Supporting Information

Predicting the Surface Tension of Liquids: Comparison of Four
Modeling Approaches and Application to Cosmetic Oils

Valentin Goussard,’ Francois Duprat,™* Vincent Gerbaud,® Jean-Luc Ploix,* Gérard Dreyfus,*
Véronique Nardello-Rataj,” and Jean-Marie Aubry ™'

"Univ. Lille, CNRS, Centrale Lille, ENSCL, Univ. Artois, UMR 8181, UCCS - Unité de
Catalyse et de Chimie du Solide, F-59000 Lille, France

*Laboratoire de Chimie Organique, CNRS, ESPCI Paris, PSL Research University, 10 rue
Vauquelin, 75005 Paris, France

SLaboratoire de Génie Chimique, Université de Toulouse, CNRS, INP, UPS, 31432 Toulouse,
France

“To whom correspondence should be addressed

Emails: jean-marie.aubry@univ-lillel.fr; arthur.duprat@espci.fr


mailto:jean-marie.aubry@univ-lille1.fr
mailto:arthur.duprat@espci.fr

Supplementary Information Contents:

Table S1. Names, SMILES notations, measured surface tensions values in
mN-m™? at 25 °C, molecular formulas, and CAS RN of the 244 molecules of
the training/validation set and of the 25 molecules of the test set.

Table S2. Names, SMILES notations, measured surface tensions values in
mN-mt at 25 °C, molecular formulas and CAS RN of the 23 molecules of the
cosmetic oil set.

Table S3. Names and sigma-moment descriptors for the 269 molecules of the
complete data set.

Table S4. Names and sigma-moment descriptors for the 23 molecules of the
cosmetic oil set.

Table S5. Measured, neural network estimated, neural network VLOO
estimated, graph machine estimated and graph machine VLOO estimated
values of the surface tension in mN.m™* for the 244 molecules of the
training/validation set and the 25 molecules of the test set.

Table S6. Measured, group-contribution Conte method estimated, corres-
ponding-states Pitzer method estimated, and corresponding-states Zuo-Stenby
method estimated values of the surface tension in mN-m™* for the 269
molecules of the complete set.

Table S7. Measured, group-contribution estimated, neural network estimated,
and graph machine estimated values of the surface tension in mN-m™ for the
23 molecules of the cosmetic oil set.

Docker Client installation
Graph machine demonstration with Docker containers

Graph machine results with Docker

pp. 3-10

p. 11

pp. 12-19

p. 20

pp. 21-25

pp. 26-30

p. 31

pp. 32-34
pp. 34-40
pp. 40-43



Table S1. Names, SMILES notations, measured surface tensions values in mN-m at 25 °C, molecular formulas, and CAS RN of the 244 molecules of the training/validation set and

of the 25 molecules of the test set

No.  Molecule SMILES notation MeaSST”red MF CASRN
1 Pentane CCccc 15.5 CsHy, 109-66-0
2 Hexane c(cycecce 18.0 CesH14 110-54-3
3 Heptane Cccccecece 19.8 CsHg6 142-82-5
4 Octane Cccccecececce 21.1 CgHyg 111-65-9
5 Nonane cccecececececce 224 CoHao 111-84-2
6 Decane cccececececececce 234 CioH2 124-18-5
7 Undecane ccceecececececcce 24.2 CuHx 1120-21-4
8 Tridecane ccceecececcecccecce 25.6 CizHas 629-50-5
9 Pentadecane ccccececececececcececcece 26.7 CisHs, 629-62-9

10 Hexadecane ccccecececececceccececcec 27.1 CigHza 544-76-3
11 Heptadecane CCcccecececececececcceccece 27.5 Cyi7Hzs 629-78-7
12 Squalane CC(C)CCCC(Cc)ceee(e)eeececce(eyceece(eyeecece(ee 29.0 CsoHe:2 111-01-3
13 2,2-Dimethylbutane CC(C)(c)cce 15.8 CeHyg 75-83-2
14 2,3-Dimethylbutane CC(C)Cc(C)C 16.9 CeHus 79-29-8
15 2,2,3-Trimethylbutane Cc(C)(c)ce)e 18.3 C7Hge 464-06-2
16 2,2-Dimethylpentane Cc(c)(cycece 17.5 CsHge 590-35-2
17 2-Methylhexane cc(c)ycecece 18.8 C7Hge 591-76-4
18-Test 2,2,3-Trimethylpentane CC(C)(C)c(o)cc 20.2 CgHag 564-02-3
19 2,2,4-Trimethylpentane Cc(C)(cycc(e)e 18.3 CgHyg 540-84-1
20 3-Ethylhexane Ccc(ceyecce 21.1 CgHyg 619-99-8
21 2,2,4,4-Tetramethylpentane CC(C)(cec(e)eyec 19.9 CoHao 1070-87-7
22 Isooctane CCCcCcCc(Cc)C 20.3 CgHysg 592-27-8
23-Test 2-Methyloctane CCCcccece(e)e 21.4 CgHyg 3221-61-2
24 Cyclopentane cicccel 22.0 CsHyp 287-92-3
25 Cyclohexane ciccccecel 24.6 CsH1o 110-82-7
26 Cycloheptane clcccececece: 27.0 C:Hyy 291-64-5
27 Cyclooctane clccececececece: 29.3 CgHye 292-64-8
28 Methylcyclopentane C(Cccy)(cy)ce 21.7 CeH1o 96-37-7
29 Ethylcyclopentane Cccciccececel 23.3 C/Hyy 1640-89-7
30-Test Propylcyclopentane CCcCcC1cccel 24.4 CgHae 2040-96-2
31 Isopropylcyclopentane C(Ccr)ccic(o)e 23.9 CgHys 3875-51-2
32 Isobutylcyclopentane c(ccuceice(e)e 24.3 CoHyg 3788-32-7
33 Methylcyclohexane C(cccey(cyce 23.3 C:Hy, 108-87-2
34 1,3-Dimethylcyclohexane Cclcccec(e)el 23.3 CgHys 638-04-0
35 1,2-Dimethylcyclohexane Ccicccececic 24.4 CgHys 6876-23-9
36 Propylcyclohexane cccceiccecececes 25.8 CgHyg 1678-92-8




Table S1. (Continued)

No.  Molecule SMILES notation Mefﬁred MF CASRN
37 Isopropylcyclohexane C(CCccy)(cyc(ee 26.0 CoHyg 696-29-7
38-Test Butylcyclohexane C(Ccccey)(creecce 26.5 CioHz 1678-93-9
39 Isobutylcyclohexane C(cccice(e)eyees 25.3 CioHaz 1678-98-4
40 tert-Butylcyclohexane C(Ccc1lc(eyc)eyees 26.2 CioHz 3178-22-1
41 Decalin cl2cccceceicceceez 30.6 CioH1s 493-01-6
42 Cyclopentene Cl=CcCcCcC1 22.0 CsHg 142-29-0
43 Methylenecyclopentane C(CCC1)(C1)=C 23.8 CeHyo 1528-30-9
44 3-Methylcyclopentene CcCic=ccc1 22.1 CsHig 1120-62-3
45 Cyclohexene Cl=Ccccel 26.1 CsH1o 110-83-8
46 1-Methylcyclohex-1-ene C(=CCCCl)(C1)C 26.0 C:Hy, 591-49-1
47 Benzene Cl=Cc=CcC=C1 28.2 CeHs 71-43-2
48 Toluene Cl=CC=CcC=C1C 28.0 C;Hg 108-88-3
49 0-Xylene Cl=C(C(=CC=C1)C)C 29.6 CsHio 95-47-6
50 m-Xylene Cl=C(C=CC=C1C)C 28.4 CsHio 108-38-3
51 p-Xylene C1l=CC(=CC=C1C)C 27.8 CsHyo 106-42-3
52 Ethylbenzene Cl=CcC=Cc=C1cC 28.6 CgHyo 100-41-4
53 1,2,3-Trimethylbenzene CC1=CC=CcC(C)=C1C 28.3 CgHyo 526-73-8
54 1,2,4-Trimethylbenzene CCl=C(C)C=CC(C)=C1 29.2 CoHy, 95-63-6
55 Mesitylene CCl1=CC(C)=CC(C)=C1 28.1 CoHy, 108-67-8
56 Propylbenzene CCcCcC1=Ccc=Cc=C1 28.4 CoHy, 103-65-1
57 o-Diethylbenzene CCCl=C(CcC)c=Ccc=C1 29.8 CioHus 135-01-3
58 m-Diethylbenzene CCCl=CcC(CC)=Cc=C1 28.7 CioHus 141-93-5
59-Test p-Diethylbenzene CCCl=CcC=C(cC)c=C1 28.5 CioHus 105-05-5
60 Butylbenzene CCCccC1=Ccc=Ccc=C1 28.7 CioHua 104-51-8
61 Isobutylbenzene CC(C)CC1=Cc=Cc=C1 27.0 CioHua 538-93-2
62 sec-Butylbenzene CCC(C1=Cc=CcC=C1)C 28.0 CioHua 135-98-8
63-Test tert-Butylbenzene CC(C1=CcC=CcC=C1)(C)C 27.6 CioHis 98-06-6
64 o-Ethyltoluene CCl=CC=Cc=Ci1ccC 29.7 CgHyo 611-14-3
65 m-Ethyltoluene CC1=CcC=CcC(CcC)=C1 28.5 CgHyo 620-14-4
66 p-Ethyltoluene CCl=CcC=C(cC)c=C1 28.3 CoHy, 622-96-8
67 1-Phenyldecane CCcccececececececi=ce=cc=C1 30.5 CieHos 104-72-3
68 Styrene Cl=CcC=Cc=C1c=C 31.0 CgHs 100-42-5
69 1,2,3,4-Tetrahydronaphthalene C2=C1CcCccc1=Ccc=C2 33.2 CyoH12 119-64-2
70 Methanol CoO 22.1 CH4,O 67-56-1
71 Ethanol C(C)o 22.2 C,HgsO 64-17-5
72 1-Propanol c(co) 23.3 C3HgO 71-23-8
73 2-Propanol CC(0)C 20.8 C3HgO 67-63-0




Table S1. (Continued)

No.  Molecule SMILES notation Measi”e‘j MF CAS RN
74 1-Butanol C(Cco)C 24.2 C4H100 71-36-3
75 2-Butanol Cc(o)cc 22.1 C4H100 78-92-2
76 Isobutyl alcohol Cc(c)co 22.4 C,H10 78-83-1
77 tert-Butyl alcohol CC(C)(0)C 20.0 C4H10 75-65-0
78 1-Pentanol c(cco)cc 25.0 CsH;,0 71-41-0
79 3-Methyl-1-butanol Ccc(c)cco 23.7 CsH;,0 123-51-3
80-Test 1-Hexanol CCccccceco 25.9 CsH140 111-27-3
81-Test 4-Methyl-2-pentanol C(C(c)c)c(c)o 22.6 CeH1,0 108-11-2
82 2-Ethyl-1-butanol Cc(c(coyco)c 245 CeH140 97-95-0
83 Heptanol ccccecececo 26.7 C;H3c0 111-70-6
84 1-Octanol cccececececco 27.1 CgH130 111-87-5
85 2-Ethyl-1-hexanol C(c(co)ce)ccece 27.1 CgH130 104-76-7
86 Nonanol Ccccecececececeo 27.9 CyH,00 143-08-8
87 Decanol Ccccececececececeo 28.4 C1oH220 112-30-1
88 Undecanol Ccccececececececco 28.6 C11H2,0 112-42-5
89 Dodecanol cccececececececececco 29.4 C1H560 112-53-8
90 Allyl alcohol C=CCO 25.3 CsHsO 107-18-6
91 Propargyl alcohol C#CCO 35.4 C3H,0 107-19-7
92 2-Methoxyethanol C(0C)COo 30.8 C3Hs0, 109-86-4
93 Cyclohexanol cic(ceceey)o 32.9 CsH120 108-93-0
94 Cycloheptanol ocicccececect 32.7 C;H14,0 502-41-0
95 Benzyl alcohol OCC1=CC=CC=C1 37.0 C;HgO 100-51-6
96 1-Phenyl-1-propanol CCC(C1=CC=CC=C1)0 335 CyH1,0 93-54-9
97 m-Cresol Cl=C(C)c=CcC=C10 35.7 C;HgO 108-39-4
98 1,2-Ethanediol C(CO)O 47.8 C,Hg0, 107-21-1
99 1,2-Propanediol C(C(0)C)O 36.0 C3Hs0, 57-55-6
100-Test Trimethylene glycol OCcco 45.2 C;Hg0, 504-63-2
101 1,3-Butanediol C(C(C)o)co 37.7 C4H140, 107-88-0
102 Diethylene glycol c(0)cocco 44.8 C4H1o03 111-46-6
103-Test 2-Ethoxyethanol c(c)occo 28.6 C4H100, 110-80-5
104 Propylene glycol methyl ether Cc(o)coc 27.6 C4H100, 107-98-2
105 Ethylene glycol propyl ether occoccce 29.3 CsH1,0, 2807-30-9
106  2-Butoxyethanol c(occo)ccce 27.4 CsH140; 111-76-2
107 Diethylene glycol ethyl ether Ooccoccocce 335 CeH1403 111-90-0
108 Triethylene glycol methyl ether occoccoccecoc 36.8 C;H4s0, 112-35-6
109 Ethylene glycol hexyl ether occocccececce 21.7 CgH150, 112-25-4
110-Test Diethylene glycol monobutyl ether ~ C(C)CCOCCOCCO 29.7 CgH1503 112-34-5




Table S1. (Continued)

No.  Molecule SMILES notation Measi”e‘j MF CAS RN
111 Triethylene glycol OCCcoccocco 451 CeH140,4 112-27-6
112 Diethylene glycol hexyl ether occoccoccecececece 29.8 C10H2,03 112-59-4
113 Triethylene glycol n-butyl ether occoccocecoccecce 32.0 C10H2,04 143-22-6
114 Glycerol acetate OC(CO)COC(C)=0 41.4 CsH100,4 26446-35-5
115 Diethyl ether c(oce)c 16.5 C4H100 60-29-7
116 Butyl methyl ether CocCcccce 19.5 CsH,0 628-28-4
117 tert-Butyl methyl ether Coc(C)(c)cC 19.1 CsH.,0 1634-04-4
118 Ethyl propyl ether Cccocce 19.3 CsH,0 628-32-0
119 Di-n-propyl ether cccoccece 20.0 CeH140 111-43-3
120 Diisopropyl ether Cc(oc(c)e)e 17.3 CeH140 108-20-3
121 Methyl pentyl ether o(c)cececece 214 CeH140 628-80-8
122 Butyl ethyl ether o(cccee)ee 20.2 CeH140 628-81-9
123 Di-n-butyl ether ccceceoccecece 224 CgH130 142-96-1
124 Dipentyl ether o(ccceee)ecececce 24.4 C1oH220 693-65-2
125-Test Dihexyl ether O(ccceeeycecececce 25.4 CqoH560 112-58-3
126 Dibenzylether C1(COCC2=CC=CC=C2)=CC=CC=C1 39.6 CuH1,0 103-50-4
127 1,2-Propylene oxide CCico1 22.2 C;HgO 75-56-9
128 Furan Cl=CocC=C1 23.8 C,H,0 110-00-9
129 Tetrahydrofuran cicccol 26.5 C,HgO 109-99-9
130 1,2-Dimethoxyethane coccoc 24.2 C4H100, 110-71-4
131 1,4-Dioxane clcoccol 32.8 C,4HgO, 123-91-1
132 Diethylene glycol dimethyl ether coccoccoc 29.4 CeH1404 111-96-6
133 Tetraethylene glycol dimethyl ether COCCOCCOCCOCCOC 33.7 C1oH»,05 143-24-8
134 Dimethoxymethane C(oC)oC 20.7 C3HgO, 109-87-5
135 1,1-Dimethoxyethane o(c(oc)c)c 21.0 C4H100, 534-15-6
136 Diethoxymethane o(ceycocce 20.2 CsH1,0, 462-95-3
137 1,1-Diethoxyethane o(c(oce)e)cce 20.9 CeH140, 105-57-7
138 1,1-Dibutoxyethane cc(occee)occecece 24.0 C10H2,0, 871-22-7
139 Paraldehyde O(C(oc(o1)c)e)cic 25.6 CsH1,03 123-63-7
140 Ethyl orthoformate Ccoc(oce)oce 23.1 C7H603 122-51-0
141-Test Diethylene glycol diethyl ether ccocceoccecoce 26.8 CgH1g03 112-36-7
142 Anisole COC1=CcC=CC=C1 345 C;HgO 100-66-3
143 Phenetole CcocC1=Cc=Ccc=C1 324 CgH100 103-73-1
144 p-Methylanisole COC1=CcC=C(C)c=C1 335 CgH100 104-93-8
145 Allyl phenyl ether C=CCO0C1=CC=CC=C1 33.3 CyH100 1746-13-0
146 Phenyl propyl ether CCcCocC1=Cc=CcC=C1 31.6 CyH1,0 622-85-5
147  Acetaldehyde CC=0 20.6 C,H,0 75-07-0




Table S1. (Continued)

No.  Molecule SMILES notation Measi”e‘j MF CASRN
148 n-Butyraldehyde Cccc=0 24.2 C4HgO 123-72-8
149 trans-Crotonaldehyde C/C=C/C=0 25.7 C,HsO 123-73-9
150 Isovaleraldehyde 0O=CCC(C)C 23.2 CsH100 590-86-3
151 2-Furaldehyde 0=CC(0C=C1)=C1 41.3 CsH,0, 98-01-1
152-Test Benzaldehyde Cl=CC=CcC=C1C=0 38.0 C;HgsO 100-52-7
153 Salicylaldehyde 0C1=CC=CC=Cl1C=0 42.3 C;Hg0, 90-02-8
154 Acetone CC(=0)C 22.7 C;HgO 67-64-1
155 2-Butanone C(C(C)=0)C 24.0 C4HsO 78-93-3
156 4-Methyl-2-pentanone C(C(C)c)c(c)=0 235 CeH1,0 108-10-1
157 Mesityl oxide CC(C)=CC(C)=0 27.9 CeH1O 141-79-7
158 Diacetone alcohol C(C(C)=0)C(C)(O)C 29.6 CeH1,0, 123-42-2
159 5-Methyl-2-hexanone C(CC(C)=0)C(Cc)C 25.3 C;H,0 110-12-3
160-Test 2,6-Dimethyl-4-heptanone C(C(C)C)c(=0)cc(e)e 24.1 CyHiO 108-83-8
161 Cyclopentanone 0O=Cl1CCCC1 32.8 CsHgO 120-92-3
162 Cyclohexanone O=ClCccccel 34.3 CsH100 108-94-1
163 Isophorone CCl=CC(=0)Cc(Cc1)(C)C 31.2 CyH1,0 78-59-1
164 Formic acid 0=CO 38.2 CH,0, 64-18-6
165 Acetic acid CC(0)=0 27.1 C,H,0, 64-19-7
166 Propionic acid 0O=C(0O)CcC 26.2 C3HgO, 79-09-4
167 Acrylic acid C=CC(0)=0 28.5 C;H,0, 79-10-7
168 Butanoic acid C(C(0)=0)CC 26.1 C4HgO, 107-92-6
169 Isobutyric acid CC(C)Cc(0)=0 24.6 C4HgO, 79-31-2
170 3-Butenoic acid OC(=0)CccC=C 28.3 C4H:O, 625-38-7
171 Methacrylic acid CC(C(0)=0)=C 29.1 C4H:O, 79-41-4
172 Pentanoic acid 0O=C(0)CccccC 26.5 CsH100, 109-52-4
173-Test Isovaleric acid CC(C)CCc(0)=0 25.0 CsH100, 503-74-2
174 Hexanoic acid 0O=C(0O)ccccece 27.2 CsH 120, 142-62-1
175 Heptanoic acid O=C(0)cceecece 21.7 C;H140, 111-14-8
176 Octanoic acid O=C(0)ccecececece 28.7 CsH160, 124-07-2
177 Nonanoic acid O=C(0O)cccecececce 295 CoH150, 112-05-0
178 Oleic acid CCCCCcCcc/c=c\cecececececec(o)=0 32.3 CigH3,0, 112-80-1
179 Methyl formate 0=COC 24.3 C,H,0, 107-31-3
180 Ethyl formate 0O=COcCC 23.3 C3H¢O, 109-94-4
181 Propyl formate O=COcCCC 23.9 C,4Hg0O, 110-74-7
182 Isopropyl formate 0=COC(C)C 21.7 C4HgO, 625-55-8
183 Butyl formate 0O=COCcCcCC 245 CsH100, 592-84-7
184 Isobutyl formate 0=COCC(C)C 23.3 CsH100, 542-55-2




Table S1. (Continued)

No.  Molecule SMILES notation Measi”e‘j MF CAS RN
185 Pentyl formate O=COocCcccce 255 CeH1,0, 638-49-3
186 Hexyl formate O=CoOcCccccece 26.4 C;H140, 629-33-4
187 Isopentyl formate 0=COCCcC(C)C 244 CeH1,0, 110-45-2
188 Methyl acetate CC(0C)=0 24.5 C3Hg0, 79-20-9
189 Ethyl acetate C(OC(C)=0)C 235 C4Hs0, 141-78-6
190  Vinyl acetate CC(0C=C)=0 23.6 C4Hs0; 108-05-4
191  Allyl acetate 0O=C(0CC=C)C 25.8 CsHgO, 591-87-7
192 Propyl acetate CC(0CcCC)=0 23.8 CsH100, 109-60-4
193-Test Isopropyl acetate CC(OC(C)C)=0 21.8 CsH100, 108-21-4
194 Isobutyl acetate CC(OCC(C)C)=0 23.1 CeH120, 110-19-0
195 sec-Butyl acetate CC(Oc(Cc)co)=0 23.0 CeH1,0, 105-46-4
196  tert-Butyl acetate CC(OcC(Cc)(c)e)=0 21.9 CeH1,0, 540-88-5
197 Butyl acetate C(C)ccoc(C)=0 24.8 CeH1,0, 123-86-4
198 Pentyl acetate Cc(occeee)=0 25.1 C;H140, 628-63-7
199 Isopentyl acetate C(C(C)c)coc(=0)C 24.0 C;H4,0, 123-92-2
200 Hexyl acetate Cc(ocececece)=0 26.0 CsH1.0, 142-92-7
201 Acetic acid octyl ester Ccc(oceceececece)=0 27.3 C1oH200, 112-14-1
202 2-Ethoxyethyl acetate C(0C(C)=0)Ccocc 28.0 CeH1,03 111-15-9
203 Methyl acrylate C=CC(0C)=0 25.2 C4HeO, 96-33-3
204 Methyl propionate 0O=C(0C)CC 24.2 C4HgO, 554-12-1
205 Methyl butyrate 0O=C(0C)cccC 245 CsH100, 623-42-7
206-Test Methyl isobutyrate 0O=C(0C)C(C)C 23.2 CsH100, 547-63-7
207 Ethyl propionate CCC(0OCC)=0 23.8 CsH100, 105-37-3
208 Ethyl lactate 0=C(0OCC)C(0)C 28.3 CsH1003 97-64-3
209 Propyl propionate CCC(0Cccoe)=0 24.2 CeH1,0, 106-36-5
210 Ethyl crotonate 0O=C(0CC)C=CC 26.6 CsH 100, 623-70-1
211 Ethyl butyrate CCCC(0CO)=0 23.9 CeH1,0, 105-54-4
212 Ethyl isobutyrate CC(C)c(oce)=0 22.7 CeH120, 97-62-1
213 Methyl isovalerate O=C(0C)cc(c)c 23.7 CeH1,0, 556-24-1
214 Methyl pentanoate O=C(0oc)cccee 25.2 CsH 120, 624-24-8
215 Butyl propionate CCcc(occecee)=0 24.8 C;H4,0, 590-01-2
216 Propyl butyrate CCCcC(0cce)=0 24.6 C;H1,0, 105-66-8
217 Methyl hexanoate CCCCCC(0C)=0 25.9 C;H1,0, 106-70-7
218 Pentanoic acid ethyl ester CCcCcc(oce)=0 24.7 C;H1,0, 539-82-2
219 Ethyl isovalerate O=C(0OCC)CcC(C)C 23.2 C;H1,0, 108-64-5
220 Propyl isobutyrate O=C(OCcC)Cc(C)C 23.3 C;H4,0, 644-49-5
221 Butyl butyrate CCCC(OCCCC)=0 25.2 CgH160; 109-21-7




Table S1. (Continued)

Measured

No.  Molecule SMILES notation ST MF CASRN
222 Ethyl hexanoate O=C(0CcC)cccecece 25.4 CgH160, 123-66-0
223-Test 3-Methylbutanoic acid propyl ester  CC(C)CC(OCCC)=0 23.8 CgH160, 557-00-6
224 Methyl heptanoate O=C(0C)cccececece 26.6 CgH160, 106-73-0
225 Ethyl heptanoate O=C(0cc)ccececece 26.0 CgoH150, 106-30-9
226 Methyl octanoate O=C(oc)ceecececce 27.4 CgoH150, 111-11-5
227 Butyl valerate O=C(OCccce)cecece 25.7 CgH150, 591-68-4
228 Ethyl octanoate O=C(0Cc)cceeccce 26.8 C10H20, 106-32-1
229 Methyl nonanoate O=C(oc)ccececececce 28.7 C1oH200> 1731-84-6
230 Pentyl pentanoate O=C(0cccee)cecece 25.7 C10H20, 2173-56-0
231-Test Methyl decanoate O=C(0C)cceecececcece 28.0 C11H2,0, 110-42-9
232 Methyl dodecanoate O=C(OC)cceecececcececece 29.1 Ci3H260, 111-82-0
233 Methyl myristate O=C(0cC)cceecececececececece 29.4 Ci5H300, 124-10-7
234 Octyl octanoate O=C(OCcCcceeeece)ceececcece 28.3 C16H3,0, 2306-88-9
235 Methyl palmitate O=C(0C)cceececececececececcecece 29.6 Ci17H340, 112-39-0
236 Methyl stearate O=C(0C)ccceceeececececececececcecce 30.3 C19H350, 112-61-8
237-Test Methyl acetoacetate O=C(OC)CC(=0)C 32.6 CsHgOs 105-45-3
238 Ethyl acetoacetate O=C(OCC)CC(=0)C 31.9 CeH1003 141-97-9
239 Dimethyl maleate O=C(0OC)C=CC(=0)0C 37.7 CeHgO4 624-48-6
240 Diethyl maleate O=C(OCC)C=CC(=0)0CC 32.1 CgH1,04 141-05-9
241-Test Dibutyl maleate O=C(OCCcCC)C=CC(=0)0occcce 30.3 C12H2004 105-76-0
242 Decanedioic acid dibutyl ester O=C(OCCcCcr)cereeeececec(ocecece)=0 31.6 CisH3404 109-43-3
243 Propane-1,2,3-triyl triacetate CC(OCC(OC(C)=0)COC(C)=0)=0 35.9 CgH1406 102-76-1
244 1,2,3-tris-Butyryloxy-propane O=C(OCC(0OC(CCC)=0)COC(CCC)=0)Ccce 30.5 C15H2606 60-01-5
245 Tricaprylin CCCCCCCc(0OCcc(coc(ceeeccece)=0)oc(ceeeccee)=0)=0 29.3 C,7Hs5006 538-23-8
246 Methyl benzoate 0O=C(0C)C1=CC=CC=C1 37.3 CgHsO; 93-58-3
247 Methyl salicylate OC1=CC=CC=C1C(0C)=0 39.2 CgHgO5 119-36-8
248-Test Ethyl benzoate O=C(OCC)C1=CC=CC=C1 34.6 CoH 100, 93-89-0
249 Diethyl phthalate 0O=C(OCC)C1=CC=CC=C1C(0OCC)=0 36.7 C12H1404 84-66-2
250 Tetramethylsilane C[si](C)(C)C 12.3 C4Hy,Si 75-76-3
251  Triethylsilane CC[SiH](CC)CC 20.3 CeH16Si 617-86-7
252 Triethoxysilane CCOJ[SiH](oCcCc)occe 20.8 CeH1603Si 998-30-1
253  Tetraethylsilane CC[Si](cc)(ccycc 22.5 CgHxSi 631-36-7
254-Test Hexamethyldisiloxane C[Si](C)(C)O[Si](C)(C)C 154 CeH150Si,  107-46-0
255 Hexaethyldisiloxane CC[Si]J(Cc)(CC)oIsiJ(cc)(ce)ce 22.0 C1oH30Si,  994-49-0
256 Octamethyltrisiloxane CISil(C)(C)OISi](C)(C)O[Si](C)(C)C 16.6 CgH20,Si;  107-51-7
257 Octamethylcyclotetrasiloxane C[Si]1(C)OI[Si](C)(C)O[Si](C)(C)OISi](C)(C)01 18.2 CgH240,Si,  556-67-2
258 Decamethyltetrasiloxane C[Si](C)(C)O[Si](C)(C)OISi](C)(C)OISi](C)(C)C 17.4 CioH3003Si;  141-62-8




Table S1. (Continued)

No.  Molecule SMILES notation Measi”e‘j MF CASRN
259-Test Decamethylcyclopentasiloxane C[Si]1(C)OI[Si](C)(C)OISil(C)(C)OI[Si](C)(C)OIsi](C)(C)o1 18.2 CioH3005Sis  541-02-6
260 Dodecamethylpentasiloxane C[Sil(C)(C)O[Si](C)(C)O[Si](C)(C)O[SII(C)(C)O[Si](C)(C)C 17.5 C1oH3604Sis  141-63-9
261  Tetradecamethylhexasiloxane C[Sil(C)(C)O[Si](C)(C)O[Sil(C)(C)O[SII(C)(C)O[Sil(C)(C)O[Si](C)(C)C 17.6 C14H4,05Sis  107-52-8
262 Hexadecamethylheptasiloxane C[Si](C)(C)O[Sil(C)(C)O[Sil(C)(C)O[SII(C)(C)O[SII(C)(C)O[SII(C)(C)O[Sil(C)(C)C 17.6 Ci6H4g06Si;  541-01-5
263 Octadecamethyloctasiloxane E:S[I? E]C()C?é)c C)O[S'](C)(C)O[S'](C)(C)O[S'](C)(C)O[S'](C)(C)O[Sl](C)(C)O[S'](C)(C)O 18.9 CigHs407Sig  556-69-4
264 Tetrapropoxysilane CCCOJsi]J(occcey(oceceyoccece 23.1 CioH0,4Si 682-01-9
265 Dimethyl carbonate O=C(0C)0oC 28.7 C3HgO5 616-38-6
266 Propylene carbonate CC1C0OC(01)=0 40.9 C4Hs03 108-32-7
267 Diethyl carbonate O=C(0cCc)occe 26.0 CsH1003 105-58-8
268 Dipropyl carbonate O=C(0occe)occece 26.5 C7/H1403 623-96-1
269  Acetic anhydride CC(0C(C)=0)=0 32.0 C4HgO03 108-24-7
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Table S2. Names, SMILES notations, measured surface tensions in mN-m™ at 23.5 °C, molecular formulas, and CAS RN of the 23 molecules of the cosmetic oil set.

Measured ST

No.  Molecule SMILES notation (Std. dev.) @ MF CAS RN

1 Tetradecane Cccecececececcececcce 26.1(0.2) CuaHso 629-59-4

2 Dicaprylyl ether O(Ccccecececece)cececececcece 27.1(0.2) CisH340 629-82-3

3 Dodecyl caprylate CCCCcccece(occececcecececcecece)=0 28.3(0.2) C20H400, 20292-09-5
4 2-Propylheptyl caprylate CCCCcccece(occe(cee)cececee)=0 27.4(0.2) C1sH360, 868839-23-0
5 Diisopropyl adipate O=C(0OC(C)C)Ccccc(oc(Cc)e)=0 28.7(0.2) C12H2,04 6938-94-9
6 Dodecane cccecececcecececece 24.8 (0.4) CioHas 112-40-3

7 Neopentyl glycol di(2-ethylhexanoate) CCCCC(CC)C(OCC(C)(C)COC(C(CC)CCCC)=0)=0 28.0 (0.3) Co1H4004 28510-23-8
8 Isoamyl laurate CCCCcCcceceececece(occec(c)e)=0 28.3(0.2) C17H340, 6309-51-9
9 Diisoamyl sebacate O=C(OCCC(C)C)ccceeececcee(occece(c)e)=0 29.4 (0.4) CaoH3504 10340-42-8
10  Hemisqualane CCc(cccee(cecec(e)e)e)e 24.9(0.1) CisH3, 3891-98-3
11 2,2,4,6,6-Pentamethylheptane CC(C)(c)cc(e)yee(ey(eye 21.6(0.1) CioHag 13475-82-6
12 2,2,4,4,6,8,8-Heptamethylnonane CC(C)(C)cc(c)(cyce(eyec(ey(e)e 24.2 (0.1) CisHas 4390-04-9
13 Dicaprylyl carbonate O=C(OCcCcccececee)occececcececce 28.8(0.2) C17H3405 1680-31-5
14 Propanediol dicaprylate CCCCCCcc(occeceoc(ceeccece)=0)=0 27.8(0.7) C1oH3504 56519-71-2
15  Isodecyl neopentanoate CC(C)(C)c(occecececececec(e)e)=0 25.4(0.2) CisH300, 60381-61-5
16  2-Ethylhexyl cocoate CCCCCCcceceecece(occe(ceyceee)=0 28.7(0.1) C20H400, 92044-87-6
17 Neopentyl glycol diheptanoate CC(C)(coc(ceceecee)=0)coc(ceeeceo)=0 28.8 (0.1) Ci1gH3604 27841-04-9
18  Isononyl isononanoate CC(C)cceeece(oceeececec(e)e)=0 26.2 (0.1) Ci1gH360> 42131-25-9
19  Isopropyl myristate O=C(0c(C)C)ceeeeececececececece 28.3(0.2) Ci7H340; 110-27-0
20  Diethylhexyl adipate CCCCC(CC)coc(ceceee(oce(ceycecee)=0)=0 29.5(0.2) C2H4204 103-23-1
21 Isopropyl isostearate CC(C)cceececececcececececcce(oc(e)e)=0 27.6 (0.3) C,1H4,0, 31478-84-9
22 Triethylhexanoin O=C(C(CC)CCCC)OCCc(COoc(c(cr)ceer)=0)oc(c(ceyeece)=0 28.9(0.3) C,7Hs5004 7360-38-5
23 D6 CI[Si]1(C)OI[Si](C)(C)OISi](C)(C)O[Si](C)(C)O[Si](C)(C)O[Si](C)(C)O1 18.8 CyH3606Sis  540-97-6

@I Means and standard deviations for the surface tension are computed over 3 measurements; ™™ for D6 the surface tension value is taken from the literature.
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Table S3. Names and sigma-moment descriptors for the 269 molecules of the complete data set.

Hb Hb Hb Hb Hb Hb Hb Hb

No.  Molecule Mo Mo Ms M, Ms Me accl acc2 acc3 acc4 donl don2 don3 dond
1 Pentane 139.15 7.30 -0.14 0.69 -0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00

2 Hexane 159.25 8.21 -0.09 0.77 -0.02 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00

3 Heptane 179.32 9.16 -0.03 0.87 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00

4 Octane 199.39 10.07 0.01 0.95 0.01 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00

5 Nonane 219.44 10.97 0.07 1.04 0.02 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00

6 Decane 239.55 11.93 0.12 1.13 0.03 0.13 0.00 000 0.00 0.00 000 0.00 0.00 o0.00

7 Undecane 259.50 12.58 0.14 1.16 0.03 0.13 0.00 000 0.00 0.00 000 0.00 0.00 o0.00

8 Tridecane 299.64 14.34 0.24 1.32 0.05 0.15 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00

9 Pentadecane 339.83 16.10 0.28 1.47 0.06 0.16 0.00 000 0.00 0.00 000 0.00 0.00 0.00

10 Hexadecane 359.74 17.34 0.41 1.64 0.09 0.19 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
11 Heptadecane 379.98 18.30 0.46 1.73 0.11 0.20 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
12 Squalane 604.79 30.89 0.26 2.91 0.04 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
13 2,2-Dimethylbutane 147.94 9.03 -0.17 0.91 -0.05 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
14 2,3-Dimethylbutane 148.74 8.76 -0.23 0.87 -0.06 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
15 2,2,3-Trimethylbutane 160.94 10.13 -0.22 1.04 -0.06 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
16 2,2-Dimethylpentane 167.89 9.93 -0.11 0.99 -0.03 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
17 2-Methylhexane 174.80 9.31 -0.12 0.88 -0.03 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
18 2,2,3-Trimethylpentane 178.67 10.90 -0.37 1.14 -0.10 0.14 0.00 000 0.00 0.00 000 0.00 0.00 0.00
19 2,2,4-Trimethylpentane 181.75 10.90 -0.14 1.09 -0.05 0.13 0.00 000 0.00 0.00 000 0.00 0.00 0.00
20 3-Ethylhexane 187.06 9.92 -0.21 0.94 -0.05 0.11 0.00 000 0.00 0.00 000 0.00 0.00 0.00
21 2,2,4,4-Tetramethylpentane 191.96 12.20 -0.07 1.27 -0.04 0.16 0.00 000 0.00 0.00 000 0.00 0.00 0.00
22 Isooctane 181.75 10.90 -0.14 1.09 -0.05 0.13 0.00 000 0.00 0.00 000 0.00 0.00 0.00
23 2-Methyloctane 215.01 11.29 -0.01 1.08 -0.01 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
24 Cyclopentane 121.30 6.02 -0.17 0.52 -0.03 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
25 Cyclohexane 135.75 5.84 -0.12 0.45 -0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
26 Cycloheptane 150.41 6.46 -0.02 0.50 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
27 Cyclooctane 163.91 7.29 -0.03 0.58 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
28 Methylcyclopentane 139.68 7.06 -0.15 0.64 -0.03 0.07 0.00 0.00 0.00 0.00 000 0.00 0.00 o0.00
29 Ethylcyclopentane 157.81 7.71 -0.13 0.68 -0.03 0.07 0.00 000 0.00 0.00 000 0.00 0.00 0.00
30 Propylcyclopentane 177.83 8.60 -0.10 0.76 -0.02 0.08 0.00 000 0.00 0.00 000 0.00 0.00 0.00
31 Isopropylcyclopentane 172.60 8.62 -0.11 0.77 -0.03 0.08 0.00 000 0.00 0.00 000 0.00 0.00 0.00
32 Isobutylcyclopentane 192.62 9.89 -0.09 0.91 -0.02 0.10 0.00 000 0.00 0.00 000 0.00 0.00 0.00
33 Methylcyclohexane 153.55 7.16 -0.05 0.61 -0.01 0.06 0.00 000 0.00 0.00 000 0.00 0.00 0.00
34 1,3-Dimethylcyclohexane 171.37 8.39 0.03 0.76 0.01 0.08 0.00 000 0.00 0.00 000 0.00 0.00 0.00
35 1,2-Dimethylcyclohexane 168.83 8.20 —0.06 0.73 -0.01 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
36 Propylcyclohexane 191.60 8.79 —0.08 0.75 -0.01 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
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Table S3. (Continued)

Hb Hb Hb Hb Hb Hb Hb Hb
No.  Molecule Mo Mo Ms M, Ms Me accl acc2 acc3 acc4d donl don2 don3 don4
37 Isopropylcyclohexane 186.00 8.85 -0.18 0.76 -0.03 0.08 0.00 0.00 000 000 0.00 0.00 0.00 0.00
38 Butylcyclohexane 211.41 9.64 -0.04 0.82 0.00 0.08 0.00 0.00 000 000 0.00 0.00 0.00 0.00
39 Isobutylcyclohexane 206.30 10.07 -0.06 0.90 -0.01 0.10 0.00 0.00 000 000 0.00 0.00 0.00 0.00
40 tert-Butylcyclohexane 197.65 10.37 -0.14 0.95 -0.03 0.10 0.00 0.00 000 000 0.00 0.00 0.00 0.00
41 Decalin 184.50 7.96 -0.01 0.63 0.00 0.06 0.00 0.00 000 000 0.00 0.00 0.00 0.00
42 Cyclopentene 116.89 13.38 2.36 4.81 2.29 2.75 0.00 0.05 000 000 000 0.00 0.00 o0.00
43 Methylenecyclopentane 135.87 16.16 3.97 6.26 3.78 3.94 0.00 0.05 000 000 000 0.00 0.00 o0.00
44 3-Methylcyclopentene 135.52 14.43 2.46 4.98 2.45 291 0.00 0.06 000 000 000 0.00 0.00 o0.00
45 Cyclohexene 132.03 14.16 3.76 5.42 3.46 3.48 0.00 0.04 000 000 000 0.00 0.00 o0.00
46 1-Methylcyclohex-1-ene 150.84 14.01 3.08 454 2.72 2.66 0.00 0.03 000 000 000 0.00 0.00 o0.00
47 Benzene 122.42 22.98 -1.27 7.06 -0.95 2.54 0.00 0.00 000 000 000 0.00 0.00 o0.00
48 Toluene 141.81 23.59 0.08 7.05 0.03 2.48 0.00 0.00 000 000 0.00 0.00 0.00 0.00
49 0-Xylene 157.76 24.79 1.19 7.42 0.93 2.68 0.00 0.00 000 000 0.00 0.00 0.00 0.00
50 m-Xylene 161.06 24.17 1.24 7.15 0.94 2.56 0.00 0.00 000 000 0.00 0.00 0.00 0.00
51 p-Xylene 161.16 23.89 1.18 6.96 0.90 2.47 0.00 0.00 000 000 0.00 0.00 0.00 0.00
52 Ethylbenzene 160.64 24.31 0.44 7.06 0.22 2.49 0.00 0.00 000 000 0.00 0.00 0.00 0.00
53 1,2,3-Trimethylbenzene 173.76 25.43 2.36 7.80 1.88 3.03 0.00 0.00 000 000 0.00 0.00 0.00 0.00
54 1,2,4-Trimethylbenzene 177.08 25.04 2.25 7.48 1.83 2.87 0.00 0.00 0.00 000 000 0.00 0.00 o0.00
55 Mesitylene 180.28 24.68 2.25 7.31 1.82 2.79 0.00 0.00 0.00 000 000 0.00 0.00 o0.00
56 Propylbenzene 180.59 25.29 0.67 7.13 0.34 2.50 0.00 0.00 0.00 000 000 0.00 0.00 o0.00
57 o-Diethylbenzene 192.80 25.71 1.95 7.37 1.36 2.72 0.00 0.00 0.00 000 000 0.00 0.00 o0.00
58 m-Diethylbenzene 198.62 25.41 2.00 7.12 1.37 2.60 0.00 0.00 0.00 000 000 0.00 0.00 o0.00
59 p-Diethylbenzene 198.81 25.29 1.88 7.06 1.29 2.57 0.00 0.00 000 000 0.00 0.00 0.00 0.00
60 Butylbenzene 200.67 26.20 0.80 7.23 0.40 2.53 0.00 0.00 000 000 0.00 0.00 0.00 0.00
61 Isobutylbenzene 194.33 25.36 0.37 6.78 0.16 2.31 0.00 0.00 000 000 0.00 0.00 0.00 0.00
62 sec-Butylbenzene 194.29 26.27 0.56 7.26 0.34 2.52 0.00 0.00 000 000 0.00 0.00 0.00 0.00
63 tert-Butylbenzene 188.41 26.52 0.44 7.31 0.27 2.54 0.00 0.00 000 000 0.00 0.00 0.00 0.00
64 o-Ethyltoluene 175.12 25.30 1.49 7.44 1.10 2.71 0.00 0.00 000 000 0.00 0.00 0.00 0.00
65 m-Ethyltoluene 179.85 24.71 1.58 7.07 1.12 254 0.00 0.00 0.00 000 000 0.00 0.00 o0.00
66 p-Ethyltoluene 180.01 24.67 1.55 7.06 1.11 2.55 0.00 0.00 0.00 000 000 0.00 0.00 o0.00
67 1-Phenyldecane 321.14 31.56 1.09 7.66 0.45 2.55 0.00 0.00 000 000 000 0.00 0.00 o0.00
68 Styrene 155.10 30.25 —-2.65 10.22 -1.82 4,25 0.00 0.00 0.00 000 000 0.00 0.00 o0.00
69 1,2,3,4-Tetrahydronaphthalene 178.00 23.92 254 7.01 1.56 2.60 0.00 0.00 0.00 000 000 0.00 0.00 o0.00
70 Methanol 68.41 45.84 14.22 88.29 36.07 20474 004 355 219 107 -0.02 218 144 0.72
71 Ethanol 89.37 46.71 18.15 89.73 51.06 21354 0.04 384 246 129 -0.02 202 129 0.61
72 1-Propanol 109.16 46.53 17.62 87.26 4839 206.61 004 377 239 124 -0.02 196 123 0.58
73 2-Propanol 108,19 47,02 20,95 88,20 61,79 213,04 004 388 251 136 -002 18 1,14 0,50

13



Table S3. (Continued)

Hb Hb Hb Hb Hb Hb Hb Hb

No. Molecule Mo My Ms Ma Ms Me  acc1 acc2 acc3 accd donl don2 don3 dond
74 1-Butanol 128.95 47.02 1789 86.39 4899 20431 0.04 366 231 119 -002 196 123 057
75  2-Butanol 126.80 45.58 19.18 8234 5588 196.45 0.04 363 230 121 -0.02 178 1.07 0.46
76  Isobutyl alcohol 125.95 45.23 1517 80.20 4035 18536 0.03 348 216 108 -0.02 191 119 055
77  tert-Butyl alcohol 124.69 47.46 2233 8775 69.38 21714 0.04 400 262 147 -0.02 174 1.02 043
78  1-Pentanol 149.15 48.04 18.06 86.71  49.06 204.75 0.04 362 228 118 -002 195 122 057
79  3-Methyl-1-butanol 144.62 47.82 1655 85.13 4583 200.04 0.04 371 232 119 -002 205 129 0.59
80  1-Hexanol 169.17 49.08 1760 87.56 48.14 20727 0.04 371 235 122 -0.02 200 127 0.60
81  4-Methyl-2-pentanol 162.30 46.98 17.44 80.61 5128 19125 0.03 351 221 117 -002 178 1.07 047
82  2-Ethyl-1-butanol 159.78 44,99 1515 76.28 40.88 17540 0.03 339 208 102 -002 180 110 0.49
83  Heptanol 189.23 49.77 17.89 86.94 4876 20545 0.04 376 236 121 -0.02 203 127 0.59
84  1-Octanol 209.34 50.69 18.10 87.25 49.16 206.10 0.04 367 232 120 -002 198 126 0.59
85  2-Ethyl-1-hexanol 201.60 47.62 13.62 77.68 36.47 17730 0.03 342 208 100 -0.02 192 119 0.54
86  Nonanol 229.51 51.95 18.07 88.43 4945 209.23 0.04 380 239 124 -002 206 129 0.9
87  Decanol 249.54 52.71 18.27 87.60 4931 206.33 0.04 378 238 123 -0.02 204 128 0.59
88  Undecanol 269.56 53.69 18.11 87.98 49.12 207.12 0.04 382 239 123 -002 205 129 0.60
89  Dodecanol 289.94 54.58 1770 88.35 47.86 208.11 0.04 375 235 122 -002 211 133 0.62
90  Allyl alcohol 104.40 53.10 10.62 84.68 2321 18547 0.03 338 200 092 -002 219 143 0.72
91  Propargyl alcohol 100.84 65.29 -6.88 9593 -2524 19390 0.03 261 139 049 -0.03 345 206 1.02
92 2-Methoxyethanol 120.98 61.85 3258 10452 7785 23112 005 554 324 147 -0.02 177 109 0.50
93  Cyclohexanol 144.87 46.93 2252 88.03 6506 21438 0.04 393 254 138 -0.02 181 110 0.48
94  Cycloheptanol 158.82 46.18 2197 8481 6432 20643 0.04 400 258 140 -0.02 179 105 044
95  Benzyl alcohol 151.51 59.65 7.31 8141 18.00 171.70 0.03 3.14 186 084 -002 206 135 0.68
96  1-Phenyl-1-propanol 186.11 57.40 7.96 7451 2048 156.89 0.03 295 1.74 080 -0.02 198 125 0.59
97  m-Cresol 151.20 55.84 -19.44 7876 -76.22 190.73 0.01 1.14 034 0.03 -0.03 3.06 226 150
98  1,2-Ethanediol 99.03 79.61 20.85 149.15 4936 33859 0.06 6.18 368 169 -0.04 380 245 1.23
99  1,2-Propanediol 117.22 75.01 22,60 136.86 5554 31060 0.06 591 350 1.62 -0.03 329 207 101
100  Trimethylene glycol 116.95 77.16 28.78 14955 7623 35885 0.06 6.18 387 197 -0.03 325 214 1.10
101  1,3-Butanediol 134.55 72.73 33.00 14208 93.12 358.07 0.06 6.03 388 209 -0.03 258 172 0.92
102  Diethylene glycol 145.13 87.98 4144 15799 103.88 37392 0.07 755 457 223 -0.03 262 172 093
103  2-Ethoxyethanol 141.85 63.77 3496 11058 86.63 25240 0.06 587 350 166 -002 1.69 1.06 051
104  Propylene glycol methyl ether 139.32 60.46 3472 10172 8745 230.18 005 550 325 155 -0.02 157 093 041
105 Ethylene glycol propyl ether 161.38 59.12 3415 95.09 8326 20945 0.05 535 313 145 001 134 078 0.34
106  2-Butoxyethanol 181.21 59.29 35,30 94.05 87.10 208.04 0.05 517 304 145 -001 119 0.69 0.29
107  Diethylene glycol ethyl ether 191.81 76.92 57.69 12190 14385 27086 008 7.71 454 214 -0.01 087 047 0.17
108  Triethylene glycol methyl ether 223.74 98.53 76.94 156.21 189.78 34426 0.10 1046 6.19 289 -0.01 087 046 0.16
109  Ethylene glycol hexyl ether 221.08 58.77 3448 87.70 8358 18954 0.05 506 294 136 -0.01 107 059 0.22

110  Diethylene glycol monobutyl ether 233.08 80.68 57.67 128.82 14411 29044 0.08 7.66 460 223 -0.01 104 0.60 0.24




Table S3. (Continued)

Hb Hb Hb Hb Hb Hb Hb Hb
No.  Molecule Mo Mo Ms M, Ms Me accl acc2 acc3 acc4d donl don2 don3 don4
111 Triethylene glycol 198.90 103.92 67.40 168.80 169.38 371.01 0.10 10.08 598 280 -0.02 191 107 041
112  Diethylene glycol hexyl ether 274.80 82.56 56.01 127.16 137.41 28096 0.08 790 468 220 -0.01 110 0.62 0.25
113 Triethylene glycol n-butyl ether 287.98 106.10 79.28 170.37 197.03 38285 0.11 1083 6.51 312 -0.01 126 0.73 0.30
114  Glycerol acetate 168.28 102.13 40.17 15149 8763 30273 0.07 7.27 390 152 -0.02 251 159 0.80
115 Diethyl ether 132.20 29.03 26.21 44.17 65.31 103.65 0.03 338 206 1.03 0.00 0.00 0.00 0.00
116  Butyl methyl ether 151.07 28.32 23.34 38.16 53.78 82.11 0.03 287 162 070 0.00 0.00 0.00 0.00
117  tert-Butyl methyl ether 142.02 31.11 26.47 47.08 70.41 11467 0.03 343 213 109 0.00 0.00 0.00 0.00
118  Ethyl propyl ether 152.06 28.10 23.85 39.44 57.36 89.78 003 298 173 083 0.00 0.00 0.00 0.00
119  Di-n-propyl ether 171.48 26.97 21.49 35.15 50.76 79.06 003 260 150 0.71 0.00 0.00 0.00 0.0
120  Diisopropyl ether 165.70 31.90 26.76 48.76 75.88 128.06 0.04 377 247 138 0.00 0.00 0.00 0.00
121 Methyl pentyl ether 171.02 29.25 23.56 38.62 54.62 83.75 003 294 168 074 000 0.00 0.00 0.00
122  Butyl ethyl ether 172.09 28.96 24.01 39.69 57.89 90.85 003 308 179 084 0.00 0.00 0.00 o0.00
123 Di-n-butyl ether 211.61 28.83 21.72 35.13 50.32 7780 003 259 148 068 0.00 0.00 0.00 o0.00
124  Dipentyl ether 251.91 30.90 22.29 36.02 51.58 7990 003 269 155 073 0.00 0.00 0.00 o0.00
125  Dihexyl ether 291.69 32.04 21.81 35.42 50.90 79.38 0.03 266 154 0.73 0.00 0.00 0.00 0.00
126  Dibenzylether 254.59 58.08 11.83 36.76 29.70 51.57 0.02 194 100 039 0.00 0.00 0.00 0.00
127  1,2-Propylene oxide 100.92 34.39 23.48 40.89 48.19 69.57 0.03 266 135 043 0.00 0.00 0.00 0.00
128  Furan 103.30 29.34 -3.61 16.43 -3.64 11.68 0.00 0.11 0.00 0.00 0.00 0.20 0.00 0.00
129  Tetrahydrofuran 113.61 31.63 31.35 52.91 79.28 12635 0.04 370 232 117 0.00 0.00 0.00 0.00
130  1,2-Dimethoxyethane 143.39 50.18 45.14 7596 10690 16449 006 576 336 149 0.00 0.00 0.00 0.00
131 1,4-Dioxane 121.30 50.84 40.05 69.48 90.16 135.01 005 495 267 101 0.00 0.00 0.00 0.00
132  Diethylene glycol dimethyl ether 196.21 72.31 65.59 110.88 157.22 24346 008 852 502 229 0.00 0.00 0.00 o0.00
133  Tetraethylene glycol dimethyl ether 303.75 110.60 95.36 158.33 216.81 327.00 0.11 1140 6.35 262 0.00 0.00 0.00 0.00
134  Dimethoxymethane 120.68 41.42 30.68 51.76 64.32 93.07 0.04 405 200 062 000 0.00 0.00 0.00
135 1,1-Dimethoxyethane 138.44 42.92 33.83 56.93 7448 11024 0.05 467 248 090 0.00 0.00 0.00 0.00
136  Diethoxymethane 162.45 43.14 33.77 56.24 7453 11054 0.05 477 255 096 0.00 0.00 0.00 0.00
137  1,1-Diethoxyethane 179.89 44.88 36.99 62.12 86.10 131.29 0.05 521 291 123 0.00 0.00 0.00 0.00
138  1,1-Dibutoxyethane 265.12 47.88 37.74 60.28 83.34 12494 0.05 492 266 111 0.00 0.00 0.00 0.00
139  Paraldehyde 173.12 61.75 40.40 70.33 80.83 11415 005 539 236 057 000 0.00 0.00 0.00
140  Ethyl orthoformate 213.73 58.71 45.37 75.11 9734 1418 006 644 329 111 000 0.00 0.00 0.00
141  Diethylene glycol diethyl ether 238.45 75.11 7057 11996 17635 27906 008 791 484 240 0.00 0.00 0.00 o0.00
142  Anisole 151.80 36.99 5.49 19.66 9.67 1724 001 078 021 001 000 0.00 0.00 0.00
143  Phenetole 172.76 37.68 6.99 20.12 11.93 1923 001 092 029 003 000 0.00 0.00 0.00
144  p-Methylanisole 171.15 37.26 7.35 20.28 12.19 19.14 001 087 024 002 000 0.00 0.00 0.00
145  Allyl phenyl ether 187.42 44.44 2.82 20.75 5.93 1485 000 050 0.12 0.01 0.00 0.00 0.00 0.00
146  Phenyl propyl ether 192.67 37.75 7.43 19.75 12.18 19.06 0.01 092 029 0.03 0.00 0.00 0.00 0.00
147  Acetaldehyde 83.43 41.75 26.72 50.69 57.13 85.47 0.03 294 158 055 0.00 0.00 0.00 0.00

15



Table S3. (Continued)

Hb Hb Hb Hb Hb Hb Hb Hb

No.  Molecule Mo Mo Ms M, Ms Me accl acc2 acc3 acc4d donl don2 don3 don4
148  n-Butyraldehyde 123.07 41.13 27.45 47.92 56.36 81.42 0.03 285 147 049 0.00 0.00 0.00 0.00
149  trans-Crotonaldehyde 119.10 49.98 35.44 68.11 84.04 13096 0.04 371 227 101 0.00 0.00 0.00 0.00
150 Isovaleraldehyde 139.16 40.74 26.41 46.06 53.96 7775 003 287 148 048 0.00 0.00 0.00 0.00
151  2-Furaldehyde 128.14 60.06 23.99 74.65 61.41 124.04 0.03 347 194 0.76 0.00 0.65 0.06 0.00
152  Benzaldehyde 145.55 48.33 20.56 49.50 47.47 75.72 0.03 256 128 040 0.00 0.00 0.00 0.00
153  Salicylaldehyde 150.83 48.91 12.50 41.16 26.21 4891 0.02 188 064 0.11 0.00 0.02 0.00 0.00
154  Acetone 103.34 47.39 35.96 67.50 86.00 134.14 0.04 372 232 107 0.00 0.00 0.00 0.00
155  2-Butanone 122.53 45.40 34.29 62.20 79.75 12225 0.04 361 219 096 0.00 0.00 0.00 0.00
156  4-Methyl-2-pentanone 157.81 45.30 32.96 59.32 76.03 116.12 003 346 206 089 0.00 0.00 0.00 0.00
157  Mesityl oxide 153.82 46.87 34.05 63.16 83.49 13146 003 284 176 091 0.00 0.00 0.00 0.00
158 Diacetone alcohol 162.91 69.00 46.41 106.21 12438 24093 0.06 573 359 185 001 053 0.34 0.16
159  5-Methyl-2-hexanone 178.04 48.48 35.62 63.83 82.70 126.81 0.04 360 220 099 0.00 0.00 0.00 0.00
160  2,6-Dimethyl-4-heptanone 212.38 42.75 28.92 49.76 63.12 93.14 003 319 177 066 0.00 0.00 0.00 o0.00
161  Cyclopentanone 125.89 46.94 37.88 65.69 85.83 12951 0.04 359 220 099 0.00 0.00 0.00 0.00
162  Cyclohexanone 140.59 46.59 41.01 69.07 9493 145.12 0.04 392 250 121 0.00 0.00 0.00 0.00
163  Isophorone 185.92 60.33 53.11 98.03 143.69 23569 005 465 324 191 0.00 0.00 0.00 0.00
164  Formic acid 72.47 69.63 -22.35 136.25 -119.43 369.80 0.02 232 097 021 -0.04 375 280 2.05
165  Acetic acid 93.19 67.11 -1.24 118.04 -46.62 28394 003 289 139 043 -003 311 236 1.63
166  Propionic acid 112.52 65.46 -0.32 113.39 4485 27269 003 297 137 040 -0.03 317 239 1.63
167  Acrylic acid 107.65 66.39 -859 11630 -66.82 287.83 0.02 244 107 028 -003 322 243 1.68
168 Butanoic acid 132.44 66.14 -0.07 11364 4500 27424 003 293 136 040 -0.03 296 224 154
169 Isobutyric acid 129.79 65.02 -0.19 11486 4848 28427 003 290 133 039 -003 325 246 1.69
170  3-Butenoic acid 127.76 73.03 -6.40 117.19 -61.65 282.08 0.02 259 115 030 -0.03 3.09 235 164
171  Methacrylic acid 125.05 62.33 553 106.87 -55.38 261.21 0.02 254 117 030 -0.03 297 225 1.55
172  Pentanoic acid 152.50 66.39 0.61 111.81 4236 26756 0.03 299 137 040 -003 299 226 154
173  Isovaleric acid 148.12 65.02 -1.57 111.06 -48.05 269.10 0.03 279 126 035 -0.03 309 233 1.60
174  Hexanoic acid 172.62 67.68 0.73 113.06 4257 270.63 0.03 298 138 041 -0.03 3.01 227 155
175  Heptanoic acid 192.61 68.19 0.73 112.34 4230 268.69 0.03 298 139 041 -0.03 310 233 1.59
176  Octanoic acid 212.75 69.28 0.94 11255 4208 26859 003 301 139 041 -003 321 243 165
177  Nonanoic acid 232.86 70.19 0.86 11293 4248 26950 003 294 134 038 -003 298 225 155
178 Oleic acid 405.16 83.98 4.64 113.88 -37.40 25897 003 288 129 036 -003 295 222 151
179  Methyl formate 94.13 46.83 20.86 48.66 40.44 6664 002 231 09 020 000 014 0.00 o0.00
180  Ethyl formate 115.18 47.58 24.22 50.19 46.38 7188 002 251 107 025 0.00 0.11 0.00 o0.00
181  Propyl formate 134.73 46.72 24.01 48.29 4475 68.71 0.02 240 101 024 000 0.11 0.00 0.00
182 Isopropyl formate 132.56 46.59 24.90 49.08 47.24 71.53 0.02 256 109 028 0.00 0.10 0.00 0.00
183  Butyl formate 155.29 48.25 24.83 49.54 46.52 71.37 0.03 262 113 0.26 0.00 0.12 0.00 0.00

184  Isobutyl formate 151.83 47.03 2381 4845 4561 7041 002 254 110 026 0.00 0.12 0.00 0.00




Table S3. (Continued)

Hb Hb Hb Hb Hb Hb Hb Hb
No.  Molecule Mo Mo Ms M, Ms Me accl acc2 acc3 acc4d donl don2 don3 don4
185  Pentyl formate 175.33 49.07 24.88 49.32 46.20 70.59 0.03 262 110 0.25 0.00 0.11 0.00 0.00
186  Hexyl formate 194.90 49.03 24.47 48.30 45,13 68.84 002 251 106 024 0.00 011 0.00 0.00
187 Isopentyl formate 170.89 49.18 24.42 49.21 45,79 70.32 0.02 255 107 025 0.00 0.11 0.00 0.00
188  Methyl acetate 114.75 49.14 30.67 56.97 62.70 92.29 0.03 295 147 047 0.00 0.00 0.00 0.00
189  Ethyl acetate 135.30 49.19 32.75 57.61 66.33 95.93 0.03 3.07 154 051 0.00 0.00 0.00 0.00
190  Vinyl acetate 130.55 45.45 15.57 38.28 28.70 4582 0.02 167 059 010 0.00 0.01 0.00 0.00
191  Allyl acetate 150.26 55.70 27.38 55.56 55.00 8210 003 275 127 036 000 0.00 0.00 0.00
192  Propyl acetate 155.32 49.25 32.92 57.04 66.09 95.19 003 316 158 052 0.00 0.00 0.00 0.00
193  Isopropyl acetate 152.95 48.13 32.21 55.71 64.80 93.03 003 310 151 049 0.00 0.00 0.00 o0.00
194  Isobutyl acetate 171.59 48.64 31.96 55.73 65.06 9404 003 310 157 051 0.00 0.00 0.00 o0.00
195  sec-Butyl acetate 171.01 47.59 32.12 55.11 64.97 93.31 003 303 152 051 000 0.00 0.00 o0.00
196  tert-Butyl acetate 166.01 45,24 29.62 51.93 61.80 90.26 0.03 282 144 053 0.00 0.00 0.00 0.00
197  Butyl acetate 175.13 50.00 33.16 57.21 66.57 95.87 0.03 309 156 052 000 0.00 0.00 0.00
198  Pentyl acetate 195.22 50.84 33.14 56.97 66.10 94.97 0.03 3.07 154 051 0.00 0.00 0.00 0.00
199  Isopentyl acetate 190.76 51.38 33.26 58.09 67.80 98.19 0.03 313 160 054 0.00 0.00 0.00 0.00
200  Hexyl acetate 215.63 52.74 34.59 59.60 70.23 101.67 0.03 329 169 057 0.00 0.00 0.00 0.00
201  Acetic acid octyl ester 255.44 53.64 33.46 57.48 66.53 95.59 0.03 316 157 051 0.00 0.00 0.00 0.00
202  2-Ethoxyethyl acetate 188.26 70.93 48.82 86.85 103.42 15286 005 520 264 091 0.00 0.00 0.00 o0.00
203  Methyl acrylate 129.22 48.07 23.78 49.62 47.60 7195 002 256 109 025 000 0.01 0.00 o0.00
204  Methyl propionate 134.10 47.28 29.78 52.26 58.09 8262 003 304 137 036 000 0.00 0.00 0.00
205  Methyl butyrate 154.12 47.90 29.99 52.01 58.08 8226 003 308 141 039 000 0.00 0.00 0.00
206  Methyl isobutyrate 151.77 46.08 30.15 51.38 59.05 8368 003 289 137 042 000 0.00 0.00 0.00
207  Ethyl propionate 154.65 47.66 32.15 54.07 63.43 89.68 0.03 311 150 046 0.00 0.00 0.00 0.00
208  Ethyl lactate 162.81 66.99 33.69 84.31 69.29 150.64 0.04 437 217 0.76 -0.01 053 0.34 0.17
209  Propyl propionate 175.11 48.60 33.31 55.18 65.68 92.67 0.03 334 163 050 0.00 0.00 0.00 0.00
210  Ethyl crotonate 170.71 51.93 33.00 58.80 68.07 98.48 0.03 325 160 049 0.00 0.00 0.00 0.00
211  Ethyl butyrate 174.90 48.65 32.80 54.50 64.37 90.63 0.03 328 157 047 0.00 0.00 0.00 0.00
212  Ethyl isobutyrate 172.75 47.05 33.05 54.15 65.79 9284 003 310 155 051 0.00 0.00 0.00 o0.00
213  Methyl isovalerate 169.68 47.43 29.10 50.88 56.90 8080 003 293 134 037 000 0.00 0.00 0.00
214 Methyl pentanoate 174.13 48.78 30.30 52.40 58.76 83.39 003 300 136 038 0.00 0.00 0.00 0.00
215  Butyl propionate 195.13 49.13 33.12 54.46 64.54 9058 003 326 158 047 000 0.00 0.00 o0.00
216  Propyl butyrate 195.17 49.09 33.41 5452 65.04 91.18 0.03 328 159 048 0.00 0.00 0.00 0.0
217  Methyl hexanoate 194.15 49.60 30.43 52.46 58.89 8348 003 314 145 040 0.00 0.00 0.00 0.00
218  Pentanoic acid ethyl ester 194.96 49.68 33.22 54.96 65.02 9145 003 328 157 047 000 0.00 0.00 o0.00
219  Ethyl isovalerate 190.26 47.72 31.10 51.87 60.71 85.13 0.03 305 143 042 000 0.00 0.00 0.00
220  Propyl isobutyrate 192.57 47.00 33.15 53.29 65.06 91.11 0.03 308 154 050 0.00 0.00 0.00 0.00
221  Butyl butyrate 214.29 48.67 32.37 52.65 62.29 86.70 0.03 3.14 147 042 000 0.00 0.00 0.00
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Table S3. (Continued)

Hb Hb Hb Hb Hb Hb Hb Hb
No.  Molecule Mo M; My My Ms Mo accl acc2 acc3 accd donl don2 don3 dond
222 Ethyl hexanoate 214.75 49.89 3286 5426 6414 90.13 0.03 316 151 045 0.00 0.00 0.00 0.00
223  3-Methylbutanoic acid propyl ester ~ 208.34 45.84 3149 5091 6236 8748 0.03 284 143 047 0.00 0.00 0.00 0.00
224 Methyl heptanoate 214.32 50.60 30.72 5286 5952 8447 0.03 300 134 036 0.00 0.00 0.00 0.00
225  Ethyl heptanoate 235.13 51.31 3328 5481 6466 9072 0.03 323 153 045 0.00 0.00 0.00 0.00
226  Methyl octanoate 234.28 51.44 3062 5279 5924 8411 0.03 314 146 042 0.00 0.00 0.00 0.00
227  Butyl valerate 234.99 50.65 33.71 5457 6518 9121 003 337 162 049 0.00 0.00 0.00 0.00
228  Ethyl octanoate 254.93 51.32 32.36 5321 6208 8662 003 312 146 041 0.00 0.00 0.00 0.00
229  Methyl nonanoate 254.52 52.31 30.73 5288 59.12 8362 003 301 136 037 0.00 0.00 0.00 0.00
230  Pentyl pentanoate 254.47 50.58 3278 53.02 6271 8722 003 308 144 041 0.00 0.00 0.00 0.00
231  Methyl decanoate 274.60 53.34 3062 52,78 5874 83.06 003 314 145 040 0.00 0.00 0.00 0.00
232 Methyl dodecanoate 314.57 55.06 3083 53.01 59.06 8361 003 309 142 039 0.00 0.00 0.00 0.00
233 Methyl myristate 354.92 56.61 30.89 53.02 5880 83.01 0.03 307 140 038 0.00 0.00 0.00 0.00
234 Octyl octanoate 370.10 52.89 3173 50.86 6053 8381 0.03 29 136 038 0.00 0.00 0.00 0.00
235  Methyl palmitate 394.85 58.83 3113 5358 59.38 84.07 0.03 311 144 040 0.00 0.00 0.00 0.00
236  Methyl stearate 435.27 60.21 3114 5352 5920 8374 0.03 301 136 038 0.00 0.00 000 0.00
237  Methyl acetoacetate 157.35 80.09 39.71 87.01 79.85 126.18 0.05 462 2.03 051 0.00 0.13 0.00 0.00
238  Ethyl acetoacetate 177.94 80.48 4228 8792 8417 13011 005 464 210 055 0.00 012 0.00 0.00
239  Dimethyl maleate 180.68 81.29 33.35 80.03 6222 10381 004 398 142 023 0.00 029 001 0.00
240 Diethyl maleate 221.36 81.24 38.33 8065 7029 10951 004 394 151 029 0.00 025 001 0.00
241  Dibutyl maleate 301.22 82.92 39.65 80.34 7185 11071 0.04 417 159 030 0.00 0.25 001 0.00
242 Decanedioic acid dibutyl ester 430.98 97.86 67.05 107.67 128.77 179.77 0.06 651 311 092 0.00 0.00 0.00 0.00
243  Propane-1,2,3-triyl triacetate 260.80 121.68 60.92 130.64 122,57 189.73 0.07 6.79 297 0.73 0.00 0.06 0.00 0.00
244 1,2, 3-tris-Butyryloxy-propane 380.12  121.08 6239 122,72 11932 176.74 0.06 6.66 273 059 0.00 0.05 0.00 0.00
245  Tricaprylin 621.38  133.23  64.57 127.05 123.46 18357 007 7.00 294 065 0.00 006 0.00 0.00
246  Methyl benzoate 175.33 50.96 1953 4589 4181 6440 0.02 227 098 021 0.00 0.00 0.00 0.00
247  Methyl salicylate 180.77 51.51 1254 37.73 2330 4059 0.02 164 044 003 0.00 0.00 0.00 0.00
248  Ethyl benzoate 195.72 50.70 20.86 4547 4367 6538 0.02 219 0.97 022 0.00 0.00 000 0.00
249  Diethyl phthalate 264.79 82.95 4050 8095 7826 11432 004 434 176 037 0.00 002 0.00 0.00
250  Tetramethylsilane 151.68 14.05 0.11 2.33 0.08 0.48 000 0.00 000 0.00 0.00 0.00 000 0.00
251  Triethylsilane 187.60 13.60 0.23 2.07 0.24 0.44 000 0.00 000 0.00 0.00 0.00 000 0.00
252 Triethoxysilane 227.09 50.65 3462 5496 6723 9424 004 438 204 062 0.00 0.00 0.00 0.00
253  Tetraethylsilane 213.22 13.08 -0.34 1.40 -0.08 019 000 0.00 000 0.00 0.00 0.00 000 0.00
254  Hexamethyldisiloxane 227.61 30.21 7.59 1511 1318 1777 001 088 030 0.05 0.00 0.00 0.00 0.00
255  Hexaethyldisiloxane 313.80 21.14 1.37 4.88 3.08 435 000 021 008 0.02 0.00 0.00 000 0.00
256  Octamethyltrisiloxane 299.67 40.27 9.91 20.03 16.83 2256 0.01 110 036 0.06 0.00 0.00 0.00 0.00
257  Octamethylcyclotetrasiloxane 323.26 56.24 19.15 3556 31.34 4082 0.02 219 061 007 0.00 0.00 0.00 0.00
258  Decamethyltetrasiloxane 373.51 47.78 1020 2231 1803 2477 0.01 123 042 0.08 0.00 0.00 0.00 0.00
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Table S3. (Continued)

Hb Hb Hb Hb Hb Hb Hb Hb
No.  Molecule Mo Mo Ms M, Ms Mo acc1 acc2 acc3 acc4 donl don2 don3 dond
259  Decamethylcyclopentasiloxane 384.23 59.09 16.02 31.57 25.21 3275 001 161 042 004 000 0.00 0.00 0.00
260  Dodecamethylpentasiloxane 444,93 57.07 12.36 27.03 21.91 30.14 0.01 148 050 0.09 0.00 0.00 0.00 0.00
261  Tetradecamethylhexasiloxane 525.53 68.88 14.36 31.74 24.62 3367 001 156 050 0.08 0.00 0.00 0.00 0.00
262  Hexadecamethylheptasiloxane 600.63 78.31 15.47 34.55 25.19 3404 0.01 148 045 0.07 0.00 0.00 0.00 0.00
263  Octadecamethyloctasiloxane 666.69 86.83 18.29 40.79 32.14 4420 0.02 219 072 0.13 0.00 0.00 0.00 0.00
264  Tetrapropoxysilane 352.98 56.80 33.17 50.35 58.41 78.82 004 374 162 046 000 000 0.00 0.00
265  Dimethyl carbonate 125.68 53.77 27.00 51.41 47.63 67.48 002 255 087 014 000 0.00 0.00 0.0
266  Propylene carbonate 129.52 66.47 27.48 66.39 55.07 89.20 003 269 118 0.29 0.00 0.05 0.00 0.00
267  Diethyl carbonate 167.66 55.33 32.98 54.68 57.59 77.13 003 295 106 0.20 0.00 0.00 0.00 0.00
268  Dipropyl carbonate 206.65 54.14 32.61 51.96 55.62 73.32 003 298 105 0.19 0.00 0.00 0.00 0.0
269  Acetic anhydride 139.20 65.86 28.63 63.19 51.21 79.01 003 315 108 0.16 0.00 0.04 0.00 0.0
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Table S4. Names and sigma-moment descriptors for the 23 molecules of the cosmetic oil set.

Hb Hb Hb Hb Hb Hb Hb Hb

No.  Molecule Mo M, My Ma Ms Mo accl acc2 acc3 accd donl don2 don3 dond
1 Tetradecane 319.73 15.36 0.19 1.41 0.05 0.16 000 000 0.00 0.00 0.00 0.00 0.00 0.00

2 Dicaprylyl ether 371.97 35.55 2180 3549 5061 79.09 003 268 156 075 0.00 000 0.00 0.00

3 Dodecyl caprylate 455.16 59.20 33.25 5362 6282 8729 003 307 143 040 0.00 0.00 0.00 0.00

4 2-Propylheptyl caprylate 403.68 54.86 3189 5232 6295 8390 003 304 153 048 0.00 0.00 0.00 0.00

5 Diisopropyl adipate 304.66 89.13 60.58 99.48 11645 162.06 0.06 594 270 0.76 0.00 0.00 0.00 0.00

6 Dodecane 279.76 13.71 0.16 1.28 0.04 015 000 000 0.00 0.00 0.00 0.00 0.00 0.00

7 Neopentyl glycol di(2-ethylhexanoate)  453.90 85.12 56.90 9345 11474 16238 0.05 507 261 085 0.00 0.00 0.00 0.00

8 Isoamy! laurate 389.96 56.94 3293 5421 6431 90.60 0.03 316 155 047 0.00 0.00 0.00 0.00

9 Diisoamy! sebacate 459.07 97.28 64.29 10498 12531 17596 0.06 6.06 294 087 0.00 0.00 0.00 0.00

10  Hemisqualane 321.75 16.75 —-0.05 1.58 -0.02 018 000 000 0.00 0.00 0.00 0.00 0.00 0.00
11  2.2.4.6.6-Pentamethylheptane 242.98 14.87 —-0.05 1.50 -0.04 018 000 000 0.00 0.00 0.00 0.00 0.00 0.00
12 2.2.4.4.6.8.8-Heptamethylnonane 303.67 18.46 -0.09 1.91 -0.06 0.24 000 000 0.00 0.00 0.00 0.00 0.00 0.00
13 Dicaprylyl carbonate 407.78 63.31 3426 5373 5780 76.09 003 305 112 0.22 0.00 0.00 0.00 0.00
14 Propanediol dicaprylate 447.93 94.69 57.17 9813 11195 15844 0.05 527 249 070 0.00 0.00 0.00 0.00
15  Isodecyl neopentanoate 339.86 49.58 29.83 4798 5830 8133 003 290 144 043 0.00 000 0.00 0.00
16  2-Ethylhexyl cocoate 445.02 56.79 3219 5283 6390 90.68 0.03 307 156 050 0.00 0.00 0.00 0.00
17 Neopentyl glycol diheptanoate 437.01 88.29 55.87 94.69 111.88 15870 0.06 554 271 0.77 0.00 0.00 0.00 0.00
18  Isononyl isononanoate 405.00 57.64 3286 5356 6292 8790 0.03 322 152 045 000 0.00 0.00 0.00
19 Isopropyl myristate 392.97 55.83 3231 5245 6155 8548 0.03 315 147 043 000 0.00 0.00 0.00
20  Diethylhexyl adipate 491.19 94.64 59.76 9940 11839 167.26 0.05 519 258 0.77 0.00 0.00 0.00 0.00
21  Isopropyl isostearate 466.56 58.59 3151 5161 5998 8342 003 301 138 038 000 0.00 0.00 0.00
22 Triethylhexanoin 57492 11415 6144 111.85 116.00 168.74 0.06 582 256 0.65 0.00 0.06 0.00 0.00
23 D6 437.35 65.67 1766 3546 2914 3858 0.02 185 054 0.08 0.00 000 0.00 0.00

20



Table S5. Measured, neural network estimated, neural network VLOO estimated, graph machine estimated, and graph
machine VLOO estimated values of the surface tension in mN-m™ for the 244 molecules of the training/validation set
and the 25 molecules of the test set.

No Molecule Measured NN estim. NN VLOO GM estim. GI\_/I VLOO
' ST ST  estim.STM  STM  estim. ST
1 Pentane 15.5 19.8 20.4 16.2 16.4
2 Hexane 18.0 21.2 214 18.1 18.1
3 Heptane 19.8 22.9 23.1 19.9 19.9
4 Octane 21.1 24.6 24.9 21.2 21.2
5 Nonane 22.4 24.9 25.4 22.3 22.3
6 Decane 234 24.5 25.6 23.3 23.2
7 Undecane 24.2 235 22.6 24.1 24.1
8 Tridecane 25.6 24.8 23.8 25.6 25.6
9 Pentadecane 26.7 26.6 26.6 26.7 26.7
10 Hexadecane 27.1 27.0 27.0 27.1 27.1
11 Heptadecane 27.5 27.7 27.2 27.4 27.3
12 Squalane 29.0 29.1 29.4 28.8 29.6
13 2,2-Dimethylbutane 15.8 16.8 17.0 16.4 16.6
14 2,3-Dimethylbutane 16.9 17.3 17.3 15.9 15.2
15 2,2,3-Trimethylbutane 18.3 16.7 16.5 175 17.2
16 2,2-Dimethylpentane 175 18.7 18.8 18.3 18.5
17 2-Methylhexane 18.8 21.3 21.4 18.7 18.6
18-Test  2,2,3-Trimethylpentane 20.2 18.1 ™ - 19.0© -
19 2,2,4-Trimethylpentane 18.3 194 19.5 18.6 18.7
20 3-Ethylhexane 21.1 21.9 22.0 20.8 20.7
21 2,2,4,4-Tetramethylpentane 19.9 19.8 19.8 195 19.1
22 Isooctane 20.3 194 19.3 20.1 20.1
23-Test 2-Methyloctane 21.4 23.8 M - 21,1 -
24 Cyclopentane 22.0 21.0 20.6 22.2 22.3
25 Cyclohexane 24.6 24.3 24.4 24.5 245
26 Cycloheptane 27.0 25.6 25.4 27.0 27.1
27 Cyclooctane 29.3 25.4 25.0 28.3 27.9
28 Methylcyclopentane 21.7 20.6 20.4 22.0 22.1
29 Ethylcyclopentane 23.3 22.2 22.1 23.2 23.2
30-Test Propylcyclopentane 24.4 23.8 1" - 24.2 1 -
31 Isopropylcyclopentane 23.9 22.7 22.6 23.6 23.6
32 Isobutylcyclopentane 24.3 235 23.4 24.1 24.0
33 Methylcyclohexane 23.3 235 23.5 24.1 24.2
34 1,3-Dimethylcyclohexane 23.3 23.7 23.7 23.6 23.7
35 1,2-Dimethylcyclohexane 24.4 23.3 23.3 24.5 24.6
36 Propylcyclohexane 25.8 26.0 26.0 26.0 26.0
37 Isopropylcyclohexane 26.0 24.4 24.3 25.5 25.4
38-Test Butylcyclohexane 26.5 26.3 1" - 26.8 1 -
39 Isobutylcyclohexane 25.3 25.2 25.2 25.9 26.1
40 tert-Butylcyclohexane 26.2 23.2 23.0 26.0 26.0
41 Decalin 30.6 27.5 27.0 30.5 30.2
42 Cyclopentene 22.0 20.4 19.7 22.6 22.8
43 Methylenecyclopentane 23.8 25.9 26.6 24.3 24,5
44 3-Methylcyclopentene 22.1 21.3 21.2 22.6 22.8
45 Cyclohexene 26.1 25.6 25.4 25.2 24.9
46 1-Methylcyclohex-1-ene 26.0 25.3 25.1 26.2 26.3
47 Benzene 28.2 25.9 24.8 28.3 28.4
48 Toluene 28.0 28.0 28.0 28.2 28.2
49 0-Xylene 29.6 29.4 29.3 29.3 29.3
50 m-Xylene 28.4 28.7 28.8 28.4 28.4
51 p-Xylene 27.8 28.4 28.5 28.3 28.5
52 Ethylbenzene 28.6 27.8 21.7 28.3 28.2
53 1,2,3-Trimethylbenzene 28.3 30.3 30.6 28.6 29.1
54 1,2,4-Trimethylbenzene 29.2 29.8 29.9 29.1 29.1
55 Mesitylene 28.1 29.5 29.6 28.3 28.4
56 Propylbenzene 28.4 28.3 28.2 28.6 28.6
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Table S5. (Continued)

Measured NN estim. NN VLOO GMestim. GM VLOO
No. Molecule

ST ST  estim.STM  STM  estim. ST
57 o-Diethylbenzene 29.8 29.5 29.4 29.1 28.9
58 m-Diethylbenzene 28.7 29.0 29.0 28.8 28.9
59-Test p-Diethylbenzene 28.5 28.8 " - 28.4 1 -
60 Butylbenzene 28.7 28.3 28.2 29.2 294
61 Isobutylbenzene 27.0 27.3 27.3 28.0 28.2
62 sec-Butylbenzene 28.0 28.3 28.4 28.3 28.3
63-Test tert-Butylbenzene 27.6 28.7 ™ - 27,6 -
64 o-Ethyltoluene 29.7 29.3 29.3 29.0 28.8
65 m-Ethyltoluene 28.5 28.8 28.8 28.5 28.6
66 p-Ethyltoluene 28.3 28.7 28.7 28.1 28.0
67 1-Phenyldecane 30.5 28.6 26.2 30.3 30.7
68 Styrene 31.0 31.2 314 30.4 30.2
69 1,2,3,4-Tetrahydronaphthalene 33.2 29.5 28.6 33.6 34.0
70 Methanol 22.1 22.0 21.7 21.8 19.3
71 Ethanol 22.2 21.7 21.2 22.3 22.2
72 1-Propanol 23.3 22.7 22.6 235 23.6
73 2-Propanol 20.8 21.9 22.3 21.1 21.2
74 1-Butanol 24.2 23.7 23.6 23.8 23.7
75 2-Butanol 22.1 225 22.6 22.2 22.3
76 Isobutyl alcohol 22.4 23.0 235 22.1 21.9
77 tert-Butyl alcohol 20.0 23.7 25.0 20.8 21.3
78 1-Pentanol 25.0 24.4 24.0 25.1 25.1
79 3-Methyl-1-butanol 23.7 25.0 25.3 23.8 23.8
80-Test  1-Hexanol 25.9 25.6 1 - 25.6 -
81-Test 4-Methyl-2-pentanol 22.6 24,51 - 24,11 -
82 2-Ethyl-1-butanol 245 23.6 23.2 24.5 245
83 Heptanol 26.7 27.3 27.5 26.7 26.7
84 1-Octanol 27.1 27.3 27.4 27.3 27.4
85 2-Ethyl-1-hexanol 27.1 26.4 25.8 26.7 26.6
86 Nonanol 27.9 28.6 28.6 27.8 27.9
87 Decanol 28.4 28.8 28.9 28.4 28.4
88 Undecanol 28.6 29.0 29.1 28.6 28.6
89 Dodecanol 294 29.7 29.9 29.3 29.3
90 Allyl alcohol 25.3 26.2 27.0 26.2 27.2
91 Propargyl alcohol 35.4 33.3 32.0 35.2 34.3
92 2-Methoxyethanol 30.8 30.1 29.6 30.0 29.5
93 Cyclohexanol 32.9 29.3 27.6 324 32.3
94 Cycloheptanol 32.7 31.9 31.5 33.0 334
95 Benzyl alcohol 37.0 36.2 35.7 37.1 37.2
96 1-Phenyl-1-propanol 335 32.6 317 33.6 33.7
97 m-Cresol 35.7 35.6 34.8 355 345
98 1,2-Ethanediol 47.8 46.5 41.5 47.6 46.8
99 1,2-Propanediol 36.0 36.9 38.7 35.6 34.7
100-Test Trimethylene glycol 45.2 37.8 M - 46.9 -
101 1,3-Butanediol 37.7 37.5 37.7 37.4 35.7
102 Diethylene glycol 44.8 44.6 44.8 44.7 44.5
103-Test 2-Ethoxyethanol 28.6 30.9 1 - 28.5 I° -
104 Propylene glycol methyl ether 27.6 29.3 30.6 27.4 26.9
105 Ethylene glycol propyl ether 29.3 28.5 28.2 28.3 28.0
106 2-Butoxyethanol 27.4 28.1 28.4 28.3 28.5
107 Diethylene glycol ethyl ether 335 33.0 32.9 33.2 32.8
108 Triethylene glycol methyl ether 36.8 36.2 36.2 36.7 36.7
109 Ethylene glycol hexyl ether 21.7 27.0 26.5 29.0 29.4
110-Test Diethylene glycol monobutyl ether 29.7 29.9 - 29.9 -
111 Triethylene glycol 45.1 44.9 443 45.1 45.2
112 Diethylene glycol hexyl ether 29.8 29.3 28.9 29.9 29.9
113 Triethylene glycol n-butyl ether 32.0 32.9 34.1 32.2 32.4
114 Glycerol acetate 41.4 42.0 44.4 41.3 40.7
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Table S5. (Continued)

No Molecule Measured NN estim. NN VLOO GM estim. GI\_/I VLOO
' ST ST  estim.STM  STM  estim. ST
115  Diethyl ether 16.5 18.2 18.8 17.6 18.0
116  Butyl methyl ether 19.5 20.0 20.2 19.5 19.5
117 tert-Butyl methyl ether 19.1 179 17.6 18.9 18.8
118  Ethyl propyl ether 19.3 19.5 19.5 19.0 19.0
119  Di-n-propyl ether 20.0 21.1 21.6 20.4 20.5
120  Diisopropyl ether 17.3 17.4 17.6 17.4 17.4
121 Methyl pentyl ether 21.4 20.3 20.0 21.4 21.4
122 Butyl ethyl ether 20.2 19.5 19.2 20.2 20.2
123 Di-n-butyl ether 22.4 23.3 23.7 22.3 22.3
124  Dipentyl ether 24.4 24.4 25.1 23.5 23.2
125-Test Dihexyl ether 25.4 255 [ - 2431 -
126  Dibenzylether 39.6 39.2 38.7 39.6 39.6
127  1,2-Propylene oxide 22.2 20.7 19.5 22.2 22.1
128  Furan 23.8 255 27.8 23.8 24.1
129  Tetrahydrofuran 26.5 25.3 24.0 25.5 24.3
130  1,2-Dimethoxyethane 24.2 25.8 26.2 23.8 23.6
131  1,4-Dioxane 32.8 30.2 29.4 32.7 32.2
132 Diethylene glycol dimethyl ether 29.4 29.3 29.2 29.7 29.9
133 Tetraethylene glycol dimethyl ether 33.7 33.0 32.0 33.7 34.7
134  Dimethoxymethane 20.7 21.6 22.1 21.3 22.0
135 1,1-Dimethoxyethane 21.0 21.4 21.7 21.1 21.2
136  Diethoxymethane 20.2 19.6 19.3 20.4 20.4
137 1,1-Diethoxyethane 20.9 20.1 19.6 21.3 21.5
138  1,1-Dibutoxyethane 24.0 24.3 25.0 23.6 23.2
139  Paraldehyde 25.6 26.5 27.2 255 255
140 Ethyl orthoformate 23.1 23.9 25.6 23.1 22.9
141-Test Diethylene glycol diethyl ether 26.8 25.1 - 27.81 -
142 Anisole 345 33.2 32.8 334 33.0
143 Phenetole 324 32.2 32.2 32.3 323
144 p-Methylanisole 335 33.3 335 33.0 31.9
145 Allyl phenyl ether 33.3 34.1 355 33.7 33.8
146 Phenyl propyl ether 31.6 31.0 30.8 32.0 32.1
147 Acetaldehyde 20.6 20.8 20.7 214 221
148  n-Butyraldehyde 242 22.6 22.4 23.9 23.8
149  trans-Crotonaldehyde 25.7 25.5 25.5 25.5 25.3
150 Isovaleraldehyde 23.2 22.9 22.8 23.5 23.8
151  2-Furaldehyde 41.3 38.1 35.4 41.3 411
152-Test Benzaldehyde 38.0 31.6 M - 36.8 -
153  Salicylaldehyde 42.3 41.3 39.6 42.3 42.8
154  Acetone 22.7 26.0 26.7 21.9 21.6
155  2-Butanone 24.0 26.0 26.2 23.2 23.0
156  4-Methyl-2-pentanone 235 24.9 25.1 23.8 23.9
157  Mesityl oxide 27.9 27.4 26.9 27.4 27.0
158  Diacetone alcohol 29.6 28.8 28.6 30.0 30.7
159  5-Methyl-2-hexanone 25.3 25.3 25.4 25.1 25.0
160-Test 2,6-Dimethyl-4-heptanone 24.1 22,90 - 24.8 -
161  Cyclopentanone 32.8 29.5 28.7 324 32.3
162  Cyclohexanone 34.3 32.0 30.9 33.6 33.3
163 Isophorone 31.2 32.1 36.0 31.2 31.1
164  Formic acid 38.2 38.4 39.9 38.0 36.4
165  Acetic acid 27.1 26.8 26.7 27.1 27.1
166  Propionic acid 26.2 26.8 26.8 26.0 25.9
167  Acrylic acid 28.5 29.1 29.7 28.5 28.5
168  Butanoic acid 26.1 26.6 26.8 25.9 25.9
169 Isobutyric acid 24.6 25.7 27.0 24.7 24.8
170  3-Butenoic acid 28.3 28.1 27.7 28.8 29.2
171 Methacrylic acid 29.1 28.8 28.5 29.6 30.3
172 Pentanoic acid 26.5 27.1 27.4 26.3 26.2
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Table S5. (Continued)

No Molecule Measured NN estim. NN VLOO GM estim. GI\_/I VLOO
' ST ST®W  estim.STM  oTM  estim. sTM
173-Test Isovaleric acid 25.0 25.6 ™ - 25.0 -
174  Hexanoic acid 27.2 27.4 27.2 27.3 27.4
175  Heptanoic acid 21.7 27.8 27.9 21.7 27.8
176  Octanoic acid 28.7 27.9 26.9 28.6 28.5
177  Nonanoic acid 295 30.3 31.6 29.2 29.1
178  Oleic acid 323 317 29.8 32.6 34.8
179  Methyl formate 24.3 24.8 25.9 24.5 24.8
180  Ethyl formate 23.3 24.7 25.5 23.5 23.5
181  Propyl formate 23.9 23.1 22.6 24.0 24.0
182 Isopropyl formate 21.7 22.9 23.1 22.2 22.3
183  Butyl formate 24.5 24.1 24.1 24.5 24.5
184  Isobutyl formate 23.3 24.0 24.1 23.1 23.1
185  Pentyl formate 255 25.1 25.0 25.0 24.9
186  Hexyl formate 26.4 26.5 26.4 26.6 26.6
187 Isopentyl formate 24.4 25.2 25.3 24.1 24.1
188  Methyl acetate 245 235 23.2 23.7 234
189  Ethyl acetate 235 24.6 24.7 22.9 22.8
190  Vinyl acetate 23.6 25.1 27.0 24.3 245
191  Allyl acetate 25.8 26.4 26.5 26.1 26.3
192 Propyl acetate 23.8 244 244 23.7 23.7
193-Test Isopropyl acetate 21.8 2430 - 22.1 1 -
194 Isobutyl acetate 23.1 23.9 24.0 23.1 23.1
195 sec-Butyl acetate 23.0 24.3 24.4 23.3 23.3
196  tert-Butyl acetate 21.9 234 235 22.1 22.2
197  Butyl acetate 24.8 24.7 24.7 24.4 24.3
198  Pentyl acetate 25.1 24.9 24.9 24.9 24.9
199 Isopentyl acetate 24.0 24.9 25.1 24.0 24.0
200  Hexyl acetate 26.0 25.6 25.6 26.1 26.2
201  Acetic acid octyl ester 27.3 27.8 27.9 27.4 27.5
202  2-Ethoxyethyl acetate 28.0 28.0 28.3 27.6 27.4
203  Methyl acrylate 25.2 26.2 26.9 26.5 27.2
204 Methyl propionate 242 23.2 23.1 23.9 23.9
205  Methyl butyrate 245 23.3 23.2 24.5 245
206-Test Methyl isobutyrate 23.2 23.7 - 23.1 1 -
207 Ethyl propionate 23.8 24.3 24.3 23.7 23.7
208  Ethyl lactate 28.3 29.2 29.7 28.5 28.7
209 Propyl propionate 24.2 24.5 24.5 24.2 24.2
210  Ethyl crotonate 26.6 245 24.4 26.0 25.7
211 Ethyl butyrate 23.9 24.3 24.3 24.2 24.2
212 Ethyl isobutyrate 22.7 25.0 25.2 23.1 23.2
213 Methyl isovalerate 23.7 231 23.1 23.7 23.7
214 Methyl pentanoate 25.2 235 234 25.2 25.2
215  Butyl propionate 24.8 24.3 24.3 24.8 24.7
216 Propyl butyrate 24.6 244 24.3 24.7 24.7
217 Methyl hexanoate 25.9 24.6 245 25.8 25.8
218  Pentanoic acid ethyl ester 24.7 24.4 24.4 24.9 25.0
219  Ethyl isovalerate 23.2 23.7 23.7 235 23.6
220  Propyl isobutyrate 23.3 24.6 24.9 23.8 24.0
221  Butyl butyrate 25.2 24.7 24.6 25.1 25.0
222  Ethyl hexanoate 25.4 25.0 24.9 25.6 25.6
223-Test 3-Methylbutanoic acid propyl ester 23.8 2450 - 23.9 -
224 Methyl heptanoate 26.6 25.6 255 26.6 26.6
225  Ethyl heptanoate 26.0 26.1 26.1 26.1 26.2
226 Methyl octanoate 27.4 26.5 26.3 27.4 275
227  Butyl valerate 25.7 25.3 25.2 25.8 25.9
228  Ethyl octanoate 26.8 27.0 27.0 26.9 26.9
229  Methyl nonanoate 28.7 21.7 27.4 28.3 28.1
230 Pentyl pentanoate 25.7 26.6 26.8 25.8 25.8
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Table S5. (Continued)

Measured NN estim. NN VLOO GMestim. GM VLOO
No. Molecule

ST ST  estim.STM  STM  estim. ST
231-Test Methyl decanoate 28.0 26.7 M - 29.0 -
232  Methyl dodecanoate 29.1 27.8 27.5 29.2 29.1
233 Methyl myristate 294 28.1 27.8 29.7 29.9
234 Octyl octanoate 28.3 29.1 29.4 27.9 27.5
235  Methyl palmitate 29.6 28.3 28.0 30.1 30.5
236  Methyl stearate 30.3 29.2 28.7 30.6 31.1
237-Test Methyl acetoacetate 32.6 30.8 [ - 32.8 -
238  Ethyl acetoacetate 31.9 32.2 32.1 31.6 31.2
239  Dimethyl maleate 37.7 38.9 40.5 37.5 36.0
240  Diethyl maleate 321 34.0 35.7 32.4 33.5
241-Test Dibutyl maleate 30.3 30.6 [ - 31.8 -
242  Decanedioic acid dibutyl ester 31.6 31.8 31.7 31.5 31.8
243 Propane-1,2,3-triyl triacetate 35.9 35.2 32.8 35.9 35.3
244 1,2 3-tris-Butyryloxy-propane 30.5 30.1 30.1 30.2 29.7
245  Tricaprylin 29.3 294 29.9 29.6 30.4
246 Methyl benzoate 37.3 37.3 375 36.6 35.6
247  Methyl salicylate 39.2 39.5 39.8 39.4 40.9
248-Test Ethyl benzoate 34.6 32.8 0 - 345 -
249  Diethyl phthalate 36.7 35.4 344 36.9 36.6
250  Tetramethylsilane 12.3 15.8 17.4 12.8 14.9
251 Triethylsilane 20.3 19.3 19.1 19.9 19.6
252 Triethoxysilane 20.8 22.3 22.8 20.9 20.5
253  Tetraethylsilane 22.5 20.9 20.4 22.1 21.4
254-Test Hexamethyldisiloxane 15.4 26.3 M - 15.1 1 -
255 Hexaethyldisiloxane 22.0 22.0 21.9 22.1 23.3
256  Octamethyltrisiloxane 16.6 18.1 21.6 16.6 16.6
257  Octamethylcyclotetrasiloxane 18.2 19.8 21.0 18.3 19.9
258 Decamethyltetrasiloxane 17.4 17.2 17.9 17.3 16.8
259-Test Decamethylcyclopentasiloxane 18.2 1750 - 18.1 1 -
260  Dodecamethylpentasiloxane 175 17.9 18.3 17.4 17.1
261  Tetradecamethylhexasiloxane 17.6 17.7 17.6 17.9 18.2
262  Hexadecamethylheptasiloxane 17.6 18.2 18.5 17.9 17.9
263  Octadecamethyloctasiloxane 18.9 18.8 18.3 18.7 18.1
264  Tetrapropoxysilane 23.1 26.0 27.2 23.2 23.1
265 Dimethyl carbonate 28.7 27.6 26.5 28.7 29.9
266 Propylene carbonate 40.9 37.9 35.4 40.6 38.5
267 Diethyl carbonate 26.0 25.8 25.7 26.3 26.5
268 Dipropyl carbonate 26.5 26.7 26.9 26.1 25.5
269  Acetic anhydride 32.0 34.1 35.5 32.2 32.3

All neural network estimated results were obtained by neural networks with five descriptors and 10 hidden neurons (71
parameters). All graph machine estimated results were obtained by graph machines whose node functions are neural
networks with seven hidden neurons (95 parameters).

8 Estimated values of surface tension provided by neural networks when the molecule belongs to the training/validation
set, averaged over the 10 models (out of 100) that had the smallest RMSTEs.

I Estimated values of surface tension provided by neural networks when the molecule belongs to the test set, averaged
over the 10 models (out of 100) that had the smallest VLOO scores.

[ Virtual Leave-One-Out estimates of surface tension provided by neural networks, averaged over the 10 models (out
of 100) that had the smallest VLOO scores. VLOO estimates are computed only for the molecules of the
training/validation set.

[ Estimated values of surface tension provided by graph machines when the molecule belongs to the training/validation
set, averaged over the 10 models (out of 100) that had the smallest RMSTEs.

] Estimated values of surface tension provided by graph machines when the molecule belongs to the test set, averaged
over the 10 models (out of 100) that had the smallest VLOO scores.

M\VLOO estimates of surface tension provided by graph machines, averaged over the 10 models (out of 100) that had
the smallest VLOO scores. As VLOO estimates are used for model selection, they are computed only for the molecules
of the training/validation set, and not for the molecules of the test set.

25



Table S6. Measured, group-contribution Conte method estimated, corresponding-state Pitzer method estimated, and
corresponding-state Zuo-Stenby method estimated values of the surface tension in mN-m* for the 269 molecules of the
complete set.

Measured GC estimated CSP1 estimated CSP2 estimated
No. Molecule ST ST [a] ST [b] ST Ic]
1 Pentane 15.5 179 16.2 15.6
2 Hexane 18.0 18.6 19.2 18.5
3 Heptane 19.8 19.2 21.1 20.3
4 Octane 21.1 19.8 22.3 21.5
5 Nonane 22.4 20.4 23.2 22.2
6 Decane 234 21.0 23.8 22.7
7 Undecane 24.2 21.7 24.2 23.0
8 Tridecane 25.6 22.9 24.7 23.2
9 Pentadecane 26.7 24.1 24.9 23.2
10 Hexadecane 27.1 24.8 25.0 23.2
11 Heptadecane 27.5 25.4 25.1 23.1
12 Squalane 29.0 27.3 25.6 214
13 2,2-Dimethylbutane 15.8 16.7 16.6 16.0
14 2,3-Dimethylbutane 16.9 17.7 17.9 17.2
15 2,2,3-Trimethylbutane 18.3 19.5 19.8 19.1
16 2,2-Dimethylpentane 17.5 17.3 18.9 18.2
17 2-Methylhexane 18.8 18.1 19.8 19.1
18-Test 2,2,3-Trimethylpentane 20.2 20.2 21.8 21
19 2,2,4-Trimethylpentane 18.3 16.8 19.3 18.6
20 3-Ethylhexane 21.1 18.8 21.9 21.1
21 2,2,4,4-Tetramethylpentane 19.9 16.7 19.7 19.0
22 Isooctane 20.3 18.7 21.2 20.4
23-Test 2-Methyloctane 21.4 19.3 22.2 21.3
24 Cyclopentane 22.0 21.1 23.2 22.4
25 Cyclohexane 24.6 25.3 24.8 24.0
26 Cycloheptane 27.0 29.6 25.9 25.0
27 Cyclooctane 29.3 33.8 26.5 25.7
28 Methylcyclopentane 21.7 9.9 23.0 22.2
29 Ethylcyclopentane 23.3 20.4 25.2 24.3
30-Test Propylcyclopentane 24.4 21 25.7 24.8
31 Isopropylcyclopentane 23.9 121 24.5 23.6
32 Isobutylcyclopentane 24.3 13.3 24.7 23.7
33 Methylcyclohexane 23.3 10.6 24.1 23.2
34 1,3-Dimethylcyclohexane 23.3 20.6 24.1 23.2
35 1,2-Dimethylcyclohexane 24.4 20.6 24.1 23.2
36 Propylcyclohexane 25.8 25.2 26.3 25.3
37 Isopropylcyclohexane 26.0 10.7 24.3 23.3
38-Test Butylcyclohexane 26.5 124 25.6 24.4
39 Isobutylcyclohexane 25.3 - - -
40 tert-Butylcyclohexane 26.2 - - -
41 Decalin 30.6 - - -
42 Cyclopentene 22.0 244 23.7 22.9
43 Methylenecyclopentane 23.8 9.5 23.4 22.6
44 3-Methylcyclopentene 221 22.1 23.7 22.9
45 Cyclohexene 26.1 28.6 25.6 24.7
46 1-Methylcyclohex-1-ene 26.0 10.7 24.7 23.9
47 Benzene 28.2 29.0 29.8 28.8
48 Toluene 28.0 28.6 30.5 29.4
49 0-Xylene 29.6 28.6 29.6 28.5
50 m-Xylene 28.4 28.6 29.6 28.5
51 p-Xylene 27.8 28.1 30.2 29.1
52 Ethylbenzene 28.6 27.9 315 304
53 1,2,3-Trimethylbenzene 28.3 - - -
54 1,2,4-Trimethylbenzene 29.2 - - -
55 Mesitylene 28.1 26.2 28.3 27.3
56 Propylbenzene 28.4 15.1 26.1 24.9
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Table S6. (Continued)

Measured GC estimated CSP1 estimated CSP2 estimated
No. Molecule ST ST [a] ST [b] ST [cl
57 o-Diethylbenzene 29.8 27.3 30.9 29.6
58 m-Diethylbenzene 28.7 - - -
59-Test p-Diethylbenzene 28.5 - - -
60 Butylbenzene 28.7 15.7 26.4 25.1
61 Isobutylbenzene 27.0 14.6 25.4 24.3
62 sec-Butylbenzene 28.0 14.7 26.3 25.0
63-Test tert-Butylbenzene 27.6 13.9 24.7 23.7
64 o-Ethyltoluene 29.7 - - -
65 m-Ethyltoluene 28.5 28.0 304 29.2
66 p-Ethyltoluene 28.3 - - -
67 1-Phenyldecane 30.5 194 26.7 24.7
68 Styrene 31.0 24.2 32.7 315
69 1,2,3,4-Tetrahydronaphthalene 33.2 - 35.1 34.0
70 Methanol 22.1 24.1 27.1 26.0
71 Ethanol 22.2 24.7 32.8 31.2
72 1-Propanol 23.3 25.3 35.8 33.9
73 2-Propanol 20.8 21.8 30.9 29.3
74 1-Butanol 24.2 25.9 374 35.2
75 2-Butanol 22.1 22.5 34.7 32.6
76 Isobutyl alcohol 22.4 24.8 35.3 334
77 tert-Butyl alcohol 20.0 215 27.8 26.3
78 1-Pentanol 25.0 26.5 38.2 35.8
79 3-Methyl-1-butanol 23.7 25.4 36.4 34.2
80-Test 1-Hexanol 25.9 27.2 38.6 35.9
81-Test 4-Methyl-2-pentanol 22.6 22.7 35.4 33
82 2-Ethyl-1-butanol 245 26.2 38.2 35.5
83 Heptanol 26.7 27.8 38.6 35.8
84 1-Octanol 27.1 28.4 38.6 35.5
85 2-Ethyl-1-hexanol 27.1 274 38.4 35.2
86 Nonanol 27.9 29.0 38.4 35.1
87 Decanol 28.4 29.6 38.1 34.6
88 Undecanol 28.6 30.3 37.9 341
89 Dodecanol 294 30.9 37.6 33.7
90 Allyl alcohol 25.3 26.2 36.5 34.6
91 Propargyl alcohol 35.4 16.6 43.0 40.7
92 2-Methoxyethanol 30.8 27.6 36.6 34.7
93 Cyclohexanol 32.9 32.7 45.1 42.4
94 Cycloheptanol 32.7 37.0 44.8 41.9
95 Benzyl alcohol 37.0 34.8 52.0 48.4
96 1-Phenyl-1-propanol 335 34.5 45.9 42.5
97 m-Cresol 35.7 36.0 50.3 47.7
98 1,2-Ethanediol 47.8 48.0 69.6 63.5
99 1,2-Propanediol 36.0 47.6 66.8 60.4
100-Test Trimethylene glycol 45.2 33.9 67.4 60.4
101 1,3-Butanediol 37.7 31.1 63.8 56.5
102  Diethylene glycol 44.8 36.8 63.9 56.8
103-Test 2-Ethoxyethanol 28.6 28.2 37.6 35.4
104  Propylene glycol methyl ether 27.6 - 32.7 30.8
105  Ethylene glycol propyl ether 29.3 28.9 38.0 35.6
106  2-Butoxyethanol 27.4 29.5 38.1 35.5
107  Diethylene glycol ethyl ether 335 31.3 40.8 375
108  Triethylene glycol methyl ether 36.8 33.6 43.8 39.5
109  Ethylene glycol hexyl ether 21.7 30.7 37.9 34.9
110-Test Diethylene glycol monobutyl ether 29.7 325 40.3 36.5
111 Triethylene glycol 45.1 40.4 58.8 51.6
112 Diethylene glycol hexyl ether 29.8 33.7 39.6 35.4
113 Triethylene glycol n-butyl ether 32.0 35.5 41.8 36.8
114  Glycerol acetate 41.4 - 69.7 61.1
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Table S6. (Continued)

Measured GC estimated CSP1 estimated CSP2 estimated
No. Molecule ST ST [a] ST [b] ST [cl
115  Diethyl ether 16.5 19.1 16.8 16.2
116  Butyl methyl ether 19.5 19.7 22.0 21.2
117  tert-Butyl methyl ether 19.1 17.8 19.3 18.6
118  Ethyl propyl ether 19.3 19.7 20.3 19.5
119  Di-n-propyl ether 20.0 20.3 22.4 21.5
120  Diisopropyl ether 17.3 17.0 151 14.6
121 Methyl pentyl ether 214 20.3 23.7 22.8
122 Butyl ethyl ether 20.2 20.3 22.4 215
123 Di-n-butyl ether 22.4 21.6 24.8 23.6
124  Dipentyl ether 244 22.8 25.8 24.4
125-Test Dihexyl ether 254 24 26.3 24.6
126  Dibenzylether 39.6 39.8 40.2 37.6
127 1,2-Propylene oxide 22.2 29.1 22.1 21.3
128  Furan 23.8 30.3 30.9 29.8
129  Tetrahydrofuran 26.5 23.7 29.0 28.1
130  1,2-Dimethoxyethane 24.2 20.8 25.1 24.1
131  1,4-Dioxane 32.8 30.5 36.5 35.2
132 Diethylene glycol dimethyl ether 29.4 23.8 30.1 28.4
133 Tetraethylene glycol dimethyl ether 33.7 29.8 34.9 31.3
134  Dimethoxymethane 20.7 20.2 22.6 21.8
135 1,1-Dimethoxyethane 21.0 19.8 24.2 23.2
136  Diethoxymethane 20.2 21.5 23.8 22.8
137 1,1-Diethoxyethane 20.9 21.1 24.8 23.6
138  1,1-Dibutoxyethane 24.0 23.6 27.8 25.9
139 Paraldehyde 25.6 - - -
140 Ethyl orthoformate 23.1 23.5 28.6 26.8
141-Test Diethylene glycol diethyl ether 26.8 25.1 29.4 27.4
142 Anisole 34.5 29.8 36.0 34.6
143 Phenetole 324 16.2 27.9 26.6
144 p-Methylanisole 33.5 - - -
145  Allyl phenyl ether 33.3 17.8 28.4 26.9
146 Phenyl propyl ether 31.6 16.9 28.2 26.8
147 Acetaldehyde 20.6 22.6 22.2 214
148 n-Butyraldehyde 24.2 23.8 28.1 27.0
149  trans-Crotonaldehyde 25.7 23.5 27.6 26.6
150 Isovaleraldehyde 23.2 23.4 27.8 26.7
151  2-Furaldehyde 41.3 - - -
152-Test Benzaldehyde 38.0 40.4 42.6 40.8
153  Salicylaldehyde 42.3 25.6 51.0 46.0
154  Acetone 22.7 23.4 23.4 22.6
155  2-Butanone 24.0 23.5 25.4 245
156  4-Methyl-2-pentanone 235 23.6 26.2 25.2
157  Mesityl oxide 27.9 24.7 27.6 26.5
158  Diacetone alcohol 29.6 28.6 43.0 39.5
159  5-Methyl-2-hexanone 25.3 24.3 26.8 25.7
160-Test 2,6-Dimethyl-4-heptanone 24.1 24.2 26.4 25.2
161  Cyclopentanone 32.8 29.8 45.7 44.0
162  Cyclohexanone 34.3 34.1 44.6 42.9
163 Isophorone 31.2 55.5 37.9 36.2
164  Formic acid 38.2 30.6 54.0 50.8
165  Acetic acid 27.1 25.0 50.3 47.6
166  Propionic acid 26.2 25.6 49.0 46.2
167  Acrylic acid 28.5 26.7 49.3 46.6
168  Butanoic acid 26.1 26.2 47.8 44.8
169  Isobutyric acid 24.6 24.8 40.1 37.9
170  3-Butenoic acid 28.3 27.1 48.1 45.2
171 Methacrylic acid 29.1 25.1 46.4 43.9
172 Pentanoic acid 26.5 26.8 46.6 43.4
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Table S6. (Continued)

Measured GC estimated CSP1 estimated CSP2 estimated
No. Molecule ST ST [a] ST [b] ST [cl
173-Test Isovaleric acid 25.0 25.7 451 42.2
174  Hexanoic acid 27.2 27.4 45.6 42.2
175  Heptanoic acid 21.7 28.1 44.6 41.0
176  Octanoic acid 28.7 28.7 43.6 39.9
177  Nonanoic acid 29.5 29.3 42.8 38.9
178  Oleic acid 323 34.0 38.7 329
179  Methyl formate 24.3 22.7 22.2 21.4
180  Ethyl formate 23.3 23.4 25.8 24.8
181 Propyl formate 23.9 24.0 27.8 26.7
182 Isopropyl formate 21.7 22.9 26.0 25.1
183 Butyl formate 245 24.6 29.0 27.8
184  Isobutyl formate 23.3 235 27.5 26.4
185 Pentyl formate 25.5 25.2 29.7 28.3
186  Hexyl formate 26.4 25.9 30.0 28.6
187 Isopentyl formate 24.4 24.1 28.3 27.1
188  Methyl acetate 24.5 22.8 22.3 215
189  Ethyl acetate 23.5 23.5 25.1 24.1
190  Vinyl acetate 23.6 24.6 25.7 24.7
191  Allyl acetate 25.8 25.0 27.1 25.9
192 Propyl acetate 23.8 24.1 26.7 25.6
193-Test Isopropyl acetate 21.8 22 22 21.1
194 Isobutyl acetate 23.1 23.6 26.4 25.3
195 sec-Butyl acetate 23.0 22.8 24.2 23.2
196 tert-Butyl acetate 21.9 21.9 22.6 21.7
197  Butyl acetate 24.8 24.7 27.8 26.5
198 Pentyl acetate 25.1 25.3 28.4 27.0
199 Isopentyl acetate 24.0 24.2 27.2 25.9
200  Hexyl acetate 26.0 26.0 28.8 27.2
201  Acetic acid octyl ester 27.3 27.2 29.1 27.3
202  2-Ethoxyethyl acetate 28.0 26.5 30.4 28.7
203  Methyl acrylate 25.2 25.2 26.2 25.2
204 Methyl propionate 24.2 23.2 25.4 24.4
205  Methyl butyrate 24.5 23.8 27.0 25.9
206-Test Methyl isobutyrate 23.2 22.9 22.8 22
207 Ethyl propionate 23.8 23.8 27.0 25.9
208  Ethyl lactate 28.3 28.3 475 43.3
209 Propyl propionate 24.2 24.4 28.0 26.7
210 Ethyl crotonate 26.6 25.0 29.3 28.0
211 Ethyl butyrate 23.9 24.4 28.0 26.7
212 Ethyl isobutyrate 22.7 23.5 24.2 23.3
213 Methyl isovalerate 23.7 23.3 26.6 25.5
214 Methyl pentanoate 25.2 244 28.0 26.7
215  Butyl propionate 24.8 25.0 28.6 27.2
216 Propyl butyrate 24.6 25.0 28.6 27.2
217 Methyl hexanoate 25.9 25.0 28.6 27.2
218  Pentanoic acid ethyl ester 24.7 25.0 28.6 21.2
219  Ethyl isovalerate 23.2 23.9 27.4 26.1
220  Propyl isobutyrate 23.3 24.1 25.1 24.0
221  Butyl butyrate 25.2 25.7 28.9 27.4
222  Ethyl hexanoate 25.4 25.7 28.9 27.4
223-Test 3-Methylbutanoic acid propyl ester 23.8 24.6 27.8 26.4
224 Methyl heptanoate 26.6 25.7 28.9 27.4
225  Ethyl heptanoate 26.0 26.3 29.1 27.4
226  Methyl octanoate 27.4 26.3 29.1 27.4
227  Butyl valerate 25.7 26.3 29.1 27.4
228  Ethyl octanoate 26.8 26.9 29.2 27.4
229  Methyl nonanoate 28.7 26.9 29.2 27.4
230 Pentyl pentanoate 25.7 26.9 29.2 27.4
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Table S6. (Continued)

No Molecule Measured GC estimated CSP1 estimated CSP2 estimated
' ST sT™ sT™ st
231-Test Methyl decanoate 28.0 27.5 29.3 27.3
232  Methyl dodecanoate 29.1 28.8 29.2 26.9
233 Methyl myristate 29.4 30.0 29.1 26.5
234 Octyl octanoate 28.3 30.6 29.0 26.3
235  Methyl palmitate 29.6 31.3 29.0 26.0
236  Methyl stearate 30.3 325 28.9 25.6
237-Test Methyl acetoacetate 32.6 31.9 37.6 35.6
238  Ethyl acetoacetate 31.9 32.6 37.2 35.1
239  Dimethyl maleate 37.7 31.7 39.0 36.5
240  Diethyl maleate 32.1 32.9 38.4 35.5
241-Test Dibutyl maleate 30.3 35.4 36.9 33.3
242  Decanedioic acid dibutyl ester 31.6 37.8 32.9 28.6
243 Propane-1,2,3-triyl triacetate 35.9 37.0 40.0 36.2
244 1,2 3-tris-Butyryloxy-propane 30.5 40.8 40.1 34.5
245  Tricaprylin 29.3 48.2 374 29.1
246 Methyl benzoate 37.3 33.3 36.4 34.9
247  Methyl salicylate 39.2 25.7 46.6 42.1
248-Test Ethyl benzoate 34.6 33.9 35.7 34.1
249 Diethyl phthalate 36.7 - - -
250  Tetramethylsilane 12.3 - 135 13.0
251 Triethylsilane 20.3 0.0 0.0 0.0
252 Triethoxysilane 20.8 0.0 0.0 0.0
253  Tetraethylsilane 22.5 - 20.3 194
254-Test Hexamethyldisiloxane 154 - - -
255 Hexaethyldisiloxane 22.0 - - -
256  Octamethyltrisiloxane 16.6 - - -
257  Octamethylcyclotetrasiloxane 18.2 - 26.0 23.8
258 Decamethyltetrasiloxane 174 - - -
259-Test Decamethylcyclopentasiloxane 18.2 - 25.9 23.1
260  Dodecamethylpentasiloxane 17.5 - - -
261  Tetradecamethylhexasiloxane 17.6 - - -
262  Hexadecamethylheptasiloxane 17.6 - - -
263  Octadecamethyloctasiloxane 18.9 - - -
264  Tetrapropoxysilane 23.1 - - -
265 Dimethyl carbonate 28.7 25.7 29.2 28.0
266 Propylene carbonate 40.9 32.6 58.0 54.9
267 Diethyl carbonate 26.0 27.0 31.2 29.7
268 Dipropyl carbonate 26.5 28.2 31.8 30.0
269  Acetic anhydride 32.0 31.9 35.2 334
RMSE: - 5.16 8.13 6.32

[ Estimated values of surface tension provided by Conte group-contribution method when the molecule belongs to the
complete set of 269 molecules.
! Estimated values of surface tension provided by Pitzer corresponding-states principle method when the molecule
belongs to the complete set.
[ Estimated values of surface tension provided by Zuo-Stenby corresponding-states principle method when the
molecule belongs to the complete set.
[ Root Mean Square Error computed for the molecules of the complete set with all methods.
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Table S7. Measured, group-contribution estimated, neural network estimated, and graph machine estimated values of
the surface tension in mN-m™ for the 23 molecules of the cosmetic oil set.

No. Molecule Measured _ CsP NN Estimated GM Estimated ST
: ST Estimated ST sTH ™ IR

1 Tetradecane 26.1 23.2 25.8 26.1 26.3
2 Dicaprylyl ether 27.1 24.3 26.3 27.1 27.1
3 Dodecyl caprylate 28.3 25.4 30.5 28.2 28.8
4 2-Propylheptyl caprylate 27.4 25.9 29.8 28.0 28.0
5 Diisopropyl adipate 28.7 29.5 32.9 29.8 29.6
6 Dodecane 24.8 23.1 24.9 25.0 25.0
7 Neopentyl glycol di(2-ethylhexanoate) 28.0 25.3 30.2 28.0 27.2
8 Isoamyl laurate 28.3 25.5 29.9 28.3 29.1
9 Diisoamyl sebacate 29.4 27.0 31.9 31.0 31.2
10  Hemisqualane 24.9 22.6 24.9 25.7 24.6
11 2,2,4,6,6-Pentamethylheptane 21.6 20.6 21.6 23.2 22,5
12 2,2,4,4,6,8,8-Heptamethylnonane 24.2 20.8 24.1 24.7 24.2
13  Dicaprylyl carbonate 28.8 27.3 31.0 28.7 29.0
14 Propanediol dicaprylate 27.8 28.3 34.4 28.6 28.4
15  Isodecyl neopentanoate 25.4 27.3 27.9 26.3 27.1
16  2-Ethylhexyl cocoate 28.7 25.4 30.3 28.5 29.2
17 Neopentyl glycol diheptanoate 28.8 28.0 30.6 27.8 26.9
18  Isononyl isononanoate 26.2 24.8 29.9 27.5 27.1
19  Isopropyl myristate 28.3 255 29.6 29.0 29.2
20  Diethylhexyl adipate 29.5 27.6 32.2 30.6 31.3
21  Isopropyl isostearate 27.6 24.3 29.9 29.3 28.9
22 Triethylhexanoin 28.9 26.4 34.6 28.5 29.1
23 D6 18.8 22.4 17.3 18.4 18.2
RMStE: ™ - 2.38 2.69 0.84 0.94

All CSP estimated results were obtained with ZuoStenby1997 method. All neural network estimated results were
obtained by neural networks with five descriptors and 10 hidden neurons (71 parameters). All graph machine estimated
results were obtained by graph machines whose node functions are neural networks with seven hidden neurons (95
parameters).

[ \v/alues of surface tension provided by neural networks averaged over the 25 models (out of 250) that had the smallest
VLOO scores.

T values of surface tension provided by graph machines averaged over the 20 models (out of 1,000) that had the
smallest VLOO scores; results obtained in running the Docker image “espcigm/demo:BJIMA269EMOL”, with the seed
parameter equal to 799062158, the “hidden™ parameter equal to 7, the “init” parameter equal to 1,000, and the “maxrec”
parameter equal to 20, see section “graph machine results with Docker”.

[values of surface tension provided by graph machines averaged over the 25 models (out of 250) that had the smallest
VLOO scores; results obtained in running the Docker image “espcigm/demo:BIJIMA269EMOL”, with the seed
parameter equal to 799062158, the “hidden” parameter equal to 7, the “init” parameter equal to 250, and the “maxrec”
parameter equal to 25, see section “graph machine results with Docker”.

[ Root Mean Square test Error computed for the 23 molecules of the cosmetic oil set with all methods.
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DOCKER CLIENT INSTALLATION

General

Docker is a lightweight virtualization tool used to launch applications inside containers on Windows, MacOS or Linux
computers; interactions with the host machine are fully under control, so that, after use, the host machine can be
returned exactly to its original state. The use of Docker containers requires the installation of a local client, which
depends on the host machine.

More information on how to install the local client on all machines can be found on the following pages:
https://docs.docker.com/engine/getstarted/step_one/

https://docs.docker.com/engine/installation/

MacOS computer

Docker Client Installation

The Macintosh computer should run at least Yosemite OS (Mac OS X.10.3) with a minimum of 4 GB of RAM (works
only for computer manufactured after 2010).

Download the Docker application by copying and pasting the following line into a browser URL bar:
https://download.docker.com/mac/stable/Docker.dmg

Open the downloaded dmg file and drag the icon Docker.app onto the Applications icon as suggested. Launch the
Docker application from the Applications folder to complete the installation (the system password is required). The
presence of a whale icon in the top right status bar indicates that Docker is running and ready to receive commands via
a terminal window.

For more information, visit:
https://docs.docker.com/engine/installation/mac/#docker-for-mac

Note: If necessary, allocate more memory to the virtual machine using the Docker whale icon from the top right menu
bar, then choosing preferences, moving the cursor to 3 GB (or more) and selecting restart. Make sure that the “Include
VM in Time Machine backups” option is unselected in the General section of Docker preferences.

For more information visit the page:

https://docs.docker.com/engine/installation/mac/#docker-for-mac

Uninstalling Docker

Access the Docker menu by clicking on the whale icon located on the finder top right menu bar, select the reset option,
and then click on the uninstall box. Confirm this action with the Uninstall Docker choice within the next window. Once
all the elements have been removed from the computer, drag the Docker application to the Trash and empty the latter.

Linux computer

Docker Client Installation
Installation instructions can be found for many Linux distributions on those pages:

CentOS: https://docs.docker.com/engine/installation/linux/centos/
Debian: https://docs.docker.com/engine/installation/linux/debian/
Fedora: https://docs.docker.com/engine/installation/linux/fedora/
Oracle Linux: https://docs.docker.com/engine/installation/linux/oracle/
Red Hat: https://docs.docker.com/engine/installation/linux/rhel/

Susa:  https://docs.docker.com/engine/installation/linux/suse/
Ubuntu: https://docs.docker.com/engine/installation/linux/ubuntu/<
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e Other Linux Distributions: https://docs.docker.com/engine/installation/linux/other/

Warning: depending on the chosen distribution and settings of the host computer, the requested commands might have
to be entered in superuser mode, which is done with the “sudo” prefix at the beginning of the Docker command.

Docker client installation on Ubuntu
The Ubuntu Community Edition distribution is taken as an example.
Prerequisites
The ubuntu distribution must be one of the three 64-bit distributions:
e Zestyl7.4
e Xenial 16.04 (LTS)
e Trusty 14.04 (LTS)

Docker installation

e Update the apt package with the following command:

$ sudo apt-get update

e Update Install the latest version of Docker with the command:

$ sudo apt-get install docker-ce

e Check that Docker is installed correctly by downloading and running the image "hello-world":

$ sudo docker run hello-world

Uninstalling Docker and images

Follow the instructions found at the uninstall Docker section of each distribution web page.

Computer with Windows 10 or later

Docker Client Installation

The computer must run at least Windows 10 64-bit Pro, Enterprise or Education (November 1511 Build 10586 or later)
and have a minimum of 4 GB of RAM. The Hyper-V package must be activated. The Docker for Windows installer will
activate it if needed, which requires a reboot.

Download the Docker application with the following link:
https://download.docker.com/win/stable/InstallDocker.msi

Open the downloaded msi file for installation of the Docker application. Once installation is complete, Docker launches
automatically. For more information visit the following page:

https://docs.docker.com/docker-for-windows/

Note: if needed, more memory (and more CPUSs) can be allocated for the computations; access the Docker whale icon in
the task bar, choose preferences, and then increase the amount of memory (and the number of CPUSs) used for Docker.

Computer with Windows 7 and 8

The Windows OS must be 64-bit, and virtualization must be enabled on the machine (activation to be done in the
computer BIOS).

For more information about the virtualization support for Windows, visit:

http://docs.docker.com/toolbox/toolbox_install_windows/
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Installing the Docker Toolbox
The latest Docker toolbox application (about 200 MB) can be downloaded from the page:
https://github.com/docker/toolbox/releases/

Start installing the Docker toolbox with the default values; the option "View Shortcuts in File Explorer" must be
unselected. The Docker toolbox and virtualbox applications are installed in the "Program Files" directory of the C:
drive, whereas the shortcuts for the "Docker Quickstart”, "Oracle VM VirtualBox" and "Kinematic (Alpha)"
applications are installed on the desktop.

Notes: 1) the Docker toolbox installation must be done within a session with administrator privileges; the choice is
then given to install the application for the administrator or for all the computer users.

2) to avoid running out of memory during the docker compilation steps, a 4 Go memory minimum is required
for the docker-machine. This tuning can be done via the VM VirtualBox program. Choosing a maximum number of
CPUs (or cores) will also speed up considerably the computations.

Launching a test image in a Docker container

Open a "Docker Toolbox" terminal by double-clicking the shortcut "Docker Quickstart". Wait for the prompt, which is
the $ sign. At the first launch, this process can take several minutes. To test that the Docker toolbox application is
working properly, enter the following command:

docker run hello-world

If everything goes right the message "Hello from Docker!" appears in the terminal window, followed by some
information about the client and the Docker daemon.

Note: using the Docker toolbox application requires a working internet connection.

Uninstalling Docker and images

The protocol detailed below uninstalls Docker and all its components.
Open a Docker toolbox terminal window and issue the command:

$ 1s docker machine

A list of files (xxxNamexxx) is returned by the list command.

Enter the following command to delete the matching image(s):

$ rm xxxNamexxx docker machine

Note: the kinematic application can also be used to delete images.

Once the file(s) has(ve) been deleted, use the Windows uninstaller application (located in the control panel window) to
remove the Docker toolbox application from the system.

For more information, visit the page:

https://www.docker.com/toolbox

GRAPH MACHINE DEMONSTRATION
WITH DOCKER CONTAINERS

Loading and launching the Docker image

Open a terminal window, type the following command and confirm it with the enter key (or copy and paste the text
below):

docker pull espcigm/demo:BJIMA269EMOL
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The image used to create containers is then downloaded. You can check that the image is genuine by comparing its hash
code that is generated at the end of the download process with the following:

sha256:ad3c0377f485c8d3419ed11013815a049a40fhf4e6d927ad4898c0f6912bb822

To open a container that will run the graph machine program in interactive mode, type the following text (or copy and
paste the text below):

docker run -it --rm -v ~/docker:/docker espcigm/demo:BJIMA269EMOL

Reply to questions for the available choices, for example the number of neurons or the number of trained models (see
the next section for detailed examples). To accept the default values, just confirm with the enter key. It is recommended
to start with the default values that enable a fairly fast execution of the demonstration. If you make a mistake at this
stage, followed by a runtime error, re-enter the above command.

After completion of the demo, the container is automatically deleted. A new demo session can be started with the same
command, but within a new container.

An excel file with the xIsm extension is recorded in the result subdirectory of the Docker directory created in the home
directory on the host machine (~/docker/result, where ~ is a shortcut indicating the path to the connected user’s
home directory). The output filename is automatically incremented when the same command is executed.

Note: the above command is the minimal command; if for example, the “-v ~/docker:/docker” is omitted in the
command syntax, no excel file is created on the host machine, the computed results being lost when the container is
deleted. See the Advanced Options section for more information about this run command.

Explanations:

This demonstration has three parts:
e Data analysis and creation of the training model
e Training
e Teston a fresh data set, different from the training data set.

Data file analysis and creation of training model

The data file used is the excel file BIMA269EMOL.xIsx

The training data for the 269 molecules of the training set are contained in the DATA cell range. Each line of this file
contains a molecule name, its SMILES code and the measured value of its property of interest (here the surface tension,
TS in mN-m™). Other data present in the file are ignored.

For each molecule, a graph machine model is automatically generated from the SMILES code. The structure of this
model is derived from the 2D-structure of the molecule, and its output estimates the value of the selected property. All
models are merged into a module that is trained with the desired property values.

The following monitoring messages are displayed during this phase:

running graphmachine
source file: <container>BJMA269EMOL.xlsx
data range: DATA
testfile: <container>BJIMA269EMOL.x1sx
continue and create/load training module? ([y])y
create/load training module: yes
please enter number of hidden neurons: [5] y
hidden neurons: 5

sourcing module: 100% || N ENEGEGEGEGEGEEE 2c0/269 (00:04<00:00, 54.97it/s]

compiling module

module bjmaZ69%emol si3 cn3 5n:
code module/program 48/48
type training, multiple
mark: Model created with Chem gm 6.0.0.11
created 22/10/2017 09:20:00
base: BJIMA269EMOL
property: TS
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hidden: 5

parameter count: 59

modelCount: 269
analysis done

running graphmachine

sourcefile: <container>BJIMA269EMOL.x1sx
data range: DATA
test range: TEST

continue and create/load training module? ([y]/n)

create/load training module: yes

please enter number of hidden neurons: [5]

hidden neurons: 5

sourcing module: 100%|####4#4#444#444##4#] 269/269

compiling module

compilation time: 7.94 s

module bjmaZ26%emol si3 5n:
type: training, multiple
created: 16/03/2017 09:24:08
mark: Model created with Chem gm 3.5.0.4
base: BJMA269EMOL
property: TS
parameter count: 59
model count: 269
hidden: 5

analysis done

Training

[00:04<00:00,

66.041it/s]

The training of graph machine models, just as the training of neural networks, involves the minimization of a non-
convex cost function with respect to the model parameters. Therefore, a large number of models are generated with
different parameter initial values, in order to capitalize on model diversity. The chosen default number of parameter
initializations, hence of generated models, is 250. It is possible to change it, up to 1000, 2000 or more, depending on the

speed of the machine on which the code is executed.

After training, two important quantities are computed from each model: its root mean squared error (RMSE) and its
virtual leave-one-out score (VLOO score). RMSE is the value of the cost function at the end of training; it indicates the
accuracy of the estimation of the property of interest for the molecules present in the training set. The VLOO score is an
estimator of the ability of the model to make accurate predictions on fresh data (not present in the training set). The
training outcomes are ranked in order of increasing "VLOO score" values, since the lower that score, the better the

corresponding model for prediction.
The following monitoring messages are displayed during this phase:

continue and launch training? ([y])

launch training: yes

give the number of training run: [250]
training count: 250

give the number of epochs in each run: [150]
epochs: 150

seed: 4100967572

training: 100% | | NG 0-0/250 (00:34<00:00, 7.18it/s]

25 best training results:
ID RMSE VLOO score

0 #6 1.06 1.50
1 #211 0.95 1.51
2 #58 1.06 1.56
3 #219 1.04 1.58
4 #131 1.03 1.60
5 #173 1.06 1.61
6 #19 1.03 1.64
7 #234 1.10 1.69
8 #104 1.08 1.78
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9 #168 1.02 1.83
10 #92 1.22 1.86
11 #81 1.39 1.93
12 #216 0.94 1.94
13 #77 1.11 1.95
14 #182 1.37 1.98
15 #231 1.14 2.02
16 #69 1.28 2.03
17 #51 1.14 2.03
18 #9 1.10 2.03
19 #199 1.22 2.04
20 #98 1.31 2.07
21 #94 1.22 2.07
22 #189 1.27 2.07
23 #115 1.17 2.09
24 #132 1.23 2.09

training done

Note: RMSE and VLOO score are expressed in the same unit as the property i.e. force per unit length for the surface
tension (the results displayed above are in mN-m™); 1D represents the training index considered.

At the beginning of each training, the model parameters are initialized with a pseudorandom number generator. The
corresponding initialization data can then be recalled by the graph machine program with the environment variable
"SEED". The displayed value for the seed variable is the random seed used (here 4100967572).

Test

The data file used is BIMA269EMOL.xIsx, and the test data are contained in the TEST cell range. These are the 23
molecules of the cosmetic oil set.

The following monitoring messages are displayed during this phase:

continue and launch test? ([y])
launch test: yes

compute modules: 100% || GGG 2:3/23 (00:01<00:00, 11.19it/s]

results in file: /docker/result/BJMA269EMOL S5N.xlsm
test done

Output File

The output file has an xIsm (not xIsx) extension because it contains a macro used to close the file without getting the
excel popup warning. As a result, any modification made to this file has to be saved before closing. It can be read with
Excel 2010-2011 (or more recent) or with LibreOffice 4.3.4 (or more recent).

The file contains six sheets:

training summary;
training results;

test results;

training #xxx chart(yy);
VLOO #xxx chart(yy);
Test result chart(yy);

where xxx is the ID of the model that has the smallest VLOO score and yy is the number of models selected for the
computation of the mean.

Training summary

This sheet displays the results obtained with the twenty-five models having the smallest VLOO scores. The training
results are ranked in order of increasing value of the VLOO score.

For each trained model, the following quantities are displayed:

e the identification number;
e the root mean square error (RMSE);
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e the Virtual Leave-One-Out score (VLOO), which is an estimator of the root mean squared estimation error that
would be obtained by the model on molecules that are not present in the training set.

Training results

This sheet displays the results for the top twenty-five trainings for each molecule (selected criterion: the twenty-five
smallest VLOO scores).

For each molecule and each training, the following quantities are displayed:

the measured value of the surface tension;

the estimated value of the surface tension;

the estimation error (difference between the estimated value and the measured value of the surface tension);

the leverage;

the virtual leave-one-out estimation of the surface tension of the molecule, i.e. the estimation of the value of
the surface tension that the model would have made if the molecule had not been present in the training set.

Below the results, the values returned by five Excel formulas are displayed:

line SUM: the sum of the leverages computed after training, equal to the number of parameters of the model;
line VLOO score: the Virtual Leave-One-Out score computed after training;

line RMSE: the training Root Mean Squared Error;

line Pearson: the Pearson correlation coefficient R between the measured values and the estimated values;
line R?: the coefficient of determination, square of the Pearson coefficient R.

Test results

The computations made on the test set are displayed in that sheet. These values are obtained by averaging the results of
the twenty-five models that have the smallest VLOO training scores.

For each molecule, the following quantities are displayed:

e the measured value of the surface tension;
e the averaged estimated value;
e the estimation error.

Below the results, a line Selected models recalls the number of selected trainings used for the mean estimation.

The RMSE, Pearson coefficient, and R? are defined as explained in the previous subsection.

Training #xxx chart(yy)

Scatter plot (estimated values of the surface tension versus measured values of the surface tension) of the 269 molecules
of the training set for the model with ID xxx that has the smallest VLOO training score. The straight line is the
diagonal; this is also the case in the VLOO and test result charts described below.

VLOO #xxx chart(yy)

Scatter plot (VLOO-estimated values of the surface tension vs. measured values of the surface tension) of the 269
molecules of the training set for the model with ID xxx that has the smallest VLOO training score.

Test result chart(yy)

Scatter plot (estimated values of the surface tension vs. measured values of the surface tension) of the 23 molecules of
the test set. The estimated values are averaged over the 25 models that have the smallest VLOO training score.

Advanced Options

The execution of the graph machine demonstration can be customized from the command line. The proposed default
command line is:

docker run -it --rm -v ~/docker:/docker -e SEED=4100967572
espcigm/demo: BIMA269EMOL

It contains the following terms:
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“docker”: calls the Docker daemon of the host machine;

“run”: launches a Docker container from the Docker image;

“—1it”: opens and launches the interactive mode;

“——rm”: destroys the container at the end of the session;

“-v ~/docker:/docker”: creates a volume in the container, and shares it with the ~/docker tree on the

host machine;

e “—e SEED=4100967572": creates an environment variable in the container with the value 4100967572,
which is used by graph machine as seed of the pseudorandom generator during the model parameter
initialization;

e “espcigm/demo:BJIMA269EMOL”: name of the Docker image launched with the run command (with its

optional security code).

Parameters can be passed to the graph machine demonstrator through the variables of the container environment. The
available commands are detailed below.

Syntax
To input a new value for an environment variable, the following syntax is used:
-e <VariableName>=<value>

Several variable assignments can be used in the command line. The order of the variable assignment positions in the
line is meaningless.

Available variables
Optional variables are listed below (capital letters are important):

HELP: displays help;

LICENSE: displays the license agreement;

SEED: seed provided to the pseudorandom number generator; by default the seed is auto-generated,;

INIT: number of models generated; the default is 250;

EPOCHS: number of epochs required for each training, the default is 150;

HIDDEN: number of hidden neurons, the default is 5; this parameter may be a list in one of the formats x,y,z

or <min>:<max>[:<step>]; default step is 1; in such a case, the full computation will be performed for each

hidden value, and a separate result file will be written;

o MAXREC: maximum number of the selected trainings (that have the smallest VLOO scores) selected for
display and computation of the predicted values for the molecules of the test set; the default is 25; this
parameter may be a list in one of the formats x,y,z or <min>:<max>:[<step>]; default step is 1; in such a case,
the computation will be performed for each selected trainings value, and the results will be written in the same
result file;

e YES: value=1 to run the command in demo mode with all the default values; the default is value=0;

e SHAREFOLDER: variable defining a shared working directory; if value=1, the ~/docker/workdir is shared
between the host machine and the container; this directory is used by graph machine to write temporary files,
in particular the training module file with the so extension (.so file)); this module can thus be reused without
recompilation at a new container launch; the default is value=0;

e DECOR: a comma-separated list of decorators appended to the result file name; the resulting decoration strings

are separated by underscores;

Decorator code Suffix appended
v"t: number of training initializations; “<value>T”
v' e: epochs “<value>E”
v" n: number of hidden neurons; “<yalue>N"
v"s: number of selected models (smallest VLOOs); “<value>S”
v se: seed used for pseudorandom generator; “SEED<value>"

Example of result file name: BIMA269EMOL_250T 150E_3N_25S SEED1513857070
By default, graph machine provides a hidden neuron decorator.

Few examples of command line
Use of an auto-generated seed:
docker run -it --rm -v ~/docker:/docker espcigm/demo:BJIMA269EMOL

Use 1947 as random seed:
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docker run -it --rm -v ~/docker:/docker -e SEED=1947 espcigm/demo:BJIMA269EMOL

Run in automated mode with the value 1346167548 as the random seed and a “yes” answer to all questions, the
decorator 250T_5N_25S SEED1346167548 being appended to the result file name:

docker run -it --rm -v ~/docker:/docker -e SEED=1346167548 -e YES=1 -e
DECOR=t,n, s, se espcigm/demo:BJIMA269EMOL

Run with the same data in automated mode as the above command, but with 5, 6, and 7 hidden neurons, 1,000 models
(i.e. 1,000 different parameter initializations), each training running 200 epochs, the results using the 10, 20, 30, 40, and
50 trainings that have the smallest VLOO scores, and the training modules created being accessible to the host machine
to be reused in future sessions:

docker run -it --rm -v ~/docker:/docker -e SEED=1346167548 -e YES=1 -e
HIDDEN=5:7 -e INIT=1000 -e EPOCHS=200 -e MAXREC=10:50:10 -e SHAREFOLDER=1
espcigm/demo: BIMA269EMOL

When the computations are done, three files with the names BIMA269EMOL_5N, BIJIMA269EMOL_6N and
BIMA269EMOL_7N are written in the ~/docker/result directory. A supplementary file with the name
BIMA269EMOL_RECAP_5-6-7N is also written. It contains a line chart displaying the variation of the average VLOO
score with the number of hidden neurons.

GRAPH MACHINE RESULTS WITH DOCKER

All computations were made on a 3 GHz 8-Core Intel Xeon E5 Mac Pro with 32 Go of RAM running macOs Sierra
10.12.2 (Docker configuration; 16 CPUs, 16 Go allocated RAM). They were checked on a 2.8 GHz Intel Core i7
Macbook Pro Retina 13" with 8 Go of RAM running macOs Sierra 10.12.6 (3 CPUs and 4 Go of RAM for Docker), on
a 1.3 GHz Intel Core i5 Macbook Air 13" with 4 Go of RAM running OS X El Capitan 10.11.6 (4 CPUs and 4 Go of
RAM for Docker), on a 3.4 GHz Intel(R) Core(TM) i7-2600 PC with 4 Go of RAM running Windows 7 Pro SP1
(Docker: 8 CPUs, 3.2 Go allocated RAM), on a 3.3 GHz Intel(R) Core(TM) i5-4590 PC with 16 Go of RAM running
Windows 7 Pro (Docker: 8 CPUs, 8 Go allocated RAM), and with an Ubuntu 15.04 virtual partition launched on the
Mac Pro (Docker: 12 CPUs, 16 Go allocated RAM). All graph machine tasks are launched with the maximum number
of available CPUs minus 2, e.g. 14 CPUs on the Mac Pro and 6 CPUs on the PCs.

Selection of the graph machine complexity with the training/validation set of 244 molecules - assessment of the
accuracy of estimation with a test set of 25 molecules

The Docker image called for this task is "demo:BIJIMA244T25". Its hash code is the following:
sha256:c6e5432ea885a181a0e7985e72f74b4ca91d3953b0cdd5f8e5dbaasf95c44e3e

The training data, contained in the DATA cell range, are the names, the SMILES codes, and the surface tension values
for the 244 molecules of the training/validation set. The test data contained in the TEST cell range are those of the 25
molecules of the test set. To select the appropriate complexity for the graph machines, the mean of the VLOO scores of
the 10 models (out of 100) that have the smallest VLOO scores are compared when the number of hidden neurons
increases. The Docker run command is the following, the number of hidden neurons being varied from 3 to 10:

docker run -it --rm -v ~/docker:/docker -e YES=1 -e SEED=1346167548 -e
HIDDEN=3:10 -e INIT=100 -e MAXREC=10 espcigm/demo:BJMA244T25

The main results are the following (nine files are written in the ~/docker/result directory):

Number of Hidden  Best VLOO scores Smallest Smallest
neurons mean (10 models) RMSTE VLOO score
3 2.77 1.99 2.55
4 2.40 1.33 2.03
5 231 0.94 1.78
6 2.05 0.75 1.70
7 171 0.49 0,99
8 1.85 0.40 1.42
9 1.90 0.31 1.46
10 2.46 0.18 1.34
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The corresponding chart given in the recap file is the following:

VLOO average (10)
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number of hidden neurons

The seven hidden neuron model is obviously the best model for generalization.

To speed up the computation and get a coarser idea of the above results, the previous command can be launched with

smaller values of the INIT and MAXREC variables:

docker run -it --rm -v ~/docker:/docker -e YES=1 -e SEED=1346167548 -e
HIDDEN=3:10 -e INIT=20 -e MAXREC=5 espcigm/demo:BJIMA244T25

The surface tension estimations for the 25 molecules of the test set are the mean of the estimate values of surface
tension computed with the 10 models (out of 100) that have the smallest VLOO scores. They are reported in the

following table for the model with 7 hidden neurons:

Molecule Measured ST  Estimated ST  Estimation error
2,2,3-trimethylpentane 20.2 19.0 -1.2
2-methyloctane 21.4 21.1 -0.3
Propylcyclopentane 244 24.2 -0.2
Butylcyclohexane 26.5 26.8 0.3
p-diethylbenzene 28.5 28.4 -0.1
tert-butylbenzene 27.6 27.6 0.0
1-hexanol 25.9 25.6 -0.3
4-Methyl-2-pentanol 22.6 24.1 15
Trimethylene glycol 45.2 46.9 1.7
2-Ethoxyethanol 28.6 28.5 -0.1
Diethylene glycol monobutyl ether 29.7 29.9 0.2
Dihexyl ether 25.4 24.3 -1.1
Diethylene glycol diethyl ether 26.8 27.8 1.0
Benzaldehyde 38 36.8 -1.2
2,6-Dimethyl-4-heptanone 24.1 24.8 0.7
isovaleric acid 25 25.0 0.0
isopropy! acetate 21.8 22.1 0.3
Methyl isobutyrate 23.2 23.1 -0.1
3-methylbutanoic acid propy! ester 23.8 23.9 0.1
Methyl decanoate 28 29.0 1.0
Methyl acetoacetate 32.6 32.8 0.2
Dibutylmaleate 30.3 31.8 1.5
Ethyl benzoate 34.6 345 -0.1
1,1,1,3,3,3-hexamethyldisiloxane 15.4 15.1 -0.3
Decamethylcyclopentasiloxane 18.2 18.1 -0.1

Test RMSE 0.77
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Training with the complete set of 269 molecules and estimations of the surface tension values for the 23 cosmetic
oil set

The Docker image called for this task is "demo:BJIMA269EMOL". The training data, contained in the DATA cell
range, are the names, the SMILES codes, and the surface tension values for the 269 molecules of the merged
training/validation and test sets (previous sets used above). The test data contained in the TEST cell range are those of
the 23 molecules of the cosmetic oil set. The command used is the following:

docker run -it --rm -v ~/docker:/docker -e YES=1 -e HIDDEN=7 -e MAXREC=25 -e
SEED=799062158 espcigm/demo:BJIMA269EMOL

It runs a computation in automated mode with the number 799062158 as seed value for the pseudorandom number
generator, the “hidden” parameter equal to 7, and uses the 25 training models (out of 250) that have the smallest VLOO
scores. As the other variables have their default value, a total number of initializations of 250 and a number of epochs of
150 are used to estimate the surface tension values of the molecules of the cosmetic oil set. The training summary
results, identical for the above command issued on the mentioned computers, are reported below for the 25 models that
have the smallest VLOO scores:

ID RMSE VLOO score
#113 0.64 1.33
#75 0.68 1.49
#161 0.75 1.55
#19 0.67 1.56
#185 0.66 1.60
#122 0.61 1.62
#177 0.66 1.68
#139 0.58 1.68
#54 0.71 1.68
#99 0.66 1.71
#66 0.67 1.74
#22 0.65 1.77
#217 0.80 1.79
#80 0.62 1.81
#164 0.76 1.81
#222 0.66 1.82
#68 0.56 1.83
#170 0.68 1.85
#244 0.67 1.88
#203 0.70 1.90
#208 0.60 1.90
#125 0.82 1.93
#140 0.76 1.97
#211 0.68 1.98
#92 0.76 1.98

RMSE and VLOO score are expressed in the same unit as the surface tension (mN-m™); ID is the index of the model
(out of 250). The estimated surface tension values for the molecules of the cosmetic oil set are included in the last
column of table S7.

The excel file BIMA269EMOL_SEED799062158_7N.xIsm is also written on the host machine in the ~/docker/result
directory, since the sharing option is activated between the container and the host for the /docker tree.

For comparison, training times on the 6 computers are given below:
MacPro: 87 s MacBookPro: 397 s MacBook Air: 504 s PC-i5: 197 s PC-i7: 226 s MacPro under Ubuntu: 86 s

A better estimation of the surface tension values for the test molecules was obtained by increasing the number of
generated models. The following command launches a similar computation with the same seed and the same hidden
parameter, but with 1,000 initializations. In that case, the 20 models that have the smallest VLOO scores are used to
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estimate the surface tension of the cosmetic oils. When this task is run on the Mac Pro, the training time has a duration

of 338 s.

docker run -it --rm -v ~/docker:/docker -e YES=1 -e HIDDEN=7 —-e LEVTHRES=2 -e
INIT=1000 -e MAXREC=20 -e SEED=799062158 -e SHAREFOLDER=1

espcigm/demo: BIMA269EMOL

The training summary results are reported below for the 20 models that have the smallest VLOO scores:

ID RMSE VLOO score
#291 0.53 1.06
#605 0.49 1.06
#564 0.62 1.20
#T76 0.56 1.22
#762 0.55 1.25
#972 0.66 1.26
#480 0.61 1.31
#322 0.66 1.32
#113 0.64 1.33
#579 0.53 1.37
#933 0.58 1.40
#503 0.77 1.41
#886 0.64 1.43
#701 0.70 143
#592 0.61 143
#885 0.68 1.45
#983 0.70 1.45
#619 0.51 1.46
#816 0.57 1.47
#765 0.52 1.47

The estimated surface tension values for the molecules of the cosmetic oil set are included in the sixth column of table
S7. The root mean square test error (0.84) is smaller than the previous one (0.94) since only the first model (one out of
25) used in the previous run to compute the root mean square test error has a smaller VLOO score compared to those of
the 20 models selected when the same command is issued with 1,000 initializations.
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