PHYSICAL REVIEW B VOLUME 60, NUMBER 9 1 SEPTEMBER 1999-1

Calorimetric study of an electrochemically oxidized crystal of LaCuQ, ¢5: Stabilization
phenomenon, phase transitions, and a glass transition due to freezing-in of the rearrangement
of excess oxygen atoms
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Heat capacities of a L&uUQ, o5 crystal prepared by electrochemical oxidation at room temperature were
measured in the range of 14-400 K with an adiabatic calorimeter. The as-prepared sample exhibited heat
evolution, above 330 K, due to stabilization from a metastable phase to a stable phase and to homogenization
of the excess oxygen atoms over the whole polycrystalline sample. There were two phase transitions observed
only for the stabilized sample; a Martensitic type at 290 K, and a second-order type at 158 K. A supercon-
ducting phase transition was observed near 41 K for both the as-prepared and the stabilized sample. A glass
transition was found in the range of 130—-190 K, and was interpreted to have originated from the freezing-in of
the short-range rearrangement of excess oxygen atoms. Herein, the relationship between the phase transitions
due to the order and/or disorder of excess oxygen atoms and to the tilt of the dCteedra is discussed.
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[. INTRODUCTION tial sites along thé axis and all the interstitial sites along the
a axis appear to be accessible in the relevant LaO layer to the
The structure of LgNiO, and LaCuQ, crystals is the excess oxygen atoms. Our calorimetric stitdgonfirmed,
same as that of JNiF, constructed of alternatingly stacked based on the transition entropies, the phase transitions are, in
KNiF5 perovskite and KF rocksalt layers. Both the crystalsfact, of a type involving an order-disorder process of the
show excess-oxygen nonstoichiometry, and the excess oxgxcess oxygen atoms. 3@u0, ., 5 crystals with larges pre-
gen atoms are accommodated at interstitial sites surroundgmired by electrochemical oxidation have also been reported
by four lanthanum atoms and four oxygen atoms in LaOto show the ordered structure of excess oxygen atoms and
rocksalt layers:? Based on the fact that more excess oxygerthe phase transitiorié-2° Wells et al,'3* by investigating
S can be incorporated in LAIIO, crystals than in LgCuOQ,  neutron diffraction of LaCuQ,. s single-crystal oxidized
crystals, studies of thé-T phase relation and the ordered electrochemically, observed superlattice peaks with the
structure of excess oxygen atoms have conventionally enmodulation wave vector (0,1/h) below room temperature
ployed the LaNiO,. s crystals>® Notably, however, which corresponds to stage-structure® In that investiga-
La,CuQy, s crystals with larges have been prepared by us- tion, the relation betweerm and § remained unclear be-
ing an electrochemical oxidation technigqir¥. cause, owing to the small size of the crystals, tiéeiralues
The presence of ordered structures of excess oxygen atould not be determined. There is no direct evidence that
oms in LgNiO,, 5 crystals has been reported by several re-excess oxygen atoms really undergo rearrangement to an or-
search groups, respectively, using neutron-diffraction, dered state at the specific temperature at which the superlat-
electron-diffraction, and transmission electron microscopytice peaks appear. The neutron-diffraction experiment is con-
techniques. Tranquads al.® by using neutron diffraction of sidered to have detected there only the development of a
Lay,NiO,4, s crystals, observed superlattice peaks with acooperative tilt pattern of the CyOoctahedra. Lanzara
modulation wave vector (0,1rh) below approximate room et al,'® using in-plane-polarized CK-edge extended x-ray
temperature, and suggested that the appearance of the supapsorption fine structure, observed that two kinds of planar
lattice peaks are due to an order-disorder phase transition @u-O bond lengths appear below 150 K in an electrochemi-
excess oxygen atoms, in conjunction with the cooperative tiltally oxidized crystal of LaCuQ,,, which indicates the
of NiOg octahedra. The ordered arrangement of excess oxypresence of another phase transition.
gen atoms as correspondent to the modulation wave vector It has been reported that excess oxygen atoms in
(0,1,1) is called a stagea structure; stage-3 and stage-2 La,Cu0,, s and in LgNiO,, s crystals are mobile below
structures appear arour=0.07 ands~0.10, respectively, room temperaturé®~°In the heat-capacity measurements of
and phase separation occurs in the range between thé twoa La,NiO, oo, crystal’® we observed a glass transition phe-
values. In the staget structure, the excess oxygen atoms arenomenon due to the freezing-in of the rearrangement of ex-
accommodated at the interstitial sites located within every cess oxygen atoms around 200 K. However, we did not ob-
LaO layer along thec axis. According to the characteristic serve a glass transition in previous heat-capacity
tilt pattern of the NiQ octahedra, only the alternate intersti- measurements of LEUQ, 435 and LgCuQ, o;; crystals?®!
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possibly due to a small quantity of excess oxygen atoms. It is 40 , T
expected that such a glass transition would be observable in I al
La,CuQ,, s crystals in which a larger quantity of excess
oxygen atoms were introduced by means of electrochemical
oxidation, as was the case in the,N&O, g9, Crystal.

In the present study, heat capacities of an electrochemi-
cally oxidized crystal of LgCuQ, o5 were measured with an
adiabatic calorimeter in the range of 14—400 K in order to ' —

: ) . ) 300 350 400
clarify the phase relation and dynamic properties of excess T(K)
oxygen atoms. The as-prepared sample exhibited a large heat
evolution, above 330.K’ due to the change f“?”.‘ a metastabl_e FIG. 1. Rates of spontaneous temperature drifts observed in the
to a stable phase. It is suggested that the origin of the stabh—eat capacity measurements of aCaO, « crvstal: [ is the as-
lization is the transformation that results in the ordered struc- pacty & L8505 CYSIE-

. repared sample) is the sample annealed at 400 K for 60 h.
ture of excess oxygen atoms, and the homogenization of e>?— P pleo P

cess oxygen atoms across the grain boundary. Two phasgg k immediately after the series of heat-capacity measure-
transitions were observed for the stabilized sample; a Mary,anis of the as-prepared sample had been carried out from

tensitic type at 290 K and a second-order type at 158 Kggg g 400 K. The temperature chang@ due to the stabi-
Neither transition has been indicated to accompany an Ordeﬁ’zation amounts to~1.7 K. The magnitude of heat evolu-

disorder process of excess oxygen atoms. A freezing-in phgjo, ‘A is evaluated as the sum of two contributions as

ngmenocrj\ .Of tr?e rearrangf:]elr;gntlggelé(cess OXygen atoms Wagqys. The first contribution is estimated from heat evolu-

observed in the range o - ' tion observed during the heat-capacity measurements from
300 to 400 K to be
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Il. EXPERIMENT

Details of the synthesis of a polycrystalline sample by AHmyl=f Ciota/N(dT/dt)dt~0.2 kImol !, D
electrochemical oxidation are described elsewR&fithe ex-
cess oxygen atom conteéitof the sample was determined to whereC,,, andn are the gross heat capacity and the quan-
be 0.05 by iodometric titration with an uncertainty ©0.01  tity of sample, respectively. The second contribution is esti-
after the heat capacity measurements. Heat capacities of tineated from the heat evolution observed during the annealing
sample were measured in the range of 14—400 K by an inat 400 K to be
termittent heating method using a high-precision adiabatic
calorimeter?® The initial temperatureT; is determined by AH 2= Ciota( 400 KIAT/N~0.9 kI mol . 2
following the temperature of a calorimeter cell for 12 min. A
known quantity of electrical energ&E is then supplied to
the calorimeter cell loaded with the sample, and the fina

temperatureT; is determined by following the temperature . . ;

for another 12 min. Gross heat capacity of the @l is ties of the as-prepared and sta}blllzed samples, respectively.
evaluated to b& E/(T,—T,) atT = (T;+T.)/2. Appreciable Both t_he as-prepared and stabilized samples showed a h_eat-
temperature drifts were obse?ved during the temperatureqapac'ty anomaly due 10 a superconducting phase transition
measurement periods as due to a glass transition or a ph ar 41 K'. Only thellat'ter sample showed wo addmonall

stabilization. The rates of the drifts were determined to b \eat-capacity anomalies: one was a Martensitic phase transi-
the values at 7 min after the supply of electrical energy. Th AzgrnleE?Sr 590 K; the other, a second-order phase transition

mass of the sample used was 21.21(0952239 mal The d Figure 4 shows the heat capacities of the stabilized

Forebcels\llsi?h%ng 3 c(:)%u;ancg;og g;/eo T;:;gég\%?é‘gts were eStIr.nat(gample in the range of 260—-300 K on an enlarged scale. The

different symbols in the figure represent the values obtained
on heating the samples that had been precooled from 320 K
. RESULTS to the temperatures, respectively, indicated in the figure. The

The total enthalpy change is thus estimated to Aid,,
FAHR 1+ AHR~1.1 kI mol L.
Squares and circles in Fig. 3 represent molar heat capaci-

A. Phase relation

Figure 1 shows the rates of temperature drifts observed as
originating from the change of state of the sample in the
range of 300—400 K. Squares represent the values obtained
upon heating the sample that had been prepared by electro-
chemical oxidation at room temperature. The sample exhib-
ited heat evolution starting at around 330 K. Circles repre-
sent values obtained on heating the sample after annealing at -2

1 Il ) |

400 K for 60 h. The annealed sample exhibited no heat evo- 0 20 t(h)40 60

lution nor heat absorption in the range of 300—400 K. Based

on this finding, it is concluded that the heat evolution ob-  FIG. 2. Temperature drift curve at 400 K observed immediately
served in the as-prepared sample is due to a kind of stabilafter the heat capacities for the as-prepared sample had been mea-
zation. Figure 2 shows the temperature drift observed neasured from 300 to 400 K.
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FIG. 3. Molar heat capacities of a $@uQ, 5 crystal: (I is the FIG. 5. Molar heat capacities plotted on an enlarged scale near

as-prepared sampl€) is the sample annealed at 400 K for 60 h. 158 K. Temperatures indicated in the figure represent the lowest
temperatures to which the samples were precooled from 200 K
respective sets of data are located on different curves, defore each series of measurements. Solid line represents a base
indicated by solid guidelines, depending on the lowest temline for estimation of the enthalpy and entropy of transition.
perature to which the sample was precooled before the mea-
surements. No appreciable temperature drift was observeda or in the arrangement of excess oxygen atoms has been
just after the precooling or during the heat capacity measuredbserved at the temperatures in,Ca0,, ; crystals. The
ments. These results indicate that the transformation pausé@sthalpy and the entropy of transition were estimated by set-
at a certain state of quasiequilibrium prefigured by the preting the baseline to be 24 Jmdland 0.096 JK'mol™*,
cooling temperature and cannot proceed due to the inevitablk@spectively.
generation of large interfacial energy between the domains of Figure 5 shows the heat capacities of the stabilized
high- and low-temperature phases. This is characteristic of &mple in the range of 140-170 K on an enlarged scale, and
Martensitic phase transition, and is similar to those observethe two symbols represent values obtained on heating
in La,CuQy o;;and LgCuO, ggscrystals?®?! The dashed line  samples precooled from 200 K to the temperatuf&y and
in the figure represents a baseline established by interpolat57 K, respectivelyindicated. The two sets of data are lo-
ing the values in the ranges of 200-250 K and 300—320 Kcated on the same curve independent of the lowest tempera-

The baseline represents ture to which the sample was precooled, and no temperature
drift was observed during the measurements. This indicates

Cp,m/(JK‘lmoI‘l) the absence of hysteresis and latent heat in the transition. The
anomalous heat-capacity curve showed a long tail on the

=22.12+0.7991T/K) low-temperature side and an abrupt drop just above the tran-

sition temperature. These figures further indicate that the
—1.337<10 (T/K)?+5.554<10 "(T/K)*.  (3) phase trar?sition is of a seco?"nd order. The solid line in the
The assumption that, above 300 K, there is no heat—capaciﬂgure stands for a baseline established by interpolating the
contribution due to the phase transition is consistent with th&/alues in the ranges of 50-100 K and 165-180 K. The line
report by a neutron-diffraction experiméht*that no appre- represents

ciable signal of short-range order in the tilt of CyGctahe-
« Cp.m/(JK *mol™h)

=—29.38+1.502 T/K)— 1.035< 10" 2(T/K)?
+1.548< 10 4(T/K)3—1.500< 10 8(T/K)*
+6.790< 10 %(T/K)®—1.152x 10 *(T/K)E.  (4)

The enthalpy and the entropy of transition were estimated by
setting the baseline to be 15 Jmbland 0.10 JK'mol 1,
respectively. Considering that the value of the entropy is
, , , , , , , small, the transition is indicated to be based on a small dis-
260 280 300 placement of ions. This is consistent with the fact that the
T(K) excess oxygen atoms are immobile in the phase-transition
temperature region as described in the next section.

FIG. 4. Molar heat capacities plotted on an enlarged scale near !N Order to estimate the magnitude of the heat-capacity
290 K. Temperatures indicated in the figure represent the lowedtMP, A¢<Cp m, associated with the superconducting phase
temperatures to which the samples were precooled from 320 Kransition, excess heat capacitid<;, ,,, were calculated by
before each series of measurements. Dashed line represents a bas®tracting the heat capacities of g,Cai0, oo crystaf® from
line for estimation of the enthalpy and entropy of transition. Solidthe observed values. Squares and circles in Fig. 6 represent
lines are guide for eyes. AusCp,m/T, the excess heat capacities divided by tempera-

1 -1
Cp (UK 'mol™)
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30 - T T : fact that the heat evolution observed in the rapidly precooled
sample changes to heat absorption in the slowly precooled
sample leads to the conclusion that the effects of heat evo-
lution and absorption are due to a glass transition. The glass
transition temperaturel,, at which the relaxation time is
10°s, was determined from an empirical relafidto be 170
K, at which the slowly precooled sample exhibited a heat
absorption peak. Such a glass transition was also observed in
a LaNiO,4 go4 Crystal, and is understood to be caused by the
freezing-in of the rearrangement of excess oxygen atdms.
i ' 30 ' 20 ' 50 The activation energyAe,, for the positional jump of an

T (K) excess oxygen atom is estimated as follows. The relaxation

time 7 and frequencyf for the jump are connected by the

FIG. 6. Excess molar heat capacities divided by temperature dfelation
La,CuQ, o5 crystal, derived by subtracting the values of a _
La,CuQy oo crystal from the experimental ones and plotted on an f=1/2mr. ®)

enlarged scale near 41 KI is the as-prepared sampl€; is the  The jump frequency is expressed by
sample annealed at 400 K for 60 h. Solid lines are guide for eyes.

[\
(=]

—
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AC,, /T (oJK “mol™)

f=vexpAS,/R)exp(—Ag,/RT), (6)
ture, for the as-prepared and stabilized samples, respectively, o
in the range of 20—50 K. The superconducting phase transi¥herev, AS,, andR are the vibrational frequency of excess
tion was observed to have a jump at around 41 K in botXY9en atoms, activation entropy, and gas constant, respec-
samples. The magnitude of the jump is estimated to be 18vely. Both of Ae, and AS, are usually considered to be
and 5 mJK2mol ! for the as-prepared and stabilized independent of temperatuga.ls expgcted to be. close to the
samples, respectively. These values are similar to thos@ebye frequency, 1.0210*° Hz, which was estimated from
1.73-7.67 mJK?mol %, of La, SKCuQ, (0.10<x the molar heat'capacny value at the glass transition tempera-
<0.16) crystal€* ture by assuming the crystal to be a continuous solid com-
posed of 7.0 N, atoms, wheréN, is Avogadro’s number.
According to Zener theor§, AS, can be estimated as
B. Glass transition due to freezing-in of rearrangement
of excess oxygen atoms and activation energy d(B/By)
for the positional jump of the oxygen atom AS~~— SaT’ ()

Solid and open circles in Fig. 7 show the rates of tempera- . .
ture drifts observed in two series of measurements foghereB andB, are bulk moduli afl and 0 K, respeciively.

samples stabilized at 400 K and subjected to respective pr d—aé’fg /0 dnT kf)u'tk modzl7us %a?ign}( a}veraglqe | \{[aléjet Ol];
cooling treatment at 1 Kmint and at 20 mKmin?® from (B/Bo) etween an IS caicuiated o be

_ —5 -1 ;
200 to 100 K. The rapidly precooled sample exhibited heat 4.21x107> K™ Using these values a@i(B/B,)/dT and

evolution starting at 130 K and ending near 190 K. The”” :_:md given that the relaxatlon time & is 10°s, the acti-
slowly precooled sample exhibited heat absorption starting a\{at|on.energyAsa, for the jump of the excess oxygen atom
145 K and ending near 190 K. The heat evolution and he estlmatedl according to Eq$5)~(7) to be equal_ 1o
absorption are not associated with the phase transition at 1 1 kJmoT %, which is close 1o the valu_e of 47 kJmd
K, because the temperature, 170 K, of the heat absorptiopsimated by the measurements of elastic energy’loBke

peak is clearly separated from the transition temperature. THE!axation time is determined by

7=T1oeXP(Ae,/RT) (8)
1.0 , , T
with 7,=1.18x 10 4s, which is close to the value of 2
x 10”45 estimated by the measurements of elastic energy
05r i los€’ and is in the range previously predict&d
i L% | gep y P .
TQ o . A *% %o o0
E) 0 pRPRARRAI o005 ————a"53920 v o ~ IV. DISCUSSION
E 0% ooo | A. Absence of an order-disorder process of excess oxygen
T -05r og ] atoms in the phase transition at around 290 K
o .
In the present study, the phase transition observed at
—1-%0 — 150 — 200 around 290 K was clearly related to the observation by Wells
I & et al!®* of superlattice peaks below room temperuture in

electrochemically oxidized crystals. The superlattice peaks
FIG. 7. Rates of temperature drifts observed in the series of hedtorresponded to a stage structure similar to those observed in

capacity measurements for the,CaiO, o5 crystal stabilized at 400 La;NiO,., 5 crystals® It should be noted, however, that the
K: @ is the sample precooled rapidly at 1 Kmih O is the  superlattice peaks are not necessarily a result of the develop-
sample precooled slowly at 20 mK mih ment of ordered arrangement of excess oxygen atoms, but
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are attributed to the development of the tilt pattern of guO explained further by the progress of homogenization. The
octahedra. In a LANiO,. 5 crystal with 5~0.071! the en- annealing is then understood to remove those crystals in the
tropy of the staging transition was about 1 J%mol~%, and  sample that have very largevalues, which would give com-

a large heat absorption effect, owing to diffusion of excesgaratively large heat-capacity jumps.

oxygen atoms over a broad expanse, was observed in the The latter process can be predicted to proceed as follows
heat-capacity measurements around the transition temper#the stabilization that occurs above 330 K. Prior to electro-
ture. On the other hand, in the J@uOQ, o crystal, the en- chemical oxidation, the L&uO, crystal is in the phase with
tropy of the transition at around 290 K was found to be abouthe space group dmah® in which the CuQ octahedra are

0.1 JK *mol™?, only one tenth that found in LAO, o/, correspondingly tilted in a systematic way, though the tilt
and no appreciable heat absorption effect was observed jpattern is different from that realized in the low-temperature
the transition region. Judging from the results of calorimetricohase below 290 K in L&Lu0, ¢5.** On the other hand, as
and neutron-diffraction studiég;“ it is concluded that an discussed in the last section, the Guigtahedra in the stable
order-disorder process of excess oxygen atoms does not prphase of LaCuQ, g5 crystal above 290 K have no tilt at least
ceed but only the cooperative tilt of the Cgi@ctahedra in the long range” This indicates that the samples before
occurs through the phase transition at around 290 K. Consicend after electrochemical oxidation at room temperature
ering that the superlattice peaks observed inhave different stable phases with different structures. If the
La,CuQ,, 5 (6=0.055) crystals below room temperature phase transition between the two phases is of the first order,
are similar to those of the stage structure observed ifroceeding through the progress of the new-phase nucleation
La,NiO4, s (8~0.07 and 0.1pcrystals, it is deduced that, and growth processes, the progress requires adequate condi-
for the La,CuQ, o5 crystal, the excess oxygen atoms are or-tions in terms of temperature and time period. In this respect,
dered with stage structure at least in the phase below 290 Khe as-prepared sample is potentially in the metas@bieb
Furthermore, in view of the fact that the ordering/disorderingPhase but not in the stable phase. Notably, the structural
of excess oxygen atoms is not involved in the phase transPhase transitions below room temperature were observed
tion at 290 K, it follows that, in the LauQ, o5 crystal, the  only in the stabilized sample, but not in the as-prepared

excess oxygen atoms are already ordered in the phase abot@mple. This finding is consistently interpreted based on the
200 K. assumptions that the as-prepared crystals have structures

rather close to those characteristic of tBenab phase in
terms of the tilts of the Cu@octahedra, and result in no
B. Two processes that proceed in the stabilization observed  stryctural phase transition below 300 K, as in the case of the
above 330 K in the as-prepared sample La,CuQ, crystal and, further, the phase transitions take place

Two processes are considered to proceed in the stabiliz#? the crystal with some ordered arrangement of excess oxy-
tion Observed above 330 K in the as_prepared Samp'e_ One %n .atom_S after the stabilization. It is Un“kely that the Stab|'
the homogenization of the excess oxygen atom content in thézation yields only the above homogenization while giving
sample in which the excess oxygen atoms were incorporatelfl€ appearance of the phase transitions; if that were the case,
heterogeneously by electrochemical oxidation at room temthe phase transitions would have been detected in the tem-
perature. The other is a phase transition from a metastable frature range in the as-prepared sample, since such transi-
a stable phase, which results in a stage structure of exced§ns are observed in L&UQ,. 5 crystals not only withs
oxygen atoms without tilt of Cupoctahedra in an ordered =0.05 but also withs=0.011 and 0.0352*" Crystals with
fashion. The former process was proposed by Hirayata theseé values are expected to exist in appreciable amounts
al.? In view of the fact that the glass transition caused by theeven immediately after the electrochemical oxidation at
freezing-out of the rearrangement of excess oxygen atoni®om temperature. Thus, the stabilization above 330 K is
was observed around 170 K, the excess oxygen atoms aﬁ@ﬂClUdEd to include the phase transition reSUlting in the
understood to be mobile in a crystal above 170 K. Thestage structure of excess oxygen atoms without the coopera-
sample was, however, electrochemically oxidized in the forniive tilt of the CuQ octahedra. We remarked that no heat
of polycrystals, and thus the homogenization of excess oxyevolution was observed in the previous heat-capacity mea-
gen atom content over the whole sample requires diffusion ogurements of thes=0.011 and 0.035 crystals prepared by
the oxygen atoms across the grain boundaries of the polyrigh-pressure oxygen annealing above 408K Since the
Crysta|s_ This process potentia”y proceeds On|y at h|gh temheat evolution, i.e., stabilization process could proceed above
peratures, such as those above 330 K. Hirayatral. really ~ room temperature, thé=0.011 and 0.035 crystals would
reported that a LaCuQ,. 5 crystal prepared by electrochemi- have u_ndergone this transition during the high-temperature
cal oxidation at room temperature showed two superconduc@nnealing.
ing transitions, af .=45 and 32 K, and that the transition at
45 K disappeared by annealing at 373 K. They interpreted
this result to be associated with homogenizativiz,, the
excess oxygen atoms are incorporated only in the surface
region of the polycrystalline sample by electrochemical oxi- It was found that the rearrangement motion of excess oxy-
dation at room temperature, and diffuse into the inner part o§en atoms is frozen-in near 170 K in aJGu0, g5 crystal.
the sample by means of the annealing at 373 K. In thélhe temperature, 130 K, at which heat evolution was ob-
present study, the heat-capacity jump induced at the supeserved to commence for the rapidly precooled sample is
conducting phase transition was observed to decrease by aciose to that, 150 K, for the L0, 4o, crystall® The tem-
nealing at 400 K, as shown in Fig. 6. This finding may beperature region of the glass transition, 130-190 K, is, how-

C. Freezing-in of short-range rearrangement
of excess oxygen atoms
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ever, narrower than that of 150—-300 K in the case of thea stage structure in the arrangement of the excess oxygen
La,NiO, gg4 Crystal. The glass transition in the latter case isatoms without the cooperative tilt of the Cy@ctahedra.
associated with phase separation with respect to excess oxyhis would indicate that an order-disorder transition of the
gen atom content; thus the oxygen atoms have to diffus€xcess oxygen atoms would take place above 400 K; that is,
over long distances. Because the relaxation time for diffusiorihe fact that the ordering of excess oxygen atoms does not
over a long distance becomes very long, the relaxatio@ccompany the cooperative tilt of CyOctahedra makes this
should be observed over a wide temperature region up to g&se different from that of the LhiO,. 5 crystal. Of notable
high temperature, as discussed in a previous pSp&he interest herein |s_the clarification of the cogpllng an_d/or de-
fact that the temperature region of the present glass transitidfPUP!ing mechanism between the cooperative ordering of ex-
is rather narrow indicates that the glass transition in £©SS 0xygen atoms and the cooperative tiltNdDg (M
La,Cu0, os crystal is not associated with long-distance dif- = Ni. Cu) octahedra. o

fusion of excess oxygen atoms but is, rather, due to a !N observation that the heat-capacity jump at the super-
freezing-in of the short-range rearrangement of excess OX);;oanctlng transition temperature is about half as large in the
gen atoms. The short-range ordering of the excess oXygeﬁablllzed sample as in the as-prepared sample was under-

atoms within each layer of accessible sites can be a candidafi0d as an effect of the homogenization of excess oxygen
for rearrangement mode. atoms over the whole sample. A real understanding of this

phenomenon requires future study on thé phase diagram
and theé dependence of the heat-capacity jump associated
with the superconducting phase transition. In view of the
In the present study, it was found that the phase transitiofindings that no heat-capacity jump was observedéat
at around 290 K does not involve an order-disorder process-0.011 and 0.035, and in light of the fact that the above
of excess oxygen atoms but, rather, involves only a smalhomogenization at the average-0.05 brought the jump to
displacement of ions. Further, the stabilization observediecrease much, further investigation promises interesting re-
above 330 K accompanies the phase transition and results sults.

V. CONCLUDING REMARKS
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