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 Paris, December 23rd, 2020
					


Dear editor. 

We appreciate your interest in our works and we are pleased to submit a revised version of our manuscript to JOVE.
Please find in the following our reply to all the referees’ comments. The changes addressing these comments are highlighted in the revised manuscript. All the editorial remarks have been also addressed. 
We hope this new version will meet the JOVE standard of excellence and we look forward to hearing from you.

With kind regards,

Damien Alloyeau. 









Reply to referees

Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The protocol by Khlefa et al on temperature controlled liquid cell TEM will both be useful to researchers learning liquid TEM for the first time and succinctly highlights the benefits of temperature control in such experiments, so it is certainly appropriate for JoVE. The manuscript clarity could be improved in several areas, as indicated by the specific comments on each section below.

Major Concerns:
Some of the figure captions are not specific enough to explain the figure (see specific instances below).

The caption of figures 2 and 3 have been extended to better describe the figures and corroborate the information in the protocols.

Minor Concerns:
Summary: by "dynamic of nanoparticles" on line 19 is it meant nucleation and growth? Or any other changes?

This first sentence was very general to highlight the potential of temperature-controlled LCTEM to dynamical process at the nanoscale. We modified it to make this clearer.  

Abstract: It would be helpful to mention radiolysis from the electron beam as the nucleating agent in the abstract because it doesn't appear until the second paragraph of the introduction otherwise.

Done.

Introduction: In the paragraph starting on line 52, it would be helpful to discuss which chemical "radiolytic products" can induce nanoparticle nucleation and growth. Although I'm familiar with hydrated electrons as nucleation agents and OH radicals as inducing back-oxidation in pulsed laser photolysis, my guess is that readers who are not experts in radiolysis or related areas would not know what the radiolytic products are.

This paragraph refers to numerous LCTEM works that are not all carried out in water and the radiolysis species are of course solvent dependent. In order to keep the introduction straightforward, we have decided not to give details on radiolysis products here. However, the radiolysis-driven chemistry of our experiments has been clarified at the beginning of the result section (line 360).

Protocol:
1. "Align the TEM" does not have enough details. Are there manufacturer-defined protocols? If so, it would be helpful to at minimum point the reader towards manufacturer instructions.

Done.

2. line 96 in text do you mean Figure 1b instead of 2b?

Yes. This has been corrected.

3.1 How would one distinguish if the brass screws are in bad condition?

This was clarified.

4.1.6 and Figure 2, caption: It would be helpful to have scale bars in each panel of figure 2 and a caption indicating more detail about each panel. For instance, I assume "intact membrane" means that the echip is in good condition, but that should be indicated in the caption, text of 

This was clarified.

4.1.6, or both. Similarly with the "drying residue"- it would be helpful to associate that panel with needing to clean the chip again as discussed in 4.1.6. 

Done.

Also, the terminology of window/membrane appear to be used interchangeably: "membrane" in the figure and "window" in the text. Do these terms denote the same thing? If not, the difference should be more clearly explained.

We replaced all the “membrane” by “window” to avoid confusion.

4.1.7 need more details on how plasma cleaning is set up.

We added more details.

4.2 and Figure 3: add captions to each panel of figure 3 or indicate in the relevant steps in the sub-steps of 4.2 which image is relevant- this applies to all steps 4.2.1-4.2.8- which steps correspond to which images in Figure 3?

This was clarified. 

9.1 Putting the used echips "in a backet" is not specific enough. Should the basket be dry or should the chips be placed in a liquid? What should one do with the echips to get them ready for the next use?

The paragraph 9.1 has been rephrased to clarify these questions.

10.6: what is best practice for setting the miniumum size threshold for nanoparticles? Or is it just trial and error?

We added the following paragraph to the section 10.6: 
As a first try, you can choose the size of the smallest nanoparticles identified by the eye, but then a trial and error process is necessary to understand the effect of this parameter and optimize the automated data analysis (see discussion section).   


Representative results: Why are figures 8 and 9 not directly after figure 5, according to the text on the top of page 9? Alternatively, figures 6 and 7 should be mentioned at the relevant points in the protocol (e.g., indicate figure 7 during the image processing protocol). 

We mentioned the figure 6 and 7 in the protocol 

In addition to the caption, the text discussing figure 8 on page 9 should indicate that 835 nanoparticles were manually counted after 12 s but not automatically detected until later. Otherwise the 835 dot doesn't make sense.

This was clarified in page 12 (line 498). 

In figure 6b-c, the scale bar is hard to see.

This was corrected.

Discussion: It would be helpful in the paragraph beginning on line 418 to either provide some specific example of how electron dose influences nucleation rate or suggest ways to limit dose if nucleation and growth happen to quickly. 

The effects of the dose rate on the nucleation and growth processes of metal nanoparticles have already been described in several papers that are now cited in the discussion. Here the novelty of the present method is the possibility to study the effect of temperature. Therefore, we prefer to focus the discussion on the necessity to compare growth experiments acquired with the same electron dose rate and suggest ways to control the dose rate, rather than discussing further the effects of the dose rate. We added different ways to limit the dose rate if the nucleation and growth processes go too fast and an additional figure (line 466) shows an example of high magnification image series of the growth of a single nanoparticle to better illustrate the potential of liquid cell TEM (figure10).

Line 459: it would be helpful to indicate specifically how the overvaluation of particle density affects the nucleation rate.

We added a paragraph to discuss this specific point in line 493 – 507. We also added a curve in figure 8 that shows the effect of the minimal detection size on the nanoparticle density measured at 25°C.

Reviewer #2:
Manuscript Summary:
This paper reports a new method of liquid cell in situ TEM with heating option that provides an opportunity to investigate thermodynamics of nanoparticle growth under radiolytic environment. It shows an interesting result that the density of Au nanoparticles decreases with increasing temperature, which is opposite to the classical thermodynamics of nucleation that occurs in totally different environment from the nucleation in liquid cell TEM. Moreover, the authors also presents the advantage of using automated image processing algorithms to acquire quantitative information of the particle growth. I recommend this paper for publication in Jove without a revision process because this paper will surely open up the new directions of liquid cell experiments as well as it will raise the scientific questions regarding nucleation and growth thermodynamics of the particles via radiolysis.

Major Concerns:
None
Minor Concerns:
None
We thank the referee for these positive comments.

Reviewer #3:
The manuscript describes the use of an in situ heating liquid cell for the studying the effects of temperature on nanoparticle formation via chemical reduction of a precursor salt. The authors describe in details the setup of such experiment. They provide some very useful details and tips for sample assembly, which is a challenging process. These should be broadly helpful for other researchers and are not typically reported in other papers. The experiments are well done and thoroughly explained for others to reproduce. I like this manuscript and believe it will find a good home in JOVE. A few comments are below:

1.) The detailed description of image binarization in ImageJ is very helpful. Again this is not mentioned in any previous papers.
2.) I noticed in their binarization step in Figure 7f, they have a non-uniform background intensity, which causes the binarization to not be as efficient on the left hand side of the image. This is common for HAADF-STEM because it is difficult to center to unscattered beam within the hole in the HAADF detector, so part of the image has lower collection angle than the other. Imagej has a built in background subtract algorithm to make the background intensity flat. I would suggest the authors to mention this algorith in their description of the binarization process, as it is useful for the readers to know.

Thank you for your remark. Actually, another reason explaining the non-uniform background is that the thickness of the liquid between the two e-chips is not uniform. We already know about the built-in “Substract backgound” command of ImageJ but after trying it on our images, small white patches appear in the background although the rest of the background is indeed more homogeneous. Therefore, we decided to not use the “Substract background” process. 
Nevertheless, we add a comment about it in the paper to suggest the reader to try this option on their own images (Paragraph 10.3).


3.) It is well known that temperature affects radical production; radical concentrations increase with temperature (this is why cryogenic conditions are used to decrease beam damage). This should be mentioned when discussing the increase in growth rate of nanoparticles with temperature.

We added a sentence in the discussion to mention this point. (line 470).

4.) It is interesting that nucleation rate goes down with increasing temperature; classical nucleation theory predicts the opposite. How do the authors rationalize this effect?

This is obviously an interesting result. Additional experiments suggest that Oswald ripening and coalescence play a major role in the growth of nanoparticles at high temperature. Nevertheless, as now mentioned in the paper, the interpretation of the results presented in this method and their comparison with nucleation and growth models will be discussed elsewhere. Given the goal of JOVE method paper, we prefer to focus the discussion on methodological aspects that must be considered to conduct relevant in situ TEM experiments.
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