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Introduction 

Several experimental works have been dedicated to 
understand the behavior of different materials for Solid 
Oxide Fuel Cells (SOFC), which are becoming very 
important because: 1. their electrical efficiency is much 
greater than the one obtained from conventional heat 
engines and any other type of fuel cells, and 2. they are 
able to handle some of the contaminants present in 
syngas, such as CO [1-15]. An extensive review showed 
that few attempts have been made to use molecular 
modeling to understand the performance of materials for 
SOFC applications [16-23]. In the open literature is not 
reported the use of this technique to aid in the 
investigation of the interactions of high-temperature 
anode materials for SOFC with gas-phase components of 
syngas.  

Within this context, the objective of this paper is to 
model the behavior of the commercial anode materials 
used in SOFC, Ni-YSZ, in the presence of hydrogen. 
Computational chemistry techniques such as quantum 
chemistry (QC) and molecular dynamics (MD) were used 
for this purpose. Results from the model were compared 
with experimental data.  

 This work should contribute to the development of 
fuel cell technology, it will create the basis for future 
modeling and improvement of the performance of anode 
materials for SOFCs, and should lead to a better 
understanding of the mechanisms leading to deactivation 
of the electrode materials. 

 
Methodology 
      A combination of quantum chemistry (QC) and MD 
techniques were used to understand the behavior of Ni-
Yttrium doped with Zirconia in an H2 environment.       
The structures of the molecules involved in the different 
systems were optimized in gas phase at 0 K and 1 atm at 
the B3PW91/LANL2DZ level of theory [24].   Gaussian 
03 was used for the QC calculations [24]. A frequency 
analysis of the optimized structures was performed to 
determine the thermochemistry and to correct the 
optimized structures and systems for pressure and 
temperature effects (mainly for the high temperatures 
found in SOFC operation). The software Cerius2 [25] was 
used for the MD studies. 
 
Results 
          Figures 1a  and 1b show the interactions of  a H2-
YSZ system, having a binding energy of about -
12Kcal/mol, which could indicate a strong hydrogen 
oxidation once it will be compared to others 
configurations. From MD studies the H atoms interact 
more strongly with Y atoms of the YSZ. Additional 
results will be presented and compared to experimental 
data if available. 
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Fig. 1 (a) Yttria-Stabilized Zirconia cluster model , YSZ 
(1 Y atom , 5 Zr atoms , 12 O atoms ) and H2; (b) RDFs  
for YSZ atoms  (32 Y, 160 Zr, 384 O) and  H2 (168 H). 
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