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1. The detailed atomic position of the predicted structures
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2. Four configurations of MN,4Cq layer.

In a graphene sheet, we choose two neighboring benzene rings, and there are only
two basic types of configurations, i.e., gray and blue circles in Fig. S1 (a) and gray
and red circles in Fig. S1 (b). There, the dashed circles are the equivalent circles to
the blue or red solid circle. In Fig. S1 (¢) and (d), the structural fraction enclosed by
a solid rectangle would be replaced by MN4 moiety. Then, after the replacement,
two basic structural patterns are formed and shown in Fig. S1 (e) and ().

Based on the two basic structural patterns, four kinds of MN,Cg monolayers are
built, displayed in the Fig. S2 (a) — (d), in which the structure in Fig. S2 (b) is
adopted in our manuscript. We take MnN4C6 as an example to calculate their
energies and they are -95.2116 eV, -96.5271 eV, -96.0484 eV, -95.8902 eV per
formula cell four the four kinds of MN,4C¢ (M = Mn) in Fig. S2 (a)-(d), respectively.
This demonstrates that the MN4C¢ (M = Mn) structure in the manuscript is the
lowest energy structure.

Fig. S1 Flow Chart to form the two basic patterns of arrangement for benzene ring
and MN, moieties in the graphene sheet.



Fig. S2 Four kinds of MN4C¢ configurations composed of MN, and benzene ring
moieties, derived from the two basic structural patterns in Fig. S1(e) and (f). The unit
cells are marked by the solid lines.



