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Effect of A-site and B-site substitution on the infrared reflectivity spectra of
La1ÀyAyMn1ÀxBxO3 „AÄBa,Sr; BÄCu,Zn,Sc; 0ËyÏ0.3; 0ÏxÏ0.1… manganites
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We have measured the infrared reflectivity spectra of La12y@Sr(Ba)#yMn12x@Cu(Zn,Sc)#xO3 (0,y
<0.3, 0<x<0.10) manganites, in a wide frequency (100–4000 cm21) and temperature~80 K–300 K! range.
The reflectivity spectra were analyzed by a fitting procedure based on a model that includes Drude, midinfrared
electronic, and phonon oscillator contributions to the dielectric constant. Six infrared active (3Au and 3Eu)
modes of rhombohedral symmetry are clearly observed. We assigned all observed modes according to existing
lattice dynamical calculations for the rhombohedral structure of LaMnO3. A decrease of the rhombohedral
distortion below the paramagnetic-ferromagnetic transition is manifested through a lowering or complete
removal of the frequency difference between theAu andEu modes.

DOI: 10.1103/PhysRevB.68.064302 PACS number~s!: 78.30.Hv, 75.47.Lx, 63.20.Dj, 78.20.2e
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I. INTRODUCTION

During the last decadeR12xAxMnO3 pseudocubic man
ganites (R is a rare-earth metal, La, Pr, Nd, Dy;A is an
alkaline-earth metal, Sr, Ca, Ba, Pb! have attracted much
attention because of their intriguing physical properties t
make these systems promising for applications as magn
sensors. The phase diagram of these compounds is com
and many variables such as pressure,1 applied magnetic
field,2,3 temperature,2,4 and A-site average ionic radius5 de-
termine a wide range of ground states in the system.
most interesting property of these systems is the colo
magnetoresistance, which occurs near the Curie tempera
TC , when the system undergoes a transition from the p
magnetic~PM! to the ferromagnetic~FM! state. Ferromag-
netism in these systems has been usually explained in te
of the ‘‘double exchange’’~DE! model proposed by Zener.6

In the framework of the DE model, theeg antibonding elec-
trons can hop between neighboring Mn ions with differe
valence when their core spins are ferromagnetically coup
but the spin disorder prevents such hopping processes a
TC . Further studies on these materials have shown that o
mechanisms influence the phase transitions, among them
electron-phonon interaction arising from the Jahn-Teller~JT!
distortions,7 the orbital polarization,8 the electron-electron
correlations, and the coupling between spin and orb
structure.9

Studies ofR12xAxMnO3 with x close to 0.30 have show
the existence of a correlation betweenTC and the tolerance
factor t (t5dA2O/A2dB2O, wheredA2O and dB2O are the
A–O and B–O bond lengths! of the perovskite structure
ABO3,10 or the mean size of cations^r A& at theA site.10–12It
is found that the lattice distortion is large in the PM pha
~aboveTC), but it decreases significantly in the FM phas
This means that the MnO6 octahedra are highly distorted fo
T.TC but the magnitude of this distortion decreases aT
approachesTC . The idea is that a PM-FM transition ca
occur more easily if the octahedra are undistorted and
0163-1829/2003/68~6!/064302~7!/$20.00 68 0643
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Mn–O–Mn angles tend to be 180°.10 This can be obtained
for example, by changing the average dimension of the a
at theA and/orB site. Regarding theB cationic sublattice,
attention has been paid to theB-site substitutions on the
charge-ordered ground state~i.e., 50% Mn41),13 but there
are few results concerning Mn substitution having the op
mum content of Mn41 ~ca. 30%!.12

Substitution of atoms in specific sites in the lattice affe
the vibrational properties of the host material through
mass, the bonding strength, and the bonding configura
changes. Thus, vibrational spectroscopy~Raman and infra-
red! is a very effective tool for studying the role ofA- and
B-site substitution in manganites. Moreover, infrared sp
troscopy is particularly useful for systems where lattice a
electrons are strongly coupled~electron-phonon interaction!.
Having this in mind we have measured the reflectivity sp
tra of polycrystalline La12y@Sr(Ba)#yMn12xBxO3 (B
5Cu,Zn,Sc) samples. The values ofy andx doping, together
with the Curie temperature (TC) of all investigated samples
are given in Table I. The values ofTC of these compounds
appear clearly related to the mean size of cations atB sites.
In fact, in the case of large Mn substitutional defects,
Fadli et al.12 have found that the decrease inTC associated
with the increase inx is mainly determined by the local ef
fect of the structural disorder introduced by large subst
tional cations, and it is poorly modulated by the magne
nature of the substitutional metals (Cu21 versus Zn21 and
Sc31) or by the different stoichiometries of the sampl
(Sc31 versus Cu21 and Zn21). This fact has been inter
preted by considering the variation of the electronic con
bution to TC with the structural disorder introduced by th
presence of cations with different sizes atB sites. For more
details, see Ref. 12.

TheB-free end member of the series, La0.7Sr0.3MnO3, has
been extensively studied with a great variety of techniqu
regarding the spectroscopic spectra, see, for example, op
conductivity measurements14–16 and Raman scattering.17–20

However, reflectivity spectra of La12yAyMn12xBxO3, to the
©2003 The American Physical Society02-1
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TABLE I. Chemical analysis and the Curie temperaturesTC ~K! for samples with the nominal compos
tion La12yAyMn12xBxO31d . Estimated errors in the La:Mn ratios are 0.01; the estimated error in Mn41(%)
is 61% ~Ref. 12!.

x 0.00 0.02 0.04 0.06 0.08 0.10

A5Sr;B5Cu
y 0.30 0.274 0.248 0.222 0.196 0.170
Mn41(%) 31 32 32 32 35 32
d 0.005 0.010 0.010 0.010 0.023 0.010
Tc 372 358 331 308 274 236

A5Sr;B5Zn
y 0.274 0.248 0.222 0.196 0.170
Mn41(%) 30 31 33 32 33
d 0 0.005 0.014 0.010 0.014
Tc 350 326 284 233 179

A5Ba;B5Cu
y 0.30 0.274 0.248 0.222 0.196 0.170
Mn41(%) 31 31 31 33 30 32
d 0.005 0.005 0.005 0.014 0 0.010
Tc 330 318 296 260 221 183

A5Ba;B5Sc
y 0.294 0.288 0.282 0.276 0.270
Mn41(%) 31 30 31 31 32
d 0.005 0 0.005 0.005 0.010
Tc 296 258 216 184 168
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best of our knowledge, have not been published yet.
In this paper we present the infrared reflectivity spectra

four series samples of La12ySryMn12xBxO3 ~with B
5Cu,Zn), and La12yBayMn12xBxO3 ~with B5Cu,Sc). The
concentration ofB ions wasx50.00, 0.02, 0.04, 0.06, 0.08
and 0.10, giving a total of 22 samples investigated. Beca
the optimum doping~the minimum vacancies at theA and
theB sites, the strongest colossal magnetoresistance effe! is
realized for concentration of Mn41 ions of about 30%, we
kept this value„@Mn41#/(@Mn41#1@Mn31#);0.3060.02…
through the whole series by varying the Sr or Ba concen
tion y. We assigned all observed infrared active modes
cording to the lattice dynamical calculation for rhombohed
symmetry of LaMnO3. We found that the strongest~small-
est! rhombohedral distortion, from spectroscopic reasons,
ists in the case of the La0.87Sr0.17Mn0.9Zn0.1O3
(La0.73Ba0.17Mn0.9Sc0.1O3) sample. By lowering temperatur
we found in the La0.87Sr0.17Mn0.9Zn0.1O3 sample that~1! the
lowest-frequency Au

1 (vTO5144 cm21) and Eu
1 (vTO

5166 cm21) modes merge into one mode at temperatu
below the Curie temperature of 179 K;~2! the oscillator
strength of the second oscillator of theAu

2 symmetry rapidly
increases by lowering the temperature;~3! the highest-
frequency mode pair softens remarkably at the phase tra
tion. These findings are a clear indication that the struct
distortion is strongly reduced when these oxides underg
phase transition from the paramagnetic into the ferrom
netic state.

II. EXPERIMENT

Single-phase La12y@Sr(Ba)#yMn12xBxO3 (B
5Cu,Zn,Sc) samples have been prepared via the acetic
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solution freeze-drying method. This soft procedure ma
possible strict stoichiometric control, and the synthetic va
ables allow one to maintain a constant proportion of Mn41

~ca. 30%! in the 22 compounds prepared. In this way, t
concentration of cationic vacancies atA andB sites is prac-
tically negligible in all cases. X-ray powder diffraction pa
terns corresponding to the 22 compounds have been c
pletely indexed and refined with rhombohedral perovsk
symmetry and theR3̄c space group. Details on the prepar
tion of the studied samples, together with x-ray diffracti
and magnetization measurements, have been publis
elsewhere.12 Disk-shaped pellets were optically polished u
ing diamond paste. The size of the diamond grains was
than 0.5mm.

Reflectivity spectra were measured with a BOMEM DA
spectrometer. A deuterated triglycine sulfate~DTGS! pyro-
electric detector was used to cover the wave-number reg
from 80 to 600 cm21; a liquid-nitrogen-cooled Hg-Cd-Te
detector was used from 500 to 5000 cm21. Spectra were
collected with 2 cm21 resolution, with 1000 interferogram
added for each spectrum. For low-temperature measurem
a Janis Super Tran~ST-100! continuous flow cryostat was
used. As reference mirror we used an evaporated Au film

III. RESULTS AND DISCUSSION

Figure 1 shows the room temperature reflectivity spec
of La12y@Sr(Ba)#yMn12xBxO3 (B5Cu,Zn,Sc) polycrystal-
line samples in the spectral range from 80 to 4000 cm21.
The common features presented in the four panels of Fi
are three strong phonon bands, a wide structure centere
2-2
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EFFECT OFA-SITE AND B-SITE SUBSTITUTION . . . PHYSICAL REVIEW B68, 064302 ~2003!
about 2000 cm21, and a free carrier contribution to the re
flectivity spectra. In La0.7Sr0.3MnO3 @Fig. 1~a!# and
La0.7Ba0.3MnO3 @Fig. 1~c!# the reststrahlen oscillators ar
masked by a Drude-like background that can be attribute
the mobile holes introduced by Sr or Ba doping. By compa
son of the La0.7Sr0.3MnO3 reflectivity spectra@Fig. 1~a!# with
the corresponding single crystal data16 at frequencies below
20 meV~where influence of deterioration of the sample s
face by polishing on the reflectivity spectra was not o
served!, we found that our spectra are less reflective for o
3%. This means that the scattering losses at the polis
surface of our samples were reasonably small.

WhenB ions are introduced in the Mn sites of the syste
the Drude tail gradually decreases by increasingx and the
phonon peaks become fully pronounced for the highest c
centration ofB-ion dopants. Figure 2 shows the reflectivi
spectra of four samples with the highest doping levelx
50.1). In that case, the influence of free carriers on
phonon dynamic is strongly reduced, allowing a more
tailed analysis of the phonon spectra. Due to the insula
behavior of these samples, the damage of the sample su
by polishing has negligible influence on the reflectivity spe
tra; see Ref. 16. These spectra were analyzed both b
Kramers-Kronig analysis~KKA ! and by the numerical fitting
of reflectivity data. The values of transverse optical~TO!
frequencies, obtained from KKA as frequency position of t
optical conductivity maxima, are introduced as starting
rameter in a ‘‘classical-oscillator model,’’ defined via the e
pression

ẽ~v!5e`1(
j 51

5 Sj
2

vTO, j
2 2v22 ivgTO, j

2
Vp

2

v~v1 igp!

1
SMIR

2

vMIR
2 2v22 ivgMIR

, ~1!

wherevTOj
andgTOj

are the TO mode frequency and lin

width of the j th oscillator,Sj is the oscillator strength, an
Vp and gp are the plasma frequency and damping, resp

FIG. 1. Room temperature reflectivity spectra
La12y@Sr(Ba)#yMn12x@Cu(Zn,Sc)#xO3 polycrystalline samples in
the 80–4000 cm21 spectral range.
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tively. The third term in Eq.~1! describes the midinfrared
~MIR! contribution to the dielectric constant due to the p
laron absorption in these systems. The best fit parameter
listed in Table II. As can be seen from Fig. 2, the agreem
between observed~open circles! and calculated reflectivity
spectra~solid lines! is very good.

According to Fig. 2 and Table II, six infrared activ
modes with TO-mode frequencies around 144, 166, 2
340, 370, and 590 cm21 are observed. We assigned the
modes with the help of the lattice-dynamical calculation
rhombohedral LaMnO3.21

In the ideal cubic perovskiteABO3 there are 3 ir active
modes of theF1u symmetry at theG point of the Brillouin
zone.20 The lowest-frequencyF1u mode~the external mode!
corresponds to the vibration of theA ions against theBO6
octahedra, the bending mode~intermediate-frequencyF1u
mode! corresponds to a modulation of the Mn–O–Mnangle,
whereas the highest-frequencyF1u mode originates from
Mn–O bond stretching vibrations of the MnO6 octahedra.
Our samples exhibit rhombohedral crystal structure,12 space
group D3d

6 (R3̄c), Z52. In this case eight modes (3Au

15Eu) are expected to be observed in the infrared spec
As it is discussed in Ref. 21, the 3Au and three out of fiveEu
modes arise from the removal of degeneracy of the tri
degenerateF1u modes of the ideal cubic perovskite structur
Since the rhombohedral distortion is weak, the frequen
splitting between the correspondingAu andEu modes is ex-
pected to be small. Because of that theAu modes have not
been resolved from theEu ones in a previously publishe
infrared reflectivity spectra of rhombohedral LaMnO3.21

In Fig. 2 we observe two mode doublets with TO freque

FIG. 2. Room temperature reflectivity spectra
La12y@Sr(Ba)#yMn0.90@Cu(Zn,Sc)#0.10O3 samples in the
100–900 cm21 spectral range. Experimental data are represen
by circles; solid lines are calculated spectra.~a!
La0.83Sr0.17Mn0.90Cu0.10O3, ~b! La0.83Sr0.17Mn0.90Zn0.10O3, ~c!
La0.83Ba0.17Mn0.90Cu0.10O3, and~d! La0.73Ba0.27Mn0.90Sc0.10O3.
2-3
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cies at about 144/166 and 340/375 cm21, and a single mode
at about 590 cm21. The doublets can be assigned as
Au-Eu mode pairs. The frequencies of theAu and the corre-
sponding Eu modes differ aboutEu

1(2)2Au
1(2)522 cm21

(29 cm21), which is in good agreement with the theoretic
predictions of 18 cm21 (47 cm21).21 In the case of the
590 cm21 mode, the lattice dynamical calculation predic
almost the same frequency for theAu and theEu modes

TABLE II. Optical parameters~in cm21) used to fit the reflec-
tivity spectra of La12yAyMn0.9B0.1O3 . y50.17 for A5Sr,Ba and
B5Cu,Zn; y50.27 forA5Ba, B5Sc.

A-B Sr-Cu Sr-Zn Ba-Cu Ba-Sc

e` 6.1 6.73 7.68 7.54
Vp 3956 1087 1293
gD 5920 1377 842
S1 301 208 221 440
g1 20 28 20 29
v1 144 144 150 155
S2 300 223 342
g2 15 23 21
v2 166 166 166
S3 512
g3 109
v3 266
S4 489 201 446 825
g4 30 35 60 52
v4 340 341 335 346
S5 812 556 596
g5 50 55 67
v5 365 374 363.5
S6 741 570 734 651
g6 46 50 40 65
v6 584 593 578 581
SMIR 7600 2275 5487
GMIR 4324 1729 4025
vMIR 3193 2875 2916
06430
e

l

(Eu
32Au

351 cm21). Because of that noAu-Eu splitting is
observed in the infrared spectra~Fig. 2! for these bond
stretching modes.

Figure 3 depicts the ionic displacement patterns of
infrared (3Au15Eu) active modes obtained by a shell mod
calculations.21 According to Fig. 3, the lowest-frequenc
phonon modes ofAu (vTO

calc5162 cm21) and Eu (vTO
calc

5180 cm21) symmetry originate from the La ions vibratio
against the MnO6 octahedra along thez and y(x) axis, re-
spectively. These modes are very sensitive to the rhombo
dral distortion. In the case of La12ySryMn12xBxO3 (B
5Cu,Zn), Figs. 2~a! and 2~b!, the Au

1 and Eu
1 modes are

clearly resolved at 144 and 166 cm21 ~Table II!. In the
La12yBayMn12xBxO3 (B5Cu,Sc) samples it was difficult to
resolveAu

1 from Eu
1 for B5Cu @Fig. 2~c!#, and completely

impossible in the case ofB5Sc @Fig. 2~d!#. Since the fre-
quency separation for a given pair ofAu-Eu modes is a mea-
sure of the deviation of the structure from the ideal~cubic!
one, we concluded that Ba produces less distortion than S
can be expected because the Ba atoms are very close in
and weight to the La atoms.

The next doublet ofAu
2 and Eu

2 modes represents bon
bending O–Mn–O vibrations. The calculated frequencies
310 cm21 and 357 cm21 are close to the experimental va
ues of 340 cm21 and 370 cm21, respectively. These mode
should by sensitive to the PM-FM phase transition also,
cause the DE interaction modulates the Mn–O–Mn angle
and consequently can induce some phonon frequency
broadening change. As we already mentioned theAu

3-Eu
3

mode doublet appears as one degenerate mode in the inf
spectra, which is in agreement with lattice dynamic
calculation.21 The Eu

4 mode in the rhombohedral phase re
resents the torsional oxygen vibrations of the oxygen octa
dra @vTO

calc(Eu
4)5240 cm21; Fig. 3#. The fact that this mode

is inactive in the parent cubic structure and since the dis
tion of rhombohedral materials is small, the correspond
band in the ir spectra of rhombohedral perovskites should
relatively weak. Actually, we clearly observe one addition
mode at about 266 cm21 @Fig. 2~c!, Table II#, only in the
case of the Ba0.17Cu0.1 sample. TheEu

5 mode~Fig. 3!, which
FIG. 3. Ionic displacement
patterns of theAu and theEu sym-
metry infrared active modes in
rhombohedral LaMnO3. TO/LO
mode frequencies~in cm21) are
taken from Ref. 21.
2-4
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involves predominantly the motions of Mn ions, is not re
istered in our spectra. The calculated frequency of this m
(vTO

calc5317 cm21) is inside the frequency range of th
Au

2-Eu
2 mode pair. Because of that one can expect an ove

of this mode with the middle-frequency bond bendi
modes.

Figures 4~a!–4~d! shows room temperature infrared r
flectivity spectra of the 4%B-dopant concentration sample
These samples have a Curie temperature~see Table I! some-
what above or close to room temperature. Samples~a! and
~b! in Fig. 4 are already in the metallic phase at room te
perature, and consequently the free carriers mask the ph
structure in the infrared reflectivity spectra. Because of tha
was hardly possible to extract phonon frequencies of th
samples. By lowering the temperature these samples bec
better metals only. Samples~c! and ~d! in Fig. 4 show no
splitting of modes even in the paramagnetic phase. This le
us to the conclusion that rhombohedral distortion is stron
suppressed in low-B-dopant concentration samples. By low
ering of temperature these samples become metals~below
TC) and free carriers again screen phonon structure.
Sr0.17Zn0.1 sample@spectrum~d! in Fig. 4# undergoes the PM
~insulator! to FM ~insulator! transition atTC5179 K, allow-
ing us a more detailed analysis of the infrared reflectiv
spectra in this sample in both the PM and the FM phases
can be seen by comparison of the~a!–~d! with the ~e! reflec-
tivity spectra~Fig. 4!, the rhombohedral distortion creates
splitting of external and bond bending modes and harden
of the bond-stretching mode in the PM phase of the Z0.1
sample. The x-ray diffraction study of the same samp
shows explicitly that rhombohedral distortion increases c
tinuously by an increase ofB-site concentration~see Ref. 12
for supporting materials!. Namely, theO–B–O angle de-
creases from 166.5° (x50) to 163.6° forx510% of Zn.

In order to check if rhombohedral distortion is suppress
in the FM phase we measured the infrared reflectivity spe
of the La0.83Sr0.17Mn0.9Zn0.1O3 sample at different tempera
tures~Fig. 5!. This sample has an insulatorlike electrical r
sistivity versus temperature dependence@Fig. 6~a!#. Conse-
quently, the plasma frequency for this sample decrease

FIG. 4. Reflectivity spectra of La12yAyMn0.96B0.04O3 samples at
room temperature.~a! A-B5Sr-Cu, y50.248; ~b! A-B5Sr-Zn, y
50.248; ~c! A-B5Ba-Cu, y50.248; ~d! A-B5Ba-Sc, y50.288.
~e! Reflectivity spectra of La0.83Sr0.17Mn0.9Zn0.1O3 samples.TC de-
notes the Curie temperature.
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lowering the temperature~see Table III!. The frequency ver-
sus temperature dependencies for some of the observe
frared active modes are depicted in Figs. 6~b! and 6~c!.

By lowering the temperature the lowest-frequency doub
seems to merge into one mode. The splitting of second d
blet is not removed at the lowest temperature of 80 K app
in our experiment, but we found that the intensity of t
350 cm21 oscillator (Au

2 mode! rapidly increases by lower
ing the temperature. At 80 K this oscillator becomes stron
in intensity than the 370 cm21 one (Eu

2). By further tem-
perature decrease theAu

2 oscillator should totally overwhelm
theEu

2 symmetry oscillator, and in a such way to remove t

FIG. 5. Reflectivity spectra of La0.83Sr0.17Mn0.90Zn0.10O3

samples at different temperatures. Experimental data are re
sented by circles; solid lines are calculated spectra.

FIG. 6. ~a! The specific electric resistivity vs temperature depe
dence of the La0.83Sr0.17Mn0.90Zn0.10O3 sample. The frequency vs
temperature dependence of the~b! Au

1-Eu
1 and the~c! Au

3-Eu
3 mode

pairs.~d! Reduced magnetization@M (H,T)/M (H,0), H510 kOe#
vs temperature for the same sample. Points represent the norma
oscillator strength of theAu

2 mode.
2-5
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mode splitting of the second mode doublet~as it is the case
of the B0.04 samples, Fig. 4!. We believe that the oscillato
strength increase of theAu

2 mode is spin-related. Namely, th
DE interaction modulates the Mn–O–Mn angle and conse
quently changes the force constant of theAu

2 bond bending
normal mode. In Fig. 6~d! we compare the normalize
strength~points! of theAu

2 oscillator~Table III! with the nor-
malized magnetization spectra~solid line!.12 As can be seen
from Fig. 6~d! theAu

2 mode oscillator strength maps well th
normalized magnetization curve, indicating the spin-rela
behavior of theAu

2 mode.

TABLE III. Optical parameters~in cm21) used to fit the reflec-
tivity spectra of La0.83Sr0.17Mn0.9Zn0.1O3 at different temperatures.

Temperature~K!

300 250 200 150 80

e` 6.73 7.92 8.5 8.9 8.89
Vp 1087 957 817 699 568
gD 1377 384 355 355 298
S1 208 288 486 746 896
g1 28 20 13 10 19
v1 144 149 152 156 156
S2 223 257 430
g2 23 12 12
v2 166 163 160
S3 956 856 1654
g3 198 203 238
v3 315 274 284
S4 201 352 412 512 875
g4 35 41 35 42 35
v4 341 331 332 336 333
S5 556 588 409 490 506
g5 55 61 32 45 33
v5 374 372 365 374 370
S6 570 726 675 728 833
g6 50 47 45 55 36
v6 593 591 590 588 584
SMIR 2275 4230 3985 7368 9889
GMIR 1729 4123 3200 3325 2915
vMIR 2875 2896 2256 2245 2148
ys

W.

m

06430
d

The Au
3-Eu

3 mode doublet of the La0.83Sr0.17Mn0.9Zn0.1O3

sample softens by lowering the temperature, spatially cl
to the phase transition, Fig. 6~c!. The damping of phonons
decreases by lowering the temperature~Table III!, indicating
that the lattice instability is lifted in the FM phase also. Thu
phonons contribute substantially to the phase transition.
these findings are a strong indication that the rhombohe
distortion is drastically reduced when the system underg
the phase transition from the paramagnetic into the fe
magnetic state.

In conclusion, we have measured reflectivity spectra
La12y@Sr(Ba)#yMn12x@Cu(Zn,Sc)#xO3 samples in the
80–4000 cm21 range. We observed and assigned six of ei
infrared active modes, predicted by factor-group analysis
rhombohedral symmetry of LaMnO3. The rhombohedral
distortion-induced phonon doublet structure is clearly
solved for the lowest-~external! and the middle-~bond bend-
ing! frequency bands, whereas for the highest-freque
~bond stretching! band, only one mode is observed. The
findings are fully in agreement with the lattice dynamic
calculation of Abrashevet al.21 By lowering the temperature
the rhombohedral distortion in the La0.83Sr0.17Mn0.9Zn0.1O3

sample is drastically reduced when the system undergoe
phase transition from the paramagnetic into the ferrom
netic phase. Consequently, theAu

1-Eu
1 mode pair merges into

one mode, whereas the bond stretching doublet at ab
600 cm21 softens for more than 10 cm21.
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