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S1. IR SPECTRA

The dipole moment surface (DMS) from Viel and Eisfeld
used in the main text is based on multireference configuration
interaction electronic structure wavefunctions.1 As alternative,
we computed a new DMS using the third-order algebraic di-
agrammatic construction theory for ionization potentials (IP-
ADC(3)) using an unrestricted mean-field reference,2–4 as im-
plemented in the PySCF program package.5,6 We used the cc-
pVTZ basis set7 and computed integrals using Libcint8. The
DMS was generated by using Akima-spline-interpolation9 of
a direct-product grid shown in Table S1. Both DMSs are based
on the adiabatic electronic ground state. To compute observ-
ables for the vibronic states we transformed the DMS to the
diabatic representation.

The IR spectrum using the IP-ADC(3)-based DMS is com-
pared to that from Ref. [1] in Fig. S1 (upper and lower pan-
els). Both DMSs lead to a qualitatively similar spectrum with
the IP-ADC(3)-based DMS underestimating intensities around
2500 cm−1.

The effect of using only Born-Oppenheimer vibrational
states is displayed in the middle panel of Fig. S1 using the
DMS from Viel and Eisfeld. Many intensities are reduced.

TABLE S1. Coordinate range and number of points used for the con-
struction of the dipole moment surface.

symbol coordinate range basis size

𝜌 [645, 750] 13
𝜗 [0.845, 1.030] 8
𝜑 [0.65, 0.88] 8
𝜃 [1.46, 1.68] 9
𝜙 [0.88, 1.21] 4
𝜒 [2.88, 3.45] 9
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FIG. S1. Computed IR stick spectra. IR spectrum using the dipole moment surface (DMS) from Viel and Eisfeld1 as found in Fig. 8 in the
main text (upper panel), using the same DMS but using the Born-Oppenheimer approximation for the vibrational states (middle panel), and
using non-Born-Oppenheimer vibronic states but a DMS computed in this work (lower panel).
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