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Abstract 

This paper deals with the ab initio structure determination of Bi1.25 V0.123 Ca 0.245 N1.24 O8 cubic structure from powder X-
ray data using the Rietveld method, and with physical properties characterization of a related solid solution. Bi1.25 V0.123 

Ca 0.245 N 1.24 O 8 obtained from the annealing of a quenched cubic high temperature of sample, is cubic crystal system 
and lattice a=14.1243 Å; Z =4. The structure refinement converged to Rp=0.018, R wp=0.0212 GOF=0.0102. The 
structure is built from cationic slabs parallel to (100) faces of the cubic cell. Each cell corresponds to one slab containing 
a mixed Bi1.25 V0.123 Ca 0.245 cationic layer (Bi(1)) sandwiched between two equivalent bismuth layers (Bi(2)). The 
cohesion of the cations in the slabs results from the presence of the oxygen atoms and nitrogen atoms distributed over 
three sites. Six O(1) and two O(2) atoms form a slightly distorted cubical polyhedron around the mixed cationic site 
(Bi(1)). (Bi(2)) atoms are surrounded by seven oxygen  nitrogen atoms in a very distorted polyhedron. The important 
delocalization of (Bi(2)) lone pairs toward the integers spaces leads to significant bonds with the adjacent slabs and to 
the cohesion of the structure. Bi1.25 V0.123 Ca 0.245 O8 is the low symmetry variety of a particular sample of a wide solid 
solution domain that, formulated Bi1.25 V0.123 Ca0.245 O8, has been investigated. The formation of this phase from the 
irreversible transformation of quenched on heating and the subsequent transitions and non-transition metal oxides  
mixed valence  have been evidenced by thermo diffractometry, conductivity measurements versus temperature, 
dilatometer, and thermal analyses. The morphological study was carried out by SEM. 

Keywords: Cubic; ab initio; Crystal structure determination; Bismuth vanadium -based mixed oxides; Electronic lone 
pair; Oxide conductors; Rietveld structure refinement; X-ray diffraction 

1. Introduction

A recent investigation of structural and conductivity properties of Bi1.25 V0.123 Ca 0.245 N 1.24 O 8 oxide conductors which 
belong to the dimorphic cubic structural-type family has proved close conductivity composition dependence [1]. This 
has been interpreted on the basis of structural data obtained from Rietveld structure refinements based using JANA 
software package. The structure is built from cationic slabs parallel to (001) faces of the cubical cells. There are nine 
formula units Bi0.775, n 0.225O1.5 per octahedral, distributed over three slabs. Each slab is constituted from a mixed 
Bi3/n3 layer, sandwiched between two Bi3 layers, and two oxygen sites are located inside; complementary oxide ions, 
implied by the formulation stoichiometry, are distributed over one or two sites of the inter slab space and exhibit a high 
mobility, mainly responsible for the conductivity. Depending on the rare-earth nature, a b1 high-temperature form is 
observed, with a closely octahedral related structure; its formation from the b2 low-temperature variety occurs during 
a phase transition that has been attributed to a cationic disordering in the mixed Bi3/n3 layers. It is accompanied by 
sudden increases of both lattice parameters, of oxide occupancy in inter slab spaces, and of the conductivity. The pure 
ion oxide conductor character of the b1 variety has been clearly demonstrated for the alkaline-earth-based solid 
solutions and has been also verified for vanadium-based solid. The thickness of the cationic slabs, which is the largest 
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for the vanadium term Bi1.25 V0.123 Ca 0.245 N1.24 O8 (the best oxide conductor ever evidenced in this family: at 400 °C is 
10~3 Scm-1 with E 0.8 eV), appears to be an important factor for these attractive conductivity properties. Bi1.25 V0.123 Ca 
0.245 N1.24 O8 is a term of a wide solid solution domain, the crystal structure of Bi1.25 V0.123 Ca 0.245 O8 has been determined 
from powder diffraction data using a combination of direct methods and the novel approach of applying simulated 
annealing methods simultaneously to X-ray powder pattern by ab initio method. Bi1.25 V0.123 Ca 0.245 is a polar, non-
centrosymmetric, second harmonic generation active material and its crystal structure is one of the more complex to be 
solved ab initio from powder diffraction data. Many of the important heterogeneous catalysts are transition and non-
transition metals dispersed on oxide supports. Although the primary function of the support is to increase the surface 
area of the metal, there is now a vast literature documenting that supports can cause pronounced changes in the 
catalytic and chemisorptions properties of the metal [2]. In particular case, when group 8-10 metals are dispersed on 
reducible support such as oxide of metal ions. The chemisorptions properties and activity of the catalyst depend on the 
reduction temperature used for pretreatment. Numerous mechanisms have been proposed to account for this 
suppression of chemisorptions and the associated change in catalytic activity; the most popular is the diffusion of 
reduced Bi1.25 V0.123 Ca 0.245 N1.24 O8 moieties onto the metal, thereby blocking metal sites. However, numerous 
experimental observations are left unexplained by this model. For example, changes in the magnetic properties of V/Ca, 
composites with reduction temperature indicate that the Bi does not remain as elemental bismuth, but forms a Bi-V-Ca 
phase [3]. Unfortunately, investigations into the role of compound formation in producing the observed effect have been 
hindered by the fact that relatively few ternary oxides containing both an early and a late transition and non-transition 
metal contained mixed valence are known. It is interesting to note that super conductivity has been observed in some 
of the ternary oxide phases having the Bi and V structure type and for Bi-V-Ca-N-O. In this paper, we report the synthesis 
and crystal structure of Bi1.25 V0.123 Ca0.245 N1.24 O8 by ab initio method via powder XRD and also study the morphology 
and electrical property. 

2. Experimental  

All chemicals used were analytical grade purchase from Sigma Aldrich U.S.A. A polycrystalline sample of Bi1.25 V0.123 Ca 
0.245 N1.24 O8 was synthesized by a standard solid state reaction using a mixture of high purity reagents of Bi2O3−NH4VO3 
and CaCO3 as the starting materials in the molar ratio of 1:1:1. 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 10 h with several intermediate grindings [4]. 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 2 𝜃 =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 orthorhombic cell 
system. SIRPOW92 was used to locate the positional parameters of constituent atoms. The full pattern is fitting and 
peak decomposition in the space group Pn-3n (222 using check cell program). The structural parameters were refined 
by the Rietveld method using the JANA program which gave Rwp=0.0217, Rp=0.088, GOF=0.012. The density is 
determined by Archimedes principle. The morphology of titled compound was determined using SEM. For the electrical 
studies, the measurements were preceded by a pretreatment of the sample in order to reduce the mean particle size of 
the obtained powder. After these treatments, the sample achieved about 85% of the theoretical density with the final 
diameter of 6 mm and thickness of 23mm. The relative density of the sample before the mechanical grinding was 79 %. 
Platinum electrodes were connected to the two faces of the pellet via a platinum paste to keep good electric contacts. 
Impedance spectroscopy measurements were carried out using a Hewlett-Packard 4192a Impedance Analyzer. The 
impedance spectra were recorded in the 5 Hz-13 MHz frequency range. Electrical conductivity measurements of 
representative Bi1.25 V0.123 Ca0.245 N1.24 O8 were carried out by complex impedance spectroscopy with an 1174 Solartron 
frequency response analyzer coupled to a 1266 Solartron electrochemical interface. Pellets of about 14 mm diameter 
and 1 mm thickness were prepared by cold pressing of a mechanically activated powder mixture with the composition: 
Bi1.25 V0.123 Ca 0.245 N1.24 O8. To form the phase, the pellets were heated at 7003C during 12 h and slowly cooled to room 
temperature. This synthesis method was employed to improve the ceramic quality, as it has been shown for other 
materials [2-6]. The formed phases and crystallinity were studied by X-ray powder diffraction. Platinum electrodes 
were deposited on the two faces by sputtering, and measurements were carried out in the temperature range 200-650 
°C, at steady temperatures, with pellets under air flow and the frequency range was fixed [5]. 

3. Physical Measurements 

X-ray powder diffraction data were obtained on a Philips powder diffractometer using Bragg -Brentano geometry, with 
a back-monochromatized CuKa radiation having 1.5456 (Å) wavelengths. Diffraction spectra were scanned by steps of 
0.023 (2h) over the angle range 5-50 (2θ), with a counting time of 1.5 s per step. Each sample was rotated 3.14 radian 
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s-1 during the data recording, in order to minimize the orientation effects resulting from the material compaction [6]. 
The pattern peak positions are extracted with the Top as P of Bruker-Diffrac 1-64 software package, where each peak 
profile is refined using the pseudo-Voigt function. The accurate cell parameters of the different samples were refined 
from 5 to 50 reflections cubic. The crystal structure determination of the phase was carried out for the Philips powder 
diffractometer Bi1.25 V0.123 Ca0.245 N1.24 O8 parent composition. The first attempts were undertaken by recording X-ray 
diffraction data, but each time, the intensities diffraction pattern was erroneous by the preferential orientation 
phenomenon. To minimize the preferential orientation effect and indeed be able to separate the oxygen and N atoms of 
the heavy atoms Bi and V at room temperature. The crystal structure determination has been concluded by using 
alternately the JANA (16) and EXPO programs [7]. Dilatometric and conductivity investigations were made on samples 
pelletized at room temperature (diameter 5 mm, thickness approx. 3 mm), then sintered at 900 °C for 15 h and quenched 
to room temperature, in liquid nitrogen. The degree of compactness in all cases ranged between 75 and 92%. 
Dilatometric studies were performed on a Linseis L75 dilatometer with a heating rate of 0.43 C/min between 20 and 
700 °C. For conductivity measurements, gold electrodes were vacuum deposited on both at surfaces of the pellets using 
the sputtering method. The measurements were obtained by impedance spectrometry in the frequency range 1-106 Hz, 
using a frequency response analyzer Schlumberger 1170; for a given temperature, each set of values was recorded after 
a 1h stabilization time. The density was calculated by Archimedes principle. 

4. Results and discussion 

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 [7].  

The compound was prepared from Bi2O3−NH4VO3 and CaCO3 as starting material oxides. Calcium oxide powder was 
dried and decarbonated at 1000 °C overnight prior to use. The oxides were weighed in stoichiometric proportions and 
ground together in an agate mortar. The prepared composition was heated up to 1400 °C for overnight in an alumina 
crucible, no particular condition was used in order to cool down the samples [8]. This procedure was applied at least 
twice in order to stabilize compound as verified by X-ray powder diffraction. The final compound is white. 

4.1. Crystal structure of Bi1.25 V0.123 Ca 0.245 N1.24 O8 

The framework structure of Bi1.25 V0.123 Ca 0.245 N1.24 O8 was first examined by ab initio structure determination method 
using the powder XRD data shown in figure 1. The initial lattice parameters were determined to be parameters 
a=14.1243 Å and V=279.7571 Å3 by an indexing procedure using the program TREOR15 in EXPO2004.16. The most 
probable space group was suggested to be cubic crystal system. Next, the integrated intensities were extracted by the 
Le Bail method using the program Jana2006 [9].  A profile function and background function of the Le Bail method used 
in the present study were pseudo-Voigt function and 20th order Legendre function, respectively. An initial structure 
model was then obtained by the charge flipping (CF) method17 using the extracted integrated intensities. Although the 
V site could not be clearly determined by the CF method using the powder XRD data, the framework structure of Bi1.25 

V0.123 Ca 0.245 N 1.24 O8 was successfully determined with the help of Rietveld refinement using JANA package shown in 
figure 2. Rietveld refinement of cubic crystal system having Pn-3n (222) space group was found with three dimension 
structure as follows against XRD data shown in figure 3 for structural determination proved difficult, due to a 
combination of preferred orientation of the plate-like crystallites in flat-plate geometry [10]. In other words, the 
extracted peak intensities for phase 1 could be reliable. Note that if the relative intensities differed a lot from the 
simulated patterns of the known phases, additional manual partitioning of those overlapping peaks would be necessary 
to get reliable intensities for the unknown phase 1. After considering the multiplicity and Lorentz-polarization 
correction, the intensities of phase 1 were used for the structure solution as below. Moreover, the reflection conditions 
indicated possible space group. 

Pn-3n (222). The initial structure model was obtained using a charge flipping algorithm with the program Superflip 8 
[11]. Random phases were used at the beginning of the charge-flipping interaction, and overlapping peaks were re-
partitioned using a histogram match to improve the convergence. The iteration converged with an R factor of 29% and 
the final electron density shows P1 symmetry with a 5% error. The program of EDMA was then used to automatically 
assign atomic positions. Four unique heavy atomic positions were found and the heaviest one was assigned as Bi while 
the others were considered as V and Bi. Due to the existence of heavy atoms, all oxygen positions were ambiguous in 
the electron density map of this stage [12]. To locate the oxygen atoms, a Monte-Carlo based simulated annealing 
process with the program TOPAS was applied. For each annealing process, various atomic coordinates were randomly 
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assigned table 2 shown as the initial positions of the oxygen atoms [13]. The annealing process was restarted after 
finding a few oxygen positions, until all oxygen positions were found to be reasonable with Ca ions. On the whole the 
crystal structure of cited crystal is octahedral closed face center cubic. 

4.2. Crystal symmetry 

From the analysis of the X-ray powder diffraction data collected on the MPD-PRO at 1000 °C, we were able to obtain 
better solutions from two different auto indexing programs Treor [10] and Dicvol implemented in X’Pert High Score 
Plus. The solutions determined by the both programs are very similar: a=14.1243 Å cubic crystal systems, with a figure 
of merit (FOM) M50=30 and [13] and M50=65, respectively, for Treor and Dicvol. From the average oxygen volume in 
oxides, V oxygen 18–22 ˚A3 at room temperature, and the nominal composition Bi1.25 V0.123 Ca0.245 N1.24 O8  we can 
estimate Zmax=598/18/15=2.39 and Zmin=11. We chose Z=2 leading to an oxygen volume slightly larger than the 
previous values, V oxygen=23.3 A3. In order to determine the possible space groups of this compound, an initial 
procedure was performed to obtain the Bravais class. The observed intensities were extracted using a Le Bail space 
group Pn-3n (222). A Patterson function was then calculated with Gfou implement in the Full prof suite. A strong peak 
was observed at 0.5, 0.5, and 0 leading to a cubic Bravais class. In the whole the structure of crystal coordinated by 
octahedral geometry. 

 

Figure 1 Powder XRD spectra of Bi1.25 V0.123 Ca0.245 N1.24 O8 Retr
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Figure 2 Graphical representation of the result from Rietveld refinement with X-ray powder data. Vertical bars indicate 
positions of the Bragg reflections for Bi1.25 V0.123 Ca0.245 N1.24 O8 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. 

 

Figure 3 3D structure of Bi1.25 V0.123 Ca 0.245 N1.24 O8 
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Table 1 Crystallographic data 

Formula sum Bi1.25 Ca0.145 N1.25 O4.25 V0.123 
Formula weight 358.8 g/mol 
Crystal system cubic 
Space-group P n -3 n (222) 
Cell parameters a=14.1243 Å 
Cell ratio a/b=1.0000 b/c=1.0000 c/a=1.0000 
Cell volume 287.74 Å3 
Z 4 
Calc. density 10.1488 g/cm3 
Meas. Density 
Indexes 

10.1789g/cm3 
-1≤h≤3,0≤k≤4,0≤l≤3 

Pearson code cP106 
Formula type N4O19P30 

Wyckoff sequence ihedca 
 Refine values Rp =0.0188, Rwp=0.0112, GOF=0.0102 
  

  

Table 2 Fraction Atomic parameters 

Atom Ox. Wyck. Site x/a y/b z/c 

Bi2 +3 8c .-3 1/4 1/4 1/4 

Bi3 +3 48i   1 0.29469 0.10513 0.10324 

Ca1 +2  24h ..2 0.11215 0.11215 0 

O1 -2 16f  .3 0.08490 0.08490 0.08490 

V1 +5  24h ..2 1/2 0.15511 0.15511 

Bi1 +3 6b 42.2 1/2 0 0 

Bi2 +3 8c .-3. 3/4 -1/4 1/4 

Bi3 +3 48i   1 0.70531 -0.10513 0.10324 

V1 +5 24h ..2 1/2 -0.15511 0.15511 

Bi2 +3 8c .-3 3/4 1/4 -1/4 

Bi3 +3 48i   1 0.70531 0.10513 -0.10324 

Ca1 +2 24h ..2 0.88785 0.11215 0 

V1 +5 24h ..2 1/2 0.15511 -0.15511 

Bi2 +3 8c .-3. 1/4 -1/4 -1/4 

Bi3 +3 48i   1 0.29469 -0.10513 -0.10324 

Ca1 +2 24h ..2 0.11215 -0.11215 0 

O1 -2 16f  .3 0.08490 -0.08490 -0.08490 

V1 +5 24h ..2 1/2 -0.15511 -0.15511 

Bi3 +3 48i   1 0.10324 0.29469 0.10513 

Ca1 +2 24h ..2 0 0.11215 0.11215 

V1 +5 24h ..2 0.15511 1/2 0.15511 

O1 -2 16f  .3 -0.08490 -0.08490 0.08490 

V1 +5 24h ..2 -0.15511 -1/2 0.15511 

Bi3 +3 48i   1 -0.10324 0.29469 -0.10513 

Ca1 +2 24h ..2 0 0.11215 -0.11215 

O1 -2 16f  .3. -0.08490 0.08490 -0.08490 

Bi3 +3 48i   1 0.10513 0.10324 0.29469 

Ca1 +2 24h ..2 0.11215 0.000 0.11215 

V1 +5 24h ..2 0.15511 0.15511 1/2 

Bi3 +3 48i   1 -0.10513 0.10324 -0.29469 

Ca1 +2 24h ..2 -0.112     0.5 0000 -0.11215 

Ca1 +2 24h ..2 0.11215 0.000 0.11215 

V1 +5 24h ..2 0.15511 0.15511 1/2 
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The heavy-atom positions M have been refined, whereas the positions of the oxygen atoms have been transformed from 
the structural model suggested by Lundberg and Sundberg [14]. Each M site was assumed in the refinement as occupied 
by 0.49 Bi and 0.51V. The calcium sites refined to an occupancy of 0.648(10) for Ca-1 in the 6-sided tunnels and 0.392(8) 
for Ca-2 inside the 7-sided tunnels. Lattice parameters for a and b axes, determined from a calibrated X-ray diffraction 
pattern recorded along the [0 0 1] direction, are a =14.1243, b =14.1243, c=14.1243. Reflection intensities Ih k l was 
estimated using the crysfire program. Merging the intensities according to sym-symmetry yielded a data set of 456 
crystallographically non-equivalent h k 0 reflections after removal of 47 symmetry-forbidden reflections with non-zero 
intensity. The internal R-factor of symmetry-related reflections in the merged data set was 12.8 % with a resolution. 
According to our analysis space group Pb3n was tried for solving the structure by direct method with the program SIR97 
[24]. The program was modified for this purpose with electron scattering factors provided by Jiang and Li [25]. Similar 
to previous studies [15] suspected dynamical diffraction was taken into account by using a phenomenological 
compensation based on 

 

Figure 4 Structure model of Bi1.25 V0.123 Ca 0.245 N1.24 O8 in projection along the short c-axis as obtained from Rietveld 
refinement with the X-ray powder data. 

The heavy Bi and V atoms, which are shown in the figure by the large grey shaded spheres, form with the oxygen atoms 
(small red spheres) the structural fragments of MO6 octahedral respectively. The calcium atoms are located inside the 
7-(Ca-1) and 6-sided tunnels (Ca-2). The positions of the oxygen atoms have been taken from the proposed structural 
model of Lundberg and Sundberg and transformed to cubical   space group Pn-3n. The approximation Ihklp|Vhkl| that 
has been derived as the limit for thick crystals under two beam conditions, where Vhkl (in volts) designates the structure 
factor amplitude for electrons. All attempts to use Ih k lp|Vh k l|2 instead led to wrong results with direct methods and 
least-squares refinement. Moreover, we found that performed geometrical corrections for parallel illumination, as 
suggested by other authors [16], spoiled the data with the result that it was neither possible to solve the structure nor 
to refine a given model to good geometry. Following our results obtained for the Bi1.25 V0.123 Ca 0.245 N1.24 O8 nano-
crystalline powder, the data were used throughout this study without correction. The most probable solution found 
with these data by SIR97 had an R-factor of 40%. All 40 heavy atoms in the unit cell are clearly visible in the potential 
map that was calculated by the program using the 95 largest hk0 E-values [16]. Coincidence of several additional weak 
peaks in the map with suspected oxygen or caesium atoms proved accidental and was not considered as reliable. A 
(kinematical) least-squares structure refinement on |Vh k l| was performed for the detected 11heavy-atom positions in 
the asymmetric unit (program SHELXL97-2). For the refinement, it was finally assumed that the heavy-atom positions 
are fully occupied by tungsten because only this yielded positive defined temperature factors for all atoms. This was not 
the case if mixed Nb/W sites were assumed and it is an indicator for the presence of dynamical effects. The overall R-
factor of the refined framework structure was 39.2% (30 parameters refined, unit weights). The refined atomic co-
ordinates together with the displacement factors Ueq are listed in Table 3. The average positional shift of the atoms 
during the refinement was 0.07A ˚ (maximum shift 0.11A˚ for atom M5). The potential map after least-squares 
refinement from X-ray diffraction is shown in figure1. An attempt to detect the oxygen positions from a Vobs/Vcalc 
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difference. Fourier map was unsuccessful due to the relatively high background level (lowest peak to background ratio 
about 3). Although several diffuse peaks appeared at the expected positions for calcium inside the 6-sided and 7-sided 
tunnels, the quality of the data did not allow reliable location of these atoms. Thus, the full range of available intensities 
up to resolution of 0.73 Å was tested. Refinement of the heavy-metal framework with 651 unique reflections and mixed 
occupancies (Bi/V=1.0) yielded an R-factor of 41.6 %. However, despite several additional peaks appeared in the Vobs-
Vcalc differential Fourier map, it was again not possible without knowing the correct positions in advance to assign 
these peaks to the missing atoms. Since the quality of the received frame work model could not significantly be improved 
by the data with higher resolution, we present here only the result obtained with intensities up to 1 Å. Nevertheless, in 
order to check the effect of geometrical correction on the quality of the data, we calculated the required correction 
factors fc which match theoretical structure factors Vh k l, calc with uncorrected structure factors Vh k l, exp, raw and 
geometrical corrected structure factors Vh k l,exp precess corrected, respectively: f c = Vh k l;calc=Vh k l; exp; raw. 

4.3. Crystal structure description 

The crystal structure of this compound can be described by different cationic environments. Each mixed site V/Bi(1) is 
surrounded by eight oxygen atoms (six O(1) atoms and two O(2) atoms) at normal distances ranging from 2.47 to 2.57 
Å with a mean distance O/Ca 2.51 Å to form a slightly distorted cubical polyhedron (Fig. 4). This high symmetry of the 
oxygen environment leads to a very weak stereochemical activity and the nonhybridization of the Bi(1) lone pair (Lp) 
of the atom, which is likely very close to the bismuth nucleus. The second atom Bi(2) is bonded by seven oxygen atoms 
to form a  very distorted polyhedron, with two very short distances (2.05 and 2.09 Å for respectively the O(3) and O(1) 
atoms) and normal distances varying from 2.31 to 2.49 Å. This distorted environment is often observed when a Bi atom 
possesses a lone pair and the refinement of the Bi(2) electronic lone pair Lp2 places it 1.22 Å from the nucleus, to occupy 
the interlayer between adjacent Bi(2) Ca layers . Each V-Bi(1) atom shares O(1) atoms with the six neighbouring cations 
V-Bi(1) to form a mixed Ca-Bi-O layer parallel to the plan (b, c),  associated with angles shown in table 4.  In the same 
manner, each Bi(2) atom shares also oxygen atoms with the six closest bismuth atoms, to form a layer parallel to the 
precedent (Fig. 4b). Thus, the crystal structure can be described by a piling of layers ABC, ABC, etc., in the a-axis direction, 
where layers A and C are formed by Bi(2) atoms and their oxygen environment, and layer B is constituted by mixed sites 
La}Bi(1) and their oxygen atoms (Fig. 5). The cohesion between layers A and B is ensured by the O(1) and O(2) atoms 
with long distances to the Ca-Bi -V(1) atoms (Fig. 4) and all bond angles are shown in table 3. 

Table 3 Selected Bond angles 

Number Atom 1 Atom 2 Atom 3 Atom 4 

1 Bi2 Bi3 Bi3 132.86 

2 Ca1 Bi3 V1 158.51 

3 Ca1 Bi3 Ca1 44.30 

4 V1 Bi3 Ca1 157.14 

5 V1 Bi3 Bi3 103.91 

6 V1 Bi3 Bi3 103.15 

7 Ca1 Bi3 Bi3 92.16 

8 Ca1 Bi3 Bi3 60.07 

9 O1 Ca1 Bi3 77.69 

10 O1 Ca1 Ca1 31.73 

11 O1 Ca1 Ca1 115.92 

12 O1 Ca1 Ca1 31.73 

13 O1 Ca1 Ca1 115.92 

14 O1 Ca1 Bi3 133.83 

15 O1 Ca1 O1 131.16 

16 O1 Ca1 Bi3 134.01 

17 Bi3 Ca1 Ca1 67.51 
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18 Ca1 Ca1 Bi3 67.51 

19 Bi3 Ca1 O1 78.26 

20 Bi3 Ca1 Bi3 79.66 

21 O1 Ca1 Bi3 77.69 

22 Ca1 O1 Ca1 116.54 

23 Ca1 O1 Ca1 116.54 

24 Ca1 O1 Ca1 116.54 

25 Bi3 V1 Bi3 70.67 

26 Bi3 V1 Bi3 141.34 

27 Bi1 V1 Bi3 70.67 

28 V1 Bi1 V1 90.00 

29 V1 Bi1 V1 90.00 

30 Ca1 Ca1 Ca1 60.00 

31 Ca1 Ca1 Bi3 164.75 

32 Ca1 Ca1 O1 115.92 

33 Ca1 Ca1 Bi3 108.92 

34 Bi3 Ca1 Ca1 105.50 

35 Bi3 Ca1 Ca1 108.92 

36 Ca1 Ca1 Ca1 120.00 

37 Ca1 O1 Ca1 116.54 

38 Ca1 O1 Ca1 116.54 

39 Ca1 O1 Ca1 116.54 

40 Ca1 O1 Ca1 116.54 

41 N2 v Ca1 116.54 

42 N1 Bi1 V1 180.00 

43 N1 Bi1 V1 180.00 

 

5. Morphological study by SEM (Scanning electron microscopy)  

Scanning electron microscopy (SEM) is giving morphological examination with direct visualization. The techniques 
based on electron microscopy offer several advantages in morphological and sizing analysis; however, they provide 
limited information about the size distribution. For SEM characterization, nanoparticles solution should be first 
converted into a dry powder, which is then mounted on a sample holder followed by coating with a conductive metal, 
such as gold, using a sputter coater [17]. The sample is then scanned with a focused fine beam of electrons. The surface 
characteristics of the sample are obtained from the secondary electrons emitted [18] from the sample surface. The 
morphology of the oxide nanoparticles is shown in Figure5. From the image, it is clear that the particles were highly 
agglomerated in nature. The SEM pictures clearly show randomly distributed grains with smaller size. From the SEM 
analyses, one can conclude the formation of nanoparticles spherical structure. Here it is grown in very high-density and 
possessing almost uniform spherical shapes. The image reveals that the average size of the particles is 20.32 nm. 
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Figure 5 SEM spectrograph of Bi1.25 V0.123 Ca 0.245 N1.24 O8 

 

The sample is then scanned with a focused fine beam of electrons. The surface characteristics of the sample are obtained 
from the secondary electrons emitted [12] from the sample surface. The morphology of the oxide nanoparticles is shown 
in Figure 5. From the image, it is clear that the particles were highly agglomerated in nature. The SEM pictures clearly 
show randomly distributed grains with smaller size. From the SEM analyses, one can conclude the formation of 
nanoparticles spherical structure. Here it is grown in very high-density and possessing almost uniform spherical shapes. 
The image reveals that the average size of the particles is 25.32 nm. 

5.1. 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 eliminating aberrant points 
at low frequencies. Z-view computer program [19] 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: 

𝑍𝐶𝑃𝐸 =
1

𝐴(𝑗𝑤)𝑝
  ………..1 

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 

𝜔𝑜 = (𝑅𝐴)−1/𝑃=(𝑅𝐶)−1………2 

 

Figure 6 Normalized impedance spectra recorded on Bi1.25 V0.123 Ca 0.245 N1.24 O8 at 160°C – 445°C. 
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Figure 7 Arrhenius plots of conductivity of Bi1.25 V0.123 Ca0.245 N1.24 O8. 

Table 4 Electrical values of the equivalent circuit parameters calculated for Bi1.25 V0.123 Ca 0.245 N 1.24 O 8 sample at 
different temperatures. 

T (°C) T (K) C1(x10-11 F) ± 0.02 P1 ± 0.02 Ρ(k Ω.cm) ±0.01 σ(x10-4 S. cm-1) ± 0.01 

160 433 1.49 0.9 78.832 0.14 

210 483 1.51 0.9 23.263 0.43 

260 533 1.64 0.9 8.958 1.11 

320 593 1.59 0.9 3.788 2.64 

380 653 1.58 0.8 1.852 5.40 

445 718 1.70 0.8 1.022 9.78 

Geometric value of pellet g=0.812 cm-1 

normalized impedance spectra recorded on Bi1.25 V0.123 Ca0.245 N1.24 O8 at 160°C – 445 °C are showed in figure 6. The 
electrical parameters values achieved from the equivalent circuit in the temperature range 160°C - 445°C are 
summarized in Table 4 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 - 9.78 10–4 Scm−1 at 445°C (Table 4). Although, the absolute conductivity value of the Al/Li-
substituted title material at 320°C(σ=2.64 10–4 Scm−1). 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°C - 445°C is illustrated in Figure 7. As a single 
linear plot and following the Arrhenius law, the activation energy of the Bi1.25 V0.123 Ca0.245 N1.24 O8 compound determined 
by linear fit is 0.549 eV and show pseudo - order of kinetic thermal reaction. Its conductivity increases with increasing 
temperature. This material presents interesting electrical performance and can be used as super-conductor materials. 

6. Conclusion 

The title compound, Bi1.25 V0.123 Ca0.245 N1.24 O8 has been synthesized as polycrystalline powder by solid-state method. To 
the present authors’ knowledge, our work is the first to uncover the metal framework structure of a large unit cell heavy-
metal oxide contained mixed valence with tunnel structure directly from single-projection X-ray diffraction data. To 
reach this goal, large-angle precession X-ray diffraction intensities have been collected on imaging plates at 100 kV. 
Processing of the data was performed following the quasi-kinematical approach as outlined elsewhere. Suggested data 
correction schemes for the geometry of off-axis hollow-cone illumination have been checked, but were not applied 
because this impaired the quality of the data. Thus, the framework structure of the title compound was solved from 
uncorrected data with 1A ˚ resolution using the direct methods program SIR97. All atoms in the asymmetric unit of the 
Bi1.25 V0.123 Ca0.245 N1.24 O8 framework were readily found by the program and correctly assigned with their 3D 
coordinates. A (kinematical) least-squares structure refinement of the heavy-atom positions was carried out with the 
program JANA using the same h k o data set. Comparison of the refined co-ordinates for the heavy atoms resulting from 
Rietveld refinement on X-ray powder data (present study) showed an average agreement for the metal framework 
structure within 0.09 A˚. SEM analysis of several crystallites examined indicates an average chemical composition of 
this phase according to Bi1.25 V0.123 Ca0.245 N1.24 O8. Despite the quality of the available precession X-ray diffraction data 
proved sufficient for accurate determination of the heavy-atom positions, the data quality did not allow to 

Retr
ac

ted



World Journal of Advanced Research and Reviews, 2020, 07(03), 142–154 

153 
 

unambiguously locate the vanadium atoms inside the tunnels nor to reveal the oxygen atoms. Theoretical calculations 
carried out for the M5O14 framework structure show that simple formulas for the detectability of light atoms in the 
presence of heavy atoms can be misleading, since the background noise which results from truncation errors in the 
Fourier synthesis is not taken into account. Thus, for calculated data with 1A ˚ resolution it was found that the heavy 
atoms appear effectively 7.8 times stronger in the projected map than the oxygen. This explains why it would be very 
difficult with real data to detect the oxygen and nitrogen positions, in particular if only data from a single zone axis are 
considered as in the present case. The fact that it was neither possible to detect the oxygen nor the calcium  atoms in 
the structure is a strong indicator that the data from precession X-ray diffraction still contain considerable amounts of 
dynamical/secondary scattering. This is also displayed by the relatively large R-factors after LS-refinement (39.2%). 
From our point of view, the fact that it was possible to determine the heavy-atom positions with high precision even 
from 100 kV data is yet a great success, because solving these types of heavy-metal framework structures directly from 
X-ray  diffraction data was attempted by several groups for many years, but obviously, without success. Therefore, the 
present result is a striking example where precession X-ray diffraction reduced dynamical diffraction below the critical 
limit at which the determination of the structure or, at least, a fundamental part of it is enabled. However, further 
experiments which address to optimized conditions for detecting the oxygen atoms in heavy-atom structures seem to 
be necessary. So collection of 3D intensity data are likely more promising to reach this goal, since such extended data 
sets proved sufficient to detect even the most light atom, oxygen and nitrogen atoms. So from the above discussion we 
concluded that the structure of cited compound by powder pattern and the particle show nanomaterial can be used in 
super conductor. 
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