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ABSTRACT

Neutron Diffraction Studies of the La1-xBaxMn03 Magnetic Oxide. Neutron
diffraction studies of the La1.xBaxMn03 (x = 0.0, 0.2) magnetic oxide have been carried
out. The research is aimed to find out magnetic structure at LaMn03 and
LaO.8Bao.2Mn03.The samples were prepared by solid state reaction using high energy
milling method to the raw materials of La203, BaC03 and Mn02 each with a purity of
more than 99.9%. The nuclear- and magnetic crystal structure were characterized by
means of neutron high resolution powder diffraction (HRPD) at BATAN and the data
were analyzed bay using Rietveld method with the help of FullProf application code.
The magnetic properties of the samples were investigated by using vibrating sample
magnetometer. It is obtained that at room temperature, the LaMn03 and LaO.8Ba02Mn03
successively displays antiferromagnetic- and ferromagnetic properties with the
magnetic moment are 3.8(1) and 3.2(7) JiaiMn atom, respectively and both of which
have an orthorhombic crystal structure with Pbnm space group. The stoichiometry of
LaMn03 and LaO.8Bao.2Mn03 are (La0.4)3+(Mn06)3+(Mno.IS)4+(01.8)2-and
(LaO.6)3+(Bao.2)2+(Mno.8)3+(Mno.os)4+(02.4)2',successively. The magnetic moment of
LaO.8Bao.2Mn03sample is 3.2 (7) JiaiMn atom means that the ionic moments can not be
fully aligned parallel to one another without an external magnetic field.

Key words: Neutron diffraction, magnetic oxide, magnetic structure.

INTRODUCTION

Neutron diffraction (NO) is an extremelyvaluable tool for the investigation of
magnetic materials, because of its ability to

jirectly observe periodic magnetic structures, to
jetermine magnetic moment directions and
llagnitudes, to observe light elements (H, C, N,
J, F etc.) that are otherwise difficult to locate from
(-ray diffraction due to the strong scattering of
1eavy elements, or to distinguish nearby
~Iements in the periodic chart. Neutron diffraction
s proven to be a very useful technique in the
study of the magnetic oxides such as perovskites-
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type AB03 (A= La, Sr, and B=Fe, Co, Ni, Cu, Mn,
Ti) [1].

The most investigated perovskites-type
AB03 is the La1-xAxMn03,where La = trivalent rare
earth atoms and A= divalent transition metal
atoms such as Ba+2, Ca+2, or Sr+2• This material is
widely studied because it has many potential
applications as sensors [2, 3], spintronics [4], and
as an absorber of electromagnetic waves [5]. The
parent compound of La1-xAxMn03is LaMn03. The
parent compound, LaMn03, has a perovskite
structure and exhibits antiferomagnetic insulator
properties below the Neel temperature TN of
about 140 K. If some La ions are substituted by
divalent metal ions, such as 8a+2, the compound
is still of perovskite structure, but causing Mn3+
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maximum value of 1 Tesla. VSM measurements
was carried out at room temperature.

RESULTS AND DISCUSSION
After the neutron diffraction patterns of

HRPD are obtained, the neutron diffraction data
were analyzed with the help of FuliProf
application code [10]. This first step is to analyze
the nuclear structure of LaMn03 without involving
its magnetic structure. Refinement was carried
out by assuming that the sample has an
orthorhombic nuclear structure with space group
Pbnm, No. 62. The initial value of the atomic
coordinate fractions are La: 4c (x, y, 1/4), Mn: 4b
(1/2,0.0),0 (1): 4c (x, y, 1/4), and 0 (2): 8d (x, y,
z) [11]. Parameters which are entered into the
*.pcr file are the half maximum peak height-,
scale factor-, lattice-, chopped background-, the
zero point detector-, peak shape function-, and
space group parameters.

ions to turn into Mn4+ ion, and this causes the
material to become ferromagnetic conductors [6].

Previous study of La1-xAxMn03have been
carried out by some authors. Based upon the x
ray diffraction data analysis results obtained using
the Rietveld method, Sardjono et al [7] have
shown that the sample Lao.sBao.2Mn03 has a
monoclinic structure, space group of /12/a1. It
have been also shown that the LaMn03 and
Lao.sBao.2Mn03 based on the VSM data
successively displays antiferromagnetic- and
ferromagnetic properties. While, Asma Khalid et
al [8] have shown that the Ba-doped composition
of LaMn03 has quite strong magnetization and
coercivity values giving a linear response against
the field and hence paramagnetic in the entire
measurement range and the peaks in Ba doped
compositions are indexed to the rhombohedral
structure with rhombohedral symmetry (space
group R-3c, No.167).

It appears that concerning both the crystal
structure and the magnetic structure there are
differences in opinion among the authors [7], [8].
The discussion in this study is focused on the
crystal structure and magnetic structure of
LaMn03 when the A-site is doped with an atom of
lower valence value, in this case is Ba2+, to form
the compound La1-xBaxMn03. The study is based
upon the Rietveld method analysis of the
neutron high resolution powder diffraction
intensity data. Thus the aim of this study was to
characterize La1-xBaxMn03for x = 0.0, and x =0.2
and to understand the crystal structure and
magnetic structure of this material at room
temperature.
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Fig. 1. Neutron diffraction patterns of LaMn03, the
Rietveld analysis results based on the nuclear phase
only without involving magnetic phase, hereinafter
referred to LaMn03-Nwith;; = 2.0, RB = 15.1, and RF =
15.8.

The results of the Rietveld profile fitting
are shown in Fig. 1. The dots are the observed
intensity, the solid line is the calculated intensity,
and the difference pattern is shown at the bottom
of the chart. The upper short vertical line show
Bragg positions for the nuclear phase. The
neutron diffraction patterns of the LaMn03
samples showed sharp peaks which could be
indexed on the basis of an orthorhombically
distorted perovskites structure with space group
Pbnm. No impurity phases were observed within
the detected limits of neutron high resolution
powder diffraction. The Rietveld refinement
results of atomic coordinate fractions (Xj, JIi, Zj),

EXPERIMENTAL METHOD
The samples were prepared by solid state

reaction using high energy milling (HEM) method
to the raw materials of La203, BaC03 and Mn02
each with a purity of more than 99.9% and by
referring to the previous research [9]. The
neutron-powder-diffraction experiments were
undertaken with the high-resolution powder
diffractometer (HRPD), A=1.8223A at the Neutron
Beams Technology Laboratory of BATAN,
Serpong, Indonesia. The samples were loaded in
a cylindrical vanadium holder. The data were
collected in the scattering angular range of 2.50
up to 1570 in the interval of 0.050 for room
temperature measurements. The neutron
diffraction data was refined using FuliProf
software [10]. The magnetic properties of
materials were characterized using VSM
(Vibrating Sample Magnetometer) Oxford Type1.2
Hin method at PSTBM, BATAN Serpong.
Measurement of magnetic properties of materials
was made in an applied magnetic field to a
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isotropic thermal parameters (Bj) and occupation
factors (gi) are shown in Table 1.

As shown in Fig. 1, all of diffraction peaks
measurement results coincide with the nuclear
peaks calculation results. This means there is no
additional peaks due to scattering from magnetic
phase. So the magnetic structure, if there is any,
would have a propagation vector k = (a, 0, 0). As
the propagation vector is k = (0, 0, 0), the
magnetic unit cell is identical to the nuclear cell.
Next, the Baslreps program is employed to
determine the basis vectors of the irreducible
representations (lrreps) of the propagation vector
group (Gk). With the help of this program one can
determine the appropriate magnetic symmetry
and the magnetic rotation vectors. The output of
the calculation for the basis fuctions of Irreps
corresponding to the experimental magnetic
structure of LaMn03 are basis functions of Irreps
(3) and Irreps (5) as indicated in the Table 2 and
Table 3, respectively.

Table 1. Fractional coordinates (Xj, Yi, Zj), isotropic
thermal parameters (Bj) and occupation factors (gj) of
the LaMn03 sample, lattice parameters: a = 5.5467 (3)
A b = 5.5219 (3) A, and c = 7.8243 (6) A.
Atom Xi Yi Zj Bj m

La 0.996(2)-0.007(2)0.250.2(1) 0.2(6)

Mn

0.50.00.00.8(4)0.3(7)

01

0.042(1 )00489(3)0.253.1 (3)OA( 1)

02

0.737(6)0.261 (1)0.014(1 )0.3(2)o A( 1)
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Fig. 2. Neutron diffraction patterns of LaMn03, Rietveld
analysis result based on the nuclear- and magnetic
phase, hereinafter referred to LaMn03-M with z2 = 2.0,
RB = 16.8, and RF = 1504 and RM = 6.3.
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Magnetic structure analysis on LaMn03 was
carried out by entering the data displayed in Table
2 and Table 3 in order to find out which of the

data would give the smallest ~, RB, RF and RM•

The basis fuctions of Irreps which gives the
smallest ~, RB, RF and RM are basis functions of
Irreps (3) as indicated in the Table 2. Figure 2 is
the neutron diffraction patterns of LaMn03 in
which the Rietveld analysis results are based on
two phases, namely the nuclear- and magnetic
phase. The fitting quality of the two pictures
(Figure 1 and Figure 2) are the same, in which
both have a parameter X2 = 2.0. The magnetic
structure of LaMn03 is shown in Figure 3, and
fractional coordinates, isotropic thermal
parameters, occupation factors and lattice
parameters of the LaMn03 in the mixed state of
nuclear and magnetic phase are shown in Table
4.

c

~b a

Fig. 3. The magnetic structure of LaMn03. From the
fitting of the powder diffraction pattern is obtained the
magnetic moment, ~ = 3.8(1) 118.
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From the fitting of the powder diffraction
pattern the magnetic moment, j.l = 3.8(1)j.l8, is
obtained where the lattice of magnetic ions in the
crystal breaks up into two sublattices along the c
axis having magnetic moments in opposite
directions. This magnetic structure is in good

Engkir Sukirman,dkk. 349



batan

Seminar Pendayagunaan Teknologi Nuklir 2017
Badan Tenaga Nuklir Nasional

Tang~rang Selatan 21-23 November 2017
~

SENPATEN

1400
(La,Ba)1\IDO,

Fig. 4. The magnetization, M (emu/g) versus field, H
(Tesla) for LaMn03.

It is shown in Table 4, all atomic sites of La,
Mn, 01 and 02 are not fully occupied. The
presence of oxygen vacancies force part of the
Mn4+ions to go into the 3+ state so that charge
neutrality is maintained. From the Table 4 the
stoichiometry of sample can be determined,
namely (La0.4)3+(Mno.6)3+ (MnO.1S)4+(01.S)2-.
Because the magnitude of the magnetic moment
of Mn3+and Mn4+ions is 4 and 3 J.l8,respectively,
then the magnetic moment of LaMn03 sample of
3.8(1) J.l8/Mn atom is reasonable due to the
presence of mix-valence on manganese ions
which is dominated by Mn3+ion. This agrees well
with the obtained value of 3.8 ~18 by Juan
Rodriguez-Carvajal [14].

agreement with the reported data on LaMn03
[12]. This is also consistent with the magnetic
properties data obtained from the vibrating
sample magnetometer (VSM) method
measurements as shown in Figure 4. It appears
that the coercivity values giving a linear response
against the field and hence the material is either
paramagnetic or antiferromagnetic in the entire
measurement range. Data from previous studies,
also shows that the structure of LaMn03 has an
antiferromagnetic or paramagnetic arrangement
[7]. Therefore it can be concluded that at room
temperature the LaMn03 manganite crystallizes in
the distorted perovskite structure and displays
antiferromagnetic properties. And this
antiferromagnetic behavior arises due to the
magnetic interactions between Mn3+adjacent ions
through super-exchange mechanism [13].

Table 4. Fractional coordinates (Xj, Yj, Zj), isotropic
thermal parameters (Bj) and occupation factors (gj) of
the LaMn03 sample, lattice parameters: a = 5.5474(3)
A. b = 5.5224(3) A. and c = 7.8234(7) A. The result is
basedon the nuclear-and magnetic phase.
Atom Xj Yj Zj Bj m

La 0.999(2)-0.250.0(1)0.2(6)
0.008(3) Mn

0.50.00.01.4(1)0.3(1)
01

0.047(1)0.490(5)0.251.3(2)0.3(4)
02

0.742(4)0.260(1)0.014(1)1.3(1)0.6(3)

Table 5. Fractional coordinates (Xj, Yi, Zj), isotropic
thermal parameters (Bj) and occupation factors (m) of
Lao.sBao.2Mn03sample, lattice parameters: a =
5.5424(4)A. b = 5.6012(4)A. c = 7.7675(5)A.
Atom Xj Yj Zj Bj gj

1.5
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-1.0 -0.5 0.0
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0.5 1.0

La 0.995(1)0.030(1)0.250.0(1)0.3(6)
Ba

0.995(1)0.030(1)0.250.0(1)0.1(1)
Mn

0.50.00.01.1(2)0.4(5)--.01 0.061(1)0.493(1)0.250.3(6)
::I
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Fig. 5. Neutron diffraction patterns of Lao.sBao.2Mn03,
Rietveld analysis result based on the nuclear- and
magnetic phase, with x: = 2.5, Ra = 13.5,and RF = 8.7
and RM = 4.4.
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Furthermore, analysis of the sample's
neutron diffraction intensity data is carried out
simultaneously in order to obtain both the nuclear
and the magnetic structure of the LaO.8Bao.2Mn03
sample. The detailed two-phase Rietveld
refinement (with a nuclear phase and a magnetic
phase) was done to extract the various nuclear
and magnetic parameters. The nuclear structure
refinement was carried out by assuming that the
sample has an orthorhombic structure with space
group Pbnm, lattice parameters, a = 5.5490 A, b =

5.5221 A, c = 7.8234 A, and a = fJ = y= 90· which
are used as the initial fitting input parameters
for LaMn03. The line profiles were modeled using
a Thompson-Cox-Hastings pseudo-Voigt axial
divergence asymmetry profile shape function. The
initial value of the atomic coordinate fractions are
La: 4c (x,y,1/4), Ba: 4c (x,y,1/4), Mn: 4b (1/2, 0,0),
0(1): 4c (x,y,1/4), and 0(2): 8d (x,y,z) [11]. The
same refinement procedure as the previous
procedure is then carried through on the LaMn03
sample. Analysis of the magnetic structures on
LaO.8Bao.2Mn03is also carried out with the input of
propagation vector k = (0, 0, 0) and by entering
the data listed in Table 2 and Table 3 for which

the ,f, Re, RF and RM values are the smallest.
The analysis results showed that the

magnetic symmetry and the magnetic rotation
vectors that yield the smallest ,f, Re, RF and RM

values are based on the basis functions of Irreps
(5). The diffraction pattern analysis results are
shown in Figure 5. Description of the image
matches the descriptions in Figure 1. The upper
short vertical line in the first and the second line
successively shows Bragg positions for the
nuclear and magnetic phase. No impurity phases
were detected within the high resolution neutron
diffraction pattern. The Rietveld refinement results
of atomic coordinate fractions (Xj, Yj, Zj), isotropic
thermal parameters (Bj) and occupation factors
(gj) are shown in Table 5. The sample
stoichiometry can be determined from the table,
namely (LaO.6)3+(Bao.2)2+(MnO.8)3+(MnO.05)4+(02.4)2-.
So, there are some Mn3+ ions which were forced
into Mn4+ such that the charge neutrality is
maintained. Because the proportion of Mn3+ ions
is higher than Mn4+ ions, the magnetic moment of
the sample should be close to 4 !-lB. The magnetic
moment of LaO.8Bao.2Mn03sample of 3.2 (7) !-IB

shows that the ionic moments can not be fully
aligned parallel to one another without external
magnetic field.

Engkir Sukirman,dkk.
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Fig. 6. The magnetic structure of LaO.8Bao.2Mn03.From
the fitting of the powder diffraction pattern is obtained
the magneticmoment, !-l = 3.2(7) !-lB.

Figure 6 is the magnetic structure of
LaO.8Bao.2Mn03,where from the fitting of the
powder diffraction pattern the magnetic moment,
!-I = 3.2(7) !-IB is obtained, where the magnetic
moments are arranged in a ferromagnetic pattern
in the ab plane. This magnetic structure is in good
agreement with the reported data on
LaO.8Bao.2Mn03[12] and this is also in agreement
with the magnetic properties data deduced from
the results of the vibrating sample magnetometer
(VSM) measurements presented in Figure 7.
The magnetic hysteresis loop in Figure 7, shows
the behaviour of a ferromagnetic core graphically
as the relationship between M and H is non
linear. Starting with an unmagnetised core
both M and H will be at zero point on the
magnetisation curve.
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Fig. 7. The magnetization, M (emu/g) versus field, H
(Tesla) for Lao.aBao.2Mn03.

The antiferromagnetic state of undoped
LaMn03 can be driven into a ferromagnetic state
by partially substituting a divalent cation, Ba2+ for
trivalent cation, La3+ at the A-sites which to
preserve charge neutrality, forces part of the
Mn3+ions to go into the 4+ state at the B-sites,
resulting in a mixed Mn valence accompanied by
the presence of charged oxygen vacancies (hole
doping). Therefore, it is necessary for the Mn3+/
Mn4+mixed valence to be present in the sample in
order for. the phenomenon of ferromagnetism to
become tangible in the sample [15]. The magnetic
interaction occurred between Mn3+ and Mn4+ ions
by stoichiometry of La1_x3+Bai+[Mn(1_x)3+Mnx4+]032-.
The presence of mix-valence on manganese ions
can cause two kinds of magnetic interactions,
namely interaction of superexchange and double
exchange [7]. It is believed that the double
exchange (DE) interaction between a pair of
Mn3+/Mn4+ is responsible for the ferromagnetic
properties of Lao.aBao.2Mn03. Since these
manganese cations occupy equal positions in
crystalline lattice, an electron transfer occurs
through 2p orbitals of 02- anion from Mn3+cations
to Mn4+cations and vice versa. Due to this
double-exchange mechanism, La1 - xBaxMn03
substituted manganites acquire ferromagnetic
properties [16]. This establishment of the mixed
valence state in the LaMn03 compound
enhances the coexistence of ferromagnetic
double exchange and anti-ferromagnetic super
exchange interactions [17].

CONCLUSION
Here above nuclear and magnetic

properties of the La1-xBaxMn03magnetic oxide, in
a polycrystal form, have been reported. We have
presented an investigation of the effect of Ba2+
ions doping on the ferromagnetic state of LaMn03
using neutron diffraction along with magnetic
measurements. The analysis of the neutron
diffraction data shows that the LaMn03 and
Lao.aBao.2Mn03 successively displays
antiferromagnetic- and ferromagnetic properties
with the magnetic moment are 3.8(1) and 3.2(7)
J.Js/Mnatom, respectively and both of which have
an orthorhombic crystal structure with Pbnm
space group. The stoichiometry of LaMn03
sample is (Lao.4)3+(Mno.6)3+(Mno.1S)4+(01.8)2-.So,
part of Mn3+were forced into Mn4+ that charge
neutrality is maintained. The magnetic moment of
LaMn03 sample of 3.8 (1) J.JB/Mn atom is
reasonable due to the mixed ions of Mn3+ and

Mn4+which is dominated by Mn3+ ions with ~l = 4
J.JB. The Stoichiometry of Lao.aBao.2Mn03 is
(Lao.6)3+(Bao.2)2+(Mno.a)3+(Mno.os)4+(02.4)2.Part of

352

Mn3+were forced into Mn4+ that charge neutrality
is maintained. Because the proportion of Mn3+
ions more than Mn4+,the magnetic moment of the
sample should be close to 4 J.JB/Mnatom. In fact
the magnetic moment of Lao.aBao.2Mn03sample is
3.2 (7) J.Js/Mnatom, this means that the ionic
moments can not be fully aligned parallel to one
another without an external magnetic field.
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