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In this research program, the researcher aims to elucidate the correlations
between crystalline domains that exist in organic semiconductors and their
photophysical/photochemical properties. Toward this goal, we developed a novel method to synthesize
conjugated polymer particles in solution-phase, which reveal the dominant formation of crystalline
domains with the suppressed formation of amorphous domains. These polymer particles exhibit
consistent optical properties either in dispersion or thin-film.

The researcher, in addition, investigated the correlations between organic semiconductor topology
and photophysical properties utilizing chemically identical while topologically distinguished
metal-organic frameworks (MOFS). These MOF samples show that the degree of the excited-state
localization (localized vs delocalized) can be controlled only by modulating semiconductor topology
without changing chemical composition.
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Organic semiconducting materials have shown a potential for ultra—thin, mechanically
flexible, lightweight, mass—producible, and low—cost optoelectronic devices. With this
advantage, organic semiconductors have been introduced in modern molecular electronics
such as photovoltaics (PVs), field-effect transistors (FETs), and light emitting diode
(LEDs). These organic semiconductor—based optoelectronic devices utilize nano/molecular
architectures. For example, polymer photovoltaics adopt bulk heterojunction structures,
where complex four distinguished domains, namely, polymer crystalline, polymer amorphous,
mixed amorphous polymer/fullerene, and pure fullerene can exist. In contrast to
individual molecules of which the photophysical properties are intrinsic, polymer
crystalline domains exhibit their optical and/or electrical characteristics governed by
inevitable intermolecular interaction. (Fig. 1) Additionally, although it is now

generally accepted that polymer crystalline
domains play a major role over its amorphous
counterpart in photon—to—charge conversion

processes such as exciton dissociation (Fig. 2. R e
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self-assemblies that feature mesoscopic Fig. 1. Comparative UV-vis spectra of (a)

ordering is necessary to understand the role of rra-P3HT and (b) rr-P3HT in solution and in

polymer morphological and structural factors solid-phase. (Dang, M. T. et al., Chem. Rev.

on exciton/carrier dynamics. (2013))

In this regard, the applicant has shown that the rr-P3HT/sensitizer rra-P3HT/sensitizer
raised valence band (VB) energy level of regioregular
poly—3-hexylthiophene (rr-P3HT) featuring strong ot 2V
intermolecular interactions, with respect to that of charges = g Quickly
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photoinduced carrier generation by increasing Gibbs 8
energy driving force for rr—-P3HT in photoinduced hole r
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The distinctive nature of intermolecular interactions probed probed

can significantly modulate photoinduced processes such Fig. 2. The role of polymer
as dynamics of excitons and electron transfer. crystalline domain on exciton
In spite of this significance of polymer crystalline dissociation.
domains on their photophysics, it is challenging to investigate this due to aforementioned
structural complexity in solid-state organic semiconductors (pure amorphous, pure
crystalline, amorphous/crystalline interface, mixed polymer/electron acceptor domains).
In this regard, it is desired to understand the photophysics at the pure polymer
crystalline domains where photoexcitation will generate exciton and will serve as

electron—donator.
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The current research program aimed:
1) to develop synthetic routes for polymer-based self-assemblies, featuring mesoscopic
ordering
2) to probe photophysics of conjugated polymer—based self-assemblies
3) to elaborate how solid-state structures in condensed—phase organic semiconductors
induced by molecular packing impact photophysical properties and excited—state dynamics.
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The applicant will focus on:
1) developing synthetic routes for polymer—based self-assemblies, featuring mesoscopic
ordering,
2) characterizing the condensed—phase structures of polymer—based self—-assemblies using
methods such as scanning electron microscopy (SEM), transmission electron microscopy
(TEM), and X-ray diffraction (XRD),



3) probing photophysical and electrical properties, using optical spectroscopy.

Various polymer self-assembly structures, featuring dimensions of 100s nm — several
um and comparable to device dimensions have been reported, based on self-assembly
engineering techniques such as thermal treatment, electrospinning, and solvent
engineering. Our strategy utilizes solvent engineering and we will utilize centrifugation
to purify crystalline polymer particles. This strategy will ensure to avoid morphological
complications such as defects in solid-state structures to elaborate intrinsic
intermolecular interactions of polymer structures.
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following particle separation processes.
These polymer particles were obtained in
solution—phase as dispersion, and exhibit
100s of nanometer particle dimensions, as
verified from SEM. In addition, the
polymer particles exhibit highly
crystalline structures probed by XRD and
TEM (Fig 3.). Especially, XRD diffraction UV-vis A P3HT solution
pattern results show 16 A polymer : :g:;::::g:: film
backbone—to—backbone distance and TEM dispersion
electron diffraction pattern results show

"5 R polymer plane—to—plane distance,
suggesting compact polymer packing. The . : .
dimension of these crystalline doma%ns ﬁaveleng:’:(nm) 700 800
exter.lds ever% to 100s of nanometer, which Fig. 3. Summary of rr—-P3HT crystalline particle
confirms highly suppressed amorphous synthesis, particle characterization using XRD,
domain formation. UV-vis spectroscopic electron microscopy, and optical spectroscopy
results for the particle dispersion sample

as well as the thin—film sample which is drop—casted from particle dispersion show that
no additional molecular packing is introduced from solvent evaporation during thin—film
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formation, and enhanced polymer crystallinity is accomplished due to initial solvent
engineering process. In addition, the lack of amorphous domains contrasts to reference
drop—casted rr—P3HT samples. (manuscript in preparation)

2) Photophysical dynamics of
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(2019), Park, J. et al. Sci. Fig. 4. Hybridpolymer nanoparticles'and enhanced photoacoustic
Rep. (2018)) These studies response in enhanced polymer-ordering

demonstrate the enhanced polymer structural ordering can accelerate nonradiative
excited-state relaxation and therefore can induce heat release from polymer nanoparticles
to surroundings, and this behavior of polymer self-assemblies can be utilized in
photoacoustic imaging applications. (Fig. 4.)



3) Photophysics in metal-organic frameworks (MOFs).
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NU-1000, Fig. 5.) consist of pyrene Fig. 5. Summary of photophysics of chemically
entities as an organic unit and inert Zr identical bgt topologically distinguished
metal clusters that serve as bridge metal-organic frameworks
units to modulate intermolecular (inter—pyrene) packing.

NU-901 MOFs feature pyrene—pyrene orientation favoring intermolecular interactions
due to a short pyrene—pyrene center—to—center distance (9.52 &) and a small pyrene—pyrene
torsional angle (20° ), contrasting counterpart NU-1000 MOFs (10.92 A distance and 60°
torsional angle). These structural features contribute to excited-state dynamics, where
NU-901 exhibit delocalized excimer—like excited-state whereas NU-1000 show localized
excited—state. These works show that the topological arrangement of the organic
chromophores in condensed—-phase materials critically controls the excited-state
electronic structures.
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