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Computation details

The Gibbs free energy change (ΔG) for the neighbouring elemental step of NORR and HER 

is based on the following1:

∆𝐺 =  ∆𝐸 +  ∆𝐸𝑍𝑃𝐸 ‒ 𝑇∆𝑆 (S1)

Where  is the energy difference between the energies of neighbouring optimized ∆𝐸

intermediates obtained from DFT calculations at 0K,  is the zero-point energy. T equals ∆𝐸𝑍𝑃𝐸

298.15 K and  is the change of entropy. The zero-point energy and entropies of the ∆𝑆

intermediates were computed from vibrational frequencies and post-processed by the 

VASPKIT package.2 As for the gases such as NO, H2, NH3 and H2O, the corresponding 

enthalpies and entropies were post-processed by VASPKIT as well. The chemical potential of 

(H+ + e-) at standard conditions equals as (1/2*  – neU), where n is the number of electrons 
𝐺𝐻2

involved in the reaction and U is the electrode potential relative to the RHE, and the standard 

conditions mean pH=0 and T=298.15 K. 

The stable anchoring of SAC onto the g-C3N4 is a prerequisite for the NO reduction reaction 

process, which is validated by the formation energy as below,

Ef = E*SAC-E*-ESAC-bulk/n (S2)

Where E*SAC, E*, and ESAC-bulk represent the total energies of SAC/g-C3N4, g-C3N4 and SAC 

in the bulk phase, respectively, n is the number of bulk atoms per unit cell.

For the assessment of electrochemical stability, the dissolution energy of p-atom-doped C3N4 

layer was evaluated based on the formation energy  and dissolution potential  as shown 𝐸𝑓 𝑈𝑑𝑖𝑠𝑠

below,

                                      (S3)                                                  𝑈𝑑𝑖𝑠𝑠 = 𝑈 𝑜
𝑑𝑖𝑠𝑠(𝑚𝑒𝑡𝑎𝑙,𝑏𝑢𝑙𝑘) ‒ 𝐸𝑓/𝑛𝑒

where ,  and   represents the p-block-doped g-C3N4 monolayer, the 
𝐸𝑆𝐴𝐶 𝐶3𝑁4 𝐸𝑆𝐴𝐶

𝐸𝐶3𝑁4

energies of the metal atom in the most stable structure and g-C3N4 monolayer, respectively. 

 stands for the standard dissolution potential of the p-block bulk and n 𝑈 𝑜
𝑑𝑖𝑠𝑠(𝑚𝑒𝑡𝑎𝑙,𝑏𝑢𝑙𝑘)

means the number of the electrons involved. 



As shown in Fig S1, the NO adsorption may not be adsorbed onto the SAC site. Since the 

study focuses on the SAC reactive site, thus the Si-based and In-based SAC are excluded for 

further consideration.

Fig S1. The NO adsorption free energy of NORR on Si@g-C3N4 and In@g-C3N4 are displayed, where these two 

thermodynamically favourable configurations are excluded due to no reactive site on SAC.



Fig S2. top: optimized adsorption configuration of proton on pure g-C3N4;

bottom: optimized adsorption configuration of NO on pure g-C3N4.

Colour map: silver—N; brown—C; red—O.



The Gibbs free energy profile of SACs on g-C3N4 was shown in Fig S3, where the grey 

intermediates mean the desorption from the SAC reactive site. 

Fig S3. The Gibbs free energy changes of NORR on SAC@g-C3N4, including low activity or unfavourable 

bifurcations, all of which are excluded.
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Fig S4. top: total energy evolution of B@g-C3N4 during AIMD simulation at 300 K;

bottom: geometrical structure evolution of B@g-C3N4 during AIMD simulation at 300 K.

Colour map: silver—N; brown—C; green—B.
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Fig S5. The TDOS comparison before and after the incorporation of B into g-C3N4 slab.

Figure S6. PDOS of p orbitals from NO, NO adsorbed on the B@g-C3N4 and B@g-C3N4. 

The Fermi level is set to 0 eV.



Table S1. The comparison between gaseous NO and adsorbed NO onto the screened B@g-

C3N4 catalyst.

Species N-O bond length (Å)

NO(g) 1.17

B@g-C3N4 1.22
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