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Photooxidation of Ammonia on TiO, as a Source of NO and NO,
under Atmospheric Conditions
Mulu A J'f_f_-‘r:u.‘:de,1 Iychel E. Varner,* Nicole I Scharko,” R. Benny 'Gerber,*"‘“ﬁ and Jonathan D, Raff* !
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¥Dipartment of Chemistry, University of California—Irvine, Irvine, California 92697-2025, United States

"Department of Physical Chemistry and the Frite Haber Research Center, The Hebrew University, Jerusalern, Israsl 91904

ABSTRACT: Ammania is the most sbundant reduced nitrogen species in the
atmasphere and an important precussor in the industrial-scale production of
nitrie acid. A coated-wall flow tube coupled to a chemiluminescence NO,
analyzer was used to study the kinetics of NH; uptake and NO, formation
from photochemistry initiated on iradiated (1 > 290 jm) Ti), surfaces undar L -HHy
atmospherically relevant conditions. The speciation of NH, on THD, surfaces
in the presence of surface-adsorbed water was determined wsing diffuse
reflection infrased Fourier transform spectroscopy. The uptake kinetics exhibit
an inverse dependence an MH, conceatration as expected for reactions proceeding via a Langmuir—Hinshelwood mechanism.
The mechanism of MO, formation is shown to be humidity dependent: Water-catalyzed reactions promate NO, formation up to
a velative humidity of 50%. Less NO, is formed above 50%, where increasing amounts of adsorbed water may hinder access to
reactive sites, promote formation of unreactive NH,*, and reduce sxidant levels due to higher OH radical recombination rates. A
theoretical study of the reaction between the NH, photoproduct and O in the presence of H,O supports the experimental
conchusion that NO, formation i catabysed by water. Caleulations at the MP2 and CCSDIT) level on the bare NH, + O
reaction and the reaction of NH, + O in small water clhusters were carried out. Solvation of WH, OO0 and NHOOH intermediates
likely facilitates isomerization via proton transfer along water wires, such that the steps leading ultimately to MO are exathermic.
These results show that photooxidation of low levels of WH; on Ti0, surfaces represents a source of atmaospheric NO,, which is
3 precursor to ozons. The praposed mechanism may be broadly applicable to dissociative chemisorption of NH, on ather metal
exide suefaces encountered in rural and urban environments and employed in pollution control applications (selective catalytic
eaddation reduction) and during some industrial processes.
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Kohei Yamashita et al.*
Nature Nanotechnology 6,321-328 (2011)
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Abstract
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