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Abstract

In this research three samples were prepared of double perovskite compound (SrPrFeTiOg) by using eosin (Red
color), yamidine (blue color), and blue Nile(blue color) dyes. The effects of this dye increase the efficiency of
solar cell, we found that the yamidine dye is more efficient then eosin and blue Nile dyes, that is, # =(3.73) %
yamidine and (3.29,3.48)% eosin and blue Nile respectively ,then this increase of efficiency to increase the
absorption of color of yamidine. Then the energy band gaps were calculated, that is 3.789 ev,this range of band
gap is good for semiconductor material. The electronic transition and molecular vibration were studied by
using FTIR Spectroscopy, and studied optical properties using UV spectroscopy, and calculated the efficient of
the solar cells due to the unique curve (I-V), (3.29-3.48-3.73)% the result show that increased in the efficiency
of the cell due to compare with the previous study that found (0.32-0.42- 1.18) )% ,about all this studies
materials can be used to industrial electronic devises and other using in the future.
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I.  Introduction

The mineral perovskite was discovered and named by Gustav Rose in 1839 from the sample obtained
in the Ural Mountains.Perovskite, is named after a Russian mineralogist, Count Lev Aleksevich von Perovskite,
whom was appointed Russian secretary of the interior in 1842.The term perovskite was originally reserved for
the mineral CaTiOs, and the first synthetic perovskite, were produced by Goldschmid (1926) of the university of
Oslo leading to the use of the term perovskite as a description of a class of compounds sharing the same general
stoichiometry and connectivity found in CaTiOs; The technologic development and the more demands of the
tomorrows society in material science field, puts continues the need for developed material with 2 improved
properties. The perovskite structure has continuous attraction and highly interest, and this has proven its
suitability for industrial application [1]. Then the term perovskite was used to describe the alas of compounds
sharing the same general stoichiometry and connectivity with perovskite oxide (CaTiOs), which was first
synthesized perovskite by Goldschmidt at 1926 in the University of Oslo [2].

In the last years, a high interest is focused on perovskite type compounds which show a large variety of
interesting function properties such as Ferro, piezo, pyro-electricity magnetic order colossal magnetic resistance
superconductivity etc.) due to their compositional and structural diversity As a result, many compounds that
belong to this group have been synthesized the general formula of perovskites is ABO; where (A and B) might
be almost or semimetal from the periodic table. The perovskite structure has many types, single,double, and
treble, the general formula is (ABXj3) nearly all stable elements in the periodic table have been studied in the
perovskite framework A is an alkali ,alkaline earth metal or rare —earth metal element ,B is usually a transition
metal element,while X is anion such as F, ClI Br, | and even H, etc. but usually oxygen Several combinations of
A- and B-site cations can from a stable perovskite —like structure, additionally A- B-site cations as well as
oxygen anions can be partially substituted by other suitable elements [3].

Partial substitution allows the control of the valence state of A- and B-site cation as well as the non-
stoichiometry (cation or anionic vacancies) in the mixed oxide based on electro neutrality arguments. The
presence of a multiplicity of oxidation states is the major responsible for the catalytic properties of perovskite —
type [4]. Perovskite compounds and related structures represent a large family of important inorganic materials
which have been widely used in industry and comprehensively studied in the laboratory due to their wide
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variation of useful and exotic properties samples under study have been studied before but in the form of single
perovskite structures .the perovskite —like compounds AVO; where A is a three or divalent cation are widely
studied due to their simple structures which allow a deep understanding of the relationship between structure
and properties in these systems AVO; oxides were reported for most of the divalent elements as A-cation for
alkali-earth elements (except Mg) their structures are three-dimensional frameworks consisting of corner-shared
VOg Octahedra in these structures are regular or slightly distorted and no formation of a short vanadyi bond is
observed .Thus SrVO; is an ideal cubic perovskite and CaVO; is an orthorhombically distorted perovskite
(GdFeO; type ) [5].

While BaVO; forms trigonal 5H close —packing in a wide range of oxygen nonstoichiometric; 4
Stoichiometric CaVO3; and SrVO3; compounds exhibit metallic —like conductivity down to 2-4 and Pauli
paramagnetic behavior these properties can be changed by the variation of oxygen content [6] As now just a few
compounds of ideal cubic structure were found based on the known compounds of perovskite Mcgaw and her
colleagues pointed out that ion size difference between A and B atoms may lead to distorted structures Years
earlier ,Goldschmidt at the University of Oslo introduced the tolerance factor "t" which is an indicator for the
stability and distortion of crystal structures and this pioneering work provided a basis for the further exploration
of the structure of the perovskite family [7].

To the obtain high energy from the solar cells that are still not effectively available, manyresearchers
tend to use different methods to improve the performance of the solar cells to obtain a relatively efficiency that
can be used in the field of industry and education. And the other by using perovskite as semi-conductive
material in the manufacture of solar cells.Perovskite has been used as a semiconductor material to convert solar
energy into electrical energy by making it a solar cell.

Many researchers have tried to obtain a high efficiency solar cell by grafting on two different elements
to the study perovskite with the formula SrPrFeTiOg to know its structural and optical properties by using some
of the techniques used such as infrared and FTIR and Uv and IV characterization then making a solar cell from
this compound and study of optical and electrical properties.

Elbadawi,A.A. Yassin,0.A. and Siddig, M.A.(2015) studied of the effect of negative ion size on the
disorganization of the Structural properties at position (A) of the sample (SrPrFeTiOg) where the following
elements (A=La, Pr, Nd) concluded that placing (Pr) in the position (A) double perovskite led to the study of
this property by using the X-ray diffraction (XRD) and Fourier Transform Infrared FTIR samples have the same
structure (orthorhombic) with Puma space group. there are also some differences in the lattice parameter where
differ from SrLaFeTiOg up to SrNdFeTiOg as follows a=5.557 A ,b=7.824075 A ¢ =5.537659 A for La and a
=5.52728 A, b =7.79671 A ,c =5.52395A for Pr ,and a=5.51584 A ,b=7.79255 A ,c=5.5131A for the Nd .the
patterns were subjected to careful analysis by means of the standard Reitveld method using the Full Prof
suite[17] . three structural models were selected instead of the refinement processes for accurate determination
of the best crystal structure matching the data .the anti-site effect of the Fe and Ti atoms is considered by their
shared occupation between the Band B' sites. The XRD characterization showed that all samples are single —
phase, the best fitting results are achieved, the FTIR spectra results of the samples under study, the FTIR
spectrum resembles the general appearance of the double structure.A shift in the peak position in going from La
up to Nd sample in the group has been noticed .in the last studied and the results they reached will be compared
with ours.

Maha A. Mohamad (2018) et al. used devices such as infrared and XRD to know some of the physical
and optical properties of this sample and a simplified model was made as an applied work for this material in
order to know the scalability of the material as a good solution for a simplified solar cell as the practical
application for this sample. The relative efficiency of it was also calculated by reading the voltage and current as
well, as identifying some of the structural and optical properties of the perovskite.

The double perovskite oxide with formula CaLaMny,FeTiOgwere (x = 1, 0.33, 0.67) was successfully
prepared. The samples showed variation in crystal structure from monoclinic to cubic, the band gaps of the
samples from the absorption edges were found to be closer to the value that calculated by Tauceplot. The
absorption and optical band gap energy classified the series as semiconductor material, double perovskite solar
cell based on a Thin Film double perovskite active layer of solarcells sandwiched between FTO and graphite on
FTO electrodes were fabricated. The three FTO, double perovskite, and graphite of FTO solar cell were
produced and characterized, which provided n of (1.18, 0.42, and 0.32%), FF of (0.84, 0.89, and 0.95) Jscof
(9.91, 19.12, and 14.6).

Il.  Materials and Methods
Preparation of double perovskite oxide is usually conducted through amulti-stage procedure [86]
because it is difficult to prepare by the direct solid state reaction, and this is because there is a possibility of a
growth of a single perovskite structure as a second phase along with the double perovskite phase. Thus, Here it
is aimed to outline the series of samples while keeping in mind the relation between them when we look in to
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their physical properties, the compound SrLaFeTiOG6 is considered as the core sample. The following diagram
shows the guide of the sample sequences.

The raw metal carbonate and oxide's materials SrCO3,Fe,05,TiO,, andPr;04; are all from Alfa Acer of
purity 99.9%, two heating schemes were used to prepare the samples The first one is the conventional solid
reaction in which all starting raw materials are mixed and heated up to 1200°C This method we will name the
direct method the second route is to mix and heat the 3d oxide materials together at the first beginning and then
mix and heat the with the alkaline earth carbonate and the rare earth oxide the last method we will called it
precursor method. In the following sections, the details are given, the general scheme is illustrated, All the heat
treatments are carried out inside Carbonites Furnace Model 1700 (Aston lane, hope Sheffield, S 30 2RR
England)

In this method, the appropriate amounts of the starting materials are mixed, dry and ground and for a
few minutes. A small amount of acetone was added after that hand ground and left to dry in air, subsequently
heated in the furnace at 900°C for 12 hours to remove carbon dioxide. This calcination step is next followed by
dry grinding and pressing, the powder was pressed in to pellets under 1.9x10® N/m? pressure for 30 seconds.
Then heated for 24 hours with intermediate grinding Finally, the samples were ground again and pressed as
before and sintered at 1200°C hours using a heating rate of 10°C /min .

The ferrous and titanium oxides were first mixedcarefully and ground manually to 45 minutes
continuously in agate mortar with a little amount of acetone for homogeneity. After that, the mixture was put
into high density alumina crucible and heated up to 900 °C for 12 hours. After cooling to room temperature, the
alkaline earth carbonate and rare earth oxides were added,grind, and then pressed in to pellet form at pressure
1.9x10% N/m? and heated at 900 °C with a rate of 10 °C /min for 12 hours. This calcinations step was repeated
twice to remove the carbonates from the sample. Finally, the samples were ground again and pressed as before
and sintered at 1200 °C for 12 hours at a rate of 10 °C /min. All samples were cooled to room temperature with
the same rate as that of heating.

In the beginning, | prepared the double perovskite ores by cleaning the tools and FTO glass plates by
using distilled water and ethanol nitric acid ,then | took a period to dry ,then the ends were tested using an
voltmeter to ensure their work after that | poured a quantity of the sample on the surface of the glass plates with
chlorine by to precipitate .the sample entered the electric furnace for an hour under the flounce of temperature
100°C . In the second step, the sample was cooled for a period of time the rest of the other glass panels were
coated with yam dine dye the other with dye the other with Eriochrom- black T dye and the last plate with lead
well, and the eosin dye was used on the other end.

These panels were combined with each other to form a conductive layer, and the prince's device, voltmeter and
light source were used to increase the intensity of illumination.
Finally, the prince and the voltmeter were read together and then the results were recorded.

I11.  Results and Discussion

Different characterization techniques were used following the preparation of the samples to investigate
their structure and optical properties. The detail information about the structure of the samples can be obtained
from FTIR measurement, and the optical properties were investigated using Ultraviolet visible spectroscopy and
Fourier Transform infrared spectroscopy(FTIR).This chapter represents the results that take from the powder for
the sample of double perovskite oxide were collected in order to get the formation of sample studied by three
devices FTIR result are show in figure (1) and Uv results in figures (2) and Energy band gap, figure (3)
Transmission and figure (4) Reflection,figure (5) Absorption coefficient,figure(6) I-V curve of double
perovskite SrPrFeTiog solar cells sample(1) and figure (7) double perovskite SrPrFeTio6 solar cell
sample(2)Figure (8) double perovskite SrPrFeTiog solar cell sample(2)

Figure (8)double perovskite SrPrFeTiog solar cell sample (3) and table (1) show the basic of electrical
properties of proposed perovskite solar cell and the table (1) result of relation between the voltage and current
(1) Table, (2)result of relation between Voltage and Current(ll) Table (3) result of relation between Voltage and
Current (H1).
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Figure (1) FTIR spectrum of SrPrFeTiOg

Table 1 FTIR wavenumber of SrPrFeTiOg

Wave number Absorption range Functional group Type of vibration

436 500-436 Aryldisulfides S-S stretch

607 690-515 alkyl lhahides S-S stretch

907 910-665 1,2 amines N-H wag

1200 1300-1000 Ethers C-O stretch

2520 3300-2500 Carboxylic acids O — H stretch

2850 2800-3000 Aldehydes C-H Stretch off C=0
CH,;C=0OH

3140 3300-3200 Alkynes C-H stretch
CH= 0CH;4

3260 3500-3100 Amides N-H stretch similar to amines

3380 3500-3200 Alcohols, phenols O-H stretch, H- Bonded

The chemical structure and bonds of samples were verified. Several bands
due to combinations double perovskite SrPrFeTiOg of S-S, N-H, C-O, O-H,C-H, C=0, entities appear in the
range(700-3500)cm™The obtained FTIR results are shown in table(1) in the S-S stretch appeared at 436,607 cm’
! N-H stretch appeared in the region between 907 to 3260 cm™ in 3260 similar amines and wag in 907 cm™
strong and broad, C-O appeared in region between1000 to 1300 cm™ in 1200cm™ belong to ether, O-H appeared
between 2520 to 3380 cm™ medium carboxylic acid in 2520 and alcohols, phenols in 3380 cm™, C-H appeared
between 2800-3000 cm™ belong to Alkanes exactly in 2850 cm™ and C=0 appeared between 2800 to 3000
exactly in 2850 cm™ of double bond as carbonyl.An infrared spectrum characterizes a fingerprint of a sample
with absorption peaks s, which corresponds to the frequencies of vibrations between the bonds of the atoms
making up the material. Because each different material is a unique blend of atoms, not a y, two compounds
produce the same infrared spectrum. For that reason, infrared spectroscopy can result in a positive identification
(qualitative analysis) of every different kind of material. In addition, the size of the peaks in the spectrum is a
direct sign of the amount of material present [24].

The ultraviolet-visible spectroscopy (UV-Visible) was used to determine some optical properties and energy
band gap of the synthesized samples.
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Figure (2) optical energy band gaps of double perovskite SrPrFeTiOg

The optical energy gap (Eg) was calculated by the relation: (ahv)? = C (ho — Eg)

Where (C) is constant. By plotting (aho)? vs photon energy (ho) as shown in fig (2) for the double perovskite
SrPrFeTiOg, , the value of the energy gap has been calculated. In fig (2) the value of (Eg) of sample was
obtained (3.789) eV). The transition isindirect and this uses for the industrial devices en route for convert
materials from insulator to semiconductors.
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Figure (3) transmission of double perovskite SrPrFeTiOg
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Figure (4) reflection spectrum of double perovskite SrPrFeTiOg
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The optical reflectance (R) spectra in the (280 — 440) nm wavelength range for the double perovskite
SrPrFeTiOg samples are depicted in Fig (4). The maximum reflection is observed at (290.55 - 416.12) nm range
for all samples, in this range the samples will be mirror.
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Figure (5) absorption coefficient spectrum of double perovskite SrPrFeTiOg
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Absorption coefficient (a): The absorption coefficient (a) of the double perovskite SrPrFeTiOg were found from

the following relationa = %Where (A) is the absorbance and (t) is the optical length in the samples. In fig

(5) the plot of (o) with wavelength (L) of the samples was shown for the double perovskite SrPrFeTiOg. The
absorption coefficient obtained for the sample at o = 46170 cm™ at UV region (273.5 nm). This means that the
transition may be corresponding to a direct electronic transition, and the properties of this state are important
since they are responsible for electrical conduction.

Table 1 shows the basic electrical properties of the proposed perovskite solar cells

Sample Area(cm)? Is. (MA) Vo (volt) Js. mA/cm? F.F PCE%
SrPrFeTiO; 0.33 26.78 0.563 4114 0.78 3.23
20.39 0.761 3132 0.86 3.73
27.27 0.578 4.189 0.79 3.48
Table 4.1.1 result of relation between Voltage and Current (1)
Voltage (V) Current (mA)
0 27
0.11 27
0.24 27
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Figure (6) I-V curve of double perovskite SrPrFeTiOg solar cells

Table 4.1.2 result of relation between Voltage and Current (11)

Voltage (V) Current (mA)

0 21

0.17 21

0.38 21

0.52 21

0.68 17

0.75 12

0.75 5.5

0.76 0
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1 sc ] n
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Figure (7) I-V curve of double perovskite SrPrFeTiOg solar cells
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Table 3 result of relation between Voltage and Current (I11)

Voltage (V) Current (mA)
0 27.54
0.1133 27.54
0.2472 27.54
0.3193 27.54
0.4017 26.52
0.4635 255
0.5356 21.42
0.5768 12.852
0.5768 0
3 I.. = 2_7.27 mA - - sample 3
25 = -
1, =23.67 mA
___ 29 FF = 0.79
<C
E .. J__=4.189 mA.cm?
5 -
S 10 n= 3.48%
9 vV, =0.519 V
Vv, =0.578 V
.0 0.1 0.2 0.3 o4 0.5 0.6

Voltage (V)
Figure (8) I-V curve of double perovskite SrPrFeTiOg solar cells

IV.  Discussion Of The I-V Characteristics Result:
The 1-V readingfor the three sample of double perovskite solar cell are fabricated in the table (1) below

is used to find (Isc), (Voc), (Imax), @and (Vmax) it is found that these parameters have the Jsc of samples. the fill
factor(FF) is found by dividing maximum out power (P.x) by the product of short-current and the open-circuit
voltage equation to calculate the maximum power is given by max volt(V ) and max current (l,,s) the power
conversion efficiency (1) of the double perovskite solar cell is determined by the photocurrent density measured
at short-circuit V. the F.F of the cell .and the open-circuit and Js. as shown in equation these results for the
three samples are recorded in table (1) the varied in efficiency for the three samples is often due to the doping
rates 1-V reading are displayed graphically in the figures (6, 7 and 8).
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