
High amounts of O2 lead to NO+ and
NO3

- formation via N2O4 intermediate

NO+ reacts with 15NH3 forming 14N15N
at room temperature and below [3]
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Introduction
Increased energy demands have led to the degradation
of air quality, where combustion-generated air
contaminants negatively impact the environment and
human health. 107 Mt of nitrogen oxides emitted
annually, with >54% of NOx mitted by vehicles

NOx Abatement by Selective Catalytic Reduction 
(Cu ions in SSZ-13 and BEA zeolites)

4NO + 4NH3 + O2  4N2 + 6H2O
At low Cu loading (<1 wt%), rate-limiting step in the 
reoxidation of Cu(I)(NH3)2 with O2.[1] However, the 
chemistry regarding the precise N-N bonding steps 
(non RLS) remains completely unknown and has 
been probed only with DFT calculations.

Elucidate NxOy chemistry in H-Zeolites
H-BEA zeolite: NO + (sub stoichiometric amount of) 

O2 form NO+ ion and H2O

H-SSZ-13: analogous chemistry [2]: N2O3 is the 
transient intermediate

SCR can proceed catalytically in the 
absence of Cu(II) ions at temperatures 
when NH3 desorption can occur from 
Zeolite-NH4

Role of Cu revealed
Cu(II) facilitates the formation of NO+ by a redox
process with NO+ ion bound side-on. This mitigates
the poisoning effect of ammonia on NO+ formation
and explains the previously unknown role of Cu(II) in
SCR (this chemistry is similar to the chemistry of
copper in enzymes that mediate NOx chemistry):
Cu(II) + NO Cu(I)---NO+
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H-BEA

• NO+ is a critical intermediate for N-N bond formation: NO+ in zeolite reacts with 
NH3 to form N2 at room temperature and below

• NO+ in inorganic salts [NO]+[BF4] reacts with NH3 to form N2 even at 223 K: 
14NO[BF4] + 15NH3 (at -50 ⁰C) 14N15N (gas) + H2O + H[BF4]

• Reaction proceeds through diazonium ion formation: N2H+

Zeolite-N14O+ + N15H3  Zeolite-N14O(15NH3)  [Zeolite-N14(OH)N15H2]  Zeolite-

[14/15N2H+] + H2O

[Zeolite-14/15N2H+] Zeolite-H + N14-N15

H-SSZ-13 NO + (sub.stoich.)O2
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H-BEA Zeolite (Si/Al~15) 120 mg; 300 sscm flow of  360 ppm NO, 360 ppm 
NH3,  ~12% oxygen. NO conversion at temperatures 200 and 150 C.
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• H-BEA is active for SCR in 
the absence of Cu

• Activity is limited by 
ammonia desorption 
because ammonia forms 
NH4-Zeolite sites from 
which NO+ cannot easily 
form

• NO+ forms in the presence 
of Bronsted acid protons
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