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Introduction  
Ammonia containing exhaust gas is still a problem in many 
chemical processes, e.g. in the ammonia slipstream treat-
ment after deNOx-SCR [1] or in the purification of reformats 
for fuel-cell applications [2]. Besides the decomposition of 
ammonia to nitrogen and hydrogen the selective catalytic 
oxidation to nitrogen and water  

4NH3 + 3O2 à 2N2 + 6H2O   (1) 
is relevant for a wide range of applications [3] and the sub-
ject of this investigation. In addition to reaction (1) the total 
oxidation to NO is preferred in oxygen containing feed gas. 
Copper and its oxides were found to be potential catalysts 
for this reaction [1-3]. We studied the ammonia oxidation 
over copper by means of in situ NEXAFS. This element-
specific method allows to investigate the electronic structure 
of the copper surface in situ, i.e. while the reaction occurs in 
the mbar pressure range and a significant conversion of the 
feed can be observed by mass spectrometry.  
 
Experimental 
All experiments were carried out in a two chamber UHV 
system, of which one chamber was connected to the beam-
line at BESSY II. The second chamber used as reactor is 
separated from the first by a X-ray window, withstanding a 
pressure of at least 100 mbar. The used detector system is 
described in detail in refs. [4,5]. The sample was a polycrys-
talline copper foil (99.99+%, Goodfellow) which was either 
oxidized or reduced to get an initial state of the catalyst of 
CuO, Cu2O or Cu0, respectively. The investigations were 
performed in the continuos flow mode with ammonia and 
oxygen flows controlled by calibrated mass-flow-
controllers. The pressure in the reaction chamber (pabs) was 
measured with a Baratron. 
 
Results 
At an total pressure of pabs = 0.4 mbar no conversion of am-
monia was detectable below 470 K and an initial ammonia 

oxidation occurred at 570K, but within 45 minutes the con-
version dropped to 20% of its maximum value. At 670K the 
activity, yield and deactivation are different with 90 minutes 
duration until complete deactivation. The N K-edge 
NEXAFS spectra show that a nitrogen-containing species 
grow on the catalyst surface, which is blocking the surface 
with respect to a continous conversion. This species can not 
be assigned to any copper oxide, but identified by compari-
son with reference data as copper (I) nitride.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Correlation of the relative intensities of N2 (l, solid 
line) and NO (u, dashed line) with the intensity of CuO for 
the ammonia oxidation at 0.8 mbar, 670K and NH3:O2 = 12. 
 
 
At pabs = 1.2 mbar the reaction profile is completely differ-
ent from that at pabs = 0.4 mbar. The ammonia oxidation 
ignites at 570 K and remains in steady operation at this tem-
perature. A rise in steady state conversion of ammonia and a 
change in selectivities are detected after increasing the tem-
perature to 670 K. In the NEXAFS spectra of the N K-edge 
no resonances were detectable and the copper L3-edge ex-
hibits only resonances which can be assigned to the cop-
per oxides but not to copper (I) nitride [6]. A comparison of 
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the selectivities with the copper oxide detectable from the 
Cu L3-edge NEXAFS spectra reveals that a high N2 selectiv-
ity like at pabs = 0.4 mbar appears along with an intense 
Cu2O signal whereas high NO selectivity is linked to a 
strong CuO resonance. An additional experiment was car-
ried out under the same conditions except of the pressure 
which was set to pabs = 0.8 mbar. At this intermediate pres-
sure, a steady but slow change of the catalyst surface com-

position from CuO to Cu2O is detectable in the NEXAFS 
spectra together with a simultaneous transition in the reac-
tion product mix from NO to N2 [6]. A correlation of nitro-
gen and nitric oxide production with the surface abundance 
of copper (II) oxide is presented in Fig. 1. This correlation 
gives clear evidence that the partial oxidation of ammonia to 
nitrogen is catalyzed by Cu2O, whereas CuO is the active 
phase in the total oxidation to NO.  
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