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S1 POTENTIAL ENERGY CUTS

S1 Potential energy cuts
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Figure S1 Potential energy cuts of the triplet state, 13[But-O2], and the lowest singlet state, 11[But-O2], for four
given torsion angles τ . Coloured area corresponds with the location where the reactive CAP for the formation of the
peroxide is located.
Alt Text: Potential energy cuts at four torsional angles τ , showing CAP location.
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S2 CAP construction

Quantum dynamical calculations operate on finite grids; when the wavepacket reaches the grid boundary it

suffers spurious reflection or transmission artefacts. Complex absorbing potentials (CAPs) eliminate these

artefacts by adding a negative imaginary term to the Hamiltonian,[1, 2, 3]

−iηW (r) = −iη(r − rc)n θ(r − rc) (1)

where η is the CAP strength, n its order, rc the onset position, and θ(r − rc) the Heaviside step function.

r denotes the coordinate along which the CAP is applied, here R3. A excessively strong CAP introduces

spurious reflection, while an insufficiently absorbing CAP allows the wavepacket to reappear at the opposite

grid edge. The parameters η, n, and rc are optimised using the PLCAP functionality implemented in the

QUANTICS package,[3] which determines the optimal CAP strength at a fixed length over a given energy

range to minimise both reflection and transmission.

The norm loss due to the CAP is directly related to the reactive flux entering the absorbing region. The

energy-resolved reaction probability is obtained from the Fourier transform of the wavepacket correlation

function [4, 5, 6],

P (E) = 2
|∆(E)|2

Re
∫ ∞

0
g(τ)eiEτ dτ, (2)

where g(τ) =
∫ ∞

0 ⟨Ψ(t) |ηW |Ψ(t + τ)⟩dt and ∆(E) is the energy distribution of the initial wavepacket, and

Re denotes the real part of the integral.

Here, two CAPs were employed, with n = 3 in both cases. The first was placed at rc = 17.50 a0 with a length

of ∆r = 2.30 a0 and strength η = 3.13 × 10−3 a.u., absorbing outgoing flux corresponding to the elastic or

singlet oxygen formation channel, denoted as CAP (O2(X3Σ−
g / a1∆g)) in Table I of the main text. The

CAP for the peroxide formation was placed at rc = 2.80 a0 with ∆r = 0.53 a0 and η = 0.727 a.u. The

position of this CAP required careful optimisation: it must be located sufficiently far from the barrier to

avoid premature flux absorption, without compromising the absorbing length or requiring an excessive CAP

strength. With ∆r = 0.53 a0, both artefacts remained below 0.1%; convergence tests showed that shorter

positions (rc = 2.60–2.70 a0) required higher CAP strengths, whereas positions approaching rc = 3.00 a0

yielded an artificial enhancement of the reaction probability.
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S3 Wavepacket evolution
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Figure S2 Reduced density of the 2D wavepacket for the LSOD approach at different propagation times: A) 20fs.
B) 60fs. C) 120fs. D) 200fs.
Alt Text: Time-resolved 2D wavepacket snapshots (20, 60, 120, 200 fs) for the LSOD propagation.
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S4 1S1T PROBABILITIES

S4 1S1T probabilities
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Figure S3 Reaction probabilities as a function of the Energy (in eV) for the formation of the peroxide for J=0, 10
and 50 without starting from the three components of the triplet state, and averaging between them.
Alt Text: Comparison of the individual triplet-component reaction probabilities and their average, for J = 0, 10, 50.
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