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We have measured high resolution Mn K-edge x-ray absorption near 
edge structure (XANES) and extended x-ray absorption fine structure 
(EXAFS) to investigate the local atomic displacements in the MnO 6 
octahedra and their importance to the colossal magnetoresistance in 
the La0.75Ca0.25MnO 3 system. A combined analysis of the XANES 
and EXAFS shows that the colossal-magneto resistance (CMR) 
transition is characterized by a transition from a phase of delocalized 
intermediate polarons to a phase showing coexistence of the 
intermediate and small polarons accompanied by the opening of a gap 
at E F due to Jahn Teller splitting of eg orbitals. 
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1. Introduction 
Strong correlation of lattice with charge and spin structure in 
manganese perovskites has been a point of wide interest 
during recent years (Rao et al, 1998)as these materials are 
suitable model compounds for further understanding of the 
strong electronic correlations in the solid state physics. 

Among manganese oxide systems, the Lal_xCaxMnO 3 
family shows complex but fascinating phase diagram 
(Schiffer et al, 1995) with doping and temperature. At T=0 K 
at low doping, for x<0.15, it shows an antiferromagnetic 
phase, for 0.15<x<0.5 a ferromagnetic metallic phase and a 
charge ordered phases for x>0.5. In the ferromagnetic 
doping regime, the system shows a colossal magneto 
resistance (CMR) and turns into a paramagnetic insulator 
above a critical temperature T c. It has been observed that the 
CMR transition is accompanied by an elongation of the Mn- 
O bondlengths of the MnO 6 octahedra suggesting that the 
atomic distribution around the Mn site plays important role 
in the metal-insulator and magnetic transition at T c. It is 
now getting established that the metal-insulator transition 
in the manganites is a polaronic transition (Zhao et al, 
1996, Bishop et al, 1997, Goodenough & Zhou, 1997; 
Millis, 1998). In fact, a transition from intermediate to 
small polarons in the region around T c has been indicated by 
an anomalous temperature dependence of Debye Waller 
factors and lattice parameters (Radaelli et al, 1996), the local 
pair distribution function, derived by neutron powder 
diffraction (Egami et al, 1997; Billinge et al, 1996) and 
several other studies (De Teresa et al, 1997). The Mn K-edge 
extended x-ray absorption fine structure (EXAFS) studies 
have also given similar indications (Tyson et al, 1996; 
Booth et al, 1997). Recently we have characterized (Lanzara 
et al, 1998) the local polaronic distortions of the MnO 6 
octahedra in a representative system by Mn K-edge EXAFS 
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exploiting high intensity of ESRF and fluorescence 
detection mode. The results on the La0 .75Ca0.25MnO3 
(LCMO) compound shows that the CMR transition is related 
to the spatial extension of the polaronic charge in the 
manganites in which the metallic phase (T<T c) is 
characterized by intermediate polarons, having small local 
lattice distortions, while the insulating phase (T>Tc) i s  
characterized by a coexistence of small polarons, having 
large local lattice distortions, and the intermediate polarons. 

In this communication, we report further evidence by a 
combined analysis of the Mn K-eclge x-ray near edge 
structure (XANES) and EXAFS on the LCMO system. Using 
fluorescence detection mode we were able to isolate partial 
absorption cross section only due to Mn ls initial state from 
x-ray absorption due to other atomic species in the system. 
The approach, combined with high energy resolution has 
allowed us to follow the temperature dependence of the 
selected core transitions to unoccupied states at the Fermi 
level, l s->eg , across the CMR transition in the LCMO 
system. 

2. E x p e r i m e n t a l  
A powder  sample  (Radae l l i  et al, 1996) of 
La0.75Ca0.25MnO3 (Tc=240K) was used for the Mn K-edge 
x-ray absorption measurements at the beam-line BM29 of 
European Synchrotron Radiation Facil i ty (ESRF) at 
Grenoble.  The high resolut ion x-ray absorpt ion 
measurements were performed using the x-ray beam 
monochromat i zed  by a Si (311)  double  crys ta l  
monochromator. The monochromator crystal temperature 
was kept controlled to avoid any thermal drift. For the 
temperature dependent measurements, the LCMO samples 
were mounted in a two stage closed cycle He cryostat. A 
reference sample (MnO 2 powder) was mounted beneath the 
LMCO samples to have correct energy calibration at each 
temperature. The temperature was monitored with an accuracy 
of + l K ,  Fluorescence yield (FY) was recorded using 13 Ge 
element solid state detector system with an energy 
resolution of 170 eV at the Mn K-edge. Several scans were 
collected at each temperature to ensure high signal to noise 
ratio. The EXAFS analysis were performed as reported earlier 
(Lanzara et al, 1998). 

3. Results  and Di scuss ion  
Fig. 1 shows the normalized Mn K-edge x-ray absorption 
near edge spectra of LCMO system measured in the 
ferromagnetic metallic phase (at 30K) and in the insulating 
phase, above the CMR transition (at 250K). We observe an 

energy shift  (AEs) of about 0.4 eV towards lower energy 
while going from metallic to the insulating phase. In 
addition, we can see a clear change in the pre-peak region 
(see the inset) showing a sharper edge in the metallic phase 
while broader doublet structure in the insulating phase. We 
observe a decrease of the transition intensity from the ls 
level to the lowest unoccupied 3d states (peak P~) while 
going from the metallic to the insulating phase. This is 
accompanied by an increase of the absorption for transition 
to the higher unoccupied 3d states (peak P2) lying at ~1.5 eV 
above the lowest unoccupied 3d states. 

Fig.2. shows temperature dependence of the intensities 
of the peaks Pl (panel a) and P2 (panel b). The intensities of 
the two peaks show clear but opposite change across the 
CMR transition. The difference between the two intensities, 
representing the relative variation of the peak intensities, is 
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reported in Fig. 2(c). The variation across the metal 
insulator crossover is evident in the absorption difference. 
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electronically active electrons per Mn site is (4-x). Out of 
these, three electrons go into the t2g core states and the 
remaining (l-x) electrons go into eg orbitals. Thus, the 
lowest energy transition is due to a direct transition from ls 
to 3d eg (3dx2-y2) orbitals from the initial state ls2t2g3eg l'x 
to the final state lslt2g3eg l'x+l in the presence of small 
octahedral distortions in the metallic state. In fact with the 
small MnO6 distortions there is a small Jahn-Teller splitting 
between the eg orbitals, i.e., egl (3dz2-r2) and eg 2 (3dx2-y2). 
Above the CMR transition the system goes into stronger 
MnO6 distortions increasing the Jahn-Teller splitting. The 
large distortions push the egl orbitals towards lower energy 
while the eg2 orbitals are pushed towards higher energy. 
Therefore the lowest energy core transition in the distorted 
Mn octahedra, with formal Mn 3+ valence, goes from the 
initial state ls2t2g3eg] 1 eg2 0 to the final state ls]t2g3egl ] 

eg2 L Thus the large Jahn-Teller split.ting is responsible for 
the transfer of spectral weight of the Pl peak to higher 
energy overlapping the peak P2. 

Energy (eV) 
Figure 1 
Normalized Mn K-edge XANES spectra of La0.75Cao.25MnO 3 
measured at 250 K (solid line) and 30 K (dotted line). The pre-edge 
region, corresponding to P1 and P2 peaks has been magnified in the 
inset. 

Fig. 3(a) shows the temperature evolution of the energy 
shift of the main absorption jump (AE s) as indicated in 
Fig. 1. The energy shift decreases with the temperature and it 
shows a broad transition, from 150 to 250K, when the 
system goes from the metallic to the insulating state. In the 
Mn K-edge spectrum, the main peak represents multiple 
scattering of the photoelectrons with the surrounding O 
atoms. Thus the energy shift of the main peak AEs is related 
to the variation of the average Mn-O bondlengths. In fact, 
the variation of the energy shift is consistent with the 
EXAFS measurements as the zkE s decreases from 150 to 250K 
correlated with the elongation of Mn-O bondlengths across 
the metal-insulator transition. 

We have already shown quantitative measurement of the 
Mn-O bondlengths (Lanzara et al, 1998). The temperature 
dependence of the probabili ty of Mn-O bondlengths 
extracted from the analysis of the EXAFS spectra in Fig. 3 
(panel b) and average Mn-O distance (panel c) (Lanzara et al, 
1998) is compared with the energy shift of the Mn K-edge 
(panel b) and shown in Fig.3 

The relative probability of the Mn-O bonds allowed us to 
find quantitative polaronic distortions in the system. In the 
metallic phase (T<Tc), local distribution of the Mn-O bonds 
is a two peak function with 4 small bonds of -1.92_-+0.01 /~ 
and 2 long bonds of -2.01_-+'0.01 ./k related to a small Jahn- 
Teller like distortion. On the other hand, in the insulating 
phase (T>Tc) the system shows higher local disorder with 4 
short bonds of-1.92_+0.01 ,~, 1 long bond of-2.01_-+O.01 /~ 
and 1 longer bond of (-2.13_-+0.01 /~). This is due to two kind 
of different octahedral distortions in the insulating phase. 
Thus the elongation of the Mn-O bondlengths across the 
CMR transition is due to stabilization of the small polarons 
with large Jahn-Teller distortion of the MnO 6 octahedra. 

Coming back to the pre-peak, the electronic properties 
in the Ca doped Lal.xCaxMnO 3 are mainly controlled by the 
electrons in the Mn 3d orbitals. The mean number of these 
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Figure 2 
Temperature dependence of the intensity of P1 (panel a) and P2 
(panel b). The difference of the P1 and P2 intensity is shown in panel 
c. The error bars represent average uncertainty due to normalization 
of different scans. 

In conclusion, we have made high resolution Mn K-edge 
XANES measurements on the LCMO system. We have shown 
that the pre-peak intensity probes the Jahn-Teller splitting 
of eg orbitals and follows the CMR transition. Thus the 
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combination of XANES and EXAFS made us to conclude that 
the metal to insulator transition in the CMR materials is 
characterized by a spatial crossover of the polaronic 
charges. 
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Figure 3 
Temperature dependence of: (a) the energy shift of the Mn K-edge, 
corresponding to the maximum in the derivative spectra; (b) 
probability of Mn-O bondlengths; (c) average Mn-O distance. 
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