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The close interplay among charge, spin, 
and lattice degrees of freedom in the co- 
lossal magnetoresistive (CMR) manganite 
oxides is believed to play an important 
role in the transport mechanism in these 
itinerant ferromagnets'". While the work 
on CMR materials has concentrated on 
the 3D perovskite manganites, the dis- 
covery of the layered compounds 
La?-2xSrl+hMn207 as another class of CMR 
oxides provides a rich opportunity to ex- 
plore the relationship between structure 
and transport properties on varying length 
and time scales in reduced dimensions. 
The crystal structure of the layered CMR 
compounds La2-2xSr,+2xMn207 is comprised 
of perovskite bilayers of corner-linked 
Mno, octahedra forming infiite sheets. 
Doping of divalent cations such as S? 
gives rise to a mixed valent system were 
Jahn-Teller (JT) active Mnh and JT- 
inactive MI-I~ co-exist on the latticeIJ. 
Among the current theoretical models of 
transport in the three-dimensional 
perovskite materials is the role of JT. 
This transport mechanism plays a funda- 
mental role above the Curie temperature 
(TC).6*7 Indeed, localized lattice distor- 
tions have been observed experimentally 
above T in the (La,Ca)MnO, perovskite 

In this communication, we report 
resonant Raman spectroscopic measure- 
ments on a microcrystalline sample of 
La,,$, ,,Mn207 (x=0.36). Our measure- 
ments suggest discrete phonon modes for 
the Mnk and Mnb lattice sites, which may 
arise from either dynamic or static local- 
ization and the presence of Mn2+ defects in 
the lattice. 

system. 8' 

Crystals of La,,2,Sr,,2Mn207 were 
melt-grown in flowing 100% 0, (balance 
Ar) in a floating zone optical image fur- 
nace (NEC SC-M15HD). From ICP 
measurements, the composition of the 
crystals was determined to be consistent 
with a doping of x=0.36(1). For this 
material, a paramagnetic insulator (PI) to 
ferromagnetic metal (FM) transition at 
133 K is observed (figure 1). 
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Fig. 1 Magnetization and resistivity of La,,Sr,,2Mn207 
as a function of temperature. The crystal structure is shown 
in the inset. 

Temperature dependent Raman 
measurements (488 and 514 nm, 10- 
2OmW) between 300K and 10K were 
conducted on isotropic samples obtained 
from a single crystal boule. The samples 
were cooled in a quartz capillary tube on 
an APD closed cycle He cryostat to +5K. 
The temperature dependent evolution of 
the phonon bands corrected for lumines- 
cence is shown in figure 2 (A = 514 nm). 
The temperature dependent background 
will be discussed below. 

In figure 2, four distinct sets of 
phonon bands can be distinguished 1) a 
low frequency band below 300 cm-'; 2) 
v, and v, between 300 and 580 ern-'; 3) 
v and v, between 600 and 860 cm-'; and 
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4) vg, vg and v7 between 900 and 1300 
cm-1.9 Although polarized data is not 
available, a tentative assignment of the 
observed Raman bands between 200 and 
lo00 cm-' can be made based on symme- 
try considerations and the Mn-0 bond 
 length^.^ Correlation of the assigned 
modes to observations in the temperature 
dependent neutron diffraction data and to 
the extensive high Tc superconductor lit- 
erature is necessary to validate the mode 
assignments.'O~' I 

Frequency (em") 

Fig. 2:. Temperature dependent (300-1OK) Raman 
spectra (514nm, 10-20 mW) after background 
subtraction. The least square fit to seven gaussians are 
shown for the 10 K spectrum, as well as their sum. 
"Raw spectra" and background fits at 75 K (dashed line) 
and 130 K (solid line) are shown in the inset. 

For the centrosymmetric, tetrago- 
nal La] .28Sr].72Mn207 (I4/mmm - @h17, 
252 - see inset of Fig. l), the phonon 
modes are determined based upon the site 
symmetry of the atoms in the tetragonal 

. In this particular case, there are 
36 degrees of freedom resulting in the 
following normal modes (44): 
r = 4AIE + lBIE + 5Eg + 6A2u + lB," + 7 E". 

Of these modes only 10 are 
Raman active optical phonon modes (Alg, 
BIE, and E ), A2, and EU are infrared ac- 
tive, and bZu is a silent mode'2~4. Al- 
though, the observed Raman active pho- 
non bands arise from motion of the atoms 
in the unit cell, assignments of the sym- 
metric modes can be made based upon 
motion of the 0 and Mn using the site 
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symmetry of the atoms in a simplified 
phonon mode1~~~*~4. A full analysis of the 
phonon mode model is reserved for a 
later manuscript, but can be found for 
similar structures in the superconductor 
literaturelo--". One AIg phonon mode is 
mainly associated with a symmetric 
stretch of the O(2) (C4" site) along the c- 
axis in the tetragonal cell. The other AI, 
mode is mainly associated with the Mn 
and O(3) (C2" site) in the ab-plane, givinf 
rise to a pseudo breathing type mode' . 
Vibrations arising from Mn-O( 1) bonds 
are infra-red active, i.e. u modes which 
are strictly forbidden in the A3Mn,07 
structure, and therefore it is reasonable to 
assume will not have significant intensity 
in the (La,Sr),Mn,O, structure. 

Reported phonon observations in 
high Tc superconductors indicate the A,€ 
modes dominate the observed Raman 
spectrum, while the E, modes are rarely 
observed. Based upon an assumption of 
A modes, we can tentatively assign 
(hl%-0(2)) as the lowest frequency mode 
(v, , v2), considering the apical Mn-0(2) 
bond is longer than the equatorial Mn- 
O(3) bond. The Mn-0(3) mode can then 
be assigned as (v,,v4) ":These assign- 
ments are supported by neutron data 
results showing shorter Mn-O(3) bond 
distances. A surprising result is the pho- 
non spectrum is the observation of two 
sets of phonon bands (v,, v,and v,, v4). 
This may arise from discrete Mn sites in 
the lattice, which are not observed by 
neutron diffraction4. The assertion of dis- 
crete Mn3+/Mn4e sites is supported by lo- 
cal structure probes such as pair distribu- 
tion function (PDF) analysis of diffrac- 
tion data that suggests a distribution of 
Mn-0 bond lengths due to dynamic JT 
effects'. The frequency for the Mn3'-0 
stretch should be at lower frequency than 
the Mn& due to the larger d-orbital exten- 
sion of the Mn& ion. Comparison of as- 
signments of Raman scattering for high 
Tc superconductors, we tentatively assign 
v, (371 cm-') as the Mn3+-0(2) mode, v, 
(682 ern-') as the Mn"-O(3) mode, V, 
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(470 cm-l) as the Mn&-0(2) and v4 (803 

Further support for the above 
phonon assignment is available by com- 
paring the temperature dependence fre- 
quency shifts of the phonon modes to 
lattice changes in the temperature depend- 
ent neutron diffraction data. Above and 
below T,, the evolution of the frequency 
for the phonon bands (v,-v4) follows 
classical behavior (figure 3). Very close 
to T,, the temperature dependence ap- 
pears to follow a power law.16 The 
change in frequency of the v, and v, 
bands at Tc is not accompanied by the 
emergence of new Raman modes and 
suggests an isostructural phase transition. 
The Raman data shows a softening of the 
apical bands and a hardening of the 
equatorial bands consistent with an ex- 
pansion of the Mn-O(2) bonds and a 
contraction of the Mn-0(3) bonds as ob- 
served in the neutron experiments! 

Accompanying the changes in 
frequency at Tc there are noticeable 
changes in the linewidths of the observed 
Raman modes. Changes in the Raman 
linewidth with temperature can arise from 
temperature effects as well as dynamic 
mobile distortions associated with the 
hopping of an eg electron (polarons); E- 
active Mn-O bonds that oscillate among 
several structural minima, will result in an 
increase in the corresponding bands' 
linewidth. Above and below T,, the 
changes in linewidth show a classical 
thermal dependence; however, close to Tc 
the linewidth of the equatorial JT-active 
Mn"-O shows a rapid increase on cooling 
to Tc, followed by a decrease below Tc, 
suggesting a dynamic variation of the 
Mn3+-0(3) site. These Raman measure- 
ments indicate that the lattice effects oc- 
curring at Tc are due to bond length 
changes in the coordination sphere of the 
JT-active Mn", in agreement with the 
strength of the electron-phonon coupling 
for Mn". 

cm-') as ~~&-0(3)10.11,15. 
The high frequency bands, v,, v,, 

and v, exhibit a very different temperature 
dependent behavior than modes v , -v,. 
The change in the frequency for v,, and v, 
are inversely correlated and suggests 
these modes are coupled and degenerate. 

A prominent feature in the Raman 
spectra is a broad background that has 
two separate contributions (fig. 2): a 
quasi-elastic, low-frequency (<200 cm-l) 
contribution and a broad (>200 cm-I) 
contribution shown in the inset for the 
75K and 130K spectra. The low fre- 
quency (e 200 cm-') contribution, which 
may arise from elastic scattering, exhibits 
temperature dependence closely correlated 
to Tc: the intensity is strong in the par- 
amagnetic insulating state and decreases 
with decreasing temperature into the me- 
tallic state, showing little excitation de- 
pendence. This intensity may arise from 
either a soft mode associated with the 
isostructural phase transition or electronic 
Raman scattering arising from electron- 
hole excitations around the Fermi sur- 
facely.20. A hull analysis of the low fre- 
quency Raman spectra by polarized 
measurements contributions will be given 
in a later manuscript*'. 

Fig. 3 Temperature dependence of the frequency and linewidth 
of v,-v,. Dashed line indicates T,=l33 K. 

The broad (>200 cm") back- 
ground is temperature and excitation de- 
pendent. Although electronic Raman 
modes (2 100 cm-') have been assigned in 
a similar frequency region for the 
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. 
perovskite La, 7Sro ,Mn03, our excitation 
dependence data indicates the background 
does not show typical Raman frequency 
dependence, but rather an excitation inde- 
pendent energy maximum. In conclusion, 
we believe this background arises from 
luminescence212T-24. Based on the fit of the 
background to a luminescent bandshape 
(hmax - 690 nm), the red luminescence 
in our sample may arise from isolated 
Mn2+ site defects, as has been observed in 
hexagonal  aluminate^^^. In agreement 
with our observation, Hundley et a12', 
has suggested that in the CMR perovskite 
La,-,Sr,MnO,, Mn2' defects are present 
in the lattice that may arise from 0 defi- 
ciencies in the lattice or disproportiona- 
tion of two Mn'+-Mn'+ sites26. 

The observed temperature de- 
pendence of the optical phonon modes for 
the layered CMR manganite 
La, 2xSrl ,,Mn,O, is intriguing. The pro- 
nounced changes in the frequency of the 
Mn'+-O band close to Tc reported in this 
paper demonstrate the significant elec- 
tron-phonon coupling that accompanies 
both the electronic and magnetic transi- 
tions. Our observations are consistent 
with a model where JT active Mn'+-O 
bonds result in the observed lattice 
anomalies at T,. The luminescent tem- 
perature dependent background observed 
in the data may be understood in terms of 
electronically isolated Mn'+defects in the 
lattice. The observation of two sets of 
bands for the equatorial and apical modes 
are tentatively assigned as distinct Mnk-O 
and Mn&-modes in the Raman spectrum. 
The discrete Mn" and Mn& sites in the 
lattice may arise either from dynamic lo- 
calization in the lattice (slow electron- 
hopping rates, k < 10" s- ' )  or static lo- 
calization. The intriguing feature of these 
measurements is that individual Mn"and 
Mn"cation sites are observed below Tc 
where a coalescence of the phonon band 
is expected. It suggests that the length 
scale andor hopping frequency of po- 
larons may change below T,, but that the 
eg electron remains largely associated 

with the Mn sites within the framework 
of a large polaron. 

The authors thank J. Eckert (Lujan Cen- 
ter, LANL), H. Roeder (T-1 1, LANL) 
and M. Hundley (MST-10, LANL) for 
discussions. Work supported by UCSB, 
and by DOE-BES under contract No. W- 
7405-ENG-36 and W-3 1-109-ENG-38. 

'H. Roder, A. Bishop, Curr. Oppin. Sol. State 
and Mat. Chem. 2, 2444 (I 997). 
'A. Cheetham et al, Chem. Mater. 8, 2421 
( 1996). 
'H. Y. Hwang et al, PRL. 75, 914 (1995). 
,J. F. Mitchell et al, PRB B 55, 63 (1997). 
'P. G. Radaelli et al, PRL. 75, 4488 (1995). 
'A. J. Millis et al, PRL. 74, 5144 (1995). 
,H. Roder et a1 PRL. 76, 1356 (1996). 
'S. J. L. Billinge et al, PRL. 77, 515 (1996). 
'"The 7 band gaussian fitting routine was con- 
ducted by linear least squares fitting of the func- 
tion, y = K( I)*ex~-((x-K(2))/K(3))~, using a 
Levenberg-Marquadt analysis. The fit function 
was generated by successive iteration of single 
band fits of v ,  - v  ,. 
'('V. N. Denisov et al, PRB 48, 16714 (1993). 
I'M. S. Nair and R. M. P. Jaiswal, Mater. Sci. 
Forum. 405, 223 (1996). 
'*D. L. Rousseau et al, J. Raman Spect. 10, 253 
(198 1). 

The site symmetries for the atoms in the 
(La,Sr),Mn,O, lattice are as follows(La,Sr), and 
0, D,,,, (La,&),, Mn and O2 C,,, and 0, C2". 
l4 The unit cell is body centered tetragonal, so it 
contains twice as many atoms as the primitive 
cell. There are then only 12 atoms in the primi- 
tive cell and therefore 36 (3N) degrees of freedom. 
ISH. Poulet, J-P Mathieu, Spectres de Vibration 
et Symetrie des Cristaux, Gordon & B ~ a c h  
( 1970). 
I'M. R. Ibarra et al, PRL. 75, 3541 (1  995). 
',K.H. Kimet al, PRL. 77, 1877 ( I  996). 
"H. Rijder, personal communication. 
"R. Nemetschek et al, PRL. 78, (1997). 
'('G. Blumberg et al, PRL. 78, 2461 (1997). 
" H.N. Bordallo et al, in preparation. 
"R. Gupta et al, PRB B 54, 14899 ( 1996). 
27A.L.N. Stevels, J. Lumin. 20, 99 (1979). 
24M. F. Hundley and J. J. Neumeier, PRB 55, 
I151 I (1997). 
"J.A.M.V. et al, J. Sol. State. Chem. 110, 106 
( 1994). 

4 


