Electronic decoupling of surface layers from bulk and its influence in carbon monoxide oxidation catalysis: A Molecular beam study
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Catalysis being a surface phenomenon, surface analysis of catalytic materials has been widely studied for several decades. However, the influence of near surface layers and/or subsurface layers towards catalysis has been neglected or not considered seriously. Recent reports [1] indicates that oxygen-diffusion occurs into the sub-surface/bulk of Pd-surfaces under ultra high vacuum (UHV) at 500 K or above, and metastable PdxOy formation has been observed at relatively high oxygen pressure (>10-3 mbar). However, the interactions between oxygen and Pd-surfaces have important implications, especially towards oxidation reactions, and seldom detailed reports are available in the literature on the influence of sub-surface oxygen to oxidation reactions. In our efforts to understand the above aspects, CO oxidation reactions have been carried out with mixed molecular beam (MB) consisting CO+O2 on Pd(111) and polycrystalline Pd surfaces under a wide variety of conditions (T = 400 to 900 K, CO:O2 = 7:1 to 1:10). A new aspect of the above reaction observed in the transient kinetics regime is the evidence for oxygen diffusion into Pd subsurface layers, and its significant influence towards CO oxidation at high temperatures (≥600 K). Interesting information derived from the above studies is the necessity to fill up the sub-surface layers with oxygen atoms to a threshold coverage ((O-sub), above which the reactive CO adsorption occurs on the surface and simultaneous CO2 production begins [2]. There is a significant time delay (г) observed between the onset of oxygen adsorption and CO-adsorption (or CO2 production), and Figure 1 shows this г for different temperatures and CO:O2 compositions. Above studies suggest an electronic decoupling of oxygen covered surface and sub-surface layers from the bulk, which induces CO-adsorption at high temperatures and simultaneous oxidation to CO2. Indeed our results are relevant to the present generation automotive catalytic converters employed under air-rich conditions, in which Pd is increasingly used as an active metal or the only active metal. 
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Fig. 1: Delay in CO adsorption and/or CO2 desorption for all CO:O2 ratios at high temperatures and a possible mechanism. 
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