Robust FCC solute diffusion predictions from ab-initio machine learning methods 



Supplemental Information

Table S1: Full list and definitions of all descriptors considered in the machine learning effort. Descriptor modifiers specify whether “H” – Host and/or “I” – Impurity properties were considered, along with: “D” – Difference (Host − Impurity), “R” – Ratio (Host / Impurity), “B” – Boolean AND (Host AND Impurity). Most descriptors came from the Magpie database1.
	Abbreviated Label
	Descriptor Definition
	Descriptor Modifiers
	Source

	AN
	The atomic number of the element
	H, I, D
	magpie1

	BccEDi 
	The energy of the element in the OQMD ground state crystal structures minus that of the DFT value at 0 K (eV/atom)
	H, I, D
	magpie

	BccF
	The VASP calculated BCC crystal fermi level of the element (eV)
	H, I, D
	magpie

	BccMm
	The element's OQMD BCC crystal magnetic moment (μB/atom)
	H, I, D
	magpie

	BccVolDi
	The volume of the element in the OQMD ground state minus that of the DFT value (Å/atom)
	H, I, D
	magpie

	BM
	The bulk modulus of the element (GPa)
	H, I, D
	magpie, Kittel2

	Col(M)
	The IUPAC periodic group number of the element
	H, I, D
	magpie

	CovRad
	The element's covalent bond radius (pm)
	H, I, D
	magpie

	Density
	The density of the element at STP (g/L)
	H, I, D
	magpie

	Electronegativity
	The Pauling electronegativity of the element
	H, I, D
	magpie

	GSBandGap
	The DFT band gap energy of the element's ground state at 0 K (eV/atom)
	I
	magpie

	GSefflatcnt
	Twice the element's estimated BCC lattice parameter based on the DFT volume of the OQMD ground state (Å) 
	H, I, D
	magpie

	GSEnergy
	The DFT ground state energy of the element at 0 K (eV/atom)
	H, I, D
	magpie

	GSMm
	The DFT ground state magnetic moment of the element at 0 K (μB/atom)
	H, I, D
	magpie

	GSVol
	The DFT ground state volume of the element at 0 K (Å/atom)
	H, I, D
	magpie

	IsA
	Is this element an alkali or alkali earth metal? (boolean, 1 = true, 0 = false)
	H, I, B
	magpie

	IsDB
	Is this element a d-block metal? (boolean, 1 = true, 0 = false)
	H, I, B
	magpie

	IsFB
	Is this element an f-block metal? (boolean, 1 = true, 0 = false)
	I
	magpie

	IsM
	Is this element a metal? (boolean, 1 = true, 0 = false)
	I
	magpie

	IsMd
	Is this element a metalloid? (boolean, 1 = true, 0 = false)
	I
	magpie

	IsNM
	Is this element a non-metal? (boolean, 1 = true, 0 = false)
	I
	magpie

	MaxOx
	The maximum oxidation state/number of the element
	H, I, D
	magpie

	MendeleevNumber
	The Mendeleev number of the element
	H, I, D
	magpie

	MinOx
	The minimum oxidation state/number of the element
	H, I, D
	magpie

	MT (K)
	The melting temperature of the element (K)
	H, I, R
	magpie

	NdUnfilled
	The number of unfilled d valence orbitals for the element
	H, I, D
	magpie

	NdValence
	The number of filled d valence orbitals for the element
	H, I, D
	magpie

	NfValence
	The number of filled f valence orbitals for the element
	H, I, D
	magpie

	NpUnfilled
	The number of unfilled p valence orbitals for the element
	H, I, D
	magpie

	NpValence
	The number of filled p valence orbitals for the element
	H, I, D
	magpie

	NsUnfilled
	The number of unfilled s valence orbitals for the element
	H, I, D
	magpie

	NsValence
	The number of filled s valence orbitals for the element
	H, I, D
	magpie

	NUnfilled
	The number of unfilled valence orbitals for the element
	H, I, D
	magpie

	NValence
	The number of valence electrons for the element
	H, I, D
	magpie

	Row
	The IUPAC periodic row position for the element (H = 1, Fr = 7)
	H, I, D
	magpie

	SpaceGroup
	The IUCR space group of the element's ground state structure at 0 K
	I
	magpie

	MaxN
	The principal quantum number “n” of the element's last occupied valence electron
	H, I, D
	chemicool3

	QN
	The number of electrons occupying the highest principal quantum number "n" for the element
	H, I, D
	chemicool3

	ARCalc
	The calculated atomic radius using self-consistent field functions for the element (pm)
	H, I, D
	Clementi4

	AREmp (pm)
	The empirical atomic radius for the element (pm)
	H, I, D
	Slater5

	Col
	The hybrid (CAS and IUPAC) column numbering for the element
	H, I, D
	Gillespie6






Full fit machine learning models

Linear regression (LR)

Eh-i = 
      2.91013395e-04 * [ MT (k) I            ]
    + 1.97177510e-01 * [ GSefflatcnt D       ]
    + 1.25617768e-01 * [ MT (k) R            ]
    + 1.98367519e-01 * [ NpUnfilled H        ]
    - 2.16731228e-01 * [ IsDB B              ]
    + 5.35241525e-02 * [ GSEnergy D          ]
    - 6.03859549e-01 * [ NpValence H         ]
    + 4.11258699e-01 * [ Electronegativity H ]

Decision tree (DT)

DT uses un-normalized descriptors. Starting at the to, at each node, follow the left solid green arrow if the inequality is TRUE, follow the right dashed red arrow if the inequality is FALSE. Reaching blue nodes will give the model predicted Eh-i in units of eV.

[image: Macintosh HD:Users:henrywu:Documents:Research:000_Self_Papers:03_diffusion_data_mining:data_figures_tables:figures:DT_tree_full_fit.pdf]


Gaussian kernel ridge regression (GKRR)
[bookmark: _GoBack]
kernel = 'rbf'
alpha = 0.0316227766
gamma = 0.146779926
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