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Abstract 

 

A new double perovskite compounds CaLaMnTiO6, CaLaMn0.67Fe0.33TiO6 and 

CaLaMn0.33Fe0.67TiO6 were prepared successfully using solid state reaction 

method to provide a solar cell. The X ray diffraction XRD, UV- visible 

spectroscopies were used to characterize the structural and optical properties of 

the synthesized compound. From X ray powder diffraction (XRD) examination, 

the samples show variation in structure from monoclinic structure with (P21/n) 

for CaLaMnTiO6 up to a cubic structure with (Pm-3m) space group for 

CaLaMn0.67Fe0.33TiO6 and CaLaMn0.33Fe0.67TiO6, and the lattice parameters 

were investigated and found to be a =5.47953 Å, b = 5.54992 Å, c = 7.76430 Å 

for CaLaMnTiO6, and a =3.9471, 3.868Å for CaLaMn0.67Fe0.33TiO6 and 

CaLaMn0.33Fe0.67TiO6 respectively, where this varied result comes from the 

cation size disorder. The band gap energy was calculated; and found to be 

decreased from 5 to 3.6 eV for the series. The efficiency of the solar panel was 

measured via the current-voltage (I-V) characteristic curve, and the results were 

observed. The efficiency of the three samples was decreased from η = 1.18, 

0.42 and 0.32 % for CaLaMnTiO6, CaLaMn0.67Fe0.33TiO6 and 

CaLaMn0.33Fe0.67TiO6 respectively.  
*Corresponding	  author:	  bahlaoy.ab@gmail.com	  	  

Introduction	  

In 1839 The CaTiO3 mineral perovskite  was discovered 

from samples obtained in the Ural Mountains. The first 

synthetic perovskite compounds were produced by 

Goldschmid (1926) of the University of Oslo (Lufaso, 2002, 

Galasso, 2013, Knapp, 2006). Double peroviskite materials 

took the attention of many researchers due to their 

interesting structural, magnetic and electrical properties. 

The general chemical formula of double perovskite oxides 

expressed as A2BB`O6, where A is Ca, Sr, Ba (one of the 

alkali elements of the first group or the second group in the 
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periodic table) and B site is ocuppied by first  row of 3d 

magnetic element in the perodic table. The B` site is 

ocuppied by the 4d non-magnetic elements, with O atom 

located in between forming alternate BO6 octahedral and B-

O-B bonds oxigyn atoms, The wide range of double 

perovskite material is due to alteration at the magnetic and 

non –magnetic of  B and B` elements as well as the A-site 

cations (Yang et al., 2015, Bharti et al., 2014, Landínez 

Téllez et al., 2014, Min et al., 2012, Feraru et al., 2013, 

Elbadawi et al., 2013, Kim et al., 2012b, Alsabah et al.,  

2017b).The other chemical formula AA/BB/O6 can be used 

as a different case where A, A/ where occupied by raw 

elements such as Sr, Ca, Ba and La  whereas B, B/ occupied 

by transition metals such as Sr2FeMoO6, Sr2FeReO6, 

Sr2CrReO6 and Sr2CoMoO6(Liu et al., 2012, Retuerto et 

al., 2015). The double perovskite material attracted the 

interest of researchers due to their wide range of the 

physical and application properties (Alsabah et al., 2017). 

Some of double perovskite materials used as anode for the 

solid oxide fuel cells, optoelectronics, magnetic resonance 

(MIR), solar cells and microwave devices (Habisreutinger et 

al., 2014). Here we refer to some important double 

perovskite studies for example, the La3Ni2NbO9 and 

La3Ni2TAO9 synthesized, both exhibited as monoclinic 

crystal structure using solid state preparation method and 

they used the XRD, SEM and the four-point probe 

technique as tools to describe the structure, morphology 

properties and the electrical conductivity of materials (Dey 

et al., 2016). The effects in the crystal symmetry of 

(SrxBa1-x)CaWyMo1-yO6 doped Eu3+ were studied by 

(Sletnes et al., 2016). and they used the XRD, Raman 

spectroscopy to learn the effect of substitution in symmetry 

where the A-site was obtained as the main determinant for 

the crystal symmetry. The structure and magnetic properties 

of Ba2-xSrxYIrO6 series were investigated by (Phelan et 

al., 2016). They used the XRD, high temperature 

measurement and Density functional theory (DFT) to 

characterize the material. The importance of this study 

depend on the use of the Doubleperovskite samples in the 

solar cell fabrication because of their interaction with light. 

In general, the perovskitematerials have increased the 

efficiency of solar cells and reduced the cost of 

manufacturing. 

Photovoltaic (PV), also called solar cells, are electronic 

devices that convert sunlight directly into electricity. The 

modern form of the solar cell was invented in 1954 at Bell 

Telephone Laboratories. Today, PV is one of the fastest 

growing renewable energy technologies and it is expected 

that it will play a major role in the future global electricity 

generation mix (Neij, 1997). Perovskite solar cells have 

rapidly risen to the forefront of emerging photovoltaic 

technologies (Snaith et al., 2014, Habisreutinger et al., 

2014), exhibiting externally verified power conversion 

efficiencies of over 16% (Snaith et al., 2014). In order to 

use sunlight as efficiently as possible, low cost and efficient 

solar cells have been vigorously developed for practical use. 

As is generally known, practical silicon based solar cells 

involve high manufacturing cost, as well as any other 

inorganic based solar cells on the basis of the cost problem 

(Wang et al., 2016). In this study we will use the X-ray 

diffraction, Uv.vis spectroscopy and IV curve 

characteristics to study the structure, optical properties and 

power conversion efficiencies of the CaLaFe1-xMnxTiO6 

(x= 0, 0.67 and 0.33) double perovskite. 

Double perovskite structure; The proposed double 

perovskite solar cell structure. 
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Material and methods 

New samples of double provskite oxide were synthesized 

successfully using solid state interaction method by 

different treatments to get a single phase for the samples. 

The samples prepared by mixing stoichiometric amounts of 

all row material from Alfa Acer company of purity 99.9% 

that used to prepare the CaLaMnTiO6, 

CaLaMn0.67Fe0.33TiO6 and CaLaMn0.33Fe0.67TiO6 

double perovskites oxides. The mixtures of compounds 

grinded in agate mortar with the addation of acitone then 

heated in air, after that  the mixed was put in crucibles 

initially at 800°C during 12 hours, pellet in around shape 

and heated in 1000°C, finally it pelleted in around shape 

and heated in 1100°C two times permeated every grinding 

time with the addition of acetone. X-ray diffraction (XRD) 

data collected by a Bruker - axs D8 using CuKα radiation 

(λ=1.54 ) at room temperature, with a nickel filter 

operating at 40 KV, 40 mA the data collected for the 2θ in 

0.02 step size and five second count time in 20o - 80o 

range. The Retvield method and the MDI jade program 

(Neij, 1997) were used for the XRD date analysis. The 

crystalline size (D) calculated by Scherer equation(Snaith, 

et al., 2014, Neij, 1997) for the all samples. 

               (1) 

Where D is crystallite size, λ is the wavelength of X-ray and 

β1/2 is the half-full width of the mean peaks (Thompson    

et al., 1987, Holzwarth and Gibson, 2011). 

A UV– visible spectrophotometer (Shimadzu, UV-2550) 

was used to calculate the UV– visible absorption spectrum 

at room temperature; the optical band gap energy was 

estimated using the onset of the absorption edge and by 

Taucs plot of the double perovskite samples according to 

the following equation. 

                                   (2) 

The three samples of double perovskite solar cells made by 

depositing double perovskite solution of fluorine doped tin 

oxide in FTO glass, and another layer made by depositing 

graphite particles on FTO glass. The fabrication process 

started by preparing the double perovskite materials and put 

them on FTO glasses. The FTO glasses were firstly cleaned 

by ethanol and distilled water. The double perovskites 

solution were deposited in FTO glasses, the glasses plate 

were put on the hot plate preheated to a temperature of the 

100ºC, when the film turned black, it was put on the 

Eriochrom-black T dye solution, then a small amount of 

graphite particles were put on the another FTO glass plate 

over it with the conductive side facing and sliding the two 

plates against each other. Being inserted electrical circuit 

containing (the voltmeter and Ammeter and a light source 

lamp with the intensity radiological and a solar cell) and 

stained using the procedure of H and E methods. 

 

   Results and Discussion 

3.1. Structural characterization 

The XRD data of sample is shown in Figures (1, 2 and 3) 

for CaLaMnTiO6, CaLaMn0.67Fe0.33TiO6 and 

CaLaMn0.33Fe0.67TiO6.  

Figure (1). XRD refinement pattern of (CaLaMnTiO6) double 

perovskite 
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Figure (2). Shows XRD pattern comparison ofCaLaMn1-xFexTiO6(x= 

0, 0.33 and0.67) double perovskite. 

The Retiveld method and the fullprof program were used to 

analyze the XRD data of the samples. The CaLaMnTiO6 

sample obtained a monoclinic structure with (P21/n) space 

group whereas the next samples obtained in (Pm-3m) 221 

primitive cubic crystal structure, the lattice parameters 

found to be a =3.9471, 3.868Å for CaLaMn0.67Fe0.33TiO6 

and CaLaMn0.33Fe0.67TiO6 respectively. The crystallite 

size calculated for the sample by Scherer equation for the 

samples. Table1 show the result of XRD analysis.  

3.2. Optical characterization 

The absorbance can be used to observe the absorption edge 

for the samples that shows in 255, 312 and 288 nm and the 

band gap was calculated from the absorption edge, that 

found to be 5, 4 and 3.6 eV for CaLaMnTiO6, 

CaLaMn0.67Fe0.33TiO6 and CaLaMn0.33Fe0.67TiO6 

respectively. In addition, the band gap energy was 

calculated for samples by Tauc plot that shown in Figures 

(3-5) according to Eq. (2).Through the study of UV-visible 

absorption and optical energy gap of the sample classified 

as semiconductor materials. Table 1 shows the absorption 

edge and band gap energies of the series. 

 

 

 

 

 

 

 

 

Figure (3). Shows absorption curve and Tauce plot of (CaLaMnTiO6) 

double perovskite. 

 

 

 

 

 

 

Figure (4). Absorption curve and Tauce plot of 

(CaLaMn0.67Fe0.33TiO6) double perovskite. 

 

 

 

 

 

 

Figure (5). absorption curve and Tauce plot of 

(CaLaFe0.33Mn0.67TiO6) double perovskite. 
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Table (1): shows the absorption band bandgap energy of 
the series. 

 

 

 

 

3.3 I-V characteristic 

The current voltage (I-V) readings for the double perovskite 

solar cell samples are enumerated in the table (2). I-V 

results were displayed graphically in Figure  6 (I-III). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6 (I-III) Curve of CaLaMn1-xFexTiO6(x= 0, 0.33 and0.67) 

double perovskite of Solar Cell. 

 

Table (2): shows XRD result. 

 

The figures are used to find Isc (short circuit current), 

Voc(open circuit voltage), Imax (maximum current) and 

Vmax (maximum voltage). It was found that those 

parameters had the Jsc of samples (Jsc=Isc/Area), and 

where the fill factor (FF) was got by dividing maximum out 

power (Pmax) by the product of short-circuit current and the 

open-circuit voltage FF=(Imax*Vmax)/(Isc*Voc)[5]. The 

maximum power was given by max volt Vmaxand max 

current Imax. The power conversion efficiency Ƞ of the 

double perovskite solar cell is determined by the 

X ratio CaLaM
n 

TiO6 

CaLaMn0.67 

Fe0.33TiO6 
CaLaMn0.33 

Fe0.67TiO6 

Cut-off 
wavelength (nm) 

255 312 280 

Eg (eV)  by 
cutoff 

wavelength 

4.85 3.9 4.3 

Eg (eV)  by Tauc 
plot 

5 4 3.6 

samples CaLaMn 
TiO6 

CaLaMn0.67 

Fe0.33TiO6 
CaLa Mn0.33 

Fe0.67TiO6 
Space 
group 

monoclinic 
(P21/n) 

(Pm-3m)Cubic (Pm-
3m)Cubic 

a ,b , c a =5.47953 Å 
 b = 5.54992 

Å 
 c = 7.76430Å 

3.974Å 3.868Å 

α = β = 
γ 

90 90 90 

Unite 
cell 

volume 

236.11Å3 61.49Å3 57.85Å3 

Crystall
ite size 
(nm) 

43.18 60.83 45.06 

Lattice 
strain 

0.0030 0.0022 0.0028 
(I

)	  

(II
)	  

(III
)	  
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photocurrent density asured at short-circuit Voc , the FF of 

the cell, and the open-circuit and Jsc (Kim et al., 2012a,  Li 

et al., 2010). 

Ƞ=(Isc*Voc*FF)/Pin [5] 

These results for the three samples were recorded in Table 

(3). The variation in efficiency for the three samples is often 

due to the doping rates. 

 

Table (3): shows the basis electrical properties of the 

proposed perovskite solar cells 

 

 

4. Conclusion 

The double perovskite oxide with formula CaLaMn1-

xFexTiO6 where (x= 1, 0.33, 0.67) was successfully 

prepared. The samples show variation in crystal structure 

from monoclinic to cubic. The band gap of the samples 

from the absorption edge were found to be closer to the 

value that calculated by Tauce plot. The absorption and 

optical band gap energy classified the series as 

semiconductor materials. Double Perovskite solar cell based 

on a Thin Film Double Perovskite active layer of solar cell 

sandwiched between FTO and graphite on FTO electrodes 

were fabricated. The three FTO, double perovskite and 

graphite of FTO solar cells were produced and 

characterized, which provided Ƞ of (1.18, 0.42, and 0.32%), 

FF of (0.84, 0.89, and 0.95), Jscof (9.91,10.12, and 14.6 

mA/cm2) and Voc of (1.42, 0.47, and 0.230V). It is clear  

that the variation in the structure, decreasing in energy band 

gap and solar cell efficiency may due to the increasing of 

iron dopant on the B/ site of the CaLaMn1-xFexTiO6(x= 0, 

0.33 and0.67) double perovskite. Formation of Double 

Perovskite active layer with homogeneously distributed 

Double Perovskitenano-wires would have been improving 

the efficiencies of the solar cells. To increase power 

conversion efficiency, structures of the solar cells should be 

optimized.  

The double perovskite oxide with formula CaLaMn1-

xFexTiO6 where (x= 1, 0.33, 0.67) was successfully 

prepared. The samples show variation in crystal structure 

from monoclinic to cubic. The band gap of the samples 

from the absorption edge were found to be closer to the 

value that calculated by Tauce plot. The absorption and 

optical band gap energy classified the series as 

semiconductor materials. Double Perovskite solar cell based 

on a Thin Film Double Perovskite active layer of solar cell 

sandwiched between FTO and graphite on FTO electrodes 

were fabricated. The three FTO, double perovskite and 

graphite of FTO solar cells were produced and 

characterized, which provided   Ƞ of (1.18, 0.42, and 

0.32%), FF of (0.84, 0.89, and 0.95), Jscof (9.91,10.12, and 

14.6 mA/cm2) and Voc of (1.42, 0.47, and 0.230V). It is 

clearly that the variation in the structure, decreasing in 

energy band gap and solar cell efficiency may due to the 

increasing of iron dopant on the B/ site of the CaLaMn1-

xFexTiO6(x= 0, 0.33 and0.67) double perovskite. 

Formation of Double Perovskite active layer with 

homogeneously distributed Double Perovskitenano-wires 

would have been improving the efficiencies of the solar 

cells. To increase power conversion efficiency, structures of 

the solar cells should be optimized. 

 

 

 

 

 

 

Sample Area 

(cm2) 

Isc(mA) Voc(V) Jsc(mA/cm2) FF PCE(%) 

CaLaMn 

TiO6 

5.76 57.1 1.42 9.91 0.84 1.18 

CaLaMn0.67 

Fe0.33TiO6 

6.21 62.94 0.47 10.12 0.89 0.42 

CaLaMn0.33 

Fe0.67TiO6 

6 87.62 0.230 14.6 0.95 0.32 
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