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Abstract: Electrochemical synthesis based on electron as reagents
provide a broad prospect for commodity chemical manufacturing. A
direct one-step route from amino C-N bonds electrooxidation to nitrile
C=N bonds offer an alternative pathway for nitriles producting.
However, this promising topic has not been fully explored whether the
chemical bond reforming process or the performance optimization.
Here we proposed a model of vacancies-rich Ni(OH), atomic layer to
understand performance relationship with structure. By theory
calculations, the vacancy-induced local electropositive  site
chemisorbs the N atom with lone pairs of electrons and then attack
the corresponding N(sp®-H, thus accelerating amino C-N bond
activates dehydrogenation directly into nitrile C=N bond. Vacancies-
rich nanosheets exhibit up to 96.5% propionitrile selectivity at a
moderately potential of 1.38 V. These findings will initiate a new
pathway for triggering stubborn catalytic reaction in the chemicals
industry.

Introduction

Nitriles with unique reactivity and activating ability occupies a
decisive position in organic synthesis and serve as common
building blocks in the field of pharmaceutical, electronic materials
and polymers.t! Concretely speaking, propionitrile, one of the
most common low carbon alkanes nitriles, is a significant
intermediate for organic syntheses, i.e. Houben-Hoesch
reaction,? as well as for pharmaceuticals, i.e. ketoprofen and
fragrances.['¥ It is precisely because of this pivotal focus that the
efficient synthesis of nitriles share an urgent and highly profitable
market. These and other applications generate an annual
demand for propionitrile of around 20 million tonnes. Within this
context, commercial nitriles is mainly produced by ammoxidation
method using toxic using harsh, acidic dehydrating reagents and
consequently they led to one of the worst environmental
disasters.E! Exploring new alternative pathways for realizing the
synthesis of nitriles will be of strategic significance for both basic
research and industrial production.” Recently, electrosynthesis
which utilize flexible electrical sources to drive the activation and
reorganization of chemical bonds has been proposed and shows

great potential in chemical synthesis. This simple, mild, and low-
toxic synthetic method show great attractiveness to be practiced
commercially at small scales in distributed areas and becomes
cheaper as the price of renewable electricity produced continues
to decline.® On this account, some materials such as NiSe were
exploited as electrocatalyst to drive catalytic primary amines to
nitriles.l This electrochemical induced C-N bond activates
dehydrogenation directly into a C=N bond may provide important
insights into alternative pathways for realizing synthesis of nitriles.
More meaningfully, this anodic oxidation process could be
coupled with water reduction to generate hydrogen
simultaneously.®2 8 However, this promising topic has not been
fully explored for the understanding the chemical bond activation
conversion process and optimizing the conversion efficiency. In
this regard, it is expected to design effective catalyst models to
understand performance relationship with structure and to steer
efficient catalysts.
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Schematic 1. An electrochemical route to propionitrile. (a) lllustration of
the current industrial route. (b) Proposed electrochemical route for the

synthesis of propylamine from propionitrile.

Essentially the direct production of nitriles from primary
amines mainly depends on the activated dehydrogenation of the
C (sp3)-HIN (sp®)-H.'9 Notably, the effective chemisorption and
subsequent multi-electron transfer reactions of amino group
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Figure 1. Preparation and characterization for the vacancies-rich (VR) and vacancies-poor (VP) Ni(OH). atomic layer. (a) Schematic illustration of
controllably synthesized of VR-Ni(OH)2 and VP-Ni(OH).. (b-d) TEM, HRTEM and HAADF-STEM image of the VP-Ni(OH)2, respectively. (e-g) TEM,

HRTEM and HAADF-STEM image of the VR-Ni(OH)2, respectively.

would be key factors in this organic synthesis.[®! Forcing on the
first issue, the bonding mode of R-NH, in the amine group is
unequal sp® hybridization, so that a lone pair electrons exists in
the N atom. Therefore, it is reasonably believed that constructing
positive charge sites in surface of a catalyst could attract the lone
pair electrons of amine group. Meanwhile, the attacks of chemical
bonds via the electrophilic or nucleophilic surface of the catalyst
is a widely used way to boosts the formation of intermediates and
ultimately speed up organic reactions in reviewing most organic
reactions. Obviously, the positive charge sites also act as a
similar electrophile in organic reactions to activate inert C (sp°)-
H/N (sp®)-H bonds.* On account of aforementioned analysis, we
thus reasoned that surface local charge density regulation is an
effective strategy to synergistically resolve adsorption and
cleavage issues. Based on the use of vacancy to modify the
surface structure of materials, the vacancy-induced local
electropositive site drives the electrooxidation of amino C-N
bonds to nitrile C=N bonds can be anticipated in catalysts with
surface deficiency. To go further, the atomic thickness not only
favors building clear atomic structure, but also enables the
majority of vacancies distribution on the surface.? Bearing it in
mind, we pay our attention to the atomically thin layers with rich
surface defects and fully exposed active sites shall be an ideal
structural model of pursuing catalytic primary amines to nitriles.
Herein, a model of Ni(OH), atomic layer with surface
deficiency would be a promising candidate, thanks to its wide
applications in small molecule electrooxidation (such as water,
methanol, ethanol).l*3 In this process, we achieved the controlled
synthesis of multi-vacancy ultrathin Ni(OH), nanosheets through

in situ electrochemical transformation from Ni-MOFs nanosheets.
Density functional theory calculations revealed that defect-
induced local lean electron of catalyst surface will promote the
electrooxidation of amino C-N bonds to nitrile C=N bonds. Thus,
the as prepared multi-vacancy ultrathin Ni(OH). nanosheets
exhibited a small potential of 1.36 V to drive 10 mA cm™ and
simultaneous possess a high Faradaic efficiency of 96.5% at the
potential of 1.38 V for propylamine electrooxidation to propionitrile.
In particular, in situ Fourier transform infrared (FT-IR)
spectroscopy precisely verified the transformation process of
amino C-N bonds to nitrile C=EN bonds.

Results and Discussion

Vacancies-rich Ni(OH), (VR-Ni(OH);) atomic layer was
synthesized through in situ electrochemical topological
transformation from ultrathin metal-organic frameworks (MOFs)
nanosheets (Figure 1la). A two dimensional layered Ni-MOFs
([Ni3(OH)2(CgH404)2(H20)4]-2H,0) with strong hydrogen bonds
was as a precursor (Figure S1).24 Initially, ultrathin Ni-MOFs
nanosheets was prepared by a self-assembly process (Figure
S2a and S3). Subsequently, in situ electrochemical topological
transformation strategy was used to fabricated vacancies-rich
Ni(OH), atomic layer. For comparison purpose, Vacancies-poor
Ni(OH), (VP-Ni(OH),) was obtained by similar routine from alkali
soaked Ni-MOFs nanosheets (AS-Ni(OH),) (Figure S2b and S4).
TEM image in Figure 1b and 1e reveals that the in situ
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Figure 2. The characterization for vacancy. (a) XRD patterns. (b) XPS Ni 2p spectra. (c) XPS O 1s spectra. (d) Ni K-edge XANES spectra. (e) Ni K-edge

EXAFS k3(yk) oscillation functions and (f) the corresponding FT curves.

transformed samples all maintained a sheet-like morphology.
Meanwhile, vertically distributed sheets in the TEM images reveal
the average thickness of VR-Ni(OH), and VP-Ni(OH), are 2.2 nm
and 2.1 nm (Figure S5), respectively. The atomic thickness
ensures that the defects of the construction are distributed on the
surface. Furthermore, the interlayer spacing extracted by HRTEM
(Figure 1c and 1f) are corresponding to specific crystal of
hexagonal Ni(OH),, demonstrating the formation of pure Ni(OH)a.
In consideration of the conversion process, this result also
suggest that unstable MOFs materials often act as pre-catalysts
during anodic electrooxidation process. The scanning
transmission electron microscopy-high-angle annular dark field
(HAADF-STEM) images show that abundant nanopores
distributed on the surface of the obtained VR-Ni(OH). (Figure 1g),
which are consistent with our previous research work.!*c!
Predictably, the existence of nanopores on the nanosheet can
effectively enrich the reaction molecules and promote permeation
through the nanopore, leading to significant improvement of the
catalytic performance.*3¢ 1% |n addition, their X-ray diffraction
pattern for the accumulated powder sample could be readily
indexed to Ni(OH), (JCPDS NO. 14-0117) (Figure 2a). The
broader diffraction peaks of VR-Ni(OH), than VP-Ni(OH), may be
caused by structure microdistortions in the crystal.[*l

To accurately characterize the defect of the obtained
nanosheets, X-ray photoelectron spectroscopy (XPS) was first
conducted. As shown in Figure 2b, the Ni 2p is no obvious
difference between VR- and VP-Ni(OH),.The specific Ni 2ps, and
Ni 2p1; peaks are located at 856.3 eV and 873.9 eV, and the
binding energy is separate into 17.6 eV, indicating that Ni was +2
oxidation state.l** Observingly, their O 1s core level spectrum in
Figure 2c clearly showed three distinct peaks: namely the peak of
lattice oxygen at 531.4 eV, the peak of oxygen vacancy at 532.3
eV and the peak of adsorbed H,O at 533.6 eV.['"] However, VR-
Ni(OH), transformed by Ni-MOFs has a significantly enhanced
peak of 532.3 eV which indicates that obtained by Ni-MOFs
possess larger concentration of oxygen vacancies than those
obtained by AS-Ni(OH)..2™! To further explore atomic structure,
X-ray absorption fine structure spectroscopy (XAFS) was also
employed. As shown in Figure 2d, the absorption edge of VR-
Ni(OH), are consistent with Ni-MOFs, VP-Ni(OH), and

commercial Ni(OH), (Bulk Ni(OH),), indicating that the valence
state of Ni has not changed after the conversion, which is
completely in accord with the result from the Ni 2p analysis in XPS.
Meanwhile, compared with AS-Ni(OH), and Bulk Ni(OH),, the
white line of VR-Ni(OH), and VP-Ni(OH); has a noticeable decline,
and means that the geometric local structure (such as
coordination number, bond length) around Ni atom has changed
slightly.*?2® Thus, the Ni K-edge extended XAFS (EXAFS) k?y(k)
oscillation curve derived from Figure 2d was presented in Figure
2e, and displays a significant amplitude difference in 2-8 A in
changed by the local structure distortion of NiOg« polyhedron.[*2°]
Furthermore, from the Fourier transform curves (FTs) of k?y(k)
spectra (Figure 2f and Table S1), the Ni-O peak (2.01 A) for VR-
Ni(OH). present a shift in the position towards a lower length.
Meanwhile, the intensity of the Ni-O peak (2.01 A) and Ni-Ni peak
(3.06 A) for VR-Ni(OH), was significantly reduced. Strikingly, fitted
Ni-O, Ni-Ni coordination number for VR-Ni(OH), are much lower
than AS-Ni(OH),;, VP-Ni(OH),, suggesting the presence of
abundant oxygen and Ni vacancies in VR-Ni(OH),.t%. 18l
Noticeably, VP-Ni(OH), compared to AS-Ni(OH), has a similar but
relatively weak trend as VR-Ni(OH),, indicating that nickel
hydroxides will adaptively form only a small number of vacancies
during the amine electrooxidation process. In general, combined
with the XPS results, vacancy-confined Ni(OH), atomic layer were
controllably synthesized via in situ electrochemical transformation
of the unstable MOFs, which revealed the unstable MOFs usually
as a pre-catalysts. In consideration of the special structure of the
selected MOFs, the formation mechanism of defects is simply
deduced. Acceptably, during electrochemical operation,
hydroxides in electrolytes quickly transported to around Ni atom
through strong hydrogen binds existing in Ni-MOFs, and then
replaced the coordinated water molecules and carboxylate
groups to form Ni(OH),. Under this premise, nucleophilic
propylamine can also participate in the coordination reaction with
the Ni atom thus acting as a steric hindrance to prevent its
combination with hydroxide. In this regard, the Ni(OH), with
unsaturated coordination was formed. Notably, this study not only
proposes a new method for constructing surface vacancies but
also present conclusive evidence for the catalytic performance of
MOFs from its derived defect structure.
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Figure 3. Electrochemical measurement. (a) The normalized polarization curves and (b) the corresponding Tafel plots. (c) Arrhenius plot. (d) Nyquist
plots for VR-Ni(OH)2 in 1m KOH with and without 10 mmol propylamine at 1.4 V (vs RHE). (e) Nyquist plots for VR-Ni(OH)z and for VP-Ni(OH)2 catalysts
in 1 M KOH with 10 mmol propylamine at 1.4 V (vs RHE). (f) The corresponding Nyquist plots and (g) Bode phase plots of VR-Ni(OH):2 at various voltages
in 1 M KOH with 10 mmol propylamine. (h) Nyquist plots for VP-Ni(OH)z and (i) Bode phase plots of VP-Ni(OH): at various voltages in 1 M KOH with 10

mmol propylamine.

To evaluate the propylamine oxidation reaction (POR)
activity of constructed catalyst model, VP-Ni(OH),, as comparison
were also carried out. As shown in Figure 3a, VR-Ni(OH), is more
easily activated and show decent oxygen evolution performance
in 1 M KOH in the absence of propylamine, while the samples still
present a unsatisfactory current density response below the
potential of 1.55 V. In the presence of 10 mmol propylamine, the
apparent POR catalysis is observed with a significant rise of the
anode current density for all samples. These result elucidate that
POR process is easier than oxygen evolution reaction.
Specifically, VR-Ni(OH), only need a potential of 1.36 V to drive
10 mA cm in the presence of propylamine, which is smaller than
that of VP-Ni(OH). (1.42 V). Moreover, the potential required by
VR-Ni(OH), to achieve a current density of 50 mA cm™ are 1.41
V, which is much lower than that of VP-Ni(OH), (1.50 V). The
higher current density indicated that VR-Ni(OH). is an efficient
POR catalysts. Furthermore, VR-Ni(OH), present a remarkable
low Tafel slope of 31.5 mV dec?, while VP- Ni(OH), shows a Tafel
slope of 56.4 mV dec™ (Figure 3b), meaning that VR- Ni(OH), has
a faster electron-transfer rate for POR. Additionally, turnover
frequency (TOF) was also calculated and the higher TOF of VR-
Ni(OH), reflected the enhanced intrinsic activity of the active sites
(Figure S6). To assess the kinetic barriers involved in POR
process, we studied the dependence of the performance on the
temperatures for catalysts (Figure S7). The Arrhenius plots can
be fitted to a straight line and the slopes represent the
electrochemical activation energies.!**! Undoubtedly, propylamine
electrooxidation reaction more rapidly at raised temperatures on
the performance of the nickel hydroxides catalysts.?% As shown
in Figure 3c, the electrochemical activation energies for VR-

Ni(OH), (24.03 kJ mol?) is lower than for VP-Ni(OH), (79.30 kJ
mol 1), indicating that VR- Ni(OH). has the low kinetic barriers to
adsorb propylamine for further activation.[*3

To further illustrate the catalytic kinetics of POR, the
electrochemical impedance spectroscopy (EIS) were investigated
at different potentials. The Nyquist plots of VR-Ni(OH). were
combined by the a arc and a steep line in 1 M KOH without
propylamine (Figure 3d),Y indicating that VR-Ni(OH), is more
inclined to absorb propylamine than hydroxyl, and the absorbing
propylamine is rapidly oxidized to generate a fast charge-transfer
rate.[’2 Meanwhile, Figure 3e compares the Nyquist plots of VR-
Ni(OH), and VP-Ni(OH), at 1.4 V, and the smaller complete
semicircle of VR-Ni(OH), suggest the catalysts has better
electronic conductivity and faster charge-transfer rate.lY
Therefore, the increased potential provides more electrons and
absorbed propylamine, resulting in a faster charge-transfer rate
(Figure 3f). As shown in the Bode phase plots, the frequency peak
of VR-Ni(OH), decrease and shifts to lower frequency at the
potential of 1.35 V, and then shifts to higher frequency as the
potential increases (Figure 3g).?% Interestingly, the Bode phase
plots of VP- Ni(OH); is different from its Nyquist plots (Figure 3h),
showing a different trend from VR-Ni(OH),.The frequency peak of
VP-Ni(OH), keeps decreasing and moves towards the higher
frequency (Figure 3i).?4 These result suggest that more
propylamine is absorbed on the surface of VR-Ni(OH), with a
great number of vacancies than VP-Ni(OH),. At the potential of
1.35 V, the amount of absorbed propylamine is larger than the
amount consumed by the electrooxidation on the surface of VR-
Ni(OH);, and the increased potential makes the adsorption and
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Figure 4. Detection of product and coupling electrolytic water performance. (a) Chronopotentiometric curves of VR-Ni(OH): at different potentials in 1 M
KOH with 10 mmol propylamine. (b) *H NMR spectra of the collected product at different potentials. (c) FEs of propionitrile at different potentials. (d) The
schematic showing the setup for the in-situ IR experiments. (e, f) in situ FTIR spectra for propylamine electrooxidation of VR-Ni(OH)2. (g) The schematic
showing the homemade propylamine electrolyser using VR-Ni(OH)2 as the anode and CoS2-MoS: as the cathode. (h) Current—potential curves in a two-
electrode system in 1.0 m KOH with and without 10 mmol propylamine. (i) The voltage of the electrolyzer required for different current densities.

consumption rates tend to balance. Therefore, all of the results
indicate that the presence of vacancies for Ni(OH), favored fast
charge-transfer rate and easily propylamine adsorption.

The catalysis stability and electrooxidation product were also
important considerations. Therefore, propylamine oxidation
catalysis was carried out at different potentials (Figure 4a).
Stepped-potential electrolyses at each given potential for 2 h were
performed to quantify the liquid products by *H nuclear magnetic
resonance (*H NMR) analysis. The results in Figure 4b suggested
that the VR-Ni(OH), possess the Faradaic efficiency is as high as
96.5% for producing propionitrile at a moderately potential of 1.38
V (Figure 4c). Meanwhile, the propionitrile yield rate was also
calculated as 0.0011 mol mg™* ht at 1.38 V. (Figure S8 and Table
S2). Notably, the constructed Ni(OH), catalysts realized direct
synthesis of nitriles from primary amines, namely C-N bond
activates dehydrogenation directly into a C=N bond. To further
pinpoint the POR process, in situ Fourier transform infrared (FT-
IR) spectroscopy measurement was carried out. The schematic
diagram of the in situ experimental device is shown in Figure 4d.
In order to more accurately identify the product molecules, before
starting the in-situ test, the assembled in-situ FT-IR test device
(Figure 4d) has completed background subtraction. FT-IR
spectral results in Figure 4e and 4f show the small molecule
structure evolution signal during the propylamine electrooxidation
process on the surface of VR-Ni(OH),. Obviously, the vibrational
peak of C=N at v = 2253 cm™ can be immediately observed and
it gradually increased with reaction propulsion.? The time-
dependent in situ FT-IR further proved that VR-Ni(OH), promote

amino C-N bonds electrooxidation to nitrile C=N bonds for
realizing synthesis of propionitrile. Under normal conditions,
electrochemical selectivity is an important consideration issue. In
this study, the tiny amounts of byproducts were also detected,
such as propionaldehyde (v = 1747 cm™) and carbon monoxide
(v =2173 cm ™)1, which may result from the unavoidable oxygen
exposure in an open environment. Meanwhile, the
electrooxidation performance of n-Butylamine confirms that the
presence of vacancies can also improve the performance of other
primary amines (Figure S9). Combined with the all-around
electrochemical testing and in situ spectroscopy, amino C-N
bonds could be electrooxidized to nitrile C=N bonds on the
surface of Ni(OH)2, which undoubtedly offer an important insight
into alternative pathways for accessible nitriles producing.
Beyond that, the surface vacancy promote the primary amines
electrooxidation performance of Ni(OH),.

As anodic oxidation reaction, this POR process could be
coupled with water reduction to generate hydrogen
simultaneously. In this regard, a dual-electrode electrochemical
configuration with using the previously reported CoS,-MoS; as
the cathode and VR- Ni(OH), as the anode was constructed
(Figure 4g).?%1 The required voltage is 1.48 V to achieve a current
density of 10 mA c¢cm2 (Figure 4h), which is smaller than the
necessary voltage of the overall water splitting (1.74 V).
Meanwhile, the voltage gap between hybrid water electrolysis and
overall water splitting gradually increased with the raising of
current density (Figure 4i). Integrated with the overpotential and
current density, the performance of the VR-Ni(OH); is decent
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2 of propylamine electrooxidation.

relative to that of other report organic compound oxidation
catalysts (Table S3). Meanwhile, no obvious gas bubbles were
produced on the surface of the anode (Figure S10). Therefore,
the above result suggested that the VR-Ni(OH), may be a anode
candidate to realize the coupled hydrogen evolution from water
splitting by integrating propylamine electrooxidation.

This interesting process of bond conversion motivated us to
reveal the mechanism in regard to adsorption, activation and
electrooxidation catalyst surface defect towards further improving
catalyst performance and unlocking other profound
electrosynthesis reaction. In this study, the conventional DFT
calculations were performed to explore adsorption and
dehydrogenation. First, the electrostatic potential of propylamine
was proposed in Figure 5a. Clearly, the N atom neighborhood
appeared negative potential relative to other groups in
propylamine molecule, which may root in the lone pair electrons
of unequal sp® hybrid orbitals. In this regard, the positive charge
sites may directly adsorb propylamine molecules by attracting
lone pair electrons.?”l Furthermore, the effect of vacancy defects
on the surface charge distribution of Ni(OH), is studied (Figure
5b). Due to the absence of atoms, there is a lacking electron
density in the vacancy area relative to intact surface. The electron
deletion could render vacancy sites more electropositive, which
might facilitate the adsorption of the N atom with lone pairs of
electrons.*1 To better elucidate the strength of the adsorption, the
charge density difference after propylamine adsorption are
considered. For the surface of perfect Ni(OH),, the electrons of
the N atom tend to flow to the H atom in catalyst lattice, as a

consequence, occurring a slight adsorption in the form of
hydrogen bonds (Figure 5¢c and Figure S11). The adsorption
energy is only -0.057 eV (Table S2). Specifically, the obvious
charge transfer behavior signified the strong adsorption between
the vacancies-rich surface and propylamine molecules (Figure
5d). In addition, the corresponding adsorption energy is
calculated as -0.662 eV (Table S4), further confirming the direct
adsorption. Meanwhile, the critical distance between N atom and
Ni atom of VR-Ni(OH), is 2.1 A, which is much smaller than
perfect Ni(OH), (4.3 A). The huge difference in the critical
distance further means that vacancies can provide anchor sites
for direct chemisorption of propylamine molecules. However, the
formation of anchor sites must require surface defect with a high
energy barrier reaching up to 2.59 eV (Figure S12). The
considerable reaction energy makes the propylamine adsorption
process in perfect Ni(OH), considerably difficult. The positive
charge surface of vacancies-rich Ni(OH), may realize
propylamine molecules nitrogen adsorption and catalysis directly.
To explore the adsorption process in detail, the process of losing
and gaining electrons between the vacancies-rich surface and
propylamine molecules is presented separately (Figure 5 e and f).
Similar to theoretical predictions, the electrons of the N atoms
tend to flow to the Ni atoms exposed by the defects (Figure 5d,
5e, 5f and Figure S13). Notably, surface vacancy-induced local
electropositive site to directly chemisorption lone pair electrons of
propylamine molecules.

Broadly accepted, the first step of dehydrogenation is
considered the rate-determining step in the dehydrogenation

This article is protected by copyright. All rights reserved.



Angewandte Chemie International Edition

activation reaction of C-N bonds.?®! As such, the subsequent
chemical activation process was also explored by simulating the
first step of dehydrogenation in detail. The first dehydrogenation
of propylamine to propionitrile was discussed in two cases:
dehydrogenation of N (define as route 1) and adjacent carbons
(define as route 2). As show in Figure 5g and 5h, routel has a
smaller reaction energy barrier (1.43 eV) compared with route 2
(1.92 eV). In addition, after dehydrogenation, the Ni-N bond length
in route 1 was slightly increased (0.2 A), which caused N atom to
be chemically adsorbed by two Ni sites simultaneously, and
facilitates the subsequent dehydrogenation reaction process.
These findings further suggested that the vacancy-induced local
electropositive site chemisorbs the N atom with lone pairs of
electrons and then attack the corresponding N-H bond. In
summary, the resolving of vacancies model, local charge
distribution and adsorption process will undoubtedly provide
important insights for the discovery of more chemical activation
processes.

Conclusion

Integrating all experiments and theoretical calculation, we
proposed vacancies-rich Ni(OH), atomic layer to realize a direct
one-step route from the electrooxidation of amino C-N bonds to
nitrile C=N bonds for accessible nitriles producing. VR-Ni(OH).
were controllably synthesized via in situ electrochemical
topological transformation of Ni-MOFs, which revealed the
unstable MOFs usually as a pre-catalysts. EXAFS and XPS
results clearly reveals the presence of vacancy in Ni(OH), atomic
layer. Then, the all-around electrochemical testing and in situ
spectroscopy suggest the vacancies-rich Ni(OH), efficient
promote the electrooxidation of amino C-N bonds to nitrile C=EN
bonds. Combined with the theoretical simulation, the vacancy-
induced local electropositive site chemisorbs the N atom with lone
pairs of electrons and then attack the corresponding N-H bond.
Furthermore, this work gains atomic-level insights into vacancies,
local charge distribution and adsorption process through
semiquantifying the relationships among model, structure and
performance, holding promise for unlocking other profound
electrosynthesis reaction.
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Vacancies-rich Ni(OH), nanosheets were proposed to realize a direct one-step route from the electrooxidation of amino C-N bonds to
nitrile C=N bonds for accessible nitriles producing. During the catalytic reaction, the vacancy-induced local electropositive site
chemisorbs the N atom with lone pairs of electrons and then attack the corresponding N-H bond.

This article is protected by copyright. All rights reserved.



