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影响异戊二烯大气光解形成二次有机气溶胶的
环境因素研究

刘宪云1,2,夏丽1,王振亚2,张为俊2

(1常州大学 数理学院 电子科学与技术系,江苏 常州213164)

(2中科院安徽光学精密机械研究所 环境光谱研究室,合肥230031)

摘 要:通过自制的烟雾腔系统研究羟基启动的异戊二烯光解形成二次有机气溶胶(SOA)过程中环境

因素的影响.使用气溶胶粒径光谱仪测量了SOA的粒径分布,通过光解实验研究了光照时间、反应物浓

度以及CH3ONO浓度对异戊二烯光解形成SOA的影响.结果表明,异戊二烯光解形成的SOA空气动

力学直径在0.4mm~1.4mm之间,这些粒子的直径小于2.5μm的微细粒子很容易沉积在人体肺泡

内,对人体健康产生很大危害;不管是SOA粒子的粒子数浓度还是质量数浓度都随着反应时间的增长、
光照强度的增强和反应物浓度的增加而增加.该研究为大气颗粒物排放源的外场测量提供了非常有用

的信息.
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EffectsofEnvironmentalFactorsonSecondaryOrganicAerosolFormed
fromIsopreneAtmosphericPhoto-oxidationReactions
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Abstract:TheeffectofenvironmentalfactorsonSecondaryOrganicAerosol(SOA)formedfrom
hydroxylradical(OH·)initiatedphotooxidationofisoprenewereinvestigatedbyusingahome-made
smogchamber.ThesizedistributionofSOAparticlesfromtheabovereactionweremeasuredusing
AerodynamicParticleSizerspectrometer(APS).Theeffectofradiationtime,reactantconcentration,
and CH3 ONO concentration on SOA formationfrom isoprene were evaluated by performing
photooxidationexperimentsundervaryingconditions.Experimentalresultsshowedthataerodynamic
diameterforSOAdetectedinisoprenephoto-oxidationexperimentswaspredominantlyin0.4mm~
1.4mm,whichwereintheformoffineparticleswithdiameterslessthan2.5μm.Thesefineparticulate
mattersaremoreeasilydepositinthelungofthehumanbeing,anddogreatharmtothehealth.This
paperalsohighlightedthatboththenumberandmassconcentrationofSOAparticleswereincreasing
withtheprolongingoftheradiationtime,theincreasingoflightintensity,andtheincreasingofthe
reactantconcentrations.Theresultscouldprovideusefulinformationtoinferpossibleemissionsourcesof
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atmosphericparticlesinfuturefieldmeasurement.
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0 Introduction
Largequantitiesofnon-methaneorganiccompoundsareemittedintotheatmospherefrombiogenic

sources,mainlyfromforestandvegetation.MostBiogenicVolatileOrganicCompounds(BVOCs)are
structuredwithisoprene-likeunits.ThedominatingspeciesofnaturalemittedVOCsareisopreneand
terpenes.BVOCsplayanimportantroleinthechemistryofthelowertroposphere,andinthetroposphere
theseorganiccompoundsreactwithhydroxyl(OH)radicals,nitrate(NO3)radicals,andozone(O3).
ThesereactionsmaycontributetotheformationofSecondaryOrganicAerosols(SOA).SOAcancause
visibilitydegradation,participateinradiationforcing,damagetoplantlife,leadtotheformationof
photochemicalsmog,increaseofozoneconcentration,andcloudformation[1-3].SOAisalsoharmfulto
humanhealth,suchasincreasedriskofcardiovasculardiseaseandlungcancer[4-6].Itisestimatedthat
globalSOAproductionfromBVOCsrangesfrom2.5to44.5Tg(organicmass)peryear,whereasthe
globalSOAproductionfromanthropogenicVOCsrangesfrom0.05to2.62Tg(organicmass)peryear[7].
Isopreneisthelargestsourceofnonmethanehydrocarbonstotheatmosphere(about500TgC/year)[8-10],
andformsSOAthroughphotooxidationwithOHradicals,NO3radicals,andO3,withthedaytimeOH
radicalreactiondominating[11].

ToreducetheimpactsofSOA,understandingformationmechanismofSOAisneeded,andobtaining
theinfluencefactorsontheformationofSOAisimportant.Mostlaboratorystudieshavebeenmadeto
studytheformationmechanismofSOAparticlesformedfromthephotooxidationofisoprene[10,12-20].Inthe
presentwork,wefocusedontheeffectofradiationtime,reactantconcentrationand CH3 ONO
concentrationonSOAformationfromisoprenebyusingahome-madesmogchambertoformSOA,TSI
AerodynamicParticleSizerspectrometer(APS)(TSIModel3321)wasemployedinreal-timedetectionof
sizedistributionofSOAparticles,aseriesofisoprenephotooxidationexperimentswereperformed.The
resultswerecomparedwiththatofα-pineneandtoluenephotooxidationexperiments.

1 Materialsandmethods
1.1 Materials

Isoprene(2-methyl-1,3-butadiene)(99%)(CAS #78-79-5)wasobtainedfromAlfaAesar,a
JohnsonMattheycompany,UnitedStates,withoutadditionalpurificationinourexperimentalstudy.
Sodiumnitrate(>99%)and methanol(>99%)werepurchasedfrom Tianjin (ThethirdReagent
Manufactory),andnitrogenoxide(99.9%)fromNanjingSpecialGasFactory,whichwereusedwithout
furtherpurification.

Methylnitritewassynthesizedbydroppingsulfuricacidintoamethanolsolutionofsodiumnitrate.
Thereactionproductspassedthroughsaturatedsodiumhydroxidetraptoremovethetracesofsulfuric
acid,driedbypassingthroughacalciumsulfatetrap,andcollectedusingacondenserofliquidnitrogenat
77K.Themethylnitritewaspurifiedusingavacuumsystemofglass.
1.2 Smogchamberexperiment

Theexperimentalsystemconsistsofsamplingsystem,smogchambersystemanddetectingsystem.
Theexperimentalapparatuswasdescribedpreviouslyelsewhere[21].Inbrief,thesmogchamberwasmade
ofsealedcollapsiblepolyethylenewithavolumeof850L,andtheratioofsurfacetovolumewas5.8m-1.
Thereactorissurroundedby12setsof40WfluorescentblacklampswiththewavelengthofUVradiation
intherangeof300~400nm.Thevolumeoftheglassvacuumsystemis0.84L,whichequippedwitha
vacuumgaugewhosemeasuringrangeis10~5000Pa.

Beforeeach experiment,thechamber wasflushedcontinuously with dry purifiedlaboratory
compressedairforabout40min.Inordertoremovethetraceofhydrocarboncompounds,moistureand
particles,thecompressedairwasprocessedthroughthreeconsecutivepacked-bedscrubbers,containing
activatedcharcoal,silicagelandaBalstonDFUfilter(GradeBX),respectively.Isoprenewassampled
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byamicroliterinjectorandinjecteddirectlyintothechamber.NOandmethylnitratewereexpandedinto
theevacuatedmanifoldtothedesiredpressurethroughTeflonlines,andintroducedintothesmogchamber
byastreamofpurifiedair.Thewholesamplingsystemwascompletelyshroudedfromlightwithablack
polyethylenetarpaulin.Hydroxylradicalsweregeneratedbythephotolysisofmethylnitriteinairat
wavelengthslongerthan300nm[22].

AseriesofexperimentswereconductedtoinvestigateSOAgeneratedfromtheOH-initiatedoxidation
ofisopreneunderdifferentexperimentalconditions.Experimentalresultswerecomparedwiththeresults
ofα-pineneOH-initiatedoxidationexperiment[21].Thesizedistribution,thenumberconcentrationandthe
massconcentrationofSOAparticlesweredetectedbyaTSI3321aerodynamicparticlesizespectrometer
(TSI,model3321,USA)inrealtime.

2 Resultsanddiscussion
2.1 SizedistributionofSOAparticlesandtheeffectofradiationtimeonSOAformation

InordertoexaminethesizedistributionofSOAparticles,aseriesofexperimentswerecarriedout.In
theexperiments,kepttherelativehumidityabout53%,andthetemperatureabout31℃theconcentration
ofisoprene,NO,andCH3ONOwere1.5ppm,2ppm,and20ppmrespectively,with8blacklamps
continuslyradiationfor9hours.

Fig.1showedthesizedistributionofSOAparticlesduringtheisoprenephotooxidationexperiment
measuredbytheTSIAPS3321aerodynamicparticlesizespectrometer(particles/cm3)inrealtime.As
showninFig.1,theSOAparticlescreatedbyisoprenephotooxidationexperimentarepredominantinthe
formoffineparticles,whichhavediameter(0.5-1.3μm),beinglessthan2.5μm(i.e.,PM2:5).Scientific
researchworkshaveprovedthatthesefineparticlesareeasilydepositinthelung,anddogreatharmto
humanhealth[23].

Fig.1 SizedistributionofSOAparticlesformedfromisoprenephotooxidationreactionsatdifferentradiationtime
  Fig.1alsoshowedthatboththenumberofSOAparticlesandtheaerodynamicdiameterofSOA
particlesincreasedslowlyatthefirststage.After60min'reaction,thenumberofparticlesincreased
significantly,andthepredominantparticleschangedtowardlargediameter.After4hours'radiation,the
generatedSOAparticlesreachmaximumn.Afterthen,withtheincreasingoftheradiationtime,theSOA
particlesdecreasedslowly,after9hoursreaction,thegeneratedSOAparticlesreachedequilibrium.This
wasdifferentfromtheα-pinenephotooxidationexperiment[21],inwhich,withtheprolongingofthe
reactiontime,thenumberofSOAparticlesincreasedsignificantlyatfirst,andaerodynamicdiameterof
SOAparticlesalsoincreasedslowly,andthepredominantparticleschangetowardlargediameter.Butafter
about45min'reaction,theratebecameslowly.Bycomparison,wefoundthatwiththeprolongingofthe
reactiontime,isoprenewaseasiertophotolysisthanα-pinene.

Fig.2showedthedependenceofbothnumberandmassconcentrationofSOAparticlesonthelight
radiationtimeduringtheisoprene8blacklampsphotooxidationexperiment.ItcouldbeseenfromFig.2
that,atfirst,bothnumberandmassconcentrationshadnochange,whichmeansnoparticlesgeneratedin
thefirststage,butafter60min'lightradiationboththenumberandmassconcentrationswereincrease
withtheprolongingoftheradiationtime.Theconcentrationsincreasedcontinouslytothemaximumnof
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3300particles/cm3.Afterthat,numberandmass
concentrationsdecreasedslowly,thiswasbecause
theshortphotooxidation'age'ofisoprene.

Whiletheresultsofα-pinenephotooxidation
experiment[21]showedthatboththenumberand
massconcentrationreachedequilibriumafterabout
90minofreactiontime,andkeptatalevelof
3000particles/cm3.It seemed that with the
prolongingofthereactiontime,isoprenewasmore
easilytophotolysisthanα-pinene,andithaslarge
contributiontotheformationofSOAthanthatof
α-pinene.

Fig.2 Dependenceofnumberandmassconcentrationonthe
radiationtime

2.2 TheeffectofreactantconcentrationonSOAformation
ToinvestigatethedependenceofSOAformationonthereactantconcentration,wecarriedoutaseries

ofexperiment by change the concentration ofisoprene samples.In theisoprene photooxidation
experiments,wekeptNOandCH3ONOat2ppm,and20ppmrespectively,with8blacklamps
continuslyradiationfor9hours,andthendetectedthenumberandmassconcentrationofSOAparticlesin
realtimebychangingtheisopreneconcentration.

Fig.3showedtheeffectofreactantconcentrationsonSOAformation.ItcanbeseenfromFig.3that
boththeSOA numberconcentrationand massconcentrationincreased withincreasingofisoprene
concentration.AsseenfromFig.3(a)thetotalnumberofSOAparticleswasinabout3300particles/cm3

reachedpeakradiatedwiththeisopreneconcentrationof2mg/L,whichwasmuchlargerthanthatof
1.5mg/Lisopreneradiationexperiment.Itseemedthattheincreasewasmoreobviousathigherisoprene
concentration.

Fig.3 EffectofreactantconcentrationsonSOAformation
  ThemassconcentrationofSOAparticlesalsoincreaseswiththereactantconcentrationasshownin
Fig.3(b).Itseemedbecausewiththeincrementofthereactiontime,thereweremoreproductsformedfor
thesubsequentreaction,andthemassconcentrationofSOAparticleswouldincreaseduetomoresemi-
volatileorganiccompoundspartitionedbetweengasphaseandparticlephase,itwouldfollowthatthefine
particlesbecamelargerthroughaself-nucleationorcondenseonthepre-exitingaerosolprocess.Total
reactionwillbeinequilibriumstateassoonastheformationrateoffineparticleswasequaltothatoflarge
particlescondensed.Forlowerconcentrationoftoluene,theamountofSOAparticleswouldbeincreased
slightlywithincreasingconcentrationofisoprene.Athigherconcentrationofisoprene,theyieldofSOA
particleswouldincreaserapidlywithincreasingisoprene.

Comparedwiththeresultsoftoluene[24],wecouldgettheconclusionthattheeffectofreactant
concentrationonisoprenephotooxidationfollowedthesamepatternastoluene.
2.3 TheeffectofCH3ONOconcentrationonSOAformation

Hydroxylradical(OH)concentrationplaysanimportantroleintheformationofSOAcompounds,as
inourexperimentthehydroxylradicalwasgeneratedusingthephotolysisofmethylnitrite[22]:
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CH3ONO+hν(>300nm)→CH3O·+NO
CH3O·+O2 →HCHO+HO2·
HO2·+NO→·OH+NO2

  OHistheinitiatorofthephotooxidationreactionofisoprene.SoweinvestigatedtheeffectofCH3
ONOconcentrationonSOAformation.

Amixtureof2mg/Lisoprene,2mg/LNOandCH3ONOwereilluminatedbyeightblacklampsfor
9h,theeffectofconcentrationofCH3ONOontheformationofSOAcouldbestudiedthroughthe
concentrationchangeofCH3ONO.TheexperimentalresultswereshowninFig.4,ascanbeseenfromthe
figuresthatboththenumberandmassconcentrationsofSOAparticleswereincreasedwithincreasing
concentrationofmethylnitrate.

Fig.4 EffectofCH3ONOconcentrationsonSOAformation

3 Conclusion
Toinvestigatetheeffectofradiationtime,reactantconcentration,andCH3ONOconcentrationon

SOAformationfromthephotooxidationofisoprene,aseriesofchamberexperimentwerecarriedoutby
realtimedetectionofproductswithaerodynamicparticlesizerspectrometer.Resultsshowedthat,the
sizedistributionofisoprenegeneratedSOAparticleswasintherangeoffineparticlesandthatisoprene
wasmoreeasilytophotolysis,ithadlargecontributiontotheformationofSOA.Thisstudyclearly
demonstratedthatthenumberand massconcentrationofSOA particles wereincreasing withthe
prolongingoftheradiationtimeandtheisopreneconcentration,andthattheconcentrationofCH3ONO
hadagreatcontributiontotheformationofSOAparticles.
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