
Response to Referee #3 
 
This study continues the work in Schmedding (2020), implemented three different glass 
transition temperature Tg parameterization in a newer version of CMAQ that uses parameterized 
organic hygroscopicity parameter kappa. This manuscript presents new advancement in 
improving organic aerosol phase state resolving in atmospheric chemistry modeling. However, 
several issues remain. I recommend major revision before acceptance. 
 
Major Comments:       
 
Aerosol liquid water and water uptake are central to this manuscript. The newer CMAQ can 
model organic-layer water uptake, which is the main advance over Schmedding (2020). Please 
expand Results/Discussion to compare directly with Schmedding (2020) using the same Shiraiwa 
et al. 2017 parameterization and to show how different water uptake schemes affect the results. 
Also move the statement about no water transfer between core and shell in the phase separation 
setup earlier in the manuscript. 
 
We thank the reviewer for this recommendation and have made the following changes to our 
manuscript to address the inclusion of this central science update: 
 

 
 
 
 
 



 
 



 

 
 



And then have moved acknowledgement that we do not model water movement between the 
inorganic core and the organic shell up to the methods: 
 

 
 
Kappa parameterizes equilibrium water uptake. The manuscript notes that aerosol can become 
semi-solid or solid at higher altitudes. Please discuss the potential bias from applying the same 
Kappa and equilibrium water uptake to semi-solid or glassy aerosol, and outline what 
observations and modeling are needed to represent non-equilibrium water uptake in such phases. 
 
We thank the reviewer for raising this point of discussion and appreciate the opportunity to 
explore these impacts.  
 
In looking into the potential impacts of phase state on hygroscopic growth, to our knowledge, the 
impacts of assuming equilibrium water uptake for semi-solid/solid particles are mixed and the 
relationship between chemical composition and equilibrium water uptake is more consistent. 
 
Parsons et al., 2004 and found that succinic acid and adipic acid deliquesced across temperature 
ranges of 243K-293K at 100% RH, however malonic acid and glutaric acid deliquesced at lower 
RH for higher temperatures (Parsons et al., 2004). In Hodas et al., 2015, it was found that the 
presence of this viscous sucrose decreased efflorescence, and that using thermodynamic 
modeling approaches assuming different phase states produced varied results for different 
species, however, did not always show the solid phase state producing more inhibition to 
hygroscopic growth (Hodas et al., 2015). In Lienhard et al., 2015 it was found that hygroscopic 
growth impacts can’t be isolated to its phase state and also found that measured water diffusion 
onto glassy aerosols was faster than previously reported (Lienhard et al., 2015). In a recent 
feature article by Diveky et al., 2021 it was found that for different species there were different 
trends in water accommodation coefficients with increases in temperatures (some increasing and 
some decreasing) (Diveky et al., 2021). Lastly, in a recent review article on the impacts of 
organic aerosols on hygroscopic growth by Tan et al., 2024 – although impacts of phase state on 
hygroscopic growth were pointed to, articles cited explored the impacts of phase separation on 
hygroscopic growth (finding thicker coatings – not necessarily more viscous coatings – were the 
cause of lower growth factors) (Li et al., 2021; Maskey et al., 2014; Tan et al., 2024). 
 
The impacts of organic aerosol composition on hygroscopic growth has been more widely 
studied, measured, and continues to conceptualize aerosol water accommodation (Jimenez et al., 
2009; Lambe et al., 2011; Massoli et al., 2010; Pajunoja et al., 2015; Tan et al., 2024). 
 



We make the following changes to our discussion to note upon this: 
 

 
 
 
Specific Comments: 
 
Line 98: Please use em dash (—) instead of hyphen (-) 
 
We thank the reviewer for the recommendation and have made the following change here and 
throughout the manuscript 
 

 
 
Line 103–115: Please acknowledge other Tg parameterizations that might not be O:C ratio or 
volatility based (e.g., Galeazzo and Shiraiwa, 2022, "Predicting glass transition temperature and 
melting point …"). Explain why they are not included, and justify selecting the three used here. 
 
We chose not to incorporate the Tg parameterization from Galeazzo and Shiraiwa, 2022 for two 
reasons. The primary reason was that our model simulations were done in 2020-2021, therefore, 
prior to the publication of this article. While the AI model developed to predict Tg in Galeazzo 
and Shiraiwa appears to perform well against the data they use to evaluate it with, a lot of 
assumptions would have to made for its implementation into CMAQ. Many modeled OA species 
within the SAPRC mechanism (and CB6 mechanism) are lumped and do not have representative 
SMILES strings. Identifying all structures that contribute to OA mass is an ongoing area of 
research, however, in the development of a chemical mechanism, species are defined by 
lumped/assumed molecular weights, oxygen to carbon ratios, and saturation concentrations from 
chamber experiments. We selected the Shiraiwa et al., 2017, the Zhang et al., 2019, and the Li et 
al., 2020 Tg parameterizations because they were defined with these OA species properties in 
mind. We agree, however, that the reasoning in choosing the Tg parameterizations could be 
clearer and have made the following changes: 
 



 
 
And 
 

 
 
Line 159–160: The resistor term for IEPOX uptake is central to later discussion and should be 
included, at least in part, in the main manuscript. The rate constant kparticle should be 
introduced here. kparticle was never formally introduced in the main manuscript, but only later 
discussed on page 18 and page 22. In addition, it is stated in earlier texts that the implementation 
of phase separation and phase state follow Schmedding (2020), is the IEPOX reactive uptake in 
this study handled differently? 
 
We have moved text describing IEPOX reactive uptake from the supplement into the main text. 
The treatment of IEPOX reactive uptake in this study is only handled differently with respect to 
how phase state is calculated (for different model runs with different Tg parameterizations). 
 
Figure 1: The equations and conditions (red texts) are hard to read in the figure. Since they 
follow Schmedding (2020), re-define the full equations in the Supplement and reference them in 
this schematic only. The flowchart should present each step clearly without the full equations. 
The three different Tg parameterization should be shown in three parallel steps instead of in one 
step. 
 
We increased the clarity of Figure 1. We do, however, find utility in defining full equations and 
conditionals in this figure as a quick reference for readers. There are different steps within the 
phase separation and phase state algorithm with conditionals that, spelt out in paragraph form, 
may cause visual fatigue that we aim to avoid. The three different Tg parameterizations are 
shown in one step with the specification of either/or because for each model run this algorithm is 
followed using just one of these equations. Having them illustrated in parallel in this figure may 
cause confusion and lead the reader to think that all are being calculated in parallel in one model 
run. We do make the following changes to this section to clarify: 



 
And also spell out the Shiraiwa equation in section 2.4 
 

 
 
Line 168–172 is unclear and requires clarification. I also don't see why the case ws = 0 needs 
special treatment, as the Gordon-Taylor equation (eq.2) is fine when one component’s (in this 
case water) mixing ratio is 0. Additionally, please use em dash (—) instead of hyphen (-) for in 
sentence explanatory phrases. What does it mean by switch equations? 
 
We have made the following changes to clarify: 
 



 
 
Figure 3 is ineligible. It looks like it is related to the conversion during manuscript upload. Please 
re-upload the figure in the rebuttal. 
 
We have re-uploaded this figure with some changes suggested by other reviewers: 
 



 
 
Table 2. Species description is ineligible. For the Tg comparison, a three-panel scatter plot (one 
scheme to scheme comparison in each panel) would be better, with points color coded by O:C or 
volatility, a 1:1 line, and RMSE in each panel. 
 
We thank the reviewer for their suggestion and realize the utility of one of these plots in 
contextualizing our results and thus have created the suggested scatter plot to put in the 
Supplement: 
 



 
 
And have added the following explanatory text in the main manuscript: 
 



 
 
We were not able to calculate an RMSE as we would have to make an assumption that one set of 
Tg predictions were the truth/observed and didn’t feel that was appropriate. 
 
In this paper we aim to point out areas where air quality models require improvement/attention if 
they want to implement organic aerosol phase state. We walk through species of importance 
(given their mass abundance) and their difference in Tg across different equations in what was 
section 3.3 (now section 3.4) so that future work can better constrain Tg for those species. The 
utility of the table is a clear illustration of Tg differences on a species-by-species level (which 
one is not able to convey with a scatter plot where scatters are label-less). We choose to leave 
this table in the main text, however, agree that the species descriptions were too small and so 
removed that column and refer readers to the full species properties table in the Supplement: 
 



 
 
Line 390–394: I don’t see why it is important to note that water diffusion from core to shell was 
not considered given the sensitivity of 𝛾IEPOX to kparticle. Please explain. Can you elaborate 
further on these sensitivity studies? 
 
We thank the reviewer for the opportunity to further clarify the importance of this. Ultimately the 
amount of water in the inorganic aqueous core will alter both the pH and ion concentrations of 
this part of the aerosol – which is where IEPOX heterogeneous reactive uptake takes place. The 
more water in the inorganic aqueous core, the higher the pH, which will reduce the opening of 
the epoxydiol group, and also lower aqueous sulfate concentrations (the nucleophile responsible 
for attaching to the open carbo-cation after the epoxide group opens in the production of 
methyltetrol sulfates). In this same scenario, the formation of 2-methyltetrols will still be reduced 



given the reduced epoxide opening step, however, there will be an abundance of water to attach 
to the free carbo-cation. Given that we do not account for the water equilibrium between the 
organic coating and the inorganic aqueous core, we are not able to capture this potential dilution 
impact.  
 
We make the following changes to the methods section to explain the ring opening and 
nucleophilic attack processes: 
 

 
 
And elaborate on the significance of not accounting for organic-inorganic water equilibrium in 
the results: 
 

 
 
Line 477: what is the rationale in increasing kparticle from 0.0001s−1 to 0.001s−1? Please 
elaborate. Additionally, also avoid using “/s” and use the standard unit “s−1” or “s−” 
 
We thank the reviewer for following up on this point and hope that changes to our results section 
per the previous line comment have elaborated on this. We have also changed all units in-text 
and in figures and tables to use the -1 notation instead of / 
 
Line 497: the atmospheric implication section is rather general and more suitable for 
introduction. Please tie the atmospheric implication to your results. 
 



Thank you for your recommendation. We have revised this section to tie in our results with 
specific atmospheric implications including impacts on heterogeneous chemistry, impact on 
cloud droplet activation, cirrus cloud formation and trapping of hazardous air pollutants posed by 
inorganic-organic phase separation and viscous outer organic coatings. 
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