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ABSTRACT 

 
The preparation of catalysts from molecular 

precursors is the long term goal of our research. 
The predetermination of metal composition in 
molecular precursors is an advantage of this 
method over others (e.g. co-precipitation). The 
main objective of this project is the production of 
Pd/Co-nanoparticles from Pd2Co(Me2Brpz)4Cl4 
and Co2Pd(Me2Brpz)4Cl4 precursors (Me2BrpzH 
= 3,5-dimethyl-4-BrpzH. These heterobimetallic 
compounds have been characterized by X-ray 
crystallographic analysis and standard 
spectroscopic techniques. The precursors were 
thermally reduced to remove the inorganic and 
organic ligands, producing the desired alloys. 
The particles obtained from thermal reduction 
have been analyzed by X-rays fluorescence 
(XRF). Spheres and agglomerates of 
nanoparticles are observed on the surface of 
carbon / copper grids. 
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1  INTRODUCTION 
 

The preparation of catalyst nanoparticles 
from molecular precursors is the main objective 
of this work. Unlike co-precipitation and other 
common methods of making alloy catalysts, 
molecular precursors predetermine the metals’ 
composition.  
We use bimetallic compounds, catalysts with 
two different metals offer performance 
advantages due to “synergy”: the two active 
metals sometimes cooperate to enhance activity 
and / or selectivity in ways not seen in 
monometallic catalysts.[1] Heterobimetallic 
compounds of palladium and cobalt are 
synthesized and characterized through common 
spectroscopy techniques including 
crystallographic analysis. The use of pyrazolates 
as bridging ligands between the metals has been 
employed in the past,[2] we used Me2Brpz for 

the synthesis of Pd2Co(Me2Brpz)4Cl4
.2Et3NH 

and Co2Pd(Me2Brpz)4Cl4
.2Et3NH.  

 
2  EXPERIMENTAL 

 
The syntheses were performed by direct 

reaction of (NH4)2PdCl4, CoCl2
.6H2O, the 

pyrazole and the base. Scheme 1. A solution of 
the product is deposited on carbon / copper grids. 
The complexes deposited are reduced thermally 
in a H2 flux to remove the inorganic and organic 
ligands. The particles obtained from thermal 
reduction are analyzed by XRF through scanning 
transmission electron microscopy (STEM) to 
assert the metals remaining on the support. 
 

MeOH

MeOH

(NH4)2PdCl4 + CoCl2 6H2O + 2 Me2BrpzH + 2 Et3N

                Pd2Co(Me2Brpz)4Cl4  2 Et3NH                    (1)

(NH4)2PdCl4 + CoCl2  6H2O + 4 Me2BrpzH + 4 Et3N

                Co2Pd(Me2Brpz)4Cl4  2 Et3NH                     (2)
 
 
Scheme 1. Reactions for the syntheses of (1) 
Pd2Co and (2) Co2Pd molecular precursors. 

 
3  RESULTS 

 
Bimetallic particles of palladium and cobalt 

have been prepared from sol/gel previously by 
Guzci and coworkers.[3] In contrast, we have 
used single-source molecular precursors to 
obtain Pd/Co-alloy nanoparticles. The 
nanoparticles obtained from 
Pd2Co(Me2Brpz)4Cl4

2- are irregularly dispersed, 
and show differences in size and shape Fig. 1. 
Clusters of particles have resulted from 
Co2Pd(Me2Brpz)4Cl4

2-, less disperse and 
concentrated Fig. 2. The nanoparticle 
composition was determined using a X-ray 
energy dispersive spectroscopy detector for 
qualitative and semi-quantitative analyses of Pd 
and Co; the corresponding peaks for bromide 
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and chloride were absent. To determine the 
position of the metals in the nanoparticles; 
elemental mapping was performed with STEM. 
Mixed bimetallic particles can be seen in the 
maps for Co and Pd from both clusters. 

 

 
 
Fig. 1. TEM image of the nanoparticles obtained 

from Pd2Co precursor 
 

 
 
Fig. 2. TEM image of the nanoparticles obtained 

from Co2Pd precursor 
 

4 CONCLUSIONS 
 

 The development of nanostructures from 
single-source molecular precursors has been 
achieved in the past.[4] Although Pd/Co-alloys 
have been obtained from sol/gel methods, we 
have produced bimetallic nanoparticles from 
heterobimetallic complexes where the metals are 
bridged with substituted pyrazolates.  
 
 REFERENCES 
 
[1]. Nutt, M.O.; Hughes, J.B.; Wong, M.S. 
Environ. Sci. Technol. 39, 1346-1353, 2005. 
[2]. Fackler, J. P.; Raptis, R. G.; Murray, H. H. 
Inorg. Chim. Acta 193, 173-183, 1992. 

[3] Guzci, L.; Schay, Z.; Stefler, G.; Mizukami, 
F. J. Mol. Catal. A: Chem. 141, 177-185, 1999 
 [4] Kwiatkowski, K. C.; Milne, S. B.; Mukerjee, 
S.; Lukehart, C. M. J. Cluster Sci. 16, 251-272, 
2005 
 
 

NSTI-Nanotech 2007, www.nsti.org, ISBN 1420063766 Vol. 4, 2007386




