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Note 1

Both for the small dataset, provided by Solvionic for the study by Nilsson-Hallén1, and the large dataset collected from the
database ILThermo2,3, the ILs were identified by their IUPAC names. These were parsed to SMILES strings by either
matching the name against a manually constructed lookup table or by using the freely available algorithm “Open Parser for
Systematic IUPAC Nomenclature” (OPSIN).4 The names were first compared against the lookup table, and if no match
was found, OPSIN was used instead.

Note 2

The molecular descriptors used as variables in the discovered expressions were all related to molecular shape and charge
distribution, computed using the open-source toolkit RDKit5 and the open-source toolbox Open Babel6. Several of the
descriptors were functions of a molecule´s principal moments of inertia, here called Ii for i ∈ {1,2,3}, with the numbers
ordering the moments of inertia in terms of magnitude. Below are descriptions of each computed descriptor.

van der Waals volume

In RDKit, the van der Waals volume is estimated using the double cubic lattice method7. Each atom is represented as a
sphere with an element-specific van der Waals radius taken from an internal table. The molecular van der Waals volume is
computed as the total space occupied by the union of these atomic spheres, determined by counting grid points within the
spheres across two offset cubic lattices to reduce discretization error.

Radius of gyration (R)

A function of a molecule´s principal moments of inertia and molecular weight M:

R =


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2π(I3I2I1)
1/3

M , for non-planar molecules
. (S1)

Inertial shape factor (Z)

A function of a molecule´s principal moments of inertia:

Z =
I2

I1I3
. (S2)
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Asphericity (A)

A function of a molecule´s principal moments of inertia:
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Eccentricity (E)

A function of a molecule´s principal moments of inertia:

E =
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I3
. (S4)

Spherocity index (ζ )

A function of a molecule´s principal moments of inertia, when the moments are calculated without atomic weights:

ζ = 3
I1

I1 + I2 + I3
. (S5)

Norm of the dipole moment (µ)

The norm of the dipole moment is computed by first assigning partial charges to each atom in the molecule, using the
charge equilibration method (Qec) from Open Babel. Then, we compute a dipole vector:

µ⃗ =
N

∑
i

qi⃗ri (S6)

where qi is the partial charge of atom i and r⃗i is the position vector to atom i with respect to the molecule´s centre of mass.
The norm of the dipole moment is then taken as the Euclidian norm of the dipole vector:

∥⃗µ∥=
√

µ2
x +µ2

y +µ2
z . (S7)

Gini coefficient (of charge distribution) (G)

The Gini coefficient is used to quantify how uneven the molecular charge distribution of a given ion is. This is done in the
following steps. First, a 3D grid is defined around the molecule. Then, each atom contributes to the charge density with a
normalized Gaussian centered at its atomic position, where the width of the Gaussian is the atom’s van der Waals radius
and the amplitude is proportional to the atomic partial charge. The resulting charge distribution is normalized such that the
total sum over all grid points equals 1, forming a 3D probability distribution. Flattening and sorting the grid points from
lowest to highest density allows the construction of the Lorenz curve, and the Gini coefficient is computed as

G = 1−2× area under Lorenz curve. (S8)

If G → 0 we have an evenly spread charge and if G → 1 the charge is concentrated in small, localized regions.8,9
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Table S1: Numerical parameters for the best found expression when considering the small dataset.

Parameter Value

p0 18.31
p1 98.26
p2 0.66
p3 0.94
p4 0.14
p5 0.02
p6 3.64

Table S2: Numerical parameters for the best found expression when considering the large dataset.

Parameter Value

p0 501.97
p1 33.70
p2 216.23
p3 53.63
p4 1110.55
p5 1.98
p6 36.41
p7 76.21
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