Response to the Comments of the Reviewers

Dear Editor and Reviewers,
We would like to thank you and the reviewers for the great efforts and elaborate work on this manuscript.

We revised the manuscript by responding to each of the suggestions in the reviews. In our response, the
questions of the reviewers are shown in Italic form and the responses in standard form. The
corresponding revisions to the manuscript are marked in blue. All updates to the original submission are
tracked in the revised manuscript.
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Xin Li and Co-authors.
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Manuscript Number: AMT-2024-1203.
Manuscript Title: Optimizing Iodide-Adduct CIMS Quantitative Method for Toluene Oxidation

Intermediates: Experimental Insights into Functional Group Differences.

Response to Reviewer #1

General comments

In this manuscript, the authors present an attempt to quantify toluene oxidation intermediates by
establishing quantitative and semi-quantitative calibration methods for I-CIMS. Specifically, the authors
established semi-quantitative equations for four distinct categories: monophenols, monoacids,
polyphenol or diacid species, and species with multiple functional groups. This classification method
enhances the accuracy of the semi-quantitative approach (R? from ~0.50 to >0.88). Overall, the research
goal of this manuscript is novel and has practical atmospheric significance. The description of the
calibration methods and experimental results is logical and comprehensive. After the authors address
the minor comments below, the manuscript can be published in AMT.

Response:

We would like to thank reviewer #1 for carefully reading our manuscript and for your valuable and
constructive comments. The manuscript was carefully revised according to the reviewer’s suggestions.
Listed below are our point-by-point responses to reviewer’s comments. In our response, the questions of
the reviewers are shown in Italic form and the responses in standard form. The corresponding revisions
to the manuscript are marked in blue. All updates to the original submission are tracked in the revised

manuscript. Lastly, we would like to thank reviewer for the positive comments again.

Comments

1. Line 42, “H30+ ions are used for the detection of VOCs”. This description here is not accurate.
Conventional PTR has the ability to detect some 1/SVOCs, although not many species. The newly
developed Vocus or Fusion PTR can detect more 1/SVOCs, some of which are oxygenated compounds
(e.g., Atmos. Meas. Tech. 2019, 2403-2421).

Response:

We are sorry for the inaccurate expression. We have carefully revised this statement in the revised
manuscript. Now it reads as follows:

Among them, H3O" ions in conventional PTR instrument are designed to primarily measure VOCs
(Yuan et al., 2017; Riva et al., 2019). However, with the inlet modifications introduced in the newly
developed VOCUS or FUSION PTR instruments, the H;O" ions were able to measure a large range
of OVOCs (Reinecke et al., 2023; Riva et al., 2019). Moreover, NH4" ions are used for the detection
of oxygenated organic compounds, including alcohols, aldehydes, ketones (Hansel et al., 2018; Xu
et al., 2022), NOj3™ ions are used for the detection of highly oxygenated organic molecules (HOMs)
(Xu et al., 2020), I ions are used for the detection of compounds containing many different
functional groups, including monophenols, polyphenols, monoacids, diacids, phenolic acids, keto

acids, and inorganic species (Lee et al., 2014), CH3CH(O)O- ions are used for the detection of



organic acids (Hansel et al., 2018), and CF30" ions are used for the detection of oxygenated organics,
including hydroperoxides (Schwantes et al., 2017).

2. Lines 53-76, some key references are missing when introducing the calibration method of CIMS and
its research progress. For example, Li et al. (Environ. Sci. Technol. 2021, 12841-12851) used 22 organic
standards to calibrate I-CIMS and reduced the uncertainty in total organic carbon concentrations to
~20%-35% when combining the voltage scanning approach.

Response:

We appreciate the reviewer’s comments, and we have added some literature introductions of CIMS
calibration methods in the revised manuscript. Now it reads as follows:

First, the quantification of oxidation intermediates requires calibration using commercial standards.
Direct calibration plays a crucial role in exploring the sensitivity characteristics of instruments and
reducing the uncertainty of quantitative methods. Common direct calibration methods include the
utilization of standard gas cylinders (SGC), penetrant tubes (CPT), and liquid calibration units (LCU)
(Xu et al., 2022; Huang et al., 2019). Xu et al. employed 60 organic compound standards utilizing SGC
and a home-built LCU method to calibrate NH4" CIMS, revealing its differential sensitivity to diverse
organic compounds (Xu et al., 2022). Additionally, Li et al. implemented 22 organic standards with the
LCU method for I-CIMS calibration, achieving a significant reduction in total organic carbon
concentration uncertainty to approximately 20%-35% when coupled with the voltage scanning approach
(Li et al., 2021). However, most intermediates measurable by [-CIMS are difficult to synthesize

effectively as pure standards.

3. Line 172, “humidity” should be “relative humidity” .

Response:

Revised accordingly.

4. Section 3.1, it would be more straightforward to list the sensitivities in a table, probably in Table S1.

Response:
We appreciate the reviewer’s comments, and we have listed the sensitivities in Table S1 in the revised

manuscript.

5. Line 230, the sections and figures in the SI should be presented in order in the manuscript.

Response:

We appreciate the reviewer’s comments, and we have combined the sections related to humidity, thereby
ensuring the correct order of presentation for sections and figures. Now the sentence reads as follows:
Through the establishment of humidity-dependent parametric equations, species sensitivity under
different humidity conditions can be obtained, as detailed in Section S3, Figure S3 and Figure S4. These
humidity-dependent parametric equations correspond to RHcorr in Equation (2), (4), and (S2).
Additionally, we have meticulously reviewed the sequence of sections and figures throughout the SI file,

ensuring they were presented in order in the manuscript.



6. Figure 2, it is difficult to match the data points to compound names. Adding some arrows may help.

Response:

We appreciate the reviewer’s comments, and we have added some arrows in the Figure 2 to match the

data points to compound names. The revised Figure 2 is depicted as follows:
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Figure 2: Fitting curve for cluster binding enthalpies and logarithmic sensitivities of (a) monophenol species
(b) monoacid species, (¢) polyphenol or diacid species, and (d) multitype functional group species at the
B3LYP/Def2TZVP (D3) level. All sensitivity values presented in the figures were acquired under the RH

condition of approximately 55 + 5%.

7. Lines 363-370, could the authors show the time series of C7TH804, C7H1004, C7H1005, C4H403,

and C5H603 separately somewhere in the SI? It would be helpful to see the ratio of C5SH603 to C4H403
as well.

Response:

We appreciate the reviewer’s comments, and we have added the time series of C7HgO4, C7H1904, C;H100s,

C4H403, and CsHeOs3 separately in Figure S11. Now it shows as follows:
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Figure S11: Time series of (a) glyoxal, (b) methyl glyoxal, (¢) C4H403, (d) CsHsO3, (¢) C7HsO4, (g) C7H1004,
and (g) C7H100s during the oxidation of toluene without NO injection (blue) and with NO injection (orange).
Note: glyoxal and methyl glyoxal were measured by CEAS instrument.

In addition, we calculated the ratio of CsHeO3 to C4H4O3, which were 3.77 and 1.70 under low and high
NO conditions, respectively. Now it reads as follows:

Additionally, the study found that the ratio of CsHsO3 to C4H4O3 under low NO and high NO conditions
was 3.77 and 1.70, respectively. These compounds were recently identified as ring-opening products
originating from the 1,5-aldehydic H-shift of alkoxy radicals during the bicyclic peroxy radical pathway.
The ratio of CsHsO3 to C4H4O3 exhibited an inverse relationship with NOx levels, similar to the case of
the traditional ring-opening products CsHsO> to C4sH40, (He et al., 2023). The assumption of fixed ratios
of ring-opening products in previous studies may have been due to a lack of measurement and

quantification of oxidized intermediates.

8. Lines 401-403, there is no need to repeat these numbers in the conclusion.

Response:
We appreciate the reviewer’s comments, and we have removed the duplicated sentences regarding the

ratios described in the conclusion (Lines 401-403) in the revised manuscript.

9. Check the capitalization of the first letter. Some examples: Line 60, “Discovered”; Line 149,
“Computational”; Line 213, “2,6-Xylenol and Texanol”; Compound names in Figure 2; Line 288,
“Salicylic acid, Citric acid”.

Response:

We appreciate the reviewer's comments. We have carefully checked the capitalization of the first letter

in the manuscript and carefully revised according to the reviewer’s suggestions.

Lastly, we would again express our appreciation to the reviewers and editor for their warm-
hearted help. Thank you very much!!!!
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