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Delocalization errors, such as charge-transfer and some self-interaction errors, plague
computationally-efficient and otherwise-accurate density functional approximations (DFAs). Evalu-
ating a semi-local DFA non-self-consistently on the Hartree-Fock (HF') density is often recommended
as a computationally inexpensive remedy for delocalization errors. For sophisticated meta-GGAs
like SCAN, this approach can achieve remarkable accuracy. This HF-DFT (also known as DFAQHF)
is often presumed to work, when it significantly improves over the DFA, because the HF density
is more accurate than the self-consistent DFA density, in those cases. By applying the metrics
of density-corrected density functional theory (DFT), we show that HF-DFT works for barrier
heights by making a localizing charge transfer error or density over-correction, thereby producing
a somewhat-reliable cancellation of density- and functional-driven errors for the energy. A quan-
titative analysis of the charge transfer errors in a few randomly-selected transition states confirms
this trend. We do not have the exact functional and exact electron densities that would be needed
to evaluate the exact density- and functional-driven errors for the large BH76 database of bar-
rier heights. Instead, we have identified and employed three fully-non-local proxy functionals (the
SCAN 50% global hybrid, the range-separated hybrid LC-wPBE, and SCAN-FLOSIC) and their
self-consistent proxy densities. These functionals are chosen because they yield reasonably accurate
self-consistent barrier heights, and because their self-consistent total energies are nearly piecewise
linear in fractional electron number - two important points of similarity to the exact functional. We
argue that density-driven errors of the energy in a self-consistent density functional calculation are
second-order in the density error, and that large density-driven errors arise primarily from incorrect

electron transfers over length scales larger than the diameter of an atom.

I. INTRODUCTION

Stretched radical bonds (such as those arising in the
transition states of chemical reactions) present an un-
usual challenge for semi-local density functional approx-
imations (DFAs). Within Kohn-Sham density functional
theory [1], semi-local (SL) DFAs are single integrals over
an exchange-correlation energy density ey

ESL[ns,my] = / S (na(r),ny(r),. ) dr, (1)

where n¢(r) and n(r) are the up- and down-spin densi-
ties, respectively. The local spin-density approximation
(LSDA) [1, 2] employs only the spin densities, whereas
the generalized gradient approximation (GGA) also em-
ploys their gradients, and the meta-GGA further employs
the positive orbital kinetic energy densities 7(r), 7,(7)
(and/or the Laplacians of the spin densities).

The semi-local exchange-correlation hole [3] is too
localized to describe stretched radical bonds well, as
demonstrated for the simple case of stretched HJ [4].
In the limit of large bond length, this molecule has half
an electron, and half of the electron’s exact exchange
hole, on each nuclear center. The semi-local functionals
then make the energy too negative, an error that cannot

* kaplan@temple.edu
T perdew@temple.edu

be fixed by spin-symmetry breaking. But the transition
states we will study here dissociate to product molecules
of integer charge.

For a molecular complex A-B, imagine constructing a
fictive dividing plane orthogonal to the bond axis such
that the exact electron density on either side integrates
to the number of electrons for the isolated fragments [5].
In the dissociation limit, the electron density on atom
A (B) should integrate to integer-valued Nj (Ng) elec-
trons [6]. For finite separations, a semi-local DFA can
transfer electrons across this dividing plane [5], as it un-
derestimates the Perdew-Parr-Levy-Balduz (PPLB) [6]
straight-line condition. Such delocalizing charge-transfer
errors have been found [5] to correlate with errors in the
binding energy of a water dimer. Conversely, Hartree-
Fock theory [7] overestimates [8] the PPLB condition,
and can produce an erroneous charge transfer across the
dividing plane in the opposite direction. Both phenom-
ena will be demonstrated here.

It has been shown, e.g., in ref 9, that a self-interaction
correction (SIC) to a semi-local DFA can decrease its
violation of the PPLB condition. A SIC removes all one-
electron self-interaction errors (the erroneous interaction
of each electron with itself contained in the Hartree en-
ergy) from a semi-local DFA, however a general-purpose
SIC has been elusive. The commonly-used Perdew-
Zunger (PZ) SIC [10] is not invariant under a unitary
transformation of the occupied Kohn-Sham orbitals used
to construct it [11]. Thus, a different representation of
the orbitals that yields the same spin densities (a unitary
transformation of the canonical Kohn-Sham orbitals) can
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lead to a lower SIC total energy. The Fermi-Lowdin or-
bital (FLO) SIC method [11] was proposed to minimize
the SIC energy over a subset of localizing unitary trans-
formations.

However, the existence of noded real-valued FLOs in
stretched molecules has proved challenging for FLOSIC
[12], suggesting the use of complex-valued Fermi-Léwdin
orbitals [13]. The situation is similar in PZSIC with a
more general unitary transformation, where the use of
complex-valued orbitals has been shown [14] to inhibit
spontaneous symmetry breaking and further lower the
total energy over PZSIC with real-valued orbitals. Al-
ternatively, the SIC energy density for real orbitals can
be scaled down locally in many-electron regions [15], but
the “gauge” of the self-exchange-correlation energy den-
sity can be incompatible with that of the self-Hartree en-
ergy density [16]. This leads to errors in the scaled-down
SIC. We use “gauge” in the classical electromagnetism
sense: The divergence of any function Gy, that vanishes
sufficiently rapidly at the boundary surface, bdy 2, of
the integration volume §2, can be added to the exchange-
correlation energy density ey, and yield the same inte-
grated exchange-correlation energy,

/ [exc + V - Gx] d’r = / exe 21 +
Q

Q bdy Q

:/Qexcdi)’r. (2)

Besides LSDA, which is in the same gauge as the Hartree
energy density, the use of a compliance function [16], like
those used for local hybrids [17], is needed to put both
energy densities in the same gauge.

Other methods, such as the localized orbital scaling
correction (LOSC), have been developed to restore the
correct fractional charge [6] and spin [18] constraints to
semi-local DFAs. A local hybrid, which locally mixes
short-range exact (single-determinant) exchange with
semi-local exchange, was recently trained to approxi-
mately satisfy these constraints [19]. However, both
methods are computationally intensive, and neither can
be generalized to all systems (particularly solids).

A conceptually simpler method to reduce the violation
of the PPLB condition treats the short- and long-range
parts of the Coulomb interaction separately [20, 21]. The
short-range part is given by a semi-local hole model that
correctly finds a cusp in the zero-separation or on-top
exchange-correlation hole [22]. The long-range part is
given by a wavefunction method; in the work of ref 21, the
configuration interaction (CI) method was used. As CI
cannot be used to treat solids, more generally-applicable
models use exact exchange [23] for the long range part.
The partitioning is typically done using the error func-
tion [24] with an effective screening or range-separation
parameter w.

These long-range-corrected (range-separated) hybrid
DFAs better satisfy the PPLB fractional charge condi-
tion [9], leading to a reduction in “delocalization” er-
rors [25]. For systems with one electron (generally, sys-

Gy -dS

tems with fractional electron number 0 < N < 1),
self-interaction errors and delocalization errors are iden-
tical [26]. Reducing delocalization errors can also re-
duce self-interaction errors [27], and vice versa. Even
single-empirical-parameter range-separated hybrids like
LC-wPBE [28] predict barrier heights (BHs) with near-
chemical accuracy (about 1 kcal/mol absolute error).
Full exact exchange at long range is correct for molecules
and wide-gap insulators, but effectively predicts zero
screening. This yields poor predictions for solid-state
metals and narrow-gap insulators, as well as metallic
clusters [29].

The framework of density-corrected (DC) DFT [30-33]
permits a quantitative analysis of errors made by DFAs.
DC-DFT expresses the energy error as the sum of two
in-principle evaluable metrics: the error made by an ap-
proximate energy functional E.pprox in predicting the ex-
act energy Fexact,

AE‘F = Eapprox [nexact] - Eexact [nexact]y (3)

also called the functional-driven error; and the error
made by a DFA in predicting the exact density nexact

AFEp = Eapprox [napprox] — Eapprox [nexact]a (4)

or the density-driven error. These definitions are eas-
ily generalized from total energies to total energy dif-
ferences. Given a density computed with a correlated
wavefunction method such as coupled cluster (CC) or
configuration interaction (CI), it would appear straight-
forward to evaluate eq 4. However, the quantum chemi-
cal correlation energy, defined as the error made by the
Hartree-Fock approximation, differs from the definition
of the Kohn-Sham correlation energy. Moreover, the
Kohn-Sham kinetic energy is, like the Hartree-Fock ki-
netic energy, found for non-interacting electrons. Corre-
lated wavefunction methods produce an “interacting” ki-
netic energy without an easily-separable non-interacting
component. Thus, to evaluate eq 4 using a correlated
wavefunction density, one must invert [34] the density
to yield a local Kohn-Sham potential and its associated
orbitals and density.

Such Kohn-Sham inversion procedures have been
tested primarily for closed-shell systems [35]. Reference
[34] studied the OH...C1~ complex, which is similar to a
transition state used in the BH76 set, O...H...Cl, and esti-
mated the uncertainty in the inversion to be less than 0.5
kcal/mol (less than the minimum absolute barrier height
in BH76), from the discrepancy between different inver-
sion methods. However, this estimate of the uncertainty
accounts only for the difference in methods and not the
uncertainty in energies computed from those densities.
Here, we have chosen to instead find a computationally
feasible method for estimating density- and functional-
driven errors without making recourse to a Kohn-Sham
inversion scheme.

Some densities that are multi-reference in character,
such as un-stretched singlet Cs, have been shown not to



be non-interacting pure-state v-representable [36]. The
Kohn-Sham inversion process depends crucially upon the
v-representability of the density. This issue can be cir-
cumvented by permitting fractional occupancies of the
Kohn-Sham orbitals in the inversion process, but an ac-
curate and reliable inversion could also require a multi-
configurational correlated wavefunction approach as in-
put. Transition states of chemical reactions, which may
have multi-reference character, are thus likely to chal-
lenge Kohn-Sham inversion methods.

A system is considered ‘normal” in DC-DFT when the
errors made by the energy functional are larger than
those in its self-consistent density, |[AEr| > |AEp|. An
abnormal system has density-driven errors of compara-
ble or larger magnitude to its functional-driven errors,
|AERr| < |AEp| [31]. Systems with a large sensitivity
to perturbations in the Kohn-Sham potential, including
those with small HOMO-LUMO gaps, are said to exhibit
density sensitivity [30].

Applying PZSIC to a semi-local DFA can reduce the
density- and functional-driven errors in abnormal sys-
tems and thus improve, e.g., reaction barrier heights
[37, 38]. However, it has long been known [39-41] that ap-
plying semi-local DFAs to the Hartree-Fock density tends
to produce highly accurate reaction barrier heights, and
other quantum chemical quantities [42]. This methodol-
ogy, variously called DFAQHF to indicate a DFA eval-
uated at the HF density, or HF-DFT, is relatively in-
expensive but loses the benefits of self-consistency, like
computation of forces from the Hellman-Feynman theo-
rem [43]. However, it is possible to optimize geometries
using a non-variational implementation [41] of HF-DFT.

HF-DFT has achieved good accuracy in broad chemi-
cal tests [44], and even chemical accuracy for water clus-
ters, liquid water, and similar systems [5, 45, 46]. In
this work, we explore when and why DFAQHF works
well. We use the quantitative metrics of DC-DFT to ex-
plain the remarkable accuracy of SCAN@QHF for barrier
heights. We had expected to find a significant reduction
in the density-driven error of eq 4, but we found instead a
significant cancellation of that error with the functional-
driven error of eq 3. This is achieved by changing the
sign of the density-driven error from negative to posi-
tive. The possibility of an error cancellation in HF-DFT
was mentioned recently in refs 47 and 48. The follow-
ing section details the computational methods used in
this work. Barrier height and charge transfer errors are
analyzed in the “Results and Discussion” section; approx-
imate density- and functional-driven errors and density
sensitivities are analyzed in the “Analysis of density- and
functional-driven errors” section.

II. COMPUTATIONAL METHODS

The calculations of the BH76 [49, 50] set of 76 forward
and backward reaction barrier heights (BHs) were done in
PySCF [51-53]. For calculations with a PZSIC, we used

the NRLMOL-FLOSIC code [54]. For the Hartree-Fock
and density functional calculations run with PySCF, all
systems with zero total spin were run as spin restricted;
this includes six transition states. All FLOSIC calcula-
tions were run spin-unrestricted, which allows for spin-
contamination.

In PySCF, total energies were converged to 107
Hartree, and the densest numerical integration grid (size
9) was used. In a few cases (such as Cl with the LSDA
or the NoHj transition state with HF), a level shift was
needed to stabilize convergence; the DIIS (direct inver-
sion in the iterative subspace) method [55] was used
throughout. We a used spherical representation of the
basis sets for aug-cc-pVQZ and def2-QZVP, and Carte-
sian representation for the NRLMOL basis set, consistent
with the NRLMOL-FLOSIC code [54]. Charge, multi-
plicity, and structural data were taken from ref 50. All
requisite input files can be found at the public code repos-
itory [56], and all data can be found at the public data
repository [57]. The data repository includes relaxed
r?SCAN Fermi orbital descriptors (described below).

Fermi-Lowdin orbital (FLO) SIC [11, 58-60] calcula-
tions were performed using the NRLMOL-FLOSIC code
[54]. Although ref 13 recently described a modification
to the FLOSIC code utilizing complex-valued orbitals,
we have restricted our work to real-valued orbitals. All
total energies were converged to 1076 Hartree. These cal-
culations employed the NRLMOL or density-functional
optimized [61] basis set in the Cartesian representation.
As before, charge, multiplicity, and structural data were
taken from ref 50.

To perform FLOSIC calculations, an initial set of
Fermi orbital descriptors (FODs) must be supplied by
the user. Two different methods [62] were used to gen-
erate initial FODs, both of which are packages within
the PyFLOSIC [63] code: PyCOM and fodMC. PyCOM
computes the FOD as the center of mass of each orbital
density; it is DFA-dependent but otherwise conceptually
simple. fodMC non-deterministically optimizes the FOD
positions according to user-supplied chemical bonding
information and an inter-FOD Coulomb-like repulsion.
fodMC is thus DFA-independent, but requires chemi-
cal intuition and must be modified to handle charged
atoms. The forces on the FODs were optimized to less
than 5 x 104 Hartree/bohr.

All rungs of the Jacob’s ladder hierarchy [64] of density
functional approximations (DFAs) up to the single hybrid
level were considered. As a stand-in for the Kohn-Sham
exact exchange only approximation, we used the Hartree-
Fock approximation (HF) [7]. For standard Kohn-Sham
DFAs, we employed the LSDA with the Perdew-Wang
parameterization [2] of the uniform electron gas correla-
tion energy, the Perdew-Burke-Ernzerhof (PBE) general-
ized gradient approximation (GGA) [65], and the Becke
exchange [66] with Lee-Yang-Parr correlation [67, 6§]
(BLYP) GGA.

At the meta-GGA level, we used the non-empirical
strongly-constrained and appropriately normed (SCAN)



[69] and revised-regularized SCAN (r2SCAN) [70] func-
tionals. We also consider two empirical meta-GGAs that
are known [50] to perform with the accuracy of hybrids
for BH76: MO06-L [71] and MN15-L [72], both of which
are fitted to the BH76 set, in addition to other chemical
reaction data. Our motivation is to understand how HF-
DFT on the one hand, and fitting to barrier heights on
the other hand, affect the density- and functional-driven
errors of eqs 3 and 4.

At the hybrid level, we considered the long-range cor-
rected, range-separated hybrid LC-wPBE [28|, which
is a one-parameter generalization of PBE, and thus
minimally-empirical, as well as the empirical B3LYP
[73, 74].

Three sets of calculations have been performed: with
the aug-cc-pVQZ [75], def2-QZVP (76, 77|, and NRL-
MOL or density-functional optimized [61, 78] basis sets.
The aug-cc-pVQZ set is of comparable size to the def2-
QZVP set, and the latter was recommended for general
use (especially BH76) in ref 50. The aug-cc-pVQZ set
gives results comparable to def2-QZVP, which we show
in Table I and Supporting Information (SI) Table S7, re-
spectively. Whereas the aug-cc-pVQZ and def2-QZVP
sets include Gaussian-type orbitals with orbital angular
momentum 3 and higher, the NRLMOL basis set includes
only s, p, and d shells. The BH76 error statistics com-
puted with the much smaller NRLMOL basis set, shown
in SI Table S8, are surprisingly close to those computed
with either quadruple-zeta set.

As the data computed with the aug-cc-pVQZ and def2-
QZVP bases agree to within the uncertainty of the refer-
ence energies, we will perform analysis on data computed
with the (slightly) larger aug-cc-pVQZ set. Nearly iden-
tical conclusions could be drawn from the def2-QZVP
data.

IIT. RESULTS AND DISCUSSION

In all cases, applying a semi-local DFA, except MN15-
L, to the HF density yields significantly lower BH errors,
seen in Table I. However, applying a minimally empirical
non-local DFA like LC-wPBE to the HF density yields
worse reaction BHs than those found self-consistently.
This latter tendency was noted in ref 40. B3LYP evalu-
ated on the HF density makes a roughly 40% lower mean
absolute deviation (MAD) than self-consistent B3LYP.
Applying semi-local DFAs and B3LYP to the LC-wPBE
density yields a minor 10 — 15% decrease in the MADs,
compared to the 50-60% reduction in the MADs using
the HF density, also noted previously in ref 40. All this
suggests that the BSLYP densities in the transition states
are closer to those of a semi-local DFA than to the HF
density.

The reaction energies of the BHT76 set, also called
BH76RC [50], show that the density driven errors primar-
ily derive from the transition states. BH76 and BH76RC
error statistics are presented in Table I using the aug-

cc-pVQZ basis set, and SI Tables S7 and S8 using the
def2-QZVP and NRLMOL basis sets, respectively. Ap-
plying a semi-local DFA to the Hartree-Fock or the LC-
wPBE density still yields a decrease in the MADs, but to
a much smaller degree than for the reaction BHs. As the
BHT76RC set does not use the BH76 transition states to
compute reaction energies, this demonstrates that errors
made by semi-local DFAs computed in barrier heights are
density-driven for the transition states. Of course, there
are smaller density-driven errors that impact the reac-
tion energies, and the accuracy of the DFA for reaction
energies is limited by its functional error.

As expected by the variational principle, evaluating a
DFA non-self-consistently on a different density will give
a higher total energy than when evaluated on its true self-
consistent density. To correct the too-low barrier heights
of semi-local DFAs, the positive shift in the transition
state total energies has to be larger than the correspond-
ing shift in the reactant and product state energies. This
is confirmed in SI Table S10, which shows that the tran-
sition state energies increase on average by about 6-10
kcal/mol more than the reactant and product states for
the LSDA, B3LYP, and the GGAs and meta-GGAs con-
sidered here when evaluated on the HF density. The LC-
wPBE energy shifts differ by 5 kcal/mol on average. Thus
the poorer accuracy of MN15-LQHF and LC-wPBE@HF
cannot be explained solely by the relative energy shifts.

Our tests indicate that all semi-local DFAs considered
here show strong density-sensitivity for the transition
states, which feature stretched radical bonds. To see how
the density-driven errors decrease as single-determinant
exchange is admixed into a semi-local DFA, we define the
family of hybrid meta-GGAs SX-x

ESX  ng,ny] =2 EEXX 4+ (1 — 2) EZ“[ng,ny] - (5)
+ B3N [ng,ny].

SX-0 is equivalent to SCAN; SX-1 uses the Kohn-Sham
exact exchange only approximation (EXOA) with SCAN
correlation.

Table II presents the MAD in the BH76 set for LSDA,
PBE, SCAN, r2SCAN, and LC-wPBE evaluated non-self-
consistently on the SX-z density as a function of . This
data is also plotted in SI fig S7. SI Table S6 and fig
S8 present a similar analysis using an r2SCAN global
hybrid, called R2X-z. These show that 0.25 < x < 0.5
yields an r?SCAN global hybrid of comparable accuracy
as LC-wPBE for BHT76.

For all semi-local DFAs, increasing the admixture of
single-determinant exchange improves the BH76 MAD.
Evaluating r2SCAN on the SCAN (SX-0) density yields
no marked improvement in the barrier heights, while eval-
uating PBE and LSDA on the SCAN density yields mi-
nor improvements in the barrier heights. However, the
LC-wPBE@SX-z MADs are virtually identical to the self-
consistent LC-wPBE MADs for x = 0.25, 0.5, implying
that the SX-0.25 and SX-0.5 densities are of roughly the
same quality as those of LC-wPBE. As x = 0.5 provides



BHT76 MD MAD RMSD

DFA @DFA QHF QLC-wPBE @DFA QHF QLC-wPBE @DFA QHF QLC-wPBE
HF 10.62 11.27 13.18

LSDA -15.30 -5.09 -13.16 15.39 7.82 13.38 17.84 9.98 15.61
PBE -8.88 -0.92 -7.70 8.93 3.85 7.76 10.26 5.34 9.10
BLYP -8.05 -0.17 -6.80 8.06 2.84 6.85 9.28 4.63 8.05
SCAN -7.44 -1.70 -6.85 7.50 3.05 6.94 8.22 4.03 7.65
r’SCAN -6.91 -1.10 -6.35 6.96 2.84 6.42 7.75 4.08 7.18
MO06-L -3.58 2.64 -2.77 3.84 3.17 3.25 4.86 4.73 4.19
MN15-L -0.87 4.94 -0.32 1.80 5.37 1.85 2.65 6.67 2.43
B3LYP -4.35 1.04 -3.90 4.41 2.71 3.99 5.24 3.99 4.82
LC-wPBE 0.60 4.11 1.87 4.18 2.49 5.69

BH76RC MD MAD RMSD

DFA @DFA QHF QLC-wPBE @DFA QHF QLC-wPBE @DFA @HF QLC-wPBE
HF -0.27 8.54 11.31

LSDA 0.53 -0.54 -0.41 8.72 6.59 7.79 11.24 8.64 10.35
PBE 1.04 0.70 0.97 4.09 2.86 3.81 6.00 4.10 5.65
BLYP 0.77 0.60 0.74 3.26 2.36 3.10 4.35 3.06 4.11
SCAN -0.06 -0.50 -0.11 3.12 2.70 3.04 4.18 3.40 3.99
r’SCAN 0.06 -0.41 -0.00 2.98 2.59 2.89 4.03 3.20 3.86
MO06-L 1.58 1.11 1.54 2.77 2.39 2.71 4.16 3.13 3.85
MN15-L 1.19 0.94 1.28 2.34 241 2.40 3.14 3.10 3.08
B3LYP -0.20 -0.22 -0.20 2.07 1.87 2.04 2.66 2.23 2.62
LC-wPBE -0.54 -0.63 2.19 1.81 2.74 2.35

TABLE 1. BH76 error statistics (in kcal/mol) using PySCF and the aug-cc-pVQZ [75] basis set. Mean deviations (MDs), mean
absolute deviations (MADs), and root-mean-squared deviations (RMSDs) are reported. Reference reaction energies are taken
from ref [50]. Self-consistent results are reported in the “QDFA” columns. The “QHF” columns report non-selfconsistent results
for the DFA evaluated at the Hartree-Fock densities. Analogously, the “QLC-wPBE” columns report non-selfconsistent results
using the LC-wPBE densities. The BH76 MADs for DFAQLC-wPBE in this table are rather similar to those of DFA@QDM21m
in Table S2 of ref [19], although DM21m is a version of DM21 that was not trained to satisfy the PPLB straight-line condition.
Using the reference data from ref [50], the mean (mean absolute) barrier height in BH76 is 18.19 kcal/mol (18.61 kcal/mol).
Four reactions have negative barrier heights. The rates of chemical reactions are sensitive to barrier heights.

z LSDA PBE SCAN r?SCAN LC-wPBE SX
SCF 15.39 8.93 7.50 6.96 1.87
0.00 14.43 8.64 7.50 6.92 2.08 7.50
0.10 14.13 8.42 7.45 6.85 1.97 5.88
0.25 13.51 7.92 7.21 6.59 1.87 3.77
0.50 12.05 6.65 6.36 5.71 1.86 2.69
0.75 1041 5.17 5.01 4.35 231 4.45
1.00 8.62  3.95 3.63 3.14 3.20 6.37
@QHF 7.82 3.85 3.05 2.84 4.18

TABLE II. Self-consistent (SCF), and non-self-consistent
(DFA@SX-z and @QHF) BH76 MADs for the DFAs consid-
ered here, using the aug-cc-pVQZ basis set. x represents the
fraction of exact single-determinant exchange mixed with the
SCAN exchange energy in eq 5. When a numeric value of
x is given, the MAD is DFAQSX-z. The “QHF” row evalu-
ates DFAQHF. For a visual representation of this figure, see
Appendix Figure S7.

the lowest BH76 MAD and the closest LC-wPBE MAD,
we will proceed assuming that SX-0.5 is the best SCAN
global hybrid for BH76.

Table III quantifies the density errors of the SX-x den-

sities found using eq 5 for the reactions CHs + FCl —
CHsF + Cl, F + H, - H + HF, and H + HCl —

CHs...F..Cl F..H..H Cl.H..H

BH Error
x (kcal/mol) AN AN AN
0.00 12,55  -0.0702 -0.0606 -0.0209
0.10 12.48 -0.0645 -0.0501 -0.0195
0.25 12.09  -0.0539 -0.0332 -0.0174
0.50 10.33  -0.0302 -0.0048 -0.0135
0.75 6.85  -0.0013 0.0188 -0.0090
0.85 5.03 0.0105 0.0264 -0.0071
1.00 1.93 0.0270 0.0359 -0.0039
@QHF 0.94 0.0357 0.0479 0.0107

TABLE III. Barrier height (BH) errors, from SX-z and
SCANG@HF, for the reaction CHs + FCl — CH3F + Cl, and
their corresponding charge transfer errors AN for the transi-
tion state, CHs...F...Cl. The barrier height errors shown here
are averages of the absolute errors in the forwards and reverse
reaction barrier heights. Charge transfer errors are also shown
for the F...H...H transition state, used in the reaction F + Ha
— H + HF, and the CI...H...H transition state, used for the
reaction H + HCI — Hs + Cl. The charge transfer or density
errors are evaluated on the CHjs side of the transition state
CHs...F...Cl, and on the H...H side of the other two transi-
tion states. Self-consistent densities are taken from the SCAN
global hybrid SX-z, eq 5, and BH errors are SCANQSX-z.



Hs + CIl. For these reactions, the transition states are
CHj3...F...Cl, F..H...H, and CI...H...H, respectively. As
in the introduction, a fictive dividing plane [5] is placed
between the CHs and the F...Cl complex such that the
computed orbital optimized CCD density has 9 electrons
on the CHjz side, and 26 electrons on the F...Cl side.
Analogously, a plane is defined such that there are 9 (17)
electrons on the F (Cl) side, and 2 electrons on the Hy
side, of the F...H..H (Cl...H...H) complex. Assuming the
orbital-optimized CCD density to be nearly exact, we
can then estimate the charge transfer error AN across
the dividing plane for any given approximate density by
integrating the charge density on both sides of the plane.
This method was introduced in ref 5 to analyze charge
transfer errors in water clusters.

For x < 0.8 (x = 0.8), electrons are transferred from
(to) the CHj side of the CHs...F..Cl transition state.
However, the SCANQ@QSX-x BH errors minimize when
there is a charge transfer in the opposite direction as for
the SCAN@SX-1 and SCAN@HF BH errors. Thus, while
the SX-0.8 or correlated-wavefunction densities transfer
no charge across the neutral plane, SCAN’s description
of the transition state benefits from a localizing charge
transfer error. As is well-known [79], there is no single
optimal mixing parameter z for a global hybrid - the op-
timal x is system- and property-dependent. We modify
the value of x to study the nature of charge-transfer er-
rors, and do not advocate for optimizing the value of z
in practical applications. A linear fit to the data would
yield zero charge transfer at « = 0.76 for CHs...F...Cl
and x = 0.59 for F...H...H. For Cl...H...H, even the 100%
SCAN global hybrid makes a delocalizing charge trans-
fer error; only the HF density is sufficiently localizing to
produce a charge transfer of the opposite sign. In all
cases, the magnitude of the charge transferred by the
HF density is less than what is transferred by the SCAN
density. Our findings are consistent across different tran-
sition states. The over-localization of the HF density in
SCANQ@HF cancels much of the functional-driven error
of SCAN.

The density-driven error of a self-consistent density
functional calculation, eq 4, can be found from a func-
tional Taylor expansion [33]| of Eapprox|n] about its min-

imum, in powers of Nexact — Mapprox:

52 E
_ 3 3,9 Dapprox
AFp = /d /d mon(r) (6)

Napprox

X [Nexact (T") — Napprox (T)] [Mexact (1) — Napprox (1)]

See sec S2 for a derivation of this expansion. The series
has been truncated at second order, since we found for
the reactions in Table III that the SCAN errors of the
barrier heights were accurately quadratic in the charge
transfer errors AN, see fig 1.

Approximate density functionals like SCAN make
small density errors for atoms or compact molecules with
integer electron numbers [5, 80], but much larger density
errors associated with electron charge transfers over dis-
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FIG. 1. Barrier height errors of SCANQSX-z as a function
of the integrated charge transfer errors AN made by the SX-
x global hybrid. The values of AN are taken from Table
III. Forward reactions are shown in solid lines, and reverse
reactions in dotted lines. To present all three reactions in the
same figure, the charge transfer errors are normalized to the
SCAN (SX-0) values of AN, presented in square brackets in
the legend. The SCAN errors are quadratic, consistent with
eq 6.

tances much greater than the size of an atom [6, 81]. For
example [81], for highly-stretched NaCl, 0.4 electrons are
incorrectly transfered from neutral Na to neutral Cl by
the LSDA, which lacks the derivative discontinuity [6]
of the exact functional that guarantees an integer num-
ber of electrons on each atom. Of course, the electron
charge transfer errors in the stretched bonds of transi-
tion states are not as large as those in highly-stretched
NaCl, but they are still larger than more localized den-
sity errors, and their energetic effect is magnified by the
second-order dependence of the density-driven error on
the density error.

The density-driven error of a self-consistent density
functional calculation, as defined in eq 4 and discussed
above, is always negative or zero by the variational
principle.  For a non-self-consistent calculation, like
SCAN@HF, we define the density-driven error as in eq

1 (below), which can be positive if the SCAN energy
evaluated on the Hartree-Fock density is higher than the
SCAN energy evaluated on the proxy-exact density.

Table IV demonstrates the effect of an SIC on barrier
heights, both self-consistently (DFA-FLOSIC) and by
non-self-consistently applying a DFA to its self-consistent
FLOSIC density (DFA@QFLOSIC). By considering both
cases, we can partially separate the role of density-driven
and functional-driven errors.

While hybrid functionals also reduce self-interaction
errors, they cannot fully remove them in a systematic
way. Moreover, global hybrids, like SX-0.5, will have
an incorrect decay of the exchange-correlation potential
in a finite system. If @ is the mixing parameter of a
global hybrid, its exchange-correlation potential vy, will
decay as —a/r at large-r, instead of the correct [82, 83]



TABLE IV. BH76 error statistics (in kcal/mol) using the
FLOSIC code and its default NRLMOL basis set [61].
The DFA rows present self-consistent DFA results. “DFA-
FLOSIC” indicates a fully self-consistent calculation using
the DFA with a Fermi-Lowdin orbital self-interaction cor-
rection. “DFAQFLOSIC” indicates a DFA evaluated non-
selfconsistently on its self-consistent DFA-FLOSIC density.

LSDA PBE SCAN r’SCAN
DFA
MD -15.36 -9.88 -7.74 -7.24
MAD 15.46 10.49 7.81 7.30
DFA-FLOSIC
MD 0.26 3.04 0.61 1.34
MAD 5.70 5.26 3.79 3.54
DFAQFLOSIC
MD -10.93 -5.02 -5.76 -5.23
MAD 11.17 5.34 5.85 5.31
behavior, lim, o, vxc = —1/r. By construction, long-

range corrected range-separated hybrids, like LC-wPBE,
will exhibit the correct decay of vy.. A non-empirical
SIC, such as FLOSIC, fully eliminates one-electron self-
interaction errors, and restores the —1/r decay of vy in a
finite system regardless of the underlying approximation
used. Thus the SIC analysis is relevant for understanding
the degree to which hybrids eliminate one-electron self-
interaction errors.

Using the LSDA-FLOSIC density but retaining the
LSDA energy functional, LSDAQFLOSIC’s BH76 MAD
is 72% that of LSDA, suggesting a decrease in density-
driven error. Further changing the energy functional
using self-consistent LSDA-FLOSIC further reduces the
MAD to 37% that of LSDA. Thus LSDA makes signifi-
cant density-driven and functional-driven errors that are
of comparable magnitude.

Conversely, the PBE-FLOSIC (PBEQFLOSIC) BH76
MAD is 50% (51%) that of self-consistent PBE. Thus
PBE’s errors for BH76 are primarily density-driven. The
SCAN and r2SCAN MADs decrease by roughly 25%
when evaluated on their FLOSIC densities, and a fur-
ther 25% when evaluated self-consistently with FLOSIC.

The HF density is not the most correct density in the
sense that it best mimics the exact density. As seen in
Table ITI, HF makes charge transfer errors of comparable
magnitude to SCAN but of opposite sign. This is despite
the well-known fact, also shown here in Tables I and II,
that non-self-consistently evaluating a semi-local DFA on
the HF' density produces very accurate BHs.

A. Analysis of density- and functional-driven
errors

We can now give an interpretation to the observations
of the previous paragraph: all BH computations involve

an energy difference of the form

AEgn = Ets — Z E;, (7)
i=R,P

where FErg is the total energy of the transition state
(TS), and the summation is over the total energies of the
(R)eactants or (P)roducts. Suppose, as argued here, that
Erg is much more sensitive to perturbations in the Kohn-
Sham potential or density. If a DFA makes AFEgy too
low, as in virtually all the BHs considered here, then eval-
uating it non-self-consistently on DFA2 (DFAQDFAZ2)
will necessarily raise the energy by the variational prin-
ciple. The reaction energies (RE) of BH76RC are the
non-positive quantities

AERE = EP - ER- (8)

At this point, we may only assert that DFA2 pro-
duces a more accurate density than the original DFA if
the functional-driven error of the original DFA is neg-
ligible. Thus one may easily obtain “the right answer
for the wrong reason.” For the reasons outlined in the
Introduction, we cannot evaluate eqs 3 and 4 using a
correlated-wavefunction method. We can, however, re-
place Feyxact With Erof and its self-consistent density nyef,
and use a reference (ref) method we believe produces a
highly accurate density. We select SCAN-FLOSIC, LC-
wPBE, and SX-0.5 as proxies for the unavailable exact
functional. These three functionals are chosen because
they produce total energies of open separated subsystems
that vary almost linearly with electron number between
adjacent integers [9] (while the exact functional is exactly
linear), and because their self-consistent barrier heights
are nearly correct (while those of the exact functional are
fully correct).

We demand that the proxies adhere closely to the
PPLB condition as we cannot construct a point-wise er-
ror metric that measures closeness to the exact density. If
an approximate functional gives an almost straight-line
interpolation between total energies of adjacent integer
electron number, then it is unlikely to make energetically-
relevant charge-transfer errors. As argued in ref [32], such
point-wise metrics, including the L? norm used in Kohn-
Sham inversion techniques

L2y ma) = / Erlm(r) —na(r), (9)

are highly-sensitive to the grid and basis set used. More-
over, the L? norm in this sense has dimensions of inverse
cubic length. Because the exact functional is variational,
one can determine the relative correctness of different
densities by ordering them by lowest total energy. One
might attempt something similar using a variational cor-
related wavefunction method, such as configuration in-
teraction. However, we are unaware of software that is
capable of using orbitals from our proxies as input to a
configuration interaction calculation, and development of
such software is well-beyond the scope of this work.



Proxy reference or proxy exact

LC-wPBE SX-0.5 SCAN-FLOSIC
BH76 MFE MDE MFE MDE MFE MDE
LSDA -13.76 214 -11.61 -3.52 -11.53 -4.45
PBE -8.30 -1.18 -6.42 -2.29 -6.23 -3.66
BLYP -7.40 -1.25 -5.60 -2.28
SCAN -7.46 -0.58 -6.11 -1.16 -6.38 -1.97
?SCAN -6.95 -0.57 -5.47 -1.27 -7.85 0.00
MO06-L -3.37 -0.81 -1.67 -1.73
MN15-L -0.92 -0.54 0.70 -1.40
B3LYP -4.50 -0.46 -3.13 -1.06
LC-wPBE 1.16 -0.39
LSDA@HF -13.76 8.06 11.61 6.69 -11.53 5.54
PBEQHF -8.30 6.78 -6.42 5.68 -6.23 4.41
SCAN@HF -7.46 5.15 -6.11 4.58 -6.38 3.81
r?’SCAN@QHF -6.95 5.25 -5.47 4.54 -7.85 5.88
LC-wPBE SX-0.5 SCAN-FLOSIC
BH76RC MFE MDE MFE MDE MFE MDE
LSDA 0.13 0.94 1.30 0.93 -0.45 0.26
PBE 1.51 0.08 2.64 0.10 0.35 0.73
BLYP 1.27 0.04 2.47 0.00
SCAN 0.43 0.05 1.48 0.15 -0.12 0.19
?’SCAN 0.53 0.07 1.60 0.16 0.19 0.00
MO06-L 2.08 0.04 3.14 0.14
MN15-L 1.82 -0.09 2.85 0.04
B3LYP 0.34 0.00 1.55 -0.05
LC-wPBE 1.17 -0.01
LSDA@HF 0.13 -0.13 1.30 -0.14 -0.45 -0.08
PBEQHF 1.51 -0.26 2.64 -0.24 0.35 0.44
SCAN@HF 0.43 -0.39 1.48 -0.29 -0.12 -0.23
r’SCAN@QHF 0.53 -0.41 1.60 -0.32 0.19 -0.45

TABLE V. Mean functional-driven errors (MFEs) and mean density-driven errors (MDEs) for the reaction energy differences in
the BH76 and BH76RC sets. The vertical columns indicate which DFA is used as a proxy for the exact functional and density in
egs 3 and 4. For the same metrics applied to the single-point total energies for the individual molecules in both sets, see Table
S9 in the Appendix. In the SCANQHF row, the functional- and density-driven errors are computed according to eqs 7?7 and ?77.
Because the NRLMOL code cannot (at the time of writing) perform hybrid DFA or HF calculations, the SCAN-FLOSIC-proxy
MFE and MDE for SCANQHF were found from reaction energy differences computed with the NRLMOL basis set in PySCF

(see Table S8 especially).

While SCAN is expected to be accurate when evalu-
ated on the exact densities of the reactants and products,
the SCAN energy evaluated on the exact density of the
transition state is expected to be too negative, because
the SCAN energy is too low for stretched radical bonds.
Thus SCAN is expected to make a negative functional-
driven error for the barrier heights, and SCANQHF is ex-
pected to make a partly-canceling positive density-driven
error. We will now quantify this interpretation.

As functions of the electron number between adja-
cent integers on an open separated subsystem, the to-
tal energy varies sub-linearly for semi-local functionals
and super-linearly for HF. In a collection of open iso-
lated subsystems, semi-local functionals can incorrectly
assign non-integer electron number to each subsystem,
while the HF and exact functionals will not. The HF
energy, however, cannot be regarded as a proxy for the
exact energy, since the HF barrier heights are much too
high. Thus we use the SCAN energy in lieu of the HF
energy.

SCAN@HF and refinements like r2SCAN-DC4@QHF
[46] work remarkably well for water clusters and liquid
water. Our earlier and simpler interpretation [5, 45] was
that SCAN makes negligible functional-driven error for
this problem, and that the HF density is almost exact
for the cluster. Our current interpretation, based on
our detailed analysis of BH76, suggests that, at least for
barrier heights, a more nuanced interpretation is likely
to be more correct: For the normal covalent bonds in
the reactants and products, self-consistent SCAN yields
both an accurate total energy and an accurate electron
density [5]. Earlier work [5] on the binding energies of
water clusters found that SCAN@QHF was more accurate
than SCAN@QSCAN-FLOSIC, and concluded that the HF
density was closer to the exact density than the SCAN-
FLOSIC density, but that conclusion may have to be
revisited.

Table V presents the mean functional-driven errors
(MFEs) and mean density-driven errors (MDEs) for the
reaction energy differences in the BH76 and BH76RC



sets. By considering mean errors, we see exactly why the
density-correction works. When we use DFAQHF, such
as SCANQHF, as a “target” DFA to evaluate errors for,
the functional-driven and “generalized density-driven” er-
rors are computed as

AEy(DFAGHF) = Eppa [nre] — Bret[Nred] (10)
AEp(DFAQHF) = Eppa[nur] — Eppanee], (1)

where “ref” is one of the proxies. In the formalism of
DC-DFT, eq 11 is not a density-driven error, but an
energetically-measured “density-driven difference” [33],
because the self-consistent density does not appear ex-
plicitly there. However, eq 11 can be written as the dif-
ference of two density-driven errors,

AED (DFA@HF) = (EDFA [nDFA] — EDFA [’I’Lref]) (12)

— (EDFA [TLDFA} — Epra [nHF]) .

Therefore, eq 11 energetically measures the difference be-
tween the reference density (here, a proxy for the exact
density) and the Hartree-Fock density using the varia-
tional minimum of a self-consistent DFA calculation as
a common reference point. Then we find that the nega-
tive functional-driven error of SCAN is mostly canceled
by a positive density-driven error from the too-localized
HF density. Note that the sum of eqs 10 and 11 is ex-
actly the total error of SCANQHF only when Elef[nyef] =
Eoxact[Nexact)- The BH76RC MFEs and MDEs do not
show similar cancellation, except SCAN@QHF applied to
the LC-wPBE proxy.

SI Table S9 performs a similar analysis for the individ-
ual molecules in the sets, with transition state and re-
actant /product subsets considered separately. While the
density-driven errors for the transition states are gener-
ally twice those of the reactant and product states, these
metrics have clearer interpretations when applied to en-
ergy differences. However, Table S9 provides a check of
our methods: the variational principle demands that the
density-driven error of a DFA total energy be negative, as
the self-consistent density will always yield a lower total
energy than the proxy density. By considering only total
energies and not energy differences, Table S9 confirms
our methodology: every self-consistent DFA there (ex-
cluding SCAN@HF) has negative average density-driven
errors. As SCANQ@HF is not a variational method, its
density-driven errors can be positive.

As Table V presents average density-driven errors in
energy differences, the sign of the density-driven error
will not necessarily be negative. The self-consistent bar-
rier heights of (most) semi-local DFAs are systematically
too low, and by the variational principle, the barrier
heights found from evaluation on a different density will
be higher. Thus the BH76 mean density errors are nega-
tive. Semi-local DFAs make less systematic errors for the
BHT76RC set, and thus the sign of the density-driven er-
ror will depend on how closely the self-consistent density
resembles the reference density. While the chosen three
nonlocal functionals are suitable proxies for the exact

DFA ADS AMIN AMAX
BHT76
LSDA 10.33 + 8.07 1.48 49.25
PBE 8.37 + 6.62 0.41 39.16
BLYP 8.11 + 6.66 0.46 38.50
SCAN 5.62 + 4.54 0.14 25.78
r’SCAN 5.80 + 4.87 0.29 27.76
MO06-L 6.16 + 4.71 0.02 28.51
MN15-L 5.63 + 5.21 0.07 29.12
SX-0.25 2.48 +2.58 0.00 13.29
B3LYP 5.13 + 4.58 0.23 25.70
LC-wPBE 2.42 + 3.40 0.01 20.55
BH76RC
LSDA 2.59 +2.78 0.08 11.87
PBE 2.38 + 2.76 0.04 9.78
BLYP 2.30 + 2.67 0.04 10.01
SCAN 2.16 £ 2.60 0.03 7.65
r’SCAN 2.35 + 2.67 0.02 8.27
MO06-L 2.26 + 2.03 0.02 7.73
MN15-L 2.02 +2.16 0.06 7.78
SX-0.25 1.64 +2.33 0.00 6.90
B3LYP 1.75 +£2.21 0.00 7.38
LC-wPBE 1.68 +1.96 0.05 5.85

TABLE VI. Mean absolute density sensitivity (ADS) and its
standard deviation, evaluated using eq 13 on all reactions in
the BH76 and BH76RC sets. All units are kcal/mol. Absolute
minimum (AMIN) and maximum (AMAX) density sensitivi-
ties S are reported. All calculations used the aug-cc-pVQZ ba-
sis set [75]. SCANO is the more common name of the SX-0.25
global hybrid; its self-consistent BH76 MAD is 3.77 kcal /mol,
and its @HF MAD is 2.76 kcal/mol.

functional for the barrier heights, it is very possible that
self-consistent SCAN or r2SCAN would be better proxies
for the reaction energies, which involve only molecules in
equilibrium [5].

We note two important observations regarding empir-
ical vs. non- and semi-empirical DFAs. BLYP performs
largely the same as PBE for the BH76 set, demonstrat-
ing the consistency of density-driven errors. The average
B3LYP functional- and density-driven errors applied to
any self-consistent reference (thus excluding SCANQHF)
lie nearly halfway between those of r2SCAN and LC-
wPBE. The Minnesota functionals M06-L and MN15-L
make slightly larger density-driven errors for the barrier
heights than do SCAN or r2SCAN, but their fitting to
barrier heights reduces their functional-driven errors for
this property.

An alternative metric of density sensitivity is provided
by ref 32:

S = ‘Eapprox [nLSDA] - Eapprox[nHFHa (13)

a simple total energy difference between DFAQLSDA and
DFA@HF. When S is above a threshold, 2 kcal/mol in
ref 32, a system is expected to exhibit strong density
sensitivities that could be cured by evaluation on the
HF density. Table VI reports the mean absolute density
sensitivities for the DFAs considered here, as well as their



standard deviations and extreme errors. Note that the
sensitivities are evaluated for the reactions in the BH76
and BH76RC sets, and not individual molecules. The
density sensitivities of SX-0.25 and LC-wPBE are both
about 2.5 kcal/mol for BH76, reasonably close to the 2
kcal /mol threshold. Note that ref 84 advocates for using
a higher or lower cutoff when physically motivated.

However, the semi-local DFAs — LSDA, PBE, SCAN,
and r?SCAN — show much larger density sensitivities
for BH76, ranging from about 6 kcal/mol for SCAN
and 12SCAN to 10 kcal/mol for LSDA. Moreover,
B3LYP shows density sensitivity comparable to SCAN
and r2SCAN. Despite their hybrid-level performance for
BH76, M06-L and MN15-L show comparable density sen-
sitivity to the less-accurate semi-local DFAs, suggesting
that their self-consistent densities will not be accurate.
That all semi-local DFAs and B3LYP exhibit a strong
density sensitivity for BH76 is consistent with Table I,
where all semi-local MADs decrease when they are ap-
plied to the HF density.

For the BH76RC set, no DFA shows a strong den-
sity sensitivity, as the maximum average sensitivity is
2.5 keal/mol from LSDA. The density sensitivities of the
hybrids lie within the 2 kcal/mol threshold. This obser-
vation is consistent with the BH76RC error statistics in
Table I, at least for the meta-GGAs and hybrids. Apply-
ing a more sophisticated DFA to the HF density yields no
marked decrease in the BH76RC MAD, suggesting that
the errors are primarily functional-driven for this set.

In Table V, the functional- and density-driven errors
have been calculated from the following equations

AFEp = Eapprox [nproxy] - Eproxy [nproxy]a (14)
AEp = Eapprox [napprox] - Eapprox [nproxy]~ (15)

Section S1 A shows that a plausible alternative, eq S3,
which employs the exact barrier height energies, leads
to nearly the same mean errors and conclusions. Sec-
tion S4 presents the individual functional- and density-
driven errors from which Table V was constructed. There
are some clear outliers, which is normal in density-
functional theory, but overall, the individual numbers
tell the same story that the mean errors tell: The self-
consistent LSDA, GGA, and meta-GGA functionals tend
to make large negative functional- and smaller negative
density-driven errors, while SCAN@QHF over-corrects the
electron density, leading to positive density-driven errors
that tend to cancel the negative functional-driven errors.

IV. CONCLUSIONS

This work applies the metrics of density-corrected
(DC) DFT [30-32] and quantitative measures of charge-
transfer errors [5] to establish why DFAQHF often pro-
duces accurate energies for systems where self-consistent
DFAs fail badly. A standard set of reaction barrier
heights (BHs), BH76, with their corresponding reaction
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energies, BH76RC, was selected to compute these metrics
[50]. Accurate geometries and reference energies are pub-
licly available for these sets. Moreover, the BH76 BHs
consider transition states with stretched radical bonds,
whereas the BH76RC reactions require only the more-
compact reactant and product states.

For the BHT76 barrier heights, self-consistent density
functional approximations improve in mean absolute er-
ror (Table I) from LSDA to PBE to SCAN or r2SCAN.
The mean functional-driven and density-driven errors
(Table V) improve in the same sequence.

While it is often presumed that HF yields more ac-
curate densities for these abnormal systems, we demon-
strated that DFAQHF works for barrier heights because
HF makes a charge transfer error of the opposite sign as
most semi-local DFAs. The self-consistent DFA density
makes a delocalizing charge transfer error, and HF pro-
duces a localizing charge transfer error. Thus DFAQHF
benefits from a cancellation of functional- and density-
driven errors via evaluation on a too-local density.

The metrics of DC-DFT require non-self-consistent
evaluation of a DFA on the exact density. As we gen-
erally cannot efficiently and reliably invert a high-level
wavefunction density to yield a local Kohn-Sham poten-
tial, we established three proxies for the exact functional.
A good proxy should yield low errors for the test set
in consideration, and should either (a), very nearly sat-
isfy the Perdew-Parr-Levy-Balduz theorem [6] on the ex-
change correlation energy, such as SCAN-FLOSIC and
the range-separated hybrid LC-wPBE [28]; or (b), yield
low charge transfer errors for the test set, such as the
SCAN global hybrid with 50% exact exchange admixture
(called SX-0.5 here, sometimes called SCAN50). Note
that the optimal fraction of exact exchange admixture
will vary with the test set and property. Accurate pre-
diction of the energies at hand (here, reaction barrier
heights) is a necessary, but insufficient condition for se-
lecting a proxy for the exact functional. A good proxy
must also yield small density-driven errors, quantified by
its adherence to the PPLB condition or its demonstrated
lack of charge transfer errors for the systems at hand.

Careful inspection of SI Tables S71, S75, and S81 will
reveal that both SX-0.5 and SCAN-FLOSIC make sub-
stantially larger errors for the first twelve reaction barri-
ers than the last sixty-four. For both the first twelve
and last sixty-four reactions, LC-wPBE makes a 1.87
kcal/mol MAD. SX-0.5 (SCAN-FLOSIC) makes a 4.08
(4.99) kcal/mol MAD for the first twelve, and 2.43 (3.56)
kcal/mol MAD for the last sixty-four. We therefore view
LC-wPBE as the most reliable proxy for this set, SX-0.5
as the second-most reliable, and SCAN-FLOSIC as the
third-most reliable proxy.

The energy metrics used here, motivated by the for-
malism of DC-DFT, suggest, by the weight of evi-
dence, that SCAN@HF works by a strong cancellation of
functional- and generalized density-driven errors. Most
self-consistent semi-local DFAs do not show similar can-
cellation of these errors. We note no strong differences



between PBE and BLYP for the BH76 set in terms of re-
action BHs, density-, and functional-driven errors. These
conclusions hold using any of the proxies selected here.

We also evaluated the density sensitivity [32], a metric
used to determine when a density correction is needed.
While the 25% SCAN global hybrid (SX-0.25, or more
commonly, SCANQ) and LC-wPBE show very low sensi-
tivity for the BH76 BHs, all semi-local DFAs (including
MO06-L and MN15-L) and B3LYP show high density sen-
sitivity. The relatively high density sensitivity indicates
that a self-consistent density is unlikely to be reliable.
The BH76RC reaction energies show low density sensi-
tivity for all considered DFAs, indicating that the errors
for this set are primarily functional-driven.

Our error-cancellation explanation for the success of
HF-DFT for barrier heights is not intended to apply to
all the situations in which HF-DFT works. For the bind-
ing energy curves of heteronuclear molecules [34], HF-
DFT works because it eliminates a large density-driven
error. In the dissociation limit, HF correctly yields sepa-
rate atoms of integer charge, while semi-local functionals
do not [6]. HF-DFT also works for the electron affinities
of atoms (in the complete-basis-set limit) by eliminating
a density-driven error.

We know that the SCAN-like functionals make sig-
nificantly negative functional-driven errors for stretched
radical bonds (as shown for stretched HJ in ref 12 and
for transition states here), so the error cancellation we
have found here in SCANQHF for barrier heights seems
reasonable in retrospect. We do not yet know if the
SCAN-like functionals make large functional-driven er-
rors in other realistic situations.

Density-corrected DFT (also known as DC-DFT, HF-
DFT or DFA@QHF) provides a useful correction to an
energy difference predicted by an approximate density
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functional. The non-local functionals that we have used
as proxies for the exact functional are not intended to
replace or compete with DC-DFT, even in the restricted
realm of barrier heights, and probably could not because
of the outliers shown in the SI. These proxies serve a dif-
ferent purpose, suggesting by the weight of the evidence
(but not proving) that DC-DFT for barrier heights works,
not by correcting the density but by over-correcting it,
leading to a cancellation of errors. The reliability of
this error cancellation remains to be explained. Table
V shows that, for SCAN@QHF (a success story for DC-
DFT), the mean functional-driven error of the BH76 bar-
rier heights is of order -6.1 to -7.5 kcal /mol, and the mean
density driven error is of order +3.8 to +5.2 kcal/mol.

We are now working [85] on accurate but demanding
Kohn-Sham inversions of the CCSD(T) densities to bet-
ter resolve functional- and density-driven errors for a few
typical systems.
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S1. VALIDATION OF METHODOLOGY

A. Effect of the self-consistent reference on
functional-driven errors

It is reasonable to ask whether using the self-consistent
energy of a given proxy to compute the approximate
functional-driven error

AEr = Eapprox [nproxy] — Eproxy [nproxy] (S1)

rather than the accepted, high-level reference energies
[50] makes meaningful changes to our analysis. In
this section, we use the same definition of approximate
density-driven error

AEWD = Eapprox [napprox] - Eapprox [nproxy]7 (SQ)

but use the following definition of approximate
functional-driven error:

AEF = Eapprox [nproxy] - Ecxact [ncxact]~ (83)

The exact Fexact[Nexact] values are the high-level, corre-
lated wavefunction values [50] used to compute errors in
the reactions of BH76 and BH76RC. With the choice of
eq S3, the functional and density driven error sum to the
total error of a given approach.

Table S1 presents this analysis. The differences in
mean functional-driven error between Table V (computed
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LC-wPBE SX-0.5 SCAN-FLOSIC
BH76 MFE MDE MFE MDE MFE MDE
LSDA -13.16 -2.14 -11.78 -3.52 -10.91 -4.45
PBE -7.70 -1.18 -6.59 -2.29 -5.62 -3.66
BLYP -6.80 -1.25 -5.77 -2.28
SCAN -6.85 -0.58 -6.28 -1.16 -5.76 -1.97
r’SCAN -6.35 -0.57 -5.64 -1.27 -7.24 0.00
MO06-L -2.77 -0.81 -1.84 -1.73
MN15-L -0.32 -0.54 0.53 -1.40
B3LYP -3.90 -0.46 -3.30 -1.06
LC-wPBE 0.99 -0.39
LSDA@HF -13.16 8.06 -11.78 6.69 -10.91 5.54
PBEQHF -7.70 6.78 -6.59 5.68 -5.62 4.41
SCAN@HF -6.85 5.15 -6.28 4.58 -5.76 3.81
r’SCAN@QHF -6.35 5.25 -5.64 4.54 -7.24 5.88
LC-wPBE SX-0.5 SCAN-FLOSIC
BH76RC MFE MDE MFE MDE MFE MDE
LSDA -0.41 0.94 -0.40 0.93 -0.82 0.26
PBE 0.97 0.08 0.94 0.10 -0.02 0.73
BLYP 0.74 0.04 0.77 0.00
SCAN -0.11 0.05 -0.21 0.15 -0.50 0.19
r*SCAN -0.00 0.07 -0.10 0.16 -0.19 0.00
MO06-L 1.54 0.04 1.45 0.14
MN15-L 1.28 -0.09 1.15 0.04
B3LYP -0.20 0.00 -0.15 -0.05
LC-wPBE -0.53 -0.01
LSDAQHF -0.41 -0.13 -0.40 -0.14 -0.82 -0.08
PBEQHF 0.97 -0.26 0.94 -0.24 -0.02 0.44
SCAN@HF -0.11 -0.39 -0.21 -0.29 -0.50 -0.23
r’SCANQHF -0.00 -0.41 -0.10 -0.32 -0.19 -0.45

TABLE S1. Mean functional-driven errors (MFEs) and mean density-driven errors (MDEs) for the reaction energy differences
in the BH76 and BH76RC sets. All calculations used the aug-cc-pVQZ basis set [75], except for the SCAN-FLOSIC calculations,
which used the NRLMOL basis set [61] in a Cartesian representation. Unlike Table V of the main text, the functional-driven
errors are computed with the “exact” values [50] used to compute deviations in the reactions of BH76 and BH76RC, as in Eq.
S3. Thus the sum of MFE and MDE for a fixed proxy would yield the MD for a given set listed in Table I for the LC-wPBE
and SX-0.5 columns, and Table S8 for the SCAN-FLOSIC column.

with the self-consistent proxy energy) and those in Table
S1 (computed with the exact values) generally lie within
1 keal /mol for BH76, and within 2 kcal /mol for BH76RC.

Thus we view our analysis as robust.

B. Removing reactions with large discrepancies
between proxies

It is reasonable to assert that one should only con-
sider reactions where the three proxies agree within some
threshold. Otherwise, one might include reactions where
(at least) one proxy produces an unrealistic density, total
energy, or both. Let the uncertainty in the functional-
and density-driven errors of reaction j be

5E1(3j) = max (AE](DJ)) — min (AEI(DJ)) (S4)

proxies proxies

517719) = max (AEI(Jj)) — min (AEE@) (S5)

proxies proxies

where AEg ) is the density-driven error of reaction j,
and the maxima and minima are taken over the set of

proxies. In words, for a fixed reaction, we compute the
uncertainty as the difference between the largest approx-
imate density- (functional-)driven error and the smallest.
Note that eq S3 is used in these calculations.

The values in Table S2 are computed for all reactions
such that

SEY) < and SEY <, (S6)
with € = 2 kcal/mol here. For a reaction satisfying this

cutoff, we compute the average density- and functional-
driven error for a fized reaction j

i 1 .

AERY) = Y AEY (S7)
proxy proxies

B = —— S AEY. (S8)
proxy proxies

Nproxy is the total number of proxies, 3 in the current
work. Suppose there are N, reactions satisfying this
cutoff. We then average these values satisfying the cutoff,



S3

BH76
DFA AEr AEp 6Ep 6Ep N} Z?;‘l‘t 6519) Nt Z?;‘{‘ 6Eg> No. passed
LSDA 9.47 -1.80 1.19 1.12 1.08 0.99 35
PBE -5.14 -1.41 1.07 1.01 0.96 0.87 39
BLYP -5.87 -1.53 0.96 0.96 0.77 0.77 70
SCAN -5.48 -0.81 1.01 0.83 0.85 0.68 55
r2SCAN -5.80 -0.41 1.12 0.96 1.00 0.89 54
MO6-L -2.14 -1.21 0.92 0.92 0.79 0.79 72
MN15-L 0.23 -0.86 0.84 0.84 0.68 0.68 73
B3LYP -3.53 -0.70 0.66 0.66 0.52 0.52 74
LC-wPBE 0.83 -0.15 0.42 0.42 0.32 0.32 74
LSDA@HF  -10.00 4.53 1.16 1.14 1.06 1.01 38
PBEQHF -5.28 4.12 1.10 1.08 0.98 0.94 40
SCAN@HF  -5.51 3.62 1.02 0.89 0.86 0.74 56
r?’SCAN@HF -5.80 3.43 1.12 0.95 1.00 0.88 54
BH76RC
DFA AEr AEp 6Er 0Ep Ny YNt 6B Nyt SoNew 6ES No. passed
LSDA -2.01 0.03 0.99 0.73 0.81 0.64 22
PBE 0.48 0.03 0.75 0.44 0.53 0.36 25
BLYP 0.75 0.02 0.49 0.49 0.35 0.35 30
SCAN -0.50 0.05 0.78 0.36 0.58 0.27 29
r’SCAN -0.10 0.08 0.76 0.53 0.61 0.34 30
MO6-L 1.49 0.09 0.56 0.56 0.48 0.48 30
MN15-L 1.22 -0.03 0.40 0.40 0.33 0.33 30
B3LYP -0.17 -0.02 0.31 0.31 0.24 0.24 30
LC-wPBE -0.53 -0.01 0.20 0.20 0.15 0.15 30
LSDA@HF  -1.00 -0.30 1.02 0.80 0.85 0.70 27
PBEQHF 0.48 -0.33 0.75 0.51 0.53 0.39 25
SCAN@HF  -0.50 -0.16 0.78 0.46 0.58 0.35 29
r*SCAN@HF -0.10 -0.39 0.76 0.53 0.61 0.36 30

TABLE S2. Mean functional errors, AEr, and AEp of Egs. S8 and S7 (second and third columns). These are computed by
only considering reactions where the uncertainties of a given reaction, defined in Eqgs. S4 and S5, lie within a cutoff, chosen here
to be 2 kcal/mol cutoff. The total uncertainties § Ep and §Er are defined in Egs. S9 and S10, respectively (fourth and fifth
columns). Simple averages of the individual uncertainties, as a comparison of the quadrature sum more typical of experimental
uncertainty measurement, are given in the sixth and seventh columns. “No. passed” are the number of reactions that lie
within the cutoff out of 76 total for BH76 and 30 for BH76RC. Although the density-driven error computed for LC-wPBE with
LC-wPBE as a proxy is identically zero (the functional-driven error computed using Eq. S3 is generally nonzero), we include
LC-wPBE for the possible proxies of LC-wPBE to obtain error statistics.

and estimate the total uncertainty as the quadrature sum

- ~1/2
L (o)
5B = | 5 . (655") (S9)
L ‘721 -
[ N =) ke
— J
3B = | 5 > <6EF ) (S10)

The mean density-driven and functional driven-errors

are, likewise, averages over the values in Eqs. S7 and
S8:
1)
AEp = AEp’ S11
P Ncut ; P ( )
1 Ncut .
ABy = AER (S12)
Ncut j=1

The values in Table S2 confirm our earlier conclusions,
another validation of our methodology. By excluding
SCAN-FLOSIC as a possible proxy in Table S3, more
reactions pass the cutoff test. For all DFAs in Table S3,
reaction barriers 9 and 10 (Fy + H <+ F + HF), and 55
and 56 (F + Hy <+ H + HF) failed to reach the uncer-
tainty cutoff.

It should be noted that reactions 9 and 10, the forwards
and reverse reactions of Fo + H — F + HF, failed to meet
the uncertainty cutoff for every DFA in Table S2. The
Hartree-Fock density for their common transition state
is heavily spin-contaminated, with (S?) = 1.213 (s =~
0.710). The Hartree-Fock density for atomic F is mod-
estly spin-contaminated, with (S?) = 0.754 (s ~ 0.502).
All other systems in that reaction were treated as closed-
shell, and spin symmetry was not permitted to break.
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BH76

DFA AEr AEp 6Ep 6Ep N} Z?;‘l‘t 6519) Nt Z?;‘{‘ 6Eg> No. passed
LSDA -11.29 -2.29 0.93 0.93 0.78 0.78 60
PBE -6.71 -1.48 0.98 0.98 0.80 0.80 69
BLYP -5.87 -1.53 0.96 0.96 0.77 0.77 70
SCAN -6.35 -0.81 0.59 0.59 0.47 0.47 72
r’SCAN -5.84 -0.84 0.71 0.71 0.56 0.56 72
MO6-L -2.14 -1.21 0.92 0.92 0.79 0.79 72
MN15-L 0.23 -0.86 0.84 0.84 0.68 0.68 73
B3LYP -3.53 -0.70 0.66 0.66 0.52 0.52 74
LC-wPBE 0.83 -0.15 0.42 0.42 0.32 0.32 74
LSDA@HF  -11.29 5.35 0.93 0.93 0.78 0.78 60
PBEQHF -6.71 5.21 0.98 0.98 0.80 0.80 69
SCAN@HF  -6.35 4.30 0.59 0.59 0.47 0.47 72
r’SCAN@HF  -5.84 4.31 0.71 0.71 0.56 0.56 72

BH76RC

DFA AEr AEp 6Er 0Ep Ny YNt 6B Nyt SoNew 6ES No. passed
LSDA -0.41 0.93 0.51 0.51 0.38 0.38 30
PBE 0.96 0.09 0.41 0.41 0.28 0.28 30
BLYP 0.75 0.02 0.49 0.49 0.35 0.35 30
SCAN -0.16 0.10 0.26 0.26 0.16 0.16 30
r2SCAN -0.05 0.11 0.28 0.28 0.18 0.18 30
MO6-L 1.49 0.09 0.56 0.56 0.48 0.48 30
MN15-L 1.22 -0.03 0.40 0.40 0.33 0.33 30
B3LYP -0.17 -0.02 0.31 0.31 0.24 0.24 30
LC-wPBE  -0.53 -0.01 0.20 0.20 0.15 0.15 30
LSDA@HF  -0.41 -0.13 0.51 0.51 0.38 0.38 30
PBEQHF 0.96 -0.25 0.41 0.41 0.28 0.28 30
SCANQHF  -0.16 -0.34 0.26 0.26 0.16 0.16 30
r’SCAN@HF  -0.05 -0.36 0.28 0.28 0.18 0.18 30

TABLE S3. Same as Table S2, but excluding SCAN-FLOSIC as a proxy for LSDA, PBE, SCAN, r?SCAN, and SCANQHF.
A full list of reactions that failed can be found on the data repository [57]. We note thatreaction barriers 9, 10, 49, 50, 55, 56,
and 65 failed the cutoff test for both LSDA and PBE. Reaction barriers 9, 10, 55, and 56 also failed the cutoff test for SCAN,

r?SCAN, and SCAN@HF.

C. Replacing the exact energies with proxy values
to compute reaction errors

We also compute the approximate errors (deviations)
in the barrier heights and reaction energies of BH76 and
BH76RC, respectively, using the energies of the proxies
in lieu of the exact values. This is analogous to Table V,
whereby the self-consistent energies and densities of the
exact functional are replaced by those of a proxy. If the
approximate errors, at least on the average, computed
with the proxy energies lie close to those computed with
the exact values, then a proxy is reasonably faithful to
the exact functional.

Table S4 shows that these average approximate er-
rors generally lie within 1-2 kcal/mol for BH76. SCAN-
FLOSIC appears to be the least reliable proxy from this
analysis. The situation for BH76RC is less clear - many
of the MADs and RMSDs differ by 4 kcal/mol or more.

D. Sensitivity to input density

Recall that the density sensitivity defined in Ref. [32]
is

S = |Eapprox[nLSDA} - Eapprox[nHF]|~ (813)
We define the density variability V as
V= Eapprox [nHF] - Eapprox [nref}y (814)

a metric that shows how localized a reference density is
relative to the Hartree-Fock density. Table S5 tabulates
averages of this quantity using the three proxies, and for
the non-empirical functionals LSDA, PBE, and SCAN.
For BH76, density variability decreases from LSDA to
PBE, and further from PBE to SCAN For BH76RC, den-
sity variability increases from LSDA to PBE

E. Proxy statistical correlation coefficients

This section demonstrates the consistency of the proxies used for estimating functional and density driven errors

using concepts from statistics.
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We being by reviewing relevant concepts and terminology. Define the (non-normalized) covariance matrix of two
variables u and v as

| M | M
Tuw = 37 Z [u; — ) [v; — 0] = i Zuivi — U, (S15)
i=1 i=1

with means

M
u= > i (S16)
i=1
Then a normalized correlation coefficient can be defined as
Tuv = [Uuuavv]_l/Q Oy, (Sl?)

with range —1 < 7,,, < 1. Both oy, and 7,, are symmetric matrices. Perfectly correlated variables have 7,, = 1 (and
Tuuw = 1 by definition), and perfectly uncorrelated variables have 7, = 0. Perfectly “anti-correlated” variables would
have 1, = —1.

Using the correlation coefficient, we wish to show that the proxies used here, LC-wPBE, SX-0.5, and SCAN-
FLOSIC, have correlation coefficients that are greater than using another proxy density. Thus in this section, we will
also evaluate functional driven errors using the exact energies, as in Sec. S1 A. This is a basic test that will show if
the proxies are more consistent with each other than with any other functional considered here.

Because we selected SCAN-FLOSIC as a proxy, we can evaluate correlation coefficients only for a handful of DFAs.
We thus use the functional- and density-driven errors of LSDA, PBE, SCAN, and r2SCAN to evaluate correlation
coefficients.

Each column and row of figs ?7-S5 labels which functional is used to evaluate functional- (upper triangular half
of the matrix) and density-driven errors (lower triangular half). The scales of each figure are identical, such that
darker red tones indicate greater statistical correlation, darker blue tones indicate greater statistical anti-correlation,
and white indicates no correlation. In cases where, e.g., LSDA is used to evaluate density-driven errors of LSDA, the
matrix elements are identically zero and thus not statistically meaningful.

Figure S1, which averages over the four DFAs (excluding the statistically meaningless quantities) is perhaps the
most telling figure. Essentially all densities used here, except Hartree-Fock (HF) and SCAN-FLOSIC, give consistent
functional-driven errors. For evaluating density-driven errors, LC-wPBE is most correlated with SX-0.5 or its r2SCAN
counterpart, R2X-0.5. Both 50% global hybrids are most correlated with the HF density, as might be expected from
the high fraction of exact exchange admixture. For evaluating density-driven errors, none of the proxies are statistically
correlated with the SCAN-FLOSIC density. Thus LC-wPBE, SX-0.5, and R2X-0.5 are likely the most reliable proxies
in this set.

S2. CHARGE TRANSFER ERROR ANALYSIS

Errors in absolute and relative total energies from variational methods (e.g., DFT and Hartree-Fock but not coupled
cluster) are typically second order in the error of the density. Suppose that ng?()act (ng%)pmx) is the ground state density
found from the exact (an approximate) functional. Then their total energies have Taylor series near their respective

ground-state densities [33]

0F;
on(r)

En\? + An] = E;[n{") +

?

An(r)An(r)d*r'd®r + O(An)3,  (S18)

n®

1 52 E;
3 I
)An(r)d Tt 2 / on(r)on(r’)

where i = “exact” or “approx”. By the variational principle, the first functional derivative evaluated at the ground-state
density is zero, and thus

(0
"

Ei[n!” + An] = E;[n{”] + % / K;([n{”); 7, ") An(r) An(r')d*r' d®r + O(An)?, (S19)

with K the kernel
5%E;

Ki([a];r,r') = Sn(r)on(r |

(S20)
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FIG. S1. Correlation coefficients averaged over the four “target” DFAs: LSDA, PBE, SCAN, and r2SCAN. The functional-driven
error correlation coefficients are given in the upper triangular half-matrix, and density-driven errors in the lower triangular
half-matrix (to save space). Results which are not statistically meaningful, such as the correlation coefficients in density-driven
errors using the same functional for the target and proxy, are excluded from the average. Each row and column label indicates
which functionals are used as proxies for the exact functional. Figure S2 shows the statistical correlations between LSDAQDFA ,,
and LSDA@QDFA, functional- and density-driven errors, where u and v are identified by the row and column labels. The same
information is presented for PBE, SCAN, and r>SCAN in Figures S3-S5, and is averaged here over the results in Figures $2-S5.

Letting An(r) = ni?()act - ng%)prox, the functional-driven error is, by eq S19,

- Ecxact [n(O) } (821)

exact
3

1 0 0 0
5 [ Kopanos el 7. 7) (182 (7) = 18 ()] (180 (7) = 12 1)] 57 40 [y = 1]

AEF = Eapprox [nz(x(l)))prox]

a constant plus a second-order term. Analogously, the density-driven error is second-order to lowest order,

1 0 0
8B = =5 [ Kuppros (05enli721) [25cr (1) = ()] [0 (1) = ) @' (522)

3
0
+0 |:n£x)act - ng])J)prox:|

Clearly if the ground-state density corresponds to a saddle point, these errors will be third-order to a lowest approx-
imation.

Consider two infinitely separated fragments. The Perdew-Parr-Levy Balduz (PPLB) theorem [6] asserts that energy
errors arising from a spurious transfer of charge between these infinitely-separated fragments are first order in errors
of the density. Let 0T be a positive infinitesimal and —1 < 1 < 1, then the PPLB theorem can be written as

8E‘exa‘ct

Eexact (N + 77) = Eexact (N) + n ON

, (523)
N+sign(n) 0+
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FIG. S2. LSDA correlation coeflicients in the functional- (upper triangular matrix) and density-driven errors (lower triangular
matrix). To save space, and using the symmetric property of the correlation coefficient matrix, we present the two sets of error
statistics in this form.

with no higher-order terms. If the fragments are instead found at large, finite separations, eq S23 will also have a
second-order term, effectively rounding the piecewise linear behavior of eq S23. Figure 1 suggests that the energy
errors due to spurious charge transfers in the transition states of chemical reactions are primarily quadratic. Thus
the stretched bonds typical of transition states are not sufficiently stretched to yield linear, PPLB-like behavior of the
energy.

Of course, the stretched bonds of transition states are far from the infinitely-stretched bonds for which eq S23 is
valid. The relevance of the PPLB theorem is that a proxy functional that yields small or zero electron charge-transfer
errors even in the infinitely-stretched limit is likely to yield very small charge-transfer errors in transition states.

A simple mathematical model of the relative order of energy errors is given by

b(x — x9)?

f(z3b,20) = T4 bz —ao|

(S24)

b > 0 is a control parameter that models the relative strength of the first- and second-order energy errors. For
finite b, the behavior of this function is dominantly quadratic, b(z — z0)?, near the minimum zo. As b — oo,
flx;b,20) = |x — 29| — 1/b for | — 29| > 0. These behaviors can be seen in fig S6.
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BH76 MD MAD RMSD
SCAN- SCAN- SCAN-
Exact LC-wPBE SX-0.5 FLOSIC|Exact LC-wPBE SX-0.5 FLOSIC|Exact LC-wPBE SX-0.5 FLOSIC
LSDA -15.30 -15.90 -15.13 -15.98| 15.39 15.90 15.16 16.16| 17.84 17.79 18.16 19.48
PBE -8.88 -9.48 -8.71 -9.89| 8.93 9.48  8.80 10.18| 10.26 10.44 10.96 12.83
BLYP -8.05 -8.65 -7.88 8.06 8.65  7.99 9.28 9.66 9.84
SCAN -7.44 -8.04 -7.27 -8.35| 7.50 8.04 7.27 8.46| 8.22 8.61 8.47 10.41
r’SCAN -6.91 -7.52 -6.75 -7.85| 6.96 7.52 6.75 8.06| 7.75 8.10 8.09 10.23
MO6-L -3.58 -4.18 -3.41 3.84 4.29 4.88 4.86 5.36 6.07
MN15-L -0.87 -1.47 -0.70 1.80 2.34 2.90 2.65 3.29 4.12
B3LYP -4.35 -4.96 -4.19 4.41 4.97 4.41 5.24 5.65 5.57
LC-wPBE 0.60 0.77 1.87 2.60 2.49 3.41
SCANQHF| -1.70 -2.30 -1.53 -2.57| 3.05 3.17 2.64 4.57| 4.03 4.22 3.77 7.10
BH76RC MD MAD RMSD
SCAN- SCAN- SCAN-
Exact LC-wPBE SX-0.5 FLOSIC|Exact LC-wPBE SX-0.5 FLOSIC|Exact LC-wPBE SX-0.5 FLOSIC
LSDA 0.53 1.07 2.22 -0.19| 8.72 7.22 10.54 10.97| 11.24 9.46 14.35 16.08
PBE 1.04 1.58 2.74 1.09| 4.09 3.00 6.81 8.12| 6.00 4.51 9.91 12.08
BLYP 0.77 1.31 2.47 3.26 3.15 5.53 4.35 4.05 8.07
SCAN -0.06 0.48 1.64 0.07| 3.12 2.35  4.07 5.79| 4.18 2.87  5.96 8.53
r’SCAN 0.06 0.60 1.76 0.19| 2.98 2.32 4.38 6.27| 4.03 2.80 6.42 9.16
MO6-L 1.58 2.12 3.28 2.77 3.06 5.02 4.16 3.81 7.50
MN15-L 1.19 1.73 2.88 2.34 3.21 4.08 3.14 3.93 6.39
B3LYP -0.20 0.34 1.50 2.07 2.28 3.61 2.66 3.01 5.21
LC-wPBE -0.54 1.16 2.19 4.37 2.74 5.99
SCAN@HF| -0.50 0.04 1.19 -0.35| 2.70 2.44 3.41 5.53| 3.40 2.90 4.64 7.56

TABLE S4. Mean deviations (MDs), mean absolute deviations (MADs), and root-mean-squared deviations (RMSDs) computed
using the exact GMTKN values [50], and using each of the proxy funcitonal’s computed reaction energies. If a functional is to
be a good proxy for the exact functional, the deviations computed using either the exact reference values or an approximate

reference values should agree within some tolerance. The “Exact” columns are the values in Table I.

BH76 LC-wPBE SX-0.5 SCAN-FLOSIC
DFA Mean Mean Abs.|Mean Mean Abs.|Mean Mean Abs.
LSDA 8.06 8.12| 6.69 6.77| 5.54 5.99
PBE 6.78 6.83| 5.68 5.75| 4.41 5.38
SCAN 5.15 5.18| 4.58 4.63| 3.81 4.12
BH76RC LC-wPBE SX-0.5 SCAN-FLOSIC
DFA Mean Mean Abs.|Mean Mean Abs.|Mean Mean Abs.
LSDA -0.13 1.60| -0.14 1.33] -0.08 1.09
PBE -0.26 1.33| -0.24 1.14| 0.44 1.47
SCAN -0.39 0.98] -0.29 0.88] -0.23 0.73

TABLE S5. Average signed and absolute density variabilities
according to eq S14. The values in the SCAN row and “Mean”
columns correspond to the SCAN@QHF MDE values in Table

V.
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FIG. S3. PBE correlation coefficients in the functional- (upper triangular matrix) and density-driven errors (lower triangular
matrix). To save space, and using the symmetric property of the correlation coefficient matrix, we present the two sets of error
statistics in this form.
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FIG. S4. SCAN correlation coefficients in the functional- (upper triangular matrix) and density-driven errors (lower triangular
matrix). To save space, and using the symmetric property of the correlation coefficient matrix, we present the two sets of error
statistics in this form.
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FIG. S5. r?SCAN correlation coefficients in the functional- (upper triangular matrix) and density-driven errors (lower triangular
matrix). To save space, and using the symmetric property of the correlation coefficient matrix, we present the two sets of error
statistics in this form.
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FIG. S6. Visual representation of the relative order of energy errors arising from errors in the density, using the model function
of eq S24. In both panels, o = 2. In the left panel, b is relatively small, and the function appears to be dominantly quadratic
near the minimum zo. This typifies the second-order nature of energy errors arising from spurious transfers of charge, even in
the stretched-bonds of transition states. In the right panel, b is relatively large, and the function reduces to |x — zo| — 1/b away
from the minimum. This would typify the energy errors associated with charge transfers of highly-separated fragments.
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S3. ADDITIONAL DATA AND FIGURES

This Appendix presents additional data and figures that support the conclusions of the main text.

Tables S7 and S8 analyze the BH76 and BH76RC error statistics for the non-empirical DFAs (LSDA, PBE, SCAN,
and r2SCAN) and LC-wPBE considered in the main text, but using the def2-QZVP and NRLMOL basis sets, respec-
tively. These tables are analogous to Table 1.

Figure S7 is a visual representation of the data presented in Table II.

Table S9 computes the approximate functional- and density-driven errors for the calculated single-point or total
energies of the BHT76 set, in the same way that table V computes these metrics for energy differences. Table S10
presents the average increases in the total energy for the transition states and, separately, for the reactant and product
states, found by evaluating a DFA on the HF density, rather than its self-consistent density. This table also shows
that the magnitudes of the density-driven errors are generally larger for the transition states than for the reactant
and product states.

A. SCAN and r?’SCAN global hybrids

15
LSDA
@V‘O\\ (a)
o &P
K 101
S
i T — I
] 5;<\\\ r2SCAN """'---57.1-2;27(.:.
I T e

(b) LC-wPBE

0.5

SCAN 0.1 0.25/SCANO 0.5 0.75 1.0
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FIG. S7. (a) Plot of the non-selfconsistent BH76 MAD for a few common DFAs using the global hybrid SX-z density. (b) The
same MADs (DFAQSX) rescaled by the self-consistent MADs (DFAQDFA) of Table I. SX-0 is equivalent to SCAN; SX-0.25 is
commonly called SCANOQ; SX-1 uses the Kohn-Sham exact exchange only approximation (EXOA) with SCAN correlation. As
we cannot easily compute the EXOA, which is not equivalent to the HF approximation, we use HF densities as a stand-in. For
the numeric values presented here, see Table II.
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FIG. S8. Same as Figure S7, but using an r>SCAN global hybrid, called R2X-z. LC-wPBE, when evaluated on the R2X-0.25
(commonly called r?SCANO) or R2X-0.5 (r?SCANS50) densities, has essentially the same MAD. However, R2X-0.4 appears to
be the best r2SCAN global hybrid for this set.

x LSDA PBE BLYP SCAN r’SCAN B3LYP LC-wPBE R2X-z
SCF 15.39 8.93 8.06 7.50 6.96 4.41 1.87
0.00 14.60 8.76 7.93 7.45 6.96 4.38 2.07 6.96
0.10 14.30 8.54 7.71 7.43 6.91 4.39 1.95 5.39
0.20 13.91 8.23 7.40 7.30 6.77 4.31 1.89 3.96
0.25 13.68 8.04 7.21 7.21 6.66 4.23 1.87 3.35
0.30 13.43 7.83 7.01 7.09 6.53 4.13 1.84 2.83
0.40 12.85 7.33 6.52 6.77 6.20 3.87 1.82 2.34
0.50 12.19 6.74 5.96 6.37 5.78 3.52 1.84 2.63
0.60 11.49 6.17 5.33 5.89 5.28 3.10 1.96 3.33
0.70 10.85 5.58 4.72 5.34 4.71 2.68 2.16 4.08
0.75 10.51 5.26 4.40 5.03 4.42 2.51 2.28 4.44
0.80 10.16 4.94 4.06 4.72 4.15 2.34 2.42 4.83
0.90 9.40 4.32 3.43 4.14 3.66 2.11 2.74 5.61
1.00 8.68 3.92 2.96 3.65 3.16 2.11 3.16 6.34
@QHF 7.82 3.85 2.84 3.05 2.84 2.71 4.18

TABLE S6. Same as Table II, but using an r>SCAN global hybrid instead of SCAN. Appendix Figure S8 plots the non-self-
consistent MADs as a function of x.



B. BHYT76 results with different basis sets
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BH76 MD MAD RMSD

DFA @QDFA QHF QLC-wPBE @DFA QHF QLC-wPBE @DFA QHF QLC-wPBE
HF 10.54 11.20 13.17

LSDA -15.64 -5.33 -13.48 15.73 7.87 13.71 18.01 9.92 15.75
PBE -9.26 -1.18 -8.05 9.30 3.56 8.11 10.51 5.16 9.28
SCAN -7.71 -1.90 -7.12 7.76 3.06 7.20 8.45 3.97 7.86
r’SCAN -7.19 -1.30 -6.61 7.23 2.78 6.68 7.95 3.98 7.37
LC-wPBE 0.36 3.90 1.61 3.97 2.22 5.46

BH76RC MD MAD RMSD

DFA @DFA QHF QLC-wPBE @DFA QHF QLC-wPBE @DFA QHF QLC-wPBE
HF -0.31 8.57 11.37

LSDA 0.33 -0.70 -0.61 8.88 6.83 7.92 11.33 8.73 10.42
PBE 0.83 0.53 0.77 4.09 3.03 3.81 6.05 4.21 5.71
SCAN -0.23 -0.65 -0.28 3.33 2.93 3.26 4.36 3.59 4.19
r*SCAN -0.11 -0.56 -0.18 3.15 2.79 3.12 4.21 3.38 4.05
LC-wPBE -0.65 -0.75 2.29 1.96 2.81 2.48

TABLE S7. BHT76 error statistics (in kcal/mol) using PySCF and the def2-QZVP [76, 77] basis set. The same notation as in
Table I is used here.

BH76 MD MAD RMSD

DFA @DFA QHF QLC-wPBE @DFA QHF QLC-wPBE @DFA @QHF QLC-wPBE
HF 10.39 11.03 13.08

LSDA -15.50 -5.38 -13.50 15.59 .77 13.72 17.78 9.91 15.74
PBE -9.28 -1.21 -8.07 9.33 3.66 8.13 10.52 5.23 9.31
SCAN -7.76 -1.96 -7.19 7.83 3.06 7.28 8.50 4.07 7.93
r’SCAN -7.26 -1.36 -6.69 7.32 2.77 6.77 8.03 4.08 7.45
LC-wPBE 0.35 3.89 1.63 3.99 2.20 5.49

BH76RC MD MAD RMSD

DFA @DFA QHF QLC-wPBE @DFA QHF QLC-wPBE @DFA QHF QLC-wPBE
HF -0.50 8.61 11.56

LSDA -0.23 -0.90 -0.79 8.30 6.47 7.66 10.70 8.36 10.06
PBE 0.71 0.42 0.65 4.03 2.89 3.75 5.72 3.92 5.38
SCAN -0.31 -0.73 -0.36 3.08 2.66 3.00 4.09 3.41 3.93
r’SCAN -0.20 -0.64 -0.26 3.00 2.60 2.93 3.94 3.19 3.79
LC-wPBE -0.84 -0.94 2.18 2.00 2.74 2.55

TABLE S8. BHT76 error statistics (in kcal/mol) using PySCF and the default NRLMOL density-functional optimized (DFO)

[61] basis set in a Cartesian representation. The same notation as in Table I is used here.



C. Auxiliary density-corrected DFT tables
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Proxy reference or proxy exact

LC-wPBE SX-0.5 SCAN-FLOSIC
Transition states MFE MDE MFE MDE MFE MDE
LSDA 794.09 -6.52 816.50 -14.28 677.44 -19.43
PBE 50.34 -2.79 69.87 -7.67 -68.14 -12.76
BLYP -50.36 -4.14 -29.46 -10.39
SCAN -49.72 -2.41 -34.43 -3.05 -173.13 -6.47
r?’SCAN -25.50 -2.45 -10.10 -3.21 -155.27 0.00
MO06-L -48.37 -8.14 -35.48 -6.37
MN15-L 26.34 -13.57 37.85 -10.43
B3LYP -76.33 -1.77 -58.43 -5.02
LC-wPBE 18.63 -3.97
SCANQHF -49.72 10.99 -34.43 10.35 -173.13 6.78
Forwards LC-wPBE SX-0.5 SCAN-FLOSIC
Reactants and products MFE MDE MFE MDE MFE MDE
LSDA 807.77 -4.75 827.54 -11.13 689.10 -15.09
PBE 58.00 -1.64 75.17 -5.42 -62.11 -9.39
BLYP -43.50 -2.90 -24.91 -8.11
SCAN -42.46 -1.85 -28.96 -1.96 -166.75 -4.57
r?’SCAN -18.79 -1.91 -5.33 -1.99 -147.54 -0.00
MO06-L -45.86 -7.36 -35.12 -4.72
MN15-L 26.59 -12.99 36.03 -9.05
B3LYP -71.98 -1.31 -55.96 -3.94
LC-wPBE 16.97 -3.58
SCANQHF -42.46 6.00 -28.96 5.89 -166.75 3.06
Reverse LC-wPBE SX-0.5 SCAN-FLOSIC
Reactants and products MFE MDE MFE MDE MFE MDE
LSDA 807.91 -4.01 828.68 -10.40 688.83 -14.88
PBE 59.28 -1.58 77.42 -5.35 -61.70 -8.82
BLYP -42.41 -2.88 -22.80 -8.11
SCAN -42.08 -1.80 -27.68 -1.84 -166.76 -4.42
r*SCAN -18.32 -1.86 -3.92 -1.87 -147.29 -0.00
MO06-L -44.15 -7.30 -32.50 -4.57
MN15-L 27.94 -13.06 38.28 -9.03
B3LYP -71.68 -1.31 -54.63 -3.98
LC-wPBE 17.96 -3.58
SCANQHF -42.08 5.68 -27.68 5.65 -166.76 2.87

TABLE S9. Mean functional-driven errors (MFEs) and mean density-driven errors (MDESs) in the calculated single-point or
total energies of the BH76 set. In each subset, the average is weighted by the number of times a system appears in the subset.
This table can be used to reconstruct Table V. The vertical columns indicate which DFA is used as a proxy for the exact
functional and density in eqs 3 and 4. Both LC-wPBE and SX-0.5 are reliable estimators of density-driven errors for SCAN
and r?SCAN. All calculations used the aug-cc-pVQZ basis set [75] in PySCF; SCAN-FLOSIC calculations used the NRLMOL
FLOSIC code, as well as calculations with the NRLMOL basis set in PySCF as described in the main text.
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DFA TS RP Difference
LSDA 20.56 + 12.93 17.01 £ 10.26 12.55
PBE 20.48 + 9.80 11.34 4+ 7.00 9.14
BLYP 23.66 + 10.68 13.88 +8.14 9.78
SCAN 12.78 + 6.48 6.66 + 4.40 6.12
r’SCAN 13.07 + 6.64 6.79 + 4.56 6.28
MO06-L 15.59 + 6.90 8.22 + 5.62 7.37
MN15-L 16.90 =+ 7.60 9.51 + 5.42 7.40
B3LYP 15.45 + 7.08 8.80 £+ 5.13 6.65
SX-0.25 7.71 + 3.87 3.95 £ 2.59 3.76
LC-wPBE 12.87 + 6.33 8.23+4.77 4.64

TABLE S10. Average energy shifts in the total energies of the BH76 transition states (TS) and reactant or product states
(RP) and their standard deviations. The positive shift, in kcal/mol, is defined as the difference in the total energies found from
non-self-consistent evaluation on the HF density and from evaluation on the self-consistent density.



S4. COMPLETE DENSITY- AND FUNCTIONAL-DRIVEN ERRORS DATA
A. LSDA
TABLE S11: Functional (FE) and density error (DE) metrics for LSDA
on the BH76 set, all in kcal/mol. Each set of two columns uses a different
proxy for the exact functional as in Table V of the main text. Error
statistics are reported in the bottom three rows. The reaction index
used by the GMTKN and the symbolic index are given in the first two
columns.
LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE| FE DE FE DE
1 H + N2O — Ny + OH -13.76 -1.60| -8.84 -2.72| 4.69 -13.10
2 1 reverse -42.44 -3.26|-50.06 -5.11|-46.98  -19.50
3 H+ HF - HF + H -21.36 -0.81|-18.33 -1.04|-22.34 -8.33
4 3 reverse -21.36 -0.81|-18.33 -1.04|-22.34 -8.33
5 H+ HCl - HCl + H -14.59 -1.64| -8.52 -2.53|-11.91 -3.95
6 5 reverse -14.59 -1.64| -8.52 -2.53|-11.91 -3.95
7 CHsF + H — CHs + HF -17.51 -1.54|-14.38 -2.12|-16.49 -8.44
8 7 reverse -23.40 -1.90(-24.38 -2.97|-19.26 -9.06
9 F» + H— F + HF -12.68 -3.40| 5.61 -14.13| 6.13 -17.41
10 9 reverse -29.39 -3.74|-29.65 -15.18|-17.16  -18.29
11 CHs + CIF — CH3F + Cl -17.97 -3.00|-12.84 -5.58| -7.03 -11.61
12 11 reverse -22.03 -8.87|-19.77 -11.32|-10.45  -12.82
13 CHsF + F~ — FCHs + F~ -10.57 -1.65| -9.15 -2.80|-10.80 -2.42
14 13 reverse -10.57 -1.65| -9.15 -2.80(-10.80 -2.42
15 CHsF ...F~ — FCHs ... F~ -6.80 -0.77| -7.24 -1.79| -8.09 -1.67
16 15 reverse -6.80 -0.77| -7.24 -1.79| -8.09 -1.67
17 CHsCl + CI™ — CICH3 + Cl™ -12.25 -2.65| -7.54 -2.41| -7.43 -1.69
18 17 reverse -12.25 -2.65| -7.54 -2.41| -7.43 -1.69
19 CHsCl ... Cl” — CICH; ... CI™ -9.28 -1.67| -5.93 -1.62| -5.56 -1.16
20 19 reverse -9.28 -1.67| -5.93 -1.62| -5.56 -1.16
21 CHsCl + F~ — CHsF + CI™ -10.92 -2.33| -5.25 -2.66| -4.33 -2.58
22 21 reverse -10.70 -2.25|-11.28 -3.46|-13.17 -3.40
23 F~ ... CH3Cl — CH3F ... CI™ -5.70 -0.69| -3.09 -1.02| -2.38 -0.77
24 23 reverse -8.44 -1.71| -9.76 -2.96|-11.24 -3.03
25 CHsF + OH™ — HOCH3 + F~ -10.33 -1.62| -9.39 -2.59|-11.10 -2.38
26 25 reverse -12.91 -2.02|-10.94 -2.62|-10.25 -2.37
27 CHsF ... OH™ — HOCHs ... F~ -7.07 -0.98| -7.67 -1.84| -8.71 -1.86
28 27 reverse -3.32 -1.45| -4.27 -2.11| -2.91 -2.04
29 H + N2 — HN» -12.95 -1.56| -6.41 -3.86| -6.18 -6.59
30 29 reverse -3.09 -0.62| -2.87 -1.45| -6.54 -2.88
31 H + CO — HCO -8.08 -1.86| -4.40 -2.02| -4.99 -1.96
32 31 reverse 1.57 -1.30| 1.87 -0.74| -0.32 -0.71
33 H + CoH4 — CH3CH> -5.23 -2.20| 1.78 -3.64| -0.54 -1.89
34 33 reverse -6.88 -1.46| -5.17 -2.72| -6.55 -1.40
35 CoH4 + CHs — CH3CH2CH, -9.16 -3.86| -3.74 -5.75| -3.93 -3.44
36 35 reverse -3.36 -2.72| 1.07 -4.50| -1.44 -1.85
37 HCN — HNC -1.91 -0.17| -1.01 -0.71| -0.77 -2.06
38 37 reverse -2.69 -0.10| -3.22 -0.69| -2.49 -2.06
39 H + HCl — H, + Cl -7.68 -1.32| -2.32 -2.16| -5.19 -1.87
40 39 reverse -15.81 -7.01|-14.19 -7.39|-14.95 -3.61
41 OH + H, — H + H20 -19.75 -1.76|-20.20 -4.01|-20.52 -5.58
42 41 reverse -8.15 -1.68| -0.52 -4.14| 3.92 -4.72
43 CHs + Hy —- CH4 + H -14.44 -1.30|-14.19 -1.77|-12.07 -2.41
44 43 reverse -8.77 -1.20| -4.24 -1.64| -5.52 -1.22
45 CH4 + OH — CHs + H20O -20.89 -1.59|-21.69 -3.79|-23.18 -4.86
46 45 reverse -14.96 -1.61|-11.96 -4.04| -5.29 -5.19
47 Hy + H—H+ H» -9.96 -0.78| -6.48 -1.09| -7.99 -1.51
48 47 reverse -9.96 -0.78| -6.48 -1.09| -7.99 -1.51
49 NH3 + OH — NH; + H»0O -25.43 -1.88(-26.21 -4.39|-26.96 -6.16
50 49 reverse -22.32 -1.81(-21.13 -4.31(-19.22 -5.84
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
51 CHs + HCl — CH4 + Cl -13.66 -1.70(-12.70 -2.11(-11.44 -1.61
52 51 reverse -16.13 -7.29|-14.62 -7.21|-14.65 -2.16
53 CyHg + OH — C2Hs + H20O -21.45 -2.29(-21.85 -4.74(-22.91 -6.11
54 53 reverse -13.81 -1.80(-10.34 -4.31| -3.69 -5.72
55 F + H, - H + HF -18.65 -2.74(-18.29 -7.64(-17.54 -9.73
56 55 reverse -4.09 -2.66| 7.69 -7.59| 15.43 -8.31
57 O + CHy — OH + CHs -19.14 -1.60|-21.35 -3.26|-22.30 -3.44
58 57 reverse -16.30 -1.42|-15.47 -2.65|-14.61 -3.28
59 H + PHs — Hs + PH» -8.63 -1.68| -4.85 -1.58| -6.36 -1.70
60 59 reverse -12.26 -1.85(-10.99 -1.65|-10.11 -2.40
61 H-+ OH — O + H» -11.54 -0.91| -6.96 -2.17(-10.15 -2.77
62 61 reverse -20.04 -1.19(-22.79 -2.91(-24.39 -4.13
63 H + H2S — Hs + HS -9.19 -1.41]| -5.28 -1.48| -7.03 -1.35
64 63 reverse -15.29 -6.20(-14.36 -6.03{-13.60 -2.78
65 O + HCl — OH + Cl -24.44 -6.83|-25.35 -9.50(-26.10  -10.53
66 65 reverse -24.07 -12.24(-21.40 -13.99(-21.61 -10.91
67 NH: + CH3; — NH + CHy4 -16.35 -1.80(-15.75 -2.49(-15.80 -2.75
68 67 reverse -16.38 -1.97(-16.13 -2.81(-16.12 -2.29
69 NH: + C2Hs — NH + CzHg -15.70 -1.44|-15.06 -2.03(-14.42 -2.27
70 69 reverse -17.44 -2.13|-17.22 -3.03|-16.09 -2.54
71 NH; + C2Hg — NHs + CoHs -19.50 -1.95(-19.25 -3.04(-20.73 -3.20
72 71 reverse -14.96 -1.53|-12.82 -2.69| -9.25 -3.14
73 NHs, + CH4 — NHj3 + CHj; -18.69 -1.61|-18.59 -2.58(-20.14 -2.54
74 73 reverse -15.87 -1.70(-13.94 -2.91(-10.00 -3.19
75 s-trans cis-CsHg — s-trans cis-CsHg|-16.87 1.30(-16.73  0.84(-30.48 -1.37
76 75 reverse -16.87  1.30(-16.73  0.84(-30.48 -1.37
Mean -13.76 -2.14(-11.61 -3.52(-11.53 -4.45
Mean Abs. 13.80 2.21| 12.08 3.56| 12.32 4.45
Root-mean-squared 15.46 2.94| 14.61 4.65| 14.89 6.04

TABLE S12: Functional (FE) and density error (DE) metrics for LSDA
on the BH7T6RC set, all in kcal/mol. Each set of two columns uses a
different proxy for the exact functional as in Table V of the main text.
Error statistics are reported in the bottom three rows. The reaction
index used by the GMTKN and the symbolic index are given in the first

two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N,O — OH + N» 28.68 1.66| 41.22 2.38| 51.67 6.40
2 H + CH3F — HF + CHj; 5.88 0.36| 10.00 0.85| 2.77 0.61
3 H-+F; - HF + F 16.70 0.34| 35.26 1.04| 23.29 0.88
4 CH;3; + CIF — CH3F + Cl 4.06 5.87| 6.93 5.74| 3.42 1.21
5 CH3Cl + F~ — CH3F + CI™ -0.22 -0.07| 6.03 0.80| 8&.84 0.82
6 F~ ... CH3Cl — CH3F ... CI™ 2.74 1.02| 6.66 1.94| 8.85 2.26
7 CHsF + OH™ — HOCH3 + F— 2.58 0.40| 1.55 0.03| -0.84 -0.01
8 CH3F ... OH™ — HOCH;3 ... F~| -3.75 0.47| -3.40 0.27| -5.80 0.18
9 H + N2 — HN» -9.87 -0.95| -3.54 -2.41| 0.35 -3.71
10 H + CO — HCO -9.65 -0.56| -6.26 -1.28| -4.67 -1.25
11 H + CoHy — CoHs 1.65 -0.74| 6.95 -0.92| 6.01 -0.49
12 CoH4 + CH; — CH3CH2CHs -5.80 -1.14| -4.81 -1.26| -2.49 -1.60
13 HCN — HNC -0.78 0.07] -2.21 0.02| -1.72 0.00
14 H + HCl — Hsy + C1 8.13 5.69| 11.87 5.23| 9.76 1.74
15 H; + OH — H + H>0 -11.60 -0.08]-19.68 0.12(-24.43 -0.86
16 Hs + CHs — H + CHy -5.67 -0.10| -9.95 -0.13| -6.55 -1.19
17 OH + CH4 — H20 + CHgs -5.93 0.02| -9.73 0.25(-17.89 0.33
18 OH + NH3 — H>O + NHs -3.11 -0.07| -5.09 -0.08| -7.74 -0.32
19 CHs + HCl — CH4 + Cl 2.46 5.59| 1.92 5.10| 3.21 0.55
20 OH + C2Hg — H20 + C2Hj -7.64 -0.49-11.52 -0.43(-19.23 -0.39
21 H, + F - H + HF -14.56 -0.08[-25.98 -0.05|-32.96 -1.42
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LC-wPBE SX-0.5  SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
22 O + CH4y — OH + CHs -2.83 -0.18| -5.88 -0.61| -7.70 -0.16
23 H + PHs — Hz + PH» 3.62 0.17| 6.14 0.07| 3.76 0.70
24 H+ OH — Hy + O 8.50 0.28| 15.83 0.74| 14.24 1.35
25 H + H2S — He + HS 6.11 4.79| 9.09 4.55| 6.57 1.42
26 O + HCl — OH + Cl -0.37 5.41| -3.95 4.49| -4.49 0.39
27 NH; + CHs — NH + CH4 0.03 0.17| 0.38 0.32| 0.33 -0.46
28 NHs + C2Hs — NH + C2;Hg 1.74 0.69| 2.16 1.00| 1.67 0.26
29 NH; + C;Hs — NH3 + CoHs -4.53 -0.42| -6.43 -0.35|-11.48 -0.07
30 NHs + CHs — NHs + CHs -2.82 0.09| -4.65 0.33]-10.14 0.65
Mean 0.13 0.94| 1.30 0.93| -0.45 0.26

Mean Abs. 6.07 1.27| 9.50 1.43]| 10.10 1.06
Root-mean-squared 8.42 2.30| 13.37 2.25| 14.89 1.64




B. PBE

TABLE S13: Functional (FE) and density error (DE) metrics for PBE
on the BH76 set, all in kcal/mol. Each set of two columns uses a different
proxy for the exact functional as in Table V of the main text. Error
The reaction index
used by the GMTKN and the symbolic index are given in the first two

statistics are reported in the bottom three rows.

columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N.O — N> + OH -7.26 -0.84| -2.58 -1.73| 9.62 -10.76
2 1 reverse -22.98 -2.321-30.87 -3.90(-29.63  -16.82
3 H + HF — HF + H -13.19 -0.35|-10.24 -0.49|-15.84 -6.24
4 3 reverse -13.19 -0.35|-10.24 -0.49|-15.84 -6.24
5 H + HCl — HCl1 + H -7.93 -0.95| -2.14 -1.57| -5.65 -2.93
6 5 reverse -7.93 -0.95| -2.14 -1.57| -5.65 -2.93
7 CHsF + H — CH3 + HF -13.10 -0.82|-10.16 -1.20|-13.29 -6.46
8 7 reverse -14.90 -1.05|-16.28 -1.72|-12.59 -6.49
9 F, + H— F + HF -8.35 -1.75| 7.81 -10.35| 7.56 -12.76
10 9 reverse -19.66 -1.99(-22.16 -11.19|-11.01  -13.46
11 CHs + CIF — CH3F + Cl -13.86 -1.99| -9.34 -3.95| -4.38 -9.06
12 11 reverse -19.00 -2.38|-17.21 -4.35| -8.93 -9.47
13 CH3F + F~ — FCHs + F~ -6.85 -1.36| -5.66 -2.29| -7.33 -1.98
14 13 reverse -6.85 -1.36| -5.66 -2.29| -7.33 -1.98
15 CHsF ...F~ - FCHs ... F~ -6.33 -0.71| -6.77 -1.72| -7.65 -1.63
16 15 reverse -6.33 -0.71| -6.77 -1.72| -7.65 -1.63
17 CH3Cl + CI™ — CICH3 + Cl1™ -9.85 -2.14| -5.07 -1.97| -4.79 -1.42
18 17 reverse -9.85 -2.14| -5.07 -1.97| -4.79 -1.42
19 CH3Cl...Cl” — CICH;3 ... Cl1™ -9.08 -1.46| -5.66 -1.49| -5.16 -1.14
20 19 reverse -9.08 -1.46| -5.66 -1.49| -5.16 -1.14
21 CH3Cl + F~ — CH3F + CI™ -7.23 -1.94| -1.74 -2.09| -0.85 -2.10
22 21 reverse -8.78 -1.99| -9.38 -3.16|-11.07 -3.30
23 F~ ... CH3Cl — CH3F ... C1™ -5.45 -0.55| -2.83 -0.89| -2.04 -0.77
24 23 reverse -8.62 -1.71] -9.93 -2.96|-11.25 -3.16
25 CHsF + OH™ — HOCH3 + F— -6.74 -1.38| -5.90 -2.25| -7.58 -2.13
26 25 reverse -9.59 -1.74| -7.82 -2.13| -7.10 -2.00
27 CHsF ... OH™ — HOCHs ... F™ -6.68 -0.87| -7.25 -1.77| -8.22 -1.99
28 27 reverse -7.83 -1.29| -8.80 -1.93| -7.26 -1.94
29 H + N2 — HN» -6.31 -0.85| -0.36 -2.56| -0.64 -4.79
30 29 reverse -3.95 -0.07| -3.89 -0.75| -7.87 -1.90
31 H + CO — HCO -3.21 -0.87| 0.40 -0.96| -0.23 -0.86
32 31 reverse -0.96 -0.40| -0.39 -0.11| -2.71 0.04
33 H + C;Hy — CH3CH: -1.18 -1.08| 5.33 -2.03| 3.65 -0.89
34 33 reverse -6.55 -0.82| -5.06 -1.88| -5.98 -1.08
35 CeH4 + CH3 — CH3CH2CH- -3.43 -2.33| 1.32 -3.56| 1.61 -1.73
36 35 reverse -7.58 -1.75| -3.56 -3.11| -5.16 -1.40
37 HCN — HNC -1.30 -0.03| -0.46 -0.51| -0.41 -1.64
38 37 reverse -2.97 0.06| -3.64 -0.40| -3.01 -1.62
39 H + HCl — Hs + Cl -4.56 -0.75| 0.58 -1.37| -1.88 -1.39
40 39 reverse -7.00 -0.96| -5.42 -1.30| -6.66 -1.57
41 OH + Hy — H + H20O -8.50 -0.99| -9.54 -2.67|-10.48 -3.74
42 41 reverse -6.62 -0.81| 0.36 -2.62| 4.92 -3.27
43 CHs + H, — CHy + H -5.75 -0.81| -5.64 -1.13| -4.06 -1.28
44 43 reverse -4.87 -0.75| -0.42 -1.10| -1.44 -0.91
45 CH4; + OH — CHjs + H20 -9.85 -1.07|-11.10 -2.82{-12.98 -3.62
46 45 reverse -8.84 -0.96| -6.41 -2.81| -0.19 -3.52
47 He + H— H + H» -3.97 -0.46| -0.62 -0.64| -2.28 -0.92
48 47 reverse -3.97 -0.46| -0.62 -0.64| -2.28 -0.92
49 NH;3; + OH — NHy + H20 -13.89 -1.48|-15.06 -3.60(-16.20 -5.12
50 49 reverse -12.70 -1.38(-11.92 -3.48(-10.21 -4.86
51 CHs + HCl — CH4 + C1 -6.48 -1.13| -5.61 -1.45| -4.37 -0.91
52 51 reverse -8.04 -1.27| -6.38 -1.34| -6.54 -0.72
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
53 CeHg + OH — C2Hs + H20 -10.34 -1.47|-11.26 -3.39(-12.77 -4.44
54 53 reverse -8.46 -1.13| -5.59 -3.04| 0.67 -4.06
55 F + Ho — H + HF -8.95 -1.31| -9.93 -4.87| -9.84 -6.44
56 55 reverse -6.20 -1.11| 4.10 -4.57| 12.10 -5.45
57 O + CHy — OH + CHs -9.87 -1.09(-12.36 -2.47|-13.28 -2.75
58 57 reverse -8.02 -0.93| -7.30 -2.05| -6.86 -2.33
59 H + PH3; — H> + PHs -3.82 -0.97| -0.02 -0.88| 2.42 -4.94
60 59 reverse -4.31 -1.16| -3.06 -0.95| 18.57 -22.59
61 H+ OH — O + Hs -6.39 -0.57| -1.98 -1.67| -5.33 -2.13
62 61 reverse -9.12 -0.79|-12.26 -2.12|-14.37 -2.92
63 H + HeS — Hy + HS -4.29 -0.82| -0.41 -0.85| -2.10 -0.78
64 63 reverse -5.92 -1.02| -4.95 -0.88| -4.91 -1.10
65 O + HCl — OH + Cl -14.20 -4.57|-15.49 -6.87|-16.17 -7.99
66 65 reverse -13.92 -4.56|-11.20 -6.35|-11.91 -7.39
67 NH; + CH3 — NH + CHy4 -7.80 -1.21| -7.21 -1.90| -7.68 -1.81
68 67 reverse -8.69 -1.32| -8.59 -2.01| -8.29 -1.76
69 NH: + CoHs — NH + C3Hg -7.38 -1.08| -6.72 -1.69| -6.38 -1.71
70 69 reverse -9.13 -1.41| -9.08 -2.15| -7.64 -1.95
71 NH: + C2Hg — NH;3 + CoHs -8.96 -1.38| -8.91 -2.27|-10.51 -2.38
72 71 reverse -8.27 -1.14| -6.38 -2.04| -3.07 -2.25
73 NH.; + CHy — NH;3 + CHjs -8.57 -1.20| -8.63 -2.01|-10.24 -1.97
74 73 reverse -8.75 -1.19| -7.09 -2.13| -3.44 -2.13
75 s-trans cis-CsHg — s-trans cis-C5Hg |-10.29 0.94(-10.13 0.44|-23.21 -2.42
76 75 reverse -10.29 0.94(-10.13 0.44(-23.21 -2.42
Mean -8.30 -1.18| -6.42 -2.29| -6.23 -3.66

Mean Abs. 8.30 1.23| 6.95 2.31| 7.84 3.66
Root-mean-squared 9.19 1.44| 8.71 2.98| 9.67 5.30

TABLE S14: Functional (FE) and density error (DE) metrics for PBE
on the BH76RC set, all in kcal/mol. Each set of two columns uses a
different proxy for the exact functional as in Table V of the main text.
Error statistics are reported in the bottom three rows.
index used by the GMTKN and the symbolic index are given in the first

two columns.

The reaction

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N,O — OH + Ny 15.72 1.48| 28.28 2.16| 39.25 6.06
2 H + CH3F — HF + CHj; 1.80 0.23| 6.12 0.51] -0.70 0.03
3 H+F;, —HF + F 11.30 0.24| 29.98 0.83| 18.57 0.69
4 CHs + CIF — CH3F + Cl 5.14 0.39| 7.87 0.40| 4.55 0.41
5 CHs3Cl + F~ — CH3F + CI™ 1.56 0.04| 7.65 1.07| 10.22 1.20
6 F~ ... CH3Cl — CH3F ... C1™ 3.16 1.16| 7.10 2.07| 9.21 2.40
7 CHsF + OH™ — HOCH3s + F— 2.84 0.36| 1.92 -0.12| -0.48 -0.14
8 CHsF ... OH™ — HOCHs ... F~| 1.15 0.42| 1.56 0.16| -0.96 -0.06
9 H + N2 — HNy -2.36 -0.78| 3.53 -1.81| 7.22 -2.89
10 H + CO — HCO -2.25 -0.47| 0.79 -0.85| 2.47 -0.91
11 H + C2Hy — CoHs 5.37 -0.26| 10.39 -0.16| 9.62 0.19
12 CoH4 + CHs — CH3CH2CH- 4.15 -0.59| 4.87 -0.45| 6.77 -0.32
13 HCN — HNC -1.67 0.08] -3.18 0.11| -2.60 0.02
14 H + HCI — Hs + Cl 2.44 0.21| 6.00 -0.07| 4.79 0.18
15 Hs; + OH — H + H>0 -1.88 -0.18| -9.90 -0.05(-15.41 -0.47
16 H; + CHs — H + CHy -0.88 -0.06| -5.22 -0.03| -2.62 -0.37
17 OH + CHy — H20 + CHs; -1.01 -0.12| -4.68 -0.01|-12.79 -0.10
18 OH + NH3 — H>O + NH, -1.19 -0.10| -3.14 -0.13| -5.99 -0.26
19 CHs + HCl — CH4 + CI 1.57 0.14| 0.78 -0.10| 2.17 -0.19
20 OH + CoHg — H20 + CoHj -1.87 -0.34| -5.67 -0.36(-13.43 -0.39
21 Hy; + F — H + HF -2.75 -0.19(-14.03 -0.30(-21.94 -1.00
22 O + CH4y — OH + CHs -1.84 -0.16| -5.06 -0.42| -6.42 -0.42
23 H + PHs — H> + PHs 0.49 0.19| 3.03 0.07|-16.14 17.65
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
24 H+ OH — H; + O 2.72 0.23] 10.28 0.45| 9.04 0.79
25 H + H2S — Hs + HS 1.63 0.20] 4.54 0.03| 2.80 0.32
26 O + HCl — OH + Cl -0.28 -0.02| -4.28 -0.52| -4.25 -0.61
27 NH; + CHs — NH + CHy4 0.88 0.11| 1.38 0.11| 0.61 -0.05
28 NH, + C2Hs — NH + CyHg 1.75 0.33] 2.36 0.46| 1.26 0.23
29 NH> + CoHg — NHs + CoHs -0.68 -0.24| -2.52 -0.23| -7.44 -0.12
30 NH; + CH4 — NHs + CHs 0.18 -0.02| -1.54 0.12| -6.80 0.16
Mean 1.51 0.08] 2.64 0.10| 0.35 0.73

Mean Abs. 2.75 0.31| 6.59 0.47| 8.22 1.29
Root-mean-squared 4.20 0.45| 9.46 0.75| 11.47 3.50
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C. BLYP

TABLE S15: Functional (FE) and density error (DE) metrics for BLYP
on the BH76 set, all in kcal/mol. Each set of two columns uses a different
proxy for the exact functional as in Table V of the main text. Error

statistics are reported in the bottom three rows.

The reaction index

used by the GMTKN and the symbolic index are given in the first two

columns.
LC-wPBE SX-0.5
Index Reaction FE DE FE DE
1 H + NoO — N> + OH -8.43 -1.09| -3.78 -1.95
2 1 reverse -13.57 -2.57(-21.34 -4.27
3 H + HF - HF + H -14.09 -0.45(-11.17 -0.56
4 3 reverse -14.09 -0.45|-11.17 -0.56
5 H + HCI — HC1 + H -7.54 -1.16| -1.71 -1.81
6 5 reverse -7.54 -1.16| -1.71 -1.81
7 CHsF + H — CH3 + HF -15.21 -1.06(-12.14 -1.57
8 7 reverse -13.62 -1.10|-15.17 -1.61
9 F: + H— F + HF -10.09 -1.87| 5.91 -10.31
10 9 reverse -18.05 -2.15(-20.98 -10.91
11 CHs + CIF — CH3F + Cl -14.17 -2.31| -9.67 -4.25
12 11 reverse -18.48 -2.72(-16.76 -4.62
13 CH3F + F~ — FCHs + F~ -6.82 -1.00| -5.98 -1.57
14 13 reverse -6.82 -1.00| -5.98 -1.57
15 CHsF ...F~ - FCHs ... F~ -7.07 -0.53| -7.73 -1.32
16 15 reverse -7.07 -0.53| -7.73 -1.32
17 CH3Cl + CI™ — CICH3 + Cl1™ -10.31 -1.82| -5.61 -1.58
18 17 reverse -10.31 -1.82| -5.61 -1.58
19 CH3Cl...Cl” — CICH;3 ... Cl1™ -10.63 -1.30| -7.26 -1.27
20 19 reverse -10.63 -1.30| -7.26 -1.27
21 CH3Cl + F~ — CH3F + CI™ -7.42 -1.59| -2.26 -1.41
22 21 reverse -8.54 -1.58| -9.16 -2.73
23 F~ ... CH3Cl — CH3F ... Cl™ -6.52 -0.44| -4.07 -0.61
24 23 reverse -9.32 -1.45(-10.64 -2.70
25 CHsF + OH™ — HOCH3 + F— -6.16 -1.08| -5.51 -1.76
26 25 reverse -9.96 -1.44| -8.54 -1.49
27 CHsF ... OH™ — HOCHs ... F™ -6.95 -0.68| -7.61 -1.49
28 27 reverse -11.08 -1.07(-12.26 -1.51
29 H + N2 — HN» -6.01 -1.07| -0.02 -2.82
30 29 reverse -4.48 -0.14| -4.40 -0.83
31 H + CO — HCO -3.13 -1.19| 0.50 -1.29
32 31 reverse -2.16 -0.48| -1.70 -0.08
33 H + C;Hy — CH3CH» -1.16 -1.66| 5.33 -2.59
34 33 reverse -8.29 -1.18| -7.00 -2.03
35 CoH4 + CH3z — CH3CH2CH, 0.00 -2.58| 4.93 -3.98
36 35 reverse -12.35 -1.84| -8.27 -3.26
37 HCN — HNC -0.02 -0.08| 0.68 -0.41
38 37 reverse -1.65 -0.05| -2.45 -0.38
39 H + HCl — Hy + CI -7.60 -0.75| -2.46 -1.37
40 39 reverse -3.19 -0.98| -1.70 -1.23
41 OH + Hy; — H + H30O -5.57 -1.03| -6.75 -2.56
42 41 reverse -9.87 -0.86| -3.10 -2.47
43 CHs + Ho - CH4 + H -2.27 -0.95] -2.23 -1.20
44 43 reverse -6.36 -0.91| -1.87 -1.31
45 CH4 + OH — CHj3 + H2O -6.95 -1.10| -8.20 -2.84
46 45 reverse -7.15 -0.97| -4.90 -2.64
47 H + H— H + Ho -4.49 -0.68| -1.18 -0.83
48 47 reverse -4.49 -0.68| -1.18 -0.83
49 NH;3; + OH — NH> + H»O -11.15 -1.50(-12.40 -3.55
50 49 reverse -10.21 -1.41| -9.57 -3.36
51 CHs + HCl — CH4 + CI -3.98 -1.23| -3.12 -1.54
52 51 reverse -3.67 -1.42| -2.00 -1.51
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LC-wPBE SX-0.5

Index Reaction FE DE FE DE
53 CoHg + OH — C2Hs + H20 -7.48 -1.43| -8.43 -3.34
54 53 reverse -6.99 -1.05| -4.31 -2.77
55 F + Ho — H + HF -7.60 -1.30| -8.72 -4.72
56 55 reverse -10.62 -1.14| -0.53 -4.38
57 O + CH; — OH + CHs -7.63 -1.12|-10.04 -2.59
58 57 reverse -5.81 -0.96| -5.22 -1.95
59 H + PH3; — H> + PH» -4.21 -1.42| -0.41 -1.33
60 59 reverse -0.28 -1.51| 0.81 -1.15
61 H+ OH — O + Hs -8.37 -0.74| -4.15 -1.65
62 61 reverse -6.11 -0.94| -9.32 -2.20
63 H + H2S — H> + HS -4.91 -1.19| -1.02 -1.24
64 63 reverse -0.62 -1.37| 0.21 -1.10
65 O + HCl — OH + C1 -12.07 -4.98|-13.24 -7.40
66 65 reverse -9.93 -5.01| -7.31 -6.71
67 NH: + CHs — NH + CHy -4.93 -1.26| -4.42 -1.86
68 67 reverse -5.89 -1.38| -5.69 -2.16
69 NH: + C2Hs; — NH + C2Hg -4.38 -1.08| -3.80 -1.60
70 69 reverse -6.03 -1.45| -5.90 -2.27
71 NHs + C2Hg — NH3 + CoHs -5.14 -1.41| -5.07 -2.32
72 71 reverse -5.59 -1.13| -3.79 -1.94
73 NH. + CH4y — NH;3 + CHjs -4.92 -1.28| -4.95 -2.12
74 73 reverse -6.06 -1.25| -4.48 -2.11
75 s-trans cis-CsHg — s-trans cis-CsHg| -5.25 0.55| -5.02 -0.00
76 75 reverse -5.25 0.55| -5.02 -0.00

Mean -7.40 -1.25| -5.60 -2.28

Mean Abs. 7.40 1.28| 6.09 2.28

Root-mean-squared 8.38 1.51| 7.55 2.97

TABLE S16: Functional (FE) and density error (DE) metrics for BLYP
on the BH76RC set, all in kcal/mol. Each set of two columns uses a
different proxy for the exact functional as in Table V of the main text.
Error statistics are reported in the bottom three rows.
index used by the GMTKN and the symbolic index are given in the first
two columns.

The reaction

LC-wPBE SX-0.5
Index Reaction FE DE| FE DE
1 H + N,O — OH + Ny 5.15 1.48|17.56 2.32
2 H + CH3F — HF + CHj; -1.59 0.04| 3.02 0.04
3 H+F; —HF + F 7.96 0.27(26.89 0.60
4 CHs + CIF — CH3F + Cl 4.31 0.41| 7.09 0.38
5 CH3Cl + F~ — CH3F + ClI™ 1.12 -0.01| 6.90 1.32
6 F~ ... CH3Cl — CH3F ... ClI™ 2.80 1.01| 6.57 2.10
7 CH3F + OH™ — HOCHj3 + F~ 3.80 0.36| 3.02 -0.27
8 CHsF ... OH™ — HOCHs3 ... F~| 4.12 0.39| 4.65 0.02
9 H + N2 — HNy -1.53 -0.94| 4.39 -1.99
10 H + CO — HCO -0.97 -0.71] 2.19 -1.21
11 H + C3;Hy — CoHs 7.13 -0.48(12.33 -0.56
12 CoH4 + CH3s — CH3CH2CH- 12.35 -0.74]13.20 -0.72
13 HCN — HNC -1.63 0.02|-3.13 0.03
14 H + HCl — Hsy + Cl -4.40 0.23]-0.76 -0.14
15 Hs + OH — H + H20 4.30 -0.17|-3.66 -0.10
16 H; + CHs — H + CHy 4.09 -0.04|-0.36 0.10
17 OH + CH4 — H>O + CHs 0.21 -0.12|-3.29 -0.20
18 OH + NH3; — H20 + NH» -0.93 -0.10| -2.83 -0.19
19 CHs + HCl — CH4 + C1 -0.31 0.19]-1.12 -0.04
20 OH + C2Hg — H20 + C3Hs; -0.49 -0.38|-4.12 -0.57
21 Hy; + F - H + HF 3.02 -0.15(-8.19 -0.34
22 O + CHy — OH + CHs -1.83 -0.16| -4.81 -0.65
23 H + PH; — Hy + PH> -3.93 0.10|-1.22 -0.19
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LC-wPBE  SX-0.5
Index Reaction FE DE| FE DE
24 H+ OH — Hs + O -2.27 0.20| 5.17 0.54
25 H + H2S — Hs + HS -4.29 0.18|-1.23 -0.14
26 O + HCl — OH + CI -2.14 0.03|-5.93 -0.69
27 NH: + CHs — NH + CHy4 0.96 0.11]| 1.27 0.30
28 NH: + CoHs — NH + C3Hg 1.66 0.37| 2.10 0.67
29 NH> + CoHg — NHs + CoHs 0.45 -0.29| -1.29 -0.38
30 NH; + CH4s — NHs + CHs 1.14 -0.03|-0.46 -0.01
Mean 1.27 0.04| 2.47 0.00
Mean Abs. 3.03 0.32]| 5.29 0.56
Root-mean-squared 3.99 0.47| 7.72 0.83




D. SCAN

TABLE S17: Functional (FE) and density error (DE) metrics for SCAN
on the BH76 set, all in kcal/mol. Each set of two columns uses a different
proxy for the exact functional as in Table V of the main text. Error
statistics are reported in the bottom three rows. The reaction index
used by the GMTKN and the symbolic index are given in the first two
columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N.O — N> + OH -8.29 -0.43| -4.21 -0.72| 5.83 -7.53
2 1 reverse -11.64 -1.43|-20.13 -2.40(-21.91 -12.64
3 H + HF — HF + H -11.62 -0.26| -8.61 -0.46 |-15.67 -4.80
4 3 reverse -11.62 -0.26| -8.61 -0.46|-15.67 -4.80
5 H + HCl — HCl + H -8.95 -0.40| -3.64 -0.54| -7.50 -1.52
6 5 reverse -8.95 -0.40| -3.64 -0.54| -7.50 -1.52
7 CHsF + H — CH3 + HF -11.74 -0.57| -9.02 -0.74|-13.52 -4.65
8 7 reverse -9.91 -0.69(-11.46 -1.19| -9.21 -4.69
9 Fo + H— F + HF -11.38 -0.40| -0.21 -4.02| -0.29 -6.30
10 9 reverse -12.05 -0.71(-19.27 -5.19| -8.46 -7.38
11 CHjs + CIF — CH3F + Cl -12.95 -0.93| -9.36 -1.97| -5.82 -5.56
12 11 reverse -16.06 -1.34|-15.11 -2.47| -8.70 -6.06
13 CH3F + F~ — FCHs + F~ -7.90 -0.89| -6.84 -1.68| -7.96 -1.23
14 13 reverse -7.90 -0.89| -6.84 -1.68| -7.96 -1.23
15 CH3F ...F~ — FCHs ... F~ -5.70 -0.46| -6.30 -1.32| -7.08 -1.04
16 15 reverse -5.70 -0.46| -6.30 -1.32| -7.08 -1.04
17 CH3Cl + CI™ — CICH3 + Cl1™ -11.97 -1.31| -6.99 -1.34| -6.31 -0.76
18 17 reverse -11.97 -1.31| -6.99 -1.34| -6.31 -0.76
19 CH3Cl...Cl” — CICH3 ... Cl™ -9.88 -0.86| -6.29 -1.06| -5.66 -0.68
20 19 reverse -9.88 -0.86| -6.29 -1.06| -5.66 -0.68
21 CH3Cl + F~ — CH3F + CI™ -11.03 -1.06| -5.40 -1.36| -3.94 -1.22
22 21 reverse -7.03 -1.11| -8.01 -1.90| -9.22 -2.01
23 F~ ... CH3Cl — CH3F ... Cl™ -6.78 -0.21| -4.08 -0.63| -3.07 -0.50
24 23 reverse -6.00 -0.89| -7.70 -1.76| -8.82 -1.88
25 CHsF + OH™ — HOCH3 + F— -7.38 -0.86| -6.73 -1.54| -7.73 -1.24
26 25 reverse -10.83 -1.13| -8.93 -1.65| -7.76 -1.39
27 CHsF ... OH™ — HOCH3 ... F~ -5.85 -0.58| -6.58 -1.32| -7.23 -1.22
28 27 reverse -7.47 -0.81] -8.51 -1.39| -7.07 -1.31
29 H + N2 — HN, -7.76 -0.39| -3.16 -0.74| -4.26 -2.11
30 29 reverse -3.53 0.19] -3.79 -0.17| -8.22 -0.80
31 H + CO — HCO -5.50 -0.56| -2.04 -0.49| -2.52 -0.57
32 31 reverse -1.71 -0.18] -0.76 -0.26| -2.94 -0.17
33 H + C;Hy — CH3CH» -5.62 -0.97| -0.53 -0.49| -1.14 -0.37
34 33 reverse -3.89 -0.70| -3.64 -0.50| -3.69 -0.41
35 CyH4 + CH3z — CH3CH2CH, -5.69 -0.96| -2.04 -1.08| -0.64 -0.28
36 35 reverse -7.83 -0.54| -4.79 -0.93| -5.17 -0.20
37 HCN — HNC -0.80 0.12] -0.18 -0.14| -0.29 -1.05
38 37 reverse -1.45 0.13] -2.26 -0.19| -1.88 -1.14
39 H + HCl — Hy + CI -7.05 -0.28| -2.39 -0.43| -4.55 -0.54
40 39 reverse -5.60 -0.48| -4.25 -0.58| -5.74 -0.74
41 OH + Hy — H + H2O -4.89 -0.31] -6.72 -1.19| -8.01 -1.96
42 41 reverse -9.96 -0.14| -3.88 -1.04| 0.72 -1.58
43 CHs + H, - CHy + H -2.74 -0.40| -2.82 -0.54| -1.51 -0.43
44 43 reverse -7.62 -0.36| -3.42 -0.47| -4.22 -0.41
45 CH4 + OH — CHj3 + H20O -6.57 -0.44| -8.81 -1.20(-10.83 -1.87
46 45 reverse -6.76 -0.30| -5.37 -1.12| 0.60 -1.52
47 Hs + H— H + He -5.42 -0.27] -2.22 -0.31| -3.99 -0.46
48 47 reverse -5.42 -0.27| -2.22 -0.31| -3.99 -0.46
49 NHs; + OH — NH> + H>O -10.23 -0.61|-12.45 -1.69|-13.86 -2.92
50 49 reverse -9.65 -0.57| -9.92 -1.61| -8.45 -2.71
51 CHs + HCl — CH4 + Cl -4.19 -0.59| -3.49 -0.74| -2.19 -0.28
52 51 reverse -7.60 -0.76| -5.95 -0.83| -6.09 -0.46
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
53 CyHg + OH — C3Hs + H20 -7.15 -0.54| -9.03 -1.51{-10.74 -2.40
54 53 reverse -7.13 -0.35| -5.21 -1.31| 0.81 -1.97
55 F + Hs — H + HF -4.77 -0.29| -7.09 -2.52| -7.28 -3.80
56 55 reverse -9.94 -0.22| -1.01 -2.31| 7.23 -3.15
57 O + CHy — OH + CHgs -7.97 -0.52|-11.17 -1.20|-11.90 -1.68
58 57 reverse -4.67 -0.45| -4.42 -1.10| -4.06 -1.26
59 H + PHs — H2 + PH» -5.68 -0.59| -1.99 -0.39| -3.38 -0.56
60 59 reverse -3.55 -0.70| -2.27 -0.52| -2.25 -0.66
61 H -+ OH — O + H» -7.15 -0.30| -3.21 -0.94| -6.53 -1.34
62 61 reverse -5.59 -0.41| -9.37 -1.10|-11.66 -1.78
63 H + H2S — Hs + HS -6.15 -0.51| -2.40 -0.41| -3.89 -0.47
64 63 reverse -4.22 -0.69| -3.25 -0.56| -3.55 -0.62
65 O + HCl — OH + C1 -10.23 -1.94(-12.36 -3.40(-12.99 -4.41
66 65 reverse -10.34 -2.04| -8.06 -3.40| -9.05 -4.16
67 NH,; + CH3; — NH + CHy4 -4.66 -0.51| -4.33 -0.92| -4.92 -0.77
68 67 reverse -7.72 -0.63| -7.96 -0.98| -7.45 -0.92
69 NH,; + CoHs; — NH + C2Hg -4.77 -0.51| -4.33 -0.89| -4.14 -0.82
70 69 reverse -8.05 -0.69| -8.35 -1.08| -6.79 -1.04
71 NH> + CoHg — NHs + C2Hs -6.36 -0.67| -6.90 -0.97| -8.46 -1.16
72 71 reverse -6.93 -0.51| -5.60 -0.85| -2.32 -0.95
73 NH,; + CH4y — NHs + CHs -5.98 -0.60| -6.59 -0.86| -8.06 -0.93
74 73 reverse -6.76 -0.50| -5.68 -0.86| -2.05 -0.79
75 s-trans cis-CsHg — s-trans cis-CsHg| -7.43 0.58| -7.27 0.10(-20.54 -2.65
76 75 reverse -7.43 0.58| -7.27 0.10(-20.54 -2.65
Mean -7.46 -0.58| -6.11 -1.16| -6.38 -1.97

Mean Abs. 7.46 0.62| 6.11 1.16| 6.78 1.97
Root-mean-squared 7.99 0.73| 7.19 1.46| 8.17 2.89

TABLE S18: Functional (FE) and density error (DE) metrics for SCAN
on the BH76RC set, all in kcal/mol. Each set of two columns uses a
different proxy for the exact functional as in Table V of the main text.
Error statistics are reported in the bottom three rows. The reaction
index used by the GMTKN and the symbolic index are given in the first

two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE| FE DE FE DE
1 H + N2O — OH + Ny 3.35 0.99|15.92 1.68| 27.74 5.11
2 H + CH3F — HF + CHj; -1.83 0.12] 2.44 0.45| -4.31 0.04
3 H+ F; - HF + F 0.67 0.31|19.07 1.17| 8.16 1.07
4 CHjs + CIF — CH3F + Cl 3.11 0.41| 5.75 0.51| 2.88 0.50
5 CH3Cl + F~ — CH3F + CI™ -4.01 0.05] 2.61 0.55| 5.28 0.79
6 F~ ... CH3Cl - CH3F ... CI™ |-0.78 0.68| 3.61 1.13| 5.75 1.38
7 CH3F + OH™ — HOCH3 + F~ 3.45 0.26| 2.20 0.11] 0.03 0.15
8 CH3F ... OH™ — HOCH;3 ... F7| 1.61 0.23| 1.92 0.07| -0.16 0.09
9 H + N2 — HN» -4.23 -0.58| 0.63 -0.57| 3.96 -1.31
10 H + CO — HCO -3.79 -0.38|-1.28 -0.22| 0.42 -0.39
11 H + CoHy — CoHs -1.73 -0.27| 3.11 0.00| 2.55 0.04
12 CoH4 + CHs — CH3CH2CH- 2.14 -0.41| 2.74 -0.15| 4.53 -0.08
13 HCN — HNC -0.65 0.01|-2.07 -0.05| -1.59 -0.09
14 H + HCl — Hy + Cl -1.46 0.20| 1.87 0.16| 1.19 0.20
15 H; + OH — H + H20 5.07 -0.17|-2.84 -0.15| -8.72 -0.38
16 H; + CH3 — H + CHy4 4.88 -0.04| 0.60 -0.07| 2.71 -0.02
17 OH + CH4 — H20 + CHs 0.20 -0.14| -3.44 -0.08|-11.43 -0.36
18 OH + NHs; — H20 + NH» -0.59 -0.04|-2.52 -0.08| -5.41 -0.22
19 CHs + HCl — CH4 + Cl 3.42 0.17| 2.46 0.09] 3.90 0.17
20 OH + C2Hg — H20 + C2Hj -0.02 -0.19 -3.82 -0.20(-11.55 -0.43
21 H, + F - H + HF 5.17 -0.06| -6.08 -0.21|-14.50 -0.65
22 O + CH4y — OH + CHs -3.31 -0.07|-6.76 -0.09| -7.84 -0.42
23 H + PH; — H> + PH» -2.13 0.11] 0.27 0.13] -1.13 0.10
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE| FE DE FE DE
24 H+ OH — Hy + O -1.57 0.11] 6.16 0.16| 5.13 0.44
25 H + H»S — Hs + HS -1.93 0.19| 0.85 0.15| -0.34 0.15
26 O + HCl — OH + Cl 0.11 0.09|-4.29 -0.00| -3.94 -0.25
27 NHsz + CHs — NH + CHy 3.06 0.13| 3.63 0.06| 2.53 0.15
28 NH; + C2;Hs — NH + C3Hs 3.28 0.18]| 4.01 0.19| 2.65 0.22
29 NH; + C2Hs — NH3 + CoHs 0.56 -0.16{-1.30 -0.12| -6.14 -0.21
30 NH; + CH4s — NHj3 + CHs 0.78 -0.10{-0.91 0.01| -6.02 -0.14
Mean 0.43 0.05| 1.48 0.15| -0.12 0.19

Mean Abs. 2.30 0.23] 3.84 0.29| 5.42 0.52
Root-mean-squared 2.76 0.31| 5.57 0.48| 7.67 1.06
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E. r’SCAN

TABLE S19:  Functional (FE) and density error (DE) metrics for
r’SCAN on the BHT76 set, all in kcal/mol. Each set of two columns
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the
first two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N.O — N> + OH -7.26 -0.44| -2.90 -1.01| -0.78 0.00
2 1 reverse -13.02 -1.51|-21.20 -2.79-36.02 0.00
3 H + HF — HF + H -11.27 -0.24| -8.26 -0.44|-20.10 -0.00
4 3 reverse -11.27 -0.24| -8.26 -0.44(-20.10 -0.00
5 H + HCl — HCl + H -8.63 -0.51| -3.11 -0.85| -8.79 0.00
6 5 reverse -8.63 -0.51| -3.11 -0.85| -8.79 0.00
7 CHsF + H — CH3 + HF -12.59 -0.42| -9.85 -0.61|-18.83 0.00
8 7 reverse -9.35 -0.70(-11.00 -1.10{-13.31 0.00
9 Fo + H— F + HF -9.49 -0.60| 2.98 -5.50| -4.97 0.00
10 9 reverse -10.54 -0.85|-16.57 -6.52|-14.72 0.00
11 CHj3 + CIF — CH3F + Cl -12.05 -1.10| -8.29 -2.30(-10.52 0.02
12 11 reverse -16.13 -1.38|-14.82 -2.87|-14.85 0.02
13 CH3F + F~ — FCHs + F~ -7.28 -0.70| -6.33 -1.39| -8.47 0.00
14 13 reverse -7.28 -0.70| -6.33 -1.39| -8.47 0.00
15 CH3F ...F~ — FCHs ... F~ -5.47 -0.28| -6.14 -1.06| -7.75 -0.00
16 15 reverse -5.47 -0.28| -6.14 -1.06| -7.75 -0.00
17 CH3Cl + CI™ — CICH3 + Cl1™ -10.54 -1.22| -5.58 -1.22| -5.53 0.00
18 17 reverse -10.54 -1.22| -5.58 -1.22| -5.53 0.00
19 CH3Cl...Cl” — CICH3 ... Cl™ -8.94 -0.74| -5.37 -0.92| -5.27 0.00
20 19 reverse -8.94 -0.74| -5.37 -0.92| -5.27 0.00
21 CH3Cl + F~ — CH3F + CI™ -9.50 -1.13| -3.93 -1.36| -3.80 0.00
22 21 reverse -6.76 -1.16| -7.74 -1.96|-11.06 0.00
23 F~ ... CH3Cl — CH3F ... Cl™ -5.99 -0.19| -3.33 -0.58| -2.83 -0.00
24 23 reverse -6.02 -0.94| -7.69 -1.84(-10.84 -0.00
25 CHsF + OH™ — HOCH3 + F— -6.69 -0.73| -6.13 -1.33| -8.20 0.00
26 25 reverse -9.86 -0.94| -8.10 -1.32| -8.09 0.00
27 CHsF ... OH™ — HOCH3 ... F~ -5.56 -0.44| -6.33 -1.13| -8.07 -0.00
28 27 reverse -6.96 -0.58| -8.14 -1.02| -7.71 0.00
29 H + N — HN» -7.35 -0.38| -2.17 -1.31| -6.01 -0.00
30 29 reverse -3.94 0.12] -4.00 -0.44| -9.54 -0.00
31 H + CO — HCO -5.08 -0.58| -1.61 -0.52| -2.67 0.00
32 31 reverse -1.98 -0.18| -1.08 -0.22| -3.38 -0.00
33 H + C;Hy — CH3CH» -4.60 -0.67| 0.75 -0.46| -0.19 -0.00
34 33 reverse -4.22 -0.55| -3.73 -0.60| -4.29 -0.00
35 CyH4 + CH3z — CH3CH2CH, -4.08 -0.72| -0.30 -0.98| 0.89 -0.00
36 35 reverse -7.73 -0.27| -4.52 -0.82| -5.02 -0.00
37 HCN — HNC -0.88 0.20| -0.08 -0.25| -1.41 0.00
38 37 reverse -1.93 0.18] -2.70 -0.18| -3.46 0.00
39 H + HCl — Hy + CI -5.57 -0.46| -0.73 -0.79| -3.88 -0.00
40 39 reverse -4.85 -0.62| -3.31 -0.91| -5.92 -0.00
41 OH + Hy; — H + H>0 -4.24 -0.37| -5.90 -1.42| -9.42 0.00
42 41 reverse -8.30 -0.25| -2.04 -1.33| 0.70 -0.00
43 CHs + H, - CHy + H -2.28 -0.44| -2.36 -0.58| -1.52 -0.00
44 43 reverse -6.78 -0.27| -2.57 -0.39| -3.72 -0.00
45 CH4 + OH — CHj3 + H20O -5.87 -0.43| -7.69 -1.60|-12.08 0.01
46 45 reverse -5.42 -0.47| -3.62 -1.70| 0.24 0.01
47 Hs + H— H + He -5.30 -0.26| -2.10 -0.30| -4.30 0.00
48 47 reverse -5.30 -0.26| -2.10 -0.30| -4.30 0.00
49 NHs; + OH — NH> + H>O -9.55 -0.66(-11.29 -2.22|-16.20 0.00
50 49 reverse -8.73 -0.66| -8.52 -2.18(-10.33 -0.00
51 CHs + HCl — CH4 + Cl -3.89 -0.59| -3.17 -0.75| -2.16 -0.00
52 51 reverse -7.66 -0.58| -5.96 -0.69| -6.40 -0.00
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
53 CyHg + OH — C3Hs + H20 -6.54 -0.61| -8.06 -1.95(-12.64 0.00
54 53 reverse -5.69 -0.62| -3.42 -1.92| -0.04 -0.00
55 F + Hs — H + HF -4.24 -0.31| -6.58 -2.52{-10.60 0.00
56 55 reverse -8.11 -0.28| 0.77 -2.31| 5.84 -0.00
57 O + CHy — OH + CHgs -7.24 -0.41|-10.28 -1.25|-12.79 -0.00
58 57 reverse -4.35 -0.48| -3.98 -1.25| -5.10 0.00
59 H + PHs — H2 + PH» -5.61 -0.62| -1.87 -0.47| -3.90 -0.00
60 59 reverse -2.85 -0.83| -1.53 -0.68| -2.33 -0.00
61 H -+ OH — O + H» -7.21 -0.27| -3.20 -0.98| -7.96 0.00
62 61 reverse -5.61 -0.37| -9.29 -1.16|-13.45 -0.00
63 H + H2S — Hs + HS -5.92 -0.50| -2.14 -0.44| -4.14 -0.00
64 63 reverse -4.17 -0.70| -3.12 -0.64| -4.11 -0.00
65 O + HCl — OH + C1 -10.14 -2.03|-12.19 -3.56|-17.42 0.00
66 65 reverse -11.02 -2.09| -8.69 -3.50|-13.97 0.00
67 NH,; + CH3; — NH + CHy4 -4.43 -0.59| -4.09 -1.02| -5.52 -0.00
68 67 reverse -6.84 -0.55| -7.03 -0.94| -7.43 0.00
69 NH: + C2Hs — NH + C2Hg -4.57 -0.59| -4.10 -1.01| -4.83 -0.00
70 69 reverse -7.38 -0.60| -7.61 -1.05| -7.03 0.00
71 NH> + CoHg — NHs + C2Hs -5.74 -0.67| -6.00 -1.25| -9.00 0.01
72 71 reverse -5.71 -0.68| -4.13 -1.27| -2.27 0.01
73 NH,; + CH4y — NHs + CHs -5.17 -0.59| -5.55 -1.08| -8.23 -0.00
74 73 reverse -5.56 -0.64| -4.25 -1.22| -1.79 -0.00
75 s-trans cis-CsHg — s-trans cis-CsHg| -8.26 0.87| -8.03 0.31|-23.75 0.00
76 75 reverse -8.26 0.87| -8.03 0.31(-23.75 0.00
Mean -6.95 -0.57| -5.47 -1.27| -7.85 0.00

Mean Abs. 6.95 0.62| 5.59 1.29| 8.06 0.00
Root-mean-squared 7.49 0.73| 6.73 1.67| 10.23 0.00

TABLE S20:  Functional (FE) and density error (DE) metrics for
r*SCAN on the BH76RC set, all in kecal/mol. Each set of two columns
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the

first two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE| FE DE FE DE
1 H + N2O — OH + Ny 5.76 1.06|18.30 1.78| 35.25 -0.00
2 H + CH3F — HF + CHj; -3.24 0.28] 1.15 0.49| -5.52 -0.00
3 H+ F; - HF + F 1.05 0.25(19.54 1.02| 9.75 -0.00
4 CHjs + CIF — CH3F + Cl 4.08 0.28| 6.53 0.58| 4.33 0.00
5 CH3Cl + F~ — CH3F + CI™ -2.73 0.02] 3.81 0.60| 7.26 0.00
6 F~ ... CH3Cl — CH3F ... CI™ 0.03 0.75| 4.36 1.26| 8&.01 0.00
7 CH3F + OH™ — HOCH3 + F~ 3.17 0.21| 1.98 -0.00| -0.10 0.00
8 CH3F ... OH™ — HOCH;3 ... F7| 1.41 0.14| 1.81 -0.11| -0.36 -0.00
9 H + N2 — HN» -3.40 -0.50| 1.83 -0.86| 3.53 -0.00
10 H + CO — HCO -3.10 -0.39|-0.53 -0.30| 0.71 0.00
11 H + CoHy — CoHs -0.38 -0.12| 4.48 0.14| 4.10 0.00
12 CoH4 + CHs — CH3CH2CH- 3.65 -0.46| 4.22 -0.16| 5.91 0.00
13 HCN — HNC -1.05 -0.01|-2.61 0.07| -2.05 -0.00
14 H + HCl — Hy + Cl -0.73 0.16] 2.59 0.12| 2.04 0.00
15 H; + OH — H + H20 4.06 -0.12|-3.86 -0.09|-10.12 0.00
16 H; + CH3 — H + CHy4 4.50 -0.17| 0.21 -0.19] 2.20 0.00
17 OH + CH4 — H20 + CHs -0.44 0.05]-4.07 0.10(-12.32 0.00
18 OH + NHs; — H20 + NH» -0.83 -0.00| -2.77 -0.04| -5.87 0.00
19 CHs + HCl — CH4 + Cl 3.77 -0.01| 2.79 -0.07| 4.24 0.00
20 OH + C2Hg — H20 + C2Hj -0.85 0.01|-4.64 -0.02{-12.60 0.00
21 H, + F - H + HF 3.87 -0.03|-7.35 -0.21|-16.45 0.00
22 O + CH4y — OH + CHs -2.90 0.07|-6.30 0.00| -7.69 -0.00
23 H + PH; — H> + PH» -2.76 0.21]-0.34 0.21| -1.57 -0.00
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE| FE DE FE DE
24 H+ OH — Hy + O -1.60 0.10] 6.09 0.18| 5.49 0.00
25 H + H»S — Hs + HS -1.75 0.20| 0.98 0.21| -0.03 0.00
26 O + HCl — OH + Cl 0.87 0.06]-3.51 -0.06| -3.45 -0.00
27 NHsz + CHs — NH + CHy 2.40 -0.03| 2.94 -0.07| 1.91 -0.00
28 NHs + C2Hs — NH + CyHg 2.81 0.00| 3.51 0.05| 2.19 -0.00
29 NH; + C2Hs — NH3 + CoHs -0.03 0.01|-1.86 0.02| -6.73 0.00
30 NHs; + CHs — NH3 + CHs 0.38 0.05-1.29 0.14| -6.44 -0.00
Mean 0.53 0.07| 1.60 0.16| 0.19 0.00

Mean Abs. 2.25 0.19] 4.21 0.30| 6.27 0.00
Root-mean-squared 2.71 0.30| 6.04 0.51| 9.16 0.00




TABLE S21:

F. MO06-L

Error statistics are reported in the bottom three rows.

two columns.

Functional (FE) and density error (DE) metrics for M06-
L on the BH76 set, all in kcal/mol. Each set of two columns uses a
different proxy for the exact functional as in Table V of the main text.
The reaction
index used by the GMTKN and the symbolic index are given in the first

LC-wPBE SX-0.5
Index Reaction FE DE FE DE
1 H + N2O — N + OH 2.24 -0.99| 7.35 -2.31
2 1 reverse -8.16 -3.27|-16.58 -4.30
3 H+ HF - HF + H 0.83 -0.77| 4.58 -1.71
4 3 reverse 0.83 -0.77| 4.58 -1.71
5 H + HCl — HCl + H 0.22 -0.97| 6.18 -1.75
6 5 reverse 0.22 -0.97| 6.18 -1.75
7 CH3F + H — CH3 + HF -3.11 -0.86| 0.16 -1.58
8 7 reverse -5.02 -1.10| -6.10 -2.07
9 Fo +H— F + HF -3.09 -0.77| 9.86 -6.16
10 9 reverse -5.99 -0.54(-11.19 -7.03
11 CH;3 + CIF — CH3F + Cl -12.75 -1.35| -8.62 -2.92
12 11 reverse -13.89 -1.69|-12.40 -3.36
13 CH3F + F~ — FCHs + F~ -4.28 -1.10| -3.01 -2.10
14 13 reverse -4.28 -1.10| -3.01 -2.10
15 CH3F ...F~ — FCHsz ... F~ -2.93 -0.69| -3.58 -1.50
16 15 reverse -2.93 -0.69| -3.58 -1.50
17 CH3Cl + CI™ — CICH3 + Cl1™ -7.88 -1.31| -2.66 -1.57
18 17 reverse -7.88 -1.31| -2.66 -1.57
19 CH3Cl...Cl- — CICH;3 ... CI™ -6.36 -0.77| -2.63 -1.11
20 19 reverse -6.36 -0.77| -2.63 -1.11
21 CH3Cl + F~ — CH3F + ClI™ -7.51 -1.31| -1.70 -1.78
22 21 reverse -3.56 -1.20| -4.24 -2.30
23 F~ ... CH3Cl — CH3F ... C1™ -4.29 -0.28| -1.62 -0.68
24 23 reverse -3.07 -0.97| -4.59 -2.02
25 CHsF + OH™ — HOCH3 + F— -3.25 -1.09| -2.51 -1.85
26 25 reverse -6.51 -1.54| -4.40 -2.28
27 CH3F ... OH™ — HOCH;3 ... F~ -2.54 -0.94| -3.35 -1.60
28 27 reverse -5.46 -1.23| -6.25 -2.05
29 H + N2 — HN» -0.61 -1.01| 5.04 -2.41
30 29 reverse -2.09 -0.11| -2.05 -0.77
31 H + CO — HCO 1.42 -1.08| 5.10 -1.24
32 31 reverse 0.03 -0.19] 0.54 0.16
33 H + C;Hy — CH3CH- 2.81 -1.48| 8.88 -1.99
34 33 reverse -0.91 -1.19] 0.61 -2.25
35 CoH4 + CH3 — CH3CH2CH, -2.26 -1.11| 2.08 -1.93
36 35 reverse -6.43 -1.15| -2.15 -2.78
37 HCN — HNC 0.38 0.92| 0.83 0.82
38 37 reverse -1.06 0.43] -1.88 0.13
39 H + HCl — Hy + Cl -1.62 -0.39| 3.84 -1.33
40 39 reverse -3.91 -1.40| -2.55 -1.51
41 OH + Hy — H + H2O -2.46 -0.51| -4.26 -1.43
42 41 reverse -5.49 0.05| 1.38 -1.65
43 CHs + H, - CHys + H -3.09 -0.35| -3.09 -0.57
44 43 reverse -0.61 -0.56| 3.94 -1.02
45 CH4 + OH — CHj3 + H20O -1.21 -0.60| -3.14 -1.67
46 45 reverse -6.72 0.17| -4.53 -1.45
47 Ho + H—H + Ho -0.58 -0.62| 2.70 -0.73
48 47 reverse -0.58 -0.62| 2.70 -0.73
49 NH;3; + OH — NH, + H»0O -5.20 -0.86| -6.79 -2.57
50 49 reverse -6.34 -0.38| -5.74 -2.29
51 CHs + HCI — CH4 + Cl -3.02 -0.86| -2.08 -1.24
52 51 reverse -2.82 -2.08| -1.44 -1.88
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LC-wPBE SX-0.5

Index Reaction FE DE FE DE
53 CsHeg + OH — CyHs + H2O -2.47 -0.66| -4.15 -1.84
54 53 reverse -6.54 0.01] -3.85 -1.72
55 F + H: - H+ HF -2.70 -0.38| -5.24 -2.38
56 55 reverse -7.39 0.30| 2.18 -2.42
57 O + CHy — OH + CHs 0.10 -0.49| -2.54 -1.72
58 57 reverse -4.60 -0.59| -4.30 -1.29
59 H + PHs; — Hz + PHs 1.10 -1.25| 4.91 -1.18
60 59 reverse -2.29 -1.22| -1.36 -0.69
61 H -+ OH — O + H» -2.91 -0.91| 0.85 -1.37
62 61 reverse -0.69 -0.60| -4.42 -1.35
63 H -+ H2S — Hy + HS 0.78 -1.13| 4.67 -1.18
64 63 reverse -1.67 -1.51| -1.07 -1.01
65 O + HCl — OH + C1 -4.76 -1.94| -6.70 -3.60
66 65 reverse -9.27 -3.27| -7.81 -3.80
67 NH:; + CHs — NH + CHy -4.37 -0.60| -3.85 -1.20
68 67 reverse -2.43 -0.46| -2.24 -1.24
69 NH, + C2Hs — NH + C2Hg -3.59 -0.61] -2.91 -1.24
70 69 reverse -3.11 -0.37| -2.99 -1.17
71 NHs + C3Hg — NHs + CoHs -1.65 -0.56| -1.67 -1.38
72 71 reverse -4.57 -0.38| -2.42 -1.54
73 NH,; + CH4y — NHs + CHs -0.95 -0.56| -1.03 -1.35
74 73 reverse -5.32 -0.27| -3.47 -1.41
75 s-trans cis-CsHg — s-trans cis-CsHg| -3.72 0.64| -3.70 0.31
76 75 reverse -3.72 0.64| -3.70 0.31

Mean -3.37 -0.81| -1.67 -1.73

Mean Abs. 3.65 0.89| 4.02 1.78

Root-mean-squared 4.59 1.06| 4.90 2.09

TABLE S22: Functional (FE) and density error (DE) metrics for M06-
L on the BH76RC set, all in kcal/mol. Each set of two columns uses a
different proxy for the exact functional as in Table V of the main text.
Error statistics are reported in the bottom three rows.
index used by the GMTKN and the symbolic index are given in the first
two columns.

The reaction

Index Reaction

LC-wPBE
FE DE

SX-0.5
FE DE

0O Otk W

H + N2O — OH + N
H + CH3F — HF + CHs
H+ F; - HF + F

CHs + CIF — CHsF + Cl
CHsCl + F~ — CHsF + CI™
F~ ... CH3Cl — CHsF ... CI™
CHgF + OH™ — HOCH3 + F-
CH3F ... OH™ — HOCHj3 ... F~
H + No — HN»

H + CO — HCO

H + C3Hs — CoHs

CoHy4 + CHs — CH3CH>CHo
HCN — HNC

H + HCI — Hy + Cl

Hs + OH — H + H>O

H>; + CH; — H + CHy

OH + CH4 — H>O + CHs

OH + NH3 — HQO + NHQ
CHs + HCl — CH4 + Cl

OH + CoHg — H20 + CoHs
Hs + F - H + HF

O + CH4s — OH + CHj3

H+PH3—>H2+PH2

10.39 2.28|23.93 1.99

1.91 0.23

6.26 0.49

2.90 -0.23|21.05 0.88

1.13 0.34
-3.95 -0.11
-1.22 0.69
3.26 0.46
2.92 0.29
1.47 -0.89
1.38 -0.89
3.72 -0.30
4.17 0.04
-1.43 -0.48
2.29 1.02
3.03 -0.56
-2.48 0.21
5.51 -0.77
1.14 -0.48
-0.19 1.22
4.06 -0.67
4.69 -0.67
4.70 0.10
3.39 -0.04

3.78 0.44
2.54 0.52
297 1.35
1.88 0.43
2.90 0.46
7.09 -1.64
4.56 -1.40
8.28 0.26
4.23 0.85
-2.71 -0.69
6.39 0.19
-5.64 0.22
-7.03 0.45
1.39 -0.23
-1.05 -0.28
-0.64 0.64
-0.30 -0.12
-7.43 0.05
1.76 -0.43
6.27 -0.49
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LC-wPBE  SX-0.5
Index Reaction FE DE| FE DE
24 H+ OH — Hs + O -2.22 -0.31| 5.27 -0.02
25 H + H2S — Hs + HS 2.45 0.38| 5.73 -0.16
26 O + HCl — OH + CI 4.50 1.33| 1.12 0.21
27 NH; + CHs — NH + CHy4 -1.93 -0.14| -1.61 0.04
28 NH: + CoHs — NH + C3Hg -0.48 -0.24| 0.08 -0.07
29 NH: + CoHg — NHj3 + CoHj 2.92 -0.19| 0.75 0.16
30 NH:; + CHy — NH3 + CHjs 4.37 -0.29| 2.44 0.05
Mean 2.08 0.04| 3.14 0.14
Mean Abs. 3.01 0.53| 4.90 0.51
Root-mean-squared 3.57 0.71| 7.20 0.71
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G. MN15-L

TABLE S23: Functional (FE) and density error (DE) metrics for MN15-
L on the BH76 set, all in kcal/mol. Each set of two columns uses a
different proxy for the exact functional as in Table V of the main text.
Error statistics are reported in the bottom three rows. The reaction
index used by the GMTKN and the symbolic index are given in the first
two columuns.

LC-wPBE SX-0.5
Index Reaction FE DE FE DE
1 H + N2O — N + OH 0.74 -0.98| 5.53 -1.99
2 1 reverse -3.57 -2.42(-12.45 -3.00
3 H+ HF - HF + H -2.05 -0.31| 0.90 -0.44
4 3 reverse -2.05 -0.31| 0.90 -0.44
5 H + HCl — HCl + H -0.08 -0.97| 5.87 -1.74
6 5 reverse -0.08 -0.97| 5.87 -1.74
7 CH3F + H — CH3 + HF -2.49 -0.42| 0.67 -1.03
8 7 reverse -2.62 -0.71| -4.32 -1.07
9 Fo +H— F + HF -2.57 -0.38| 11.84 -7.23
10 9 reverse -3.33 -0.91| -8.41 -7.53
11 CH;3 + CIF — CH3F + Cl -7.33 -1.72| -2.82 -3.67
12 11 reverse -10.17 -1.71| -8.00 -4.06
13 CH3F + F~ — FCHs + F~ -1.66 0.13] -1.13 -0.14
14 13 reverse -1.66 0.13] -1.13 -0.14
15 CH3F ...F~ — FCHsz ... F~ -0.73 0.50| -1.72 0.04
16 15 reverse -0.73 0.50| -1.72 0.04
17 CH3Cl + CI™ — CICH3 + Cl1™ -6.74 -0.00| -1.42 -0.37
18 17 reverse -6.74 -0.00| -1.42 -0.37
19 CH3Cl...Cl- — CICH;3 ... CI™ -4.76 0.42] -0.93 -0.02
20 19 reverse -4.76 0.42] -0.93 -0.02
21 CH3Cl + F~ — CH3F + ClI™ -6.42 -0.22| -0.99 -0.30
22 21 reverse -0.02 0.10| -0.92 -0.78
23 F~ ... CH3Cl — CH3F ... C1™ -3.58 0.37| -1.03 0.09
24 23 reverse 0.84 0.39| -0.78 -0.55
25 CHsF + OH™ — HOCH3 + F— -0.23 0.54| 0.06 0.22
26 25 reverse -4.58 -0.34| -3.22 -0.33
27 CH3F ... OH™ — HOCH;3 ... F~ 0.30 0.83| -0.71 0.37
28 27 reverse -5.70 0.31] -6.94 -0.06
29 H + N2 — HN» 0.16 -0.61| 5.71 -1.91
30 29 reverse -3.29 0.02| -3.26 -0.62
31 H + CO — HCO 1.49 -0.69| 5.12 -0.79
32 31 reverse -4.44 0.17| -3.69 0.29
33 H + C3;Hy — CH3CH- 1.14 -0.92| 7.95 -2.16
34 33 reverse -3.18 -0.60| -1.56 -1.78
35 C2H4 + CH3 — CH3CH2CH, 1.69 -1.52| 6.78 -3.09
36 35 reverse -4.27 -0.70| 0.24 -2.55
37 HCN — HNC -3.23 0.22] -2.74 0.09
38 37 reverse -1.61 0.23] -2.71 0.21
39 H + HCl — Hy + Cl 2.31 -0.74| 7.52 -1.43
40 39 reverse 2.76 -1.11| 4.76 -1.87
41 OH + Hy — H + H2O 4.67 -0.81| 2.80 -1.65
42 41 reverse -1.71 0.28] 4.99 -1.24
43 CHs + H, - CHys + H 3.65 -1.05| 3.83 -1.45
44 43 reverse -0.91 -0.73| 3.73 -1.27
45 CH4 + OH — CHj3 + H20O 2.81 -1.04| 0.91 -2.14
46 45 reverse 0.98 -0.27| 3.20 -1.92
47 Ho + H—H + Ho 0.55 -0.45| 3.88 -0.62
48 47 reverse 0.55 -0.45| 3.88 -0.62
49 NH;3; + OH — NH, + H»0O -0.47 -0.78| -2.37 -2.18
50 49 reverse -0.29 -0.65| -0.06 -2.19
51 CHs + HCI — CH4 + Cl 2.86 -1.14| 3.81 -1.54
52 51 reverse -1.25 -1.19] 0.96 -1.81
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LC-wPBE SX-0.5

Index Reaction FE DE FE DE
53 CsHeg + OH — CyHs + H2O 2.04 -1.18 0.36 -2.34
54 53 reverse 0.40 -0.33| 2.99 -1.96
55 F + H: - H+ HF 4.15 -0.44| 0.55 -1.39
56 55 reverse -2.70 0.43| 5.61 -1.04
57 O + CHy — OH + CHs 3.88 -1.40| 0.62 -2.02
58 57 reverse 0.31 -0.39| 0.91 -1.40
59 H + PH; — Hy + PH» 1.01 -0.97| 4.72 -0.80
60 59 reverse 2.91 -1.13| 4.28 -1.04
61 H-+ OH — O + H» -2.65 0.08| 1.53 -0.80
62 61 reverse 5.48 -1.26| 1.34 -1.59
63 H -+ H2S — Hy + HS 0.71 -0.78| 4.52 -0.75
64 63 reverse 2.02 -1.05| 3.16 -1.08
65 O + HCl — OH + C1 1.26 -2.11| -1.81 -2.62
66 65 reverse -6.41 -1.15| -4.38 -2.27
67 NH:; + CHs — NH + CHy 0.12 -0.66| 0.71 -1.34
68 67 reverse 1.55 -1.44| 1.49 -1.97
69 NHs + C3Hs — NH + CoHg -0.24 -0.68| 0.48 -1.35
70 69 reverse 1.01 -1.54| 0.92 -2.14
71 NHs + C3Hg — NHs + CoHs 1.68 -1.53| 1.65 -2.34
72 71 reverse -0.15 -0.82| 1.98 -1.95
73 NH,; + CH4y — NHs + CHs 2.27 -1.40| 2.13 -2.13
74 73 reverse 0.26 -0.77| 2.11 -1.90
75 s-trans cis-CsHg — s-trans cis-CsHg| -3.66 0.70| -3.62 0.33
76 75 reverse -3.66 0.70| -3.62 0.33

Mean -0.92 -0.54| 0.70 -1.40

Mean Abs. 2.46 0.74| 3.09 1.45

Root-mean-squared 3.22 0.89| 4.03 1.97

TABLE S24: Functional (FE) and density error (DE) metrics for MN15-
L on the BH76RC set, all in kcal/mol. Each set of two columns uses a
different proxy for the exact functional as in Table V of the main text.
Error statistics are reported in the bottom three rows.
index used by the GMTKN and the symbolic index are given in the first
two columns.

The reaction

Index Reaction

LC-wPBE
FE DE

SX-0.5
FE DE

© 00 O Ui Wi+

H + CH3F — HF + CHsj

H+ F; - HF + F

CHs + CIF — CHsF + Cl
CHs3Cl + F~ — CHsF + Cl1™
F~ ... CH3Cl — CH3F ... CI™
CH3F + OH™ — HOCHj3 + F~
CH3F ... OH™ — HOCH;3 ... F~
H 4+ No — HN»

H + CO — HCO

H + CHs — CoHs

CsH4 + CH3 — CH3CH2CH>
HCN — HNC

H + HCI — Hy + Cl

H, + OH — H + H20

H; + CH; — H + CHy4

OH + CH4 — H>0 + CHs
OH 4+ NH3 — HQO + NHQ
CHs + HCl — CH4 + C1

OH + CoHg — H20 + CoHs
Hs + F - H + HF

O + CH4s — OH + CHj3
H+PH3—>H2+PH2

4.31 1.43|17.98 1.02

0.13 0.29

4.99 0.03

0.75 0.54]20.25 0.30

2.84 -0.01

5.18 0.39

-6.40 -0.31|-0.07 0.48
-4.42 -0.02]-0.25 0.65

4.35 0.89
6.00 0.52
3.45 -0.63
5.93 -0.86
4.33 -0.32
5.96 -0.82
1.62 0.01
-0.45 0.38

3.28 0.56
6.23 0.44
8.97 -1.28
8.82 -1.08
9.51 -0.39
6.55 -0.54
0.03 0.12
2.76 0.45

6.38 -1.09|-2.19 -0.40

4.55 -0.32
1.83 -0.77
-0.18 -0.14
4.10 0.05
1.65 -0.85
6.85 -0.87
3.57 -1.01
-1.90 0.16

0.10 -0.18
-2.29 -0.22
-2.31 0.00
2.86 0.26
-2.64 -0.38
-5.06 -0.35
-0.29 -0.62
0.44 0.25
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LC-wPBE  SX-0.5
Index Reaction FE DE| FE DE
24 H+ OH — Hs + O -8.13 1.34| 0.19 0.80
25 H + H2S — Hs + HS -1.31 0.26| 1.36 0.33
26 O + HCl — OH + C1 7.68 -0.96| 2.57 -0.35
27 NH; + CHs — NH + CHy4 -1.43 0.78|-0.79 0.63
28 NHs, + CoHs — NH + CyHg -1.25 0.86(-0.44 0.79
29 NH> + CoHg — NH3 + CoHs 1.83 -0.71(-0.33 -0.38
30 NH:; + CH4s — NHs + CHs 2.01 -0.63| 0.02 -0.23
Mean 1.82 -0.09| 2.85 0.04
Mean Abs. 3.52 0.59| 3.96 0.46
Root-mean-squared 4.21 0.71]| 6.32 0.55




TABLE S25:

H. B3LYP

first two columns.

Functional (FE) and density error (DE) metrics for
B3LYP on the BH76 set, all in kcal/mol.
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the

Each set of two columns

LC-wPBE SX-0.5
Index Reaction FE DE FE DE
1 H + N2O — N + OH -6.10 -0.57| -1.75 -1.13
2 1 reverse -4.00 -0.99(-12.45 -2.01
3 H+ HF - HF + H -9.28 -0.28| -6.42 -0.34
4 3 reverse -9.28 -0.28| -6.42 -0.34
5 H + HCl — HCl + H -5.57 -0.53| 0.13 -1.05
6 5 reverse -5.57 -0.53| 0.13 -1.05
7 CH3F + H — CH3 + HF -10.03 -0.57| -7.11 -0.94
8 7 reverse -7.77 -0.57] -9.62 -0.77
9 Fo +H— F + HF -7.28 -0.46| 5.13 -5.32
10 9 reverse -5.67 -0.65|-12.58 -5.43
11 CH;3 + CIF — CH3F + Cl -9.80 -1.18| -6.01 -2.41
12 11 reverse -10.75 -1.34| -9.73 -2.55
13 CH3F + F~ — FCHs + F~ -4.25 -0.26| -3.79 -0.46
14 13 reverse -4.25 -0.26| -3.79 -0.46
15 CH3F ...F~ — FCHsz ... F~ -3.87 -0.10| -4.97 -0.46
16 15 reverse -3.87 -0.10| -4.97 -0.46
17 CH3Cl + CI™ — CICH3 + Cl1™ -8.24 -0.63| -3.45 -0.47
18 17 reverse -8.24 -0.63| -3.45 -0.47
19 CH3Cl...Cl- — CICH;3 ... CI™ -8.06 -0.42| -4.67 -0.42
20 19 reverse -8.06 -0.42| -4.67 -0.42
21 CH3Cl + F~ — CH3F + ClI™ -6.44 -0.52| -1.25 -0.37
22 21 reverse -4.55 -0.35| -5.73 -0.94
23 F~ ... CH3Cl — CH3F ... C1™ -4.95 -0.14| -2.60 -0.22
24 23 reverse -4.86 -0.29| -6.75 -0.97
25 CHsF + OH™ — HOCH3 + F— -3.66 -0.28| -3.41 -0.56
26 25 reverse -6.58 -0.47| -5.27 -0.40
27 CH3F ... OH™ — HOCH;3 ... F~ -3.71 -0.15| -4.79 -0.53
28 27 reverse -6.61 -0.31| -8.06 -0.48
29 H + Ny — HNs -4.42 -0.41| 1.01 -1.59
30 29 reverse -2.19 -0.05| -2.30 -0.56
31 H + CO — HCO -2.46 -0.48| 1.17 -0.59
32 31 reverse -1.24 -0.13| -0.64 0.13
33 H + C3;Hy — CH3CH- -1.45 -0.83| 4.86 -1.58
34 33 reverse -5.21 -0.65| -4.22 -1.20
35 CoHy + CH3 — CH3CH2CH» -0.15 -1.10| 4.44 -2.17
36 35 reverse -8.87 -0.80| -5.19 -1.83
37 HCN — HNC 0.46 0.05| 1.01 -0.14
38 37 reverse -0.06 -0.00| -1.05 -0.15
39 H + HCl — Hy + Cl -6.37 -0.27| -1.38 -0.75
40 39 reverse -1.83 -0.45| -0.44 -0.60
41 OH + Hy — H + H2O -2.25 -0.33| -4.16 -1.14
42 41 reverse -7.54 -0.23| -1.44 -1.15
43 CH; + Ho —- CH, + H -1.16 -0.44| -1.23 -0.59
44 43 reverse -5.00 -0.38| -0.55 -0.74
45 CH4 + OH — CH3 + H20O -2.98 -0.36| -4.95 -1.38
46 45 reverse -4.44 -0.31| -2.92 -1.26
47 Ho + H—H + Ho -3.47 -0.34| -0.17 -0.48
48 47 reverse -3.47 -0.34| -0.17 -0.48
49 NH;3; + OH — NH, + H»O -5.51 -0.51| -7.65 -1.68
50 49 reverse -5.60 -0.49| -5.81 -1.59
51 CHs + HCI — CH4 + Cl -2.72 -0.51| -1.97 -0.72
52 51 reverse -2.02 -0.63| -0.35 -0.71
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Index Reaction

LC-wPBE
FE DE

S5X-0.5
FE DE

53 CsHeg + OH — CyHs + H2O -3.38 -0.44| -5.14 -1.53
54 53 reverse -4.46 -0.30| -2.55 -1.24
55 F + H: - H+ HF -3.03 -0.25| -5.84 -1.98
56 55 reverse -8.56 -0.18| 0.01 -1.90
57 O + CHy — OH + CHs -2.95 -0.39| -5.93 -1.28
58 57 reverse -3.58 -0.38| -3.47 -0.89
59 H + PHs; — Hz + PHs -3.39 -0.70| 0.49 -0.70
60 59 reverse 0.13 -0.75| 1.31 -0.47
61 H-+ OH — O + H» -6.23 -0.33| -2.43 -0.82
62 61 reverse -1.76 -0.40| -5.58 -1.07
63 H -+ H2S — Hy + HS -3.89 -0.58| 0.03 -0.66
64 63 reverse 0.25 -0.71| 1.14 -0.49
65 O + HCl — OH + C1 -6.05 -1.25| -8.28 -2.61
66 65 reverse -5.97 -1.35| -4.19 -2.21
67 NH:; + CHs — NH + CHy -3.08 -0.51| -2.83 -0.85
68 67 reverse -2.91 -0.54| -2.96 -1.07
69 NH: + C2Hs — NH + CzHg -2.72 -0.43| -2.38 -0.71
70 69 reverse -2.93 -0.55| -3.06 -1.10
71 NH: + C2Hg — NHs + C2Hs -2.49 -0.55| -2.74 -1.13
72 71 reverse -3.48 -0.43| -1.99 -0.94
73 NH,; + CH4y — NHs + CHs -2.37 -0.51| -2.69 -1.06
74 73 reverse -3.74 -0.49| -2.48 -1.03
75 s-trans cis-CsHg — s-trans cis-CsHg| -1.98 0.26| -1.93 -0.11
76 75 reverse -1.98 0.26| -1.93 -0.11
Mean -4.50 -0.46| -3.13 -1.06
Mean Abs. 4.52 0.47| 3.68 1.06
Root-mean-squared 5.20 0.55| 4.61 1.41
TABLE S26:  Functional (FE) and density error (DE) metrics for

B3LYP on the BH76RC set, all in kcal/mol. Each set of two columns
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the

first two columns.

LC-wPBE SX-0.5
Index Reaction FE DE| FE DE
1 H + N2O — OH + N» -2.10 0.42]10.70 0.88
2 H + CH3F — HF + CHj; -2.26 0.00| 2.52 -0.17
3 H+ F; - HF + F -1.62 0.19(17.72 0.11
4 CHjs + CIF — CHsF + Cl 0.96 0.16| 3.72 0.14
5 CH3Cl + F~ — CH3F + ClI™ -1.90 -0.17| 4.49 0.57
6 F~ ... CH3Cl - CH3F ... CI™ |-0.09 0.15| 4.15 0.75
7 CH3F + OH™ — HOCHj3 + F~ 2.92 0.18| 1.86 -0.16
8 CH3F ... OH™ — HOCH3 ... F~| 2.90 0.16| 3.27 -0.06
9 H + N2 — HNs -2.23 -0.35| 3.31 -1.03
10 H + CO — HCO -1.22 -0.35| 1.81 -0.72
11 H + C3;Hy — CoHs 3.76 -0.19| 9.08 -0.39
12 CsH4 + CH3 — CH3CH2CH> 8.72 -0.30| 9.63 -0.34
13 HCN — HNC -0.53 -0.05|-2.06 -0.00
14 H + HCl — Hsy + CI -4.54 0.17]-0.94 -0.15
15 H, + OH — H + H20 5.30 -0.11|-2.71 0.02
16 H; + CHs — H + CHy4 3.84 -0.06|-0.68 0.14
17 OH + CH4 — H2O + CHs 1.46 -0.04|-2.03 -0.12
18 OH + NHs; — H20 + NH» 0.09 -0.03|-1.83 -0.09
19 CHs + HCl — CH4 + Cl -0.70 0.11}-1.62 -0.01
20 OH + C2Hg — H20 + C3H; 1.08 -0.14|-2.59 -0.29
21 Hy; + F - H + HF 5.53 -0.07|-5.85 -0.08
22 O + CHy — OH + CHs 0.63 -0.01|-2.46 -0.39
23 H + PH; — H; + PH» -3.52 0.05]-0.81 -0.23
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LC-wPBE  SX-0.5
Index Reaction FE DE| FE DE
24 H+ OH — Hs + O -4.46 0.08| 3.14 0.25
25 H + H2S — Hs + HS -4.14 0.13|-1.11 -0.17
26 O + HCl — OH + C1 -0.07 0.10|-4.08 -0.40
27 NH; + CHs — NH + CHy4 -0.17 0.02| 0.13 0.23
28 NHs; + CoHs — NH + CyHg 0.21 0.12| 0.68 0.39
29 NH> + CoHg — NH;3 + CoHs 0.99 -0.12|-0.75 -0.20
30 NH:; + CH4s — NHs + CHs 1.37 -0.02| -0.20 -0.03
Mean 0.34 0.00| 1.55 -0.05
Mean Abs. 2.31 0.14| 3.53 0.28
Root-mean-squared 3.06 0.17| 5.13 0.39




I. LC-wPBE

TABLE S27: Functional (FE) and density error (DE) metrics for LC-
wPBE on the BHT76 set, all in kcal/mol. Each set of two columns uses a
different proxy for the exact functional as in Table V of the main text.
Error statistics are reported in the bottom three rows. The reaction
index used by the GMTKN and the symbolic index are given in the first
two columuns.

SX-0.5
Index Reaction FE DE
1 H + NoO — N> + OH 4.18 -0.39
2 1 reverse -8.90 -0.57
3 H + HF - HF + H 2.90 -0.10
4 3 reverse 2.90 -0.10
5 H + HCl — HC1 + H 5.35 -0.17
6 5 reverse 5.35 -0.17
7 CHsF + H — CH3 + HF 2.85 -0.29
8 7 reverse -1.65 -0.41
9 Fs + H— F + HF 11.14 -3.58
10 9 reverse -7.67 -4.04
11 CHj3 + CIF — CH3F + Cl 3.20 -0.64
12 11 reverse 0.41 -0.60
13 CH3F + F~ — FCHs + F~ 0.44 -0.18
14 13 reverse 0.44 -0.18
15 CHsF ...F~ - FCHs ... F™ -1.26 -0.19
16 15 reverse -1.26 -0.19
17 CH3Cl + CI™ — CICH3 + Cl1™ 4.89 0.06
18 17 reverse 4.89 0.06
19 CH3Cl...Cl” — CICH;3 ... C1™ 3.31 0.09
20 19 reverse 3.31 0.09
21 CHs3Cl + F~ — CH3F + CI™ 5.24 0.10
22 21 reverse -1.52 -0.26
23 F~ ... CH3Cl — CH3F ... C1™ 2.25 0.03
24 23 reverse -2.35 -0.22
25 CHsF + OH™ — HOCH3 + F— 0.20 -0.23
26 25 reverse 1.36 0.02
27 CHsF ... OH™ — HOCHs ... F™ -1.28 -0.19
28 27 reverse -1.52 -0.09
29 H + Ny — HNy 4.94 -0.69
30 29 reverse -0.45 -0.17
31 H + CO — HCO 3.62 -0.09
32 31 reverse 0.61 0.25
33 H + CzH4 — CchHQ 6.03 -0.47
34 33 reverse 1.08 -0.64
35 CoHy + CH3 — CH3CH2CHs 3.82 -0.30
36 35 reverse 3.03 -0.37
37 HCN — HNC 0.33 0.03
38 37 reverse -1.03 -0.09
39 H + HCI — Hs + Cl 4.63 -0.12
40 39 reverse 1.40 -0.16
41 OH + Hz; — H + H30O -2.10 -0.61
42 41 reverse 5.65 -0.47
43 CHs + H, -+ CHy + H -0.06 -0.16
44 43 reverse 4.14 -0.05
45 CH4 + OH — CH3 + H>O -2.29 -0.70
46 45 reverse 1.26 -0.68
47 H + H—H + Ho 3.23 -0.07
48 47 reverse 3.23 -0.07
49 NH;3; + OH — NH> + H»O -2.48 -0.81
50 49 reverse -0.51 -0.80
51 CHs + HCl — CHy4 + CI 0.68 -0.13
52 51 reverse 1.65 -0.07
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SX-0.5

Index Reaction FE DE
53 CoHg + OH — CoHs + H-O -2.16 -0.69
54 53 reverse 1.61 -0.65
55 F + Hs — H + HF -3.28 -1.26
56 55 reverse 7.91 -1.07
57 O + CHy — OH + CHs -3.23 -0.65
58 57 reverse 0.11 -0.52
59 H + PHs — H> + PHs 3.96 -0.07
60 59 reverse 1.57 -0.11
61 H+ OH — O + Hs 3.74 -0.44
62 61 reverse -3.80 -0.68
63 H + H>S — Hs + HS 3.90 -0.06
64 63 reverse 1.22 -0.11
65 O + HCl — OH + C1 -2.71 -0.88
66 65 reverse 1.60 -0.68
67 NH: + CHs — NH + CHy 0.16 -0.25
68 67 reverse -0.33 -0.26
69 NH, + C3Hs — NH + C2Hg 0.29 -0.23
70 69 reverse -0.42 -0.27
71 NHQ + CQHG — NH3 + CQH5 -0.47 -0.36
72 71 reverse 1.32 -0.33
73 NH; + CH4s — NHs + CHs -0.53 -0.35
74 73 reverse 1.05 -0.33
75 s-trans cis-CsHg — s-trans cis-CsHg | -0.40 0.07
76 75 reverse -0.40 0.07

Mean 1.16 -0.39

Mean Abs. 2.58 0.42

Root-mean-squared 3.40 0.75

TABLE S28: Functional (FE) and density error (DE) metrics for LC-
wPBE on the BH76RC set, all in kcal/mol. Each set of two columns uses
a different proxy for the exact functional as in Table V of the main text.
Error statistics are reported in the bottom three rows. The reaction
index used by the GMTKN and the symbolic index are given in the first
two columns.

SX-0.5
Index Reaction FE DE
1 H + N2O — OH + Nj 13.07 0.18
2 H + CH3F — HF + CHs 4.49 0.11
3 H-+F;, -HF + F 18.80 0.46
4 CHs + CIF — CHsF + Cl 2.79 -0.05
5 CH3Cl + F~ — CHsF + Cl1™ 6.75 0.36
6 F~ ... CH3Cl — CH3F ... CI™ 4.60 0.25
7 CH3F + OH™ — HOCH3 + F~ -1.16 -0.24
8 CH3F ... OH™ — HOCH;3 ... F~| 0.25 -0.10
9 H + N2 — HN» 5.39 -0.52
10 H + CO — HCO 3.01 -0.34
11 H + C3:Hy — C2Hs 4.95 0.17
12 CsH4 + CH3z — CH3CH2CH> 0.79 0.07
13 HCN — HNC -1.36 -0.13
14 H + HCI — Hy + Cl 3.23 0.04
15 Hs + OH — H + H>0O -7.75 -0.13
16 H; + CHs — H + CHy -4.20 -0.11
17 OH + CH4y — H>O + CHj; -3.55 -0.02
18 OH + NH3 — H>O + NHs -1.98 -0.01
19 CHs + HCl — CH4 + Cl -0.97 -0.07
20 OH + CoHg — H20 + CoHs -3.76 -0.05
21 H, + F - H + HF -11.20 -0.20
22 O + CHy — OH + CHs -3.34 -0.13
23 H + PH; — Hy + PH» 2.39 0.04
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SX-0.5
Index Reaction FE DE
24 H+ OH — Hs + O 7.54 0.24
25 H + H2S — Hs + HS 2.68 0.06
26 O + HCl — OH + C1 -4.31 -0.19
27 NH; + CHs; — NH + CHy4 0.50 0.01
28 NHs + CoHs — NH + CyHg 0.71 0.03
29 NH> + CHg — NH3 + CoHs -1.79 -0.04
30 NH2 + CH4 — NH3 + CH3 -1.57 -0.01
Mean 1.17 -0.01
Mean Abs. 4.30 0.15
Root-mean-squared 5.88 0.20
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J. LSDAQHF

TABLE S29:  Functional (FE) and density error (DE) metrics for
LSDA@HF on the BH76 set, all in kcal/mol. Each set of two columns
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the
first two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N2O — N + OH -13.76 13.32| -8.84 12.19| 4.69 1.97
2 1 reverse -42.44 20.33|-50.06 18.49|-46.98 4.31
3 H + HF — HF + H -21.36 3.86(-18.33 3.63|-22.34 -3.70
4 3 reverse -21.36 3.86(-18.33 3.63|-22.34 -3.70
5 H + HCl — HCl + H -14.59 4.41| -8.52 3.53|-11.91 1.99
6 5 reverse -14.59 4.41| -8.52 3.53|-11.91 1.99
7 CHsF + H — CHs + HF -17.51 6.12|-14.38 5.54|-16.49 -0.83
8 7 reverse -23.40 9.79|-24.38 8.72|-19.26 2.57
9 Fs +H— F + HF -12.68 41.04| 5.61 30.31| 6.13 26.54
10 9 reverse -29.39 45.51(-29.65 34.07(-17.16 30.62
11 CHs + CIF — CHsF + Cl -17.97 20.60|-12.84 18.03| -7.03 11.37
12 11 reverse -22.03 21.14|-19.77 18.70|-10.45 12.53
13 CH3F + F~ — FCHs + F~ -10.57 8.38| -9.15 7.22|-10.80 8.40
14 13 reverse -10.57 8.38| -9.15 7.22(-10.80 8.40
15 CH3F ...F~ — FCHs ... F~ -6.80 6.71| -7.24 5.70| -8.09 6.11
16 15 reverse -6.80 6.71| -7.24 5.70| -8.09 6.11
17 CH3Cl1 + CI™ — CICH3 + C1™ -12.25 7.00| -7.54 7.24| -7.43 8.24
18 17 reverse -12.25 7.00| -7.54 7.24| -7.43 8.24
19 CH3Cl...Cl- — CICHs ... CI™ -9.28 6.11| -5.93 6.16| -5.56 6.72
20 19 reverse -9.28 6.11| -5.93 6.16| -5.56 6.72
21 CH3Cl + F~ — CH3F + CI™ -10.92 6.79| -5.25 6.46| -4.33 7.41
22 21 reverse -10.70 8.25|-11.28 7.05|-13.17 7.20
23 F~ ... CH3Cl — CH3F ... C1™ -5.70 4.59| -3.09 4.26| -2.38 4.75
24 23 reverse -8.44 7.48| -9.76 6.23|-11.24 6.11
25 CH3F + OH™ — HOCHj3 + F~ -10.33 7.94| -9.39 6.97|-11.10 8.00
26 25 reverse -12.91 8.16(-10.94 7.57|-10.25 8.60
27 CH3F ... OH™ — HOCH;3 ... F~ -7.07 6.74| -7.67 5.88| -8.71 6.40
28 27 reverse -3.32 6.54| -4.27 5.87| -2.91 5.96
29 H + N2 — HN» -12.95 11.79| -6.41 9.49| -6.18 7.02
30 29 reverse -3.09 0.87| -2.87 0.04| -6.54 -1.43
31 H + CO — HCO -8.08 4.05| -4.40 3.89| -4.99 3.92
32 31 reverse 1.57 1.57| 1.87 2.13| -0.32 2.22
33 H + C;Hy — CH3CH» -5.23 7.12| 1.78 5.68| -0.54 7.50
34 33 reverse -6.88 6.46| -5.17 5.20| -6.55 6.61
35 C2H4 + CH3; — CH3CH2CH, -9.16 9.55| -3.74 7.66| -3.93 10.00
36 35 reverse -3.36 7.56| 1.07 5.79| -1.44 8.56
37 HCN — HNC -1.91 2.38| -1.01 1.85| -0.77 0.53
38 37 reverse -2.69 2.58| -3.22 1.99| -2.49 0.68
39 H + HCl — Hsy + CI -7.68 4.04| -2.32 3.20| -5.19 3.26
40 39 reverse -15.81 3.73(-14.19 3.35|-14.95 2.78
41 OH + Hy — H + H2O -19.75 9.83(-20.20 7.58(-20.52 5.89
42 41 reverse -8.15 9.83| -0.52 7.37| 3.92 6.68
43 CH; + H, - CH4 + H -14.44 3.90|-14.19 3.44|-12.07 2.73
44 43 reverse -8.77 2.79| -4.24 2.35| -5.52 2.76
45 CH4 + OH — CHs + H20O -20.89 8.90(-21.69 6.70(-23.18 5.50
46 45 reverse -14.96 10.00{-11.96 7.58| -5.29 6.26
47 Ho +H— H + Hs -9.96 2.37| -6.48 2.05| -7.99 1.62
48 47 reverse -9.96 2.37| -6.48 2.05| -7.99 1.62
49 NH;3; + OH — NH, + H>0O -25.43 12.58|-26.21 10.06|-26.96 8.15
50 49 reverse -22.32 12.55(-21.13 10.04|-19.22 8.34
51 CH3 + HC1 — CHy + Cl1 -13.66 3.96|-12.70 3.55|-11.44 3.91
52 51 reverse -16.13 2.54|-14.62 2.62|-14.65 3.46
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
53 C2Hg + OH — C3Hs + H2O -21.45 10.74(-21.85 8.29(-22.91 6.79
54 53 reverse -13.81 10.89(-10.34 8.38| -3.69 6.82
55 F + H: - H + HF -18.65 15.59(-18.29 10.69|-17.54 8.57
56 55 reverse -4.09 15.12| 7.69 10.19| 15.43 9.38
57 O + CHy — OH + CHs -19.14 7.24(-21.35 5.58(-22.30 5.30
58 57 reverse -16.30 7.12(-15.47 5.88|-14.61 5.14
59 H + PH; — H> + PHs -8.63 2.52| -4.85 2.62| -6.36 2.47
60 59 reverse -12.26 3.60(|-10.99 3.80|-10.11 3.07
61 H -+ OH — O + H» -11.54 6.79| -6.96 5.52|-10.15 4.84
62 61 reverse -20.04 8.03(-22.79 6.31|-24.39 4.98
63 H + H2S — Hy + HS -9.19 2.66| -5.28 2.59| -7.03 2.66
64 63 reverse -15.29 3.00|-14.36 3.18(-13.60 2.60
65 O + HCl — OH + Cl -24.44 14.15(-25.35 11.48|-26.10 11.24
66 65 reverse -24.07 12.61(-21.40 10.86|-21.61 10.62
67 NH: + CHs — NH + CHy -16.35 5.71(-15.75 5.02{-15.80 4.74
68 67 reverse -16.38 5.12(-16.13 4.28(-16.12 4.73
69 NH, + C2Hs — NH + C2Hg -15.70 5.35[-15.06 4.76|-14.42 4.50
70 69 reverse -17.44 5.71(-17.22 4.82|-16.09 5.23
71 NHs + CsHg — NH3 + CoHs -19.50 5.67(-19.25 4.59(-20.73 4.38
72 71 reverse -14.96 5.85[-12.82 4.70| -9.25 4.21
73 NH,; + CH4s — NHs + CHs -18.69 4.90(-18.59 3.93|-20.14 3.94
74 73 reverse -15.87 6.04(-13.94 4.83|-10.00 4.51
75 s-trans cis-CsHg — s-trans cis-CsHg [-16.87 -1.11(-16.73 -1.57|-30.48 -3.76
76 75 reverse -16.87 -1.11{-16.73 -1.57|-30.48 -3.76
Mean -13.76 8.06(-11.61 6.69|-11.53 5.54
Mean Abs. 13.80 8.12| 12.08 6.77| 12.32 5.99
Root-mean-squared 15.46 10.87| 14.61 8.72| 14.89 7.55

TABLE S30:  Functional (FE) and density error (DE) metrics for
LSDAQHF on the BH76RC set, all in kcal/mol. Each set of two columns
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the
first two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N2O — OH + N» 28.68 -7.02| 41.22 -6.30| 51.67 -2.34
2 H + CH3F — HF + CHj; 5.88 -3.67| 10.00 -3.18| 2.77 -3.39
3 H+ F; - HF + F 16.70 -4.47| 35.26 -3.77| 23.29 -4.08
4 CHjs + CIF — CH3F + Cl 4.06 -0.54| 6.93 -0.67| 3.42 -1.16
5 CH3Cl + F~ — CH3F + ClI™ -0.22 -1.46| 6.03 -0.59| 8.84 0.21
6 F~ ... CH3Cl — CH3F ... ClI™ 2.74 -2.89| 6.66 -1.97| 8.85 -1.36
7 CH3F + OH™ — HOCHj3 + F~ 2.58 -0.22| 1.55 -0.60| -0.84 -0.60
8 CH3F ... OH™ — HOCH;3 ... F~| -3.75 0.20| -3.40 0.00| -5.80 0.43
9 H + N2 — HNs -9.87 10.92| -3.54 9.46| 0.35 8.45
10 H + CO — HCO -9.65 2.49| -6.26 1.76| -4.67 1.70
11 H + CHy — CoHs 1.65 0.66] 6.95 0.48| 6.01 0.88
12 CoH4 + CH; — CH3CH2CH, -5.80 1.99| -4.81 1.87| -2.49 1.44
13 HCN — HNC -0.78 0.20] -2.21 0.14| -1.72 0.15
14 H + HCl — Hsy + Cl 8.13 0.31] 11.87 -0.16| 9.76 0.48
15 Hs, + OH — H + H>0O -11.60 0.01(-19.68 0.21-24.43 -0.79
16 H; + CHs — H + CHy4 -5.67 1.11| -9.95 1.08| -6.55 -0.03
17 OH + CH4 — H2O + CHs -5.93 -1.11| -9.73 -0.88(-17.89 -0.77
18 OH + NHs; — H20 + NH» -3.11 0.03| -5.09 0.02| -7.74 -0.20
19 CHs + HCl — CH4 + Cl 2.46 1.42| 1.92 0.93| 3.21 0.46
20 OH + C2Hg — H20 + C2H5 -7.64 -0.15|-11.52 -0.09(-19.23 -0.03
21 H; + F - H + HF -14.56 0.47(-25.98 0.50(-32.96 -0.81
22 O + CHy — OH + CHs -2.83 0.13| -5.88 -0.30| -7.70 0.17
23 H + PHs; — Hs + PHs 3.62 -1.08| 6.14 -1.17| 3.76 -0.60
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
24 H+ OH — Hs + O 8.50 -1.24| 15.83 -0.78| 14.24 -0.14
25 H + H2S — Hs + HS 6.11 -0.35| 9.09 -0.59| 6.57 0.06
26 O + HCl — OH + Cl -0.37 1.55| -3.95 0.63| -4.49 0.62
27 NH; + CHs; — NH + CHy4 0.03 0.59| 0.38 0.74| 0.33 0.01
28 NH: + C2Hs — NH + C32Hg 1.74 -0.37| 2.16 -0.05| 1.67 -0.73
29 NH> + CoHg — NH3 + CoHs -4.53 -0.18| -6.43 -0.11]-11.48 0.17
30 NH:; + CH4s — NHs + CHs -2.82 -1.14| -4.65 -0.90(-10.14 -0.57
Mean 0.13 -0.13| 1.30 -0.14| -0.45 -0.08
Mean Abs. 6.07 1.60| 9.50 1.33| 10.10 1.09
Root-mean-squared 8.42 2.80| 13.37 2.40| 14.89 1.99




K. PBEQHF

TABLE S31:  Functional (FE) and density error (DE) metrics for
PBEQHF on the BH76 set, all in kcal/mol. Each set of two columns
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the
first two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N2O — N + OH -7.26 10.79| -2.58 9.90| 9.62 1.05
2 1 reverse -22.98 17.64(-30.87 16.06|-29.63 3.30
3 H + HF — HF + H -13.19 3.12|-10.24 2.98|-15.84 -2.78
4 3 reverse -13.19 3.12|-10.24 2.98(-15.84 -2.78
5 H + HCl — HCl + H -7.93 3.27| -2.14 2.65| -5.65 1.24
6 5 reverse -7.93 3.27| -2.14 2.65| -5.65 1.24
7 CHsF + H — CHs + HF -13.10 4.99|-10.16 4.60|-13.29 -0.68
8 7 reverse -14.90 8.13|-16.28 7.46|-12.59 2.64
9 F» + H— F + HF -8.35 33.36| 7.81 24.75| 7.56 22.23
10 9 reverse -19.66 37.58|-22.16 28.39|-11.01 26.08
11 CHs + CIF — CHsF + Cl -13.86 17.09| -9.34 15.13| -4.38 9.71
12 11 reverse -19.00 18.07|-17.21 16.10| -8.93 10.78
13 CH3F + F~ — FCHs + F~ -6.85 7.61| -5.66 6.68| -7.33 7.87
14 13 reverse -6.85 7.61| -5.66 6.68| -7.33 7.87
15 CH3F ...F~ — FCHs ... F~ -6.33 6.51| -6.77 5.50| -7.65 5.94
16 15 reverse -6.33 6.51| -6.77 5.50| -7.65 5.94
17 CH3Cl1 + CI™ — CICH3 + C1™ -9.85 6.49| -5.07 6.66| -4.79 7.52
18 17 reverse -9.85 6.49| -5.07 6.66| -4.79 7.52
19 CH3Cl...Cl- — CICHs ... CI™ -9.08 5.81| -5.66 5.79| -5.16 6.26
20 19 reverse -9.08 5.81| -5.66 5.79| -5.16 6.26
21 CH3Cl + F~ — CH3F + CI™ -7.23 6.05| -1.74 5.90| -0.85 6.92
22 21 reverse -8.78 7.77| -9.38 6.59|-11.07 6.54
23 F~ ... CH3Cl — CH3F ... C1™ -5.45 4.41| -2.83 4.07| -2.04 4.51
24 23 reverse -8.62 7.24| -9.93 5.98/|-11.25 5.74
25 CH3F + OH™ — HOCHj3 + F~ -6.74 7.35| -5.90 6.48| -7.58 7.45
26 25 reverse -9.59 7.42| -7.82 7.03| -7.10 8.03
27 CH3F ... OH™ — HOCH;3 ... F~ -6.68 6.56| -7.25 5.66| -8.22 6.11
28 27 reverse -7.83 6.20| -8.80 5.56| -7.26 5.53
29 H + Ny — HNs -6.31 9.44| -0.36 7.74| -0.64 5.74
30 29 reverse -3.95 0.42| -3.89 -0.26| -7.87 -1.42
31 H + CO — HCO -3.21 2.84| 0.40 2.75| -0.23 2.81
32 31 reverse -0.96 1.18| -0.39 1.47| -2.71 1.69
33 H + C;Hy — CH3CH» -1.18 4.84| 5.33 3.89| 3.65 5.12
34 33 reverse -6.55 5.04| -5.06 3.99| -5.98 4.90
35 C2H4 + CH3; — CH3CH2CH, -3.43 6.97| 1.32 5.75| 1.61 7.67
36 35 reverse -7.58 6.00| -3.56 4.63| -5.16 6.48
37 HCN — HNC -1.30 2.00| -0.46 1.52| -0.41 0.43
38 37 reverse -2.97 2.07| -3.64 1.61| -3.01 0.43
39 H + HCl — Hsy + C1 -4.56 3.05| 0.58 2.44| -1.88 2.33
40 39 reverse -7.00 2.96| -5.42 2.62| -6.66 2.29
41 OH + Hy — H + H2O -8.50 7.77| -9.54 6.10|-10.48 4.94
42 41 reverse -6.62 7.81| 0.36 6.00| 4.92 5.35
43 CHs + H - CHys + H -5.75 2.87| -5.64 2.54| -4.06 2.35
44 43 reverse -4.87 2.19| -0.42 1.84| -1.44 2.01
45 CH4 + OH — CHs + H20O -9.85 7.44(-11.10 5.69(-12.98 4.78
46 45 reverse -8.84 8.15| -6.41 6.30| -0.19 5.53
47 Hy + H—H + Ho -3.97 1.63| -0.62 1.44| -2.28 1.15
48 47 reverse -3.97 1.63| -0.62 1.44| -2.28 1.15
49 NH;3; + OH — NH, + H>0O -13.89 11.01|-15.06 8.88|-16.20 7.26
50 49 reverse -12.70 10.87(-11.92 8.77(-10.21 7.30
51 CH3 + HC1 — CHy + Cl1 -6.48 3.18| -5.61 2.86| -4.37 3.33
52 51 reverse -8.04 2.42| -6.38 2.34| -6.54 2.95
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LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
53 C2Hg + OH — C3Hs + H2O -10.34 8.93[-11.26 7.00(-12.77 5.85
54 53 reverse -8.46 8.93| -5.59 7.02| 0.67 5.97
55 F + H: - H + HF -8.95 12.27| -9.93 8.70| -9.84 7.15
56 55 reverse -6.20 11.70| 4.10 8.24| 12.10 7.45
57 O + CHy — OH + CHs -9.87 6.30(-12.36 4.92|-13.28 4.51
58 57 reverse -8.02 6.15| -7.30 5.02| -6.86 4.67
59 H + PHs — Hs + PHs -3.82 1.77] -0.02 1.86| 2.42 -2.22
60 59 reverse -4.31 2.61| -3.06 2.82| 18.57 -18.82
61 H -+ OH — O + H» -6.39 5.72| -1.98 4.61| -5.33 4.10
62 61 reverse -9.12 6.54(-12.26 5.21|-14.37 4.28
63 H + H2S — Hy + HS -4.29 1.89| -0.41 1.86| -2.10 1.91
64 63 reverse -5.92 2.24| -4.95 2.38| -4.91 2.19
65 O + HCl — OH + Cl -14.20 12.90(-15.49 10.60|-16.17 10.26
66 65 reverse -13.92 11.99]-11.20 10.19(-11.91 10.05
67 NH: + CHs — NH + CHy -7.80 4.88] -7.21 4.20| -7.68 4.28
68 67 reverse -8.69 4.30| -8.59 3.62| -8.29 3.79
69 NH: + C2Hs — NH + C3Hg -7.38 4.68| -6.72 4.07| -6.38 4.04
70 69 reverse -9.13 4.81| -9.08 4.08| -7.64 4.19
71 NH: + CoHg — NH3 + CoHs -8.96 4.70| -8.91 3.82|-10.51 3.68
72 71 reverse -8.27 4.85| -6.38 3.95| -3.07 3.75
73 NH:; + CHy — NH;3 + CHjs -8.57 4.10| -8.63 3.30|-10.24 3.31
74 73 reverse -8.75 4.95| -7.09 4.01| -3.44 4.02
75 s-trans cis-CsHg — s-trans cis-CsHg [-10.29 -0.82(-10.13 -1.31|-23.21 -4.13
76 75 reverse -10.29 -0.82]-10.13 -1.31(-23.21 -4.13
Mean -8.30 6.78] -6.42 5.68| -6.23 4.41
Mean Abs. 8.30 6.83| 6.95 5.75| 7.84 5.38
Root-mean-squared 9.19 9.10| 8.71 7.40| 9.67 6.86
TABLE S32:  Functional (FE) and density error (DE) metrics for

PBEQHF on the BH7T6RC set, all in kcal/mol. Each set of two columns
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the

first two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N2O — OH + Ns 15.72 -6.85| 28.28 -6.16| 39.25 -2.24
2 H + CH3F — HF + CHj; 1.80 -3.14| 6.12 -2.85| -0.70 -3.32
3 H+F;, —HF + F 11.30 -4.23| 29.98 -3.64| 18.57 -3.85
4 CHs + CIF — CH3F + Cl 5.14 -0.98| 7.87 -0.97| 4.55 -1.07
5 CHs3Cl + F~ — CH3F + CI™ 1.56 -1.72| 7.65 -0.69| 10.22 0.37
6 F~ ... CH3Cl — CH3F ... C1™ 3.16 -2.83| 7.10 -1.92| 9.21 -1.23
7 CH3F + OH™ — HOCH3 + F~ 2.84 -0.07| 1.92 -0.55| -0.48 -0.58
8 CHsF ... OH™ — HOCHs ... F~| 1.15 0.36| 1.56 0.11| -0.96 0.57
9 H + N2 — HNy -2.36 9.03| 3.53 8.00| 7.22 7.16
10 H + CO — HCO -2.25 1.66| 0.79 1.28| 2.47 1.12
11 H + CyHy — CoHs 5.37 -0.20| 10.39 -0.10| 9.62 0.21
12 CoH4 + CHs — CH3CH2CH- 4.15 0.98| 4.87 1.12| 6.77 1.18
13 HCN — HNC -1.67 0.07| -3.18 0.09| -2.60 0.00
14 H + HCI — Hs + Cl 2.44 0.09| 6.00 -0.19| 4.79 0.03
15 Hs; + OH — H + H>0 -1.88 -0.04| -9.90 0.10(-15.41 -0.42
16 H; + CHs — H + CHy -0.88 0.67| -5.22 0.70| -2.62 0.34
17 OH + CHy — H20 + CHs; -1.01 -0.71| -4.68 -0.61|-12.79 -0.76
18 OH + NH3 — H>O + NH, -1.19 0.14| -3.14 0.11| -5.99 -0.04
19 CHs + HCl — CH4 + CI 1.57 0.76| 0.78 0.52| 2.17 0.38
20 OH + CoHg — H20 + CoHj -1.87 -0.00| -5.67 -0.02(-13.43 -0.11
21 Hy; + F — H + HF -2.75 0.57(-14.03 0.46(-21.94 -0.31
22 O + CH4y — OH + CHs -1.84 0.15| -5.06 -0.10| -6.42 -0.16
23 H + PHs — H> + PHs 0.49 -0.83| 3.03 -0.96|-16.14 16.61
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
24 H+OH—Hy; + 0O 2.72 -0.82| 10.28 -0.60| 9.04 -0.18
25 H + H2S — Hy + HS 1.63 -0.35| 4.54 -0.52| 2.80 -0.28
26 O + HCl —» OH + Cl -0.28 0.91| -4.28 0.41| -4.25 0.22
27 NH:2 + CHs — NH + CHy 0.88 0.57| 1.38 0.58| 0.61 0.49
28 NH; + C;Hs — NH + C3Hg 1.75 -0.13| 2.36 -0.00| 1.26 -0.15
29 NH, + C2Hg — NHs + CoHs -0.68 -0.14| -2.52 -0.13| -7.44 -0.07
30 NH: + CH4s — NH3 + CH3 0.18 -0.85| -1.54 -0.72| -6.80 -0.71
Mean 1.51 -0.26| 2.64 -0.24| 0.35 0.44

Mean Abs. 2.75 1.33] 6.59 1.14| 8.22 1.47
Root-mean-squared 4.20 2.43| 9.46 2.13| 11.47 3.49
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L. SCAN@HF

TABLE S33:  Functional (FE) and density error (DE) metrics for
SCAN@HF on the BH76 set, all in kcal/mol. Each set of two columns
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the
first two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N2O — N + OH -8.29 7.29| -4.21 7.00| 5.83 0.23
2 1 reverse -11.64 13.31|-20.13 12.33|-21.91 2.20
3 H + HF — HF + H -11.62 2.78| -8.61 2.58|-15.67 -1.83
4 3 reverse -11.62 2.78| -8.61 2.58(-15.67 -1.83
5 H + HCl — HCl + H -8.95 1.69| -3.64 1.55| -7.50 0.54
6 5 reverse -8.95 1.69| -3.64 1.55| -7.50 0.54
7 CHsF + H — CHs + HF -11.74 4.44| -9.02 4.28|-13.52 0.32
8 7 reverse -9.91 6.95(-11.46 6.45| -9.21 2.98
9 F» + H— F + HF -11.38 22.23| -0.21 18.61| -0.29 16.59
10 9 reverse -12.05 26.65|-19.27 22.17| -8.46 20.14
11 CH;3 + CIF — CH3F + Cl -12.95 11.74| -9.36 10.71| -5.82 7.26
12 11 reverse -16.06 12.96|-15.11 11.82| -8.70 8.30
13 CH3F + F~ — FCHs + F~ -7.90 6.47| -6.84 5.67| -7.96 6.59
14 13 reverse -7.90 6.47| -6.84 5.67| -7.96 6.59
15 CH3F ...F~ — FCHs ... F~ -5.70 5.53| -6.30 4.68| -7.08 5.15
16 15 reverse -5.70 5.53| -6.30 4.68| -7.08 5.15
17 CH3Cl1 + CI™ — CICH3 + C1™ -11.97 5.98| -6.99 5.95| -6.31 6.69
18 17 reverse -11.97 5.98| -6.99 5.95| -6.31 6.69
19 CH3Cl...Cl- — CICHs ... CI™ -9.88 5.49| -6.29 5.30| -5.66 5.75
20 19 reverse -9.88 5.49| -6.29 5.30| -5.66 5.75
21 CH3Cl + F~ — CH3F + CI™ -11.03 5.49| -5.40 5.20| -3.94 5.84
22 21 reverse -7.03 6.28| -8.01 5.49| -9.22 5.32
23 F~ ... CH3Cl — CH3F ... C1™ -6.78 4.10| -4.08 3.67| -3.07 3.93
24 23 reverse -6.00 5.89| -7.70 5.01| -8.82 4.79
25 CH3F + OH™ — HOCH3 + F~ -7.38 6.27| -6.73 5.59| -7.73 6.39
26 25 reverse -10.83 6.78| -8.93 6.26| -7.76 6.89
27 CH3F ... OH™ — HOCH;3 ... F~ -5.85 5.70| -6.58 4.96| -7.23 5.40
28 27 reverse -7.47 5.57| -851 4.99| -7.07 4.97
29 H + N2 — HN» -7.76 5.40| -3.16 5.05| -4.26 3.63
30 29 reverse -3.53 0.37| -3.79 0.01| -8.22 -0.54
31 H + CO — HCO -5.50 2.67| -2.04 2.74| -2.52 2.60
32 31 reverse -1.71 1.87| -0.76 1.79| -2.94 2.00
33 H + C;Hy — CH3CH» -5.62 2.43| -0.53 2.90| -1.14 3.00
34 33 reverse -3.89 2.67| -3.64 2.87| -3.69 2.99
35 C2H4 + CH3; — CH3CH2CH, -5.69 4.01| -2.04 3.88| -0.64 4.63
36 35 reverse -7.83 3.68| -4.79 3.29| -5.17 3.96
37 HCN — HNC -0.80 1.02| -0.18 0.76| -0.29 -0.19
38 37 reverse -1.45 1.35| -2.26 1.03| -1.88 0.06
39 H + HCl — Hsy + C1 -7.05 1.86| -2.39 1.72| -4.55 1.49
40 39 reverse -5.60 2.25| -4.25 2.15| -5.74 1.92
41 OH + Hy — H + H>0 -4.89 5.78| -6.72 4.91| -8.01 4.07
42 41 reverse -9.96 5.62| -3.88 4.72| 0.72 4.13
43 CHs + H - CHys + H -2.74 2.18| -2.82 2.04| -1.51 2.14
44 43 reverse -7.62 1.87| -3.42 1.77| -4.22 1.75
45 CH4 + OH — CHs + H20O -6.57 5.40| -8.81 4.65|-10.83 3.85
46 45 reverse -6.76 5.55| -5.37 4.74| 0.60 4.31
47 Ho +H— H + Hs -5.42 1.17| -2.22 1.13| -3.99 0.95
48 47 reverse -5.42 1.17| -2.22 1.13| -3.99 0.95
49 NH;3; + OH — NH, + H>0O -10.23 8.20|-12.45 7.12|-13.86 5.71
50 49 reverse -9.65 8.00| -9.92 6.97| -8.45 5.78
51 CH3 + HC1 — CHy + Cl1 -4.19 2.33| -3.49 2.18| -2.19 2.64
52 51 reverse -7.60 2.41| -5.95 2.34| -6.09 2.67
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
53 C2Hg + OH — C3Hs + H2O -7.15 6.78] -9.03 5.81|-10.74 4.85
54 53 reverse -7.13 6.39| -5.21 5.44| 0.81 4.72
55 F + H: - H + HF -4.77 9.21| -7.09 6.97| -7.28 5.75
56 55 reverse -9.94 8.64| -1.01 6.55| 7.23 5.82
57 O + CHy — OH + CHs -7.97 5.08(-11.17 4.40(|-11.90 3.78
58 57 reverse -4.67 4.85| -4.42 4.19| -4.06 3.94
59 H + PH; — H> + PHs -5.68 1.53| -1.99 1.73| -3.38 1.51
60 59 reverse -3.55 2.27| -2.27 2.44| -2.25 2.32
61 H -+ OH — O + H» -7.15 4.58| -3.21 3.94| -6.53 3.39
62 61 reverse -5.59 5.11| -9.37 4.42|-11.66 3.63
63 H + H2S — Hy + HS -6.15 1.57| -2.40 1.67| -3.89 1.53
64 63 reverse -4.22 1.94| -3.25 2.07| -3.55 2.05
65 O + HCl — OH + Cl -10.23 10.25(-12.36 8.79(-12.99 8.30
66 65 reverse -10.34 10.10| -8.06 8.74| -9.05 8.49
67 NH: + CHs — NH + CHy -4.66 3.66| -4.33 3.25| -4.92 3.42
68 67 reverse -7.72 3.58| -7.96 3.23| -7.45 3.20
69 NH, + C2Hs — NH + C2Hg -4.77 3.58| -4.33 3.19| -4.14 3.27
70 69 reverse -8.05 4.03| -8.35 3.63| -6.79 3.63
71 NH: + C2Hg — NHs + C2Hs -6.36  3.38]| -6.90 3.08| -8.46 2.90
72 71 reverse -6.93 3.20| -5.60 2.87| -2.32 2.71
73 NH,; + CH4s — NHs + CHs -5.98 2.97| -6.59 2.71| -8.06 2.59
74 73 reverse -6.76 3.32| -5.68 2.96| -2.05 2.98
75 s-trans cis-CsHg — s-trans cis-CsHg | -7.43 -0.52| -7.27 -1.01|-20.54 -3.68
76 75 reverse -7.43 -0.52| -7.27 -1.01|-20.54 -3.68
Mean -7.46 5.15| -6.11 4.58| -6.38 3.81

Mean Abs. 7.46 5.18] 6.11 4.63| 6.78 4.12
Root-mean-squared 7.99 6.70| 7.19 5.85| &8.17 5.17

TABLE S34:  Functional (FE) and density error (DE) metrics for
SCAN@HF on the BH76RC set, all in kcal/mol. Each set of two columns
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the
first two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE| FE DE FE DE
1 H + N2O — OH + Ny 3.35 -6.02|15.92 -5.33| 27.74 -1.97
2 H + CH3F — HF + CHj; -1.83 -2.51| 2.44 -2.17| -4.31 -2.67
3 H+ F; - HF + F 0.67 -4.42|19.07 -3.56| 8.16 -3.55
4 CHjs + CIF — CH3F + Cl 3.11 -1.21| 5.75 -1.11| 2.88 -1.05
5 CHs3Cl + F~ — CHsF + Cl1™ -4.01 -0.79| 2.61 -0.29| 5.28 0.51
6 F~ ... CH3Cl - CH3F ... CI™ |-0.78 -1.79| 3.61 -1.34| 5.75 -0.86
7 CH3F + OH™ — HOCH3 + F~ 3.45 -0.51| 2.20 -0.67| 0.03 -0.50
8 CH3F ... OH™ — HOCH;3 ... F7| 1.61 0.13| 1.92 -0.03| -0.16 0.43
9 H + N2 — HN» -4.23 5.03| 0.63 5.04| 3.96 4.17
10 H + CO — HCO -3.79 0.80|-1.28 0.96| 0.42 0.61
11 H + CoHy — CoHs -1.73 -0.25| 3.11 0.03| 2.55 0.01
12 CoH4 + CHs — CH3CH2CH- 2.14 0.33| 2.74 0.59| 4.53 0.67
13 HCN — HNC -0.65 0.33|-2.07 0.27| -1.59 0.25
14 H + HCl — Hy + Cl -1.46 -0.39| 1.87 -0.44| 1.19 -0.43
15 H; + OH — H + H20 5.07 0.16|-2.84 0.19| -8.72 -0.07
16 H; + CH3 — H + CHy4 4.88 0.31| 0.60 0.28| 2.71 0.39
17 OH + CH4 — H20 + CHs 0.20 -0.15-3.44 -0.09(-11.43 -0.46
18 OH + NHs; — H20 + NH» -0.59 0.20]-2.52 0.15| -5.41 -0.07
19 CHs + HCl — CH4 + Cl 3.42 -0.08| 2.46 -0.16| 3.90 -0.04
20 OH + C2Hg — H20 + C2Hj -0.02 0.38)|-3.82 0.37|-11.55 0.12
21 H, + F - H + HF 5.17 0.57|-6.08 0.42(-14.50 -0.07
22 O + CH4y — OH + CHs -3.31 0.23|-6.76 0.21| -7.84 -0.15
23 H + PH; — H> + PH» -2.13 -0.74| 0.27 -0.71| -1.13 -0.81
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S53

LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE| FE DE FE DE
24 H+ OH — Hy + O -1.57 -0.54| 6.16 -0.49| 5.13 -0.24
25 H + H»S — Hs + HS -1.93 -0.37| 0.85 -0.41| -0.34 -0.51
26 O + HCl — OH + Cl 0.11 0.15|-4.29 0.05| -3.94 -0.19
27 NHsz + CHs — NH + CHy 3.06 0.08| 3.63 0.02| 2.53 0.22
28 NH; + C2;Hs — NH + C3Hs 3.28 -0.45| 4.01 -0.44| 2.65 -0.36
29 NH; + C2Hs — NH3 + CoHs 0.56 0.18]-1.30 0.22| -6.14 0.19
30 NHs; + CHs — NH3 + CHs 0.78 -0.35|-0.91 -0.24| -6.02 -0.39
Mean 0.43 -0.39| 1.48 -0.29| -0.12 -0.23

Mean Abs. 2.30 0.98] 3.84 0.88| 5.42 0.73
Root-mean-squared 2.76 1.79| 5.57 1.61| 7.67 1.24




M. r’SCAN@HF

TABLE S35:  Functional (FE) and density error (DE) metrics for
r’SCAN@HF on the BHT6 set, all in kecal/mol. Each set of two columns
uses a different proxy for the exact functional as in Table V of the main
text. Error statistics are reported in the bottom three rows. The reac-
tion index used by the GMTKN and the symbolic index are given in the
first two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE FE DE FE DE
1 H + N2O — N + OH -7.26 8.22| -2.90 7.65| -0.78 8.79
2 1 reverse -13.02 14.55|-21.20 13.26|-36.02 16.29
3 H + HF — HF + H -11.27 2.68| -8.26 2.48(-20.10 2.85
4 3 reverse -11.27 2.68| -8.26 2.48(-20.10 2.85
5 H + HCl — HCl + H -8.63 2.32| -3.11 1.98| -8.79 2.76
6 5 reverse -8.63 2.32| -3.11 1.98| -8.79 2.76
7 CHsF + H — CHs + HF -12.59 4.28| -9.85 4.09|-18.83 4.60
8 7 reverse -9.35 6.72]-11.00 6.32|-13.31 7.42
9 F» + H— F + HF -9.49 23.55| 2.98 18.64| -4.97 24.53
10 9 reverse -10.54 27.77|-16.57 22.09|-14.72 28.97
11 CH;3 + CIF — CH3F + Cl -12.05 12.61| -8.29 11.41(-10.52 13.70
12 11 reverse -16.13 14.26(-14.82 12.77|-14.85 15.56
13 CH3F + F~ — FCHs + F~ -7.28 6.07| -6.33 5.39| -8.47 7.27
14 13 reverse -7.28 6.07| -6.33 5.39| -8.47 7.27
15 CH3F ...F~ - FCHs3 ... F~ -5.47 5.27| -6.14 4.49| -7.75 5.74
16 15 reverse -5.47 5.27| -6.14 4.49| -7.75 5.74
17 CH3Cl1 + CI™ — CICH3 + C1™ -10.54 5.37| -5.58 5.36| -5.53 6.73
18 17 reverse -10.54 5.37| -5.58 5.36| -5.53 6.73
19 CH3Cl...Cl- — CICHs ... CI™ -8.94 4.92| -5.37 4.74| -5.27 5.73
20 19 reverse -8.94 4.92| -5.37 4.74| -5.27 5.73
21 CH3Cl + F~ — CH3F + CI™ -9.50 5.01| -3.93 4.77| -3.80 6.73
22 21 reverse -6.76 6.17| -7.74 5.37(-11.06 7.32
23 F~ ... CH3Cl — CH3F ... C1™ -5.99 3.69| -3.33 3.31| -2.83 4.08
24 23 reverse -6.02 5.86| -7.69 4.96|-10.84 6.74
25 CH3F + OH™ — HOCHj3 + F~ -6.69 5.85| -6.13 5.25| -8.20 7.09
26 25 reverse -9.86 6.08] -8.10 5.70| -8.09 7.50
27 CH3F ... OH™ — HOCH;3 ... F~ -5.56 5.39| -6.33 4.71| -8.07 6.21
28 27 reverse -6.96 4.81| -8.14 4.38| -7.71 5.39
29 H + N2 — HN» -7.35 6.82| -2.17 5.90| -6.01 7.34
30 29 reverse -3.94 0.54| -4.00 -0.02| -9.54 0.50
31 H + CO — HCO -5.08 2.53| -1.61 2.58| -2.67 3.06
32 31 reverse -1.98 1.76| -1.08 1.72| -3.38 2.01
33 H + C;Hy — CH3CH» -4.60 2.31| 0.75 2.53| -0.19 2.93
34 33 reverse -4.22 2.83| -3.73 2.79| -4.29 3.41
35 C2H4 + CH3; — CH3CH2CH, -4.08 3.59| -0.30 3.34| 0.89 4.26
36 35 reverse =773 3.23| -4.52 2.67| -5.02 3.46
37 HCN — HNC -0.88 1.64| -0.08 1.20| -1.41 1.44
38 37 reverse -1.93 1.66| -2.70 1.30| -3.46 1.48
39 H + HCl — Hsy + CI -5.57 2.19] -0.73 1.86| -3.88 2.60
40 39 reverse -4.85 2.58| -3.31 2.29| -5.92 3.18
41 OH + Hy — H + H20 -4.24 5.91| -5.90 4.86| -9.42 6.27
42 41 reverse -8.30 5.78| -2.04 4.70| 0.70 6.00
43 CH; + H, - CH4 + H -2.28 2.09| -2.36 1.96| -1.52 2.50
44 43 reverse -6.78 1.41| -2.57 1.29| -3.72 1.59
45 CH4 + OH — CHs + H20O -5.87 5.80| -7.69 4.62|-12.08 6.18
46 45 reverse -5.42 6.35| -3.62 5.12| 0.24 6.82
47 He + H— H + H2 -5.30 1.15| -2.10 1.11| -4.30 1.36
48 47 reverse -5.30 1.15| -2.10 1.11| -4.30 1.36
49 NH;3; + OH — NH, + H>0O -9.55 9.00(-11.29 7.44|-16.20 9.60
50 49 reverse -8.73 8.89| -8.52 7.37|-10.33 9.50
51 CH3 + HC1 — CHy + Cl1 -3.89 2.30| -3.17 2.13| -2.16 2.86
52 51 reverse -7.66 2.01| -5.96 1.90| -6.40 2.54
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LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE FE DE FE DE
53 C2Hg + OH — C3Hs + H2O -6.54 7.06| -8.06 5.73|-12.64 7.64
54 53 reverse -5.69 7.04| -3.42 5.73| -0.04 7.68
55 F + H: - H + HF -4.24 9.16| -6.58 6.95|-10.60 9.56
56 55 reverse -8.11 8.56| 0.77 6.53| 5.84 8.91
57 O + CHy — OH + CHs -7.24 4.90(-10.28 4.06(-12.79 5.20
58 57 reverse -4.35 5.02| -3.98 4.25| -5.10 5.47
59 H + PH; — H> + PHs -5.61 1.56| -1.87 1.71| -3.90 2.12
60 59 reverse -2.85 2.44| -1.53 2.58| -2.33 3.27
61 H -+ OH — O + H» -7.21 4.68| -3.20 3.97| -7.96 4.91
62 61 reverse -5.61 5.24| -9.29 4.45|-13.45 5.55
63 H + H2S — Hy + HS -5.92 1.53| -2.14 1.60| -4.14 1.98
64 63 reverse -4.17 2.20| -3.12 2.26| -4.11 2.91
65 O + HCl — OH + Cl -10.14 10.46(-12.19 8.93|-17.42 13.08
66 65 reverse -11.02 10.30| -8.69 8.88(-13.97 13.02
67 NH: + CHs — NH + CHy -4.43 3.68| -4.09 3.25| -5.52 4.26
68 67 reverse -6.84 3.23| -7.03 2.83| -7.43 3.67
69 NH: + C2Hs — NH + C3Hg -4.57 3.63| -4.10 3.21| -4.83 4.22
70 69 reverse -7.38 3.75| -7.61 3.29| -7.03 4.24
71 NH: + C2Hg — NHs + C2Hs -5.74 3.62| -6.00 3.05| -9.00 4.28
72 71 reverse -5.71 3.71| -4.13 3.12| -2.27 4.41
73 NH,; + CH4s — NHs + CHs -5.17 3.10| -5.55 2.60| -8.23 3.65
74 73 reverse -5.56 3.76| -4.25 3.17| -1.79 4.38
75 s-trans cis-CsHg — s-trans cis-CsHg | -8.26 -0.59| -8.03 -1.15|-23.75 -1.40
76 75 reverse -8.26 -0.59| -8.03 -1.15|-23.75 -1.40
Mean -6.95 5.25| -5.47 4.54| -7.85 5.88

Mean Abs. 6.95 5.28| 5.59 4.60| 8.06 5.95
Root-mean-squared 7.49 693 6.73 5.87| 10.23 7.61

TABLE S36:  Functional (FE) and density error (DE) metrics for
r*SCANQHF on the BH76RC set, all in kcal/mol. Each set of two
columns uses a different proxy for the exact functional as in Table V of
the main text. Error statistics are reported in the bottom three rows.
The reaction index used by the GMTKN and the symbolic index are

given in the first two columns.

LC-wPBE SX-0.5 SCAN-FLOSIC
Index Reaction FE DE| FE DE FE DE
1 H + N2O — OH + Ny 5.76 -6.33|18.30 -5.61| 35.25 -7.50
2 H + CH3F — HF + CHj; -3.24 -2.44| 1.15 -2.23| -5.52 -2.82
3 H-+F; - HF + F 1.05 -4.22|19.54 -3.45| 9.75 -4.44
4 CHjs + CIF — CH3F + Cl 4.08 -1.65| 6.53 -1.36| 4.33 -1.86
5 CH3Cl + F~ — CH3F + CI™ -2.73 -1.17| 3.81 -0.59| 7.26 -0.58
6 F~ ... CH3Cl — CH3F ... CI™ 0.03 -2.17| 4.36 -1.65| 8&.01 -2.66
7 CHsF + OH™ — HOCHs + F~ 3.17 -0.24| 1.98 -0.45| -0.10 -0.41
8 CH3F ... OH™ — HOCH;3 ... F7| 1.41 0.58| 1.81 0.33| -0.36 0.82
9 H + N2 — HN» -3.40 6.28| 1.83 5.91| 3.53 6.83
10 H + CO — HCO -3.10 0.77|-0.53 0.87| 0.71 1.05
11 H + CoHy — CoHs -0.38 -0.52| 4.48 -0.26| 4.10 -0.49
12 CoH4 + CHs — CH3CH2CH- 3.65 0.37| 4.22 0.66| 5.91 0.79
13 HCN — HNC -1.05 0.02]-2.61 0.10| -2.05 0.04
14 H + HCl — Hy + Cl -0.73 -0.39| 2.59 -0.43| 2.04 -0.59
15 H; + OH — H + H20 4.06 0.13|-3.86 0.16(-10.12 0.27
16 H; + CH3 — H + CHy4 4.50 0.68| 0.21 0.67| 2.20 0.91
17 OH + CH4 — H20 + CHs -0.44 -0.55|-4.07 -0.50(-12.32 -0.64
18 OH + NHs; — H20 + NH» -0.83 0.11|-2.77 0.07| -5.87 0.10
19 CHs + HCl — CH4 + Cl 3.77 0.29| 2.79 0.24| 4.24 0.32
20 OH + C2Hg — H20 + C2Hj -0.85 0.03|-4.64 -0.00{-12.60 -0.03
21 H, + F - H + HF 3.87 0.59|-7.35 0.42|-16.45 0.65
22 O + CH4y — OH + CHs -2.90 -0.12|-6.30 -0.19| -7.69 -0.26
23 H + PH; — H> + PH» -2.76 -0.87]-0.34 -0.87| -1.57 -1.15
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S56

LC-wPBE SX-0.5 SCAN-FLOSIC

Index Reaction FE DE| FE DE FE DE
24 H+ OH — Hy + O -1.60 -0.56| 6.09 -0.48| 5.49 -0.65
25 H + H»S — Hs + HS -1.75 -0.67| 0.98 -0.66| -0.03 -0.93
26 O + HCl — OH + Cl 0.87 0.17|-3.51 0.05| -3.45 0.06
27 NH; + CH; — NH + CHy 2.40 0.45] 2.94 0.42| 1.91 0.59
28 NHs + C2Hs — NH + CyHg 2.81 -0.12| 3.51 -0.08| 2.19 -0.02
29 NH; + C2Hs — NH3 + CoHs -0.03 -0.08| -1.86 -0.07| -6.73 -0.13
30 NHs; + CHs — NH3 + CHs 0.38 -0.66|-1.29 -0.57| -6.44 -0.73
Mean 0.53 -0.41| 1.60 -0.32| 0.19 -0.45

Mean Abs. 2.25 1.11| 4.21 0.98| 6.27 1.28
Root-mean-squared 2.71 1.98| 6.04 1.76| 9.16 2.24

S5. DEVIATIONS COMPUTED WITH HIGH-LEVEL REFERENCE VALUES AND APPROXIMATE
FUNCTIONALS

A. LSDA

TABLE S37: Deviations (in kcal/mol) from the GMTKN reference
values (Exact) and various functionals for the BH76 set using LSDA.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Barrier Height” and
“Exact” columns yields the corresponding LSDA barrier height.

Index Reaction Barrier Height Exact LC-wPBE SX-0.5 SCAN-FLOSIC
1 H + N2O — N2 + OH 17.70 -15.35 -15.35 -11.56 -8.41
2 1 reverse 82.60 -48.42 -45.70 -55.17 -66.48
3 H + HF — HF + H 42.10 -23.66 -22.17 -19.37 -30.67
4 3 reverse 42.10 -23.66 -22.17 -19.37 -30.67
5 H + HCI — HC1 + H 17.80 -14.80 -16.23 -11.05 -15.86
6 5 reverse 17.80 -14.80 -16.23 -11.05 -15.86
7 CHsF + H — CHs + HF 30.50 -17.71 -19.05 -16.50 -24.94
8 7 reverse 56.90 -25.00 -25.30 -27.35 -28.32
9 F: + H— F + HF 1.50 -17.42 -16.08 -8.52 -11.28
10 9 reverse 104.80 -35.86 -33.13 -44.83 -35.45
11 CHs + CIF — CHsF + Cl 7.10 -19.47 -20.98 -18.42 -18.65
12 11 reverse 59.80 -22.46 -30.90 -31.09 -23.27
13 CHsF + F~ — FCHs + F~ -0.60 -11.68 -12.22 -11.95 -13.22
14 13 reverse -0.60 -11.68 -12.22 -11.95 -13.22
15 CH3F ...F~ — FCHsz ... F~ 13.40 -7.50 -7.58 -9.03 -9.75
16 15 reverse 13.40 -7.50 -7.58 -9.03 -9.75
17 CH3Cl + CI™ — CICHs + Cl1™ 2.50 -10.65 -14.90 -9.95 -9.12
18 17 reverse 2.50 -10.65 -14.90 -9.95 -9.12
19 CH3Cl...Cl” — CICHs ... ClI™ 13.50 -7.83 -10.95 -7.56 -6.73
20 19 reverse 13.50 -7.83 -10.95 -7.56 -6.73
21 CH3Cl + F~ — CH3F + Cl1™ -12.30 -11.18 -13.25 -7.91 -6.92
22 21 reverse 19.80 -10.81 -12.96 -14.74 -16.57
23 F~ ... CH3Cl — CH3F ... ClI™ 3.50 -5.15 -6.39 -4.11 -3.15
24 23 reverse 29.60 -8.80 -10.15 -12.72 -14.27
25 CHsF + OH™ — HOCH3 + F~ -2.70 -12.95 -11.95 -11.98 -13.47
26 25 reverse 17.60 -11.19 -14.93 -13.56 -12.62
27 CH3F ... OH™ — HOCH; ... F~ 11.00 -9.19 -8.04 -9.51 -10.57
28 27 reverse 47.70 -0.37 -4.76  -6.38 -4.95

29 H + N2 — HN» 14.60 -16.76 -14.51 -10.26 -12.78



Index Reaction

Barrier Height

Exact LC-wPBE SX-0.5 SCAN-FLOSIC

30 29 reverse 10.90 -1.51 -3.70  -4.32 -9.42
31 H + CO — HCO 3.20 -10.77 -9.94 -6.41 -6.95
32 31 reverse 22.80 3.45 0.27 1.13 -1.03
33 H + C2H4 — CH3CHz 2.00 -7.35 -7.43 -1.86 -2.43
34 33 reverse 42.00 -2.53 -8.33 -7.89 -7.95
35 CoHy4 + CH3 — CH3CH2CHs 6.40 -12.12 -13.02 -9.49 -7.37
36 35 reverse 33.00 0.08 -6.08 -3.43 -3.29
37 HCN — HNC 48.10 -3.52 -2.08 -1.72 -2.83
38 37 reverse 33.00 -2.57 -2.79 -3.91 -4.54
39 H + HCI — Hsy + Cl 6.10 -9.49 -9.00 -4.48 -7.06
40 39 reverse 8.00 -20.00 -22.83 -21.58 -18.56
41 OH + Hy — H + H>0 5.20 -23.45 -21.51 -24.22 -26.10
42 41 reverse 21.60 -10.45 -9.83 -4.66 -0.80
43 CHs; + H, - CH; + H 11.90 -17.24 -15.74 -15.96 -14.48
44 43 reverse 15.00 -10.07 -9.97 -5.88 -6.74
45 CHy + OH — CH3 + H20O 6.30 -23.24 -22.48 -25.47 -28.04
46 45 reverse 19.50 -17.32 -16.57 -15.99 -10.48
47 Ho +H— H + Hs 9.70 -12.34 -10.73 -7.57 -9.50
48 47 reverse 9.70 -12.34 -10.73  -7.57 -9.50
49 NHs; + OH — NH: + H>O 3.40 -27.17 -27.31 -30.60 -33.12
50 49 reverse 13.70 -24.41 -24.13 -25.44 -25.06
51 CH;3 + HC1 — CH4 + Cl1 1.80 -15.43 -15.36 -14.81 -13.05
52 51 reverse 6.80 -18.77 -23.42 -21.83 -16.81
53 CoHg + OH — C2Hs + H20 3.50 -24.18 -23.74 -26.59 -29.03
54 53 reverse 20.40 -15.60 -15.61 -14.65 -9.41
55 F + Hy — H + HF 1.60 -25.55 -21.39 -25.93 -27.26
56 55 reverse 33.80 -8.58 -6.75  0.10 7.12
57 O + CHy — OH + CHs 14.40 -24.45 -20.74 -24.61 -25.75
58 57 reverse 8.90 -18.14 -17.72 -18.13 -17.89
59 H + PH; — Hy + PH> 2.90 -10.20 -10.32  -6.43 -8.06
60 59 reverse 24.70 -14.81 -14.11 -12.65 -12.51
61 H+ OH — O + Hs 10.90 -12.75 -12.44 -9.14 -12.92
62 61 reverse 13.20 -26.14 -21.23 -25.70 -28.52
63 H + H2S — Hy + HS 3.90 -10.64 -10.59 -6.75 -8.38
64 63 reverse 17.20 -18.33 -21.49 -20.39 -16.37
65 O + HCl — OH + Cl 10.40 -33.68 -31.27 -34.85 -36.62
66 65 reverse 9.90 -30.71 -36.31 -35.39 -32.52
67 NH; + CH3z — NH + CHy4 8.90 -17.31 -18.15 -18.24 -18.55
68 67 reverse 22.00 -19.57 -18.35 -18.94 -18.42
69 NH; + C2Hs — NH + C3Hg 9.80 -15.54 -17.14 -17.09 -16.70
70 69 reverse 19.40 -20.65 -19.56 -20.25 -18.63
71 NH: + CsHg — NH3 + CoHj 11.30 -20.79 -21.45 -22.29 -23.94
72 71 reverse 17.80 -14.87 -16.50 -15.51 -12.39
73 NH; + CH4s — NHs + CHs 13.90 -19.90 -20.30 -21.17 -22.68
74 73 reverse 16.90 -16.83 -17.57 -16.85 -13.19
75 s-trans cis-CsHg — s-trans cis-CsHg 39.70 -14.76 -15.56 -15.89 -31.85
76 75 reverse 39.70 -14.76 -15.56 -15.89 -31.85
MD -15.30 -15.90 -15.13 -15.98

MAD 15.39 15.90 15.16 16.16

RMSD 17.84 17.79 18.16 19.48

MAPE 230.44 461.39 883.24 253.12
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TABLE S38: Deviations (in kcal/mol) from the GMTKN reference val-
ues (Exact) and various functionals for the BH7T6RC set using LSDA.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Reaction Energy” and

“Exact” columns yields the corresponding LSDA reaction energy.

Index Reaction

Reaction Energy

Exact LC-wPBE SX-0.5 SCAN-FLOSIC

1 H + N2.O — OH + N3 -64.91 33.08 30.35 43.60 58.07
2 H + CH3F — HF + CHs -26.32  7.20 6.25 10.85 3.38
3 H+F, - HF + F -103.28 18.42 17.05 36.31 24.17
4 CHs + CIF — CH3F + Cl -52.64  2.93 9.93 12.67 4.63
5 CH3Cl + F~ — CH3F + C1™ -32.16 -0.31 -0.29  6.83 9.66
6 F~ ... CH3Cl — CHsF ... CI™ -26.12  3.67 3.76  8.61 11.12
7 CH3F + OH™ — HOCH3 + F~ -20.32 -1.73 2.98 1.58 -0.85
8 CHsF ... OH™ — HOCHs ... F~ -36.71 -8.81 -3.28  -3.13 -5.62
9 H + N2 — HN» 3.69 -15.23 -10.81 -5.95 -3.35
10 H+ CO — HCO -19.55 -14.28 -10.21  -7.55 -5.92
11 H + CoHy — CoHs -40.02  -4.79 091  6.03 5.52
12 CeHs + CHs — CH3CH2CH -26.56 -12.25 -6.93 -6.06 -4.08
13 HCN — HNC -15.06 091 -0.71  -2.19 -1.71
14 H + HCl — Hy + Cl -1.90 10.52 13.83 17.10 11.50
15 H> + OH — H + H20 -16.39 -13.01 -11.67 -19.56 -25.30
16 H; + CHs — H + CHy4 -3.11 -7.16 -5.77 -10.08 -7.74
17 OH + CH4 — H20 + CH3 -13.28 -5.85 -5.91 -9.48 -17.56
18 OH + NH3 — H20 + NH» -10.32  -2.74 -3.18  -5.17 -8.07
19 CHs + HCl — CHy + C1 -5.01  3.35 8.06  7.02 3.76
20 OH + C2Hg — H20 + C2Hs -16.84 -8.64 -8.13 -11.94 -19.62
21 Hy + F —-H + HF -32.22 -16.95 -14.63 -26.03 -34.38
22 O + CH4 — OH + CHs 5.44 -6.25 -3.02  -6.49 -7.86
23 H + PHs; — Hy + PH> -21.74  4.55 3.79  6.22 4.46
24 H+ OH — Hy + O -2.32 1341 8.78 16.56 15.60
25 H + H.S — H2 + HS -13.26  7.64 10.90 13.64 7.99
26 O + HCl — OH + Cl 0.42 -2.89 5.04 0.54 -4.10
27 NH,; + CHs — NH + CHy -13.12 2.28 0.20 0.70 -0.13
28 NH; + C2Hs — NH + C2Hg -9.56  5.08 242 316 1.93
29 NH; + C2H¢ — NH3 + C2Hs -6.52 -5.90 -4.95 -6.78 -11.55
30 NH; + CHs — NH3 + CH;3 -2.96 -3.10 -2.73  -4.32 -9.49
MD 0.53 1.07  2.22 -0.19

MAD 8.72 7.22 10.54 10.97

RMSD 11.24 9.46 14.35 16.08

MAPE 115.44 152.97 253.59 198.12
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B. PBE

TABLE S39: Deviations (in kcal/mol) from the GMTKN reference
values (Exact) and various functionals for the BH76 set using PBE.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Barrier Height” and

“Exact” columns yields the corresponding PBE barrier height.

Index Reaction Barrier Height Exact LC-wPBE SX-0.5 SCAN-FLOSIC
1 H + N.O — N2 + OH 17.70 -8.08 -8.11 -4.32 -1.14
2 1 reverse 82.60 -28.38 -25.30 -34.77 -46.44
3 H+ HF - HF + H 42.10 -15.07 -13.53 -10.73 -22.08
4 3 reverse 42.10 -15.07 -13.53 -10.73 -22.08
5 H + HCl — HC1 + H 17.80 -7.53 -8.88 -3.71 -8.59
6 5 reverse 17.80 -7.53 -8.88 -3.71 -8.59
7 CH3F + H — CHs + HF 30.50 -12.53 -13.92 -11.36 -19.75
8 7 reverse 56.90 -15.76 -15.94 -18.00 -19.08
9 F: + H— F + HF 1.50 -11.34 -10.10 -2.54 -5.20
10 9 reverse 104.80 -24.87 -21.65 -33.35 -24.47
11 CHj3 + CIF — CH3F + C1 7.10 -14.27 -15.85 -13.30 -13.44
12 11 reverse 59.80 -17.59 -21.38 -21.56 -18.40
13 CHsF + F~ — FCHs + F~ -0.60 -7.77 -8.21 -7.95 -9.31
14 13 reverse -0.60 -7.77 -8.21 -7.95 -9.31
15 CH3F ...F~ — FCHsz ... F~ 13.40 -7.03 -7.04 -8.49 -9.28
16 15 reverse 13.40 -7.03 -7.04 -8.49 -9.28
17 CH3Cl + CI™ — CICH;3 + Cl1™ 2.50 -7.74 -11.99 -7.04 -6.21
18 17 reverse 2.50 -7.74 -11.99 -7.04 -6.21
19 CH3Cl...Cl™ — CICH3 ... Cl™ 13.50 -7.41 -10.54 -7.15 -6.31
20 19 reverse 13.50 -7.41 -10.54 -7.15 -6.31
21 CH3Cl + F~ — CH3F + CI™ -12.30 -7.21 -9.17 -3.83 -2.95
22 21 reverse 19.80 -8.60 -10.77 -12.55 -14.37
23 F~ ... CH3Cl — CH3F ... ClI™ 3.50 -4.81 -6.00 -3.73 -2.81
24 23 reverse 29.60 -8.95 -10.33 -12.90 -14.41
25 CHsF + OH™ — HOCHgs + F~ -2.70 -9.18 -8.12 -8.15 -9.71
26 25 reverse 17.60 -7.67 -11.33  -9.95 -9.10
27 CH3F ... OH™ — HOCHjs ... F~ 11.00 -8.84 -7.55  -9.02 -10.22
28 27 reverse 47.70 -4.61 -9.12 -10.73 -9.20
29 H + N2 — HNy 14.60 -9.41 -7.16 -2.91 -5.44
30 29 reverse 10.90 -1.86 -4.02 -4.64 -9.77
31 H + CO — HCO 3.20 -4.92 -4.09 -0.56 -1.10
32 31 reverse 22.80 1.82 -1.36  -0.50 -2.66
33 H + C2H4 — CH3CH2 2.00 -2.17 -2.26  3.30 2.75
34 33 reverse 42.00 -1.64 -7.38 -6.93 -7.06
35 CoH4 + CHs — CH3CH2CH- 6.40 -4.86 -5.76  -2.24 -0.11
36 35 reverse 33.00 -3.19 -9.33  -6.67 -6.56
37 HCN — HNC 48.10 -2.75 -1.33  -0.97 -2.05
38 37 reverse 33.00 -2.66 -2.91 -4.04 -4.64
39 H + HCl — Hs + Cl 6.10 -5.70 -5.31  -0.79 -3.27
40 39 reverse 8.00 -9.68 -7.96 -6.72 -8.24
41 OH + Hy — H + H20 5.20 -11.58 -9.50 -12.21 -14.23
42 41 reverse 21.60 -8.00 -7.43  -2.26 1.65
43 CHs + Ho, —» CHs + H 11.90 -8.10 -6.56 -6.77 -5.34
44 43 reverse 15.00 -5.68 -5.62 -1.52 -2.35
45 CH4 + OH — CHs + H20 6.30 -11.81 -10.92 -13.92 -16.61

45 reverse 19.50 -10.55 -9.80

-9.22 -3.72
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Index Reaction Barrier Height Exact LC-wPBE SX-0.5 SCAN-FLOSIC
47 H, +H—H+ Hy 9.70 -6.03 -4.42  -1.26 -3.20
48 47 reverse 9.70 -6.03 -4.42  -1.26 -3.20
49 NHs; + OH — NH» + H2O 3.40 -15.37 -15.37 -18.67 -21.32
50 49 reverse 13.70 -14.42 -14.08 -15.39 -15.07
51 CHs + HCl — CH4 + Cl 1.80 -7.65 -7.60 -7.05 -5.28
52 51 reverse 6.80 -9.22 -9.31 -7.73 -7.26
53 CeHg + OH — C2Hs + H20 3.50 -12.36 -11.80 -14.65 -17.21
54 53 reverse 20.40 -9.58 -9.59 -8.63 -3.39
55 F +H; - H + HF 1.60 -14.57 -10.25 -14.80 -16.29
56 55 reverse 33.80 -9.04 -7.32  -047 6.65
57 O + CH4 — OH + CH;3 14.40 -14.73 -10.96 -14.83 -16.03
58 57 reverse 8.90 -9.44 -8.95 -9.36 -9.19
59 H + PHs — H2 + PH; 2.90 -4.67 -4.79  -0.90 -2.52
60 59 reverse 24.70 -6.32 -5.47 -4.01 -4.02
61 H-+ OH — O + Hp 10.90 -7.30 -6.96 -3.65 -7.46
62 61 reverse 13.20 -14.91 -9.91 -14.38 -17.29
63 H + H2S — H> + HS 3.90 -5.14 -5.11  -1.26 -2.88
64 63 reverse 17.20 -7.96 -6.94 -5.83 -6.01
65 O + HCIl — OH + Cl 10.40 -21.21 -18.78 -22.36 -24.16
66 65 reverse 9.90 -17.48 -18.48 -17.56 -19.30
67 NH,; + CH; — NH + CHy4 8.90 -8.25 -9.02 -9.11 -9.49
68 67 reverse 22.00 -11.20 -10.01 -10.60 -10.05
69 NH; + C2Hs — NH + C3Hsg 9.80 -6.94 -8.46 -8.41 -8.10
70 69 reverse 19.40 -11.61 -10.54 -11.23 -9.59
71 NH; + C2Hg — NHs + CoHs 11.30 -9.74 -10.34 -11.17 -12.88
72 71 reverse 17.80 -7.80 -9.41 -8.42 -5.32
73 NH, + CH4 — NHs + CH; 13.90 -9.43 -9.77 -10.64 -12.21
74 73 reverse 16.90 -9.22 -9.94 -9.22 -5.57
75 s-trans cis-CsHg — s-trans cis-CsHg 39.70 -8.53 -9.36 -9.68 -25.63
76 75 reverse 39.70 -8.53 -9.36  -9.68 -25.63
MD -8.88 -9.48 -8.71 -9.89
MAD 893 9.48  8.80 10.18
RMSD 10.26 10.44 10.96 12.83
MAPE 127.72 287.36 450.00 135.98

TABLE S40: Deviations (in kcal/mol) from the GMTKN reference

values (Exact) and various functionals for the BH76RC set using PBE.

The deviations are approximate errors; the error statistics in the “Ex-

act” column correspond to the values in Table I of the main text. The

other columns replace the exact energies with those of a proxy. For an

approximate functional to be a good proxy for the exact one (in eval-

uating density- and functional-driven errors), the deviations computed

with the high-level reference values and with the approximate functional

should be comparable. Mean deviations (MDs), mean absolute devia-

tions (MADs), and variances (VARs) are reported in the bottom three

rows. The reaction index used by the GMTKN and the symbolic index

are given in the first two columns. The sum of “Reaction Energy” and

“Exact” columns yields the corresponding PBE reaction energy.

Index Reaction Reaction Energy Exact LC-wPBE SX-0.5 SCAN-FLOSIC
1 H + N2O — OH + Nj -64.91 20.32 17.19 30.45 45.30
2 H + CH3F — HF + CHs -26.32  3.15 2.03 6.64 -0.67
3 H+ Fy - HF + F -103.28 13.51 11.55 30.81 19.26
4 CHs + CIF — CH3F + Cl -52.64 3.26 5.52  8.27 4.96
5 CHsCl + F~ — CH3F + ClI™ -32.16  1.45 1.60 8.72 11.42
6 F~ ... CH3Cl — CH3F ... CI™ -26.12  4.16 432 9.17 11.61
7 CHsF + OH™ — HOCH3 + F~ -20.32 -1.49 320 1.80 -0.61
8 CHzF ... OH™ — HOCHs ... F~ -36.71 -4.21 1.57 1.72 -1.02
9 H + N2 — HN» 3.69 -7.55 -3.14  1.72 4.33
10 H + CO — HCO -19.55 -6.79 -2.73  -0.06 1.57
11 H + C2Hy — CoHs -40.02 -0.51 5.11 10.23 9.81
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Index Reaction

Reaction Energy

Exact LC-wPBE SX-0.5 SCAN-FLOSIC

12 C2Hy + CH3 — CH3CH2CH» -26.56 -1.71 3.56  4.43 6.45
13 HCN — HNC -15.06 0.04 -1.59  -3.07 -2.58
14 H + HCl — Hy + Cl -1.90  3.98 2.65 593 4.97
15 H; + OH — H + H20 -16.39 -3.59 -2.06 -9.95 -15.88
16 Hy + CHs — H + CHy -3.11 -2.41 -0.94  -5.25 -2.98
17 OH + CH4 — H20 + CHs -13.28 -1.18 -1.12  -4.70 -12.89
18 OH + NH3 — H20 + NH» -10.32 -0.93 -1.29  -3.27 -6.25
19 CHs + HCl — CHy + C1 -5.01 1.58 171 0.67 1.98
20 OH + C3Hs — H20 + Cq2Hs -16.84 -2.85 -2.21  -6.02 -13.82
21 H, + F —H + HF -32.22 -5.51 -2.94 -14.33 -22.94
22 O + CH4y — OH + CHs 5.44 -5.24 -2.01 -5.48 -6.84
23 H + PHs; — Hy + PH» -21.74  1.60 0.68  3.10 1.50
24 H+OH-—=H: +0O -2.32  7.63 2.95 10.73 9.83
25 H + H2S — Hz + HS -13.26  2.78 1.83  4.57 3.12
26 O + HCl — OH + C1 0.42 -3.65 -0.30  -4.80 -4.86
27 NH; + CHs — NH + CHy -13.12 297 0.99 1.49 0.56
28 NH> + C2Hs — NH + C2Hs -9.56 4.64 2.08 2.82 1.49
29 NH, + C2Hs — NH3 + CoHs -6.52 -1.92 -0.92  -2.75 -7.57
30 NH; + CH4s — NH3 + CHs -2.96 -0.25 0.16 -1.42 -6.64
MD 1.04 1.58 2.74 1.09

MAD 4.09 3.00 6.81 8.12

RMSD 6.00 4.51 991 12.08

MAPE 75.89 42.53 145.50 134.98
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C. BLYP

TABLE S41:  Deviations (in kcal/mol) from the GMTKN reference
values (Exact) and various functionals for the BH76 set using BLYP.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Barrier Height” and
“Exact” columns yields the corresponding BLYP barrier height.

Index Reaction Barrier Height Exact LC-wPBE SX-0.5
1 H + N.O — N2 + OH 17.70 -9.16 -9.52  -5.73
2 1 reverse 82.60 -20.64 -16.15 -25.61
3 H+ HF - HF + H 42.10 -16.16 -14.54 -11.74
4 3 reverse 42.10 -16.16 -14.54 -11.74
5 H + HCI — HCl + H 17.80 -7.65 -8.70 -3.52
6 5 reverse 17.80 -7.65 -8.70 -3.52
7 CHsF + H — CH3 + HF 30.50 -14.59 -16.27 -13.72
8 7 reverse 56.90 -14.67 -14.72 -16.78
9 F: + H— F + HF 1.50 -12.86 -11.96 -4.40
10 9 reverse 104.80 -23.64 -20.19 -31.89
11 CHs + CIF — CHsF + Cl 7.10 -13.65 -16.48 -13.92
12 11 reverse 59.80 -17.84 -21.20 -21.38
13 CH3F + F~ — FCH3 + F~ -0.60 -4.92 -7.82  -7.55
14 13 reverse -0.60 -4.92 -7.82 -7.55
15 CH3F ...F~ — FCH;3 ... F~ 13.40 -6.56 -7.60 -9.05
16 15 reverse 13.40 -6.56 -7.60 -9.05
17 CH3Cl + CI™ — CICHs + Cl1™ 2.50 -6.07 -12.14 -7.19
18 17 reverse 2.50 -6.07 -12.14 -7.19
19 CH3Cl ... ClI™ — CICH3 ... CI™ 13.50 -7.82 -11.92 -8.53
20 19 reverse 13.50 -7.82 -11.92 -8.53
21 CH3Cl + F~ — CH3F + Cl1™ -12.30 -4.48 -9.01 -3.67
22 21 reverse 19.80 -6.59 -10.11 -11.89
23 F~ ... CH3Cl — CH3F ... ClI™ 3.50 -4.87 -6.96 -4.68
24 23 reverse 29.60 -8.80 -10.77 -13.34
25 CHsF + OH™ — HOCHs + F— -2.70 -4.60 -7.24  -7.27
26 25 reverse 17.60 -6.03 -11.40 -10.02
27 CHsF ... OH™ — HOCHj3 ... F~ 11.00 -6.61 -7.64 -9.11
28 27 reverse 47.70 -7.85 -12.15 -13.77
29 H + N2 — HNy 14.60 -9.34 -7.08 -2.83
30 29 reverse 10.90 -2.51 -4.61 -5.23
31 H + CO — HCO 3.20 -5.20 -4.32  -0.79
32 31 reverse 22.80 0.48 -2.64 -1.77
33 H + C3:H4y — CH3CH2 2.00 -2.72 -2.82 275
34 33 reverse 42.00 -3.80 -9.47  -9.02
35 CoH4 + CHs — CH3CH2CH- 6.40 -1.68 -2.58  0.95
36 35 reverse 33.00 -8.04 -14.19 -11.53
37 HCN — HNC 48.10 -1.30 -0.09 0.27
38 37 reverse 33.00 -1.11 -1.70  -2.83
39 H + HCI — Hs + Cl 6.10 -8.82 -8.35 -3.83
40 39 reverse 8.00 -5.46 -4.18 -2.93
41 OH + Hz — H + H20O 5.20 -8.50 -6.60 -9.31
42 41 reverse 21.60 -11.28 -10.74 -5.56
43 CHs + H, - CHs + H 11.90 -4.72 -3.22  -3.43
44 43 reverse 15.00 -7.36 =727 -3.17
45 CH4 + OH — CHs + H20 6.30 -8.74 -8.04 -11.04
46 45 reverse 19.50 -8.77 -8.13 -7.55
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Index Reaction Barrier Height Exact LC-wPBE SX-0.5
47 He + H— H + Ho» 9.70 -6.78 -5.17 -2.01
48 47 reverse 9.70 -6.78 -5.17  -2.01
49 NHs; + OH — NH> + H>O 3.40 -12.29 -12.65 -15.95
50 49 reverse 13.70 -11.78 -11.62 -12.93
51 CHs + HCl — CHy4 + Cl1 1.80 -5.20 -5.21  -4.66
52 51 reverse 6.80 -4.49 -5.09 -3.51
53 CoHg + OH — CoHs + H-O 3.50 -9.29 -8.91 -11.77
54 53 reverse 20.40 -7.89 -8.04 -7.08
55 F + H, — H + HF 1.60 -12.92 -8.90 -13.44
56 55 reverse 33.80 -13.45 -11.76  -4.91
57 O + CHy — OH + CHs 14.40 -12.49 -8.75 -12.63
58 57 reverse 890 -7.11 -6.76 -7.17
59 H + PH3; — Hy + PH» 2.90 -5.50 -5.63 -1.74
60 59 reverse 24.70 -2.60 -1.79  -0.33
61 H+ OH — O + Hsy 10.90 -9.34 -9.11  -5.80
62 61 reverse 13.20 -11.98 -7.04 -11.52
63 H + H2S — Hy + HS 3.90 -6.12 -6.10 -2.25
64 63 reverse 17.20 -2.70 -1.99 -0.89
65 O + HCl — OH + Cl 10.40 -19.02 -17.05 -20.64
66 65 reverse 9.90 -12.91 -14.94 -14.02
67 NH; + CH3z — NH + CHy4 8.90 -5.23 -6.19 -6.28
68 67 reverse 22.00 -8.59 -7.27  -7.86
69 NH;, + C2Hs — NH + CaHg 9.80 -3.72 -5.45 -5.40
70 69 reverse 19.40 -8.71 -7.48 -8.17
71 NH: + CoHg — NH3 + CoHj 11.30 -5.92 -6.56  -7.39
72 71 reverse 17.80 -4.93 -6.72 -5.73
73 NH; + CH4s — NHs + CHs 13.90 -5.80 -6.20 -7.07
74 73 reverse 16.90 -6.44 -7.31 -6.59
75 s-trans cis-CsHg — s-trans cis-CsHg 39.70 -3.87 -4.70 -5.03
76 75 reverse 39.70 -3.87 -4.70 -5.03
MD -8.05 -8.65 -7.88

MAD 8.06 8.65 7.99

RMSD  9.28 9.66 9.84

MAPE 117.27 262.28

445.31

TABLE S42: Deviations (in kcal/mol) from the GMTKN reference val-
ues (Exact) and various functionals for the BH76RC set using BLYP.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Reaction Energy” and
“Exact” columns yields the corresponding BLYP reaction energy.

Index Reaction

Reaction Energy Exact LC-wPBE SX-0.5

== O 00 O Ol WND

= O

H + N2O — OH + N» -64.91 11.49 6.63
H + CH3F — HF + CHs -26.32  0.00 -1.55
H+ F; - HF + F -103.28 10.76 8.23
CHs + CIF — CH3F + Cl -52.64 4.13 4.72
CH3Cl + F~ — CH3F + Cl1™ -32.16  2.17 1.10
F~ ... CH3Cl — CH3F ... C1I™ -26.12  3.94 3.82
CHsF + OH™ — HOCH3 + F~ -20.32 1.45 4.16
CHszF ... OH™ — HOCHs ... F~ -36.71  1.25 4.51
H + N2 — HN; 3.69 -6.81 -2.47
H + CO — HCO -19.55 -5.74 -1.68

19.88
3.06
27.49
7.46
8.22
8.66
2.75
4.66
2.40
0.98
11.77
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Index Reaction

Reaction Energy Exact LC-wPBE SX-0.5

12 CoHy + CH3 —+ CH3CH2CHs -26.56 6.32 11.61 12.48
13 HCN — HNC -15.06 0.15 -1.61 -3.09
14 H + HCI — Hsy + Cl -1.90 -3.36 -4.17 -0.90
15 Hs + OH — H + H20 -16.39  2.77 4.13 -3.75
16 H; + CH3 — H + CHy -3.11  2.65 4.05 -0.26
17 OH + CH4 — H2O + CHs -13.28 0.12 0.08 -3.49
18 OH + NH3 — H20 + NHa -10.32 -0.48 -1.03 -3.02
19 CHs + HCl — CHy4 + Cl1 -5.01 -0.70 -0.12 -1.16
20 OH + CoHg — H20 + CoHs -16.84 -1.46 -0.87 -4.69
21 H, + F - H + HF -32.22  0.55 2.86 -8.53
22 O + CHy — OH + CHs 5.44 -5.33 -1.99 -5.46
23 H + PH; — Hs + PH> -21.74 -2.96 -3.84 -1.41
24 H+ OH —H: + 0 -2.32  2.66 -2.06 5.72
25 H + H»S — Hy + HS -13.26 -3.46 -4.10 -1.37
26 O + HCI — OH + C1 0.42 -6.02 -2.11  -6.62
27 NH; + CH3z — NH + CHy4 -13.12  3.37 1.08 1.58
28 NH; + C2Hs — NH + C3Hg -9.56 4.95 2.03 2.77
29 NH: + C2Hg — NHs + C2Hs -6.52 -0.98 0.16 -1.67
30 NH; + CH4 — NHs + CHs -2.96 0.60 1.11  -047
MD 0.77 1.31 2.47

MAD 3.26 3.15  5.53

RMSD 4.35 4.05  8.07

MAPE 80.61 47.34 54.06
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D. SCAN

TABLE S43: Deviations (in kcal/mol) from the GMTKN reference
values (Exact) and various functionals for the BH76 set using SCAN.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Barrier Height” and

“Exact” columns yields the corresponding SCAN barrier height.

Index Reaction Barrier Height Exact LC-wPBE SX-0.5 SCAN-FLOSIC
1 H + N.O — N2 + OH 17.70 -8.64 -8.73  -4.94 -1.70
2 1 reverse 82.60 -16.49 -13.07 -22.53 -34.55
3 H + HF — HF + H 42.10 -13.46 -11.88  -9.07 -20.47
4 3 reverse 42.10 -13.46 -11.88  -9.07 -20.47
5 H + HCl — HC1 + H 17.80 -7.96 -9.35 -4.18 -9.02
6 5 reverse 17.80 -7.96 -9.35 -4.18 -9.02
7 CH3F + H — CHs + HF 30.50 -10.94 -12.31  -9.76 -18.17
8 7 reverse 56.90 -10.58 -10.59 -12.65 -13.90
9 F: + H— F + HF 1.50 -12.73 -11.78  -4.22 -6.60
10 9 reverse 104.80 -16.24 -12.76 -24.46 -15.84
11 CHj3 + CIF — CH3F + C1 7.10 -12.20 -13.88 -11.33 -11.37
12 11 reverse 59.80 -13.94 -17.40 -17.58 -14.76
13 CHsF + F~ — FCHs + F~ -0.60 -7.65 -8.78 -8.52 -9.19
14 13 reverse -0.60 -7.65 -8.78 -8.52 -9.19
15 CH3F ...F~ — FCHsz ... F~ 13.40 -5.87 -6.17 -7.62 -8.12
16 15 reverse 13.40 -5.87 -6.17 -7.62 -8.12
17 CH3Cl + CI™ — CICH;3 + Cl1™ 2.50 -8.60 -13.29 -8.34 -7.07
18 17 reverse 2.50 -8.60 -13.29 -8.34 -7.07
19 CHs3Cl...Cl™ — CICHs ... ClI™ 13.50 -7.45 -10.75 -7.35 -6.34
20 19 reverse 13.50 -7.45 -10.75 -7.35 -6.34
21 CHsCl + F~ — CHsF + ClI™ -12.30 -9.42 -12.09 -6.76 -5.16
22 21 reverse 19.80 -5.46 -8.14 -9.92 -11.23
23 F~ ... CH3Cl — CH3F ... ClI™ 3.50 -5.57 -6.99 -4.71 -3.57
24 23 reverse 29.60 -5.24 -6.89  -9.46 -10.70
25 CHsF + OH™ — HOCHgs + F~ -2.70 -8.45 -8.24 -8.27 -8.97
26 25 reverse 17.60 -7.73 -11.95 -10.58 -9.15
27 CH3F ... OH™ — HOCHjs ... F~ 11.00 -7.06 -6.44 -7.90 -8.44
28 27 reverse 47.70 -3.79 -8.28 -9.89 -8.38
29 H + N> — HN, 14.60 -10.35 -8.15  -3.90 -6.37
30 29 reverse 10.90 -1.11 -3.34  -3.96 -9.02
31 H + CO — HCO 3.20 -6.91 -6.05 -2.53 -3.08
32 31 reverse 22.80 1.37 -1.89 -1.03 -3.11
33 H + C;H4 — CH3CH> 2.00 -6.43 -6.58 -1.02 -1.51
34 33 reverse 42.00 1.32 -4.58 -4.14 -4.10
35 CoH4 + CHs — CH3CH2CH- 6.40 -5.67 -6.65 -3.13 -0.92
36 35 reverse 33.00 -1.99 -8.37 -5.72 -5.36
37 HCN — HNC 48.10 -2.03 -0.68 -0.32 -1.33
38 37 reverse 33.00 -1.04 -1.32 -2.44 -3.01
39 H + HCl — Hs + Cl 6.10 -7.53 -7.33 -2.81 -5.10
40 39 reverse 8.00 -7.93 -6.08 -4.84 -6.48
41 OH + Hy — H + H20 5.20 -7.32 -5.20 -7.91 -9.97
42 41 reverse 21.60 -10.51 -10.10 -4.92 -0.87
43 CHs + Ho, —» CHs + H 11.90 -4.71 -3.14 -3.36 -1.94
44 43 reverse 15.00 -7.96 -7.98 -3.89 -4.63
45 CH4 + OH — CHs + H20 6.30 -7.90 -7.01 -10.01 -12.70

45 reverse 19.50 -7.75 -7.07

-6.49

-0.92
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Index Reaction

Barrier Height

Exact LC-wPBE SX-0.5 SCAN-FLOSIC

47 He + H— H + Ho» 9.70 -7.28 -5.69 -2.53 -4.45
48 47 reverse 9.70 -7.28 -5.69 -2.53 -4.45
49 NHs; + OH — NH: + H;O 3.40 -10.83 -10.84 -14.14 -16.78
50 49 reverse 13.70 -10.51 -10.22 -11.53 -11.15
51 CHs + HCl — CHy4 + Cl 1.80 -4.85 -4.77  -4.22 -2.48
52 51 reverse 6.80 -8.51 -8.36  -6.77 -6.55
53 C2Hg + OH — C2Hs + H2O 3.50 -8.30 -7.69 -10.54 -13.14
54 53 reverse 20.40 -7.35 -7.48 -6.51 -1.16
55 F + Hy - H + HF 1.60 -9.36 -5.06 -9.61 -11.08
56 55 reverse 33.80 -11.62 -10.16 -3.32 4.08
57 O + CHy — OH + CHs 14.40 -12.28 -8.49 -12.37 -13.58
58 57 reverse 8.90 -5.57 -5.11 -5.52 -5.33
59 H + PH3; — Hy + PH» 2.90 -6.09 -6.27 -2.38 -3.94
60 59 reverse 24.70 -5.21 -4.25 -2.79 -2.91
61 H+ OH — O + Hsy 10.90 -7.71 -7.45 -4.14 -7.87
62 61 reverse 13.20 -11.06 -5.99 -10.47 -13.44
63 H + H2S — Hy + HS 3.90 -6.62 -6.66 -2.82 -4.36
64 63 reverse 17.20 -6.12 -4.92 -3.81 -4.17
65 O + HCl — OH + Cl 10.40 -14.45 -12.17 -15.76 -17.40
66 65 reverse 9.90 -11.40 -12.38 -11.46 -13.22
67 NH; + CH3z — NH + CHy4 8.90 -4.45 -5.16 -5.25 -5.69
68 67 reverse 22.00 -9.52 -8.35 -8.94 -8.37
69 NH;, + C2Hs — NH + C2Hg 9.80 -3.80 -5.28 -5.23 -4.96
70 69 reverse 19.40 -9.85 -8.74 -9.43 -7.83
71 NH: + CsHg — NH3 + CoHj 11.30 -6.47 -7.04  -7.87 -9.62
72 71 reverse 17.80 -5.75 -7.44 -6.45 -3.27
73 NH:; + CHy — NH3 + CHs 13.90 -6.21 -6.58 -7.45 -8.99
74 73 reverse 16.90 -6.48 -7.26 -6.54 -2.84
75 s-trans cis-CsHg — s-trans cis-CsHg 39.70 -6.09 -6.85 -7.17 -23.19
76 75 reverse 39.70 -6.09 -6.85 -7.17 -23.19
MD -7.44 -8.04 -7.27 -8.35

MAD 7.50 8.04 7.27 8.46

RMSD 8.22 8.61  8.47 10.41

MAPE 119.90 282.13 502.08 128.40

TABLE S44: Deviations (in kcal/mol) from the GMTKN reference val-
ues (Exact) and various functionals for the BH7T6RC set using SCAN.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Reaction Energy” and
“Exact” columns yields the corresponding SCAN reaction energy.

Index Reaction

Reaction Energy

Exact LC-wPBE SX-0.5 SCAN-FLOSIC

== O 00 g0 Ok W -

= o

H + N2O — OH + N» -64.91 7.86 4.34 17.60
H + CH3F — HF + CHs -26.32 -0.44 -1.72 2.89
H+ F, - HF + F -103.28  3.49 0.98 20.24
CHs + CIF — CH3F + Cl -52.64 1.68 3.51  6.26
CH3Cl + F~ — CH3F + Cl1™ -32.16 -3.90 -3.96  3.16
F~ ... CH3Cl — CH3F ... C1I™ -26.12 -0.31 -0.10  4.74
CHsF + OH™ — HOCH3 + F~ -20.32 -0.70 3.71 231
CHszF ... OH™ — HOCHs ... -36.71 -3.26 1.84 1.99
H + N2 — HN» 3.69 -9.23 -4.81  0.06
H + CO — HCO -19.55 -8.33 -4.16 -1.50
H + CHy — CoHs -40.02 -7.73 -2.00  3.12

32.84
-4.27
9.24
3.39
6.07
7.13
0.18
-0.07
2.65
0.03
2.59
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Index Reaction

Reaction Energy Exact LC-wPBE SX-0.5 SCAN-FLOSIC

12 C2Hy + CH3 — CH3CH2CH» -26.56 -3.72 1.72  2.59 4.45
13 HCN — HNC -15.06 0.95 -0.64 -2.12 -1.68
14 H + HCl — Hy + Cl -1.90 0.40 -1.25  2.02 1.39
15 Hs + OH — H + H20 -16.39  3.19 4.90 -2.99 -9.10
16 Hy + CHs — H + CHy -3.11  3.26 4.84  0.53 2.68
17 OH + CHy — H20 + CH3 -13.28 -0.08 0.06 -3.52 -11.79
18 OH + NH3 — H20 + NH» -10.32 -0.30 -0.62 -2.61 -5.63
19 CHs + HCl — CHy + C1 -5.01  3.66 3.59 255 4.07
20 OH + C3Hs — H20 + CqoHs -16.84 -1.00 -0.22  -4.03 -11.98
21 H, + F —-H + HF -32.22  2.28 5.10 -6.29 -15.16
22 O + CH4y — OH + CHs 5.44 -6.65 -3.38  -6.85 -8.25
23 H + PH3 — Hs + PH» -21.74 -0.93 -2.02  0.40 -1.03
24 H+OH—=H: +0 -2.32 3.38 -1.46  6.32 5.57
25 H + H2S — Hs + HS -13.26 -0.54 -1.74  1.00 -0.19
26 O + HCl — OH + C1 0.42 -2.97 0.20 -4.30 -4.18
27 NH; + CHs — NH + CHy -13.12  5.09 3.19  3.69 2.68
28 NH> + C2Hs — NH + C2Hs -9.56  6.01 3.46  4.20 2.87
29 NH, + C2Hs — NH3 + CoHs -6.52 -0.70 0.41 -1.42 -6.35
30 NH; + CH4s — NH3 + CHs -2.96 0.23 0.68 -0.91 -6.16
MD -0.06 048 1.64 0.07

MAD 3.12 2.35  4.07 5.79

RMSD 4.18 2.87  5.96 8.53

MAPE 62.93 50.58 50.12 109.14
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E. r’SCAN

TABLE S45:  Deviations (in kcal/mol) from the GMTKN reference
values (Exact) and various functionals for the BH76 set using r2SCAN.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Barrier Height” and

“Exact” columns yields the corresponding r2SCAN barrier height.

Index Reaction

Barrier Height

Exact LC-wPBE SX-0.5 SCAN-FLOSIC

© 00 O Ui WK+

H + N.O — N2 + OH 17.70 -7.71 =771 -3.92 -0.78
1 reverse 82.60 -17.96 -14.53 -23.99 -36.02
H+ HF - HF + H 42.10 -13.09 -11.51 -8.70 -20.10
3 reverse 42.10 -13.09 -11.51 -8.70 -20.10
H + HCl — HCl1 + H 17.80 -7.73 -9.14 -3.97 -8.79
5 reverse 17.80 -7.73 -9.14 -3.97 -8.79
CH3F + H — CHs + HF 30.50 -11.60 -13.01 -10.46 -18.83
7 reverse 56.90 -9.99 -10.05 -12.10 -13.31
Fs + H— F + HF 1.50 -11.11 -10.09 -2.53 -4.97
9 reverse 104.80 -15.13 -11.39 -23.09 -14.72
CHj3 + CIF — CH3F + C1 7.10 -11.32 -13.14 -10.58 -10.50
11 reverse 59.80 -14.01 -17.51 -17.69 -14.83
CHsF + F~ — FCHs + F~ -0.60 -6.92 -7.98 -7.72 -8.47
13 reverse -0.60 -6.92 -7.98 -7.72 -8.47
CH3F ...F~ — FCHsz ... F~ 13.40 -5.50 -5.75  -7.20 -7.75
15 reverse 13.40 -5.50 -5.75  -7.20 -7.75
CH3Cl + CI™ — CICH;3 + Cl1™ 2.50 -7.06 -11.76  -6.81 -5.53
17 reverse 2.50 -7.06 -11.76  -6.81 -5.53
CH3Cl...Cl™ — CICH3 ... Cl™ 13.50 -6.37 -9.68 -6.29 -5.27
19 reverse 13.50 -6.37 -9.68 -6.29 -5.27
CHsCl + F~ — CHsF + ClI™ -12.30 -8.06 -10.63  -5.29 -3.80
21 reverse 19.80 -5.29 -7.92 -9.70 -11.06
F~ ... CH3Cl — CH3F ... ClI™ 3.50 -4.83 -6.19 -3.91 -2.83
23 reverse 29.60 -5.38 -6.96 -9.53 -10.84
CHsF + OH™ — HOCHs + F~ -2.70 -7.67 -7.42  -7.45 -8.20
25 reverse 17.60 -6.67 -10.80 -9.43 -8.09
CH3F ... OH™ — HOCHjs ... F~ 11.00 -6.69 -6.00 -7.46 -8.07
27 reverse 47.70 -3.13 -7.54 -9.16 -7.71
H + N2 — HNy 14.60 -9.99 -7.73 -3.48 -6.01
29 reverse 10.90 -1.63 -3.83 -4.44 -9.54
H + CO — HCO 3.20 -6.50 -5.66 -2.13 -2.67
31 reverse 22.80 1.10 -2.17  -1.30 -3.38
H + C;H4y — CH3CH> 2.00 -5.11 -5.27  0.29 -0.19
33 reverse 42.00 1.13 -4.77  -4.33 -4.29
CoHy + CH3; — CH3CH2CHs 6.40 -3.86 -4.81 -1.28 0.89
35 reverse 33.00 -1.64 -8.00 -5.34 -5.02
HCN — HNC 48.10 -2.10 -0.69 -0.33 -1.41
37 reverse 33.00 -1.49 -1.75  -2.87 -3.46
H + HCl — Hs + Cl 6.10 -6.31 -6.04 -1.52 -3.88
39 reverse 8.00 -7.36 =547 -4.22 -5.92
OH + Hy — H + H20 5.20 -6.76 -4.61 -7.32 -9.41
41 reverse 21.60 -8.94 -8.55 -3.37 0.70
CHs + H, — CHy + H 11.90 -4.28 -2.73  -2.94 -1.52
43 reverse 15.00 -7.05 -7.06 -2.96 -3.72
CH4 + OH — CHs + H20 6.30 -7.27 -6.29 -9.29 -12.07
45 reverse 19.50 -6.59 -5.90 -5.32 0.25
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Index Reaction Barrier Height Exact LC-wPBE SX-0.5 SCAN-FLOSIC
47 Ho +H—H + Hs 9.70 -7.13 -5.55  -2.39 -4.30
48 47 reverse 9.70 -7.13 -5.55 -2.39 -4.30
49 NHs; + OH — NHy + H»O 3.40 -10.25 -10.22 -13.51 -16.20
50 49 reverse 13.70 -9.69 -9.39 -10.70 -10.33
51 CHs + HCl — CHy4 + Cl 1.80 -4.53 -4.48  -3.92 -2.16
52 51 reverse 6.80 -8.36 -8.24 -6.65 -6.40
53 C2Hg + OH — C2Hs + H2O 3.50 -7.80 -7.15 -10.01 -12.64
54 53 reverse 20.40 -6.23 -6.31 -5.35 -0.04
55 F + H; — H + HF 1.60 -8.88 -4.55 -9.10 -10.60
56 55 reverse 33.80 -9.85 -8.39 -1.54 5.84
57 O + CHy — OH + CHs 14.40 -11.49 -7.65 -11.53 -12.79
58 57 reverse 890 -5.34 -4.83 -5.23 -5.10
59 H + PH3; — Hs + PHs 2.90 -6.05 -6.23 -2.34 -3.90
60 59 reverse 24.70 -4.63 -3.68 -2.22 -2.33
61 H+ OH — O + Hsy 10.90 -7.79 -7.48 -4.18 -7.95
62 61 reverse 13.20 -11.07 -5.98 -10.45 -13.45
63 H + H2S — Hy + HS 3.90 -6.40 -6.42 -2.58 -4.14
64 63 reverse 17.20 -6.06 -4.87 -3.76 -4.11
65 O + HCl — OH + Cl 10.40 -14.47 -12.17 -15.76 -17.42
66 65 reverse 9.90 -12.15 -13.11 -12.19 -13.97
67 NH; + CH3z — NH + CHy4 8.90 -4.28 -5.02 -5.11 -5.53
68 67 reverse 22.00 -8.58 -7.39  -7.98 -7.43
69 NH: + CoHs — NH + C3Hg 9.80 -3.67 -5.16 -5.11 -4.83
70 69 reverse 19.40 -9.05 -7.98 -8.66 -7.03
71 NH, + C2Hg — NH3z + CoHs 11.30 -5.84 -6.41 -7.24 -8.99
72 71 reverse 17.80 -4.74 -6.39 -5.40 -2.26
73 NH; + CH4s — NHs + CHs 13.90 -5.45 -5.76  -6.63 -8.23
74 73 reverse 16.90 -5.43 -6.19 -5.48 -1.79
75 s-trans cis-CsHg — s-trans cis-CsHg 39.70 -6.65 -7.39  -7.72 -23.75
76 75 reverse 39.70 -6.65 -7.39 -7.72 -23.75
MD -6.91 -7.52  -6.75 -7.85

MAD  6.96 7.52  6.75 8.06

RMSD 7.75 8.10 8.09 10.23

MAPE 107.42 254.65 453.05 115.36

TABLE S46: Deviations (in kcal/mol) from the GMTKN reference val-
ues (Exact) and various functionals for the BH76RC set using r>SCAN.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Reaction Energy” and
“Exact” columns yields the corresponding r2SCAN reaction energy.

Index Reaction Reaction Energy Exact LC-wPBE SX-0.5 SCAN-FLOSIC
1 H + N2O — OH + N, -64.91 10.26 6.82 20.08 35.24
2 H + CH3F — HF + CHs -26.32 -1.69 -2.96  1.64 -5.92
3 H+Fy - HF + F -103.28  4.00 1.30 20.57 9.75
4 CHs + CIF — CH3F + Cl -52.64 2.63 437 7.11 4.33
5 CHsCl + F~ — CH3F + ClI™ -32.16 -2.71 -2.71 441 7.26
6 F~ ... CH3Cl — CH3F ... CI™ -26.12  0.57 0.78  5.63 8.01
7 CH3F + OH™ — HOCH3 + F~ -20.32 -0.98 3.38  1.97 -0.10
8 CHsF ... OH™ — HOCHs3 ... F~ -36.71 -3.55 1.55  1.70 -0.36
9 H + N2 — HNy 3.69 -8.35 -3.90 0.97 3.53
10 H + CO — HCO -19.55 -7.65 -3.49  -0.83 0.71
11 H + C2Hy — CoHs -40.02 -6.21 -0.50 4.61 4.10



Index Reaction

Reaction Energy Exact LC-wPBE SX-0.5 SCAN-FLOSIC

12 CoH4 + CH3 — CH3CH2CH, -26.56 -2.25 3.19  4.06 5.91
13 HCN — HNC -15.06 0.57 -1.06  -2.55 -2.05
14 H + HCl — Hy + Cl -1.90 1.06 -0.57  2.70 2.04
15 H; + OH — H + H20 -16.39  2.17 3.93 -3.95 -10.11
16 Hy + CHs — H + CHy -3.11 2.78 4.33  0.02 2.20
17 OH + CHy — H20 + CH3 -13.28 -0.60 -0.40 -3.97 -12.31
18 OH + NH3 — H20 + NH» -10.32 -0.54 -0.83 -2.82 -5.87
19 CHs + HCl — CHy + C1 -5.01  3.83 3.76  2.73 4.24
20 OH + C3Hs — H20 + Cq2Hs -16.84 -1.63 -0.85 -4.66 -12.60
21 H, + F —H + HF -32.22 0.99 3.84 -7.56 -16.44
22 O + CH4y — OH + CHs 5.44 -6.09 -2.83  -6.30 -7.69
23 H + PHs; — Hy + PH» -21.74 -1.48 -2.55 -0.13 -1.57
24 H+OH-—=H: +0O -2.32 3.30 -1.50  6.28 5.49
25 H + H2S — Hz + HS -13.26 -0.38 -1.55 1.18 -0.03
26 O + HCl — OH + C1 0.42 -2.24 0.93 -3.57 -3.45
27 NH. + CH3z — NH + CHy4 -13.12 431 237 287 1.91
28 NH> + C2Hs — NH + C2Hs -9.56  5.34 2.82  3.56 2.19
29 NH, + C2Hg — NH3 + CoHs -6.52 -1.08 -0.02 -1.84 -6.73
30 NH; + CH4s — NH3 + CHs -2.96 -0.06 0.43 -1.16 -6.45
MD 0.06 0.60 1.76 0.19

MAD 298 2.32  4.38 6.27

RMSD 4.03 2.80 6.42 9.16

MAPE 54.58 42,79 41.47 112.81
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F. MO06-L

TABLE S47:  Deviations (in kcal/mol) from the GMTKN reference
values (Exact) and various functionals for the BH76 set using MO06-L.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Barrier Height” and
“Exact” columns yields the corresponding M06-L barrier height.

Index Reaction Barrier Height Exact LC-wPBE SX-0.5
1 H + N2O — N2 + OH 17.70 1.61 1.25 5.04
2 1 reverse 82.60 -15.92 -11.43 -20.89
3 H+ HF - HF + H 42.10 -1.56 0.06 2.87
4 3 reverse 42.10 -1.56 0.06 2.87
5 H + HCl — HCl + H 17.80 0.30 -0.75  4.43
6 5 reverse 17.80 0.30 -0.75  4.43
7 CH3F + H — CHs + HF 30.50 -2.28 -3.97 -1.42
8 7 reverse 56.90 -6.06 -6.12 -8.17
9 F: + H— F + HF 1.50 -4.76 -3.86  3.70
10 9 reverse 104.80 -9.98 -6.53 -18.23
11 CH;3 + CIF — CH3F + C1 7.10 -11.28 -14.11 -11.55
12 11 reverse 59.80 -12.22 -15.57 -15.76
13 CH3F + F~ — FCH3 + F~ -0.60 -2.49 -5.38  -5.12
14 13 reverse -0.60 -2.49 -5.38 -5.12
15 CH3F ...F~ — FCHs3 ... F~ 13.40 -2.58 -3.62  -5.07
16 15 reverse 13.40 -2.58 -3.62 -5.07
17 CH3Cl + CI™ — CICHs + Cl1™ 2.50 -3.12 -9.18 -4.23
18 17 reverse 2.50 -3.12 -9.18 -4.23
19 CHsCl...Cl™ — CICHs ... ClI™ 13.50 -3.03 -7.13  -3.74
20 19 reverse 13.50 -3.03 -7.13 -3.74
21 CH3Cl + F~ — CH3F + Cl1™ -12.30 -4.29 -8.82 -3.48
22 21 reverse 19.80 -1.24 -4.76  -6.54
23 F~ ... CH3Cl — CH3F ... ClI™ 3.50 -2.49 -4.57 -2.29
24 23 reverse 29.60 -2.06 -4.04 -6.61
25 CHsF + OH™ — HOCHs + F~ -2.70 -1.70 -4.33  -4.36
26 25 reverse 17.60 -2.69 -8.05 -6.68
27 CH3F ... OH™ — HOCHs ... F~ 11.00 -2.45 -3.48 -4.95
28 27 reverse 47.70 -2.38 -6.69 -8.30
29 H + N2 — HNy 14.60 -3.88 -1.62  2.63
30 29 reverse 10.90 -0.10 -2.20 -2.82
31 H + CO — HCO 3.20 -0.55 0.33 3.86
32 31 reverse 22.80 2.96 -0.16 0.70
33 H + C;Hy — CH3CH> 2.00 1.43 1.33 6.89
34 33 reverse 42.00 3.58 -2.09 -1.65
35 C2H4 + CHs — CH3CH2CH, 6.40 -2.47 -3.37  0.15
36 35 reverse 33.00 -1.43 -7.58 -4.93
37 HCN — HNC 48.10 0.08 1.29 1.65
38 37 reverse 33.00 -0.04 -0.63 -1.75
39 H + HCl — Hsy + Cl 6.10 -2.48 -2.01 2.51
40 39 reverse 8.00 -6.59 -5.31 -4.07
41 OH + Hy — H + H20 5.20 -4.88 -2.98 -5.69
42 41 reverse 21.60 -6.00 -5.45 -0.27
43 CHs + H, - CHy + H 11.90 -4.94 -3.44 -3.65
44 43 reverse 15.00 -1.26 -1.17 2.93
45 CH4 + OH — CHs + H2O 6.30 -2.51 -1.82 -4.81
46 45 reverse 19.50 -7.21 -6.56 -5.98
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Index Reaction Barrier Height Exact LC-wPBE SX-0.5
47 He + H— H + Ho 9.70 -2.80 -1.20 1.96
48 47 reverse 9.70 -2.80 -1.20 1.96
49 NH;3; + OH — NH, + H20 3.40 -5.70 -6.06 -9.36
50 49 reverse 13.70 -6.88 -6.72 -8.03
51 CHs + HCI — CH4 + Cl 1.80 -3.87 -3.88 -3.32
52 51 reverse 6.80 -4.30 -4.91 -3.32
53 C2Hg + OH — C3Hs + H20O 3.50 -3.51 -3.14 -5.99
54 53 reverse 20.40 -6.38 -6.53 -5.57
55 F + H: - H + HF 1.60 -7.10 -3.07  -7.62
56 55 reverse 33.80 -8.78 -7.09 -0.24
57 O + CHy — OH + CHs 14.40 -4.13 -0.39 -4.27
58 57 reverse 8.90 -5.53 -5.19 -5.59
59 H + PH; — Hy + PH» 2.90 -0.02 -0.15  3.73
60 59 reverse 24.70 -4.31 -3.50 -2.04
61 H+ OH — O + Ha 10.90 -4.05 -3.82  -0.51
62 61 reverse 13.20 -6.23 -1.29 -5.77
63 H + H2S — Hy + HS 3.90 -0.37 -0.35  3.49
64 63 reverse 17.20 -3.88 -3.18  -2.08
65 O + HCl — OH + Cl 10.40 -8.67 -6.71 -10.29
66 65 reverse 9.90 -10.51 -12.54 -11.62
67 NH; + CH3z; — NH + CHy4 8.90 -4.01 -4.97 -5.05
68 67 reverse 22.00 -4.21 -2.89 -3.48
69 NH; + C2Hs — NH + C3Hg 9.80 -2.47 -4.20 -4.15
70 69 reverse 19.40 -4.70 -3.48 -4.16
71 NHs; + CsHg — NH3 + CoHs 11.30 -1.58 -2.22  -3.05
72 71 reverse 17.80 -3.16 -4.95 -3.96
73 NH; + CH4s — NHs + CHs 13.90 -1.11 -1.51 -2.38
74 73 reverse 16.90 -4.72 -5.59 -4.88
75 s-trans cis-CsHg — s-trans cis-CsHg 39.70 -2.24 -3.08 -3.40
76 75 reverse 39.70 -2.24 -3.08  -3.40
MD -3.58 -4.18 -3.41

MAD 3.84 4.29  4.88

RMSD 4.86 5.36  6.07

MAPE 56.11 141.32 354.73

TABLE S48: Deviations (in kcal/mol) from the GMTKN reference val-
ues (Exact) and various functionals for the BH76RC set using MO06-L.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Reaction Energy” and
“Exact” columns yields the corresponding M06-L reaction energy.

Index Reaction Reaction Energy Exact LC-wPBE SX-0.5
1 H + N2O — OH + N, -64.91 17.53 12.67 25.93
2 H + CH3F — HF + CHs -26.32  3.70 215  6.75
3 H+ F; - HF + F -103.28  5.20 2.67 2193
4 CHs + CIF — CH3F + Cl -52.64 0.88 147 4.21
5 CH3Cl + F~ — CH3F + Cl1™ -32.16 -3.00 -4.06  3.06
6 F~ ... CH3Cl — CH3F ... CI™ -26.12 -0.40 -0.53  4.32
7 CHs3F + OH™ — HOCHs + F~ -20.32 1.01 3.72 2.32
8 CHsF ... OH™ — HOCHs3 ... F~ -36.71 -0.06 3.21  3.36
9 H + N2 — HN2 3.69 -3.77 0.58 5.44
10 H + CO — HCO -19.55 -3.56 0.50 3.16
11 H + C3H4 — CoHs -40.02 -2.13 3.42 854



Index Reaction

Reaction Energy Exact LC-wPBE SX-0.5

12 CoHy4 + CH3 — CH3CH2CHs -26.56 -1.08 4.21 5.08
13 HCN — HNC -15.06 -0.16 -1.92  -3.40
14 H + HCI — Hy + Cl -1.90 4.12 3.30  6.58
15 Hs + OH — H + H20 -16.39 1.11 2.47  -5.42
16 Hs + CHs — H + CHy -3.11 -3.67 -2.27  -6.58
17 OH + CH4 — H2O + CHs -13.28 4.78 4.74 1.17
18 OH + NH3 — H20 + NHa -10.32  1.21 0.66 -1.33
19 CHs + HCl — CHy4 + C1 -5.01 0.45 1.03 -0.00
20 OH + C2Hg — H20 + CoHs -16.84 2.81 3.39 -0.42
21 Hy + F - H + HF -32.22  1.70 4.01 -7.38
22 O + CHy — OH + CHs 5.44 1.46 4.80 1.33
23 H + PH3; — Hy + PH» -21.74  4.23 3.35 5.78
24 H+ OH —- Hs + O =232 2.20 -2.53 5.25
25 H + H2S — Hs + HS -13.26  3.47 2.83 5.57
26 O + HCI — OH + C1 0.42 1.92 5.83 1.32
27 NH; + CH3z — NH + CHy4 -13.12  0.22 -2.07 -1.57
29 NH: + C2Hg — NHs + C2Hs -6.52  1.60 2.73 091
30 NH: + CH4 — NHs + CHj3 -2.96 3.57 4.08 2.49
MD 1.58 2.12 3.28

MAD 2.77 3.06  5.02

RMSD 4.16 3.81 7.50

MAPE 46.93 46.10 146.10
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G. MN15-L

TABLE S49: Deviations (in kcal/mol) from the GMTKN reference
values (Exact) and various functionals for the BH76 set using MN15-L.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Barrier Height” and
“Exact” columns yields the corresponding MN15-L barrier height.

Index Reaction Barrier Height Exact LC-wPBE SX-0.5
1 H + N2O — N2 + OH 17.70 0.12 -0.24  3.55
2 1 reverse 82.60 -10.48 -5.99 -15.45
3 H+ HF - HF + H 42.10 -3.97 -2.35  0.45
4 3 reverse 42.10 -3.97 -2.35 0.45
5 H + HCl — HCl + H 17.80 -0.00 -1.05  4.13
6 5 reverse 17.80 -0.00 -1.05 4.13
7 CH3F + H — CHs + HF 30.50 -1.23 -2.92  -0.36
8 7 reverse 56.90 -3.28 -3.33  -5.39
9 F: + H— F + HF 1.50 -3.85 -2.95  4.61
10 9 reverse 104.80 -7.69 -4.24 -15.94
11 CH;3 + CIF — CH3F + C1 7.10 -6.23 -9.05 -6.49
12 11 reverse 59.80 -8.53 -11.88 -12.07
13 CHsF + F~ — FCHs + F~ -0.60 1.37 -1.53  -1.26
14 13 reverse -0.60 1.37 -1.63 -1.26
15 CH3F ...F~ — FCHs3 ... F~ 13.40 0.81 -0.23 -1.68
16 15 reverse 13.40 0.81 -0.23 -1.68
17 CH3Cl + CI™ — CICHs + Cl1™ 2.50 -0.67 -6.74 -1.79
18 17 reverse 2.50 -0.67 -6.74 -1.79
19 CHsCl...Cl™ — CICHs ... ClI™ 13.50 -0.24 -4.34 -0.95
20 19 reverse 13.50 -0.24 -4.34 -0.95
21 CH3Cl + F~ — CH3F + Cl1™ -12.30 -2.11 -6.63 -1.29
22 21 reverse 19.80 3.60 0.08 -1.70
23 F~ ... CH3Cl — CH3F ... ClI™ 3.50 -1.13 -3.22  -0.94
24 23 reverse 29.60 3.21 1.23 -1.34
25 CHsF + OH™ — HOCHs + F~ -2.70 2.95 0.31 0.28
26 25 reverse 17.60 0.44 -4.92 -3.55
27 CH3F ... OH™ — HOCHs ... F~ 11.00 2.16 1.13  -0.34
28 27 reverse 47.70 -1.09 -5.39 -7.01
29 H + N2 — HNy 14.60 -2.71 -0.45  3.80
30 29 reverse 10.90 -1.17 -3.27 -3.89
31 H + CO — HCO 3.20 -0.08 0.81 4.33
32 31 reverse 22.80 -1.15 -4.27 -3.41
33 H + C;H4y — CH3CH2 2.00 0.33 0.23 5.79
34 33 reverse 42.00 1.88 -3.78 -3.34
35 C2H4 + CHs — CH3CH2CH, 6.40 1.07 0.16  3.69
36 35 reverse 33.00 1.18 -4.97 -2.31
37 HCN — HNC 48.10 -4.22 -3.00 -2.65
38 37 reverse 33.00 -0.78 -1.37  -2.50
39 H + HCl — Hsy + Cl 6.10 1.11 1.57  6.09
40 39 reverse 8.00 0.37 1.65 2.89
41 OH + Hy — H + H20 5.20 1.97 3.86 1.15
42 41 reverse 21.60 -1.98 -1.43 3.75
43 CHs + H, - CHy + H 11.90 1.09 2.59  2.38
44 43 reverse 15.00 -1.73 -1.64 2.46
45 CH4 + OH — CHs + H2O 6.30 1.07 1.77 -1.23
46 45 reverse 19.50 0.06 0.71 1.28
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Index Reaction Barrier Height Exact LC-wPBE SX-0.5
47 He + H— H + Ho 9.70 -1.51 0.10 3.26
48 47 reverse 9.70 -1.51 0.10 3.26
49 NH;s; + OH — NH; + H2O 3.40 -0.89 -1.25  -4.55
50 49 reverse 13.70 -1.10 -0.94 -2.25
51 CHs + HCI — CH4 + Cl 1.80 1.73 1.72 227
52 51 reverse 6.80 -1.83 -2.44 -0.85
53 CsHe + OH — C2Hs + H2O 3.50 0.49 0.86 -1.99
54 53 reverse 20.40 0.22 0.07 1.03
55 F + H: - H + HF 1.60 -0.31 3.71 -0.84
56 55 reverse 33.80 -3.97 -2.27  4.57
57 O + CHy — OH + CHs 14.40 -1.26 2.48 -1.40
58 57 reverse 8.90 -0.43 -0.08 -0.49
59 H + PHs; — Hz + PHs 2.90 0.17 0.04 3.92
60 59 reverse 24.70 0.97 1.77 3.23
61 H+ OH — O + Ha 10.90 -2.81 -2.57  0.73
62 61 reverse 13.20 -0.72 4.22  -0.26
63 H + H2S — Hy + HS 3.90 -0.09 -0.07  3.77
64 63 reverse 17.20 0.27 0.98 2.08
65 O + HCl — OH + Cl 10.40 -2.81 -0.85 -4.43
66 65 reverse 9.90 -5.54 -7.56 -6.64
67 NH: + CHs — NH + CHy 8.90 0.42 -0.54 -0.63
68 67 reverse 22.00 -1.20 0.11 -0.48
69 NH: + C2Hs — NH + C2Hg 9.80 0.81 -0.93 -0.87
70 69 reverse 19.40 -1.76 -0.563 -1.22
71 NHs; + CsHg — NH3 + CoHs 11.30 0.79 0.15 -0.68
72 71 reverse 17.80 0.83 -0.96 0.03
73 NH; + CH4s — NHs + CHs 13.90 1.27 0.87  0.00
74 73 reverse 16.90 0.36 -0.51 0.21
75 s-trans cis-CsHg — s-trans cis-CsHg 39.70 -2.13 -2.96 -3.29
76 75 reverse 39.70 -2.13 -2.96 -3.29
MD -0.87 -1.47  -0.70

MAD 1.80 2.34 290

RMSD 2.65 3.29  4.12

MAPE 2341 34.81 187.31

TABLE S50: Deviations (in kcal/mol) from the GMTKN reference val-
ues (Exact) and various functionals for the BH76RC set using MN15-L.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Reaction Energy” and
“Exact” columns yields the corresponding MN15-L reaction energy.

Index Reaction Reaction Energy Exact LC-wPBE SX-0.5
1 H + N2O — OH + N» -64.91 10.61 5.75 19.00
2 H + CH3F — HF + CHs -26.32  1.97 0.41  5.02
3 H+F;, - HF + F -103.28 3.82 1.29 20.55
4 CHs + CIF — CH3F + Cl -52.64 2.24 2.83  5.57
5 CH3Cl + F~ — CH3F + ClI™ -32.16 -5.65 -6.71 041
6 F~ ... CH3Cl — CH3F ... C1™ -26.12 -4.32 -4.45  0.40
7 CHsF + OH™ — HOCH3 + F~ -20.32  2.53 5.24  3.83
8 CHsF ... OH™ — HOCHs3 ... F~ -36.71  3.25 6.52  6.67
9 H + N2 — HNy 3.69 -1.52 2.82  7.69
10 H + CO — HCO -19.55 1.02 5.08 7.74
11 H + CoHy — CoHs -40.02 -1.54 4.01 9.13
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Index Reaction

Reaction Energy Exact LC-wPBE SX-0.5

12 CyoH4 + CH3s — CH3CH2CH> -26.56 -0.15 5.13  6.00
13 HCN — HNC -15.06 3.39 1.63 0.15
14 H + HCl — Hy + Cl -1.90 0.74 -0.07  3.20
15 Hs + OH — H + H20 -16.39  3.93 5.29 -2.59
16 Hy + CH; — H + CHy -3.11  2.83 4.23 -0.08
17 OH + CHy — H20 + CH3 -13.28 1.10 1.06 -2.51
18 OH + NH3 — H20 + NH» -10.32  0.23 -0.32 -2.31
19 CHs + HCl — CHy + Cl -5.01  3.57 4.16  3.12
20 OH + CyHe — H20 + Cq2Hs -16.84 0.21 0.80 -3.02
21 H, + F - H + HF -32.22  3.67 598 -541
22 O + CH4y — OH + CHs3 5.44 -0.78 2.56 -0.91
23 H + PH3; — H> + PH» -21.74 -0.86 -1.73  0.69
24 H+OH-—H: +0O -2.32 -2.07 -6.79  0.99
25 H + H2S — Hp + HS -13.26 -0.40 -1.05  1.69
26 O + HCl — OH + Cl 0.42 2381 6.72 221
27 NH; + CHs — NH + CHy -13.12  1.64 -0.66 -0.15
28 NH> + C2Hs — NH + C2Hg -9.56  2.53 -0.39  0.35
29 NH, + C>Hg — NH3 + CoHs -6.52 -0.02 112 -0.71
30 NH; + CH4s — NH3 + CHs -2.96 0.87 1.38 -0.21
MD 1.19 1.73  2.88

MAD 2.34 3.21 4.08

RMSD 3.14 3.93  6.39

MAPE 41.88 50.10 30.64
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H. B3LYP

TABLE S51:  Deviations (in kcal/mol) from the GMTKN reference
values (Exact) and various functionals for the BH76 set using B3LYP.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Barrier Height” and
“Exact” columns yields the corresponding B3LYP barrier height.

Index Reaction Barrier Height Exact LC-wPBE SX-0.5
1 H + N2O — N2 + OH 17.70 -6.31 -6.67 -2.88
2 1 reverse 82.60 -9.48 -4.99 -14.45
3 H + HF — HF + H 42.10 -11.19 -9.57 -6.76
4 3 reverse 42.10 -11.19 -9.57 -6.76
5 H + HCl — HCl + H 17.80 -5.05 -6.10 -0.92
6 5 reverse 17.80 -5.05 -6.10 -0.92
7 CH3F + H — CHs + HF 30.50 -8.92 -10.60 -8.05
8 7 reverse 56.90 -8.29 -8.34 -10.40
9 F: + H— F + HF 1.50 -8.65 -7.74  -0.18
10 9 reverse 104.80 -9.76 -6.31 -18.01
11 CH;3 + CIF — CH3F + C1 7.10 -8.16 -10.98 -8.42
12 11 reverse 59.80 -8.74 -12.09 -12.28
13 CHsF + F~ — FCHs + F~ -0.60 -1.61 -4.51 -4.25
14 13 reverse -0.60 -1.61 -4.51 -4.25
15 CH3F ...F~ — FCHs3 ... F~ 13.40 -2.93 -3.98 -5.43
16 15 reverse 13.40 -2.93 -3.98 -5.43
17 CH3Cl + CI™ — CICHs + Cl1™ 2.50 -2.81 -8.87 -3.92
18 17 reverse 2.50 -2.81 -8.87 -3.92
19 CHsCl...Cl™ — CICHs ... ClI™ 13.50 -4.37 -8.48 -5.08
20 19 reverse 13.50 -4.37 -8.48 -5.08
21 CH3Cl + F~ — CH3F + Cl1™ -12.30 -2.43 -6.96 -1.62
22 21 reverse 19.80 -1.37 -4.90 -6.68
23 F~ ... CH3Cl — CH3F ... ClI™ 3.50 -3.01 -5.10 -2.82
24 23 reverse 29.60 -3.17 -5.15  -7.72
25 CH3F + OH™ — HOCH3 + F~ -2.70 -1.31 -3.94 -3.97
26 25 reverse 17.60 -1.68 -7.05 -5.67
27 CH3F ... OH™ — HOCHs ... F~ 11.00 -2.83 -3.86 -5.32
28 27 reverse 47.70 -2.62 -6.92 -8.54
29 H + N> — HN, 14.60 -7.08 -4.83 -0.58
30 29 reverse 10.90 -0.14 -2.24 -2.85
31 H + CO — HCO 3.20 -3.83 -2.95 0.58
32 31 reverse 22.80 1.75 -1.37 -0.51
33 H + C2;H4 — CH3CH2 2.00 -2.18 -2.28  3.28
34 33 reverse 42.00 -0.19 -5.86 -5.42
35 C2H4 + CHs — CH3CH2CH, 6.40 -0.35 -1.25 2.27
36 35 reverse 33.00 -3.52 -9.67 -7.01
37 HCN — HNC 48.10 -0.70 0.51  0.87
38 37 reverse 33.00 0.52 -0.07 -1.19
39 H + HCl — Hsy + Cl 6.10 -7.11 -6.65 -2.13
40 39 reverse 8.00 -3.56 -2.28 -1.04
41 OH + Hy — H + H20 5.20 -4.48 -2.58 -5.29
42 41 reverse 21.60 -8.32 777 -2.60
43 CHs + H, - CHy + H 11.90 -3.11 -1.61 -1.82
44 43 reverse 15.00 -5.48 -5.38 -1.29
45 CH4 + OH — CHs + H2O 6.30 -4.03 -3.34  -6.33
46 45 reverse 19.50 -5.40 -4.75  -4.17
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Index Reaction Barrier Height Exact LC-wPBE SX-0.5
47 He + H— H + Ho 9.70 -5.42 -3.81 -0.65
48 47 reverse 9.70 -5.42 -3.81 -0.65
49 NH;3; + OH — NH, + H20 3.40 -5.66 -6.03 -9.32
50 49 reverse 13.70 -6.25 -6.09 -7.40
51 CHs + HCI — CH4 + Cl 1.80 -3.23 -3.24  -2.69
52 51 reverse 6.80 -2.04 -2.65 -1.06
53 C2Hg + OH — C3Hs + H20O 3.50 -4.19 -3.81 -6.66
54 53 reverse 20.40 -4.60 -4.75  -3.79
55 F + H: - H + HF 1.60 -7.30 -3.27  -7.82
56 55 reverse 33.80 -10.43 -8.74 -1.89
57 O + CHy — OH + CHs 14.40 -7.08 -3.33  -7.21
58 57 reverse 8.90 -4.29 -3.95 -4.36
59 H + PH; — H> + PHs 2.90 -3.96 -4.09 -0.20
60 59 reverse 24.70 -1.43 -0.62 0.84
61 H+ OH — O + Ha 10.90 -6.79 -6.56 -3.25
62 61 reverse 13.20 -7.11 -2.17 -6.64
63 H + H2S — Hy + HS 3.90 -4.49 -4.47 -0.63
64 63 reverse 17.20 -1.16 -0.46 0.65
65 O + HCl — OH + Cl 10.40 -9.27 -7.30 -10.89
66 65 reverse 9.90 -5.30 -7.32  -6.40
67 NH: + CHs — NH + CHy 8.90 -2.63 -3.59 -3.68
68 67 reverse 22.00 -4.77 -3.45 -4.04
69 NH; + C2Hs — NH + C3Hg 9.80 -1.41 -3.15  -3.09
70 69 reverse 19.40 -4.70 -3.48 -4.17
71 NH, + CoHg — NHsz + CoHs 11.30 -2.40 -3.04 -3.88
72 71 reverse 17.80 -2.13 -3.92  -2.93
73 NH; + CH4s — NHs + CHs 13.90 -2.48 -2.88 -3.75
74 73 reverse 16.90 -3.36 -4.23 -3.52
75 s-trans cis-CsHg — s-trans cis-CsHg 39.70 -0.89 -1.72  -2.05
76 75 reverse 39.70 -0.89 -1.72  -2.05
MD -4.35 -4.96 -4.19

MAD 4.41 497  4.41

RMSD 5.24 5.65  5.57

MAPE 61.76 148.16 222.22

TABLE S52: Deviations (in kcal/mol) from the GMTKN reference val-
ues (Exact) and various functionals for the BH76RC set using B3LYP.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Reaction Energy” and
“Exact” columns yields the corresponding B3LYP reaction energy.

Index Reaction Reaction Energy Exact LC-wPBE SX-0.5
1 H + N2O — OH + N, -64.91 3.18 -1.68 11.57
2 H + CH3F — HF + CHs -26.32 -0.71 =226 2.35
3 H+F;, - HF + F -103.28 1.10 -1.43 17.83
4 CHs + CIF — CH3F + Cl -52.64 0.52 1.12  3.86
5 CH3Cl + F~ — CH3F + Cl1™ -32.16 -1.00 -2.06 5.06
6 F~ ... CH3Cl — CH3F ... CI™ -26.12  0.18 0.06  4.90
7 CHsF + OH™ — HOCH3 + F~ -20.32  0.40 3.10 1.70
8 CH3F ... OH™ — HOCHs ... F~ -36.71 -0.20 3.06 3.21
9 H + N2 — HNy 3.69 -6.93 -2.59  2.28
10 H + CO — HCO -19.55 -5.63 -1.58 1.09
11 H + CoHs — CoHs -40.02 -1.97 3.58 8.70



Index Reaction

Reaction Energy Exact LC-wPBE SX-0.5

12 CoH4 + CHs — CH3CH2CH- -26.56 3.13 8.41 9.28
13 HCN — HNC -15.06 1.18 -0.58 -2.06
14 H + HCI — Hsy + Cl -1.90 -3.55 -4.37 -1.09
15 Hs + OH — H + H20 -16.39 3.83 5.19 -2.69
16 Hs + CHs — H + CHy -3.11  2.38 3.77 -0.54
17 OH + CH4 — H2O + CHs -13.28 1.45 1.42 -2.16
18 OH + NH3; — H20 + NH» -10.32 0.61 0.06 -1.92
19 CHs + HCl — CHy4 + C1 -5.01 -1.17 -0.59 -1.63
20 OH + CoHg — H20 + CoHs -16.84 0.36 0.94 -2.87
21 H, + F - H + HF -32.22  3.15 5.46 -5.93
22 O + CHy — OH + CHs 5.44 -2.72 0.62 -2.85
23 H + PH; — Hs + PH> -21.74 -2.59 -3.47 -1.04
24 H+ OH —H: + 0 -2.32 0.34 -4.39  3.39
25 H + H»S — Hy + HS -13.26 -3.37 -4.01 -1.28
26 O + HCI — OH + C1 0.42 -3.89 0.02 -4.48
27 NH; + CH3z — NH + CHy4 -13.12  2.15 -0.14 0.36
28 NH; + C2Hs — NH + C3Hg -9.56  3.25 0.33 1.07
29 NH: + C2Hg — NHs + C2Hs -6.52 -0.26 0.88 -0.95
30 NH; + CH4 — NHs + CHs -2.96 0.84 1.35 -0.23
MD -0.20 0.34 1.50

MAD 2.07 2.28 3.61

RMSD 2.66 3.01 5.21

MAPE 56.89 45.34 42.30
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I. LC-wPBE

TABLE S53: Deviations (in kcal/mol) from the GMTKN reference val-
ues (Exact) and various functionals for the BH76 set using LC-wPBE.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Barrier Height” and
“Exact” columns yields the corresponding LCwPBE barrier height.

Index Reaction Barrier Height Exact SX-0.5
1 H + N,O — N> + OH 17.70 0.36  3.79
2 1 reverse 82.60 -4.49 -9.46
3 H+ HF - HF + H 42.10 -1.62 2.81
4 3 reverse 42.10 -1.62 2.81
5 H + HCl — HCl + H 17.80 1.05 5.18
6 5 reverse 17.80 1.05 5.18
7 CH3F + H — CH3 + HF 30.50 1.68  2.55
8 7 reverse 56.90 0.05 -2.05
9 Fs +H— F + HF 1.50 -0.90 7.56
10 9 reverse 104.80 -3.45 -11.70
11 CH;3 + CIF — CH3F + C1 7.10 2.82 2.56
12 11 reverse 59.80 3.35 -0.19
13 CH3F + F~ — FCH3 + F~ -0.60 2.89 0.26
14 13 reverse -0.60 2.89 0.26
15 CH3F ...F~ — FCH3 ... F~ 13.40 1.04 -1.45
16 15 reverse 13.40 1.04 -1.45
17 CH3Cl + CI™ — CICH;3 + Cl1™ 2.50 6.06 4.95
18 17 reverse 2.50 6.06 4.95
19 CHs3Cl ... Cl™ — CICH3 ... Cl™ 13.50 4.11 3.39
20 19 reverse 13.50 4.11 3.39
21 CHsCl + F~ — CHsF + ClI™ -12.30 4.53 5.34
22 21 reverse 19.80 3.52 -1.78
23 F~ ... CH3Cl — CH3F ... CI™ 3.50 2.09 2.28
24 23 reverse 29.60 1.98 -2.57
25 CH3F + OH™ — HOCH3 + F~ -2.70 2.64 -0.03
26 25 reverse 17.60 5.36 1.37
27 CH3F ... OH™ — HOCHs ... F~ 11.00 1.03 -1.47
28 27 reverse 4770 4.30 -1.62
29 H + N2 — HNy 14.60 -2.25 4.25
30 29 reverse 10.90 2.10 -0.62
31 H+ CO — HCO 3.20 -0.89 3.53
32 31 reverse 22.80 3.12 0.86
33 H + C3;H4y — CH3CH» 2.00 0.10 5.56
34 33 reverse 42.00 5.67 0.44
35 C2H4 + CHs — CH3CH2CHx 6.40 0.90 3.53
36 35 reverse 33.00 6.15 2.66
37 HCN — HNC 48.10 -1.21 0.36
38 37 reverse 33.00 0.59 -1.12
39 H + HCl — Hy + Cl 6.10 -0.47  4.52
40 39 reverse 8.00 -1.28 1.24
41 OH + Hy — H + H20 5.20 -1.90 -2.71
42 41 reverse 21.60 -0.55 5.17
43 CHs + H, - CHy + H 11.90 -1.50 -0.21
44 43 reverse 15.00 -0.10 4.09
45 CH4 + OH — CHs + H2O 6.30 -0.69 -3.00

46 45 reverse 19.50 -0.65 0.58
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Index Reaction Barrier Height Exact SX-0.5
47 Hs +H— H + Hs 9.70 -1.61 3.16
48 47 reverse 9.70 -1.61 3.16
49 NH3 + OH — NHs + H>O 3.40 0.36 -3.30
50 49 reverse 13.70 -0.16 -1.31
51 CHs + HCI — CH4 + Cl 1.80 0.01 0.55
52 51 reverse 6.80 0.60 1.59
53 CsHg + OH — C2Hs + H2O 3.50 -0.37 -2.85
54 53 reverse 20.40 0.15 0.96
55 F + H: - H + HF 1.60 -4.02 -4.55
56 55 reverse 33.80 -1.69 6.85
57 O + CHy — OH + CHgs 14.40 -3.74 -3.88
58 57 reverse 8.90 -0.34 -0.41
59 H + PH; — Hy + PH» 2.90 0.13 3.89
60 59 reverse 24.70 -0.80 1.46
61 H-+ OH — O + H» 10.90 -0.23  3.31
62 61 reverse 13.20 -4.94 -4.47
63 H + H2S — Hy + HS 3.90 -0.02 3.84
64 63 reverse 17.20 -0.70 1.10
65 O + HCl — OH + C1 10.40 -1.97 -3.58
66 65 reverse 9.90 2.03 0.92
67 NH: + CHs — NH + CHy 890 0.96 -0.09
68 67 reverse 22.00 -1.32 -0.59
69 NH, + C2Hs — NH + C3Hg 9.80 1.74 0.05
70 69 reverse 19.40 -1.22 -0.69
72 71 reverse 17.80 1.79 0.99
73 NH,; + CH4; — NHs + CHs 13.90 0.40 -0.87
74 73 reverse 16.90 0.87 0.72
75 s-trans cis-CsHg — s-trans cis-CsHg 39.70 0.83 -0.32
76 75 reverse 39.70 0.83 -0.32

MD 0.60 0.77
MAD 1.87 2.60
RMSD 249 341
MAPE 35.12 179.33

TABLE S54:  Deviations (in kcal/mol) from the GMTKN reference
values (Exact) and various functionals for the BH76RC set using LC-
wPBE. The deviations are approximate errors; the error statistics in the
“Exact” column correspond to the values in Table I of the main text.
The other columns replace the exact energies with those of a proxy. For
an approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Reaction Energy” and
“Exact” columns yields the corresponding LCwPBE reaction energy.

Index Reaction Reaction Energy Exact SX-0.5
1 H + N2O — OH + N -64.91 4.86 13.25
2 H + CHsF — HF + CHs -26.32  1.55 4.61
3 H+F, - HF + F -103.28 2.53 19.26
4 CHs + CIF — CH3F + C1 -52.64 -0.59 2.74
5 CH3Cl + F~ — CHsF + C1™ -32.16 1.06 7.12
6 F~ ... CH3Cl — CH3F ... C1I™ -26.12  0.13  4.85
7 CHsF + OH™ — HOCHs + F~ -20.32 -2.71 -1.40
8 CHsF ... OH™ — HOCHs ... F~ -36.71 -3.27 0.15
9 H + N2 — HN; 3.69 -434 486
10 H + CO — HCO -19.55 -4.06  2.67
11 H + C2Hy — CoHs -40.02 -5.55 5.12
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Index Reaction

Reaction Energy

Exact SX-0.5

12 CoHy4 + CHs — CH3CH2CH> -26.56 -5.29  0.87
13 HCN — HNC -15.06 1.76 -1.48
14 H + HCl — Hy + Cl -1.90 0.81  3.28
15 Hs; + OH — H + H20 -16.39 -1.36 -7.88
16 H, + CH; — H + CHy -3.11 -1.40 -4.31
17 OH + CHy — H20 + CHs -13.28 0.04 -3.57
18 OH + NH3 — H20 + NH» -10.32  0.55 -1.99
19 CHs + HCl — CHy + Cl -5.01 -0.58 -1.03
20 OH + C2He — H20 + C2Hs -16.84 -0.59 -3.81
21 H, + F - H + HF -32.22 -2.31 -11.39
22 O + CHs — OH + CHs 5.44 -3.34 -347
23 H + PH3s — H> + PH» -21.74  0.88  2.42
24 H+OH—H: +0O -2.32 473 7.78
25 H + H2S — Hp + HS -13.26 0.64 2.74
26 O + HCl - OH + Cl 0.42 -3.91 -4.50
27 NH; + CHs — NH + CHy -13.12 2.30  0.50
28 NH, + C2Hs — NH + CoHg -9.56 292 0.74
29 NH, + CoHe — NH3z + CoHs -6.52 -1.13 -1.83
30 NH; + CH4s — NH3 + CHs -2.96 -0.51 -1.59
MD -0.54 1.16

MAD 219 4.37

RMSD 274 5.99

MAPE 54.63 117.83
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J. SCANQ@HF

TABLE S55: Deviations (in kcal/mol) from the GMTKN reference val-
ues (Exact) and various functionals for the BH76 set using SCAN@QHF-.
The deviations are approximate errors; the error statistics in the “Ex-
act” column correspond to the values in Table I of the main text. The
other columns replace the exact energies with those of a proxy. For an
approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Barrier Height” and

“Exact” columns yields the corresponding SCAN@HF barrier height.

Index Reaction

Barrier Height

Exact LC-wPBE SX-0.5 SCAN-FLOSIC

© 00 O Ui W

H + N2O — Ny + OH 17.70 -0.88 -1.01 2.78
1 reverse 82.60 -1.65 1.67 -7.80
H+ HF - HF + H 42.10 -10.49 -8.84 -6.03
3 reverse 42.10 -10.49 -8.84 -6.03
H + HCl — HCl + H 17.80 -5.90 -7.27  -2.09
5 reverse 17.80 -5.90 -7.27  -2.09
CH3F + H — CH3 + HF 30.50 -5.98 -7.30 -4.75
7 reverse 56.90 -2.90 -2.96 -5.01
Fs + H— F + HF 1.50 10.16 10.84 18.40
9 reverse 104.80 11.27 14.60 2.90
CH;3 + CIF — CH3F + C1 7.10 0.62 -1.21 1.35
11 reverse 59.80 0.42 -3.10 -3.29
CHsF + F~ — FCHs + F~ -0.60 0.17 -1.43 -1.16
13 reverse -0.60 0.17 -1.43 -1.16
CH3F ...F~ — FCH3 ... F~ 13.40 0.32 -0.17  -1.63
15 reverse 13.40 0.32 -0.17 -1.63
CH3Cl + ClI™ — CICHs3 + Cl1™ 2.50 -1.14 -5.99 -1.04
17 reverse 2.50 -1.14 -5.99 -1.04
CH3Cl...Cl™ — CICH3 ... Cl™ 13.50 -1.01 -4.39 -1.00
19 reverse 13.50 -1.01 -4.39 -1.00
CHsCl + F~ — CHsF + CI™ -12.30 -2.36 -5.54 -0.20
21 reverse 19.80 1.87 -0.74 -2.52
F~ ... CH3Cl — CH3F ... CI™ 3.50 -1.14 -2.69 -041
23 reverse 29.60 1.43 -0.12 -2.68
CH3F + OH™ — HOCH3 + F~ -2.70 -0.82 -1.11 -1.14
25 reverse 17.60 0.55 -4.04 -2.67
CH3F ... OH™ — HOCHs ... F~ 11.00 -0.44 -0.16 -1.62
27 reverse 47.70 2.48 -1.90 -3.52
H + N2 — HNy 14.60 -4.61 -2.36 1.89
29 reverse 10.90 -0.85 -3.16  -3.77
H+ CO — HCO 3.20 -3.74 -2.83  0.70
31 reverse 22.80 3.54 0.16 1.02
H + C3;H4y — CH3CH» 2.00 -3.06 -3.19 2.37
33 reverse 42.00 4.71 -1.21  -0.77
CsoH4 + CHz — CH3CH2CH» 6.40 -0.76 -1.69 1.84
35 reverse 33.00 2.16 -4.15 -1.50
HCN — HNC 48.10 -1.16 0.22  0.58
37 reverse 33.00 0.16 -0.10 -1.22
H + HCl — Hy + Cl 6.10 -5.49 -5.19 -0.67
39 reverse 8.00 -5.27 -3.34  -2.10
OH + Hy —+ H 4+ H20 5.20 -1.29 0.90 -1.81
41 reverse 21.60 -4.80 -4.33 0.84
CHs + H, - CHy + H 11.90 -2.14 -0.56  -0.78
43 reverse 15.00 -5.80 -5.75  -1.65
CH4 + OH — CHs + H2O 6.30 -2.18 -1.16 -4.16
45 reverse 19.50 -1.92 -1.21 -0.63

6.06
-19.71
-17.49
-17.49
-6.96
-6.96
-13.20
-6.22
16.29
11.68
1.44
-0.39
-1.37
-1.37
-1.93
-1.93
0.38
0.38
0.09
0.09
1.90
-3.89
0.85
-4.03
-1.35
-0.88
-1.82
-2.10
-0.63
-8.76
0.09
-0.94
1.86
-0.71
3.99
-1.21
-0.47
-1.81
-3.06
-3.82
-3.94
4.85
0.62
-2.47
-6.98

4.91
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Index Reaction

Barrier Height

Exact LC-wPBE SX-0.5 SCAN-FLOSIC

47 Hs +H— H + Ho 9.70 -5.87 -4.25 -1.09 -3.04
48 47 reverse 9.70 -5.87 -4.25 -1.09 -3.04
49 NHs; + OH — NHs + H2O 3.40 -2.19 -2.03 -5.33 -8.14
50 49 reverse 13.70 -2.02 -1.64 -2.95 -2.66
51 CHs + HCI — CH4 + Cl 1.80 -1.93 -1.86 -1.30 0.45
52 51 reverse 6.80 -5.37 -5.19 -3.61 -3.42
53 CyHg + OH — C3Hs + H20O 3.50 -1.05 -0.37 -3.22 -5.90
54 53 reverse 20.40 -0.66 -0.73  0.23 5.53
55 F + H: - H + HF 1.60 0.19 4.43 -0.11 -1.53
56 55 reverse 33.80 -2.65 -1.30 5.54 13.04
57 O + CHy — OH + CHs 14.40 -6.82 -2.89 -6.77 -8.12
58 57 reverse 8.90 -0.37 0.18 -0.22 -0.13
59 H + PH; — H> + PHs 2.90 -4.02 -4.15 -0.26 -1.87
60 59 reverse 24.70 -2.24 -1.28 0.18 0.06
61 H-+ OH — O + H» 10.90 -2.98 -2.58 0.73 -3.14
62 61 reverse 13.20 -5.65 -0.47 -4.95 -8.03
63 H + H2S — Hy + HS 3.90 -4.62 -4.58 -0.74 -2.36
64 63 reverse 17.20 -3.45 -2.28 -1.18 -1.50
65 O + HCl — OH + C1 10.40 -1.74 0.01 -3.57 -4.69
66 65 reverse 9.90 1.25 -0.24  0.68 -0.57
67 NH:; + CHs — NH + CHy 8.90 -0.26 -1.00 -1.08 -1.50
68 67 reverse 22.00 -5.40 -4.14 -4.73 -4.25
69 NH; + C2Hs — NH + C3Hg 9.80 0.29 -1.20 -1.14 -0.87
70 69 reverse 19.40 -5.18 -4.03 -4.71 -3.16
71 NHs + C3Hg — NHs + CoHs 11.30 -2.41 -2.98 -3.82 -5.56
72 71 reverse 17.80 -2.10 -3.73  -2.74 0.39
73 NHs; + CH4 — NHj3 + CHjs 13.90 -2.69 -3.01 -3.88 -5.47
74 73 reverse 16.90 -2.71 -3.44  -2.73 0.93
75 s-trans cis-CsHg — s-trans cis-CsHg 39.70 -7.12 -7.96 -8.28 -24.21
76 75 reverse 39.70 -7.12 -7.96 -8.28 -24.21
MD -1.70 -2.30 -1.53 -2.57

MAD 3.05 3.17  2.64 4.57

RMSD 4.03 4.22  3.77 7.10

MAPE 41.22 77.63 94.93 44.07

TABLE S56: Deviations (in kcal/mol) from the GMTKN refer-

ence values (Exact) and various functionals for the BH7T6RC set using
SCAN@HF. The deviations are approximate errors; the error statistics in
the “Exact” column correspond to the values in Table I of the main text.
The other columns replace the exact energies with those of a proxy. For
an approximate functional to be a good proxy for the exact one (in eval-
uating density- and functional-driven errors), the deviations computed
with the high-level reference values and with the approximate functional
should be comparable. Mean deviations (MDs), mean absolute devia-
tions (MADs), and variances (VARs) are reported in the bottom three
rows. The reaction index used by the GMTKN and the symbolic index
are given in the first two columns. The sum of “Reaction Energy” and
“Exact” columns yields the corresponding SCANQ@QHF reaction energy.

Index Reaction

Reaction Energy

Exact LC-wPBE SX-0.5

SCAN-FLOSIC

== O 00 O Ul WD

= o

H + N2O — OH + N» -64.91 0.78 -2.67 10.58 25.76
H + CH3F — HF + CHs -26.32 -3.15 -4.34 027 -6.98
H+ F, - HF + F -103.28 -1.13 -3.76 15.51 4.62
CHs + CIF — CH3F + Cl -52.64 0.13 1.89 4.64 1.84
CH3Cl + F~ — CH3F + Cl1™ -32.16 -4.18 -4.79 233 5.79
F~ ... CH3Cl — CH3F ... C1I™ -26.12 -2.55 -2.57 227 4.89
CHsF + OH™ — HOCH3 + F~ -20.32 -1.35 293 153 -0.47
CHszF ... OH™ — HOCHs ... -36.71 -2.92 1.74  1.89 0.27
H + N2 — HN» 3.69 -3.75 0.80  5.66 8.13
H + CO — HCO -19.55 -7.32 -2.99 -0.32 1.03
H + CHy — CoHs -40.02 -7.75 -1.97  3.14 2.56
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Index Reaction

Reaction Energy

Exact LC-wPBE SX-0.5 SCAN-FLOSIC

12 C2H4 + CHs — CH3CH2CHs -26.56 -2.96 247  3.33 5.20
13 HCN — HNC -15.06 1.28 -0.32 -1.80 -1.34
14 H + HCI — Hsy + Cl -1.90 -0.22 -1.85 1.43 0.76
15 Hs + OH — H + H20 -16.39  3.50 5.23 -2.65 -8.79
16 Hs + CHs; — H + CHy -3.11  3.68 5.18 0.87 3.10
17 OH + CH4 — H20O + CHs -13.28 -0.18 0.06 -3.53 -11.88
18 OH + NH3 — H20 + NHa -10.32 -0.16 -0.39 -2.37 -5.48
19 CHs + HCI — CHy4 + Cl -5.01 3.45 3.34 230 3.86
20 OH + C2Hg — H20 + CoHs -16.84 -0.45 0.36 -3.45 -11.43
21 Hy + F - H + HF -32.22 2.86 5.74 -5.66 -14.57
22 O + CHy — OH + CHs 5.44 -6.38 -3.08 -6.55 -7.99
23 H + PH3; — Hy + PH» -21.74 -1.84 -2.86 -0.44 -1.94
24 H+ OH —- Hs + O -2.32  2.70 -2.10 5.68 4.89
25 H + H2S — Hs + HS -13.26 -1.20 -2.30 0.44 -0.86
26 O + HCI — OH + C1 0.42 -2.92 0.26 -4.25 -4.13
27 NH; + CH3 — NH + CHy4 -13.12  5.15 3.14 3.64 2.74
29 NH: + C2Hg — NHs + C2Hs -6.52 -0.30 0.75 -1.08 -5.95
30 NH: + CH4 — NHs + CHjs -2.96 -0.02 043 -1.15 -6.40
MD -0.50 0.04 1.19 -0.35

MAD 2.70 2.44 3.41 5.53

RMSD 3.40 290 4.64 7.56

MAPE 57.22 32.85 55.84 108.28

S6.

TABLE S57:

INDIVIDUAL REACTION ERRORS

A. LSDA

symbolic name are given in the first two columns.

Individual BH76 errors for LSDA including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the barrier height computed with
LSDA at that density. The reaction index used by the GMTKN and the
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Index Reaction Exact SCF @QHF QLCwPBE @S50X @QSCAN-FLOSIC @QLSDA-FLOSIC
1 H + N.O — N2 + OH 17.70 -14.99 -0.08 -13.40 -12.27 -2.24 -0.60
2 1 reverse 82.60 -50.19 -26.60 -46.93 -45.09 -28.92 -25.19
3 H+ HF - HF + H 42.10 -23.79 -19.12 -22.98 -22.76 -15.34 -15.38
4 3 reverse 42.10 -23.79 -19.12 -22.98 -22.76 -15.34 -15.38
5 H + HCl — HC1 + H 17.80 -15.18 -9.13 -13.54 -12.65 -10.85 -11.65
6 5 reverse 17.80 -15.18 -9.13 -13.54 -12.65 -10.85 -11.65
7 CH3F + H — CH3 + HF 30.50 -17.37 -9.71 -15.83 -15.25 -9.27 -9.34
8 7 reverse 56.90 -25.25 -13.56 -23.34 -22.28 -15.94 -16.37
9 Fy + H — F + HF 1.50 -16.98 27.46 -13.58 -2.85 -0.01 -1.43
10 9 reverse 104.80 -36.58 12.67 -32.84 -21.40 -17.57 -18.98
11 CHs + CIF — CHsF + Cl 7.10 -18.15 5.45 -15.15 -12.58 -7.86 -8.81
12 11 reverse 59.80 -27.55  2.46 -18.68 -16.23 -9.64 -10.24
13 CH3F + F~ — FCHs + F~ -0.60 -9.32 0.70 -7.68 -6.52 -9.26 -8.86
14 13 reverse -0.60 -9.32 0.70 -7.68 -6.52 -9.26 -8.86
15 CH3F ...F~ — FCHs ... F~ 13.40 -6.54 0.95 -5.76  -4.74 -5.84 -5.88
16 15 reverse 13.40 -6.54 0.95 576 -4.74 -5.84 -5.88
17 CH3Cl + CI7 — CICH3 + Cl1™ 2.50 -8.83 0.82 -6.19 -6.42 -8.96 -9.19
18 17 reverse 2.50 -8.83 0.82 -6.19 -6.42 -8.96 -9.19
19 CH3Cl...Cl™ — CICHgs ... CI™ 13.50 -6.84 0.93 -5.17  -5.22 -6.67 -6.73
20 19 reverse 13.50 -6.84 0.93 -5.17  -5.22 -6.67 -6.73
21 CH3Cl + F~ — CH3F + Cl1™ -12.30 -8.72 0.40 -6.39 -6.06 -8.59 -8.57
22 21 reverse 19.80 -9.44 1.07 -7.18 -5.98 -7.41 -7.00
23 F~ ... CH3Cl — CH3F ... ClI™ 3.50 -4.30 0.97 -3.61  -3.29 -4.38 -4.09
24 23 reverse 29.60 -8.17 1.02 -6.46 -5.21 -5.77 -5.34
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Index Reaction Exact SCF @HF QLCwPBE @S50X @QSCAN-FLOSIC @QLSDA-FLOSIC
25 CHsF + OH™ — HOCHs + F~ -2.70 -9.32  0.25 -7.70  -6.73 -10.57 -10.10
26 25 reverse 17.60 -9.57 0.62 -7.54  -6.95 -8.83 -8.29
27 CH3F ... OH™ — HOCHjs ... F~ 11.00 -7.02 0.70 -6.04 -5.17 -7.33 -6.24
28 27 reverse 47.70 -0.46 7.53 0.99 1.65 1.67 2.13
29 H + N> — HN, 14.60 -16.77 -3.42 -15.21 -12.91 -10.16 -10.57
30 29 reverse 1090 -1.60 -0.12 -0.99 -0.15 1.37 0.79
31 H + CO - HCO 3.20 -10.83 -4.92 -8.97 -8.81 -8.82 -8.34
32 31 reverse 22.80 3.39 6.25 4.69 4.12 4.16 4.59
33 H + C;Hy — CH3CH» 2.00 -7.33 2.00 -5.13  -3.69 -5.46 -6.12
34 33 reverse 42.00 -2.67 5.25 -1.21 0.05 -1.13 -2.08
35 C2H4 + CH; — CH3CH2CH, 6.40 -12.11  1.30 -8.25 -6.36 -8.68 -9.43
36 35 reverse 33.00 0.07 10.36 2.79 4.56 1.93 1.21
37 HCN — HNC 48.10 -3.29 -0.74 -3.12  -2.58 -1.46 -0.28
38 37 reverse 33.00 -2.20 0.48 -2.10 -1.51 -0.51 0.50
39 H + HCl — Hsy + Cl 6.10 -9.47 -4.11 -8.15 -7.31 -7.62 -8.10
40 39 reverse 8.00 -24.11 -13.37 -17.09 -16.72 -16.39 -17.11
41 OH + Hy — H + H20 5.20 -23.40 -11.81 -21.65 -19.39 -17.87 -18.60
42 41 reverse 21.60 -10.38 1.13 -8.70 -6.24 -5.73 -6.30
43 CHs + Ho - CHys + H 11.90 -17.25 -12.04 -15.94 -15.48 -14.83 -15.47
44 43 reverse 15.00 -10.07 -6.08 -8.87 -8.43 -8.85 -8.96
45 CH4 + OH — CH3 + H2O 6.30 -23.17 -12.69 -21.58 -19.39 -18.38 -18.58
46 45 reverse 19.50 -17.22 -5.61 -15.61 -13.19 -12.12 -12.69
47 H, +H—H + H> 9.70 -12.34 -9.20 -11.56 -11.25 -10.82 -11.31
48 47 reverse 9.70 -12.34 -9.20 -11.56 -11.25 -10.82 -11.31
49 NH; + OH — NH; + H20O 3.40 -26.94 -12.49 -25.06 -22.55 -21.01 -21.21
50 49 reverse 13.70 -24.29 -9.94 -22.48 -19.98 -18.57 -18.85
51 CHs + HCl — CH4 + Cl 1.80 -15.35 -9.69 -13.65 -13.24 -13.81 -14.05
52 51 reverse 6.80 -22.81 -12.99 -15.53 -15.61 -16.61 -16.56
53 CoHg + OH — CoHs + H2O 3.50 -24.11 -11.08 -21.82 -19.37 -18.07 -17.85
54 53 reverse 20.40 -15.46 -2.77 -13.66 -11.14 -9.88 -10.11
55 F + H, — H + HF 1.60 -25.41 -7.08 -22.67 -17.77 -15.82 -17.12
56 55 reverse 33.80 -8.44 9.34 -5.78 -0.85 -0.27 -1.04
57 O + CHy — OH + CHs 14.40 -24.48 -15.64 -22.88 -21.22 -21.00 -20.95
58 57 reverse 890 -18.06 -9.53 -16.64 -15.41 -14.85 -14.65
59 H + PH; — H> + PHs 2.90 -10.18 -5.98 -8.50 -8.61 -8.50 -8.42
60 59 reverse 24.70 -14.91 -9.46 -13.06 -13.26 -12.41 -12.69
61 H+ OH — O + Hs 10.90 -12.68 -4.98 -11.77 -10.50 -9.98 -9.73
62 61 reverse 13.20 -26.17 -16.95 -24.98 -23.26 -22.01 -22.44
63 H + H.S — Hy + HS 3.90 -10.61 -6.55 -9.21 -9.14 -9.29 -9.32
64 63 reverse 17.20 -22.20 -12.99 -16.00 -16.17 -15.55 -15.74
65 O + HCl — OH + C1 10.40 -33.24 -12.25 -26.40 -23.73 -23.15 -22.63
66 65 reverse 9.90 -34.29 -9.44 -22.04 -20.29 -19.79 -18.83
67 NH, + CH3 — NH + CHy4 890 -17.19 -9.69 -15.40 -14.71 -14.56 -14.61
68 67 reverse 22.00 -19.67 -12.58 -17.70 -16.86 -17.27 -17.29
69 NH; + C2Hs — NH + C3Hg 9.80 -15.40 -8.61 -13.96 -13.38 -13.26 -13.20
70 69 reverse 19.40 -20.79 -12.94 -18.66 -17.76 -18.12 -17.92
71 NH; + C2Hg — NH3 + C3Hs 11.30 -20.81 -13.19 -18.86 -17.77 -17.59 -17.80
72 71 reverse 17.80 -14.71 -7.32 -13.17 -12.02 -11.73 -12.31
73 NH: + CH4 — NHs3 + CHjs 13.90 -19.90 -13.39 -18.29 -17.32 -17.35 -17.37
74 73 reverse 16.90 -16.70 -8.96 -15.00 -13.79 -13.64 -13.94
75 s-trans cis-CsHg — s-trans cis-CsHg  39.70 -14.73 -17.15 -16.03 -15.57 -13.38 -10.91
76 75 reverse 39.70 -14.73 -17.15 -16.03 -15.57 -13.38 -10.91
MD -15.30 -5.09 -13.16 -11.78 -10.91 -10.93

MAD 15.39 7.82 13.38 12.05 11.16 11.17

RMSD 17.84 9.98 15.61 14.21 12.69 12.67

MAPE 230.44 102.40 194.82 166.29 176.38 177.84




TABLE S58: Individual BH76RC errors for LSDA including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the reaction energy computed with
LSDA at that density. The reaction index used by the GMTKN and the
symbolic name are given in the first two columns.

S87

Index Reaction Exact SCF @HF QLCwPBE @S50X @QSCAN-FLOSIC @QLSDA-FLOSIC
1 H + N,O — OH + N, -64.91 35.21 26.53 33.54 32.83 26.68 24.60
2 H + CHsF — HF + CHs -26.32  7.80 3.77 7.44 6.95 6.59 6.94
3 H+ F, - HF + F -103.28 19.58 14.76 19.23 18.53 17.54 17.53
4 CHs + CIF — CHsF + Cl -52.64 9.34 293 3.47 3.60 1.72 1.37
5 CH3Cl + F~ — CH3F + Cl™ -32.16  0.77 -0.61 0.85 -0.02 -1.13 -1.51
6 F~ ... CH3Cl — CH3F ... C1I™ -26.12 3.89 -0.03 2.87 1.94 1.41 1.27
7 CH3F + OH™ — HOCH3 + F~ -20.32  0.27 -0.35 -0.13 0.24 -1.72 -1.79
8 CHsF ... OH™ —+ HOCHs ... F~ -36.71 -6.55 -6.81 -7.01  -6.82 -8.99 -8.36
9 H + Ny — HN» 3.69 -15.16 -3.29 -14.21 -12.75 -11.52 -11.35
10 H+ CO — HCO -19.55 -14.27 -11.22 -13.71 -12.98 -13.03 -12.98
11 H + CaHy — CoHs -40.02 -4.64 -3.23 -3.89  -3.71 -4.31 -4.02
12 C2Hy + CH3 — CH3CH2CHa, -26.56 -12.22 -9.10 -11.09 -10.97 -10.65 -10.68
13 HCN — HNC -15.06 1.05 1.18 0.98 1.04 0.91 0.74
14 H + HCl — Hs + CI -1.90 14.64 9.26 8.95 9.41 8.77 9.01
15 H, + OH — H + H>0 -16.39 -13.03 -12.95 -12.96 -13.16 -12.15 -12.32
16 H> + CHs — H + CHy -3.11 -7.17 -5.95 -7.07  -7.04 -5.97 -6.50
17 OH + CHy — H20 + CH3 -13.28 -5.87 -7.00 -5.89  -6.12 -6.18 -5.82
18 OH + NH3 — H20 + NH» -10.32 -2.63 -2.53 -2.56  -2.55 -2.42 -2.34
19 CHs + HCl — CHy + Cl -5.01 748 3.30 1.88 2.38 2.80 2.51
20 OH + CzHs — H20 + C2Hs -16.84 -8.71 -8.38 -8.22  -8.29 -8.25 -7.80
21 H, + F - H + HF -32.22 -16.94 -16.40 -16.87 -16.89 -15.53 -16.05
22 O + CH4 — OH + CHs 544 -6.36 -6.05 -6.17  -5.75 -6.09 -6.24
23 H + PH3; — Hy + PH»> -21.74  4.67 3.42 4.50 4.59 3.85 4.21
24 H+OH—-H; +0 -2.32 13.51 11.99 13.23  12.77 12.05 12.73
25 H + H2S — Hz + HS -13.26 11.54 6.40 6.75 6.99 6.22 6.38
26 O + HCl — OH + Cl 042 1.13 -2.73 -4.28 -3.36 -3.28 -3.72
27 NH; + CHs — NH + CH4 -13.12 250 291 2.32 2.17 2.74 2.69
28 NH> + C2Hs — NH + C2Hs -9.56 534 4.29 4.66 4.34 4.81 4.68
29 NH: + C2H¢ — NHs + C2Hs -6.52 -6.09 -5.85 -5.67 -5.74 -5.83 -5.46
30 NH; + CHs — NH3 + CHs -2.96 -3.24 -4.47 -3.33  -3.57 -3.76 -3.48
MD 0.53 -0.54 -0.41  -0.40 -0.82 -0.86

MAD 872 6.59 7.79 7.58 7.23 717

RMSD 11.24 8.64 10.35 10.10 9.19 9.04

MAPE 115.44 98.20 122.59 114.04

109.30

113.76




TABLE S59:

B.

PBE

symbolic name are given in the first two columns.

Individual BH76 errors for PBE including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the barrier height computed with
PBE at that density. The reaction index used by the GMTKN and the
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Index Reaction Exact SCF @HF QLCwPBE @S50X @SCAN-FLOSIC @QPBE-FLOSIC
1 H + NoO — N> + OH 17.70 -7.75 3.89 -6.90 -6.01 2.68 5.93
2 1 reverse 82.60 -29.79 -9.83 -27.47 -25.89 -11.57 -5.20
3 H + HF — HF + H 42.10 -15.15 -11.68 -14.81 -14.66 -8.84 -5.99
4 3 reverse 42.10 -15.15 -11.68 -14.81 -14.66 -8.84 -5.99
5 H + HCI — HCl + H 17.80 -7.84 -3.62 -6.89 -6.27 -4.59 -4.08
6 5 reverse 17.80 -7.84 -3.62 -6.89 -6.27 -4.59 -4.08
7 CHsF + H — CH3 + HF 30.50 -12.23 -6.42 -11.41 -11.03 -6.06 -3.82
8 7 reverse 56.90 -15.89 -6.72 -14.85 -14.17 -9.27 -6.96
9 F; + H— F + HF 1.50 -11.00 24.10 -9.25 -0.65 1.42 2.88
10 9 reverse 104.80 -25.10 14.48 -23.11 -13.91 -11.42 -8.94
11 CHs + CIF — CH3F + Cl 7.10 -13.03 6.05 -11.04  -9.08 -5.21 -3.62
12 11 reverse 59.80 -18.03 2.42 -15.65 -13.68 -8.11 -6.29
13 CH3F + F~ — FCHs + F~ -0.60 -5.32 3.65 -3.96 -3.03 -5.79 -5.81
14 13 reverse -0.60 -5.32 3.65 -3.96 -3.03 -5.79 -5.81
15 CH3F...F~ - FCH3 ... F~ 13.40 -6.00 1.22 -5.29 -4.28 -5.40 -5.54
16 15 reverse 13.40 -6.00 1.22 -5.29 -4.28 -5.40 -5.54
17 CH3Cl + CI™ — CICH3 + Cl1™ 2.50 -5.92 2.70 -3.78  -3.95 -6.32 -6.60
18 17 reverse 2.50 -5.92 2.70 -3.78  -3.95 -6.32 -6.60
19 CH3Cl...Cl™ — CICH3 ... Cl™ 13.50 -6.44 0.84 -4.97  -4.95 -6.27 -6.78
20 19 reverse 13.50 -6.44 0.84 -4.97  -4.95 -6.27 -6.78
21 CHs3Cl + F~ — CH3F + CI™ -12.30 -4.64 3.35 -2.70 -2.55 -5.12 -5.03
22 21 reverse 19.80 -7.25 2.51 -5.26  -4.08 -5.30 -5.38
23 F~ ... CH3Cl — CH3F ... Cl™ 3.50 -3.92 1.04 -3.37  -3.02 -4.04 -4.15
24 23 reverse 29.60 -8.35 0.60 -6.64 -5.39 -5.79 -6.05
25 CHsF + OH™ — HOCH3 + F— -2.70 -5.49 3.24 -4.11  -3.24 -7.05 -6.88
26 25 reverse 17.60 -5.96 3.20 -4.22  -3.83 -5.67 -5.28
27 CH3F ... OH™ — HOCHj3 ... F~ 11.00 -6.53 0.91 -5.66 -4.75 -6.84 -6.80
28 27 reverse 47.70 -4.81 2.67 -3.53 -2.88 -2.68 -2.65
29 H + N> — HN, 14.60 -9.42 0.88 -8.57 -6.86 -4.62 -3.34
30 29 reverse 10.90 -1.92 -1.44 -1.85 -1.17 0.04 0.65
31 H + CO — HCO 3.20 -4.98 -1.26 -4.10 -4.01 -4.06 -2.97
32 31 reverse 22.80 1.75 3.33 2.16 1.87 1.78 2.33
33 H + C;H4 — CH3CH» 2.00 -2.16 3.76 -1.08 -0.13 -1.27 -1.06
34 33 reverse 42.00 -1.71 4.15 -0.89 0.17 -0.56 -0.99
35 CoH4 + CH3z — CH3CH2CH- 6.40 -4.86 4.45 -2.53 -1.31 -3.14 -2.72
36 35 reverse 33.00 -3.17 4.57 -1.42  -0.06 -1.79 -1.79
37 HCN — HNC 48.10 -2.54 -0.51 -2.51 -2.03 -1.11 0.14
38 37 reverse 33.00 -2.32 -0.31 -2.38 -1.93 -1.04 0.38
39 H + HCI — Hsy + Cl 6.10 -5.78 -1.97 -5.02  -4.41 -4.31 -3.98
40 39 reverse 8.00 -9.24 -5.32 -8.28 -7.94 -8.11 -7.36
41 OH + Hz; — H + H2O 5.20 -11.40 -2.63 -10.40 -8.73 -7.83 -6.84
42 41 reverse 21.60 -7.98 0.64 -7.17 -5.36 -4.72 -3.77
43 CH; + H, - CHs + H 11.90 -8.06 -4.38 -7.25  -6.93 -6.82 -6.36
44 43 reverse 15.00 -5.71 -2.77 -4.97 -4.61 -4.77 -4.27
45 CH4; + OH — CHjs + H20 6.30 -11.61 -3.10 -10.54 -8.79 -8.19 -7.27
46 45 reverse 19.50 -10.45 -1.34 -9.49 -7.64 -7.03 -6.19
47 Ho + H— H + Hs 9.70 -6.03 -3.94 -5.57  -5.39 -5.11 -4.57
48 47 reverse 9.70 -6.03 -3.94 -5.57 -5.39 -5.11 -4.57
49 NH;3; + OH — NH> + H2O 3.40 -15.00 -2.52 -13.53 -11.40 -10.25 -8.72
50 49 reverse 13.70 -14.25 -2.00 -12.87 -10.77 -9.56 -8.10
51 CHs + HCl — CH4 + C1 1.80 -7.59 -3.29 -6.47 -6.15 -6.74 -6.52
52 51 reverse 6.80 -8.71 -5.02 -7.44  -7.37 -8.50 -7.81
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Index Reaction Exact SCF @HF QLCwPBE @S50X @QSCAN-FLOSIC @QPBE-FLOSIC
53 CyHg + OH — C2Hs + H20 3.50 -12.17 -1.78 -10.71  -8.78 -7.92 -6.30
54 53 reverse 20.40 -9.44 0.62 -8.31 -6.40 -5.52 -4.34
55 F + Hy — H + HF 1.60 -14.28 -0.70 -12.97 -9.41 -8.12 -6.70
56 55 reverse 33.80 -9.01 3.80 -7.89 -4.44 -3.60 -2.18
57 O + CH4s — OH + CHs 14.40 -14.70 -7.31 -13.61 -12.23 -11.99 -10.87
58 57 reverse 8.90 -9.29 -2.22 -8.36 -7.24 -7.11 -6.15
59 H + PH; — Hy + PH» 2.90 -4.66 -1.91 -3.69 -3.78 0.28 -2.93
60 59 reverse 24.70 -6.27 -2.51 -5.11  -5.32 16.26 -4.52
61 H+ OH — O + Hy 10.90 -7.19 -0.91 -6.63 -5.52 -5.16 -4.04
62 61 reverse 13.20 -14.85 -7.51 -14.06 -12.72 -11.99 -10.75
63 H + H>S — Hs + HS 3.90 -5.13 -2.42 -4.31  -4.27 -4.37 -3.81
64 63 reverse 17.20 -7.64 -4.38 -6.62 -6.76 -6.86 -6.55
65 O + HCl — OH + C1 10.40 -20.74 -3.27 -16.17 -13.87 -13.22 -11.87
66 65 reverse 9.90 -16.45 0.09 -11.89 -10.10 -10.10 -8.44
67 NH:; + CHs — NH + CHy 890 -8.06 -1.97 -6.84 -6.16 -6.44 -5.56
68 67 reverse 22.00 -11.33 -5.70 -10.01  -9.32 -9.44 -8.56
69 NH: + CoHs — NH + CoHg 9.80 -6.73 -0.96 -5.64 -5.04 -5.22 -4.36
70 69 reverse 19.40 -11.77 -5.54 -10.35 -9.62 -9.66 -8.44
71 NH: + CoHg — NH3 + CoHj 11.30 -9.70 -3.62 -8.32 -7.44 -7.36 -6.45
72 71 reverse 17.80 -7.62 -1.64 -6.48 -5.58 -5.55 -5.01
73 NH; + CH4s — NH3 + CHs 13.90 -9.37 -4.07 -8.17 -7.36 -7.45 -6.67
74 73 reverse 16.90 -9.07 -2.93 -7.88  -6.94 -7.08 -6.31
75 s-trans cis-CsHg — s-trans cis-CsHs  39.70 -8.53 -10.28 -9.46 -8.97 -6.11 -3.38
76 75 reverse 39.70 -8.53 -10.28 -9.46 -8.97 -6.11 -3.38
MD -8.88 -0.92 -7.70  -6.59 -5.62 -5.02

MAD 893 3.85 7.76 6.65 6.21 5.34

RMSD 10.26 5.34 9.10 7.89 6.93 5.83

MAPE 127.72 69.46 105.48 82.78 96.88 91.97

TABLE S60: Individual BH76RC errors for PBE including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the reaction energy computed with
PBE at that density. The reaction index used by the GMTKN and the
symbolic name are given in the first two columns.

Index Reaction Exact SCF @QHF QLCwPBE @S50X @QSCAN-FLOSIC @QPBE-FLOSIC
1 H + N,O — OH + Ny -64.91 22.06 13.73 20.58 19.89 14.26 11.14
2 H + CH3F — HF + CHj; -26.32 3.58 0.21 3.35 3.07 3.12 3.05
3 H+ F; - HF + F -103.28 14.08 9.61 13.83 13.24 12.82 11.81
4 CHjs + CIF — CHsF + Cl -52.64 4.93 3.57 4.55 4.54 2.84 2.61
5 CH3Cl + F~ — CH3F + ClI™ -32.16 2.66 0.90 2.62 1.59 0.25 0.40
6 F~ ... CH3Cl — CH3F ... C1™ -26.12 4.45 0.46 3.29 2.38 1.77 1.92
7 CH3F + OH™ — HOCH3 + F~ -20.32 0.50 0.06 0.13 0.61 -1.36 -1.58
8 CH3F ... OH™ — HOCH3 ... F~ -36.71 -1.70 -1.75 -2.12  -1.86 -4.16 -4.14
9 H + N> — HN, 3.69 -7.49 2.32 -6.70 -5.68 -4.66 -3.98
10 H + CO — HCO -19.55 -6.78 -4.65 -6.31  -5.93 -5.89 -5.35
11 H + CHy — CoHs -40.02 -0.43 -0.37 -0.18 -0.28 -0.69 -0.04
12 CoHy + CH3 — CH3CH,CH> -26.56 -1.73 -0.16 -1.14 -1.28 -1.39 -0.97
13 HCN — HNC -15.06 0.17 0.15 0.09 0.06 0.03 0.20
14 H + HCl — Hsy + Cl -1.90 3.46 3.35 3.26 3.54 3.80 3.38
15 H, + OH — H + H20 -16.39 -3.42 -3.28 -3.24  -3.38 -3.12 -3.08
16 H; + CHs — H + CHy -3.11 -2.34 -1.60 -2.28 -2.31 -2.04 -2.08
17 OH + CH4 — H2O + CHs -13.28 -1.08 -1.68 -0.97 -1.07 -1.08 -1.00
18 OH + NH3; — H20 + NH2 -10.32 -0.74 -0.50 -0.64 -0.61 -0.67 -0.60
19 CHs + HCl — CHy4 + Cl -5.01 1.12 1.74 0.98 1.23 1.76 1.30
20 OH + CoHg — H20 + CoHs -16.84 -2.79 -2.46 -2.46  -2.44 -2.46 -2.03
21 H, + F - H + HF -32.22 -5.25 -4.49 -5.06 -4.95 -4.51 -4.50
22 O + CH; — OH + CHj 5.44 -5.35 -5.03 -5.18  -4.93 -4.81 -4.67
23 H + PH; — Hs + PH> -21.74 1.56 0.53 1.36 1.49 -16.05 1.53



Index Reaction Exact SCF @QHF QLCwPBE @S50X @QSCAN-FLOSIC @QPBE-FLOSIC
24 H+ OH — Hs + O -2.32 7.68 6.63 7.45 7.23 6.84 6.73
25 H + H>S — Hy + HS -13.26 247 1.92 2.28 2.44 2.46 2.70
26 O + HCl — OH + C1 0.42 -4.21 -3.28 -4.19 -3.69 -3.04 -3.35
27 NH: + CH3z — NH + CHy -13.12 3.29 3.76 3.18 3.18 3.02 3.02
28 NH: + CoHs — NH + CoHg -9.56 5.00 4.54 4.67 4.54 4.40 4.04
29 NH, + C2Hg — NH3z + CoHs -6.52 -2.06 -1.96 -1.82 -1.83 -1.79 -1.42
30 NH; + CH4s — NHs + CHs -2.96 -0.35 -1.18 -0.33  -0.46 -0.41 -0.40
MD 1.04 0.70 0.97 0.94 -0.02 0.49

MAD 4.09 2.86 3.81 3.66 3.85 3.10

RMSD 6.00 4.10 5.65 5.41 5.48 4.15

MAPE 75.89 59.57 73.02 68.22 63.82 61.47

590



C. BLYP

TABLE S61:  Individual BH76 errors for BLYP including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the barrier height computed with
BLYP at that density. The reaction index used by the GMTKN and the
symbolic name are given in the first two columns.

Index Reaction Exact SCF QHF QLCwPBE @QS50X
1 H + N.O — N> + OH 17.70 -9.16 2.87 -8.07 -7.21
2 1 reverse 82.60 -20.64 -0.17 -18.06 -16.37
3 H + HF — HF + H 42.10 -16.16 -12.47 -15.71 -15.60
4 3 reverse 42.10 -16.16 -12.47 -15.71 -15.60
5 H + HCl — HCl1 + H 17.80 -7.65 -3.03 -6.50 -5.85
6 5 reverse 17.80 -7.65 -3.03 -6.50 -5.85
7 CHsF + H — CHs + HF 30.50 -14.59 -8.17 -13.53 -13.01
8 7 reverse 56.90 -14.67 -5.85 -13.57 -13.06
9 Fs + H— F + HF 1.50 -12.86 22.12 -10.99 -2.56
10 9 reverse 104.80 -23.64 15.49 -21.49 -12.73
11 CHj3 + CIF — CH3F + Cl 7.10 -13.65 6.10 -11.35 -9.41
12 11 reverse 59.80 -17.84 3.33 -15.12 -13.22
13 CH3F + F~ — FCHs + F~ -0.60 -4.92 2.71 -3.92 -3.35
14 13 reverse -0.60 -4.92 2.71 -3.92  -3.35
15 CHsF ...F~ - FCHs ... F~ 13.40 -6.56 -0.24 -6.03 -5.23
16 15 reverse 13.40 -6.56 -0.24 -6.03 -5.23
17 CH3Cl + CI™ — CICH3 + Cl1™ 250 -6.07 1.81 -4.25 -4.49
18 17 reverse 2.50 -6.07 1.81 -4.25  -4.49
19 CH3Cl...Cl” — CICH;3 ... C1™ 13.50 -7.82 -1.11 -6.52 -6.54
20 19 reverse 13.50 -7.82 -1.11 -6.52 -6.54
21 CHs3Cl + F~ — CH3F + CI™ -12.30 -4.48 2.35 -2.89 -3.07
22 21 reverse 19.80 -6.59 2.44 -5.01 -3.86
23 F~ ... CH3Cl — CH3F ... C1™ 3.50 -4.87 -0.56 -4.44  -4.26
24 23 reverse 29.60 -8.80 -0.40 -7.34 -6.09
25 CHsF + OH™ — HOCH3 + F— -2.70 -4.60 3.07 -3.53 -2.85
26 25 reverse 17.60 -6.03 1.84 -4.60 -4.55
27 CHsF ... OH™ — HOCHs ... F~ 11.00 -6.61 0.03 -5.93 -5.12
28 27 reverse 4770 -7.85 -1.32 -6.77 -6.34
29 H + N2 — HN» 14.60 -9.34 1.35 -8.26  -6.52
30 29 reverse 10.90 -2.51 -1.92 -2.38 -1.69
31 H + CO — HCO 3.20 -5.20 -1.03 -4.02 -3.92
32 31 reverse 22.80 048 2.01 0.96 0.56
33 H + C;H4 — CH3CH» 2.00 -2.72 4.25 -1.06 -0.13
34 33 reverse 42.00 -3.80 2.65 -2.62  -1.77
35 CoH4 + CH3s — CH3CH2CH- 6.40 -1.68 8.22 0.91 2.31
36 35 reverse 33.00 -8.04 0.21 -6.20 -4.78
37 HCN — HNC 48.10 -1.30 0.38 -1.23  -0.89
38 37 reverse 33.00 -1.11 0.65 -1.06 -0.73
39 H + HCI — Hs + Cl 6.10 -8.82 -5.04 -8.07 -7.45
40 39 reverse 8.00 -5.46 -1.81 -4.48 -4.23
41 OH + Hz — H + H2O 5.20 -850 -0.05 =747  -5.94
42 41 reverse 21.60 -11.28 -3.04 -10.42  -8.82
43 CHs + H, — CH, + H 11.90 -4.72 -1.17 -3.77  -3.52
44 43 reverse 15.00 -7.36 -4.10 -6.46 -6.06
45 CH4; + OH — CHj3 + H20O 6.30 -8.74 -0.22 -7.64 -5.89
46 45 reverse 19.50 -8.77 -0.18 -7.80 -6.13
47 He + H— H + H2 9.70 -6.78 -4.40 -6.10 -5.95
48 47 reverse 9.70 -6.78 -4.40 -6.10 -5.95
49 NH;3; + OH — NH: + H»O 3.40 -12.29 0.12 -10.78  -8.74
50 49 reverse 13.70 -11.78 0.23 -10.38  -8.42
51 CHs + HCl — CH4 + CI 1.80 -5.20 -0.77 -3.97 -3.66
52 51 reverse 6.80 -4.49 -0.47 -3.07 -2.98
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Index Reaction Exact SCF @QHF QLCwPBE @S50X
53 CyHg + OH — C2Hs + H20 3.50 -9.29 0.98 -7.85 -5.95
54 53 reverse 20.40 -7.89 1.53 -6.84 -5.12
55 F + H, - H + HF 1.60 -12.92 0.44 -11.62  -8.20
56 55 reverse 33.80 -13.45 -0.93 -12.31  -9.07
57 O + CH4 — OH + CHs 14.40 -12.49 -4.88 -11.38  -9.90
58 57 reverse 8.90 -7.11 -0.39 -6.15 -5.16
59 H + PHs; — H> + PHs 290 -5.50 -1.98 -4.08 -4.16
60 59 reverse 24.70 -2.60 1.23 -1.09 -1.45
61 H+ OH — O + Hs 10.90 -9.34 -3.23 -8.60 -7.69
62 61 reverse 13.20 -11.98 -4.69 -11.05  -9.79
63 H + H.S — Hy + HS 3.90 -6.12 -2.73 -4.93 -4.88
64 63 reverse 17.20 -2.70 0.78 -1.32  -1.59
65 O + HCl — OH + C1 10.40 -19.02 -0.49 -14.03 -11.62
66 65 reverse 9.90 -12.91 4.30 -7.90 -6.20
67 NH; + CHs — NH + CHy4 890 -5.23 0.64 -3.97 -3.37
68 67 reverse 22.00 -8.59 -2.74 -7.21  -6.42
69 NH; + C2Hs — NH + C3Hg 9.80 -3.72 1.76 -2.64 -2.12
70 69 reverse 19.40 -8.71 -2.32 -7.26 -6.44
71 NH; + C2Hg — NHs + C3Hs 11.30 -5.92 0.20 -4.51 -3.60
72 71 reverse 17.80 -4.93 0.74 -3.80 -2.99
73 NH: + CH4 — NHs3 + CHjs 13.90 -5.80 -0.36 -4.52 -3.68
74 73 reverse 16.90 -6.44 -0.53 -5.19 -4.33
75 s-trans cis-CsHg — s-trans cis-CsHg  39.70 -3.87 -5.07 -4.42  -3.87
76 75 reverse 39.70 -3.87 -5.07 -4.42  -3.87
MD -8.05 -0.17 -6.80 -5.77

MAD 8.06 2.84 6.85 5.85

RMSD 9.28 4.63 8.05 6.84

MAPE 117.27 54.61 96.08 76.33

TABLE S62: Individual BH76RC errors for BLYP including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the reaction energy computed with
BLYP at that density. The reaction index used by the GMTKN and the
symbolic name are given in the first two columns.

Index Reaction Exact SCF @QHF QLCwPBE @S50X
1 H + N>,O — OH + N» -64.91 11.49 3.06 10.01 9.17
2 H + CH3F — HF + CHj; -26.32 0.00 -2.40 -0.04 -0.04
3 H+ F; - HF + F -103.28 10.76 6.61 10.49 10.15
4 CHjs + CIF — CHsF + Cl -52.64 4.13 2.71 3.72 3.75
5 CH3Cl + F~ — CH3F + ClI™ -32.16 2.17 -0.04 2.18 0.85
6 F~ ... CH3Cl — CH3F ... C1™ -26.12 3.94 -0.14 2.93 1.85
7 CH3F + OH™ — HOCHj3 + F~ -20.32 1.45 1.25 1.09 1.72
8 CH3F ... OH™ — HOCH3 ... F~ -36.71 1.25 1.37 0.86 1.23
9 H + N2 — HN; 3.69 -6.81 3.29 -5.87 -4.82
10 H + CO — HCO -19.55 -5.74 -3.08 -5.03 -4.53
11 H + C3Hs — CoHs -40.02 1.10 1.62 1.59 1.67
12 CoHy + CH3 — CH3CH>CH» -26.56 6.32 7.97 7.06 7.04
13 HCN — HNC -15.06 0.15 0.22 0.13 0.12
14 H + HCl — Hsy + Cl -1.90 -3.36 -3.23 -3.59  -3.22
15 H, + OH — H + H20 -16.39 2.77 2.98 2.94 2.87
16 H; + CHs — H + CHy -3.11 2,65 2.94 2.70 2.55
17 OH + CH4 — H2O + CHs -13.28 0.12 0.04 0.24 0.32
18 OH + NH3 — H>0O + NH» -10.32 -0.48 -0.09 -0.39  -0.29
19 CHs + HCl — CH4 + Cl -5.01 -0.70 -0.29 -0.89 -0.67
20 OH + C3Hg — H>0O + CoHj -16.84 -1.46 -0.61 -1.07  -0.89
21 H, + F - H + HF -32.22 0.55 1.40 0.71 0.89
22 O + CH; — OH + CHs 5.44 -5.33 -4.43 -5.17  -4.68
23 H + PH; — H> + PHs -21.74 -2.96 -3.27 -3.05  -2.77
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Index Reaction Exact SCF @QHF QLCwPBE @S50X
24 H+ OH — Hy; + O -2.32 2.66 1.48 2.46 2.12
25 H + H2S — Hy + HS -13.26 -3.46 -3.55 -3.65 -3.33
26 O + HCl — OH + C1 0.42 -6.02 -4.71 -6.05 -5.34
27 NH; + CH3 — NH + CHy4 -13.12 3.37 3.39 3.26 3.07
28 NH:; + CoHs — NH + CoHg -9.56 4.95 4.04 4.58 4.28
29 NH, + C2Hg — NH3 + C2Hs -6.52 -0.98 -0.52 -0.69 -0.60
30 NH:. + CH; — NH3 + CHjs -2.96 0.60 0.13 0.63 0.61
MD 0.77 0.60 0.74 0.77

MAD 3.26 2.36 3.10 2.85

RMSD 4.35 3.06 4.11 3.81

MAPE 80.61 62.09 79.60 70.59
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TABLE S63:  Individual BH76 errors for SCAN including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the barrier height computed with
SCAN at that density. The reaction index used by the GMTKN and the

D. SCAN

symbolic name are given in the first two columns.

Index Reaction Exact SCF QHF QLCwPBE @S50X @QSCAN-FLOSIC
1 H + N.O — N> + OH 17.70 -8.37 -0.65 -7.93 -7.64 -1.11
2 1 reverse 82.60 -17.56 -2.82 -16.13 -15.16 -3.85
3 H + HF — HF + H 42.10 -13.50 -10.46 -13.24 -13.04 -8.66
4 3 reverse 42.10 -13.50 -10.46 -13.24 -13.04 -8.66
5 H + HCl — HCl1 + H 17.80 -8.31 -6.22 -7.91 -7.77 -6.44
6 5 reverse 17.80 -8.31 -6.22 =791  -7.77 -6.44
7 CHsF + H — CHs + HF 30.50 -10.63 -5.61 -10.05 -9.89 -6.29
8 7 reverse 56.90 -10.54 -2.91 -9.85 -9.36 -5.89
9 F» + H— F + HF 1.50 -12.68 9.94 -12.28  -8.67 -6.43
10 9 reverse 104.80 -16.21 11.15 -15.50 -11.02 -8.86
11 CH;3 + CIF — CH3F + C1 7.10 -11.06 1.62 -10.13  -9.09 -6.64
12 11 reverse 59.80 -14.04 0.25 -12.70 -11.57 -7.88
13 CH3F + F~ — FCHs + F~ -0.60 -5.89 147 -5.00 -4.21 -6.42
14 13 reverse -0.60 -5.89 147 -5.00 -4.21 -6.42
15 CH3F ...F~ — FCHs ... F~ 13.40 -5.13 0.87 -4.66 -3.81 -4.83
16 15 reverse 13.40 -5.13 0.87 -4.66 -3.81 -4.83
17 CH3Cl + CI™ — CICH3 + Cl1™ 2.50 -7.22  0.07 -5.91 -5.88 -7.83
18 17 reverse 2.50 -7.22 0.07 -5.91 -5.88 -7.83
19 CH3Cl...ClT — CICH;3 ... CI™ 13.50 -6.64 -0.29 -5.78  -5.58 -6.76
20 19 reverse 13.50 -6.64 -0.29 -5.78  -5.58 -6.76
21 CH3Cl + F~ — CH3F + CI™ -12.30 -7.57 -1.01 -6.50 -6.21 -8.20
22 21 reverse 19.80 -4.61 2.78 -3.50  -2.71 -3.45
23 F~ ... CH3Cl —- CH3F ... C1™ 3.50 -4.91 -0.60 -4.70  -4.28 -5.07
24 23 reverse 29.60 -4.91 1.86 -4.02 -3.15 -3.36
25 CH3F + OH™ — HOCHj3 + F~ -2.70 -5.60 1.53 -4.74  -4.07 -7.21
26 25 reverse 17.60 -6.59 1.32 -5.46 -4.94 -6.34
27 CH3F ... OH™ — HOCH;3 ... F~ 11.00 -5.41 0.87 -4.83  -4.09 -5.85
28 27 reverse 47.70 -3.97 241 -3.16  -2.59 -2.49
29 H + Ny — HNs 14.60 -10.41 -4.61 -10.02 -9.67 -8.24
30 29 reverse 10.90 -1.24 -1.06 -1.43 -1.07 -0.31
31 H + CO — HCO 3.20 -6.94 -3.72 -6.38  -6.46 -6.34
32 31 reverse 22.80 1.23 3.28 1.41 1.49 1.54
33 H + C;H4y — CH3CH- 2.00 -6.48 -3.09 -5.52  -5.99 -6.06
34 33 reverse 42.00 1.08 4.45 1.78 1.58 1.73
35 C2H4 + CH; — CH3CH2CH, 6.40 -5.75 -0.78 -4.79  -4.67 -5.39
36 35 reverse 33.00 -2.22  2.00 -1.68 -1.29 -1.79
37 HCN — HNC 48.10 -1.89 -0.99 -2.01  -1.75 -0.98
38 37 reverse 33.00 -0.73 0.49 -0.86 -0.54 0.10
39 H + HCl — Hs + Cl 6.10 -7.80 -5.66 -7.52  -7.37 -6.98
40 39 reverse 8.00 -7.36 -4.62 -6.88 -6.78 -7.19
41 OH + Hy — H + H20O 5.20 -7.10 -1.00 -6.78 -5.91 -5.35
42 41 reverse 21.60 -10.64 -4.88 -10.51  -9.60 -8.93
43 CH; + H, - CH4 + H 11.90 -4.64 -2.07 -4.25 -4.11 -4.27
44 43 reverse 15.00 -8.08 -5.84 =772 -7.61 -7.55
45 CH4 + OH — CHs + H2O 6.30 -7.70 -1.86 -7.26  -6.50 -6.03
46 45 reverse 19.50 -7.72 -1.86 -7.41 -6.60 -6.23
47 Ho +H— H + Hs 9.70 -7.30 -5.85 -7.03 -6.99 -6.82
48 47 reverse 9.70 -7.30 -5.85 -7.03  -6.99 -6.82
49 NH;3; + OH — NH, + H50O 3.40 -10.48 -1.66 -9.87 -8.79 -7.91
50 49 reverse 13.70 -10.38 -1.81 -9.81 -8.78 -7.80
51 CH;3 + HC1 — CHy + Cl1 1.80 -4.76 -1.85 -4.18 -4.03 -4.57
52 51 reverse 6.80 -7.76 -4.59 -7.00 -6.93 -8.05
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Index Reaction Exact SCF @QHF QLCwPBE @S50X @QSCAN-FLOSIC
53 CyHg + OH — C2Hs + H20 3.50 -8.06 -0.74 -7.52  -6.55 -5.90
54 53 reverse 20.40 -7.32 -0.58 -6.97 -6.02 -5.38
55 F + H: - H + HF 1.60 -9.08 0.41 -8.79 -6.56 -5.56
56 55 reverse 33.80 -11.86 -3.00 -11.63  -9.55 -8.47
57 O + CHy — OH + CHs 14.40 -12.24 -6.64 -11.72 -11.04 -10.60
58 57 reverse 890 -5.45 -0.16 -5.01 -4.35 -4.31
59 H + PHs; — Hs + PHs 2.90 -6.14 -4.02 -5.55 -5.75 -5.52
60 59 reverse 24.70 -5.05 -2.09 -4.36  -4.53 -4.55
61 H+ OH — O + Hs 10.90 -7.68 -2.81 -7.39 -6.75 -6.37
62 61 reverse 13.20 -10.93 -5.41 -10.53  -9.83 -9.29
63 H + H.S — Hy + HS 3.90 -6.68 -4.60 -6.17  -6.27 -6.15
64 63 reverse 17.20 -5.62 -2.99 -4.93 -5.06 -5.50
65 O + HCl — OH + C1 10.40 -14.14 -1.95 -12.20 -10.74 -10.05
66 65 reverse 9.90 -10.35 1.78 -8.32 -6.96 -7.24
67 NH: + CHs — NH + CHy 890 -4.20 -0.04 -3.70 -3.28 -3.68
68 67 reverse 22.00 -9.67 -5.45 -9.04 -8.69 -8.60
69 NH: + CoHs — NH + CyHg 9.80 -3.54 0.54 -3.04 -2.65 -2.98
70 69 reverse 19.40 -9.97 -5.25 -9.28 -8.88 -8.81
71 NH; + C2Hg — NHs + C3Hs 11.30 -6.40 -2.35 -5.73  -5.43 -5.32
72 71 reverse 17.80 -5.65 -1.94 -5.14  -4.80 -4.81
73 NH; + CH4 — NH3 + CHs 13.90 -6.18 -2.61 -5.58 -5.32 -5.28
74 73 reverse 16.90 -6.39 -2.57 -5.89 -5.53 -5.69
75 s-trans cis-CsHg — s-trans cis-CsHs  39.70 -6.02 -7.12 -6.60 -6.12 -3.44
76 75 reverse 39.70 -6.02 -7.12 -6.60 -6.12 -3.44
MD -7.44 -1.70 -6.85 -6.28 -5.76

MAD 7.50 3.05 6.94 6.36 5.85

RMSD 8.22 4.03 7.65 7.00 6.27

MAPE 119.90 41.22 108.23  96.01 104.92

TABLE S64:

Individual BH76RC errors for SCAN including its self-

consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the reaction energy computed with
SCAN at that density. The reaction index used by the GMTKN and the
symbolic name are given in the first two columns.

Index Reaction Exact SCF QHF QLCwPBE @S50X @QSCAN-FLOSIC
1 H + N2O — OH + N» -64.91 9.20 2.19 8.21 7.52 2.75
2 H + CH3F — HF + CHj; -26.32 -0.16 -2.79 -0.28 -0.61 -0.48
3 H+ F; - HF + F -103.28 3.51 -1.23 3.20 2.34 2.41
4 CHjs + CIF — CHsF + Cl -52.64 2.92 1.30 2.52 2.42 1.18
5 CH3Cl + F~ — CH3F + ClI™ -32.16 -2.90 -3.73 -2.94 -3.44 -4.69
6 F~ ... CH3Cl — CH3F ... Cl™ -26.12 0.03 -2.44 -0.65 -1.11 -1.69
7 CH3F + OH™ — HOCH3 + F~ -20.32 1.00 0.23 0.74 0.89 -0.85
8 CH3F ... OH™ — HOCH3 ... F~ -36.71 -1.43 -1.52 -1.65 -1.49 -3.35
9 H + N — HN; 3.69 -9.15 -3.55 -8.58 -8.58 -7.92
10 H + CO — HCO -19.55 -8.22 -7.04 -7.84  -8.00 -7.93
11 H + CHy — CoHs -40.02 -7.55 -7.52 -7.27  -7.55 -7.76
12 CoHy + CH3 — CH3CH2CH» -26.56 -3.57 -2.82 -3.15  -3.41 -3.63
13 HCN — HNC -15.06 1.12 1.44 1.11 1.17 1.03
14 H + HCl — Hy + CI -1.90 -0.44 -1.03 -0.64 -0.60 0.21
15 H, + OH — H + H>0O -16.39 3.54 3.87 3.71 3.68 3.57
16 H; + CHs — H + CHy4 -3.11 3.44 3.79 3.48 3.51 3.29
17 OH + CH4 — H20O + CHs -13.28 0.10 0.08 0.23 0.17 0.28
18 OH + NHs; — H20 + NH» -10.32 -0.07 0.16 -0.04 0.01 -0.09
19 CHs + HCl — CH4 + Cl -5.01 3.00 2.75 2.84 2.91 3.49
20 OH + C2Hg — H20O + C2Hs -16.84 -0.80 -0.23 -0.61  -0.60 -0.58
21 H, + F - H + HF -32.22 2.80 3.43 2.86 3.01 2.93
22 O + CHy — OH + CHs 5.44 -6.72 -6.42 -6.65 -6.63 -6.23
23 H + PH; — Hy + PH» -21.74 -1.14 -1.99 -1.25 -1.27 -1.03
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Index Reaction Exact SCF QHF QLCwPBE @S50X @SCAN-FLOSIC
24 H+ OH — Hy + O -2.32 3.27 2.62 3.16 3.11 2.93
25 H + H2S — Hs + HS -13.26 -1.10 -1.66 -1.29  -1.25 -0.69
26 O + HCl — OH + C1 0.42 -3.71 -3.65 -3.80 -3.70 -2.73
27 NHs,; + CHsz — NH + CHy -13.12 549 5.44 5.36 5.42 4.94
28 NH, + C2Hs — NH + CyHg -9.56 6.38 5.75 6.20 6.19 5.79
29 NH, + C2Hg — NH3z + CoHs -6.52 -0.73 -0.39 -0.57 -0.61 -0.49
30 NH: + CHy — NHj3 + CHjs -2.96 0.17 -0.08 0.27 0.16 0.37
MD -0.06 -0.50 -0.11  -0.21 -0.50

MAD 3.12 2.70 3.04 3.05 2.84

RMSD 4.18 3.40 3.99 3.98 3.70

MAPE 62.93 57.22 63.11 62.33 52.75
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E. r’SCAN

TABLE S65: Individual BH76 errors for r2SCAN including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the barrier height computed with
r?SCAN at that density. The reaction index used by the GMTKN and
the symbolic name are given in the first two columns.

S97

Index Reaction Exact SCF QHF QLCwPBE @S50X @QSCAN-FLOSIC @r2SCAN-FLOSIC
1 H + N,O — Ny + OH 17.70 -7.35 1.32 -6.90 -6.33 -7.71 -0.35
2 1 reverse 82.60 -19.02 -2.96 -17.51 -16.23 -17.96 -5.58
3 H+ HF —- HF + H 42.10 -13.13 -10.21 -12.89 -12.69 -13.09 -8.52
4 3 reverse 42.10 -13.13 -10.21 -12.89 -12.69 -13.09 -8.52
5 H + HCl — HC1 + H 17.80 -8.10 -5.26 -7.58 -7.25 -7.73 -6.37
6 5 reverse 17.80 -8.10 -5.26 -7.58 -7.25 -7.73 -6.37
7 CHsF + H — CHs + HF 30.50 -11.33 -6.63 -10.91 -10.72 -11.60 -7.20
8 7 reverse 56.90 -10.00 -2.58 -9.30  -8.90 -9.99 -5.56
9 F: + H— F + HF 1.50 -10.99 13.16 -10.39 -5.48 -11.11 -3.66
10 9 reverse 104.80 -14.84 13.78 -13.99 -8.32 -15.13 -6.65
11 CHjs + CIF — CHsF + Cl 7.10 -10.32 3.39 -9.22 -8.02 -11.34 -6.03
12 11 reverse 59.80 -14.15 1.49 -12.77 -11.28 -14.03 -8.26
13 CHsF + F~ — FCHs + F~ -0.60 -5.09 1.69 -4.39 -3.70 -6.92 -5.73
14 13 reverse -0.60 -5.09 1.69 -4.39 -3.70 -6.92 -5.73
15 CH3F ...F~ — FCHsz ... F~ 13.40 -4.71 0.84 -4.42  -3.65 -5.50 -4.55
16 15 reverse 13.40 -4.71 0.84 -4.42 -3.65 -5.50 -4.55
17 CH3Cl + CI™ — CICHs + Cl1™ 2.50 -5.69 0.89 -4.47  -4.47 -7.06 -6.03
18 17 reverse 2.50 -5.69 0.89 -4.47  -4.47 -7.06 -6.03
19 CH3Cl...Cl™ — CICHs ... Cl™ 13.50 -5.57 0.09 -4.84 -4.66 -6.37 -5.49
20 19 reverse 13.50 -5.57 0.09 -4.84 -4.66 -6.37 -5.49
21 CH3Cl + F~ — CHsF + ClI™ -12.30 -6.10 0.04 -4.97 -4.74 -8.06 -6.68
22 21 reverse 19.80 -4.40 2.93 -3.24  -2.43 -5.29 -3.22
23 F~ ... CH3Cl — CH3F ... ClI™ 3.50 -4.10 -0.21 -3.90 -3.52 -4.83 -4.27
24 23 reverse 29.60 -4.99 1.81 -4.04 -3.15 -5.38 -3.40
25 CH3F + OH™ — HOCHjs + F~ -2.70 -4.79 1.79 -4.05 -3.46 -7.67 -6.41
26 25 reverse 17.60 -5.44 1.59 -4.50 -4.11 -6.67 -5.26
27 CH3F ... OH™ — HOCH;3 ... F~ 11.00 -4.97 0.87 -4.53 -3.84 -6.69 -5.47
28 27 reverse 47.70 -3.24 2.16 -2.66 -2.22 -3.13 -1.82
29 H + N2 — HN, 14.60 -9.98 -2.78 -9.60 -8.67 -9.99 -8.04
30 29 reverse 1090 -1.73 -1.30 -1.84 -1.29 -1.63 -1.09
31 H + CO — HCO 3.20 -6.55 -3.44 -5.97 -6.03 -6.50 -5.76
32 31 reverse 22.80 0.95 2.89 1.14 1.18 1.10 1.27
33 H + C3:H4y — CH3CH2 2.00 -5.17 -2.19 -4.50 -4.71 -5.11 -4.76
34 33 reverse 42.00 0.90 4.28 1.45 1.49 1.13 1.49
35 C2H4 + CHs — CH3CH2CHs 6.40 -3.90 0.41 -3.18  -2.92 -3.86 -3.54
36 35 reverse 33.00 -1.85 1.65 -1.58 -1.03 -1.64 -1.46
37 HCN — HNC 48.10 -1.90 -0.45 -2.09 -1.65 -2.10 -1.12
38 37 reverse 33.00 -1.16 0.32 -1.34  -0.98 -1.49 -0.36
39 H + HCl — Hsy + Cl 6.10 -6.51 -3.85 -6.04 -5.72 -6.31 -5.73
40 39 reverse 8.00 -6.75 -3.55 -6.13  -5.84 -7.36 -6.59
41 OH + Hy — H + H20 5.20 -6.51 -0.23 -6.14 -5.09 -6.76 -4.66
42 41 reverse 21.60 -9.09 -3.06 -8.85 -7.77 -8.94 -7.22
43 CHs + H» - CHy + H 11.90 -4.23 -1.69 -3.79  -3.65 -4.28 -3.89
44 43 reverse 15.00 -7.15 -5.47 -6.88 -6.76 -7.05 -6.70
45 CH4 + OH — CH3 + H2O 6.30 -6.99 -0.76 -6.56 -5.38 -7.28 -5.19
46 45 reverse 19.50 -6.55 0.27 -6.07 -4.85 -6.59 -4.85
47 H, + H— H + Ho 9.70 -7.16 -5.75 -6.90 -6.86 -7.13 -6.68
48 47 reverse 9.70 -7.16 -5.75 -6.90 -6.86 -7.13 -6.68
49 NH; + OH — NH>; + H;O 3.40 -9.85 -0.19 -9.19 -7.63 -10.25 -7.17
50 49 reverse 13.70 -9.55 -0.00 -8.89 -7.37 -9.69 -6.80
51 CHs + HCl — CH4 + Cl 1.80 -4.47 -1.58 -3.88 -3.71 -4.53 -4.26
52 51 reverse 6.80 -7.63 -5.05 -7.06 -6.95 -8.35 -7.92
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Index Reaction Exact SCF QHF QLCwPBE @S50X @QSCAN-FLOSIC @r2SCAN-FLOSIC
53 CoHg + OH — CoHs + H20O 3.50 -7.53 0.15 -6.91 -5.58 -7.80 -5.10
54 53 reverse 20.40 -6.15 1.50 -5.53 -4.23 -6.23 -3.96
55 F + H, — H + HF 1.60 -8.57 0.90 -8.26 -6.06 -8.89 -5.08
56 55 reverse 33.80 -10.08 -1.24 -9.80 -7.77 -9.85 -6.69
57 O + CH4 — OH + CHs 14.40 -11.39 -6.08 -10.99 -10.15 -11.49 -9.83
58 57 reverse 8.90 -5.17 0.34 -4.69 -3.92 -5.35 -4.07
59 H + PH3; — Hy + PH» 290 -6.09 -3.91 -5.48 -5.63 -6.05 -5.47
60 59 reverse 24.70 -4.48 -1.22 -3.65 -3.80 -4.63 -3.92
61 H+ OH — O + Hs 1090 -7.72 -2.76 -7.44 -6.74 -7.79 -6.39
62 61 reverse 13.20 -10.92 -5.31 -10.55 -9.76 -11.07 -9.24
63 H + H.S — Hy + HS 3.90 -6.44 -4.41 -5.94 -6.00 -6.40 -5.96
64 63 reverse 17.20 -5.57 -2.67 -4.87 -4.93 -6.06 -5.43
65 O + HCl —- OH + C1 10.40 -14.14 -1.64 -12.11 -10.58 -14.47 -10.11
66 65 reverse 9.90 -11.08 1.30 -8.99 -7.58 -12.15 -8.02
67 NH: + CHs — NH + CHy 890 -4.06 0.21 -3.47  -3.05 -4.28 -3.50
68 67 reverse 22.00 -8.71 -4.93 -8.16 -7.76 -8.58 -7.65
69 NH: + CoHs — NH + CoHg 9.80 -3.42 0.80 -2.83  -2.42 -3.67 -2.82
70 69 reverse 19.40 -9.20 -4.85 -8.60 -8.15 -9.05 -7.96
71 NHs + CsHg — NH3 + CoHs 11.30 -5.77 -1.48 -5.10 -4.52 -5.86 -4.64
72 71 reverse 17.80 -4.60 -0.21 -3.92  -3.33 -4.75 -3.77
73 NH; + CH4 — NH3; + CH3 13.90 -5.36 -1.68 -4.78  -4.28 -5.45 -4.37
74 73 reverse 16.90 -5.32 -0.93 -4.69 -4.10 -5.43 -4.50
75 s-trans cis-CsHg — s-trans cis-CsHs  39.70 -6.56 -8.02 -7.43 -6.87 -6.65 -4.12
76 75 reverse 39.70 -6.56 -8.02 -7.43 -6.87 -6.65 -4.12
MD -6.91 -1.10 -6.35 -5.64 -7.24 -5.23

MAD 6.96 2.84 6.42 5.71 7.30 5.31

RMSD 7.75 4.08 7.18 6.41 8.01 5.71

MAPE 107.42 42.35 96.62 82.66 120.89 91.55

TABLE S66: Individual BH76RC errors for r2’SCAN including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the reaction energy computed with
r’SCAN at that density. The reaction index used by the GMTKN and
the symbolic name are given in the first two columns.

Index Reaction Exact SCF QHF QLCwPBE @S50X @QSCAN-FLOSIC @r2SCAN-FLOSIC
1 H + N2O — OH + N» -64.91 11.68 4.29 10.62 9.90 10.26 5.24
2 H + CH3F — HF + CH3 -26.32 -1.41 -4.13 -1.69 -1.90 -1.69 -1.72
3 H+F, - HF + F -103.28 3.83 -0.63 3.58 2.81 4.00 2.97
4 CHs + CIF — CH3F + Cl -52.64 3.78 1.84 3.49 3.20 2.63 2.17
5 CH3Cl + F~ — CH3F + C1™ -32.16 -1.65 -2.84 -1.67  -2.24 -2.71 -3.40
6 F~ ... CH3Cl — CH3F ... CI™ -26.12  0.91 -2.00 0.16 -0.36 0.57 -0.85
7 CHsF + OH™ — HOCH3 + F~ -20.32 0.67 0.23 0.46 0.67 -0.98 -1.13
8 CHsF ... OH™ — HOCHs ... F~ -36.71 -1.72 -1.28 -1.86 -1.61 -3.55 -3.64
9 H + N2 — HN» 3.69 -8.24 -1.46 -7.75  -7.38 -8.35 -6.93
10 H + CO — HCO -19.55 -7.55 -6.38 -7.15  -7.25 -7.65 -7.08
11 H + CoHy — CoHs -40.02 -6.05 -6.45 -5.93  -6.19 -6.22 -6.22
12 CoHy4 + CHs — CH3CH2CH, -26.56 -2.10 -1.27 -1.64 -1.94 -2.25 -2.13
13 HCN — HNC -15.06 0.70 0.73 0.71 0.63 0.57 0.71
14 H + HCl — Hy + Cl -1.90 0.24 -0.31 0.09 0.12 1.06 0.86
15 H; + OH — H + H20 -16.39 2.57 2.83 2.70 2.66 2.17 2.55
16 Hz; + CHs — H + CHy4 -3.11 2,93 3.79 3.10 3.12 2.78 2.81
17 OH + CHy — H20 + CH3 -13.28 -0.36 -0.96 -0.41  -0.46 -0.61 -0.26
18 OH + NH3 — H20 + NH» -10.32 -0.28 -0.17 -0.28  -0.24 -0.55 -0.35
19 CHs + HCl — CHy + C1 -5.01 3.18 3.48 3.19 3.24 3.83 3.67
20 OH + CyHs — H20 + C2Hs -16.84 -1.43 -1.41 -1.44  -141 -1.63 -1.20
21 H, + F - H + HF -32.22 1.53 2.15 1.56 1.73 0.99 1.63
22 O + CH4 — OH + CHs 5.44 -6.17 -6.36 -6.24  -6.17 -6.08 -5.70

23 H + PH3 — Hz + PH> -21.74 -1.67 -2.76 -1.88  -1.89 -1.48 -1.61
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Index Reaction Exact SCF @QHF QLCwPBE @S50X @QSCAN-FLOSIC @r2SCAN-FLOSIC
24 H+ OH — Hy + O -2.32 3.22 2.56 3.12 3.04 3.30 2.87
25 H + H2S — Hy + HS -13.26 -0.91 -1.78 -1.11  -1.12 -0.38 -0.58
26 O + HCl — OH + Cl1 0.42 -2.98 -2.87 -3.04  -2.92 -2.24 -2.02
27 NH: + CH3s — NH + CHy -13.12 4.67 5.16 4.70 4.74 4.32 4.17
28 NH, + CoHs — NH + CyHg -9.56 5.74 5.61 5.73 5.69 5.34 5.10
29 NH, + C2Hg — NH3 + C2Hs -6.52 -1.15 -1.24 -1.16  -1.17 -1.08 -0.84
30 NH:, + CHy — NH; + CHs -2.96 -0.08 -0.79 -0.13  -0.22 -0.06 0.09
MD 0.06 -0.41 -0.00 -0.10 -0.19 -0.36

MAD 2.98 2.59 2.89 2.87 2.98 2.68

RMSD 4.03 3.20 3.86 3.77 3.92 3.35

MAPE 54.58 49.15 54.32 53.19 50.38 45.56




F. MO06-L

TABLE S67:  Individual BH76 errors for M06-L including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the barrier height computed with
MO6-L at that density. The reaction index used by the GMTKN and

the symbolic name are given in the first two columns.

Index Reaction Exact SCF @QHF QLCwPBE @S50X
1 H + N2O — N; + OH 17.70 1.61 13.09 2.60 3.92
2 1 reverse 82.60 -15.92 2.76 -12.65 -11.61
3 H + HF — HF + H 42.10 -1.56 3.53 -0.79 0.15
4 3 reverse 42.10 -1.56 3.53 -0.79 0.15
5 H + HCl — HCl + H 17.80 0.30 4.52 1.27 2.05
6 5 reverse 17.80 0.30 4.52 1.27 2.05
7 CH3F + H — CH3 + HF 30.50 -2.28 4.13 -1.42  -0.71
8 7 reverse 56.90 -6.06 3.13 -4.97  -4.00
9 Fo + H— F + HF 1.50 -4.76 20.39 -3.99 1.40
10 9 reverse 104.80 -9.98 19.39 -9.44 -2.94
11 CHs + CIF — CHsF + Cl 7.10 -11.28 3.35 -9.93 -8.36
12 11 reverse 59.80 -12.22 3.81 -10.53 -8.86
13 CH3F + F~ — FCHs + F~ -0.60 -2.49 4.87 -1.39  -0.38
14 13 reverse -0.60 -2.49 4.87 -1.39  -0.38
15 CH3F ...F~ — FCHs ... F~ 13.40 -2.58 3.25 -1.89  -1.08
16 15 reverse 13.40 -2.58 3.25 -1.89 -1.08
17 CH3Cl + CI™ — CICH3 + Cl1™ 2.50 -3.12 2.77 -1.81 -1.55
18 17 reverse 2.50 -3.12 2.77 -1.81 -1.55
19 CH3Cl...Cl- — CICH3 ... Cl™ 13.50 -3.03 1.86 -2.25  -1.92
20 19 reverse 13.50 -3.03 1.86 -2.25  -1.92
21 CH3Cl + F~ — CH3F + CI™ -12.30 -4.29 1.79 -2.98 -2.51
22 21 reverse 19.80 -1.24 6.00 -0.03 1.07
23 F~ ... CH3Cl — CH3F ... C1™ 3.50 -2.49 0.99 -2.20 -1.81
24 23 reverse 29.60 -2.06 4.60 -1.09 -0.04
25 CHsF + OH™ — HOCHjs + F— -2.70 -1.70 5.08 -0.61 0.15
26 25 reverse 17.60 -2.69 5.10 -1.15  -0.41
27 CH3F ... OH™ — HOCH;3 ... F~ 11.00 -2.45 3.59 -1.51  -0.86
28 27 reverse 47.70 -2.38 4.38 -1.15  -0.33
29 H + Ny — HNs 14.60 -3.88 5.34 -2.87  -1.47
30 29 reverse 10.90 -0.10 1.11 0.01 0.67
31 H + CO — HCO 3.20 -0.55 3.28 0.53 0.69
32 31 reverse 22.80 2.96 3.88 3.15 2.80
33 H + C;Hy — CH3CH» 2.00 1.43 6.59 2.91 3.42
34 33 reverse 42.00 3.58 9.80 4.76 5.83
35 CoH4 + CH3z — CH3CH2CH, 6.40 -2.47 2.93 -1.36  -0.54
36 35 reverse 33.00 -1.43 5.51 -0.28 1.35
37 HCN — HNC 48.10 0.08 -0.26 -0.84 -0.74
38 37 reverse 33.00 -0.04 0.82 -0.47 -0.16
39 H + HCl — Hy + CI 6.10 -2.48 0.94 -2.09 -1.15
40 39 reverse 8.00 -6.59 -2.91 -5.19  -5.08
41 OH + Hy — H + H2O 5.20 -4.88 1.06 -4.36 -3.44
42 41 reverse 21.60 -6.00 0.38 -6.04 -4.34
43 CH; + Ho —- CH, + H 11.90 -4.94 -2.29 -4.59  -4.37
44 43 reverse 15.00 -1.26 1.42 -0.70  -0.25
45 CH4 + OH — CHj3 + H20O 6.30 -2.51 3.03 -1.91 -0.84
46 45 reverse 19.50 -7.21 -1.26 -7.37  -5.76
47 Hs + H— H + H2 9.70 -2.80 -0.49 -2.19  -2.07
48 47 reverse 9.70 -2.80 -0.49 -2.19  -2.07
49 NHs; + OH — NH> + H»O 3.40 -5.70 3.97 -4.83 -3.13
50 49 reverse 13.70 -6.88 2.39 -6.50 -4.59
51 CHs + HCl — CH4 + Cl 1.80 -3.87 -0.50 -3.01  -2.62
52 51 reverse 6.80 -4.30 -0.64 =222 -2.42
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Index Reaction Exact SCF @QHF QLCwPBE @S50X
53 CeHg + OH — C2Hs + H20O 3.50 -3.51 3.11 -2.85 -1.67
54 53 reverse 20.40 -6.38 0.25 -6.38  -4.66
55 F + H, — H + HF 1.60 -7.10 1.61 -6.72 -4.72
56 55 reverse 33.80 -8.78 0.07 -9.08 -6.36
57 O + CH4 — OH + CHs 14.40 -4.13 1.44 -3.65 -2.41
58 57 reverse 8.90 -5.53 -0.57 -4.94 -4.24
59 H + PHs; — Hs + PHs 2.90 -0.02 3.12 1.23 1.16
60 59 reverse 24.70 -4.31 -1.36 -3.09 -3.62
61 H -+ OH — O + Hs 10.90 -4.05 0.75 -3.14  -2.68
62 61 reverse 13.20 -6.23 -0.84 -5.63  -4.88
63 H + H2S — H> + HS 3.90 -0.37 2.69 0.76 0.81
64 63 reverse 17.20 -3.88 -0.88 -2.37  -2.87
65 O + HCl - OH + C1 10.40 -8.67 2.60 -6.73  -5.08
66 65 reverse 9.90 -10.51 0.45 -7.24  -6.71
67 NH:; + CHs; — NH + CHy4 8.90 -4.01 0.45 -3.41  -2.80
68 67 reverse 22.00 -4.21 0.10 -3.75  -2.97
69 NHs + CoHs — NH + CoHg 9.80 -247 1.84 -1.86  -1.23
70 69 reverse 19.40 -4.70 -0.14 -4.33 -3.53
71 NH; + CoHg — NHs + CoHs 11.30 -1.58 2.57 -1.02  -0.20
72 71 reverse 17.80 -3.16 1.39 -2.78  -1.62
73 NH,; + CHy — NHs + CHj 13.90 -1.11 2.74 -0.55 0.24
74 73 reverse 16.90 -4.72 -0.06 -4.45 -3.32
75 s-trans cis-CsHg — s-trans cis-CsHg  39.70 -2.24 -3.71 -2.89 -2.55
76 75 reverse 39.70 -2.24 -3.71 -2.89 -2.55
MD -3.58 2.64 2,77 -1.84

MAD 3.84 3.17 3.25 2.58

RMSD 4.86 4.73 4.19 3.40

MAPE 56.11 69.98 44.63 31.26

TABLE S68: Individual BH76RC errors for M06-L including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the reaction energy computed with
MO6-L at that density. The reaction index used by the GMTKN and
the symbolic name are given in the first two columns.

Index Reaction

Exact

SCF @QHF QLCwPBE @S50X

© 00 O Ui W+

H + N2O - OH + N,

H + CH3F — HF + CHsj

H+ F; - HF + F

CHs + CIF — CHsF + Cl
CHsCl + F~ — CHsF + ClI™
F~ ... CH3Cl — CH3F ... CI™
CH3F + OH™ — HOCHj3 + F~
CH3F ... OH™ — HOCH;3 ... F~
H + No — HN»

H + CO — HCO

H + C3Hs — CoHs

CsH4 + CH3 — CH3CH2CH»
HCN — HNC

H + HCI — Hs + Cl

H, + OH — H + H20

H, + CH; — H + CHy4

OH + CH4 — H>0O + CHs
OH + NH3 — HQO + NH2
CHs + HC1 — CH4 + Cl

OH + CoHg — H20 + CoHs
Hs + F - H + HF

O + CH4s — OH + CHs
H+PH3—>H2+PH2

-64.91
-26.32

-103.28

-52.64
-32.16
-26.12
-20.32
-36.71
3.69
-19.55
-40.02
-26.56
-15.06
-1.90
-16.39
-3.11
-13.28
-10.32
-5.01
-16.84
-32.22
5.44
-21.74

17.53 10.34 15.25 15.54
3.70 0.91 3.46 3.21
5.20 0.98 5.43 4.32
0.88 -0.52 0.54 0.44
-3.00 -4.15 -2.89 -3.52
-0.40 -3.59 -1.09 -1.75
1.01 -0.00 0.56 0.58
-0.06 -0.78 -0.35 -0.52
=377 4.24 -2.87  -2.12
-3.56 -0.66 -2.67 -2.16
-2.13 -3.18 -1.83  -2.39
-1.08 -2.62 -1.12 -1.93
-0.16 1.04 0.33 0.53
4.12 3.84 3.10 3.93
1.11 0.67 1.67 0.89
-3.67 -3.70 -3.88  -4.12
4.78 4.36 5.55 5.00
1.21 1.60 1.69 1.49
0.45 0.15 -0.78  -0.19
2.81 2.79 3.48 2.93
1.70 1.56 2.38 1.66
1.46 2.08 1.36 1.89
4.23 4.42 4.27  4.72
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Index Reaction Exact SCF @QHF QLCwPBE @S50X
24 H+ OH — Hy; + O -2.32 220 1.61 2.51 2.22
25 H + H2S — Hy + HS -13.26 3.47 3.53 3.09 3.64
26 O + HCl — OH + C1 0.42 1.92 2.23 0.59 1.71
27 NH; + CH3 — NH + CHy4 -13.12 0.22 0.37 0.37 0.19
28 NH:; + CoHs — NH + CoHg -9.56 2.19 1.94 2.44 2.26
29 NH, + C2Hg — NH3 + C2Hs -6.52 1.60 1.19 1.79 1.44
30 NHs,; + CHy — NHj3 + CHj; -2.96 3.57 2.76 3.86 3.52
MD 1.58 1.11 1.54 1.45

MAD 2.77 2.39 2.71 2.69

RMSD 4.16 3.13 3.85 3.85

MAPE 46.93 47.05 35.49 44.12
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G. MN15-L

TABLE S69: Individual BH76 errors for MN15-L including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the barrier height computed with
MN15-L at that density. The reaction index used by the GMTKN and
the symbolic name are given in the first two columns.

Index Reaction Exact SCF QHF QLCwPBE @QS50X
1 H + N.O — N> + OH 17.70 0.12 11.57 1.10 2.10
2 1 reverse 82.60 -10.48 6.42 -8.06 -7.48
3 H + HF — HF + H 42.10 -3.97 -1.34 -3.67 -3.53
4 3 reverse 42.10 -3.97 -1.34 -3.67 -3.53
5 H + HCl — HCl1 + H 17.80 -0.00 4.31 0.96 1.74
6 5 reverse 17.80 -0.00 4.31 0.96 1.74
7 CHsF + H — CH3 + HF 30.50 -1.23  3.59 -0.81 -0.20
8 7 reverse 56.90 -3.28 3.53 -2.57  -2.21
9 Fs + H— F + HF 1.50 -3.85 24.34 -3.47 3.37
10 9 reverse 104.80 -7.69 23.24 -6.77 -0.16
11 CHj3 + CIF — CH3F + Cl 7.10 -6.23 12.21 -4.51 -2.56
12 11 reverse 59.80 -8.53 10.97 -6.82  -4.47
13 CH3F + F~ — FCHs + F~ -0.60 1.37 5.81 1.23 1.50
14 13 reverse -0.60 1.37 5.81 1.23 1.50
15 CHsF ...F~ - FCHs ... F~ 13.40 0.81 4.40 0.31 0.77
16 15 reverse 13.40 0.81 4.40 0.31 0.77
17 CH3Cl + CI™ — CICH3 + Cl1™ 2.50 -0.67 3.53 -0.67 -0.31
18 17 reverse 2.50 -0.67 3.53 -0.67 -0.31
19 CH3Cl...Cl” — CICH;3 ... C1™ 13.50 -0.24 3.13 -0.65 -0.22
20 19 reverse 13.50 -0.24 3.13 -0.65 -0.22
21 CHs3Cl + F~ — CH3F + CI™ -12.30 -2.11  1.90 -1.89 -1.80
22 21 reverse 19.80 3.60 8.63 3.50 4.38
23 F~ ... CH3Cl — CH3F ... C1™ 3.50 -1.13 1.36 -1.50 -1.22
24 23 reverse 29.60 3.21 7.68 2.82 3.76
25 CHsF + OH™ — HOCH3 + F— -2.70 295 6.72 2.41 2.72
26 25 reverse 17.60 0.44 5.13 0.78 0.77
27 CHsF ... OH™ — HOCHs ... F~ 11.00 2.16 5.35 1.33 1.78
28 27 reverse 47.70 -1.09 2.62 -1.39  -1.02
29 H + Ny — HNy 14.60 -2.71 5.72 -2.10 -0.80
30 29 reverse 10.90 -1.17 -0.64 -1.19  -0.55
31 H + CO — HCO 3.20 -0.08 2.01 0.61 0.71
32 31 reverse 22.80 -1.15 -1.22 -1.32  -1.44
33 H + C;H4 — CH3CH» 2.00 0.33 5.63 1.24 2.49
34 33 reverse 42.00 1.88 6.96 2.48 3.66
35 CoH4 + CH3s — CH3CH2CH- 6.40 1.07 9.21 2.59 4.16
36 35 reverse 33.00 1.18 7.69 1.88 3.73
37 HCN — HNC 48.10 -4.22 -3.94 -4.44 -4.31
38 37 reverse 33.00 -0.78 -0.58 -1.02 -1.00
39 H + HCI — Hs + Cl 6.10 1.11 4.68 1.84 2.53
40 39 reverse 8.00 0.37 4.90 1.48 2.24
41 OH + Hz — H + H2O 5.20 1.97 8.04 2.77 3.61
42 41 reverse 21.60 -1.98 3.64 -2.26  -0.73
43 CHs + H, — CH, + H 11.90 1.09 5.06 2.14 2.54
44 43 reverse 15.00 -1.73 1.16 -1.00 -0.46
45 CH4; + OH — CHj3 + H20O 6.30 1.07 7.52 2.11 3.21
46 45 reverse 19.50 0.06 7.12 0.33 1.97
47 Hs + H—H + Ho 9.70 -1.51 0.74 -1.06  -0.89
48 47 reverse 9.70 -1.51 0.74 -1.06 -0.89
49 NH;3; + OH — NH: + H»O 3.40 -0.89 8.12 -0.11 1.29
50 49 reverse 13.70 -1.10 8.01 -0.45 1.09
51 CHs + HCl — CH4 + CI 1.80 1.73 5.89 2.87 3.27
52 51 reverse 6.80 -1.83 2.21 -0.64 -0.03
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Index Reaction Exact SCF @QHF QLCwPBE @S50X
53 CoHg + OH — C2Hs + H20 3.50 0.49 8.08 1.67 2.83
54 53 reverse 20.40 0.22 7.80 0.55 2.18
55 F + Hy — H + HF 1.60 -0.31 6.28 0.13 1.08
56 55 reverse 33.80 -3.97 2.10 -4.40 -2.93
57 O + CH4 — OH + CHs 14.40 -1.26 4.36 0.14 0.76
58 57 reverse 8.90 -0.43 5.33 -0.03 0.98
59 H + PHs; — H> + PHs 290 0.17 2.30 1.14 0.97
60 59 reverse 24.70 0.97 4.48 2.10 2.01
61 H+ OH — O + Hs 10.90 -2.81 1.78 -2.88 -2.01
62 61 reverse 13.20 -0.72 4.81 0.54 0.87
63 H + H.S — Hy + HS 3.90 -0.09 227 0.69 0.66
64 63 reverse 17.20 0.27 3.59 1.32 1.35
65 O + HCl — OH + C1 10.40 -2.81 6.77 -0.70  -0.19
66 65 reverse 9.90 -5.54 4.05 -4.39 -3.27
67 NH:; + CH; — NH + CHy4 890 042 5.61 1.08 1.75
68 67 reverse 22.00 -1.20 3.82 0.23 0.76
69 NH; + C2Hs — NH + C3Hg 9.80 0.81 6.04 1.49 2.16
70 69 reverse 19.40 -1.76 3.94 -0.21 0.38
71 NH; + C2Hg — NHs + C3Hs 11.30 0.79 6.60 2.32 3.12
72 71 reverse 17.80 0.83 6.53 1.64 2.78
73 NH: + CH4 — NHs3 + CHjs 13.90 1.27 6.38 2.67 3.40
74 73 reverse 16.90 0.36 5.98 1.13 2.26
75 s-trans cis-CsHg — s-trans cis-CsHs  39.70 -2.13 -3.66 -2.83 -2.46
76 75 reverse 39.70 -2.13 -3.66 -2.83  -2.46
MD -0.87 4.94 -0.32 0.53

MAD 1.80 5.37 1.85 1.94

RMSD 2.65 6.67 2.43 2.37

MAPE 23.41 105.20 25.13  29.79

TABLE S70: Individual BH76RC errors for MN15-L including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the reaction energy computed with
MN15-L at that density. The reaction index used by the GMTKN and
the symbolic name are given in the first two columns.

Index Reaction Exact SCF @QHF QLCwPBE @S50X
1 H + N>,O — OH + N» -64.91 10.61 5.16 9.17 9.59
2 H + CH3F — HF + CHj; -26.32 1.97 -0.02 1.68 1.93
3 H+ F; - HF + F -103.28 3.82 1.09 3.28 3.51
4 CHjs + CIF — CHsF + Cl -52.64 2.24 1.18 2.25 1.85
5 CH3Cl + F~ — CH3F + ClI™ -32.16 -5.65 -6.67 -5.33  -6.13
6 F~ ... CH3Cl — CH3F ... C1™ -26.12 -4.32 -6.30 -4.30 -4.97
7 CH3F + OH™ — HOCHj3 + F~ -20.32 2.53 1.62 1.64 1.97
8 CH3F ... OH™ — HOCH3 ... F~ -36.71 3.25 2.75 2.73 2.82
9 H + N2 — HN; 3.69 -1.52 6.37 -0.90 -0.24
10 H + CO — HCO -19.55 1.02 3.19 1.88 2.10
11 H + C3;Hy — CoHs -40.02 -1.54 -1.31 -1.22  -1.15
12 CoHy + CH3 — CH3CH>CH» -26.56 -0.15 1.48 0.67 0.39
13 HCN — HNC -15.06 3.39 3.31 3.38 3.27
14 H + HCl — Hsy + Cl -1.90 0.74 -0.22 0.36 0.30
15 H, + OH — H + H20 -16.39 3.93 4.39 5.02 4.34
16 H; + CHs — H + CHy -3.11 2.83 3.91 3.16 3.02
17 OH + CH4 — H2O + CHs -13.28 1.10 0.48 1.86 1.32
18 OH + NHs — H>0O + NHs -10.32 0.23 0.13 0.37 0.23
19 CHs + HCl — CH4 + Cl -5.01 3.57 3.69 3.52 3.31
20 OH + CoHg — H20 + CoHs -16.84 0.21 0.22 1.06 0.59
21 H, + F - H + HF -32.22 3.67 4.21 4.54 4.03
22 O + CH; — OH + CHs 5.44 -0.78 -0.91 0.23 -0.16
23 H + PH; — Hy + PH» -21.74 -0.86 -2.24 -1.02 -1.10
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Index Reaction Exact SCF @QHF QLCwPBE @S50X
24 H+OH—>H; +0 -2.32 -2.07 -3.01 -3.40 -2.86
25 H + H2S — Hy + HS -13.26 -0.40 -1.37 -0.67 -0.73
26 O + HCl — OH + C1 0.42 2.81 2.79 3.76 3.16
27 NH:; + CHs — NH + CHy -13.12 1.64 1.80 0.87 1.01
28 NH:; + CoHs — NH + CoHg -9.56 2.53 2.06 1.67 1.74
29 NH, + C2Hg — NH3 + C2Hs -6.52 -0.02 0.09 0.69 0.37
30 NH:. + CH; — NH3 + CHjs -2.96 0.87 0.35 1.50 1.10
MD 1.19 0.94 1.28 1.15

MAD 2.34 241 2.40 2.31

RMSD 3.14 3.10 3.08 3.08

MAPE 41.88 47.63 51.33 43.96
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H. LC-wPBE

TABLE S71: Individual BH76 errors for LC-wPBE including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the barrier height computed with LC-
wPBE at that density. The reaction index used by the GMTKN and the
symbolic name are given in the first two columns.

Index Reaction Exact SCF @QHF @S50X
1 H + N.O — N2 + OH 17.70 0.36 6.82 0.75
2 1 reverse 82.60 -4.49 5.12 -3.92
3 H + HF — HF + H 42.10 -1.62 0.46 -1.52
4 3 reverse 42.10 -1.62 0.46 -1.52
5 H + HCl — HCl + H 17.80 1.05 2.38 1.22
6 5 reverse 17.80 1.05 2.38 1.22
7 CHs3F + H — CH3 + HF 30.50 1.68 4.28 1.98
8 7 reverse 56.90 0.05 4.61 0.46
9 Fo + H— F + HF 1.50 -0.90 19.64 2.68
10 9 reverse 104.80 -3.45 20.37 0.59
11 CHj3 + CIF — CH3F + Cl 7.10 2.82 11.94 3.47
12 11 reverse 59.80 3.35 12.76 3.95
13 CH3F + F~ — FCHs + F~ -0.60 2.89 6.71 3.07
14 13 reverse -0.60 2.89 6.71 3.07
15 CH3F ...F~ — FCHs ... F~ 13.40 1.04 4.25 1.23
16 15 reverse 13.40 1.04 4.25 1.23
17 CH3Cl + CI™ — CICH3 + Cl1™ 2.50 6.06 8.24 6.01
18 17 reverse 2.50 6.06 8.24 6.01
19 CH3Cl...Cl” — CICHs ... 13.50 4.11 6.08 4.02
20 19 reverse 13.50 4.11 6.08 4.02
21 CH3Cl + F~ — CH3F + CI™ -12.30 4.53 7.07 4.42
22 21 reverse 19.80 3.52 6.65 3.78
23 F~ ... CH3Cl — CHsF ... C1™ 3.50 2.09 3.96 2.05
24 23 reverse 29.60 1.98 4.86 2.19
25 CHsF + OH™ — HOCH3 + F— -2.70 2.64 6.16 2.86
26 25 reverse 17.60 5.36 8.86 5.35
27 CHsF ... OH™ — HOCH;3 ... F~ 11.00 1.03 4.09 1.22
28 27 reverse 47.70 4.30 7.16 4.40
29 H + N — HNs 14.60 -2.25 3.43 -1.56
30 29 reverse 10.90 2.10 1.82 2.27
31 H + CO —- HCO 3.20 -0.89 0.44 -0.80
32 31 reverse 22.80 3.12 3.35 2.86
33 H + C;Hy — CH3CH» 2.00 0.10 2.08 0.57
34 33 reverse 42.00 5.67 8.14 6.30
35 CoH4 + CH3 — CH3CH2CH- 6.40 0.90 3.48 1.20
36 35 reverse 33.00 6.15 8.60 6.52
37 HCN — HNC 48.10 -1.21 -0.26 -1.24
38 37 reverse 33.00 0.59 1.93 0.68
39 H + HCl — Hy + CI 6.10 -0.47 0.73 -0.35
40 39 reverse 8.00 -1.28 -0.02 -1.12
41 OH + Hy — H + H2O 5.20 -1.90 2.43 -1.29
42 41 reverse 21.60 -0.55 3.64 -0.08
43 CH; + H, —- CH, + H 11.90 -1.50 -0.13 -1.34
44 43 reverse 15.00 -0.10 0.69 -0.05
45 CH4 + OH — CHj3 + H20O 6.30 -0.69 3.44 0.01
46 45 reverse 19.50 -0.65 3.93 0.03
47 Hs + H— H + Hs 9.70 -1.61 -0.85 -1.54
48 47 reverse 9.70 -1.61 -0.85 -1.54
49 NHs; + OH — NH> + H»O 3.40 0.36 6.24 1.18
50 49 reverse 13.70 -0.16 5.69 0.64
51 CHs + HCl — CH4 + Cl 1.80 0.01 1.23 0.14
52 51 reverse 6.80 0.60 1.31 0.67
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Index Reaction Exact SCF @QHF @S50X
53 CyHg + OH — C2Hs + H20O 3.50 -0.37 4.37 0.32
54 53 reverse 20.40 0.15 5.02 0.80
55 F + H, — H + HF 1.60 -4.02 2.71 -2.76
56 55 reverse 33.80 -1.69 4.54 -0.63
57 O + CH4 — OH + CHs 14.40 -3.74 0.01 -3.10
58 57 reverse 8.90 -0.34 3.33 0.17
59 H + PHs; — Hs + PHs 2.90 0.13 0.75 0.21
60 59 reverse 24.70 -0.80 0.35 -0.69
61 H+ OH — O + Ho 10.90 -0.23 3.31 0.20
62 61 reverse 13.20 -4.94 -0.73 -4.26
63 H + H2S — H> + HS 3.90 -0.02 0.67 0.03
64 63 reverse 17.20 -0.70 0.29 -0.59
65 O + HCl - OH + C1 10.40 -1.97 5.03 -1.09
66 65 reverse 9.90 2.03 8.43 2.71
67 NH,; + CH; — NH + CHy4 8.90 0.96 3.32 1.21
68 67 reverse 22.00 -1.32 0.64 -1.06
69 NH:; + CoHs — NH + C3Hg 9.80 1.74 4.05 1.97
70 69 reverse 19.40 -1.22 1.02 -0.96
71 NH, + CyHg — NH;3 + CoHs 11.30 0.64 2.82 1.00
72 71 reverse 17.80 1.79 4.11 2.12
73 NH. + CH4 — NH3 + CHs 13.90 0.40 2.31 0.74
74 73 reverse 16.90 0.87 3.24 1.20
75 s-trans cis-CsHg — s-trans cis-CsHg  39.70 0.83 0.69 0.76
76 75 reverse 39.70 0.83 0.69 0.76
MD 0.60 4.11 0.99

MAD 1.87 4.18 1.86

RMSD 2.49 5.69 2.48

MAPE 35.12 88.67 37.00

TABLE S72: Individual BH76RC errors for LC-wPBE including its

self-consistent (SCF) and non-selfconsistent values (indicated with an
“@ symbol) used throughout. All values are in kcal/mol. The “Exact”
column lists the reference values, such that the sum of the “Exact” col-
umn and any other column would yield the reaction energy computed
with LC-wPBE at that density. The reaction index used by the GMTKN
and the symbolic name are given in the first two columns.

Index Reaction Exact SCF @QHF @S50X
1 H + N>,O — OH + Ny -64.91 4.86 1.71 4.68
2 H + CH3F — HF + CHj; -26.32 1.55 -0.42 1.44
3 H+F;, - HF +F -103.28 2.53 -0.75 2.07
4 CHs + CIF — CH3F + Cl -52.64 -0.59 -0.88 -0.54
5 CHs3Cl + F~ — CH3F + CI™ -32.16 1.06 0.48 0.70
6 F~ ... CH3Cl — CH3F ... Cl1™ -26.12 0.13 -0.88 -0.12
7 CHs3F + OH™ — HOCH3 + F~ -20.32 -2.71 -2.68 -2.46
8 CH3F ... OH™ — HOCHs ... F~ -36.71 -3.27 -3.05 -3.17
9 H + N2 — HN» 3.69 -4.34 1.62 -3.82
10 H + CO — HCO -19.55 -4.06 -2.96 -3.71
11 H + CaHy — CoHs -40.02 -5.55 -6.04 -5.71
12 CoHy + CH3 — CH3CH2CHs -26.56 -5.29 -5.17 -5.36
13 HCN — HNC -15.06 1.76 2.15 1.89
14 H + HCI — Hs + Cl -1.90 0.81 0.75 0.77
15 Hs; + OH — H + H>0 -16.39 -1.36 -1.22 -1.23
16 H; + CHs — H + CHy -3.11 -1.40 -0.81 -1.29
17 OH + CH4 — H20 + CHs -13.28 0.04 -0.41 0.06
18 OH + NHs — H2O + NH» -10.32 0.55 0.56 0.56
19 CHs + HCl — CH4 + CI -5.01 -0.58 -0.06 -0.52
20 OH + CoHg — H20 + CoHj -16.84 -0.59 -0.70 -0.54
21 H, + F — H + HF -32.22 -2.31 -1.80 -2.11
22 O + CHy — OH + CHs 5.44 -3.34 -3.26 -3.21
23 H + PH3; — Hy + PH» -21.74 0.88 0.34 0.84
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Index Reaction Exact SCF @QHF @S50X
24 H+ OH — Hy + O -2.32 4.73 4.07 4.49
25 H + H>S — Hs + HS -13.26 0.64 0.34 0.58
26 O + HCl — OH + C1 0.42 -3.91 -3.32 -3.72
27 NH; + CHs — NH + CH4 -13.12 2.30 2.69 2.29
28 NH: + CoHs — NH + CoHg -9.56 2.92 2.99 2.89
29 NH, + C2Hg — NH3 + CoHs -6.52 -1.13 -1.27 -1.10
30 NH; + CH4s — NHs + CHs -2.96 -0.51 -0.97 -0.50
MD -0.54 -0.63 -0.53

MAD 2.19 1.81 2.08

RMSD 2.74 2.35 2.63

MAPE 54.63 45.55 51.70
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I. B3LYP

TABLE S73: Individual BH76 errors for B3LYP including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the barrier height computed with
B3LYP at that density. The reaction index used by the GMTKN and
the symbolic name are given in the first two columns.

Index Reaction Exact SCF @QHF QLCwPBE @S50X
1 H + N2O — N; + OH 17.70 -6.31 3.14 -5.74  -5.18
2 1 reverse 82.60 -9.48 5.35 -8.49  -7.47
3 H + HF — HF + H 42.10 -11.19 -8.29 -10.90 -10.84
4 3 reverse 42.10 -11.19 -8.29 -10.90 -10.84
5 H + HCl — HCl + H 17.80 -5.05 -1.66 -4.52  -4.00
6 5 reverse 17.80 -5.05 -1.66 -4.52  -4.00
7 CH3F + H — CH3 + HF 30.50 -8.92 -4.08 -8.35 -7.98
8 7 reverse 56.90 -8.29 -1.93 =772 -7.52
9 Fo +H— F + HF 1.50 -8.65 16.01 -8.18 -3.33
10 9 reverse 104.80 -9.76 17.63 -9.12  -4.33
11 CHs + CIF — CHsF + Cl 7.10 -8.16 6.59 -6.97 -5.75
12 11 reverse 59.80 -8.74 6.89 -7.40 -6.19
13 CH3F + F~ — FCHs + F~ -0.60 -1.61 3.29 -1.35  -1.16
14 13 reverse -0.60 -1.61 3.29 -1.35 -1.16
15 CH3F ...F~ — FCHs ... F~ 13.40 -2.93 1.18 -2.83 -2.47
16 15 reverse 13.40 -2.93 1.18 -2.83 -2.47
17 CH3Cl + CI™ — CICH3 + Cl1™ 2.50 -2.81 2.28 -2.18  -2.33
18 17 reverse 2.50 -2.81 2.28 -2.18 -2.33
19 CH3Cl...Cl- — CICH3 ... Cl™ 13.50 -4.37 0.02 -3.95 -3.95
20 19 reverse 13.50 -4.37 0.02 -3.95 -3.95
21 CH3Cl + F~ — CH3F + CI™ -12.30 -2.43 1.93 -1.91  -2.06
22 21 reverse 19.80 -1.37 4.15 -1.02 -0.43
23 F~ ... CH3Cl — CH3F ... C1™ 3.50 -3.01 -0.07 -2.87 -2.80
24 23 reverse 29.60 -3.17 1.94 -2.88 -2.21
25 CHsF + OH™ — HOCHjs + F— -2.70 -1.31 3.59 -1.03 -0.75
26 25 reverse 17.60 -1.68 3.39 -1.22 -1.28
27 CH3F ... OH™ — HOCH;3 ... F~ 11.00 -2.83 1.48 -2.68 -2.30
28 27 reverse 47.70 -2.62 1.51 -2.31  -2.14
29 H + Ny — HNs 14.60 -7.08 0.99 -6.68 -5.49
30 29 reverse 10.90 -0.14 0.26 -0.09 0.42
31 H + CO — HCO 3.20 -3.83 -0.95 -3.35  -3.24
32 31 reverse 22.80 1.75 2.71 1.88 1.61
33 H + C;Hy — CH3CH» 2.00 -2.18 3.04 -1.35  -0.60
34 33 reverse 42.00 -0.19 4.63 0.45 1.00
35 CoH4 + CH3z — CH3CH2CH, 6.40 -0.35 6.58 0.75 1.82
36 35 reverse 33.00 -3.52 2.40 -2.72  -1.69
37 HCN — HNC 48.10 -0.70 0.41 -0.75  -0.56
38 37 reverse 33.00 0.52 1.73 0.53 0.67
39 H + HCl — Hy + CI 6.10 -7.11 -4.45 -6.84 -6.37
40 39 reverse 8.00 -3.56 -1.10 -3.12 -2.97
41 OH + Hy — H + H2O 5.20 -4.48 1.19 -4.15 -3.34
42 41 reverse 21.60 -8.32 -2.67 -8.09 -7.17
43 CH; + Ho —- CH, + H 11.90 -3.11 -0.68 -2.67 -2.52
44 43 reverse 15.00 -5.48 -3.16 -5.10 -4.74
45 CH4 + OH — CHj3 + H20O 6.30 -4.03 1.73 -3.67 -2.65
46 45 reverse 19.50 -5.40 0.44 -5.09 -4.15
47 Hs + H— H + H2 9.70 -5.42 -3.62 -5.08 -4.94
48 47 reverse 9.70 -5.42 -3.62 -5.08 -4.94
49 NHs; + OH — NH> + H»O 3.40 -5.66 2.87 -5.15  -3.98
50 49 reverse 13.70 -6.25 2.03 -5.77  -4.67
51 CHs + HCl — CH4 + Cl 1.80 -3.23 -0.30 -2.71  -2.51
52 51 reverse 6.80 -2.04 0.57 -1.42  -1.33
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Index Reaction Exact SCF @QHF QLCwPBE @S50X
53 CeHg + OH — C2Hs + H20O 3.50 -4.19 2.66 -3.75 -2.66
54 53 reverse 20.40 -4.60 1.73 -4.30 -3.36
55 F + H, — H + HF 1.60 -7.30 1.26 -7.05  -5.31
56 55 reverse 33.80 -10.43 -2.30 -10.25 -8.53
57 O + CH4 — OH + CHs 14.40 -7.08 -1.91 -6.69 -5.80
58 57 reverse 8.90 -4.29 0.27 -3.92  -3.41
59 H + PHs; — Hs + PHs 2.90 -3.96 -1.48 -3.26 -3.26
60 59 reverse 24.70 -1.43 1.10 -0.67 -0.96
61 H -+ OH — O + Hs 10.90 -6.79 -2.45 -6.46  -5.97
62 61 reverse 13.20 -7.11 -2.05 -6.70 -6.04
63 H + H2S — H> + HS 3.90 -4.49 -2.07 -3.91 -3.83
64 63 reverse 17.20 -1.16 1.19 -0.45 -0.67
65 O + HCl - OH + C1 10.40 -9.27 1.88 -8.01 -6.66
66 65 reverse 9.90 -5.30 4.93 -3.95 -3.09
67 NH:; + CHs; — NH + CHy4 8.90 -2.63 1.32 -2.12 -1.79
68 67 reverse 22.00 -4.77 -0.82 -4.23 -3.69
69 NHs + CoHs — NH + CoHg 9.80 -1.41 2.30 -0.98 -0.70
70 69 reverse 19.40 -4.70 -0.40 -4.15  -3.60
71 NH> + CyHg — NH3 + CoHs 11.30 -2.40 1.67 -1.86 -1.27
72 71 reverse 17.80 -2.13 1.68 -1.69 -1.19
73 NH,; + CHy — NHs + CHj 13.90 -2.48 1.16 -1.97  -1.42
74 73 reverse 16.90 -3.36 0.61 -2.87 -2.33
75 s-trans cis-CsHg — s-trans cis-CsHs  39.70 -0.89 -1.66 -1.15  -0.78
76 75 reverse 39.70 -0.89 -1.66 -1.15  -0.78
MD -4.35 1.04 -3.90 -3.30

MAD 441 2.71 3.99 3.44

RMSD 5.24 3.99 4.82 4.18

MAPE 61.76 52.63 54.81 44.25

TABLE S74: Individual BH76RC errors for BSLYP including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the reaction energy computed with
B3LYP at that density. The reaction index used by the GMTKN and
the symbolic name are given in the first two columns.

Index Reaction Exact SCF @QHF QLCwPBE @S50X
1 H + N>,O — OH + N» -64.91 3.18 -2.20 2.76 2.30
2 H + CH3F — HF + CHj; -26.32 -0.71 -2.23 -0.71  -0.54
3 H+ F; - HF + F -103.28 1.10 -1.64 0.91 0.98
4 CHjs + CIF — CHsF + Cl -52.64 0.52 -0.36 0.36 0.39
5 CH3Cl + F~ — CH3F + ClI™ -32.16 -1.00 -2.16 -0.83 -1.57
6 F~ ... CH3Cl — CH3F ... C1™ -26.12 0.18 -1.99 0.03 -0.57
7 CH3F + OH™ — HOCHj3 + F~ -20.32 0.40 0.22 0.21 0.55
8 CH3F ... OH™ — HOCH3 ... F~ -36.71 -0.20 -0.02 -0.37 -0.15
9 H + N2 — HN; 3.69 -6.93 0.75 -6.58  -5.90
10 H + CO — HCO -19.55 -5.63 -3.71 -5.28 -4.91
11 H + C3:Hy — C2Hs -40.02 -1.97 -1.57 -1.78 -1.58
12 CoHy + CH3 — CH3CH>CH» -26.56 3.13 4.14 3.43 3.47
13 HCN — HNC -15.06 1.18 1.28 1.24 1.19
14 H + HCl — Hsy + Cl -1.90 -3.55 -3.34 -3.72  -3.40
15 Hs + OH — H + H20 -16.39 3.83 3.85 3.94 3.81
16 H; + CHs — H + CHy -3.11 2,38 2.49 2.44 2.23
17 OH + CH4 — H2O + CHs -13.28 1.45 1.36 1.50 1.58
18 OH + NH3 — H>0O + NH» -10.32 0.61 0.86 0.64 0.70
19 CHs + HCl — CH4 + Cl -5.01 -1.17 -0.85 -1.29 -1.17
20 OH + C2Hg — H20 + CoHs -16.84 0.36 0.87 0.50 0.64
21 H, + F - H + HF -32.22 3.15 3.57 3.22 3.23
22 O + CH4 — OH + CHjs 5.44 -2.72 -2.12 -2.71  -2.33
23 H + PH; — Hy + PH» -21.74 -2.59 -2.65 -2.64 -2.36
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Index Reaction Exact SCF @QHF QLCwPBE @S50X
24 H+OH—H: +0 -2.32 0.34 -0.38 0.26 0.09
25 H + H2S — Hy + HS -13.26 -3.37 -3.30 -3.50 -3.20
26 O + HCI — OH + C1 0.42 -3.89 -2.96 -3.99 -3.49
27 NH; + CH3 — NH + CHy4 -13.12 2.15 2.17 2.13 1.93
28 NH, + C2Hs — NH + CoHg -9.56 3.25 2.66 3.13 2.86
29 NH, + C2Hg — NH3 + C2Hs -6.52 -0.26 0.01 -0.14 -0.06
30 NH; + CH4; — NHs + CHs -2.96 0.84 0.51 0.86 0.87
MD -0.20 -0.22 -0.20 -0.15

MAD 2.07 1.87 2.04 1.94

RMSD 2.66 2.23 2.62 2.43

MAPE 56.89 42.93 57.59 51.53
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J. SX-0.5

TABLE S75:  Individual BH76 errors for SX-0.5 including its self-
consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the barrier height computed with SX-
0.5 at that density. The reaction index used by the GMTKN and the

symbolic name are given in the first two columns.

Index Reaction Exact SCF
1 H + N.O — N> + OH 17.70 -3.43
2 1 reverse 82.60 4.97
3 H+ HF - HF + H 42.10 -4.43
4 3 reverse 42.10 -4.43
5 H + HCl — HCl1 + H 17.80 -4.13
6 5 reverse 17.80 -4.13
7 CHsF + H — CHs + HF 30.50 -0.87
8 7 reverse 56.90 2.11
9 F» + H— F + HF 1.50 -8.46
10 9 reverse 104.80 8.25
11 CH;3 + CIF — CH3F + C1 7.10 0.27
12 11 reverse 59.80 3.54
13 CH3F + F~ — FCH; + F~ -0.60 2.63
14 13 reverse -0.60 2.63
15 CH3F ...F~ — FCHs ... F~ 13.40 2.49
16 15 reverse 13.40 2.49
17 CH3Cl + CI™ — CICH3 + Cl1™ 2.50 1.11
18 17 reverse 2.50 1.11
19 CH3Cl...Cl™ — CICHs ... CI™ 13.50 0.71
20 19 reverse 13.50 0.71
21 CH3Cl + F~ — CH3F + ClI™ -12.30 -0.81
22 21 reverse 19.80 5.30
23 F~ ... CH3Cl — CH3F ... C1™ 3.50 -0.19
24 23 reverse 29.60 4.55
25 CH3F + OH™ — HOCHj3 + F~ -2.70 2.67
26 25 reverse 17.60 3.99
27 CH3F ... OH™ — HOCH; ... F~ 11.00 2.49
28 27 reverse 47.70 5.92
29 H + Ny — HNs 14.60 -6.50
30 29 reverse 10.90 2.72
31 H + CO — HCO 3.20 -4.42
32 31 reverse 22.80 2.26
33 H + CyH4s — CH3CH> 2.00 -5.46
34 33 reverse 42.00 5.22
35 CoHy + CH3 — CH3CH,CH> 6.40 -2.62
36 35 reverse 33.00 3.50
37 HCN — HNC 48.10 -1.57
38 37 reverse 33.00 1.71
39 H + HCl — Hs + C1 6.10 -4.99
40 39 reverse 8.00 -2.53
41 OH + Hy; — H + H20 5.20 0.81
42 41 reverse 21.60 -5.72
43 CH; + H, - CH4 + H 11.90 -1.29
44 43 reverse 15.00 -4.19
45 CH4 + OH — CH3 + H»-O 6.30 2.30
46 45 reverse 19.50 -1.23
47 Hs +H— H + Ho 9.70 -4.77
48 47 reverse 9.70 -4.77
49 NH;3; + OH — NH, + H20 3.40 3.66
50 49 reverse 13.70 1.15
51 CH;3 + HC1 — CHy + C1 1.80 -0.54
52 51 reverse 6.80 -0.98
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Index Reaction Exact SCF
53 CeHg + OH — C2Hs + H20 3.50 2.48
54 53 reverse 20.40 -0.81
55 F + Hy — H + HF 1.60 0.52
56 55 reverse 33.80 -8.54
57 O + CHy — OH + CHs 14.40 0.13
58 57 reverse 8.90 0.06
59 H + PH; — H, + PH» 2.90 -3.75
60 59 reverse 24.70 -2.27
61 H+ OH — O + Hs 10.90 -3.54
62 61 reverse 13.20 -0.47
63 H + H.S — Hy + HS 3.90 -3.86
64 63 reverse 17.20 -1.81
65 O + HCl — OH + C1 10.40 1.62
66 65 reverse 9.90 1.11
67 NH; + CHs — NH + CHy4 8.90 1.05
68 67 reverse 22.00 -0.73
69 NH: + CoHs — NH + CoHg 9.80 1.68
70 69 reverse 19.40 -0.54
71 NH> + CoHg — NHs + CoHs 11.30 1.47
72 71 reverse 17.80 0.80
73 NH; + CHy — NH3 + CHjs 13.90 1.27
74 73 reverse 16.90 0.15
75 s-trans cis-CsHg — s-trans cis-CsHs  39.70 1.16
76 75 reverse 39.70 1.16
MD -0.17
MAD 2.69
RMSD 3.37
MAPE 45.77

TABLE S76: Individual BH76RC errors for SX-0.5 including its self-

consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the reaction energy computed with
SX-0.5 at that density. The reaction index used by the GMTKN and
the symbolic name are given in the first two columns.

Index Reaction Exact SCF
1 H + N,O — OH + Ny -64.91 -8.39
2 H + CH3F — HF + CHj; -26.32 -3.06
3 H+F;, —HF + F -103.28 -16.73
4 CHs + CIF — CH3F + Cl -52.64 -3.33
5 CHs3Cl + F~ — CH3F + CI™ -32.16 -6.05
6 F~ ... CH3Cl — CH3F ... ClI™ -26.12 -4.72
7 CHsF + OH™ — HOCH3s + F~ -20.32 -1.30
8 CHsF ... OH™ — HOCH;3 ... F~ -36.71 -3.42
9 H + N> — HNs 3.69 -9.21
10 H + CO — HCO -19.55 -6.72
11 H + C3H4 — C2Hs -40.02 -10.66
12 CoHy + CHs — CH3CH>CHs -26.56 -6.16
13 HCN — HNC -15.06 3.24
14 H + HCI — Hs + Cl -1.90 -2.46
15 Hs; + OH — H + H20 -16.39  6.52
16 Hs + CHs — H + CHy -3.11 291
17 OH + CH4 — H20 + CHj; -13.28 3.61
18 OH + NHs — H2O + NHs -10.32  2.54
19 CHs + HCl — CH4 + CI -5.01 0.45
20 OH + CoHg — H20 + C2oHj -16.84 3.23
21 H: + F - H + HF -32.22  9.08
22 O + CH4y — OH + CHs 5.44 0.13
23 H + PH3; — H> + PHs -21.74 -1.55
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Index Reaction Exact SCF
24 H+ OH — Hy; + O -2.32 -3.05
25 H + H>S — Hs + HS -13.26 -2.10
26 O + HCl - OH + C1 0.42 0.59
27 NH; + CH3z — NH + CHy4 -13.12  1.80
28 NH: + CoHs — NH + CoHg -9.56 2.18
29 NH» + CoHg — NH3 + CyHj -6.52 0.69
30 NH:, + CH4y — NH3 + CHjs -2.96 1.08
MD -1.70

MAD 4.23

RMSD 5.57

MAPE 40.25
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K. LSDA-FLOSIC

TABLE S77: Individual BH76 errors for LSDA-FLOSIC including its
self-consistent (SCF) and non-selfconsistent values (indicated with an
“@ symbol) used throughout. All values are in kcal/mol. The “Exact”
column lists the reference values, such that the sum of the “Exact” col-
umn and any other column would yield the barrier height computed
with LSDA-FLOSIC at that density. The reaction index used by the
GMTKN and the symbolic name are given in the first two columns.

Index Reaction Exact @QSCF
1 H + NoO — N> + OH 17.70 -14.19
2 1 reverse 82.60 2.26
3 H + HF - HF + H 42.10 10.07
4 3 reverse 42.10 10.07
5 H + HCl — HC1 + H 17.80 1.18
6 5 reverse 17.80 1.18
7 CHs3F + H — CHs + HF 30.50 13.29
8 7 reverse 56.90 0.03
9 Fs + H— F + HF 1.50 0.08
10 9 reverse 104.80 -0.14
11 CHs + CIF — CH3F + Cl 7.10 1.49
12 11 reverse 59.80 9.16
13 CH3F + F~ — FCHs + F~ -0.60 2.63
14 13 reverse -0.60 2.63
15 CHsF ...F~ - FCHs ... F~ 13.40 4.36
16 15 reverse 13.40 4.36
17 CH3Cl + CI™ — CICH3 + Cl1™ 2.50 3.51
18 17 reverse 2.50 3.51
19 CH3Cl...Cl” — CICHj3 ... 13.50 4.23
20 19 reverse 13.50 4.23
21 CHs3Cl + F~ — CH3F + CI™ -12.30  0.09
22 21 reverse 19.80 5.99
23 F~ ... CH3Cl — CH3F ... C1™ 3.50 2.08
24 23 reverse 29.60 6.82
25 CHsF + OH™ — HOCH3 + F— -2.70  1.43
26 25 reverse 17.60 5.15
27 CHsF ... OH™ — HOCHs ... F™ 11.00 3.72
28 27 reverse 47.70 11.84
29 H + Ny — HNy 14.60 -5.40
30 29 reverse 10.90 16.67
31 H + CO — HCO 3.20 -4.22
32 31 reverse 22.80 14.05
33 H + CzH4 — CchHQ 2.00 -2.73
34 33 reverse 42.00 8.14
35 CoHy + CH3 — CH3CH2CHs 6.40 -7.49
36 35 reverse 33.00 13.60
37 HCN — HNC 48.10 2.80
38 37 reverse 33.00 5.64
39 H + HCI — Hs + Cl 6.10 -2.85
40 39 reverse 8.00 -7.09
41 OH + H; — H + H>0 5.20 -5.19
42 41 reverse 21.60 -4.31
43 CHs + H, - CH4 + H 11.90 -12.21
44 43 reverse 15.00 -0.59
45 CH4 + OH — CH3 + H2O 6.30 -1.81
46 45 reverse 19.50 -12.45
47 Hy + H— H + Ho 9.70 -4.10
48 47 reverse 9.70 -4.10
49 NH;3; + OH — NH> + H»O 3.40 0.70
50 49 reverse 13.70 -3.29
51 CHs + HCl — CH4 + CI 1.80 -9.56
52 51 reverse 6.80 -2.19
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Index Reaction Exact @QSCF
53 CoHg + OH — C2Hs + H20 3.50 -1.54
54 53 reverse 20.40 -10.30
55 F + Hy — H + HF 1.60 -4.92
56 55 reverse 33.80 -7.74
57 O + CH4y — OH + CHs 14.40 -1.47
58 57 reverse 8.90 -9.44
59 H + PH3; — Hy + PH» 2.90 -2.96
60 59 reverse 24.70 -7.09
61 H+ OH — O + Hy 10.90 -1.14
62 61 reverse 13.20 -4.68
63 H + H>S — Hs + HS 3.90 -2.78
64 63 reverse 17.20 -7.46
65 O + HCl — OH + C1 10.40 -1.46
66 65 reverse 9.90 -2.06
67 NH; + CHs — NH + CH4 8.90 -6.75
68 67 reverse 22.00 -2.56
69 NH; + C2Hs — NH + C3Hg 9.80 -4.94
70 69 reverse 19.40 -2.84
71 NH> + CoHg — NHs + CoHs 11.30 -2.09
72 71 reverse 17.80 -6.75
73 NH,; + CH4 — NH3 + CH;3 13.90 -2.39
74 73 reverse 16.90 -9.13
75 s-trans cis-CsHg — s-trans cis-CsHs  39.70 24.71
76 75 reverse 39.70 24.71
MD 0.26
MAD 5.70
RMSD  7.58
MAPE 64.57

TABLE S78: Individual BH76RC errors for LSDA-FLOSIC including

its self-consistent (SCF) and non-selfconsistent values (indicated with an
“@ symbol) used throughout. All values are in kcal/mol. The “Exact”
column lists the reference values, such that the sum of the “Exact” col-
umn and any other column would yield the reaction energy computed
with LSDA-FLOSIC at that density. The reaction index used by the
GMTKN and the symbolic name are given in the first two columns.

Index Reaction Exact @QSCF
1 H + N-O — OH + N» -64.91 -16.44
2 H + CH3F — HF + CHj; -26.32 13.18
3 H+ F; —HF + F -103.28  0.20
4 CHjs + CIF — CHsF + Cl -52.64 -7.73
5 CH3Cl + F~ — CH3F + CI™ -32.16 -5.84
6 F~ ... CH3Cl — CH3F ... ClI™ -26.12 -4.72
7 CHsF + OH™ — HOCHj3 + F~ -20.32 -3.69
8 CH3F ... OH™ — HOCH;3 ... F~ -36.71 -8.11
9 H + N> — HN, 3.69 -22.07
10 H + CO — HCO -19.55 -18.32
11 H + C3H4 — CoHs -40.02 -10.86
12 CsH4 + CH3 — CH3CH2CH» -26.56 -21.13
13 HCN — HNC -15.06 2.81
14 H + HCl — Hsy + Cl -1.90 4.25
15 H, + OH — H + H20 -16.39 -0.89
16 Hs + CHs — H + CHy -3.11 -11.61
17 OH + CH4 — H2O + CHs -13.28 10.72
18 OH + NH3; — H20 + NH» -10.32  4.01
19 CHs + HCl — CH4 + Cl -5.01 -7.36
20 OH + C2Hg — H20 + C3H; -16.84  8.69
21 Hs + F - H + HF -32.22  2.84
22 O + CHy — OH + CHs 5.44 8.03
23 H + PH3; — H> + PHs -21.74  4.07
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Index Reaction Exact @QSCF
24 H+ OH — Hy; + O -2.32  3.57
25 H + H>S — Hy + HS -13.26  4.64
26 O + HCI — OH + C1 0.42 0.68
27 NH,; + CH; — NH + CHy4 -13.12 -4.17
28 NH: + CoHs — NH + CoHg -9.56 -2.14
29 NH, + C2Hg — NH3z + CoHs -6.52 4.68
30 NH; + CH4s — NHs + CHs -2.96 6.70
MD -2.20

MAD 747

RMSD  9.42

MAPE

92.75
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L. PBE-FLOSIC

TABLE S79: Individual BH76 errors for PBE-FLOSIC including its
self-consistent (SCF) and non-selfconsistent values (indicated with an
“@ symbol) used throughout. All values are in kcal/mol. The “Exact”
column lists the reference values, such that the sum of the “Exact” col-
umn and any other column would yield the barrier height computed with
PBE-FLOSIC at that density. The reaction index used by the GMTKN
and the symbolic name are given in the first two columns.

Index Reaction Exact @QSCF
1 H + NoO — N> + OH 17.70 -10.45
2 1 reverse 82.60 14.59
3 H + HF - HF + H 42.10 13.23
4 3 reverse 42.10 13.23
5 H + HCl — HC1 + H 17.80 6.12
6 5 reverse 17.80 6.12
7 CHsF + H — CH3 + HF 30.50 14.96
8 7 reverse 56.90 1.67
9 Fs + H— F + HF 1.50 2.57
10 9 reverse 104.80 -2.30
11 CHs + CIF — CH3F + Cl 7.10 2.82
12 11 reverse 59.80 7.12
13 CH3F + F~ — FCHs + F~ -0.60 4.55
14 13 reverse -0.60 4.55
15 CHsF ...F~ - FCHs ... F~ 13.40 3.47
16 15 reverse 13.40 3.47
17 CH3Cl + CI™ — CICH3 + Cl1™ 2.50  2.99
18 17 reverse 2.50 2.99
19 CH3Cl...Cl” — CICHj3 ... 13.50 1.15
20 19 reverse 13.50 1.15
21 CHs3Cl + F~ — CH3F + CI™ -12.30  0.91
22 21 reverse 19.80 8.95
23 F~ ... CH3Cl — CH3F ... C1™ 3.50 0.40
24 23 reverse 29.60 7.87
25 CHsF + OH™ — HOCH3 + F— -2.70  3.76
26 25 reverse 17.60 4.77
27 CHsF ... OH™ — HOCHs ... F™ 11.00 2.94
28 27 reverse 47.70  6.38
29 H + Ny — HNy 14.60 -0.15
30 29 reverse 10.90 13.18
31 H + CO — HCO 3.20 -0.26
32 31 reverse 22.80 8.30
33 H + CzH4 — CchHQ 2.00 1.09
34 33 reverse 42.00 5.76
35 CoHy + CH3 — CH3CH2CHs 6.40 -3.05
36 35 reverse 33.00 8.91
37 HCN — HNC 48.10 -0.12
38 37 reverse 33.00 2.50
39 H + HCI — Hs + Cl 6.10 2.31
40 39 reverse 8.00 1.08
41 OH + Hz; — H + H30O 5.20 3.11
42 41 reverse 21.60 -4.81
43 CHs + H, - CH4 + H 11.90 -6.57
44 43 reverse 15.00 1.97
45 CH4 + OH — CH3 + H2O 6.30 6.08
46 45 reverse 19.50 -10.29
47 Hy + H— H + Ho 9.70  0.26
48 47 reverse 9.70 0.26
49 NH;3; + OH — NH> + H»O 3.40 8.27
50 49 reverse 13.70 2.36
51 CHs + HCl — CH4 + CI 1.80 -4.49
52 51 reverse 6.80 2.82
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Index Reaction Exact @QSCF
53 CoHg + OH — C2Hs + H20 3.50 6.36
54 53 reverse 20.40 -8.96
55 F + Hy — H + HF 1.60 2.06
56 55 reverse 33.80 -12.25
57 O + CH4y — OH + CHs 14.40 5.40
58 57 reverse 8.90 -4.16
59 H + PH; — Hs + PH» 2.90 0.59
60 59 reverse 24.70 -2.69
61 H+ OH — O + Hy 10.90 2.07
62 61 reverse 13.20 3.19
63 H + H>S — Hs + HS 3.90 1.35
64 63 reverse 17.20 -2.34
65 O + HCl — OH + C1 10.40 5.65
66 65 reverse 9.90 3.41
67 NH; + CHs — NH + CH4 8.90 -1.39
68 67 reverse 22.00 2.54
69 NH: + CoHs — NH + CoHg 9.80 0.31
70 69 reverse 19.40 3.00
71 NH> + CoHg — NHs + CoHs 11.30 5.28
72 71 reverse 17.80 -4.04
73 NH,; + CH4 — NH3 + CH;3 13.90 4.59
74 73 reverse 16.90 -5.97
75 s-trans cis-CsHg — s-trans cis-CsHg  39.70 29.28
76 75 reverse 39.70 29.28
MD 3.04
MAD 5.26
RMSD 7.51
MAPE 63.81

TABLE S80: Individual BH76RC errors for PBE-FLOSIC including its

self-consistent (SCF) and non-selfconsistent values (indicated with an “@
symbol) used throughout. All values are in kcal/mol. The “Exact” col-
umn lists the reference values, such that the sum of the “Exact” column
and any other column would yield the reaction energy computed with
PBE-FLOSIC at that density. The reaction index used by the GMTKN
and the symbolic name are given in the first two columns.

Index Reaction Exact @QSCF
1 H + N2O — OH + N» -64.91 -25.03
2 H + CH3F — HF + CHj; -26.32 13.22
3 H+ F; —HF + F -103.28 4.85
4 CHjs + CIF — CHsF + Cl -52.64 -4.37
5 CH3Cl + F~ — CH3F + CI™ -32.16 -7.98
6 F~ ... CH3Cl — CH3F ... ClI™ -26.12 -7.45
7 CHsF + OH™ — HOCHj3 + F~ -20.32 -0.98
8 CH3F ... OH™ — HOCH3 ... F~ -36.71 -3.43
9 H + N> — HN, 3.69 -13.31
10 H + CO — HCO -19.55 -8.61
11 H + C3;Hy — CoHs -40.02 -4.65
12 CsH4 + CH3 — CH3CH2CH» -26.56 -12.00
13 HCN — HNC -15.06  2.58
14 H + HCl — Hsy + Cl -1.90 1.23
15 H, + OH — H + H20 -16.39  7.91
16 Hs + CHs — H + CHy -3.11 -8.54
17 OH + CH4 — H2O + CHs -13.28 16.45
18 OH + NHs — H-0O + NHs -10.32  5.93
19 CHs + HCl — CH4 + Cl -5.01 -7.31
20 OH + C2Hg — H20 + C3H; -16.84 15.26
21 Hs + F - H + HF -32.22 14.33
22 O + CHy — OH + CHs 5.44  9.63
23 H + PH3; — H> + PHs -21.74  3.22

S119



Index Reaction Exact @QSCF
24 H+ OH — Hy; + O -2.32 -1.10
25 H + H>S — Hy + HS -13.26  3.66
26 O + HCI — OH + C1 0.42 233
27 NH; + CH3z — NH + CHy4 -13.12 -3.91
28 NH: + CoHs — NH + CoHg -9.56 -2.73
29 NHs + CoHg — NHj3 + CoHj -6.52 9.33
30 NH> + CH4s — NH3 4 CHs -2.96 10.52
MD  0.30

MAD 7.73

RMSD 945

MAPE

95.86
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M. SCAN-FLOSIC

TABLE S81: Individual BH76 errors for SCAN-FLOSIC including its
self-consistent (SCF) and non-selfconsistent values (indicated with an
“@ symbol) used throughout. All values are in kcal/mol. The “Exact”
column lists the reference values, such that the sum of the “Exact” col-
umn and any other column would yield the barrier height computed
with SCAN-FLOSIC at that density. The reaction index used by the
GMTKN and the symbolic name are given in the first two columns.

Index Reaction Exact @QSCF
1 H + NoO — N> + OH 17.70 -6.94
2 1 reverse 82.60 18.06
3 H + HF - HF + H 42.10 7.00
4 3 reverse 42.10 7.00
5 H + HCl — HC1 + H 17.80 1.06
6 5 reverse 17.80 1.06
7 CHsF + H — CH3 + HF 30.50 7.22
8 7 reverse 56.90 3.32
9 Fs + H— F + HF 1.50 -6.14
10 9 reverse 104.80 -0.40
11 CHs + CIF — CH3F + Cl 7.10 -0.83
12 11 reverse 59.80 0.82
13 CH3F + F~ — FCHs + F~ -0.60 1.54
14 13 reverse -0.60 1.54
15 CHsF ...F~ - FCHs ... F~ 13.40 2.25
16 15 reverse 13.40 2.25
17 CH3Cl + CI™ — CICH3 + Cl1™ 2.50 -1.53
18 17 reverse 2.50 -1.53
19 CH3Cl...Cl” — CICHj3 ... 13.50 -1.10
20 19 reverse 13.50 -1.10
21 CHs3Cl + F~ — CH3F + CI™ -12.30 -4.26
22 21 reverse 19.80 5.77
23 F~ ... CH3Cl — CH3F ... C1™ 3.50 -2.00
24 23 reverse 29.60 5.47
25 CHsF + OH™ — HOCH3 + F— -2.70  0.52
26 25 reverse 17.60 1.43
27 CHsF ... OH™ — HOCHs ... F™ 11.00 1.38
28 27 reverse 47.70  4.58
29 H + Ny — HNy 14.60 -3.98
30 29 reverse 10.90 7.91
31 H + CO — HCO 3.20 -3.82
32 31 reverse 22.80 4.48
33 H + CzH4 — CchHQ 2.00 -4.92
34 33 reverse 42.00 5.42
35 CoHy + CH3 — CH3CH2CHs 6.40 -4.75
36 35 reverse 33.00 3.37
37 HCN — HNC 48.10 -0.69
38 37 reverse 33.00 1.97
39 H + HCI — Hs + Cl 6.10 -2.43
40 39 reverse 8.00 -1.45
41 OH + Hz; — H + H30O 5.20 2.65
42 41 reverse 21.60 -9.64
43 CHs + H, - CH4 + H 11.90 -2.76
44 43 reverse 15.00 -3.33
45 CH4 + OH — CH3 + H2O 6.30 4.80
46 45 reverse 19.50 -6.83
47 Hy + H— H + Ho 9.70 -2.83
48 47 reverse 9.70 -2.83
49 NH;3; + OH — NH> + H»O 3.40 5.95
50 49 reverse 13.70  0.65
51 CHs + HCl — CH4 + CI 1.80 -2.37
52 51 reverse 6.80 -1.96
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Index Reaction Exact @QSCF
53 CoHg + OH — C2Hs + H20 3.50 4.85
54 53 reverse 20.40 -6.19
55 F + Hy — H + HF 1.60 1.72
56 55 reverse 33.80 -15.70
57 O + CH4y — OH + CHs 14.40 1.30
58 57 reverse 8.90 -0.25
59 H + PH3; — Hy + PH» 2.90 -2.15
60 59 reverse 24.70 -2.30
61 H+ OH — O + Ho 10.90 0.16
62 61 reverse 13.20 2.38
63 H + H>S — Hs + HS 3.90 -2.26
64 63 reverse 17.20 -1.95
65 O + HCl — OH + C1 10.40 2.95
66 65 reverse 9.90 1.82
67 NH; + CHs — NH + CH4 8.90 1.24
68 67 reverse 22.00 -1.15
69 NH; + C2Hs — NH + C3Hg 9.80 1.16
70 69 reverse 19.40 -2.02
71 NH> + CoHg — NHs + CoHs 11.30 3.15
72 71 reverse 17.80 -2.48
73 NH,; + CH4 — NH3 + CH;3 13.90 2.78
74 73 reverse 16.90 -3.64
75 s-trans cis-CsHg — s-trans cis-CsHg  39.70 17.09
76 75 reverse 39.70 17.09
MD 0.61
MAD 3.79
RMSD 5.32
MAPE 45.99

TABLE S82: Individual BH76RC errors for SCAN-FLOSIC including

its self-consistent (SCF) and non-selfconsistent values (indicated with an
“@ symbol) used throughout. All values are in kcal/mol. The “Exact”
column lists the reference values, such that the sum of the “Exact” col-
umn and any other column would yield the reaction energy computed
with SCAN-FLOSIC at that density. The reaction index used by the
GMTKN and the symbolic name are given in the first two columns.

Index Reaction Exact @QSCF
1 H + N-O — OH + N» -64.91 -24.98
2 H + CH3F — HF + CHj; -26.32  3.83
3 H+ F; —HF + F -103.28 -5.75
4 CHjs + CIF — CHsF + Cl -52.64 -1.70
5 CH3Cl + F~ — CH3F + CI™ -32.16 -9.97
6 F~ ... CH3Cl — CH3F ... ClI™ -26.12 -7.44
7 CHsF + OH™ — HOCHj3 + F~ -20.32 -0.88
8 CH3F ... OH™ — HOCH;3 ... F~ -36.71 -3.19
9 H + N> — HN, 3.69 -11.88
10 H + CO — HCO -19.55 -8.36
11 H + C3H4 — CoHs -40.02 -10.32
12 CsH4 + CH3 — CH3CH2CH» -26.56 -8.16
13 HCN — HNC -15.06  2.63
14 H + HCl — Hsy + Cl -1.90 -0.98
15 Hs + OH — H + H>0O -16.39 12.29
16 Hs + CHs — H + CHy -3.11  0.58
17 OH + CH4 — H2O + CHs -13.28 11.71
18 OH + NHs — H-0O + NHs -10.32  5.32
19 CHs + HCl — CH4 + Cl -5.01 -0.41
20 OH + C2Hg — H20 + C3H; -16.84 10.97
21 Hs + F - H + HF -32.22 17.43
22 O + CHy — OH + CHs 5.44 1.61
23 H + PH3; — H> + PHs -21.74  0.10
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Index Reaction Exact QSCF
24 H+ OH — Hy; + O -2.32 -2.19
25 H + H>S — Hy + HS -13.26 -0.35
26 O + HCI — OH + C1 0.42 1.21
27 NH; + CH3z — NH + CHy4 -13.12 241
28 NH: + CoHs — NH + CoHg -9.56 3.14
29 NHs + CoHg — NHj3 + CoHj -6.52 5.65
30 NH> + CH4s — NH3 4 CHs -2.96 6.38
MD -0.38

MAD 6.06

RMSD 8.31

MAPE

58.47
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N. r?SCAN-FLOSIC

TABLE S83: Individual BH76 errors for r?’SCAN-FLOSIC including
its self-consistent (SCF) and non-selfconsistent values (indicated with
an “@ symbol) used throughout. All values are in kcal/mol. The “Ex-
act” column lists the reference values, such that the sum of the “Exact”
column and any other column would yield the barrier height computed
with r2SCAN-FLOSIC at that density. The reaction index used by the
GMTKN and the symbolic name are given in the first two columns.

Index Reaction Exact @QSCF
1 H + N,O — Ny + OH 17.70 -4.93
2 1 reverse 82.60 17.88
3 H + HF - HF + H 4210 7.73
4 3 reverse 42.10 7.73
5 H + HCI — HCl + H 17.80 1.70
6 5 reverse 17.80 1.70
7 CHsF + H — CH3 + HF 30.50 6.70
8 7 reverse 56.90 4.12
9 F; + H— F + HF 1.50 -2.77
10 9 reverse 104.80 2.32
11 CHs + CIF — CH3F + Cl 7.10 1.02
12 11 reverse 59.80 1.67
13 CHsF + F~ — FCH3 + F~ -0.60 2.05
14 13 reverse -0.60 2.05
15 CHs3F ...F~ — FCHs3 ... F~ 13.40 2.42
16 15 reverse 13.40 2.42
17 CH3Cl + CI™ — CICHs + Cl1™ 2.50 -0.01
18 17 reverse 2.50 -0.01
19 CH3Cl...Cl™ — CICH3 ... Cl™ 13.50 -0.08
20 19 reverse 13.50 -0.08
21 CH3Cl + F~ — CH3F + Cl1™ -12.30 -2.80
22 21 reverse 19.80 5.95
23 F~ ... CH5Cl — CH3F ... C1™ 3.50 -1.23
24 23 reverse 29.60 5.37
25 CHsF + OH™ — HOCHgs + F~ -2.70 1.16
26 25 reverse 17.60 2.24
27 CH3F ... OH™ — HOCH3 ... F™ 11.00 1.61
28 27 reverse 47.70  4.98
29 H + N2 — HNy 14.60 -2.60
30 29 reverse 10.90 7.98
31 H + CO — HCO 3.20 -3.19
32 31 reverse 22.80 4.09
33 H + CoHy4 — CH3CHs 2.00 -3.72
34 33 reverse 42.00 5.18
35 CoHy + CH3 — CH3CH2CHs 6.40 -2.99
36 35 reverse 33.00 3.60
37 HCN — HNC 48.10 -0.87
38 37 reverse 33.00 1.50
39 H + HCI — Hs + Cl 6.10 -0.85
40 39 reverse 8.00 -0.54
41 OH + Hz — H + H20O 5.20 3.49
42 41 reverse 21.60 -7.77
43 CHs + H, - CH, + H 11.90 -2.28
44 43 reverse 15.00 -2.51
45 CHy + OH — CHs + H20O 6.30 5.92
46 45 reverse 19.50 -5.00
47 He + H— H + Hs 9.70 -2.71
48 47 reverse 9.70 -2.71
49 NHs; + OH — NH>; + H,O 3.40 7.25
50 49 reverse 13.70 2.26
51 CHs + HCl — CHy4 + Cl 1.80 -2.02
52 51 reverse 6.80 -1.95
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Index Reaction Exact @QSCF
53 CoHg + OH — C2Hs + H20 3.50 5.92
54 53 reverse 20.40 -4.36
55 F + Hy — H + HF 1.60 2.16
56 55 reverse 33.80 -13.90
57 O + CH4y — OH + CHs 14.40 2.06
58 57 reverse 8.90 0.13
59 H + PH; — Hs + PH» 2.90 -2.05
60 59 reverse 24.70 -1.57
61 H+ OH — O + Hy 10.90 0.04
62 61 reverse 13.20 2.31
63 H + H>S — Hs + HS 3.90 -2.04
64 63 reverse 17.20 -1.80
65 O + HCl — OH + C1 10.40 3.02
66 65 reverse 9.90 1.16
67 NH; + CHs — NH + CH4 8.90 1.55
68 67 reverse 22.00 -0.20
69 NH: + CoHs — NH + CoHg 9.80 1.44
70 69 reverse 19.40 -1.15
71 NH> + CoHg — NHs + CoHs 11.30 4.19
72 71 reverse 17.80 -1.00
73 NH: + CH4 — NH3 + CHs 13.90 3.91
74 73 reverse 16.90 -2.12
75 s-trans cis-CsHg — s-trans cis-CsHs  39.70 16.75
76 75 reverse 39.70 16.75
MD 1.34

MAD 3.54

RMSD  5.07

MAPE 42.24

TABLE S84: Individual BH76RC errors for r?SCAN-FLOSIC including
its self-consistent (SCF) and non-selfconsistent values (indicated with an
“@ symbol) used throughout. All values are in kcal/mol. The “Exact”
column lists the reference values, such that the sum of the “Exact” col-
umn and any other column would yield the reaction energy computed
with r?SCAN-FLOSIC at that density. The reaction index used by the
GMTKN and the symbolic name are given in the first two columns.

Index Reaction Exact @QSCF
1 H + N2O — OH + Ns -64.91 -22.80
2 H + CH3F — HF + CHj3 -26.32  2.51
3 H+F; - HF + F -103.28 -5.11
4 CHjs + CIF — CH3F + Cl -52.64 -0.70
5 CHs3Cl + F~ — CHsF + Cl™ -32.16 -8.69
6 F~ ... CH3Cl — CH3F ... Cl™ -26.12 -6.57
7 CH3F + OH™ — HOCH3 + F~ -20.32 -1.06
8 CHsF ... OH™ — HOCH;s ... F~ -36.71 -3.35
9 H + N> — HNs 3.69 -10.56
10 H + CO — HCO -19.55 -7.34
11 H + CyHy — CoHs -40.02 -8.87
12 CoHy + CH3 — CH3CH>CHs -26.56 -6.63
13 HCN — HNC -15.06  2.33
14 H + HCI — Hy + Cl -1.90 -0.31
15 Hs, + OH — H + H20 -16.39 11.25
16 Hs + CH; — H + CHy -3.11  0.25
17 OH + CH4 — H20 + CHs -13.28 11.00
18 OH + NHs; — H20 + NH» -10.32  5.01
19 CHs + HCl — CH4 + Cl -5.01 -0.06
20 OH + CyHg — H2O + CqoHs -16.84 10.22
21 Hy + F - H + HF -32.22 16.08
22 O + CHy — OH + CHs 5.44 1.99
23 H + PHs; — Hy + PHs -21.74 -0.54
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Index Reaction Exact @QSCF
24 H+ OH — Hy; + O -2.32 -2.25
25 H + H>S — Hy + HS -13.26  -0.28
26 O + HCI — OH + C1 0.42 1.94
27 NH,; + CH; — NH + CHy4 -13.12 1.77
28 NH: + CoHs — NH + CoHg -9.56 2.56
29 NHs + CoHg — NHj3 + CoHj -6.52 5.21
30 NH> + CH4s — NH3 4 CHs -2.96 5.99
MD -0.23

MAD 5.44

RMSD 7.53

MAPE

58.73
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