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Mechanoresponsive Room—Temperature Phosphorescence of
Halogenated Thienyl Diketones

Yosuke Tani* and Mao Komura

Phosphorescence is a unique luminescence property with a number of advantages that are
complementary to those of fluorescence. However, achieving efficient room-temperature
phosphorescence (RTP) using metal-free organic molecules is a challenging task owing to the
spin—forbidden nature of phosphorescence. Extensive research in the last decade has revealed that
decent RTP can be obtained from organic crystals based on the suppression of nonradiative decay.
Nonetheless, once the rigid crystalline lattice is destroyed by applying mechanical stimuli, such
RTP often disappears. We have recently developed heteroaromatic 1,2-diketones as a novel
scaffold of organic RTP. Unlike conventional phosphors, the diketones exhibit efficient RTP in
various noncrystalline states/environments. This article describes the RTP of halogenated thienyl
diketone derivatives, focusing on their response to mechanical stimuli and the multiple and indis-

pensable roles of halogens therein.
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Fig. 1 Simplified Jablonski diagram. S,, singlet ground state;
S,, first excited singlet state; T,, higher triplet state;
T, the lowest triplet state. Solid and broken arrows
represent transitions with and without absorbing/
emitting photons, respectively. Red bold arrows are
spin-forbidden transitions.
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Fig. 2 (a) Chemical and crystal structure of 1.
Hydrogen atoms are omitted, and the thermal
ellipsoids are set at the 50% probability level.
(b) Steady-state photoluminescence spectra
of 1. Excitation wavelength (1.,) was 380 nm.
@, absolute phosphorescence quantum yield;
7, area-weighted mean phosphorescence
lifetime. @, and 7, were determined at 4. =
365 and 370nm for pristine and ground
samples, respectively. (c) Powder X-ray
diffraction profiles of 1. Photographic images
were taken under UV light (365 nm).
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Fig. 3 Potential energy curve of 1-H (1 with H in place of the
silyl groups) calculated at the BSLYP-D3/6-311G(d)
level of theory. Energies for S, and T, were obtained
by single-point calculations (vertical excitation).
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Fig. 4 (a) UV-vis absorption and excitation spectra of 1
ground solid and in cyclohexane. (b) Steady-state
and gated photoluminescence spectra of 1 at room
temperature or 77 K.
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Fig. 5 (left) Crystal structure of 1-H. Thermal ellipsoids are
set at the 50% probability level. (right) Natural
bonding orbitals describing principal Ip(O)— ¢ *(S-C)
donor-acceptor interactions. Isovalue = 0.05.
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Fig. 6 (a) Steady-state photoluminescence spectra of 2
(A.,=400nm). (b) Crystal structure of 2. Thermal
ellipsoids are set at the 50% probability level.
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distances (A). (¢) Left: Overlaying 3 (cyan) and 1 (orange) crystal structures. Right: Space-filling model of
3 crystal structure. Disordered Br atoms are drawn as cyan spheres with 50% transparency. (d) Lattice
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Fig. 9 (a) ORTEP structures of 4 and 1. Thermal ellipsoids
are set at the 50% probability level. (b) Overlaying
three successive molecules in the crystals of 4
(green) and 1 (magenta). Lattice constants of 4 and 1
are shown in the table.
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Fig. 10 (a) Steady-state photoluminescence spectra of 4. 1. were 320 and 360 nm for pristine and
ground samples, respectively. @, and 7, were determined at 4., =368 nm. Photographic images
were taken under UV light (365 nm). (b) Powder X-ray diffraction profiles of 4. Steady-state
photoluminescence spectra of 4 (c) and 1 (d). 4., was 320 nm.
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