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TABLE I: Experimental geometries for the test molecules. Taken from Ref.
1. Bond lengths are given in A and bond angles in degree.

molecule internal coordinate value!?
H, Ryn 0.74144
HF Ryr 0.91680(8)
H,O Ron 0.9572
/HoH 104.52
HOF Ronu 0.9657
Rro 1.4350(31)
HOF 97.54(50)
H,O, Ronu 0.967
Roo 1.4556
/100 102.32
HOOH 113.70°
HNC Ry 0.9940(8)
Ren 1.1689(2)
NH; RnH 1.011(6)
/HNH 106.7
N>H, RnH 1.029(1)
RNN 1.247(1)
CyH, Ren 1.06215(17)
Rec 1.20257(9)
HNO Ry (Rp) 1.062(8)
Ryno (Rp) 1.211(6)
ZnNo (0o) 108.5(8)
HCN Ren 1.06501(8)
Ren 1.15324(2)
CoHy Rey 1.081(2)
Rcce 1.334(2)
/HCH 117.37(33)
CH, Rcu 1.0858(10)
N> Rnn 1.09768(5)
CH,O Ren 1.1005(20)
Rco 1.2033(10)
/HCH 116.30(25)
CH, NG| 1.107(2)
/HCH 102.4(4)
CcO Rco 1.12832
CO, Rco 1.15995
O3 Roo 1.2717(2)
Loo0o 116.78(33)
Fs Rgp 1.41193

1 Bond lengths from table 15.3 of [1].
2 Bond angles from table 15.8 of [1].

3 Dihedral from original literature as cited below table 15.3 of [1].



TABLE IV: The valence correlation contributions to the electronic reaction
energies, AH? (0K), (in kJ /mol) for the 12 test reactions!.

CCSD(T)g1z
CCSD(T)

E Acps® E Acps® E Acps®

1 aug-cc-pVDZ —11.86 11.98 —20.41 343 —-21.12 2.72

aug-cc-pVIZ —22.22 1.62 —-2396 —0.12 -23.86 —0.02
CBS —23.84 —23.84 —23.84

2 aug-cc-pVDZ 3.07 19.02 —13.62 2.33 —13.98 1.98

aug-cc-pVIZ —14.42 153 —-1760 —-1.65 -1711 -1.16
CBS —15.95 —15.95 —15.95

3 aug-cc-pVDZ 512 =223 435 —3.00 492 -243

aug-cc-pVTZ 6.35 —1.00 724  —0.11 723 —0.12
CBS 7.35 7.35 7.35

4 aug-cc-pVDZ 13.72 1543 —1.55 016 —-2.03 -0.33

aug-cc-pVIZ  -326 155 294 —-124 242 071
CBS —-1.71 -1.71 -1.71

5 aug-cc-pVDZ 7.33 1017  -1.81 1.03 —-2.17 0.68

aug-cc-pVIZ  —2.53 031 -334 —-050 —-3.08 —0.24
CBS —2.84 —2.84 —2.84

6 aug-cc-pVDZ —453 2215 —22.22 446 —23.29 3.40

aug-cc-pVIZ —24.75 193 -2730 —-062 —-2694 —0.26
CBS —26.69 —26.69 —26.69

7 aug-cc-pVDZ 21.50 12.51 854 —045 821 —-0.79

aug-cc-pVTZ 8.89 —0.10 8.14 —0.86 838 —0.62
CBS 8.99 8.99 8.99

8 aug-cc-pVDZ 34.98 15.88 20.19 1.09 20.75 1.65

aug-cc-pVIZ 22.80 3.71 1830 —0.79 1891 —0.18
CBS 19.10 19.10 19.10

9 aug-cc-pVDZ 19.91 0.61 1548 —-3.82 16.37 —293

aug-cc-pVITZ 1651 —-2.79 18.04 -—-1.26 18.14 —1.16
CBS 19.30 19.30 19.30

10 aug-cc-pVDZ —33.94 13.28 —45.38 1.84 —45.76 1.46

aug-cc-pVIZ —43.11 411 -—46.88 0.35 —46.71 0.51
CBS —47.22 —47.22 —47.22

11 aug-cc-pVDZ 62.80 12.04 4844 —2.32 50.37 —0.39

aug-cc-pVTZ 56.61 5.86 50.24 —0.52 51.28 0.53
CBS 50.75 50.75 50.75

12 aug-cc-pVDZ —82.68 23.72 —101.89 450 —102.97 3.42

aug-cc-pVIZ —96.38 10.01 —104.55 1.85 —104.32 2.07
CBS —106.39 —106.39 —106.39

1 See Table V in the main text.

2 The difference between the respective reaction energy correlation contribution and the associated CBS value. The CBS value was obtained
by Schwenke extrapolation[2] using the aug-cc-pVQZ and aug-cc-pV5Z basis sets. The CCSD correlation energy and the (T) correction were
extrapolated separately.
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TABLE II: The valence correlation energies (in mEy) of the 20 test molecules. CBS refers to the correlation energy obtained by

the basis set extrapolation with Schwenke method[2] using aug-cc-pVQZ and aug-cc-pV5Z basis sets.

CCSD(2)z13
CCSsD d

basis set E % E Y% E %

H, aug-cc-pVDZ —-35.83 877 3997 978 —-39.99 978
aug-cc-pVTZ —-39.61 969 —40.62 994 —40.68 99.5
CBS —40.88 —40.88 —40.88

CH, aug-cc-pVDZ —14322 815 —168.70 96.0 —169.83 96.7
aug-cc-pVTZ —166.10 94.6 —17429 992 —17456 994
CBS —175.64 —175.64 —175.64

CH; aug-cc-pVDZ —191.03 820 —225.01 96.6 —22630 97.2
aug-cc-pVTZ —220.69 947 -231.32 99.3 —231.59 994
CBS —232.93 —232.93 —232.93

H,O aug-cc-pVDZ —227.11 762 —-290.27 974 -—-291.51 978
aug-cc-pVTZ —273.05 91.6 —29473 989 —29542 99.1
CBS —298.09 —298.09 —298.09

NHjz aug-cc-pVDZ —21432 795 —261.00 969 —26232 973
aug-cc-pVTZ —251.86 935 —267.24 992 —267.64 99.3
CBS —269.47 —269.47 —269.47

HF  aug-cc-pVDZ —225.97 720 —-307.61 98.0 —308.81 98.4
aug-cc-pVTZ —-280.97 89.5 —309.10 985 —-310.33 989
CBS —313.90 —313.90 —313.90

N, aug-cc-pVDZ —319.81 785 39439 96.8 —396.84 974
aug-cc-pVTZ —376.88 925 —40342 99.0 —40421 992
CBS —407.57 —407.57 —407.57

F, aug-cc-pVDZ —43545 725 -589.12 98.0 —592.25 985
aug-cc-pVTZ —53896 89.7 —591.79 985 —594.59 989
CBS —601.00 —601.00 —601.00

CO  aug-cc-pVDZ —-306.29 774 38426 97.1 -386.34 97.6
aug-cc-pVTZ —-363.09 91.7 —-391.40 989 —-39231 991
CBS —395.75 —395.75 —395.75

HCN aug-cc-pVDZ —302.63 79.8 —365.92 964 —368.36 97.1
aug-cc-pVTZ -35351 932 -37622 992 —-376.80 99.3
CBS —379.43 —379.43 —379.43

HNC aug-cc-pVDZ —295.73 79.5 —359.09 96.6 —361.42 972
aug-cc-pVTZ —346.00 93.1 —36852 99.1 —369.07 99.3
CBS —371.76 —371.76 —371.76

CHy aug-cc-pVDZ —278.86 80.5 —332.70 96.0 —335.58 96.8
aug-cc-pVTZ —325.04 93.8 —343.87 992 —34425 99.3
CBS —346.59 —346.59 —346.59

CHy aug-cc-pVDZ —313.83 813 —372.11 964 -37479 971
aug-cc-pVTZ —363.58 942 -383.07 99.2 —38352 993
CBS —386.07 —386.07 —386.07

CH,O aug-cc-pVDZ —347.02 77.8 —43239 97.0 —43476 975
aug-cc-pVTZ —411.35 923 —441.33 99.0 —44227 99.2
CBS —445.85 —445.85 —445.85

HNO aug-cc-pVDZ —-379.09 77.6 —475.01 972 —477.76 97.8
aug-cc-pVTZ —45022 921 —483.55 989 —484.75 99.2
CBS —488.71 —488.71 —488.71

NoH, aug-cc-pVDZ —363.11 79.1 —444.16 96.8 —446.94 974
aug-cc-pVITZ —426.85 93.0 —454.64 99.1 —45548 99.3
CBS —458.83 —458.83 —458.83

HOF aug-cc-pVDZ —42891 741 -565.84 97.7 —56891 982
aug-cc-pVTZ —524.15 905 —571.37 987 —57352 99.0
CBS —579.14 —579.14 —579.14

H,O, aug-cc-pVDZ —42848 762 —54797 974 -—-551.05 98.0
aug-cc-pVTZ 51497 91.6 —556.16 989 —557.70  99.2
CBS —562.45 —562.45 —562.45

CO, aug-cc-pVDZ -501.12 76.1 —639.02 97.0 —642.55 97.5
aug-cc-pVTZ —601.18 91.2 —651.26 98.8 —652.86 99.1
CBS —658.84 —658.84 —658.84

O3 aug-cc-pVDZ —640.95 77.6 —807.34 977 —812.12 983
aug-cc-pVTZ —759.04 919 -816.82 989 -819.33 99.2
CBS —825.94 —825.94 —825.94
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TABLE III: The valence correlation energies (in mEy,) of the 20 test molecules. CBS refers to the correlation energy obtained
by basis set extrapolation with Schwenke method[2] using aug-cc-pVQZ and aug-cc-pV5Z basis sets. The CCSD correlation
energy and the (T) energy correction were extrapolated separately.

CCSD(T)gyz
CCsSD(T) d

basis set E % E % E %

H, aug-cc-pVDZ 3583 877 —-39.97 978 —39.99 978
aug-cc-pVIZ —-39.61 969 —40.62 994 —40.68 995
CBS —40.88 —40.88 —40.88

CH, aug-cc-pVDZ —146.74 809 —172.22 950 —-17335 95.6
aug-cc-pVTZ —171.19 944 -17938 989 —179.65 99.1
CBS —181.31 —181.31 —181.31

CHy aug-cc-pVDZ —19550 814 —22947 955 -230.77 96.1
aug-cc-pVTZ —22722 946 —237.85 99.0 —238.12 99.1
CBS —240.17 —240.17 —240.17

H,O aug-cc-pVDZ —232.31 754 —29547 959 -296.71 96.3
aug-cc-pVTZ —-281.68 91.5 —-303.35 985 —304.04 987
CBS —307.96 —307.96 —307.96

NH; aug-cc-pVDZ —219.77 788 —266.46 95.6 —267.77 96.0
aug-cc-pVTZ —260.19 933 —27557 98.8 —27597 99.0
CBS —278.79 —278.79 —278.79

HF  aug-cc-pVDZ -230.11 713 -311.75 96.6 —31295 97.0
aug-cc-pVTZ —28848 89.4 —316.61 981 —317.84 985
CBS —322.74 —322.74 —322.74

N> aug-cc-pVDZ —33322 77.7 —407.80 951 —410.26 957
aug-cc-pVTZ —396.04 923 —42258 985 —423.38 987
CBS —428.88 —428.88 —428.88

F, aug-cc-pVDZ —44831 719 —601.97 965 —605.10 97.0
aug-cc-pVTZ —55891 89.6 —611.75 98.0 —61454 985
CBS —623.94 —623.94 —623.94

CO  aug-cc-pVDZ 31859 76.7 —396.56 955 —398.64 96.0
aug-cc-pVTZ —380.63 91.6 —408.95 985 —409.86 98.7
CBS —415.34 —415.34 —415.34

HCN aug-cc-pVDZ —31597 79.0 —379.26 949 -—-381.70 955
aug-cc-pVTZ —371.96 93.0 —394.67 98.7 —39524 989
CBS —399.76 —399.76 —399.76

HNC aug-cc-pVDZ —308.76 789 —372.12 951 —37445 957
aug-cc-pVTZ —363.90 93.0 —386.42 987 —386.97 989
CBS —391.46 —391.46 —391.46

CHy aug-cc-pVDZ —291.08 79.7 —344.92 945 —-347.80 953
aug-cc-pVTZ —34190 937 —360.72 988 —361.11 989
CBS —365.06 —365.06 —365.06

CyHy aug-cc-pVDZ —32497 80.6 —38324 951 —38592 957
aug-cc-pVTZ —379.09 940 —39858 989 —399.04 99.0
CBS —403.14 —403.14 —403.14

CHyO aug-cc-pVDZ —358.94 77.1 —444.31 955 —446.68 96.0
aug-cc-pVTZ —428.71 921 —458.70 98.6 —459.63 98.8
CBS —465.29 —465.29 —465.29

HNO aug-cc-pVDZ —393.75 769 —489.67 95.6 —49241 96.1
aug-cc-pVTZ —47133 92.0 —504.66 985 —505.86 98.7
CBS —512.27 —512.27 —512.27

N>H, aug-cc-pVDZ —377.14 784 —458.19 953 —46097 958
aug-cc-pVTZ —446.77 929 —47457 987 —47540 989
CBS —480.93 —480.93 —480.93

HOF aug-cc-pVDZ —441.75 734 -578.68 962 —581.75 96.7
aug-cc-pVTZ —544.00 904 —591.22 982 -—-593.37 98.6
CBS —601.80 —601.80 —601.80

H,O, aug-cc-pVDZ —441.63 754 —561.12 959 —-564.19 96.4
aug-cc-pVTZ -535.19 914 -57637 985 57791 987
CBS —585.36 —585.36 —585.36

CO, aug-cc-pVDZ —522.03 754 —659.93 954 —663.46 959
aug-cc-pVTZ —630.88 91.2 —680.96 984 —682.56 98.6
CBS —691.93 —691.93 —691.93

O3 aug-cc-pVDZ —678.47 771 —844.86 96.0 —849.64 96.6
aug-cc-pVTZ —808.38 919 —866.16 984 —868.67 98.7
CBS —879.83 —879.83 —879.83




TABLE V: The electronic reaction energies, AH? (0K), (in kJ /mol) for the

12 test reactions!.

CCSD(T)g17
CCSD(T) d
E Aexperimental 2 E Aexperimental 2 E Aexperimental 2

1 aug—cc—pVDZ2 —18.20 3.6 —26.74 —49 —27.46 —57

aug—cc—pVTZ2 —22.62 —0.8 —24.37 —2.6 —24.26 —2.5
experimental! —21.8 -21.8 —-21.8

2 aug-cc—pVDZ2 —166.06 —-0.7 —182.75 —-17.3 —183.11 —-17.7

aug-cc-pVTZ? —165.52 —0.1 —168.69 -3.3 —168.21 —2.8
experimental1 —165.4 —165.4 —165.4

3 aug-cc-pVDZ2 —220.93 -17.0 —221.69 -17.8 —221.13 -17.2

aug-cc-pVTZ? —206.94 -3.0 —206.05 -22 —206.06 -22
experimental1 —203.9 —203.9 —203.9

4 aug-cc-pVDZ2 —261.00 —15.7 —276.27 —-31.0 —276.76 —-31.5

aug—cc—pVTZ2 —248.69 —-34 —248.37 -3.1 —247.85 —-25
experimental1 —245.3 —245.3 —2453

5 aug-cc-pVDZ2 —251.16 0.7 —260.30 —8.4 —260.66 —8.8

aug—cc—pVTZ2 —250.75 1.1 —251.56 0.3 —251.30 0.6
experimemtal1 —-251.9 —251.9 —251.9

6 aug—cc—pVDZ2 —269.36 44 —287.05 —-13.2 —288.12 —14.3

aug-cc—pVTZ2 —273.37 0.4 —275.92 —2.1 —275.57 —-1.8
experimemtal1 —273.8 —273.8 —273.8

7 aug—cc-pVDZ2 —323.58 -33 —336.54 —16.2 —336.87 —16.6

aug-cc—pVTZ2 —322.22 —-19 —322.97 —2.7 —322.73 —24
experimental! —320.3 —-320.3 -320.3

8 aug—cc—pVDZ2 —438.17 74 —452.96 —74 —452.40 —6.8

aug-cc-pVTZ2 —442.92 2.7 —447.42 —-1.8 —446.81 —-1.2
experimental! —445.6 —445.6 —445.6

9 aug—cc—pVDZ2 —464.05 —-17.4 —468.48 —21.8 —467.60 —-209

aug-cc-pVTZ2 —451.03 —4.3 —449.51 —2.8 —449.41 —2.7
experimental! —446.7 —446.7 —446.7

10 aug—cc—pVDZ2 —526.86 17.3 —538.30 59 —538.68 5.5

aug—cc—pVTZ2 —538.26 59 —542.02 2.2 —541.85 2.3
experimental1 —544.2 —544.2 —544.2

11 aug-cc—pVDZ2 —567.39 -25 —581.75 —16.9 —579.82 —149

aug—cc—pVTZ2 —560.45 44 —566.83 -19 —565.78 —0.9
experimental! —564.9 —564.9 —564.9

12 aug-cc-pVDZ2 —810.59 35.1 —829.80 159 —830.88 14.8

aug—cc-pVTZ2 —832.42 13.3 —840.59 5.1 —840.36 53
experimental1 —845.7 —845.7 —845.7

! The valence correlation energy plus the Hartree-Fock energy computed in the given basis set plus core correlation energy from Table V in
the main text.
2 The difference between the computed reaction energy and the experimental value.



TABLE VI: The electronic reaction energies, AH? (0K), (in kJ/mol) for the

12 test reactions!.

CCSD(T)g17
CCSD(T) d
E Aexperimental 2 E Aexperimental 2 E Aexperimental 2

1 aug—cc—pVDZ2 —10.54 11.3 —19.09 2.7 —19.80 2.0

aug—cc—pVTZ2 —20.90 0.9 —22.64 —0.8 —22.54 —0.7
experimental! —21.8 —-21.8 218

2 aug-cc—pVDZ2 —145.49 19.9 —162.18 3.2 —162.54 29

aug—cc—pVTZ2 —162.98 24 —166.16 —0.8 —165.67 —-0.3
experimental1 —165.4 —165.4 —165.4

3 aug-cc-pVDZ2 —207.74 —-3.8 —208.50 —4.6 —207.94 —4.0

aug—cc-pVTZ2 —206.50 —2.6 —205.62 -1.7 —205.63 -1.7
experimental1 —203.9 —203.9 —203.9

4 aug-cc-pVDZ2 —228.79 16.5 —244.06 1.2 —244.55 0.8

aug—cc—pVTZ2 —245.77 —-0.5 —245.46 —-0.2 —244.93 0.4
experimental1 —245.3 —245.3 —245.3

5 aug-cc-pVDZ2 —240.15 11.7 —249.29 2.6 —249.65 2.3

aug—cc—pVTZ2 —250.01 1.9 —250.82 1.1 —250.56 1.3
experimemtal1 —251.9 —251.9 —251.9

6 aug—cc—pVDZ2 —250.69 23.1 —268.38 5.4 —269.45 44

aug-cc—pVTZ2 —270.91 29 —273.46 0.3 —273.10 0.7
experimemtal1 —273.8 —273.8 —273.8

7 aug—cc-pVDZ2 —308.36 119 —321.32 -1.0 —321.65 —-14

.aug-cc—pVTZ2 —320.97 —-0.7 —321.73 —-14 —321.48 —-1.2
experimental! —320.3 -320.3 -320.3

8 aug—cc—pVDZ2 —430.17 154 —444 .97 0.6 —444.41 1.2

aug-cc-pVTZ2 —442.35 3.2 —446.85 -1.3 —446.24 —0.6
experimental! —445.6 —445.6 —445.6

9 aug—cc—pVDZ2 —446.45 0.2 —450.88 —4.2 —450.00 -33

aug-cc-pVTZ2 —449.85 —3.2 —448.33 —-1.6 —448.23 -1.5
experimental! —446.7 —446.7 —446.7

10 aug—cc—pVDZ2 —529.56 14.6 —541.00 3.2 —541.38 2.8

aug—cc—pVTZ2 —538.73 5.5 —542.49 1.7 —542.32 1.9
experimental1 —544.2 —544.2 —544.2

11 aug-cc—pVDZ2 —554.64 10.3 —569.01 —41 —-567.07 —2.2

aug-cc-pVTZ? —560.83 4.1 —567.21 -23 —566.16 -13
experimental! —564.9 —564.9 —564.9

12 aug-cc-pVDZ2 —820.40 25.3 —839.61 6.1 —840.69 5.0

aug—cc-pVTZ2 —834.11 11.6 —842.27 34 —842.04 3.7
experimental1 —845.7 —845.7 —845.7

[1] T. Helgaker, P. Jorgensen, and ]. Olsen, Modern Electronic Structure Theory (Wiley, Chichester, 2000), 1st ed.
[2] D. W. Schwenke, J. Chem. Phys. 122, 014107 (2005).

! The valence correlation energy in the given basis plus the CBS Hartree Fock energy plus the core-correlation energy, both found in Table V
in the main text.
2 The difference between the computed reaction energy and the corresponding experimental value.



