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S1. ML-ready HydPARK augmentation with HEA hydride
thermodynamics

v0.0.4 of the ML-HydPARK database! was supplemented with thermodynamic properties of hydrides
investigated for thermal hydrogen compression as summarized in Refs. 2 and 3, as well as the HEA
hydride measurements we collected from the recent literature in Table S1. The jupyter notebook
to reproduce these results is provided at https://github.com/mwitmanl/HEAhydrideMLv2, and
the scikit-learn gradient boosting regressor hyperparameters utilized were: {‘n_estimators’=1500,
‘learning_rate’=0.005, ‘learning_rate’=0.005, ‘max_depth’=4, ‘subsample’=0.75, ‘alpha’=0.99}.

Composition AH | AS | In(Pg/P,) | Hwt.% | H/M T Reference
NbTiVZrHf 61.8 | 88.0 -14.35 2.2 2.06 | 315.0 Ref. 4
VTiZrNb 67.6 | 90.3 -16.41 1.5 1.07 | 311.0 Ref. 5
NbTiVg 5ZrHf 59.1 | 874 -13.33 1.8 1.76 | 326.0 Ref. 5
VTiAlICr 42.7 | 88.4 -6.59 1.1 0.49 | 311.0 Ref. 6
VTiAlTaNb 56.1 | 92.1 -11.55 1.25 1.0 | 301.0 Ref. 6
TiVCrNb 47.1 | 122.0 -4.33 3.0 1.87 | 100.0 Ref. 7
Alp1Tio3VosNbos | 48.6 | 154.0 -1.08 26 | 1.59 | 62.5 | Ref 8

Table S1: HEA hydride thermodynamic data from recent literature.
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S2. DFT settings

All density functional theory (DFT) calculations, including structural optimizations and total energy
calculations, were performed using the Vienna Ab initio Simulation Package.?” We used a plane-wave
basis set with a kinetic energy cutoff of 400 eV to expand the wave functions, and the Perdew-
Burke-Ernzerhof functional'® with the projector augmented wave method'"'1? were used to solve
the Kohn-Sham equations. A first-order Methfessel-Paxton smearing'® with a width of 0.2 eV was
used to improve the convergence of electronic self-consistent field calculations. All DFT calculations
have been performed using a k-point mesh with a spacing of ca. 0.20 A='. An energy convergence
threshold of 10™* eV was used for all total energy calculations. Due to the large number of structures
that need to be considered, a relatively loose structural optimization convergence criterion was used,
where the structural optimizations, including cell parameters and atomic positions, were considered
converged if all interatomic forces fall below 0.05 eV/A.

S3. H, desorption characterization

Hydrogen can be desorbed from the RBM synthesized FCC hydrides by heating to 450 °C un-
der secondary vacuum, thereby demonstrating reversible reaction with hydrogen, as shown by the
thermal desorption spectroscopy (TDS) measurements in Figure S1. The desorbed phases adopt
a BCC lattice (Im3m) in Figure S1, as expected for these materials. Peak refinement yields the
lattice parameters of 3.404(5) A, 3.155(8) A, and 3.067(2) A for MgTiVNbZrHf, MgTiVCrNb, and
MgAITiVCr respectively, which is consistent with the trend of FCC hydride lattice parameters in
the main text. These values are compared to the DFT-relaxed BCC configurations described in the
main text in Table S2. The DFT-relaxed, dihydride FCC (H/M = 2) random alloy configurations
for each composition visualize slight distortions to metal and tetrahedral hydrogen locations arising
from local strain induced by the random metal ordering in the HEA lattice (Figure S2).

Composition ‘ Experiment ‘ DFT

MgTiVNbZrHf 19.7 19.1
MgTiVCrNb 15.7 16.2
MgAITiVCr 14.4 15.6

Table S2: Volume per atom of the experimentally resolved BCC alloys and the DFT relaxed
random alloy configuration.
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Figure S1: TDS of as synthesized FCC hydrides and XRD of the dehydrogenated BCC alloy phase.
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Figure S2: DFT-relaxed, dihydride (H/M = 2) FCC alloy configurations for each composition.
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S4. MgTiVCrNb PCT measurements

Due to sluggish kinetics and a highly sloped plateau of MgTiVCrNb, the hydriding thermodynamics
could only be extracted by measuring the full PCT curves at 644 K, 654 K and 664 K for the van’t
Hoff analysis, rather than the method used for MgAITiVCr and MgTiVZrNbHf. The isotherms at
each temperature and corresponding van’t Hoff plot (inset) are shown in Figure S3. The experimental
uncertainty in the van’t Hoff analysis is high (AH = 68 £9 kJ/molHs) due the highly sloped plateau
of this sample and limited range of temperatures where the PCT isotherms could be collected. If one
performs a van’t Hoff analysis using only the two highest temperature and two lowest temperature
PCT curves, one obtains widely varying AH predictions of 52 or 82 kJ/molHs, which are below and
above the ML prediction, respectively.
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Figure S3: PCT curves for MgTiVCrNb are shown with black, blue, and purple corresponding
to 644 K, 654 K, and 664 K measurements, respectively. The inset shows the pressure vs. inverse
temperature points used in the van’t Hoff analysis.

S5. EDS Spectra

EDS spectrum corresponding to the EDS maps in the main manuscript (after Hy cycling) are shown
in Figure S4. The EDS spectra confirm the elemental composition of the HEA samples. The small
amounts of iron present are from the ball-milling hardware.

S4



cps/eV

cps/eV

MgTiVZrNbHf

5

Hf

cps/eV.

MgTiVCrNb

=
Energy [keV]

160

140

120

Figure S4: EDS spectra for MgTiVNbZrHf, MgTiVNbCr, and MgAITiVCr after Hs cycling.
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