Provenance of ab initio data for polymorphs of benzene, glycine, and succinic acid
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The following describes the provenance of the ab
initio training, validation, and test data underlying
the neural-network potentials and machine-learning
models for crystalline benzene, succinic acid, and
glycine discussed in the following publications:

(1) V. Kapil and E. A. Engel, “A complete descrip-
tion of thermodynamic stabilities of molecular crystals”,
arXiv:2102.13598 [cond-mat.mtrl-sci

(2) R. K. Cersonsky, B. A. Helfrecht, E. A. En-
gel and M. Ceriotti, “Improving Sample and Fea-
ture Selection with Principal Covariates Regression”,
arXiv:2012.12253 [physics.chem-ph|

(3) E. A. Engel, A. Anelli, V. Kapil and M. Ceriotti,
“Nuclear quantum effects on NMR chemical shieldings
and their impact on NMR crystallography”, in prepara-
tion

I. PROVENANCE

The data is based on the Cambridge Structural
Database [I] entries for forms I [2] and IT [3] and the hy-
pothetical high-pressure forms I,, and V’ of benzene [4],
the a [5], 8 [6], v [5], and ¢ [5] polymorphs of glycine,
and the « [7] and 8 [8] polymorphs of succinic acid.

Generation of reference configurations

In a first step, snapshot configurations of each poly-
morph were generated using density-functional tight-
binding (DFTB) simulations, which provide an afford-
able means of sampling configurations representative of
the target thermodynamic ensemble corresponding to a
ab initio density-functional-theory (DFT) description.
All DFTB simulations were performed using the i-Pi
force engine [9] to drive the DFTB+ code [I0] and
used the DFTB3/30B|11], [12] parametrisation and the
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D3BJ[13] dispersion correction. Sample i-Pi inputs for
the simulations are provided. Specifically, for each poly-
morph a classical, Langevin-thermostatted temperature
replica-exchange molecular dynamics (MD) [I4] simula-
tion in the NVT with 12 replicas at quadratically in-
creasing temperatures between 300 K and 2955 K was
performed using the experimental unit cell parameters.
Additionally, PILE-L-thermostatted [I5] path-integral
(PI) MD simulation using the Suzuki-Chin fourth-order
splitting [I6] in the NVT ensemble at 300 K were per-
formed for the experimental unit cell as well as a range
of perturbed simulation cells. For each polymorph the
experimental unit cell was isotropically scaled to change
the cell volume by +0.5, £1, +1.5, 2, £2.5, £5, +5,
+10, and +20%, respectively. For each polymorph the
unit cell was further anisotropically perturbed by inde-
pendently rescaling the cell lengths by £2, +2.5, +5,
and +10%, and the cell angles by 42, +2.5, +5, +10,
and +20%. For each compound, a set of decorrelated
configurations was collected by extracting snapshots at
25fs intervals from the trajectories for all perturbed
cells of all polymorphs. Separately for both validation
and testing, 272 benzene, 336 glycine, and 240 succinic
acid configurations were extracted at random from the
decorrelated set corresponding to the respective exper-
imental unit cells. The remaining configurations were
ordered by structural diversity by means of farthest-
point sampling (FPS) [I7HI9] and the 55,000 most dis-
tinct benzene and the 30,000 most distinct glycine and
succinic acid configurations, respectively, were retained
for training. For the purpose of FPS, Euclidean pair-
wise distances between configurations were measured
using the smooth overlap of atomic positions (SOAP)
description [20] in its radially-scaled variant [2I] with
the following hyperparameters: n = 12 radial basis
functions, [ = 9 angular spherical harmonic basis func-
tions, a Gaussian width o = 0.275 A for all chemical
species, a cut-off radius of 7. = 8.04, a radial-scaling
exponent of 7o, = 4.5, and an onset radius for radial
scaling of ry = 2.5.

Calculation of ab initio energies and forces
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For the training, test, and validation sets, ab initio
DEFT reference energies and forces were calculated using
Quantum Espresso v6.3 [22]. The calculations were per-
formed with the semi-local PBE exchange-correlation
functional [23], the Tkatchenko-Scheffler (TS) disper-
sion correction [24], optimised norm-conserving Van-
derbilt pseudopotentials from Ref. [25], a Monkhorst-
Pack k-point grid [26] with a maximum spacing of
0.06 x 27TA_1, and a plane-wave energy cut-off of
100 Rydberg for the wavefunction.

For the 1,800 most distinct benzene, the 3,600 most
distinct glycine, and the 1,800 most distinct succinic
acid configurations, as well as all test and validation
sets, additional hybrid-functional DFT energies and
forces were calculated using FHI-AIMS [27H29]. The
calculations were performed with the hybrid PBEO
functional [30, BI] and the MBD dispersion correc-
tion [32, [33] (PBE0-MBD), using the same Monkhorst-
Pack k-point grids and the standard FHI-AIMS “inter-
mediate” basis sets.

II. AVAILABLE DATA AND FORMAT

The data are provided in lib-atom extended xyz for-
mat. Cell parameters and atomic positions are given in
units of Angstrom. Energies and forces are provided in
units of eV and eV/A. Stresses are provided in units

of eV/ A®. The following provides a brief glossary of
the acronyms used in naming the provided data files.
FPS : farthest point sampling [I7HI9].
DFT codes
QE  : Quantum Espresso [22].
AIMS : FHI-AIMS code [27H29].
exchange-correlation functionals
PBE : semi-local PBE functional [23].
PBEO : hybrid PBEO functional |30} 31].
dispersion corrections
TS  : Tkatchenko-Scheffler [24].
MBD : many-body dispersion [32] [33].

The following data are available:

e benzene train FPS QE PBE TS.xyz

55,000 FPS-ordered configurations corresponding
to benzene forms I, II, I hp, and V’ and their
associated PBE-TS total energies, atomic forces,
and stress tensors.

e benzene val QE PBE TS.xyz

1000 configurations corresponding to benzene
forms I, II, I hp, and V’ and their associated

PBE-TS total energies, atomic forces, and stress
tensors.

benzene test QE PBE TS.xyz

1000 configurations corresponding to benzene
forms I, II, I hp, and V’ and their associated
PBE-TS total energies, atomic forces, and stress
tensors.

succinic _acid _train FPS QE PBE TS.xyz
30,000 FPS-ordered configurations corresponding

to a and p-succinic acid and their associated
PBE-TS total energies, atomic forces, and stress
tensors.

succinic_acid_val QE_PBE_ TS.xyz
500 configurations corresponding to a and [-

succinic acid and their associated PBE-TS total
energies, atomic forces, and stress tensors.

succinic_acid test QE PBE TS.xyz
500 configurations corresponding to « and [-

succinic acid and their associated PBE-TS total
energies, atomic forces, and stress tensors.

glycine train FPS QE PBE TS.xyz
30,000 FPS-ordered configurations corresponding
to «, B, 7, and J-glycine and their associated
PBE-TS total energies, atomic forces, and stress
tensors.

glycine_val QE_ PBE_ TS.xyz
500 configurations corresponding to «, 3, v, and

0-glycine and their associated PBE-TS total en-
ergies, atomic forces, and stress tensors.

glycine test QE PBE TS.xyz
500 configurations corresponding to «, (3, v, and

0-glycine and their associated PBE-TS total en-
ergies, atomic forces, and stress tensors.

benzene train FPS AIMS PBEO MBD.xyz

1,800 FPS-ordered configurations corresponding
to benzene forms I, II, I hp, and V’ and their
associated PBE-TS total energies and atomic
forces. Stress tensors are available for 1,000 of
the 1,800 configurations.

benzene val AIMS PBEO MBD.xyz

200 configurations corresponding to benzene
forms I, II, I hp, and V’ and their associated
PBE-TS total energies and atomic forces.



e benzene test AIMS PBEO MBD.xyz

200 configurations corresponding to benzene
forms I, II, I hp, and V’ and their associated
PBE-TS total energies and atomic forces.

to «, B, v, and d-glycine and their associ-
ated PBE-TS total energies and atomic forces.
Stress tensors are available for 2800 of the 3600
configurations.

e succinic_acid_train_ FPS_AIMS PBE0 MBD%§Wwcine_val AIMS PBEO_MBD.xyz

1,800 FPS-ordered configurations corresponding
to « and p-succinic acid and their associated
PBE-TS total energies and atomic forces. Stress
tensors are available for 1,000 of the 1,800
configurations.

e succinic_acid val AIMS PBEO_ MBD.xyz

200 configurations corresponding to « and f-
succinic acid and their associated PBE-TS total
energies and atomic forces.

e succinic_acid_test AIMS PBEO MBD.xyz

200 configurations corresponding to « and -
succinic acid and their associated PBE-TS total
energies and atomic forces.

e glycine train FPS AIMS PBEO MBD.xyz

3,600 FPS-ordered configurations corresponding

200 configurations corresponding to «, (3, v, and
0-glycine and their associated PBE-TS total en-
ergies and atomic forces.

e glycine test AIMS PBEO_ MBD.xyz
200 configurations corresponding to «, (3, v, and
d-glycine and their associated PBE-TS total en-
ergies and atomic forces.

e input  REMD.xml

Sample i-Pi input file for a classical temperature
replica-exchange molecular dynamics simulation
in the NVT ensemble.

e input PIMD.xyz
Sample i-Pi input file for a path integral molecular
dynamics simulation in the NVT ensemble.
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