DFT studies on catalysis and surface science

The aim 1s to:

+ explain and understand
* predict
* bridge the material and pressure gaps



Complexity of models

Model Catalysts
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G. Qu{af&&cktek and C. Weilack Na'nobtd?({aa,, 2y 0 (2007)



Etot (ev/molecule)

Ammonia synthesis over Ru

Logadottir, Nerskov, J. Catal. 220, 273-279 (2003)
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Bridging the gap: Surface “phase diagram” of the Pd(100) in
constrained thermodynamic equilibrium with an O_and CO gas phase

T. Rogal ek al. PR Y5, 205433 (9.007)
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Identification of Non-precious Metal alloy Catalysts
for selective hydrogenation of acetylene (C H)
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Reaction Coordinate Meth'fl heat of adsorption (eV)
F. Skudt ek al. Sciemee 320, 1320 (2008)
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Ammonia synthesis over Ru

Logadottir, Nerskov, J. Catal. 220, 273-279 (2003)
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No coverage effects included !!




Reaction mechanism

Reaction mechanism

N, +2*% L 2N * - Rate-limiting step
N *+H* o, NH *+*
NH *+H  NH,*+%*
At equilibrium NH2 S NH3 ¥ 4k
NH.* — NH, +*
H, +2*% . 2H*




Kinetic model

Reaction rate per site: 7, (T, p, ,py. D i) = (1= y)r!
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Harmonic transition state theory: k. =V CXp(_ E. / k& T )

Pi 1s the probability to have a certain local environment

Total rate through the reactor:

total al ,Om
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Different N, transition state geometries

A E-=049eV B E=057 eV C E=1.25 eV D Ea—O 81 eV




Ab initio prediction of the rate of the real catalyst

Experimental data: S Dahl & C. Christensen, Haldor Topsee AS
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Experimental poductivity (NHa%)

Total pressure 100 bar, H,:N,=3:1 Honkala et al. Science 307,555 (2005)



Tumowver Frequency (1/5)

Compensation effect

0

RFEE

2 04 08 08 1 1.2 14
F3A mixing parameter, x
Honkala et al. Science 307,555 (2005)



