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Abstract: BIMEVOX had the potential to play an important role in solid oxide fuel cell,
especially as the electrolyte due to their high ionic conductivity. In this work, oxide ion
migrations of y-Bi,VOss and BIMEVOX were simulated using density functional theory
(DFT), Mott-Littleton method, and molecular dynamics simulation. In y-Bi,VOs s, there
were oxygen vacancies at the equatorial position in the vanadate layers. These vacancies
could facilitate oxide ions migration. The Enthalpy of the oxide migration for y-Bi,VOss
based on DFT calculation was 0.38 eV, which was in good agreement with experimental
results. The y-Bi,VOss can be stabilized by partial substitution of V°* with Cu?**, Ga’*,
and Ta®*. Defect simulation results using the Mott-Littleton method showed that the total
maximum energies of region II were achieved at concentrations of 10, 10, and 20%,
respectively, for Cu®*, Ga**, and Ta**". The calculated concentration of Cu**, Ga®", and
Ta>* was in good agreement with those of experiment results, where the highest ionic
conductivity was obtained. The results of the molecular dynamics simulation showed that
the activation energies of oxide ion migration in y-Bi;VOss and BIMEVOX (ME = Cu
and Ta) were 0.19, 0.21, and 0.10 eV, respectively, close to experimental values.
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m INTRODUCTION

Solid electrolyte materials with high oxide ion
conductivity intensively investigated in order to have a
solid oxide fuel cell (SOFC). One of the oxide materials
that had high oxide ion conductivity and the potential
application was Bi,V..Me,Os 5., (BIMEVOX), where ME
was dopant [1-3]. Dopant at a certain concentration plays
an important role in improving the ease of oxygen ions
migration of Bi,VOs s [4-5]. Therefore, in addition to the
migration path of oxygen ions, the search for a type of
dopant with a certain concentration was needed to obtain
BIMEVOX with high conductivity. The computational
simulation method could be conducted first to predict the
ease of ion migration.

BIMEVOX was a family of oxides derived from
Bi,VOs;s and obtained by doping into the vanadium site
of Bi,VO:s 5 by aliovalent or isovalent metal cations (ME).
The structure of Bi;VOss could be derived from
Bi;MoOs and J-Bi,MoOs by the formation of oxygen
vacancies in the metal oxygen layers; thus, the
compound can be formulated as (Bi,O,)(VO;smys),
where m was corresponding to the intrinsic oxygen
vacancies [6-7].

The Bi,VOss goes to several structural
transformations and known had several polymorphs,
but essentially there were only three main polymorphs,
namely a, 3, and y-Bi,VOsswith the transformations: a
> P at 720 K and B > y at 840 K. The structures of a and
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B-phases were more ordered, larger in unit cell and had
lower conductivity. At the high temperature, y-phase was
formed and had a conductivity of 0.2 Scm™ at 943 K [6].
The y-Bi,VOs; can be stabilized by partial substitution of
V>* with other metal cations (ME) [8-9]. The substitution
does not only stabilize the structure but also increases
ionic conductivity due to the creation of vacancies [10-
11]. Therefore, the computational simulation carried out
in this study was the gamma phase of Bi,VOss and
BIMEVOX (ME = Cu*%, Ga*', and Ta"").

The experimental results of BIMEVOX compounds
showed the contribution of electrons that affected
BIMEVOX conductivity [12]. Moreover, the texture of
compounds, surface conditions, pore existence, and the
presence of impurities affect ionic conductivity. A single
phase of BITAVOX could not be obtained by synthesis
[13]. Dereeper et al. reported that BITAVOX conductivity
increases with the increase in Ta dopant concentration.
BIGAVOX had a smaller conductivity due to the
contribution of electron conductivity [13]. Therefore, the
single phase of the gamma-Bi,VOss and BIMEVOX (Cu*,
Ga*™ and Ta’*) through computational modeling and
simulation was important to be conducted to predict the
possibility of ease of migration of oxygen ions without the
presence of electron conductivity.

Experimental studies on the oxide ionic
conductivity of BIMEVOX have been reported elsewhere
[14]. However, the experimental study could not reveal
the detail of the mechanism of oxide ion conductivity and
the role of dopant in the BIMEVOX on the structural
properties. Computational studies could be used to study
many material properties efficiently in order to save time
and cost as well as to provide more detail mechanisms at
the atomic level. Some computation study on the layered
structure of Aurivillius phases similar to BIMEVOX has
been carried out and reported [15-16]. It could reveal
defect energies and maximum dopant concentrations in
Aurivillius as ferroelectric material. From our best
knowledge, the computational study on BIMEVOX was
not reported yet.

Here, we report the computational study on
BIMEVOX and its parent structure that cover the
trajectory of ionic oxide in y-Bi;VOs;s and defect energy

of BIMEVOX. The study was aimed to investigate the
oxide ion pathways that were possible in the V°*
coordination environments of y-Bi,VOss as well as to
predict dopant concentrations of Cu**, Ga’* and Ta>*
that give the higher ionic conductivity. Subsequently,
transport properties and activation energy of migration
of oxygen ions of the parent compound and BIMEVOX
(ME = Cu’*and Ta’"), which were predicted to have the
highest ionic conductivity, were simulated using the
molecular dynamics method. Those dopants were
selected because of their ionic radius close to the ionic
radius of V°*. This means that the dopant with an ionic
radius close to the V°* radius could enhance the
conductivity [17].

s COMPUTATIONAL METHODS
Enthalpy of Oxide lon Migration

The enthalpies of oxide ion migration of y-Bi,VOs
were calculated by using a computational simulation
method that is based on density functional theory
(DFT). This simulation used the CASTEP code of
Material Studio Modeling from Accerys, series number
3.2.00, in Politecnico di Torino [18]. The methodology
for electronic structure calculations in CASTEP is as
follows: set of one-electron Schrodinger (Kohn-Sham)
equations are solved wusing the plane-wave
pseudopotential approach. The wave functions are
expanded in a plane wave basis set defined by the use of
periodic boundary condition and Bloch's Theorem. The
electron-ion potential is described by means of ab initio
pseudopotentials within both norm-conserving and
ultrasoft formulations. Direct energy minimization
schemes are used to obtain self-consistently, the
electronic wave functions and its corresponding charge
density. Lattice optimization is initially performed using
exchange-correlation energy functions of Perdew-
Burke-Ernzerhof (GGA-PBE). Structural optimizations
were implemented to determine the best functional
approximation to perform in examining the enthalpy of
y-Bi,VOs;s at various oxygen positions of the tetragonal
vanadate layer. A k-point grid of 1x1x1 generated using
the Monkhorst-Pack method for Brillouin zone

sampling with an energy cut-off of 600 eV.
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Atomistic simulation and Molecular Dynamic

The main samples used in this simulation were of
two types, namely (i) the tetragonal structure of y-
Bi,VOss with an I4/mmm space group as reported by
Mairesse et al. [17] and (ii) the tetragonal structure of y-
Bi,VOss with P1 space group modified from the first
structure. The two structures were then doped with a
dopant (ME) of Cu, Ga, and Ta to obtain BIMEVOX
compounds. In the first structure, the simulation method
applied is atomistic simulation using GULP [19]. The
simulation aims to calculate defect energy while
predicting the ease of migration of oxygen ion in
BIMEVOX based on the
concentration. Meanwhile, the second structure applied

increase in dopant
molecular dynamics to determine the property of
transport or activation energy of the migration of oxygen
ions using the DLPOLY code [20]. Both simulation
methods use Buckingham's short range potential defined:
r. ) C.

6;; = Aijexp{—p;;] —:?U (1)
where Aj, pj and C; were constant parameters, and r;; was
the distance between i and j ions. The first term in Eq. (1)
describes short-range repulsion, while the second term
shows induced dipole (van der Waals interaction).

Using DL_POLY, different defect concentrations
were simulated by creating a supercell of 4x4x4
containing dopant concentrations (10% Cu and 20% Ta)
and the respective amount of oxygen vacancies. The
simulations were carried out for a step time of 0.0002 ps
with an ensemble of constant temperature and volume
(NVT) and algorithm of leapfrog that applied to the
simulation box of 1088 ions.

Defect Energy of BIMEVOX

Calculation of energy defects in atomistic
simulations is performed on the average structure of y-
Bi,VOs;s and BIMEVOX with space group I4/mmm. The
energy defect of BIMEVOX was calculated based on the
Mott-Littleton method, which divides the crystal lattice
into the two regions, namely regions I (inner sphere) and
II (outer sphere). Region I is the spherical region
surrounding defect, which is clearly in relaxation.

Meanwhile, the region I is the outer spherical defect that
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has relatively weak force, which is interpreted with the
quasi-continuum approximation method. In this way,
the lattice relaxation can be modelled effectively, and
also the crystal is not as a simple rigid lattice where the
diffusion of ions occurs. If the force on the region II is
small, it can be assumed that the response of ions in this
region is pure harmonic. There are two kinds of defects,
namely impurity, and vacancy defects. Impurity defect
with a defect center of V** is substituted partially with
dopants of Cu®, Ga’*, and Ta’*, while the defect of
oxygen vacancies are intrinsic defect as well as its being
created in equatorial position of oxygen, O(3). The
concentration of dopants, which substitutes V partially,
was compensated by a reduction of concentrations of
oxygen, O(3), to neutralize the charge in BIMEVOX
structure. Defect energy calculations were performed at
concentrations of 5, 10, 15, and 20% for each dopant,
except for Ta’* that was also carried out at the
concentration of 25 and 30%.

m  RESULTS AND DISCUSSION

Geometry optimization of the parent structure, y-
Bi,VOss, was an initial procedure to check the structure
stability. The structure of y-Bi,VOss reported by
Mairesse et al. [17], tetragonal, space group I4/mmm,
cell unit dimension, a = 3.99176(4), b = 3.99176(4), and
c=15.4309(3) A was used as a starting model. The mean
V-0 octahedron was encaged between eight Bi sites.
However, due to the O(2) and O(3) split-sites, it was
observed that there were several short O-O contacts;
these preclude simultaneous occupation of many of
these O sites, as shown in Fig. 1.

In fact, the V-O environment, which appears as an
octahedron squashed along the ¢ stacking direction, must
be viewed as the result of a superimposed polyhedral.
Indeed, by selecting appropriate O sites among those
drawn, the classical O environments of the V cation are
easily recognized as octahedron, tetrahedron, trigonal
bipyramid, and tetragonal pyramid with interatomic
distances compatible with O atomic size [10]. Therefore,
the structure, that has high symmetry and contains
oxygen vacancy, can be represented using by space
group P1 that had no symmetry, as shown in Fig. 2.
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Fig 1. The crystal structures of Bi,VOss, (a) average
crystallography structure, and (b) the refined structure
oxygen vacancies were shown as oxygen atoms

The structure in Fig. 2 was one of the models of
structure y-Bi,VOss, showing a special vanadium-oxygen
anions coordination environment. The structure that is
simulated based on DFT indicates that the coordination
environment of V cations by O(3) and oxygen vacancy are
in good agreement with the crystallography site of y-
Bi,VOss structure, as depicted in Fig. 1(a) and 2. Therefore,
the crystal structure (Fig. 2) can be used as a starting
structure to determine activation energy that represents
oxygen jump and the easiness of ionic conduction.

Pathway of Oxide lon Migration of Bi.VOs s

Oxygen ions, which surround the vanadium ions
(Fig. 3), could be divided into two types, namely apical
O(2), and O(3).
optimization results of a y-Bi,VOss show that the angle
that occupied O(3)-V-vacant O(3) against V was 70
degrees, with O(3)-V bond length of 1.72 A. Throughout
this 70 degrees angle, all the different positions of O(3) are

site, equatorial site, Geometry

optimized to describe oxygen pathways in the equatorial
site as shown in Fig. 3.

Based on the result of the optimized geometry of y-
Bi,VO:ss, the enthalpies of O(3) migration were calculated.
The O(3) was moved from one position to the other vacant
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Fig 2. The one possibility of a structure that has V - O
tetrahedral environment with oxygen vacancy in the
equatorial site

Fig 3. V coordination environments by oxide ions, O(3)

equatorial oxygens and O(2) apical oxygens

position. The oxygen position with the highest energy, is
in the middle between occupied position (initial
position) and vacant position, as shown in Fig. 4.

The calculated activation energy of oxygen
pathway was 0.38 eV and is in good agreement with
experiment results, as given in Table 1.

Defect Energy of BIMEVOX

The calculation of defect energy was an important
step to treat the lattice relaxation of point defect or
migrating ion. In this study, the defect energy of
BIMEVOX was calculated based on Mott-Littleton
method. The number of ions involved in this defect energy
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Table 1. Activation energies (eV) of oxygen ion motion in y-Bi,VOs based on this simulation work and these obtained

from experiment work

Calculation (this work ~ Experiment [ref.]

Description

0.384 0.3427 [14] The temperature of 773 K, the sample obtained from a solid state
reaction at sintering temperature of 1073 K for 10 and 12 h
0.35 [15] The temperature of 873 K, the sample obtained from a solid state
reaction at a sintering temperature of 1113 K for 5 h
0.4 [21] High temperature, the sample obtained from solid state reaction at
sintering temperature of 1103 k for 24 h
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Fig 4. Enthalpies of oxygen migration as a function of the

vacancy position in the y-Bi,VOss structure

calculations was 5,604 ions for the region I and 103,016
ions for region II, with each radius was and 37 A,
respectively. The defect energy calculation results were
summarized in Fig. 5.

The results of the defect energy calculations show
that the defect energy values of region II vary according to
the dopant type and concentration. Energy defect increases
up to concentration of 10% for all dopants. However, for
Ta’*, defect energy increases with the concentration of up
to 20%. This was as expected because of Ta is isovalence
to V, with valence = +5. Maximum defect energy values
were reached at concentrations of 10% for Cuand Ga, and
20% for Ta, with values of -0.63, -1.57 and 8.98 eV,
respectively. BICUVOX and BIGAVOX defect energies
are more negative at a concentration of more than 10%,
and the BITAVOX defect energies have the highest
negative values at concentrations of 5 and 30% Ta. The
negative values of defect energy show that the response of
ion is pure harmonic and unstable. However, the
BIMEVOXes can be synthesized at the concentrations.

Oxygen vacancies can be varied in accordance with

s 10 15 20 25 30
Dopant concentration (%)
Fig 5. Energy defect in region II as a function of dopant
concentration. BIMEVOX structure was expected to
more conductive at a dopant concentration of 10% Cu,

15% Ga, and 20% Ta

the dopant valence and concentration. The dopant
concentration increases the amount of oxygen vacancies
in positions O(3). The preference of dopants affects
symmetry and connectivity of polyhedral in the
perovskite-like layer. Consequently, the performance of
ionic conductivity is also expected to significantly
depend on the defect structure and the effect of trapping
on the diffusion pathway of oxygen [14]. Therefore, a
stable structure is achieved when each dopant is at a
certain concentration. Based on the defect energy values
in this work, the concentration of dopants that stabilized
v-Bi;VOss and were predicted to have the highest
conductivity are 10% for Cu, 10% for Ga, and 20% for
Ta. At these concentrations, the cation polarizability of
dopants is predicted to have achieved maximum value
so that it facilitates the oxide ion diffusion process in the
like-perovskite layers. Again, we predict that sequences
of decreasing conductivity of BICUVOX, BIGAVOX,
and BITAVOX are 10>15>20% for Cu; 10>15>20% for
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Ga; and 20>25>15>30% for Ta, respectively, as Fig. 5.
These are in agreement with the experimental results
reported by Kant et al., Lazure et al., and Murasheva et al.
[22-24]. At concentrations of more than 10% Cu, the ionic
conductivity of BICUVOX decreases with the increasing
vacancy because in its like-perovskite volume increase.
Concentration value of 10% Cu in this study is in
good agreement with experimental results reported by Kant
et al. [22] which showed the stable structure of BICUVOX
at 10%, which has a grain pattern and uniform in size with
adequate porosity, compared to the concentrations of 15
and 20%. Concentration of 20% Ta also in good
agreement with the experimental results reported by
Lazure et al., which states that the best conductivity for
BITAVOX achieved at a concentration of 20% Ta [23].
BIGAVOX has also the highest conductivity at a
concentration of 10% Ga for the gamma phase. According
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to Kant et al., BIGAVOX has the highest conductivity at
10% for a beta phase, not the gamma phase [12]. While
according to Murasheva et al. BIGAVOX phase was
gamma at 10% Ga with more uniform grain [24].

Property of Transport and Activation Energy of
BIMEVOX

Molecular dynamics simulations of Bi,VOss
starting with geometry optimization of the supercell
(4x4x4) of Bi,VOs;s using DLPOLY. In the perovskite
layers of the supercell Bi,VOss, coordinations of V-O
were 4 and 6 that arranged alternately between the
bismuth layers (Fig. 6(a)). Coordination 4 of V-O (Fig.
6(c)) is square planar, and the coordination 6 is regular
octahedral (Fig. 6). Since the superstructure is optimized,
the ions were distorted in layers of bismuth and perovskite
layer as shown in Fig. 6(d). The square planar of V-O turn
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Fig 6. Super cell structure (4x4x4) Bi,VOss: (a) before optimization and (d) after optimization using DLPOLY code.
In the perovskite-like layer, flat rectangular coordination (c) of the V-O has been changed into tetrahedral

coordination (f), and the regular octahedral coordination

(b) experienced distorted octahedral coordination (e). In an

optimized structure, the ions in the bismuth layer are also distorted

Akram La Kilo et al.



516

into tetrahedral coordination (Fig. 6(f)), and the
distorted (Fig. 6(e)).
Therefore, the results of the supercell optimization of
Bi,VOs; in accordance with the expected structure, which
is also very similar to the results of the optimization of the
unit cell BixVOs s using the DFT method.

The successful optimization of the Bi,VOs 5 supercell
using DLPOLY has proven that this works well, and the
short range potential of Buckingham between ions was

octahedral coordination is

also correct. Therefore, DLPOLY can be used to perform
geometry
simulations of Bi,VOss. Furthermore, the transport

optimization and molecular dynamics
properties (through molecular dynamics simulations) of
Bi,VOs; studied by creating a supercell structure with VO
coordinations were coordination mixtures of tetrahedral,
coordination five, and octahedral. The coordination
mixtures were representative to show the transport
properties of the Bi,VOss compound.

Molecular dynamics (MD) simulation were carried
out on y-Bi,VOs;s and BIMEVOX that were predicted the
easiest migration of oxygen ions as atomistic simulation
results above, namely Bi,Cuo1Vo9Os3s, BixGagiVo9oOs.a,
and Bi,Ta;,V30ss. Before the MD simulation, the
supercells of y-Bi,VOss and BIMEVOX were optimized
first. The optimized structure was controlled at several
temperatures to determine the properties of ion transport,
such as mean square displacement (MSD) and activation
energy. MSD was defined by the formula:

N
MSDy(6) :%Z [60-5,0] )
i=1

where r;(t) was the position of ion i at time t. In a perfect
lattice, the MSD of component ions usually ranges from
the average value. Meanwhile, in the defect lattice, there
were mobile ions, such as O*" in y-Bi,VOss, where MSD
increases over time. Fig. 7 shows the MSD data of the y-
Bi,VOs;s plotted as a function of time at temperatures of
500, 700 and 1100 K. This shown that there were
migrating oxide ions, where the temperature rise was
followed by an increase in the diffusion of oxide ion.
From the plot of slope MSD can be determined by
the diffusion coefficient (D) using correlation:
MSDg(t) = 6Dg (t) - MSDg (0) (3)

Indones. I. Chem., 2020, 20 (3), 510 - 519

where MSDg(0) was an atomic vibration factor arising
from ion vibrations. The calculation of the diffusion
coefficient at the three temperatures specified in Fig. 8.
The calculation can be evaluated for the activation of ion
migration using the Arrhenius relationship.

Based on the Arrhenius plot (In D vs. 1/T) above,
the activation energy obtained is 0.19 eV. This value was
a value commonly found in experiments, as reported by
Joubert et al. [25].

MSD of Bi;Cuo.1VsOs35 increases with increasing
temperature as shown in Fig. 9. This indicated that the
diffusion of oxide ions increases with increasing
temperature. At a temperature of 500, 773 and 823 K, the
MSD plot rises to a straight line compared to the MSD plot

1.2 1
14 1100 K

1.0
0.5
0.2
= 0.7
'-gru.ﬁ-
@ 0.5
=04
0.3 ]
02 SO0 K
0.1
0.0

00K

0 250 500 750 1000 1250 1500 1750 2000
Time (ps)

Fig 7. MSD of the oxide ions of y-Bi,VOss at
temperatures of 500, 700, and 1100 K. The MSD receives
an increase in temperature, which indicates that the
diffusion of oxide ions also increases

9s5{ .
=10.0 4 \-
0.5
=
£ _11.0
1.5
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| ] I
B.0x10-+ 1.2x10-2 1.6x10-2 20102
1K)

Fig 8. Plot In D vs. 1/T for oxide ions of y-Bi,VOss
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at 873 K. At 873 K, the oxide ion migration rises rapidly
to the timestep 160 ps, then the migration rises slowly to
480 ps, as shown in MSD with lines that are not straight
(curved). At the timestep 160-480 ps, the migration of
oxide ions was estimated to pass through the obstruction
area. This kind of thing is observed in the migration of
sodium ions of zeolites [26].

The diffusion coefficient of Bi,Cuo1V9Os35 at some
temperatures was shown in Fig. 9. Based on this graph, the
ion activation energy of Bi;Cuo1V09Os35 was 0.21 eV. This
energy value was in accordance with the results of
experiments reported by Guillodo et al. [27], but different
from those reported by Krok et al. [28] and Simner et al.
[29] as shown in Table 2. This difference can be caused by
different synthesis methods.

The oxide ion MSD of Bi,Ta,V50s.s also increases
with temperature rise (Fig. 10). Based on the plot of In
(oxide ion diffusion coefficient) on I/T (Fig. 10), the
activation energy of the calculation result is 0.10 eV. Ion
oxide MSD of Bi,Tao,VosOss also increased with an
increase in temperature. Based on the plot of In (oxide ion

0.4
BT3IK

823 K

BICUWVCX .10

200 300 400 500

Time (ps)

100
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diffusion coefficient) versus I/T, the activation energy
was 0.10 eV.

This activation energy was smaller than the
activation energy calculated from y-Bi,VOss and
Bi,Cu01V050s.3s. This indicated that the conductivity of
the Bi;Ta,,VsOs5 was greater than the conductivity of
the two types of compounds.

The addition of dopant partially to the parent
compound (y-Bi,VOss) gives rise to environmental
irregularities in the vanadate layer, which can inhibit
oxygen migration. The irregularity is caused by different
size of vanadium (V> = 0.54 A) with dopants (Cu** =
0.73 A; Ga* = 0.62 A; Ta® = 0.64 A) and increase of
oxygen vacancy due to substitution of V>* partially by Cu**

Table 2. The activation energy of Bi>Cuo,; V90535 based
on the experimental results

Activation Energies (eV) References

0.48 Krok et al. [28]
0.52 Simner et al. [29]
0.20 Guillodo et al. [27]
45 | .
10 12 14 16 18 20

Temperature [(1000/K)

Fig 9. MSD and Plot of In D vs. 1/T of oxide ion of Bi,Cu1V9Os.s

0.5 1] 1500 K
0.5 1 BITAYVOX.20
1100 K
0.04 " " " " ]
0 200 400 800 200 1000
Time (ps)

-10.0 1
E
-10.4

-10.8 4

20

08 12 18
Temperature (1000/K)

Fig 10. Oxide ion MSD and In D vs. I/T plot of Bi;,Tap2Vs0s.5
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and Ga’*. On the contrary, doping with Ta’* does not add
a vacancy because of Ta is isovalent with V.

The vacancy can cause a strong attraction between
vacancies and V/dopants, thus increasing the activation
energy of the migration of oxygen ion. The non-spherical
d orbitals of Cu, with the configuration 3d’, also cause the
vanadium environment to be distorted and can act as a
trapping center in the process of oxygen ion migration.

Polarization of cations to oxygen ions can facilitate
the hopping of oxygen ion to the vacancy site. This
happens because the electron cloud of the oxide ion was
pulled by the cation so that the oxide ion was easily moved
from the site of the lattice. The polarization of the cations
to the oxide ions that are getting stronger will further
facilitate the oxide ions to migrate in the crystal lattice.
Ta>* cations, theoretically, will be stronger at polarizing
oxide ions compared to Ga** and Cu*" cations, because
Ta’* has a greater charge density. As a result, qualitatively
it can be predicted that at the same concentration, the
increase of ionic conductivity is BICUVOX<BIGAVOX<
BITAVOX.

m CONCLUSION

Computational simulation of ionic conductivity of
BIMEVOX and y-Bi,VOss performed using DFT, Mott-
Littleton method, and molecular dynamics simulation.
The obtained y-Bi,VOs s
experimental results. Defect simulation using the Mott-
Littleton method showed 10% Cu*', 10% Ga’*, and 20%
Ta>* where the highest ionic conductivity was in good

enthalpy for close to

agreement with the experiment results. The results of the
showed that the
activation energies of oxide ion migration in y-Bi;VOss
and BIMEVOX (ME = Cu and Ta close to experimental
values. The addition of oxygen vacancy at y-Bi,VOss due

molecular dynamics simulation

to doping with aliovalent dopants, such as Cu and Ga,
causes disordering polyhedral in the vanadate layer where
oxygen ion migration takes place. In contrast, ordering
polyhedral due to the inclusion of isovalent dopants such
as Ta causes easier ion migration. To synthesize
BIMEVOX compounds that are expected to have high ion
conductivity, the concentrations of aliovalent and
aliovalent dopants are 10% and 20%, respectively.
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