
Responses to Referee #2 
 

This paper demonstrates the incorporation of phase-separation and phase state within CMAQ and 
shows this incorporation leads to a decrease in overall simulated IEPOX-SOA formation. Three 
models were used to predict phase state, which each used a different combination of parameters, 
which led to large discrepancies in Tg predictions between models for some compounds 
contributing to differences in phase state predictions between models. The addition of phase 
separation and phase state predictions leads to better predictions of 2-MT, but an underprediction 
of MTS and overall IEPOX-SOA formation. Overall, I believe this will be suitable for 
publication in ACP after the authors address the following comments. 

General comments: 

Please ensure that all of your figures are consistent and easy to follow (i.e., be consistent with 
latitude and longitude lines, label model used, be clear when observational data is from LRK or 
CTR on the figure, increase font size when possible). Also, ensure to resolve the problem with 
readability that is on several figures. 

We thank the Referee for pointing this out. Clarity and resolution have been addressed for all 
figures and tables. Model simulation labels were put in Figures 3, 4 and 6. Lines of Latitude were 
added where missing (Figures 2 and 6). Markers were also placed on spatial plots (Figures 2, 3, 
and 6) to show where the CTR and LRK SOAS sites were.  

I would recommend either using different species abbreviations for the most common IEPOX-
SOA compounds (2-MT for 2-methyltetrols, OS for organosulfates, MTS for 
methyltetrolsulfates, etc.) or being explicit that these are the species names given in CMAQ as 
this could be confusing for readers who do not use CMAQ. 

We thank the Reviewer for their recommendation. Although species properties for 2-
methyltetrols and methyltetrol sulfates (O:C, saturation concentrations, and MW) are used for 
AIETET and AIEOS respectively, dimers formed from these two products are based on lumped 
properties and therefore to be consistent across all IEPOX-SOA species we prefer to label them 
in the manuscript as AIETET and AIEOS. It is now, however, explicitly stated that these are the 
CMAQ (and specific to the SAPRC mechanism) species in the manuscript. 

 

Make sure you are consistent with units used. 



We thank the reviewer for pointing this out and have edited our manuscript accordingly.  

Specific comments: 

Line 40: “2-methyltetrol performance improved” Please be more specific. 

In this line we refer to the decrease in modelled positive bias for 2-methyltetrols with phase state 
and phase separation algorithms included. The following change has been made to reflect this 
specification: 

  

Line 52: “Gas-phase SOA precursor species can also dissolve into existing aqueous aerosols and 
cloud droplets and undergo aqueous-phase oxidation leading to lower volatility species - known 
as multiphase and/or heterogeneous chemistry” While heterogeneous chemistry can lead to lower 
volatility species, there are also heterogeneous reactions that can lead to more volatile products. 

We thank the reviewer for raising this valid point. In this paragraph we aim to describe different 
mechanisms by which fine particulate matter exists in the atmosphere, and therefore omit the 
mention of fragmentation products which can be the result of heterogeneous and/or multiphase 
chemistry in this paragraph.  

Given that this paper is specifically focused on the heterogeneous formation of two explicit 
IEPOX-SOA species (which are the product of functionalization reactions) and one lumped 
category of IEPOX-SOA (dimers; and also the product of functionalization reactions) and not 
heterogeneous chemistry in general, we are hesitant to include noting this in our paper for risk of 
confusing the audience. Heterogeneous oxidation of IEPOX-SOA (by hydroxyl radical) has been 
shown to lead to some fragmentation of dimers that result in monomers that can off-gas (namely 
2-methyltetrols and C5-alkene triols), however, these reactions either require higher oxidant 
concentrations in the atmosphere or have a k(OH) rates that are very slow (Armstrong et al., 
2022; Hu et al., 2016; Yan et al., 2025; Yan et al., 2023). Nonetheless we have made the 
following changes: 

 



Line 56: “The isoprene epoxydiol (IEPOX) is…” Referring to IEPOX in the singular and as a 
definite subject here is slightly confusing since IEPOX has multiple isomers, I would 
recommend removing “the” from the beginning of the sentence. 

We have made the following changes: 

 

Line 59: “In atmospheres that have higher hydrogen oxides (HOx = OH + HO2) than nitric oxide 
(NO) concentrations,” Implies that you are discussing at a planetary level, alter wording to 
clarify. 

We thank the Reviewer for raising this point and have made the following changes: 

 

Line 65: “Field campaigns and chamber studies have also found that IEPOX-SOA species with 
higher volatilities (2- methyltetrols and C5-alkene triols) can have some fraction remaining in the 
particle phase…” Wording is confusing here, what is higher volatility in reference to in this case, 
these species should be much lower in volatility than IEPOX. According to your source for the 
following sentence, based on the C*s alone the alkane triols should be mostly in the gas phase 
but 2-MT should only be 43% in the gas phase. 

We thank the reviewer for raising this point of confusion. We aim to convey that these species 
are found to be in the particle phase with a higher frequency than the volatility (via their 
structural activity relationships) would imply (D'Ambro et al., 2019). The rationale behind this 
thought was to set up organic coatings as being a mechanism by which these higher volatility 
species remain locked in the particle phase.  

In Armstrong et al., 2022 IEPOX-SOA were exposed to OH, in anticipation that higher volatility 
fragments would be generated and off-gas, however, instead found dimers and oligomers 
fragmented from exposure, regenerating monomer species (2-methyltetrols and methyltetrol 
sulfates) and that these species were not lost to gas phase partitioning (Armstrong et al., 2022). 
In section 3.3 of Armstrong et al., 2023 it was noted that in a previous study by Hu et al., that the 
formation of an organic coating and the increase in its viscosity from OH exposure cold explain 
why these seemingly higher volatility species where not off-gassing (Armstrong et al., 2022; Hu 
et al., 2016). Although Yan et al., 2023 looked at the impact of acidity on heterogeneous decay 
of IEPOX-SOA, they also concluded that the limited gas-phase partitioning of monomer species 
could be attributed to the role organic coatings play (Yan et al., 2023).  

We have made the following changes to clarify: 



 

 

Figure 1 is very hard to read, please increase the font and line size where possible and ensure that 
there are no compression issues during export. 

We thank the reviewer for raising this point and have regenerated Fig. 1 to be more legible. 

Line 168: “Given the numerical precision of CMAQ and the likelihood of very small 𝑤𝑠 values-
characteristic of dry OAs yet still greater than zero-the occurrence of 𝑤𝑠 = 0 was minimal.” 
Please rephrase, this sentence was very hard to parse. 

We have made the following change: 



 

Line 255: It would be helpful to indicate the CTR SOAS site on the plots shown in Figure 2 
since you reference it here. 

We thank the reviewer and have made this change in Figure 2, 3, and 6 to identify both the CTR 
and LRK SOAS sites: 



 

Line 261: “The frequency of time that the organic coating of an aerosol is in a liquid phase in 
layer 1 (i.e., ground level, GL) across the whole modeling episode when an appreciable amount 
of ALW is present in the organic coating (when 𝑤𝑠 > 0.1) and when 𝑤𝑠 ≤ 0.1, corresponding to 
𝑇𝑔(𝑤𝑜𝑟𝑔): 𝑇 and 𝑇𝑔,𝑜𝑟𝑔: 𝑇, is shown in Figure 3.” Please clarify if this is the same modeling 
episode as Figure 2 (June 1 – July 15, 2013). 

Yes – for all figures the entire SOAS episode (June 1st – July15th, 2013) was used. The 
following changes have been made: 



  

Figure 3: It would be helpful to add subheadings for the model used on the columns and water 
content condition for the rows, also please fix the legibility issues. 

We thank the reviewer for the recommendation and have made the following changes: 



 

Figure 4: What was the normalization process? Additionally, what fraction of the time was ws > 
0.1? 

Distributions were normalized in the sense that the area under each curve was equal to 1 and are 
representative of densities as opposed to counts. Across each run the fraction of time ws > 0.1 
was ~31%, 47%, 76%, and 100% corresponding to layers 1, 18, 28, and 35. The following 
changes have been made: 

 



 

Figure 7: From your caption, it seems like a and b are from CTR and c is from LRK. However, 
the text states that b and c are both from LRK. Please clarify this in both the text and figure 
caption. Also, please address why these are all not from the same site, I assume it is due to what 
data was collected at each site but please be explicit. Also, if you only have one site for each 
species comparison, how confident are you that the addition of phase separation into the model 
will be consistent with underpredicting IEPOX-SOA and organosulfates, and overpredicting 2-
methyltetrols? 

We thank the reviewer for pointing this out and have made the following changes to this figure: 



 

The measurements used from these sites were chosen because for this modeling episode, where 
the two sites where IEPOX-SOA specifically was measured and the LRK site was the only site to 
differentiate between different IEPOX-SOA species (i.e. 2-methyltetrols and methyltetrol 
sulfates). We agree that in terms of model evaluation metrics, the biases calculated are under-
powered, and have made the following change to our results section: 



  

Line 474: You have already introduced AIEOS and AIETET as acronyms previously. 

Thank you for catching this, we’ve made the following correction: 
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