
Point-by-point response to the reviewers’ comments on the manuscript entitled “Speciated 

Measurement of Bicyclic Peroxy Radicals via Iodide-CIMS and its Implication on OH-Initiated 

Aromatic Oxidation” 

We sincerely appreciate the professional and constructive feedback from the reviewers on our manuscript. 

We have meticulously addressed these insightful comments by the reviewers, leading to significant 

improvement in the manuscript. Our responses to each comment are presented in normal font, and any 

modifications or additions to the manuscript are given in blue for clarity. 

 

Reviewer #1 

General comments 

This study employs the iodide-adduct chemical ionization mass spectrometer to achieve qualitative and 

quantitative measurements of bicyclic peroxy radicals, key intermediates in aromatic oxidation. Three vital 

instrumental parameters influencing the sensitivity to BPRs were systematically identified and optimized. Then 

it uses direct BPRs quantification to assess uncertainties in the traditional product-yield method for 

elucidating aromatic oxidation mechanisms. The calculation process is rigorous, and the quantitative data 

quality is high, making the work a valuable contribution to understanding atmospheric oxidation processes. 

We appreciate the reviewer for the positive comments. Please find the point-by-point responses to the 

specific comments below. 

Comments 

1. Line 100: The authors stated that compounds with similar m/z values and functional groups (e.g., 

hydroxyl group) were selected to serve as proxies for BPRs. More error analysis would be better here. 

Response: 

Thanks for the comment. Because BPRs are short-lived and not available as authentic standards, we used 

structurally and functionally similar compounds as proxies to guide optimization and evaluate instrument 

response. As different compounds possess distinct properties that can influence sensitivity, our proxy panel 

was designed to bracket BPRs in both m/z and iodide-adduct binding energies (see Table 2), to minimize 

potential bias. We then varied one parameter at a time (IMR pressure, IMR temperature, and TPS voltages) 

while keeping the others fixed to map non-monotonic response trends. 

For pressure, sensitivities increased in a nearly linear fashion across all proxies, consistent with 

expectations from enhanced collision frequency up to a practical limit—a trend that should also apply to BPRs 

theoretically. For IMR temperature and TPS voltages, we compared the sensitivities obtained under the 

selected operating conditions with those at each proxy’s individual optimum. As shown in Figure R1, the 

resulting differences were within ~10–30%, indicating that the optimization procedure does not introduce 

significant bias. Most importantly, BPR signals were clearly detected under the chosen conditions, confirming 

that the selected parameters were appropriate for reliable measurement. An error analysis for the optimization 

has been included in the revised manuscript and SI. 



(Changes to the second paragraph in “CIMS Optimization” section) “As BPRs are short-lived and not 

available as authentic standards, we selected several moderately to low volatile compounds as proxies that 

bracket BPRs in terms of m/z, functional groups (e.g., hydroxyl groups), and iodide-adduct binding energies 

to evaluate experimental conditions, including IMR pressure, IMR temperature, and TPS voltages. It should 

be noted that the sensitivities under the chosen settings differed by only ~10–30% from the individual proxy 

optima (Figure S10), and we consider this proxy-based optimization approach to be effective and reliable for 

BPRs.” 

(Changes to the SI) The following figure has been added to the SI as Figure S10. 

 

Figure R1. Sensitivity comparison between chosen and proxy-optimal conditions 

Comments 

2. Line 116: Why was a residence time of 3~4 seconds chosen in the experiment? Please elaborate on the 

impact of the residence time on the calibration process. 

Response: 

Thanks for noticing this. As BPRs are the primary radicals formed during the oxidation of aromatic 

hydrocarbons, their concentrations rise rapidly and then decline due to wall losses and secondary reactions. It 

is therefore crucial to select an appropriate residence time that allows for detectable levels of BPRs to be 

generated. To evaluate this, we conducted a box-model simulation (see Section S4), which indicates that a 

residence time of 3–4 s is consistent with laminar flow conditions in our calibration reactor and comparable to 

the estimated lifetime of BPRs under our experimental settings. A longer residence time would enhance wall 

losses and promote secondary chemistry, whereas a shorter residence time would suppress radical formation. 

This analysis supports the choice of 3–4 s as the optimal residence time in our calibration conditions. 

(Changes to the fifth paragraph in “BPRs calibration: system setup and quantitative method” section) 

“Box-model results further show that the concentration of BPRs reached a steady state after about 3 s (Figure 

S8)” 

(Changes to the SI) The following kinetic reaction model analysis of the calibration system has been 

added to the SI as Section S4. 



“M-xylene is selected for the simulation and the kinetic model includes 302 species and 897 reactions 

from the MCM 3.3.1. The model is run for 10 seconds in agreement with the residence time of the flow tube 

reactor with a simulation time resolution of 10-3 s. The model is initiated with the measured concentrations of 

m-xylene (25ppbv), NO (0.5ppbv) and HO2 radicals (7.51×10¹¹ molecules cm⁻³) at the exit of the flow tube. 

The initial OH radical concentration (4.5×109 molecules cm-3) is tuned in order to match the OH exposure, 

which was determined from the amount of reacted m-xylene.  

Figure S8 show the temporal evolution of 5 selected species: reacted m-xylene (MXYL_react), HO2 

radical (HO2), BPRs (MXYBIPERO2) as well as 2 products of the m-xylene oxidation with the OH radical 

(MXYBPEROOH and MXYOBPEROH). MXYBPEROOH (bicyclic hydroperoxide, C8H12O5) is the product 

from the reaction of BPRs with the HO2 while MXYOBPEROH (bicyclic carbonyl, C8H10O4) is the main 

product from the reaction of BPRs + RO2. MXYL_react reaches a plateau after about 0.1 s while xylene-BPRs 

reaches a maximum value around 0.01-0.02 s and then rapidly decreases, stabilizes after about 2-4s, consist 

with the residence time (3-4s) in the calibration reactor.” 

 

Figure S8 Temporal evolution of selected species according to the calibration flow tube kinetic model. 

Comments 

3. In section 2.2, it is mentioned that I- is similar to Br- and can be used to measure HO2. Has it been 

considered whether using HO2 radicals instead of BPRs is feasible in terms of reactivity, or whether possible 

error estimations can be made? 

Response: 

We sincerely thank the reviewer for the suggestion. We agree that HO₂, which shares the –OO• motif 

with BPRs, can be useful for instrument optimization. However, we did not design experiments to replace 

BPRs with HO₂ for quantitative sensitivity transfer, because HO₂ differs markedly from BPRs in m/z and 

molecular structure (e.g., lack of an aromatic ring and additional functional groups). Instead, we bracketed 

BPR behavior using a proxy panel spanning BPR-like m/z and iodide-adduct binding energies. We fully agree 

that radical-focused parametric tests are valuable yet underexplored in this work. Besides, the reviewer’s 

suggestion motivates us to tune the instrument directly with BPRs in future work using a steady BPR source 

from a flow tube, which we expect to be more reliable. 



Comments 

4. Although figure space is limited, it is necessary to label each bar in Figure S1 with the corresponding 

species or to provide an extra accompanying table. 

Response: 

We thank the reviewer for this practical suggestion. To improve clarity, we have provided an extra 

accompanying table in the supplement (Table S12) listing all species and their sensitivities. 

(Changes to the SI) The following Table (Table S12) has been added in the revised SI. 

Table S12. Calibration results for Vocus AIM in this study. 

Species Formula Sensitivity (ncps/ppt) Category 

Glycerol C3H8O3 51.81  di/ploy aclohols/phenols 

Pentanedioic acid C5H8O4 2.65  diacids 

Azelaic acid C9H16O4 3.18  diacids 

D(+)-Camphoric acid C10H14O4 3.64  diacids 

Heptanedioic acid C7H12O4 4.03  diacids 

Formic acid CH2O2 3.13  diacids 

Hexanedioic acid C6H10O4 4.54  diacids 

Octanedioic acid C8H14O4 16.51  diacids 

Decanedioic acid C10H18O4 17.51  diacids 

O-Benezendicarboxylic Acid C8H6O4 0.40  hydroxy-acids 

Citric Acid C6H10O4 3.18  hydroxy-acids 

Glycolic acid C2H4O3 3.25  hydroxy-acids 

2-Deoxy-D-ribose C5H10O4 5.44  hydroxy-acids 

2-Hydroxy-2-methylbutyric acid C5H10O3 5.69  hydroxy-acids 

Salicylic acid C7H6O3 14.37  hydroxy-acids 

Leucic acid C6H12O3 16.51  hydroxy-acids 

Lactic acid C3H6O3 19.90  hydroxy-acids 

Pentadecanoic acid C15H30O2 0.51  mono-acids 

Heptadecanoic acid C17H34O2 0.53  mono-acids 

Tridecanoic acid C13H26O2 0.65  mono-acids 

Undecanoic acid C11H22O2 0.67  mono-acids 

2-Nitrophenol C6H5NO3 0.06  nitro-phenols/alcohols 

Isosorbide mononitrate C6H9NO6 0.42  nitro-phenols/alcohols 

2-Nitroethanol C2H5NO3 6.13  nitro-phenols/alcohols 

5-Methyl-2-nitrophenol C7H7NO3 17.30  nitro-phenols/alcohols 

4-Nitrophenol C6H5NO3 38.00  nitro-phenols/alcohols 

2-methyl-4-nitrosophenol C7H7NO3 48.03  nitro-phenols/alcohols 

2,6-Dimethyl-4-nitrophenol C8H9NO3 60.29  nitro-phenols/alcohols 

Pinonic acid C10H16O3 1.00  oxo-monoacids 

Acetylpropionic acid C5H8O3 7.10  oxo-monoacids 



Comments 

5. The calibration section noted that low NO levels were chosen to avoid excessively complex RO2 

However, aromatic compounds are predominantly anthropogenic and are usually accompanied by elevated 

NOx concentrations in the real atmosphere. Please add a statement addressing this limitation in the 

manuscript. 

Response: 

Thanks for your insightful comment. Our study aimed to establish and validate a method for quantitative 

detection of RO₂ radicals. This process requires both unambiguous identification and quantification. As RO₂ 

are odd-hydrogen species, their mass spectral peaks can overlap with nitrogen-containing compounds, 

introducing interferences that complicate qualitative assignments. To minimize this uncertainty, we 

deliberately controlled the reaction conditions to maintain low NO and high HO2 levels, thereby improving 

the accuracy of RO₂ identification. This effect can be clearly seen in Figure 4, where cleaner spectral separation 

was achieved under such conditions. We emphasize that the sensitivity data obtained under these simplified, 

HO₂-dominated systems are intrinsic to the instrument and depend only on its operational state, not on NOₓ 

levels. Therefore, sensitivities determined here can be applied to study systems with higher NOₓ, while the 

choice of low-NO calibration conditions ensure robust method development. 

As the reviewer rightly pointed out, however, NO levels in the real atmosphere are generally higher and 

RO₂ concentrations are lower than that in our calibration experiments. This will render ambient spectra much 

more complex, with stronger interferences from isotopes and nitrogen-containing species. Consequently, the 

direct measurement of RO₂ in the ambient atmosphere remains a significant challenge. 

(Changes to the “Summary and conclusions” section) “However, since aromatics are predominantly 

emitted from anthropogenic sources, environments with elevated aromatic concentrations, like urban areas, 

are usually accompanied by high NOx levels. This makes real atmospheric spectra considerably more complex, 

with stronger interferences from isotopes and nitrogen-containing species. Consequently, the direct 

measurement of RO₂ in the ambient atmosphere remains a significant challenge.” 


