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1 Training set composition
1.1 “Pure only”

Molecule SMILES Category
Acetic Acid CC(=0)0 Acid
Methanol co Alcohol
Ethanol CCOo Alcohol
Propan-1-ol CCCo Alcohol
Propan-2-ol CC(C)o Alcohol
Butanol CCCco Alcohol
2-Methylpropan-1-ol CC(C)co Alcohol
2-Methylpropan-2-ol CC(C)c)o Alcohol
Ethyl acetate CCOC(CFO Ester
Propyl acetate CCCOC(C=0 Ester
Butyl acetate CCCCOC(C=0 Ester
Methy! formate CoC=0 Ester
Diethyl malonate CCOC{=0)CC(=0)OCC |Ester
1.4-Dioxane ClCOCCOo1 Ether
Oxane ClCCOCC1 Ether
Methy! tert-butyl ether [COC{C)(C)C Ether
Diisopropy! ether CC(CyoC(C)C Ether
Butyl ether CCCCOoCCCC Ether
Cyclopentanone O=C1CCCC1 Ketone
Pentan-2-one CCCC(C=0 Ketone
Cyclohexanone O=ClCCCCC1 Ketone
Cycloheptanone O=ClCCCCCC1 Ketone
Cyclohexane ClCCcCcccl Alkane
Hexane CCCCCC Alkane
Methylcyclohexane CCl1CCCCC1 Alkane
Heptane CCCcCcCcCcCc Alkane
2,2.4-Trimethylpentane [CC{C)CC{CHC)C Alkane
Decane CCCCCCCCcC Alkane

Figure 1. Molecules in the “pure only” training set, along with their corresponding SMILES strings and categories.



1.2 “Mixture only”

Molecule 1 Molecule 2 SMILES 1 SMILES 2 Category 1  Category 2
Oxane Cyclohexanone ClCCOCC1 O=CI1CCCCC1 |Ether Ketone
Ethanol 2.2 4-Trimethylpentane |CCO CC{C)CC(C)(C)C |Alcohol Alkane
Butanol Heptane CCccco CCcccccc Alcohol Alkane
Diisopropyl ether 2.2, 4-Trimethylpentane [CC(C)OC(C)C CC(C)CC(C)(C)C |Ether Alkane
1.4-Dioxane Cyclopentanone ClCoCccol 0O=C1CCCC1 Ether Ketone
2-Methylpropan-2-ol Butyl acetate CC{C)C)0 CCCCOC(C)=0 |Alcohol Ester
Propan-1-ol Cyclohexane CCCO ClCCCCCl Alcohol Alkane
Propan-1-ol Methylcyclohexane CCCO CC1CCCCC1 Alcohol Alkane
Diethy! malonate Butanol CCOC(=0)CC(=0)0CC CCCCO Ester Alcohol
2-Methylpropan-2-ol Methy! formate CC{C)C)o Coc=0 Alcohol Ester
Diethyl malonate Methanol CCOC(=0)CC(=0)oCC CO Ester Alcohol
Propan-1-ol 2.2 4-Trimethylpentane [CCCO CC(C)CC(C)C)C |Alcohol Alkane
Oxane Cyclohexane ClCCOCCl ClcCccccl Ether Alkane
Butanol Methylcyclohexane CCCCO CClCCCCC1 Alcohol Alkane
Oxane Pentan-2-one ClCCOCC1 CCCC[C)=0 Ether Ketone
1.4-Dioxane Cyclohexanone ClCoCCcol O=C1CCCCCl |Ether Ketone
Butanol 2.2 4-Trimethylpentane (CCCCO CC{C)CC(C)(C)C |Alcohol Alkane
1.4-Dioxane Pentan-2-one ClCocCCco1 CCCC[C)=0 Ether Ketone
Butanol Hexane CCCCOo CCCCCC Alcohol Alkane
Oxane Methylcyclohexane ClCCOCCl CCcccccc Ether Alkane
Diethy! malonate 2-Methylpropan-1-ol CCOC(=0)CC(=0)0CC CC(C)Co Ester Alcohol
Ethanol Ethyl acetate CCO CCOC(C)=0 Alcohol Ester
Diethy! malonate Propan-2-ol CCOC(=0)CC(=0)0CC CC(C)o Ester Alcohol
1.4-Dioxane Cycloheptanone ClCoCccol O=C1CCCCCC1 |Ether Ketone
Methyl formate Methanol COC=0 Cco Ester Alcohol
Methyl tert-butyl ether COC(C)C)c CCCCCCCCCC  |Ether Alkane
Oxane Hexane ClCCOoCCl CCccccc Ether Alkane
Diisopropyl ether Heptane CC{CyoC(C)C CCCCCCC Ether Alkane
Diethyl malonate Ethanol CCOC(=0)CC(=0)0oCC CCO Ester Alcohol
Ethanol Acetic Acid Cco CC=0)0 Alcohol Acid
Oxane Cyclopentanone Cl1CCOCC1 O=ClCCCC1 Ether Ketone
Butyl ether 2.2 4-Trimethylpentane [CCCCOCCCC CC(C)CC(C)C)C _|Ether Alkane

Figure 2. Molecules in the binary mixtures in the “mixture only” training set, along with their corresponding SMILES strings and

categories.

2 Training set performance
2.1 “Pure only” optimization, N=5




2.1.1 Run1

N=5, replicate 1
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Figure 3. RMSE in training set AH,,,, and p;, for OpenFF 1.0.0, simulation-only refit parameters, and retrained parameters from

N=5 initial points multi-fidelity run 1. Error bars represent bootstrapped 95% confidence intervals
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Figure 4. Bias in training set AH,,,, and p;, as measured by the mean signed deviation (MSD), for OpenFF 1.0.0, simulation-only
refit, and retrained parameters from N=5 multi-fidelity run 1. Error bars represent bootstrapped 95% confidence intervals
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2.1.2 Run 2

N=5, replicate 2

Training set AH,4p

Training set p;

Alcohol 1 E—( —e—
—e—
—e—— f ® {
1 —e——
Ester |—=0—| o :
L ' :
Ether{  ——6— 1 —e—
e e+
Carboxylic Acid - ¢’ ® ¢ ¢ ®
—eo— —eo—
Alkane - |_|-..-_‘ {®# OpenFF 1.0.0 —e— {®# OpenFF 1.0.0
—e— {® simulation only o {® simulation only
Ketone - ifideli —e— ifideli
|_|ﬂ_{ @] multifidelity . o multifidelity
0.0 25 50 75 10.0 125 15.0 0.00 0.02 0.04 0.06
RMSE, kJ/mol RMSE, g/ml

Figure 5. RMSE in training set AH,,,, and p;, for OpenFF 1.0.0, simulation-only refit parameters, and retrained parameters from

N=5 initial points multi-fidelity run 2. Error bars represent bootstrapped 95% confidence intervals

N=5, replicate 2
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Figure 6. Bias in training set AH,,,, and p;, as measured by the mean signed deviation (MSD), for OpenFF 1.0.0, simulation-only

refit, and retrained parameters from N=5 multi-fidelity run 2. Error bars represent bootstrapped 95% confidence intervals
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2.1.3 Run3

N=5, replicate 3
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Figure 7. RMSE in training set AH,,,, and p;, for OpenFF 1.0.0, simulation-only refit parameters, and retrained parameters from
N=5 initial points multi-fidelity run 3. Error bars represent bootstrapped 95% confidence intervals

N=5, replicate 3

Training set AHy4p Training set p;
T : T
Ketone - I g [~ I8l OpenFF1.0.0 UL /8| OpenFF 1.0.0
E‘H {® simulation only tol {® simulation only
Alcohol |_._E| l®l multifidelity )_ﬁ l®f multifidelity
| —e—1 i
—e—
Ester - 1 —eo— 1o
i e . I-Oii .
Carboxylic Acid 1 ® 1 ®
i ¢ e
Alkane —e— I—E:{l.j{
: - | —e—|
Ether - ' —eo— 1 o
H! T T T T F‘!_| T T T
=5 0 5 10 15 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08
MSD, kJ/mol MSD, g/ml

Figure 8. Bias in training set AH,,,, and p;, as measured by the mean signed deviation (MSD), for OpenFF 1.0.0, simulation-only
refit, and retrained parameters from N=5 multi-fidelity run 3. Error bars represent bootstrapped 95% confidence intervals



2.1.4 Run4

N=5, replicate 4
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Figure 9. RMSE in training set AH,,,, and p;, for OpenFF 1.0.0, simulation-only refit parameters, and retrained parameters from

N=5 initial points multi-fidelity run 4. Error bars represent bootstrapped 95% confidence intervals

N=5, replicate 4
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Figure 10. Bias in training set AH,

vap

and p;, as measured by the mean signed deviation (MSD), for OpenFF 1.0.0, simulation-only
refit, and retrained parameters from N=5 multi-fidelity run 4. Error bars represent bootstrapped 95% confidence intervals
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2.1.5 Run5

N=5, replicate 5
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Figure 11. RMSE in training set AH,

vap

and p;, for OpenFF 1.0.0, simulation-only refit parameters, and retrained parameters

from N=5 initial points multi-fidelity run 5. Error bars represent bootstrapped 95% confidence intervals

N=5, replicate 5
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Figure 12. Bias in training set AH,

vap

and p;, as measured by the mean signed deviation (MSD), for OpenFF 1.0.0, simulation-only

refit, and retrained parameters from N=5 multi-fidelity run 5. Error bars represent bootstrapped 95% confidence intervals



2.2 “Pure only” optimization, N=10

2.2.1 Run1
N=10, replicate 1
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Figure 13. RMSE in training set AH

vap

and p;, for OpenFF 1.0.0, simulation-only refit parameters, and retrained parameters

from N=10 initial points multi-fidelity run 1. Error bars represent bootstrapped 95% confidence intervals
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Figure 14. Bias in training set AH

vap

and p;, as measured by the mean signed deviation (MSD), for OpenFF 1.0.0, simulation-only

refit, and retrained parameters from N=10 multi-fidelity run 1. Error bars represent bootstrapped 95% confidence intervals



Run 1
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Figure 15. Per-moiety training set RMSE at each accepted optimization step, for N=10 multi-fidelity run 1.
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2.2.2 Run2

N=10, replicate 2
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Figure 16. RMSE in training set AH,,, and p;, for OpenFF 1.0.0, simulation-only refit parameters, and retrained parameters
from N=10 initial points multi-fidelity run 2. Error bars represent bootstrapped 95% confidence intervals
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Training set AHy4p Training set p;
T T
I —e—— I —eo—
Ester 1 f—eo— o
—o—| e
i —o—| o
Ketone - 1 I-ﬁ 1
I ¢ i ¢
Carboxylic Acid - ] ¢ ] [ ]
! ¢ 1 ¢
Alcohol {-e— : )—b{_{
: —e—| i —eo—|
Ether - }:-H —eo— ICI-I o—
: |® OpenFF 1.0.0 1 |® oOpenFF 1.0.0
| e |® simulation only I II: |® simulation only
Alkane |_ﬂ!;|_¢ | ™ rl‘nultifidelity | | )_r_| | |.|l multifidlelity
=5 0 5 10 15 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08
MSD, kJ/mol MSD, g/ml

Figure 17. Bias in training set AH,,,, and p;, as measured by the mean signed deviation (MSD), for OpenFF 1.0.0, simulation-only
refit, and retrained parameters from N=10 multi-fidelity run 2. Error bars represent bootstrapped 95% confidence intervals

11



Run 2
RMSE over time, AHyap
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Figure 18. Per-moiety training set RMSE at each accepted optimization step, for N=10 multi-fidelity run 2.
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2.2.3 Run3

N=10, replicate 3
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Figure 19. RMSE in training set AH,,,

and p;, for OpenFF 1.0.0, simulation-only refit parameters, and retrained parameters

from N=10 initial points multi-fidelity run 3. Error bars represent bootstrapped 95% confidence intervals
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Figure 20. Bias in training set AH,

vap

and p;, as measured by the mean signed deviation (MSD), for OpenFF 1.0.0, simulation-only

refit, and retrained parameters from N=10 multi-fidelity run 3. Error bars represent bootstrapped 95% confidence intervals

13



Run 3
RMSE over time, AHyap
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Figure 21. Per-moiety training set RMSE at each accepted optimization step, for N=10 multi-fidelity run 3.
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2.24 Run4

N=10, replicate 4
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Figure 22. RMSE in training set AH,,, and p;, for OpenFF 1.0.0, simulation-only refit parameters, and retrained parameters
from N=10 initial points multi-fidelity run 4. Error bars represent bootstrapped 95% confidence intervals
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Figure 23. Bias in training set AH,

vap

and p;, as measured by the mean signed deviation (MSD), for OpenFF 1.0.0, simulation-only

refit, and retrained parameters from N=10 multi-fidelity run 4. Error bars represent bootstrapped 95% confidence intervals
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Run 4
RMSE over time, AHap
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Figure 24. Per-moiety training set RMSE at each accepted optimization step, for N=10 multi-fidelity run 4.
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2.2.5 Run5

N=10, replicate 5
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Figure 25. RMSE in training set AH,

vap

and p;, for OpenFF 1.0.0, simulation-only refit parameters, and retrained parameters

from N=10 initial points multi-fidelity run 5. Error bars represent bootstrapped 95% confidence intervals
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Figure 26. Bias in training set AH,,,, and p;, as measured by the mean signed deviation (MSD), for OpenFF 1.0.0, simulation-only
refit, and retrained parameters from N=10 multi-fidelity run 5. Error bars represent bootstrapped 95% confidence intervals
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Figure 27. Per-moiety training set RMSE at each accepted optimization step, for N=10 multi-fidelity run 5.
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2.3 “Mixture only” optimization, N=10

N=10
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Figure 28. RMSE in training set AH,,;, and p;(x), for OpenFF 1.0.0 and retrained parameters from N=10 initial points multi-
fidelity optimization against “mixture-only” training set. Error bars represent bootstrapped 95% confidence intervals
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Figure 29. Bias in training set AH,,;,, and p; (x), as measured by the mean signed deviation (MSD), for OpenFF 1.0.0 and retrained
parameters from N=10 multi-fidelity optimization against “mixture-only” training set. Error bars represent bootstrapped 95%
confidence intervals
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Figure 30. Per-moiety training set RMSE at each accepted optimization step, for N=10 multi-fidelity optimization against
“mixture-only” training set.
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2.4 “"Mixture Only” optimization, N=20
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Figure 31. RMSE in training set AH,,;, and p;(x), for OpenFF 1.0.0 and retrained parameters from N=20 initial points multi-
fidelity optimization against “mixture-only” training set. Error bars represent bootstrapped 95% confidence intervals
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Figure 32. Bias in training set AH,,;,, and p; (x), as measured by the mean signed deviation (MSD), for OpenFF 1.0.0 and retrained
parameters from N=20 multi-fidelity optimization against “mixture-only” training set. Error bars represent bootstrapped 95%

confidence intervals
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N=20
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Figure 33. Per-moiety training set RMSE at each accepted optimization step, for N=20 multi-fidelity optimization against
“mixture-only” training set.
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3 Test set performance
3.1 “Pure only”, N=10
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Figure 34. Benchmark RMSE over the four types of physical property data in the test set, split by function group or functional
group mixture. RMSEs plotted for OpenFF 1.0.0 (gray), multi-fidelity N=10 run 1 against the “pure only” training set (blue), and the
simulation-only optimization against the same training set (brown). Error bars represent 95% confidence intervals, bootstrapped
over the properties in the dataset.
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3.1.2 Run 2
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Test set AHygp Training set AHmix
——
Alcohel + Ether § -
Alcohol - -
—_—
Alcohol + Ketone —_—
—_——
—_— .
Carboxylic Acid - _— e Alcohol + Ester 4 e -
—_——
-
Ether + Ketone —
——
- —_—
Ester 4 —_— Alkane + Ether - —
—
—
—_—
Alkane + Alkane ——
— -
-
Ether 1 —— Ether + Ether 4 =
- -
—_
Alcohol + Alkane ——
—_— -
—_—
Alkane 7 Alcohol + Alcohol —
—_— _—
—
Alkane + Ester 4 ——
- -~ OpenFF 1.0.0 ’ -~ OpenFF 1.0.0
Ketone 7 - - pure only (N=10) run 2 Ester + Ester 4 - - pure only (N=10) run 2
- -~ simulation-only - -~ simulation-only
T T T T T T T T T T T T T
0 2 4 6 a8 10 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
RMSE, kj/mol RMSE, kj/mol
Test set p; Test set p;(x)

- OpenFF 1.0.0

Alcohol + Ether - —_— ——
Alcohol 4 - pure only (N=10) run 2
~  simulation-only Alcohol + Ketone —_-— T
Alcohol + Ester _—
Alkene + Ether o —_ el —
. Alkane + Alkane —
Carboxylic Acid - -
Ester + Ether 4 — L ———
Ketone + Ketone —_—
—_—— Alcohol + Alkene —— e —
Ester - Ether + Ether 4 " —_—
—_— Alcohol + Alcohol -~ = - OpenFF 1.0.0
Alkene + Ketoneq —— . - pure only (N=10) run 2
—_— Alkane + Ester 4 e —————— -+ simulation-only
Ether - - Ester + Ester - —— —
- Ester + Ketone | ———
Alkene + Alkene 4 « -
—_—
Alkane + Ketone - —_-— -
Alkane { ————
Ether + Ketone ==
Alkane + Ether - _ —
— Alkane + Alkene | — -
Ketone - —_— Alcohol + Alkane =
- Alkene + Ester q — —
T T T T T T T T T T T T T
0.00 0.01 0.02 0.03 0.04 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
RMSE, g/ml RMSE, g/ml

Figure 35. Benchmark RMSE over the four types of physical property data in the test set, split by function group or functional
group mixture. RMSEs plotted for OpenFF 1.0.0 (gray), multi-fidelity N=10 run 2 against the “pure only” training set (orange),
and the simulation-only optimization against the same training set (brown). Error bars represent 95% confidence intervals,
bootstrapped over the properties in the dataset.
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pure only (N=10) run 3
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Figure 36. Benchmark RMSE over the four types of physical property data in the test set, split by function group or functional
group mixture. RMSEs plotted for OpenFF 1.0.0 (gray), multi-fidelity N=10 run 3 against the “pure only” training set (green),
and the simulation-only optimization against the same training set (brown). Error bars represent 95% confidence intervals,
bootstrapped over the properties in the dataset.
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Figure 37. Benchmark RMSE over the four types of physical property data in the test set, split by function group or functional
group mixture. RMSEs plotted for OpenFF 1.0.0 (gray), multi-fidelity N=10 run 4 against the “pure only” training set (red), and the
simulation-only optimization against the same training set (brown). Error bars represent 95% confidence intervals, bootstrapped
over the properties in the dataset.
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3.1.5 Run5
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Figure 38. Benchmark RMSE over the four types of physical property data in the test set, split by function group or functional

group mixture. RMSEs plotted for OpenFF 1.0.0 (gray), multi-fidelity N=10 run 5 against the “pure only” training set (purple),
and the simulation-only optimization against the same training set (brown). Error bars represent 95% confidence intervals,
bootstrapped over the properties in the dataset.
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3.2 “Mixture only”, N=10
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Figure 39. Benchmark RMSE over the four types of physical property data in the test set, split by function group or functional
group mixture. RMSEs plotted for OpenFF 1.0.0 (gray), multi-fidelity N=10 run against the “mixture only” training set (blue),
and the simulation-only optimization against the same training set (brown). Error bars represent 95% confidence intervals,
bootstrapped over the properties in the dataset.
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3.3 “Mixture only”, N=20
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Figure 40. Benchmark RMSE over the four types of physical property data in the test set, split by function group or functional
group mixture. RMSEs plotted for OpenFF 1.0.0 (gray), multi-fidelity N=20 run against the “mixture only” training set (blue),
and the simulation-only optimization against the same training set (brown). Error bars represent 95% confidence intervals,
bootstrapped over the properties in the dataset.
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