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CO-induced dynamic behaviour of AI1203-supported
Pd nanoparticles at room temperature

Content

It is known that metal nanoparticles (NPs) can undergo surface and/or structural rearrangements in the pres-
ence of adsorbates, and this has relevance both in catalysis and in the field of NPs characterization. A typical
example is the structural rearrangement of Pd NPs in the presence of CO, which has been reported to occur
mostly at elevated temperature (e.g. during CO oxidation reaction) [1]. However, catalysts with small NPs
(~2 nm) tend to exhibit high activity under milder reaction conditions. Moreover, CO is commonly used as
probe molecule for the characterization of metal NPs close to room temperature (e.g. through pulsed CO
chemisorption). Recently, we demonstrated - by coupling gas volumetry, adsorption microcalorimetry and IR
spectroscopy - that CO adsorption at room temperature on Al;O3-supported Pd NPs (size ~ 2 nm) causes the
corrugation of the (100) facet, entailing the creation of new defective sites [2]. Herein, we delve deeper into
the structural evolution of these supported Pd NPs upon CO adsorption by using operando Pair Distribution
Function (PDF) analysis coupled with mass spectrometry (performed at beamline ID15A at ESRF), allied with
complementary in situ IR spectroscopy. The catalyst was initially reduced in Hz at 393 K, and flushed in Ar at
the same temperature, to expose metallic Pd. Then, it was exposed to 1% CO in Ar at 298 K and time-resolved
(1s) total scattering data were collected with a Modulated Excitation (ME) approach [3].

To obtain precise information about the sample state in reaction conditions we used model-free PDF fitting
over the ME dataset [4] to investigate the relative expansion/contraction of the NPs (AR/R) and changes in
their coherence (peak area). Specific fitting starting points were prepared for four different regions (around
the 1%%, 3%, 7t* and 13" shell) based on the knowledge available from PDF patterns of the blank support
(Al20Os3) in the same conditions and on the expected positions of Pd-Pd pairs peaks in the fcc structure. The
results present a clear expansion of the structure in the presence of adsorbed CO which becomes less and less
prominent for higher order shells, and is always reversed during the half-cycle in pure Ar. Concerning the
evolution of the peak area, in the presence of CO the area of the Pd-Pd peak decreases for lower order shells,
but the trend is progressively inverted going higher in R, up to the 13'" shell where the adsorption of CO
produced a steep increase in peak area.

To better understand these trends, we coupled them with geometrical considerations, with the aim of eval-
uating the influence of structural variations in the core shell on all possible atomic pair within a Pd NP of
compatible size. The chosen descriptor is the distance D between the center of the NP and the midpoint of a
Pd-Pd pair. Shorter D values mean that the chosen atomic pair is more influenced by structural changes in
the core region, longer D values are related to atomic pairs that are only marginally affected by those same
changes. By computing the distribution of D values across the regions in R interested by the various Pd shells,
this approach shows how shells of higher order (higher R regions) are more influenced by structural changes
in the core region of the NP with respect to those of lower order (lower R regions), which are less affected.
The trends observed with the model-free PDF fitting are interpreted according to these considerations, con-
cluding that CO adsorption induces two reversible effects on these Pd NP:

+ An expansion throughout the NP that is more pronounced at the surface with respect to the bulk

« A decrease in coherence (disordering) at the surface (as expected by previous in situ characterization
[2]) and an increase (ordering) in the core of the NP.

This relatively simple but powerful analysis approach allows to extract depth-dependent information from
the PDF and, paired with finer analysis approaches, paves the way for a deeper structural understanding of
these catalysts in reaction condition.

[1] L Jbir, J. Couble, S. Khaddar-Zine, Z. Ksibi, F. Meunier, D. Bianchi (2016) ACS Catalysis, 6, 4, 2545-2558

[2] A. Ricchebuono, E. Vottero, D. Bonavia, P. Lazzarini, R. Pellegrini, V. Crocella‘, N. Porcaro, S. Checchia, D.
Ferri, A. Piovano, E. Groppo (2024) ACS Catalysis, 14, 18, 13736-13746

[3] D. Ferri, M. Newton, M. Di Michiel, G.L. Chiarello, S. Yoon, J. Andrieux (2014) Angew. Chemie, 126, 34,



9036-9040
[4] D. Bonavia, A. Ricchebuono, P. Lazzarini, E. Vottero, R. Pellegrini, A. Piovano, C. Chizallet, P. Raybaud, C.
Dejoie, I. Alxneit, S. Checchia, D. Ferri, E. Groppo (2025), Nat Commun 16, 9591.

Primary author: BONAVIA, Daniele (Paul Scherrer Institute)
Contribution Type: Oral
Submitted by CHECCHIA, Stefano on Friday, November 7, 2025



