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1. Calculation details

All the calculations were carried out using the Vienna Ab-initio Simulation Package
(VASP)"* with the projector augmented wave method and a cutoff energy of 450 V.
The generalized gradient approximation method was chosen with Perdew-Burke-

Ernzerhof (PBE) functional for the exchange-correlation term> .

For the armchair edge modelling, a unit cell of 10.00 A x12.82 A x23.00 A was
chosen with 5 benzene ring units in Y direction (zigzag) and 4 benzene ring units in Z
direction (armchair), see Fig. S1. Vacuums above 10 A in X and Z directions were
used to avoid interactions, while the graphene was expanded in Y direction. For the
zigzag edge, the unit cell was set to 12.33 A x10.00 A x24.11 A, with 5 benzene ring
units in both X and Z directions, shown in Fig. S2. Vacuums above 10 A were also
used in Y and Z directions, and graphene was expanded in X direction. All the edges
were saturated with hydrogen atoms. For basal plane calculations, the graphene was
expanded in X and Y directions with 4 benzene units (12.33 A) in each direction (see
Fig. S3) and 12.00 A vacuum was set in Z directions. 1x3x1, 3x1x1 and 3x3x1

Monkhorst-Pack k-point sampling were used for the armchair, zigzag and basal plane,
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respectively. All the atoms in the system were relaxed in the calculations, with 0.05

eV/A convergence of forces.

Fig. S1 The model of armchair edge of grapheme. Y direction is vertical and Z
direction is horizontal. Grey balls stand for carbon atoms and white balls for hydrogen

atoms and this notation is used throughout the paper.

Fig. S2 The model of zigzag edge of grapheme. X direction is vertical and Z direction

is horizontal.
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Fig. S3 The model of basal plane of grapheme. X direction is vertical and Y direction

is horizontal.

2. Geometries of each state
2.1 Geometries of armchair edge
Table 1 Geometries of the initial states (ISs), transition states (TSs) and final states
(FSs) for O, dissociation on armchair edges of graphene and graphene oxide (GO)
with different oxygen-containing groups. Red balls stand for oxygen atoms and this

notation is used throughout the paper.

graphene

ketone

armchair | carboxyl

hydroxyl

aldehyde
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epoxy

2.2 Geometries of zigzag edge
Table 2 Geometries of the ISs, TSs and FSs for O, dissociation on zigzag edges of

graphene and GO with different oxygen-containing groups.

graphene

ketone

zigzag | carboxyl

hydroxyl

aldehyde
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epoxy

2.3 Geometries of basal plane
Table 3 Geometries of the ISs, TSs and FSs for O, dissociation on the basal plane of

graphene and GO with different oxygen-containing groups.

graphene

basal
hydroxyl
plane

epoxy
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3. HOMO calculations
We performed geometry optimizations and NBO analyses at the B3LYP/6-311++G(d)

level of theory using Gaussian Package’ on the molecules listed below:

(a) *

Fig. S1 Benzene molecules (a) with no oxygen-containing group, (b) with ketone
group, (¢) with carboxyl group, (d) with hydroxyl group, (e) with aldehyde group
and (f) with epoxy group.
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