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Although the distinctive physicochemical properties of Pt-based intermetallic nanomaterials are well-
recognized, the critical influence of Pt skin-induced lattice strain effects on their enzyme-mimicking cat-
alytic performance remains unexplored. This knowledge gap primarily stems from the technical chal-
lenges in achieving atomic-level precision and structural uniformity when engineering active sites within
Pt-based intermetallic systems. Herein, we demonstrate exceptional peroxidase-like catalytic activity

Keywords: (25.545U/mg) and remarkable specificity through strain-engineered L1, PtCo@Pt core-shell architectures.
Pt-based intermetallic Experimental and theoretical analyses reveal that significantly reduces H,0, adsorption energy (-1.49eV)
Nanozymes and the energy barrier of rate-determining step (0.128 eV). This strain-driven electronic modulation en-

Core-shell structure
Strain regulation
Enzyme-like catalysis

ables a 17.4-fold enhancement in peroxidase-like activity compared to conventional Pt nanoparticles, es-
tablishing a quantitative correlation between interfacial lattice compression (3.5% strain) and catalytic
efficiency. Three key advances emerge from this work: (1) Identification of lattice strain as a dominant
descriptor for nanozyme specificity in H,0, activation, (2) development of a universal synthesis frame-
work (<1min) for ordered intermetallic core-shell systems, and (3) demonstration of strain engineer-
ing as a generalizable strategy exceeding noble metal-dependent activity enhancement. The developed
methodology not only resolves long-standing challenges in scalable nanozyme production but also opens

new avenues for designing biocatalysts through atomic-level strain manipulation.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Nanozymes are defined as assemblies of nanomaterial-based ar-
tificial enzyme mimetics [1-6]. Due to their exceptional environ-
mental tolerance, recyclability, and long-term stability, nanozymes
are emerging as viable alternatives to natural enzymes [7-11].
These assemblies can consist of single or multi-component
nanoscale noble metals, alloys, carbon materials, and other cata-
lysts, and find wide applications in therapy and biosensing [12,13].
At the microstructural level, the flexibility in selecting active sites
and the diversity in binding types and modes allow significant
modifiability across multiple structural domains, offering immense
potential. Noble metal nanozymes (e.g., Pt) are particularly no-
table for their highly surface-functionalized properties, excellent
biocompatibility, tunable physicochemical characteristics, and ex-
ceptional intrinsic enzyme-like activities, making them promising
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candidates for applications in biosensing, therapeutic, and antiox-
idant fields [14-18]. Despite significant progress, unclear catalytic
mechanisms and poor selectivity remain bottlenecks in the devel-
opment of noble metal nanozymes [19-22].

Conventional synthesis methods for noble metal nanozymes,
such as hydrothermal and sol-gel approaches, often suffer from
prolonged reaction times (hours to days) and inhomogeneous ac-
tive site distributions, which hinder precise control over lattice
strain and surface electronic states [23]. While strain engineering
has emerged as a promising strategy to optimize catalytic perfor-
mance in electrocatalysis [24], its application in nanozyme design
faces two critical challenges: (1) Existing wet-chemical methods
struggle to achieve uniform lattice strain at the core-shell interface,
and (2) the structure-activity relationship between strain effects
and enzyme-like specificity remains poorly understood. These lim-
itations underscore the urgent need for innovative synthesis plat-
forms capable of atomic-level strain modulation.

Numerous studies indicate that electrocatalyst design methods,
such as those based on strain, ligand, electronic, and carrier effects,
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are currently a research focus. Among these, strain engineering to
regulate catalyst electronic structures for optimizing catalytic per-
formance has proven effective [25-28]. However, advancements are
primarily limited by the complexities in achieving precise synthesis
and uniform control of active sites within strain-effect nanomate-
rials.

Recent advances in intermetallic compounds (e.g., L1y-FePt)
have demonstrated their exceptional stability and ordered atomic
arrangements for oxygen reduction reactions [29]. However, their
potential in biocatalysis, particularly in mimicking natural enzymes
with high specificity, remains largely unexplored. A key unresolved
question is whether the rigid atomic ordering of intermetallic com-
pounds can synergize with surface strain engineering to lower the
activation energy barriers in peroxide decomposition, a process
critical for peroxidase-like activity.

Furthermore, the ordered structure of intermetallic compounds,
characterized by strict stoichiometric requirements and favor-
able atomic bonding environments, endows them with unique
electronic structures and surface adsorption sites [30-33]. Com-
pared to disordered alloy catalysts, intermetallic compounds of-
ten exhibit superior peroxidase (POD)-like catalytic activity and
structural stability [31,34]. Therefore, enhancing catalytic perfor-
mance through strain-controlled surface engineering and inter-
metallic compound strategies, which increase surface strain and
enhance catalyst activity and stability, represents an effective ap-
proach. While strain-controlled intermetallic compound catalysts
have found widespread application in electrocatalysis, their poten-
tial in designing highly active and specific nanozymes for biocatal-
ysis remains to be fully explored.

The synthesis of strain-engineered intermetallic nanozymes de-
mands a technology that combines ultrafast kinetics with pre-
cise energy input. Here, Joule heating—a rapid thermal process-
ing technique utilizing high-current pulses (typically <1s), offers
distinct advantages over conventional methods: (1) It suppresses
nanoparticle agglomeration by minimizing high-temperature expo-
sure, thereby preserving core-shell structural uniformity [35,36];
(2) enables sub-angstrom control of lattice strain through pro-
grammable current parameters (+0.5% error); and (3) facilitates
atomic ordering in multi-metallic systems without phase segre-
gation [37,38]. Compared to microwave-assisted synthesis, joule
heating reduces energy consumption by ~60% while maintaining
scalability [39]. Nevertheless, its reliance on conductive substrates
(e.g., carbon frameworks) for homogeneous heating adds complex-
ity to precursor design, and the millisecond-scale reaction kinetics
pose challenges for in situ characterization of strain evolution.

Herein, we revolutionize Pt-based nanozyme development
through an innovative L1, PtCo@Pt core-shell structure that syn-
ergizes the robustness of a PtCo intermetallic core with the cat-
alytic prowess of a Pt-skin shell. Leveraging the aforementioned
advantages of Joule heating, we successfully synthesized bimetal-
lic core-shell PtCo@Pt nanozymes in a single step. This architecture
exploits strain-induced effects at the core-shell interface to lower
activation energy barriers, achieving a specific POD-like activity
of 25.545U/mg—17.4-fold higher than Pt nanoparticles—with neg-
ligible oxidase activities. Both experimental and theoretical anal-
yses confirm that the Pt skin and interfacial strain collectively
reduce H,0, adsorption energy and rate-determining step barri-
ers. Our rapid synthesis method pioneers a novel approach for
nanozymes with exceptional activity and specificity, paving the
way for biomedical advancements.

In this study, we designed core-shell structured PtCo inter-
metallic nanoparticles (iNPs) featuring a thin Pt skin as the ac-
tive catalytic layer, which demonstrated high POD-like activity. The
thermodynamically stable PtCo intermetallic core provides robust-
ness and durability for catalytic applications. As illustrated in Fig.
1a, the L1y PtCo@Pt core-shell nanoparticles with an in-situ Pt shell
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were synthesized in a single step using a high-temperature shock
method. Carbon black was employed as the substrate for synthe-
sizing and loading the nanozymes due to its excellent conductivity
and increased defect sites after CO, etching (details in Support-
ing information), which enhanced the anchoring and loading ca-
pacity for nanoparticles. The precursors, hydrogen hexachloroplati-
nate(IV) hydrate and cobalt(Il) chloride hexahydrate, with a mo-
lar ratio of Pt/Co=1.5, were loaded onto the carbon black pow-
der. By rapidly heating (10°K/s) to high temperatures (~2000K),
PtCo nanoparticles were quickly synthesized, followed by a 1-min
incubation. Subsequently, Pt and Co atoms formed an L1, face-
centered tetragonal crystal system, producing the desired PtCo@Pt
core-shell nanoparticles. Additionally, the excess Pt (molar ratio of
Pt/Co=1.5) tended to form an in-situ thin Pt shell on the PtCo in-
termetallic surface due to their lower surface energy (Pt surface
energy = 1.48 eV/atom vs. Co surface energy =2.04 eV/atom) [40].
This process enhanced the surface stability of the core-shell struc-
ture, and the subsequent rapid cooling effectively stabilized the fi-
nal core-ordered PtCo structure with a Pt-enriched shell.

By adjusting the Joule heating process, we obtained PtCo struc-
tures with varying compositions and successfully synthesized ho-
mogeneously dispersed PtCo and Pt control groups. Pt nanozymes
were synthesized using a similar process, except with only the Pt
precursor and a 200 ms Joule heating duration. Compared to PtCo
alloy and Pt nanoparticles, the L1, PtCo@Pt core-shell iNPs exhib-
ited the strongest strain effect, benefiting from the intermetallic
PtCo core and the Pt skin shell. This structure led to a 3.5% en-
hancement in Pt-related strain effect, outperforming the PtCo al-
loy, which showed a 1.56 % improvement over pure Pt nanozymes.
We then evaluated the POD-like performance of the L1, PtCo@Pt
core-shell nanozymes on a 96-well microwell stripe plate (Fig. 1b).
Notably, with increasing Pt-skin on the PtCo, the POD-like activity
and specificity also increased. The L1, PtCo@Pt core-shell, possess-
ing the strongest strain effect, demonstrated excellent POD-like ac-
tivity and specificity (Fig. 1c). The inset image in Fig. 1c is a high-
resolution transmission electron microscope (HRTEM) image of the
L1y PtCo@Pt core-shell nanozymes, clearly indicating the Pt and
Co atoms. The thermogravimetric analysis (TGA) of L1y PtCo@Pt
core-shell carbon black, as shown in Fig. S1 (Supporting informa-
tion), indicates that the PtCo content in the carbon black is approx-
imately 50% by weight, as evidenced by the remaining mass after
thermal decomposition. This analysis is crucial for confirming the
composition and thermal stability of our synthesized material.

The nanozyme structure was characterized using transmis-
sion electron microscopy (TEM) and energy-dispersive X-ray spec-
troscopy (EDS). The synthesized L1y PtCo@Pt core-shell iNPs exhib-
ited a uniform average size of 3.3 nm, featuring a distinct Pt shell,
as shown in the high-angle annular dark-field (HAADF-STEM) im-
age (Figs. 2a and b). The corresponding EDS mappings revealed
that Pt and Co elements were uniformly distributed within the
L1y PtCo@Pt core-shell iNPs (Fig. 2c), with EDS distinctly confirm-
ing the presence of a Pt shell. The HAADF-STEM images in Fig. S2
(Supporting information) further prove the core-shell structure of
PtCo@Pt, with a Pt shell encompassing the whole particle. Further-
more, the lattice spacings of 0.36 and 0.198 nm can be respectively
assigned to the (001) crystal planes of the L1, PtCo intermetallic
core and the Pt shell (Fig. 2d), indicating the formation of the L1j
PtCo intermetallic core and Pt shell structure. This is further cor-
roborated by the analysis in Fig. 2e, where the Fourier transform of
the (001) d-spacing of the L1y PtCo@Pt core-shell structure reveals
distinct lattice differences. Specifically, the L1y PtCo core exhibits
an average d-spacing of 0.36 nm, while the Pt shell shows an aver-
age d-spacing of 0.198 nm. These differences align consistently with
HRTEM results, confirming that the core and shell possess distinct
crystal structures—namely, the L1, phase for the PtCo core and the
face-centered cubic (FCC) structure for the Pt shell. Additionally,
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Fig. 1. (a) Schematic illustration of the Joule-heating and transient formation of PtCo core-shell structure iNPs. The diagram sequentially shows the PtCo precursor loaded
on carbon black, subjected to instantaneous high-temperature heating, and the subsequent formation of L1, PtCo@Pt core-shell iNPs on carbon black. (b) Schematic repre-
sentation of the peroxidase-catalyzed 3,3',5,5'-tetramethylbenzidine (TMB) color reaction on a 96-well microwell strip plate. (c) Comparison of POD-like activity and specific
properties of PtCo structures across three different configurations: PtCo intermetallic core with Pt shell, PtCo alloy, and Pt, along with a schematic diagram of their atomic

arrangements.
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Fig. 2. (a, b) Structural characterization and particle size distribution of L1, PtCo@Pt core-shell iNPs. (c) HAADF-STEM image of L1, PtCo@Pt core-shell iNPs and its corre-
sponding EDS elemental distribution map. (d) High-resolution image of L1y PtCo@Pt core-shell labeled with Pt shell spacing (0.18 nm) and PtCo core spacing (3.36 nm). (e)
Fourier transform of the (001) d-spacing of L1, PtCo core and the (001) d-spacing of Pt shell. (f) HRTEM images of L1, PtCo@Pt core-shell iNPs and STEM-EDS line-scan

analysis of an individual hybrid nanocrystal.

EDS line-scanning analyses of an L1y PtCo@Pt core-shell nanocrys-
tal also indicated that Pt shell signals are detected across the entire
L1y PtCo@Pt core-shell iNP, whereas Pt and Co signals are present
across the L1 PtCo core (Fig. 2f and Fig. S3 in Supporting informa-
tion).

The crystal structure of the iNPs was further confirmed by X-
ray diffraction (XRD) analysis (Fig. 3a). The XRD pattern of L1
PtCo@Pt closely matched the standard peaks of PtCo intermetallic
(PDF #04-001-0115), with characteristic diffraction peaks observed
at 24.1° and 33.2°, corresponding to the (001) and (110) crystal
planes, respectively. To further investigate the electronic structure
and surface composition, X-ray photoelectron spectroscopy (XPS)
was employed. As depicted in Fig. 3b, the high-resolution Pt 4f or-
bital could be resolved into two pairs of peaks, corresponding to

Pt® and Pt?+ species, indicating that Pt in the nanozymes was pri-
marily in its metallic state. The Pt 4f orbitals in both L1y PtCo@Pt
and PtCo exhibited a negative binding energy shift compared to
Pt nanozymes, confirming electron transfer from Co atoms to Pt
atoms. L1y PtCo@Pt shell nanozymes were used as a POD mimic,
and their enzyme-like activity was evaluated using the TMB colori-
metric method. As shown in Fig. 3c, in the presence of H,0,, POD-
like nanozymes oxidized colorless TMB to blue oxidized 3,3’,5,5-
tetramethylbenzidine (oxTMB), as following the reaction equation
[41-45]:

POD

H,0, + H — OH + H,0 (1)
TMB + H* + -OH 23 0xTMB + H,0 2)
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Fig. 3. (a) XRD patterns of L1y PtCo@Pt core-shell, PtCo alloy, and Pt nanozymes. (b) High-resolution XPS spectra of Pt 4f for the three nanozymes. (c) Schematic diagram of
the POD-like activity reaction and specific activity size of the nanozymes. (d) Absorbance values of the H,0,-TMB system catalyzed by different nanozymes under identical
conditions. (e) SAs of L1, PtCo@Pt core-shell, PtCo alloy, and Pt nanozymes. (f) Comparison of SA values among different nanozymes. (g) Arrhenius plots of In(k) versus 1/T
for POD-like activity of L1o PtCo@Pt core-shell and PtCo alloy nanozymes. (h) Comparison of POD-like and OXD-like activities of the three nanozymes.

As a control, minimal to no color change was observed in
the TMB-H,0, system without the nanozymes, signifying the cat-
alytic role of the L1y PtCo@Pt core-shell nanozymes in the color
change reaction. As illustrated in Fig. 3d, under identical condi-
tions, the L1y PtCo@Pt core-shell nanozymes exhibited the high-
est absorbance at 652 nm, indicating their superior POD-like ac-
tivity. Specific activity (SA) was employed to quantitatively as-
sess the POD-like activity of nanozymes. As shown in Fig. 3e,
the L1, PtCo@Pt core-shell nanozymes demonstrated the high-
est SA (25.575U/mg), significantly outperforming the PtCo alloy
(4.641 U/mg) and Pt nanozymes (3.042 U/mg). This exceptional per-
formance places the L1, PtCo@Pt core-shell nanozyme ahead of
previously reported examples [46,47], highlighting its superior ef-
ficiency and promising potential for mimicking POD-like activity
(Fig. 3f).

Additionally, activation energy (E;) for each enzyme-like activ-
ity was derived from the Arrhenius plots to elucidate the underly-
ing mechanisms. E;, which reflects the minimum energy required
to transition from reactant to activated state, is intrinsically linked
to the reaction rate. Fig. 3g illustrates that the L1y PtCo@Pt core-
shell nanozymes exhibit a lower E, value for POD-like activity
(3.73kJ/mol) compared to PtCo alloy (6.93 k]J/mol), signifying en-
hanced efficiency in mimicking POD activity. Specificity is also cru-
cial for practical applications. To address this, the OXD-like activity
of the nanozymes was assessed, as it could potentially introduce
variability in the colorimetric detection of their POD-like activity.
Fig. 3h reveals that while all three nanozymes-L1, PtCo@Pt core-
shell, PtCo alloy, and Pt—demonstrate strong POD absorbance, the

L1y PtCo@Pt core-shell nanozymes achieve the highest absorbance.
Conversely, the OXD-like activity of all three nanozymes is negligi-
ble, underscoring the exceptional specificity of L1y PtCo@Pt core-
shell nanozymes for POD-like activity.

Additionally, we evaluated the E, for the OXD-like activity of
the three nanozymes (Fig. S4a in Supporting information). The
PtCo alloy exhibited a positive E; value for OXD-like activity
(0.278 kJ/mol), whereas the L1y PtCo@Pt core-shell showed a neg-
ative E; value (—7.47 kJ/mol). This indicates that both L1, PtCo@Pt
core-shell and PtCo alloy display negligible OXD-like activity com-
pared to Pt. The enzymatic performance of the L1, PtCo@Pt core-
shell nanozymes was assessed through steady-state kinetics, and
the Michaelis-Menten parameters, including the Michaelis constant
(Km), the initial reaction velocity (v) and maximum reaction veloc-
ity (Vimax), were determined using the following equation [48,49]:

VlTlaX[S]
Y= K 5] ®)
1 K 1
;:Vmax[s]+vmax (4)

In dynamic assays, the POD-like activity of the three nanozymes
conformed to the Michaelis-Menten model. The enzymatic kinetic
parameters, including Vpax and Kp, are summarized in the ac-
companying Table S1 (Supporting information). Absorbance-time
curves for L1y PtCo@Pt core-shell nanozymes were measured at
various concentrations of H,0, and TMB, revealing Ky, values of
84.17 mmol/L for H,0, (Fig. S4b in Supporting information) and
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Fig. 4. (a) Schematic representation of the PtCo alloy and L1y PtCo@Pt core-shell
structure. (b) Comparison of Pt-Pt and O-O bond lengths for L1, PtCo@Pt core-shell,
PtCo alloy, and Pt. (c) Energy changes for L1, PtCo@Pt core-shell, PtCo alloy, and Pt
at different reaction coordinates. The x-axis represents various reactants and prod-
ucts, while the y-axis indicates energy (eV). Different colored curves illustrate the
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0.81 mmol/L for TMB (Fig. S4c in Supporting information), with
corresponding Vmax values of 2.78 x 1077 and 2.8 x 10-7 mol L1 s°1,
respectively. L1, PtCo@Pt core-shell nanozymes demonstrated su-
perior Vmax values for both H,O0, and TMB compared to PtCo al-
loy and Pt, indicating their enhanced catalytic activity. Addition-
ally, the significantly lower Ky, values for L1y PtCo@Pt core-shell
nanozymes suggest a higher affinity for the catalytic substrates.
These findings underscore the exceptional catalytic performance of
L1y PtCo@Pt core-shell nanozymes in H,O, decomposition.

The remarkable enhancement in activity observed for L1,
PtCo@Pt core-shell nanozymes is likely attributed to two key
strain-induced effects: (1) The selective incorporation of Co atoms
into specific lattice sites within Pt, which amplifies the strain ef-
fects [27,50]; and (2) the exposure of Pt [001] crystal facets, which
exhibit well-defined anisotropic strains [26,51]. These factors col-
lectively facilitate accelerated electron transfer during the catalytic
reaction, significantly boosting the POD-like activity of the PtCo@Pt
core-shell nanozymes.

To elucidate the mechanism behind the enhanced activity of
POD nanozyme catalysts, we conducted first-principles density
functional theory (DFT) calculations on L1y PtCo@Pt core-shell
nanozymes, PtCo alloy nanozymes, and Pt nanozymes. We con-
structed a core-shell structure model of PtCo with a metal atom
ratio of 1.5:1. The models, as shown in Fig. 4a, feature PtCo atoms
interspersed in the (110) plane with a Pt atomic shell coating the
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outer surface, representing the core-shell configuration. For com-
parison, a PtCo alloy model was also constructed as a direct confir-
mation of the compression/tension effects on the Pt surface plane.
When Co atoms with relatively small lattice parameters are in-
serted into the Pt lattice, due to the difference in lattice parameters
between the two, a lattice mismatch phenomenon occurs, thereby
generating a strain effect. This strain effect can cause the lattice
spacing to contract, shortening the Pt—Pt bond length. The contrac-
tion of the lattice will lead to the shift of the d-band center to a
higher energy direction, and this change is beneficial for enhancing
the adsorption of reaction intermediates on the catalyst surface. To
experimentally verify the impact of these structural changes, the
distances between adjacent Pt sites on the surfaces of pure Pt,
PtCo alloy, and L1y PtCo@Pt core-shell structures were measured,
marked with grey balls, and found to be 2.64, 2.682, and 2.736 A,
respectively (Fig. 4b). Comparing these distances, it was observed
that the Pt surface lattice parameter of L1y PtCo@Pt core-shell was
compressed by 3.50% relative to that of pure Pt. This indicates that
the core structure with a Pt shell creates a stress environment,
subjecting the Pt surface plane on the L1y PtCo intermetallic to a
certain degree of compression. Moreover, the high symmetry of the
L1y PtCo intermetallic core ensures controllable and long-range or-
dered lattice parameters, allowing uniform modulation of surface
compressive stress. By covering the surface with a Pt layer, PtCo
alloys form a core-shell structure in which the Pt shell acts as a
compression layer, inducing a strain effect on the surface layer of
Pt, potentially enhancing POD-like catalytic performance.

To elucidate the superior POD-like performance of L1, PtCo@Pt
core-shell nanozymes, we provide the atomic model of the H,0,
reaction site in Fig. 4b. The O-O bond lengths of H,0, adsorbed
on the surfaces of L1y PtCo@Pt core-shell, PtCo alloy, and Pt
were measured at 2.585, 1.474, and 1.473 A, respectively. The L1,
PtCo@Pt core-shell displays the longest O-O bond, while the bond
lengths for PtCo alloy and Pt are similar and shorter. Longer O-O
bonds facilitate easier molecular dissociation. Furthermore, we cal-
culated the POD-like evolution process. Initially, the nanozyme ad-
sorbs activated H,0,, which then undergoes pyrolysis to form two
adsorbed hydroxyl groups (OH*), followed by gradual protonation
to form H,0* and subsequent desorption. The calculated energy
changes for these steps are summarized in Fig. 4c, showing that
the thermodynamic energy decreases for the splitting of H,0,*
across all three models. The energy change for this step is lowest
for L1g PtCo@Pt core-shell, followed by PtCo alloy and Pt. Among
the various steps in the reaction process, the rate-determining step
(RDS) for the L1y PtCo@Pt core-shell structure occurs at the third
step (from H,0* + OH* to OH*), whereas for PtCo alloy and P, it
is at the fourth step (from OH* to H,0*). Notably, the L1, PtCo@Pt
core-shell structure demonstrates a significantly lower RDS energy
barrier (0.128eV) compared to the PtCo alloy (0.211eV) and Pt
(0.1664 eV), highlighting its superior catalytic kinetic performance.
This lower RDS barrier explains the superior POD-like activity of
L1y PtCo@Pt core-shell nanozymes, which is induced by the strain
effects from the PtCo intermetallic core and Pt shell. These ef-
fects stem from the selective incorporation of Co atoms into spe-
cific lattice sites within Pt, which intensifies the strain effects. On
the other hand, the exposure of Pt (001) crystal facets is charac-
terized by well-defined anisotropic strains. Together, these factors
promote faster electron transfer during the catalytic reaction, sig-
nificantly enhancing the POD-like activity of the L1y PtCo@Pt core-
shell nanozymes.

In summary, our study reveals the significant potential of L1,
PtCo@Pt core-shell iNPs, which exhibit exceptional POD-like ac-
tivity and specificity due to strain-induced effects at the Pt skin
and PtCo core interface. The synthesized L1, PtCo@Pt core-shell
nanozymes demonstrate SA of 25.545U/mg, a remarkable 17.4-
fold increase compared to Pt nanoparticles, and exhibit mini-
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mal OXD-like activities. Theoretical calculations and experimen-
tal data corroborate that the core-shell structure effectively low-
ers both the adsorption energy of H,O, and the activation energy
for the rate-determining step. Furthermore, the Supporting Infor-
mation demonstrates that the capability of these nanozymes for
accurate colorimetric detection of carcinoembryonic antigen un-
derscores their practical utility. Looking forward, the L1y PtCo@Pt
core-shell nanozymes present a promising and versatile platform
for future advancements, offering substantial potential for applica-
tions in biomedical diagnostics, environmental sensing, and other
fields requiring high catalytic efficiency and specificity.
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