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a single phase with an orthorhombic perovskite structure with a Pnma space group
without any impurities. The refined cell parameters are a = 5.504 A, b = 7.778 A, and
c=5.528A(a =B =y =90°and a # b # c), therefore the cell volume is 236.723 A3. The
tolerance factor is used to predict the stability of the Prge7Bag3sMnOs, which is
T=0.9241. Fourier transform infrared spectroscopy (FTIR) reveals that the Mn-O bonds
appear at 600 cm™2. In addition, morphology SEM revealed that the grain sizes are
heterogeneous, and the grain shapes are irregular. Using EDX technique, the percentage

Keywords: elemental composition of Pr, Ba, Mn, and O was determined. The values of the atomic
Manganite; Structural; Morphology; X- percentages for each element are almost identical to the ratios of the elements during
Ray Diffraction sample preparation.

1. Introduction

Mixed-valent perovskite manganites with the general formula R1-xAxMnQO3 (R = rare earth
elements; A = Ca, Sr, Ba, etc.) have been extensively studied due to the very interesting phenomenon
of colossal magnetoresistance (CMR)[1,2] . CMR has gained attention given the potential application
of perovskite manganite in magnetic information storage, spintronic application, magnetic
refrigeration, and magnetic field sensor. Therefore, researchers start to explore the mechanism of
the structural, morphology, transport, and magnetic characteristics to understand the physical
properties of perovskite manganite [3]. The perovskite structure generally shows a transformation
as the presence of lattice distortion due to modification of the concentration of chemical components
in the sample. Differences in the atomic radii of elements at A or Mn site can lead to a complicated
behaviour of the sample due to changes in ordering in perovskite layers [4].
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Doping is an effective method used to alter the structure of manganites to obtain their desirable
properties. According to previous research, Pr-based manganites are an essential member of the
manganite family. Doping amount plays a crucial role in structural, transport and magnetic-phase
modifications. As Pr in the A site is partially replaced by Ba in Pr0.67Ba0.33MnQ03, the sample
undergoes two types of metal-insulator (Ml) phase transition [5]. In general, the double-exchange
transition between Mn3+ and Mn4+ forms a ferromagnetic metallic state; however, the competition
between double-exchange and super-exchange competition mechanism as well as the grain size
effect possibly due to distortion in Pr0.67Ba0.33Mn03 leads to Tpl = 194 K and Tp2 = 160 K [6]. By
contrast, the X-ray diffraction patterns of La0.67Ca0.33Mn0.7B0.303 revealed the presence of two
crystalline phases of manganites, resulting in two broad Ml [7]. A recent work reported the electrical
and magnetic properties of Pr0.67Ba0.33Mn03, but information on crucial structural and
morphological parameters remains inadequate.

The structure and morphology of Pr0.67Ba0.33Mn03 have been investigate in this study. Sample
of Pr0.67Ba0.33Mn0O3 was prepared using solid-state reaction method, and their structural were
analysed with XRD and FTIR. In addition, SEM is utilized to investigate the element’s composition in
minute detail.

2. Methodology

The conventional solid-state method was employed for the preparation of sample
Pro.67Bao.33Mn0O3. The following chemical reaction was utilized for measuring the proper stoichiometry
ration of the powder compound Pre011 (99.99%), BaO; (99.99%), and MnO; (99.99%).

These powders were weighed and ground for approximately two hours in a dry environmental
using agate mortar and pestle to achieve uniform particles. To decompose the carbonates, the
mixtures were calcined at 800 C° at a heating rate of 15 C° min and cooled at 1 C’ min? for
approximately 24 hours in the air. After that, the powders were ground for an additional hour to
obtain fine powders and recalcined at 1000 C° for 24 hours to increase the sample’s purity and
eliminate any secondary phase. After an hour of final grinding, the obtained powder was pressed into
a pellet with diameter of 13 mm and thickness of 3 mm using a 5 ton press and then sintered at
1100 C* for 24 hours.

The structural properties of the sample were measured by XRD analysis using a PANanalytical
model Xpert PRO MPD diffractometer [8] with Cu-K, (A= 1.5418 nm) radiation in Bragg’s angle (26)
ranging from 15°to 80° at room temperature. Rietveld technique was used to obtain the structural
parameter of the sample by refining the XRD data with the general structure analysis system (GSAS)
program and graphical user interface (EXPUI). The results were visualised for electronic and structure
analysis (VESTA) program. The morphology of the sample was analysed using a LEO Gemini 982 SEM,
and its elemental composition was determined using EDX method. Fourier transform infrared
spectroscopy (FTIR) [9] results were obtained using FTIR-Raman Drift Nicolet 6700 in the range of
450-1500 cm™ to directly probe the functional group present in the perovskite samples. Prior to
characterisation, the samples were thoroughly mixed in KBr.

3. Result
3.1 Crystal Structure

XRD technique is crucial to investigate the crystal structure of the sample. The XRD pattern

indicates that Pros7Bao3sMnOs has a single phase without a detectable secondary phase and
impurities. Figure 1 (a) shows that all the diffraction peaks are sharp, clear, and well defined,
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indicating the well-crystallised sample and good preparation. To have a better understanding of the
collected X-ray data, we conducted Rietveld refinement on GSAS, EXPGUI and VESTA programes.
Figure 1 (b) shows the Rietveld refinement result of Pros7Bao.33MnO0s. The refined pattern is accepted
as the obtained value of the agreement factor; y? shows a low value of ~1, which indicates that the
fitting is of good quality [10]. The small difference between the observed and calculated data at the
bottom of the X-ray diffraction curve indicates the good quality of refinement [10]. All the detailed
structural parameters such as refined cell parameters, detailed atomic position, lattice parameter
and volume obtained from the refinement are presented in Table 1. The minimum value of y? =
3.308, Ryp (%) = 4.1 and R, (%) = 5.6 indicate that the fitting is properly matched with the
experimental result. Pr was positioned at site 4c(x,0.25,z), Ba was positioned at site 4c¢(x,0.25,z), Mn
was positioned at site 4b(0,0,0.5) and two non-equivalent oxygen atoms were positioned at sites
(xy,2).

Based on the Rietveld refinement, Pros7Bao.33Mn0Os is indexed for the orthorhombic perovskite-
type structure (@ = f =y =90° and a # b # c) with a Pnma space group. The lattice parameters are
a=5.504A, b=7.778 A, and c = 5.528 A, therefore the cell volume is 236.723 A3. It is clear that the
unit cell volume change due to substitution of Ba (1.47 A) at Pr (1.179 A) which is consistent with the
previous report [6].
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Fig. 1. (a) X-ray diffraction and (b) Rietveld refinement of X-tray diffraction for Prqs7Bao33Mn0Qs at
room temperature. Key: observed (cross), calculated (continuous line) and difference (continuous
bottom line), and vertical tick marks above the difference plot show the Bragg peak positions
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Table 1
Lattice parameters, unit cell volume, and
goodness of fit for Proe;Ba0.33Mn0O3

Parameter Pro.67Bao.33Mn0Os
Symmetry Orthorhombic
Space Group Pnma
a(A) 5.504

b (A) 7.778
c(A) 5.528
V(&) 236.723
a=f=y 90

Ve 3.308
Mn-0; (A) 1.945
Mn-0, (&) 1.951
<Mn-0>(A) 1.948
Mn-0;-Mn () 177.113
Mn-0,-Mn (°) 176.429
<Mn-0O-Mn> (°) 176.271
Re (%) 5.6

Rwe (%) 4.1

<ry> 1.108
<rg> 0.607

T 0.928

D (nm) 38x107°

According to the previous study, we assume that Prgs7Bao.33MnQOs is distorted due to the different
sizes of atoms and the pores which they occupy as well as due to the Jahn—Teller effect, leading to
less symmetric orthorhombic crystal structure [11]. These distortions are principally given by the
relationship between the ionic radius of the cations, defined by the tolerance factor [12,13]:

<rg>+r10
= Fwra> +10) @
where ‘r’ is the radius of the ion, 74 is the average ionic radii of the A-site, 7 is the average ionic radii
of B-site and 1y is the ionic radii of oxygen anion, which are found in the table of Shannon [14]. Based
on the calculation, the distortion in Prg67Bao.33MnOs is T=0.928. This result satisfied the requirement
for a stable perovskite structure, which is often seen in the range of 0.928 to 1.02, indicating the
presence of little distortion [13]. Based on Figure 2, the structure of Pro.s7Bao.33Mn0Os was displayed
into four colours where Pr/Ba cations are yellow/green, which was surrounded by 12 oxygens, purple
represents Mn and red represents O. The octahedral MnOg formed by the position of Mn ions at the
B-site which was surrounded by six oxygens ions. The bond lengths and bond angle between Mn and
O were 1.945 A and 176.271°. It is believed that the distortion in the sample influences the results of
bond length and bond angle of Mn and O [15]. Therefore, to gain insight into the distortion, one
electron bandwidth, w of Pros7Bao33MnQs3 electrons, which depends on the Mn-O-Mn bond angle
and Mn-0 length was calculated using the equation presented below [16,17]:

w =cos; (1 =) /([dn-0)*° 2)

where y is the average Mn-O-Mn bond angle, and d is the average Mn-0 bond length. By using the
data obtained from the refinement, the calculated value of w is 6.308x1073 (Table 1). Crystallite size
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D was calculated using the Scherrer equation for the full width at half maximum and integral breadth
of reflection (110). In the Scherrer equation below [18,19]:

KA
b B (6) cosO (3)

where D is the crystallite size (nm); K is a constant with 0.94; A is the wavelength of XRD, which is
0.1541 nm for CuK, radiation A; B is the full width at half maximum (FWHM) in radians and after
subtracting the observed data and reference, in radians; and 8 is the angle of the most intense peak
of XRD in radians. Therefore, average crystallite size values were found in the range of 38 nm.

(@) (b) Ba O
" " Pr
| | o Mn

Fig. 2. Structure of Pros;Bao33Mn0Os, where the Pr and Ba 12-fold coordinated,
and Mn is 6-fold coordinated with the (a) crystallographic and (b) polyhedral

Figure 3 shows the FTIR spectra within the wavenumber range of 450-1600 cm™!. The result
shows a broad peak at a wavenumber of 600 cm™?! [20]. Therefore, the sample contained metal-
oxygen bonds corresponding to the Mn-O-Mn bond length, as confirmed by the internal motion
causing the stretching mode. The results obtained is in line with the findings of Xia et al., [21], that in
reported in Lno67Cao.33Mn0s3 (Ln = La, Pr, Nd and Sm) manganites
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Fig. 3. Fourier transform infrared (FTIR) spectra of Prgs7Ba0.33Mn03
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3.2 Morphology (Microstructural Analysis)

The surface morphology of Prge7Bao3sMnOs was determined by SEM (Figure 4). The sample
contains nonhomogeneous grains with irregular shape. Similar finding is reported that the irregular
grains contribute to lattice strain, which randomly displaces oxygen ions [22]. This distortion of MnO6
octahedra leads to the localisation of electrons. In fact, a significant defect in the A-site cations results
in a random arrangement of the Mn3* and Mn*" ions [22,23]. According to the morphology, the
average diameter of Pros7Bao33sMnQOs is 2.312 um by using the scale of 20 um in Figure 4. The
observed result is consistent with Proes7Bao33MnOs [5] and Pri«BaxMnOs (0.25 < x < 0.36) [24].
According to the quantitative element analysis by using EDX, the sample only contains praseodymium
(Pr), barium (Ba), manganese (Mn) and oxygen (O). The atomic percentage of the sample in the inset
of Figure 5 shows the presence of all elements in the sample as well as close to the nominal ones
(Pr: Ba: Mn: O = 13.4: 6.6: 20: 60). Therefore, the EDAX result of Pros7Bao.33MnOs supports the
stoichiometric compositions.
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Fig. 5. EDX of Pros7Bao3sMn0Os;sample
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4. Conclusions

In summary, we synthesised crystallised PBMO through solid-state reaction and studied its
detailed structure. The sample is a single-phased crystal with an orthorhombic structure and Pnma
space group. It has a unit cell volume of 236.723 A3 and non-homogenous morphology. The
morphology is slightly changed because of the Ba atom being added to the Mn site, which is crucial
to reconfirm the effect of Ba doping on the structure. The calculated tolerance factor, one electron
bandwidth and Scherrer equation were 0.928, 6.308x103 and 38 x 10°, respectively. The FTIR
spectrum shows the significant absorption bands at 600 cm™?, indicating the formation of Mn bond
and manganite.
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