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A novel di-triarsenate material NazLio.gKo.2C0s5(As3010)2(As207)2 has been synthesized by solid state
reaction route. The structural study determined by single crystal X-ray diffraction showed the non-
centrosymmetry of the structure. It crystallizes in the monoclinic system of C2 space group with the
unit cell parameters: a=10.136(2) A, b=8.722(2) A, c=16.952(3) A, B=101.86 (2)°, V= 1466.9(5)A®
and Z=2. Structural analysis using Charge Distribution (CHARDI) and Bond-Valence Sum (BVS)
calculations tools are envisaged to confirm the proposed structural model. The [C02010As3010]. chains
connected to triarsentae groups toughen by CoOs octahedra forms a 3D anionic framework showing
different tunnels, where alkali ions are located. Bond Valence Site Energy (BVSE) computational
model was used to simulate the alkali-ion migration pathways in the anionic framework of the studied
material. It shows that the alkali ion-conduction is probably ensured by sodium cations with an
activation energy Ea= 0.83 eV. Only Na* ions migration is probably along [100] direction which
diffuse through an infinite 1D pathway.

Keywords: Di-triarsenate, crystal structure, non-centrosymmetric, anionic framework, alkali-ion
migration.

1. INTRODUCTION

The exploration of new materials in the A-M-X-O systems (A=Alkali; M= transition metals;
X=P; Si; As) with three-dimensional anionic frameworks, showing large tunnels used for
electrochemical applications, is an area of powerful activity in solid state chemistry [1-8]. The
attention of several teams focused on phosphate compounds with remarkable thermal stability [9]. On
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the other hand, a great structural similarity between phosphates and arsenates materials are shown due
the possibility of partial or total substitution of phosphor by Arsenic [10].

Alkali cobalt arsenate are few compared to phosphates. In fact, the most studied family was B-
Xenophillite with general formula AsCo7(AsOs)s (A = Na; Ag) [11, 12] that behave fast ionic
conductors. The second family has an olivine structure with general formula ACoAsQOs (A = Li, Na, K)
[13, 14]. Electrochemical performances were evaluated for these materials. It was the first
electrochemical study on arsenates with olivine structure. Structural transition from olivine to spinel
structure was observed by applying high pressure (8 GPa) at 1073 K [13]. This phase transition is also
carried out under the same conditions with other transition metals (Fe, Ni and Mn) having the same
degree of oxidation (+II).

The structural diversity, the interesting electrical and electrochemical properties of arsenates
and their similarity to phosphates have prompted us to explore the A-Co-As-O systems that are
sparsely studied.

In this paper, we investigate the synthesis, structural study and alkaline migration pathways of
the new di-triarsenate NazLio.gKo.2C05(AS3010)2(AS207)2.

2. EXPERIMENTAL AND COMPUTATIONAL METHODS

2.1. Synthesis

The novel alkali-cobalt arsenate material was synthesized by solid-state reaction method. A
mixture of NaNOsz (Sigma-Aldrich, >99.5%); (Sigma-Aldrich, >99.0%), (Co(CH3COO)2.4H.0
(Merck, 99.999%); As20s (Merck, 99%) finely ground in an agate mortar in molar ratio 8: 5 : 10 is
placed in a porcelain crucible. Firstly, it was heated at 673 K overnight to evaporate nitrate, acetate and
water. In the next step, the residue was grounded and heated at 943 K for one week. After slowly
cooling with 5K/min rate, pink crystals were obtained and isolated using boiling distilled water. After
observing the obtained crystals under a polarizing microscope, a single crystal was selected for single
crystal X-ray diffraction.

2.2. Single crystal X-ray diffraction

A suitable single crystal, with 0.2x0.16x0.15 mm?® dimensions, was selected for X-ray
diffraction data. The structural data were collected, at room temperature, on an Enraf-Nonius CAD-4
[15-16] diffractometer using the MoKo (A=0.71073A) radiation. The ordinary corrections; for Lorentz
and polarization effects, absorption via a psi-scan [17] and secondary extinction correction [18] were
applied. All subsequent calculations were carried out using the SHELX-97 [18] computer programs
included in the WIinGX software package [19]. Structure graphics were figured with Diamond 2
program [20].
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2.3. Crystal structure validation tools

In order to confirm chemical composition and structural adopted model of the crystal structure
resulting from the X-ray diffraction data analysis, two well-known models of structural validation were
used, i.e. the Bond Valence Sum (BVS) [21] and Charge Distribution (CHARDI) [11]. The BVS and
CHARDI calculations have been performed with the SoftBV [21] and CHARDI2015 [22] programs,
respectively.

2.4. Pathways transport modeling

The cations motion in the anionic framework was studied via Bond Valence Site Energy
(BVSE) model developed by Adams [23]. This model is the progress of BVS method model proposed
by Pauling (1929) [24] to define the formation of inorganic compounds and later reformulated by
Brown & Altermatt (1985) [25] with the following expression for an individual bond-valence sa-x:

SA-x = €xp (@) 1)

Where Ra-x = distance between counter-ions A and X; Roand b= fitted constants, Ro = length of
a bond of unit valence

Recently, Mazza implemented the BVS model in the program Jumpiter to simulate the
transport pathways of Na® in the NaSICON compound [26]. The most energetically favorable
pathways of Na* are the points in the crystal structure where BVS is close to the formal oxidation
number (i.e +1 for Na). Adams has developed this model further, relating the “valence units” to an
energy scale by expressing the bond valence using a Morse-type interaction energy [23]. In brief, the
pathway approach identifies regions of low site energy E(A):

E(A) =Dy

Z[SS] - N]+ Evoiom (A-B)  (2)

i=1 Smin,A—Xi

Where the Ecoulomb term describes the electrostatic interactions of the A cation with the anionic
framework. For more details about the model and the mathematic equation, see the references [23].

The BVSE was used with success to simulate the transport pathways of Na* in NasCo7(AsOa)s
[11] and Na1.25C02.187Al1.125(As04)3 [27] and Ag™ in Ags.esC02(P207)2 [28].

3. RESULTS AND DISCUSSION

3.1. Crystal structure determination and validation

After processing the raw data, the statistical calculation reveals that the structure is non-
centrosymmetric and leads to the C2 space group. The direct method, included in the SHELXS-97
program, made it possible to locate cobalt, arsenic and some sodium and oxygen atoms. The rest of the
atom positions contained in the unit cell were determined by successive Fourier-Difference syntheses
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followed by a few cycles of refinements, based on the interatomic distances. The final refinement of all
the anisotropic geometric and thermal parameters converges to the reliability factors of R=0.039 and
wR=0.098. Moreover, the examination of the Fourier-Final Difference does not reveal any significant
peak. The refinement results of the crystal structure are shown in Table 1.

Table 1. Crystal data refinement results of NazLio.sKo.2C05(As3010)2(As207)2

Crystal data

Empirical formula
Crystal system ; Space group

Unit cell dimensions

Volume ; Z
Formula weight ; pcalc.
Absorption coefficient (1)
Crystal sharp ; color
Crystal size

Na7Lio.sKo.2C05(As3010)2(As207)2
Monoclinic; C2
a=10.136(2) A, b=8.722(2) A, ¢=16.952(3) A,
=101.86 (2)°
1466.9(5) A3; 2
1768.92 gmol™; 4.007 gcm™
14.288 mm*
Parallelepiped ; pink
0.2 x0.16 x 0.15 mm

Data collection

Diffractometer
Wavelength ; Temperature
Theta range for data collection
Limiting indices
Scan mode
Absorption correction ; Tmin ; Tmax
Standards; frequency (min); decay
(%)

Reflections collected
Independent reflections

Observed reflections [I > 24(1)]

Enraf-Nonius CAD-4
JMoke=0.71069 A : 298(2) K

2.46° <0 < 26.97°
-12 <h<3;-11<k<1 ;-21<IK21
/20
psi-scan ; 0.0806; 0.8614
2;120;1

2452

1913 [Rin= 0.050]
1738

Refinement

Refinement method
Final R indices [l > 20(1)]
Reflections ; parameters

Apmax ; Apmin (EA%)

Goodness of fit (S)

Full-matrix least-squares on F?
R(F)= 0.039; wR(F?)= 0.098,
1913 ; 290
0.98;-0.96
1.06

The structural model of the adopted Na7LiogKo 2C0s5(As3010)2(As207)2 formula is validated by
CHARDI and BVS calculations. In fact, the resulted dispersion factors are ccation = 0.04 and Ganion =
0.08; Then, the formal oxidation values are in good agreement with calculated charges Q(i) (Table 2).
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Table 2. CHARDI and BVS analysis of ions in NazLio.sKo2C05(As3010)2(As207)2

Cation | V(i) g(i).sof(i) Q@) | Amion | V(@) | q(i).sof(i) Q
Col | 2132 2.110 2094 | 01 -2.101 -2.000 -2.008
Co2 | 2123 2.000 2.050 | 02 -1.918 -2.000 -1.965
Co3 | 2121 2.000 1978 | O3 -1.892 -2.000 -2.071
Asl 4.990 5.000 5106 | O4 -2.019 -2.000 -1.948
As2 4.841 5.000 4963 | OS5 -1.990 -2.000 -1.900
As3 | 4.826 5.000 509 | 06 -1.964 -2.000 -1.890
As4d | 4.825 5.000 4956 | O7 -2.070 -2.000 -2.014
As5 | 4.879 5.000 4924 | O8 -2.225 -2.000 -2.080
Nal | 0.991 1.000 1.025 | 09 -2.142 -2.000 -2.075

Na2A | 0.382 0.390 0.387 | 010 | -2.094 -2.000 -2.067
Na2B | 0.607 0.610 0.619 | O11 | -2.210 -2.000 -1.868
Na3 | 1.005 1.000 0.987 | 012 | -1.983 -2.000 -1.879
Na4 | 0.204 0.200 0.199 | 013 | -2.097 -2.000 -1.954
Li4 0.799 0.800 0.794 | 014 | -2.108 -2.000 -1.960
Na5 | 0.641 0.630 0632 | 015 | -2.342 -2.000 -2.115
K1l 0.108 0.100 0.098 | 016 | -1.879 -2.000 -2.050
Na6 | 0.271 0.270 0.290 | 017 | -2.027 -2.000 -1.994

q(i)=Formal oxidation number; sof(i)=site occupation factor; Q(i)= computed charges

The fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters
are collected in Table 3.

Table 3. Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters

(A?)

Atom X y Z Ueg™ Occ. (<1)
Col 0.8442 (2) 0.4703 (2) 0.32950 (9) 0.0094 (4)
Co2 0.3273 (2) 0.3476 (2) 0.31534 (9) 0.0095 (4)
Co3 0 0.6672 (3) 0 0.0132 (5)
Asl 0.0535 (1) 0.1506 (2) 0.34617 (6) 0.0079 (3)
As2 0.2784 (1) 0.4950 (2) 0.49187 (6) 0.0074 (3)
As3 0.1378 (1) 0.6558 (2) 0.33147 (6) 0.0078 (3)
As4 0.6992 (1) 0.4888 (2) —0.00351 (7) 0.0100 (3)
As5 0.8494 (1) 0.6395 (2) 0.15532 (6) 0.0101 (3)
Nal Yo 0.1919 (9) Yo 0.014 (2)
Na2A 0.732 (3) 0.675 (4) 0.8266 (13) 0.044 (4) 0.39 (2)
Na2B 0.759 (2) 0.579 (2) 0.8344 (8) 0.044 (4) 0.61 (2)
Na3 0.4376 (7) 0.4234 (8) 0.8286 (3) 0.0329 (9)
Na4 0 0.311 (3) Yo 0.021 (6) 0.20 (3)
Li4 0 0.311 (3) Yo 0.021 (6) 0.80 (3)
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Nab5 —0.037 (2) 0.337 (2) 0.867 (2) 0.045 (4) 0.63 (3)
K1 0.519 (8) 0.829 (7) 0.135 (6) 0.045 (4) 0.10 (2)
Nab6 —0.007 (3) 0.298 (3) 0.942 (2) 0.045 (4) 0.27 (1)
o1 0.8547 (9) 0.480 (1) —0.0196 (5) 0.0170 (2)
02 0.8193 (9) 0.8070 (1) 0.1963 (5) 0.0150 (2)
03 0.4208 (7) 0.553 (1) 0.560 (5) 0.0143 (2)
04 —0.0074 (9) 0.654 (1) 0.1212 (5) 0.019 (2)
05 0.651 (1) 0.328 (1) 0.0359 (5) 0.018 (2)
06 0.1516 (7) 0.473 (1) 0.5392 (4) 0.008 (2)
o7 0.8445 (9) 0.478 (1) 0.2084 (5) 0.015 (2)
08 —0.0600 (8) 0.045 (1) 0.2866 (5) 0.013 (2)
09 0.7073 (8) 0.624 (1) 0.0754 (4) 0.014 (2)
010 0.1633 (8) Y2 0.2812 (5) 0.012 (2)
O11 0.3238 (8) 0.354 (1) 0.4392 (5) 0.012 (2)
012 0.0020 (9) 0.317 (1) 0.3752 (5) 0.018 (2)
013 0.5917 (8) 0.566 (1) —0.0805 (5) 0.016 (2)
014 0.1997 (8) 0.151 (1) 0.3151 (5) 0.011 (2)
015 —0.0182 (8) | 0.6679 (12) 0.3513 (4) 0.0096 (8)
016 0.1852 (8) 0.816 (1) 0.2924 (5) 0.010 (2)
017 0.2446 (7) 0.655 (1) 0.4300 (4) 0.009 (1)
*Uéq = (1/3)YYjU%ai"a;"ai.a;

3.2. Crystal structure description

The asymmetric unit of NazLiosKo2Cos(As3010)2(As207)2 is presented in Figure 1. It contains
three CoOs octahedra, As,O7 and As3zO10 groups connected by corners. The neutrality is assured by
potassium and lithium ions located in the same site with sodium cations.

Figure 1. Asymmetric unit of NazLio.gKo2C05(As3010)2(As207)2, showing the atom labeling and the
full coordination polyhedra including the corresponding symmetry-related O atoms.
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In the anionic framework, The Co10Os and C020s octahedra share edges to form C02010 dimers
(Fig. 2a) which are connected together by triarsenate groups to form [C02010As203]. infinite chains in
the ab plan (Fig. 2b).

(a) (b)
Figure 2. Projection of (a) Co02010 dimers (b) [C02010As203]. infinite chains of
Na7Lio.8Ko.2C05(As3010)2(AS207)2.

The cohesion between chains is ensured by corners connection with the diarsenate groups
As>07 and, on the other side, by sharing corners with the Co1Oe¢ octahedra (Fig. 3).

Figure 3. Projection close to the [100] direction showing the junction between layers of the bc plan in
the anionic framework of NazLio.sKo.2C05(As3010)2(As207)2.



Int. J. Electrochem. Sci., Vol. 15, 2020 3783

It results a three-dimensional framework showing different types of tunnels along [100] (Fig. 4)
and [010] (Fig. 5) where the alkali cations are located.

Figure 5. Projection of the Na7Lio gKo.2C05(As3010)2(As207)2 structure along [010] direction.
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3.3. Crystallographic characteristics and comparison with other di-triarsenates materials:

By examining the structure of the title phase, the cobalt atoms are arranged in three
crystallographic sites noted Col, Co2 and Co3. Those possess an oxygenated octahedral coordination.
However, the distortions values [29- 30] of the Co1-O, Co2-O and Co03-O bonds are 8.72%, 8.81% and
1.86%, respectively. It is well noted that the Co1Os and Co20s octahedra are relatively much distorted.
In fact, these octahedra are present as C02010 dimers which cobalt atoms are displaced from the center
of their octahedra in order to minimize the repulsive interactions between the common edge of the two
octahedra. The Co-Co distance is equal to 3.286 (2) A, hence the relatively high values of the link

distortions. The Co-O interatomic distances in these octahedra are given in Table 4.

Table 4. Interatomic distances (A) in CoOg octahedra.

Col0Os C020¢
Col—016' 2.093 (9) Co2—O011 2.108 (8)
Col—012 2.110 (6) C02—O010 2.116 (9)
Col—014 2.130 (7) Co2—014 2.150 (6)
Col—015 2.200 (5) Co2—08" 2.178 (9)
Col—O6' 2.218 (7) Co2—015 2.211(9)

? .

Co30s

Co3—05Y  2.075(9)
Co3—O05¥i 2,075 (9)
C03— 04 2.075 (8)
Co3—04 2.075 (8)
Co3—O1 2.179 (8)
Co3—01* 2.179 (7)

<C03—0> 2.110 (8)

Symmetry codes (i) x—1/2, y—1/2, z; (ii1) =X, y, —z+1; (v) =x—1/2, y—1/2, —z; (vi) x+1/2, y—1/2, z;

(viii) =x, y, —z; (ix) —x—1/2, y+1/2, —z;
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The As>O7 group, present in the asymmetric unit, is in pseudo-eclipsed conformation as shown in
Figure 6. In fact, its pseudo-torsion angle is equal to 9.54 (4) ° for O1-As4-- As5-0O4.

Figure 6. Conformation of diarsenate unit As,O7

While for the triarsenate unit, the two terminal AsOs tetrahedra located on either side at the
ends of the AszO10 group are in offset conformation, as shown in Figure 7a. Indeed, its torsion angle is
equal to 27.81 (4) ° for O11-As2-As1-0O8 and the central angle of the triarsenate As3 --- As2 --- Asl is
128.43 (3) ° (Fig. 7b).

27.37(4)°

() (b)

Figure 7. Conformation of triarsenate unit AszO1o

By examining the bonds of the AsOs tetrahedra (Table 5), it is noted that the longest
interatomic distances As-O are those of the oxygen atoms relative to the bridges of the As>O7 and
As3010 groups. Their values are comparable to those found in the di-triarsenates
AMng(As207)2(As3010) (A=K/Rb) [31-32].



Int. J. Electrochem. Sci., Vol. 15, 2020 3786
Table 5. Interatomic distances (A) in AsO4 tetrahedra
NazLiosKo2C05(As3010)2(AS207)2
As10, As20, As30,
Asl—012 1.659 (9) As2—011 1.640 (7) | As3—010 1.645 (9)
As1—08 1.659 (7) As2—06 1.662 (7) As3—016 1.671 (8)
Asl—014 1.675 (6) As2—03 1.722(6) | As3—O015 1.692 (6)
Asl—03Y 1.782 (7) As2—017 1.740 (7) | As3—017 1.791 (6)
<As1l—O> 1.690 (7) <As2—0O> 1.691 (7) <As3—0O> 1.700 (7)
AS404 AS504
As4—05 1.663 (9) | As5—02 1.664 (9)
As4—013 1.665(7) | As5—07 1.685 (9)
As4— 01 1672(7)| As5—04 1.684 (7)
As4—Q09 1.777 (7) As5—09 1.762 (6)
<As4—O> 1.694 (8) <As5—O> 1.699 (8)
Rane(A52O7)2(A53olo) [29]
As10, As20,
Asl— 04 1.670 (4) | As2-O4 1.670 (4)
Asl—O7 1675(4) | As2-07 1.675 (4)
Asl—03 1.676 (4) | As2-03 1.676 (4)
Asl—05 1727 (4) | As2- 05 1.727 (4)
<Asl—O> 1687 (4) | <As2—O> 1.687 (4)
As30, As40,
As3—012 1.655(3) | As4—_02 1.651 (4)
As3—O8 1.670 (4) | As4—09" 1.683 (3)
As3—010 1676 (4) | As4—013 1.684 (4)
As3—O01 1.796 (4) | As4—05 1.725 (4)
<As3—O> 1.699 (4) | <As4—O> 1.686 (4)

The difference between the studied structure and the di-triarsenates AMng(As207)2(As3010)
structures (A = Rb or K) [29, 30] can be distinguished. In fact, in the structure of the studied material,
the triarsenate groups provide the connection between the Co02010 dimers to form infinite layers
parallel to the ab plane. The cohesion of these layers is ensured by sharing corners with the As;O7
diarsenates, on one side, and ColOe octahedra, on the other side (Fig. 6a). However, in the
AMng(As207)2(As3010) structure, the cohesion of the layers MnsOz3, arranged in “zigzag" in the [011]
and [0-11] directions, is assured on the one hand, by sharing corners with As;O- diarsenates and on the
other hand, is reinforced by sharing corners with the AssO1o triarsenates groups (Fig. 6b).
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(b) >

Figure 6. Projections of different types of bonds of As;O7 and As3O10 groups in the structure of (a)
Na7Lio.8Ko.2C05(As3010)2(As207)2 and (b) AMns(As207)2(As3010) where (A=Rb/K) [31-32]

According to the structural study, the title material has an open framework showing different
tunnels, in both a and b directions, contain different disordered cations with relatively thermally
agitations. These factors promote ionic conductivity which prompted us to study the alkali-ions
pathways simulation in NazLio.sKo2C05(As3010)2(As207)2.

3.3. Alkali-ions Transport pathways simulation

The transport pathways modeling of Li; Na; and K cations in the anionic framework was
carried out using the BVSE simulation model [23], based on the crystallographic data of the studied
material.

Examination of isosurfaces connecting the sodium atom sites in the unit cell shows that only
the sodium Na2A and Na2B can move along the [110] direction and form 1D infinite pathways (Fig.
7), although the calculated activation energy of about 0.83 eV suggests medium ionic conductivity.
However, the other sodium atoms are blocked and cannot participate in the ionic conduction.
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The conduction pathways simulated by the BVSE model are in good agreement with the
structural characteristics of the studied material. Indeed, mobile sodium ions Na2A and Na2B are those
located in the [110] direction. This direction corresponds to the direction of the tunnels having the
widest sections ranging from 3.50(3) A to 7.17(5) A. On the other hand, the other alkali-ions are
located in widows with lower sections. Figure 8 shows the different type of tunnels existing in the
anionic framework of the title compound.

The conductivity of NazLiogKo2C05(As3010)2(As207). (Ea=0.83 eV) is intermediate compared
to other sodium-arsenate materials such as NasBi(AsOa)2 (0.76 eV) [33] and NazBi2(AsOa4)3 (0.85 eV)
[34]. Nevertheless, the title compound is higher conductor than other sodium-based materials like as
Nas 2Cu1.9AI(AsO4)4 (1.14 eV) [35]; Na2Co2(M004)s (1.2 eV) [36]; Na1.14Ko.ssCoP207 (Ea= 1.34 eV)
[37] and  NazssAg116C02(P207)2 (Ea= 137 €eV) [38]. On the other hand,
Na7Lio.gKo.2C05(As3010)2(As207)2 shows lower conductivity than other sodium ionic conductor like as
Na-cellulose (Easzes-assk = 0.49 eV and Eassg-sook= 0.68 eV) [39]; Na2CoP15As0507 (0.563 eV) [40]
NasCos63Al0.91(AsO4)s (0.56 eV) [41] and NaCo2As3010 (Ea=0.48 eV) [42].

Figure 7. Projections of the unit cell of NarLio.gKo.2C0s(AS3010)2(As207)2 showing the 1D infinite
pathways of migration of sodium ions along [110] direction (a) without coordination polyhera
and (b) with coordination polyhedra.
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$3433)
A

[ =~ - —_—
549 (1)  }
A

(b)

Figure 8. Dimensions sections of tunnels along (a) [100] (b) [010] (c) [110] axes of
Na7Lio.8Ko.2C05(As3010)2(AS207)2.
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The obtained results are close to those encountered for the intermediate conductor
NasBi2(AsO4)3 (0.85 eV) [34] which the alkali-ions are located in two different tunnels with divers
sections on the anionic framework. Indeed, among the sodium cations of the cited materials, the
sodium ion, noted Na(1), are the most mobile ion. In fact, the fast mobility is due to the localization of
the Na* ions in tunnels with relatively wide sections (5.13A- 5.58A) compared to those of the second
tunnel which is of the order of 3.83 A - 5.13 A.

On the other hand, the geometric factors of the tunnels on the anionic framework reveals that
the appropriate geometry is not sufficient for fast ionic conduction. In fact, returning to the qualitative
calculation of the sodium and oxygen Shannon ionic radii 2[rna+ + ro2-] = 5.18A [43], it indicates that
the geometric factors of the tunnels in the studied material and in NasBi2(AsO4)s [34] remain relatively
insufficient during the way of these tunnels. Therefore, the ionic dispalcement can be partially
obstructed and the conduction is expected to be lower.

4. CONCLUSION

Alkali cobalt di-triarsenate, the first in the A-Co-As-O systems (A= monovalent cation), was
synthesized using solid-state reaction method. Based on single crystal diffraction data, the structure
can be described as with 3D open framework with tunnels running along [100], [010] and [110]
directions where alkali ions are located. The investigation of the monovalent cations conductivity
computationally via Bon Valence Site Energy simulation indicate that only sodium ions are mobile in
the anionic framework, especially the Na2 ions. In qualitative agreement with the structural
characteristics, the BVSE approach pointed to a one dimensional type of Na* ions migration along
[110] with an activation energy 0.83 (eV) which suggests that fast ionic conductivity may be expected
experimentally in subsequent works.
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