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Text S1. ROOH Yield Simulation Using the Radical 2D-VBS Model  
The radical 2D-volatility basis set model (r2D-VBS) has been described in detail in 

previous work but a brief discussion is given here.1-3 This model simulates gas-phase chemistry 
through representative peroxy radical (RO2) species and ultimately distributes these products into 
the 2D-VBS based on volatility or effective saturation mass concentration (C*) using 
semiempirical kernels for each radical termination reaction. Because specific functional group 
information about the oxidized SOA is unknown, we made assumptions about the −OOH groups 
present on the molecules. Since autoxidation leads to organic hydroperoxide (ROOH) formation, 
we counted every step of autoxidation a molecule has undergone as being an additional −OOH 
group that can decompose. Products from the RO2• + HO2• reaction were included as this 
termination reaction will produce ROOH, however dimerization products of the RO2• + RO2• 
reaction were not included unless they underwent autoxidation. The -OOH yield was calculated as 
the number of -OOH groups formed in VBS bins that contributed to the particle phase divided by 
the total carbon in VBS bins that contribute to the particle phase.  

For this work, we run the model with a constant flow of d-limonene and with a range of 
•OH from 0.1-10 ´ 108 cm-3. The radical 2D-VBS does not include any dynamic gas-particle 
partitioning. To estimate the ROOH concentration in the particle phase, we only included VBS 
bins which contribute to particles when 325 μg m–3 of organic aerosol is present (this specific 
value was chosen as it was the most often observed OA concentration in the OFR). This leads to 
~3/4 of the C* = 100 μg m–3 bin and ~1/4 of the C* = 1000 μg m–3 bin being included. All 
molecules in bins with C* < 100 μg m–3 were included, and none were included from bins with C* 
> 1000 μg m–3. ROOH fragmentation is not considered in the model. 

Figure S7 shows 2D-VBS modeling results of -OOH yield as a function of [OH] and 
[OHexp], which signify increased oxidative aging time for d-limonene SOA. The decrease of -
OOH yield is consistent with peroxide measurements, in which higher O/C leads to a decrease in 
-OOH yield. Note that the absolute amount of ROOH in the particles (and the concentration of 
ROOH being formed in the gas phase) increases, while the -OOH yield decreases. The model does 
not consider HO2 formation from OH oxidation of terpenes, therefore hydroperoxide formation 
may be underpredicted. On the other hand, neither fragmentation nor multigeneration products of 
OH oxidation of SOA are considered, which are likely common in the flow tube with a 
substantially high concentration of •OH. As opposed to autoxidation which favors ROOH 
functionality,4, 5 multigenerational •OH oxidation could lead to a higher concentration of different 
functionality, reducing the overall contribution from ROOH.6 
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Figure S1: Comparison of O/C values from AMS (X-axis) and HRMS (Y-axis). Values are taken 
from filter analysis of both d-limonene SOA and β-caryophyllene SOA. 

 

  

Figure S2: Spectral flux density (W m-2 nm-1) from the Xenon Arc lamp used in photoirradiation 
experiments compared with Los Angeles solar flux daily average for June 20. The visible portion 
of the Xe-lamp spectrum is filtered out with a combination of filters to minimize heating of the 
irradiated filter.  
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Figure S3: Mass spectrum of limonene SOA produced from Cl oxidation at lamp intensities of 2 
V (red) and 10 V (gray) measured using negative ion mode HRMS. 

 

 

Figure S4: Carbon number with associated oxygen number of d-limonene SOA (a) and β-
caryophyllene SOA (b). This figure expands the portion of Figure 2 to better illustrate what 
happens for c>10 compounds for d-limonene and c>15 compounds for β-caryophyllene. Samples 
of low O/C are shown on the left and high O/C samples are shown on the right. Mid-level O/C 
samples are shown in the middle for d-limonene SOA.  
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Figure S5: Radical % yield vs OSC for d-limonene SOA (a) and β-caryophyllene SOA (b). Shaded 
regions represent error bars equalling 50% of the measured y-value including error from mass and 
ROS meaursements. The oxidation state of carbon (OSC), a useful metric for determining the 
degree of oxidation for SOA, differs from O/C in that it is independent of hydration and dehdration 
of an aerosol, and can properly account for oxidation that does not result in a change of O/C, such 
as an alcohol oxidation to a cabonyl.7, 8  

 

 

Figure S6: Radical % yield of d-limonene SOA (a) and β-caryophyllene SOA (b) using either •Cl 
or •OH as the oxidant in the OFR. D-limonene SOA are compared with O/C = 0.5±0.1 for both 
•OH and •Cl samples. β-caryophyllene SOA are compared with O/C = 0.6±0.1 for both •OH and 
•Cl samples. Error is taken as the standard deviation of three replicates.  
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Figure S7: Peroxide % yield from β-caryophyllene SOA generated with Cl as the oxidant. Cl-SOA 
shows 10% lower peroxide formation than OH-SOA. Lower peroxide yield from Cl-SOA is 
expected due to lower HO2 generation in the •Cl chamber, reducing the RO2 + HO2 reaction rate, 
and therefore ROOH production. One additional reason for less peroxide content observed with 
•Cl is due to the higher O/C of the •Cl sample compared to the •OH oxidized sample.  

 

 

Figure S8: 2D-VBS modeling results of -OOH yield as a function of [OH] and [OHexp] are 
shown, which signify increased oxidative aging time for d-limonene SOA. These results support 
our peroxide measurements, in which further oxidation or higher O/C leads to a decrease in -OOH 
yield.  
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Figure S9: O/C and H/C shift with photolytic aging for d-limonene SOA (a) and β-caryophyllene 
SOA (b) in positive and negative ion mode. Minor changes in O/C and H/C were observed with 
photolytic aging up to 17.5 hours. HRMS O/C values are underestimated due to selective 
ionization as shown in Figure S1, so future studies may be warranted to confirm changes in O/C 
with photoaging. 
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