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Free radicals, such as hydroxyl and nitrate radicals, are common atmospheric oxidizing agents, which
contribute to atmospheric oxidation processes of organic compounds. Isoprene is the most emitted biogenic
volatile organic compound (BVOC) apart from methane, with a source strength from 500 — 750 Tg a')." The
first generation degradation products methacrolein and methyl vinyl ketone are the first oxidation products,
which are known to be water soluble. In detail, they undergo a reactive uptake.? Therefore, degradation
reactions in the aqueous phase are reasonable sink processes of these compounds and their formed

oxidation products contribute to the formation of aqueous secondary organic aerosol.? Hence, radical driven
oxidation reactions of isoprene degradation products have to be kinetically and analytically investigated in
laboratory studies. The results of these studies can be implemented in multiphase models, such as CAPRAM,
as well as they will improve the prediction capability of the particle composition and consecutive the radiation
balance.

Experimental

 Kinetic studies by using a Laser Flash Photolysis — Long Path Absorption
(LFP-LPA) setup
 Long path absorption by a White Mirror Cell*

« Organic reactant in a concentration
measurement

cell

rangeupto5 x104 M

——

 Direct observation of the decay of the

« Radical generation via photolysis of precursor compounds or subsequent formed radicals, in case of SO, and

reactions trigger NO,
lens . - :
Table 1: Experimental conditions \ | Observation of the competing reactant
W08 system (R-1 — R-3), in the case of the
radical Monoto! Ao/ mMeasurement precursors 0O o™ g ( )
nm nm  specifications e hydroxyl radical:
@ photodiode
hydroxyl radical (OH) 248 473  competition H,0,] =2 x104 M data
Kinetics SCN]=2x10°M » processing OH+SCN =SCNOH R-1
OSCI1LIOSCOPC
sulfate radical (SO,) 248 473  direct S,042]1=2.5%x104M g | ‘ | -
measurement SCNOH =O0OH +SCN R-2
nitrate radical (NO;) 351 635  direct [S,04%]=0.03 M
measurement [NO;]=0.1 M Figure 1: Scheme of the LFP-LPA setup

SCN +SCN™ = (SCN); R-3

Results

» Determination of second order rate constants in a temperature
range from 278 Kto 318 K

T/K
298

/\]/
318 308 288 278

),i// \\\\\\ » OH reaction rate constants superior to SO, and NO, B - | | | 5
),/)// \\:\\ * General order of reactivity: OH > SO, > NO; -
O 7 8.2 \
/\f Oé\f 0.5 AL S S S S S S S n - } :
[ OH + 1-(2-oxiranyl)-ethanone = ; ‘\. ;
04 ;/ 80 F .\
l / \ : (o2 : :
0.3+t LS :
< - :
- < Z 7.8 -
02 | 'OH + 1-(2-oxiranyl)-ethanone, pH ~ 6
/\‘/\ g | 31 32 33 34 35 36 37
-(2-oxiranyl)- 2,3-dihydroxy-2- 2-methyl-2- ! 71/103 k-1
ethanone methylpropanal oxiranecarboxaldehyde 0.0e

Figure 4: Temperature dependency of the reaction of OH
radicals with 1-(2-oxiranyl)-ethanone at pH ~ 6
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Figure 2: Kinetically investigated compounds and their origin [reactand] / [SCN]

Figure 3: Determination of k, 4 by plotting the ratio of the
absorptions against the ratio of the
concentrations of the reactant and the
rhodanide reference

* Kinetic investigation of the radical-driven oxidation reactions of the  Reactivity of the epoxide of methyl vinyl ketone is in general

epoxides and diols of the first generation oxidation products of lower as the one of the epoxide and the diol of methacrolein,
iIsoprene, methacrolein and methyl vinyl ketone, with OH, SO, and due to weaker reaction sides

NO, radicals in aqueous solution Table 3: Calculated activation parameters of the investigated reactions

compound radical A/L mol's E,/kd mol' AG*/kJ mol' AH*/kJ mol' AS*/J K- mol-
Table 2: Summary of the determined second order rate constants (T = 298 K) 2-methyl-2- OH (1.6£0.3)x10™ 31.5+11.0 349177 29.0+£10.1  (-19.36) + 3.1
oxiranecarboxaldehyde pNO - _ _ - _
compound OH NO, SO, .
K, / L mol! s k,, /L mol s K, /L mol! s SO, (1.7+£0.2)x10° 108+7.0 3121243 84+54 (-76.5) £ 10.2
n n n .
2-methyl-2- : (476 +1.09) x 105 (2.31 % 0.10) x 107 2 ey - o - ' : : :
oxiranecarboxaldehyde methylpropanal NO, (3.0+0.4)x 10" 320+91 33.8%+139 295+84 (-14.3) £ 1.8
2,3-dihydroxy-2- - (7.94 + 0.60) x 106 (3.25 + 0.15) x 107 SO, (24+£0.2)x10° 10.5+43 300+x148 8.0+3.3 (-73.8) £ 6.0
methylpropanal 1-(2-oxiranyl)-ethanone OH (5.0£0.3) x10° 9.0 £ 3.1 26.7 £ 10.7 6.5+2.3 (-67.5) £ 3.8
1-(2-oxiranyl)-ethanone (1.29 £0.44) x 108 - (6.90 £ 1.99) x 106 NO, - - - . -
! SO, (20+£0.1)x107 2.7+1.3 340+178 0.2+0.1 (-113.4) £ 3.6
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