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Valence selective DAFS measurements of 2. Experiment

Mn in La1,3Ca2,3MnO3 The DAFS experiment measures the energy dependence of the in-
tensity of a diffraction peak. As the energy varies through an ab-
sorption energy, the intensity varies (Sorenseal.,, 1994) due to

Bruce Ravel, ** Stéphane Grenier, @ the strong contribution of the complex anomalous corrections to
Hubert Renevier ¢ and Chang—Beom Eom * the scattering factor of the resonant atom. Additionally, the DAFS
) ) ] spectrum typically displays an oscillatory fine structure above the
“Laboratoire de Cristallographie, CNRS, BP 166, 38042 absorption energy which is analogous to the fine structure mea-
Grenoble, France, and " Dept. of Mech. Engineering and Mat.  syred in X-Ray Absorption Fine Structure (XAFS). Because dif-
Sci., Duke Universty, Durham, NC 27708 USA. E-mail: ferent crystallographic sites contribute to a diffraction peak with
ravel@phys.washington.edu different amplitudes and phases, it is possible with DAFS to iso-

late an absorption-like spectrum the different sites occupied by
the resonant species. This is done either by selecting reflections to

Th Ki MnOs displ which only one site contributes or by exploiting phase differences
€ Manganese perovs Ite systemm&_ NSs displays a com- - peyyeen different reflections and making linear combinations of
plex phase diagram of structural, magnetic, and transport prOpert'gﬁectra

with varying Ca concentration. At = 2/3 and at low temper- Our DAFS d he D2AM (F
ature, the system is antiferromagnetic with Mrand M+ ions ur measurements were made at the (Ferrer

occupying special positions in a charge-ordered supperlattice. Thb&- 1998) beamline BM2 at the European Synchrotron Radia-
charge ordering transition at about 260 K is characterized by the a2 Facility in Grenoble France. D2AM is equipped with a high
pearance of satellite peaks around certain strong normal lattice g_sqlutlon monochromator, a seven-cw_cle goniometer, and a cryo-
flections. The normal lattice reflections are due to scattering froﬂat'c sample stage and so 'S_ well suited to these measurements.
planes containing M and MR+ ions in nearly stoichiometric The DAFS measurement requires that the sample angle be changed

proportion, however the superlattice reflections are due to scattél thzenﬁrgy IS SC?B“ZTI\;Q co;tlnuolgslylm_la_lrl]ntz_aln the_ Brafgg conkdl-
ing from planes containing only Mh ions. By measuring Diffrac- FIOI’]. sc edmatlc Oh 'Sl‘:' ownrig. 1. h € |nten§t):]c;k§ pea
tion Anomalous Fine-Structure spectra on a superlattice reflectidhyMeasured at each energy by integrating the area @i theking

and its associated normal lattice reflection, it is possible to isolafé!Mve- The level of the background is measured on each side of the

absorption-like spectra for the two Mn sites. Due to the weak inr_ocking curve and subtracted from the integrated intensity.

tensity of these superlattice reflections, we were unable to obtain
high quality near-edge spectra for the superlattice reflection mea- < |

sured. However, the data offer useful information about the local D

electronic structures of the two Mn ions.
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The solid solution La_xCaMnO;3 displays a rich variety of struc-
tural, electronic, and magnetic behaviors as the Ca concentration goniometer
X is varied. Of particular interest is the low-Ca region where, Amplifiers &
at low temperature, the colossal magneto-resistance (CMR) phe+ Computer
nomenon is observed wherein the electric resistance of the material
is changed by orders of magnitude by the application of an exter-
nal magnetic field. (Jiret al., 1994) The details of the complex Figure 1
phase diagram depend upon the detailed interactions of structur&gchematic of the DAFS experiment at D2AM. (Feregral, 1998) The
electronic, and spin degrees of freedom in the material. (Pickett &ample angle tracks the monochromator angleto constantly main-
Singh, 1996) tai_n the Bragg cqndition. '!'he mirrprs M1 ar_ld M2 proyide harmonic
With x = 2/3, the system enters a charge-ordering phase at lolgiection and vertical focusing. Sagittal focusing is provided by the sec-

temperature. (Radaett al, 1999) The Ca introduced into the lat- ond monochromator crystal. The incident intensity is measured by pass-
i h th | ’ f by Mn i from*Mio Mn®* ing the incident beam through a kapton foil and measuring the elastic
Ice changes (he valence ol nearby Vin 10ns from n. scattering with a photodiode. The diffracted intensity of the normal lat-

At low temperature, a coherent modulation of the charge is 0bie peak is measured with a photodiode and of superlattice peaks with
served. Fox = 2/3, this charge modulation is commensurate with 4 photomultiplier.

the lattice periodicity and superlattice reflections are observed in
the diffraction pattern as satellites of certain normal reflection. For
example, peaks atgel) and g21) are observed about the (121) In this paper we report on DAFS measurements made on a
reflection. thin film of Lay/sCa/3Mn0Os. This film was grown by pulsed

In this paper, we describe Diffraction Anomalous Fine Structurelaser deposition on SrTiDsubstrates (Raet al, 1998; Nath
(DAFS) measurements on LgCa/,sMnOs designed to directly et al, 1999) to a thickness of about 1580At low temperature,
measure the local electronic structures of the*Mand Mré* ions. bulk La;/3Ca,3MnO;3 displays a charge ordering evidenced by the
As described in Section 2., the DAFS measurement exploits crysaappearance of superlattice reflections. These reflections are consis-
tallographic sensitivity to yield independent information about dif- tent with a tripling of the lattice constant in one direction and an
ferent crystallographic sites. This allows us isolate the signals obrdering of M+ and Mr*t ions. (Radaellet al,, 1999) In this pa-
the two Mn ions. per, we verify that the thin film sample displays the same charge
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ordering and we report on DAFS measurements made on norméhd that the MA* and Mr?* ions contribute to the diffracted inten-

and superlattice reflections. Using these measurements, we can dity with a ratio of 7.987-to-4, nearly the stoichiometric proportion

rectly measure the Fermi energies of the two Mn ions. of 2-to-1. Thus the (121) spectrum provides information which is
nearly identical to an EXAFS spectrum on this material. However

900 for the (;-‘21) peak, we find that the scattering plane contains no
w 750 ] Mn®* ions. Thus the 321) peak is due to scattering from a plane
5 containing only MA" ions and the DAFS spectrum measured on
8 600 this reflection is due entirely to the Mhion.
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Figure 2

h-, k-, and I-scans through thé:{l) peak at 19K. These scans were
made with one second integration time. T@l) peak is absent at Figure 3

room temperature and théZ1) peak is also present at 19 K. Data on the (121) andj@1) reflections at 19 K normalized to the inci-
dent intensity. The scale for the (121) peak (dashed line) is on the left

The presence of the superstructure was confirmed by measi#nd for the §21) peak (solid line) on the right.
ing the (121), §21), and §21) peaks at room temperature and at .
19 K. The two superlattice peaks were absent at room temperature, /& measured 5 scans of the superlattice peak and 2 of the
but were clearly visible, albeit weak, at 19K. Th{2() peak is pormal lattice peak. These 7. scans were aligned iin energy us-
shown in Fig. 2. The charge-ordering transition is at about 260 kINd fluorescence EXAFS which was measured simultaneously
(Radaelliet al, 1999), so our measurements were made well withinVith theé DAFS. The minimum of the superlattice spectrum is at
the charge-ordered phase. Data for representative scans of the (12P-4(6) €V and of the normal lattice spectrum at 6553.0(2). This
and ¢21) peaks are shown in Fig. 3. The diffracted intensity nor-'S a shift of 2.4(6) eV. _ _ o
malized to the incident intensity is shown in the y-axis of Fig. 1. 1 he bottom of the cusp is typically the minimum &E), the
The scale for the (121) peak is on the left and for tf;\@l() peak real part of the anomalous correction to the scattering factor. Be-

i " -
on the right. The integration time for the (121) peak, however, i<causef’ (E) and f, (E) are related by a Kramers-&inig transform,
2 seconds, while for thel@1) peak it is 200 seconds. Thus the in- the minimum off’(E) is near the inflection point of the main rise is

tensity of the superlattice peak is down by 5 orders of magnitudd (E) and thus inu(E) since the two functions are simply related
compared to the normal peak. by the optical theorem. (Cullity, 1978) Because the cusp of the

(%21) spectrum is 2.4(6) eV higher than that of the (121) spectrum,
o W - N

3. Interpretation the main rise off (’I,E) for the isolated MA" ion is that amount

The |  rate in the dat d th t v int i higher than for the” (E) of the (121) spectrum.

i € low c_ou(;lfrater)] In the data an " fe; ex remeyk ongllndegtrha oM 1 the (121) spectrum as in an EXAFS spectrum, a linear com-

ime required for the measurement of t2) peak preclude the bination of the MA* and Mr#* is measured. Thus the main rise of

possibility of a detailed measure of the near edge structure in the Be isol MA" L(E) (an ivalentive” (E)) m
DAFS data. This is unfortunate. The Diffracted Anomalous Neai e isolated #(E) (and, equivalentyf” ()) must be about

. . . )
Edge Structure (DANES), like the X-ray Absorption Near Edge3 eV lower than for the Mf, such that the inflection point of the

! . ) . ombined spectrum is shifted downward by the measured amount.
Structure (XANES) contains much information about the projecte hus indicated a downward shift of the local electronic density of
electronic densities of state of the Mn ions. With high quality

states of the M# ion relative to the MA" and a similar down-

total energy calculations on the 1. 3CaMnOs; system (Pickett &

aboutthe electronic stru_ctures ofthe twq Mn_ 1ons. The mf_or_matlorbingh’ 1996), which predict a downward shift of about 3 eV in the
content of the superlattice data shown in Fig. 3 is insufficient for,

3+ i

quantitative analysis, but does provide some information about '[hgIn total density of states.

electronic structures of the two Mn ions. .
Using the crystal structure of the superlattice given in (Radaellt- €onclusion and Future Work

etal, 1999), we can compute the sdm exi QT) for the Mrf* In this work, we have measured Mn edge DAFS on normal and

and Mr#* sublattices, where the sum is over all sites of each iorsuperlattice reflections in LaCa&,3Mn0Os. From these data, we

in the unit cell. This simple calculation tells roughly the contribu- find a chemical shift of about 3 eV between the4imnd M+

tion of each Mn ion to a scattering plane. For the (121) peak, waons. This is consistent with theoretical predictions (Pickett &
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