Palladium has been extensively used in commercial oxidation processes such as the oxidation of CO in exhaust treatment and the combustion of methane in gas turbines. The metallic Pd is easily oxidized under oxygen-rich conditions, so the PdO phase plays an important role in the surface reactions. We performed density functional theory calculations (GGA and HSE) to investigate the adsorption of CO on the PdO(101) surface. On the pristine surface, GGA predicts the atop and bridging sites are energetically equivalent, but HSE shows that initially CO only adsorbs at the atop sites, in agreement with TPRS experiments where only the atop peaks were found. Further pDOS and charge difference studies indicate that the GGA may overestimate the Pd electron backdonation to the bridging CO that results in its high stability, so we focus on the atop CO in the oxidation study. With increasing temperature, chemisorbed CO is activated and reacts with surface oxygen. Two CO oxidation pathways were found and the barriers are consistent with CO2 TPD features at different temperatures. The oxidation is facile when CO reacts with its neighboring coordinatively unsaturated O atom. After CO2 desorbs from the surface, the Pd site next to a vacancy is favored for the CO adsorption and red-shifts the CO stretching band. The charge transfer suggests that the existence of vacancies enhances electron backdonation to the CO and results in this redshift.

