
Answers to comments by anonymous Referee #1: 

 

We would like to thank Referee #1 for his/her helpful comments that certainly increase the 

readability of our manuscript and the overall quality of our study. In the following, we will address 

major and minor comments. For this, the referee comments will be given in green, our answers and 

adjustments to the manuscript in black. When referencing page and line numbers, we are always 

referring to the original versions of manuscript and SI. 

 

The study reported by Sarah Grawe and her co-authors on linking the immersion freezing behaviour 

of CFA particles to the physicochemical properties of coal fly ash (CFA) is an interesting and timely 

investigation. For a long time, the study of CFA as ice-nucleating particles (INPs) has been overlooked 

and this is one of the recent efforts to understand the intrinsic behaviour of this group of aerosol 

particles as INPs. This report has given an insight into the chemistry of CFA when immersed in water, 

which typifies the atmospheric process that these particles undergo in different cloud conditions. 

Although only a few samples are investigated here, the study has highlighted the deactivation of the 

ice-nucleating potential of CFA particles due to alterations in the chemical properties of the ash 

indicated by the two generation systems that they employed in this study – dry and wet generation 

methods. The deactivation in the IN abilities of these particles observed for all the wet-generated 

CFA particles points to the possible chemical and physical changes that could occur in this scenario. 

Again, it is very striking to see that the IN ability of CFA can be compared to some mineral 

dust/mineral particles. This leaves an open question - what if the ice residue measurements 

attributed to mineral dust could also be contributed by CFA because of some similarities in their 

mineralogy? At the moment, I could not agree less with Grawe et al. that it is difficult to ascertain the 

atmospheric abundance as well as the transport of these particles in the atmosphere and hence, 

estimating its impact on clouds based on these new results will be a daunting task. On a general 

note, the manuscript is relatively well-composed, logically presented, and well-referenced – aside 

from the few major and minor comments that I have suggested below to enhance the quality of this 

work, I have no reservations in recommending this study for publication in ACP. 

 

Minor Revisions 

 

1. The differences between the efficiencies of CFA_dry and CFA_wet are really huge, some up 

to 6 orders of magnitude (Fig. 4) e.g. CFA4, do you think that only wet chemistry of the CFA 

can explain this difference? At least for CFA4, there are no needle-shaped particles observed. 

Are there other works that you can refer to that might give useful information to 

substantiate your hypothesis? Other workers in the ice nucleation community have seen 

these differences (though not this much). Please, can you explain more on these 

observations? 

The largest difference in ns comparing dry- and wet generated particles (at -35 °C) was seen for CFA2 

(~4 orders of magnitude), followed by CFA1 (~3 orders of magnitude), CFA4(~factor 180), and CFA3 

(~1 order of magnitude). LACIS and LINA, where we assume you found the six orders of magnitude 

difference for CFA4, cannot be compared because there is no temperature overlap. It is indeed 

interesting that the largest difference was not observed for CFA1, which presumably contains most 

soluble anhydrite, but for CFA2. However, when considering the error bars, which are quite large for 

wet-generated particles (for explanation see P15, L9-11), it becomes obvious that we should be 

cautious when comparing the degree of reduction in ns for the different samples. It must be noted 

that even if the needle-shaped particles were only observed for CFA1, we also found hydration 

products in wet-generated particles of the other three samples (see Sec. S1 and S3). 



We agree that it would help to reference previous studies to substantiate our hypothesis of 

hydration leading to a reduction in ns when switching from dry to wet particle generation. But to our 

knowledge there are no published immersion freezing measurements of dry- and wet-generated 

particles of a hydratable substance with a single particle instrument such as LACIS. The studies you 

probably refer to (e.g., Hiranuma et al, 2015; Emersic et al., 2015) compare ns values derived from 

cold stage methods and dry-dispersed particle measurements, not dry- and wet-dispersed particle 

measurements with one instrument. Hence, hypotheses given as possible explanations for the 

observed discrepancy between suspension methods and dry-dispersed particle measurements given 

in Hiranuma et al. (2015) and Emersic et al. (2015) for the most part do not apply to our 

measurements with dry- and wet-generated size-selected particles. 

To summarize: Yes, we do assume that aqueous chemistry causes the observed reduction in ns. We 

slightly adapted the paragraph dealing with this topic (P16L6-11): “A decrease in immersion freezing 

efficiency from dry to wet particle generation was already reported for CFA and coal bottom ash in 

Grawe et al. (2016). A possible explanation for the observed discrepancy was presented following 

previous investigations of Hiranuma et al. (2015), who conducted immersion freezing measurements 

with both dry-dispersed mineral dust and mineral dust suspensions. There, it was hypothesized that 

the increased time that the particles spend in contact with water leads to a change in chemical 

particle properties. For our previous study (Grawe et al., 2016), it was not possible to identify 

relevant processes because information on the chemical composition of 300 nm particles was 

missing. In the framework of the present study, differences in chemical composition of dry- and wet-

generated CFA particles were identified (see Sec. 2.4 and S1), and will be discussed in relation with 

the immersion freezing results in Sec. 3.2.2.”. 

 

2. The authors should be consistent with the use of ‘needle-shaped crystals or particles’ rather 

than just needles unless clearly predefined. The ESEM images referred to in Figure S5 is of 

poor quality and that makes it highly difficult to appreciate the differences. The so-called 

‘needle-shaped’ crystals are not well-shown in a convincing way. Please, do you have high 

quality or better ESEM images with high resolution that you can present to really buttress 

the findings that the report is making most references to? Please, could you clearly state how 

the particles from the wet aggregation method were collected and treated before the ESEM 

imaging? One would expect a bit of aggregation of the particles if they were allowed to dry 

out from the droplets – otherwise, isolated particles will be seen. Figure S12 - further calls for 

a better interpretation of the morphology of the particles, Already, the scale shown is rather 

large for this type of study. Although there are crystalline pins present on the slide, there are 

also light-coloured regions, which may be CFA particles too. Please, could you throw more 

light on this?  

We changed the expression to “needle-shaped particles” in all instances. 

The wet-generated particles were collected behind the DMA as shown in Fig. 1. with the multi-MINI. 

There was no treatment to the loaded substrates before ESEM measurements. This was added to the 

manuscript in Sec. 2.4.1. Please be aware that the particles were dried already before coming into 

contact with the substrate, they do not hit the substrate as droplets and dry there.  

At the moment it is not possible for us to provide higher resolution ESEM images as the instruments 

are currently upgraded. An ESEM image was added in the SI (Fig. S6) on which the needles are clearly 

visible. 

The images from the optical microscope (now Fig. S13) are only shown to stress that the needle-

shaped particles precipitate in the suspension in case of CFA1 which explains the large scale of the 

images. We do not see any need to include new images with higher magnification. We added the 

following paragraph to explain Fig. S13 in more detail: “Images of liquid CFA suspension droplets 

were taken with a digital camera coupled to an optical microscope (Primovert, Carl Zeiss Microscopy 



GmbH, Jena, Germany). The magnification is 200x and unpolarized light was used. The suspensions 

were prepared in the same way as for the LACIS measurements and pipetted onto a glass microscope 

slide. A second slide was put on top of the liquid droplet to increase the amount of particles in focus 

and to avoid evaporation during examination. Figure S13 a shows that needle-shaped particles are 

present in the aqueous environment of the CFA1 suspension, suggesting that they precipitate in the 

suspension and are not or only weakly water-soluble. The needle-shaped particles are several tens of 

microns long. In addition to the needle-shaped particles, smaller spherical and irregularly shaped 

particles can be seen. Droplets from the CFA2, CFA3, and CFA4 suspensions do not contain needle-

shaped particles, only irregular and spherical particles. Generally, the number of irregularly shaped 

particles visible in Fig. S13 is much higher than the number of spherical particles for all samples. 

Coagulation of particles can be observed to some extent for all samples and might affect the surface 

area available for triggering immersion freezing in the cold stage experiments as described by 

Emersic et al. (2015).” 

 

3. For a better/easier readability, I would kindly recommend that Fig. 3 be modified following 

these suggestions: (1) show error bars in ns rather than temperature for CFA1-4 samples 

such that they can be easily compared with Garimella’s work. Again, for the CFA3 panel, 

some selected data points can show the error bars to avoid obscuring its readability. (2) the 

legend should be kept together for an easy reference. (3) if possible, increase the data points 

size for Garimella’s CFA and try to put a fit through the data points for an easy comparison. 

The uncertainty in the SPIN AF is 14 % due to 10 % uncertainty of OPC and CPC. This value was 

considered for estimating the uncertainty in ns ( ns = -ln(AF-1)/Ap) which was added as vertical error 

bars in all panels. For CFA1 and CFA3, we only show error bars in ns and omit the horizontal error bars 

for greater clarity. Explanatory sentences were added in Sec. 2.3.2 and 3.1.1. Note that the vertical 

error bars for Garimella (2016) are derived from the uncertainty of a machine learning approach that 

was used to determine AF and hence differ substantially from ours. The data point size for data from 

Garimella (2016) was increased and an exponential fit was added. The legend was changed as 

suggested. Error bars for the SPIN AF were also added in Fig. C1. 

Note that the upper left panel now includes more data points of measurements with CFA1 than in 

the previous version of the manuscript. In the previous version, there was an error in the generation 

of Fig. 3 which was now discovered and corrected. The main message, i.e., that the CFA investigated 

by Garimella (2016) is significantly different from CFA1 in terms of its immersion freezing behavior, is 

not changed by this.  

 

4. The current title is a bit ambiguous for the results presented in this present study. The 

authors might consider focusing the title more on the ‘reduction in the efficiency of CFA ice 

nucleation in the immersion freezing mode due to modifications/changes in the chemical 

properties’. OR another main idea that this work presents as a strong salient point is ‘the 

difference between dry- and wet-generated CFA particles on their ice nucleation behaviour’. 

From this present investigation, it is not quite clear how the physical properties such as size, 

morphology and others change the ice nucleation behaviour rather attention should be 

focused on the unravelled chemical compositions and transformations. The authors might 

want to consider revising the title to carry the main idea of the article.  

We feel that the given suggestions do not reach far enough as physical properties were also 

investigated and discussed in connection with the immersion freezing results. On P16L24-26, e.g., we 

discuss the good agreement between LACIS wet and WISDOM for CFA1 which shows that the 

immersion freezing efficiency of this sample scales with the surface area of the particles. In addition 

we elaborately discuss changes in morphology (occurrence of needle-shaped particles) and 

crystallography (anhydrite-gypsum and quicklime-calcite conversions) and their effects on the 



immersion freezing behavior. Hence, we would like to stick with the current title unless a change is 

absolutely requested for publication. 

 

5. Figures (S6 – S9) - Please give more explanation in the plot’s description, label the ordinates 

and abscissas correctly, and indicate the meaning of the legend codes (I.e. numbers in 

braces). Please, could you show the various classifications of CFA probably in a table format 

for readers to follow the discussion with ease? Indicate the equations of the fit for Figure 

S11. Please remove the error numbers ( ± xxx) - they are irrelevant to the apparent BET 

surface areas as shown in Table S3. The errors are not realistic to the material rather to the 

fit/model performance hence, they are not needed (you may want to discuss with experts in 

this field). The adsorption model used in obtaining the specific surface area can vary 

considerably even with the same material. It really depends on how good the fit is and the 

number of points on the Isotherm considered. 

Figures S7-S10 (former Fig. S6-S9) and their captions were modified according to your suggestions. 

We included a Table (S2) showing the identified major (> 5%, checkmarks) and minor phases (< 5%, 

checkmarks in parentheses). We decided not to include percentages in Table S2 because amounts of 

identified phases can vary significantly between measurements (see P11L5-6 of the SI). 

Instead of including the normal distribution fit functions in Fig. S12 (formerly S11), we present a 

Table (S3) showing µ and σ of both modes for each sample. 

The errors of the BET measurements shown in Table S5 (former Table S3) are the standard deviation 

of values derived from three measurements with R2=0.999, i.e., very accurate fits to the data. We 

used 11-point BET. We do not quite understand why our error bars should not be meaningful but are 

open to suggestions for improvement. For now, nothing was changed concerning the error bars, but 

we included some more information, i.e., the accuracy of the fits, the number of points considered, 

and the detection limit of the instrument (0.01 m2 g-1) in Sec. S8. 

 

Minor technical suggestions 

 

Page 1, L4: This line should read ‘. . .physico-chemical properties of particles can influence. . .’. 

Changed. 

 

Page 2, L1&2: Please replace “ice nucleating” with “ice-nucleating”. This correction should be applied 

to such instances in the entire manuscript. 

Done. 

 

Page 2, L5: Please change ‘there is ongoing discussion...’ to ‘there is an ongoing discussion...’. 

Done. 

 

Page 2, L6: Add Chen et al., 2018 to the reference. 

Done. 

 

Page 2, L9&10: Please restructure the sentence such that ‘ice nucleation active’ would be changed to 

something like ‘act as ice nuclei’. 

Done. 

 

Page 2, L12: Please use past tense when describing past works in contexts like this one. e.g. Hoose 

and Möhler (2012) summarized. . .’. This has reoccurred in several places in the manuscript (next 

case is Page 2, L25 and so on). Please change “soot is a generally worse ice nucleus...” to "soot is 

generally a worse ice nucleus. . .”. 



Tenses were adjusted to past where necessary throughout the manuscript.  

We would like to keep the wording of the cited phrase because it is a direct quote taken from Hoose 

and Möhler (2012). 

 

Page 2, L17: Please give a better definition of bottom ash to distinguish the two forms of the ashes – 

one can also have bottom ash from the coal power plants, burning of agricultural fields, etc. 

We now terminate the sentence after “bottom ash” and included the following: “The latter is defined 

as the fraction that remains in the power plant, fireplace, or on the ground after a wildfire and can be 

emitted due to wind erosion.” 

 

Page 2, L22: Please change ‘. . .gases from Coal Fly Ash.’ to ‘. . .gases of Coal Fly Ash.’ 

Changed. 

 

Page 3, L1: I would omit the adjective ‘perfectly’. 

Deleted. 

 

Page 3, L7: There are other works on ice nucleation of CFA captured by Umo et al., 2015 and Grawe 

et al. 2016 that preceded Havlicek’s work. Please briefly mention them here or you can use an 

annotation like ‘references therein’ in an appropriate place. 

We incorporated the earlier studies in the following way: “Concerning the ice nucleation activity of 

ash particles, only few studies have been published so far. Early investigations of aerosol from coal-

fired power plant plumes were contradictory as to whether the particles are able to act as INPs 

(Parungo et al., 1978) or not (Schnell et al. 1976). More recent studies (Havlíček et al., 1993; 

Umo et al., 2015; Garimella, 2016; Grawe et al., 2016) agreed that ash particles indeed trigger 

heterogeneous ice nucleation.” 

 

Page 3, L13: Put a space before any unit e.g. -15 °C. Please correct this throughout the manuscript. 

Done. 

 

Page 3, L14-18: Please recast these statements – there are a bit confusing to me. 

We rephrased the sentences in the following way: “The water-soluble components were separated 

from all samples and ice nucleation experiments were carried out with the original samples, the 

water-insoluble components, and the water-soluble components. Immersion freezing was found to 

be less efficient than deposition nucleation in all cases. The water-insoluble components were up to 

three orders of magnitude less efficient in the deposition mode than the untreated samples. 

However, when the water-soluble components alone were investigated, they showed surprisingly 

low efficiency. This finding illustrates the complex interplay of physico-chemical particle properties 

and freezing behavior, as the water-soluble components increased the ice nucleation efficiency only 

when associated with the CFA particles.” 

 

Page 3, L20: misspelt word “properties’. 

Corrected. 

 

Page 3, L26: This statement can read better as “Garimella (2016) investigated the freezing behaviour 

of four different CFA samples from the USA using the Spectrometer for Ice Nuclei (SPIN; Droplet 

Measurement Technologies, Inc.)”. 

Changed. 

 



Page 3, L28-29: Please could you indicate the relative humidity that 1% ice-activity was reported and 

same for Havlicek’s study? 

No relative humidity is given for the deposition nucleation experiments by Havlíček et al. (1993). 

Garimella (2016) report AF=1% for T<-30 °C at 1.25 < Sice< 1.4, which is now included in the 

manuscript. 

  

Page 3, L30: Please edit this line to read “. . .measurements of CFA by. . ..”. 

Done. 

 

Page 4, L1: Please restructure this line. 

Done. It now reads: “Previously (Grawe et al., 2016), we investigated the freezing behavior of wood 

bottom ash, coal bottom ash, and CFA”. 

 

Page 4, L6: Please omit ‘previously investigated’ from this line. 

Removed. 

 

Page 4, L12: These are very broad scientific questions. This part should be presented as hypotheses 

rather than as elaborate questions, which this project alone may not give all the answers. 

We do not really see how presenting the questions as hypotheses would make a difference here. We 

clearly say that we “aim” at answering the questions, which worked out for most of them. We 

changed the sentence following the questions to: “Four CFA samples from German power plants 

were investigated as immersion INPs in an attempt to answer these questions.” 

 

Page 4, L14: Please specify the sort of deactivation referred to here. e.g. ‘deactivation in the ice 

nucleation properties’ 

Changed as suggested. 

 

Page 4, L25: Please change ‘consisted’ to ‘consists’ and ‘size selected’ to ‘size-selected’. 

Changed. 

 

Page 4, L26: Please change ‘multi Micro’ to ‘multi-micro’. 

Changed. 

 

Page 5, L2-4: Can these pieces of information be obtained from the company? If not, ignore and 

recast the sentence in such a way to reflect the fact that your team was unable to get the 

information rather than connoting that it is not known. 

In the case of the Lippendorf sample it was not possible to obtain the information. The other samples 

were given to us through an intermediary and we do not know from which power plants they 

originate. Hence, also technical details are unknown to us. We added the following sentence: “This 

technical information could either not be obtained, or is unknown to us because the sample origin 

must remain anonymous.” 

 

Page 5, L8: ‘Lime’ – since this is a very generic term. Please distinguish between quicklime and slaked 

lime. . .I think ‘CaO’ is mostly referred to as quicklime. Stick to the right one all through the 

manuscript. 

Thanks for pointing this out. Indeed, quicklime is the correct term in our case. We now use this term 

throughout the manuscript.  

 



Page 5: I am not sure if footnotes are allowed in ACP – if not, integrate this information into section 

2.1. Please check with the Editors. 

The ACP website states that footnotes “should be avoided, as they tend to disrupt the flow of the 

text. If absolutely necessary, they should be numbered consecutively”, hence they are not strictly 

forbidden. We would like to keep the footnote because we feel that the working principle of an 

electrostatic precipitator should be explained at this point. Including this paragraph in the text would 

probably disrupt the flow more than the footnote. 

 

Page 6, L11: Please change ‘multiply charged’ to ‘multiply-charged’. Make this change in subsequent 

ones. 

Changed. 

 

Page 6, L23: Please edit ‘0.5 wt% of CFA’. Did you mean that 0.5 g of CFA was dissolved in 100g of 

distilled water? Please check. Same for L33-Page 7, L1. 

Thanks for pointing this out. Indeed, we mixed 0.5 g CFA with 100 mL water. This was changed 

throughout the manuscript. 

 

Page 7, L12: Please define ‘fice’ before use. 

The frozen fraction is first mentioned on Page 6, L12. We added “frozen fraction (fice, number of 

frozen hydrometeors divided by total number of hydrometeors)” there. 

 

Page 7, L18: Please insert a comma after this statement ‘The ice nucleation active surface site 

density’ 

We are quite sure that no comma is needed. Nothing was changed. 

 

Page 8, L20: Please correct to “. . .produced by a microfluidic device and subsequently arranged into. 

. .” 

Corrected. 

 

Page 8, L20: Please change ‘pl’ to ‘pL’. 

Changed, also in all other instances. 

 

Page 8, L31: Please change “. . .the uncertainties of Vdrop, . . .” to “. . .the uncertainties in the 

measurement of Vdrop,. . .” 

Done. 

 

Page 9, L4: Please change “. . .in the following, . . .” to “. . .in the following sections, . . .”. Also, change 

‘analysis’ to ‘analyses’. Apply this to similar cases. E.g. Page 11, L17, etc. 

Done. 

 

Page 9, L5: Please recast the sentence to improve its readability. E.g. . . .in the discussion of . . . OR . . 

.in discussing. . . 

Done. 

 

Page 9, L12-14: Please recast these statements. 

The sentences were changed: “In the following, the particles pass two subsequent detection lasers 

(wavelength of 405 nm). Information about the time-of-flight between the detection lasers is needed 

to trigger the ablation laser. In addition, the time-of-flight can be used to calculate the particle 



vaccuum aerodynamic diameter for particles in a size range between ~200 and 2500 nm. The 

ablation laser, a …” 

 

Page 9, L24: Please correct ‘CFA1 contains most Ca and S’ to ‘CFA1 has the highest concentration of 

Ca and S’. Please check the use of “most” and “least” in the entire manuscript. Sometimes I think you 

intended to use “highest” for “most” or “lowest” for “least”. 

Changed throughout the manuscript. 

 

Page 9, L28: Please correct “A more detailed’ to ‘A more-detailed’. 

Corrected, also in the other instances. 

 

Page 10, L4: Include the company and country of the instrument in a parenthesis. 

We added “(FEI Company, Hillsboro, OR, USA)” to the manuscript. 

 

Page 10, L8-10: The information here is clear but check the use of tenses, verb agreements and 

possibly improve on the logical presentation of the observations here. E.g. The first sentence on L8 

would read better as: ‘CFA1 was the only sample that a clear difference was observed between the 

dry and wet particle generation methods’. However, check if this statement should come first. 

We recast the sentences and hope that readability is improved: “The ESEM images (see Fig. S5 and 

S6) show that CFA1 is special in terms of particle morphology. Dry-generated CFA1 particles consist 

of irregularly shaped agglomerates of small spherules, which were not observed to this extent for the 

other samples. Wet-generated CFA1 particles appear to be an external mixture of spherules and 

needle-shaped crystals. CFA1 is the only sample for which needles were observed in connection with 

wet particle generation, and also the only sample for which a clear difference in morphology was 

observed between the dry and wet particle generation methods.” 

 

Page 10, L31: Please include state symbols in this equation and all others in the manuscript where 

possible. E.g. CaO(s). . .This will help readers to understand the chemistry better. 

State symbols were added. 

 

Page 11, L9: This line should read ‘the occurrence of needle-shaped particles in wet-generated CFA1 

could. . .’. 

Changed. 

 

Page 11, L18: Please recast this sentence. Maybe, refer to the other samples as ‘samples from the 

USA. 

The sentence was changed to: “Figure 3 shows SPIN results of measurements with the German CFA 

samples and four CFA samples from the USA (Garimella, 2016).” We now refer to “samples from the 

USA” instead of “U.S. American samples” in all cases. 

 

Page 12, L1: I am not sure what you referred to as “inhomogeneous ice nucleation properties”. 

Please clarify. 

We omitted the cited expression and changed the passage in the following way: “The broad 

temperature range, in which the increase in ns is observed, hints at a variety of different types of ice 

nucleation active sites at the surface of the CFA particles. In case of uniform ice nucleation 

properties, a steep increase would be observed.” 

 

Page 12, L8: Please include the temperature range e.g. at T< -xxx oC. 

Done. 



Page 13, Fig. 2: Please improve the colour-coding of the line type to distinguish them easily. A dashed 

line might be better. 

Both lines are now thicker, the lower is dashed and black. They are now easily distinguishable. 

 

Page 13, L12: Please change ‘We compare the CFA results to cold stage measurements by compare’ 

to ‘We compared the CFA results to cold-stage measurements of Quartz by. . .’. 

Done. 

 

Page 14, L1-2: Please provide a reference to the statement about the ns values of dry-generated 

quartz particles. 

Unfortunately, the LACIS quartz measurements were test measurements and never published, i.e., 

there is no reference. We decided on not mentioning the LACIS quartz data as we do not wish to 

publish them here. The respective sentence was adapted in the following way: “We compared the 

CFA results to cold stage measurements of quartz by Atkinson et al. (2013) here because this dataset 

spans the relevant temperature range and because there is a lack of immersion freezing results of 

dry-generated quartz in the literature.” 

 

Page 15, L16 – 19: Please rephrase these sentences for clarity. Were you referring to the ‘particles 

soluble in the pure water’? 

No, we are referring to purely water-soluble particles, i.e., particles which do not contain water-

insoluble material. This was added to the manuscript. Also, we reference Sec. S5, which contains 

more information concerning this matter. 

 

Page 16, L23: Please, are there previous references that you can point us to? 

Are you referring to previous intercomparisons of LINA and WISDOM? As both are relatively new 

instruments, this is the first intercomparison between the two. WISDOM and BINARY (Budke and 

Koop, 2015), which is similar to LINA, compared well for NX illite (Reicher et al., 2018). But CFA is a 

completely different substance and hence we would like to avoid referring to a previous 

intercomparision with a mineral dust suspension. Nothing was changed. 

 

Page 16, L24: I would be a bit cautious in making the assertion that there is a good agreement for 

results from WISDOM at -35 °C because homogeneous freezing of pure water kicks just before this 

temperature as reported by Reicher et al., 2018 (Fig 5). 

Indeed, first freezing of pure water droplets is observed at -35 °C with WISDOM. However, the 

WISDOM measurements were conducted for T ≥ -34.5 °C and so we are quite confident that the 

major contribution to freezing at this temperature is due to heterogeneous nucleation. Of course it 

cannot be ruled out that a few droplets freeze due to homogeneous nucleation at -34.5 °C. We 

added the following sentence to the manuscript: “At this temperature, the contribution of 

homogeneous nucleation is still minor in WISDOM measurements and hence we conclude that the 

major contribution to the observed freezing behavior is due to immersion freezing triggered by CFA 

particles.” 

 

Page 16, L33: Please check this range ‘-15 °C<T<-20 °C’. . .did you want to write ‘-15 °C > T > -20 °C’? 

Please change ‘levels off for. . .’ to ‘levels off from. . .’. 

Corrected. 

 

  



Page 17, L1-3: Check the statement - it seems there is no point stating this here if we cannot point to 

the data somewhere. 

This statement was included because there are no published intercomparisons between LINA and the 

µL-NIPI. We would like to avoid showing this comparison because a bottom ash sample was 

investigated on both instruments which does not fit within the scope of our paper. The comparison is 

shown below, but nothing was changed in the manuscript. 

 

 
 

Page 18, L15: Please explain further what you mean by a layer (of what?). Please change ‘In case of 

dry particle generation’ to ‘In the case of dry particle generation method’. 

We do not know for sure what the layer is made of. We changed the sentence to: “The fact that the 

other samples also contain significant amounts of quartz, both in 300 nm particles and in bulk, and, 

nevertheless, feature a much lower efficiency, supports the hypothesis of the particles being coated 

by a layer which suppresses the ice nucleation efficiency of the quartz.” 

The beginning of the next sentence was changed as suggested. 

 

Page 20, L33: Delete the extra ‘the’. 

Done. 

 

Page 21, L15: Please change ‘l-1’to ‘L-1’ and in all other instances. 

Changed. 

 

Page 22, L5,6,15,28: I would suggest the summary and conclusions section be revised to carry the 

main findings of the article without the questions. Some of the questions are not well-answered by 

this single study as even argued by the authors (see Page 22, L9-14). 

We would like to keep the questions as they nicely frame our manuscript. In the beginning we state 

that we aim at answering the questions, so it is not necessarily expected that we also find answers to 

all of them. We exchanged “We can now give answers to the following questions from the 

introduction” with “In light of our new findings, we now revisit the questions from the introduction”. 

 

Page 23, L3: Please change ‘. . .decrease quickly in contact with water’ to ‘. . .decrease quickly when 

in contact with water’. 

Changed. 
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Page 25, L8: Write out the ‘US’ in full. 

Done. 

 

Page 25, L20: Steenari et al., is listed in the references but not cited anywhere in the text. . .please 

check. 

Removed. 
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