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Supplementary Text 

S1. Detailed configuration of the laminar flow reactor 

1.1 Seed-particle generation and classification 

   Self-charged polydisperse Ni-Cr seed nanoparticles were produced by resistive heating of a nichrome wire in clean, dry 5 
air, and subsequently classified into a monodisperse size distribution using a high-resolution half-mini differential mobility 
analyzer (half-mini-DMA), operated with a 5.6 L min-1 flow of ultra-high-purity nitrogen (99.999%) as the carrier gas. Of the 
monodisperse outflow, 0.6 L min-1 was directed to a fast condensation particle counter (Fast CPC; Model 3650, Kanomax Inc., 
Japan) for continuous monitoring of seed-particle number concentration, and the remaining 5 L min-1 was directed into the 
laminar flow reactor. 10 

The performance and operational principles of the half-mini-DMA have been detailed previously (Liu et al., 2020). The 
instrument was first operated in scanning mode, gradually increasing the DMA voltage to obtain a full electrical mobility 
distribution of the polydisperse seed particles, and then switched to fixed mode by holding the voltage at the value 
corresponding to the electrical mobility of interest. DMA calibration was performed by electrospraying a methanol solution of 
tetraheptylammonium bromide and identifying the voltages associated with the peak transmission of the tetraheptylammonium 15 
cation monomer (THA+) and dimer (THA2+), whose electrical mobilities at 298 K have been reported in previous 
studies(Carbone et al., 2016; Fang et al., 2014). A closed-loop sheath flow system was used, with the sheath flow rate fixed at 
150 L min-1 to ensure high size resolution and minimize ion diffusion losses during classification. The sheath circuit was 
equipped with an in-line mass flowmeter (Model 4000, TSI Inc., USA) positioned upstream of the classification region. Under 
these conditions, the size resolution of the half-mini-DMA was approximately 30 for nanoparticles with a mobility diameter 20 
of 3.3 nm. 

1.2 Inertness and charge stability of Ni-Cr oxide seed particles 

   Hot-wire generators operated with nichrome wires in clean dry air emit hydrophobic, non-soluble metal-oxide 
nanoparticles with well-defined sizes and minimal chemical contamination (Attoui, 2022; Fomenko et al., 2021; Picard et al., 
2019). These Ni-Cr oxide nanoparticles contain essentially no native organic material and are non-volatile on the timescale 25 
and temperature range of our experiments. Under atmospheric pressure, their surfaces are rapidly passivated by an oxide shell, 
which strongly reduces their redox activity at room temperature (Attoui, 2022; Fomenko et al., 2021). Consequently, these 
seed nanoparticles behave largely as chemically inert condensation cores toward OOMs, so that the observed nanoparticle 
growth primarily reflects physical condensation onto an inorganic core rather than heterogeneous chemical transformation. 
   An additional consideration is the electrical charge carried by the 3–5 nm seed particles. Because they are mobility-selected 30 
by the half-mini-DMA, seed particles are predominantly singly charged, with multiply charged nanoparticles being negligible 
in this size range, consistent with bipolar charging theory (Kallinger and Szymanski, 2015). Downstream of the half-mini-
DMA, the charged nanoparticles are transported through the flow reactor in a particle-free zero gas, without any additional ion 
source or strong electric fields. Classical ion–aerosol attachment theory shows that evolution of the charge distribution requires 
a reservoir of small ions for attachment and recombination (Hoppel and Frick, 1986). In the absence of such ions, the charge 35 
state is effectively frozen and remains unchanged within the 3-min residence time, implying that the singly-charged state of 
the 3–5 nm nanoparticles is stable along the flow reactor. 
   The TSI® 1-nm SMPS was operated at a sheath-to-aerosol flow ratio yielding a resolving power of 7 for nanoparticles with 
a mode diameter of 3.3 nm. As shown in Fig. S8, our half-mini-DMA setting yields a monodisperse distribution whose mode 
diameter is very close to the target, with geometric standard deviations (GSDs) typically ≤ 1.01, while peak number 40 
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concentrations ranged from (1.5–2.0) × 105 cm-3 for each size. By comparison, GSDs measured by the 1-nm SMPS were ~1.08 
owing to its lower resolving power. 

1.3 OOM generation in the PAM oxidation flow reactor 

   OOMs were produced via OH-initiated oxidation of toluene or ozonolysis of α-pinene in a Potential Aerosol Mass (PAM) 
oxidation flow reactor (OFR; Aerodyne Research Inc.) (Fig. S1). The flow into the PAM included dry and humidified zero air 45 
(15 L min⁻1), VOC/N₂ mixture (15 sccm), and ozone (0.8 L min⁻1), giving a total flow rate of ~16 L min⁻1 and a residence time 
of ~52 s. 
   For OH + toluene experiments, the PAM was operated under the OFR254 mode, in which OH radicals were generated in 
situ by 254-nm photolysis of ozone (O3 + hν → O(1D) + O2; O(1D) + H2O → 2 OH). Relative humidity was adjusted by a 
Nafion humidifier and monitored at the reactor outlet; all experiments were conducted at RH 44–53%. Toluene was supplied 50 
from a pressurized gas cylinder through a mass flow controller at 1–15 sccm. Ozone was generated externally and introduced 
at ~800 sccm. In selected experiments, NO was added to the PAM to produce controlled NOx levels. NOx and O3 
concentrations were measured by a NOx monitor (42i, Thermo Scientific Inc.) and an O3 monitor (49i, Thermo Scientific Inc.), 
respectively. To terminate oxidation reactions downstream of the PAM and prevent OH-induced oxidation in the laminar flow 
reactor, 2.5 sccm of 10% carbon monoxide (CO) was added at the PAM outlet as an OH scavenger. 55 
   In parallel experiments, α-pinene was used as a precursor for ozonolysis-driven OOM formation under dark, OH-free 
conditions. The PAM functioned as a passive mixing and reaction zone, with ozone introduced upstream of the α-pinene flow; 
no UV irradiation or external OH generation was applied. 

1.4 Main reaction zone and sampling configuration 

   Ni-Cr oxide seed nanoparticles were introduced into the laminar flow reactor through a glass conical injector, expanding 60 
from 1.9 cm to 20 cm in inner diameter with an opening angle of 9.4°. This geometry promotes a stable laminar flow and a 
parabolic velocity profile across the reactor cross-section. OOMs from the PAM were introduced through an annular inlet 
surrounding the particle flow axis; the ring-shaped geometry promotes rapid radial diffusion of OOMs and uniform mixing 
with the seed nanoparticles. 
   The main reaction zone extends 200 cm in length with a 20 cm inner diameter. At a total flow rate of 21 L min⁻1 (mean 65 
axial velocity U = 0.0111 m s⁻1), this configuration yields a residence time of ~3 min, with Reynolds number Re = ρUD/μ < 
200. Nine evenly spaced sampling ports are distributed along the axial direction: the first port is 35 cm downstream of the 
OOM injection plane, with the remaining ports at 20 cm intervals. 

1.5 Online instrumentation 

   A nitrate chemical ionization mass spectrometer (nitrate-CIMS; Aerodyne Research Inc., USA, and Tofwerk AG, 70 
Switzerland) detected highly oxygenated organic molecules (HOM) in the gas phase. An iodide-ion-based chemical ionization 
mass spectrometer (iodide-CIMS; same manufacturers) provided complementary detection of moderately oxidized and semi-
volatile compounds. A Vocus proton-transfer-reaction time-of-flight mass spectrometer (Vocus-PTR; same manufacturers) 
monitored VOC precursor consumption and quantified volatile and semi-volatile organics. 
   Particle measurements used a 1-nm DMA scanning mobility particle sizer (1-nm SMPS; Model 3938E57, TSI Inc., USA) 75 
covering 1–100 nm. During coagulation-only experiments, the 1-nm SMPS sampled sequentially at ports 1–9; during 
condensation experiments, it sampled at port 6 (residence time = 131 s). A particle size magnifier (PSM; Model A10, Airmodus 
Inc., Finland) and a nano-DMA scanning mobility particle sizer (nano-SMPS; Model 3936, TSI Inc., USA) sampled at the 180 
s port to verify the absence of new-particle formation. A fast CPC (Model 3650, Kanomax Inc., Japan), placed downstream of 
the half-mini-DMA, monitored seed-particle number concentrations entering the flow tube. 80 
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S2. H2SO4, OOM measurements and quantification 

   Gaseous H2SO4 was detected by the nitrate-CIMS. Calibration was performed by introducing a known concentration of 
H2SO4 generated from OH-initiated oxidation of SO2 under UV photolysis of water vapor, following the configuration 
described in ref.(Kürten et al., 2012). The resulting calibration coefficient was 8.03 × 109 cm-3. 
   We define OOMs as molecules containing at least one C, H, and O atom. Three complementary mass spectrometric 85 
techniques were employed — Vocus-PTR, iodide-CIMS, and nitrate-CIMS — all equipped with long time-of-flight analyzers 
providing mass resolutions of 8,000–9,000 Th/Th. Because nitrate-CIMS provides more reliable quantification for 
HOM(Bianchi et al., 2019; Jokinen et al., 2012), whereas iodide-CIMS and Vocus-PTR yield semi-quantitative results based 
on reagent-ion binding affinities(Krechmer et al., 2018; Lopez-Hilfiker et al., 2016), we developed cross-instrument 
reconciliation rules (Section 3.4 below). 90 

2.1 Vocus-PTR 

   Vocus-PTR was calibrated using a multi-component gas-phase standard mixture (Table S3) dynamically diluted to 
atmospherically relevant concentrations and introduced under the same conditions as for laboratory and ambient sampling. 
Background signals were determined by switching the inlet to zero air. For OOMs without gas-phase standards, sensitivities 
were estimated based on their proton-transfer reaction rate constants (k!), using an empirical linear relationship derived from 95 
calibrated VOCs (Fig. S3) (Sekimoto et al., 2017). This approach assumes minimal fragmentation and efficient ion 
transmission, validated previously across a wide range of oxygenated organic compounds (Wang et al., 2020). To account for 
instrumental drift, the calibration was repeated hourly, with a correction factor F applied to ambient measurements based on 
inter-hour calibrant variability. OOM concentrations were calculated as 

 100 
   The systematic uncertainty is typically ±20% for directly calibrated compounds, but OOM concentrations may be 
overestimated by a factor of 2–10 owing to variations in ionization efficiencies and fragmentation patterns (Riva et al., 2019; 
Sekimoto et al., 2017). 

2.2 Iodide-CIMS 

  Calibration of the iodide-CIMS followed the Lopez-Hilfiker et al. (2016) method (Lopez-Hilfiker et al., 2016). The 105 
same liquid-injection calibration system used for citric acid and PEG-7 was used to generate 11 gaseous calibrants (Table S4) 
at known mixing ratios under matched flow and temperature conditions. To account for transmission losses due to collisional 
declustering in the atmospheric pressure interface, we performed a declustering voltage scan to determine the stability of 
iodide–OOM adducts, which was achieved by incrementally increasing the electric field strength between the skimmer and 
the quadrupole entrance while keeping the ion transmission settings constant. Signal decay curves were fitted with a sigmoidal 110 
function to extract the voltage (dV50) at which 50% of the signal was lost, which serves as a proxy for the binding enthalpy of 
each adduct. Adducts with high dV50 values (≥6 V) were considered strongly bounded and thus detectable with near-collision-
limited sensitivity. For adducts with a weaker bound, the measured signal was corrected by a factor (S) derived from the 
extrapolated low-voltage transmission curve to account for ion losses during transmission. This correction enabled semi-
quantitative sensitivity calibration for a wide range of OOMs, even in the absence of compound-specific calibration standards. 115 
Fig. S4 shows declustering-voltage scans of the iodide-CIMS for 11 calibrants of known concentrations (Table S4), from which 
we derive the empirical relationship between the measured dV50 and the instrument’s normalized sensitivity. This calibration 
curve serves as a transfer function to estimate sensitivities for uncalibrated OOMs. For iodide-CIMS, sensitivities vary widely 
across functional groups, with uncertainties of 25%-50% for calibrated OOMs and 25%-80% for uncalibrated OOMs, resulting 
in an overall uncertainty of approximately 60% for a mixture of OOMs. 120 

									[OOM"] = C#$% × [OOM" ∙ H&] × 𝑘! × F																																						(S1)	
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2.3 Nitrate-CIMS 

We assume that all OOMs detected by the nitrate-CIMS exhibit the same ionization efficiency as H2SO4 and that the 
OOM∙NO3− clusters are sufficiently stable to avoid dissociation during their residence within the mass spectrometer(Tröstl et 
al., 2016; Yao et al., 2018). Transmission efficiency (T) corrections for CIMS were performed following a method described 
in the literature(Heinritzi et al., 2016), i.e., a series of perfluorinated acids with varying molecular masses were introduced into 125 
nitrate-CIMS to derive an instrument-specific relative transmission curve. The concentration of each detected OOM was 
subsequently quantified using equation (S2), incorporating the corresponding relative transmission correction. The systematic 
uncertainty of the nitrate-CIMS measurement is +50%/−50%, coming from uncertainties in the calibration(Garmash et al., 
2024; Stolzenburg et al., 2025). 

 130 

2.4 Cross-instrument reconciliation 

   Although the three instruments differ in their theoretical detection sensitivities, they detect overlapping sets of 
OOMs(Isaacman-VanWertz et al., 2017; Riva et al., 2019). Identical molecular formulas across instruments do not guarantee 
identical structures, given isomeric and structural diversity. 
   For OOMs detected by both iodide-CIMS and nitrate-CIMS (Fig. S5; nₒ = 1–8, with strongest overlap at nₒ ≈ 3–6), the two 135 
estimates agreed within an order of magnitude only for species with nₒ = 4–5, while diverging systematically at lower or higher 
oxygen numbers. Because CIMS sensitivity depends strongly on nₒ, formulas with nₒ ≤ 3 were quantified by iodide-CIMS, 
those with nₒ ≥ 6 by nitrate-CIMS, and those with nₒ = 4–5 were assigned the higher of the two estimates. 
   For OOMs detected by both Vocus-PTR and iodide-CIMS (Fig. S6), the two estimates showed larger discrepancies than 
for the iodide–nitrate pair, reflecting fragmentation of multifunctional OOMs in Vocus-PTR (Li et al., 2022; Zhang et al., 140 
2025). Following the same logic, formulas with nₒ = 0 or 1 were quantified by Vocus-PTR, those with nₒ ≥ 4 by iodide-CIMS, 
and those with nₒ = 2 or 3 were assigned the higher of the two estimates. 
   For OOMs detected by both Vocus-PTR and nitrate-CIMS, the nitrate-CIMS estimate was used. For species detected by 
all three instruments, the iodide-CIMS / nitrate-CIMS rule was applied and the Vocus-PTR estimate was discarded. 

2.5 Real-time axial concentration profiles in the flow reactor 145 

   In OOM mixture-driven growth experiments. We characterized OOMs’ concentrations along the axial direction for both 
toluene + OH and α-pinene + O3 experiments. OOMs were sampled at nine ports under identical inlet and ion-source settings. 
For each detected OOMs, the measured concentrations at nine sampling ports (Ct) were compared with the concentration at 
the 9th ports with a residence time of 180 s  (C180s), and the obtained ln(Ct/C180s) was regressed against the residence time to 
derive the concentration trend of each detected OOMs (Fig. S7).Then, the time-dependent concentration profile of each OOM 150 
was used as an input to the OOM concentration term of particle-growth model to derive the modelled growth rate, thereby 
minimizing simulation biases arising from OOM concentration gradients along the flow tube. 

S3. Volatility parameterization of OOMs 

   Because direct volatility measurements of gas-phase OOMs are not feasible, their saturation concentrations C* are 
conventionally estimated from molecular formulas as a function of carbon (n'), oxygen (n(), and nitrogen (n)) atom counts 155 
(Donahue et al., 2011): 

log*+C∗(300K) = (25 − n')b' − (n( − 3n))b( − 2
(n( − 3n))n'
(n' + n( − 3n))

b'( − n)b)												(S3) 

	[OOM!] = C-!.(" ×
OOM! ∙ NO/0

NO/0 +HNO/ ∙ NO/0 + (HNO/)1 ∙ NO/0
	× T																						(S2)	
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   where b' =0.493, b( =1.392, b'( =-0.532, and b) =2.402 from (Zhang et al., 2026). OOM volatility at ambient 
temperature was obtained by correcting for the temperature effect: 

log*+C∗(T) = log*+C∗(300K) +
∆H2$3
Rln(10) B

1
300 −

1
TC																																			(S4) 160 

   in which, the evaporation enthalpy ∆H2$3 is obtained with following equation: 

∆H2$3[kj	mol0*] = −5.7 ∙ log*+C∗(300K) + 129																																	(S5)	 

S4. Calculation of simulated growth rates 

   Following (Stolzenburg et al., (2022), nanoparticle growth was modeled using a monodisperse organic-growth framework 
that solves the coupled ordinary differential equations governing condensational mass transfer across VBS bins. Sulfuric acid 165 
condensation is also incorporated and is assumed to be kinetically limited: 

4'#,%
45

= N3β!,3[C!2 − a!,3C!+]                 (S6) 

4'&',%
45

= N3β7$,3C7$2               (S7) 

where C!,3 is the mass concentration of the ith OOM in the particle phase, C!2 is the mass concentration of the ith OOM in the 
gas phase, and C!+ is the saturation mass concentration of the ith OOMs at the temperature of the experiment. N3 is the 170 
monodisperse particle population number concentration, and, in this framework, does not influence the resulting GR of the 
model. β!,3 is the collision rate coefficient for collision of the ith OOM with the growing particle population, which is assumed 

to follow a hard-sphere collision kernel based on bulk density and spherical assumptions 
   Particle phase activity a!,3 is calculated as a!,3 = X!,3γ!,3K!,3, where X!,3 = c!,37 /c37  is the mass fraction of the ith OOM 
in particle phase, c!,37  is the mass of the ith OOM in particle phase, and c37  is the sum of c!,37  in particle phase; γ!,3 is the 175 
mass based activity coefficient in the gas-phase organics, and is assumed to be 1; K!,3  is the Kelvin coefficient, and is 

calculated as K!,3 = exp(89#,(:#,(
;<=#,(43

), which in turn accounts for the increased equilibrium vapor pressure over curved surfaces 

and can be estimated using (bulk) organic surface tension σ!,2, density ρ!,2, and the molecular mass M!,2 of the condensing 
vapors.  

S5. Field measurements at Lake Tai 180 

   A field campaign was conducted from 4th July to 20th September, 2023 in the National Field Observation and Research 
Station for the Lake Ecosystem of Lake Tai (31°42′N, 120°22′E, ~5 m above sea level), located in a suburban area of Jiangsu 
Province, China. The site is influenced by both anthropogenic emissions from surrounding industrial and residential regions 
and natural emissions from nearby freshwater lake systems.  
   PNSDs were measured using a TSI® 1-nm SMPS, a TSI® Long-SMPS, and an Airmodus® PSM, together covering a size 185 
range from 1.2 to 700.0 nm. These three instruments operated in parallel with time resolutions of 1-4 min, and were used to 
derive particle GRs across the full nucleation-to-accumulation mode range. Twelve NPF events were observed during the field 
measurements, among which four events were selected for more detailed analysis. These four events featured moderate 
background condensation sinks and relatively smooth growth behavior, which favors GR estimation, because these conditions 
minimized interference from coagulation and permitted a robust comparison of field measurements with modeled 190 
monodisperse growth driven by condensation of organic vapors.  
   To quantify ambient OOMs at Lake Tai, we deployed the same suite of instruments and the same settings as in the laboratory: 
a nitrate–CIMS, an iodide–CIMS, and a Vocus-PTR. For nitrate-CIMS, sampling was through a 0.8 m and 3/4-inch inner 
diameter (ID) stainless-steel tube, and the sample flow rate was 10 L min-1 (more details in our previous study(Yao et al., 



6 
 

2018)). For iodide-CIMS, a 0.8 m polytetrafluoroethylene (PTFE) tubing (0.38-inch ID, 0.50-inch OD) was used with a bypass 195 
blower to maintain a total sample flow of 15 L min-1, of which 2 L min-1 was drawn into the iodide-CIMS. For the Vocus-PTR, 
a 0.8 m PTFE tubing (0.12-inch ID, 0.25-inch OD) was used with a bypass blower to maintain a total sample flow of 5 L min-

1, of which 0.08 L min-1 was drawn into the Vocus-PTR. 

S6. Generation and quantification of citric acid and PEG-7 vapors 

   Citric acid or PEG-7 vapors were generated by immersing an evaporator of pure compound in a hot water bath and 200 
delivering the headspace gas to the flow reactor. Different concentration levels were produced by adjusting the bath 
temperature: 45–80 °C for citric acid (restricted to avoid potential thermal decomposition above ~120 °C; Fig. S21) and 52–
85 °C for PEG-7. 
Citric acid was quantified with the nitrate-CIMS, and PEG-7 with the iodide-CIMS. Instrument sensitivities were determined 
by liquid-injection calibration: the citric acid or PEG-7 solution was delivered to a liquid nebulizer (TR-30-A1, Meinhard Inc., 205 
USA) at 0.1–0.2 mL h⁻1, together with a dilution gas (zero air) flow of 1 L min⁻1, using a gas-tight syringe (1002LT, Hamilton 
Inc., Switzerland) driven by a syringe pump (Fusion 200-x, Chemyx Inc., USA). The nebulizer outflow was further mixed 
with another zero-air flow at 1 L min⁻1 in a 200 mL glass mixing flask to allow full evaporation of the droplets. The calibration 
stream was then diluted with a third zero-air flow to match instrument demands (10 L min⁻1 for nitrate-CIMS; 2 L min⁻1 for 
iodide-CIMS), with transfer lines kept < 10 cm to minimize losses. No liquid condensation was visible on the flask walls. 210 
Linear responses were obtained, yielding calibration factors of 1.35 × 1012 cm⁻3 for citric acid and 9.44 × 1011 cm⁻1 for PEG-
7 (Fig. S2). 

Text S7. Box model for heterogeneous reactions’ contribution to growth of 3-15 nm particles  
 
   The Community Multiscale Air Quality (CMAQ) model is a widely used tool for atmospheric chemistry. Its heterogeneous 215 
chemistry module simulates how gases, such as nitrogen oxides, isoprene oxidation products, and carbonyl compounds, react 
on aerosol particles’ surface to form particulate compounds. In this section, we adapt this module to investigate how 
heterogeneous reactions drive the growth of 3 - 10 nm nanoparticles, thereby contributing to the growth of newly formed 
particles at the Lake Tai campaign in China. 
   The original CMAQ model includes 54 reaction pathways, covering nitrogen oxides, isoprene-derived compounds, 220 
carbonyls, halogen compounds, and primary organic carbon. These reactions occur across three particle size ranges: nucleation 
mode (< 0.1 μm), accumulation mode (0.1 - 1 μm), and coarse mode (> 1 μm). The module calculates reaction rates based on 
gas concentrations, particle surface areas, and uptake efficiencies to estimate aerosol growth. However, the complexity and 
reliance on multiple inputs of the module make it challenging to study heterogeneous reactions over small particles in the 3 - 
15 nm range. 225 
   We simplified the CMAQ module into a box model tailored for 3 - 15 nm particles, which belong to the nucleation mode. 
The full set of 54 reactions was reduced to 21 by excluding pathways irrelevant to our study, including that (1) we consolidated 
multiple isoprene-derived epoxydiols (IEPOX) and methacrylic acid epoxide (IMAE) reactions into a single pathway; (2) 
halogen reactions, which are significant in coastal areas but not at the Lake Tai area, were omitted due to their limited relevance 
and lack of local data; and (3) reactions associated with primary organic carbon in the particles were excluded. Heterogeneous 230 
oxidation of organic carbon mainly affects the surface aging of pre-existing larger particles, and its contribution to the early 
growth of nucleated 3-15 nm particles is negligible. The retained pathways focus on key species like N2O5, NO2, HNO3, IEPOX, 
IMAE, NO3·, glyoxal (GLY), methylglyoxal (MGLY), and organic nitrates. 
   The box model emphasizes on reactions occurring on 3 - 15 nm particles, ignoring larger particles. Heterogeneous reaction 
rate constant (k>$7), which describes the rate at which gaseous species react on particle surfaces (s-1), is calculated using the 235 
general formula: 
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k>$7 =
?∙A∙#B
8

           (S8) 

   where γ is the uptake coefficient, A is the particle surface area per unit volume (m2 m-3), and cX is the mean molecular 
speed of the gas species (m s-1) that is derived as: 

cX = YC;<
D:
	           (S9) 240 

   where R is the universal gas constant (8.314 J mol-1 K-1), T is the absolute temperature (K), and M is the molar mass of 
the gas species (kg mol-1). 
   For IEPOX and IMAE that significantly contribute to SOA formation, γ is dynamically calculated based on Hanson et al. 
(1994)(Hanson et al., 1994) and Pye et al. (2013)(Pye et al., 2013): 

γ = *
E)*& (∙,

"-./01(3/5'67(3))*)
		         (S10) 245 

   where α0* is the inverse of the mass accommodation coefficient, v	is mean molecular speed (m s-1), r is the particle 
radius (m), H is Henry’s law constant (mol L-1 atm-1), D% is the bulk diffusion coefficient within the particle (m2 s-1), and q 

is a dimensionless reaction-diffusion parameter, defined as q = rYF%',5#91:
G1

, with k3$H5!#%I defined as a particle-phase 

reaction rate constant (s-1). 
   Temperature, humidity, NO2, IEPOX, and IMAE concentrations were sourced from the Lake Tai field measurements; 250 
N2O5, HNO3, GLY, and MGLY (Table S5) were obtained from WRF-CMAQ model simulation (Supplementary Text 2), and 
NO3· is set with a common parameter, 5×108 cm-3. Environmental conditions used in the model simulation represent typical 
urban conditions and are comparable to those used in previous studies (Table S6)(Shi et al., 2019; Song et al., 2019; Zheng et 
al., 2015). 
   The model runs a period of over 12,000 s, tracking how heterogeneous reactions contribute to particle mass and size 255 
growth. The mass increase per time step is calculated based on the reaction rate and gas-phase concentration: 

∆m = k>$7 ∙ C ∙ n$!H ∙ 100J ∙ M ∙ ∆t           (S11) 

   where ∆m is the mass contribution (g m-3), C is the gas-phase concentration (ppm), n$!H is the air molecule density (mol 
m-3), M is the molecular weight (g mol-1), and ∆t = 60 s is the time step. This mass is then used to update the particle 
volume and diameter. The new particle volume is determined as: 260 

VKIL = V!K!5!$% +
∆N/)
=

           (S12) 

   where V!K!5!$% is the initial volume of a single particle (m3), N is the particle number density (m-3), and ρ is the particle 
density (g m-3). The new diameter is calculated as: 

d = 2 ∙ (/P6:;
8D

)*//          (S13) 

   Finally, the contribution ratio for each reaction is computed as: 265 

Ratio!(%) =
N#
∑N#

∙ 100       (S14) 

   This box model quantifies how heterogeneous reactions of gas-phase species contribute to the mass of 3-15 nm particles, 
particularly those of IEPOX/IMAE, nitrogen oxides, and GLY/MGLY. By reducing computational demands, it enables an 
efficient analysis with limited field data.  

S8. Configuration of WRF-CMAQ 270 
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   To fully quantify the effects of heterogeneous reactions on particle size growth, key species including N2O5, HNO3, organic 
nitrates, GLY, and MGLY were obtained from simulations using a regional three-dimensional chemistry transport model, WRF-
CMAQ (Weather Research and Forecasting - Community Multiscale Air Quality Modeling System). 
   Domains and configurations of the current WRF modelling (https://www.mmm.ucar.edu/models/wrf) are identical to those 
in a previous study(An et al., 2022). A version 5.5 CMAQ (https://github.com/USEPA/CMAQ) was employed with the 275 
Community Regional Atmospheric Chemistry Multiphase Mechanism (CRACMM). Inorganic aerosol thermodynamic 
equilibrium was simulated using ISORROPIA(Fountoukis and Nenes, 2007). Anthropogenic emissions in the Yangtze River 
Delta region for 2021 were updated(An et al., 2021), while emissions in other regions were derived from the Model Inter-
Comparison Study (MIX) emission inventory for 2010, the Multiresolution Emission Inventory for China (MEIC-2019, 
http://meicmodel.org), and the Shipping Emission Inventory Model(Liu et al., 2019). In addition, emissions of intermediate 280 
and semi-volatile organic compounds (I/SVOCs) were incorporated into the model(An et al., 2022). Biogenic VOC emissions 
were estimated using the Model of Emissions of Gases and Aerosols from Nature (MEGAN v2.1)(Guenther et al., 2006). Both 
anthropogenic and biogenic VOCs were speciated into CRACMM-compatible species using the SPECIATE input and biogenic 
species mappings (https://github.com/USEPA/CRACMM/tree/main/emissions) using the Sparse Matrix Operator Kernel 
Emissions (SMOKE, https://cmascenter.org/smoke) model. 285 
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Fig. S1. Schematics of the experimental setup. a, Experimental setup for coagulation growth and condensational growth of 
nanoparticles by a single OOM. Particle and vapor-phase measurements are performed using a suite of instruments: Fast CPC 
and 1 nm-SMPS for PNSD detection; Iodide-CIMS (PEG-7), and nitrate-CIMS (citric acid) for gaseous organics’ detection. 290 
SMPS and CIMS are mounted on a movable platform, allowing sampling of particles and vapors at different axial positions 
along the flow reactor. b, Experimental setup for condensational growth of nanoparticles by an OOM mixture. Toluene or α-
pinene, as VOC precursors, is introduced into the PAM where OOMs are produced with water vapor being added through a 
humidifier. The PAM outflow with OOMs is then directed into the laminar flow reactor, where particle growth occurs. Particle 
and vapor-phase measurements are performed using a suite of instruments: Fast CPC, PSM, Nano-SMPS, and 1-nm SMPS for 295 
PNSD detection; and Vocus-PTR, iodide-CIMS, and nitrate-CIMS for gaseous OOMs’ detection. 
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Fig. S2. Calibration of (a) citric acid by nitrate-CIMS and (b) PEG-7 by iodide-CIMS. The y-axis shows the calibrated 
concentration (cm-3) obtained from a liquid-injection calibration system, and the x-axis shows the normalized signal, defined 300 
as the analyte ion signal divided by the corresponding reagent ion signal. Blue circles denote measurements, and black lines 
indicate the linear fits, whose slopes give the calibration factors.  
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 305 
Fig. S3. Relationship between declustering voltage (dV50) and sensitivity for detection of I⁻ adducts in iodine-CIMS. The 
plot shows the dependence of normalized instrument sensitivities (cps pptv-1) on the measured declustering voltages (dV50) for 
various I⁻ adducts detected by iodine-CIMS. Red circles represent measurements, the blue line denotes the fitted curve, and 
the shaded grey area indicates the 90% confidence intervals. 
 310 
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Fig. S4. Correlation between sensitivities and proton-transfer reaction rate constants in Vocus-PTR. The dashed lines 
denote 95% confidence intervals. 
 315 
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Fig. S5. Intercomparison of concentrations of OOMs detected by both nitrate-CIMS and iodine-CIMS in the flow 
reactor experiments. a, Toluene + OH (NOx < 1 ppb), b, Toluene + OH (NOx = 44 ppb), c, α-pinene + O3 (NOx < 1 ppb), 
and d, α-pinene + O3 (NOx = 44 ppb). Squares represent OOMs’ concentrations quantified by nitrate-CIMS (oxygen number 
≥ 6), triangles represent those quantified by iodine-CIMS (oxygen number ≤ 3), and circles indicate the larger of the two 320 
quantifications. The color of the data points denotes the oxygen number of OOMs. The solid line indicates the 1:1 ratio, while 
the dashed lines represent 1:10 or 10:1 ratio.  
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Fig. S6. Intercomparison of concentrations of OOMs detected by both iodine-CIMS and Vocus-PTR in the flow reactor 325 
experiments. a, Toluene + OH (NOx < 1 ppb), b, Toluene + OH (NOx = 44 ppb), c, α-pinene + O3 (NOx < 1 ppb), and d, α-
pinene + O3 (NOx = 44 ppb). Squares represent OOMs’ concentrations quantified by iodine-CIMS (oxygen number ≥ 4), 
triangles represent those quantified by Vocus-PTR (oxygen number ≤ 1), and circles indicate the larger of the two 
quantifications. The color of the data points denotes the oxygen number of OOMs. The solid line indicates the 1:1 ratio, while 
the dashed lines represent 1:10 or 10:1 ratio. 330 
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Fig. S7. Real-time concentrations of OOMs in the laminar flow reactor. a, α-Pinene + O3 experiments. b, Toluene + OH 
experiments. The grey lines show ln (Ct/C180s) for individual detected OOMs, where Ct is the measured concentration at each 
of the nine axial sampling ports and C180s is the concentration at the last port (residence time = 180 s). Blue points denote the 335 
mean of OOMs at each sampling port and the blue line represent the linear fit.  
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Fig. S8. PNSDs of monodisperse Ni-Cr oxide seed particles in the laminar flow reactor measured by the 1-nm SMPS 
and the half-mini-DMA, respectively. Colored bars show the PNSD measured by the 1-nm SMPS used to derive the particle 340 
mode diameters (Dp) and geometric standard deviations (GSD1-nm SMPS), and black solid lines indicate the gaussian fitting 
curves. The dashed black lines indicate gaussian fitting curves of seed particles’ PNSD measured by the half-mini-DMA. The 
fitted mode peaks at 3.3 nm, 4.2 nm, and 5.1 nm demonstrate that each size setting yields a single, narrow mode close to the 
target diameter. 
 345 
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Fig. S9. Wall loss of citric acid and PEG-7 in the particle growth region of the flow reactor. Natural logarithm of the 
normalized citric acid and PEG-7 concentration (ln (Ct/C0)) as a function of residence time is plotted. The data points 
correspond to the citric acid or PEG-7 concentrations observed at the 9 axial sampling points along the flow reactor. The line 350 
represents the exponential fit with the pseudo-first-order loss rate constant, yielding k%R770#!5H!#	$#!4  = 0.0083 s-1 and 
k%R770TUVW = 0.0059 s-1.  
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Fig. S10. Growth of monodisperse Ni-Cr oxide particles driven by condensation of PEG-7 in the laminar flow reactor. 355 
a, Profiles of PEG-7 concentrations measured by iodine-CIMS at a fixed residence time of 180 s in the laminar flow reactor; 
shaded intervals denote Exp. 5–8, among which PEG-7 exposure was zero in Exp. 5. b, Observed PEG-7 concentrations at a 
residence time of 180 s for Exp. 6-8. Colored lines represent back-calculated concentrations of PEG-7 with incorporation of 
wall loss corrections using the loss-rate coefficient of PEG-7. c, PNSDs of Ni-Cr oxide particles during Exp. 5–8. Vertical 
dashed white lines mark experimental boundaries, and horizontal black lines indicate the mean mode particle diameter in each 360 
experiment. 
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 365 
Fig. S11. Distributions of oxygen number and carbon number for OOMs formed in α-pinene + O3 + NOx (< 1 ppb) 
(upper panel, corresponding to Exp. 12) and α-pinene + O3 + NOx (44 ppb) (lower panel, corresponding to Exp. 16,) 
experiments, respectively. Red circles represent condensable CHO compounds for 3.3 nm particles, blue circles represent 
condensable CHON compounds, and hollow circles represent non-condensable OOMs due to Kelvin effect.  

370 
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Fig. S12. Comparison of OOM volatility distributions derived from seven volatility parametrizations for α-pinene + O3 
under low NOx conditions (NOx < 1 ppb) (Exp. 12). Panels (a-g) show the effective saturation concentration (log*+C∗) 
distributions of OOMs, calculated using seven volatility parametrizations ((Li et al., 2016); (Stolzenburg et al., 2018); (Mohr 
et al., 2019); (Qiao et al., 2021); (Dada et al., 2023); (Stolzenburg et al., 2025); and (Zhang et al., 2026), respectively). The 375 
colored background regions indicate volatility classes ranging from ULVOC to VOC. Stacked bars represent the concentrations 
of OOMs detected by at least one of the three CIMS. Please refer to the main text for quantification rules. 
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 380 

Fig. 13. Particle growth driven by condensation of OOMs formed from α-pinene + O3 under high NOx conditions (NOx 
= 44 ppb). a, Profiles of gas-phase precursors and total concentrations of SVOCs, LVOCs, ELVOCs, and ULVOCs during 
four experiment periods (Exp. 13-16) as highlighted in shaded regions. b, Measured PNSDs of Ni-Cr oxide particles at a 
residence time of 131 s for Exp. 13-16. Vertical dashed white lines mark experimental boundaries, and horizontal black 
lines indicate the mean mode particle diameter in each experiment. c, Mass defect plot for all assigned OOMs in Exp. 385 
16. Marker size scales with OOM’s concentration. Marker colors indicate which of the three CIMS (Vocus-PTR, iodine-
CIMS, nitrate-CIMS) detected each OOM, including overlaps, following the color scheme in the bottom-right panel. d, 
OOM’s concentration as a function of effective saturation concentration (log10C*), grouped into volatility classes 
(ULVOC→VOC). Volatility estimates of OOMs are derived using the parametrization of (Zhang et al., 2026). Bars show 
the concentrations of OOMs detected by at least one of the three CIMS, following the color scheme in the bottom-right 390 
panel. Please refer to the main text for quantification rules. 
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Fig. S14. Particle growth driven by condensation of OOMs formed from toluene + OH under low NOx conditions 
(NOx<1 ppb). a, Profiles of gas-phase precursors and total concentrations of SVOCs, LVOCs, ELVOCs, and ULVOCs during 395 
four experiment periods (Exp. 17-20) as highlighted in shaded regions. b, Measured PNSDs of Ni-Cr oxide particles at a 
residence time of 131 s for Exp. 17-20. Vertical dashed white lines mark experimental boundaries, and horizontal black 
lines indicate the mean mode particle diameter in each experiment. c, Mass defect plot for all assigned OOMs in Exp. 
20. Marker size scales with OOM’s concentration. Marker colors indicate which of the three CIMS (Vocus-PTR, iodine-
CIMS, nitrate-CIMS) detected each OOM, including overlaps, following the color scheme in the bottom-right panel. d, 400 
OOM’s concentration as a function of effective saturation concentration (log10C*), grouped into volatility classes 
(ULVOC→VOC). Volatility estimates of OOMs are derived using the parametrization of (Zhang et al., 2026). Bars show 
the concentrations of OOMs detected by at least one of the three CIMS, following the color scheme in the bottom-right 
panel. Please refer to the main text for quantification rules. 

 405 
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Fig. S15. Particle growth driven by condensation of OOMs formed from toluene +OH under high NOx conditions 
(NOx=44 ppb). a, Profiles of gas-phase precursors and total concentrations of SVOCs, LVOCs, ELVOCs, and ULVOCs 
during four experiment periods (Exp. 21-24) as highlighted in shaded regions. b, Measured PNSDs of Ni-Cr oxide particles 
at a residence time of 131 s for Exp. 21-24. Vertical dashed white lines mark experimental boundaries, and horizontal 410 
black lines indicate the mean mode particle diameter in each experiment. c, Mass defect plot for all assigned OOMs in 
Exp. 24. Marker size scales with OOM’s concentration. Marker colors indicate which of the three CIMS (Vocus-PTR, 
iodine-CIMS, nitrate-CIMS) detected each OOM, including overlaps, following the color scheme in the bottom-right 
panel. d, OOM’s concentration as a function of effective saturation concentration (log10C*), grouped into volatility 
classes (ULVOC→VOC). Volatility estimates of OOMs are derived using the parametrization of (Zhang et al., 2026). 415 
Bars show the concentrations of OOMs detected by at least one of the three CIMS, following the color scheme in the 
bottom-right panel. Please refer to the main text for quantification rules. 
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Fig. S16. Comparison of OOMs’ volatility distributions derived from seven volatility parametrizations for α-pinene + 420 
O3 under high NOx conditions (NOx = 44ppb) (Exp. 16). Panels (a-g) show the effective saturation concentration (log*+C∗) 
distributions of OOMs, calculated using seven volatility parametrizations ((Li et al., 2016); (Stolzenburg et al., 2018); (Mohr 
et al., 2019); (Qiao et al., 2021); (Dada et al., 2023); (Stolzenburg et al., 2025); and (Zhang et al., 2026), respectively). The 
colored background indicates volatility classes ranging from ULVOC to VOC. Stacked bars represent the concentrations of 
OOMs detected by at least one of three CIMS: Vocus-PTR, iodine-CIMS, nitrate-CIMS, Vocus-PTR & iodine-CIMS, iodine-425 
CIMS & nitrate-CIMS, Vocus-PTR & nitrate-CIMS, or three CIMS.  
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Fig. S17. Comparison of OOM s’ volatility distributions derived from seven volatility parametrizations for toluene + 
OH under low NOx conditions (NOx < 1 ppb) (Exp.20). Panels (a–g) show the effective saturation concentration (log*+C∗) 430 
distributions of OOMs, calculated using seven volatility parametrizations ((Li et al., 2016); (Stolzenburg et al., 2018); (Mohr 
et al., 2019); (Qiao et al., 2021); (Dada et al., 2023); (Stolzenburg et al., 2025); and (Zhang et al., 2026), respectively). The 
colored background indicates volatility classes ranging from ULVOC to VOC. Stacked bars represent the concentrations of 
OOMs detected by at least one of three CIMS: Vocus-PTR, iodine-CIMS, nitrate-CIMS, Vocus-PTR & iodine-CIMS, iodine-
CIMS & nitrate-CIMS, Vocus-PTR & nitrate-CIMS, or three CIMS.  435 
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Fig. S18. Comparison of OOMs’ volatility distributions derived from seven volatility parametrizations for toluene + 
OH under high NOx conditions (NOx = 44ppb (Exp.24). Panels (a–g) show the effective saturation concentration (log*+C∗) 
distributions of OOMs, calculated using seven volatility parametrizations ((Li et al., 2016); (Stolzenburg et al., 2018); (Mohr 440 
et al., 2019); (Qiao et al., 2021); (Dada et al., 2023); (Stolzenburg et al., 2025); and (Zhang et al., 2026), respectively). The 
colored background indicates volatility classes ranging from ULVOC to VOC. Stacked bars represent the concentrations of 
OOMs detected by at least one of three CIMS: Vocus-PTR, iodine-CIMS, nitrate-CIMS, Vocus-PTR & iodine-CIMS, iodine-
CIMS & nitrate-CIMS, Vocus-PTR & nitrate-CIMS, or three CIMS. 
 445 
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Fig.S19. Observed growth of newly formed particles. Particle number size distributions on (a) 24th July, (b) 30th July, (c) 

7th August and (d) 1st September 2023. Blue circles mark the mode diameters used for the fit, and the blue line is the linear 

fit between 3 and 15 nm. The fitted GR3-15 and its standard error are given in each panel. 

 450 
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Fig. S20. Comparison of observed and simulated growth of newly formed particles during four NPF events. The colored 
contour plot shows average PNSDs of four NPF events during the field campaign (4th July to 20th September 2023), with the 
particle mode diameter of 3 nm in all events serving as the starting point. Black dots represent the observed particle mean 
mode diameter. The blue line gives the simulated growth resulted from particles coagulation, H2SO4 condensation, OOMs’ 455 
condensation, and heterogeneous reactions, and the light blue shadow denotes the uncertainty of the simulated diameter, 
combining errors propagated from concentrations of H2SO4 and OOM (condensation terms) and heterogeneous reaction. 
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Fig. S21. Potential Thermal decomposition of citric acid. This plot shows the fraction of the ions of citric acid (C6H7O7- & 460 
C6H8NO10-) in the total detected signal, including citric acid (C6H7O7-), its cluster with NO3- (C6H8NO10-), and its thermal 
decomposition products (C5H5O5-, C6H5O6-, and C6H6NO9-), as a function of temperature as measured by nitrate-CIMS. Thin 
grey lines represent individual runs, while the thick black line indicates the median of all tests. The C6H7O7⁻ fraction remains 
nearly constant below ~120 °C but decreases sharply above 125 °C, marking the onset of thermal decomposition. Accordingly, 
an experimental desorption temperature between 55 °C and 80 °C was selected to ensure the stability of citric acid. 465 
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Exp. 
NO. 

Precursor 
Precursor initial 

concentration 
(ppb) 

Temperature 
(K) 

Relative 
humidity 

(%) 

NOx 
(ppb) 

O3 (ppb) 
Seed particle 

diameter (nm) 

1-4 Citric acid 1.6-8.4×10-3 294 <1 <1 <1 3.3 

5-8 PEG-7 1.1-4.4×10-2 293 <1 <1 <1 3.3 

9-12 α-pinene 5-20 295 47-51 <1 ~95 3.3 

13-16 α-pinene 2.5-10 294 47-50 ~44 ~200 3.3 

17-20 Toluene 15-45 296 47-50 <1 ~400 3.3 

21-24 Toluene 15-45 293 45-53 ~44 ~400 3.3 

25-28 α-pinene 3-10 297 45-48 <1 ~95 4.2 

29-32 α-pinene 3-10 297 45-48 <1 ~95 5.1 

33-36 α-pinene 6-24 296 47-49 ~45 ~200 4.2 

37-40 α-pinene 5-20 296 46-49 ~45 ~200 5.1 

41-44 Toluene 15-45 293 43-46 <1 ~400 4.2 

45-48 Toluene 15-45 295 44-46 <1 ~400 5.1 

49-52 Toluene 15-45 292 46-52 ~42 ~400 4.2 

53-56 Toluene 18-50 298 46-51 ~42 ~400 5.1 

Table S1. Summary of experimental conditions for organics-driven growth experiments. Listed are the experiment 
number, precursor for OOMs formation, initial precursor concentration, temperature, relative humidity (RH, %), NOx, ozone 470 
(O3), and the mode diameter of seed particles.  
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name formula M (Th) Concentration (ppm) 
kPTR (	×10-9 cm3 

molecule-1 s-1) 

Methyl Ethyl 
Ketone 

C4H8O 72.1064 1.01 3.1642 

m-Xylene C8H10 106.1672 1.00 2.2419 

Benzene C6H6 78.1128 1.01 1.9259 

1,2,4-
Trimethylbenzene 

C9H12 120.1860 1.02 2.3668 

Toluene C7H8 92.1340 1.00 2.0528 

α-Pinene C10H16 136.2344 1.04 2.5019 

Table S2. Vocus-PTR calibration. This table lists gaseous standards employed for Vocus proton-transfer-reaction mass 
spectrometer (Vocus-PTR) calibration. For each calibration standard, the chemical name, molecular formula, molar mass, 
concentration, and proton-transfer reaction rate constants (kPTR) are provided. These compounds represent a range of molar 475 
mass and functional groups, ensuring an accurate quantification of oxygenated volatile organic compounds in subsequent 
measurements.  
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Name Formula M (Th) Sensitivity (cps/ppt) dV50 (V) 

4-Nitrophenol C6H5NO3 139.1088 34.80 8.29 

2-Methyl-4-nitrophenol C7H7NO3 152.1354 32.00 8.45 

2,6-Dimethyl-4-nitrophenol C8H9NO3 167.1632 34.20 7.38 

2-Nitro-1,3- diol C6H5NO4 155.1082 1.25 3.22 

2-Methyl-5-nitrophenol C7H7NO3 153.1354 26.10 6.95 

2,4-Dinitrophenol C6H4N2O5 184.1064 3.22 8.37 

Nitroethanol C2H5NO3 91.0660 12.50 4.67 

Nitroglycerin (Glyceryl trinitrate) C3H5N3O9 227.0865 28.30 8.00 

Isosorbide mononitrate C6H9NO6 191.1388 15.00 5.68 

Isosorbide dinitrate C6H8N2O8 236.1363 24.10 6.10 

Acetonitrile CH3CN 41.0519 8.40×10-4 2.35 

Water H2O 18.0153 3.73×10-8 1.85 

Table S3. Declustering-voltage (dV50) scans with I-CIMS. This table lists gaseous standards selected to characterize the 

ion–molecule declustering behavior in iodine chemical ionization mass spectrometer (I-CIMS). For each calibrant, the 480 
chemical name, molecular formula, molar mass, instrument sensitivity, and the half-signal declustering voltage (dV50) are 

provided. Calibrants with different molecular weights and functional groups were chosen to cover a broad range of binding 

strengths between analyte I⁻ clusters, enabling a reliable calibration of the instrument’s declustering voltage response.  
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Parameterization Derivation basis  Required inputs Intended application Behaviour in this study 

Li et al. (2016) 

Large dataset of organic compounds (>3×104 species) spanning CH, 

CHO, CHN, CHON and CHOS classes, with vapour pressures from 

measurements and group-contribution estimates; not specific to 

autoxidation products 

nC, nO, nN (class-

specific coefficient 

sets) 

General volatility estimation 

across a broad SOA compound 

space (“molecular corridors”) 

Reproduced GRs under low NOx; 

overpredicted under high NOₓ, most 

strongly for toluene + OH 

Stolzenburg et al. 

(2018) 

α-Pinene-derived HOMs generated in the CLOUD chamber; 

formulation adjusted to reproduce nanoparticle growth between −50 

and +25 °C 

nC, nO; explicit 

temperature 

dependence 

Biogenic nucleation and early 

growth across a wide tropospheric 

temperature range 

Reproduced GRs under low NOₓ; 

overpredicted under high NOx 

Mohr et al. (2019) 

FIGAERO-CIMS measurements-derived volatilities of α-pinene 

oxidation products (boreal forest and chamber measurements); 

revision of Donahue et al. (2011)’s formulation with a modified 

oxygen term 

nC, nO 

HOMs-driven nanoparticle growth 

in BVOCs-dominated boreal 

environments 

Reproduced GRs under low NOₓ; 

overpredicted under high NOx 

Qiao et al. (2021) 
Revision from Mohr et al. (2019), extended to the OOM population 

observed in urban Beijing, including N-containing species 
nC, nO, nN 

OOM contribution to the growth of 

newly formed particles in urban 

environments 

Systematically overpredicted growth 

across all precursor and NOx 

conditions 

Dada et al. (2023) 
Sesquiterpene (C15H24) and monoterpene oxidation products 

generated at CLOUD chamber 
nC, nO, nN 

Biogenic new particle formation 

including sesquiterpene oxidation 

Reproduced GRs under low NOx; 

overpredicted under high NOx 

Stolzenburg et al. 

(2025) 

Formulation refined against autoxidation products from biogenic 

VOCs, developed in the context of nanoparticle mass-closure 

analysis 

nC, nO, nN 

Mass closure of nanoparticle 

growth in BVOC-dominated 

environments 

Systematically overpredicted growth 

across all precursor and NOx 

conditions 

Zhang et al. (2026) 

Volatility measurements by FIGAERO-iodide-CIMS of ambient 

particulate OOMs from urban and suburban sites in eastern China 

(mixed anthropogenic–biogenic environment with high NOx) 

nC, nO, nN 
Ambient OOMs in polluted, NOx-

influenced environments 

Best agreement with measured GRs 

in all laboratory experiments; slight 

underprediction of ambient GR at 

Lake Tai 

Table S4. Inter-comparison of the seven OOM volatility parameterizations evaluated in our study. nC, nO and nN denote the numbers of carbon, oxygen and nitrogen atoms in the 485 
molecular formula of OOMs.
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Name Date Concentrations (ppb) Source 

N2O5 Campaign average 3.4×10-4 WRF-CMAQ simulation 

NO2 

July 24th, 2023 
July 30th, 2023 

August 7th, 2023 
September 1st, 2023 

3.2 
3.8 
11.8 
10.1 

 

Measurements at Lake Tai 

NO3· Campaign average 2.0×10-2 Common parameter 5×108 cm-3 
HNO3 Campaign average 0.8 WRF-CMAQ simulation 

Organic nitrates Campaign average 0.4 WRF-CMAQ simulation 

IEPOX 

July 24th, 2023 
July 30th, 2023 

August 7th, 2023 
September 1st, 2023 

4.7×10-2 
5.1×10-2 
6.7×10-2 
6.1×10-2 

PTR at Lake Tai 

IMAE 

July 24th, 2023 
July 30th, 2023 

August 7th, 2023 
September 1st, 2023 

2.1×10-2 
2.8×10-2 
4.0×10-2 
2.2×10-2 

PTR at Lake Tai 

GLY Campaign average 0.2 WRF-CMAQ simulation 
MGLY Campaign average 9.6×10-2 WRF-CMAQ simulation 

Temperature 

July 24th, 2023 
July 30th, 2023 

August 7th, 2023 
September 1st, 2023 

301K 
300K 
303K 
296K 

Lake Tai 

Table S5. Gas-phase species used in heterogeneous reaction simulations for the four NPF events. This table summarizes 
the gaseous compounds and their corresponding concentrations applied in the model simulations of heterogeneous reactions. 
The listed species include key inorganic oxidants, organic nitrates, and representative reactive organic vapors such as IEPOX, 490 
IMAE, GLY, and MGLY.  
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Parameter Value Unit 

Pressure 101325 Pa 
Water vapor mixing ratio 0.01 / 

Air density 1.225 kg/m3 
H+ concentration 1×10-4 mol/L 

HSO4- concentration 1×10-6 mol/L 
Sulfate Concentration 5 µg/m3 
Liquid water content 5 µg/m3 
Nitrate concentration 5 µg/m3 

Table S6. Environmental parameters used in model simulations of heterogeneous reactions. This table lists environmental 
parameters applied in the model simulations of heterogeneous reactions, including thermodynamic conditions and chemical 
composition of particles. The aqueous-phase ionic concentrations (H+, HSO4-) and aerosol components (sulfate, nitrate, and 495 
liquid water content) were set to represent typical urban atmospheric conditions at 101325 Pa, ensuring consistency between 
observation and model.  
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