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Figure S2.　Rietveld refinement pattern of SrMgH2F2 based on neutron diffraction (ND) data obtained at 298 K. The red points and black curve indicate the observed and calculated intensities, respectively. The blue line shows the differential curve between the observed and calculated patterns, and the green lines indicate the positions of the Bragg reflections of SrMgH2F2.
Figure S1. I–V curve of SrMgH4 obtained via DC polarization, using Mo as the hydride-ion-blocking electrode. The open circles and black line indicate the measured values and fitting line, respectively.

	Table S1. Refined structural parameters of SrMgH2F2 based on the Rietveld analysis of the ND pattern collected at 298 K.

	Atom
	Symbol
	Wyckoff
position
	g
	x
	y
	z
	Bequ / Å2

	Sr1
	Sr
	4a
	1
	0
	0.34383(13)
	0.0553(4)
	0.94(3)

	Mg1
	Mg
	4a
	1
	0.5
	0.41795(19)
	0.6050(4)
	2.08(8)

	Feq1
	F
	4a
	1 – g(Heq1)
	0.5
	0.3160(12)
	0.794(2)
	0.79(14)

	Heq1
	H
	4a
	0.4746(11)
	0.5
	y(Feq1)
	z(Feq1)
	B(Feq1)

	Feq2
	F
	4a
	1 – g(Heq2)
	0.5
	0.5338(10)
	0.4412(15)
	0.65232(7)

	Heq2
	H
	4a
	0.4754(11)
	0.5
	y(Feq2)
	z(Feq2)
	B(Feq2)

	Feq3
	F
	4a
	1 – g(Heq3)
	0.5
	0.3286(15)
	0.332(3)
	1.01441(8)

	Heq3
	H
	4a
	0.4996(11)
	0.5
	y(Feq3)
	z(Feq3)
	B(Feq3)

	Fap
	F
	4a
	1 – g(Hap)
	0
	0.4021(15)
	0.573(5)
	0.69024(6)

	Hap
	H
	4a
	0.5504(11)
	0
	y(Fap)
	z(Fap)
	B(Fap)

	Unit cell: orthorhombic space group Cmc21 (36): a = 3.93457(17) Å, b = 14.1970(10) Å, c = 5.6095(4) Å, Rwp = 0.62 %, Re = 0.42 %, Rp = 0.52 %, RB = 7.42 %, RF = 6.64 %, goodness-of-fit S = Rwp/Re = 1.46.







Figure S3. Density of states of SrMgH4, with the energy measured from the valence band maximum.

	Table S2. Relative energies of the hydrogen vacancies at equatorial (Heq) and apical (Hap) sites in SrMgH4.

	Hydrogen vacancy site
	Relative energy E / kJ mol–1

	Heq1
	0

	Heq2
	21.2

	Heq3
	13.5

	Hap
	39.6









Figure S4. Migration energy of a hydride ion via hydrogen vacancy along the interlayer pathway between the perovskite slabs.


















Figure S5. Mean square displacements (MSDs) of the constituent elements of SrMgH4, according to a density functional theory-molecular dynamics (DFT-MD) simulation of a 2  2  2 SrMgH4 supercell at 1000 K, which shows that only H diffuses within the structure.
Figure S6. Probability density analysis of SrMgH4 obtained via a DFT-MD simulation viewed from the (a) c- and (b) a-axis directions, which reveals the permeation area representing the hydride migration pathway. The green, pink, and blue balls represent Sr, H, and Mg, respectively. The isosurfaces (yellow) of ionic probability density are plotted at iso-levels of 0.001. 


Figure S8. Arrhenius plots of the ionic conductivities of SrMgHF3 (dark blue) and SrMgH2F2 (magenta) measured before (solid markers) and after air exposure (open markers). 
Figure S7. Arrhenius plot of the ionic conductivity of SrMgH4 obtained via an MD simulation (red solid circles) compared to the experimental result (black open circles). The red line represents the extrapolation of the linear fitting of the MD simulation results.
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