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Figure S1. Charge densities of the key KS orbitals in the active space for (a) spin up (b) spin down
channels of the most stable structure (NH-CN) of ON-GCN. The CBM is delocalized over the whole
system including the defect region containing the N and O defects, while the VBM is localized over
the region away from the defect centers. The d1 trap state is localized on the tri-s-triazine unit
containing a C-C bond resulting from the N-vacancy defect. The d2 and d3 trap states are mostly
localized on the tri-s-triazine unit containing the other defect (CN group). The O-defect has little
influence on the charge density of both band edges and the defect states.
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Figure S2. Comparison of ML and DFT potential energies for the trajectory obtained starting from
the NH-CN (most stable) structure. The total energies plotted are subtracted from the mean
values for both the cases. The root-mean-square error is 7.27 meV/atom.
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Figure S3. Snapshots of a representative hydrogen hopping dynamics. In this example it takes 9 fs
for the hydrogen to hop from NHs to the NH-CN structure.
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Figure S4. Schematic of the electronic configurations in the active space used to model charge
carrier trapping and recombination in (@) ON-gcn (spin-up), and (b) ON-gcn (spin-down).
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Figure S5. Nonradiative charge trapping and recombination dynamics in (a) spin up (b) spin down
channels of the most stable tautomer (NH-CN) of ON-GCN (Figure 1a). The corresponding
timescales are given in Table S1. Abbreviations used: GS- ground state, ES- initial excited state, e-
electron trap, h- hole trap. The legends used here correspond to the electronic configurations
labeled in Figure S4.

Table S1. Nonradiative timescales (in ps) for the rise and decay of populations of the states in the
active space, Figure S4. Charge trapping and recombination are faster in the spin up channel
compared to the spin down channel.

GS S1 S2 S3 sS4 S5 S6

rise rise decay rise decay rise decay rise decay rise decay decay
Spin 0.19, 2.57,

2047 3.12 743 173 344 045 253 049 25.06 576 15501 1.09
SPIN 2608 20.83 2829 874 9033 1166 1096 °F 5219 %% 3315 1913

down 156 16.2




Optimized structure of the most stable NH-CN tautomer in the VASP POSCAR format.
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