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Computational Details

All HF, DFT, HF-DFT, and MP2 calculations
have been performed with the TURBOMOLE
v7.0.2.1 and PYSCF v1.7.2.2 The following func-
tionals have been used in DFT and HF-DFT
calculations: LDA (SVWN3,4), GGA (PBE,5

BLYP6,7), mGGA (TPSS8), hybrids (B3LYP,9

PBE0,10 M06, M06-2X,11 B97M-V,12 ωB97M-
V,13 B2PLYP,14 and XYG315). The scripts
for performing HF-DFT energy calculations are
available.16 Unless otherwise stated, the def2-
QZVPPD basis set has been used. For accel-
erating the self-consistent field (SCF) procedure,
we adopted the resolution of the identity approx-
imation (RI-J) with def2-QZVPPD auxiliary ba-
sis set for G08, PCONF, SCONF, and WATER27
dataset. For the KB dataset, we omit the noble
gas and the S22 dataset from the original KB65.
The energy and one-electron density convergence
threshold have been set to 1e-8 and 1e-6 a.u., re-
spectively. Numerical quadrature grids of size 4
have been used (grid size 4 in TURBOMOLE).
For VV10 correlation, 99 radial shells with 590
angular grid points per shell are used with the
SG1 prune. For all open shell calculation, unre-
stricted scheme is used. The parameters of Ta-
ble S2 are first found in the global optimizer shgo
and then optimized locally with the Nelder-Mead
method in the SCIPY package with the 1e-8 con-
vergence criterion. For revised D3, we scanned
0.00 < sr,6 < 2.00 and 0.00 < s8 < 2.00
(0.01 grid spacing) for all 320 datapoints in 12
databases (DB) (marked by an asterisks in ta-
ble S1) for all XC functionals except ωB97M-V,
XYG3 and HF-DHs. The α value for HF-DHs is
optimized with the slsqp method in the SCIPY
package. All geometries and the multiplicities ex-
cept for the AE617 have been taken from Ref.18

Table S1: Data sets used in this work.
The asterisks indicate the data sets used
for optimization of the original D3 pa-
rameters by Grimme and co-workes as
described in Ref.19 For the revised D3,
additional 5 datasets (KB, S66, X40, B30,
and WATER27) are used as a training set
and marked by a dagger.

DB no. points Description
RG6* 6 rare gases
ACONF* 15 alkane conformers
S22+* 66 non-covalent interaction
CYCONF* 10 cysteine conformers
ADIM6* 6 alkane dimers
KB† 27 non-covalent interactions
G08 6 pi-interaction of small carbon complexes
PCONF* 10 peptide conformers
S66† 66 non-covalent interactions
X40† 40 halogen interactions
S22 22 noncovalently bound dimers
DARC 14 Diels–Alder reactions
CARBHB12 12 hydrogen-bonded
BHPERI 26 pericyclic reactions
G21IP 36 adiabatic ionization potentials
ALK8 8 alkaline compounds
SCONF* 17 sugar conformers
B30† 30 non-covalent interactions for halogen
AB9 9 anomalous barrier height
SIE4x4 16 self-interaction-error
BH76 76 reaction barrier height
W4 140 atomization energies
WATER27† 27 water interactions

Table S2: Optimized parameters in
Fig. 1 and mean absolute error (MAE) in
kcal/mol. Note that when the toy model
is applied to the HF densities, we get
a = 1 and b = 0 regardless of the training
set, and thereby both the density-driven
and functional errors are eliminated.

RH−H a b training test all
0.9∼1.5 1.397 6.799 0.30 10.15 7.93
2.5∼3.1 1.237 -1.532 0.02 6.64 5.14

0.9∼1.5 & 2.5∼3.1 1.218 4.665 2.22 6.85 4.76
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Figure S1: D and ∆EF error decomposition for H+
2 dissociation curve of the empirical toy functional

trained on the DS region (left panel) and on the combination of DS and DI regions (right panel)
when applied to H+

2 along the dissociation curve . The same result, but for the functional trained
on the DI region is shown in the inset of the bottom panel of of Fig. 1.

Figure S2: H+
2 potential energy surface for the various methods.
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Figure S3: Density sensitivity (SPBE) of PBE for the 23 databases in Table S1. The red dotted line
denotes 2 kcal/mol. If SPBE is greater than 2 kcal/mol, it is considered density sensitive.20 As we
go from the left to the right, the averaged SPBE) of the databases increases. The databases used
for the training of the Grimme’s original D3 parameters are marked with an asterisk. The same
databases are also shown in the inset.
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Figure S4: BL1p MAE for the AE6 dataset in
Ref.21 HF, BLYP and SC density is used. (SC
denotes the self-consistent density from EXC =
αEHF

X +(1−α)EB88
X +(1−α2)ELY P

C .) Reference
values are from Ref.22

Figure S5: Dissociation curve of He+2 . Note
that CCSD density is used within the WY
KS-inversion method to obtain accurate KS
orbitals. Detailed information about KS-
inversion can be found in the Ref.23

Figure S6: Na-Cl dissociation curve for the
XYG3 with different MP2 admixture. The
larger the MP2 portion, the quicker the XYG3
DH bends down.

Figure S7: π − π interaction energy error of
BL1p and MP2 for the dimer formation of ben-
zene (b), pyridine (p), and uracil (u). Negative
signs denote overbinding.
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