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Figure S1: The MAE (Mean Absolute Error) of MP2, SPL2, coskos-MP2 and coskos-SPL2,
kMP2 and c,-MP2 for the halogen bonded complexes of B30 and X40? (see Fig. 8 for more
detail on the complexes and Table S1 for individual methods)

Table S1: The 20 different combinations of functionals that we have studied in

this work. The bolded red functionals were also shown in Tab.I of the paper.
H Method x—Method Keskos—Method ‘ Coskos—Method Cos—Method
MP2 Ces = Cos = 1 Ces = Cos = 1 Ces = Cos = 1 Css = 0,c05 = 2.1 Ccss = 0,co5 = 1.7
Kgs = Kos = 00 Kgs = Kog = 1.1 Kes = 0.9, ks = 1.4 | ks = 0,505 = 0.9 Kgg = Kog = 00
SPL2 Cos = Cos = 1 Cos = Cos = 1 Ces = Cos = 1 Css = 0, co5s = 2.1 Css = 0,c0s = 1.8
Kes = Kos = 00 Kgs = Kos = 1.7 Kes = 1.1, Kos = 1.7 | Kgs = 0, Kos = 1.3 Kgg = Kog = 00
MPACF1 || ¢ = cos = 1 Cos = Cos = 1 Cos = Cos = 1 Css = 0, Cos = 2.3 Css = 0, Cos = 2.2
Kgs = Kos = 00  Kgs = Kos = 1.3 Kes = 1, Kos = 1.4 Kess = 0, Kos = 1.1 Kgg = Kog = 00
F1 Css = Cos = 1 Ces = Cos = 1 Css = Cos = 1 Css = 0,005 = 2.4 Css = 0,c05 = 2.0
Kgs = Kos = 00  Kgs = Kos — 1.D Kes = 1.6, kos = 1.3 | hgs = 0,805 = 1.0 Kgg = Kos = 00

Additional S66x8 Plots

In Fig. S6, we show the SPL2 correction for the S66x8 dissociation curves for small bond

distances. We see that all that at R = 0.9R,, MP2 performs the worse but that SPL2 is
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Table S2: The 20 different combinations of functionals that we have studied in
this work. The bolded red functionals have been studied in the paper.

Method fitted parameters

SPL2 by = 0.117, my = 10.68, a = 1.1472, § = —0.7397
k-SPL2 by = —0.433, my = 5.775, a« = 1.843, § = —1.750
Ksskos-SPL2 by = —0.690, my = 3.831, a = 3.382, § = —4.026
CosKos—-SPL2 by = 0.287, mqy = 148.982, a = 1.674, § = —1.973
Co-SPL2 by = 0.527, ms = 58.850, a = 1.278, B = —1.059
MPACF1 d; = 0.294, dy = 0.934

k-MPACF1 d; = —0.3660, dy = 0.4677

Ksskos-MPACF1 | di = 0.0001615, dy = —0.0151
CoskossMPACF1 | dy = 0.9965, ds = 0.6799
cos-sMPACF1 dy = 2.206, dy = 0.7068

F1 dy = 2.151, dy = 0.413, @ = 3.837, B = —6.620

#-F1 dy = 1.147, dy = —0.6191, o = 2.279, 3 = —4.989
Fashos-F1 dy = 0.398, dy = 0.663, a = 2.715, 3 = —3.982
Coskios-F1 d; = 1.380, dy = —0.5590, @ = 2.902, B = —7.836
coi-F1 dy = 2.769, dy = —0.3665, a = 8.3970, 3 = —14.2015
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Figure S2: The error between the interaction energy of k~~-MP2 and k-SPL2 and the CCSD(T)
reference data for a range of x’s between 0.6 and 1.7 of the S22 dataset.
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Figure S3: The box-plots containing the errors of the S22 (top left), NCCE (top right), X40

(bottom right) and B30 (bottom left) for MP2, B2PLYP-D3, coskos-SPL2 and B3LYP-D3
with their median values.
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Figure S4: The box-plots containing the errors of the full S66x8 (bottom right), dispersion
interactions only (top left), hydrogen bonds only (top right) and mixed interactions (bottom
left) for MP2, B2PLYP-D3, coskos-SPL2 and B3LYP-D3 with their median values. Some of
the outliers of MP2 are outside of the plotted range to better visualize the distributions of
the other 3 functionals, see Figure S5 for all the outliers.
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Figure S5: The box-plots containing the errors of all the 8 functionals for the S66x8 dataset
S6

split into the 3 different kind of interactions and the full dataset.
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Figure S6: The box-plots containing the errors of MP2, SPL2 and cyskos-MP2 and cogkios-
MP2 for the positions along the dissociation curve around the equilibrium distance, where

it can be seen that the SPL2 corrections can fix the errors of MP2 forms even at small
distances.
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Figure S7: The dissociation curves of a dimer containing hydrogen bonds (top left), contain-
ing mixed interactions (top right) and two dimers containing dispersion interactions (bottom)
for all 9 functionals and methods studied in the paper.
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Table S3: The total MAE’s and maximum errors of the S22 dataset for the 11

studied functionals. Best result for each column is highlighted in boldface.

S22
Method MAE MAX
MP2 0.86  3.47
SPL2 0.15  0.55
k-F1 0.14  0.54
B2PLYP-D3 0.15% 0.713
RPA-SOSEX@PBE || 0.43* 1.26*
MP2C 0.17° 0.73°
Coskos — MP2 0.19 0.89
Coskios — SPL2 0.11 0.36
Cos — SPL2 0.15 0.61
B3LYP-D3 0.31% 1.16°
dRPAQPBE 0.23% 1.00%

Table S4: The total MAE’s and maximum errors of the NCCE31 dataset of 8
functionals split as well as the MAE’s of the separate sets containing hydrogen
bonds, charge transfer interaction, dipole interactions, weak interactions, and
n-m-stacking interactions. NA means not available, because the authors® only
reported the MAEs not maximum absolute error.

Method Total HB6 CT7 DI6 WI7 PPS5

MAE MAX | MAE MAX | MAE MAX | MAE MAX | MAE MAX | MAE MAX

MP2 0.5 253 | 0.42 165 0.86 2.53 0.46 1.37 0.04 0.09 0.79 1.57
SPL2 0.25 2.16 0.54 2.16 0.41 1.55 0.18 0.83 0.04 0.11 0.08 0.12
k—F1 0.32 2.66 0.73 2.66 0.52 1.82 0.18 0.69 0.03 0.04 | 0.11 0.22
B2PLYP-D3 0.61 241 0.51 1.21 1.05 2.41 0.77 1.68 | 0.02 0.06 0.73 1.19
Coskos — MP2 0.4 2.92 0.77 2.92 0.67 241 0.26 0.36 | 0.06 0.16 0.24 0.42
Coskos — SPL2 0.27 2.23 0.55 2.23 0.47 1.59 0.18 0.53 0.04 0.09 0.11 0.20
Cos — SPL2 0.21 1.84 | 047 1.84 | 0.25 0.82 | 0.17 0.46 0.09 0.18 | 0.07 0.21
B3LYP-D3 0.60 3.18 0.46 1.33 1.43 3.18 0.71 1.72 0.05 0.09 0.28 0.48
dRPAQPBES® 0.69 NA 0.22 NA 2.37 NA 0.22 NA 0.07 NA 0.33 NA

able to reduce the median and reduce the amount of outliers. The same is true of the more

accurate coskos-MP2 form which still has a quite large median but SPL2 is able to correct

it as well. This shows that the SPL2 form is also able to correct the poor accuracy of MP2

for smaller bond lengths, although the methods are still more accurate at larger bond length

such as the equilibrium distances or R = 1.05R.. However, the errors are not as bad as the

original MP2 forms meaning that SPL2 can describe better these types of interactions at

small bond distances.
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Table S5: The total MAE’s and maximum errors of the S66x8 dataset of 8
functionals as well as the MAE’s for only the hydrogen bonding complexes, the
dispersion interactions dominated complexes and the mixed set. Best result
for each column is highlighted in boldface. For comparison, the M AEs of RPA-
SOSEX (W, v,.)" are 0.22, 0.23, 0.25 and 0.17 respectively with the maximum error
being 3.33, 1.43, 3.33 and 1.04.

Method Total H-bonds Dispersion Mixed
MAE MAX | MAE MAX | MAE MAX | MAE MAX
MP2 0.39 415 | 0.14 0.71 | 0.67 4.15 | 0.34 1.59
SPL2 0.15 112 | 0.12 042 | 0.21 1.12 0.1 0.75
k—F1 0.13 1.00 | 0.09 044 | 0.19 1.00 | 0.11  0.60
B2PLYP-D3 || 0.11 090 | 0.09 0.40 | 0.14 0.90 | 0.08 0.52
RPA-SOSEX || 0.22 333 | 0.23 1.43 | 0.25 333 | 0.17 1.04
Coskos — MP2 0.2 1.17 | 0.14 1.00 | 0.32 1.17 | 0.14 0.64
Coskios —OPL2 || 0.11 0.73 | 0.08 041 | 0.16 0.73 0.1 0.48
Cos — SPL2 0.13 088 | 0.11 0.58 | 0.16 0.88 0.1 0.53
B3LYP-D3 0.15 1.05 | 0.22 1.05 | 0.13 0.65 | 0.08 0.50

Table S6: The total MAE’s and maximum errors of the B30/Bauza30 dataset
of 3 different RPA variants split as well as the MAE’s of the separate halogen
bonding (containing mostly anions as donors), chalcogen bonding and pnictogen
bonding complexes.

Method Total aHGB CHB PNB
MAE MAX | MAE MAX | MAE MAX | MAE MAX
RPA-SOSEX? || 1.17 3.16 | 1.35 3.03 | 1.33 3.16 | 048 1.20
dRPA*? 147 427 | 3.36 427 | 1.09 228 | 0.74 1.04
C(HF)-dRPA* || 0.61 1.55 | 0.96 1.55 | 0.58 1.53 | 0.37 0.71
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Figure S8: On the left the dissociation curve of NH;-FBr for CCSD(T), MP2, coskos-SPL2,
B3LYP-D3[BJ] and B2PLYP-D3 and on the right the errors between the CCSD(T) reference
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complexes of the B301® and X402 datasets.
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