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Sulfur poisoning critically limits the activity and durability of Pt catalysts, yet the nanoscale

structure–reactivity relationships that govern sulfate adsorption and its thermal desorption

remain poorly resolved. Using infrared nanospectroscopy, we directly map the spatial

distribution, adsorption geometry, and temperature-dependent evolution of sulfate

species on individual Pt nanocrystals (NCs) with well-defined facets. At room

temperature, SOx species preferentially accumulate at defect-rich inter-facet regions,

edges, and open Pt(100)-like facets, in which bidentate adsorption dominates. Flat

Pt(111) terraces exhibit lower SOx coverage and a larger contribution from tridentate

species. Mild annealing (50–200 °C) induces selective desorption from

undercoordinated sites and drives a structural transition from bidentate to tridentate

coordination as species migrate toward highly coordinated terrace regions. At 300 °C,

most sulfate species desorb from edges and side facets, whereas thermally robust

tridentate species persist at the NC interior. These results provide a facet-resolved

picture of sulfur adsorption and regeneration pathways, revealing how local surface

structure dictates the stability and thermal evolution of poisoning species on Pt catalysts.
Introduction

Catalyst poisoning results in deactivation caused by the strong and oen irre-
versible adsorption of molecular or atomic species to active metal sites.1 Sulfur-
containing compounds (e.g., sulfuric acid and its derivatives), carbon
monoxide, and halide ions are among the most potent poisoning agents.2,3 The
consequences of surface poisoning include reduced catalytic efficiency, lower
product yields, and, ultimately, the need for catalyst replacement or
regeneration.3–5

Poisons such as sulfur form strong bonds with Pt surface atoms, saturating
active sites and preventing reactant adsorption. Chemical reactions between the
poisoning species and the catalyst can also generate new surface compounds that
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may either desorb from the surface or further block catalytic sites.3 Strongly
bound poisons, such as SOx–Pt species, oen require harsh treatments for
removal and restoration of catalytic activity.3,6–8 Therefore, analyzing the adsorp-
tion and desorption patterns of SOx species on Pt nanoparticles is essential for
understanding the mechanisms of catalyst poisoning and guiding regeneration
strategies.

The interaction between sulfuric acid and Pt depends strongly on the
arrangement and coordination of the surface atoms and on the chemical prop-
erties of the SOx species.9 Sulfate is mainly adsorbed in bidentate or tridentate
coordination modes and the adsorption geometry directly inuences the
adsorption strength and thermal stability of the poisoning species.10–12 On
Pt(111), sulfate predominantly adopts a well-ordered, bidentate or tridentate
geometry stabilized by the close-packed terrace arrangement.13 On Pt(100), which
is characterized by a higher density of bridge sites, sulfate binds more weakly and
oen in a tilted bidentate conguration.14,15

The natural inter- and intra-particle structural heterogeneity of catalytic
nanoparticles16–20 makes it challenging to directly probe how different surface
sites inuence SOx poisoning and its removal. Resolving these site-dependent
effects requires both experimental techniques capable of providing nanoscale
chemical information and model catalysts with well-dened surface structures.
Recent advances in high-spatial-resolution spectroscopy have enabled nanoscale
investigations of catalytic nanoparticles,20–35 and were also utilized for analysis of
SOx distributions on catalytic nanoparticles.7,36 In particular, infrared nano-
spectroscopy measurements37,38 have shown that the types and adsorption
geometries of SOx species vary signicantly due to morphological and structural
heterogeneity among individual nanoparticles.7,36 Using a similar approach, we
have mapped the distribution and adsorption strength of surface ligands on Au
nanocrystals with well-dened facets.39

In this work, we employ atomic force microscopy infrared (AFM-IR)
measurements to map the distribution of SOx species on Pt nanocrystals (NCs)
with well-dened facets. We nd that the majority of SOx species adopt a bi-
dentate adsorption mode and reside on the more open facets and at inter-facet
regions, whereas only a minority of SOx occupies the at (111) facets. Annealing
to 200 °C led to desorption from edge sites, accompanied by a transition from
a bidentate adsorption mode to a tridentate adsorption mode. Further annealing
to 300 °C led to desorption of most of the SOx species, leaving residues near the
center part of the nanocrystals, in which the SOx is strongly adsorbed in a bi-
dentate mode.

Experimental
Pt NCs preparation

A 15 nm-thick Pt lm was e-beam evaporated onto a sapphire crystal (c-plane
oriented, Gavish) using a glove-box evaporator (VST). Quartz crystal microbal-
ance (QCM) measurements were used to assess the thickness of the evaporated
lm. NCs were prepared by annealing the Pt-coated sapphire at 1000 °C for 2
minutes under a nitrogen (N2) atmosphere. The sample was then immersed in
10 mM solution of H2SO4 for 1 h at room temperature. Aerward, the sample was
transferred to a vial on a hot plate pre-heated to 100 °C for 10 minutes in air in
Faraday Discuss. This journal is © The Royal Society of Chemistry 2026
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order to remove physisorbed residues. Annealing of the sample was performed
under a N2 atmosphere for 2 hours at the designated temperature.

Nano-IR measurements

AFM-IR measurements were performed in tapping mode using a nanoIR-3
(Bruker) setup equipped with a Bruker Hyperspectral QCL laser source (790–
1950 cm−1), gold-coated Si probes with a nominal diameter of∼25 nm, resonance
frequencies of 75 ± 15 kHz, and spring constants of 1–7 N m−1. Averaged spectral
acquisition time was 5 seconds per spectrum with a spectral resolution of 2 cm−1.
The acquisition time was limited to 5 seconds to precisely dene the measure-
ment location and to prevent uncertainties caused by thermal dri.

Focused ion beam (FIB) measurements

A dual-beam FIB instrument (FEI Helios) was employed for lamella extraction,
and the resulting lamella was analyzed by high-resolution scanning-transmission
electron microscopy (STEM) operated at 300 kV.

X-ray photoelectron spectroscopy (XPS) measurements

Measurements were performed using a Kratos AXIS Supra spectrometer (Kratos
Analytical) with an Al Ka monochromatic X-ray source (1486.6 eV). The XPS
spectra were acquired with a takeoff angle of 90° (normal to the analyzer), a pass
energy of 20 eV and a step size of 0.1 eV; the vacuum condition in the chamber was
2 × 10−9 Torr. The binding energies were calibrated according to the C1s XPS
peak position.

Results and discussion

To identify the sensitivity of different atomic facets in Pt particles to sulfur
poisoning, we focused our study on analyzing the adsorption and desorption of
SOx species on Pt nanocrystals (NCs) with well-dened Wulff-like structures. The
NCs were prepared by annealing and then exposed to H2SO4 to induce surface
poisoning (see Experimental section for details), following recently published
procedures.7,36

AFM topography images reveal NCs with lateral dimensions of 200–400 nm
and heights of up to 100 nm (Fig. 1a). Exposure to H2SO4 did not lead to
noticeable morphological changes. Two main NC morphologies were observed:
elongated, hexagon-like NCs with distinctly longer opposing sides, yielding
a more rectangular appearance (highlighted with a yellow oval in Fig. 1a); and
equilateral-like NCs resembling a rhombic structure (highlighted with a red oval
in Fig. 1a).40

To identify the crystallographic facets of the NCs, a lamella was extracted from
the sample using focused ion beam (FIB) milling, and transmission electron
microscopy (TEM) images of both the hexagonal- and rhombic-like NCs were
acquired (Fig. 1c and d, respectively), along with their corresponding electron
diffraction patterns (insets, Fig. 1c and d). The hexagonal Pt nanocrystal exhibited
a dominant (111) plane with adjacent (110) facets (Fig. 1c). The smaller rhombic
NC displayed multiple crystallographic orientations, including prominent (111),
(001), and (113) planes (Fig. 1d). The formation of these two distinct NC types is
This journal is © The Royal Society of Chemistry 2026 Faraday Discuss.

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5fd00139k


Fig. 1 Characterization of Pt NCs. (a) AFM topography image of Pt NCs following sulfur
poisoning. Representative hexagon- and rhombic-like NCs are circled in yellow and red,
respectively. (b) AFM-IR map at 1100 cm−1, acquired from the same area that was imaged
by AFM. HR-TEM imaging of a cross-section of a hexagonal NC (c) and a rhombic NC (d),
with their corresponding diffraction patterns (insets).
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attributed to variations in local growth rates along different crystallographic
directions, likely driven by subtle differences in the local defect density that
inuence facet stability. It is expected that these structural changes will impact
the adsorption pattern of SOx.41–46

AFM-IR mapping was performed at 1100 cm−1 (Fig. 1b), which corresponds to
the S–O vibration of the sulfate anion,47 on the same area imaged by AFM (Fig. 1a).
The IR signal intensity varied across the NCs, with higher signals detected at
edges, steps, and the more open facets, while weaker signals appeared on the
inner, at (111) facets. These variations provide evidence for facet-dependent
adsorption behavior and show the dominant role of nanocrystal structure in
governing the local surface density of SOx species.

Single NC analyses, including localized IR spectral measurements and AFM-IR
mapping, were conducted to obtain high-resolution, sub-particle information on
SOx adsorption, distribution, and desorption (Fig. 2). An AFM topography image
of a hexagon-like NC is shown in Fig. 2a(i). IR spectra were acquired at the edge
and the center of the NC (the measurement positions are indicated by red and
Faraday Discuss. This journal is © The Royal Society of Chemistry 2026
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Fig. 2 AFM-IR analysis of hexagonal NC. AFM topography (i), localized IR spectra (ii), and
AFM-IR mapping at 1100 cm−1 (iii) and 1200 cm−1 (iv), following surface poisoning by
H2SO4. Measurements were conducted at room temperature (a(i)–a(iv)), after annealing to
50 °C (b(i)–b(iv)), 200 °C (c(i)–c(iv)) and 300 °C (d(i)–d(iv)). AFM topography images are
shown in a(i), b(i), c(i) and d(i). IR spectra were acquired from the center (black spectrum)
and edge (red spectrum) of a Pt NC and are shown in a(ii), b(ii), c(ii) and d(ii). The locations
from which the IR measurements were acquired are indicated by black and red circles in
the AFM topography images. The ratio between the red and black spectra reflects
differences in signal intensities at different surface sites. Spectra shown in the different
panels were normalized according to the amplitude of the red spectra. The AFM images
following annealing were acquired in different areas of the sample, and therefore different
NCs were analyzed following each thermal treatment. Scale bar represents 200 nm.
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black dots in Fig. 2a(i)), and are presented as red and black spectra, respectively,
in Fig. 2a(ii). The spectra exhibit a broad feature spanning 1000–1280 cm−1. The
spectrum acquired at the center of the NC shows a stronger contribution in the
1000–1100 cm−1 region.

Sulfuric acid adsorbs on Pt primarily through bidentate and tridentate binding
modes.7,48,49 The bidentate (2-fold) adsorption mode is energetically favored at
undercoordinated sites such as edges, steps, and defects.44,50–53 Tridentate (3-fold)
adsorption occurs when the sulfate species coordinates with three adjacent Pt
atoms, a geometry that is mostly realized on atomically at, close-packed
terraces.7,11,36 It was demonstrated that sulfate adsorbs on Pt(100) and Pt(110)
in a 2-fold geometry (C2v symmetry) and induces two IR bands around 1100 and
1200 cm−1, assigned to the stretching vibration of the S–O bond in SO4

2−
This journal is © The Royal Society of Chemistry 2026 Faraday Discuss.
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coordinated to Pt atoms and that of the uncoordinated S–O bond, respectively.
Sulfate adsorption on Pt(111) gives a single IR band at around 1200 cm−1, which is
assigned to the S–O stretching vibration of a 3-fold adsorption geometry.47

The spectrum measured at the edge of the NC showed a higher signal at
∼1100 cm−1, which correlated to a dominant presence of sulfuric acid with a bi-
dentate adsorption geometry on this site (red spectrum, Fig. 2a(ii)). The IR signal
that was acquired at the center of the NC showed a similar amplitude at the 1000–
1250 cm−1 range, indicative that both bidentate and tridentate binding modes of
sulfuric acid coexist on these sites (black spectrum, Fig. 2a(ii)).

AFM-IR maps were acquired at 1100 and 1200 cm−1 (Fig. 2a(iii) and (iv),
respectively) to identify the spatial distribution of bidentate and tridentate
adsorption modes across the facets of the NCs. The IR map at 1100 cm−1

(Fig. 2a(iii)) shows strong signal intensities at the nanocrystal edges and on the
side Pt(110) facets, with reduced intensity at the NC center. AFM-IR mapping at
1200 cm−1 (Fig. 2a(iv)) exhibits weaker signals that are primarily localized at inter-
facet regions and edge sites. The IR mapping supports the results shown in the
localized IR spectra and shows that there is a preference toward a 2-fold
adsorption geometry at sites with low-coordinated surface atoms.

Integration of the IR mapping and spectroscopy data reveals that the surface
structure of Pt NCs governs the surface distribution of SOx. The spectral signature
associated with the 2-fold (bidentate) adsorption mode of sulfate (∼1100 cm−1)
was detected across most regions of the NCs, with high signal variability across
the NC. Higher signal intensity was observed on the side facets and at inter-facet
regions, whereas lower intensity appeared on the at Pt(111) terraces. The spec-
tral signature corresponding to the 3-fold (tridentate) adsorption mode
(∼1200 cm−1) was weaker, and was characterized by local enhancement at inter-
facet regions and the more open (110) facets.

To obtain a quantitative measure of the spatial distribution of SOx species, the
NC was segmented into concentric rings at increasing radial distances from its
center. The IR signal amplitude within each ring was averaged and the averaged
IR intensities—analyzed from the IR maps at 1100 and 1200 cm−1—were plotted
Fig. 3 Quantitative analysis of AFM-IR maps. The AFM-IR maps shown in Fig. 2 were
analyzed by dividing each nanocrystal into concentric rings originating from its center. The
AFM-IR signal within each ring was extracted and averaged to obtain the mean intensities
at 1100 cm−1 (a) and 1200 cm−1 (b) as a function of the radial distance of the ring from the
nanocrystal center. This analysis was performed for IR maps that were acquired at room
temperature (black curves), and after annealing at 50 °C (red curves), 200 °C (blue curves)
and 300 °C (green curves).

Faraday Discuss. This journal is © The Royal Society of Chemistry 2026
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as a function of the radial distance of each concentric ring from the NC center
(Fig. 3a and b, respectively). This analysis revealed a detectable spectral contri-
bution at the NC center for the IR signal at 1100 cm−1 (black curve, Fig. 3a) and
a pronounced ∼50% enhancement in the IR intensity at a radial distance of
approximately 75 nm, corresponding to inter-facet regions where SOx species
preferentially accumulate. Quantitative analysis of the IR mapping at 1200 cm−1

(black curve, Fig. 3b) showed a lower and much more homogeneous signal, with
a relatively small increase at the particle's rim. These results show that the
distribution of SOx species in the tridentate binding mode is more consistent on
the NC surface, in comparison to the dominant bidentate mode that was mainly
observed at inter-facets and side facets.

Analysis of the IR signal at room temperature reveals a clear preference for SOx

adsorption in a bidentate adsorption mode on edge sites and on more open
facets. The bidentate mode was consistently more prominent than the tridentate
mode, and more heterogeneous in its dispersion on the NC surface. This indi-
cates competitive adsorption at identical surface sites, with the energetically less
demanding bidentate conguration dominating under ambient conditions.

IR maps and localized IR spectra were acquired following annealing at 50 °C
(Fig. 2b). The localized IR spectra showed lower intensity in the high-wavenumber
contribution, resulting in a more pronounced peak near 1100 cm−1 (Fig. 2b(ii)).
The IR map at 1100 cm−1 (Fig. 2b(iii)) showed a decrease in the overall signal
intensity and a stronger localization at inter-facet regions. Averaged analysis of
the IR signal revealed enhanced localization of the 1100 cm−1 signal at inter-facet
regions (Fig. 3a, red curve). The IRmap at 1200 cm−1 (Fig. 2b(iv)) exhibited a more
spatially dispersed signal aer annealing, with some preference for inter-facet
sites, as also identied in the quantitative analysis (Fig. 3b, red curve). These
results indicate that mild annealing promotes localization of bidentate species on
inter-facet sites, which contain higher densities of surface defects, whereas tri-
dentate species diffuse inward toward atter regions, which facilitates the 3-fold
binding geometry.

This trend was enhanced following annealing at 200 °C (Fig. 2c). Aer
annealing, the IR spectrum exhibited a dominant peak at 1100 cm−1 with
a substantially diminished 1200 cm−1 contribution (Fig. 2c(ii)). The peak at
1420 cm−1, which was detected in the IR spectra acquired at edge sites, is
attributed to carboxylate species that were formed on the NC surface following
exposure of organic residues to high temperature. IR mapping at 1100 cm−1

showed a lower signal intensity at inter-facet sites, and the signal amplitude at the
NC center became comparable to the onemeasured at the edges, as also indicated
in the quantitative analysis (Fig. 3a, blue curve). In contrast, AFM-IR mapping at
1200 cm−1 showed an overall increase in signal intensity and specically at edge
sites (Fig. 2c(iv)), consistent with the averaged IR analysis (Fig. 3b, blue curve).
These ndings suggest that annealing at 200 °C promotes a transition from
a bidentate adsorption mode to a tridentate adsorption mode, enabled by the
added thermal energy required to activate this transition.

Further annealing at 300 °C led to sharpening and localization of the IR peak
to the 1020–1220 cm−1 region at both the center and the edge of the NC
(Fig. 2d(ii)), and the spectral amplitudes at these locations became comparable,
indicative of desorption from edge sites. IR mapping at 1100 cm−1 (Fig. 2d(iii))
showed a pronounced decrease in signal intensity across the NC (Fig. 3a, green
This journal is © The Royal Society of Chemistry 2026 Faraday Discuss.
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curve), with the averaged value in the interior region lower by ∼80% compared to
the signal measured at room temperature.

IR mapping at 1200 cm−1 showed a reduced signal at the outer regions of the
NC, yet signicant intensity persisted at the NC interior even aer annealing at
300 °C (Fig. 2d(iv) and Fig. 3b, green curve). These results indicate that aer
annealing at 300 °C, SOx species are no longer detected at inter-facet sites,
whereas tridentate is the favored conguration on the interior part of the NC. This
highlights the higher thermal stability of SOx species bound in a tridentate mode
to at, highly coordinated regions compared to the more reactive edge sites.

A similar temperature-dependent analysis was conducted for a more
symmetric NC (Fig. 4a(i)). IR spectra were acquired at the edge and center of the
NC and displayed a broad IR band spanning 1000–1300 cm−1, with a stronger
Fig. 4 AFM-IR mapping of a single NC. AFM topography (i), localized IR spectra (ii), and
AFM-IR mapping at 1100 cm−1 (iii) and 1200 cm−1 (iv), following surface poisoning by
H2SO4. Measurements were conducted at room temperature (a(i)–a(iv)), after annealing at
50 °C (b(i)–b(iv)), 200 °C (c(i)–c(iv)) and 300 °C (d(i)–d(iv)). AFM topography images are
shown in a(i), b(i), c(i) and d(i). IR spectra were acquired from the center (black spectrum)
and edge (red spectrum) of a Pt NC and are shown in a(ii), b(ii), c(ii) and d(ii). The locations
in which the IR measurements were acquired are indicated by black and red circles in the
AFM topography images. The ratio between the red and black spectra reflects differences
in the signal intensities at different surface sites. All spectra shown in the different panels
were normalized according to the amplitude of the red spectra. The AFM images following
annealing were acquired from different areas of the sample, and therefore different NCs
were analyzed following each thermal treatment. Scale bar represents 200 nm.
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signal at the edge of the NC (Fig. 4a(ii)). IR mapping at 1100 cm−1 revealed
a pronounced signal on the side facets and inter-facet regions (Fig. 4a(iii)),
whereas the 1200 cm−1 feature appeared weaker and spatially conned
(Fig. 4a(iv)). In both cases, the IR intensity was highest on the side facets and
lower on the at (111) facet, consistent with the quantitative IR mapping analysis
(Fig. 5, black curves). The dominant signal at 1100 cm−1 indicates the preference
toward a bidentate adsorption geometry, which is further enhanced on side
facets.

Annealing at 50 °C led to a lower amplitude in the 1200–1300 cm−1 range for
the spectra measured at the side of the NC (red spectrum, Fig. 4b(ii)), while
sharper and more distinct contributions in the 1200–1300 cm−1 region were
probed in the spectra measured at the center of the NC (black spectrum,
Fig. 4b(ii)). Correspondingly, the IR maps showed lower overall signal intensities
and more localized features (Fig. 4b(iii) and (iv)), consistent with desorption from
edge sites, as also validated by the quantitative IR analysis (Fig. 5, red curves).

Further annealing at 200 °C resulted in an additional decrease in the 1200–
1300 cm−1 range (Fig. 4c(ii)). The improved signal-to-noise ratio observed in the
black spectrum in panel c(ii) is attributed to a local increase in the surface density
of the adsorbed species, which also results in a relatively higher signal compared
to other spectra that were acquired at the center of the NCs. The IR map at
1100 cm−1 showed a substantial reduction in signal intensity across the NC
(Fig. 4c(iii)), and the quantitative analysis (Fig. 5a, blue curve) conrmed a major
overall decrease. The IR map at 1200 cm−1 revealed a lower overall signal
amplitude (Fig. 4c(iv)), veried by quantitative analysis (Fig. 5b, blue curve). Thus,
annealing at 200 °C promoted desorption, and specically desorption from edge
sites.

Local IR spectra were measured aer annealing at 300 °C and showed
a stronger signal at the edges of the NC (Fig. 4d(ii)). IR maps (Fig. 4d(iii) and (iv))
and their quantitative analysis (Fig. 5a, green curve) revealed that annealing at
300 °C led to a minor decrease in the averaged 1100 cm−1 intensity. The
1200 cm−1 signal at the center of the NC increased following annealing (Fig. 5b,
Fig. 5 Quantitative analysis of AFM-IR. The AFM-IRmaps shown in Fig. 4 were analyzed by
dividing each nanocrystal into concentric rings originating from its center. The AFM-IR
signal within each ring was extracted and averaged to obtain the mean intensities at
1100 cm−1 (a) and 1200 cm−1 (b) as a function of the radial distance of the ring from the
nanocrystal center. This analysis was performed for IR maps that were acquired at room
temperature (black curves), and after annealing at 50 °C (red curves), 200 °C (blue curves)
and 300 °C (green curves).

This journal is © The Royal Society of Chemistry 2026 Faraday Discuss.
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green curve), indicating diffusion of the tridentate species to the central region of
the NC and transformation from a bidentate adsorption mode to a tridentate
adsorption mode.

Integration of the nanoscale measurements demonstrates clear temperature-
dependent changes in both the surface density and adsorption mode of SOx

species. At room temperature, SOx adsorption is nonuniform, with higher
coverage at defect-rich inter-facet and side-facet regions, and a preference for the
bidentate adsorption mode. Annealing at 200 °C results in selective desorption
from edge sites and a shi from bidentate to tridentate adsorption at the NC
interior. This trend becomes more pronounced aer annealing at 300 °C, where
SOx species persist primarily at the NC center and show a preference toward the
tridentate adsorption mode.

Temperature-dependent S2p X-ray photoelectron spectra (XPS) were acquired
to complement the nanospectroscopy analysis (Fig. 6). At room temperature, the
XP spectrum (red spectrum, Fig. 6) showed a strong peak at 169.0 eV, character-
istic of S6+ in sulfate species, along with contributions from S4+ in SO2-related
species. Following annealing at 50 °C (blue spectrum, Fig. 6), the 169.0 eV peak
showed a decrease in intensity, consistent with partial desorption, along with
a broader peak prole, indicating the coexistence of various SOx species adsorbed
in different adsorption geometries.

Following annealing at 200 °C (green spectrum, Fig. 6), the peak centered at
169.0 eV was narrowed and a new signal was detected at 163.0 eV, which corre-
lated to sulfur in lower oxidation states (S0, S1−, or S2−). This likely follows
a sequence of surface-mediated reduction steps, consistent with previous
studies,54–56 and marks the onset of thermal reduction, followed by desorption.
Further annealing at 300 °C (orange spectrum, Fig. 6) leads to a substantial
Fig. 6 S2p XP spectra of Pt NCs before (black spectrum) and after their exposure H2SO4.
XPS measurements of the poisoned NCs were acquired at room temperature (red spec-
trum), and after annealing at 50 °C (blue spectrum), 200 °C (green spectrum) and 300 °C
(orange spectrum).

Faraday Discuss. This journal is © The Royal Society of Chemistry 2026
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decrease in signal amplitude. This result highlights the thermal desorption of SOx

species from the surface of Pt NCs at relatively moderate temperatures.57,58 The
fact that these transformations occur under an N2 environment further conrms
that Pt NCs catalyze the selective reduction and removal of surface-bound SOx

through thermal activation, which is facilitated on sites that are characterized by
a high density of surface defects.

Conclusions

AFM-IR nanospectroscopy measurements reveal that sulfate adsorption on Pt NCs
is strongly governed by local coordination and facet structure. Defect-rich edges,
steps, and inter-facet regions serve as high-affinity sites that predominantly
stabilize bidentate sulfate, whereas at Pt(111)-like terraces exhibit lower overall
coverage and a stronger tendency toward tridentate coordination. Temperature-
dependent measurements show that annealing triggers selective desorption
from undercoordinated sites and promotes diffusion of sulfate species into
terrace regions, where the transition from bidentate to tridentate adsorption
becomes thermodynamically favored. Upon annealing at 300 °C, most SOx species
detach from edge sites, leaving behind a small population of thermally persistent
tridentate species bound to terrace atoms. These ndings, which were supported
by XPS measurements, establish a direct correlation between facet geometry,
adsorption mode, and thermal stability of SOx species, offering fundamental
insights into site-dependent poisoning and regeneration processes in Pt-based
catalysts.
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