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Supplementary Fig. 1. Particle volume concentration measured by the SMPS during the different experiments with and without the addition of either cis- or trans-β-IEPOX.
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Supplementary Fig. 2. Isomeric separation of C5H10O3 compounds during the reactive uptake of trans-β-IEPOX. IMS drift times were identified using authentic standards.
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Supplementary Fig. 3. Evolution of the isomeric C5H10O3 compounds during the reactive uptake of trans-β-IEPOX for the repeat experiments performed in this study.
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Supplementary Fig. 4. Evolution of the isomeric C5H10O3 compounds during the reactive uptake of cis-β-IEPOX for the repeat experiments performed in this study.
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Supplementary Fig. 5. Formation of 2-methyltetrols from the reactive uptake of (a) trans- and (b) cis-β-IEPOX in the presence of acidic seed aerosol for the different experiments performed in this study. 


[image: ]Supplementary Fig. 6. Box model simulation showing the model fit of gas-phase IEPOX and 2-methyltetrols for (a) trans-β IEPOX experiment #1 (09/21/2023), (b) trans-β IEPOX experiment #2 (09/29/2023), (c) trans-β IEPOX experiment #3 (10/05/2023). The shaded area reflects an uncertainty factor of 2 from the measured tetrol concentrations).
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Supplementary Fig. 7. Box model simulation showing a) the fit of OA and gas-phase diols and triols observation (shaded area reflect an uncertainty factor of 2 from the measured values); b) the fate of IEPOX c) the gas- and particle partitioning of semivolatile species including diols, triols, and tetrols; d) the particle-phase product distribution for trans-β IEPOX experiment #1 (9/21/2023).
[image: ]Supplementary Fig. 8. Box model simulation showing a) the fit of OA and gas-phase diols and triols observation (shaded area reflect an uncertainty factor of 2 from the measured values); b) the fate of IEPOX c) the gas- and particle partitioning of semivolatile species including diols, triols, and tetrols; d) the particle-phase product distribution for trans-β IEPOX experiment #3 (10/05/2023).
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Supplementary Fig. 9. WRF-Chem-simulated spatial distributions of IEPOX-SOA for Simulation 2 (2-methyltetrol C* = 10 μg m-3, with THF-diol and triol formation included). Near surface-layer (0–2 km altitude) IEPOX-SOA concentrations (μg m-3) are shown for the default parameterization (left panels) and Simulation 2 (middle panels). The relative difference between the two simulations is shown in percent (right panels). Panels a–c correspond to simulations over the southeastern United States (20–28 June 2013), and panels d–f correspond to simulations over the Amazon Basin (21–29 September 2014).
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Supplementary Fig. 10. WRF-Chem simulation over the southeastern United States (20–28 June 2013) of IEPOX-SOA. Near surface-layer (0–2 km altitude) IEPOX-SOA concentrations (μg m−3) are shown for the updated parameterization Simulation 1 (left panels) and the faster rate constants (5x) derived from the chemical kinetic box model (middle panels). The relative difference between the two simulations is shown in percent (right panels).
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Supplementary Fig. 11. WRF-Chem-simulated IEPOX-SOA component maps over the Amazon Basin for the default parameterization (21–29 September 2014, 16–20 UTC, 0–2 km AGL layer average). (a) Total organosulfate SOA (aerosol- + cloud-phase); (b) total tetrol SOA (aerosol- + cloud-phase); (c) diol+triol SOA; (d) total IEPOX-SOA. Aerosol- and cloud-phase organosulfates and tetrols are tracked separately in WRF-Chem using distinct tracers and summed here; cloud-phase organosulfate formation is negligible under the dilute, low-acidity conditions of cloud droplets, so aerosol-phase organosulfate formation dominates (see Supplementary Fig. 14 for the full per-tracer breakdown).
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Supplementary Fig. 12. As in Supplementary Fig. 11, but for Simulation 1 (2-methyltetrol C* = 35 μg m−3, with THF-diol and triol formation included).
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Supplementary Fig. 13. As in Supplementary Fig. 11, but for Simulation 2 (2-methyltetrol C* = 10 μg m−3, with THF-diol and triol formation included).
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Supplementary Fig. 14. Domain- and time-averaged (16–20 UTC, 0–2 km AGL, averaged over the simulated period) composition of WRF-Chem IEPOX-derived SOA by individual model tracer, for the SE USA and Amazon domains under the Default, Simulation 1, and Simulation 2 parameterizations. Organosulfates (iepoxos) and tetrols (tetrol) are aerosol-phase tracers; cldiepoxos and cldtetrol are the corresponding organosulfate and tetrol formed by in-cloud chemistry; tanv is the sum of diol+triol SOA. Cloud-phase organosulfate formation (cldiepoxos) is negligible (<0.001 μg m−3) across all cases because tetrol formation dominates in the dilute, low-acidity conditions of cloud droplets, consistent with the aerosol-phase dominance of organosulfate formation discussed in the main text.


Supplementary Table 1. Sensitivities (cps pptv−1) normalized by reagent ions for the different isoprene oxidation products characterized by the Vocus CI-IMS-MS

	Compounds
	Reagent Ion
	Sensitivity (cps/ppt)

	cis-β-IEPOX
	Iodide (–)
	7.0

	trans-β-IEPOX
	Iodide (–)
	2.1

	3-methyltetrahydrofuran-2,4-diol
	Iodide (–)
	0.19

	3-methyltetrahydrofuran-3,4-diol
	Iodide (–)
	0.12

	3-methylenebutane-1,2,4-triol
	Iodide (–)
	6.3

	2-methyltetrol
	Iodide (–)
	17




Supplementary Table 2. Second- and third-order reaction rate constants derived from the current work.

	Reaction Index
	SOA tracer
	k
	Mean

	
	
	Expt #1
	Expt #2
	Expt #3
	

	2
	Diols
	1.27×10-2  M-1s-1
	1.02×10-2  M-1s-1
	2.54×10-2  M-1s-1
	1.61×10-2  M-1s-1

	3
	Triols
	2.54×10-3  M-1s-1
	3.81×10-3  M-1s-1
	7.62×10-3  M-1s-1
	4.66×10-3  M-1s-1

	4
	Tetrols
	2.54×10-3  M-2s-1
	2.79×10-3  M-2s-1
	2.54×10-3  M-2s-1
	2.62×10-3  M-2s-1

	5
	Tetrol Sulfates
	1.27×10-3  M-2s-1
	1.27×10-3  M-2s-1
	1.27×10-3  M-2s-1
	1.27×10-3  M-2s-1

	6
	Tetrol Dimers
	9.65×10-5  M-2s-1
	1.06×10-4  M-2s-1
	9.65×10-5  M-2s-1
	9.97×10-5  M-2s-1




Supplementary Table 3. Second- and third-order reaction rate constants reported in the literature.

	Reaction Index
	SOA tracer
	k
	
	

	
	
	Cole-Filipiak(1)
	Eddingsaas(2)
	Piletic(3)
	Riedel(4) 
	Chen(5)

	2
	Diols
	-
	-
	-
	2.6×10-4 M-1s-1
	-

	3
	Triols
	
	-
	-
	8.8×10-4 M-1s-1
	-

	4
	Tetrols
	6.5 × 10-4  M-2s-1
	9.0×10-4M-2s-1
	5.3×10-2  M-2s-1
	3.4×10-5 M-2s-1
	5.3×10-4 M-2s-1

	5
	Tetrol Sulfates
	-
	2.0×10-4  M-2s-1
	5.2×10-1  M-2s-1
	4.8×10-5 M-2s-1
	5.2×10-3 M-2s-1

	6
	Tetrol Dimers
	-
	-  
	-
	1.3×10-5 M-2s-1
	5.3×10-4 M-2s-1





Supplementary Table 4. Saturation vapor concentration at 298K. The input SMILES strings for diols, triols, and tetrols are based on the up-to-date understanding of their structures
	
	Model Species
	Compound Name
	Formula
	Structure
	SMILES
	C* (µg m-3)

	Diols
	3-methyltetrahydrofuran-2,4-diols13
	C5H10O3
	[image: Une image contenant diagramme, croquis, ligne, origami  Le contenu généré par l’IA peut être incorrect.]
	CC1C(O)OCC1O
	1.69×104

	Triols
	3-methylenebutane-1,2,4-triols13
	C5H10O3
	[image: ]

	OCC(C(O)CO)=C
	521

	Tetrols
	2-methylbutane-1,2,3,4-tetrols
	C5H12O4
	[image: ]
	OCC(O)(C(O)CO)C
	35




	
Supplementary Table 5. Second- and third-order reaction rate constants used in WRF-Chem Simulations using ammonium sulfate (AS) and ammonium bisulfate (ABS) particles.
	Case
	Condition
	kdiol
M−1 s−1
	ktriol
M−1 s−1
	ktetrol
M−2 s−1
	kos
M−2 s−1
	Ctetrol*
ug/m3

	Default
	RH <50%
	-
	-
	[bookmark: OLE_LINK1]9.0×10-4
	1.27×10-3
	10

	
	RH >50% ABS
	-
	-
	2.25×10-4
	1.27×10-3
	10

	
	RH >50% AS
	-
	-
	1.80×10-4
	1.91×10-4
	10

	Simulation 1
	RH <50%
	1.61×10-2
	4.66×10-3
	2.62×10-3
	1.27×10-3
	35

	
	RH >50% ABS
	1.38×10-3
	3.99×10-4
	2.25×10-4
	1.27×10-3
	35

	
	RH >50% AS
	1.10×10-3
	3.19×10-4
	1.80×10-4
	1.91×10-4
	35

	Simulation 2
	RH < 50%
	1.61×10-2
	4.66×10-3
	2.62×10-3
	1.27×10-3
	10

	
	RH >50% ABS
	1.38×10-3
	3.99×10-4
	2.25×10-4
	1.27×10-3
	10

	
	RH >50% AS
	1.10×10-3
	3.19×10-4
	1.80×10-4
	1.91×10-4
	10
















[bookmark: _Hlk208230806]











*Differences of Simulation 1 and 2 from the Base case were highlighted in bolded texts.
**New reaction rate constants for diols and triols derived from laboratory experiments were applied as is to dryer conditions (RH<50%) in WRF-Chem.
***For more humid conditions, new reaction rate constants for diols and triols were scaled according to the tetrol rate constants of the Default case, but the new relative rates of diols and triols to tetrols were kept.
For Supplementary Fig. 10b, the Sim 1 5x diol/triol rates is same as Simulation 1 above except the RH>50% ABS and AS kdiol and ktriol are increased by factor of 5 compared to their values listed under Simulation 1.

Supplementary Table 6: WRF-Chem model configuration for the Amazon rainforest from Shrivastava et al. (6)
	WRF-Chem version 4.2 domain
	1500  1000 km domain around Manaus with horizontal grid spacing of 10 km and 45 vertical levels


	Simulation period
	September 21-29, 2014


	Boundary layer
	Yonsei University (YSU) Planetary Boundary Layer scheme 


	Surface
	Community Land Model (CLM v4) with MEGAN 2.1 for biogenic emissions (11)


	Cloud microphysics
	Morrison (2 moments) 


	Convective parametrization (sub-grid wet removal and sub-grid convective transport)
	Grell 3D Ensemble 
Grid-scale in-cloud and below cloud wet removal of trace gases and aerosols is included


	Aerosol-cloud interactions
	Aerosol activation based on the parameterization of Abdul-Razzak and Ghan (7)


	Radiation
	RRTMG scheme (both longwave and shortwave) (13)


	Gas-phase photochemistry
	SAPRC-99


	Aerosol chemistry



	MOSAIC for inorganic aerosols was coupled to new aqueous- and cloud-phase IEPOX-SOA chemistry formulations. Modified Volatility basis set (VBS) for secondary organic aerosols based on Shrivastava et al.(8) with several updates as described in the supplementary text.


	Boundary conditions
	National Centers for Environmental Prediction (NCEP) Climate Forecast System Version 2 (CFSv2) reanalysis data for meteorology and quasi-global WRF for aerosols and trace gases (9, 10)





Supplementary Table 7. WRF-Chem model configuration for SE USA

	WRF-Chem version 4.2 domain
	2160  2160 km domain covering most of the Southern USA with horizontal grid spacing of 12 km and 46 vertical levels


	Simulation period
	June 20-28, 2013


	Boundary layer
	Yonsei University (YSU) Planetary Boundary Layer scheme 


	Surface
	Community Land Model (CLM v4) with MEGAN 2.1 for biogenic emissions (11)


	Cloud microphysics
	Morrison (2 moments) 


	Convective parametrization (sub-grid wet removal and sub-grid convective transport)
	KF-CuP (12)
Grid-scale in-cloud and below cloud wet removal of trace gases and aerosols is included.


	Aerosol-cloud interactions
	Aerosol activation based on the parameterization of Abdul-Razzak and Ghan (7)


	Radiation
	RRTMG scheme (both longwave and shortwave) (13)


	Gas-phase photochemistry
	SAPRC-99


	Aerosol chemistry



	MOSAIC for inorganic aerosols (14). Volatility basis set (VBS) for secondary organic aerosols, Radical 2D-VBS for monoterpene SOA, and eight different new particle formation schemes with several updates for anthropogenic SOA from VCPs and mobile sources in the USA, as described in Shrivastava et al. (15). New updates including the dynamic gas-particle partitioning approach including diffusion limitations for SOA with online predictions of OA viscosity in WRF-Chem 


	Boundary conditions
	ERA5 analysis data for meteorology (16) and CAM-Chem global model simulations for initial and boundary conditions (17) 9/11/26 7:05:00 PM




Supplementary Table 8. THF-diol and triol SOA parameterization in WRF-Chem model based on SOA yields reported by Frauenheim et al. (18)*

	
	kOH (cm3 molecules -1 s-1)***
	Yield ABS**
	Yield AS**

	3MTHF24D
	2.0×10-11
	0.267
	0.17

	3MB124T
	1.1×10-10
	0.93
	0.48



* Frauenheim et al.(18)  reported yields for two acidity regimes. In WRF Chem implementation, yield was calculated as average weighted by fraction of ABS and AS.
** THF-diol and triol SOA was calculated using mass-based yield (SOA mass formed/Precursor mass reacted).
*** The reaction rate constants with OH radical were determined using the structure activity relationships described in Kwok and Atkinson (19) and Ziemann and Atkinson (20)
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