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Visible light extinction was measured at the full range of heights in a nitrogen-diluted, , , ,
In 2000, Robertson and Ferrari showed the correlation between correlation length, L_; the

ethylene/air, non-premixed flame and this data was used to determine the optical band gap, . _ , 140 - L 400
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the transition from chemical to physical growth starts with species with molecular masses of Eg ~—— =2y — 3 3.00 —
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power metering channel and a channel that is periscoped and focused into the flame. The , _ S 2002
transmitted light is then recollimated before the detector. After tomographic reconstruction In the e.arly 1970’s, Tauc showed that the optical banfj gap energy can be measured from the S 0.60 0
of the radial extinction field, the optical band gap was derived from the near edge absorption absorption constant from the edge of a strong absorption feature. § 1503
feature using Tauc analysis. This approach was repeated at heights from 1.0 to 4.5 cm above hvea z?h’l/ —Egpt) £0.40 1 00 ;Q'
the burner, showing evolution in the optical band gap throughout the flame. Observed optical Physical Review B 5 3144-3151(1972). O ‘
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band gaps span the range from 1.96eV to 2.37 eV, where lower band gaps are observed in Tauc analysis is conducted by plotting (hv*a)Y/r as a function of hv and then fitting the linear 0.50
regions of the flame with the largest soot concentration. Comparing these results to portion with a line of best fit. The x-intercept of this fit is equal to the optical band gap (OBG). 0.00 : 0.00
previously published computational results from our lab relating calculated HOMO-LUMO gaps  Applying the combination of Tauc analysis and the relationship reported by Robertson and 0 10 20 30
for a variety of D,, PAH molecules to the number of aromatic rings in the structure, showed Ferrari, it is possible to relate the OBG to the size of the PAH making up soot particles. Number of Six Membered Rings

that the observed optical band gaps are consistent with PAHs between 10 and 17 rings in size

or a conjugation length between 0.8 and 1.0 nm. This result agrees with the lower edge of the - o - HOMO-LUMO energy gaps (OBG) spanning a range of PAH sizes were calculated to provide a
PAH sizes reported in our recent Raman work that suggest 1.0 — 1.2 nm conjugation lengths. EXtI nCtlon SC he matlc fo r Tauc correlation between the molecular size and OBG. The dashed line and triangles show the
These results are consistent with PAH condensation beginning with species about the size of computed relationship between OBG and number of rings. The solid line and squares show the

circumpyrene. AnalyS I S geometric relationship between conjugation length and number of rings. The grey diagonal
lines depict how the range of OBG observed throughout the flame correlate to physical

morphology parameters.
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* Polyaromatic hydrocarbons (PAH) are then formed through a hydrogen abstraction reaction
followed by acetylene addition. This material is based upon work supported by the National Science

* At some point the magnitude of the non-bonding interactions becomes large enough that Foundation under Grants No. CBET-0828950 and CBET-1142284 with Drs. Philip
chemical bonding is no longer a requirement for sticking. The size of molecule where this

transition occurs is highly contested in the combustion community.
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