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Available Online: 10 DEC, 2021 . . .
vatiable Snine new types of perovskites using the one-step method by changing the

weight ratios of lead halide Pbl, in a fixed weight ratio of methyl
ammonium bromide MABTr, where they were classified into samples P
which represents MABI/Pbl, weight ratios (0.22:0.39)g, P, which
represents MABI/Pbl, weight ratios (0.22:0.°9)gand P; which
represents MABI/Pbl, weight ratios (0.22:0.79)g and the impact of this
Hybrid Perovskites change was studied. High crystallinity was obtained in the crystal
Methyl ammonium (MA) . . . . .
Optical Properties structure of the P, sample after increasing the weight ratio of lead halide
FESEM Observation from 0.39 g to 0.59 g. Then the crystallization decreased and the crystal
structure changed after increasing the weight ratio from 0.59 g to 0.79 g
in the sample P;. The increase in Pbl, weight from 0.39 g to 0.59 g and
0.79 g affected the absorption edge and shifted widely towards long
wavelengths (red shift) from 625 nm to 691 nm and 805 nm. The
energy band gap changed from 1.98 eV to 1.79 eV and to 1.53 eV. The
study showed that the surface morphology of these samples, where a
sample with a homogeneous film with a high density was obtained,
resulted from an increase in the weight of lead halide from 0.39 g to
0.59 g and with small Nano-diameters of 34.25 nm for the P, sample.
After increasing the weight from 0.59 g to 0.79 g, a sample was
obtained with a less dense membrane that contains many voids and a
semi-micro large particle diameter is 97.32 nm for the sample P-.
Finally, the sample P, was selected with good crystalline and optical
properties and a homogeneous surface formation with a high density
that could enter into the special composition for the manufacture of
optical devices with high efficiency and stability.
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1. Introduction
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the Ural Mountains in Russia, a mineral
consisting of CaTio3, classified it the Russian

Over the past ten years, great interest has
been raised in organic-inorganic perovskites.
which made them very important materials in
industries such as transistors, sensors,
photodetectors, and photoelectric cells [1,2].
This is because of their Tunable optical
properties, High carrier mobility, surface
deposition techniques, Low cost, and High
efficiency [3,4]. In 1839 a German scientist
Gustav Rose discovered during his journey in

mineralogist Lev Perovsky which he named
perovskite in 1792-1856 [5,6]. The prominent
crystal structure of perovskite was first
described by Victor Gold Schmidt in 1926. The
scientist D. Weber in 1978 developed the first
organic-inorganic perovskite in the original
halide compound which methylammonium ions
replaced the cesium cations. Perovskites are
class of compounds which are represented by
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the general chemical formula ABXs. These
materials in the A site perform a cation which is
commonly organic such as methylammonium
(MA) or formamidinium (FA) in the B site a
divalent metal such as incor lead (Pb®*) and tin
(Sn*"). And in the X site the metal ions are
octahedrally coordinated by 8 halide anions
(CI', Br, I') as shown in figurel [7,8]

B: Sn, Pb

X: I, Br, Cl

A: MA (CHNH.) ),

FA ([HC(NH)) | ), Cs

[ v

Figure 1. Perovskite ABX; structure [8].

Methylammonium lead halide perovskites
MAPbX3; (MA= methylammonium) CH3NHs;
and (X=Br, CI, 1) hybrid organic-inorganic
attention has recently increased with these
structure in particular, which has a power
bandgap that can be controlled by changing the
cation or the metal or the halides.

Geometric tolerance factor (t)

The first description of the tolerance factor
for perovskite was made by Victor M.
Goldschmidt in 1926. Tolerance factor (t) is an
indicator for the stability and distortion of
crystal structures. It was originally only used to
describe the Perovskite ABXj structure, but now
tolerance factors are also used for ilmenite.
Which is calculated based on the ratio of
the ionic radii. It is the ratio of the (A-X) is
a/+2 distance to the (B—X) is a/2 distance. The
tolerance factor is given by the following

relationship [9,10].
R, +R
t = # (1)
V2 (Rg + Ry)
R, is the radius of the A cation, Rg is the

radius of the B cation and Ry is the radius of the
X anion.

2. Experimental Part

Materials
Methylammonium CH3NH;, Hydrobromied
acid HBr, Diethyl ether (C,Hs),O (DEE), Lead

nitrate  Pb(NOg3),, Potassium iodide KiI,
Dimethyl formamide DMF, Ethanol, Acetone,
Laboratory examination slides (WLD).

Preparation of Methylammoniom halide

MABr was synthesized according to
reacting 9.2ml amethylammonium CH;3NH,
with 14.6ml Hydrobromide acid HBr in a three
neck round bottom flask was placed mixture
down the ice bath about 0°C for 1lh with
stirring. A yellow mixture was obtained from
CH3NH3Br (MABTr) the mixture was turned into
a powder by placing it on a drying system to
evaporate at 60°C for an hour. MABr were
washed with a Diethyl ether DEE (6) times.
Then the powder was dried by evaporation at
80°C for 3h to obtain a powder from MABr
[11,12]. As shown in figure 2(a).

Preparation of lead halides

Pbl, were synthesized first, in which 2g of
each of lead nitrate Pb(NOj3), and potassium
iodide KI were dissolved in 50ml of deionized
water for each substance and then aqueous lead
nitrate Pb(NOg3), was mixed with aqueous KI.
After a sediment was formed at the bottom of
the beaker, and by means of a mixture filtration
and drying process on the heating plate, a
yellow powder of Pbl, [11,12]. Was formed as
shown in figure 2(b).

Perovskite Preparation

MApbI,Br was prepared in one step by
mixing proportions of constant weights 0.223g
of MABr with three different ratios (0.39,0.59
and 0.79)g of lead halide pbl, Each type of
mixture was dissolved with  Dimethyl
Formamide (DMF) The solvent was heated at a
temperature of 70°C for 1h with stirring[11].
The mixture was deposited on a glass plate with
a spray system using a device (spin coating) as
shown in figure 2(c).

‘" ‘e = @
LA\ E‘" 5 ;‘ N
cuss R [ \ =
Py £S5 g%

Figure 2. a) MABYr powders, b) Pbl, powders and c) kinds of
films Perovskites CH;NH;Pbl,Br.

The precipitating film was annealed for
10min at 70° C to obtain a films of perovskite
that was classified as P31, P4 and P7 as shown in
Tablel. Which provides information about all
Perovskite preparations in this study.




JOURNAL OF KUFA-PHYSICS | Vol. 13, No. 2 (2021)

Wadah Mohammed Mahdi, Aref S. Baron

Table 1. The classification of perovskites MAPbI,Br Preparation

Sam- Salt Lead | Perovskite | Weight | Weight | Time | Tem. Solution Thin film
Salt (g) | Lead (g) (h) 9 Color Color
Py 0.39 Light dark
Yellow Orange
MABr | Pbl, | MAPbI,Br | 0.223 1 70
P, 0.59 yellow Brown
P, 0.79 yellow clear Black
600
b Pbly
3. Result and Discussion 500 - (112)
XRD Analysis o0
The X-ray characterizations of components 3 (210)
of MABr and Pbl, organic-inorganic which § 300 |-
were prepared are very important to understand 5
the behavior of the prepared perovskites by T 200f (2115212)
mixing two of these components in the one step @00 (404
method. For MABT, figure 3(a) shows the main 100 | @20 | G0 |
peaks at 20.3° 27.6° 30.7°, 33.4° 40.8° 45.5°, f
and 52.2°. Indexed (110), (111), (200), (210), o EEE=EE 2|5ngl‘(;~wj3|5 et
(22(_)), (_300) and (320) planes re_spectlvely. 20(degree)
While flgure 3(b) shows the behavior of Pbl, Figure 3. X-ray diffraction pattern for (a) MABr (b) Pbl,.

with main peaks at 25.8° 34.2° 38.5° 39.5°
41.6°, 45.1°, 47.8° 52.3° and 53.2° as in,
indexed (111), (210), (211), (212), (220), (300),
(310), (404) and (320) planes. This agrees with
refs [13,14].

4000

a MABr
(110)
3500 |
3000 |-
S 2500
&
2 2000 |
£ (200)
= 1500}
1000
500 (112)
(2100 (220) (300) (320
0 T T JILI T T 'Al“" IA"‘IA'LIL
15 20 25 30 35 40 45 50 55
20 (degree)

X-ray diffraction pattern was performed to
investigate the crystalline structure for three
types of MAPDbI,Br perovskites P;, P4 and Ps.
As shown in the figures 4, 5 and 6.

Figure 4 explains the X-ray diffraction
pattern of P; which represents MAPbDI,Br
perovskite was prepared with weight ratios
(0.22:0.39)g for MABI/Pbl,. The main peaks of
this pattern at 14.9° 16°, 28.7°, 30° and 41°. as
indexed (100), (110), (200), (210) and (220).
Which agrees with refs [15].




JOURNAL OF KUFA-PHYSICS | Vol. 13, No. 2 (2021)

Wadah Mohammed Mahdi, Aref S. Baron

24000

P1

20000

16000

(200)

12000 -

Intinsity (a.u.)

8000 -

4000
(100)

F 1 (110) J (210) (ZJZ\E)
0 T
15

20 25 30 35 40 45 50 55
20 (degree)
Figure 4. X-ray diffraction pattern to the P, film.

behavior of each directional tetragonal
structure, this agrees with refs [17,18].

The X-ray diffraction pattern of Py
explained in figure 5. This perovskite was
prepared of with weight ratios (0.22:0.59)g for
MABI/Pbl,. The main peaks of this pattern
were at 14.9°, 16°, 28.7> 30° and 41°. As
indexed (100), (110), (200), (210) and (220).
The diffraction peaks of P, corresponds to Py,
but the XRD peaks intensity increases when
Pbl, was increased of P4. This indicate for a
high cubic crystal system, which agrees with
refs [16,17].
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Figure 6. X-ray diffraction pattern to the P, film.
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Figure 5. X-ray diffraction pattern to the P,
film.

4. Optical Properties

For the UV-Visible absorption and
photoluminescence study, prepared a films of
the perovskite material deposited upon glass
substrate. The band gap of the material is
calculated by using formula:

Eq=1237.5/ 1 ()

where Eg is a band gap of the material and
A is the wavelength of absorption onset curve
[19].

Figures 7, 8 and 9 showed the absorbance
spectra perovskites MAPDbI,Br for P;, P4 and Py
samples. Increasing the Pbl, weight ratios of the
ratio of to MABr causes in affected the
absorption edge shifting it widely towards long
wavelengths (red shift) 625nm, 691nm and
805nm, and the energy gap changed 1.98eV,
1.79eV and 1.53eV. This agrees with refs
[20,21].

Figure 6 explains the X-ray diffraction
pattern of P; sample. The prepared with weight
ratios of (0.22:0.79)g for MABr/Pbl,. The main
peaks of this pattern were seen at 14.3°, 20.2°,
24.8° 28.9° 32.3° 35.6°% 41.3° 44° and 51°. As
indexed (100), (110), (111), (200), (210), (212),
(220), (300) and (320). It was observed that
when lead halide was increased, the diffraction
intensity decreased and the diffraction peaks
increased. The peak at P; corresponds to the
diffraction peak of perovskite MAPDbI; the

Py
3
C
[+
o0
-
8
o
<
T T T T T
400 500 600 700 800 900

Wavelength(nm)
Figure 7. The absorbance spectrum of P.film.
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Figure 9. The absorbance spectrum of P;
film.
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Figure 8. The absorbance spectrum of P, film.
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FESEM images were used to provide
information about surface morphology of the
materials. The morphology of perovskites
which prepared in the one step method (spin
coating) on the glass. The precursor kind and
ratios plays a critical role in determining the
surface morphology and size.

The morphology of perovskites MAPDbI,Br
is shown in the Figures 10 (a), (b), (c) for Py, P4
and Py films, respectively. P; sample was small
crystals that has a diameter of around 32-61nm.
While increasing the ratios of the weight of Pbl,
the P, sample has diameter of around 34-54nm.
It seemed denser and homogeneous. The
perovskite P; has diameter of 97-190nm with
many surface slits and it has a large size This
agrees with [22,23].

Figure 10. FESEM perovskites images (a) of sample P, (b) of sample P, (c) of sample P.

5. Conclusion

In this study, the organic-inorganic
perovskite types were preparation and
characterization after classification there to Py,
P4 and P,.

The effect of changing the weight ratios of
lead halide on the kind of perovskite, by mixing
MABT with three ratios of Pbl, were studied.

The increase in the weight ratios of Pbl,
affected the absorption edge, shifting it towards
long wavelengths (red shift) and reducing the
energy bandgap.

Finally, the morphology of the deposition
surface of the perovskite material was observed.
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The type of perovskite P, appeared in the form
of homogeneous nanoparticles with high density
and continuous. It was possible to increase the
efficiency and stability of perovskite.

Through tuning the band gap in perovskite
by changing the weight ratio. It is very easy to
fabricate active material in the manufacture of
solar cell, optical sensors, light-emitting diodes,
operating in wide wavelengths or any
wavelength.
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