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SYNTHETIC PROCEDURES

Materials and general procedures. All chemicals were purchased from Merck KGaA while solvents from ACS
and were used without further purifications. Water was purified by reverse osmometry with an Elga Purelab
Classic purification system (18.2 MQ-cm). The 'H-NMR spectra were recorded at 298 K in CD;CN or CDCl;
with a Varian Mercury 400 MHz. Chemical shifts were calibrated using the internal residual signal for each
used solvent (CDCI; = 7.26 ppm; CD;CN = 1.94 ppm). All chemical shifts are quoted using the ¢ scale (in

ppm) and all coupling constants (J) are expressed in Hertz (Hz).

Synthesis of 2.,4,5,6-tetrakis(diphenylamino)-isophthalonitrile (4DPAIPN)

A modified literature procedure was adopted for the synthesis of 4DPAIPN.'2 Under Nitrogen atmosphere, a
50 mL heat-gun dried two-necked round-bottom flask was filled with dry DMF (10 mL) and diphenylamine
(5.6 mmol, 948 mg, 6 equiv.) under inert atmosphere. NaH (60% suspension in mineral oil, 7.5 mmol, 300 mg,
8 eq.) was slowly added and the mixture was stirred at 50 °C for 5 hours. 2,4,5,6-tetrafluoroisophthalonitrile
(0.9 mmol, 187 mg, 1 equiv.) was added and the reaction mixture was stirred at 90 °C for 8 hours. After that,
the solution was cooled to 0°C and water (1 mL) was slowly added to quench the reaction. A yellow precipitate
appeared upon addition of MeOH (10 mL) and was collected by filtration. The solid was redissolved in DCM
(10 mL) and reprecipitated by the addition of MeOH (10 mL) to afford the desired clean product (Yield: 60%,

0.54 mmol, 431 mg). Spectroscopic data are in agreement with those reported in literature.!

Synthesis of f 2,4,5,6-tetrakis(carbazol-9-yl)-4,6-dicyanobenzene (4CZIPN)

A modified literature procedure was adopted for the synthesis of 4CzIPN.># Under Nitrogen atmosphere, a 50
mL two-necked round-bottom-flask, equipped with a magnetic stirring bar, was charged with carbazole (5.0
equiv., 10 mmol, 1.67 g) and dry THF (20 mL). The solution was cooled down to 0 °C and NaH (60% in
mineral oil, 7.5 equiv., 15 mmol, 600 mg) was slowly added under vigorous stirring. After 2 hours,
tetrafluoroisophthalonitrile (1.0 equiv., 2 mmol, 400 mg) was added and the mixture was stirred at room
temperature overnight. A yellow precipitate progressively appeared. When the TLC showed a complete
conversion of the starting material, water (1 mL) was added dropwise under vigorous stirring to neutralize the
excess of NaH, and the mixture was evaporated to give a yellow solid. The solid was successively washed with
water and ethanol to afford 1.09 g (1.38 mmol, 69% yield) of spectroscopically pure 4CzIPN. Spectroscopic

data are in agreement with those reported in literature.



Synthesis of bis(tetrabutylammonium)oxalate (TBAOx)

A modified literature procedure was adopted for the synthesis of TBAOx.’ Under Argon atmosphere, a 25 mL
two-necked round-bottom-flask, equipped with a magnetic stirring bar, was charged with oxalic acid dihydrate
(1.0 equiv., 5 mmol, 630 mg). At room temperature Tetra-n-butylammonium hydroxide, 40% w/w in methanol
(2.0 equiv., 10mmol, 7.1 mL) was added dropwise. The solution was allowed to stir until disappearance of
oxalic acid dihydrate was observed. After 2 h of stirring, the solvent was removed under reduced yielding first
a gelatinous material and then a white powder. The desired TBAOx was obtained in quantitative yield (> 95%,

2.8 g). Spectroscopic data are in agreement with those reported in literature.



PHOTOPHYSICAL CHARACTERIZATION

Photophysical measurements. Optically diluted solutions with concentrations in the order of 10 or 10° M
were prepared in spectroscopic or HPLC grade solvents for steady-state and time-resolved absorption and
emission analysis. Absorption spectra were recorded at room temperature on a Varian Cary 50
spectrophotometer with 1 cm or 0.2 cm quartz cuvettes. Degassed solutions were prepared via 4 consecutive
freeze-pump-thaw cycles and spectra were taken using home-made Schlenk quartz cuvette; alternatively, N,-
saturated solutions were prepared in a glove box using the same glassware. Steady-state emission, excitation
spectra and time-resolved emission spectra were recorded at 298 K using an Edinburgh Instruments F920 or a
Edinburgh Instruments FSS5, equipped with a Hamamatsu R928 phototube. Samples were excited at 390 nm
for steady-state measurements and at 340 or 405 nm for time-resolved measurements. For emission lifetimes
< 10 ps the above-mentioned Edinburgh Instruments F920 fluorometer, equipped with a time-correlated
single-photon counting (TCSPC) module was used. For the determination of excited state lifetimes through
TCSPC, emission decays were fitted with single or multiple exponential functions; the associated y? values (1
<y*<2) were determined using the EI FS5 or Edinburgh FLS920 software. The estimated experimental errors
are 2 nm on the band maximum, 5% on the molar absorption coefficient and luminescence lifetime and 10%

on the quantum yield.

Photoinduced generation of radical species. Irradiation of samples for the generation of radical species from
4CzIPN and 4DPAIPN in the presence of a sacrificial electron donor (DIPEA or TBAOx) in CH;CN were
performed at room temperature on thoroughly stirred N,-saturated solutions by using a Kessil lamp at 390 nm
(40 W). Immediately after irradiation (10-30 s) the so-obtained solutions have been employed for further

spectroscopic characterization and analysis.

For the 390-nm Kessil lamp (light power of 400 mW/cm?), we estimated a photon flux of ca. 1 x 10 moles of
photons/s, so that a 30 s irradiation time corresponds to 3 x 10~ moles of photons. For a solution with
absorbance = 0.5 at the irradiation wavelength, the percentage of absorbed light is 68%, corresponding to 2 x
10> moles of photons, much larger than the moles of photocatalyst in solution (1 x 10”7 moles, 2.5 mL of 40
UM solution). Therefore, quantitative generation of the radical anions is feasible under our experimental

conditions.
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Figure S1. Emission intensity decay of a deareated solution of 4CzIPN in CH;CN. A, = 405 nm. A,,=550 nm
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Figure S2. Emission intensity decay of an air-equilibrated solution of 4CzIPN in CH;CN (black line) and after addition
of DIPEA (10 mM, red line) and TBAOx (5 mM, green line). A = 340 nm, Aey, = 550 nm.
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Figure S3. Emission intensity decay of a deareated solution of 4DPAIPN in CH3;CN. A¢. = 405 nm. Ay, = 550 nm.
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Figure S4. Emission intensity decay of an air-equilibrated solution of 4DPAIPN in CH;CN (black line) and after addition
of DIPEA (10 mM, red line) and TBAOx (5§ mM, green line). A, = 340 nm. Ae, = 550 nm.



Table S1. Most relevant photophysical parameters for 4CzIPN and 4DPAIPN in degassed CH;CN solution at room
temperature with and without TBAOx (5 mM).

Aabs / DM Aem / NM T/ ns
4CzIPN 430 545 13.4
4CzIPN + DIPEA 430 545 9.2
4CzIPN + TBAOx 430 545 12.0
4DPAIPN 470 536 34
4DPAIPN+ DIPEA 470 536 33
4DPAIPN + TBAOx 470 536 34
aLifetime of the lowest-energy lying excited state, namely S; in the case of 4CzIPN and
4DPAIPN.
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Figure SS5. Absorption spectra of a deareated solution of 4CZIPN in the presence of DIPEA (100 mM) before (black

line) and after irradiation at 390 nm (red line).
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Figure S6. Absorption spectra of a deareated solution of 4DPAIPN in the presence of DIPEA (100 mM) before (black

line) and after irradiation at 390 nm (red line).



TRANSIENT ABSORPTION SPECTROSCOPY

General
Transient absorption in the femtosecond range was performed by means of an Ultrafast Systems HELIOS (HE-

VIS-NIR) femtosecond transient absorption spectrometer by using, as an excitation source, a Newport Spectra
Physics Solstice-F-1K-230 V laser system, combined with a TOPAS Prime (TPR-TOPAS-F) optical
parametric amplifier (pulse width: 100 fs, 1 kHz repetition rate, selected output wavelengths: 390, 480 and 600
nm). The Solstice system was composed of a tunable (690—1040 nm) Mai Tai HP Ti:Sa femtosecond oscillator
pumped by a Nd:YVO4 laser (Millennia), a Ti:Sa regenerative amplifier pumped by an intracavity-doubled,
Q-switched, diode-pumped Nd: YLF pulsed laser (Empower 30), an optical pulse stretcher, and an optical pulse
compressor. The overall temporal resolution of the system is 300 fs. Air-equilibrated solutions in 0.2 cm optical
path cells were analyzed under continuous stirring. The pump energy on the sample was 4 pJ/pulse at 390 nm
and 8 pJ/pulse at 480 and 600 nm. Surface Xplorer V4 software from Ultrafast Systems was used for the data
acquisition and analysis. The 3D data surfaces were corrected for the chirp of the probe pulse prior to the
analysis. Lifetimes were taken as average of values derived from the fitting of several decays at different
wavelengths. Errors on lifetimes were estimated as average of the errors reported by the fitting software for
each lifetime. Steady-state absorption spectra were registered before and after transient absorption experiments

to check the photostability of the investigated system.



Transient absorption spectroscopy of 4CzIPN
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Figure S7. Transient absorption spectra at different delays of 4CzIPN in acetonitrile solution (a) and the corresponding
AA temporal evolutions (and fittings, lines) at significant wavelengths (b). ex = 390 nm, Asgo= 0.25, 0.2 cm optical path,
4 pJ/pulse. In (a) the arrows indicate the spectral changes associated with the different processes.

The end-of-pulse spectrum of 4CzIPN presents two main bands peaked at 484 nm and 847 nm and a broad
featureless absorption above 1000 nm (Figure S7a). A first fast process (1, = 12 ps), consistent with internal
conversion from upper lying singlet excited states to Sy, as well as solvent rearrangement processes, is observed
(decay and few nm blue-shift at 484 nm and rise and few nm red-shift on the 847 nm band). This event is
followed by a slow process that exceeds the time window of the experiment (ca. 3 ns) and can be roughly
estimated in the order of 15 ns (Figure S7b). This can be attributed to S; deactivation, since the lifetime is
consistent with that of prompt fluorescence reported in Table S1.

Upon addition of TBAOx (5.2 mM), the transient features of 4CzIPN are similar: two processes can be
identified, with spectral changes consistent with those observed for 4CzIPN in pure acetonitrile (Figure S8a),
and a biexponential temporal evolution with t; =11 ps and 1, ca. 9 ns (Figure S8b). The fast component is very
similar to that previously observed, while the long component is shorter, as expected for the quenching of the

S, excited state of 4CzIPN in the presence of a 5.2 mM concentration of the sacrificial electron donor (see

Table S1).
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Figure S8. Transient absorption spectra at different delays of 4CzIPN in acetonitrile solution containing TBAOx (5.2
mM) (a) and the corresponding AA temporal evolutions (and fittings, lines) at significant wavelengths (b). A= 390 nm,
Az90=0.25, 0.2 cm optical path, 4 uJ/pulse. In (a) the arrows indicate the spectral changes associated with the different
processes.



Transient absorption spectroscopy of 4DPAIPN
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Figure S9. Transient absorption spectra at different delays of 4DPAIPN in acetonitrile solution (a) and the corresponding
AA temporal evolution (and fittings, lines) at significant wavelengths (b). A, =480 nm. Ayg0= 0.18, 0.2 cm optical path,
8 wl/pulse. In (a) the arrows indicate the spectral changes associated with the different processes.

Figure S9a shows the transient absorption features of 4DPAIPN in acetonitrile solution. An initial spectrum
with maxima at 650 nm and 1510 nm evolves towards a signal with blue-shifted bands at 540 nm and 1350
nm. A first fast process of the order of ca. 2 ps is present all over the spectral range, particularly visible on the
650 nm band as a rise and few nm red-shift. The second slow process, leading to the decay of the 650 nm band
and to the formation of the bands at 540 nm and 1350 nm, occurs in the order of 3 ns, which corresponds to
the lifetime measured for the prompt fluorescence (Table S1). The observed biphasic behavior can hence be
ascribed to solvent rearrangement and deactivation of S; with concomitant population of T;. The final spectrum
is thus attributed to the T, state, which is decaying outside the available time window. It can be noticed that,
in the case of 4CzIPN, the T, state population is not clearly visible because the S, excited state is longer lived,
so that the final spectrum is still dominated by the S; features. In presence of TBAOx sacrificial electron donor
(5.2 mM), both the spectral and temporal evolutions appear almost identical (Figure S10). The longer lifetime,
attributable to S, deactivation, is not reduced by the presence of the oxalate, in agreement with the measured

prompt fluorescence lifetime (see Table S1).
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Figure S10. Transient absorption spectra at different delays of 4DPAIPN in acetonitrile solution containing TBAOx (5.2
mM) (a) and the corresponding AA temporal evolutions (and fittings, lines) at significant wavelengths (b). A= 480 nm,
Ayz0=0.18, 0.2 cm optical path, 8 uJ/pulse. In (a) the arrows indicate the spectral changes associated with the different
processes.
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Transient absorption spectroscopy of the radical anions
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Figure S11. AA temporal evolution at 682 nm reported in Figure 3b, main text, represented here in logarithmic scale.
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Figure S11. Comparison of the spectrum in the NIR region at 70 ps delay for 4CzIPN* (red) and 4DPAIPN* (brown,
in dashed the normalized spectrum).®
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Figure S13. Transient absorption spectra at different delays of a degassed acetonitrile solution of 4CzIPN* , obtained
irradiating a solution of 4CzIPN and DIPEA (100 mM) at 390 nm (a), and the corresponding AA temporal evolution at
significant wavelengths (b). A =480 nm, Ayg=0.27, 0.2 cm optical path, 8 pJ/pulse.

Transient absorption spectroscopy of the radical anions with 4-bromoanisole and
4-chloroanisole
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Figure S12. Transient absorption spectra at different delays of a degassed acetonitrile solution of 4CzIPN*" in the
presence of 4-bromoanisole (0.1 M) (a) and the corresponding AA temporal evolution at 682 nm (b). A, = 480 nm,
Augo=0.28, 0.2 cm optical path, 8 pJ/pulse.

The reaction constant for the reduction of 4-bromoanisole by solvated electrons has been derived as the slope
of the linear fitting of the plot of Figure 4d, reporting the rate constant of the AA decay at 1440 nm as a function
of the concentration of 4-bromoanisole (see the figure below for the parameters associated with the fitting).
As the decay of the band at 1440 nm is multi-exponential, a weighted average lifetime has been considered to
calculate the rate constant at each point (see the table below). At the highest concentration of 4-bromoanisole,
the calculated rate constant value is subjected to high uncertainty due to the weakness of the residual band of

the solvated electron.
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Table S2. Kinetic parameters related to the AA decay in the spectral range 1420-1440 nm as a function of the
concentration of 4-bromoanisole.

[4-bromoanisole]/M | t#/ps f2> | Weighted t/ps
0 109 0.55 1834
2684 0.15
4573 0.30
0.01 81 0.58 917
2072 0.42
0.1 33 0.70 244
736 0.30

 Average values from fittings performed on decays collected at three different wavelengths in the 1420-1440 nm region. ® Fraction of the pre-exponential
factor. ¢ Calculated as %; t;f; .
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Figure S15. Rate constant of the AA decay at 1440 nm as a function of the concentration of 4-bromoanisole and the
corresponding fitting parameters of the linear regression.
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Figure S16. Normalized temporal evolution of AA measured at 1440 nm (orange line) for a degassed solution of 4CzIPN*~
(a) and in the presence of 0.01 M (b) and 0.1 M (c) 4-bromoanisole on a shorter time-scale compared to that of Figure 4.
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Figure S13. Transient absorption spectra at different delays of a degassed acetonitrile solution of 4DPAIPN® in the
presence of 4-chloroanisole (0.1 M) (a) and the corresponding AA temporal evolution at significant wavelengths (b). Acx
=600 nm, Aggo= 0.20, 0.2 cm optical path, 8 pJ/pulse.

The quantum yield of solvated electron production has been estimated as a ratio between the concentration of
the produced solvated electron and the concentration of the radical anion excited state, in the excited volume

at each laser pulse.
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COMPUTATIONAL METHODS

All density functional theory (DFT) and time-dependent DFT (TD-DFT) calculations were carried out using
the Gaussian 16A suite of programs adapting a protocol previously used to screen a large number of organic
compounds and validated against experimental data.”® Geometry optimizations were carried out at the
BLYP35/def2svp level. The corresponding TD-DFT calculations were utilizing the M06-2X/def2svp level of
theory on the optimised DFT geometry and optimized first 10 excited states for the calculated absorption
spectrum.’ Solvation effects were all taken into account using acetonitrile based on the polarizable continuum
model (PCM).!° The benchmark of the methodology against 66 dyes gives excellent results (shown in Figure

S14) and provides a linear calibration correction to the computed excitation energy which is applied to the

results.
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Figure S14. The calibration curve of experimental and computed vertical excitation energy and equation for the calculated
absorption spectrum.
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Figure S15. (a) The calculated absorption spectrum of 4CzIPN*~ and (b) the corresponding spectrum in the 300nm to
600nm. In (a), the absorption spectrum and oscillator strength are magnified by 10 times in the 1400 - 2000 nm spectral
range.
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Figure S20. (a) The doublet excited states with oscillator strength of 4CzIPN and corresponding frontier molecular
orbitals. S means the singly occupied molecular orbital (SOMO) and L means the lowest unoccupied molecular orbital
(LUMO). (b) The mechanism of 4CzIPN*~ during photophysical processes.
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Figure S21. Electron and hole distributions in the different doublet excited states and corresponding oscillator strength
in (a) 4DPAIPN®~ and (b) 4CzIPN*". The hole—electron analysis were investigated by the Multiwfn 3.6.!!
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