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Table S1. Evaluation of the MOBH35 database for a wide variety of exchange—correlation
functionals (ordered by class alphabetically), low-cost methods and wavefunction methods

using the new CCSD(T)/CBSw1+A(T)/TZVP benchmark reference values.

Functional No Dispersion With Dispersion
MAD RMSD Type MAD RMSD
LSDA
SVWN551,52,53,54 6.9 9.5 N/A?
GGA
B97-D3BJS56 — — D3(BJ) 5.4 7.6
BLYPS7:S8 6.8 9.8 D3(BJ) 5.9 8.3
D4 5.4 7.6
NL 5.1 6.9
BP8657S° 4.8 6.6 D3(BJ) 5.6 8.2
D4 5.1 7.2
NL 5.5 7.7
GLYPS!OSH 7.2 11.2 D4 6.0 8.3
HCTHS!? 6.1 90 D3(BJ) 4.8 6.9
mPWLYPS8S13 6.3 8.9 D3(BJ) 5.4 7.5

D4 5.6 7.8




mPWPWQ1813,514,815,516,517,51 8

N12819

OLYPS&S20

PBEsz 1,822

revPBES23

rPW86PBES?!522

SOGGA115%

XLYPS&S25

4.7

4.5

7.0

4.2

54

5.7

5.6

6.6

6.4

6.1

11.4

5.6

8.0

7.2

7.1

9.3

D3(BJ)

D4

D3(0)

D3(BJ)

D4

D3(BJ)

D4

NL

D3(BJ)

D4

NL

D3(BJ)

D4

NL

SCNL(i.e.,VV10)

N/A?

D3(BJ)

D4

5.2

4.9

5.0

5.1

4.9

4.7

4.6

4.8

5.0

4.9

5.1

53

5.1

5.0

5.0

6.1

5.5

7.5

6.7

7.5

7.3

6.5

6.5

6.3

6.6

7.2

6.6

7.0

7.3

7.0

6.9

6.9

8.5

7.5




®B975%6 3.1 4.0 D4 2.9 3.9
meta-GGA

B97M-D3BJ3?7:528 —a —a D3(BJ) 34 4.9

B97M-V5?7 —a —a NL 2.9 4.2

MO06-1.5% 3.8 5.2 D3(0) 4.0 5.7

D4 4.1 5.8

NL 4.1 5.9

M11-LS3 4.2 5.8 D3(0) 4.1 6.1

MN12-1L%3! 4.1 6.1 D3(BJ) 4.8 7.5

MN15-L532 3.5 5.5 D3(0) 3.5 5.5

PKZBS33:834 4.0 5.6 D3(0) 5.6 7.9

revTPSSS35:536 3.8 5.0 D3(BJ) 4.4 6.1

D4 4.2 5.7

SCANe&S37 33 4.4 D3(BJ) 3.8 5.2

D4 3.7 5.0

NL 3.8 5.2

SCNL 3.8 5.2

TPSSS38 4.3 6.1 D3(BJ) 4.4 6.2




D4 43 59
NL 46 64

VSXCS® 12.8 24.0 N/AP
tHCTHS 5.6 8.3 D3(BJ) 50 6.9

hybrid-GGA

APFD%! _a _a PFD 3.8 5.6
BILYPS* 5.5 8.6 D3(BJ) 3.8 53
D4 33 44
B3LYPS#3 5.2 8.1 D3(BJ) 3.8 52
D4 33 45
NL 2.8 3.9
B3PW9 154 4.0 6.3 D3(BJ) 34 52
D4 29 4.1
NL 33 47
B97-154 3.7 5.5 D3(BJ) 2.8 3.9
B97-2546 4.4 7.0 D3(BJ) 34 5.0
B98S# 4.1 6.2 D3(BJ) 29 41
BH&HLYPS* 6.1 9.1 D3(BJ) 3.8 49




CAM-B3LYPS¥

CAM-QTP00SS

CAM-QTPO01%!

CAM-QTP02552

HISSsS3,SS4

HSEO03 $55,556,557,558,559,560,S61

HSEO6SS5,556,857,558,559,560,561

LC-oHPBE®¢!

LC-COPBES62’S63’S64

LRC-oPBEh®S6°

mPW K566

mPWIPW91513

N12-SX567

03 LYPS&S20,S68

4.0

5.9

3.5

3.9

3.8

3.1

3.1

4.1

4.1

3.2

4.2

3.5

33

6.2

6.3

8.3

4.8

5.2

54

4.5

4.5

5.9

5.9

4.7

6.5

5.5

4.8

10.4

D4

D3(0)

D4

D3(BJ)?

D3(BJ)?

D3(BJ)

D3(BJ)

D3(BJ)

D3(BJ)

D3(BJ)

D3(0)

D3(BJ)?

N/A?

D3(BJ)

D4

D3(BJ)

D3(BJ)

D4

3.7

2.4

2.2

4.5

2.6

3.1

3.2

2.9

2.7

3.2

33

2.6

2.9

2.5

3.0

3.4

3.8

4.7

3.1

2.8

5.9

3.5

4.4

4.2

4.0

4.5

4.5

3.4

43

3.4

4.5

4.7

5.2




PBE0S 3.0 4.5 D3(BJ) 2.6 3.8
D4 2.5 34
NL 3.2 4.5
revPBE(323:569 4.2 7.1 D3(BJ) 2.8 4.0
D4 3.2 4.3
NL 2.9 4.1
SCNL 2.9 4.2
revPBE3857° 4.6 7.4 D4 2.4 3.2
NL 2.9 3.9
SOGGA11-X57! 4.0 6.0 D3(BJ) 2.9 3.9
X3LYPS? 4.9 7.4 D4 33 4.4
®B97X526 3.0 4.0 D3(0)572573 2.2 3.0
D3(BJ)S28:574 2.3 33
D4 2.5 34
NL(i.e., 2.0 2.7

®B97X-V)S74

hybrid-meta-GGA

B1B95573 2.9 4.2 D3(BJ) 33 5.0




BB1KS7

BMKS77

MO6S78

M06-2X578

MO06-HF5”

MO8-HX580

M1 1881

MN12-SX567

MN15582

mPW1B95583

mPW IKCISS84

mPWBI1K583

mPWKCIS1KS8

3.5

3.6

3.2

3.2

5.1

3.5

3.0

2.8

2.5

2.7

4.2

33

4.6

4.9

5.8

43

4.4

7.1

5.0

6.7

4.1

3.6

3.6

6.3

4.6

7.0

D4

N/A?

D3(BJ)

D3(0)

D4

NL

D3(0)

D3(0)

D3(0)

D3(BJ)

D3(BJ)

D3(BJ)

D3(BJ)

D4

D3(BJ)

D3(BJ)

D4

D3(BJ)

2.9

3.1

3.7

3.6

3.6

3.1

4.7

3.4

2.7

2.8

2.5

2.8

2.6

3.9

3.2

2.8

3.1

4.1

43

54

5.2

5.3

4.2

6.5

4.8

3.8

4.2

3.6

3.9

3.4

5.3

43

3.9

4.1




PBE1KCISS

PW6B95586

PWBG6KS$

revTPS SOS35,SS6,S87

revTPSSHS35:536,838

SCANOSSS

TPSS0S%7

TPSS1KCISS89

TPS ShS38

rHCTthbS40

®B97M-D3BJS28.59

3.7

2.6

3.0

2.9

3.0

2.3

3.6

3.8

3.5

3.9

53

3.6

4.1

4.6

4.5

33

5.5

6.0

5.5

5.7

D3(BJ)

D3(BJ)

D4

NL

D3(BJ)

D3(BJ)

D4

D3(BJ)

D4

D3(BJ)¢

D3(BJ)

D4

NL

D3(BJ)

D3(BJ)

D4

D3(BJ)

D3(BJ)

3.0

2.4

2.1

2.4

2.8

2.5

2.1

3.4

3.0

3.2

3.0

2.7

3.4

3.6

3.1

3.5

1.9

4.1

3.5

2.9

33

3.9

3.8

3.0

5.0

43

33

4.7

4.2

3.7

4.9

5.0

4.4

4.9

2.5




®B97TM-V5%0 — — NL 1.7 23
double hybrid

B2GP-PLYP5"! 1.7 2.6 D3(BJ) 23 3.7
D4 2.2 34
NL 2.2 3.7
B2K-PLYP5” 1.4 2.0 D3(BJ) 2.0 33
B2NC-PLYP5% 1.7 2.2 D3(BJY 1.8 24
B2PLYPS* 6.8 9.8 D3(BJ) 5.5 7.7
D4 5.6 7.8
NL 2.8 4.5

B2T-PLYPS”! 2.2 3.1 N/A?
DOD-PBEB95%% —4 —4 D3(BJ) 2.1 3.7
D4 2.9 5.6
DOD-PBEP865% —4 —4 D3(BJ) 2.1 3.9
D4 1.6 2.7
NL 1.7 2.9
DOD-SCAN® — — D3(BJ) 1.8 3.0
D4 1.6 2.5




DOD-SVWN55% —

DSD-BLYPS5:597 =
DSD-PBEB95%% —a
DSD-PBEP§6595:5% —a
DSD-PBEPBES® =
DSD-SCANS% —a
LS1-DHe&S% 2.4
mPW2K-PLYPS2 3.4
mPW2NC-PLYP#$% 3.3
mPW2PLYPS!00 2.4

33

9.0

4.8

3.4

D3(BJ)

D4

D3(BJ)

D4

NL

D3(BJ)

D4

NL

D3(BJ)

D4

NL

D3(BJ)

NL

D4

D3(BI)

N/A?

D3(BI)

D3(BJ)

1.8

1.4

2.6

33

2.4

2.2

2.8

2.1

2.2

1.9

2.1

2.4

2.4

1.6

2.5

33

2.4

4.6

3.8

3.9

3.8

5.2

3.4

3.8

3.1

3.6

4.4

4.1

2.5

4.4

5.7

3.6




noDispSD-SCANS%

PBE(-25101

PBEO-DH5!0?2

PBE-QIDH5!%?

PWPB955104

revDOD-BLYP5%

revDOD-PBEB95%%

revDOD-PBEP865%

revDOD-PBEPBE®”

revDSD-BLYP%

2.6

2.8

2.3

2.1

1.5

3.9

4.0

3.1

2.7

2.2

D4

N/Ab

D3(BJ)

D4

D3(BJ)

D4

D3(BJ)

D3(BJ)

D4

NL

D4

D3(BJ)

D4

D3(BJ)

D4

D4

D3(BJ)

D4

2.3

3.5

3.1

2.5

2.3

2.6

2.1

1.8

2.0

1.6

1.8

1.6

1.6

1.4

1.6

2.0

1.8

33

5.5

4.7

3.5

3.0

3.8

3.4

2.8

3.2

2.3

3.0

2.4

2.7

2.2

2.6

3.2

2.6




revDSD-PBEB95%%¢ — —a D3(BJ) 1.9 3.2
D4 1.6 2.5
revDSD-PBEP86%¢ — —a D3(BJ) 1.7 2.9
D4 1.5 24
revDSD-PBEPBES — — D4 1.7 2.7
SCANQ-2588 2.9 4.4 N/A?
SCANO-DHS88 1.8 2.5 N/A?
SCAN-QIDHS# 2.2 2.9 N/A?
SOS0-PBE(-2¢5105 1.5 2.0 D3(BJY 1.7 2.7
SOS0-PBEO-DH®510 2.6 3.8 D3(BJY 24 34
SOS0-PBE-CIDH®51% 2.5 3.6 D3(BJY 24 34
SOS0-PBE-QIDH¢S!105 2.0 2.7 D3(BJY 1.9 2.5
®B97M(2)"-5106 —a —a NL 1.9 3.2
wave function methods
HF/QZVPP 13.5 19.3 N/A?
DLPNO-MP2/TZVP 5.8 9.4 N/A?
DLPNO-MP2/QZVPP 6.0 9.2 N/A?
DLPNO-CCSD(T)/SVP 1.8 24 N/A?



DLPNO-CCSD(T)/TZVP 1.2 1.6 N/A?
DLPNO-CCSD/QZVPP 2.6 3.6 N/A?

DLPNO- 1.7 2.2 N/A?

CCSD(T)/CBS(SVP/TZVP)

DLPNO- 6.4 10.5 N/AP
MP2/CBS(SVP/TZVP)
DLPNO- 5.9 9.1 N/AP
MP2/CBS(TZVPP/QZVPP)
RI-SCS-MP2/TZVPP 3.2 5.4 N/AP
RI-SCS-MP2/QZVPP 2.9 4.6 N/AP
RI-SCS-MP2/ 2.8 45 N/AP
CBS(TZVPP/QZVPP)
CCSD(T)/CBSwi 0.5 0.7

low cost/semi-empirical methods

B97-3¢5107 —a —a D3(0) 45 66
HF-3cS108 —a —a D3(0) 13.7 177
PBEh-3¢51%9 —a —a D3(0) 50 9.6
PM6S!10 21.8 29.1 D3(0)S!!! 205 279

DH+S!12 21.1 28.5




DH25!13.5114 21.2 28.6

DH2X5!5 21.2 28.6

D3H4S!165117 19.2 26.0

D3H4X 19.2 26.0
PM75!18 106.4 146.3 N/A?
PM7-TS 68.0 141.4 N/A?

« By definition, a dispersion correction is part of the functional form. ® Not available or not

SI9 5o the

applicable. © SCAN has been reported to have significant grid dependence,
calculations were repeated with other integration grids, yielding (MAD, RMSD — both in
keal/mol) of GRID4 (3.1, 4.3), GRID5 (3.1, 4.3), GRID6 (3.3, 4.4), GRID7 (3.3, 4.5); clearly,
this is not an issue here. ¢ Dispersion parameters from Santra et al.5'?° ¢ New results. / D3(BJ)
parameters from Mehta et al.5'?! € Toulouse et al. suggest three values for the parameter A that

defines the functional form — 0.75, 0.70 and 0.50;%°° the first was used as this was used to fit

the D3(BJ) parameters.5'?? * ®B97M(2) results taken from Santra et al.5'%
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