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* Volatile and semivolatile organic compounds (VOCs) are * Investigation of formation and decay with Laser Photolysis Long Path Absorption
emitted into the atmosphere in large amounts from (LP-LPA) setup (Figure 2

biogenic and anthropogenic sources @ Photodiode < .
U A Spectrograph .

* In the gas phase and the aqueous phase (cloud droplets,
fog, rain and deliquescent particles) these VOCs will be
oxidized to semivolatile carbonyl compounds

- - Photodiode (I <
« Semivolatile carbonyl compounds such as glyoxal could Irigger PC MII %LH otodiode ( )
be important for formation of secondary organic aerosol ot —— LI
(SOA) by partitioning between gas- and liquid phase of - AN ¥ sﬁsgg?fgaepgl)
vict - Oscill -
pre-existing particles SCIHIO5E0PE = LTI
* Initiation of oxidation process by radicals (OH and NO,) T/ M I
under formation of peroxy radicals and substituted Di : WCM I ] WCM I
_ ifferential T
organics Amplifier Solut; O,-Electrode | — Pump
olution -
 Oxidation pathways of glyoxal after H-atom abstraction /N

still uncertain . . .
Figure 2: Laser Photolysis Long Path Absorption setup (LP-LPA).

* Buxton et al., 1997 (dilute solutions < 1 mM, typical
concentration for cloud water) peroxy radical formation
with a rate constant of k =1 x 10° M s

* Analyical light sources: A = 244 nm: direct detection of alkyl or peroxy radicals
A =442 nm: investigations of alkyl radicals + O, OH and
SO, radical reactivity
A =635 nm: NO, radical reactions

- Radical sources: OH: H,O,+hv(A=248 nm) —— 2OH
SO, S,0,+hv(A=248 nm) —— 2SO,
NO,: S,0,+hv(A=351nm) —— 250,
 The difference in the oxygen addition rate constants SO, + NO, —— SO,2+NO,
might lead to different oxidation products and yields in R/RO,: HO,+hv(A=248nm) —— 2 OH

 Lim et al.,, 2010 (concentrations > 1 mM) formation of
peroxy radicals minor important because of lower rate
constant of k = 1 x 10° M" s' estimated after Guzman et
al., 2006

Figure 1: Glyoxal oxidation by OH radicals in aqueous solution.

the aqueous solution OH + RH — R
R+ O, — RO,

Results

R + O, measurement (competition kinetics) R + O, measurement (optical detection method)

* The rate constant of the addition reaction of oxygen to the glyoxyl alkyl radical was investigated with a  Direct observation of the formed alkyl and peroxy radical species at A = 244 nm

SIEEE [MMRIES [MEior i ACEImS & &l; Tl  Determination of k(R + O,) with a model mechanism which includes reactions of HO,-radicals, of acid

» This pulse radiolysis method was modified and successfully tested for laser flash photolysis conditions base equilibriums, alkyl and peroxy radicals
« As alkyl radical scavenger the ferricyanide complex was used and observed at A = 442 nm 0030 T _ 0,030 T _
: R m— - - deZelFit ]
70— : : 2.5¢+5 —m—m™—m—m——————————————————F 11— le-5 0.025 T Data (O 1l absorb ) 0.025 :'-_ O  Weighted Error ]
o o [H,0,] 5 mM, [RH] 1 mM, [[Fe(CN),]*] IOHME [ KR + [Fe(CN) %) = (2.3 + 0.50) x 10°M" s : Mez)zel f:;era absorbance) | ]
0.02 L v v [H,0,] 5 mM, [RH] 1 mM, [[Fe(CN),]*] 30uM 1 : 6 T 7 = 0.020 £ 0  Weighted error 5 0.020
o %v 2 [H,0,] 5 mM, [RH] 1 mM, [[Fe(CN)_]*] 50uM 1 2.0e+5 + 1 8e-6 < ! : <
— oot @7 "% °[HO]SmM, [RH] LmM, [[Fe(CN)J"] 704M ' | 3 00ls —— OH radical 3 oors |
> XA ° [H,0,] 5 mM, [RH] 1 mM, [[Fe(CN) J*] 90uM ] , | g —— HO, radical 3 -
= %%vv " i — LoetS T T 6e-6 _ 5 [ — Alkyl radical 5 I
é % s 2, V 7 = % 0.010 + Peroxy radical ,ﬁ 0.010 T
g N: » 7 S
% 1.0e+5 T < T 4e-6 0.005 _:_ 0.005 _:_
5.0e+4 + 2 1 2e6 R e T e e 0.000 ™y
V / 0.0 2.0le—6 4.0;-6 6.0le-6 8.016—6 1.0;-5 1.2le-5 1.4Ie-5 1.6le-5 1.8Ie-5 o,(l)o 0,(1)2 0,(1)4 0,2)6 o.(l)g
R 0.0 I AN N N Time [s] Time [s]
00 200 400 6%0 [Sojo 000 1300 2000 0 le-5 2¢-5 3c5 4[F5 (CS;I-)SP- EMS] 7e-5 8e-5 95 le-d Figure 6: Modelled absorption traces in O, sat- Figure 7: Modelled absorption traces in O, sat-
ime [us © 6 - i i . .
Figure 3: Absorption change at A = 442 nm Figure 4: Determination of the reference rate urated aqueous solution for short time steps. urated aqueous solution for long time steps.
during the bleaching reaction of the glyoxyl constant for the bleaching reaction of the glyoxy| - The modelling of the experimental data of an O, saturated aqueous solution gives the rate constant
r_adical with ferricyanide in the aqueous solu- radical with ferricyanide in the aqueous solution. k(R +0,) = (1.2 + 0.2) x 10° M- s, the molar absorption coefficient of the glyoxyl alkyl radical g(R) =
tion. 1168 M- cm”" and of the glyoxylperoxyl radical ¢(RO,) = 892 M- cm"’
« Competition betwegn the electron. transfer reaction of the ferricyanide and the addition reaction of » The obtained results are in good agreement with Buxton et al., 1997 with a rate constant k(R + O,) =
molecular oxygen with the alkyl radicals r 0 (1.4 + 0.1) x 10° M s', a molar absorption coefficient for the alkyl radical ¢(R) = 1105 M' cm™" and for
R + [Fe(CN).J* — [Fe(CN)_]J* + H* + products ﬂ 1+ R+02[ 2] the peroxyl radical ¢(RO,) = 941 M cm”’
R+0 — RO E kref_[[Fe(CN)6]3_] * Reaction order n = 1.2 from the absorption-time-profile (Figure 6) was obtained
2 2
* The bleaching reaction forms ferrocyanide which not absorbed at A = 442 nm * With considering the absorption of HO, radicals leads to a modelled k; , = 122 s™
4 Reactions of OH, NO, or SO, radicals with glyoxal
R +0,)=(1.220.2) 1M 5" The addltlon.reactlon  In Table 1 and Figure 7 the temperature dependencies of the s 298T [2121 » .
- B s of aIkyI radicals to H atom abstraction reaction of glyoxal with eigther OH, NO, T — w
molecular oxygen by or SO, radicals are shown |
- 1.5e-4 -
SN = the form_atlon_ of * The oxidation of glyoxal by OH or SO, radicals is pH
8 s O pPEroxy radicals Is not independent, with k ,,_, = (9.7 £ 0.4) x 10° M" s'and k , _, =
slow! (1.2 £ 0.1) x 10° M s for the OH radical and with k , _, =
‘ H 065 (22+04)x 10" M*'s'and O 2R IR 10" M- s for
H the SO, radicals
0 4= I I I I 0.0 kR+O — 109 M_1S-1, nOt
’ 1 [O.J[Fe(CN) I ! : k2 — 106 M- Table 1: Arrhenius parameters at pH = 6. S
: Figure 5: Plot of absorbance ratio against the con- R+0O, compound | kaosk [M"' s] |Ea [k mol']| A [Ms”] s 320 33 34 35 36 37

Glyoxal + SO4| (2.4 £ 0.2)-107 13+ 1 (5.4 +£0.1)-10° Figure 7: Arrhenius plot of the oxidation re-

Glyoxal + NO3 | (9.0 £ 0.9)-10°] 33+21 |(4.5%1.3)-10'?|  action of glyoxal with OH, NO,and SO, radi-
cals.
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