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S1 Experimental Methods

S1.1 Solvents and reactants

All solvents were of HPLC and/or spectroscopic grade, and were used as received. The commercial
PDI derivative used was used as received.

S1.2 Chemical generation of PDI*~ in DMF and ACN

The reduction reaction was performed as reported in ref. 1 . In brief, equimolar quantities of PDI
and tetrakis(dimethylamino)ethylene (TDAE) were added to a vial inside a glovebox under nitrogen
atmosphere, with the corresponding amount of DMF/ACN and quencher, to ensure that all solutions
were prepared with the same concentration of PDI*~. The solutions were added then to fill up com-
pletely a 1 mm cuvette with a teflon lined screw stopper that was sealed thrice with parafilm, and

measured immediately.

S1.3 Stationary electronic absorption

All samples were measured in 1 cm or 1 mm cuvettes. The stationary electronic absorption spectra
were measured using a Cary 50 spectrometer.

S1.4 Stationary fluorescence

The fluorescence from chemically generated PDI*~ was measured in 1 mm cuvettes using a Horiba
NanoLog fluorometer with an NIR detector (R-5509-73).

S1.5 Transient absorption spectroscopy

$1.5.1 Pump-probe measurements

Ultrafast electronic transient absorption (TA) measurements were performed with a setup described
in ref. 2,3 and based on an amplified Ti:Sapphire system (Solstice Ace, Spectra-Physics), producing
35 fs pulses centred at 800 nm with a 5kHz repetition rate. For measurement with pump pulses at
800 nm, a fraction of the amplifier output was used. Pump pulses at 700 and 960 nm were generated
using a TOPAS-Prime combined with a NirUVis module (Light Conversion). The pump irradiance
on the sample was between 0.15 and 0.75mJ - cm 2. Probing was achieved from using white light
pulses generated in either a 3 mm CaF, plate (320 to 750nm)3 or a 3mm YAG plate (NIR).? The
probe pulses were then split into sample and reference pulses. Both pump and probe pulses were
focused and overlapped onto the sample (100 and 60 um diameter, respectively). The polarisation of
the pump pulses was at magic angle with respect to that of the probe pulses. The transient absorption
signal was checked prior to the measurement to scale linearly with the pump irradiance. The sample
cell was 1 mm thick and the IRF had a FWHM varying between 80 and 350 fs, depending on the probe
wavelength. All samples were kept under nitrogen flow during the entire duration of the measurement
(around 1.5-2 h), or prepared under nitrogen in a glovebox.
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For the data treatment, the pixel-to-wavelength conversion was done using a standard filter of
Holmium oxide, which shows narrow bands in the UV-Vis spectral region. Global analysis was per-
formed using a Matlab script.*

$1.5.2 Pump-probe measurements with photoaccumulated PDI*~

The transient absorption measurement were performed with the same setup as described above using
800 nm pump pulses with the only difference that the sample was continuously irradiated at 450 nm
with a high-repetition rate (10 MHz) ns pulse laser diode (Thorlab, NPL45B).

$1.5.3 Pump-pump-probe measurements

The pump-pump-probe measurements were carried out by introducing an additional pump pulse at
532nm in the above-described transient absorption setup, as described in detail elsewhere.® The
pump pulses at 532 nm were produced by a passively Q-switched, frequency doubled Nd:YAG laser
(Teem Photonics, Powerchip NanoUV). These pulses were at a repetition rate of 500 Hz, with an
energy of approximately 20 uJ, and a duration of 300 ps. The second pump pulse was at 800 nm and
was delayed by 2 us with respect to the first one using a high precision time delay counter (Stanford
Research Systems, SR620).

S$1.6 Molecular dynamics simulations

Molecular dynamics (MD) simulations were carried out using GROMACS 2023.1.° The optimised
structures of PDI*~, DMA®" and BAP were determined from quantum-chemical calculations in the gas
phase at the DFT level (B3LYP/6-31G(d,p)) using Gaussian 16.” The topologies for PDI*~, DMA®*
and BAP were generated using the Antechamber Python parser interface (ACPYPE),2 with the general
Amber force field (GAFF).? The atomic charges were determined from CHELPG fits of the electrostatic
potential obtained from the quantum-chemical calculations.!® The GAFF-ESP-2018 force field was
used for the solvents.'! A periodic cubic box (5x5x5nm?) was used for the simulations, which were
performed at constant pressure (1 atm) and temperature (295 K) with 2 fs steps for 50 ns.

Non-bonded interactions were evaluated with a cutoff of 1.2 nm, and long-range electrostatic
interactions were accounted for by the particle mesh Ewald method,? with 0.16 nm grid spacing
and forth-order interpolation. A long-range dispersion correction for energy was also included. The
LINCS algorithm !® was used to constrain the bonds of all system components. The equilibration of the
system was ensured by inspecting the total energy drift. The isothermal-isobaric ensemble, NPT, was
used for all productions with the Noose-Hoover thermostat at 295 K, 14 and the c-rescale barostat!® at
1 atm using coupling constants 0.5 and 5 ps respectively.



S2 Additional results

S$2.1 Stationary electronic absorption
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Figure S1 Absorption spectra of chemically generated PDI*~ in DMF in the presence of increasing amounts
4-nitrobenzaldehyde (NBZ) in DMF
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Figure S2 Absorption spectra recorded after different irradiation times (in min.) with a high-repetition rate ns
pulsed laser diode at 450 nm of a solution containing PDI, Et;N (0.1 M), and 4-bromoacetophenone (BAP) (1
M) in DMF.
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Figure S3 Same as Figure S2 but in ACN.



S$2.2 Transient absorption of chemically-generated PDI*~
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Figure S4 Left: transient absorption spectra measured upon 800 nm excitation of PDI*~ in DMF, with increasing
amounts of 4-bromo acetophenone (BAP). Right: evolution-associated spectra and time constants obtained
from global analysis assuming a series of two successive exponential steps. Note the decrease of the initial
band intensity upon increasing BAP concentration.



10 C 0.0MBAP

AA/10°

AA/10°

10} 4
10 0.7 M BAP'
9. 5r 7
2 ‘-=/\
~ 0 -
<
g

10 i

10- 1.0 M BAP

AA/10°

5L 7

10 i

\ \ \ . \ . \
400 450 500 550 600 650 700
Wavelength /nm

Figure S5 Same as Figure S4 but upon 960 nm excitation
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Figure S7 Same as Figure S4 but in ACN and upon 700 nm excitation.
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Figure S8 Same as Figure S4 but using nitrobenzene (NBZ) as quencher.
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Figure S9 Stern-Volmer plot for the quenching of PDI*~* by nitrobenzene in DMF. The lifetime ratio was cal-
culated with the second time constant (B—) obtained from the global analysis of the data measured with 800
nm excitation. The resulting quenching rate constant, k, = 1.8 x 101°M~!s~1, is comparable to that reported in
literature (k, = 1.1 x 10"°M~1s71)."
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Figure S10 Same as Figure S8 but upon 960 nm excitation.
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Figure S11 Same as Figure S9 but using the data recorded upon 960 nm excitation. The resulting quenching
rate constant, k, = 1.0 x 10!°M~'s~!, is comparable to that reported in literature (k, = 1.1 x 101°M~'s~!)."
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Figure S12 Same as Figure S4 but with 4-nitrobenzaldehyde (NBA).
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Figure S13 Transient absorption spectra recorded after 960 nm excitation of a 1 M solution of BAP in DMF.

13



S$2.3 Pump-probe measurements with photoaccumulated PDI*~
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Figure S14 Left: transient absorption spectra recorded at different time delays after 800 nm excitation of
photoaccumulated PDI*~ without and with BAP in DMF. PDI*~ is generated by continuous irradiation of PDI
at 450 in the presence of 0.1 M Et3zN. Right: evolution-associated difference absorption spectra and time
constants obtained upon global analysis of the data assuming a single exponential step.
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Figure S15 Same as Figure S14 but with NIR probing.

14



ESA (465 nm) GSB + SE (960 nm)

1 0.0
2 1.0 ] -1.0 —:
3 :
q O.O __ I T T T T I T T T T _2-0 R I T T T T I T T T T
0 500 0 500
1.0 A 0.0 -
< ] ]
o5 :
S .
(] ] .
z O-O o I T T T T I T T T T _1 -O ~ I T T T T I T T T T
0 500 0 500
Time Delay / ps Time Delay / ps

Figure S16 Time profiles (top) and intensity-normalised time profiles (bottom) extracted from the data shown
in Figure S14 (465 nm) and S15 (960 nm).
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Figure S17 Same as Figure S14 but with the pump pulses at 410 nm.
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S2.4 Pump-pump-probe measurements
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Figure S18 Left: pump-pump-probe transient absorption spectra measured with different BAP concentrations
at various time s after 800 nm excitation of PDI*~ in deaerated acetonitrile, 2us after its generation by pulsed
excitation at 532 nm of PDI with 1 M iodoanisole and 10 mM N,N-dimethylaniline. Right: evolution-associated
difference absorption spectra and time constants obtained from global analysis of the data assuming a single

exponential step.
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Figure S20 Time profiles (top) and intensity-normalised time profiles (bottom) extracted from the data shown
in Figure S18 (465 nm) and S19 (960 nm).
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S$2.5 Comparing the quenching of PDI*~* by BPA under different experimental

conditions
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Figure S21 Intensity ratio of the PDI*~* band at 460 nm measured 10 ps after excitation without and with
different BAP concentrations.
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