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Materials and methods.

Polyvinylcarbazole (PVK) was purchased from Sigma aldrich. (St. Louis, Missouri, United
States). PVA and 10-[4-[4,6-Di(adamantan-1-yl)-1,3,5-triazin-2-yl]phenyl]-9,9-diphenyl-
9,10-dihydroacridine  (PA-TA) and  10-[4-[4,6-Di(adamantan-1-yl)-1,3,5-triazin-2-
yl]phenyl]-9,9-dimethyl-9,10-dihydroacridine (MA-TA) were purchased from TCI (Tokyo,
Japan.). PEG polymer was purchased from polymer source (Quebec, Canada).
Tetrahydrofuran (THF) was purchased from FUJIFILM Wako (Osaka, Japan). All chemicals

were used as received without any further purification.

General characterization.

Absorption spectra were measured at room temperature using a V630 UV-visible
spectrophotometer (JASCO, Tokyo, Japan). Emission spectra were measured at room
temperature using an FP-8200 fluorescence spectrometer (JASCO, Tokyo, Japan). The
hydrodynamic diameter of P-dots was measured by dynamic light scattering (DLS) using a
Zetasizer Nano ZS (Malvern Panalytical, UK). The morphology of P-dots particles was
observed using an ultra-high resolution analytical electron microscope JEM-ARM200F
(JEOL, Tokyo, Japan). For sample preparation, the synthesized P-dots were sonicated for 1
minute and 20 pL of sample solution was dropped onto a polymer coated Cu grid. After
drying completely, they were hydrophilized for 60 s using the HDT-400 hydrophilic
treatment system (JEOL, Tokyo, Japan) and transmission electron microscopy (TEM)
measurements were taken. For particle size analysis, 100 particles were extracted from the

resulting TEM images and analyzed using ImageJ software manually. Quantum vyields of



photoluminescence were measured using a Quantaurus-QY absolute PL quantum yield
measurement system (HAMAMATSU Ptohonics K.K., Shizuoka, Japan) at an excitation
wavelength of 355 nm. Measurements were performed under aerobic and degassing
conditions. The sample degassing for each measurement was performed by argon bubbling

for 10 minutes.
Synthesis of P-dots.

TADF molecule-doped P-dots were synthesized according to the precipitation method
described by us previously with slight modifications.! PVK and PEG-COOH polymers and
TADF molecules were each dissolved (1.0 mg/mL) in THF to prepare stock solutions (Table
S1). Each stock solution was mixed with 30 uL, 60 pL, and 150 uL each and diluted with 60
uL of THF. Under sonication, the mixed solution was dispersed in 1 mL of milliQ water and
sonicated additionally for 5 minutes. THF was then removed by centrifugal evaporation and
water was added to synthesize a total of 1 mL of agueous P-dots solution. To 1 mL of the
synthesized P-dots solution, 0.10 g of sucrose was added and completely dissolved. The
mixed solution was frozen in liquid nitrogen (-195.8°C) and lyophilized using a freeze dryer

(EYELA, Tokyo, Japan) for X-ray imaging experiments.
Fabrication of P-dots film

The polymer matrix and P-dots solution were mixed, and the water was evaporated in an
oven to synthesize the film. For the matrix, 2.0 g PVA (n = 1700) was dissolved in 20 mL
purified water and heated and stirred at 120°C for 30 min. The matrix was then prepared by

adding 1.0 mL of PEG (Mw = 200) and heating and stirring at 90°C for 30 min. For P-dots,



10 mL of the synthesized P-dots sample was transferred to a tube for spin column
(VIVASPIN TURBO15 50 mL 10k), centrifuged at 3000 g for 8 min at 15°C, and
concentrated to a total volume of 0.50 mL (20 x concentration). They were mixed with matrix
and concentrated P-dots at a 1:1 ratio in 1.5 mL tube. 0.25 mL of the mixture was dropped
into a plastic petri dish and dried at 50°C. Five films were then laminated together to form a
thick (1.5 mm) film with a diameter of approximately 12 mm. For comparison, films with

only PEG and PVA were also fabricated.
Photoluminescent lifetime measurement.

Photoluminescence luminescence lifetime was measured at room temperature by the photon
counting method using a Quantaurus-Tau compact fluorescence lifetime measurement
system C11367 (HAMAMATSU Photonics K.K., Shizuoka, Japan). Measurements were
performed under aerobic and degassing conditions. Samples were prepared to have an
absorbance of 1.0 at 355 nm. Curve fitting and analysis were performed using the
instrument's software. Lifetimes were determined by three-component exponential curve

fitting (y = yo + A1 * exp(-x1 / 1) + A2 * exp(-X2 / 1) + As* exp(-Xs / w), 7= ZAin? | A 7).
Laser flash photolysis experiment.

Pico second transient absorption was measured at room temperature by the RIPT method
using the picosecond transient absorption spectroscopy system picoTAS (UNISOKU, Osaka,
Japan). Measurements were performed under aerobic and degassing conditions. Samples
were prepared to have absorbance of 1.0 at 355 nm. Curve fitting and analysis were

performed using the instrument's software. Lifetimes were determined by three-component



exponential curve fitting (y =yo + At * exp(-x1/ 1) + Ao * exp(-x2 / ©) + Az * exp(-xs/ w), 7

=TAiw% | ZAin).
Pulse radiolysis and electron beam excited photoluminescence measurements.

Transient absorption by the pulse radiolysis method was measured at room temperature using
a multichannel spectrometer with an L-band LINAC-accelerated electron pulse (28 MeV) as
the excitation source to the sample. Measurements were performed under aerobic and
degassing conditions. For triplet state measurement, samples were dissolved in toluene and
prepared to have an absorbance of 1.0 at 355 nm and degassed. Electron beam-induced
emission spectra were measured at room temperature using a multichannel spectrometer with
an L-band LINAC-accelerated electron pulse (28 MeV) as the excitation source to the sample.

Measurements were performed under degassing conditions.
Hard X-ray excited luminescence measurements.

Hard X-ray excited luminescence was measured by a small animal X-ray irradiator (X-RAD
SMART system, PXI, North Branford, CT, USA) and EMCCD camera placed perpendicular
to the irradiation beam axis. X-ray beams (60 kVp, 20 mA, unfiltered) were collimated with
a 2.5 cm diameter circular aperture and directed toward the side of a 96-well plate containing
200 pl of sample in solution, respectively. X-ray emission images were acquired as a series
of 20 frames, each with 1 s exposure, electron gain of 50, and No pixel binning was used;
MATLAB (MathWorks, Natick, MA, USA) was used to remove radiation noise from the raw
camera images and to quantify the image intensity. X-ray emission spectra were acquired

with a separate X-ray irradiator (PXI1 XRAD 320, North Branford, CT, USA) and measured



with an optical spectrometer (Sensline, Avantes, Lafayette, CO, USA). X-ray beam (60 kVp,
20 mA, unfiltered) was directed at the film sample directly below the X-ray aperture to
maximize the absorbed dose rate and emission intensity. The film sample was placed over
the distal end of a 1 mm diameter optical fiber, with the proximal end connected to a
spectrometer. Each film sample was measured three times with a 5-second exposure and
averaged. The background signal (non-doped control film) was then subtracted and spectral
intensity corrected to compensate for the spectrometer's non-uniform sensitivity. The spectra

were then normalized and smoothed with a Savitzky-Golay filter in MATLAB.
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Figure S1. TEM images and histogram of their diameters for PA-TA P-dots (a) and MA-
TA P-dots (b).
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Figure S2. (a) Absorption and photoluminescence spectra of PA-TA (blue) and MA-TA
(sky blue) and PVK (red) in toluene. (b) Absorption spectra of P-dots.
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Figure S3. Photoluminescence lifetime for monomers, PA-TA (a) and MA-TA (b) in
toluene under Ar (blue and sky blue) and aerated (black) condition.
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Figure S4. Photoluminescence lifetime for monomers, PA-TA P-dots (a) and MA-TA P-
dots (b) in H20 under Ar (blue and sky blue) and aerated (black) condition.
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Figure S5. Transient absorption spectra and their Kinetic traces obtained by pulse radiolysis
for PA-TA (a) and MA-TA (b) in toluene.
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Figure S6. Transient absorption spectra for PA-TA (a), MA-TA (b) in toluene, PA-TA P-
dots (c) and MA-TA P-dots (d) in H20O.
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Figure S7. Kinetic traces of transient absorption at 600 nm for monomers, PA-TA (a) and
MA-TA (b) in toluene under Ar (blue and sky blue) and aerated (black) condition.
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Figure S8. Kinetic traces of transient absorption at 600 nm for monomers, PA-TA P-dots (a)
and MA-TA P-dots (b) in H20 under Ar (blue and sky blue) and aerated (black) condition.
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Figure S9. The photoluminescence of film embedded with PA-TA P-dots (a) and MA-TA
P-dots (b). Left: photograph excited at 365 nm transilluminator, right: photoluminescence
spectra.
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Figure S10. (a) Hard X-ray excited luminescence spectra for PA-TA and MA-TA P-dots and
Ir(dfppy)s doped P-dots.? The normalized data is shown in Fig. 2c. (b) Hard X-ray excited
luminescence of PA-TA P-dots in the presence of H,O, and isopropanol.



Table S1. Volume and concentration of TADF molecules, PEG-COOH, PVK, and THF in
sample preparation.

Components Volume (uL) | Concentration (ug/mL)
TADF molecules 150 500
PEG-COOH 60 100
PVK 30 200
THF 60
Total 300

Table S2. The averaged sizes of P-dots measured by TEM and DLS.

Sample Averaged size
TEM (nm) DLS (nm)
PA-TA P-dots 26 73
MA-TA P-dots 25 63

Table S3. Photoluminescence absolute quantum yields for TADF monomers and P-dots.

Samp|e Amax FWHM Dpi DrL Dp (Alr)/ Dpi (P'dOtS)/
(nm)? (nm) (An® | (AinP @pL (Ar) @p1 (Monomer)
PA-TA 456 76 0.35 0.23 0.66 -
PA-TA 456 91 0.40 0.28 0.70 1.1
P-dots
MA-TA 473 72 0.35 0.19 0.54 -
MA-TA 473 81 0.44 0.32 0.73 1.4
P-dots
Ir(dfppy)s 510 - 0.82 0.02 0.25 -
Ir(dfppy)s 510 - 0.09 0.08 0.89 0.11
P-dots

& Photoluminescence Amax, ° Absolute photoluminescence quantum yields.



Table S4. Photoluminescence lifetime for TADF monomers and P-dots.

Sample | z(us, Ar)? | 7(us, air)?
PA-TA 6.0 0.011
PA-TA 23 6.4
P-dots
MA-TA 5.2 0.012
MA-TA 19 7.8
P-dots

2Photoluminescence lifetime determined by average of 3 components.

Table S5. Triplet lifetime and reaction rate constant with molecular oxygen determined by
laser flash photolysis.

Sample | r(us, Ar)* | z(us, air)? kq (Lmol-ist)P
PA-TA 4.0 0.068 9.5 x 10°
PA-TA 84 47 3.2 x 10’
P-dots
MA-TA 3.4 0.057 1.2 x 1010
MA-TA 37 18 9.6 x 10’
P-dots

& Triplet lifetime and ®reaction rate constants determined by the equation of Kair = kar + kq[O2],
Kair = 1/7 (air), and kar = 1/7 (Ar). Monomers were measured in toluene ([02] = 1.5 x 107
molL™), and P-dots were measured in H,0 (([O2] = 3.0 x 10 molL™).
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