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Experimental Section/Methods

Materials and Instruments.

All reagents were purchased from commercial suppliers (Energy Chemical, Bidepharm,
Sigma-Aldrich, TCI) and used without further purification. 'H NMR and 3C NMR
spectra were measured on a Bruker Advance III (400 MHz) instrument using CDCl;,
or DMSO-d; as the solvent and tetramethylsilane as the internal reference. HRMS
spectra were acquired on a Thermo Scientific Orbitrap Exploris 120 mass spectrometer
operating in positive ion mode at a resolution of 60,000 (at m/z 200). UV-vis absorption
spectra were measured by a SHIMADZU UV-2600i spectrophotometer. The
photoluminescence spectra were measured by a SHIMADZU RF-6000 spectro
fluorophotometer. ROS assays were conducted by using a Xenon lamp (Microsolar300,
Beijing Perfectlight). ESR analysis was performed on a Bruker E 500 spectrometer.
The Photopolymerization reaction was carried out under LED light irradiation (420-

650 nm) with a light power density of 43 mW-cm-.
Methods.

Lippert—Mataga (LM) equation Calculations.
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where Av is the Stokes shift, the difference in energy between the absorption and
emission maxima; v,ps and ve, are the wavenumbers of absorption and emission peaks,
respectively; 4 is Planck’s constant; ¢ is the speed of light; a is the Onsager cavity radius
in which the chromophore resides; and Ay = u. — p, is the difference between the
excited-state and ground-state dipole moments as presented by the Equation 1; Af’is the
orientational polarizability of solvent which could be deduced from the dielectric
constant ¢ and the refractive index n of the solvent represented by the Equation 2.
Accordingly, if Au was independent of the solvent polarity, a straight line would be
obtained for Av versus Af.

Determination of 'O, Quantum Yield.



9,10-anthracenediyl-bis(methylene) dimalonic acid (ABDA)was used for the
detection of '0,. Compounds (10 uM) were dissolved in 2 mL water containing 100
uM of ABDA. The mixture was irradiated under white light (35 mW-cm2) irradiation.
The absorbance decrease of ABDA at 378 nm was recorded at various irradiation time.
Detection of ROS production.

2,7-dichlorodihydrofluorescein (DCFH) was used as an indicator for the detection
of ROS in the solution. When ROS is generated in the system, the non-fluorescent
DCFH will be oxidized and emit obvious fluorescence at 524 nm. Compounds (10 pM)
were dissolved in 2 mL water containing 10 uM of DCFH. The mixture was then placed
in a cuvette and irradiated under white light (35 mW-cm) irradiation. The fluorescence
intensity change of the sample at 524 nm was recorded by the fluorescence
spectrometer.

Detection of O, production.

Dihydrorhodamine 123 (DHR123) was used as an indicator for the detection of
O, in solution. When O, is generated in the system, the DHR 123 will be oxidized
and emit strong fluorescence centered at 526 nm. Compounds (10 uM) were dissolved
in 2 mL water containing 30 pM of DHR 123. The mixture was irradiated under white
light (35 mW-cm2) irradiation. The fluorescence change of the sample at 526 nm was
recorded by the fluorescence spectrometer.

Electron paramagnetic resonance (EPR) Measurement.

EPR measurement was used to identify the type of ROS using 2,2,6,6-
tetramethylpiperidine (TEMP) as the 'O, indicator, 5,5-dimethyl-1-pyrroline-N-oxide
(DMPO) as the O," indicator. For 'O, and O, detection, samples were prepared by
mixing 200 pL, 500 pM of compounds and 10 pnL. TEMP or 0.2 M DMPO in DMF,
respectively. And a-phenyl-N-tert-butylnitrone (PBN) as the phenyl radical indicator.
For phenyl-radical detection, samples were prepared by dissolving the photocatalyst
(0.01 mol%), PBN (5§ mM), and DPI (0.5 mol%) in acetonitrile, followed by Ar purging
to remove dissolved oxygen. The mixture was then irradiated under white light (35
mW-cm2) for 2 min, and the resulting PBN-Ph spin-adduct signals were recorded by
EPR.



Photocurrent response experiment
The photocurrent response experiment was conducted using a three-electrode system.
The working electrode consisted of an FTO glass electrode coated with a
photosensitizer, while the counter electrode and reference electrode were platinum and
Ag/AgCl electrodes, respectively. Measurements were performed in 0.01 M phosphate
buffer solution under illumination from a white light xenon lamp (200 mW-cm-2) at 10-
second intervals.
Charge transfer resistances test
The charge transfer resistance experiment was conducted using a three-electrode
system. A carbon paper electrode coated with photosensitizer was selected as the
working electrode, while platinum electrodes and Ag/AgCl electrodes were chosen as
the working and reference electrodes, respectively. Measurements were performed in
0.01 M phosphate buffer solution.
Calculation method

All the calculations were carried out with Gaussian 09 package unless otherwise
specified.[S!! The structures of global minimum points were obtained using density
functional theory (DFT, for S, state) and time-dependent DFT (TD-DFT, for S; and T,
state) methods with B3LYP/6-31G(d,p) and B3LYP-D3(BJ)/PBEIPBE basis set,
respectively.[52-53] Hole-electron analysis!S?l and the interaction region indicator (IRI)
analysis”] were conducted with Multiwfn software.[53-5°] The root-mean-square
deviation (RMSD) of atomic positions of the optimized structures at Sy, S; and T} states
and the visualization of orbitals and iso-surface were realized by VMD software.[S10]
The electron and hole analysis and inter fragment charge transfer analysis were

performed with Multiwtn 3.7.

Photopolymerization

Different concentrations of photocatalyst, diphenyliodonium salt (0.5 mol%)
dissolved in a trace amount of organic solvent, were individually mixed with 2 mmol
of olefin monomer. Mesitylene (20 pL) was then added to each mixture. The resulting

solutions were exposed to light for the desired durations and subsequently dissolved in



deuterated chloroform for 'H NMR spectroscopy. Subsequently, the solutions were
dissolved in deuterated chloroform for 'H NMR spectroscopy. The monomer
conversion ratio was determined by using mesitylene as an internal standard and
calculating the ratio of the integrated area of the characteristic peaks in the NMR
hydrogen spectra. The calculation was performed as follows:

H,

Converision (%) =100% X (I-HO)

In the above equation, H; and Hj represent the integrated area of the hydrogen
atom featured in the olefin monomers after and before exposure to light for t seconds,
respectively.

Synthesis and Characterization
Synthesis of 4,4’-(piperazine-1,4-diyl)dibenzaldehyde (compound 1).

Piperazine (1.7 g, 20 mmol) and Potassium carbonate (5.52 g, 40 mmol) was added
into 200 mL dimethyl sulfoxide in a flask, which was stirred for 10 min to mix evenly.
Then 4-fluoro-benzaldehyde (4.96 g, 40 mmol) was dropped in, and the reactant was
refluxed for 24 h to finish the reaction. After cooling to room temperature, 300 mL
water was added to the mixture to produce a precipitate, then the mixture was filtered
to obtain a yellow solid. The yellow solid was recrystallized with dichloromethane and
petroleum ether to obtain the product (yellow powder, yield 85%). Compound 1 'H
NMR (400 MHz, DMSO-d;) 6 9.74 (s, 2H), 7.75 (d, J = 8.9 Hz, 4H), 7.07 (d, J = 8.9
Hz, 4H), 3.61 (s, 8H).

Synthesis of PA-DC.

A dry ethanol solution of compound 1 (58.8 mg, 0.2 mmol) and malononitrile
(33.03 mg, 0.5 mmol) with a few drops of piperidine was refluxed overnight under
nitrogen. After cooling the solution to room temperature, a deep red precipitate was
formed. It was collected by filtration, washed with DCM for three times, then dried
under vacuum at 40 °C to a constant weight. Finally, PA-DC was obtained in a yield of
89%. PA-DC H NMR (400 MHz, DMSO-d;) 6 8.13 (s, 2H), 7.89 (d, J = 9.0 Hz, 4H),
7.07 (s, 4H), 3.75 (s, 8H). *C NMR (101 MHz, DMSO-dy) 6 159.5, 154.2,134.1, 120.4,

116.4, 115.7, 113.2, 70.9, 45.3. MS: m/z [M+H]" calculated for C,4HgNg, 391.1666;
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found, 391.1666.
Synthesis of 4,4'-(ethane-1,2-diylbis(methylazanediyl))dibenzaldehyde
(compound 2).

N,N'-Dimethyl-1,2-ethanediamine (1.76 g, 20 mmol) and Potassium carbonate
(5.52 g, 40 mmol) was added into 200 mL dimethyl sulfoxide in a flask, which was
stirred for 10 min to mix evenly. Then 4-fluoro-benzaldehyde (4.96 g, 40 mmol) was
dropped in, and the reactant was refluxed for 24 h to finish the reaction. After cooling
to room temperature, 300 mL water was added to the mixture to produce a precipitate,
then the mixture was filtered to obtain a yellow solid. The yellow solid was
recrystallized with dichloromethane and petroleum ether to obtain the product (yellow
powder, yield 85%). Compound 2 'H NMR (400 MHz, DMSO-dj) 6 9.67 (s, 2H), 7.66
(d, J=8.3 Hz, 4H), 6.77 (d, J = 8.5 Hz, 4H), 3.71 (s, 4H), 2.98 (s, 6H).

Synthesis of DM-DC.

A dry ethanol solution of compound 2 (58.8 mg, 0.2 mmol) and malononitrile
(33.03 mg, 0.5 mmol) with a few drops of piperidine was refluxed overnight under
nitrogen. After cooling the solution to room temperature, a deep red precipitate was
formed. It was collected by filtration, washed with DCM for three times, then dried
under vacuum at 40 °C to a constant weight. Finally, DM-DC was obtained in a yield
of 89%. DM-DC 'H NMR (400 MHz, DMSO-d) 4 8.06 (s, 2H), 7.80 (s, 4H), 6.82 (s,
4H), 3.79 (s, 4H), 3.04 (s, 6H). 3C NMR (101 MHz, DMSO-ds + CH;COOH) & 159.1,
153.8, 139.2, 134.0, 119.6, 112.1, 83.2, 49.2, 24.7, 17.8. MS: m/z [M+H]" calculated
for C,4H,0Ng, 393.1823, 394.1856; found, 393.1876, 394.1897.

Synthesis of EM-DC.

A dry ethanol solution of 4-Dimethylaminobenzaldehyde (30.0 mg, 0.2 mmol) and
Malononitrile (16.5 mg, 0.25 mmol) with a few drops of piperidine was refluxed
overnight under nitrogen. After cooling the solution to room temperature, a deep red
precipitate was formed. It was collected by filtration, washed with DCM for three times,
then dried under vacuum at 40 °C to a constant weight. EM-DC was obtained in yield
of 85%. EM-DC 'H NMR (400 MHz, DMSO-dy) 6 8.05 (s, 1H), 7.84 (d, J= 9.1 Hz,

2H), 6.86 (d,J=9.2 Hz, 2H), 3.11 (s, 6H). 13C NMR (101 MHz, Chloroform-d) 3 158.1,
6



154.2, 133.8, 119.3, 116.0, 114.9, 111.6, 72.0, 40.1. MS: m/z [M+H]" calculated for

Ci2H; N3, 198.1026; found, 198.1018.
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Fig. S1 'H NMR spectrum of Compound 1 in DMSO-dj.
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Fig. S3 3C NMR spectrum of PA-DC in DMSO-dg.
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Fig. S13 Normalized concentration-dependent absorption spectra of DM-DC (a), PA-

DC (b), and EM-DC (c) in acetonitrile, with concentrations increasing from 5.0x10-

M to 1.4x104 M.

K, K, Ko/k,
DM-DC 0.0840 1.2035 14.3
PA-DC -0.0116 0.0392 3.38

Table S1. k; is the slope of I/ with f, from 0% to 50%; k; is the slope of 1/ with fy
from 50% to 80%.
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Fig. S14 Overlaps of the optimized ground-state (blue) and excited-state (red)
geometries of EM-DC. The root-mean-square deviation (RMSD) of atomic positions
was calculated to evaluate the extent of intramolecular motions (a). Interaction regions
and the corresponding scatter plots depict the intramolecular interactions of EM-DC in
its optimized ground-state (b, ¢) and excited-state (d, €) geometries, as analyzed by the
interaction region indicator (IRI). The IRI isosurfaces are colored according to the

sign(4,)p function, with red, green, and blue denoting repulsion, significant interaction,
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and attraction, respectively (vdW denotes van der Waals interactions).
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geometries, as analyzed by the interaction region indicator (IRI). The IRI isosurfaces
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Fig. S23 First-order kinetics of ABDA absorbance decay, showing the singlet oxygen
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EM-DC (c) under dark conditions for different times (DCFH: 10 uM; DM-DC, PA-DC,

or EM-DC: 10 uM).

a

C

4000

3500
~3000
3
< 2500
2z
@ 2000
@
£ 1500 ]
Z 1000

500
0

PL intensity (au)

500 4

1500

1000+

510 520 530 540 550 560 570 580
Wavelength (nm)
1600

510 520 530 540 550 560 570 580
Wavelength (nm)

1400 -
—=12004
1000 4

o
e ©
o o

n

PL intensity

B

[=]

o
N

(5]

o

o
N

PL intensity (au)

0
510 520 530 540 550 560 570 580
Wavelength (nm)

0
510 520 530 540 550 560 570 580

Wavelength (nm)

Fig. S25 PL spectra of DCFH solutions in the presence of DM-DC (a), PA-DC (b),

EM-DC (c), and blank (d) under white light (35 mW-cm) irradiation for different

times (DCFH: 10 uM; DM-DC, PA-DC, or EM-DC: 10 uM).
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Fig. S26 PL spectra of DHR123 solutions in the presence of DM-DC (a), PA-DC (b),

and EM-DC (c) under dark conditions for different times (DHR123: 30 uM; DM-DC,
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PA-DC, or EM-DC: 10 uM).
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Fig. S29 Absorption spectra of DM-DC (a), PA-DC (b), and EM-DC (c) in acetonitrile
solution under white light (35 mW-cm) irradiation for 90 min (DM-DC, PA-DC, or
EM-DC: 25 uM). Absorbance decay of DM-DC (d), PA-DC (e), and EM-DC (f) in

acetonitrile solution under white light (35 mW-cm) irradiation for 90 min.
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Fig. S30 'H NMR spectra of DMA in the presence of 0.0025 mol% DM-DC and DPI
after 420-650 nm LED irradiation for 20 min and 0 min, in Ar, in CDCl;.
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Fig. S31 '"H NMR spectra of DMA in the presence of 0.005 mol% DM-DC and DPI
after 420-650 nm LED irradiation for 20 min and 0 min, in Ar, in CDCl;.
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Fig. S32 "H NMR spectra of DMA in the presence of 0.05 mol% DM-DC and DPI after
420-650 nm LED irradiation for 20 min and 0 min, in Ar, in CDCls.
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Fig. S33 Photographs of the PDMA resin obtained by the photopolymerization method,

showing the sample before and after light irradiation.
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Fig. S34 "H NMR spectra of DMA in the presence of 0.01 mol% DM-DC after 420-
650 nm LED irradiation for 20 min and 0 min, in Ar, in CDCls.
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Fig. S36 '"H NMR spectra of DMA in the presence of 0.01 mol% DM-DC and DPI after

420-650 nm LED irradiation for 20 min and 0 min, in Air, in CDCl;.
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Fig. S37 'H NMR spectra of DMA in the presence of 0.01 mol% PA-DC and DPI after
420-650 nm LED irradiation for 20 min and 0 min, in Ar, in CDCls.
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Fig. S38 '"H NMR spectra of DMA in the presence of 0.01 mol% EM-DC and DPI after
420-650 nm LED irradiation for 20 min and 0 min, in Ar, in CDCls.
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Sample M, (g mol!) M,, (g mol ') M,/M
DM-DC 39130 63090 1.612

n

Table S2. The molecular weight and dispersity values of the PDMA prepared by
photopolymerization using DM-DC (0.01 mol %), DPI (0.5 mol %), and DMA (2 mM)
after 420-650 nm (43 mW-cm2) LED irradiation 20 min.

—— DM-DC
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Fig. S39 The GPC chromatograms of the PDMA prepared by photopolymerization
using DM-DC (0.01 mol %), DPI (0.5 mol %), and DMA (2 mM) after 420-650 nm (43
mW-cm-2) LED irradiation 20 min.
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Fig. S40 'H NMR spectra of EEEA in the presence of 0.01 mol% DM-DC and DPI
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after 420-650 nm LED irradiation for 20 min and 0 min, in Ar, in CDCls.
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Fig. S41 '"H NMR spectra of IBOA in the presence of 0.01 mol% DM-DC and DPI after

420-650 nm LED irradiation for 20 min and 0 min, in Ar, in CDCls;.
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