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Supplementary text
HR-MS analysis and instrument settings.

To minimize the well-known “matrix effects” during the HR-MS analysis processes, a widely used method
is adoption the same carbon concentrations for analysis.(Jiang et al., 2021; Kellerman et al., 2014) Here,
filters with same OC contents (~50 pg C) were punched and extracted with the mixture of methanol and
dichloromethane (v:v=1:1) to obtain the polar and less-polar OC fractions in the OAs. The combined extracts

were then filtered and concentrated, stored in -20 °C before further analysis.

A high-resolution Q-Exactive Orbitrap mass spectrometer equipped with a heated ESI source (Thermo
Electron, Inc.) were used for the molecular composition analysis . As indicated in many previous studies, the
ESI technique is focused on the analysis of polar compounds, such as acid, alcohol. Furthermore, the
difference in the operation modes of negative and positive modes for these ionization techniques also
influence the detected compound composition, because previous studies have shown that the compounds
detected in negative modes always have higher oxidation degree than that of positive (Hoffmann et al., 2011;
Jiang et al., 2018; Laskin et al., 2018). That means the compounds detected in negative are more oxidized,

while a large number of reduced compounds could be identified in the positive modes.

Samples were directly injected through a syringe at a flow rate of 5 uL/min, and an average mass spectrum
of 5 min detection was obtained. The sources were operated in both negative and positive modes using spray
voltages of 3.2 kV and 3.5 kV for ESI- and ESI+ at vaporizer temperature of 350°C, and spray currents of 10
pA and 5 pA for APCI- and APCI+ at vaporizer temperature of 400 °C, respectively. Mass spectra data

acquired in all modes was set in the range of m/z 90—800 with a mass resolving power of 120000 at m/z 200.

All the mass peaks with a signal-to-noise ratio (s/n) higher than 4 were exported using the Xcalibur software
(V2.3, Thermo Scientific), and subsequently processed via an open-source R package of MFAssignR to
obtain the elemental compositions (Schum et al., 2020). Before the formular assignment, all mass peaks were
recalibrated with a series of OxHy compounds auto-selected by the function “recalibrate” in DOMAssignR.
The final mass peaks obtained in the negative modes were assigned to the form of CxHyO1:30No-5S¢-2 with
several restrictions, H/C: 0.3-3; O/C: 0-2.5; DBE—O (double bond equivalents minus oxygen count): —20-25.
For the mass peaks obtained in the positive modes, O number allowed to be absent, and [H]* or [Na]* adducts
were allowed to be present. Then, all the assigned formula can be classified into 4 groups (CHO, CHON,
CHOS and CHNOS) based on the elemental composition for the negative modes, and additional groups of
CH, CHN, CHS and CHNS can be determined in the positive modes. Molecules presented in the blank sample

were all subtracted from the samples.

HR-MS data analysis and aromatic compounds classification
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A series of elemental ratios (e.g., H/C and O/C), double bonds equivalent (DBE), modified aromatic index
(Almoa),(Koch and Dittmar, 2016) aromaticity equivalent (X.)(Yassine et al., 2014) were calculated according

to the equations reported in previous studies. The DBE and Almoqcan be calculated as:
DBE = (2¢t+2-h+n)/2
Almoa=(1+c-0.50-s-0.5h)/(c-0.50-s-n)

Where c, h, o, n and s represent the carbon, hydrogen, oxygen, nitrogen and sulfur atom numbers in the
assigned formulae. Noted that the Almea could be set to 0 if (c-0.50-s-n)<0 or Alm.<0. It is usually believed
that a compounds with Alm.g higher than 0.5 may therefore contain a benzene ring, and Alm,q higher than
0.67 suggest the compounds may have condensed aromatic compounds. As mentioned earlier, the Almoq cutoff
could not identify the aromatic compounds effectively if it contained long-chain alkyl groups. In this study,
due to the abundant cyclic structures containing in cellulose and hemicellulose, both DBE and Alm.a are
insufficient to determine whether benzene-ring structures are present in the combustion products. And thus,
the modified index of aromaticity equivalent (X.) was also applied here and combined with the usages of
Almod thresholds to identified the benzene-ring containing aromatic compounds. The X. can be calculated

using the following equation:
X¢.= (3[DBE - (mxo0 + nxs)]-2) / (DBE-(mxo0 + nxs))

Where m and n correspond to the fraction of oxygen and sulfur involved in the m-bond structure of the
compound, respectively. If DBE <(mxo + nxs), then X.=0 is assumed. For chemical classes including
alchohol, ether, sulfide, disulfide, sulfinic and sulfonic acids, m=n=0 should be used. And for chemical classes
including carboxylic acid, ester and nitro, m=0.5 was adopted. Here, as mentioned in previous study, a
m=n=0.5 was used here to minimize the complexity of the calculation, which is consistent with the
calculations for biomass burning adopted by the authors who have proposed this index. A value of X>2.5000
was supposed as the unambiguous minimum criterion for the presence of an aromatic structure. Xc>2.7143,
2.8000, 2.8333, 2.9231 were considered as the thresholds for molecules containing cores of naphthalene,
anthracene, pyrene and ovalene, respectively. Notably, the only use of X, criteria may also lead to the loss in
identification of benzene-ring containing aromatic compounds, such as methoxyphenol (Xc=2.33).
Therefore, those compounds with Ale>0.5 but Xc<2.5 were also included in the main text analysis parts. It
should be also mentioned that the compounds with Alin,e>0.5 but Xc<2.5 are all composed by the compounds
having carbon number lower than 14, therefore the compounds with Almeq in the range of [0.5, 0.67] can
therefore have 1 benzene-ring. And the compounds with Aly0e>0.67, but C number in the range of [6,10]
could also be classified in the 1 benzene-ring compound group. The other compounds with Alme¢=>0.67 could

be all classified in the 2 benzene-ring compound group.

Nevertheless, the aromatic compounds screen out using these criteria may not all contain aromatic rings,
which means that the proportion of aromatic compounds may be overestimated. An important possible reason

for this overestimation is that Alm.q or X, index cannot distinguish between benzene rings and compounds
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with multiple rings. Especially in the OAs form the combustion of cellulose and hemicellulose, polymeric
structures with multiple pyran rings are likely to be identified as having a benzene ring structure during
analysis. Given that the complexity in the molecular composition of aromatic compounds, the workflow

describe above still was a simple and effective method for aromatic compound classification.
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Figure S1. Fuel structures, combustion, dilution and sampling system used in this work.
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Figure S2. The molecular distribution of CHON— and CHON+ compounds with the number of nitrogen

atoms.
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Figure S3. Classification of CHON— compounds into different subgroups according to the number of N

and O atoms in their molecules.
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Figure S4. Classification of CHON+ compounds into different subgroups according to the number of N

and O atoms in their molecules.
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Figure S5. Venn diagrams showing the relative distributions of all CHON formulae present in OAs from
the TMBC:s at the IGT of 400 °C, 600 °C and 800 °C, respectively. Percentages in areas of overlap are
formula number percentages of CHON compounds that appear in the corresponding samples. Percentages

in areas with no overlap are unique to that individual sample.
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Table S1. The intensity-weighted average values of atoms number, elemental ratios, molecular weight

(MW), double-bond equivalents (DBEs) and aromaticity index (Almod and Xc) for the CHON compounds.

Cellulose Hemicellulose Lignin

400°C _ 600°C_ 800°C 400°C 600°C 800°C 400°C 600°C 800°C

Modified combustion - ¢9 (97 098 096 084 092 092 095  0.99

efficiency (MCE)
Formula - 5,0 996 680 396 565 808 894 774 1042
number

CHON- F"g/‘;ﬂa 14 39 27 15 25 34 40 41 53
Intensity
o 1.3 12 11 1.5 52 18 14 60 52
Formula 500 505 333 451 332 300 1098 946 455
number

CHON+ Fog/‘:;ﬂ"‘ 24 38 34 29 28 34 48 45 30
Intensity
o 43 8.1 69 34 55 8.4 29 32 1
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Table S2. The intensity-weighted average values of atoms number, elemental ratios, molecular weight

(MW), double-bond equivalents (DBEs) and aromaticity index (Almodand Xc) for the CHON- compounds.

Cellulose Hemicellulose Lignin

400°C 600°C 800°C 400°C 600°C 800°C 400°C 600°C 800°C

MW* 347 267 261 324 261 241 253 192 255

Cc* 1334 11.76 1238 12.17 11.83 11.10 11.99 7.98 10.80
H* 13.83 1220 9.42 13.33  12.02 1042 12.66 7.95 8.50
O* 9.31 599 487 890 561 478 489 458 592
N* 1.73 1.24  1.82 1.58 1.19 1.47 1.27 1.04 1.54

MW* 347 267 261 324 261 241 253 192 255
o/C* 0.76 054 045 0281 052 047 045 059 0.60
H/C* 1.07 1.04  0.83 1.16 1.02  0.95 1.05 099 0.81
N/C* 0.16 0.12 0.17  0.15 0.12  0.15 0.12 0.14  0.16
O/N* 6.91 535  3.25 7.01 5.03 3.81 4.08 447 443
DBE* 829 729 957 730 742  7.63 7.30  5.53 8.32
DBE/C* 0.63 0.64 077 059 065 0.71 0.64 070 0.78
nOer™ 5.84  3.50 1.24 574  3.23 1.83 234 249 284
Almoa®* 035 043 0.61 0.31 0.47  0.55 047 048 0.60
Xc* 1.67 237  2.56 1.63 236 249 242 236 249
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Table S3. The intensity-weighted average values of atoms number, elemental ratios,
molecular weight (MW), double-bond equivalents (DBEs) and aromaticity index (Almod
and Xc) for the CHON+ compounds.

Cellulose Hemicellulose Lignin

400°C  600°C  800°C 400°C 600°C 800°C 400°C 600°C 800°C

MW#* 373 337 288 345 348 316 306 385 291

Cc* 18.66 1731 1454 16.70 18.59 16.74 18.16 23.88 15.08
H* 25.56 23.84 22.05 2336 2744 22115 2389 32.08 22.83
O* 6.01 513 431 578 462 438 264 272 4.05
N* 1.94 1.67 1.57  2.02 1.66 1.61 1.56 1.57 1.59

MW#* 373 337 288 345 348 316 306 385 291
o/C* 044 041 0.41 0.43 0.37 0.4l 0.18 020 0.34
H/C* 1.32 1.33 1.47 1.34 1.41 1.43 1.31 1.33 1.51
N/C* 0.19 0.15 0.17 0.18 0.16 0.15 0.11 0.11 0.14
O/N* 370  3.97 3.4l 3.58 3.45 3.21 1.92  2.07 290
DBE* 7.85  7.22 5.30 7.03 6.70  7.47 8.00 9.63 5.46
DBE/C* 0.51 0.50  0.46 0.51 046  0.45 048 046  0.40
nOef™* 2.12 1.79 1.18 1.73 1.30 1.16 -049 -042 0.87
Almoa®™  0.31 027 0.23 0.31 0.23 027 036 034 0.23
Xc* 1.58 1.99 1.92 1.71 1.95 1.90 254 252 1.72
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Table S4. The intensity-weighted average values of atoms number, elemental ratios,
molecular weight (MW), double-bond equivalents (DBEs) and aromaticity index (Almod
and Xc) for the CHON compounds.

Cellulose Hemicellulose Lignin

400°C  600°C  800°C 400°C  600°C 800°C 400°C 600°C 800°C

Formula 570 g06 407 345 475 484 590 614 8§33
number

CHON-  O/N>3 FO(";}:)“IE“ 83 81 59 87 84 60 66 79 80
Intensity

(%) 75 83 56 87 89 71 76 96 80

Formula 550 334 166 283 185 137 368 401 213
number

CHON+ O/N >3 F"(rj/‘:)“la 65 66 50 63 56 46 34 0 47

Formula 65 57 56 52 50 20 31 42
(%)

Formula ) 453 s 13 st 36 123 117 39
number

% of total
CHON+
Common CHON % of
compounds with CHON+
O/N >3 with O/N
>3
% of total
CHON+ 1.8 27 19 4.4 9.5 7.7 10 7.9 5.4
intensity

6.0 46 31 4.6 28 26 33 29 18

3.9 30.3 15.6 29 15.4 12.0 11.2 12.4 8.6
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Table S5. The most 50 intense aromatic CHON— compounds detected in the organic aerosols from the

cellulose combustion at 400 °C, 600 °C and 800 °C.

400 °C 600 °C 800 °C
Formula Ring RI% Formula Ring RI% Formula Ring RI%
number number number

CeHsNO4 1 17 C;HsNO 1 6.1 CsHsN-O 0 4.4

CoHsN>,O 2 14 CsHsN-O 1 11 C4Hs5N303 0 2.2
CoH1oN2O 1 14 CeHsNO4 1 100 CesHsNO4 1 59

CoHyNO, 1 87 CoH10N>O 1 5.8 C7H7NO4 1 31
CioHsN>O, 2 43 CoHoNO, 1 12 CsHsNO4 1 5.2
CioH10N203 1 41 CsHoNO3 1 6.8 CyoHgNO3 1 1.7
CoH4N20s 2 100 C;7H7NO4 1 77 CoH1i1NO3 1 1.8
C1iHiiNO4 1 17 CsHsNOs 1 43 CsHoNO4 0 9.3
CsH11NOg 0 26 CioHi10N2O 2 5.8 C7H9oN;03 1 16
C12H9NOs 2 11 CsHoNO4 0 70 CsHiiNO4 0 1.7
CecHaN2Og 0 17 C;H;NOs 0 51 C1oH7NO; 2 1.7
CsH12N>0O9 0 18 CoH7NO4 1 6.2 CioHoNO; 1 1.8
C7H10N2O1 0 33 Ci1oHiiNO; 1 7.4 CoH7NO4 1 9.1
CisHsN2O4 5 10 CoHoNO4 1 8.5 CoHgNO4 1 3.0
C12HsN4O 2 11 CoH1i1NO4 0 22 CsH3N30s 1 3.1
CoH1uN,O1y 0 14 C4HoNOg 0 13 CoH11NO4 0 1.8
CioHisNOw, 0 11 CsHoNOs 0 18 CioH9oNO4 1 6.2
Ci9H13N303 4 13 CsHi3NOs 0 6.3 Ci1oHiiNO4 1 2.8
C13H11N504 2 11 CioH19N,05 1 14 CoH190N204 1 1.8
CisHsN2O7 4 12 CioHoNO4 1 7.3 CioH13NO4 0 1.6
CuHi7NOy; 0 17 CioHiiNO4 1 8.9 CoH4N,Os 2 3.1
Ci14HisNOy 1 10 CyHyNOs 1 6.8 CuiHiuNO4 1 2.6
Ci5HeN>Os 3 27 CioH13NO4 0 6.4 CioHoNOs 1 1.7
Ci2HisNOy 0 12 CoH1NOs 0 15 Ci2H/NO4 2 1.8
C7Hi6N2014 0 11 CoH4N,Os 2 37 CioHsN2Os 2 6.3
CisHsN>Os 3 11 CuHiuNO4 1 8.8 Ci2Hi3NO4 1 1.6
CisHsN>Os 3 19 CioHoNOs 1 6.2 Ci0HoNOg 1 1.8
Ci3H4N4Oo 3 18 CioHuNO:s 1 8.4 CioH12N20s 1 1.8
Ci6H20N20s 1 22 CioHi3NO:s 0 6.6 CsH7N30¢ 1 23
Ci2H19NO1» 0 85 CuHiNOs 1 10 CioHiiNOg 0 24
CisHisNOyo 1 11 CioHoNOg 1 7.2 C7HsN50; 1 2.7
Ci2H17NO13 0 26 Ci1iHi3NO:s 1 6.7 CuH/N;04 2 2.0
Ci2Hi19NO13 0 43 CioHiiNOg 0 7.2 Ci2Hi3NO:s 1 24
C20HsN>O4 5 12 Ci2Hi3NO:s 1 6.8 CisHoNO; 4 59
CisH21INOy 0 11 CiuiHiiNOs 1 8.4 Ci3HoN304 2 2.3
Ci4H1oNO1» 0 11 CiuiHi3NOg 0 8.9 Ci7HuNOs 4 3.1
CyyHuNO; 7-9 13 Ci2H13NOs 1 9.7 CisHoNO; 4 1.9
Ci7H19NOyo 1 13 Ci2Hi5sNOs 0 6.1 Ci3HiiN3Os 2 2.0
CisHioNOy 0 15 Ci3Hi3NOs 1 5.8 C21Hi10N2O 6 5.9
Ci4H19NO13 0 18 Ci2Hi3NOy 1 6.7 Ci6HsN>Os 4 3.0
C1(,H19NO12 0 18 C12H15NO7 0 5.9 C20H11NO3 5 1.8
C2oH1aN204 4 19 Ci3HisNOy 1 6.1 Ci5H7N306 3 34
C1(,H21NO12 0 11 C15H15N06 1 5.8 C15H6N207 3 2.5
CisH21INO13 0 13 Ci4sHisNOy 1 5.8 Ci4sH7N30O4 3 2.3
Ci4H21NO14 0 33 CisHisNOy 1 6.2 C2HiNOs 6 1.8
C3H10N4017 0 27 C15H17NO7 1 5.8 C15H5N30g 3 2.5
C12H6N2017 0 10 C16H17N08 1 58 C20H10N205 5 13
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CisHx3NO13 0 15 | CioHi7NOs3 0 5.8 Ci5HsN3O9 3 1.8
Ci7H23NO 14 0 10 Ci7H17NOs 1 6.0 Ci9HyoN306 4 100
CisHasNOss 0 11 Cy7H41INOy 1 11 CsHisN3O14 0 2.1
Table S6. The most 50 intense aromatic CHON+ compounds detected in the organic aerosols from the
cellulose combustion at 400 °C, 600 °C and 800 °C.
400 °C 600 °C 800 °C
Formula Ring RI% Formula Ring RI% Formula Ring RI%
number number number
CsHsNO 0 3.3 CsHsNO 0 21 CsHsNO 0 11
CsH/NO 1 2.1 C¢H/NO 1 17 C4HeN,O 0 4.7
C7HisNO» 0 7.0 CsHgN20, 0 4.5 CsHeN,O 0 11
CsHeN4Oq4 0 41 C7HoNO 1 4.7 C4H/NO, 0 6.9
C7H1sNO,4 0 16 CsHsN2O, 0 6.9 C¢H/NO 1 45
CioHioN203 1 10 C7HoNO» 0 4.1 CeHsN,O 1 20
C12HsN20; 3 7.1 CsHsN2O, 1 5.8 C7HoNO 1 8.6
CioHsN;304 2 6.0 CiHiNO 2 4.4 C7HoN>O 1 9.9
CisHsNO, 4 2.5 CeHiiNO4 0 5.4 CsHsN2O; 0 19
CoH19NOs 0 3.8 CsH1oN20s3 1 6.6 CsH1oN202 0 13
CsH10N4Os 0 5.1 CsHgN4Oq4 0 47 CsHsN2Os3 0 8.4
CisH7N30 4 3.0 C4HoNOg 0 8.6 CoH1INO» 1 6.6
C7H9N30; 0 3.0 CsHi3NO;s 0 19 CsHioN>O» 1 4.7
Ci16HyoN30, 4 2.5 CoH5NOs 0 20 CsH12N»0, 0 4.7
CiiHi9NOs 0 2.2 CoHi5NOg 0 4.1 CsHoNO4 0 4.7
Ci5H22N404 1 2.1 CoH7NOs 1 20 CoHsN>O, 1 11
Ci1Hi14N4Os 0 2.2 CoHoNO; 0 5.3 CeHi11NO4 0 8.1
CisH37NO4 0 3.7 CsHi2N4Oy 0 8.2 CoHioN20> 1 4.7
Ci13H11N503 4 6.4 C11H7NOg 0 5.1 CoH12N>0, 1 5.3
CsH1,N4O1n 0 5.0 C11H5sNOg 0 4.3 CgH10N»O3 1 5.2
Ci9H39NO4 0 11 CisHisNO4 2 4.0 CsHeN4Oq4 0 26
C20H41NO4 0 2.7 Ci2Hi5sNOs 0 6.7 C7HisNOg4 0 18
Ci4HisNOy 1 2.7 CuHi7NOy 0 4.5 C4HoNOg 0 24
CsHi14N4O13 0 2.5 Ci2HisNOy 0 7.0 CioHi3NOs 1 5.5
C20HsN>Os 6 3.3 Ci2HisNOy 0 14 CsHi3NOs 0 41
C20H39NO:s 0 2.7 Ci5HisNO:s 2 4.5 CoHisNOs 0 25
C20H41NO:s 0 4.1 C20H21N;0 4 7.5 CoH7NOs 1 18
CisHi12N204 3 2.8 Ci3Hi9NOy 0 52 Ci1iHisNO:s 0 6.5
Ca3Hy7NO; 0 2.2 C2oHpsN3;0 4 8.3 Ci1iHi7NO:s 0 6.4
C21H41NO:s 0 3.7 C2oH2sN30s 3 4.2 CioHi5sNOs 0 7.8
C21H41INOy 0 7.0 Ca3H2/N30, 3 13 Ci2Hi7NO:s 0 6.5
C20H12N207 4 2.2 C24H29N30, 3 12 Ci2H19NO:s 0 6.1
C21H43NO:s 0 4.5 CasH31N30 3 4.8 Ci3H19NO:s 0 5.0
C20H12N203 4 100 CisH14aN20s 2 100 CisH29NO3 0 6.2
C23H4sNO:s 0 4.5 C25H31N303 3 9.9 CoHisN»Og 0 4.9
C22H43NOs 0 7.9 C22H43NOs 0 6.6 Ci3Hi19NOs 0 9.3
Ca6Hs3NO4 0 5.9 Ca6H33N303 3 13 CisH37NO4 0 54
C24H4sNOs 0 23 Ca6Hs3NO4 0 4.9 Ci0H20N409 0 9.2
C30Hs1NO4 0 2.9 C24H4sNOs 0 28 C21H3:N0 1 16
C19H22N2014 0 3.6 C23H22N2011 2 4.1 C20H29N304 1 12
C23H22N2011 2 9.4 C32H55NO4 0 4.7 C17H37N503 0 4.7
C25H20N2011 4 9.4 C32H]8N207 7'9 76 CZOH]ZNZOS 4 30
C24H1 8N201 2 3 5 . 9 C34H69NO4 0 1 9 C24H45N06 0 24
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C33Hs5oNO4 0 5.2 C34HssNOs 1 4.8 C30H36N204 4 9.1
C34HgoNO4 0 23 C34Hs7NOs 1 32 C32HssNO4 0 6.9
C36H73NO4 0 14 C36H73NO4 0 11 C32HssNOs 1 5.1
C3sH77NO4 0 3.8 C40Hs59N50, 4 12 C29Hs54N4Os 0 5.7
C4o0H70NO3 0 3.1 C41Hs1NOg 2 12 C34Hs9NO4 0 13
C40H31NO3 0 2.7 CsoHsoNO 6 6.0 C34HssNOs 1 22
C4oHsiNO4 0 2.0 Cs1H71NO 6 12 C34Hs7NOs 1 100
Table S7. The most 50 intense aromatic CHON- compounds detected in the organic
aerosols from the hemicellulose combustion at 400 °C, 600 °C and 800 °C.
400 °C 600 °C 800 °C
Formula Ring RI% Formula Ring RI% Formula Ring RI%
number number number
C;H3NO; 0 17 CgHzN-O 1 3.8 C4H5NO; 0 7.2
C4H4N,O 0 8.7 CsHoNO, 1 2.9 C7HsNO 1 3.1
CsHgN>O 1 14 CeHsNO4 1 100 C7H/NO, 1 2.3
CsH/NO, 1 27 C7H7NO,4 1 93 CgHgN>O 1 3.9
Ce¢HsNO4 1 43 C7HoN»O3 0 3.2 C¢HsNO4 1 100
CsH7NOs 0 21 CsHsNOs 1 3.4 CgHgN>O, 1 2.3
CoHgN>O» 1 14 CoHoNO; 1 3.6 CgH7NO; 1 2.8
CoHgN,05 1 20 CsH7NOy4 1 3.4 C7H7NOy4 1 42
CsHsNOs 1 36 CoH1NO3 1 3.3 CgH5NO4 1 5.4
C7H5NOg 1 12 CsHoNO,4 0 35 CoH 1NO3 1 2.5
Ci10HoNO4 1 20 CsHii1NO4 0 2.9 C;7HsNO:s 1 9.7
CoH7NOs 1 9.3 CioH7NOs 2 3.2 CsHoNO4 0 13
Ci10HoNOs 1 15 Ci1oHoNOs 1 3.9 Ci1oH7NOs 2 3.9
CoHoNOsg 0 10 CoH7NO4 1 3.7 CoH7NO4 1 8.8
CiuHi3NOg¢ 0 15 CoHoNO4 1 6.9 CoHoNO4 1 5.8
CsH11NOy 0 8.8 CoH11NO4 0 8.1 CoH11NO4 0 3.1
C6H12N2010 0 11 C10H9N04 1 71 C[[H9NO3 2 35
CoH13NOg 0 12 CioHi1NOg4 1 7.5 C10HoNO4 1 7.5
CsHi3NOqg 0 20 CoH11NOs 0 3.1 CioH11NOg4 1 4.2
CsHi3NOn 0 67 CsH2N,04 1 4.3 CoH9oNO:s 1 7.2
CsHisNOn 0 100 CiuiHuNO4 1 5.8 Ci1oHi13NO4 0 2.6
CoHisNO 0 22 Ci10H9oNOs 1 3.6 CsH2N,0O4 1 5.5
Ci3Hi15sNOg 0 8.2 CoH9oNOg 0 4.5 C12HoNOs 2 3.1
CsHi3NOq»2 0 18 C12Hi13NO4 1 3.2 C12Hi1NO; 2 2.6
Ci10H14N2019 0 12 CiiHuNOs 1 4.3 C1iH1iNO4 1 3.1
CioH17sNOy; 0 41 C11H13NOs 1 4.6 C190HoNOs 1 5.1
CoH7NO12 0 64 C12HsN>O4 3 3.4 C12H11NOg4 1 3.0
Ci10Hi1sNO1» 0 19 Ci1oH11NO¢ 0 3.9 C12H13NO4 1 2.7
Ci15sHeN2Og 3 23 CisHiiNOg4 2 3.1 C11H12N>04 1 2.2
Ci16HsN2Og 3 19 C12H11NO;s 1 3.4 C1iH1NOs 1 4.6
Ci3HisNOy 0 8.9 C12Hi13NOs 1 3.0 C14HoNOs 3 2.5
C16H19NO9 1 11 C11H13N06 O 36 C11H13N05 1 33
C11H19N013 O 18 C13H11N05 2 33 C10H12N205 1 60
C10HeN4O12 1 11 Ci13Hi3NOs 1 4.4 C12Hi13NOs 1 3.0
C8H17N5012 O 16 C13H15N05 1 33 C]]H]]NO6 1 25
Ci10HsN4O12 0 8.9 C12H13NOg 1 3.4 C12Hi15NOs 1 2.6
Ci3H19NO1» 0 14 C14Hi5sNOs 1 3.0 CsHsN;04 1 2.3
C20H8N207 5 1 1 C13H13N06 1 40 C11H13N06 0 37
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Ci14H19NO1» 0 10 Ci13Hi5NOg 1 3.0 Ci13HoNOs 2 4.1
C1HgN4O13 1 10 Ci6H290NO; 0 3.6 CisHoNOs 4 10
CuHi1oN4O13 0 15 C14H17NOs¢ 1 3.5 C13Hi5NO:s 1 2.3
CoH21N5013 0 10 CsHisNOy; 0 20 C12H13NOs 1 34
C12HsN4O13 1 12 Ci5H17NOy 1 33 C13H13NOs 1 2.5
Ci6H21NO1» 0 10 CioH17NOy; 0 4.1 Ci6H290NO3 0 6.6
CisHaiINOy3 0 9.0 CoHi7NO1» 0 6.2 Ci6H27N303 1 2.6
Ci5H23NOy3 0 9.1 Ci5HsN2Og 3 3.9 Ci5HsN2O7 3 2.3
Ci14H23NO w4 0 13 Ci6HsN2Og 3 3.8 Ca0H10N20s 5 34
Ci6H23NO13 0 10 C19HoN3O6 4 12 Ci19HoN306 4 21
C20Hi1s8N2010 2 13 Cy7H41INOy 1 9.8 Ca4H20N4O 6 2.5
CoHo4N2O13 1 8.7 C39H46N20s 5 8.8 Ci19H42N4O10 0 4.2
Table S8. The most 50 intense aromatic CHON+ compounds detected in the organic
aerosols from the hemicellulose combustion at 400 °C, 600 °C and 800 °C.
400 °C 600 °C 800 °C
Formula Ring RI% Formula Ring RI% Formula Ring RI1%
number number number
CsHsNO 0 100 CsHsNO 0 40 CsHsNO 0 21
CsHNO 1 8.4 CsHgN>,O 0 6.4 C4HNO, 0 10
CoH{INO, 1 4.0 Cs¢H7NO 1 17 Cs¢H7NO 1 11
CsHgN4O4 0 25 CsHsN>,O 1 7.6 CsHgN>O 1 17
CsHgN4O4 0 9.4 C;HoNO 1 7.0 C;HoNO 1 5.8
C7Hi15sNO4 0 11 CeHsN2O» 0 9.5 CsHoNO, 0 3.7
CsHsN4Os 0 4.4 CsHoNO, 1 7.3 C7H10N>O 1 53
C4H10N4O6 0 3.8 C7H10N20, 0 7.5 CsHsN2O» 0 8.8
C11HsN4O; 2 3.6 CioHoNO 2 10 C1oHoNO 2 4.4
CoH7NOs 1 16 CoH11INO, 1 7.0 C7H1uN>O, 0 3.9
C16H10N20 4 4.4 C8H10N202 1 11 CgH[oNzOz 1 5.6
Ci6HoN3O; 4 4.4 CiiHuNO 2 24 CsH11NO4 0 4.9
Ci19HoN3;0 6 16 C7H10N2Os 0 26 CsH1aN>O3 0 4.4
CoH12N4O7 0 6.8 C12HoNO 2 5.8 C4HoNOg 0 37
Ci10H14N4Og 0 6.0 CsHi10N2Os 1 6.5 Ci3HizNO 2 11
CioH1IN;O;3 5 59 C7H1iNO4 0 7.4 CoH13NO4 0 6.6
C11H14N4Og 0 5.5 CoH11NO3 1 6.2 CsH13NOs 0 11
CoH19NO; 0 6.2 CsHsN4O4 0 57 CioHisNO4 0 9.4
Ci3H21NOg 0 7.4 C7Hi5sNO4 0 19 CoH13NOs 0 4.3
Ci9H30NO4 0 37 Ci2HisNO 2 6.6 CoHi5sNOs 0 59
C20H13N304 4 18 CsHi3NOs 0 13 Ci13H27NO, 0 6.1
C20H41NO4 0 6.3 C4H10N4Os 0 10 Ci1oHisNOs 0 10
CisH30N404 1 4.7 CoH19NOs 0 53 C11Hi15NO:s 0 4.1
C20H20N304 1 5.8 CoHoNOy 0 54 CsHisN>O7 0 30
C20H39NO:s 0 8.8 CioH19NOg 0 5.6 C12H17NOs 0 3.7
C20H41NO:s 0 8.5 CoH12N4O7 0 18 CoH20N>07 0 3.7
C21H43NO4 0 6.7 C12Hi7NOy 0 52 CioHisN20Oy 0 13
C22HasNO4 0 3.6 Ci3H10N20Og 1 13 CioH20N207 0 3.8
C21H41NO4 0 5.9 CioH14N2012 0 33 CoHi3N>0s 0 15
C21H13NO:s 0 11 C21H3:N200 1 13 C11HisN20g 0 11
CisH14N20g 2 22 C20H29N304 1 8.1 C13H19NOg 0 5.0
C23H41NO4 0 3.7 C11H16N2013 0 6.5 C22H25N3O 4 3.9
C22H43N06 0 7.2 C15H17N011 0 6.2 C22H16N202 5 15
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Ca3HisNO; 0 4.6 Ci14Hi6N2O13 0 7.0 Ci10H20N409 0 15
C24H45NOg 0 11 C22H43NOg 0 8.8 C21H14N204 4 20
C24H47NO¢ 0 8.6 C24H45sNOg 0 46 C22H14N204 5 25
C21Hi1sN2010 2 3.5 Ca9oH39NsO 4 7.0 C20H29N304 1 8.9
C19H20N2013 1 5.5 Ca4HisN2O1; 4 5.8 Ci9H29N304 1 53
Ca5H24N>09 3 6.3 Cy7H50N404 0 12 CoHisN2Oy4 0 8.3
C22H20N2012 2 31 C36H17NO:s 10 6.1 Ci0H22N4O010 0 4.9
CH2sN>014 0 4.0 C32HssNO:s 1 6.2 C2H4oNsO 1 9.2
C34HsoNO4 0 25 C34HsoNO4 0 24 C2oHi6N2Os 4 9.7
C36H73NO4 0 14 Cs34HssNO:s 1 16 Ca7H36N202 3 9.1
Cs35Hs4N2010 1 3.7 Cs34Hs7NO:s 1 100 C22H20N207 3 7.5
C34HsaN4Og 0 3.8 C31HssN4Os 0 7.1 C34H13NO, 10 55
C39H52N209 1 4.6 C49Hs7NO 6 14 C33H33N20 5 8.0
C37HssN4Os 0 4.1 CsoHsoNO 6 23 C32HssNO4 0 3.9
C37H70N409 0 5.5 CsiH:1NO 6 28 C32HssNO:s 1 3.9
C45H72N206 2 5.0 CsiH71iNO, 6 13 C34Hs5sNOs 1 23
C36H71NO;5 0 5.9 C36H71NOs5 0 5.2 C34Hs7NO:s 1 100
Table S9. The most 50 intense aromatic CHON— compounds detected in the organic
aerosols from the lignin combustion at 400 °C, 600 °C and 800 °C.
400 °C 600 °C 800 °C
Formula Ring RI% Formula Ring RI% Formula Ring RI%
number number number
C;HsNO 1 23 C4HsNO3 0 0.4 C;HsNO 1 13
C7HsN2O 1 2.5 C;HsNO 1 2.2 CsHsNO4 1 81
C;HsNO, 1 12 CsH7NO3 0 0.6 CsH7NO3 1 21
CsH4N2O 2 5.2 C/HsNO, 1 1.2 C7H7NO4 1 32
CoH7NO 2 4.0 CsH4N2O 2 0.5 CsHsNO4 1 22
CsHsNO, 1 3.5 CsH7NO, 1 0.5 C7Hs5NOs 1 6.9
CsH7NO, 1 5.7 CeHsNO4 1 54 CsHoNO4 0 12
CeHsNO4 1 17 CsHsNO3 1 0.6 C;7H;NOs 0 55
CoH7NO, 1 4.4 CsH7NO3 1 8.5 CoH7NO4 1 4.7
CsHsNO3 1 9.4 CsH3NOs 1 0.8 Ci3H/NO 3 4.0
CoHoNO, 1 2.9 C7H7NO4 1 69 CsHsN2O4 1 8.9
CsH7NO3 1 10 CsHsNOs 1 0.7 C7H4N,Os 1 4.5
C3HsN2Os 0 9.7 CoH7NO3 1 0.4 CsH7NOs 1 48
C7H7NO4 1 38 CoHoNO3 1 1.5 CoH11NO4 0 53
C10HoNO, 1 2.9 CsH7NO4 1 1.7 C7HsNOs 1 8.9
CoH7NO3 1 11 C7HsNOs 1 0.4 CsHoNOs 0 10
CoHyoNO3 1 53 CsHoNO4 0 48 CsHaN2Oy 0 13
CsHoNO4 0 33 C7H7NOs 0 100 C1oH11NO4 1 6.4
C7H7NOs 0 100 Ci10H9NO3 1 0.5 CoHoNOs 1 62
C11HoNO, 2 3.8 Ci1oHiNO; 1 0.5 CsH7NOs 1 16
Ci10HoNOs 1 7.4 CoHoNO4 1 2.4 CsHaN2Oy 1 20
CoH7NO4 1 34 CsH7NOs 1 2.2 C7HsN2Os 1 25
CoHoNO4 1 4.8 CoH11NO4 0 6.9 C1oH11NO:s 1 12
CoH11NO4 0 5.9 CsHoNOs 0 36 CoHyoNOs 0 9.3
CsHyoNOs 0 9.2 Ci10H9NO4 1 0.5 CsHsN2Os 0 4.5
Ci1H1NO3 1 2.7 CioH11NO4 1 1.1 C12H7NO4 2 10
Ci10HoNO4 1 2.8 CoHyoNOs 1 0.7 CsHoNOy 0 4.6
Ci1oH11NOy 1 3.6 CioHi3NO4 0 1.1 C;sH7NOg 0 12
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C12HiNO; 2 3.1 CoH11NOs 0 2.1 Ci10HoNOs 1 6.3
C11HoNO4 1 3.1 CsHaN>O7 1 0.9 CuHi3NO:s 1 5.8
CuHiuNO4 1 2.8 CiHi3NO4 1 0.4 CoHgN20Os 1 13
C10HoNOs 1 2.7 Ci1oH11NO:s 1 0.6 Ci1o0H1NOg 0 8.4
C13Hi3NO; 2 2.6 CoHoNOs 0 0.9 CoH10N20Os 0 8.8
C12H1iNOy 1 4.9 C10H13NO:s 0 0.4 Ci0H13NOs 0 11
C12Hi3NO4 1 3.7 CoHs5N30s 2 0.8 C7H4N>O3 1 9.1
C1iHiNOs 1 33 C10HoNOs 1 0.4 C7HeN203 0 15
C1Hi3NO;s 1 2.4 CiHi3NO:s 1 0.6 Ci0H10N20s 1 6.3
Ci13Hi3NO4 1 2.4 Ci10H11NOg 0 0.9 Ci1o0HoNO7 1 6.9
C12H13NO;s 1 2.8 C1iHiNOs 1 0.4 CiHi3NOg 0 4.1
C11H11NOs 1 20 Ci3HiNO:s 2 0.4 CisHoNO3 4 10
Ci5H24N20s 1 2.6 Ci6HoNOs 4 0.4 CoHgN>Og 0 4.4
Ci5H15NOg 1 2.7 C14H13NO:s 2 0.4 CiHi12N>O4 1 4.4
C19H37NO; 0 3.0 C13HiiNOg 1 1.0 CoHgN20O9g 0 4.3
C17H36N206 0 5.7 C14H13NOg 1 0.7 CoH10N20Og 0 5.1
C20H39NO:s 0 5.2 Ci5H15NOsg 1 0.7 CooHiINO; 5 5.2
Ci9Hi16N2O1; 2 17 Ci4Hi3NOy 1 0.6 Ci6H7N307 4 100
C27H16N2011 6 2.8 C16H]7N06 1 0.4 C15H5N309 3 4.0
Cr0H24N2016 0 2.4 Ci5HisNO7 1 1.1 Ci16HsN4Oyg 4 12
C23H22N2014 2 29 C16H]7N07 1 0.8 C21H10N409 5 4.2
C19H24N2022 0 4.8 C9H9NO]3 0 1.1 C33H47N307 2 6.4
Table S10. The most 50 intense aromatic CHON+ compounds detected in the organic
aerosols from the lignin combustion at 400 °C, 600 °C and 800 °C.
400 °C 600 °C 800 °C
Formula Ring RI% Formula Ring RI1% Formula Ring R1%
number number number
CsHsNO 0 34 CsHsNO 0 15 CsHsNO 0 6.9
CsHoNO 0 3.2 C4HNO, 0 1.9 CsHsNO 1 17
CsH;NO 1 13 CsHsNO 1 11 CsHizNO 0 5.9
CsHi3NO 0 2.5 CsHi3NO 0 0.9 C4HgN>O» 0 5.2
C;HoNO 1 8.8 CsHgN>,O 1 1.4 CsHoNO; 0 7.2
CsHiiNO 1 5.0 C;HoNO 1 4.5 CsHizsNO» 0 5.0
CsHoNO; 0 4.1 CsHiiN3;O 0 L.5 CuH/NO 2 16
CoHi3NO 1 3.2 CsHiiNO 1 1.7 CioHisNO 1 5.4
CoHisN,O 1 5.8 CsHoNO; 0 4.2 CsHi11NO4 0 4.9
CioHisNO | 34 CoHiiNO 1 0.9 Ci2HyNO 2 6.4
CuHuNO 2 2.6 CoHisN>O 1 1.2 CioH7NO 3 7.0
CioHi16N,O | 5.6 CioHisNO 1 0.9 Ci2HiuNO 2 9.9
CuHi7sNO | 2.6 CuHoNO 2 L.5 CsHisNOs 0 12
Ci2HiNO 2 5.8 CuHuNO 2 1.3 C4HoNOg 0 23
CoHi6N20; 0 2.7 CioHi16N2O 1 1.0 CioHi3NO; 1 5.1
CuHisN,O | 5.9 CioHiNO 2 1.9 Ci3Hi3NO 2 20
CuHiNO, 1 3.7 CoHiiNO3 1 1.0 CoHoNO:s 1 17
CioHuNO; 2 12 CuHuNO, 1 0.9 CisHyNO 4 13
Ci3Hi3NO 2 6.8 C4HoNOg 0 54 Ci3Hi7NO, 1 5.9
CioHi1sN20s 0 2.9 Ci2HiNO, 2 2.8 CicHoNO 4 6.6
Ci2H20N>0 1 5.4 C11HoNO3 2 1.1 CsHisN3Os 0 100
C12H13N02 1 6.0 C10H13NO3 1 1.0 C11H11N304 1 5.8
Ci4HisNO 2 3.8 Ci3Hi3NO 2 2.0 Ci12H23NO; 0 28
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Ci3Hi3NO; 2 16 C12Hi3NO» 1 1.1 C13H21NOs 0 6.0
C13H22N>,O 1 3.5 C14HsNO 2 1.2 C19H;1NO 5 8.6
Ci3HisNO, 1 2.9 Ci3Hi3NO» 2 3.7 C13sH29NO» 1 4.9
C12H13NOs 1 4.7 C12Hi1NO; 2 1.5 C16H31NOs3 0 8.7
C14HsNO, 2 13 C14H;5sNO» 2 2.6 CoH/3N>Og 0 7.1
C13Hi3sNOs 2 6.4 C11H14N>05 1 0.9 C19H35NO» 0 5.8
C13HisNOs 1 6.9 C13Hi3NOs 2 3.5 C12H1sN»Og 0 7.7
C15sHa0N>O 2 2.5 CisH17NO» 2 1.3 C14H31N30:5 0 14
CisHi7sNO, 2 7.2 CsH/5N3Os 0 3.5 Cy1Ha7NO 2 7.8
C14HsNOs 2 8.6 C14H;5sNOs 2 2.6 C1sH37NO4 0 5.1
C14H7NO3 1 3.5 CisHi7NOs 2 1.1 C,1Hy9yNO 2 18
Ci6HioNO> 2 3.5 C14HisN>Os 1 1.1 C13sH29NOy4 0 16
Ci16H22N>,O 2 6.1 C15sHa0N»05 1 0.9 Ca4HsNO 4 6.8
CisHi7NOs 2 5.6 C17H24N>05 1 0.9 Cy1Hy7NO, 2 12
C17H24N>O 2 2.9 Ci1sHa6N203 1 1.4 C10H20N4O9 0 4.8
Ci6Hi9NOs 2 2.9 C20H39N30; 0 2.0 CaoH37NO4 0 6.9
Ci16H22N>0Os 1 3.9 C12H23NOy; 0 0.9 C20H29N304 1 10
CoH17NOy 0 4.2 C21H3:N»0, 1 1.0 C21H30N204 1 5.0
C17H24N202 1 5.5 Co H30N206 1 0.9 C 3H34N205 0 29
C 1 8H26N202 1 32 C23H28N206 2 1 3 CZ] H43N05 0 1 0
C17H24N203 1 4.2 C26H36N206 2 13 C 9H23N03 1 5.7
C19H31N02 1 4.8 C28H49N04 0 1.3 C27H35N202 3 6.5
C 8H26N203 1 3.9 C34H69N04 0 0.9 Co H27N010 1 16
C19H28N204 1 2.6 C34H57N05 1 1.2 C25H43N05 1 6.1
C15H18N2013 0 4.7 C41H6]N06 2 19 C34H59NO4 0 13
CasHi9gNOy4 0 4.1 C49HgsN2O 6 100 CasHssN2Oj 0 13
C44Hs5sN,05 6 100 CsoHgsN2O 6 1.1 C33H72N209 0 18
References

Hoffmann, T., Huang, R. J., and Kalberer, M.: Atmospheric analytical chemistry,
Analytical Chemistry, 83, 4649-4664, https://doi.org/10.1021/ac2010718, 2011.

Jiang, H., L1, J., Tang, J., Mo, Y., and Zhang, G.: Applications of High-Resolution Mass
Spectrometry in Studies of Brown Carbon, Chinese Journal of Analytical Chemistry, 46,

15281538, https://doi.org/10.1016/S1872-2040(18)61115-6, 2018.

Jiang, H., L1, J., Sun, R., Tian, C., Tang, J., Jiang, B., Liao, Y., Chen, C. E., and Zhang,

G.: Molecular Dynamics and Light Absorption Properties of Atmospheric Dissolved

Organic Matter, Environmental Science & Technology, 55, 10268—10279,
https://doi.org/10.1021/acs.est.1c01770, 2021.

Kellerman, A. M., Dittmar, T., Kothawala, D. N., and Tranvik, L. J.: Chemodiversity of

dissolved organic matter in lakes driven by climate and hydrology, Nature
Communications, 5, 3804, https://doi.org/10.1038/ncomms4804, 2014.

Koch, B. P. and Dittmar, T.: From mass to structure: an aromaticity index for high-
resolution mass data of natural organic matter, Rapid Communications in Mass
Spectrometry, 30, 250-250, https://doi.org/10.1002/rcm.7433, 2016.

Laskin, J., Laskin, A., and Nizkorodov, S. A.: Mass Spectrometry Analysis in
Atmospheric Chemistry, Analytical Chemistry, 90, 166-189,
https://doi.org/10.1021/acs.analchem.7b04249, 2018.

Schum, S. K., Brown, L. E., and Mazzoleni, L. R.: MFAssignR: Molecular formula
assignment software for ultrahigh resolution mass spectrometry analysis of

S19



https://doi.org/10.1021/ac2010718
https://doi.org/10.1016/S1872-2040(18)61115-6
https://doi.org/10.1021/acs.est.1c01770
https://doi.org/10.1038/ncomms4804
https://doi.org/10.1002/rcm.7433
https://doi.org/10.1021/acs.analchem.7b04249

environmental complex mixtures, Environmental Research, 191, 110114,
https://doi.org/10.1016/j.envres.2020.110114, 2020.

Yassine, M. M., Harir, M., Dabek-Zlotorzynska, E., and Schmitt-Kopplin, P.: Structural
characterization of organic aerosol using Fourier transform ion cyclotron resonance mass
spectrometry: aromaticity equivalent approach, Rapid Communications in Mass
Spectrometry, 28, 2445-2454, https://doi.org/10.1002/rcm.7038, 2014.

S20


https://doi.org/10.1016/j.envres.2020.110114
https://doi.org/10.1002/rcm.7038

