
Element features

Table S1: 58 element features that are used to calculated compositional descriptors. We provide these
feature information via our open-source software XenonPy [1]

Feature ID Description Unit Reference
atomic_number Atomic number
atomic_radius Atomic radius pm [2, 3]
atomic_radius_rahm Atomic radius by Rahm et al. pm [4, 5, 3]
atomic_volume Atomic volume cm3/mol [3]
atomic_weight Atomic weight [6, 7, 3]
boiling_point Boiling temperature K [3]
bulk_modulus Bulk modulus GPa [8]
c6_gb C_6 dispersion coefficient in a.u.

(Gould & Bučko)
a.u. [9, 10, 3]

covalent_radius_cordero Covalent radius by Cerdero et al. pm [11, 3]
covalent_radius_pyykko Single bond covalent radius by Pyykko

et al.
pm [12, 3]

covalent_radius_pyykko_double Double bond covalent radius by Pyykko
et al.

pm [13, 3]

covalent_radius_pyykko_triple Triple bond covalent radius by Pyykko
et al.

pm [14, 3]

covalent_radius_slater Covalent radius by Slater pm [2]
density Density at 295K g/cm3 [3]
dipole_polarizability Dipole polarizability a.u, [15, 3]
electron_negativity Pauling electronegativity [16]
electron_affinity Electron affinity eV [17, 18, 3]
en_allen Allen’s scale of electronegativity eV [19, 20, 3]
en_ghosh Ghosh’s scale of electronegativity [21, 3]
en_pauling Pauling’s scale of electronegativity [17, 3]
first_ion_en First ionisation energy eV [17]
fusion_enthalpy Enthalpy of fusion for elements at their

melting temperatures
kJ/mol [17]

gs_bandgap DFT bandgap energy of T=0K ground
state

eV [22, 23]

gs_energy DFT energy per atom (raw VASP
value) of T=0K ground state

eV/atom [22, 23]

gs_est_bcc_latcnt Estimated BCC lattice parameter
based on the DFT volume of the
OQMD ground state for each element

[22, 23]

gs_est_fcc_latcnt Estimated FCC lattice parameter based
on the DFT volume of the OQMD
ground state for each element

Å [22, 23]

gs_mag_moment DFT magnetic momenet of T=0K
ground state

[22, 23]

gs_volume_per DFT volume per atom of T=0K ground
state

Å3/atom [22, 23]

hhi_p HerfindahlHirschman Index (HHI) pro-
duction values

[24]

hhi_r HerfindahlHirschman Index (HHI) re-
serves values

[24]

heat_capacity_mass Specific heat capacity at STP J/mol-K [17]
heat_capacity_molar Molar heat capacity at STP J/mol-K [17]
icsd_volume Volume per atom of ICSD phae at STP [25, 26, 27]
evaporation_heat Evaporation heat kJ/mol [3]
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Table S1 continued
Feature ID Description Unit Reference
heat_of_formation Heat of formation kJ/mol [3]
lattice_constant Lattice constant Å [3]
mendeleev_number Mendeleev’s number [28, 29, 3]
melting_point Melting temperature K [3]
molar_volume Molar volume L/mol [8]
num_unfilled Number of unfilled valence orbitals [16]
num_valance Number of valence electrons [16]
num_d_unfilled Number of unfilled d valence orbitals [16]
num_d_valence Number of filled d valence orbitals [16]
num_f_unfilled Number of unfilled f valence orbitals [16]
num_f_valence Number of filled f valence orbitals [16]
num_p_unfilled Number of unfilled p valence orbitals [16]
num_p_valence Number of filled p valence orbitals [16]
num_s_unfilled Number of unfilled s valence orbitals [16]
num_s_valence Number of filled s valence orbitals [16]
period Period in periodic table [3]
specific_heat Specific heat at 20 �C J/(g mol) [3]
thermal_conductivity Thermal conductivity at 25 �C W/(m K) [3]
vdw_radius Van der Waals radius pm [17, 3]
vdw_radius_alvarez Van der Waals radius according to Al-

varez
pm [30, 3]

vdw_radius_mm3 Van der Waals radius from the MM3
FF

pm [31, 3]

vdw_radius_uff Van der Waals radius from the UFF pm [32, 3]
sound_velocity Velocity of sound m/s [8]
polarizability Static average electric dipole polariz-

ability
10�24cm3 [17]

References
[1] XenonPy platform. https://github.com/yoshida-lab/XenonPy. Accessed: 2021-1-5.
[2] J. C. Slater. “Atomic Radii in Crystals”. In: The Journal of Chemical Physics 41.10 (Nov. 1964),

pp. 3199–3204. issn: 0021-9606. doi: 10.1063/1.1725697. url: http://aip.scitation.org/
doi/10.1063/1.1725697.

[3] mendeleev – A Python resource for properties of chemical elements, ions and isotopes, ver. 0.3.6.
https://github.com/lmmentel/mendeleev. Accessed: 2021-1-5.

[4] Martin Rahm, Roald Hoffmann, and N W Ashcroft. “Atomic and Ionic Radii of Elements 1 -96”.
eng. In: Chemistry - A European Journal 22.41 (Oct. 2016), pp. 14625–14632. issn: 09476539. doi:
10.1002/chem.201602949. url: http://doi.wiley.com/10.1002/chem.201602949.

[5] Martin Rahm, Roald Hoffmann, and N W Ashcroft. “Corrigendum: Atomic and Ionic Radii of
Elements 1-96”. eng. In: Chemistry - A European Journal 23.16 (Mar. 2017), pp. 4017–4017. issn:
09476539. doi: 10.1002/chem.201700610. url: http://doi.wiley.com/10.1002/chem.

201700610.
[6] Jürgen Vogt and Santiago Alvarez. “van der Waals Radii of Noble Gases”. In: Inorganic Chemistry

53.17 (Sept. 2014), pp. 9260–9266. issn: 0020-1669. doi: 10.1021/ic501364h. url: https://
pubs.acs.org/doi/10.1021/ic501364h.

[7] Juris Meija et al. “Atomic weights of the elements 2013 (IUPAC Technical Report)”. In: Pure and
Applied Chemistry 88.3 (Mar. 2016), pp. 265–291. issn: 1365-3075. doi: 10.1515/pac-2015-0305.
url: https://www.degruyter.com/view/journals/pac/88/3/article-p265.xml.

3

https://github.com/yoshida-lab/XenonPy
https://doi.org/10.1063/1.1725697
http://aip.scitation.org/doi/10.1063/1.1725697
http://aip.scitation.org/doi/10.1063/1.1725697
https://github.com/lmmentel/mendeleev
https://doi.org/10.1002/chem.201602949
http://doi.wiley.com/10.1002/chem.201602949
https://doi.org/10.1002/chem.201700610
http://doi.wiley.com/10.1002/chem.201700610
http://doi.wiley.com/10.1002/chem.201700610
https://doi.org/10.1021/ic501364h
https://pubs.acs.org/doi/10.1021/ic501364h
https://pubs.acs.org/doi/10.1021/ic501364h
https://doi.org/10.1515/pac-2015-0305
https://www.degruyter.com/view/journals/pac/88/3/article-p265.xml


[8] Shyue Ping Ong et al. “Python Materials Genomics (pymatgen): A robust, open-source python
library for materials analysis”. In: Computational Materials Science 68 (2013), pp. 314–319. issn:
09270256. doi: 10.1016/j.commatsci.2012.10.028.

[9] K. T. Tang, J. M. Norbeck, and P. R. Certain. “Upper and lower bounds of two- and three-body
dipole, quadrupole, and octupole van der Waals coefficients for hydrogen, noble gas, and alkali
atom interactions”. In: The Journal of Chemical Physics 64.7 (Apr. 1976), pp. 3063–3074. issn:
0021-9606. doi: 10.1063/1.432569. url: http://aip.scitation.org/doi/10.1063/1.432569.

[10] X. Chu and A. Dalgarno. “Linear response time-dependent density functional theory for van der
Waals coefficients”. In: The Journal of Chemical Physics 121.9 (Sept. 2004), pp. 4083–4088. issn:
0021-9606. doi: 10.1063/1.1779576. url: http://aip.scitation.org/doi/10.1063/1.
1779576.

[11] Beatriz Cordero et al. “Covalent radii revisited”. In: Dalton Transactions 21 (2008), p. 2832. issn:
1477-9226. doi: 10.1039/b801115j. url: http://xlink.rsc.org/?DOI=b801115j.

[12] Pekka Pyykkö and Michiko Atsumi. “Molecular Single-Bond Covalent Radii for Elements 1-118”.
In: Chemistry - A European Journal 15.1 (Jan. 2009), pp. 186–197. issn: 09476539. doi: 10.1002/
chem.200800987. url: http://doi.wiley.com/10.1002/chem.200800987.

[13] Pekka Pyykkö and Michiko Atsumi. “Molecular Double-Bond Covalent Radii for Elements Li-
E112”. In: Chemistry - A European Journal 15.46 (Nov. 2009), pp. 12770–12779. issn: 09476539.
doi: 10.1002/chem.200901472. url: http://doi.wiley.com/10.1002/chem.200901472.

[14] Pekka Pyykkö, Sebastian Riedel, and Michael Patzschke. “Triple-Bond Covalent Radii”. In: Chem-
istry - A European Journal 11.12 (June 2005), pp. 3511–3520. issn: 0947-6539. doi: 10.1002/
chem.200401299. url: http://doi.wiley.com/10.1002/chem.200401299.

[15] Peter Schwerdtfeger and Jeffrey K. Nagle. “2018 Table of static dipole polarizabilities of the neutral
elements in the periodic table”. In: Molecular Physics 117.9-12 (June 2019), pp. 1200–1225. issn:
0026-8976. doi: 10.1080/00268976.2018.1535143. url: https://www.tandfonline.com/doi/
full/10.1080/00268976.2018.1535143.

[16] Logan Ward et al. “A general-purpose machine learning framework for predicting properties of
inorganic materials”. In: npj Computational Materials 2.July (2016), pp. 1–7. issn: 20573960. doi:
10.1038/npjcompumats.2016.28.

[17] William M Haynes. CRC Handbook of Chemistry and Physics, 95th Edition. 95th ed. Oakville :
CRC Press, 2014. isbn: 978-1-4822-0868-9. url: https://ebookcentral.proquest.com/lib/
qut/detail.action?docID=1591582.

[18] T. Andersen. “Atomic negative ions: structure, dynamics and collisions”. In: Physics Reports 394.4-
5 (May 2004), pp. 157–313. issn: 03701573. doi: 10.1016/j.physrep.2004.01.001. url: https:
//linkinghub.elsevier.com/retrieve/pii/S0370157304000316.

[19] Joseph B. Mann et al. “Configuration Energies of the d-Block Elements”. In: Journal of the
American Chemical Society 122.21 (May 2000), pp. 5132–5137. issn: 0002-7863. doi: 10.1021/
ja9928677. url: https://pubs.acs.org/doi/10.1021/ja9928677.

[20] Joseph B. Mann, Terry L. Meek, and Leland C. Allen. “Configuration Energies of the Main Group
Elements”. In: Journal of the American Chemical Society 122.12 (Mar. 2000), pp. 2780–2783. issn:
0002-7863. doi: 10.1021/ja992866e. url: https://pubs.acs.org/doi/10.1021/ja992866e.

[21] DULAL C. GHOSH. “A NEW SCALE OF ELECTRONEGATIVITY BASED ON ABSOLUTE
RADII OF ATOMS”. In: Journal of Theoretical and Computational Chemistry 04.01 (Mar. 2005),
pp. 21–33. issn: 0219-6336. doi: 10.1142/S0219633605001556. url: https://www.worldscientific.
com/doi/abs/10.1142/S0219633605001556.

[22] James E. Saal et al. “Materials Design and Discovery with High-Throughput Density Functional
Theory: The Open Quantum Materials Database (OQMD)”. In: JOM 65.11 (Nov. 2013), pp. 1501–
1509. issn: 1047-4838. doi: 10.1007/s11837-013-0755-4. url: http://link.springer.com/
10.1007/s11837-013-0755-4.

[23] Scott Kirklin et al. “The Open Quantum Materials Database (OQMD): Assessing the accuracy of
DFT formation energies”. In: npj Computational Materials 1.November (2015). issn: 20573960. doi:
10.1038/npjcompumats.2015.10. url: http://dx.doi.org/10.1038/npjcompumats.2015.10.

4

https://doi.org/10.1016/j.commatsci.2012.10.028
https://doi.org/10.1063/1.432569
http://aip.scitation.org/doi/10.1063/1.432569
https://doi.org/10.1063/1.1779576
http://aip.scitation.org/doi/10.1063/1.1779576
http://aip.scitation.org/doi/10.1063/1.1779576
https://doi.org/10.1039/b801115j
http://xlink.rsc.org/?DOI=b801115j
https://doi.org/10.1002/chem.200800987
https://doi.org/10.1002/chem.200800987
http://doi.wiley.com/10.1002/chem.200800987
https://doi.org/10.1002/chem.200901472
http://doi.wiley.com/10.1002/chem.200901472
https://doi.org/10.1002/chem.200401299
https://doi.org/10.1002/chem.200401299
http://doi.wiley.com/10.1002/chem.200401299
https://doi.org/10.1080/00268976.2018.1535143
https://www.tandfonline.com/doi/full/10.1080/00268976.2018.1535143
https://www.tandfonline.com/doi/full/10.1080/00268976.2018.1535143
https://doi.org/10.1038/npjcompumats.2016.28
https://ebookcentral.proquest.com/lib/qut/detail.action?docID=1591582
https://ebookcentral.proquest.com/lib/qut/detail.action?docID=1591582
https://doi.org/10.1016/j.physrep.2004.01.001
https://linkinghub.elsevier.com/retrieve/pii/S0370157304000316
https://linkinghub.elsevier.com/retrieve/pii/S0370157304000316
https://doi.org/10.1021/ja9928677
https://doi.org/10.1021/ja9928677
https://pubs.acs.org/doi/10.1021/ja9928677
https://doi.org/10.1021/ja992866e
https://pubs.acs.org/doi/10.1021/ja992866e
https://doi.org/10.1142/S0219633605001556
https://www.worldscientific.com/doi/abs/10.1142/S0219633605001556
https://www.worldscientific.com/doi/abs/10.1142/S0219633605001556
https://doi.org/10.1007/s11837-013-0755-4
http://link.springer.com/10.1007/s11837-013-0755-4
http://link.springer.com/10.1007/s11837-013-0755-4
https://doi.org/10.1038/npjcompumats.2015.10
http://dx.doi.org/10.1038/npjcompumats.2015.10


[24] Michael W. Gaultois et al. “Data-Driven Review of Thermoelectric Materials: Performance and
Resource Considerations”. In: Chemistry of Materials 25.15 (Aug. 2013), pp. 2911–2920. issn:
0897-4756. doi: 10.1021/cm400893e. url: https://pubs.acs.org/doi/10.1021/cm400893e.

[25] Alec Belsky et al. “New developments in the Inorganic Crystal Structure Database (ICSD): accessi-
bility in support of materials research and design”. In: Acta Crystallographica Section B Structural
Science 58.3 (June 2002), pp. 364–369. issn: 0108-7681. doi: 10.1107/S0108768102006948. url:
http://scripts.iucr.org/cgi-bin/paper?S0108768102006948.

[26] Rudolf Allmann and Roland Hinek. “The introduction of structure types into the Inorganic Crystal
Structure Database ICSD”. In: Acta Crystallographica Section A: Foundations of Crystallography
63.5 (2007), pp. 412–417. issn: 01087673. doi: 10.1107/S0108767307038081.

[27] D. Zagorac et al. “Recent developments in the Inorganic Crystal Structure Database: Theoretical
crystal structure data and related features”. In: Journal of Applied Crystallography 52 (2019),
pp. 918–925. issn: 16005767. doi: 10.1107/S160057671900997X.

[28] D.G. Pettifor. “A chemical scale for crystal-structure maps”. In: Solid State Communications 51.1
(July 1984), pp. 31–34. issn: 00381098. doi: 10.1016/0038- 1098(84)90765- 8. url: https:
//linkinghub.elsevier.com/retrieve/pii/0038109884907658.

[29] P. Villars et al. “Data-driven atomic environment prediction for binaries using the Mendeleev
number”. In: Journal of Alloys and Compounds 367.1-2 (Mar. 2004), pp. 167–175. issn: 09258388.
doi: 10.1016/j.jallcom.2003.08.060. url: https://linkinghub.elsevier.com/retrieve/
pii/S0925838803008004.

[30] Santiago Alvarez. “A cartography of the van der Waals territories”. In: Dalton Transactions 42.24
(2013), p. 8617. issn: 1477-9226. doi: 10.1039/c3dt50599e. url: http://xlink.rsc.org/?DOI=
c3dt50599e.

[31] Norman L. Allinger, Xuefeng Zhou, and John Bergsma. “Molecular mechanics parameters”. In:
Journal of Molecular Structure: THEOCHEM 312.1 (Jan. 1994), pp. 69–83. issn: 01661280. doi:
10.1016/S0166-1280(09)80008-0. url: https://linkinghub.elsevier.com/retrieve/pii/
S0166128009800080.

[32] A. K. Rappe et al. “UFF, a full periodic table force field for molecular mechanics and molecular dy-
namics simulations”. In: Journal of the American Chemical Society 114.25 (Dec. 1992), pp. 10024–
10035. issn: 0002-7863. doi: 10.1021/ja00051a040. url: https://pubs.acs.org/doi/abs/10.
1021/ja00051a040.

5

https://doi.org/10.1021/cm400893e
https://pubs.acs.org/doi/10.1021/cm400893e
https://doi.org/10.1107/S0108768102006948
http://scripts.iucr.org/cgi-bin/paper?S0108768102006948
https://doi.org/10.1107/S0108767307038081
https://doi.org/10.1107/S160057671900997X
https://doi.org/10.1016/0038-1098(84)90765-8
https://linkinghub.elsevier.com/retrieve/pii/0038109884907658
https://linkinghub.elsevier.com/retrieve/pii/0038109884907658
https://doi.org/10.1016/j.jallcom.2003.08.060
https://linkinghub.elsevier.com/retrieve/pii/S0925838803008004
https://linkinghub.elsevier.com/retrieve/pii/S0925838803008004
https://doi.org/10.1039/c3dt50599e
http://xlink.rsc.org/?DOI=c3dt50599e
http://xlink.rsc.org/?DOI=c3dt50599e
https://doi.org/10.1016/S0166-1280(09)80008-0
https://linkinghub.elsevier.com/retrieve/pii/S0166128009800080
https://linkinghub.elsevier.com/retrieve/pii/S0166128009800080
https://doi.org/10.1021/ja00051a040
https://pubs.acs.org/doi/abs/10.1021/ja00051a040
https://pubs.acs.org/doi/abs/10.1021/ja00051a040

