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Effect of oxygen content on the anomalies at successive phase transitions of CGu0O 4, 5 single
crystal below 320 K
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A detailed study of electronic and thermal transport properties and linear thermal expansion of
La,CuQy, 5 single crystals with both high oxygen pressure oxidation and electrochemical oxidation were
carried out. A series of anomalies of resistivity, thermoelectric power, and linear thermal expansion have been
observed at three successive phase transitions below room temperature in samples §#tB.035. These
anomalies are gradually depressed with0.035, achieved by the electrochemical oxidation, and nearly
disappear after electrochemical oxidation for 40 dg$8163-18206)01234-9

I. INTRODUCTION (0< 6=<0.035), heat treated with different partial oxygen
pressures, undergo three successive phase transitions below
Because of its simple structure and composition, extenroom temperature. We do not observe the oxygen migration
sive studies of magnetism, electronic properties, thermah the process of successive phase transitténS Therefore,
transport, superconductivity, and structure have been carriedie propose that the phase separation associated with oxygen
out in the LaCuO, s compound for the purpose of reveal- migration occurs aff>320 K. The three successive phase
ing a common dominant mechanism in the superconductivitjransitions are concluded to k¥ a second-order phase tran-
of high-T. cuprate superconductofs'? It has been estab- Sition, the phase transition temperature defined as(2) a
lished that the superconducting state of,CaiO,, ; is re- martensmc-l!ke phase trans!tlon, the phase tran§|'t|on tem-
lated to the excess oxygen content and the structural Chan\gflrature def|r_1ed dbn, (3) a flrst-qrder phase transition, the
associated with a phase transition or phase segregation. T ase transition temperature defmedT@s In the measure-
techniques have been employed to induce excess oxygen in ent of res_lst|V|ty under hydrostatic pressure for the
stoichiometric LgCuQ,. The first is high-pressure oxygen 3,CUQ; o35 Single-crystal sample, the second-order phase

) . o ; transition atT, the martensitic-like phase transition&t,,
annealing at 500-600 °C, yielding~0.035, and producing and the first-order phase transition Bt are all suppressed

. . - 8’9 .

a superconcjuctmg.phgse with,~35 K.*" The secon_d 'S when the hydrostatic pressure is higher than a critical value
electrochemical oxidation at room temperature, which cang khars.'® This evidence implies that the three successive
increase the SXeess oxygen upde 0.12 and result ¢ as  ppase transitions may be related to the internal elastic stress
high as 45 K>+ _ occurring in the coexisting oxygen-poor phase and the

Neutron-diffraction studies of L#uO,.s (6~0.035)  oxygen-rich phase. It is known that b&uO, ., ; compounds
have revealed that a reversible phase segregation into tWoyye no phase separation whgn 0.0452 It is worth inves-
phases occurs below 300 K, an oxygen-poor phamilat-  tigating if three successive phase transitions still exist in the
ing and antiferromagneticand oxygen-rich phasé@metallic single phase statesmmn) when 5>0.045

\gnet .045,

and superconductind® The oxygen-poor phase has |, this paper, we present first the drastic anomalies in
Bmabsymmetry and the oxygen-rich p?ase was consideregesistivity, thermoelectric power, and thermal expansion
to beFmmmsymmetry by Jorgensest al."andBmabsym-  which occur at the three successive phase transitions for
metry by Chailloutet al® In their studies, a remarkable fea- samples (0.00& §<0.035) heat-treated with different par-
ture is that the phase segregation is repprted to occur Vigg| oxygen pressure atmospheres. Secondly, we show the
diffusion of oxygen atoms that remain mobile down to aboutchanges in these anomalies following electrochemical oxida-
200 K. Ahrenset al.” have reported that a slow cooling tjon to 5>0.035. Finally, we try to interpret the anomalous
through a narrow temperature range around 190 K madgjectronic and thermal transport properties using the correla-

~29 K. The reason for this is interpreted as due to the regg.worker0-21

duction of excess oxygen mobility during rapid cooling and
the freezing-in of the nonequilibrium state during the phase
segregation process. Thus, the freezing of oxygen diffusion
causes a decrease in the excess oxygen content of the metal-The single crystals were grown by the traveling solvent
lic superconducting phase and leads to a lowgr floating-zone methof The excess oxygen content was first
Based on our heat-capacity measurem&htswe have changed in the range<08<0.035 by high-temperature an-
reported that the single crystal samples of,Ca0O,,s nealing under different partial pressures of oxygen. The ex-

II. EXPERIMENTAL
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cess oxygen contents were determined by iodometric titra-
tion, and the dependence of the annealing conditions on the 2000

excess oxygen content has been reported previd@isyor- _ I . 6=0.001 ¢ axis |
der to further increase oxygen content, two samples annealed g |
under high oxygen pressure, $@u0, g5 and LgCuOy gpq, 1000 —

were then electrochemically oxidized. A piece of the «
La,CuQ, o015 Sample, with a section in perpendicular to the
CuO, plane(dimensions of X2 mm? and the thickness 1.5
mm), was used to measure the resistivity along thaxis

p. - A piece of the LaCuO, o1 Sample, with a section par-
allel to the CuQ plane(dimensions of 43 mm? and the
thickness 1.5 mm was used to measure the resistivity par-
allel to theab plane,p|; the Seebeck coefficient parallel to
ab plane,S;, and along the axis, S, .

The electrochemical cell was set up as,CaiO,, 41 M E
KOHaq Pt, where the positive electrode was a single crystal 1 OF
of La,CuQ,, s and the negative electrode was a thin plati- L
num plate. Pt wire with 0.1 mm diameter was soldered to a
section of sample with indium, and the indium was covered
completely with silicone rubber. An A4gCl electrode was K ]
used as a reference electrode connected to the solution via a T
salt bridge?® A constant current of 10uA was passed 8 ]
through the cell. To observe the change of electronic and - 8=0.015 £
thermal transport properties resulting from the electrochemi- I
cal oxidation, the resistivity and Seebeck coefficient were
measured before and after electrochemical oxidation for 7,
20, and 40 days. The sample piece was so small that it was

p(Qcm)

T |
)
a s
Q

p (L cm)
gf
B’\]

difficult to determine the excess oxygen content after elec- L S T P DS T T
trochemical oxidation by the change of mass, but the change 4 §=0.021 P 7]
of oxygen content can be estimated from the change of the — - 3 'p
.. . .. s Ty & T

Seebeck coefficient at room temperature. Electrical resistiv- § 5 | i/ 5 s
ity was measured by a four-probe dc method in the tempera- & i &, M
ture range 10—320 K. The Seebeck coefficient was measured = ’ T
during warming from 80 to 320 K with a homemade device. 0 ot T
The linear thermal expansion was measured by a strain 4 e e b b L b e i

aA,ZS H 2 — _ 1
gauge method><> A small gauge, of size 2 mm*, was 5=0.035
attached to the sample with epoxy resin and formed a resis- o) goeeee ]
tance bridge with another three resistors. The unbalanced 5}* 20 e, \LTf s 'TT _
voltage of the bridge resulting from temperature change is z om0 200 s
proportional to the linear thermal expansion. The resolution o 'T‘Tm
of the strain gauge is about 18 The strain was calculated 0 = o .

0 50 100 150 200 250 300 350
T (K)

using the linear thermal expansion of a reference Cu sample.

lll. RESULTS

The significant anomalies in resistivify\ and Seebeck FIG. 1. Temperature dependence of resistivity alongctizis
coefficientS) for La,CuO,,s; (§=0.001-0.035 single for La,CuO,, s single crystals.
crystals are obtained at three phase transition temperatures,
Ts, T, and T;. When §>0.035, the significant anomalies T,=265t5 K for the 6=0.011 sample. Since the
are gradually suppressed with increasinfpllowing electro-  6=0.005 sample does not show such a hysteresis loop, and
chemical oxidation. has a very lowl';=255 K, we conclude that the martensitic-
Figures 1 and 2 show the temperature dependengg of like phase transition does not occur. Whex T,, p, de-
and p, respectively, for LaCuO, s (0.001=6=<0.035) creases with a smaller slope and reaches a minimum value at
single crystals oxidized by high-temperature annealing. Forl; for the 6=0.005 samples. Wheh<T;, p, shows semi-
p, » no anomaly is observed for thie=0.001 sample, imply- conducting behavior up td@.. For p|, it is noted that the
ing that the successive phase transitions do not occur in thsnomalous feature &ty is very sensitive ta5. The decreas-
sample. Two anomalies are observed for the0.005 ing slope ofp below Ts becomes smaller with increasing
sample and three anomalies are observed forsth®.005 &, and the anomalous feature &t disappears when
samplesT, depends ond and increases from 255 to 298 K 6=0.035, but the hysteresis loop still persists as shown in
in the range 0.005 6<0.015. Whens>0.015,T has a con-  the inset. The temperature variationgf, in the rangeT to
stant value, T,=298 K. Hysteresis occurs around T;, changes from metallic behavior to semiconducting be-



54 EFFECT OF OXYGEN CONTENT ON THE ANOMALIES ... 7457

200F - = 1200 ]
B & =0.001 ab plane R = ab plane ]
P i ° R ¥ 900 5§=0.001 "c. ;
S | ° i ©900 00000000000 03000, ]
g 100 % - 7, 600 _
Q L %, - v 300 .
F e R T ob o, | | o
60[ N 6001 e, N
§=0.005 6 = §=0.005
_— 2 P _ 1
g SR £° T~ M 400 i
© 40 7
S 30 =% SL ] . Z |
= s % ) o 200 .
& s % 2 20 250 300 “ i
j‘ S T'(K)
[ P PP AN i 1 ) = 4000 el L L L =
8 | _ 1 -]
8=0011 L | 2 3oL F=0011 ile S 1
E N 8- “ A
S K g > 200 T -
g 4 . 999 Elok\' R 7 1 3. T i
QU ° K 0 350 30 v 100 m -
: — T (K) I i
0 —‘wJ||||||— PR P S T P T P
2F a 2501 ]
A & 200 6=0015 .
g [ & N 150-_ Tf #/(I¢ ]
] > I ¥ Ty
= B = 100F 'T ]
Q. i v 5oL Ty _
0-_.”.'".'@.1....|....|....|....|....|...._ (U A A P PR S I B
1.0 520021 _ o ] ] ~ ]
el ., S | > ]
] $ s, = N > ]
@] 0.5+ o % 024 L — =
~ g 200 250 300 ~
<> L IRAEC SR 00000 6., X) “ T
s . Tfeecon PP S & |
0.0 of | o i ey A 0_""""""""""""""""'_
1.0fF 5 a 200 —
. =0035 T ] &gl =003 ]
T Foooe, E M T, &/’jﬁ*
g i ® g > 1001 ! T, -
g 0.5 % EO.IO— L I \; ] B 3‘ Fsesaesonog,.. 4 00009 “ :
= : " ‘ Sob e e ¢ ]
L - g h
0-0_—."3?..|....|....|....x..,,|...,|=....—_ L T T T D I I
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
T (K) T (K)
FIG. 2. Temperature dependence of resistivity along ahe FIG. 3. Temperature depgndence of Seebeck coefficient along
plane for LaCuQ,, ; single crystals. the ab plane for L CuO,, ; single crystals.

havior whens increases fromd=0.015 to6=0.035. Super- the §=0.005 sample, and three anomalies are observed for

conductivity is observed for samples with=0.005.T¢.iq  the $>0.005 samples. As shown in Figs.§,is temperature

defined by the temperature where sample resistivity drops tmdependent aboveTg and drops precipitously by

half of its value aff,,, is slightly increased from 32 to 35 K ~60 wV K ~! when the temperature decreases frogmto

with increasing excess oxygen content fraPs=0.005 to  nearT,, for the samples wit$=0.011. AroundT,, a much

6=0.035. sharper drop occurs in a rather narrow temperature range,
Figures 3 and 4 show the temperature dependence of theith the S; decreases approximately by 15-20/ K -1

Seebeck coefficientsS; and S,, respectively, for from 270 to 265 K. A minimum value d§ aroundTy is also

La,CuQ,. 5 (0.001= 6=<0.035) single crystals. It is surpris- observed for the samples wi#=0.005. In Fig. 4, we can

ing to note that the anomalous features in the Seebeck coefee that the anomalous featureSn becomes weaker with

ficient at the three phase transition temperatures have nearigcreasings, and thatS, tends to decrease linearly with

the same characteristics as those in the resistivity. Similar tdecreasing temperature whérncreases to 0.035.

the resistivity measurements, two anomalies are observed for Figure 5 shows the temperature dependence of resistivity



7458 YU, INAGUMA, ITOH, OGUNI, AND KYOMEN 54
1000 8.0
. 8630000
= 800—5=0001 . C-axiIs — 6.0 (a) L22Cl104.015 @6
M 600 - o P before ECO d@aééo
%_ 400+ - ’é\4 oL « p1 ECO for 20 days B
; 200 ] 5 ’ © p) ECO for 40 days @gf’o
~ 20 6, e
L i Lol I sl Q2.0 f CBWOBLO000 DOm0
500 = 3
L SXSTssssmmessossrsemmumsnseses :
:\ | 6=0005 N 0.0L 0O BSIDIN OHOOCOC O SOS 00 00 DDOOAAVODCO
< 400 T e o
300 $ .
> 300p A
5_200-_ TS a P PP T RS RS AN B |
“ 100 . L.or (b) LazCuO4.021 0.9r 0,’"""
0 - ] Loyl | | = L o py before ECO §0~6' .
300 PRIl ,é\ 0.8 5&% . Py ECOforZOdays% L ]
— F 6=0.011 Ty T g | & e, py ECOfordodays — . o
v—l1 ) 0.6 o [*] o
4 200f »L M,fﬁ T, - a Y ) ———
| I A | ~ . g, 20 30 40 50
%_ ¢T 0.4 S 000, T (K) 7
=~ 100F m - O pe o
95} | o % “”u X ]
T 0.2 S ““‘Oooomoom,
(LN P EPUPINI IPRPITIN IR NPT I A B ég estecs
250 . 0.0 .
-~ r _ o0 PPN TSN ST TSR ST RIS EEP S E RS EEPR I}
W 2T 9=0015 \lle ﬂ ] 0 50 100 150 200 250 300 350
> 150¢ . A T ] T (K)
Z 100 T .
2 so0F g FIG. 5. The temperature dependence of resistivity before and
ok i after electrochemical oxidation for 20 days and 40 days for a
v 1 1 Lt | . .

La,CuQy 15 single crystal measured along theaxis (a) and for a
~ 200_‘ . La,CuQy ¢,; Single crystal measured along thd plane (b). The
4 1504 inset in(b) shows an expanded portion arouRd The abbreviation
> 100 ECO means electrochemical oxidation.
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v 501 ] )
Figure 6 shows the temperature dependence of the See-
U T Claes cla ] beck coefficient for the LgCuQO, o,, Single crystal, before
2001 1 and after electrochemical oxidation for 20, and 40 days mea-
o 150'_ §=0035 Tp e ] sured along thab plane[Fig. 6@], S;; and before and after
E 4 oooooooooooooo TT electrochemical oxidation for 40 days measured alongcthe
S 100 ¢Tm s o axis[Fig. 6(b)], S, . After electrochemical oxidation for 40
v seb e i days, the magnitude of5, above Ts drops by about
L 100 wV K ~! and becomes nearly independenfl0 uV
ol L vl b v b o el —1y : . -
® 50 100 150 200 250 300 350 K™% in the temperature range 160KT<320 K in spite of

T (K)

a slight remaining trace of anomalies Bf, and T;. This
implies that the excess oxygen content has been significantly
increased during the electrochemical oxidation process and

FIG. 4. Temperature dependence of Seebeck coefficient alonfhe three phase transitions suppressed. After the electro-
the ¢ axis for La,CuQ,, s single crystals.

before and after electrochemical oxidation for 20 days an
40 days for the LaCuQ, o5 single crystal measured along

chemical oxidationS, has the same magnitude &t and

(?Iso becomes temperature independent from 80 to 320 K.

Further information about the three anomalies is given by
the linear thermal-expansion coefficient data shown in Fig. 7.

the ¢ axis [Fig. 53 nd for the L ingl i )
cr?stal msegsgreg( ;]I,m% t?wg p?anee[Figa%Csl(Jgioi)lH.s -l%z We measured the linear thermal expansion atarig.0> for
inset in Fig. §b) shows an expanded portion around the su-2 L@CUO4 035 Single crystalFig. 7(@)] and for an electro-
perconducting transition temperature. Bqth and p; be- chemically OX|-d|zed single-crystal sampleg. 7(b)J. Forthe
come nearly temperature independent from 350 Rgafter ~ L82CUO4 035 Single crystal, a very sharp peak in the linear
electrochemical oxidation for 40 days. The resistivity at 300thermal-expansion coefficienf\@=15x10"° K ~*) occurs

K decreases by one half fgr; and by about 20 times for atTy as shown in the inset of Fig(d. This provides direct
p, after the 40 day electrochemical oxidation. Apparently,evidence of a structural change, caused by the martensitic-
the anomalies associated with the three phase transitions dike phase transition, through a cooperative displacement of
successively suppressed with increasing electrochemical oxiitoms. A hysteresis loop fromg to T,, is observed in the
dation time. T g increases to 45 K after the electrochemi- linear-expansion curve before electrochemical oxidation. For
cal oxidation for 40 days. the electrochemically oxidized single crystal, no apparent
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FIG. 6. The temperature dependence of the Seebeck coefficient FIG. 7. Linear thermal expansion and linear thermal-expansion
for a La,CuQ, o, single crystal before and after electrochemical coefficient(in the inset of a La,CuQ, o35 single crystaly(a) before
oxidation for 20 days and 40 days measured alon@gthplane(a), electrochemical oxidatior(p) after electrochemical oxidation. The
and before and after electrochemical oxidation for 40 days meaabbreviation ECO means electrochemical oxidation.
sured along the axis (b). The abbreviation ECO means electro-

chemical oxidation. terstitial oxygen ions. It will increase with increasing oxygen

content. The other is caused by the bond length mismatch,

anomaly was observed. Comparing the linear thermal expaiwhich can be quantified by means of the orthorhombic strain
sion of the samples before and after electrochemical oxidath—a)/(b+a). In La,CuQ,., s compounds, the orthorhom-
tion, it is clear that the significant anomaly Bf, disappears  bic strain decreases with increasing excess oxygen content,
due to an increase of the excess oxygen content. and has a minimum value whei+ 0.0812 The internal elas-
tic strain in LaCuQ,, s compounds can be attributed to the
competition between the local lattice distortion and the
orthorhombic strain. In the range 0.08%5<0.015, the local

Hundley and co-workefs have also observed the same distortion caused by the interstitial oxygen ions may be
transport anomalies found by us in both the resistivity anddominant. Hence,T increases with increasing. When
Seebeck coefficient &g for La,CuO,. s (6<0.032) single §=0.015, the two effects may compensate dpdbecomes
crystals. They assumed thig represents a phase separationconstant. Whené>0.035, the decrease in orthorhombic
temperature associated with oxygen diffusion, and thestrain may be larger than the local distortion and could lead
change ofp andS from temperature independent to a linear to the disappearance 3t .
decrease dependence can be explained by the formation of an The relieving of internal elastic strain due to the second-
oxygen-rich phase and an oxygen-poor phase in a phasgder phase transition at, accompanied by the change of
separation. According to this interpretation, since theresistivity atT from temperature-independent behavior to a
oxygen-rich phase exhibits metallic behavior, and becausknear temperature dependence, may be explained by the cor-
the amount of excess oxygen in the oxygen-rich phase wilfelation polaron model proposed by Goodenough and
increase with decreasing temperatyseand S will linearly co-workers?®?! They have suggested that in cuprate super-
decrease with decreasing temperature whienTs. How-  conductors the hole-rich domains have covalent Cu-O bonds
ever, based on our heat-capacity d&td, T, represents a and the hole-poor domains have ionic Cu-O bonds. The co-
second-order phase transition temperature with no oxygewalent Cu-O bonds have a shorter equilibrium length than
diffusion, so the transport anomalies B cannot be ex- that of ionic Cu-O bonds. They have postuldfethat the
plained simply by phase separation. holes are trapped within a mobile volume of covalent Cu-O

We have indicated that the three successive phase trandiends embedded in a background of ionic Cu-O bonds; the
tions may be induced by internal elastic strdinin mobile volume of covalent Cu-O bonds constitutes as
La,CuQ,, s compounds, two internal elastic strains can beintermediate-size polaron within which the correlation split-
considered. One is the local lattice distortion caused by inting energyU is sharply reduced. The mobile volume is de-

IV. DISCUSSION
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fined as a correlation polaron. The correlation polaron cafecomes a single oxygen-rich phager(mn) with no inter-
move diffusively via vibronic coupling, without an associ- facial stress, whe@>0.045.
ated motional enthalpy. The vibronic coupling arises from a Below T, an interface exists between the oxygen-poor
resonance between the covalent and ionic Cu-O bondingand oxygen-rich phases, which is induced by cooperative
The two bond equilibrium energy for the resonance is conatom displacement. Phase separation behavior can be easily
sidered asAE,=1/2U+ AE,, where AEy, is the gain in  observed by neutron diffraction and other methb@¥
hybridization energy, 142 is the loss of the one-side corre- Since the interface formed by the martensitic-like phase tran-
lation splitting energy, and E, is the change of the elastic sition will disrupt the polaron movement diffusively, the de-
energy. IfAE, is very small, the correlation polaron can creasing slopes op and S become small belowl,,, as
move by vibronic coupling and the resistivity will decrease shown in Figs. 1 and 4.
linearly with decreasing temperature AE, is not small, the At T;, afirst-order phase transition occurs in the oxygen-
correlation polaron will be trapped in and the resistivity will rich phase as we have reportédNew grains and grain
be nearly temperature independent. In the samples withoundaries will appear in the oxygen-rich phas&hese
0<6=<0.035, whenT>Tg, AE, may not be very small and new grains and grain boundaries may break the vibronic cou-
the correlation polaron cannot move diffusively by vibronic pling and restrict the movement of correlated polarons.
coupling. Hence, the resistivity is nearly temperature inde-Therefore, the resistivity increases with decreasing tempera-
pendent or shows semiconducting behavior. WheaT,, ture belowT; .
AE, will be reduced sufficiently by the second-order phase
transition to allow the correlation polaron to move by vi-
bronic cpupling. Thus, the resistivity decreases linearly with V. CONCLUSIONS
decreasing temperature. In the samples with0.035,
AE, becomes very small with increasidy and the second- A series of electronic, thermal transport, and structural
order phase transition, and the corresponding transposnomalies have been observed at three successive phase tran-
anomalies, tend to disappear. sitions below room temperature. These features in the
The martensitic-like phase transition also can be considnormal-state electronic and thermal transport properties have
ered as arising from the internal elastic stress related to theeen explained by the correlation polaron model proposed by
tilting of the CuQ; octahedra. It has been pointed bithat ~ Goodenough and co-workef$*
below the orthorhombic-to-tetragonal phase transition tem- In the samples with € §<0.035, the resistivity and See-
perature the tilting angle of the Cybctahedra in oxygen- beck coefficient changes from nearly temperature indepen-
poor domains increases with decreasing temperature, but flent to a linear temperature dependence at a second-order
the oxygen-rich domains the increase of tilting angle is lo-phase transition temperature. Such a change is considered as
cally disrupted due to the interstitial oxygen. The incoher-arising from the correlation polaron movement, driven by
ence of the tilting angle in the oxygen-rich phase presumablyibronic coupling, due to the reduction of the internal elastic
extends to the interface between the oxygen-poor domairgiress by the second-order phase transition.
and the oxygen-rich domains, and forms an elastic stress in At T,,, the martensitic-like phase transition temperature,
the interface. The interfacial elastic stress increases with de& hysteresis loop in the resistivity curve, a precipitous drop
creasing temperature, and By, it becomes large enough to (~60 xV K ~1) in the Seebeck coefficient, and a sharp
cause the martensitic-like phase transition through a coopergeak A a=15X 10 % K1) in the thermal-expansion coef-
tive atom displacement. In our experiments, the drastic strudicient are observed for the samples witkc 6<0.035. We
tural change at ,, is related to the anomalies jn S, and the  conclude that the driving force for the martensitic-like phase
linear expansion coefficient. We have reported that undetransition is the interfacial stress between the oxygen-poor
high hydrostatic pressurdg, is initially increased and then microscopic domains and the oxygen-rich microscopic do-
disappears when the pressure becomes higher than a critigahins. BothTs andT,, are gradually depressed with increas-
pressuré® This suggests that a lower external stress willing &, for & greater than 0.035, through electrochemical oxi-
work to reduce the internal stress required to induce the trardation, and nearly disappear after electrochemical oxidation
sition, and that application of external pressure initially en-for 40 days.
hances the phase transition temperatures. On the other hand,
above a critical pressure, the interface between the oxygen-
poor domains and the oxygen-rich domains may suffer from
deformation before the internal stress induces the transition,
which reduces the interfacial stress and causgs$o disap- The authors wish to express their thanks to Grant-in-Aid
pear. Furthermore, in this paper we have seen that the tranScientific Research from Ministry of Education, Science and
port anomaly affT,, disappears after electrochemical oxida- Culture of Japan. Also, thanks are due to Professor Tongkai
tion for 40 days. This is explained because,CaO,,s; Huang, Department of Physics of Shanghai University.
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