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Figure S1. H2 dissociation on rutile TiO2 (100) facets with U=4 eV and U=0¢eV.
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Figure S2. H2 dissociation on Rutile TiO2 (110) facets with U=4eVand U=0¢eV.
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Figure S3. H2 dissociation on Rutile TiOz2 (101) facets with U=4 eV and U=0eV.

H ) = Total(*0.2)
- e T'§ _
— )

—H (*2)
—H(*2)

(H-H)

—t1

H-H)

TS2

PDOS (arb.units)

/L

7/

-40

Figure S4. Total and Projected Density of State (PDOS) of the TiOz slab, *Hz, TS, and *(H*, H"),
*(H*H) for the (110) (left) and (101) (right) surfaces. For the PDOS, only the Ti, O involved in
the two processes are projected. Positive DOS correspond to spin up, negative to spin down.
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(101)-TS2;

Figure S5. Spin Density of TS 2 and (H*-H*) species indicating the distribution of unpaired
electrons on rutile TiO:2 (100), (101) and (110) facets.

Figure S6. Structures of (H*-H-) for the other adsorption modes considered on (100) facet (a)
and (101) facet(b,c).
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Tests on IR frequency calculations

Table 1. Computed IR frequencies for (110) TiO:-(H*, H-) species as a function of the

functional, cut-off, U test and with dipole corrections.

system test method v(OH)/cm™ u(Ti-H)/cm?
PBE+U(4eV)-400eV 3606.5 1653.8
. LDA+U(4eV)-400eV 3607.8 1638.9
functional
PW91+U(4eV)-400eV 3608.1 1648.7
PBE-Sol+U(4eV)-400eV 3631.8 1665.0
300 eV 3486.2 1644.1
400 eV 3606.5 1653.87
cut-off test 500 eV 3610.9 1652.3
(110) 600 eV 3603.0 1642.9
700 eV 3612.8 1655.8
U=3eV 3605.6 1658.4
U=4eV 3606.5 1653.8
choice of U U=5eV 3606.2 1640.3
U=6eV 3607.6 1630.6
U=7eV 3609.4 1609.0
with dipole corrections PBE+U(4eV)-400eV 3604.8 1610.3
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Figure S7. Computed IR vibrations of Ti-H and O-H in (H*, H") species for the (110)
termination as a function of the functional, plane wave cut-off, choice of U, and with dipole

corrections.
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Table S2. Computed IR frequencies for (100) TiO:-(H*, H~) species as a function of the
functional, cut-off, U test and with dipole corrections.

system test method v(OH) v(Ti-H)
PBE+U(4eV)-400eV 2976.5 1768.7
functi | LDA+U(4eV)-400eV 2954.5 1718.6
1
unetiona PW91+U(4eV)-400eV 2956.1 17243
PBE-Sol+U(4eV)-400eV 2990.0 1736.2
300 eV 2810.3 1721.3
400 eV 2976.5 1768.7
cut-off 500 eV 2955.8 1726.9
(100 600 eV 2957.8 17238
700 eV 2949.0 1714.6
U=3eV 2958.6 1732.2
U=4eV 2976.5 1768.7
choice of U U=5eV 2949.6 1719.0
U=6eV 2945.1 1710.3
U=7eV 2940.9 1699.4
with dipole corrections PBE+U(4eV)-400eV 2945.0 1726.1
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Figure S8. Computed IR vibrations of Ti-H and O-H in (H*, H") species for the (100)
termination as a function of the functional, plane wave cut-off, choice of U, and with dipole
corrections..
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Table S3. Computed IR frequencies for (001) TiO:-(H*, H") species as a function of the
functional, cut-off, U test and with dipole corrections.

system test method v(OH) v(Ti-H)
PBE+U(4eV)-400eV 3742.9 1644.8
functional LDA+U(4eV)-400eV 3745.9 1649.3
PWOI1 3746.8 1653.8
300 eV 3628.3 1646.6
400 eV 3742.9 1644.8
cut-off 500 eV 3743.1 1645.2
V 750.2 1651.
(001) 600 e 3750 651.3
700 eV 3745.0 1641.8
U=3eV 3743.9 1648.2
U=4eV 37429 1644.8
choice of U U=5eV 3744.0 1656.8
U=6eV 3744.0 1660.5
U=7eV 3744.2 1663.7
with dipole corrections PBE+U(4eV)-400eV 3728.71 1623.37
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Figure S9. Computed IR vibrations of Ti-H and O-H in (H*, H") specie for the (001)
termination as a function of the functional, plane wave cut-off, choice of U, and with dipole
corrections.
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Table S4. Computed IR frequencies for (101) TiO:-(H*, H") species as a function of the
functional, cut-off, U test and with dipole corrections.

system test method v(OH) v(Ti-H)
PBE+U(4eV)-400eV 3622.4 1577.5
functional LDA+U(4eV)-400eV 3618.3 1581.2
PWOI1 3620.2 1586.1
300 eV 3496.0 1585.1
400 eV 3622.4 1577.5
cut-off 500 eV 3623.9 1584.0
(101) 600 eV 3625.4 1580.0
700 eV 3619.2 1570.2
U=3eV 3617.5 1589.8
U=4eV 3622.4 1577.5
choice of U U=5eV 3617.9 1586.0
U=6eV 3618.1 1582.3
U=7eV 3618.2 1577.5
with dipole corrections PBE+U(4eV)-400eV 3615.5 1566.5
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Figure S10. Computed IR vibrations of Ti-H and O-H in (H*, H-) specie for the (101)
termination as a function of the functional, plane wave cut-off, choice of U, and with dipole
corrections.

Table 5. Selected previous studies of experimental and calculated stretching frequencies of
various OH in TiO:z systems, and Ti-H supported on silica.

System Method v(OH)/cm? u(Ti-H)/cm?
TiO2(110) single crystal HREELS 3690
Experimental TiO2(110) IRAS 3711
data[1-6] Infrared spectroscopic 3410 and

tile (11
rutile (110) techniques 3650
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Infrared spectroscopic

rutile (100) . 3550
techniques
rutile (101) Infrared sp?ctroscoplc 3680 and
techniques 3610
X Infrared spectroscopic 3655 and
rutile (110) techniques 3410
Silica-Supported Infrared spectroscopic 1706, 1692, 1679,
Titanium Hydrides techniques and 1647 cm™!
anatase TiO2 FT-IR 3640-3735
rutile (110) The vibrational frequefmles 3700
were calculated numerically
anatase (001): Tiv- 3760(3746—
Theoretical nwlOH . . 3751)
finite difference approach
data[7,8] anatase (110): .. .
. +anharmonicity corrections (71— 3728
Tiv- pn1OH
tase (100): Ti 73 em)
anatase : Tivi-
W 1OH 3688

Table S6. Comparison of computed IR wavenumbers (cm™) of Ti-H and O-H Stretching
Modes of (H*H") Species for the four terminations studied with and without grimme D3
corrections using Finite Differences (FD) method.

v(Ti-H)/cm? v(OH)/cm!

Slab FD-PBE-U FD-PBE-U-D3 FD-PBE-U FD-PBE-U-D3
(001) 1656.94 1656.47 3763.85 3766.78
(100) 1726.98 1718.94 2959.92 2958.67
(110) 1654.55 1659.93 3618.55 3623.73
(101) 1570.11 1583.89 3626.45 3625.28
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Figure S11. Comparison of computed IR wavenumbers (cm?) of Ti-H and O-H Stretching
Modes of (H*H-) Species for the four terminations studied with and without grimme D3
corrections using Finite Differences (FD) method.
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Grimme D3 dispersion correction

Table 7. Relative energy (eV) of adsorption of molecular hydrogen on four surfaces and
subsequent heterolytic dissociation generating (H*H-) species (in parentheses, the D3
corrected values). AE(eV) is the reaction energy for heterolytic dissociation of adsorbed
hydrogen AE=E(H*-H-)-E(*Hz). The reference is taken as the sum of dihydrogen and the bare

slab.
(001) (100) (110) (101)
slab+H:z 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00)
*Hz -0.13(-0.21) -0.08(-0.23) 0.10(-0.24) -0.14(-0.25)
TS1 0.43(0.32) 1.00(0.62) 0.60(0.29) 0.65(0.53)
E” 0.56(0.53) 1.08(0.85) 0.50(0.54) 0.79(0.79)
(H+H) -0.21(-0.36) 0.60(0.38) 0.22(-0.18) -0.22(-0.35)
AE -0.08(-0.15) 0.68(0.61) 0.12(0.06) -0.08(-0.10)

Figure S12. The energy profile of the adsorption of molecular hydrogen on four surfaces and
subsequent heterolytic dissociation generating (H*H-) species.(a) without D3 correction; (b)

with D3 correction.
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Figure S12. The energy profile of the adsorption of molecular hydrogen on four surfaces and
subsequent heterolytic dissociation generating (H*-H-) species.(a) without D3 correction; (b)

with D3 correction.
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