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Supplementary Figure 1: Relative errors for Training and Test Set 1 with RESP2 charges. Comparison of relative errors for heats of vaporization,
density, and dielectric constant, and ForceBalance objective function, for Training Set 1 (red) and Test Set 1 (blue) sets in the context of the RESP2
charge model. The test set objective functions are scaled by a factor of 1/15.
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Supplementary Figure 2: Training set results for Training Set 1 optimization of LJ parameters with RESP2 partial charges. Errors and objective
function values are reported for the Training Set 1 compounds. These results are for the replicates that gave minimum training set values of the
objective function for each model.
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Supplementary Figure 3: Test set results for Training Set 1 optimization of LI parameters with RESP2 partial charges. Errors and objective function
values are reported for the Test Set 1 compounds. Objective function values are scaled by 1/15 (see main text). These results are for the replicates
that gave minimum training set values of the objective function for each model.



Supplementary Table 1: Force field vectors for optimized LI models. "Scaled epsilon": epsilon values scaled up by the ratio of the mean of ri/; to the
mean of epsilon, 13.69, to put epsilon and ri/, on a similar footing.

Unscaled epsilon Scaled epsilon
SMIRKS HCO | HCO3 | H2CO | H2CO | H2CO3Nre HCO | HCO3 | H2CO | H2CO | H2CO3Nre
N N N 3N opt N N N 3N opt
[#1:1]- ri2 1.27 | 1.42 1.39 1.42 1.42 ria 1.27 | 1.42 1.39 1.42 1.42
[#6X4]
[#1:1]- ri2 1.27 | 1.42 1.39 1.42 1.42 ria 1.27 | 1.42 1.39 1.42 1.42
[#6X3]
[#1:1]-[#7] ri2 1.27 | 1.42 0.69 0.88 1.44 ria 1.27 | 1.42 0.69 0.88 1.44
[#1:1]-[#8] ri2 1.27 | 1.42 0.69 0.88 1.44 ria 1.27 | 1.42 0.69 0.88 1.44
[#6:1] ri2 2.11 | 1.84 2.06 1.96 1.87 ria 2.11 | 1.84 2.06 1.96 1.87
[#6X4:1] |y, |211 [1.84 [206 |196 | 1.87 ris 211 | 1.84 |206 |19 | 187
[#6X2:1] ri2 2.11 | 1.84 2.06 1.96 1.87 ria 2.11 | 1.84 2.06 1.96 1.87
[#7X3:1] ri/2 1.47 | 1.79 1.8 1.83 1.78 ri 1.47 | 1.79 1.8 1.83 1.78
[#7:1] ri2 1.47 | 1.79 1.8 1.83 1.78 ria 1.47 | 1.79 1.8 1.83 1.78
[#8:1] ri2 1.11 | 1.73 1.61 1.71 1.65 ria 1.11 | 1.73 1.61 1.71 1.65
[#8X2H1+ ri2 1.11 | 1.89 1.61 1.6 1.87 Mean ri2 1.11 | 1.89 1.61 1.6 1.87
0:1]
[#8X2HO+ ri2 1.11 | 1.82 1.61 1.59 1.82 1.599 ri2 1.11 | 1.82 1.61 1.59 1.82
0:1]
[#1:1]- epsil | 0.01 | 0.034 | 0.014 | 0.023 0.03 epsilon*13 | 0.23 | 0.47 0.19 0.31 0.41
[#6X4] on 7 .68
[#1:1]- epsil | 0.01 | 0.034 | 0.014 | 0.023 0.03 epsilon*13 | 0.23 | 0.47 0.19 0.31 0.41
[#6X3] on 7 .68
[#1:1]-[#7] | epsil | 0.01 | 0.034 | 0.015 | 0.007 | 0.031 epsilon*13 | 0.23 | 0.47 0.21 0.10 0.42
on 7 .68
[#1:1]-[#8] | epsil | 0.01 | 0.034 | 0.015 | 0.007 | 0.031 epsilon*13 | 0.23 | 0.47 0.21 0.10 0.42
on 7 .68
[#6:1] epsil | 0.07 | 0.077 | 0.081 | 0.078 | 0.078 epsilon*13 | 1.01 | 1.05 1.11 1.07 1.07
on 4 .68
[#6X4:1] epsil | 0.07 | 0.077 | 0.081 | 0.078 | 0.078 epsilon*13 | 1.01 | 1.05 1.11 1.07 1.07
on 4 .68
[#6X2:1] epsil | 0.07 | 0.077 | 0.081 | 0.078 | 0.078 epsilon*13 | 1.01 | 1.05 1.11 1.07 1.07
on 4 .68
[#7X3:1] epsil | 0.19 | 0.231 | 0.177 | 0.21 0.245 epsilon*13 | 2.66 | 3.16 2.42 2.87 3.35
on 4 .68
[#7:1] epsil | 0.19 | 0.231 | 0.177 | 0.21 0.245 epsilon*13 | 2.66 | 3.16 2.42 2.87 3.35
on 4 .68
[#8:1] epsil | 0.22 | 0.137 | 0.205 | 0.197 | 0.1 epsilon*13 | 3.01 | 1.88 2.81 2.70 1.37
on .68
[#8X2H1+ | epsil | 0.22 | 0.494 | 0.205 | 0.218 | 0.533 Mean epsilon*13 | 3.01 | 6.76 2.81 2.98 7.29
0:1] on .68
[#8X2HO+ | epsil | 0.22 | 0.087 | 0.205 | 0.151 | 0.096 0.1168 epsilon*13 | 3.01 | 1.19 2.81 2.07 1.31
0:1] on 33 .68
ratio of 13.686
means 16




