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The Raman and infrared phonons of isostructural rhombohedral LaMn@® LaAlQ; are studied at room
temperature. The experimental spectra are compared with the prediction of lattice-dynamical calculations and
the lines observed are assigned to definite atomic vibrations. It is shown that the Raman iggdsyofimetry
in LaAlO; and LaMnQ (at 123 cm* and 236 cm?, respectively involves atomic motions that cause the
rhombohedral distortion, i.e., it is a ““soft” mode, and its position could be used as a measure of the degree of
the distortion. It is also argued that the broad Raman bands in the high-frequency range of Lalnit
proper modes of the rhombohedRBc structure, but are rather induced by the dynamic Jahn-Teller effect.
[S0163-182699)02706-X

[. INTRODUCTION well-determined phases exist at room temperature: the
orthorhombically distorted(space groupPnmag and the
The manganese perovskites with general formulahombohedrally distortespace grougr3c), both are para-
R;_,AMnO; (R=rare earth, A=Ca, Sr, Ba, Pb) are char- magnetic insulator.The rhombohedral phase is of special
acterized by a strong interplay of the structural, electronicjnterest as it is typical for some; _,A,MnO; materials ex-
and magnetic properties. Recently, they attracted a renewddbiting CMR. It is plausible to expect the phonon spectra of
interest due to the effect of “colossal” negative magnetore-this phase to be sensitive to some specific features associated
sistanc CMR) exhibited near the temperature where metal-with the CMR. Such are the variations of Jahn-Teller distor-
insulator and paramagnetic-ferromagnetic transitions otcurtions with the Md*/Mn3* ratio as well as with the tempera-
Shortly after the discovery of these materials, the concept dfure neaiT.. The phonon spectra will also be sensitive to the
the “double-exchange{DE) has been developed to describe degree of rhombohedral distortions. This concerns, in par-
both the ferromagnetisiFM) and the metallic conductivity ticular, the first-order Raman spectra, which become allowed
in the low-temperature phase. Within the DE model theexclusively due to lattice distortions as no Raman-active
transport in the FM metallic phase involves hopping of spin-modes are anticipated in the ideal perovskite structure
polarized charge between Mhand Mrf* sites? However, (Pm3m). At present there is, however, scanty data on the
recently Millis et al2 have shown that the DE alone is insuf- Raman spectra of rhombohedral LaMpGand related
ficient to account for either the low transition temperature orLa; _,A,MnO3; compounds and the assignment of the ob-
the large change in resistivity ne@g. It has been proposed served spectral structures is still ambiguous. The main diffi-
that in addition to the DE mechanism, the strong electronculties arise because of the very low Raman intensities,
phonon coupling in the form of dynamical Jahn-Teller dis-which has given rise to speculations that some of the broad
tortions tends to localize the conduction electrons into pobands in the experimental spectra may correspond to second-
laronic states. While the Jahn-Teller distortions are large irorder Raman processéd.o our knowledge there are no re-
the insulating state, they are at least partly removed beloworts on either polarized Raman spectra of rhombohedral
T.. The large isotope shift of ;(~20 K) upon!®0 for 10  LaMnO; that could unambiguously determine the symme-
substitution does indicate a strong spin-lattice coupling.tries of experimentally observed lines, or on lattice dynami-
Therefore it is expected that the Raman and infrared speal calculationgLDC) that could predict the shapes of Ra-
troscopies could be powerful tools to clarify the role of theman modes of given symmetry and the expected range of
phonons in CMR and related phenomena. their wave numbers.
The crystal structure of the undoped parent compound In this work we report the results of our study of optical
LaMnO; depends on the synthesis conditiGfsAt least two ~ phonons in isostructural rhombohedral LaMnGand
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TABLE |. Calculated wave numbeiin cm 1) of even-(upper paftand odd-paritylower par} phonon
modes in rhombohedral LaAlOand LaMnQ@ and their assignment. The correspondiRgand I"-point
modes of the parent cubic structur@r3m) are listed in the last columm,, andA,, modes are silent.

LaAlO4 LaMnOy
Ay Azg Eq A Ay Eq Assignment Modes ifPm3m
132 34 249 42 Rotational Fou(R)
158 163 139 163 La Fiu(R)
456 463 441 468 Bending Fiu(R)
691 646 Antistretching Eu(R)
742 716 Breathing Asu(R)
Alu A2u Eu A1u A2u Eu
TO/LO TO/LO TO/LO TO/LO
480 481/505 320 317/326 Al/Mn F24(R)
213/263  220/263 162/216 180/213 (Al/Mn + O) La Fu(T)
366/496  371/475 310/465  357/488 Bending Fu(T)
706/712  707/712 641/645  642/645 Stretching Fu(T)
299 270/270 361 240/241 Torsional Fou(T)

LaAlO;. The experimental Raman and infrared spectra ar@s a reference. All measurements were performed at room
analyzed by comparison with the prediction of lattice-temperature.
dynamical calculations. We show that the Raman mode of
A1g Symmetry at 123 cm' and 236 cm'* for LaAlO; and
LaMnQ;, respectively, involves atomic motions that cause A. Classification of the I'-point phonons
the rhombohedral distortion, i.e., it is a “soft” mode, and its
position could be used as a measure of the degree of the The rhombohedral L O, gM:AI' Mn) has the symme-
distortion. We also argue that the broad Raman bands in thigy Of the space grouR3c (D34, Z=2) and belongs to the
high-frequency phonon range of LaMgQire not proper family of rotationally distorted perovskites with Glazer’s no-
modes of theR3c structure, but are rather induced by the tation (aaa").® The R3c structure can be obtained from
dynamic Jahn-Teller effect. All experimentally observedthe simple-cubic perovskiteRm3m) by rotation of the ad-
lines in the infrared spectra of LaMn@nd LaAIO; are also  jacent MOg octahedra in opposite directions around the
assigned to definite atomic vibrations. [111], (cubig direction. In theR3c lattice the La atoms
occupy the 2 (3,7,5) positions and participate in four
I'-point phonon modesA,,+A,,+Eg+E,). The M (M
Il. SAMPLES AND EXPERIMENT =Al, Mn) atoms occupy the B (0,0,0) positions and also
participate in four modesA;,+ A,,+2E,). The oxygen at-
oms occupy the & (x,x+ 3,%) positions and take part in
twelve modes Rig+Aq,+2Axg+2A5,+3E4+3E,). Of

Ill. RESULTS AND DISCUSSION

The LaAlQ; single crystal investigated was a commer-
cially available productCrysTec GmbH, Berlin, Germaiy

with platelike shape (%5x 0.5 mn?) and edges parallel to ) ;
the quasicubic crystallographic axes. The observation of thi1€ total 20I"-point modes 18 correspond to optical phonons.
The Ajq+4E4 modes are only Raman active, theAg

crystal surface under microscope using white linearly polar- . . .
ized light revealed a twinned structure with averaged twin™ 9Eu aré only infrared active, and the remainindi.g
size of about 20um. The preparation of the rhombohedral T 3A2g modes are inactivé'silent” ) modes. For better un-
LaMnO;, ceramics is described elsewhéror the latter ma-  derstanding of the relationship between the frequency and
terial the spectra were taken from the polished surface corvibrational patterns of the modes investigated it is instructive
taining optically isotropic grains of irregular shape. to recall the correlation between the modes in distoR8d
The Raman spectra were measured using a LabRa@nd undistorted®m3m structures(see, e.g., Scdf). The
single spectrometer equipped with appropriate notch filterdilts of the octahedra result in doubling of the cubic unit cell
an optical microscope and CCD detector. X100 objective ~ and therefore thé';-point phonon modes of the rhombohe-
was used to both focus the incident laser beam into a spot éfral Brillouin zone come from modes located at the
1-2 um in diameter and collect the scattered light in (0,0,0) andR. (3,3,3) points of the cubic Brillouin zone.
backward-scattering geometry. The 632.8-nm He-Ne laseadditionally, the triply degenerated modes of the cubic
line was used for excitation. structure split into pairs of nondegenerated and doubly de-
The near-normal incidence infrared reflectance spectrgenerated modes in the rhombohedral structsee Table)l
were measured with a Bomem DAS8 Fourier-transform inter- The selection rules for the Raman-active modes are rep-
ferometer in the range 50-8000 ¢h using a gold mirror  resented by the following tensots:
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TABLE Il. Expected intensity of the Raman-active phonons in the experimentally available polarizations.
Polarization
Symmetry XX=YY Xy XX’ y'y’ X'y’
Asg s(2a+b)? s(b—a) a® s(a+2b)? 0
Eq s(1+\3)(c+y2d)?  §(—2c+y2d)? ¢ g(-c+2y2d)?  3(c+y2d)?
a 0 0 0 coupled with a force constahktto a charged massless shell
0 a 0 _ with chargeY around it. The free-ion polarizabilityy is
Agg ; Ega1= ; given by
0 0 b 0
Y2
(1) a= ? (3)
0 —-c —-d
[ -¢c o o The values of model parametefigsted in Table Il) were
Eg2= q 0 0 ' close to those used in LDC of orthorhombic

given in a standard orthogonal ba€lg,0, ,0,. This basis

(Pnma LaMnO;.8 The crystallographic data for LaAlO
and LaMnQ have been taken from Refs. 14 and 6, respec-
tively. The calculated frequencies of the optical phonons in

is related to the hexagonal unit cell, which is alternativelyL.aM O, (M=Al, Mn) are presented in Table I. The corre-

used to describe th&k3c structure, as follows:O,|cy,

O,lla,,, wherea,, by, andc, are the unit vectors of the

hexagonal cell.

The naturally grown surfaces of the perovskitelike crys-
tals are the quasicubic (1Q0dnes. From such surfaces one
can obtain Raman spectra in the following backward scatter®.

ing configurationgsee the inset of Fig.)2xx, yy, xy, x’x’,

y'y', andx'y’, wherex, y, x’, andy’ are the quasicubic
[100]., [010]., [110]., and [110Q]. directions, respec-
tively. The expected intensities of the Raman lines with thes

configurations are listed in Table II.

B. Description of the model used for lattice-dynamical
calculations (LDC)

sponding vibrational patterns are drawn in Fig. 1.

C. Raman spectroscopy

The polarized Raman spectra of LaAl@s obtained from
large twin on the quasicubic (0Ql3urface are shown in
Fig. 2. Three strong lines at 123, 152, and 487 ¢rdomi-

nate the spectra. Based on their polarization properties and
our LDC we assign them to the calculatéd, mode at

&32 cm ! (rotation of the oxygen octahedra around the hex-

agonal[001],, direction, E; mode at 163 cm! [pure La
vibration in the hexagonal (001)plang and E; mode at
463 cm! (pure oxygen bending vibration respectively.
The line corresponding to the calculatdd; mode at
691 cm ! (out-of-phase stretching oxygen vibratjowas

The model applied for calculations of the lattice dynamicsnot observed, which indicates that it may be of negligible
was a shell model with parameters derived as described iimtensity. The remaining expectdg}, mode (rotation of the
Ref. 12. The model is appropriate for the perovskitelike ox-oxygen octahedra around an axis perpendicular to the hex-
ides as, in accordance with their predominant ionicity, theagonal [001],, direction with calculated Raman shift of
interionic interactions can be represented as sums of long34 cm?) is very close to the laser line and couldnot be
range Coulomb potentials and short-range potentials. Theetected with our setup.

latter were chosen in the Born-Mayer-Buckingham form

V=aexp(—br)—£, 2
r

wherea, b, andc are parameters, andis the interionic

It is worth noting that our experimental results are in ex-
cellent agreement with those of the pioneer work of Stbit.
In that paper the low-frequencl{; mode at 33 cm! (at
room temperatupehad also been observed. The line near
150 cm !, however, had been interpreted as a “ghost” line
and the very weak line near 470 chas aEy mode. The

separation. The ionic polarizability is also accounted for usiatter line (also very weakis observed in our spectra, too,
ing the simple picture of an ion as a point-charged corewith polarization properties as for the two ottgy lines. As

TABLE lll. Parameters used in the shell model. The short-range O-O potential is taken from Ref. 13.

lon Z (d) Y (|€) a (A3 lonic pair  a (eV) b (A c (ev A9

La 2.85 1.7 0.7 La-O 1563 2.73mp.748° 0

Al 2.85 1.7 0.6 Al-O 1838 3.345 0

Mn 2.85 3.0 3.0 Mn-O 2020 3.345 0

(0] -1.90 -3.0 2.0 0-0 22764 6.710 20.37
8 or LaAlO;.

bFor LaMnO;.
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FIG. 1. The calculated vibrational patterns of the optical 100 300 500 700
phonons in LaAlQ. One oxygen octahedron is drawn only. The Raman shift (cm-1)

hexagonat axis (parallel toC5;) is vertical. Due to the similarity of

the vibrational shapes of the pair modes, originated from triply F|G. 2. Polarized Raman spectra in different scattering configu-

degenerated modes in the cubic structure, the vibrational pattern @htions obtained from a twin with quasi-cubf¢00] surface of

the nondegeneratedttype modes is drawn only. LaAlO; single crystal. The inset shows the symbols used for the
different crystal directionsh| =632.8 nm.

long as only one Raman phonon is predicted by the LDC in

this fre‘}‘fency range, we suppose that the weak line Fhw by the overheating effects. As in the case of orthorhom-
464 cm - (Eg), as well as two other weak lines at 180 and ic (pnma LaMnO,,® a higher laser power resulted in the
203 cm ) (with the same polarization properties as theznhearance of strong background, shift of the lines towards
123-cm * Ayq line) do not originate from Raman-allowed |gwer wave numbers, and decrease of their intensity.
one-phonon scattering. (c) The Raman line intensities were much lower com-

By comparison of experimentally measured relative inten-pared to those of orthorhombic LaMgO
sities of the three strong Raman lines with those expressed in The Raman spectra of rhombohedral LaMr#3 obtained
terms of the elements of the Raman tens@ee Table | with parallel and crossed scattering configurations are shown
one can determine the relative values of the nonzero elén Fig. 3. Five broad lines are observed at 179, 236, 329,
ments of corresponding Raman tensors. Theydines are 520, and 640 cmt. The first impression is that the spectra
of equal intensity withyx, y’y’, andx’x’ polarization con- are more similar to those of orthorhombic LaMnQRref. 8
figurations, but are of negligible intensity with thex and  than to the isostructural LaAlQ Based on the LDC it seems
x"y’ configurations. It follows from Table Il that this is pos- Straightforward to assign four of the linéhese at 179, 236,
sible if d=—c/\2. For theA,, line the ratio of the intensi- 520, and 640 cm') to the calculated 163-cht Ey mode
ties withx’x’, xx, yx, andy’y’ is close to 9:4:1:1, which [pure La vibration in the hexagonal (0Q1)pland,
requires the inequalita>b to be satisfied. We suggest that 249-cm ' A;; mode (rotation of the oxygen octahedra
the similar relationships between the Raman tensor elemengsound the hexagong001],, direction), 468-cm * E4 mode
would hold for the isostructural LaMnQ too. (pure oxygen bending vibratiohand 646 cm* (out-of-

As concerns the rhombohedral LaMgQet us first out- phase stretching oxygen vibratiorrespectively. We will
line the experimental difficulties in obtaining the Ramanlater argue, however, that although close in frequency to the
spectra. expectedEy, modes, the spectral structures near 520 and

(a) The LaMnQ;, ceramic sample used consisted of opti- 640 cn ' are of different origin.
cally isotropic grains of irregular shape. The Raman spectra_We will first focus on the onlyA;; mode allowed for the
taken at various spots on the surface were identical andR3c phase. The vibrational pattern of this mode has the
moreover, independent on the polarization direction of theshape of the rhombohedral distortigstatic rotational dis-
incident laser light. This could be due to a fine twinning placement of the oxygen octahedra around the hexagonal
and/or to the submicron size of the microcrystals. It was]001],, direction. With increasing temperatuf@pproaching
therefore, possible to obtain only two types spectra: withthe temperature of the second-order structural transition to
parallel (g les) and crossedd; L e) polarizations of the in- the cubicP m3m phase the mode frequency should soften to
cident(i) and scattereds) light. zero, i.e., this mode is one of the two “soft” modes. In

(b) The power of the laser excitation was limited to 0.2
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plained by the change of the rhombohedral distortion with
the Sr doping and the temperature, which is another proof of
its origin as the “soft” A;; mode.

It is worth noting that similar effects have been observed
in the Raman spectra of perovskitelike compounds with
more complicated orthorhombic distorti¢8lazer’'s notation
a~bTa”, space groupPnma Z=4).2!® |In these com-
pounds there are two types of static rotational displacements
for the oxygen octahedr@round thex andy orthorhombic
axis). This results in the existence of three Raman-active
“soft” modes with orthorhombicAy, By, and B,y sym-
metries, respectively. Comparing the spectra of more dis-
torted YMnQ; and less distorted orthorhombic LaMgO
lliev et al. have observed a large shift of the only observed
“soft” mode (Ag) from 396 cni* down to 284 cm™.®In
the Raman spectra d®TiO; (R=La, Ce, Pr, Nd, Sm, Gd)
Reedyket al. also observed a large increase in frequency of
one of theAy lines, namely, from 287 cmt for LaTiO; to
385 cm ! for GATiO;,*® which also correlates with the in-
creasing structural distortion.

Raman shift (cm'1) The above-discussed dependence of the frequency of the
soft modes on the rotational distortion has been known for a

FIG. 3. Raman spectra of LaMnOn parallel and crossed po- |ong time in the case of variation of distortion with tempera-
larizations as obtained from a grain of unknown orientatidp.  tyre for a same Compou?’fﬁand has often been used to find
=632.8 nm. the temperature of the structural transition. In addition we

) _ emphasize here that the observation of a large frequency
contrast, upon cooling the hardening of thg, mode has to  sjft of a given Raman linécompared to the shift of other
be significantly larger than that of the the hardening of othelineg) in a series of isostructural compounds at a fixed tem-
modes caused solely by contraction of interatomic bonds. "fberature is also a strong indication that the line with
other words, the frequency of th® 4 mode must correlate “anomalous” behavior corresponds to a “soft” mode. We
mainly with the rhombohedral distortion and depend onlyyij| mention here that such “anomalous” lines have earlier
weakly on the change of th&-O andB-O distances in dif- peen observed in a number of studies of isostructural
ferent ABO; perovskites withR3c structure. In the case of seriest’'8although other explanations have been proposed.

Intensity

2 1 1 1 1 1
100 300 500 700

LaMnO; we assign the Raman line at 236 thto theAqq Now we will comment the two relatively strong broad
mode based on the following facts: Raman lines near 520 cm and 640 cm?®. In spite of

(1) The results of LDC give for thé\;; mode the close closeness of their frequencies to the calculated values for two
wave number of 249 cit. of the Raman-allowed E; modes (468 cm' and

(2) The angle of static rotationr is connected in a simple 646 cni!) we will argue that these lines are not intrinsic for
manner with thex parameter of the oxygen-site positions the idealR3c structure. Indeed, their integrated intensity by
(x,x+1/2,1/4), namely; far exceeds that of thé,, line, while in the spectra of

LaAlO; we have the opposite relationship. Furthermore, in
1 1 the Raman spectra of doped LaSrMnO; (x

X= E( 1iﬁtan“ ’ (4) =0.1,0.2,0.3) the intensity of these lines decreases with in-
creasing Sr contedf. Finally, Raman study of
and can easily be calculated from the available crystalloLag7Ca 3 MnO; thin films deposited on LaAlQ substrate
graphic data. For example, iRAIO; (R=La,Pr,Nd), the shows that these lines are pronounced only in the Raman
A4 mode frequencyat room temperatujeshifts by factor 2~ spectra of the high-temperature insulating phase and com-
[from 122 cm® for R=La to 241 cm® for R=Nd (Ref.  pletely disappear below the temperature of the insulator-
10)] due to the increase of the rhombohedral distortion upornetal transition T,=260 K).*° These facts indicate that the
decrease of the radius of tfion.'® The direct comparison modes under consideration are “forbidden” modes. We re-
of the A;4 mode frequencies in LaAlD (123 cm 1y and  call that the description of the structure using R@c space
LaMnO; (236 cm'l) is also consistent with the above de- group assumes six equal distances of the Mn-O bonds of
pendence. Indeed, using the valuexef0.475 for LaAlG; MnQg octahedra. The oxygen octahedra around Rlim the
(Ref. 14 andx=0.443 for LaMnQ,° one obtaingr~5° for  insulating LaMnQ-type phases, however, are distorted
LaAlO; and a~11° for LaMnQ;, respectively. due to the Jahn-Teller effett Recently a direct relationship

(3) The large softening of the line observed recently in thehas been established between the degree of the Jahn-Teller
Raman spectra of La,Sr,MnO; (x=0.1 to 0.3 by Podo- distortions of MnQ@ octahedra and conductivity and mag-
bedovet all’ from 240 cm! to 190 cmi! (at room tem- netic properties of the structuféThe intensity of these two
peraturg with increase of Sr content as well as the largelines in the Raman spectra of the rhombohedral LakinO
hardening(about 20 cm?) upon cooling can also be ex- correlates with the degree of the Jahn-Teller distortions of
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1.0 distortion???>More recently the interest in the optical prop-
LaMnO, erties of LaAlQ, was renewed due mainly to the applications
T=300 K of this material as a suitable substrate for the growing of
high-T, superconducting film&*-2° Due to the lack of LDC,
however, the analysis of the far-infrared spectra and the as-
signment of the lines to definite phonon modes has been
rather ambiguous. Having calculated the lattice dynamics of
LaAlO; and LaMnQ (Table ) we can reanalyze and inter-
pret available experimental datsee Fig. 4 and Table IV
According to the symmetry, the following correlations
hold between the long-wavelength IR-activA,3 and 5,

modes of the rhombohedrally distort&Bc perovskites and
phonons of the cubi® m3m perovskite structure compounds
0.0 ' ' ' ' (see Table | and Fig.)1
(a) ThreeA,, and three out of fivee, modes make pairs
104 and originate from the three zone-center triply degenerated
IR-active F,, modes of the ideal cubic perovskite. These
Bes three pairs correspond td) the low-frequency vibrations of
Mn/Al-O sublattice against La atoms2) the middle-
frequency bending vibrations of O and Mn/Al atoms, &8d
the high-frequency stretching vibrations of O and Mn/Al at-
200 [N -

. X oms.

Based on the origin of the pairs it is obvious tiAg},-E,,
separation for a given pair is a measure of the deviation of
the structure from the ideal cubic one. Given that the rhom-
or . . . bohedral distortions are small, one expects that correspond-
100 400 700 1000 ing A,,-E, separation will also be relatively smaltom-

y pared to, e.g., LO-TO splittingand the three lines in
Wave number (cm ) question will dominate the infrared spectra of rhombohedral-

FIG. 4. Far-infrared reflectivity spectrum of LaMgQ@op) and  StructureABOz; compounds.
calculated frequency dependence of the imaginary part of the di- (b) The remaining twoE, modes in the rhombohedral
electric function and the loss functighottom). phase make pairs with two inactivig, modes. These pairs
originate from (1) a triply degenerated inactivésilend

the MnQ; octahedra and they can be considered as Jahr2,(I') mode at thel’ point of the cubic Brillouin zone
Teller—distortion-activated modes, otherwise forbidden for(torsional oxygen vibrations of the oxygen octahedzad
the R3c structure. They are reminiscent to the two strongest?) @ triply degenerated mode &hy(R) symmetry from the

corresponding to bending and stretching oxygen vibration§of Mn) atoms. S
of the MnQ; octahedra. The facts that the latter modes are inactive in the parent

cubic structure and the distortion of rhombohedral materials
is small suggest that the corresponding bands in the IR spec-
D. Infrared spectroscopy tra of rhombohedral perovskites will be relatively weak and

The infrared absorption and reflectance spectra ofheir intensity will increase with the distortion. For one of

ABO; (A=rare earth, B=transition metal or Alin the in-  the above-mentione&, modes, which involves predomi-

frared (IR) frequency range have been reported in severahantly the motions of M@Al), one expects a significant

works. Earlier studies have been directed towards establistirequency — shift [wa /@yn~(Myn/Ma)¥?=1.43] for

ing the dependence of spectral features on the perovskiteaAlO; and LaMnQ.

05}

Reflectivity

-1

400 s
~

/1wy

Conductivity ( Q cm)

TABLE IV. Experimental and calculated TO frequenciascm™1) of LaAlO;. The data of Refs. 22 and
23 have been obtained from transmission measurements and those of Refs. 25 and 26 from the reflectivity.

Couzietal. Saineetal. Calvanietal. Zhanget al. LDC Assignment
(Ref. 22 (Ref. 23 (Ref. 25 (Ref. 26 This paper
190 218 182 184 213A,,) + 220 (E,) (Al + O)-La
270 (Ey) Torsional
440 460 429 428 366A,,) + 371 (E,) Bending
525 501 496 481K,) Al

675 680 657+ 695 652+ 692 706 @,,) + 707 (E,)  Stretching
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An important result of the LDC of LaAl@is that the distortion-induced doublet structure of these bands could not
separation ofA,,-E, modes for a given pair is very small be clearly resolved even for the middle-frequency band,
(<7 cmY). This prediction is in qualitative agreement where the largesh,,-E, splitting of about 40 cm? is pre-
with experimental results on LaAlQ?>?® where three dicted by LDC. It implies that the two remainirig, bands
strong ‘“restrahlen bands” are observed in the far-infraredare either too weak or overlap with the stronger bands. In
spectral range. The LO-TO splittingsp to 150 cm?!) and  particular, an overlap might occur for titg,(Mn) mode and
phonon linewidthsup to 50 cm'!) by far exceed the ex- the middle-frequency A,,-E, pair, expected at
pectedA,,-E, separation indeed. 310-320 cm?.

Note also that an additional weak mode has been
detecte®?%in the spectra of LaAl@around 500 cm'. We
assign it to Al-related vibration that originates from the zone-
boundary mode of cubic compound. The position of this In summary, we studied the Raman and infrared phonons
mode is in reasonable agreement with the results of calculaf isostructural rhombohedral LaMrOand LaAlO; and
tions (Table V). An additional piece of evidence for this made an assignment of the experimentally observed lines to
mode being metal related comes from the fact that in thalefinite atomic vibrations based on the symmetry consider-
infrared spectrum of LaCoQthere are no features around ations of rhombohedral and parent cubic structures and by
500 cnit, while a band exisfé around 328 cm?, which  comparison with the results of lattice-dynamical calculations.
even at room temperature shows signs of splitting into tworhe soft mode related to the rhombohedral distortions in
components, presumabk,, and E, modes. The ratio of LaMnO; was unambiguously identified. We also showed
corresponding wave numbers 500/32B.52 is very close to that the broad Raman bands in the high-frequency phonon
the value of 1.48 expected from simple mass considerationsinge of the rhombohedral LaMg@re not proper modes of
[(wp ] oo~ (Meo/Mpy) ?=1.48]. the R3c structure, but are rather induced by the dynamic

The room-temperature reflectivity spectrum obtainedJahn-Teller effect.
from the polished surface of LaMn@eramics as well as the
spectral dependence of the conductivity and loss function as
calculated by Kramers-Kronig analysis are shown in Fig. 4.
Our experimental results are in good agreement with previ- M.V.A. acknowledges the financial support from the Al-
ously published data on the infrared spectra of undBbed exander von Humboldt FoundatigBonn, Germany This
and dopetP° rhombohedral LaMn@. Three main bands work was supported in part by Grant No. F530S 2247 of
with  TO/LO frequencies of 152/192, 315/441, andthe Bulgarian National Science Fund, the State of Texas
586/655 cm! dominate the spectra. As in the case of isos-through the Texas Center of Superconductivity at the Uni-
tructural LaAlO;, we assign these bands to the theeg-E,  versity of Houston, and by the NSF through the Material
pairs originating from the cubi€E,,(I') modes(see Table | Research Science and Engineering Center at the University
for comparison of the wave numbegrsThe rhombohedral of Houston.
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