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Y sLagsBaMn,Og compound®

Gao Qing-Qing(F KK, Li Jing-Bo(ZE##H)PT, Li Guan-Nan(Z57d 5)?), Rao Guang-Hui(5%#5) ),
Luo Jun(%% %), Liu Guang-Yao(X]/ ##)?, and Liang Jing-Kui(Z2H{ )

a)Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China

b) School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China

C)School of Materials Science and Engineering, Guilin University of Electronic Technology, Guilin 541004, China

(Received 15 March 2013)

The R/Ba-ordered and R-site mixed compound Y 5Lag sBaMn,Og is synthesized, in which (Y, La) and Ba are reg-
ularly arranged, while Y and La randomly occupy the R-site. Y sLag;BaMn;Og has a tetragonal unit cell with a space
group of P4/mmm. A structural transition between tetragonal and orthorhombic is observed at about 325 K by X-ray
powder diffraction (XRD). Thermal magnetic measurement shows the occurrence of an antiferromagnetic transition at the
temperature Ty ~ 190 K. Anomalies in magnetization, resistivity and lattice parameters observed around 340 K indicate a
charge/orbital order transition accompanying the structural phase transition. The R-site randomness effect is discussed to
interpret the different properties of Y sLag sBaMn,Og between NdBaMn, Og and SmBaMn, Og.
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1. Introduction

Perovskite-type manganites have been extensively stud-
ied due to their attractive physical properties as well as po-
tential technological applications, such as colossal magnetore-
sistance (CMR) effect.[?! The intriguing physics is caused
by the interplay among spin, charge, orbital, and lattice de-
grees of freedom.>* In conventional perovskite manganite
with the chemical formula R;_,A,MnO3 (R = rare earth el-
ements; A = Sr, Ca), R and A randomly occupy the A site
of the structure. The electronic phase separation that results
from the competition between the ferromagnetic (FM) and
charge/orbital ordered (CO-OQO) antiferromagnetic (AFM)
components!*! plays a crucial role in the CMR effect of the
A-site disordered R_,A,MnO3.*"] In recent years, A-site or-
dered RBaMn;0Og compounds have been successfully synthe-
sized and extensively investigated. The electronic phase dia-
gram is greatly modified in the A-site ordered RBaMn,Og, 8!
compared with that of the disordered Ry sBagsMnOs3. A-site
cation ordering elevates the CO-OO transition temperature
(Tco) up to 380 K—480 K in the RBaMn,0O¢ with R =Y-
Sm, 1% as opposed to the Tco of 200 K—250 K in the disor-
dered Ry 5CapsMnO3.3!11 The charge ordering and spin or-
dering are even completely suppressed due to the A-site ran-
domness in the Ry sBag sMnOs for R = Y—Pr.[812]

The A-site cation size effect plays an important role in
the properties of A-site ordered RBaMn,Og compounds. As
the R-cation size changes, the RBaMn,;Og compounds exhibit
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different magnetic ground states and remarkable variations in
ordering temperature. [>'°) YBaMn,Og undergoes a CO transi-
tion at Tco ~ 480 K and an AFM transition at Ty ~ 190 K, 13!
whereas LaBaMn,Og displays an FM transition at 7¢ ~ 330 K.
(14151 In the critical region around R = Nd, T¢, Ty and Tco
almost coincide with each other, and the CO-OO phase and

[12.16] To investigate

FM phase compete in a bicritical manner.
the role of the A-site cation size effect and the R-site ran-
domness effect in the physical properties of RBaMn;Og, we
synthesized the R/Ba ordered and R-site half doped compound
Yo.5LagsBaMn;Og, in which the average cation size (Ry 1)
is close to that of Nd*>*.17! The structural and physical prop-
erties of Yo sLagsBaMn,Og were investigated and compared

with NdBaMn,Og and SmBaMn,Og.

2. Experiments

The sample was synthesized by solid state reaction with
the precursors La;O3, Y203 (99.99%), Ba(NO3), (99.0%),
and MnO; (99.99%).
thoroughly and pressed into pellets. The pellets were sin-
tered at 1300 °C for 30 h in flowing high-purity Ar, and
then cooled to room temperature in the same atmosphere.

The starting reagents were ground

The reductive atmosphere produced an oxygen-deficient per-
ovskite Yg sLagsBaMnyOg_y. The Y sLapsBaMn;Og com-
pound was obtained by annealing the Yo sLag sBaMn;O¢_, in
flowing O, at 500 °C for 48 h.

The purity of the samples was checked by X-ray powder
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diffraction (XRD) using a PanAnalytical X pert MRD high-
resolution diffractometer. The XRD data used for Rietveld
refinement were collected in a 26 range from 10° to 130°
with a step size of 0.017°. Temperature dependent XRD was
performed in a temperature range of 15 K—400 K. The mag-
netic properties were studied by a superconducting quantum
interference device magnetometer (MPMS 7, SQUID). Resis-
tivity measurements were performed using the standard four-
probe method by the physical property measurement system
(PPMS). The microscopic structures were probed by means of
transmission electron microscopy (TEM) using the JEM-2010
operating at 200 kV.

3. Results and discussion
3.1. Crystal structures

The obtained samples were identified to be single-phase
by XRD. The XRD pattern of the phase was well indexed
with a tetragonal space group (S.G.) of P4/mmm. The
unit cell of the phase contains one chemical formula of
Yo.5LagsBaMn,Og. Rietveld refinement of the structure was
performed based on the full XRD patterns using the FullProf
program.!'®! The refined results indicate that the Y and La
ions randomly occupy the same site. The structural param-
eters obtained from the Rietveld refinement are listed in Ta-
ble 1. Yo sLagsBaMn,Og has a tetragonal a, x ap X 2¢p unit
cell, analogous to that of the reported RBaMn,;O¢ (R = La,
Pr, and Nd),!">! where the subscript p denotes the primitive
perovskite unit cell. Figure 1 shows the observed and calcu-
lated XRD patterns, and the difference profiles from Rietveld

refinement.
+ observed
L H caculated
—— observed—caculated
| I Bragg position
>
=1
1}
g |
et
=
R L R LR
b "
v T
20 40 60 80 100 120

20/(°)
Fig. 1. (color online) Observed (cross), calculated (continuous line),

and difference (bottom line) profiles obtained from Rietveld refinement
of Yo 5Lag sBaMn;Og at room temperature.

In the XRD pattern, the (001) reflection was too weak
to be observed, while the presence of the superlattice peaks
of (101), (111), (003), etc, supported the A-site ordering in
Yos5LagsBaMnyOg. To further clarify the A-site ordering of
Yo.5sLag sBaMn,Og, electron diffraction (ED) was conducted.
Figure 2 shows the TEM image along the [010] zone axis; the

inset gives the corresponding ED pattern. The reflections with

a two-fold periodicity modulation of the primitive perovskite

unit cell along the ¢ axis demonstrate the A-site ordering.
Table 1. The refined results of Y sLagsBaMnyOg using tetragonal

space group P4/mmm at room temperature; here, a = 3.9257(4) A
(1 A=0.1nm), c =7.6621(1) A, Ryp = 14.1%, and R, = 9.86%.

Atom X y z Biso/A2
Y (La) 0.0 0.0 0.0 0.21(1)
Ba 0.0 0.0 0.5 0.21(1)
Mn 0.5 0.5 0.2463(3) 0.12(2)
(¢} 0.5 0 0.5 1.78(6)
(6} 0.5 0 0.2234(6) 1.78(6)
(¢} 0.5 0.5 0.5 1.78(6)

Fig. 2. The [010]-zone TEM image at room temperature. The inset
shows the corresponding ED pattern.

Temperature-dependent XRD investigation was per-
formed from 15 K to 410 K. Figure 3 shows the tempera-
ture dependence of the lattice parameters and the cell vol-
ume of the Y sLagsBaMn;Og compound. A structural phase
transition occurs at about 325 K. Figure 4 gives the se-
lected partial XRD patterns at 310 K and 372 K, respec-
tively. The high-temperature (HT, T > 325 K) phase crys-
tallizes in the orthorhombic symmetry with S.G. Pmmm. A
similar structural transition was also observed in the A-site or-
dered SmBaMn;O¢.!"?! Figure 3 shows an abrupt change in
the lattice parameters a(b), ¢, and V at ~ 325 K. The lattice
parameter a(b) elongates, ¢ contracts, and the cell volume V
expands as the compound transforms from HT orthorhombic
to low temperature (LT) tetragonal. This is evidence of the
existence of negative expansion in the compound at ~ 325 K.

The lower symmetry of the HT phase compared with
the LT modification and the negative expansion in cell vol-
ume characterize the unusual structural transition of the
Yos5LagpsBaMnyOg compound. In the terminal side com-
pound YBaMn;,Og, the abnormal structural transition also ex-
ists, where the LT monoclinic phase transforms to the HT
triclinic./'¥! Nakajima et al.!'3! attributed the unusual transi-
tion to the internal strain induced by the A-site ordering and
the kinetic energy of the e, electrons stabilized by the orbital
ordering. In Y sLagsBaMn;Og, the structural transition is
accompanied by a CO-OO transition, as shown below. The
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CO-00 state contributes an entropy reduction. This may par-
tially compensate for the lattice entropy of the LT phase and
make the unusual transition take place.
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Fig. 3. (color online) The dependence of the lattice constants (a) and
the cell volume (V') (b) on temperature. The inset of (a) shows the am-
plification of (a) around 200 K.
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Fig. 4. (color online) The partial XRD patterns of Y sLagsBaMn;Og
at 372 K and 310 K.

The inset of Fig. 3 shows a weak anomaly of the lattice
parameters below ~ 200 K. Parameter a presents a plateau,
while ¢ deviates from the linear temperature below ~ 200 K.
The anomaly here is consistent with the antiferromagnetic
transition occurring at ~ 190 K, as shown in Fig. 5.

3.2. Magnetic properties

The temperature-dependent magnetization (M-T') of the
sample was measured under a magnetic field of 200 Oe

(1 Oe=79.5775 A/m) on zero-field-cooled (ZFC) and field-
cooled (FC) processes, as shown in Fig. 5. The magnetization
exhibits a steep reduction at ~ 340 K, where the resistivity also
shows an appreciable increase. Such simultaneous changes
in magnetization and resistivity can be attributed to the CO—
OO transition according to Ref. [19]. In the RBaMn;O¢ (R =
Tb, 201 Sm“(”ZO’ZH) compounds, the similar behaviors of mag-
netization and resistivity are observed and demonstrated to re-
sult from the CO-OOQ transition by means of TEM, resonant
X-ray scattering, and neutron diffraction techniques. As de-
termined by XRD, the lattice parameters a (b) elongate and
¢ shortens below ~ 325 K. The changes in lattice parame-
ters suggest that an orbital ordering with ds.2_,2/d3_ 2 or

d > type exists in the Y 5Lag sBaMnyOg compound below

X y
~ 325 K.
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Fig. 5. (color online) Temperature-dependent electric resistivity and
magnetization of the Y sLagsBaMn;Og sample. The magnetization is
measured under a magnetic field of 200 Oe on ZFC and FC processes.

Upon further cooling, an anomaly of magnetization was
observed at ~ 190 K, corresponding to the antiferromagnetic
transition as reported in SmBaMn,Og.!'%2%1 Below the Neel
temperature, weak irreversibility of magnetizations on the FC
and ZFC processes were observed, implying that some ferro-
magnetic components might be developed on the AFM ma-
trix. As the temperature decreased to ~ 45 K, a small cusp
in the ZFC curve and a relatively large divergence between
the FC and ZFC curves indicated a spin-glass-like behavior.
Similar phenomena in the disordered Ry sBag sMnO3 (R = Y-
Pr) were observed at ~ 50 K and demonstrated to be the
canonical spin-glass transition. [®!?! The spin-glass behavior in
Ry 5Bag sMnO3; was believed to be caused by the strong uni-
form random potential originating from the large mismatch on
the disordered A-site.!'?! The spin-glass-like behavior in the
present compound Y sLag sBaMnyOg might also be induced
by disordered distributions of La and Y on the R site. Further
work is required for a corroborant understanding.

Compared with RBaMn,QOg, the R site is replaced by

the mixed Y and La in YgsLagsBaMn,Og. The average
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cation size (Ry1a) is close to that of Nd3* but larger than
Sm>*.['7] However, Y sLagsBaMn,Og exhibits remarkably
distinct phase transitions in contrast with NdBaMn;Og. In
NdBaMn,Og, 13161 no CO-0O0 transition was observed, and
instead the strong FM correlation (not long-range FM or-
dering) was demonstrated to exist at ~ 300 K by neutron
diffraction!'®!, followed by an A-type AFM transition at Ty ~
275 K. The A-type AFM transition is accompanied by a uni-
form dxz,yz orbital ordering. While in SmBaanoé,m'lé] the
charge/orbital ordering takes place at ~ 375 K and is followed
by an antiferromagnetic transition at ~ 250 K.

Y0,5La0,5BaMn206 and
NdBaMn,Og can not be explained only according to the mis-
match (f) between the RO- and BaO-lattices f = rg3+ /rgg2+»
which is an important factor related to the structure and physi-

The distinction between

cal properties for the single-R element RBaMn,Og.!!"! For the
A-site disordered compounds, another size mismatch factor
o, defined as 62 = Zyiriz—<rA>2[22’23J,
interpret the lattice effect on the physical properties, where

was usually used to

ri, i, and r4 denote the ionic radius, fractional occupancy,
It has
been found that the increase in 62 reduces the FM transition

and the average ionic radius of each A-site cation.

temperature,'>>?3] while the increase in the average A-site
cation size results in a remarkable decrease in Tco.2¥ In
present Yo sLag sBaMn,Og, the large size difference between
randomly distributed Y and La on the R site results in a suf-
ficient size mismatch ¢ ~ 0.0086, which may lead to a dis-
tortion of the Mn—-O-Mn bonds.[!>?? Consequently, the FM
correlation observed in the reference compound NdBaMn,Og
is suppressed due to the large value of 6, and CO-OO oc-
curs. Compared with SmBaMn;,Og, the larger average cation
size (RyLa) and small mismatch between the RO- and BaO-
lattice play more important roles than the on-site mismatch
o? at R site, leading to a lower CO transition temperature in
Yo.sLagsBaMn,Og. Besides, the effect of 62 enhanced by
the R-site disorder might be one reason that gives rise to the
spin-glass-like behavior at ~ 45 K.[8!

4. Conclusion

R/Ba R-site
Yo.s5LagsBaMn,Og was synthesized by the solid-state reac-

ordered and mixed compound
tion. Yo sLagsBaMn,Og crystallizes with tetragonal symme-

try (S.G.: P4/mmm). The structural transition between the LT

tetragonal phase (P4/mmm) and the HT orthorhombic phase
(Pmmm) was determined at ~ 325 K by XRD, and this was ac-
companied by a CO-OO transition. The charge/orbital order
transition at Tco ~ 340 K was evidenced by the steep re-
duction in magnetization and increase in resistivity, as well
The M-
T measurements also exhibited an antiferromagnetic transi-

as the abrupt changes in the lattice parameters.

tion at ~ 190 K and a spin-glass-like behavior at ~ 45 K.
The R-site cation size mismatch effect made the present
Yo.5Lag sBaMnyOg compound show different properties from
NdBaMn,Og and SmBaMn,Og.
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