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Raman phonons as a probe of disorder, fluctuations, and local structure in doped
and undoped orthorhombic and rhombohedral manganites

L. Martin-Carra, A. de Andre, M. J. Martnez-Lope, M. T. Casais, and J. A. Alonso
Instituto de Ciencia de Materiales de Madrid, Consejo Superior de InvestigacionesficantCantoblanco, E-28049 Madrid, Spain
(Received 6 March 2002; revised manuscript received 5 July 2002; published 8 Novembgr 2002

We present a rationalization of the Raman spectra of orthorhombic and rhombohedral, stoichiometric and
doped, manganese perovskites. In particular, we sRMyO; (R=La, Pr, Nd, Th, Ho, Er, Y, and Gand the
different phases of Ca- or Sr-dop&MnO; compounds as well as cation deficidRtnO;. The spectra of
manganites can be understood as combinations of two kinds of spectra corresponding to two structural con-
figurations of MnQ octahedra and independently of the average structure obtained by diffraction techniques.
One type of spectra corresponds to the orthorhonftbeim space group for octahedra with cooperative or
dynamic Jahn-Teller distortions, with stretching modes as the main features and whose frequencies correlate to
Mn-O distances. The other spectrum is associated to regular but tilted octahedra whose modes can be described
in the rhombohedraR3c structure, where only bending and tilt modes are observed. The main peaks of
compounds with regular Mn{octahedra, such as CaMgChighly Ca-doped LaMng or the metallic phases
of Ca- or Sr-doped LaMng) are bending and tilt Mn@octahedra modes which correlate to R-O(1) bonds and
Mn-O-Mn angles, respectively. In low and optimally doped manganites, the intensity and width of the broad
bands are related to the amplitude of the dynamic fluctuations produced by polaron hopping in the paramag-
netic insulating regime. The activation energy, which is proportional to the polaron binding energy, is the
measure of this amplitude. This study permits to detect and confirm the coexistence, in several compounds, of
a paramagnetic matrix with lattice polaron together with regions without dynamic or static octahedron distor-
tions, identical to the ferromagnetic metallic phase. We show that Raman spectroscopy is an excellent tool to
obtain information on the local structure of the different microphases or macrophases present simultaneously in
many manganites.
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[. INTRODUCTION through the magnetic transition has been reported in
Lag gCa 3dMINO53 compound. This behavior has been ex-
Manganese perovskiteR; ,A,MnO; (R=La or rare plained by a double exchange mechanism with electron-
earth,A=Ca, Sr, Ba, . .) have recently attracted much in- phonon coupling. Liarokapis et al® observed, forx=0.4,
terest because of their colossal magnetoresistd@d¢R)  the disappearance of the high-frequency stretching modes in
effect’ that makes these systems promising for magnetic serthe La_,CaMnO; series. Granadoet al’ report, in
sors and reading heads devices. In spite of the tremendols, _,Mn,_,0O; the softening of the high-frequency phonons
amount of published studies on this subject, many experiacrossTc and explained it to be caused by a strong spin-
mental facts are not well understood or have to be reinterphonon coupling. On the other hand, the Raman background
preted. Theories do not give yet a quantitative description ofcan give information on the electronic excitations. The
for example, the metal-insulator phase transition, but conehange of the diffusive electronic Raman scattering in the
verge in the necessity to include electron-lattice interactionparamagnetic phase has been attributed to the change from
which are able to localize the carriers into small polaronssmall to large polaron regimes across the paramagnetic-to-
through their coupling to lattice distortions, disorder, orferromagnetic phase transiti6f.
phonons. There is also large consensus on the importance of The knowledge of the lattice vibrations and their correla-
intrinsic inhomogeneities and phase coexistence that, in thiion to the different phases, local order, and conduction
optimally doped regime, can be visualized as polaron clusmechanisms is of crucial importance. A clear demonstration
ters in the ferromagnetic matrix and metallic clusters in theof this relation is the frustration of the insulator-to-metallic
insulating phase. transition, only by the isotope substitution offy O'®in a
The phonons involved in the theories for these CMR sys{_a;;gNd; 5Ca,sMnO; compound-® But there is still contro-
tems are even stretching modes, such as symmetric stretchiersy on the interpretation of the Raman spectra even for
ing (S (breathing modeor antisymmetric stretchin¢AS) stoichiometricRMnO3, whose spectrum corresponds well to
mode[Jahn-TelleJT) modd.* Both normal modes are iden- the expected normal modes for its orthorhombic
tical to the lattice distortions achieved by Rinions in order  structure!’=!* The 490-cm* peak has been assigned to a
to split theey electronic levekJT effect. It is therefore im-  bendind® or to an asymmetric stretchiffg” Amelitchev
portant to identify these phonons and study their behavioet al!® studied the dependence of the low-frequency tilt
through the different structural phases and doping levels. mode with the tolerance factor in many compounds. They
An anomalous frequency hardening and narrowing of theassign the broad peakaround 490 and 610 cnl) in doped
linewidth of the tilt mode as the temperature decreasesompounds to the second-order Raman scattering. Neverthe-
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less, these authors state as remarkable the absence of the lll. STRUCTURE AND NORMAL MODES

strong phonon lines near 490 and 612 ¢nthat dominate

LaMnQ;,, while the modes below 350 cm are preserved. A All the samples studied here present the safiEnm
detailed Raman study of CaMg®as been publishéfidur- (D35, with Z=4) orthorhombic structure, except
ing the publication process of the present work. We do nota, ;Sr, ;MnO; and LaMnQ . 5 that are rhombohedral with
coincide with this assignment of the tilt alRimodes(dis-  the R3¢ (DS,, with Z=2) space group®**?>The Pbnm

cussion in Sec. IV B Bjornssonet al.'” observe two differ-  orthorhombicRMnO; compounds are structurally distorted
ent sets of phonons in k@S MnO;, as well as the appear- with respect to the cubic perovskite in two ways: the MnO
ance of new narrow peaks in 56 ;MNO3 at low  gctahedra present a strong Jahn-Teller cooperative distortion
temperatures. Their explanation for0.2 is the existence of que to M#* ions, and the octahedra are tilted in order to
pronounced local orthorhombic distortions, in the rhombohebptimize the R-O bond lengths. CaMn{has the same
dral structure, which vanish at low temperature. Howeverppnm structure as theRMnO; series but the Jahn-Teller
they cannot explain the evolution with temperature of thegistortion is negligiblé® As dopingRMnO; with Ca or Sr,
Raman spectra in the=0.1 compound. The Raman spectrathe Jahn-Teller distortion decreases as a consequence of the
of doped or nonstoichiometric manganites in their differentintroduction of M#* cations, and the structure becomes
structural and magnetic phases for all doping levels are Nghore regular, maintaining the tilting of the octahedra. For a
well understood. broad range of Sr doping, or for oxygen deficient samples,
In the present work, we study orthorhombic stoichio-the reported structure is rhombohedral with tilted octahedra
metric RMnO; (R=La, Pr, Nd, Th, Ho, Er, Y, and Qaas  gpqg strictly identical Mn-O bond&
well as A site doped or cation deficient orthorhombic or  The Raman-active modes of tRdnmstructure(the mir-
rhombohedraRMnO; for different doping levels. ror plane ‘m” is perpendicular to the long axis) are 7A,
+7B14+5By3+5B34. Mn ions do not participate with any
Raman mode, as they are located at inversion centers, while
Il. EXPERIMENTAL DETAILS La and @1) ions display the same kind of movements. These
PolycrystallineRMNnO, (R=Pr, Nd, Tb, Ho, Er, and ¥ 24 Raman-active modes can be classified into two symmetric

and CaMnQ samples were obtained by citrate techniques.and four antisymmetric stretching modes, four bending
odes and six rotation and tilt modes, of the octahedra. At

For R=Pr and Nd, the precursors were treated at 1100°C i i .
a N, flow for 12 h; annealing treatments in an inert atmo-IaSt’ eight modes are related Aosite movements. —
sphere were necessary to avoid the formation of nonstoichio- There are 30 normal modes at the zone center foRG®
metric Pr (Nd) MnOs. ; phases, containing a significant (£=2) rhombohedral structuréh;q+3Azg+2A;,+4Az,
amount of MA*. For R=Tb, the precursor powders were T 4EgT6E,. Among these, A;+4E, are Raman-active
heated at 1000°C in air for 12 h. Finally, low-temperature™0des, #2,+5E, are IR active, and the remaininghz,
treatments were necessary, for the samples RitHHo, Y, + 3A,4 are silent modes. For this structure, the Raman-active

and Er, to increase the yield of the orthorhombic phasedndes can be classified intoAl,+1E, rotational or tilt
preventing or minimizing the stabilization of competitive M0des, Eq bending and E, antistretching of the Mng

hexagonalRMnO; phase<® In the case of stoichiometric ©ctahedra, and the remainikgy is related to a vibration oA

24 - -
LaMnO;, a single crystal was available; it has been preparedPnS: The symmetric stretching mode A4 and therefore

by the floating-zone methdd. The rhombohedral MOt observable.
LaMnO;, 5, as well as PrMng@, 5, samples were prepared

in polycrystalline form by a citrate technique as described
elsewherg®?! IV. RESULTS AND DISCUSSION

Finally, Ca-doped LaMn@compounds were prepared by e discuss the assignment of the main Raman peaks of
the classical ceramic method by heating st0|ch|ometr|cCa_doped and undopeMnO; orthorhombic compounds,
amounts of LgO3, MnO,, and CaC@for 72 h at 1400°C. 44 explain the apparently different behavior of their fre-
Materials so obtained were quenched in air. quencies. We have classified the manganese perovskites de-

Raman spectra were obtained with a Jobin-Yvon HR 46%ending on the distortion of the Mn-O octahedRMnO;
monochromator coupled to a liquid-nitrogen-cooled chargezompounds present a strong cooperative JT distortion, a
coupled device. The excitation light was the 514.5-nm line oftrivalent state for Mn ions, an insulating behavior, high re-
a Spectra Physics Ar-Kr laser. The incident and scatteredistivity, and are paramagnetic at rt. A second group corre-
beams were focused using an Olympus microscope. A Kais&ponds to compounds with a negligible JT distortion either
SuperNotch filter was used to suppress the elastic light. Therthorhombic(as CaMnQ, highly doped La_,CaMnO; x
laser power was reduced down to 0.1 ntffépending on the =0.5 or the ferromagnetic metallic phase ot 0.33 com-
sample in order to avoid the local heating of the samples atpound, or rhombohedral as lggSry 3gMn0O;. At last we dis-
the laser spot. We used a continuous flow Oxford Instrumentuss the paramagnetic phase of thex3<0.5 compounds as
cryostat CF2102 to perform measurement from 10 K to roonwell as nonstoichiometriRMnO; samples and phase coex-
temperaturért). istence.
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ure indicate the percentage of Ca doping. The inset shows the linear
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FIG. 1. Raman spectra at rt & bnm RMnO; pellets. LaMnQ
is a single crystal. Same phonons in the spectra are connected wi
vertical lines.R _stands forR ion mode_s,T stan(_js for the tilt,B oxygen perpendicular to it, give rise to four tilt modelsg(
stands fqr bendlng, AS stands for antisymmetric, and SS stands for B1g) and (82g+ B3g) and two bending modes A@,
symmetric stretching. +B,4). We have grouped in brackets the Raman modes that
_ ) o may have very similar frequencies because they correspond
A. Compounds with strong cooperative Jahn-Teller distortion: to the same movements arourdr y axis. Raman spectra
RMnO, corresponding to modes wiBB,, andBs4 symmetries have a
We have analyzed the Raman spectra at room temperatuvery low intensity*! so we will focus 0MA, andB; 4 modes.
of orthorhombicRMnO; compounds as a function of the The peaks at the lowest energi@sarked withR in Fig. 1)
chemical pressure by changing the rare-earth (ieig. 1).  correspond to rare-earth movements. Table | collects the
There is an agreement between all authors in the assignmemteasured frequencies together with the values estimated for
of the peak around 610 cm, related to a symmetric stretch- the threeR modes r=wyMy/Mg), considering only the
ing of the basal oxygen ions of the octahedBa{), and that  effect of theR mass and takingy compound frequencies as
around 280 cm?, related to some octahedra tilt; but there references. The threR modes behave exactly as expected in
are several claims concerning the one around 480%camd  all measured compounds. The differences between estimated
some confusion in the bending, tilt, and rock modes in dope@dnd measured frequencies are lower than 2 texcept for
compound$:'*5We assigned the 480-cm peak to an an- LaMnO; (6 and 9 cm?), due to the increase of La{D
tisymmetric stretching A,) associated with the JT distances compared t6-O(1) ones.
distortion®'* and give here further evidence. Regarding tilt  In Fig. 1, the two most intense peal&l0 and 480 cm?)
and bending modes, different combinations of displacementsgary only slightly (less than 10 cm!) with the rare-earth
of the in-plane @) ions alongz axis and of the apical @)  one(Fig. 2. The symmetriqaround 610 cm?) and the an-

TABLE |. Observed and estimate® modes frequencies fdRMnO; compounds. The estimated values has been obtained awith
=wyYyMy/Mg. TW stands for “this work.”(*) this peak is assigned in Ref. 16 tdRamode A, symmetry.

Ca (40 Y (89 La (139 Nd (144 Tb (159 Ho (165 Er (167)
Assignment Estimated TW Ref. 15 TW Ref. 11 Estimated TW Estimated TW Estimated TW Estimated TW Estimated TW
Ag/Byg 220 242/259 148 151/151 118 109 116.5 1105 111 108.8 109 108
Ay 274 278 184 188 147 141 1449 143 137 138 135.2 136 134 134
Big 325 322 322 218 220 174 171.6 1625 160 160.3 160 159.1 157
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FIG. 3. Dependences, vs the unit-cell volume, of mean Mn-O FIG. 4. (8 A4 Octahedra tilt mode(b) and (c) A, octahedra

distances(a), meanR-O(1) distancegb), and the octahedra tilt
angle (c) for RMnO; (structural data from Refs. 18 and)l8nd
La; ,CaMnO; series(structural data from Refs. 6 and 2628

The numbers in the figure indicate the percentage of Ca doping.

tisymmetric, or Jahn-Tellefaround 480 cml) stretching

bending mode. Both in thBbnm structure.

R-O bond and octahedra tilt angle dominate bending and tilt
modes, respectively. These are the expected behaviors for
such normal modes and must be kept in mind when trying to
assign the spectra of doped or related compounds.

modes involve nearly pure Mn-O bond stretching therefore a

simple @Mn-0O)1® dependence of these phonon frequen-
cies is expected and observed. This is an indication that the

B. Insulating paramagnetic La;_,Ca,MnO; from x=0 to 1

MnQg octahedron volume and bonds are insensitive to quite CaMnG; is also described with th®bnm space group
large changes in the tolerance factor in perovskites whehut with important differences compared to the previous

comparing compounds with the same Mn valence stiate

RMnO; compounds, which are the clues to understand their

this case 3). On the contrary, the frequencies of the peaksvery different Raman spectf&ig. 5(c), 0% and 100% spec-

labeled with “B” and “T” increase strongly (over
100 cm 1) when the cell volume shrinkgFigs. 2b) and

tra]. The Mn valence state is+# therefore neither static nor
dynamic JT distortions are present since the € Mn or-

2(c)]. The behavior of these phonons is parallel to that of thebital is empty. CaMn@ cannot be described with the cubic

mean value of the two shorte®-O(1) bonds and to the
static octahedra tilfdeviation from the cubic structure de-

fined as(180{Mn-0O(1)-Mn)]/2), respectivelyfFigs. 3b) and

3(c)]. We assign the B” peaks (two peaks can be distin-

guished to bending modesAy+B,4) and the ‘T” peak to
(Ag+Byg) tilt modes. The tilt and bending modes wigk,
symmetry, which correspond to rotations aroyndxis, are
plotted in Figs. 4a) and 4b), respectively. TheB;; modes
correspond to the same atomic movements but araunds,

perovskite structure because the tilt of the octahedra remains.
The two pairs of peaksaround 240 cm?! and 460 cm?)
cannot correspond to stretching modé® dominant ones in
RMnQOg). Taking into account the much shorter Mn-O dis-
tances, their frequencies would be around 520 and
660 cm 1. We assign these quite sharp peaks to the bending
(Ay=487 cmi' !, B;y=466 cnmi' ') and tilt (Ay=245 cm !,
B1g=260 cn'!) modes A, modes are plotted in Fig.)4
The frequencies and relevant structural parameters of Ca-

thereforeA, andB;, modes are expected to be very similar doped series are presented in Figs. 2 and 3 making obvious
in frequency. The displacement of D in these modes is, in their parallel behavior and confirming the mode assignment.

fact, a stretching oR-O(1) bondgFig. 4(c)]. Each Q1) ion

During the referee process, a study of the Raman spectra

is surrounded by fouR ions with two short and two long of CaMnG; appeared® These authors assigned the doublet
distances. Figure (B) displays the evolution of the mean at 242 and 258 cit to Ag4 and B,y modes involving @1)

value of the two shorR-O(1) bonds. Comparing Figs(td

and Ca vibrations in thg-z plane(in the Pnmarepresenta-

and 3b), the correlation between the bending mode fre-tion that correspond té; andB,, modes ank-y plane in

guency and th&k-O bond length becomes obvious.

Pbnm one, and the 184 cm! peak to theA, tilt mode.

In summary, the present data show that stretching modeooking at Table I, theR modes in CaMn@ are expected at
frequencies correlate tdn-O bond distances, while the 220, 274, and 325 cit and, in fact, two peaks of the cor-
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FIG. 6. Pbnm orthorhombic(a) and rhombohedraR3c (b)
RMnO; structures. The rhombohedral axes have been rotated in
order to better visualize the similarities between the octahedra net-
work in both structures. Thé, tilt mode is shown.

cally with doping. At 50% Ca doping and above, no stretch-
ing modes appear and the spectra resembles strongly to the
CaMnG; one.

It is important to note that the paramagnetic CaMnO
highly doped compoundgd=ig. 5(c)], and the ferromagnetic
metallic phase of Lgg/Ca 3dMnO; [Fig. 5(b)] present very
similar Raman spectra. These quite different systems have in
common that the cooperative JT distortion is negligiifiey.

5(a)] and that they do not present the stretching modes. We
can conclude that a JT distortion, or probably a distortion
engendering significantly different Mn-O bond lengths, is

FIG. 5. (a) Cooperative static JT distortion, from diffraction data necessary to produce a measurable intensity of the Stret.Chmg
in Refs. 16 and 20-22, for La,CaMnO; series;(b) Raman spec- dees- Th_e a”F’WQd modes by global symmetry consider-
tra of FM metallic Ca-dope¢B0 K) and Sr-doped300 K) LaMnQ, ~ ations are identical to the previo®MnO; compounds, but
with x=0.33; (c) rt Raman spectra of La,CaMnO; samples, as the change in the polarizability due to a particular mode,
function of Ca content. The arrows point to the narrow peaks corWhich determines its Raman intensity, is found to vanish for
responding to the tilt and bending modes. the stretching modes of the regular octahedra.

On the other hand, these spectra are nearly identical to

rect symmetries are observed at ZR®f. 16 and 322 cm*? that corresponding to rhombohedralylz&1o MnOs (LSMO)
[Fig. 5(c) and Ref. 16 The Ca-Q1) distances are similar to L7 19- Xb)]. The observable Raman-active modes of ke
Y-O(1) ones, consequently, the rule that has been found to paructure correspond to pendmg and tilt modes of the_ oxXygen
valid for all RMnOg series should be valid for Ca compound. octahedrg, whosg atomic displacements are very similar to
Therefore, the peaks at 242 and 259 ¢mwhich show dif- the bendlr]g and tilt modes of the orthorhombic strucfsee
ferences compared to the expected values over 22cm it mode in Figs. 4a) and Gb)]. From R3c to Pbnm the
(Table ), are not theR modes. These peaks correspond tohumber of expected peaks increases. Only one berging
oxygen tilt modes. In a first approximation, as the unit-celland two tilt modes f4+ Eg) are expected in thR3c rhom-
volume decreases, the frequencies of all the modes are ehohedral structure, while four bending and four tilts modes
pected to increase because the bonds shrink. The reason fgifrespond to the orthorhombiRbnmone. As shown in Fig.
the tilt modes to decrease is due to the reduction of the til6, the octahedra network in tfebnmand R3c structures
angle as shown in the inset of Fig. 2. are very similar. Both present tilted octahedra with similar
Figure 5c) collects the Raman spectra of LgCaMnO;  angles (about 160° forR3c), but Pbnm structure can
compounds for several doping levels. Very significantpresent up to three different Mn-O distances, while all Mn-O
changes are observed. Compared to stoichiometric LejnO bond lengths are identical in the rhombohedral one. But
for doping levels as low as 10%, the width of the stretchinghighly doped Ca compounds, as well as the metallic phases
modes increases and their spectral weight decreases dramatf- Ca- and Sr-doped compounds, do not present co-

Raman Intensity (arb. units)
;
w
3

200 400 600 800
Raman Shift (cm™')
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trum in Fig. 7 above the so-called JT transition. At these
temperatures, the cooperative JT distortion is melted but dy-
namical JT fluctuations remafft!® This is a very similar
scenario to what occurs in the paramagnetic phase of LCMO,
therefore similar Raman spectrum would be expected. Figure
7 shows that above 800 K the intensity has decreased dras-
tically compared to rt spectrurtFig. 5), but some spectral
weight is observable in the high-frequency region corre-
sponding to the stretching modes while tilt and bending
modes have almost vanished. It is evident that dynamic dis-
tortions of the MnQ@Q octahedra cannot give rise to the quite
narrow peaks around 230 and 420 ¢mbut are the origin

of the broad stretching bands.

Doping LaMnQ, gives rise to Mn valence mixing and
local static distortions around the doping ion. Simulta-
neously, in the paramagnetic phase, the hopping electrons
trapped as lattice polarons induce lattice distortions. This dis-
order is of dynamic character and is expected to change at
the insulator-to-metallic phase transition and has been de-
scribed as a crossover from small-to-large polaron regfimes.
Diffraction techniques give us valuable information on the
mean interatomic distances but not on instantaneous or ran-
200 300 400 500 600 700 800 domly distributed atomic positions which are important for
the Raman-scattering effect. The analysis of the diffuse x-ray
scattering® and reverse Monte Carlo simulations of neutron-

FIG. 7. Raman spectra at rt of nonstoichiome®binO, (R diffraction pattern¥** have shown that the local octahedron
=Laand Py as well as 33% Ca-doped compounds. Bottom: Ramarflistortions are much larger, around and ab@w than the
spectrum of LaMn@ at T>800 K above the JT transition. Small ones obtained by standard diffraction analysis. Diffraction
arrows point to the narrow peaks related to R8c-type phase and shows very slight structural changes at the ferromagnetic me-
the star's position to the modes associated with Btenmtype  tallic transition, while Raman spectra abd\Eg. 5(c)] and
phase with dynamic and/or cooperative JT distortion. below[Fig. 5b)] Tc are quite different. Abovd ¢, the fea-

tures similar to high temperature LaMp@©orrespond to the
operative or dynamic JT distortions. In these cases, the octgaramagnetic matrix dynamically distorted by polaron hop-
hedra inPbnmandR3c space groups are almost identical. ping, and the ones similar to CaMg®pectrum indicate that
Even if the stretching modes are allowed by symmetry in thehe part of the sample has a structure alike the metallic fer-
Pbnmspace group, the origin of the close similarity of their romagnetic phase. It might correspond to the magnetic clus-
spectra, in particular the absence of high-frequency modegers or magnetic polarons that have been observed by differ-
becomes clear. ent technique®? The structure of these entities is unknown

We conclude therefore that there are two types of spectray i nresent ferromagnetic correlations. In the present knowl-
one corresponding to compounds with a cooperative JT dissqge of phase segregation or inhomogeneous intrinsic phase,
tortion (LaMnG; type) that is dominated by the stretching , esent in most of the manganites, it is realistic to think that

phonons,dand .ttfrw]e Ottflﬁr(\j/\_lltthott_ﬂ these ?Od%s corrésriol?dmg fe second spectrum corresponds to ferromagnetic metallic
compounds withou istortion, such as CaMn@etallic droplets in the paramagnetic matrix with polarofiattice

Pbnmphases, or rhombohedral {3StMnO;. polarong conduction. At low temperatures, well in the me-

tallic regime, only the narrow peaks, similar to CaMyO
C. Paramagnetic phases of low to optimally doped manganites remain.

At low doping levels, for example l@aCay ;MnO; in Fig. The coexistence of the two types of spectra, related to two
5(c) or RMnO;_ 5 (R=La or Py in Fig. 7, the spectra are phases or microphases, is observed in several compounds in
similar to LaMnQ, one but with wider peaks. The dynamic Figs. 5c) and 7 and, for example, in Fig(l) of Ref. 16. In
fluctuations of the octahedra caused by the lattice polarofact, in the present scenario we can understand the tempera-
hopping increase very substantially their width. Butture dependence of spectra from Ref. 17. The compounds
Lag 6Cay 3MN0O; (LCMO) or Lay MnO5 (Fig. 7) present with x=0.2 and 0.1 are both paramagnetic insulators at high
some spectral weight in the stretching frequency raiif®@  temperatures. The=0.2 one becomes ferromagnetieM)
and S$ together with narrower peak@ndicated with ar- and metallic at 280 K, whilex=0.1 transforms in a FM
rows). In order to check whether these peaks have the samiasulator (FMI) at 200 K. The temperature dependence of
origin as the broad high-frequency bands, we compare theirag ¢Sty MNnO5 spectrum is “identical” to the changes ob-
spectra to the undoped LaMp@t T>800 K (lower spec- served in LggCa 3dMn0Os, in spite of their different aver-

Intensity (arb. units)

Raman Shift (cm™)
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type spectrum. In the metallic regime, the hopping carriers
become delocalized and do not induce lattice distortions.
Sharp phonon peaks are observed below 450cimdepen-
dently of the crystallographic structur@ompare metallic
PbnmLCMO and metallicR3c LSMO at rt[Fig. 5b)] and

at low temperaturé® Therefore, the width and intensity of
the stretching modes are a measure of the amplitude of the
2'0 4'0 6'0 dynamical JT distortions, which correlates to the activation
Ca content (%) energy for polaronic conduction.

At last, the main characteristic of the Raman spectra of
5% most charge ordered phases, that is the recovery of the
gg:z stretching phonon peaks, is understood as being caused by
50% the orbital order and the concomitant cooperative JT distor-
66% tion.
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V. CONCLUSIONS

200 250 300 350400 The analysis of the Raman spectra RMNnO; Pbnm
compounds that present strong cooperative JT distortion
show that the stretching modésymmetric and antisymmet-
ric) correlate to Mn-O bonds, while bending modes are de-

tent. Lines are fits to the paramagnetic state resistance Riith termined by theR-O(1) mean distance and tilt modes by

=RyexpE,/KgT). The inset shows the obtained activation energles'vIn O M_n angle The compounds without _COODeratlve or dy-
E, vs Ca content, namic distortions of the Mngoctahedra, independently of

their mean crystallographic structure, do not present stretch-
_ ing modes and the characteristics of their spectra can be ap-
age structuresR3c andPbnm respectively. In the insulat-  proached to theR3c space group vibrations. The bending
ing paramagnetic phases, dynamically distorted octahedrgnd tilt normal modes are equivalent to tR@nmones and
(Pbnm type) coexist with regular octahedraR8c type),  the measured frequencies follow the same ruleRMn O,
while in the ferromagnetic metallic regime only regular oc-ones. This explains the similarities between insulating
tahedra remain. On the contrary, iR=0.1 Sr-doped CaMnO; (Pbnn) and the metallic phases of orthorhombic
LaMnQ;, aboveTc, only the broad features are observed| a, sCa, 3qMNO; and rhombohedral LgSr 3Mn0;. The
corresponding to th&@bnm structure with dynamic distor- activation energy for conduction in the insulating phases,
tions related to the polaron hopping. But, beld\w, the ap-  which is proportional to the polaron binding energy, is a
pearance of narrows peaks, in coexistence with the broagheasure of the amplitude of the dynamic distortion it pro-
bands, indicates that metallic, and probably ferromagneticduces in the lattice. Therefore, as the Ca content increases,
clusters in the insulating matrix are formed. In the discussionhe activation energy decreases as well as the amplitude of
about the nature of the FMI phase of this 0.1 compound, the dynamic distortions. The width of the peaks correspond-
on whether it is a canted ferromagnetic or phase segregatidng to RMnO;-type spectrum increases and their intensity
is occurring, Raman spectrum is consistent with the secondecreases as the Ca content rises up to about 50%, where
hypothesis. Nevertheless, a more detailed analysis is neceiese peaks vanish and only the CaMrigpe spectrum is
sary. observed. The identification of these types of spectra and
When Ca content increases the binding energy of the lattheir correspondence with particular octahedron configura-
tice polarons decreases, this indicates the reduction of thgons are the keys to understand the Raman spectra of most
activation energy for conduction in the paramagnetic phasenanganese perovskite. Moreover, this allows to detect the
(Fig. 8. The reduction of the polaron energy implies the simultaneous presence of several different phases and to ob-
collapse of the amplitude of the dynamic distortions it pro-tain insight in their local structure.
duces in the lattice and, therefore, of the spectral weight of
the LaMnG-type spectrum. The width of the instantaneous
distribution of Mn-O distances is the origin of the width of
the Raman peaks. For doping concentrations of 50% and We wish to acknowledge the financial support from
above the lattice is in fact, instantaneously, much more regucICyT under Contracts Nos. MAT2000-1384 and MAT2001-
lar than at low doping. We recover the CaMyi@r LSMO-  0539.
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FIG. 8. Normalized resistance of samples with several Ca con
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