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Molecular characterization of organic matter in aerosol particles and in
cloud water — a high-resolution mass spectrometry study G
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Q Summary

 Ambient aerosol particles and cloud water droplets were sampled in parallel at a mountain site in Central Germany (Schmucke, August 2016)

« Samples were analyzed by liquid chromatography coupled to high-resolution Orbitrap mass spectrometry (full scan at R = 280k & ddMS<?at R = 70k)
 Aversatile non-target analysis workflow was developed for samples of atmospheric organic matter and applied to both sample types
* Alarge fraction of organic compounds was observed in cloud water samples only, suggesting aqueous-phase chemistry and gas-phase uptake to determine

largely the chemical composition of organic matter in cloud droplets

() Methods (®) Comparison and Overview

» Structural information obtained from : ,
L-T automated fragmentation by data-dependent Table 1: Overview and zlatrirples cloud water ﬁﬁmfu"nds \(l)vr;lt)érl'ns::ggldes
L, | | MS2 (ddMS2T5) ggmgz:ist;"nojftgﬁmd ey MUMber of compounds 1492 971 186 785
0 e 18tir?1e6 12180 oo 18tir?1e6 12189 » Quality control samples were added to and droplets and aerosol --CHO ra >o7 123 434
AN _— B account for shifts in instrumental particles. Despite longer --CAN 29 ° 0 >
| L performance and to assess the peak picking sampling times for aerosol -+-CHON 439 212 47 225
particles, a large number of - CHOS 15 J 1 8
—— data processing compounds was observed - CHONS ° | 1 !
08/1 E; 08:;2I 08/:, ?8::14 08/15 gzt/; Eisn028cﬂ ; 08/18 08/19 08/20 08/21 0822 Puleiliee] sl e Usiig HZine? only |:n clc_)u:_ wa;_ter - (PO-fC\?vrrl]tiilhnlgfg& contaiming 259 () 11 (3) 14.(0) 97 (3)
P2 (ADAP and CAMERA algorithms){1121(3] sampies, ihdicating tha N
Fig. 1: Sampling times of aerosol particles and cloud water. C : : aqueous-phase c.hemlstry X-containing (X =Cl Br.[) 15 0 0 8
» Customized formula assignment procedure altered the chemical average MW / Da 267 216 194 291
| | . to identify CHONSPX compounds, €.g., composition after average OS, _0.70 _0.50 -0.40 -0.53
Samp € ana ySIS _ H/IC=03.30/C=0..3S/C<1: nucleation scavenging of average Xc 1.298 1.083 0.979 1.107
» Cloud water samples were only filtrated prior to analysis N/C < 1: P/C < 0.3: X/C < 1 (X = Cl. Br, I: organic particles, orthata  organonitrates " 40 ” 1
 Aerosol filter samples were extracted in ACN/H,O - Ol ==l major fraction of organic (CHON with O/N 2 3)
- — minimum isotope score = 66% compounds is taken up organosulfates - 6 : .
. !Each sa_mple was :cneasured |r_1 triplicate by IéC-ESI/H_RMS . For ddMS? spectra, in silico fragmentation from the gas phase. ((iHOS V\gtg O/S 2 4)
in negative mode (fullMS at R=280k / ddMS2T5 at R=70k) oredictions and formula assignments from ?éﬁgﬁys th 015 27 0 8 ’ 7

« Randomized measurement sequence SIRIUS software packagell]

G Composition and Molecular Properties G Organic Compounds in Cloud Water Droplets Only

In contrast to numerous studies applying direct infusion

aerosol particles cloud water droplets ESI/HRMS for the analysis of atmospheric organic
a) 10 m 0. e matter,PI0IM the combination of LC and high-resolution
- b P r—— - 5103 06108 15 515 Orbitrap MS allows the detection of single compounds in the
. "& O/Crato TR O/Cratio two-dimensional RT — m/z space (i.e., isomeric and isobaric
B' & ol :!% mean log,,(C%) = 0.23 pg/m?3 i ol mean log,((C°) = 1.66 pg/m?3 Compounds are Separated by LC)
— = ¥ =
— AW, 2.09 ug/m3 for CHO; 3.35 pg/m3 for CHO; . . .
o N % _ 171 pgfm for CHON: 2 5 b .09 gl for CHON: Q After an automated untargeted peak picking, customized
\V 2 N > -0.77 ug/m3 for CHOS; > = -0.10 yg/m3 for CHOS; comboun : :
ol o e oo | af 580 pofm® for GHONS) ©, 0 e oo |4 '5.80 hofm® for GHON) 1492 eompounds 971 compounds — @lgorithms were used ’Fo assign molecular formulas to the
> g | . el I O g | oo Fig. 3: Number of total, common, and detected features. To find accurate molecular formulas, we
|| » cHos . O/C = 0.44 || » cros O/C = 0.59 - . - slightly modified the element heuristics suggested by Kind and
A DHONE . mean it = 1. A CHONS mean L/t = 1. unique compounds in aerosol particle and _ - _ )
200 v cp . 200 v cp cloud water droplets. Fiehn,!'“! reflecting elemental ratios and abundances, as well
) (. | | | | S | | | as chemical processes, in the atmosphere.
e 200 A0 e 80 0 200 400000 800 « Compared to the aerosol particle phase,
lecular weight / g mol lecular weight / g mol” : :
molecular weight / g mo molecularweight /g mo organic compounds detected only in a) 4o, By b) ,, |
| E— — loud water samples are o gsonas |
3| ) 3t ’ _ 5L ead 0/ C ratio 0 0306 09 1.2>15
0 0306 09 12>15 * 0 0.3 0.6 09 12 >15 ) — more volatile - 2 | O/ C ratio -
"G_') 2 v O/ C ratio . mean OS,, = -0.73 2t O/ C ratio . an OS. = 051 (average log,,(C°) = 1.58) < ; *:%R | | : .
o * . - V. (=) i N °® °
B 1 (for CHO only) i (for CHOConIy) — higher oxidized = TR, O
o 8 i @ i (average OS. = —0.53; © o co [ o ° PETLHIT
c| o ° OS. compared to o ° Jreeisstinse, OS. compared to average O/CC= 0 5.7) | S DA s 4 :
@) 1 " references in [4]: ! references in [4]: g ' 3 : g:gg e
—-— urban aerosol: -1.60...+0.1 : : ._ : ‘A 27
© ol biogenic aerosol: -0.9...-0.2 oL ;g;%ie;'_bo%g t0-0.7 — less aromatic 10| A gEONS
.-9 aged aerosol: -0.6...+0.6 WSOC il'.1 aérosol: 1.0 (average X.C = 1 1075 : oy ST
c>§ 37 3 88 aromatic compounds) A | | | ) | | | | | |
| | | | | | | | . : 0 200 400 600 30 25 20 15 10 5 0
-4 -4 _
40 30 20 10 0 40 30 20 10 0 smaller / more Ilghtwelght molecular weight / g mol™ carbon number
carbon number carbon number (average molecular weight = 221) c) d)
357 e 200
C) 55, 35 S a large fraction of organic o <25 carbon
2.5 A
25 Jl ) S compounds was likely taken up v s oygen
. > 2.714 o > 28 > 2.8 § 150
& .y mean Xc = 1.001 5 . 283 Mean Xc = 0.825 from the gas phase 0 « Sosm| S
. N . ° ® >20923 Q
O P | o o L2 2298 | - Remarkably, compounds detected in - £
"C_U' o Lz 378 aromatic 5 0®0000 © o o 109 aromatic both le t S 100
== compounds = M compounds O _Samp_e .ypes are even m(_)re _ & et X ©
o * (i.e., Xc = 2.5) * — (i.e., Xc = 2.5) volatile / oxidized / less aromatic / light- JARREE ) é
- : weight (see Table 1), indicating that less 7 N 2 s0f
© mean RDBE = 3.99 o mean RDBE = 3.25 : g ( ) 9 lm ®o°
‘ ° oxidized and larger compounds are 05F Wy v a
) rapidly reacting upon water
0 ' ' ' ' ' ' 0 ' ' '
— 0 — condensation and activation of particles 0 05 115 225 3 0 5 10 15 20 25
2.5 3 0 0.5 1 1.5 2 2.5 3 . . . O/C number of atoms / compound
0/C Into cloud condensation nuclei _ - _
d) Fig. 4: Molecular composition and properties of compounds
. 0T — | p—— » aqueous-phase chemistry was observed in cloud water samples only. a) Saturation mass
. - 350 oxygen 350 oxygen significantly changing the concentrations C%Dl versus molecular weight. b) OS. for CHO
_ Ol 230} 2 300 composition of organic particle compounds.[4 c) Aromaticity equivalents Xc.[l d) Carbon and
-‘5‘) 3 250! 3 250! phase components upon water oxygen distributions for the assigned molecular formulas.
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