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S1 Electronic Properties of NSF

All quantum chemical calculations on thiazyl fluoride (NSF) were performed at the Complete
Active Space Self-Consistent Field (CASSCF) level of theory, as implemented in the software
package Molpro, version 2021.3.1 A CAS(18,12) with an aug-cc-pVTZ basis? on all atoms was
used. For higher accuracy, we set the convergence threshold for energy to 1 x 10~% a. u., for
orbitals to 1 X 1077 a. u., and for orbital gradients to 1 X 10~® a. u. The presented results were
obtained by averaging the lowest state of A’- and the lowest two states of A”-symmetry, all
of them with equal weights. We will use (1,2)-SA-CASSCF? to denote this method. In addi-
tion, SS-CASSCF** refers to state-specific CASSCF(18,12) computations which were used as
a reference whenever (1,2)-SA-CASSCEF results were not available.

First, the NSF structure known in the literature® is optimized in the ground and first elec-
tronic excited states, applying accurate convergence criteria of 1 X 10~° a. u. for energy, 1 X
107% a. u. for optimization gradients, and 1 x 10~* a. u. for structure optimization steps. A nor-
mal mode analysis was then performed in the C; point group. Tables S1, S2, and S3 provide an
overview on the relevant results.

Table S1: Minimum geometries and energies

state ®[°] r(F—S)[A] r(S—N)[A] AE.,[eV] ZPE[eV]
(1,2)-SA-CASSCF

1A” 1158 1.652 1.467 0 0.147

1A” 1021 1.652 1.603 3.294 —
SS-CASSCF

14" 1157 1.651 1.460 0 0.149

1A”  102.2 1.633 1.604 3.415 0.118
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Table S2: Normal mode frequencies and intensities

state 7, [cm™!] 7, [cm™!] ¥, [cm™!] I, [kJmol”'] I, [kImol'] I, [kJmol ']
(1,2)-SA-CASSCF

1A’ 380.07 653.03 1337.46 14.03 168.42 4.69
SS-CASSCF

1A’ 387.86 647.98 1361.22 16.25 235.58 20.91

1A” 319.59 676.92 907.09 10.13 161.05 2.82

Table S3: Vertical excitation energies and transition dipole moments at (1,2)-SA-CASSCEF level

m AE = E(mA") - E(1A") [eV] (1A| u, |[mA"”)[Db]

1 3.745 —0.416
2 5.843 0.062

S2 Derivation of the Dominant Determinants Approxima-

tion

The contribution of different electronic configurations to the total N-electron wavefunction is
given in table S4. Each of them can be interpreted as a normalized Hartree product ®,(xV) =
\/N! ngl X (1) of all occupied spin orbitals y5,, m = 1,2,... and ¢ € {a, 8}, acted on by the
unitary antisymmetrization operator A = (N!)™' X}, sy sgn(P) P for the set of permutations
Sy- The (1,2)-SA-CASSCEF results show that the ground state is dominated by the lowest-lying

closed-shell Slater determinant of the form

q)...zz(rN) =V N' XIO_CIOMO_l(rN—E»))(fIOMO_l(rN—Z))(IO-‘IOMQ(rN—l))(Iﬁ_[oMo(rN) (1)
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where, in the present case, HOMO refers to the 16-th orbital. The normalisation of the wave
function was chosen such that the density integrates to the number of electrons,
ie. f@ ,@aN)® ,xN)drY = N. Analogously, by denoting the 17-th orbital as LUMO, the

two main Slater determinant contributions
(I)...Zocﬁ(rN) =V N' XﬁoMo_l(rN—_’;)XEIOMO_l(rN—Z))(gIOMo(rN—l)XﬁUMo(rN)s and (2)
(D...Zﬁa(rN) =V N' XﬁoMo_l(rN—:%)XfIOMO_l(rN—z)){fIOMo(rN—l)XEUMo(rN) (3)

equally determine the first excited state. Thus, it is valid to approximate equation (7) of the

main text as

e~ (4)

‘ . 1 1
[(t)) = VNlc e A|D ,,) + VNlc,eds [\/;A 1D 2up) + \/;A 1D 20

Accordingly, the cross-term contribution to the density, defined in equation (11), gives

N N
Qaran(r) = \/g ((q’...22| Z S(ry — 1')|q’...2a,6> +(P 5| Z S(ry — r)I(D...Zﬁa)) . (5)
k=1 k=1

Both terms on the r.h.s. are transition moments of a one-electron operator between Slater de-
terminants that differ by one spin orbital. Consequently, the expression can be simplified us-
ing the Slater-Condon rules in terms of one-electron integrals.”” This leads to the following

simplified form upon integration over all spin

Qaran(t) = \/Ef Promo(® )" — 1) ymo(r”) dr’ (6)
R

where we introduced the spatial molecular orbitals ¢,,(r). Finally,

Qaan(t) = \/§¢HOMO(r)¢LUMO (r) (7)
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Table S4: CI coefficients for the lowest states of NSF in ground state minimum geometry on
(1,2)-SA-CASSCF level. Orbitals 12, 14, and 17 are A”-symmetric, the remaining orbitals A’-
symmetric

occupation scheme
12 13 14 15 16

coefficient

—
(=)
p—
—
—
~
—
oo
—

0.949 608 40
—0.150 501 99
—0.086 63915

0.068 03178

0.068 03178
—0.05493979

—0.661 10047
0.66110047

0

0

0

!/

1A 0
0
0
0
0
0 —0.16852789
0
0
0
0
0
0
0

0.168 527 89
—0.048 700 80
0.048 700 80
0.018 504 36
—0.018 504 36
—0.010 369 49
0.01036949
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S3 Time Evolution of the Nuclear Wavefunction

Using (1,2)-SA-CASSCEF, the ground state and excited state potential energy hypersurfaces
(PES) were determined on the points of a regular grid of Jacobi coordinates, as illustrated in

figure S1. The parameters defining this grid are given in table S5. Both, the 1A4’- and the

Figure S1: Definition of the Jacobi coordinates used for the nuclear dynamics simulations.
Fluorine in green, sulfur in yellow, nitrogen in blue.

A"-surface, were then fitted using the PotFit program,'° version 8.6, by contracting over the
angular degree of freedom 6.

Table S5: Grid parameters

o Fg Fsn

lower boundary ~ 85° 1.4A 1.2A
upper boundary  150° 2.7A 22A
number of points 14 14 11

Table S6: DVR parameters

0 I'e Fsn
DVR type restricted Legendre Colbert-Miller Hermite
first point x, 85° 14A 1.2A
last point xy 150° 2.7A 22A
number of points 216/80 80 80

To obtain a refined discrete variable presentation (DVR), the PotFit output was further
processed with chnpot, version 8.6.'° This program performed a cubic-spline interpolation to

map the PES on the DVR given in table S6.
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Aninitial wavepacket was then optimized on the ground state PES by propagating a starting
guess, a Hartree product of three Gauss functions centered in the ground state minimum with
widths corresponding to the 1A’ normal mode frequencies, in imaginary time. To this end, the
keyword RELAXATION of the Heidelberg MCTDH program package was utilized. *°

Finally, we performed a 40 fs-real-time propagation of this initial wavepacket on the 14"
surface, with output every 0.5 fs. Snapshots of this propagation are shown in figures S2, S3,

and S4.
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Figure S2: Wave packet (isocontours) on the 1A”-PES cross-section (color map) at 6 = 117°.
8 isolines logarithmically sampled between 1a.u. and 1.451a. u.
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Figure S3: Wave packet on the 1A”-PES cross-section at rp = 1.81 A. 8 isolines logarithmically
sampled between 1a.u. and 1.735a. u.
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Figure S4: Wave packet on the 1A”-PES cross-section at gy = 1.60 A. 8 isolines logarithmi-
cally sampled between 1a.u. and 1.532a. u.
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