown in
fig ure 1. Sin gle phase of the solid so lu tion of fol low ing
com po si tion LaFe1-xCoxO3-d was ob tained in a range of

con cen tra tions 0 £ x £ 0.25. It is shown that the vol ume and 
unite cell pa ram e ters are con tin u ously in crease as the iron
con tent in creases. It caused by the ionic size dif fer ence: an
ionic ra dius of Fe3+ is larger than ionic ra dius of Co3+. 

Lan tha num fer rite LaFeO3 was de scribed in Pbnm
space group with orthorhombic dis tor tions [10]. All sin gle
phase sam ples LaCo1-yFeyO3-d ex ist within the com po si tion 

range 0.775 £ y £ 1.0. In the sam ples in in ter me di ate re gion 
both orthorhombic and rhombohedral bound ary phases
were si mul ta neously iden ti fied as LaCo0.75Fe0.25O3 and
LaCo0.225Fe0.775O3.

It should be noted that sin gle phase re gions of
LaCo1-yFeyO3-d are nar rower than the re gions of Sr-sta bi -
lized so lu tions La0.7Sr0.3Co1-yFeyO3-d [9].
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In sev eral re flexes some ad di tional in ten sity of
LaCo0.1Fe0.9O3 was de ter mined.  It is known that the pure

lan tha num fer rite is an antiferromagnetic (G-type) with QN

= 750K [11-12]. Anal y sis of mag netic re flexes of ex per i -
men tal neu tron dif frac tion pro file of com po si tion
LaCo1-yFeyO3-d shows that antiferromagnetic G-type struc -
ture re al ize in this com pound at room tem per a ture (Fig.2).

The mag ni tude of mag netic mo ment is 3.55(5) mB on “av er -
age” iron atom in a unite cell.

All rhombohedral phases LaCo1-yFeyO3-d don’t have a
mag netic mo ment at room tem per a ture what is in a good
agree ment with data ob tained for the LaCoO3-d in [13-14].

Work sup ported by State Sci en tific Re search Pro gram
“Top i cal Prob lems in Phys ics of Con densed Mat ter”, di -
rec tion “Neu tron In ves ti ga tions of Con densed Mat ter”
(State con trol No. 40.012.1.1.11.50), the ba sic re search
pro gram of the De part ment of Phys i cal Sci ences of the
Rus sian Acad emy of Sci ences “Neu tron stud ies of the sub -
stance struc ture and fun da men tal prop er ties of mat ter”
and Pro gram for Sup port to Lead ing Sci en tific Schools of
Rus sia (Pro ject No. NS-639.2003.2).
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Dou ble perovskite ox ides are be com ing more and more im -
por tant in var i ous tech no log i cal ap pli ca tions. There is a
need to im prove our de tailed un der stand ing of the struc -
tural and mag netic prop er ties of such ma te ri als and how the 
atomic struc ture is re lated to mac ro scopic phys i cal prop er -
ties. Neu tron dif frac tion in com bi na tion with Rietveld re -
fine ments and mag ne ti za tion mea sure ments has proved to
be a very use ful tool in the study of struc tural and mag netic
prop er ties of dou ble perovskites. The struc ture and phys i -
cal prop er ties of this type of dou ble perovskites de pend
con sid er ably on the size, va lence and or der of the A and B
site cat ions. We have stud ied the A2MnBO6 and A2FeBO6

(A = Ca, Sr, Ba; B = W, Mo) [1-6] sys tem to know the struc -
tural and mag netic de tails, and con cen tra tion de pend ence
of A-site cat ions. 

Polycrystalline sam ples were pre pared by solid-state
sintering of metal ox ides and car bon ates. The sam ples were 
pre lim i nary char ac ter ised by X-ray pow der dif frac tion in
or der to ex am ine the pu rity of the prod ucts solid sol u bil ity,

and to ob tain pre lim i nary in for ma tion about space group
sym me try. Then neu tron pow der dif frac tion and mag ne ti -
za tion mea sure ments were car ried out to study the struc -
tural and mag netic prop er ties. Other char ac ter iza tion
meth ods like ED, HRTEM, SEM, EDX were per formed
ac cord ing to the ne ces sity.

The room tem per a ture and low tem per a ture struc tures
of these com pounds were re fined by the Rietveld method to 
know the struc tural de tails and cor re la tion be tween the
com pounds. The struc ture changes from monoclinic
through tetragonal to cu bic with the change of A-site cat ion
as well as with the change of tem per a ture. A struc tural and
mag netic phase di a gram is pro posed for A2MnWO6 (Ca,
Sr, Ba) com pounds from the study. All sam ples were B-site 
or dered dou ble perovskites. The mag netic tran si tion tem -
per a ture de pends on the B-site bond dis tances, in ter ac tion
and or der ing. More over a de crease of the para mag netic to
antiferromagnetic tran si tion tem per a ture with an in crease
in the A-site cat ion ra dius was also ob served in the com po -
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si tions A2MnWO6 (Ca, Sr, Ba) and A2FeWO6 (Sr, Ba).
Bond va lence sum cal cu la tions in di cate that the charge dis -
tri bu tion be tween Mn, and W in A2MnWO6 (Ca, Sr, Ba)
were Mn2+ and W6+, and in A2FeWO6 (Sr, Ba) and
A2MnMoO6 (Sr, Ba), there were mixed va lence states be -
tween Fe2+/Fe3+, W6+/W5+ Mn2+/Mn3+, and Mo6+/Mo5+, re -
spec tively.
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Sr2CoMoO6
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Some com plex metal ox ides with perovskite-re lated struc -
ture ex hibit both elec tric-di pole and mag netic or der ing
within a def i nite tem per a ture range (so-called ferro elec tric
mag nets).

We de scribe in the pres ent com mu ni ca tion the syn the -
sis, struc tural char ac teri sa tion by X-ray (XRD) and neu tron 
(NPD) pow der dif frac tion, ther mal anal y sis, di elec tric,
con duc tiv ity and mag netic mea sure ments of the com plex
perovskite Sr2CoMoO6. The pure ce ramic sam ple of the ti -
tle com pound was pre pared by solid state re ac tion in air. At 
room tem per a ture, the crys tal struc ture is tetragonal
(s.g.I4/m) with a= 5.5616(2) and c= 7.9470(3) C. The dif -
frac tion data ob tained con firmed the com plete or der ing of
the B-site cat ions. The struc ture con tains al ter nat ing Co
and Mo octahedra, tilted by 7.1o in the (110) plane along
the [001] di rec tion.The tem per a ture de pend ence of
permittivity and loss tan gent of Sr2CoMoO6 show a peak at
563 K which can be at trib uted to the im proper ferro elec tric
phase tran si tion. XRD and NPD mea sure ments as a func -
tion of tem per a ture in di cate a struc tural phase tran si tion
from tetragonal (s.g.I4/m) to cu bic (s.g.Fm3m) at about
560 K. The or der pa ram e ter of this tran si tion is re lated to
the an gle of ro ta tion of the Co and Mo octahedra. Mag netic
mea sure ments in di cate an antiferromagnetic or der ing be -
low TN = 36K. The antiferromagnetic or der ing has been
fol lowed from low tem per a ture NPD pat terns which have
been col lected at the Swed ish Re search Re ac tor R2

(Studsvik). It was found that the set of mag netic re flec tions
ap pear in the NPD pat terns of tetragonaly-dis torted
Sr2CoMoO6 be low TN. The ob tained dif frac tion data were
an a lyzed with the FULLPROF soft ware in or der to char ac -
ter ize the tem per a ture-in duced phase trans for ma tion, and
to de ter mine the nu clear and mag netic struc tures. The
G-type mag netic struc ture is de fined by the prop a ga tion
vec tor k =(1/2,0,1/2). The antiferromagnetic struc ture can
be mod eled with mag netic mo ments at the Co po si tions
pro vid ing the cou plings be tween each Co mag netic mo -
ment and the six near est neigh bors us ing  O-Mo-O paths. It
was experimentaly found that the mag netic mo ments
aligned along the [110] di rec tions. There ap pears to be no
mag netic con tri bu tion from the Mo sites. Such an ob ser va -
tion sup ports the pres ence of Co+2 -O- Mo+6 pairs in
Sr2CoMoO6 . The re fined mag ni tude of the mag netic mo -
ment and bond va lence sums also sug gest a di va lent ox i da -
tion state of co balt. The cor re la tion be tween ferroic
dis tor tions and the mag netic or der ing is briefly dis cussed.
Pos si ble in flu ence of dop ing in the A and B perovskite
sublattices on mag netic, di elec tric and struc tural prop er ties 
is also es ti mated.
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Com plex metal ox ides with the perovskite-re lated struc ture 
can ex hibit both elec tric-di pole and mag netic or der ing
within a def i nite tem per a ture range, (so-called ferro elec tric 
mag nets) and this com bi na tion of prop er ties is very at trac -
tive for many tech ni cal ap pli ca tions.

In the pres ent work we de scribe the syn the sis, struc tural 
char ac teri sa tion by X-ray (XRD) and neu tron pow der dif -
frac tion (NPD), ther mal anal y sis and mag netic mea sure -
ments of the com pound Sr2NiMoO6 adopt ing a dou ble
perovskite-type struc ture.

The com pound was pre pared by a stan dard solid-state
re ac tion method in air. X-ray dif frac tion pat terns were ob -
tained af ter the 1523 K and 1623 K sintering steps by a
Guinier cam era (Cu Ka = 1.54059 C) in or der to check the
pu rity of the sam ple and to in dex and re fine lat tice pa ram e -
ters. In dex ing of the Bragg re flec tions for the sam ple
heated at 1623 K, were made with the pro gram TREOR90. 

From NPD data, col lected at 300 K, at the Swed ish Re -
search Re ac tor R2 (Studsvik), one could find that the com -
pound adopted a tetragonal unit cell. The space group was
I4/m, with lat tice pa ram e ters a = 5.5448(1) C, and c =
7.8936(3) C. Rietveld re fine ment in di cated the Ni2+ and

Mo6+ ions to be B-site or dered. The re fine ment es ti mated
some ox y gen de fi ciency to a to tal of 5.8 ox y gen at oms.

NPD mea sure ments at 700 K in di cated a struc tural
phase tran si tion from a tetragonal to a cu bic struc ture. The
space group in the cu bic phase is F m3m with a = 7.901(3)
C. The or der pa ram e ter of this tran si tion (I4/m-Fm3m) is
re lated to the an gle of ro ta tion of the Ni and Mo octahedra
and pos si bly also to some loss of ox y gen in the struc ture. 

Ex tra Bragg peaks due to mag netic scat ter ing ap peared

at 20 K in the NPD dataset in the 2q range 17° to 32° in the
tetragonal sys tem, which in di cate antiferromagnetic or der -
ing.

These new peaks arise from the 3d8-spins of the Ni2+

ion sublattice and are de fined by a prop a ga tion vec tor k = ½, 
0, ½. The net mag netic mo ment was for the 20 K data re -
fined to 1.88µB.

The ob tained NPD dif frac tion data at dif fer ent tem per a -
tures were ana lysed with the FULLPROF soft ware in or der 
to char ac ter ise the tem per a ture in duced phase trans for ma -
tion, and to de ter mine the tem per a ture eval u a tion of nu -
clear and mag netic struc tures.
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Lay ers of the perovskite solid so lu tion [Pb(Mg0.33,
Nb0.67)O3]1-x-[PbTiO3]x were de pos ited on MgO (1 0 0) sin -
gle crys tals. The lay ers were char ac ter ised with sev eral
X-ray dif frac tion tech niques. Graz ing in ci dence mea sure -
ments at dif fer ent in ci dence an gles showed that the lay ers
con sist of {1 0 0} ori ented as well as polycrystalline ma te -
rial, with the polycrystalline ma te rial be ing mainly lo cated
at the top of the lay ers. Pole fig ure mea sure ments re vealed
that the ori ented ma te rial does not have the ex pected {1 0
0} fi bre tex ture, but has grown largely epitaxially on the
sin gle crys tal line sub strates. High res o lu tion re cip ro cal
space maps in di cated that the lay ers are not strained and
that the lat tice planes ex hibit rather large tilt vari a tions,
prob a bly due to ori en ta tion dif fer ences of the in di vid ual

perovskite grains (mo saic struc ture). High-res o lu tion
trans mis sion elec tron mi cros copy con firmed the mo saic
struc ture of the lay ers. Misorientations of the perovskite
grains with re spect to the MgO sub strate rang ing from 0°
up to 10° were ob served.
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STRUCTURE AND PHASE CONTENT OF PZT NEAR ITS MPB WITH AND WITHOUT
THE INFLUENCE OF AN ELECTRIC FIELD

K. A. Schoenau, M. Knapp, H. Ehrenberg, H. Fuess

Materials Science, Darmstadt University of Technology, D-64287 Darmstadt, Germany

Ferro elec tric lead zir con ate ti tan ate, Pb(ZrxTi1-x)O3 (PZT),
ce ram ics are used in a va ri ety of pi ezo elec tric, pyroelectric
and ferro elec tric de vices. Ques tions re main con cern ing the
crys tal struc tures of PZT and the compositional range of
the morphotropic phase bound ary (MPB). By con sid er ing
the av er age struc ture, Noheda et. al. [1] have con firmed the 
ex is tence of a “bridg ing” monoclinic Cm phase at the MPB
in 1999 [2]. How ever, very lit tle work has been con ducted
on phase frac tions and in flu ences of elec tric field and real
struc ture ef fects on crys tal struc ture and dif frac tion pro -
files. This kind of in for ma tion is vi tal for study ing struc -
tural changes pro duced by elec tri cal cy cling of the
ma te rial, in or der to gain an in sight into the ef fects of elec -
tri cal fa tigue on the lo cal and av er age struc ture [3].

In or der to in ves ti gate these phe nom ena, a se ries of
high-res o lu tion and in-situ elec tric field syn chro tron stud -
ies in a compositional range of x = 0.40, x = 0.45 – 0.48 and 
x = 0.55 – be ing equiv a lent to PZT of rhombohedral,
morphotropic and tetragonal com po si tion, re spec tively -
have been un der taken at the beamline B2, Hasylab, Ham -
burg, Ger many. Fol low ing sin gle crys tal stud ies in
PZN-x%PT, which show a change in do main struc ture and
phase [4] un der elec tric field, and com pu ta tional stud ies on
PZT [5], struc ture and phase con tent of polycrystalline

PZT pel lets across the MPB will be dis cussed. With de -
creas ing Ti con tent the tetragonality of the tetragonal phase 
de creases in the same de gree as its phase frac tion in com -
par i son to the monoclinic phase in the area of the MPB. 
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Shirane, Phys. Rev. Let., 84 (23), 5423 (2000).

3. C.Verdier, D. Lupascu, J. Rödel, J. Europ. Ceram. Soc.,
23, 1409 – 1415, (2002).

4. B. Noheda, Z. Zhong, D.E. Cox, G. Shirane, S.-E. Park, P.
Rehring, Phys. Rev. B 65 (22), 224101 (2002).
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2) CdHfO3 ce ramic (perovskite phase) in the in ter val 

20 £ T £ 900 oC;
3) CdSnO3 ce ramic (perovskite phase) at room tem per -

a ture.
With us ing the com puter pro gram PowderCell 2.3 the

struc tures of these com pounds were es tab lished (ta ble 1).
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