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Abstract

Lanthanum Molybdenum Oxide (LAMOX) has been identified as a potential entrant for Intermediate Temperature Solid Oxide Fuel
Cell (IT- SOFC) applications. Here we are reporting the effect of Sodium substitution on the structural and luminescence properties of
La,Mo0,0, prepared through solid state reaction route. In this paper, we focus on the structural studies of Na,La, ,M0,0q, (Where x=0, 0.1,
0.2,0.3,0.4, 0.5, 0.6) using XRD analysis and to optimize metastabilization of pure phase which shows intrinsic behaviors of LAMOX using
Diffrac.suite 1.0 and TOPAS 4.2 analysis. Crystal Maker helps to visualize graphically the disordering and instabilities growing in the lattice at

higher concentration. The UV — Vis response shows a band gap near to visible region and hence they have least probability to be an

electronic conductor. The photoluminescence studies shows that the La,Mo0,04 does not show any luminescence effect due to the non-

existence of f-f transition. But Na- substituted system behaves as a host for phosphor application with the emission peak near 624 nm.
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INTRODUCTION

The electrolyte in SOFC feign for high
temperature ionic conduction. To commence this
as a socially and economically viable unit, SOFCs
operating on low temperatures has to be
developed. Conventionally developed solid oxide
conductors belong to 4 major classes: fluorite type
(stabilized zirconia [1], ceria, 6- Bi,O3 [2, 3]),
deficient perovskites [4] (doped LaGaOs; [5, 6],
browmillerite phases), Aurivillius type phases
(BIMEVOX) [7, 8] and Pyrochlores [9]
(Gd,Zr,0,, Gd,Ti,0;) [10]. In 2000 Lacorre and
his colleagues ratified that the LAMOX family
which has been reported by Fournier et al. [11] in
late 20s can act as fast oxide ionic conductors [12].
This LAMOX ionic conduction is noticeably
voluminous than the ever reported best stabilized

zirconia [13]. Like other ionic conductor [14, 15],

La,M0,09 undergoes a phase transition from a-
monoclinic La,M0,0y to a high- temperature,
more conducting cubic form (B- La;M0,0q) [12].
A large number of substitutions are possible on the
cationic and anionic sites of La,Mo0,0O4 thereby
suppressing the phase transition and stabilizing the
cubic phase at room temperature above a certain
substitution [16- 18]. Various substitutions for
both La*" and Mo®" were studied intensively for
past few years [19-24]. Tealdi et al. reported the
effect of alkaline- doping (Na, K, and Rb) on the
properties of La,Mo0,0, and that was the first
attempt to incorporate Na and Rb in the structure.
Since the Na nucleus gives access to NMR Studies
on a cationic site it is used as a possible
Lanthanum substitution [25]. A. Selmi et al. [25]
attempted to prepare Na substituted LAMOX

samples through solid state reaction, but resulted
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in impure cubic phases and hence did not extend
the studies on lower Na contents. Hence the
present study aims to analyze the effect of Na
substitution in LAMOX in detail.

EXPERIMENTAL

NayLa,.«M0,0q.5 (x=0.0, 0.1, 0.2, 0.3, 0.4,
0.5, 0.6) samples were prepared through
conventional solid state reaction of stoichiometric
mixture of La,O;, MoO; and Na,CO;. The
thermal treatment was carried out in an alumina
crucible, first at 500 °C for 12 hours to avoid
Molybdenum Oxide melting and then at 1000 °C
for 8 hours. Several regrinding and heating were
necessary to obtain high purity phases. The room
temperature X- ray diffraction data were recorded
with Ni filtered Cu — Ko, radiation using Bruker
AXS D8 Advance Diffractometer in the 26 range
of 10- 80° with a step size of 0.0305°. The diffuse
reflectance spectra of the prepared samples were
recorded using Cary 5000 (2.23 version) UV- VIS
NIR Spectrometer in the 200- 850 nm range of
wavelength. BaSO, is used as the reference
material. The emission spectra of the calcined
samples were studied for specific excitation
wavelength using a Horiba Yvox Fluoromax 4
Spectrofluorometer with a 450 W Xenon flash
lamp as the exciting source.
RESULTS AND DISCUSSION
XRD Analysis

Goutenoire et al. studied the structural

properties of a- La,M0,0y using both high-
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resolution X- ray and neutron diffraction [17].
They reported that, o- La,Mo0,09 has a lower
symmetry than the B- La,Mo0,0Oq and the extra
peaks present both in the X-ray and neutron
diffraction patterns indicate the existence of a
superstructure relative to - La,M0,0s. Since the
differences in the XRD patterns of the two phases
are minima, we refer to the theoretical cubic
phase in the following discussion.

The room temperature diffraction pattern
of the pure compound is shown in Figure 1. It is
in good agreement with the previously reported
XRD pattern of B- La,M0,0s with the ICDD
pattern no: 00-061-510, which has a P2;3 (198)
space structure and exhibits a cubic crystal
structure. The high crystallinity is evident from
the sharp diffraction peaks observed in X-ray
diffraction pattern [26-29]. Tealdi et al. reported
that there is some monoclinic distortion presented
in the B- form. This distortion results in the
presence of a few peaks with low intensity and in
the splitting of some pseudo- cubic reflections
corresponding to the cubic (111), (201), (211) and
(321) reflections [30]. There are some side peaks
near (211) and (410) (labeled with *) can be
noticed, which derive from the splits of the cubic
reflection (211) and (410) [31] respectively.
There are some additional peaks (labeled with #)
present in the X-ray diffraction pattern near
17.53° and 37.86°. The X-ray powder diffraction
pattern of the Na- substituted compounds in the

26 range 10-80° is shown in Figure 2.
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Figure 1 X-ray diffraction pattern of B-La,Mo0,0q calcined at
1000 °C.

An interesting observation was that the intensity of
the splits in reflection (211) and (410),
systematically diminished on going from x=0.1 to
x=0.6. Also the tiny diffraction peaks in Figure 1
disappear in the diffraction pattern of NayLa,
«M0,0g.5 system. This implies that the host is
stabilized in cubic symmetry as the Na-
substitution increases despite the existence of a
small percentage of a- La,Mo0,0y [30]. The
predominant diffraction peak corresponding to
reflection (210), near 27.86° for the pure
La,M0,0,, shows slight shift towards both lower
and higher diffraction angle in the Na,La,.,M0,0s.
5 system. It is because in the same coordinate
surroundings the ionic radius for Na* (1.02) and
La®* (1.03) is almost same [27, 32].

The diffraction pattern for the high
temperature Na,La, ,M0,0g5 system is refined
considering a cubic structure in the P2,3 (no. 198)
space group, without taking into account the

monoclinic distortion.
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diffraction pattern of NaysLa,«M0,04.5 (x=0.1, 0.2, 0.3, 0.4, 0.5, 0.6)

samples.

It should be noticed that the atomic positions and
occupancies for Na- substituted system are similar
to those reported for B- La,M0,0y. TO understand
the structural variation the z- coordinate of O3 site
atom is refined. Crystal Maker Software is
employed to visualize the z- parameter variation of
03 site occupancy using B- cubic structure. O3 site
migration and reordering of the oxygen channels
are visualized for different samples are given in
Figure 3. From the structures generated, oxygen
ion exchange channel could be rationally
visualized when viewed through (410) plane.

The lattice cell variation the x content is
presented in the Tablel. For Na* substitution, the
cell parameter decreases with increase in the
dopant content. Also a contraction of the cell
volume was observed which can be attributed to
defect association of dopant and oxygen vacancies
[33].
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Figure 3 Structure generated for Na,La,xM0,0s.5 (Xx=
0.1, 0.2, 0.3, 0.4, 0.5, 0.6) system viewed from (410) plane using

Crystal Maker software.
Table 1 Lattice parameter

X content Lattice parameter
A)
0.0 7.13(3)
0.1 7.13(1)
0.2 7.13(1)
0.3 7.06(5)
0.4 7.01(9)
05 7.00(6)
0.6 6.95(9)

UV- Vis Diffuse Reflectance Response

The data plotted using Kubelka-
Munk function is shown in Figure 4 with h9 (eV)
along X axis and [F(R,)h9 ]? along Y axis. It can
be noted that on increasing the Na content, the
optical absorption shows marked changes in its
band gap. The band gap is near to visible region
and hence they have least probability to be

electronic conductors.
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Figure 4 Kubelka- Munk Plot.
When x > 0.3 in NayLa,xM0,0g5 system, band

gap is almost invariant suggesting that Na
substitution had not occurred in the lattice and the
interaction between Na and La is more likely to be
a minor phenomenon as inferred from XRD
analysis.

Photoluminescence Spectroscopy

The photoluminescence of all samples
prepared at 1000 °C was measured and their
spectra are quite similar. Figure 5 plots the
emission spectra of NayLa, «M0,04.; samples. The
Na- substituted samples shows an emission peak
near 624 nm with relatively low intensity up to x =
0.4. It may be due to the fact that the Na-
substitutions results in the creation of oxide ion
vacancies in the lattice. So LAMOX can be used
as potential candidate as host lattice in phosphor

applications [34].
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Figure 5 PL spectra of NasLa,xM0,0q5 (x=0.1, 0.2, 0.3, 0.4, 0.5,
and 0.6) samples.

CONCLUSIONS
In the present study, we have focused
on effects of Sodium substitution in LAMOX family of
oxides through solid state reaction route. The XRD
studies carried out using Diffrac.suite 1.0, TOPAS 4.2
and Crystal Maker on Sodium substituted LAMOX
helps us to visualize the reason for oxide ion
conduction with proper theoretically refined structures.
XRD analysis reveals that Sodium substitution in A site
of A,B,0y type LAMOX were stabilized in cubic
structure and it envisage intrinsic oxide ion conduction
by disordering O3 site parameters. Further a decrease in
lattice parameter was observed with Na content. UV-
Vis response reveals that band gap is near to visible
region and hence they have least probability o be
electronic conductors. The Na substituted samples
shows an emission peak near 624 nm due to the
creation of oxide ion vacancies in the lattice with Na

substitution.
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