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1. Time-Resolved Photoionization Spectroscopy
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Figure S1: 2D fit of the 291.5 nm data with only two time constants. (A) raw data. (B) total fit (=C+D).
(C) fast component of fit. (D) slow component of fit. (E) residuals (=A-B). (F) integrated data (black dots),
fits (red, blue, magenta), and residuals (grey).
As can be seen from the residuals, fitting the data with only two time constants is not adequate, and three
time constants are needed.

2. Transient Absorption Spectroscopy

The kinetic model used in the 2D fits of the experimental data is based on the standard sequential equation
for a three-component system (Capellos, C.; Bielski, B. H. J. Kinetic Systems, Wiley Interscience, New
York, 1973), with rate constants ki, k;, and kj, and associated amplitudes of 6,4, op, and o, respectively.
The rate law is convoluted with the instrument response function of our setup (IRF; see below).
The explicit equations can be written easily with the Gauss-convoluted exponential:
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with B = (FWHM)?/(41n2) and FWHM the full-width-at-half-maximum of the instrument response
function, as:
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Here, k;, ko, were globally fitted during data analysis, while k; was held at a large value of ca. 10° sec! in
order to provide the constant offset. The wavelength-dependent fitting parameters 6,5, 6, and o¢ are the
decay-associated spectra for the three elementary steps of our kinetic model. In particular, o is identical to
the excited-state absorption spectrum of the T} state.
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Figure S2: Transient absorption spectra of 2tUra in acetonitrile following excitation at (a) 268, (b) 290,
and (c) 316 nm from sub-picosecond to picosecond time delays.
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Figure S3: Normalized (a) first, (b) second, and (c) third decay-associated spectra of 2-thiouracil in
acetonitrile depending on excitation wavelength.



3. Simulated Transient Absorption Spectra
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Figure S4: Simulated transient absorption spectra of the different excited states of 2-thiouracil. Each spectrum
was computed from a single-point calculation at the optimized geometry of the respective state, followed by
Gaussian convolution. The computations were performed with MS(12)-CASPT2(14,11)/ANO-RCC-VTZP,
DKH, standard IPEA.

4. Optimized Coordinates of Critical Points of 2-Thiouracil
The following coordinates are the result of the optimizations of the T; minima and T;/S, crossing points, as
presented in Figure 7 of the main manuscript.
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