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    The enhancement in catalytic activity that results from the addition of a metal co-catalyst to a 
monometallic catalyst has been an important subject of discussion within the catalysis community. The 
bimetallic system AuPd has been intensively investigated and employed as catalyst for many 
important applications such as CO oxidation, hydrogen peroxide synthesis and formic acid 
decomposition for hydrogen generation. It has been recognized that the control of the distribution of 
metallic domains within individual bimetallic particles plays a critical role in achieving target properties. 
[1] 
    Bimetallic nanoparticles may have different metallic domain distributions like homogeneous alloys, 
core-shell and twinned particles. Planned morphologies may be obtained by heat processing the 
catalyst material in controlled atmospheres. Due to the very small size and spatial dispersion of these 
metal particles, direct evidence of the kind of Au/Pd interaction is difficult to be obtained from common 
physical characterization methods.  Transmission electron microscopy (TEM) is a powerful 
technique for the investigation of this kind of system, providing resolution enough to differentiate the 
individual nanoparticles. The instrument can be operated in the scanning-TEM (STEM) mode for the 
acquisition of X-ray energy dispersive (XED) spectrum images (SI). Elemental maps may be obtained 
from the XEDS-SI data cubes, providing spatially resolved compositional information on the system. 
[2] 
    In this work we show results on the determination of the morphological characteristics of an alloyed 
(1:1) AuPd/C (10% m/m) catalyst. This material was prepared by suspending the carbon support in a 
colloidal suspension of (1:1) AuPd nanoparticles and subsequently drying the mixture in a rotatory 

evaporator. The catalyst material was thermally processed in N2 atmosphere at 400 C for 1 h. X-ray 
diffraction (XRD) data was acquired from this material and the characteristic peaks of an AuPd alloy 
were obtained. The images and spectroscopic information shown here are representative of a detailed 
investigation of this system.Figure 1 shows a bright field (BF-STEM) image of a region of the AuPd 
catalyst material. Individual particles appear as dark spots in the image, supported on a light gray 
carbon support. In the elemental maps of the area marked by a black square in BF, the good 
correspondence observed in the distribution of bright of both Au and Pd maps is an evidence of the 
compositional uniformity of the material. Figure 2 shows BF and HAADF images of a catalyst region. 
In Fig. 2-BF, small particles (smaller than 10 nm) are shown in Areas 1 and 2 along with a part of a 
large dark particle to the left of the image. In Fig. 2-HAADF, the small particle in Area 2 appear 
brighter than the particles in Area 1 and very small bright spots (very small particles) are visible on the 
support surface. These very small bright particles are not observed in Fig. 2-BF. Elemental maps of 

Area 1 show that the Pd L  counts measured are distributed throughout the support and are 

concentrated at the particles. Any Au L  count was measured in this Area and the Au map show the 
distribution of the background XEDS counts. The elemental maps of Area 2 show the few measured 
Au counts concentrated at the particle position and the Pd distributed both at the particle and 
dispersed throughout the support. These observations show an effect of the thermal treatment on the 
AuPd alloyed particles that was not determined by XRD. We have evidence of an exudation of Pd from 
the alloy, possibly in the form of PdOx clusters, that are homogeneously distributed on the carbon 
support. This description of the metallic distribution represents a new morphological understanding of 
this system and will provide new arguments to the understanding of this catalyst performance. 
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Figure 1. BF-STEM image of alloyed AuPd (1:1) catalyst particles deposited on a carbon support and XEDS 

elemental maps of the marked area. The observed correspondence in the Au and Pd elemental maps is an 
evidence of the catalyst compositional homogeneity. Scale bar corresponds to 20 nm. 

 
Figure 2. BF and HAADF images of a AuPd (1:1) catalyst region and XEDS elemental maps of the indicated 

areas. The two irregularly shaped particles in Area 1 appear bright in the HAADF image; any Au was measured in 
Area 1 and Pd is concentrated at the positions of the particles. The small rounded particle in Area 2 appears very 
bright in the HAADF image, along with very small bright spots distributed on the support surface. The 
corresponding elemental maps show the few measured Au counts concentrated at the particle position and the 
Pd distributed both at the particle and dispersed on the support. Scale bar corresponds to 10 nm. 
 
 


