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Supplementary Text

S1. Molecular compositions from the 15-T and the 21-T
FT-ICR MS

Overall, 63% of the total ion current could be assigned a
formula in the 15-T FT-ICR MS (Fourier transform - Ton
Cyclotron Resonance mass spectrometer) and 75% in the 21-

T FT-ICR MS. Formula error was centred at zero for both

mass spectrometers (Figure S2). The largest fraction of
assigned formulae belonged to CHNO species (~50%) in
both FT-ICR instruments with CHO species being a close
second.

Previously, for this aerosol mixture, using the FT-OTE
(FT — Orbitrap Elite) MS, Brege et al.! observed a continuum
of C in the detected species that extended from C; to Cys and
encompassed aliphatic, aromatic, and condensed aromatic
species with a continuous range of O atoms and DBE values
using (+/-)APPI and (+/-)ESI. Based on Al values, a
majority of species were identified to be olefinic in nature by
Brege et al.!, which was corroborated by both FT-ICR
instruments employed here. As per the 21-T FT-ICR
analysis, 14.68% of the species identified here were aromatic
or condensed aromatic, 18.41% were aliphatic, while ~47.56
and 19.33% (66.89% altogether) were low- and high-O
unsaturated, i.e., olefinic species. Similar distributions were
seen with 15-T FT-ICR analysis: 16.68% species were
aromatic or condensed aromatic, 23.01% were aliphatic,
while ~30% each (60.3% altogether) were either low- or
high-O unsaturated species. Generally, organic emissions
from anthropogenic and biogenic sources are rich in aliphatic
or olefinic species, including alkanes, alkenes, alkanoic and
alkenoic acids, etc. 3 that are effective precursors for the
formation of secondary organic aerosol. The substantial
fraction of aromatic species observed for the BBOA mixture
analysed here may be because of a strong interaction of this
aerosol with wildfires in the 48-hours preceding its
collection.

Average values of O/C, H/C, and DBE were 0.56 = 0.2,
1.19 + 0.3, and 9.38 + 4.4 from 15-T (-)ESI/FT-ICR MS
analysis and 0.46 £0.2, 1.20+0.3, and 10.38 + 4.8 from 21-T
(-)ESI/FT-ICR MS analysis. As described in the main text of
the report, the benefits of exceptional resolving power and
sensitivity afforded by the 21-T FT-ICR MS became obvious
only when species exclusively detected by it above the
signal-to-noise ratio were considered.

CHO species. Species constituting only C, H, and O
formed the second largest fraction of all molecular formulae
assigned to the BBOA sample by both instruments, but they
accounted for the most ion current as the tallest peaks
throughout the scan range belonged to the CHO group
(Figure 1). By 21-T analysis, the formulae assigned exhibited
a continuous range of oxygenation: O-O, with O,,, of 9.46
+ 3.9 (Figure S2). The highest C,, was noted for this
molecular group at 25.15 + 7.6 with the number of C atoms
per molecule ranging from 6 to 41 (Figure S2). The O/Cyy,
and H/C,,, of all CHO formulae were 0.40 £ 0.2 and 1.22 +
0.3. Their DBE also covered a wide range from 1 to 23 with

the most ion intensity originating from species with DBE of
6-12 (Figure S2) and DBE,,, of 10.80 = 5.0. The intermediate
DBE values were supported by Aljoqave 0f 0.30 = 0.2, which
indicated most species to be olefinic (Figure S9).

Molecular species observed at m/z values >400 are

considered to be an indication of oxidative ageing and/or
oligomerisation of atmospheric aerosol.? However, owing to
the isomeric complexity of BBOA, the formulae assigned
cannot be used to guarantee the presence of
oligomers/chemical species commonly present in BBOA and
only putative deductions can be made. For instance, most
direct products of cellulose pyrolysis are CHO compounds,
such as levoglucosan (C¢H;(Os, 162.052824 Da)* 5 and
cellobiosan (C1,H,00g, 324.105649 Da). Levoglucosan is a
particle-phase marker of biomass burning, and the formula
corresponding to it was observed only in 15-T FT-ICR MS
analysis with 3% relative intensity. It was outside the m/z
range covered by the 21-T FT-ICR MS, where the smallest
analyte ion was observed at 182 Da. The molecular formula
denoting levoglucosan’s dimer, cellobiosan, was detected
only by the 21-T FT-ICR MS with 4.0% relative intensity.
Other pyrolysis products of lignin include syringol (CgH;,03,
154.062995 Da), guaiacol (C;HgO,, 124.052430 Da)’,
vanillic acid (CgHgO,4, 168.042260 Da), syringaldehyde
(CoH 19Oy, 182.057910 Da), and syringic acid (CoH;(Os,
198.052824 Da)?. In the 15-T FT-ICR MS, these formulae
were assigned to peaks with relative intensities of 0.0 (not
detected), 0.0, 9.0, 7.6, and 6.6%, while in the 21-T FT-ICR
MS, we recorded only the peak corresponding potentially to
syringic acid with 9.7% relative intensity. Although
molecular formulae for syringol and guaiacol were not
detected by either instrument, molecular formulae
corresponding to their dimers (C;4H;306; 306.110340 Da and
C14H 14045 246.089210 Da), trimers (CpHp609; 458.157685
Da and C,HyOe 368.125990 Da), and tetramers
(C32H34012; 610.205030 Da and C28H2608; 490.162770 Da)
were detected by both instruments. Relative intensities
recorded by the 21-T FT-ICR MS for the aforementioned
species were quite high at 37.7, 27.7, and 6.1%. Relative
intensities for peaks that were assigned formulae
corresponding to guaiacol oligomers were similarly
substantial at 21.4, 22.9, and 11.67%. A pentamer was
potentially detected only for guaiacol (C;5H3,04;
612.199550 Da) exclusively by the 21-T FT-ICR MS at 2.0%
relative intensity.
CHNO species. We assigned 5022 N-containing formulae in
total, i.e., the largest fraction of all formulae assigned, by 21-
T FT-ICR MS analysis. These formulae belonged to 41
heteroatom classes: NOz-Nolg, N203-N2016, and N304-
N;0,3, where the number of formulae assigned to each class
decreased in the order listed (Figure S2). The majority of
formulae assigned were concentrated between DBE values
of 7 to 16. The average O/C was 0.45 + 0.2 and H/C,,, was
1.17 £ 0.2 for the CHNO molecular group. Previously,
BBOA has been reported to be rich in CHNO species’- 8.
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The CHNO species identified in this BBOA mixture with
the 21-T FT-ICR MS was predominantly low-O olefinic
compounds (Figure S9). The species with N, comprised a
considerable fraction of aromatic species, which were likely
nitroaromatic compounds previously reported to be present
in tar balls®. Aliphatic and condensed aromatic species were
present, but only sparsely. Average O/N values of 7.91 + 4.1
and a minimum of at least two O atoms per CHNO molecule,
along with a high average number of O atoms per molecule
(9.76 £ 3.3), indicated these compounds to comprise organic
species with up to three nitro (-NO,) or nitrate (-ONO,)
groups along with other O functional groups. It must be noted
that the elemental ratios alone are not sufficient to draw
conclusions about the presence of these functional groups.
However, reasonable inferences can be drawn based on
findings of fragmentation studies on atmospheric organic
acrosol that have reported a loss of HNO;'% ', HNO,, and
NH; from BBOA . There were 43 CHNO species with three
N atoms, whose O/N values were <2, i.e., they had an
insufficient number of O to have -NO, or -ONO,
functionalities. Considering that the N;O, class was detected
exclusively by the 21-T FT-ICR MS, these compounds may
likely have low ionisability or were minor constituents of the
sample, which caused them to remain undetected in the 15-T
FT-ICR and FT-OTE instruments. Their DBE values ranged
from 7 to 12 and they were mostly classified as olefinic
species with a small proportion of aromatic species. They
could be unsaturated species containing reduced N, for
instance, amine (-NH3) or azo (-N,) functional groups, with
at least one other polar functional group as speculated
previously in water-soluble organic aerosol®. They could also
be aromatic species, such as phenols, naphthalenes, or
benzoic acids, substituted with nitroso (-NO) groups.

CHOS species. The 21-T FT-ICR MS detected 190 CHOS
species with much lower intensities than CHNO and CHO
species. The number of O atoms in these compounds ranged
from 5-12 with O/S,,, of 7.61 £ 1.5. Figure S3 shows the
distribution of formulae belonging to these molecular groups
across O,S; classes. These species had very low overall
Alnogavg 0f 0.06 £ 0.5 and DBE,,, of 3.2 + 1.8 suggesting
them to be very saturated and highly oxygenated. This was
supported by the O/C,,, and H/C,,, of this molecular group
being 0.70 £ 0.3 and 1.64 + 0.2, both of which are much
higher than average elemental ratios for CHO and CHNO
groups (Table 1). Willoughby et al.? attributed aliphatic,
oxygenated CHOS species in aerosol to the co-emission and
reactions of sulphate (SO,) aerosol with carbonaceous,
hydrogen-saturated aerosol. It must be noted here that 15-T
FT-ICR MS detected almost twice the number of CHOS
species (n = 355) with the same overall elemental ratios, but
relatively higher unsaturation (DBE,, = 4.0 £ 2.6 and
Alpodave = 0.12 £ 0.6). These CHOS species were present
from m/z 200-450 (Figure S7). In both FT-ICR instruments,
low levels of unsaturation, O/S of >4, and a minimum of five
O atoms per CHOS molecule imply S to be present as organic
sulfonates (-SO;) or sulphates (-OSO;) with other O-
containing functional groups. The neutral loss of these
functional groups as SO;, SO,, and H,SO, has been reported
in literature!® 11,
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Supplementary Figures
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Figure S1 Backward trajectory of wind plumes extending 48-hours from the time of sample collection. The trajectory was
modelled using the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) at 350, 1000, and 2000 m above

ground level and overlaid on fires and thermal anomalies (day and night) curated by NASA Worldview from
Aqua/MODIS, Terra/MODIS, Suomi NPP/VIIRS for the same period.
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Figure S2 Error distribution of molecular formulae assigned to species detected by (-)ESI analysis with 15-T and 21-T FT-
ICR mass spectrometers.
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Figure S5 Phosphorus content by atomic percentage in organic aerosol sample detected from spectromicroscopy analyses.
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Figure S11 Reconstructed mass spectra at nominal masses: m/z 305, 401, and 505. In all panels, the top spectrum was
acquired from 15-T FT-ICR MS and the bottom spectrum from 21-T FT-ICR MS. The spectra have been zoomed-in equally
on both sides to aid visualisation, particularly for 15-T that had lower S/N at higher m/z. Species belonging to O, class are
pinpointed with their neutral formulae. Formulae outlined in green were detected by both instruments, while those in red
were detected only by the 21-T FT-ICR MS. Black peaks represent unassigned species.
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Figure S12 Reconstructed mass spectra of organic aerosol from (-)ESI analysis with 15-T (top) and 21-T (bottom) FT-ICR
mass spectrometers. Peaks are coloured by the molecular group of the formula assigned to them. Grey peaks in the
background are unassigned, below the S/N threshold, or contaminant (present in the blank with high relative abundances)
peaks. Abundances in both mass spectra were normalised to the abundance of the tallest peak assigned a formula. As some
very dominant peaks in the 15-T FT-ICR MS analysis were unassigned (shown in grey), their normalised abundances were
>1.
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Supplementary Tables

Table S1 Recalibrant series used to correct systematic bias in the exact masses of ions measured by (-)ESI FT-ICR MS

analysis
. . Average formula error Average formula error of Average formula error of final
Recalibrant series used of vreli%ninar “C H. and preliminary C, H, and O- formula assignments, including
P mary £, ¥, containing formulae after C,H, O, N, S, and/or P-
O-containing formulae . i
Oxygen correction of mass containing formulae
class (ppm) (ppm)
09 8
o7 6
06 7
09 9 0.76 (15-T) 0.07 (15-T) 0.08 (15-T)
-H o7 7
(deprotonated) 010 11 0.71 (21-T) 0.03 (21-T) 0.04 (21-T)
05 5
015 17
0Ol6 15

Table S2 Summary of bulk chemical metrics based on molecular formulae assigned to the organic aerosol sample. Here
averages and standard deviations weighted to normalised abundance are presented, while the number average and standard
deviations are presented in Table 1.
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15-T FT-ICR MS

All MF 6053 0.58+0.2 1.13+0.3 831+3.6 363.17 £ 113.9 0.061 £ 0.04 0.33+0.5

CHO § N 5 2618 0.54+0.2 1.08+0.3 8.52+3.5 34589+ 1144 0.061 £ 0.04 0.35+0.2
CHNO 9 =N S 3080 0.62+0.2 1.18£0.3 8.60 +4.0 402.52 £ 105.2 0.062 = 0.04 031+0.8
CHOS 355 0.89+0.3 1.58+£0.3 3.11+£19 282.87+61.4 0.069 = 0.04 0.12+0.7

21-T FT-ICR MS
All MF 10533 | 0.44+0.2 1.19+£0.3 9.80+£4.0 428.14+112.0 0.025 £ 0.02 0.30+0.2

CHO 4629 041+0.2 1.20£0.3 9.54+£4.0 416.48 £ 114.0 0.023 £0.02 031+0.2
CHNO = a Ey 5022 0.46+0.1 1.13+£0.2 11.00+3.5 454.03 £ 105.4 0.027 £ 0.02 0.32+0.2
CHOS E g 2 190 0.75+0.3 1.66 £0.2 293+1.6 308.02 £ 63.8 0.022 £+ 0.02 0.04+0.4
CHOP 488 0.85+0.2 1.77+£0.2 349+2.1 450.63 £62.2 0.079 £0.04 0.00

CHNOP 204 1.03+0.2 1.79+£0.2 3.66+1.8 441.40 £ 56.6 0.078 £0.04 0.13+1.3

“aNumber of formulae assigned to monoisotopic peaks with '2C, 'H, '°0, “N, 32S, and 3'P only.
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