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Lead-free halide perovskites have been explored ardently for optoelectronic applications. Organic—inorganic
hybrid halide perovskites have shown promise with novel optical properties, bandgap tuning and improved
carrier dynamics, while introducing a quantum well structure. Herein, phenylethyl ammonium (PEA), an
organic cation, was incorporated into cesium bismuth bromide (CBB) to enhance its multi-quantum well
structure and synthesize organic—inorganic hybrid nanosheets of PEA-doped cesium bismuth bromide (PEA:
CBB). Optimal doping conditions led to the formation of stable layered PEA:CBB hybrid nanosheets, evidenced
by XRD and HRTEM analyses. DFT calculations revealed a minimum-energy structure in which PEA adopts a
horizontal alignment between the inorganic slabs of CBB. The incorporation of PEA introduces new electronic
states, resulting in extended luminescence tails and altered carrier lifetime. Third-order non-linear optical
characterization of pristine and hybrid particles revealed that the multi-quantum well structure and additional
trap states induced by PEA increase the two-photon absorption coefficient and reduce the optical limiting
threshold of CBB. The present study indicates conceivable relevance of lead-free bismuth-based halide per-
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1. Introduction

Halide perovskites have garnered significant attention in the
optoelectronic field owing to their excellent optical properties
and tunable bandgaps. Their inherent versatility to autono-
mously and synergistically form hybrid structures by amalga-
mating organic and inorganic components enables effective
modulation of structural, optical, and electronic properties.
Though research on halide perovskites initially focused on
lead-based systems, concerns over lead toxicity and their
instability under heat, air and moisture has opened up a new
avenue for research on its lead-free alternatives."™ Most
studies on lead-free perovskites have focused on the replace-
ment of Pb with Sn, Bi, Ge, and Sb due to their similar elec-
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ovskites and their variants in optical limiting applications.

tronic configurations.”™ In particular, Bi- and Sb-based A;B,X,
perovskites (where B = Bi or Sb) have emerged as promising
greener and more stable candidates.’® These perovskites are
composed of corner-sharing double-layered [BBr4]*~ octahedra,
with one-third of the B cation sites unoccupied compared to
conventional ABX; perovskites. While several studies have
explored the phase, crystal structure and optical properties of
bismuth-based perovskites, only a few have reported their
optoelectronic and photovoltaic applications.”*™® A more
detailed investigation of these greener and less toxic perovs-
kites is necessary to better understand their properties and
identify practical applications.

Tuning optical properties has been the foremost motivation
for cation or anion engineering in lead-based halide perovs-
kites. Varying anions and/or A-site cations in Pb-based perovs-
kites has enabled the tuning of bandgaps across the entire
visible spectrum.' Organic molecules have been observed to
occupy the A-site cation, enhancing the electrostatic stability
of perovskites without considerably affecting their electronic
structure. However, the incorporation of organic cations can
reduce structural symmetry, which may alter the electronic
states of the perovskites.”> Moreover, introducing organic
molecules that interact strongly with the inorganic framework
allows effective modulation of optoelectronic properties.'®
Organic cations such as phenylethyl ammonium (PEA) or buty-
lammonium(BA) are known to occupy the spaces between the
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inorganic layers of corner-sharing [BXs] octahedra, acting as
spacer cations and resulting in layered halide perovskites
structures. These structures exhibit enhanced stability owing
to the bulky and hydrophobic nature of the organic molecules,
and have been applied in photovoltaics and light-emitting
diode applications."””® The incorporation of such organic
molecules with large dielectric constants gives rise to intrinsic
quantum-well (QW) structures, in which the semiconducting
inorganic slabs act as the quantum wells and the organic
dielectric layers serve as barriers.>" This architecture leads to
interesting optical and electronic properties applicable in
different optoelectronic devices.

Along with linear optical properties, nonlinear optics has
been a focus in 3D bulk semiconductor materials. However,
with the dawn of 2D materials, systems including transition
metal dichalcogenides (TMDs) (WS,, WSe,, MoS,, MoSe, etc.),
black phosphorus (BP), hexagonal boron nitride (h-BN), and
halide perovskites have shown promising non-linear properties
that expand their technological relevance.”> 2D materials find
successful application in non-linear technology due to their
large and ultrafast nonlinear optical response, broadband and
tunable optical absorption, ultrafast recovery time, consider-
able optical and thermal damage thresholds, high chemical
and mechanical stability, and inexpensive fabrication
methods. The strong optical nonlinearity and ultrafast
response of these materials have been successfully employed
in all-optical modulators, saturable absorbers (SAbs) used in
passive mode locking and Q-switching, wavelength converters,
and optical limiters.>?

In perovskite structures, introducing dopant cations has
proved to change carrier type and mobility, along with the
band structure. Incorporation of an organic cation such as
phenylethylammonium (PEA) or butylammonium (BA) has
been shown to increase stability and form layered perovskites
with intriguing properties. Addition of an organic cation could
also enhance the nonlinear absorption coefficient, attributed
to the enhanced quantum and dielectric confinement in the
organic-inorganic multi-quantum-well structure.>® In this
work, we have designed a simple and straightforward method
for synthesising PEA-doped Cs;Bi,Bry nanosheets to tune the
multi-quantum well structure of Cs;Bi,Bry, employing a single-
step one-pot heating up method, The structural, morphological
and optical characterisation of the samples was carried out to
analyse the changes promoted by PEA addition. The non-
linear characteristics of the samples were analysed using open-
aperture Z-scan method. The systematic studies showed that
PEA incorporations tunes the optical properties of Cs;Bi,Br,.
The investigations demonstrated that PEA-doped Cs;Bi,Bry
shows potential in optical limiter applications.

2. Results and discussion

A modified heating-up method, as described in the experimental
methods section, was followed for the synthesis of pristine and
PEA-doped Cs;Bi,Bry (CBB). The fundamental characterizations

8160 | Dalton Trans., 2025, 54, 8159-8168

View Article Online

Dalton Transactions

were performed via X-ray diffraction, Raman spectroscopy and
high-resolution transmission electron microscopy.

The phase and crystal structures of PEA-doped CBB were
investigated via X-ray diffraction (XRD) studies. Fig. 1(a) shows
the XRD patterns of pristine and PEA-doped CBB perovskites.
CBB shows five prominent diffraction peaks originating from
the (001), (101), (110), (003) and (022) planes, which match
well with standard ICSD data (ICSD: 01-070-0493), as shown in
Fig. 1(a) (black trace). This confirms that the synthesised CBB
adopts a hexagonal crystal lattice with the space group P3m1.
At room temperature, CBB consists of bilayers of Bi*" octahe-
dra lying perpendicular to the crystallographic c-axis
(Fig. 2(a)). In the XRD reflections, peaks corresponding to
planes lying fully parallel to the c-axis, including the (001),
(002) and (003) planes, are relatively sharp and exhibit smaller
FWHM values compared to the reflections corresponding to
planes with components perpendicular to the c-axis. This indi-
cates a smaller dimension in this direction. This anisotropy is
also observed in the TEM images, which reveal that the sample
consists of small nanoplatelets with lateral dimensions of
approximately 150 nm. The lattice parameters of the hexagonal

. . . 1
lattice of CBB were calculated using the equation — =

d2

é(—h2+hk+k2) +E asa=bh=798+0.03Aand c=985=
3 a? c?
0.05 A

In accordance with Bragg’s equation, if the spacing between
crystal planes increases, the value of 26 corresponding to the
peak of the associated crystal plane will decrease. Upon
doping with PEA, the (001) peak is observed to shift slightly
towards a lower angle. The hexagonal phase of CBB encom-
passes a layered structure, wherein the inorganic sheets of
cesium bismuth bromide alternate with layers of vacant space,
hence the term vacancy-ordered perovskites. The shift and
broadening of the (001) plane suggest the possible incorpor-
ation of PEA between the inorganic sheets. As the concen-
tration of PEA dopant increases, a prominent peak at 6.8°
corresponding to phenylethylammonium bismuth bromide
(Fig. 1(a) and (b), marked with an asterisk), appears alongside the
diffraction peaks of CBB.*® The formation of this new phase indi-
cates the doping limit of PEA in CBB, and thus further doping
was not pursued. Additionally, at the highest concentration, in
the sample PEA:CBB(0.5), a peak at 32.5°, corresponding to the
formation of bismuth oxybromide, is present as an impurity
phase, indicating sample instability at high PEA concentrations.
XRD reflections can also be employed to determine the extent of
coherently diffracting domains. The crystallite size (D) was calcu-

kA
Pp cos 0
k is the shape factor (typically 0.94), A is the wavelength of the
incident X-ray, fp, is the full width at half maximum of the most
intense peak, and 6 is the corresponding Bragg angle.**® The
average crystallite size is observed to decrease slightly, from
38.44 nm in the pristine sample to 33.3 nm with increasing PEA
concentration.

lated using the Scherrer equation, given by D = , where

This journal is © The Royal Society of Chemistry 2025
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Fig. 1 Structural Analysis of CBB and PEA:CBB. (a) XRD reflections of the pure and doped samples-CBB, PEA:CBB(0.2), PEA:CBB(0.4) and PEA:CBB
(0.5), respectively. The doped samples show a relative shift in the diffraction angle of (001) plane towards lower angles (highlighted). (b) XRD reflec-
tions below 10°, clearly showing the (001) plane shifting from 8.9° to 8.6° in PEA:CBB(0.4) and the emergence of a new peak at 6.8° in PEA:CBB(0.5),
indicating the formation of a secondary phase. (c) Raman spectra of the pure and doped samples-CBB, PEA:CBB(0.2), PEA:CBB(0.4) and PEA:CBB

(0.5), respectively. (d) Variation in the intensity ratio and FWHM of the Raman peak at 166 cm

dopant concentration.

The structural variation induced by PEA doping was further
analysed using Raman spectroscopy, under 532 nm excitation.
Cs;Bi,Br, exhibits two characteristic Raman peaks at 166 cm ™"
and 191 cm™', corresponding to the E, and A,y modes,
respectively.””?® The E, mode is attributed to the in-plane
vibrational motion, whereas the A;; mode corresponds to the
out-of-plane vibration of the [BiBrg]’~ octahedron. As shown in
Fig. 1(d), the FWHM of the E, resonance increases with
increasing the PEA content, indicating a reduced phonon life-
time. However, in the case of PEA:CBB(0.5), the FWHM
decreases owing to the formation of the new phase that dis-
rupts the regular lattice vibrations of CBB. Additionally, the
intensity profile of the two vibrational peaks varies markedly
with increasing dopant concentration (Fig. 1(d)). In particular,

This journal is © The Royal Society of Chemistry 2025

~1, corresponding to the E4 resonance, as a function of

the of A, : E, peak intensity ration decreases from 2.8 to 1.93
as the PEA content increases from 0 to 0.5 mol%. This
suggests a relative suppression of the out-of-plane vibrations
compared to the in-plane vibration. The enhancement of the
E, peak PEA incorporation supports the hypothesis that the
aromatic ring of PEA intercalates between the planar CBB
slabs, as inferred from XRD analysis, thereby restricting out-of-
plane vibrations. Consequently, the observed decrease in the
A, : E, intensity ratio further confirms the influence of PEA on
the vibrational dynamics of the perovskite structure.

Based on the inferences drawn from XRD and Raman spec-
troscopy, DFT calculations were performed to elucidate the
stable structure in the PEA-incorporated system. Doping with
PEA can occur by replacing either the surface Cs atoms (those

Dalton Trans., 2025, 54, 8159-8168 | 8161


https://doi.org/10.1039/d5dt00325c

Published on 08 April 2025. Downloaded on 7/14/2025 2:07:31 AM.

Paper

View Article Online

Dalton Transactions

[BiBr]*

PEA

) §

Fig. 2 Relaxed structures. DFT-optimized structures of (a) pristine CBB and (b) PEA-doped CBB. In the PEA:CBB structure, the phenyl ring of the

PEA is oriented parallel to the inorganic layer.

located at the top and bottom of the Bi,Bry layer), the central
Cs atoms, or both. However, surface doping is more likely
than central doping, as the former does not disturb the
network of [BiBre]’~ octahedra. The surface-doped structure
(Fig. 2(b)) is more stable by 0.97 eV per cell. Among the various
possible orientations of PEA, the configuration in which the
phenyl ring lies parallel to the inorganic layer is found to be
the most stable, possibly due to favorable interactions between
Cs' ions and the = system of the phenyl ring. The presence of
the ammonium ion and the phenyl ring in PEA-doped samples
was confirmed via FTIR and XPS analyses. FTIR spectra con-
firmed the presence of N-H out-of-plane vibrations and N-H
stretching vibrations, along with aromatic C-H stretching
modes in PEA:CBB (Fig. S2f). XPS analysis was further
employed to understand the variation in N 1s peak upon PEA
doping. A shift towards higher binding energy was observed
with PEA addition, indicating a change in the chemical
environment of N 1s (Fig. S3bf). In pristine CBB, the N 1s
peak centred at 399 eV corresponds to the nitrogen in the
amine group used as ligands during perovskite synthesis.
Upon PEA incorporation, the presence of ammonium cations
leads to the formation of an N 1s peak centred at 401 eV,
further confirming the successful incorporation of PEA into
the CBB lattice. The full XPS survey spectra are given in
Fig. S3(a).t Elemental composition was further confirmed by
EDX analysis (Fig. S41), which verified the presence of Cs, Bi

8162 | Dalton Trans., 2025, 54, 8159-8168

and Br in pristine and doped samples, along with a conspicu-
ous presence of carbon in the PEA-doped material.

The morphology of the pristine, PEA:CBB(0.4) and PEA:CBB
(0.5) samples was analysed using HRTEM imaging. The
images showed the formation of nanoplatelets in CBB with an
average edge length of 150 nm (Fig. 3(a)). On doping with PEA,
the nanoplatelets were seen to grow in size, with the average
edge length of the nanosheets found to be around 200 nm
(Fig. 3(b)). In PEA:CBB(0.5), however, the average length
increased to 250 nm, with the platelets growing in dimension
to about 750 nm, resulting in nanosheets (Fig. 3(c) and S5%).
This sheds light on the impact of addition an A-site cation sub-
stitute in cesium bismuth bromide. The systemic addition of
varying amounts of PEA leads to gradual growth of the nano-
platelets. This signifies that, just as in cesium lead bromide
perovskites, perovskite growth can be tuned via the nature of
the A-site cations in CBB as well. The HRTEM images and the
SAED patterns confirm the high crystallinity of the samples.
PEA:CBB(0.4) and PEA:CBB(0.5) are seen to be substantially
more crystalline than CBB. The lattice fringes shown in
Fig. 3(d)—(f) with a d-spacing of 0.39 nm corresponds to the
(110) plane.

In the electronic structure of Cs;Bi,Bro perovskites, the
valence-band (VB) maximum consists mainly of a mixture of
bromide p and bismuth 6s orbitals, whereas the conduction-
band (CB) minimum originates primarily from the bismuth 6p

This journal is © The Royal Society of Chemistry 2025
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Fig. 3 Morphological analysis of CBB and PEA:CBB. TEM images (a), (b) and (c); HRTEM images (d), (e), and (f); and corresponding SAED pattern
(insets) of CBB, PEA:CBB(0.4) and PEA:CBB(0.5), respectively. The HRTEM images (d), (e) and (f) reveal the prominent lattice fringes with a d-spacing
of 0.39 nm, corresponding to the (110) plane. The SAED patterns shown in the insets of (d), (e) and (f) confirm the crystallinity of the nanoparticles,

which increases with the dopant PEA.

orbitals. This gives the band-edge transition a mix of charge-
transfer and bismuth 6s-6p characteristics (Fig. S$11).>° The
absorption spectra of the Cs;Bi,Bry nanoplatelets are generally
similar to those reported for bulk crystals and thin films,
centred at 436 nm, as shown in Fig. 4(a) (black trace). The
charge carriers exhibit large effective masses and a resulting
limited delocalization in these materials.>****° Introducing
PEA leads to a slight redshift of the absorbance peak from 436
to 442 nm. As the amount of dopant increases, the shift of the
absorbance peak to longer wavelength is attributed to the
increase in the dimensions of the nanoparticles, as they
change from thin platelets to sheets, as evidenced in the TEM
images. The indirect bandgap of the pure and doped samples
was calculated using Tauc plots (Fig. 4(b)). CBB exhibits an
indirect bandgap of 2.48 eV, which decreases to 2.41 €V in
PEA:CBB(0.5) with increasing PEA content. This is indicative of
the effect of dimensional growth due to PEA incorporation on
the optical characteristics of CBB. The stability of the pristine
and doped samples was also explored through absorbance
spectral analysis. The samples were kept in ambient con-
ditions, with humidity fluctuating between 72% and 90% for a
period of six months. The absorbance spectra showed no pro-
minent changes in this duration and exposure, indicating
good moisture tolerance of the samples (Fig. S67).

Weak photoluminescence (PL) has been observed in bulk
CBB in some instances, in contrast to the bright blue emission
seen in colloidal samples, wherein the origin of luminescence
had remained unclear.’’* This has been attributed to the

This journal is © The Royal Society of Chemistry 2025

residual unreacted precursors present in the nanocrystal
samples.”***** Proper purification has been shown to con-
siderably reduce photoluminescence. The PL spectrum of CBB
synthesised in this work reveals a single peak centred at
464 nm with a long tail (Fig. 4(b)), which correlates with the
distinctive nature of CBB photoluminescence described
earlier.>*>” Upon PEA incorporation, a slight red shift of
2 nm is observed in the emission peak. The FWHM of the PL
peak increases with increasing PEA content, indicating an
increased density of defect states. Thus the incorporation of
PEA introduces additional defect states and, together with the
increased nanosheet dimensions, ultimately leads to the
increased FWHM in PEA:CBB.

Time-correlated single-photon counting analysis was per-
formed on the pristine and doped CBB samples at the emis-
sion peak of 464 nm to quantify their emission lifetimes
(Fig. 4(d)). The decay profiles were fitted using a triexponential
function (Table S1}), with each component representing ultra-
fast (r;), intermediate (z,) and long-lived (z3) carrier recombina-
tion processes. These components correspond to different carrier
dynamics in CBB such as trap-assisted, excitonic and free carrier
recombination (z;, 7, and z3) processes. In pristine and PEA-
doped CBB, the ultrafast and intermediate components dominate
the decay profile (>80%), with excitonic recombination supported
by the presence of a long emission tail in the PL peak.*® PEA
incorporation results in an increase in the average PL lifetime
with a greater contribution from the free charge carrier recombi-
nation and enhanced excitonic behaviour (Table S1}). As the

Dalton Trans., 2025, 54, 8159-8168 | 8163
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Fig. 4 Photophysical characterization of CBB and PEA:CBB (a) UV-Vis absorbance spectra of the pristine and doped samples-CBB, PEA:CBB(0.2),
PEA:CBB(0.4) and PEA:CBB(0.5), respectively. (b) Tauc plots for indirect band gaps of pure and doped samples-CBB, PEA:CBB(0.2), PEA:CBB(0.4) and
PEA:CBB(0.5), respectively, showing a decrease in band gap from 2.48 eV in CBB to 2.41 eV in PEA:CBB(0.5). (c) Normalized photoluminescence
spectra of the pristine and doped samples-CBB, PEA:CBB(0.2), PEA:CBB(0.4) and PEA:CBB(0.5), respectively. (d) Time-correlated single-photon
counting measurements of the pristine and doped samples-CBB, PEA:CBB(0.2), PEA:CBB(0.4) and PEA:CBB(0.5), respectively, at 330 nm excitation.

nanoplatelets increase in dimension upon PEA doping, the newly
introduced shallow defect states may temporarily trap charge car-
riers, followed by delayed recombination, leading to an extended
average lifetime.**

For non-linear optical characterization, open-aperture (OA)
Z-scan measurements were performed using a frequency-
doubled Nd:YAG laser emitting 8 ns pulses at 532 nm.
Compared to 3D perovskite structures, the incorporation of
larger and more complex organic molecules results in struc-
tures that exceeded the Goldschmidt tolerance factor, making
them more versatile and dynamic. Vacancy-ordered CBB per-
ovskites inherently exhibit a multi-quantum well structure
owing to the alternating layers of vacant position and CBB
slabs.*® Incorporation of the organic molecule creates alterna-
tion between small bandgap inorganic semiconductors and
large bandgap organic insulators, forming organic-inorganic
multi-quantum well structures. This enhances quantum and
dielectric confinement effects, which largely influence the two-
photon absorption process. Thus, PEA-doped CBB shows a
higher non-linear absorption than pristine CBB (Fig. 5(a-d),
insets), with increasing input intensity attributed to an
effective two-photon absorption (TPA) process, possibly

8164 | Dalton Trans., 2025, 54, 8159-8168

accompanied by excited-state absorption (ESA) due to the pres-
ence of trap states.*' The intensity-dependent transmittance in
such systems is described by the eqn (1):**

T = (%) r In/1+ goe~dt (1)

—0o0

where L, R and o are the sample’s length, reflectivity, and
linear absorption coefficient, respectively. Q, is given by A(1 —
R)ILsr, where I is the intensity at the beam focus. L. is given

1— efaL . . .
by g, and g is the effective TPA coefficient.
a

For a spatially Gaussian laser beam, each z position corres-
ponds to an input laser energy density (fluence), which is
given by eqn (2):

4(In 2)"2Ey,
F(Z) = 3/2 2
/12w(z)

(2)

where Ej, is the input laser pulse energy, »(z) is the beam
radius at z, given by eqn (3):**

o(z) = w(0)

[1+ (2/20)%] (3)

This journal is © The Royal Society of Chemistry 2025
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Fig. 5 Open aperture Z-scan measurement and optical limiting behaviour. Fluence-dependent optical transmission of (a) CBB, (b) PEA:CBB(0.2), (c)
PEA:CBB(0.4) and (d) PEA:CBB(0.5) samples, calculated from the OA Z-scan curves measured using 532 nm, 8 ns laser pulses with an average energy
of 68 uJ per pulses. The normalized transmittance curves of (a) CBB, (b) PEA:CBB(0.2), (c) PEA:CBB(0.4) and (d) PEA:CBB(0.5) samples are provided

in the insets.

where ©(0) is the beam radius at the focus and z, = n(w(0))2/4
is the Rayleigh range.

Using the equation, the two-photon absorption coefficient
was calculated and the values are provided in Table S2.1 The
value of g is observed to increase with increasing PEA content.
Specifically, the coefficient rises from 0.6101 GW cm™> in pris-
tine CBB to 2.532 GW ¢cm™” in PEA:CBB(0.4). However, upon
increasing the PEA concentration, a decline in g is observed in
PEA:CBB(0.5). This reduction is attributed to samples instabil-
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ity and the formation of impurity phases in PEA:CBB(0.5), as
evidenced by the XRD analysis.

The projected density of states of pristine CBB and PEA:
CBB provides insight into the possible origin of TPA. The
density of states clearly shows the presence of states contribu-
ted by Bi p and Br p states at about 4.7 eV from the valence
band. This indicates the feasibility of TPA under 532 nm exci-
tation (Fig. 6(a)). It is evident that doping with PEA does not
cause significant changes to the overall electronic structure.
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Fig. 6 Projected density of states of pristine CBB (a) and PEA:CBB (b) from DFT analysis. The new state formed from C p orbitals in the conduction

band upon PEA addition is marked with an asterisk.
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The density of states near the Fermi level remains unaltered.
The carbon p orbitals contribute to states well below the
valence band maximum and above the conduction band
minimum. As PEA is incorporated into CBB, new C p states
emerge in proximity to the Bi p and Br p states (Fig. 6(b),
marked by an asterisk), thereby increasing the probability of
two-photon absorption. This is observed as an increase in the
experimentally calculated f values.

The observations from the Z-scan can be further analysed
to understand the optical limiting behaviour of the material.
The optical limiting threshold value indicates the input
fluence beyond which the material becomes opaque to inci-
dent radiation. A good optical limiter should have a lower
threshold value. Halide perovskites have been studied as
optical limiting materials, as they absorb the most intense
laser light once the TPA threshold is reached.**** As the
dopant concentration increases, the optical limiting threshold
value is seen to be almost half of that for pure CBB (Fig. 5a-d).
The lowering of the threshold implies that PEA-incorporated
CBB nanosheets can be used as potential optical limiters for
protection from laser damage.

3. Conclusions

We have successfully synthesised, for the first time, layered
PEA-doped Cs;Bi,Bry nanosheets. The structural and morpho-
logical variations were investigated by systemically increasing
the amount of PEA. The XRD reflections showed a shift and
broadening of the (001) plane, indicating the incorporation of
PEA between inorganic layers. This was further confirmed via
Raman spectroscopy, HRTEM analysis and DFT calculations.
The stable structure of PEA-doped CBB was elucidated through
DFT analysis, wherein the horizontally configured PEA was
embedded between inorganic slabs of CBB. The PEA-induced
growth of nanoplatelets into layered nanosheets was explicitly
observed in TEM images. The UV-Vis absorbance spectra
exhibited a slight shift in the absorbance peak and bandgap to
lower energy, indicating the effect of nanoplatelet growth in
CBB upon doping with PEA. The linear and non-linear optical
characterisations of the material were methodically performed.
The non-linear characterisation via Z-scan showed an increase
in the two-photon absorption coefficient and a decrease in the
optical limiting threshold with increasing PEA content. This
study reveals that the successful incorporation of organic
cations can be developed as a means for tuning the multi-
quantum well properties of lead-free bismuth halide perovs-
kites, pointing to novel applications in optoelectronics.
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