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• Determination of NO3 rate coefficients 
 Lifetime determination

• Product analysis in gas- and particulate-
phases  Chemical mechanisms

• Potential of SOA formation
 Air quality and climate impacts

Objective
s

Aim

• Understanding the nighttime 
atmospheric chemistry of 
methylated-furan compounds 
toward NO3 radical reaction

Furan 2-Methylfuran

3-Methylfuran

2,5-Dimethylfuran

CHARME characteristics

9.2 m3, stainless steel, cylindrical,
electropolished

Vacuum compatible

Mixing system (4 fans)

Room temperature (293 ± 2) K 

RH (<2%) ;  Atmospheric pressure

• Reaction of furan compounds
with NO3 is the dominant
removal pathway in the
atmosphere (Lifetime = 0.5-55
min).

• The rate coefficient increases
with addition of methyl
group(s), but is not influenced
by the position of the methyl
group on the ring.

• Addition of nitrate radical to
furan ring and hydrogen
abstraction from methyl-group
are the major pathways for the
reaction of methylated-furans
with NO3 and can explain the
formation of the major primary
products.

• Addition of NO3 is favored on
C2/C5 carbon due to the higher
stability of the produced
intermediates.

• SOAs are formed from the
reaction of methylated-furan
compounds with NO3 with
maximum yields up to 12%.

• Maximum SOA yields increase
as the substitution of the furan
increases (more methyl groups)
from 2% (2-methylfuran) to 12%
(2,5-dimethylfuran).

Product Structure PTR-ToF-MS

(Online)

TD-GC-MS

(Online)

GC-MS (Offline)

Monotrap Bubbler

4-oxo-2-pentenal √ √ √ √

Furfural √ √ √ √

Maleic anhydride √ √ √ √

2(3H)-furanone,5-methyl √ √ √ √

2(5H)-furanone,5-methyl √ √ √ √

2-Cyclopentene-1,4-dione √ √ √ √

2(5H)-furanone,5-methyl,5-nitrate √ √

2-methylfuran-5-nitro √

5-nitro-2-furancarboxaldehyde √
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Analytical techniques used for kinetics and product analysis 

1) Rate coefficient measurement & lifetime calculation

• Products identified  using NIST library or peak fragmentations
• Some products validated by standards analysis

2) Gaseous Product identification for the reaction 
of 2-methylfuran (2-MF) with NO3

Y = [Product] / [2-MF]consumed 6.3%

32.2 ± 1.18 %61.50 ± 7.39 %

Other Furfural 4-Oxo-2-pentenal

4-oxo-pentenal

• YSOA = M0(µg/m3) / ΔHC (µg/m3)
Aerosol mass concentration (M0)  SMPS (µg/m3)

Reacted 2-MF concentration  PTR-TOF-MS (µg/m3)

• SOA yields fitted according to Odum (Odum et al., 1996) 
using a one-product model. 

• 𝐘𝐒𝐎𝐀 = 𝐌𝟎σ
𝛂𝐊

𝟏+𝐊.𝐌𝟎

4) SOA yield for the reaction of 2-MF with NO3

2-methylfuran

Secondary Products

Major Primary
Products

6) Proposed mechanism for the gas-phase reaction of 2-MF with NO3

7) General reaction mechanism 
for the reaction of furan 

compounds with NO3

Two types of reactions can be involved: 
• Accretion reaction ROO + R´OO  ROOR´

(Dimerization/Trimerization)
• Carboxylic acid condensation

5) SOA composition for 2-MF reaction

Perspectives

References

3) Yields of major primary gaseous products

Major primary product yields
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0.15 ± 0.03               1.91 ± 0.32 1.49 ± 0.33                5.82 ± 1.21 16.6 ± 0.69

Product Identified

Strcuture
4-oxo-2-pentenal

Furfural

Maleic anhydride

2(3H)-furanone,5-methyl

2(5H)-furanone,5-methyl

2-Cyclopentene-1,4-dione

Products identified by LC-MS-MS

Products identified by GC-MS

2,3,5-Trimethylfuran

k(NO3) in 10-11 cm3.molecule -1.s-1

Minor primary
products

Furfural

Synthesis of N2O5 Precursor 
of NO3

Reactions occurring in system for 
N2O5 production
NO + ½ O2 → NO2

NO + O3  NO2 + O2

NO2 + O3 → NO3 + O2

NO3 + NO2 → N2O5
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Chromatogram 
obtained by Td-GC-MS 
after complete reaction 
of 2-mf with NO3

Major pathway 1

Major pathway 2

Monitoring VOC concentrations:
 - Rate coefficient determination

- Yields of gaseous products

Analytical 
techniques
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Furfural

4-oxo-2-pentenal

Maleic anhydride

2(3H)-furanone,5-methyl

2(5H)-furanone,5-methyl

2(5H)-furanone,5-methyl,5-nitrate4-Oxo-2-pentenoic acid

Gas-phase product concentrations versus 2-MF reacted concentration

Time-profiles of 2-MF and gas-phase product concentrations

• k(NO3) determined by the relative rate method.
• Lifetimes calculated using [NO3] = 2 × 108 molecule.cm-3 (Brown et al., Chem. Soc. Rev., 2012) and 

[OH] = 2 × 106 molecule.cm-3 (Hein et al., Glob. Biogeochem. Cycles, 1997).

• Seeds of ammonium sulfate of constant initial particle number (~1.6 × 104 particles.cm-3) were injected to
enhance SOA formation,

• 7 experiments were carried out to measure SOA yields (YSOA) at increasing concentrations of 2-methylfuran
(270-1800 µg/m3)

αi and Y values are close  low-volatility organic 
products formed from the NO3 reaction of 2-MF are 
almost completely transferred to the particulate phase.
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• The two main pathways leading to the formation of the two major primary products (furfural and 4-oxo-2-pentanal) are H-abstraction from the methyl group 
attached to the furan ring and NO3 addition to C2/C5 of the ring, respectively.

• Furfural and 4-oxo-2-pentenal react with NO3 leading to the formation of secondary products.
• Maleic anhydride which was identified as biomass burning tracer can be formed from the H-abstraction of furfural by NO3.
• 4-Oxo-2-pentenal can undergo intramolecular rearrangement or H-abstraction leading to the formation of the corresponding secondary products.

Kinetic & product study at various 
temperatures in Thalamos Simulation 
Chamber (T= 233 - 373 K) for the reaction 
of methylated-furan compounds with 
NO3


