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Rhombohedral La g;5Bag ;35sMnO5 undergoes a phase transition at 7,.=251 K from a paramagnetic insulat-
ing state (PMI) toward a ferromagnetic metallic state (FMM) on cooling. At Ts=187.1(3) K a first-order phase
transition occurs toward a structure with monoclinic symmetry. Accurate crystal structures are reported for
selected temperatures between T'g and room temperature. Thermal expansion is found to be different in the PMI
and FMM phases, with a larger thermal expansion coefficient in the FMM phase. This feature is related to
incoherent distortions of the MnOg octahedral groups, which are smaller in the FMM state than in the PMI
state. Precursor effects are observed as anomalous structural behavior within the thombohedral phase close to
T. They indicate two independent contributions to the driving force for the structural transition. Shear distor-
tions of MnOg octahedra in the rhombohedral structure are transformed into energetically more stable Jahn-
Teller-type distortions in the monoclinic structure. And the larger number of degrees of freedom in monoclinic
symmetry allows an energetically more stable coordination of La by oxygen in the monoclinic structure.

DOLI: 10.1103/PhysRevB.74.104423

I. INTRODUCTION

La;_,Ba MnO; manganites are of interest since colossal
magnetoresistance (CMR) was observed for this class of
compounds.'? Depending on x and the temperature they dis-
play different crystal structures as well as different magnetic
and transport properties. Powder neutron-diffraction was
adopted by Dabrowski et al.® to investigate La,_,Ba,MnOs
of compositions x=0.10—-0.24 at room temperature. They
found orthorhombic symmetry Pbnm for x=0.10 and rhom-

bohedral R3¢ symmetry for x=0.14-0.24 while the com-
pound with x=0.12 contained both phases; thus, the struc-
tural orthorhombic to rhombohedral transition appears for x
=0.13 at room temperature. The temperature dependence of
the lattice parameters of LajygBaj;,MnO; was reported by
Arkhipov et al.* They indexed x-ray powder diffraction dia-
grams by orthorhombic symmetry Pbnm in the range of tem-
peratures T=80-185 K, and by rhombohedral symmetry

R3c for T=185 K. The two phases coexist between 185 K
and 196 K. Employing single-crystal X-ray diffraction, we
have confirmed  the  rhombohedral phase of
Lagg;5Bag ;3sMnO;, but for the low-temperature phase we
have found a monoclinic structure with /2/c symmetry be-
low the first-order phase transition at 7,.=187.1(3) K.3
Monoclinic  [2/c¢  symmetry was also found for
Lag 7551 21,Mny 95505.% Both the monoclinic /2/c and the
orthorhombic Pbnm structures are described on a \Eac
X y2a, X 2a, superlattice of the primitive cubic perovskite-
type structure with lattice parameter a,~3.9 A. An analysis
restricted to the determination of the geometries of the lat-
tices is not sufficient to discriminate between the two types
of superstructures, and single-crystal diffraction appeared to
be essential to discriminate between the two symmetries.

It is known that for the family of compounds
La,_ M MnO; (M=Ca, Ba, and Sr; 0.1<x<0.5), also
called La manganites, the CMR effect, and the metal-
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insulator transition take place in the vicinity of the ferromag-
netic phase transition. In the case of La;_Ba MnO; with
nominal composition x=0.20 a magnetic phase transition has
been observed within the rhombohedral phase from a para-
magnetic insulating (PMI) state at high temperatures toward
a ferromagnetic metallic (FMM) state at low temperatures.
The transition temperature was determined from measure-
ments of the magnetization as 7,~251 K on material of the
same batch as studied here.* Measurements of the magneti-
zation and the electrical resistivity have been reported by
Dabrowski et al.? for ceramic samples of La and Ba manga-
nites with compositions 0.10=x=0.24. Both magnetic and
electrical properties lead to equal values for the transition
temperatures, with 7,=261 K for a sample with x=0.18. Ju
et al. have proposed an (x,7) phase diagram for
La,_,Ba,MnOj in the range 0=<x=< 1. They observed a tran-
sition at 7.=~275 K from a PMI state to a ferromagnetic
insulating (FMI) state for a composition x=0.19 with rhom-
bohedral symmetry.” More recently a phase diagram has
been given by Zhang et al.® for thin films and bulk material
of La;_Ba,MnO; with compositions 0.05<<x<0.33. They
reported 7,~280 K for the PMI to FMM transition of a
sample of composition x=0.2.

It is interesting to note that a correlation was observed
between magnetic and electronic phase transitions and varia-
tions of crystal structures for similar compounds in the La
manganite system. Anomalies in the temperature dependen-
cies of several structural parameters have been reported to be
present near the transition temperatures of the magnetic
phase transitions in La manganite with orthorhombic struc-
tures (space group Pbnm), like La;_,Ca,MnO; with 0<x
=0.33 and x=0.5 and La,_,Sr,MnO; with 0.1 =x=0.2.%"14
Furthermore structural variations at the magnetic phase tran-
sition were reported for rhombohedral La g,5510 15sMnO5.'

Rhombohedral La;_BaMnO; has been studied so far
only by x-ray and neutron powder diffraction, and structural
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refinements have not been reported. In order to be able to
detect small structural changes, high accuracy is required,
which is achieved by x-ray single-crystal diffraction, collect-
ing extensive intensity data sets. Here we report the results of
a study of the temperature dependence of the crystal struc-
tures of La,_,BaMnO; (x=0.185) in the rhombohedral
phase for 188.9=T7=295 K, by single-crystal x-ray diffrac-
tion. Structural variations and their correlation with the mag-
netic phase transition are discussed. Moreover, precursor ef-
fects within the rhombohedral phase have been found on
approach of the structural phase transition at Ty
=187.1(3) K.

II. EXPERIMENT

Single-crystalline material of nominal composition
Lay ¢Bay,MnO; was grown by the noncrucible floating zone
technique.”> Chemical analysis was conducted by electron
microprobe at the Bayerisches Geoinstitut in Bayreuth
(D. KrauBe), resulting in a La:Ba:Mn ratio of
0.815(10):0.185(6):0.996(8). A smaller concentration of Ba
in the sample than that given by the nominal composition
can be explained by high, selective evaporation of barium
from the melt. A piece of about 0.13 X 0.06 X 0.05 mm? was
cut from the crystalline material and used for low-
temperature single-crystal x-ray diffraction on a Nonius
MACHS3 diffractometer, equipped with a rotating anode gen-
erator and a graphite monochromator (Mo K« radiation of
wavelength 0.710 69 A). The crystal quality was tested by
rotation photographs along the three crystallographic direc-
tions of the related perovskite-type lattice, and by performing
o scans on selected Bragg reflections. The sample showed
sharp peaks with a full width at half maximum of about 0.1°
for all reflections, which is equal to the experimental resolu-
tion. Hexagonal lattice parameters for the rhombohedral lat-
tice were refined against the measured setting angles of 25
reflections with 26 in the range 45°-60°, and measured in
four different orientations.!® Lattice parameters were ob-
tained on cooling at 18 selected temperatures in the range
188.9<T<295 K (Fig. 1). The cooling of the sample was
achieved by a nitrogen gas stream using the FR558SH Non-
ius cryostat. At each temperature about 30 min was allowed
in order to equilibrate the crystal temperature.

Integrated intensities of Bragg reflections were collected
by w-26 scans in a half sphere up to sin(6)/A=1.07 A~! at
12 selected temperatures. Data reduction was performed by
HELENA software, while the absorption correction was
achieved by refining the crystal shape with HABITUS software
from ¢ scans measured for 35 Bragg reflections at room
temperature.'”!® Each data set contained approximately 2640

reflections, which were averaged in the Laue symmetry 3m
toward 420 unique reflections. These data sets were used for
the structure refinements (Table I). Among the unique reflec-
tions about 250 belong to the perovskite lattice and all of
them are observed [/>30(I)]. Superlattice reflections reflect
the rhombohedral distortion of the crystal structure, and only
60 out of the 170 superlattice reflections were observed.
Structure refinements have been performed with the com-
puter program JANA2000.!° A starting model within the space
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FIG. 1. Temperature dependence of the lattice parameters and
unit cell volume normalized to their values ag, ¢y, and V at T
=295 K (see Table I). The rhombohedral lattice constants are listed
in Table I and they relate to hexagonal lattice constants as ap
=\3a?+c?/3, cos ag=(2c>-3a%)/(2c*+6a?). A change of the slope
of the temperature dependence of V/V, occurs at 7,,=256 K, as
determined from the intersection of two second-order polynomial
curves, which have been fitted to the experimental data in the
ranges of temperatures 260<7<295 K and 245.9<T7<188.9 K,
respectively.

group R3c has been taken from the literature,? and refine-
ments proceeded smoothly toward excellent fits to the data.
X-ray intensity data are not suitable for a determination of
the relative site occupancies of La and Ba, because these
elements differ by one electron only (57 and 56 electrons,
respectively). Therefore, the La to Ba ratio has been fixed to
0.815:0.185, in agreement with the chemical analysis. An
excellent fit to the diffraction data has been obtained, as ex-
pressed by R values of about 0.8% for all data sets. The high
quality of the refinements is testified by the very small stan-
dard uncertainties on the parameters of the structural models
(Table I). Structural data at room temperature from Rietveld
refinements against neutron powder diffraction data on
Laj gBaj,MnO; gave standard deviations of the thermal pa-
rameters that were five times higher than those found here.?
Parameters of the structure models providing the best fit to
the diffraction data at each temperature are summarized in
Table I.

II1. DISCUSSION
A. Crystal structure

The crystal structures of distorted perovskite-type com-
pounds La,_ .M MnO; (M=Sr, Ca, Ba) are well known.
They are made up of corner-sharing MnOg octahedra with La
and M cations located in cavities with 12-fold coordination
by oxygen (Fig. 2). According to previous studies, the dis-
tortions in this family of compounds are due to the interplay
between the sizes of the cations and tilting of the MnOgq
octahedral groups as well as distortions of the octahedra.??!

In rthombohedral R3¢ structure the MnOg octahedra are trigo-
nally distorted and tilted about [001] direction of the hexago-
nal unit cell ([111] direction of the pseudocubic lattice). The
¢ lattice constant of the hexagonal unit cell is defined by
the trigonal distortion, while a depends on both octahedra
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TABLE I. Lattice parameters, relative atomic coordinates, and anisotropic temperature parameters U;; (A2) obtained from the final refinements. a and c¢ refer to the hexagonal setting
and ap and ay, refer to the rhombohedral setting of the rhombohedral lattice. Mn, (La or Ba), and O atoms are located at the sites 65 (0,0,0), 6a (0,0,1/4), and 18¢ (0,y,1/4), respectively.
Anisotropic temperature parameters are refined for all atoms. Standard uncertainties are given in parentheses.

Temperature (K) 188.9 190.1 191 192.2 194 196.1 200 220 237.9 245.9 260 295

a (A) 5.5516(1) 5.5518(1)  5.5518(2)  5.5518(1)  5.5519(1)  5.5521(1)  5.5523(1)  5.5535(1)  5.5548(2)  5.5555(1)  5.5565(1)  5.5576(1)
c (A) 13.4390(5) 13.4390(5) 13.4390(6) 13.4392(5) 13.4395(4) 13.4399(4) 13.4408(5) 13.4449(5) 13.4480(6) 13.4499(6) 13.4518(5) 13.4592(5)
Vv (A3 358.71(2) 358.73(2)  358.73(2)  358.73(2)  358.76(1)  358.78(2)  358.84(2)  359.11(2)  359.36(2)  359.50(2) 359.68(2)  360.02(2)
ag (A) 5.5083(2) 5.5083(2) 5.5083(2) 5.5084(2) 5.5085(2) 5.5087(2) 5.5090(2) 5.5105(2) 5.5118(2)  5.5125(2) 5.5134(2) 5.5157(2)
ay (deg) 60.521(3) 60.523(3)  60.523(3)  60.522(3)  60.522(3)  60.522(3)  60.521(3) 60.517(3) 60.517(3) 60.517(3)  60.518(3)  60.503(3)
U;;(Mn) 0.00283(10) 0.00302(8) 0.00293(7) 0.00302(7) 0.00287(7) 0.00293(7) 0.00295(6) 0.00313(6) 0.00337(5) 0.00350(5) 0.00382(7) 0.00454(6)
U33(Mn) 0.0030(1)  0.0032(1)  0.0030(1)  0.0032(1)  0.0032(1)  0.0033(1)  0.0032(1)  0.0036(1)  0.0038(1)  0.0040(1)  0.0042(1)  0.0051(1)
U,,(La or Ba) 0.00466(8)  0.00454(5) 0.00448(4) 0.00456(5) 0.00446(4) 0.00452(4) 0.00457(4) 0.00492(4) 0.00526(3) 0.00541(3) 0.00581(4) 0.00672(4)
Uss(La or Ba) 0.00440(9)  0.00441(6) 0.00418(5) 0.00436(6) 0.00435(6) 0.00436(6) 0.00434(5) 0.00489(5) 0.00524(4) 0.00545(4) 0.00578(5) 0.00713(5)
y(0) 0.4527(3)  0.4528(3)  0.4529(2) 0.4528(3) 0.4528(3) 0.4532(3) 0.4531(2) 0.4528(2) 0.4529(2) 0.4528(2) 0.4528(3)  0.4526(3)
U,,(0) 0.0101(5)  0.0101(4)  0.0100(4)  0.0096(4) 0.0103(4) 0.0107(4) 0.0113(4)  0.0123(4)  0.0129(3) 0.0138(4)  0.0145(5)  0.0157(5)
Uy, (0) 0.0146(3)  0.0142(3)  0.0142(3) 0.0141(3)  0.0142(3) 0.0141(3)  0.0142(2)  0.0146(2)  0.0153(2) 0.0158(2) 0.0165(3)  0.0175(3)
U33(0) 0.0132(5)  0.0127(5)  0.0130(4) 0.0138(4)  0.0136(4)  0.0132(4) 0.0129(4)  0.0144(4)  0.0152(3) 0.0156(4) 0.0169(5)  0.0180(5)
U,3(0) 0.0040(4)  0.0036(4)  0.0041(4)  0.0044(4)  0.0045(4)  0.0041(4)  0.0044(3)  0.0049(3)  0.0046(3) 0.0047(3)  0.0054(4)  0.0048(4)
Measured reflections 2638 2637 2237 2642 2646 2647 2637 2645 2640 2640 2650 2649
Obs/all reflections 1564/2335  1603/2333  1355/1969  1565/2339  1569/2343  1575/2342  1558/2333  1541/2341 1541/2337 1521/2337  1524/2346  1475/2345
Unique obs/all 324/419 327/419 318/420 324/420 320/420 321/420 322/419 312/420 311/420 307/420 308/421 292/421
reflections

R;,,/(obs/all) 0.032/0.033 0.030/0.031 0.025/0.026 0.025/0.026 0.024/0.025 0.025/0.025 0.024/0.025 0.025/0.026 0.023/0.024 0.023/0.024 0.027/0.028 0.025/0.027
R(obs/all) 0.010/0.018 0.009/0.015 0.008/0.014 0.008/0.015 0.008/0.015 0.008/0.014 0.009/0.014 0.008/0.014 0.007/0.013 0.007/0.013 0.008/0.015 0.008/0.018
wR(obs/all) 0.017/0.020 0.018/0.020 0.013/0.016 0.015/0.018 0.014/0.017 0.014/0.018 0.013/0.016 0.013/0.015 0.010/0.013 0.011/0.014 0.014/0.017 0.012/0.015
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FIG. 2. (Color online) Perspective view of the crystal structure
of Lay g;5Bag 135sMnO5 approximately along [1 0 0]. The three long-
est and the three shortest La-O distances are alternated in a plane
perpendicular to ¢ while the six intermediate La-O distances are
above and below this plane.

distortion and tilting (Fig. 2). The octahedra tilting and dis-
tortion divide the 12 La-O bonds into three groups with dif-
ferent bond lengths. The three longest and three shortest dis-
tances are found for three La-O contacts each that are in a
plane perpendicular to ¢. The six oxygen atoms at interme-
diate distance from La are above and below this plane (Fig.
2). Structure refinements have provided values for all struc-
tural parameters at 12 different temperatures. Standard un-
certainties of the long and short La-O bonds are one order of
magnitude higher than standard uncertainties of the interme-
diate La-O bond, because the former have a larger depen-
dence on the y coordinate of oxygen, which is the only re-
finable atomic coordinate in the rhombohedral structure
model.

B. Magnetic phase transition

Thermal expansion is found to be slightly anisotropic
within the investigated range of temperatures (Fig. 1). The
temperature dependence of the volume of the unit cell
changes slope at T,.,~256 K. This temperature coincides
with the magnetic transition temperature of 7,.=~251 K
within the accuracy of the present experiment. The thermal
expansion coefficient of the ferromagnetic phase is found to
be larger than the coefficient of the high-temperature para-
magnetic phase. The effect of the PMI— FMM transition on
the thermal evolution of the lattice parameters is much more
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pronounced in Lagg;5Bag ;ssMnO;5 (Fig. 1) than it has been
reported for rhombohedral Layg;5Sr)5sMn0O;,'# although
Fig. 11 in Ref. 14 could also be interpreted towards a change
of slope of the temperature dependence of a.

Discontinuities in the thermal evolution of the lattice pa-
rameters have been reported for the PMI— FMM phase tran-
sitions in several orthorhombic La manganites. This effect
has been attributed to the absence of metallic conductivity
and the concomitant presence of incoherent Jahn-Teller (JT)
distortions in the high-temperature phase, which would dis-
appear in the metallic low-temperature phase.!®!!2> Ortho-
rhombic Lay g;551( 1,5MnO5 exhibits a PMI— FMI transition,
at which a change of slope rather than a discontinuity has
been reported for the thermal evolution of the lattice param-
eters. This different behavior has been attributed to the insu-
lating character of both paramagnetic and ferromagnetic
phases of this compound as opposed to the low-temperature
FMM state of the other compounds.'3

This explanation does not apply to Lagg;sBag3sMnO;y
which is metallic at low temperatures, and shows a change of
slope in the temperature dependence of the lattice parameters
(Fig. 1). Instead, we believe that the different symmetries of
the thombohedral and orthorhombic phases might be at the
origin of their different behaviors (change of slope versus
discontinuity). Coherent JT distortions are forbidden by sym-
metry in rhombohedral structures, and modifications to the
coherent JT distortions of the MnOg octahedral groups can-
not occur in Lag g;5Bag 15sMnOs, as they have been found to
be important in the orthorhombic La manganites.

In agreement with this interpretation, the anisotropic dis-
placement parameters (ADPs) such as temperature param-
eters and the Debye-Waller factor of oxygen display an
anomalous reduction on cooling through 7., while the
smooth thermal evolution of the ADPs of La and Mn is not
interrupted by the magnetic transition (Fig. 3). The disconti-
nuity of the thermal evolution of the ADP of oxygen applies
equally to its components parallel (U,,,) and perpendicular
(Upe,p) to the direction of the Mn-O bond. It indicates a
reduced incoherent JT distortion of the MnOg octahedra be-
low T.. JT distortions have been associated with charge lo-
calizations that are responsible for high electrical
resistivities.'* Reduced incoherent JT distortions thus explain
the metallic character of the FMM state below T,.

Significant anomalies at 7. are not found for the volume
(Vano,) of the MnOg coordination polyhedron (Fig. 4) or for
the O-Mn-O bond angle (Fig. 5). These results indicate that
the PMI— FMM transition is not accompanied by a change
of shear distortions of the MnOg octahedra,?! while coherent
JT distortions are forbidden by symmetry. The thermal evo-
lution of the Mn-O bond length changes slope at T, (Fig. 6),
but this effect is much smaller than the effect reported for
orthorhombic manganites.??

Small changes of slopes at T, are observed for the thermal
evolution of the three shortest La-O bond lengths as well as
for the volume of the LaO,, coordination polyhedron (Figs. 6
and 4). This behavior reflects the anomalies in the lattice
parameters and unit cell volume, because a is equal to the
sum of the lengths of the longest and shortest La-O
bonds.?>?* La-O bond lengths are intimately related to the
tilt of the MnOg octahedral groups.
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FIG. 3. Temperature dependence of atomic displacement parameters (ADPs). (a) Equivalent isotropic ADPs for all atoms; (b) compo-

nents of the ADP tensor of oxygen, with U,,,,

the ADP tensor within the plane perpendicular to the Mn-O bond.

C. Rhombohedral to monoclinic transition

At Ty=187.1(3) K, Lagg;5Bag3sMnO5 exhibits a first-
order phase transition toward a state with monoclinic
symmetry.’ Similar transitions in other La manganites have
been interpreted as rhombohedral to orthorhombic
transitions.!* Indeed, the diffracted intensities of
Laj g15Bag 13sMnO; below T can be interpreted by an ortho-
rhombic structure model in very good approximation, but a
careful analysis of the superlattice reflections has unambigu-
ously determined the monoclinic space group I2/c.

Precursor effects are visible as anomalous variations of
several structural parameters within the rhombohedral phase
close to T (Figs. 4-7). The Mn-O bond length reaches a
minimum at 196 K and remains constant down to 188.9 K,
with a value of 1.9726(2) A that extrapolates well toward
(d(Mn-0)),,=1.973(2) A in the monoclinic phase at T
=160 K [Fig. 6(e)].> The same observation can be made for
the polyhedral volume of MnQg, with values of 10.23(1) A3
in the rhombohedral phase and of 10.24(3) A in the mono-
clinic phase [Fig. 4(a)].> The bond angle O-Mn-O remains
constant down to T at a value of 91.0°, while the average
value within the monoclinic phase is 90.30° (Fig. 5).° To-
gether these results indicate that the shear distortion of the
MnOQg octahedron in the rhombohedral phase is replaced by a
small Jahn-Teller-type distortion in the monoclinic phase.?!
The driving force for the rhombohedral to monoclinic phase
transition might thus be the higher stability of JT-distorted
MnOg4 octahedral groups as opposed to the shear-distorted
octahedral groups in this compound.

representing the component along the Mn-O bond, and U,,,,, representing the mean value of

The tilt angle of the MnOg groups decreases from 7.
down to 196 K [Fig. 7(a)]. At this temperature it reaches a
minimum, while it increases on further cooling down to Tj.
As a consequence of the thombohedral symmetry, this varia-
tion of tilting of MnOg groups implies that the shortest
La-O bond decreases while the longest La-O bond must in-
crease on cooling from 196 K down to T, as is indeed ob-
served [Figs. 6(f) and 6(h)]. The longest and shortest La-O
bonds each correspond to two independent bonds in the
monoclinic phase, while the six La-O bonds of intermediate
length split into one short bond, one long bond, and one
bond of intermediate length in the monoclinic phase.’ The
average values of bond lengths in the monoclinic phase
compare well with the values in the rhombohedral phase
[<d(La'O)short>aU=2'552 A7 <d(La'O)intermediate>av=2'781 A7
and (d(La-0);,,0) 0, =2.972 A]. In agreement with the ob-
served precursor effects, the shortest La-O bond in the
monoclinic structures’® (2.457 10%) can be obtained by follow-
ing the downward trend of the shortest La-O bond within the
rhombohedral phase (Fig. 6). Similarly, the longest La-O
bond in the rhombohedral phase can be extrapolated toward
an even longer bond in the monoclinic phase (3.053 A).5 An
alternative proposal for the driving force of the phase transi-
tion thus is a more stable environment of La as it can be
achieved in the monoclinic phase.

The pattern of tilts of MnOg octahedral groups is dictated
by symmetry, and it thus is different in the low- and high-
temperature structures. One crystallographically independent

tilt angle exists in R3¢ symmetry (tilting about [001] of the

FIG. 4. Temperature dependencies of the
MnOg and LaO;, polyhedral volumes for
Lay g5Bag 13sMnOs.
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FIG. 5. Temperature dependence of the O-Mn-O bond angle for
Lag g15Bag 13sMnO;.

hexagonal lattice [Fig. 7(a)]),” while in the monoclinic
structure the tilting could be described by two independent
rotations about axes with directions close to [100] and [001]
of the monoclinic lattice. These entirely different patterns are
illustrated by the quite different values of the two tilt angles,
as they have been determined for the monoclinic phase (¢
=0.22° and 0=9.58°), and as they can be computed for the
monoclinic setting of the rhombohedral structure [Fig.
7(b)].2 On cooling the tilt angle of the rhombohedral phase
decreases smoothly. Just above the structural phase transition
it begins to increase rapidly and can be extrapolated toward
the @ tilting value of the monoclinic structure. The small ¢
tilting angle in monoclinic structure allows this first-order
rhombohedral-monoclinic structural phase transition inter-
pret as a change of tilting axis direction from [001] of hex-
agonal lattice toward [100] direction of the monoclinic lat-
tice.
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FIG. 7. (a) Temperature dependence of the tilt angle of rhom-
bohedral Lag g;5Bag ;3sMnOs. (b) Tilt in the rhombohedral phase (v)
decomposed into two tilt angles of the monoclinic setting of the
lattice (¢ and 6) (Ref. 26).

IV. CONCLUSIONS

Crystal structures of Lag g;5Bag 13sMnO5 have been deter-
mined by accurate single-crystal x-ray diffraction for 12 se-
lected temperatures within the rhombohedral phase between
T¢=188.9 K and room temperature.

Thermal expansion is found to be discontinuous at the
paramagnetic to ferromagnetic phase transition at T,
=251 K, with the larger value for the thermal expansion co-
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efficient of the low-temperature ferromagnetic phase (Fig. 1).
A major effect of the magnetic transition on the crystal struc-
ture is an anomalous decrease of both the parallel and per-
pendicular components of the ADPs (temperature tensors) of
the oxygen atoms. This indicates that the incoherent distor-
tions of the MnOg4 octahedral groups are smaller in the mag-
netically ordered phase than they are in the paramagnetic
phase.!* Essentially different structural behavior is found in
the vicinity of 7. for rhombohedral Lagg;5Baj 13sMnO5 and
several orthorhombic La manganites.'? These differences can
be attributed to the different crystal symmetries, which pre-

vent coherent JT distortions in R3c, and thus prevent modi-
fications to the structural distortions as they have been found
to be important in the orthorhombic La manganites.'?
Precursor effects close to the rhombohedral to monoclinic
phase transition have been found to involve both the shapes

PHYSICAL REVIEW B 74, 104423 (2006)

and the tilts of the MnOg octahedra as well as the coordina-
tion polyhedron of La. The anomalous behavior near T ex-
trapolates well to values of the parameters found in the
monoclinic phase.’ Both the replacement of shear distortion
by JT-type distortion of the MnOg groups and a more stable
environment of La in the monoclinic structure may contrib-
ute to the driving force for the rhombohedral to monoclinic
structure phase transition.
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