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Ordering and Dynamic Properties with Respect to the Arrangement of

Excess Oxygen Atoms in Layered Perovskite Oxide Crystals
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Thermal properties of layered perovskite oxide crystals, LanNi,Oaniss (n =1,2) and

LasCuOau,s, found by using an adiabatic calorimeter are explained. The characters of the ordering

in the arrangement of excess oxygen atoms and its relation to the tilt of BOs (B: Ni, Cu) octahedra
are discussed in combination with the results of neutron diffraction studies. The characters

observed of glass transition phenomena are discussed with proposition of a relaxation time

expression for the rearrangement motion of excess oxygen atoms. The correlation was found

between freezing-in temperature of the rearrangement motion of excess oxygen atoms and the

local structure around the excess oxygen atoms.

1. FUBHIC

B S A REEMB A R £ 2 BRI AN E R R
FTIEDEL, BEHECETFIUNRIIEEZRITT, L
2o T, BAUOWEEER L, BT T EHT

Wi, BERMOMELTHLIEPLETH L, $72,

RELBELBERMGORIZHHT L L, BRILDOF
LOHBEER IR X BB LI0b0%d%5,
REORIRRTT AN A MEIBLWE, ab EPUZIZHER
DIEND BHD, cEHMIZIIFEROE S 2D ABO T
TAKA PBERNOBPLEIER LBt EETE
bo ZORFME DD, MEAA AL 1BOw 1 13
¥) THiL &b Ruddlesden-Popper BIEE{LI TH B, T
ZCHEE, AV A MIHBR A 4 S EFEOREWHIET
ELT VA TETESFHEL, BFA MIA A HEO
MNEEBEBTENEET S Ruddlesden-Popper EiER

{biposEREEEd, BRI Z(ABO:).AO L ESET L H
LRV, FOERBLRIEEL, Figliln=1,2058%
AT LIS, nBOERT HABO: NI T AL A FEL1E
DAO EEBIXEIEB LK TH D, 72, AOH
EBOENOBREINLLTHRAL L (TR L, 2D
RFEE, ETPEEY EIE) BOEO R BT
L70IFRTH 5B,

B LR AR AR EAR B AO T & CuO, A HHEEL
ENLBRWEATH D, 72770, REBENFHFEFT S
BEe, AV MEREROBEOTENSEEL, BRELR
IEBRFERTT 2B E2ENHY, 2OEREEIIHEMHT
5o LayCuOs R IR LIS BB IREARDO T b Bl
ZHEEF ¥ o n =1 ®Ruddlesden-Popper BIER{ETH 1,
BEBEFEOFET CBEENLRT, —F, FUHELH
DLa;NiOs 15 #E&iL, LaxCuOs,s BHRL D OEEENEL
BENREVEHEAMPERLT VD, LaCuOs s HERONDHY

© 2000 The Japan Society of Calorimetry and Thermal Analysis.

Netsu Sokutei 27 (2) 2000



& U TERREAERMOMFRIMTH R T & 72, LapNiOs &idh
BARYDEDR—NVEEALTHIRBTIILBHEESE
2REY, BEEMLIRILV—FT, 2BUEERY R
THADOHERSD LEREFIHIESe & &R BRgE:
BRIt cLd 5,

AT, ARBRELEUBIRRO T AS 1 M EIER(LY
T&5Lan:+1NiaOss115 (n1=1, 2, 3)& La;CuOs:5 i
KBITABERELEBIIOWT, 4D T X 7RER
BEE VBRI L AR B LIEA L, BRI
FEFIOBFALOME L BEMEIZ DWW TR B,

2. BEAELM

TV, BMEAERES 20w Tith<5b, BERBMOE
RIZL B L, LaNiOy s HRICHBT DBEATHEOFH
fBid, 1473 K, BEESE] atm TH0.08 L HEA X, D
600 K CIX0.16 BEIZ 25,8 600 KUT T, #RFEE
AL EELOEEISE L, BENOBEOHANEIE
HRNIR T 5%y, —7, La,CuOs s BROBERTEH
#1d, 853 K, EERSIE] atm C0.01, 100 atm T 0.03 &
NS BB ORERIL, LaCuO Rt Bme L,
FEMEEE A 600 ~ 800 mV DEM CEALFMIEREILT 5
ZETIRONB00 ZOHEIZL Y LapNiOg 5 HRIZH
WTH =025 L EBHBEORKBIEB LN TV B, 1213
LaiNiyO7:5, LagNizOig:s FERICDWTIE, BEMECH
BT A LWIIERITHhIL Tz vy,

BEBEEIERADO L ZIIFET A5 LaNiOs 14 &
LaxCuOy03!> BAEROPHTEIFERIZ L W HO N,
2O A MIAFig2 iR T LS I LaOBAD4 DD T v ¥
YEFIMEARICEENAMETH D, LaOEIILad 4
FrE0-AF o EREh, BRBICELZHEL T
5720, BAF Y ORTHET L EHBENIOMEIA
LI EIIRENTH S,

3. BOs NHEHET 1 JV NS

BRERRDORCHHES £ FHIHT H8112, LaaNiOs & La;CuO;4
ELRE R OB L BRSSOV THEAY 4, Fig.1 107
Tn=1DHEII VDYWL KNIFEETHY, ZZHEIE
14/mmm TH b, ZOERMEDa, bBHILIT TR~ 5 M0
300D a, b#iZ c B L T45° EELSE/-AFIH Y,
BB TFORRBIIZOETTH D, LIzhoT, BEKTF
DY FEEDE B0, Fig \ORTELEFETOB
fAEFORb N IZa, bEHBOMIZAHE ZEHOIEHERTF
DHERTEE) L TbRTEBY, ZOFIER
ZIERLEFTL NN, TOHE, ZREORLS
{dF4/mmm & FKFLEN S, LaNiOs & LayCuOQs #5548 Tldve
COPDOBERIEBIIR 5, COMEB TR 2HEE

® Aion

@ BOg octahedron

‘
AQ rock-salt layer i
!

ABO, perovskite layer

(@n=1

(byn=2

Fig.1 Crystal structures of Ruddlesden-Popper oxidzs
AnBiOsntr (@)n =1; (byn =2

Fig.2 Interstitial site for excess oxygen atoms, represented
by a shaded circle.

LB, BEEB L FNIIBIEL T 26 DOBEE
FOEET 2 BOs NEENFOBEETEL I % (L
&b, ZOWMEHERIILNIO & LaCu0s  Fi
Dtolerance factor!® 751 LT TH B 720 #2 2 %, LaNiOQy
ELa)CuO & IZF R FNTT0K, 1" 530K 10 TR RS
F4/mmm D755 Bmab O3NS 5, LapNiOs 5
S 51280 KA TZEEIB D Peen DAFNEERET 51920 %7,
S VEFERA VL, R MILFY LETC—EER
L7:La;  ,Nd,Sr,CuOs ¥ Cld, Bmab, Pcen HDIEN
12, ZEBEN Paynem OMATHIT 5,20 BENEHL
EZONLERTHEEINTOLERBIZZD4DTH S,

Netsu Sokutei 27 (2) 2000



BAK~RT 7 A% A BEIBEAIZ B0 5 BRERFRRLTIOBF (L L $inoi g

eXCess oxXygen atom . Z Z

BO, octahedron

£l =t
c
L—»
b
Fig.3 Arrangement of tilts of BOs octahedra represented
. ) ] (a) stage-3 structure (b) stage-2 structure
by the displacements of apical oxygen atoms in (6=0.07) (6=0.10)
different structural modifications, as viewed along
the ¢ axis. The magnitudes of displacements along Fig.4  Stage-n structures with respect to the arrangement
the a and b axes, |Q:] and |Q:|, are different of excess oxygen atoms suggested by Tranquada
from and equal to each other in space groups Pcen et al? (a)yn=3; (byn=2. Occupation fraction
and P4y/ncm, respectively. of excess oxygen atoms at the sites represented

by shaded circles is ~ 0.2.
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Fig.5 (a) Molar heat capacities of La:NiO4.s (0.047

<8<0.116) crystals.
(b) Molar heat capacities of LayNiOs:s (0.120
=8=0.154) crystals.
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Fig.6 Phase diagram of La:NiOy.s crystal.
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Fig.7 Spontaneous temperature-drift rates observed
in La;NiOsi26 crystal: @, rapidly precooled

sample; O, slowly precooled sample.
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Fig.8 Molar heat capacities of a La3Ni07.40; crystal.
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Fig.9 Molar heat capacities of La;CuOs.s (0.01158

=0.07) crystals.
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Fig.11 Arrhenius plots of relaxation times of eq. (4):
line (a), one-step jump process; line (b), 10-steps
jump process; line (c), 10%-steps jump process.
Two horizontal dashed lines represent the
boundaries of the range of experimental time
102~ 106s,
calorimetry. Arrows (d) and (e) represent the

scale, by a precise adiabatic

glass transition temperature regions involving 1
~ 10-steps processes and | ~ 10%-steps processes,

respectively.
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Fig.12 Spontaneous temperature-drift rates: (a), LaNiOsce: ;
(b), LasNi2O7.001 ; (¢}, LazCuOqps : @, rapidly

precooled sample; O, slowly precooled sample.
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Fig.13 (a) The relation between B-0(2) distance,
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appreciable heat evolution effect due to the glass
transition started to be observed; (b) The relation
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