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Data Diversity Analysis 
 
 

 

 

 

Figure SI-1. Box plots showing ranges of values of key physicochemical properties of the data 
set. 
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2. Experimental values of ionization energies 
 
Table SI-1. Experimental values of ionization energies used to verify computationally 
obtained values by semi-empirical PM3, AM1 and DFT B3LYP methods. 
 

 

CAS 

Experimental Ionization 
Energy (PE), eV 

Reference 
91667 6.95 Maier, J.P.; Turner, D.W., Steric inhibition of resonance studied by 

molecular photoelectron spectroscopy Part 3. Anilines, Phenols and 
Related Compounds, J. Chem. Soc. Faraday Trans. 2, 1973, 69, 521 

91598 
7.03 Klasinc, L.; Kovac, B.; Gusten, H., Photoelectron spectra of acenes. 

Electronic structure and substituent effects, Pure Appl. Chem., 1983, 
55, 289. 

95545 
7.20 Tsuji, K.; Saito, M.; Tani, T., Ionization potentials of 

phenylenediamines and steric effect in the ortho isomer, Denki 
Kagaku oyobi Kogyo Butsuri Kagaku, 1973, 41, 688. 

92842 
7.26 Pozharskii, A.F.; Kashparov, I.S.; Holls, P.J.; Zaletov, 

V.G., Hetrocyclic pleiadiene analogs. VI. Electronic properties of 
perimidine, Chem. Heterocycl. Compd., 1971, 4, 503, In original 
543. 

87627 
7.30 Maier, J.P.; Turner, D.W., Steric inhibition of resonance studied by 

molecular photoelectron spectroscopy Part 3. Anilines, Phenols and 
Related Compounds, J. Chem. Soc. Faraday Trans. 2, 1973, 69, 521. 

95534 
7.45 Maier, J.P.; Turner, D.W., Steric inhibition of resonance studied by 

molecular photoelectron spectroscopy Part 3. Anilines, Phenols and 
Related Compounds, J. Chem. Soc. Faraday Trans. 2, 1973, 69, 
521.  

90040 
7.50 Hunter, E.P.; Lias, S.G., Evaluated Gas Phase Basicities and Proton 

Affinities of Molecules: An Update, J. Phys. Chem. Ref. Data, 1998, 
27, 3, 413-656.  

83341 7.54 Hager, J.W.; Wallace, S.C., Two-laser photoionization supersonic jet 
mass spectrometry of aromatic molecules, Anal. Chem., 1988, 60, 5. 

95647 
7.68 Szepes, L.; Distefano, G.; Pignataro, S., Steric inhibition of resonance 

in acetanilides by UV photoelectron spectroscopy, Ann. Chim., 1974, 
64, 159.  

62533 7.73 Meek, J.T.; Sekreta, E.; Wilson, W.; Viswanathan, K.S.; Reilly, 
J.P., The laser photoelectron spectrum of gas phase aniline, J. Chem. 
Phys., 1985, 82, 1741. 

83329 7.73 Dewar, M.J.S.; Haselbach, E.; Worley, S.D., Calculated and observed 
ionization potentials of unsaturated polycyclic hydrocarbons; 
calculated heats of formation by several semiempirical s.c.f. m.o. 
methods, Proc. Roy. Soc. (London), 1970, A315, 431 

87592 
7.77 Szepes, L.; Distefano, G.; Pignataro, S., Steric inhibition of resonance 

in acetanilides by UV photoelectron spectroscopy, Ann. Chim., 1974, 
64, 159. [ 
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90153 7.78 Potapov, V.K.; Kardash, I.E.; Sorokin, V.V.; Sokolov, 
S.A.; Evlasheva, T.I., Photoionization of heteroaromatic 
compounds, Khim. Vys. Energ., 1972, 6, 392.  

90437 7.80 Maier, J.P.; Turner, D.W., Steric inhibition of resonance studied by 
molecular photoelectron spectroscopy. Part I. Biphenyls, Faraday 
Discuss. Chem. Soc., 1972, 54, 149. 

91576 
7.80 Klasinc, L.; Kovac, B.; Gusten, H., Photoelectron spectra of acenes. 

Electronic structure and substituent effects, Pure Appl. Chem., 1983, 
55, 289. 

60800 

7.86 Vondrak, T.; Bastl, Z.; Bohm, S., Gas-phase tautomerism in 2,4-
dihydropyrazol-3-ones: An ultraviolet photoelectron spectroscopic 
study and MNDO molecular orbital calculations, J. Am. Chem. Soc., 
1988, 641 

92068 7.90 Kobayashi, T., Conformational analysis of terphenyls by 
photoelectron spectroscopy, Bull. Chem. Soc. Jpn., 1983, 56, 3224. 

85018 
7.90 Thantu, N.; Weber, P.M., Dependence of two-photon ionization 

photoelectron spectra on laser coherence band width, Chem. Phys. 
Lett., 1993, 214, 276. 

58082 7.95 Dougherty, D.; Younathan, E.S.; Voll, R.; Abdulnur, S.; McGlynn, 
S.P., Photoelectron spectroscopy of some biological molecules, J. 
Electron Spectrosc. Relat. Phenom., 1978, 13, 379.  

92524 
7.95 Maier, J.P.; Turner, D.W., Steric inhibition of resonance studied by 

molecular photoelectron spectroscopy. Part I. Biphenyls, Faraday 
Discuss. Chem. Soc., 1972, 54, 149. 

84151 8.00 Kobayashi, T., Conformational analysis of terphenyls by 
photoelectron spectroscopy, Bull. Chem. Soc. Jpn., 1983, 56, 3224 

90120 
8.01 Heilbronner, E.; Hoshi, T.; von Rosenberg, J.L.; Hafner, K., Alkyl-

induced, natural hypsochromic shifts of the 2A←2X and 2B←2X 
transitions of azulene and naphthalene radical cations, Nouv. J. 
Chim., 1976, 1, 105. 

90131 
8.13 Klasinc, L.; Kovac, B.; Gusten, H., Photoelectron spectra of acenes. 

Electronic structure and substituent effects, Pure Appl. Chem., 1983, 
55, 289.  

91203 8.15 Schafer, W.; Schweig, A.; Vermeer, H.; Bickel-haupt, F.; De Graaf, 
H., On the nature of the "free electron pair" on phosphorus in 
aromatic phosphorus compounds: the photoelectron spectrum of 2-
phosphanaphthalene, J. Electron Spectrosc. Relat. Phenom., 1975, 
6, 91. 

95487 8.24 Maier, J.P.; Turner, D.W., Steric inhibition of resonance studied by 
molecular photoelectron spectroscopy. Part 2. Phenylethylenes, J. 
Chem. Soc. Faraday Trans. 2, 1973, 69, 196.  

95636 8.27 Howell, J.O.; Goncalves, J.M.; Amatore, C.; Klasinc, L.; Wightman, 
R.M.; Kochi, J.K., Electron transfer from aromatic hydrocarbons and 
their π-complexes with metals. Comparison of the standard oxidation 
potentials and vertical ionization potentials, J. Am. Chem. Soc., 
1984, 106, 3968.  

62566 
8.41 Guimon, C.; Gonbeau, D.; Pfister-Guillouzo, G.; Asbrink, 

L.; Sandstrom, J., Electronic structure of sulphur compounds. VI. 
Photoelectron spectra of some simple thiocarbonyl compounds, J. 
Electron Spectrosc. Relat. Phenom., 1974, 4, 49 
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95476 8.45 Maier, J.P.; Turner, D.W., Steric inhibition of resonance studied by 
molecular photoelectron spectroscopy. Part 2. Phenylethylenes, J. 
Chem. Soc. Faraday Trans. 2, 1973, 69, 196. 

95512 8.50 Baldwin, M.A.; Loudon, A.G.; Maccoll, A.; Webb, K.S., The nature 
and fragmentation pathways of the molecular ions of some arylureas, 
arylthioureas, acetanilides, thioacetanilides and related 
compounds, Org. Mass Spectrom., 1976, 11, 1181. 

75183 
8.60 Carnovale, F.; Livett, M.K.; Peel, J.B., Identification of the gas phase 

trimer (CH3)2S.(HF)2 by photoelectron spectroscopy, J. Am. Chem. 
Soc., 1983, 105, 6788. 

91225 8.62 Schafer, W.; Schweig, A.; Markl, G.; Heier, K.-H., Zur 
elektronenstruktur der lambda3- und lambda5-phosphanaphthaline--
ungewohnlich grosse MO destabilisierungen, Tetrahedron Lett., 
1973, 3743. 

95498 
8.62 Baidin, V.N.; Misharev, A.D.; Takhistov, V.V., Effect of alkyl 

substituents on the ionization potentials of halogenobenzenes, Zh. 
Org. Khim., 1985, 21, 817.  

95169 8.72 Eland, J.H.D., Photoelectron spectra of conjugated hydrocarbons and 
heteromolecules, Intern. J. Mass Spectrom. Ion Phys., 1969, 2, 471. 

78795 8.85 Bieri, G.; Burger, F.; Heilbronner, E.; Maier, J.P., Valence ionization 
enrgies of hydrocarbons, Helv. Chim. Acta, 1977, 60, 2213.  

95750 8.85 Fujisawa, S.; Oonishi, E.; Masuda, S.; Ohno, K.; Harada, Y., Penning 
ionization electron spectroscopy of dichloro- and trichlorotoluenes, J. 
Phys. Chem., 1992, 96, 6199. 

95523 8.91 Lias, S.G.; Ausloos, P.J., eIonization energies of organic compounds 
by equilibrium measurements, J. Am. Chem. Soc., 1978, 100, 6027. 

7803578 
8.93 Bodor, N.; Dewar, M.J.S.; Jennings, W.B.; Worley, 

S.D., Photoelectron spectra of molecules-IV.Ionization potentials and 
heats of formation of some hydrazines and amines, Tetrahedron, 
1970, 26, 4109. 

84651 9.00 Gleiter, R.; Dobler, W.; Vogel, E.; Bohm, S.; Lex, J., Consequences of 
n/o interactions in bishomoanthraquinones and their dimethylene 
derivatives. A structural and PE spectroscopic study, J. Am. Chem. 
Soc., 1987, 109, 5156. 

78591 
9.07 Pfister-Guillouzo, G.; Geribaldi, S.; Gal, J.-F., Spectres 

photoelectroniques de cyclohexene-2-ones-1 diversement substituees 
en position 3. Correlations avec la reactivite, Can. J. Chem., 1982, 
60, 1163 

95501 9.08 Ruscic, B.; Klasinc, L.; Wolf, A.; Knop, J.V., Photoelectron spectra 
of and Ab initio calculations on chlorobenzenes. 1. Chlorobenzene 
and dichlorobenzenes, J. Phys. Chem., 1981, 85, 1486. 

67685 9.10 Kimura, K.; Katsumata, S.; Achiba, Y.; Yamazaki, T.; Iwata, 
S., Ionization energies, Ab initio assignments, and valence electronic 
structure for 200 molecules in Handbook of HeI Photoelectron 
Spectra of Fundamental Organic Compounds, Japan Scientific 
Soc. Press, Tokyo, 1981. 

88755 9.10 Kobayashi, T.; Nagakura, S., Photoelectron spectra of nitrophenols 
and nitroanisoles, J. Electron Spectrosc. Relat. Phenom., 1975, 6, 
421. 

93914 9.10 Orlov, V.M.; Rashkes, Y.V.; Siretskaya, T.V.; Takhistov, 
V.V., Thermochemical description of tutomeric transformations in 
ionized 1,3-diketones, J. Gen. Chem. USSR, 1988, 58, 374. 
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75978 9.12 Hernandez, R.; Masclet, P.; Mouvier, G., Spectroscopie de 
photoelectrons d'aldehydes et de cetones aliphatiques, J. Electron 
Spectrosc. Relat. Phenom., 1977, 10, 333. 

68122 
9.14 Brundle, C.R.; Turner, D.W.; Robin, M.B.; Basch, H., Photoelectron 

spectroscopy of simple amides and carboxylic acids, Chem. Phys. 
Lett., 1969, 3, 292. 

87616 

9.18 Ruscic, B.; Klasinc, L.; Wolf, A.; Knop, J.V., Photoelectron spectra 
of and Ab initio calculations on chlorobenzenes. 2. Trichlorobenzenes, 
tetrachlorobenzenes, and pentachlorobenzene, J. Phys. Chem., 1981, 
85, 1490.  

66228 9.20 Yu, C.; O'Donnell, T.J.; LeBreton, P.R., Ultraviolet photoelectron 
studies of volatile nucleoside models. Vertical ionization potential 
measurements of methylated uridine, thymidine, cytidine, and 
adenosine, J. Phys. Chem., 1981, 85, 3851. 

75478 9.21 Manne, R.; Wittel, K.; Mohanty, B.S., Spin-orbit interaction in 
molecular photoelectron spectra. An intermediate coupling 
approach, Mol. Phys., 1975, 29, 485.  

71432 9.25 Klasinc, L.; Kovac, B.; Gusten, H., Photoelectron spectra of acenes. 
Electronic structure and substituent effects, Pure Appl. Chem., 1983, 
55, 289 

95578 9.28 Crable, G.F.; Kearns, G.L., Effect of substituent groups on the 
ionization potentials of benzenes, J. Phys. Chem., 1962, 66, 436.  

75081 

9.30 Ohno, K.; Imai, K.; Matsumoto, S.; Harada, Y., Penning ionization 
electron spectroscopy of C2H5X (X = NH2, OH, H, Cl, I) relative 
reactivity of orbital localizing on functional groups upon electrophilic 
attack by metastable helium atoms, J. Phys. Chem., 1983, 87, 4346.  

92513 9.41 Bodor, N.; Dewar, M.J.S.; Worley, S.D., Photoelectron spectra of 
molecules. III. Ionization potentials of some cyclic hydrocarbons and 
their derivatives, and heats of formation and ionization potentials 
calculated by the MINDO SCF MO method, J. Am. Chem. Soc., 
1970, 92, 19.  

55210 9.45 McAlduff, E.J.; Lynch, B.M.; Houk, K.N., Photoelectron spectra of 
substituted benzamides, Can. J. Chem., 1978, 56, 495 

60297 9.50 Cocksey, B.J.; Eland, J.H.D.; Danby, C.J., The effect of alkyl 
substitution on ionisation potential, J. Chem. Soc., 1971, (B), 790 

58275 9.51 Dougherty, D.; Younathan, E.S.; Voll, R.; Abdulnur, S.; McGlynn, 
S.P., Photoelectron spectroscopy of some biological molecules, J. 
Electron Spectrosc. Relat. Phenom., 1978, 13, 379.  

78933 9.53 Hernandez, R.; Masclet, P.; Mouvier, G., Spectroscopie de 
photoelectrons d'aldehydes et de cetones aliphatiques, J. Electron 
Spectrosc. Relat. Phenom., 1977, 10, 333.  

66251 9.62 Ashmore, F.S.; Burgess, A.R., Photoelectron spectra of the 
unbranched C5-C7 alkenes, aldehydes and ketones, J. Chem. Soc. 
Faraday Trans. 2, 1978, 74, 734 

79016 9.68 Kimura, K.; Katsumata, S.; Achiba, Y.; Yamazaki, T.; Iwata, 
S., Ionization energies, Ab initio assignments, and valence electronic 
structure for 200 molecules in Handbook of HeI Photoelectron 
Spectra of Fundamental Organic Compounds, Japan Scientific 
Soc. Press, Tokyo, 1981 
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80626 
9.70 Hunter, E.P.; Lias, S.G., Evaluated Gas Phase Basicities and Proton 

Affinities of Molecules: An Update, J. Phys. Chem. Ref. Data, 1998, 
27, 3, 413-656 

67641 9.71 Hernandez, R.; Masclet, P.; Mouvier, G., Spectroscopie de 
photoelectrons d'aldehydes et de cetones aliphatiques, J. Electron 
Spectrosc. Relat. Phenom., 1977, 10, 333 

75354 
9.83 Lake, R.F.; Thompson, H., Photoelectron spectra of halogenated 

ethylenes, Proc. Roy. Soc. (London), 1970, A315, 323.  

85416 
9.90 Paul, G.; Kebarle, P., Electron Affinities of Cyclic Unsaturated 

Dicarbonyls: Maleic Anhydrides, Maleimides, and 
Cyclopentendione, J. Am. Chem. Soc., 1989, 111, 464. 

91156 
9.90 Farragher, A.L.; Page, F.M., Experimental Determination of Electron 

Affinities. Part 11. - Electron Capture by Some Cyanocarbons and 
Related Compounds, Trans. Farad. Soc., 1967, 63, 2369. 

75650 9.97 Cocksey, B.J.; Eland, J.H.D.; Danby, C.J., The effect of alkyl 
substitution on ionisation potential, J. Chem. Soc., 1971, (B), 790. 

71410 10.00 Ashmore, F.S.; Burgess, A.R., Study of Some Medium Size Alcohols 
and Hydroperoxides by Photoelectron Spectroscopy, J. Chem. Soc. 
Faraday Trans. 2, 1977, 73, 1247.  

77758 10.03 Andreocci, M.V.; Bitchev, P.; Carusi, P.; Furlani, A., Valence shell 
photoionization spectra of some substituted hydroxy-acetylenes. A 
tentative correlation with their cyclotrimerization reactions, J. 
Electron Spectrosc. Relat. Phenom., 1979, 16, 25. 

71363 10.09 Cocksey, B.J.; Eland, J.H.D.; Danby, C.J., The effect of alkyl 
substitution on ionisation potential, J. Chem. Soc., 1971, (B), 790 

78831 10.09 Cocksey, B.J.; Eland, J.H.D.; Danby, C.J., The effect of alkyl 
substitution on ionisation potential, J. Chem. Soc., 1971, (B), 790.  

85449 10.10 Dewar, M.J.S.; Tien, T.-P., Photoelectron spectrum of benzyne, J. 
Chem. Soc., Chem. Commun., 1985, 1243. 

75263 

10.12 Kimura, K.; Katsumata, S.; Achiba, Y.; Yamazaki, T.; Iwata, 
S., Ionization energies, Ab initio assignments, and valence electronic 
structure for 200 molecules in Handbook of HeI Photoelectron 
Spectra of Fundamental Organic Compounds, Japan Scientific 
Soc. Press, Tokyo, 1981. 

71238 10.15 Johnstone, R.A.W.; Mellon, F.A., Electron-impact ionization and 
appearance potentials, J. Chem. Soc. Faraday Trans. 2, 1972, 68, 
1209 

75127 

10.15 Kimura, K.; Katsumata, S.; Achiba, Y.; Yamazaki, T.; Iwata, 
S., Ionization energies, Ab initio assignments, and valence electronic 
structure for 200 molecules in Handbook of HeI Photoelectron 
Spectra of Fundamental Organic Compounds, Japan Scientific 
Soc. Press, Tokyo, 1981 

79209 10.20 Cannington, P.H.; Ham, N.S., He(II) photoelectron spectra of 
esters, J. Electron Spectrosc. Relat. Phenom., 1985, 36, 203. 

75070 10.23 Hernandez, R.; Masclet, P.; Mouvier, G., Spectroscopie de 
photoelectrons d'aldehydes et de cetones aliphatiques, J. Electron 
Spectrosc. Relat. Phenom., 1977, 10, 333. 
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78922 10.23 Benoit, F.M.; Harrison, A.G., Predictive value of proton affinity. 
Ionization energy correlations involving oxygenated molecules, J. 
Am. Chem. Soc., 1977, 99, 3980 

67630 10.29 Cocksey, B.J.; Eland, J.H.D.; Danby, C.J., The effect of alkyl 
substitution on ionisation potential, J. Chem. Soc., 1971, (B), 790 

64175 10.40 Ohno, K.; Imai, K.; Harada, Y., Variations in reactivity of lone-pair 
electrons due to intramolecular hydrogen bonding as observed by 
penning ionization electron spectroscopy, J. Am. Chem. Soc., 1985, 
107, 8078. 

75274 
10.60 Novak, I.; Cvitas, T.; Klasinc, L.; Gusten, H., Photoelectron spectra 

of some halogenomethanes, J. Chem. Soc. Faraday Trans. 2, 1981, 
77, 2049.  

79107 
10.60 Van Dam, H.; Oskam, A., He(I) and He(II) photoelectron spectra of 
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51796 10.62 Overman, L.E.; Taylor, G.F.; Houk, K.N.; Domelsmith, L.N., Diels-
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79118 
10.70 Watanabe, I.; Yokoyama, Y.; Ikeda, S., Lone pair ionization 
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78875 10.73 Baker, A.D.; Betteridge, D.; Kemp, N.R.; Kirby, R.E., Application of 
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1971, 43, 375. 

67561 10.85 MacNeil, K.A.G.; Dixon, R.N., High-resolution photoelectron 
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71556 11.00 Katsumata, S.; Kimura, K., Photoelectron spectra and sum rule 
consideration. Effect of chlorine substitution on ionization energies 
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Electron Spectrosc. Relat. Phenom., 1975, 6, 309. 

76017 11.00 Katsumata, S.; Kimura, K., Photoelectron spectra and sum rule 
consideration. Effect of chlorine substitution on ionization energies 
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Electron Spectrosc. Relat. Phenom., 1975, 6, 309. 

79005 11.00 Kimura, K.; Katsumata, S.; Achiba, Y.; Yamazaki, T.; Iwata, 
S., Ionization energies, Ab initio assignments, and valence electronic 
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Spectra of Fundamental Organic Compounds, Japan Scientific 
Soc. Press, Tokyo, 1981 

67721 11.10 Kimura, K.; Katsumata, S.; Achiba, Y.; Yamazaki, T.; Iwata, 
S., Ionization energies, Ab initio assignments, and valence electronic 
structure for 200 molecules in Handbook of HeI Photoelectron 
Spectra of Fundamental Organic Compounds, Japan Scientific 
Soc. Press, Tokyo, 1981.  

Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012



67663 11.30 Von Niessen, W.; Asbrink, L.; Bieri, G., 30.4 nm He(II) 
Photoelectron spectra of organic molecules. Part VI. Halogeno-
compounds (C,H,X: X = Cl, Br, I), J. Electron Spectrosc. Relat. 
Phenom., 1982, 26, 173.  

75092 11.32 Von Niessen, W.; Asbrink, L.; Bieri, G., 30.4 nm He(II) 
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