
General Comment:  

This manuscript presents a new instrument to measure low concentrations of ice nucleating particles 
in the atmosphere. It relies on commercial multiwell plates to allot the samples extracted from 
filters. For cooling, it uses a Stirling engine chiller that can be easily operated in the field. Because the 
heat transfer between the chiller and the multiwell plate is not uniform, the temperature of each 
well is determined with an IR camera. The same camera is also used to detect freezing from the heat 
release. To retrieve the actual temperature of the wells, use is made of the temperature increase 
upon freezing. The plateau temperature reached during freezing is taken as 0°C and the whole 
temperature curve is adjusted to this reference value by applying an offset correction. Validation and 
calibration revealed a temperature uncertainty of ±0.9°C. 

The setup has been tested with K-feldspar chips, NX-illite and an aerosol sample taken from the City 
of Leeds. All these measurements show reasonable agreement with reference measurements from 
literature or performed with the µL-NIPI developed and available in the Leeds group.  

This manuscript is well suited for AMT and will be useful for other groups developing similar setups. 
For publication in AMT, the quality of presentation should be improved. Some descriptions remain 
vague and the figures are often not fully explained. In the introduction there is often only one 
reference given, while other relevant references to support the statements are lacking. 

Specific comments:  

Lines 22 – 23: “and their temperature is determined by the ice-liquid equilibrium temperature….” 
This sentence should be improved because it is difficult to understand without having read through 
the manuscript. 

Line 46: literature referring to more recently developed CFDC’s should be added. 

Line 56: Vergara-Temprado et al. (2017) is not the best reference to support this statement. Other 
references need to be added, e.g. Kanji et al. (2017). 

Line 61: Again, this statement needs to be based on more and more recent literature because 
different types of CFDC’s are in use. 

Line 61: the aerosol concentrator needs to be referenced. 

Lines 64 – 66: “In principle, if the ice-nucleating properties of the aerosol particles in question are 
insensitive to mixing state, then increasing the amount of aerosol per droplet will scale with inverse 
proportionality to the INP concentration,…”. This sentence needs to be improved. What is meant by 
“mixing state” in this context? What is meant by “increasing the amount of aerosol per droplet will 
scale with inverse proportionality to the INP concentration?” Do you really mean “aerosol per 
droplet” or not rather “particles per droplet”? 

Line 69: “volume of suspension used in each aliquot”: this formulation needs to be improved. The 
volume of suspension can be easily increased by diluting the suspension, but I guess this is not what 
is meant. Moreover, if filter samples are collected, it needs to be explained why extracting the filter 
with less water or evaporation of some of the water used for extraction is not an option. 

Line 131: Where does the difference in set cooling rate and realized cooling rate come from? Why is 
this difference constant? 

Line 152: What is meant by “aging of a sample in water”? 



Lines 155 – 156: How representative is the surface temperature for the temperature distribution 
within the wells? Heat transfer simulations of Beall et al. (2017) performed for their multiwell setup 
showed temperature gradients within the wells. Please comment. 

Lines 164 – 165: The increase of the well temperature up to 0°C during freezing indicates a slow heat 
removal and limited thermal contact to the aluminum cold stage via the thermally conductive pad. 
From this, heating of adjacent wells is expected. Can you comment on this? 

Line 168: how can you observe that the temperature maximum was reached within 1 s when you 
read out the IR camera only every 20 s? What do you mean by visual inspection? 

Line 173: Can you quantify the temperature differential between the cold stage and the aliquot? 

Lines 183 – 186: You mention several aluminum wells. How many did you test? 

Lines 196 – 198: It would be helpful if you could add a figure illustrating the temperature gradient 
within the plate. 

Lines 204 – 205 and Fig. 4: From the scheme shown in the inset, results from 12 wells should have 
been measured, but in Fig. 4B results of only 6 wells are shown. Why? It would be helpful when you 
would label the wells shown in the inset with the numbers of the wells indicated in panel B. 

Lines 215 – 216: By how many degrees was the freezing temperature reduced due to filtering of the 
Milli-Q water? 

Section 3.3 and Fig. 6 (Feldspar chips): This section needs better explanations of the rationale and the 
execution of the experiment.  

• You refer to Whale et al. (2015) for the setup but Whale et al. describes experiments with 
droplets containing a suspension of mineral particles and not with grains/chips. Please 
explain better the sample preparation of this study. 

• How large were the grains/chips?  
• How many droplets were deposited on a grain for the µL-NIPI experiment?  
• Are the results shown in Fig. 6 averages from all 20 selected grains? The “fraction frozen” 

label on the y-axis seems to indicate this. If yes: why did you select 20 individual grains if you 
lump all results together in the end?  

• You show 19 IR-NIPI (black squares) and 19 µL-NIPI (red circles) data points. Is there a 
correspondence with the individual chips? Is on each line of the plot a pair of IR-NIPI and µL-
NIPI results of the same chip? If this is the case, the labeling of the y-axis as fraction frozen is 
misleading. Rather, in this case, the y-axis should indicate a numbering of the grains. Why 19 
and not 20 data points when you chose 20 grains? 

• What is the meaning of the error bars? Did you perform several freezing cycles and average? 
Did you average over several droplets on top of a grain in the case of µL-NIPI? 

• In some cases the error bars of IR-NIPI and µL-NIPI do not overlap. Any explanation?   
• It is unclear why chips are taken and not suspensions with concentrations adjusted such that 

the mass of K-feldspar is the same for the 1 µl drops of the µL-NIPI and the 50 µl drops in the 
multiwell plate of the IR-NIPI setup.  

Line 259: ns(T) should be the same independent of concentration because it refers to one 
temperature and is per illite surface area present in a sample. 

Line 300: 167 L: shouldn’t 16.7 x100 yield 1670 L? 

Line 300: Why is “filters” in plural? How many filters did you collect and measure? 



Line 310: specify what kind of modelling you mean here. 

Lines 317 – 318: this formulation should be improved. 

Line 333: Could you specify here how you intend to automate the system further. 

Figure 1: can you indicate in this figure how the Stirling engine chiller is connected to the aluminium 
cold stage? 

Figure 2B: one temperature ramp seems to be an outlier to warmer temperature. Do you know why? 

Figure 3, inset: the water in the aluminum well is drawn as if it did not wet the well. Is this realistic? 
Was the aluminum coated? 

Figure 3, the figure caption of panel B needs to state explicitly whether T(thermocouple) – T(IR) is 
shown or the opposite. You might discuss the implications of the negative peaks observed in the 
residuals of panel B. 

Figure 3, figure caption, line 523: “The point of freezing is highlighted in blue”… This statement is 
confusing since a whole area is indicated in blue. Do you mean “the area of freezing” or to which 
point do you refer? 

Figure 4, figure caption, line 542: “A schematic diagram of the experiment is shown of the wells 
within a 96 well plate chosen for temperature checks.” This sentence needs to be imrpoved. 

Figure 4, the figure caption of panel B needs to be improved. Which wells are shown? Can you 
number the wells in the multiwell plate shown as an inset in panel A according to the numbering in 
panel B? 

Figure 5: the y-axis has a strange scale with 5 digits between labels, implying a spacing of 
0.083333333?!?! You might want to improve. 

Figure 5: the different blank curves should be given with different colors or symbols so that they can 
be discriminated from each other. For some blanks, the data points at low fraction frozen seem to be 
missing!? 

Figure 7A: The two darker blues and the two darker reds are difficult to discriminate. Please improve 
the color palette. 

Figure 7A, figure caption: the error bars should be explained. Is this the error of ±0.9°C or the 
standard deviation between several freezing cycles? 

 

Technical comments: 

Line 49: “systems” should be replaced by “methods” 

Lines 73 – 75: “This instrument is part of the NIPI suite of instruments that includes the μL-NIPI and 
when used together these devices allow measurements to be taken over a very wide range of INP 
concentrations.” Consider splitting this sentence into two. 

Line 92: what is meant by “other expressions”? 

Line 130: “Stirling engine chiller” would be more precise. 

Lines 156 – 158: the wording of this sentence should be improved. 



Line 214: remove “see”. 

Line 220: The reference “Polen et al., 2018” is missing from the reference list. 

Line 269: delete “and is illustrated” 

Line 271: “takes advantage” sounds strange. Try rewording. 

Line 274: “were”: you switch to past tense here, while before you used present time. 

Line 281: “flowing”: do you mean “following”? 

Line 288: “suspended” instead of “suspend”. 

Line 300: “in to” should be one word. 

Line 305: in the equation it is “Nu(T)” not “Nυ(T)”. Please adjust. 

Lines 328 – 329: “an aerosol sample in the atmosphere of the city of Leeds” sounds strange. Improve 
formulation to e.g.: “an aerosol sample from the City of Leeds”.  

Line 453 – 454: use abbreviation: Atmos. Chem. Phys.  

Legend of Fig. 6: “IR-NIPI” not “IR-NIP” 

 

 


