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Section S1. Semi-quantitative calibration of I-CIMS

The calibration of I-CIMS is challenging because most OOMs are highly reactive and often possess low vapor pressures,
making the preparation of stable calibration standards difficult. Therefore, a semi-quantitative calibration approach widely
adopted in previous I-CIMS studies was applied to estimate OOM mixing ratios (Isaacman-Vanwertz et al., 2018; Lopez-
Hilfiker et al., 2016).

The conversion from measured ion signal intensity to mixing ratio can be expressed as:

Signal,

Mixing Ratio, = ————
I Sparx(1/5),XRTE;

Eq. S1

where S, represents the maximum achievable sensitivity among all detected compounds. Previous studies have shown
that the iodide adduct of levoglucosan approaches the collision limit and therefore exhibits the highest sensitivity and
transmission efficiency in iodide-CIMS measurements (Lopez-Hilfiker et al., 2016; Iyer et al., 2016). The term (1/S));
accounts for compound-dependent variations in sensitivity caused by differences in iodide-adduct stability. This parameter is
closely related to the binding energy between the analyte molecule and the iodide reagent ion. Following the method of
Lopez-Hilfiker et al. (2016), voltage-scanning experiments were performed by varying the voltage difference (AV) between
the skimmer and the entrance to the second quadrupole. For each iodide-adduct ion, the remaining signal fraction relative to
the maximum signal was fitted using a sigmoidal function, yielding two characteristic parameters: 1/Sy, defined as the ratio
of the signal at AV=2.5V to the maximum signal, and dV5,, defined as the voltage at which the signal decreases to half of

its maximum value. The empirical relationship between 1/Sy and dVy, is given by:

0.49

L-0.49+ Eq. S2
So

The relative transmission efficiency (RTE;) accounts for mass-dependent ion transmission through the instrument optics. It
was calibrated using a suite of perfluorinated carboxylic acids that form stable iodide-adduct clusters. The resulting

transmission efficiency curve was parameterized as a Gaussian function of m/z:

RTE;=0.29+0.89*exp(-(“o)?) Eq.S3



The parameterization employed in the semi-quantitative calibration procedure followed that reported by Zhang et al.
(2026b). This semi-quantitative approach has been extensively applied in previous field studies (Li et al., 2026; Ye et al.,
2021) and provides reasonable estimates of OOM mixing ratios in the absence of authentic calibration standards for
individual compounds.

Section S2. PMF data preparation and diagnosis

The PMF input consisted of the concentration matrix and the corresponding uncertainty matrix of the detected OOM species.

The calculation of the uncertainty matrix (Unc) is described as follows:

% x MDL,, ¢; < MDL,

Unc = Eq. S4

VEf X ¢)? + (0.5 x MDL;)2, ¢; > MDL;

where MDL,; represents the detection limit of i species, ci represents the mixing ratio of i species, and the error fraction (Ef)
is set to 20% in this study.

To determine the optimal factor solution, PMF was performed using solutions ranging from 3 to 14 factors. The resulting
solutions were evaluated comprehensively based on (1) the variation of the O/Qex, value, (2) the chemical interpretability of
factor profiles, (3) the temporal evolution of factor time series, (4) the physical significance of the diurnal patterns, and (5) the
presence of characteristic molecular tracers associated with known atmospheric sources and oxidation pathways. After
comparison of the candidate solutions, the eleven-factor solution was selected as the optimal representation of the dataset. In
the ten-factor solution, the Forenoon ISO+MT oxidation factor could not be resolved as an independent factor and was merged
with other biogenic oxidation sources (Fig. S1). In contrast, the twelve-factor solution produced an additional factor lacking
clear chemical characteristics and physical interpretability, indicating over-resolution of the dataset (Fig. S2). Furthermore,
the decrease in O/Qex, beyond the eleven-factor solution was negligible (relative variation smaller than 4.2%, Fig. S3),
suggesting limited improvement in model performance. Therefore, the eleven-factor solution was considered the most robust
and physically meaningful representation of the observed OOM dataset. Among the eleven resolved factors, nine were

identified as atmospherically relevant factors and were assigned to specific sources or oxidation processes based on their



characteristic molecular compositions, temporal behaviour, and relationships with external tracers. These factors were
designated as Daytime ISO oxidation, Forenoon ISO+MT oxidation, Afternoon ISO oxidation, Afternoon ISO+MT oxidation,
Nighttime ISO+MT oxidation, Nitrogen-containing species, Sulfur-containing species, Anthropogenic organic nitrates, and
Regional transport. The remaining two factors (BG1 and BG2) were characterized primarily by instrumental background
signals (Fig. S4). Because these factors lacked meaningful atmospheric signatures and were not associated with identifiable
sources or chemical processes, they were excluded from subsequent source apportionment and discussion.

Section S3. Estimation of OH radical concentrations

The concentration of OH radicals was estimated using a steady-state approach. Under the assumption that the atmospheric

production and loss rates of OH radicals are balanced, the steady-state OH concentration can be expressed as:

0k 5 +alkene[O3][alkene]
koH+alkenelalkene] +k0H+03 [03]

[OH] = Eq. S5

where ko, iqikene denotes the rate constant for the reaction of ozone with unsaturated VOCs, a represents the OH radical
yield from ozonolysis, kop+qikene 18 the rate constant for the reaction of OH radicals with alkene, and k.0, is the rate
constant for the reaction between OH radicals and ozone, were obtained from Atkinson et al. (1992). At the SH site, isoprene
and monoterpenes were identified as the dominant reactive biogenic alkenes and were therefore assumed to represent the
major VOC sinks and sources relevant to OH production through ozonolysis (Zhang et al., 2024). The rate constants for the
reactions of ozone with isoprene and monoterpenes were taken from Khamaganov and Hites (2001), while the corresponding
OH yields were adopted from Nguyen et al. (2016) for isoprene and Rickard et al. (1999) for monoterpenes. Using the
observed concentrations of isoprene, monoterpenes, and ozone, the steady-state OH concentration was calculated for the
entire observation period. The average ozone concentration across the four periods was 48.8 + 8.5 ppb (mean + standard
deviation). Based on the steady-state calculation, the mean OH concentration was estimated to be 0.074 + 0.01 ppt (1.6x10°
molecules cm™). It should be noted that this approach provides a first-order estimate of ambient OH levels and does not
explicitly account for additional OH sources and sinks, such as photolysis reactions, heterogeneous processes, or radical
recycling mechanisms. Nevertheless, the calculated OH concentration falls within the range reported for remote and forested
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environments and is sufficient for evaluating the relative importance of OH-initiated oxidation pathways in this study. It
should be noted that the steady-state assumption may not be strictly satisfied under cloud conditions because cloud-related
multiphase processes can introduce additional sources and sinks of atmospheric radicals. Therefore, the estimated OH and
NO; concentrations (Sect. S4) should be regarded as approximate values with relatively large uncertainties. In this study,
these estimates are primarily used to assess the order of magnitude and relative importance of competing oxidation
pathways, rather than to derive precise absolute oxidation rates.

Section S4. Estimation of NOs radical concentrations

The concentration of NOjs radicals was estimated using a steady-state approximation. Assuming that the atmospheric

production and loss rates of NO; radicals are balanced, the steady-state concentration of NO3 can be expressed as:

ko;+N0,[03]1[NO;]
kno 3 +Mr[MT]+kno 5+150[1SO]

[NO3]SS =

Eq. S6

where ko, in0, Tepresents the rate coefficient for the formation of NO; radicals through the reaction of ozone with NO,. The
temperature-dependent rate coefficient was calculated using the parameterization recommended by previous kinetic studies
(Vrekoussis et al., 2004). kyo,+yr and kyo,+50 denote the reaction rate constants of NOs radicals with monoterpenes and
isoprene, respectively, and were taken from Perékyld et al. (2014). The observed concentrations of ozone, NO», isoprene, and
monoterpenes were used to estimate the production and loss rates of NO; radicals throughout the campaign. Based on this
approach, the average NOs radical concentration during the observation period was estimated to be 0.6 = 0.2 ppt (mean +
standard deviation). This concentration level is comparable to values previously reported for forested and mountainous regions
in southern China (Gong et al., 2018), suggesting that the estimated NO; concentrations are reasonable for the study area. It
should be noted that the present calculation only considers the dominant production pathway of NOs radicals and their losses
through reactions with biogenic alkenes. Additional NOj sinks, including reactions with nitric oxide (NO), heterogeneous
uptake of N,Os, and hydrolysis processes, were not explicitly included in the calculation. Consequently, the estimated NO;

concentrations should be regarded as first-order approximations. Nevertheless, the resulting values are consistent with previous



observations in similar environments and are therefore considered suitable for evaluating the relative importance of NOs-
initiated oxidation pathways in the formation of OOMs and organic nitrates during the campaign.
Section S5. Estimation of the relative importance of OH- and Os-initiated oxidation
To evaluate the relative importance of OH radicals and Os in the oxidation of biogenic volatile organic compounds
(BVOCs), the oxidation rates of isoprene and monoterpenes were estimated using a kinetic approach. The oxidation rates of
isoprene by OH radicals and O3 were calculated as:

Riso+on = kiso+on[ISO][OH] Eq. S7

Ris0+0; = kiso+03[1SO][05] Eq. S8
where & represents the bimolecular reaction rate coefficient, and [ISO], [OH], and [Os] denote the concentrations of isoprene,
OH radicals, and ozone, respectively. The reaction rate coefficients were taken from (Zhang et al., 2000; Khamaganov and
Hites, 2001). OH radical concentrations were estimated using the photochemical steady-state approach described in Sect. S3,
yielding an average concentration of 0.074 (+ 0.01) ppt, 1.6x10° molecules cm?, across the four periods. Ozone
concentrations were approximately 45 ppb at 09:00 and 50 ppb at 20:00. Using these values, the oxidation rates of isoprene
by OH radicals and O3 were estimated. The calculated oxidation rate of isoprene by OH radicals was approximately 15 times
greater than that by Os, indicating that OH oxidation dominated isoprene processing at the SH site.
The same approach was applied to monoterpenes:

Ryiron = k- on[MT][OH] Eq. S9
Ryir:0, = kyro3[MT][O5] Eq. S10

where the reaction rate coefficients were obtained from Atkinson et al. (1986) and Stewart et al. (2013) (Table S3). The
calculated oxidation rate of monoterpenes by OH radicals was approximately 1.5 times that by Os, suggesting that both OH-
initiated oxidation and ozonolysis contributed substantially to monoterpene oxidation under ambient conditions.

Section S6. Estimation of the relative contributions of NOs-initiated oxidation to ON formation



To evaluate the relative importance of Os- and NOs-initiated oxidation pathways in the formation of biogenic ONs, the
oxidation rates of isoprene and monoterpenes were estimated using:

Risono; = kiso+nvo; [ISO][NO;] Eq. S11

Rurno; = Kurino; [IMTI[NO;] Eq. S12
where k denotes the bimolecular reaction rate coefficient and [NO;] represents the concentration of NOs radicals. The NO3
radical concentration was estimated using the steady-state approach described in Sect. S4, yielding an average concentration
of 0.6 (£ 0.2) ppt during the observation period. Reaction rate coefficients were adopted from Perdkyla et al. (2014).
Although the reaction rate coefficient of isoprene with NOs radicals is approximately four orders of magnitude larger than
that with O3, ambient O3 concentrations were approximately 8.6x10% times higher than NOj; radical concentrations.
Consequently, the estimated oxidation rate of isoprene by O3 was approximately 8.6 times higher than that by NO; radicals,
indicating that ozonolysis represents an important pathway contributing to ISO-ON formation. In contrast, monoterpenes
reacted much more rapidly with NOs radicals. Based on the observed precursor concentrations and calculated oxidant levels,
the oxidation rate of monoterpenes by NOs radicals was estimated to be approximately 1.65 times higher than that by Os.
This result suggests that both NOs-initiated oxidation and ozonolysis contribute substantially to MT-ON formation, with the

NO; pathway being slightly more important under the conditions observed at the SH site.



Table S1: Summary of instruments used in this study
Instruments Species Model/Company Time resolution
I-CIMS OOMs TOFWERK Is
Vocus PTR-MS VOCs TOFWERK Is
TOF-ACSM NR-PMzs Aerodyne Research Inc. 2 min
AE33 BC Aerosol Magee Scientific Is
Brechtel Manufacturing
GCVI cloud droplets ls
Inc.
Model 49i, Thermo .
Gas analyzer 0] 1 min
Scientific Inc.
Gas analyzer CO G2401, Picarro Inc. 1 min
TD-LIF NO2 Customed 1 min
Ambient particulate Model 5014i, Thermo
PM2s 1 min
monitor Scientific Inc.
HC2S3, Campbell )
Standard meteo probe RH, T 1 min

Scientific Inc.




Table S2: Comparisons of meteorological parameters and trace gas concentrations among the four periods.

| Parameter | P P | P3| P

T (°C) 19.8+1.1 22.4+2.1 11.5£1.0 16.4+2.7
RH (%) 99.8+0.7 93.2+8.9 99.8+1.1 72.0+12.0
WS (m s) 3.35+1.04 2.90+1.22 6.58+2.11 3.58+1.77
WD (°) 279.7+35.4 288.2+33.3 229.7+10.8 203.8+109.6
PM,  (ug m) 4.22+2.71 13.34+5.68 7.86+9.04 18.70+4.95
Ozone (ppb) 38.0+2.9 43.8+5.0 53.3+14.7 48.7+£13.4
NO, (ppb) 1.3£0.2 1.7+£0.6 1.6£0.4 1.0£0.3
Radiation (W m2) 141.3+203.2 206.2+298.4 63.34+92.1 213.3+£301.7
Isoprene (ppb) 1.64+0.31 1.41+£0.42 0.22+0.05 0.27+0.17
Monoterpene (ppb) 0.75+0.13 0.36+0.12 0.01+£0.00 0.02+0.01

Table S3: Summary of reaction rate coefficients used in Sects. S5 and S6.

Reaction rate coefficients Value (cm?® molecule™-s™)

kiso+on 1.0e-10
kiso+o3 1.33¢-17
kiso+nos 5.78e-13
kmr+on 5.45¢e-11
kyr+o3 1.0e-16
kur+nos 5.0e-12
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Figure S1: (a) Time series and (b) mass spectral profiles of PMF ten-factor solution.
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Figure S2: (a) Time series and (b) mass spectra profiles of PMF twelve-factor solution.
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