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Supplementary method
Calculation of the carbon balance

The carbon balance was calculated by comparing the total carbon content of detected reaction products to the
amount of carbon from the reacted precursor VOCs, with all quantities expressed in units of ppbC. First, the
amount of precursor carbon reacted was determined by:

reacted carbon (ppbC) = A[VOC] (ppb) X n,

where A[VOC] is the decrease in the VOC concentration due to its reaction, and nc is the number of carbon atoms
per molecule (8 for m-xylene, 10 for naphthalene).

Second, the carbon content of all observed products was calculated by summing the contribution of each
compound:

product carbon (ppbC) = Z([producti] (ppb) X n¢;)
i

where [product;] is the measured mixing ratio and nc;is the carbon number of each compound i.
The carbon balance was then computed as:

0 product carbon (ppbC)
carbon balance (%) = reacted carbon (ppbC) X 100

This calculation assumes that all carbon is either retained in the measured gas-phase or particle-phase products or
converted into undetected species. It does not account for potential carbon in undetected products (e.g., oligomers,
extremely low volatility species), or known small carbon products such as CO, CO-, and glyoxal that we could
not measure because of instrumental limitations.

Calculation of the OH rate constant

The values of the temperature dependent OH rate constant are calculated based on Arrhenius equation as follows:

—Ea
e RT

kow (T) = A 298 (K)
where

e  kou(T) is the rate constant at temperature (T) [cm? molecule™! s7']
o T is the temperature [K]

e A is the pre-exponential factor

e R is the universal gas constant [8.413 J mol™! K']

e Eais the activation energy [J mol! ]

The specific parameters were (taken from NIST Kinetic Database):
e m-xylene: A=1.66 x 10!, Ea =-964 J mol’!
e naphthalene: A = 1.05 x 1072, Ea = -7500 J mol"!

Calculation of the TSP

The SMPS measures number- and volume-based size distributions. In our analysis, we used the number
concentration (particles cm™) measured by the SMPS and converted it to mass concentration (ug m3) by
assuming spherical particles and applying the standard geometric volume formula for each size bin. Each
calculated particle volume was then multiplied by the assumed composition-specific density to determine
mass. Specifically, the densities used were: 1.0 g cm™ for water, 1.4 g cm™ for organics, and 1.7 g cm™ for
ammonium, sulfate and nitrate. The percentage of each chemical fraction for each experiment was inferred
from AMS measurements, and the corresponding weighted average density was applied to the SMPS volume
distribution to obtain TSP. This approach provided a more accurate representation of the aerosol mass.



46 Table S1. List of laboratory experiments conducted by Ng et al. (2007), Chen et al. (2018), Song et al. (2007), Chen et
47 al. (2016) Chen et al. (2009), and their associated environmental conditions, such as chamber temperature, RH,
48 VOC/NOx ratio, seeds mass and SOA yields.

T RH VOC NOx VOC/NOx  Seeds [OH] AVOC AMy Y

K % ppbV ppb  ppbCppb! pgm3  molecules cm™ pgm3 pgm? %

297 6 42-172 943 high NOy AS 71 18 5.9
Nget pog ¢  (not 945 highNO,  AS from HONO 28 4 35
al. indicated
(2007) P98 6 foreach 943 high NOy AS 133 46 8
097 5 P 045 highNO,  AS 106 37 8
Chenet 300 <0.1 44 8 high NOx none 3.04E+06 159 4.8 3
al.
(2018) B0 <0.1 59 11.5 highNO,  none  2.79E+06 201 116 6
300 <0.1 104 - low NOy none 0.55E+06 193 17.3 8.9
300 <0.1 112 - low NOy none 0.84E+06 227 38 16.7
Songet 300 <0.1 51 - low NOy none 0.80E+06 113 20 17.7
al.
(2007) P00 <0.1 39 - low NOx none 1.05E+06 97 11.9 12.3
300 <0.1 52 - low NOy none 1.29E+06 147 45 30.6
300 <0.1 46 - low NOy none 1.18E+06 124 25 20.6
RT <0.1 45 698  high NOy none 168 94.8 60
RT <0.1 29 776  high NOx none 126 594 47
RT <0.1 26 758  high NOy none from HONO 116 47.1 41
RT <0.1 30 776  high NOx none 105 3 3
RT <0.1 23 783  high NOx none 80 203 25
RT <0.1 28 22 low NOy none 135 5.7 4
RT <0.1 15 13 low NOy none 76 21.1 28
Chen et
al. RT <0.1 27 19 low NOy none 140 30.8 22
(2016)
RT <0.1 35 10 low NOx none 173 50.1 29
RT <0.1 29 18 low NOy none 142 27.1 19
from HONO
RT <0.1 17 11 low NOy none 84 26.2 31
RT <0.1 17 14 low NOy 17.3 86 15.5 18
RT <0.1 16 21 low NOy 41.9 77 9.7 13
RT <0.1 27 18 low NOx 15.4 125 34.5 28
RT <0.1 15 10 low NOx 34 69 22.7 33
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50 Table S2. Derived and estimated log10C;" values for m-xylene products

Carbon  Measured m/z and Derived values Estimated values
number  ion sum formula Tentative assignment SMILES string logioCi"  lognC/* AlogiC;’ logioCi"  lognC/* AlogiC;’
at295 K at280K at295 K at280 K
8 121.06 (CsHs0).H* tolualdehdye CC1=CC(=CC=C1)C=0 3.72 3.66 0.06 6.03 565 038
dimethyl-hexadienedioic acid  C/C(=C\C(=0)0)/C=C(\C)/C(=0)0O 0.87 0.30 0.58
8 171.07 (CsHiO).H  dihydroxy-dimethyl- cCl—ccocCCl-oCo0 2 0.83 0.30 078 02l oss
cyclohexene-dine
8 153.06 (CsHsOs5).H* hydroxy-methylbenzoic acid Cclceee(C(=0)0)c10 2.19 2.07 0.12 1.78 1.29 0.49
oxo-cyclohexane-dicarboxylic ) - =0)cc10(=0)0)C(=0)0 0.19 045  0.64
8 187.06 (CsH 00s).H' E‘;fmxy_cyclohexene_ 0.78 0.69 0.09
earbens e acid C(C(=0)0)1C(C(0)=0)CC=CC10 119 195 076
7 141.05 (C;HsO5).H"  oxohepta-dienoic acid CC(=0)/C=C/C=C/C(=0)O 1.74 1.41 0.33 3.86 333 0.53
7 154.05 (CsHNOs).H* nitrocresol Cclc(ceec10)[N+](=0)[O-] 2.51 2.39 0.12 5.83 5.37 0.46
6 127.04 (C¢HeO3).H* dimethyl furandione CC1=C(O)C(=0)0C1=0 1.95 1.79 0.17 5.46 5.06 0.40
C wonowr Mol COMOCOT e 8 0 12
5 113.02 (CsH405).H* methylfuran-dione CC1=CC(=0)0C1=0 3.45 3.11 0.34 5.85 5.46 0.39
5 131.04 (CsH404).H* Ezgg’l’ézlgfégly & CC(C=0)(C(=0)C=0)0 2.54 2.13 0.40 3.55 3.11 0.43
5 115.03 (CsHsO5).H'  oxopentenoic acid C=CC(=0)CC(=0)0 2.14 1.72 0.41 474 427 047
5 97.03 (CsH40,).H* furaldehyde (furfural) C1=COC(=C1)C=0 2.56 227 0.30 6.52 618 034
5 117.05 (CsHsO3).H*  oxo-pentanoic acid CC(=0)CCC(=0)O 2.62 2.00 0.62 4.85 439 046
5 101.06 (CsHzO,).H* oxo-pentanal CC(=0)CCC=0 1.99 1.40 0.59 6.99 6.64 0.35
dihydrofuran CICOC=C1 8.75 8.51 0.24
4 71.05 (C4H6O).H* MVK CC(=0)C=C 2.90 2.26 0.65 8.51 8.24 0.27
MAC CC(=0C)C=0 8.10 7.83 0.26
4 103.04 (CsHsOs3).H* hydroxy oxobutanal C(CO)C(=0)C=0 1.76 0.84 0.92 5.23 4.79 0.44
3 73.03 (CsH40,).H* methylglyoxal CC(=0)C=0 3.16 2.69 0.47 7.72 7.45 0.27
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3 75.04 (C3H602).H* propanoic acid CCC(=0)0O 3.26 3.06 0.20 6.45 6.10 0.35
Table S3. Derived and estimated log1C:* values for naphthalene products
Carb M d m/ d Derived values Estimated values
n:;lboeli* ioszilu;]efo%fl?an Tentative assignment ~ SMILES string lognC*  logiC" AlogiC:* log10Ci" lognC* AlogioCy*
at205K at280 K 0% | 2t205K  at280 K OB
10 161.06 (CoHsOp).H  ormy! C1=CC=C(C(=C1)/C=C/C=0)C=0 1.91 1.20 0.71 3.85 3.25 0.60
cinnamaldehyde
10 193.05 (C1oHgO4).H"  carboxy cinnamic acid ~ O=C(0O)/C=C/clccccc1 C(=0)O 1.28 1.15 0.13 -0.52 -1.17 0.65
10 159.04 (C10H602).H"  naphthoquinone clcec2e(c]1)C(=0)C=CC2=0 2.61 1.79 0.82 4.65 4.16 0.49
10 177.05 (CioHsO3).H*  formyl cinnamic acid O=Cclcccecl/C=C/C(=0)O 1.44 1.24 0.20 1.66 1.07 0.60
10 175.04 (C10H¢O3).H"  epoxy-naphthoquinone  C1=CC=CC2C(=0)C30C3C(=0)C1=2 1.82 1.68 0.14 4.12 3.54 0.58
10 145.07 (C1oHsO).H*  naphthol clcee2e(cl)ecec20 1.75 1.21 0.54 3.78 3.28 0.50
. dihydroxy _ _ —O\C=CC(= =
10 191.04 (CHO)H' 0 one C1=C(0)C(0)=CC2C(=0)C=CC(=0)C1=2  1.81 1.66 0.15 0.49 0.25 0.74
phenylenediacetic acid  clece(c(c1)CC(=0)0O)CC(=0)0O -0.41 -1.05 0.64
1 195. H H* 1. 1. 2
0 95.06 (C1oH104) g?iba"c’i‘gbenzenepmpan clece(c(c1)CCC(=0)0)C(=0)0 7 >0 029 -0.42 -1.04 0.63
10 (1(734.I(J)ISNO ).H* nitronaphthalene clcec2e(cl)cecec2[N+](=0)[O-] 3.07 2.32 0.75 3.85 3.37 0.48
10117 2).
10 gg?ﬁN OB nitronaphthol clece2e(cl)e(ccc20)[N+](=0)[0-] 1.81 158 0.23 3.94 3.38 0.55
benzopyrone
. Icee2e(cl =0)o2 1 4, 4
9 147.05 (CsHsO2).H*  (coumarin) clece2e(clece(=0)o 516 160 056 5.16 67 0.49
indene-dione clcec2e(c]1)C(=0)CC2=0 5.16 4.66 0.50
9 163.04 (CoHeO5).H* hydroxycoumarin clcec2e(cl)c(ce(=0)02)0 1.90 1.75 0.15 3.08 2.50 0.58
9 133.06 (CoHgO).H* indanone clcee2e(c1)CCC2=0 2.63 1.63 1.00 5.37 4.94 0.44
9 179.04 (CoHgO4).H* gggzgr‘”‘y‘mde”e‘ C1=CC=CC2C(=0)C(0)(0)C(=0)C1=2 1.63 0.54 1.08 3.05 2.35 0.69
9 165.06 (CoHgO3).H* hydroxy cinnamic acid  clecc(c(c1)/C=C/C(=0)0)O 2.05 1.61 0.44 1.28 0.70 0.58
9 18105 (CoHO) H SYAOXYEImmAMIC () 000)-CC(IC-C/C(-0)0)=C10 1.64 1.41 0.23 20.80 151 0.70
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135.05 (CsH¢O2).H"  phthaldialdehyde O=Cclcececel C=0 3.32 2.16 1.06 4.73 4.27 0.46
149.03 (CgH403).H"  phthalic anhydride clece2e(c1)C(=0)0C2=0 3.16 2.76 0.39 5.10 4.62 0.49
hydroxy phthalide C1=CC=CC(C(=0)0)=C1C=0 2.57 2.02 0.55

151.04 (CsHsO3).H™  hydroxy _ _ I 2.11 1.50 0.61
phthalaldehyde C1=CC(0)=CC(C=0)=C1C=0 2.65 2.11 0.54
dimethyloxolanone CC1CC(0C1=0)C 7.73 7.33 0.40

115. H H* 24 2.4 .84
307 (CeHidO2) hexanedione CC(=0)CCC(=0)C 3 0 08 7.03 6.65 0.38
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Figure S1. m-xylene mass products fraction (y-axis) distribution based on the number of carbon atoms (x-axis) for a
high NOx experiment 295 K, colored by the number of (a,b) oxygen and (c,d) nitrogen atoms. Detected compounds are
in the (a,c) gas phase and (b,d) particle phase. Pie charts correspond to the molecular weight contribution to the overall

mass.
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Fraction gas phase products (%)

Fraction gas phase products (%)

Figure S2. m-xylene mass products fraction (y-axis) distribution based on the number of carbon atoms (x-axis) for a
low NOx experiment 295 K, colored by the number of (a,b) oxygen and (c,d) nitrogen atoms. Detected compounds are
in the (a,c) gas phase and (b,d) particle phase. Pie charts correspond to the molecular weight contribution to the overall

mass.
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Figure S4. Naphthalene mass products fraction (y-axis) distribution based on the number of carbon atoms (x-axis) for
a high NOx experiment 295 K, colored by the number of (a,b) oxygen and (c,d) nitrogen atoms. Detected compounds
are in the (a,c) gas phase and (b,d) particle phase. Pie charts correspond to the molecular weight contribution to the

overall mass.
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