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Evidence for a local lattice distortion in Ca-doped LaMnO,
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We have found that a significant change in the local structure g§Ca ;;MnO; occurs between 80 K and
temperatures above the Curie temperatilires270 K. Near-edge x-ray-absorption spectra exhibits changes
between 80 K and abovE. . X-ray-absorption fine structure reveals differences between the nearest-neighbor
Mn-O bond distributions at 80 K and above . The single-site distribution at low temperature becomes a
complex, multi-site distribution abové.. The observed change is consistent with proposed small polaron
related local Jahn-Teller distortions for>T. . [S0163-18206)02721-X]

The manganese-based perovskites, LA,MnO; (A  Moreover, changes i, and the magnetoresistance As
=Ca, Sn, Ba, etg, form a Mr**/Mn*" mixed-valence sys- changes in size have been reportftd detailed picture of
tem forx>0, which exhibit interesting and coupled magneticthe average crystalline structure and the local atomic struc-
and transport propertiésThese materials are antiferromag- ture is thus important for an understanding of these materi-
netic insulators fox less than~0.2, ferromagnetic metals in als. In particular, it is essential to determine the details of the
the rangex greater than-0.2 tox less than—0.5, and revert oxygen distribution and whether the observed magnetic
to being ferromagnetic insulators for greater than~0.5.  phase transitions and change in resistivity are associated with
Forx~1/3 these materials attain their highest Curie temperaglobal or local structural changes.
tures: T.(33% Ca~270 K, T.(33% Ba~420 K, and As a probe of local structure in these systems, we have
T.(33% S)=~440 K, and largest magnetoresistance effectmeasured the MrK-edge x-ray-absorption fine structure
with values as large as 90% at 50 k&&.The resistivity  (XAFS) of Lay;Ca,MnO; and have obtained the near-
peaks neail, and shows activated hoppir@sulating be- neighbor Mn-O bond distribution at 80 K and at two tem-
havior above T, while behaving as in dirty metals below perature§273 K and room temperature-293 K)] above
T.. Experimentally, it has been found that a direct relationT,=270 K. We have observed a significant difference be-
exists between the resistivity and the bulk magnetization. tween the nearest-neighbor Mn-O distribution above and be-

The unusual magnetotransport properties sparked a lorigw T..
development of microscopic theoretical models of these Samples of LgiCa;;MnO; were synthesized by reacting
transition-metal perovskites. The first model for the onset oLa,O5, MnO,, and CaCQ at 1273 K for 20 h in an A0,
ferromagnetism was proposed by Zef@rand generalized crucible in air. The powders were reground and further re-
by Anderson and Hasegawd, and de Genne¥” This  acted at 1523 K for 20 h three times, then fired a last time at
“double-exchange”(DE) model involved spin coupling be- 1573 K and cooled in air over 20 h. The samples were found
tween Mt™ and Mrf™ next-nearest-neighbor ions with the to have a 65% theoretical densityatio of measured density
conduction electrons mediating the interaction. Recently, ito that computed for this material based on its unit cell vol-
has been shown that the standard DE model yields an estitme and formula weight X-ray-diffraction analysis showed
mate of T, too high by an order of magnitude, and is incom- single-phase material. The resistivity exhibits a maximum at
patible with resistivity dat.A strong electron-phonon inter- 270 K which tracks the onset of ferromagnetism in the sus-
action was proposed to play a central role in theceptibility curve as shown in Fig. 1. XAFS samples were
understanding of these materifla. model which explicitty  prepared by grinding the sample with sucrose and pressing
includes electron-lattice interactions, via a Jahn-Telld)  the powder into an aluminum sample holder, which was at-
lattice coupling to holes, has shown that lattice effects indeethched to a cold finger of a cryostat. The cryostat was cooled
decreasd ., and also drive strong “small polaron” distor- with liquid nitrogen for measurements &t=80 K, with ice/
tions forT>T, .57 water atT=273 K, and finally set at ambient temperature

Very recent experiments support the view that the lattic T~20 °C).
plays an important role in these materials. It was found that Spectra were measured at the Stanford Synchrotron Ra-
Ca-doped materials exhibit a strong coupling between extediation Laboratory(SSRL beam line 4-1, under dedicated
nal pressure and resistivifyin addition, it has been observed synchrotron radiation production conditions(Z40) crystals
that a strong magnetic field produces an orthorhombic tavere used to monochromatize the x-ray beam. Harmonic re-
rhombohedral structural transition in @St ;MnO;.°  jection was accomplished by changing the relative alignment
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FIG. 3. (a) Magnitude of the Fourier transform &f* XAFS for
k=3.7-10.8 A1 in the region of the oxygen near neighbors to Mn
atoms at 80 K(solid line), 273 K (dotted ling, and room tempera-

of the two crystals to reduce the flux to 50—60 % of its maxi-tMUIre O~§93 dK (dagséhed Inlr_ga I.(b) kg);A{ Sd spe(;:tlr_a ansugg from
mum level. Spectra were taken in fluorescence mode usinl%nm' era?&;;;s sz(ZZrlwedlrl]ii)é (dotted ling, and room
an Ar-filled ion chamber. The reduction of the XAFS data =~ "

was performed using standard proceddfeSalibration was e .
accomplished by defining the first inflection point in the shells from the raw XAFS and fitting just the residual Mn-O

spectrum of Mn metal as 6538.3 eV, the ionization thresholdN€arest-neighbor contribution.  Potential problems  with
E,, was set at 6560 eV, the photoelectron momenturk is leakage” were checked by iterating this procedure to pro-

—{{2m/i?)(E —E,). The data were normalized by seting 105 (ORI ESuIbS e T & e e obalied
the value of a second order polynomial fit over the preedg Q. 9

. . . poerors MUHZE S T
S 2r s 5 G e e Mo e ot Rl
over the region above the edge to unityEat. After com- ) ) 7(¥7R)2/2 2 9

parison, three individual scans were averagedTfe80 and ~ Gaussian functiong(r) = (N/ V2mo)e ' '*7, based on
273 K and five for room temperatutef. inset, Fig. 2. The the average bond lengthB, average coordination nymbers,
XAFS were extracted from the spectra as the difference be\, and Debye-Waller factorsy, extracted from the fits.
tween the normalized spectra and an adjustable spline func- AS revealed in Fig. 2, the central position of the Mn
tion fit through the postedge region, the parameters of whick-€dge x-ray-absorption near-edge struct@@NES) is

were adjusted to minimize low frequency residuals in the~0-5 eV lower at temperatures aboVe than at 80 K. This
Fourier transform. observation is not typical temperature dependence but is in-

Information about the Mn-O bond distribution was ob- dicative of changes in the local electronic and atomic struc-

tained by first fitting thek® weighted raw data over the range ture between 80 K and the temperatures abbyeThe Fou-
3.7<k<11.0 A %, including all shells through the Mifand rier transform of the XAFS spectra over the region

subsequently subtracting the contributions for the highefOntaining Mn nearest-neighbor oxygen ato(fs<2.5 A) -
demonstrates that the distribution of oxygen nearest neigh-

bors around the Mn ions at 80 K and-a280 K (aboveT,)

is significantly different(see Fig. 3, in contrast to normal
M-O bonds which have typical Debye frequencies~&00

K and exhibit minimal changes over this temperature range.
All the other structural features in the transforms show only
the expected decreases in amplitude resulting from increased
fluctuation in bond lengths with increasing temperatre.

T At 80 K, a single site with Gaussian distribution results in
a good fit for the nearest-neighbor Mn-O contribution in the
XAFS. In contrast, it is not possible to fit the spectra-&80

K using the single-site Gaussian disorder model. The preci-
sion to which the details of the Mn-O distribution could be

FIG. 1. Measured susceptibility (dashed lingand resistivityp
(solid line) as a function of temperature in 3Ca&,;Mn0O;.
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determined was limited by the data range,,,=11.0 A™%).
Consequently, rather than extract structural parameters
based on an assumed but untestable Mn-O distribution, we

obtained information about the general characteristics of the
distribution. A large number of fits were performed, varying
the number of shells and the parameters describing each
shell. The results for the 273 and 293 K spectra are essen-
tially identical. We found that the best fits, regardless of the

FIG. 2. X-ray-absorption near-edge structure of the Kledge
at 80 K (solid line), 273 K (dotted ling, and room temperature
~293 K (dashed ling Inset shows typical raw x-ray-absorption
fine-structure spectra at 273 K.
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hopping assisted conduction. At low temperatures the charge
carriers are delocalizettirty metal regime resulting in a
single type of O site. Although more measurements are re-
(™ a . quired to ascertain whether this change in the structure is
L ~ // \ i cqincident With the metal-insgla_tor transition, it is cons_ister_lt
/ s \é—b with theoretical models predicting such a transformation in
the nature of the carriers. Model calculations with plausible
parameters for spring constants and electron-phonon cou-
pling of a Jahn-Teller type yield the same order of magnitude
L 4 4 as the distortion inferred from the XAFS ddtdhere is a
' \\ strong coupling between spin, charge, and lattice degrees of
| \ | freedom, and the small polaron formation is partly induced
‘;// N by the change of spin polarization around the charge cdrrier.
%70 182 194 206 218 230 Theoretical studies also suggest that the JT distortion is ho-
rh) mogeneous foll <T. and inhomogeneous above due to
the formation of small polarorfs’ which at this doping(x
6.4, omi W e ssutons ncions e e 1 20 7T TS Supeatices T oveeneton o
temperatures. The solid line represents the single-shell bond distr- _. +
bution at 80 K while for curvesd) the long-dashed line is for a 8 simple ordered arrangement of fnand Mrf". The pos-

two-shell fit at 273 K and the short-dashed line is for a two-shell fi’[fSIbIIIty of polaron superlattice formatiotcommensurate or

to the room-temperature data. For curvby he long-dashed lines incommensuradeis currently under investigation, theoreti-

are for a three-shell fit at 273 K and the short-dashed line is for é:ally and experlmentallﬂf.‘ This same issue is important in

three-shell fit to the room-temperature data. The Debye-Waller fachigh-temperature superconducting cuprates which is another

tor of each shell was held fixed to reduce the number of paramete/d@SS  Of t'ran'SitiOI’l m_etal perovskites. Expgrimentally,
in the fits. XAFS studies in the neighborhood of the Curie temperature

will indicate whether abrupt changes in the structure track
. - ) . . the loss of magnetic order. Additionally, the connection be-
o_ptlmlze_d fitting _parameters,_resulted in very similar rad'f""tween magnetism and local structure could be probed by
distribution functions. The salient characteristics of the rad'aberforming these measurements in the presence of a mag-
distributions at~280 K (Fig. 4) are (i) they are not the patic field,. A systematic study of these temperature-
low-temperature structure modified by a wider Gaussian Ofependent distortions for values in the regiox~0.2 and

asymmetric distribution(ii) the extent(full width at half 0.5, and their correlation with optical, magnetic, and trans-

maximum) of the Mn-O bond distribution is 1.85-2.12 A; port properties, will lead to a deeper understanding of the
(iii ) the distribution is not just a two-site distributigthere is

o e = coupling between the magnetic, structural and charge de-
nonzero probability of finding Mn-O bonds at the miniMum geeq of freedom in these mixed-valence manganese based
in the distribution, and(iv) there is an asymmetry between

i erovskites.

long and short bonds on the order of 1.3:1. This range oP
Mn-O distances is consistent with known Mn oxides. This work was performed under the auspices of the U.S.

This implication of the complex O distribution at280 K Department of Energy. Data acquisition was done at Stan-
and the change in this local structure at 80 K should have &ord Synchrotron Radiation Laboratory, which is funded by
significant effect on the magnetic and transport properties othe U.S. Department of Energy. J.M.L. acknowledges the
these materials. At the higher temperature, which is aboveupport of Consejo Nacional de Ciencia y Tecnologia
T., the charge carriers are apparently localized, inducing dexico, and the hospitality of Los Alamos National Labora-
local lattice (and spin distortion (polaron and leading to tory.
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127 A. Tyson et al. (unpublishedl The Mn (R~3.96 A and
La (R~3.37 A) positions from the absorbing Mn ion are consis-
tent with diffraction results in similar materials. We find that the
Ca is displaced from the La sit®~3.00 A). We also find two
oxygen bonds aR~2.50 A and the four nearest-neighbor posi-
tions with R~1.98 A at 80 K and a more complex multishell
distribution at temperatures aboVig . The observation of the

tions discussed in the text are with respect to this globally buck-
led structure. A statistical analysis of the differences in the am-
plitude envelopes of the low- and high-temperature data
indicates a significance difference with a confidence level of
99%. Analysis of the Fourier-transformed data revealed that the
spread in the individual scans is of the order of the difference
between the 273 and 293 K ddféig. 3 and Fig. %

longer of the Mn-O bonds implies a Mn-O-Mn angle signifi- 133 3 Rehr. S. I. Zabinsky, and R. C. Albers, Phys. Rev. 168it.

cantly different from 180°, consistent with the results of Ref. 10.

3397(1992.

These longer oxygen bonds do not show significant (:hange54A P. Ramirezet al. (unpublishedl
with temperature. We also found these longer oxygen bonds iﬂsA_ Bianconi, Solid State Commur@1, 1 (1994: E. Pellegrini

materials with different doping, or other cations, as well as the
undoped parent material LaMgOThe local structural varia-

et al. (unpublishegl



