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I. GEOMETRIES

. Below are given the cartesian coordinates of the compounds investigated in this study. These are provided in Angstroms
(A) and they have been obtained at the CC3(full)/aug-cc-pVTZ level of theory,? except for methylene where the FCI/TZVP
geometries have been extracted from Ref. 3.

A. Ammonia

N 0.067759 0.000000 0.000000
H -0.313823 0.468746 -0.811891
H -0.313823 -0.937491 0.000000
H -0.313823 0.468746 0.811891
B. Carbon dimer

C 0.000000 0.000000 0.624021
C 0.000000 0.000000 -0.624021
C. Ethylene

C 0.000000 0.666904 0.000000
C 0.000000 -0.666904 0.000000
H 0.000000 1.229522 0.922291
H 0.000000 -1.229522 0.922291
H 0.000000 1.229522 -0.922291
H 0.000000 -1.229522 -0.922291
D. Methylene

1. 13B; state

C 0.000000 0.000000 0.000000
H 0.000000 0.000000 1.077500
H -0.784304 0.000000 -0.738832
2. 11A; state

C 0.000000 0.000000 0.000000
H 0.000000 0.000000 1.108900
H -1.085109 0.000000 -0.228470
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3. 11B state

C 0.000000 0.000000 0.000000
H 0.000000 0.000000 1.074800
H -0.668198 0.000000 -0.841847
4. 21A; state

C 0.000000 0.000000 0.000000
H 0.000000 0.000000 1.067800
H -0.183953 0.000000 -1.051836
E. Water

(¢} 0.000000 0.000000 -0.069903
H 0.000000 0.757532 0.518435
H 0.000000 -0.757532 0.518435

I. TOTAL ENERGIES

The exFCI total energies can be found in the supporting information of Refs. 1 and 2. Here, we report the absolute energetic
corrections for each state of each molecule obtained with the three short-range correlation functionals considered in the present
study (i.e., LDA, PBE-UEG and PBEot).

TABLE I. Total energies (in hartree) of excited states of methylene for various methods and basis sets. The value in parenthesis is an estimate
on the last digit of the extrapolation error.

States

Method Basis set 13B; 1TA; 17B; 2TA;

exFCI AVDZ —39.04846(1) —39.03225(1) —38.99203(1) —38.95076(1)
AVTZ —39.08064(3) —39.06565(2) —39.02833(1) —38.98709(1)
AVQZ —39.08854(1) —39.07402(2) —39.03711(1) —38.99607(1)
AV5Z —39.09079(1) —39.07647(1) —39.03964(3) —38.99867(1)
CBS —39.09141 —39.07715 —39.04034 —38.99939

exFCI+PBEot AVDZ —39.06924(1) —39.05651(1) —39.01777(1) —38.97698(1)
AVTZ —39.08805(3) —39.07430(2) —39.03742(1) —38.99652(1)
AVQZ —39.09189(1) —39.07795(2) —39.04124(1) —39.00044(1)

exFCI+PBE-UEG AVDZ —39.07282(1) —39.06150(1) —39.02181(1) —38.97873(1)
AVTZ —39.08948(3) —39.07639(2) —39.03911(1) —38.99724(1)
AVQZ —39.09247(1) —39.07885(2) —39.04193(1) —39.00066(1)

exFCI+LDA AVDZ —39.07450(1) —39.06213(1) —39.02233(1) —38.97946(1)
AVTZ —39.09099(3) —39.07779(2) —39.04051(1) —38.99859(1)
AVQZ —39.09319(1) —39.07959(2) —39.04267(1) —39.00135(1)
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