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Abstract Photochromic molecules show great potential in biological imaging, logic gates, super-resolution imaging and
other fields due to the sensitivity, accuracy and penetrability of light. By utilizing their variations on physical properties upon
light irradiation, the fluorescence signal of photochromic dyes can be turned on or off accurately by specific wavelength. As
an important luminescent dye, organic room-temperature phosphorescence (RTP) materials have attracted great research in-
terest of scientists by the triplet state radiation process, and have potential in sensing, anticounterfeiting, photo-dynamic ther-
apy, and so forth. In this work, we combine the phosphorescence and photochromic properties together by connecting a clas-
sic photochromic dye (bithienylethene) with an efficient phosphor (thiochroman-4-one) via sp? and sp® linker (BTElo and
BTE20). These compounds show typical photochromic phenomenon in solution and polymer matrix and have good fatigue
resistance. During the irradiation, a clear isosbestic point can be observed, indicating the quantified transition between two
isomers. The emission quenching of derivatives is considered as the radiative energy transfer between fluorescent open form
and non-fluorescent closed form. It’s interesting that the fluorescence lifetime of BTElo and BTE2o0 increases after ultravio-
let (UV) irradiation, which rules out the possibility of non-radiative energy transfer mechanism of the fluorescence quenching
phenomena. In the poly(vinyl alcohol) (PVA) matrix, these compounds show decent RTP emission and millisecond level
lifetime. And the RTP emission can also be reversibly turned “ON” or “OFF” via irradiation of different wavelengths. It’s
very interesting that the phosphorescence lifetime also increases (from 16.1 to 19.4 ms) with the irradiation of UV light,
which is identified with the variation of fluorescence lifetime in solution and PVA matrix. The increase of lifetime can rule
out the non-radiative energy transfer mechanism for the phosphorescence quenching phenomena. Considering the fluores-
cence quenching phenomena in tetrahydrofuran (THF) solution, the fluorescence and phosphorescence quenching in PVA
matrix should also be attributed to the form conversion and the radiative energy transfer process between open and closed
isomers.
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Figure 1 Schematic diagram of design principle and working mechanism of the light-responsive RTP system
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Figure 2 Absorption, fluorescence and excitation spectra of BTElo (a) and BTE2o0 (e) before UV light irradiation. Variation of the absorption (b, f),
fluorescence (c, g) and lifetime decay (d, h) spectra of BTE1o (up) and BTE20 (down) under light irradiation (365 nm light for BTE1o and 405 nm light
for BTE20); inset: photograph of the THF solution of BTEle or BTE20 under daylight or 365 nm light. Concentration: 1.0 X 10~° mol/L, Ax=365 nm
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