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Metal halide perovskites and their nanostructures have efficient optical absorption and emission in the
visible range with high external quantum efficiency. They have been at the forefront of next-generation
photovoltaics and optoelectronics applications. But several intrinsic limitations of perovskites including
low stability and incompatibility with lithography-based patterning constrains their broader applications.
In recent years, the integration of perovskites with polymers especially multifunctional block copolymers
(BCPs) has provided a new approach to overcome those issues. The chemical composition and chain
architecture of BCPs are critical for achieving synergistic effects with perovskites in their hybrid systems.
In this Highlight review article, we provide an overview and critical summary of the recent progress in
the creation of perovskite—BCP hybrid structures, with a focus on the different roles of BCPs. The major
categories include: (i) BCPs act as the nanopattern template for the spatial control and patterning of per-

Received 1st October 2024, ovskite; (i) BCP micelles or stars act as the template for perovskite nanostructure crystallization; (iii)

Accepted 22nd November 2024 BCPs act as the macromolecular ligands for perovskite NCs during its solution synthesis; (iv) BCP encap-
sulation of perovskite NCs into hierarchical composite particles; and (v) BCP incorporation into bulk per-

ovskite and forming bulk composite films. The applications of perovskite—BCP hybrid structures in
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various fields and the major current challenges are also identified and discussed.

1. Introduction

Perovskites, or more specifically, metal halide perovskites
(MHPs), are a type of semiconducting materials with unique
optical and electronic properties.””> They have been at the
forefront of photovoltaics and optoelectronics research due to
their efficient optical absorption and emission in the visible
range.>® MHPs generally have a ABX; crystalline structure
where the organic or inorganic cations (such as MA: CH;NH;",
FA: CH(NH,),", or Cs") occupy the voids (A sites) created by
eight corner-sharing BX, (B is bivalent cation and X is halide
anion) octahedron.*?

MHPs possess direct or indirect bandgaps and high joint
density of states, they generally have more efficient light-
absorbing capability compared with conventional semiconductors.
The tunable bandgap via halide exchange reaction and exciton
dissociation through radiative recombination enable their light-
emitting capabilities with a wide color gamut. Another advantage
of MHPs as a semiconductor is their intrinsic defect tolerance.®
Mid-gap trap states due to interstitial or antisite defects are
difficult to form in MHPs due to the large formation energy.
Vacancy defects with low formation energy only create shallow trap
states near the bandgap edges,” which cannot dramatically alter
the perovskite’s electronic structure. The efficient photoelectric
conversion and efficient charge transport property of MHPs also
make them suitable for photocatalytic applications.
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MHPs can be synthesized and used in bulk state or in the
form of nanoparticles and quantum dots (QDs). Compared to
their bulk crystal counterpart, perovskite QDs have a discrete,
size-dependent bandgap structure® due to the quantum confine-
ment effect. A blueshift in the emission spectrum will take place
as the size of QDs gets smaller towards free electron’s de Broglie
wavelength.’ Due to the restricted electron and hole wavefunc-
tion, a sharp DOS appears and leads to narrow optical emission
as well as high color purity. Moreover, perovskite QDs can reach
near-unity PL quantum yield with highly tunable emission
colors.'®"* Therefore, perovskite QDs are more and more used
for next-generation display and optoelectronic applications.

Bulk halide perovskite is often deposited as thin films using
a solution-based one-step procedure where the crystal growth is
controlled by antisolvent-dripping™® or Lewis acid-base adduct
formation.'® Perovskite QDs are usually synthesized by hot
injection method,"”” or ligand assisted reprecipitation
(LARP)."® The LARP method is usually conducted by dissolving
the perovskite precursors and organic ligands in a nonpolar
solvent, followed by dropwise injecting into a vigorously stirring
bad solvent. All-inorganic perovskite QDs are usually synthesized by
the hot-injection method, for instance, Cs-oleate hot solution is
injected into halide precursors. The majority of the QDs formation
takes place within a few seconds after the fast injection and thus
size control of QDs is achieved by varying the reaction temperature
or incorporating alkylammonium halide during the synthesis."”

Despite the advantages and desirable properties of perovs-
kites and their nanostructures, there are two main limitations
that constrain their broader applications. Firstly, MHPs gen-
erally have limited stability and are vulnerable to many envir-
onmental factors, including moisture, certain solvents, oxygen,
and heat."®° Perovskite QDs with high surface areas are more
susceptible to the effects of the environment. Secondly, direct
patterning of solid perovskite materials with photolithography-
based techniques is not feasible due to the poor stability of
perovskite under moisture, solvents, and dry etching.*' The
lack of efficient nanopatterning methods prevents their further
development and applications.*” Other nanopatterning techni-
ques such as direct laser writing and focused ion beam milling
have been explored for perovskites,>*** but those methods are
time-consuming, costly, and difficult to scale up.

The integration of perovskite nanostructures with polymers
emerges as a promising approach to address the above-
mentioned challenges. The polymeric component has the potential
to enhance the stability of perovskites by encapsulation or surface
passivation.” It can also substantially improve the processability of
perovskites with the utilization of versatile polymer processing
technologies.”*”” But simple blending of homopolymers with
perovskite nanostructures will result in composite with uncon-
trolled aggregation and unsatisfactory physical properties due to
the lack of specific interaction and precise structural control.

To address those issues in perovskite-polymer hybrid mate-
rials, block copolymers (BCPs) emerge as a functional platform
to be integrated with perovskite nanostructures with enhanced
properties and structural control.>*° BCP is defined as a type
of polymers composed of two or more types of blocks, and the
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chemically bonded neighboring blocks have different chemical
compositions or repeating units. In contrast to the physical
mixing of incompatible homopolymers, which leads to macro-
scopic phase separation, BCPs adopt extended configurations
to separate covalently bonded dissimilar blocks.>* The chain
stretching produces an entropic contribution that counteracts
the driving force for separation, thereby constraining the phase
separation to nanometer scale.*

The Florry-Huggin’s interaction parameter y,p for two dif-
ferent blocks A and B in BCPs can be calculated by the following

. 4 1 .

equation: yag = T EAB — E(SAA + ¢pp) |, where Z is the num-
ber of nearest neighboring monomers in a copolymer, kg is the
Boltzmann constant, and ¢,5 is the interaction energy between
A and B repeating units.*® Positive y,5 indicates repulsive
interaction between A and B repeating units and negative yap
indicates a tendency towards mixing. Without strong interac-
tions including hydrogen bonding or ionic interaction, yag is
usually a small and positive value, and varies inversely with
temperature.*

Based on self-consistent mean-field theory, the morphologi-
cal evolution for BCP mainly depends on two parameters: (1)
incompatibility degree, which is the product of y,p and the degree
of polymerization N, (2) volume fraction of the building blocks.
BCPs tend to form ordered microphase separation when »" is
larger than a critical value. Different morphologies are formed in a
manner that can minimize the interfacial energy which reflects
the enthalpic contribution and simultaneously reduce chain
stretching to provide highest configuration entropy possible to
the system. Those morphologies include body-centered cubic
spheres, hexagonally packed cylinders, bicontinuous gyroids,
and lamellae, which can be controlled by varying the molecular
weights, block ratios, processing conditions, and substrates.**>°

By designing the molecular structure and properties, BCPs have
the potential to improve the stability of perovskite nanostructures
by encapsulating them in a highly stable and soft matrix.>” On the
other hand, the microphase-separated BCP matrix makes it pos-
sible to achieve molecular-level control of the alignment and
assembly of perovskite nanostructures.***° Moreover, the versati-
lity in chemical structures and architectures of BCP enables the
synergistic integration of multiple functionalities for enhancing
the properties of perovskite nanostructures. There is important
recent progress in this specific topic of integrating perovskite with
BCPs for the creation of soft functional optical materials and
devices. This Highlight article aims to summarize those recent
advancements in a logical and concise manner based on the
versatile roles of BCPs in such hybrid optical materials.

We identified the following major categories of perovskite—
BCP hybrid structures based on the different roles of BCP in
the system (Fig. 1). First, the microphase-separated morphology
of BCP provides an efficient method of nanopatterning of
perovskite materials. This can be further divided into two
methods: in situ formation of perovskite nanocrystals (NCs)
from their precursors inside BCP template; or the directed
assembly of perovskite NCs inside the BCP matrix. Second,
BCP micelles or star-shaped BCP act as the template for

This journal is © The Royal Society of Chemistry 2024
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Fig.1 Overview of the different roles of BCP in perovskite—BCP hybrid
structures.

perovskite crystallization and form hybrid nanostructures.
Third, BCP acts as the macromolecular ligands for perovskite
NCs during its solution synthesis. Fourth, BCP encapsulation of
perovskite NCs into hierarchical composite particles. Fifth, BCP
is blended with perovskite and forms bulk composite films. We
also summarized the representative applications of such per-
ovskite-BCP hybrid structures in optics and photonics. In the
end, we also discussed the remaining challenges of this field
and the potential further research directions.

2. Perovskite—BCP hybrid structures

2.1 BCP as nanopattern template for perovskites

Nanopatterning of perovskites is critical for their advanced
applications in optics and photonic devices. Due to the cap-
ability to form well-defined microphase-separated morphology
of BCPs in nanometer scale, they provide a scalable and low-
cost approach for nanopatterning of perovskite. This can
potentially be achieved via two different approaches: (1)
in situ formation of perovskite nanocrystals from their precur-
sors within the BCP template; (2) directed assembly of perovs-
kite nanocrystals within the microphase-separated BCP matrix.

2.1.1 In situ formation of perovskite NCs within BCP
template. In order to achieve the in situ formation of perovskite
NCs within BCP template, at least one of the blocks on BCP
needs to have favorable or preferential interaction with perovs-
kite precursors. The most common approach is by selecting
BCPs with functional groups such as pyridine ring, carbonyl, or
carboxyl group that can have electrostatic or Lewis acid-base
interaction with the cationic ions on perovskites or their
precursors. The accumulation of perovskite precursors around

This journal is © The Royal Society of Chemistry 2024
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selective blocks of BCP and their subsequent crystallization
enables the generation of spatially defined perovskite NCs.

For instance, the precursor solution (MABr and PbBr,) of
methylammonium lead halide (MAPbX;, X = Br™, I") perovskite
was mixed with poly(styrene)-block-poly(2-vinylpyridine) (PS-b-
P2VP),*" and the mixture was spin-coated on a substrate
(Fig. 2a). The obtained thin hybrid films showed well-defined
patterns including cylinders, lamellae, and cylindrical mesh,
with controlled domain size (40-72 nm) (Fig. 2b-d). The hybrid
structures showed enhanced exciton recombination and longer
exciton lifetime due to the reduced crystal size as well as the
passivating effect of the P2VP phase that reduced surface
defects on the perovskite. Excellent heat and moisture resis-
tance of such hybrid structures was also demonstrated. In
another report by the same group,** the nanopatterned hybrid
structures composed of MAPbBr; perovskite and PS-b-P2VP
were used as the main component for artificial photonic
synapses or photoreceptor cells for information storage and
learning applications. The microphase-separated morphology
and the MAPDbBr; density were spatially tuned to stimulate the
rod and cone cells distribution in the visual perception system.

Using a similar strategy, perovskite precursors (MABr and PbBr,)
were mixed with polystyrene-block-poly(ethylene oxide) (PS-b-PEO)
copolymers to form hybrid thin films (Fig. 2e),** and well-defined
spatial pattern of the perovskite nanoctystals was achieved (Fig. 2f-g).
The chelation between the lead ion and PEO segment promoted
the anti-solvent functionalities of the hybrid films. Such
perovskite/PS-b-PEO hybrid films were used as photoactive
floating gate to elucidate the effect of morphology on the
photo-responsive characteristics of photomemory. In another
report,”® they used a similar method to fabricate quasi-2D
FAPDbBr;/PS-b-PEO hybrid films and used them as photoactive
floating gate for flash photomemory devices with high
performance.

In another recent study,*® Ruddlesden-Popper perovskites/
BCP hybrid structures were prepared by mixing the precursors
of phenylethylene methylammonium lead bromide (PEA,.
MA,,_,Pb,Bry,.1, n = 2, 3) and PS-b-PEO, followed by thermal
annealing and crystallization. The perovskite crystals were
geometrically confined within the microphase segregated BCP
nanopatterns, the interaction between the Pb*>* ions of perovs-
kite and the oxygen atoms of PEO in BCP resulted in both
enhanced phase purity and ordered crystallization. Hung et al.
demonstrated stretchable photonic device fabrication based on
triblock copolymer maltoheptaose-block-polyisoprene-block-malto-
heptaose (MH-b-PI-b-MH),*® which provided a spatially confined
environment for the crystallization of cesium lead halide (CsPbX3)
perovskite NCs. Such selective distribution was attributed to the
coordination between the hydroxyl groups of the MH segment
and the Pb*>" ions in the perovskite precursor. In another recent
report,® PS-h-P2VP was assembled into alternating in-plane
lamellae structure and showed structural color. By synthesizing
CsPbX; or MAPbX; NCs inside the BCP via a two-step solution
process, dual mode structure color and photoluminescent were
demonstrated, which enabled encryption and decryption of
sophisticated information.

Chem. Commun., 2024, 60, 14703-14716 | 14705
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Fig. 2 (a) Schematic of the fabrication of nanostructured perovskite thin films templated with PS-b-P2VP self-assembly. (b)—(d) AFM images of the PS-

b-P2VP/MAPbBr3 nanostructured films (Mn = 125 kg mol™, feoyp = 0.32) with (b) 40%, (c) 60%, and (d) 100% MAPbBrz. The scale bars are 500 nm.
Reproduced with permission from ref. 41. Copyright 2019 Wiley-VCH. (e) Schematic of the Lewis acid—base interaction between PS-b-PEO and MAPbBr3
perovskite, and the charge transfer process in the BCP/MAPbBrsz composite films in the photomemory device. (f)-(g) TEM images of (f) symmetric PS-b-
PEO/MAPDbBr3 and (g) asymmetric BCP/MAPbBrs composite films after solvent vapor annealing. Reproduced with permission from ref. 43. Copyright
2020 Wiley-VCH. (h) Schematic of the fabrication of nanopatterned 2D perovskites by NIL with a PS-b-PDMS derived mold. (i)-(j) SEM images of the

BA,PbBr, nanopatterns produced by this method. Reproduced with permission from ref. 44. Copyright 2023 Wiley-VCH.

On the other hand, the microphase-separated morphology of
BCP can be used as the template for nanoimprinting lithography,
which provides another method of nanopatterning of perovskites.
For instance, PS-b-PDMS was self-assembled on a pre-patterned Si
substrate to form well-defined nanopatterns with PDMS cylinders
(thickness ~30 nm) embedded in the PS matrix,** and the BCP
pattern was then used for the fabrication of nanopatterned PDMS
stamps (Fig. 2h). Subsequent nanoimprinting of the precursor film
of a 2D perovskite (A5MA,,_1Pb,X3,,1, A’ = BA, PEA, X = Br, I)
using the PDMS stamp resulted in well-defined 1D patterns of
those 2D perovskites (Fig. 2i-j). Such nanopatterned 2D perovskites
showed enhanced photoluminescence (PL) quantum yields (about
four times higher) than those of the corresponding control flat
films. In another report,"” nanoimprinting guided self-assembly
was conducted to fabricate nanopatterned hybrid perovskite struc-
tures. The two-step method consisted of spin-coating a mixture of
the MAPDbBr; precursors and PS-b-P2VP on the substrate followed
by nanoimprinting. The P2VP block passivated the QDs surface
through Lewis acid-base interaction and the nanopatterning pro-
vided localfield enhancement induced by Mie resonance, both
contributing to the enhanced photoluminescence and stability.

2.1.2 Directed assembly of perovskite NCs with BCP
matrix. The second approach to achieving nanopatterning of

14706 | Chem. Commun., 2024, 60, 14703-14716

perovskites with BCP is through the directed assembly of
perovskite NCs within the BCP matrix. In order to achieve
precise control of the internal structure and interfaces in the
perovskite-BCP composites, a selective block of the BCP needs
to have preferential interaction with the organic or polymeric
ligands on perovskite NC surface. In our recent work,"® we
designed and synthesized polyisobutylene (PIB)-based polymer
ligands for CsPbBr; QDs, and based on the strong and selective
interactions between the polymer ligands and polystyrene-b-
polyisobutylene-b-polystyrene (SIBS) copolymer (Fig. 3a), a
series of functional nanocomposites were prepared and their
structure-property relationship was elucidated. We discovered
that the chemical compatibility of the polymer ligands and
copolymer matrix is the key to achieve precise control of the
distribution of perovskite QDs inside the soft matrix and
prevent aggregation (Fig. 3b). Moreover, the PIB-based ligands
on perovskite QDs and the incorporation of p-QDs inside the
PIB domain of SIBS copolymer can substantially enhance
the PL stability due to the high impermeability and chemical
stability of PIB. Such QDs/SIBS composites have excellent
flexibility, stretchability and photoluminescent properties
(Fig. 3c and d), which can potentially be used for flexible
optoelectronics, optical storage, and displays.

This journal is © The Royal Society of Chemistry 2024
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(a) Schematic of the selective interaction between PIB-ligand functionalized CsPbBrz QDs and SIBS. (b) Representative TEM image shows the spatial

distribution of QDs, which are preferentially located at PIB domains. (c) Photo of the QDs/SIBS composites with excellent flexibility and photoluminescence.
(d) Stress—strain curves of the QDs/SIBS composite. Reproduced with permission from ref. 48. Copyright 2023 Wiley-VCH. (e) Schematic illustration of the
composite composed of PDL-b-P3HT-b-PDL copolymer and perovskite QDs. (f)-(g) AFM phase image and TEM image of the nanocomposites composed
of fibers-like morphology of P3HT and uniformed distributed QDs. Reproduced with permission from ref. 49. Copyright 2023 Elsevier. (h) TEM image of
CsPbBrz perovskite nanowires. (i) TEM image of the SIS polymer filament. (j) Intensity projection of z-stack fluorescence confocal image of the printed
nanowire-SIS hybrid filament. (k) TEM image of the printed nanowire-SIS composite filament. (l) Optical images of printed pixel arrays showing polarization-

dependent emission multiplexing. Reproduced with permission from ref. 50. Copyright 2019 American Association for the Advancement of Science.

Conjugated triblock copolymer with soft poly(d-decano-
lactone) (PDL) block and hard poly(3-hexylthiophene) (P3HT)
block were integrated with CsPbBr; QDs to form hybrid struc-
tures (Fig. 3e).*® By selective solvent treatment and tuning PDL
branch number, the P3HT blocks showed fiber-like crystalline
structure that led to improved self-aggregation of perovskite
QDs, increased grain size, and optimized interfaces between
P3HT and perovskite QDs (Fig. 3f and g). The PDL blocks also
provided mechanical flexibility, making it possible for a stretch-
able photosynaptic transistor that operated with ultralow
energy consumption.

Spatial control or alignment of perovskite nanostructures
inside a BCP matrix can also be achieved by extrusion-based 3D
printing. For instance, Zhou et al.*® demonstrated 3D printing

This journal is © The Royal Society of Chemistry 2024

with nanocomposites composed of CsPbX; nanowires and poly-
styrene-polyisoprene-polystyrene block copolymer (SIS) block
copolymer (Fig. 3h and i). Alignment of perovskite nanowires in
the soft matrix can be achieved with different printing paths
(Fig. 3j and k). Such alignment resulted in soft optical materials
with highly anisotropic and polarized absorption and emission
(Fig. 31). Optical devices based on such nanocomposites including
optical storage and full-color displays were also demonstrated.

2.2 BCP micelles/stars as template for the synthesis of
perovskite NCs

Besides the capability to self-assemble into microphase-
separated morphology in the solid state, another interesting
feature of BCP is that they can assemble into micelles of

Chem. Commun., 2024, 60, 14703-14716 | 14707
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different geometries in selective solvents. For instance, amphi-
philic BCPs with hydrophilic and hydrophobic blocks tend to
assemble into spherical micelles consisting of a hydrophobic
core and hydrophilic shell in aqueous solution to minimize the
interfacial free energy. Such micelles can be used as the
template or nanoreactor for perovskite NCs synthesis.>"

For instance, PS-b-P2VP micelles were used as the template for
MAPbX; NCs synthesis (Fig. 4a and b).”> Due to the encapsulation
by polymer shell, the perovskite NCs showed enhanced stability
against water degradation and halide ion migration. Thin films
comprising these NCs exhibited a more than 15-fold increase in
lifespan in comparison to pristine NCs in ambient conditions and
had good stability even when immersed in water (Fig. 4c). In a
follow-up study,” MAPbBr; perovskite QDs were synthesized
using PS-b-P2VP micelles as nanoreactor and the length of PS
block on Forster resonance energy transfer (FRET) efficiency was
studied. Longer PS block resulted in higher stability but hindered
the dipole-dipole interaction between the QDs acceptor and 2D
CsPbBr; nanoplatelets donors. It was also demonstrated that the
combination of BCP micelle and organic ligands during perovs-
kite NCs formation process led to enhanced optical stability.>*
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The organic ligand helped to passivate the QDs surface inside the
micelles and excessive ligands formed a lamellar bilayer structure
surrounding the micellar-encapsulated perovskite QDs.

Using a similar strategy, POSS-PMMA-b-PDMAEMA (POSS:
polyhedral oligomeric silsesquioxane, PDMAEMA: poly 2-(dimethy-
lamino)ethyl methacrylate) copolymer micelles were used for the
preparation of CsPbBr; QDs.>” The hydrophobic POSS and PMMA
blocks provided excellent barrier properties against moisture and
led to enhanced stability of the perovskite NCs. Beyond simple
spherical or cubic shapes, perovskite NCs with other shapes can
also be synthesized by the block copolymer micelle template
method. For instance, nanoplates and rod-like MAPbBr; NCs were
demonstrated by controlling the PS-b-P2VP block copolymer
micelles formation and their disassembly.>®

Chiral perovskite NCs were also synthesized by using block
copolymer inverse micelles as the template. PS-b-P2VP was
mixed with racemic pr-alanine (pr-ala) through hydrogen bond-
ing and then used as the template for MAPbBr; NC synthesis
(Fig. 4d and e).”® The selective occupation of perovskite pre-
cursors within chiral micellar cores resulted in chirality trans-
fer to the electronic states of the perovskite NCs, which led to a
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(a) Schematic representation of the preparation of perovskite NCs from PS-b-P2VP copolymer micelles and their enhanced stability. (b) TEM

image of the prepared MAPbXs NCs. (c) Temporal development of PL intensity of the hybrid perovskite NC films in ambient conditions and under water,
compared with pristine regular MAPI NCs. Reproduced with permission from ref. 52. Copyright 2019 American Chemical Society. (d) Structure of the
chiral PS-b-P2VP/DL-ala BCP micelle encapsulated MAPbBrs NCs. (e) TEM image of the prepared MAPbBrz NCs. (f) Thermal stabilities of the PS-b-P2VP/
DL-ala micelle-encapsulated MAPbBrs NCs (green). The OA/OAm-capped MAPbBrs NCs (black) and the PS-b-P2VP micelle-encapsulated MAPbBrz NCs
(blue) were used as controls. Reproduced with permission from ref. 55. Copyright 2023 Royal Society of Chemistry. (g) Stepwise representation of the
synthetic route to PS-capped MAPbBr3/SiO, core/shell NCs. (h) TEM images of PEO-capped MAPbBr3/SiO, core/shell NCs. (i) PL spectra of MAPbBrs3
core NC before and after the SiO, shell coating dispersed in toluene. Reproduced with permission from ref. 56. Copyright 2019 American Association for

the Advancement of Science.
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high chiroptical response with an anisotropy factor of —2.0 x
10~*. The surface encapsulation also led to enhanced PL
stability (Fig. 4f) In another report,®® CsPbX; and FAPbX,
NCs were synthesized from PAA-b-PS micelle as the template.
Functional additive organic molecules were also incorporated
into the hybrid structure to enhance the nanocrystal stability
against polar solvents and high flux irradiation. Halide
exchange process of the hybrid perovskite NCs was possible
when the PS block was swollen in a good solvent.

Besides spherical micelles formed by self-assembly of BCP,
star-like BCPs have a similar morphology but chemically
bonded structure, which can also be used as the molecular
template for perovskite QDs synthesis and functionalization.
For instance, by using sequential atom transfer radical poly-
merization (ATRP), star-like P4VP-b-PtBA-b-PS BCPs were
synthesized and used as the templates for MaPbBr; NC synth-
esis in the P4VP core region (Fig. 4¢).”° Subsequent thermolysis
of PtBA and hydrolysis of tetramethyl orthosilicate resulted in
the formation of SiO, shell on the surface of MAPbBr; NC. The
size and shell thickness of such hybrid perovskites NCs can be
tuned (Fig. 4h). Such hybrid perovskites NCs showed enhanced
PL stability due to the passivation effects of the SiO, shell and
chemically-bonded polymer ligands on the surface (Fig. 4i).
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Using a similar strategy, CsPbBr; QDs were synthesized by
using star-like PS-b-PAA as the nanoreactors.’’ In addition,
hollow perovskite NCs with a PS core were also prepared with
star-like PS-b-PAA-b-PS as the template.® The presence of the PS
core caused a blue shift of PL spectra which can be adjusted by
controlling the PS core size. In another report,®* star-like PAA-b-
P3HT BCP was used as the template for CsPbBr; QDs synthesis.
The Lewis acid-base interaction between P3HT ligands and the
QDs resulted in efficient charge carrier separation compared
with the physical mixture of P3HT and perovskite QDs. Similarly,
star-like PHEMA-g-(PAA-b-PS) block copolymers were used as the
template for preparation of CsPbBr; QDs,” which showed
enhanced stability against UV, moisture, heat, and water, due
to permanently ligated hydrophobic PS on the surface.
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