
Laser-based Studies of Aqueous Phase Radical Reactions of Relevance for 
Tropospheric Chemistry

Paolo Barzaghi, Saso Gligorovski, Dirk Hoffmann, Kshama Parajuli and 
Hartmut Herrmann

Leibniz-Institut für Troposphärenforschung
Permoserstr. 15, Leipzig, D-04318, Germany

http://www.tropos.de/

Introduction

LEIBNIZ-INSTITUT FÜR
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Oxygenated organic compounds are either directly emitted to the atmosphere as fuel additives or solvents or they are formed in the troposphere as intermediate products of chemical degradation of other volatile 
organic compounds. Their presence in the atmosphere also results in formation of other secondary pollutants and tropospheric ozone. Furthermore, more polar intermediates and products will be formed upon their gas 
phase oxidation which could be transferred to the aqueous phase. The major degradation pathways of these organic compounds might be the reaction with OH, NO3 and halogens radicals in the tropospheric aqueous 
phase.Part of the presented kinetic data have been implemented in the new version of our tropospheric multiphase chemistry model, i.e. CAPRAM 3.0 (Herrmann et al., 2005). 

Using a laser-photolysis-long-path-laser-absorption (LP-LPLA) technique rate constants for the reactions of important 
atmospheric radical with oxygenated organic compounds have been measured.
The temperature dependency of the rate constant has been investigated for the reaction of OH with oxygenated organic 
compounds using a direct method based on RO2 build-up kinetic (Figure 1a). The formation of the OH radicals was initiated 
by excimer laser photolysis of H2O2 at λ =248 nm (R-1).
H2O2+hν (λ = 248 nm)             2 OH ( R - 1 )
Using as analitical light source an  Ar+ laser at λ = 244 nm, time resolved absorption profiles at one single wavelength can 
be followed using a photodiode as a detector. 
For the kinetic investigations carried out by competition kinetics thiocyanate (SCN-) has been used as reference substance.
OH + SCN- SCNOH- ( R - 2 )
SCNOH- SCN + OH- ( R - 3 )
SCN +SCN- (SCN)2

- ( R - 4 )
The (SCN)2

- radical is strongly absorbing light 475 nm. Therefore the analysis light was emitted by an cw-laser at λ =473 
nm (Figure 1b). The temperature dependent rate constant on reaction OH + SCN-, reported by Chin and Wine (k = 1.24·1010 

M-1s-1 at 298 K) has been applied as reference data set. 
NO3 radicals were generated by flash photolysis of nitrate anions at λ = 248 nm under acidic conditions (pH = 0.5) 
according to the following reactions:
NO3

- + hν (λ = 248 nm) + H+ OH + NO2 ( R - 5 )
HNO3 + OH NO3 + H2O ( R - 6 )
The temporal change of the NO3 concentration was followed using a He-Ne laser operated at λ = 632.8 nm (Figure 1c). 
Br-atoms in aqueous solution have been generated by photolysis of bromoacetone operating at λ = 248 nm by an excimer
laser. 
CH3COCH2Br + hν (λ = 248 nm) CH3COCH2 + Br ( R - 7 )
A high pressure mercury xenon lamp has been  used as an analytical light. The decay of Br-atoms is followed by using its 
absorption at λ = 297 nm which is close to the absorption maxima of Br-atoms (Figure 1d).

Experimental

Reference

Figure 1. Schematic of the experimental set-ups used for the study of reaction of: (a) OH semi-direct 
method; (b) OH kinetics competition method; (c) NO3 radical; (d) Br-atom with 
oxygenated organic compounds in aqueous solution.

Table 1. Summary of kinetic results obtained for the reactions of important atmospheric radical species with 
oxygenated organic compounds in aqueous solution.
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Semi-direct method vs kinetics competition method

The reactions of OH with most of the saturated aliphatic organics in aqueous solution are suggested to proceed via 
the abstraction of  the most loosely bound hydrogen atoms present in the organic molecule. The resulting carbon-
centered radicals, are known to react with oxygen at rates which are close to diffusion controlled (von Sonntag, 
1987). Thus, the oxidation reaction chain proceeds with an almost diffusion controlled addition of a molecule of 
oxygen to the alkyl radical with the formation of the corresponding peroxyl radical and the rate constant is estimated 
to be k = 2∙109 M-1s-1.
In oxygen saturated solution, the H-atom abstraction by the OH-radical (R-a) becomes the rate determining step due 
to the diffusion controlled reaction of the corresponding alkyl-radical (R-b):
OH + RH             H2O +  R (R-a)
R  +  O2 RO2 (R-b)
and with  [RH] >> [OH], [O2] >> [R]
Thus, the absorption/time profile measured at λ = 244 nm can be taken to calculate the rate constant of the OH-
radical reaction by following the build up of the peroxyl-radical and by taking the absorption of the OH-radical into 
account.
The kinetic data obtained in this study with the semi-direct method show a good agreement with the data obtained 
from kinetic competition method and recent literature studies (Ervens et al., 2003; Gligorovski and Herrmann, 2004, 
Herrmann, 2003). The obtained results are reported in Table 1. 

Reaction with alcohols

Considering available literature and the data presented here, alcholos appear to react with OH radicals with rate 
constants increasing with the increasing of the length of the carbon atom linear chain carrying the hydroxyl group. 
The reactions of OH with alchohols show to proceed three order of magnitude faster than the reactions with Br-
atom, whereas Cl-atom has a comparable reactivity to OH (Wicktor et al., 2003).

Reactions with carbonyl compounds

In the aqueous phase, carbonyl compounds are also reacting through an H-abstraction mechanism with OH, NO3 and 
Br. It can be seen that OH radicals represent also in the case of aldehydes and ketones the most reactive species, 
howerer smaller differeences in rate coefficients respect to Br have been observed.  
Whereas OH and Br show activation energies (EA) activation similar, NO3 radical presents a stronger influence of 
the temperature on the rate constants (Table 1).

Ractions with dicarboxylic acids

In this work only the reactions of OH with different dicarboxylic acids have been reported. The rate constant 
obtained for the not dissociate form of the diacids are in good agreement with existing literature (Hesper et al., 
2005). To the best knowledge of the authors, the reaction of OH with the anionic form of the acids have been 
measured for the first time.
It can be seen that the dianionic form react always faster than the corresponding acid, furthermore this difference in 
the reactivity seems to become smaller with the increase of the number of the carbon atoms (Table 1).

Compound Radical k (298 K) 
(l-1 mol-1s-1) 

A 
(l-1 mol-1s-1) 

EA 
(kJ mol-1) 

Remarks 

Alcohols 
2-propanol (2.1 ± 0.2)·109 (6.1 ± 0.3)·1010 8 ± 2 a 
 

OH 
(2.1 ± 0.9)·109 - - b 

 Br (1.8 ± 0.4)·106 (7.8 ± 1.2)·1010 26 ±10  
1-butanol OH (4.1 ± 0.8)·109 (1.0 ± 0.1)·1011 8 ± 1 a 
2-butanol OH (3.5 ± 0.4)·109 (7.4 ± 0.3)·1010 8 ± 3 a 
 Br (1.5 ± 0.2)·106 (2.0 ± 0.1)·109 18 ± 4  

Carbonyl Compounds 
Propionaldehyde OH (2.8 ± 0.3)·109 (2.6 ± 0.1)·1011 11 ± 3 a 
 Br (5.7 ± 2.0)·107 (1.1 ± 0.1)·109 5 ± 2  
 NO3 (5.8 ± 1.6)·107 (3.0 ± 0.5)·1011 22 ± 11  
Butyraldehyde OH (3.9 ± 1.0)·109 (8.1 ± 0.3)·1010 8 ± 3 a 
 Br (1.0 ± 0.2)·108 (4.7 ± 0.6)·109 7 ± 6  
 NO3 (5.6 ± 2.3)·107 (5.0 ± 0.4)·1010 17 ± 4  
Isobutyraldehyde OH (2.9 ± 1.0 )·109 (3.0 ± 0.1)·1010 6 ± 3 b 
 Br (1.0 ± 0.2)·108 (6.7 ± 2.2)·108 5 ± 17  
Acetone (1.3 ± 0.1)·108 (8.4 ± 0.4)·1010 16 ± 3 a 
 

OH 
(2.1 ± 0.6)·108 (3.4 ± 0.4)·1011 18 ± 11 b 

2-butanone OH (1.5 ± 0.7 )·109 (5.1 ± 0.6)·1011 15 ± 8 b 
 NO3 (2.2 ± 0.4)·107 (4.0 ± 0.9)·1011 24 ± 15  
Diacetyl OH (2.8 ± 0.6)·108 (4.3 ± 0.3)·1012 24 ± 5 b 
Acetonylacetone OH (7.6 ± 1.1)·108 (1.1 ± 0.1)·1011 12 ± 5 b 
Acetoin OH (2.9 ± 1.0)·109 (2.9 ± 0.1)·1011 11 ± 3 a 

Dicarboxylic acids and corresponding dianions 
Mesooxalic acid (1.8 ± 0.3)·108 (3.8 ± 0.8)·1010 13 ± 13 b 
D,L-Malic acid (7.1 ± 1.3)·108   a 
D,L-Maleate dianion (8.4 ± 1.0)·108   a 
Glutaric acid (6.0 ± 2.0)·108   a 
Glutarate dianion (1.0 ± 0.2)·109   a 
Adipic acid (1.7 ± 0.3)·109   a 
Adipate dianion (2.4 ± 0.2)·109   a 
Pimelic acid (2.4 ± 0.7)·109   a 
Pimelate dianion (2.9 ± 0.8)·109   a 
Suberic acid (5.0 ± 0.4)·109   a 
Suberate dianion 

OH 

(5.8 ± 0.3)·109   a 
a) kinetic data obtained with the semi-direct method; b) kinetic data obtained with the 

competition kinetics method. 

 

 

 

 

 
 

Acknowledgements
Support of part of this study by the EC within the project „Multiphase chemistry of Oxygenated Species in the 
Troposphere (MOST)” under contract EVK2-CT-2001-00114 is gratefully acknowledged.



<<
  /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
  /SyntheticBoldness 1.00
  /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

  /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 [2552.315 3456.000]
>> setpagedevice


