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1 Synthesis
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PyP. 1,3,5-triphenylpyrazoline was synthesized as described elsewhere.! To a mixture of 10 mL of ethanol and 0.5
mL of 10% aqueous NaOH were added acetophenone (1.15 mL, 10 mmol), benzaldehyde (1 mL, 10 mmol), and freshly
distilled phenylhydrazine (1.05 mlL, 11 mmol). The reaction mixture was then allowed to reflux for 60 minutes. The
mixture was then cooled down, filtered and washed with cold ethanol (3x5 mL) to afford white crystals (yield 2 g, 70%).
The purity of PyP was checked by comparing the fluorescence excitation and the absorption spectra.
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PyOx. A mixture of the phenyloxazole-aldehyde (1g, 4 mmol) and acetophenone (0.468 mL, 4 mmol) in 15 mL of
ethanol with 1.93 g of NaOH was refluxed for 45 minutes. Freshly distilled phenylhydrazine (0.434 mlL, 4.4 mmol) was
added and the mixture for refluxed for 3 more hours. Reaction was cooled down, filtered and washed with water. The
crude product was recrystallized from toluene to afford off-white crystals (yield 1.3 g, 73%). '"H NMR (500 MHz, CDCl3):
3.24 (dd, 1H), 3.96 (dd, 1H), 5.39 (dd, 1H), 6.86 (t, 1H), 7.14 (d, 2H), 7.25 (m, 3H), 7.32 (s, 1H), 7.40 (m, 2H),
7.44-7.52 (m, 5H), 7.76 (d, 2H), 7.80 (d, 2H), 8.14 (d, 2H).
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2 Global Analysis

Global analysis of the time-resolved spectroscopic data, S(A,t), was performed using two approaches.? In the first one:

N
S(A,1) :ZAI()L)exp(—k,t), (S1)
]
with k; = 1/7;, where 7; is the lifetime of component / and A;(A) its the amplitude. Eq.S1 corresponds to a global
multi-exponential analysis. When applying this approach to transient absorption spectra, the A;(1) are so-called Decay-
Associated Difference Spectra (DADS).

In the second approach:

N
S(lvt) :ZBI(A’)CI(I% (SZ)
1
where ¢;(¢) is the time-dependent concentration of species ! and B;(1) its spectrum. As we assume a series of N
successive exponential steps, ¢;(¢) is given by: 23

!
Cy (t) = Z bjl exp(—kjt), (S3)
i=1

with the amplitudes bj; are by; =1, and for j <1 :

T kn
pym (59
I1 (kn - kj)

n=1,n#j

Eq.S2-S4 correspond to global target analysis, where the target scheme is a succession of N exponential steps. Formally,
the B;(1) obtained from such an analysis are Species-Associated Difference Spectra (SADS).

Here we use a succession of N exponential steps with increasing time constants in order to visualise the main spectral
changes (and their time scale) occurring in the transient absorption data. As the resulting B;(A) spectra are not attributed
to any specific state/species, these spectra are called Evolution-Associated Difference Spectra (EADS) instead of SADS. It
should be noted that, for a given value of N, both approaches (eq.S1 or eq.S2) give the same decay constants, k;. The
resulting EADS are linear combinations of the DADS.?



3 Additional Results
3.1 Steady-State Spectroscopy
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Fig. S1: Absorption spectrum of the PyOx reproduced by a linear combination of the spectra of PyP and Ox in CHX (A)
and ACN (B). The scaling factors and shifts (indicated in cm~!) have been optimized by least squares. A negative shift
means that the spectrum of the sub-unit had to be red-shifted to reproduce the spectrum of the dyad.
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Fig. S2: Excitation spectra recorded with PyOx at different emission wavelengths in CHX (A) and ACN (B). The absorp-
tance spectra (red, dashed) were calculated from the absorption spectra shown in Figure S1 scaled to the absorbance used
for recording the excitation spectra. Given the small fluorescence quantum yields, especially in ACN, differences between

the excitation and absorptance spectra are not significant.



3.2 Transient Absorption
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Fig. S3: Transient absorption spectra measured after 370 nm excitation of PyP in CHX (A) and ACN (B).
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Fig. S4: Transient absorption spectra measured after 325 nm excitation of Ox in CHX (A) and ACN (B). Inset: Time
dependence at the wavelength indicated by the arrow.
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Fig. S5: S, «S; ESA spectrum of PyOx in CHX calculated upon adding the stationary absorption spectrum to the TA
absorption spectrum. For better signal/noise ratio, the evolution-associated difference absorption spectrum A obtained
from the global analysis of the TA data measured with PyOx upon 368 nm excitation (Figure S6D) was used. The ESA
spectrum still contains the contribution from the stimulated emission.
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Fig. S6: Long-lived EADS of PyP and Ox in CHX, for reference (A); TA spectra measured with PyOx in CHX upon 368 nm
excitation (B-C); Evolution-associated difference spectra obtained from global analysis with two successive steps (D), and
time profiles at selected wavelengths (E).
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Fig. S7: Long-lived EADS of PyP and Ox in ACN, for reference (A); TA spectra measured with PyOx in ACN upon 368
nm excitation (B, C); evolution-associated difference spectra obtained from global analysis with four successive steps (D),
and time profiles at selected wavelengths (E).
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Fig. S8: TA spectra measured with PyOx in decaline after 385 nm excitation (A) and evolution-associated difference
spectra obtained from global analysis with two sequential steps (B).
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Fig. S9: TA spectra measured with PyOx in THF after 321 nm excitation (A,B); evolution/species-associated difference
spectra obtained from global analysis of the data after 1 ps using two successive steps (B) and three successive steps with
the third steps faster than the second one (C).
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Fig. S10: TA spectra measured with PyOx in dichloroethane after 385 nm excitation (A), and evolution-associated differ-
ence spectra obtained from global analysis with four sequential steps (B).
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Fig. S11: TA spectra measured with PyOx in acetone after 385 nm excitation (A), and evolution-associated difference
spectra obtained from global analysis with four sequential steps (B).
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Fig. S12: TA spectra measured with PyOx in DMF after 385 nm excitation (A), and evolution-associated difference spectra
obtained from global analysis with four sequential steps (B).
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Fig. S13: TA spectra measured with PyOx in DMSO after 385 nm excitation (A), and evolution-associated difference
spectra obtained from global analysis with four sequential steps (B).
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Fig. S14: Dependence of the S, state lifetime of PyOx on the solvent polarity. The solid line is only to highlight the trend.
f&) = f(n?) = (& —1)/(g+2) — (n* = 1)/ (n* +2).
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3.3 Fluorescence in a Polymer Film
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Fig. S15: Fluorescence of PyOx in a polyvinylbutyral (PVB) film: stationary spectrum upon 330 nm excitation (A) and
time-correlated single-photon counting (TCSCP) profiles upon 375 nm excitation (B). The TCSPC data could be well
reproduced with the convolution of the IRF with a biexponential function with a first time constant around 1 ns (0.96 ns
at 420 nm, 1.2 at 520 nm, relative amplitude around 0.35) and a second time constant of about 3.5 ns (3.3 ns at 420 nm
and 3.8 nm at 520 nm).

4 Energy of the Charge-Separated State

The free energy of charge separation, AG¢gs, and the energy of the charge-separated state, Ecs, have been estimated using
the Weller equation: 4

AGcs = Ecs — Eoo = € [Eox(D) — Eyeq(A)] — Ego +C + S, (S5)

where Ey is the 0-0 transition energy of the excited state involved in the process, e is the elementary charge, E,.(D) and
E,.q(A) are the oxidation and reduction potentials of the donor and acceptor, respectively. C accounts for the electrostatic
interaction between the charged moieties and is defined as:

e2

co_ ¢ (S6)
4TEYEsTpA

where g is the vacuum permittivity, & is the static dielectric constant of the solvent, and rp, is the donor-acceptor

distance. The last term in Equation S5 corrects for a different solvent than that used for the measurement of the redox

potentials, and is given by:
2 /11 11
8meg \ra  ra) \& &

where rp and r4 are the radii of the donor and acceptor, respectively. The superscript r denotes the reference, i.e., the
solvent used for the determination of the redox potentials.

The values used for the calculation are given below. The radii have been estimated from the Van der Waals volume
calculated with the increments method,® whereas the donor-acceptor distance has been estimated by taking the distance
between the centres of mass of the Py and Ox subunits obtained from the optimized ground-state geometry:

E,.(PyP) = 0.89 V (vs. SCE in DMF)®; E,.;(PyP) = -2.32 V (vs. SCE in DMF)®;

E,q(0x) = -2.13 V (vs SCE in DMF)7; E,,(0x) = 1.46 V (vs SCE in ACN)&;

Ey = 3.09 eV

rpa = 7.8 A; rp = 4.0 A; ra = 3.6 A

With these values, eq.S5 gives AGcg = —0.12 €V in ACN and +0.8 €V in CHX for the charge separation from Py to Ox. The
driving force for the charge separation from Ox to Py is predicted to amount to +0.64 €V in ACN.
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5 Excitation energy transfer

The rate constant of excitation energy transfer (EET) from the Ox to the Py moiety of PyOx has been estimated using the
Forster model.® The EET rate constant, in ps~', can be expressed in a Golden Rule form: 1°

keer = 1.18(ps~'em)|V|?@, (S8)

where V is the interaction energy (in cm~!) and @ is the spectral overlap integral (in cm), obtained from the area-
normalized emission and absorption bands of the donor and acceptor, respectively, represented on a wavenumber scale.
In the Forster model, V it calculated as the interaction energy between the transition dipole moment of the energy donor,
Ly, and that of the acceptor, i,:
— — 2

EopTyy

Va ; (S9)
where V,, is in em~!, the transition dipole moments are in D, ry, is the distance in nm, Eop n? is the dielectric
constant at optical frequencies, n is the refractive index, f; = (¢,, +2)/3 is the Lorentz local field correction, and « is the

orientation factor:
K = cos Bz, — 3cos B cos B, (S10)

with B, the angle between [i; and fi,, B; and B, the angles between the dipoles and 7y,.
The following values, obtained from the optimised ground-state geometry, were used:
Hy = 3.2 D (S, +Sy transition, localised on Ox).

U, = 2.7 D (S; «Sy transition, localised on Py).
Bia= 116.5 deg.; Bs= 8.1 deg; B, = 125 deg.; rpa = 7.8 A; k = 1.24.

With these values and with f7/¢,, = 0.9 for CHX and ACN, eq.(S9) gives V;, = 56 cm™!.
The spectral overlap integral, ®, between the emission spectrum of Ox and the absorption spectrum of PyP amounts

to 1.43-10~* cm. Inserting all these values in eq.(S8) results in a EET rate constant of kggr = (1.9 ps)~'. Alternatively, a
EET rate constant of (100 fs)~! would require a coupling energy of V =250 cm .
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6 Quantum-chemical calculations

Table S1: Transition energy, oscillator strength (f), dominant contributions (or localisation) obtained from the
TD-DFT calculations of PyOx in the ground and S; state geometries. Only the five lowest transitions to triplet
states and three lowest transitions to singlet states are listed.

Transition Energy / eV f  dominant contribution (localisation)
Ground-state geometry
T, < So 2.36 0 HOMO—LUMO+1 (Py)
T, + So 2.57 0 HOMO-1—LUMO (Ox)
T3 < So 3.26 0 HOMO-1—LUMO+2 (Ox)
T4 < So 3.77 0 many (Py)
T5 < So 3.86 0 many (Py)
S1+So 4.03 0.72 HOMO—LUMO+1 (Py)
S2 < Sp 4.27 1.07 HOMO-1—LUMO (Ox)
S; « S 4.37 0.02 HOMO—LUMO (CT)
S; state geometry
T, < So 1.35 0 HOMO—LUMO (CT from Ox)
HOMO—LUMO+1 (CT from Py)
Ty < So 2.54 0 HOMO-1—-LUMO (Ox)
HOMO-1—LUMO+1 (CT from Ox)
S1 <+ Sp 3.18 0.50 HOMO—LUMO (CT from Py)
T3 < Sp 3.23 0 many (0x)
T4 < Sp 3.31 0 many (Py)
Ts5 < Sp 3.66 0 many (Py)
S> <+ Sy 4.00 0.09 HOMO-1—LUMO (CT from Ox)
S3+Sp 4.22 1.13 HOMO-1—-LUMO+1 (CT from Ox)

14
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Fig. S16: MO level schemes illustrating the dominant configurations of the lowest electronic states of PyOx at the S; state
geometry. The MOs are shown in Figure 9 (main text).
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Fig. S17: Frontier molecular orbitals of PyP calculated at the S; state geometry.
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Fig. S18: Frontier molecular orbitals of a Py derivative with a cyanophenyl attached at the C-5 position calculated at
the S; state geometry. The HOMO and HOMO-1 have no significant density on the cyanophenyl, whereas the LUMO and
LUMO+1 are delocalised over the whole molecule.
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