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We report the synthesis of holey, textured AuAg nanoplates (HTNPs) for enhanced near-infrared (NIR) plasmonic
catalysis. The nanostructures are synthesized via a micelle-directed assembly, yielding a serrated morphology
that generates intense electromagnetic "hot spots" and broadband vis-NIR absorption, as confirmed by FEM sim-
ulations. This design enables efficient harvesting of photons from an 810 nm LED source. In the model reduction
of 4-nitrophenol, the HTNPs exhibit a pronounced photocatalytic enhancement, with a reaction rate under NIR
light (kjgye = 0.076 + 0.016 min~') ~5.8 times greater than in the dark (kg, = 0.013 + 0.0071 min~'). This

work establishes a template-guided strategy to tailor plasmonic surface architectures, advancing catalyst design
for activation by low-energy NIR light.

1. Introduction

The rational design of plasmonic nanocatalysts that efficiently har-
ness low-energy light, particularly in the near-infrared (NIR) region, rep-
resents a frontier in sustainable chemistry and energy conversion [1-3].
Plasmonic nanoparticles, primarily those of noble metals like gold and
silver, can concentrate incident light into intense localized electromag-
netic fields and generate energetic charge carriers, enabling them to
drive chemical reactions under mild illumination [4-6]. While signif-
icant progress has been made using visible light, extending this capa-
bility into the NIR spectral range is highly desirable due to its deeper
material penetration, minimized competitive heating, and compatibility
with abundant solar energy [7,8]. However, a central challenge remains:
most conventional plasmonic nanostructures, such as quasi-spherical
nanoparticles, exhibit weak or narrow plasmonic resonances in the NIR,
limiting their practical utility for photochemical processes activated by
this benign radiation.

To overcome this limitation, researchers have turned to engineer-
ing nanostructure morphology, where two-dimensional (2D) anisotropic
shapes like nanoplates offer a promising pathway [9,10]. Their flat ge-
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ometry supports strong in-plane dipolar plasmons that can be read-
ily tuned into the NIR by adjusting their aspect ratio or composition
[11,12]. Beyond mere shape, introducing nanoscale structural complex-
ity—such as surface roughness, porosity, and edge defects—has emerged
as a powerful secondary strategy [13-16]. This texturing can create
intense electromagnetic "hot spots", drastically increase active surface
area, and introduce a high density of low-coordination atomic sites [17-
20]. These features are hypothesized to synergistically enhance both
light absorption and catalytic efficiency, yet achieving precise synthetic
control over such multi-scale architectures in a predictable manner re-
mains challenging [21].

Recent advances in structural complexity emphasize the critical role
of morphology engineering in 2D nanoplates, such as the intentional in-
troduction of surface texture, porosity, or jagged edge features [22-25].
However, the controlled synthesis of such highly textured 2D nanostruc-
tures presents a significant challenge. Top-down methods often lack scal-
ability and precision. In contrast, seeded colloidal growth offers a viable
bottom-up route, where pre-formed 2D metal seeds undergo kinetically
regulated deposition to generate targeted surface topography and edge
structures [26]. Interfacial strain can be instrumental in this process, po-
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tentially shifting growth from layer-by-layer to island-like modes [27].
Mastery of such parameters is essential to evolve from faceted plates
to complex and textured nanostructures. Meanwhile, one-pot synthetic
approaches must concurrently guide anisotropic growth and promote
surface texturing—a demanding balance that remains largely underex-
plored in the literature.

In this work, we report a synergistic synthesis strategy to fabricate
holey AuAg nanoplates with engineered surface textures (AuAg HT-
NPs) for efficient NIR plasmonic catalysis. By employing OTAC and pre-
cisely varying the concentration of HMTA, we achieve fine control over
nanoplate morphology, where such complex structure forms via a syn-
ergistic mechanism combining lamellar-micelle-confined growth with
oriented attachment. Finite Element Method (FEM) simulations con-
firm that this unique architecture generates strong electromagnetic hot
spots and a broadened plasmonic response extending into the NIR. We
demonstrate the functional advantage of these nanostructures using the
model reduction of 4-nitrophenol under irradiation from an 810 nm LED
lamp. The holey and textured nanoplates show enhanced catalytic ac-
tivity under low-energy NIR light irradiation, suggesting the promising
light harvesting capability. This work provides a blueprint for design-
ing advanced plasmonic catalysts via controlled soft-template assembly,
opening avenues for energy-efficient photochemical processes utilizing
low-irradiance NIR light.

2. Experimental details
2.1. Materials

Gold(III) chloride trihydrate (HAuCl,3H,0, 99.9%), sodium tetra-
chloropalladate(II) (Na,PdCl,, 98%), ascorbic acid (AA, 99.0%), hex-
adecyltrimethylammonium bromide (CTAB, 99%), hexadecyltrimethy-
lammonium chloride (CTAC, 97%), octadecyltrimethylammonium chlo-
ride (OTAC, 98%), hexamethylenetetramine (HMTA, >98.0%) were all
obtained from Maclin Chemical (Shanghai, China) and used as received.
Silver nitrate (AgNO3, >99.8%) was obtained from Sinopharm (Shang-
hai, China) and used as received. Docosyltrimethylammonium chloride
(DCTAC, 98%) were obtained from Kemeo Chemical (Tianjin, China)
and used as received. In all experiments, we used deionized water with
a resistivity of 18.2 MQ cm, which was prepared using an ultrapure wa-
ter system (Ulupure, China).

2.2. Synthesis of holey AuAg textured nanoplates (AuAg HTNPs)

AuAg HTNPs were synthesized via a one-pot, surfactant-directed co-
reduction method. In a typical procedure, an aqueous solution of OTAC
(1 mL, 200 mM) was diluted with 2.5 mL of deionized water in a 20 mL
vial. Hexamethylenetetramine (HMTA, 100 mg) was added and dis-
solved under stirring. The reaction mixture was then cooled in an ice-
water bath for 10 min with continuous stirring. To the cold solution, the
metal precursors were sequentially added: 6 mL of HAuCl, (0.5 mM) so-
lution followed by 1.5 mL of AgNO; (2 mM) solution. The reduction was
initiated by the rapid injection of 1 mL of AA (10 mM) solution. The vial
was immediately transferred to a static ice-water bath (0-4 °C) and left
undisturbed for 2 h to allow nanostructure growth. The resulting prod-
uct was isolated by centrifugation at 16000 rpm for 10 min, washed
repeatedly with deionized water, and finally re-dispersed in water for
subsequent use and characterization. The synthetic yield was approxi-
mately 92% based on precursor conversion.

2.3. Plasmonic catalysis

The catalytic reduction of 4-nitrophenol (4-NP) was performed un-
der mild, ambient conditions: room temperature, a neutral aqueous
medium, and illumination from an 810 nm LED lamp (10 W, CEAulight).
In a typical procedure, 0.2 mL of an aqueous 4-NP solution (5 mM)
was added to 12.6 mL of deionized water under stirring. Subsequently,
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0.2 mL of the as-prepared AuAg HTNPs colloidal dispersion (contain-
ing 70 pg of catalyst) was introduced. To initiate the reaction, 2.0 mL
of a freshly prepared aqueous NaBH, solution (500 mM) was added.
The entire reaction was carried out with continuous stirring inside a
CEL-PCRD50-2 photochemical reaction system (CEAulight Co., Beijing,
China) under constant 810 nm irradiation. At predetermined time in-
tervals, aliquots were withdrawn, and the reaction progress was moni-
tored by tracking the decrease in the characteristic absorbance of 4-NP
at 400 nm using UV-vis spectroscopy.

2.4. Instrumentations and characterizations

Transmission electron microscopy (TEM) images were acquired us-
ing an HT-7820 microscope (Hitachi) operating at an accelerating volt-
age of 120 kV. High-resolution TEM (HRTEM), high-angle annular dark-
field scanning TEM (HAADF-STEM), and energy-dispersive X-ray spec-
troscopy (EDS)-STEM mapping were performed using a Talos F200X mi-
croscope (Thermo Fisher Scientific) operated at 200 kV. Scanning elec-
tron microscopy (SEM) imaging was performed using a Zeiss Ultra60
microscope operating at an accelerating voltage of 12 kV. The crys-
talline structures of the samples were characterized by X-ray diffrac-
tion (XRD) using a Rigaku MiniFlex600 diffractometer. Surface chemi-
cal states were analyzed by X-ray photoelectron spectroscopy (XPS) on
a Thermo Fisher Scientific K-Alpha+ system with a monochromatic Al
Ka source (1486.6 eV). The elemental composition was determined by
inductively coupled plasma optical emission spectrometry (ICP-OES) us-
ing an ICAP-5000 spectrometer (Focused Photonics, China). Extinction
spectra were recorded using a Cary5000 dual-beam UV-vis-NIR spec-
trometer (Agilent, China).

3. Results and discussions
3.1. Characterizations of holey AuAg textured nanoplates (AuAg HTNPs)

The structural and compositional analysis confirms the successful
synthesis of homogeneous holey AuAg textured nanoplates (HTNPs). As
observed in the SEM (Figs. 1(a)—(c)) and TEM (Fig. 1(d)) images, the
sample consists of predominantly plate-like morphology with moderate
lateral size distribution (i.e., a mean size of 90.6 + 19.9 nm) (Fig. S1).
When viewed edge-on, a representative nanoplate showed a thickness
of ~9.3 nm (Fig. 1(c)). These nanoplates exhibit a characteristic perfo-
rated, or “holey”, architecture across their surfaces, which is further re-
solved in the Z-contrast HAADF-STEM image (Fig. 1(e)). The STEM-EDX
elemental maps (Figs. 1(f)-(h)) reveal complete spatial overlap between
the Au (Fig. 1(g)) and Ag (Fig. 1(h)) signals, giving rise to a uniform com-
posite overlay (Fig. 1(f)). This visual indication of compositional homo-
geneity is supported quantitatively by the corresponding EDX line-scan
profile (Fig. 1(i)), in which the Au and Ag intensities rise and fall in con-
cert across the nanoplate, confirming the formation of a homogeneous
alloy without phase-separated domains.

Atomic-scale imaging of the nanoplate edge (Fig. 2(a)) by HRTEM
(Fig. 2(b)) reveals the lattice fringes with an interplanar spacing of
0.23 nm, corresponding to the {111} planes of a face-centered cubic
(fcc) AuAg alloy. The associated Fast Fourier Transform (FFT) pattern
(Fig. 2(c)) displays multiple sets of sharp diffraction spots, indicative of
a polycrystalline structure. Geometric Phase Analysis (GPA) was em-
ployed to map the local lattice distortion. The resulting strain-field
maps—Figs. 2(d) (g,,), 2(e) (eyy), and 2(f) (exy)—collectively reveal a
measurable, non-uniform strain distribution across the nanoplate. This
strain is attributed to the textured morphology of the material, arising
from the interplay between the intrinsic lattice mismatch of Au and Ag
(~0.2%) in the alloy and the complex local curvature and geometric
constraints imposed by the holey, plate-like architecture.

X-ray photoelectron spectroscopy (XPS) measurements were per-
formed to characterize the chemical states of the as-prepared samples.
As shown in Fig. S2, the Au 4f spectrum shows characteristic doublet
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Fig. 1. Structural and morphological characterization of AuAg HTNPs. (a)-(c) SEM images. (d) TEM image. (e) HAADF-STEM image. (f)-(h) STEM-EDX elemental
maps: (f) Overlay of Au (red) and Ag (green); (g) Au distribution; (h) Ag distribution. (i) Corresponding EDX line-scan profile.

(a)

Fig. 2. Structural characterization results of AuAg HTNPs. (a) TEM. (b) HRTEM. (c) FFT. (d)-(f) Geometric phase analysis (GPA) strain maps: (d) &,,, (€) &y, (f) &yy-
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(b)

(d)

(9)

150 mg, (f) 200 mg, (g) 300 mg, (h) 400 mg, and (i) 500 mg.

peaks at 87.5 eV (Au 4f5/,) and 83.8 eV (Au 4f,/,), while the Ag 3d
spectrum exhibits peaks at 373.8 (Ag 3d;/,) and 367.5 eV (Ag 3ds/,).
Notably, compared to the standard binding energies of pure metals (Au
4f,/,: 84.0 eV; Ag 3ds/,: 368.2 eV), both Au and Ag peaks in our sam-
ple show slight negative shifts of approximately 0.2 and 0.7 eV, respec-
tively. These shifts indicate electronic interactions between Au and Ag,
consistent with alloy formation rather than a simple physical mixture of
separate metallic phases. Furthermore, no oxidation states are detected,
confirming the metallic nature of both elements.

3.2. Effect of reaction parameters on product morphology

The morphological evolution of the AuAg nanostructures is dictated
by a synergistic interplay between thermodynamic templating and ki-
netic modulation of growth pathways. Systematic variation of hexam-
ethylenetetramine (HMTA) concentration serves as a critical handle for
precise morphological control (Fig. 3). In the absence of HMTA, the
exclusive formation of smooth nanoplates indicates that the OTAC sur-
factant template alone governs a thermodynamically favored, diffusion-
limited 2D growth regime (Fig. 3(a)). Introducing HMTA (10-50 mg)
initiates a kinetically controlled synthesis pathway, characterized by
the non-classical crystallization of metastable primary nanoparticles and
their subsequent oriented attachment along a specific crystallographic
axis (Figs. 3(b)-(d)). The imperfect fusion of these building units gen-
erates the defining 1D nanostructured belts featuring jagged edges and
inherent porosity. Notably, across a broad concentration range (150-
500 mg), this fundamental assembly mechanism is conserved, while
the nanostructure’s mesoscale geometry is systematically modulated:
elevated HMTA concentrations accelerate nucleation rates, yielding a
higher population density of primary particles that coalesce into as-
semblies with reduced lateral dimensions and increased pore density
(Figs. 3(e)-(i)). Meanwhile, these products exhibit broad and notable
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100 nm

Fig. 3. Morphological evolution with HMTA amounts. TEM images of products synthesized with HMTA amounts of (a) 0 mg, (b) 10 mg, (c) 20 mg, (d) 50 mg, (e)
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absorption across the vis—-NIR region, making them promising candi-
dates for applications in plasmonic catalysis (Fig. S3).

This multifunctional role of HMTA is mechanistically rooted in its
progressive hydrolysis, which regulates the chemical potential of the
reaction milieu. The slow release of formaldehyde and ammonium ions
establishes a self-buffering, mildly alkaline environment that modulates
reduction kinetics. This controlled release, in turn, governs local super-
saturation, thereby directing the nucleation and fusion dynamics of the
primary building blocks.

Control experiments underscore the necessity of achieving a crit-
ical balance between kinetic driving forces and template stability. A
reduction in metal precursor concentration (Fig. S2) leads exclusively
to isotropic dendritic growth, demonstrating that the lamellar micelle
template, while necessary, is insufficient to direct anisotropic growth.
A threshold precursor concentration is required to establish the criti-
cal supersaturation within the micellar confinement that promotes the
oriented attachment pathway over conventional diffusion-limited aggre-
gation.

Complementary surfactant studies (Fig. S3) elucidate their critical
role in determining final product morphology. Complete holey textured
nanoplates (HTNPs) form exclusively with cetyltrimethylammonium
chloride (CTAC, C16). In contrast, the longer-chain docosyltrimethy-
lammonium chloride (DTAC, C22) yields incomplete polygonal plates
with an etched appearance, as if the 2D growth process was partially
arrested. Benzyl chloride (BC) fails to template any defined morphol-
ogy, resulting instead in untemplated dendritic particles.

These results indicate the existence of an optimal surfactant pack-
ing parameter for effective 2D confinement. We attribute the success of
CTAC to the capacity of its C16 alkyl chain to form dynamic yet well-
defined lamellar phases that effectively direct nanocrystal attachment
into holey nanostructures. In contrast, the extended C22 chain of DTAC
likely introduces excessive van der Waals cohesion, increasing micellar
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Fig. 4. (a) Schematic diagrams of the four models: (I) nanoplate, (II) nanoplate with a rough surface, (III) porous nanoplate, and (IV) porous nanoplate with a rough
surface. Corresponding (b) absorption cross-sections, (c) scattering cross-sections, and (d) absorbance spectra for each structure.

rigidity and altering the packing parameter. This impedes the fluid re-
organization required for complete 2D anisotropic growth, resulting in
the observed incomplete, etched plates. The failure of BC confirms that
a typical amphiphilic structure—featuring a flexible aliphatic tail—is
essential for the 2D micellization necessary to achieve well-templated,
holey morphologies.

To further verify the reproducibility of the synthetic protocol, we
present batch-to-batch consistency test, where three independently pre-
pared batches are systematically compared. The TEM images confirmed
uniform morphological features across all batches (Figs. S4(a)(c)) and
the UV-Vis extinction spectra exhibit excellent reproducibility in terms
of peak positions (Fig. S4(d)). Furthermore, the present synthetic strat-
egy is highly amenable to scale-up. It is widely recognized that the
one-pot, surfactant-directed co-reduction approach possesses inherent
scalability advantages, as it operates under relatively mild reaction con-
ditions (0-4 °C, aqueous medium) and utilizes commercially available
reagents without the need for specialized instrumentation. The primary
challenges associated with scale-up lie in maintaining homogeneous
temperature distribution and consistent mass transport throughout the
static growth stage when scaling to larger reaction volumes. Neverthe-
less, analogous surfactant-templated synthetic systems have been suc-
cessfully scaled to liter-scale production in industrial contexts, typically
by employing jacketed reactors equipped with precise temperature reg-
ulation and gentle stirring mechanisms that preserve the structural in-
tegrity of the surfactant templates. Additionally, the 2-h growth period
is sufficiently flexible and practical for standard batch processing oper-
ations.

3.3. Insight from FEM simulations

To evaluate the structural feature on the plasmonic properties, four
structural models of Au-Ag composite nanomaterials were established
for this study: a nanoplate, a nanoplate with a rough surface, a porous
nanoplate, and a porous nanoplate with a rough surface (Fig. 4(a)).
Their optical properties were simulated and compared using the fi-
nite element method (FEM). To account for directional variations, the
results from three incidence/polarization configurations—x-incidence
& y-polarization, x-incidence & z-polarization, and z-incidence & x-
polarization—were averaged. The simulation domain was bounded by a
perfectly matched layer (PML) to minimize boundary reflection errors.
The surrounding medium was set as water (refractive index, n = 1.33).
The optical properties of the AuAg alloy (1:1 atomic ratio) were mod-
eled using the dielectric function from the literature [28], with the alloy
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treated as a homogeneous mixture under the effective medium approx-
imation [29].

Figs. 4(b)(c) present the absorption and scattering cross-sections,
respectively, for the four AuAg nanostructures: the nanoplate, the
nanoplate with a rough surface, the porous nanoplate, and the porous
nanoplate with a rough surface. The introduction of surface rough-
ness significantly enhances the absorption cross-section compared to
the smooth nanoplate and porous nanoplate. Specifically, the porous
nanoplate with a rough surface exhibits the maximum absorption cross-
section (25976.72 nm?), accompanied by a redshift in its peak. The
scattering cross-section follows a similar trend, though its values in
the visible region remain comparatively low. Among the structures, the
AuAg nanoplate with a rough surface yields the highest scattering cross-
section of 24521.56 nm?.

Fig. 4(d) compares the absorbance spectra of four nanostructures at
a concentration of 5 ppm and an optical path length of 10 mm: the
nanoplate, the nanoplate with a rough surface, the porous nanoplate,
and the porous nanoplate with a rough surface. As the wavelength in-
creases, the nanoplate and the porous nanoplate exhibit a trend of initial
decrease followed by an increase. In contrast, both the porous nanoplate
and the porous nanoplate with a rough surface show a more complex
behavior, characterized by an initial increase, a subsequent decrease,
and a final increase. Among the samples, the porous nanoplate with a
rough surface achieves the highest absorbance, reaching a maximum of
0.82.

We also compared the experimental and simulated UV-vis spectra of
the AuAg HTNPs. As shown in Fig. S7, the simulated and experimental
spectra are in good agreement below 700 nm. In the simulation, the Au-
Ag alloy is modeled as a homogeneous single-phase mixture using the
effective medium approximation with a geometrically regular porous
structure, which yields a sharp and intense absorption peak due to lo-
calized surface plasmon resonance. In contrast, the experimental sample
exhibits less homogeneous mixing of Au and Ag, along with disordered
surface roughness and irregular pores. These structural imperfections
lead to multiple scattering and refraction of light within the complex
surface architecture, introducing additional optical losses and resulting
in a nearly flat baseline in the measured absorbance. Above 900 nm, the
simulated absorbance is further influenced by the absorption index of
water, as simulations are typically performed in a pure water environ-
ment (n = 1.33) without substrate interference. Overall, the comparison
between simulated and experimentally measured spectral changes helps
validate the model and strengthens the correlation between structure
and optical properties.
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corresponding magnetic field distributions for the same structures are shown in (e)-(h), respectively.
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order kinetic plots. (c)(d) Histograms showing (c) individual and (d) total concentrations of 4-NP and 4-AP during the Group III test round.

To further investigate the origin of these spectral differences, the
electromagnetic field distributions were analyzed. Fig. 5 presents the
electric and magnetic field distributions for all four structures at a
wavelength of 810 nm. Using the configuration of z-incidence and x-
polarization as an example, the localized electromagnetic responses
were examined. A comparison of Figs. 5(a)-(c) reveals that electric field
enhancement is predominantly localized at the edges of the nanoplate,
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the rough surface features, and the pore perimeters. This enhancement
is attributed to localized surface plasmon resonance (LSPR) in Au and
Ag, combined with a tip effect. In Fig. 5(d), the synergistic interaction
between LSPR and the lightning-rod effect results in a further intensified
electric field. A similar trend is observed in the magnetic field distribu-
tions (Figs. 5(e)—(h)). Although the rough surface induces greater mag-
netic field enhancement compared to the smooth nanoplate and porous
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nanoplate, its magnitude remains orders of magnitude smaller than that
of the electric field.

3.4. NIR plasmonic catalysis

It is well-established that the localized surface plasmon resonance
(LSPR) of AuAg nanostructures is highly sensitive to their morphology
[30-34]. The anisotropic geometry of holey AuAg textured nanoplates
(AuAg HTNPs) is designed to support a broadened and enhanced plas-
monic response extending into the near-infrared (NIR) region, as con-
firmed by our FEM simulations. This spectral shift is crucial, as it allows
for efficient harvesting of photons from an 810 nm LED lamp—a mild
and scalable NIR source. To evaluate the photocatalytic advantage con-
ferred by the unique morphology of the HTNPs, we employed the re-
duction of 4-nitrophenol (4-NP) under low-energy near-infrared (NIR)
light. The catalytic experiments three independent times under identical
conditions for both dark and NIR irradiation.

As shown in the time-dependent UV-vis spectra (Fig. S8), the charac-
teristic absorbance peak of 4-NP at 400 nm decayed and the intensity of
the 4-aminophenol (4-AP) peak at 300 nm gradually increased. The com-
parative degradation efficiency (Fig. 6(a)) clearly shows a significantly
accelerated reaction under light. The enhanced performance should be
attributed to the broadband NIR absorption and the intense electromag-
netic “hot spots” localized at the textured surfaces and pore edges of
the HTNPs, as predicted by simulation. Pseudo-first-order kinetic fitting
(Fig. S9) yield that the apparent rate constants are 0.076 + 0.016 min~?
(light on) and 0.013 + 0.0071 min~! (light off), yielding an enhance-
ment factor of 5.8 (Fig. 6(b)). This pronounced contrast demonstrates
the capability of the AuAg HTNPs in harvesting low-energy NIR light,
which is the key driver behind their exceptional photocatalytic accel-
eration. In addition, to ensure mass balance for catalysis, the concen-
trations of 4-NP and 4-AP were also calibrated at each time point. In
the third test round, for instance, the kinetic profiles reveal approxi-
mately 1:1 stoichiometric conversion, with the total concentration of
both species remaining relatively constant at ~0.05 mM over the course
of the reaction (Figs. 6(c)(d)). This conservation of mass confirms that
no significant side reactions or product degradation occur.

It is worth noting that the power density at the reaction vessel was
measured to be approximately 93 mW cm~2 (typical for such LED se-
tups), which is considerably lower than the high-power lasers or xenon
lamps often employed in photothermal studies. To directly assess the
contribution of photothermal heating, we monitored the solution tem-
perature during the entire reaction process using a thermocouple. The
temperature variation was found to be <0.5 °C, confirming that the ob-
served enhancement in the reaction rate cannot be attributed to macro-
scopic thermal effects. This is consistent with the low thermal output of
the LED source and the efficient heat dissipation of the reaction system.
The observed plasmonic enhancement in 4-NP reduction is dominated
by non-thermal hot carrier effects rather than photothermal heating. The
current morphology provides abundant high-curvature sites and metal—
metal interfaces that facilitate both the generation and separation of hot
carriers and the bimetallic AuAg interfaces can serve as efficient sites for
hot carrier generation [35].

4. Conclusions

In summary, we have developed a powerful micelle-directed syn-
thetic route to engineer plasmonic AuAg nanoplates with a unique co-
architecture of porosity and surface texture. The synergistic use of a 2D
lamellar template and oriented attachment growth produces nanoplates
defined by serrated edges, anisotropic morphology, and a high density
of surface defects. Finite Element Method (FEM) simulations confirm
these structural features generate intense electromagnetic "hot spots"
and a broadened near-infrared (NIR) plasmonic response. This tailored
optical property directly enables exceptional photocatalytic function.
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Under 810 nm NIR irradiation, the textured nanoplates achieved a cat-
alytic rate constant in the model 4-nitrophenol reduction that was 5.8
times greater than the dark reaction rate, significantly outperforming
control nanostructures. This study establishes a versatile platform for
designing advanced plasmonic catalysts optimized for low-energy NIR
light.
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