ULCO Study of the Nighttime Atmospheric Reactivity of Furan Compounds with NO, Radical

Littoral Cote d'Opale

d_nd

IMT Nord Europe

Ecole M nes-Télécom
IMT-Université de Lille

C
C

Centre Commun de Mesures

in the Atmospheric Simulation Chamber “CHARME”

Fatima AL ALI12, Cécile COEURY?, Nicolas HOUZEL?, Fabrice Cazier3, Paul GENEVRAY3, Manolis N. ROMANIAS?, Alexandre TOMAS?
ILaboratoire de Physico-Chimie de 'Atmosphere (LPCA) Université du Littoral Céte d'Opale-189a Av. Maurice Schumann, Dunkerque, F

2IMT Nord Europe, Institut Mines-Télécom, Univ. Lille, Centre for Energy and Environment, F-59000 Lille, France
Climibigk: 3Centre Commun de Mesure, Université du Littoral Céte d’Opale Dunkerque, France
al-ali@univ-littoral.fr

Introguctionand Objectives

 Biomass burning is the burning of dead or living vegetation which is a significant source of non-methane organic compounds (NMOCs) which will rea

However, biomass burning is an important alternative energy sOUrce warmekeeta, 2011; sruns etat, 2017)
 Recent studies have shown that furan compounds are an important family of NMOCs in biomass burning plumes released from cellulose anc
* The few studies on nighttime oxidation of furan compounds with NO, show that these processes are significant sinks for furan compo
* The objective of this research is to improve our understanding of furan compound reactivity with NO; radical: 1-Determinatior
2-Produc

EXPERMERtoliSetiup Results
Gas Phase Rate Coefficients

CHARME is an atmospheric simulation tool to reproduce atmospheric processes under controlled environmental conditions

Charme Characteristics

2 or 3 references used for each tested compound
Analytical Instruments coupled tO‘ 3 experiments were done per each reference (achieving
repeatability)

| instrument | Species Concentrations of furan compound and reference ranged Compound S e e it
1 e i i (Kind et al., Chem. Phys. Lett.,

3 1 1
PTR-TOF-MS, IONICON 1000 — between 200 ppbv and 1200 ppbv (to assess no concentration (R B el i) =

(this study) (this study) 1996)
GC-MS (Inficon Hapsite ER) VOCs & SVOCs

9.2 m3, stainless steel, cylindrical

Room temperature (293 + 2) K effect)

VOC concentrations monitored every 10 s using PTR-TOF-MS
Vacuum compatible LC/MS (ESI-LC-QToF-MS/MS - VOCs-SVOCs Particles N205 added in concentration between 1 ppmv and 5 ppmv e 0.15£0.01 . 0.14£0.02 43.8 252
Agilent LC 1100 - MS 6540) (Atkinson et al., Environ. Sel. Techno., 1985)
. gradually 0.13 +0.02
Mlxmg system (4 fans) SMPS Particles (Cabafias et al., J. Phys. Chem. , 2004)
(DMA “TSI 3081”,CPC “TSI 3775") 0.10 £ 0.06
Variable RH (1-100%) | ' (Kind et al., Chem. Phys. Lett., 1996)
Pressure (0.05-1100 mbar) &r 2-methylfuran 1.9+0.1 2.57 +0.17 3.5 168
L\ = (Kind et al., Chem. Phys. Lett., 1996)

3-methylfuran 1.5+£0.1 2.86 £ 0.06 4.4 114
(Kind et al., Chem. Phys. Lett., 1996)
1.31+£0.46

(Alvarado et al., Int. J. Chem. Kinet., 1996)

1.26 £ 0.18
(Tapia et al., Atmos. Chem. Phys., 2011)

2,5-dimethylfuran 5.8+0.3 5.78 £0.34 1.1 78
(Kind et al., Chem. Phys. Lett., 1996)

Reactions leading to N,O.
production in the system: —

NO +% 0, - NO,

NO +0;-> NO, + O,
NO, + O, - NO, + O,
NO; + NO, - N,O.

2,3,5-
trimethylfuran

Rate coefficients determined for five furan compounds
For methylated furan compounds, the rate coefficient increases by a factor of 3 with each
. . P | additional methyl group.
N03 Introductior Synthesis of Nzos : Precursor of N03 The lifetime of furan compounds studied due to reaction with NOj; is in the order of minutes,

N,O.-> NO and thus their nighttime degradation is a significant sink for this class of compounds.
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Several experiments with increasing 2- | cis-4-Oxo-2-pentenal UONO;

methylfuran concentrations were done and | | / ~ 1

concentrations followed on PTR-MS-TOF W ntramtotecular C’D:O
Samples of reaction mixture were analysed by GC- rearrangement

MS at different time intervals L | l

LY Seeds of ammonium sulfate of constant initial particle number ~1.6 x 10* particles.cm3 were
TFone; N injected to enhance formation of SOAs

169.92

4-oxo-2-pentenal

Two major primary gaseous compounds were ] o o, A total of 9 experiments were carried out to measure yield of SOA formation at increasing
identified: Furfural (H-abstraction) and cis-4-oxo- | S J\/\n/ t)_ concentration of 2-methylfuran

2-pentanal (NO, addition), the two products have . \

slow reaction with NO, g 0 Yson = My(ng/m3) / AHC (ng/m?)

[2-
Experiment | methylfuran]
(ppbv)

Yield m/z97.01 | Yield m/z99.01 D Aerosol mass concentration (M,) 2 SMPS (ug/m?3
’ Cis-4-oxo0-2- 0 Mg/ M )

Furfural pentanal N : N : Reacted concentration of VOCs—> PTR-TOF-MS (pg/m3)
| Both nitrate addition to C-2 and hydrogen abstraction from methyl group
Internal

1 standard | occur, but addition is more favored over abstraction (higher yield of cis-4- Yield of SOA formation was fitted with mass concentration of SOA according to ODUM fit (Odum et
0.67 i | n oxo-2-pentanal over furfural) al., 1996) using a one-product model

0.56 | ‘ At c i Secondary products identified by GC-MS (like 2(3H)-Furanone,5-methyl-and

B | | Vol | 3 cyclopentene-1,3-dione) can also be explained by intramolecular Odum Fit : Yoou = Mg 2.
v | rearrangement or NO; oxidation of cis-4-oxo-2-pentenal.

315 0.31 0.51
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1+K.M,
1500 a: mass-based stoichiometric coefficient of the oxidation product
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: N
Experiment [2,5- Yield m/z 111.06 e G 111.03 TE\, CHO

dimethylfuran] 5-methyl-2- . | | ONDO ;
number (ppbv) furaldehyde 3-hexane-2,5-dione § | | \I\;% D_ t}L 8 Hemethyl-2-furaldehyde

: ' T ' T ' T ' T ' T ' T ' ]
416 0.36 0.38 l 100 200 300 400 500 600 700

OHC
859 0.32 0.37 5- methyl furTjehydr M 0 (“ g / m3)

ol

1300 0.35 0.39 \ )

standard

Average yield 0.36 = 0.03 0.39 £ 0.03 4 fr':::)(c'sand | _ " : : e . o f£2 5.di thylf
2T . " Both nitrate addition to C-2/C-5 and hydrogen abstraction from methyl groups are favored in nearly equal percentages ylelds at Increasing concentration ot 2,o-dimetnylruran.

7/ internal D Two major primary products formed: 5-methyl-2-furaldehyde (H-abstraction) and 3-hexane-2,5-dione (NO; addition) No seed needed.

1100 0.39 0.44
1 Ly Prosmey | | A total of 6 experiments were carried out to measure yields of SOA formation

standard

/\\7 The following chromatogram resembles the sample of the | 0|1 A One of the products formed (5-methyl-2-furaldehyde) undergoes fast reaction with NO, leading to its depletion and Higher yields of SOAs were formed from 2,5-dimethylfuran reaction with nitrate
reaction mixture analysed by GC-MS at the end of the T | N B formation of Secondary products_ radical compared to those of 2-methy|furan.

reaction
).'¢

Conclusion Perspectives
Reaction with NO; is the dominant removal pathway of furan compounds Gaseous oxidation products will be characterized using LC-MS and GC-MS to
during the night in the atmosphere (Lifetime = 0.4-44 min). enhance mechanism understanding.
The position of the methyl group on furan ring doesn’t have an important effect SOA chemical composition characterization.
on the rate coefficient of the reaction. Kinetic and gaseous phase studies will be done as function of temperature using
Addition of a methyl group on furan ring plays an important role increasing the THALAMOS chamber in IMT Nord Europe.
rate coefficient with the increase of methyl groups number.
Both addition of nitrate radical to furan ring and hydrogen abstraction from Rejerences
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