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Motivation

The troposphere contains a complex mixture of numerous gases, liquid water and diverse solid particles which undergo intricate processes. Volatile organic compound (VOC) emissions from anthropogenic
and biogenic sources are very important for the tropospheric chemistry and other processes such as secondary organic particle mass formation. Emissions of biogenic volatile organic compounds (BVOCs)
exceed those coming from human activity by a factor of 10 ®. Isoprene (2-methyl-1,3-butadiene, C.H,) emissions represent approximately 40 % of the emitted BVOCs, leading to an estimated source
strength of 500-750 Tg yr' . As isoprene has a small Henry coefficient, its oxidation occurs solely in the gas phase. The formed first oxidation products methacrolein (MACR), methyl vinyl ketone (MVK),
methacrylic acid (MAA) and acrylic acid (ACA) are therefore firstly located in that phase. Even if the Henry coefficients of the main 1soprene oxidation products MACR and MVK are already higher than
those of 1soprene partitioning of these compounds into the aqueous phase of rain, fog and cloud droplets and particles was neglected. Correspondingly, aqueous phase oxidation processes of MACR and
MVK were sparsely investigated in the past. A recent study ©, however, reports much higher aqueous phase concentrations of MACR and MVK than expected from their Henry coefficients. Aqueous phase
models for the evaluation of the importance of liquid phase reactions of early 1soprene oxidation products for the organic particle mass production therefore need extensive kinetic data.
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Figure 1: Scheme of the laser photolysis setup used for the kinetic studies in analysis. acrylic acid, pH= 1, T=298 K, [ACA] =4 - 10° mol L.
aqueous solution.
Kinetic studies
The reactivity of methacrolein, methyl vinyl ketone, methacrylic acid and acrylic acid exposed to e Partially strong deviations between literature data and measured results in this study for NO, and
OH, NO, and SO, in aqueous solution was measured by laser flash photolysis. All kinetic studies SO, radicals in Table 1.
were conducted as a function of temperature. The obtained data and existing literature values from e NO, reacts significantly faster in water than in the gas phase.
the gas phase and the aqueous phase are summarized in Table 1 and 2 and Figure 3 and 4, ® The individual reactants show particularly for NO, distinct differences in the reactivity.
respectively. e Not all measured temperature dependencies yield linear Arrhenius plots. The effects (Table 2) are

furthermore quite small in most of the cases.
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e OH radicals react fastest with the studied unsaturated reactands. The investigated reactions of
OH radicals proceed almost diffusion controlled.

e The measured rate constants of OH with MACR, MVK, MAA and ACA 1n water show a good
agreement with literature data and are similar to those in the gas phase.

e It i1s assumed that addition to a C=C double bond is the dominant reaction mechanism for all
radicals.

® Order of reactivity: OH >> SO, > NO,, with SO, = 3.5-NO,, OH = 200-NO, and OH = 60-SO,".

Summary and Outlook

The reactivity of four isoprene oxidation products exposed to OH, NO, and SO, radicals as a
function of temperature 1n aqueous solution was examined. The kinetic measurements showed a
significantly faster reaction of OH with all four reactants compared with the other two radicals.
The measured rate constants in aqueous solution are thereby partially higher than those in the gas
phase.

The implementation of the obtained kinetic results in already existing multiphase mechanisms (e.g.

Table 2: f calcul 1vati f h eS. : : . :
able 2: Summary of calculated activation parameters from the measured temperature dependencies CAPRAM 3.0) may help to clarify the role of processes occuring within the aqueous phase during

1g- - * - + : 11 K-lmol-
Reastin o (L] E OIS e AG, [ mol ] el B S VP o5 the oxidation of isoprene. Considering that later isoprene oxidation products are important
. 11 5 5 - 5 . .
e gg ((67'22101'60)) .11%7 ( (lzof 66)) 88 i éé; ( 0(2151) 0) (-l%g i ?5) constituents of atmospheric particles, this can be a useful tool to improve the understanding of the
30 - R ] ) - ) formation of secondary organic aerosols which have a considerable impact on e.g. cloud droplet
4 .
OH (2.5+0.2)-10" (8 £6) (16 £ 13) (6 £4) -(35 £3) generation.
methyl vinyl ketone NO, (6.9 +0.3) - 10° (15+2) (31 £7) (12 £2) -(65+3)
SO - - - - -
OH (12+0.1)- 102 (11 + 4) (15 + 6) 9+ 3) @21+ 1)
methacrylicacid ~ NO, : : : : :
pH =1 SO, (1.2+0.4)- 10 (11« 19) (26 + 56) (8 £ 15) -(60 + 20)
OH (2.140.1)- 10" (12 £ 5) (15+7) (10 + 4) (17 £ 1) References Acknowledgment
methacalice ) ] ) ) ] ] a) Guenther et al., J. Geoph ' ] ]
3 ) ., J. Geophys. Res. A, 1995, 100(D5), 8873. This work was financiall
pH=38 SO (== LI 10911 (6£17) 23z 12) (== 1l0) ~(70+21) b) Guenther, A. et al., Atmos. Chem. Phys. 2006, 6, 3181. supnorted bv DFG (Germaz
. T OH  (1.1+0.01)-10 (7£1) (17+2) 5 +1) -(A2+1) c) van Pinxteren et al., Atmos. Environ., 2005, 39, 4305 PP M A
acrylic acid NO, (1.6+0.2)-10" (28 +7) (31 +11) (25 +7) (19 £2) d) Buxton, G.V. et al., J. Atmos. Chem. 2000, 36, 111. Research Foundation) under
pH =1 SO, (2.0+0.2)- 10810 (2+4) (28 +61) -(1+1) -(94+8) e) Maruthamuthu, P., Macromol. Chem. Rapid Commun. 1980, 1, 23. research grant HE 308613-1.
g OH (2.4+0.06)- 10 3+ 1) (17+38) (0.8+0.3) -(55=1) f) Umschlag, T., Dissertation, Universitat Leipzig, 1999.
acrylic acid NG, ) - - - ) g) Gligorovski, S. et al., Int. J. Chem. Kinet. 2009, 41, 309.
pH~38 S0, - " - - - h) averaged k,_, from http://webbook.nist.gov/chemistry/





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2551.181 3456.000]
>> setpagedevice


