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New　layered　p白re▽skite　compounds，　LiLnTiO4（Lln＝La　and　E　u），ha▼e　been　sy皿thesiZed　by　a皿ion・ex・

£hange　reaCtion　from　parent　sodiurn　compeund　s，　N匡iLnTiO4．　Tlte　erysta1　stru¢tures　of　Lil、aTiO4紐d

Li猛阻TiO4　were　determined　by　Rietveld　analysis　of　the　powder　X・ray　ditfraction（XRD）pattem8．　The

lithiロm　io丑司exeha皿ged　compounds　retain　the　crystal　symmetry　of　the　parent　pha8e8．　Although　the

加皿ework　of　the　per酬kite　layer　of　these¢ompounds　is　the　same　as　that　of　the　parent　eompoimds，

there　e】【ists巴filltdamental　difference．「rhe　lithiurn　iens　Within　the　interlayer　ha▼e　a　tetrahedral　coordi．

1知畠tion　bee暮租画e　of　8］目匝all　ion呈£　radius　for　a　ro£k－8alt　eoord匝nation．　！『he　8truetu11e　of　1、il」a「Tio4　a皿d

LiE　uTiO4　consiSt　ef　intergroWths　ef　the　pero▼skite　sheets　With　the　layers　of　I」i－O　in　a　tetr副hedral£oor・

血tion　and　those　of　Ln－O　i旋a　distorted　rock・salt　coerdimation．　These　compounds　exhibit　new　phases

analogou8　to　the　Rロddlesden■PopPer　phase．　　　［Received　June　23，1995；Accepted　NoΨember　13，1995コ

Key・蜘rd8ご勿ered　Perovskite，　lon・ex　c肋nge、　Ciystalstruct”re，　L‘thittm・lanthan瑚醜螂召，　L‘ずぬ元蹴飾πψゴ端

距故Hα在

　　　　　　　　　　　　　　　1，　lntroduction

　　Io血・excha血ge　reactions　in　inorganic　solids　can　be

used　to　provide　metastable　phases．　An　example　is

the　synthesis　of　novel　solid　Br6nsted　acids，　H2Ln2

Ti3010（Ln＝rare　earth），　from　A2Ln2Ti30io（A＝K，

Rb，　Cs）by　an　ion－exchange　reaction．1）

　　In　the　previous　study，　the　crystal　structures　of

layered　perovskite　compounds，　NaLnTiO4，　were
detern血ed．2）t3）　These　compounds　show　a　sequential

ordering　of　the　catiens　of［－Ln－Ln－Na－Na－］．

The　characteristics　of　the　crystal　structUre　in　these

compounds　are　similar　to’　those　of　ion－exchangeable

layered　perovskite，　Na2La2Ti3010，　With　a　triple　perov－

skite　layer．4）It　is　of　hlterest　to　study　the　ion・ex・

change　　reactien　　of　the　　layered　　perovskites，

NaLnTiO4，　With　a　single　perovskite　layer　because　it

is　expected　that　these　compounds　are　candidates　for

apPlications　in　catalysis　a血d　optical　devices．

　　In　this　paper，　we　report　the　synthesis　of　new　com・

pounds，　LiLaTiO4　and　LiEuTiO4，　by　an　ion・ex・

change　reaction　from　the　parent　sodium　compounds，

We　also　discuss　the　proposed　structure　of　these　com－

po1mds．

　　　　　　　　　　　　　　2．　Experimental

　　The　parent　colnpounds，　NaLaTiO4　and　NaEuTiO4，

were　prepared　by　a　conventiona　1　solid－state　reaction．

The　starti　lg　materials　were　a　miXture　of　sodium　car－

bo血ate，　rare　earth　oxide　and　tita血ium　oxide．．t！S　rt　ex－

cess　amount　of　sodiurn　carbonate（30　mo1％）was　ad一

ded　to　compensate　for　the　loss　due　to　the　evapora－

tion　of　the　sodium　component．　The　m㎞re　was
丘red　for　30　min　at　900－1000℃in　air．　LiLaTiO4　and

LiEuTiO4　were　prepared　by　the　ion－exchange　reac－

tion　fro血parent　compounds．　The　ion－exchange　reac－

tion　of　interlayer　sodium　ions　in　parent　colnpounds

with　lithium　ion　was　carried　out　in　molten　LiNO3　at

300－310℃for　12h．　The　product　was　washed　with　dis－

tilled　water　and　air－dried　at　room　temperatUre．　The

completion　of　the　ion－exchange　reaction　was
confirmed　by　XRD　and　X－ray　fluorescence　analyses．

　　Powder　X　RD　patterns　were　recorded　on　a　r　igaku

RAD－rA　dif丘actometer，　using　Cu　Kαradiation

which　was　monochromatized　by　a　curved　crystal　of

graphite．　The　data　were　collected　in　a　step－scamling

mode　in　the　2　e　range　of　5－100°with　a　step　width　of

O．02°and　a　step　time　of　4　s．　Indexing　of　the　powder

X　RD　patterns　obtained　was　achieved　with　the　aid　of

the　colnputer　program　CELL．5）Data　analysis　was

carried　out　by　the　Riet草eld　method，　using　the　RIE・

TAN－94　profile　refinement　pregram．6）Thermogravi・

metric　analysis（TGA）a皿d　differential　thermal　anal・

ysis（DTA）were　carried　out　using　a　Mac　Science

therma1　ana　lyzer　system　OOI　at　a　heating　rate　of　5℃

min－1　in　air．

　　　　　　　　　　3．　Results　and　discussion

　　The　ion－exchange　compounds，　LiLaTiO4　and

LiEuTiO4，　are　obtained　in　the　form　of　Hght
brownish・white　crystallized　powder．　X・ray　fiuores一
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cence　analyses　revealed　the　absence　ef　sodium　ion　in

both　compounds．　The　XRD　study　of　LiLaTiO4
showed　a　tetragonal　symmetry　with　only　one　sys．

tematic　absence　of　h十h＝2n十1for　hleO　reflections，

indicating　the　possible　space　groups　of」P4／n　or」P4／

nmm・On　the　other　hand，　re且ection　conditions　of

LiEuTiO4　are　k＝　2n　for　Olel　and　ekO　refiections　and

l＝2n　for　hOl　and　OO～reflections　on　the　basis　of　an　or－

thorhombic　symmetry．　The　possible　space　groups

are　Pbcm　or　Pbc21．　These　reflection　conditions　show

crystal　symmetry　which　is　the　same　as　those　of　the

parent　compounds，　NaLaTiO4　and　NaEuTiO4．
Despite　the　considerable　difference　in　ionic　radii　be・

tWeen　the　lithium　and　rare　earth　ions，　the　symmetry

of　the　ion－excha皿ge　compounds　is　practica1ア　un－

changed．　The　Rietveld　re丘nements　for　the　ion－ex－

change　compounds　were，　therefore，　performed　as－

sumi孤g　the　same　structural　model　as　that　of　the　par－

ent　compounds．

　　Initial　atomic　positi皿s　were　calculated　by

modifying　the　coordinates　of　the　parent　compounds．

In　the　early　refinement　stage　of　ion－excllange　com・

pounds，　the　site　assignment　for　lithium　ions　was　not

included．　In　the丘nal　refinement　stage，　the　location

of　the　lithium　ion　site　was　estimated　using　difference

Fourier　maps．　However，　it　was　not　possible　to　locate

the　remaining　lithiurn　atoms　from　the　di｛ference

Fourier　maps　because　of　their　low　atomic　scattering

factor．　Therefore，　several　tria　1　models　were　fitted　to

the　pro丘les　using　the　Rietveld　program　RIETAN．

　　The　slnaU　size　of　the　lith｛um　ion　leads　to　a　laLrge

contraction　along　the　stacki皿g　direction　of　perov－

sldte　Iayers．　The　spacing　between　the　adjacent

perovskite　layers　in　both　lithium　compounds　is　about

O．14nm．　This　interlayer　distance　is　too　smaU　to　a1－

low　the　Hthium　ions　to　be　in　a　rock－salt　coordination．

In　addition，　ninefold　coordination　of　lithium　atoms　is

皿㎞own　in　oXides．　In　these　compounds，　there　is

only　one　possib正e　crystallograph．ic　site　for　the　lithium

ion．　The　anomalously　short　lattice　parameters　ob－

tai皿ed　are　due　to　a　coordination　change　of　the　lith≒

um　atom，　which　is　in　a　fourfold　coordinate　site．　The

refinement　assuming　this　fourfold　coordinate　site　of

lithium　atoms　converged　to　Rwp　＝　13．4％，Rp＝10．2％，

RI　・3．4％，　RF＝1．9％fOr　LiL，aTiO4　a血d　l～．＝　15．2％，

」～p＝11．3％，」Rr・＝6．4％，　RF　＝・4．4％for　LiEuTiO4．　The

resU　Its　of　pattern　fitting　for　LiLaTiO4　and　LiEuTiO4

are　shown　in　Fig．1．The　crysta皿ographic　data　ob－

tained　from　Rietveld　refinement　are　listed　in

Table　1．　The　structural　models　for　LiLaTiO4　and

LiEuTiO4　are　i11ustrated　in　Fig．2．　The　coordination

of　Na－O　observed　in　NaLaTiO4　atld　NaEuTiO4　is　a

rock－salt　type．2），3｝In　contrast，　the　Hthium　ions　in

both　lithium　compou且ds　have　a　tetrahedral　coordina－

tion．　ThLe　lithium－ion－excha皿ged　compounds，

LiLaTiO4　and　LEuTiO4，　consist　of　intergroWths　of

perevskite　sheets　with　layers　of　Li－O　in　a　tetrahedral

coordination　and　those　of　Ln－O　in　a　distorted　rock－

salt　coordination．　These　compounds　are　new　phases
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Fig、1．　X・ray　powder　pattern　fitting　for（a）LiLaTiO4　and（b）

LiEuTiO4．　The　calcUlated　and　observed　patterns　are　shown　as　the

top　solid　1ine　and　the　dotS，　respectively．　The　vertical　marks　in　the

middle　show　positions　calcUlated　for　Bragg　re且ections．　The　trace

on　the　bottorn　is　a　plot　of　the　difference　betWeen　calcUlated　and　ob・

served　intensities．

Tabte　1．　Cryst且Uogr且phic　Data　for　LilぷTiO4　and　LiEuTiO，
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Fig．2．　Structural　models　of（a）LilLaTiO4　and（b）LiEuTiO4．

analogous　to　the　Ruddlesden－Popper　phase．引

　　As　descri1〕ed　in　preVious　studies，2）・3）the　charge　irn・

balance　betWeen　sodiurn　and　rare　earth　ion　in　parent

compounds　is　compensated　by　a　displacement．of　the

tita血ium　ion　from　the　position　of　a　regular　octahedral

center　toward　the　sodium　ions．　Such　a　short　Ti－O　dis・
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tance　leads　to　less　interaction　between　the　sodium

atoms　of’the　interlayer　and　the　apex　oxygen　atoms　of

the　perovskite　Iayers．　Therefore，　this　structural　fea－

ture　may　be　a　cause　of　ion・exchange　reaction　with

other　monovalent　ions．　The　sodium｛ons　in　the　par－

ent　compounds　are　readi1y　exchanged　with　lithium

ions　in其nolten口NO3，　which　leads　to賠w　layered

oxides．　The　lithium　compo岨ds　retain　the　same　bond

character　as　that　of　the　parent　compounds．　ln

LiLaTiO4，　the　Ti－O　bonds　are　classified　into　three

types：i．e．，　a　very　short　bond（0．177（4）nm）toward

the　interlayer，　four　normal　bonds（0．194（1）nm）

linked　within　the　perovskite　layer　and　a　iong　bond

（0．257（4）nm）．These　bond　distances　are　similar　to

those　of　par飽t　compounds．　An　imρortant　common

structural　feature　for　aU　the　series　of　ion『exchangea－

ble　layered　perovskite　colnpounds　is　the　presence　of

extremely　short　metal－oxygen　bonds　in　the　direction

of　the　interlayer　alkali　metals　between　the　perovs－

kite　layers．4）

　　DTA　and　TGA　data　showed　decomposition　at

about　800℃，　which　was　also　con㎞ed　by　XRD

measurement．　T1肥destruction　of　layered　structure

was　observed　above　this　temperature．　The　ma㎞

degradation　product　is　probably　three－dimensionally

linked　perevskite　structure，　and　a　large　amo皿t　of　se－

cond　phase　was　present．　The　lithium　compounds，

which　are　probably　metastable，　could　only　be　ob・

tained　through　the　ion－exchange　reaction．　The
di伍culty　in　direct　synthesis　lies　in　the　fact　that　the

lithium　compounds　are　unstable　at　high　tempera－

ture．　The　lithium　cornpounds　do　not　exist　in　any　hy－

drolls　form　even　when　the　compou血ds　are　washed

with　distilled　water．　These　results　are　in　contrast　to

those　of　the　parent　sodium　compounds　which　con－

tain　water　molecules　in　the　interlayer．7）The　differ－

ences　in　the　hydratio！1　behav三〇r　can　be　explained　by

the　small　interlayer　space　which　does　not　aUow　the

insertion　of　water．　The　interacti皿between　perovs・

kite　layers　is　much　stronger　for　the　lithium　com・

pound　than　for　the　sodium　compound　because　of　the

smaUer　interlayer　distance．　Therefore，　in　the　lithLium

compounds，　the　energetic　ga㎞s　obtai丑ed　by　hydra－

tion　of五thium　ions　do　not　exceed　the　e血ergy　re－

quired　to　expand　the　interlayer　space．
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