Chapter 4

Phase Segregation in Mixed Nb-Sb Double
Perovskites Ba >,LnNb 1.,Sb,Og

4.1 Introduction

The properties of perovskites are known to bengfisoinfluenced by the precise
structure of these oxides, as exemplified by tleemeillustration of switching from

ferromagnetism to antiferromagnetism inCASbQ by Retuertaet al.”. In particular

some properties such as colossal magneto-resistarttderroelectricity tend to be
most prominent in compounds close to a structusthbility that may take the form
of a phase transition or a solubility lifit This is extremely well documented for
ferroelectrics based on Pb-Zr-Ti (PZT) perovskid®re optimal performance occurs

near the morphotropic phase bounéfafy

The chemistry and structures of perovskites cairtgi NB* and SB* provides a
number of examples of unexpected structural coniylexnd instability. The similar
charge and ionic radii of $b(0.60 &%) and NB* (0.64 A%) leads to the assumption
that antimonate and niobate compounds should asloplar perovskite structures.
There are, however, numerous examples in the pateviamily where the niobate
and antimonate compounds adopt different structoreghere the antimonate but not
the corresponding niobate, or vice versa, formangXes where the antimonate but
not the corresponding niobate exists includeBBBbO® and BaNaSkO:2” while
the Aurivillius phase BaBNb,Og® is known to exist but BaBBh,Og is unknown.
The results presented in Chapter 3, on the othed,hadicate that while the two
series BaLnNbOs and BaLnSbQ; (Ln = lanthanide or ") both form they adopt
subtly different structures. It was found that vwehihe majority of the niobates adopt

an 14/m tetragonal £°a°c’) symmetry betweeh2/m monoclinic @ac®) and Fm3m
cubic @%a%°) structures the antimonates adopt fR& intermediate £a’a) instead.
These observations led to the conclusion that tihpresence af-bonding and the

ionic radius of the lanthanide have a strong infee on which intermediate is
adopted. This seems to suggest that the interneepietse adopted by the BaB'Og

127



family of compounds lies on a cusp of an instapiietween two alternate structures
and seemingly small differences in the compositbrspecific compounds in these
series play an important role in the formation atability of one structure compared
to the other.

Further understanding of the chemical basis fer differences between Riband
Sb™* containing perovskites is clearly needed. Althowsiperficially similar and
having practically identical tolerance factors f@%or both compounés® % the
two oxides BaPrSbQ and BaEuNbQ; adopt alternate intermediate structurfs
andl4/m respectively, at room temperature. Structuralisgidf solid solutions of the
type BaEu,PrNb;ShOs are, therefore, expected to shed light on the atam
differences between Nband SB', while also providing further insight into the
complex phase transition behaviour in,BaB'Og oxides. A related study by Mitchell
and co-worker$Y on the series $5,NaLaTiO3 (solid solution between SrTiCand
Nag sLag sTiO3) concluded that the transition froiymem to R3¢ occurs directly via

a discontinuous phase transifféh The 14/mcm to R3c transition in these ABO
perovskites involves the same two Glazer tilt syst@’a’c’ anda'aa, as an4/m to
R3 transition that may occur in the ,BB'Os double perovskite series
BaEw xPrNb1ShOs. The difference in symmetry between the two serses
consequence of the ordering of the two differensitB- cations in the case of
BaoEu xPrNb; Sk Og.

The tetragonal to rhombohedral phase transitioBasEu, xPrNb;«SbOs may be

first order, as seen for SiNaLa,TiOg3, or it may involve an intermediate phase. This

would most likely be eithel2/m monoclinic @ac®) or Fm3m cubic &%a’a’) both of
which are observed in the two 8aB'Og, B' = NI’* or SB”, series. Alternatively, the
different structures observed for BaSbQ and BaEuNbQy may indicate that NB
and SB* are incompatible in the same perovskite struct@wech incompatibility
could manifest itself as a miscibility gap that wbuead to segregation and the
formation of two or more phases with different cheah compositions. The
occurrence of any segregation would be consisteitit the apparent chemical

incompatibility of niobium and antimony perovskitegntioned previously.

128



In order to determine which of these three pobtés (direct first order phase
transition, presence of an intermediate phase aselegregation) occurs two series
of oxides, BaEu «PrNb;«SbOs and BaNdNb; ShOs have been synthesised and
then structurally characterised using synchrotrerax diffraction and, as required,
analytical electron microscopy. These oxides wéiesen to minimise the changes in
volume and tolerance factor across the series. ish#tte only significant difference
across each series will be the exchange of &r Nb°*. The high resolution of
synchrotron X-ray diffraction is particularly imgant to this study in regards to

determining whether these samples consist of siorgheultiple perovskite phases.

4.2 Synthesis of Ba ,LnNNb ;.4,SbyO¢

Samples of Ba&u «PrNb;xShOs and BaNdNb, .SbOs (x = 0, 0.1, 0.2,..., 1) were
prepared from stoichiometric mixtures of Bag, ®b,0s, SkO3; and the appropriate
lanthanide oxides; E®;;, Nd,O3; and EWOs. The appropriate starting mixtures were
finely ground as an acetone slurry in an agate anamd pestle. After drying samples
were heated, in alumina crucibles, for a period2éfhrs at 800 °C followed by
heating at 1000 °C, 1100 °C and 1200 °C for perimid24 hrs. The samples were
then pressed into pellets and heated at 1300 °@4adnrs followed by heating, in
pelleted form, for a maximum of 48 hrs at 1350 t@ &4 hrs at 1400 °C in order to
yield samples with the maximum purity. In all casamples were reground and, if
required, repelleted after each heating periodotatory X-ray diffraction was used
throughout this process to determine the best proee for obtaining highly

crystalline, pure, powder samples.

4.3 Experimental Method

Synchrotron X-ray diffraction patterns were re@mtdat ambient temperature, for all
samples on the Debye-Scherrer diffractometer atAN8F, beamline 20B at the
Photon Factory, Tsukuba, Japan. Variable temperab@asurements, at temperatures
of up to 500 °C were also carried out on ,B& gPr NbysSh 0O and
BaNdNby sSky s0s. These measurements were recorded using a watkelarig
0.80073(1) or 0.80286(1) A and were carried outesribed in Section 2.2.2.1.
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4.4 Results and Discussion

In this section results regarding the structureshe series Bdu, xPrNb;xSbOg
and BaNdNb;.,ShOs will be initially presented followed by an expldioam of the
behaviour of these two series.

4.4.1 Structures of Ba ;Eu;PryNb;,Sb,Oq

Intensity

| L I L LA RN I L R R L B |
10 20 30 40 50 60 70 80 9 100 110 120

20 (degree)
Figure4.1:  Synchrotron X-ray diffraction pattern of E2uNbQ;. The insert shows
both the high quality of data obtained out to hifhand the splitting indicative of
tetragonal symmetry. The crosses, upper and lowatimtous lines represent the

observed and calculated intensities and the diffsrdetween these respectively. The

vertical markers show the positions of the allovBedgg reflections.

As expected from Chapter 3 the synchrotron X-rdfradtion patterns of the end
member compounds in the series,Ba..PrNb;ShOs had peak splitting and
super-lattice reflection conditions consistent wittR3 rhombohedral structure for
BaPrSb@, x = 1, and4/m tetragonal symmetry for BEUNbQ;, x = O (see Figures
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4.1 and 4.2). Subsequent refinements of modelfienappropriate symmetry gave
good fits to the patterns (see Table 4.1 and FiguBefor unit cell parameters). The
compounds with05< x <09 were also found to be rhombohedral exhibiting the
same peak splitting pattern as,BeSbQ. There was no evidence in the refinements
for any of the samples having significant disordkthe lanthanide and B' cations.
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Figure4.2: Selected regions of patterns belonging to compoundthe series
BaEuw xPrNb;ShOs indicating the various symmetries adopted by theaterials.
The crosses and continuous line represent the \@abeand calculated intensities
respectively. The diffraction patterns have beescaked to better illustrate the
changes, with the parent (444) reflection ne@=238.0° being ~ 1/% as intense as
the cubic (400) reflection neab2 21.6°. The indices given in the figure are thiuse

the listed space group.
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Table4.1: Phase composition and unit cell parameters forB&& u,.,PrNb; xShOg series of compounds determined using synchrotron
X-ray diffraction. In the case of tH@/m phases in the x = 0.3 and 0.4 samples the momoelngle was unstable in the refinement and thezefo

was set to 90°.

gf:lfs a (A) b (A) ¢ (A) a () B()  Volume (&) Phas(em%j);gg’os't'o i
0 14/m  6.00428(d) = 8.53304(7) 90 90  307.627(d) 100
o, 14m  6.00912(2) = 8.53734(6) 90 90  308.279(3) 56(1)
1 lom  6.03259(7) 6.01278(6) 8.49726(6) 90  90.046(1308.217(5) a4(1)
o, 14m 60152221) =a  854172(52) 90 90  309.106(22) 27(1)
2 |2/m  6.03787(5) 6.01891(5) 8.50632(7) 90  90.034(1309.132(4) 73(3)
s R3  6.02243(6) = —a  601212(18) =  154.922(118) 31(1)
12/m  6.04072(8) 6.02267(7) 8.51378(9) 90 00  300.727(8)  69(2)
04 RB  6.02493(5) = —a  601331(10) =-o  155.113(64) 62(2)
12/m  6.04355(18) 6.02582(14) 8.51677(25) 90 90  310.158(15) 38(1)
05 R3 6.02871(3) 2 —a 60.124(5) =a _ 155.373(35) 100
06 R3 6.03344(4) = —a 60.118(7) =a _ 155.716(46) 100
0.7 R3 6.03719(2) = —a  601353(4) =o  156.069(26) 100
08 R3 6.04188(2) = —a  601335(4) =—o  156.423(29) 100
09 R3  6.04784() = —a  601485(5) =-o  156.935(35) 100
10 R3  6.05272(1) = —a  601483(2) =o  157.323(15) 100
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Figure4.3: Variation of the unit cell lengths and volumes tmmpounds in the
series BgEu «PrNb;,SbOs. The parameters have been reduced to the sizeeof t
primitive perovskite structure. Note the systematgriation in volume across the
series and the near-identical volumes of the cetiexj phases in both two phase

regions.

The diffraction patterns of the compounds wili< x < 04 were not well fitted by

either single or two-phase modelsR8 and/orl4/m. The diffraction patterns of these
compounds contained onBrpoint super-lattice reflections with no evidenoe &ny

M- or X-point reflections being found. This indicates thlhé structure has only
out-of-phase tilts and/or cation ordering, the ddtaving been shown to exist in all
members of the B&nB'Og family. Discarding the tetragonal and rhombohedral
structures shown not to fit the observed diffractilata, the group theoretical analysis
by Howardet al.* indicates there are only three other possibiliies have either no
tiits or only out-of-phase tilts. These aml triclinic (tilt system abc), 12/m
monoclinic @ac’) and Fm3m cubic @%a%°). The diffraction patterns of the
compounds with0.1< x < 0.4were all inconsistent with single phase modelsafoy

of these structures.
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Since other members in the BaB'Og series are known to have structuresam
and Fm3m the possibility that the samples of -Ba.PrLNb;,ShOs with
0.1<x < 04 are a mixture of two phasesl/m or R3 with 12/m or Fm3m, was
considered. Extensive testing of all the varioussyalities suggested that, for the two
oxides with x = 0.1 and 0.2, the combinationléfn andI2/m was appropriate. The
final R-factors for thé2/m andl4/m model for the x = 0.2 sampley,R 4.8 and R, =
6.2 %, were noticeably better than those for thet hest model 0R3 andl4/m, R, =
7.8 and Rp 10.3 %. For the two samples with x = 0.3 and O# blest fits were

obtained with a mixture oR3 andl2/m. For the x = 0.3 sample,R 3.6 and R, =

4.7 % in this model compared to values of 6.4 af®6 in theR3/ 14/m model. The
change in phase compositions results in the stilifference between the diffraction
patterns of the x = 0.2 and 0.3 samples illustratdeigure 4.2. For the x = 0.2 sample
the splitting of the cubic (400) reflection ne& 2 21.7° is more pronounced that that
of the (444) reflection nea®2= 38.0°, while in the x = 0.3 sample the splittofgthe
(444) reflection is clearly greater than that af {(400) reflection.

The presence of tH&/m structure in the two phase region of,BaxPrNb; «SbhOg

suggests that the structure changes ftdfm tetragonal td2/m monoclinic to R3
rhombohedral with increasing x (see Figure 4.3)e Thquence of phase transitions
seen here is different from that found by Mitchetllal. for Sr.NalacTiOz™M
where the transition from tetragona’d’c) to rhombohedral aaa) structure
occurred directly, with no indication of an intexdiate symmetry being adopted. The
atomic positions and bonding environments of thelsi phase compounds in the
series BaEu,.xPrNb;,«ShOg are very similar to those presented for the L B&'Og
compounds in Chapter 3 and it was not possibleeterthine precise and accurate
values of these parameters in the two phase sampbesise they were only examined
using X-ray diffraction. Therefore for the sakelwévity the reader is referred to the

tables presented in that chapter and the resuwtepted in the Appendices.

The two phase transitionisi/m to 12/m and12/m to R3, must both be discontinuous
according to Landau thedt§), and this may account for the co-existence ofttfe
phases. It is also possible that the co-existefickeotwo phases reflects a solubility

limit of the NB’* and SB' cations across the series leading to segregationtivo
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phases with different chemical compositions. Taestigate this, variable temperature
synchrotron X-ray diffraction patterns of fal gPr Nbg sShy 20Os were collected up
to a maximum temperature of 500 °C. If the preseasfcthe two phases, evident at
room temperature, is caused by an incomplete dider phase transition it would be
expected that the transition to the higher symmestinycture would be completed at
some temperature in this range. The diffractiongoas of BaEuy gPro Nbg sShy 206
demonstrated the co-existence of two perovskite-fyipases up to 500 °C, with the
pattern at 500 °C being most consistent with tlesg@mce of two cubic structures. The
persistence of the two phases over a temperatage raf 500° is a clear indication
that the two phase region in this series is cabyedhomogenties due to a solubility
limit of one or more of the cations in the soluti@espite this phase segregation the
volume change across the seriesBa PrNb;.xShOs does not show any significant
discontinuities (see Figure 4.3). This Vegard-Ndume expansion indicates that the
segregation in the two phase region must be relgtismall in contrast to the large
discontinuities which would be expected if phasgregation was more significant. It
should also be noted that the models refined fer ttho phase samples were
insensitive to any preferential segregation of Basite cations and final refinements
were therefore carried out such that both phasdgshesame stoichiometry despite

the strong evidence for the presence of such satjoeg

4.4.2 Structures of Ba >,NdNb;.,Sb,O4

The second series of mixed Nb-Sb perovskites atiudias BgNdNb; .SbhOs. The
diffraction pattern of BANANbQOs; was well fitted in arl2/m model while the pattern
of BaNdSbQ showed the structure to R3 rhombohedral (see Figure 4.4). These
results are consistent with those presented in €©h&p The patterns for the antimony
rich compounds (x = 0.8 and 0.9) in the seriegNBl&lb,.,ShOs were well fitted by
the rhombohedral model. The diffraction patterns tbe other intermediate
compounds 0.1<x<0.7), however, were not consistent with a single phase
structure, in either monoclinic or rhombohedral ayatry. In all cases the fit using a
single phase model was poor. A significantly befierwas obtained for these
compounds using a two phase model of monoclinicranchbohedral symmetry (see
Figure 4.4).
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Figure4.4: Selected regions of diffraction patterns of compmsuimn the series
BaNdNb; .ShbOgs illustrating the various symmetries adopted. Tdrenfat is the same

as in Figure 4.2

It should be noted that the higher resolution labée using synchrotron X-ray

diffraction was essential in establishing the cis&nce of theR3 andl2/m phases in
this series, diffraction patterns obtained usingwvemtional (laboratory) X-ray
diffraction were well fitted by single phase modeising either rhombohedral or
monoclinic symmetry. The failure to detect the tplmases using laboratory based
diffraction is believed to be a consequence ofsinglarity of the volume of the two
end member oxides B¥dNbQO; and BaNdSbQ (78.510(1) A and 78.108(7) A
respectively when reduced to the size of the pmmitubic perovskite unit cell).
Clearly considerable care is required in orderdnofiem if single phase compounds
have been formed in such cases and suggests #natrtfay be cases in the literature
where compounds are purported to be single phasedban conventional X-ray
diffraction when they are in fact a mixture of éifént perovskite phases. Unit cell
parameters for the compounds are listed in Talleadd displayed in Figure 4.5. It
was not possible to determine accurate crystalffgcadetails for the two phase

samples so the reader is referred to those provatdtie end members in Chapter 3.

136



Table4.2: Phase composition and unit cell parameters foBda&ldNb; ShOs series of compounds determined using synchrotraayX
diffraction. In the case of th@/m phases in the x = 0.6 and 0.7 samples the momoeaigle was unstable in the refinement and watbe
set to 90°.

gfg‘fg a(A) b (A) ¢ (A) a (°) B()  Volume (&) Phas(emgj)gggms'“o”

0 I2/m 6.08122(5) 6.04670(5 8.54025(7) 90 90.1430(4) .G38(5) 100
o, 12m  6.07846(5) 6.04537(5) 8.53931(7) 90 90.1314(2) .7am4) 93.8(6)

1 R3 60411906) =a —a  60.3530(51) =a  156.374(335) 6.3(2)
o, 12m 607160(6) 6.04261(6) 8.53729(9) 90 90.1052(6) .&IR6) 84.3(6)
2R3 6.03955(18) =a —a  60.1590(34) =a  156.338(225) 15.6(4)
o3 12m 606870(8) 6.04189(9) B8.53906(14) 90  90.0802(13) 313.103(g) 64.7(7)

3 R3  6.04103(19) =a —a  60.1394(30) =a  156.379(198) 35.3(6)
s 12Mm  6.06920(7) 6.04189(14)854022(12) 90  90.0828(12) 313.151(9) 69.0(6)

4 R3  6.0437122) =a —a  60.069560) =o  156.397(376) 31.0(5)
o5 12m 6071850) 6.04437(13)854369(18) 90  90.0758(23) 313.586(L1) 60.5(1.6)
©  R3  6.04403(14) =a -—a  60.0731(36) =a  156.414(291)  39.5(1.1)
g 12m 606611(15) 6.04057(28) 8.54064(36) 90 90 312.952(23) 31.6(1.4)
® B3 6.04182(18) =a —a  60.0876(25) =a  156.262(184)  68.4(3.0)
o, 12m  606250(17) 6.03939(19) 854396(35) 90 90 318.834(19) 31.8(1.5)
T R3  6.04169(6) = —a  60.1084(8) =a  156.322(55) 68.2(3.0)
08 R3  6.04187(5) = —a 60079909 =a _ 156.287(57) 100
09 R3  6.03912(3) = —a  600883(4) =a  156.035(25) 100
10 R3  6.04069(1) = —a  600998(2) =a  156.216(13) 100
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Figure4.5: Reduced lattice parameters for,BdNb;..ShOg indicating the large

two phase region formed in this series.

The existence of this large two phase region m B&NdNb; ShOg series (see
Figure 4.5) is surprising given the relative easpreparation of the two end member
oxides. Phase transitions between structurd®/i and R3 have been observed in

numerous double perovskites including ,Be#SbG; (see Chapter 3) and

Ba,LnBiOg™® and are often characterised by a two phase redion2/m to R3
phase transition is required by Landau theory tdirseordel? and the co-existence
of both phases is often characteristic of a firgteo transition. That the two phase
region persists over such a wide range of composti however, strongly suggests
that significant segregation between the two phasmzurs. Diffraction patterns
obtained for BeNdNby sShy 50 at temperatures of up to 500 °C demonstrated tieat t
sample was two phase over this temperature rangetwo cubic phases being found
to co-exist at the maximum temperature examined Esgure 4.6). This observation
is analogous to that seen in,Bay gPr 2Nbg sShy 206 and indicates that the two phase
region in both series is a result of insolubiliytibe cations, albeit at different points
in the phase diagram. It should be noted that,laimito BaEuw xPrNb;«SbOs, the

models refined for two phase samples in theNB&lb; ,ShOs series were insensitive
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to the presence of any B-site cation segregatioiinab refinements were carried out

so that both phases had the same stoichiometrytelélsp evidence for segregation.

Intensity

26 (9

Figure4.6: Synchrotron X-ray diffraction pattern of BédNlby sSky 506 at 500 °C.
The format is the same as for Figure 4.1. The inedicates the calculated intensities

of the two cubic phases in the sample and the Bdaulated intensity.

4.4.3 Phase Segregation

The synchrotron X-ray diffraction patterns of bakie series B&NdNb;.,ShOs and
BaEw PrNb1ShOs demonstrated that a limit in the solubility occurs
Consequently the chemical composition of selecamaptes (x = 0.2, 0.4, 0.6 and 0.8)
was investigated using a combination of Scannirectédn Microscopy (SEM) and
Energy Dispersive X-ray (EDX) analysis. Backscatle6EM images did not reveal
any strongly contrasting regions suggesting thepsesnwere relatively homogeneous
on the scale investigated (see Figure 4.7). The E@asurements did not identify
any regions that contained only Nbor SB*, although the estimated standard

deviations of the NB content, while not large, was noticeably highethia two phase
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regions compared to the samples known to be silghse. Higher spatial resolution
is required to establish the precise compositiorthef individual phases present.
Nevertheless it is clear from the microscopy anffratition measurements that a
distinct miscibility gap occurs in these systemss,lof course, possible that alternate

preparation methods could limit the size of thip.ga
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Figure4.7. Secondary (left) and backscattered (right) electromages of

BaEw P10 Nbo sShy 20s.  The lack of contrast in the backscattered imswggests

the sample is relatively homogeneous.

That an inhomogeneity in the distribution of Ntappears to be related to the two
phase region in both series suggests that it maypaqgossible to simultaneously
accommodate NB and SB' in the same perovskite polymorph. This is consiste
with the majority of the BanNbOs compounds adopting a tetragonal intermediate
while the corresponding antimonates prefer the thamedral structure. In the series
Ba,NdNb,.,ShOs it appears that it is only possible to substitupeto 20 % NB" for
Sb’* at the B'-site while maintaining a single phasenthohedral structure. At the
same time it is not possible to put any significamount of SB" into the monoclinic
Ba,NdNbQs structure. Outside these limits significant segtiem of the NB* and
Sb’* cations into two separate phases occurs. Theeraéints in the two phase region
indicated that the amount of the two phases prasesiinilar to the amount expected

if Ba;NdNbQOs; and BaNdSbQ were present in the samples as two separate phases

The nature of the phase segregation in theE&aPrNb;ShOs series is
significantly different to that in the neodymiumries. In BaNdNb,.,ShOs the two

phase region appears to be a consequence of tdeforedl’” and SB* to adopt
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different structures. Given the similarities inesiand charge of Nband SB* (ionic
radii of 0.64 and 0.60 respectively this must reflect a bonding difference. The
volumes of the two end-members are very similaricaithg the structure has
insufficient flexibility to compensate for this. W a solubility limit also exists in the
BaEw xPrNb;«ShOs oxides tuning of the effective size of the B-sitathanide
cation across the series evidently gives additistralctural flexibility. This results in
a smaller miscibility gap but, critically, introde a third monoclinic structure as one
part of the two phase mixture. The specific mectranby which the tuning of the
lanthanide size affects the size of the miscibiligp is, at present, unclear. This
suggests that phase transitions from tetragonal mnoclinic and then to
rhombohedral symmetry occur across this system pattial segregation in the two
phase region. For both series the segregationtimbophases is more energetically

favourable than forcing the Sband NI5* cations into an unfavoured geometry.

The solubility of NB* in the rhombohedral phase of Bai.PrNb;ShOs is high,

up to 50 % of the B'-site cation sites with no segtion into a second phase. There
are, however, no single phase members of thisssti contain Sb in a tetragonal
|4/m structure. The low solubility of Sbcations in the niobate structure in both series
could be interpreted as being a result of'®laving a fulld-shell that does not allow

it to participate inTebonding using these orbitals. As presented in @hmaf
T-bonding is considered to be important to stalitjsthe tetragonal structure as
opposed to rhombohedral symmetry in thelB8'Os series. It is expected that
m-bonding would also be important in the monoclimobate structure. This
observation provides an explanation for the chehiimmmpatibility of the NB" and
SB’* cations. In particular the low solubility of thé>5 cations in the niobate phases
is likely a result of the interruption of tirebonding in the niobate structure caused by

the presence of significant levels ofSbations.

4.5 Conclusions

The phases present in JfBah PrNb;«SbhOs and BaNdNb;SbOs have been
examined using synchrotron X-ray diffraction. It shdbeen found that the

BaEw xPrNb;1ShOs series exhibits a series of phases fid/m tetragonal td2/m
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monoclinic to R3 rhombohedral with increasing x. The monocliniaustare only
exists as part of a two phase mixture with onénefdther structures over the range of
0.1< x < 04. Variable temperature X-ray diffraction and EDXabysis indicates that
this two phase region is a result of partial segtieg of N5 and SB' into separate
phases. The BAdNb,.,ShOs series has been found to exhibit extensive phase
segregation, consisting of two phase mixtures efehd-member monoclinic (x = 0)
and rhombohedral (x = 1) structures over the rarfje< x < 0.7. This larger
miscibility gap is presumably due to the lack afitg of the lanthanide size. In the
case of both series the Slrations are found to have much lower solubilityttie
niobate structure than the Nications have in th&®3 structure. This is likely to be
related to the SB substitution disrupting therbonding required to stabilize the

tetragonal niobate structure hence making segayatiergetically favourable.
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