
Carbonaceous nanoparticles (e.g., soot, carbon black) and graphene are produced by fuel-rich combustion [1]. The light absorption 

of these nanoparticles is essential for their characterization by laser diagnostics. For example, carbon black and graphene absorb 

strongly light due to their similar composition of sp2-bonded aromatics and small optical band gap, Eg ≤ 0.25 eV [1]. In contrast, the 

optical properties of soot may differ significantly from those of carbon black and graphene. This is due to the fact that light absorption 

of soot depends on its morphology, maturity (quantified by Eg) and OC content. 

Here, a new relation for the soot refractive index, RI, is derived and coupled with discrete element modeling (DEM) [2, 3] 

and discrete dipole approximation (DDA) [4, 5] to estimate the Mass Absorption Cross-section (MAC) of OC-containing soot 

accounting for its evolving morphology, Eg and OC content for the first time to the best of our knowledge.
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1. Neglecting the evolving soot maturity and morphology as a function of OC content underestimates soot MAC by a factor of 3!

2. Here, a new RI is derived by linearly relating soot Eg with its OC/TC to account for the evolving soot maturity, morphology and OC content.

3. The evolution of soot MAC estimated by coupling DEM-DDA with this robust RI relation is in excellent agreement with carbon black, graphene and soot data from diffusion flames and 

a CAST soot generator.

4.  The soot RI and MAC derived here accounting for the evolving soot morphology, maturity and OC content can be used in tandem with laser diagnostics for accurate characterization of 

both in-flame and freshly-emitted soot from fuel-rich flames.
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Evolution of DEM-derived soot morphology (insets), OC to total carbon mass ratio, OC/TC, optical band gap, Eg, and RI during 

combustion in a fuel-rich ethylene flame.

𝑹𝑰 = [0.30(OC/TC)2 - 0.41(OC/TC)+ 1.66] -
[0.86(OC/TC)2 - 1.62(OC/TC) + 0.76] ∙ 𝒊

Soot MAC as function of OC/TC estimated at λ = 532 nm assuming OC-containing mature soot agglomerates 

(broken line) or by accounting for the evolving soot morphology, maturity and OC content (solid line) along with 

carbon black (triangle), graphene (circles) and soot data (squares, diamond).

Soot MAC as function of λ estimated at OC/TC = 0.27 assuming OC-containing mature soot agglomerates 

(broken line) or by accounting for the evolving soot morphology, maturity and OC content (solid line) along 

with carbon black (triangle), graphene (circles) and soot data (squares, diamond, inverse triangle).

Mobility size distribution of soot measured (symbols) and estimated (lines) 

at OC/TC = 0 (squares, broken line) and 0.45 (triangles, solid line).
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