Mrs.Padmashri Sujit Dharmpatre/Afr.).Bio.Sc.6.12(2024) ISSN: 2663-2187

https://doi.org/10.48047/AF)BS.6.12.2024.4472-4481

AF BS African Journal of Biological Sciences

Journalhomepage: http://www.afjbs.com

Research Paper Open Access

The development of two-dimensional perovskite solar cells that are more stable and
efficient.

Mrs.Padmashri Sujit Dharmpatre
Researcher at Swami Vivekanand University Sagar,Madya Pradesh

Dr.Sandhya Patel
Professor at Swami Vivekanand University Sagar,Madya Pradesh
Article History .
Volume 6, Issue 12, 2024 ABSTRACT' . L.
Received: June 10, 2024 Pervskite sun-powered cells certainly stand out from scientists overall
Accepted: July 5, 2024 because of their fast turn of events and proficiency. In any case, strength is
doi:

as yet an issue that restricts the development of this innovation. The
fabrication and characterization of two-dimensional perovskites of the are
presented in this work. Ruddlesden-Popper's family (A)2(MA)n—1PbnI3n+1
(three unique A-site huge cations were researched: A=n-propylammonium,
t-Butylammonium or Benzylammonium). The materials' band gap got wider
as a result of the modulation of the large organic cations. and improved
thermal and moisture resistance, making it possible to manufacture PSCs.
The remarkable efficiency of 10.35 percent and superior stability of
(BUA)2(MA)2Pb3110 made it possible to retain 68% of its initial value after
1700 h for devices without encapsulation, despite the fact that the organic
interlayers intrinsically reduce the transport properties of the devices and, as
a result, lower currents are obtained in the layered systems.
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RESUMEN:

Due to significant advancements in their efficacy, Perovskite solar cells have attracted scientific
attention in recent years. Sin ban, su estabilidad es todavia un problema que limita el avance de esta
tecnologia. The fabrication and characteristics of bisexual pervoskitas belonging to the Ruddlesden-
Poppery family (A)2(MA)n1PbnI3n+1 are presented in this study (three major cations were studied in
position A: n-propilamonio, t-Butilamonio, or Bencilamonio). The modulation of these cations, which
encourage the formation of a two-dimensional structure, increased the bandgap of the materials and
improved their thermal stability and humidity. Aunque naturalmente la introduccién de estos cationes
genera una disminucién en las propiedades de transporte, reduciendo la corriente de los dispositivos,
se lograron obtener dispositivos con eficiencias de 10,35% para (BUA)2(MA)2Pb3110, que,
presentando una estabilidad mejorada, lograron retener el 68% de fearlessness inicial luego de 1700h
sin encapsulamiento.

Introduction
Since the first report by Kojima et al. [1] in 2009, hybrid perovskite materials with the general
formula AMX3 (A=Cs+, CH3NH3+, or HC(NH2)2+; M=Pb2+; and X=Cl-, Br-, and I-) have
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caught the attention of numerous academics working in the photovoltaic field. The
methylammonium (MA) in three dimensions The most promising material for producing high-
performance solar cell devices is lead iodide (MAPDbI3) [2—-5]. The primary benefits of this
material are connected with its excellent properties as a satisfactory sun-powered cell safeguard,
including little exciton-restricting energy [6], high termination coefficient [7], sufficient band hole
[8], and long exciton and charge dispersion lengths [9]. However, the development of lead-based
perovskite devices in the future faces two major challenges: the lead's toxicity and the degradation
of the material by moisture in the air [10, 11]. The material's improved moisture stability may also
aid in reducing lead toxicity because it may prevent

Perovskite that dissolves easily in water Formamidium (FA) has improved thermal stability but
not moisture stability when MA has been replaced [12, 13]. However, MA can be substituted for
by a wide variety of less water-soluble organic cations. Yet, these bigger cations surpass
Goldschmit's resistance factor that decides the arrangement of 3D perovskites [14, 15]. Stable
perovskite structures in two dimensions, however, are also simple to obtain. Ruddlesden—Popper
layered perovskites with the general formula A2Bn-1PbnI3n+1 are among these 2D stable
perovskites. Can transition from simple 2D (n=0) to 3D (n=) The 2D Ruddlesden-Popper
(BA)2(MA)n1Pbnl3n+1 layered perovskite, in which BA represented the n-butylammonium
cation CH3(CH2)3NH3+, was the subject of research by Cao et al. [16]. When n=3, they
discovered that the best photovoltaic device had improved moisture stability and an efficiency of
4.02 percent. Afterward, in a similar framework, Tsai et al. [17] Used a hot casting technique to
improve the orientation of the films, allowing them to rise from 4.44 percent to 11.44 percent.
Phenylethylammonium cation, PhC2H5NH3+ (PEA), was used in a similar 2D Ruddlesden-
Popper system in the (PEA)2(MA)2Pb3110 system. The resulting devices showed improved
moisture stability and efficiencies ranging from 4.73 percent to 7.02 percent that were highly
dependent on the scan rate (indicating hysteresis) [18]. It is essential to keep in mind that there is
still a significant amount of work to be done regarding the layered perovskite structure when
options regarding the value of n and the combination of multiple organic cations are taken into
consideration [19]. When n=3, the most promising system for 2D Ruddlesden-Popper layered
perovskite was found, according to previous research [20]. In order to speed up the development
of lead hybrid perovskite solar cells, these findings ought to serve as a starting point for
continuing to enhance the stability and performance of these new layered systems. In these
systems, the active layer's final properties are determined by the appropriate organic cation
selection, as large cations with lower polarity can improve moisture stability while also
influencing transport properties across organic chains. Thusly, in this work, we research and
report the creation and properties of 3D MAPbI3 and 2D Ruddlesden-Popper layered perovskites
with n=3. The three-layered perovskites (PA)2(MA)2Pb3110, (BUA)2(MA)2Pb3110, and
(BEA)2(MA)2Pb3I10 were created by selecting three organic cations of varying natures, such as
n-propylammonium (PA), t-butylammonium (BUA), and benzylammonium (BEA). Due to
differences in size, structure, and hydrophobicity; all of the materials had very different
photovoltaic properties; however, they all had better moisture stability than the 3D MAPDbI3
perovskite. In contrast to PA and The (BUA)2(MA)2Pb3110 system benefited from enhanced
transport properties and adequate moisture tolerance thanks to BEA, the shorter branched BUA
cation. Methods of experimentation

Perovskitesynthesis
Organic cations from Dyesol were used, including Methylammonium iodide (MA),
Propylammonium iodide (PA), t-Butylammonium iodide (BUA), and Benzylammonium iodide
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(BEA). Lead iodide (Alfa Aesar) served as a lead source, and dimethyl sulfoxide (DMSO, Sigma
Aldrich) and dimethylformamide (DMF, Alfa Aesar) were utilized as solvents. To get the
MAPDI3 antecedent arrangement, Mama and lead iodide were broken down and DMSO (1:1:1
molar proportion; 55% wt.) in N,N-dimethylformamide (DMF, Alfa Aesar) and blended at room
temperature for 1h. Similar methods were used to obtain the layered perovskites' precursor
solution. The molar ratio was MA: PA, BUA or BEA: lead iodide (2:2:3), and the concentration
remained constant. The precursor solutions were spin-coated on top of a glass substrate for 25
seconds at 3500 rpm in an air-filled environment to produce the films. After ten seconds of
spinning, 500 mL of Diethyleter (Aldrich) were dropped onto the substrate. The movies were then
tempered at 65 oC for 1 min in addition to 100 oC for 10 min.

Devicefabrication

Glass coated with ITO was used to make the devices (Naranjo). The substrates were washed with
impartial cleanser (Inmunodet neutro-nonpartisan cleanser) and successively sonicated in DI
water, CH3)2CO, and isopropanol. Then, they were treated with bright ozone for 5 min. Spin-
coating a NiOx dispersion resulted in the fabrication of the NiOx hole transporting layer. [21]
under air conditions for 30 seconds at 3000 rpm and a 3 s ramp. The precursor solution was then
spun-coated for 25 minutes at 3500 rpm to deposit all of the perovskite layers. s. 500 mL of
Diethyleter (Aldrich) were spun during dropped 10 seconds later onto the substrate. The films
were then annealed for one minute at 65 oC and for ten minutes at 100 oC. A 20 mg/mL solution
of PCBM (1-Material) was spin-coated in chlorobenzene (CB) at a speed of 2000 rpm for thirty s.
A 0.5 mg/L solution of rodhamine 101 was spun coated at 4000 rpm for 30 seconds before being
deposited on top of the PCBM layer. Silver electrodes of 100 nm size complete the devices. Were
thermally evaporated in a vacuum of 106 mbar at a deposition rate of 0.1 nm sl, producing
devicesWith a 0.09 cm?2 active area

Characterization

X-ray diffractograms were collected from 26=5° to 50° inaBragg-Brentanogeometry,
fromthepreparedthinfilmsin a PANalytical diffractometer, utilizing Cu K0 (1.5408 A) radiation
with a stage size of 0.04° and a speed of 2° each moment. Using a Cary 100 Agilent spectrometer
and a Cary Eclipse Agilent spectrometer, optical absorption and photoluminescence were
measured in the 400-850 nm range, respectively. The electrical portrayal of the gadgets was
performed utilizing a 4200SCS Keithley framework at a voltage cleared speed around 400 mV/s
in blend with an Oriel sol3A sun test system, which was adjusted to AM1.5G standard
circumstances utilizing an oriel 91150 V reference cell. An Oriel IQE 200 was utilized to decide
the outer quantum effectiveness in the scope of 300 to 800 nm. AFM images of the morphology
were obtained from Oxford Instruments using a MFP-3D infinity. The samples were connected to
an external bias that existed between the ITO substrate and the AFM tip in order to produce
photoconductive AFM images using the same equipment. After that, a voltage sweep was done,
and the current that was going to the tip was measured. For dark measurements, the samples
weren't lit, but for white measurements, they were lit.



Mrs.Padmashri Sujit Dharmpatre/Afr.J.Bio.Sc.6.12(2024) Page 4475 of 10

m
X

MA),[Pb,| ]

m

e

BUA),(MA),[Pb,|. ]

-‘J‘LJ u—ML‘k_.‘.._/JLJJL_I\

(PA),(MA),[Pb.!. ]

€ . = d)

Contact An, gie

Intensity (a.u)

20 (degree)

Figurel Two-layered perovskites. a) Construction of the different natural cations used to combine
the layered perovskites. b) Absorption spectra and c) PL intensity for the layered perovskite thin
films. d) Photograph of the water drop's contact angle. indicating that the layered perovskites are
more hydrophobic.

Results

Figure 1a depicts the various organic cation structures utilized to produce the hybrid perovskites.
Note that n-propylammonium (PA) is a linear compound. Benzylammonium (BEA) is an
aromatic cation with one carbon atom and an aromatic phenyl group, while t-butylammonium
(BUA) 1s a branched-chain with four carbon atoms. Because of the expanded substance of carbon
molecules according to Methylammonium (Mama), the presentation of these cations makes it
conceivable to acquire more hydrophobic designs. However, the tolerance factor [22] indicates
that 3D perovskite cannot be produced with large cations. The determined retention beginning
expanded with a propensity like size of the natural cation, coming about in 1.57eV for MAPbI3,
1.61eV  for (PA)2(MA)2Pb3110, 1.57eV for (BUA)2(MA)2Pb3110 and 1.68eV for
(BEA)2(MA)2Pb3I10 (Figure 1b) in concordance with the PL. emanation as displayed in Figure
1c. The optical band holes (Eg) in the layered materials expanded concerning the 3D perovskite in
light of quantum restriction impacts [23]. Similar to other studies on hybrid perovskites, these
findings show an increase in the (BA)2(MA)n1Pbnl3n+1 series with the decreased inorganic slab
thickness from n = to n =1 [16]. Nonetheless, in all cases, the band hole shift is not extremely set
apart because of the presence of layer-edge-states (LES), showing that the excitons are nearly
ionized into free transporters at room temperature, giving a pathway for separating excitons into
longer-lived free-transporters [24]. For photovoltaic applications, the efficient PL found in all
samples is crucial because It is a sign of carrier generation, which makes it possible to access the
highest open-circuit voltage. [25] Take note of the fact that, in accordance with the exciton
absorption in the 500 nm to 550 nm range, the largest BEA cation displayed three distinct
emission peaks. On the other hand, we also kept an eye on how the hydrophobicity of the film
changed. The droplet's contact angle is shown in Figure 1d as water (7 L) increased in proportion
to the organic cation's size. expanded, going from 44.84° for MAPDbI3 to 60.51° for
(BEA)2(MA)2Pb3110. The increased resistance to moisture should also be reflected in this
improvement in the contact angle. X-ray diffraction (XRD) confirmed the obtained materials'
structural integrity. The new peaks at low diffraction angles confirm that hybrid layered
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perovskites were created by altering the MAPbI3 perovskite's 3D structure, as depicted in Figure
2. The layered materials related to (PA)2(MA)2Pb3110, (BUA)2(MA)2Pb3I110, and
(BEA)2(MA)2Pb3I10, a result of cutting the 3D perovskite into obvious 2D chunks.

Figure2ExperimentalXRDspectraforthree-dimensionalperovskite(MAPbI3 Jandthetwo-
dimensionalperovskites

The films were subjected to a moisture stability test at 80 percent in order to investigate the
stability of the layered materials. Relative Mugginess. The progression of the films up to a 27-
hour exposition time is depicted in Figure 3a. Degradation was very obvious in the MAPbI3
sample, and after 19 hours, transparent yellowish zones formed, indicating perovskite hydration
[26]. However, as depicted in Figure 3b, the layered samples were more stable because they
began to exhibit significant color changes after 27 hours. The previous indications that larger
cations result in more stable films were followed by the stability trend. Additionally, temperature
stability is a crucial aspectfor photovoltaic applications because organic cations like
formamidinium (FA) have been shown to improve the perovskite's thermal stability [27, 28]. As a
result, the films also underwent a 15-day temperature stability test at 85 °C. Similar to the
moisture test, the thermal stability of the layered perovskites was higher than that of the 3D MA-
based perovskite. This was probably because the large organic cations in the MA were more
difficult to volatilize.

Figure32D perovskites' improved resistance to moisture. a) Images of the films and b) Time-
dependent absorption decay for the test of moisture stability at an RH of 80%

As shown in Figure 4a, the morphology of the materials was affected when the large inorganic cations
were added to the 2D perovskites. The MAPbI3 sample had a similar morphology, with grains that
were well-defined and had an average size of 180 nm. The morphology of the (PA)2(MA)2Pb3110
perovskite featured less distinct grains embedded in what appeared to be an amorphous phase for the
two additional linearly connected carbons. The fact that the layered structure does not have a large-
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range 3D continuous order indicates that this phase should correspond to tiny grains that are limited by
the PA layer. However, for the situation,

Figureda-d) AFM images illustrating the morphology of MAPbI3, (PA)2 (MA)2 Pb3 110, (BUA)2
(MA)2 Pb3 110, and for (BEA)2 (MA)2 Pb3 110 films, respectively. e-h) superposed AFM and
photoconductive AFM images illustrating the morphology of MAPbI3, (PA)2 (MA)2 Pb3 110, (BUA
influenced by the continuity of the phase [29] As a result, it would be ideal to have improved
resistance to temperature and moisture while its transport properties would be less affected.
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Large grains have been observed in the (BUA)2(MA)2Pb3110 structure of the BUA cation, which has
three additional carbon atoms. This is probably due to the fact that this branched cation only produces
a continuous chain of two carbon atoms, making the layer separation shorter than that of the PA cation,
as was previously discussed in terms of its smaller unit cell. The phenyl bunch in the BEA cation is the
biggest gathering in the layered perovskites; it permitted the development of little grains that are more
modest than the ones framed by BUA, yet bigger than those shaped by Dad cations, likely in view of a
superior connection between the phenyl gatherings. This distinction in morphology is vital since the
vehicle properties of these materials are amazingly to study both, photoactive and transport properties
of the movies, photoconductive AFM was performed. While a voltage sweep between -400mV and
800mV was applied, the films were illuminated. As shown in Figure 5, this made it possible to obtain a



Mrs.Padmashri Sujit Dharmpatre/Afr.J.Bio.Sc.6.12(2024) Page 4478 of 10

J-V curve that was used to compare the photovoltaic properties of the films. Voc increased in the
opposite direction due to the larger band gaps of the layered perovskites, but the generated current
followed the decreasing order of 3D MAPbI3 >BUA- >BEA-> PA-based 2D perovskites. Figure 4e—
4h depicts the superposition of the morphology and photoconductive AFM images. Similar to studies
that suggested transport depended on the facets of the material [30], 3D MAPbI3 displayed a clearly
defined contrast between the produced current and each grain. The (BUA)2(MA)2Pb3110 test was the
just layered perovskite that delivered some differentiation between grains, showing the nearer conduct
to a 3D perovskite. The production of planar photovoltaic devices was facilitated by the uniformity
and high quality of the layered perovskite films. Compared to the 3D perovskite, these films produced
intriguing results for solar cells. The fabricated devices' photovoltaic performance is summarized in
Table 1. The best-performing reference device for the MAPDI3 sample had an average power
conversion efficiency of 16.16 percent. The presented devices are (PA)2(MA)2Pb3I110 and
(BEA)2(MA)2Pb3I10.

d I | -

Figure6Layered perovskites' photovoltaic performance: a representative J-V curve, EQE spectra, and
a stability test at 60% Perovskite devices without encapsulation have a R.H of up to 1700 hours.

A typical effectiveness of 1.10% and 2.19%, separately. The low current that was obtained was
primarily responsible for this poor performance. This is to be expected because organic cations,
which act as an insulating spacing layer between the inorganic conduction slabs, prevent out-of-
plane charge transport in layered systems, resulting in relatively poor efficiency [17]. As a result,
one approach to the best results relies on the possibility of having films that have a preferential
out-of-plane alignment with respect to the contacts to facilitate efficient charge transport. The
(BUA)2(MA)2Pb3110 layered perovskite material's improved current resulted in improved
photovoltaic performance, with a best efficiency of 10.35 percent and an average efficiency of 8.25
percent, respectively. The typical J-V curves for each of the devices that were obtained are
depicted in Figure 6a. Figure 6b's EQE confirmed the obtained current, which followed a pattern
similar to that of the photoconductive AFM: 3D MAPbI3 >BUA- >BEA-> PA-based 2D
perovskites. However, in devices without encapsulation and exposed to 60% R.H., comparative
long-term stability measurements for all perovskites were carried out. The effectiveness
development for this test is displayed in Figure 6c. The (PA)2(MA)2Pb3I110 and
(BEA)2(MA)2Pb3110 perovskites showed a slower decay, but this improved stability did not
provide any advantage due to the low performance. After 1700 h, the efficiency of the 3D
perovskite was almost null. In contrast, devices with an average efficiency of 5.98% after 1700
hours were produced by of its initial value. As shown in Figures 7a—7c for Jsc, Voc, and FF decay,
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degradation of Jsc was the primary driver of efficiency decline. Figure 7d shows that the MAPbI3
devices began to become transparent, indicating that perovskite hydration [26] was the most likely
degradation mechanism for the two-dimensional samples.

Conclusions

We have conducted in-depth research on various hybrid perovskite materials belonging to the
Ruddlesden—Popper family. The three large organic cations used to fabricate the layered
perovskites showed improved moisture and thermal stability but marked differences in the
photovoltaic performance, demonstrating that the proper selection of the organic cations plays an
important role in the final perovskite morphology and properties. This was demonstrated by
structural characterization and device performance. In addition, devices employing
(BUA)2(MA)2Pb3I10 as the active layer achieved an efficiency of 10.35 percent. When exposed
to 60%, these unencapsulated devices retained 68% of their performance. R.H throughout the
course of 1700 hours, which is superior to the control MAPbI3 devices. PSC stability can be
improved by selecting the right organic spacer in a two-dimensional perovskite, as shown by our
findings.(BUA)2(MA)2Pb3110, which retained 68%
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