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S1 Details on the pre-training data set
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Figure S1: Distributions of the pre-training data set for the reactions in all solvents (top),
in water (middle), and in n-hexane (bottom). The absolute mean (abs. mean), mean and
standard deviation (std.) are in kcal /mol. Water and n-hexane are chosen as sample solvents

for data visualization.



S2 Details on the fine-tuning data set

'R—2H + R =——= 'R + 2H—°R

(a) Bimolecular hydrogen abstraction
SH—2Rvwwvwv IR —/— 2|3va\1 R—3H

(b) Unimolecular hydrogen migration

g ———
.

(¢) Radical addition to a multiple bond

Figure S2: Templates of the reaction types found in the fine-tuning set.

A subset of the fine-tuning data set was selected for the model training. Around 25
solvents were sampled per each reaction with following procedure:

e Water, acetic acid, and acetonitrile are always included.

e Randomly sample 17 solvents from the following list of 44 more common solvents:
carbon tetrachloride, benzene, tert-Butanol, hexane, anisole, T-amyl alcohol, ethyl
acetate, propionitrile, chlorobenzene, methylformate, dioxane, tetrahydrofuran, tetra-
chloroethylene, bromobenzene, benzonitrile, cyclohexane, diethyl ether, methanol, 2-
propanol, dichloromethane, chloroform, sulfolane, DMF, ethanol, 2,2,2-trifluoroethanol,
acetone, toluene, isopropyl ether, veratrole, nitrobenzene, nitromethane, triethylene
glycol, N-benzylacetamide, formamide, ethylene glycol, 2-methoxyethanol, benzyl al-
cohol, 2-phenoxyethanol, N-methylformamide, dimethyl sulfoxide, glycerol, isooctane,
3-methyl-3-pentanol, and 1-butanol.

e Sample 5 solvents from the remaining solvents.
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Figure S3: Distributions of the fine-tuning data set for the reactions in all solvents (top),
in water (middle), and in n-hexane (bottom). The absolute mean (abs. mean), mean and
standard deviation (std.) are in kcal/mol. Water and n-hexane are chosen as sample solvents

for data visualization.
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S3 Reactions in the experimental set

Table S1: List of reactions found in the experimental set.

Index Reaction
o) o]
X /H\ toon
1
[-scission
o ‘ 0 //O + CH
O — O
2
[-scission

X =0 — X0

3
H-abstraction
4
H-abstraction
5
H-abstraction
O — %O
6
H-abstraction ¢
OO — OO
7

H-abstraction

S5



o e A

I

[e]

<

8
Diels—Alder
o
Oy — O
9
Diels—Alder
D s O
10
Diels—Alder
i
|
I~ + L~
11
[2-+2] Cycloaddition
O .
fo! = H . N
j’,/ + \D/LC%/T;
eho
’ ; A\
12
Nucleophilic addition to carbon-carbon triple bond °
OO~ — - O
13
Epoxidation of cyclohexene with peroxycarboxylic acid
ox j\ %ﬁ/ . %
//
(0]
14

Thermal decomposition of 3-sulfolene
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SO — OFO

15 — Q0

O-Neophyl rearrangement of 1,1-diarylalkoxyl radical

@ The rates constants of Reaction 6 are reported relative to the rate constants of Reaction 1. ® The first
step was used for the ML predictions for these reactions as the first step was previously identified as a rate

limiting step.
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S4 Details on the ML model

Table S2: Default atom and bond features used for the model.

Atom features Type Bond features Type
Atomic number One-hot | Bond type One-hot
Number of bonds One-hot | Conjugation One-hot
Formal charge One-hot | In ring One-hot
Ring size One-hot | Stereo One-hot
Connected hydrogen atoms | One-hot

Hybridization One-hot

Aromaticity One-hot

Molar mass Numeric

Table S3: Optimized hyperparameters.
Type Optimized value
D-MPNN hidden size Reaction: 900, Solvent: 200
D-MPNN depth Reaction: 4, Solvent: 2
D-MPNN bias No
Aggregation Normalized
FNN hidden size 400
FNN depth 6
FNN bias Yes
Activation function ReLu
Dropout 0.0
Batch size 30
Warm-up epochs 4
Max epochs for pre-training 80
Max epochs for fine-tuning 10
Learning rates (initial, max, final) 1.8e-4, 2.2e-4, 5.2e-5
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a. Pre-trained (none)

A

Computed AAGY,,, (kcal/mol)

S5 Results on the pre-training set
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Figure S4: Parity plots and histograms of the AAG;IV errors on the 5-fold pre-training set
reaction split. (a) The pre-trained model with no additional feature. (b) The pre-trained
model with the RP-solv feature. (¢) The fine-tuned model with no additional feature. (d)
The fine-tuned model with the RP-solv feature. The MAE and RMSE are in kcal/mol. The
numbers of reactions, solvents, total data points found in the test set are provided.
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Figure S5: Parity plots and histograms of the AAHEOIV errors on the 5-fold pre-training set
reaction split. (a) The pre-trained model with no additional feature. (b) The pre-trained
model with the RP-solv feature. (c¢) The fine-tuned model with no additional feature. (d)
The fine-tuned model with the RP-solv feature. The MAE and RMSE are in kcal/mol. The

numbers of reactions, solvents, total data points found in the test set are provided.
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a. Solvent split, AAGY,,
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Figure S6: Parity plots and histograms of the test errors on the 5-fold pre-training set
solvent split. The results correspond to the pre-trained model with the RP-solv feature. (a)
AAG? | results. (b) AAH! results. The MAE and RMSE are in kcal /mol. The numbers

of reactions, solvents, total data points found in the test set are provided.
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Table S4: Top 20 reactions with the highest RMSE on the pre-training test set with the
reaction split. The test errors are computed with the fine-tuned model with no additional
feature. The RMSE, mean AAGgolv of the reaction across different solvents, and gas phase

barrier height (E,, gas) are shown in kcal/mol for both forward and reverse directions. The
gas phase barrier heights are obtained from the published works by Grambow et el 1%

Rank Reaction

H:7 03

H:9 :
N:SSC'S / \ N6
’ \0;4\ /0'2\\0:1 —_—> 955/ H:9 + H7— C2 - C:4—H:8
/ 03 O:1 +
H:8
1

Forward: RMSE = 10.39, Mean AAG!

solv

Reverse: RMSE = 8.46, Mean AAGH

— -15.13  E,, gas — 106.82
— 1148 B, g — 11.27

solv
H:10 H:9
| H:10 i

H:9 C6 H:11 \

\015/ \\017/ C7 .~ /C:S\

H:11 \ /

/C:4\ /C:2 ~ Cio

H:8 03~ o v 0:3
2 O:1

Forward: RMSE = 8.07, Mean AAGH

solv

Reverse: RMSE = 8.28, Mean AAGH

— 729 E, g — 11841
— 761 E, g — 109.81

solv
H:10 H:1\0
H:7 N6
N2 G5 H8 N2 N:
/\C:1/ - I \c~1/ C33 . gs” 6\H:11
. ~'N:4 ?3
wo N\ | FERN
H8  Na 7 ho
\H:11
3
Forward: RMSE = 8.04, Mean AAG!, =-9.73 E, g — 61.96
Reverse: RMSE = 5.26, Mean AAG!, = -3.68 E, . — 37.76
H:10 H:11 .
Ho N\ / H:2 H10 H:15 HJ{
\ es_ / \ / Ho  Ca—Hi2
H:s—C2 Cid—hu13 N!5’N'6\ //
— S /" Ni—ce—ch
C: N:5 H:14 N\
7 Ons” ke / H:11
H:7 N‘.G H:14 h7 us :
4 H:15

Forward: RMSE = 5.39, Mean AAG!

solv

Reverse: RMSE = 7.78, Mean AAGH

solv

— 470 By gas — T3.75
— 734 E, g — 64.63
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Hj\z é-e/H 14 b7 01 ce  HM
_Cc57 \ / \\ // \c-/
H:11 \ . /C:& - H:14—H:8 * C:2—C-3\ / -5\
/C:4/C'§ \0.1 / C:4 H:12
H:10 \ : H:7 AN
Ho H:8 H:i10  H:9
Forward: RMSE = 6.96, Mean AAG!, =-7.34 E, s = 100.61
Reverse: RMSE = 7.62, Mean AAG!, = -9.66 FE, g — 69.47
R M Hi NN H11\0 8
G4 \ ~ce c: H:13 05
WL\ _ce CQ Sea” N\ ca”
G —— I
H:12 C:2 H:14
(\36\ HA3  H:11
N:7
Forward: RMSE = 6.18, Mean AAGY, =-7.94 FE, 4 = 91.40
Reverse: RMSE = 6.67, Mean AAG!, =-9.90 E, g = 90.10
H:10 H:10
H:9
H:9— ./ 8
NS };2/ _H:
—c5—C4 N\ / \ /
N:6 O:1 H:8
Hi11 Hé H7 //5
Forward: RMSE = 4.54, Mean AAG! | = -539 E, g — 64.93
Reverse: RMSE = 6.51, Mean AAG!, = -8.10 F, g — 68.22
H:14 H:14
\N7 ; H:9 :
H:1 . : “11—n1.~, —C:6-

H:g\ \o / c\:\s / H:11 N/_7+ C:6
Na—C2 O _C5__ - N s /PP Has
/ \ C4 H:13 H:8 C:2 \0;4

We A1 | \

H:12 H:10 H:12
Forward: RMSE = 6.51, Mean AAG! | = -7.66 FE, gs — 82.50
Reverse: RMSE = 0.73, Mean AAG! | = 3.63 FE, yu — 4845
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H:13 H:11 H:10

O:
H:16 Ha3 H10 g O; \
H:14_ / §:4\ / \0;1/ \0.4___(;;3—N:2 +C;1—H38
Gr_ _~ Tes_ N _— . Ho
/ 06 / N:2 to H:12 :
H:15 iz | ' 06 - HAPHI6
H:11
H:14
9
Forward: RMSE = 4.92, Mean AAG!, = -7.85 FE, g = 67.94
Reverse: RMSE = 649, Mean AAG!, = 841 FE, 4. — 47.89
H:9 H:9
/‘ - \ H:7—Ci6
Hi7 N:4—p.g N:4—H:8
~ /C:2\\ / Co~
O:1 N:3 . N:3
O:1
10
Forward: RMSE = 5.88, Mean AAGY, = -3.05  FE, 4 = 82.90
Reverse: RMSE = 4.58, Mean AAG!, = -2.10 E, g — 58.42
N:6
1|\
i ;
_ \ . H:g— N1 B '
H:1o,c:4f:c:3/01\2 e Q;s//N B\H:7 \0:2"0153?0:4/&10
N:1 /
H:B/ H7 Ho
11
Forward: RMSE = 5.82, Mean AAG! | = -11.18  E, 4 — 56.95
Reverse: RMSE = 4.03, Mean AAG!, = -7.00 E, g = 35.19
H:9
N1 Ga_ / _ ‘
~c2_ / ek - N:1:C:2—C:5—C:4—C:3\
~ ~
C3__ / H:11 ‘
S H10 H8 6
H:7
12
Forward: RMSE = 5.81, Mean AAG!, = -6.83 F, g = 95.34
Reverse: RMSE = 5.33, Mean AAG!, = -6.12  E, g — 119.94
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H:7 H:10 H:12 .
\ cé f:stB N\4 Ci2 - 7.8
_ca1— ¥ 06 . ~ -~ o
e 0\1 \\C:S/NA\ H 10/ G5 + c3 /0.1\H:7
H:8 H.1/1 N2 g HO
13
Forward: RMSE = 3.39, Mean AAGY, =242 FE, 4., = 63.52
Reverse: RMSE = 5.78, Mean AAGL | =022 E, 4. — 2.80
H:9
. 6
H:7\ H_\9 i/) H:8—C;2/O:6\
04— Ci2—CB3=C# R C5—
H:7 cas /77 THI0
e H:10 o1 ca
14
Forward: RMSE = 5.68, Mean AAGY, = -6.69 FE, s = 87.57
Reverse: RMSE = 240, Mean AAG!, = -3.05 FE, g — 73.83
e H:;O
’ O:6\ A c?-4 Fi:9 HA1 06
H7—Ci—ca—¢ 3‘0:4/(::5\ - Hi7— Crie | :0:3 ’ G5
H:’Q H:\10 H:12 C:2 h:s 2
15
Forward: RMSE = 5.61, Mean AAG! | = -6.09 E, gs — 77.90
Reverse: RMSE = 4.87, Mean AAG!, = -5.28 E, gs — 30.34
H:12 .
H:9 \ Hl? H;10
/ N7—NG H:11 N7— c3 /
N / \0_5 R \ / : 1—0.2\
" \7':2/0'3\\N 4/' TH: /3/:5‘N36 /N:1—H;8
H:10 e HS
16
Forward: RMSE = 5.43, Mean AAGEOIV = -4.63 Ey gas — 105.63
Reverse: RMSE = 4.57, Mean AAGL | = -352 E, 4 — 8.89




/ 7: \:6 7: ?\
HB/N:1\C.:2/013\\N 4/C:S\H:11 _— H:12-H:10 + HB/N:1\C-:2//C:3\N 4//C:S\H:11
H:1/0
17
Forward: RMSE = 5.29, Mean AAGY, = -4.12  E, 4 = 76.20
Reverse: RMSE = 0.35, Mean AAG!, = -082 FE, o — 5.24
H:10 HA3
H:11\ C'é H:9 \C;G:C:i
a7 H:8
ca= N\ | Y / \0:4
C5Z - C3
T H:7
H:12 Y H:8 >;9 H:é \ﬁ:w
18 H:13
Forward: RMSE = 5.24, Mean AAG!, = -11.53 E, 4. — 93.04
Reverse: RMSE = 0.31, Mean AAG!, = 0.28 E, 4 = 22.60
: Hiap 12
H.15\O:7 M1 O ?:4 Yy
\ C:'.z/cano H:13"Cié \\ e
H:14™ C6— \ \ \ /C:2\C'1/
c\;.SJC:S, H:8 /c:e\ /" Thito
H 13\\\\- \ / H:12 H:14 07 H9O
04 /
Forward: RMSE = 3.74, Mean AAG! | = -6.78 E, g — 58.09
Reverse: RMSE = 523, Mean AAG!, = -7.67 E, gs — 83.93
H:10
\0:3—0:2 g O g
H:1q_ \ _H8 016\ /7:3‘ '
7 C: c7
\C:G/ \ H9/C:\1\";h2 —_H-11
Ha ™ O /N P9 uhia Gt
. H:12 .
20 0:5 H:8
Forward: RMSE = 5.15, Mean AAG! | = -6.35 FE, gs — 86.67
Reverse: RMSE = 4.36, Mean AAG | =-3.85 FE, 4. — 18.28
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Table Sb: Examples of reactions found in the 10 most frequent reaction types

1. +C-H,-C-H,-C-C (647 reactions)

SMARTS: [C:1].|C:2|[H:3]»[C:2]|C:1]|H:3|

H:1\5
c:e—H9
H:16

H:13
|
[
H:14

H:10
|
\ B
c4—C
|

Hif2

\

H7

L

&2—C;
H:8—C:

e =
H/G.\
P

.,./ /]

©_Oun

e —CF N2
T prlz T
I hr]

- 4
o
I

b

z w-m.,

@ f o

Iy T3

©

m/e\ /m.
&

o N

I M\nw/m

@
22
N/ \H
\C/G.

LoV o—2
O | I
\o %

© —& T
& =
@
o /5\ T
T z

\

.

T
~ @
T

\O./ =3
2, =
e o ®.anD

T
@ >
B GG T
N/ R

z

|

o

I
o =
hrd 4
T \ o
\\ 3—%
0—0

°—0 \
T \ ©
oG-

o

O
N2
I~ O

=3

o y
H/ a
- e \

— a8,
I / o
w

o O~x

= O~

T / T
~

I

2. +0-H,+C=C,-C-0,-C-H (224 reactions)

SMARTS: [C:1]=[C:2].|O:3|[H:4]»|C:1](|C:2][O:3]) [H:4]

H7

H9

3. +C=C,+H-H,-C-H,-C-H (183 reactions)

SMARTS: [C:1]=[C:2].[H:3|[H:4]» [C:1] ([H:3]) [C:2] [H:4]

H#8c:3—H:12
H1s
N:6=C:5—C4—C.

—H:10

2

i
H:4
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4. +C-0,-C-0,-C-C (133 reactions)

H|:7
C|:2— CI:B—H:B
- C:G\—/C:4 g
0:5

§

o
H:10

SMARTS: [C:1].|C:2]||O:3]»|C:2][C:1][O:3]

5. +C-C#N,-C-N#C (110 reactions)

SMARTS: [C:1][N-+:2]#[C-:3]»[C:1][C:3|#|N:2]

1

H:

H1
Hf“6C|:3—H:12

H:14

H:12—C:3H13

H:15

!

H:10—C:2— C:4— N:6 =C:5-

N:6—C:5—C:4 —C2—H:10

H:15

HB—C:1 g

H:14

C:+—H8

He

H7

H7

6. +C-C,-C-C,-C-C (107 reactions)

SMARTS: [C:1].|C:2]|C:3]»|C:2]|C:1]|C:3]
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7. +0-H,-C-0,-C-H (107 reactions)

SMARTS: |C:1].[O:2|[H:3]»[C:1](|H:3])|O:2]

8. +C=C,+C-H,-C-C,-C-H (94 reactions)

SMARTS: |C:1]=|C:2|.|C:3][H:4]»|C:3||C:1]|C:2|[H:4]

H15
H:14

=C4=C$

[

+

H8 H|15 H:12

H7— c:|—c|:2—ca—H:n
H9 H10 HA3

H:12 H:10 Hs8
H11 H9 H7

4—C3—C2—C1—HS

)

O:

error reactions:

i
solv

Top AAG

MAE = 1.8 kcal/mol

MAE = 2.2 kcal/mol

MAE = 1.6 kcal/mol

MAE = 1.7 kcal/mol
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0,+C-H,-C-0,-C-C,-C-H (87 reactions)
SMARTS: |C-:1]=|O0+:2|.|C:3|[H:4]»|C:3]|C:1|(|H:4])[O:2]

9. +C=

A o
+O. =
?/G\H
§-8
/2{1
° O——~
© 5
H/ﬂ\
-
I
« @
“_n T
[T S
T n_u N w
N ,_D\O
OO
<
o 2
b
]
&
|
o
=N
z 8
i I
I t—9__ o
I «_L =
=
o= ©
S
|
@
I

l

|
H:14

H:10—C,:3—C:2—C:6—H:13

H:11 C|:4—O.5+
H:12

e 2z 3
N ResE
NN\,
AN\, °

[
3,

O,C-H (79 reactions)

SMARTS: [C:1]=|C:2]|[O:3][H:4]»|C:1](|C:2]=[0O:3])[H:4]

10. +C=C,1O-H,-C

H:12 H:10 Hs8
H:11 H9 H7

C:4—C:3—C:2— C:1—H:6

\
H:é

O
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