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Fig. 2 | Highly efficient RL and low self-absarptions of the TADF based scintillators. &, Mormalized RL spectra of anthracens, DMAc-TRZ, 4CzIPN and
AL :TPN-By at the thicknesses of their maxirmum light output (0.2 mem for anthracene and 4C2IPM, 0.4 mom for 202 TPN-Bu and 1.00mm for DMAC-TRZ).
Inset: corresponding images of light-emitting organic scintillators under X-ray irradiation (X-ray tube vollage, S0kV, dose rate, 3034 mGy,, ). b, RL
intensities versws thicknesses of anthracens, DABAC-TRE, A0 21PN and 40z TPM-Bu (X-ray tube voltage, S0k, dose rate, 3034 milay,, 57'). The emror bars
were determined by the measurements of three sarmples and each sample was measured Lhree limes. ¢, Polential energy curves of ground state (5,0 and
excited state (5. in anthracens (left) and TADF molecules (right ). d, Mormalized FL spectra (solid lines) and normalized absorplion specira (dotted lines)
of DMAC-TRZ, AC2IFN and AC2TPN-Bu in toluene (left) compared with that of anthracens in tolwene {right).
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Fig. 3 | Performance characterizations of organic scintillators. a, Calculated X-ray altenuation efficiencies of anthracens, DMAC-TRZ, ACHPN and
AC2TPM-Bu versus thickness of these scintillators for the entire range of X-ray photon energy (3-50 keV). Insat: enlarged fgune of X-ray attenuation
efficiency near 400 pm, which is the thickness used o calculate the steady-state internal X-ray to kght comersion efficiencies. b, RL intensity spectra (at
the thickness of 400 pm) normalized to the X-ray attenuation efficiencees (& inset) of anthracene, DMAC-TRZ, 4CIPN, 4C2TPN-Bu and the reference
seintillater, cerum-doped lutetivm aluminium garnet (LuAG:Ce). The efficiencies were caloulated by integrating these normalized X-ray-induced RL spectra
and comparing the results with that of the reference LuAG:Ce {X-ray tube voltage, 50 kV: dose rate, 3.034 mGy,. 57°). The error bars were determined by
the measurements of three samples and each sample wias measured three times. € Detection limits (defined a5 a0 5NR of 3) and linear behaviours of
anthracene (0.2 mm), DMAC-TRZ (L0 mm), 4C2IPN (0.2 mm) and 4CxTPN-Bu (0.4 mm) under low-dose-rate X-ray excitation (X-ray tube voltage. S0kV).
The erroe bars were determined by the measuremnents of the aptimized sample and this sample was measured three times 3¢ esch posnt. d, Promgdt light
decay companents of anthracene, DMAC-TRZ, 4C2IPN and 4C2TPN-Bu at 300 K. &, Delayed light decay components of anthracens, DMAC-TRZ, 4C2IPN
and 4CzTPM-Bu at 300K. £, Mormalized RL intensities of anthracene, DMAC-TRZ, 4CzIPN and 4CzTPN-Bu at a thickness of 400 pm wnder continuous
X-ray irraduation (X-ray tube voltage, S0kY; dose rate, 3.034mGy, 37" for a total dose of 5.46 Gy, The efror bars were determined by the measurement
of one sample and this sample was measured three times at each point.
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Fig. 4 | Highly resolved X-ray imaging based on TADF scintillators. a, Schematic illustration of the X-ray imaging system. b, Top: photograph of 8 0.5 wi%
DMAC-TRL S0 scintillator screen (Ehickness, ~0.2 mm) reveating high transparency. Botfom: photograph of 2 05w % DMAZ-TRZ-S0 scintillator screen
under ultraviclet excitation. ¢ MTFs of the X-ray images. d. Bright-field (left) and X-ray (right) images of a partial regicon (from 12 to 20 lpmm™) of the
standard X-ray lest pattern plate. o= Bright-field (beft) and X-ray (right) images of a chip (8), an encapsulated metallic spring (F) and a fesh (g) based on
2 05 wi% DMAC-TRZ:S0 scintillator screen. M-ray tube voltage, S0V, dose rate, 755Gy, 5°'; exposwre, 5s
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