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Abstract: Boiling point (BP) is one of the most fundamental physicochemical properties of organic compounds
to characterize and identify the thermal characteristics of target compounds. Previously developed QSPR
equations, however, still had some limitation for the specific compounds, like high-energy molecules, mainly
because of the lack of experimental data and less coverage. A large BP dataset of 5,923 solid organic compounds
was finally secured in this study, after dedicated pre-filtration of experimental data from different sources, mostly
consisting of compounds not only from common organic molecules but also from some specially used molecules,
and those dataset was used to build the new BP prediction model. Various machine learning methods were
performed for newly collected data based on meaningful 2D descriptor set. Results of combined check showed
acceptable validity and robustness of our models, and consensus approaches of each model were also performed.
Applicability domain of BP prediction model was shown based on descriptor of training set.
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Fig. 1. Schematic diagram of QSAR model development for
predicting boiling points.
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Fig. 2. Distribution of collected boiling point data after splitting
into training set and test set.
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Table 1. Statistical performance of MLR, SVM and consensus results QSPR prediction models in this study.

Model Training Set (n=2962) Bootstrapping validation set External test set (n=2961)
(#descriptors) R? RMSE' MAEP R0 RMSE} o MAEjo0¢ R% RMSE. MAE
MLR(14) 0.890 26.840 17.800 0.888+0.011 27.016+1.222 17.898+0.502 0.875 29.730 18.976
MLR(17) 0.899 25.778 17.266 0.898+0.008 25.893+0.982 17.399+0.451 0.883 28.718 18.345
SVM(10) 0.842 32.714 21270 0.838+0.009 32.805+1.264 21.429+0.521 0.831 34913 22355
opt-SVM(10) 0910 24354 15.829 (0.868+0.011 29.510+1.279 18.923+0.555 0.871 30.107 18.631
MLR(14) +SVM(10) 0.892 27.116 17.737 0.886+0.009 27.785+1.061 18274+0.530 0.883 28950 18.681

MLR(14) + opt-SVM(10) 0915 23.633 15.363 (.898+0.008 25.868+1.013 16.748+0.470 0.892 27.499

17.128

Y-Scrambling (MLR(14)) 0.009 80.559 63.847 0.005+0.003 80.399+1.521 63.789+1.173 - - -
Y-Scrambling (opt-SVM(10)) 0.001 84.859 67.350 0.001£1.005 80.951+1.333 64.265%0.005 - - -

“root mean square error, “mean absolute error.
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Fig. 3. Correlation plot of experimental versus predicted
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Table 2. Selected descriptors and its coefficients, t-ratio, and VIF in the best MLR model for boiling point prediction.

No. Molecular descriptors

Coefti-

Description tratio  VIF?

cient

1 Polarizability Miller Miller method)

Fraction_of 2D VSA Hbond
all

3 E _state min
No_single bonds
Total_structure_connectivity _

> index

6 Molecular_weight Molecular weight
7 E_state SssCH2

8 AlogP98 value

9 SCAA2

10 2D _VSA_ Hbond acceptor

11 Formal_charge Formal charge

12 CATS_binary Hyd Acc 02
13 WNSAI

14 CATS binary Hyd Neg 02

The sum of the atomic polarizabilities (calculated by
Fraction of 2D Van der Waals H bond surface area

The number of single bonds

Total structure connectivity index

Chemical Advanced Template Search descriptor, binary
(Hydrophobic-Acceptor) 2

The partial negative VDW surface area multiplied by the
total VDW surface area and divided by 1000

Chemical Advanced Template Search descriptor, binary 081
(Hydrophobic-Negative) 2 ’

14.771 54.189 4.566

272.778 38.698 6.135

Minimum atomic E-state value 7.136 12958 8.621

-3.684 -32.740 6.667
-136.934 -24.857 17.519
0301 17.161 8.264

Sum of E-state for ssCH2 type 3.524 14.842 8475
AlogP98 (calculated logP by Ghose method)

The atomic charge weighted acceptor atoms VDW
surface area divided by total VDW surface area
2D Van der Waals Hbond acceptor

-12.631 -16.766 8.333
-8.623 -20.742 7.937

-1.095 -18.918 8.130
-25.276 -12.518 8.621

-17.414 -11.420 8.696
-0.886 -9.195 8.850

6.385 9.009

valence inflation factor
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