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Construction of novel organic supramolecular polymers and their
Title integration with CsPbBrs perovskite quantum dots

Supramolecular assembly driven via non-covalent interactions such as hydrogen bonding, n-r stacking,
or/and van der Waals interactions allows the formation of complex structures with a high degree of
functional diversity owing to their versatile design strategy and tunable inter/intramolecular interactions.
One-dimensional (1D) supramolecular polymer (SP), possessing sequentially n-stacked nanostructures, is
one of the key assemblies due to their dynamic and reversible nature in response to external stimuli.
Cesium lead halide perovskite quantum dots (CsPbXs QDs, X = Cl/Br/I) are artificial semiconductor
nanocrystals with unique photophysical properties such as tunable optical properties by size and
composition, broad absorption, and sharp emission. Combining QDs with SPs yields a new generation of
hybrid materials. Such synergistic approach boosts the functionality of QDs as well as SPs, facilitating
superior electron and/or exciton transfers both within each component or between each other in the system.

CsPbBr3 QDs are known to be excellent electron donors.[! Thus, interacting them with n-conjugated
organic molecules possessing deep LUMO like naphthalenediimide (NDI) can exhibit photoinduced

electron transfer (PET). Although a PET system @)

using monomeric NDI derivative as an electron L5
acceptor has been reported, that using SPs of NDI is /\/\O O P o
. ~TN Ne~o
not yet realized. In Chapter 2, I developed a PET J Q v K
system composed of CsPbBrs QDs and SP of (® N — © ~ random
. . . i = g AR dsarpdon
cholesterol functionalized NDI derivative L5 (Fig. 1a). 600, / \‘ 0 sauten
|- \
The SP(L5) was prepared in low polarity solvent and £ ,,,] / \ o]
_ )
a /
the fiber-like assembly formation was confirmed by 2004 / \\\ .

spectroscopy and transmission electron microscopy e

Wavelength (nm)

(TEM). The photophysical interactions in the excited Figurs 1 () Strusrars of 15 {8) PL, guenching on

state were evaluated by photoluminescence (PL) and  mixing QD with SP(L5) (c) TEM image of co-aggregate.
time-resolved measurements (Fig. 1b). Upon mixing QD with SP, the PL intensity of QDs significantly
decreased. The coexistence of fibrous SP and QD was detected by TEM (Fig. 1c). Considering the energy




levels of QD and NDI, I concluded that the PL decrease was caused by a PET from QD (donor) to NDI
(acceptor) core of SP due to the interdigitation between the alkyl chains of SP(L5) and QD surface ligands.

Recently, high-order assembled QDs have attracted
attention because they offer superior properties such as
long-range exciton diffusion and collective fluorescence
(superfluorescence).l2l As a new strategy for the

formation of assembled QDs, Yamauchi and group have
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SP template.[3 However, the methodology to form and e

control ordered 1D-arrays of QDs is not well

established yet. In addition, 1D-arrangement of cubic

QDs is still challenging.[4l In Chapter 3, I attempted to
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formation of a short-range 1D array of QDs along the PL decay curves of QD and QD + SP(L1’) mixture.
template as observed in the TEM image (Fig. 2b). Upon successive heat-cool process, longer-range ordered
1D-arrays of QDs were formed along the re-constructed longer SP(L1’) templates (Fig. 2¢). Moreover, photo-
excited state studies by PL spectra and time-resolved measurements revealed continuous fluorescence
resonance energy transfer (FRET) between closely assembled QDs, namely exciton diffusion (Fig. 2d).

To summarize, I developed certain SPs designed to interact with CsPbBrs QDs. The PET system
realized between SP(L5) and QD reflects the non-covalent interactions between them. SP(L1’) serve as
effective template for the precise 1D-arrangement of QDs, further demonstrating the occurrence of FRET
between adjacent QDs. Furthermore, tuning of SP(L1’) morphology by heat-cool treatment led to the
formation of longer-range well-organized 1D-array structures. These findings enable new opportunities
towards the realization of advanced optoelectronic devices and energy-harvesting systems where the

optimized integration of QDs with SPs enhances the effectiveness of light absorption or electron transfers.
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