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Dear Reviewer, 1 

We sincerely thank the reviewer for careful evaluation of our manuscript and for 2 

providing insightful and constructive comments. We appreciate the recognition of our 3 
work and the suggestions offered to improve its clarity and scientific rigor. In the 4 

responses below, the reviewer’s original comments are reproduced in italic for clarity. 5 
Our point-by-point replies follow each comment and are marked in green. All 6 

corresponding changes have been made in the revised manuscript and are marked in 7 
blue. Line numbers refer to the revised manuscript unless otherwise noted. 8 

 9 

Comments from Reviewer I: 10 

This paper presents the ambient OOMs measurement in a complex urban 11 
environment in China. By combining binPMF with multiple sub-range spectral analysis, 12 

2571 OOMs were successfully identified, 11 distinct factors were used to explain major 13 
OOM formation pathways: five daytime photochemical processes, four nighttime NO3-14 

driven oxidation processes, and two regional mixed sources. This analysis achieved the 15 
first successful separation of sesquiterpene oxidation products in environmental 16 

measurements. In previous studies, these compounds were indistinguishable in 17 
traditional full-spectrum analyses due to their weak signals and overlapping temporal 18 

patterns with other nocturnal factors. In general, I think this paper is well-structured 19 
and easy to follow. However, I do have some concerns that need to be addressed before 20 

it can be accepted for publication. 21 

Major Comments: 22 

1. Clarifications on Factor Analysis in R1, R2, and R3 23 

In Figure 3, R1, R2, and R3 correspond to 6, 8, and 9 factors, respectively, whereas 24 
Figures S2-S4 in the SI indicates that 12 factors are required to explain the N2-MT-I 25 

factors in R1, and 11 factors are needed for both R2 and R3. 26 

(a) Figure S2 shows 5 NP-related factors, and Figure S3 shows 2 NP-related factors. 27 

Since the formation pathways of these ions were not discussed in the final analysis, 28 
would it be possible to re-perform the factor analysis after removing the NP-related 29 

ions? 30 

Response: 31 

  Thank you for the constructive suggestion. To evaluate the influence of NP-related 32 
ions on our factor analysis, we removed the major NP-related bins from the original 33 

mass spectra (e.g., the bins near 201 Th for C6H5NO3NO3⁻) and re-performed the 34 
binPMF analysis. It is important to note that only bins associated with high-abundance 35 

NP signals were removed. Bins associated with lower-abundance NP species were 36 
retained, as they may be adjacent to non-NP OOMs with similar masses, and removing 37 

them could lose valuable information. The updated analysis yielded a new 8-factor 38 
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solution (Fig. R1), which we compared with the original solution through correlation 39 
analysis (Fig. R2). 40 

 41 

Figure R1. Selected binPMF solution for Range 1 after removing NP-related bins. (a) 42 

PMF factor profiles. (b) Time series of these factors. (c) Diurnal variations in PMF 43 
factors. 44 

 45 
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Figure R2. Comparison of the new 8-factor solution (after removal of NP-related bins) 46 
with the original solution. (a) Correlation of factor time series, and (b) correlation of 47 

factor profiles. 48 

 49 

  We found that all seven non-NP-related factors from the original solution were well 50 
reproduced. The additional factor (Factor 8) in the new solution consists primarily of 51 

perfluorinated acids and the residual NP-related ions. Unlike high-resolution PMF 52 
where individual ions can be excluded, our binPMF method operates directly on the 53 

raw spectral matrix. Therefore, to eliminate the influence of specific compounds, the 54 
corresponding mass spectral bins need to be removed. In this case, removing only the 55 

most prominent NP-related peaks resulted in the loss of nearly 2000 bins, which leads 56 
to a notable reduction in the spectral information available for analysis. Given this, we 57 

chose to retain the NP-related signals in our final analysis. In previous studies at our 58 
site (Liu et al., 2021, 2023), we also performed binPMF analysis and successfully 59 

separated NP-related factors. These studies consistently reveal their distinct chemical 60 
signatures compared to other OOMs. Because of these differences, NP-related 61 

components are usually resolved into individual factors with minimal overlap with 62 
other factors. Therefore, their exclusion in the current analysis is not expected to affect 63 

the overall factor resolution or interpretation. We have added this clarification to Line 64 
247-261 in the revised manuscript for transparency. 65 

Revised text: 66 

Page 7, Line 247-261: In total, 17 merged factors are identified. These include five 67 

factors associated with daytime chemistry (denoted by the "D-" prefix), four factors 68 
linked to nighttime chemistry ("N-" prefix), two factors with no significant diurnal 69 
patterns and six factors excluded from the following discussion. Of these six 70 

disregarded factors, five factors are dominated by nitrophenol-related compounds, and 71 
one is characterized by fluorinated contaminants. The nitrophenol (NP) factors are not 72 

further analyzed in this study, as they have been extensively investigated in previous 73 
work (Cheng et al., 2021; Song et al., 2021; Chen et al., 2022). At this site, earlier 74 

binPMF analyses successfully separated NP factors (Liu et al., 2021, 2023), revealing 75 
their distinct chemical signatures compared to other OOMs. Due to these clear 76 

distinctions, NP-related components are typically resolved into separate factors with 77 
minimal overlap. Therefore, their exclusion in the current analysis is not expected to 78 

affect the overall factor resolution or interpretation. The contamination factor is 79 
primarily composed of various fluorinated compounds, mainly perfluorinated organic 80 

acids, which originated from the Teflon tubing used in our sampling system.  81 

(b) Could you provide a detailed explanation of the contamination factors present in 82 

R1, R2, and R3? 83 

Response: 84 
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We appreciate the reviewer’s question regarding the contamination factors observed 85 
in the three mass spectral subranges. In all three ranges (R1, R2, and R3), one factor is 86 

consistently dominated by fluorinated compounds, accounting for approximately 65% 87 
of the total signal intensity in that factor. These compounds are primarily identified as 88 

various types of fluorinated organic compounds, which were introduced from the 89 
sampling system, most likely through the Teflon tubing used in the instrument setup. 90 

The major compounds in this factor are shown in the Fig. R3. The main molecular 91 

structures feature perfluoroalkyl chains—in which all C-H bonds are replaced by C-F 92 

bonds—bearing one or two oxygen-containing functional groups (e.g., carboxyl, 93 

hydroxyl, or aldehyde). Representative examples include CxF2x+1COOH, CxF2x+1OH, 94 
and CxF2xCH2O2. 95 

 96 

Figure R3. Mass spectra of the Contamination factor. The elemental formulas of major 97 

peaks are labeled above them. Peaks are colored by compound classes as indicated in 98 
the legend, and the fractions of peaks grouped by compound classes are reported in the 99 

pie chart. 100 

(c) In R3, the factors D3-AVOC-III-1 and D3-AVOC-III-2 were merged before 101 

conducting correlation analysis with factors in the first two ranges. Could you 102 
elaborate on how this merging was specifically performed? 103 

Response: 104 

The merging was performed as follows: 105 

First, the time series of the two factors were summed to create the time series (ts) of 106 
the new merged factor. Then, the original time series and profiles of each factor were 107 

used to reconstruct their respective data matrices (A1 and A2) by matrix multiplication. 108 
These two matrices were then added to obtain the data matrix A of the combined factor: 109 

𝐴𝐴 = 𝐴𝐴1 + 𝐴𝐴2 = (𝑡𝑡𝑡𝑡1 ∙ 𝑝𝑝𝑝𝑝1) + (𝑡𝑡𝑡𝑡2 ∙ 𝑝𝑝𝑝𝑝2) 𝐸𝐸𝐸𝐸.𝑅𝑅1 110 

Finally, the new profile (pr) of the merged factor was derived by solving the equation: 111 

𝑡𝑡𝑡𝑡 ∙ 𝑝𝑝𝑝𝑝 = 𝐴𝐴 𝐸𝐸𝐸𝐸.𝑅𝑅2 112 
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This approach preserved both the temporal and spectral information of the original 113 
two factors and ensured consistency in subsequent correlation analysis across subranges. 114 

We have included the above relevant descriptions in the supplement. 115 

2. Interpreting OOM Factors Based on Precursor Compounds 116 

CIMS data typically utilizes fingerprint molecules to characterize formation 117 
pathways. However, in complex atmospheric environments, naming factors based on 118 

their precursors (e.g., AVOC, isoprene, monoterpene) introduces significant 119 
interpretation challenges. For instance, regarding the D1-AVOC-I factor, the currently 120 

presented evidence collectively supports its interpretation: 121 

It correlates relatively well with the 'Arom×OH' proxy. 122 

This factor exhibits the highest average double bond equivalent (DBE). 123 

The tracer molecules show comparability with existing laboratory studies. 124 

For other factors, could additional discussion of results be incorporated in Sections 125 
3.2 and 3.3? Specific comments follow: 126 

(a) [D2-AVOC-II] Lines 291-292: “The first series represents typical aliphatic 127 
products, while the latter corresponds to second-generation aromatic products 128 

observed in laboratory studies.” Please provide the reference/supporting evidence 129 
for this statement. Furthermore, it cannot be denied that CxH2x-2O8N2 (e.g., C=10) 130 

may also originate from terpene oxidation (Luo et al., 2023). 131 

Response: 132 

We sincerely thank the reviewer for pointing out the limitations in our original 133 
statement. We agree that the previous wording regarding the interpretation of D2-134 

AVOC-II was overly assertive and lacked sufficient supporting evidence. As suggested, 135 
we have revised the relevant description in the manuscript (Lines 336–342) to improve 136 
accuracy and clarity. Specifically, we have toned down the language and added 137 

supporting references from laboratory studies to substantiate the identification of 138 
second-generation aromatic products. In addition, we have incorporated the reviewer’s 139 

important observation that compounds such as C10H18O8N2 (i.e., CxH2x–2O8N2 with x = 140 
10) could also originate from terpene oxidation, as demonstrated in Luo et al. (2023). 141 

This possibility was indeed overlooked in the original manuscript, and we have now 142 
acknowledged it explicitly in the revised text: 143 

Revised text:  144 

  Page 11, Line 336-342: The first series also account for a substantial fraction in the 145 

Aliph-OOM factor in the summertime at this site (Liu et al., 2021). These near-saturated 146 
compounds are likely oxidation products of aliphatic precursors under strong NOx 147 

influence in urban air, as proposed in previous laboratory studies (Algrim and Ziemann, 148 
2019; Wang et al., 2021). Notably, it cannot be denied that C10H18O8N2 may also 149 

originate from terpene oxidation (Luo et al., 2023). The latter corresponds to second-150 
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generation aromatic products observed in laboratory studies (Tsiligiannis et al., 2019; 151 
Wang et al., 2020). 152 

We appreciate this valuable suggestion, which has helped improve the robustness 153 
and balance of our factor interpretation. 154 

(b) [D3-AVOC-III] Line 306: “These compounds are typical aromatic oxidation 155 
products.” This conclusion appears overly assertive, as these products—CxH2x-4O5 156 

(7.3% abundance) and CxH2x-2O5 (6.0% abundance)—could also potentially 157 
originate from isoprene and monoterpene oxidation. 158 

Response: 159 

We appreciate the reviewer’s comment and fully agree that the original statement 160 

was overly definitive. As noted, compounds such as CxH2x-4O5 and CxH2x-2O5 may also 161 
originate from the oxidation of isoprene and monoterpenes. In fact, similar factors have 162 

been reported in other ambient PMF studies. For example, Massoli et al. (2018) 163 
identified an “isoprene afternoon” factor at a forested site, while Yan et al. (2016) 164 

described a “Daytime type-3” factor, and Liu et al. (2021) observed a “Temp-related” 165 
factor in an urban environment. These factors exhibited strong correlations with 166 

temperature and were hypothesized to be associated with low-NOx daytime oxidation 167 
of isoprene or fragment products from monoterpene oxidation. However, based on the 168 

relatively high DBE values and the large contributions from C6–C8 compounds 169 
observed in this factor, we tend to attribute it predominantly to anthropogenic aromatic 170 

precursors. We have revised the manuscript accordingly (Lines 365–372) to reflect a 171 
more cautious interpretation and now present this factor as likely influenced by 172 

aromatic compounds but potentially containing contributions from biogenic sources as 173 
well:  174 

Revised text: 175 

Page 12, Line 365-372: While their high DBE values and relatively high 176 
contributions from C6-C8 species suggest a strong influence from aromatic oxidation, 177 

we acknowledge that contributions from isoprene and monoterpene oxidation under 178 
low-NOx conditions cannot be ruled out. Similar factors were identified in previous 179 

studies, including an "isoprene afternoon" factor at a forest site in Alabama (Massoli et 180 
al., 2018), a "Daytime type-3" factor at a rural site in Finland (Yan et al., 2016), and a 181 

"Temp-related" factor in an urban environment (Liu et al., 2021), all showing 182 
temperature dependence and potential biogenic influence.  183 

Page 12, Line 382-384: Therefore, we propose this factor represents a characteristic 184 
photochemical process associated with O3 formation, dominated by anthropogenic 185 

VOCs, but with possible contributions from biogenic sources as well. 186 

We thank the reviewer again for this important observation, which has led to a more 187 

nuanced and evidence-based discussion of this factor. 188 
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(c) [D4-AVOC-IV] The fingerprint molecules CxH2x-2O4 and CxH2x-1,2x-3O6N are 189 
currently grouped within the same factor. However, are there laboratory studies 190 

showing shared precursors for these compounds or similar formation pathway? 191 

Response: 192 

Thank you for this insightful comment. We agree that the co-occurrence of these 193 
molecular families requires careful interpretation. Although the formation mechanism 194 

of this factor is still under investigation, we propose that CxH2x-2,2x-4O4 and CxH2x-1,2x-195 

3O6N can be produced from a common RO2 precursor (CxH2x-1O5) through different 196 

reaction branches with NO. Specifically, CxH2x-2O4 compounds may form via the RO 197 
pathway, leading to carbonyl products, while CxH2x-1O6N compounds are typically 198 

formed via direct reaction of RO2 with NO to yield organic nitrates RONO2. 199 
Furthermore, a similar relationship is observed between CxH2x-3O6N and CxH2x-4O4, 200 

another group present in this factor (6.6%, Table S4), and CxH2x-2N2O8 (4.8%, Table 201 
S4) found in the R2 range. These observations suggest that these species may indeed 202 

share precursors and form via alternative RO2 termination channels influenced by NO 203 
levels. These two branches result in products differing by one HNO2 unit, suggesting a 204 

mechanistic link. A similar distribution of carbonyls and organic nitrates has been 205 
observed in laboratory experiments of alkane oxidation with added NO, supporting our 206 

interpretation (Wang et al., 2021). We have added this discussion in the revised 207 
manuscript (Lines 394–421) and clarified that, while the exact mechanisms remain 208 

uncertain, existing evidence supports the plausibility of a shared precursor-based 209 
formation for these compounds:  210 

Revised text: 211 

Page 12, Line 394-421: While direct laboratory evidence linking these molecular 212 
series to a common formation pathway is limited, theoretical considerations and recent 213 

chamber studies support their possible co-generation. Both CxH2x-2O4 and CxH2x-1O6N 214 
can be derived from the same RO2 precursor (CxH2x-1O5) through different termination 215 

pathways with NO. The former may form via RO radical intermediates (CxH2x-1O4) that 216 
undergo further oxidation to produce carbonyl-containing compounds, whereas the 217 

latter results from direct NO addition to RO2 forming RONO2. The mass difference 218 
between these products corresponds to a loss of one HNO2 unit. A similar relationship 219 

applies between CxH2x-4O4 (Table S4) and CxH2x-3O6N, as well as CxH2x-2N2O8 in R2. 220 
Recent laboratory experiments investigating the OH oxidation of alkanes under varying 221 

NO levels also observed concurrent production of carbonyl species and organic nitrates, 222 
supporting this mechanistic linkage (Wang et al., 2021). These observations reinforce 223 

the idea that the co-occurrence of these compounds in the same factor likely reflects 224 
different chemical pathways stemming from shared precursors. 225 

(d) Line351: What is the relative importance of ozonolysis for these nighttime factors? 226 

Response: 227 
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We thank the reviewer for this insightful comment regarding the potential role of 228 
ozonolysis in the formation of nighttime OOM factors. Our measurements at this site 229 

indicate that nighttime ozone concentrations often remain elevated, as shown in the Fig. 230 
S8a. 231 

To better assess the relative importance of ozonolysis, we compared the nighttime 232 
(18:00–0:00 LT) reactivities (P = k[oxidant][VOC]) of O3 and NO3 toward selected 233 

BVOCs, including isoprene (IP) and α-pinene (MT). Here, k values were obtained from 234 
the Master Chemical Mechanism (MCM v3.3.1; http://mcm.york.ac.uk/, last access: 20 235 

June 2025), and due to the lack of direct NO3 measurements at this site, its concentration 236 
was simulated using the Framework for 0-D Atmospheric Modeling (F0AM) (Wolfe et 237 

al., 2016). The results are presented in Fig. S8b. 238 

We found that for IP and MT, NO3-driven chemistry clearly dominates over 239 

ozonolysis, owing to much higher reaction rate constants of NO3 (3–5 orders of 240 
magnitude greater than those of O3), even though O3 concentrations are higher than 241 

those of NO3 at night. 242 

In addition, the molecular composition of these nighttime factors further supports the 243 

dominance of NO3 chemistry. All four nighttime factors exhibit a high proportion of 244 
organic nitrate species (>80%), which are unlikely to originate from ozonolysis alone. 245 

O3-induced formation of organic nitrates typically requires the presence of NO, which 246 
remains at low levels during nighttime at our site. 247 

Furthermore, each nighttime factor contains distinct RO2 radicals that are 248 
characteristic of NO3-driven oxidation: C5H8O5N (from isoprene), C10H16OxN (from 249 

monoterpenes), and C15H24NOx (from sesquiterpenes). In contrast, we did not observe 250 
RO2 species commonly associated with ozonolysis pathways, such as C10H15Ox or 251 
C15H23Ox, which have been reported in laboratory studies of O3–BVOC reactions 252 

(Kirkby et al., 2016; Richters et al., 2016; Dada et al., 2023). 253 

These findings further support the conclusion that NO3 oxidation plays the 254 

dominant role in driving nighttime OOM formation at our site. However, we cannot 255 
rule out a potential contribution from ozone oxidation, given the relatively high ozone 256 

concentrations observed during the night. We have incorporated this discussion into 257 
the revised manuscript, with additional supporting figure and references. 258 

Revised text: 259 

Page 13, Line 443-447: However, considering that ozone concentrations remain 260 

relatively high during nighttime at this site (Fig. S8a), we cannot exclude a potential 261 
contribution from ozonolysis. The following four factors exhibit clear chemical 262 

signatures associated with biogenic volatile organic compounds (BVOCs) and their 263 
nighttime oxidation, with NO3 chemistry playing a dominant role. 264 

Page 14, Line 515-518: Nevertheless, given the high reactivity of sesquiterpenes 265 
toward ozone (Gao et al., 2022), and the elevated nighttime O3 concentrations 266 
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observed at this site (Fig. S8a), we cannot rule out a potential contribution from 267 
ozonolysis. 268 

  269 

Figure S8. (a) Diurnal variations of O3 and NO3 radical. (b) Box plot of the oxidation 270 
reaction rates of isoprene and monoterpene by O3 and NO3 radical at nighttime. 271 

 272 

(e) [N1-IP] Given that the RO2 radical C5H8NO5 accounts for 57.4% of the total factor 273 
intensity, while no higher-oxygen-number isoprene-RO2 radicals were detected, 274 

here recommend to plot the time series of C5H8NO5 and demonstrate its correlation 275 
with the factor. 276 

Response: 277 

We appreciate the reviewer’s suggestion. To address this, we have added a figure 278 

(Fig. S9) showing the time series of C5H8NO5 (derived from direct peak fitting without 279 
binPMF) alongside the N1-IP factor concentration, as well as a scatter plot of their 280 

correlation. As shown, the time series of C5H8NO5 closely follows the temporal trend 281 
of the N1-IP factor. The Pearson correlation coefficient reaches 0.98, confirming that 282 

C5H8NO5 serves as a representative tracer for this factor. 283 

Revised text: 284 

Page 14, Line 458-460: A peak-fitted time series of C5H8O5N was extracted and 285 
compared to the time series of the N1-IP factor. As shown in Fig. S9, the two are highly 286 
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correlated (R = 0.98), demonstrating that this compound can serve as a representative 287 
tracer for this factor. 288 

 289 

Figure S9. Time series and correlation analysis between the N1-IP factor and C5H8O5N. 290 
(a) Temporal evolution of the N1-IP factor (red) and C5H8O5N (blue) obtained from 291 

direct peak fitting. (b) Correlation between C5H8O5N and the N1-IP factor, colored by 292 
hours of day. 293 

(f) [N3-MT-II] From the diurnal pattern, the formation of this factor can be affected 294 
by O3 oxidation. 295 

Response: 296 

Thank you for the insightful comment. We agree that the formation of the N3-MT-II 297 

factor is likely influenced by multiple oxidants, and ozonolysis may indeed contribute 298 
to some extent.  299 

As discussed in Section 2 (d), although O3 is present at relatively high levels during 300 
nighttime at this site, the calculated reaction rate indicates that O3 oxidation of 301 

monoterpenes is significantly slower than NO3 oxidation. 302 

Furthermore, 98% of the compounds in this factor are organic nitrates, and 84% of 303 

them contain two or more nitrogen atoms (Fig. 4). Given the low nighttime NO 304 
concentrations at our site, it is difficult for these compounds to be formed efficiently 305 
through successive ozonolysis and NO termination steps. Such a pathway is therefore 306 

unlikely to be a major contributor to this factor. 307 

Finally, according to current mechanisms, O3 + monoterpene reactions followed by 308 

NO addition are expected to produce C10H15NOx and C10H14N2Ox, where the DBE 309 
remains unchanged from the precursor (DBE = 3). In contrast, the compounds in this 310 

factor are characterized by DBE < 3 (Table S9), which is inconsistent with typical O3 311 
oxidation products. Taken together, we interpret the N3-MT-II factor as a product of 312 

multi-oxidant chemistry involving NO3, OH, and possibly O3, particularly at the day-313 
night transitions. For example, nighttime NO₃-initiated products may undergo further 314 

OH or O₃ oxidation after sunrise, or vice versa. The high abundance of multi-nitrates in 315 
this factor supports the idea of sequential oxidation steps under varying oxidant 316 

conditions. We have clarified this point in the revised manuscript to avoid any 317 
ambiguity. 318 
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Revised text: 319 

Page 14, Line 493-503: This suggests that NO3-initiated oxidation of monoterpenes 320 

at night is followed by further oxidation in the morning, potentially involving OH and 321 
O3, leading to the observed multi-nitrate species. Furthermore, some of the nighttime 322 

concentrations may arise from daytime oxidation products that undergo additional NO3-323 
driven oxidation during the night. Overall, this factor represents multi-generational 324 

oxidation products, involving various oxidants during the transition between day and 325 
night. 326 

 327 

(g) [Mixed-MT] The current characterization of this factor appears incomplete and 328 

need additional explanation. 329 

Response: 330 

We agree that the characterization of the Mixed-MT factor could benefit from further 331 
clarification. We have revised the manuscript to provide additional discussion on its 332 

chemical composition and potential formation pathways. 333 

Revised text: 334 

Page 16, Line 551-567: This factor exhibits a complex molecular composition with 335 
a broad carbon number distribution (C5-C15), suggesting contributions from multiple 336 

precursor classes. While monoterpene-derived dinitrates (C10H16O8,9N2, C10H18O8N2) 337 
dominate the composition and indicate multi-generational oxidation, the presence of a 338 

wide range of oxidation products implies the involvement of both biogenic and 339 
anthropogenic sources. Notably, the most abundant compounds in R2 are CxH2x–3,2x–340 

5O6N, while in R3, the corresponding species are mainly CxH2x–2,2x–4O8N2 (Table S11), 341 
differing by one HNO2 group. This pattern closely resembles that observed in the D4-342 
AVOC-IV factor, further supporting the involvement of NO in the formation pathways. 343 

The high organic nitrate fraction (84%) further supports this interpretation. Taking the 344 
C10 compounds as an illustrative example, species such as C10H17NO5-8 are consistent 345 

with OH oxidation products of α- and β-pinene observed in laboratory studies, while 346 
C10H18N2O8,9 are likely formed through subsequent generation reactions. Additionally, 347 

the presence of C10H15NO5–7 suggests a contribution from O3-initiated oxidation 348 
pathways. Altogether, these observations imply that this factor reflects a mixture of 349 

oxidation processes involving both OH and O3, rather than being dominated by a single 350 
oxidant or precursor type.  351 

 352 

3. Mixed-Precursor Effects on Volatility Estimation 353 

In the discussion of OOM volatility, the authors state: "The identification of 354 
monoterpene-related compounds was based on the approach proposed by Nie et al. 355 

(2022), where OOMs with DBE=2 that appeared in the PMF monoterpene-related 356 
factors were classified as monoterpene OOMs." This precursor-dependent 357 
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classification approach introduces additional uncertainty to the volatility distribution 358 
shown in Figure 5, particularly for factors like Mixed-MT where precursors are not 359 

exclusively monoterpenes. 360 

Response: 361 

Thank you for pointing this out. We acknowledge that the original description of our 362 
classification method was unclear and contained a misstatement. In our analysis, we 363 

adopted a modified version of the classification proposed by Nie et al. (2022), in which 364 
terpene-related OOMs were identified within the terpene-dominated PMF factors (N2-365 

MT-I, N3-MT-II, N4-SQT, and Mixed-MT). Specifically, we classified compounds as 366 
terpene OOMs with DBE between 2 and 4. For these terpene OOMs, we estimated their 367 

saturation vapor concentrations using the parameterization proposed by Mohr et al. 368 
(2019), which considers the influence of hydroperoxide on volatility.  369 

We agree that this precursor-based classification remains a simplified approach and 370 
introduces some degree of uncertainty, particularly for mixed-source factors such as 371 

Mixed-MT. In urban environments, distinguishing terpene oxidation products from 372 
those originating from aromatic VOCs remains challenging, and the volatility estimates 373 

for such factors are subject to potential overlaps and misclassifications. 374 

To further evaluate the effect of this classification on volatility distributions, we 375 

included an additional analysis (Fig. R4) comparing the resulting volatility distribution 376 
used in our study (VBS 1) with an alternative scheme (VBS 2) where all OOMs were 377 

treated using the Mohr method. The differences between the two schemes illustrate the 378 
uncertainty introduced by precursor-based volatility classification, but also fall within 379 

the expected range of variation caused by using different, yet reasonable, 380 
parameterizations. Although this factor is of mixed origin, we believe that 381 
monoterpenes still represent the dominant contributor, and therefore applying this 382 

volatility correction provides a more realistic representation than using a generic 383 
parameterization for all components. 384 

 385 
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Figure R4. Comparison of volatility distributions (log C* at 300 K) for the Mixed-MT 386 
factor using two different methods for estimating saturation concentration. The dashed 387 

lines indicate the mean log C* values for each method.  388 

Minor Comment: 389 

Line 192: C6H5OHNO3- is incorrect. 390 

Line 306: should be Table S3. 391 

Response: 392 

Thank you for pointing these out. We have corrected the molecular formula and 393 

updated the reference to Table S3 in the revised manuscript. 394 

 395 

Reference： 396 

Algrim, L. B. and Ziemann, P. J.: Effect of the Hydroxyl Group on Yields and 397 
Composition of Organic Aerosol Formed from OH Radical-Initiated Reactions of 398 
Alcohols in the Presence of NO x , ACS Earth Space Chem., 3, 413–423, 399 
https://doi.org/10.1021/acsearthspacechem.9b00015, 2019. 400 

Chen, Y., Zheng, P., Wang, Z., Pu, W., Tan, Y., Yu, C., Xia, M., Wang, W., Guo, J., 401 
Huang, D., Yan, C., Nie, W., Ling, Z., Chen, Q., Lee, S., and Wang, T.: Secondary 402 
Formation and Impacts of Gaseous Nitro-Phenolic Compounds in the Continental 403 
Outflow Observed at a Background Site in South China, Environ. Sci. Technol., 56, 404 
6933–6943, https://doi.org/10.1021/acs.est.1c04596, 2022. 405 

Cheng, X., Chen, Q., Li, Y., Huang, G., Liu, Y., Lu, S., Zheng, Y., Qiu, W., Lu, K., Qiu, 406 
X., Bianchi, F., Yan, C., Yuan, B., Shao, M., Wang, Z., Canagaratna, M. R., Zhu, T., Wu, 407 
Y., and Zeng, L.: Secondary Production of Gaseous Nitrated Phenols in Polluted Urban 408 
Environments, Environ. Sci. Technol., 55, 4410–4419, 409 
https://doi.org/10.1021/acs.est.0c07988, 2021. 410 

Dada, L., Stolzenburg, D., Simon, M., Fischer, L., Heinritzi, M., Wang, M., Xiao, M., 411 
Vogel, A. L., Ahonen, L., Amorim, A., Baalbaki, R., Baccarini, A., Baltensperger, U., 412 
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Dear Reviewer, 501 

We sincerely thank the reviewer for their time and effort in reviewing our manuscript 502 

and for providing valuable comments and constructive suggestions. We appreciate the 503 
recognition of our work and the suggestions offered to improve its clarity and scientific 504 

rigor. In the responses below, the reviewer’s original comments are reproduced in italic 505 
for clarity. Our point-by-point replies follow each comment and are marked in green. 506 

All corresponding changes have been made in the revised manuscript and are marked 507 
in blue. Line numbers refer to the revised manuscript unless otherwise noted. 508 

 509 

General comments from reviewer II: 510 

PMF analysis is a widely used receptor model for source apportionment. Running 511 

bin-PMF for subranges is an interesting combination to extract more detailed 512 
information from the CIMS dataset, where both the sources and sinks can vary greatly. 513 

However, the interpretation of the solutions requires great efforts and experience. 514 
Although the manuscript is well-structured, several parts of the manuscript need 515 
improvement and more detailed clarification. Therefore, I recommend a major revision 516 

before the manuscript can be considered for acceptance.   517 

Specific/technical comments: 518 

Line 145. The assumption that “OOMs detected have the same ionization efficiency 519 
as H2SO4” may not be valid. Previous quantum chemical computations (Hyttinen et al., 520 

2015) have shown that in order to be detected effectively by NO3, the highly oxygenated 521 
organic molecules need to contain two H-donor functional groups to reach collision-522 

limited detection (typically, at least 7-8 O atoms). However, you “observed OOMs 523 
include 3–6 effective oxygen atoms, accounting for 85% of the total signals” (line 206). 524 
Can you estimate, at least, the measurement uncertainty introduced by your assumption? 525 

Response: 526 

We thank the reviewer for this insightful comment. We agree that the assumption of 527 

collision-limited detection efficiency comparable to H2SO4 only strictly applies to 528 
HOMs, typically with at least 7–8 oxygen atoms and multiple hydrogen donor groups 529 

(Hyttinen et al., 2015; Riva et al., 2019). Moderate oxygenated compounds (i.e., with 530 
fewer oxygen atoms or lacking strong hydrogen donor groups) may indeed experience 531 

lower detection efficiency with the NO3- ion, leading to potential underestimation of 532 
their actual ambient concentrations. Riva et al. (2019) illustrated this point by 533 

measuring α-pinene ozonolysis products, showing that Nitrate CI-APi-TOF tends to 534 
underestimate species with lower oxygen content compared to other ionization methods 535 

(Fig. R1). If these monoterpene products are representative of OOMs, Nitrate CI-APi-536 
TOF may significantly underestimate OOMs with lower oxygen numbers, resulting in 537 

differences in magnitude compared to other chemical ionization techniques. 538 
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 539 

Figure R1. Estimated concentrations of the main α-Pinene C10-monomer oxidation 540 

products (a, b), C10-monomer organonitrates (c) and α-Pinene dimers (d) by the 541 
different mass spectrometers deployed in Riva et al. (2019). 542 

To clarify this point, our earlier mention that 85% of the detected OOM signals fall 543 
in the range of 3-6 effective oxygen atoms was based on the functional-group-adjusted 544 

oxygen count used for volatility estimation (which does not include nitrate groups). 545 
However, when considering the actual number of oxygen atoms in the molecular 546 

formulas, the distribution shifts toward higher oxygenation. As shown in the pie chart 547 
below (Fig. R2), over half of the total signals are contributed by OOMs with nO ≥ 7, 548 

which more reasonably satisfies the criteria for efficient NO3- ionization. We 549 
acknowledge that the remaining of the detected signals may have a lower ionization 550 
efficiency, potentially leading to underestimation of their true concentrations. Given 551 

current instrumental limitations, it is difficult to precisely quantify the extent of 552 
underestimation across the all OOMs. Still, the assumption of H2SO4-like ionization 553 

efficiency remains the most practical and widely used approach for semi-quantitative 554 
analysis in Nitrate CI-APi-TOF studies. Since our work focuses primarily on source 555 

apportionment and chemical evolution trends rather than absolute quantification, we 556 
believe this assumption is reasonable and does not compromise the central conclusions. 557 

This point has been clarified in the revised manuscript. 558 
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 559 

 560 

Figure R2. Distribution of the number of oxygen atoms (nO) for all OOMs identified 561 
in this study. 562 

 563 

Revised text: 564 

Page 4, Line 145-153: This assumption is generally valid for highly oxygenated 565 
molecules (typically with more than 6 oxygen atoms) due to their efficient clustering 566 

with NO3- (Hyttinen et al., 2015; Riva et al., 2019). However, for less oxygenated 567 
compounds—particularly those with fewer than six oxygen atoms—ionization 568 

efficiency can be substantially lower, resulting in an underestimation of their true 569 
concentrations. Although some uncertainty remains in quantifying moderately oxidized 570 

species, the assumption remains the most practical and widely used approach for semi-571 
quantitative analysis in related studies. 572 

 573 

Page 4, Section 2.2 instrumentation. Did you use an Eisle NO3 inlet for NO3-CIMS? 574 

What was the time resolution of the CIMS dataset used for the PMF analysis? And what 575 
are the flow settings for the instruments (e.g., NO3-CIMS, PTR, TOF-ACSM…, maybe 576 

summarize the details in a table in the supplementary)? It could also be useful if you 577 
could include some of the results/figures on your SA calibration and transmission tests 578 

in the supplementary. All these experimental details are important for data quality 579 
assessment and inter-study comparisons. 580 

Response: 581 

We thank the reviewer for pointing out the importance of providing more detailed 582 

instrumental information. In this study, the Nitrate-CIMS utilized the Eisele-type NO3- 583 
inlet. The raw data were acquired at a frequency of 1 Hz, and averaged to 30-minute 584 
intervals for the PMF analysis. The flow settings for CIMS and other supporting 585 

instruments have now been summarized in Table S1 in the Supplementary Information. 586 
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Although the ACSM was operated during the campaign, its data were not used in the 587 
current analysis. Therefore, we have removed related text from the main manuscript to 588 

avoid confusion. 589 

In addition, the calibration results for sulfuric acid and the mass-dependent 590 

transmission efficiency test of the APi-TOF have also been included in the Supplement 591 
(Fig. S1), as suggested.  592 

Revised text: 593 

Page 5, Line 170-172: More details about the instruments can be found in the 594 

Supplementary Information, including the flow settings of each instrument and the 595 
results of the sulfuric acid calibration and transmission efficiency characterization of 596 

the CI-APi-TOF (Fig. S1). 597 

Page 2, Line 30-53 (SI): 598 

S1 Additional details for the instruments 599 

S1.1 Flow settings of the instruments 600 

For the CI-APi-TOF measurements, ambient air was drawn into a laminar flow 601 
reactor through a stainless-steel tube (100 cm long, 3/4 in. diameter) at a flow rate of 602 

10 L/min. A sheath flow of 25 L/min of purified airflow was used to maintain laminar 603 
flow conditions within the reactor. Nitrate reagent ions were generated in the sheath 604 

flow by exposing air-conditioning nitric acid to a photoionizer X-ray (Model L9491, 605 
Hamamatsu, Japan). The PTR-TOF-MS sampled air at a flow rate of 200 mL/min and 606 

was connected to an external pump operating at 1.5 L/min to assist in flow control. 607 
Flow settings and additional details for other instruments used in this study are 608 

summarized in Table S1. 609 

Table S1. Settings for instrumentations used in this study  610 

Measurement Instruments Manufacturer Sample flow  Resolustion 

OOMs CI-APi-TOF 
Aerodyne Research, USA/ 
Tofwerk AG, Switzerland 

10 L/min  30 min/1s 

VOCs PTR-TOF Ion-icon Analytik, Austria 0.2 L/min  10 min/1min 

PM2.5 SHARP-5030 Thermo Fisher Scientific, USA 16.7 L/min  5 min 

O3 TEI-49i Thermo Fisher Scientific, USA 0.7 L/min  5 min/1 min 

NOx TEI-42i Thermo Fisher Scientific, USA 1.285 L/min  5 min/1 min 

SO2 TEI-43C Thermo Fisher Scientific, USA 0.5 L/min  5 min/1 min 

CO TEI-48C Thermo Fisher Scientific, USA 1 L/min  5 min/1 min 

S1.2 Sulfuric acid calibration and transmission test 611 

The sulfuric acid calibration factor used in this study was obtained following the 612 

method described by Kürten et al. (2012), and the results are shown in Fig. S1. The 613 
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transmission efficiency of the CI-APi-TOF as a function of mass was evaluated using 614 
perfluorinated organic acids, including Propanoic acid, Pentanoic acid, and Heptanoic 615 

acid. The outcome of the transmission test is also presented in Fig. S1. 616 

 617 

Figure S1. (a) Calibration of sulfuric acid (SA) using the method described by Kürten 618 
et al. (2012). (b) Mass-dependent transmission efficiency of the CI-APi-TOF. 619 

 620 

Section 3.2.2. For factor D2-AVOC-II, the diurnal variation is bimodal. Why do you 621 

think PMF analysis failed to separate this factor into two different factors, one multi-622 
generational oxidation product peaking around 13:00, and one NO3 oxidation of 623 

CHNO compounds peaking around 19:00? Since they have different time variations, 624 
PMF should, in principle, be able to distinguish them, right? 625 

Response: 626 

We appreciate the reviewer’s thoughtful suggestion. The bimodal diurnal pattern of 627 

D2-AVOC-II indeed suggests potential influences from both daytime OH-driven 628 
oxidation and nighttime NO3-initiated chemistry. One possibility is that this factor 629 

represents two distinct sources or processes that were not fully separated by PMF. 630 
Alternatively, the bimodal structure may reflect the intrinsic behavior of a single group 631 

of compounds influenced by multiple oxidation regimes. 632 

To investigate this, we first examined the evolution of D2-AVOC-II across PMF 633 

solutions with increasing numbers of factors (from 8 to 20). As shown in Fig. R3, the 634 
mass spectral and temporal characteristics of this factor remain largely consistent 635 

throughout the solutions, and no clear separation into two distinct factors occurs, even 636 
at high factor numbers. Further increasing the number of factors risks splitting other 637 

well-defined factors. 638 
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 639 

Figure R3. Evolution of the D2-AVOC-II factor (in Range 2) across binPMF solutions 640 
with 8 to 20 factors. For each solution, the corresponding mass spectrum (left), time 641 

series (middle), and diurnal profile (right) are shown. Correlation coefficients (r) 642 
represent the similarity of both the mass spectra and time series compared to the 643 
corresponding factor in the selected 11-factor solution.   644 

 645 

Additionally, we analyzed the diurnal patterns of CHO and CHON species within 646 

D2-AVOC-II. As shown in Fig. R4, both classes exhibit bimodal behavior, with 647 
significant contributions during both daytime and nighttime. This indicates that the 648 

bimodality is not caused by the accidental merging of two unrelated factors, but rather 649 
reflects the intrinsic temporal dynamics of the compounds grouped in D2-AVOC-II. 650 
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 651 

Figure R4. Median diurnal variations of CHO and CHONx species of D2-AVOC-II 652 

 653 

 Taken together, these results suggest that D2-AVOC-II is a coherent factor 654 
characterized by contributions from both photochemical and nighttime NO₃ oxidation 655 
pathways, rather than an unresolved combination of two separate sources. 656 

 657 

Lines 326-327. The statement “higher nighttime values are observed, suggesting 658 

some transport influence” is unclear to me. Why does nighttime indicate transport? 659 
You've identified a transport factor, so did you find some common compounds? 660 

Nighttime concentrations could also result from some sources or compounds with 661 
relatively high volatility that linger after daytime formation. 662 

Response: 663 

Thank you for the valuable comment. We agree that our initial suggestion of 664 

transport influence based on higher nighttime values may not be fully justified. Upon 665 
further reflection, we acknowledge that there is no direct link between nighttime peaks 666 

and transport. Although we did identify a transport factor (Trans_AVOC), and some 667 
compounds such as CxH2x-1,2x-3O6N and CxH2x-2O8N2 are present in both the transport 668 

factor and the D4-AVOC-IV factor, these compounds are also observed in other 669 
AVOC-related factors, indicating that they are not exclusive to transport. 670 

Upon further analysis, we found that the nighttime enhancements of this factor during 671 
certain periods (e.g., P0 in Fig. R5) coincide with elevated Ox (O3 + NO2) levels. Since 672 

Ox is less affected by nocturnal NO titration than O3 alone, it serves as a more robust 673 
indicator of photochemically aged air and regional background influence. This co-674 

variation suggests that some of the nighttime enhancements may be associated with 675 
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transport influence. But given the factor’s distinct diurnal pattern with clear daytime 676 
peaks and lack of clear transport signatures, we consider transport influence to be minor 677 

and have removed this speculation in the revised text to avoid potential 678 
misinterpretation. 679 

 680 

Figure R5. (a) Time series of the D4-AVOC-IV factor (black) and Ox (red) with blue 681 

shaded areas representing periods of high nighttime values (P0) identified for further 682 
analysis. (b) Correlation between D4-AVOC-IV and Ox, with blue points representing 683 

nighttime data (18:00-6:00 LT) during the P0 period. 684 

 685 

Line 345. Could these C10 compounds be partly formed through C5-RO2 + C5-RO2 686 
rather than from monoterpene, because they are grouped in this Isoprene-related factor 687 

by PMF? Similarly, for section 3.3.4, factor N4-SQT, could there be C15 compounds 688 
formed from C5-RO2 + C10-RO2 dimer? 689 

Response: 690 

We greatly appreciate this insightful suggestion. The potential formation of C10 and 691 

C15 compounds through dimerization of different RO2 radicals (e.g., C5-RO2 + C5-RO2 692 
or C5-RO2 + C10-RO2) is indeed a plausible pathway, particularly under nighttime 693 

conditions at our site, where we observed substantial concentrations of both C5H8NO5 694 
and C10H16NOx RO2 radicals. However, for the D5-IP factor, which is primarily a 695 

daytime factor, RO2 radicals are expected to terminate predominantly via reaction with 696 
NO rather than through bimolecular RO2–RO2 reactions. This makes significant 697 

dimerization within this factor less likely, although we cannot completely exclude the 698 
possibility. 699 

In contrast, the N4-SQT factor is a nighttime factor, and thus RO2–RO2 reactions 700 
could plausibly contribute to the formation of certain C15 species. Nevertheless, we 701 
also observe C15H24NOx compounds that can be attributed to the oxidation of 702 

sesquiterpene precursors. Therefore, while we cannot rule out the contribution from 703 
dimerization (e.g., C5-RO₂ + C10-RO₂), the presence of sesquiterpene-derived RO2 704 

supports the interpretation that these C15 products are at least partly derived from SQT 705 
oxidation. 706 

We have revised the manuscript accordingly to incorporate this discussion and to 707 
reflect the mechanistic uncertainty. 708 
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Revised text: 709 

Page 13, Line 438-440: Due to the relatively high NO concentration during the 710 

daytime at this site, it is unlikely that these C10 substances originate from C5 RO2+C5 711 
RO2. 712 

Page 15, Line 511-517: However, some of the C15H24OxN2 species, particularly 713 
those with higher oxygen content, are likely products of C5-RO2 and C10-RO2 714 

dimerization reactions, given the presence of C5H8NO5 and C10H16OxN radicals 715 
observed in other nighttime factors and their similar diurnal patterns. However, due to 716 

the detection of C15 RO2, these C15 substances are more likely to originate from 717 
sesquiterpene precursors. 718 

 719 

Lines 360-361. A repeated sentence, “This RO2 360 radical originates from NO3-720 

initiated oxidation of isoprene.” 721 

Response: 722 

We thank the reviewer for pointing this out. The redundant sentence has been 723 
removed in the revised manuscript. 724 

 725 

Figure 2. It would be helpful for readers if you could label each factor with the 726 

molecular formulae of their highest peaks for quick visual reference (e.g., a quick 727 
glance at the C numbers). Also, a pie chart showing the contribution of each factor to 728 

the total signal intensity could be informative. 729 

Response: 730 

We thank the reviewer for the helpful suggestion. As recommended, we have revised 731 
Figure 2 to include molecular formula labels for the highest peaks of each factor, 732 
allowing for a quick visual reference to their dominant carbon numbers and chemical 733 

compositions. In addition, a pie chart summarizing the contribution of each factor to 734 
the total signal intensity has been added to the Supplementary Information (Fig. S6). 735 

These additions enhance the clarity of the figure and provide a more intuitive overview 736 
of the chemical composition and relative importance of each factor. 737 
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 738 

Figure 2. Mass spectral profiles and median diurnal variations of the selected binPMF 739 
factors, and the elemental formulas of major peaks are labeled above them. Factors 740 

describing the similar process were assembled, red for Range 1, blue for Range 2 and 741 
black for Range 3. 742 
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 743 

Figure S6. Relative contributions of the 11 factors to the total concentration of 744 
measured OOMs. 745 
 746 

Lines 396-397. Can you provide plots for the diurnal variation of dinitrates 747 
C10H16,18O8-13N2 and trinitrates C10H17O10-13N3? The diurnal plot of this factor will be 748 

the average of all organic nitrate, while the dinitrates (NO3-RO2 + NO or monoterpenes 749 
contain two C=C bonds that reacted twice with NO3?) and trinitrates (further oxidation 750 
of dinitrates?) should only appear in the early morning, based on your hypothesis, right? 751 

Response: 752 

Thank you for the constructive comment. We have now added the diurnal variation 753 

plots of dinitrates (C10H16,18O8-13N2) and trinitrates (C10H17O10-13N3) as Fig. R6. 754 
Contrary to the hypothesis that these species should appear only in the early morning, 755 

our results show that both dinitrates and trinitrates exhibit broader temporal 756 
distributions. 757 

It is also important to note that these C10 compounds are not exclusive to the N3-758 
MT-II factor; other factors contribute to them to varying degrees. Therefore, their 759 

diurnal variations reflect a combination of sources and cannot be taken as representative 760 
of the N3-MT-II factor alone. In contrast, the PMF analysis groups species based on 761 

their co-variation across time, and the N3-MT-II factor as a whole shows a consistent 762 
nighttime-to-early-morning profile. We hypothesize that these compounds could be 763 

secondary oxidation products from nocturnal processes, such as the initial oxidation by 764 
NO3 radicals, followed by further OH radical-driven oxidation in the morning. 765 

Similarly, some of the nighttime concentrations might be the result of daytime oxidation 766 
products that undergo additional NO3-initiated oxidation during the night. Overall, the 767 

N3-MT-II factor represents a multi-generational oxidation product, involving multiple 768 
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oxidants during the transition between day and night. For clarity, I have revised the 769 
relevant paragraph in the original text. 770 

 771 

Figure R6. Diurnal variations of C10 dinitrates and trinitrates. Each subplot represents 772 

the hourly variation of a specific compound, with the shaded region indicating the 773 
interquartile range (between upper and lower quartiles), the solid line representing the 774 

median, and the scattered points indicating the mean values.  775 

Revised text: 776 

Page 14, Line 493-503: This suggests that NO3-initiated oxidation of monoterpenes 777 
at night is followed by further oxidation in the morning, potentially involving OH and 778 

O3, leading to the observed multi-nitrate species. Furthermore, some of the nighttime 779 
concentrations may arise from daytime oxidation products that undergo additional NO3-780 
driven oxidation during the night. Overall, this factor represents multi-generational 781 

oxidation products, involving various oxidants during the transition between day and 782 
night. 783 

 784 

Lines 464-467. I don’t understand why the sub-range PMF “reveals how chemical 785 

conditions and processing pathways evolve over time, reflected by temporal variations 786 
in the relative contributions of spectral sub-ranges to individual factors”. Like 787 
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traditional PMF, your sub-range PMF should also generate static mass spectra for 788 
each factor, right? Then, how were you able to obtain mass spectra for factors D3-789 

AVOC-III and D1-AVOC-I under different conditions? Please explain this in your 790 
method part as well. 791 

Response: 792 

You are correct that traditional PMF generates static mass spectra for each factor. In 793 

our approach, we used a subrange PMF that allows for the identification of factors 794 
across different spectral subranges. Each factor is derived from a combination of sub-795 

ranges that exhibit similar temporal variation, grouped together as the same factor. 796 
However, due to differences in volatility and chemical composition across subranges, 797 

the temporal evolution of the same factor will not be perfectly consistent across all 798 
subranges. This can be seen in the correlation coefficients in Fig. 3, where some factors 799 

show lower than perfect correlations (r<1) across subranges. 800 

As a result, the relative contribution of each subrange to a factor will evolve over 801 

time. For factors with contributions from multiple subranges, the mass spectra will vary 802 
with time, reflecting these dynamic shifts in the subrange contributions. The more sub-803 

ranges we include, the finer the temporal variation we can analyze, and this may reveal 804 
more detailed information about the underlying chemical processes. For example, we 805 

provide an analysis of D3-AVOC-III in Fig. R7, showing its average mass spectra for 806 
different time periods. The proportion of R1 in (a) is lower than in (b), while the 807 

proportion of R3 in (a) is higher than in (b). Our subsequent analysis builds on this 808 
dynamic temporal variation to explore the underlying chemical conditions and 809 

processing pathways. 810 

 811 
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Figure R7. Average mass spectra of the D3-AVOC-III factor during different time 812 
periods: (a) 09:00–12:00 on April 29, 2019, and (b) 09:00–12:00 on April 30, 2019.  813 

We will expand on this explanation in the methods section of the revised manuscript 814 
to provide more clarity. 815 

Revised text: 816 

Page 6, Line 195-202: The relative changes in the source factor profiles between the 817 

different sub-ranges contribute to the dynamic nature of the combined factor spectra. 818 
Specifically, variations in the mass spectral features across the sub-ranges lead to 819 

distinct temporal and compositional changes in the final factor profiles. This dynamic 820 
analysis approach enables better resolution of source processes and provides a more 821 

robust representation of the underlying sources. By minimizing sink-induced variations 822 
and leveraging the temporal and compositional overlap between the ranges, we achieve 823 

improved factor separation and identification. 824 

Page 18, Line 610-617: Specifically, as different sub-ranges are combined, the 825 

relative intensities of these ranges fluctuate, demonstrating how variations in chemical 826 
reactivity and environmental conditions influence the composition and formation of 827 

OOMs. These dynamic observations better represent atmospheric processes, where 828 
constantly changing oxidation conditions alter OOM distributions across different 829 

volatility ranges. The ability to track these variations in real time allows for a more 830 
nuanced understanding of how source and sink processes interact under different 831 

atmospheric conditions. 832 

 833 

Figures 6 and S6 (and also Figures 7 and S7), what is the unit for “difference of 834 
profiles”? Using relative difference (e.g., normalized to “Low T/NOx” or “Low CS”) 835 
might make the comparison clearer and easier to understand. 836 

Response: 837 

Thank you for your valuable suggestion. We agree that using relative changes would 838 

make the comparison clearer and easier to understand. We attempted to replot the figure 839 
using the relative difference, and the results indeed lead to the same conclusions. 840 

However, the new plot (Fig. R8) is not as visually appealing, as most of the peaks are 841 
clustered around similar values. Upon analyzing this result, we found an explanation. 842 

The relative difference after normalization is a ratio form (H-L)/L=H/L-1, and for 843 
single-range PMF factors, the spectra for any two time periods are identical. Therefore, 844 

the ratio of the peak values between any two time periods is constant. As a result, parts 845 
of the plot corresponding to mass ranges with only one PMF analysis (150-250 Th, 300-846 

350 Th, and 400-500 Th) show a constant value. Some peaks deviate from this constant 847 
value because concentrations below the detection limit were excluded for certain peaks. 848 

Ultimately, we decided to retain the original plotting method. 849 
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 850 

Figure R8. Relative difference between the average mass spectra of D3-AVOC-III 851 
under high T/NOx (above the upper quartile) and low T/NOx (below the lower quartile) 852 

conditions, normalized to low T/NOx. 853 

 854 

Line 497. What exactly is the “T/NOx ratio”? They have different units, so, the 855 

meaning of this ratio is unclear. What does a high or low value indicate chemically or 856 
physically? Why not directly use T or NOx, or make one plot vs T but colored by NOx, 857 

for example? 858 

Response: 859 

Originally, our intention was to separately investigate the effect of temperature on 860 
nitrogen-containing OOMs. As shown in Fig. R9, the trends observed using 861 

temperature alone are largely consistent with our main conclusions. However, 862 
analyzing temperature in isolation is not entirely comprehensive, since NOx levels also 863 

play a crucial role in determining the nitrogen content of oxidation products. To better 864 
isolate the temperature effect under comparable NOx levels, we adopted a ratio-based 865 

approach (T/NOx). While not dimensionally rigorous, this metric conceptually 866 
represents the influence of temperature under a fixed NOx condition—essentially, “how 867 

temperature modulates nitrogen incorporation into OOMs when NOx availability is 868 
constrained.” This simplification allowed us to group the data more clearly by 869 

combined chemical conditions, facilitating interpretation. That said, we agree this 870 
representation may be confusing, and we have added clarification in the revised text. 871 
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 872 

Figure R9. Characteristics of D3-AVOC-III under varying temperature conditions. (a) 873 
Difference between the average mass spectra of D3-AVOC-III under high temperature 874 

(above the upper quartile) and low temperature (below the lower quartile) conditions. 875 
(b) Boxplots of the concentrations of CHO and CHONx (x = [1,3]) species binned by 876 
temperature in each 5 °C interval. (c) Fractional contributions of CHO and CHONx (x 877 

= [1,3]) species for different temperature conditions. (d) Evolution of fractional 878 
contributions of three sub-ranges as a function of temperature. 879 

Revised text: 880 

Page 19, Line 642-652: While temperature and NOx individually influence oxidation 881 

chemistry, analyzing them in isolation may obscure their combined effects—especially 882 
since NOx levels tend to decrease with increasing temperature due to enhanced 883 

photochemical activity and atmospheric mixing. To better isolate the influence of 884 
temperature under comparable NOx conditions, we adopted the ratio of temperature to 885 

NOx (T/NOx) as a simplified metric. Although this ratio does not represent a physically 886 
defined parameter, it serves as a practical index allowing for clearer grouping of data 887 

and a more interpretable assessment of compositional differences. 888 

 889 

Lines 510-512. Do you have references to support this argument that “elevated 890 
temperatures favor the RO + NO2 channel, reducing the formation of RONO2 from the 891 

RO2 + NO reaction”? Should the product of RO+NO2 also be thermally unstable? Why 892 
does higher T favor RO + NO2 than RO2 + NO? 893 

Response: 894 
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Thank you for pointing this out. We are sorry for the confusion caused by our 895 
wording — the term “RO + NO2 channel” was a misstatement. Here, our discussion 896 

refers specifically to the reaction between RO2 and NO, which primarily proceeds via 897 
two branches: 898 

𝑅𝑅𝑅𝑅2 + 𝑁𝑁𝑁𝑁 → 𝑅𝑅𝑅𝑅 + 𝑁𝑁𝑁𝑁2 𝑅𝑅1𝑎𝑎 899 

𝑅𝑅𝑅𝑅2 + 𝑁𝑁𝑁𝑁 → 𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁2 𝑅𝑅1𝑏𝑏 900 

Experimental studies have shown that the branching ratio of the RONO2 formation 901 

pathway (R1b) decreases with increasing temperature, meaning that elevated 902 
temperatures favor the RO + NO2 pathway (R1a) over the RONO2 formation (R1b). 903 

This temperature dependence has been quantified in several studies (Cassanelli et al., 904 
2007; Butkovskaya et al., 2010; Perring et al., 2013). The observed decline in nitrogen-905 

containing compound fractions under higher temperature conditions in our data is 906 
consistent with this known chemical behavior. We will revise the original sentence for 907 

clarity and include the appropriate references in the manuscript. 908 

Revised text: 909 

Page 20, Line 663-668: This trend reflects shifts in RO2 radical chemistry. Under 910 
high NOx conditions, RO2 primarily reacts with NO, and this reaction has two main 911 
pathways: formation of RO + NO2 or organic nitrates (RONO2). Previous studies have 912 

shown that increasing temperature suppresses the nitrate-forming branch in favor of the 913 
RO + NO2 branch, thus reducing the formation of RONO2 (Cassanelli et al., 2007; 914 

Butkovskaya et al., 2010; Perring et al., 2013). 915 

 916 

Line 554. What is the typical range of CS observed at your site? Is 0.05 s-1 considered 917 
extremely high in your context? 918 

Response: 919 

The CS values observed during the campaign ranged from 0 to 0.05 s⁻¹, with 0.05 s⁻¹ 920 

being at the upper end of the distribution. To clarify this point, we have added the 921 
corresponding time series and diurnal pattern of CS (Fig. R10). 922 

 923 

Figure R10. Time series and diurnal variation of the condensation sink (CS) during the 924 

campaign. 925 

 926 
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Lines 558-559. The sentence “condensation processes under high CS conditions act 927 
as a controlling mechanism for species partitioning” is very confusing? Should 928 

volatility and OA mass always control the gas-particle partitioning? And CS means 929 
condensation sink, of course under higher CS one would expect higher rate of 930 

condensation? Please clarify. 931 

Response: 932 

Thank you for pointing out the ambiguity. The original sentence was indeed unclear 933 
and may have been misleading. Our intention was not to refer to gas-particle 934 

partitioning, which is governed primarily by volatility and OA mass, but rather to 935 
describe the relative abundance of gas-phase OOMs with different volatilities as a 936 

function of the condensation sink (CS). 937 

Specifically, at low CS levels, the increase in OOM signals is primarily driven by 938 

enhanced chemical formation, and species across a wide volatility range show 939 
simultaneous increases. However, at high CS levels, condensation loss starts to 940 

dominate over chemical production, particularly for low-volatility OOMs. As a result, 941 
the relative contribution of lower-volatility compounds begins to decline, whereas 942 

semi-volatile compounds remain more abundant in the gas phase. 943 

We will revise the original sentence accordingly to improve clarity and remove the 944 

confusion around partitioning processes. 945 

Revised text: 946 

Page 22, Line 729-732: This observation aligns with prior theoretical predictions 947 
and laboratory findings (Peräkylä et al., 2020), which suggest that under high CS 948 

conditions, condensation dominates over chemical formation in shaping the gas-phase 949 
abundance of different volatility classes of OOMs. 950 

 951 

Figures 6d and 7d. What does this fractional contribution analysis mean? Because 952 
at each CS bin, the sum of R1, R2, and R3 seems to be larger than 1, which is confusing. 953 

Also, your explanation in lines 561-564 is misleading. With the increases in CS, all 954 
mass ranges should decrease because of enhanced condensation, right? It is because 955 

R3 and R2 condensed more than R1, making the relative fraction of R1 increase. 956 
Therefore, I think absolute concentrations would be more informative than fraction 957 

contributions here. 958 

Response: 959 

We appreciate the reviewer’s constructive comments and the opportunity to clarify. 960 
The “fractional contribution” in Figs. 6d and 7d refers to the relative contribution of 961 

each spectral sub-range to the total signal within the entire analyzed mass range (150–962 
500 Th). Due to the intentional 50 Th overlaps between adjacent sub-ranges (e.g., 250–963 

300 Th and 350–400 Th), the summed concentrations of all sub-ranges exceed the total, 964 
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resulting in fractional contributions summing to values greater than 1. We have now 965 
added a clarification on this point. 966 

In response to the reviewer’s suggestion, we also generated alternative plots showing 967 
the absolute concentrations of R1–R3 as functions of temperature/NOx and 968 

condensation sink (Fig. S12). These results confirm our previous interpretation: all sub-969 
ranges of D1-AVOC-I increase with CS initially, consistent with pollution-driven 970 

chemical production. However, under very high CS conditions, R2 and R3 begin to 971 
decline, while R1 continues to increase, indicating a volatility-dependent loss from the 972 

gas phase due to condensation. Thus, both the fractional contribution and absolute 973 
concentration perspectives are complementary and valuable. We agree that the original 974 

explanation may have been misleading and have revised the relevant text to more 975 
accurately reflect the interplay between production and condensation. 976 

Revised text: 977 

Page 22, Line 733-741: We analyzed the fractional contributions of different sub-978 

ranges under varying CS conditions. Due to their lower volatility, higher m/z species in 979 
R2 and R3 are more susceptible to loss through condensation under high CS, while 980 

lower m/z species in R1 (likely SVOCs and LVOCs) are less affected. As a result, the 981 
relative contribution of R1 increases with CS, whereas those of R2 and R3 gradually 982 

decrease. This trend highlights a volatility-dependent partitioning effect, where 983 
enhanced condensation preferentially removes less-volatile compounds from the gas 984 

phase under elevated CS conditions, as also reflected by the absolute concentration 985 
changes of sub-ranges under increasing CS (Fig. S12). 986 

 987 

Figure S12. Evolution of concentrations of three sub-ranges of (a) D3-AVOC-III with 988 

T/NOx ratio, and (b) D1-AVOC-I with CS. 989 

 990 

 991 
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