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This study deals with inorganic perovskite solar cells. Which employs Ni?*-CsPbBr; as a
photon-absorbing layer. In this work, the perovskite layer (Ni*2-CsPbBr;) was prepared
using a simple chemical method. The Ni*2-CsPbBr; samples show spherical and

semispherical clusters of particles with homogeneous distribution of nickel nanoparticles
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on the surface of CsPbBr;. The crystallite size was estimated by using the Scherrer

Physics equation. It is shown that Ni doping causes the phase transition of CsPbBr; from

Electronic, Optical
Q4 and Magnatic
Materials
est quarti

SIR2023 devices.
018

orthorhombic to cubic and also helps to maximize the CsPbBr; perovskite's crystallinity,
which inhibits nonradiative recombination. The Ni*2-CsPbBr; nanocomposite is a readily
produced material, making it suitable for the production of affordable optoelectronic
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1. Introduction

The outstanding optical characteristics of
perovskite nanocrystals (NCs) have garnered
significant attention, indicating their considerable
potential for optoelectronic device design, such as
lasers [1-3], photodetectors[4,5], solar cells [6,7],
LEDs [8-11], and other optoelectronic devices
[12,13]. Pb? plays a crucial role in the valence and
conduction bands, luminescence performance, and
structural stability of CsPbXs, which is largely
responsible for its exceptional attributes and
performance [14,15]. In order to improve stability and
optical qualities without altering the features of the
host CsPbX3, divalent metal ion doping is typically a
helpful technique to partially substitute lead ions [16].
The Ni*2 dopant is shown to have a high propensity
for octahedral coordination with Br~, which causes
the orthorhombic phase transition to cubic phase and
the creation of the Cs(NiPb)Br; alloy [17,18].
Vincent Joseph Garcias' group study charge transfer
and increased light absorption by electrochemically
depositing highly-crystalline ZnO nanorods as a
scaffold for spin-coated TiO, nanoparticles [19].
Shymaa's team used CsPbBr;@SiO, quantum dots
(QDs) and CsPbBr3; QDs thin films deposited on FTO
glass. There were differences in the structural and
optical properties between CsPbBr;@SiO, quantum
dots (QDs) and CsPbBr; QDs [20]. Kim's group
studied altering the Ni doping concentration in
CsPbBr; perovskite. A blue shift is detected in the
photoluminescence (PL) spectra with the gradual
addition of Ni doping. Compared to undoped PNCs,
Ni-doped PNCs have longer lifetimes, stronger light
emission, and higher quantum efficiency [21,22].
Thawarkar's team synthesized a nanocube of Ni
doped CsPbBr; nanocrystals (NCs), revealing cubic-
rectangular morphologies with varying sizes [23,24].
Chen'’s team devised a technique to boost the optical
efficiency of halide perovskite powder by introducing
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transition metal Ni ions as dopants. This led to the
creation of a Cs (NiPb)Br; alloy, improved
crystallinity, and heightened photoluminescence [25].
Abdulsada's team utilized PCBM/TiO; as the
electron transport material (ETM) and Cu,O/spiro-
OMeTAD/P:hT/PEDOT:PSS as the hole transport
material (HTM) in conjunction with (CHzNH3PbX3)
(X=1,Cl,Br) as the absorber layer. This is a low p-
type-doped, CH3;NH3;PbX; solid-state  planar
heterojunction p-i-n solar cell. The n-type and p-type
are sandwiched between what is known as the HTM
layer. At 263.15K, efficiency was about 22.46% [26].
Abdulsada's team used PCBM as ETM and P3;HT as
HTM, where used with the perovskite (CHzNH3Pbl3)
and changed the thickness of ETM from 100 to
2600nm. With this variable, an efficiency of 9.74%
was obtained at 263.15K [27]. Our work discovers the
phase transition of Ni*2-ion-doped CsPbBr; and
offers a simple approach for producing the Ni*2-
CsPbBr; composite with high optical and electric
efficiency.

2. Experiments

Chemicals used in this work were cesium bromide
(CsBr, Sigma-Aldrich, 99%), nickel(ll) bromide
(NiBr,, Sigma-Aldrich, 99.995%), lead bromide
(PbBr,, Sigma-Aldrich, 98%) ethanol (C,HsOH,
Sigma-Aldrich, 99%), N-dimethylformamide (DMF,
Sigma-Aldrich, 99.5%). All chemicals were used
without further purification unless otherwise noted.

For a typical synthesis, in a three-neck flask, a
solution of 1 mmol dried NiBr,, 1 mmol PbBr, in 30
ml DMF was stirred at 70°C for 2 hours. and the
precursor solution was obtained: NiBr,/PbBr,. Then,
adding 1 mmol of CsBr to the previous solution, it
was stirred at 70°C for 2 hours. The solution
transformed from a yellow green suspension to a
transparent one after dissolving. On the FTO glass
substrates, the perovskite layer was deposited on
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FTO/ZnO by the one-step coating method for 10 min.
at a speed of 2000 rpm. After being dried in an oven
at 150°C to obtain Ni*2-doped CsPbBr; films, as
shown in Fig. (1).
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Fig. (1) Schematic diagram of Ni-CsPbBr3 preparation by spin
coating method

3. Results and Discussion

The scanning electron microscopy (SEM) image
in Fig. (2a) shows the morphology and arrangement
of the crystalline rods. Theis SEM image revealed
that the flower consisted of numerous distinct
nanorods composed of lead bromide (PbBr). As the
crystals elongate in a specific direction, they form
microcrystalline rods with varying lengths and
widths. Figure (2b) depicts nanosheets of the CsBr,
and the progression details of the crystalline phases
present on the surface and their distribution.

In Fig. (3a), the SEM image reveals that the nickel
particles have a spherical shape, or are very close to
being spherical, and are distributed in a non-uniform
manner.The SEM images of Ni*2-CsPbBr; films. It is
easy to find that the original film is made up of many
microcrystals that overlap with each other. We also
note small nickel particulates that are randomly and
widely distributed along the entire surface of the large
microstructures this combination provides many
benefits and applications for improving optical
properties as shown in Fig. (3b). Transmission
electron microscopy (TEM) was used to examine
structure and internal composition of materials with
high accuracy. It is possible to see the lattice flaws,
crystal distortions, and crystal structure of the
CsPbBr; thin film (see figures 4a and 4b).

In Fig. (5a), it can be seen that the x-ray
diffraction (XRD) pattern of doped CsPbBr; presents
its characteristic diffraction peaks at 22.6°, 31.88°,
and 44.9°, corresponding to crystal planes of (110),
(200), and (220), respectively, of cubic phase
CsPbBr; (PDF vo. 75-0412). It is noteworthy that
adding Ni*2 to the CsPbBr; crystal causes an
orthorhombic to cubic phase change. Smaller doping
cations are generally thought to be responsible for the
contraction of the perovskite in the CsPbBr; NC
lattice because Ni*2 doping can effectively remove
intrinsic defects like halide vacancies and enhance
both the lattice's short range and local structural order
[28].
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Fig. (2) SEM images of (a) PbBr,, and (b) CsBr

The evolution of the crystalline structure of the
PbBr, samples was further studied using XRD (Fig.
5b). A reasonably broad peak is seen within 21.5°-
37.7° in the XRD pattern. Also we observed some
weak diffraction peaks. The experimental peaks
closely match the standard (JCPDS card no. 00-030-
0697) [29]. In Fig. (5c), the diffraction from the (110)
plane at 29.5° was quite intense. Its appearance
indicated that it was a perfectly crystalline, defect-
free cubic phase. The experimental peaks of CsBr
closely match the standard (JCDP card no. 01-073-
0391) [30]. In Fig. (5d), the characteristic lattice
parameters of Ni component are a=b=c=3.524A
according to JCPDS card no. 04-0850, which showed
that Ni has a face-centered cubic (FCC) phase
structure. Furthermore, the Ni peaks located at
20=44.51° (d=2.034A), 51.85° (d=1.762A) and
76.37° (d=1.246A) were related to (111), (200), and
(220) planes, respectively [31].
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Fig. (4) TEM images of Ni*2-CsPbBr;
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Fig. (5) XRD patterns of (a) Ni2+- CsPbBr3;, (b) PbBr», (c) CsBr,

and (d) Niz+
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The fitting parameters, mainly the open-circuit
voltage (Voc), short-circuit current (Isc), and fill
factor (F.F), were determined from the I-V
characteristics of the solar cells in table (1) for the
CsPbBr;  samples. Increasing Ni2t  doping
concentration from 10% to 30% lead to increase the
power conversion efficiency (PCE) correspondingly
from 9.8568% to 11.8932%. In this process, the
radiative recombination behavior is well encouraged
while the nonradiative recombination is restrained.
With further increasing the doping concentration,
PCE slightly decreases. Therefore, there is an optimal
amount of Ni2+ doping in CsPbBr; to inspire the
enhancement in PCE rather than increasing the defect
related recombination rate as in Fig. (6).
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Fig. (6) Performance of all perovskite solar cells

The PCE of a solar cell is the percentage ratio of
the solar cell's maximum power output (Pmax) to the
power of the incident light (Pin), as shown in the
following equation:

PCE = FF x ’Sc:ﬁ x 100 1)
where Jmax is the current density at the maximum
power output in the J-V curves

Figure (7) shows the absorption spectra as
function of the Ni doping concentration using a UV-
Visible spectrophotometer in the wavelength range
200-1200nm. The first exciton peaks of Nib-CsPbBr;
shifted to higher energies with increasing Ni2+
concentration 20%. At wavelength of 500nm,
CsPbBr; had an absorbance of 0.75, and the
absorbance for CsPbBr;-Nib films in the wavelength
range of 400-500nm increased from 0.8 to 0.95.
Additionally, we observe that the addition of nickel
nanoparticles causes the perovskite CsPbBr; to
absorb more light because these particles help the
material's optical absorption range to expand into
wider spectral regions. This can increase the amount
of light absorbed, which in turn increases the
absorption of ligh.

b NleCstBrZi\/\
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Nic-CsPbBr3
CsPbBr3
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Fig. (7) The absorption spectra of CsPbBr;, CsPbBr;-Nia,

CsPbBr3-Nib, and CsPbBr3-Nic
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Table (1) Photovoltaic parameters of PSCs for all
configurations

Solar cells (Configurations) (m)-l\ls:mz) Voc(V) | F.F | PCE (%)
FTO/ETL/CsPbBrs/HTL/M 8.29 1.45 0.82 9.8568

FTO/ETL/CsPbBr;-Nia/HTL/M 8.40 1.57 0.84 | 11.0779
FTO/ETL/CsPbBr;-Nib/HTL/M 8.48 1.65 0.85 | 11.8932
FTO/ETL/CsPbBr;-Nic/HTL/M 8.37 1.49 0.82 | 10.2264

4. Conclusion

We have successfully synthesized the Ni-
CsPbBr; nanocomposite by a simple chemical
method. The structural phase transition of CsPbBr;
from an orthorhombic phase to a cubic one can be
induced by the lattice contraction after incorporating
the Ni ions. The value of the PCE reaches a maximum
of 11.8932% at an optimal Ni doping of 20%. The
photoluminescence efficiency increases and the
nonradiative combination is positively restricted by
the Ni2+ doping. Our research offers a simple method
for producing the Ni-CsPbBr; composite, which is
less hazardous at low temperatures and in an ambient
setting. This material can be a competitive contender
for applications involving color conversion and light
emission.
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