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The selective electrochemical conversion of glycerol into value-added products is a green and sus-
tainable strategy for the biomass utilization. In this work, Au nanowires (Au-NW) modified with
polyethyleneimine (PEI) molecule (Au-NW®@PEI) is obtained by an up-bottom post-modification approach.
Physical characterization, molecular dynamics simulation and density functional theory demonstrate that
the loose-packed PEI monolayer firmly and uniformly distribute on the Au-NW surface due to the strong
Au-N interaction. Electrochemical experiments and product analysis display that PEI modification signif-
icantly enhance the electro-activity of Au-NW for the glycerol electro-oxidation reaction (GEOR) due to
the electronic effect. Meanwhile, the steric hindrance and electrostatic effect of PEI layer make the op-
timizing adsorption of intermediates possible. Therefore, the selectivity of C3 product glyceric acid over
Au-NW@PEI is increased by nearly 20%. The work thus indicates that the rational design of metal-organic
interface can effectively elevate the electro-activity and selectivity of Au nanostructures, which may have

wide application in biomass development.
© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Over recent decades, the world glycerol production has sharply
increased due to the fast development of biodiesel industry, result-
ing in the pressing requirement for re-utilization of glycerol (i.e., a
valuable byproduct in biodiesel industry). Recently, many advanced
works have demonstrated that glycerol electro-oxidation reaction
(GEOR) is an important anodic reaction in electrochemical system,
which has widely potential applications in direct glycerol fuel cells
and the electro-synthesis of value-added chemicals [1-4]. Among
these chemicals, glyceric acid is well known for its benefits in
medicine and skincare treatment. Glyceric acid and its derivatives
have great potential as reagents for a variety of biological activ-
ities, including acting as base materials for functional surfactants
and monomers for oligoesters or polymers [5,6]. Generally, noble
metals (such as Pt, Pd and Au) based nanomaterials are excellent
electrocatalysts for the GEOR due to their high electro-activity and
durability [7-11]. Among them, Au based nanomaterials are espe-
cially attractive due to the high earth reserve and excellent anti-
poisoning ability for CO intermediate [12-14].
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Traditionally, morphology and component regulation are two
efficient approaches for the electro-activity enhancement of Au
based nanomaterials [15-21]. For example, Prof. Xu and co-workers
synthesized the ultrathin Au nanowires (Au-NW) with Au(111)
facets by a-naphthol reduction method, which revealed boosted
electro-activity for the oxygen electroreduction reaction due to
high surface area, particularly one-dimensional (1D) anisotropy,
and plentiful structural defects [22]. Prof. Du and co-workers syn-
thesized two-dimensionally triangular AuCu alloy nanoprisms by
a chemical reduction method, which revealed 3.9-fold electro-
activity enhancement for the GEOR because of the electronic and
bifunctional effects between Au and Cu [23]. Recently, the or-
ganic interface engineering of noble metal nanomaterials (i.e., no-
ble metal nanomaterials are modified by organic molecules) has
emerged as an efficient stagey for enhancing their electro-activity
and selectivity because of the electron/charge transfer between
metal atoms and organic molecules as well as the steric ef-
fect of organic molecules at metal surface [24-34]. For instance,
Prof. Chen and co-workers prepared Ir nanoparticles functionalized
with 4-ethylphenylacetylene by ligand exchange method, which ef-
fectively boosted electro-activity of Ir nanocrystals for the oxy-
gen electroreduction reaction because that the conjugated metal-
ligand interfacial bonding interactions are in favor of adjustment
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the electron density of Ir atoms [24]. Prof. Duan and co-workers
synthesized sodium dodecyl sulfonate modified nickel hydroxide
(Ni(OH),), which was highly efficient for the oxidation of cyclo-
hexanone to adipic acid due to the favorable cyclohexanone trans-
fer [29]. Prof. Sun and co-workers synthesized hydrophobic octade-
canethiol modified FesP nanoarrays, which was highly active for
the electro-catalytic N,-to-NH3 conversion due to optimized elec-
tronic structure and the hydrophobic character of alkanethiol [32].
These advanced works have demonstrated that the rational com-
ponent/interface design can be used to adjust the adsorption en-
ergy of the key intermediates, thereby optimize the selectivity and
electro-activity of the electrocatalyst.

In this work, we successfully constructed an organic interface at
Au-NW surface by functionalizing Au-NW with polyethyleneimine
(PEI) molecule (Fig. S1 in Supporting information). Herein, the
strong interaction between Au and —NH, groups resulted in the
spontaneous adsorption of PEI at Au atoms, which was inter-
nal driving force for the organic interface engineering of Au-NW.
By means of the steric hindrance effect of PEI layer and strong
Au-N interaction, the constructed PEI functionalized Au-NW (Au-
NW®@PEI) revealed improved electro-activity and selectivity for the
anodic GEOR in alkaline medium compared to Au-NW without PEL

In the typical synthesis, the PEI functionalized Au-NW (Au-
NW®@PEI) was easily obtained by ultrasonically dispersing Au-
NW into PEI aqueous solution for 2min and stirring for 2h at
room temperature. Herein, Au-NW with 5.3 nm diameter was eas-
ily achieved using «-naphthol reduction method within 10 min
(Fig. S2a in Supporting information) [27,35]. The morphology of
Au-NW®@PEI was visualized by scanning electron microscopy (SEM)
and transmission electron microscopy (TEM). SEM image reveals
that Au-NW@PEI has three-dimensionally (3D) network morphol-
ogy with cross-linked pore structures, which are in fact con-
structed by tangled nanowires (Fig. 1a). Such 3D architecture can
accelerate the mass transportation and electron communication in
the course of electrochemical reactions. TEM image reveals that
mean diameter of Au-NW@PEI is ca. 53 nm (Fig. 1b), which is
identical with that of Au-NW without PEI (Fig. S2a). X-ray diffrac-
tion (XRD) pattern of Au-NW@PEI only reveals the diffraction
peaks of Au crystal (Fig. 1c), which is exactly the same as Au-NW
without PEI (Fig. S2b in Supporting information). Energy-dispersive
X-ray spectroscopy (EDX) of Au-NW@PEI shows the obvious N el-
emental signal (Fig. 1d), suggesting the binding of PEI on the Au-
NW surface due to the strong Au—N interaction. The density func-
tional theory (DFT) calculation was carried out for the Au(111)-
PEI system. The adsorption energy of a trimer of PEI on Au(111)
is —1.4eV, confirming the strong bond strength between PEI
and Au.

X-ray photoelectron spectroscopy (XPS) measurement shows
the strong N 1s signal, also suggesting the adsorption of PEI on
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Fig. 1. (a) SEM, (b) TEM, (c) XRD and (d) EDX characterization of Au-NW®@PEIL
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Fig. 2. (a) N 1s XPS spectrum, (b) TGA curve, (c) EDX mapping, (d) STM image of
Au-NW@PEL (e) Top view (above) and side view (below) of configurations of PEI
on Au(111) surface. Herein, PEI molecule and Au(111) surface are displayed in ball
and stick style. N, C, H and Au atoms are denoted by blue, gray, white, and yel-
low, respectively. (f) CV curves of Au-NW and Au-NW@PEI modified glassy carbon
electrode in 10 mmol/L hydroquinone + 0.1 mol/L HCIO, electrolyte.

Au-NW surface (Fig. 2a). Thermal gravimetric analyzer (TGA) curve
of Au-NW@PEI reveals a weight loss of 6.5% because of the pyroly-
sis of PEI molecule at high temperature, suggesting the adsorption
amount of PEI on Au surface is very small (Fig. 2b). The zeta po-
tential measurement was performed to further confirm the adsorp-
tion of PEI on Au-NW surface. The zeta potential of Au-NW®@PEI is
+34.4mV in 0.01 mol/L HCI solution. Such high zeta potential orig-
inates from the -NH3;™ generation due to the protonation of -NH,
at PEI in HCI solution. The existence of PEI endows Au-NW®@PEI
with well dispersion in an aqueous solution because of the strong
electrostatic repulsion between positively charged Au-NW@PEI and
hydrophilic of PEI molecules [36,37]. Indeed, Au-NW@PEI suspen-
sion can maintain stable within 10 days whereas Au-NW suspen-
sion only maintain stable for 10 min (Fig. S3 in Supporting infor-
mation). EDX element mapping patterns reveal the uniform distri-
bution of N and Au, suggesting the uniform distribution of PEI on
Au-NW surface (Fig. 2c).

Scanning tunneling microscopy (STM) is a powerful technique
for probing organic molecule on metal surface [38,39]. After the
adsorption of PEI on the Au surface, large-scale synaptic structures
are observed under ultrahigh vacuum conditions, displaying that
PEI molecules can orderly self-assemble on the Au surface (Fig. 2d).
STM measurement shows that the thickness of self-assembled PEI
layer is about 0.97 nm (Fig. S4a in Supporting information). Consid-
ering that the vertical dimension of PEI molecule is about 0.7 nm
(measured by PEI molecular model, Fig. S4b in Supporting informa-
tion), the adsorption of PEI on the surface of Au may be monolayer
and tiled distribution. The shaded areas in the middle of these PEI
synapses layers are irregular channels, which confirms the loose
distribution of PEI on the Au surface. Molecular dynamics (MD)
simulations were performed to further investigate the adsorption
of PEI molecules at Au surface. The top view image of optimized
MD simulation displays that multiple branched PEI layer is at the
loose lateral distribution, ascribing to the Au-N strong interaction.
The side view image reveals the monolayer of the PEI, in agree-
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Fig. 3. (a) HRTEM image of Au-NW@PEI and (b) Au 4f XPS spectra of Au-NW®@PEI
and Au-NW.

ment with the STM result (Fig. 2e). As a result, a loose-packed PEI
layer with abundant holes forms at the Au-NW surface, which al-
lows the electrolyte and reactant access the uncovered Au atoms.
Indeed, cyclic voltammetry (CV) measurements reveal that hydro-
quinone probe molecule can achieve the obvious electron com-
munication at Au-NW@PEI electrode (Fig. 2f), confirming that the
electrolyte and reactant can easily access Au-NW®@PEI surface.

The fine structure of Au-NW@PEI was investigated by high res-
olution TEM (HRTEM) measurement. HRTEM image reveals the lat-
tice spacing value (0.236 nm) of Au(111) facets (Fig. 3a), which is
identical with Au-NW without PEI (Fig. S2¢ in Supporting informa-
tion). The fact indicates the adsorption of PEI on Au-NW surface
does not change the crystal structure of Au-NW. The electronic
property of Au-NW@PEI was also explored by XPS. The doublet
peaks of Au 4f XPS spectrum fitted to the metal Au species. Dou-
blet peaks (83.8 and 87.5eV) correspond to 4f;, and 4fs, peaks of
metallic Au (Fig. 3b). The binding energy value (4f;, =83.4eV) of
metallic Au on the Au-NW@PEI surface shifts negatively ca. 0.4eV
compared with that (4f;, =83.8eV) at Au-NW. The lone pair elec-
trons of N atoms at -NH, groups can donate electrons to Au atoms,
which is responsible for the negative shift of Au 4f binding energy
[27,40].

Electrochemical properties of Au-NW and Au-NW®@PEI were an-
alyzed by CV in 0.1 mol/L HCIO,4 electrolyte. In this work, all poten-
tials were referenced to reversible hydrogen electrode (RHE). Both
Au-NW and Au-NW@PEI show the obvious reduction peak of Au
oxide at ca. 115V (Fig. 4a). Generally, the electrochemical active
area (ECSA) of Au nanomaterials can be measured by integral re-
duction peak area of Au oxides [41,42]. The ECSA of Au-NW and
Au-NW®@PEI are measured to be 38.6 and 31.8 m2/g, respectively.
After the PEI modification, Au-NW@PEI still has high ECSA, which
confirms that the PEI layer does not completely cover Au-NW sur-
face again.
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Fig. 4. (a) CV curves of Au-NW and Au-NW®@PEI in 0.1 mol/L HCIO,4 electrolyte
at 50mV/s. (b) Au mass normalized CV curves of Au-NW and Au-NW®@PEI in
1mol/L KOH+ 0.5mol/L glycerol solution at 50mV/s. (c) Au-NW®@PEI in 1mol/L
KOH +0.5mol/L glycerol electrolyte at different scan rates. (d) CV curves of
Au-NW@PEI in 1mol/L KOH electrolyte with different glycerol concentration at
50mV/s.
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The electro-catalytic activity of Au-NW and Au-NW@PEI for
the GEOR were measured in the 1mol/L KOH + 0.5 mol/L glycerol
electrolyte (Fig. 4b). Both Au-NW and Au-NW@PEI show mark-
able GEOR mass electro-activity. At the forward sweep direction,
the onset potential and peak potential of GEOR locate at ca. 0.8V
and 1.3V, respectively. At the reverse sweep direction, the reduc-
tion of the Au oxide allows the surface to reactivate for further
oxidation of glycerol and reaction intermediates, resulting in the
oxidation current at the reverse sweep direction [43]. Obviously,
the forward GEOR peak current at Au-NW@PEI is much higher
than that at Au-NW without PEI Specifically, the GEOR peak cur-
rent at Au-NW@PEI is 1496.7 mA/mg, which is 1.5 times of Au-NW
(1016.5mA/mg) at 1.27V potential. Although the modification of
PEI unavoidably decreases the electrochemical active area, the in-
teraction between PEI and Au can regulate the electronic structure
of Au active sites, which is more powerful on the GEOR activity.

To understand the high electro-activity of Au-NW®@PEI, irreg-
ular Au nanoparticles (Au-NP) were prepared by potassium for-
mate reduction method (Fig. S5 in Supporting information). ECSA
and GEOR of Au-NP were also investigated by CV measurements
(Fig. S6 in Supporting information). ECSA of Au-NP is only 9.7
m?/g, which is 0.3 times than that of Au-NW. Obviously, the small
diameter and 1D structure of Au-NW are responsible for its high
ESCA value. Consequently, GEOR current (223.9 mA/mg) over Au-
NP is much lower than that (1496.7 mA/mg) over Au-NW at 1.27V,
So the high electro-activity of Au-NW®@PEI partly originates from
the high area of Au-NW. The glycerol transmission performance
over Au-NW@PEI was investigated by CV at different scan rates
(Fig. 4c). The forward GEOR peak current increases with scan-
ning rate. The linear relationship between the square root of the
scan rate (v!2) and the forward GEOR peak current (ip) reveals
that GEOR at Au-NW®@PEI is a diffusion-controlled process (Fig. S7
in Supporting information) [44]. Since the mass transfer process
is important for the electrochemical process, the effect of reac-
tant concentration on electro-activity was investigated by CV tests
(Fig. 4d). CV curves display that Au-NW®@PEI can achieve the high-
est GEOR peak current in 0.5mol/L glycerol when the electrolyte
concentration is fixed at 1 mol/L KOH. During the GEOR, the dis-
sociative adsorption of glycerin on Au is the rate-determining step
[45,46]. After increasing concentration, the mass transfer of glyc-
erin is affected by the glycerol concentration, which leads to the
shift of GEOR peak potential with glycerin concentration (Fig. S8 in
Supporting information). After further increasing glycerol concen-
tration, the GEOR current density decreases slightly, which can be
ascribed to attenuation of ion transport properties due to increased
viscosity of the electrolyte. Therefore, the 0.5 mol/L glycerol is an
optimal concentration.

As a matter of fact, the ECSA normalized CV curves reflect the
intrinsic electro-activity of the electrocatalyst. Obviously, the GEOR
current density at Au-NW®@PEI (4.7 mA/cm?) is 1.8 times than
Au-NW (2.6 mA/cm?2) at 1.27V, indicating higher specific electro-
activity (Fig. 5a). The results reveal that enhanced GEOR intrinsic
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Fig. 5. (a) ECSA normalized CV curves of Au-NW and Au-NW@PEI in 1mol/L
KOH + 0.5 mol/L glycerol electrolyte at 50mV/s. (b) Mass normalized CV curves of
Au-NW@PEI in 1mol/L KOH + 0.5 mol/L glycerol electrolyte at 50 mV/s at different
temperatures.
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Fig. 6. The continuous CV curves of (a) Au-NW and (b) Au-NW®@PEI in 1mol/L
KOH + 0.5 mol/L glycerol electrolyte at 50 mV/s.

electro-activity of Au-NW@PEI is highly relied on PEI modification.
XPS results suggest that sufficient amount of PEI can serve as an
electronic structure regulator (Fig. 3b), which is beneficial to regu-
late the electronic structure of Au active sites and optimize the ad-
sorption energy of C3 intermediates [27,32]. Further CV tests at dif-
ferent temperatures are performed to investigate the GEOR electro-
activity of Au-NW®@PEI (Fig. 5b). Obviously, the GEOR current in-
crease with reaction temperature. The apparent activation energy
(E3) is obtained from the linear regression of Arrhenius plot (Fig. S9
in Supporting information) [47,48]. E; of GEOR at Au-NW@PEI is
14.9kJ/mol. Under the same experimental conditions, Ea of GEOR
at Au-NW without PEI is measured to be 24.6kJ/mol (Fig. S10
in Supporting information), much higher than Au-NW®@PEI. The
smaller E; means low energy barrier and advanced glycerol acti-
vation on Au-NW with the aid of PEL For the GEOR, the dehydro-
genation of glycerol is a rate-determining step, which can be effec-
tively optimized by regulating the electronic structure [48,49]. So
far, all electrochemical data has clearly revealed that PEI modifica-
tion can improve the GEOR electro-activity of Au-NW due to the
electronic effect.

The durability, an important parameter to estimate the feasibil-
ity of electrocatalysts, was evaluated by chronoamperometry mea-
surements and continuous CV. We carried out the CV test (Fig. S11a
in Supporting information) after chronoamperometric test (CA) at
115V vs. RHE in 1 mol/L KOH solution (Fig. S11b in Supporting in-
formation). As observed, CV curve of Au-NW@PEI is almost un-
changed after chronoamperometric test (red line), which proves
the stability of Au-NW@PEL In CV cycling durability test, the GEOR
peak current at Au-NW decreases rapidly after 200 scanning cy-
cles (Fig. 6a), which may cause by the strong adsorption of some
intermediates [13]. In contrast, Au-NW®@PEI is highly stable for
the GEOR during continuous CV tests (Fig. 6b). Specifically, the
mass electro-activity of Au-NW@PEI decay by 2.0% for GEOR af-
ter 200 cycles, which is much lower than that of Au-NW (53.1%).
The chronoamperometry tests were also employed to identify the
durability of Au-NW@PEI and Au-NW in terms of the decay rate
and final mass current density after 5h (Fig. S12 in Supporting
information). At the initial stage, GEOR currents at Au-NW and
Au-NW®@PEI decay rapidly with an increase of time, which can
be accounted for the rapid discharge behavior, the rapid deple-
tion of OH~ and strong adsorption of intermediates in the non-
stirring condition [50,51]. Within the entire process, Au-NW@PEI
shows much higher current density and slower downward trend
than Au-NW without PEI for the GEOR. After 5h CA test at 1.15V,
the GEOR at Au-NW®@PEI reserves the 72.8% of initial current at
the 100s, much higher than that at Au-NW (45.1%), indicating im-
proved durability of Au-NW@PEIL.

All the durability tests have proven that Au-NW@PEI has ex-
cellent stability than Au-NW. According to GEOR mechanism, the
strong adsorption carbon intermediates (C2* or C3*) are easily
masked on the Au surface during the GEOR, resulting in poisoning
of catalyst and current attenuation. The further structural analyses
were conducted to explore the morphology stability of Au-NW@PEI
after CA test. TEM characterization of Au-NW®@PEI after CA test dis-
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Fig. 8. The distribution of products of Au-NW@PEI and Au-NW after CA tests.

plays similar morphology and size to the previous one (Fig. S13a
in Supporting information). TEM mapping images reveal that N el-
ement is still uniformly distributed on Au-NW surface (Fig. S13b
in Supporting information), verifying the stability of PEI modifica-
tion. As a result, the enhanced durability of Au-NW@PEI can be as-
cribed to the two aspects: (1) The change transferring between Au
and —NH, on PEI optimizes the desorption behavior of intermedi-
ates on Au; (2) The stable three-dimensional network reduces the
Ostwald ripening effect as well as the aggregation of Au-NW@PEI
during the reaction.

The carefully control of GEOR selectivity is challengeable due
to the complex pathways (Fig. 7) [52]. Currently, two main mech-
anisms of the primary hydroxyl oxidation (GLH1) and secondary
hydroxyl oxidation (GLH2) are propitious to GEOR. GLH1 process
follows the path: first of all, glycerol must adsorb onto the electro-
catalyst surface. Then, glycerol is oxidized the terminal carbon to
obtain glyceraldehyde (GLAD). In a subsequent two-electron trans-
fer, glyceraldehyde tends to be oxidized to glyceric acid (GLA) and
tartronic acid (TA). After another C—C bond cleavage process, gly-
collic acid (GA), oxalate (OA), formate (FA), and carbonate form.
GLH2 pathway endure the following process: after deprotonating
two electrons, glycerol is initially oxidized to dihydroxy acetone
(DHA). Then, undergo the base-catalyzed dehydration and tau-
tomerization to form 2-hydroxypropenal, and then follow the Can-
nizzaro rearrangement to form lactate (LA). Herein, the selective
oxidation of glycerol to more readily available C3 and C2 value-
added products is highly desirable.

The selectivity of Au-NW@PEI and Au-NW for the GEOR
were analyzed by high performance liquid chromatography (HPLC)
method through the liquid products in the electrolyte after CA test.
The product distributions over the Au-NW®@PEI and Au-NW are
shown in Fig. 8. The 4 compounds (TA, GA, FA and GLA) are de-
tected, while OA is negligible. Therein, the yield rate of GLA ob-
tained at 115V in 2h over Au-NW@PEI (192.0 umol h~1 g-1) is
higher than that of Au-NW (120.0 umol h=! g=1). The selectivity
and yield rate of other products are shown in Table S1 (Supporting
information). The experimental results indicate that Au-NW@PEI
affords the higher selectivity for GLA (58.8%), which is approxi-
mately 1.6 times of Au-NW (36.2%). Based the pathway of GEOR,
both Au-NW@PEI and Au-NW are more likely to follow the path



Z. Wang, Q. Hong, B. Miao et al.

Chinese Chemical Letters 35 (2024) 108458

Table 1

The comparison of GEOR performance over Au-based catalysts.
Catalyst Selectivity Potential (V vs. RHE) Refs.
Au-NW@PEI Glyceric acid (58.8%) 1.15 This work
Au/C Glycolic acid (49.0%), glyceric acid (36.4%) 1.31 2022 [53]
electrodeposited Au Glycolic acid (51.9%), glyceric acid (38.5%) 1.31 2022 [53]
Au films Glycolic acid (41.2%) 1.00 2021 [13]
NiggAug/C Formate (100%) 1.30 2020 [13]
Au@Ag nanoparticle Glycolic acid (31.6%) 1.10 2020 [54]
AgAu nanoparticles Formate (66%), glycolate (32%) 1.26 2020 [44]
Au nanoparticles Dihydroxyacetone (26.83%), glyceraldehyde (14.01%) 0.50 2019 [55]
AuAg nanoparticles Formate (59.31%), glycolate (34.72%) 1.13 2017 [56]
Au nanoparticles Formate (40.96%), glycolate (21.33%) 1.13 2017 [56]

of GLH1. Meanwhile, the products were marked with a red box in
Fig. 7. The Au-NW@PEI is prone to generate more GLA but less
C2 products compared with the Au-NW, which means that Au-
NW®@PEI is more beneficial than Au-NW in promoting the C3 se-
lectivity.

The high selectivity of GLA on Au-NW@PEI surface can be at-
tributed to electronic structure regulation of PEI to Au surface,
which can effectively regulate the adsorption energy of C3 prod-
ucts [13]. Meanwhile, PEI also acts as steric hindrance agent be-
cause of its special branching structure, which reduces the ability
of glycerol at Au surface sites to form multi-bond intermediates,
thus further improving the selectivity of C3 products [57]. As a re-
sult, the selectivity of C3 products (such as GLA) at Au-NW@PEI
is much higher than that at Au-NW due to the existence of PEI,
which restrains the generation of multiple-bonded intermediates
by reducing the probability of finding neighboring Au sites [10,13].
In summary, the introduction of PEI influences the selectivity of
C3 product over Au-NW by optimizing the active site microenvi-
ronment and restricting the C—C breakage of the glycerol relative
to Au-NW, resulting in elevated production of C3 products at the
applied potential. Based on pioneering literature for Au-based cat-
alysts, Au-NW@PEI shows the high selectivity toward C3 products
(Table 1). All the above results indicate that the organic engineer-
ing of Au-NW is beneficial to the electronic structure optimization
of active sites and hence increase GEOR electro-activity and selec-
tivity for C3 products.

In summary, polyethyleneimine functionalized Au nanowires
(Au-NW@PEI) were successfully constructed by virtue of the strong
interaction between —NH, groups and Au atoms. Such organic
interface engineering endowed Au-NW with high GEOR electro-
activity and 58.8% selectivity toward glyceric acid. PEI molecule
optimized the adsorption of intermediates over Au-NW through
electronic regulation. As a result, Au-NW@PEI obtained the signif-
icantly enhanced GEOR electro-activity compared to Au-NW. Con-
sidering the steric effect of PEI molecules on Au-NW surface could
prevent multi-site adsorption, the C3 product glyceric acid selectiv-
ity of GEOR notably increased compared to Au-NW. This work re-
vealed that organic engineering could effectively regulate electro-
catalytic activity and selectivity through electronic effect and steric
hindrance effect, which held promise for rational design of effec-
tive biomass catalyst system.
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