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1. ABSTRACT 

Program Introduction: Rationale and Objective 

The objective of this study is to characterize the details of oxygen reduction on the cathode of a solid oxide fuel cell using 
experimental and computational approaches. Experimentally, surface-enhanced Raman spectroscopy (SERS) is being 
used to probe oxygen species (intermediates for oxygen reduction) and new phases formed on electrode surfaces under 
practical operating conditions. Computationally, first-principles calculations are used to elucidate oxygen reduction 
mechanisms and to predict surface catalytic properties and bulk diffusion. 
 
Accomplishments Achieved During the Current Period of 
Performance 

Surface-enhanced Raman Spectroscopy. To generate a SERS signal 
from the surface of SOFC cathode materials, metal nanoparticles 
(typically silver or gold) need to be incorporated onto the electrode 
surface. We are exploring three methods to do so: (1) applying Ag/Au 
colloids dropwise to the electrode surface, (2) sputtering small islands (< 
50 nm) of gold and silver onto the electrode, and (3) codepositing silver 
nanoparticles alongside nanoparticles of the cathode material using 
combustion chemical vapor deposition (CCVD). To this point, we have 
successfully generated SERS signals through the use colloids and CCVD. 
Figure 1 shows the effect on the Raman signal from the surface of 
Sm0.5Sr0.5CoO3 electrode material with the addition of 20 nm silver 
colloid nanoparticles. The measured Raman signal intensity increased by 
up to three orders of magnitude and previously unseen peaks emerged. 
Our SERS measurements have also revealed the enhancements of lattice 
mode peaks from certain candidate perovskite-based cathode materials. 
This result is particularly interesting since these materials are normally only weakly Raman active. SERS can thus be used 
for structural analysis/identification of materials and species previously considered to be weak Raman scatterers. 
 
Rational design of MIEC cathodes using quantum chemical calculations. To rationally design high-efficiency MIEC 
cathode materials in SOFCs, quantum chemical calculations along with thermodynamic corrections and statistical-theory 
calculations have been applied. The thermodynamic-correction formalism along with first-principles calculations suggest 
that dissociated and molecularly adsorbed oxygen species on LaMnO3 may be stable up to ~590 oC and ~1050 oC at pO2= 
0.2 atm, respectively, depending on adsorption energies, surface orientations, and surface coverages. In addition, the rate 
constants for the interactions between O2 and LaMnO3 or La0.5Sr0.5MnO3-δ (LSM50) were predicted based on potential 

 
Figure 1. Raman signal from a dense pellet 
of Sm0.5Sr0.5CoO3 with and without the 
presence of 20 nm silver colloid particles.



energy profiles constructed using the nudged elastic band (NEB) method. Predicted rate constants for the dissociation of 
adsorbed oxygen species on LaMnO3 (lm) and LSM50 (lsm) can be expressed: klm = 2.35×1012exp[–0.50 eV/RT] s-1 and 
klsm = 2.15×1012exp[–0.23 eV/RT] s-1, respectively, at a temperature in the range of 873 to 1273 K at 1 atm.  We predicted 
surface and bulk diffusivities of oxygen on La0.5Sr0.5MnO3-δ (LSM50) and La0.5Sr0.5CoO3-δ (LSC50) using transition state 
theory (TST). As shown in Figure 2, our TST predictions of surface diffusivities clearly support that LSC-based cathode 
materials have a much faster mobility than LSM-based ones, and oxygen ion conduction through LSC-based cathode 
materials is much faster than that through LSM-based ones. 

 
Figure 2. (a) Predicted surface diffusivities (kSD) of adsorbed oxygen species on LSM50 and LSC50. (b) Predicted bulk 
diffusivities (kBD) of oxygen ions in LSM50 and LSC50. 
 
Plans for the Remaining Period of Performance  

• Refine the procedures for generating consistent SERS measurements and test the upper temperature limits possible 
for maintaining a SERS signal in order to define the operating conditions under which SERS measurements are 
possible. 

• Predict the concentrations of oxygen vacancies, electrons and electron holes as well as the rate-constants for O2 
adsorption, desorption and dissociation on SOFC materials such as La1-xSrxCoO3-δ, La1-xSrxFeO3-δ, La1-xSrxMnO3-δ, 
and La1-xSrxCrO3-δ in relation to the interpretation of experimental oxygen surface exchange coefficients. 

• Apply the predicted diffusivities for continuum modeling to examine electrochemical properties of SOFCs since 
these values are directly applicable to our continuum models that examine transport/kinetics inside and on the 
surface of MIECs 
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