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Polycyclicx aromaticx hydrocarbonsx QP6HsWx arex ubiquitousx environmentalx
pollutantsx generatedx primarilyx duringx thex incompletex combustionx ofx organicx
materialsSx x Theirx chemicalx andx physicalx characteristicsx stronglyx influencex theirx
fateKx transportx inx thex environmentx andx thex wayx theyx interactx withx biologicalx
systemsS

6sxtodayKxtherexisxnoxaccuratexpredictivexmodelxforxthexformationxandxgrowthxofx
P6HsSxThexaimxofxthisxstudyxisxtoxidentifyxreactionxpathwaysxforxthexformationxofx
P6HsxusingxaxuniquexcomputationalxtoolxbasedxonxstochasticxdiscretexmodelingKx
thatx describesx thex chemicalx pathwaysx asx functionx ofx reactivex sitesx ratherx thanx
fixedxspeciesSxInxthisxwayxthexsystemxcanxdeterminexnewxspeciesxandxpathwaysx
asx timex evolvesSx Usingx ax counterflowx flamex asx combustionx environmentKx wex
showx thex formationxofx cyclicx compoundsxwithxoxygenxembeddedKxespeciallyx inx
highx temperaturex regionsSx Thesex oxyVP6Hsx representx ax newx classx ofx
compoundsKxwhosexchemistryxneedsx toxbex includedx intoxcurrentxkineticxmodelsx
[JohanssonE etE alIOE PNASOE kDB3]Sx Modelingx resultsx arex validatedx withx availablex
experimentalx datax inx termsxofxmassx spectraxmeasuredxatx differentx locationsx inx
thexflameS
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OxygenatedxpolycyclicxaromaticxcompoundsxarexformedxinxflamesxofxhydrocarbonsS

Computationalcapproach:c
x Vx NVDx computationalx fluidx dynamicsx Q9FDWx simulationsx usingx thex softwarex
9ONVERGEx[RichardsEetIEalIOEkDB)]x
xVxStochasticxdiscretexmodelingxtoxexplorexthexformationxpathwaysxofxpolycyclicx
aromaticx compoundsx inx flamex usingx thex Stochasticx Nanoparticlex Simulatorx
QSNapSFWx[WangEetIEalIOEinEpreparation]SxGivenxaxsetxofxchemicalxreactionsxandx
environmentalx conditionsKx SNapSFx simulatesx thex trajectoriesx ofx sequentialx
reactionsxofxaxsinglexparticleSxThexanalysisxofxax largexensemblexofxtrajectoriesx
canx givex generalx insightsx intox thex growthx processSx Thex SnapsFx codex isx
employedxtoxcomputexthexevolutionxofxP6Hsxalongxthexstreamlinesxidentifiedxbyx
thex9FDxsimulationsSxx
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FigIE B:E ExamplesE ofE

trajectoriesE identifiedE byE theE

SNapSkE codeE depictingE theE

molecularE growthE ofE variousE

PAHsOE includingE oxyCPAHsIE

OxygenE atomsE areE inE redOE

hydrogenE atomsE inE whiteE

andEcarbonEatomsEinEgrayIE

EachE SNapSkE trajectoryE

selectsE reactionsE basedE onE

probabilitiesEofEreactingOEandE

describesE theE particlesE

growthEhistoryI

Experimentalcdata:
FlameVsamplingx molecularVbeamx massx spectrometryx QVUVVMZMSWx andx
aerosolxmassxspectrometryxQVUVV6MSWx[JohanssonEetEalIOEPCIOEkDB7]S
System:
6tmosphericVpressurexethyleneOoxygenOargonxcounterflowxdiffusionxflameSxThex
fuelx sidex isx composedx ofx 3SFNx slmx 9FHRx andx CSC3x slmx 6r0x thex oxidizerx sidex
suppliedxaxmixturexofx3SFGxslmxOFxandxCSF3xslmx6rSxx

FigIE k:E SnapshotE ofE theE centralE planeE ofE theE counterflowE

flameE fromECFDEsimulationsIEBackgroundEcolorE indicatesE

temperatureEandElinesErepresentEflowEstreamlinesIE

Figurex Gx showsx examplesx ofx molecularx structuresx formedx alongx oxidizerVsidex
streamlinexQiWxatxdifferentxtimesSx6txearlyxstageKxaxsignificantxnumberxofxoxygenatedx
speciesx arex formedKx withx thex presencex ofx somex furanVtypex structureSx LaterKx thex
amountx ofx oxygenatedx speciesx decreasesKx andx eventuallyx hydrocarbonsx arex
mainlyxformedxviaxH696xmechanismx[FrenklachEetIEalIOEPCIOEkDD)]S

FigIE(:EExperimentalEandEcomputedEmassEspectraE

atEdistanceE)IDEmmEfromEtheEfuelEoutletI

FigIE):EExamplesEofEmolecularEstructuresEformedEalongEstreamlineEwivEatEdifferentEtimesE

Massx spectrax producedx byx thex
SNapSFx codex agreex wellx withx
experimentalx dataKx obtainedx usingx
VUVV6MSSxThexmajorxpeaksxandxtheirx
relativexintensitiesxarexwellVcapturedS
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Thisxworkxhighlightsx thex formationxofxoxyVP6Hsx inxaxcounterflowx flamexofxpurex
hydrocarbonsKxemphasizingxthexneedxforxaxnewxchemistryxofxoxidationxofxP6Hsx
thatx isxcurrentlyxnotx includedxinxkineticxmechanismsSxFurtherxworkxwillx focusxonx
reactionxmechanismsxforxthexinteractionsxofxP6HsxandxoxygenKxespeciallyxfuranV
typex compoundsSx Thex needx forx ax predictivex modelx thatx canx reproducex thex
distributionx andx characteristicsx ofx compoundsx ofx incompletex combustionx isx ofx
greatximportanceSxIndeedKxoxygenatedxcompoundsxcanxhavexdetrimentalxeffectsx
onxhumanxhealthKxairxqualityxandxclimateSx IndeedKx furansxarex toxicxandxposexax
seriousxthreatxtoxhumanxhealthSxZeingxablextoxpredictxtheirxformationxisxthereforex
ofxgreatximportanceS

FigurexFxshowsxaxsnapshotxofx thex
centralx planex ofx thex 9FDx
simulationx resultsx forx thex
counterflowx flameSx Thex flameKx
locatedx onx thex oxidizerx sideKx isx
stabilizedx byx thex fuelx diffusionx
acrossx thex stagnationx planeKx andx
hasx ax maximumx temperaturex ofx
CB33Kx atx 2S3x mmx fromx thex fuelx
sideSxSpeciesxprofilesx inxFigSxNx forx
streamlinex Ix andx iKx showx howx thex
evolutionsx ofx majorx speciesx
changex alongx twox differentx
streamlinesKx highlightingx thex
variationsx ofx gasVphasex speciesx
betweenxfuelxandxoxidizerxsideSx

FigI4:EOHEandEHEforEstreamlineEwIvEandEwiv


