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Figure S1. XRD patterns after heat treatment and crystal structure of BaREO3−δ.

Oxygen-deficient BaREO3−δ perovskites synthesized by the mechanochemical method have a cubic structure, while a tetragonal phase is easily obtained by the conventional thermal synthesis method. According to the charge neutrality and the molar ratio of the raw materials (BaO:RE2O3 = 2:1), the compositions are expected to be close to BaREO2.5.
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Figure S2. Photographs of BaYO2H (left) and BaScO2H (right).
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Figure S3. Experimental diffuse reflectance UV-vis spectra of BaScO2H (left) and BaYO2H (right). The Kubelka–Munk function (F(R)) was used to convert the measured spectra into absorption spectra.
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Figure S4. Predicted optical absorption of BaScO2H (left) and BaYO2H (right).

Optical absorption of BaYO2H and BaScO2H were calculated using 1×2×1 and 1×1×2 supercells of primitive cells with the most stable anion arrangement.


[image: ]

Figure S5. Band structures (left) and partial charge density of H− defect state (right) of H-deficient BaScO2H (top) and BaYO2H (bottom).
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Figure S6. Calculated phonon density of states for BaYO2H.
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Figure S7. Calculated phonon density of states for BaScO2H.
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Figure S8. Stable anion arrangements for BaREO2H.
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Figure S9. Equilibrium phase diagrams for Ba-Y-O-H system at 0 K.
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[bookmark: _Hlk170605510]Figure S10. Schematic diagram of reaction apparatus for ammonia synthesis.
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[bookmark: _Hlk171274442]
Figure S11. Ion chromatogram of diluted NH4+ standard solution (left) and NH4+ dissolved in H2SO4 solution where the outlet gas from the reactor was trapped for 2 min (right). The right figure is derived from ammonia synthesis over Ru/BaScO2H catalyst at 300 °C and 0.9 MPa.

The peak attributed to NH4+ ions appeared around a retention time of 4.3 min. NH4+ standard solution (1 mg L−1) was purchased from Kishida Chemical.
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[bookmark: _Hlk170807190]Figure S12. Whole area (left) and low concentration area (right) of standard calibration curve for the quantification of NH4+ concentration using ion chromatography. 
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[bookmark: _Hlk171268176]Figure S13. The linear plot of sampling time and the amount of NH4+ ions generated in H2SO4 solution. This figure is derived from ammonia synthesis over Ru/BaScO2H catalyst at 300 °C and 0.9 MPa.

Samples for ion chromatography were collected at regular intervals while continuous bubbling of the reaction gas into H2SO4 solution.
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Figure S14. Wide range XPS spectra for Ru/BaScO2H (left) and Ru/BaYO2H (right) before and after catalytic reaction.

[bookmark: _Hlk171105440]The C peaks are attributed to impurity organic compounds on the catalyst surface and carbon tape used to fix the samples to the sample holder.
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Figure S15. Arrhenius plots for ammonia synthesis reaction over Ru/BaREO2H and Ru/BaREO3−δ at 0.9 MPa.
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Figure S16. Arrhenius plots for ammonia synthesis reaction over Ru/BaREO2H at 0.1 MPa.
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Figure S17. Partial pressure dependence and reaction order for various catalysts measured at 0.9 MPa.
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Figure S18. Side view (left) and top surface view (right) of BaYO2H(111) computational models.
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Figure S19. Side view (left) and top surface view (right) of BaScO2H(100) computational models.
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Figure S20. Side view (left) and top surface view (right) of BaYO2.5(010) computational models.
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Figure S21. Side view (left) and top surface view (right) of BaScO2.5(111) computational models.
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Figure S22. Side view (left) and top surface view (right) of Ru4/BaScO2H(100) computational models.

The Ru cluster was adsorbed on the BaScO2H(100) model with the smallest surface to simplify the calculations, and the size of Ru cluster was minimized to reduce the interaction between Ru clusters neighboring across the periodic boundaries.
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Figure S23. TDS spectra of Ru/BaScO2H before and after the catalytic reaction at 300 °C and 0.9 MPa for 70 h. Only a mass fragment of m/z =2 was observed.

The amounts of H2 released from Ru/BaScO2H before and after the catalytic reaction were 0.87 mmol g−1 and 0.72 mmol g−1, respectively. These values are comparable or lower than that of as-prepared BaScO2H0.46 (1.06 mmol g−1), which indicates the nonstoichiometric BaREO2-xHx is preserved during ammonia synthesis.


Table S1. Structural parameters of BaYO2H determined by Rietveld refinements of the XRD pattern shown in Figure 1b.

	Atom
	Site
	x
	y
	z
	Occu.
	Beq (Å2)

	Ba
	1b
	1/2
	1/2
	1/2
	1
	0.56

	Y
	1a
	0
	0
	0
	1
	0.65

	O
	3d
	1/2
	0
	0
	2/3
	0.76

	H
	3d
	1/2
	0
	0
	1/3
	0




Table S2. Structural parameters for BaScO2H determined by Rietveld refinements of the XRD pattern shown in Figure 1c.

	Atom
	Site
	x
	y
	z
	Occu.
	Beq (Å2)

	Ba
	1b
	1/2
	1/2
	1/2
	1
	0.56

	Sc
	1a
	0
	0
	0
	1
	0.77

	O
	3d
	1/2
	0
	0
	2/3
	0.76

	H
	3d
	1/2
	0
	0
	1/3
	0





Table S3. Surface properties for various surface states of BaREO2H and BaREO2.5.

	
	Surface state
	ΔEVH (eV)
	WF (eV)

	BaYO2H (111)
	Pristine
	-
	4.18

	
	H1 vacancy
	1.25
	2.23

	
	H2 vacancy
	0.51
	2.27

	
	H3 vacancy
	1.06
	2.37

	
	H4 vacancy
	0.46
	2.16

	BaScO2H (100)
	Pristine
	-
	3.17

	
	H1 vacancy
	1.31
	1.92

	
	H2 vacancy
	1.03
	2.11

	
	H3 vacancy
	0.69
	2.31

	BaYO2.5 (010)
	Pristine
	-
	3.15

	BaScO2.5 (111)
	Pristine
	-
	3.87



The hydrogen vacancy formation energy ∆EVH is defined as [Evacancy + EH2/2] – Epristine, where Epristine, Evacancy, and EH2 are, respectively, the total energies of the pristine BaREO2H, H-deficient BaREO2H, and hydrogen molecule.


[bookmark: _Hlk171272124]Table S4. Various properties of oxyhydride-based catalysts.
	[bookmark: _Hlk171272155]Catalyst
	davg (nm)
	Amount of H− vacancies in oxyhydride
(mmol g−1)
	Reference

	Ru/BaScO2H
	6.3 a)
	2.52 b)
	This work

	Ru/BaYO2H
	8.6 a)
	1.62 b)
	This work

	Ru/BaAl2O4−xHy
	5.2
	0.83
	[1]


[bookmark: _Hlk171272183]a)The average particle size of Ru was calculated on the basis of CO chemisorption values; b)Calculated from the stoichiometric amount of H− in BaREO2H and the H2 desorption amount measured by TDS.


[bookmark: _GoBack][1] Y. Jiang, R. Takashima, T. Nakao, M. Miyazaki, Y. Lu, M. Sasase, Y. Niwa, H. Abe, M. Kitano, H. Hosono, J. Am. Chem. Soc. 2023, 145, 10669.
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