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Table S1. Vertical ionization potentials (1) [in eV] of the 121 molecules studied. Most experimental
reference values are collected from the NIST database,! while other publications?!3 are adopted for the

molecules marked.

Molecule Expt. CCSD LDA PBE MO6L B3LYP ®B97 ©B97X ©B97X-D M06-2X M06-HF
Al (Aluminum atom) 599 593 646 6.08 589 6.02 5.89 5.95 6.00 5.79 5.84
AICI3 (Aluminum trichloride) 12.01 12.25 11.55 10.88 11.13 11.32 12.20 12.02 11.76  11.89 1241
Ar (Argon atom) 15.76 15.68 16.51 15.71 15.79 15.79 15.73 15.75 1578  15.78 15.73
B (Boron atom) 830 819 9.09 8.67 8.61 8.74 8.40 8.51 8.56 8.31 8.10
BCI3 (Borane, trichloro-) 11.64 1198 11.47 10.80 11.07 11.22 11.95 11.79 1156  11.72  12.20
Be (Beryllium atom)'! 932 929 9.46 9.00 893 9.11 892 8.87 8.84 9.06 9.08
BF3 (Borane, trifluoro-) 1596 16.34 15.28 14.44 14.51 15.22 15.57 15.52 1538 16.04 17.28
C (Carbon atom) 1126 11.18 12.14 11.54 1139 11.54 11.29 11.39 11.44 1131 11.18
C2F4 (Tetrafluoroethylene) 10.69 10.76 10.92 10.08 10.00 10.48 10.36 10.41 10.41  10.73 11.29
C2H2 (Acetylene) 11.49 11.33 12.25 11.41 11.17 11.35 11.20 11.24 11.27 1136  11.62
C2H202 (Ethanedial) 10.60 10.86 10.68 9.99 10.02 10.47 10.74 10.70 10.58 10.82  11.48
C2H4 (Ethylene) 10.68 10.50 11.45 10.62 10.38 10.53 10.37 10.41 10.43 1046  10.55
C2H40 (Ethylene oxide) 10.57 10.68 11.20 10.47 10.40 10.60 10.63 10.61 10.58  10.77  11.04
C2H4S (Thiirane) 9.05 9.02 9.64 892 894 9.00 898 9.00 9.01 9.10 9.27
C2H5N (Aziridine) 9.85 9.79 1033 9.63 9.61 9.73 9.75 9.73 9.71 9.90 10.13
C2H6 (Ethane) 11.99 12.83 12.42 11.91 12.11 12.28 12.53 12.46 1236  12.54 1290
C2HF3 (Trifluoroethylene)? 10.62 10.50 10.82 10.00 9.93 10.28 10.16 10.21 1021 1046  10.88
C2N2 (Cyanogen) 13.51 13.59 13.98 13.14 13.03 13.25 13.39 13.37 1332 13.57 14.01
C3H4 (Cyclopropene) 9.86 990 10.41 9.72 9.63 9.76 9.72 9.73 9.72 9.89  10.19
C3H6 (Cyclopropane) 10.54 10.90 11.50 10.75 10.76 10.82 10.83 10.82 10.80 1096  11.06
C3HS (Propane) 11.51 12.23 11.59 11.09 11.32 11.55 11.91 11.82 11.67 11.87 12.36
C302 (Carbon suboxide)'? 10.80 10.69 11.60 10.76 10.60 10.86 10.69 10.74 10.79  11.00 11.42
C4H2 (Diacetylene) 10.30 10.23 10.70 9.92 9.86  9.98 10.02 10.02 10.00  10.21 10.57
C4H40 (Furan) 890 893 9.70 890 876 889 8.84 8.85 8.85 9.02 9.30
C4H6 (Cyclobutene) 943 9.56 10.14 941 927 943 936 9.37 9.38 9.51 9.73
C4N2 (2-Butynedinitrile)* 11.84 12.11 1231 11.51 1145 11.67 11.89 11.86 11.79  12.05 12.56
CCl4 (Carbon tetrachloride) 11.69 1191 11.19 10.54 10.83 11.03 11.87 11.68 11.41  11.62 1220
CF2CI2 (Difluorodichloromethane) 12.24 12.43 12.20 11.49 11.72 11.89 12.37 12.27 12.12 1229  12.65
CF20 (Carbonic difluoride) 13.60 13.58 14.05 13.16 13.07 13.47 1345 13.44 13.43  13.70  14.10

CF3Br (Bromotrifluoromethane)® 12.08 12.04 12.45 11.64 11.50 11.93 11.86 11.89 11.89  11.95 12.45
CF3ClI (Methane, chlorotrifluoro-) 13.08 13.10 13.32 12.55 12.69 12.93 13.00 13.01 1299  13.15 13.38
CF4 (Carbon tetrafluoride) 16.20 16.77 15.36 14.54 14.72 15.47 15.82 15.79 15.65 1644 17.84



CFCI3
(Trichloromonofluoromethane)

CH2CCH2 (Allene)

CH2CCI2 (Ethene, 1,1-dichloro-)
CH2CF2 (Ethene, 1,1-difluoro-)°

CH2CHCHO (Acrolein)'?
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH2O0H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)?

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)
CO2 (Carbon dioxide)

CS (Carbon monosulfide)’
CS2 (Carbon disulfide)

11.76
10.20
10.00
10.70
10.10
10.20
10.63
11.40

9.64
13.27

9.84

9.79
10.37
11.06
10.64
11.29
11.03
13.04

8.95
11.29
10.10
10.96

9.44
11.60
13.60
11.50
15.50
10.40
12.97
11.49
12.77
13.05
11.01
14.01
13.78
11.34
10.09

12.02
10.15
10.00
10.67
10.11
10.11
10.52
11.66

9.68
13.69

9.71

9.64
10.39
11.12
10.75
11.38
11.23
13.46

8.99
11.41
10.11
11.02

9.39
11.73
14.38
11.63
14.97
10.31
12.84
11.64
12.81
13.24
11.03
14.01
13.77
11.35

9.97

11.50
10.84
10.29
11.20
10.55
10.57
11.18
11.31
10.53
13.07
10.55

9.99
10.95
11.70
10.82
11.75
11.47
13.36

9.44
11.76
10.39
11.38

9.95
11.80
14.58
11.18
14.25
11.01
13.40
11.87
13.16
12.74
11.19
14.60
14.55
11.99
10.74

10.83
10.08

9.56
10.37

9.80

9.83
10.36
10.69

9.72
12.42
10.02

9.30
10.21
10.66
10.19
11.09
10.74
12.71

8.77
11.00

9.73
10.68

9.26
11.25
13.96
10.52
13.52
10.22
12.97
11.18
12.41
11.98
10.75
13.86
13.67
11.29
10.03

11.10
9.90
9.55

10.24
9.72
9.81

10.24

10.89
9.55

12.53
9.85
9.23

10.08

10.81

10.21

11.21

10.77

12.78
8.75

11.01
9.72

10.63
9.28

11.45

14.05

10.78

13.60

10.04

12.88

11.35

12.51

12.11

10.72

13.66

13.52

11.10

10.05

11.27
10.10

9.72
10.55

9.96

9.92
10.44
11.23

9.80
13.01

9.92

9.41
10.26
10.94
10.52
11.27
10.95
13.08

8.92
11.45

9.94
10.89

9.36
11.57
14.18
10.92
14.19
10.31
13.07
11.42
12.71
12.66
11.04
14.19
13.81
11.49
10.06

11.98
10.03

9.88
10.42
10.01

9.99
10.31
11.65

9.69
13.13

9.72

9.42
10.21
11.07
10.63
11.34
11.07
13.15

8.96
11.69
10.01
10.93

9.35
12.17
14.18
11.61
14.36
10.27
12.96
11.66
12.72
12.88
11.06
14.18
13.84
11.53
10.00

11.82
10.05

9.84
10.46

9.99

9.97
10.35
11.57

9.72
13.12

9.76

9.43
10.23
11.06
10.60
11.33
11.04
13.13

8.94
11.64

9.98
10.91

9.38
12.11
14.18
11.45
14.34
10.25
13.01
11.60
12.74
12.87
11.06
14.14
13.82
11.49
10.03

11.59
10.06

9.78
10.47

9.95

9.94
10.36
11.44

9.74
13.05

9.77

9.41
10.23
11.02
10.53
11.32
10.99
13.08

8.90
11.53

9.94
10.87

9.38
12.00
14.16
11.23
15.18
10.24
13.04
11.54
12.74
12.77
11.04
14.11
13.80
11.48
10.08

11.78
10.16

9.91
10.67
10.15
10.05
10.49
11.55

9.87
13.43

9.76

9.60
10.38
11.13
10.75
11.40
11.14
13.32

9.08
11.90
10.14
11.06

9.44
11.70
14.29
11.41
14.69
10.41
13.00
11.64
12.93
13.23
11.13
14.13
14.03
11.43
10.15

12.26
10.41
10.22
11.02
10.48
10.27
10.71
11.82
10.20
14.19

9.69

9.93
10.69
11.28
11.13
11.54
12.08
13.80

9.31
12.65
10.44
11.41

9.54
12.28
14.58
11.83
15.54
10.72
13.09
11.82
13.20
14.07
11.46
14.57
14.44
11.77
10.31



F (Fluorine atom)

F2 (Fluorine diatomic)
F20 (Difluorine monoxide)
FCN (Cyanogen fluoride)?
H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)®

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)?
HCCEF (Fluoroacetylene)?
HCI (Hydrogen sulfide)'?
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)

Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen) (3"-)

NH2 (Amino radical)

NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic) (3"g)
03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

17.42
15.70
13.26
13.65
13.60
10.89

9.38
12.62
11.70
10.50
11.75
11.50
12.77
13.61

9.31
11.50
24.59
16.12

5.39

7.65
14.53
15.58

8.98
12.89

5.14

9.80
21.57
13.60
13.49
12.00
10.82

9.26
11.23
13.62
12.30
12.73
11.19
13.02

17.28
16.08
13.55
13.52
13.60
10.88

9.32
12.63
11.79
10.38
11.70
11.34
12.69
13.62

9.68
11.26
24.56
16.12

5.34

7.53
14.47
15.71

9.84
12.77

4.68

9.12
21.46
13.73
13.44
11.96
10.85

9.80
11.57
13.46
12.61
13.29
11.20
12.97

18.52
16.18
13.48
14.19
13.51
11.45

9.95
13.70
12.04
11.15
12.17
12.00
13.50
14.64
10.27
11.93
24.78
17.30

5.88

8.15
15.46
16.14
10.03
13.79

5.78
10.10
22.74
13.70
14.44
12.86
11.77
10.36
11.81
14.57
13.27
13.41
12.02
14.07

17.66
15.35
12.69
13.31
13.60
10.75

9.25
12.80
11.29
10.41
11.37
11.16
12.73
13.75

9.77
11.10
24.47
16.32

5.58

7.61
14.73
15.39

9.39
12.90

5.36

9.32
21.66
12.92
13.79
12.18
10.96

9.90
11.17
14.06
12.55
12.61
11.24
13.30

17.21
15.42
12.76
13.16
13.71
10.69

9.22
12.44
11.29
10.39
11.27
11.03
12.73
13.46

9.74
10.92
24.69
15.88

5.10

7.53
14.68
15.32

9.45
12.71

4.49

9.20
21.18
12.94
13.60
11.79
10.67

9.77
11.06
13.65
12.63
12.52
11.22
12.90

17.73
15.92
13.37
13.43
13.67
10.89

9.32
12.81
11.67
10.46
11.44
11.26
12.78
13.68
10.06
11.24
24.94
16.33

5.63

7.73
14.66
15.83

9.64
12.93

543

9.33
21.71
13.43
13.72
12.26
11.00
10.27
11.71
14.14
13.02
13.14
11.31
13.34

17.46
15.81
13.32
13.30
13.65
10.83

9.25
12.71
11.68
10.40
11.50
11.13
12.72
13.51

9.90
11.21
24.66
16.21

533

7.64
14.52
15.89

9.71
12.77

4.88

9.19
21.53
13.43
13.55
12.12
10.92
10.01
11.65
13.81
12.83
13.22
11.22
13.14

17.45
15.87
13.36
13.34
13.65
10.84

9.29
12.69
11.68
10.43
11.50
11.17
12.75
13.55

9.95
11.19
24.66
16.16

5.30

7.59
14.57
15.90

9.69
12.79

4.88

9.22
21.47
13.44
13.58
12.07
10.90
10.09
11.68
13.80
12.90
13.22
11.26
13.13

17.47
15.88
13.34
13.36
13.68
10.83

9.32
12.68
11.64
10.46
11.47
11.19
12.78
13.58

9.96
11.17
24.72
16.16

5.37

7.47
14.61
15.87

9.64
12.83

4.97

9.25
21.49
13.40
13.61
12.06
10.90
10.12
11.65
13.79
12.93
13.15
11.31
13.13

17.50
16.28
13.75
13.59
13.57
10.99

9.40
12.78
11.92
10.47
11.69
11.39
12.79
13.66

9.96
11.37
24.72
16.21

5.41

7.77
14.53
16.07

9.85
12.98

5.16

9.29
21.50
13.74
13.58
11.98
10.96
10.14
11.88
13.68
13.10
13.58
11.38
13.13

17.54
16.83
14.45
13.94
13.53
11.28

9.64
13.03
12.37
10.50
12.08
11.73
12.85
13.90
10.23
11.74
24.76
16.41

5.83

7.74
14.33
16.84
10.18
13.15

5.62

9.39
21.67
14.31
13.51
12.10
11.19
10.57
12.70
13.77
13.48
14.56
11.57
13.19



P (Phosphorus atom) 10.49 10.45 11.02 10.49 10.58 10.39 10.39 10.40 1042 1032  10.16
P2 (Phosphorus diatomic) 10.62 10.44 11.22 10.51 10.43 10.44 10.29 10.85 10.84 10.44  10.54
PF3 (Phosphorus trifluoride) 12.20 11.74 12.06 11.27 11.25 11.62 11.55 11.59 11.57 11.67 12.00
PH3 (Phosphine) 10.59 10.53 11.15 10.48 10.54 10.59 10.49 10.53 10.56 1050  10.37
S (Sulfur atom) 10.36 10.21 11.08 10.43 10.22 10.56 10.39 10.46 10.50 10.43  10.51
S2 (Sulfur diatomic) (3"g) 9.55 9.52 10.00 9.46 956 9.62 983 9.76 9.70 9.66 9.77
Si (Silicon atom) 815 809 841 820 8.06 8.11 8.04 8.08 8.12 7.98 7.99
Si2H6 (Disilane) 10.53 10.56 10.89 10.27 10.34 10.44 1047 10.48 1046 1048  10.48
SiF2 (Silicon difluoride) 11.08 11.10 11.56 10.81 10.80 11.07 11.05 11.05 11.03 1099 11.07
SiF4 (Silicon tetrafluoride) 16.40 1691 15.27 14.45 14.57 1536 1595 15.85 15.63 1640 17.89
SiH3 (Silyl) 874 884 940 895 887 896 879  8.85 8.88 8.91 8.92
SiH4 (Silane) 12.30 12.86 12.67 12.14 12.37 1247 12.74 12.67 12.58 1259  12.82
SiO (Silicon monoxide)’ 11.61 11.51 12.02 11.29 11.23 11.47 11.51 11.53 11.51 1155 11.85
SO2 (Sulfur dioxide) 12.50 12.58 12.86 12.08 12.01 12.42 12.51 12.51 1246 12,66  13.26
MAE*® 056 035 036 023 020 0.19 0.19 0.18 0.46
MSE® 0.45 -0.25 -030 -0.03 -0.01 -0.01 -0.03 0.09 0.41
RMS® 0.63 051 048 033 028 0.27 0.26 0.27 0.60
MAE® 058 042 039 026 0.16 0.17 0.20 0.13 0.37
MSEP 039 -031 -036 -0.09 -0.07 -0.07 -0.09 0.03 0.35
RMS¢ 0.66 061 056 037 023 024 0.28 0.18 0.46

2 The reference values are experimental data.

b The reference values are calculated by CCSD.



Table S2. Vertical ionization potentials (2) [in eV] of the 121 molecules studied. Most experimental
reference values are collected from the NIST database!, while other publications?!3 are adopted for the

molecules marked.

Molecule Expt. CCSD LDA PBE MO6L B3LYP ©B97 ®B97X ®B97X-D M06-2X MO06-HF
Al (Aluminum atom) 5.99 593 343 3.09 3.05 3.63 5.89 5.78 5.48 4.31 5.50
AICI3 (Aluminum trichloride) 12.01 1225 8.63 801 825 9.13 12.17 11.86 11.30 10.74 12.86
Ar (Argon atom) 1576 15.68 10.89 10.29 10.58 11.67 14.89 14.56 13.93  13.54 16.05
B (Boron atom) 8.30 8.19 454 417 435 5.16 7.90 7.72 7.23 6.16 7.57
BCI3 (Borane, trichloro-) 11.64 1198 833 7.72 796 885 11.90 11.59 11.03  10.49 12.73
Be (Beryllium atom)'! 9.32 929 6.04 5.61 5.67 6.32 8.78 8.63 8.29 7.25 8.66
BF3 (Borane, trifluoro-) 1596 16.34 10.80 10.05 1032 11.94 1497 14.78 1420 14.52 18.16
C (Carbon atom) 11.26 11.18 6.56 6.10 6.21 7.33 1036 10.12 9.55 8.83 11.11
C2F4 (Tetrafluoroethylene) 10.69 10.76 7.03 6.29 6.32 7.59 1038 10.16 9.64 9.23 11.78
C2H2 (Acetylene) 11.49 1133 7.84 720 731 819 11.19 10091 10.35 9.73 11.81
C2H202 (Ethanedial) 10.60 10.86 7.01 638 6.53 7.77 10.60 10.39 9.85 9.53 12.15
C2H4 (Ethylene) 10.68 10.50 7.40 6.74 6.78 7.63 10.54 10.27 9.74 9.11 11.04
C2H40 (Ethylene oxide) 10.57 10.68 6.88 6.28 6.47 7.71 10.69 10.45 9.88 9.73 12.62
C2H4S (Thiirane) 9.05 9.02 593 536 547 6.36 927 8.99 8.46 7.81 9.94
C2H5N (Aziridine) 9.85 9.79 636 578 595 6.97 9.93 9.66 9.11 8.64 11.00
C2H6 (Ethane) 11.99 1283 8.64 8.18 8.46 945 1242 12.14 11.58 11.03 13.32
C2HF3 (Trifluoroethylene)? 10.62 10.50 6.92 6.21 6.26 7.41 10.20 9.97 9.46 8.98 11.34
C2N2 (Cyanogen) 13.51 13.59 10.13 940 949 10.44 1333 13.06 12.53  12.00 14.20
C3H4 (Cyclopropene) 9.86 990 6.71 6.11 6.20 7.05 9.88 9.62 9.11 8.51 10.51
C3H6 (Cyclopropane) 10.54 1090 7.71 7.07 7.19 815 11.10 10.82 10.27 9.61 11.66
C3HS (Propane) 11.51 1223 821 7.75 8.01 9.00 11.93 11.65 11.10  10.55 12.74
C302 (Carbon suboxide)'? 10.80 10.69 798 7.26 731 824 10.78 10.60 10.19 9.65 11.75
C4H2 (Diacetylene) 1030 1023 731 6.64 6.70 7.50 10.23 9.98 9.51 8.90 10.83
C4H40 (Furan) 8.90 893 635 5.67 5.67 6.49 9.18 8.96 8.49 7.83 9.68
C4H6 (Cyclobutene) 9.43 9.56 6.66 6.04 6.10 6.92 9.73 9.48 8.98 8.37 10.30
C4N2 (2-Butynedinitrile)* 11.84 12.11 9.16 844 850 9.36 12.06 11.82 1134 10.79 12.84
CCl4 (Carbon tetrachloride) 11.69 1191 829 7.68 793 8.84 11.90 11.58 11.01 10.48 12.73
CF2CI2

(Difluorodichloromethane) 12.24 1243 8.70 8.07 &30 9.28 1234 12.02 11.44 1094 13.24
CF20 (Carbonic difluoride) 13.60 13.58 9.25 851 &71 10.13 13.16 12.92 1233 12.32 15.42

CF3Br (Bromotrifluoromethane)® 12.08 12.04 849 7.83 7.98 898 11.90 11.65 11.12  10.57 12.81
CF3ClI (Methane, chlorotrifluoro-) 13.08 13.10 9.20 8.55 8.76 9.84 1295 12.64 12.04 11.60 14.05
CF4 (Carbon tetrafluoride) 16.20 16.77 11.15 1040 10.70 1235 1538 15.19 14.61 14.97 18.67
CFCI13 11.76 12.02 835 7.74 7.98 891 11.97 11.65 11.08  10.56 12.84



(Trichloromonofluoromethane)

CH2CCH2 (Allene)

CH2CCI2 (Ethene, 1,1-dichloro-)
CH2CF2 (Ethene, 1,1-difluoro-)°

CH2CHCHO (Acrolein)'?
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH2O0H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)?

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)
CO2 (Carbon dioxide)

CS (Carbon monosulfide)’
CS2 (Carbon disulfide)

F (Fluorine atom)

10.20
10.00
10.70
10.10
10.20
10.63
11.40
9.64

13.27
9.84

9.79

10.37
11.06
10.64
11.29
11.03
13.04
8.95

11.29
10.10
10.96
9.44

11.60
13.60
11.50
15.50
10.40
12.97
11.49
12.77
13.05
11.01
14.01
13.78
11.34
10.09
17.42

10.15
10.00
10.67
10.11
10.11
10.52
11.66

9.68
13.69

9.71

9.64
10.39
11.12
10.75
11.38
11.23
13.46

8.99
11.41
10.11
11.02

9.39
11.73
14.38
11.63
14.97
10.31
12.84
11.64
12.81
13.24
11.03
14.01
13.77
11.35

9.97

7.19
7.08
7.25
6.62
7.06
7.19
7.95
6.57
8.73
5.83
6.53
7.11
7.54
6.75
7.67
7.77
8.67
5.61
7.59
6.41
6.85
6.12
8.48
9.96
8.02
9.98
6.64
8.49
7.90
8.48
8.67
6.69
9.60
9.81
7.92
7.42

17.28 10.89

6.57
6.44
6.56
6.00
6.42
6.52
7.38
591
8.14
543
5.93
6.49
6.97
6.16
7.11
7.12
8.09
5.07
6.91
5.84
6.26
5.56
7.91
9.46
7.41
9.33
6.02
8.14
7.31
7.85
7.99
6.28
9.04
9.09
7.39
6.82
10.31

6.63
6.53
6.63
6.19
6.51
6.59
7.56
5.97
8.38
5.54
6.05
6.60
7.16
6.35
7.31
7.32
8.37
5.25
7.08
6.04
6.47
5.71
8.10
9.75
7.65
9.53
6.16
8.18
7.46
8.03
8.17
6.32
9.21
9.23
7.52
6.98
10.46

7.51
7.37
7.66
7.40
7.34
7.54
8.55
6.93
9.76
6.47
6.90
7.48
8.12
7.60
8.27
8.39
9.68
6.27
8.49
7.21
7.72
6.58
9.00
10.78
8.55
11.00
7.42
9.35
8.46
9.23
9.62
7.72
10.53
10.46
8.68
7.62
12.29

10.37
10.17
10.51
10.35
10.17
10.41
11.58

9.71
12.73

9.41

9.76
10.40
11.16
10.61
11.30
11.25
12.68

9.19
11.50
10.13
10.73

9.51
11.93
13.90
11.59
13.96
10.37
12.44
11.48
12.31
12.65
10.71
13.73
13.38
11.79
10.21
15.37

10.11

9.92
10.27
10.12

9.91
10.16
11.28

9.48
12.50

9.15

9.50
10.13
10.85
10.35
10.99
11.02
12.44

8.92
11.27

9.89
10.48

9.22
11.66
13.59
11.28
13.73
10.12
12.13
11.18
12.02
12.40
10.46
13.42
13.15
11.50

9.98
15.15

9.59
9.42
9.74
9.56
9.41
9.64
10.71
8.99
11.92
8.58
8.98
9.59
10.28
9.77
10.43
10.50
11.87
8.38
10.69
9.34
9.90
8.69
11.12
12.98
10.72
13.15
9.56
11.55
10.63
11.43
11.82
9.89
12.79
12.61
10.92
9.58
14.53

8.95
8.78
9.22
9.33
8.78
9.07
10.15
8.39
11.78
7.84
8.38
8.98
9.73
9.53
9.87
10.14
11.71
7.94
10.65
9.08
9.68
8.00
10.38
12.44
10.18
13.05
9.37
10.94
10.05
11.03
11.72
9.49
12.27
12.34
10.19
8.81
14.85

10.96
10.75
11.44
11.72
10.73
11.16
12.37
10.47
14.77

9.48
10.38
11.03
11.92
12.24
12.10
12.52
14.51
10.23
12.90
11.68
12.43

9.97
12.35
14.83
12.41
16.13
11.80
13.41
12.35
13.65
14.83
12.40
15.08
15.02
12.68
10.42
18.65



F2 (Fluorine diatomic)
F20 (Difluorine monoxide)
FCN (Cyanogen fluoride)?
H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)®

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)?
HCCEF (Fluoroacetylene)?
HCI (Hydrogen sulfide)'?
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)

Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen) (3"-)

NH2 (Amino radical)

NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic) (3"g)
03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

15.70
13.26
13.65
13.60
10.89
9.38
12.62
11.70
10.50
11.75
11.50
12.77
13.61
9.31
11.50
24.59
16.12
5.39
7.65
14.53
15.58
8.98
12.89
5.14
9.80
21.57
13.60
13.49
12.00
10.82
9.26
11.23
13.62
12.30
12.73
11.19
13.02
10.49

16.08
13.55
13.52
13.60
10.88

9.32
12.63
11.79
10.38
11.70
11.34
12.69
13.62

9.68
11.26
24.56
16.12

5.34

7.53
14.47
15.71

9.84
12.77

4.68

9.12
21.46
13.73
13.44
11.96
10.85

9.80
11.57
13.46
12.61
13.29
11.20
12.97
10.45

10.15
8.37
9.45
7.80
6.83
6.08
7.88
7.08
6.88
8.56
7.68
8.63
9.68
5.58
7.39

16.02

10.31
3.58
5.20
8.85

10.90
5.84
9.12
3.50
5.86

14.06
9.10
8.41
7.70
6.75
4.95
7.05
7.98
7.40
8.71
8.14
7.93
6.74

9.46
7.69
8.73
7.59
6.26
5.53
7.25
6.45
6.31
7.87
7.01
8.05
9.02
5.16
6.72
15.76
9.65
3.22
4.70
8.30
10.27
5.30
8.40
3.04
5.27
13.35
8.43
7.92
7.22
6.18
4.52
6.49
7.60
6.82
8.00
7.50
7.39
6.30

9.77
7.89
8.85
7.95
6.48
5.63
7.43
6.62
6.45
7.94
7.11
8.24
9.16
5.23
6.85
16.54
9.89
3.22
4.72
8.59
10.35
5.48
8.47
2.96
5.26
13.74
8.57
8.13
7.32
6.37
4.50
6.46
7.75
7.08
8.07
7.65
7.44
6.43

11.53
9.69
9.97
8.78
7.67
6.53
8.84
8.10
7.33
8.80
8.11
9.24

10.13
6.52
8.16

18.00

11.55
3.65
5.30
9.78

11.97
6.62
9.62
3.49
6.32

15.65

10.08
9.36
8.56
7.51
6.18
8.17
9.27
8.72
9.69
8.47
9.01
7.12

14.56
12.74
12.99
11.91
10.56

9.41
11.99
11.20
10.32
11.60
11.06
12.36
13.24

9.38
11.13
21.13
14.68

5.34

7.35
12.93
15.13

9.64
12.40

4.83

9.20
18.64
13.07
12.47
11.64
10.62

9.12
11.11
12.35
11.73
12.72
11.23
12.13
10.07

14.38
12.53
12.71
11.62
10.34

9.14
11.70
10.94
10.02
11.35
10.80
12.04
12.93

9.16
10.89
2091
14.44

5.31

7.32
12.70
14.87

9.36
12.19

4.93

8.91
18.51
12.83
12.21
11.33
10.31

8.89
10.89
12.07
11.52
12.49
10.99
11.85

9.79

13.78
11.92
12.13
11.06
9.80
8.63
11.07
10.32
9.48
10.85
10.25
11.44
12.33
8.61
10.32
20.28
13.82
5.20
7.08
12.10
14.25
8.77
11.70
4.89
8.36
17.92
12.24
11.61
10.72
9.70
8.31
10.31
11.42
10.93
11.89
10.53
11.21
9.26

14.20
12.17
11.70
10.30
9.54
7.95
11.00
10.29
8.76
10.27
9.71
10.89
11.80
8.05
10.15
20.61
14.12
4.17
6.18
11.76
13.95
8.39
11.29
4.19
7.79
18.69
12.11
11.28
10.29
9.33
8.04
10.12
11.22
11.00
11.66
9.85
11.11
8.37

18.02
16.05
14.13
12.23
12.29
10.10
14.08
13.54
10.72
12.32
11.95
13.18
14.08
10.63
13.08
24.16
17.77

5.20

7.40
14.41
17.18
10.99
13.78

5.20

9.99
22.84
15.28
13.96
12.95
11.90
11.39
13.55
14.11
14.52
13.75
11.75
14.41
10.07



P2 (Phosphorus diatomic) 10.62 1044 772 7.14 722  7.85 10.50 10.30 9.90 9.00 10.53
PF3 (Phosphorus trifluoride) 1220 11.74 798 734 745 856 11.41 11.17 10.64 10.04 1235
PH3 (Phosphine) 10.59 10.53 724 6.71 6.87  7.67 10.51 10.26 9.77 896 10.74
S (Sulfur atom) 1036 10.21 6.66 6.16 6.14 7.21 10.09  9.84 9.33 8.53 10.60
S2 (Sulfur diatomic) (3"g) 9.55 952 629 582 589 681 972 943 8.90 8.13 10.21
Si (Silicon atom) 8.15 8.09 479 4.61 457 529 794 774 7.31 6.25 7.82
Si2H6 (Disilane) 10.53 10.56 7.72 7.18 733 8.09 10.81 10.58 10.11 928 11.11
SiF2 (Silicon difluoride) 11.08 11.10 7.73 7.12 7.21 8.15 10.86 10.67 10.20 9.43 11.32
SiF4 (Silicon tetrafluoride) 16.40 1691 11.44 10.68 10.95 12.52 15.57 15.36 14.77  15.05 18.59
SiH3 (Silyl) 874 884 576 537 543 6.15 880  8.60 8.16 7.24 8.93
SiH4 (Silane) 1230 12.86 9.00 852 886 9.67 12.66 12.37 11.82  11.10  13.12
SiO (Silicon monoxide)’ 11.61 11.51 806 747 7.57 8.61 1143 11.23 10.74  10.10  12.34
SO2 (Sulfur dioxide) 1250 12.58 871 803 8.07 9.39 1229 12.07 11.53  11.12  13.92
MAE*® 3.86 444 429 3.19 042  0.55 1.06 1.51 0.99
MSE® -3.86 -4.44 -429 -3.19 -028 -0.53 -1.06  -1.51 0.89
RMS® 398 455 439 327 067 0.80 1.24 1.59 1.15
MAE® 392 450 435 325 041 0.59 1.13 1.57 0.91
MSEP -3.92 -450 -435 -325 -034 -0.59 -1.12 -1.57 0.84
RMSP 4.05 4.61 445 332 067 0.2 1.28 1.63 1.04

2 The reference values are experimental data.

b The reference values are calculated by CCSD.
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Table S3. Vertical electron affinities (1) [in eV] of the 121 molecules studied. The reference values are

calculated by CCSD.

Molecule CCSD LDA PBE MO6L B3LYP ®B97 ®B97X ©B97X-D MO06-2X MO06-HF
Al (Aluminum atom) 038 1.02 0.59 0.33 0.46 0.20 0.28 0.38 0.31 0.34
AICI3 (Aluminum trichloride) 0.02 0.85 031 -0.33 0.24 -029 -0.17 -0.08 0.10 0.59
Ar (Argon atom) -2.81 -2.05 -2.59 -3.14 -2.57 -294 -2.88 -2.73 -2.54 -2.19
B (Boron atom) 0.18 1.13 062 026 046 0.12 0.24 0.35 0.25 0.14
BCI3 (Borane, trichloro-) -0.25 048 -0.02 -0.25 -0.07 -0.17 -0.13 -0.13 -0.10 0.12
Be (Beryllium atom) -0.38 0.37 0.01 -0.21 -0.07 -0.43 -0.35 -0.24 -0.30 -0.37
BF3 (Borane, trifluoro-) -1.04 -0.15 -0.60 -0.82 -0.62 -1.12 -1.01 -0.97 -0.84 -0.42
C (Carbon atom) 1.16 222 1.59 1.29 1.37 1.14 1.23 1.31 1.26 1.12
C2F4 (Tetrafluoroethylene) -1.21 -0.32 -0.78 -1.66 -0.81 -1.32 -1.29 -1.21 -1.10 -1.30
C2H2 (Acetylene) -2.01 -0.09 -0.37 -047 -043 -0.71 -0.70 -0.65 -0.64 -1.89
C2H202 (Ethanedial) 0.63 1.71 1.05 0.79 1.06 0.83 0.89 0.91 0.95 1.13
C2H4 (Ethylene) -1.82 -0.12 -046 -0.69 -0.63 -0.75 -0.73 -0.86 -0.81 -1.70
C2H40 (Ethylene oxide) -0.87 -0.04 -0.39 -0.70 -0.43 -0.68 -0.67 -0.61 -0.77 -0.73
C2H4S (Thiirane) -0.79 -0.10 -0.44 -0.69 -0.51 -0.69 -0.67 -0.61 -0.74 -0.64
C2H5N (Aziridine) -0.56 0.00 -0.36 -0.64 -0.41 -0.65 -0.63 -0.56 -0.57 -0.22
C2H6 (Ethane) -0.63 -0.06 -0.42 -0.78 -0.47 -0.72 -0.71 -0.66 -0.60 -0.24
C2HF3 (Trifluoroethylene) -0.56 0.02 -0.35 -1.57 -0.40 -0.66 -0.64 -0.57 -1.58 -1.47
C2N2 (Cyanogen) -0.22 0.80 0.16 -0.08 0.22 0.06 0.11 0.12 0.10 0.32
C3H4 (Cyclopropene) -1.76 -0.11 -0.43 -1.54 -0.51 -0.72  -0.70 -0.64 -0.60 -1.60
C3H6 (Cyclopropane) -0.66 -0.08 -0.43 -0.72 -049 -0.77 -0.75 -0.70 -0.61 -0.25
C3HS (Propane) -0.61 -0.02 -0.38 -0.69 -0.44 -0.73 -0.71 -0.66 -0.55 -0.16
C302 (Carbon suboxide) -0.66 -0.11 -0.75 -1.01  -0.57 -1.00 -0.97 -0.91 -0.77 -0.07
C4H2 (Diacetylene) -1.24 -0.13 -0.65 -1.00 -0.72 -0.66  -0.65 -0.99 -0.97 -0.89
C4H40 (Furan) -0.74 -0.01 -0.35 -0.62 -0.41 -0.67 -0.65 -0.60 -1.49 -1.45
C4H6 (Cyclobutene) -2.30 -0.04 -0.39 -095 -045 -0.72 -0.71 -0.65 -1.16 -2.24
C4N2 (2-Butynedinitrile) 0.64 1.76 1.08 0.87 1.11 0.95 0.99 1.01 1.01 1.23
CCl4 (Carbon tetrachloride) -0.39 0.77 0.24 -0.04 0.10 -0.48 -0.39 -0.25 -0.26 -0.45
CF2CI12 (Difluorodichloromethane) -0.89 0.04 -043 -0.83 -0.52 -1.14 -1.06 -0.92 -0.87 -0.58
CF20 (Carbonic difluoride) -2.39 -0.30 -0.76 -1.36 -0.78 -1.25 -1.21 -1.14 -1.48 -1.48
CF3Br (Bromotrifluoromethane) -0.79 0.03 -046 -0.80 -049 -095 -0.87 -0.75 -0.74 -0.54
CF3ClI (Methane, chlorotrifluoro-) -1.05 -0.31 -0.74 -1.23  -0.81 -1.22 -1.17 -1.08 -1.06 -0.69
CF4 (Carbon tetrafluoride) -1.34 -0.59 -1.02 -1.72 -1.07 -1.53 -1.52 -1.47 -1.30 -0.86
CFCI3 (Trichloromonofluoromethane) -0.62 0.44 -0.07 -046 -0.17 -0.77 -0.68 -0.55 -0.56 -0.70
CH2CCH?2 (Allene) -0.57 -0.02 -0.37 -0.76  -0.42 -0.67 -0.66 -0.62 -0.91 -0.18
CH2CCI2 (Ethene, 1,1-dichloro-) -0.97 -0.21 -0.34 -1.05 -041 -0.67 -0.65 -0.59 -0.57 -0.20
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CH2CF2 (Ethene, 1,1-difluoro-)
CH2CHCHO (Acrolein)
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH20H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)

CO2 (Carbon dioxide)

CS (Carbon monosulfide)
CS2 (Carbon disulfide)

F (Fluorine atom)

F2 (Fluorine diatomic)

F20 (Difluorine monoxide)
FCN (Cyanogen fluoride)

-0.97 -0.01
-0.46 0.68
-0.86 -0.54
-0.87 -0.08
-0.51 0.13
-0.52 -0.01
-0.59 -0.04
-0.23 0.82
-0.68 0.06
-0.55 0.01
-0.52 0.06
-0.54 0.07
-0.52 0.06
-0.91 0.19
-0.59 -0.05
-0.56 0.03
-0.28 0.56
-0.59 0.00
-0.55 0.03
-0.52 0.09
-0.53 0.05
-0.63 -0.09
-0.55 0.27
-0.61 -0.07
-0.36 0.19
3.51 3.97
0.64 1.45
0.34 1.21
1.19 1.69
2.04 231
-1.49 -0.48
-0.84 -0.18
-0.08 0.61
0.07 0.54
3.21 4.63
042 1.32
-0.38 0.55
-0.69 0.07

-0.37
0.06
-0.39
-0.42
-0.29
-0.40
-0.38
0.06
-0.30
-0.35
-0.32
-0.31
-0.32
-0.25
-0.39
-0.34
0.07
-0.36
-0.34
-0.31
-0.32
-0.44
-0.22
-0.42
-0.18
3.65
0.89
0.62
1.05
1.95
-0.91
-0.65
0.10
0.03
3.65
0.67
-0.08
-0.42

-0.60
-0.20
-1.30
-1.54
-0.65
-0.62
-0.66
-0.22
-0.54
-0.64
-0.77
-0.66
-0.58
-0.51
-0.61
-0.62
-0.18
-0.67
-0.58
-0.69
-0.57
-0.74
-0.54
-0.69
-1.55

3.59

0.61

0.32

0.83

1.80
-1.18
-1.37
-0.12
-0.22

3.08

0.35
-0.45
-1.06

-0.42
0.03
-0.44
-1.37
-0.35
-0.37
-0.42
0.01
-0.93
-0.41
-0.37
-0.36
-0.37
-0.27
-0.43
-0.40
0.06
-0.41
-0.38
-0.36
-0.37
-0.48
-0.33
-0.46
-0.22
3.67
0.90
0.65
1.29
2.07
-0.99
-0.65
0.16
0.14
3.53
0.81
0.04
-0.44

-0.67
-0.15
-0.67
-0.69
-0.64
-0.63
-0.65
-0.22
-0.67
-0.64
-0.63
-0.64
-0.62
-0.55
-0.65
-0.68
-0.49
-0.69
-0.64
-0.64
-0.64
-0.68
-0.69
-0.68
-0.44

3.56

0.69

0.44

1.18

2.06
-1.53
-1.06
-1.14
-1.23

3.44

0.62
-0.24
-0.87

-0.65
-0.11
-0.65
-0.67
-0.61
-0.61
-0.63
-0.15
-0.66
-0.62
-0.60
-0.62
-0.59
-0.53
-0.63
-0.67
-0.47
-0.68
-0.62
-0.62
-0.63
-0.67
-0.65
-0.65
-0.41

3.62

0.73

0.46

1.18

2.05
-1.50
-1.02
-1.10

0.19

3.38

0.61
-0.23
-0.82

-0.60
-0.10
-0.58
-0.61
-0.54
-0.55
-0.57
-0.10
-0.61
-0.56
-0.54
-0.55
-0.53
-0.47
-0.58
-0.60
-0.41
-0.62
-0.55
-0.56
-0.57
-0.62
-0.57
-0.59
-0.34

3.66

0.75

0.46

1.14

2.03
-1.25
-0.95

0.09

0.14

3.34

0.58
-0.24
-0.74

-0.57
-0.06
-1.31
-1.65
-0.55
-0.81
-0.61
-0.09
-0.60
-0.52
-0.54
-0.53
-0.55
-0.70
-0.60
-0.52
-0.16
-0.55
-0.56
-0.53
-0.49
-0.61
-0.56
-0.60
-1.61

3.61

0.70

0.39

1.23

2.16
-1.32
-0.87
-0.01

0.07

3.27

0.54
-0.32
-0.68

-1.50
0.05
-1.30
-1.71
-0.23
-0.80
-0.33
0.03
-0.63
-0.54
-0.16
-0.17
-1.14
-0.69
-0.32
-0.32
0.18
-0.19
-0.27
-0.21
-0.14
-0.32
-0.24
-0.36
-1.54
3.65
0.79
0.47
1.60
2.38
-1.41
-0.59
0.13
0.37
3.37
0.68
-0.19
-0.43
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H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)
HCCF (Fluoroacetylene)
HCI (Hydrogen sulfide)
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)
Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen)

NH2 (Amino radical)
NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic)

03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

P2 (Phosphorus diatomic)
PF3 (Phosphorus trifluoride)
PH3 (Phosphine)

0.74 131 0.71
-0.55 0.01 -0.49
0.26 095 0.42
-0.58 0.02 -0.38
-0.92 -0.01 -0.41
-0.50 0.08 -0.32
-0.36 0.36 -0.20
-0.56 0.02 -0.35
-0.52 0.07 -0.33
-0.49 0.00 -0.34
-0.05 0.69 0.06
-0.59 0.01 -0.35
-2.63 -2.05 -2.32
-0.64 -0.05 -0.44
0.62 093 0.51
-0.24 0.30 -0.02
-0.34 0.81 0.28
-2.32 -1.16 -1.64
-0.46 0.15 -0.26
-2.05 -0.53 -0.97
0.54 096 0.55
0.64 1.19 0.80
-5.32 -4.41 -4.93
-2.04 -0.92 -1.37
0.14 1.29 0.56
0.54 1.67 0.84
-0.57 0.00 -0.38
-0.43 0.19 -0.13
1.47 192 1.20
1.24 2.57 1.78
-0.14 0.60 -0.11
230 2.56 191
-0.86 -0.51 -1.00
1.60 2.86 1.97
0.61 1.50 0.88
0.46 1.07 0.58
-1.23 -0.42 -0.82
-0.52 0.04 -0.34

0.59
-0.81
0.24
-0.80
-0.78
-0.73
-0.48
-1.71
-0.69
-1.31
-0.06
-1.35
-2.63
-0.84
0.52
-0.20
-0.21
-1.92
-0.69
-2.03
0.47
0.37
-5.46
-2.03
0.22
0.45
-0.77
-0.41
0.84
1.26
-0.44
1.83
-1.31
1.49
0.61
0.42
-1.20
-0.73

0.91
-0.40
0.46
-0.40
-0.55
-0.36
-0.24
-0.39
-0.36
-0.37
0.14
-0.39
-2.37
-0.45
0.56
-0.08
0.23
-1.45
-0.30
-1.00
0.58
0.82
-4.90
-1.43
0.51
0.76
-0.41
-0.06
1.45
1.68
0.05
2.44
-0.70
1.85
0.96
0.62
-0.89
-0.39

0.65
-1.01
0.42
-0.69
-0.79
-0.63
-0.53
-0.64
-0.65
-0.52
-0.06
-0.68
-2.64
-0.73
0.40
-0.33
-0.08
-1.91
-0.58
-1.48
0.54
0.57
-5.57
-1.96
0.29
0.61
-0.67
-0.28
1.39
1.48
-0.12
2.48
-1.05
1.73
0.72
0.66
-1.37
-0.64

0.74
-0.59
0.43
-0.66
-0.75
-0.60
-0.40
-0.62
-0.60
-0.49
0.00
-0.64
-2.60
-0.69
0.48
-0.29
-0.08
-1.86
-0.54
-1.43
0.57
0.59
-5.43
-1.93
0.32
0.64
-0.65
-0.24
1.41
1.48
-0.08
2.49
-1.00
1.73
0.82
0.66
-1.32
-0.61

0.81
-0.83
0.41
-0.59
-0.68
-0.53
-0.44
-0.56
-0.53
-0.43
0.03
-0.57
-2.49
-0.61
0.51
-0.22
-0.08
-1.75
-0.48
-1.35
0.52
0.65
-5.32
-1.85
0.32
0.66
-0.58
-0.22
1.36
1.46
-0.10
241
-0.92
1.71
0.88
0.64
-1.21
-0.55

0.61
-0.82
0.37
-0.59
-0.85
-0.56
-0.45
-1.71
-0.59
-1.43
0.09
-1.46
-2.47
-0.65
0.52
-0.26
-0.14
-1.70
-0.48
-1.85
0.56
0.62
-4.89
-1.67
0.27
0.69
-0.60
-0.24
1.54
1.41
-0.03
2.68
-1.20
1.70
0.86
0.53
-1.14
-0.57

0.65
-0.79
0.43
-0.38
-0.84
-0.34
-0.30
-1.64
-0.43
-1.50
0.25
-1.54
-2.26
-0.46
0.40
-0.24
-0.01
-2.05
-0.27
-1.56
0.53
1.01
-4.58
-1.25
0.24
0.90
-0.35
-0.09
2.15
1.34
0.34
3.30
-0.92
1.90
0.96
0.71
-1.01
-0.32
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S (Sulfur atom) 1.95 2.87 2.17 199 220 2.03 2.12 2.16 2.11 2.19
S2 (Sulfur diatomic) 1.45 2.00 1.36 1.26 1.47 1.50 1.52 1.51 1.51 1.72
Si (Silicon atom) 1.34 1.63 149 1.39 1.34 1.19 1.24 1.32 1.26 1.23
Si2H6 (Disilane) -0.66 0.04 -0.31 -0.84 -0.39 -0.69 -0.68 -0.62 -0.62 -0.55
SiF2 (Silicon difluoride) 0.07 0.75 0.29 0.05 0.29 0.08 0.13 0.17 0.13 0.24
SiF4 (Silicon tetrafluoride) -0.81 0.04 -0.47 -1.31 -0.51 -1.03 -1.00 -0.94 -0.79 -0.36
SiH3 (Silyl) 0.82 1.61 094 0.74 0.97 0.81 0.88 0.92 0.83 0.96
SiH4 (Silane) -0.59 -0.02 -0.38 -0.86 -0.43 -0.68 -0.66 -0.61 -0.58 -0.29
SiO (Silicon monoxide) 0.01 0.66 0.22 -0.02 0.22 -0.01 0.05 0.11 0.04 0.13
SO2 (Sulfur dioxide) 0.87 136 0.77 0.58 1.00 0.98 0.98 0.94 0.99 1.40
MAE 0.79 034 0.24 031 0.20 0.18 0.16 0.21 0.33
MSE 0.78 032 -0.07 0.30 0.02 0.07 0.13 0.05 0.17
RMS 0.86 0.46 0.38 043 0.34 0.32 0.31 0.37 0.42
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Table S4. Vertical electron affinities (2) [in eV] of the 121 molecules studied. The reference values are

calculated by CCSD.

Molecule

CCSD LDA PBE MO6L B3LYP ©wB97 ®B97X ®B97X-D MO06-2X MO06-HF

Al (Aluminum atom)

AICI3 (Aluminum trichloride)

Ar (Argon atom)

B (Boron atom)

BCI3 (Borane, trichloro-)
Be (Beryllium atom)

BF3 (Borane, trifluoro-)

C (Carbon atom)

C2F4 (Tetrafluoroethylene)
C2H2 (Acetylene)
C2H202 (Ethanedial)
C2H4 (Ethylene)

C2H40 (Ethylene oxide)
C2H4S (Thiirane)

C2H5N (Aziridine)

C2H6 (Ethane)

C2HF3 (Trifluoroethylene)
C2N2 (Cyanogen)

C3H4 (Cyclopropene)
C3H6 (Cyclopropane)
C3HS (Propane)

C302 (Carbon suboxide)
C4H2 (Diacetylene)
C4H40 (Furan)

C4H6 (Cyclobutene)
C4N2 (2-Butynedinitrile)
CCl4 (Carbon tetrachloride)

CF2C12 (Difluorodichloromethane)

CF20 (Carbonic difluoride)

CF3Br (Bromotrifluoromethane)
CF3Cl (Methane, chlorotrifluoro-)

CF4 (Carbon tetrafluoride)

CFCI3 (Trichloromonofluoromethane)

CH2CCH2 (Allene)

CH2CCI2 (Ethene, 1,1-dichloro-)

0.38 -0.86 -1.26
0.02 -0.92 -1.39
-2.81 -4.14 -4.59
0.18 -1.35 -1.77
-0.25 -2.09 -2.07
-0.38 -1.02 -1.31
-1.04 -1.64 -2.05
1.16 -1.38 -1.88
-1.21 -1.71 -1.80
-2.01 -0.95 -1.25
0.63 -1.63 -2.20
-1.82 -1.13 -1.45
-0.87 -1.10 -1.42
-0.79 -1.16 -1.44
-0.56 -1.11 -1.43
-0.63 -1.10 -1.44
-0.56 -1.12 -1.47
-0.22 -2.54 -3.09
-1.76 -1.05 -1.37
-0.66 -1.08 -1.41
-0.61 -1.01 -1.35
-0.66 -3.43 -3.86
-1.24 -2.15 -2.44
-0.74 -0.93 -1.26
-2.30 -1.00 -1.33
0.64 -1.14 -1.74
-0.39 -1.49 -1.89
-0.89 -1.67 -2.02
-2.39 -1.86 -2.28
-0.79 -1.87 -2.17
-1.05 -1.77 -2.14
-1.34 -1.98 -2.39
-0.62 -1.62 -2.00
-0.57 -0.99 -1.32
-0.97 -2.20 -1.43

-1.56
-1.94
-4.89
-1.85
222
-1.38
-1.86
2.16
2.77
-1.30
2236
-1.51
-1.56
-1.60
-1.57
-1.65
2.89
-3.26
2.86
-1.61
-1.52
-4.17
-2.58
-1.48
-1.71
-1.87
2.52
229
2.65
-2.58
-2.60
285
244
-1.69
2.76

-0.92
-1.08
-4.31
-1.32
-2.01
-1.14
-1.84
-1.15
-1.94
-1.16
-1.37
-1.36
-1.30
-1.33
-1.31
-1.32
-1.33
-2.24
-1.24
-1.31
-1.25
-3.00
-2.19
-1.17
-1.23
-1.03
-1.52
-1.80
-2.06
-2.01
-1.96
-2.22
-1.69
-1.22
-1.29

0.61
-0.17
-2.89

0.56

0.22
-0.40
-1.10

1.36
-1.28
-0.67

1.04
-0.70
-0.63
-0.62
-0.59
-0.68
-0.60

0.17
-0.67
-0.72
-0.68
-0.95
-0.62
-0.62
-0.67

1.19
-0.16
-1.07
-1.19
-0.84
-1.11
-1.47
-0.53
-0.63
-0.59

0.57
-0.05
281

0.51

0.09
-0.31
-0.95

1.21
-1.24
-0.65

0.89
-0.68
-0.61
-0.59
-0.55
-0.66
-0.57

0.01
-0.65
0.71
-0.66
0.91
-0.60
-0.59
-0.65

1.05
0.21
-0.99
-1.13
-0.79
-1.06
-1.44
-0.56
-0.61
-0.56

0.46
-0.06
-2.71

0.30
-0.31
-0.28
-0.93

0.83
-1.17
-0.61

0.48
-0.83
-0.56
-0.54
-0.51
-0.62
-0.53
-0.39
-0.60
-0.66
-0.62
-0.85
-1.13
-0.55
-0.61

0.70
-0.34
-0.93
-1.09
-0.80
-1.05
-1.41
-0.66
-0.58
-0.52

-0.44
-0.65
-3.40
-0.67
-1.19
-0.91
-1.45
-0.02
-1.63
-1.12
-0.21
-1.27
-1.24
-1.19
-1.11
-1.14
2230
-1.17
-1.17
-1.15
-1.09
-1.33
-1.81
2.13
-1.58
-0.09
-1.08
-1.51
2.16
-1.65
-1.70
-1.94
-1.37
-1.43
-1.11

0.44

0.61
225

0.52

0.45
-0.48
-0.68

1.81
-1.58
-2.00

1.63
-1.68
-0.95
-0.88
-0.41
-0.45
-1.69

0.72
-1.56
-0.46
-0.33

0.37
-0.79
-1.68
2.03

1.57
-0.10
0.77
-1.70
-0.35
-0.89
122
0.29
-0.39
-0.44
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CH2CF2 (Ethene, 1,1-difluoro-)
CH2CHCHO (Acrolein)
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH20H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)

CO2 (Carbon dioxide)

CS (Carbon monosulfide)
CS2 (Carbon disulfide)

F (Fluorine atom)

F2 (Fluorine diatomic)

F20 (Difluorine monoxide)
FCN (Cyanogen fluoride)

-0.97 -1.09 -1.43
-0.46 -2.20 -2.67
-0.86 -2.47 -1.44
-0.87 -1.13 -1.45
-0.51 -1.27 -1.60
-0.52 -1.46 -1.71
-0.59 -1.18 -1.51
-0.23 -1.89 -2.37
-0.68 -0.89 -1.24
-0.55 -1.02 -1.32
-0.52 -1.08 -1.43
-0.54 -1.05 -1.39
-0.52 -1.17 -1.51
-0.91 -1.43 -1.70
-0.59 -1.16 -1.49
-0.56 -1.01 -1.34
-0.28 -1.45 -1.71
-0.59 -1.02 -1.35
-0.55 -1.13 -1.46
-0.52 -1.09 -1.44
-0.53 -1.01 -1.26
-0.63 -1.17 -1.49
-0.55 -1.49 -1.87
-0.61 -1.26 -1.59
-0.36 -1.07 -1.41
3.51 0.03 -0.24
0.64 -1.51 -1.98
0.34 -2.14 -2.63
1.19 -1.90 -2.40
2.04 -1.50 -1.82
-1.49 -2.46 -2.74
-0.84 -1.75 -2.15
-0.08 -2.41 -2.82
0.07 -2.01 -2.41
3.21 -0.88 -1.53
0.42 -3.04 -3.50
-0.38 -3.12 -3.56
-0.69 -1.72 -2.15

-1.55
-3.00
-2.92
-3.02
-1.82
-1.83
-1.72
-2.31
-1.27
-1.63
-1.74
-1.54
-1.50
-1.87
-1.53
-1.47
-1.88
-1.50
-1.49
-1.60
-1.38
-1.76
-2.06
-1.77
-2.77
-0.15
-2.38
-3.02
-2.71
-1.83
-2.83
-2.58
-3.10
-2.85
-1.54
-3.62
-4.09
-2.33

-1.31
-2.08
-1.32
-2.70
-1.41
-1.27
-1.37
-1.77
-1.60
-1.13
-1.30
-1.26
-1.36
-1.22
-1.36
-1.23
-1.53
-1.25
-1.33
-1.30
-1.16
-1.37
-1.63
-1.45
-1.24

0.79
-1.37
-1.90
-1.40
-0.63
-2.49
-1.93
-2.12
-1.79
-0.03
-2.48
-2.75
-1.87

-0.61

0.15
-0.59
-0.63
-0.55
-0.57
-0.60

0.46
-0.62
-0.57
-0.56
-0.58
-0.56
-0.48
-0.60
-0.63
-0.42
-0.65
-0.59
-0.58
-0.60
-0.63
-0.58
-0.62
-0.36

3.70

0.83

0.41

1.23

2.20
-1.45
-1.02
-1.04
-1.18

3.08

0.12
-0.38
-0.80

-0.59

0.00
-0.57
-0.61
-0.52
-0.54
-0.58

0.33
-0.61
-0.55
-0.52
-0.55
-0.52
-0.45
-0.58
-0.61
-0.39
-0.62
-0.56
-0.55
-0.58
-0.61
-0.54
-0.60
-0.33

3.45

0.65

0.24

1.01

1.98
-1.41
-0.96
-1.00

0.31

2.84
-0.05
-0.55
-0.73

-0.55
-0.37
-0.53
-0.57
-0.47
-0.50
-0.54

0.03
-0.57
-0.50
-0.49
-0.50
-0.47
-0.40
-0.54
-0.56
-0.35
-0.57
-0.51
-0.50
-0.53
-0.58
-0.50
-0.57
-0.29

2.92

0.28
-0.17

0.50

1.45
-1.38
-0.91
-0.30
-0.07

2.20
-0.56
-1.02
-0.72

-1.13
-1.13
-2.12
-2.46
-1.11
-1.36
-1.22
-0.90
-1.04
-0.92
-1.07
-1.06
-1.11
-1.34
-1.19
-1.03
-1.12
-1.07
-1.10
-1.03
-1.00
-1.16
-1.24
-1.19
-2.27

2.23
-0.45
-0.89
-0.01

1.03
-2.19
-1.50
-1.18
-0.93

2.06
-0.67
-1.50
-1.40

173
0.40
112
-1.68
-0.47
-0.89
-0.57
0.57
-0.56
-0.59
-0.36
-0.34
-1.33
-0.01
-0.55
-0.11
1.43
-0.38
-0.49
-0.44
-0.37
-0.59
-0.51
-0.57
173
427
1.27
0.95
2.47
3.56
-1.44
-0.77
0.67
0.86
5.19
2.46
1.18
-0.59
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H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)
HCCF (Fluoroacetylene)
HCI (Hydrogen sulfide)
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)
Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen)

NH2 (Amino radical)
NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic)

03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

P2 (Phosphorus diatomic)
PF3 (Phosphorus trifluoride)
PH3 (Phosphine)

0.74 -1.23 -1.71
-0.55 -2.35 -2.64
0.26 -2.08 -2.52
-0.58 -1.40 -1.75
-0.92 -1.36 -1.72
-0.50 -1.17 -1.51
-0.36 -2.04 -2.34
-0.56 -1.07 -1.40
-0.52 -1.32 -1.67
-0.49 -1.26 -1.58
-0.05 -2.22 -2.60
-0.59 -1.12 -1.43
-2.63 -3.93 -4.19
-0.64 -1.64 -2.00
0.62 -0.51 -0.86
-0.24 -0.66 -0.92
-0.34 -2.67 -3.09
-2.32 -3.74 -3.98
-0.46 -1.20 -1.57
-2.05 -2.03 -2.40
0.54 -0.49 -0.83
0.64 -0.46 -0.80
-5.32 -7.28 -7.68
-2.04 -2.59 -2.98
0.14 -2.27 -2.79
0.54 -1.89 -2.47
-0.57 -1.27 -1.60
-0.43 -3.43 -3.71
1.47 -1.59 -2.16
1.24 -1.93 -2.47
-0.14 -3.62 -4.16
2.30 -1.60 -2.15
-0.86 -2.75 -3.02
1.60 -1.51 -2.13
0.61 -1.30 -1.77
0.46 -1.64 -2.04
-1.23 -1.86 -2.17
-0.52 -1.09 -1.43

-1.32
-2.73
-2.78
-1.85
-1.87
-1.72
-2.45
-2.90
-1.88
-2.73
-2.59
-2.71
-4.33
-2.11
-0.94
-0.93
-3.14
-4.01
-1.80
-4.02
-0.83
-0.88
-7.81
-3.37
-2.84
-2.49
-1.83
-3.86
-2.58
-2.63
-4.48
-2.19
-3.19
-2.18
-1.97
-2.28
-2.38
-1.71

-1.00
-1.36
-1.79
-1.57
-1.57
-1.37
-2.04
-1.28
-1.49
-1.42
-1.98
-1.31
-3.92
-1.77
-0.57
-0.80
-2.30
-2.45
-1.39
-2.20
-0.55
-0.51
-7.27
-2.71
-1.94
-1.57
-1.45
-2.85
-1.13
-1.32
-2.97
-0.57
-1.80
-0.94
-1.11
-1.43
-2.00
-1.31

1.40
-0.96
0.66
-0.64
-0.74
-0.58
-0.36
-0.59
-0.60
-0.46
0.30
-0.61
-2.63
-0.69
0.69
-0.32
0.18
-1.86
-0.51
-1.42
0.69
0.63
-5.43
-1.89
0.68
1.14
-0.62
-0.32
1.55
1.60
-0.19
2.40
-0.93
2.03
1.02
0.90
-1.33
-0.60

1.32
-0.52
0.48
-0.59
-0.69
-0.54
-0.31
-0.57
-0.54
-0.42
0.19
-0.57
-2.56
-0.64
0.72
-0.27
0.00
-1.81
-0.47
-1.35
0.69
0.66
-5.39
-1.84
0.50
0.94
-0.59
-0.51
1.36
1.38
-0.40
2.17
-0.89
1.80
0.95
0.73
-1.27
-0.56

0.99
-1.11
0.06
-0.54
-0.64
-0.48
-0.73
-0.52
-0.49
-0.40
-0.15
-0.53
-2.52
-0.61
0.70
-0.20
-0.45
-1.71
-0.44
-1.29
0.66
0.67
-5.53
-1.79
0.03
0.47
-0.53
-0.95
0.84
0.80
-0.95
1.56
-0.86
1.23
0.67
0.37
-1.20
-0.51

-0.14
-1.81
-0.79
-1.26
-1.39
-1.06
-1.49
-2.38
-1.25
-2.19
-0.94
-2.18
-3.65
-1.45
-0.10
-0.71
-1.43
-2.30
-1.11
-2.83
-0.09
-0.12
-6.25
-2.30
-0.78
-0.26
-1.17
-1.55

0.37

0.26
-1.34

1.44
-2.18

0.76
-0.29
-0.58
-1.80
-1.09

1.42
-0.59
0.79
-0.75
-1.12
-0.56
-0.08
-1.85
-0.71
-1.73
0.91
-1.48
-3.02
-0.86
0.47
-0.39
0.16
-1.55
-0.38
-0.87
0.45
0.75
-5.03
-1.59
1.29
1.86
-0.65
0.98
3.16
2.82
1.74
4.24
-0.41
3.46
1.21
1.03
-1.17
-0.55
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S (Sulfur atom) 1.95 -0.58 -1.11 -1.22  -0.27 2.34 2.17 1.74 0.89 2.77
S2 (Sulfur diatomic) 1.45 -1.08 -1.62 -1.75 -0.79 1.75 1.56 1.15 0.34 2.25
Si (Silicon atom) 1.34 -098 -1.13 -1.28 -0.63 1.54 1.41 1.13 0.18 1.48
Si2H6 (Disilane) -0.66 -0.89 -1.20 -1.72 -1.12 -0.65 -0.63 -0.58 -1.06 -0.81
SiF2 (Silicon difluoride) 0.07 -1.57 -1.93 -2.06 -1.54 0.24 0.15 -0.08 -0.94 0.22
SiF4 (Silicon tetrafluoride) -0.81 -1.52 -1.98 -247 -1.75 -1.00 -0.94 -0.90 -1.28 -0.48
SiH3 (Silyl) 0.82 -097 -145 -1.63 -0.89 1.21 1.12 0.86 -0.05 1.43
SiH4 (Silane) -0.59 -1.05 -1.37 -1.78 -1.26 -0.64 -0.61 -0.57 -1.15 -0.66
SiO (Silicon monoxide) 0.01 -1.54 -1.90 -198 -1.52 0.12 0.06 -0.13 -0.97 0.05
SO2 (Sulfur dioxide) 0.87 -2.12 -2.58 -2.84 -1.62 1.04 0.82 0.33 -0.34 2.02
MAE 1.31 1.67 1.95 1.28 0.24 0.20 0.24 0.80 0.55
MSE -1.27 -1.62 -192 -122 0.13 0.12 0.00 -0.75 0.34
RMS 1.60 1.97 2.20 1.47 0.39 0.35 0.39 0.87 0.76
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Table S5. Vertical electron affinities (3) [in eV] of the 121 molecules studied. The reference values are

calculated by CCSD.

Molecule CCSD LDA PBE MO6L B3LYP ©®B97 ©®B97X ®B97X-D MO06-2X MO06-HF
Al (Aluminum atom) 038 332 276 229 211 -0.02 0.11 0.38 1.27 3.65
AICI3 (Aluminum trichloride) 0.02 292 222 1.55 1.70 -0.41 -0.32 -0.13 1.00 0.79
Ar (Argon atom) -2.81 -0.31 -0.65 -1.79 -092 -322 -3.31 -3.07 -1.72 -1.57
B (Boron atom) 0.18 436 3.62 274 2.68 -0.14 0.12 0.56 1.41 3.91
BCI3 (Borane, trichloro-) -0.25 345 272 237 1.98 -0.69 -0.45 -0.04 0.92 0.32
Be (Beryllium atom) -0.38 2.52 2.02 1.68 1.43 -0.50 -0.46 -0.24 0.53 0.27
BF3 (Borane, trifluoro-) -1.04 1.21 0.78 0.33 0.51 -1.19 -1.29 -1.12 0.15 0.21
C (Carbon atom) 1.16 6.49 558 4.77 428 0.99 1.37 1.95 2.70 3.43
C2F4 (Tetrafluoroethylene) -1.21 1.15 058 0.12 030 -145 -1.56 -1.39 -0.04 0.03
C2H2 (Acetylene) -2.01 1.04 041 -0.01 0.05 -0.85 -0.92 -0.85 -0.05 0.18
C2H202 (Ethanedial) 0.63 521 444 4.04 359 0.67 0.94 1.40 2.18 0.74
C2H4 (Ethylene) -1.82 1.79 1.12 0.73 0.37 -0.90 -0.99 -0.87 0.00 0.19
C2H40 (Ethylene oxide) -0.87 0.66 040 0.19 024 -0.84 -0.93 -0.80 0.09 0.26
C2H4S (Thiirane) -0.79 1.54 095 0.61 036 -0.86 -0.95 -0.81 0.11 0.27
C2H5N (Aziridine) -0.56 0.88 0.55 0.27 033 -0.81 -0.90 -0.77 0.14 0.28
C2H6 (Ethane) -0.63 0.71 042 0.15 0.25 -0.88 -0.96 -0.83 0.07 0.22
C2HF3 (Trifluoroethylene) -0.56 1.54 0.77 0.35 0.37 -0.81 -0.89 -0.77 0.16 0.32
C2N2 (Cyanogen) -0.22 429 3.55 3.15 2.77 0.00 0.25 0.69 1.45 0.17
C3H4 (Cyclopropene) -1.76 1.79 1.11 0.67 035 -0.87 -0.96 -0.84 -0.01 0.18
C3H6 (Cyclopropane) -0.66 0.62 033 0.09 0.16 -0.92 -1.00 -0.87 0.02 0.18
C3HS (Propane) -0.61 0.78 047 0.16 027 -0.88 -0.96 -0.83 0.10 0.24
C302 (Carbon suboxide) -0.66 3.31 2.55 218 191 -0.70 -0.47 -0.08 0.78 0.23
C4H2 (Diacetylene) -1.24 253 1.84 145 1.14 -0.76  -0.82 -0.75 0.09 0.25
C4H40 (Furan) -0.74 1.56 0.88 0.55 0.20 -0.83 -0.91 -0.79 0.07 0.26
C4H6 (Cyclobutene) -2.30 1.32 066 0.28 020 -0.88 -0.96 -0.84 0.06 0.23
C4N2 (2-Butynedinitrile) 0.64 4.72 397 3.62 329 0.74 0.97 1.35 2.15 0.99
CCl4 (Carbon tetrachloride) -0.39 335 2.72 254 1.93 -0.77 -0.57 -0.15 0.67 0.16
CF2CI12 (Difluorodichloromethane) -0.89 2.60 1.92 1.61 1.18 -1.30 -1.26 -0.90 0.06 0.06
CF20 (Carbonic difluoride) -239 262 1.77 1.21 092 -141 -1.50 -1.30 0.00 0.06
CF3Br (Bromotrifluoromethane) -0.79 273 2.02 1.50 1.38 -1.15 -1.06 -0.71 0.29 0.07
CF3ClI (Methane, chlorotrifluoro-) -1.05 198 127 0.83 0.58 -145 -1.51 -1.29 -0.16 -0.01
CF4 (Carbon tetrafluoride) -1.34 048 0.19 -0.12 -0.04 -1.73 -1.86 -1.66 -0.30 -0.18
CFCI3 (Trichloromonofluoromethane) -0.62 3.10 245 222 1.68 -1.01 -0.83 -0.41 0.45 0.11
CH2CCH?2 (Allene) -0.57 149 086 050 026 -0.83 -0.92 -0.79 0.09 0.25
CH2CCI2 (Ethene, 1,1-dichloro-) -0.97 237 1.69 136 1.00 -0.85 -0.94 -0.81 0.12 0.31
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CH2CF2 (Ethene, 1,1-difluoro-)
CH2CHCHO (Acrolein)
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH20H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)

CO2 (Carbon dioxide)

CS (Carbon monosulfide)
CS2 (Carbon disulfide)

F (Fluorine atom)

F2 (Fluorine diatomic)

F20 (Difluorine monoxide)
FCN (Cyanogen fluoride)

-0.97 1.47
-0.46 3.80
-0.86 2.13
-0.87 1.72
-0.51 2.04
-0.52 2.84
-0.59 0.67
-0.23  4.07
-0.68 0.83
-0.55 0.78
-0.52 1.14
-0.54 1.00
-0.52 1.35
-091 3.04
-0.59 0.66
-0.56 0.89
-0.28 3.92
-0.59 0.82
-0.55 1.01
-0.52 1.26
-0.53 1.07
-0.63 0.61
-0.55 2.66
-0.61 0.67
-0.36 1.51

3.51 8.11

0.64 491

0.34 5.16

1.19 5.62

2.04 6.34
-1.49 2.72
-0.84 1.33
-0.08 4.06

0.07 3.46

3.21 10.80

042 6.70
-0.38 5.13
-0.69 2.07

0.76
3.07
1.45
1.03
1.43
2.14
0.41
2.95
0.54
0.50
0.68
0.66
0.88
2.33
0.42
0.56
3.17
0.50
0.67
0.84
0.67
0.37
2.03
0.40
0.82
7.73
4.22
4.43
4.84
5.95
2.01
0.90
3.40
2.83
9.30
5.81
4.27
1.53

0.30
2.72
1.10
0.66
1.09
1.70
0.26
2.25
0.24
0.23
0.34
0.33
0.52
1.91
0.23
0.24
2.84
0.21
0.35
0.45
0.27
0.14
1.75
0.23
0.49
7.32
3.96
4.00
4.52
5.57
1.54
0.33
3.12
2.60
7.66
5.08
3.62
0.82

0.31
2.27
0.72
0.32
0.78
1.29
0.27
2.19
0.35
0.33
0.40
0.42
0.51
1.49
0.28
0.33
242
0.31
0.43
0.53
0.39
0.24
1.27
0.26
0.61
6.76
341
3.48
4.11
4.95
1.13
0.60
2.62
223
7.55
4.52
3.19
1.05

-0.82
-0.41
-0.84
-0.85
-0.82
-0.78
-0.80
-0.58
-0.81
-0.80
-0.80
-0.80
-0.78
-0.73
-0.80
-0.83
-0.45
-0.84
-0.79
-0.80
-0.78
-0.85
-0.89
-0.83
-0.61

3.64

0.61

0.51

1.14

1.99
-1.57
-1.21
-0.11
-0.10

4.05

1.27
-0.06
-1.04

-0.91
-0.19
-0.93
-0.94
-0.89
-0.86
-0.89
-0.36
-0.89
-0.88
-0.88
-0.88
-0.86
-0.80
-0.89
-0.91
-0.22
-0.93
-0.87
-0.88
-0.85
-0.93
-0.94
-0.92
-0.70

4.00

0.85

0.74

1.38

223
-1.44
-1.27

0.12

0.06

4.22

1.47

0.18
-1.07

-0.79
0.21
-0.80
-0.82
-0.74
-0.73
-0.77
0.00
-0.76
-0.76
-0.75
-0.75
-0.72
-0.63
-0.77
-0.78
0.22
-0.79
-0.74
-0.73
-0.73
-0.80
-0.72
-0.80
-0.56
4.56
1.31
1.22
1.84
2.73
-1.04
-1.08
0.55
0.38
4.80
2.00
0.70
-0.84

0.12
1.08
0.08
0.05
0.24
0.17
0.12
1.23
0.15
0.13
0.19
0.19
0.20
0.29
0.11
0.14
0.97
0.12
0.19
0.22
0.15
0.05
0.25
0.10
0.37
5.09
1.98
1.85
2.54
3.51
-0.22
0.13
1.33
1.19
4.74
2.22
1.11
0.35

0.29
0.39
0.28
0.26
0.35
0.34
0.30
3.04
0.30
0.28
0.33
0.31
0.33
0.44
0.28
0.28
0.50
0.27
0.31
0.34
0.30
0.21
0.32
0.27
0.52
3.31
0.59
0.45
1.04
1.76
-0.38
0.20
0.05
0.22
2.21
0.13
-0.50
0.31
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H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)
HCCF (Fluoroacetylene)
HCI (Hydrogen sulfide)
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)
Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen)

NH2 (Amino radical)
NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic)

03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

P2 (Phosphorus diatomic)
PF3 (Phosphorus trifluoride)
PH3 (Phosphine)

0.74
-0.55
0.26
-0.58
-0.92
-0.50
-0.36
-0.56
-0.52
-0.49
-0.05
-0.59
-2.63
-0.64
0.62
-0.24
-0.34
-2.32
-0.46
-2.05
0.54
0.64
-5.32
-2.04
0.14
0.54
-0.57
-0.43
1.47
1.24
-0.14
2.30
-0.86
1.60
0.61
0.46
-1.23
-0.52

2.55
341
4.28
1.24
2.40
1.21
3.39
1.13
1.53
1.80
431
2.28
-1.24
1.26
2.17
1.76
491
2.69
1.31
2.31
2.36
2.49
-2.06
1.81
5.39
5.75
1.02
4.57
5.95
7.70
5.42
6.98
2.62
7.79
4.59
4.01
1.51
1.01

0.70
2.69
3.62
0.93
1.68
0.84
2.67
0.73
1.10
1.13
3.46
1.53
-1.34
0.96
1.35
1.34
4.13
1.96
0.95
1.56
1.00
2.27
-2.33
1.02
4.32
4.54
0.73
4.24
5.06
6.49
4.51
6.21
1.93
6.46
3.74
3.42
0.86
0.66

95.09
2.25
3.39
0.49
0.96
0.36
2.29
0.32
0.60
0.68
3.20
1.06

-1.23
0.51
1.03
0.97
3.12
1.49
0.53
1.07
0.82
1.90

-3.70
0.26
3.50
3.54
0.35
3.79
4.59
4.97
3.96
6.01
1.54
5.14
3.41
3.23
0.39
0.26

0.04
1.78
2.85
0.68
0.73
0.58
1.93
0.42
0.74
0.38
2.72
0.69
-1.36
0.71
1.52
0.92
3.16
1.01
0.68
0.84
1.71
2.03
-2.65
0.06
3.31
3.45
0.52
3.18
4.35
5.13
3.44
5.62
1.23
5.04
3.25
2.79
0.32
0.45

1.61
-0.77
0.20
-0.84
-0.92
-0.78
-0.59
-0.79
-0.78
-0.67
-0.18
-0.82
-2.94
-0.88
-0.28
-0.39
-0.17
-2.05
-0.75
-1.64
-0.25
0.40
-5.78
-2.18
0.09
0.32
-0.83
-0.06
1.40
1.64
0.17
2.67
-1.26
1.67
0.65
0.46
-1.52
-0.79

1.49
-0.85
0.41
-0.92
-1.02
-0.84
-0.47
-0.87
-0.84
-0.75
0.09
-0.90
-3.08
-0.98
-0.27
-0.40
0.00
-1.79
-0.83
-1.71
-0.25
0.31
-5.79
-2.27
0.34
0.60
-0.91
0.25
1.66
1.87
0.49
2.94
-1.20
1.93
0.92
0.63
-1.57
-0.86

1.45
-0.44
0.81
-0.75
-0.85
-0.70
-0.08
-0.75
-0.69
-0.65
0.55
-0.77
-2.80
-0.79
-0.20
-0.30
0.47
-1.29
-0.67
-1.37
-0.21
0.47
-5.55
2.01
0.80
1.07
-0.76
0.83
2.11
2.41
1.05
3.40
-0.81
2.47
1.25
0.96
-1.36
-0.72

15.29
0.43
1.67
0.28
0.21
0.22
0.75
0.12
0.25
0.14
1.52
0.15

-1.42
0.29
0.27
0.34
1.69

-0.63
0.36

-0.25
0.21
1.67

-3.78

-0.65
1.80
1.95
0.20
1.45
3.01
3.04
1.61
4.11
0.02
2.94
2.54
1.74

-0.27
0.17

52.59
0.32
0.39
0.38
0.32
0.37
0.46
0.27
0.36
0.36
1.64
0.28

-1.26
0.38

23.96
0.35
3.19

-0.81
0.45

-0.17

18.24
1.68

-3.99

-0.55
1.80
1.17
0.33

-0.36
1.82
1.64

-0.30
2.34
0.11
1.22
4.19
0.68

-0.20
0.34
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S (Sulfur atom) 195 6.61 564 526 489 2.03 2.36 2.80 3.57 2.61
S2 (Sulfur diatomic) 145 5.28 451 433 3.86 1.32 1.55 1.94 2.81 1.57
Si (Silicon atom) 1.34 452 436 4.04 351 0.89 1.13 1.55 2.39 4.12
Si2H6 (Disilane) -0.66 1.08 0.65 0.23 0.37 -0.84 -0.91 -0.78 0.14 0.35
SiF2 (Silicon difluoride) 0.07 3.64 3.01 2.73 2.40 -0.09 0.10 0.44 1.34 0.58
SiF4 (Silicon tetrafluoride) -0.81 1.75 1.19 060 0.78 -1.16 -1.22 -1.02 0.27 0.27
SiH3 (Silyl) 0.82 4.41 3.54 3.38 3.01 1.07 1.19 1.30 2.85 6.34
SiH4 (Silane) -0.59 0.78 046 0.14 029 -0.83 -091 -0.78 0.08 0.29
SiO (Silicon monoxide) 0.01 345 287 2.55 226 -0.14 0.03 0.35 1.24 0.58
SO2 (Sulfur dioxide) 0.87 5.13 442 4.18 3.76  0.95 1.20 1.64 2.44 1.09
MAE 3.15 2.53 287 1.96 0.29 0.34 0.42 1.26 1.80
MSE 3.15 2.53 287 1.95 -0.07 -0.03 0.24 1.25 1.75
RMS 344 281 890 215 0.37 0.41 0.56 1.80 5.57
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Table S6. Fundamental gaps (1) [in eV] of the 121 molecules studied. The reference values are calculated

by CCSD.

Molecule CCSD LDA PBE MO6L B3LYP ©B97 ®B97X ®B97X-D MO06-2X MO06-HF
Al (Aluminum atom) 555 544 549 555 556 5.69 5.67 5.62 5.47 5.50
AICI3 (Aluminum trichloride) 12.23 10.70 10.57 11.47 11.08 12.48 12.20 11.84  11.79 11.83
Ar (Argon atom) 18.49 18.56 18.29 18.93 1836 18.67 18.62 18.51 18.32 17.93
B (Boron atom) 8.02 796 8.05 834 827 827 8.27 8.21 8.06 7.96
BCI3 (Borane, trichloro-) 12.22 1098 10.82 11.32 11.29 12.13 11.92 11.70  11.82 12.09
Be (Beryllium atom) 9.67 9.09 899 9.14 9.18 9.35 9.22 9.08 9.36 9.45
BF3 (Borane, trifluoro-) 17.38 15.43 15.04 1533 1584 16.69 16.53 16.34  16.88 17.70
C (Carbon atom) 10.02 992 995 10.09 10.17 10.16 10.16 10.13 10.05 10.06
C2F4 (Tetrafluoroethylene) 11.98 11.23 10.86 11.67 11.29 11.68 11.71 11.62  11.83 12.59
C2H2 (Acetylene) 13.33 12.34 11.79 11.64 11.79 1191 11.94 11.92  11.99 13.50
C2H202 (Ethanedial) 10.23 896 894 922 941 991 9.82 9.66 9.87 10.35
C2H4 (Ethylene) 12.32 11.57 11.08 11.08 11.16 11.12 11.14 11.29  11.27 12.24
C2H40 (Ethylene oxide) 11.54 11.24 10.85 11.10 11.04 11.31 11.27 11.19  11.55 11.77
C2H4S (Thiirane) 9.80 9.74 9.37 9.63 9.51 9.67 9.67 9.62 9.84 9.91
C2H5N (Aziridine) 10.35 10.33 998 10.25 10.14 10.40 10.36 10.27  10.46 10.34
C2H6 (Ethane) 13.46 12.49 12.33 12.88 12.75 13.25 13.18 13.02 13.14 13.14
C2HF3 (Trifluoroethylene) 11.05 10.80 10.35 11.50 10.68 10.81 10.84 10.79  12.04 12.36
C2N2 (Cyanogen) 13.80 13.18 12.98 13.11 13.03 13.33  13.26 13.20  13.47 13.70
C3H4 (Cyclopropene) 11.66 10.52 10.15 11.18 10.27 10.43 10.43 10.36 10.49 11.79
C3H6 (Cyclopropane) 11.56 11.58 11.18 11.48 11.31 11.59 11.58 1149  11.57 11.31
C3HS (Propane) 12.83 11.61 11.47 12.00 11.99 12.63 12.53 12.33 12.42 12.52
C302 (Carbon suboxide) 11.35 11.70 11.51 11.61 11.43 11.69 11.72 11.70  11.77 11.49
C4H2 (Diacetylene) 11.47 10.83 10.57 10.86 10.70 10.68 10.67 10.99  11.18 11.45
C4H40 (Furan) 9.68 9.71 9.25 939 930 9.51 9.50 9.45 10.51 10.75
C4H6 (Cyclobutene) 11.86 10.18 9.80 10.22  9.88 10.07 10.08 10.03 10.67 11.97
C4N2 (2-Butynedinitrile) 11.47 10.55 10.42 10.57 10.57 1094 10.87 10.78  11.05 11.33
CCl4 (Carbon tetrachloride) 12.29 10.42 1031 10.87 10.93 12.35 12.07 11.66  11.88 12.64
CF2CI12 (Difluorodichloromethane) 13.32 12.16 11.92 12.55 12.41 13.50 13.33 13.04 13.16 13.23
CF20 (Carbonic difluoride) 15.97 1434 13.92 1442 1425 14.70 14.66 14.57  15.18 15.58
CF3Br (Bromotrifluoromethane) 12.83 12.42 12.10 12.29 12.42 12.81 12.76 12.64  12.69 12.99
CF3ClI (Methane, chlorotrifluoro-) 14.15 13.63 13.29 13.92 13.74 1422 14.18 14.07  14.21 14.07
CF4 (Carbon tetrafluoride) 18.11 15.95 15.56 1643 16.54 17.35 17.31 17.12  17.74 18.69
CFCI3 (Trichloromonofluoromethane) 12.64 11.06 10.90 11.56 11.44 12.75 12.50 12.14 12.34 12.95
CH2CCH?2 (Allene) 10.72 10.86 10.45 10.66 10.53 10.70 10.71 10.67  11.07 10.60
CH2CCI2 (Ethene, 1,1-dichloro-) 10.97 10.51 9.90 10.60 10.13 10.55 10.49 10.37  10.48 10.42
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CH2CF2 (Ethene, 1,1-difluoro-)
CH2CHCHO (Acrolein)
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH20H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)

CO2 (Carbon dioxide)

CS (Carbon monosulfide)
CS2 (Carbon disulfide)

F (Fluorine atom)

F2 (Fluorine diatomic)

F20 (Difluorine monoxide)
FCN (Cyanogen fluoride)

11.64
10.58
10.97
11.39
12.17
10.20
14.27

9.95
10.32
10.94
11.64
11.29
11.90
12.14
14.04

9.55
11.69
10.69
11.57

9.90
12.26
15.01
12.18
15.58
10.67

9.33
11.00
12.47
12.05

8.99
15.49
14.61
11.43

9.91
14.08
15.66
13.93
14.21

11.22

9.87
11.11
11.25
11.19
10.54
13.11

9.73

9.92
10.94
11.64
10.75
11.69
11.28
13.41

9.41
11.20
10.39
11.35

9.86
11.75
14.67
10.90
14.32
10.82

9.42
10.41
11.96
11.05

8.88
15.08
14.73
11.37
10.21
13.89
14.86
12.93
14.12

10.74

9.74
10.22
10.78
10.99
10.12
12.80

9.96

9.60
10.55
10.98
10.50
11.41
10.99
13.10

9.12
10.93
10.09
11.02

9.56
11.57
14.40
10.74
13.95
10.40

9.32
10.30
11.79
10.93

8.80
14.77
14.31
11.19
10.00
14.00
14.68
12.77
13.73

10.84

9.92
11.11
11.78
11.54
10.17
13.19
10.08

9.77
10.72
11.58
10.87
11.79
11.28
13.39

9.37
11.19
10.38
11.21

9.97
12.02
14.79
11.32
14.29
11.59

9.28
10.73
12.20
11.28

8.92
14.83
14.89
11.22
10.27
14.13
15.07
13.20
14.22

10.96

9.93
10.36
11.81
11.58
10.17
13.43

9.91
10.34
10.67
11.31
10.88
11.64
11.23
13.51

9.32
11.39
10.36
11.28

9.72
11.94
14.66
11.25
14.65
10.52

9.40
10.52
12.06
11.37

8.97
15.18
14.47
11.33

9.91
14.20
15.11
13.32
13.87

11.09
10.16
10.66
11.00
12.29
10.32
13.78

9.94
10.09
10.85
11.70
11.27
11.96
11.62
13.80

9.64
12.18
10.70
11.57

9.99
12.82
14.86
12.30
15.04
10.71

9.39
10.96
12.29
11.70

9.00
15.71
14.90
12.67
11.23
14.02
15.19
13.56
14.17

11.11
10.10
10.62
11.02
12.17
10.33
13.75

9.90
10.08
10.85
11.66
11.21
11.93
11.57
13.76

9.60
12.11
10.66
11.53

9.99
12.74
14.85
12.10
14.99
10.67

9.38
10.87
12.28
11.69

9.01
15.64
14.84
12.59

9.85
14.07
15.26
13.59
14.16

11.07
10.05
10.53
10.97
11.97
10.28
13.62

9.87
10.01
10.79
11.56
11.08
11.85
11.45
13.66

9.50
11.94
10.56
11.43

9.94
12.57
14.78
11.80
15.77
10.58

9.39
10.79
12.27
11.63

9.01
15.37
14.75
11.39

9.94
14.13
15.29
13.58
14.10

11.24
10.21
11.37
12.14
12.10
10.68
14.04

9.85
10.20
10.90
11.67
11.29
11.96
11.84
13.92

9.60
12.06
10.69
11.62

9.97
12.19
14.90
11.97
15.29
12.01

9.38
10.94
12.54
12.01

8.97
15.44
14.89
11.43
10.09
14.22
15.74
14.08
14.27

12.52
10.43
11.57
12.41
12.05
11.00
14.52

9.66
10.56
11.23
11.44
11.30
12.67
12.77
14.11

9.62
12.47
10.63
11.68

9.75
12.41
14.89
12.08
15.90
12.26

9.44
11.03
12.73
12.47

9.08
15.98
15.02
11.65

9.94
14.16
16.15
14.63
14.37
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H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)
HCCF (Fluoroacetylene)
HCI (Hydrogen sulfide)
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)
Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen)

NH2 (Amino radical)
NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic)

03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

P2 (Phosphorus diatomic)
PF3 (Phosphorus trifluoride)
PH3 (Phosphine)

12.86
11.43

9.05
13.21
12.71
10.88
12.07
11.90
13.21
14.11

9.73
11.85

12.19
11.44

9.00
13.69
12.05
11.07
11.82
11.98
13.42
14.65

9.58
11.92

12.90
11.24

8.83
13.18
11.70
10.73
11.56
11.51
13.06
14.09

9.72
11.44

27.20 26.83 26.79

16.76
4.72
7.77

14.81

18.03

10.30

14.82
4.14
8.48

17.35
4.95
7.85

14.65

17.30
9.88

14.32
4.82
8.92

16.76
5.07
7.63

14.45

17.03
9.65

13.87
4.81
8.52

26.78 27.15 26.59

15.77
13.30
11.42
11.42
10.22
10.10
12.22
12.75
10.99
12.07
11.36

9.83

9.98
12.97
11.05

14.62
13.15
11.19
11.77
10.17

9.88
12.01
12.67
10.85
12.53
11.21

9.53
10.16
12.48
11.10

14.29
13.23
11.33
11.34
10.03

9.97
12.29
12.66
10.70
12.24
11.33

9.61

9.93
12.09
10.83

13.12
11.50

8.98
13.24
12.06
11.12
11.74
12.74
13.42
14.77

9.81
12.27
27.32
16.71

4.58

7.73
14.89
17.24
10.15
14.74

4.02

8.83
26.65
14.97
13.39
11.34
11.44
10.18
10.22
12.39
13.07
10.69
12.53
11.41

9.96
10.01
12.45
11.27

12.76
11.30

8.86
13.20
12.21
10.81
11.68
11.65
13.14
14.05

9.93
11.63
27.31
16.78

5.07

7.80
14.43
17.29

9.94
13.92

4.85

8.51
26.61
14.86
13.21
11.50
11.41
10.33
10.26
12.46
12.97
10.70
12.01
11.49

9.43

9.82
12.51
10.97

13.00
11.84

8.84
13.41
12.47
11.03
12.04
11.76
13.37
14.03

9.96
11.88
27.30
16.94

4.93

7.96
14.60
17.79
10.29
14.25

4.34

8.61
27.10
15.39
13.26
11.51
11.59
10.29
10.25
12.33
12.95
10.74
12.26
11.41

9.67

9.63
12.92
11.13

12.91
11.42

8.87
13.35
12.43
11.03
11.90
11.79
13.36
14.04

9.95
11.84
27.26
16.85

4.82

7.89
14.65
17.77
10.24
14.23

431

8.63
26.90
15.37
13.27
11.43
11.55
10.33
10.27
12.31
12.99
10.73
12.26
11.41

9.58
10.19
12.90
11.15

12.87
11.66

8.91
13.27
12.32
10.99
11.91
11.76
13.31
14.01

9.92
11.74
27.21
16.77

4.86

7.69
14.69
17.62
10.12
14.18

4.45

8.60
26.81
15.25
13.29
11.40
11.48
10.33
10.30
12.33
13.03
10.74
12.23
11.42

9.54
10.20
12.79
11.12

12.96
11.82

9.04
13.37
12.77
11.02
12.14
13.10
13.38
15.09

9.87
12.83
27.19
16.86

4.89

8.03
14.67
17.77
10.33
14.83

4.61

8.67
26.38
15.41
13.30
11.29
11.56
10.38
10.34
12.27
13.13
10.90
12.59
11.43

9.46

9.90
12.80
11.07

12.89
12.08

9.21
13.41
13.21
10.83
12.38
13.37
13.28
15.40

9.98
13.27
27.02
16.87

5.43

7.98
14.34
18.89
10.46
14.72

5.09

8.37
26.25
15.56
13.27
11.20
11.54
10.66
10.55
12.43
13.14
11.26
12.49
11.30

9.20

9.83
13.01
10.69
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S (Sulfur atom) 8.26 8122 827 8.23 835 8.36 8.34 8.33 8.32 8.33
S2 (Sulfur diatomic) 8.07 8.00 8.10 8.30 8.15 8.32 8.24 8.19 8.16 8.05
Si (Silicon atom) 6.75 6.78 6.70 6.67  6.77 6.85 6.84 6.80 6.72 6.76
Si2H6 (Disilane) 11.22 10.85 10.58 11.18 10.83 11.16 11.15 11.08 11.10 11.03
SiF2 (Silicon difluoride) 11.03 10.81 10.52 10.75 10.79 10.97 10.93 10.85 10.86 10.84
SiF4 (Silicon tetrafluoride) 17.72 15.23 1491 1588 15.87 1698 16.85 16.56 17.18 18.25
SiH3 (Silyl) 8.02 7.80 8.01 8.13 7.99 798 7.97 7.96 8.08 7.96
SiH4 (Silane) 13.45 12.69 12.52 13.23 1290 13.41 13.33 13.18 13.17 13.12
SiO (Silicon monoxide) 11.50 11.35 11.07 11.25 11.25 11.52 11.48 11.40  11.51 11.72
SO2 (Sulfur dioxide) 11.71 11.50 11.31 11.43 11.42 11.54 11.53 11.52 11.67 11.85
MAE 0.51 0.65 044 045 0.28 0.26 0.30 0.27 0.33
MSE -0.39 -0.63 -0.29 -0.39 -0.09 -0.14 -0.22 -0.02 0.18
RMS 0.71 0.88 0.62  0.62 042 0.41 0.44 0.40 0.46
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Table S7. Fundamental gaps (2) [in eV] of the 121 molecules studied. The reference values are calculated

by CCSD.

Molecule CCSD LDA PBE MO6L B3LYP ©B97 ®B97X ®B97X-D MO06-2X MO06-HF
Al (Aluminum atom) 555 429 435 4.6l 4.55 5.28 5.21 5.02 4.75 5.06
AICI3 (Aluminum trichloride) 12.23 955 9.41 10.19 10.20 12.34 1191 11.36 11.39 12.25
Ar (Argon atom) 18.49 15.04 14.88 1548 1598 17.79 17.37 16.64  16.95 18.30
B (Boron atom) 8.02 589 595 620 648 734 7.22 6.93 6.83 7.05
BCI3 (Borane, trichloro-) 12.22 1042 9.79 10.18 10.87 11.68 11.50 11.33 11.68 12.28
Be (Beryllium atom) 9.67 7.06 692 7.06 746 9.18 8.94 8.57 8.16 9.14
BF3 (Borane, trifluoro-) 17.38 12.44 12.10 12.18 13.78 16.06 15.72 15.12 1597 18.84
C (Carbon atom) 10.02 795 798 837 848 9.00 8.91 8.72 8.85 9.31
C2F4 (Tetrafluoroethylene) 11.98 874 809 9.09 953 11.66 11.40 10.80  10.86 13.36
C2H2 (Acetylene) 13.33 8.79 8.45 8.6l 935 11.86 11.56 10.95 10.85 13.81
C2H202 (Ethanedial) 10.23 8.64 858 889 9.14 9.56 9.50 9.37 9.74 10.52
C2H4 (Ethylene) 12.32 852 819 829 898 11.25 1095 10.56  10.37 12.73
C2H40 (Ethylene oxide) 11.54 798 7.70 8.03 9.01 11.32 11.05 10.45 10.97 13.57
C2H4S (Thiirane) 9.80 7.09 6.80 7.07 7.68 9.90 9.58 9.01 9.00 10.82
C2H5N (Aziridine) 10.35 7.46 721 7.52 8.28 10.52 10.21 9.62 9.75 11.41
C2H6 (Ethane) 1346 9.75 9.61 10.10 10.77 13.10 12.80 1220  12.17 13.77
C2HF3 (Trifluoroethylene) 11.05 8.04 7.68 09.15 8.73 10.79 10.55 999  11.28 13.03
C2N2 (Cyanogen) 13.80 12.67 12.49 12.75 12.68 13.16 13.05 12.93 13.17 13.48
C3H4 (Cyclopropene) 11.66 7.76 7.49 9.05 8.29 10.54 10.26 9.71 9.68 12.07
C3H6 (Cyclopropane) 11.56 879 849 880 945 11.82 11.53 10.94  10.76 12.12
C3HS (Propane) 12.83 923 9.10 9.54 10.25 12.60 1231 11.72  11.64 13.06
C302 (Carbon suboxide) 11.35 11.40 11.13 1148 11.25 11.74 11.51 11.04  10.98 11.38
C4H2 (Diacetylene) 1147 9.45 9.08 928  9.69 10.84 10.59 10.64  10.71 11.62
C4H40 (Furan) 9.68 7.29 693 7.15 7.66 9.80 9.54 9.04 9.96 11.35
C4H6 (Cyclobutene) 11.86 7.66 737 7.81 8.16 10.40 10.13 9.59 9.94 12.34
C4N2 (2-Butynedinitrile) 11.47 10.30 10.18 10.36 10.39 10.87 10.77 10.64  10.88 11.27
CCl4 (Carbon tetrachloride) 1229 9.79 9.57 1045 10.36 12.06 11.79 11.35 11.57 12.84
CF2CI12 (Difluorodichloromethane) 13.32 10.37 10.09 10.58 11.08 13.41 13.02 12.37  12.45 14.01
CF20 (Carbonic difluoride) 15.97 11.11 10.79 11.36 12.19 1435 14.05 1342 14.48 17.12
CF3Br (Bromotrifluoromethane) 12.83 10.36 10.00 10.56 10.99 12.74 12.43 11.92  12.22 13.16
CF3ClI (Methane, chlorotrifluoro-) 14.15 10.97 10.69 1136 11.80 14.07 13.70 13.09  13.30 14.94
CF4 (Carbon tetrafluoride) 18.11 13.14 12.79 13.55 14.56 16.84 16.63 16.02 1691 19.89
CFCI3 (Trichloromonofluoromethane) 12.64 997 9.74 1042 10.60 12.50 12.21 11.74 11.93 13.13
CH2CCH?2 (Allene) 10.72 8.18 7.89 8.32 8.73 11.00 10.72 10.17  10.38 11.35
CH2CCI2 (Ethene, 1,1-dichloro-) 10.97 9.29 7.87 929  8.66 10.76 10.48 9.95 9.90 11.19
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CH2CF2 (Ethene, 1,1-difluoro-)
CH2CHCHO (Acrolein)
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH20H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)

CO2 (Carbon dioxide)

CS (Carbon monosulfide)
CS2 (Carbon disulfide)

F (Fluorine atom)

F2 (Fluorine diatomic)

F20 (Difluorine monoxide)
FCN (Cyanogen fluoride)

11.64
10.58
10.97
11.39
12.17
10.20
14.27

9.95
10.32
10.94
11.64
11.29
11.90
12.14
14.04

9.55
11.69
10.69
11.57

9.90
12.26
15.01
12.18
15.58
10.67

9.33
11.00
12.47
12.05

8.99
15.49
14.61
11.43

9.91
14.08
15.66
13.93
14.21

8.34
8.82
9.53
8.32
9.21
8.02
9.91
7.72
7.42
8.14
8.62
7.80
8.84
9.20
9.84
6.62
9.04
7.44
7.98
7.21
9.49
11.12
9.51
11.25
7.71
8.46
9.42
10.62
10.57
6.69
12.06
11.56
10.33
9.42
11.76
13.19
11.50
11.17

7.99
8.67
7.86
7.97
8.98
7.61
9.65
7.80
7.17
7.81
8.40
7.55
8.62
8.82
9.58
6.40
8.62
7.19
7.72
7.00
9.17
10.95
9.29
10.93
7.43
8.38
9.29
10.48
10.39
8.10
11.78
11.24
10.21
9.23
11.83
12.96
11.25
10.88

8.18
9.19
9.43
9.62
9.38
7.80
10.10
7.84
7.32
8.23
8.90
7.89
8.81
9.20
9.90
6.73
8.96
7.54
7.96
7.30
9.48
11.52
9.71
11.30
8.93
8.33
9.84
11.05
10.88
8.15
12.04
11.81
10.62
9.84
12.00
13.40
11.98
11.18

8.96
9.48
8.67
10.24
9.96
8.20
11.14
8.24
8.51
8.61
9.42
8.86
9.62
9.61
11.04
7.50
10.03
8.45
9.05
7.88
10.15
12.15
10.19
12.44
8.66
8.56
9.83
11.13
11.02
8.35
13.02
12.39
10.80
9.41
12.32
14.01
12.44
11.84

11.12
10.21
10.76
11.04
12.13
10.29
13.33

8.96
10.38
10.98
11.71
11.18
11.85
11.73
13.28

9.82
11.92
10.77
11.32
10.09
12.53
14.53
12.18
14.59
10.73

8.73
10.65
11.89
11.41

8.50
15.18
14.40
12.82
11.39
12.29
14.44
13.13
13.79

10.85
10.12
10.48
10.76
11.80
10.03
13.07

8.81
10.11
10.67
11.38
10.90
11.51
11.47
13.02

9.53
11.66
10.51
11.04

9.77
12.24
14.20
11.82
14.33
10.45

8.69
10.53
11.78
11.39

8.48
14.83
14.11
12.50

9.67
12.32
14.43
13.09
13.45

10.29
9.93
9.94

10.20

11.18
9.49

12.46
8.56
9.55

10.09

10.77

10.27

10.90

10.90

12.41
8.93

11.04
9.92

10.41
9.19

11.65

13.56

11.22

13.72
9.84
8.63

10.34

11.60

11.32
8.44

14.17

13.53

11.21
9.65

12.33

14.34

12.94

12.85

10.35
10.46
10.90
11.53
11.26

9.75
13.00

8.74

9.43

9.91
10.80
10.59
10.97
11.48
12.90

8.97
11.77
10.15
10.78

9.03
11.38
13.61
11.42
14.24
11.64

8.71
10.50
11.92
11.73

8.46
14.46
13.84
11.37

9.74
12.79
14.87
13.66
13.11

13.17
11.33
11.85
12.84
12.85
11.37
15.33

8.91
10.94
11.62
12.28
12.58
13.43
12.53
15.07
10.34
11.47
12.06
12.92
10.41
12.72
15.42
12.92
16.71
13.53

9.14
11.08
12.70
12.36

8.84
16.52
15.78
12.01

9.56
13.46
15.56
14.87
14.72
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H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)
HCCF (Fluoroacetylene)
HCI (Hydrogen sulfide)
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)
Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen)

NH2 (Amino radical)
NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic)

03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

P2 (Phosphorus diatomic)
PF3 (Phosphorus trifluoride)
PH3 (Phosphine)

12.86
11.43

9.05
13.21
12.71
10.88
12.07
11.90
13.21
14.11

9.73
11.85
27.20
16.76

4.72

7.77
14.81
18.03
10.30
14.82

4.14

8.48

9.03
9.18
8.17
9.29
8.45
8.04
10.59
8.75
9.95
10.93
7.80
8.51
19.95
11.95
4.09
5.87
11.52
14.64
7.04
11.15
3.99
6.32

9.30
8.91
8.05
9.00
8.17
7.82
10.20
8.41
9.72
10.61
7.76
8.16
19.95
11.65
4.08
5.62
11.39
14.25
6.87
10.79
3.87
6.07

26.78 21.35 21.04

15.77
13.30
11.42
11.42
10.22
10.10
12.22
12.75
10.99
12.07
11.36

9.83

9.98
12.97
11.05

11.69
10.68
9.59
8.02
4.95
8.63
9.91
11.02
10.30
10.88
9.44
8.04
9.36
9.85
8.33

11.41
10.71
9.69
7.79
8.23
8.65
10.07
10.98
10.16
10.51
9.52
8.07
9.19
9.51
8.15

9.28
9.21
8.40
9.28
8.49
8.17
10.38
10.00
10.12
11.89
7.83
9.56
20.87
12.01
4.16
5.65
11.74
14.36
7.29
12.50
3.78
6.14
21.55
11.94
10.97
9.81
8.20
8.35
9.04
10.38
11.56
10.25
10.83
9.61
8.41
9.50
9.83
8.58

9.78
9.04
8.32
10.40
9.68
8.69
10.84
9.39
10.72
11.55
8.50
9.47
21.92
13.33
4.22
6.10
12.08
14.42
8.01
11.83
4.04
6.83
22.93
12.79
11.31
10.14
8.96
9.03
9.30
10.59
11.69
10.26
10.27
9.96
8.23
9.28
10.56
8.98

10.51
11.53

8.75
12.63
11.94
10.90
11.96
11.65
12.96
13.70

9.08
11.74
23.76
15.37

4.66

7.67
12.75
16.99
10.15
13.81

4.14

8.57
24.07
14.96
11.79
10.50
11.24

9.43

9.56
10.75
11.92
10.32
12.16
10.10

9.06

9.60
12.75
11.10

10.31
10.86

8.66
12.29
11.63
10.56
11.66
11.36
12.58
13.35

8.97
11.46
23.47
15.08

4.59

7.59
12.69
16.68

9.83
13.54

4.24

8.25
23.90
14.66
11.71
10.39
10.90

9.40

9.53
10.69
11.92
10.32
11.88
10.05

8.84

9.58
12.45
10.82

10.07
10.91
8.56
11.61
10.96
9.96
11.58
10.77
11.94
12.73
8.76
10.85
22.80
14.42
4.51
7.29
12.54
15.96
9.21
12.99
4.23
7.69
23.45
14.03
11.58
10.25
10.24
9.26
9.47
10.63
11.89
10.32
11.39
9.99
8.59
9.53
11.84
10.28

10.44
11.35
8.74
12.25
11.68
9.82
11.76
12.09
12.14
13.99
9.00
12.33
24.26
15.57
4.27
6.89
13.19
16.25
9.49
14.12
4.28
7.92
24.94
14.41
12.05
10.55
10.50
9.59
9.75
10.96
12.34
10.22
12.02
10.34
8.66
9.58
11.84
10.06

10.81
12.88

9.31
14.84
14.65
11.29
12.40
13.79
13.89
15.81

9.72
14.56
27.17
18.62

4.73

7.79
14.25
18.73
11.37
14.65

4.75

9.24
27.87
16.87
12.67
11.09
12.54
10.41
10.39
11.29
12.78

9.51
12.16
10.96

8.86

9.51
13.51
11.30
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S (Sulfur atom) 826 724 727 736 748 775 7.67 7.58 7.64 7.84
S2 (Sulfur diatomic) 8.07 737 744 7.64 761 797 7.87 7.75 7.79 7.96
Si (Silicon atom) 6.75 479 573 586 591 641 6.33 6.18 6.07 6.34
Si2H6 (Disilane) 11.22 8.62 838 9.05 9.21 1146 11.21 10.69 10.34 11.92
SiF2 (Silicon difluoride) 11.03 930 9.06 927 9.68 10.61 10.52 10.28 10.37 11.10
SiF4 (Silicon tetrafluoride) 17.72 12.96 12.66 13.42 14.27 16.57 16.30 15.68 16.33 19.08
SiH3 (Silyl) 8.02 6.73 6.82 7.06 7.03 7.9 7.48 7.30 7.30 7.50
SiH4 (Silane) 13.45 10.05 9.89 10.64 1093 13.30 1298 12.39 12.24 13.78
SiO (Silicon monoxide) 11.50 9.60 936 9.55 10.13 11.31 11.17 10.87 11.06 12.29
SO2 (Sulfur dioxide) 11.71 10.84 10.61 1091 11.01 11.25 11.24 1120  11.46 11.90
MAE 6.14 2.88 243 2.03 0.58 0.73 1.13 0.86 0.75
MSE -5.46 -2.88 -2.43 -2.03 -047 -0.71 -1.13 -0.82 0.49
RMS 8.08 3.14 270 222 0.82 0.94 1.30 1.01 0.95
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Table S8. Fundamental gaps (3) [in eV] of the 121 molecules studied. The reference values are calculated

by CCSD.

Molecule

CCSD LDA PBE MO6L B3LYP

®B97 ©B97X ®B97X-D MO06-2X MO06-HF

Al (Aluminum atom)

AICI3 (Aluminum trichloride)

Ar (Argon atom)

B (Boron atom)

BCI3 (Borane, trichloro-)
Be (Beryllium atom)

BF3 (Borane, trifluoro-)

C (Carbon atom)

C2F4 (Tetrafluoroethylene)
C2H2 (Acetylene)
C2H202 (Ethanedial)
C2H4 (Ethylene)

C2H40 (Ethylene oxide)
C2H4S (Thiirane)

C2H5N (Aziridine)

C2H6 (Ethane)

C2HF3 (Trifluoroethylene)
C2N2 (Cyanogen)

C3H4 (Cyclopropene)
C3H6 (Cyclopropane)
C3HS (Propane)

C302 (Carbon suboxide)
C4H2 (Diacetylene)
C4H40 (Furan)

C4H6 (Cyclobutene)
C4N2 (2-Butynedinitrile)
CCl4 (Carbon tetrachloride)

CF2C12 (Difluorodichloromethane)

CF20 (Carbonic difluoride)

CF3Br (Bromotrifluoromethane)
CF3Cl (Methane, chlorotrifluoro-)

CF4 (Carbon tetrafluoride)

CFCI3 (Trichloromonofluoromethane)

CH2CCH2 (Allene)

CH2CCI2 (Ethene, 1,1-dichloro-)

5.55
12.23
18.49

8.02
12.22

9.67
17.38
10.02
11.98
13.33
10.23
12.32
11.54

9.80
10.35
13.46
11.05
13.80
11.66
11.56
12.83
11.35
11.47

9.68
11.86
11.47
12.29
13.32
15.97
12.83
14.15
18.11
12.64
10.72
10.97

0.10
5.71
11.20
0.18
4.88
3.52
9.59
0.07
5.88
6.80
1.80
5.61
6.22
4.39
5.47
7.94
5.39
5.83
4.92
7.09
7.44
4.67
4.78
4.79
5.34
4.45
4.94
6.10
6.63
5.77
7.23
10.68
5.25
5.70
4.71

0.33
5.80
10.94
0.55
5.00
3.59
9.27
0.52
5.71
6.79
1.94
5.62
5.88
4.41
5.23
7.75
5.43
5.85
5.00
6.74
7.29
4.71
4.80
4.79
5.38
4.47
4.96
6.15
6.74
5.81
7.27
10.21
5.29
5.70
4.75

0.77
6.71
12.37
1.61
5.58
4.00
9.98
1.44
6.20
7.32
2.48
6.05
6.29
4.85
5.69
8.30
5.92
6.34
5.53
7.10
7.85
5.13
5.24
5.13
5.82
4.88
5.39
6.68
7.50
6.48
7.92
10.81
5.76
6.13
5.17

1.52
7.43
12.59
2.48
6.87
4.89
11.43
3.05
7.29
8.14
4.18
7.26
7.47
6.00
6.65
9.20
7.03
7.66
6.70
7.98
8.74
6.33
6.37
6.29
6.73
6.07
6.90
8.10
9.21
7.60
9.27
12.38
7.23
7.25
6.37

5.92
12.57
18.11

8.04
12.60

9.28
16.16

9.37
11.83
12.05

9.93
11.45
11.52
10.13
10.74
13.31
11.00
13.33
10.75
12.02
12.80
11.48
10.98
10.01
10.61
11.31
12.68
13.64
14.57
13.05
14.41
17.11
12.97
11.20
11.02

5.67
12.18
17.86

7.60
12.04

9.09
16.07

8.75
11.72
11.83

9.45
11.26
11.37

9.93
10.56
13.11
10.87
12.81
10.58
11.83
12.61
11.07
10.81

9.87
10.44
10.85
12.16
13.28
14.41
12.70
14.15
17.05
12.47
11.02
10.85

5.10
11.43
17.00

6.67
11.07

8.53
15.31

7.59
11.03
11.20

8.45
10.61
10.69

9.27

9.88
12.41
10.23
11.84

9.95
11.15
11.93
10.27
10.26

9.28

9.81

9.99
11.16
12.35
13.63
11.83
13.33
16.26
11.49
10.38
10.23

3.04
9.74
15.26
4.74
9.57
6.72
14.37
6.13
9.27
9.78
7.34
9.11
9.64
7.70
8.51
10.96
8.83
10.56
8.52
9.59
10.46
8.87
8.81
7.75
8.31
8.64
9.81
10.88
12.32
10.27
11.75
15.27
10.11
8.87
8.66

1.85
12.07
17.63

3.66
12.42

8.39
17.95

7.69
11.76
11.63
11.41
10.85
12.36

9.66
10.72
13.10
11.02
14.03
10.33
11.48
12.49
11.52
10.58

9.41
10.08
11.85
12.57
13.18
15.36
12.74
14.06
18.85
12.73
10.71
10.44
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CH2CF2 (Ethene, 1,1-difluoro-)
CH2CHCHO (Acrolein)
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH20H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)

CO2 (Carbon dioxide)

CS (Carbon monosulfide)
CS2 (Carbon disulfide)

F (Fluorine atom)

F2 (Fluorine diatomic)

F20 (Difluorine monoxide)
FCN (Cyanogen fluoride)

11.64
10.58
10.97
11.39
12.17
10.20
14.27

9.95
10.32
10.94
11.64
11.29
11.90
12.14
14.04

9.55
11.69
10.69
11.57

9.90
12.26
15.01
12.18
15.58
10.67

9.33
11.00
12.47
12.05

8.99
15.49
14.61
11.43

9.91
14.08
15.66
13.93
14.21

5.78
2.83
4.93
5.47
591
3.72
8.06
1.76
5.70
6.33
6.39
5.75
6.33
4.72
8.01
4.72
3.67
5.60
5.85
4.86
7.41
9.35
5.36
9.32
5.13
0.38
3.00
3.31
3.05
0.35
6.88
8.49
3.86
3.96
0.09
3.45
3.24
7.37

5.80
2.93
4.97
5.49
5.94
3.76
7.73
2.48
5.40
5.99
6.29
5.49
6.23
4.79
7.67
4.51
3.74
5.34
5.59
4.72
7.25
9.08
5.39
8.94
5.19
0.40
3.08
3.42
3.14
0.33
7.03
8.19
3.99
3.98
1.01
3.65
3.42
7.20

6.32
3.47
5.41
5.94
6.47
4.27
8.13
3.29
5.80
6.37
6.82
6.02
6.79
5.41
8.14
5.02
4.24
5.82
6.12
5.26
7.84
9.61
5.90
9.30
5.67
0.86
3.51
4.03
3.65
0.75
7.68
8.90
4.40
4.38
2.80
4.69
4.27
8.03

7.34
5.13
6.63
7.22
7.77
5.65
9.49
4.28
6.56
7.15
7.72
7.18
7.75
6.90
9.40
5.94
6.07
6.90
7.29
6.05
8.61
10.54
7.28
10.73
6.80
2.58
5.05
5.74
5.51
2.78
9.40
9.87
6.06
5.39
4.74
7.00
6.51
8.92

11.34
10.77
11.01
11.26
12.39
10.49
13.53
10.00
10.57
11.21
11.95
11.40
12.08
11.98
13.48
10.02
11.95
10.97
11.52
10.31
12.71
14.75
12.49
14.79
10.98

8.80
10.88
11.80
11.51

8.72
15.30
14.59
11.90
10.31
11.32
13.29
12.80
14.03

11.18
10.31
10.84
11.09
12.17
10.34
13.39

9.51
10.39
11.01
11.73
11.23
11.86
11.82
13.34

9.83
11.49
10.82
11.35
10.10
12.50
14.52
12.22
14.65
10.82

8.13
10.33
11.27
11.03

8.23
14.87
14.42
11.38

9.92
10.93
12.91
12.36
13.78

10.53
9.35
10.21
10.45
11.45
9.72
12.70
8.58
9.74
10.35
11.03
10.52
11.15
11.13
12.64
9.15
10.46
10.14
10.64
9.42
11.85
13.78
11.44
13.95
10.12
7.00
9.32
10.21
9.98
7.15
13.82
13.69
10.37
9.20
9.73
11.79
11.23
12.97

9.10
8.25
8.69
9.01
9.91
8.22
11.66
6.61
8.23
8.85
9.54
9.34
9.67
9.84
11.60
7.79
9.68
8.96
9.49
7.78
10.23
12.39
9.93
12.95
9.00
5.85
8.07
9.18
9.18
5.98
12.49
12.21
8.86
7.62
10.11
11.98
11.05
11.35

11.15
11.33
10.45
10.90
12.02
10.14
14.46

6.44
10.08
10.74
11.60
11.93
11.77
12.08
14.23

9.96
12.40
11.41
12.12

9.63
12.04
14.63
12.09
15.86
11.27
10.10
11.76
13.19
13.79
10.63
15.46
14.82
12.64
10.20
16.44
17.89
16.55
13.83
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H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)
HCCF (Fluoroacetylene)
HCI (Hydrogen sulfide)
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)
Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen)

NH2 (Amino radical)
NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic)

03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

P2 (Phosphorus diatomic)
PF3 (Phosphorus trifluoride)
PH3 (Phosphine)

12.86
11.43

9.05
13.21
12.71
10.88
12.07
11.90
13.21
14.11

9.73
11.85
27.20
16.76

4.72

7.77
14.81
18.03
10.30
14.82

4.14

8.48
26.78
15.77
13.30
11.42
11.42
10.22
10.10
12.22
12.75
10.99
12.07
11.36

9.83

9.98
12.97
11.05

5.26
3.42
1.81
6.64
4.68
5.67
5.17
6.56
7.10
7.88
1.27
5.11
17.27
9.06
1.41
3.44
3.94
8.21
4.52
6.81
1.13
3.38
16.13
7.29
3.02
1.96
5.73
0.38
1.09
0.28
1.98
1.72
5.52
0.14
2.15
3.71
6.47
6.22

6.90 -87.14
3.58 4.23
191 223
6.33 694
4.77 5.66
547 6.09
5.19  5.65
6.28 6.79
6.94 7.64
7.89 8.48
1.70  2.03
520 5.79
17.10 17.77
870 9.39
1.88 2.19
336 3.75
4.17 548
831 8.86
435 4.96
6.83 7.40
2.04 2.14
3.01 3.36
15.68 17.44
741 8.3l
3.60 4.63
2.68 3.78
546 6.02
0.28 0.71
143 1.87
.11 2.79
231 3.11
1.79  2.06
5.57 6.11
093 230
2.56  3.02
3.72 399
6.48 7.06
6.05 6.61

8.74
5.90
3.68
8.15
7.37
6.75
6.87
7.69
8.50
9.75
3.80
7.47
19.36
10.84
2.13
4.37
6.61
10.95
5.94
8.79
1.78
4.28
18.30
10.02
6.06
5.11
6.99
3.00
3.82
4.14
5.28
4.08
7.24
3.98
3.87
5.06
8.24
7.22

10.31
11.33

9.21
12.82
12.12
11.10
12.19
11.85
13.15
13.91

9.56
11.95
24.07
15.56

5.62

7.75
13.10
17.18
10.39
14.04

5.08

8.80
24.42
15.25
12.38
11.31
11.45

9.18

9.71
10.71
11.56
10.05
12.49
10.46

9.42
10.04
12.93
11.30

10.14
11.20
8.73
12.62
11.95
10.86
11.82
11.66
12.88
13.69
9.06
11.79
23.99
15.42
5.58
7.72
12.70
16.66
10.19
13.90
5.17
8.60
24.29
15.10
11.88
10.73
11.22
8.64
9.24
10.20
11.04
9.55
12.19
9.92
8.87
9.67
12.75
11.12

9.61
10.24
7.82
11.82
11.17
10.18
10.93
10.99
12.13
12.98
8.06
11.09
23.08
14.61
5.41
7.38
11.63
15.54
9.44
13.06
5.10
7.90
23.47
14.25
10.81
9.65
10.46
7.48
8.20
9.01
9.88
8.49
11.34
8.74
8.01
8.94
12.00
10.49

-5.00
9.11
6.29

10.71

10.07
8.54
9.51
9.59

10.64

11.66
6.53

10.00

22.03

13.83
3.90
5.85

10.07

14.58
8.02

11.54
3.98
6.12

22.46

12.77
9.48
8.34
9.13
6.59
7.11
8.18
9.39
7.55
9.82
8.17
5.82
7.26

10.32
8.79

-40.36
11.96
9.71
13.70
13.22
10.36
11.86
11.67
12.82
13.72
8.99
12.80
25.41
17.39
-18.76
7.05
11.22
17.98
10.54
13.94
-13.04
8.31
26.82
15.83
12.17
11.79
11.57
11.75
11.73
12.47
14.83
11.41
11.63
13.19
5.88
9.86
12.55
10.41
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S (Sulfur atom) 826 005 052 087 232 8.06 7.48 6.53 4.96 7.99
S2 (Sulfur diatomic) 8.07 1.01 131 156 295 8.4l 7.88 6.96 5.32 8.64
Si (Silicon atom) 6.75 027 024 053 1.77 7.05 6.60 5.76 3.86 3.70
Si2H6 (Disilane) 1122 6.64 6.53 7.11 7.72 11.65 1149 10.89 9.14 10.77
SiF2 (Silicon difluoride) 11.03  4.09 4.11 449 5.74 1095 10.57 9.76 8.09 10.74
SiF4 (Silicon tetrafluoride) 1772 9.69 949 1035 11.74 16.73 16.58 15.80  14.78 18.32
SiH3 (Silyl) 8.02 1.35 1.84 2.05 3.14 17.73 7.41 6.86 4.40 2.59
SiH4 (Silane) 1345 822 8.06 8.72 939 1349 13.28 12.60  11.02 12.83
SiO (Silicon monoxide) 11.50  4.62 4.60 5.02 6.34 11.56 11.20 10.39 8.85 11.76
SO2 (Sulfur dioxide) 11.71 3.58 3.61 3.90 5.62 1134 10.87 9.89 8.69 12.83
MAE 7.07 7.03 7.22 5.19 0.51 0.64 1.39 2.82 1.57
MSE -7.07 -7.03 -7.22 -5.19 -0.27 -0.56 -1.36 -2.82 -0.92
RMS 732 7.25 11.25 535 0.77 0.93 1.61 3.21 5.66
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Table S9. Optical gaps [in eV] of the 121 molecules studied. The reference values are calculated by
EOM-CCSD.

EOM-
Molecule CCSD LDA PBE MO6L B3LYP ©wB97 ®wB97X ®B97X-D MO06-2X MO06-HF
Al (Aluminum atom) 3.16 278 273 3.16 2.77 327 3.22 2.99 2.67 2.28
AICI3 (Aluminum trichloride) 8.13 646 652 735 7.03 8.12 7.89 7.64 7.43 7.31
Ar (Argon atom) 12.35 11.26 11.04 12.40 11.37 12.13 11.95 11.84 11.82 11.46
B (Boron atom) 501 4.10 350 297 380 4.14 3.82 3.75 3.69 3.66
BCI3 (Borane, trichloro-) 748 6.40 6.46 7.05 6.88 7.61 7.42 7.21 7.16 7.01
Be (Beryllium atom) 533 488 490 510 4.88 4098 4.90 4.88 4.75 4.37
BF3 (Borane, trifluoro-) 12.80 10.85 10.46 10.74 11.44 12.05 12.08 11.87  12.37 12.95
C (Carbon atom) 7.64 592 528 477 582 6.12 5.71 5.64 5.89 6.01
C2F4 (Tetrafluoroethylene) 7.14 6.12 577 620 @ 6.26 7.02 6.97 6.77 6.61 6.85
C2H2 (Acetylene) 841 7.50 7.06 7.33 7.30 8.3l 8.12 7.71 7.67 7.69
C2H202 (Ethanedial) 3.00 2.05 215 256 253 285 2.78 2.68 2.54 2.05
C2H4 (Ethylene) 742 684 645 6.78  6.60 7.55 7.38 7.02 6.92 6.87
C2H40 (Ethylene oxide) 748 620 588 630 @ 6.65 7.70 7.62 7.26 7.51 7.82
C2H4S (Thiirane) 6.02 5.13 487 5.71 528 6.42 6.24 592 5.74 5.72
C2H5N (Aziridine) 637 549 525 570 572 6.74 6.59 6.24 6.15 6.39
C2H6 (Ethane) 10.09 859 834 882 892 10.02 9.87 9.43 9.36 9.61
C2HF3 (Trifluoroethylene) 6.86 598 564 6.00 6.05 6.70 6.67 6.49 6.33 6.26
C2N2 (Cyanogen) 832 6.86 699 748  7.67 846 8.34 8.12 7.97 7.97
C3H4 (Cyclopropene) 6.78 596 589 6.19 6.14 647 6.42 6.33 6.31 6.09
C3H6 (Cyclopropane) 846 7.12 6776 7.12  7.13 8.28 8.10 7.69 8.01 7.47
C3HS (Propane) 893 744 730 7.88  7.89 898 8.80 8.42 8.28 8.54
C302 (Carbon suboxide) 725 7.07 6.70 7.17 690 7.52 7.44 7.26 7.11 6.93
C4H2 (Diacetylene) 8.06 7.08 6.60 6.81 6.88 8.16 8.01 7.54 7.33 7.53
C4H40 (Furan) 6.47 6.00 575 591 595 6.23 6.19 6.12 6.15 6.21
C4H6 (Cyclobutene) 6.77 599 566 599 593 7.04 6.86 6.47 6.31 6.41
C4N2 (2-Butynedinitrile) 825 6.02 6.19 6.74 721 847 8.31 7.99 7.91 8.10
CCl4 (Carbon tetrachloride) 7.27 5.07 6.06 6.43 6.73 7.24 7.16 7.04 6.88 6.61
CF2CI12 (Difluorodichloromethane) 743 643 645 699  6.85 7.38 7.29 7.17 7.05 6.76
CF20 (Carbonic difluoride) 9.50 8.16 7.83 8.51 8.59 9.39 9.37 9.17 9.38 9.84
CF3Br (Bromotrifluoromethane) 899 6.17 6.19 6.59 6.28 6.47 8.81 8.53 8.43 8.41
CF3ClI (Methane, chlorotrifluoro-) 996 7.67 7.67 830 7.83 9.96 9.77 8.01 9.38 9.41
CF4 (Carbon tetrafluoride) 13.82 11.81 11.22 11.49 12.37 13.07 13.13 12.77  13.35 14.18
CFCI3 (Trichloromonofluoromethane) 7.12 583 5.85 6.31 6.42 7.08 6.98 6.82 6.74 6.56
CH2CCH?2 (Allene) 7.13 650 6.15 650 641 7.39 7.21 6.87 6.74 6.79
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CH2CCI2 (Ethene, 1,1-dichloro-) 6.82 598 593 5.89 6.14 6.57 6.49 6.38 6.38 6.39

CH2CF?2 (Ethene, 1,1-difluoro-) 732 649 6.09 645 6.44 7.34 7.22 6.90 6.81 6.93
CH2CHCHO (Acrolein) 390 3.04 3.12 3.53 3.54 3.89 3.83 3.73 3.56 3.10
CH2CHCI (Ethene, chloro-) 698 6.08 6.01 639 625 6.85 6.77 6.65 6.57 6.54
CH2CHF (Ethene, fluoro-) 736 6.60 6.19 6.53 6.47 743 7.28 6.91 6.82 6.86
CH2CI2 (Methylene chloride) 723 6.10 6.11 6.61 6.57 7.19 7.09 6.94 6.82 6.72
CH2CO (Ketene) 6.12 571 535 576 560 6.35 6.23 5.98 5.84 5.75
CH2F2 (Methane, difluoro-) 975 806 7.73 816 853 938 9.33 8.97 9.17 9.80
CH3 (Methyl radical) 591 510 492 524 520 5.89 5.78 5.45 5.34 4.83
CH3CCCH3 (2-Butyne) 6.74 569 539 581 575 6.87 6.68 6.32 6.16 6.24
CH3CCH (Propyne) 742 632 599 637 634 6.86 6.84 6.80 6.78 6.87
CH3CH2CI (Ethyl chloride) 755 654 635 686 6.86 7.56 7.47 7.33 7.14 6.96
CH3CH20H (Ethanol) 6.83 577 552 6.02 613 694 6.84 6.57 6.65 6.86
CH3CI (Methyl chloride) 7.44 655 637 690 677 7.49 7.39 7.23 7.03 6.87
CH3COCI (Acetyl Chloride) 736 493 497 547 659 7.17 6.94 6.63 6.80 7.22
CH3F (Methyl fluoride) 9.60 801 7.68 816 848 9.26 9.24 8.94 9.16 9.45
CH3NHCH3 (Dimethylamine) 5.68 473 452 5.05 5.04 6.04 5.88 5.54 5.49 5.67
CH3NO?2 (Methane, nitro-) 475 392 395 435 6.80 6.81 6.84 6.86 6.72 6.38
CH3OCHS3 (Dimethyl ether) 6.88 559 534 586 6.05 7.10 6.97 6.62 6.80 7.34
CH3OH (Methyl alcohol) 690 588 562 6.12 620 6.96 6.86 6.61 6.71 6.89
CH3SH (Methanethiol) 557 493 477 529 504 5.69 5.60 5.45 5.20 4.96
CH3SiH3 (Methyl silane) 848 7.48 737 7.89 7.77 8.78 8.59 8.27 7.98 7.92
CH4 (Methane) 10.67 9.40 9.14 9.68  9.62 10.52 10.35 9.98 9.97 10.10
CHCI3 (Chloroform) 7.19 6.05 6.06 6.55 6.60 7.20 7.11 6.97 6.85 6.63
CHF3 (Methane, trifluoro-) 11.14 9.41 9.03 938  9.85 10.67 10.63 10.26  10.52 11.21
CHONH?2 (Formamide) 574 535 529 576 557 5.0 5.67 5.64 5.45 4.97
Cl (Chlorine atom) 943 8.65 850 958 876 9.54 9.40 9.22 8.91 8.12
CI12 (Chlorine diatomic) 395 341 347 3.83 3.59 3.86 3.79 3.71 3.59 3.42
CIF (Chlorine monofluoride) 438 7.77 7.76 437 818 4.12 8.54 8.42 3.97 3.53
CIF3 (Chlorine trifluoride) 457 347 353 398 398 426 4.24 4.18 4.32 4.17
CIO (Monochlorine monoxide) 493 457 447 5.00 471 4.79 4.84 4.88 4.62 4.33
CO (Carbon monoxide) 8.62 8.19 8.24 8.61 839 8.57 8.52 8.47 8.20 7.86
CO2 (Carbon dioxide) 11.27 10.52 9.96 10.14 10.51 11.18 11.14 10.74  10.97 11.36
CS (Carbon monosulfide) 496 4.63 470 495 476 490 4.87 4.83 4.39 3.80
CS2 (Carbon disulfide) 6.55 655 646 744 651 3.70 3.73 3.82 7.47 7.23
F (Fluorine atom) 13.68 12.29 11.99 13.12 12.60 12.89 13.08 13.13 13.21 12.95
F2 (Fluorine diatomic) 4.67 4.15 425 487 436 446 4.43 4.42 4.11 12.74
F20 (Difluorine monoxide) 743 699 7.04 757 726 7.45 7.43 7.41 7.31 6.44
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FCN (Cyanogen fluoride)
H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)
HCCF (Fluoroacetylene)
HCI (Hydrogen sulfide)
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)
Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen)

NH2 (Amino radical)
NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic)

03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

P2 (Phosphorus diatomic)
PF3 (Phosphorus trifluoride)

8.38
10.86
7.28
6.01
7.67
5.76
6.38
8.49
7.55
7.96
9.25
2.22
5.69

7.64
9.38
6.12
5.30
6.72
5.23
5.76
6.88
6.72
7.29
8.65
2.04
5.38

24.04 21.89

10.50
1.84
4.29

10.51

13.25
5.62
8.68
2.02
4.97

18.12
9.22
3.74
2.12
6.65
6.25
2.96
9.99
8.84
5.28
7.54
4.13
7.09
6.66
8.10

9.16
1.99
431
9.14
11.72
4.53
8.31
2.29
3.39
16.22
7.66
3.62
1.98
5.78
5.13
2.84
8.99
8.08
5.27
7.18
3.83
6.22
6.16
7.44

7.41
9.63
5.81
5.03
6.42
5.22
5.56
7.02
6.40
7.10
8.68
2.22
5.42
22.13
8.79
1.99
4.18
8.76
11.26
4.36
7.96
2.13
3.03
15.85
7.73
3.98
2.36
5.52
4.85
2.96
8.97
7.64
5.21
6.94
4.30
6.07
6.10
7.26

8.09
10.47
6.28
5.43
6.94
5.82
6.16
7.57
6.83
7.76
8.98
2.55
5.86
23.63
9.34
2.05
4.25
10.05
11.53
4.99
9.52
1.64
3.40
17.16
8.48
4.22
2.77
6.06
4.99
3.14
9.90
7.84
5.23
7.69
4.96
7.16
6.24
7.61

7.65
9.86
6.47
5.37
6.93
5.42
5.76
7.62
6.67
7.32
8.99
2.32
5.54
22.76
9.47
1.98
4.23
9.39
12.12
4.89
9.59
2.24
3.46
16.63
8.22
3.88
2.27
5.94
5.63
2.96
9.35
8.52
5.02
7.11
4.21
6.31
6.10
7.60

8.18
9.92
7.40
6.22
7.57
5.68
6.61
8.57
7.40
8.00
9.40
2.29
5.67
22.46
9.96
1.98
4.27
9.70
12.95
5.87
9.98
1.85
5.16
16.67
8.52
3.79
2.17
6.75
6.18
2.96
9.85
8.59
4.90
7.80
4.17
7.01
6.20
7.91

8.12
9.88
7.31
6.23
7.48
5.63
6.42
8.41
7.30
7.87
9.33
2.28
5.63
22.64
9.98
1.87
4.25
9.79
12.87
5.70
9.98
1.89
4.98
17.00
8.54
3.81
2.17
6.59
6.19
2.94
9.83
8.57
4.93
7.67
4.17
6.88
6.21
7.89

8.02
9.86
6.93
5.90
7.26
5.59
6.16
8.08
7.08
7.69
9.24
2.29
5.60
22.93
9.81
1.83
4.25
9.70
12.47
5.39
9.84
1.92
4.47
17.25
8.48
3.86
222
6.30
593
293
9.69
8.57
4.99
7.49
4.20
6.60
6.20
7.80

7.93
10.16
7.12
5.72
7.46
5.32
6.00
7.97
7.00
7.54
8.96
1.92
5.38
23.23
10.16
1.94
4.35
10.08
12.74
5.40
9.79
2.53
4.03
17.59
8.58
3.32
1.67
6.41
6.05
2.61
9.25
8.56
4.85
7.26
3.59
6.69
6.18
7.68

7.58
10.50
7.65
5.84
7.58
4.51
5.79
7.94
6.83
7.28
8.65
1.17
4.80
23.52
10.35
2.23
4.25
9.89
12.81
5.71
8.03
2.97
4.29
18.04
8.14
2.25
0.82
6.58
6.26
2.01
8.27
8.17
4.56
6.80
2.16
6.27
6.10
7.53
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PH3 (Phosphine) 6.96 627 6.10 6.64 634 7.18 7.01 6.74 6.54 6.32
S (Sulfur atom) 7.00 6.56 6.46 7.23 6.58 7.36 7.19 6.96 6.22 4.94
S2 (Sulfur diatomic) 475 4.47 451 464 469 4.46 4.55 4.63 4.66 4.60
Si (Silicon atom) 499 439 429 495 444 5.05 4.94 4.68 4.59 4.36
Si2H6 (Disilane) 7.62 7.08 693 7.40 7.28 7.63 7.56 7.49 7.30 7.20
SiF2 (Silicon difluoride) 5.67 535 531 5.55 548 5.51 5.51 5.48 5.45 523
SiF4 (Silicon tetrafluoride) 13.27 10.89 10.63 11.31 11.71 12.49 12.48 12.28 12.74 13.38
SiH3 (Silyl) 542 4.64 478 510 495 5.00 5.00 5.07 4.90 3.19
SiH4 (Silane) 949 829 8.13 8.78 8.57 9.50 9.32 8.97 8.84 8.67
SiO (Silicon monoxide) 562 525 519 548 539 5.65 5.59 5.51 5.47 5.49
SO2 (Sulfur dioxide) 444 414 412 429 417 4.28 4.25 4.20 4.03 3.67
MAE 097 1.12 0.70 0.76 0.31 0.32 0.46 0.46 0.68
MSE -091 -1.05 -0.61 -0.63 -0.13 -0.15 -0.33 -0.38 -0.44
RMS .15 129 090 092 0.55 0.63 0.71 0.54 1.05
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Table S10. Exciton binding energies (1) [in eV] of the 121 molecules studied. The reference values are
the differences between the CCSD fundamental gaps and the EOM-CCSD optical gaps.

Molecule Ref. LDA PBE MO6L B3LYP ®B97 ®B97X ©wB97X-D M06-2X MO06-HF
Al (Aluminum atom) 239 266 276 240 2.79 241 2.45 2.63 2.80 3.22
AICI3 (Aluminum trichloride) 4.11 424 4.05 4.11 4.04 436 431 4.20 4.36 4.52
Ar (Argon atom) 6.14 730 725 6.54 6.99 6.54 6.67 6.67 6.50 6.46
B (Boron atom) 3.01 3.86 455 537 448 4.13 4.45 4.45 4.38 4.30
BCI3 (Borane, trichloro-) 4.74 459 436 427 441 452 4.50 4.49 4.66 5.08
Be (Beryllium atom) 434 421 4.09 4.04 430 438 4.32 4.20 4.61 5.08
BF3 (Borane, trifluoro-) 4.58 4.59 4.58 4.59 441 4.64 4.44 4.48 4.51 4.75
C (Carbon atom) 238 399 468 532 435 4.03 4.45 4.48 4.16 4.05
C2F4 (Tetrafluoroethylene) 4.84 5.11 5.09 547 5.03 4.66 4.73 4.85 5.22 5.74
C2H2 (Acetylene) 492 484 473 430 448 3.60 3.82 4.21 4.32 5.82
C2H202 (Ethanedial) 723 692 6.78 6.66 6.88 7.05 7.03 6.99 7.33 8.31
C2H4 (Ethylene) 490 4.73 4.62 4.29 4.57 3.57 3.76 4.27 4.35 5.37
C2H40 (Ethylene oxide) 4.06 5.04 497 4.80 439 3.6l 3.66 3.93 4.04 3.95
C2H4S (Thiirane) 3.79 4.61 449 3.93 423 3.25 3.44 3.69 4.10 4.19
C2H5N (Aziridine) 398 484 473 455 442 3.66 3.77 4.03 431 3.95
C2H6 (Ethane) 337 3.89 398 4.06 3.83 3.23 3.31 3.59 3.78 3.53
C2HF3 (Trifluoroethylene) 4.19 483 471 549 4.63 4.11 4.17 4.30 5.71 6.10
C2N2 (Cyanogen) 548 632 6.00 5.63 536 4.87 4.92 5.08 5.50 5.72
C3H4 (Cyclopropene) 4.88 4.56 425 4.99 4.13 3.96 4.01 4.03 4.18 5.70
C3H6 (Cyclopropane) 3.09 446 442 436 4.18 3.32 3.47 3.81 3.56 3.84
C3HS (Propane) 390 4.16 4.18 4.13 4.10 3.65 3.73 3.91 4.14 3.98
C302 (Carbon suboxide) 4.10 4.63 4.82 443 4.53 4.18 4.28 443 4.66 4.56
C4H2 (Diacetylene) 342 375 397 4.05 3.82 252 2.66 3.44 3.85 3.92
C4H40 (Furan) 320 3.71 351 348 335 3.28 3.32 3.33 4.36 4.53
C4H6 (Cyclobutene) 509 4.19 414 424 395 3.04 3.22 3.56 4.36 5.56
C4N2 (2-Butynedinitrile) 322 453 423 383 335 247 2.56 2.78 3.13 3.23
CCl4 (Carbon tetrachloride) 503 535 425 444 420 5.11 491 4.62 5.00 6.03
CF2CI12 (Difluorodichloromethane) 589 572 547 5.56 556 6.13 6.04 5.87 6.11 6.47
CF20 (Carbonic difluoride) 647 6.19 6.09 591 5.67 5.30 5.29 5.40 5.79 5.74
CF3Br (Bromotrifluoromethane) 3.84 625 591 5.70 6.14 6.34 3.95 4.11 4.26 4.58
CF3ClI (Methane, chlorotrifluoro-) 4.18 596 5.62 5.62 591 426 4.40 6.06 4.83 4.66
CF4 (Carbon tetrafluoride) 430 4.14 434 4095 4.17 4.28 4.19 4.35 4.39 4.52
CFCI3 (Trichloromonofluoromethane) 553 523 5.05 525 5.02  5.66 5.52 5.32 5.60 6.40
CH2CCH?2 (Allene) 359 437 430 4.16 4.12 331 3.50 3.80 4.32 3.81
CH2CCI2 (Ethene, 1,1-dichloro-) 4.15 4.53 397 471 3.98 3.98 4.00 3.99 4.11 4.03
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CH2CF2 (Ethene, 1,1-difluoro-)

CH2CHCHO (Acrolein)
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH20H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)
CO2 (Carbon dioxide)

CS (Carbon monosulfide)
CS2 (Carbon disulfide)

F (Fluorine atom)

F2 (Fluorine diatomic)

F20 (Difluorine monoxide)
FCN (Cyanogen fluoride)

4.32
6.68
4.00
4.03
4.95
4.08
4.53
4.04
3.57
3.52
4.09
4.45
4.46
4.78
4.44
3.87
6.94
3.81
4.67
4.33
3.78
4.34
4.99
4.44
4.93
-0.11
7.05
8.09
7.48
4.07
6.87
3.34
6.47
3.35
0.40
10.99
6.50
5.83

4.73
6.83
5.03
4.65
5.09
4.83
5.05
4.63
4.23
4.62
5.09
4.98
5.14
6.35
5.40
4.68
7.28
4.81
5.47
4.93
4.27
5.28
4.85
4.90
5.47
0.77
7.00
4.18
7.58
431
6.89
4.22
6.75
3.66
1.61
10.71
5.94
6.48

4.65
6.63
4.22
4.59
4.88
4.77
5.07
5.05
4.20
4.56
4.63
4.98
5.04
6.01
5.42
4.59
6.98
4.75
5.40
4.79
4.21
5.26
4.68
4.92
5.12
0.82
6.83
4.03
7.40
4.33
6.53
4.35
6.49
3.54
2.02
10.43
5.73
6.32

4.39 4.52
6.39 6.39
4.72 4.11
5.25 5.34
4.93 5.02
4.42 4.57
5.03 4.90
4.84 4.71
3.96 4.60
4.35 4.33
4.72 4.45
4.85 4.75
4.89 4.87
5.81 4.64
5.23 5.02
4.32 4.28
6.84 4.59
4.52 431
5.09 5.07
4.68 4.68
4.13 4.17
5.11 5.04
4.78 4.66
4.92 4.80
5.83 4.95
-0.30 0.64
6.90 6.93
7.83 3.88
7.29 7.38
3.92 4.27
6.22 6.79
4.75 3.95
6.27 6.57
2.83 3.40
1.01 1.61
10.20  10.76
5.64 6.06
6.13 6.22

3.75 3.90 4.17
6.27 6.27 6.32
3.81 3.85 3.87
3.57 3.74 4.06
5.10 5.08 5.03
3.97 4.09 4.30
4.39 4.42 4.65
4.04 4.12 4.42
3.21 3.40 3.69
3.98 4.00 3.99
4.14 4.20 4.23
4.32 4.37 4.52
4.47 4.54 4.62
4.45 4.63 4.83
4.53 4.52 4.72
3.60 3.73 3.96
5.37 5.27 5.08
3.60 3.69 3.94
4.61 4.66 4.81
4.30 4.40 4.49
4.04 4.15 4.30
4.35 4.50 4.80
5.09 4.99 4.83
4.36 4.37 5.51
5.01 5.00 4.94
-0.15  -0.02 0.17
7.10 7.09 7.08
8.17 3.74 3.86
7.44 7.44 7.45
4.21 4.17 4.13
7.13 7.12 6.90
3.72 3.70 4.01
7.77 7.72 6.56
7.53 6.12 6.12
1.13 1.00 1.00
10.73  10.83 10.88
6.10 6.16 6.18
5.99 6.04 6.08

4.43
6.65
4.80
5.32
5.29
4.83
4.87
4.52
4.04
4.12
4.52
4.63
4.93
5.04
4.76
4.11
5.34
3.90
4.91
4.77
4.21
4.94
5.12
4.76
6.56
0.48
7.35
8.57
7.68
4.35
7.24
3.92
7.04
2.62
1.01
11.64
6.77
6.35

5.58
7.33
5.03
5.55
533
5.25
4.73
4.83
4.33
4.36
4.48
4.44
5.81
5.55
4.66
3.96
6.09
3.29
4.79
4.79
4.49
4.79
5.44
4.69
7.29
1.32
7.61
9.19
8.30
4.74
8.12
3.66
7.84
2.71
1.21
3.41
8.20
6.79
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H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)
HCCF (Fluoroacetylene)
HCI (Hydrogen sulfide)
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)
Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen)

NH2 (Amino radical)
NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic)

03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

P2 (Phosphorus diatomic)
PF3 (Phosphorus trifluoride)
PH3 (Phosphine)

2.01
4.16
3.05
5.54
6.95
4.50
3.58
4.36
5.26
4.86
7.51
6.15
3.16
6.27
2.89
3.48
4.29
4.78
4.68
6.14
2.12
3.51
8.66
6.55
9.56
9.30
4.77
3.97
7.14
2.23
3.91
5.71
4.53
7.24
2.74
3.32
4.87
4.09

2.81
5.32
3.70
6.96
6.82
5.31
4.93
5.26
6.14
5.99
7.54
6.54
4.95
8.19
2.96
3.53
5.51
5.58
5.35
6.01
2.53
5.52
10.93
6.95
9.53
9.21
5.99
5.04
7.04
3.01
4.59
5.57
5.35
7.39
3.30
4.00
5.05
4.83

3.27
543
3.80
6.76
6.48
5.17
4.54
5.11
5.95
541
7.49
6.03
4.66
7.97
3.08
3.45
5.69
5.78
5.29
591
2.68
5.49
10.73
6.55
9.25
8.97
5.82
5.17
7.01
3.32
5.02
5.49
5.30
7.03
3.54
3.83
4.84
4.72

2.65
5.22
3.55
6.29
6.24
4.97
4.18
5.91
5.66
5.79
7.25
6.41
3.70
7.37
2.53
3.48
4.84
5.71
5.16
5.23
237
5.43
9.49
6.49
9.16
8.58
5.38
5.20
7.08
2.48
5.23
5.46
4.84
6.45
2.80
3.77
4.84
4.63

2.90
4.83
3.49
6.28
6.79
5.05
4.06
4.98
5.82
5.06
7.61
6.09
4.55
7.31
3.09
3.57
5.03
5.17
5.06
4.33
2.61
5.05
9.98
6.64
9.34
9.24
5.47
4.70
7.30
3.11
4.45
5.69
4.89
7.28
3.12
3.72
4.90
4.64

3.08
4.45
2.62
5.84
6.79
441
3.47
4.37
5.37
4.63
7.67
6.21
4.84
6.97
2.95
3.70
4.90
4.84
4.42
4.27
2.49
3.45
10.42
6.87
9.47
9.35
4.84
4.11
7.29
2.48
4.36
5.84
4.46
7.24
2.66
343
5.01
3.94

3.03
4.11
2.64
5.87
6.80
4.61
3.49
4.50
5.49
4.71
7.66
6.21
4.61
6.87
2.95
3.63
4.86
4.89
4.53
4.25
242
3.65
9.90
6.83
9.46
9.26
4.96
4.14
7.33
2.49
4.41
5.80
4.59
7.24
2.70
3.99
5.01
4.14

3.01
4.74
3.02
6.01
6.73
4.83
3.83
4.68
5.62
4.78
7.64
6.14
4.28
6.96
3.03
3.44
4.99
5.16
4.72
4.35
2.53
4.13
9.56
6.76
9.43
9.19
5.18
4.40
7.37
2.64
4.46
5.75
4.74
7.22
2.94
4.00
4.98
4.38

2.80
4.69
3.32
5.90
7.46
5.02
4.17
6.11
5.84
6.13
7.95
7.45
3.96
6.70
2.94
3.68
4.59
5.03
4.94
5.04
2.08
4.64
8.79
6.83
9.99
9.62
5.15
4.34
7.73
3.01
4.58
6.05
5.33
7.84
2.77
3.73
5.13
4.53

2.38
4.42
3.37
5.83
8.70
5.05
4.44
6.54
6.00
6.75
8.82
8.47
3.50
6.53
3.19
3.72
4.44
6.08
4.74
6.68
2.12
4.09
8.21
7.41

11.02

10.38
4.96
4.40
8.54
4.16
4.96
6.70
5.69
9.14
2.92
3.72
5.48
437
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S (Sulfur atom) 126 1.65 1.80 1.00 1.78 1.01 1.15 1.37 2.10 3.38
S2 (Sulfur diatomic) 332 353 3.60 3.66 3.46 3.86 3.69 3.56 3.50 3.45
Si (Silicon atom) 1.76 239 241 1.72 233 1.80 1.89 2.12 2.13 2.40
Si2H6 (Disilane) 3.60 3.77 3.65 3.78 3.55 3.53 3.59 3.59 3.80 3.83
SiF2 (Silicon difluoride) 537 546 521 5.20 531 547 542 5.37 5.41 5.61
SiF4 (Silicon tetrafluoride) 445 434 429 457 4.16 4.49 4.37 4.28 4.44 4.87
SiH3 (Silyl) 259 3.15 323 3.03 3.04 298 297 2.88 3.18 4.77
SiH4 (Silane) 396 439 439 4.46 433 391 4.01 4.21 4.33 4.45
SiO (Silicon monoxide) 588 6.11 589 5.77 586 5.87 5.89 5.89 6.03 6.23
SO2 (Sulfur dioxide) 727 736 7.19 7.14 7.25 7.26 7.29 7.32 7.63 8.19
MAE 0.66 0.66 0.57 0.53  0.39 0.38 0.40 0.48 0.80
MSE 0.52 042 0.32 0.24 0.04 0.01 0.12 0.36 0.62
RMS 0.88 0.88 0.74 0.78 0.71 0.71 0.71 0.61 1.16
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Table S11. Exciton binding energies (2) [in eV] of the 121 molecules studied. The reference values are
the differences between the CCSD fundamental gaps and the EOM-CCSD optical gaps.

Molecule

Ref. LDA PBE MO6L B3LYP ®B97 ®wB97X ®B97X-D MO06-2X MO06-HF

Al (Aluminum atom)

AICI3 (Aluminum trichloride)

Ar (Argon atom)

B (Boron atom)

BCI3 (Borane, trichloro-)
Be (Beryllium atom)

BF3 (Borane, trifluoro-)

C (Carbon atom)

C2F4 (Tetrafluoroethylene)
C2H2 (Acetylene)
C2H202 (Ethanedial)
C2H4 (Ethylene)

C2H40 (Ethylene oxide)
C2H4S (Thiirane)

C2H5N (Aziridine)

C2H6 (Ethane)

C2HF3 (Trifluoroethylene)
C2N2 (Cyanogen)

C3H4 (Cyclopropene)
C3H6 (Cyclopropane)
C3HS (Propane)

C302 (Carbon suboxide)
C4H2 (Diacetylene)
C4H40 (Furan)

C4H6 (Cyclobutene)
C4N2 (2-Butynedinitrile)
CCl4 (Carbon tetrachloride)

CF2C12 (Difluorodichloromethane)

CF20 (Carbonic difluoride)

CF3Br (Bromotrifluoromethane)
CF3Cl (Methane, chlorotrifluoro-)

CF4 (Carbon tetrafluoride)

CFCI3 (Trichloromonofluoromethane)

CH2CCH2 (Allene)

CH2CCI2 (Ethene, 1,1-dichloro-)

2.39
4.11
6.14
3.01
4.74
4.34
4.58
2.38
4.84
4.92
7.23
4.90
4.06
3.79
3.98
3.37
4.19
5.48
4.88
3.09
3.90
4.10
3.42
3.20
5.09
3.22
5.03
5.89
6.47
3.84
4.18
430
5.53
3.59
4.15

1.51
3.10
3.78
1.79
4.02
2.18
1.59
2.02
2.62
1.29
6.60
1.68
1.77
1.96
1.97
1.15
2.06
5.81
1.80
1.68
1.78
433
2.37
1.28
1.67
4.29
471
3.94
2.96
4.19
3.30
1.32
4.14
1.68
3.31

1.62
2.89
3.84
245
3.33
2.02
1.64
2.70
2.33
1.39
6.43
1.74
1.82
1.93
1.96
1.27
2.04
5.51
1.59
1.73
1.80
4.43
2.48
1.19
1.71
3.99
3.52
3.64
2.96
3.81
3.02
1.57
3.89
1.73
1.94

1.45
2.84
3.08
3.23
3.13
1.96
1.44
3.59
2.90
1.28
6.33
1.51
1.73
1.36
1.82
1.29
3.15
5.26
2.86
1.68
1.66
4.31
2.47
1.24
1.82
3.62
4.03
3.60
2.84
3.96
3.06
2.06
4.11
1.82
3.39

1.77
3.17
4.61
2.68
3.99
2.58
2.34
2.66
3.27
2.05
6.60
2.39
2.37
2.40
2.56
1.85
2.68
5.01
2.14
232
2.36
4.35
2.81
1.71
2.23
3.18
3.63
4.23
3.60
4.71
3.98
2.19
4.18
232
2.52

2.01
4.22
5.66
3.20
4.07
4.20
4.01
2.88
4.64
3.55
6.70
3.70
3.62
3.48
3.78
3.08
4.09
4.70
4.07
3.55
3.63
4.22
2.68
3.57
3.37
2.40
4.82
6.03
4.95
6.27
4.11
3.77
5.41
3.60
4.19

1.99
4.02
5.42
3.40
4.08
4.05
3.64
3.20
4.43
3.43
6.71
3.58
3.44
3.35
3.63
2.94
3.87
4.71
3.85
3.43
3.51
4.07
2.58
3.36
3.28
2.46
4.63
5.73
4.68
3.63
3.93
3.51
5.23
3.50
3.99

2.03
3.72
4.80
3.18
4.13
3.68
3.26
3.07
4.03
3.25
6.69
3.55
3.19
3.08
3.38
2.77
3.50
4.80
3.37
3.25
3.29
3.78
3.10
2.92
3.12
2.65
431
5.21
4.26
3.39
5.08
3.25
4.92
3.30
3.56

2.08
3.96
5.12
3.14
4.52
341
3.59
2.96
4.26
3.18
7.20
3.45
3.45
3.26
3.60
2.81
4.95
5.20
3.37
2.75
3.36
3.87
3.37
3.80
3.63
2.97
4.69
5.40
5.10
3.79
3.92
3.56
5.19
3.64
3.52

2.78
4.95
6.84
3.39
5.27
477
5.89
3.29
6.51
6.13
8.47
5.85
5.75
5.09
5.02
4.16
6.77
5.50
5.98
4.65
4.53
4.44
4.09
5.14
5.93
3.16
6.23
7.26
7.28
475
5.53
5.71
6.57
4.56
4.80
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CH2CF2 (Ethene, 1,1-difluoro-)

CH2CHCHO (Acrolein)
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH20H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)
CO2 (Carbon dioxide)

CS (Carbon monosulfide)
CS2 (Carbon disulfide)

F (Fluorine atom)

F2 (Fluorine diatomic)

F20 (Difluorine monoxide)
FCN (Cyanogen fluoride)

432
6.68
4.00
4.03
4.95
4.08
4.53
4.04
3.57
3.52
4.09
4.45
4.46
4.78
4.44
3.87
6.94
3.81
4.67
4.33
3.78
4.34
4.99
4.44
4.93
-0.11
7.05
8.09
7.48
4.07
6.87
3.34
6.47
3.35
0.40
10.99
6.50
5.83

1.85
5.78
3.46
1.72
3.12
231
1.86
2.62
1.73
1.82
2.07
2.03
2.29
4.27
1.83
1.89
5.11
1.85
2.10
2.29
2.01
1.73
3.46
1.83
2.36
-0.19
6.00
2.85
7.10
3.62
3.88
1.05
5.71
2.87
-0.52
9.04
4.51
3.53

1.90
5.55
1.86
1.78
2.87
2.26
1.92
2.88
1.78
1.82
2.05
2.03
2.24
3.85
1.90
1.88
4.67
1.85
2.10
2.23
1.81
1.81
3.22
1.90
2.14
-0.12
5.82
2.72
6.86
3.63
3.54
1.27
5.51
2.77
-0.15
8.71
4.21
3.47

1.72
5.66
3.04
3.09
2.77
2.04
1.94
2.60
1.51
1.86
2.04
1.87
1.92
3.73
1.74
1.68
4.61
1.68
1.84
2.01
1.59
1.83
3.17
1.92
3.17
-1.25
6.01
6.68
6.90
3.15
3.43
1.67
5.68
2.40
-1.12
8.52
4.41
3.09

2.52
5.95
242
3.77
3.40
2.60
2.60
3.04
2.76
227
2.56
2.73
2.85
3.02
2.56
2.46
3.23
2.40
2.84
2.84
2.39
2.53
3.59
2.59
3.09
-0.20
6.24
2.95
7.03
3.65
4.63
1.88
6.04
2.89
-0.28
9.65
5.18
4.19

3.79
6.32
3.92
3.61
4.94
3.94
3.94
3.06
3.51
4.11
4.15
4.24
4.37
4.56
4.01
3.78
5.11
3.67
4.36
4.39
3.75
4.02
4.98
391
5.03
-0.81
6.79
7.78
7.15
3.72
6.60
3.22
7.93
7.69
-0.60
9.98
5.67
5.61

3.64
6.29
3.71
3.49
4.70
3.79
3.75
3.03
3.42
3.83
391
4.06
4.13
4.53
3.79
3.65
4.82
3.54
4.17
4.17
3.64
3.85
4.71
3.70
4.78
-0.72
6.74
3.23
7.15
3.64
6.32
2.97
7.63
5.94
-0.76
10.00
5.65
5.32

3.39
6.20
3.29
3.29
4.24
3.51
3.49
3.11
3.23
3.29
3.44
3.70
3.67
4.27
3.48
3.39
4.17
3.29
3.80
3.74
3.38
3.58
4.24
3.45
4.21
-0.59
6.63
3.18
7.14
3.56
5.71
2.79
6.38
5.83
-0.80
9.93
5.53
4.83

3.54
6.90
4.33
4.71
4.44
3.91
3.83
3.40
3.27
3.13
3.65
3.94
3.94
4.67
3.74
3.48
5.05
3.36
4.07
3.82
3.41
3.64
4.57
3.72
6.19
-0.20
6.91
7.95
7.41
3.84
6.26
2.87
6.98
2.27
-0.42
10.77
6.35
5.18

6.24
8.23
5.32
5.98
6.13
5.62
5.54
4.08
4.70
4.76
5.32
5.72
6.56
5.31
5.62
4.68
5.09
4.73
6.03
5.44
4.80
5.32
6.28
5.50
8.56
1.01
7.66
9.16
8.18
4.51
8.67
4.42
8.21
2.33
0.51
2.81
8.43
7.14
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H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)
HCCF (Fluoroacetylene)
HCI (Hydrogen sulfide)
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)
Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen)

NH2 (Amino radical)
NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic)

03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

P2 (Phosphorus diatomic)
PF3 (Phosphorus trifluoride)
PH3 (Phosphine)

2.01
4.16
3.05
5.54
6.95
4.50
3.58
4.36
5.26
4.86
7.51
6.15
3.16
6.27
2.89
3.48
4.29
4.78
4.68
6.14
2.12
3.51
8.66
6.55
9.56
9.30
4.77
3.97
7.14
2.23
3.91
5.71
4.53
7.24
2.74
3.32
4.87
4.09

-0.35
3.06
2.87
2.56
3.22
2.28
3.71
2.03
2.66
2.28
5.76
3.14

-1.93
2.80
2.10
1.55
2.38
2.92
2.51
2.84
1.70
2.93
5.12
4.03
7.06
7.61
2.24
3.25
5.79
0.92
2.94
5.03
3.70
5.61
1.81
3.20
241
2.06

-0.33
3.09
3.02
2.58
2.94
2.26
3.18
2.01
2.61
1.93
5.53
2.74

-2.18
2.86
2.09
1.45
2.63
3.00
2.51
2.83
1.74
3.04
5.18
3.67
6.73
7.33
2.26
3.37
5.69
1.10
3.34
4.95
3.57
5.22
2.00
3.09
2.25
2.04

-1.19
2.93
2.98
2.33
2.66
2.01
2.81
3.17
2.36
2.90
5.27
3.70

-2.76
2.66
2.12
1.40
1.69
2.82
2.30
2.98
2.14
2.74
4.39
3.46
6.74
7.04
2.14
3.37
5.90
0.48
3.72
5.03
3.15
4.66
1.25
3.26
2.22
1.94

-0.08
2.57
2.95
3.47
4.26
293
3.22
2.72
3.40
2.56
6.18
3.93

-0.84
3.86
2.24
1.87
2.68
2.30
3.12
2.24
1.80
3.37
6.30
4.57
7.43
7.87
3.02
3.40
6.35
1.23
3.17
5.25
3.15
5.74
1.92
3.18
2.96
2.64

0.59
4.13
2.53
5.06
6.27
4.29
3.39
4.25
4.96
4.29
6.79
6.07
1.30
541
2.68
3.40
3.05
4.04
4.28
3.83
2.30
341
7.40
6.44
8.00
8.33
4.49
3.25
6.60
0.90
333
543
4.36
5.93
2.04
3.40
4.84
3.92

0.43
3.56
243
4.81
6.00
4.14
3.25
4.06
4.72
4.02
6.69
5.83
0.83
5.10
2.72
3.34
291
3.80
4.13
3.57
2.35
3.27
6.90
6.13
7.91
8.22
431
3.21
6.59
0.86
3.35
5.39
4.21
5.88
1.96
3.37
4.56
3.81

0.21
3.98
2.67
4.35
5.37
3.80
3.50
3.69
4.25
3.49
6.47
5.25
-0.13
4.61
2.68
3.04
2.85
3.50
3.82
3.15
231
3.23
6.20
5.55
7.72
8.04
3.94
3.33
6.54
0.93
3.32
5.33
3.90
5.79
1.99
3.33
4.04
3.55

0.28
4.22
3.03
4.79
6.36
3.82
3.78
5.09
4.60
5.03
7.07
6.95
1.03
5.41
233
2.54
3.11
3.52
4.10
4.33
1.75
3.88
7.35
5.83
8.74
8.88
4.09
3.54
7.14
1.70
3.78
5.37
4.76
6.76
1.96
3.40
4.16
3.52

0.31
5.22
3.46
7.26
10.15
5.50
4.46
6.96
6.61
7.16
8.56
9.76
3.65
8.28
2.50
3.54
4.35
5.92
5.65
6.62
1.79
4.95
9.82
8.73
10.42
10.27
5.97
4.16
8.39
3.02
4.61
4.95
5.36
8.80
2.59
3.40
5.98
4.98
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S (Sulfur atom) 1.26 0.68 0.81 0.13 0.90 0.39 0.48 0.62 1.41 2.90
S2 (Sulfur diatomic) 332 290 293 3.00 291 3.51 3.31 3.12 3.13 3.36
Si (Silicon atom) 1.76 138 144 091 148 1.35 1.39 1.50 1.48 1.98
Si2H6 (Disilane) 360 154 145 1.65 1.93 3.83 3.65 3.20 3.04 4.72
SiF2 (Silicon difluoride) 537 395 374 3.72 421 5.11 5.02 4.80 4.92 5.88
SiF4 (Silicon tetrafluoride) 445 208 203 2.11 2.56  4.07 3.83 3.39 3.59 5.70
SiH3 (Silyl) 2.59 208 204 1.95 2.09 2.59 248 2.23 2.39 4.32
SiH4 (Silane) 396 1.75 1.77 1.86 236 3.80 3.66 3.42 3.40 5.12
SiO (Silicon monoxide) 588 436 4.18 4.07 4.74 5.66 5.58 5.36 5.59 6.80
SO2 (Sulfur dioxide) 727 6770 6.49 6.62 6.84 6.97 7.00 7.00 7.43 8.23
MAE 1.77 1.85 1.86 142 0.53 0.66 0.87 0.57 1.17
MSE -1.74 -183 -1.82 -1.39 -034 -0.56 -0.79 -0.43 0.93
RMS 205 213 212 1.66 0.81 0.92 1.11 0.71 1.49
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Table S12. Exciton binding energies (3) [in eV] of the 121 molecules studied. The reference values are
the differences between the CCSD fundamental gaps and the EOM-CCSD optical gaps.

Molecule Ref. LDA PBE MO6L B3LYP ®B97 ®B97X ®B97X-D MO06-2X MO06-HF
Al (Aluminum atom) 2.39 -2.68 -2.40 -2.39 -1.25 2.64 2.45 2.10 0.37 -0.43
AICI3 (Aluminum trichloride) 4.11 -0.75 -0.72 -0.64 039 445 4.29 3.79 231 4.77
Ar (Argon atom) 6.14 -0.05 -0.10 -0.02 1.22  5.98 591 5.16 3.44 6.16
B (Boron atom) 3.01 -391 295 -136 -132 3.90 3.78 2.92 1.06 0.00
BCI3 (Borane, trichloro-) 4.74 -1.52 -147 -146 -0.01 499 4.62 3.86 241 5.41
Be (Beryllium atom) 434 -1.36 -1.31 -1.10 0.01 4.30 4.19 3.65 1.98 4.01
BF3 (Borane, trifluoro-) 4.58 -1.26 -1.20 -0.75 0.00 4.11 3.99 3.45 2.00 5.00
C (Carbon atom) 2.38 -5.85 -476 -334 277 3.25 3.04 1.95 0.24 1.67
C2F4 (Tetrafluoroethylene) 4.84 -0.24 -0.06 0.01 1.03  4.81 4.74 4.25 2.67 491
C2H2 (Acetylene) 492 -0.70 -0.27 -0.01 0.83 3.74 3.70 3.49 2.11 3.94
C2H202 (Ethanedial) 7.23 -0.24 -0.21 -0.08 1.65 7.08 6.67 5.78 4.81 9.36
C2H4 (Ethylene) 490 -1.23 -0.83 -0.73 0.66 3.90 3.88 3.59 2.19 3.98
C2H40 (Ethylene oxide) 4.06 0.01 0.01 -0.01 0.82 3.83 3.76 343 2.13 4.54
C2H4S (Thiirane) 3.79 -0.74 -0.46 -0.85 0.72 3.71 3.70 3.35 1.96 3.94
C2H5N (Aziridine) 3.98 -0.02 -0.02 -0.01 0.93  4.00 3.97 3.63 2.35 4.33
C2H6 (Ethane) 3.37 -0.66 -0.59 -0.52 0.27 3.29 3.24 2.98 1.60 3.49
C2HF3 (Trifluoroethylene) 4.19 -0.59 -0.21 -0.09 0.98 4.30 4.20 3.75 2.49 4.77
C2N2 (Cyanogen) 548 -1.02 -1.14 -1.14 -0.01 4.88 4.47 3.72 2.58 6.06
C3H4 (Cyclopropene) 4.88 -1.04 -0.89 -0.66 0.56 4.27 4.17 3.62 2.21 423
C3H6 (Cyclopropane) 3.09 -0.03 -0.02 -0.02 0.85 3.74 3.72 3.46 1.58 4.01
C3HS (Propane) 3.90 -0.01 -0.01 -0.03 0.85 3.83 3.81 3.50 2.18 3.96
C302 (Carbon suboxide) 4.10 -2.40 -1.99 -2.04 -0.57 3.97 3.63 3.01 1.76 4.59
C4H2 (Diacetylene) 342 -231 -1.81 -1.57 -051 2.82 2.80 2.72 1.48 3.05
C4H40 (Furan) 3.20 -1.21 -0.95 -0.79 034 3.77 3.68 3.16 1.60 3.20
C4H6 (Cyclobutene) 5.09 -0.65 -0.28 -0.17 0.80 3.57 3.59 3.35 2.00 3.67
C4N2 (2-Butynedinitrile) 322 -1.57 -1.72 -1.86 -1.14 2.84 2.54 2.00 0.73 3.75
CCl4 (Carbon tetrachloride) 5.03 -0.13 -1.09 -1.03 0.17 543 5.00 4.12 2.94 5.96
CF2CI12 (Difluorodichloromethane) 5.89 -0.33 -0.30 -0.30 1.25 6.26 5.99 5.18 3.83 6.43
CF20 (Carbonic difluoride) 6.47 -1.52 -1.09 -1.01 0.62 5.18 5.05 4.46 2.94 5.53
CF3Br (Bromotrifluoromethane) 3.84 -0.41 -038 -0.11 1.32  6.58 3.90 3.30 1.85 4.33
CF3ClI (Methane, chlorotrifluoro-) 4.18 -0.44 -0.40 -0.38 1.44 445 4.37 5.32 2.38 4.65
CF4 (Carbon tetrafluoride) 430 -1.13 -1.01 -0.67 0.01 4.04 3.92 3.49 1.91 4.67
CFCI3 (Trichloromonofluoromethane) 5.53 -0.58 -0.56 -0.55 0.81 5.89 5.49 4.67 3.37 6.18
CH2CCH?2 (Allene) 3.59 -0.80 -0.45 -0.37 0.84 3.81 3.81 3.51 2.13 3.92
CH2CCI2 (Ethene, 1,1-dichloro-) 4.15 -1.26 -1.18 -0.73 023 445 4.36 3.85 2.29 4.06
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CH2CF2 (Ethene, 1,1-difluoro-)

CH2CHCHO (Acrolein)
CH2CHCI (Ethene, chloro-)
CH2CHEF (Ethene, fluoro-)
CH2CI2 (Methylene chloride)
CH2CO (Ketene)

CH2F2 (Methane, difluoro-)
CH3 (Methyl radical)
CH3CCCH3 (2-Butyne)
CH3CCH (Propyne)
CH3CH2CI (Ethyl chloride)
CH3CH20H (Ethanol)
CH3CI1 (Methyl chloride)
CH3COCI (Acetyl Chloride)
CH3F (Methyl fluoride)
CH3NHCH3 (Dimethylamine)
CH3NO2 (Methane, nitro-)
CH30OCH3 (Dimethyl ether)
CH3O0H (Methyl alcohol)
CH3SH (Methanethiol)
CH3SiH3 (Methyl silane)
CH4 (Methane)

CHCI3 (Chloroform)

CHF3 (Methane, trifluoro-)
CHONH2 (Formamide)

CI (Chlorine atom)

CI2 (Chlorine diatomic)

CIF (Chlorine monofluoride)
CIF3 (Chlorine trifluoride)
CIO (Monochlorine monoxide)
CO (Carbon monoxide)
CO2 (Carbon dioxide)

CS (Carbon monosulfide)
CS2 (Carbon disulfide)

F (Fluorine atom)
F2 (Fluorine diatomic)

F20 (Difluorine monoxide)

4.32
6.68
4.00
4.03
4.95
4.08
4.53
4.04
3.57
3.52
4.09
4.45
4.46
4.78
4.44
3.87
6.94
3.81
4.67
4.33
3.78
4.34
4.99
4.44
4.93
-0.11
7.05
8.09
7.48
4.07
6.87
3.34
6.47
3.35

0.40
10.99
6.50

-0.72
-0.21
-1.14
-1.13
-0.19
-1.99

0.00
-3.34

0.01

0.01
-0.15
-0.03
-0.22
-0.21

0.00
-0.01
-0.25

0.01
-0.03
-0.07
-0.07
-0.05
-0.68
-0.10
-0.23
-8.27
-0.42
-4.46
-0.42
-4.22
-1.31
-2.03
-0.76
-2.60

12.20
-0.70
-3.74

-0.29
-0.18
-1.03
-0.70
-0.16
-1.59

0.00
-2.43

0.00

0.00
-0.06
-0.02
-0.14
-0.18
-0.01
-0.01
-0.21

0.00
-0.03
-0.05
-0.12
-0.06
-0.67
-0.09
-0.09
-8.10
-0.38
-4.34
-0.38
-4.14
-1.21
-1.78
-0.71
-2.47

10.98
-0.60
-3.62

-0.13
-0.06
-0.98
-0.59
-0.14
-1.49
-0.03
-1.95
-0.01
-0.01
-0.04

0.00
-0.11
-0.06
-0.02
-0.03
-0.11
-0.03

0.00
-0.03
-0.06
-0.07
-0.65
-0.08
-0.09
-8.72
-0.33
-0.34
-0.33
-4.25
-0.94
-1.24
-0.54
-3.06

-10.32
-0.18
-3.30

0.90
1.59
0.38
0.75
1.21
0.05
0.96
-0.92
0.81
0.81
0.86
1.05
0.98
0.31
0.92
0.90
-0.73
0.85
1.09
1.01
0.84
0.91
0.68
0.88
1.23
-6.17
1.46
-2.43
1.53
-1.93
1.00
-0.65
1.30
-1.13

-7.86
2.65
-0.76

4.00 3.96 3.63 2.29 4.21
6.87 6.48 5.62 4.69 8.23
4.17 4.07 3.56 2.13 3.92
3.83 3.82 3.54 2.19 4.04
5.20 5.07 4.51 3.10 5.30
4.14 4.11 3.74 2.38 4.39
4.14 4.06 3.73 2.49 4.67
4.10 3.73 3.13 1.27 1.61
3.70 3.70 342 2.07 3.84
4.34 4.17 3.54 2.08 3.88
4.39 4.26 3.70 2.40 4.64
4.46 4.39 3.95 2.69 5.07
4.60 4.47 3.92 2.63 4.90
4.80 4.88 4.50 3.04 4.86
4.22 4.10 3.71 2.44 4.78
3.97 3.96 3.61 2.30 4.29
5.13 4.65 3.60 2.96 6.02
3.87 3.85 3.51 2.17 4.08
4.57 4.48 4.02 2.78 523
4.62 4.50 3.98 2.58 4.67
393 391 3.58 2.26 4.12
4.24 4.17 3.81 243 4.53
5.28 5.11 4.46 3.08 5.45
4.12 4.03 3.69 243 4.65
5.28 5.15 4.48 3.55 6.31
-0.74  -1.27 -2.22 -3.06 1.98
7.01 6.54 5.61 4.48 8.34
7.68 2.73 1.80 5.20 9.66
7.25 6.78 5.80 4.85 9.61
393 3.39 2.27 1.36 6.30
6.73 6.35 5.36 4.29 7.60
341 3.28 2.95 1.23 3.46
7.00 6.51 5.54 4.47 8.83
6.61 6.19 5.39 0.15 2.97
-1.57 215 -3.40 -3.10 3.48
8.83 8.48 7.37 7.88 5.15
5.35 4.92 3.82 3.74 10.11
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FCN (Cyanogen fluoride)
H (Hydrogen atom)

H2CO (Formaldehyde)
H2CS (Thioformaldehyde)
H20 (Water)

H202 (Hydrogen peroxide)
H2S (Hydrogen sulfide)
HCCCN (Cyanoacetylene)
HCCF (Fluoroacetylene)
HCI (Hydrogen sulfide)
HCN (Hydrogen cyanide)
HCO (Formy]l radical)
HCOOH (Formic acid)

He (Helium atom)

HF (Hydrogen fluoride)
Li (Lithium atom)

Mg (Magnesium atom)

N (Nitrogen atom)

N2 (Nitrogen diatomic)
N2H4 (Hydrazine)

N20 (Nitrous oxide)

Na (Sodium atom)

NaCl (Sodium Chloride)
Ne (Neon atom)

NF3 (Nitrogen trifluoride)
NH (Imidogen)

NH2 (Amino radical)
NH3 (Ammonia)

NO (Nitric oxide)

NO2 (Nitrogen dioxide)

O (Oxygen atom)

02 (Oxygen diatomic)

03 (Ozone)

OCS (Carbonyl sulfide)
OH (Hydroxyl radical)

P (Phosphorus atom)

P2 (Phosphorus diatomic)
PF3 (Phosphorus trifluoride)

5.83
2.01
4.16
3.05
5.54
6.95
4.50
3.58
4.36
5.26
4.86
7.51
6.15
3.16
6.27
2.89
3.48
4.29
4.78
4.68
6.14
2.12
3.51
8.66
6.55
9.56
9.30
4.77
3.97
7.14
223
391
5.71
4.53
7.24
2.74
3.32
4.87

-0.26
-4.13
-2.70
-3.49
-0.09
-0.55
-0.09
-1.71
-0.16
-0.19
-0.77
-0.77
-0.26
-4.62
-0.10
-0.57
-0.87
-5.20
-3.51
-0.01
-1.50
-1.16
-0.02
-0.10
-0.37
-0.60
-0.02
-0.05
-4.75
-1.75
-8.72
-6.10
-3.55
-1.67
-3.69
-4.08
-2.45
-0.96

-0.21
-2.73
-2.24
-3.12
-0.09
-0.45
-0.09
-1.83
-0.12
-0.16
-0.79
-0.53
-0.22
-5.03
-0.10
-0.11
-0.81
-4.59
-2.95
-0.01
-1.13
-0.09
-0.02
-0.18
-0.33
-0.38

0.32
-0.07
-4.57
-1.53
-7.86
-5.33
-3.42
-1.37
-3.36
-3.51
-2.38
-0.78

-0.06
-97.60
-2.05
-3.19
0.00
-0.16
-0.07
-1.92
-0.04
-0.12
-0.50
-0.52
-0.07
-5.86
0.04
0.14
-0.50
-4.57
-2.67
-0.03
-2.11
0.49
-0.04
0.29
-0.17
0.40
1.01
-0.04
-4.28
-1.27
-7.12
-4.73
-3.17
-1.58
-2.66
-4.14
-2.25
-0.55

1.27
-1.12
-0.57
-1.69

1.22

1.95

0.99
-0.75

1.02

1.18

0.76

1.48

1.93
-3.40

1.37

0.15

0.15
-2.78
-1.17

1.05
-0.80
-0.46

0.83

1.67

1.80

2.18

2.84

1.05
-2.63

0.87
-5.22
-3.24
-0.94

0.12
-0.24
-2.44
-1.04

0.63

5.85
0.39
393
2.99
5.25
6.45
4.49
3.63
4.45
5.15
4.51
7.27
6.28
1.61
5.60
3.64
3.48
3.40
4.23
4.52
4.06
3.23
3.63
7.75
6.73
8.59
9.15
4.70
3.00
6.75
0.86
297
5.15
4.69
6.29
241
3.84
5.02

5.65
0.26
3.89
2.50
5.14
6.32
4.45
3.41
4.37
5.02
4.35
6.78
6.16
1.35
5.45
3.70
3.47
291
3.79
4.48
3.92
3.28
3.63
7.30
6.56
8.07
8.56
4.63
2.45
6.29
0.37
2.46
4.62
4.53
5.75
1.99
3.47
4.86

4.95
-0.24
3.32
1.92
4.55
5.58
4.02
2.85
3.92
4.45
3.75
5.78
5.49
0.15
4.80
3.58
3.13
1.93
3.07
4.05
3.23
3.18
343
6.22
5.76
6.96
7.43
4.16
1.55
5.27
-0.68
1.31
3.50
3.85
4.54
1.41
2.74
4.20

3.42
-15.16
1.99
0.57
3.25
4.76
2.54
1.54
2.59
3.10
2.70
4.61
4.62
-1.20
3.67
1.96
1.49
-0.01
1.84
2.63
1.74
1.45
2.09
4.87
4.19
6.17
6.67
2.72
0.55
4.50
-1.07
0.84
2.70
2.56
4.58
-0.87
1.08
2.64

6.25
-50.86
431
3.87
6.12
8.71
4.57
3.92
4.84
5.54
5.07
7.82
8.00
1.89
7.04
-21.00
2.80
1.33
5.17
4.83
5.91
-16.01
4.03
8.78
7.69
9.92
10.96
4.99
5.49
9.72
4.20
6.65
6.85
4.83
11.03
-0.39
3.75
5.02
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PH3 (Phosphine) 4.09 -0.05 -0.05 -0.03 0.88 4.12 4.11 3.76 2.26 4.09
S (Sulfur atom) 1.26 -6.51 -594 -635 -425 0.70 0.29 -0.43 -1.27 3.05
S2 (Sulfur diatomic) 332 -346 -3.20 -3.08 -1.74 3.95 3.33 233 0.66 4.04
Si (Silicon atom) 1.76 -4.12 -4.05 -441 -2.66 2.00 1.66 1.08 -0.73 -0.67
Si2H6 (Disilane) 3.60 -0.44 -0.40 -0.30 0.45 4.02 3.93 3.40 1.84 3.57
SiF2 (Silicon difluoride) 537 -1.26 -1.20 -1.07 026 5.44 5.07 4.28 2.64 5.51
SiF4 (Silicon tetrafluoride) 445 -1.19 -1.14 -0.96 0.03 4.23 4.10 3.51 2.04 4.95
SiH3 (Silyl) 259 -329 295 -3.05 -1.81 2.73 241 1.78 -0.51 -0.60
SiH4 (Silane) 3.96 -0.07 -0.07 -0.06 0.82  4.00 3.96 3.63 2.17 4.16
SiO (Silicon monoxide) 5.88 -0.63 -0.58 -0.46 095 591 5.61 4.88 3.38 6.27
SO2 (Sulfur dioxide) 7.27 -0.56 -0.51 -0.39 1.45 7.06 6.63 5.68 4.65 9.16
MAE 6.16 598 6.62 4.56 0.48 0.59 1.11 2.44 1.69
MSE -6.16 -598 -6.62 -456 -0.13 -041 -1.03 -2.44 -0.48
RMS 6.48 6.28 1091 4.80 0.74 0.96 1.46 2.86 5.69
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Table S13. Statistical errors (in eV) of CCSD and CCSD(T) methods for IP(1) (with respect to the

experimental data).

Property Error CCSD CCSD(T)
IP(1) MSE 0.06 0.07
(121) MAE 0.17 0.14

RMS 0.25 0.22

#,4#0;[Re25](#,##0)
#,##0;[Re21](#,##0)

>
#,480;[Re17](#,##0)
~

)
#.890:[Re13](#,##0)
#,##0;[Re9](#,##0)

® CCSD
O CCSD(T

#,##0;[Re5](#,##0)

#,4#0;[Re 1] (#,#40)
#,#H0;[Rel](#,#HBJ0;[ReS5](#,#H#6)0; [ReO] (###0D; [Re 13] (HHHT); [Re 17] (HH); [Re2 1] (HH#H);

Exp. (ev)

Figure 1. IP(1) calculated using CCSD and CCSD(T) methods with respect to the experimental data.
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Table S14. Statistical errors (in eV) of CCSD for IP(1), EA(1), and Eg(1) (with respect to CCSD(T)).

Property Error CCSD
IP(1) MSE -0.01
MAE 0.10
RMS 0.12
EA(1) MSE -0.02
MAE 0.04
RMS 0.07
Eg(1) MSE 0.01
MAE 0.10
RMS 0.13
o 3R
S
% 20
g 16
g 12
£ s
i o IP(1)
0 O EA(1)
s A Eg()
8_-8 40 4 8 12 16 20 24 28 32

P;operti;s of C(_JSD(T)_(eV)

Figure 2. IP(1), EA(1), and Eg(1) calculated using CCSD with respect to those calculated using CCSD(T).

Table S15. Statistical errors (in eV) of 9 density functional methods for vertical ionization
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potentials (with respect to the experimental data).

Property Error LDA  PBE MO6L B3LYP ®wB97 wB97X wB97X-D MO06-2X MO06-HF

IP(1) MSE 045 -025 -030 -0.03 -0.01 -0.01 -0.03 0.09 0.41
MAE  0.56 035 036 023 020 0.19 0.19 0.18 0.46
RMS  0.63 0.51 048 033 028 0.27 0.26 0.27 0.60

IP(2) MSE -386 -444 -429 -3.19 -0.28 -0.53 -1.06 -1.51 0.89
MAE  3.86 444 429 319 042 0.55 1.06 1.51 0.99
RMS  3.98 455 439 327 067 0.80 1.24 1.59 1.15
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