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La;_ AyMn,;_,B,0; (A=Ba,Sr; B=Cu,Zn,Sc; 0<y=0.3; 0=x=<0.1) manganites
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We have measured the infrared reflectivity spectra of _LgSr(Ba)],Mn;_,[Cu(Zn,Sc),0; (0<y
<0.3, 0=x=0.10) manganites, in a wide frequency (100—4000 tyand temperaturé80 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 acfyea(®l E,)
modes of rhombohedral symmetry are clearly observed. We assigned all observed modes according to existing
lattice dynamical calculations for the rhombohedral structure of LaMmOdecrease of the rhombohedral
distortion below the paramagnetic-ferromagnetic transition is manifested through a lowering or complete
removal of the frequency difference between #fheandE, modes.
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[. INTRODUCTION Mn—O—Mn angles tend to be 180“.This can be obtained,
for example, by changing the average dimension of the atom
During the last decad®; _,A,MnO; pseudocubic man- at the A and/orB site. Regarding th@& cationic sublattice,
ganites R is a rare-earth metal, La, Pr, Nd, D¥ is an  attention has been paid to th#site substitutions on the
alkaline-earth metal, Sr, Ca, Ba, Phave attracted much charge-ordered ground statiee., 50% Mri™),*® but there
attention because of their intriguing physical properties thatire few results concerning Mn substitution having the opti-
make these systems promising for applications as magnetimum content of MA™ (ca. 30%.
sensors. The phase diagram of these compounds is complex, Substitution of atoms in specific sites in the lattice affects
and many variables such as pressumpplied magnetic the vibrational properties of the host material through the
field,2® temperaturé;* and A-site average ionic raditisle- mass, the bonding strength, and the bonding configuration
termine a wide range of ground states in the system. Thehanges. Thus, vibrational spectroscqi®aman and infra-
most interesting property of these systems is the colossakd is a very effective tool for studying the role @& and
magnetoresistance, which occurs near the Curie temperatuBesite substitution in manganites. Moreover, infrared spec-
Tc, when the system undergoes a transition from the pararoscopy is particularly useful for systems where lattice and
magnetic(PM) to the ferromagneti¢FM) state. Ferromag- electrons are strongly couplédlectron-phonon interaction
netism in these systems has been usually explained in ternktaving this in mind we have measured the reflectivity spec-
of the “double exchange(DE) model proposed by Zenr. tra of polycrystalline La ,[Sr(Ba)l,Mn;_,B,0; (B
In the framework of the DE model, the, antibonding elec- =Cu,Zn,Sc) samples. The valuesyaindx doping, together
trons can hop between neighboring Mn ions with differentwith the Curie temperatureT¢) of all investigated samples
valence when their core spins are ferromagnetically coupledare given in Table I. The values @ of these compounds
but the spin disorder prevents such hopping processes abogppear clearly related to the mean size of catiorB sites.
Tc . Further studies on these materials have shown that othén fact, in the case of large Mn substitutional defects, El-
mechanisms influence the phase transitions, among them ti¥adli et al!? have found that the decreaseTia associated
electron-phonon interaction arising from the Jahn-Telld)  with the increase ix is mainly determined by the local ef-
distortions’ the orbital polarizatiofi, the electron-electron fect of the structural disorder introduced by large substitu-
correlations, and the coupling between spin and orbitational cations, and it is poorly modulated by the magnetic
structure’ nature of the substitutional metals (Cuversus ZA* and
Studies ofR; _,A,MnO; with x close to 0.30 have shown Sc*) or by the different stoichiometries of the samples
the existence of a correlation betwe€gp and the tolerance (SE* versus Cé@" and Zrf™). This fact has been inter-
factort (t=da_o//2dg_o, Wheredy_o anddg_g are the  preted by considering the variation of the electronic contri-
A-O andB-0O bond lengths of the perovskite structure bution to T with the structural disorder introduced by the
ABO3, or the mean size of catioffs,) at theA site10-12|¢ presence of cations with different sizesBasites. For more
is found that the lattice distortion is large in the PM phasedetails, see Ref. 12.
(aboveTc), but it decreases significantly in the FM phase. TheB-free end member of the series, 81, sMNnO3, has
This means that the Mn{octahedra are highly distorted for been extensively studied with a great variety of techniques;
T>Tc but the magnitude of this distortion decreasesTas regarding the spectroscopic spectra, see, for example, optical
approachesTc. The idea is that a PM-FM transition can conductivity measurements®® and Raman scatterig-2°
occur more easily if the octahedra are undistorted and thelowever, reflectivity spectra of La,A,Mn,; ,B,03, to the
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TABLE I. Chemical analysis and the Curie temperatufgs(K) for samples with the nominal composi-
tion La;, - A Mn; _,B,0; ;. Estimated errors in the La:Mn ratios are 0.01; the estimated error i (@h)
is +1% (Ref. 12.

X 0.00 0.02 0.04 0.06 0.08 0.10
A=Sr,B=Cu

y 0.30 0.274 0.248 0.222 0.196 0.170

Mn** (%) 31 32 32 32 35 32

1) 0.005 0.010 0.010 0.010 0.023 0.010

Te 372 358 331 308 274 236
A=SrB=27n

y 0.274 0.248 0.222 0.196 0.170

Mn** (%) 30 31 33 32 33

o 0 0.005 0.014 0.010 0.014

Te 350 326 284 233 179
A=Ba;B=Cu

y 0.30 0.274 0.248 0.222 0.196 0.170

Mn** (%) 31 31 31 33 30 32

o 0.005 0.005 0.005 0.014 0 0.010

T, 330 318 296 260 221 183
A=BaB=Sc

y 0.294 0.288 0.282 0.276 0.270

Mn** (%) 31 30 31 31 32

13 0.005 0 0.005 0.005 0.010

Te 296 258 216 184 168

best of our knowledge, have not been published yet. solution freeze-drying method. This soft procedure makes

In this paper we present the infrared reflectivity spectra opossible strict stoichiometric control, and the synthetic vari-
four series samples of La,SrMn,_,B,O; (with B  ables allow one to maintain a constant proportion of*Mn
=Cu,Zn), and La_,BaMn; _,B,0; (with B=Cu,Sc). The (ca. 30% in the 22 compounds prepared. In this way, the
concentration oB ions wasx=0.00, 0.02, 0.04, 0.06, 0.08, concentration of cationic vacanciesAandB sites is prac-
and 0.10, giving a total of 22 samples investigated. Becausgcally negligible in all cases. X-ray powder diffraction pat-
the optimum dopingthe minimum vacancies at th® and  terns corresponding to the 22 compounds have been com-
the B sites, the strongest colossal magnetoresistance effect pletely indexed and refined with rhombohedral perovskite
realized for concentration of MA ions of about 30%, we — .

symmetry and thé&k3c space group. Details on the prepara-

; 4+ 4+ 347y
kept this value([Mn™"J/([Mn®" ]+ [Mn™"])~0.30+0.02 tion of the studied samples, together with x-ray diffraction

through the whole series by varying the Sr or Ba concentra- d o h b blished
tion y. We assigned all observed infrared active modes ac2"d Magnetization measurements, have been publishe

2 . . .
cording to the lattice dynamical calculation for rhombohedral?lse""heré- Disk-shaped pellets were optically polished us-

symmetry of LaMnQ. We found that the strongegsmall- N9 diamond paste. The size of the diamond grains was less

esh rhombohedral distortion, from spectroscopic reasons, exthan 0.5um. _
ists in the case of the @Sk MnyeZNyOs Reflectivity spectra were measured with a BOMEM DA-8

(Lag 78801 MnNg 656, 103) sample. By lowering temperature Spectrometer. A deuterated triglycine sulfaBTGS) pyro-
we found in the Lgg-St, ;Mng oZny 105 sample that1) the electric detector was used to cover the wave-number region
lowest-frequency A, (wro=144 cmt) and Eﬁ (w10 from 80 to 600 cm®; a liquid-nitrogen-cooled Hg-Cd-Te
—166 cni'l) modes merge into one mode at temperaturesletector was used from 500 to 5000 ¢ Spectra were
below the Curie temperature of 179 K2) the oscillator collected with 2 cm? resolution, with 1000 interferograms
strength of the second oscillator of tAé symmetry rapidly ~added for each spectrum. For low-temperature measurements
increases by lowering the temperatur@®) the highest- a Janis Super TrafST-10Q continuous flow cryostat was
frequency mode pair softens remarkably at the phase transitsed. As reference mirror we used an evaporated Au film.
tion. These findings are a clear indication that the structure
distortion is strongly reduced when these oxides undergo a
phase transition from the paramagnetic into the ferromag-
netic state. Figure 1 shows the room temperature reflectivity spectra
of La; _,[Sr(Ba)lyMn,; _,B,O; (B=Cu,Zn,Sc) polycrystal-
line samples in the spectral range from 80 to 4000 tm
Single-phase La [ Sr(Ba)l,Mn; _,B,O; (B The common features presented in the four panels of Fig. 1
=Cu,Zn,Sc) samples have been prepared via the acetic acige three strong phonon bands, a wide structure centered at

III. RESULTS AND DISCUSSION

II. EXPERIMENT
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FIG. 1. Room temperature reflectivity spectra of 0.2]
La, [ Sr(Ba)l,Mn;_,[ Cu(Zn,Sc),O; polycrystalline samples in 0.0

A1
the 80-4000 cm' spectral range. 100 200 300 400 500 600 700 800 900

-1
about 2000 cm?, and a free carrier contribution to the re- Wavenumber (cm™)

flectivity spectra. In Lg/SrpaMnO; [Fig. 1@] and FIG. 2. Room temperature reflectivity spectra of

Lay Bay .MnO; [Fig. _1(c)] the reststrahlen oscillato_rs are La, [Sr(Ba)],Mnoed CU(Zn,Sc)o1d0s  samples in  the
masked by a Drude-like background that can be attributed t@00—-900 cm?® spectral range. Experimental data are represented

the mobile holes introduced by Sr or Ba doping. By compari-by circles; solid lines are calculated spectra(a)
son of the Lg 7St 3MnO; reflectivity spectrdFig. 1(a)] with Lag g5l 1MNg ol 105, (0)  LaggsSlp1Mng eeZng 1 s, ()
the corresponding single crystal dStat frequencies below LaygBag1Mng el 1073, and(d) Lag ;889 ,MnNg 905G 13-

20 meV (where influence of deterioration of the sample sur-

face by polishing on the reflectivity spectra was not ob-tjyely. The third term in Eq(1) describes the midinfrared
served, we found that our spectra are less reflective for onlyy|R) contribution to the dielectric constant due to the po-
3%. This means that the scattering losses at the polishagon absorption in these systems. The best fit parameters are
surface of our samples were reasonably small. listed in Table II. As can be seen from Fig. 2, the agreement

WhenB ions are introduced in the Mn sites of the system,petween observeopen circles and calculated reflectivity
the Drude tail gradually decreases by increasingnd the  gpecira(solid lines is very good.

phonon peaks become fully pronounced for the highest con-' according to Fig. 2 and Table II, six infrared active
centration ofB-ion dopants. Figure 2 shows the reflectivity jodes with TO-mode frequencies around 144, 166, 266,
spectra of four samples with the highest doping level ( 340, 370, and 590 cit are observed. We assigned these

=0.1). In that case, the influence of free carriers on thenodes with the help of the lattice-dynamical calculation for
phonon dynamic is strongly reduced, allowing a more deyhompohedral LaMn@?:

tailed analysis of the phonon spectra. Due to the insulating | the ideal cubic perovskitd BO, there are 3 ir active
behavior of these samples, the damage of the sample surfagg,qes of theF,, symmetry at thd” point of the Brillouin
by polishing has negligible influence on the reflectivity spec-,5n020 The lowest-frequenc§ ,, mode(the external mode
tra; see Ref. 16. These spectra were analyzed both by @responds to the vibration of theions against thdOy
Kramers-Kronig analysié(KKA ) and by the numerical fitting octahedra, the bending modintermediate-frequency,
of reflectivity data. The values of transverse opti€aD) mode corresponds to a modulation of thenMO—MnangI;,,
frequencies, obtained from KKA as frequency position of thevvhereas the highest-frequendy,, mode originates from
optical conductivity maxima, are introduced as starting Pa\in—O bond stretching vibrationus of the Mp@ctahedra.
rameter in a “classical-oscillator model,” defined via the ex- o |, samples exhibit rhombohedral crystal structdrspace

pression group D$4(R3c), Z=2. In this case eight modes A3
5 2 02 +5E,) are expected to be observed in the infrared spectra.
e(w)=€,+ E 5 ! _ — i As it is discussed in Ref. 21, theA3 and three out of fivé,,
=1 wTO,j_wz_lw')’TO,j w(w+iyp) modes arise from the removal of degeneracy of the triply
5 degeneraté&;,, modes of the ideal cubic perovskite structure.
Svir (1) Since the rhombohedral distortion is weak, the frequency
i r— 02— ioymRr splitting between the correspondidg andE,, modes is ex-
~ pected to be small. Because of that thg modes have not
wherewro, and yro, are the TO mode frequency and line- peen resolved from th&, ones in a previously published
width of the jth oscillator,S; is the oscillator strength, and infrared reflectivity spectra of rhombohedral LaMn&
Q, and y, are the plasma frequency and damping, respec- In Fig. 2 we observe two mode doublets with TO frequen-

+
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TABLE II. Optical parametergin cm™ 1) used to fit the reflec- (Eﬁ—Aﬁ':l Cm—l)_ Because of that né\,-E, splitting is

gvlﬁéSF;?C_tra_%f2L7§f—yAKMEO-9B§-iOS3' y=017forA=SrBa and  ,pserved in the infrared spect(&ig. 2) for these bond
=Cu,Zn;y=0.27 forA=Ba, B=Sc. stretching modes.

Figure 3 depicts the ionic displacement patterns of all

AB Srcu Sr-zn Ba-Cu BaSC  infrared (3A,+5E,) active modes obtained by a shell model

€ 6.1 6.73 7.68 7.54 calculations’* According to Fig. 3, the lowest-frequency

Q, 3956 1087 1293 phonon modes ofA, (w$3°=162 cm?) and E, (w$3°

Yo 5920 1377 842 =180 cm 1) symmetry originate from the La ions vibration

S, 301 208 221 440 against the Mn@ octahedra along the andy(x) axis, re-

" 20 28 20 29 spectively. These modes are very sensitive to the rhombohe-

w, 144 144 150 155 dral distortion. In the case of La,SrMn, ,B,O; (B

S, 300 223 342 =Cu,zn), Figs. 2a) and 2b), the Al and E! modes are

Y2 15 23 21 clearly resolved at 144 and 166 ¢t (Table Il). In the

w, 166 166 166 La; - Ba,Mn, _,B,03 (B=Cu,Sc) samples it was difficult to

S, 512 resolveAl from E. for B=Cu [Fig. 2c)], and completely

s 109 impossible in the case d@=Sc[Fig. 2(d)]. Since the fre-

w3 266 quency separation for a given pair &f-E, modes is a mea-

S, 489 201 446 825 sure of the deviation of the structure from the idéaibic)

Y4 30 35 60 52 one, we concluded that Ba produces less distortion than Sr. It

w4 340 341 335 346 can be expected because the Ba atoms are very close in size

S 812 556 506 and weight to the La atoms.

e 50 55 67 The next doublet ofA2 and E2 modes represents bond

g 365 374 3635 bending lO—I\éln—O vibrlations.I The calr(]:ulated frequenlciesi at
310 cm * and 357 cm~ are close to the experimental val-

iz 74‘:31 55700 1%4 221 ues of 340 cm?! and 370 cm?, respectively. These modes

g 584 503 578 581 should by sensi_tive to t_he PM-FM phase transition also, be-
cause the DE interaction modulates the -Mi+Mn angle

Suir 7600 2275 5487 .

r 4324 1729 4025 and congequently can induce some phongn frequengy and

wm:z 3103 Sg7E 2016 broadening change. As we already mentioned AtieE>

mode doublet appears as one degenerate mode in the infrared
spectra, which is in agreement with lattice dynamical
calculation?! The Eﬁ mode in the rhombohedral phase rep-
cies at about 144/166 and 340/375 cand a single mode  resents the torsional oxygen vibrations of the oxygen octahe-
at about 590 cm!. The doublets can be assigned as thedra[wg"(ﬂ)'c(Eﬁ):mo cm *; Fig. 3]. The fact that this mode
A,-E, mode pairs. The frequencies of thAg and the corre- s inactive in the parent cubic structure and since the distor-
sponding E, modes differ aboutEl®—Al®=22 cm*  tion of rhombohedral materials is small, the corresponding
(29 cm %), which is in good agreement with the theoretical band in the ir spectra of rhombohedral perovskites should be
predictions of 18 cm' (47 cm %).2! In the case of the relatively weak. Actually, we clearly observe one additional
590 cmi ! mode, the lattice dynamical calculation predicts mode at about 266 cnt [Fig. 2(c), Table 11, only in the
almost the same frequency for ti#g, and theE, modes case of the B Cuy 1 Sample. TheEﬁ mode(Fig. 3), which

O
TOILO =310/465 FIG. 3. lonic displacement
patterns of theéd, and thek,, sym-
metry infrared active modes in
rhombohedral LaMn@ TO/LO
mode frequenciegin cm ) are
taken from Ref. 21.

TO/LO =180/213
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FIG. 4. Reflectivity spectra of Lia ,AyMng odBo 0403 samples at FIG. 5. Reflectivity spectra of ISk 1MngeZNo1d0s
room temperature(@ A-B=Sr-Cu,y=0.248; (b) A-B=Sr-Zn,y  samples at different temperatures. Experimental data are repre-

=0.248; (c) A-B=Ba-Cu, y=0.248; (d) A-B=Ba-Sc,y=0.288.  gsented by circles; solid lines are calculated spectra.
(e) Reflectivity spectra of LggsSry.1Mng oZNg 103 samplesT de-

notes the Curie temperature. lowering the temperaturesee Table Ill. The frequency ver-

sus temperature dependencies for some of the observed in-
involves predominantly the motions of Mn ions, is not reg-frared active modes are depicted in Figé)6and Gc).
istered in our spectra. The calculated frequency of this mode By lowering the temperature the lowest-frequency doublet
w%m: 317 cm ) is inside the frequency range of the seems to merge into one mode. The splitting of second dou-
AZ-E2 mode pair. Because of that one can expect an overlaplet is not removed at the lowest temperature of 80 K applied
of this mode with the middle-frequency bond bendingin our experiment, but we found that the intensity of the
modes. 350 cm ! oscillator (Aﬁ mode rapidly increases by lower-
Figures 4a)—4(d) shows room temperature infrared re- ing the temperature. At 80 K this oscillator becomes stronger
flectivity spectra of the 49B-dopant concentration samples. in intensity than the 370 cit one (Eﬁ). By further tem-
These samples have a Curie temperatsee Table)lsome-  perature decrease t#¢ oscillator should totally overwhelm
what above or close to room temperature. Samf#¢sand  the E2 symmetry oscillator, and in a such way to remove the
(b) in Fig. 4 are already in the metallic phase at room tem-
perature, and consequently the free carriers mask the phonon

5
structure in the infrared reflectivity spectra. Because of that it E 184 ;
was hardly possible to extract phonon frequencies of these 8 10: 1
samples. By lowering the temperature these samples become E 181 ]
better metals only. Sampldgs) and (d) in Fig. 4 show no < 100:(
splitting of modes even in the paramagnetic phase. This leads 170
us to the conclusion that rhombohedral distortion is strongly 165 |
suppressed in loB-dopant concentration samples. By low- = ]gg 3
ering of temperature these samples become mé¢telow § 150}
Tc) and free carriers again screen phonon structure. The - ]28 H(b) Al
Sty 17ZNg 1 Samplespectrum(d) in Fig. 4] undergoes the PM % 594 7 D d : P
(insulaton to FM (insulaton transition afTc=179 K, allow- 3 s91f N
ing us a more detailed analysis of the infrared reflectivity &’ sgs L .//. v
spectra in this sample in both the PM and the FM phases. As /
can be seen by comparison of tta&—(d) with the (e) reflec- 585 (c) ®
tivity spectra(Fig. 4), the rhombohedral distortion creates a s 10F ' ' ' ' '
splitting of external and bond bending modes and hardening ‘I'E gg ]
of the bond-stretching mode in the PM phase of thg «Zn =~ o04f N
sample. The x-ray diffraction study of the same samples ;'E 02f V'S
shows explicitly that rhombohedral distortion increases con- 0O0Hd) ,  , . . T
tinuously by an increase di-site concentratioifsee Ref. 12 0 50 100 150 200 250 300

for supporting materiajs Namely, theO—-B-0O angle de-
creases from 166.5°xE0) to 163.6° forx=10% of Zn.

_ Inorder to check if rhombohedral distortion is suppressed i, 6. (a) The specific electric resistivity vs temperature depen-
in the FM phase we measured the infrared reflectivity spectrgence of the LggSty 1 MNg.eZNo 105 sample. The frequency vs

of the L& g3Sl.1Mng oZNo 105 sample at different tempera- temperature dependence of tf® AL-EL and the(c) A3-E3 mode
tures(Fig. 5. This sample has an insulatorlike electrical re-pairs.(d) Reduced magnetizatigiM (H,T)/M(H,0), H= 10 kO¢|
sistivity versus temperature dependefiEgy. 6(a)]. Conse-  vs temperature for the same sample. Points represent the normalized
quently, the plasma frequency for this sample decreases hyscillator strength of thé? mode.

Temperature (K)
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TABLE lIl. Optical parametergin cm 1) used to fit the reflec-
tivity spectra of Lg g3Sr.1Mng oZNg 105 at different temperatures.

PHYSICAL REVIEW B 68, 064302 (2003

The A3-E2 mode doublet of the LSt 1Mng.oZNg 105
sample softens by lowering the temperature, spatially close
to the phase transition, Fig(@. The damping of phonons

TemperaturdK) decreases by lowering the temperat(Fable Il1), indicating

300 250 200 150 80 that the lattice instability is lifted in the FM phase also. Thus,
€. 6.73 7.92 8.5 8.9 8.89 phonons contribute substantially to the phase transition. All
Q, 1087 957 817 699 568 these findings are a strong indication that the rhombohedral
Yo 1377 384 355 355 208 distortion is drastically reduced when the system undergoes
S, 208 288 486 746 896 the phase transition from the paramagnetic into the ferro-
i 28 20 13 10 19 magnetic state.
w, 144 149 152 156 156 In conclusion, we have measured reflectivity spectra of
S, 223 257 430 La; [ Sr(Ba)],Mn, _,[Cu(Zn,Sc)O; samples in the
Y2 23 12 12 80—-4000 cm* range. We observed and assigned six of eight
o 166 163 160 infrared active modes, predicted by factor-group analysis for
S, 956 856 1654 rhombohedral symmetry of LaMnO The rhombohedral
Y3 198 203 238 distortion-induced phonon doublet structure is clearly re-
w3 315 274 284 solved for the lowesttexternal and the middle¢bond bend-
S, 201 352 412 512 875 ing) frequency bands, whereas for the highest-frequency
Ya 35 41 35 42 35 (bond stretching band, only one mode is observed. These
wy 341 331 332 336 333 findings are fully in agreement with the lattice dynamical
S5 556 588 409 490 506 calculation of Abrasheet al.?! By lowering the temperature,
¥s 55 61 32 45 33 the rhombohedral distortion in the &S 1/MngoZng 103
s 374 372 365 374 370 sample is drastically reduced when the system undergoes the
Ss 570 726 675 728 833 phase transition from the paramagnetic into the ferromag-
Y6 50 47 45 55 36 netic phase. Consequently, tlﬂ‘né-EllJ mode pair merges into
wg 593 591 590 588 584 one mode, whereas the bond stretching doublet at about
Suir 2275 4230 3985 7368 9889 600 cm ! softens for more than 10 cm.
Tvir 1729 4123 3200 3325 2915
WMIR 2875 2896 2256 2245 2148
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