N

N

Reactivity of Green Leaf Volatiles (GLVs) in the
atmosphere: Kinetics, products and secondary organic
aerosol formation
Asma Grira, Faustine Kerfant, J. Poyuzan, Patrice Coddeville, Alexandre
Tomas, André Canosa, Gisele El Dib, Thomas Fagniez, Cecile Coeur, Tulia

Patroescu-Klotz, et al.

» To cite this version:

Asma Grira, Faustine Kerfant, J. Poyuzan, Patrice Coddeville, Alexandre Tomas, et al.. Reactivity
of Green Leaf Volatiles (GLVs) in the atmosphere: Kinetics, products and secondary organic aerosol
formation. 25th International Symposium on Gas Kinetics and Related Phenomena, Jul 2018, Lille,
France. hal-04250532

HAL Id: hal-04250532
https://hal.science/hal-04250532v1
Submitted on 20 Oct 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-04250532v1
https://hal.archives-ouvertes.fr

IMT Lille Douai
Ecole Mines-Télécom
IMT-Lnivargitd de Lilke

' ’ SAGE ' =
et J?r ‘dtﬂ

IMT Lille Douai I'Environnement

LP SCIENTIFIC APPROACH OBJECTIVES
@ e Atmosphe El : : . . . . . . .

STRESS

Trans-2-Pentenal (T2P) O3
Trans-Z-HexenaI (T2H)

BIOTIC/ABIOTIC Unsaturated aldehydes: NO, IiVOCS + = PRODUCTS

Unsaturated aldehydes: Atmospheric oxidants:
r Trans-2-Pentenal (CsHgO) Ozone (Os)
Trans-2-Hexenal (C¢H;0,0) Atomic chlorine (CI*)

Hydroxyl radical (OH®)

Authors

A Griral? A. Canosa?

G. El Dib2 Objectives

» Determination of the kinetics contants of these
[th and environment im . reactions

F. Kerfant! T. Fagniez?
J. Poyuzan?! C. Coeur3

» Quantification of products and SOA formation

P. Coddeville! |. Patroescu-Klotz*

» Understanding of SAR and implementing a
A. Tomas! P. Wiesen* 9 p g

mechanism for these reactions

EXPERIME

Pyrex7L. . Reactants analysis

Teflon03rr13 Douai (CSA) | Stainless steel 9 m3, Dunkergue (CHARME) Quartz 1 m3, Wuppertal (OUAREC.)_ Douai (LFR) > Analysis of T2P and T2H by FTIR

' spectroscopy (CSA / QUAREC), PTR-ToF-
MS IONICON 1000 (CHARME), PTR-ToF-
MS Kore (CSA), GC-FID/IMS (LFR)

» Analysis of ozone by UV absorption
spectroscopy (Environmental SA 49C)

SOA and products analysis

» SOA size distribution analysis by SMPS-
TSI (DMA, model 3080 ; UCPC, model
3788) in CSA and (DMA, model 3071A ;
UCPC, model 3025A) in QUAREC

» Product analysis by FTIR spectroscopy
and by Carbotrap-202 cartridges further
analyzed by GC-FID/MS

RESULTS

5 CSA: = LFR: mmmmmmu ozonolysis of T2P and T2H

=S CSA o,  Products formation :
T T T2P+03 > The calculation of the formation yield of a
[03 ] ! i ! = v ith T, = cal @ 100000 & productis done by the following formula:
in 03] = — k' X types with k' = kX [BVOClo + Kyauioss || Teat = 6 w mes Re 038 . T T2H+0, H “rneen ’
o H — — § o000 F = [Glyoxal
0.97 + 0.18 x exp {g\/]oc]gmzza ppm £ - [BVOC],=2.28 ppm H hosllpom [Product]
. . ppb < e0000 [o] =387 ppb %) = ———
T2P +0 T2H+0 i (193] KXt i K= & x [BYOC 0-21k g b2 | | £ ey =2 | | | £ o Yieldsroaue®) = 2T 100
= - Wil =k X 5 s
s - 8 [03]0 mes [ lo + Kwatttoss £ 20000 T e e w w
a g 6 . = . \ Time (min)
¢ A High T jccion b High Tijecion . °s
Ess i = T2P +0O T2H +O T T 1 iameter (o) %00 .
o] st a2 e - = ETIR spectroscopy analyzes :
D55 % 4 00012 > The ozonolysis of trans-2-hexenal forms a number of particles 4
3, 8 o001 y =1,39E-18x bg y =1,80E-18x times bigger than the trans-2-pentenal. mugp_)_osfgp_m)_:
%15 ° 0001 > At the end of the experiment, the diameters of the particles formed
" ,,E 2 o000 20008 from the T2H are 2 times larger than those formed from the T2P. \/\A H HgC\)J\
& 5 5 B + o7 N0 — +
g < howe K 00008 Glyoxal (20 %)
~ o+ 0 e 0 . [s0A] yoxal 0
0 10 T2P nzn 0 50 0 s 10 15 20 LN (. w5 ) CSA & QUAREC : Yieldsg, (%) = 2Bvoc] * 100 )
[T2P]o(ppm) [T2H]o(ppm) T2H (1.3 ppm) +04(3.8 ppm) :
K csa = 1.28 x 108 cm3.molecule.s? K csa = 2.03 x 1018 cm3moleculels? 00002 00002 CSA 1 UAREC o] - o
kB‘b,‘o-lsgx 1028cm3.moleculet.s? (1) || K gipiio = 2.01 % 108cm3.moleculet.s?(2) . “ - . Q . /\/\)L /01\ A ? /\/J,L
K gipio = 1.28 X 1018cm? molecule’.s (3) B+ 14 28E 114 30E 1A 455+ 14 5614 60EVIA 1BE+14 28E+14 3,8E+14 48E+14 5,8E+14 6.6E+14 2 ] ren . T2H HsC = H + 0/ o —)O} {\’H + HiC H
Hypothesis [T2P], (molecule.cm) [T2H], (molecule.cm) glz a® Glyoxal (14 %)
Tranlzflo)rmatlon Otf :)I'Ianst tho C;lstfor bOtht Compzunds; thecis Is_omerth o k rer = 1.39 x 108 cm3.moleculet.s? K reL = 1.80 % 1018 cm3.moleculel.s £ 6 "
would be more stable at high temperature and more responsive wi > .
g P P 3 “ m .{B\ﬁoc]nzz_zs pom - [BVOC],= 247 ppm =) TD‘GC'FID/MS an alVZeS .
f f . - [Oq], = 64.5 — 645 ppl - [Oslo = 1.7 —8ppm
- Mea: - Measuring time = 2h > e GC analyzes confirmed the spectroscopy analysis and showet
+ Cl|° 2 e >  TheGCanal firmed the FTIR lysis and showed
9 CSA . o 00 200 0 0o 500 the presence of other products such as:
. T2P + Cl* T2H + Cl* o 20 400 ) 800 1000
e — —_—— D ——— [SOA] (ug.m?) [SOA] (g/m*) (o] [¢]
I I so0e10 N CHy  and Hac. L For the ozonolysis of T2P
e BVOC/Cl . 11E10 7 > emaximum yield for trans-2-hexenal is much higher (~ 12%) than
BvVOC R K owih K k . s I ks Th SOA yield f 2-hexenal h higher (~12%) th HO™ OH
witl = H ‘ ‘ for trans-2-pentenal (~ 1-2%)
8 200610 2,49E-10 = N 2-Pentenoic acid Propanoic acid
[BVOC] [Ref]o kREf/Cl H £ 20010 > The formation of particules for these two compounds seems very high
§ 10010 13 compared to the length of their carbon chains (max 6 C atoms). (o] Q
g g e Th iments done at QUAREC h firmed that of the CSA, that AL
> Two references are used isoprene (CsHg) hexanal (CgH;,0) : < H > eexperiments done a ave confirmed that of the , tha JJ\/\/\
: ’ y
o o 0,00E+00 0,00E+00 shows that the geometry and the material of two reactors did not affect HO - CH3 and HiC OH  Eorthe ozonalysis of T2H
K ssopreneicr® = (4.45£0.7) % 100 cm3molecule™.s™ (5, 6) u PTRASHag8s: KT2PICI 8 FTIR ; KT2PICI PTRASTag%9: KT2HG! = PTRVS ag57  KTZHCI ™ FTIR: KT2HC| the formation of the particles. 2-Hexenoic acid Butanoic acid
e e K csa= 2.8 x 10" cm3.molecule?.s K csa = 3.28 x 100 cm3.moleculeL.s- > New experiments are underway in the CHARME rector in Dunkerque to M_ o o
K hexanaici® = (2.72£0,2) x 1019 cm®.molecule’.s* (7, 8) K giono = 1.31 x 1010 cm3.molecule™.s* (8)] K gun = 1.92 x 1010 cm3.molecule-L.s- ’(8) verify these previous results. Quantification of products by the TD-GC-FID/MS system is in progress...

CONCLUSIONS REFERENCES

o The VaerS Of the kinetic ConStants Of the BVOC/O3 reaCtiOnS are in gOOd ag reement Wlth the Iiterature Whereas those for the (1)Sato, K., Klotz, B., Taketsugu, T., & Takayanagi, T. (2004). Kinetic measurements for the reactions of ozone with crotonaldehyde and its

BVOC/CI® reactions are h|gh by a factor of 2 (a Sing|e value found in the |iterature)_ melhy.l derivatives and calculations of transition-state theory. Physical Chemistry Chemical Physics, 6(15), 3969-3976.» )
(2)Atkinson, R., Arey, J., Aschmann, S. M., Corchnoy, S. B., & Shu, Y. (1995). Rate constants for the gas-phase reactions of cis-3-Hexen-1-ol,
cis-3-Hexenylacetate, trans-2-Hexenal, and Linalool with OH and NO3 radicals and O3 at 296+2 K, and OH radical formation yields from the

. . . . . L . O3 reactions. International Journal of Chemical Kinetics, 27(10), 941-955.
o The SOA formatlon IS more ImpOFIant for T2H than for T2P and n bOth cases It depends on the n |t|a| concentrations Of the (3)Grosjean, E., Grosjean, D., & Seinfeld, J. H. (1996). Gas-phase reaction of ozone with trans-2-hexenal, trans-2-hexenyl acetate, ethylvinyl

reactants but especially on that of O,. The particle size of the particles and their yields are influenced by the structure of the BVOC. ketone, and 6-methyl-5-hepten-2-one. 1al journal of chemical kinetics, 28(5), 373-362.

(4)Duncianu, M. (2012). Réacteur a écoulement pour I'étude de la formation des aérosols organiques secondaires par ozonolyse de
composés organiques volatils (Doctoral dissertation, Lille 1).
(5)Orlando, J. J., Tyndall, G. S., Apel, E. C., Riemer, D. D., & Paulson, S. E. (2003). Rate coefficients and mechanisms of the reaction of

S The products mainly formed by the ozonolysis of T2P are glyoxal, propanal but other products appear in GC-FID/MS analyzes cl-atoms with a series of unsaturated hydrocarbons under atmospheric conditions. International journal of chemical kinetics, 35(8), 334-353.
such as: propanoic and 2 pentanoic acid. Similarly, the products of the degradation of T2H with ozone was mostly glyoxal and oK i ot of oot G e oy ooy e of the reaction of € aoms wih Z-methyi1, 3buadene (oprenc)
butanal. Addltlonal analyZeS by gC ShOWed the pl’esence Of butanoic and 2 heXenOiC a.Cid. (7)Cuevas, C. A, Notario, A., Martinez, E., & Albaladejo, J. (2006). Temperature-dependence study of the gas-phase reactions of

atmospheric Cl atoms with a series of aliphatic aldehydes. Atmospheric Environment, 40(21), 3845-3854.
(8)Rodriguez, D., Rodriguez, A., Notario, A., Aranda, A., Diaz-de-Mera, Y., & Martinez, E. (2005). Kinetic study of the gas-phase reaction of
atomic chlorine with a series of aldehydes. Atmospheric Chemistry and Physics, 5(12), 3433-3440.

S  Quantification of products by the TD-GC-FID / MS system. b ':* ‘:' EUROCH Wzlo) O

S Other T2P/CI* experiments in CSA are planned to ensure the results found for the kinetic constants. ' Z U

S  Aseries of experiments will be carried out at University Castilla La Mancha (Spain) in order to determine the products of the reaction

of the selected BVOC with atomic chorine (CI*). lefe e Climib e e RE TAGNE

2 Thedifferent programs / organisms whose logos on the right are deeply thanked for their financial support. CO PPA




