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Indications of phase separation in polycrystalline La_,Sr,MnO; for x=0.5

S. I. Patil* S. M. Bhagat, Q. Q. ShUiS. E. Lofland® S. B. Ogale, V. N. Smolyaninova, X. Zhang, B. S. Palmer,
R. S. Decca, F. A. BrowRAH. D. Drew, and R. L. Greene
Department of Physics, University of Maryland, College Park, Maryland 20742-4111

I. O. Troyanchuk
National Academy of Science of Belarus, Institute of Solid State Physics, P. Brovki 17, Minsk 220072, Belarus

W. H. McCarroll
Department of Chemistry and Biochemistry, Rider University, Lawrenceville, New Jersey 08648-3099
(Received 20 August 1999; revised manuscript received 20 April 2000

We present systematic studies of polycrystalling L&r,MnO; wherex is varied from 0.46 to 0.53 at 0.01
intervals. We have measured the magnetic resonance, ac susceptibility, dc magnetization, x-ray diffraction,
four-probe resistivity, and optical reflectivity. The data seem to indicate that, afT|othie materials are
intimate mixtures of ferromagnetic and antiferromagnetic microregionsxBd.48 we observe anomalies
pointing toward charge ordering on lowerifig An effective-medium theory is presented, and an appropriate
phase diagram is proposed.

[. INTRODUCTION focus of the present study, have been found to show marked
differences depending on the crystalline state. Using single
It is generally recognized that the manganitescrystals, Moritomoet al® found that forx~0.5, the high-
R;_,A.MnO;, whereR is a rare earth such as La, Nd, etc., temperature paramagnet{ieM) metal becomes a FM metal
andA an alkaline earth like Sr, Ba, or Ca, exhibit a very rich but with a somewhat suppressed magnetic monfsge be-
phase diagram because of subtle competition among interatsw). Furthermore, AFM behavior appeared only when
tions involving spin, lattice, and charge degrees of freedom=0.54. However, Fujishiroet al,” using polycrystalline
All the energy scales appear to be comparable so that modesamples, reported that La,Sr,MnO; with x=0.48, 0.50,
variations in the dopant concentration, preparation methocand 0.52, exhibit resistivity and acoustic anomalies usually
local chemistry, cation deficiency, etc., can cause profoundttributed to onset of charge orderitGO). In the present
changes ir(i) the magnetic state—ferromagnetieM), anti-  work, it was decided to make a thorough study of polycrys-
ferromagnetic(AFM), canted FM, canted AFM{ii) the talline La_,SrMnO3, nearx=0.5, by varying the Sr con-
transport properties: dirty metal, insulator, semiconductortent from 0.46 to 0.53 at 0.01 intervals. Accordingly, we
polaron hopping; andii) the structural characteristics: Jahn- have measured the ferromagnetic resongf®éR), ac sus-
Teller-induced strains, orthorhombic to rhombohedral transeeptibility, dc magnetization, electrical resistance in zero
formations. They also exhibit a remarkable sensitivity tofield and with an applied field of 85 kOe, x-ray diffraction,
magnetic  fields—colossal = magnetoresistance, fieldinductively coupled plasma analysis, and circularly polarized
dependent structural phase transitions, and the like. No bridfght reflectivity.
summary can provide an accurate description of all the ob- It turns out that the observed properties are remarkably
servations. A recent review is due to Coetyall sensitive tox. For instance, whereas=0.46 and 0.47 are
In some sense, the La,Sr,MnO; (0.3<x<0.5) system FM down to the lowesT, 0.48 exhibits a Nel temperature
is among the simplest. The resistivity is metal-like, Ty of =100 K. In addition, we report several interesting
(dp/dT)>0 andp<1 mQ cm, over wide ranges of tem- findings: (i) as in Ref. 6 the FM-state magnetization is well
peratureT and exhibits a modest drop whdnis lowered below that corresponding to full alignment of the spins and
through the ordering temperatufe .2 Although the theories  drops rapidly with increasing; (ii) a proper understanding
are not completely satisfactory, the conventional wisdom i®f the field for FMR requires spin-wave-like contributions
that theey bandwidth is quite large so that the kinetic energypointing to the existence of FM clusters in an AFM
or equivalently double exchange wins out. The phase diabackground: (iii) although there is no activated regime, the
gram, using single-crystal samples, has been established fegsistivity p shows a CO-like step, which is sensitive to ap-
some time. plied magnetic fields(iv) over wide ranges of temperatuge,
However, it must be noted ferromagnetic resonancevaries linearly withT. It seems reasonable to propose that
(FMR) studie$** indicate that most samplémcluding single  this be understood in terms of an effective medium theory in
crystalg are magnetically inhomogeneousAlso, optical ~ which, on loweringT, an increasing fraction of the sample
measurementshow unexpected sensitivity to surface prepa-goes into an insulatingpresumably CQ® phase;(v) for x
ration for presumably the same material. Further systematic-0.48, the optical conductivity becomes anisotropicTds
studies are needed. lowered through the regime whelReshows a step, a possible
To be precise, materials withclose to 0.5, which are the indicator of onset of CO in some grains. Although many
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details can only be settled after considerable further study, it

is important to note that these observations already provide 100 La, srMno,
ample evidence that in the neighborhoodkef0.5, not only > |H_-860e
other manganites but also polycrystalline; LaSr,MnOs is E so | 121354z

unstable against fluctuations so that instead of having a uni-
form and homogeneous magnetic ground state, theTlow-
phase is an intimate mixture of FM, AFM, and perhaps CO% 60 -
regions in the grains of the ceramic sample. Preliminary ¢
FMR measurements on a single crystal of, L3, sMnOg
show indications of magnetic fractionatifas in(ii) abovd.

Full details will be reported elsewhere. A possible explana-
tion for the differences between single crystals and ceramicsg ,, |
is the presence of large strains in the lattice of the micron-

size grains.
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II. METHODS

Polycrystalline samples of La,Sr,MnO; were prepared FIG. 1. Low-field normalized ac susceptibility vs temperature.
. yery imp X=X s > Prep . With increasingx, T drops andTy, increases. Thab region(dot-
via the standard solid-state reaction route starting from high:

ourity (>99.99%) LaOs, SICQ;, and MrO,. The powders :gu)ccéelllneates the temperature interval of the resistive anomaly due

were mixed, finely ground, and sintered at 900 °C for 20 h.

The grinding and sintering steps were repeated at 1000°C

for 20 h, 1100°C for 20 h, and 1160°C for 40 h. After ) )

pelletization, the final sintering was carried out at 1400°C Since the output of the locally built susceptometer de-

for 40 h, respectively. Increasing this time to 120 h enhance@©€nds on sample size and shape, we have normalized the

the sample density for Sr0.51 by10% but did not affect data to the maximal value in each case and displayed the

the transition temperatures discussed below. Typical graiffMperature dependence in Fig. 1. The PM-FM transition is

size is 3—5 um. marked by a sharp increaseyasT is lowered. The tran-
Immediately after the sample was prepared, x-ray diffracSitions are not partlc_ularly s_harp and get Iess_so with increas-

tometry was done to establish that it was single phase, at tH89 X- AS shown,T¢ is obtained by extrapolating the region

5% level. The following properties have been measured ovepf sharp rise ofyac. In the Sr0.46 and Sr0.47 sampleg.

wide temperature intervalga) low-field (~8 Oe) ac sus- reduces somewhat dsis I_owered. Th_|5 is as expected for a

ceptibility x..; (b) ferromagnetic resonancéc) self-field FM because the_mcreasmg mggnehzatlon forces thg sqmple

(demagnetizing fieldat the sample surface using an electronto adopt a domain structure with ever smaller domain sizes.

paramagnetic resonance prolid) dc magnetization using However, forx=0.48, y,c shows a sharp drop at low and

superconducting quantum interference device magnetomet#pis is interpreted as delineating the onset of antiferromag-

at fields up to 50 kOe; an@) four-probe electrical resistance Netism. Again,Ty is located by extrapolating the,c vs. T

in zero field and an applied field of 85 kOe, parallel to theCurve. In addition, it is notable that,. exhibits a broad dip

current direction. Further, using a narrowly focused few  (See regiorab for the Sr0.48 curvein the sameT interval

um?) beam, the reflection of circularly polarized light, from where the r§5|st|V|ty has a step and the optical conductivity

a single grains of the ceramic sample, was measured fro€COMES anisotropic.

room temperature down to 77 K. The degree of ellipticity in

the reflected light provides a straightforward measure of any B. Electron-spin resonance

anisotropy in the optical conductivity. Such measurements

have been used previously to mark the onset of CO in man- The electron-spin resonance was studied at fotrc
ganite sampleS; 12 (electron paramagnetic resonance, ERRd T<T. (ferro-

| ivel | | Ivsis. titrati magnetic resonance, FMRt _several frequencie; betwe_en 8
nductively coupled plasma analysis, titration, and more ind 34 GHz. Apart from noting that the EPR givgs 2 in

detailed x-ray studies of some of the samples, reveal La d A ;
ficiencies of a few percent and unreacted materiakao Every case, here we W.'” dlscus_s only the FMR détaThe
FMR lines are quite wide, and in some cases there are sev-

level. However, the relative Sr concentrations ar ite reli- . .
evel. However, the relative Sr concentrations are quite re eeral lines present. Even in Sr0.46 and Sr0.47 one cannot

able. Thus, for the present discussion, we choose to label tf} llow the sianal at t i bel bdut-100 K
samples by their nominal Sr content; i.e.,;LaSr,MnO; is ofiow the signai at temperatures beiow abo ) 1has

) the linewidth becomes several kOe. As befbfehis is a
designated as $r R o : ;

clear indication of the magnetic inhomogeneity which at-

tends nearly all manganite samplegi) The room-
temperature 10.45 GHz spectrum observed in a parallelepi-
ped (2x3X9 mm with H parallel to the long axjs of

We begin by cataloging all the experimental findings andSr0.46 is shown in Fig. 2. The data were taken using an FMR
at the end propose a phase diagram and a qualitative pictureicroscopé&® so that only=1 mn¥ of one broad face was
to account for the variety of behaviors consequent on variaexposed to microwaves. As expected for a thick conductor,
tion of x, applied field, and temperature. one observes a ferromagnetic antiresonaif®@AR, where

A. ac susceptibility

Ill. RESULTS AND DISCUSSION
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FIG. 2. Spin-resonance spectrum indicating FMAR and FMR.
The sharp linegsee insetnearg=2 represent PM markers used to 0

measure the local fieltsee text, Fig. B 100 150 200 250 300
Temperature (K)
the dynamic permeability vanisheat about 1.1 kOe and an
FMR at about 2.4 kOe. The half width is1 kOe. The two
sharp lines neag~2 come from PM marker&,2-Diphenyl-
1-Picrylhydrazyl, DPPKH one of which is located on the
sample surface and the other about 2 cm away. Their fieldFig. 3). That is, the FM component appears to pervade the
separation is a direct measure of the demagnetizing figld entire volume of the sample. Admittedly, dipole fields are
(=100 Oe in Fig. 2 For a disk-shaped sample the FMAR long range, but if the sample were divided into well sepa-
field is given by Hgyar=(w/y—47M) where M is the rated FM and AFM regiongil4 would no longer be given by
magnetization. Takingg=2 andH4 into account one gets the simple parallelepiped formula. The material is indeed an
47M=2.7 kOe, well in accord with the dc data at a com-intimate mixture of FM and AFM microdomains. The FMR
parable applied field. These values, however, will not acdata thus suggest that polycrystalline; LaSr,MnO3 with
count for the observed FMR fieltlgyr. The shortfall of x~0.5 is rather similar to LgCasMnO; where high-
~250 Oe may be explained if the FMR equation has a spimesolution lattice images by Mogt all* and nuclear mag-
wave contribution; i.e., there is an exchange fidly¢/ y#) netic resonance studies by Allodt all® have been used to
whereD is the spin-wave stiffness ang the gyromagnetic reveal such coexisting magnetic phases at Tow

FIG. 3. Demagnetizing field at sample surface. The low-
temperature behavior shows that the FM moment is spread uni-
formly throughout the sample.

ratio, augmenting the applied field, yielding The results are similar to what others have found in the
La-Ca (Refs. 16 and J)fand Nd-Sr(Ref. 18 systems and
® Dg? Dg? could be used to support the phase-separation scenarios of

2
;) :<HFMR+ W)(HFMRJF W+4WM . (1) Moreoet al'® They also lend credence to the mixed FM-
AFM models proposed by Nagaé¥.

UsingD=100 meV A2, which is typical for a manganite,

one would conclude that the effective wavelengths are about

1200 A. If so, the 10-GHz FMR data help to define a dif-  Figure 4 shows the temperature dependence of the dc

ferent length in these compounds; i.e., the FM regions arenagnetizatiorM in a field of 10 kOe for a few representative

about 600 A in extent. At 294 K, the effective exchangecases. It is notable thdt) Sr0.46 and Sr0.47not shown

field reduces rapidly as one goes from Sr0.46 to Sr0.48. Thigemain FM down to the lowesE; (i) Sr0.46 has the highest

is as expected becauBeshould reduce as one gets close tozero-Kelvin magnetization, which corresponds tog2;5er

Tc. In any case, the 10-GHz FMR measurements seem to én ion, which is much smaller than the 35 expected

revealing the length scale of the magnetic inhomogeneity térom complete alignment. As noted above, single-crystal

be a few hundred A, much smaller than the typical grain sizespecimens show a similar deficiert{here are two possi-

of ~3-5 microns. It is instructive to mention that at 34 GHz bilities for this short fall—all the Mn ions do not participate

there is a smaller discrepancy if the parameters derived frormn the ferromagnetism, rather some of them have antiferro-

Hewar are used to calculatelgyr. Presumably, the large magnetic(AFM) coupling, or there is spin canting. It is felt

applied dc fields £10 kOe) needed for resonance at 34that the former is the more likely scenario, beca(isé the

GHz are helping to enhance the size of the FM regionsnagnetizations of Sr0.48—Sr0.53 all show a sharp decline at

thereby suppressing the exchange contributions. low T, symptomatic of the onset of predominantly AFM
As noted above, by measuring the field separation bealignment.(iv) At low T, however, there is still a sizable

tween two EPR lines from the DPPH markéirsset, Fig. 2, nonzero magnetization indicating that well beldy, there

one can access the effective demagnetizing field and conis a considerable FM component in the materiaf) At

pare it with that expected from a uniformly magnetized FM~50 K, there is a small jog in thil vs T curve. This is the

parallelepiped. In the FM region the observed and calculatedame temperature at which tiedependence of changes

Hq values are in very good agreement. The surprise is thatlope(cf. Fig. 5. The magnetization data again support the

even at lowT, when one is well inside the AFM regioily; ~ mixed FM-AFM phase picture implied by the resonance

appears to be due to a uniformly magnetized FM sampleneasurements.

C. dc magnetization
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FIG. 4. dc magnetization in 10-kOe field. In the FM region, the R . .
maximal moment is 2,85 compared to 3,65 expected for full FIG. 6. Resistivity in 85 kOe. All the CO anomalies are shifted
alignment. Note that the magnetization is nonzero evenTfoell to lower temperaturéctf. Fig. 5

below Ty . _ _
ance of CO in some grains of the sample. Hence the label
D. Electrical transport Tco in the inset of Fig. 5(v) However, at lowefT, p fails to
The operational magnitude of the electrical resistivity was °° exponentially as would be expected if the CO state pre-

: . : vailed everywhere. Rathep, exhibits a linear rise with re-
obtained from the measured resistance by assuming that th tcing T, In Sr0.46 and Sr0.47 can be described by writ-

current distribution is uniform. The results are shown in Fig..
5 and are best summarized as followis:for Sr0.46—0.50, ing, roughly,

Ap/AT is positive in the PM region, the resistivity is metal- T

lic; (ii) at higherx, Ap/AT is negative at higi as well; iii ) p=po[1— (320+50)K} (2)

for Sr0.46—0.50p exhibits the expected drop accompanying -

the onset of ferromagnetism in the mangani®=e inset in with T<70 K andpy~2-5 m) cm. The slight increase in
Fig. 5 for Sr0.50; (iv) for Sr0.48—Sr0.53p shows a step on p below 70 K is most likely caused by the magnetic fraction-
reducingT. The sharpness of the step is well delineated byation, i.e., progressive breakdown of the homogeneous FM
the derivative curve in the inset of Fig. 5. This transition phase. On the other hand, for Sr0.48—Sr0.53 theTovaria-
region is nearly 40 K wide in Sr0.48 but becomes consideriion is more marked and follows

ably narrower &10 K) in Sr0.53. It coincides roughly with

the region of they,.anomaly @b) in Fig. 1. As we shall see, _ T
the optical reflectivity measurements indicate the onset of an p=po 1~ (290+ 40K for 50 K<T<Tco (33
anisotropy in the conductivity at a comparable temperature.
This leads us to propose that the step is related to the appeat-
T
Heo p:p(’) 1*m for T<50 K. (?)b)
251 ~ 0.000
X Below, an attempt will be made to account for E(&a) and

- g (3b) in terms of an effective medium theorgvi) The 4-K
£201 i{ -0-0049 value of p is not monotonic irx. It has its largest value for
_g s X = 0.50 Sr0.51. However, it reaches only 25(ntm, which is or-
215_ 0,008 ders of magnitude smaller than what would be obtained by
= S0 100 150 200 260 300 350 charge ordering of all the (M ,Mn**) pairs.
> Temperature (K )

Figure 6 shows the temperature dependence of the effec-
tive resistivity in the presence of a longitudinal field of 85
kOe. The data shown are for the field-cooled state. However,
there is only a slight thermal hysteresis in the region of the
resistive anomaly. We note théb the low T rise in p for
Sr0.46 and Sr0.47 is largely suppress@@/AT is weakly

0 — L positive at allT; the field promotes FM alignment every-

0 50 100 150 2°°K 250 300 350 where; (i) the transport anomaly in Sr0.48 has been driven
Temperature (K) to T<4 K; (iii) in every case the temperature of the onset of

FIG. 5. Zero-field resistivity vsT. For x=0.48, the step ip  the anomaly shifts down with applied field, but the shift re-
suggests the onset of CO, yet the l@wstate is not truly insulating.  duces from 150 K for Sr0.48 te=20 K for Sr0.53.(iv) For
The inset showa\ p/AT is constanfEqg. (2)] for T<T¢o. Sr0.49-Sr0.52 the slope of the Iowdinear rise is rather

-

La,_Sr MnO,
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FIG. 8. Calculated “charge ordering” fraction as ascertained
from Eq. (5).
0.05- 1 g om Eg.(5)
gt " 1 from some of the facets has increased where the crossover
0.00 T temperature is the “charge ordering temperature.” The onset
0 50 100 150 200 250 300 of anisotropy for the Sr0.53 sample occurs at 230 and 195 K

for the Sr0.5 sample. These temperatures agree well with the
“charge ordering” critical temperature measured by the

FIG. 7. Temperature dependence of the optical anisotropy fojump in the resistivity. The Sr0.46 grains do not exhibit any
Sr0.53 and Sr0.50. Note the onset of the anisotropy coincides witmeasurable change in the optical anisotropy at any tempera-
the temperature for which the resistivity has an abrupt increase. Thgire between 20 and 280 K, consistent with the resistivity
inset shows the experimental setup. and magnetization data. That only some facets show the ef-
fect is consistent with charge ordering in a particular plane in
which case only two-thirds of the facets should by optically
anisotropic.

It was found that the optical anisotropy effect had more
complex behavior for larger grains>@0 wm). This obser-
vation is interpreted in terms of the presence of domains with
different “charge ordering planes” in the larger crystallites.

Temperature (K)

insensitive toH. (v) p,(85 kOe) is highest for Sr0.51vi)

The largest MR =[p(85 kOe)-p(0)]/p(0)} value is 70%
at 25 K for Sr0.48.

E. Reflectivity

Further evidence for the existence of a “charge ordered”
phase in the material is provided by optical measurements on
facets of single grains of the sintered pellets. For two- . . -
dimensional charge ordering such as has been observed tlﬁl Both the Opt'cil andhtranspordt d?‘ta %'e(ljd rZSUIrt]S S|m|laato d
other CMR alloys the optical conductivity becomes 0S€ consequent on charge ordering. Indeed, charge ordere
anisotropic>~ 12 Therefore the reflectance differs for light po- materials invariably display optical anistropy, whose onset,

n the present samples coincides with the resistive anomaly.

larized parallel and perpendicular to the planes. To obtai : e
information from an individual grain of the sintered sample,rlﬁ:urther evidence comes from the shift in the step tempera-
ture on application of a field. Recall that similar shifts are

circularly polarized light {=1.55 um) from an InGaAs : I . )
diode laser was focused onto the sample by means of a mcl)bserved in CO transitions in other manganites. However, as

croscope objectivéN.A. = 0.55 which gave a spot size of noted above, the prese'nt system is never truly an msulqtor.
L Thus one cannot call this a case of uniform charge ordering.
~1.2 um. The 1.55um radiation was chosen because the ) . :
h . ~ In order to reconcile all the observations, it seems reasonable
optical ~anisotropy of Rr,CaMnO; (x=0.4) and to propose that beloW g the sample is an intimate mixture
Bi, ,CaMnO; (x>0.5) was reported to be larger in the o PP €O P

infrared”~12 The reflected light was collected through the of CO (essentially insulatingand conducting regions with

. o the fraction of the former increasing dsis reduced. Such
same microscope objective and passed through an analyzer and

H Kétra 21
to measure the ellipticity of the reflected light. In what fol- gﬁgﬁz Ql%\zle been considered before by .
Ls\k']v:r'etlhe ('Tm;sci);r?hpg rﬁ;;xua?rzﬁjnﬁm)_|rl1?gé (sli’t\g/Jrrrlg?a\ Let us consider a simple effective-medium approach. For
M m - _ s

sured at the detector when rotating the analyzer. With thié”1 two-component system, one writes
definition circular polarized light would have an anisotropy
of zero and linear polarized light would have an anisotropy
of one.

Figure 7 shows a typical data set for Sr0.53 and Sr0.5
where the anisotropj is graphed as a function of tempera- wheref is the volume fraction of component &; and o,
ture. At low temperatures the ellipticity of the reflected light the conductivity of the first and second component, respec-

F. Effective-medium picture

o1~ 0 0'2_0'ef_f
+(1—1) -0,
0'l+20'eff 0'2+20'eff

eff

4
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400 ' IV. PHASE DIAGRAM AND CONCLUSIONS
T PMM | PMI 1 We propose for polycrystalline La,SrMnO5; for x
¢ ~0.5 the phase diagram shown in Fig. 9. B¢ there is an
< 3001 H’\#H\}\i\’ 1  onset of FM ordering, but the FM state does not encompass
) FMaafm every spin. Rather, there is a significant fraction of antifer-
2 Teo romagnetically coupled spins present. That is, T>T
© o00f T >Tco the system is composed of FM and AFM regions. At
ol N Tco, charge ordering occurs in some parts of the sample, the
£ @ AC susoepibllty. resistivity jumps, but once again, the CO does not involve all
()] W resistivity + A+ .
— 1001 AC suscepibilty {  the (MP*",Mn**) pairs. ForT¢o>T>Ty, FM, AFM, and
o reflectivity fm+c.0.+AFM CO all exist side by side. ATy, antiferromagnetism begins
to take over, but the FM fraction does not vanish even at 4 K.
, \ \ , To summarize, below we have FM and AFM correlations
0945 0.47 0.49 0.51 0.53 coexisting with the FM predominant; beloVig, the state is
X an intimate mixture of FM, AFM, and CO phases with pre-

dominant FM couplings; and finally beloWy, AFM, FM,

FIG. 9. Proposed phase diagram of, LaSr,MnO; showing co- and CO coexist but in a predominantly AFM material.
existence of FM, AFM, and CO phases. | stands for insulator and M In attempting to reconcile the properties and phase dia-
for metal. The capital letters indicate the predominant phase whilgram of Lg _,Sr,MnO; for x~0.5 for single crystals with
the lowercase letters are for the minority phase. those observed here, one should note the following. First, as

far as the low¥ magnetic state is concerned, it appears that
tively, ando i the effective conductivity of the mixture. For there are quantitative rather than qualitative discrepancies. In
simplicity let us assume that the conducting regions have &oth cases the FM magnetization is well below that expected
temperature-independent resistivity, as seems to be nearly of full alignment. As before FMR data continue to point to
the case for Sr0.46 and Sr0.47. Additionally, let us supposeiagnetic inhomogeneities. However, the present measure-
that the charge carriers in the CO regions are completelynents demonstrate that one can get a handle on the state of
localized; i.e., their conductivity is 0. For this particular two- inhomogeneity. Studies on other manganites are underway to
component system, one finds that the fraction of CO is  check if similar estimates can be made. Second, when we
come to the transport anomalies, it has to be noted that the
grains in the sintered material are quite heavily strained. A
cursory glance at the lines in the x-ray-diffraction pattern
shows widths of greater than 0.5° rather than the 0.1° found
for single crystals. This will almost certainly lower the sym-
This is shown in Fig. 8 for Sr0.48. metry and may promote a CO state in some of the worst

Thus the magnetic and transport data suggest that asaffected grains?
comes close to 0.5, first there is magnetic fragmenta(iion
0.46-0.47 where a predominantly FM phase gives way to
some AFM inclusions, next the AFM becomes more pre- We thank A. Chattopadhyay and J. Gopalakrishnan for
dominant, CO makes its appearance and causes a sgep indiscussions and assistance. This work was supported in part

f= . (5
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