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Infrared-active phonons of LaMnO3 and CaMnO3
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The infrared absorption spectra of polycrystalline LaMnO3 and CaMnO3 measured in the frequency range of
the transverse optical phonons are reported, discussed, and compared with calculations of the lattice dynamics.
For LaMnO3 the measured spectrum is consistent with the expected orthorhombic structure. For CaMnO3 the
spectrum reflects a symmetry lower than that of a cubic perovskite. We find a close correspondence between
the spectra of the two materials which suggests a similarity in their structures.@S0163-1829~99!09441-2#
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Recently, the La12xCaxMnO3 system has stimulated con
siderable interest because of its colos
magnetoresistance.1,2 The phase diagram of La12xCaxMnO3
reveals a variety of ground states, depending on the ca
concentrationx.3 For 0.2<x<0.48, the system undergoe
coincident metal-insulator and ferromagnetic-paramagn
transitions atT&250 K. Out of this range ofx, insulating
ground states with different types of magnetic ordering ta
place.3 The coexistence of ferromagnetic ordering and me
lic transport was successfully explained several decades
by the double exchange model.4 A more recent theory tha
accounts quantitatively for the colossal magnetoresista
phenomenon5 implies a strong electron-phonon couplin
While the spectrum of electronic excitations has been th
oughly studied,6,7 little is known about the phonons o
La12xCaxMnO3. Obtaining information about the optica
phonons of the end-member compounds LaMnO3 and
CaMnO3 may greatly help in further studies of the dopin
and temperature dependence of the phonon modes
La12xCaxMnO3 and of their interplay with the magnetoresi
tance effects.

The structure of LaMnO3 was determined using neutron8

and x-ray9 diffraction. Below ;800 K, LaMnO3 was
found to have an orthorhombic structure (Pnma space
group!.8 The deviation of the structure from cubic is usua
attributed to the Jahn-Teller instability of the Mn31 ion.3 The
Raman-active phonons in LaMnO3 were studied at room
temperature by Ilievet al.10 The assignment of the observe
Raman peaks was done by comparison of the experime
data with the results of lattice dynamical calculations~LDC!.
Consistent results were obtained by Granadoet al.,11 who
recently reported the temperature dependence of
LaMnO3 Raman spectrum between 300 and 10 K. Up
now, there has not been any systematic study of the infra
active phonons in LaMnO3, at least to our knowledge. Th
infrared absorption spectra of polycrystalline LaMnO3 re-
ported in an earlier work12 do not allow to determine mos
PRB 600163-1829/99/60~17!/11875~4!/$15.00
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phonon frequencies. Recently, Junget al.7 have presented
reflectivity spectra of polycrystalline La12xCaxMnO3 mea-
sured from 5 meV up to 30 eV for different values ofx
~includingx50 andx51!, but the authors do not analyze th
phonon part of the spectra. Concerning CaMnO3, we are not
aware of any neutron-diffraction study of the structure of t
material. Available x-ray-diffraction data point towards a
orthorhombic structure.13 This compound is thought to hav
a structure much closer to cubic than LaMnO3 as the Mn41

ion does not produce any Jahn-Teller distortion.3 The
Raman-active phonons of CaMnO3 have never been reporte
in the literature, whereas the published infrared data7,13 have
not been discussed.

In this paper we report measurements of the infrar
active phonons in polycrystalline LaMnO3 and CaMnO3.
We present a comparative analysis of the infrared spectr
these compounds and we propose an assignment for the
served phonon modes based on calculations of the la
dynamics.

Polycrystalline powders of LaMnO3 and CaMnO3 were
synthesized by a standard solid-state reaction method as
scribed in Ref. 2. Powder x-ray-diffraction analysis show
that the samples had single-phase orthorhombic structu
The oxygen stoichiometry has been accurately contro
within 0.5%. The powders were finely milled, mixed wit
CsI ~in the ratio 1:100 in weight!, and pressed into pellet
under vacuum. The infrared optical densityOd(v) for both
compounds was obtained in the 150–650-cm21 frequency
range at 300, 200, 100, and 20 K using a Fourier spectr
eter. At each temperature we measured the ratio I(v)/I0(v)
of the infrared signal transmitted by the CsI pellets conta
ing the samples and that transmitted by a pure CsI pe
Od(v) was then obtained as2 ln„I(v)/I0(v)…. The experi-
mental resolution was 5 cm21. It should be noted that we
were not able to extend our measurements below 150 cm21

because CsI is opaque at low frequencies.14 The infrared
optical densities of polycrystalline LaMnO3 and CaMnO3 at
11 875 ©1999 The American Physical Society
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11 876 PRB 60BRIEF REPORTS
300 and 20 K are shown in Figs. 1~a! and 1~b!, respectively.
It is evident that the spectra do not show significant tempe
ture dependence.15 In particular we did not observe signifi
cant shifts in the phonon peak positions within our reso
tion. Small shifts were found for some Raman-acti
phonons in the mentioned measurements by Granadoet al.11

that were performed with a resolution better than that in
experiments. In the following, we shall focus on the 20
spectra as the phonon peaks are better resolved at low
peratures.

The spectra exhibit numerous peaks associated with
infrared active transverse-optical~TO! modes. The large
number of modes indicates strong deviations from a cu
symmetry in both compounds. Above;270 cm21, the
spectra of Figs. 1~a! and 1~b! appear to be very similar. As i
is discussed below, this can be explained by the fact that
high-frequency phonons involve mostly motions of the ox
gen octahedra. To extract information about phonons we
ted the spectra of Fig. 1 using a sum of noninteracting h
monic oscillators~Lorentz model!. It was shown earlier14

that in the first approximationOd(v)}s1(v), wheres1(v)
is the optical conductivity. Taking this into account, we c
write16

Od~v!5(
j

Sjv
2g j

~v j
22v2!21g j

2v2 , ~1!

wherev j , g j , andSj are the frequency, width and ampl
tude of the TO j th oscillator, respectively. The minimum
number of oscillators that allow us to obtain a reliable fit
14 for LaMnO3 and 15 for CaMnO3. In Fig. 1, the solid lines
illustrate the accuracy of the fit and the resulting phon
frequenciesv j are shown. For LaMnO3, we report in Table
I the values ofv j and g j for each peak. We also give th
relative weightsAj obtained through

Aj5
100Sj

( Si

. ~2!

FIG. 1. Optical density of polycrystalline LaMnO3 ~a! and
CaMnO3 ~b! measured at 20 K~dots! and 300 K~1!. The solid
curves represent the best fit of the 20 K data according to Eq.~1!.
The phonon frequencies thus obtained are also reported.
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In order to assign the observed phonon peaks we
formed calculations of the lattice dynamics following th
procedure described in Refs. 17 and 18. This approac
based on the use of a shell model and provides informa
about the phonon frequencies and the corresponding ato
displacements. We restricted our calculations to theG point
of the Brillouin zone (k'0). For LaMnO3, both the lattice
constants and the atomic positions were taken from neut
diffraction data,8 and the shell-model parameters from Re
17. In agreement with the group theory analysis performe
Ref. 10, we obtained 60 phonon modes, of which 24
Raman active (7Ag15B1g17B2g15B3g), 25 are infrared-
active (9B1u17B2u19B3u), 8 are silent (8Au), and 3 are
acoustic (B1u1B2u1B3u). The infrared-active ~TO!
phonons ofB1u , B2u , andB3u symmetry correspond to os
cillations of the dipole moment along thez, y, andx direc-
tion, respectively (x,y,z are defined as in Ref. 10!. To check
the validity of our results we compared the calculated f
quencies and symmetries of the Raman-active phonons
those presented in Ref. 10 and we found good agreem
between two sets of data. For each mode we also calcul
the oscillator strengthSj using the formalism of Ref. 18. To
allow a direct comparison with the experimental results,
relative weightAj of each TO mode was estimated accordi
to Eq. ~2!. In Fig. 2 we show some selected TO phon
modes.

TABLE I. Phonon assignment for LaMnO3. In the first three
columns the best-fit values of the frequencies (v j ), dampings (g j ),
and amplitudes (Aj ) of the measured phonon peaks are given. T
last three columns represent the results of LDC for LaMnO3 . v j

andg j are in cm21, theAj are dimensionless@see Eq.~2!#.

Best fit LDC
v j g j Aj v j Aj Symmetry

76 1.1 B1u

117 ;1024 B3u

191 ;1023 B2u

194 15 5.4 194 2.5 B1u

247 13 1.0 233 0.2 B2u

233 0.1 B3u

273 7.1 B1u

276 3.3 B3u

283 ;1023 B2u

287 18 4.8 294 13.4 B3u

318 0.8 B1u

344 32 3.6 332 7.8 B3u

334 3.1 B1u

368 32 9.1 388 6.0 B2u

384 22 7.2 401 13.2 B3u

416 28 11.1 412 9.7 B2u

419 7.2 B1u

438 22 5.0 431 12.1 B1u

455 19 3.0 443 5.7 B3u

469 17 1.8 495 1.0 B1u

510 10 0.8 521 0.4 B3u

574 28 6.9 577 3.4 B1u

580 0.1 B2u

594 33 15.9 580 0.8 B3u

621 64 24.4 625 1.0 B2u
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FIG. 2. Selected phonon modes labeled by the theoretical frequency. Isolated polyhedra represent the La atoms. Joined
represent the Mn~big! and O~small! atoms. The arrows represent the atomic displacements.
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As our measurements were performed on polycrystal
samples, we cannot distinguish the contributions from diff
ent crystal axes. For this reason, no information about
symmetries of the phonon peaks can be extracted from
experimental data, and we made the assignment by com
ing the phonon frequencies obtained from the fit with tho
found in LDC. The results of this comparison are summ
rized in Table I. Inspection of Table I shows that some of
experimentally observed peaks cannot be assigned un
biguously. For example, the peak at 416 cm21 could be as-
sociated either with theB2u-symmetry phonon mode ex
pected at 412 cm21 or with the B1u-symmetry mode at
419 cm21. In all cases when such an ambiguity appear
we assigned the measured peak in optical density to the
culated phonon mode with the largest amplitude. It should
noted that the experimental values ofAj are in fair agreemen
with the results of LDC, except for the modes at 594 a
621 cm21, whose calculated amplitudes appear to be ab
one order of magnitude lower than the experimental on
The results of Ref. 7 are in qualitative agreement with o
data, suggesting that LDC does not account properly for
amplitude of the high-frequency modes. However, tak
into account the complexity of this class of materials and
fact that we have not done any optimization of the sh
model parameters, we believe that the overall agreemen
tween theory and experiment should be considered as
sonable.

An attempt to perform calculations of the lattice dynam
of CaMnO3 was frustrated by the exceedingly high numb
of unknown parameters. The lattice constants can be ta
from x-ray-diffraction data,13 but due to the lack of neutron
data the exact atomic positions are not known. Moreover,
results of LDC are very sensitive to the manganese s
model parameters. In the LaMnO3 case the Mn13 shell
model parameters are known,17 while for CaMnO3 the Mn14

shell model parameters have not been reported in the lit
ture. As it was mentioned above, there are evident simil
ties in both the positions and the shapes of the infrared p
non peaks of CaMnO3 and LaMnO3. Taking this into
account, we made our~tentative! phonon assignment fo
CaMnO3 using a simple correlation procedure. For each
sorption peak in the infrared spectrum of CaMnO3 we looked
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for a counterpart in the spectrum of LaMnO3. The results of
this procedure are reported in Table II. We did not assign
CaMnO3 weak modes at 285 and 323 cm21 as they do not
appear in the spectrum of LaMnO3 ~they probably contribute
to the broadening of the strong absorption peak
287 cm21). On the other hand, the LaMnO3 mode at
438 cm21 does not have a counterpart in the CaMnO3 spec-
trum where it is probably hidden by the intense peak
427 cm21.

Let us now discuss within the present assignment the
croscopic motions related to the observed phonon peak
the infrared spectrum of LaMnO3. In the following discus-
sion we quote in brackets the theoretical frequencies of
modes displayed in Fig. 2. As shown in the figure the phon
mode at 194~194! involve mixed vibrations of the La atom
and the MnO6 octahedra. The same occurs for the mode
247 cm21. These modes can be understood as the resu
splitting of the lowest-frequency phonon of the ideal pero
skite structure~external mode!. It can be seen from Fig. 1
that substitution of the La atoms with Ca ones strongly
fects both the modes which appear in the CaMnO3 spectrum
as broad and weak peaks. The higher frequency mode
not involve motions of La atoms. This fact explains the me
tioned similarity between the infrared spectra of LaMnO3
and CaMnO3 above;270 cm21. As shown in Fig. 2 the
mode at 287~294!, as well as the one at 344 cm21, corre-
spond to complex motions, where the amplitudes of the d
placements of the Mn atoms are comparable with those
the O atoms. On the other hand, in the mode at 368 cm21

and in those at higher frequencies the oxygen motions do
nate, so that for these modes the La and Mn atoms shoul
assumed to be at rest. For the modes at 368, 384~401!, 416,
510, 574, and 594 (580) cm21 the in-plane oxygen vibra-
tions dominate. For those at 438~431!, 455, and 621 cm21

the motions of the apical oxygen atoms play the main ro
Only for the mode at 469 cm21 the amplitudes of the dis
placements of the in-plane O atoms are comparable w
those of the apical O atoms. The group of phonons w
frequencies lying between;270 and;550 cm21 is ex-
pected to originate from splitting of the bending mode of t
ideal perovskite structure. Similarly, the stretching mode
21

28
TABLE II. Correspondence between the best fit phonon frequencies~in cm21) of LaMnO3 and those of CaMnO3.

LaMnO3 194 247 287 344 368 384 416 438 455 469 510 574 594 6

CaMnO3 177 225 285 305 323 349 374 387 427 462 498 512 533 580 6



o
e
t-
v

el
s
d

io

na

r
es
ity
hat
h

n-
-

d

e-

11 878 PRB 60BRIEF REPORTS
the cubic crystal is assumed to give rise to the group
modes of orthorhombic symmetry whose frequencies exc
;550 cm21. However, due to the strong orthorhombic la
tice distortions, none of the modes observed abo
;270 cm21 can be classified as purely bending or as pur
stretching as these modes imply considerable change
both the Mn–O–Mn bond angles and the Mn–O bon
lengths.

In conclusion, we have reported the infrared absorpt
spectra of polycrystalline LaMnO3 and CaMnO3. Using cal-
culations of the lattice dynamics and comparative analysis
the measured spectra we were able to propose a reaso
assignment for the phonon modes observed in LaMnO3. The
agreement found between theory and experiment allows
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to confirm the orthorombic structural model of Ref. 8. Fo
CaMnO3 the high number of observed phonon modes rul
out a simple cubic perovskite structure. The close similar
found between the spectra of the two materials suggest t
their structures are similar. If this result is confirmed throug
specific structural analysis, it would imply that the Jah
Teller effect is not the driving force of the orthorombic dis
tortion, as it is absent in CaMnO3.

It should be pointed out that further studies with polarize
radiation on single-crystalline LaMnO3 and CaMnO3 ~pro-
vided that single crystals suitable for far-infrared measur
ments become available! are highly desirable in order to re-
move the present ambiguities in the phonon assignment.
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