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Figure S1. HOMO-LUMO gap for the DFT and FT-DFT (T = 9000 K) methods at different CC
distances of ethane using the B3LYP functional. The Fermi level is given by a black dashed line,
while the blue and red lines represent the orbital levels of o and 8 electrons, respectively.

Table S1. HONO-LUNO occupations (in €) and HOMO-LUMO f; values (in €) for ethane at
different CC distances. All calculations were performed with B3LYP functional and T¢ =

9000 K.
. RDFT FT-RDFT
Distance
fi, HOMO fi, LUMO fi, HOMO fi, LUMO
Min. 2.00 0.00 2.00 0.00
25A 2.00 0.00 1.90 0.09
55A 2.00 0.00 1.02 0.98
. UDFT FT-UDFT
Distance
fi, HOMO fi, LUMO fi, HOMO fi, LUMO
25A 1.97 0.03 1.90 0.09
45 A 1.07 0.93 1.85 0.15
55A 1.01 0.99 1.85 0.15
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Figure S2. HOMO-LUMO orbitals for structure 2 in C, symmetry obtained with B3LYP
functional (isovalue 0.05 e - A=3, T¢; = 9000 K).
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Figure S3. HOMO-LUMO orbitals for structure 2 in C, symmetry obtained with B3LYP
functional (isovalue 0.05 e - A=3).
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Figure S4. HOMO-LUMO orbitals for structure 2 in C,, symmetry obtained with B3LYP
functional (isovalue 0.05 e - A=3).

FT-RDFT FT-UDFT
dec =210 A

HOMO LUMO

-5.03 eV -2.77 eV

dec=225A
HOMO  LUMO : HOMOo HOMOfB LUMOa LUMOB

-4.80 eV 3.14eV 1 -480eV -4.80 eV -3.14 eV -3.14 eV

dec =280 A
HOMO LUMO : HOMOa HOMO B LUMOo LUMOZB

-4.29 eV 3956V & -429eV -4.29 eV -3.95eV -3.95eV

Figure S5. HOMO-LUMO orbitals for structure 2 in C,, symmetry obtained with B3LYP
functional (isovalue 0.05 e - A=3, T¢; = 9000 K).
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Figure S6. HOMO-LUMO for structure 2 in C, symmetry using the B3LYP functional. The
Fermi level is given by a black dashed line, while the blue and red lines represent the orbital
level of o and B electrons, respectively.
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Figure S7. HOMO-LUMO for structure 2 in C,, symmetry using the B3LYP functional. The
Fermi level is given by a black dashed line, while the blue and red lines represent the orbital

levels of o and (3 electrons, respectively.
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Figure S8. Natural orbital occupation for Ethylene calculated with MR-AQCC(GVB-RCI)/6-
311G(d,p) as function of the C-C bond distance.
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Figure S9. MR-AQCC(GVB-RCI) natural orbitals along the C-C bond in ethylene (isovalue 0.1
e-A73).
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Figure S10. Potential energy curves for relaxed displacement (in relation to the minimum
geometry) along the CC bond in acetylene calculated with the MR-CISD(SA5-CAS(10,10))
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Figure S11. HOMO-LUMO orbitals for acetylene obtained with RDFT/B3LYP functional
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Figure S12. HOMO-LUMO orbitals for acetylene obtained with UDFT/B3LYP functional

(isovalue 0.05 e - A73).

Table S2. Non-local Fock exchange admixture (ay or a in range separated context), difference
between HF exchange in the short-range limit and the corresponding percentage in long-range
limit (), and range separated parameter (®) for all functionals used in this work.

Functionals a, or o B )
»B97XD 0.222 0.778 0.200
®B97M-V 0.150 0.850 0.300
CAM-B3LYP 0.190 0.460 0.330
LC-oPBE 0.000 1.000 0.400
MN12-SX 0.250 -0.250 0.110

B2P-LYP 0.530 - -

MO06-2X 0.540 - -
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Figure S13. Comparison between MR-AQCC Ny values and FT-RDFT Ngop numbers with M06-
2X density functional for structures with singlet ground electronic state (5-26) using the T, of
Eq. (5) of 11900 K.
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Figure S19. Linear correlation between the adjusted T (in K) and the percentage of HF
exchange in the short-range limit (o) for range-separated functionals.
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Figure S20. Linear correlation between the adjusted T (in K) and the percentage of HF
exchange in the long-range limit (o+p) for range-separated functionals.
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Figure S21. Linear correlation between the adjusted T (in K) and the difference between the
percentage of HF exchange in the long-range limit and the corresponding percentage in the short-
range (B) for range-separated functionals.

Table S3. Contribution of occupied and virtual orbitals to the Ny and Ngop values in an analysis
of the particle-hole symmetry of the descriptors.

FT-RDFT/ FT-RDFT/ FT-UDFT/
Method wB97XD MO06-2X MO06-2X MR-AQCC
(14000 K) (11951.5 K) (11951.5 K)
Structure | Orbitals Nrop Nrob Nrob Ny
1 Occup. 0.351 0.402 - 0.316
Virtual 0.351 0.402 - 0.291
Total 0.702 0.804 - 0.607
3 Occup. 1.010 1.176 1.176 1.010
Virtual 1.010 1.175 1.175 0.957
Total 2.021 2.351 2.351 1.967
14 Occup. 1.409 1.467 1.466 1.474
Virtual 1.410 1.465 1.464 1.435
Total 2.819 2.931 2.931 2.909
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