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Introduction Results and discussion Y
Molecular characterisation of unknown organic compounds is challenging, in particular : C L. . ‘
e . . . a-Pinene originating organosulfates .
the molecular identification of secondary organic aerosol constituents is extremely demand- e
ing due to their low quantities and high complexity of the sample matrix. The presence of 1007 ™™™ 3 Figure 4 shows an extracted ion chromato- . ..
multiple structural isomers and their complex structures often make the synthesis of refer- gram (EIC), drift times and fragmentation pat- ...
ence compounds very difficult, hindering a positive identification of these compounds. R terns for a-pinene originating organosulfates
Traditionally, chromatographic separation is coupled to mass spectrometry for the struc- 1 (CioH17055, m/z 249.0802) reported in Surratt et * *
al. (2008) and linuma et al. (2009). Peak 1 pro-

tural elucidation of unknown compounds in atmospheric aerosol samples. Chromatographic
separation provides information on the volatility or polarity of the unknowns and mass spec-
trometry provides their structural and/or molecular mass information. In particular, the appli-
cations of derivatisation GC/MS and HPLC/ESI-MS techniques in recent years brought signifi-
cant advances in our understanding of SOA constituent structures, leading to the identifica-
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duces a SO, radical (m/z 95.9), a characteristic
fragment for a tertiary carbon substituted or-
ganosulfates. Peak 2 produces only HSO, ion
(m/z 96.9), indicating that this peak corresponds

to a sedondary carbon substituted isomer.
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tlan of me.thyl.tetrols frcam isoprene oxidation (Claeys et al., 2004), trlcarboxy.llc acid from a- e Based on the modelled
pinene oxidation (Szmigielski et al., 2007), and structural proposals for various organosul- ._, . Retention Time (Mins) and measured CCS
7 s . 79.9547 , .
Iphates (Gomez-Gonzalez et al., 2008; linuma et al., 2007ab, 2009; Surratt et al., 2007, 2008) 100 o4 s "osao =% values, the peak 1 is
lon mobility spectrometry coupled to mass spectrometry (IMS-MS) is an analytical tool S 059585 1510002 24902852;1525 7%)/ 7<§ o waisso 12040 lIKElY @ 25, 35 structure.
. . . . ooy e . . . : 151.8198 ) -
which offers a rapid separation of molecules by their mobilities in the gas phase, hence their o L R estess Notatere0|somebr mfot;
11 1 H Measured MOBCAL estimated ma Ion Can e O -
collision cross-sections (CCS). The CCSs of the ions can be calculated through the measure-  reax> Cos i oosgn o Eork
: _ . . . ) ) f00, 969605 tained for the peak 2 as
ment of ion mobilities, and structural information of the ions can be obtained by comparison ; 7%)’ 7<§ w9190 03102 actimated CCSs agreed
with computer model estimated CCSs. Here we provide the results from the first application = gy 1112 249.0883 e e e vl || e (earE e
of IMS-TOFMS on molecular characterisation of monoterpene originating organosulfates and ob il 1% aeaon0g  Lasv0sdr - lysed nudeophilc additon of sufate to apnene oxide whic
. 75 100 125 150 175 200 225 250 275 300
nltrooxy—organosulfates. Figure 4. EIC (top), drift times (middle) and fragmentation data (bottom) for m/z 249.

b- Pmene orlgmatlng organosulfates

b-Pinen active uptake 1: TOF MS ES-
1 OO 7] 249 0.50Da
2.21e3

Figure 5 shows an EIC, drift times and fragmenta-

1 tion patterns for b-pinene originating organosul-
fates (CioH7,05S, m/z 249.0802) reported in Surratt et

al. (2008) and linuma et al. (20073, 2009). The peaks 1

is assigned to a primary carbon substituted organo-
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Instrumentation 6.3

Samples were analysed using an ultra performance liquid chromatography coupled to A sulfataand the peak 2 is assigned to a tertiary carlaon
. . . . £ substituted isomer based on the fragmentation
electrospray ionisation ion mobility spectrometry and quadrupole time-of-flight mass spec- s T Yy iyl VAP AN N
trometry (UPLC/(-)ESI-IMS-QTOFMS, Waters Synapt HDMS). Figures 1 and 2 show schematic 24 estimated CCSs for the peak 1. This likely originates
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from an H-bond between a sulfate and a hydroxyl

diagrams of the IMS-QTOFMS used in this study. , . .
S0 B e Tme i 02 *° group as the inclusion of H-bond in the model struc-

The drift times of ions in the REFERENCE SPRAY fo0,  96.9562 204 ture makes the estimated CCS values closer to the
: : Pl | O DREENS  TRIWAVE PR HEECHE E measured CCS.
ION GUIDE o
IMS are Ilnearly related to their =i e | . i ) 98.9500 149.0069, 172.8681 274.9177
mobilities. The mobility (K) of a swre s oo s ol vahbaadio nuiell ASSUN 2 1M S
gaS phase iOn iS deﬁ ned aS K —_ - ‘H‘"‘H‘“‘H‘: :L IH} - :‘H‘H‘"‘H‘""‘_"H‘H‘H‘H‘H"“'\H‘H‘H‘"‘H‘I = HH -HHH E O F,:Z?)kz 249.0780 32.7 OSgi‘l el —— ~TT%_coswintkpond (A T2 OHOSO_ cos () ocs (49 S
% = E :% 94.2 -4.4% 89.3 1.0% Eéﬁ 3 86.9 1.7%
u,/E where v, and E are the — n = = o 7005 %%H0  prome — 7030 . i »
. - - \ A 14 L 2 y 1 : ) - ! 0sos
d”ft VEIOC|ty and the GIECtr|C X \" ' | e Oj B} | ?7'9510 | ( - F/68.1145 } 247 0503(252_0979 - ﬁj 93.9 -4.1% 88.6 1.8% ﬁj 88.9 -0.6%
Zalld] reaamefvel. e rrels <= X A 75 100 125 150 175 200 225 250 275 300 D J
' P Y ¢ y i Figure 5. EIC (top), drift times (middle) and fragmentation data (bottom) for m/z 249.
is related to CCS as follows:
SYNAPT Nitrooxy-organosulfates (NOS) originating from monoterpenes
High Definition Mass Spectrometry ~ Seiffor 310808 PM1 -ve MS
100, g
where Figure 1. Diagram of Synapt HDMS

g: ion charge
m: mass of ion, m,: mass of buffer gas
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Figure 6 shows an EIC, drift times and fragmenta-

6 ° ° ° °
1o Ballermaiin censia From lon Source To TOFMS | tion patterns for _NOSS originating from monoter-
T: temperature 0 penes (C;oHsNO;S, m/z 294.0653) reported in linuma
N: buffer gas number density 3 @ et al. (2007a) and Surratt et al. (2008). Only a-pinene
Q: collision cross section ‘% ‘% 272 originating NOSs are compared in this study as no
1 g/
NT: T | ; 5 other monoterpenes are reported to produce atmo-
g = Niom N q | - Q nghm"bﬂ“y ton 2 spherically relevant NOSs so far (Surratt et al., 2008).
Electric Field : .
16 \m mp kT NQ seme e LOW mobility ion . _ _ _ Six peaks are observed in the EIC. Peaks 1-5 produce
Figure 2. Separation of gas phase ions in a drift tube o - " & o o &= SO, radical, suggesting a sulfate group at a tertiary
When the accurate T and N cannot be measured, ions of known CCSs can be used to cali-  reux- retention Time ({ins) carbon atom for these peaks (tNOS). Estimated CCSs
5 o 100~ 95.9527 1.61e3 .
brate the drift time measurements (Ruotolo et al., 2008). In the present study, CCS values ! gogtﬁ'_gs eSS we(ljl Vc\:"ég :cneacshured CES45 for the peaki
. : : < -5. The measure or the peak 4 is somewha
vailable for polyamin ids (Wyttenbach ., 1  Henderson ., 1 r for ! : : .
available for polyamino acids (Wyttenbach et al,, 1998; Henderson et al, 1999) are used fo OB ip 205055 2470800 pesosee  SMNAller than the others, inferring a Z isomer structure
the calibration of the instrument. Figure 3 shows a for this peak. Measured and estimated CCSs for NOS
#00 ~ | calibration curve used in this study. The correlation coeffi- 100 *> 9391 ¢ with a sulfate group at a secondary carbon atom
| : . : , ] 96.9597 sNOS) did not agree well (peak 6). Further study is
~ cient, R > 0.99, is sufficiently higher than the recom- = 75950 ( ) a9 (P ). P y
00 | . : TUTS g 2IB0S 20T needed to elucidate the structure of this peak.
— mended value of 0.98 in Ruotolo et al. (2008). Ol o R O
400 - (Gly)s y =198.77x"%% Peak 3
; | R?=0.9989 100 95.9530 S 42.9
300 i
Molecular modellin * Measured CCS (A
SRCE ° Gl LSO et posgsey [O7%805 ey wes s w7 oes ey
: ) | | | | Detailed protocol for CCS estimation reported by Ruotolo TORGAL et
) . 6 8 0 i Peak 4 MNOS ccs (49 SNOS ccs ()
' DT et al. (2008) is used in the present study. Briefly, CCSs are es- 100, %92 263 %D %D
_. Figure 3. W' as a function of DT'. Gly = ( ) . y % E o1 0045 25106965 o PR D eI
. . «glycine. Ala = Alanine. timated using open source software MOBCAL (Mesleh et al., ¢ = 7o.see | |
S . . 96.9582 1520138 2200804  252073% L NN <a M 9g8r07.7 o <§ O e87/100.1
L 1996). A molecular coordinate file that contains a structure | o—r—fr——r—t—r——rltrr 64 7 D 7 Nz
. LN - g Reduced mass ) i .
ae sy P of target compound is created using Maestro software "% 123
. g DT '= Measureddrift time- travelling timein TOFMS . . . A 1
T alies are comected for de-protonatect forms m the pre (Schrédinger, http://www.schrodinger.com/). A trajectory , . Summary
" 3% sent study. Differences in protonated and de- . . ot ] o
: STe rotonated G55 are smaller wan 1% Method is used to estimate CCSs. Lt gL oo%e0nN00Z 151005 aorer  so71sss  mStructural isomers with less than a few A2 CCS differ-
¢ " v '
. ence can be separated using IMS-TOFMS.
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