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[Abstract] Geometrical structures of palladium oxide cluster cations have been investigated
by ion mobility mass spectrometry (IM-MS) and quantum chemical calculations based on
density functional theory. Stable compositions of (PdO),* (n = 3-5) were observed in a mass
spectrum. Experimental collision cross sections (CCSs) of these clusters were measured from
ion mobility spectrometry. Experimental CCSs of these cluster ions were compared with
theoretical orientation averaged CCSs for optimized structures. As a result, the (PdO)n*
clusters for n = 3-5 were assigned as compact structures containing molecularly attached
oxygen.

[Introduction] The most well-known catalytic activity of palladium is CO combustion in
automotive combustion system [1-2]. The function and activity of a specific oxidation catalyst
are often governed by its size, morphology, structure and in addition by the chemical nature
of catalyst surface, which may differ in the presence of oxygen from its bare state. Therefore,
the oxidation process of Pd surfaces has been extensively studied for the model catalyst
system [3]. Geometrical structures in particular the arrangement of different types of oxygen
species on the Pd surface and its stability are therefore important to evaluate catalytic activity
of the nano-sized model, such as cluster in the gas phase.
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energy of 50 eV by a pulsed electric field. Due to a balance of acceleration of ions by an
electric field and deceleration by collisions between cluster ions and buffer gas atoms, each
cluster attains a constant drift velocity. Then the ions were reaccelerated by further pulsed
voltage in an acceleration region of the time-of-flight (TOF) mass spectrometer at a given
time later from the first pulse, arrival time. This arrival time is almost equal to the time in
which an ion spends in the cell, and thus it depends on the CCSs of a cluster ion. Therefore,

cluster ions with different CCSs reach the acceleration region of the TOF mass spectrometer




at different arrival time. By obtaining TOF mass spectra at different arrival times, arrival time
vs. TOF 2D plot were obtained.

[Results and Discussion] The compositions
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On the other hand, some structures were obtained theoretically by B3LYP/LanL2DZ
level in Gaussian 09, and their CCSs were calculated by projection approximation method in
the MOBCAL program [5]. By
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oxygen were assigned as

plausible structures for n = 3-5, Figure 4. Optimized structural candidates of (PdO),* (n = 3-5).

of (PdO)n+ series (Figure. 4). Experimental CCSs are shown in left column. The corresponding
theoretical CCSs and relative energies from the most stable structures
AE/eV in parenthesis. Plausible structures are indicated by underline.
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