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Table S1. Sampling details and kaurene quantification for Tenax tubes.

No. Sampling start time Sampling end time Volume Kaurene mass Kaurene concentration
L) (ng) (ppb)
1 01-15 10:08:49 01-15 10:36:12 5.29 151 0.03
2 01-15 14:52:50 01-15 15:16:53 4.95 62.10 113
3 01-28 11:30:28 01-28 12:00:53 5.64 0.89 0.01
4 01-28 13:36:54 01-28 13:56:51 3.74 299.59 7.20

Text S1. Determination of reaction rate coefficient of kaurene with ozone.

There are only a few studies concerning the reaction rate coefficient of diterpenes with Os. Moreover, reported reaction rate
coefficients span two orders of magnitude between the values given by Helin et al. (2020) and EPI Suite (Environmental
Protection Agency, United States). In order to estimate the reaction rate coefficient of kaurene with Oz from our own
experiments, we constructed a simple kinetic model. The model predicted kaurene and Os concentrations using several
different kaurene-QOg3 reaction rate coefficients. By comparing the trends in simulated and measured kaurene and O3, we could
estimate the reaction rate coefficient of kaurene ozonolysis, as described below.

To estimate the reaction rate coefficient, we chose the experiment conducted on January 15th (from 12:00 to 3:00 the next
day). During that experiment, both O3 and kaurene were introduced to the chamber at high concentrations, the Vocus had a

constant FIMR pressure, and no seed particles were injected. In the model, the injection was set as the only source for both
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kaurene and Os. The loss term of kaurene and Oz included the flush-out and chemical reactions. Hydroxyl radical (OH) can be
formed from ozonolysis of alkenes; thus, we also considered OH reactions with kaurene in the model.

In our model, the concentration of species X (i.e., kaurene, Oz and OH) at time j equals the concentration at the previous time
point (j-1), plus relevant injection/formation rates, minus losses from chemical reactions and flush-out. Therefore, the

concentration of kaurene (kau), O3, and OH with 0.01 s time resolution can be modeled as follows:

(O (J) = 030'1) + 0-01*(kin*03,in - kl*kau(j—l)*03 (j'l) - kz*OH(j'l)*O3 (j'l) — Kpysheout *O03 (j'l)) (1)
kau(j) = kau(j-1) + 0.01*(k;, *kau;, — k;*kau(j-1)*O5(j-1) — k3*OH(j-1)*kau(G-1) — Kgush-out *kau(-1)) (52)

OH(j) = OH(-1) + 0.01*(y*k, *kau(j-1)*05(j-1) — ky*OH(j-1)*O;(j-1) — k3 *OH(j-1)*kau(j-1) — Kqush-ou *OHG-1)) (S3)
The average residence time in the COALA chamber was 56 min, and the injection rate ki, equals the flush-out rate, i.e. kin =
Kfiush-out = 1/ (56 min) = 3x10™* s, O3, and Kaui, represent the injected amount of Osand kaurene, respectively. ki, ko, and k3
are the reaction rate coefficients of kaurene-Os, OH-Os, and kaurene-OH, respectively. Out of these, only k =
7.3x10em3molecs™ is well known (Atkinson et al., 2004). y is the OH vyield from the reaction of kaurene and Os. In
summary, the unknown parameters in the model are kauin, kau, ki, ks, and y. However, we can utilize the knowledge of the
relative changes of the kaurene and O3 concentrations upon changes in input parameters to constrain the ranges of the different
parameters.

The modeled experiment consisted of three stages, as shown by the solid lines in Fig. S1. First, kaurene was added without
any Ogs into the chamber around 12:00. Second, after ~3 h, O3 addition began (Os,in = 72.5 ppb). kaurene reacted with O3 and
kaurene concentration in the chamber reduced. Third, kaurene injection was stopped 5 h later, and kaurene concentration
decayed, while ozone concentration slightly increased. We modeled the concentration of kaurene and O3 in the chamber with
different values for the unknown parameters (non-solid traces in Fig. S1). It should be noted that the modeled injection of
kaurene at the first stage started around 30 min later than the real injection. The reason for this was that the kaurene response
in the chamber was always slower than in the model, presumably due to interactions with the walls of the chamber and tubing.
Matching the relative changes of O3 and kaurene between simulation and measurement during the second and third stages was
the main criteria for determining the reaction rate coefficient.

We tested three kaurene-Ogs reaction rate coefficients (k1), with varying rate coefficients of kaurene-OH reaction (ks), OH yield
(y), and input amount of kaurene (kauin). The input parameters of different tests are listed in Table S2, and the results are
shown in Fig. S1. As can be seen from the figures, out of all the tested values, y=0.5 and k,=5x10"cm’molec's™ gave the
best simulation of the relative kaurene decay upon O3 addition in all cases. With these premises, we can then try to estimate ks
and kauir. The kaurene decay was not very sensitive to ks, with a reasonable agreement for all the modeled values, despite
ranging over two orders of magnitude. This partly suggests that the formed OH mainly reacts with other compounds (e.qg.,

contaminants) than kaurene in our chamber. However, the relative increase in Os when kaurene was removed around midnight
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shows a larger difference with different combinations of k3 and kauin. It is not possible for us to determine these values exactly,
partly because the kaurene concentration had not fully stabilized before the O3 injection, thus bringing uncertainty to the final
kaurene concentration that would have been achieved without Os. However, as a general conclusion, the best agreement
between the kaurene and Oz changes comes with a kaui, close to the modeled 5.3 ppb, being slightly lower if ks was
1072 cm®molec's™ and slightly higher if ks was closer to 10" em®molec™'s™. We therefore chose k;=1x10""'cm*molec™s™
as a reasonable value based on our data, but again conclude that this value is less important for our study. The main result was
that we were able to estimate a good value for the kaurene- O3 reaction rate coefficient of k,=5x10""*cm’molec™'s™". This value
was then used to derive the correction factors for the kaurene concentrations measured by the Vocus (Sect. 2.3 in the main
text).

Table S2. Input parameters. ki refers to the reaction rate coefficient of kaurene-Os, and ks to reaction rate coefficient
of kaurene-OH.

Parameter Modeled values
Kaurene injection in ppb (kauin) 1.6,5.3,10.6

ki (cm®molec’!s) 1x10°", 5x1071, 1x1071¢
ks (cm*molec™'s!) 1x1071°, 1x107!", 1x10712
OH yield (y) 1,05

1Kaurene injection, kauin: the injected concentration of kaurene was unknown due to the lack of any authentic diterpene standards. Thus, we
used different kaurene concentrations to do the tests. The three values of kaurene injection shown here were determined so that the peak
concentrations of kaurene could be close to 1.5 ppb, 5 ppb and 10 ppb in the end of the first stage.

2; was reported to be 2.4x103cm3molec s by Helin et al. (2020) and 1.2x10"7cm3molec's™! by EPI Suite. Thus, we test three ki values
within the range of 1x107°~ 1x10""%cm3molec™'s!.

3The range of reaction rate coefficient of kaurene-OH, ks for testing was determined based on the reported results of monoterpenes and

sesquiterpenes.
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Figure S1. Model results. Panels (a), (b), and (c) show the results when injected kaurene was set as 1.6 ppb; panels (d), (e), and (f)
80 are the results when we set the injected kaurene to 5.3 ppb; panels (g), (h), and (i) show the model results when 10.6 ppb kaurene
was injected. Note that the raw data of the Vocus was scaled roughly to match the modeled concentration and referred to as measured
kaurene (blue solid lines) in these plots. We use different kinds of blue to show the trends of kaurene and orange for Os. The same
color represents the same value of ki in the tests. The dashed lines in all panels show the results at y=1, while the dotted lines are at
y=0.5.
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Table S3. Products of kaurene oxidation as identified in the Vocus. Data correspond to Fig. 4b in the main text. All ions are positively

charged and shown including the reagent ion (H*). f is the fraction of the total signal.

C H 0] N m/z, Th f>108 C H (0] N m/z, Th f><108
10 15 0 0 1351170  30.3 18 29 2 0 277.2152 1.3
11 17 0 0 149.1326  70.6 19 33 1 0 2772519 0.1
12 19 0 0 163.1482  88.6 20 31 1 0 287.2363 1.1
13 21 0 0 177.1638  113.8 19 29 2 0 289.2152 0.9
14 23 0 0 191.1794 343 20 33 1 0 289.2519 24
15 23 0 0 203.1794  16.6 20 36 0 1 290.2839 441
16 25 0 0 217.1950 357 19 31 2 0 2912308  17.7
18 25 0 0 2411950 0.3 19 34 1 1 292.2628  20.1
19 29 0 0 2572262 16.4 19 33 2 0 293.2464 181
19 31 0 0 259.2418 1.2 20 31 2 0 303.2308 0.9
19 33 0 0 261.2574 0.8 19 29 3 0 305.2097 0.3
19 27 1 0 2712051 0.6 20 33 2 0 305.2464 0.6
20 31 0 0 2712418 191 19 31 3 0 307.2253 0.2
20 32 0 0 2722496 251 20 35 2 0 307.2620 0.4
19 29 1 0 2732207 3.4 19 34 2 1 308.2573 5.4
20 33 0 0 273.2574  867.7 19 33 3 0 309.2409 1.4
19 30 1 0 2742285 245 20 31 3 0 319.2253 0.3
19 31 1 0 2752363  31.9 20 33 3 0 321.2409  36.0




90 Table S4. Products of kaurene oxidation as identified in nitrate CI-APi-TOF spectra. Data correspond to Fig. 4 ¢ and d in the main

text. All ions are negatively charged and shown including the reagent ion (NOg3). f is the fraction of the total signal.

C H 0] N m/z, Th <107 C H (0] N m/z, Th f><107
19 28 7 1 382.1858  47.0 24 37 10 1 499.2407 3.3
18 28 8 1 386.1807 450 24 38 10 1 500.2485  1093.4
19 32 7 1 386.2170 685 25 42 9 1 500.2848 144
20 30 7 1 396.2014 965 19 26 15 1 508.1294 3.1
19 28 8 1 398.1807  39.6 20 30 14 1 508.1657  31.3
18 26 9 1 400.1600  19.0 21 34 13 1 508.2020 8.6
19 30 8 1 400.1963  98.7 23 27 12 1 509.1525  56.2
19 31 8 1 401.2041 35 20 31 14 1 509.1735 446
18 28 9 1 402.1756  44.9 19 28 15 1 510.1450 104
19 32 8 1 402.2119 4224 20 32 14 1 510.1813  11.0
19 33 8 1 403.2197 2.3 19 30 15 1 512.1606 6.1
20 30 8 1 412.1963  1086.4 20 34 14 1 5121969 4.4
19 28 9 1 414.1756  694.5 25 38 10 1 5122485  79.0
20 32 8 1 414.2119  40.1 26 42 9 1 512.2848 165
19 29 9 1 4151834 6.9 24 36 11 1 5142278  618.5
20 33 8 1 415.2197 119 25 40 10 1 5142641  25.9
18 26 10 1 416.1549 253 23 34 12 1 516.2071 3.4
19 30 9 1 416.1912 1719 21 32 14 1 5221813 3.9
20 34 8 1 416.2275  50.9 23 40 12 1 522.2539 8.2
19 31 9 1 417.1990  67.5 20 30 15 1 5241606  18.8
18 28 10 1 418.1705  61.4 26 38 10 1 5242485  31.6
19 32 9 1 418.2068  115.4 27 42 9 1 524.2848  277.7
18 30 10 1 420.1861  58.3 20 32 15 1 526.1762 10.5
19 26 10 1 428.1549  10.8 26 40 10 1 526.2641  526.7
20 30 9 1 428.1912 3129 27 44 9 1 526.3004 21
21 34 8 1 428.2275 2.2 19 30 16 1 528.1555 3.1
19 27 10 1 429.1627 6.8 25 38 11 1 528.2434  98.2
20 31 9 1 429.1990  15.6 26 42 10 1 528.2797 545
19 28 10 1 430.1705 1225 25 40 11 1 530.2590  26.7
20 32 9 1 430.2068  77.2 24 38 12 1 5322383 7.0
19 29 10 1 431.1783  90.5 25 42 11 1 532.2746 35
20 33 9 1 431.2146 9.6 27 40 10 1 538.2641 122.6
18 26 11 1 432.1498 214 28 44 9 1 538.3004  282.6
19 30 10 1 432.1861  554.0 26 38 11 1 540.2434 8.7
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11



105

110

115

which parts of the mass range. The *Vocus fragments' refers to the kaurene fragments, and "Vocus OP* refers to Cis-20 oxidation
products. ‘Nitrate monomers', ‘Nitrate Cz1-20dimers', and *Nitrate dimers’ represent the Cis.20 HOM monomers, C21.20 HOM dimers,
and Cs7-40 HOM dimers measured with nitrate CI-APi-TOF, respectively. The zoomed-in views of the mass range above 300 Th are
shown in panels (b) and (d).
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