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ABSTRACT 

Synthesis of AlxTi1-xBiO3 (0.0 ≤x≤ 0.33) (S1-S4: x = 0.0, 0.11, 0.22, 0.33) oxides is performed by sol-gel method via nitrate-
citrate route. Analysis of the powder X-ray diffraction (XRD) patterns show tetragonal unit cell with lattice parameters: a = 
6.6377, 6.6398, 6.6370, 6.6366 Å; c = 6.5445, 6.5391, 6.5259, 6.6583 Å, respectively in S1-S4, with space group 
P42/mnm and Z=4. Average crystallite sizes determined by Scherrer relation are found to be in the range ~16-36, 18-50, 
19-48 and 19-41 nm in S1-S4, respectively. On Rietveld refinement of unit cell structures the agreement factors are 
lowered to: Rp= 98.28, 97.65, 98.85, 94.29 %; Rwp= 97.11, 96.76, 97.92, 95.73 %; Rexp= 0.09, 0.09, 0.09, 0.09 % in S1-S4, 
respectively. Fourier electron density mapping show irregular contours around Bi

3+
, Ti

3+ 
and O

2-
 ions due to significant 

ionic character in Ti-O and Bi-O bonds in the materials. Presence of hysteresis loops in the range -6 kG to +6 kG at 300 K 
with magnetic susceptibility values in the range 5.926 x 10

-8 
- 6.461 x 10

-8
 emu/gG in S1-S4 show soft ferromagnetic 

nature of the oxides. Density functional theory (DFT) calculations using CASTEP (Cambridge Serial Total Energy 
Package) programme package show energy band gap, Eg,  ~ 0.01-0.02 eV indicating weak semiconducting nature of the 
oxides. The valence band (VB) predominantly comprises O 2p, Ti 3d, Al 3p and Bi 6p orbitals, and the conduction band 
(CB) comprises mostly O 2p, Al 3p and Bi 6p orbitals with extension of band tails narrowing the energy band gap. 
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INTRODUCTION 

In recent years, nanosized materials, such as nanoparticles, nanowires, nanotubes  etc. have received much attention due 
to their extraordinary electronic, magnetic, optical, and thermal properties [1-4]. In the domain of nanosized materials, 
electronic structures of transition metal (TM) containing complex oxides [5, 6] have attracted a special attention due to 

their unusual electronic and magnetic properties with potential applications in next generation magnetic recording media 
and optical memory devices [7-9]. Simultaneous presence of strong electron-electron interaction within the TM 3d 

manifolds and sizeable interaction strength due to thermally excited hopping of electrons between the 3d and oxygen 2p 
states are primarily responsible for the wide range of properties exhibited by these materials. In this paper, we report on 
the synthesis, crystal structure, electronic and magnetic properties of AlxTi1-xBiO3 (0.0 ≤x≤ 0.33) non-perovskite oxides [10] 

using direct structure-sensitive techniques such as: powder XRD, differential scanning calorimetry (DSC)/differential 
thermal analysis (DTA)-thermogravimetric analysis (TGA), scanning electron microscopy (SEM), magnetic measurements,  
AC electrical conductivity measurements, optical absorption and DFT calculations using CASTEP programme package on 
the optimized lattice constants and atomic positions.  

EXPERIMENTALS 

Sample Preparation  

The samples are prepared by sol-gel method [11] via nitrate-citrate route. Stoichiometric amounts of aluminium nitrate, 

Al(NO3)3, titanium(III) oxide, Ti2O3 and bismuth nitrate, Bi(NO3)3·5H2O, are dissolved in distilled water to prepare 0.1 M 
solutions each and mixed  together. The pH of the resulting solution is adjusted to ~ 2 by adding HNO3. To this solution 30 
ml of 1.5 M citric acid solution is added to prepare sol, which is then air dried by stirring continuously at ~ 60 °C for 160 h 
to form the gel. The resulting gel is decomposed to fine powder at ~ 120 °C which is then heated in air at 450 ºC for 6 h for 
complete combustion of organic artesia, followed by sintering at 800 °C for 8 h and quenching in air to obtain grey colour 
fine powder. 

Experimantal Techniques 

Powder XRD patterns of the samples are recorded on an X’pert powder X-ray diffractometer (PAN ANALYTICAL make) 
with scan rate 2°/min in the range 5°-85° in 2θ. Monochromatic Cu Kα radiation (λ ~ 1.5406 Å) is used as the x-ray source 
with power 40 kV/30 mA. The XRD patterns are analyzed using FullProf Suite (version 3.90) software package [12] to 
determine the unit cell parameters and indexing. Refinement of the unit cell structure is done using Rietveld method [13]. 

Fourier electron density mapping of the crystal structure is done using FullProf Suite (version 3.90) software. 
Microstructures of the materials are examined by a SEM JSM-5410 and Energy dispersive X-ray analysis (EDX) is done 
by a SUPER DRYER II instrument. DSC/DTA-TGA traces were obtained using a thermal system (DSC/TGA-DTA: TA 
instrument) (sensitivity of 0.2 μg) in the range 30-1000 °C at heating rate of 10 °C/min in N2 atmosphere. AC electrical 
conductivity measurements are carried out using a broad band dielectric spectrometer (BDS) (Novocontrol make model 
concept 80). Magnetic moments of the samples are recorded in the range ±6 kG at 300 K on a LAKESHORE VSM 7404 
vibrating sample magnetometer. UV-VIS absorption measurements are performed in range 200-800 nm using a Varian-
Model Cary5000 UV-VIS-NIR spectrophotometer. Bulk densities of the samples are determined by liquid displacement 
method using CCl4 as an immersion liquid (density 1.594 g/cc at 300 K).  

Electronic Energy Band Structure and Density of States (DOS) Calculations 

Calculations of electronic energy band structures and DOS are done using a plane-wave DFT with local gradient-corrected 
exchange-correlation functional [14] and performed with a commercial version of the CASTEP programme package [15-
17], using Material Studio (MS) software, which uses a plane-wave basis set for the valence electrons and norm-
conserving pseudopotential [18] for the core states. This program evaluates the total energy of periodically repeating 

geometries based on DFT and the pseudopotential approximation. In this case only the valence electrons of the elements 
are represented explicitly in the calculations, and the valence-core interaction being described by nonlocal 
pseudopotentials. 

RESULTS AND DISCUSSION 

Determination of Unit Cell Parameters 

Powder XRD patterns of S1-S4 of AlxTi1-xBiO3 (0.0 ≤x≤ 0.33) oxides are shown in Fig. 1. Using the Fullprof software the 
phase in the samples is determined and also the indexing of the lattice planes is done. The unit cell in the samples is 
found to be tetragonal with space group P42/mnm. The unit cell parameters are shown in Table 1 along with the values of 
experimental densities. Comparison of the experimental density values with those of the calculated ones the value of Z is 
determined to be 4 in S1-S4. These results show that despite perovskite oxide, ABO3, type compositional formula these 
materials are non-perovskite oxides [10]. Average crystallite sizes in the samples determined by Scherrer relation [19] are 

found to be in the range ~16-36, 18-50, 19-48 and 19-41 nm in S1-S4, respectively which show the formation 
nanoparticles in the oxides.  
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Fig. 1: Powder XRD patterns and indexed lattice planes of S1-S4 of AlxTi1-xBiO3(0.0≤x≤ 0.33) oxides. 

 

Table 1. Sample compositions, unit cell parameters, observed, ρobs, and calculated, ρcal, densities of 

             S1-S4 of AlxTi1-xBiO3 (0.00≤x≤ 0.33) oxides. 

Unit cell parameters S1 S2 S3 S4 

Compositions TiBiO3 Al0.11Ti0.89BiO3 Al0.22Ti0.78BiO3 Al0.33Ti0.67BiO3 

Unit cell type Tetragonal Tetragonal Tetragonal Tetragonal 

a*( Å) 6.6377 6.6398 6.6370 6.6366 

c*( Å) 6.5445 6.5391 6.5259 6.6583 

Unit cell volume (Å
3
) 288.345 288.289 287.464 293.261 

Space group P42/mnm P42/mnm P42/mnm P42/mnm 

Z 4 4 4 4 

ρcal (g/cc) 7.023 6.903 6.801 6.547 

ρobs (g/cc) 6.748 6.659 6.854 6.407 

            *after refinement  

Microstructures, EDX and Thermal Analysis 

SEM micrographs of selected samples S1 and S4 are shown in Fig. 2 (a, b), which show irregular globular agglomerated 
particles in S1(x=0.0) through S4 (x=0.33). Various localized regions of the samples also show similar microstructures with 
respect to the particle sizes and shapes. Fig. 2 (c) shows the EDX profile of S4. Presence of the constituent elements Al, 
Ti, Bi and O only in the profile show the purity of the samples. Fig. 3 shows the DSC/DTA-TGA traces of S1 and S4 in the 
range 50-1000 °C. Abrupt weight loss in the TGA traces of S1 in the range 105 to 420 °C with no characteristic peak in the 
DSC/DTA traces is attributed to the removal of physically and chemically adsorbed water in the sample. Further at higher 
temperatures upto 900 

o
C absence of any characteristic event in the DSC/DTA-TGA traces show the thermal stability of 

the samples upto 900 
o
C. Furthermore, weight loss in the samples ~ 900 °C could be due to the decomposition of the 

samples. 
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Fig. 2. SEM micrographs of selected samples (a) S1 (x=0.0), (b) S4 (x=0.33) at same magnification and (c) EDX 

profile of Al0.33Ti0.67BiO3 (S4). 

 

 

Fig. 3: DSC/DTA-TGA traces of (a) TiBiO3 (S1) and (b) Al0.33Ti0.67BiO3 (S4). 

 

Crystal Structure Refinement and Fourier Electron Density Mapping 

Unit cell structures of S1-S4 are developed on space group P42/mnm with Ti1
3+

(Al1
3+

) ions in 2(a), Ti2
3+

(Al2
3+

) ions in 4(c), 
Bi

3+
 ions in 4(f) and O

2-
 ions in 2(b), 4(d) and 8(j) Wycoff sites. Site occupancies of the ions are set according to the 

stoichiometry. On Rietveld refinement [13], the various agreement factors are lowered to: Rp  (%) = 98.28, 97.65, 98.85, 

94.25 %; Rwp (%) = 97.11, 96.76, 97.92, 95.73; Rexp (%) = 0.09, 0.09, 0.09, 0.09 in S1-S4, respectively, and the lattice 
parameters are shown in Table 1. 3-dimensional view of the unit cell structure of S4 (x=0.33) is shown in Fig. 4 (a) along 
with the projection onto (001) plane (Fig. 4 (b)). The above views in all the samples S1-S4 are similar. The crystal 
coordinates and the cartesian coordinates before and after refinement, the bond lengths and the bond angles in the unit 
cell structures are shown in Tables 2, 3 and 4, respectively. The various bond lengths and bond angles in the asymmetric 
units of S1-S4 show only marginal variation due to variations in compositions. 3-dimensional Fourier electron density 
mapping from <001> plane of S4 (x=0.33) and the 2-dimensional electron density contour on (001) plane are shown in 
Fig. 4 (c, d). Irregular electron density contours around the Ti

3+
, Bi

3+
, and O

2-
 ions show the significant ionic characters in 

the Ti-O and Bi-O bonds in the materials. 
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Fig. 4: (a) 3-dimensional view, (b) 2-dimensional view on (001) plane, (c) 3-dimensional electron density from 
<001> plane, and (d) 2-dimensional electron density contour on (001) plane of Al1.32Ti2.68Bi4O12 (S4: x=0.33) unit 

cell structure. 

 

Table 2. Generated crystal coordinates (XYZ) and cartesian coordinates (xyz) before and after refinement of the 
atomic positions in the asymmetric units in S1-S4 of AlxTi1-xBiO3 (0.0≤x≤0.33) oxides.                      

Sample Atoms Crystal coordinates Cartesian coordinates 

before refinement 

Cartesian coordinates 

after refinement 

X Y Z x y z x y z 

S1 

1 Ti1 0.0000 0.0000 0.0000 -3.3167 -3.2743 -3.2743 -3.3189 -3.3189 -3.2722 

2 Ti2 0.0000 0.5000 0.0000 -3.3167 0.0000 -3.2743 -3.3189 0.0000 -3.2722 

3 Bi1 0.1900 0.1900 0.0000 -2.0564 -2.0564 -3.2743 -2.0577 -2.0577 -3.2722 

4 O1 0.0000 0.0000 0.5000 -3.3167 -3.3166 0.0000 -3.3189 -3.3189 0.0000 

5 O2 0.0000 0.5000 0.2500 -3.3167 0.0000 -1.6372 -1.1952 -1.1948 -1.1780 

6 O3 0.3200 0.3200 0.3200 -1.1940 -1.1940 -1.1787 -1.1948 -1.1948 -1.1780 

S2 

1 Ti1 0.0000 0.0000 0.0000 -3.3189 -3.3189 -3.2722 -3.3200 -3.3199 -3.2696 

2 Ti2 0.0000 0.5000 0.0000 -3.3189 0.0000 -3.2722 -3.3199 0.0000 -3.2696 

3 Bi1 0.1900 0.1900 0.0000 -2.0577 -2.0577 -3.2722 -2.0584 -2.0584 -3.2696 

4 O1 0.0000 0.0000 0.5000 -3.3189 -3.3189 0.0000 -3.3199 -3.3199 0.0000 

5 O2 0.0000 0.5000 0.2500 -3.3189 0.0000 -1.6361 -3.3199 0.0000 -1.6348 

6 O3 0.3200 0.3200 0.3200 -1.1948 -1.1948 -1.1787 -1.1952 -1.1952 -1.1770 

S3 

1 Ti1 0.0000 0.0000 0.0000 -3.3165 -3.3164 -3.2641 -3.3186 -3.3185 -3.2629 

2 Ti2 0.0000 0.5000 0.0000 -3.3164 0.0000 -3.2641 -3.3185 0.0000 -3.2629 

3 Bi1 0.1900 0.1900 0.0000 -2.0562 -2.0562 -3.2641 -2.0575 -2.0575 -3.2629 
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4 O1 0.0000 0.0000 0.5000 -3.3164 -3.3164 0.0000 -3.3185 -3.3185 0.0000 

5 O2 0.0000 0.5000 0.2500 -3.3164 0.0000 -1.6321 -3.3185 0.0000 -1.6315 

6 O3 0.3200 0.3200 0.3200 -1.1939 -1.1939 -1.1751 -1.1947 -1.1947 -1.1947 

S4 

1 Ti1 0.0000 0.0000 0.0000 -3.3134 -3.3134 -3.3373 -3.3184 -3.3183 -3.3291 

2 Ti2 0.0000 0.5000 0.0000 -3.3134 0.0000 -3.3373 -3.3183 0.0000 -3.3291 

3 Bi1 0.1900 0.1900 0.0000 -2.0543 -2.0543 -3.3373 -2.0574 -2.0574 -3.3291 

4 O1 0.0000 0.0000 0.5000 -3.3164 -3.3373 0.0000 -3.3183 -3.3183 0.0000 

5 O2 0.0000 0.5000 0.2500 -3.3134 0.0000 -1.6687 -3.3183 0.0000 -1.6646 

6 O3 0.3200 0.3200 0.3200 -1.1928 -1.1928 -1.2014 -1.1946 -1.1946 -1.1985 

 

Table 3. Bond lengths (Å) in asymmetric units of S1-S4 of AlxTi1-x BiO3(0.0≤x≤0.33) 

                              oxides 

Sl.  No. Atoms S1 S2 S3 S4 

1 Ti2-O2 1.6361(1) 1.6348(1) 1.6315(1) 1.6646(1) 

2 Bi1-O3 2.4239(1) 2.4226(1) 2.4187(1) 2.4553(1) 

                    

Table 4. Bond angles in degrees in asymmetric units of S1-S4 of AlxCe1-x BiO3(0.0 ≤x≤ 0.33) 

oxides. 

                                          
Sl. No. 

Atoms S1 S2 S3 S4 

1 O2-Ti2-O3 49.3261(1 49.3584(1) 49.4037(1) 48.8325(1) 

2 Ti2-O3-Bi1 55.8654(1) 55.8958(1) 55.9383(1) 47.7709(1) 

3 O1-Bi1-O2 66.4059(1) 66.4452(1) 66.5002(1) 65.8052(1) 

4 O1-Bi1-O3 58.8226(1) 58.8785(1) 58.9570(1) 57.9736(1) 

5 O2-Bi1-O3 54.4025(1) 54.4308(1) 54.4704(1) 53.9692(1) 

 

Band Structure and Density of State (DOS) 

Electronic energy band structures due to chemical bonding, valence electrons distribution in atoms and electron 
localization function could provide physical insight into the structural and other related properties. Fig. 5 (a, b) shows the 
electronic energy band structures and the DOS of S1, while Fig. 5 (c, d) shows the energy band structures and the DOS of 
S4. The Fermi level is set at 0 eV. A smearing of 0.5 eV is used to generate the DOS plots. It can be noted that the 
samples do not have clear band gap. The band tails cross the Fermi energy levels. This shows the very weak 
semiconducting nature of the materials. Fig. 6 shows the calculated total DOS and partial DOS of elements O, Ti, Al, and 
Bi in Al0.33Ti0.67BiO3(S4: x=0.33). The plane-wave basis set is generated with valence configurations of Ti-3s

2
3p

6
3d

2
4s

2
, O-

2s
2
2p

4
, Al-3s

2
3p

1
 and Bi-5s

2
5p

6
5d

10
6s

2
6p

3
. The high DOS of valence band (VB) located at -7.60 to 0.0 eV is due to the Al 

3s, 3p; Ti 4s, 3d; Bi 6s, 6p and O 2s, 2p orbitals. The DOS of conduction band (CB) located at ~ 0.0 to 2.82 eV is due to Ti 
3d; Al 3p; Bi 6s, 6p and O 2p orbitals. The band structure clearly shows that there is a very high DOS located at about       
-7.60 to 1.55 eV due to the overlap of CB and VB at band tails, predominantly due to O 2p; Al 3p and Bi 6s and 6p orbitals 
[20, 21] with significant contribution from Ti 3d orbitals in the range -7.1 to 1.13 eV. Contribution from Bi 6s, 6p states in 
the VB suggests hybridization in accordance with the covalent bond formation in Bi–O [22] bond. The Ti 3d-states are 

slightly above the Fermi level. The DOS peak, 5 states (electrons/eV), located at 2.25 eV above the Fermi level mainly is 
mainly from the Ti 3d orbitals with slight contribution Bi 6p orbitals. As the bands cross over the Fermi level without any 
clear band gap, the samples are possibly very weak semiconducting in nature as mentioned earlier. The core bands in the 
range -19.45 to -9.45 eV are formed from the valence orbitals of O, Bi and Al. 
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Fig. 5. (a) Band structure and (b) DOS of TiBiO3 (S1); and (c) band structure and (d) density of states of 
Al0.33Ti0.67BiO3(S4). 

 

Fig. 6. Calculated total and partial DOS of the elements, O, Ti, Al and Bi in Al0.33Ti0.67BiO3 (S4: x= 0.33). 

 

AC and DC Electrical Conductivity 

The complex AC conductivity [23, 24], σ*, is given by,  

                  σ*(f) = σ′(f) + σ′′(f)                                                    (1) 

where σ′ is the real part and σ′′ is the imaginary part. The real part σ′ is called the AC conductivity. Fig. 7 (a-d) shows the 
plots of σ′(S/cm) versus log f (Hz) of S1-S4 at different temperatures. Each of the plots was extrapolated to zero frequency 
to obtain the DC electrical conductivity, σdc, for the sample at that temperature. From the DC electrical conductivity data, 
log σdc versus 10

3
/T (K

-1
) plots (Fig. 8) are obtained for all the samples using the Arrhenius equation.  
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                 σdc = σo exp (- Ea/kT)                                                   (2) 

  

where Ea is the activation energy, k is the Boltzmann constant and T is the absolute temperature. The plots show nearly 
straight line behaviour and the slopes are obtained from the linear fit of the plots. From the slopes the values of the 
activation energy, Ea, of the samples are found to be 0.225, 0.318, 0.357 and 0.446 in S1-S4, respectively. This result 
shows that the samples are weak semiconductors, and the semiconductivity increases from S1 (TiBiO3) to S4 
(Al0.33Ti0.67BiO3) with the progressive substitution of Al

3+
(2p

6
) ions in Ti

3+
(3d

1
) sites. The result further shows that the 

semiconductivity arises from partial delocalization of the single 3d
1
 electron at Ti

3+
 sites which are linked through the 

bridging O
2-

 ions to the Bi
3+

 sites (Ti-O-Bi) in the crystalline lattice. Thus incorporation of Al
3+

 ions result in the formation of 
Al-O-Bi bridge containing only the localized electrons in the stable ions in the crystalline solid matrix thereby the 
delocalization of number of hopping electrons is reduced and consequently semiconductivity is enhenced. It may be 
mentioned that the calculated values of the energy band gap, Eg, by CASTEP from the unit cell structures are found to be 
~ 0.02 eV in S1-S4 which are much lower than the values obtained by observed electrical conductivity data as above. This 
inconsistency is due to the drawback of the DFT calculations in such complex oxide systems. 

 

Fig. 7: Frequency dependent AC conductivity at different temperatures for (a) S1(x=0.00), (b) S2(x=0.11), (c) 
S3(x=0.22), (d) S4(x=0.33) of AlxTi1-xBiO3 (0.0 ≤x≤ 0.33) oxides. 

 

Fig. 8: Temperature dependent DC electrical conductivity plots of S1-S4 of AlxTi1-xBiO3 

(0.0 ≤x≤ 0.33) oxides. 
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Dielectric Properties 

The complex dielectric function, ε*, is given by, 

  ε* = ε′ + iε′′                                                      (3) 

where the real part ε′ is called the dielectric constant,  and the imaginary part, ε′′, is called the dielectric loss factor due to 
conduction process. Fig. 9 (a-d) shows the plots of real part, ε′, and imaginary part, ε′′, of dielectric loss of S1 (x=0.0) and 
S4 (x=0.33) at different temperatures from 20-300 

o
C versus AC frequencies. At higher temperatures near 300 

o
C the ε′ 

decreases rapidly with increasing AC frequency in S1 and S4, while at lower temperatures near room temperature, ε′ 
decreases marginally with increasing frequencies. Furthermore, ε′ increases with increasing temperatures from 20 

o
C to 

300 
o
C at a fixed AC frequency with significant increase at lower frequencies to marginal increase at higher frequencies (~ 

10
7
 Hz). This result shows that thermally activated hopping [23] of Ti

3+
(3d

1
) electron is the prime factor for AC conductivity 

in these systems. Also at higher temperatures upto 300 
o
C relatively more ordered orientation of the electric dipoles 

enhances the increased values of ε′. It is also important to mention that these rigid non-viscous systems do not exhibit 
ideal Debye-type pattern of the ε′ versus frequency (Hz) plots (Fig. 9 (a, c)) which indicates that electronic conductivity in 
these systems is significant as compared with the ionic conductivity. However, as compared with S1(x=0.0) (TiBiO3) the 
sample S4(x=0.33) (Al0.33Ti0.67BiO3) shows slight indication of Debye-type peak formation at mid-frequency ranges. This 
could be due to some contribution in ionic conductivity from the mobile Al

3+
 ions in S4 due to smaller ionic radius. 

Fig. 9 (b, d) shows that the dielectric loss factor, ε′′, increases with the increasing temperatures at a fixed frequency, f  
(Hz), and decreases rapidly for high temperature cases with increasing frequencies as compared with the decrease at 
lower temperatures with less prominent Debye-type peak in the upper mid range frequencies in S1 and S4. This result 
could also be attributed to the enhanced ordering of the electric dipoles at higher temperatures as discussed in the case of 
dielectric permittivity, ε′. The ε′′ versus f (Hz) plots normally show a peak in the mid frequency range which is called the 
relaxation peak. In Fig. 9 (b, d) a very less prominent such peak is observed at lower temperatures. However, the peak 
shifts towards higher frequencies with increasing temperatures. This result shows that very less significant ionic 
conductivity takes place in these materials within the temperature range studied in contrast to other systems reported by 
earlier workers [23]. 

 

Fig. 9. Plots of (a) real part dielectric constant, ε′, at different temperatures for S1(x = 0.00), (b) dielectric loss, ε′′, 
at different temperatures for S1(x = 0.00), (c) real part dielectric constant, ε′, at different temperatures for S4(x = 

0.33), (d) dielectric loss, ε′′, at different temperatures for S4(x = 0.33), versus AC frequencies. 

Magnetic Properties 

Fig. 10 shows the field dependence of magnetization (M–H) curves of S1-S4 of AlxTi1-xBiO3 (0.0 ≤x≤ 0.33) oxides 
measured at 300 K. Formation of hysteresis loops indicate the soft ferromagnetic nature in S1-S4 at 300 K. The M–H 
loops are analysed in the low-field region (±6.0 kG) and the values of saturation magnetization (Ms), coercivity (Hc), and 
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remanent magnetization (Mr) and the calculated magnetic susceptibility (of S1-S4 at 300 K are shown in Table 5. The 
table shows that the above magnetic properties in the samples show only marginal variation which indicates the weak 
ferromagnetic nature of the materials. 

 

Fig. 10. Magnetic moment versus Magnetic field plots of S1-S4 of AlxTi1-xBiO3 (0.0 ≤x≤ 0.33) 

 oxides measured at 300 K. 
 

               Table 5. Values of magnetization (Ms), coercivity (Hc), retentivity (Mr) and magnetic susceptibility,        

               χ, values of S1–S4 of AlxTi1-xBiO3 (0.0 ≤x≤ 0.33) oxides at 300 K. 

Magnetic properties S1 S2 S3 S4 

Saturation magnetization (Ms x10
-6 

(emu/g) 176.090 178.250 183.140 191.500 

Coercivity (Hc) (G) 86.172 86.715 86.256 76.536 

Retentivity (Mr) x 10
-6

 (emu/g) 18.202 21.075 16.673 18.556 

Magnetic susceptibility () x 10
-8

 (emu/gG) 5.990 5.926 6.135 6.461 
 

Optical Absorption Spectroscopy 

Room temperature optical absorbance spectra of S1-S4 are shown in Fig. 11(a). The samples show overlapped 
absorption bands ~ 200-350 nm.  The peak ~220 nm is due to the O

2-
→Ti

3+
 charge transfer band. The broad absorption 

band ~ 290 nm is commonly assigned to the Bi
+3

(5d
10

6s
2
) 

1
S0→

3
P1 electronic transition [25]. The broad band ~ 320 nm is 

attributed to the Ti
3+

(3d
1
) ions [26]. Fig. 11 (b) shows the plots of (αhν)

2 
versus hν of S1-S4 where α is the absorption 

coefficient. The energy band gap, Eg, in the materials are obtained by extrapolating the linear part of the plots to the 
photon energy axis (Fig. 11 (b)). The obtained Eg values are: 2.92, 2.85, 2.84, and 2.91 eV in S1-S4, respectively. 
However, the Eg values calculated from the unit cell structure by DFT are of the order of ~0.02 eV in the samples. This 
discrepancy/underestimation is due to the known limitations of the DFT calculations which involves exchange correlation 
functions. 

 

Fig. 11: (a) Optical absorption spectra (b) band gap energy calculation by plotting (αhν)
2
 versus hν 

 of S1-S4 of AlxTi1-xBiO3 (0.0 ≤x≤ 0.33) oxides. 
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Conclusion 

Non-perovskite oxides in the series AlxTi1-xBiO3(0.0≤x≤0.33) are prepared via sol-gel method. Powder XRD results show 
tetragonal phase with space group P42/mnm and Z=4. Average crystallite sizes in the range ~16-36, 18-50, 19-48 and 19-
41 nm in S1-S4 show the formation of nanosize particles. DSC/DTA-TGA results show no phase transitions in the range 
450-900 ºC. Rietveld refinement of the unit cell structures developed in space group P42/mnm with Z = 4 show 
appreciable lowering of agreement factors Rp, Rwp and Rexp for the samples. Plane-wave DFT calculations on unit cell 
structures for band structures and DOS show the Eg ~ 0.02 eV in S1-S4 indicating the weak semiconducting nature of the 
samples. Fourier mapping of 2-dimensional electron density irregular contours on (001) plane show the significant ionic 
nature of the Bi-O and Ti-O bonds. Magnetic studies show the formation of hysteresis loops with relatively low values of 
the related parameters indicates the soft ferromagnetic nature of the materials at 300 K. The broad optical absorption 
band ~290 nm is due to Bi

+3
 
1
S0→

3
P1 transition. 
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