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1 Molecular geometries

1.1 Ozone [O3]

Table S1: Ozone cartesian coordinates

O 0.8822749 0.6839687 0.0000000
O 0.1946029 -0.3909559 0.0000000
O -1.0768778 -0.2930128 0.0000000

1.2 Nickel-actelyene [NiC2H2]

Table S2: Ni-actylene cartesian coordinates

Ni 0.0000000 0.0000000 -1.5826858
C 0.6420065 0.0000000 0.1340163
H -1.5920883 0.0000000 0.6573266
H 1.5920883 0.0000000 0.6573266
C -0.6420065 0.0000000 0.1340163

1.3 Bis (µ-oxo) dicopper ammonia [(Cu(NH)3)2O2]

Table S3: Bis (µ-oxo) dicopper ammonia cartesian coordinates

Cu 0.000000 1.400000 0.000000
Cu 0.000000 -1.400000 0.000000
O 0.000000 0.000000 1.150000
O 0.000000 0.000000 -1.150000
N 0.000000 3.400000 0.000000
N 0.000000 -3.400000 0.000000
H -0.939693 3.742020 0.000000
H 0.939693 -3.742020 0.000000
H 0.469846 3.742020 0.813798
H -0.469846 -3.742020 -0.813798
H 0.469846 3.742020 -0.813798
H -0.469846 -3.742020 0.813798

1.4 Per (µ-oxo) dicopper ammonia [(Cu(NH)3)2O2]
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Table S4: Per (µ-oxo) dicopper ammonia cartesian coordinates

Cu 0.000000 1.800000 0.000000
Cu 0.000000 -1.800000 0.000000
O 0.000000 0.000000 0.700000
O 0.000000 0.000000 -0.700000
N 0.000000 3.800000 0.000000
N 0.000000 -3.800000 0.000000
H -0.939693 4.142020 0.000000
H 0.939693 -4.142020 0.000000
H 0.469846 4.142020 0.813798
H -0.469846 -4.142020 -0.813798
H 0.469846 4.142020 -0.813798
H -0.469846 -4.142020 0.813798

2 Total energies and occupation numbers
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Figure S1: Pictorial Representation of the Natural Orbitals of Ozone’s two UHF solutions
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Table S7: Energy of NO-ASD(4e,4o;2e,2o) compared to averaged density UNO-CASCI with
active spaces of increasing size.

Method Energy
NO-ASD

-1583.695693
4e,4o x 2e,2o
UNO-CASCI

-1583.6575174e,4o
Average

UNO-CASCI
-1583.6857846e,6o

Average
UNO-CASCI

-1583.6931308e,8o
Average

UNO-CASCI
-1583.72118010e,10o

Average
UNO-CASCI

-1583.76943512e,12o
Average
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Figure S2: Pictorial Representation of the Natural Orbitals of Ni-Acetylene’s two UHF
solutions
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Figure S3: Pictorial Representation of the Natural Orbitals of Bis µ− oxo dicopper ammo-
nia’s two UHF solutions
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Figure S4: Pictorial Representation of the Natural Orbitals of Per µ− oxo dicopper ammo-
nia’s two UHF solutions

S-12



3 Effect of Natural Orbital Occupation Number Thresh-

olds on Energy Discontinuities

To test the hypothesis that NO-ASD is less affected by the exact choice of threshold than

averaged density UNO methods, we examined the SCF density and average density natural

orbitals along the O-O-O bending coordinate for the two SCF determinants identified in this

study (fig. S5). Using the 0.02-1.98 threshold, natural orbitals 12 and 13 are always included

in the active space regardless of whether the density of SCF 1, SCF 2, or the averaged density

is used. Natural orbital 11 is always outside the active using SCF 1 or SCF 2 densities, but

inside the active space using the averaged density. Natural orbital 10 is always outside the

active space using SCF 1 or SCF 2 density, but switches from being outside the active space

at 105 degrees, to being inside the active space at 110 degrees. The average density show

a much greater variation in occupation number of close-to-threshold natural orbitals 10 and

11 than the individual SCF densities, supporting the hypothesis that NO-ASD will suffer

less from the effect of occupation number threshold crossing discontinuities.
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Figure S5: Selected natural orbital occupation numbers along the O-O-O bending coordinate
of ozone.
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