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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,'.
Table [ST| 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 NDI is not.

Table S1: (z,y,2) geometries of H," at selected bond lengths, taken from the SIE4x4 subset of the
GMTKNS5 database[1]]. All geometries are given in angstroms (A).

equilibrium

H 0 0 -0.528637
H 0 0 0.528637

1.25 x equilibrium
H 0 0 -0.660796
H 0 0 0.660796

1.5 x equilibrium
H 0 0 -0.792956
H 0 0 0.792956

1.75 x equilibrium
H 0 0 -0925115
H 0 0 0925115
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Table S2: Ideal and pragmatic density-driven errors, as well as the naive density-driven error interpolator
(in mH), for several functionals evaluated on densities generated with varying mixing parameter a in
H," at equilibrium bond length. In the pragmatic row, the exchange-correlation (XC) functional varies
with a as defined in Eq. 17, whereas in the naive 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 0 025 05 0.5 1 1.25 1.5 1.75 2

ideal 066 036 0.16 0.04 0.00 004 0.15 033 0.58
SVWN prag. -0.63 -035 -0.16 -0.04 0.00 -0.04 -0.15 -0.34 -0.59
naive -0.63 -0.59 -047 -0.27 0.00 034 075 122 175

ideal 125 0.67 028 0.07 0.00 006 024 051 0.87
PBE prag. -1.14 -0.62 -0.27 -0.07 0.00 -0.06 -0.25 -0.54 -0.95
naive -1.14 -1.06 -0.83 -047 0.00 056 120 191 2.68

ideal 1.62 0.87 037 0.09 0.00 008 030 0.64 1.09
BLYP prag. -1.47 -0.80 -035 -0.09 0.00 -0.08 -0.31 -0.69 -1.20
naive -1.46 -136 -1.06 -0.60 0.00 0.72 153 242 3.38

ideal 091 049 021 0.05 0.00 005 0.18 039 0.67
B3LYP prag. -0.84 -046 -0.20 -0.05 0.00 -0.05 -0.19 -041 -0.72
naive -0.84 -0.78 -0.61 -035 0.00 042 091 146 2.06

ideal 0.62 034 0.14 0.04 000 0.03 0.13 027 047
PBEO prag. -0.58 -0.32 -0.14 -0.03 0.00 -0.03 -0.13 -0.29 -0.50
naive -0.58 -0.54 -042 -024 0.00 029 064 1.02 144

ideal 0.16 0.09 004 0.01 0.00 001 004 008 0.13
r?’SCAN50  prag. -0.15 -0.08 -0.04 -0.01 000 -0.01 -0.04 -0.08 -0.14
naive -0.15 -0.14 -0.11 -0.06 0.00 0.08 0.18 0.28 041

ideal 0.67 037 0.16 0.04 0.00 004 0.14 030 052
CAM-B3LYP prag. -0.63 -035 -0.15 -0.04 0.00 -0.04 -0.14 -032 -0.56
naive -0.63 -0.59 -046 -026 0.00 032 070 1.13 1.61

ideal 062 033 0.14 0.03 0.00 003 0.12 027 046
LC-wPBE prag. -0.57 -0.32 -0.14 -0.03 0.00 -0.03 -0.13 -0.28 -0.50
naive -0.57 -0.53 -042 -024 0.00 029 063 1.01 142
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Table S3: Ideal and pragmatic density-driven errors, as well as the naive density-driven error 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 naive 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

ideal 1.02 057 025 0.06 0.00 006 024 053 093
SVWN prag. -099 -0.55 -024 -0.06 0.00 -0.06 -0.24 -0.53 -0.94
naive -099 -092 -0.73 -043 0.00 054 1.18 194 280

ideal 065 034 0.14 0.03 0.00 003 0.11 025 042
PBE prag. -0.57 -0.31 -0.14 -0.03 0.00 -0.03 -0.12 -0.27 -0.46
naive -0.57 -0.53 -041 -023 0.00 027 059 093 129

ideal 074 039 0.16 0.04 0.00 0.04 0.13 028 048
BLYP prag. -0.66 -0.36 -0.16 -0.04 0.00 -0.04 -0.14 -031 -0.53
naive -0.66 -0.61 -047 -0.27 0.00 032 068 1.07 1.50

ideal 0.19 0.10 0.04 0.01 0.00 0.01 0.04 008 0.13
r?’SCAN prag. -0.17 -0.10 -0.04 -0.01 0.00 -0.01 -0.04 -0.08 -0.14
naive -0.17 -0.16 -0.13 -0.07 0.00 0.09 0.18 029 041

ideal 040 022 009 0.02 0.00 002 008 0.17 029
B3LYP prag. -0.37 -0.20 -0.09 -0.02 0.00 -0.02 -0.08 -0.18 -0.31
naive -037 -0.34 -027 -0.15 0.00 0.18 040 0.64 0.90

ideal 029 0.16 0.07 0.02 0.00 002 0.06 0.12 0.21
PBEO prag. -0.27 -0.15 -0.06 -0.02 0.00 -0.02 -0.06 -0.13 -0.23
naive -0.27 -0.25 -0.19 -0.11 0.00 0.13 029 046 0.64

ideal 0.04 0.02 001 0.00 0.00 0.00 0.01 0.02 0.04
r?’SCANS0  prag. -0.04 -0.02 -001 0.00 0.00 0.00 -0.01 -0.02 -0.04
naive -0.04 -0.04 -0.03 -0.02 0.00 0.02 005 0.08 0.11

ideal 047 025 0.11 0.03 0.00 003 010 022 0.37
CAM-B3LYP prag. -044 -024 -0.11 -0.03 0.00 -0.03 -0.10 -0.22 -0.39
naive -044 -041 -0.32 -0.19 0.00 023 050 080 1.14

ideal 030 0.16 0.07 0.02 0.00 002 0.06 0.14 024
LC-wPBE prag. -0.28 -0.16 -0.07 -0.02 0.00 -0.02 -0.06 -0.14 -0.25
naive -0.28 -0.26 -0.21 -0.12 0.00 0.15 032 051 0.72




Table S4: Ideal and pragmatic density-driven errors, as well as the naive density-driven error interpolator
(in mH), for several functionals evaluated on densities generated with varying mixing parameter a in
H," 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 naive 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 0 025 05 0.75 1 1.25 1.5 1.75 2

ideal 095 052 022 0.06 0.00 005 020 045 0.78
SVWN prag. -090 -0.50 -0.22 -0.05 0.00 -0.05 -0.21 -0.46 -0.81
naive -090 -0.84 -0.66 -038 0.00 047 103 1.66 237

ideal 2.08 1.11 047 0.11 0.00 0.10 038 0.82 1.38
PBE prag. -1.87 -1.03 -0.44 -0.11 0.00 -0.10 -040 -0.88 -1.53
naive -1.87 -1.74 -1.36 -0.77 0.00 091 194 3.08 4.29

ideal 266 142 060 0.14 0.00 0.13 048 1.03 174
BLYP prag. -240 -1.31 -057 -0.14 0.00 -0.13 -0.51 -1.12 -1.94
naive -2.40 -222 -1.73 -098 0.00 1.16 247 390 541

ideal 125 0.67 029 0.07 0.00 0.06 024 051 0.87
r?’SCAN prag. -1.14 -0.63 -0.27 -0.07 0.00 -0.06 -0.25 -0.55 -0.95
naive -1.14 -1.06 -0.83 -047 0.00 057 121 193 270

ideal 151 081 035 0.08 0.00 008 029 0.63 1.08
B3LYP prag. -1.39 -0.77 -033 -0.08 0.00 -0.08 -0.31 -0.67 -1.18
naive -1.39 -1.29 -1.01 -058 0.00 0.70 149 238 334

ideal 1.03 056 024 0.06 0.00 005 021 044 0.76
PBEO prag. -096 -0.53 -0.23 -0.06 0.00 -0.05 -0.21 -047 -0.82
naive -096 -0.89 -0.70 -0.40 0.00 048 1.04 1.66 234

ideal 029 0.16 0.07 0.02 0.00 002 0.06 0.14 024
r?’SCANS0  prag. -0.27 -0.15 -0.07 -0.02 0.00 -0.02 -0.06 -0.14 -0.25
naive -0.27 -025 -020 -0.12 0.00 0.14 031 051 0.73

ideal 1.01 055 024 0.06 0.00 005 021 045 0.77
CAM-B3LYP prag. -094 -052 -0.23 -0.06 0.00 -0.05 -021 -047 -0.82
naive -094 -0.88 -0.69 -040 0.00 048 1.04 1.67 236

ideal 090 048 021 0.05 0.00 005 0.17 038 0.64
LC-wPBE prag. -0.82 -045 -0.20 -0.05 0.00 -0.05 -0.18 -0.40 -0.70
naive -0.82 -0.76 -0.60 -034 0.00 041 088 141 198




Table S5: Ideal and pragmatic density-driven errors, as well as the naive density-driven error interpolator
(in mH), for several functionals evaluated on densities generated with varying mixing parameter a in
H," 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 naive 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 0 025 05 0.75 1 1.25 1.5 1.75 2

ideal 136 0.75 032 0.08 0.00 007 029 0.63 1.08
SVWN prag. -1.29 -0.71 -031 -0.08 0.00 -0.08 -0.30 -0.65 -1.15
naive -1.29 -1.20 -095 -054 0.00 0.67 145 233 331

ideal 3.12 1.66 0.70 0.17 0.00 0.15 057 121 204
PBE prag. -2.81 -1.54 -0.67 -0.16 0.00 -0.15 -0.60 -1.31 -2.27
naive -2.81 -2.60 -2.03 -1.15 0.00 136 290 457 6.35

ideal 3.88 2.08 088 021 0.00 0.19 071 151 255
BLYP prag. -3.52 -193 -0.83 -020 0.00 -0.19 -0.75 -1.64 -2.85
naive -3.52 -3.26 -255 -144 000 1.71 3.63 573 7095

ideal 2.00 1.07 045 0.11 0.00 0.10 038 0.81 1.37
r?’SCAN prag. -1.82 -1.00 -043 -0.11 0.00 -0.10 -0.39 -0.87 -1.51
naive -1.82 -1.69 -1.32 -0.75 0.00 090 192 3.04 425

ideal 222 120 051 0.12 000 0.11 044 094 1.60
B3LYP prag. -2.05 -1.13 -049 -0.12 0.00 -0.12 -045 -1.00 -1.74
naive -2.05 -191 -1.50 -0.85 0.00 1.03 221 352 494

ideal 157 085 036 0.09 0.00 008 031 0.67 1.14
PBEO prag. -145 -0.80 -035 -0.09 0.00 -0.08 -032 -0.71 -1.23
naive -145 -135 -1.06 -0.60 0.00 0.73 156 250 3.51

ideal 045 025 0.11 0.03 0.00 003 010 022 0.38
r?’SCANS0  prag. -0.43 -024 -0.11 -0.03 0.00 -0.03 -0.10 -0.22 -0.39
naive -043 -040 -0.32 -0.18 0.00 023 050 0.80 1.15

ideal 140 0.76 033 0.08 0.00 007 029 0.62 1.06
CAM-B3LYP prag. -1.31 -0.72 -0.32 -0.08 0.00 -0.08 -0.30 -0.65 -1.14
naive -1.31 -1.22 -096 -055 0.00 0.67 144 231 3.27

ideal 120 0.64 027 0.07 0.00 006 023 049 0.84
LC-wPBE prag. -1.09 -0.60 -0.26 -0.06 0.00 -0.06 -0.24 -0.52 -091

naive -1.09 -1.02 -0.79 -045 0.00 054 1.16 185 2359
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Table S6: Ideal and pragmatic density-driven errors, as well as the naive density-driven error interpolator
(in mH), for several functionals evaluated on densities generated with varying mixing parameter a in
H," 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 naive 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 0 025 05 0.5 1 1.25 1.5 1.75 2

ideal 185 1.01 044 0.11 000 0.10 039 085 147
SVWN prag. -1.75 -097 -043 -0.11 0.00 -0.10 -040 -0.89 -1.56
naive -1.75 -1.63 -1.29 -0.74 0.00 091 197 3.17 449

ideal 422 227 096 023 0.00 021 0.78 1.67 2.82
PBE prag. -3.85 -2.11 -092 -0.22 0.00 -0.21 -0.83 -1.81 -3.14
naive -3.85 -3.57 -279 -158 0.00 1.88 4.00 631 8.77

ideal 5.08 275 1.17 028 0.00 025 097 206 348
BLYP prag. -4.68 -2.58 ~-1.12 -0.27 0.00 -0.26 -1.02 -2.23 -3.87
naive -4.68 -435 -341 -193 000 231 493 779 10.82

ideal 285 1.54 0.65 0.16 000 0.14 054 116 197
?’SCAN prag. -2.61 -1.44 -0.62 -0.15 0.00 -0.15 -0.57 -1.25 -2.17
naive -2.61 -2.43 -190 -1.08 0.00 129 276 437 6.10

ideal 296 161 069 0.17 000 0.15 059 128 2.19
B3LYP prag. -2.76 -1.53 -0.67 -0.16 0.00 -0.16 -0.62 -136 -2.38
naive -2.76 -2.57 -2.02 -1.15 0.00 140 3.02 481 6.76

ideal 2.16 1.17 050 0.12 0.00 0.11 043 093 1.58
PBEO prag. -2.01 -1.11 -048 -0.12 0.00 -0.11 -045 -098 -1.71
naive -2.01 -1.87 -147 -0.83 0.00 1.01 2.17 347 487

ideal 0.65 036 0.16 004 000 0.04 014 031 0.54
r?’SCAN50  prag. -0.62 -0.35 -0.15 -0.04 0.00 -0.04 -0.15 -0.32 -0.57
naive -0.62 -0.58 -046 -027 000 033 072 1.16 1.65

ideal 1.77 097 042 0.10 000 0.10 037 080 1.38
CAM-B3LYP prag. -1.67 -093 -041 -0.10 0.00 -0.10 -0.38 -0.84 -1.47
naive -1.67 -1.56 -123 -0.70 0.00 0.86 1.86 299 4.22

ideal 149 080 034 008 000 0.07 028 061 1.03
LC-wPBE prag. -1.36 -0.75 -0.32 -0.08 0.00 -0.08 -0.29 -0.65 -1.13
naive -1.36 -1.26 -099 -0.56 0.00 0.67 143 228 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. Table[S7|
shows that when analyzing the magnitude of DDEs using proxy densities for the BH76 dataset, the
results frequently do not agree between different proxy densities. Table [S§|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. Table [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-wPBE and
SX0.5 proxy densities. In roughly 1/3 of cases, the proxies disagree on which functional has the lowest

DDE.

LC-wPBE $X0.5 ,
Index | PBE SCAN B3LYP BLYP | PBE SCAN B3LYP BLYP Disagree?
1 | -08 -043 -057 -1.09 | -1.73 -072  -1.13  -1.95 no
2 | -232 -143  -099 257 | -390 -240 201 -427 no
3 1-035 -026 -028 -045 | -049 -046 -034 -0.56 yes
4 |-035 -026 -028 -045 | -049 -046 -034  -0.56 yes
5 1-095 -040 -053 -1.16 | -1.57 -054 -1.05  -1.81 no
6 |-095 -040 -053 -1.16 | -1.57 -0.54 -1.05 -1.81 no
7 |-082 -057 -057 -1.06 | -120 -0.74 -094 -1.57 no
8 |-1.05 -069 -057 -1.10 | -172 -1.19 -077  -1.6l no
9 |-175 -040 -046 -1.87 |-1035 -402 -532 -10.3I no
10 |-1.99 -071 -0.65 -2.15 | -11.19 -519 -543 -10.91 no
11 |-1.99 -093 -1.18 -231 | -395 -1.97 -241 -425 no
12 | 238 -134 -134 272 | -435 247 255 -4.62 no
13 |-136 -089 -026 -1.00 | -229 -1.68 -046  -1.57 no
14 |-136 -089 026 -1.00 | -229 -1.68 -046  -1.57 no
15 | -071 -046 -0.10 -053 | -1.72 -132  -046 -1.32 no
16 |-071 -046 -0.10 -053 | -1.72 -132  -046 -1.32 no
17 | -214 -131 -063 -1.82 | -197 -1.34 -047 -1.58 no
18 | -214 -131 -063 -1.82 | -197 -134 -047 -1.58 no
19 |-146 -086 -042 -130 | -149 -1.06 -042  -127 no
20 |-146 -086 -042 -130 | -149 -1.06 -042 -1.27 no
21 | -194 -106 -052 -159 | 209 -136 -037 -1.41 no
22 |-199 -1.11  -035 -158 | -3.16 -190 -094 -273 no
23 |-055 -021 -0.14 -044 | -089 -0.63 -022 -0.6l no
24 | -171 -089 -029 -145 | 296 -176 -097  -2.70 no
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Index LCwPBE SX0:3 Proxies Disagree?
PBE SCAN B3LYP BLYP | PBE SCAN B3LYP BLYP
25 | -1.38  -0.86 -0.28  -1.08 | 225 -1.54 -0.56  -1.76 no
26 | -1.74  -1.13 -047  -144 | -2.13  -1.65 -040  -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 -031 -1.07 | -1.93  -1.39 -0.48 -1.51 no
29 | -0.85 -0.39 -041  -1.07 | 256 -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 | -096 -0.49 -0.59  -1.29 yes
32 | -040 -0.18 -0.13  -048 | -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 |-082 -070 -065 -1.18 | -1.88  -0.50 -1.20 -2.03 yes
35 | -233 -096 -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 |-075 -0.28 -0.27  -0.75 | -1.37  -043 -0.75 -1.37 no
40 | -096 -0.48 -045  -098 | -1.30 -0.58 -0.60  -1.23 yes
41 -0.99 -0.31 -033 -1.03 | -2.67 -1.19 -1.14  -2.56 yes
42 |-0.81 -0.14 -023  -0.86 | -2.62 -1.04 -1.15 -2.47 yes
43 |-0.88 -040 -042 -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  -098 | -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 -064 -097 | -1.31 -0.78 -1.12 -1.54 no
50 | -1.20 -1.07 -1.12 -1.50 | 229 -1.23 -1.81 -2.59 no
51 -0.54  -0.32 -032 -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 -092 -1.37 | -191 -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 -043 -0.51 -0.83 | -1.11  -0.58 -0.93 -1.40 no
56 | -0.81 -0.65 -0.78  -1.10 | -147 -0.74 -1.27 -1.92 no
57 | -049 -0.36 -041  -0.65 | -1.00 -0.49 072 -1.12 no
58 | -1.09 -0.76 -093  -1.37 | 204 -092 -1.45 -2.37 no
59 | -090 -0.67 -0.72  -1.12 | -1.73  -0.84 -1.17 -2.01 no
60 | -077 -0.60 -064 -1.01 | -1.42 -0.71 -1.08 -1.83 no
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Index LCwPBE SX0:3 Proxies Disagree?
PBE SCAN B3LYP BLYP | PBE SCAN B3LYP BLYP
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  -097 | -147 -0.67 -1.04  -1.69 no
64 | -1.13  -0.82 -099  -144 | 2,12 -1.01 -1.56  -2.49 no
65 | -091 -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 | -099 -0.71 -0.85  -1.28 | -1.91 -0.89 -1.32 227 no
68 | -0.89 -0.63 -0.74  -1.09 | -1.66 -0.75 -1.15 -1.98 no
69 | -1.11 -0.86 -097  -1.37 | -2.10 -0.98 -1.44 232 no
70 | -0.79  -0.55 -0.66  -1.00 | -1.55 -0.66 -1.05 -1.71 no
71 -1.06  -0.81 -093  -1.34 | 201 -091 -1.40  -2.19 no
72 | -098 -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  -144 | 228 -1.08 -1.62 -2.61 no
75 | -1.06  -0.75 -0.89  -1.32 | -2.04 -0.93 -1.42 230 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.

(kcal/mol) System

Functional C (on (¢} o F F Si Si~ P P~ S S” Cl Cr
SVWN 0.04 029 010 050 009 035 004 012 0.03 025 010 028 0.11 023
PBE 0.01 027 0.08 050 009 044 003 009 0.02 016 004 019 0.06 0.18
BLYP 001 033 0.0 058 011 049 004 0.15 005 027 0.09 030 0.11 0.28
r’SCAN -0.06 0.09 -0.01 0.12 0.01 020 0.02 006 002 0.01 -0.04 001 -004 0.04
B3LYP -0.02 0.17 005 022 006 024 003 010 0.04 014 005 0.16 006 0.15
PBEO -0.02  0.08 002 007 0.03 0.14 002 004 0.01 0.02 -0.01 003 000 0.04
r’SCANS50 -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 0.07 020 0.02 006 004 006 005 0.10 0.06 0.12
LC-wPBE -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 GMTKNS55]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 (Bauza30)

dataset [3, l4]. 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 RKTO1 H2 cl 1 -1 -1
3 BH76 RKTO02 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
e B30 3 2 1 1 -1 -1
8* B30 6 4 1 -1 -1
9* B30 9 8 1 -1 -1

10* B30 12 11 10 1 -1 -1
11* WATER27 | H202 H20 1 -2
12* WATER27 | H203 H20 1 -3
13* WCPT18 tsl reacl 1 -1
14* WCPT18 ts2 reac2 1 -1
15* WCPT18 | tslh2o reacl h2o0 1 -1 -1
16* WCPT18 | ts2h2o0 reac?2 h2o0 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 EAp 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_S8 1 -1
25* G21EA EA 9n EA9 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 | EA20n EA_20 1 -1
36 G21EA | EA21n EA 21 1 -1
37 G21EA | EA23n EA23 1 -1
38 G21EA | EA24n EA 24 1 -1
39* G21EA | EA_25n EA25 1 -1
40* AHB21 1 1A 1B -1 -1
41% AHB21 2 2A 2B -1 -1
42* AHB21 3 3A 3B 1 -1 -1
43* AHB21 4 4A 4B 1 -1 -1
44* AHB21 5 S5A 5B 1 -1 -1
45* AHB21 9 9A 9B 1 -1 -1
46 G211P b+ b 1 -1
47 G211P c+ c 1 -1
48 G211P n+ n 1 -1
49 G211P o+ 0 1 -1
50 G211P f+ 1 -1
51 G211P al+ al 1 -1
52 G211P si+ si 1 -1
53 G211P p+ p 1 -1
o4 G211P s+ S 1 -1
95 G211P cl+ cl 1 -1
56* G211P IP_59 8 1 -1
57* G211P IP_60 11 1 -1
58 G211P IP_61 12 1 -1
59* G21IP IP_62 13 1 -1
60 G211P IP_63 14 1 -1
61* G211P IP_64 18 1 -1
62 G21IP IP_65 IP_n65 1 -1
63* G211P IP_66 19 1 -1
64* G211P IP_67 20 1 -1
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Table S9

Reaction Index Subset Systems Stoichiometry
65 G211P IP_68 137 1 -1
66 G211P IP_70 22 1 -1
67 G211P IP_71 25 1 -1
68* G211P P72 26 1 -1
69* G211P P74 34 1 -1
70 G211P IP_75 37 1 -1
71 G211P IP_76 43 1 -1
72 G211P P77 44 1 -1
73 G21IP IP_78 45 1 -1
74 G211P IP_79 51 1 -1
75* G2RC 104 40 1 1 -1 -1
76* G2RC 18 52 1 2 -1 -1
T G2RC 26 25 1 1 -1 -1
78 Wi4-11 h h2 2 -1
79 W4-11 c h ch4 1 4 -1
80 W4-11 c 0 h methanol 1 1 4 -1
81 W4-11 0 h h2o 1 2 -1
82 W4-11 0 h oh 1 1 -1
83 W4-11 c n hcn 1 1 1 -1
84 W4-11 c n hnc 1 1 1 -1
85 W4-11 c 0 hco 1 1 1 -1
86 W4-11 c 0 co 1 1 -1
87 W4-11 c 0 h oxirene 2 1 2 -1
88 W4-11 c 0 f f2co 1 1 2 -1
89 Wi4-11 c 0 n h hoecn |1 1 1 1 -1
90 W4-11 h 0 hooh 2 2 -1
91 W4-11 c 0 co2 1 2 -1
92 W4-11 h 0 cl hocl 1 1 1 -1
93 W4-11 n 0 no 1 1 -1
94 W4-11 cl cl2 2 -1
95 W4-11 0 f of 1 1 -1
96 W4-11 0 03 3 -1
97 W4-11 f 0 f20 2 1 -1
98 W4-11 0 02 2 -1
99 W4-11 f 2 2 -1
100* W4-11 n n2 2 -1

S15




Table S9

Reaction Index Subset Systems Stoichiometry
101 W4-11 f h hcef 2 1 1 -1
102 Wi4-11 n 0 c-hono 1 1 -1
103 Wi4-11 n o t-hono 11 2 -1
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SIII. FIGURES FOR ONE-ELECTRON SYSTEMS

This section contains figures for one-electron systems. Figures[ST} [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.
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Figure S1: Energy curves of H,' 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," 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," 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, 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 forthe H---H - - - F
and H---H- - - Cl transition states, revealing that the difference between the two is very small. Figure[S§]
shows the distribution of errors between self-consistent DFT and HF-DFT across various 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} [ST8] 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.
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Figure S6: Contour maps of the density error, n¢“SP (r) —nCCSP(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~ (right). Density

. o 3
units are given in e/A".
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Figure S7: Contour maps of the density error, n¢“5P (1) —nCCSP(T) (r), forthe H- - - H - - - cl transition

state. The color scale is the same as in Fig. 15 (left) and scaled down by a factor of 10~ (right). Density
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Figure S9: Relation between density-driven error (DDE) and L; 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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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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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 [6] 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 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 L; 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 Ly 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 [5]] 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 [6] 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 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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