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The selective oxidation of fatty alcohols to fatty acids represents a pivotal Absorbed CTAOH
transformation in organic synthesis. Traditional methods often require harsh conditions and Prbriyiyivhyiyty ¢
environmentally harmful oxidants or solvents. Electrocatalytic oxidation emerges as a promising green .
alternative, enabling mild oxidation in aqueous media and concurrent energy-efficient hydrogen e
production at the cathode. However, the poor solubility of fatty alcohols in water poses a significant =~ 2 .., o é
challenge, reducing the reactant availability at the electrode surface, thereby hindering mass transfer @ ?Fa:tyilc:ho‘l p
and overall reaction rates. Herein, we develop an electrolyte engineering strategy that incorporates = & 3
cetyltrimethylammonium hydroxide (CTAOH) as an additive. This strategy significantly enhances the % - g—
oxidation current density of fatty alcohols as well as the production rate of fatty acids on a gold S, o
electrocatalyst. Through a mechanistic investigation combining experimental evidence from a quartz - A
crystal microbalance (QCM) and in situ attenuated total reflectance surface-enhanced infrared Febrhpiviyiyiyiy »
spectroscopy (ATR-SEIRAS) with molecular dynamics (MD) simulations, we confirm that the B fonhobic Microanvironment

preferential adsorption of CTAOH creates a hydrophobic interfacial microenvironment at the anode,

promoting the enrichment of reactant at the electrode—electrolyte interface. This work highlights the significance of interfacial
hydrophobicity modulation in boosting aqueous-phase electrocatalytic oxidation, paving the way for more efficient electrocatalytic
transformations involving water-insoluble reactants.

electrocatalytic oxidation, fatty alcohol, electrolyte engineering, interfacial hydrophobicity

reaction significantly amplifies the overall efficiency of
hydrogen production.”'® However, current research predom-
inantly focuses on the electrocatalytic oxidation of short-chain
alcohols, such as methanol and ethanol, which possess high
solubility in an aqueous electrolyte. In contrast, the exploration
of long-chain fatty alcohols, characterized by their hydrophobic
nature, has been limited due to their low solubility in aqueous
electrolytes.”'” This solubility limitation results in diminished
reactant concentrations in the vicinity of the catalytic
electrode, thereby hindering mass transfer and consequently
impeding the efficiency of electrocatalytic reaction”’
(Figure 1a). Therefore, achieving efficient electrocatalytic

The selective oxidation of alcohols to carboxylic acids
represents a pivotal class of organic synthetic transforma-
tions.' ™ Fatty alcohols, specifically monohydric aliphatic
alcohols with a alkyl chain length exceeding six, are precursors
to fatty acids.” Particularly, fatty acids, regarded as valuable fine
chemicals, find wide applications in industries such as
cosmetics, plasticizers, and resins.”® However, the inherent
low reactivity of fatty alcohol molecules presents significant
challenges in traditional oxidation methods.” Historically, these
methods have relied on stoichiometric oxidants, many of which

are toxic transition metal compounds.”” Additionally, conven-

tional approaches often necessitate high temperatures, elevated oxidation of fatt}' alcoh.ols remains a significant challenge.
. Electrocatalytic reactions occur at the electrode—electrolyte
pressures, and the use of organic solvents, factors that

contribute to environmental impacts and safety concerns.!~12 interface, where the interfacial microenvironment plays a
. . 23,24 . . . R
Consequently, there is an urgent need for the development of pivotal role. In particular, the interfacial hydrophobicity is

greener and more sustainable protocols for the oxidation of

fatty alcohols. Recently, electrocatalytic alcohol oxidation has February 24, 2025
emerged as a promising green oxidation method."”'* This April 1, 2025
method, powered by renewable energy, facilitates the oxidation April 2, 2025

of alcohols in aqueous media under mild conditions.'*'° April 10, 2025
Furthermore, the synergy between electrocatalytic alcohol
oxidation and the concurrent cathodic hydrogen evolution
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Figure 1. Schematic illustration of (a) the challenges associated with the electrocatalytic oxidation of fatty alcohols and (b) the electrolyte
engineering strategy proposed in this study to address these challenges.

a key factor that shapes both activity and selectivity in many
electrocatalytic reactions.””*® The incorporation of electrolyte
additives is considered effective in enhancing interfacial
hydrophobicity, thus improving reactant accessibility to the
electrode.”””® For instance, in the industrial electrosynthesis of
adiponitrile, which is challenged by the low aqueous solubility
of acrylonitrile, the addition of quaternary ammonium salts
promotes acrylonitrile accumulation near the electrode surface
and mitigates competitive hydrogen evolution side reactions.”
Despite these advancements, research focusing on enhancing
mass transfer through the modulation of interfacial hydro-
phobicity in organic electrocatalytic oxidation remains in its
early stages, with mechanistic insights still underexplored.

Herein, we introduce cetyltrimethylammonium hydroxide
(CTAOH) as an electrolyte additive to modulate interfacial
hydrophobicity, aiming to achieve efficient electrocatalytic fatty
alcohol oxidation coupled with hydrogen production (Figure
1b). The addition of CTAOH significantly enhances the
oxidation activity of fatty alcohols and the production rate of
fatty acids on the Au electrocatalyst. Combining experimental
and simulation results, we confirm that the preferential
adsorption of CTAOH constructs a hydrophobic micro-
environment at the electrode—electrolyte interface. This
facilitates the enrichment of fatty alcohol reactants at the
interface, thereby enhancing mass transfer performance. This
work establishes electrolyte engineering as an effective strategy
for boosting the electrocatalytic oxidation of fatty alcohols,
which can be potentially extended to a broad spectrum of
organic substrates with hydrophobic characteristics.

Given the inherently hydrophobic nature of fatty alcohols,
enhancing the interfacial hydrophobicity can improve the
affinity of the electrode for these substrates. The amphiphilic
surfactant CTAOH, which features a hydrophobic alkyl chain
and a hydrophilic quaternary ammonium group, was employed
as an electrolyte additive to modulate the interfacial hydro-
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phobicity. To investigate the effect of CTAOH on the
electrocatalytic oxidation of fatty alcohols, octanol was selected
as a model substrate. As shown in Figure SI, the oxidation
current density of octanol on Au foil increased significantly
with higher CTAOH concentrations, indicating that CTAOH
promotes the electro-oxidation of octanol. Notably, in the
absence of octanol, CTAOH did not exhibit any oxidation
activity on the Au foil (Figure S2), confirming that the
observed enhancement can be attributed to the oxidation of
fatty alcohols.

It is well known that surfactants such as CTAOH form
micelles in bulk solution when their concentration exceeds the
critical micelle concentration (CMC), thereby enhancing the
solubility of hydrophobic organic compounds. To verify this,
we measured the surface tension of the electrolyte as a function
of the CTAOH concentration (Figure S3). The results confirm
that micelle formation occurs at CTAOH concentrations
above 0.2 mM. Gas chromatography further revealed that the
introduction of 0.25 mM CTAOH more than doubled the
octanol concentration in the bulk solution (Figure S$4),
demonstrating its solubilization effect. However, increasing
the CTAOH concentration beyond this point did not
significantly alter the octanol concentration.

To determine whether solubilization contributes to the
observed activity enhancement, we compared linear sweep
voltammetry (LSV) curves on Au foil in 1 M KOH with and
without 10 mM CTAOH, both saturated with octanol (Figure
SS). Surprisingly, despite the higher octanol concentration in
the bulk solution with 10 mM CTAOH, the oxidation activity
decreased. This indicates that micelles encapsulate octanol,
limiting its access to the electrode surface,®® and thus rules out
bulk solubilization as the primary factor for the observed
activity enhancement. Interestingly, we observed that as the
amount of octanol added to the electrolyte with 10 mM
CTAOH increased, the oxidation current density on the Au
foil significantly improved (Figure S6). This indicates that the
undissolved octanol primarily participates in the reaction and
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Figure 2. (a) LSV curves for the electrocatalytic oxidation of octanol in 1 M KOH with and without 10 mM CTAOH. (b) Production rate of
octanoic acid on ED-Au/NF at 1.1 V vs RHE in 1 M KOH with and without the addition of 10 mM CTAOH. (c) Comparison of oxidation current
density for fatty alcohol with different alkyl chain lengths at 1.2 V vs RHE on ED-Au/NF. (C7: heptanol, C8: octanol, C9: nonanol, C10: decanol).
Bode plots of in situ EIS tests on ED-Au/NF in 1 M KOH (d) with and (e) without 10 mM CTAOH. (f) Charge transfer resistance with and
without CTAOH measured at various potentials; the inset shows the equivalent circuit model for the fitting of the Nyquist plots. Unless otherwise
specified, all reactions were conducted in 15 mL of 1 M KOH aqueous electrolyte with 1.5 mmol of the reactant at room temperature.

contributes to the enhanced activity induced by CTAOH. This
finding prompts us to explore the role of CTAOH from the
perspective of the interfacial microenvironment in subsequent
investigations.

To enhance the specific surface area and activity, a gold
electrocatalyst was deposited on nickel foam (NF) via
galvanostatic electrodeposition, denoted as ED-Au/NF.
Scanning electron microscopy (SEM) revealed a nanoflower-
like morphology (Figure S7), indicative of a high specific
surface area. Transmission electron microscopy (TEM) further
revealed dendritic microstructures (Figure S8), with elemental
analysis confirming the presence of gold. Since the electro-
deposition process was conducted in an acidic solution, nickel
from the NF substrate underwent dissolution and subsequent
redeposition, inevitably resulting in trace amounts of nickel
element. High-resolution TEM images (Figure S8d) exhibited
lattice fringes corresponding to the (111) crystallographic
plane of gold, with an interplanar spacing of 0.235 nm.”" X-ray
diffraction (XRD) spectra, illustrated in Figure S3a, affirm the
polycrystalline nature of ED-Au/NF, with characteristic peaks
at 38.2, 44.3, 64.6, and 77.5°, which are indexed to the gold
phase (PDF# 04-0784), and additional peaks arising from the
nickel substrate (PDF# 04-0850). High-resolution X-ray
photoelectron spectroscopy (XPS) of the Au 4f region, as
portrayed in Figure S3b, exhibits signature peaks at 83.5 and
87.1 eV, which are ascribed to metallic gold.32 These findings
collectively confirm the successful deposition of the gold
electrocatalyst onto the NF substrate. Additionally, double-
layer capacitance measurements demonstrated a significantly
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higher electrochemical active surface area (ECSA) for ED-Au/
NF compared to that for Au foil (Figure S10).

As illustrated in Figure 2a, the introduction of CTAOH to 1
M KOH also significantly enhanced the electro-oxidation
activity of octanol on ED-Au/NF. The peak current density
increased remarkably from 12 to 40 mA cm™> According to
previous studies,”” the electrophilic OH* species on gold
electrodes drive alcohol oxidation, while the formation of
AuO, at high potentials leads to passivation and a sharp decline
in activity, explaining the peak-shaped LSV curves observed in
Figure 2a. High-performance liquid chromatography (HPLC)
was employed to analyze the fatty acid products generated
during the constant potential electrolysis. As shown in Figure
2b, the incorporation of 10 mM CTAOH doubled the yield of
octanoic acid at 1.1 V vs RHE. Moreover, ED-Au/NF
exhibited remarkable stability over four cycles at 1.1 V vs
RHE (Figures S11 and S12). Notably, the product analysis
exclusively identified the octanoic acid signal peak, indicating
100% selectivity for octanoic acid during the electrocatalytic
oxidation of octanol (Figure S13). This result underscores the
potential of the electrocatalytic oxidation approach for fatty
acid production, characterized by mild conditions and the
absence of byproducts. Additionally, the phase separation of
octanoic acid from the aqueous electrolyte upon acidification
simplifies the product separation process (Figure S14).

Furthermore, the electrocatalytic oxidation of octanol, as an
alternative to the oxygen evolution reaction, can substantially
decrease the anodic potential (Figure S15), which is
advantageous for reducing energy consumption for hydrogen
production. Within a two-electrode configuration comprising
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Figure 3. (a) Double-layer capacitance of Au foil measured at various pot

entials in 1 M KOH with and without 10 mM CTAOH. (b) QCM

frequency response upon the addition of 10 mM CTAOH in 1 M KOH. (c) Ex-situ XPS spectra for the N 1s region of Au foil before and after
anodic bias potential applied. (d) ATR-SEIRAS spectra in 1 M KOH and 1 M KOH with 10 mM CTAOH at OCP. (e) ATR-SEIRAS spectra in 1

M KOH and 1 M KOH with 10 mM CTAOH at 1.2 V vs RHE. (f) QCM fr
without 10 mM CTAOH.

ED-Au/NF and Pt foil, the introduction of octanol is found to
reduce the cell voltage by 350 mV at 10 mA cm™* (Figure
S16). It is noteworthy that the presence of octanol or CTAOH
does not exert any detrimental effects on the hydrogen
evolution reaction (HER) activity on the Pt foil, as
corroborated in Figure S17. The experimental hydrogen
production volume at 10 mA cm™ is found to closely match
the theoretical prediction, confirming a Faradaic efficiency of
100% for the HER (Figure S18). Consequently, the integration
of fatty alcohol electrocatalytic oxidation with hydrogen
production emerges as a promising avenue for future
applications.

Notably, the CTAOH-based electrolyte engineering strategy
demonstrates a broad applicability to other fatty alcohols. As
the carbon chain length increased, the oxidation activity of
fatty alcohols on ED-Au/NF sharply decreased, which can be
attributed to the reduced water solubility of longer-chain fatty
alcohols (Figure S19). This result underscores the critical role
of mass transfer performance in the electrocatalytic reaction of
hydrophobic substrates such as fatty alcohols rather than the
intrinsic activity of the catalyst. As shown in Figure 2c and
Figure S20, the introduction of CTAOH enhanced the
oxidation current density for heptanol (C7), nonanol (C9),
and decanol (C10). These findings suggest that the electrolyte
engineering strategy holds promise for extending to electro-
catalytic oxidation processes of other hydrophobic organic
substrates.

To further investigate interfacial behavior modulated by
CTAOH, we employed in situ electrochemical impedance
spectroscopy (EIS). We analyzed Bode and Nyquist plots in 1
M KOH with and without 10 mM CTAOH at potentials
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equency response upon the addition of octanol in 1 M KOH with and

ranging from 0.9 to 1.2 V vs RHE. As shown in Figure 2d,e,
with increasing potential, the phase angle peak shifted
positively, indicating accelerated octanol electro-oxidation.
Notably, the phase angle in 1 M KOH decreased only slightly
from 83 to 70°, whereas in the presence of 10 mM CTAOH, it
dropped significantly from 76 to 45° reflecting enhanced
electro-oxidation kinetics.”*** Additionally, charge transfer
resistance (R,) was derived from the fitting of Nyquist plots at
various potentials using an equivalent circuit model (Figure
S21). Figure 2f shows a notable decrease in R, with the
addition of 10 mM CTAOH, suggesting a faster charge transfer
process in the electro-oxidation of octanol. To decipher the
modulatory mechanisms of CTAOH on the electrode—
electrolyte interface, we conducted a comparative analysis of
the double-layer capacitance (Cy;) of Au foil with and without
the presence of CTAOH. Cyclic voltammetry (CV) was
utilized to ascertain the Cq in proximity to the open-circuit
potential (OCP), as delineated in Figure S22. The enhance-
ment of Cy from 30 to 55 uF cm™ upon the addition of
CTAOH, as evidenced by the linear regression slope in Figure
S22¢c, suggests a propensity for cetyltrimethylammonium
cations (CTA") to adsorb at the interface, thereby augmenting
the potential drop across the double layer. Moreover, the Cy
values at varied anodic potentials, as derived from the fitting
results of in situ EIS, corroborate the higher Cy of the
CTAOH-containing system relative to the pure KOH system
(Figure 3a), which is indicative of an accelerated interfacial
charge transfer process.”

The adsorptive behavior of CTAOH was further scrutinized
by using a quartz crystal microbalance (QCM). A notable
reduction of approximately 30 Hz in the oscillation frequency
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Figure 4. Snapshots of the final state for the (a) pure KOH system and the (b) CTAOH-containing system. (c) Density profiles of water calculated
from MD simulations in the pure KOH system and CTAOH-containing system. (d) Density profiles of octanol calculated from MD simulations in
pure KOH system and CTAOH-containing system. (e) Radial distribution functions of CTAOH-octanol obtained from MD simulations.

was observed when transitioning from a pure KOH solution to
one containing CTAOH, as shown in Figure 3b. This change
indicates the spontaneous adsorption of CTAOH at the OCP,
resulting in an increase in the chip mass. Additionally, ex-situ
X-ray photoelectron spectroscopy (XPS) spectra presented in
Figure 3c reveal a nitrogen signal at 402.5 eV on the surface of
the Au foil following the application of an anodic bias
potential, corresponding to the R,N* moiety found in CTAOH
(Figure S23). Together, these results highlight the modulatory
effect of CTAOH adsorption on the interfacial microenviron-
ment.

Our subsequent investigation focuses on the influence of the
hydrophobic interfacial microenvironment on the adsorption
of fatty alcohols at the electrode interface. The variation in the
OCP before and after the addition of organic reactants serves
as an indicator of their adsorption within the inner Helmholtz
layer.*>*” As shown in Figure $24, following the addition of 0.1
M octanol, the OCP shift of the Au foil in 1 M KOH with 10
mM CTAOH was determined to be 50 mV, which is
significantly greater than that observed in 1 M KOH alone
(20 mV). This finding suggests that CTAOH facilitates the
enrichment of octanol at the interface.

In situ attenuated total reflectance surface-enhanced infrared
spectroscopy (ATR-SEIRAS), renowned for its heightened
sensitivity to adsorbed species within the double layer, was
employed to elucidate the impact of the interfacial micro-
environment on the oxidation of octanol.>® As depicted in
Figure 3d, under the OCP, a quartet of peaks emerged in the
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wavenumber range of 2800—3000 cm™', corresponding to the
stretching vibrations of the C—H bonds of the methyl and
methylene groups within the octanol molecule.” Comparative
analysis of these signal peak intensities indicates that CTAOH
promotes the enrichment of octanol at the electrode—
electrolyte interface. After a 5 min reaction at 1.2 V vs RHE,
two distinct signal peaks could be observed at 1560 and 1403
cm™ (Figure 3e). These peaks can be assigned to the
antisymmetric and symmetric stretching vibrations of the
carboxylate group (—COO7) in potassium octanoate®” (Figure
$25). The CTAOH-containing system exhibited more
pronounced signal peaks for the octanoic acid product,
implying that the enrichment of octanol effectively enhanced
its oxidation reaction rate.

QCM was utilized to quantitatively investigate the
adsorption of octanol on the gold electrode surface. According
to the Sauerbrey equation,33 the frequency change is directly
proportional to the mass change of the chip, thus allowing the
calculation of the adsorptive mass of octanol, Am, from the
frequency change Af before and after the addition of octanol.
As illustrated in Figure 3f, the frequency change Afin 1 M
KOH with 10 mM CTAOH upon the addition of octanol was
approximately 150 Hz, which is significantly higher than that in
1 M KOH (40 Hz). This indicates that the addition of
CTAOH leads to a more than 2-fold increase in the adsorptive
mass of octanol. In light of the experimental evidence
presented, the introduction of CTAOH enhances the enrich-
ment of octanol at the electrode—electrolyte interface, which is
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intrinsically linked to the hydrophobic microenvironment
engineered by the adsorption of CTAOH.

Molecular dynamics (MD) simulations were conducted to
gain a molecular-level understanding of how CTAOH
influences the hydrophobicity of the electrode—electrolyte
interface. The model consisted of a simulation box filled with 1
M KOH aqueous solution with Au (111) electrodes positioned
at each end (for further details, refer to the Supporting
Information). The spontaneous adsorption of CTA* onto the
gold electrode surface, as observed in the simulation (Figure
S26), was congruent with the experimental findings. For the
pure KOH system, the local density of water molecules
attained a maximum at the electrode—electrolyte interface, as
portrayed in Figure 4a, indicative of the inherent hydrophilicity
of the gold electrode. The introduction of CTAOH
precipitated a marked reduction in the water molecule density
in the interfacial vicinity. Consequently, we propose the
mechanism by which CTAOH, as an electrolyte additive,
modulates the interfacial microenvironment. In the absence of
CTAOH, interfacial water enrichment at the electrode—
electrolyte interface fosters a hydrophilic microenvironment.
The spontaneous adsorption of CTA" onto the electrode
surface, coupled with the hydrophobic effect exerted by the
long alkyl chains of CTA", serves to repel the interfacial water,
thereby establishing a hydrophobic interfacial microenviron-
ment 04140

Further MD simulations were conducted to ascertain the
diffusion behaviors of the octanol molecules. Figure S27 and
S28 illustrate that a dozen octanol molecules are introduced
into the simulation box, with their trajectories monitored over
a duration of 2500 ps. Within a pure KOH system, octanol
molecules, due to their hydrophobicity, tend to cluster in the
solution bulk, with limited adsorption onto the electrode
surface (Figure 4b). However, the presence of CTAOH
facilitated the diffusion of these molecules toward the
electrode, as portrayed in Figure 4c. The mass density
distribution of octanol in the vicinity of the electrode, as
presented in Figure 4d, indicates a higher local concentration
of octanol in the CTAOH-containing system, relative to the
pure KOH system. Additionally, the radial distribution
function analysis, showcased in Figure 4e, delineated the
dynamic migration of octanol toward CTAOH, underscoring
the affinity between CTAOH and octanol. This observation
substantiates that the hydrophobic interfacial microenviron-
ment modulated by CTAOH promotes the migration of
octanol toward the electrode.

In summary, mechanistic insights into the CTAOH-
modulated electrode—electrolyte interface for boosting octanol
electrocatalytic oxidation are hereby proposed. For the pure
KOH system, the enrichment of interfacial water leads to a
hydrophilic interfacial microenvironment, hindering the
migration of octanol toward the electrode. The adsorption of
CTAOH enhances the interfacial hydrophobicity, leading to
the enrichment of octanol. Given the low solubility of octanol
in water, the improvement in mass transfer performance can
significantly enhance the electrocatalytic oxidation rate.
Furthermore, since most organic compounds exhibit poor
water solubility, the electrolyte engineering strategy proposed
in this work has good versatility and scalability and is an
effective approach to promote aqueous-phase electrocatalytic
conversion of organic compounds.

1979

In conclusion, this work developed an efficient electrocatalytic
oxidation process for fatty alcohols, utilizing CTAOH as an
electrolyte additive. The intrinsic low aqueous solubility of
fatty alcohol, attributed to its long alkyl chains, poses a
significant mass transfer challenge and limits the electro-
oxidation rate on gold catalysts. Employing octanol as a model
substrate, our findings demonstrate a marked enhancement in
the electro-oxidation kinetics and a significant increase in the
production yield of octanoic acid upon the introduction of
CTAOH. Moreover, we demonstrate the feasibility of
integrating the electrocatalytic oxidation of fatty alcohols
with the HER at the cathode to diminish the energy demands
of hydrogen production.

Our mechanistic investigations reveal that CTAOH
preferentially adsorbs on the electrode surface, resulting in a
reduction in interfacial water density and the formation of a
hydrophobic interface. Utilizing a comprehensive approach
that integrates QCM, in situ ATR-SEIRAS, and MD
simulations, we have substantiated that the hydrophobic
interface, modulated by CTAOH, facilitates the enrichment
of octanol at the electrode—electrolyte interface, thereby
enhancing its mass transfer efficiency. The strategy of
modulating interfacial hydrophobicity through electrolyte
engineering, as outlined in this work, holds promise for
broader application in aqueous-phase electrocatalytic con-
version processes involving water-insoluble organic substrates.

SEM images were obtained by using a JEOL JSM-7900F scanning
electron microscope. TEM images were acquired with a JEOL JEM-
2010 transmission electron microscope. XPS spectra were recorded
using an AXIS Supra+ instrument (Kratos, England), with the C 1s
peak at 284.8 eV serving as a calibration reference for determining
accurate binding energies. XRD patterns were collected using a Bruker
D8 ADVANCE.

Prior to usage, NF was thoroughly cleaned by rinsing with 3 M
hydrochloric acid, ultrapure water, and ethanol. The electrodeposition
of ED-Au/NF was performed at 0.5 mA cm™ for 600 s in a solution
of 10 mM HauCl, and 0.5 M H,SO,. The cleaned NF acted as the
cathode, while a graphite plate was used as the anode. Following the
electrodeposition, ED-Au/NF was rinsed sequentially with ultrapure
water and ethanol and then dried at 40 °C.

All electrochemical measurements were conducted using a CHI760E
electrochemical workstation. LSV tests were performed in a three-
electrode cell without iR compensation, employing a platinum foil as
the counter electrode and an Hg/HgO reference electrode. Double-
layer capacitances were determined by CV within a potential window
of OCP + S0 mV, with scan rates set at 10, 20, 30, 40, and S0 mV/s.
The change in current density (Aj) was plotted against the scan rate,
with the slope representing the estimated value of Cg. EIS was
conducted across a frequency range of 0.1 to 100,000 Hz at an
amplitude of S mV, with measurements taken from 0.9 to 1.2 V vs
RHE. The equivalent circuit shown in Figure 2i was employed to
simulate experimental data points. Double-layer capacitances were
calculated using established equations,” where C, denotes double-
layer capacitance, R, indicates charge transfer resistance, CPE
represents the constant phase element, and # is the fitting parameter
determined from Nyquist plot analysis.
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CPE x R )"
Cdl= ( cf)

ct

The quantification of octanol was performed using gas chromatog-
raphy (GC, Shimadzu GC-2010) equipped with a flame ionization
detector (FID). An AB-INOWAX column was used with nitrogen as
the carrier gas. Product quantification was performed using HPLC
(Shimadzu LC-20ADXR) equipped with a UV detector set to a
wavelength of 210 nm. A Bio-Rad Aminex 87H column was utilized,
and the eluent consisted of 5 mM aqueous H,SO, mixed with 20%
acetonitrile, at a flow rate of 0.6 mL min™". The faradaic efficiency for
octanoic acid (OAc) was calculated using appropriate equations, with
n = 4 representing the number of electrons transferred for OAc
formation, and 96,485 C mol™ as the Faraday constant.

mole of produced OAc X n X 96485 C mol ™"

OAc FE(%) =
(%) total charge passed

X 100%

The generation of hydrogen was quantified by using a gas
collection method in a two-electrode cell. The theoretical H, volume
was calculated as follows, with 0.0244 mL mol™" representing the
molar volume of H, at 25 °C and 1 bar.

theoretical H, volume(mL)
= 0.0244 mL mol ™! X total charge passed/(Z X 96485 C

mol™)

In situ ATR-SEIRAS measurements were conducted using a Thermo
Fisher Nicolet isSO equipped with a mercury cadmium telluride
(MCT) detector cooled with liquid nitrogen (Figure $29). A silicon
prism, onto which a polycrystalline gold nanofilm was chemically
deposited, served as the optical crystal. The gold catalyst was prepared
on the silicon prism by using the previously described electro-
deposition method and functioned as the working electrode. A
platinum foil and Hg/HgO were used as the counter and reference
electrodes, respectively. The spectral resolution was set to 4 cm™,
with data collected at approximately 40 s per spectrum. Reference
spectra for SEIRAS measurements were recorded at the OCPina 1 M
KOH electrolyte with and without 10 mM CTAOH.

QCM measurements were conducted in a flow cell using a QSense
Explorer system (Biolin Scientific) at room temperature with gold-
coated quartz sensors (Figure S30). The QCM test was initiated for
approximately 300 s in 1 M KOH to reach steady state. Subsequently,
a solution containing 10 mM CTAOH or 0.1 M octanol in 1 M KOH
was introduced into the electrolyte and pumped into the QCM flow
cell. The octanol-containing solution was stirred in advance to form
an emulsion.

Molecular dynamics simulations were conducted using the Forcite
module in the Materials Studio software, employing the COMPASS
I1I force field for all simulations.*” The simulation model consisted of
Au (111) electrodes positioned at opposite ends of the simulation box
with a separation of 12 nm between the inner surfaces of the
electrodes. The region between the electrodes was filled with an
electrolyte solution comprising 1 mol L™' KOH and CTAOH
molecules. Simulations were carried out in the NVT ensemble, with
the system temperature maintained at 298 K. Long-range electrostatic
interactions were calculated using the Ewald method, while van der
Waals interactions were treated with the cutoff method, with a cutoff
distance of 1.5 nm. The simulation time step was set to 1 fs, and each
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system underwent 1500 ps of MD simulation. Frame structures were
recorded at intervals of S ps.

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/jacsau.5c00215.

Additional experimental and computational results,
including catalyst characterization, product analysis,
simulation snapshots, and photographs of the exper-
imental setup (DOCX)
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