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Abstract 
The present paper concerns with the study of impact of merging (TiO2/Cs3Fe2Cl9/MgO) on FTO using the procedure 
of drop casting method at temperature (70°C). The structural, optical and morphological characteristics of the (MgO) 
nanoparticles were described via X-ray diffraction (XRD), UV-Vis Spectrophotometer, and scanning electron 
microscopy (SEM). The estimated value of the thin films (MgO, and Cs3Fe2Cl9) optical energy was (3.87) eV and (4.1) 
eV, correspondingly. The test results of the current–voltage elucidated that the ultimate power conversion efficiency 
(PCE) of solar cell was (7.57%), and factor of filling was (54.2). The present research elucidates and investigates the 
effective hybrid Lead-free Perovskite solar cells. 
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Introduction 
Material of high efficiency solar cells absorbs the 
light above a broad spectral range, creates high 
efficiency charges, and recharges such created 
charges to the electrodes with minor losses. [1,2]. 
Perovskite (Cs3Fe2Cl9)from the semiconductors 
has taken a high deal of consideration owing to its 
great light absorption making it utilize in the solar 
cells [3-5].It is one of the members of 
(A3M2X9)(A(cations)= Cs, Rb; M(cations)= Ti, V, Cr, 
Fe; X(halogen ion)= Cl, Br, I), possessing interesting 
magnetic properties [6,7].Recently, the request for 
the nanostructured substances has raised 
importantly not only because of the evolution of 
equipment, but also due to appearance of adapted 
nanoparticles physical characteristics in 
comparison with their bulk materials [8]. The 
semiconductors (MgO) characteristics are non-toxic 
and cheap; they have taken much attention owing 
to their potential uses on the solar cells. 
The improved solar cell efficiency was the result of 

a magnesium oxide film, as the broadband gap MgO 
layer declines the electron transmission to triiodide 
electrolyte and retards the re-combination of holes 
and back-transferred electrons [9,10].The current 
work reveals and investigates the effective hybrid 
Lead-free perovskite solar cells, as well as studying 
their materials characteristics. 
 
Experimental Method 
Preparation of (MgO) nanoparticles 
MgO NPs were fabricated employing a chemical 
(precipitation) technique. In a distinctive 
fabrication process, a (0.1M) of Cu nitrate [Mg 
(NO3)2.6H2O] was solved in 100 mL of distilled 
water, that has been stirred with a magnetic stirrer 
for (15) minutes till fully dissolved. 
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 (0.2M) from the solution of sodium hydroxide 
(NaOH) was solved in (100 mL) distilled water, 
after that, the addition of the combination was 
donevia dropping it inthe [Mg (NO3)2.6H2O] 
settlement under uninterrupted stirring for 125 
minutes and then heating at (65°C). The mixture of 
reaction developed a white solution and was 
cleaned thoroughly by distilled water for removing 
impurities from output[11]. Then, it was 
dehydrated at (50-75°C) for (1h). Eventually, the 
sediment was put in an oven that uses hot air at 
(500°C) for (3h). 
 
Preparation of (Cs3Fe2Cl9) Via Chemical Reaction 
Perovskite (Cs3Fe2Cl9) was produced employing a 
chemical reaction, to prepare FeCl3 solution, a 
(0.5g) of powder FeCl3was solved in 10 ml of 
anhydrous Dimethyl Formamide (DMF), (Sigma 
Aldrich).For preparing the solution of CsCl, a 
(0.778g) of powder CsCl was solved in (10 ml)of 
(DMF) [12]. The perovskite was formed by mixing 
the FeCl3 solution and the CsCl solution. A previous 
report showed that to ensure the adequate 
conversion resistance, a full encasement of 
perovskite film should be existed on the substrate. 
 
PV Device Fabrication 
The planar type PSCs are more classified into a pair 
of bands arranging: (n–i–p and p–i–n) planar. PSCs 
consists of an energetic perovskite stratum that is 
sandwiched among the hole-transporting layer 
(HTL) and electron-transporting layer (ETL) 
[13].The TiO2precursor solution was precipitated 
via the drop casting onto a transparent 
conductor(FTO)glass during heating, sheet 
resistance (15 Ω) at (50oC). Next, the solution of 
perovskite (Cs3Fe2Cl9) was deposited via the drop 
casting on to the pre-heated (FTO/TiO2) substrates 
at (75oC).The MgO is then poured onto the 
substrates (FTO/ TiO2/Cs3Fe2Cl9)to get the 
samples of (FTO/TiO2/Cs3Fe2Cl9/MgO), and Al foil 
with a (0.1cm2) area, as an electrode, was placed 
above theMgO layer, as depicted in figure (1) which 
shows the structure thin films of Photo-Voltaic (PV) 
device. 

 
Fig.1. Diagram of Photo-Voltaic showing (TiO2/Cs3Fe2Cl9/MgO) layer 
deposited on the FTO 

 
Results and Discussion 
Structural and physical characteristic of (Cs3Fe2Cl9, 
and MgO) was investigated via utilizing the samples 
characterization via the X-ray diffraction. The 
surface terrain was detected and configured by 
(FSEM). Measurements of the optical properties of 
the light band-gap were found via(UV-
VIS)Spectrophotometer.  
 
X-Ray Diffraction Measurement 
The (XRD) patterns of synthesized (MgO,Cs3Fe2Cl9) 
crystalline nature are shown in figure (2). In such 
figure, it can be observed that these patterns 
correspond to the powders (MgO,Cs3Fe2Cl9) value 
as compared toJCPDS No. 89-2531 and JCPDS No. 
07-0235 as well asJCPDS No. 36-1451, 
correspondingly. The patterns results of the XRD 
are reflected in the fact that the expansion of 
diffraction peaks manifests the existence of 
(MgO)nanostructureand(Cs3Fe2Cl9)via applying 
equation (1), which is the Debye-Scherrer 
expression[11,14]: 

D = 0.9λ
βcosθ

………. (1) 
Where: 
D: Crystalline size 
λ: X-ray wavelength (1.5406˚A)  
θ: Diffraction peakdegree 
β: Full peak width at half maximum (FWHM) 
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Fig. 2. The X-ray diffraction patterns of (a) MgOand (b)Cs3Fe2Cl9 

The crystalline size of (MgO) elucidates that the 
arranged samples sizes were within the nanoscale, 
as revealed in the Table (1). 
Table 1. Values of 2θ, FWHM, d-value and sizeof crystalline  

Sample (2θ), 
(deg.
) 

(FWHM)
, 
(deg.) 

(d-
value)
, 
(Ao) 

Size of 
crystall
ine, 
(nm) 

MgO 37.71 0.89 2.38 9.45 
42.72 0.58 2.11 14.74 
61.95 0.69 1.49 13.45 
74.27 0.50 1.27 19.95 
78.3 0.69 1.21 14.86 

Cs3Fe2C
l9 

16.59 0.13 5.33 61.91 
24.84 0.17 3.58 47.97 
31.80 0.17 2.81 48.70 

 

FESEM of MgO and Perovskite (Cs3Fe2Cl9) 
The (FSEM) images of the thin-film nanostructures 
as arranged (MgO, and Cs3Fe2Cl9) with two various 
enlargements. Figures 3 (a,b) depicts that the 
(MgO) nanoparticles constitution was almost 
spherical, and the perovskite was almost parallel 
rectangles. 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. (a,b) The (FESEM) images measurement (1 µm, 200 nm), respectively 
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Optical Properties  
Figure (4a) depicts the optical absorption of 
(Cs3Fe2Cl9andMgO) films measured by using the 
(UV-VIS)in a range of wavelength (200-1100 nm). 
From peak spectra or shoulder, the samples 
absorption edges can be utilized for estimating the 
gap via the extrapolation of the curve’ s linear part 
[11]. The band gap of energy was computed by 
equation (2)[15]: 

(αhυ) = B* (hυ-Eg)n…….… (2) 
Where, 
α: The coefficient of absorbance 
h: Constant of Plank 
B: Experimental constant 
ν:Light frequency 

n:A constant that relies upon transmission either 
(1/2) for direct. 
Eg: The energy band gap.  
Figure (4b) illustrates the band-gap of (MgO) 
NPsand (Cs3Fe2Cl9).The band-gap estimated value 
for (MgO and Cs3Fe2Cl9) was (4.05and 2.5eV), 
respectively, as shown in figure (4b)[11]. The 
sample thickness was corroborated as a significant 
parameter to estimate (Eg),it was measured (tMgO = 
148.5nm, and tCs3Fe2Cl9=400nm to 600 nm). The 
quantum limitation influences the band-gap 
energies increment in (MgO) nanostructures owing 
to the size reduction of structures. Such outcomes 
relate to the those of the XRD and the FESEM. 
 

 
Fig.4. (a) The visual absorption and (b) the films energy gap(Eg) 

 
Hall Effect 
The Hall effect is one of the most important ways to 
study the electronic properties of solids, especially 
semiconductors. One of the most common and 
interesting measurements in thin-film applications 
is the information it provides about the nature of 
the sample examined, whether they have a negative 

electrical conductivity (n-type) or a positive (p-
type) through the Hall coefficient signal (RH), as 
well as giving accurate data on the concentration 
and movement of charge carriers in them [16]. For 
moderate magnetic fields, the Hall coefficient is: 
RH = (Pμ-h2-nμ-e2) / (pμ-h+nμ-e)2 ……… (3) 
Figure (5) illustrates thehall effect of MgOpositive 
(p-type). 
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Fig.5. Hall effect of MgO 

Power Conversion Efficiency (PCE) Measurement  
Figure (6) demonstrates the properties (PCE) of 
(TiO2/Cs3Fe2Cl9/MgO), Fill Factor, short circuit 
current, efficiency, and open circuit voltage. 

 
Fig. 6. The (I-V) curve of the Perovskite solar cell 

High efficiency can be obtained using 
(TiO2,Cs3Fe2Cl9andMgO).For the solar cell,the fill 
factor (F.F.)and the power conversion efficiency 
(PCE)were computed by equations (4) and (5), 
respectively[15]: 

F. F. =
ImVm

IscVoc
=  

Pm

IscVoc
 … … … (4) 

𝐏𝐏𝐏𝐏𝐏𝐏 =  𝐕𝐕𝟎𝟎𝟎𝟎⋅𝐈𝐈𝐒𝐒𝐒𝐒⋅𝐅𝐅𝐅𝐅/𝐀𝐀𝐒𝐒𝐒𝐒
𝐏𝐏𝐢𝐢𝐢𝐢 𝐦𝐦𝐦𝐦/𝐜𝐜𝐜𝐜𝟐𝟐 ………… (5) 

Where,  

F.F.: The fill factor, VOC: The open circuit voltage, 
ISC: The short circuit current 
Theses parameters can be found at the room 
temperature, and they possess the values (54.2, 
269.8 mV, and 0.16 mA), correspondingly. The 
Perovskite solar cell efficiency (PCE) is 7.57%. 
 
Conclusions 
In the present investigation, a Perovskite solar cell 
was effectively produced. Results evinced that the 
arranged (MgO) materials descriptions being 
nanostructures utilized to improve solar cell 
efficiency. MgO is proper hole extractor, HTL, 
where as the TiO2 is employed for extracting 
proper electrons, ETL. From energy efficiency 
conversion (PCE) results, it was noticed that solar 
cell photovoltaic characteristics were enhanced 
utilizing MgO NPs. 
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