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ABSTRACT 

Sodium bismuth cesium chloride salt Na24Bi4Cs8 Cl26 has been synthesized as polycrystalline 
powder by solid state reaction with followed stoichiometric chemistry. The structure has been 
determined by X-ray diffraction powder pattern ab initio method at room temperature. The title 
material is mixing in agate mortar and pastel in homogised  form and was taking poder 
diffraction data in the cubical crystal system having  space group F m -3 m (225) with the unit 
cell parameters: a= b=c 10.839 Å V= 273.41Å3 and Z=2. The two tools of crystal structure 
validation, Bond Valence Sum (BVS) and Charge distribution (CHARDI) methods, have 
confirmed the crystal structure model. The anionic framework is built of layers of corner sharing 
NaBi/Cl and CsCl3 polyhedral structure. The sodium atoms are located in the interlayer space. 
Quantitative analysis using ICP-MS is used to confirm the elemental composition of the 
polycrystalline powder.. The electrical properties of the title compound have been characterized 
by impedance spectroscopy in the 240°C-360°C temperature range. At 240 °C, the conductivity 
value of the sample with relative density of 85% is 4 10-6 Scm-1 and the activation energy was 
Ea=0.76 eV. The calculated conductivity corrected for porosity is σd (240°C) = 1.78 10-5 Scm-1. 
The Na+ transport pathway in the interlayer space was simulated using the Band Valence Site 
Energy (BVSE) model. The BVSE model was also used to explain the effect of the Cl/Cs on the 
electrical properties of the title compound. 
KEYWORDS: Structure, Inter-layer Electrical properties, Transport pathways SEM,TEM,AFM 
 

INTRODUCTION 

Over the past decade, structure determination and study the crystal chemistry  from 
powder XRD diffraction has matured into a technique that is widely and successfully used in the 
context of organic, inorganic, and organometallic compounds [1]. By definition, the crystal 
belonging to the same structure type with same space group should have the similar cell 
parameters and similar representative atom coordinates. But in the case of deficit materials like 
ternary compounds (Na24Bi4Cs8 Cl26 compounds) which have different atomic defects, have 
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some major variations in the crystallographic parameters. Hence, the study of crystal structure of 
these compounds is necessary to understand its physical properties, especially the electronic 
properties. [1], which is important for many   practical applications. For example, LiFePO4 
phosphate has successfully replaced LiCoO2 oxide in lithium batteries [2]. Recently, research 
groups have concentrated on Na-ion batteries, as sodium is less toxic and is abundant in nature 
[3]. Numerous new compositions have been recently prepared and tested for electrical and/or 
electrochemical properties, e.g. NaCo(PO3)3 [4], Na4Ni3(PO4)2P2O7 [8], Na2Ni2Cr(PO4)3 
[5], Na1.86Fe3(PO4)3 [6]. Sodium bismuth cesium chloride Na24Bi4Cs8 Cl26 is a well-known 
material due to its low activation energy (0.63 eV) of   ionic conductivity [7] and due to its 
higher thermal stability compared to the other chloride materials . The sodium atoms are located 
in the interlayer space, which is formed by sodium and bismuth  polyhedra . This material is a 
good candidate as a cathode in Na-ion batteries given its crystal structure, thermal stability and 
presence of cesium metal. It has been shown recently to have reversible capacity close to 90 mA 
h g-1 involving Bi+3/Bi+5 redox activity with an average potential of 3V [8]. The structure 
solution from powder X-ray diffraction and Rietveld refinement of some Na24Bi4Cs8 Cl26 But the 
structural studies of Na24Bi4Cs8 Cl26 lack a step in the literature. Materials with pronounced 
twinning or new compounds that only exist as part of a complex multi-phase powder sample are 
thus extremely difficult to treat with this standard method for structure determination [9]. It 
should be noted that these problem cases also include many technologically relevant products 
such as small precipitates in a metallic matrix, catalysts, pharmaceuticals, pigments and thin 
films, which a priori exist only in small quantities or rarely grow as large crystals. Hence, ample 
motivation exists to develop alternative approaches capable for structural analysis of extremely 
small volumes and crystallites. However, the only real alternative to X-rays is fast electrons, 
since their interaction with matter is several orders of magnitude stronger than that of X-rays. 
Electron diffraction structure analysis (EDSA) makes it, thus, possible to obtain structural 
information at the atomic level even for the steadily growing number of nanocrystalline materials 
[10]. On the other hand, structure analysis with electron data is rarely straightforward and fully 
automated, as it is the case with X-ray data. because now-a-days powder X- ray diffraction has 
been routinely used a non-destructive fingerprinting technique. It has also been used in studies 
related to structural phase transitions at variable temperature and pressure. Hence, the present 
study aims at the preparation of Na24Bi4Cs8 Cl26 through the solid state reaction method and the 
determination of the structure of Na24Bi4Cs8 Cl26 powders through powder X-ray diffraction 
technique. The extensive search for novel inorganic materials with open frameworks formed of 
tetrahedra and octahedra delimiting inter-layer spaces (2D), tunnels (3D) or cages (1D) where 
cations are housed, represent currently a field of intense activity including several disciplines: 
solid-state chemistry, physics, mechanics, and mainly ionic conductivity properties and their use 
as battery materials. Chloride of nontransition metals and alkaline cations are well known for 
their thermal stability and the simplicity of syntheses. The aim of this work is determine structure 
of titled compound by ab initio method with the help of powder XRD and the study of 
morphology as well as electrical property. 
 

MATERIALS AND METHODS 

All chemicals used were analytical grade. A polycrystalline sample of Na24Bi4Cs8 Cl26 was 
synthesized by a standard solid state reaction using a mixture of high purity reagents of 
NaCl,BiCl3 and CsCl  contained mixed valence as the starting materials in the molar ratio of 3 : 
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1 : 1. The mixture was ground carefully, homogenized thoroughly with methanol (99%) in an 
agate mortar and then packed into an alumina crucible and calcined at 1000°C in air for 30h with 
several intermediate grindings. Finally the product was pressed into pallets and sintered at 100 
K/h. Powder X-ray diffraction (XRD) data were collected at room temperature in the angular 
range of 2θ =10 to  90 with scan step width of 0.02° and a fixed containing time of 15 s using 
Philips powder diffractometer with graphite monochromatic CuKa radiation. The powder was 
rotated during the data collection to minimize preferred Orientation effect if any. The program 
TREOR in CRYSFIRE was used to index the powder pattern which give cubic crystal  system  
.SIRPOW92 was used to locate the positional parameters of constituent atoms. The full pattern is 
fitting and peak decomposition in the space group F m -3 m using check cell program. The 
structural parameters were refined by the Reitveld method using the JANA program which gave 
at 1000°C. Rwp = 0.0680, Rp = 0.030 and GOF=0.31 the structure factors F0 =3024 and Fc = 
3024. The density is determined by Archimedes principle. 
 
 

RESULTS AND DISCUSSION 

In crystal chemistry, the crystal structure determination is the first step to understand and 
interpret physical properties of an unknown material. Moreover, it also guides people on how to 
modify the material and hence improve the performance[11].The extensive search for novel 
inorganic materials with open frameworks formed of tetrahedral and octahedral delimiting inter-
layer spaces (2D), tunnels (3D) or cages (1D) where cations are housed, represent currently a 
field of intense activity including several disciplines: solid-state chemistry, physics, mechanics, 
and mainly ionic conductivity properties and their use as battery materials oxides of  metals and 
alkaline cations are well known for their thermal stability and the simplicity of syntheses , which 
is important for many practical applications. lithium batteries [12]. Recently, research groups 
have concentrated on Na-ion batteries, as sodium is less toxic and is abundant in nature [8]. This 
material is a good candidate as a cathode in Bi+3ion batteries given its crystal structure, thermal 
stability and presence of Cs metal. It has been shown recently to have reversible capacity close to 
80 mA h g-1 involving Bi/Na redox activity with an average potential of 3V [13]. Nowadays, the 
most successful technique for structure determination is through single crystal X-ray diffraction, 
from which a sufficient number of independent reflections against the structural parameters can 
be extracted in 3D reciprocal space. Several mature analysis methods, such as the direct 
method,1 Patterson method,2 charge-flipping algorithm3 and maximum entropy method4 can be 
applied to accurately solve the structure. This technique requires synthesizing a high quality 
single crystal at a micrometer. Experimentally, the chance to get polycrystalline materials is 
generally larger than to get single crystals. In this case, powder X-ray diffraction (PXRD) 
becomes a popular technique but with this technique, the possibility to determine an unknown 
structure dramatically decreases, because 3D reflections are compressed into 1D with an 
inevitable overlapping problem, especially when the unit cell is big. The situation will become 
worse when the PXRD is collected on a multi-phase sample, which is not uncommon in the 
preliminary stage of searching new materials, especially in the cases of hydrothermal (or 
solvothermal) syntheses of zeolitic or MOF materials’XRD data for the sample of Na24Bi4Cs8 
Cl26synthesized at its nominal composition is shown in Figure 1. All peaks could be indexed to 
acubic   unit cell with F m -3 m (225) analogous to the Na24Bi4Cs8 Cl26 structure using 
CRYSFIRE PACKAGE[10]. In the diffraction pattern there is a slight anisotropic peak 
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broadening moving to higher angles. This slight peak broadening could be caused by ordering 
within the cationic layers but relative disorder of the cations between layers. The sloping 
background observed in XRD at low angles out to ~30° 2θ is qualitatively indicative of stacking 
faults, a common feature of honeycomb chloride . In an ideal layered mixed-metalchloride 
contained mixed valence , all the cationic planes are stacked along the a-axis by a unique 
translational stacking vector. However it has been shown that two other stacking vectors with 
very similar energy (1-2 meV) can occur in a structure, leading to so called “stacking faults”. 
Stacking faults in the honeycomb oxides occur due to the relatively weak coupling between the 
layers In practice, the cationic layers are never perfectly stacked along the c-axis when a layered 
structure has the P-1 space group, although higher temperature thermal treatment during 
synthesis can decrease the frequency of stacking faults[14]. 
 
CRYSTAL CHEMISTRY SOLUTIONS 
 
High-resolution data set was collected for Na24Bi4Cs8 Cl26 on a Philips powder diffractometer 
utilizing CuKα radiation. The powder XRD spectra shown in figure 1.The Rietveld  refinement 
was done using the JANA2006 software . As in the case of Na24Bi4Cs8 Cl26 [15], indexing the 
powder patters was not straightforward as two sets of Miller indices are possible for the strongest 
reflections yielding two alternative unit cells which led to close residuals upon LeBail full-
pattern decomposition. Subsequent Rietveld refinements clearly ruled out one of these due to 
intolerably dissimilar Bi-Cl  distances in the chloride  anion. Final Rietveld refinement plot 
Na24Bi4Cs8 Cl26 is given in Figure. 3; general projection of the cubical crystal structure is shown 
in Figure  2; the refinement results are collected in Tables 1.For Na24Bi4Cs8 Cl26 structures was 
refined from routine XRD data to confirm the same atomic arrangement; these refinements also 
converged to reasonable R values. Just traces of by-products were present which could not be 
identified as their estimated content is below 1%.The Na ion coordinated with Cl atom having 
octahedral geometry and Cs atom ion also coordinated as same  while Bi ions coordinated 
triangular bipyramidal structure. Structure of cited compound is face-centre-cubic.(FCC)  The 
first step of the structure determination consisted to localize the positions of heavy atoms 
(cations). The Monte Carlo analysis in the Diamond software  program [16] was launched in 
scratch mode using only the first 230 peaks (extracted by Le Bail refinement from the XRD data 
in space group F m -3 m). The crystallographic data obtained from Rietveld refinement which 
shown in table 1.For the determination of cationic positions, in order to minimize the number of 
different atom types, we replaced the mixed site (Bi/Cs) by a single atom Na (52e-) which 
represents an average of Bi+3 (58 e-) and Na+ (26 e-). Distance constraints (Bi-Na < 3.3 Å, Na-Na 
<2.7 Å and Cs-Cs < 2.3 Å), (Bi-Cl≤1.5 Å)Na-Cl≤1.2 were applied to the search of cationic 
positions. A first structural model was tested based on the distribution of 18 Na atoms and 12 Bi 
atoms and Cl atoms over 4 crystallographic sites of multiplicities 12, 2, 8 and 4, leading to a R 
Bragg value of 20.4%. The first Rietveld refinement [17] on XRD data confirmed these five 
cationic positions, according to satisfactory R-factors (R Bragg = 11.1%, Rwp = 19.0% and 
Rexp = 2.9%)..The visualisaion of the structure from CIF with help of DIAMOND software 
programme.The particle size is 70.112nm from  FWHM  and show the nano materials and can 
used in super –conductivity.The structure of cited metal chloride is given Perovskite type 
structure shown in figure 4.The crystallographic data obtained after refinement shown in 
table1.The bonding between atoms in octahedral cubic structure shown in table 3.The cited metal 
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chloride has given cubical structure and 3 dimension structure shown in figure 3.In figure 4 
shown atomic position of metal chloride contained mied valence as perovskite type structure. 
 

 

Figure 1. Powder XRD spectra of Na24Bi4Cs8 Cl26 

 

 

 

Figure. 2. Graphical representation of the result from Rietveld refinement with X-ray powder 
data. Vertical bars indicate positions of the Bragg reflections for Na24Bi4Cs8 Cl26 dots mark the 
observed intensities and the solid line gives the calculated intensity curve. The deviations 
between the observed and the calculated intensities from the refined model are shown by the 
difference plot in the lower part of the diagram and figure 5 reflected as face centre cubical 
structure(FCC). 
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Table1.Crystallgraphic data 
  
Formula sum Bi4 Cl26 Na24 Cs8 
Formula weight 8260 g/mol 
Crystal system cubic 
Space-group F m -3 m (225) 
Cell parameters a=10.839(1) Å 
Cell ratio a/b=1.0000 b/c=1.0000 c/a=1.0000 
Cell volume 1273.41(35) Å3 
Z 2 
Calc. density 15.4 g/cm3 
Meas. density 15.312g/cm3 
      Pearson code cF300 
Formula type NO2P6Q66 
Wyckoff sequence 
Index 

e11cb6a 
0≤h≤-2,1≤l3, 0≤ l≤2 

 
 

 
Table 2.  Fraction Atomic parameters 

         Atom Ox. Wyck. Site S.O.F. x/a y/b z/c U [Å2]  Bi1 +3 4a m-3m  0 0 0   Cl1 -1 24e 4m.m  0.246(2) 0 0   Na1 +1 4b m-3m  1/2 0 0   Cl1 -1 24e 4m.m  0 0 -0.246(2)   Cl1 -1 24e 4m.m  0 0.246(2) 0   Cl1 -1 24e 4m.m  0 0 0.246(2)   Cl1 -1 24e 4m.m  0 -0.246(2) 0   Cl1 -1 24e 4m.m  -0.246(2) 0 0   Cl1 -1 24e 4m.m  0.754(2) 0 0   Cl1 -1 24e 4m.m  1/2 0 0.254(2)   Cl1 -1 24e 4m.m  1/2 0 -0.254(2)   Cl1 -1 24e 4m.m  1/2 -0.254(2) 0   Cl1 -1 24e 4m.m  1/2 0.254(2) 0   Na1 +1 4b m-3m  0 0 -1/2   Na1 +1 4b m-3m  0 0 1/2   Na1 +1 4b m-3m  0 -1/2 0   Na1 +1 4b m-3m  0 1/2 0   Na1 +1 4b m-3m  -1/2 0 0   Cs1 +3 8c -43m  1/4 1/4 1/4    
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Figure3. Face  centre cubical  3D structure of Na24Bi4Cs8 Cl26 

 

Figure4. Representation of the Perovskite -type crystal structures of Na24Bi4Cs8 Cl26in octahedral 
cubical structure. 

 

 

GSJ: Volume 8, Issue 9, September 2020 
ISSN 2320-9186 554

GSJ© 2020 
www.globalscientificjournal.com



 

 

Figure   5. Face centre cubical (FCC) structure of Na24Bi4Cs8 Cl26 

Table 3.Bond angles between atoms 

                                         Number    Atom1  Atom2  Atom3  Angle(0) 

1 Cl1 Bi1 Cl1 90.0 

2 Cl1 Bi1 Cl1 90.0 

3 Cl1 Bi1 Cl1 90.0 

4 Cl1 Bi1 Cl1 90.0 

5 Cl1 Bi1 Cl1 180.0 

6 Cl1 Bi1 Cl1 90.0 

7 Cl1 Bi1 Cl1 180.0 

8 Cl1 Bi1 Cl1 90.0 

9 Cl1 Bi1 Cl1 90.0 

10 Cl1 Bi1 Cl1 90.0 

11 Cl1 Bi1 Cl1 180.0 

12 Cl1 Bi1 Cl1 90.0 
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13 Cl1 Bi1 Cl1 90.0 

14 Cl1 Bi1 Cl1 90.0 

15 Cl1 Bi1 Cl1 90.0 

16 Bi1 Cl1 Na1 180.0 

17 Cl1 Na1 Cl1 180.0 

18 Cl1 Na1 Cl1 90.0 

19 Cl1 Na1 Cl1 90.0 

20 Cl1 Na1 Cl1 90.0 

21 Cl1 Na1 Cl1 90.0 

22 Cl1 Na1 Cl1 90.0 

23 Cl1 Na1 Cl1 90.0 

24 Cl1 Na1 Cl1 90.0 

25 Cl1 Na1 Cl1 90.0 

26 Cl1 Na1 Cl1 180.0 

27 Cl1 Na1 Cl1 90.0 

28 Cl1 Na1 Cl1 90.0 

29 Cl1 Na1 Cl1 90.0 

30 Cl1 Na1 Cl1 90.0 

31 Cl1 Na1 Cl1 180.0 

32 Bi1 Cl1 Na1 180.0 

33 Bi1 Cl1 Na1 180.0 

34 Bi1 Cl1 Na1 180.0 

35 Bi1 Cl1 Na1 180.0 

36 Bi1 Cl1 Na1 180.0 
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                                                                                MORPHOLOGY STUDY BY SCAN ELECTRON MICROSCOPE (SEM) AND AFM 
At room temperature, the morphological characterization of the Na24Bi4Cs8 Cl26 calcined  at 
450°C, by AFM are shown in Figure 6.. From SEM photograph of the Na24Bi4Cs8 Cl26 ,the 
geometry of primary particles is approximately spherical due to the growth mechanism, in this 
case nucleation and coalescence to reach a minimum in the surface energy. The average particle 
size for the Na24Bi4Cs8 Cl26 is close to 20 nm while the size of aggregates is at around 70 nm, 
with around 100 nanoparticles per cluster. The estimated values are for spherical clusters 
considered with a close packing type[18]. According to AFM technique, amplitude image (b) 
supplies qualitative information about the shape of the nanostructure, while the height image (c) 
gives significant information on sample surface topography (3D images). In the angle phase 
deflection images, some details of grain boundary can be observed (small image on the inferior 
right corner). For Na24Bi4Cs8 Cl26 multiphase  phase was identified structures in the nanometric 
scale, in accordance with Fig. 6. (a). In addition, a particular structure type small aggregate of 
size equal to 100 nm is identified being composed of a set of nanoparticles with distribution size 
between 15 and 30 nm, as we can see in Fig. 6. (b). The formation of small aggregates of 
nanoparticles is typical for material processing by chemical routes [19]. However, it is important 
to note that nanoparticles that forming the aggregate are weakly linked by themselves through 
electrostatic interactions. The average of grain size for Na24Bi4Cs8 Cl26 is consistent with particle 
diameters reported elsewhere [6a]. Figure (6b)shows a set of images  which project spectrum it 

 
 

Figure 6 (a) SEM of  Na24Bi4Cs8 Cl26 
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Figure 6.(b)AFM of Na24Bi4Cs8 Cl26 

 
captured directly over the surface of the samples and their respective three-dimensional 
projection by AFM of vulcanized natural rubber and the ferroelectric nanocomposite formed by 
the addition of 10 phr of Na24Bi4Cs8 Cl26 nanopowder in a matrix of vulcanized natural rubber. 
Table 2 lists values of the parameter surface roughness of the ferroelectric nanocomposites as a 
function of the nanoparticle concentration. Both sample of vulcanized natural rubber exhibits 
good surface homogeneity indicating that the system and vulcanization parameters were used in 
a proper way. Significant differences for surface roughness were identified for the Na24Bi4Cs8 
Cl26 when a low amounts of nanometric filler, as example an amount less than 5 phr, indicating 
that phenomena as stress-induced crystallization may be dominant [20]. It seems that differences 
of surface roughness observed between the ferroelectric nanocomposites can be correlated with: 
(i) interface filler/matrix phenomena generating changes in the folding of the polymer chains; (ii) 
the different thermal diffusion coefficient due to the inclusion of a ceramic phase; and (iii) 
directional anisotropy for the mobility of the polymer chains .Figure 6a shows SEM images for 
vulcanized natural rubber (a) and ferroelectric nanocomposites Na24Bi4Cs8 Cl26 10phr. The 
measurements were performed directly on the fracture surface (cross section) of the samples 
using magnification degree of 4,000 times. According to Fig. 6(b), AFM a satisfactory 
volumetric homogeneity can be observed for all samples investigated indicating that set of 
parameters assigned to the preparation method, system and vulcanization parameters used were 
appropriate. The dispersion and size effect of nanometer-sized particles in the polymeric matrix, 
especially in rubber matrices, have been reported as having a significant impact in the 
mechanical properties of nanocomposites. Since nanoparticles have a strong tendency to form 
aggregates, because of their high surface charge and area, homogeneous dispersion of the 
nanoparticles in the polymer has been considered a difficult process [21].  
TRANSMISSION ELECTRON MICROSCOPY (TEM)  
In order to gain additional insight on crystallographic structure, microstructure, and morphology 
of the Na24Bi4Cs8 Cl26 samples, we performed TEM and selected area electron diffraction 
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(SAED) on cross-sectional samples of the material. The advantage of these methods over 
conventional XRD is that they provide spatially resolved structural measurements, which help to 
elucidate phase-purity and crystallinity of the sample at smaller length scales. A potential 
drawback is that the material may be damaged during sample preparation via focused-ion beam 
milling, and that TEM/SAED preparation and analysis can be quite time-consuming procedures. 
The TEM imaging shown in Figures 7 indicates that the Na24Bi4Cs8 Cl26 layer is polycrystalline, 
with 80-100 nm sized columnar regions that consist of 10 nm sized crystalline particles 
surrounded by more disordered material. These TEM observations are consistent with the SEM 
results is agree with each other .Similar small-grain microstructures have been observed in other 
novel chloride materials in their initial stages of development. In order to analyze small areas of 
the sample that were inaccessible via SAED, we performed fast Fourier transforms (FFTs) of 
several single particles from the high-resolution[22] TEM images (represented in Figure7 .The 
results of this analysis indicate that crystalline areas of the Na24Bi4Cs8 Cl26 samples are a 
multiphase  phase, and this phase is the same across the several studies regions. Furthermore, the 
SAED/FFT analysis suggests that Na24Bi4Cs8 Cl26 crystal structure has a small unit cell with low 
symmetry, consistent with conclusions from the prior XRD analysis. 
 
 
 
 

 
 

Figure 7. T E M of Na24Bi4Cs8 Cl26 
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good dispersion may be achieved by surface modification of the nanoparticles under appropriate 
processing parameters. Secondary interactions can occur between certain functional groups 
attached to the nanoparticle surface and the rubber matrix, wrapping a polymer around the 
nanoparticle, or by using surfactants. In this sense, a good dispersion degree can be obtained 
using ultrafine powders with high superficial electric-charge and high surface area. Particles 
could be identified with nanometric dimensions (≤ 75 nm) and small aggregates (> 85 nm and ≤ 
100  nm) used in the ceramic phase. Sub-micrometric particles (> 350 nm) were also found and 
are associated mainly with particles of the vulcanization system that are larger than the ceramic 
nanoparticles synthesized. 
 
ELECTRICAL PROPERTIES  
The electrical properties of the title compounds were determined by using complex 
impedance spectroscopy. The electrical measurements were carried out in air in the 240–360 
°C temperature range after stabilization at each step of 30 °C and in the frequency range 1Hz- 
13MHz. The applied voltage was 0.5 V, which allows to eliminate aberrant points at low 
frequencies. Zview computer program [38] was used to determine the electrical parameters by 
using a conventional electrical circuit as follow: R//CPE-R//CPE, where CPE is a constant 
phase element:  

 
 
 
An additional inductance L was added to account for instrumental contributions especially at 
high temperature. The true capacitance was calculated from the pseudo-capacitance according 
to the following relationships: 

 
where ω0 is the relaxation frequency, A is the pseudo-capacitance obtained from the CPE, C 
the true capacitance 
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Figure 8. Normalized impedance spectra recorded on Na24Bi4Cs8 Cl26 at 160-4500C 
 
 

 
 

Figure 9. Arrhenius plots of conductivity of Na24Bi4Cs8 Cl26 
 
 

 
 
 
The electrical parameters values achieved from the equivalent circuit in the temperature range 160-
445°C.. Where, the resistivity ρ=R/k is extracted from the refinement of each contribution which the 
geometric factor of the cylindrical pellet g(cm-1) =e/S (e= thickness; S= surface)  
The conductivity increases from 0.14 10-4 Scm-1 at 160°C to 9.78 10-4 Scm-1 at 445°C. Although, the 
absolute conductivity value of the Al/Li-substituted title material at 320 °C (σ=2.64 10-4 Scm-1) is 
increase the increasing temperature. It should highly effective chloride batteries.The Arrhenius plot 
of the electrical conductivity, log (σT (S.Kcm-1)) as a function of 1000/T (K-1), in the temperature 
interval 160-445°C is illustrated in Figure 9. As a single linear plot and following the Arrhenius law, 
the activation energy of the Na24Bi4Cs8 Cl26 compound determined by linear fit is 0.549 eV. 
Compared to previous works [21], the activation energy of the studied material is low . 
 
 
CONCLUSIONS 
In summary, it may be stated that at  the room temperature crystal structures of three n = 4 
Perovskite type structure  of metal  chloride contained mixed valence has  been synthesized and  
refined from high resolution X-ray diffraction data by ab initio methods for structure 
determination and study the crystal chemistry step-by-step. The pattern decomposition and peak 
extraction methods have been used for the first time to derive starting models for Na24Bi4Cs8 

GSJ: Volume 8, Issue 9, September 2020 
ISSN 2320-9186 561

GSJ© 2020 
www.globalscientificjournal.com



Cl26.A model has been proposed for this high temperature phase. It is also confirmed that the 
ferroelectric to paraelectric phase transition in Na24Bi4Cs8 Cl26 is not accompanied by a structural 
phase transition. The zigzag arrangement of the distorted Na+ ions octahedral and CsCl is 
octahedral as observed in the n = 2 series of Perovskite phases are found in these structures as 
well. A rational explanation for the distribution of the Bi/Na/Cs cations in the A sites as well as 
the Bi/+3Na+ sites is provided based on the VBS calculations. Na24Bi4Cs8 Cl26 shows a structural 
transition to the prototype cubical octahedral structure in the space group F m -3 m at 293K. A 
model has been proposed for this high temperature phase. It is also confirmed that the 
ferroelectric to paraelectric phase transition Na24Bi4Cs8 Cl26 by a structural phase transition. It 
can be used in Na-batteries.The morphology are study by SEM,TEM and AFM.The cited 
compound is represent good conductor on  increasing  the temperature. Overall, our study 
suggests that tuning of the Na24Bi4Cs8 Cl26crystal structure geometry by doping can further 
improve Na ionic conductivity and thus rate capability of Na24Bi4Cs8 Cl26 based cathodes. 
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