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This file include:

1. Optimized Cartesian coordinates for the minimum energy structures

at the NEVPT2/def2-TZVP level which exhibit bifurcation S2
catastrophes.

2. Vertical excitation energies for ethylene molecule calculated at S4
different theory levels. In this work was used the NEVPT2(4,4)/def2-
TZVPD level

3. Molecular orbitals composing the active space used for the S5

CASSCEF (4, 4)/def2-SVPD calculations (isosurface = 0.05)

4. Derivative coupling (h) and gradient difference (g) vectors S6
calculated for the rhomboidal conical intersection (S1/So).

5. Minimum energy path (MEP) optimized at NEVPT2(4,4)/def2- S7
TZVPD level.
6. Electronic populations calculated for valence basins found from S7

ELF topological analysis in both S1and So states.
7. Determinant of hessian matrix characterizing the F: a5 + s6 -> wp S8

and F: a6 + s5 bifurcations associated with the C-C bond formation
in the ground state.
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1. Optimized Cartesian coordinates for the minimum energy structures which exhibit
bifurcation catastrophes. The reaction pathway was initially generated by Nudged elastic

band calculations at CASSCF(4,4)/def2-SVPD level and re-optimized using the
NEVPT2/def2-TZVP level.
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H 1.4845757113  0.4320675870 -1.8641742391
H 1.5787781217 -1.8916715402  0.1643249683
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Point D (Minimum energy conical intersection point S1/So)
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Point H (Cyclobutane)
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Table 1. Vertical excitation energies for ethylene molecule calculated at different theory
levels. In this work was used the NEVPT2(4,4)/def2-TZVPD level.

Level Excitation Excitation energy
CIS/MP2/6-3IC* m— T 8.39%eV
MR-CISD1Q /TZ? m— 8.25eV

MR-CISD/1aux/d-aug-cc-pVD? m— 7.91eV
CASSCF (2,2)/1aux/d-aug-cc- m— 8.63eV
pVvD3

Exp* m— 7.66eV

NEVPT2(4,4)/def2-TZVPD m— 7.76eV
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Figure 1. Molecular orbitals composing the active space used for the CASSCF (4, 4)/def2-
SVPD calculations (isosurface = 0.05 ). a and b represent the HOMO and HOMO-1, whereas

¢ and d depict the LUMO and LUMO+1 respectively (green and purple are associated with
the negative and positive values of the wavefunction, respectively)
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Figure 2. Derivative coupling (h) and gradient difference (g) vectors calculated for the
rhomboidal conical intersection (S1/So).
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Figure 3. Minimum energy path (MEP) optimized at NEVPT2(4,4)/def2-TZVPD level. The

S1 excited state reaction path is depicted in green color and the So path in orange color.
Dashed lines indicate the bifurcations points reported above (A, B, C, D, E, F and G).
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Figure 4. Electronic populations calculated for valence basins found from ELF topologic
analysis. The V(C3, C4), V(C2, C3) V(C2), and V(C3) valence basins are omitted by
simplicity. Dashed lines indicate the main stationary points; Reactants (B), minimum
conical intersection point (D), and product (G).
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Figure 5. Determinant of hessian matrix characterizing the F: a5 + s6 -> wp and F: a6 +
s5 bifurcations associated with the C-C bond formation in the ground state.
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