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Large lattice distortions associated with the magnetic transition in La0.7Sr0.3MnO3
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Colossal magnetoresistance (CMR) is associated with the phase transition from a metallic ferromagnetic to
insulating paramagnetic phase, which can be controlled by an applied magnetic field. The insulating phase occurs
due to trapping of the charge carriers by polaronic lattice distortions, which raise the resistivity. Theories based
on local physics predict that the magnitude of the resistivity jump at TC is determined by how much, on average,
the amplitude of these distortions increases at the phase transition. Using neutron scattering, we measured the
average distortion amplitude in La0.7Sr0.3MnO3. Surprisingly, its increase from below to above TC is just as large
as in other manganites, which have a much larger resistivity jump. This result suggests that the strength of CMR
is determined not by the size of distortions, but by their cooperative nature, specific to each compound. Existing
theories need to be extended to include correlations between different unit cells to explain and predict the strength
of CMR.
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Manganese perovskite oxides have a rich temperature-
doping phase diagram spanning a wide range of physical
phenomena of both practical and fundamental interest such
as metal-insulator transitions, colossal magnetoresistance,
multiferroicity, polaron formation, etc. This behavior is driven
by strong coupling between magnetic, orbital, charge, and
atomic lattice degrees of freedom, with ordering in one
channel having a strong, often transformational, effect on the
other. Electron-phonon coupling through the Jahn-Teller effect
plays a special role by tying electronic orbital states to the
atomic lattice whose deformations trap charge carriers and
thus raise the electrical resistivity. In half-doped manganites
the Jahn-Teller effect leads to CE-type order 1 characterized
by very large resistivity, which then drops by several orders of
magnitude when the CE order melts at elevated temperatures.

At lower doping Jahn-Teller distortions become frustrated:
A distortion in one unit cell interferes with the distortion in the
neighboring unit cells and long range CE order cannot form.
This part of the phase diagram is famous for its outstandingly
large (colossal) magnetoresistance (CMR).2,3 CMR occurs
due to the ferromagnetic transition accompanied by a large
resistivity change. The resistivity is metallike at temperatures
T less than the ferromagnetic transition temperature TC , i.e.,
it is relatively low and increases with T , whereas at T > TC

it is very large and typically decreases with T . Due to the
high sensitivity of TC to the applied magnetic field, resistivity
changes dramatically as a function of field in the vicinity of
TC . The CMR mechanism itself is straightforward, but what is
unusual is the very existence of the “metal-insulator” transition
at TC .

It has been proposed that the resistivity increases
because of competition between double-exchange and Jahn-
Teller interactions.4,5 The former favors ferromagnetism
and an undistorted lattice and wins below TC . The latter
favors polaronic lattice distortions and paramagnetism or

antiferromagnetism and wins above TC .5 Theoretical models
make the approximation that only local lattice distortions are
important,5 and the resistivity scales with U 2, the mean square
displacement of oxygen atoms from the average periodic
position. A jump in U 2 at TC should reflect the strength of
the observed CMR effect. This theory explains the shape
and temperature dependence of the resistivity curve. In order
to design new CMR materials whose properties are better
suited for applications as well as from the fundamental science
point of view, theory must also relate microscopic parameters
derived from chemistry and structure to the magnitude of the
resistivity jump at TC as well as to the value of TC itself. In
existing theories tuning parameters determine the strength of
the electron-phonon coupling, which, in turn, determines the
amplitude of the polaronic contribution to U 2. The larger the
polaronic U 2, the deeper is the trapping potential. An increased
trapping potential reduces TC and increases the strength
of CMR. This mechanism is supposed to explain the de-
crease in ferromagnetic transition temperatures and increased
magnetoresistance going from La0.7Sr0.3MnO3 (TC = 355 K)
to La0.75Ca0.25MnO3 (TC = 240 K) and La1.2Sr1.8Mn2O7

(TC = 120 K). On the other hand, the picture of a strong
electron-lattice interaction has been questioned for thin films
of La1−xCaxMnO3, x � 0.5.6

We used neutron scattering to measure the temperature
dependence of U 2 in La0.7Sr0.3MnO3 in order to investigate the
relationship between U 2 and the electrical resistivity known
from the literature. La0.7Sr0.3MnO3 has a relatively small
resistivity increase at TC , remains metallic even above TC ,
and is viewed as a canonical double-exchange compound. We
observed a strong increase of U 2 at TC , which is evidence
for a strong electron-lattice interaction in La0.7Sr0.3MnO3. In
fact, the jump in U 2 at TC is similar to that in compounds
with much larger magnetoresistance, i.e., variations in the
strength of the CMR effect between different compounds are
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FIG. 1. (Color online) (a) Crystal structure of La0.7Sr0.3MnO3 as
refined at T = 43 K from neutron powder diffraction. Shown are
the MnO6 polyhedra and La/Sr atomic positions. Lines denote the
hexagonal unit cell (a = b = 5.479 Å, c = 13.276 Å). (b) Two
consecutive MnO6 octahedra, where oxygen atoms are replaced by the
thermal ellipsoid as determined from neutron diffraction at T = 43 K.
The principal axes of the ellipsoid are indicated by the black lines on
the surface and directions corresponding to the labels of Fig. 2 are
shown as red arrows. For the sake of clarity, we plot enlarged ellipses
(factor of 2). (c) Rietveld refinement patterns for La0.7Sr0.3MnO3

at T = 43 K. Dots are observed neutron diffraction intensities,
and the solid line represents the calculated fit. The curve below
is the difference between the observed and calculated intensities.
The upper and lower sets of vertical bars indicate the positions of
Bragg reflections for the magnetic and atomic structure, respectively.
The inset shows an enlargement in the high Q region. Vertical lines
indicate the angular positions of lattice reflections.

not accompanied by a corresponding variation in the jump of
U 2 at TC .

Quantitatively, U 2 enters the Debye-Waller (DW) factor
e−2W, 2W = −U 2,7 that can be obtained directly from powder
diffraction data as well as phonon intensity measurements
performed on single crystals. We measured powder diffraction
data of La0.7Sr0.3MnO3 on the high resolution powder diffrac-
tometer E9 at the Helmholtz Center Berlin (HZB) between
T = 43 K (Fig. 1) and 530 K using a Ge(711) monochromator
and neutrons of wavelength 1.308 Å. Phonons were measured
in La1.2Sr1.8Mn2O7, La0.8Sr0.2MnO3, and La0.7Sr0.3MnO3 on
the 1 T double focusing neutron triple-axis spectrometer lo-
cated at the ORPHEE research reactor at the Laboratoire Léon
Brillouin (LLB), CEA Saclay, using a Cu220 monochromator
and PG002 analyzer with the final energy fixed at 13.4, 14.7,
or 30.5 meV. The sample was mounted in a closed cycle
refrigerator capable of reaching high temperatures.

In our analysis of the diffraction data we considered
anisotropic U 2 for the oxygen atom, i.e., displacements

primarily parallel to the Mn-O bond U 2
|| were treated separately

from the two directions perpendicular to the Mn-O bond U 2
⊥,1

and U 2
⊥,2 [see Fig. 1(a)]. In this case, the mean square atomic

displacements are

U 2 = 1
3

(
U 2

‖ + U 2
⊥,1 + U 2

⊥,2

)
. (1)

Figure 1(b) shows our analysis for the anisotropic com-
ponents of the mean square displacement U 2 of oxygen ions
in La0.7Sr0.3MnO3 in Eq. (1). Indexing of the components
is relative to the Mn-O bond, i.e., U 2

|| is along the Mn-O
bond, U 2

⊥,1 is perpendicular to the Mn-O bond with a c-axis
component, and U 2

⊥,2 is perpendicular to the Mn-O bond within
the ab plane of the hexagonal unit cell. Figure 1(c) shows a
powder diffraction pattern measured on our sample, together
with the Rietveld refinement from which the components of the
lattice distortion were extracted using a standard procedure.

U 2 may be finite due to structural disorder, polaronic
lattice distortions connected to CMR, and/or thermal motion
of the atoms. In order to look for a connection between
lattice distortions and CMR, it is necessary to separate
polaronic distortions from the others. Distortions due to
structural disorder are temperature independent, whereas the
other two components vanish at zero temperature and increase
on heating. We calculated the temperature dependence of
the thermal motion contribution to U 2 using a shell model
based on extensive phonon measurements in La0.7Sr0.3MnO3

performed by Reichardt and Braden.8 Subtracting the results
of this calculation plus a constant equal to the zero temperature
intercept from the data allowed us to obtain the temperature
dependence of polaronic distortions associated with CMR. The
shell model describes U 2

|| and U 2
⊥,1 components of U 2 well

below TC , however, it seems to underestimate the increase in
U 2

⊥,2 for an unknown reason [Fig. 2(a)].
Figure 2(a) shows that all three components of U 2 jump

at the ferromagnetic (FM) phase transition and then continue
to increase as before. U 2

|| has the sharpest increase at TC , as
expected from the formation of Jahn-Teller distortions. We can
extract the contribution of polaronic lattice distortions to U 2 by
subtracting the shell model curve U 2

model from the experimental
values U 2

exp.
The difference U 2

exp − U 2
model vs T /TC is plotted in Fig. 2(b)

for a number of compounds. As no models were available for
the thermal motion of the Ca-doped compounds, we used the
respective calculations for La0.7Sr0.3MnO3. The fact that the
high temperature values of U 2

exp − U 2
model are nearly constant

supports this procedure. The increase in U 2
exp − U 2

model from
low temperatures to temperatures above TC is similar in all
four compounds compared to the huge differences in their
CMR effects. Figure 2(c) illustrates the absence of a correlation
between the magnitude of jump in the lattice distortion at TC

and the strength of the CMR effect. In the case of a linear
correlation, the points would fall on the straight line, but the
value for La0.7Sr0.3MnO3 clearly does not follow this trend.

Another way of studying oxygen distortions is to measure
coherent oxygen vibrations (phonons) by inelastic neutron
scattering. The main effect of increased disorder on heating is
to reduce intensities of coherent phonons via the Debye-Waller
(DW) factor.7 Understanding this intensity reduction for all
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FIG. 2. (Color online) (a) Anisotropic oxygen mean square displacements as functions of temperature in La0.7Sr0.3MnO3. Dots (lines)
represent the experimental (calculated) values pointing approximately [see Fig. 1(b)] along the Mn-O bond U 2

‖ (circles), perpendicular to the
Mn-O bond with a c-axis component U 2

⊥,1 (triangles), and perpendicular to the bond in the hexagonal a-b plane U 2
⊥,2 (squares). Offsets of

0.003 and 0.006 Å2 are included in the experimental data for U 2
⊥,2 and U 2

⊥,1, respectively. Calculated values were shifted in order to fit the
observed low temperature values, where possible. Error bars represent standard deviation (s.d.). (b) Comparison of U 2

exp − U 2
model (see text) for

La0.7Sr0.3MnO3 (circles), La1.2Sr1.8Mn2O7 (diamonds), La0.75Ca0.25MnO3 (triangles), and La0.65Ca0.35MnO3 (squares). U 2
exp are the measured

values of U 2: U 2
exp = U 2

‖ (La0.7Sr0.3MnO3, La0.75Ca0.25MnO3) and U 2
exp = U 2

iso (La1.2Sr1.8Mn2O7, La0.65Ca0.35MnO3). Data of the last three
compounds are taken from Ref. 9. For the Ca-doped manganites no shell model was available so corresponding calculations for the Sr-doped
compounds were used for the difference. The line is a guide for the eye. (c) Magnetoresistance − [ρ(B) − ρ(0)] /ρ(0) near TC of the respective
compound in an applied field B = 4 T–5 T (taken from Refs. 10–12) vs the average deviations of oxygen mean square displacements [see (b)].

phonons is not straightforward because it probably involves
both the loss of coherence and eigenvector changes. However,
zone center Mn-O bond-stretching phonons are not affected
by the latter, because their eigenvectors are constrained by
crystal symmetry. After correcting for a trivial temperature
dependence due to the Bose factor, any coherent intensity
reduction at the zone center as a function of temperature
results from the increase in U 2. Such an intensity reduction in a
bond-stretching branch was first reported and explained within
a similar framework for La0.7Ca0.3MnO3 by Zhang et al.13

Figures 3(a)–3(c) compare changes in bond-stretching
phonon intensity across TC in La1.2Sr1.8Mn2O7,
La0.7Sr0.3MnO3, and La0.8Sr0.2MnO3 measured in identical
experimental conditions. The changes in the phonon intensity
and, therefore, in the lattice coherence, are very similar, despite
the much smaller resistivity jump at TC in La0.7Sr0.3MnO3.

Figure 3(d) summarizes the results on phonon intensities in
a plot of the phonon intensity normalized to the respective low
temperature values versus T /TC . We observe a clear jump at
T = TC . On the other hand, data below and above TC for all
compounds show a very similar behavior. Hence, the increase
in the oxygen Debye-Waller factor in these compounds is very
similar as well.

Qualitatively, one can understand the observed behavior
based on the orbital structure of Mn sites in perovskite
manganites. In [La1−x ,(Sr/Ca)x]n+1MnnO3n+1, there are 4 − x

electrons per manganese (where x is doping) with the orbital
split into a lower lying t2g triplet and a higher energy eg doublet.
Strong on-site repulsion ensures that no double occupation of
orbitals occurs and Hund’s rule coupling aligns all spins on the
same Mn site ferromagnetically. Thus the t2g triplet acts as a
core orbital occupied by three electrically inert electrons whose
spins are aligned into a spin 3/2 total moment. The eg orbitals

may be either singly occupied or empty with a significant
intersite overlap allowing hopping through the lattice. They
form a conduction band at 1 > x > 0. The hopping matrix
element is determined by the Mn-O-Mn bond angle. It also
depends on the alignment of the core spins: The constraint
that the spins of eg electrons must be parallel to the core
spin makes the hopping easier if all core spins are aligned
ferromagnetically. Thus, ferromagnetic alignment of the t2g

spins increases the bandwidth of the conduction electrons
and is favored at low temperatures. This effect is called the
double-exchange interaction.15 As the bandwidth is reduced
above TC , polaronic lattice distortions due to the Jahn-Teller
effect appear and trap conduction electrons, thus increasing
the resistivity.

How can the differences in the resistivity jump at TC

between different compounds be explained? One possibility is
that the magnitude of lattice distortions is larger in compounds
with the bigger resistivity jump, as proposed in Refs. 5
and 16. In this approach, the differences in magnitudes
of magnetoresistance between different compounds can be
explained by competition between the intersite hopping matrix
element t of eg electrons and the strength of electron-phonon
Jahn-Teller coupling γ , which is responsible for different
values of U 2 in different compounds. Models of this type
make an approximation that only necessitates considering the
jump in the average displacement U 2 of O ions from their
crystallographic positions at TC to capture the relevant physics.
In this model the magnitude of the resistivity jump at TC in
different compounds should scale with the jump in U 2.

However, this prediction clearly contradicts our results,
which show that U 2 increases by similar amounts at TC in man-
ganites with very different resistivity jumps: La0.7Sr0.3MnO3

is considered to be a “canonical” ferromagnetic manganite
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FIG. 3. (Color online) Zone center Mn-O bond-stretching modes in (a) La1.2Sr1.8Mn2O7, (b) La0.7Sr0.3MnO3, and (c) La0.8Sr0.2MnO3 well
below (circles) and close (squares) to the respective Curie temperatures. Raw data were corrected for the Bose factor. Constant offsets were
subtracted from the high temperature data for a better comparison of the temperature-dependent peak intensities. Lines are Gaussian fits of
the neutron data. (d) Intensities of zone center Mn-O bond-stretching phonons normalized to their low temperature values in La0.8Sr0.2MnO3

(triangles), La0.7Sr0.3MnO3 (diamonds), and La1.2Sr1.8Mn2O7 (squares) across the respective Curie temperatures TC plotted vs T /TC . In
La1.2Sr1.8Mn2O7 we also plot the evolution for the Mn-O bond-bending mode observed at E = 43 meV (Ref. 14) (circles). Lines are linear fits
for all points taken separately at T < TC and T � TC , respectively.

with a TC of 358 K and its resistivity increases smoothly
through TC reaching 7.5 × 10−3 � cm (Ref. 10) at 400 K.
La0.8Sr0.2MnO3 has a lower TC (305 K) and a resistivity above
TC of 0.01 � cm,10 La0.65Ca0.35MnO3 has a TC of 275 K
and a resistivity above TC of 0.04 � cm,12 La0.75Ca0.25MnO3

has a TC of 240 K and a resistivity above TC of 0.1 � cm,
whereas in La1.2Sr1.8Mn2O7 the TC is 120 K and the
resistivity above TC is 0.1–0.2 � cm.17 Figure 2(c) illustrates
also that the magnetoresistance is very different in these
compounds.

Further studies have shown that there is relatively little
variation in other anomalous properties between manganites
with the ferromagnetic ground state. For example, magnon
dispersion anomalies are similar in Sr- and Ca-doped mangan-
ites at the same doping concentration, although the resistivity
jump at TC is much lower and the TC is much higher in the
former.18 Also, evidence for dynamic polarons was reported
in La0.7Sr0.3MnO3.19

Our results suggest that instead of the magnitude of the
polaronic distortions, the magnitude of the resistivity jump at
TC must be controlled by the dynamics of these distortions:
The larger their diffusion rate, the smaller is the resistivity.
The dynamics of the distortions must be controlled in turn by
how distortions in neighboring unit cells are correlated. This
suggestion is supported by the fact that the CMR effect is
the strongest where static or quasistatic short range CE order
forms in the paramagnetic phase. This static order must be
much more effective in trapping the charge carriers in CMR
compounds than equally large dynamic polaronic distortions
in La0.7Sr0.3MnO3 where no static order appears.

In order to extend theoretical models of CMR to include
dynamics of the distortions, it is necessary to go beyond
local physics and consider correlations between distortions
in different unit cells. Another potentially promising approach
is to try to better understand electron-phonon coupling from
the point of view of phonons, i.e., which phonon modes are
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affected by the CMR effect and which are not. In this approach
the correlated motion of atoms is built in from the start.

Our results, combined with earlier studies, show that
electron-phonon coupling is strong in all manganites with the
ferromagnetic ground state and its strength by itself determines
neither the TC nor the magnitude of the resistivity jump at
TC . Thus it is necessary to reexamine the current theoretical
underpinning of the CMR phenomenon, which predicts a direct
relationship between these quantities. We believe that the key
to understanding CMR is in relatively subtle effects such as

intersite correlations and/or dynamics of lattice distortions.
The rigidity of the distortions must be the dominant force
behind the resistivity increase above TC . A successful theory
must be able to derive this mechanism from the materials’
structure and chemistry.
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