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Solid-state reactions between metal sulfates and metal oxides (assisted by K2CO3) have
been used to prepare two classes of important perovskite materials: ferroelectric PbTiO3
and the catalyst/magnetic/fuel-cell material La1-xSrxMnO3 (x ) 0.0 and 0.3). K2CO3 helps to
drive the reaction by forming highly stable K2SO4 and CO2. Performing the reactions within
solid monoliths and then dissolving out K2SO4 crystals in water permit macroporous materials
to be obtained. The monoliths possess connected, open porosity with characteristic pore sizes
of the order of 5-30 µm. Imprinted on this macroporous structure is a second, smaller scale
of porosity arising from the sintering together of particles with sizes in the 100-300-nm
range. The reaction pathways have been followed by thermodiffractometry, and the products
characterized by Rietveld refinement of powder X-ray diffraction patterns, by scanning
electron microscopy, and by dc magnetization measurements.

Introduction
Inspired by periodic bicontinuous macroporous pat-

terns observed in the skeletal plates of certain echinoid
biominerals,1,2 we have for some time been interested
in the problem of developing template-free routes to
(macro)porous inorganic materials. Toward this goal, we
have developed a general strategy based on the phase
segregation of inorganic materials that parallels the
formation of porous Vycor glass,3 Raney Nickel, and
certain Millipore filter membranes. We have so far
considered the decomposition of single-source precur-
sors4 into two immiscible oxide phases, followed by the
selective removal of one of the phases as a general
strategy for the preparation of macroporous inorganic
monoliths. Intimate two-phase mixtures of oxide phases
can also be prepared via combustion synthesis,5 and the
removal of one of the oxide phases can result in a
macroporous monolith of the other. These methods,
while of interest, are limited in the kinds of material
systems to which they can be applied.

To prepare macroporous monoliths of more complex,
functional inorganic materials, we have proposed a
scheme based on metathesis of the kind6

Here, AC could be the desired phase and BD could
be a sacrificial phase that is removed by leaching. If

such a scheme were to be carried out in a solid monolith,
it is conceivable that the resulting material could be
rendered macroporous. In earlier work, we established
that PbZrO3 composites with other inorganic materials,
as well as PbZrO3 particles, could be obtained by
metathetic reactions in the solid state.6 In this contribu-
tion, we demonstrate a variant of solid-state metathesis
that we refer to as “assisted metathesis” and use it to
prepare the very important perovskite oxides PbTiO3
and La1-xSrxMnO3 (x ) 0.0 and 0.3) at reduced tem-
peratures. The reaction schemes presented here should
be compared with what is more traditionally referred
to as metathesis, for example, the very exothermic
reaction between MoCl5 and Na2S.7 In addition, by
performing the reaction in solid monoliths, and by
leaching out the second component in water, macroporous
materials are obtained. Figure 1 displays a scheme of
what has been achieved here.

In closely related work, Epple and Herzberg8 have
previously demonstrated the formation of porous poly-
glycollides by the internal metathesis of sodium salts
of chloroacetic acid, followed by removal of NaCl. Suzuki
et al. have prepared porous CaZrO3/MgO composites by
the reactive sintering of dolomite and ZrO2

9 and porous
CaZrO3/MgAl2O4 composites by the reactive sintering
of dolomite, ZrO2, and Al2O3.10
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Perovskite lead titanate, PbTiO3, is an important
ferroelectric and piezoelectric material11,12 continuing
to find new applications, for example, as thin film acous-
tic sensors,13 pyroelectric infrared detectors,14 high-
frequency resonators,15 and optical planar waveguides.16

Recent efforts on preparing PbTiO3 have been aimed
at satisfying specific structural demands. Dense bulk
PbTiO3 has been formed through sol-gel17 methods and
fibers have been drawn from precursor gels of poly-
(acrylic acid).18 Thin films have been fabricated via sol-
gel,19 electrostatic spray deposition,20 plasma-enhanced
CVD,21 and magnetron sputtering.22,23

The hydrophone figure of merit of any material is a
function of its piezo coefficients and of its compliance
(mechanical properties) and is known to be enhanced
when the material is rendered soft by making it
porous.24 This is the motive for preparing porous Pb-
TiO3. The preparation of other piezoelectric materials
[such as the solid solution perovskites (Pb,La)Zr1-xTixO3,
PLZT] in porous form is an obvious next step. Macro-
porous PbTiO3 has been prepared by infiltration of
precursor material into an ordered 3D array of polysty-
rene beads followed by calcining,25 in a process that is
now well-established for the formation of ordered
macroporous materials.26

An equally important class of perovskite oxide ma-
terials is derived from the rare-earth manganese oxides,
exemplified by LaMnO3. The unusual physical proper-
ties of substituted LaMnO3 (in the series La1-xSrxMnO3,
for example), including the strong coupling between
magnetism and electrical transport, have been known
for over 50 years since the pioneering work of Jonker
and van Santen.27 More recently, these compounds have
been the focus of a great deal of attention following
the finding that they display giant or colossal mag-
netoresistance.28 Perovskite manganese oxides also
find use in fuel cells as electrode materials29 and in
various catalytic processes such as the combustion of
methane.30

In recent years, a number of groups have pursued the
preparation of macroporous materials by backfilling
templates such as organized colloidal spheres31 and
emulsions.32 These routes result in highly ordered
macroporous structures. The routes proposed in this
work do not lead to highly ordered pores. However, they
do permit the formation of complex functional materials
as large as macroporous monoliths.

Experimental Section

The PbTiO3/K2SO4 composite was prepared from powders
(0.005 mole amounts) of K2CO3 (Fischer Scientific, 99.7%), TiO2

(anatase, Aldrich, 99.9%), and PbSO4 (Aldrich, 98%). The
powders were ground by hand using an agate mortar and
pestle to form an intimate mixture and pressed into a small
pellet (10-mm diameter and approximately 3-4 mm in height).
A force of about 5000 kg was applied in the process of making
pellets. The pellet was calcined at 973 K in air for 12 h,
following which it was ground, pressed, and fired again in air
at 1048 K for 24 h.

The La1-xSrxMnO3 (x ) 0.0 and 0.3)/K2SO4 composites were
prepared from K2CO3, La2O3 (Aldrich, 99.99%), SrCO3 (Spec-
trum Chemical, 99%), and MnSO4‚5H2O (Aldrich, 98%) pow-
ders of the appropriate stoichiometry (0.005 mole basis). The
powders were ground and pressed into a pellet, which was
calcined at 1228 K for 12 h in air. The resulting pellet was
then ground, pressed, and fired again for 24 h in air at 1228
K (LaMnO3) or 1473 K (La0.7Sr0.3MnO3).

For all three composites, the resulting sintered pellet was
broken in half. One-half was placed in a beaker of deionized
water at room temperature. The water was periodically
replaced over the course of 3 days. The resulting monolith was
dried in an air oven at 353 K for 12 h.

Powder X-ray diffraction (XRD) was recorded on a Scintag
X2 diffractometer employing θ-2θ geometry and Cu KR
radiation, operating at 45 kV and 35 mA, with a step size of
0.015° 2θ and step time of 8.5 s per step. Thermodiffraction
(TDXRD) measurements were performed on a thin pressed
pellet of the reactants, using a Bruker D8 Advance instrument
(platinum heating stage, position-sensitive detector) with a 2°
2θ/min scan rate. The temperature was ramped in 25 K steps
starting from 300 to 960 K (for PbTiO3) or 1100 K (for the
manganese oxides). Each scan was approximately 20 min and
there was no pause between scans. Rietveld refinements of
powder XRD data made use of the XND Rietveld code.33

Thermogravimetry and thermal analysis measurements of the
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Figure 1. Scheme used to prepare macroporous monoliths
from solid-state reactions. 1 is a pellet of a physical mixture
of two or more reactants. 2 and 3 are pellets that comprise
the two product phases. Removal by washing of one of the
product phases results in a porous material 4.
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unreacted powders and the resulting (washed) material were
obtained on a Mettler TGA/STGA 851E. Scanning electron
microscopy was performed using a JEOL6300F microscope
equipped with an Oxford Inca X-ray system for energy-
dispersive X-ray (EDX) analysis. The pellet was broken into
smaller fragments, and the interior fracture surfaces of the
pellet were imaged. Samples were mounted on double-sided
carbon tape and gold-coated. The magnetic properties of a
small pellet of the porous La0.7Sr0.3MnO3 sample were studied
using a Quantum Design MPMS 5XL SQUID magnetometer
operated between 5 and 380 K.

Results and Discussion

PbTiO3 Reaction and Product Formation. Heat-
ing well-ground mixtures of the reactants, K2CO3, TiO2,
and PbSO4, at 973 K (12 h) and then at 1048 K (24 h)
results in a composite of highly crystalline PbTiO3 and
K2SO4. Powder X-ray diffraction data for this composite
are displayed in Figure 2a along with Rietveld fits to
the tetragonal P4mm phase of PbTiO3

34 and the orthor-
hombic â structure of K2SO4.35 No other phase was
found. Quantitative phase analysis using Rietveld scale
factors36 suggested a PbTiO3:K2SO4 mole ratio of 53:
47. Figure 2b displays the powder XRD pattern and
Rietveld fit for the washed pellet obtained after leaching
the PbTiO3/K2SO4 composite with water. The only
impurity observed in the pattern is a small amount of

residual K2SO4 at a 2θ value of 30.1 °. A unit cell volume
of 63.15(1) Å3 was obtained from the Rietveld refine-
ment, which is very close to the reported value of 63.3-
(3) Å3.34 This is an important verification of sample
purity since substitution in the perovskite lattice (by
potassium, for example) should result in a significant
change (increase) in the cell volume. Sample purity was
also confirmed by thermal analysis, which indicated a
phase transition at 758 K, close to the reported tem-
perature of 763 K for the tetragonal-cubic phase
transition.11

Figure 3 shows TDXRD patterns of reactants heated
in air from room temperature to 950 K. Data were
collected every 25 K, but for clarity, only 100 K intervals
are displayed. Carbonate peaks, such as those around
20° 2θ burn off by 600 K. Peaks characteristic of PbTiO3
emerge at around 875 K. The data at 950 K can be
completely fit by the Rietveld method to a mixture of
cubic PbTiO3 and â-K2SO4.

When we attempted to assign the 300 K peaks in
Figure 3 to the reactants, it became evident that, even
at this low temperature, some reaction had taken place.
A careful analysis of the room-temperature XRD pattern
of a well-ground mixture of K2CO3 and PbSO4 (Figure
4) showed reflections characteristic of â-K2SO4 (JC-PDF
Card 24-0703), PbCO3 (JC-PDF Card 05-0417), and
KPb2(CO3)2(OH)2 (JC-PDF Card 37-0502). The reaction
between K2CO3 and PbSO4 therefore takes place at room
temperature (with the intermediation of atmospheric
moisture) according to

and

These results indicate the temperature of formation of
PbTiO3 is dictated by the reactivity of the TiO2 since
K2SO4 forms through a room-temperature metathesis.
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Figure 2. (a) Powder XRD pattern and two-phase Rietveld
fits to the structures of tetragonal PbTiO3 and â-K2SO4. The
traces from top to bottom are data, fit to PbTiO3 (background-
corrected) fit to â-K2SO4, and difference profile. Vertical
markers at the top indicate expected peaks positions for
PbTiO3 (PT) and â-K2SO4 (KS). (b) Data and Rietveld fit and
difference profile of the washed PbTiO3 sample.

Figure 3. Thermodiffractometry of the assisted metathesis
reaction forming PbTiO3. The temperatures are indicated.
Vertical lines at the top of the figure indicate the peak
positions of cubic PbTiO3 (PT) and â-K2SO4 (KS) refined for
the 950 K pattern.

K2CO3 + PbSO4 f K2SO4 + PbCO3 (2)

K2CO3 + 4PbCO3 + H2O f 2KPb2(CO3)2OH + CO2

(3)
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Analysis of the thermodynamics of the PbTiO3/K2SO4
reaction provides an explanation for the surprisingly low
formation temperature of the PbTiO3. The Gibbs free
energy of formation at 1000 K of the reactants and
products can be found in the standard work by Barin,37

and the values are listed in Table 1. The reaction is
indeed quite exothermic at 1000 K, with ∆rG ) -136.3
kJ mol-1; much of the contribution to the negative ∆rG
comes from the formation of K2SO4 and CO2, justifying
our use of the term “assisted metathesis”. At 300 K, eq
2 also proceeds spontaneously, with ∆rG ) -64.3 kJ
mol-1.37

PbTiO3 Morphology. SEM images of the sintered
PbTiO3/K2SO4 pellet are displayed in Figure 5a,c. A
cross section of the pellet reveals a surface composed of

dense, well-sintered grains with crystallite sizes on the
order of 300-500 nm. Scattered throughout this matrix
are larger grains between 15 and 30 µm. The images
displayed in Figure 5b,d show a cross section of the
washed pellet. A spongelike network of PbTiO3 remains,
with pores in the 15-30-µm range. The matrix between
these large pores remains quite dense, indicating that
K2SO4 predominately aggregates into large grains and
that the 300-500-nm grains are PbTiO3. This is con-
firmed by EDX in the panels of Figure 6. Figure 6a
displays an image where a few large grains are sur-
rounded by a number of smaller grains. Figure 6b is an
EDX mapping of K and S in this image, and Figure 6c
is a mapping of Pb. From the maps, it is clear that the
largers grains correspond to K2SO4 while the smaller
ones are of PbTiO3. The presence of K and S in the small
grain areas can be attributed to large K2SO4 grains
under the surface and incomplete aggregation of the K2-
SO4. One possible explanation for the large difference
in grain size is that K2SO4 is formed immediately upon
grinding as noted previously. On the other hand, PbTiO3
grain growth commences only at elevated temperatures.

For this route to be useful in the preparation of
macroporous materials, it is important that the mono-
liths are robust. In the process of washing out the K2-
SO4, the pellets often crumble completely. This is
alleviated by sintering the pellet for 24 h at 1048 K.
The use of a flux such as LiF (between 0.5 and 5 wt %)
are also found to be helpful in producing strong pellets.9

La1-xSrxMnO3 (x ) 0.0 and 0.3) Reaction and
Product Formation. Formation of La1-xSrxMnO3/K2-
SO4 occurred readily by heating the well-mixed reac-
tants K2CO3, La2O3, SrCO3, and MnSO4‚5H2O at 1228
K (12 h) and then at 1228 K (LaMnO3) or 1473 K (La0.7-
Sr0.3MnO3). In performing Rietveld fits to the powder
diffraction data (Figure 7a,b), it was found that the
R3hcH structure of cation-deficient LaMnO3

38 resulted
(37) Barin, I. Thermochemical Data of Pure Substances, 3rd ed.;

VCH Weinheim, 1995.

Figure 4. Powder XRD pattern of the products obtained at
room temperature by grinding together the reactants K2CO3

and PbSO4. The markers at the bottom of the plot indicate
reflections from the appropriate JC-PDF files. These have been
suitably scaled with relative heights maintained for each
phase.

Table 1. Gibbs Free Energies of the Relevant Species
Associated with PbTiO3 Formation at 1000 K and the

Room-Temperature Reaction of the Carbonates (All Data
from Ref 37)

∆Gf (1000 K) (kJ mol-1)
PbSO4 -548.953
TiO2 -762.535
K2CO3 -861.496

ΣReactants -2208.98

K2SO4 -1024.650
CO2 -395.810
PbTiO3 -914.036

ΣProducts -2234.50

∆rG (1000 K) -125.51

∆Gf (300 K) (kJ mol-1)
PbSO4 -815.544
K2CO3 -1063.998

ΣReactants -1879.54
PbCO3 -624.927
K2SO4 -1318.951

ΣProducts -1943.88

∆rG (300 K) -64.336

Figure 5. SEM images of the sintered composite pellet of
PbTiO3 and K2SO4 [(a) and (c)], and of the washed pellet, after
removal of the K2SO4 [(b) and (d)].
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in a better fit than did the orthorhomic structure of the
stoichiometric compound.39 Quantitative phase analysis

of the mixed phase sample (Figure 7a) using the
Rietveld scale factors suggested a mole ratio of LaMnO3
to K2SO4 of 54:46. The washed sample (Figure 7b)
revealed no other phase than rhombohedral LaMnO3.
The unit cell volume of the LaMnO3 was found to be
353.03(3) Å3, close to the value of 352.1 Å3 reported in
a neutron diffraction study of La0.96Mn0.96O3.38

Powder XRD data of the La0.7Sr0.3MnO3/K2SO4 com-
posite could be well-fitted by the structures of rhombo-
hedral perovskite and â-K2SO4. The plots are provided
in the Supporting Information. Quantitative phase
analysis suggested a perovskite:K2SO4 ratio of 56:44.
In the washed product, the only phase present is the
rhombohedral perovskite, for which the La:Sr ratio
could be refined to 0.72(1):0.28(1). This suggests the
starting 0.7:0.3 La:Sr stoichiometry is maintained dur-
ing the reaction. The unit cell volume of the La0.7Sr0.3-
MnO3 was determined to be 351.40(2) Å3 which corre-
sponds well with previous reports.

TDXRD patterns were obtained for the LaMnO3 and
La0.7Sr0.3MnO3 reactants heated in air from room tem-
perature to 1100 K. Data were collected every 25 K, but
for clarity, only 200 K intervals are displayed for the
formation reaction for LaMnO3 in Figure 8. Similar data
for the formation of La0.7Sr0.3MnO3 are included as
Supporting Information. In both reactions, we find a
peak at a 2θ value of 32.5° developing at 700 K (the
peak is indicated in the figure with an arrow) corre-
sponding to the main perovskite phase.

A striking difference between the two systems is the
presence of the 30.2° 2θ La2O3 in the reaction, yielding
LaMnO3 (Figure 8). This peak remains through 1100
K. In the reaction to form, La0.7Sr0.3MnO3, this peak

(38) Cheetham, A. K.; Rao, C. N. R.; Vogt, T. J. Solid State Chem.
1996, 126, 337.

(39) Rodrı́guez-Carvajal, J.; Hennion, M.; Moussa, F.; Moudden, A.
H.; Pinsard, L.; Revcolevschi, A. Phys. Rev. B 1998, 57, R3189.

Figure 6. (a) SEM image of a portion of the sintered PbTiO3/
K2SO4 pellet showing some large crystallites flanked by
smaller ones. (b) EDX mapping of regions with K and S. (c)
EDX mapping of regions with Pb.

Figure 7. (a) Two-phase Rietveld fit of the powder XRD
pattern of the sintered LaMnO3/K2SO4 composite (LMO/KS).
(b) Rietveld fit of the washed sample after removal of K2SO4.

Figure 8. Thermodiffractometry of the assisted metathesis
reaction forming LaMnO3. The temperatures are indicated.
The arrow indicates the main perovskite reflection. The
markers at the bottom of the plot indicate reflections from the
appropriate JC-PDF files. These have been suitably scaled
with relative heights maintained for each phase as in Figure
4.
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disappears by 450 K and instead intermediate peaks
can be matched with “La2SrOx” (JC-PDF Card 42-0343),
the formation of which explains the distinct nature of
reactivity.

The assisted metathesis schemes for the manganese
perovskites are highly exothermic. Using thermochemi-
cal data from Barin37 and data on LaMnO3 from
Navrotsky,40 we obtain for the LaMnO3 reaction a 1000
K ∆rG of -288.31 kJ mol-1. Assuming that La0.7Sr0.3-
MnO3 has the same ∆Gf at 1000 K as LaMnO3, its
formation by the assisted metathesis route is associated
with a ∆rG of -347.53 kJ mol-1. These data are
summarized in Table 2.

LaMnO3 Morphology. The microstructure of the
sintered LaMnO3/K2SO4 composite composites were
imaged using SEM. The images, at different magnifica-
tions, are displayed in panels (a) and (c) of Figure 9.
The composite LaMnO3/K2SO4 in cross section revealed
a dense collection of crystallites that are 300-500 nm
in size, in which larger (10-20 µm) particles are
embedded. As for the case of PbTiO3 formation, the
perovskite grains are the smaller ones, whereas the
large crystals correspond to K2SO4. EDX mapping of K,
S, La, and Mn (provided as Supporting Information)
supports our assignment of these phases. The monolith
that results from washing out K2SO4 in water reflects
the difference in sizes of the two phases. Washed
LaMnO3 (Figure 9b,d) displays a sponge structure with
distinct, physically separated, 10-20-µm pores.

La0.7Sr0.3MnO3 Morphology and Magnetization.
There are distinct differences in the microstructure of
the La0.7Sr0.3MnO3/K2SO4 pellet when compared with
the LaMnO3/K2SO4 pellet. In the La0.7Sr0.3MnO3/K2SO4
system (which has been sintered at a higher tempera-
ture) we found 1-5-µm particles with quite sharp facets.
In contrast, the LaMnO3 particles were 300-500 nm.
The difference in morphology could arise from the
sintering temperature being above the melting point of
K2SO4 (1342 K).41 One possibility, therefore, is that K2-
SO4 melts and coats the La0.7Sr0.3MnO3 crystallites.
Indeed, when we attempted an EDX mapping of the
metals and S on the La0.7Sr0.3MnO3/K2SO4 pellet, we
found these elements to be almost homogeneously
dstributed, in a manner quite distinct from PbTiO3/K2-
SO4 and LaMnO3/K2SO4 systems.

In the La0.7Sr0.3MnO3 system, removal of K2SO4 leads
to a monolith having 5-µm pores with open con-
nectivity (Figure 10b,d). In a comparison of LaMnO3 and

(40) Laberty, C.; Navrotsky, A.; Rao, C. N. R.; Alphonse, P. J. Solid
State Chem. 1999, 145, 77.

(41) Lide, D. R. CRC Handbook of Chemistry and Physics, 80th ed.;
CRC Press: Boca Raton, FL, 2000.

Table 2. Gibbs Free Energies of the Relevant Species
Associated with La1-xSrxMnO3 (x ) 0, 0.3) Formation (All

Data from Ref 37 Unless Indicated)

∆Gf (1000 K) (kJ mol-1)
La2O3 -1507.667
MnSO4 -704.398
K2CO3 -861.496
SrCO3 -952.201

ΣReactants
x ) 0.0 -2319.73
x ) 0.3 -2379.24

K2SO4 -1024.650
CO2 -395.810
La1-xSrxMnO3

* -1187.569

ΣProducts
x ) 0.0 -2608.04
x ) 0.3 -2726.77

∆rG (1000 K)
x ) 0.0 -288.31
x ) 0.3 -347.53

a ∆Gf calculated for x ) 0 using data provided in ref 40 as
explained in the text. We assume that Sr substitution (x ) 0.3)
leaves ∆Gf unchanged.

Figure 9. SEM images of [(a) and (c)] the sintered composite
pellet of LaMnO3 and K2SO4, and of the washed pellet, after
removal of the K2SO4 [(b) and (d)].

Figure 10. SEM images of [(a) and (c)] the sintered composite
pellet of La0.7Sr0.3MnO3 and K2SO4, and of the washed pellet,
after removal of the K2SO4 [(b) and (d)].
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La1-xSrxMnO3, the very different pore structures can
be attributed to the different crystallite sizes of the
sacrificial K2SO4 phase in the composites. The much
larger K2SO4 crystallites seen in the composite with
LaMnO3 result in the washed material having large
pores and thick walls. In the case of La0.7Sr0.3MnO3, the
walls are thinner and the pores smaller. So while
LaMnO3 has essentially isolated pores only connected
via submicrometer pores between the grains, the pores
in La0.7Sr0.3MnO3 are separated by walls one to two
grains thick, leading to a more open porosity.

Figure 11 displays the temperature dependence of the
dc magnetization of a small (approximately 10 mg)
monolith of the porous La0.7Sr0.3MnO3. Data were
acquired on warming under a 0.1 T field from 5 to 380
K, after cooling under a 0.1 T field. A sharp transition
to ferromagnetism is seen at around 370 K. This
corresponds to what is known of the magnetic phase
diagram of La1-xSrxMnO3 for x ) 0.3.42 The inset in this
figure displays a magnetization loop acquired at 5 K.

There is almost no hysteresis in the sample. The
saturation magnetization is reduced from the expected
spin-only value of 3.7 µB per formula unit to about 1.7
µB, but the sharpness of the ferromagnetic transition
as well as the shape of the hysteresis loop suggest no
other magnetic phase is present.

Conclusion

We have demonstrated novel solid-state reactivity in
the preparation of important functional perovskite
materials, as well as a new and general route to
preparing porous monoliths of inorganic materials. The
method is based on assisted solid-state metathesis
performed within monoliths, where one of the products
is a sacrificial phase (chosen for its ease of solubility as
well as the thermodynamic driving force it provides).
As a next step, we hope to (i) extend the uses of such
assisted metathesis to other functional (perhaps per-
ovskite-related) materials, (ii) attempt greater control
over pore size, and (iii) explore the uses of such porous
materials.
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Figure 11. Temperature dependence of the field-cooled
magnetization of the washed La0.7Sr0.3MnO3 sample. The data
were acquired in a 100 Oe field on warming after cooling under
the same field from the room temperature. The inset is a
magnetization loop acquired at 5 K.
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