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1. Experimental section

Femtosecond Transient Absorption Spectra.

Femtosecond transient absorption spectra (fs-TA) were acquired on a system based on a
Ti:sapphire regenerative amplifier (Amplitude Pulsar) pumped by a homemade Ti:sapphire oscillator.
The system produces 40 fs pulses at 800 nm, with a repetition rate of 1 kHz and average power of
450-500 mW. The instrument resolution is 150 fs. Excitation pulses at 340 nm were produced by
third harmonic generation from the output of a commercial parametric amplifier (TOPAS, Light
Conversion) using two BBO crystals. The pump beam polarization has been set to the magic angle
with respect to the probe beam. The probe beam has been obtained by focusing a small portion of
the fundamental 800 nm beam on a 3 mm CaF; crystal, kept under continuous rotation to avoid
damage. The pump-probe delay has been introduced by sending the portion of the fundamental
beam used for white light generation through a motorized translator. After focusing and overlapping
the pump and probe beams at the sample position, the probe beam has been directed through a
spectrograph and to the detector. The sample was contained in a 2 mm quartz cuvette mounted on
a movable stage, in order to avoid photo-decomposition. The data were subdivided in two different
time intervals and fitted using the Glotaran-Application 1.5.1 software.! The number of kinetic
components to be used for Global analysis has been estimated by performing a preliminary singular

values decomposition (SVD) analysis. All data were chirp-corrected before global fitting.
Time-Resolved Electron Paramagnetic Resonance (TREPR) Spectroscopy.

Samples were dissolved in frozen toluene/2-me-tetrahydrofuran (TOL/2MeTHF) solvent. The
time-resolved continuous-wave (CW) TREPR measurements were performed on an X-band EPR
Elexsys E-580 spectrometer (Bruker). TREPR spectra was recorded at 20 K, 40 K and 80 K in
TOL/2MeTHF mixed solutions, and 80 K and 140 K in TOL. Optical excitation was carried out with an
optical parametric oscillator (OPO) system (LP603 SolarLS) pumped by an Nd:YAG laser (LQ629
SolarLS) with a pulse energy of 1 mJ. The numerical simulations of the TREPR spectra were
performed using a modified version of a program described in detail previously.>3 The spectrum
integrated over a chosen time interval is calculated for a quasi-random distribution of fixed
orientations of the compounds relative to the laboratory frame in the linear response approximation.
The fitting is based on the least-squares method. The values of the adjustable parameters were
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obtained by a simultaneous fit of several experimental spectra extracted from the time/magnetic

field data set in time intervals chosen to represent critical regions of the time dependence.

Computational method. The molecular geometries of NI-PTZ in the So state are optimized at CAM-
B3LYP/6-31G(d) level, solvent effects were included using the polarizable continuum model (PCM),
the excited states geometries of S1 and T1 are optimized with time-dependent DFT (TD-DFT) in its
Tamm-Dancoff approximation (TDA) using the same functional and basis sets as in the ground-state
optimizations, all calculations are performed using the Gaussian 16 program package.* The spin-
orbit matrix elements (SOCME) are calculated, as implemented in Q-chem software.> The Zero-Field

Splitting (ZFS) parameters D are calculated using B3LYP/def2-TZVP method with TD-DFT in Orca

software.6”

2. Steady state UV -vis absorption and luminescence spectra
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Figure S1. (a) UV-vis absorption spectra of NI-PTZ; NI-PTZ-O; NI-PTZ>; NI-Ph-PTZ and NI-PhMe:-
PTZ in acetonitrile (ACN). ¢ = 1.0 x 10 M. Fluorescence spectra of the compounds of (b) NI-PTZ,
(c) NI-PTZ; and (d) NI-PTZ-O in HEX under different atmospheres (N2, O). Optically-matched

solutions were used, A = 0.10, Aex =330 nm, ¢=1.0 x 10~> M, 20 °C.
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3. Femtosecond transient absorption spectra
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Figure S2. Femtosecond transient absorption spectra of NI-3Br. Transient absorption spectra (a) in
HEX and (c) in ACN. Relative EADS obtained with global analysis (b) in HEX and (d) in ACN. Excited
at 330 nm.
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Figure S3. Femtosecond transient absorption spectra of NI-PTZ-0. Transient absorption spectra (a)

in HEX and (c) in ACN. Relative EADS obtained with global analysis (b) in HEX and (d) in ACN. Excited

at 330 nm.
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Figure S4. Femtosecond transient absorption spectra of NI-PTZ,. Transient absorption spectra (a)

in HEX and (c) in ACN. Relative EADS obtained with global analysis (b) in HEX and (d) in ACN. Excited
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Figure S5. Femtosecond transient absorption spectra of NI-Ph-PTZ. Transient absorption spectra

(@) in HEX and (c¢) in ACN. Relative EADS obtained with global analysis (b) in HEX and (d) in ACN.

Excited at 330 nm.
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Figure S6. Femtosecond transient absorption spectra of NI-PhMe2-PTZ. Transient absorption

spectra (a) in HEX and (c) in ACN. Relative EADS obtained with global analysis (b) in HEX and (d) in

ACN. Excited at 330 nm.
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Figure S7. Plot of intramolecular electron-transfer rate constants in (a) NI-PTZ and (b) NI-PTZ; vs.
the thermodynamic driving force (—AGer). The red line represents the best fit with Eq. 1. The data
used are CS data (blue point) and CR data (orange point) in HEX, CS data (black point) and CR data
(purple point) in ACN, respectively. The fitting program employs the nonlinear curve fitting toolkit

from Origin 2019. The determination coefficient (A2) is 0.36 of NI-PTZ and 0.34 of NI-PTZ,. Due to

the limited amount of data available, the goodness of fit is relatively low.
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4. Time-resolved electron paramagnetic resonance spectroscopy

250 300 350 400 450 250 300 350 400 450
Magnetic Field / mT Magnetic Field / mT

Figure S8. TREPR spectra of (a) NI-3Br and (b) NI-Ph-Br. The spectra were obtained under 355
nm laser, irradiation at 80 K in glassy toluene/2-methyltetrahydrofuran = 1:1 (v/v), ¢ = 1x104 M,
delay after flash (DAF) = 500 ns. Simulation spectra are shown in red, and experimental spectra are

shown in black. Simulation parameters are presented in Table 2.
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In order to further study the component in TREPR, two-pulse experiment at filed 350 mT were
measured, shows the dependences of echo intensity vs. DAF at different temperatures and fitted by
two exponentials with different lifetimes of 3CS state (Figure $9). The different lifetimes of 3CS state
can attributed to (7)) of 3 us, while ©(7;) of 30 us. Taking these two lifetimes into account, the
inversion of a narrow triplet spectrum (3CS state) is quite well described (Figure S10) by the sum of
two triplet spectra with different polarizations, and corresponding lifetimes.
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Figure S9. Temperature dependence of lifetimes of initially and inversion TREPR signals of
Spectrum 1 in Figure 3b.
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Figure S10. Experimental and simulated time dependence TREPR spectra of NI-PTZ. The spectra
are simulated as the sum of three spectra: Spectrum 2 and Spectrum 1 (Figure 3b), Spectrum 1 is
presented as the sum of two triplet spectra with lifetime t = 30 ys and 3 ps, respectively. The
agreement with experiment is quite good, but it is not realistic to assume that there are two triplets

with the same fine structure parameters, but with different ESP patterns and lifetimes.
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Figure S11. The time dependence of experimental (red) and simulated (blue, only 3CS sate)) TREPR
spectra of NI-PTZ for DAF = 2000, 3000, 3500, 5000, 7000 and 8000 ns.
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Experiment
—— Simulation

Figure S12. (a) The partially magnified spectrum in Fig. 3b. (b) Enhanced absorption/emission
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Figure S13. (a) Delay time-dependent evolution of the TREPR spectra and (b) the selected TREPR

spectra of NI-PTZ-0. The spectra were obtained upon 355 nm pulsed laser, photoexcitation at 80 K

in glassy toluene/2-methyltetrahydrofuran = 1:1 (v:v), ¢ = 1x10~* M, DAF = 500 ns. Simulation spectra

are shown in red, and experimental spectra are shown in black. Simulation spectrum is sum of

Spectrum 1 and Spectrum 2 with the weights 1 and 0.23, respectively. Simulation parameters are

presented in Table 2. The inversion of the ESP phase pattern of spectrum 1 is observed at DAF ~8000

ns.
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Figure S14. (a) Delay time-dependent evolution of the TREPR spectra and (b) the selected TREPR
spectra of NI-PTZ,. The spectra were obtained upon 355 nm pulsed laser, photoexcitation at 80 K
in glassy toluene/2-methyltetrahydrofuran = 1:1 (v/v), ¢ = 1x10™% M, DAF = 500 ns. Simulation

spectra are shown in red, and experimental spectra are shown in black. Simulation parameters are

by
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presented in Table 2.
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Figure S15. TREPR spectra of (a) NI-Ph-PTZ and (b) NI-PhMe2-PTZ. The spectra were obtained
upon 355 nm pulsed laser, photoexcitation at 80 K in glassy toluene/2-methyltetrahydrofuran = 1:1
(v/v), c = 1x10"4 M, DAF = 500 ns. Simulation spectra are shown in red, and experimental spectra are

shown in black. Simulation parameters are presented in Table 2.

NI-Ph-PTZ NI-PhMe,-PTZ

S16



5. DFT calculations

Table S1. SOCME matrix elements constants incorporating the Herzberg-Teller terms.?

le‘TZZ le‘T2x le'TZy T1z-T22 Tlx‘T2y T1x-Tox
gas-NI-PTZ 0.400544  0.400544  0.400544 0.619127 0.400544 0.619127
hex-NI-PTZ 0.400347  0.400347  0.400347 0.625721 0.400347 0.625721

[a] in cm~1L.

Table S2. The Zero-Field Splitting (ZFS) parameter D of NI-PTZ.2

T1 T2
0.05 0.01
[a] in cm™L.
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