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Materials and methods

Materials

All chemical reagents, biological samples and materials were obtained from commercial suppliers, and all chemical
reagents were used as purchased without purification. The silica gels (100-200 mesh, AR) were used for the
purification of synthesized compounds. Spectrally pure dimethyl sulfoxide (DMSO) and 9,10-
anthracenediylbis(methylene)dimalonic acid (ABDA, 90%) were purchased from J&K. Fetal bovine serum (FBS),
penicillin and streptomycin were obtained from Gibco. Roswell Park Memorial Institute 1640 (RPMI 1640),
Dulbecco’s Modified Eagle Medium (DMEM) and phosphate buffered saline (PBS, 10 mM, pH = 7.4) were
purchased from Gibco or Bioagrio. Cell Counting Kit-8 (CCK-8) were obtained from Solarbio. MitoTracker® Deep
Red FM were purchased from BioDee. Singlet-oxygen sensor green (SOSG) were obtained from Sigma-Aldrich (MO,
USA).

General instruments

"H NMR spectra were recorded on a Briiker AV-400 spectrometer, using deuterated reagents (CDCl; or DMSO-dj)
as the solvents, and tetramethylsilane (TMS) as the internal standard. The high-resolution mass spectra (HRMS) were
obtained on an HP 5958 mass spectrometer with the electronic spray ionization mode. Absorption and fluorescence
spectra were obtained on a Varian Cary 500 UV-Vis spectrophotometer and Edinburgh FLS1000 photoluminescence
spectrometer, respectively. Transmission electron microscopy (JEM-1400) studies were performed at the
Instrumental Analysis Center of East China University of Science and Technology to investigate the morphology and
size of nanoaggregates. Dynamic light scattering (DLS) and zeta potential measurement were conducted using
Zetasizer Nano particle analyser series (Malvern Nano ZSE, UK) at room temperature. White light source for ROS
generation experiment came from commercial LED lamps (SF-582, SF-T100). The cell imaging was implemented
with a confocal laser scanning microscope (CLSM, Nikon) at the Instrumental Analysis Center of East China
University of Science and Technology. The live mice were imaged with a Living Image system and the relative
fluorescence intensity was analyzed by Living Image 4.3.1 software (Caliper).

Theoretical calculations

Theoretical calculation was carried out using the Gaussian 09 software. Optimization for the geometries of TPEPFg,
TPAPFs and DEAPFs at the ground state were operated at B3LYP/6-31G* level. Then calculation for HOMOs and
LUMOs were performed at the same level. Excited triplet state was calculated at PBE0/6-31G* level by time-
dependent density functional theory (TD-DFT). The electron-hole distribution analysis was based on TD-DFT

unrelaxed excited-state densities as provided by the Multiwfn software.5!

The results suggested that the HOMO of TPEPFs is mainly distributed on the TPE unit and the adjacent cyano group,
while its LUMO is basically dominated by the orbitals from the (2)-4-(2-cyano-2-phenylvinyl)pyridin-1-ium moiety.
It suggests the significant ICT from the acrylonitrile-substituted TPE moiety to the (Z)-4-(2-cyano-2-phenylvinyl)-
pyridin-1-ium part. Likewise, marked ICT from the acrylonitrile-decorated TPA unit to the (Z)-4-(2-cyano-2-
phenylvinyl)-pyridin-1-ium moiety is clearly revealed by the HOMO and LUMO of TPAPFs. The case is similar but
different in DEAPF¢. The electron clouds of HOMO are mainly situated on the DEA and the neighbouring 2-
phenylacrylonitrile groups, while the LUMO is primarily occupied by the orbits from the (Z)-4-(2-cyano-2-
phenylvinyl)pyridin-1-ium unit, implying the ICT from the 2-phenylacrylonitrile-furnished DEA to the (2)-4-(2-
cyanovinyl)pyridin-1-ium.

Spectral measurements

The stock solution of TPEPFs, TPAPFs and DEAPFs were prepared in DMSO (1073 M) and used for specific
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experiments after appropriate preparation. All spectra of the solutions were obtained in 1 cm quartz cuvettes.
Investigation of size, zeta potential and morphology

Transmission electron microscopy (TEM) observation and dynamic light scattering (DLS) analysis were carried out
to study the morphology of the aggregates of these three compounds formed in the DMSO/toluene mixtures with
different toluene fractions (fr = 50, 80, and 90 vol% for DLS measurement, and fr = 80 and 90 vol% for TEM test).
DLS measurement of AIE-PSs in DMSO/toluene mixtures with different toluene fractions was carried out using a
Zetasizer Nano particle analyser series (Malvern Nano ZSE, UK) at 25 °C. Zeta-potentials of AIE-PSs in DMSO/H,0
(v/v =1/99) were measured using the same instrument. Zetasizer software was used to process and analyze the data.
TEM images were recorded by a JEM-1400 transmission electron microscope. Measurements were performed by
dropping 10 pL samples onto carbon-coated copper grids. After removing the excess solution by blotting paper, the

samples were dried under ambient conditions.
Crystallography analysis of TPAPF

Perfect single crystals of TPAPF were successfully obtained by slowly evaporating the mixture of THF/hexane. The
X-ray crystallography analysis helps to elucidate the molecular conformation and molecular arrangement of these
analogue AlEgens. The crystal was resolved on Bruker APEX-II CCD with a radiation of CuK/a at a wavelength of
1.54178 (A). The data was further analyzed with SHELXL-2018/3.

Detection of 'O in solution

The 'O, production was determined by using 9,10-anthracenediylbis(methylene)dimalonic acid (ABDA) as an
indicator. The stock solutions of ABDA and photosensitizers in DMSO were added into ultrapure water to afford the
DMSO/water solutions (v/v, 1/100). Then the mixed solutions were exposed to white light (400—-800 nm, 25 mW/cm?)
irradiation from 0 to 120 s. The absorbances of ABDA at 378 nm were recorded at different irradiation time to obtain
the decay rates of the photosensitizing processes. The effectiveness of photosensitizer-generated !0, was evaluated
by A/Ay, where Ay is the initial absorbance at 378 nm, while A4 represents the final absorbance at 378 after white-light

irradiation.
Singlet-oxygen quantum yield calculation

The singlet-oxygen quantum yields of TPEPF¢, TPAPFs and DEAPFs (@ps) were determined using Rose Bengal (RB)
as the standard reference. To conduct the experiments, ABDA was added into AIE-PSs or RB solution to give a
working concentration of 50 uM (DMSO/H,O = 1/100, v/v). To eliminate the inner-filter effect, the absorption
maxima were controlled at ca. 0.2. The singlet-oxygen quantum yields are calculated using the following equation:

Doc = O Kps X Arp
ps= Pre
Krpg X Aps

where xps and xrp represent the decomposition rate constants of the photosensitizing process determined by the plot
of In(40/4) versus light irradiation time, A4 is the initial absorbance of ABDA while 4 is the ABDA absorbance after
irradiation for different time; Arp and Aps refer to the light absorbed by RB and AIE-PSs, respectively, calculated by
the integration of their absorption spectra from 400 to 800 nm; @rg is the singlet-oxygen quantum yield of RB, which

is 0.75 in water.>?
Cell culture and cell imaging

Five cancer cell lines, namely mouse breast cancer cells (4T1), human embryonic kidney 293T cells (293T), human
lung adenocarcinoma cells (A549), and ovarian cancer cells (SK-OV-3) were obtained commercially. 4T1, SK-OV-
3, and A549 cells were cultured in modified 1640 medium containing 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin (complete 1640). 293T cells were cultured in DMEM medium containing 10% FBS and 1%
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penicillin-streptomycin (complete DMEM). All cells were incubated at 37 °C in a humidified atmosphere of 5% CO..
Cells were seeded in cell culture dishes for 2 days and passed at 95% cell confluency. Before the experiment, the
medium was removed and the attached cells were washed 3 times with PBS buffer to remove the remaining growth

medium.

4T1 and SK-OV-3 cells in exponential phase were cultured individually on 35 mm-glass-bottom dishes for 24
hours before confocal microscopic imaging of the cells with the AIE-PSs, reaching approximately 80% confluency.
On the day of treatment, the cell staining was conducted by replacing the cell culture medium with AIE-PS-containing
culture medium. Then the cells were washed with 1 mL of PBS for three times at room temperature and 1 mL of
complete medium was added and observed via confocal laser scanning microscope (CLSM).

Detection of singlet-oxygen in living cells

The intracellular ROS generation under white-light irradiation was detected by using SOSG as an indicator and
studied by CLSM. 4T1 cells and SK-OV-3 cells were seeded and cultured in confocal plates (35 mm-glass-bottom
culture dishes) for 12 h. Then the culture media were replaced with 1 mL of fresh medium containing AIE-PSs (10
uM) and the cells were incubated for another 1 h at 37 °C, the cells were irradiated by white light (100 mW/cm?) for
different periods of time. Afterwards, the cells were incubated with 1 mL of fresh medium containing 5 mM SOSG
(10 pL) for 30 min at 37 °C. Finally, the cells were rinsed with PBS for three times and the fluorescence signals of
the cells were captured by CLSM imaging. For the collection of fluorescence signal given by TPEPFg, the excitation
was 405 nm and the emission was collected at 570—-620 nm. For the collection of fluorescence signal given by TPAPFs
or DEAPFg, the excitation was 488 nm and the emission was collected at 660—730 nm. For the collection of
fluorescence signal given by SOSG, the excitation was 488 nm and the emission was collected at 500-530 nm. No
background fluorescence of cells was detected under the set conditions.

Co-staining assay by CLSM

The SK-OV-3 and 4T1 cells were selected for the co-staining assay experiments. When the cells achieved around a
confluence of 80%, the cells in 35 mm-glass-bottom dishes were cultured with AIE-PSs for 1 h and washed for three
times with PBS solution (1 mL). Then, the cells were incubated with MitoTracker® Deep Red FM (commercially
purchased fluorescent dye for the mitochondria-specific staining) for 1 h under standard operation conditions.
Afterwards, the cells were washed three times with PBS solution (1 mL), and fluorescence images were taken by a
CLSM (Laser wavelength: 647 nm for MitoTracker® Deep Red FM; 405 nm for TPEPFs; 488 nm for TPAPFs and
DEAPFg; the emission filter: MitoTracker® Deep Red FM: 650-670 nm; TPEPFs: 570-620 nm; TPAPF¢ and
DEAPF¢: 660—730 nm). The false color of MitoTracker® Deep Red FM was given as green and the false color of
AIE-PSs was given as red.

Cell viability test

The cell viability of 293T, A549, SK-OV-3, and 4T1 cells was determined after incubation with AIE-PSs under white-
light irradiation (100 mW/cm?, 30 min) using a Cell-Counting-Kit-8 (CCK-8). Briefly, on a 96-well plate, the cells
were inoculated at a density of 1x10* cells/well in 100 pL of complete medium and cultured at 37 °C with 5% CO,.
After the cells being incubated for 12 h, the old medium was replaced with 200 pL fresh medium containing different
concentrations of AIE-PSs (0, 1, 2, 5, 10, 20, 50 and 100 uM) and the cells were further incubated at 37 °C. After 1
h, the plates were irradiated with white light (400-800 nm, 100 mW/cm?) for 30 min. All cells with or without light
irradiation were cultivated for another 4, 12 or 24 h to support the cell proliferation. After culturing for different time,
100 pL of serum-free medium containing 10% CCK-8 was added to each well, and the 96-well plate was subsequently
incubated at 37 °C for 2 h. Finally, their optical density (OD) values were read at 450 nm, the cell viability rates were
calculated by (ODsample—ODblank)/(ODcontror—ODpblank) *100%. The results were presented as a mean + standard
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deviation obtained from six samples.
Animals and tumor model

The female BALB/c mice were obtained from Vital River and fed under standard housing conditions. 4T1 cells
(5x10%) in 50 uL PBS were subcutaneously inoculated into the hip of each mouse. The tumor growth was monitored
every day, and the volume of tumor was measured with a vernier caliper and quantified using (tumor length)x(tumor
width)?/2. When the tumors grew to a certain size, the 4T1 tumor-bearing mice were used for fluorescence imaging
and further therapy studies. All the mice used were handled strictly in accordance with governmental and international
guidelines on animal experimentation. Mice were free to obtain sterile food and water. The animal experiments have
been approved by the Laboratory Animal Ethics Committee of East China University of Science and Technology (No.
ECUST-2021-03001).

In vivo study on tumor visualization

The Living Image 4.3.1 software (Caliper) was utilized to image the mice. Mice bearing 4T1 tumors were randomly
divided into three groups (PBS, TPAPFs and TPAPF¢+light) and intratumorally injected with 50 uL of TPAPF¢ (4
mg/Kg, Wprobe/ Wmouse) OF PBS (1 = 3 per group); For the TPAPFe+light group, mice were treated by light illumination
for 10 min. /n vivo fluorescence imaging of 4T1 tumor in mice at different time points after intratumor injection of
PBS or TPAPFs was conducted afterwards. The excitation wavelength applied was 465 nm, and the fluorescence
signals were collected at 700 nm and 760 nm, respectively. At 24 h post injection, the mice were sacrificed while the
tumor and major organs were isolated and imaged, then the fluorescence images were taken by the same equipment

using the same conditions as those for the mice bodies.
In vivo therapy study

In this experiment, BALB/c mice bearing 4T1 subcutaneous tumors were divided into four groups (n =5 per group)
in random. Thereafter, the mice were treated by intratumor injection of (1) PBS (100 pL) without white-light
irradiation, or (2) PBS (100 uL) and subjected to white-light irradiation, or (3) TPAPFs (100 pL of probe solution,
Wprobe/Wmouse = 8 mg/kg) without white-light irradiation, or (4) TPAPF¢ (100 pL of probe solution, Wprobe/Wmouse = 8
mg/kg) and then irradiated with white light. Four hours later, mice of groups (2) and (4) were irradiated with white
light (200 mW/cm?) for 20 min. The treatments were conducted every two days and spanned a therapy duration of
12 days for all groups. The tumoricidal capacity was also continually estimated by tumor volume and mice body
weight after various treatment every day. The volume of tumor was measured with a vernier caliper and quantified
using (tumor length) x (tumor width)?/2. On day 11 after treatment, blood was taken from the eye socket of each
mouse for serum biochemical analysis. Furthermore, the mice in all these four groups were sacrificed and their tumor
tissues were then excised to measure the tumor volume after treatment for 12 days. The main organs including heart,
liver, spleen, lung, and kidney were resect for H&E staining.

Statistical analysis

Statistical analyses were carried out by Stata software and the differences between various groups were performed
by Student’s #-test. All the data were expressed as mean + standard deviation (SD). A value of P < 0.05 was considered
significant and was indicated with asterisks, such as *P < 0.05, **P < 0.01, and ***P < 0.001. Statistical analysis

was performed by Graph pad Prism 8.0. Each experiment included at least three replicates.
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Table S1 Performance comparison of the present photosensitizers (PSs) with the lately reported AIE PSs for PDT
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Synthesis of TPEPF¢, TPAPF and DEAPF,
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Scheme S1. The synthetic routes to TPEPFs, TPAPFs and DEAPFs. Conditions: (a) NaOH, EtOH/THF, R.T.; (b)
Piperidine, EtOH, 90 °C; and (c) i) CH3CH:lI, acetonitrile, 95 °C; ii) KPFs, acetone, 65 °C.

4-(1,2,2-Triphenylvinyl)benzaldehyde (2): Compound 2 was prepared according to the methods reported in
the literature.> "H NMR (400 MHz, CDCls) 6 9.90 (s, 1H), 7.61 (d, J = 8.2 Hz, 2H), 7.19 (d, J = 8.2 Hz, 2H), 7.12
(dd, J=6.2, 3.8 Hz, 9H), 7.02 (dt, J=9.5, 5.0 Hz, 6H).

(Z2)-2-(4-(Cyanomethyl)phenyl)-3-(4-(1,2,2-triphenylvinyl)phenyl)acrylonitrile (5): 2,2"-(1,4-Phenylene)
diacetonitrile (1, 468.2 mg, 3.0 mmol) was added to a three-necked round-bottom flask, and 7.5 mL of THF and 2.5
mL of EtOH were added. 4-(1,2,2-Triphenylvinyl)benzaldehyde (2, 360.2 mg, 1.0 mmol) and sodium hydroxide (20.0
mg, 0.5 mmol) was dissolved in the mixture of THF (15 mL) and EtOH (5 mL), respectively, then added into the
constant pressure dropping funnel. The flask was evacuated under vacuum and flushed with dry N for three times.
The reaction was started by slowly opening the constant pressure dropping funnel. The mixture was stirred for 6 h at
R.T. and then was poured into water and extracted with dichloromethane for three times. The collected organic layers
were concentrated by rotatory evaporation, and the residue was purified by the silica gel column chromatography
with petroleum ether/ethyl acetate (20/1, v/v) as an eluent, and the pure product of compound 5 was obtained as a
yellow-green solid (255.2 mg, 51.2%). '"H NMR (400 MHz, CDCl;), § (TMS, ppm): 7.66 (dd, J = 8.3, 5.2 Hz, 4H),
7.44-7.36 (m, 3H), 7.20-7.09 (m, 11H), 7.08-6.99 (m, 6H), 3.79 (s, 2H). '*C NMR (100 MHz, CDCl3) § (TMS,
ppm): 146.85, 143.27, 143.14, 142.49, 139.95, 134.71, 131.99, 131.36, 131.29, 130.73, 128.87, 128.65, 127.89,
127.71, 126.94, 126.76, 126.62, 117.92, 117.37, 109.62, 23.37. HRMS for C37H2sN> [M], calculated: 497.2018;
found: 497.2023.

(2)-2-(4-((2)-1-Cyano-2-(4-(1,2,2-triphenylvinyl)phenyl)vinyl)phenyl)-3-(pyridin-4-yl)acrylonitrile  (7):
Compound 5 (498.2 mg, 1.0 mmol) and compound 6 (114.6 uL, 1.2 mmol) were dissolved in 20 mL of EtOH, and
piperidine (8.5 puL, 0.1 mmol) was then added dropwise into the reaction system. The mixture was heated to 90 °C
and stirred for 12 h, after cooling to room temperature, the solvent was removed by rotatory evaporation.
Dichloromethane (30 mL) was added and the organic phase was washed with water (50 mLx3). Then the organic
phase was collected and dried by Na,SQOy, and the solvent was removed under reduced pressure. The obtained residue
was separated by silica-gel column chromatography (petroleum ether/ethyl acetate = 1/1) to obtain the desired
product as orange-yellow solid (480.3 mg, 81.8%). 'H NMR (400 MHz, CDCl3) 6 (TMS, ppm): 8.78 (d, J = 5.0 Hz,
2H), 7.81-7.72 (m, 6H), 7.70 (d, J = 8.4 Hz, 2H), 7.52 (d, J= 12.0 Hz, 2H), 7.19-7.09 (m, 11H), 7.09-7.00 (m, 6H).
BCNMR (100 MHz, CDCl3) 6 (TMS, ppm): 150.51, 146.37, 142.79, 140.79, 138.70, 137.00, 133.76, 133.12, 131.09,
129.88, 129.70, 129.67, 129.60, 126.98, 126.87, 126.31, 125.87, 120.53, 118.44, 115.81, 108.85, 105.89. HRMS for
C43H29N3 [M]", calculated: 588.2440; found: 588.2414.

4-((£)-2-Cyano-2-(4-((£)-1-cyano-2-(4-(1,2,2 triphenylvinyl)phenyl)vinyl)phenyl)vinyl)-1-ethylpyridin-1-

S-7



ium (TPEPFs): A mixture of compound 7 (588.2 mg, 1.0 mmol) and iodoethane (115.2 pL, 1.2 mol) was dissolved
in 15 mL of acetonitrile under an atmosphere of nitrogen. The mixture was heated to 95 °C and then refluxed for 6 h.
After cooling to room temperature, the solvent was removed by rotatory evaporation. Then mixed residue was
dissolved in 15 mL of acetone and added 3 mL of saturated aqueous solution of KPFe. After being fully dissolved,
the mixture was heated to 65 °C and then refluxed for 3 h. After being cooled to room temperature, the solvent was
removed under reduced pressure. The raw product was extracted three times using dichloromethane and water. The
organic layers were combined and dried by anhydrous MgSQOy. After filtration, the solvent was removed under
reduced pressure, and the resultant product was washed with ethyl acetate to give TPEPF¢ as a red solid (631.8 mg,
83.0% yield). '"H NMR (400 MHz, DMSO-de) 6 (TMS, ppm): 9.22 (d, J = 6.8 Hz, 2H), 8.48 (d, J = 6.7 Hz, 2H), 8.44
(s, 1H), 8.12 (s, 1H), 7.99 (q, /= 8.7 Hz, 4H), 7.78 (d, /= 8.4 Hz, 2H), 7.17 (dt, J1 = 8.8 Hz, J, =4.2 Hz, 11H), 7.07—
6.95 (m, 6H), 4.66 (q, J = 7.3 Hz, 2H), 1.59 (t, J = 7.3 Hz, 3H). 1*C NMR (150 MHz, DMSO-ds) é (TMS, ppm):
193.41, 151.09, 150.47, 149.58, 141.29, 140.76, 136.61, 131.92, 126.77, 125.44, 122.72, 122.67, 122.64, 122.13,
119.19, 114.02, 100.15, 43.83, 12.41. HRMS for C45H34N3* [M-PFs], calculated: 616.2753; found: 616.2757.
(Z)-2-(4-(Cyanomethyl)phenyl)-3-(4-(diphenylamino)phenyl)acrylonitrile (8): Similar to the synthesis of
compound 5, except that the starting materials were compound 1 (468.2 mg, 3.0 mmol) and compound 3 (273.1 mg,
1.0 mmol). The crude product was purified by silica-gel column chromatography using petroleum ether/ethyl acetate
(v/v, 15/1) as eluent to obtain the desired product as yellow solid (246.7 mg, 60.0%). '"H NMR (400 MHz, DMSO-
ds) 0 (TMS, ppm): 7.93 (s, 1H), 7.86 (d, J = 8.9 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.58-7.23 (m, 8H), 7.16 (p, J =
7.3 Hz, 4H), 7.06 (dd, J = 8.2, 4.1 Hz, 2H), 6.96 (d, J = 8.8 Hz, 1H), 6.67 (d, J= 8.8 Hz, 1H), 4.09 (t, /= 8.4 Hz,
2H). 13C NMR (100 MHz, CDCl3) § (TMS, ppm): 150.22, 146.51, 142.28, 135.06, 130.84, 130.14, 129.60, 128.48,
126.37,126.04, 125.89, 125.75, 124.46, 120.62, 118.60, 117.51, 106.52, 23.37. HRMS for C290H»1N3 [M]", calculated:
412.1814; found: 412.1805.
(2)-2-(4-((£)-1-Cyano-2-(4-(diphenylamino)phenyl)vinyl)phenyl)-3-(pyridin-4-yl)acrylonitrile 9):
Similar to the synthesis of compound 7, except that the starting materials were compound 8 (411.2 mg, 1.0 mmol)
and compound 6 (114.6 pL, 1.2 mmol). The crude product was purified by silica-gel column chromatography using
petroleum ether/ethyl acetate (v/v, 2/1) as eluent to obtain compound 9 as orange-red solid. Yield: 426.2 mg, 85.2%.
"H NMR (400 MHz, DMSO-de) 6 (TMS, ppm): 8.78 (dd, J = 4.5, 1.6 Hz, 2H), 8.20 (s, 1H), 8.06 (s, 1H), 7.97-7.87
(m, 6H), 7.83 (dd, J = 4.8, 1.4 Hz, 2H), 7.46-7.36 (m, 4H), 7.25-7.13 (m, 6H), 6.97 (d, J = 8.9 Hz, 2H). *C NMR
(100 MHz, CDCl3) 6 (TMS, ppm): 150.51, 146.37, 142.75, 140.79, 138.72, 137.00, 135.62, 133.76, 133.12, 131.09,
129.88, 129.64, 126.98, 126.87, 126.31, 126.00, 124.67, 122.82, 120.53, 120.38, 116.67, 115.81, 108.85, 105.89.
HRMS for C3sH24N4 [M], calculated: 501.2079; found: 501.2073.
4-((£)-2-Cyano-2-(4-((£)-1-cyano-2-(4-(diphenylamino)phenyl)vinyl)phenyl)vinyl)-1-ethylpyridin-1-ium
(TPAPFg): Similar to the synthesis of TPEPF¢, except that the starting materials were compound 9 (250.2 mg, 0.5
mmol) and iodoethane (58.0 puL, 0.6 mmol). The crude product was washed with ethyl acetate to give TPAPFsas a
black solid. Yield: 240.8 mg, 91.0%. '"H NMR (400 MHz, DMSO-ds) § (TMS, ppm): 9.20 (d, J = 6.8 Hz, 2H), 8.48
(d, J=6.7 Hz, 2H), 8.41 (s, 1H), 8.10 (s, 1H), 7.95 (dt, J=16.7, 8.9 Hz, 6H), 7.42 (t, J= 7.8 Hz, 4H), 7.20 (dd, J =
16.3, 7.9 Hz, 6H), 6.97 (d, J = 8.9 Hz, 2H), 4.65 (q, J = 7.3 Hz, 2H), 1.59 (t, J= 7.3 Hz, 3H). 3*C NMR (150 MHz,
DMSO-ds) 6 (TMS, ppm): 149.97, 145.80, 145.26, 135.20, 131.22, 129.93, 128.39, 127.49, 127.11, 126.19, 125.82,
124.96, 119.48, 83.89, 24.61. HRMS for C37H20N4" [M—PFg], calculated: 529.2392; found: 529.2392.
(Z2)-2-(4-(Cyanomethyl)phenyl)-3-(4-(diethylamino)phenyl)acrylonitrile (10): Similar to the synthesis of
compound 5, except that the starting materials were compound 1 (468.2 mg, 3.0 mmol) and compound 4 (117.1 mg,
1.0 mmol). The crude product was purified by silica-gel column chromatography using petroleum ether/ethyl acetate
(v/v, 15/1) as eluent to obtain the desired product as orange-yellow solid (129.8 mg, 41.2%). "H NMR (400 MHz,
CDCl3) 6 (TMS, ppm): 7.85 (d, J= 8.6 Hz, 2H), 7.63 (d, /= 8.2 Hz, 2H), 7.40 (q, /= 16.1, 8.0 Hz, 4H), 7.26 (s, 1H),
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3.78 (s,2H), 3.43 (q,J="7.0 Hz, 4H), 1.22 (t,J=7.1 Hz, 6H). Please noted that due to the poor solubility of compound
10, as suggested by the 'H NMR measurement, we did not obtain the pure compound 10. We have to use this not
pure enough compound 10 as one of the raw material for the synthesis of compound 11 which is the intermediate of
the targeted compound DEAPFs

(2)-2-(4-((Z)-1-Cyano-2-(4-(diethylamino)phenyl)vinyl)phenyl)-3-(pyridin-4-yl)acrylonitrile (11): Similar
to the synthesis of compound 7, except that the starting materials were compound 10 (157.1 mg, 0.5 mmol) and
compound 6 (57.3 pL, 0.6 mmol). The crude product was purified by silica-gel column chromatography using
petroleum ether/ethyl acetate (v/v, 2/1) as eluent to obtain compound 11 as red solid. Yield: 162.1 mg, 80.2%. 'H
NMR (400 MHz, DMSO-ds) 0 (TMS, ppm): 8.77 (d, J= 5.7 Hz, 2H), 8.17 (s, 1H), 7.93-7.81 (m, 9H), 6.81 (d, J =
9.0 Hz, 2H), 3.45 (q, J = 7.0 Hz, 4H), 1.19-1.07 (m, 6H). HRMS for C27H24N4 [M]", calculated:405.2079; found:
405.2077.

4-((Z)-2-Cyano-2-(4-((Z)-1-cyano-2-(4-(diethylamino)phenyl)vinyl)phenyl)vinyl)-1-ethylpyridin-1-ium
(DEAPFg): Similar to the synthesis of TPEPFs, except that the starting materials were compound 11 (202.1 mg, 0.5
mmol) and iodoethane (58.0 uL, 0.6 mmol). The crude product was washed with ethyl acetate to give DEAPFs as a
black solid (193.2 mg, 89.2%). '"H NMR (400 MHz, DMSO-de) d (TMS, ppm): 9.20 (d, J = 6.8 Hz, 2H), 8.47 (d, J =
6.8 Hz, 2H), 8.38 (s, 1H), 8.10-7.80 (m, 7H), 6.82 (d, J=9.1 Hz, 2H), 4.65 (q, J= 7.3 Hz, 2H), 3.46 (q, /= 6.9 Hz,
4H), 1.58 (t, J = 7.3 Hz, 3H), 1.24-1.05 (m, 6H). *C NMR (150 MHz, DMSO-de) 6 (TMS, ppm): 149.75, 148.83,
144.89, 137.83, 132.11, 131.05, 127.37, 126.66, 125.55, 119.83, 119.13, 118.81, 116.08, 111.08, 99.80, 56.23, 43.86,
16.06, 12.47. HRMS for C29H29N4" [M—PFs], calculated:433.2392; found: 433.2384.
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Fig. S1 The 'H NMR spectrum of compound 2 in CDCls, where the solvent peaks are marked with asterisks.
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Fig. S2 The *H NMR spectrum of compound 5 in CDCls, where the solvent peaks are marked with asterisks.
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Fig. S3 The 3C NMR spectrum of compound 5 in CDCls, where the solvent peaks are marked with asterisks.
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Monoisotopic Mass, Even Electron lons

3 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-37 H:0-45 N:0-2

J-MEI
MJ-ZSS-010 46 (0.517) Cm (46:53) 1: TOF MS ES-
6.23e+003

100 497.2023

%] 498.2071

d 499.2064  511.4720 523.0145 533.0370
ol 449.1678 4551900 459.1913 483-1273 475 1670 485.2690 493.1625 | | ( L DTN 5?7-0055“2
e AN L N3 LUK S N RSN N MRSV WS A OSUNRSIT SO A T

440 445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535

Minimum: -1.5

Maximum: 5.0 10.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
497.2023 497.2018 0.5 1.0 26.5 288.5 0.0 C37 H25 N2

Fig. S4 The HRMS of compound 5.

*
d,ik
b,g,h
b,g.h d.ik
i cf e | !
cf
a 78777675747372717.0
* * L
r~-rrrrrr+rr+rr+r+1rrrrrrrrrrrrrrr1rrrr 1+ 71 r°r 1 11
10 9 8 7 6 5 4 3 2 1 0

Chemical shift (ppm)

Fig. S5 The 'H NMR spectrum of compound 7 in CDCls, where the solvent peaks are marked with asterisks.
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Fig. S6 The *3C NMR spectrum of compound 7 in CDCls, where the solvent peaks are marked with asterisks.

Monoisotopic Mass, Even Electron lons

1 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
C:0-43 H:0-30 N:0-3
J-MEI

MJ-ZSS-014 24 (0.258) Cm (22:30) 1: TOF MS ES+
7.55e+003
100~ 588.2414
o 589.2449
/0_
| 666.2538
503.2199 581.3625 667.2555
] 507.2125  537.3335 ‘599.1331 625.3859 1 0o 8854097 .3 4366
0 ..||y.y.|....|...‘|.‘.‘,1‘.‘|..H|u..|....|.u.‘u..‘.M|u.y|y.n|.y..|..‘.|..w.y.y|‘m|u .|..y.|..r..|u.‘|.m|u.|y‘|.m|y...|....|.‘..‘.‘.‘\.lmw.q....,.u.w.u‘u‘.W.y|..u|.y..|....|uu,uwm.,m.“u. m/z
500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700 710
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
588.2414 588.2440 =-2. -4.4 30.5 15.1 0.0 C43 H30 N3
Fig. S7 The HRMS of compound 7.
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Fig. S8 The *H NMR spectrum of TPEPFg in DMSO-ds, where the solvent peaks are marked with asterisks
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Fig. S9 The 3C NMR spectrum of TPEPFs in DMSO-ds, Where the solvent peaks are marked with asterisks
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Monoisotopic Mass, Even Electron lons

16 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-45 H:0-99 N:0-3

J-MEI
MJ-ZSS-019 71 (0.820) Cm (68:71) 1: TOF MS ES+
9.95e+002

100- 616.2757

i 517.3708 533,3481 561.3005 577.3738  >01-3868 617.2869

% 635.4156
605.4177 665.4254
b 679.4465
_ H 709.4592 493 478
510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700 710 720

Minimum: -1.5
Masximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
616.2757 616.2753 0.4 0.6 30.5 22.0 0.0 C45 H34 N3

Fig. S10 The HRMS of TPEPFe.
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Fig. S11 The *H NMR spectrum of compound 8 in DMSO-dg, where the solvent peaks are marked with asterisks.
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Fig. S12 The **C NMR spectrum of compound 8 in CDCls, where the solvent peaks are marked with asterisks.

Monoisotopic Mass, Even Electron lons

4 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-29 H:0-22 N:0-3 Na:0-1

M-JU

MJ-ZSS-006 46 (0.518) Cm (46:47) 1: TOF MS ES+

1.59e+003
100 434.3475
353.2675 411.1727
o,
% 437.1963
381.2986 434.1615 ‘ 475.1900 503.2230
O o L B o o L R B b B o B L B B S s s e R A s e nn e n s s el 0174
360 370 380 390 400 410 420 430 440 450 460 470 480 490 500
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
412.1805 412.1814 -0.9 =-2.2 20.5 24.7 0.0 C29 H22 N3

Fig. S13 The HRMS of compound 8.
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Fig. S14 The *H NMR spectrum of compound 9 in DMSO-ds, where the solvent peaks are marked with asterisks.
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Fig. S15 The *C NMR spectrum of compound 9 in CDCls, where the solvent peaks are marked with asterisks.
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Monoisotopic Mass, Even Electron lons

21 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-45 H:0-50 N:0-4

J-MEI
MJ-ZSS-001 9 (0.083) Cm (8:9) 1: TOF MS ES+
1.91e+003
100— 501.2073
% 502.2149
7 437.1940 497 4295
1401.2906 4453037 245.3155 453.3940 97. 5032155 533.3684 5414451 ... 577.3017 5854709
0L | d | |\ ] 473'?451 " | 1) | i r. Ly 1 ﬁ M T T m/z
Her e e e e e e e e e e e e e e et e e e e
410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
501.2073 501.2079 -0.6 -1.2 25.5 18.5 0.0 C35 H25 N4

Fig. S16 The HRMS of compound 9.

8.0 7.8 7.6 7.4 7.2 7.0

QO
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Fig. S17 The *H NMR spectrum of TPAPFg in DMSO-ds, where the solvent peaks are marked with asterisks.
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Fig. S18 The 3C NMR spectrum of TPAPFs in DMSO-ds, where the solvent peaks are marked with asterisks.

Monoisotopic Mass, Even Electron lons

1 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-37 H:0-29 N:04
J-MEI

MJ-ZSS-003 80 (0.903) Cm (78:86)

100
%

14453118 4593288  489.3405 4g7 41g1503.3537

O rrovrpradbreenfermperprerepeerepreeepoend preee e AR ARAARBRARRRS
450 460 470 480 490 500 510
Minimum:
Maximum: 5.0 20.0
Mass Calc. Mass mDa PPM
529.2392 529.2392 0.0 0.0

1: TOF MS ES+

1.81e+004
529.2392
530.2420
531.2458
rl r54-1[.4442 577.3914 535_?"/()7591.4068 621‘%114
PO T T A e e e e e e e e e e e e e o e mIz
520 530 540 550 560 570 580 590 600 610 620
-1.5
50.0
DBE i-FIT i=-FIT (Norm) Formula
25.5 8.2 0.0 C37 H29 N4

Fig. S19 The HRMS of TPAPFs.
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Fig. S20 The *H NMR spectrum of compound 10 in CDCls, where the solvent peaks are marked with asterisks.
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Fig. S21 The *H NMR spectrum of compound 11 in DMSO-dg, where the solvent peaks are marked with asterisks.

S-19



Monoisotopic Mass, Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-27 H:0-99 N:0-4

J-MEI
MJ-ZSS-020 33 (0.359) Cm (28:33) 1: TOF MS ES+
1.08e+003
100— 405.2077
%~
7 406.2068
7 429.3189 443.3274
4 359.2537
404.2076 4453004 459.3181
1 349.1750 ‘ |365.1576 3752159 385.2953 413.3121 427‘32561 ‘ 430.3146 ‘ [
0 PR 1] I I | | P [ ] Lt —_—t ) [ . | ||I||I| |I /
L L o e e e L B 50 e e e o SR e s el 1174

350 355 360 365 370 375 380 385 390 395 400 405 410 415 420 425 430 435 440 445 450 455

Minimum: -1.5

Maximum: 5.0 10.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
405.2077 405.2079 -0.2 -0.5 17.5 25.6 0.0 C27 H25 N4

Fig. S22 The HRMS of compound 11.
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Fig. S23 The 'H NMR spectrum of DEAPFs in DMSO-ds, where the solvent peaks are marked with asterisks.
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Fig. S24 The *C NMR spectrum of DEAPFg in DMSO-dg, where the solvent peaks are marked with asterisks.

Monoisotopic Mass, Even Electron lons

2 formula(e) evaluated with 1 results within limits {(up to 50 closest results for each mass)
Elements Used:

C:0-29 H:0-30 N:0-4

JU-MEI
MJ-ZSS-021 135 (1.541) Cm (135:141) 1: TOF MS ES+
9.40e+003
100— 433.2384
oy |
/", 434.2419
i 405.2064 435.2457
429.3190 -
0_ 377.1766 3252924 599 3145 | _A07.2129 93 4 A43.3329 4592993 473.3416 487.3594 503.3419}
TR T e S T T T T T TR T T T T T T e T e e e e e m/z
370 380 390 400 410 420 430 440 450 460 470 480 490 500
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
433.2384  433.2392 -0.8 -1.8 17.5 272.0 0.0 C29 H29 N4

Fig. S25 The HRMS of DEAPFs.
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Table S2 Hole-electron analysis parameters of these three photosensitizers at five excited states?

Ex(eV) D(A) S Sm HA) t(A) Ecou(eV) HDI EDI

Soe—S1  2.050 11.986 0.30534 0.09953 4.317 8.136  1.512054 5.12 6.60

So—S:  2.812 7.738  0.60481 0.30697 5.237 2.873 2451043 4.38 6.27

TPEPFs So—Ss 2950 5782 0.63392 0.33685 4.986 1.255 2.812485 4.86 5.44
So—Ss  3.291 14226 0.22060 0.05766 4.236 10.665 1.157827 570 6.54

Soe—Ss  3.359 13553 0.19937 0.04376 4.237 10.133 1.202698 5.68 6.51

Soe—S1  1.940  10.812 0.34536 0.10858 4.237 6.948 1.767370 7.49 6.78

So—S: 2912 5901 0.72278 0.42849 5570 0.639 2.868374 5.30 5.26
TPAPFg So—Ss  3.095  6.061 0.69455 0.40789 5.397 1.002 2842617 563 5.21
So—Ss  3.696 12207 0.38368 0.15170 4.682 8.023  1.537000 6.31 6.54

So—Ss  3.715  10.926 0.38548 0.13406 4.437 6.901 1.767509 5.80 6.35

Soe—S1  2.060  9.346  0.37655 0.12659 3.968 5.692  2.090274 7.84 7.02

So—S: 3167 4534 0.75618 0.46208 5.183 —0.388 3.292498 6.08 551
DEAPFs So—Ss 3439 4378 074304 045161 5056 -0.422 3.361627 6.94 5.47
So—Ss  3.723 3.652 0.42305 0.14626 2.862 1.368  4.084757 9.62 6.78

So—Ss  3.821 9.601 0.24872 0.05906 3.156 7.017 1.872519 9.81 6.38

aAbbreviation: Eex: Excitation energy; D: The distance between the centroids of hole and the electron; Sy: The average
overlap level of holes and electrons. Sm: The minimum overlap level of holes and electrons. H: The overall average
distribution of holes and electrons. #: The degree of separation of holes and electrons; Ecou: Coulomb attraction energy

between holes and electrons; HDI: Hole delocalization index; EDI: Electron delocalization index.
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Fig. S26 Singlet (S)- and triplet (7)-state energy levels of a) TPEPFg, b) TPAPFs, and ¢) DEAPFs.
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Table S3 Calculated energy levels of the singlet (S) and triplet (7) excited states by density functional theory (DFT)*

TPEPFs TPAPFs DEAPFs
n SEV) T(€V) AEsim(eV) SEeV) T(V) AEsim(eV) SEeV) T(V) AEsi-m(eV)
1 2.05 1.59 0.46 1.94 1.48 0.46 2.06 1.50 0.56
2 2.81 2.00 0.05 291 2.04 -0.10 3.17 2.10 -0.04
3 2.95 2.20 -0.15 3.09 2.17 -0.23 3.44 2.32 —0.26
4 3.29 2.44 -0.39 3.70 2.87 -0.93 3.72 3.10 —-1.04
5 3.36 2.98 -0.93 3.71 3.21 -1.27 3.82 3.39 -1.33
6 3.38 3.19 -1.14 3.74 3.32 -1.38 3.98 3.59 -1.53

2 Abbreviation: AEsi-tn: The energy gaps (AE) between the lowest singlet excited state (S1) and triplet excited state

(Tn).

a) b) c)
- < .
3 = 2
£ g ]
5 3 2
(&} © 3
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R A4 -0 L eteni
Potential (V) Potential (V) Potential (V)

Fig. S27 Cyclic voltammograms (CVs) of a) TPEPFs, b) TPAPFg, and ¢) DEAPFs in the N,N’-dimethylformamide
(DMF) solution (c = 10 uM). The CVs were determined by using 0.1 M n-BusNPFs as the supporting electrolyte,
saturated calomel electrode (SCE) as the reference electrode, Pt disk and Pt wire as counter electrodes, and ferrocene
was used as internal standard.

S-23



a)0.30 7 b), o,
dioxane - dioxane
024] — 2\  TT° cyclohexanone : ----- cyclohexanone
e S /S W 2 081
s - | G—
301877 Nk - E osd N\ ---
Q
g 2
1]
2 g
< 0.06 5 0.2
E
S
0.00 = 5TE =z 0.0

50 410 470 530 590

[#3]

350 410 470 530 590

c) Wavelength (nm) d)1.2 Wavelength (nm)
—dioxane = I—dioxane
8'0-- - c.‘ycxlohexancne ry I---- cyclohexanone
_ — THF 3 jo04—THF .
3 T L AR -
© |— DMF —DMF ! v Vs
|.n° 6'0-————E10H %‘ O_B.-———EtOH_,‘[ | \_‘-\7\
- — MeCN c ! rrr U
-’S- I MeOl g ;' .'lf ', \'\ \ \ E N,
2 4.0 =061 AJ7 AN\
g o '. '_f ’_: \\ \_\ N~
2 g 0.4 i j ,1 A \
E 2.0 S / - \
p . 0.2 / N L
o 2 . ; N ]
Pl T T~ g 4 RN
0.0+~ ; - = = Z 0.0+ . . . .
420 500 580 660 740 820 420 500 580 660 740 820
Wavelength (nm) Wavelength (nm)

Fig. S28 a) The UV-Vis and b) normalized UV-Vis spectra of TPEPFs in different solvents with various polarities; c)
Fluorescence (FL) spectra and d) normalized FL spectra of TPEPFs in different solvents with various polarities. ¢ =
10 uM.
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Fig. S29 a) The UV-Vis and b) normalized UV-Vis spectra of TPAPFg in different solvents with various polarities; c)
FL spectra and d) normalized FL spectra of TPAPFs in different solvents with various polarities. ¢ = 10 uM.
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Fig. S30 a) The UV-Vis and b) normalized UV-Vis spectra of DEAPFs in different solvents with various polarities;
c) FL spectra and d) normalized FL spectra of DEAPFs in different solvents with various polarities; ¢ = 10 pM.

To address the AIE effect in aqueous solution, we have carried out a series of experiments.

Firstly, we used the biocompatible DMSO and water to construct the binary solvent system. In this solvent
system, DMSO is supposed to be a good solvent to the AIE-PSs developed in our work and water is supposed to be
a relatively poorer solvent. However, as depicted in Fig. S31, the fluorescence of all these three compounds is not
monotonously increased with the increase of water fraction (fw). To figure out the reason for this phenomenon, we
carried out the DLS measurements of TPEPFs, TPAPFs and DEAPFs in the DMSO/water mixtures with different
water fractions (Fig.s S32-S34). It is clearly that the DLS results are well consistent with the fluorescence spectra.
In the DMSO/water mixtures with water fractions of 0% and 10%, the particle sizes of all these three compounds
cannot be detected by DLS, suggesting their good solubility in DMSO. Moreover, in the DMSO/water mixtures with
water fractions of 80%, 90% and 99%, the particle sizes of all these three compounds also cannot be detected by
DLS, suggesting their good water miscibility and high solubility in the mixtures of DMSO/water with high water
fractions. This is because that the three molecules developed by us all have a n-conjugated skeleton with cationic
group, which makes the compounds amphiphilic. Combining the results of fluorescence and DLS measurements, it
can be seen that for each compound, the larger aggregate size corresponds to stronger fluorescence, suggesting the
AIE properties.
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Fig. S31 a), b) and ¢) The fluorescence spectra of a) TPEPFg, b) TPAPFs and c) DEAPFg in the DMSO/water mixtures
with different water fractions (fus). Aex = 400 nm for TPEPFg; Aex = 465 nm for TPAPFg; Zex = 475 nm for DEAPFs; ¢
=10 uM. d) The plots of //Io of TPEPFs, TPAPFs, and DEAPFs in the DMSO/water mixtures versus the fractions of

water.
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Fig. S32 Size distribution of TPEPFs in DMSO/water mixtures with different water fractions (fws), measured by

dynamic light scattering (DLS).
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Fig. S33 Size distribution of TPAPFs in DMSO/water mixtures with different water fractions (fws), measured by

dynamic light scattering (DLS).
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Fig. S34 Size distribution of DEAPFs in DMSO/water mixtures with different water fractions (fws), measured by
dynamic light scattering (DLS).

To achieve a more direct demonstration of the AIE properties of our compounds in aqueous solution, we
implemented the investigation on the fluorescence behaviors and the size distributions of these three compounds in
the mixtures of DMSO/water (v/v = 1/99) with different compound concentrations (10, 20, 40, 60, 80, and 100 iM;
Fig.s S35-S40). As we know, high concentration is prone to result in aggregation. As shown in Fig.s S35, S37 and
S39, the fluorescence of all these three compounds gets intensified by the increase of compound concentration. Such
a phenomenon is proved to be associated with the AIE effect with the aid of the DLS results displayed in Fig.s S36,
S38 and S40. It should be noted that at a concentration of 10 or 20 UM (TPEPFs and DEAPFg) or 10, 20, 40 pM
(TPAPFs), the average diameters of all the three compounds in the DMSO/water mixtures (1/99, v/v) cannot be
detected by the DLS. While the concentration reaches 40 M (TPEPFs and DEAPFs) and 60 pM (TPAPFs),
nanoaggregates or even microaggregates are detected. As the compound concentration increases, the average
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diameter grows larger, and the fluorescence gets stronger, clearly demonstrating the AIE feature of these compounds.
It thus can be concluded that the AIE properties are the inherent attribute of our PSs.
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Fig. S35 a) The fluorescence spectra of TPEPFg in the DMSO/water mixtures (1/99, v/v) with different concentrations
of TPEPFs. b) The plot of I/lp—1 of TPEPFs in the DMSO/water mixtures (1/99, v/v) versus the concentration of

TPEPFs.
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Fig. S36 Size distribution of TPEPFs in the DMSO/water mixtures (1/99, v/v) with different concentrations of
TPEPFg, measured by dynamic light scattering (DLS).
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Fig. S37 a) The fluorescence spectra of TPAPFs in the DMSO/water mixtures (1/99, v/v) with different
concentrations of TPAPFs. b) The plot of I/lp—1 of TPAPFs in the DMSO/water mixtures (1/99, v/v) versus the
concentration of TPAPFs.
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Fig. S38 Size distribution of TPAPFs in the DMSO/water mixtures (1/99, v/v) with different concentrations of
TPAPFs, measured by dynamic light scattering (DLS).
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Fig. S40 Size distribution of DEAPFg in the DMSO/water mixtures (1/99, v/v) with different concentrations of
DEAPFs, measured by dynamic light scattering (DLS).
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Fig. S41 FL spectra of a) TPEPFs, b) TPAPFs and c) DEAPFg in the DMSO/toluene mixtures with different toluene
fractions (f1s). Zex = 400 nm for TPEPFs; Aex = 465 nm for TPAPFs; Aex = 475 nm for DEAPFg; ¢ = 10 uM.
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Fig. S42 The UV-Vis spectra of a) TPEPFg, b) TPAPFg, and ¢) DEAPFs in the DMSO/toluene mixtures with different

toluene fractions (f1s), ¢ = 10 pM.
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fractions (frs), measured by dynamic light scattering (DLS).
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20 nm

Fig. S44 TEM images of TPEPFs in DMSO/toluene with different toluene fractions (frs). a) fr = 80 vol%, b) fr = 90
vol%.

Fig. S45 TEM images of TPAPFg in DMSO/toluene with different toluene fractions (frs). a) fr = 80 vol%, b) fr =90
vol%.

Fig. S46 TEM images of DEAPFs in DMSO/toluene with different toluene fractions (frs). a) fr = 80 vol%, b) fr=90
vol%.

The average hydrodynamic diameters of the aggregates formed by TPEPFs, TPAPFs, and DEAPF¢ in the
mixtures of DMSO/toluene (v/v, 1/9) are about 137, 886, and 120 nm, respectively, as indicated by DLS (Fig. S33).
Obvious aggregate formation can be clearly seen in TEM images (Fig. S34—S36), which is in good agreement with
the DLS data.
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Fig. S48 UV-Vis absorption spectra of a) TPEPFs, b) TPAPFs and c) DEAPFs after being irradiated for different
time by white light (25 mW/cm?). d) Plots of the relative absorbance of these three AIE-PSs under white-light
irradiation, where A¢ and A is the absorbance before and after light irradiation, respectively.
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Table S4 Crystal data and structure refinement for TPAPFe.

Compound name TPAPF¢

CCDC number No. 2165738

Empirical formula Css50H37FsN6 500P

Formula weight 751.71

Temperature 296 K

Wavelength 1.54178 A

Crystal system Triclinic

Space group P-1

Cell parameters a=13.844(3) A o = 83.878(14)°
b=14.078(3) A L =87.451(14)°
c=20.216(5) A y=75.021(14)°

Volume 3783.8(16) A’

V4 4

Density (calculated) 1.320 mg/m?

Absorption coefficient 1.246 mm™!

F(000) 1562.0

Crystal size 0.4x 0.2 x 0.1 mm?

Theta range for data collection 3.3t0 67.4°

Index ranges

Reflections collected
Independent reflections
Completeness of data
Absorption correction

Max. and min. transmission
Refinement method
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C-H-F (A)

Fig. S49 a) The ORTEP of TPAPFs determined by the X-ray crystallography; b) The intramolecular interactions in
the molecules of TPAPFs and the short contacts between the molecules of TPAPFg and the tetrahydrofuran (THF);
c) Molecular packing of TPAPFs in a single crystal cell; d) The intermolecular short contacts of between the

neighboring TPAPFs molecules. The data have been deposited at the Cambridge Crystallography Data Centre with
the CCDC number of 2165738.
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Fig. S50 UV-Vis spectra of ABDA in the presence of a) TPEPFg, b) DEAPFs, or ¢) Rose Bengal, after being irradiated
for different time by white light (25 mW/cm?) in the mixture of DMSO/water (v/v = 1/100). [ABDA] = 5x[PS]. To

avoid the inner-filter effect, the absorption maxima of the PSs were adjusted to about 0.2 OD, and the corresponding
concentrations were applied for the measurements.
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Fig. S51 The absorption spectra of a) TPEPFs, b) TPAPFs, ¢) DEAPFg, and d) Rose Bengal in the range of 400-800
nm. e) Time-dependent 'O, generation kinetics deduced from the decomposition rates of ABDA in the presence of
different PSs under white-light irradiation in the mixture of DMSO/water (v/v = 1/100). A9 = absorption of ABDA at
378 nm without light irradiation. A4 = real-time absorbance of ABDA at 378 nm at different irradiation time. [ABDA]

= 5x[PS]. Light power density = 25 mW/cm?. The table shows the optical parameters of these photosensitizers
calculated according to In (Ao/A).
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Fig. S52 UV-Vis spectra of ABDA in the presence of TPAPFs (1x107° M) in the DMSO/water mixture with a water
fraction of a) 0, b) 10 vol%, ¢) 20 vol%, d) 30 vol %, e) 40 vol %, f) 50 vol %, g) 60 vol %, h) 70 vol %, i) 80 vol %,
j) 90 vol %, and k) 98 vol % under white-light irradiation.
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Fig. S53 Detection of intracellular YO, by SOSG staining in 4T1 cells incubated with TPEPFs. a) Fluorescence and
b) bright-field images of different irradiation time; SOSG, Aex = 488 nm, Aem = 500-530 nm; [SOSG] = 5 uM.

S-40



e
Fig. S54 Detection of intracellular O, by SOSG staining in SK-OV-3 cells incubated with TPEPFs. a) Fluorescence
and b) bright-field images of different irradiation time; SOSG, Zex = 488 nm, Aem = 500-530 nm; [SOSG] =5 uM.
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Fig. S55 Detection of intracellular *O, by SOSG staining in 4T1 cells incubated with TPAPFs. a) Fluorescence and
b) bright-field images of different irradiation time; SOSG, Aex = 488 nm, Jem = 500-530 nm; [SOSG] =5 uM.
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Fig. S56 a) Detection of intracellular O, by SOSG staining in SK-OV-3 cells incubated with TPAPFs. a)
Fluorescence and b) bright-field images of different irradiation time; SOSG, Jex = 488 nm, Aem = 500-530 nm; [SOSG]
=5 uM.
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Fig. S57 Detection of intracellular O, by SOSG staining in 4T1 cells incubated with DEAPF. a) Fluorescence and
b) bright-field images of different irradiation time; SOSG, Aex = 488 nm, Aem = 500-530 nm; [SOSG] =5 uM.
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Fig. S58 Detection of intracellular O by SOSG staining in SK-OV-3 cells incubated with DEAPFs. a) Fluorescence
and b) bright-field images of different irradiation time; SOSG, Aex = 488 nm, Aem = 500-530 nm; [SOSG] = 5 uM.
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Fig. S59 Co-localization and overlapping coefficients assessed by the Pearson’s correlation coefficient (R) of 4T1
and SK-OV-3 cells pre-incubated with MitoTracker® Deep Red FM and then further incubated with 10 uM of a), d)
TPEPFg, or b), e) TPAPFg, or c), f) DEAPFg for 1 h, respectively. MitoTracker® Deep Red FM, Aex = 647 nm, Zem =
655-675 nm; TPEPFs, Aex = 405 nm, Aem = 570-630 nm; TPAPFs and DEAPFs, Aex = 488 nm, Aem = 670730 nm;

[MitoTracker® Deep Red FM] = 250 nM; [AIE-PSs] = 10 uM.
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Fig. S60 Relative viabilities of cancer cells (A549 and SK-OV-3 cells) and normal cells (293T cells) treated with
TPEPFg, TPAPFs, and DEAPFs, respectively, at various concentrations under darkness or white-light irradiation (100
mW/cm?, 30 min) and further being incubated for 4 h, 12 h and or 24 h. Data represent mean value = standard
deviation, n = 6.
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Table S5 Dark- and Photo-cytotoxicity (ICso [uM]) of TPEPFs, TPAPFs and DEAPFs towards different cell lines”

Compound

SK-OV-3 4T1

Dark Photo Dark Photo

TPEPFs
TPAPFs

DEAPF¢

74.61 4.73 104.68 4.81
59.86 5.20 50.67 3.98

131.07 5.31 98.68 3.79

“The ICso value is calculated by Statistical Product and Service Solutions (SPSS) software. Data shown are values

from three replicates.
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Fig. S61 In vivo fluorescence imaging of BALB/c mice bearing 4T1 tumor (black circles) over time after intratumoral

administration of TPAPF¢ (n = 3 per group). Jex =465 nm, Jem= 760 nm.
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Fig. S62 Photographs of 4T1 tumour-bearing mice in different groups on day 0, 5 and 12 during the treatment process.
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Fig. S63 Weights of the tumors resected from the four groups of mice at day 12 after treatment.
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Table S6 The ratio of tumor weight to body weight at day 12 post treatment.

Group Number tumor weight (g)  body weight (g)  tumor weight/body weight
1 0.980 19.1 5.13%
2 0.078 16.9 0.46%
3 0.140 17.9 0.78%
PBS 4 0.085 18.8 0.45%
5 0.501 18.9 2.65%
Mean 0.357 18.3 1.90%
SD 0.390 0.9 2.03%
1 0.444 16.4 2.71%
2 0.607 18.0 3.37%
3 0.305 17.9 1.70%
PBS+Light 4 0.572 18.6 3.08%
5 0.263 16.7 1.57%
Mean 0.438 17.5 2.49%
SD 0.154 0.9 0.81%
1 0.896 17.8 5.03%
2 0.661 17.2 3.84%
3 1.113 17.9 6.22%
TPAPF 4 0.662 18.0 3.68%
5 0.011 17.4 0.06%
Mean 0.669 17.7 3.77%
SD 0.413 0.3 2.31%
1 0.004 16.4 0.02%
2 0 17.4 0.00%
3 0.004 17.4 0.02%
TPAPFe+Light 4 0.003 17.1 0.02%
5 0.003 17.5 0.02%
Mean 0.003 17.2 0.02%
SD 0.002 0.5 0.01%
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Fig. S64 a) Tumour growth curves of mice after different treatments (n = 5). b) The percentage of “body weight loss”,
where my is the initial body weight while m is the body weight at different time after treatment.
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Fig. S65 a) H&E staining images of the major organs (heart, liver, spleen, lung, kidney) sections from the four groups
of mice at day 12 after treatment. Scale bar = 100 um. b, c¢) Blood biochemistry indices (aspartate aminotransferase
(AST) and blood urea nitrogen (BUN)) of the mice obtained at day 11 after treatment. Data are presented as the mean
+SD (n=35).
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