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Local electronic and geometrical structure of LaNij_,Mn, O, s perovskites determined
by x-ray-absorption spectroscopy
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Local and electronic structures of Ni and Mn atoms in the Lavn,O;, s series were studied by means
of x-ray-absorption spectroscopy. The Ni and Mnedges and MrL;/L, edges were analyzed. The local
structure, determined by extended x-ray-absorption fine-structure spectroscopy, shows a distogexttshO
hedron in LaMnQ. This distortion decreases when Ni replaces Mn in the unit cell. In samples with the same
Mn/Ni ratio, the octahedron distortion is smaller in oxidized samples. This result shows that the holes induced
by oxidation belong mainly to the Mn sublattice. In the LaNiMn,Os, 5 series, a contraction of the MO
octahedron is coupled to an expansion of the NaGtahedron. This result is well correlated with the changes
in the oxidation states deduced from x-ray-absorption near-edge spectr¢x@dpiS). The Mn valence state
continuously changes from the formatk3state in LaMnQ to nearly a 4- state in LaNj gMngsO;. The Ni
valence state instead shifts from®Niin LaNiO; to Ni?* in LaNig sMng <05. Therefore, Ni* and Mrf* are
present in LaNjsMny 05, 5. Moreover, the detailed analysis of the XANES spectra points to an important
mixing between the @ orbitals of both cations and thep2orbitals of oxygen atoms.
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[. INTRODUCTION this objective. In fact, though these oxides have traditionally
been described as pure ionic compounds, recent experiments
The doping of transition-metdlTM) oxides with perov- On mixed-valence oxides, such as magn&titeor
skite structure induces remarkable phenomena such as Supg}angan|te§? are casting doubts on the accuracy of a simple
conductivity, giant magnetoresistance, or metal-insulatot®"'¢ model to properly describe TM oxides.

" . . e In this paper, we report on an x-ray-absorption spectros-
transitions: Moreover, the discovery of exotic properties in copy study of the LaNi_,Mn,Os. s (O<x=1) series at Mn

Ry xAMNG; .(R—rare earth,A—dlyaIent Cat'.o')' com- M&If/ andL;/L,) and Ni(K) edges. The aim of this work is
_poqnds ha§ stimulated the research in other oxides where ofold: First, we have used extended x-ray-absorption fine-
is in a mixed-valence stafeThus, Lav; ,Mn,0; (M structure(EXAFS) spectroscopy to separately extract the lo-
=Ni,Co) are ferromagnetsand their magnetic ordering was cal geometric structure around each TM atom. Second, we
explained in terms of a positive superexchange interactionhave studied the electronic state and local geometry by
between Ni* (or C&™) and Mrf*. Magnetic measurements means of x-ray-absorption near-edge  spectroscopy
and NMR studies seem to support this descriptibidow- ~ (XANES). The TM K-edge spectrum provides information
ever, for the case of the LaNi,Mn,O; series, other @aboutthe local geometry around TM's, the TM valence state,
authoré® claim instead for the presence of a homovalent2nd the covalence between @2nd TM 3 states. More-
substitution between Mif and NF*. Even more, some of CVer: the TML3/L,-edge spectra provide direct information

them ascribed these differences to synthetic detdatisally, on the TM 3 states. Since both techniques, EXAFS and

i ¢ S LaM Co.0 f XANES, are complementary, we have correlated the differ-
a recent spectroscopy studyn LaMn _,C0,O; compounds ent EXAFS and XANES features observed. Finally, we have

: ; LS
suggests that there is a mixture of IVFnand__Mrf‘ inthis  studied samples prepared from different synthetic routes, to
series and that a double-exchange mechalfigmequired to  check how the preparation method affects the local and elec-
account for the ferromagnetism of these samples. Thereforgonic structures.

a controversy actually exists about the electronic state of
transition metals in this family of compounds. Il. EXPERIMENT

We have recently studied the LaNiMn,O; series by . ; _

means of diffraction techniqués!*We have observed per- Z-Eh% ;tugl 3;5|sof%CL;sne0;i s%%lﬁfaeghx%r]exg%fhéﬁ;?o,u?e.lz,ind
ovskite single phases for the whole series and not only fOE;yst’aII.og'ra.phié: structure . have  been reported
x=0.5, as was reported in the pasf. Neutron-diffraction ejsewherd?517 All samples were characterized as single-
measurements strongly suggest the ordered arrangement g{ase perovskites by x-ray powder diffraction at room tem-
Ni and Mn atoms in the LaNisMng sO3 composition, but for  perature. Thermogravimetric analysis in a reducing atmo-
the rest of the samples a random Ni/Mn distribution iSsphere (Ar/H=95/5) was used to determine the oxygen
deduced? This fact makes it very difficult to determine the content of the samples. Table | summarizes the space group
electronic states by means of diffraction techniques. Sincand oxygen content for the samples studied in this work. The
the knowledge of the TM electronic states in oxides is anLaNipsMngy O3, s Samples show a structural phase transition
important key to understand their properties we must pursubetween 270 and 315 K, and therefore, the low- and high-
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TABLE I. Space groups and oxygen content of LaNiMn, O, s samples and CaMnQThese
space groups are taken as a rough approximatiphe ordered arrangement of Ni and Mn atoms
in these samples implies a symmetry reduction of the crystallographi¢prethably P2, /n and
R3m instead ofPbnmandR3c).

Unit cell

Sample Space group a b c
LaMnO, pbnm 5.535 5.723 7.697
LaNip1Mngy ¢O3 pbnm 5.531 5.582 7.788
LaNig 1Mng O3 13 R3c 5.5621 13.327
LaNig ,gMng 7605 97 pbnm 5.531 5.504 7.792
LaNig »gMNg 7603 g pbnm 5.520 5.471 7.757
LaNig gMng 505 =* pbnm (68%) 5.512 5.458 7.739
R3c (32%) 5.513 13.236
LaNig gMng 503 gg° R3c (66%) 5.504 13.237
pbnm (34%) 5.502 5.450 7.736
LaNig 7gMng 2604 R3c 5.480 13.198
LaNig gMng 103 g2 R3c 5.462 13.165
LaNiO; R3c 5.457 13.146
CaMnGQ; pbnm 5.268 5.281 7.458

temperature phases coexist at room temperdgs@e Table)l  LaNig;4Ving ,§0; a continuous evolution in the oscillations
X-ray-absorption measurements at the metaidge were  of the spectra is observed. Figuré)Ldisplays the Fourier
carried out at beamlines 7.1 and 8.1 at the Synchrotron Rasansform. taken between 2.8 and 12 A of the EXAFS
diation Sgurcer(]Da;resbug g_n‘f:_ at bgamll_ltne ID26bIat th_l?hEu' spectra. The intensity of both the first and second peaks rises
ropean Synchrotron Radiation FacilityGrenoble. € asthe Mn content decreases. Since the first peak is related to

Daresbury storage ring was operated at 2 GeV, with an AMhe first oxygen coordination shell, the peak intensity in-

erage current of 150 mA. The ESRF storage ring was Oper'rease nicely agrees with a reduction of the distortion of the
ated at 6 GeV with a maximum stored current of about 19 yag o .
nOg octahedra, because the Mn-O coordination remains

mA. To monochromatize the radiation a double ($i1) p .
crystal was used; harmonic rejection was performed b)po_ns_,tant along the whole seri€sThis is true e.ven'for the
slightly detuning the two crystals except for beamline 1D26,0Xidized samples, where the oxygen excess implies TM va-
where a setup of mirrors was used. The energy resolutiorf@ncies, not interstitial oxygen. The reduction of the MnO
AE/E, was estimated to be aboux20~4. lonization cham- distortion can be ascribed both to the disappearance of the
bers were used to detect the incident and transmitted flux &tatic Jahn-Teller distortion of the LaMg@nd to the dimi-
SRS, whereas silicon photodiodes were used at ESRF. Thuition of the orthorhombic distortion in the unit cell with
absorption spectra were recorded in the transmission mode @ecreasing Mn content (see Table ). For the
room temperature. At the MK edge, spectra were also re- LaNi;_,Mn,O5. 5 samples withx<0.5 it is worth remem-
corded in the fluorescence mode. Equivalent spectra weilgering that they show a rhombohedral unit cell with only one
obtained in both cases, which allows us to discard any sigTM-O distance(i.e., a regular Mn@ octahedroh The inten-
nificant contribution arising from the Lk, edge. sity increase of the second pe@klated to the second coor-
The LaMnQ, CaMnQ;, and LaNjsMngs0; Mn  dination shell as the Mn content decreasgsee Fig. 1b)]
L3/L;-edge spectra were measured at the beamline ID12Ban also be associated with the decrease of the orthorhombic
(presently, ID8 at the ESRF. Spectra were recorded in thegjstortion of the crystallographic cell.
total electron yield mode. , Figure 2a) and 2b) show the NiK-edge EXAFS spectra
The experimental XANES and EXAFS signals have beeryt selected samples and their Fourier transfaf) taken

extracted from the raw data following standard procedtites, from 2.8 to 12 A%, respectively. Again a continuous evolu-
namely, background removal was performed and the atomiﬁon of the E>,(AFS oscillation from LaNi@ to

absorption coefficient was determined by a low-order poly-
nomial fit of the spectra. After background subtraction
XANES spectra were normalized to high enefgyound 100
eV above the absorption edge

LaNig »gVing 7203 o9 is Observed. Moreover, the position of
the FT first peak shifts toward higher values as the Mn con-
tent increases. This result indicates an increase of the Ni-O
distance with increasing Mn content.

IIl. RESULTS To investigate the local oxygen environment around both
of the TM atoms, the EXAFS contribution of the first shell
A. EXAFS study was extracted by Fourier filtering the spectra between 1 and

Figure X¥a) shows the room-temperature Mi-edge 2 A. By least-squares fitting tHeweighted filtered spectra in
EXAFS spectra for selected samples. From LaMn®©® the range 3xk<11.5A ! we obtained the information
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FIG. 1. (a) k-weighted EXAFS spectra at the MR edge of
LaNi; _,Mn,0;, s samplegindicated in the figure (b) Modulus of
the Fourier transform of the MK-edge EXAFS spectra for selected
samples.

FIG. 2. (a) k-weighted EXAFS spectra at the N edge of
selected LaNi_,Mn,0;, s samples(indicated in the figure (b)
Modulus of the Fourier transform of the iredge EXAFS spectra
for selected samples.

about Mn-O and Ni-O bond distribution. For the sake of

comparison and for some selected samples, the best-fit ravith the oxidation degree of Mn atoms. It is worth remem-
sults are displayed in Fig. 3. We used the Mn-O pair signabering that the ionic radid$ for Mn** is 0.115-A smaller
extracted from the experimental CaMp&XAFS spectrum  than for Mr?*. We have also studied samples with the same
and the Ni-O pair signal extracted from the experimentalNi/Mn composition, but with different oxygen content. We
LaNiO; EXAFS spectrum as references. We analyzed thdiave found smaller DW factor values and smaller Mn-O dis-
spectra of these samples using the theoretical phases afahces for oxidized samples, which suggests an increase of
amplitudes generated from theFr code®® The best-fit pa- holes(oxidation of the Mn sublattice. We have also noted
rameters, which correspond to the best-fit simulations of théhe presence of small DW factor values in the fits of
first coordination shell, are summarized in Table Il. We pointLaNig 7gMng »403 and LaNp sMng 505 og Samples. These DW
out that for stoichiometric LaMn§the static Jahn-Teller dis- factor values are even smaller than that of CaMn®@his
tortion is well resolved, in agreement with previous d8ta. result agrees with the presence of a regular MoGtahedron

For the rest of the samples we have used a single Mn-@n the former samples, with a rnombohedral cell, whereas the
distance mode(coordination fixed to Bto analyze the first latter instead shows an orthorhombic unit cell with different
coordination shell. Since the value of the Debye-WallerMn-O distances. However, another possibility could be the
(DW) factor is related to the Mn-O distances spread, sampleshange in the correlated Debye temperature for the
with MnOg distorted octahedrdft?! show large DW factors  NiggMng 5 System.

(for instance, see the value for Lg\Mng O5 in Table II). Table Il also summarizes the results obtained for the Ni
In general, the Mn-O distances and the DW factors valuestom local environment. We observe an increase of the Ni-O
decrease with the Mn content. This decrease is correlatedistance as the Mn content increases. This is also in agree-
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0.8 — —— — — TABLE Il. EXAFS parameters of the first oxygen coordination
ey Mn k-edge ] shell for LaNi _,Mn, O3 s samplesN are the coordination number,
L : i and D are the interatomic Mn-Qor Ni-O) distanceso? are the
[ | absolute values for the Debye-Waller factoRsis the best-fit re-
04 [ N sidual factor normalized by the difference between the number of
g r independent points of the spectra and the number of fit parameters
= (Ref. 24. Estimated errors for Mn-O and Ni-O bonds ar6.01 A.
- i Numbers in parentheses are statistical errors of the last significant
[ digit.
0 - ]
Sample N D@A) o?x10%(A%» R
2 Mn K edge
LaMnG, 4 194 1.36) 0.01
2 217 1@2)
1 T T T LaNig ;Mng ¢O3.13 6 1.94 4.16) 0.03
L ® Ni k-edge LaNig ;Mng O3 6 1.95 7.76) 0.007
; LaNig ,gMng 7605 o7 6 1.95 3.85) 0.007
05 L _ LaNig sMng 03 o5 6 1.92 0.15 0.02
= ‘ : LaNig 7Mng {05 6 1.92 0.45) 0.07
< : LaNi Mn O - | CaMnQ, 6 192 1.52) 0.002
- ok ’ me,‘é Ni K edge
. 1 LaNiO; (300 K) 6 1.93 3.66) 0.002
g LaNi,, Mn,,0, (80 K) 6 1.93 2.86) 0.002
[ / ] LaNip gMng 103 o2 6 1.93 4.26) 0.0015
05 —— “1 — é S 8 S 1‘0 T, LaNig 7Mng ,:05(300K) 6 1.95 6.07) 0.002
(200 K) 6 1.94 5.66) 0.002
k(A) (100 K) 6 194 5.16) 0.002
FIG. 3. Comparison between Fourier filtered first shell experi- _(30 K) 6 194 4.96) 0.002
mental spectra(points and best-fit simulation(lines for (a) LaNio sMno 503,08 6 201 3.66) 0.003
LaMnO; and LaNj»gMng 740, o; Samples at the MK edge and
(b) LaNipsMng 5030 and LaNp ;9Mng .03 samples at the NK
edge. B. XANES study

The Mn K-edge room-temperature XANES spectra of
LaNi; _,Mn,05, s (x=0.25, 0.5, 0.75, 0.9, and) samples
are shown in Fig. 4. The spectrum of CaMp@ also
showed as a reference. All of these spectra are very similar to
4 each other and, furthermore, they are very similar to the
for Mn and Ni atoms. mixed-valence manganites spectra reported elsewhétas

Finally, the LaNj,Mn, {05 sample has an anomalous expected for compounds W?th a similar perovskite structure:
high DW factor value for the first coordination Ni atom shell Th€ SPectra are characterized by two resonances: a main
(see Table Ii. This fact could indicate the presence of somef€Sonance at the edgeenoted by Aand a second resonance
kind of distortion around the Ni atom, distortion which is (B) beyond the edge. They also show a complicated prepeak
also observed at low temperatures. The DW factor value destructure, displayed in the insets of the Fig. 4. The main
creases with decreasing temperature, but its value at 30 K (ifference among the spectra is the energy position of the
larger than the one observed for the rest of the samples @bsorption edge. Figure(@ shows that from LaMn@ to
room temperaturg(Table 1). Previous studies state that LaNigsMng O3, 5 there is a continuous shift of the edge to
LaNi; _,Mn,O4, 5 samples withx<<0.5 are actually a mix- higher energies. Figure(l) shows instead the absence of a
ture of LaNiQ; and LaNj sMng O5. Such phase segregation chemical  shift ~ between  LaBliMn,¢O3,5; and
could explain the large DW factor found for LaNig;gMng.0; samples. This result suggests a similar
LaNig 72Mng -:05. However, transmission electron micros- electronic charge for the Mn atoms in LaNiMn,O;
copy has determined the existence of a unique phase for trEamples witrk<0.5. In any case, the edge position for these
last cited compound, which discards the presence of two difsamples lies at lower energy than for CaMnO
ferent crystallographic phases in LaMiMng.O3. There- It is well known that, for manganites, the position of the
fore, the origin of this anomalous DW factor should be as-absorption edge can be correlated with the valence state of
cribed to a local inhomogeneity not detected by diffractionMn atomst>2! If the absorption edge positiorEg) is taken
studies. as the inflection point of the edge, we have calculated the

ment with a reduction of the Ni oxidation state when the Mn
content increaseét is noteworthy that Ni* has an ionic
radiu$? rather larger than Ni"). Therefore, for the
LaNig sMng 05 o5 different local environments are observe
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peak structures change for samples with a higher content of
Ni. Moreover, a plateaulike shape is observed Xer0.75
samples, though two peaks are still visible. Finally, the oxi-
dation degree of the samples also affects the prepeak struc-
ture, which is evident, for instance, from the inset of Fig.
4(a), which compares the prepeak region for
LaNig 2gVing 760, 97 and LaN} ,gMNng 7605 09. FOr the latter
compound, the intensity of the peak located at 6539 eV in-
creases and since this sample has a less distorted structure
(see Table)l, this feature could be related to an increase of
the mixing between @ and 2 states. Another important
result is displayed in the inset of Fig(b}, where we com-
pare the preedge regions of CaMnQ.aNij sMng 05, and
LaNig 79Mng .05 samples, with nominal MY . The inset in
Fig. 4(@ shows a different prepeak structure for CaMnO
than for the Ni compounds, which suggests a different mix-
ing between Mn-8 and O-2 states.

Figure 6 shows the normalized XANES spectra at the Ni
K edge for LaNj_,Mn,0O;, s samples. The LaNi® spec-
trum is also characterized by two resonances: a main reso-

nance at the edge (A and a second one beyond the edge
(B”). In addition, the preedge region shows only one pre-
peak [see inset of Fig. @®)]. Both LaNj gVny 034, and
LaNig 79Ving 05 have the same features in their spectra.
However, strong changes are observed for the
LaNig sMng 05 o5 spectrum. First, a shouldédenoted as
is clearly observed between resonancésaAd B and sec-
ond, the preedge peak is split. These features are also ob-
served in the LaNj,sMng 7:0, o7 Spectrum. Therefore, the
strong change in the electronic state of Ni atoms is observed
at x~0.5, which coincides with a change in the crystallo-
graphic structur® (see Table )l Although the spectra were
normalized well beyond the absorption edge, the value of the
white line (peak A is alike for all of them.

We have also studied the chemical shift in thekNedge
spectra. In this case)\Eg is calculated with respect to the
LaNiO; spectrumAEg ranges from 0.6 eV fox<<0.5 to up

Normalized Absorption

05 [ -

Normalized Absorption

6540

PRI ST S S S PR B

6560 6580

6530 6550 6590

Energy (eV)

FIG. 4. (a) Normalized Mn K-edge XANES spectra for
LaNi; _,Mn,0O3, s compounds withx=0.5. Inset: Preedge region of
the XANES spectra for LaMng (line), LaNig.gMng 750, 97 ; ) -
(crossel and LaNj ,Mn 7605 60 (poiNts. (b) Normalized Mnk 0 1.1 eV forx=0.5 samples. Bearing in mind thatEq
edge XANES spectra of LaMXMnXOSwLé‘ Compounds withx betWeen I\ﬁ+ and N|2+ IS |eS§3' thal’] 2 eV, thIS reSU|t
<0.5 compared to the CaMn@pectrum. Inset: Preedge region for suggests an oxidation state close t@ for Ni atoms in
the same compounds. samples withx=0.5. Furthermore, the strong change ob-
served in the XANES spectra at=0.5 might indicate, as a
rough approximation, that Ni is-2 for x=0.5 and that it is
in a mixed-valence state for<<0.5. However, it is notewor-

chemical shift AEy) between LaMn@ and the rest of the

samples. The results are summarized in Table IIl. Fixgt, :
is 4.3 eV for CaMnQ, i.e., between M#i" and Mrf*) in  thy that the double peak observed for LaNiMn,Os; (x
=0.5), see inset of Fig.(8), is not observed in other Rif

agreement with reported dat&?! If a linear relationship be-
tweenAE, and the valence state is considered, we can evalwxides?***which indicates for this system a different degree

ate the oxidation state for Mn atoms and this comparison i9f hybridization between Ni-@ and O-2 states.
established in Fig. 5. The valence of Mn atoms increases up Our above-described results seem to point out for
to (1—x)=0.5. At this point, the system seems to achieve its-aNig sMno §03., 5 that Ni*? and Mn"* may be, most prob-
maximum oxidation state. For samples with the same Ni/Mrably, the oxidation states. To verify it, XANES spectra at the
ratio and differents, the oxidation state of Mn atoms in- Mn Ls/L, edges were measured for LaN¥ngsOs s,
creases withs. Both results agree with the local structure LaMnQOs;, and CaMn@. The results are displayed in Fig. 7.
determination as previously described in the EXAFS study. The LaMnGQ; spectrum perfectly agrees with previous mea-
The preedge region exhibits a complicated structuresurements reported elsewhéreyhereas the CaMngspec-
which depends on the Ni/Mn ratitsee insets of Fig.)4  trum is very similar to that reportédfor Lag 1St gMnO;.
Thus, the preedge regions of LaMg@nd LaMny gNip ;O3  These spectra provide direct information about the T 3
clearly show two peaks, as reported elsewldrat the pre-  states because the most intense structure corresponds to tran-
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TABLE lll. Threshold energies Ey) and chemical shifts XE,) for the LaNy_,Mn,Os, 5
series and the reference compound CaM@a®©room temperature.

Mn K edge Ni K edge
Sample E, (eV) AE, (eV) E, (eV) AE, (eV)
LaMnO, 6550.5 0.0
LaNig ;Mng {03 6551.1 0.6
LaNig 1Mng 60513 6551.7 1.2
LaNig ,Mng 760, o7 6551.7 1.2 8346.3 1.1
LaNig ,Mng 7605 09 6552.3 1.8 8346.3 1.1
LaNip Mng £0s o5 6553.8 33 8346.3 1.1
LaNip Mng 05 g 6553.8 33 8346.3 1.1
LaNig 74Mng »:05 6553.8 33 8346.8 0.6
LaNiy Mng 103 2 8346.8 0.6
LaNiO, 8347.4 0.0
CaMnG; 6554.8 4.3
sitions of the form »— 3d, as dictated by the dipole selec-
tion rule. The edge positions coincide for the CaMr&nd T ! ' '
LaNip sMng 505 o5 Spectra, which suggests that in both com- ’ LaNi Mn O A (a)
pounds the Mn atoms have a similar electronic configuration i LN M o
In addition, both spectra show similar features, but they art LaNi"'”Mn"'“ 0”7
quite different from those observed in the LaMp§pectrum. g ' 02570757309
The only difference between the CaM#O and g s
LaNig sMng 05 o5 Spectra arises from a broadening of the %
spectral lines. This broadening is not an experimental arti <+ | %
fact, because both spectra were measured in the same con g B ”
tions. Some authof® argued that spectral broadening de- % !
pends on several factors: thel dandwidth, the covalent & I
character of the ground state, and the symmetry around tt ZO i
absorbing atoms. Therefore, the different broadening can b 0.5
related to differences in some of these factors. For instanct
the Mn-3d band is expected to be broader for CaMn@
the symmetry around Mn ions is higher for Lgiiing O3 o5 L , L, e
(rhombohedral cell 0r [ o
2 LaNiO3 A (b)
IV. DISCUSSION AND CONCLUSIONS I Lai, Mn O,
Though the LaNi_,Mn,O; series was extensively stud- g LaNi, ,Mn, .0,
ied in the past, several questions still remain open. The mot -% 15 F = LaNi Mn O
é L
A F 11 < [ 1 tunmohn
] B 1r
o A J08 % i
> s ] = :
2 b 1os 15 E
e | §& Z 05| i
< 7 e Toa
£ 02 0
: S 8330 8340 8350 8360 8370
i P R PR Y P P I N
% 0.2 0.4 0.6 0.8 70 Energy (V)
Mn content (x)
FIG. 6. Normalized Ni K-edge XANES spectra of

FIG. 5. Chemical shift §E,) and hole count (Mfi") as a func-

samples and triangles for samples with oxygen excess.

LaNi; ,Mn,O;, s compounds:(a) spectra of compounds witk
tion of the Mn content. Circles are used for nearly stoichiometric=0.5; (b) spectra forx<0.5. The insets show the preedge region
for the respective compounds.
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S B B B S S BRI betweenAE, and the valence state does not perfectly work
44444 CaMnO, ] for this particular systentdetails such as the different local
. e LaMnO geometry between CaMnCand LaNj sMngsO; must also

LaNi Mn ] be taken into accountThe latter argument seems to be more
‘ i 08 o708 | plausible, because the Mny /L ,-edge spectra suggest a very
similar electronic state for Mn atoms in CaMgCand
LaNigsMng s05. Nevertheless, it is worth realizing that even
if Ni and Mn are considered as2 and +4, respectively,
they have their own particular features in LgiWng 0.
For instance, the preedge structures in the XANES spectra of
both edges suggest a particular mixing af 8nd 2p states
for this system, different from the one for other perovskite
oxides.
g | The rest of the samples also show interesting features.
o < S B EEFEVIEN S S The XANES spectra for the MK edge(Ni K edge in the
635 640 645 650 655 660 665 Ni-rich region (Mn-rich region seem to be identical to that
Energy (eV) observed for the LaNigMng 05, s sample. Consequently,
the electronic states seem to be very similar. However, sev-
eral differences are observed in the spectra of thekMuge
FIG. 7. Normalized MnLs/L,-edge XANES spectra of (Ni K edge in the Mn-rich region(Ni-rich region. There are
CaMnG;, LaMnG;, and LaNj sMng 503 o5 samples. two possibilities for these compounds. The mixed
Mn*3/Mn*# valence state in the Mn-rich regi@Ni " 3/Ni ™2
important point refers to the problem of the valence ambiguin the Ni-rich region can be either a distribution of Mr?
ity of this system. Thus, it is known that, depending on sev-and Mn*# (Ni*2 and Ni"?) ions or an intermediate-valence
eral factors, the equilibrium Ri +Mn**=Ni*"+Mn3"  state M3”7" (Ni>7"). Note that for the LaNi_,Mn,O3. 5
may be driven either to the left or to the right. Moreover, in series the value of; depends on both the doping ratiand
the literature there is some controversy about the electronithe oxygen contené.
states chosen for this system, either on thé'18fide or on One of the basic principles of x-ray-absorption spectros-
the right"® side of the reaction above. copy states that the absorption spectrum is the incoherent
The parent compounds LaMp@nd LaNiQ, show Mn"®  addition of individual electronic excitatiort§.Accordingly,
and Ni"2 ions, respectively. Our EXAFS results indicate thatthe absorption spectrum of a system with two differ@c-
the replacement of Mn by Ni in LaMnQfirst produces a tronic or geometrig atoms should be the weighted addition
reduction of the local tetragonal distortion of the Mp@c-  of the characteristic spectrum of each particular atom. There-
tahedron and second a decrease of the average Mn-O di®re, we have made use of the XANES spectra to differenti-
tances. These changes suggest the diminution of tie Mm  ate between the two mentioned possibilities. If ¥nand
Jahn-Teller ioh content when the Ni content increases. ThisMn** were present in the Mn-rich regiaiNi®* and NF* in
agrees with the chemical shift observed in the Kiredge the Ni-rich region, the XANES spectra of intermediate com-
XANES spectra. Accordingly, the opposite effects are no-ositions would be obtained by a weighted addition of the
ticed at the NiK edge: the substitution of Ni by Mn in reference spectra with MA and Mrf* (Ni®* and NF™).
LaNiO; produces an increase in the average Ni-O distanceQbviously, the crystal structure of the references must be as
and the chemical shift of the NK-edge XANES spectra similar as possible to the intermediate compounds. In our
suggests the reduction of Ni. Therefore, the reaction above case, we have chosen the spectra of k@M <05 o5 as the
seems to be driven to the left. The process would be comreference for MA™ and NF*. The references for Mi® and
pleted at the midpoint of the series, i.e., LaMNig<O5. s Ni*3 were LaMnQ and LaNiQ;, respectively. All of these
should be composed of Ni and Mrf*. The interatomic references belong to the family of perovskite compounds
distances calculated from EXAFS spectroscopy agree withvith similar crystallographic structures.
this description, which shows that, for LalylfNigsOs, 5 Figure 8a) compares the weighted addition of
samples, the NiQoctahedron is greater than the Mn@ne.  LaNiysMny <0505 and 3 LaNiO; XANES spectra to the
This could be the driving force for a partial Mn/Ni ordering LaNig 7g9Ving »:0; experimental spectrum at the Ki edge.
of these atoms in the perovskite lattice. This ordering wasThe comparison shows similar features between experimen-
proposed in the pasand it has recently been detected bytal and calculated spectra but also important differences

Normalized XANES (arb. units)

neutron-diffraction experiments, Therefore, above the main edge and at the preedge regraticated by
LaNig sMn, <05 can be considered as a double perovskite, arrows in Fig. 8a)]. This result suggests that Ni atoms in
i.e., LaNiMnOg. LaNig 79Mng ,£05 cannot be described as a mixture of Ni

The LaNpsMny <05, s XANES spectrum qualitatively (or the Ni present in LaNigMngsO3) and NP* (Ni in
agrees with this pictureAE, for the Mn K edge gives a LaNiO3). An intermediate-valence state seems to be a more
valence state of-3.8, very close to the ideal value &f4.  suitable explanation. Moreover, this result discards a phase
This deviation could indicate either that the reaction above isegregation of this compound in LaNj@nd LaNj sMng £05
not fully driven to the left or that the linear relationship in agreement with a recent microscopic stdtifherefore,
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FIG. 8. (a) Ni K-edge XANES
x . | spectrum of LaNj7gMng 205

% ] (crosseps compared to the spec-
trum obtained by the addition of
1 LaNiO; and 3 LaNiy Mng <03 05
spectra (line). (b) Mn K-edge
XANES spectrum of
LaNig 2gMng 760, 97 (crosses and
LaNig 2sMNg.7603 g9 (POiNts com-
pared to the addition of LaMnO;
and 3 LaNigsMng <0305 Spectra.
Arrows indicate the main differ-
ences.
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the large DW factor value observed in the EXAFS analysisdelocalized in the Mn-rich regioriNi-rich region which
of this sample(see Table Il must be ascribed to a local gives rise to an intermediate valence. This is, of course, a
inhomogeneity instead of a phase segregation. naive approximation, because this system shows a strong
Figure 8b) shows the results obtained for the Mnedge ~ mixing of Mn(Ni)-3d and O-2 states, as deduced from the
in the Mn-rich region. Here the comparison is establishedPreedge region of the absorption spectra. Moreover, one can-
between the experimental LaNiMn, 760, o7 Spectrum and ~ Not discard the mixing of @ states arising from different TM
the following addition: LaNi sMng O3 o5 and 3 LaMnO;. atoms. In summary, our results demonstrate that the most
This analysis is less conclusive for this compound, becausgHitable “ionic” approximation to describe LahgMno O
simulated and experimental spectra are practically alike?Vould be LaNi®"Mn™" O . ,
However, the absorption edge for the experimental spectrum | he solid solution LaNi_,Mn,Os cannot be considered
is sharper, in agreement with the presence of Mn in a uniqu@S homovalent._ Th_e addition of Ni to the_ LaMnQ would
oxidation staté>?!but the strong differences observed in the Produce an oxidation of the Mn sublatti¢eoupled to the
local structure around Mn atoms in the Mn-rich regigee ~ reduction of NP™). In the same way, the incorporation of
Table 1)) induces us to think that in Lali Mn,Os, 5 (X Mn .to ITaN|O3 wo+uld lead to a reduction of Rif (and to
>0.5) samples the Mn ions are also in an intermediate@n 0Xidation of M ™). Moreover, these results do not seem
valence state. to dep_end on synthetic det_alls. Finally, it is noteworthy that
The explanation of these results could be related to thi'e different spectroscopic measurements, EXAFS and
high electronegativity of the R cations. This ion polarizes XANES, on both atoms are consistent with this description.
the surrounding oxide aniorigransforming itself practically
into Ni°") and affects then the neighboring Mn-O bonds.
Therefore, the holes could mainly be located at the Mn sub- This work was supported by the Spanish C.I.C.Y.T.
lattice. The holegelectron$ localize at the Mn atoméNi Project No. MAT99-0847. We thank ESRF and SRS for grat-
atomg in the Ni-rich region(Mn-rich region, but they are ing beam time.
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