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INTRODUCTION AND CONTEXT OF THE STUDY 
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Gas, particles and cloud: global overview of the interactions 
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INTRODUCTION AND CONTEXT OF THE STUDY 

Focus on the cloud droplet: chemical reactions 

Gas 

Aerosol particles Activation 

Evaporation 
SOA 

Mass 
transfer 

VOCs 

CxHyOz 

Accretion 
(oligomers) 
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Functionnalization 
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• 1-10 mgC/L DOC in 
natural cloud water 

• 20% characterized 
Herckes et al., 2013 

Deguillaume et al., 2014 
Van Pinxteren et al., 2014 

CLOUD DROPLET 

Understanding of chemical composition, properties and 
reactivity  is essential for public health and climate 
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  Reasearch 
Goals:  

1 

Sampling and sample analysis 

Characterization of water dissolved organic matter  at the molecular 
level (Spatio / temporal variability) / influence of air masses, …   

Reactivity of organic compounds in cloud water 2 

3 Study the synergetic/ antagonistic effects of 
photochemistry/biodegradation 

FTICR (9,4 T) APPI 

ESI 

METHODS 

Impactors 

1464 m.a.s.l. 

puy de Dôme station  
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High Resolution mass spectral data processing 

Acquisition of FT-ICR 
MS spectra 

    
Data Filtering 

 SPE bkd subtraction 

 S/N <3 

 MD > 5 

Sequential acquisition 
(7 m/z  sequences) 

ComposerTM  
Data import (peak list m/z/ Intensity) 

Internal recalibration of the peak list / assign highly accurate m/z values 

Assign elemental compositions to each peak list and review of chemical 
class and component abundance 

Visualization of sample composition and comparison of samples through use 
of graph and tables 

Visualization 
of sample composition 

Van Krevelen diagram (commonly used to describe the chemical properties of aerosols) 

Comparison 
Sample molecular composition with  

Cloud physico-chemical parameters 

Air mass origin 

Photochemistry 

Microbial activity  

100 300 500 700 m/z 

METHODS 
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RESULTS 

100 200 300 400 500 600 700 800 900 m/z 

m/z 

FT-ICR MS spectra of cloud water collected on 010616 

N = 5260 

formulas assigned 

Extremely complex 

organic composition 

ESI FT/ICR MS spectrum (SPE background subtracted) from 01/06/2017 

 Typical distribution of negative ion signals 
covering m/z 100 – 800 Da  

 MS spectra complex, with high number of 
isobaric anions 
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RESULTS 
Molecular Class distribution 

Considerable contribution of sulfur containing organic compounds (in line with other 
studies of water soluble atmospheric aerosols)  

 

High abundance of nitrogen containing compounds (over ½ the compositional space) 

 

Four subgroups of molecular formulas determined based on their elemental composition 

 

% of assigned  

molecular formulae 
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Three groups of anions (decreasing ion intensity with MW) 

Similar characteristics to lab generated SOA samples (monoterpene accretion products) 

Clear pattern of Dm/z 14 Da  typical of NOM sampes 

Naturally occuring « CH2 » homologous series 

Kendrick mass defect plots 
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Reconstructed Ion Chromatograms 

RESULTS 
Kendrick Mass Defect,(-CH2) 

 All the alkylated derivate of a given compound have the same KMD. 

 Series range between 2 and ~ 20 molecular formulas « in length » (average 10) 

 Addition of –CH2 to the backbone does not necessarily lengthen the compound’s carbon backbone, 

but may appear anywhere in the molecular structure 

C9H13(CH2)nO6
– 

1 2 3 4 5 6 7 8 9 n =  

C10H15O6
– C9H9(CH2)6(H2)mO6
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 « CH2 » homologous 
series  

 « CH2 » homologous 
series  
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CHO CHON CHOS CHONS 

Van krevelen diagram by class for 01/06/2016 

RESULTS 
Van Krevelen diagrams 

 Presence of fonctionalized water-soluble condensed aromatic compounds 

 Consistent with those of 
biogenic SOA samples 

 Few condensed aromatic 
compounds (biomass 
combustion emissions, 
pyrolysis of wood lignin) / 
methoxyphenols have 
been reported in aqauous 
SOA (Sun et al. 2010) 

 Average O/C for CHO is 
0.34±0.20, lower than 
ambient rainwater (0.7±0.5 
Altieri et al. 2009) and 
clouds collected in Colorado 
(0.5±0.3), more similar to 
ambient AWSOC (0.4 ±0.2 
Mazzoleni et al. 2012) 

 But… maybe SPE bias against 
low MW, high 0/C compounds 

Most O/C < 0.5 similar 
to WSOC and fog 
AOM (Wozniak et al., 
2008; Mazzoleni et 
al., 2010; Schmidt-
Kopplin et al., 2010) 

 Sources of reduced 
CHNO: mainly  wood 
combustion emission 
or aqueous phase 
reactions like the one 
shown for glyoxal or 
methyl glyoxal with 
NH4NO3 (Galloway et 
al., 2009, Sareen et 
al., 2010) 

 High density in the 
« protein » like familly 

 High number of highly 
unsaturated CHOS 
compounds 

Most formulas are 
« compatible » with 
organosulfates (O 
content, low DBE values,…) 
probably originating from 
secondary reactions (with 
Sulfuric acid) 

 The reduced S-containing 
compounds may be from 
primary emissions 
(diesel?) 
 

 Similar pool of condensed, 
aromatic N and S 
containing compounds 

 Formulas are compatible 
with nitrooxy 
organosulfates 
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CHO CHON CHOS CHONS 

Van krevelen diagram by class for 01/06/2016 

RESULTS 
Van Krevelen diagrams 
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 Similar pool of condensed, 
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 Formulas are compatible 
with nitrooxy 
organosulfates 
 

 Condensed aromatics  
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CHO CHON CHOS CHONS 
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CHO CHON CHOS CHONS 
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CHO CHON CHOS CHONS 

Van krevelen diagram by class for 01/06/2016 

RESULTS 
Van Krevelen diagrams 

Van krevelen diagram by class for 02/07/2016 
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CONCLUSIONS ET PERSPECTIVES 

 > 5000 monoisotopic molecular formulae found for sample 01/06/2016 

    ~ 3000 molecular formulae found for sample 02/07/2016 

Complex organic compounds containing C, H, N, O, S with MW comprised between m/z 
50 and 700 Da 

- significantly more N-containing and S-containing compounds for 01/06/2016 

- Van Krevelen diagrams reveal more unsaturated components from 01/06/2016 sample  

Molecular composition determined by ultrahigh-resolution Fourier-transform ion 
cyclotron resonnance mass spectrometry provides unambiguous identification of the 
cloud water organic anion composition in the Puy de Dôme area  
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THANK YOU FOR 
YOUR ATTENTION… 

QUESTIONS ?  


