
The behaviour of charged particles (ions) during new particle 1 

formation events in urban Leipzig (Germany). Response to 2 

reviewers. 3 

Note: Review comments are displayed in plain text, responses to those comments are displayed in 4 

blue and sections that have been added to the text are coloured green (and italicised) We thank the 5 

reviewers for their insightful comments and provide responses below. 6 

Reviewer: 1 7 

In this manuscript, the authors investigated the number size distribution of atmospheric ions observed 8 

in Leipzig, Germany. The authors showed that ions classified into different size ranges have different 9 

diel behaviors and explained such behaviors in association with other atmospheric parameters.  10 

In general, I see nothing wrong in this manuscript, where most of the explanations are scientifically 11 

sound. However, I am a little concerned about the significance of the findings presented in this 12 

manuscript. I didn't see enough new insights, except for the new locations. Since the authors deployed 13 

a nitrate CIMS during the measurement, if they can associate the concentration and composition 14 

changes of gaseous species with the variability of ions, it is possible to bring this study to a new 15 

level.  16 

Thank you for the comments. We have now used the CIMS data more extensively to inform our data 17 

analysis.  We conclude that there are two primary sources of ions >3 nm in our data: these are primary 18 

emissions and NPF. We hope the below additional data and discussion emphasises this point and 19 

shows that we satisfy the novelty criteria for the journal. 20 

In the abstract: 21 

“…The largest peaks in intermediate and large ions were explained by NPF, with intermediate ions 22 

correlating well with sulphuric acid dimer. Smaller morning and evening peaks were coincident with 23 

black carbon concentrations, and attributed to primary emissions. NPF events, observed on 30% of 24 

days, coincided with intense solar radiation and elevated sulphuric acid dimer. Small charged 25 

particles were primarily associated with radioactive decay during the early hours, and are unrelated 26 

to primary emissions or NPF. The apparent contributions of charged particles to 3 and 7.5 nm 27 

particle formation rates were 5.7 and 12.7%, respectively, respectively, with mean growth rates of 4.0 28 

nm h-1 between 3-7.5 nm and 5.2 nm h-1 between 7.5-22 nm. The ratio of charged to total particle 29 

formation rates at 3 nm suggests a minor role for charged particles in NPF. We conclude that NPF is 30 

a primary source of >3 nm ions in our data, with primary emissions being the major source in the 31 

absence of NPF.” 32 

In the main text 33 

“Concentrations of other acids (HIO3, MSA) are an order of magnitude lower than H2SO4 34 

concentrations, and so H2SO4 is the most likely candidate for the driver of NPF in this area. 35 

Temperatures were high (~30 oC) during the campaign, and it is unlikely that OOMs can drive 36 

particle formation in this data (Simon et al., 2020). The correlation between H2SO4 dimer and 37 

charged particle concentration (Figure 5) shows that there is no statistically significant correlation 38 

between H2SO4 dimer and small charged particles, while the correlation with intermediate and large 39 

ions is statistically significant. The correlation is strongest for the intermediate ions, which peak 40 

coincidentally with H2SO4 dimer, which is coincident with high solar radiation. Particle formation is 41 



accelerated by ionising radiation (Kirkby et al., 2011; Kirkby et al., 2023), (Figure 3, Figure S3), 42 

and a fraction of these new particles will be charged or will pick up charge as they grow. NPF 43 

occurred on days with higher temperatures and solar radiation (Figure S3) which is typical for 44 

ground-level NPF (Kerminen et al., 2018; Lee et al., 2019). High temperatures can increase cluster 45 

evaporation rates, but this can be offset by the presence of ions (Lee et al., 2019) although this is 46 

dependent on cluster composition (Kirkby et al., 2023). We attribute these midday peaks in 47 

intermediate and large ions to NPF which is likely driven by sulfuric acid, and argue that NPF is the 48 

major source of charged particles in this campaign (Figure 2b, Figure S3). Primary emissions of 49 

intermediate and charged ions will be coincident with BC emissions (Thomas et al., 2024) 50 

Undefined and non-NPF events are observed when H2SO4 dimer is low. Undefined events are seen 51 

when CS is high, and BC is higher than NPF event days, likely due to traffic emissions, and non-event 52 

days occur when BC and CS are lower. Non-NPF days are possibly observed on these days due to low 53 

concentrations of precursors. The morning and evening peaks in intermediate and large ions are 54 

coincident with peaks in BC concentrations, and are therefore explicable by primary traffic emissions 55 

(Thomas et al., 2024), and we argue that primary emissions are the second largest source of 56 

intermediate and large ions in our data.” 57 

And we include the following new figure 58 

 59 

And update our Figure 6 as follows (with the diurnal cycle of Js). We also include the following 60 

discussion of Js 61 



“Figure 6a,b shows the apparent formation rates (J) of 3 and 7.5 nm charged particles (sum of both 62 

negative and positive particle formation rates; J3–7.5
charged and J7.5–22

charged) and total particles (J3–7.5
total 63 

and J7.5–22
total) during NPF event days at Leipzig–TROPOS, as well as the diurnal cycle of these rates. 64 

The ratio of Jpositive:Jnegative is 0.9. Notably, the apparent J values of charged and total particles 65 

increased with aerosol size. The mean J values of 3 and 7.5 nm charged particles during NPF were 66 

0.165 and 0.326 cm-3 s-1, respectively, with mean values of J7.5–22
charged approximately 2 times higher 67 

than J3–7.5
charged. These compare with mean J values of 3 and 7.5 nm total particles during NPF of 7.21 68 

and 1.47 cm-3 s-1, respectively, with mean values of J7.5–22
total approximately 0.20 times than J3–7.5

total. 69 

The aforementioned J values are within the observed tropospheric ranges for charged and total 70 

particles reported by Hirsikko et al. (2011). When considering the calculated ratios of Jcharged / Jtotal in 71 

the respective size ranges, the apparent mean contributions of charged particles to 3 and 7.5 nm total 72 

particle formation were 5.7 and 12.7%, respectively. J3-7.5
total is higher than J7.5-22

total, which is typical, 73 

as new particles are lost as they grow from 3 to 7.5 nm. However, J3-7.5
charged is higher than J7.5-22

charged. 74 

We attribute this to charging of growing aerosol by the condensation of smaller charged particles, 75 

and this is consistent with the low concentrations of intermediate charged particles (Figure 2, Table 76 

1). The diurnal cycle in J shows a peak that is coincident with the peaks in H2SO4 dimer and 77 

intermediate charged ion concentrations (Figure 5). 78 

Large charged particles are more likely to act as a sink because of their greater surface area. In 79 

comparison, smaller charged particles are more susceptible to ion–ion recombination due to higher 80 

mobility. This recombination process, wherein two oppositely charged particles combine and 81 

neutralise each other, accounted for in equation (4), can impact the abundance of smaller charged 82 

species, influencing their ability to contribute to nucleation and particle formation in the atmosphere. 83 

It would be reasonable to view J3–7.5
charged as an upper limit to ion–induced nucleation, while larger 84 

charged particles appear to have a substantial contribution from charges acquired subsequently. The 85 

apparent contributions are comparable with ranges from other European field sites (1–30%) covering 86 

a wide variety of environments reported by Manninen et al. (2010). Nevertheless, observed ratios of 87 

charged to uncharged particles in the size range impacted by NPF suggest charged species play a 88 

minor role compared to neutral species in NPF at Leipzig–TROPOS in our data.” 89 

 90 



 91 

Figure 6: Apparent formation rates of (A) 3–7.5 nm charged particles (left) and total particles (right) 92 

and (B) 7.5–22 nm charged particles (left) and total particles (right). Calculated from 9 new particle 93 

formation (NPF) event days using 10–minute means. (C) the diurnal cycle in formation rates on 94 

NPF days, and (D) growth rates (GR) of 3–7.5 and 7.5–22 nm charged particles. The coloured 95 

rectangle represents the middle 50% of the data, with the central horizontal line indicating the 96 

median value. The whiskers (vertical lines) extending from the rectangle show the spread of the data. 97 

Data points beyond the whiskers show outliers. 98 

And further, we update our abstract to emphasise the novelty of the manuscript: 99 

“Air ions are electrically charged molecules or particles in air. They are ubiquitous in the natural 100 

environment and affect the earths radiation budget by accelerating the formation and growth of new 101 

aerosol particles. Despite this, few datasets exist exploring these effects in the urban environment. A 102 

Neutral cluster and Air Ion Spectrometer was deployed in Leipzig, Germany, to measure the number 103 

size distribution of charged particles from 0.8 to 42 nm, between July 27th and August 25th 2022. 104 

Following previous analyses, charged particles were mobility classified into small (0.8–1.6 nm), 105 



intermediate (1.6–7.5 nm), and large (7.5–22 nm) fractions and their mean concentrations (sum of 106 

positive and negative polarities) during the campaign were 462, 88, and 420 cm-3, respectively. The 107 

largest peaks in intermediate and large ions were explained by NPF, with intermediate ions 108 

correlating well with sulphuric acid dimer. Smaller morning and evening peaks were coincident with 109 

black carbon concentrations, and attributed to primary emissions. NPF events, observed on 30% of 110 

days, coincided with intense solar radiation and elevated sulphuric acid dimer. Small charged 111 

particles were primarily associated with radioactive decay during the early hours, and are unrelated 112 

to primary emissions or NPF. The apparent contributions of charged particles to 3 and 7.5 nm 113 

particle formation rates were 5.7 and 12.7%, respectively, with mean growth rates of 4.0 nm h-1 114 

between 3-7.5 nm and 5.2 nm h-1 between 7.5-22 nm. The ratio of charged to total particle formation 115 

rates at 3 nm suggests a minor role for charged particles in NPF. We conclude that NPF is a primary 116 

source of >3 nm ions in our data, with primary emissions being the major source in the absence of 117 

NPF.” 118 

.” 119 

Technical issues: 120 

1. there are several places (mostly at the beginning of paragraphs) show format issues.  121 

Thanks for pointing this out. These have been amended. 122 

2. I think the nighttime high concentration of small ions is due to its connection with boundary 123 

layer dynamics, as well as the competition between particles of different sizes in taking up the 124 

ions. Without solid proof, it is not convincing to say the diel pattern of smallest ions are due 125 

to radioactive decay. (Line 255). 126 

Very true. We have amended this section as follows to include more discussion of radon. 127 

“Cosmic ray intensity is fairly constant throughout the lower atmosphere (Mercer and Wilson, 1965), 128 

while the variations in radon concentrations is attributable to boundary layer dynamics (Čeliković et 129 

al., 2023). The diurnal variation which we observe is therefore likely to be a combination of boundary 130 

layer height changes affecting the radon concentrations, and variations in particle number surface 131 

area altering coagulation rates due to both boundary layer height changes and primary and 132 

secondary particle emissions.” 133 

Reviewer: 2 134 

Rowell et al. have studied the concentrations, growth rates and formation rates of small ions, 135 

intermediate ions, and large ions in Leipzig, Germany, during a month long campaign in summer 136 

2022. They paid special attention to the charged particles and air ions during NPF event days. 137 

One issue becomes apparent immediately. The size ranges, which are used in this study to classify 138 

ions into small ions, intermediate ions and large ions are, to my understanding, based on mass 139 

diameters. However, the diameters used in this study are mobility diameters. It is very possible that 140 

the impacts of this on the results themselves are minor. However, the concentrations of sub-2 nm ions 141 

can be considerably higher than those of above 2 nm ions, which might impact the intermediate ion 142 

concentrations used in this study. 143 

Some factors, such as missing information from the methods section and multiple errors with the 144 

references to tables/figures, give an impression of a rushed work. Quite a few relatively minor issues 145 

could also be identified. In addition, I found it a bit difficult to understand some of what had been 146 

done, i.e., how the formation rates and growth rates had actually been determined for the ions. 147 

The writing itself mostly does it job, although at places I found the analysis and argumentation 148 

difficult to understand and follow. The amount of references to other studies was a bit lacking at some 149 



parts. In addition, I find both the results and analysis in general a bit lacking in depth and novelty. 150 

There is potential for more, even with the data the authors likely possess already, some suggestions to 151 

which I give below in the more detailed comments. 152 

Despite these issues, I have no doubt many readers of ACP, myself included, would find these results 153 

(with the issues addressed) interesting. Therefore, after the comments below have been sufficiently 154 

addressed, I would consider the study worth publishing. However, I find that with the current 155 

contents, the study might be more suitable as a measurement report than as a research article. 156 

We thank the reviewer for the extensive comments they’ve made, and agree that addressing them has 157 

strengthened the manuscript. Specific replies to comments are below. 158 

Specific comments 159 

Abstract 160 

Line 23: I have concerns regarding this size classification. The limits of the size classification used by 161 

Tammet (2006), were based on mass diameters (see J. Aerosol Sci., 26 (1995), pp. 459-475). Here, 162 

mobility diameters are used instead, while the diameter ranges are the same. While unlikely to have a 163 

major effect on the main results, the diameter limits should be reconsidered. 164 

We agree these are erroneous. For consistency with BSMA measurements, we have converted all 165 

sizecuts to the appropriate sizecuts following the suggestion of Ku & de la Mora (2009), and making 166 

the alteration using the effective gas diameter of 0.3 nm. We have reproduced all figures and 167 

reworked all relevant parts of the text (not included below for length considerations). 168 

Ku, B. K., & de la Mora, J. F. (2009). Relation between Electrical Mobility, Mass, and Size for 169 

Nanodrops 1–6.5 nm in Diameter in Air. Aerosol Science and Technology, 43(3), 241–249. 170 

https://doi.org/10.1080/02786820802590510  171 

In addition, here, and later in the manuscript, 0.8-1.6 nm ions are referred to as small charged 172 

particles. This is not accurate, as some of the ions in this size range could be large, charged molecules. 173 

As such, referring to them as small (air) ions instead of small charged particles would be more 174 

accurate. Alternatively, it should be defined that small charged particles can include also large 175 

charged molecules. Please revise accordingly. 176 

 Thanks for this comment. We use charged particles specifically because in most fields, ion refers 177 

only to charged atoms or molecules, so using it to refer to a charged aerosol seemed strange. We 178 

opted to use particle as it is a catch-all term that can refer to atoms, particles, or aerosols. We specify 179 

this in the following in the methods: 180 

“Here, we refer to all charged species measured by the NAIS as “charged particles”, which includes 181 

charged aerosols, as vwell as charged molecules and charged clusters of molecules.” 182 

2. Line 30: the reason why small ion concentrations are lower and intermediate/large ion 183 

concentrations higher on NPF event days could be mentioned. 184 

We do not know the exact reason for lower small charged particle concentration, however, we state 185 

the following 186 

“Small charged particles were primarily associated with radioactive decay during the early hours, 187 

and are unrelated to primary emissions or NPF” 188 

3. Line 32: here, and also many times later in the manuscript, the phrase charged (or neutral species) 189 

is used. I am not sure if it is an accurate phrasing to use for charged (neutral) particles, with varying, 190 

non-uniform chemical makeup. I suggest using particles instead to avoid any confusion. 191 



Very true! We have edited all instances of “charged species” to “charged particles”. 192 

Alongside these comments, we have reworked other areas of the abstract in line with other reviewer 193 

comments. It now reads as follows: 194 

“Air ions are electrically charged particles in air. They are ubiquitous in the natural environment and 195 

affect the earths radiation budget by accelerating the formation and growth of new aerosol particles. 196 

Despite this, few datasets exist exploring these effects in the urban environment. A Neutral cluster and 197 

Air Ion Spectrometer was deployed in Leipzig, Germany, to measure the number size distribution of 198 

charged particles from 0.8 to 42 nm, between July 27th and August 25th 2022. Following previous 199 

analyses, charged particles were classified into small (0.8–1.6 nm), intermediate (1.6–7.5 nm), and 200 

large (7.5–22 nm) fractions by mass diameter and their mean concentrations (sum of positive and 201 

negative polarities) during the campaign were 405, 71.6, and 415 cm-3, respectively. The largest 202 

peaks in intermediate and large ions were explained by NPF, with intermediate ions correlating well 203 

with sulphuric acid dimer. Smaller morning and evening peaks were coincident with black carbon 204 

concentrations, and attributed to primary emissions. NPF events, observed on 30% of days, coincided 205 

with intense solar radiation and elevated sulphuric acid dimer. Small charged particles were 206 

primarily associated with radioactive decay during the early hours, and are unrelated to primary 207 

emissions or NPF. The apparent contributions of charged particles to 3 and 7.5 nm particle formation 208 

rates were 5.7 and 12.7%, respectively, respectively, with mean growth rates of 4.0 nm h-1 between 3-209 

7.5 nm and 5.2 nm h-1 between 7.5-22 nm. The ratio of charged to total particle formation rates at 3 210 

nm suggests a minor role for charged particles in NPF. We conclude that NPF is a primary source of 211 

>3 nm ions in our data, with primary emissions being the major source in the absence of NPF.” 212 

Introduction 213 

4. Line 43-44, line 51-52: a reference is needed. 214 

We include a reference to Seinfeld and Pandis (2016) here, as they extensively discuss the variability 215 

of aerosols. 216 

“Seinfeld, J.H. and Pandis, S.N. (2016) Atmospheric Chemistry and Physics: From Air Pollution to 217 

Climate Change. John Wiley & Sons, Hoboken.” 218 

5. Line 58: I do not understand what “persist as a source of charge” means. 219 

 We update this sentence to read as follows 220 

“Following nucleation and the formation of stable new particles, ion-induced condensation can 221 

accelerate particle growth (Svensmark et al., 2017).” 222 

6. Line 74, line 76: vague phrasing. The wording “In other remote locations” suggest that the 223 

locations studied by Manninen et al. (2010) were all remote and that there was no overlap between the 224 

two studies (accuracy of the latter I cannot confirm, see comment below). “In other urban locations” 225 

is similarly unclear. 226 

 We update this sentence to read as follows 227 

“Manninen et al. (2010) found that contributions of ion–induced nucleation to total particle 228 

formation at 2 nm were typically in the range of 1–30% between 12 field sites across Europe. In 229 

remote locations, Kulmala et al. (2010) found that contributions were typically significantly less than 230 

10% in Hyytiälä (Finland), Hohenpeissenberg (Germany), and Melpitz (Germany). In urban 231 

locations, contributions were observed at approximately 1.3% at 1.5/2 nm in Helsinki, Finland 232 

(Gagné et al., 2012) and 10% at 3 nm in Brisbane, Australia (Pushpawela et al., 2018).” 233 

7. Line 74: Kulmala et al. (2010) is not in the reference list, or at least I cannot find it. 234 



 Apologies. This is the proper reference, which has been added: 235 

“Kulmala, M., Riipinen, I., Nieminen, T., Hulkkonen, M., Sogacheva, L., Manninen, H. E., Paasonen, 236 

P., Petäjä, T., Dal Maso, M., Aalto, P. P., Viljanen, A., Usoskin, I., Vainio, R., Mirme, S., Mirme, A., 237 

Minikin, A., Petzold, A., Hõrrak, U., Plaß-Dülmer, C., Birmili, W., and Kerminen, V.-M.: Atmospheric 238 

data over a solar cycle: no connection between galactic cosmic rays and new particle formation, 239 

Atmos. Chem. Phys., 10, 1885–1898, https://doi.org/10.5194/acp-10-1885-2010, 2010.” 240 

8. Line 82-83, the following paragraph: The aims of this paper are a bit unclear and phrased in a 241 

vague manner. I would suggest using a more precise phrasing. It could be explained what is meant by 242 

behaviour of charged particles. In addition, more details (i.e., formation and growth rates of charged 243 

particles are investigated) on what is actually done in the paper should be added. 244 

Agreed. This paragraph now starts: 245 

“Here, the daily cycles, sources, and sinks of charged particles, as well as their contributions to new 246 

particle formation and growth rates were investigated in a summertime urban environment” 247 

9. Line 90-92: see my comments for the abstract. The classification used by Tammet (2006) was 248 

based on mass diameters, not mobility as is used here. 249 

 This has been amended, see above response. 250 

Materials and methods 251 

10. Line 100: please also state at what height from the ground the measurements are taken from. 252 

 We include the following line: 253 

“The charged and neutral particle measurements were taken from a laboratory on the fourth floor of 254 

an institute building positioned centrally within the Science Park, approximately 10 meters from 255 

ground level”  256 

11. Line 101: Potentially inaccurate phrasing. What does ‘… in excess of 100 nm from a number of 257 

highly-trafficked roads …’ mean? 258 

 This now reads as follows: 259 

“Leipzig–TROPOS is located approximately 100 m from a number of highly–trafficked roads and is 260 

classified as an urban background site”  261 

12. Line 123: The NAIS measures air ion and total (neutral+charged), not neutral, particle number 262 

size distributions. In addition, the total particle concentrations are measured based on both the 263 

negative and positive polarity columns of the instrument. It could be mentioned, which data is used 264 

for the total particle concentration. 265 

 This now reads as follows: 266 

“A NAIS was used to measure the charged particle number size distribution (PNSD) from 0.8–42 nm, 267 

and the neutral and charged PNSD from 3–42 nm by their mobilities (3.2 to 0.0013 cm2 V-1 s-1). 268 

Neutral and charged measurements will hereon be referred to as simply “total”, and the total 269 

measurements were taken from the negative column.”  270 

13. Line 168-169: is the classification done based on the total PNSD or charged PNSD? This should 271 

be specified. 272 

We used both the ion and particle size distributions. This is specified in the following lines 273 



“Each plot contained data spanning 24 hours and ranging from 0.8–42 nm (charged species from the 274 

NAIS) and 3–800 nm (neutral particles from the NAIS and custom–built MPSS, combined). All NPF 275 

signatures were seen simultaneously in the PNSD and charged PNSD simultaneously.” 276 

14. Line 170: “… neutral particles ...” should read total. 277 

 Here we are referring to the neutral PNSD, not the total counts. We amend this to total PNSD. 278 

15. Line 171: It is not clear what combined means. I am assuming the particle number size 279 

distributions were combined using data below some diameter from NAIS and above it from MPSS. 280 

Please clarify, and specify the connecting diameter. 281 

Yes. We amend with the following line 282 

“Total PNSD from the NAIS and custom–built MPSS, utilising the NAIS <20 nm and the MPSS >20 283 

nm” 284 

16. Line 171-172: Details of these plots such as color scale used are presented, yet none of these plots 285 

are shown anywhere. I would either suggest removing the last sentence as it is not necessary, or 286 

including contour plots in the analysis for added depth to the analysis. 287 

We include a contour plot as an example in the supplement. We argue including notes about how NPF 288 

events were identified down to the plotting of the data is important, as a bad colour palette (such as 289 

base R’s rainbow() palette can lead to misattribution of NPF events. 290 



 291 

Figure S1: Example contour plot. This is the hourly average mean contour plot for the entire 292 

campaign. Panel (a) shows the total (and charged) PNSD, while (b) shows the negative PNSD. The 293 

dashed lines show the upper cut of the charged measurements (A) and the lower cut of the total 294 

measurements (B).  295 

17. Line 174 and the following paragraph: it should be mentioned from which data CS is calculated 296 

from. I am assuming from the MPSS data. 297 

 Yes, this is from the MPSS data. We now state this in the text. 298 

18. Line 186-187: Misleading phrasing “When calculating the formation rate …”. This sentence 299 

makes it seems like the formation rate is the formation rate of particles with sizes in the size range, 300 

i.e., formation rate of 3 to 7.5 nm particles. 301 

Correct, we have amended this. 302 

“When calculating the formation rate, instead of using a single particle size, a range is used. In this 303 

paper we use two ranges, 3–7.5 nm for 3 nm particles, and 7.5–22 nm for 7.5 nm particles. These 304 

sizes were chosen for consistency with the size–cuts used for the rest of the analyses” 305 

19. Line 193, Line 194: As aforementioned, I do not believe “charged species” is an entirely correct 306 

phrase to use in this context. Charged particles or ions would be better. 307 



Amended to “charged particles” here and throughout. 308 

20. There is absolutely no mention of black carbon (BC) anywhere in the methods section. No 309 

mention of such data being used, or how it was measured. This information should be added to this 310 

section. 311 

 Thanks for pointing this out. We include the following sentence 312 

“Black Carbon (BC) was measured through the attenuation of 880 nm light with an Aethalometer 313 

(AE33, Magee Scientific, USA) using the default mass absorption coefficient.” 314 

Results and discussion 315 

21. Line 200: Table reference showing an error. There are some figure references later in the 316 

manuscript, which are faulty too. Luckily, I was able to figure out what the tables and figures referred 317 

to were. 318 

Apologies. These have been amended. 319 

22. Line 200, Line 202: Small ions can also include large charged molecules (see my comment for the 320 

abstract section). 321 

We have included a justification for our use of particles (see above). 322 

23. Line 210-212: Some more recent studies could be referenced here too. 323 

We have included a more recent reference here (see response to point 24). 324 

24. Line 212-214: The electrode effect depends on the heights and is strongest near ground. As the 325 

measurements are taken from the fourth floor, this should be addressed before making any 326 

conclusions on the disparity of positive and negative small ion concentrations. 327 

This is true! However, we do not believe there is any other reason for this disparity, except the 328 

possibility of the walls of inlet influencing our measurements. We nonetheless comment on it. 329 

“The imbalance is believed to be caused by the Earth’s negatively charged surface impacting the 330 

distribution of charged species, referred to as the electrode effect (Hoppel, 1967; Hõrrak et al., 331 

2003). This effect is closest to the ground, and tapers off strongly at a height of meters (Hõrrak et al., 332 

2003). This may also be due to a charged surface on the wall near the inlet, or the inlet itself.” 333 

25. Figure 2: are these the mean size distributions of charged particles? This should be stated both in 334 

the figure caption, and in the text while referring to this figure for the first time. 335 

 Thank you, we now specify that this is a mean. 336 

26. Line 224: This sentence “However, they were present in substantially larger concentrations …” 337 

seems unnecessary and separate at this point, as the differences between NPF and non-event days are 338 

not discussed yet. I would suggest leaving it out. 339 

Good point. We have amended accordingly. 340 

27. Lime 227-231: The size classification diameter limits in these studies are not exactly the same. 341 

For small ions, Dos Santos et al. use 0.8-2 nm (in mobility diameters) while Tammet et al. use <1.6 342 

nm (in mass diameters), while this study uses 0.8-1.6 nm (in mobility diameters). To some extent, this 343 

can have an effect on the ion concentrations, especially as the sub-2 nm ion concentrations are 344 

typically higher than above 2 nm ion concentrations. 345 

 This has been amended, see above response. 346 



28. Line 231: Poor choice of words. “Observed variability …” indicates more to something observed 347 

within this study, not to the differences between different studies. Perhaps “The differences between 348 

these studies ...” would work better. 349 

 This now reads as follows 350 

“The differences between these studies may be explained by proximity to and density of the 351 

surrounding transport infrastructure (see section 3.2.), photochemical processes (see section 3.5.), 352 

and length of campaign period.” 353 

29. Line 236-238: see my 26. comment. 354 

This sentence has been deleted. 355 

30. Line 238-243: Intermediate ion diameter range used in this study is from 1.6 to 7.5 nm and large 356 

ion range is from 7.5-22 nm. The large ion diameter range is wider by over 8 nanometers. I do not see 357 

how the comparison of the concentrations in these two size classes of very different widths is 358 

meaningful. Considering this, attributing the differences in the concentrations of large and 359 

intermediate ions to impact of air pollution does not seem justified if no other argument is given than 360 

the concentrations of large ions being higher. 361 

As these size classifications are often used in ions papers, we argue comparative concentrations are 362 

useful. We do agree, however, that inferring too much from their ratios is not informative, and we 363 

remove the final sentence of this paragraph. 364 

31. Section 3.1 in general, Table 1: In addition to the mean values, median values and 5-95% spread 365 

of the charged particle concentrations is given, yet these are not discussed anywhere. Looking at 366 

them, we can for example notice that the 5% value of positive intermediate ions is larger than for 367 

negative intermediate ions. However, 95% value of negative intermediate ions is larger than for 368 

positive intermediate ions, Discussing the values aside from the mean concentrations would add depth 369 

to the analysis. 370 

 We agree, and have included the following text (new text bold) 371 

“The positive particle concentrations are roughly a factor of 3 greater than the negative ion 372 

concentrations, and this is consistent across the 5-95% spread, so is not attributable to spikes in 373 

positive charged particles” 374 

“Mean number concentrations of intermediate charged particles were 30.7 and 40.9 cm-3 for positive 375 

and negative polarities, respectively. Negative particles show greater spread, with the lower 5% and 376 

lower mean counts possibly also attributable to the electrode effect.” 377 

“Mean number concentrations were 210 and 205 cm−3 for positive and negative polarities, 378 

respectively, and were approximately 5-6 times higher (depending on polarity, higher for positive 379 

particles) than intermediate charged particles. The spread in large ion counts is similar between 380 

positive and negative charged particles, and the relative magnitude of this spread is similar to the 381 

intermediate ions.” 382 

32. Line 254-257: “Diurnal cycles suggest … ”. I do not follow the reasoning here. 383 

We include an extra reference to help argue our point as follows 384 

“Cosmic ray intensity is fairly constant throughout the lower atmosphere (Mercer and Wilson, 1965), 385 

while the variations in radon concentrations is attributable to boundary layer dynamics (Čeliković et 386 

al., 2023). The diurnal variation which we observe is therefore likely to be a combination of boundary 387 

layer height changes affecting the radon concentrations, and variations in particle number surface 388 



area altering coagulation rates due to both boundary layer height changes and primary and 389 

secondary particle emissions.” 390 

33. Line 262: Please specify what time midday corresponds to. 391 

We now specify. This is 10:00 for intermediate, and 12:00 for large particles. 392 

34. Line 276-282: I suggest including this part in the methods section instead. Also, it is still unclear 393 

whether charged particle or total particle concentrations, or both, were considered when identifying 394 

NPF events. 395 

 Great suggestion. We have moved this to the methods. 396 

35. Line 287: Faulty reference again. 397 

Apologies, this has been amended: 398 

36. Line 288: Unclear phrasing, I suggest “… variables and concentrations of charged particles in 399 

different mobility classifications …” or similar. 400 

 Done. This now says: 401 

“Figure 3 shows the correlation coefficients between charged particles in different mobility 402 

classifications and meteorological variables at Leipzig–TROPOS.” 403 

37. Line 292-294, the following paragraph: “These trends align with expectations …”. I believe a 404 

reference should be added here. Rest of the discussion, i.e., the sentence starting “The parameter is 405 

habitually related ...”, in this paragraph could use some references too. 406 

We have added the following reference to both of these sections 407 

“Air temperature is typically elevated when solar radiation is high, and relative humidity is typically 408 

inversely related with air temperature (Seinfeld and Pandis 2016)” 409 

“The parameter is related to air temperature, with cooler morning temperatures theoretically limiting 410 

vertical mixing (Seinfeld and Pandis, 2016) and inadvertently enhancing small charged particle 411 

concentrations.” 412 

“Seinfeld, J.H. and Pandis, S.N. (2016) Atmospheric Chemistry and Physics: From Air Pollution to 413 

Climate Change. John Wiley & Sons, Hoboken.” 414 

38. Line 302: I have doubts about photoionization having a significant contribution to intermediate or 415 

large ion concentrations. Previous studies suggest that in the lower troposphere photoionization 416 

should not have a significant impact on the ionization rates (see e.g., Harrison and Carslaw (2003) 417 

https://doi.org/10.1029/2002RG000114), which is also stated in the references study by Jiang et al. 418 

(2018). In addition, if photoionization contributed to ion concentrations, it should also do so for small 419 

ions. I would argue that the observed correlation of solar radiation with intermediate and large ion 420 

concentrations is attributable to photochemistry and NPF. 421 

39. Figure 5 and the discussion starting from Line 312: I find the connection of Figure 5 and the 422 

discussion in this paragraph with air ions unclear. The role of the discussion here for the manuscript 423 

and its aims should be clarified. 424 

Response to points 38 and 39: Great points, thank you. We provide the following argument now in the 425 

text, which is more concise. We have also moved the figure with the meteorological data to the 426 

supplement. 427 



“Concentrations of other acids (HIO3, MSA) are an order of magnitude lower than H2SO4 428 

concentrations, and so H2SO4 is the most likely candidate for the driver of NPF in this area. 429 

Temperatures were high (~30 oC) during the campaign, and it is unlikely that OOMs can drive 430 

particle formation in this data (Simon et al., 2020). The correlation between H2SO4 dimer and 431 

charged particle concentration (Figure 5, Figure S2) shows that there is no statistically significant 432 

correlation between H2SO4 dimer and small charged particles is, while the correlation with 433 

intermediate and large ions is statistically significant. The correlation is strongest for the 434 

intermediate ions, which peak coincidentally with H2SO4 dimer, which is coincident with high solar 435 

radiation (Figure 3, Figure S3). Particle formation is accelerated by ionising radiation (Kirkby et 436 

al., 2011; Kirkby et al., 2023), and a fraction of these new particles will be charged or will pick up 437 

charge as they grow. NPF occurred on days with higher temperatures and solar radiation (Figure 438 

S3) which is typical for ground-level NPF (Kerminen et al., 2018; Lee et al., 2019). High 439 

temperatures can increase cluster evaporation rates, but this can be offset by the presence of ions 440 

(Lee et al., 2019) although this is dependent on cluster composition (Kirkby et al., 2023). We attribute 441 

these midday peaks in intermediate and large ions to NPF which is likely driven by sulfuric acid, and 442 

argue that NPF is the major source of charged particles in this campaign (Figure 2b, Figure S3). 443 

Primary emissions of intermediate and charged ions will be coincident with BC emissions (Thomas et 444 

al., 2024) 445 

Undefined and non-NPF events are observed when H2SO4 dimer is low. Undefined events are seen 446 

when CS is high, and BC is higher than NPF event days, likely due to traffic emissions, and non-event 447 

days occur when BC and CS are lower. Non-NPF days are possibly observed on these days due to low 448 

concentrations of precursors. The morning and evening peaks in intermediate and large ions are 449 

coincident with peaks in BC concentrations, and are therefore explicable by primary traffic emissions 450 

(Thomas et al., 2024), and we argue that primary emissions are the second largest source of 451 

intermediate and large ions in our data.” 452 

And include the following new figures 453 



 454 

Figure 5: Correlation of H2SO4 dimer with small, intermediate, and large ions, coloured by date 455 



 456 

Figure S2: Scatterplots (bottom panels), and histograms (upper diagonal) of meteorological 457 

variables (solar radiation, air temperature, relative humidity, and wind speed) and small, 458 

intermediate, large, and total charged particles (of both polarities). Also include are H2SO4 dimer 459 

and BC. Red points are NPF days, green points are undefined days, and blue points are non-NPF 460 

days.  461 

 462 

 40. Line 344-346: Are there any potential explanations for the observation of lower small ion 463 

concentrations on NPF event days? 464 

No, we don’t have the data to explain this, but posit that it may be due to stronger vertical mixing and 465 

a deeper boundary layer on these days in the following line.  466 

“Small charged particle concentrations were lower on NPF event days compared to non–NPF event 467 

days, consistent with findings in rural areas (Gagné et al., 2010; Hõrrak et al., 2003), possibly due to 468 

stronger vertical mixing and a deeper boundary layer” 469 



41. Line 361: Is it a coincidence that BC concentrations were higher on nighttime on days, which NPF 470 

event occurred compared to non-event days, or are there some potential explanations for it? 471 

This could be because NPF days are coincident with clear skies and a shallow nocturnal boundary 472 

layer. 473 

“BC peaks in the evening-time, possibly due to a shallow nocturnal boundary layer on these days.” 474 

42. Line 376: “Observed similarities … “ I found it difficult to understand what this sentence means. 475 

We have rewritten this section as follows. 476 

“We attribute these midday peaks in intermediate and large ions to NPF which is likely driven by 477 

sulfuric acid, and argue that NPF is the major source of charged particles in this campaign (Figure 478 

2b, Figure S3). Primary emissions of intermediate and charged ions will be coincident with BC 479 

emissions (Thomas et al., 2024)” 480 

“The morning and evening peaks in intermediate and large ions are coincident with peaks in BC 481 

concentrations, and are therefore explicable by primary traffic emissions (Thomas et al., 2024), and 482 

we argue that primary emissions are the second largest source of intermediate and large ions in our 483 

data.” 484 

43. Line 387: It is not clear what “combined” means here. How I understood it is that the formation 485 

rate of charged particles is determined as a sum of the formation rates of negative and positive ions. 486 

Please clarify. 487 

 Yes, this is correct. This now reads  488 

“sum of both negative and positive particle  formation rates; J3–7.5
charged and J7.5–22

charged” 489 

44. Line 388: What does “combined” mean this context? Does this imply that the formation rate is 490 

just the formation rate determined based on the total particle number size distributions, which are 491 

measured by the NAIS. If so, the use of “combined” is unnecessary and confusing. 492 

Yes, this is correct. In this instance, we remove “combined”. 493 

45. Line 389: This is a very interesting observation, which it implies that more particles are forming at 494 

larger diameters than smaller diameters and that the survival probability of growing particles appears 495 

to be over 1. Therefore, if accurate, something else aside from NPF such as traffic has a significant 496 

contribution on the observed formation rate values. Some discussion on this and what are its 497 

implications for the results of this study, such as on the contribution of ion-induced nucleation on 498 

NPF, should be included. 499 

We agree that this is interesting! It’s also reflected in the shape of the charged PNSD (Figure 2). The 500 

survival probability of new particles cannot, of course, be >1. We update the numbers in the 501 

manuscript, as we were quoting J averaged across the whole campaign, which overemphasises 502 

primary emissions. We instead now quote numbers just from NPF periods, which makes more sense, 503 

and include the following discussion, alongside an updated figure that includes the diurnal cycle of Js: 504 

“Notably, the apparent J values of charged particles increased with aerosol size. The mean J values 505 

of 3 and 7.5 nm charged particles during NPF were 0.165 and 0.326 cm-3 s-1, respectively, with mean 506 

values of J7.5–22
charged approximately 2 times higher than J3–7.5

charged. These compare with mean J values 507 

of 3 and 7.5 nm total particles during NPF of 7.21 and 1.47 cm-3 s-1, respectively, with mean values of 508 

J7.5–22
total approximately 0.20 times than J3–7.5

total. The aforementioned J values are within the observed 509 

tropospheric ranges for charged and total particles reported by Hirsikko et al. (2011). When 510 

considering the calculated ratios of Jcharged / Jtotal in the respective size ranges, the apparent mean 511 



contributions of charged particles to 3 and 7.5 nm total particle formation were 5.7 and 12.7%, 512 

respectively. J3-7.5
total is higher than J7.5-22

total, which is typical, as new particles are lost as they grow 513 

from 3 to 7.5 nm. However, J3-7.5
charged is higher than J7.5-22

charged. We attribute this to charging of 514 

growing aerosol by the condensation of smaller charged particles, and this is consistent with the low 515 

concentrations of intermediate charged particles (Figure 2, Table 1). The diurnal cycle in J shows a 516 

peak that is coincident with the peaks in H2SO4 dimer and intermediate charged ion concentrations 517 

(Figure 5).”   518 

 519 

Figure 6: Apparent formation rates of (A) 3–7.5 nm charged particles (left) and total particles (right) 520 

and (B) 7.5–22 nm charged particles (left) and total particles (right). Calculated from 9 new particle 521 

formation (NPF) event days using 10–minute means. (C) the diurnal cycle in formation rates on 522 

NPF days, and (D) growth rates (GR) of 3–7.5 and 7.5–22 nm charged particles. The coloured 523 

rectangle represents the middle 50% of the data, with the central horizontal line indicating the 524 

median value. The whiskers (vertical lines) extending from the rectangle show the spread of the data. 525 

Data points beyond the whiskers show outliers. 526 



46. Line 396-405: Some references to previous studies would be appreciated. ; 47. Line 405-406: “It 527 

would be reasonable to view …” I do not understand/follow the reasoning here. Please clarify. 528 

 We have rewritten this for clarity. We do not include a reference here as it’s a general statement 529 

about surface area and mobility. 530 

“Large charged particles are more likely to act as a sink because of their greater surface area. In 531 

comparison, smaller charged particles are more susceptible to ion–ion recombination due to higher 532 

mobility. This recombination process, wherein two oppositely charged particles combine and 533 

neutralise each other, accounted for in equation (4), can impact the abundance of smaller charged 534 

species, influencing their ability to contribute to nucleation and particle formation in the atmosphere. 535 

It would be reasonable to view J3–7.5
charged as an upper limit to ion–induced nucleation, while larger 536 

charged particles appear to have a substantial contribution from charges acquired subsequently.” 537 

48. Section 3.6 in general: I would suggest also including the formation rates of negative and positive 538 

ions separately (and not just the combined value) in the analysis/discussion. 539 

These are similar, and we include the following line in the discussion. 540 

“The ratio of Jpositive:Jnegative is 0.9.” 541 

49. Line 421: It should be clarified how the GRs of charged particles have been determined. As only 542 

one GR per size range is presented, I would assume that the number size distributions of negative and 543 

positive ions have been summed and from those a single GR value was derived. Similarly to Section 544 

3.6, I suggest also including GRs of positive and negative ions in the analysis/discussion separately. 545 

This is correct. The time evolution of the PNSD on NPF/non-NPF days is similar, so we opt to not re-546 

calculate these individually, but they were performed on the negative ion distributions. We include the 547 

following lines in the manuscript 548 

“Growth rates were calculated according to the mode-fitting method outlined in Kulmala et al. 549 

(2012).” 550 

50. Line 427-428: “Contrary to …”. A reference is needed here. 551 

 We have included an appropriate reference 552 

51. Figure 3, 5, 6, 7: Please specify also that the lines are mean number concentrations for each hour. 553 

We have added this to every figure caption. 554 

Conclusions 555 

52. Line 443: it could be stated here in the beginning of the conclusions what diameter ranges small, 556 

intermediate and large ions correspond to. 557 

This has been added. 558 

53. Line 442: I still do not understand this direct comparison of the concentrations in the different size 559 

classifications as the diameter range widths are completely different. I do not find the observation of 560 

large ions (7.5-22 nm) and small ions (0.8-1.6 nm) having similar concentrations meaningful as the 561 

former covers so much larger range of ion sizes compared to the latter. 562 

We agree and have removed this observation. 563 

54. Line 443: Unclear phrasing “Variable concentrations were observed …” Variable concentrations 564 

as compared to what? Additionally, observed suggest that something is observed in this study. A 565 



better phrasing would be “The concentrations of intermediate/large ions in this study were observed to 566 

be lower/higher than in some previously published studies, possibly linked to ..” 567 

 For clarity we exclude this statement. 568 

55. Please mention the measurement period in the conclusions section, for example in the beginning 569 

of the section. In addition, mention at least that a NAIS was used to measure the charged particle/air 570 

ion concentrations. 571 

 We agree, and now start the conclusions 572 

“The charged and total PNSDs were measured from 27th July to 25th August 2022 using NAIS in 573 

urban Leipzig to understand the sources, sinks, and dynamics of charged particles. Throughout the 574 

measurement campaign, small (0.8–1.6 nm)…” 575 

Technical comments 576 

Line 54: … in the atmosphere, which … ; Line 55: missing word. These ions can be … ; Line 122: It 577 

should read “a NAIS”. ; Line 171: Missing word after “Each”. ; Line 178: “assumed to be sulphuric 578 

acid” ; Section 2.4: the symbols denoting parameters, such as D, β, etc should be in italics in the text. 579 

Thanks, we have implemented all of these. 580 

Line 241, 347, 465: “depending on polarity” does not clarify which value corresponds to which -581 

polarity. 582 

Thanks, we have amended this throughout. 583 

Line 376: suggest replacing “source strengths” with “concentrations”. 584 

You are right that concentrations are a mix of source and sink, both of which are important. This has 585 

been amended 586 

Line 473: A missing word. 587 

We are not sure a word is missing here 588 

Table legends and figure legends (Line 723-): The table and figure numbers are wrong. 589 

Amended. 590 

Reviewer: 3 591 

The manuscript by Rowell et al. studied the role of air ions during atmospheric new particle formation 592 

in urban Leipzig based on data collected from a one-month campaign. The authors investigated the 593 

features in air ions in relation to selected meteorological parameters, CS, BC and H2SO4 dimer on 594 

NPF days compared with those on non-NPF and undefined days as well as characterised their 595 

formation rates and growth rates. Although the work is based only on a short campaign, it is a 596 

valuable dataset worth publication contributing to the urban studies. However, the current manuscript 597 

has several defects that cause confusion regarding especially size range classification and neutral 598 

fraction definition. Also the one-month dataset cannot support the conclusion that ’ ion–induced 599 

processes play a minor role compared to neutral species in NPF at Leipzig–TROPOS’. Such general 600 

conclusion requires long-term measurements. I would also like to suggest that the authors take a 601 

closer look at the CI data, which could possibly help the elucidation of the precursor differences 602 

between undefined and non-NPNF days.  Adding further discussion on the impact of urban pollution 603 

on NPF at the site will make the manuscript more valuable.  604 

We thank the reviewer for their comments and agree they have strengthened the manuscript. Answers 605 

below.  606 



1. First of all, the authors stated that ’the air ion/charged particle population was mobility 607 

classified …’ but then gave size ranges in nanometers. It is confusing. Also size classification 608 

in Tammet (2006) is based on mass diameter. NAIS measures mobility diameter in the range 609 

of 0.8-42 nm. The authors stated that they followed the classification used by Tammet (2006). 610 

A mobility diameter of 0.8 nm is around 0.4 nm in mass diameter. So have the authors 611 

omitted the smallest ions?  612 

We agree these are erroneous. For consistency with BSMA measurements, we have converted all 613 

sizecuts to the appropriate sizecuts following the suggestion of Ku & de la Mora (2009), and making 614 

the alteration using the effective gas diameter of 0.3 nm. We have reproduced all figures and 615 

reworked all relevant parts of the text (not included below for length considerations). 616 

Ku, B. K., & de la Mora, J. F. (2009). Relation between Electrical Mobility, Mass, and Size for 617 

Nanodrops 1–6.5 nm in Diameter in Air. Aerosol Science and Technology, 43(3), 241–249. 618 

https://doi.org/10.1080/02786820802590510  619 

2. On P5 L123-124, the authors wrote ’neutral PNSD from 3–42 nm by their mobilities (3.2 to 620 

0.0013 cm2 V-1 s-1)’. The mobility range and the size range don’t match. A mobility of 3.2 621 

cm2/Vs is approximately 0.8 nm in mobility diameter. Also the sentence is confusing. NAIS 622 

measures in the mobility size range of 0.8-42 nm, which applies in both air ion and total 623 

particle modes. However, since corona charging is used in the total particle mode, data below 624 

approximately 2.5-3 nm are contaminated by the charger ions and therefore are not usable.  625 

Great point, thank you for highlighting the error. This now reads as follows 626 

“A NAIS was used to measure the particle number size distribution (PNSD) of naturally charged, and 627 

also the sum of naturally charged and neutral species from 0.8–42 nm (3.2 to 0.0013 cm2 V-1 s-1) by 628 

their mobilities. In the case of the charged and neutral species, the data from 3-42 nm is used, as the 629 

charging mechanism for neutral particles causes interference <3 nm.” 630 

3. On P6 L170, the authors stated that they used combined data from NAIS and MPSS to get 631 

neutral particles in the range of 3-800 nm. How was the neutral fraction obtained?Is there an 632 

ion filter in the MPSS? 633 

Sorry, this is a misattribution. We should really say neutral and charged particles. This has been 634 

amended (and we also note how we joined together the size distribution) 635 

“neutral and charged PNSD from the NAIS and custom–built MPSS, utilising the NAIS <20 nm and 636 

the MPSS >20 nm” 637 

And lower down we say 638 

“Neutral and charged measurements will hereon be referred to as simply “total”” 639 

4. P7 L202: ’small charged particles (0.8-1.6 nm)’, these are rather clusters. 640 

We agree that these are clusters, however, we opt to use particles as a catch-all term (in the way that 641 

particle encompasses everything from a large aerosol to a subatomic particle.) this way, we include 642 

any potential for measurement of charged atoms, molecules, clusters of molecules, or charged 643 

aerosols. The more commonly used air ion seems like a misattribution, as the term ion typically refers 644 

to single atoms or molecules, but not larger particles. We explain this in the following sentence 645 

 “Here, we refer to all charged species measured by the NAIS as “charged particles”, which includes 646 

charged aerosols, as well as charged molecules and charged clusters of molecules.” 647 



5. P8 L214: the earth electrode effect is typically only pronounced at ground surface level. The 648 

data in this study was obtained from 4th floor. At this height, the earth electric field effect is 649 

small. The building’s wall may have an influence. How was the NAIS inlet constructed? The 650 

high mobility channel of NAIS may also suffer from electric noise. Are the concentrations 651 

comparable between polarities in indoor environment? 652 

Great point, thanks. We measured with conductive flexible rubber tubing, but the inlet was close to 653 

the wall of the building. We amend this as follows 654 

“The imbalance is believed to be caused by the Earth’s negatively charged surface impacting the 655 

distribution of charged species, referred to as the electrode effect (Hoppel, 1967; Hõrrak et al., 656 

2003). This effect is closest to the ground, and tapers off strongly at a height of meters (Hõrrak et al., 657 

2003). This may also be due to a charged surface on the wall near the inlet, or the inlet itself.” 658 

6. L283-285: NPF days have strong seasonal dependence. It is better to make comparison with 659 

studies in summer from other sites. 660 

Sorry, we should specify, that is the summertime frequency from Bousiotis et al. This now says: 661 

“The frequency of NPF event days (30%) was comparable with frequencies from long–term analysis 662 

of summertime data at this site (Bousiotis et al., 2021).” 663 

7. L321-322: ’charged particles may play a significant role in stabilising clusters’. It is 664 

confusing that particles could stabilise clusters. Please change charged particles to charges. 665 

In line with the suggestion from another reviewer, we in fact rewrite this section and so exclude this 666 

sentence altogether. The relevant section is included in our response to your point 9. 667 

8. L374-375: Fig. 7 shows that BC on non-event days is comparable to that on undefined days. 668 

We now clarify this as follows 669 

“Undefined events are seen when CS is high, and BC is higher than NPF event days, likely due to 670 

traffic emissions” 671 

9. L375-376: ’ Non-NPF days are possibly observed on these days due to low source strengths 672 

of precursors.’ The authors have access to the CI data which should be able to provide more 673 

details.  674 

Yes. In an effort to amend this, as well as a couple of other comments on this section, this now reads 675 

as follows: 676 

“The mean diurnal cycles of black carbon (BC), sulphuric acid (H2SO4) dimer, and condensation sink 677 

(CS) concentrations on NPF event, undefined, and non–NPF event days at Leipzig–TROPOS are 678 

shown in Figure 4b,d,f. BC concentrations were generally lower in the morning and into the early 679 

evening, and noticeably higher in the late evening/night–time on NPF event days compared to non–680 

NPF event days. Morning and late evening/night–time peaks occurred synchronously with peaks in 681 

large charged particles. BC is often used as a proxy for traffic–related air pollution and other 682 

combustion–related activities (Seinfeld and Pandis, 2016). Peaks in BC were synchronous with peaks 683 

in the CS due to the high surface area of BC–containing particles. Maximum H2SO4 dimer 684 

concentrations peaked synchronously with intermediate charged particle concentrations. In the 685 

nitrate CI–APi–ToF, the H2SO4 dimer is a representation of atmospheric H2SO4.HSO4
-, larger 686 

atmospheric sulphuric acid–base clusters which undergo evaporation due to chemical ionisation, and 687 

some ion-molecule pairing in the front of the CIMS inlet (Almeida et al., 2013) and is considered a 688 



good proxy for the occurrence of NPF in urban environments (Yao et al., 2018). H2SO4 dimer is 689 

highest on NPF days, while BC is low. CS on event days is similar to non-event days, indicating that 690 

the key difference is H2SO4 dimer source strength. A CS peak approximately five hours after the 691 

H2SO4 dimer peak on NPF event days reflects the growing mode of new particles contributing 692 

appreciably to surface area.  693 

 694 

Concentrations of other acids (HIO3, MSA) are an order of magnitude lower than H2SO4 695 

concentrations, and so H2SO4 is the most likely candidate for the driver of NPF in this area. 696 

Temperatures were high (~30 oC) during the campaign, and it is unlikely that OOMs can drive 697 

particle formation in this data (Simon et al., 2020). The correlation between H2SO4 dimer and 698 

charged particle concentration (Figure 5) shows that there is no statistically significant correlation 699 

between H2SO4 dimer and small charged particles, while the correlation with intermediate and large 700 

ions is statistically significant. The correlation is strongest for the intermediate ions, which peak 701 

coincidentally with H2SO4 dimer, which is coincident with high solar radiation (Figure 3, Figure S3). 702 

Particle formation is accelerated by ionising radiation (Kirkby et al., 2011; Kirkby et al., 2023), and 703 

a fraction of these new particles will be charged or will pick up charge as they grow. NPF occurred 704 

on days with higher temperatures and solar radiation (Figure S3) which is typical for ground-level 705 

NPF (Kerminen et al., 2018; Lee et al., 2019). High temperatures can increase cluster evaporation 706 

rates, but this can be offset by the presence of ions (Lee et al., 2019) although this is dependent on 707 

cluster composition (Kirkby et al., 2023). We attribute these midday peaks in intermediate and large 708 

ions to NPF which is likely driven by sulfuric acid, and argue that NPF is the major source of 709 

charged particles in this campaign (Figure 2b, Figure S3). Primary emissions of intermediate and 710 

charged ions will be coincident with BC emissions (Thomas et al., 2024) 711 

Undefined and non-NPF events are observed when H2SO4 dimer is low. Undefined events are seen 712 

when CS is high, and BC is higher than NPF event days, likely due to traffic emissions, and non-713 

events are observed when BC and CS are lower. Non-NPF days are possibly observed on these days 714 

due to low concentrations of precursors. The morning and evening peaks in intermediate and large 715 

ions are coincident with peaks in BC concentrations, and are therefore explicable by primary traffic 716 

emissions (Thomas et al., 2024), and we argue that primary emissions are the second largest source 717 

of intermediate and large ions in our data.” 718 

And include the following new figures 719 



 720 

Figure 5: Correlation of H2SO4 dimer with small, intermediate, and large ions, coloured by date 721 



 722 

Figure S2: Scatterplots (bottom panels), and histograms (upper diagonal) of meteorological 723 

variables (solar radiation, air temperature, relative humidity, and wind speed) and small, 724 

intermediate, large, and total charged particles (of both polarities). Also include are H2SO4 dimer 725 

and BC. Red points are NPF days, green points are undefined days, and blue points are non-NPF 726 

days.  727 

10. L387: ’…and neutral particles (charged and neutral particles, combined; J3–7.5neutral and 728 

J7.5–22neutral) ’. The authors wrote ’neutral particles’ but in the bracket ’charged and neutral 729 

particles, combined’ . Are they charged or not? Or total particles? 730 

This was to provide clarity. However, we now amend all use of “neutral” in this context to “total”. 731 

Also, as we already discuss this in the methods, we remove these words. 732 

11. Also on P19, the authors sometimes discussed about total particles and sometimes neutral 733 

particles. Very confusing. 734 

This section has been rewritten and now uses consistent terminology 735 



“Figure 6a,b shows the apparent formation rates (J) of 3 and 7.5 nm charged particles (sum of both 736 

negative and positive particle formation rates; J3–7.5
charged and J7.5–22

charged) and total particles (J3–7.5
total 737 

and J7.5–22
total) during NPF event days at Leipzig–TROPOS. Figure 6c shows the diurnal cycle of  738 

these rates. The ratio of Jpositive:Jnegative is 0.9. Notably, the apparent J values of charged particles 739 

increased with aerosol size. The mean J values of 3 and 7.5 nm charged particles during NPF were 740 

0.165 and 0.326 cm-3 s-1, respectively, with mean values of J7.5–22
charged approximately 2 times higher 741 

than J3–7.5
charged. These compare with mean J values of 3 and 7.5 nm total particles during NPF of 7.21 742 

and 1.47 cm-3 s-1, respectively, with mean values of J7.5–22
total approximately 0.68 times than J3–7.5

total. 743 

The aforementioned J values are within the observed tropospheric ranges for charged and total 744 

particles reported by Hirsikko et al. (2011). When considering the calculated ratios of Jcharged / Jtotal in 745 

the respective size ranges, the apparent mean contributions of charged particles to 3 and 7.5 nm total 746 

particle formation were 5.7 and 12.7%, respectively. J3-7.5
total is higher than J7.5-22

total, which is typical, 747 

as new particles are lost as they grow from 3 to 7.5 nm. However, J3-7.5
charged is higher than J7.5-748 

22
charged.” 749 

 750 

12. The study is based only on a one-month campaign. It is not evident enough to reach the 751 

conclusion that ’ion–induced processes play a minor role compared to neutral species in NPF 752 

at Leipzig–TROPOS’. The generalisation requires studies from long-term measurement.  753 

We provide the following alteration to this statement  754 

“Nevertheless, observed ratios of charged to uncharged particles in the size range impacted by NPF 755 

suggest charged species play a minor role compared to neutral species in NPF at Leipzig–TROPOS 756 

in our data” 757 

13. The reference list is messy. Please follow the alphabetic order and use the format of surname 758 

followed by abbreviation of given name.  759 

The reference list has been tidied, thank you. 760 

Other issues: 761 

L111: change ’city’s weather’ to ’the weather of the city’ ;  L200, L208,L286, etc.: Error! Reference 762 

source not found. Please check figures and tables. ; L200-201: ’large’ is split. L287: ’variables’ is 763 

split. 764 

Thank you for highlighting these, they have been amended. 765 


