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1. Experimental Section

1.1 Equipment and measurement conditions

Synthesis and characterization of the PDI derivatives. The PDI derivatives 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.

UV-Vis absorption and fluorescence emission 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-
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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

conditions.

Kinetics fitting method. Equation 1 shows the exponential function for wavelength
kinetics fitting. The wavelength kinetics fitting for B-PDI-ANQ and O-PDI-ANQ are fitted by

t-to t-t
_(T)Z Tt
St)=e P *ZAie i P IRF
p

i ) 2In2 Equation 1

0

Two-photon excited fluorescence spectroscopy. A homemade spectrofluorometer was
used with a femtosecond pulsed laser (Chameleon Discovery NX, Coherent), with pulse
duration, =140 fs (FWHM), 80 MHz repetition rate, 800 nm 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 the 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 excitation

wavelength of 800 nm, linear absorption could be neglected for all of the solutions.

a/23



Supporting Information

1.2 Synthesis of B-PDI-ANQ
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Scheme S1. The synthetic route to B-PDI-ANQ.

Compounds 1 and 2 were synthesized according to the literature.® A mixture of 1 (192 mg, 0.57
mmol), 2 (400 mg, 0.48 mmol), Pd(PPhs), (55 mg, 0.047 mmol), K,COs (132 mg, 0.96 mmol), DMF
(10 mL) was stirred at 80 °C under N, atmosphere for 24h. After cooling to 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
over Na,SO, and concentrated by the rotary evaporator in vacuum. The crude product was
further purified by column chromatography (DCM/petroleum ether=16:1 to 4:1) to give the
desired product as the dark purple solid (345 mg, 0.36 mmol, 75% yield). *H NMR (400 MHz,
CDCl;) & 8.71-8.67 (m, 4H), 8.61-8.58 (d, 1H), 8.49-8.47 (d, 2H), 8.41-8.38 (d, 1H), 8.34-8.32 (d,
1H), 8.11-8.07 (m, 1H), 7.98-7.95 (d, 1H), 7.88-7.84 (m, 2H), 7.79-7.77 (d, 1H), 5.20-5.17 (m, 2H),
2.27-2.18 (m, 4H), 1.85-1.80 (m, 4H), 1.33-1.23 (m, 32H), 0.84-0.79 (m, 12H). *3C NMR (100 MHz,
CDCl3) 6 182.96, 182.87, 149.20, 140.46, 139.65, 135.62, 134.95, 134.85, 134.60, 133.98, 133.49,
130.76, 129.81, 129.32, 128.51, 128.01, 127.92, 124.24, 123.54, 55.35, 55.19, 32.82, 32.21, 32.17,

30.14, 29.67, 29.64, 27.36, 25.38, 23.04, 14.49.
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1.3 Synthesis of O-PDI-ANQ
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Scheme S2. The synthetic route to O-PDI-ANQ.

Compound 3 were synthesized according to the literature.? A mixture of 3 (200 mg, 0.24 mmol),
1 (160 mg, 0.48 mmol), Pd(PPhs), (30 mg, 0.025 mmol), K,CO5 (66 mg, 0.48 mmol), 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 Na,SO, and concentrated by the
rotary evaporator in vacuum. The residue was then purified by silica gel column chromatography
(DCM/petroleum ether=16:1 to 4:1). A dark red solid of O-PDI-ANQ (70 mg, 0.07 mmol) was
obtained in 29% yield. 'H NMR (400 MHz, CDCl;) 6 8.71-8.58 (m, 6H), 8.34-8.25 (m, 3H), 8.07 (s,
2H), 7.78-7.76 (d, 1H), 7.64 (s, 2H), 5.22-4.93 (m, 2H), 2.27-2.07 (m, 4H), 1.88-1.67 (m, 4H), 1.33-
1.23 (m, 32H), 0.84-0.80 (m, 12H). 3C NMR (100 MHz, CDCl3) 6 134.39, 134.23, 133.89, 133.78,
133.49, 133.26, 132.36, 131.74, 130.35, 129.42, 127.02, 126.92, 126.68, 126.32, 126.19, 123.69,

123.19, 54.81, 32.40, 32.21, 31.77, 29.18, 29.18, 26.95, 26.93, 22.59.
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2. Characterization Section

2.1 'H and 3C NMR
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Figure S1-1. 'H NMR of compound 1 in CDCl;
IH NMR (400 MHz, CDCl5) & 8.75 (s, 1H), 8.35-8.28 (m, 3H), 8.22-8.19 (d, 1H), 7.82-7.79 (m, 2H),

1.39 (s, 12H).
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Figure $1-2. 'H NMR of compound 2 in CDCl;
14 NMR (400 MHz, CDCl3) & 9.81-9.79 (d, 1H), 8.93 (s, 1H), 8.70 (s, 3H), 8.64-8.62 (d, 2H), 5.23-

5.12 (m, 2H), 2.29-2.19 (m, 4H), 1.89-1.82 (m, 4H), 1.33-1.22 (m, 32H), 0.84-0.81 (t, 12H).
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Figure S1-3. 'H NMR of compound 3 in CDCl;
14 NMR (400 MHz, CDCl3) & 8.72-8.65 (m, 4H), 8.59-8.49 (m, 3H), 5.22-5.14 (m, 2H), 2.29-2.17 (m,

4H), 1.93-1.82 (m, 4H), 1.33-1.23 (m, 32H), 0.87-0.81 (m, 12H).
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Figure S2. 'H NMR of compound B-PDI-ANQ in CDCl;
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Figure S3. 13C NMR of compound B-PDI-ANQ in CDCls.
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Figure S4a. 'H NMR of compound O-PDI-ANQ in CDCls.
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2.2 The optimized Sy and S; of B-PDI-ANQ and O-PDI-ANQ

3 42.67°

SO S1

Figure S5. The optimized Sy and S; of B-PDI-ANQ in vacuum.

, ﬁ’\ 66.96° ‘ E"\ 60.21°

SO S$1

Figure S6. The optimized So and S; of O-PDI-ANQ in vacuum.

2.3 The optimized XYZ coordinates

So of B-PDI-ANQ
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2.4 Nanosecond transient absorption spectra and Kinetics fitting

of B-PDI-ANQ and O-PDI-ANQ in THF
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Figure S7. Ns-TA spectra and kinetics of B-PDI-ANQ in THF purged with (a, b) N, or (c, d) O,
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Figure S8. Ns-TA spectra and kinetics of O-PDI-ANQ in THF purged with (a, b) N, or (c, d) O,

The triplet excited state of the bay- and ortho-substituted PDI derivatives are studied with
the nanosecond transient absorption spectroscopy. Figure S7a shows the ns-TA spectrum
of B-PDI-ANQ in deoxygenated THF. The kinetic fitting at 534 nm (Figure S7b) shows
that B-PDI-ANQ has a short lifetime of 7;=5.24 ns and a long lifetime of 1,=6.85 us. To
confirm that the long lifetime transient state is a triplet state of B-PDI-ANQ, the solution is
purged with oxygen (Figure S7c and 7d). The long lifetime transient state is quenched by
the oxygen and the lifetime drops to 1.29 ps. This demonstrates that the long lifetime
transient state of B-PDI-ANQ has a triplet-state nature. Therefore, ns-TA quenching
experiments demonstrates that B-PDI-ANQ undergoes ISC to produce the triplet state after
excitation at 525 nm. As shown in Figure S8, for O-PDI-ANQ, the main GSB peak at 532
nm gradually decreases with a lifetime of 1.99 ps in a nitrogen-saturated solution and with
a much shorter lifetime of 592 ns in an oxygen-saturated solution. Thus, the triplet-state

lifetime observed for B-PDI-ANQ (6.85 us) is much longer than that of O-PDI-ANQ (1.99

us).
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2.5 Femtosecond transient absorption spectra of B-PDI-ANQ and

O-PDI-ANQ in THF-H,0 with different f,,
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Figure S9. Fs-TA spectra of B-PDI-ANQ in (a, b, c) THF/H,0 (f,, = 30 %) and O-PDI-ANQ in (d, e)
THF/H,0 (f,, = 30%) and (f) THF/H,0 (f,, = 70%).

2.6 The concentration calibration of B-PDI-ANQ and O-PDI-ANQ

in THF
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Figure S10. The concentration calibration of B-PDI-ANQ in THF.
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Figure S11. The concentration calibration of O-PDI-ANQ in THF.

2.7 The dynamic light scattering (DLS) study on nanoparticle

size distribution of B-PDI-ANQ and O-PDI-ANQ
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Figure $12. The DLS study on nanoparticle size distribution of (a) B-PDI-ANQ and (b) O-PDI-ANQ
in the cellular imaging test.
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