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2. (a) Molecular structures of the examined thermally activated delayed fluorescence
(TADF) materials categorized by their rate constants of reverse intersystem crossing (Arisc).
(b) Comparison of the experimental and theoretical Arisc.
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3. (@) Molecular structures of the emitters used. (b) UV-vis absorption spectra of
TMCzTXT and TMCzXT in toluene solutions and PL spectra of TMCzTXT and TMCzXT in
mCBP host matrixes. (¢) Transient PL decay profiles on the microsecond time scale at
varying temperatures, (d) temperature dependence of the rate constants of delayed
fluorescence (kor), (e) transient PL decay profiles on the nanosecond time scale, and (f)
fluorescence and phosphorescence spectra at 100 K, for TMCzTXT in a mCBP host matrix
under a N, atmosphere. The solid line in (d) is the fit to the thermal equilibrium model. The
black line in (e) is the fit to the biexponential PL decay model.
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4. (a) EL spectra of the OLEDs. The inset of (a) shows a photograph of the device using
TMCzTXT. (b) Current density—voltage—luminance characteristics and (c) external EL
quantum efficiency characteristics of the devices. The inset of (¢) shows the viewing—angle
dependence of the EL intensities exhibiting Lambertian distributions.
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1. Kohei Isayama, Naoya Aizawa, Jun Yun Kim, Takuma Yasuda, Modulating Photo- and
Electroluminescence in a Stimuli-Responsive m—Conjugated Donor—Acceptor Molecular
System, Angewandte Chemie International Edition, 57, 11982-11986 (2018).
Abstract. Functional organic materials that display reversible changes in fluorescence in
response to external stimuli are of immense interest owing to their potential applications in
sensors, probes, and security links. While earlier studies mainly focused on changes in
photoluminescence (PL) color in response to external stimuli, stimuli-responsive
electroluminescence (EL) has not yet been explored for color-tunable emitters in organic
light-emitting diodes (OLEDs). Here a stimuli-responsive fluorophoric molecular system is
reported that is capable of switching its emission color between green and orange in the solid
state upon grinding, heating, and exposure to chemical vapor. A mechanistic study combining
X-ray diffraction analysis and quantum chemical calculations reveals that the tunable
green/orange emissions originate from the fluorophore's alternating excited-state
conformers formed in the crystalline and amorphous phases. By taking advantage of this
stimuli-responsive fluorescence behavior, two-color emissive OLEDs were produced using
the same fluorophore in different solid phases.
2. Naoya Aizawa, Yu Harabuchi, Satoshi Maeda, Yong—Jin Pu, Kinetic prediction of reverse
intersystem crossing in organic donor—acceptor molecules, Nature Communications, 11, 3909
(2020).

Abstract. Reverse intersystem crossing (RISC), the uphill spin—flip process from a triplet to a
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singlet excited state, plays a key role in a wide range of photochemical applications.
Understanding and predicting the kinetics of such processes in vastly different molecular
structures would facilitate the rational material design. Here, we demonstrate a theoretical
expression that successfully reproduces experimental RISC rate constants ranging over five
orders of magnitude in twenty different molecules. We show that the spin flip occurs across
the singlet—triplet crossing seam involving a higher—lying triplet excited state where the
semi—classical Marcus parabola is no longer valid. The present model explains the
counterintuitive substitution effects of bromine on the RISC rate constants of previously
unknown molecules, providing a predictive tool for material design.

3. Naoya Aizawa, Akinobu Matsumoto, Takuma Yasuda, Thermal equilibration between singlet
and triplet excited states in organic fluorophore for submicrosecond delayed fluorescence,
Science Advances, 1, eabeb769 (2021).

Abstract. In any complex molecular system, electronic excited states with different spin
multiplicities can be described via a simple statistical thermodynamic formalism if the states
are in thermal equilibrium. However, this ideal situation has hitherto been infeasible for
efficient fluorescent organic molecules. Here, we report a highly emissive metal—free purely
organic fluorophore that enables thermal equilibration between singlet and triplet excited
states. The key to this unconventional excitonic behavior is the exceptionally fast
spin—flipping reverse intersystem crossing from the triplet to singlet excited states with a
rate constant exceeding 10% per second, which is considerably higher than that of radiative
decay (fluorescence) from the singlet excited state. The present fluorophoric system exhibits
an emission lifetime as short as 750 nanoseconds and, therefore, allows organic light—emitting
diodes to demonstrate external electroluminescence quantum efficiency exceeding 20% even
at a practical high luminance of more than 10,000 candelas per square meter.

4. Bluebell H. Drummond, Naoya Aizawa, Yadong Zhang, William K. Myers, Yao Xiong, Matthew
W. Cooper, Stephen Barlow, Qinying Gu, Leah R. Weiss, Alexander J. Gillett, Dan Credgington,
Yong—dJin Pu, Seth R. Marder, Emrys W. Evans, Electron spin resonance resolves intermediate
triplet states in delayed fluorescence, Nature Communications, 12, 4532 (2021).

Abstract. Molecular organic fluorophores are currently used in organic light—emitting diodes,
though non—emissive triplet excitons generated in devices incorporating conventional
fluorophores limit the efficiency. This limit can be overcome in materials that have
intramolecular charge—transfer excitonic states and associated small singlet—triplet energy
separations; triplets can then be converted to emissive singlet excitons resulting in efficient
delayed fluorescence. However, the mechanistic details of the spin interconversion have not
yet been fully resolved. We report transient electron spin resonance studies that allow direct
probing of the spin conversion in a series of delayed fluorescence fluorophores with varying
energy gaps between local excitation and charge—transfer triplet states. The observation of
distinct triplet signals, unusual in transient electron spin resonance, suggests that multiple

triplet states mediate the photophysics for efficient light emission in delayed fluorescence
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emitters. We reveal that as the energy separation between local excitation and
charge—transfer triplet states decreases, spin interconversion changes from a direct,

singlet—triplet mechanism to an indirect mechanism involving intermediate states.
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