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PS. 1. Atomic charges at C3NNR edges

Figure S1. Hirshfeld charges of (a) single atomic O or (b) an O2 chemisorbed at C3NNR edges, 
in the unit of e.

PS. 2. All the optimized oxidation configurations for four types of C3NNR edges
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Figure S2. All the 135 optimized configurations of four distinct oxidized edges, denoted by 
ACC, ACN, ZCC and ZCN, at various oxygen densities ρO. The numbers above the black line and 
below the configurations represent the ρO and εad, respectively. The configurations below the 
same horizontal black line have the same value of ρO and they are sorted by increasing the εad. 
The orange dash frame highlights the configuration with the lowest εad. The value of εad inside 
or outside the bracket is calculated with reference to the atomic O or O2 state. Only edge atoms 
are shown here for clarity.

PS. 3. Averaged height deviations of edge O atoms for four types of C3NNR edges



Figure S3. Averaged height deviations of edge O atoms from the C3N plane, , with respect to 𝑑̅
oxygen density ρO, for four types of C3NNR edges denoted by (a) ACC, (b) ACN, (c) ZCC and 
(d) ZCN. The  is defined by the average value of all the vertical distances of the edge O atoms 𝑑̅
from the C3N plane. For each edge type, all the oxidation configurations are considered for 
analysis and the scatter dots belonging to the same O density is covered by transparent shaded 
area.

PS. 4. Bond lengths of edge atoms during edge oxidation in AIMD for four types of 
C3NNR edges



Figure S4. Bond lengths of edge atoms during edge oxidation in AIMD simulations for four 
types of C3NNR edges, denoted by (a) ACC, (b) ACN, (c) ZCC and (d) ZCN. The carbon-oxygen, 
oxygen-oxygen bonds are shown by blue and red numbers in the unit of Å. In each snapshot, 
upper right number denotes the time. Snapshots with the same upper left characters belong to 
the same oxidation stage. The oxidized sites and the adsorbed atomic O or O2 are shown in 
balls to highlight the oxidation process. Only the edge atoms in the main system are shown 
within two gray dashed lines for clarity.

PS. 5. Electronic band structure and DOS of the most stable oxidized configurations for 
four types of C3NNR edges





Figure S5. Electronic band structure and DOS of the most stable oxidation configurations at 
different oxygen densities for four types of C3NNR edges. The results for ACC-20, ACN-4, ZCC-11 
and ZCN-3 have been shown as Figure 7 in the manuscript.


