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Heat capacities of LazNiOg4.004 single crystal were measured in 15-400 K with an adiabatic
calorimeter. Four anomalies were found, as due to a phase separation concerning the excess oxy-
gen composition at around 285 K, a glass transition over a wide temperature range of 150-300
K, a first-order structural transition from tetragonal to orthorhombic phases at 240 K, and an
antiferromagnetic phase transition at around 55 K. The glass transition appeared as giving rise
to spontaneous, exothermic at low temperatures and endothermic at high temperatures, enthalpy
relaxations due to irreversible equilibration processes with respect to the compositions and config-
urations of excess oxygen atoms. The properties of the phase separation are discussed on the basis
of the relaxation rates and the heat capacity anomaly around the separation temperature.

I. INTRODUCTION

Most high-temperature superconducting oxides and
their related compounds show oxygen nonstoichiometry,
and the configuration of the nonstoichiometric oxygen
ions has crucial influences on the details of the crys-
tal structure, electronic state, superconductivity, and
so on. Lay;CuO4 and Laz;NiOy4 crystals have the same
structure of KyNiF, type at high temperatures.! Both
show nonstoichiometry in the oxygen composition, and
the chemical formulas of the crystals are expressed by
LayMOy5 (M= Cu, Ni):2 The former crystal with large
& shows superconductivity while in the latter it has not
been confirmed.? Though both compounds show thus dif-
ferent properties with respect to superconductivity, some
similarities between them are expected to appear in the
6-T phase relation and therefore in the crystal structures
including the arrangements of excess oxygen ions. In
view of the fact that LapCuQOy4s crystal with large ¢ is
very difficult to prepare, combined studies on both com-
pounds are indispensable for clarification of the static
and dynamic properties of excess oxygen ions.

It is known in both compounds that the excess oxy-
gen ions are located between adjacent LaO layers and
are tetrahedrally surrounded by four La ions.%® Some or-
dered structures of the excess oxygen ions have been sug-
gested so far to exist. Hiroi et al. reported the existence
of three-dimensional ordered structures in La;NiOg44s
crystals by electron diffraction (ED) and transmission
electron microscopy (TEM), and indicated that the or-
dered structures had the § values equal to 1/(2n) with
n as integers.® Tranquada et al., on the other hand, sug-
gested one-dimensional ordering similar to the staging of
intercalates in graphite on the basis of the obtained su-
perlattice reflections by a neutron diffraction technique.”
These are understood to indicate that at high tempera-
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tures the excess oxygen ions are arranged homogeneously
in a disordered way among the whole accessible sites,
while that at low temperatures, if the § is far from and in
between the values expected from the favorably ordered
structures, there occurs a phase separation into two re-
gions with different oxygen compositions. In fact, the
latter group proposed that crystals with 0.07 < § < 0.10
showed phase separations between the regions of stage-2
and stage-3 structures with § ~0.105 and § ~ 0.067, re-
spectively. A phase separation concerning the excess oxy-
gen ions has been also discussed to occur in LazCuQO4,4.8
Considering, for example, that the above two types of or-
dering of excess oxygen ions lead to different -7 phase
relations, unambiguous determination of the phase re-
lations for both the compounds is primarily important
for making further progress in the understanding of the
structures and properties of crystals.

LasCuOyys (0.01 <d< 0.04) and LasNiOy44s (007 <
§ < 0.10) crystals have been discussed to show the phase
separations proceeding in the temperature region of 270—
290 K.27® We previously measured and reported the
heat capacities of LagCuQy4.5 (6 = 0.011 and 0.035):%10
The results indicated that there occurred no phase sep-
aration in the oxygen composition below 310 K, but in-
stead three phase transitions of the displacive type oc-
curred; a second-order transition at around 287 K and
295 K, respectively, a Martensitic one around 270 K, and
a first-order one at around 220 K. The second transition
takes place over a relatively wide temperature range, and
thermal annealing below the range enhances the growth
of crystallite grains. The third transition from high-
to low-temperature phases proceeds through the pro-
cesses of crystal nucleation and crystal growth so that
the progress of the processes will require a long anneal-
ing below the transition temperature. This understand-
ing is reasonable considering that the phase separation
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in the LasNiO445 system with 0.01 < § < 0.06 has
been reported by many groups to take place above room
temperature.!? 13 Research groups in the above liter-
ature have misunderstood the annealing effects of the
Martensitic transition and of the first-order transition
as due to the sluggish progress of oxygen diffusion pro-
cesses in the phase separation. The phase separation
discussed so far in La;NiO44s (0.07 < § < 0.10) should
be thus examined as well by high-precision calorimetry
since progress in the order-disorder process of excess oxy-
gen ions over a very long distance gives rise to apprecia-
ble changes in the static and kinetic aspects of thermal
properties. The examination is attractive also in that
such a precise calorimetry has not been applied to phase
separation in any system.

In the present study, the heat capacities of a
La;NiOy. 094 single crystal were measured with a high-
precision adiabatic calorimeter. For help in understand-
ing the implication of the results, how the enthalpy re-
laxation due to freezing-in of the phase separation should
be observed calorimetrically, is described in Sec. II. The
calorimetric results are given in Sec. IV A. The phase
separation properties in the present crystal are discussed
in Sec. IVB on the basis of heat capacity anomalies
and the rates of temperature drifts (of a calorimeter cell)
originating from the relevant enthalpy relaxations.

II. GLASS TRANSITION PHENOMENON
DUE TO FREEZING-IN OF THE DIFFUSION
PROCESS OF EXCESS OXYGEN IONS

Diffusion of excess oxygen ions over a long distance
takes place in the process of phase separation with re-
spect to the oxygen composition. The diffusion proceeds
as a classical process by surmounting a certain potential
barrier Ae,, as shown in Fig. 1. The diffusion frequency
for a single-jump process is then expressed by

f1 = foexp(—Ae./RT) , (1)

where fp is the frequency of the trial for surmounting the
barrier Ae,, and therefore for jumping to a neighboring
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FIG. 1. A diagram showing two possible diffusion processes
of excess oxygen ions: (a) two oxygen ions located at sites 2
and 1 move to 3 and 2, respectively, in turn; (b) the two
oxygen ions move simultaneously.

site, and R is gas constant. The f, should be related to
the frequency of the translational vibration of the oxygen
ion, and is expected to be of the order of ~ 1013 Hz. Tt is
convenient to transform the expression into the following
form of the characteristic relaxation time:

71 = To exp(Ae,/RT) , (2)

where the preexponential factor 7o is given by 1/(27fo)
and is assumed for the present to be 10714 s, as described
previously to be reasonable.!* The reason is that the re-
laxation process due to oxygen diffusion is followed in the
time domain in the present work. As the temperature of
the system decreases the relaxation time becomes long,
and when the time becomes longer than the experimental
time scale 102-10° s in the present work, the configura-
tion of excess oxygen ions is frozen in. Such a freezing-in
phenomenon is called a glass transition, and the transi-
tion temperature T} is often defined as the temperature
at which the relaxation time becomes 103 s.15 When the
relaxation times for any processes are in the range of 102—
10° s, spontaneous enthalpy relaxations are observed on
account of the crossing between the time scale of the dif-
fusion process of excess oxygen ions and the calorimetry.

The diffusion of excess oxygen ions in the phase separa-
tion takes place over a long distance through surmounting
plural barriers. Then, two typical cases can be considered
for the jump processes as shown in Fig. 1. In case (a),
two oxygen ions located initially at sites 2 and 1 move to
sites 3 and 2, respectively, in turn. The relaxation time
for that would be expressed by

T2(a) = 2719 exp(Ae,/RT). (3)

In case (b), on the other hand, the two oxygen ions lo-
cated at the sites 2 and 1 move simultaneously. The
relaxation time would be then expressed by
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FIG. 2. Arrhenius plots of relaxation times: line (s), a sin-
gle-step process; line (a), the process corresponding to case
(a) in Fig. 1; line (b), the process corresponding to case (b)
in Fig. 1. Two horizontal dashed lines represent the bound-
aries of the range of experimental time scale, 102-10° s, by a
precise adiabatic calorimetry. T,’s denote the glass transition
temperatures at which the relaxation times of the respective
processes become 10% s. See text for details.
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FIG. 3. Schematic configurational enthalpy vs temperature
relation in a glass transition temperature region: (a) rapidly
precooled sample, (b) slowly precooled sample. A thick solid
line stands for the equilibrium configurational enthalpy, and
thin solid lines for the paths along which the sample, when
cooled and heated continuously, follows.

72(b) = 70 exp(2Ae./RT). (4)

Figure 2 shows the temperature dependences of the re-
laxation times on the assumption that a solid line (s)
stands for the dependence for the single-jump process
given by Eq. (2). The two relaxation times of Egs. (3)
and (4) are represented by straight lines (a) and (b), re-
spectively: The former is much shorter than the latter
except at very high temperatures, and process (a) domi-
nates overwhelmingly the diffusion of excess oxygen ions.
If any oxygen ion undertakes jumps of n steps in a cer-
tain diffusion process, the relaxation time would thus be
written as

Tn = nTg exp(Aeq/RT). (5)

Here the Ae, is supposed to be more or less constant for
all the jump processes within the crystal.

In the real process as shown in Fig. 1(a), the diffusion
in the backward direction takes place at the rate of the
same order in magnitude as in the forward direction. The
effective diffusion distance ! would be then estimated,
on consideration of the random walk problem, to be on
the order of /n a,'® where a corresponds to the jump
distance of a single step.

The present calorimetry is carried out in the intermit-
tent heating way under adiabatic conditions: The initial
temperature 7T; is rated, for example, for 13 min, some
known quantity of electrical energy, AFE, is supplied into
a calorimeter cell loaded with the sample, and again the
final temperature T is rated for 13 min. The gross heat
capacity of the cell is evaluated to be AE/(Ty — T;) at

Tav = (Tf + T3)/2. The latter temperature rating serves
as the former rating in the next set of heat capacity mea-
surements. If any spontaneous heat evolution or absorp-
tion effect appears in the sample, it is detected as a spon-
taneous temperature rise or fall, respectively, of the cell
in the above rating periods. Figure 3 shows a diagram
illustrating how the enthalpy relaxations are observed in
the glass transition region, where only the situation with
n = 1 is considered: The upper-right to lower-left thick
solid lines represent the equilibrium enthalpy concern-
ing the configurational degree of freedom of oxygen ions.
When the sample is precooled rapidly, the oxygen ions
are arrested in the configurational state corresponding
to a relatively high temperature such as 7;. As the tem-
perature increases in the course of heat capacity mea-
surements, the configurational enthalpy starts to relax
appreciably toward the equilibrium value at around the
temperature at which the relaxation time becomes 106-
107 s. The rates of exothermic relaxations first observed
become large with reduction in the relaxation times, and
then become small as the configurational enthalpy ap-
proaches the equilibrium value. After crossing of the
configurational enthalpy with the equilibrium line at 77,
endothermic relaxations appear until the relaxation time
becomes shorter than ~ 10? s at high temperatures such
as T3. When the sample is precooled slowly or is annealed
for a long time at low temperatures around 7%, on the
other hand, the configurational enthalpy of the sample
is brought to a very low value corresponding, for exam-
ple, to T3 in the figure. As the temperature increases for
measurements, a small exothermic effect starts to appear
at around the temperature at which the relaxation time
becomes ~10° s. A following endothermic effect starts to
appear at Tj which is definitely lower than the 77 in the
above case of a rapidly precooled sample, and is consid-
erably large compared with that in the rapidly precooled
case.

In the real calorimetry of the process of phase separa-
tion in the oxygen composition, the number n of jump
steps ranges from 1 to 107 after the present result de-
scribed later. Thus there always exists a wide distribu-
tion in the relaxation times expressed in Eq. (5), and the
temperature dependence of the relaxation rates becomes
impossible to be analyzed quantitatively. The relaxation
effect observed in the low-temperature limit would be due
only to the process of a single step, n=1, and therefore
the kinetic parameters for the single-step process would
be estimated from the temperature region in which the
enthalpy relaxation has started to be observed on heat-
ing.

III. EXPERIMENTAL DETAILS

Appropriate amounts of Lay;O3z (99.9% purity) and
NiO (99.9% purity) powders were mixed, dried, and cal-
cined in air at 1250 °C several times with intermittent
mixing. The calcined powder was used as a starting
material for the growth of a La;NiOy4,s single crystal.
A LajNiOy4ys single crystal was grown with the same
procedure as the LapCuOy4ys single crystal described
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previously.® The amount of the mean excess oxygen con-
tent was adjusted through a high-temperature treatment
at 1200°C under an atmosphere of controlled oxygen-
gas pressure.!” The valence of nickel was determined by
the iodometric titration technique and the excess oxygen
content was calculated from this value with an uncer-
tainty of about +0.003. Heat capacities of the sample
were measured in 13-400 K by an intermittent heating
method under adiabatic conditions using a high-precision
adiabatic calorimeter.'® The details of the method were
described in a previous paper.l® The temperature rating
after each energy supply during the measurements was
carried out for 120 min in the region of 230-300 K and
for 13 min otherwise.

The mass of the sample used was weighed to be 14.509
g (£0.036 092 mol). The imprecision and the inaccu-
racy of the measurements with the apparatus were es-
timated previously to be within +£0.06% and +0.3%,
respectively.!®

IV. RESULTS AND DISCUSSION

A. Heat capacities and spontaneous heat evolution
and absorption effects

Figure 4 shows the experimental heat capacities of a
La;NiOy 94 single crystal. Three heat capacity anoma-
lies were found: An anomaly around 285 K is due to a
phase separation described in detail below, an anomaly
at 240 K is due to a first-order phase transition from
tetragonal to orthorhombic structures in the oxygen-poor
region according to the literature,””!® and an anomaly
around 55 K is considered to be due to an antiferromag-
netic phase transition according to the literature.l1,2°
The entropy of transition at 240 K was estimated to be
of the order of 0.2 JK~! mol~!. Whether the transition
does or does not involve an order-disorder process of ex-
cess oxygen ions in the region is not clear only with the
value.

Figures 5(a) and 5(b) show spontaneous temperature
drift rates observed in the temperature range of 100-310
K for the samples precooled rapidly at 20 Kmin—! and
slowly at 20 mK min~?!, respectively, from 300 K. The
rates were taken as the values at 10 min after each en-
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FIG. 4. Heat capacities of a La2NiO4.004 single crystal.
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FIG. 5. Spontaneous temperature drift rates obtained dur-
ing two serieés of measurements by the intermittent heating
method: (a) rapidly precooled sample, (b) slowly precooled
sample. See text for details.

ergy supply in each series of heat capacity measurements.
The former rapidly precooled sample exhibited first an
exothermic effect starting at around 140-150 K and hav-
ing two peaks at around 195 K and 220 K, in succession,
a small endothermic shoulder at around 240 K, and a
sluggish heat absorption effect over a temperature range
of 240-300 K. The small endothermic effect at 240 K is
definitely due to the first-order phase transition. The
detailed thermal pretreatments taken in preparation of
the latter slowly precooled sample are as follows: First,
the sample was annealed at 250 K for 27 h after rapid
cooling from 330 K, and then annealed at 220 K for 24 h
after precooling to 165 K for enhancement of the nucle-
ation of the low-temperature orthorhombic phase. After
this, the sample was slowly cooled at 20 mK min~! from
220 K to 144 K, and then cooled rapidly down to 100
K. This slowly precooled sample showed in the series of
measurements a small heat evolution effect starting at
around 150-160 K, in succession, a heat absorption ef-
fect in the temperature range of 200-230 K, then a sharp
endothermic peak at around 240 K, and finally the same
sluggish heat absorption effect in the temperature range
of 240-300 K as the rapidly precooled sample showed.
The above complicated heat evolution and absorption
effects are understood as being composed of two kinds of
contributions: One is concerned with the phase transition
at 240 K, as shown by dotted lines. Since the transition
is of the first-order type, it proceeds with the processes of
new-phase nucleation and growth, and the progress of the
processes often takes a long time. As the temperature of
the respective samples is increased, the high-temperature
tetragonal to low-temperature orthorhombic phase tran-
sition appears above 200 K and up to around 235 K. Since
the slowly precooled sample was annealed at 220 K for 24
h to enhance the transition in advance, the heat evolution
effect during the heat capacity measurements is smaller
in the sample than in the rapidly precooled sample. The
heat absorption effect, attributed to the low-temperature
orthorhombic to high-temperature tetragonal phase tran-
sition, is oppositely larger in the slowly precooled sam-
ple, as is quite reasonable because the larger fraction of
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the oxygen-poor region has been transformed to the low-
temperature phase in the sample than in the rapidly pre-
cooled sample. The other contribution is concerned with
the phase separation in the excess oxygen composition,
as shown by dashed lines.

B. Phase separation concerning the excess oxygen
composition and the associated glass transition

As seen in Figs. 5(a) and 5(b), while the tempera-
ture regions in which spontaneous heat evolution and
absorption effects concerning the phase transitions ap-
peared were hardly influenced by the annealing or dif-
ferent precooling rates, those concerning the phase sep-
aration were influenced remarkably: The temperature of
turnover from the low-temperature exothermic to high-
temperature endothermic drifts changed from around 230
K for the rapidly precooled sample to around 200 K for
the slowly precooled one. The systematic change is char-
acteristic of a glass transition, and the very wide tem-
perature regions in which the drifts are observed indicate
that the glass transition is due to the freezing-in of the
long-distance diffusion processes of excess oxygen ions,
as described in detail in Sec. II. Further, the turnover
from the exothermic to endothermic drifts was brought
about by the temperature increase of a few kelvin in the
series of measurements, as shown in Fig. 5(b) at around
200 K. This indicates that at least one of two phases
separated in the sample changes its equilibrium excess-
oxygen composition § even at 200 K and therefore the
volume fractions of the two phases vary with tempera-
ture. The situation is schematically illustrated in Fig. 6;
the arrows (a) represent the exothermic process proceed-
ing in the direction of increasing the difference between
the § values of the two phases while the arrows (b) rep-
resent the endothermic one proceeding in the opposite
direction, and the turnover means that the equilibrium
6 values of the two phases change appreciably with an
increase of a few kelvin. It follows from this considera-

FIG. 6. Schematic diagram illustrating the feature of §-T'
phase relation observed around 200 K: (a) the exothermic re-
laxation process in which the difference between the § values
of two phases increases, (b) the endothermic relaxation pro-
cess in which the difference decreases. Dashed lines stand
for a temperature rise due to some energy supply into the
calorimeter cell.
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FIG. 7. Heat capacities in the temperature range of
200-330 K on an enlarged scale: O, slowly precooled sam-
ple to 144 K; A, sample precooled to 252 K from 330 K and
annealed there for 17 h; O, precooled to 281 K and annealed
there for 13 h; ¢, precooled to 290 K and annealed there for 45
min. A dashed line represents the base line for the anomalies,
and a thick solid line represents the equilibrium heat capacity
curve supposed as including the contribution from the phase
separation.

tion that the phase separation line has, to some extent, a
parabolic shape of upward convex, as depicted exagger-
atedly in Fig. 6. Considering that the shape is a little
different from that given in the literature,” determination
of the detailed §-T phase relation seems to require more
and precise experimental researches.

The phase separation temperature at § = 0.094 is ex-
pected from the end point of the spontaneous heat ab-
sorption in Fig. 5 to lie at around 280-290 K. Figure
7 shows the heat capacity anomalies in the temperature
range of 200-330 K on an enlarged scale. Circles repre-
sent the values of the slowly precooled sample described
above, and a dashed line stands for the base line expected
in the case where no phase transition or phase separation
take place. Triangles, squares, and diamonds represent
the values of the samples precooled down to 252 K, 281
K, and 290 K, respectively, from 330 K, and annealed
at the respective precooling temperatures for 17 h, 13 h,

015 30 45

0.2F -
K 290.29 K 4

A T (mK)

0 TI00 600
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FIG. 8. Temperature drifts followed at around 290 K (a)
and 281 K (b), immediately after the rapid cooling from 330
K.
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FIG. 9. Relaxation times obtained by fitting an exponen-
tial function to the relaxation data: O, fitted to the data ob-
tained during a series of heat capacity measurements for the
slowly precooled sample; A and O, fitted to the data at 252 K
and 281 K, respectively, immediately after the rapid cooling
from 330 K; line (a), Arrhenius equation (2) with 70 = 1074
s and Ae, = 55-60 kJ mol™%; line (b), Arrhenius equation (5)
with n = 107 and the same values of 7o and Ae, as in (a).
Two dashed lines represent the probable limits of the time
scale for the calorimetric observation of enthalpy relaxations.

and 45 min, respectively, in advance. Four sets of data
are in reasonable agreement. Figures 8(a) and 8(b) show
the temperature drift curves obtained just after the rapid
cooling from 330 K to 290 K and to 281 K, respectively.
No heat evolution appears at 290 K, but it does at 281 K.
Thus the phase separation temperature at § = 0.094 was
determined, taking into consideration the heat capacity
curve in Fig. 7, to be Tps ~285 K.

The thick solid line in Fig. 7 represents the sup-
posed equilibrium curve of the heat capacity. The heat
capacity jump at 285 K amounts to 5-6 JK~!mol™?!
in LagNiOy 09s4. The order of magnitude for the phase
separation entropy would be estimated by assuming the
heat capacity contribution ¢, approximated by ¢ = aT,
where a is a constant. The estimation yields the value of
~ RIn2 in units of 1 mol of Las;NiO4 gg94. Conversion of
the entropy to the value in units of 1 mol of excess oxy-
gen ions results in ~10RIn2 in the order of magnitude.
This is quite a large value as is consistent with the inter-
pretation that the anomaly at 285 K is due to the phase
separation concerned with the composition and therefore
the rearrangement of excess oxygen ions.

Figure 9 shows Arrhenius plots of the relaxation times
estimated from the enthalpy relaxation drifts associated
with the glass transition. The kinetic parameters for the
single-step process may be estimated from the relaxation
data at low temperatures. In view of the fact that the
exothermic drift starts to be observed at around 150 K,
the relaxation time for the process is of the order of mag-
nitude of 106107 s there. The straight line (a) represents
the temperature dependence of the relaxation times for
the process according to the Arrhenius equation (2) with
70 = 107 5. Ag, for the single-jump process is esti-
mated from the slope of line (a) to be 55-60 kJ mol 1.

The maximum number of jumps, in the present case,
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of oxygen ions associated with the phase separation, on
the other hand, may be estimated from the relaxation
data at high temperatures. Circles in the figure stand
for the relaxation times evaluated from the endothermic
drift curves in the temperature-rating periods during the
series of heat capacity measurements for the slowly pre-
cooled sample. Though the curves could not be well fit-
ted in terms of an exponential function on account of the
presence of a wide distribution of relaxation times, the
function was used to estimate the order of magnitude for
the relaxation time. A square and a triangle stand for the
results evaluated in the same way from the exothermic
drift curves, such as shown in Fig. 8(b), at 281 K and
252 K, respectively, immediately after rapid cooling from
330 K. All the points are located in the range of 103-10°
s. This is reasonable in view of the experimental feature
that the present calorimetry tracks the relaxation in the
time duration between 102 s and ~10° s after each rapid
temperature jump, and therefore one observes only the
processes proceeding with the relaxation times between
102 and 10° s (or 107 s in the case of very large enthalpy
to relax), as stated in Sec. II. The relaxation time for
the exothermic process appears to be longer than that
for the endothermic one. This would be attributed pri-
marily to the different distances, over which the excess
oxygen ions diffuse in the respective processes, namely,
to the magnitude of temperature jump, and secondarily
to the different characters of the processes in the direc-
tions of increasing or decreasing the difference between
the excess oxygen compositions of the two phases. The
maximum number of jumps was tentatively estimated so
as to include the relaxation time for the exothermic drift
at 281 K: The straight line (b) represents the temper-
ature dependence of the relaxation times expressed by
Eq. (5) with n = 107. This indicates that the oxygen
ions jump by 107 times the order of magnitude when the
phase separation newly occurs. It follows from the con-
sideration of the random-walk problem that the oxygen
ions effectively move by 102-10* steps more or less in
one direction. It is noticed that the two phases in the
La;CuOy445 crystal have been reported to be arranged in
a period of a few hundreds A,2! which would correspond
to the distance of a few hundred steps in the diffusion of
oxygen. The number of steps estimated above is thus not
inconsistent with the value expected from the structural
data of related crystal LagCuQy4s.2!

V. CONCLUDING REMARKS

Phase separation with respect to the excess oxygen
composition and the associated glass transition were ob-
served in a LayNiOy4 g94 single crystal by calorimetry.
The calorimetric appearance of a glass transition due to
freezing-in of a phase separation process in the compo-
sition was found to differ very much in the temperature
range of the anomaly from those of the glass transitions
observed in macroscopically homogeneous systems.1® A
simple formulation model proposed for the characteristic
time of the diffusion process was proved to be poten-
tially well applied to evaluation of the relaxation times
for phase separation processes such as the present sys-
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tem. To what extent consideration of the random-walk
problem holds for such phase separation processes should
be examined in the future by using other techniques such
as electron microscopy.

The characteristics of the spontaneous temperature
drifts in the phase separation temperature region and
the precooling-rate dependence of the drifts are sugges-
tive of the §-T phase relation for the La;CuOy4.s system
with 0.01 < § < 0.04. Two different interpretations have
been given for the presence of two phases with differ-
ent structures and the annealing effect on the produc-
tion of the phases below room temperature:%'%22 One
recognizes those observations as attributed to the phase
separation just as in the LayNiOy4 g4 crystal,?? and the
other to the phase transitions of the first-order displacive
type and/or of the Martensitic type.®' The latter as-
sumes that the phase separation concerning the oxygen
composition proceeds above room temperature and that
the compositions of the two regions in the sample do
not change appreciably below room temperature. The
present observation on La;NiOy4 94 crystals, as well as
the analogy of the §-T phase diagram in La;NiO44s with

0.01 < 6 < 0.04,7'1%:2° gupports the latter of the two in-
terpretations, since characteristic spontaneous heat evo-
lution and absorption effects due to a glass transition
have not been observed in La;CuOy4s (6 = 0.011 and
0.035) crystals.®10

The temperature dependence of spontaneous heat evo-
lution and absorption effects due to the phase separation
in La;NiOy4 g4 crystals indicated that the excess oxygen
compositions of at least one of the two phases changed
even at 200 K. What § values are energetically favored by
the crystal structures of La;NiOy44s at low temperatures
is a subject still remaining to be clarified. The accumu-
lated studies on the §-T phase relation by calorimetry
combined with diffractometry are expected to lead to a
conclusion on the subject of interest.
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