First-Principles Study of Hydrogen Storage Enhancement on MgH2 (001) via Multi-RE Synergistic Doping
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Fig. S1- Co-doping sites of MgH2 (001) surface with double rare earth elements (Ce-RE, Y-RE, Nd-RE, La-RE ). (a), (b) and (c) are respectively the top views of the co-doping sites of double rare earth elements in the surface layer, subsurface layer and sub-subsurface layer of MgH2 (001) surface.
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Fig. S2- (a) Electron Localization Function (ELF) distribution map of the FMgb site on the Nd-doped MgH2 (001) surface, (b) that of the SMgd site and (c) that of the TMgf site.
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Fig. S3- Doping energy of the MgH2 (001) surface co-doped with double rare earth elements (Ce-RE, Y-RE, Nd-RE, RE=Ce, Y, Nd, La)
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Fig. S4- Adsorption energies of H2 molecules on the pure and rare earth element (Ce, Y, Nd, La)-doped MgH2 (001) surface.

[image: image5]
Fig. S5- (a) Partial density of states (PDOS) of the clean MgH2 (001) surface at the initial state of diffusion. (b) Partial density of states (PDOS) of the Y-doped MgH2 (001) surface at the initial state of diffusion.
Table S1. Doping Energy and Bond Length of Rare Earth Elements (Ce, Y, Nd, La) doped into the MgH2 (001) Surface.
	Material
	Sites
	Doping energy (eV)
	bond length (Å)

	Ce-MgH2 (001)
	FMgb
SMgd
TMgf


	-2.49
-2.75
-1.92


	2.15022
2.20662
2.22908



	Y-MgH2 (001)
	FMgb
SMgd
TMgf


	-2.14
-2.87
-2.32


	2.15022
2.08702
2.10182



	Nd-MgH2 (001)
	FMgb
SMgd
TMgf


	-6.51
-5.33
-4.51


	2.18078
2.19367
3.11300



	La-MgH2 (001)
	FMgb
SMgd
TMgf


	-2.70
-3.11
-2.10


	2.02503
2.45645
2.25548




Table S2. Diffusion Barriers of H Atoms on the Sigle Rare Earth Element-Doped MgH2 (001) Surface.
	Material
	Energy barrier (eV)

	MgH2（001）
	2.34

	Ce- MgH2（001）site2
	3.11

	Y- MgH2（001）site1
	0.66

	Y- MgH2（001）site2
	1.10

	Y - MgH2（001）site3
	2.31

	Nd - MgH2（001）site2
	2.73

	La - MgH2（001）site2
	3.22


Table S3. Diffusion Barriers of H Atoms on the Double Rare Earth Element-Doped MgH2 (001) Surface.
	Material
	Energy barrier (eV)

	Y, Ce - MgH2（001）
	2.61

	2Y - MgH2（001）
	1.95

	Y, Nd - MgH2（001）
	2.26

	Y, La - MgH2（001）
	2.61


Table S4. Desorption Energy Barriers of H₂ Molecules on MgH2 (001) and Single Rare Earth Element-Doped MgH2 (001) Surfaces.
	Material
	Energy barrier (eV)

	MgH2（001）
	2.91

	Ce - MgH2（001）
	2.07

	Y - MgH2（001）
	1.91

	Nd - MgH2（001）
	2.36

	La - MgH2（001）
	2.08
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