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Abstract 
The first part of the talk describes experimental studies of molecular-weight growth 

pathways leading to PAH formation under combustion conditions, focusing on resonantly 

stabilized radicals, strained aromatic intermediates, and radical–radical chain-propagating 

(“well-skipping”) chemistry. Three complementary studies highlight the importance of five-

membered-ring motifs in curved aromatic growth. We show that cyclopentadienyl (C5H5) + 

propargyl (C3H3) predominantly forms dihydropentalenes (DHPs) rather than styrene 

(C8H8) via ring-enlargement/cyclization pathways; that o-benzyne (C6H4) + propargyl 

(C3H3) forms the indenyl radical (C9H7) through a barrierless route; and that phenyl (C6H5) 

+ propargyl efficiently yields indenyl-type products through well-skipping propagation 

channels at low pressure and high temperature. These investigations combine mass-

selected threshold photoelectron spectroscopy (ms-TPES), molecular-beam mass 

spectrometry, microreactor pyrolysis, and theory to resolve pathways and product 

branching.  

The second part focuses on complex heterogeneous catalytic reaction networks. We 

highlight (i) near-surface molecular-beam mass spectrometry studies of methanol partial 

oxidation near atmospheric pressure, including detection of methoxymethanol 

(CH3OCH2OH) above Pd, AuxPdy , and oxide-supported Pd with clear temperature and 

feed-ratio dependencies, and (ii) thermocatalytic CO2  reduction on structurally distinct 

Ru/TiO2  catalysts that exhibit different selectivities (methanation versus CO formation via 

reverse water–gas shift). We also describe a newly developed time-resolved pulsed-reactant 

approach that tracks the full effluent composition and, when applied to ethane 

dehydroaromatization over Pt/HZSM-5, captures transient intermediates (e.g., 1,3-

butadiene and cyclopentadiene), identifies distinct methane/benzene formation pathways, 

and reveals pathway-specific catalyst deactivation.  

The last part highlights how non-equilibrium plasma initiates chemical conversion via 

charged species, radicals, and excited states. We discuss examples from plasma-assisted 

methane dry reforming and siloxane decomposition and clustering. 

Sandia National Laboratories is a multimission laboratory managed and operated by 

National Technology and Engineering Solutions of Sandia, LLC, a wholly owned 

subsidiary of Honeywell International, Inc., for the United States Department of Energy’s 

National Nuclear Security Administration under contract DE-NA0003525.  
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