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Isoprene-Derived Epoxides Promote SOA 
Formation 

[Paulot et al., 2009, Science; Surratt et al., 2010, PNAS; Lin et al., 2012, ES&T;  
Zhang et al., 2012, ACP; Lin et al., 2013, ACP; Lin et al., 2013, PNAS; Nguyen et 
al., 2014, ACP; Jacobs et al., 2014, ACP; Lin et al., 2014, ES&T] 



Isoprene-Derived Epoxides Are Critical in SOA 
Formation from Isoprene Oxidation 
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Irreversible 
Products 

Gas-Aerosol Reaction Probability – model relevant parameter for 
heterogeneous chemistry  
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EPOX(g)             EPOX(aq) 

What is the Reactive Flux to Particles? 



Model Implementation 



Model Implementation 



Model Implementation 

Total SOA SV-SOA EPOX-SOA 



Proposal Objectives 

Task 1. Integration of Gas-Phase Epoxide Formation and 
Subsequent SOA Formation into UNC MORPHO Box Model 
 
Task 2.  Synthesis of Isoprene-derived Epoxides and Known 
SOA Tracers  
 
Task 3.  Indoor Chamber Experiments Generating SOA 
Formation Directly from Isoprene-Derived Epoxides 
 
Task 4. Modeling of Isoprene-derived SOA Formation From 
Environmental Simulation Chambers 



Task 1 – Gas Phase Evaluation 



[Xie et al., 2013, ACP] 



Task 1 – Gas 
Phase 

Evaluation 



Task 1 – Gas Phase Evaluation 



Lower NOX High NOX 



Task 1 – Gas Phase Evaluation 
Lower NOX High NOX 
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OH conc. 

HO2 from 
Aldehydes 

Lower NOX High NOX 



High NOx 

17 

Sources of NO2 
Lower NOx 

• High NOX — 65% NO2 made through NO + O3 for SAPRC07; 47% made 
through recycling from NOZ for Xie 

• Lower NOX — 77% more NO2 recycled from NOZ for Xie 



Proposal Objectives 
Task 2.  Synthesis of Isoprene-derived Epoxides and Known 
SOA Tracers 



Proposal Objectives 
Task 3.  Indoor Chamber Experiments Generating SOA 
Formation Directly from Isoprene-Derived Epoxides 



Proposal Objectives 
Task 4. Modeling of Isoprene-derived SOA Formation From 
Environmental Simulation Chambers 

Constraining Condensed-Phase Formation Kinetics of Secondary Organic Aerosol 
Components from Isoprene Epoxydiols 
  
Theran P. Riedel, Zhenfa Zhang, Kevin Chu,  Joel A. Thornton, William Vizuete, Avram 
Gold, and Jason D. Surratt 
Manuscript in preparation 
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Measuring Reactive Uptake 

[Riedel et al., 2015, ES&T Letters; Gaston et al., 2014, ES&T] 



From linear fit: 
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wallk m= −

total het wallk k k≈ +

4 het

a

k
S

γ
ω

≈

Measuring Reactive Uptake 

[Riedel et al., 2015, ES&T Letters] 



γ values are consistent with those measured in a previous study 
[Gaston et al., 2014, ES&T] and with aqueous phase reaction 
mechanisms [Eddingsaas et al., 2010, JPCA) – dependence on [H+], 
[HSO4

-], [nucleophile], but [H+] found to have strongest effect 

epoxide aerosol RH aerosol [H+] (M)a ɣ ± 1σ

IEPOX (NH4)2SO4 0.50 7.74×10-5 6.5×10-4 ± 6.4×10-4

IEPOX MgSO4 + H2SO4 0.08 0.04 1.1×10-2 ± 3×10-3

IEPOX MgSO4 + H2SO4 0.53 0.73 9.4×10-3 ± 3×10-3

IEPOX (NH4)2SO4 + H2SO4 0.05 2.78 2.1×10-2 ± 1×10-3

IEPOX (NH4)2SO4 + H2SO4 0.59 2.01 1.9×10-2 ± 2×10-3

MAE MgSO4 + H2SO4 0.03 0.73 4.9×10-4 ± 1×10-4

MAE (NH4)2SO4 + H2SO4 0.03 2.78 5.2×10-4 ± 1.1×10-4

γ Results 

[Riedel et al., 2015, ES&T Letters] 



Chamber model setup: 
• 0-D time-dependent chemical box model 
• Initialize model with: 

• ɣ from flow reactor measurements 
• epoxide mass injected from chamber measurements 
• DMA reported aerosol [surface area] and [mass] from 

chamber measurements 
• Only epoxide losses are to particles and chamber walls 
• Only particle losses are to chamber walls 

Modeling Smog Chamber Data 



Chamber model setup: 
• 0-D time-dependent chemical box model 
• Initialize model with: 

• ɣ from flow reactor measurements 
• epoxide mass injected from chamber measurements 
• DMA reported aerosol [surface area] and [mass] from 

chamber measurements 
• Only epoxide losses are to particles (makes SOA) and 

chamber walls 
• Only particle losses are to chamber walls 
• SOA production in the model: 

Modeling Smog Chamber Data 

[Riedel et al., 2015, ES&T Letters] 
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Questions? 
www.unc.edu/~vizuete 



Task 1 – Gas Phase Evaluation 



Task 1 – Gas Phase Evaluation 



Task 1 – Gas Phase Evaluation 
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Organics can suppress the reactive uptake of IEPOX by 
creating diffusion and solubility barriers 

Do Organic Coatings Impact Uptake of 
IEPOX?   

[Gaston et al., 2014, ES&T] 



• φSOA ranges 0.03 – 0.21 for IEPOX 
• φSOA ranges 0.07 – 0.25 for MAE 
• observed higher φSOA for (NH4)2SO4 seed types 
• similar φSOA for highly acidic and near neutral seed 

• SOA growth takes longer for near neutral seed 

epoxide aerosol RH aerosol [H+] (M)a ɣ ± 1σ modeled ɸ SOA  range

IEPOX (NH4)2SO4 0.50 7.74×10-5 6.5×10-4 ± 6.4×10-4 0.17 - 0.21

IEPOX MgSO4 + H2SO4 0.08 0.04 1.1×10-2 ± 3×10-3 0.04 - 0.06

IEPOX MgSO4 + H2SO4 0.53 0.73 9.4×10-3 ± 3×10-3 0.03 - 0.05

IEPOX (NH4)2SO4 + H2SO4 0.05 2.78 2.1×10-2 ± 1×10-3 0.10 - 0.12

IEPOX (NH4)2SO4 + H2SO4 0.59 2.01 1.9×10-2 ± 2×10-3 0.06 - 0.08

MAE MgSO4 + H2SO4 0.03 0.73 4.9×10-4 ± 1×10-4 0.07 - 0.14

MAE (NH4)2SO4 + H2SO4 0.03 2.78 5.2×10-4 ± 1.1×10-4 0.16 - 0.25

φSOA Results 

[Riedel et al., 2015, ES&T Letters] 



EPOX(g)           EPOX(aq) 

SOA 
γ 

volatile  
products 

φSOA 

Can’t quantify all tracers… so we need a different approach. 

What Fraction Makes SOA? 

[Riedel et al., 2015, ES&T Letters] 



epoxide aerosol RH aerosol [H+] (M)a ɣ ± 1σ

IEPOX (NH4)2SO4 0.50 7.74×10-5 6.5×10-4 ± 6.4×10-4

IEPOX MgSO4 + H2SO4 0.08 0.04 1.1×10-2 ± 3×10-3

IEPOX MgSO4 + H2SO4 0.53 0.73 9.4×10-3 ± 3×10-3

IEPOX (NH4)2SO4 + H2SO4 0.05 2.78 2.1×10-2 ± 1×10-3

IEPOX (NH4)2SO4 + H2SO4 0.59 2.01 1.9×10-2 ± 2×10-3

MAE MgSO4 + H2SO4 0.03 0.73 4.9×10-4 ± 1×10-4

MAE (NH4)2SO4 + H2SO4 0.03 2.78 5.2×10-4 ± 1.1×10-4

Chosen to match aerosol composition and RH from chambers 
studies showing observable SOA production. 

In Conjunction with Existing Chamber Data, γ 
Results Used in Model to Estimate φSOA   

[Riedel et al., 2015, ES&T Letters] 







ToF-Chemical Ionziation Mass Spectrometer 
(CIMS) 
• Iodide OR Acetate reagent chemistry 
• Iodide:  Analyte detected as cluster with 

iodide (m/z 126.9) 
• I⋅(IEPOX)-:  m/z 244.9 
• I⋅(MAE)- :  m/z 228.9 

• Acetate:  Analyte detected as cluster 
with acetate (m/z 59) or deprotonated 
acid 
• C2H3O2⋅(IEPOX)-:  m/z 177 (cluster) 
• MAE(-H+):  m/z 101 (deprotonated) 

Measuring Reactive Uptake 
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