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Abstract 

Selective catalytic oxidation of NH3 over PGMs plays a key role in the removal of NH3 from waste streams (Imbihil 
et al., 2007). Emissions control legislation for NOx emissions are becoming more restrictive, it is therefore important that 
the reaction mechanism for NH3 oxidation is understood properly. This prompted a density functional theory (DFT) case 
study to gain insight into the NH3 oxidation mechanism through an ab-initio micro kinetic model. The adsorption, 
transition state and gas-phase energies are obtained using DFT GPAW code. 

The thermodynamic reaction profile shows the driving force for product distribution. At 0 K the most favoured 
product is N2 while NO is least favoured, at higher temperatures desorption of NO is dominant over the formation of N2O 
and NO2. However, a kinetic model is essential to capture the influence                                                 
                                                                 º                                                      
                      °C the coverage of O* becomes dominant which in turn favours the selectivity towards NO2. Past 
600 ºC the O* coverage decreases inhibiting the formation of NO2. The ab-initio model results are in good agreement with 
what is observed experimentally. 
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Introduction
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Ammonia oxidation over platinum group metals 
(PGMs) is essential in industry, for both the production of 
nitric acid and the removal of ammonia (NH3) from 
automotive exhaust emissions streams (Imbihil et al., 
2007). In automotive engines the catalytic oxidation of 
NH3 to NOx and N2O are described in equations 1–4.  

 
2NH3 + 

7
/2O2 → 2NO + 3H2O + O2                                 (1)                                     

2NH3 + 
7
/2O2 → N2O + 3H2O + 

3
/2O2                              (2)                            

2NH3 + 
7
/2O2 → 2NO2 + 3H2O                                       (3)                   

2NH3 + 
7
/2O2 → N2 + 3H2O + 2O2                                  (4)                           

 
The reaction mechanism which describes the process 

is not fully understood and there exists no generally 
applicable micro kinetic model that explains the catalytic 
process sufficiently over a broad range of materials and 
pressures.  

The ammonia oxidation mechanism has been studied 
for more than 80 years (Andrussow et al.,1926). Some of 
the more recent mechanistic studies on this reaction system 
primarily focussed on the identification of the reaction 
intermediates and elementary steps on single crystals such 
as Pt(111) and Pt(100). The majority of these studies 
concluded that the reaction occurs through the dissociation 
of ammonia through the oxygen or hydroxyl catalysed 
pathway. The selectivity of the NOx species is dependent 
on the oxygen coverage and the temperature (Kim et al., 
2000). 

Offermans et al., 2006 and Offermans et al., 2007 
provided information on the kinetic parameters associated 
with the dehydrogenation steps but no information on the 
product distribution. Imbihil et al., 2007 completed a DFT 
and experimental study which considered the reaction 
pathway on both Pt(111) and Pt(211). From the transient 
analysis of products (TAP) it is concluded that N2O 



  
 
formation happens through the combination of two NO* 
species or through NHx* and NO*.  

  

Aims 
Computational simulations have become essential in 

complementing experimental investigations in the 
understanding and optimisation of chemical processes. The 
aim of this study is therefore to establish an ab-initio micro 
kinetic model for ammonia oxidation over platinum 
[Pt(211)], which can complement an existing experimental 
model to gain further insight into the NH3 oxidation 
mechanism. Emphasis will be on understanding the 
selectivity to the different NOx gases produced through a 
range of temperatures. All the adsorption and activation 
barriers will be obtained using DFT calculations (GPAW). 
The micro kinetic model will be established in scientific 
python.  
 

Results 

The DFT data suggest that the NOx gas product 
distribution is significantly influenced by the temperature. 
The dehydrogenation of NH3 is considered to proceed in a 
similar mechanism irrespective of the product formed. At 0 
K N2 is the most favoured product thermodynamically 
while NO is least favoured. At higher temperatures NO 
desorption occurs more readily as opposed to the 
formation of N2O or NO2 transition state species. The 
reaction profile in figure 1 presents the selectivity of the 
products at different temperatures. 
 

 

Figure 1: Reaction profile showing the selectivity of 
products at 0K and 700K (426.85 ºC). 

 
One of the important advantages of the ab-initio 

kinetic model is that the steady state surface coverage can 
be extracted. The surface coverage can provide some 
deeper understanding into the results obtained in Figure 2 
& 3. For instance the coverage plot suggests: 

                    C the NO* coverage peaks this it 
could be an explanation for N2O formation 
(   +   → 2O*) being dominant in this region.  

 After 400°C the O* coverage increase, which 
corresponds to the higher selectivity towards NO2 
(   +  →  2*).  

 The O* coverage decreases significantly after 600 ºC 
which gives insight to NO being dominant at higher 
temperatures, it suggests that the NO* desorbs from 
the surface instead of reacting with O* to form NO2. 
 

Figure 2 shows the selectivity for the different NOx 
species and N2 at a range of temperatures from the ab-
initio micro kinetic model. Figure 3 illustrates the 
selectivity determined by experimental kinetics. When 
comparing the two figures, the temperatures and 
corresponding selectivity are not the same, however, the 
trends are similar, especially in terms of dominant specie 
temperature regimes. 
 

 

Figure 2: Ab-initio micro kinetic model results: 
selectivity distribution. 

 

 

Figure 3: Experimental kinetic model results: 
selectivity distribution (adapted from M. Ahmadi et al., 

2012) 

 

Conclusion 

From this study it is clear that DFT and ab-initio 
micro kinetics can be utilised to compliment experimental 
kinetics. This study can be used provide a deeper 
understanding into the NH3 oxidation mechanism 
especially in terms of surface specie coverage. 
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