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Fig. S1. Schematic of the tunable FSRS setup that enables the detection of excited-state
vibrational marker bands of C102 in ethanol. BUMA, broadband up-converted multicolor
array."” SCWL, supercontinuum white light. SHG, second harmonic generation. SHBC, second-
harmonic bandwidth compressor.”* NOPA, noncollinear optical parametric amplifier. CCD,
charge-coupled device. BS, beamsplitter. VNDF, variable neutral density filter. CM, concave
mirror. SP, sapphire plate. PM, parabolic mirror. All the optical compartments are integrated and

constructed on an air-float laser table (Newport RS4000) under ambient temperature (22 °C) and
pressure (1 atm).”
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Fig. S2. Steady-state electronic absorption and emission spectra of 0.5 mM C102 dissolved
in various solvents. (a) UV/Vis absorption spectrum of 0.5 mM C102 in methanol (green),
ethanol (dark red), and tetrachloroethylene (C,Cls, dark blue). The sample cuvette pathlength is 1
mm. Based on the Beer-Lambert law,7 the extinction coefficient of C102 in ethanol (C,Cly) at
400 nm is ca. 19,300 (3,500) M™"-cm™. This result indicates that the photoexcitation wavelength
at 400 nm (vertical dashed line) is effective to initiate photochemistry of C102 in ethanol for our
excited-state FSRS measurement as described in the main text. (b) Normalized electronic
absorption (blue, left vertical axis) and fluorescence (red, right vertical axis) spectra of C102 in
C,Cly (solid trace) and in ethanol (dotted trace), respectively.

The H-bonding interaction between solute and solvent in the C102-EtOH system is
responsible for the notable redshift of both absorption and emission spectra in comparison to
those in the non-H-bonding solvent C,Cls. The absorption maximum is 369 and 390 nm for C102
in C,Cly; and EtOH while the fluorescence was collected with 380 and 400 nm excitation,
displaying their emission maximum at 428 and 465 nm, respectively.® Both absorption and
emission bands are noticeably broader in EtOH due to formation of H-bonds and the increased
inhomogeneity of the C102 population in the ground state versus free C102 in C,Cls. Moreover,
the fluorescence spectrum of C102 in EtOH shows no significant difference upon 320 or 400 nm
excitation. Given that free C102 barely absorbs at 400 nm but absorbs more at 320 nm, this result
indicates that free C102 constitutes a small portion of Sy population in the H-donating solvents.’
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Fig. S3. Transient absorption spectra of 0.5 mM C102 dissolved in ethanol from —1 ps to
600 ps following 400 nm photoexcitation. The pump-probe time delay for each trace is color
coded and labeled with the black arrows indicating the signal intensity progression with time in
(a)-(d). The largely positive features across the spectral window of ca. 625—725 nm arise from
excited state absorption of the photoexcited C102 population that is ascribed to the S;—S,
transition.'” The opposite trend of excited-state absorption signal change at short and long
wavelengths, i.e., below and above ~700 nm, can be seen clearly in (d) with the downward and
upward arrows. The wavelength-dependent time-resolved signal is discussed in Figure 1, Table 1,
and the main text.
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Fig. S4. Time-resolved 400/400 nm pump-probe signal of 0.5 M C102 in ethanol solution.
The data points up to 10 ps time delay (circles) are overlaid with the least-squares multi-
exponential fit (solid line). The pump power is 4 mW. The negative feature (attributed to ground
state bleaching) recovery time toward zero AOD (dotted line) is fitted to contain three time
constants of ~150 fs (59% amplitude weight), 1.5 ps (27% weight), and 23 ps (14% weight). The
bleaching signal recovers ~80% in the first 3 ps and >95% in the first 200 ps after
photoexcitation. The overall signal dynamics across the 200 ps detection time window is shown
in the insert, with the signal largely flattened out after ~50 ps.

The high fluorescence quantum yield of C102 indicates that the majority of excited-state
C102 deactivates via fluorescence on a nanosecond timescale.” These time constants retrieved
here are unlikely to report on the recovery of ground state population. Rather, they can be
signatures of excited-state molecular events.'' The ~150 fs ultrafast rise may report on the
ultrafast H-bond cleavage in addition to some coherent effect close to photoexcitation time
zero,'" and the 1.5 ps rise may be associated with vibrational relaxation in the electronic
excited state (e.g., vibrational cooling, see Fig. 4 process II’). The 23 ps time constant matches
reasonably well with the short decay time constant deduced from FSRS data (~37 ps in Fig. 3
insert) and transient absorption data at short probe wavelengths (e.g., ~19 ps at 630 nm, 26 ps at
660 nm in Table 1), and can be ascribed to excited-state H-bond reformation. TDDFT
calculations by Su and Tian showed that the first excited state of C102-ethanol complex is lower
in equilibrium energy than that of free C102 by ~32 kJ/mol,'* making the H-bond reformation an
overall “favored” dynamic path in terms of energy. The pertinent dynamic timescales are now
made clear experimentally with the wavelength-dependent femtosecond transient absorption and
time-resolved excited-state FSRS data as described throughout the main text.
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