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Emission Mossbauer study of the electronic phases in LgCay qMnO 4
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A well characterized homogeneous ceramic sample @f/Ca, ;Mn(>’Co)O; shows two ferromagnetic
phases below . in contrast to the 20% Ca compound where only one is observed. One of the phases exhibits
stronger exchange interactions with more rapid electron transfer betwe&h Min*. At lower temperatures,
there is a tendency for a single phase to exist, with well ordered spins. In both 20% and 30% Ca materials, the
long-range ferromagnetic order breaks down abdtVE,=0.7 and small spin clusters with superparamagnet-
iclike behavior are formed. AboVE, , the spin clusters persist giving predominantly a single pkasseen by
the Mcssbauer prob&Fe with a Larmor period of-10 8 sed. Under the influence of an external magnetic
field, the small spin clusters coalesce to give larger clusters with better alignment of spins exhibiting negative
magnetoresistivity by percolation. Our work raises the question whether superparamagnetic behavior is a
prerequisite for observing negative magnetoresistivity.

The mixed-valence manganites, where there is direct corannealed at 1500 °C in air for 16 h. The surface material was
relation between ferromagnetic ordering and double exscraped off as a precautionary measure eliminating material
change electron transfer, exhibit very interesting behavidr. which could have lost traces of Ca at the rather high anneal-
We have used a very sensitive emissiondstoauer spectros- ing temperature. This treatment gives a more homogeneous
copy, where with minuscule amount ®fCo substitution for material as indicated by ferromagnetic resonance
Mn and minimal perturbation of the system, one can gain ameasurements. Our electron diffraction measurements and
insight into the microscopic behavior of the manganites. Thisigh resolution electron microscopy with point resolution of
local microprobe is particularly suited to give information 1.8 A attest to the good crystallinity and homogeneity of the
about changes in electron density, local dynamics and magample. The reconstruction of the reciprocal space confirms
netic phases. Our earlier warkshowed that the ferromagnet the cell parameters and tfRnmaspace group of the ortho-
Lay &Ca ;MnO; behaves in an anomalous fashion aboverhombic cell. Magnetization investigations show that the ma-
T/T.=0.65; the long-range ferromagnetic ordering breakderial has a Curie temperature of about 245 K as reported in
down and small magnetic clusters exhibiting the literature.
superparamagnetic-like behavior start forming beldw. 5’Co activity was diffused into the compacted pellet by
When an external magnetic field is applied, the magneticepeated thermal treatments at 1150—1200 °C undédlo@
clusters grow to form larger clusters where the spins ardill a reproducible M@sbauer spectrum was obtained. A stan-
more ordered and they contribute to the electrical conductivelard K,[Fe(CN)g] pellet containing 0.20 mg/chof 5'Fe was
ity via percolatio®™’ A direct correlation between the used as an absorber. A constant acceleration spectrometer
growth of spin clusters to form ferromagnetic metallic re-with triangular reference signal was used. ddbauer effect
gions and magnetoresistivity was observed. Zhang and Yangeasurements were performed in the temperature range 78—
have given a theoretical treatment using similar featfires.300 K. Temperature stability was abotD.2 K and the ac-
Recently, Fth et al® with the help of scanning tunneling curacy of the temperature determination wag K at all
spectroscopy have reported coexistence of clusters of metakmperatures. A standard gas flow cryosgtaim APD Cryo-
lic and insulating regions below the Curie temperature. genicg was modified as described in Ref. 10 allowing appli-

The question arises whether electronic phase mixtures exation of relatively high magnetic field from the compact
ist below T, in stronger ferromagnets like paCa, MnOs. LakeShore EM4-CV electromagnet incorporated into the ex-
We find that the compound with 30% Ca is even more inhoperimental setup. The procedures adopted for fitting the
mogeneous on the microscopic scale than the compoundossbauer spectra have been discussed edtlier.
with 20% Ca and exhibits three electronic phases with inter- The computer analyzed \dsbauer spectra at 78 K for the
esting interrelationships. The electronic inhomogeneityLa, [Ca °’Co)MnO; is compared with that for
arises from aliovalent substitution. Lag §Ca »>’CoMnO; in Fig. 1. In the former compound, we

The material was prepared by conventional solid stat@bserve 6—7 % of superparamagnetically relaxed magnetic
reaction as followed earlier for preparation of clusters. Their abundance does not change up to about
Lag Cay ,Mn05.%° In addition, the compacted pellets were T/T,=0.75(Fig. 2. This component can perhaps be attrib-
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Velocity (mm/s) FIG. 2. Computer analyzed TNdsbauer spectra of
. Lag Ca MNn(*’Co)0; at some intermediate temperatures showing
FIG. 1. ~Computer analyzed Msbauer spectra of g gistinct electronic phases designatedvis andM2.
Lag /Ca, Mn(>'Co)0; with T.=245K (A) and
Lag gCay MNn(>’Co)0; with T,=195K (B) at 78 K. havior is indicative of short-range magnetic order. We at-
tribute this break-down at higher temperatures to stretching
uted to°’Co resident at the surface of grains where exchangef Mn-O bonds and large torsional oscillations of Mn-O oc-
interactions are weaker. A similar observation has been raahedra with respect to each other. Both of them arise due to
ported for another batch of 20% Ca compodfddore im-  the considerable anharmonicity of Mn-O-Mn vibratidh$.
portantly, the spectra for the 30% Ca compound can be filt may be underscored that the breakdown of the long-range
consistently with two magnetically split sextédisl andM?2  ferromagnetic order is an intrinsic property of magnetoresis-
(Figs. 1 and 2 in contrast to a single one for 20% Ca tive manganites. This type of behavior has been observed
system?*2 Three species fit in Figs.(A) and 2 was adopted using Massbauer spectroscopy for some other compounds
after analyzing these spectra without any fitting model, i.e.jncluding LiFeG (Ref. 13 and YFeQ.* In the former com-
by a set of doublets. From the line intensities ratio which wagpound, long range ferromagnetic order is observed on the
around 1¢3.4—-3.6:3 as well as from the distorted line shapestime scale of neutron scattering, while "S&bauer effect
seen by the naked eye, it follows that we have to introduce aneasurements indicate superparamagneticlike behavior
second sextet with much smaller splitting to correct the(10 8 sec time scale
above problenisimilar considerations led to two sextets fits  The internal magnetic fields as a function of temperature
in Ref. 6, Fig. 3. This information is fed to the final fitting are plotted in Fig. 4. The behavior is similar to that observed
program which yelds the hyperfine paramet@r$he pres- for 20% Ca sample¥ neither of them follow the Brillouin
ence of two sextets indicates that for a certain fraction ofunction. AboveT., both compounds exhibit superparamag-
Mn®*/Mn** the rate of double exchange electron transfer isnetic behavior, and the small clusters coalesce to form larger
slower than for others, and therefore the exchange intera@nes with better aligned spins under the influence of an ex-
tions are weaker. Interestingly, the relative abundances dérnal magnetic field.
M1 andM?2 vary as a function of temperatufEig. 3(A)]. Above T, both materials exhibit a predominantly homo-
M2 converts intaM 1 with well-aligned spins at lower tem- geneous single phase on the d8bauer time scale repre-
peratures and the manganite behaves like a regular ferromagented by a slightly broadened singlet with an isomer shift
net at low temperatures. The electronic inhomogeneity prevalue close to that of Pé/Fe** in octahedral oxygen con-
sumably arises from the potentials created by aliovalenfiguration and 2—3 % of segregated*Fdattributable to the
substitution, namely CGa for La>*. presence of a fraction of species where the electron transfer
The long-range ferromagnetic order in 30% Ca compounds slower than the Mssbauer time scaleElectrons are de-
starts breaking down abovE/T.=0.8 in contrast tol/T. localized within each spin cluster. Under the influence of an
=0.7 for 20% Ca compouniFigs. 3A) and 3B)]. The for-  external magnetic field, the spin clusters grow in size with
mation of magnetic clusters with superparamagneticlike besimultaneous enhancement of the degree of spin order. The
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:% 40 i surements are not compatible with the presence of spin clus-
Pt R L7 G A ters in a paramagnetic matrix. In short, our observations
20 TSR : T indicate that the major difference between the ferromagnetic
SRR DY Yo IR and superparamagneti@boveT;) phases is that in the latter
0 SRR AR hdl) EERENAE! we have short range magnetic correlations. This is borne out
05 08 07 o8 o9 io by ESR studies by Loflandt all® where they find that all

Mn spins contribute collectively abové&.. Similarly, a
single >*Mn NMR peak was observed both below and above
FIG. 3. The abundanceareas of small spin clusters SRwith ~ 1c by Kapustaet al*® providing evidence of magnetic cor-

superparamagnetically relaxed peakand ferromagnetic phases relations. _ ,

(M1) and M2) as a function off/T, for LagCa,Mn(>’'Co)O; In summary, we find that a well characterized sample of

(A) and La £Ca, MN(’'Co)0; (B). Lag 7C& sMnO; exhibits two distinct electronic phases below
T., one corresponding to weaker exchange interactions be-

_ o tween Mt and Mrf* due to the slower rate of double

growth qf.the spin clusters is dlre_ctly6 rl%Iated to the d‘?creaS%xchange electron transfer. On the other hand, for

in resistivity by virtue of percol:amoﬁ'.' O}Jr 6observatmns Lag £Ca ,MnO; only a single phase is observed in the ab-

do not support De Teresatal’s contentior® that these canice of an external magnetic field. We also find that the

magnetic clusters are present in a paramagnetic matrix. Wg o akdown of long-range order beldl is an intrinsic prop-
observe a single superparamagnetic phase albguwehich erty of magnetoresistive manganites.

converts in a very moderate external magnetic field into a
magnetically orderedht least within our time scal@hasés) A.N. thanks the donors of the PRF administered by the
presented by one or two sextétsith some size distribution ~ ACS for partial support of this research. R.L.G., K.G., and
depending on the temperature and the magnitude of the may-C. acknowledge partial support from NSF MRSEC at the
netic field®*° Viret et al!” also show that their SANS mea- University of Maryland, DMR 96-32521.
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