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2D/Metal-oxide-catalyzed reactions studied in
confined space underneath hexagonal boron nitride

on Cu(111)
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Catalysis depends on the availability of active sites and the binding strength of adsorbates to these sites. Re-
cently, catalysis in confined space has been suggested to offer enhanced selectivity and reactivity [1,2], while
simultaneously reducing the likelihood of catalyst poisoning or degradation [3]. 2D materials on metal sub-
strates have been extensively studied for fundamental confined catalysis experiments because they can be
prepared in a structurally well-defined form and can be characterized in great detail by surface science tech-
niques, providing solid experimental reference data for theoretical studies. However, metal-oxide surfaces
are generally more catalytically active than their metal counterparts [4], and only recently has a well-ordered
2D/metal oxide interface been prepared. Our group has synthesized a “Cu2O-like”thin film (˜3-4 Å thick)
confined in-between a hexagonal boron nitride (h-BN) overlayer and a Cu(111) substrate via O2 intercalation
and oxidation of the Cu substrate. Experimental characterization combined with theoretical simulations un-
raveled the oxide structure, providing an ideal model system for studies of molecular adsorption and diffusion
in confined space. To probe the stability of the heterostructure, we attempted to reduce the confined oxide via
H2 intercalation through exposure to varying H2 partial pressures (10-5 to 0.1 mbar) and temperatures (room
temperature up to 200 ℃) while simultaneously collecting APXPS data. Following exposure to 0.1 mbar at
200 ℃, we observe a decrease in the O 1s core level intensity for the peaks corresponding to the “Cu2O-like”
oxide. Furthermore, a slight shift occurs in the B 1s and N 1s core levels to higher binding energy while the
peak shape remains intact, suggesting that H2 was able to intercalate and reduce the surface oxide without
destroying the h-BN overlayer. Ultimately, we demonstrate the reversible oxidation of the confined Cu(111)
surface beneath h-BN.
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