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1. Calculation details
1.1 The Gibbs free energy change (AG) for each element step of NO;RR
The Gibbs free energy change (AG) for each step of NO3RR are calculated by employing the
standard hydrogen electrode (SHE) model, via equation (S1)%2:

AG = AEppr + AEzpg - TAS (S1)
AFEppr represents the energy change between the products and reactants, while AEzpg denotes the
zero-point energy difference derived from vibrational frequencies, reflecting the entropy change.
The temperature (T) is 298K. The catalyst's intrinsic activity hinges on the potential-determining
step (PDS), which can be described from maximum Gibbs free energy change (AGy,y) during
proton-electron transfer. The PDS allows us to calculate the limiting potential (U ) with the formula
UL = - AGnax/e. The AZPE-TAS of intermediates adsorbates are referred from previous works and
NIST.3#4
1.2 Binding energy
The binding energy (£p) of TM with Ti,NO, can be evaluated by eq (S2)°
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where 2, and Ery represent the total energies of Ti,NO, with and without TM

loading, and single TM atom, respectively.
1.3 Adsorption energy of NOj;"
To avoid calculating the energy of charged NOj5- directly, gaseous HNOj is chosen as a reference

based on the following steps.o-8

HNOs(g) — HNO; (1) (S3)
HNO; (1) »H*+ NOy (S4)
*1NOy—*NOy+e (S5)

as a result, the NO;™ adsorption can be described as *+HNO5(g)—H™+*NOj3. Correspondingly, the
adsorption energy of NO;  (AG*\o3) can be approximated by

AG*N03=G*No3 -G*-Guno3(gT0.5AGH2(g) (S6)
where AG*yo3, G*, Gunos(e), AGry are the total energy of TM/Ti,NO, substrates with and without
NO; adsorption, HNO; and H, molecules in the gas phase, respectively. AGegree denotes the
correction of adsorption energy. According to CRC handbook of chemistry and physics,” AGeorrect
is set to 0.392 eV.
1.4 Calculation of charge transfer of TM
The charge transfer (Qry) of TM is based on Bader charge analysis'® via equation (S7).

Qrm=Qbader-Qout (87)

where Qpager and Qo are the Bader charge via DFT calculation and extranuclear electron of TM.
1.5 Calculation of electronic descriptor ()
The electronic descriptor () is a descriptor of NO;5™ reduction properties of NO3;RR, which can be

calculated via equation (S8):
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where N is the number of atoms at active centers, ‘i and y; are the outmost electron number and

electronegativity of the ith atom at active centers, respectively.!!
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Figure S1. Free energy diagrams for releasing NO,, NO, N,, and NH; of NO;RR on Ti;NO..
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