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Motivation Experimental
The degradation of hydrocarbons in the atmosphere produces mainly 3 For the kinetic and spectroscopic investigations a Laser
oxygen-containing organic compounds. The presence of these compounds, for H3CECH3 Photolysis Long Path Abs()rption (LP_LPA) setup was used
example acetone, 1n the troposphere strongly influences atmospheric key -OH Al—n—lzo (Figure 2).
processes. Such oxygenated species are, for example, carriers of reactive 0 |
nitrogen and are easily photolysed, producing free radicals and so influence the HCCE \ Oscilloscope
oxidizing capacity and the ozone-forming potential of the atmosphere and may loz \ K Computer
hn HO,* T i .
also contribute mgmﬁcaptly to the organic component of aerosols. Bl.lt Hocecrop T2 Hocteroor i | Trigger
knowledge of the distribution and sources of oxygenated organic compounds 1s N 1} Acctonylhydroperoxide |
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limited. Oxidation reactions of water soluble organic compounds in the W ”
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atmospheric aqueous phase (cloud droplets, fog, rain, deliquescent particles) can R g (C; : UV-Detector
be as fast as in the gas phase, but lead to different reaction products or different - H,0, o o,
product distributions. Figure 1 shows the state of the art reaction scheme of the 0 / o \
degradation of acetone in aqueous solution, but there are significant differences H3CCCHO 2 e
- ) . ] . ) . ) . Methylglyoxal WCM ’ WCM 2
within the data from the literature. The objective of this work i1s to 1dentify and Q 9 l == WL
. . . . . o H,CCCH,OH + H3CCCHO T : Detector
characterize the various transient species formed in the oxidation of carbonyl N Hydroxyacetonsinic il U
compounds such as acetone. This characterization 1s necessary to measure rate S :EK /\
— == _,.--’”"f_ ‘ 1
constants of elementary reaction steps in the course of the degradation process. T — I - U
The spectroscopic and kinetic information will allow to clarify issues in the . . . ! t Lens
. . . : Figure 1: Reaction scheme of acetone in the aqueous phase. . .
acetone chemistry and gives better understanding of the atmospheric fate of Outlet Solution inlet
carbonyl Compounds. Figure 2: Laser photolysis long path absorption setup (LP-LPA).
For the kinetic investigation of OH radicals, which was formed
Sp@CtI’OSCOplC studies by photolysis of H O, (R-1), mostly the well characterized
Spectroscopic investigations are done in order to study the formation of transients (organic peroxy radicals) and to characterize the competition kinetics thiocyanate system (R-4) - (R-6) (Chin and
spectroscopic properties of the reactants and organic peroxy radicals. In Figure 3 — 5 the spectra of the organic peroxy radical of the Wine, 1992) was used. Direct OH kinetic measurements can not
following parent carbonyl compounds (a) acetone, (b) hydroxyacetone and (¢) methylglyoxal are shown. In the case of the be done due to formation of peroxy radicals as reaction products
acetonylperoxy radical (Figure 3) the resulting spectrum 1s 1n a good agreement with the absorption spectrum obtained by Zegota, 1986. which have overlapping absorption. The (SCN),~ radical anion
On the other hand the gas phase spectrum published by Cox et al., 1990 indicates that the extinction coefficient of the acetonylperoxy absorbs strongly at A = 475 nm with an extinction coetticient of
radical should be lower. The data for the transients from hydroxyacetone (Figure 4) and methylglyoxal (Figure 5) are currently not e = 7600 M cm™ (Figure 2). As analytical light source a
available in the literature. cw-lasers at A = 473 nm and as detector a photodiode were used.
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Figure 3: Spectrum of the observed peroxy radical measured in a Figure 4:Spectrum of the observed peroxy radical Figure S: Spectrum of the observed peroxy radical measured in a . . :
oxygen saturated solution containing 6-10* M acetone measured 1n a oxygen saturated solution oxygen saturated solution containing 6-10* M camera Coupled with a gratmg spectrograph as detector in
and 2:-10* M hydrogen peroxide. The spectrum was containing  6:10* M  hydroxyacetone  and methylglyoxal and 2:10* M hydrogen peroxide. The . . . . . .
taken 45us after the pulse. The spectrum of acetone is 2:10* M hydrogen peroxide. The spectrum spectrum was taken 15us after the pulse. The spectrum combination with an deuterium lamp as analytlcal llght SOUrce
shown in the inset. was taken  15us after the pulse. The of methylglyoxal is shown in the inset. : . . . .
spectrum  of  hydroxyacetone is shown in was used. With this technique time resolved spectra (at different
the inset.

delay times after the excimer laser pulse) of the reactants and
products can be recorded. The accuracy of flash photolysis

Kinetic studies A i : dosimetry 1s important for determining values of the extinction
The kinetic reinvestigation of the OH radical reactions with small carbonyl compounds N L coefficient € for the peroxy radicals which are required to
were done to confirm the rate constants of these reactions. These rate constants are : iyl measure the rate constants of the recombination. Since OH

g
)

radical absorbs rather weakly, and only in the deep UV region of
the spectrum, the direct measurement of the OH radical

needed to describe the formation of the transients (organic peroxy radicals). In Table 1 the

measured rate constants and activation parameters are summarized. Figure 6 shows the ;
. . . . . = 9.0 1 . . . T :
Arrhenius plots for the OH reactions with methylglyoxal and pyruvic acid. = concentration is difficult. In order to characterize the dose of
Table 1: Measured rate constants and activation parameters for the investigated OH reactions in .5 excimer laser CNCTEY lnSIC_’e the CCH, the COmpetlthIl kinetics
aqueous solution. | (R-4) - (R-6) was used. The Lambert-Beer’s Law was applied
: T : . . .
Reactant L & A - Al S : with €((SCN),”) to calculate the initial OH concentration. The
[M's] [kJ mol ] M s [kJ mol ] [kJ mol™] [J mol'K™!] 26 ) ] )
Mothylglyoxal 66202 10° 1222  (86203)-100 23:4 1021 (441 Y 3 I 36 3.7 OH concentration was used to calculate the energy inside the
o e — 108 1011 ) *[10°K! . oF 1l 1
Pyruvieacid pH=0 _ (85+12)10' 1328 (16202101 22216 1126 (39+9 Tt Lo R e 5 e measuring cell (S(Hzoz) 2565 + 1 M'lcm :
Pyruvic acid pH ~ 6 (1.3+£0.2)-10° 22+12 (74+£1.2)-10  21+15 19+ 10 (-7+1) with Methylglyoxal and Pyruvic acid O =1 (Hunt and TaU,be, 1952)) This energy was used to

calculate the formed the peroxy radical concentration.

Table 2: Comparison of the measured rate constants and activation energies with literature data.

k298K Ea A MOdeling
M s [kJ mol '] M's7'] . :
T The peroxy radical concentration has been calculated by Summary and Outlook
(1.0 £0.2) 108 / / This work using a GEPASI model. This model (37 Reactions) takes Spectroscopic investigations were performed in order to study
(1.7 % 0.6) -108 / / MOST Report into account side reaction of HO, radicals in the reaction the formation of transients (organic peroxy radicals) and to
— : Hydrjxyacetone / — cell. The most important reactions are shown in following. characterize the spectroscopic properties of the reactants and
Elzigiigg = — 9 Zr;:zrzoos o o R organic peroxy radicals. The kinetic reinvestigation were
20, - 00, gorovski Oi—I | 2+ OI-\I/' %_ " b ER_]?) performend to confirm the rate constant of the OH radical
(5.3+0.4) -108 / / Monod, 2005 OH + H.O ) P::z 02+ HO.  (Rec) reactions with small carbonyl compounds. To accomplish the
(6.6+0.2) 108 1242 (8.6£03)10'0 This work HO. - + ﬁ 02. : }i? 0 +0 2 (R-d) aim of this study the following tasks must be successfully
(1.1+0.1) 107 136 NERERIN,  Ervensctal, 2003 g : AL N completed: A) Stepwise identification and quantification of the
Pyruvic acid HO < - O"+H (R-e) . . . . . .
» : . . 2 2 OH driven oxidation products. B) Kinetic studies on the
pH=0 (8.5+1.2)10 13+8 (1.6+0.2)-10 This work . R . ) ) . . _ )
SH=0 (12+0.4) 108 2344 (1.0+0.1) 10" Ervens ot al.. 2003 OH' + RH - R"+H0 (R-1) recombination reactions of organic peroxy radical in aqueous
pH ~ 6 (1.3%0.2) -10° 2212 (14£12) 102 This work R*+0, - RO, (R-g) phase. C) Validation of the oxidation pathway with continued
pH=55 (7.0 £ 2.0) 108 19+ 4 (1.3+0.1) 1012 Ervens.e‘tal.,2003 R + R ~ Product 1 (R-h) irradiation experiments under tropospheric aqueous phase
pH=9 2.7 -107 / / Kraljic, 1967 R02 + R02 N PrOdUCt 9) (R-l) conditions.

References Acknowledgment

D. Behar et al., J. Phys. Chem., 1972, 76, 1537; B.H.J. Bielski., Photochem.Photobio., 1978, 28, 645; B.H.J. Bielski et al., J. Phys. Ref. Data, 1985, 14, 1041; G.V. Buxton The project ACETOX (HE
et al., J. Phys. Ref. Data, 1988, 17, 513; M. Chin and P.H. Wine, Photochem.Photobio., 1992, 69, 17; R.A. Cox et al., Chem. Phys. Lett., 1990, 173, 206; L. Dogliott1 and E. 3086/8-1) 1s supported by
Hayon, J. Phys. Chem., 1968, 72, 1800; A.J. Elliot and F.C. Sopchyshyn, Int. J. Chem. Kin., 1984, 16, 1247; B. Ervens et al., Phys. Chem. Chem. Phys., 2003, 5, 1811; S. German Research Foundation
Gligorovski et al., Int. J. Chem. Kin., 2009, 41, 5, 309; J.P. Hunt and H. Taube, J. Am. Chem. Soc., 1952, 74, 5999; 1. Kraljic in The Chemistry of Ionization and Excitation, DFG.

Taylor and Francis Ltd., London, 1967, 303; A. Monod, Atmos. Environ., 2005, 39, 7667; C. von Sonntag and H.P. Schuchmann, Angew. Chem, 1991, 103, 1255; H. Zegota

et al., Z. Naturforsch., 1986, 41b, 1015





<<
  /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


