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Table S1: Selected bond angle changes from ‘bulk surface’ to ‘heavy relaxed surface’. * marks atoms at the same position as without * but one unit translation into –y direction.
	Bond angle changes in °
	
	Bond angle changes in °
	
	Bond angle changes in °

	O(4)
	Zr(4)
	O(6)
	-1.80
	
	O(7)
	Zr(4)
	O(10)
	-0.13
	
	O(5)*
	Zr(4)
	O(7)
	0.90

	O(4)
	Zr(4)
	O(5)
	0.01
	
	O(8)
	Zr(4)
	O(5)
	0.94
	
	O(8)*
	Zr(4)
	O(5)*
	-2.21

	O(6)
	Zr(4)
	O(8)
	-0.21
	
	O(10)
	Zr(4)
	O(8)
	0.78
	
	O(8)*
	Zr(4)
	O(10)
	-1.45

	O(7)
	Zr(4)
	O(5)
	0.24
	
	O(5)*
	Zr(4)
	O(4)
	1.48
	
	O(8)*
	Zr(4)
	O(6)
	1.26


Table S2: Mulliken charges of atoms of the relaxed surface slab (s-, p-, d-portion, total charge).

	
	s
	p
	d
	total

	O(1)
	0.10
	-0.89
	
	-0.79

	O(2)
	0.10
	-0.91
	
	-0.80

	Zr(1)
	1.71
	-0.13
	-0.05
	1.53

	Zr(2)
	1.71
	-0.13
	-0.05
	1.53

	O(3)
	0.10
	-0.91
	
	-0.80

	O(4)
	0.10
	-0.89
	
	-0.79

	O(5)
	0.12
	-0.88
	
	-0.76

	O(6)
	0.12
	-0.88
	
	-0.76

	Zr(3)
	1.72
	-0.10
	-0.03
	1.59

	Zr(4)
	1.72
	-0.10
	-0.03
	1.59

	O(7)
	0.12
	-0.88
	
	-0.76

	O(8)
	0.12
	-0.88
	
	-0.76

	O(9)
	0.11
	-0.89
	
	-0.78

	O(10)
	0.11
	-0.89
	
	-0.78

	Zr(5)
	1.71
	-0.12
	-0.03
	1.55


Table S3: Geometrical changes (in pm and relation to the ‘heavy relaxed surface’) during adsorption of a single hydrogen atom on different positions on t-ZrO2(101).

	
	H on Zr(1)
	H on O(1)
	H on O(2)

	
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz

	O(1)
	3.3
	0.9
	-1.1
	10.6
	0.7
	12.8
	6.7
	1.2
	-0.3

	O(2)
	3.4
	-7.4
	1.1
	5.5
	-7.9
	3.5
	5.8
	-8.2
	34.8

	Zr(1)
	1.4
	-15.6
	4.6
	13.2
	-17.0
	-4.7
	-2.3
	-16.7
	1.1

	Zr(2)
	-2.8
	-6.1
	-1.1
	-8.4
	-6.4
	-13.5
	13.8
	-6.0
	-14.4

	O(3)
	0.5
	-1.7
	2.7
	-1.0
	-1.6
	5.7
	-16.0
	-1.4
	3.8

	O(4)
	3.3
	-12.1
	0.9
	16.8
	-12.9
	-10.7
	28.9
	-12.5
	-0.2

	O(5)
	-1.2
	-11.2
	-2.3
	0.4
	-11.1
	-5.6
	-4.6
	-10.9
	1.2

	O(6)
	-1.0
	-2.6
	0.5
	9.2
	-2.2
	-9.2
	15.5
	-2.1
	-14.0

	Zr(3)
	-0.4
	-7.8
	1.6
	6.9
	-8.1
	1.9
	4.2
	-7.6
	-9.6

	Zr(4)
	-1.7
	-11.4
	-0.5
	2.3
	-11.2
	-7.2
	2.8
	-11.1
	5.1

	O(7)
	-2.0
	-7.4
	0.5
	6.2
	-7.6
	-3.4
	10.8
	-7.2
	-6.5

	O(8)
	-0.0
	-3.7
	-0.0
	1.8
	-3.3
	0.7
	-3.5
	-3.2
	3.1

	O(9)
	0.3
	-2.4
	0.5
	-2.1
	-2.2
	1.4
	-4.3
	-2.2
	2.6

	O(10)
	-0.3
	-1.6
	-0.3
	3.3
	-0.7
	-4.8
	6.5
	-0.7
	-3.2

	Zr(5)
	-0.5
	-2.7
	-0.2
	-1.6
	-2.1
	-0.4
	3.6
	-2.0
	-0.6


Table S4: Charge transfer during chemisorption of atomic hydrogen on Zr(1) (s-, p-, d-portion, total charge and spin).

	
	s
	p
	d
	total
	spin

	O(1)
	0.01
	-0.05
	
	0.04
	0.12

	O(2)
	0.00
	-0.02
	
	0.02
	0.02

	Zr(1)
	0.05
	-0.11
	0.05
	0.01
	-0.01

	Zr(2)
	0.01
	-0.01
	-0.01
	0.01
	0.00

	O(3)
	0.00
	0.01
	
	-0.01
	0.01

	O(4)
	0.00
	0.01
	
	-0.01
	0.00

	H(1)
	0.08
	
	
	-0.08
	0.34


Table S5: Mulliken charge differences at molecular H2-adsorption on Zr(1) of pure zirconia. s, p and d show the change in charge related to the corresponding angular momentum of pure zirconia and ‘total’ determines the total change in charge compared to the starting material pure zirconia.

	
	s
	p
	d
	total

	O(1)
	0.00
	0.01
	
	0.01

	O(2)
	0.01
	0.00
	
	0.00

	Zr(1)
	-0.08
	0.27
	0.01
	0.20

	Zr(2)
	-0.02
	0.02
	-0.01
	-0.01

	O(3)
	0.02
	0.03
	
	0.04

	O(4)
	0.02
	0.00
	
	0.02

	H(1)
	-0.13
	
	
	-0.13

	H(2)
	-0.11
	
	
	-0.11


Table S6: Charge transfer during chemisorption of atomic hydrogen on oxygen(s-, p-, d-portion, total charge and spin).

	
	O(1)
	O(2)

	
	s
	p
	d
	total
	spin
	s
	p
	d
	total
	spin

	O(1)
	-0.02
	0.15
	
	-0.13
	-0.01
	0.00
	0.02
	
	-0.02
	-0.01

	O(2)
	-0.01
	0.00
	
	0.00
	-0.01
	-0.03
	0.13
	
	-0.12
	0.00

	Zr(1)
	-0.04
	-0.06
	0.28
	-0.18
	0.52
	-0.04
	-0.01
	0.23
	-0.18
	0.50

	Zr(2)
	0.02
	0.03
	0.01
	-0.06
	0.01
	0.01
	0.00
	0.04
	-0.06
	0.04

	O(3)
	0.01
	0.03
	
	-0.04
	0.00
	0.00
	0.01
	
	-0.01
	-0.01

	O(4)
	0.00
	0.00
	
	0.00
	-0.01
	0.01
	0.03
	
	-0.04
	-0.01

	H(1)
	-0.39
	
	
	0.39
	0.00
	-0.41
	
	
	0.41
	0.00


Table S7: Geometrical changes (in pm and relation to the ‘heavy relaxed surface’) during adsorption processes of H2 and defect creation at the surface.

	
	H2 on Zr(1)
	
	H on Zr(1) and O(1)
	
	H on O(1) and O(2)
	
	O(1) defect

	
	Δx
	Δy
	Δz
	
	Δx
	Δy
	Δz
	
	Δx
	Δy
	Δz
	
	Δx
	Δy
	Δz

	O(1)
	-1.9
	-0.1
	0.1
	
	-22.2
	0.7
	21.4
	
	11.8
	0.5
	16.1
	
	Defect

	O(2)
	1.2
	0.0
	-0.1
	
	-3.1
	-7.5
	0.7
	
	-12.6
	-8.2
	36.2
	
	-13.7
	-7.8
	17.8

	Zr(1)
	-0.2
	0.1
	1.9
	
	-0.4
	-16.4
	31.6
	
	3.9
	-17.1
	-7.6
	
	17.4
	-16.8
	-6.5

	Zr(2)
	-0.2
	0.0
	-1.4
	
	-20.3
	-6.2
	-6.4
	
	-2.5
	-7.1
	-13.8
	
	-26.4
	-6.4
	-4.7

	O(3)
	0.4
	0.1
	0.0
	
	1.8
	-2.1
	9.0
	
	-11.0
	-2.2
	9.5
	
	-0.5
	-2.1
	15.4

	O(4)
	-0.8
	0.0
	0.3
	
	-13.1
	-12.5
	16.1
	
	16.0
	-12.9
	-4.5
	
	-3.1
	-12.8
	-10.5

	O(5)
	0.1
	0.0
	-0.1
	
	-2.9
	-11.1
	-9.7
	
	-3.9
	-11.3
	-2.9
	
	-3.4
	-11.4
	-8.7

	O(6)
	-0.1
	0.1
	-0.3
	
	-9.8
	-3.3
	1.7
	
	12.2
	-2.7
	-15.1
	
	-0.9
	-2.5
	-2.9

	Zr(3)
	0.2
	0.0
	-0.1
	
	0.7
	-8.5
	8.4
	
	3.3
	-8.4
	-2.2
	
	1.0
	-8.2
	10.1

	Zr(4)
	-0.4
	0.0
	-0.2
	
	-10.1
	-11.1
	-6.4
	
	3.2
	-11.2
	-3.9
	
	-1.4
	-11.7
	-11.3

	O(7)
	-0.1
	0.1
	-0.1
	
	-9.6
	-8.2
	1.7
	
	8.7
	-8.0
	-6.0
	
	-3.1
	-7.8
	-0.2

	O(8)
	0.2
	0.2
	0.0
	
	1.7
	-4.7
	0.6
	
	-3.6
	-4.0
	2.2
	
	0.9
	-3.4
	-1.3

	O(9)
	0.0
	0.2
	0.0
	
	-1.4
	-4.3
	-1.0
	
	-5.7
	-3.7
	4.9
	
	-1.2
	-2.4
	0.8

	O(10)
	0.1
	0.3
	-0.1
	
	-7.6
	-4.6
	0.6
	
	5.2
	-2.3
	-4.6
	
	-0.1
	-1.3
	-4.4

	Zr(5)
	-0.1
	0.1
	0.0
	
	-7.5
	-4.3
	-3.0
	
	-1.1
	-3.4
	1.9
	
	-4.2
	-2.5
	1.1


Table S8: Mulliken charge differences at dissociative H2-adsorption on Zr(1) and O(1) of zirconia. s, p and d are showing the change in charge related to the corresponding angular momentum to molecular H2-adsorption on Zr(1) of zirconia, ‘total’ determines the total change in charge compared to the starting material pure zirconia.

	
	s
	p
	d
	total

	O(1)
	0.03
	-0.13
	
	-0.09

	O(2)
	0.00
	0.04
	
	0.04

	Zr(1)
	0.03
	-0.19
	-0.10
	-0.06

	Zr(2)
	0.01
	-0.02
	-0.01
	-0.04

	O(3)
	0.00
	-0.03
	
	0.00

	O(4)
	0.00
	-0.01
	
	0.00

	H(1)
	0.56
	
	
	0.43

	H(2)
	-0.18
	
	
	-0.29


Table S9: Mulliken charge differences at dissociative H2-adsorption on O(1) and O(2) of zirconia. s, p and d are showing the charge differences related to the corresponding angular momentum to dissociative H2-adsorption on Zr(1) and O(1) of zirconia. ‘Total’ determines the total change in charge compared to the starting material pure zirconia. Spin is the actual spin in the current system (spin = 0.5 corresponds to one unpaired electron).

	
	s
	p
	d
	total
	spin

	O(1)
	0.00
	-0.03
	
	-0.07
	-0.01

	O(2)
	0.02
	-0.18
	
	-0.06
	-0.01

	Zr(1)
	0.10
	-0.12
	-0.16
	-0.29
	0.52

	Zr(2)
	0.05
	-0.03
	-0.22
	-0.44
	0.51

	O(3)
	0.00
	-0.01
	
	0.02
	-0.01

	O(4)
	0.00
	-0.01
	
	0.03
	-0.01

	H(1)
	-0.05
	
	
	0.43
	0.00

	H(2)
	0.68
	
	
	0.45
	0.01


Table S10: Mulliken charge differences for water desorption and defect creation on O(1). s, p and d are showing the charge differences related to the corresponding angular momentum to dissociative H2-adsorption on O(1) and O(2) of zirconia. ‘Total’ determines the total change in charge compared to the starting material pure zirconia. Spin is the actual spin in the current system (spin = 0.5 corresponds to one unpaired electron).

	
	s
	p
	d
	total
	spin

	O(1)
	defect

	O(2)
	-0.03
	0.15
	
	0.00
	-0.03

	Zr(1)
	-0.12
	-0.17
	-0.08
	-0.61
	0.66

	Zr(2)
	-0.05
	0.01
	0.03
	-0.23
	0.41

	O(3)
	-0.02
	0.13
	
	-0.04
	-0.02

	O(4)
	-0.01
	0.19
	
	0.02
	-0.03


