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Outlook

• Investigation of the impact of a changing ionic strength and a changing matrix composition

• Ongoing studies of the isoprene oxidation products in the aqueous phase to enhance the understanding of 

the mechanism, especially in terms of the quantification of the supposed dicarbonyl species and 

functionalized acid compounds

• Implementation of the obtained data in the Chemical Aqueous Phase Radical Mechanism (CAPRAM)

• Kinetic investigation of the radical-driven oxidation reactions of 3,4 

dihydroxy-2-butanone (DHBO) and 2,3-dihydroxy-2-methylpropanal 

(DHMP) with OH, SO4
- and NO3 radicals in aqueous solution
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• Product studies using a static irradiated photoreactor

• Irradiation by a Hg/Xe-lamp + bandpass filter (λ = 254 nm)

• Variable sampling intervals, common range 10 up to 30 min 

• precursor concentrations of 200 µM / L hydrogenperoxide and    

100 µM / L organic substrate

• Sample derivatization with O-(2,3,4,5,6-pentafluorobenzyl)-

hydroxylamine (PFBHA) to analyze carbonyl group containing

oxidation products via GC-MS4

• Analysis of smaller C2 to C4 acids via CE-UV

Product studies

Results

Isoprene is the most emitted biogenic volatile organic compound

(BVOC) with an annual emission of 594 ± 34 Tg C yr-1.1 C4H8O3

dihydroxycarbonyl compounds, such as DHBO and DHMP, are the

3rd generation oxidation products of isoprene under HOX-dominated,

low NOx conditions. The global annual production rate of all C4

dihydroxycarbonyl compounds is estimated to be 54 Tg C yr-1.2 Their

predicted Henry’s law constants let suppose that DHBO and DHMP

effectively partition to the tropospheric aqueous phase. Hence,

kinetic and analytical investigations of radical-driven oxidation

reactions of these isoprene oxidation products in laboratory studies

are necessary to clarify the aqueous-phase oxidation mechanism

and the impact of a changing ionic strength and matrix composition.

Compound OH NO3 SO4
-

K2nd (298 K) / 107 (L mol-1 s-1)

DHMP (121 ± 20) (0.8 ± 0.1) (3.3 ± 0.2) 

DHBO (99 ± 21) (0.3 ± 0.1) (2.3 ± 0.1)

Compound Radical
A /

L mol-1 s-1

EA / 
kJ mol-1

∆Sǂ / 
J K-1 mol-1 

DHBO OH (4.3 ± 0.3) × 109b 3.6 ± 4.4 -69.1 ± 5.4

NO3 (4.9 ± 0.1) × 1011 30.1 ± 0.2 -29.5 ± 0.1

SO4
- (3.1 ± 0.1) × 109b 12.1 ± 1.6 -71.5 ± 2.1

DHMP OH (5.5 ± 0.1) × 109 3.7 ± 1.1 -66.8 ± 1.3

NO3 (3.0 ± 0.4) × 1012 32.0 ± 9.1 -14.3 ± 1.8

SO4
- (2.4 ± 0.2) × 109b 10.5 ± 4.3 -73.8 ± 6.0

OH-driven oxidation of DHMPOH-driven oxidation of DHBOKinetics

• Most common first generation oxidation products HBDO and HOBA, 

in general hydroxydicarbonyl compounds

• Quantification of the sum of hydroxydicarbonyl compounds via 

methylglyoxal as surrogate

• Minor production with 

yields less than 10 % 

of glycolaldehyde, 

glyoxal, biacetyl, 

methylglyoxal, oxalic 

and glyoxylic acid

• Overall identified 

mass conversion of 

70 % 

• Identification of methylglyoxal as most abundant oxidation product, 

with a yield of 18 %

• Quantification of the hydroxydicarbonyl compound HMPD as a 

minor product, due to its stability

• Missing 

indentification and 

quantification of the 

supposed 

functionalized acid 

species

• Overall identified 

mass conversion of 

30 % 

max. 37 % yield (sum of C4H6O3)

max. 13 % yield

up to 25,5 % 
yield

?

?

max. 5 % max. 3.5 % max. 18 %

max. 6 %


