
Responses to Referee #1’s comments 

We are grateful to the reviewers for their valuable and helpful comments on our manuscript 

“Molecular-level study on the role of methanesulfonic acid in iodine oxoacids nucleation” 

(MS No.: egusphere-2023-2084). We have revised the manuscript carefully according to 

reviewers’ comments. The point-to-point responses to the Referee #1’s comments are 

summarized below: 

Referee comments: 

Li et al. explored the role of methanesulfonic acid (MSA) in iodine oxoacids nucleation. 

Detailed molecular-level mechanisms of cluster formation were studied using quantum 

chemical methods and cluster dynamics, providing theoretical evidence for the contribution of 

MSA to the formation of marine iodine clusters. After carefully reading the manuscript, I find 

that the main argument that MSA may enhance the nucleation rate of iodine oxoacids is 

convincing. The contribution of MSA to the formation of marine iodine particles remains an 

open question because other acids and bases such as sulfuric acid and amines may also affect 

the HIO3-HIO2 nucleation process in the real atmosphere - as the authors have addressed at the 

end of this manuscript - while this study provides an important theoretical basis for this question. 

This manuscript is well written. I recommend it be accepted by Atmospheric Chemistry and 

Physics. A few minor comments on the interpretation of the theoretical results are given below. 

Response: Thanks sincerely for the reviewer’s professional and positive comments. We have 

revised the manuscript accordingly. The detailed point-to-point responses are listed as follows. 

-------------------------- 

General comments: 

Comment 1: Figures 1-3 seem to suggest that the significant enhancement of MSA on HIO3-

HIO2 nucleation is robust against the uncertainties of cluster stability. However, would it be 

possible to have a supplementary or appendix figure for the general audience, showing the 

uncertainty range of the enhancement or relative contribution of MSA to the cluster formation 

rate? 

Response: Thanks for the reviewer’s professional and helpful comments. The uncertainties of 

enhancement of MSA on cluster formation may stem from ACDC simulations and quantum 



chemical (QC) calculations, thereby we examined how variable ACDC settings, such as 

condensation sink coefficient (CS), sticking factor (SF, corresponding to a sticking probability 

for cluster/monomer collision) and the change of calculated Gibbs free energy of cluster 

formation (∆G, from quantum chemical calculations) impact the enhancement of MSA (RMSA) 

on cluster formation rate (J). Here, the CS values ranged from 1.0 × 10-4 s-1 to 1.0 × 10-2 s-1, 

covering possible CS in relatively clean and polluted regions[1, 2]. The range of SF was set from 

0.1 to 1.0 since sticking probabilities for neutral-neutral collisions between 0.1 and 1.0[3]. 

As shown in the Figs. S15 (a) and (b), although both CS and SF affect RMSA to some extent, 

the uncertainty range are relatively limited (CS < 32.5% and SF < 17.1%) and the results does 

not affect the trend and main conclusions.  

 

Figure S15. Variation of enhancement strength R of MSA with (a) condensation sink 

coefficient (CS) and (b) sticking factor (SF) for HIO3-HIO2-MSA system at T = 278 K, [HIO3] 

= 1.0 × 107, [HIO2] = 2.0 × 105, and [MSA] = 1.0 × 107 molec. cm-3. 

In addition, the potential uncertainty of quantum chemical calculations is ultimately 

manifested in the calculated ∆G values. As reported by Kupiainen[4] et al. (2012), the 

differences between the computational (DFT//RI-CC2 method) and experimental ∆G values are 

about 1 kcal mol-1 or less[5]. Accordingly, Almedia[3] et al. (2013) calculated the uncertainty 

range of ACDC simulated cluster formation resulting from QC calculations by adjusting the 

binding energy (±1 kcal mol-1). Further given the consistency of our research framework 

(DFT//RI-CC2 + ACDC) with Almedia et al. (2013), herein we have performed the uncertainty 

analysis of RMSA caused by QC calculations through adding or subtracting 1 kcal mol-1 from the 

∆G (using ΔG278K as a reference). The figure below presents the uncertainty analysis results of 



J and RMSA at T = 278 K, CS = 2.0 × 10-3 s-1, [HIO3] = 107, [HIO2] = 2.0 × 105, [MSA] = 106 – 

108 molec. cm-3. 

 

Figure S16. Cluster formation rate J (a) and enhancement strength R of MSA (b) as a function 

of [MSA] = 106 – 108 molec. cm-3, with different energy of ΔG278K (black line), ΔG278K + 1 

(blue line), ΔG278K – 1 (red line), at T = 278 K, CS = 2.0 × 10-3 s-1, [HIO3] = 107, [HIO2] = 2.0 

× 105 molec. cm-3. 

Here, we have added the results of RMSA under different CS, SF and ΔG to the revised 

supporting file, and for the convenience of the review, we have copied Figures S15-S16 and 

the corresponding analysis as following: “Here, the potential uncertainties may stem from 

ACDC simulations and quantum chemical (QC) calculations, we examined the effect of 

condensation sink coefficient (CS), sticking factor (SF) and calculated ΔG of clusters on 

enhancement of MSA to the cluster formation rate. The CS values ranged from 1.0 × 10-4 s-1 to 

1.0 × 10-2 s-1, covering possible CS in relatively clean and polluted regions[1, 2]. The range of 

SF was set from 0.1 to 1.0 since sticking probabilities for neutral-neutral collisions between 0.1 

and 1.0[3]. Both the CS and SF slightly affect the enhancement of MSA, with limited uncertainty 

range of CS < 32.5% and SF < 17.1% (Fig. S15). As reported by Kupiainen[4] et al. (2012), the 

differences between the computational (DFT//RI-CC2 method) and experimental ∆G values are 

about 1 kcal mol-1 or less[5]. Accordingly, Almedia[3] et al. (2013) calculated the uncertainty 

range of ACDC simulated cluster formation resulting from QC calculations by adjusting the 

binding energy (±1 kcal mol-1). Further given the consistency of our research framework 

(DFT//RI-CC2 + ACDC) with Almedia et al. (2013), herein we have performed the uncertainty 



analysis of RMSA caused by QC calculations through adding or subtracting 1 kcal mol-1 from the 

∆G (using ΔG278K as a reference). As shown in Table S8 and Fig. S16, adjusting the ΔG278K of 

clusters by ±1 kcal mol-1 resulted in a minor variation in J and R of MSA, with the overall trend 

remaining consistent.” 

-------------------------- 

Comment 2: I found it challenging to interpret the relative importance of the MSA-involved 

path in HIO3-HIO2-MSA nucleation. Figure 3a shows that the MSA-involved path is a major 

path (74 %), yet this was simulated with a [MSA] 5 times of [HIO3]. With the same [MSA] and 

[HIO3], the MSA-involved path was expected to contribute ~20 %, showing that MSA was a 

bit less efficient than HIO3 in clustering with HIO2. This comparatively lower efficiency does 

not affect the main conclusion as the [MSA] may exceed [HIO3] in atmospheric environments. 

However, Figures 4 and 5 show a high enhancement factor (> 2) with the same [MSA] and 

[HIO3]. This high enhancement factor indicates that MSA is more efficient than what I 

interpreted above. I hope this can be clarified in the revised manuscript. 

Response: This is a very insightful point – thanks for bringing it up. Indeed, as expertly 

assessed by the reviewer, HIO3 undergo clustering with HIO2 more efficiently than MSA due 

to the lower contribution of MSA-involved pathway (~20%) at same concentrations of HIO3 

and MSA (107 molec. cm-3). However, in this case, the involvement of MSA in nucleation shows 

a high enhancement factor (> 2) for rate J, which is indeed the point that may confuse the reader. 

Accordingly, we explored the underlying nucleation mechanism under the focused condition: 

T = 278K, CS = 2.0 × 10-3 s-1, (a) [HIO3] = [MSA] = 1.0 × 107, and [HIO2] = 2.0 × 105 molec. 

cm-3. (b) [HIO3] = [MSA] = 1.0 × 106, and [HIO2] = 2.0 × 104 molec. cm-3.  

As shown in Fig. S7, the contribution of MSA to clustering consists not only of directly 

forming HIO3-HIO2-MSA clusters (~20%), but also its ‘catalysis’ role in facilitating formation 

of initial HIO3-HIO2 clusters, e.g., (HIO3)1(HIO2)1-2, through a process of first participation in 

forming the (HIO3)1(HIO2)1-2(MSA)1 clusters, and then evaporation out. Taken together, MSA 

promotes both HIO3-HIO3-MSA and HIO3-HIO2 clustering pathways, and its dual contribution 

results in a high enhancement factor (> 2).  

Furthermore, to make the readers clear, we accordingly provide an explanatory account of 

this phenomenon as follows (Lines 227-231 in the revised manuscript): “However, the 



atmospheric [HIO3] ranges widely from 106 to 108 molec. cm-3. When [HIO3] is comparable or 

higher than [MSA], the HIO3-HIO2 pathway contributes more, and the R of MSA decreases 

with the rising [HIO3]. It is worth noting that when [HIO3] is comparable to [MSA], the R of 

MSA is greater than 2, as the contribution of MSA to clustering includes not only the direct 

formation of HIO3-HIO2-MSA clusters (~20%), but also its ‘catalysis’ role in facilitating 

formation of initial HIO3-HIO2 clusters (Fig. S7).” 

 

Figure S7. Main cluster growth pathway of the HIO3-HIO2-MSA nucleating system at T = 

278K, CS = 2.0 × 10-3 s-1, (a) [HIO3] = 1.0 × 107, [HIO2] = 2.0 × 105, and [MSA] = 1.0 × 107 

molec. cm-3, (b) [HIO3] = 1.0 × 106, [HIO2] = 2.0 × 104, and [MSA] = 1.0 × 106 molec. cm-3. 

-------------------------- 

 



Specific comments: 

Comment 3: Line 180, "Overall, the results suggest that MSA's contribution to cluster 

formation is positively related to [MSA] but negatively linked to [HIO3]." This sentence is 

correct in terms of the relative contribution but awkward. How about removing this sentence 

and adding discussions on the relative importance of the MSA path (see comment 2)? 

Response: According to the reviewer’s helpful suggestion, we have removed the mentioned 

sentence “Overall, the results suggest that MSA's contribution to cluster formation is positively 

related to [MSA] but negatively linked to [HIO3]” in Line 180, and added the discussion of 

comment 2 in the revised manuscript (Lines 227-231, page 10). 

-------------------------- 

Comment 4: Line 207, "To sum up, MSA can promote nucleation, particularly in marine 

regions characterized by lower T, lower [HIO3] and [HIO2]." I was confused that MSA can 

promote nucleation at low [HIO2] within the context of this manuscript, as [HIO2] is the starting 

point of cluster formation. This might be caused by overemphasizing the relative contribution. 

Also, [HIO2] is usually associated with [HIO3]. Replacing [HIO3] (implicitly indicated to be 

independent of [HIO2]) with [HIO3]/[HIO2] in some discussions may help with understanding. 

Response: Certainly, as predicted by the reviewer, [HIO2] is the starting point of cluster 

formation. When [HIO2] declines, both MSA-involved and non-MSA pathway proportions 

decrease (see Fig. (3) in the main text). However, in this study, we draw the following 

conclusions based on the calculated enhancement strength (R) of MSA on nucleation, i.e., R = 

J(HIO3-HIO2-MSA) /J(HIO3-HIO2). As [HIO2] declines, both the numerator and denominator 

of R decrease. However, the numerator diminishes relatively slowly due to the introduction of 

MSA, enhancing the rate and retarding its decay, which results in an increased R value. Yet, in 

environments with higher [HIO2], the enhancing effect of MSA will be weaker because the 

more efficient HIO3 will fully combine with HIO2, thereby resulting in a lower R.  

Accordingly, following the professional advice of the reviewer, to make it clear to the 

readers, we add the explanation prior to the introduction of the ACDC simulations as follows: 

“…where [HIO3]/[HIO2] is a constant” in Line 150 of page 6. 

-------------------------- 

Comment 5: Line 222, "observed J of 2.1 × 10-4 cm-3 s-1". This J value is too low from a 



measurement point of view. In a scatter plot showing the correlation between J and precursor 

concentrations, some small values of J are often given, though they might be obtained during 

weak or non-NPF periods. I checked the SI of Beck et al. and found that they have clarified that 

"Data with J-values < a few 10-3 cm-3 s-1 are highly unreliable and reflect mainly the noise 

levels...". Figure 2a in their main manuscript shows that the J value is ~0.1 cm-3 s-1 during 

typical NPF events. 

Response: Thanks for these professional and rigorous suggestions. Accordingly, given the 

unreliability of J-values (< a few 10-3 cm-3 s-1), we have adjusted the range of the observed 

cluster formation rate J of Ny-Ålesund to 10-3 – 10-1 cm-3 s-1 in Fig. 6(a). And the sentence 

“…the J(HIO3-HIO2-MSA) can be two orders of magnitude higher than the observed J of 2.1 

× 10-4 cm-3 s-1” has been changed to “…the J(HIO3-HIO2-MSA) can be one order of magnitude 

higher than the observed J of 10-3 cm-3 s-1” in Lines 248-249 (page 11) of the revised manuscript. 

-------------------------- 

Comment 6:  Figure 6. It is recommended to adjust the shaded area of field observation. Now 

the measured J shares a similar style with the simulated J. Some readers may wonder why there 

is no correlation between the measured J and [HIO3]. 

Response: Thanks. The reviewers' suggestion is helpful in improving the clarity of the data. 

Accordingly, we have changed the measured J with a different style in Fig. 6 from shaded areas 

to dashed lines. 

-------------------------- 

Comment 7: Figure 6 caption. Please explain why there is a single line for HIO3-HIO2 while 

[HIO2] ranges from 2e3 to 2e4. Is it because of a constant [HIO2]/[HIO3] in the simulation? 

Response: As the reviewer's expert insight suggests, the reason that the rate of HIO3-HIO2 

cluster formation presents as a line that increases with [HIO3] is that [HIO3]/[HIO2] is fixed to 

a constant value (50, according to the field measured ratio from Sipilä et al. 2016[6]) in the 

simulation. To make it clearer for the readers, we have added a description of the relationship 

between [HIO3] and [HIO2] to the caption of Fig.6 as: “[HIO3]/[HIO2] is a constant”.  

-------------------------- 

Comment 8: Figure S5. Please give the reference for field observation data herein. It is 

surprising to see a high formation rate of 1e4-1e6 cm-3 s-1. 



Response: According to the reviewer’s suggestion, the corresponding reference (O’Dowd, et 

al., J. Geophys. Res.: Atmos., 2002)[7] has been cited in the caption of Figure S14 (previous 

Figure S5) in the revised supporting information. 

-------------------------- 

Comment 9:  Line 248, "...thermodynamic analyses suggest that MSA-involved clustering is 

nearly barrierless". I do not disagree with this statement, yet it may confuse some readers, 

especially considering that the horizontal axes in Figs. 5-6 are [HIO3] rather than [HIO2]. How 

about emphasizing that the HIO2 addition, as the rate-limiting step for cluster formation and 

growth, is nearly barrierless? 

Response: Thanks for the reviewer’s professional comments. The preference for [HIO3] as the 

horizontal axes in Figs. 5-6 is due to the strong correlation between NPF occurrence and 

observations of iodic acid[6]. Also, in CLOUD experiments, the nucleation rates show a strong 

dependency on HIO3 concentration[8]. Conversely, there are limited available field observations 

of HIO2, characterized by lower reported concentrations, despite its pivotal role in stabilizing 

HIO3 cluster. Therefore, the concentration of HIO3 is employed here as horizontal axes to 

present the results of cluster formation rate or enhancement strength. 

Furthermore, as mentioned by the reviewer, the HIO2 addition is the rate-limiting step for 

cluster formation, which leads to the significant increasement of the J(HIO3-HIO2-MSA) 

compared to J(HIO3-MSA) (Figure S12). As shown in Figure S13, thermodynamic analysis 

suggest that compared with HIO3-MSA pathway, HIO3-HIO2-MSA path is almost barrierless 

(1.24 kcal mol-1) at T = 278 K, [HIO3] = 1.0 × 106, [HIO2] = 2.0 × 104, and [MSA] = 5.0 × 106 

molec. cm-3, indicating that the HIO2 addition is favorable. To make the readers clear, we 

accordingly copy the explanation as follows (Lines 235-238 in the revised manuscript): 

“Furthermore, the effect of HIO2 addition on the whole nucleation system was considered, as it 

is not only the rate-limiting step for cluster formation, leading to the significant increasement 

of the J(HIO3-HIO2-MSA) compared to J(HIO3-MSA) (Figure S12), but also 

thermodynamically favorable due to HIO3-HIO2-MSA path is almost barrierless (1.24 kcal mol-

1) compared to HIO3-MSA pathway (Figure S13).” 



 

Figure S12. Simulated cluster formation rates J (cm-3 s-1) against varying [MSA] = 106 – 107 

molec. cm-3, at T = 278 K, CS = 2.0 × 10-3 s-1, [HIO3] = 1.0 × 106, [HIO2] = 2.0 × 104 molec. 

cm-3. 

 

Figure S13. The Gibbs free energies of cluster formation (∆G, kcal mol-1) based on the main 

clustering pathway in HIO3-MSA and HIO3-HIO2-MSA nucleation system at T = 278 K, CS = 

2.0 × 10-3 s-1, [HIO3] = 1.0 × 106, [HIO2] = 2.0 × 104 molec. cm-3. 
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