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The pair density function analysis of pulsed neutron diffraction data for the two-layer manganite
La; 4Sn ¢Mn,0O; indicates the presence of a large local Jahn-Teller (JT) distortion of comparable
magnitude to that found in the perovskites, while the crystallographic structure shows a very small
JT effect. A model that includes JT displacements provides a better representation of the local structure
than the existing crystallographic one. While the local distortion is reduced at lower temperatures its
change corresponds more to the increase in the transport ibtp&ane than to the magnetic transition,
reflecting the 2D nature of the crystal. [S0031-9007(98)05871-2]

PACS numbers: 71.38.+i, 61.12.—q, 71.30.+h, 75.70.Pa

The phenomenon of colossal magnetoresistance (CMR) was suggested that the presence of such domains might
renewed the interest in manganites with the generahduce deviations from the average crystallographic struc-
composition of(La/Sr),,+1Mn,0s,+1 [1]. The correlation ture. Indeed, our pulsed neutron powder diffraction study
between magnetism and transport that gives rise to then La 4Sr ¢Mn,O; (x = 0.3) indicates that, similarly to
CMR effect is still under investigation. While the double the perovskites, the lattice is actively involved in the prop-
exchange (DE) interaction coupling the charge to the spirrties of this system. It is the objective of this paper to
degrees of freedom in the ferromagnetic (FM) metallicshow that local lattice distortions stem from a JT effect.
state was originally proposed for the = < member The local distortions may be connected with the domains
(La;-xA,MnOs) [2], experimental evidence suggested aof AFM correlations. This study provides the first clear
mechanism [3] requiring a lattice contribution [4]. A observation of a full JT distortion in this system while an
number of studies showed significant structural changesarlier study [11] suggested a very small average JT effect
coinciding with the transition in the properties [5,6] in (a change of 0.024 A in the MnO atomic displacements)
accordance with the presence of lattice polarons. Similain an x = 0.4 sample, which is minute in comparison to
properties have recently been observed in the layerethe local changes observed here (0.2 A).
compounds but with no clear evidence for polarons or a The sample was prepared by standard ceramic meth-
full Jahn-Teller (JT) distortion in this system. ods and fired several times at high temperature to achieve

In the n = 2 series, the observed magnetoresistanca single phase. No significant (less than 1%-2%) sec-
effect is even stronger than in the perovskites but occurs andary phases were identified from the Rietveld refine-
a lower Curie temperaturg: [7]. The average structure ment of the structure from the diffraction data. The
is tetragonal, made of a bilayer perovskite unit in thesample was characterized by resistivity and magneti-
ab plane of the crystal, separated by a single rocksaltzation measurements and the FM transition occurs at
type La/Sr-O layer along thec axis giving it a 2D 116 K which coincides with the insulator-metal (IM)
character [8]. The separation of the octahedra inhibitsransition (Fig. 1). The neutron diffraction data were
both the interlayer magnetic coupling and the electricatollected using the special environment powder diffrac-
conductivity. The coupling in theb plane is greater by tometer (SEPD) of the intense pulsed neutron source
1 order of magnitude than along tleeaxis. This can be (IPNS) of the Argonne National Laboratory. Data were
simply understood from the presence of the nonmagneticollected from room temperature (RT) to 20 K. Data
(La/Sr)-O layer. Similarly, the transport measurementsat a finer temperature spaced grid were collected at a
in single crystals show that the resistivity along thaxis  later time. The structure functiaf(Q), determined up to
is about 2 orders of magnitude greater than across th&3 A~!, was Fourier transformed to obtain the pair den-
ab plane [7]. The resistivity profile in theb plane is sity function (PDF)p(r). The PDF analysis provides di-
quite different from thec axis as it shows a transition at rect information with regard to the local structure without
a considerably higher temperature [9], close to the ona requirement of long range structural periodicity. Its ap-
observed in the perovskite system at comparable dopingplication extends beyond the amorphous materials to crys-

A recent magnetic neutron scattering measurement otalline solids as well [12].

a La—2,Sn+2.Mn,0; sample withhy = 0.4 provided evi- The local octahedral environment is particularly sen-
dence for the existence of short range antiferromagnetisitive to the charge distribution providing direct evi-
(AFM) correlations in the paramagnetic (PM) state [10].dence for the response of the lattice to the change in the
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FIG. 1. A plot of the resistance and susceptibility as apiG, 2. The local structure of the layered compound is

function of temperature. The transition occurs at 116 K. Singlecompared to the one obtained from the pure LaMrm® RT.
crystal measurements [9] showed thatis 3000 times larger pNote that a split in the Mn-O peak is seen, at 1.92 and at

than p,;, and that theTc of p; is higher than thelc of p. 212 A corresponding to short and long bonds in the layered
where the latter coincides with the FM transition. material, respectively, and is as pronounced as the one observed
in the perovskite. This serves as a strong indication that

) ~ the Jahn-Teller distortion is present in this system as in the
transport. In LasSr ¢Mn,0;, the nominal valence is perovskites.

Mn33* put the actual electronic charge on Mn can

vary from 3+ to 4+. If carriers are localized and the jayered manganites where it is sometimes referred to as
system is made of M and Mﬁ_ ions, it is possible a3 pseudo-JT effect in the absence of cubic symmetry of
to structurally identify the Mh' ions in a matrix of the layered material but with similar consequences [15].

Mn**, and vice versa, from the distinct environmentyence at RT some holes are localized giving rise to a
associated with the Mi and Mrt* octahedra. A MA"  mixed charge state for Mn.

octahedron is elongated because of the JT effect induced | addition, in Fig. 3 we compare the PDF of the

by the presence of an electron in tle orbital. Of |ayered compound at RT (symbols) to a model PDF

the six Mn-O bonds around manganese, some of themg|culated from the crystallographic structure with the
will be longer than average because of the filling of the

antibonding Mii3d,:)-O(2p) o* band. This is clearly the
case in the pure perovskite (with Mhions only) where a 0.45 S
distribution of four short and two long bonds is observed
[6,13]. On the other hand, the octahedron associated with 030 | ,
the Mrt* is undistorted because it is JT-free and all Mn-O '
bonds are of the same average length as in CaMtd. :
If the charge carriers are fully delocalized, however, the
holes will be uniformly distributed over all sites and all
Mn-O bonds will be of about the same length. 0.00 1

In Fig.2 the PDF of the layered manganite — — Crystallographic Model
La; 4Sr¢Mn,O; determined at RT is compared to 0151 V) e 300K Data
that of pure LaMn@ [6]. The first two negative peaks v JT Model
at 1.92 and 2.12 A correspond to two types of Mn-O 20 25 30 35 40
bond lengths within the octahedron and they are negative 2

. ; R[A]

because the neutron scattering length of manganese is
negative. It is quite surprising to observe that the Mn-OFIG. 3. The PDF of LasSnsMn,0; at RT (symbols) is
distances are split in the layered material similarly to thecompared to the crystallographic model PDF (dashed line).

pure perovskite with the long Mn-O bond at 2.18 A 6] The model PDF is constructed @& functions corresponding
This | i ted f th t.II h.' to interatomic distances in the structure. The sum of the
IS 1S not expected irom the average crystallograp I(f:)artial PDF's for each atom gives the total PDF of the crystal

structure since it gives only the range of Mn-O bondsconvoluted with a Gaussian function to simulate thermai and
from 1.93-2.03 A and the octahedra in the bilayer argquantum zero point vibrations [12]. Note that the split of

almost perfect. As seen from the local structure thoughthe Mn-O peak seen in the data PDF is not present in the
the magnitude of the distortion in the layered SystenﬂOdel PDF which represents the average crystal structure.

. 2 - . owever, the new JT model PDF (solid line) which includes JT
is as significant as in LaMnOsuggesting that Mt g0 rtions at 500 of the Mn sites as proposed from modeling

ions exist in the PM state providing the long MnO the local structure (inset) provides a better agreement to
bonds. This implies that a JT distortion is present in thethe data.
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TABLE I. Mean amplitude of oscillationguz)/? (A), determined from the thermal factor
B = 87%u}) at RT and 20 K for the three types of oxygen atoms. (R®ocksalt;
OH = octahedron).

<M%1>1/2 <M%2>1/2 <M§3>1/2

20 K RT 20 K RT 20 K RT
01 (Axial, OH) 0.102 0.127 )2 0.079 0.095
02 (Planar) 0.067 0.095 0.064 0.085 0.118 0.136
03 (Axial, RS) 0.112 0.130 ()2 0.122 0.148

I/4mmm symmetry (dashed line). The parameters for An unusual increase between 200 and 300 im0
the model are obtained from the Rietveld refinemenis observed in Fig. 4. This coincides with the increase in
of the same data used for the PDF analysis. As seemhe transport in the:b plane as shown in Ref. [9] where
the experimental PDF agrees well with this model at ahe resistivity drops along the easy axis with cooling
longer range (beyond 3.5 A), but a clear difference iswhich would invariably lead to minimization of the JT
observed between the two at a shorter range. A singlesffect. The temperature at which this occurs is close to the
wide Mn-O peak centered at1.95 A and a FWHM of T of the perovskite manganite with an equivalent amount
0.154 A is observed in the crystal structure model whichof doping. Because of the 2D nature of the layered
represents the average structure whereas two types sfructure, the interlayer magnetic coupling is weaker than
Mn-O bonds are clearly identified in the local structurethe intralayer coupling as the octahedra are separated
at this temperature. by a (Lg/Sr-O) layer and the DE interaction between

Also shown in Fig. 3 is the PDF of a model that in- layers is weak. But the DE mechanism may occur within
cludes local JT distortions (solid line). In this model, thethe bilayer in theab plane independently of the spin
apical oxygen atoms are displaced from their ideal crystalerdering along the: axis. The onset of DE interactions
lographic sites in the direction (inset in Fig. 3). These can occur at a temperature much higher than the 3D FM
displacements simulate a JT distortion at 50% of the Mrordering temperature of the layered system, closer to the
sites. Although the model is simple with only one unit ordering temperature of the perovskites. The transition in
cell, the agreement with the data is excellent particulariytransport in thec axis occurs concomitantly to the FM
below 3.5 A and represents a considerable improvemenirdering. But the actual decrease of thaxis resistance
over the crystallographic model. While this model doesis considerably smaller than tl-plane one [9] which is
not describe the actual directionality of the JT distortionsconsistent with the continuous changeMfi,.o at 7¢.
it provides an estimate of the concentration of the JT dis- The temperature dependence of the Mn-O correlations
torted octahedra. The orientation of the distortion can bés reflected in the change of the peak height at 1.94 A
obtained from the amplitudes of oscillation for the oxygen(Fig. 5). This peak corresponding to the short Mn-O
atoms (Table 1) obtained from the thermal factors whichbonds only exhibits the same response to temperature as
are quite large.

The changes in the octahedral environment through

the IM transition can be quantified by determining 555 }

the integrated intensity of the first Mn-O peak. This } {

peak corresponds to the number of short bonds in the 5.40 | H {

octahedron alone,Nyi,.0, and its integrated inten-

sity demonstrates how the short and long bonds vary g 505 T { }

with temperature (Fig. 4). Nvuo is determined from Z %
47r’p(r) and normalized by the scattering lengths, T. 116 K # i

With rmin @and rmax as the limits of integration taken 510 c= }

from 1.75 to 2.10 A. The uncertainty in the upper limit { %
can vertically shift the data points but the shape of the 4.95 1 }

plot remains the same.Nyn.0 has been determined
for LaMnO; and it is exactly 4 [6]. In the crystalline
model, Nyq.o is 6. However, in the data PDF at room Temperature (K)

temperatureNyi,.0o = 5.0 and corresponds to about 50% FI|G. 4. The number of short Mn-O bond$Vuno, as a

of the Mn sites with no long bonds (no JT effect). With function of temperature. As the temperature is lowered from
cooling, the number of distorted sites decreases furthet00K, Nw,.o increases corresponding to an increase in the
corresponding to the enhancement of the charge mobilit?/lumber of short bonds, or a decrease in the number of

X - . n sites with the JT distortion. Between 200-300 K the
with the transition to the 3D FM ordering state. Note structural changes observed are consistent with the change of

that Nyin-o does not reach 6 by 20 K which suggests thakhe resistivity along the easy axis. Data collected at a later
some sites are still distorted in the FM state. time (triangles) confirmed this change.
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0.210 at 50% of the Mn sites providing a better fit to the
_ } data. The structural changes observed provide a clear
7 0195 T.=116K evidence of the lattice coupling to the 2D transport and
E { 3D magnetic transitions in this system.
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FIG. 5. The absolute PDF peak height at 1.94 A as a function
of temperature. The triangles represent data collected at a later
time. This peak includes only the short Mn-O bonds of the
octahedron and the increase in the height reflects the decrease
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