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1. Experimental Section

1.1 Equipment and measurement conditions

Synthesis and characterization of the AIE molecules. All the AIE molecules were
synthesized using Suzuki-coupling protocols as detailed in Supplementary Information.
Chemical structures were confirmed by 'H NMR and 13C NMR spectroscopy using a
Brucker-Biosipin Avance 400 MHz spectrometer in CDCl; at room temperature.

Optical property spectroscopy. UV-Vis absorption spectra and fluorescence emission
spectra were determined with a Shimadzu UV-Vis-2600 spectrophotometer and a
Shimadzu RF-6000 spectrophotometer.

Transient absorption spectroscopy. The fs-TA measurements were performed based on a
femtosecond Ti:sapphire regenerative amplified Ti: sapphire laser system (Coherent,
Astrella) and an automated data acquisition system (Ultra-fast Systems, HeliosFire). The
half pulse width of output from amplifier is 80 fs. The probe pulse was obtained by using
approximately 1 W of the amplified 800 nm output from the Spitfire to generate a white-
light continuum (320-780 nm) in a sapphire plate or CaF, crystal. The maximum extent of
the temporal delay was 8000 ps. The instrument response function was determined to be
200 fs. At each temporal delay, data were averaged for 2 s and collected by the
acquisition system. The probe beam was split into two before passing through the sample.
One probe beam traveled through the sample, the other was sent directly to the
reference spectrometer that monitored the fluctuations in the probe beam intensity.
Fiber optics was coupled to a multichannel spectrometer with a CMOS sensor that had a
1.5 nm intrinsic resolution. For the experiments described in this study, the sample
solution was excited by a 525 nm pump beam which is obtained by using femtosecond
TOPAS amplifier. The solutions were excited in a 2 mm path-length cuvette with a sample
concentration of 0.2 mM throughout the data acquisition. The data were stored as three-
dimensional (3D) wavelength-time-absorbance matrices that were exported for use with
the fitting software. Therefore, in order to remove the contributions of the solvent, the

raw spectra of the sample were subtracted by the spectra of the solvent under the same
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conditions.
Kinetics fitting method. Equation 1 shows the exponential function for wavelength
kinetics fitting. The wavelength kinetics fitting for B-PDI-ANT and O-PDI-ANT are both

fitted by three exponential functions and result in three lifetimes at 430 nm.

t—to t-t
2
- Tt
S()=e P *ZAie L IRF
P

i , 2In2 Equation 1

0

Potential energy surface scanning method. The potential surface energy scanning (PES)
was obtained from DFT and TD-DFT calculation using Gaussian 16, employing M062X
method and 6-311g (d,p) basis set. The scanning mainly investigates the energy change
with different dihedral between perylene ring and the anthracene ring. The step size was
set to be 10 degree from -10°to -170° (The situation in 0°was excluded because the two
rings were totally overlapped). The energy of the optimized geometry at ground state was
set as 0, and all energy in PES used the relative energy.

Two-photon excited fluorescence spectroscopy. A homemade spectrofluorometer was
used while a femtosecond pulsed laser (Chameleon Discovery NX, Coherent), with pulse
duration, =140 fs (FWHM), 80 MHz, repetition rate, tuning range 800-1100 nm served as
the excitation source. 2PA measurements were performed in 10 mm spectrofluorometric
quartz cuvettes with the dye concentrations of 5 x 10° M. Possible reabsorption of
fluorescence emission was analyzed and taken into account. The quadratic dependence of
two-photon induced fluorescence intensity on the excitation power was checked for each
excitation wavelength. The reference is Rhodamine B with a concentration of 5 x 10> M
solution in spectroscopic grade methanol. The samples are measured in spectroscopic
grade THF. In the measuring range of excitation wavelengths, from 800 to 1100 nm, linear
absorption could be neglected for all of the solutions. For comparison, the 2PA spectrum
of PDI parent is also measured at the same condition.

Open-aperture Z-scan measurement. The sample concentrations are 1 x 102 M for B-PDI-
ANT and 6 x 103 M for O-PDI-ANT. The wavelength is set to be 1100nm. The 2PA cross-
section is determined by translating the sample around the focal plane of a Gaussian

beam, while obtaining the transmittance change in the far field. The power transmitted
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through a nonlinear absorptive material, for a spatially and temporally a Gaussian beam,

can be integrated. The normalized beam transmittance is expressed by

oo

2
T(2)= 1+ qO(Z,O)e'T dt Equation 2

1
ﬁqo(sz i

- oo

2
Z -1 ,
4o = ﬂIOLeff(l + (—2)) Equation 3
Zg

Where, z is the distance between the sample and the focus; z; is the Rayleigh diffraction length;

_ —aOL
lp is the peak power density;Leff_ (1-e )/ ag is the effective length and L is the sample
length; B is the nonlinear absorption coefficient. The 2PA absorption coefficient  is obtained by

fitting the experimental transmittance data with Eq. 2. The 2PA cross section is thus calculated

¢ 6= hwp/(2nNg)

using the equation o where hw/2m is the excitation photon energy and Ny is

the number of molecules per cm3. 2PA cross section values are generally presented in GM

(Gopert-Meyer) units, where 1 GM = 1 x 1059 cm?s/photon.
1.2 Synthesis of B-PDI-ANT

C..H C..H
o N13027 o N13027

O‘O B QL O‘O ®

o M T CC OO

O" N O
C,3Hop CisHzy7
1 2 B-PDI-ANT

Scheme S1. The synthetic route to B-PDI-ANT.

Compounds 1 and 2 were synthesized according to the literature.3 A mixture of 1 (0.4 g, 0.48
mmol),2 (0.176 g, 0.58mmol), Pd(PPhs), (0.055 g, 0.047mmol), K,C05(0.132g,0.96mmol),DMF (10
mL) was stirred at 80 °C under N, atmosphere for 24h. After coolingto room temperature, the
solvent was removed under reduced pressure.Then the collected solid was redissolved in

dichloromethane (100 mL) and washed with brine (100 mL) twice. The organic layer was dried
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over NaSO, and concentrated by the rotary evaporator in vacuum. The crude product was
further purified by column chromatography(DCM/petroleum ether=16:1 to 6:1) to give the
desired product as the dark purple solid (372 mg, 0.4mmol, 83% yield).'H NMR (400 MHz, CDCls)
5 8.79-8.61(m,5H), 8.51-8.46(d,2H), 8.36(s,1H), 8.06-7.99(m,4H), 7.96-7.93(d,1H), 7.55-7.51(m,
2H), 7.27-7.25 (d, 1H), 5.26-5.10(m,2H), 2.32-2.14(m,4H), 1.88-1.79(m,4H), 1.32-1.19(m,32H),
0.84-0.78(m,12H).13C NMR (100 MHz, CDCl3) 6 141.84, 140.01, 135.22, 135.00, 134.83, 132.88,
132.71, 131.21, 130.78, 130.66, 129.54, 129.03, 128.73, 128.58, 128.42, 127.89, 127.47, 127.04,
126.52, 126.39, 123.96, 123.13, 55.25, 55.12, 53.87, 32.86, 32.79, 32.23, 32.19, 31.89, 29.69,

27.38, 23.05, 14.50.

1.3 Synthesis of O-PDI-ANT

C..H
o N13027

3 2 O-PDI-ANT

Scheme S2. The synthetic route to O-PDI-ANT.

Compounds 2 and 3 were synthesized according to the literature.3°A mixture of 3 (0.2 g, 0.24
mmol), 2 (0.15 g, 0.48 mmol), Pd(PPhs), (0.03 g, 0.025 mmol), K,CO3(0.066g,0.48mmol),DMF (30
mL) was stirred at 80 °C under N, atmosphere for 24h. After cooling, remove DMF with rotary
evaporator.Then the collected solid was redissolved in dichloromethane (100 mL) and washed
with brine (100 mL) twice. The organic layer was dried over NaSO, and concentrated by the
rotary evaporator in vacuum. The residue was then purified by silica gel column chromatography
(petroleum ether/DCM=6:1 to 1:1). A dark red solid of O-PDI-AN (0.07g, 0.08mmol) was obtained
in 33% vyield.'H NMR (400 MHz, CDCl;) &6 8.74-8.54(m,7H), 8.38-8.33(d,2H), 8.06(s,1H), 7.97-

7.91(d,3H),  7.43(s,3H),  5.20-5.02(m,2H),  2.29-2.21(m,4H),  1.90-1.79(m,4H),  1.34-
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1.24(m,32H),0.88-0.81(m,12H).33C NMR (100 MHz, CDCl3) &6 134.55, 134.26, 131.98, 131.92,
131.52, 130.85, 130.77, 130.52, 128.58, 128.11, 128.01, 127.53, 126.92, 126.62, 126.39, 126.20,
125.53, 123.27, 123.02, 122.78, 54.75, 53.40, 32.39, 32.22, 31.76, 31.43, 30.19, 29.22, 26.94,

22.61, 14.07.

2. Characterization Section

2.1'H and *C NMR
ol R R Bl < RCR I TR oo e o B AN SN IN2IQY sl
oAb el ot B A s s L B e b o B b R R R A B i B e e s
WO OBHBBDDBBB G g T T T - - - 000535009
i
‘I
| ﬁ
|‘ “
h | | ‘|
il |‘ | i "‘ |‘
il Y| i W
UL i N 0 "W (.
Lo ol e Y e L i
o~
OO~ O © o © © = x
RN @ S S o 2 o o
+T-O0MO = « o <+ M -
0O 85 80 75 70 65 60 55 50 35 30 25 20 15 10 05 00

45 40
1 (ppm)

Figure S1.'H NMR of B-PDI-ANT in chloroform-d.
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Figure $4.13C NMR of O-PDI-ANT in chloroform-d.

2.2 The fluorescence emission spectra of B-PDI-ANT and O-PDI-ANT in

various of solvents with different viscosities
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Figure S5. The fluorescence emission behaviors of (a) B-PDI-ANT and (b) O-PDI-ANT in five good
solvents with different viscosities. The excitation wavelength of fluorescence emission spectra
for B-PDI-ANT and O-PDI-ANT is 525 nm
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2.3 The dynamic light scattering (DLS) study

distribution of B-PDI-ANT and O-PDI-ANT

on nanoparticle size
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Figure S6. The DLS study on nanoparticle size distribution of (a) B-PDI-ANT and (b) O-PDI-ANT in
THF/water mixture with different water fractions (f,,)

2.4 Femtosecond transient absorption spectra and kinetics fitting of B-

PDI-ANT and O-PDI-ANT in THF
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Figure S7. Femtosecond transient absorption spectra of (a, b) B-PDI-ANT and (c, d) O-PDI-ANT in

THF.

10/25



Supporting Information

b)0.10
(2)1.0 {B.PDI-ANT (b) B-PDI-ANT ——EAS 1
0.9 1 0-081 ——EAS 2
0.8 0.06 - ——EAS 3
0 0.7 4 0.04 -
5 067 a 0.02]
¢ 0.5 )
0.4 ——543 fs & 0.00
£ 0.3 —1.9ps -0.02
S 0.2 —250ps -0.04
0.1 .| -0.06-
0.0 - H .08
0 5 10 15 100200300 350 400 450 500 550 600 650 700
Delay time (ps) Wavelength (nm)
d)0.2
(c)o.8 { O:PDI-ANT “ O-PDI-ANT
0.7 0.1
0 0.6 —_—
go.6 204 fs 0.0
< 0.5 —2.41 ps
°
804 ——388ps | §.0.1-
Tg 0.3 - < — EAS 1
-0.2 —_—
Eo.2] EAS 2
S ——EAS 3
0.1 -0.3 -
\
0.0 - 04
0 2 4 6 8 100 120 140 350 400 450 500 550 600 650 700
Delay time (ps) Wavelength (nm)
(€)0.050 (f)0.045
0.045]} B-PDI-ANT 0.040 ] O-PDI-ANT
0.040 1 - | o Kinetic at 430 nm
" | o Kinetic at 430 nm 0-035‘_ Fit
] —Fit _0.0301
aY \ 80,025} T =205 68
©0.0257 |} =490 fs 9_,0 020} T,=2.34 ps
< 0.020| % =1.71ps g ' 1k 1,=32.5 ps
d0.015]| % =220 ps 0.015 7
0.010 N 0.010
0.005 - 0.005
0.000 ] [ ===cas 0.000 ST
'0-005 T T T T T '0-005 T T T T T
0 300 600 900 1200 1500 0 300 600 900 1200 1500
Time (ps) Time (ps)

Figure S8. Global fitting (a-d) and wavelength fitting (e-f) of B-PDI-ANT and O-PDI-ANT in THF.

Table S1. Summary of the global fitting andwavelength fitting for B-PDI-ANT and O-PDI-

ANT in THF
Sample Fitting method T, (ps) T, (ps) T3 (ps)
Global fitting 0.54 1.9 250
B-PDI-ANT
Wavelength fitting at 430 nm 0.49 1.71 220
Global fitting 0.20 2.41 39
O-PDI-ANT —
Wavelength fitting at 430 nm 0.21 2.34 33

Global fitting of B-PDI-ANT at all wavelengths gives three time constants: 0.54 ps (11), 1.9 ps (T2)
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and 250 ps (t3). Wavelength fitting of B-PDI-ANT at 430 nm gives three very similar time
constants: 0.49 ps (t4), 1.71 ps () and 220 ps (t3). Global fitting of O-PDI-ANT at all wavelengths
gives three time constants: 0.20 ps (), 2.41 ps (t,) and 39 ps (t3). Wavelength fitting of O-PDI-

ANT at 430 nm also gives three very similar time constants: 0.21 ps (t1), 2.34 ps (1) and 33 ps (t3).

2.5 Nanosecond transient absorption spectra and kinetics fitting of O-

PDI-ANT in THF
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Figure S9. Nanosecond transient absorption spectra and kinetics fitting at 504 nm of O-PDI-ANT
in THF purged with N, or O,.

Figure S9a shows that the signals (470 and 504 nm) generated by ISC are gradually
decreased to the baseline from 7.51 ns to 2.94 ps. The kinetic fitting at 504 nm shows
that O-PDI-ANT has a long lifetime of t; = 2.7 ps. When the solution is purged with oxygen
(Figure S9b), the long-lifetime transient state is significantly quenched by the oxygen and
the lifetime drops down to 0.0465 pus. This demonstrates that the long-lifetime transient

state with main peaks at 470 and 504 nm of O-PDI-ANT has a triplet-state nature.
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2.6 Femtosecond transient absorption spectra and kinetics fitting of B-

PDI-ANT and O-PDI-ANT in THF-H,0 with different f,,
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Figure S10. Femtosecond transient absorption spectra and kinetics fitting at 430 nm of B-PDI-
ANT in THF/H,0 (f,, = 60%).
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Figure S11. Femtosecond transient absorption spectra and kinetics fitting at 430 nm of B-PDI-
ANT in THF/H,0 (f,, = 90%).
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Figure S12. Femtosecond transient absorption spectra and kinetics fitting at 430 nm of O-PDI-
ANT in THF/H,0 (f,, = 60%).

Table S2. Summary of the wavelength fitting for B-PDI-ANT and O-PDI-ANT at 430 nm in
THF/H,0 with different f,,.

£ (%) T (ps) T, (ps) T3 (ps)
(amplitude) (amplitude) (amplitude)
B-PDI-ANT 0 0.49 (33.5%) | 1.71(27.6%) | 220 (38.5%)
60 0.107 (44.6%) | 2.99 (9.08%) 152 (31.3%)
90 0.219 (71%) | 3.73 (8.39%) 91 (14.9%)
O-PDI-ANT 0 0.205 (39.3%) | 2.34(28.6%) | 32.5(30.4%)
60 0.0908 (80%) | 2.75(10.8%) | 201 (7.95%)
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2.7 The optimized XYZ coordinates
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2.8 The optimized molecular orbital (MO) diagrams of B-PDI-ANT and
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Figure S13. The optimized HOMO, LUMO and energy gap of B-PDI-ANT and O-PDI-ANT.
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As shown in Figure S13, B-PDI-ANT and O-PDI-ANT exhibit the charge-transfer nature for

the spatially separated HOMOs and LUMOs. Their HOMOs are restricted on the ANT

groups, while LUMOs are distributed to the PDI core.

2.9 The open-aperture z-scan curves of B-PDI-ANT and O-PDI-ANT
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Figure S14. Open-aperture z-scan measurement of B-PDI-ANT and O-PDI-ANT at 1100 nm in THF

solution.

2.10 The summary of the previously reported 2PA data for small

organic molecules containing one or two PDI unit in recent ten years

from 2011-2021

Table S3. Summary of the previously reported 2PA data for small organic molecules

containing one or two PDI unit in recent ten years from 2011-2021.

Metho Aopa/ 5/ AIE/ACQ or | Refere
Dyes Solvent
d nm GM unreported nce
n-Bu n-Bu
Q o~aorof
n-5:® Q:—Bu
o _N_0O
fs-TPEF | toluene 625 | 1075 | unreported 31a

(o] /']‘\ (¢}
CqqHz5" CqqHy;
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3. Application
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Figure S15. The photographs of fluorescence images (taken under 365 nm UV light) of (above) B-
PDI-ANT and (below) O-PDI-ANT in THF/water mixture with different water fractions (f,,).
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