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Abstract: The temperature evolution of the crystal structure for Nd, ; Sty s MnO; has been investigated by powder
XRD between 125 K and 725 K. The structure can be described with a monoclinic symmetry (space group P21/m)
in the temperature range of 125—175 K, while with the increase in temperature between 175 K and 575 K the
structure involves a higher orthorhombic symmetry (space group Imma). The rhombohedral structure with space
group R-3c is observed at high temperature region of 575-—725 K. The increase in the magnetization at low tem-
peratures can be ascribed to the field-induced short-range magnetic order of the Nd*" ions. The dc and ac suscepti-

bility data show some anomalies around the FM-PM transition region which can be attributed to the glass behavior
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and magnetic relaxation.
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0 Introduction

In the previous work of charge-ordered com-
pound Nd, 5 Sr, s MnO,, it has been shown that
phase transition is a function of temperature.
Ndo.; Sro.; MnO; undergoes a transition from a
paramagnetic (PM) insulator at room tempera-
ture to a ferromagnetic (FM) metal below 250 K,
and finally to an A-type antiferromagnetic(AFM)
state below 225 K followed by the transition to a
charge-ordered CE-type AFM phase at a lower
temperature of 150 K. The ground state consists
of not only FM and CE-type AFM phase but also
A-type AFM phase'".

Nd,.;Sry. s MnO; has an orthorhombic perovs-
kite-type structure, some authors determined the

L B-81 0 while some

symmetry as Pnma"! or Pbnm
others reported the symmetry as Imma that will
be changed to monoclinic P2, /m symmetry below
150 KB * % The low temperature monoclinic
structure coincides with the appearance of CE-
type AFM phase.

Here, we present our studies of the tempera-

ture dependent X-ray diffraction (XRD) measure-
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ments on Nd, s Sr, s MnO; in a large temperature
range. We also demonstrate the magnetic charac-

teristics of this half-doped manganite.

1 Experiments

Polycrystalline samples of Nd, ; Sr,; MnO;
were prepared from Stoichiometric amounts of
Nd; O; (99. 9%), SrCO; (99%) and MnO,
(97.5%). As most of the rear earth oxides absorb
moisture from the air, Nd, O, has been preheated
at 1 000 °C for 12 h. All the powders were mixed
and grinded for a long time in order to produce a
homogeneous mixture. First, the mixture was
heated at 900 ‘C for 24 h and calcined at 1 200 C
for 24 h with intermediate grindings. After that,
the reaction product was then finely pulverized
and cold pressed into 10 mm diameter discs under
30 MPa, sintered in air at 1 400 °C for one day,
then slowly cooled to the room temperature.

Powder XRD data below room temperature
were carried out with a Rigaku D/max 2 500 dif-
powder X-ray diffraction

fractometer while

(XRD) data at high temperature region were col-
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lected on a PANalytical X'pert PRO Alpha-1 dif-
fractometer (CuK radiation, A= 1. 540 6 A) at
45 kV and 40 mA. A step scan mode was em-
ployed with a step width of 20=0. 017° and a
count time of 2 s per step. The Rietveld refine-
ments were performed using the profile fitting
program FULLPROF" .  The

measurements were performed with a MPMS-7

magnetization

SQUID magnetometer from quantum design.

2 Results and Discussions
2.1 Structure

The room temperature powder XRD patterns
of Ndy.5Sry s MnO, give satisfying result fitting to
an orthorhombic structure with Imma symmetry.
Our refined lattice parameters are a =5. 471 478
(45) A, b=17.634 183 (63) A, c=15.429 764
(49) A. The refinement converged to give an a-
greement factor R,, =23% ., R, = 21.31% and
x'=1.17. Observed, calculated, and difference
diffraction profiles are shown in Fig. 1. The stars
and solid continuous lines represent observed and
calculated pattern respectively. The difference
plot is shown at the bottom of Fig. 1. Positions
for the Bragg reflections are marked by vertical
bars. The lattice parameters agree well with the

previously reported results™ ',
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Fig. 1 Rietveld refinement profile of powder XRD pat-
tern for Ndo ; Sro s MnO; at 300 K with Imma

structural model

On cooling the samples, changes of the XRD
patterns were observed as illustrated in Fig. 2, es-
pecially the reflection at about 47° in 26 is gradu-
ally split into two sharp and distinct peaks from
300 K to 125 K. The powder XRD patterns be-

tween 275 K and 200 K could also be indexed with
an orthorhombic Imma lattice, while the XRD
patterns below 200 K give good fits to a mono-
clinic P21/m lattice. Our low temperature XRD
results confirm the change of symmetry accompa-
nying the magnetic phase transitions as reported

in several previous studies™?® ™,
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Fig.2 Low temperature XRD patterns of Nd, 5 Sr, ;s MnOj;

The powder XRD patterns of Nd ;5 Sry s-
MnQO; over the temperature range of 300—725 K
(Fig. 3) indicate that around 575 K there was a
change of crystal symmetry. Below 575 K, all of
the observed peaks satisfied the reflection condi-
tions of hkl: h+k+1=2n; and hk0: h=2n, be-
ing consistent with the Imma symmetry as repor-
ted by Caignaert et al“?, At and above 575 K, the
peaks in each pattern can be indexed on the basis
of a thombohedral unit cell (space group R-3c¢).
The cell symmetry was identified by the observa-
tion of the reflection based on the limiting condi-
tion on hkl: —h+k+1=3n"". Fig. 4 shows the
XRD refinement for Nd, s Sro. ;s MnO, at 725 K,
where stars are the experimental data, line is the
Rietveld fit, and the lower line is the difference
curve. Positions for the Bragg reflections are
marked by vertical bars. Calculation was carried
out supposing space group R-3c. This whole pat-
tern fitting led to an agreement factor R,, =
19.7% . R, =18.15% and y* =1.18. The inset
shows the result of the Rietveld refinement of the
first strong peak. This type of splitting of the
main peak indicates the rhombohedral distortion

L2) The temperature evolution of the

of lattice
unit cell parameters is shown in Fig. 5, where

squares, circles, and triangles represent the a, b/

V2, and ¢ lattice parameters, respectively. The

orthorhombic phase is represented by open sym-
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phase are filled.
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Fig. 3 High temperature XRD patterns of Nd, 5 Sry 5-
MnQO,
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Fig. 4 Rietveld refinement plot of the powder XRD data
at 725K
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Fig.5 Lattice parameters of Nd, 5 Sr, ;s MnO; as a func-

tion of temperature

2.2 Magnetization measurements

Fig. 6 shows the zero field-cooled (ZFC)
temperature dependent magnetization data recor-
ded at different applied fields during warming the
samples up to 300 K. As shown in the inset of
Fig. 6, Nd, ; Sro. s MnO; firstly undergoes PM-FM
phase transition at around 275 K (T¢) and FM-

AFM transition at around 160 K. The transition

temperatures are in agreement with those repor-
57 To further

examine the influence of the applied magnetic

ted in literature for bulk samples

field on the system, magnetization measurements
with different applied magnetic field up to 5 T
were studied. We found that the higher the ap-
plied magnetic field, the higher magnetization is
in both AFM and FM states.

magnetization at low temperatures (5 K< T <

Furthermore, the

50 K) showed a rapid increase with decreasing
temperatures when the applied fields exceed 1 T.
Gordon et al. " and Nam et al. "' attributed this
anomaly to the Nd-Nd exchange interactions.
Millange's neutron data at 1. 7 K supported this
suggestion, they found that there were ferromag-
netic scattering arising from both manganese and
neodymium along the b axis''®!. However, Lopez
et al. attributed it to a possible short-range orde-
ring of the Nd*" ions because the Nd*' ions did
not show a long range magnetic order until the
lowest measured temperatures in the neutron dif-
fraction studies"* ', Our results confirm that the
increase in the magnetization at low temperatures
is produced by the field-induced short-range mag-
netic order of the Nd*" ions.

In order to obtain further insight into the
magnetic properties of the samples, the dc and ac
magnetic susceptibilities measurements have been
carried out.

After cooling down from room temperature

without applied field (ZFC), susceptibility y was
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Fig. 6 Temperature dependence of magnetization using
different applied magnetic field in ZFC condi-
tions. The inset shows the My (T) data of
Nd,. 5 Sry. s MnO; taken on warming in an applied

field of H., =100 Oe
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Fig. 7 dc susceptibility 5T curves for Nd, ;5 Sry s MnOj
in ZFC and FC conditions

subsequently measured heating from 5 K to 300 K
and cooling from 300 K to 5 K under an applied
field 1000e (FC) (shown in Fig. 7).

temperature cycle, a pronounced difference be-

In such a

tween curves is observed. The large splitting of
the FC and ZFC magnetization curves is a signa-
ture of the conventional spin glass. Furthermore,
in the temperature region close to T¢, there ap-
pears a kink in the ZFC curve (the arrow indica-
tion) which leads to the irreversibility between
the FC and ZFC magnetization. AC susceptibility
measurements were used to search for the mag-
netic glassy behavior and the hysteresis of y (T)
at FM-PM transition region.

In Fig. 8, we present the temperature de-
pendence of the in-phase X/ (T) and the corre-
sponding out-of-phase X”(T). The real and imagi-
nary parts of the ac susceptibility were measured
in an 1 Oe ac field and 332 Hz frequency. The X/
(T) curve is quite similar to the dc y-T (ZFC)
plotted in Fig. 7. Also, kink at X;C is observed at
noted temperature interval. The inset of
Fig. 8 (a) shows the X’ (T) curves measured at
different frequencies. We observe a clear frequen-
cy dependence of the real components of ac sus-
ceptibility, which implies the presence of magnetic
disorder and a spin-glass state in Nd,; Sro;
MnOQO,.

are observed around the FM-PM transition re-

Moreover, it is notable that two X,“," peaks

gion. Meanwhile, we also find that the dy/dz plot
appears two local minimums nearby T (inset of
Fig. 8(b)).
interpreted to originate from the short time mag-

FM-PM

This behavior in susceptibility can be

netic relaxation during the transi-

tion[“' 17, 19-21]

T/K
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Fig. 8 Temperature dependence of real and imaginary
components of ac susceptibility for Nd, ;5 Sry 5

MnQO; sample

3 Conclusions

A systematic investigation of crystal struc-
ture of Nd, 5 S
the temperature dependent XRD measures. A

0.5 MnO; have been conducted via

transition from monoclinic crystal structure to or-
thorhombic and then to rhombohedral symmetry
occurs as the temperature increases. The most
important feature of this study concerns the ap-
pearance of R-3c rhombohedral structure at high
temperature. Magnetic properties of Ndg ;5 Sry s-
MnQO; have been represented. The increase in the
magnetization at low temperatures is originated
from the field-induced short-range magnetic order
of the Nd*" ions. The glass behavior and relaxa-
tion effect are signaled by a frequency dependent
in X:“' (T) and two peaks in Xi‘,“ around the FM-PM

transition region.
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