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“Flame-Formed Carbon Nanoparticles Exhibit Quantum Dot Behaviors” 

Nano-sized carbon grains composed of disordered polycyclic aromatic hydrocarbons (PAHs) are one of the most abundant forms of 
carbon material in nature. As a less celebrated allotrope of carbon in comparison to fullerenes, nanotubes, and graphene, carbon 
nanoparticle (CNP) has its share of importance in a wide range of physical phenomena. Studies of interstellar emission spectra 
suggest that PAH dust grains or CNPs are ubiquitous in the interstellar media; and they are considered as the tracer of the star 
formation process. CNPs are formed in flames during incomplete combustion. They are part of the soot-formation process. Mature 
soot or atmospheric black carbon particles often contain both elemental and organic carbon, the relative amounts of which vary by 
source. Soot impacts the global and region climate systems because of its light absorbing properties and also as cloud condensation 
nuclei. CNPs 10-20 nm in size or fine carbon particles are themselves abundant in diesel exhausts. Their light absorption properties 
and impact on climate forcing remain poorly characterized. As a useful material, CNPs have found their applications in photovoltaic 
and electrochemical devices, including Perovskite solar cells in which flame CNPs act as a hole transfer medium. In contrast to the 
notion that soot, young or mature with respect to its growth in flames, is a broadband light absorber, recent studies have shown 
that CNPs several nanometers in size have well-defined optical band gaps or band edges. The band gap arises from HOMO-LUMO 
gap of the constituent PAHs.  While previous studies explored the variation of the optical band gap with respect to the 
compositional and/or structural changes, here we show for the first time that flame-formed CNPs exhibit size dependences in their 
photoemission ionization energy, optical band gap, and electrochemical ionization potential that are consistent with the behaviors 
of a quantum dot. We demonstrate that the observed behaviors can be treated by the existing quantum confinement theory. We 
carried out Density Functional Theory (DFT) calculations for selected PAH clusters to shed light on the nature of the band gap and its 
quantum confinement effect. 


