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Dear Editor,
Thank you for giving us the opportunity to resubmit our manuscript (JoVE61217) entitled “Measuring electrical conductivity to study the formation of brines under Martian conditions”. We found that the comments from your review was extremely valuable to improve the quality of the manuscript. We have carefully read the suggestions and have answered the comments and have organized in this letter, the modifications we made to the original manuscript. You will find our answers right under each comment mentioning the content that was modified.

Editorial comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Answer: DONE. The whole manuscript has been proofread and corrected for any errors.

2. Please remove the embedded figure(s) from the manuscript. All figures should be uploaded separately to your Editorial Manager account. Each figure must be accompanied by a title and a description after the Representative Results of the manuscript text.
Answer: DONE. We have removed the embedded figures and attached them separately in the editorial manager. A new subheading “FIGURE LEGENDS” has been added after “Representative Results” to give the title and description for each figure.

3. Unfortunately, there are sections of the manuscript that show overlap with previously published work. Please revise the following lines: 105-109, 120-122.
Answer: DONE. These lines have been rephrased in lines 105-110 and 122-124 respectively.

4. Please consider making the introduction more concise. For instance, the overview of a general setup for measuring electrical conductivity and HABIT instrument as an experiment setup could be combined and moved into the protocol step 1. Construction of the experiment setup. 

Answer: The sections “Overview of a general setup for measuring electrical conductivity” and “HABIT instrument as an experiment setup” have been moved to Step 1 of the protocol. These are in lines 137-161.

5. In ste 5.1, please specify the desired temperature.
Answer: The desired temperature has been added to the subheading in line 336.
6. Please ensure that the highlighting of the protocol is not more than 3 pages. This is a hard production limit to ensure that videography can occur in a single day.
Answer: DONE. The total length of the highlighted protocol is verified to be just over 2 pages.

7. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al. The journal (source) should be written out fully.
Answer: DONE. All the references have been modified according to the journal norms.

8. Please use uppercase letters to label figure panels for all figures (Fig. 2 has lowercase letters).
Answer: DONE. All instances of figure references in the main text have been replaced with uppercase letters. Please clarify if this is what you meant. Thank you.

9. Please ensure that all figures are referenced in the manuscript text.
Answer: DONE. Figure references added in lines 190, 339, 394, 493

Reviewers' comments:
Reviewer #1:
Manuscript Summary:
Having never seen a JoVE article before, its difficult to know how this compares to others. However, this appears to be a fun experiment although I'm not sure how many other could actually reproduce it. I have some issues with the science of the results, but as an experiment it is in good shape


Major Concerns:
Figure 1 Its never clear how full one needs to fill the sample container. Also why is the sample container tilted?
Answer: Thank you for bringing this point. We have added some text for clarification in lines 163-167 stating that the dimensions of the sample container and the amounts of salts used in the HABIT BOTTLE instrument can be taken as a reference. We also would like to clarify that the sample container tilted in Figure 1 is just for better visualization.

Line 238 What is your standard? Does the calibrated formula change as a function of temperature? 
[bookmark: _Hlk55307467]Answer: We use the calibration points of 0.0364 µScm-1 (zero or dry point), 84 and 1413 µScm-1 to derive a polynomial function as shown in equation (2). The initial calibration is achieved while maintaining the temperature of the system at 25 ⁰C. However, as the temperature changes during the experiment, the electrical conductivity values change. As it gets complex to derive temperature vs electrical conductivity functions at different temperatures, we use temperature data only to determine the phase state of the brine. We have discussed this in detail in:
Nazarious M.I., et al. Calibration and preliminary tests of the Brine Observation Transition To Liquid Experiment on HABIT/ExoMars 2020 for demonstration of liquid water stability on Mars. Acta Astronautica. 162, 497-510 (2019). https://doi.org/10.1016/j.actaastro.2019.06.026
This text has been added as a note in lines 240,254-258.

Line 264-268 Scientifically speaking it seems that the SAP would absorb the water and ruin your DC cond measurement. Plus is it not competing for the same water that the salt is trying to absorb?
[bookmark: _Hlk55308788][bookmark: _Hlk55382881]Answer: We would like to clarify that, here the SAP is added just to hold the water absorbed by the salt within the containers to avoid rising by capillarity along the walls. We understand that while the salts absorb gaseous water from the atmospheric environment, the SAP absorbs water from a liquid state, so it absorbs it from the liquid brine of salts once in contact with it. Adding SAP was purely due to the engineering limitations for storing the salts in Earth conditions (prior to ExoMars launch in 2022) and has less meaning for the experiment itself. Consequently, the electrical conductivity measurement is a result from the mixture of salt+SAP+water which is expected. Since the goal of this experiment is to monitor the absorption of water in the whole system, the changes in electrical conductivity from the dry state of salt+SAP to the hydrated states is deemed relevant for interpretation. The calibration procedure was also carried out for the same salt+SAP combination.
This text has been added in the note in lines 278-287.

Section 5.2 I assume the vacuum pump is turned off before you inject CO2 gas. I think you might want to add that.
Answer: Thank you for pointing it out. The instructions you suggested have been added in lines 351, 353.
Line 519-520 The relative humidity will increase as temperature rises. That statement is wrong as that should not happen if you have a constant amount of water vapor, when the temperature is increased the RH will decrease. Something else must be happening here. This is the MOST MAJOR issue.
[bookmark: _Hlk55384720]Answer: Thank you for pointing it out. Some explanation might help understanding the process behind this. Here, with relative humidity, we mean to correlate the amount of water vapor in the air. Since the relative humidity sensor is measuring the air, it is reasonable to say that, higher the moisture content, higher the relative humidity. Initially, when the working table is frozen to -30 °C the water vapor is condensed and frozen on the table, and when the temperature increases this condensed water evaporate at Martian pressures and are sensed as moisture in the air by the relative humidity sensor. The changes in the ambient air relative humidity are thus due to a change in the state of water, and a release of frost from the working table to the air as vapor when the temperature increases.
This text has been added in lines 531-538.
Line 542-543 So you do not know the temperature of the sample. Seems like a thermal model would be useful here.
Answer: Thank you for your suggestion. We do measure the temperature of the entire BOTTLE unit with a PT1000 temperature sensor denoted by “CU temperature” in Figure 6. Here, in these lines, we meant to point out that the lower part (electrode) of the instrument is colder compared to the rest since the lower part is in direct contact with the cold working table. We do understand your suggestion of using a thermal model could be helpful for more detailed interpretation. This is of general interest for the SpaceQ chamber experiments, and it is part of the content of a PhD thesis of a colleague in the same research subject, which is underway. We will keep in mind this during our future experiments or during interpretation of HABIT data from Martian operation.

Line 544 Why does the conductivity max at 59%? That seems strange!
[bookmark: _Hlk55385228]Answer: We would like to clarify that for the given combination of temperature and relative humidity at Martian pressures, we observed a maximum electrical conductivity of air at 59%. We would like to point out that this electrical conductivity value is not temperature-compensated for the reason we explained for your previous question. This text has been added in lines 560-562.

Fig 5 Too many sig figs for the temperature in the caption. 
Answer: The number of significant figures has been reduced to 2 in Figure 5 legend.
Why is air more conductive than Ferris sulphate? That seems strange? 
[bookmark: _Hlk55813843]Answer: At the end of the experiment, we noticed that Ferric Sulphate was the least hydrated (see Figure 7) showing electrical conductivity values lower than the air. The electrical conductivity between the electrodes is also sensitive to the area of contact with the salt+SAP mixture. Some of the granular material, including SAP, may be a better isolator than moisturized air. The air in the empty container had sufficient moisture content that moved freely resulting in a higher electrical conductivity (see Figure 5A) than the Ferric Sulphate which had no contribution in terms of enough water absorbed to show a significant electrical conductivity signal (see Figure 5C). We also observed water drops in the empty containers at the end of the experiments showing that the air in between the electrodes was at some point saturated and allowed for fog formation and some of it condensed on the sides, as seen in Figure 5A. This text has been added in lines 573-583.
The conductivity of many of the samples should have occurred earlier, would a log on the y-scale help? Otherwise you likely need to wait longer for the water to deliquesce.
Answer: We have modified the y-axis to log scale with base 10 in Figure 5 for better understanding of the data. Like you suspected, we observed that the increase in conductivity of the salts occurred earlier for most salts (a gradual increase in electrical conductivity from RH=0% was observed for Calcium Chloride and Sodium Perchlorate, and an increase around RH=40-50% in case of Ferric sulphate and Magnesium Perchlorate). We are attaching the updated figure to the manuscript. We have also added this information to the figure legend in line 633 and in lines 563-566.

Fig 6 What is ground temp? Ground temp and air temp are very different, which seems like a possible problem. 
Answer: We would like to clarify on this. The Mars simulation chamber measures temperature of the air as well as the working table that is cooled with liquid nitrogen. It is important to point out that the temperature is not uniform as it is in a real case of Mars whereby the ground and air (at 1.5 m above the surface where most instruments are) can differ by about 15 K by night as measured by REMS at Gale crater, near the equator. Therefore, the difference in the temperatures between the ground and air is expected as seen in Figure 6B.  
Your time axis are not the same, this should be fixed if you are drawing dashed line to compare similar times. 
Answer: Thank you for pointing it out. We have corrected the time axis alignment. 
Again these results do not make a lot of sense. RH increasing with temp? 
Answer: We would like to clarify on this. We have modified the y-axis of Figure 6 to log scale with base 10 for a better understanding. As you can see, the initial ramp in the electrical conductivity values is due to rapid depressurization in the chamber. But as the moisture in the air condensed and are frozen at colder temperatures, there was not enough moisture available in the air to sustain the deliquescence by the salts, as shown by a decrease in the electrical conductivity values.  The statement that RH increases with temperature follows the same explanation as earlier, which we actually mean that due to condensation and freezing of the moisture in the air at colder temperatures, the RH measured by the sensor that is suspended in the air show lower values. As the experiment progresses, the temperature is increased, thereby liberating the frozen water to evaporate and increase the moisture of the air (seen as an increase in RH by the sensor). The text has been added in line 642.
Mg-per not deliq until very high RHs? 
Answer: Thank you for pointing it out. As in this experiment, we simulate a day-night cycle on Mars, first cooling the salts to freezing temperatures up to -30 °C and then warming up to the room temperature of 20 °C. During this process, different salts behaved differently in terms of capturing water when returning from their frozen state. Some salts may transition through several intermediate hydrated states. As this is a dynamic system and not a stationary one, it seems that some salts may be more resilient to change their hydration/deliquescent state rapidly. As shown in Figure 5, Magnesium Perchlorate showed a decent increase in electrical conductivity around RH=40%.
What happened in d? Why did it drop?
Answer: Thank you for pointing it out. The sudden drop observed in Figure 6D is associated with the sudden decrease in RH in the chamber. With the update log scale plot, it can be observed in all salts, not only in Figure 6D. The sudden decrease in RH seems to be intrinsic to the chamber operation.    
Minor Concerns:
Line 176-177 For best results ... This needs to be supported via a reference or more information
Answer: Thank you for mentioning this. We have added more clarification based on our own long-term experiments in lines 178-181.
Line 191 "glue" what kind of glue
Answer: Thank you for pointing it out. We have added the model of epoxy resin we used in HABIT BOTTLE instrument for this purpose in lines 197,203.
Line 207 16 electrode pairs. However I could 18 since you have 6 different salts at 3 levels, so 6*3 = 18. Am I missing something.
Answer: Thank you for your concern. It is true that HABIT BOTTLE instrument has 6 containers. However, the two corner cells that measures air EC only measures with their low and mid electrode pairs while the rest of the salts are measured for low, mid and high electrode pairs. That makes it 16. This has been clarified in the main text in line 184.
Line 208 L x B x H I believe the B with be W for Width.
Answer: Thank you. We have updated this in the text in line 185.
Line 210-211 Not sure you need this last sentence.
Answer: Thank you for your concern. Some additional details about the system used has been provided for the readers.
Line 593 100 uScm-1 reference the literature
Answer: Thank you for pointing it out. We have added a reference in line 614.

Reviewer #3:
Manuscript Summary:
This manuscript describes a unique experimental setup designed to test the hydration of martian salt materials and potential formation of martian brines under the specific conditions of atmospheric composition, pressure and temperature that are relevant to the surface of Mars. The experimental methodology was sound, the design appears to be quite thoroughly engineered, and the question is a pressing one. Overall, I believe this methodology and experimental setup are worthy of publication in JOVE. Listed below are some outstanding concerns before the paper is ready for publication.

Major Concerns:
1) Grammar throughout. Particularly in the opening couple of pages, there needs to be a clean up of the language.
Answer: Thank you for your comment. We have read the manuscript thoroughly and modified any grammar errors. 

2) Figure 5B, the scale is such that I don't see the discussed increase in EC at RH 40-50%.I don't see any visible activity on the graph until ~70%. 
Answer: We have modified the y-axis to log scale with base 10 in Figure 5 for better understanding of the data. Like you mentioned, we should observe the increase in conductivity of the salts earlier which occurred for most salts (a gradual increase in electrical conductivity from RH=0% was observed for Calcium Chloride and Sodium Perchlorate, and an increase around RH=40-50% in case of Ferric sulphate and Magnesium Perchlorate). We are attaching the updated figure to the manuscript. We have also added this information to the figure legend in line 630 and in lines 563-566.
Figure 5E is a little confusing as shown. There are no Low Electrode data points visible, and everything is flatlined up to 40%, then blank until over 80% where it is crazy. What's going on here?
[bookmark: _Hlk55393047]Answer: As in this experiment, we simulate a day-night cycle on Mars, first cooling the salts to freezing temperatures up to -30 °C and then warming up to the room temperature of 20 °C. During this process, different salts behaved differently in terms of capturing water when returning from their frozen state. The absence of low electrode conductivity could mean that the salt particles in contact with the lower electrode was completely frozen (coldest at the bottom of the instrument because of its direct contact with the working table of the chamber) showing no electrical conductivity. This text has been added in lines 583-586.
We would also like to clarify that the electrical conductivity values are shown for the given combination of temperature and relative humidity at Martian pressures. The EC values are not temperature-compensated because of the complexity in derive the relation between EC and T for different concentration in brines. This text has been added in lines 560-562.
3) Figure 6A - why the massive pressure dip between 12:00 and 13:00 CET? This pressure drop is coincident with a small uptick in RH. Not mentioned in the figure caption or descriptive text.
Answer: Thank you for your suggestion. The pressure dip observed around 13:00 could be associated with reaching the lowest temperature in the working table. We have included this text in lines 602-604.

4) Very little discussion of the results obtained. Is this what you would expect to see from this study? What do the results mean, within the context of the purpose of the experiment? Contextualizing the results will give us a better handle on whether the methodology was robust.
[bookmark: _GoBack]Answer: Thank you for your suggestion. This experiment presents the first results of studying the brine formation process in Martian conditions and characterizes it in terms of electrical conductivity. The key element of this experiment is to simulate the Martian day-night cycle with the Mars simulation chamber to study the salts. The results of the salt deliquescence are shown as a representative result while the focus is more on achieving the required conditions to simulate Martian environment. With this first experiment, we now understand the process and the limitations of the chamber as mentioned in the discussion section of the manuscript. In the future experiments, we will follow this protocol for various science experiments that is relevant to process on Mars. This text has been added in lines 659-665. 
Minor Concerns:
1) Mainly grammatical issues, as stated above.
Answer: Thank you for your concern. We have read the manuscript thoroughly and modified any grammar errors.

We hope that you would consider these modifications for this article. Thank you for your time. Looking forward to hearing from you soon. 

Best regards,
Miracle Israel Nazarious et al.,
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