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In the main text, we focus on the RMSD values of BH and RE data within each subset. Here, in
the supporting information, we provide more detailed statistical analyses for each task. For reactions
in the easy and intermediate subsets, which comprise the majority of the full RDB7 set, error statistics
are presented in tables embedded within the violin plots. Comparisons between forward and reverse
barrier heights are provided - explicitly for the easy and intermediate subsets using split violin plots, and
implicitly for different collections of the refined reactions in the difficult subset. We also present the
FBH, RBH, and RE error statistics for the 3rd collection of the difficult subset (50 data points with largest
U-wB97X-D3 deviations vs. existing RCCSD(T)-F12 reference). Finally, we include Q-Chem and ORCA
input templates for the data categorization workflow of this work. For raw data of the full RDB7 set or
within a specific subset, please refer to the corresponding subsheet in the RDB7_refined.xlsx file.



Error against RHF:RCCSD(T)-F12a/cc-pVDZ-F12 reference (Molpro, kcal/mol)

BH and RE error statistics of the uncategorized full RDB7 set
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BH error distribution of the full RDB7 set (11926 forward, 11926 reverse) without classification

RMSD | MAD | MSD |Median| Min Max

R-wB97X-D3 | 497 | 3.26 | 272 | 1.78 |-13.13 | 45.17
U-wB97X-D3 | 338 | 254 | 196 | 1.63 |-1460| 24.13
U-wB97/M-V | 265 | 1.88 | 0.77 | 0.24 |-11.50 | 23.52

U-MN15 275 | 209 | -0.20 | -0.57 |-15.35| 20.81
U-wB97/M(2) | 248 | 166 | 112 | 0.68 | -9.32 | 22.60
R-wB97X-D3 U-wB97X-D3 U-wB97M-V U-MN15 U-wB97M(2)

Figure 1: Uncategorized full RDB7 set BH error distribution




Error against RHF:RCCSD(T)-F12a/cc-pVDZ-F12 reference (Molpro, kcal/mol)
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RE error distribution of the full RDB7 set (11926 forward, 11926 reverse) without classification

RMSD | MAD | MSD |Median| Min Max

R-wB97X-D3 | 2.93 2.25 1.43 142 | -8.49 | 41.81
U-wB97X-D3 | 2.70 2.15 1.30 1.36 |-13.08 | 15.78
U-wB97M-V 1.79 136 | 040 | 0.27 |-10.91| 16.21
U-MN15 3.05 238 | 0.19 | 0.11 |-12.59| 16.60
U-wB97M(2) | 1.76 1.36 1.16 | 1.05 | -9.38 | 11.34

<A
R-wBI7X-D3  U-wB97X-D3  U-wB97M-V U-MN15 U-wB97M(2)

Figure 2: Uncategorized full RDB7 set RE error distribution




Error against RHF:RCCSD(T)-F12a/cc-pVDZ-F12 reference (kcal/mol)
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The full RDBY set FBH (11926 data points) vs. RBH (11926 data points) error distribution

—1 FBH RMSD] MAD | MSD [Median| Min | Max
~ rey | R-WB97X-D3FBH | 532 | 3.65 | 343 | 241 | 6.74 | 44.19
U-wB97X-D3 FBH | 3.70 | 2.88 | 261 | 222 |-14.60] 24.13

U-wB97M-V FBH | 2.68 | 1.00 | 0.07 | 0.41 |-11.50] 23.52

U-MN15 FBH 2.70 | 2.03 [ 0.10 | 0.46 |-15.35] 18.71
U-wB97M(2) FBH | 2.70 | 1.85 | 1.70 | 1.14 | 6.92 | 22.42

RMSD| MAD | MSD [Median] Min | Max

R-WB97X-D3RBH | 4.61 | 2.87 | 200 | 1.02 |-13.13| 45.17
U-wB97X-D3 RBH | 3.03 | 220 | 1.31 | 0.93 [-10.85] 23.11
U-wB97M-VRBH | 2.62 | 1.86 | 0.57 | 0.09 |-11.33] 23.22

U-MN15 RBH 2.79 | 2.15 | 0.29 | 0.70 |-11.25] 20.81
U-wB97M(2) RBH | 2.24 | 1.47 | 054 | 0.14 | 9.32 | 22.60

R-wB97X-D3 U-wB97X-D3 U-wB97M-V U-MN15 U-wB97M(2)

Figure 3: Uncategorized full RDB7 set FBH v.s. RBH error distribution




BH and RE error statistics of the easy subset

Easy subset BH error distribution
[10411 reactions with RHF stable species (5985 forward, 4426 reverse)]

Error against RHF:RCCSD(T)-F12a/cc-pVDZ-F12 reference (Molpro, kcal/mol)

25

RMSD | MAD | MSD [Median| Min | Max

R-wB97X-D3 | 232 | 1.78 | 1.10 | 0.99 | -8.28 | 15.81

20 U-wB97X-D3 | 225 | 1.75 | 1.08 | 0.99 | -8.28 | 11.73

U-wB97M-V | 155 | 1.20 | -0.44 | -0.52 | -5.73 | 8.06

15 U-MN15 229 | 1.84 | -0.91 | -1.00 | -11.25| 10.36

U-wB97M(2) | 1.14 | 082 | 0.18 | 0.17 | 4.47 | 10.38
10
5
0
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R-wB97X-D3 U-wB97X-D3 U-wB97M-V U-MN15 U-wB97M(2)

Figure 4: Easy set BH error distribution




Error against RHF:RCCSD(T)-F12a/cc-pVDZ-F12 reference (Molpro, kcal/mol)
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Easy subset RE error distribution

(6852 reactions with RHF stable species)

Figure 5: Easy set RE error distribution

RMSD | MAD | MSD |Median| Min Max

R-wB97X-D3 | 2.51 1.99 | 1.01 1.10 | -8.49 | 11.29

U-wB97X-D3 | 250 | 1.99 | 1.01 1.10 | -8.49 | 11.29
U-wB97/M-V | 147 | 116 | 0.26 | 0.27 | -5.21 | 5.79

U-MN15 3.10 | 244 | -0.02 | -0.12 |-12.07 | 11.54
U-wB97M(2) | 1.36 | 1.09 | 082 | 0.77 | -2.42 | 6.01
R-wB97X-D3 U-wB97X-D3 U-wB97M-V U-MN15 U-wB97M(2)




Error against RHF:RCCSD(T)-F12a/cc-pVDZ-F12 reference (Molpro, kcal/mol)

20

10

Easy subset FBH (5985 data points) vs. RBH (4426 data points) error distribution

= RMSD] MAD | MSD [Median] Min | Max
—— rey | R-WB97XD3FBH | 2.44 | 1.89 | 1.55 | 1.39 | 6.74 | 15.38
U-wB97X-D3 FBH | 2.38 | 1.87 | 152 | 1.38 | 6.74 | 11.73
U-wB97M-V FBH | 143 | 1.12 | -0.34 | 044 | 5.73 | 8.06

U-MN15 FBH 216 | 1.71 | 0.85 | -0.86 |-10.23| 8.85

U-wB97M(2) FBH | 1.04 | 0.77 | 0.52 | 0.47 | -2.40 | 10.38

RMSD] MAD | MSD [Median] Min | Max

R-WB97X-D3RBH | 2.16 | 1.62 | 0.50 | 0.35 | -8.28 | 15.81
U-wB97X-D3 RBH | 2.07 | 1569 | 047 | 0.34 | -8.28 | 9.76
U-wB97M-VRBH | 1.69 | 1.31 | -0.57 | 0.65 | 543 | 7.83

U-MN15 RBH 246 | 201 [ 099 | -1.21 [-11.25] 10.36
U-wB97M(2)RBH | 1.25 | 0.89 | 0.29 | 0.24 | 4.47 | 10.12

R-wB97X-D3  U-wB97X-D3  U-wB97M-V U-MN15 U-wB97M(2)

Figure 6: Easy set FBH v.s. RBH error distribution




Error against RHF:RCCSD(T)-F12a/cc-pVDZ-F12 reference (Molpro, kcal/mol)

BH and RE error statistics of the intermediate subset

[9760 reactions involving RHF unstable but k-ROOMP?2 stable species (4513 forward, 5247 reverse)]
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Intermediate subset BH error distribution

RMSD | MAD | MSD [Median| Min Max

R-wB97X-D3 | 3.92 | 3.01 254 | 222 | -9.03 | 18.15
U-wB97X-D3 | 3.81 295 | 248 | 220 | -8.38 | 17.63
U-wB97M-V | 265 | 195 | 118 | 0.81 | -8.43 | 15.42

U-MN15 271 | 208 | -0.14 | -0.59 |-10.67 | 16.10
U-wB97M(2) | 2.11 164 | 1.21 1.14 | -5.99 | 10.78
R-wB97X-D3 U-wB97X-D3 U-wB97M-V U-MN15 U-wB97M(2)

Figure 7: Intermediate set BH error distribution




Error against RHF:RCCSD(T)-F12a/cc-pVDZ-F12 reference (Molpro, kcal/mol)
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Intermediate subset RE error distribution

(4054 reactions involving RHF unstable but k-ROOMP?2 stable species)

RMSD | MAD | MSD |Median| Min Max

R-wB97X-D3 | 299 | 240 | 1.82 | 1.84 | -7.95 | 15.93

U-wB97X-D3 | 297 | 238 | 1.81 1.83 | -7.95 | 15.78

U-wB97M-V | 196 | 149 | 0.56 | 0.32 | -5.33 | 16.21

U-MN15 3.09 | 238 | 0.54 | 0.51 |-10.77 | 16.60
U-wB97M(2) | 1.78 | 148 | 1.37 | 1.26 | -3.16 | 8.61
R-wB97X-D3 U-wB97X-D3 U-wB97M-V U-MN15 U-wB97M(2)

Figure 8: Intermediate set RE error distribution




Figure 9: Intermediate set FBH v.s. RBH error distribution

4 1st collection in the difficult subset: RBH error statistics

Table 1: RBH error statistics of unrestricted DFT compared against spin projected UHF:UCCSD(T)-F12
reference, for the 50 reactions with largest R-wB97X-D3 v.s. RHF:RCCSD(T)-F12 RBH discrepancy

(unit: kcal/mol)

Functional Min Max MSD MAD RMSD
U-wB97X-D3 -5.56 942 2.61 3.32 4.16
U-wB97M-V  -3.78 888 4.12 4.27 4.86
U-MN15 -2.19 1043 425 448 5.20
U-wB97M(2) -3.27 852 472 485 5.32

10

g Intermediate subset FBH (4513 data points) vs. RBH (5247 data points) error distribution
E 1 FBH RMSD| MAD | MSD |Median| Min Max
= 30 | 7 RBH R-wB97X-D3 FBH | 4.57 | 3.78 | 3.67 | 3.30 | -6.62 | 17.90
g U-wB97X-D3FBH | 446 | 3.71 | 3.60 | 3.29 | 6.62 | 17.63
g U-wB97M-V FBH 283 | 213 1.67 1.34 | -6.07 | 1542
Y U-MN15 FBH 274 | 208 | 011 | 042 | 942 | 14.05
2 U-wB97/M(2) FBH | 254 | 213 | 207 | 195 | -2.51 | 10.78
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8‘10 RMSD| MAD | MSD| [Median| Min | Max
0 R-wB97X-D3RBH | 3.25 | 234 | 157 | 1.03 | -9.03 | 18.15
% U-wB97X-D3 RBH | 3.14 | 2.29 1.52 1.03 | -8.38 | 14.44
7 U-wB97M-V RBH 2.49 1.79 | 0.75 | 040 | -8.43 | 13.69
= -20 U-MN15 RBH 268 | 208 | -0.36 | -0.75 |-10.67| 16.10
® U-wB97M(2) RBH 1.67 122 | 047 | 0.31 | -5.59 | 10.76
L% R-wB97X-D3 U-wB97X-D3 U-wB97M-V U-MN15 U-wB97M(2)




Unchanged original RBH data: 1st collection 12 Refined RBH data: 1st collection
12 — R-wB97X-D3 relative to U-wB97X-D3 relative to
10 RHF:RCCSD(T)-F12a/cc-pVDZ-F12 10 RHF:RCCSD(T)-F12a
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Figure 10: RBH error distribution for the 50 reactions with the largest R-wB97X-D3 v.s. RHF:RCCSD(T)-

F12 discrepancy.

5 2nd collection in the difficult subset: RBH error statistics

Functional Min

Max

MSD MAD RMSD

U-wB97X-D3 -3.34
U-wB97M-V  -1.29
U-MNI15 -2.23
U-wB97M(2) 0.39

14.40
14.28
15.68
14.43

10.29 10.56 11.03
9.12  9.18 9.66
8.12 8.26 9.14
8.07  8.07 8.58

Table 2: RBH error statistics of unrestricted DFT compared against spin projected UHF:UCCSD(T)-F12
reference, for the 50 reactions with largest U-wB97X-D3 v.s. RHF:RCCSD(T)-F12 RBH discrepancy

(unit: kcal/mol)
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Refined RBH data: 2nd collection
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Figure 11: RBH error distribution for the 50 reactions with the largest U-wB97X-D3 v.s. RHF:RCCSD(T)-
F12 discrepancy.
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6 3rd collection (largest U-wB97M-V v.s. RHF:RCCSD(T)-F12 dis-

crepancy) in the difficult subset: FBH, RBH, and RE error statis-

tics

Functional Min Max MSD MAD RMSD

U-wB97X-D3 -3.24 17.26 873 9.02 10.00
U-wB97M-V 020 14.61 841 8.41 9.19
U-MNI15 -2.13 1290 7.76  7.95 8.92
U-wB97M(2) 1.58 12.74 823 8.23 8.74

Table 3: FBH error statistics of unrestricted DFT compared against spin projected UHF:UCCSD(T)-F12

reference, for the 50 reactions with largest U-wB97M-V v.s. RHF:RCCSD(T)-F12 FBH discrepancy (unit:
kcal/mol)
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Refined FBH data: 3rd collection
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Figure 12: FBH error distribution for the 50 reactions with the largest U-wB97M-V v.s. RHF:RCCSD(T)-
F12 discrepancy.

Refined RBH data: 3rd collection
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Figure 13: RBH error distribution for the 50 reactions with the largest U-wB97M-V v.s. RHF:RCCSD(T)-
F12 discrepancy.
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Functional Min Max MSD MAD RMSD

U-wB97X-D3 -6.30 14.40 6.87 8.26 9.49
U-wB97M-V  -10.21 1428 6.44 8.36 9.18
U-MNI15 -9.69 15.68 590 7.73 8.86
U-wB97M(2) -8.20 1443 580 7.35 7.94

Table 4: RBH error statistics of unrestricted DFT compared against spin projected UHF:UCCSD(T)-F12
reference, for the 50 reactions with largest U-wB97M-V v.s. RHF:RCCSD(T)-F12 RBH discrepancy (unit:
kcal/mol)

Functional Min Max MSD MAD RMSD

U-wB97X-D3 1.68 13.06 7.07 7.07 7.35
U-wB97M-V 425 1130 7.40 7.40 7.49
U-MNI15 0.75 946 551 551 5.88
U-wB97M(2) 4.85 1224 7.73 7.73 7.82

Table 5: RE error statistics of unrestricted DFT compared against spin projected UHF:UCCSD(T)-F12
reference, for the 50 reactions with largest U-wB97M-V v.s. RHF:RCCSD(T)-F12 RE discrepancy (unit:
kcal/mol)

Refined RE data: 3rd collection

U-wB97M-V relative to
30 - RHF:RCCSD(T)-F12a
— U-wB97M-V relative to
spin projected CCSD(T)-F12
€20
Q
O
10
0
0 2 4 6 8 10 12
Error (kcal/mol)
12 U-wB97M-V relative to
10 S RHF:RCCSD(T)-F12a
U-wB97M-V relative to
8 = spin projected CCSD(T)-F12

Error (kcal/mol)
()]

Figure 14: RE error distribution for the 50 reactions with the largest U-wB97M-V v.s. RHF:RCCSD(T)-
F12 discrepancy.
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7 Sample input templates for data categorization workflow

7.1 Easy Subset: RHF stability analysis with Q-Chem

Srem

JOBTYPE SP
METHOD HF
BASIS cc—pVDZ
UNRESTRICTED FALSE
SCF_ALGORITHM GDM
MAX_SCF_CYCLES 100
SCF_CONVERGENCE 8
SYM_IGNORE TRUE
SYMMETRY FALSE
STABILITY_ ANALYSIS TRUE
Send

7.2 Intermediate Subset: unrestricted x-OOMP2 < S? > calculation with Q-

Chem
Srem
JOBTYPE SP
METHOD HF
BASIS cc—pVDZ
UNRESTRICTED TRUE
SCF_GUESS_MIX 1
SCF_ALGORITHM GDM
MAX_SCF_CYCLES 100
SCF_CONVERGENCE 8
SYM_IGNORE TRUE
SYMMETRY FALSE
INTERNAL_STABILITY TRUE
Send
@e@
Smolecule
READ
Send
Srem
JOBTYPE SP
METHOD kOOMP 2
REG_VARIABLE 1450 ! Set kappa = 1.45
BASIS cc—pVDZ
AUX_BASIS RIMP2-cc-pVDZ
UNRESTRICTED TRUE
SCF_GUESS READ
SCF_ALGORITHM GDM
MAX_SCF_CYCLES 100
SCF_CONVERGENCE 8
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SYM_IGNORE TRUE

SYMMETRY FALSE

GEN_SCFEFMAN TRUE

DO_S2 TRUE ! Unrestricted kappa-OOMP2 <S”2> calculation
$Send

7.3 Difficult Subset: UHF:UCCSD(T) and UCCSD < S? > calculation with

Q-Chem
Srem
JOBTYPE SP
METHOD HF
BASIS cc—pVDZ
UNRESTRICTED TRUE
SCF_GUESS_MIX 1
SCF_ALGORITHM GDM
MAX_SCF_CYCLES 100
SCF_CONVERGENCE 8
SYM_IGNORE TRUE
SYMMETRY FALSE
INTERNAL_STABILITY TRUE
Send
@@@
Smolecule
READ
Send
Srem
JOBTYPE SP
METHOD CCSD(T)
BASIS cc—-pVDZ
UNRESTRICTED TRUE
SCF_GUESS READ
SCF_ALGORITHM GDM
MAX_SCF_CYCLES 100
SCF_CONVERGENCE 8
SYM_IGNORE TRUE
SYMMETRY FALSE
GEN_SCFMAN TRUE
CC_REF_PROP_TE TRUE ! UCCSD <S72> calculation
MEM_TOTAL 8000
Send

7.4 Selected Reactions from the Difficult Subset: UHF:UCCSD(T)-F12 calculation
with ORCA

! CCSD(T)-F12/RI cc—-pVDZ-F12 cc-pVDZ-F12-CABS cc-pVTZ/C # For restricted species
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! UHF cc-pVDZ-F12 cc-pVDZ-F12-CABS # For unrestricted species
%$scf Stabperform true end

Snew_Jjob
! CCSD(T)-F12/RI cc-pVDZ-F12 cc-pVDZ-F12-CABS cc-pVTZ/C
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