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Introduction

Various organic species are emitted to the atmosphere from vegetation. Biogenic hydrocarbons,
especially monoterpenes play an important role in the formation of secondary organic aerosols
(SOA) initiated by their atmospheric oxidation. It has been estimated that they contribute a
significant mass to the total aerosol mass in the troposphere, ranging from 30 to 270 Tgy!
[Andreae and Crutzen, 1997].

The identification and quantification of reaction products from the oxidation process of terpenes
in the gas phase has been receiving great attention over the past two decades. More recently, the
aerosol formation during the oxidation process of terpenes in the atmosphere has also been
investigated [Pandis et al., 1991; Zhang et al., 1992; Hoffmann et al., 1997]. Although this
process 1s believed to be a major source of SOA in the troposphere only limited number of
experiments have been carried out to understand the quantitative and chemical nature of the
produced aerosol [Griffin et al., 1999; Winterhalter ef al., 2001]. Therefore understanding the
nature of these species in both gas and particle phases is essential step towards assessing the
climatic importance of these species.
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Fig. 1: Schematic diagram of the experimental setup

Experimental Condition

Reactions were run in a 9 m® Teflon reaction chamber. Figure 1 shows the experimental setup.
The initial concentration of a-pinene was 56-94 ppbV. Ozone was produced by the photolysis
of O, with Hg lamp and the concentration of ozone was ranged from 80-150 ppbV. The
concentration of ozone was determined by UV absorption at A=254 nm. Ammonium sulphate
seed aerosols were produced by a nebuliser and then dried with a diffusion drier prior to the
entering the chamber. A bipolar charge neutraliser was used to neutralise the dried seed aerosol.
The size distributions of particles in the reaction chamber as a function of time were measured
by a differential mobility particle sizer (DMPS) and ultrafine differential mobility particle sizer
(UDMPS). The seed aerosols and ozone are injected to the reaction chamber and mixed with a
fan prior to the reaction with a-pinene. After defining the initial concentrations of ozone and
seed aerosols, a-pinene was injected and mixed for further 5 minutes with a fan. The samples
were collected on a PTFE filter (0.47 mm diameter, 1 mm pore size). Filters were extracted in
Sml of Milli-Q water for CE-MS analysis. A buffer system containing 3 mM ammonium
oxalate/10% methanol at pH 9.0 (adjusted by NH,OH) was used. A fused silica capillary with
internal diameter of 75 um and total length of 50 cm was used for the separation by CE.
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Fig. 2: Example of aerosol mass and size distribution change as a function of time with seed

aerosols. AM  is calculated from the change in aerosol size distribution.

Results and discussion

Figure 2 and 3 show examples of increased aerosol mass (AM,) and size distribution change as a
function of time with and without seed aerosols, respectively. Increase in particle number, mass and
mode diameter were observed shortly after a-pinene was injected for both with and without seed
aerosols case. In the presence of seed aerosols, condensation of organic vapour or newly formed
ultrafine particles on the existing particles causes increase in particle size and mass. In a non-seeded
aerosol experiment, burst nucleation forms a significant number of particles then followed similar
evolution of particle size and mass as a seeded experiment. A maximum in AM_ were reached about 3
hours after a-pinene injection for both cases. Particle size distributions for both cases were poly-
modal but they showed rather different characteristics. Although no clear explanation can be given
without further characterising experiments, it may be due to the difference between a number of SOA
formed at the time of a-pinene injection and the speed of coagulation during the evolution of
particles. Preliminary experimental results suggest AM, is strongly influenced by the initial
experiment parameters but no clear relationship between each experimental parameter was observed
from the results and further experiments are needed in order to understand the factor deciding AM_
and yields.

Figure 4 shows a typical electropherogram. Only filter samples from experiments with seed acrosols
were analysed at this time. CE analysis showed that major water soluble 1onic products in the particle
phase were pinic acid, 10-hydroxy-pinonic acid, norpinic acid, pinonic acid relatively small
concentration of norpinonic acid and possibly pinalic acid.
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Fig. 3: Example of aerosol mass and size distribution change as a function of time with low
seed aerosol level. AM_ is calculated from the change in aerosol size distribution.
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Fig. 4: Example of mass electropherogram of o-pinene oxidation products (with seed aerosols)

Compounds Concentration of Absolute Mass
Sample Injected (ng/ml)  Injected (pQg)
Pinonic Acid 3} 0.23+0.08
Norpinonic Acid 6 0.29+0.05
Pinic Acid 85 3.91+£0.02
Norpinic Acid o9 2.71+£0.3

Table 1: Detection Limit
Summary

In this study, some first results from chamber experiments for the characterisation of a-pinene
ozone oxidation products in the particle phase are presented. Evolution of particles (AM, and
dN/dlogDp) as a function of time are shown for both seeded and non-seeded experiments. Further
experiments are planed in order to characterise aerosol formation and evolution from o-pinene
oxidation.

Oxidation products were analysed by CE-MS and 1t 1s found that pinic acid, 10-hydroxy-pinonic
acid, norpinic acid and pinonic acid to be major ionic species in the particle phase. CE-MS provides
a fast and sensitive analysis for the 1dentification of ionic species from a-pinene oxidation products.

Future work

- Characterisation of experimental parameter dependency of particle evolution (temperature,
RH, concentration of a-pinene, ozone and seed aerosols properties)

- Determination of gas/particle phase partitioning ratio

- The improvement of CE-MS technique

- Oxidation with OH and NOx

Acknowledgements

Part of this project is supported by BMBF within AFO2000 in the projects BEWA2000 and
EFEU under contract 07ATF25 and 07AFT47, respectively.

References

Andreae, M. O. and Crutzen, P. J., 1997: Atmospheric aerosols: biogeochemical source and role in
atmospheric chemistry, Science, 276, 1052-1058

Griffin, R. J., Cocker III, R. D., Flagan, R. .C., and J. H. Seinfeld, 1999: Organic aerosol formation
from the oxidation of biogenic hydrocarbons, J. Geophys. Res., 104, 3555-3567

Hoffmann, T., Odum, J. R., Bowman, F., Collins, D., Klockow, D., Flagan, R. C., and J. H. Seinfeld,
1997: Formation of organic aerosols from the oxidation of biogenic hydrocarbons, J. Atmos. Chem.,
26, 189-122

Pandis, S. N., Paulson, S. E., Seinfeld, J. H. and R. C. Flagan, 1991: Aerosol formation in the photo-
oxidation of 1soprene and b-pinene, Atmos. Env., 25A, 997-1007

Winterhalter, R. Larsen, B. R., Jensen, N. R. and Hjorth J., 2001: Atmospheric oxidation of a-pinene
and limonene: Evolution of the aerosol chemical composition in smog-chamber experiments studied
by LC/MS, 8th European Symposium on the Physico-Chemical Behaviour of Atmospheric Pollutants,
17-20 September 2001, Torino

Zhang, S., Shaw, M., Seinfeld, J. H. and R. C. Flagan, 1992: Photochemical aerosol formation from
a-pinene and b-pinene, J. Geophys. Res., 97, 20717-20729




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /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 [2592.000 3456.000]
>> setpagedevice


