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Abstract: Flame-based technologies have ancient origins and, despite their undesirable environmental
impact, are foreseen to remain dominant to address worldwide growing energy needs in the next four
decades, including electric power generation and aviation propulsion. Many combustion processes involve
the formation of particles that are either pollutants, primarily in the form of a carbonaceous material (i.e.,
soot) or, in some cases, engineered materials for commercial applications (e.g., carbon black, fumed silica).
A fundamental and detailed understanding of the physics and chemistry at play behind the formation of
particles in flames is still incomplete, despite several decades of intense research in this area. Unravelling
the mechanisms which cause the reactants to transition to particles is crucial from a fundamental
perspective, but has also a practical impact. The ability to predict and control the relevant kinetics may
yield substantial improvements in energy conversion applications, through both the abatement of pollutant
particle emissions which affect climate, environment and human health, and the ability to manufacture new
materials with improved performances. To achieve this goal, I interrogated experimentally both the growth
chemistry of the gas phase and the physics of the aerosol in the nanometric dimensional scale of relevance
to particle nucleation. I will present an overview of the results obtained with the approaches I developed to
retain spatial resolution while monitoring the perturbation of the flame and possible modifications of the
sample. One approach provided an extensive and spatially resolved experimental database of the gas phase
of a variety of flames, even at high pressures. The database includes quantitative concentration profiles of
multi-ring polycyclic aromatic hydrocarbons whose chemistry is key in the path to nucleate soot particles.
Other approaches brought to bear with the application of novel instrumentation allow for the dimensional
and chemical characterization of the smallest nuclei in the (sub-) nanometric dimensional range,
encompassing both molecules and particles. The introduced novelties not only highlighted quantitative and
fundamental problems in the existing soot literature but, more generally, provided tools to shed light on the
particle nucleation process in flames.
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