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Figure S1. Top views of vacancy patterns in VG, (on the left) and VG (on the right) due to the
repetition of the supercell. The red triangles indicate the vacancy defect. The solid red lines represent
elongated C-C bonds and the dotted lines indicate no C-C bond. The three C atoms at the vacancy
are marked with a, b and c. The C atoms at the vacancy are highlighted in black and the other C
atoms are shown in light gray.

S-1



VGbc_'obr VGbc'"TiSC VGbc"'Obr
Ll = el S S aiadiil e
s 1.8481.35 2.50 /3.39
-2.89eV -2.86 eV -2.33eV
e s e e “w-e
2.79 2.78
2.77 eV -2.81eV

Figure S2. Side views of selected configurations of VG /TiO, interfaces in the singlet close shell
(Scs) (top line) and in the triplet solutions (bottom line). For labels see Computational methods
(section 2) and Figure 1 in the manuscript. Adhesion energies per supercell calculated according to
equation (1) in the manuscript are listed below each configuration. Small red and light gray balls
represent O atoms and C atoms. Big dark gray balls represent Ti atoms. Distances are in A.
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Figure S3. Side views of selected configurations of VG,,'/TiO; interfaces (VG,p/TiO; interfaces with
a mirror flipping of graphene) in the singlet close shell (S¢s) (top line) and in the triplet solutions
(bottom line). For labels see Computational methods (section 2) and Figure 1 in the manuscript.
Adhesion energies per supercell calculated according to equation (1) in the manuscript are listed
below each configuration. Small red and light gray balls represent O atoms and C atoms. Big dark

gray balls represent Ti atoms. Distances are in A.
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Figure S4. Total and projected DOS for the physical adsorption of water on free standing graphene
with (lower part) and without (upper part) vacancy. The black line is the total DOS, filled gray area
represents the DOS projected on graphene with vacancy (VGg,) or without vacancy (G) and filled
blue areas are DOS projected on H,O. States from the four highest occupied molecular orbital and
the two lowest unoccupied molecular orbitals of water molecule are marked. Fermi energy (Ef) is set
at the top of the occupied states. For labels see Computational methods (section 2) and Figure 1 in

the manuscript.
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Figure S5. In the upper part, the four highest occupied molecular orbital and the two lowest
unoccupied molecular orbitals of isolated water molecule. Above the structures the labels of the
molecular orbitals according to their symmetry. In the middle and in the bottom, charge density of
four highest occupied bands and two lowest unoccupied bands marked in Figure S4 for H,O/G and
H,O/VGg, respectively. The isosurface level is 0.005 electron/bohr®. Red, light gray and black balls
represent O atoms, C atoms and H atoms, respectively. For labels see Computational methods
(section 2) and Figure 1 in the manuscript.
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Figure S6. Top views and side views of the partially and fully dissociated products of water (OH + H
and O + H + H respectively) on free-standing VG. Labels and dissociation energies are reported
above and below each configuration, respectively, and defined in section 2 of Computational
methods in the manuscript. Red, light gray and black balls represent O atoms, C atoms and H atoms,
respectively.

S-5



o _—w
e v 38 5
e _—« e _—od ) K
& & ye L Tt e
S 2PV YaYa - TS
> - Sty WL e K )i « > e e e
2 | e » ¢ ¢ e (S NS e
£ e MK el A -
T - - /._x - - \ ’—R
c ) , '_/'_ e -~ e Y ol T r"‘._
B e e N < pe < S C
i e e e il P s PR
F e ¢« | & MK PRESE R
[T '{/"_\.7_ A o W . W o ¢ FRK
R _Pe e e R P R e &
il e v O~ re
| » [ e = .
3.68 eV -2.88eV 3.78 eV 3.76 eV
0, H H,// O_H,Hy/ 0,,2H,//
g ° ‘ ' \\ - C\“’
I0) sv—sé;'?u-u . oy svTe
>
Q
S
E ety X o
© 3726V -2.73eV 351eV
g‘ O, H,H.// H,H,/O/
S - shhip bt -
3 & ol
RS
[
(=
2 -349eV i Bl

Figure S7. Top views of the fully dissociated products of water (O + H + H) on free-standing VG
(top line); side views of the fully dissociated products of water on top of the interface VG/TiO;
(middle line) and at the interface VG/TiO, (bottom line). Labels and dissociation energies are
reported above and below each configuration, respectively, and defined in section 2 of
Computational methods in the manuscript. Small red, black and light gray balls represent O atoms, H
atoms and C atoms, respectively. Big dark gray balls represent Ti atoms.
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Figure S8. Total and projected DOS for O,2H.// (a) and HyH/O4/ (b). In the DOS, the filled gray
area represents the total DOS, the black lines are DOS projected on graphene (G or VG) together
with the fragment coming from water dissociation (O + H + H). The red and blue lines are DOS
projected on all O atoms and all Ti atoms in the TiO; slab, respectively. The structures of Oz2H//
and HpH/O,/ can be seen in Figures 9 in the manuscript. Fermi energy (Ef) is set at the top of the

occupied states.

S-7



