
InterPore2023

Contribution ID: 776 Type: Poster Presentation

Combining Molecular Dynamics and Machine
Learning to determine CO2 adsorption features on

amorphous nanosurfaces
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In contrast to crystals, amorphous materials are characterized by a disordered structure that dictates adsorp-
tion at the surface. Understanding how amorphous features affect gas sorption is crucial to rationally de-
sign efficient amorphous adsorbents. Recently, we have demonstrated by Molecular Dynamics (MD) sim-
ulations the differences between the adsorption of CO2 in crystalline (Fig 1a) and amorphous (Fig 1b) silica
nanopores[1]. The heterogeneous features of the amorphous nanosurfaces (e.g., roughness, functional groups,
hydroxyl groups, oxygen vacancies) enhance CO2 adsorption with respect to analogous crystalline surfaces,
making amorphous material interesting for many industrial application (including catalytic processes). Here,
we propose to use machine learning to more faithfully characterize and describe CO2 adsorption in amor-
phous nanopores.
First, we employ a segmentation algorithm to identified the irregular adsorption patterns; then, we use a
classification algorithm to group similar patterns; and finally, we correlate the adsorption patterns with the
underlying surface features. This framework can help identify the most efficient functional groups, paving
the way to a computer-aided design of amorphous sorbents that can be employed in many industrially rele-
vant processes. Typically, the region of influence of surface groups can be inferred by means of radial density
functions that enable calculating the residence time of the CO2 molecules within spherical neighborhoods
that are defined around the surface sites of interest, which has been a-priori determined[1]. Although this
approach allowed us to demonstrate the major contribution of oxygen vacancies, CO2 adsorption patterns
are very irregular (Fig 1b) and it is not trivial to correlate the high density regions to the underlying hetero-
geneous structure in the case of amorphous surfaces.
As an example, we consider the methanation reaction, which has been shown to be catalytically enhanced on
amorphous silica nanospheres that are specifically engineered to exhibit a high density of surface defects[2].
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