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Electronic Raman scattering from Lag ;SrMnO 5 exhibiting giant magnetoresistance
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Raman scattering experiments on metallig k8ry ;MnO4 have been carried out using different excitation
wavelengths as a function of temperature from 15 K to 300 K. Our data suggest a Raman mode attributed to
electronic excitations centered at 2100 thwhose intensity decreases with increasing temperature. If the
Raman mode is attributed to single-particle excitation associated with the fluctuations of the mass tensor, the
decreased intensity would then imply a reduction in the density of states at the Fermi energy with increasing
temperature[ S0163-18206)07342-0

Recent observations of colossal magnetoresistance halecalize the conduction band electrons as polarons. As the
stimulated a renewed interest in the electronic properties ofemperature is lowered, the effective hopping matrix element
doped La_,A,MnO;_ s (A=Sr, Ba, Ca, Pb, and vacancies terr Characterizing the electron itineracy increases and the ra-

and other transition metal oxides having strong electrofio of JT self-trapping energi;r to tes decreases. The JT
correlations: The rich phase diagram of La,Sr,MnO distortion has to be dynamic because a static JT effect would
S 38 cause a substantial distortion of the structure and the material

shows a variety of phases like paramagnetic insulator, ferro\;vouI d be antiferromagnetic. Coast al® have argued from

magnetic metal, 'pa'ramagne'uc metal, §p|n-canteq msulatO{he experimental magnetoresistance data thal foff, the

and ferromagnetic insulator as a function of dopignd e, electrons are delocalized on an atomic scale but the spatial
temperature. For 8<x< 0.2, the materials are insulating at fjyctuations in the Coulomb and spin-dependent potentials
all temperatures and are antiferromagnetic or ferrimagnetigend to localize the, electrons in wave packets larger than
at low temperatures. In the range G<x< 0.5 the system the Mn-Mn distance. It has also been nétedhat doped
shows a temperature induced transitionTafx) from the  manganites are unusual metals, having resistivities greater
ferromagnetic metal alT<T. to a paramagnetic insulator. than the maximum Mott resistivity1—-10 m2 cm) and a
The end memberx( = 0) is a charge transfer antiferromag- very low density of states at the Fermi level.

netic insulator having gap corresponding to the charge trans- Optical conductivity measurements  on
fer excitation from oxygen @ to a manganesed3state. Out L0 .gp55r017dVIN0O3 as a function of temperature by Okimoto

of the (4—x) manganese electrons, three electrons occupy €t @l in the range 0-10 eV show a band-at1.5 eV and
the tightly boundd,, d,,, andd,, orbitals with very little spectral welght is transferred fro_m this band to low energies
hybridization with the oxygen g states and can be consid- With decreasing temperature. This band-al.5 eV has been
ered as a local spi§, of 3/2. The remainingl—x) electrons interpreted d_ue to the |_nterband transitions between the
occupy thee, state made of the,2_,2 andd, orbitals and exchange-split spin-polarizez bands. AtT<Te, the con-

s ' . ductivity spectrum is dominated by intraband transitions in
are strongly hybridized. There is a strong exchange mteract-hee band. A similar feature at 1 eV has been observed
tion J (Hund’s coupling between the 8 t,4 local spin and 9 '

. , . in Ndg7Srq3MnO3 which shifts to lower energies with de-
the 3d ey conduction electron. They level is further split creasing temperature which is argued to be consistent by

: 1 2

|rT1to ;gT anleeng ldue to the Jahn-TelletJT) effect. The  taking into account the dynamic JT effécThere is no re-
t5-€5 andeg -€;° separation is about 2 eV as calculated byported work on Raman scattering in these systems. Willis
Satpathyet al. using the local spin density approximation. has suggested that the transition betweenehtevels split

The estimate of the JT splég, band, namelye;' — €]’ = by the JT interaction can be Raman active. The electronic
4E,, is 2.4 eV. It can, however, range from 0.4 eV to 4 eV asRaman scattering can be observed from the single-particle
argued by Millis® and collective plasmon excitations. The crystal structure with

The metal-insulator transition in the intermediate dopingspace groupgR3c (ng) with two formulas in the unit cell
range is qualitatively understood using the Zener’'s “double-haSAlg and £, Raman-active modes. Our objective was to
exchange”(DEX) model, in which theey electron hopping  study vibrational and electronic Raman scattering in doped
from sitei to j must go with its spin parallel t8; to its spin  manganites as a function of temperature. In this paper
parallel to S.. Millis et al* have shown that DEX alone we report electronic Raman scattering from doped
cannot explain many aspects like the low transition temperata; _,Sr,MnO3 (x = 0.3) from 15 K to 300 K.
ture T, and the large resistivity of > T phase or the sudden Polycrystalline pellets of Lg;SrqsMnO5 prepared by
drop in resistivity belowT.. They have proposed that, in citrate-gel route and sintered at 1473 K with an average grain
addition to DEX, there is a strong electron phonon couplingsize of ~ 3.5 um were used® The samples on which de-
such that the slowly fluctuating local Jahn-Teller distortionstailed studies were done have a resistivity of 0.8 ©m at
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FIG. 1. Raman spectra recorded with different excitation wave- FIG. 2. Raman spectra at different temperatures using 488 nm
lengths 514.5 nm and 488 nm at 15 K. The solid lines show theexcitation wavelength. Note that the intensity of the mode decreases
fitted function[Im(— 1/€)] to the data shown by open circles. as temperature increases.

15 K and 3.5 nf) cm at 300 K. It shows a phase transition from these single-particle excitations is not observed and
from a ferromagnetic metal to a paramagnetic insulator a@nly a peak at the plasma frequency can be seen. However,
T.~ 380 K. The Raman measurements were carried out ifih @ system with anisotropic Fermi surface like in a multi-
the spectral range of 200—6000 ¢ at different tempera- Vvalley semiconductor, charge density fluctuations in various
tures from 15 K to 300 K. The spectra were recorded in theequivalent valleys can be out of phase and exactly cancel
back scattering geometry using Spex Ramalog with photo@thers. These excitations do not carry any net charge and
counting detectofphotomultiplier tube RCA C 31034 with hence are not screened by the carriers. These excitations pro-
GaAs cathodeusing 514.5 nm and 488 nm lines of an argonduce fluctuations of the mass tensor resulting in low-
ion laser(power density of~ 1500 W cmi 2 at the sample frequency Lorentzian-like line shape. The theory proposed
The spectra have not been corrected for the spectrometBl Ipatovaet al’® based on the collision-dominated elec-
response. Pellets of thickness2 mm were mounted on the tronic transport due to strong scattering of carriers by the
copper cold finger of the closed-cycle helium refrigeratorimpurities can explain the observed Raman scattering due to
(RMC model 22C CRYODYNEusing thermally cycled GE Mmass tensor fluctuations in-type Si;* n-type Ge;® and
(M/s. General Electricvarnish. The temperature of the cold high-temperature superconductdtsn this theory the Ra-
finger was measured using a platinum 100 sensor coupled fan scattering cross section is given by

a home made temperature controller. The temperatures

quoted are those of the cold finger and were measured to H(w)=[N(w,T)+1]——a, 1)
within a accuracy of~ 2 K. The experiments were done on (0°+1)
three differentl_y prepared pellets of p.a8rosMnO3 and the  \yhareT is the scattering rate and
results were similar to the ones reported here.

Figure 1 shows the recorded spectra at 15 K for the two et - [ PPery Per,\ . I
different excitation wavelengths, of 514.5 and 488 nm. B=_—aN(er) eL(M_ Kok |6l |- @

Figure 2 shows the spectra recorded at different temperatures

using the excitation wavelength of 488 nm. Thg spectrum  Hereg,,, is the energy of the electron in baadwith the

was featureless at room temperature and hence is not shown, antum#k and N(eg) the density of states at the
~ i1 . . PP o

A small hump at~ 1000 cm " in the spectrum recorded peormi jevel per unit volumed, (&) is the polarization of

using 514.5 nm radiation is perhaps due to the spectrometgy incident (scattereyl radiation. The bracket¢) denote
response. We have not been able to observe Raman scatt§lz Formi surface averagéf,) = S, fkd(er—exa)

Ing frqm the phonons. T_h|s may be due to the fact th_at thezkaﬁ(sp—ska). Equation(2) can also be rewritten in terms
deviations from'the cublc.structure are 'rather .anaﬂtlc of the effective mass tensor,
phonon modes in perovskite structure with cubic symmetry
of Of, are not Raman actiye et L R

Inelastic light scattering can occur from single-particle or B= FN(SF)<|EL(m71_<m71>)e5|2>' 3
collective excitationgplasmong of free carriers in metals
and heavily dopeddegeneraesemiconductors. The single- The term[n(w,T)+1] in Eq. (1) is the usual Bose-Einstein
particle excitations corresponding to the charge density flucpopulation factor. In Fermi liquid theory; is frequency de-
tuations in metals and semiconductors with a single sheetegendent and is taken to B w) = 'y + aw?. The param-
Fermi surface are screened at low frequencies in a selietera depends on the electron correlation effects and relates
consistent manner by the carriers themselVéé.Thus, in  to the enhancement of the effective mass of the carriers.
simple free-electron-like carrier systems, light scatteringEquation(1) exhibits a maximum atw~I'y and the peak
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where the dielectric functior(w) can be(in the simplest
Drude form e(w) = €,[1— w%/(w2+iwl“p)], €, IS the
high-frequency dielectric constant, is the plasma fre-
quency, and’, is the relaxation rate. The solid curves in Fig.
1 correspond to the best fit by E@) with parameterso, =
2100 cm * and relaxation raté’, = 2600 cmi ! (for spectra
recorded using 514.5 nm radiatiprnd w, = 2300 cmt,
1“8 = 2600 cm ! (for spectra recorded using 488 hrivsing
oy = 4mnye’/(e.m*m,) wheren, is the number density of
carriers of effective mass*m, (m, is the mass of an elec-
tron), e.. = 4.9 (samé® as that of LaMnQ), n,/m* ~ 2.4x
10%° cm™ 2. The number density calculated from the doping
of 0.3 carriers per unit cell of cell volui&4 A3 is ny=5
— ; i X 10%t cm™~3. Taking the effective mass of the carriers to be
0 2000 4000 6000 m* = 1, it is seen thah, = 0.05y, i.e., the actual number
Raman Shift (cm™) of carriers is less than (1x) per manganese site. This can
be related to the model of Coet al® wherein thee, elec-
trons though delocalized on atomic scale are in magnetically
localized wave packets spread over the Mn-Mn separation. If
the localization energy of some carriers is less tthas),,
they will not participate in the collective plasmon excitation.
. The localization of the carriers need not be as magnetic po-
(1) for dlfierent values ofsthe §t1rength parame®r I'o= " |3rons but may involve lattice polarons as envisaged by
2100 cm °, anda=1X10"°cm . The value ofa is close  jjjis. 34 The reduced number of carriers is consistent with
to the value uséd to explain electronic Raman scattering in the Hall measurements of Hundley as referred by Roder
filling-controlled metals Sy_,La,TiO3. It can be seen that et 511° The observed low density of states at Fermi enérgy
the plots in Fig. 3 are very similar to our observed Ramarg|so corroborates the less number of carriers deduced from
line shapes in Figs. 1 and 2. We have not fitted the datg, . perhapsn* can be greater than 1 which will reduce the

quantitatively to Eq(1) because the signal-to-noise ratio of gjifference between the, andng. The dc resistivity in the
the data is not so high and the data is not corrected for thgee electron model i® = m/npezr, where 7 is the relax-

spectrometer response over the entire spectral range. The okion time of the carriers. Putting X = T, p can be ex-

tseerrnved decrease of Raman peak intensity with increasingressed in terms Qf’s andT', asp = 477Fp/(eocw§). Tak-
perature implies thd& and henceN(eg) decrease as the ;- "~ 2600 cm ! andw. = 2100 et we getp = 7.2

temperature is raised. The decrease of density of states at t cm. which is remarkgbly close to th'e measured vlalues

F_ermi e”e_f%y With. increasing has been seen in photoemis_— The p(T) and hencd’ increases with temperature and can
sion studies and is argued to be related to the change iy, efore result in substantial reduction of Raman intensities,

?:Iecrronbc_orrelatlgn strengllhh/ mehe;]e"(j llas tr:je e_f;ehctlxe as seen in our experiments. The observed Raman frequency
oulomb Interaction strength aml is thed-band width. As 5 1,0k smaller than the estimate&gand hence is not

T mcreqsesU/W Increases dug to the combined eff_ect OfIikely to be associated with the transition between the JT-
decreasingWV as well as effective increase &f resulting split e, bands

from the decreasing degree of ferromagnetic order. The in-" "o ciusion, we have observed Raman scattering from
crease inJ/W results in a transfer of single-particle spectral g o ctronic excitations in the low-temperature metallic phase

weight from the coherent features ness to the incoherent Lag ;Sro MnO5. Further polarized Raman experiments on

part at higher energies. these materials especially on single crystals can provide

Another likely candidate for the observed Raman mod&yqre clues as to the exact nature and symmetry of these
can be a collective electronic excitation, namely, the plasgyitations.

mon. At this stage without the data on the polarization selec-
tion rules on single-crystal samples, it is not possible to de- _ _
cide if the observed mode is associated with the single- We thank Professor T.V. Ramakrishnan, R. Mahendiran,

particle excitation mentioned above or the plasmon. RamaRrofessor A.K. Raychaudhuri, and Professor B.S. Shastry for

Intensity (Arb. units)

FIG. 3. Theoretical curves generated using #¢.for different
values of the scattering strenggh

intensity is proportional tdB. Figure 3 shows a plot of Eq.

scattering from the plasmon can be expressedy useful discussions. A.K.S. thanks Department of Science and
Technology, India and R.G. thanks CSIR for the financial
l(w)=[N(w,T)+1]Im[ - le(w)], (4)  assistance.
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