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Figure S1. The Auger spectrum of the as-deposited Ni-Fe LDH on graphene/Si

heterojunction.
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Figure S2. The EIS analysis of the (a) pristine Si and (b) graphene/Si junction in the

electrodeposition solution of Ni-Fe LDH.
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31 Figure S3. The XPS O 1s spectrum of the as-deposited Ni-Fe LDH.
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35 Figure S4. The PEC performances of the Ni-Fe LDH/graphene/Si heterojunction
36 photocathode in 0.5 M Na,SO, with various nitrate concentrations (0.01 M, 0.05 M, 0.1
37 M, and 0.5 M). (a) Polarization curves and the (b) corresponding Faradaic efficiencies
38 of the PEC device.
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Potential (V vs. RHE) -0.15 -0.25 -0.35 -0.45
FE ; (%) 84.57 84.98 74.08 73.01
FE ., (%) 3.08 1.78 1.93 2.04

Table S1. The Faradaic efficiencies of NH; and NO, products of the Ni-Fe

LDH/graphene/Si PEC cathode under -0.15V,-0.25 'V, -0.35 V, and -0.45 V (vs. RHE)

in 0.5 M Na,SO, and 0.1 M NaNO:s.
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Figure S5. (a) The chronoamperometric curves and (b) absorbance spectra with
indophenol indicator for two-hour measurements of the Ni-Fe LDH/graphene/pyramid

Si heterojunction photocathode.
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Figure S6. The XRD spectrum of Ni-Fe LDH electrodeposited on pyramid Si.
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Figure S7. The XPS (a) Fe 2p, (b) Ni 2p, and (c) O Is spectra of Ni-Fe LDH

electrodeposited on pyramid Si.
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62 Figure S8. The PEC LSV curves of the Ni-Fe LDH/graphene/Si for HER and NTRR.
63 For HER, the electrolyte is 0.5 M Na,SO,4. For NTRR, the electrolyte is prepared by
64 0.5 M Na,SO,4 and 0.1 M NaNOs.
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DFT calculation:

The NTRR on Ni-Fe LDH surface model with oxygen vacancy was simulated using
Vienna ab initio simulation package (VASP). The model has the vacuum space of larger
than 10 A. The electron-ion interaction was evaluated via the projector augmented-
wave (PAW) pseudopotential method, and the exchange-correlation energy functional
was covered with the generalized gradient approximation (GGA). The Monkhorst pack
k-point grid was set as 2 x 2 x 1 in our calculations for each model. An energy cutoff
of 500 eV was used for the plane-wave basis set, and structural relaxation was
iteratively performed until the force of each atom was reduced to within 0.01 eV A
The intermediated states are chosen referred to the literature (ACS Catal. 2019, 9,
7052—7064).

For reactions involving proton and electron transfer,

A+H +¢ > AH (1)

the reaction free energies were estimated through the computational hydrogen electrode
model. Specifically, the free energy dependence of the proton—electron pair on the
electrode potential was determined using the linear free energy dependence of the

electron energy at this potential, which shifts the electron energy by —eU,
+ —
pH)+p)=12pH)-eU (2)

where e is the elementary positive charge (1.602176634 x 10" C) and U is the
electrode potential on the RHE scale. The free energy change for a specific
electrochemical hydrogenation reaction i as a function of potential, AG,(U), was

computed as
AG,(U) = AE, + AZPE — TAS +eU 3)
where AE. is the DFT-computed electronic adsorption energy of adsorbate i.

For computing potential-dependent kinetics, we follow the procedure for
nonelectrochemical surface hydrogenation,

A +H 2AH +* (4)

the activation energy (E ) can be obtained by DFT calculations of the reactant’s

minimum-energy geometry and the corresponding hydrogenation transition state. For

the corresponding electrochemical step, at equilibrium H +e +*=H conditions, the
activation energy Ea(UO) for A +H +e = AH equals E . U’ is the equilibrium
potential at which the analogous nonelectrochemical state, p(H ), is in equilibrium with

its equivalent electrochemical state, u(H(aq)+ + ¢ ). Here, v’ equals the hydrogen



102 adsorption free energy (AG,)) for a given surface at 0 V vs. RHE. The free energy

103 change for the electrochemical surface hydrogenation can then be computed by U’ =

104 [G(AH) - G(A") - 12G(H,)J/e.
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106 Figure S9. The reaction Gibbs free energy diagram of the Ni-Fe LDH with oxygen
107 vacancy on basal plane for nitrate-to-ammonia conversion. The reaction energy barrier

108 of the rate-determining step resulting from NO* to N* intermediates is 0.65 eV.



