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SI. TABLES FOR ONE-ELECTRON SYSTEMS

This section contains tables for one-electron systems such as the H atom and various structures of H +
2 .

Table S1 contains the geometry information for the one-electron systems used in Sec. IV1 of the main

text. Tables S2- S6 demonstrate, in the same format as Table 2 in the main text, that ideal-DDE and

pragmatic-DDE are similar for various one-electron systems across eight exchange-correlation func-

tionals, whereas EDI is not.

Table S1: (x, y, z) geometries of H +
2 at selected bond lengths, taken from the SIE4x4 subset of the

GMTKN55 database[1]. All geometries are given in angstroms (Å).

equilibrium

H 0 0 -0.528637

H 0 0 0.528637

1.25 × equilibrium

H 0 0 -0.660796

H 0 0 0.660796

1.5 × equilibrium

H 0 0 -0.792956

H 0 0 0.792956

1.75 × equilibrium

H 0 0 -0.925115

H 0 0 0.925115
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Table S2: Ideal and pragmatic density-driven errors, as well as the energetic density interpolator (in

mH), for several functionals evaluated on densities generated with varying mixing parameter a in H +
2 at

equilibrium bond length. In the pragmatic row, the exchange-correlation (XC) functional varies with

a as defined in Eq. 17, whereas in the EDI row, the functional is applied directly in Eq. 11 without

accounting for this variation. All calculations use the aug-cc-pV5Z basis set[2].

(mH) Value of a

Functional Type 0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

SVWN

ideal 0.66 0.36 0.16 0.04 0.00 0.04 0.15 0.33 0.58

prag. -0.63 -0.35 -0.16 -0.04 0.00 -0.04 -0.15 -0.34 -0.59

EDI -0.63 -0.59 -0.47 -0.27 0.00 0.34 0.75 1.22 1.75

PBE

ideal 1.25 0.67 0.28 0.07 0.00 0.06 0.24 0.51 0.87

prag. -1.14 -0.62 -0.27 -0.07 0.00 -0.06 -0.25 -0.54 -0.95

EDI -1.14 -1.06 -0.83 -0.47 0.00 0.56 1.20 1.91 2.68

BLYP

ideal 1.62 0.87 0.37 0.09 0.00 0.08 0.30 0.64 1.09

prag. -1.47 -0.80 -0.35 -0.09 0.00 -0.08 -0.31 -0.69 -1.20

EDI -1.46 -1.36 -1.06 -0.60 0.00 0.72 1.53 2.42 3.38

B3LYP

ideal 0.91 0.49 0.21 0.05 0.00 0.05 0.18 0.39 0.67

prag. -0.84 -0.46 -0.20 -0.05 0.00 -0.05 -0.19 -0.41 -0.72

EDI -0.84 -0.78 -0.61 -0.35 0.00 0.42 0.91 1.46 2.06

PBE0

ideal 0.62 0.34 0.14 0.04 0.00 0.03 0.13 0.27 0.47

prag. -0.58 -0.32 -0.14 -0.03 0.00 -0.03 -0.13 -0.29 -0.50

EDI -0.58 -0.54 -0.42 -0.24 0.00 0.29 0.64 1.02 1.44

r2SCAN50

ideal 0.16 0.09 0.04 0.01 0.00 0.01 0.04 0.08 0.13

prag. -0.15 -0.08 -0.04 -0.01 0.00 -0.01 -0.04 -0.08 -0.14

EDI -0.15 -0.14 -0.11 -0.06 0.00 0.08 0.18 0.28 0.41

CAM-B3LYP

ideal 0.67 0.37 0.16 0.04 0.00 0.04 0.14 0.30 0.52

prag. -0.63 -0.35 -0.15 -0.04 0.00 -0.04 -0.14 -0.32 -0.56

EDI -0.63 -0.59 -0.46 -0.26 0.00 0.32 0.70 1.13 1.61

LC-ωPBE

ideal 0.62 0.33 0.14 0.03 0.00 0.03 0.12 0.27 0.46

prag. -0.57 -0.32 -0.14 -0.03 0.00 -0.03 -0.13 -0.28 -0.50

EDI -0.57 -0.53 -0.42 -0.24 0.00 0.29 0.63 1.01 1.42
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Table S3: Ideal and pragmatic density-driven errors, as well as the energetic density interpolator (in

mH), for several functionals evaluated on densities generated with varying mixing parameter a in the H

atom. In the pragmatic row, the exchange-correlation (XC) functional varies with a as defined in Eq. 17,

whereas in the EDI row, the functional is applied directly in Eq. 11 without accounting for this variation.

All calculations use the aug-cc-pV5Z basis set[2].

Value of a

Functional Type 0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

SVWN

ideal 1.02 0.57 0.25 0.06 0.00 0.06 0.24 0.53 0.93

prag. -0.99 -0.55 -0.24 -0.06 0.00 -0.06 -0.24 -0.53 -0.94

EDI -0.99 -0.92 -0.73 -0.43 0.00 0.54 1.18 1.94 2.80

PBE

ideal 0.65 0.34 0.14 0.03 0.00 0.03 0.11 0.25 0.42

prag. -0.57 -0.31 -0.14 -0.03 0.00 -0.03 -0.12 -0.27 -0.46

EDI -0.57 -0.53 -0.41 -0.23 0.00 0.27 0.59 0.93 1.29

BLYP

ideal 0.74 0.39 0.16 0.04 0.00 0.04 0.13 0.28 0.48

prag. -0.66 -0.36 -0.16 -0.04 0.00 -0.04 -0.14 -0.31 -0.53

EDI -0.66 -0.61 -0.47 -0.27 0.00 0.32 0.68 1.07 1.50

r2SCAN

ideal 0.19 0.10 0.04 0.01 0.00 0.01 0.04 0.08 0.13

prag. -0.17 -0.10 -0.04 -0.01 0.00 -0.01 -0.04 -0.08 -0.14

EDI -0.17 -0.16 -0.13 -0.07 0.00 0.09 0.18 0.29 0.41

B3LYP

ideal 0.40 0.22 0.09 0.02 0.00 0.02 0.08 0.17 0.29

prag. -0.37 -0.20 -0.09 -0.02 0.00 -0.02 -0.08 -0.18 -0.31

EDI -0.37 -0.34 -0.27 -0.15 0.00 0.18 0.40 0.64 0.90

PBE0

ideal 0.29 0.16 0.07 0.02 0.00 0.02 0.06 0.12 0.21

prag. -0.27 -0.15 -0.06 -0.02 0.00 -0.02 -0.06 -0.13 -0.23

EDI -0.27 -0.25 -0.19 -0.11 0.00 0.13 0.29 0.46 0.64

r2SCAN50

ideal 0.04 0.02 0.01 0.00 0.00 0.00 0.01 0.02 0.04

prag. -0.04 -0.02 -0.01 0.00 0.00 0.00 -0.01 -0.02 -0.04

EDI -0.04 -0.04 -0.03 -0.02 0.00 0.02 0.05 0.08 0.11

CAM-B3LYP

ideal 0.47 0.25 0.11 0.03 0.00 0.03 0.10 0.22 0.37

prag. -0.44 -0.24 -0.11 -0.03 0.00 -0.03 -0.10 -0.22 -0.39

EDI -0.44 -0.41 -0.32 -0.19 0.00 0.23 0.50 0.80 1.14

LC-ωPBE

ideal 0.30 0.16 0.07 0.02 0.00 0.02 0.06 0.14 0.24

prag. -0.28 -0.16 -0.07 -0.02 0.00 -0.02 -0.06 -0.14 -0.25

EDI -0.28 -0.26 -0.21 -0.12 0.00 0.15 0.32 0.51 0.72
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Table S4: Ideal and pragmatic density-driven errors, as well as the energetic density interpolator (in

mH), for several functionals evaluated on densities generated with varying mixing parameter a in H +
2 at

1.25 times the equilibrium bond length. In the pragmatic row, the exchange-correlation (XC) functional

varies with a as defined in Eq. 17, whereas in the EDI row, the functional is applied directly in Eq. 11

without accounting for this variation. All calculations use the aug-cc-pV5Z basis set[2].

(mH) Value of a

Functional Type 0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

SVWN

ideal 0.95 0.52 0.22 0.06 0.00 0.05 0.20 0.45 0.78

prag. -0.90 -0.50 -0.22 -0.05 0.00 -0.05 -0.21 -0.46 -0.81

EDI -0.90 -0.84 -0.66 -0.38 0.00 0.47 1.03 1.66 2.37

PBE

ideal 2.08 1.11 0.47 0.11 0.00 0.10 0.38 0.82 1.38

prag. -1.87 -1.03 -0.44 -0.11 0.00 -0.10 -0.40 -0.88 -1.53

EDI -1.87 -1.74 -1.36 -0.77 0.00 0.91 1.94 3.08 4.29

BLYP

ideal 2.66 1.42 0.60 0.14 0.00 0.13 0.48 1.03 1.74

prag. -2.40 -1.31 -0.57 -0.14 0.00 -0.13 -0.51 -1.12 -1.94

EDI -2.40 -2.22 -1.73 -0.98 0.00 1.16 2.47 3.90 5.41

r2SCAN

ideal 1.25 0.67 0.29 0.07 0.00 0.06 0.24 0.51 0.87

prag. -1.14 -0.63 -0.27 -0.07 0.00 -0.06 -0.25 -0.55 -0.95

EDI -1.14 -1.06 -0.83 -0.47 0.00 0.57 1.21 1.93 2.70

B3LYP

ideal 1.51 0.81 0.35 0.08 0.00 0.08 0.29 0.63 1.08

prag. -1.39 -0.77 -0.33 -0.08 0.00 -0.08 -0.31 -0.67 -1.18

EDI -1.39 -1.29 -1.01 -0.58 0.00 0.70 1.49 2.38 3.34

PBE0

ideal 1.03 0.56 0.24 0.06 0.00 0.05 0.21 0.44 0.76

prag. -0.96 -0.53 -0.23 -0.06 0.00 -0.05 -0.21 -0.47 -0.82

EDI -0.96 -0.89 -0.70 -0.40 0.00 0.48 1.04 1.66 2.34

r2SCAN50

ideal 0.29 0.16 0.07 0.02 0.00 0.02 0.06 0.14 0.24

prag. -0.27 -0.15 -0.07 -0.02 0.00 -0.02 -0.06 -0.14 -0.25

EDI -0.27 -0.25 -0.20 -0.12 0.00 0.14 0.31 0.51 0.73

CAM-B3LYP

ideal 1.01 0.55 0.24 0.06 0.00 0.05 0.21 0.45 0.77

prag. -0.94 -0.52 -0.23 -0.06 0.00 -0.05 -0.21 -0.47 -0.82

EDI -0.94 -0.88 -0.69 -0.40 0.00 0.48 1.04 1.67 2.36

LC-ωPBE

ideal 0.90 0.48 0.21 0.05 0.00 0.05 0.17 0.38 0.64

prag. -0.82 -0.45 -0.20 -0.05 0.00 -0.05 -0.18 -0.40 -0.70

EDI -0.82 -0.76 -0.60 -0.34 0.00 0.41 0.88 1.41 1.98
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Table S5: Ideal and pragmatic density-driven errors, as well as the energetic density interpolator (in

mH), for several functionals evaluated on densities generated with varying mixing parameter a in H +
2 at

1.5 times the equilibrium bond length. In the pragmatic row, the exchange-correlation (XC) functional

varies with a as defined in Eq. 17, whereas in the EDI row, the functional is applied directly in Eq. 11

without accounting for this variation. All calculations use the aug-cc-pV5Z basis set[2].

(mH) Value of a

Functional Type 0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

SVWN

ideal 1.36 0.75 0.32 0.08 0.00 0.07 0.29 0.63 1.08

prag. -1.29 -0.71 -0.31 -0.08 0.00 -0.08 -0.30 -0.65 -1.15

EDI -1.29 -1.20 -0.95 -0.54 0.00 0.67 1.45 2.33 3.31

PBE

ideal 3.12 1.66 0.70 0.17 0.00 0.15 0.57 1.21 2.04

prag. -2.81 -1.54 -0.67 -0.16 0.00 -0.15 -0.60 -1.31 -2.27

EDI -2.81 -2.60 -2.03 -1.15 0.00 1.36 2.90 4.57 6.35

BLYP

ideal 3.88 2.08 0.88 0.21 0.00 0.19 0.71 1.51 2.55

prag. -3.52 -1.93 -0.83 -0.20 0.00 -0.19 -0.75 -1.64 -2.85

EDI -3.52 -3.26 -2.55 -1.44 0.00 1.71 3.63 5.73 7.95

r2SCAN

ideal 2.00 1.07 0.45 0.11 0.00 0.10 0.38 0.81 1.37

prag. -1.82 -1.00 -0.43 -0.11 0.00 -0.10 -0.39 -0.87 -1.51

EDI -1.82 -1.69 -1.32 -0.75 0.00 0.90 1.92 3.04 4.25

B3LYP

ideal 2.22 1.20 0.51 0.12 0.00 0.11 0.44 0.94 1.60

prag. -2.05 -1.13 -0.49 -0.12 0.00 -0.12 -0.45 -1.00 -1.74

EDI -2.05 -1.91 -1.50 -0.85 0.00 1.03 2.21 3.52 4.94

PBE0

ideal 1.57 0.85 0.36 0.09 0.00 0.08 0.31 0.67 1.14

prag. -1.45 -0.80 -0.35 -0.09 0.00 -0.08 -0.32 -0.71 -1.23

EDI -1.45 -1.35 -1.06 -0.60 0.00 0.73 1.56 2.50 3.51

r2SCAN50

ideal 0.45 0.25 0.11 0.03 0.00 0.03 0.10 0.22 0.38

prag. -0.43 -0.24 -0.11 -0.03 0.00 -0.03 -0.10 -0.22 -0.39

EDI -0.43 -0.40 -0.32 -0.18 0.00 0.23 0.50 0.80 1.15

CAM-B3LYP

ideal 1.40 0.76 0.33 0.08 0.00 0.07 0.29 0.62 1.06

prag. -1.31 -0.72 -0.32 -0.08 0.00 -0.08 -0.30 -0.65 -1.14

EDI -1.31 -1.22 -0.96 -0.55 0.00 0.67 1.44 2.31 3.27

LC-ωPBE

ideal 1.20 0.64 0.27 0.07 0.00 0.06 0.23 0.49 0.84

prag. -1.09 -0.60 -0.26 -0.06 0.00 -0.06 -0.24 -0.52 -0.91

EDI -1.09 -1.02 -0.79 -0.45 0.00 0.54 1.16 1.85 2.59
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Table S6: Ideal and pragmatic density-driven errors, as well as the energetic interpolator (in mH), for

several functionals evaluated on densities generated with varying mixing parameter a in H +
2 at 1.75 times

the equilibrium bond length. In the pragmatic row, the exchange-correlation (XC) functional varies with

a as defined in Eq. 17, whereas in the EDI row, the functional is applied directly in Eq. 11 without

accounting for this variation. All calculations use the aug-cc-pV5Z basis set[2].

(mH) Value of a

Functional Type 0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

SVWN

ideal 1.85 1.01 0.44 0.11 0.00 0.10 0.39 0.85 1.47

prag. -1.75 -0.97 -0.43 -0.11 0.00 -0.10 -0.40 -0.89 -1.56

EDI -1.75 -1.63 -1.29 -0.74 0.00 0.91 1.97 3.17 4.49

PBE

ideal 4.22 2.27 0.96 0.23 0.00 0.21 0.78 1.67 2.82

prag. -3.85 -2.11 -0.92 -0.22 0.00 -0.21 -0.83 -1.81 -3.14

EDI -3.85 -3.57 -2.79 -1.58 0.00 1.88 4.00 6.31 8.77

BLYP

ideal 5.08 2.75 1.17 0.28 0.00 0.25 0.97 2.06 3.48

prag. -4.68 -2.58 -1.12 -0.27 0.00 -0.26 -1.02 -2.23 -3.87

EDI -4.68 -4.35 -3.41 -1.93 0.00 2.31 4.93 7.79 10.82

r2SCAN

ideal 2.85 1.54 0.65 0.16 0.00 0.14 0.54 1.16 1.97

prag. -2.61 -1.44 -0.62 -0.15 0.00 -0.15 -0.57 -1.25 -2.17

EDI -2.61 -2.43 -1.90 -1.08 0.00 1.29 2.76 4.37 6.10

B3LYP

ideal 2.96 1.61 0.69 0.17 0.00 0.15 0.59 1.28 2.19

prag. -2.76 -1.53 -0.67 -0.16 0.00 -0.16 -0.62 -1.36 -2.38

EDI -2.76 -2.57 -2.02 -1.15 0.00 1.40 3.02 4.81 6.76

PBE0

ideal 2.16 1.17 0.50 0.12 0.00 0.11 0.43 0.93 1.58

prag. -2.01 -1.11 -0.48 -0.12 0.00 -0.11 -0.45 -0.98 -1.71

EDI -2.01 -1.87 -1.47 -0.83 0.00 1.01 2.17 3.47 4.87

r2SCAN50

ideal 0.65 0.36 0.16 0.04 0.00 0.04 0.14 0.31 0.54

prag. -0.62 -0.35 -0.15 -0.04 0.00 -0.04 -0.15 -0.32 -0.57

EDI -0.62 -0.58 -0.46 -0.27 0.00 0.33 0.72 1.16 1.65

CAM-B3LYP

ideal 1.77 0.97 0.42 0.10 0.00 0.10 0.37 0.80 1.38

prag. -1.67 -0.93 -0.41 -0.10 0.00 -0.10 -0.38 -0.84 -1.47

EDI -1.67 -1.56 -1.23 -0.70 0.00 0.86 1.86 2.99 4.22

LC-ωPBE

ideal 1.49 0.80 0.34 0.08 0.00 0.07 0.28 0.61 1.03

prag. -1.36 -0.75 -0.32 -0.08 0.00 -0.08 -0.29 -0.65 -1.13

EDI -1.36 -1.26 -0.99 -0.56 0.00 0.67 1.43 2.28 3.19
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SII. TABLES FOR MULTI-ELECTRON SYSTEMS

This section contains the tables for multi-electron systems appearing in Sec. V of the main text. Ta-

ble S7 shows that when analyzing the magnitude of DDEs using proxy benchmark densities for the

BH76 dataset, the results frequently do not agree between different proxy benchmark densities. Ta-

ble S8 shows that for several atoms and their anions, the difference in energy between the CCSD and

CCSD(T) densities evaluated using various functionals after Kohn-Sham inversion is very small. Ta-

ble S9 summarizes the subset, systems, and stoichiometry information for the 103 data points used in

Fig. 16 and Fig. 18 in the main text.

Table S7: Proxy-DDEs (in kcal/mol) on the BH76 database of four functionals using LC-ωPBE and

SX0.5 proxy benchmark densities. In roughly 1/3 of cases, the proxies disagree on which functional has

the lowest DDE. Proxy-DDEs results from Ref.[3].

LC-ωPBE SX0.5
Disagree?

Index PBE SCAN B3LYP BLYP PBE SCAN B3LYP BLYP

1 -0.84 -0.43 -0.57 -1.09 -1.73 -0.72 -1.13 -1.95 no

2 -2.32 -1.43 -0.99 -2.57 -3.90 -2.40 -2.01 -4.27 no

3 -0.35 -0.26 -0.28 -0.45 -0.49 -0.46 -0.34 -0.56 yes

4 -0.35 -0.26 -0.28 -0.45 -0.49 -0.46 -0.34 -0.56 yes

5 -0.95 -0.40 -0.53 -1.16 -1.57 -0.54 -1.05 -1.81 no

6 -0.95 -0.40 -0.53 -1.16 -1.57 -0.54 -1.05 -1.81 no

7 -0.82 -0.57 -0.57 -1.06 -1.20 -0.74 -0.94 -1.57 no

8 -1.05 -0.69 -0.57 -1.10 -1.72 -1.19 -0.77 -1.61 no

9 -1.75 -0.40 -0.46 -1.87 -10.35 -4.02 -5.32 -10.31 no

10 -1.99 -0.71 -0.65 -2.15 -11.19 -5.19 -5.43 -10.91 no

11 -1.99 -0.93 -1.18 -2.31 -3.95 -1.97 -2.41 -4.25 no

12 -2.38 -1.34 -1.34 -2.72 -4.35 -2.47 -2.55 -4.62 no

13 -1.36 -0.89 -0.26 -1.00 -2.29 -1.68 -0.46 -1.57 no

14 -1.36 -0.89 -0.26 -1.00 -2.29 -1.68 -0.46 -1.57 no

15 -0.71 -0.46 -0.10 -0.53 -1.72 -1.32 -0.46 -1.32 no

16 -0.71 -0.46 -0.10 -0.53 -1.72 -1.32 -0.46 -1.32 no

17 -2.14 -1.31 -0.63 -1.82 -1.97 -1.34 -0.47 -1.58 no

18 -2.14 -1.31 -0.63 -1.82 -1.97 -1.34 -0.47 -1.58 no

19 -1.46 -0.86 -0.42 -1.30 -1.49 -1.06 -0.42 -1.27 no

20 -1.46 -0.86 -0.42 -1.30 -1.49 -1.06 -0.42 -1.27 no

21 -1.94 -1.06 -0.52 -1.59 -2.09 -1.36 -0.37 -1.41 no

22 -1.99 -1.11 -0.35 -1.58 -3.16 -1.90 -0.94 -2.73 no

23 -0.55 -0.21 -0.14 -0.44 -0.89 -0.63 -0.22 -0.61 no
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Index
LC-ωPBE SX0.5

Proxies Disagree?
PBE SCAN B3LYP BLYP PBE SCAN B3LYP BLYP

24 -1.71 -0.89 -0.29 -1.45 -2.96 -1.76 -0.97 -2.70 no

25 -1.38 -0.86 -0.28 -1.08 -2.25 -1.54 -0.56 -1.76 no

26 -1.74 -1.13 -0.47 -1.44 -2.13 -1.65 -0.40 -1.49 no

27 -0.87 -0.58 -0.15 -0.68 -1.77 -1.32 -0.53 -1.49 no

28 -1.29 -0.81 -0.31 -1.07 -1.93 -1.39 -0.48 -1.51 no

29 -0.85 -0.39 -0.41 -1.07 -2.56 -0.74 -1.59 -2.82 yes

30 -0.07 0.19 -0.05 -0.14 -0.75 -0.17 -0.56 -0.83 yes

31 -0.87 -0.56 -0.48 -1.19 -0.96 -0.49 -0.59 -1.29 yes

32 -0.40 -0.18 -0.13 -0.48 -0.11 -0.26 0.13 -0.08 no

33 -1.08 -0.97 -0.83 -1.66 -2.03 -0.49 -1.58 -2.59 yes

34 -0.82 -0.70 -0.65 -1.18 -1.88 -0.50 -1.20 -2.03 yes

35 -2.33 -0.96 -1.10 -2.58 -3.56 -1.08 -2.17 -3.98 no

36 -1.75 -0.54 -0.80 -1.84 -3.11 -0.93 -1.83 -3.26 yes

37 -0.03 0.12 0.05 -0.08 -0.51 -0.14 -0.14 -0.41 no

38 0.06 0.13 0.00 -0.05 -0.40 -0.19 -0.15 -0.38 yes

39 -0.75 -0.28 -0.27 -0.75 -1.37 -0.43 -0.75 -1.37 no

40 -0.96 -0.48 -0.45 -0.98 -1.30 -0.58 -0.60 -1.23 yes

41 -0.99 -0.31 -0.33 -1.03 -2.67 -1.19 -1.14 -2.56 yes

42 -0.81 -0.14 -0.23 -0.86 -2.62 -1.04 -1.15 -2.47 yes

43 -0.88 -0.40 -0.42 -0.89 -1.62 -0.71 -0.89 -1.64 no

44 -1.09 -0.55 -0.52 -1.17 -2.17 -1.07 -1.10 -2.24 no

45 -0.64 -0.21 -0.13 -0.55 -1.39 -0.53 -0.43 -1.25 yes

46 -0.85 -0.38 -0.25 -0.75 -2.11 -0.84 -0.89 -1.98 yes

47 -0.87 -0.61 -0.56 -0.98 -1.62 -0.88 -1.01 -1.79 no

48 -0.94 -0.67 -0.64 -1.06 -1.86 -1.11 -1.12 -2.03 no

49 -0.77 -0.60 -0.64 -0.97 -1.31 -0.78 -1.12 -1.54 no

50 -1.20 -1.07 -1.12 -1.50 -2.29 -1.23 -1.81 -2.59 no

51 -0.54 -0.32 -0.32 -0.74 -1.08 -0.47 -0.70 -1.16 no

52 -0.71 -0.59 -0.67 -1.00 -1.52 -0.77 -1.12 -1.81 no

53 -1.00 -0.78 -0.92 -1.37 -1.91 -1.02 -1.47 -2.40 no

54 -1.23 -0.93 -1.09 -1.66 -2.37 -1.16 -1.72 -2.84 no

55 -0.61 -0.43 -0.51 -0.83 -1.11 -0.58 -0.93 -1.40 no

56 -0.81 -0.65 -0.78 -1.10 -1.47 -0.74 -1.27 -1.92 no

57 -0.49 -0.36 -0.41 -0.65 -1.00 -0.49 -0.72 -1.12 no

58 -1.09 -0.76 -0.93 -1.37 -2.04 -0.92 -1.45 -2.37 no

59 -0.90 -0.67 -0.72 -1.12 -1.73 -0.84 -1.17 -2.01 no
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Index
LC-ωPBE SX0.5

Proxies Disagree?
PBE SCAN B3LYP BLYP PBE SCAN B3LYP BLYP

60 -0.77 -0.60 -0.64 -1.01 -1.42 -0.71 -1.08 -1.83 no

61 -1.30 -0.98 -1.17 -1.66 -2.52 -1.24 -1.78 -2.93 no

62 -1.01 -0.72 -0.84 -1.27 -1.90 -0.93 -1.35 -2.31 no

63 -0.73 -0.56 -0.63 -0.97 -1.47 -0.67 -1.04 -1.69 no

64 -1.13 -0.82 -0.99 -1.44 -2.12 -1.01 -1.56 -2.49 no

65 -0.91 -0.66 -0.77 -1.14 -1.70 -0.80 -1.19 -1.96 no

66 -0.88 -0.65 -0.75 -1.08 -1.61 -0.77 -1.14 -1.85 no

67 -0.99 -0.71 -0.85 -1.28 -1.91 -0.89 -1.32 -2.27 no

68 -0.89 -0.63 -0.74 -1.09 -1.66 -0.75 -1.15 -1.98 no

69 -1.11 -0.86 -0.97 -1.37 -2.10 -0.98 -1.44 -2.32 no

70 -0.79 -0.55 -0.66 -1.00 -1.55 -0.66 -1.05 -1.71 no

71 -1.06 -0.81 -0.93 -1.34 -2.01 -0.91 -1.40 -2.19 no

72 -0.98 -0.69 -0.84 -1.26 -1.85 -0.87 -1.30 -2.14 no

73 -0.86 -0.64 -0.71 -1.08 -1.59 -0.72 -1.11 -1.87 no

74 -1.16 -0.88 -1.00 -1.44 -2.28 -1.08 -1.62 -2.61 no

75 -1.06 -0.75 -0.89 -1.32 -2.04 -0.93 -1.42 -2.30 no

76 -0.84 -0.62 -0.69 -1.04 -1.52 -0.71 -1.08 -1.75 no
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Table S8: Comparison of total energy differences (in kcal/mol) for several functionals evaluated on

CCSD and CCSD(T) densities obtained via Kohn–Sham (KS) inversion for simple atomic systems. In

this work, we follow the PySCF implementation: the (T) contribution is included perturbatively to the

one–particle density matrix generated from a converged CCSD wavefunction, yielding a perturbatively

corrected CCSD density rather than a formally variational (T)–relaxed density.[4–8]

(kcal/mol) System

Functional C C– O O– F F– Si Si– P P– S S– Cl Cl–

SVWN 0.04 0.29 0.10 0.50 0.09 0.35 0.04 0.12 0.03 0.25 0.10 0.28 0.11 0.23

PBE 0.01 0.27 0.08 0.50 0.09 0.44 0.03 0.09 0.02 0.16 0.04 0.19 0.06 0.18

BLYP 0.01 0.33 0.10 0.58 0.11 0.49 0.04 0.15 0.05 0.27 0.09 0.30 0.11 0.28

r2SCAN -0.06 0.09 -0.01 0.12 0.01 0.20 0.02 0.06 0.02 0.01 -0.04 0.01 -0.04 0.04

B3LYP -0.02 0.17 0.05 0.22 0.06 0.24 0.03 0.10 0.04 0.14 0.05 0.16 0.06 0.15

PBE0 -0.02 0.08 0.02 0.07 0.03 0.14 0.02 0.04 0.01 0.02 -0.01 0.03 0.00 0.04

r2SCAN50 -0.08 -0.14 -0.06 -0.44 -0.05 -0.20 0.00 0.01 0.01 -0.12 -0.07 -0.14 -0.08 -0.09

CAM-B3LYP -0.02 0.08 0.06 0.12 0.07 0.20 0.02 0.06 0.04 0.06 0.05 0.10 0.06 0.12

LC-ωPBE -0.03 -0.11 0.04 -0.07 0.06 0.12 -0.02 -0.07 -0.01 -0.21 -0.04 -0.15 -0.02 -0.07
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Table S9: Subset, systems, and stoichiometry information for the 103 benchmark reactions. Reac-

tions were selected from the GMTKN55[1] dataset based on criteria that ensure CCSD densities can

be generated, excluding cases where only hydrogen atoms participate in the reaction. Additionally, the

ratio of density-sensitive to density-insensitive reactions was chosen to be approximately balanced for

the PBE functional. Four halogen-containing interaction systems were added from the B30 (Bauzá30)

dataset [9, 10]. Reaction indices marked with an asterisk (*) correspond to reactions involving only

closed-shell or non-degenerate open-shell species, in order to avoid the orbital occupancy variability

discussed in Fig. 16.

Reaction Index Subset System Stoichiometry

1 BH76 RKT10 H2 f 1 -1 -1

2 BH76 RKT01 H2 cl 1 -1 -1

3 BH76 RKT02 oh H2 1 -1 -1

4∗ BH76 fch3fts fch3fcomp 1 -1

5 BH76 RKT17 O hcl 1 -1 -1

6 BH76 RKT17 oh cl 1 -1 -1

7∗ B30 3 2 1 1 -1 -1

8∗ B30 6 5 4 1 -1 -1

9∗ B30 9 8 7 1 -1 -1

10∗ B30 12 11 10 1 -1 -1

11∗ WATER27 H2O2 H2O 1 -2

12∗ WATER27 H2O3 H2O 1 -3

13∗ WCPT18 ts1 reac1 1 -1

14∗ WCPT18 ts2 reac2 1 -1

15∗ WCPT18 ts1h2o reac1 h2o 1 -1 -1

16∗ WCPT18 ts2h2o reac2 h2o 1 -1 -1

17 G21EA EA c EA c- 1 -1

18 G21EA EA o EA o- 1 -1

19 G21EA EA f EA f- 1 -1

20 G21EA EA si EA si- 1 -1

21 G21EA EA p EA p- 1 -1

22 G21EA EA s EA s- 1 -1

23 G21EA EA cl EA cl- 1 -1

24 G21EA EA 8n EA 8 1 -1

25∗ G21EA EA 9n EA 9 1 -1

26∗ G21EA EA 10n EA 10 1 -1

27∗ G21EA EA 12n EA 12 1 -1

28 G21EA EA 13n EA 13 1 -1
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Table S9

Reaction Index Subset Systems Stoichiometry

29 G21EA EA 14n EA 14 1 -1

30∗ G21EA EA 15n EA 15 1 -1

31∗ G21EA EA 16n EA 16 1 -1

32 G21EA EA 17n EA 17 1 -1

33∗ G21EA EA 18n EA 18 1 -1

34 G21EA EA 19n EA 19 1 -1

35 G21EA EA 20n EA 20 1 -1

36 G21EA EA 21n EA 21 1 -1

37 G21EA EA 23n EA 23 1 -1

38 G21EA EA 24n EA 24 1 -1

39∗ G21EA EA 25n EA 25 1 -1

40∗ AHB21 1 1A 1B 1 -1 -1

41∗ AHB21 2 2A 2B 1 -1 -1

42∗ AHB21 3 3A 3B 1 -1 -1

43∗ AHB21 4 4A 4B 1 -1 -1

44∗ AHB21 5 5A 5B 1 -1 -1

45∗ AHB21 9 9A 9B 1 -1 -1

46 G21IP b+ b 1 -1

47 G21IP c+ c 1 -1

48 G21IP n+ n 1 -1

49 G21IP o+ o 1 -1

50 G21IP f+ f 1 -1

51 G21IP al+ al 1 -1

52 G21IP si+ si 1 -1

53 G21IP p+ p 1 -1

54 G21IP s+ s 1 -1

55 G21IP cl+ cl 1 -1

56∗ G21IP IP 59 8 1 -1

57∗ G21IP IP 60 11 1 -1

58 G21IP IP 61 12 1 -1

59∗ G21IP IP 62 13 1 -1

60 G21IP IP 63 14 1 -1

61∗ G21IP IP 64 18 1 -1

62 G21IP IP 65 IP n65 1 -1

63∗ G21IP IP 66 19 1 -1

64∗ G21IP IP 67 20 1 -1
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Table S9

Reaction Index Subset Systems Stoichiometry

65 G21IP IP 68 137 1 -1

66 G21IP IP 70 22 1 -1

67 G21IP IP 71 25 1 -1

68∗ G21IP IP 72 26 1 -1

69∗ G21IP IP 74 34 1 -1

70 G21IP IP 75 37 1 -1

71 G21IP IP 76 43 1 -1

72 G21IP IP 77 44 1 -1

73 G21IP IP 78 45 1 -1

74 G21IP IP 79 51 1 -1

75∗ G2RC 104 40 1 1 -1 -1

76∗ G2RC 18 52 1 2 -1 -1

77∗ G2RC 26 25 1 1 -1 -1

78 W4-11 h h2 2 -1

79 W4-11 c h ch4 1 4 -1

80 W4-11 c o h methanol 1 1 4 -1

81 W4-11 o h h2o 1 2 -1

82 W4-11 o h oh 1 1 -1

83 W4-11 c n h hcn 1 1 1 -1

84 W4-11 c n h hnc 1 1 1 -1

85 W4-11 c o h hco 1 1 1 -1

86 W4-11 c o co 1 1 -1

87 W4-11 c o h oxirene 2 1 2 -1

88 W4-11 c o f f2co 1 1 2 -1

89 W4-11 c o n h hocn 1 1 1 1 -1

90 W4-11 h o hooh 2 2 -1

91 W4-11 c o co2 1 2 -1

92 W4-11 h o cl hocl 1 1 1 -1

93 W4-11 n o no 1 1 -1

94 W4-11 cl cl2 2 -1

95 W4-11 o f of 1 1 -1

96 W4-11 o o3 3 -1

97 W4-11 f o f2o 2 1 -1

98 W4-11 o o2 2 -1

99 W4-11 f f2 2 -1

100∗ W4-11 n n2 2 -1
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Table S9

Reaction Index Subset Systems Stoichiometry

101 W4-11 c f h hccf 2 1 1 -1

102 W4-11 h n o c-hono 1 1 2 -1

103 W4-11 h n o t-hono 1 1 2 -1
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SIII. FIGURES FOR ONE-ELECTRON SYSTEMS

This section contains figures for one-electron systems. Figures S1- S5 are presented in the same format

as Figure 1 in the main text, plotting curves for various exchange-correlation functionals against the

exact curve for one-electron systems. The relative positions of the functional curves compared to the

exact curve vary depending on the functional.

Figure S1: Energy curves of H +
2 at the equilibrium structure for several functionals (colored) and the

exact functional (black), evaluated on the family of densities that minimize the interpolation functional

defined in Eq. 17.
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Figure S2: Energy curves of H atom for several functionals (colored) and the exact functional (black),

evaluated on the family of densities that minimize the interpolation functional defined in Eq. 17.
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Figure S3: Energy curves of H +
2 at 1.25 times the equilibrium bond length for several functionals

(colored) and the exact functional (black), evaluated on the family of densities that minimize the inter-

polation functional defined in Eq. 17.
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Figure S4: Energy curves of H +
2 at 1.5 times the equilibrium bond length for several functionals (col-

ored) and the exact functional (black), evaluated on the family of densities that minimize the interpola-

tion functional defined in Eq. 17.
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Figure S5: Energy curves of H +
2 at 1.75 times the equilibrium bond length for several functionals

(colored) and the exact functional (black), evaluated on the family of densities that minimize the inter-

polation functional defined in Eq. 17.
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SIV. FIGURES FOR MULTI-ELECTRON SYSTEMS

This section contains the figures for multi-electron systems found in Sec. V of the main text. Figures S6-

S7 shows a contour map of the difference between the CCSD and CCSD(T) densities[6–8, 11] for the

H · · ·H · · · F and H · · ·H · · ·Cl transition states, revealing that the difference between the two is very

small. Figure S8 shows the distribution of errors between self-consistent DFT and HF-DFT across vari-

ous functionalities for the 103 reactions in the main text, categorized by density sensitivity. This reveals

that in the density-insensitive case, there is little difference in performance between DFT and HF-DFT,

but in the density-sensitive case, HF-DFT significantly reduces the error. Figures S9- S18, presented in

the same format as Figure 18 in the main text, analyzed the correlation between pragmatic-DDE and four

density metrics across various functional models for 103 reactions. However, no significant relationship

was found. This demonstrates that differences in density metrics do not directly correlate with DDE.

Figure S6: Contour maps of the density error, nCCSD(r)−nCCSD(T )(r), for the H · · ·H · · · F transition

state. The color scale is the same as in Fig. 14 (left) and scaled down by a factor of 10−5 (right). Density

units are given in e/Å3.
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Figure S7: Contour maps of the density error, nCCSD(r)−nCCSD(T )(r), for the H · · ·H · · · cl transition

state. The color scale is the same as in Fig. 15 (left) and scaled down by a factor of 10−5 (right). Density

units are given in e/Å3.
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Figure S8: Distributions of reaction energy errors (in kcal/mol) for the 103 benchmark reactions (see

Table S9 for the full list): (Top) density-sensitive cases and (Bottom) density-insensitive cases. Refer-

ence energies are CCSD(T)/aug-cc-pV5Z.
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Figure S9: Relation between density-driven error (DDE) and L1 norm differences for the 36 selected

reactions (listed in Table S9), evaluated across various density functionals. CCSD densities are used as

the reference. The equation used to calculate the density metric is provided at the bottom right corner of

the figure.
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Figure S10: Relation between density-driven error (DDE) and L2 norm differences for the 36 selected

reactions (listed in Table S9), evaluated across various density functionals. CCSD densities are used as

the reference. The equation used to calculate the density metric is provided at the bottom right corner of

the figure.
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Figure S11: Relation between density-driven error (DDE) and Shannon entropy [12] differences for the

36 selected reactions (listed in Table S9), evaluated across various density functionals. CCSD densities

are used as the reference. The equation used to calculate the density metric is provided at the bottom

right corner of the figure.
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Figure S12: Relation between density-driven error (DDE) and Fisher information [13] differences for

the 36 selected reactions (listed in Table S9), evaluated across various density functionals. CCSD densi-

ties are used as the reference. The equation used to calculate the density metric is provided at the bottom

right corner of the figure.
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Figure S13: Relation between density-driven error (DDE) and Coulomb self-energy differences for the

36 selected reactions (listed in Table S9), evaluated across various density functionals. CCSD densities

are used as the reference. The equation used to calculate the density metric is provided at the bottom

right corner of the figure.
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Figure S14: Relation between density-driven error (DDE) and L1 norm differences for the 36 selected

reactions (listed in Table S9), evaluated across various density functionals. CCSD densities are used as

the reference. The equation used to calculate the density metric is provided at the bottom right corner of

the figure.
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Figure S15: Relation between density-driven error (DDE) and L2 norm differences for the 36 selected

reactions (listed in Table S9), evaluated across various density functionals. CCSD densities are used as

the reference. The equation used to calculate the density metric is provided at the bottom right corner of

the figure.
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Figure S16: Relation between density-driven error (DDE) and Shannon entropy [12] differences for the

36 selected reactions (listed in Table S9), evaluated across various density functionals. CCSD densities

are used as the reference. The equation used to calculate the density metric is provided at the bottom

right corner of the figure.
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Figure S17: Relation between density-driven error (DDE) and Fisher information [13] differences for

the 36 selected reactions (listed in Table S9), evaluated across various density functionals. CCSD densi-

ties are used as the reference. The equation used to calculate the density metric is provided at the bottom

right corner of the figure.
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Figure S18: Relation between density-driven error (DDE) and Coulomb self-energy differences for the

36 selected reactions (listed in Table S9), evaluated across various density functionals. CCSD densities

are used as the reference. The equation used to calculate the density metric is provided at the bottom

right corner of the figure.
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