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Table S1: Theoretical V, (in a.u.) of the Cu nucleus in CuF (r, = 1.7449 A). The experimental values is -0.425 a.u.
Ab initio V. Error Hybrid functional Ve Error Double-hybrid functional Ve Error
HF -1.252 -0.827 BH&HLYP -0.391 0.034 wB97X-2 0.023 0.448
CCSD -0.553 -0.128 B3LYP 0.350 0.775 PWPB95 0.010 0.435
CCSD(T) -0.449 -0.024 CAM-B3LYP 0.167 0.592 B2PLYP model B2PLYP 0.104 0.529
CCSD(T) @) -0.433 -0.008 PW6B95 0.101 0.526 mPW2PLYP 0.002 0.427
MO06-2X -0.313 0.112 B2GP-PLYP -0.110 0.315
CASSCF(90) 1.704 2.129 wBI97XD 0.184 0.609 B2K-PLYP -0.231 0.194
MRCI(90) 1.827 2.252 PBEn PBEO 0.135 0.560 B2T-PLYP -0.042 0.383
MRAQCC(90) 1.724 2.149 PBE38 -0.191 0.234 DSD model DSD-BLYP -0.206 0.219
PBE50 -0.489 -0.064 DSD-PBEPR&6 -0.176 0.249
CASSCF(140) -0.962 -0.537 TPSSn TPSSh 0.395 0.820 DSD-PBEB95 -0.171 0.254
MRCI(140) b) -0.603 -0.178 TPSS0 0.016 0.441 DH/QIDH model PBE-ODH -0.213 0.212
MRAQCC(140) b .0.367 0.058 TPSS38 -0.288 0.137 PBE-QIDH -0.358 0.067
TPSS50 -0.568 -0.143 RSX-0DH -0.463 -0.038
SCANn SCANO -0.034 0.391 RSX-QIDH -0.485 -0.060
SCANS3S -0.383 0.042 LR corrected model wB2PLYP -0.167 0.258
SCANS50 -0.623 -0.198 wB2GP-PLYP -0.274 0.151
rSCANn rSCANO -0.094 0.331 wB88PP86 -0.163 0.262
rSCAN38 -0.351 0.074 wPBEPP&6 -0.229 0.196
rSCAN50 -0.589 -0.164 DSD/DOD-2019 model DOD-SCAN-D3(BJ) -0.180 0.245
r2SCANn  r2SCANO -0.116  0.309 noDispSD-SCANG69 -0.149  0.276
r?SCAN38 -0.370 0.055 revDSD-PBEP86-D3(BJ)  -0.126 0.299
r2SCAN50 -0.602 -0.177 revDSD-BLYP-D3(BJ) -0.160 0.265
revDOD-PBEP86-D3(BJ) -0.137 0.288
r2SCAN-2023 model r?’SCAN-0DH -0.363  0.062
r?SCAN-CIDH -0.398 0.027
r?SCAN-QIDH -0.469 -0.044
r?SCANO0-2 -0.488  -0.063
Pr2SCAN50 -0.116 0.309
Pr2SCANG9 -0.313  0.112

@) All the core electrons are correlated.

b) Configurations with weight > 0.01% are selected.




Table S2: Natural configuration of the Cu atom in CuF.

Method Natural electron configuration
HF 3d9'92480‘144pu'03
CCsSD 3d%-734,50-28 4990-06 4,40-08
CCSD(T) 307045030 47,0-07440-09
CASSCF(QO) 3d9.20480.904p0.034d0.01
MRCI(90) 31945087 470-05440-05
MRAQCC(90) 3d%-174,50-86 47,0-08 4,40-06
CASSCF(140) 3d7 %045 234p° 93447
MRCI(140) 3d%-754,50-25 470-05 4,40-08
MRAQCC(140) 3d9.71430.284p0.064d0.08
BH&HLYP 3d%57450204p" 03
B3LYP 3d9-81450-3949,0-04
B2PLYP (SCF part) 3d7®745°204p% 0
B2PLYP 3d%-724,50-38 470-05 4,40-06
r2SCAN-CIDH (SCF part)  3d%8%45%234p0-03
r2SCAN-CIDH 3d™®1450204p% 014400




Table S3: AEq results (in mm/s) of "Fe by selected hybrid functionals. )

Mol. ¥ N25FL pe  H-1 H-2 H-3 H-4 H-5 H-6 H-7 H-8 H-9 H-10 H-11  Expt.
1" 427 050 -0.33 0.37 -0.32 -0.24 -0.35 -025 -0.50 -1.16 -0.30 -1.17 -0.30  -0.40
2" 38! 0.79 -047 -0.50 -0.43 -0.38 -0.47 -0.39 -0.47 -0.38 -0.46 -0.39  -0.47 0.29
3" 44! 079 -0.73 074 074 073 -0.75 072 -0.72 072 -0.73 072 -0.74 0.69
4 18* 045 317 290 3.00 280 3.11 275 3.02 260 293 259 291 2.10
5 50! 045 -0.90 -0.95 -0.94 -0.91 -0.90 -0.91 -0.90 -0.92 -0.92 -0.92 -091  -0.74
0.44 -0.90 -0.94 -0.94 -0.91 -0.90 -0.89 -0.89 -0.91 -0.91 -091 -0.91
6 59! 0.34 -1.14 -112 -1.19 -1.19 -1.14 -1.17 -1.12 -120 -1.15 -120 -1.15  -1.14
7 17° 0.06 -4.11 -4.01 -4.08 -4.05 -4.09 3.70 3.78 -4.05 -4.09 387 -4.09 = -3.97
8 336 0.02 -0.34 -0.35 -0.33 -0.35 -0.32 -0.35 -0.33 -0.35 -0.33 -0.35 -0.32  -0.62
9 292 0.26 -0.77 -0.90 -0.78 -0.71 -0.80 -0.76 -0.83 -0.78 -0.84 -0.78 -0.84  -0.69
10* 49° 0.81 -3.65 -3.58 -3.57 -3.51 -3.59 3.31 340 -348 -3.56 -348 -3.55  -3.24
11 43° 011 3.85 385 379 373 379 358 365 373 379 372 3.78 3.62
12 43° 0.12 392 385 3.8 379 386 3.64 372 380 38 378 384 3.61
13 17t 012 -159 -1.55 -1.59 -1.54 -1.57 -1.53 -1.57 -1.56 -1.59 -1.56 -1.59  -1.34
14 452 0.18 -2.04 -229 -2.01 -1.92 -1.86 -1.66 -1.65 -1.87 -1.82 -1.85 -1.79  -2.24
15 399 0.63 259 234 252 225 260 216 251 214 254 213 253 0.62
16* 42! 0.76 -1.56 -1.54 -1.59 -1.58 -1.51 -1.52 -1.48 -1.58 -1.53 -1.58 -1.52  -1.63
17 49! 023 033 037 035 035 034 033 033 034 034 034 034 0.43
18* 54! 0.90 -0.59 -0.64 -0.59 -0.53 -0.59 -0.55 -0.59 -0.54 -0.59 -0.54 -0.59 0.48
19 71! 0.64 049 045 051 052 047 053 048 -0.55 049 -054 049  -0.83
20" 54! 0.62 057 065 055 049 057 053 059 049 057 050 057  -0.35
21 44! 0.38 097 103 097 092 096 094 097 094 097 094 097 0.73
22 27! 058 113 120 1.13 1.09 112 109 1.11 110 113 110 113 0.89
23" 44° 098 -1.86 -1.85 -1.87 -1.82 -1.87 1.83 1.87 -1.84 -1.87 -1.84 -1.87  -1.42
24 583 048 -1.41 -127 -1.40 -1.10 -1.38 -1.21 -1.39 -1.19 -1.43 -120 -1.43  -1.24
25 254 049 -2.67 -2.68 -2.65 -2.66 -2.62 -2.58 -2.56 -2.67 -2.64 -2.68 -2.64  -2.05
26 21! 0.00 4.14 414 401 362 401 380 4.09 3.65 403 3.65  4.03 2.41
27 136 042 -0.87 -0.82 -0.85 -0.90 -0.85 -0.87 -0.83 -0.87 -0.83 -0.87 -0.83  -1.23
28 222 049 -129 -1.42 -1.29 -1.22 -130 -1.28 -1.35 -1.29 -1.35 -129 -1.35  -1.12
29 512 011 077 059 079 068 074 070 073 081 089 081  0.89 0.89
30 21° 013 1.96 196 1.89 1.84 190 1.67 1.76 179 1.87 177 1.86 1.80
31 56° 0.34 263 264 256 250 257 234 244 246 255 245 254 2.10
32 25° 0.73 275 274 268 263 269 248 256 260 267 259  2.66 2.36
MaxE @ .73  1.73 160 135 1.60 7.67 7.75 124 162 7.84  1.62
MAE 4 033 033 031 027 032 050 054 025 032 049  0.32
MAE 030 030 028 024 029 024 028 025 028 025 028

) The hybrid functionals are BH&HLYP (H-1), M06-2X (H-2), PBE50 (H-3), TPSS38 (H-4), TPSS50 (H-5), SCAN38

(H-6), SCAN50 (H-7), rSCAN38 (H-8), "SCAN50 (H-9), 7?’SCAN38 (H-10), and r*SCAN50 (H-11).

% The molecule with an asterisk means that the sign of AEq is theoretically uncertain and therefore |AEg| is used for
error analysis.



©) Calculated by r?’SCAN-CIDH.
9 Maximum error and mean absolute error. Molecule 15 has been excluded.
¢} Mean absolute error of |[AEg|. Molecule 15 has been excluded.



Table S4: AEq results (in mm/s) of ®"Fe by selected double-hybrid functionals. @

Mol. ¥ N25tl Density ® 549 DH-1 DH-2 DH-3 DH-4 DH-5 DH-6 DH-7 DH-8 DH-9 DH-10 DH-11 DH-12 Expt.
1* 427 HFun 033 034 032 -053 -053 -052 -050 -049 -0.47 -0.48 -0.32 -0.43
UnRIx -0.31 033 -030  -0.49  -049  -049  -047  -045  -0.43 -0.44 -0.29 -0.42

Rlx 050 -044 -1.01 033 023 -0.74 023 -0.72 -0.89  -0.80 -1.13 -0.32 0.24 -0.40
2" 38! HFun -0.52  -0.68 -048  -0.65 -0.67 -0.65 -0.64 -0.62  -0.60 -0.64 -0.44 -0.56
UnRIx -0.48  -0.63 -045 -0.59 -0.60 -0.60 -0.60 -0.56  -0.54 -0.57 -0.41 -0.54

Rlx 079 -029 -0.33 -029 020 019 -027 -0.31 018 021 0.18 0.21 -0.40 0.29
3* 44! HFun -0.73  -0.73  -0.73  -0.73  -0.73  -0.75 -0.76  -0.75  -0.74 -0.73 0.74 -0.78
UnRIx -0.73  -0.73  -0.73  -0.73 -0.73  -0.75 -0.75  -0.75  -0.73 -0.73 0.73 -0.78

Rlx 079 074 077 073 078 079 079 080 082  0.78 0.79 0.74 0.79 0.69
4 18% HFun 297 345  2.87 348 351 349 345 337  3.34 3.35 2.99 3.33
UnRIx 299 349 288 351 355 352 347 341 3.36 3.38 2.99 3.34

Rlx 045 328 370 310 316 310 324 325  3.07  3.07 3.20 2.69 3.20 2.10
5 50! HFun 0.8 081 -090 081 08 084 08 08  0.86 0.83 -0.94 -0.92
088 080 -08 081 08 083 085 085  0.85 0.82 -0.93 -0.91
UnRIx 091 083 -091 -0.85 -0.84 -0.86 -0.88 -0.89  -0.89 -0.87 -0.95 -0.93
090 083 -091 -0.84 -0.83 -0.86 -0.87 -0.88 -0.88 -0.86 -0.94 -0.92

Rlx 045 -098 -1.07 -095 -117 -123 -1.09 -1.07 -1.23  -1.13 -1.21 -0.98 -0.96 -0.74
044  -097  -1.07  -0.95 -1.16  -1.22  -1.08 -1.06  -1.22  -1.12 -1.20 -0.98 -0.96
6 59! HFun -1.11 -094 -1.14  -098  -0.96  -1.02  -1.03  -1.03  -1.04 -1.00 -1.18 -1.15
UnRIx -1.13 =099  -1.16  -1.03  -1.02  -1.06  -1.07  -1.09  -1.08 -1.06 -1.20 -1.17

Rlx 0.34 -1.36  -1.47 -1.32  -1.67 -1.76 -156 -151  -1.78  -1.61 -1.74 -1.39 -1.32 -1.14
7 17° HFun 410 -4.10  -4.09  -411  -411  -412 411 410  -4.10 -4.09 -4.08 -4.11
UnRIx 412 416  -410  -417  -419  -418 415 417  -4.15 -4.16 -4.10 -4.13

Rlx 0.06 -4.06 -4.10 -4.05 -412  -414  -413 -412 -412  -4.10 -4.10 -4.04 -4.11 -3.97
8 336 HFun -0.31  -026  -0.32 -0.28 -0.27 -0.29 -0.28  -0.28  -0.28 -0.27 -0.33 -0.32
UnRIx 031 -026  -0.32  -029 -0.28 -0.30 -0.28  -0.29  -0.29 -0.28 -0.34 -0.32

Rlx 002 -035 -0.34 -036 -0.39 -0.39 -0.38 -0.36 -0.40  -0.37 -0.39 -0.39 -0.35 -0.62
9 292 HFun -0.89  -1.00 -0.86 -0.94 -0.96 -0.91  -0.93  -0.92  -0.92 -0.95 -0.79 -0.83
UnRIx -0.88  -0.99  -0.85 -0.93 -0.95 -0.90 -0.93 -0.91  -0.92 -0.94 -0.79 -0.83

Rlx 026 -076 -0.82 -0.75 -0.71  -0.70  -0.71  -0.77  -0.67  -0.73 -0.70 -0.67 -0.75 -0.69
10* 49° HFun 2359 -3.67  -3.56  -3.72 -3.72  -3.72 -3.67  -3.66  -3.66 -3.67 -3.57 -3.65
UnRIx -3.60  -3.72  -3.57  -3.77 378 =376 -3.71  -3.72  -3.70 -3.73 -3.59 -3.66

Rlx 081 -3.50 -3.59 -348 -3.59  -3.59  -3.61 -3.59 -3.53  -3.55 -3.54 -3.47 -3.60 -3.24
11 43° HFun 3.80 385 378 389 3.8 390 38 38  3.84 3.86 3.79 3.84
UnRIx 3.81 391 379 394 396 395 390 391 3.88 3.91 3.81 3.86

Rlx 011 373 379 372 383 38 38 381 3.78  3.78 3.78 3.71 3.81 3.62
12 43° HFun 3.86 391 384 394 394 397 392 392  3.90 3.92 3.86 3.91
UnRIx 3.88 396  3.86 399 400 401 396 398  3.95 3.97 3.87 3.93

Rlx 012 379 38 378 38 391 392 389 38  3.84 3.85 3.77 3.88 3.61
13 17t HFun -1.59  -153  -1.58  -1.55  -1.54  -1.61  -1.61  -1.59  -1.57 -1.55 -1.59 -1.69

(Continued on next page.)



Table S4: Continued from previous page.

d)

Mol. ¥ N25tl Density @ 7 DH-1 DH-2 DH-3 DH-4 DH-5 DH-6 DH-7 DH-8 DH-9 DH-10 DH-11 DH-12 Expt.
UnRIx -1.57  -1.51  -1.56 -1.52  -1.51 -1.60 -1.60 -1.57  -1.55 -1.52 -1.56 -1.68

Rlx 0.12 -1.68 -229 -1.63 -243 -2.70 -2.18  -2.09  -2.40 -2.12 -2.46 -1.64 -1.75 -1.34
14 45% HFun -1.73 <169 -1.78  -1.84 -1.81 -1.94 -1.88 -1.86 -1.84 -1.82 -2.00 -2.06
UnRIx 175 <172 <179 <188 -1.85  -1.97  -1.90  -1.90  -1.87 -1.85 -2.01 -2.07

Rlx 0.18 -2.03 -421 -1.99 -243 -2.53 -243  -2.34  -2.62  -2.37 -2.52 -2.19 -2.24 -2.24
15 39° HFun 2.63 2.81 2.52 2.94 2.85 2.93 2.80 2.89 2.86 2.89 2.51 2.79
UnRIx 2.64 2.86 2.52 2.98 2.90 2.97 2.83 2.94 2.89 2.94 2.52 2.80

Rlx 0.63 2.33 2.75 2.25 2.43 2.67 2.52 2.66 2.34 2.39 2.33 2.06 2.59 0.62
16" 42* HFun -145 -1.19  -1.50  -1.27  -1.24  -1.33  -1.30  -1.31  -1.36 -1.29 -1.58 -1.50
UnRIx -1.51 128 -1.54  -1.38  -1.37  -1.41  -1.38  -1.42  -145 -1.41 -1.63 -1.53

Rlx 0.76 2.05 2.62 1.93 2.99 3.25 2.58 2.38 3.05 2.71 3.13 2.06 1.85 -1.63
17 49* HFun 0.33 0.31 0.33 0.31 0.31 0.32 0.33 0.33 0.32 0.32 0.34 0.35
UnRIx 0.33 0.32 0.34 0.32 0.32 0.33 0.33 0.34 0.33 0.32 0.35 0.35

Rlx 0.23 0.36 0.37 0.36 0.39 0.41 0.39 0.39 0.43 0.40 0.41 0.38 0.38 0.43
18" 54! HFun -0.63 -077  -060 -0.74 -0.76  -0.74 -0.74  -0.73  -0.71 -0.74 -0.59 -0.68
UnRIx -0.60 -0.72  -0.57 -0.67 -0.68 -0.69 -0.70  -0.66  -0.65 -0.67 -0.56 -0.66

Rlx 090 -050 -0.52  -0.50 0.56 0.59 0.54  -0.53 0.61 0.54 0.58 0.50 -0.56 0.48
19 71 HFun 0.45 0.38 0.47 0.39 0.39 0.41 0.41 0.42 0.42 0.40 0.50 0.47
UnRIx 0.47 0.37 0.48 0.39 0.38 0.41 0.41 0.43 0.42 0.40 0.52 0.48

Rlx 064 -069 -0.70 -0.67 -0.92 -099 -0.83 -0.75 -1.03  -0.87 -0.97 -0.76 -0.62 -0.83
20" 54! HFun 0.62 0.80 0.58 0.76 0.78 0.75 0.75 0.74 0.71 0.75 0.56 0.67
UnRIx 0.58 0.74 0.55 0.69 0.70 0.70 0.71 0.67 0.65 0.67 0.52 0.65

Rlx 0.62 0.38 0.41 0.39 0.34 0.35 0.37 0.41 0.36 0.34 0.34 0.36 0.50 -0.35
21 44* HFun 0.98 0.99 0.98 1.00 1.00 1.01 1.01 1.00 0.99 1.00 0.97 1.01
UnRIx 0.98 0.99 0.97 0.99 0.99 1.01 1.00 1.00 0.99 0.99 0.96 1.01

Rlx 0.38 0.92 1.02 0.90 0.99 1.01 0.98 0.99 0.99 0.96 0.99 0.86 0.97 0.73
22 27* HFun 1.13 1.12 1.13 1.12 1.12 1.15 1.15 1.14 1.14 1.13 1.13 1.18
UnRIx 1.13 1.12 1.13 1.12 1.12 1.15 1.15 1.14 1.13 1.13 1.13 1.18

Rlx 0.58 1.10 1.21 1.08 1.18 1.21 1.18 1.19 1.19 1.15 1.19 1.04 1.15 0.89
23* 445 HFun -1.87  -1.93  -1.87  -1.92  -1.92 -1.94 -1.95 -1.92  -1.91 -1.92 -1.87 -1.95
UnRIx -1.86  -1.92  -1.87  -1.91  -1.91  -1.94 -1.94 -1.91  -1.90 -1.91 -1.86 -1.95

Rlx 098 -1.83 -1.89 -1.85 -1.83 -1.81 -1.87 -1.89 -1.83 -1.84 -1.83 -1.82 -1.93 -1.42
24 583 HFun -1.51 1.64  -1.44 1.57 1.60 1.58 1.63 1.61 1.59 1.60 -1.40 -1.54
UnRIx -1.51 1.63  -1.43 1.57 1.60  -1.58 1.63  -1.60 1.58 1.59 -1.38 -1.54

Rlx 048  -1.37 -1.67 -1.26 -1.46 -1.56  -1.43  -1.53  -1.59  -1.47 -1.54 -1.15 -1.35 -1.24
25 254 HFun -2.61 1.50  -2.63  -2.58 257  -2.64 -260 -2.59  -2.57 1.54 -2.64 -2.71
UnRIx -2.62 1.48 264  -2.60 -2.59  -2.65 -2.62  -2.62  -2.59 1.53 -2.65 -2.72

Rlx 049  -2.73 1.79 272 -296  -3.15 -2.86 -2.81  -3.03 -2.84 1.84 -2.76 -2.80 -2.05
26 21* HFun 4.20 4.84 4.05 4.75 4.82 4.69 4.69 4.66 4.58 4.69 4.02 4.34
UnRIx 4.11 4.74 3.97 4.60 4.65 4.59 4.60 4.51 4.44 4.53 3.91 4.29

(Continued on next page.)



Table S4: Continued from previous page.

Mol. ¥ N25tl Density @ 7 DH-1 DH-2 DH-3 DH-4 DH-5 DH-6 DH-7 DH-8 DH-9 DH-10 DH-11 DH-12 Expt.
RIx 0.00 3.08 2.93 3.12 2.26 1.97 2.68 2.94 1.97 2.46 2.01 2.78 3.52 2.41
27 13¢ HFun 082 -077 -0.8 -079 -0.79 -080 -0.79 -0.79  -0.79 -0.78 -0.85 -0.83
UnRIx -0.82 -078 -0.8 -0.80 -0.80 -081 -0.80 -0.80  -0.80 -0.79 -0.85 -0.84
Rlx 042 -08 -0.84 -0.87 -0.90 -0.90 -0.90 -0.86 -0.91  -0.88 -0.89 -0.92 -0.87 -1.23
28 222 HFun -1.39 <150 -1.36 144 -1.46 -1.42 -1.43 142 -1.42 -1.45 -1.30 -1.35
UnRIx 2139 -1.49  -1.36 -1.45  -1.46  -1.42  -1.44  -1.43  -1.43 -1.45 -1.31 -1.35
Rlx 049 -1.27 -1.32  -1.25 -1.25 -1.25 -1.25  -1.29  -1.22  -1.26 -1.24 -1.19 -1.27 -1.12
29 512 HFun 0.91 0.95 0.87 0.82 0.81 0.77 0.77 0.84 0.88 0.91 0.78 0.77
UnRIx 0.95 1.01 0.91 0.89 0.88 0.83 0.83 0.91 0.93 0.98 0.81 0.79
Rlx 0.11 0.43  -0.48 0.61 0.45 0.63 0.69 0.69 0.39 0.26 -0.13 0.53 0.66 0.89
30 21° HFun 1.88 1.94 1.86 1.99 1.99 1.99 1.95 1.96 1.94 1.96 1.89 1.93
UnRIx 1.90 2.00 1.87 2.05 2.06 2.04 1.99 2.02 1.99 2.02 1.90 1.95
Rlx 0.13 1.79 1.85 1.77 1.89 1.90 1.91 1.89 1.86 1.85 1.85 1.78 1.88 1.80
31 56° HFun 2.66 2.58 2.55 2.70 2.70 2.70 2.65 2.66 2.64 2.67 2.56 2.62
UnRlIx 2.71 2.59 2.56 2.75 2.76 2.74 2.69 2.72 2.68 2.72 2.58 2.64
Rlx 0.34 2.54 2.47 2.45 2.56 2.56 2.58 2.56 2.51 2.51 2.51 2.44 2.56 2.10
32 25° HFun 2.69 2.76 2.67 2.79 2.80 2.79 2.75 2.76 2.74 2.77 2.69 2.73
UnRIx 2.70 2.80 2.67 2.84 2.85 2.83 2.79 2.81 2.78 2.82 2.70 2.74
Rlx 0.73 2.60 2.65 2.58 2.67 2.67 2.69 2.67 2.62 2.63 2.63 2.58 2.67 2.36
MaxE © HFun 1.79 3.55 1.64 2.81 2.84 2.82 2.87 2.85 2.83 3.59 1.61 1.93
UnRIx 1.70 3.53 1.56 2.81 2.84 2.18 2.87 2.10 2.82 3.58 1.50 1.88
Rlx 1.18 3.84 1.00 1.36 1.62 1.14 1.15 1.42 1.08 3.89 -0.71 1.11
MAE © HFun 0.34 0.69 0.32 0.58 0.59 0.59 0.58 0.57 0.56 0.67 0.31 0.37
UnRIx 0.34 0.68 0.31 0.48 0.49 0.41 0.48 0.40 0.46 0.57 0.31 0.37
Rlx 0.25 0.54 0.23 0.34 0.39 0.31 0.31 0.37 0.31 0.49 0.20 0.28
MAE ©) Rlx 0.25 0.40 0.23 0.34 0.39 0.31 0.31 0.37 0.31 0.36 0.20 0.28

%) The double-hybrid functionals are 72SCAN-CIDH (DH-1), 72SCAN0-2 (DH-2), 2SCAN-0DH (DH-3), B2K-PLYP (DH-4), DSD-BLYP (DH-5), wB2GP-

PLYP (DH-6), RSX-QIDH (DH-7), wPBEPP86 (DH-8), PBE-QIDH (DH-9), DSD-PBEP86 (DH-10), PBE-0DH (DH-11), and RSX-0DH (DH-12).

% The molecule with an asterisk means that the sign of AEq is theoretically uncertain and therefore |[AEq| is used for error analysis.
©) HFun: density of truncated hybrid functional. UnRlx: unrelaxed PT2 density. Rlx: relaxed PT2 density.
9 Calculated by r2SCAN-CIDH.

) Maximum error and mean absolute error. Molecule 15 has been excluded.
) Mean absolute error of |[AEg|. Molecule 15 has been excluded.



Table S5: AEq results (in mm/s) of °"Fe by standard and augmented basis functions.

Func. Mol. Expt. S-BAS A-BAS  Diff. Mol. Expt. S-BAS A-BAS Diff.
13 -1.34 30 1.80
H-1 -1.594  -1.586 0.008 1.957 1.943 -0.014
H-2 -1.549  -1.530 0.019 1.959 1.954  -0.005
H-3 -1.592  -1.586 0.006 1.886 1.873 -0.013
H-4 -1.545  -1.538 0.007 1.837 1.822 -0.015
H-5 -1.568  -1.563  0.005 1.896 1.879 -0.017
H-6 -1.530  -1.522  0.008 1.675 1.657  -0.018
H-7 -1.566  -1.558  0.008 1.756 1.740 -0.016
H-8 -1.563  -1.555  0.008 1.787 1.772 -0.015
H-9 -1.591 -1.586  0.005 1.869 1.858 -0.011
H-10 -1.563  -1.556  0.007 1.775 1.763 -0.012
H-11 -1.592  -1.584 0.008 1.861 1.847  -0.014
DH-1 -1.684  -1.677 0.007 1.789 1.776 -0.013
DH-2 -2.286  -2.282 0.004 1.853 1.840 -0.013
DH-3 -1.627  -1.619 0.008 1.772 1.758 -0.014
DH-4 -2.429  -2.427 0.002 1.892 1.880 -0.012
DH-5 -2.704  -2.701 0.003 1.901 1.890 -0.011
DH-6 -2.181 -2.179  0.002 1.909 1.897  -0.012
DH-7 -2.095  -2.091 0.004 1.887 1.874  -0.013
DH-8 -2.404  -2.400 0.004 1.856 1.844  -0.012
DH-9 -2.123  -2.119 0.004 1.849 1.837  -0.012
DH-10 -2.459  -2.457 0.002 1.850 1.839 -0.011
DH-11 -1.636  -1.630 0.006 1.781 1.769 -0.012
DH-12 -1.750  -1.742  0.008 1.885 1.871 -0.014

%) The standard basis functions (S-BAS) may be found in the Computational Methods subsection in
the main text, whereas in the augmented basis functions (A-BAS) the iron atom are added with two
tighter and two more diffuse Gaussian functions with «, = 26521.473, 0.0311738 and aq = 6191.1311,

0.0295094.

% The hybrid and double-hybrid functionals have been defined in Tables S3 and S4.



