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Electrochemical reduction reaction of NO (NORR) offers a promising strategy for effective removal of NO
coupled with synthesis of NHg. In this study, the newly reported NiB monolayer with topological metal properties
is proved to have excellent catalytic activity and high selectivity toward NO-to-NH3 conversion by using density
functional theory (DFT) and the constant potential method (CPM). Calculations reveal that the peculiar building
blocks of Ni-B triangles and tetragons can facilitate NO adsorption and activation via an electron donation-back-
donation interaction mechanism. The predicted free energy profiles of the four considered NORR pathways to-
ward synthesis of NH3 are generally going downhill under the applied potential of 0 V, and an optimal reduction
pathway was screened out with a maximum kinetic barrier of 0.16 eV during the hydrogenation process. The low
adsorption free energy of H atom together with the existing relatively higher energy barriers for the formation of
N20O/N3 guarantee the hydrogen evolution reaction (HER) and the partial reduction channel are less competitive
than NHj production. These findings enrich the potential application of two dimensional topological materials in

electrocatalysis.

1. Introduction

As a major air pollutant, nitric oxide has caused serious environ-
mental problems [1,2], and it is also a great threat to human health [3].
Therefore, nitric oxide capture and removal has received considerable
attention. Currently, selective catalytic reduction (SCR) is acknowl-
edged as the most effective way to remove NO [4,5]. However, this
approach is uneconomical and environmentally unfriendly due to the
high energy demand and significant consumption of costly reducing
agents [6,7]. Additionally, ammonia is an important raw material for
industrial and agricultural fields [8,9], and its industrial production still
heavily relies on the traditional Haber-Bosch process, which is an
energy-intense production process with a large amount of CO; release
[10,11]. To address these issues, an alternative approach for NH3 syn-
thesis, that is, the electrochemical reduction of nitrogen to produce
ammonia has been proposed [12-19]. Due to the inert chemical prop-
erties and low solubility of nitrogen, the electrochemical Ny reduction
reaction (NRR) still faces a significant challenge in the practical appli-
cation [20-22].

Very recently, a new scheme to generate ammonia through the
electrochemical reduction reaction of nitric oxide (NORR) has been
proposed. This method not only removes the harmful NO, but also
produces the value-added ammonia [23-25]. By now, some catalysts
such as pure metal-based catalysts (Pt [26,27], Au [28], Cu [23]), single
atom catalysts (TM-Pt (100) (TM = Ti, Cr, Co, Ni) [29], Zr-C2N [30], Co-
Pc sheet [31], Si-N4 embedded graphene [32], Cu@g-C3N4 [33],
B@graphene [34]) and biatom catalysts (Cry-CoN [35]) have been
exploited for NORR.

Two-dimensional transition metal boride (MBene) has gained
attention in recent years due to their intriguing properties [36],
including their large exposed surface area and good electrical conduc-
tivity, making them potential candidates for battery electrode materials,
electrocatalysts [37-42], spintronics [43], and other fields. Topological
materials [44,45], especially those in their two dimensional (2D) form
showing high catalytic activity in some electrochemical reactions due to
their robust topological surface states or edge states [46-49]. Recently,
we reported a two-dimensional NiB monolayer topological material with
thermodynamic and mechanical stability using the AGA method [50],

* Corresponding author at: Department of Physics, Xiamen University, Xiamen 361005, China.

E-mail address: xinruicao@xmu.edu.cn (X. Cao).

https://doi.org/10.1016/j.apsusc.2023.157887

Received 8 May 2023; Received in revised form 24 June 2023; Accepted 25 June 2023

Available online 26 June 2023
0169-4332/© 2023 Elsevier B.V. All rights reserved.


mailto:xinruicao@xmu.edu.cn
www.sciencedirect.com/science/journal/01694332
https://www.elsevier.com/locate/apsusc
https://doi.org/10.1016/j.apsusc.2023.157887
https://doi.org/10.1016/j.apsusc.2023.157887
https://doi.org/10.1016/j.apsusc.2023.157887
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apsusc.2023.157887&domain=pdf

W. Chen et al.

and the electronic properties of NiB monolayer can be manipulated
through strain modulation. Previous experimental research had proved
that it is possible to obtain 2D NiB with various thickness from the Li
deintercalation of layered LiNiB [51]. To date, the use of this novel 2D
MBene NiB monolayer with topological properties in electrocatalysis has
not been studied yet.

In this paper, we explore the catalytic mechanism of 2D NiB material
in the NORR by using density functional theory (DFT) and the constant
potential method (CPM). We systematically investigate the NO adsorp-
tion and activation on NiB monolayer, and the possible reduction paths
for NORR. After considering the corresponding limiting potentials and
the kinetic barriers, the most favorable reduction route was screened
out. Our results show that the NiB monolayer can effectively capture and
activate the NO molecule, and the existence of relative high energy
barriers for two *N and two *NO coupling limits the N, and N»O gen-
eration. Additionally, the low adsorption free energy of H atom on NiB
monolayer suppresses the competition reaction of the hydrogen evolu-
tion reaction (HER). We hope our results provide new insights for the
removal of NO and the ammonia generation.

2. Computational details

In this work, all calculations were carried out using the Vienna Ab
initio Simulation Package (VASP) based on spin-polarized density
functional theory [52,53]. The projector augmented-wave (PAW)
method was used to describe the ion-electron interaction [54]. The
Perdew-Burke-Ernzerhof (PBE) generalized gradient approximation
(GGA) was used to describe exchange correlation [55]. The DFT-D3
method was used to evaluate van der Waals interactions between the
substrates and adsorbates [56,57]. A 3 x 2 supercell was used to model
the NiB monolayer, including 24 Ni atoms and 24 B atoms. To minimize
the mutual influence between adjacent periodic layers, a 20 A vacuum
space was chosen in the z direction. The cutoff energy of the electronic
plane-wave was set to 500 eV. The energy and the force convergence
criteria were set to 1 x 107> eV and 0.02 eV/A, respectively. The
Monkhorst-Pack k-point grid of 3 x 2 x 1 and 8 x 7 x 1 were used for
geometric optimization and electronic properties calculation, respec-
tively. Ab initio molecular dynamics (AIMD) simulations [58] were
performed at 300 K using the canonical ensemble (NVT) method, with a
time step of 2 fs and a total period of 20 ps. The climbing-image nudged
elastic band (CI-NEB) method [59] was employed to search the transi-
tion states during the NORR, and the force convergence criterion was set
as 0.03 eV/A. The adsorption energy (E,q) was defined as follows:

Ead = Exupp(1rt+ad)‘(1r[7at£ - Esupporr — Ladsorbate (1)

where Egyport+adsorbate Was the total energies of adsorbed systems, and
the Egyppore and Eqdsorbae Tepresented the energies of the individual sup-
port and the isolated adsorbates, respectively. The computational
hydrogen electrode (CHE) model [60] was used to calculate the Gibbs
free energy change (AG) of each basic step of NO electrochemical
reduction. The AG was described as the following:

AG = AE+ AEzpp — TAS+ AGy + AG,y 2)

where AE is the change of the total electronic energy which can be
calculated by DFT calculations, AEzpg and TAS are zero-point energy and
the entropy of each basic reaction at the temperature T (T = 298.15 K).
/A\Gy is the influence of the applied electrode potential U on the free
energy, and /\Gpy symbolized the free energy correction of pH, which
was calculated by using the equation /AGpy = kgT x In10 x pH. Here, kg
is the Boltzmann constant, and pH is 0 in an acidic medium. The en-
tropies of gas molecules (NO, NH3, and Hy) are sourced from the NIST
database [61]. We assessed the solvation effect using VASPsol code with
a dielectric constant of 80 [62] to simulate the water environment.
Furthermore, we utilized the JDFTx code [63] to evaluate the effect of
both aqueous environment and the applied electrode potential on

Applied Surface Science 637 (2023) 157887

NORR. The grand free energy was determined using the JDFTx code
with the constant potential method (CPM) [64], the energy cutoff and
the convergence criteria of electronic energies was set to 20 and 10~8
Hartree, respectively. The core-valence interactions were treated by the
PBE-D3 functional [57]. The charge-asymmetry corrected, local-
response, and nonlocal-cavity (CANDLE) solvation model [65] was
used to account for solvation effects. During the calculation, the total net
charges of the system vary at the atomic level to match the electrode
potential. The change in free energy of each fundamental step was
calculated using the following equation [64]:

AGepn = G(I) = G(1) = G(Ha(8)) /2 + [e]U = (¢1 — ¢2)p, 3

where the G(I;) and G(I2) represented the free energies of the reactants
and products at the applied potentials (U) versus the standard hydrogen
electrode (SHE), and the G(H2(g)) was the free energy of the hydrogen.
The total net charges of the reactants and products were represented by
ql and g2, respectively, and the electron energy at the electrode po-
tential was symbolized by .

3. Results and discussion
3.1. Adsorption of gas molecules on NiB

The optimized NiB monolayer structure and its representative
adsorption sites are presented in Fig. 1a and 1b. According to the sym-
metry of NiB and three typical adsorption sites, that are, top site, bridge
site, and hollow site, we finally considered eight adsorption sites, as
depicted in Fig. 1b. Ten common gas molecules including Hy, H20, O,
CO, NO, NOj, NH3, CO,, H5S and Nj are considered here to study the
adsorption behavior of NiB. Several typical adsorption orientations with
different adsorption terminal are all considered. The adsorption energy
for the optimal adsorption configurations of these aforementioned ten
molecules were illustrated in Fig. 1c. Clearly, the NiB monolayer pos-
sesses relative strong adsorption capabilities towards CO, NO, NOy, NH3
and HyS. Among these gases, the adsorption energy for NO is the largest
(—1.62 eV), highlighting NiB’s superior capacity for nitric oxide capture.
In order to consider the influence of adsorbates on each other in our
study, we performed calculations using larger cell sizes, including 5 x 4
and 4 x 3 supercells, to evaluate and compare the adsorption behavior.
Interestingly, our calculations (Fig. S1) show that the NO adsorption
energy (—1.62 eV and —1.60 eV) on these larger cells is equivalent to
that on 3 x 2 supercells (—1.62 eV). Based on this analysis, we conclude
that the 3 x 2 supercell effectively reflects the catalytic process.

It is known that the effective adsorption of NO is the first crucial step
during the NORR process. Among the considered adsorption patterns,
the NO molecule takes an inclined adsorption configuration with N-end
adsorbed on the H2 site is the most stable adsorption mode. To better
understanding the NO-NiB interaction, we plot the partial density of
states (PDOS) of NO, the bonded Ni and B atoms before and after NO
adsorption and the charge density difference of NO adsorbed NiB in
Fig. 2a and 2b, respectively. It can be seen that the NO-2p orbital
significantly hybridizes with B-2p and Ni-3d orbitals, indicating a strong
interaction between NO and NiB monolayer, and the Bader charge
analysis reveals that the adsorbed NO accepts 1.02 e from NiB substrate.
The formation of chemical bonding between NO and NiB monolayer
originates from an electron donation/back-donation mechanism. As
presented from the obtained charge density differences for the adsorbed
system, the electron accumulation and depletion both occurs on the
adsorbed NO and the NiB monolayer. To be more specific, Ni-3d and B-
2p orbitals donate electrons to the partial occupied NO-t* orbital while
the NO-c orbital donates electrons to Ni-3d and B-2p orbitals. The
bidirectional charge transfer mode weakens the N-O bond, leading to the
increase of the N-O bond length from 1.17 A (free NO molecule) to
around 1.22 A, suggesting that the NO is activated by NiB monolayer.
Noted that, the adsorption energies of NO on Ni(111) surface [66] and
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Fig. 1. (a) Top-view and side-view of the optimized NiB monolayer. (b) Representative adsorption sites on NiB monolayer. (c) Adsorption energy of common gas
molecules on NiB monolayer. Here, Ni and B atoms are represented by silver and green spheres. (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of this article.)
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Fig. 2. (a) Partial density of states (PDOS) of NO-2p, B-2p and Ni-3d orbitals before and after NO adsorption on NiB monolayer. Here, only the directly bonded B and
Ni atoms are involved. (b) The charge density difference of NO adsorbed NiB. The isosurface value is set to 0.001 e A=, and the accumulation and depletion charges
are shown in yellow and cyan, respectively. The silver, green, blue and red spheres represent Ni, B, N and O atoms, respectively. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)

Borophene [67] are —2.48 eV and —1.08 eV, respectively. Too strong or
too weak adsorption are both negative effects for catalysis. While for NiB
monolayer, the building blocks of Ni-B triangles and tetragons may lead
to some peculiar bonding characteristics and give rise to a moderate
adsorption of NO on NiB monolayer, which is beneficial for NO activa-
tion and the desorption of the corresponding reduction product.

3.2. Electrochemical reduction of NO to NH3

Starting from the most stable adsorption configuration of NO (see
Fig. 2b) on NiB monolayer, we then investigated the conversion of NO to
NH3 through four primary reaction pathways: N-distal, O-distal, N-
alternating, and O-alternating (as shown in Fig. 3a). To identify the
optimal pathway, we initially optimized the possible configurations of
all intermediates during the NORR (Fig. S2a) using VASP.

It is known that the electrocatalysts are usually charged by

accepting/donating electrons from/to the electrodes to match their
Fermi level with the applied external potential in reality [64], and the
existence of charge effects in 2D system are relatively strong [68-70],
which may affect the electrochemical catalytic reactions to some extent.
Herein, the CPM method [64,71] implemented in JDFTx software was
utilized to compute the free energy variations of intermediates of all
fundamental steps (Table S1) obtained from the VASP results to include
the impact of the charge effects on the NORR. The calculated NORR free
energy diagram of all considered pathways are displayed in Fig. 3c and
Fig. S3. Based on Fig. 3c and S3, all the reaction steps involved in the
hydrogenation of NiB to produce NH3 are downhill at the applied po-
tential of 0 V. Generally, the limiting potential (Uy) is a critical param-
eter in electrocatalysis to evaluate electrocatalysts’ activity, and it can
be calculated from the maximum Gibbs free energy during the whole
reaction steps [72,73]. The NORR exhibits comparatively easier dy-
namics and thermodynamics compared to the NRR, as NRR typically
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Fig. 3. Schematic illustration of the possible reaction pathways of the NORR toward NHj3 (a) and N»/N5O (b). (c) Optimized intermediates and the relative Gibbs free
energies for the possible intermediates generated during NO reduction on NiB under the applied potential of 0 V.

requires relatively higher potential and exhibits lower activity due to the
chemical inertness of N3 [12,22] and the activity of NO. For most of the
reported NORR electrocatalysts, their limiting potentials ranges from
—0.05 to —0.37 V [30,32-35,42,48,74-79] (Table S2). Clearly, the
electrocatalytic activity of 2D NiB monolayer is comparable or superior
to these NORR electrocatalysts.

Considering that the adsorption free energy of NHj3 is relatively lower
than that of NO, and the presence of NO can further promote the-NHg
desorption, which prevents the poisoning of NiB monolayer by the
generated-NHjs. As the reduction proceeds, more NH3 generated on NiB
monolayer, giving rise to a decreased average adsorption energy of NH3
(—0.66, —0.60, —0.52 and —0.47 eV for 5, 6, 7 and 8 NH3 adsorption,
respectively), which is lower than the adsorption energy of a single NHz
molecule on Ni atoms (—0.76 eV) or B atoms (—1.05 eV). Using an
explicit solvation model with 10 H,0, we performed AIMD simulations
to study 8 NH3 desorption behavior on NiB monolayer at 300 K. The

total simulation time was 20 ps with a time step of 2 fs. As depicted in
Fig. S4a, the N1 to N8 molecules and the directly bonded Ni and B atoms
are labelled, respectively. The evolution of the B-N and Ni-N bond
lengths are shown in Fig. S4b-i. It can be seen that the Ni-N distances in
Fig. S4g-i are larger than 4 A, indicating that three NH; molecules
desorbed from the surface. Snapshots from the 20 ps AIMD simulation in
different views are presented in Fig. S5. To ensure statistical validity, an
independent AIMD simulation was carried out with the same initial
conditions and settings, and similar results were observed in Fig. S6.
Additionally, previous investigations revealed that the generated NHj
could be further hydrogenated to NH4 with minor impediment under an
acidic environment [26,80]. Based on these, the generated *NH3 may
not be a problem and the NiB monolayer exhibits high catalytic activity
for NORR.

We also employed the VASPsol code to compute the free energy
changes of the abovementioned reaction pathways for comparison. The
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Fig. 4. The calculated adsorption free energies of H atoms, NO molecules, and
NH;3 molecules on NiB monolayer.

obtained free energy values are listed in Table S3 and the corresponding
free energy diagram is displayed in Fig. S2b. From Fig. S2b, one can see
that the trend of the calculated Gibbs free energy profile is consistent
with the JDFTx results except for the initial hydrogenation step. Ac-
cording to the JDFTx results, the NiB monolayer is charged by accepting
around 3.90 electrons from the electrodes under the applied potential of
0V and the total net charges of the *NO, *NOH and *HNO are decreased
to —3.75 e, —3.49 e and —3.78 e, respectively. Then, we evaluated the
energy of *NOH and *HNO under different charge states using VASPsol
code. When the adsorbed surface is negatively charged with 3 electrons,
the energy of *HNO is 0.01 eV lower than that of *NOH, and the energy
difference is increased to 0.18 eV when four electrons are added in the
adsorbed system. Thus, the negatively charged system is beneficial for
the stability of the hydrogenated products, especially for “HNO, and the
difference in the first hydrogenation of NO can be ascribed to the exis-
tence of the charge effects under actual voltage conditions that the
traditional charge-neutral method based on VASPsol code did not taken
into account.

As reported by the experimental research, the stacking of NiB
monolayer can lead to the formation of double [NiB]; and triple [NiB]3
layers through the covalent bonding during the deintercalation of Li
from layered LiNiB, and the double layer stacking mode is the main
product for the condensation of single [NiB] layers [51]. Hence, we fully
optimized the double [NiB]; layers (see Fig. S7a) and evaluated the free
energy variations for the NO-to-NH3 conversion on [NiB]; following the
O-distal reduction pathway. The corresponding intermediates and the
Gibbs free energy profile diagram are depicted in Fig. S7b-c. Similar to
the NiB monolayer, all fundamental hydrogenation steps are
exothermic, ensuring the catalytic effectiveness of NORR on [NiB]».

As is commonly acknowledged, the kinetic barrier plays a vital role
in catalytic reactions, which provides valuable insights into the under-
standing of the reaction mechanism and highlights the rate-determining
step (RDS). Thus, it is necessary to explore the energy barriers for the
hydrogenation steps involved in the considered pathways for the NORR
as presented in Table S1. For simplicity’s sake, the simplest form of a
hydrated proton in an aqueous environment, that is H30", was
employed in our simulations, with the entire system charged with a
positive charge by removing one electron from the total electrons. After
locating the transition state (TS) structures for these hydrogenation
processes using the CI-NEB method, we then calculated the corre-
sponding energies using JDFTx, and the related results are presented in
the Fig. S8.

The initial hydrogenation of *NO can result in two intermediates,
that are, *NOH and *HNO, depending on whether hydrogenation occurs
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on the nitrogen or oxygen atom. The generation of *NOH proceeds
smoothly with a free energy change of —0.31 eV and this process is
barrierless. While for the *HNO formation, it has an energy barrier of
0.65 eV, and the relatively high energy barrier hinders such hydroge-
nation process. In addition, we also evaluated the hydrogenation bar-
riers for *HNO and *NOH using a neutral H atom adsorbed on the top of
the nearest B atom, and the obtained results are presented in Fig. S9.
From it, one can see that there is a substantial kinetic barrier for the
*HNO (1.51 eV) generation while the energy barrier for *NO to *NOH is
0.85 eV. Therefore, the first hydrogenation reaction (H'/e™) towards
*NOH is more preferred. When the *NOH formed, the further hydro-
genation can undergo two pathways, one of which leads to *HNOH
while the other one results in *N upon the removal of HyO. The former
one is exothermic by 0.83 eV, but with an energy barrier of 0.31 eV. In
contrast, the latter one is also barrier free and it releases a large energy
of —1.93 eV. Hence, *NOH is more inclined to be hydrogenated and then
dehydrated to generate *N. Subsequently, the formation of *NH and
*NHj are also barrierless. The hydrogenation of *NHj to-NHg is the RDS
for the O-distal pathway starting from *NOH which only possesses a
small energy barrier of 0.16 eV, and with an energy release of 0.92 eV.
Calculated MEP for these reaction processes without energy barrier in
the O-distal pathway can be seen in Fig.S10. The predicted free energy
profiles of the other three pathways are given in Fig. S3.

Considering the potential influence of high NO coverage on the
performance of NO-to-NH3 conversion, our study primarily focuses on
two key aspects: the initial hydrogenation reaction of NO at high con-
centrations and the hydrogenation step with the maximum activation
energy along the optimal pathway, specifically, the conversion of *NHy
to-NHs. Based on these results (Fig.S11-S12), we can conclude that the
relatively high concentration of NO has little effect on the performance
of NO-to-NH3 conversion.

3.3. NHj selectivity

During the NORR process, the main byproducts are NoO and No.
Minimizing the byproduct production is critical for ensuring high
selectivity towards the desired product. Noted that, the generated *N
can still undergo further reduction to generate N2O (N-NO coupling) and
N2 (N-N coupling), which are two competing processes, and the acti-
vation energy barriers with the corresponding transition states are given
in Fig. S8f-g. Compared with the barrier free process for the hydroge-
nation of *N to *NH, N-N and N-NO couplings require an energy barrier
of 1.21 eV and 0.40 eV, respectively. The existing kinetic barriers can
effectively inhibit these two competing processes.

It is known that N2O and N can also be obtained through further
hydrogenation after NO coupling under high NO coverage, and the key
precursor in the formation of NoO and N is the NO dimer (N305) for-
mation, and the O=NN—O with a cis form was reported as the most
stable configuration [81]. Our study only focuses on the transformation
of NO into N2O and N3 on NiB monolayer starting with the 2 N-side
configurations of N2Og since the 20-side adsorption on NiB monolayer is
not stable in our cases, which is also consistent with our calculation that
NO cannot be chemisorbed on NiB monolayer through the O-end
adsorption mode. The kinetic barrier for two *NO coupling is 0.47 eV as
shown in Fig. S13a. Starting from the *N,O5, we then explore the sub-
sequent reduction process towards NoO and Ns. The optimized struc-
tures and the corresponding free-energy diagrams are shown in Fig. S13.
The plausible reduction pathway to produce Ny can be described as
*N2Oy — *N30oH — *Ny0 — *NoOH —*Nj and such processes are
downhill in energy.

We also perform AIMD calculations to evaluate the adsorption of NO
molecules on NiB substrate under a high concentration of NO at 300 K.
When putting 12 NO molecules in the simulated supercell, all NO mol-
ecules are isolated chemisorbed on NiB monolayer due to the existence
of numerous active sites, as shown in Fig. S14. When the number of NO
molecules increase to 24 (see Fig. S15), two NO dimers are observed, one
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is chemisorbed and the other one is suspended without directly contact
with the NiB monolayer, and the probability of the NO dimer occurrence
is relatively low. Combined with the fact that there is a certain energy
barrier for the coupling two *NO to yield N2Oo, it can be concluded that,
the formation of N5O and N; can be prevented by the kinetic barrier and
the NO flux controlling.

Another competitive reaction during the NORR is the hydrogen
evolution reaction (HER). In our system, we evaluated the possible
adsorption of H on NiB monolayer and finally we obtained two repre-
sentative adsorption configurations, and the corresponding Gibbs free
energy (AG+y) are shown in Fig. S16. It is evidently that the H atom
adsorption is rather weak on NiB monolayer. Thus, the competitive HER
can be effectively inhibited. Furthermore, we estimated the adsorption
behavior of H, NO and NH3 on NiB monolayer under various applied
potentials ranges from —0.5 V to 0.5 V. The corresponding adsorption
free energies for H, NO, and NHj3 on their most stable adsorption sites are
plotted in Fig. 4. Clearly, the adsorption of H atom on NiB monolayer is
still very weak and NO adsorption is stronger than that of NH3 in the
range of —0.5 V to 0.1 V. By controlling the applied potential, it is
feasible to ensure that the adsorption energy of NO is larger than that of
H and NHjg, achieving the desired selective adsorption.

Simultaneously, strain is a common approach to modulate material
properties. In our previous research on NiB monolayer, we observed a
topological phase transition as the applied strain varied. Hence, we
explore the influence of strain on the adsorption of NO and NH3 on NiB
monolayer. As shown in Fig. S17, the adsorption energy of NO and NH3
on NiB monolayer increases gradually with the increased strain, and the
adsorption energy difference between these two molecules was always
greater than 0.6 eV, which ensures the adsorption selectivity of NO.

4. Conclusion

Using density functional theory (DFT) calculations, we systemati-
cally investigated the catalytic mechanism of the electrochemical
reduction of NO to NHs on 2D NiB monolayer. The optimal reaction
pathway of NORR for NH3 production is *NO — *NOH — *N — *NH —
*NHy —-NHj. It is noteworthy that all steps of the optimal pathway are
exothermic and only the hydrogenation of *NH, to-NH3 possesses a low
kinetic barrier of 0.16 eV. The selective adsorption of NO is observed at
the applied potential of 0 V and the considered strain. Additionally, the
rather weak adsorption of H atom and the existence of relative higher
energy barriers for NoO/N; generation guarantee the selectivity of NHg
production. Our results demonstrate that the 2D NiB monolayer is a
highly potential NO electroreduction catalyst with high catalytic activity
and selectivity towards the synthesis of NHs.
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