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************************
REVIEWS
************************

Reviewer 1

This paper describes an experimental study where acetylene is electrochemically reduced (hydrogenated) in batch H-cells.  The authors show that there is an unusually high yield of the partial hydrogenation product ethylene, with very little ethane or other unwanted compounds if one: (a) bubbles acetylene into an electrolyte composed of DMF with tetrapropylammonium tetrafluoroborate and some water (1 M H2O) and (b) subjects the solution to a constant potential electrolysis at a metal cathode such as Ag and Cu, then.

The authorsâ€™ results are certainly unusual and highly interesting.  I do not believe, however, that the new electrochemical reaction scheme described in this paper will be of any practical use. The currents are very small (micro-amps, as per Figures 1 and 2) and the mmole concentrations of acetylene used in the experiments are far too low for large scale ethylene production. I bring up these points because the authors rationalize their investigation by arguing that the large scale production of ethylene is important and new reaction schemes that minimize ethane and other by-product formation are of high importance.  In a revised manuscript, the authors need to address the practicality of their approach.

 Additional points to address in a revised manuscript:

1.  What is BH in Figure 2?  It participates in the reaction and thus  must be present in solution at a sufficiently high concentration at the electrode surface. 

2.  The authors must list in Table 2 the current efficiency for ethylene production along with the current efficiency for acetylene consumption.  The authors only list and discuss the latter in their manuscript. 

3.  Did the authors perform an overall mass balance on the total products formed as compared to the total amount of acetylene consumed in their electrolyses?  Was there any loss of acetylene or hydro-products across the porous separator in the authorsâ€™ H-cell?
4.  Did the authors look at higher concentrations of acetylene in solution?  They claim that DMF is an excellent solvent for acetylene vapor, but experiments were performed at very low acetylene concentrations. What is the solubility of ethylene in the DMF electrolyte?  Are the high ethylene yields due to its poor solubility in solution (ethylene accumulated in the head space of the H-cell)?  If there were more acetylene in the starting solution and a higher concentration of ethylene product in the electrolyte during and electrolysis, would there be more ethane by-product? The authors could/should begin their electrolysis with equal concentrations of acetylene and ethylene in the electrolyte to show preferential hydrogenation of the triple bond compound.
5.  I was very surprised to see that in some electrolyses (results in Figure 1B, 1C, 1E, and 1F), the concentration of acetylene dropped to near zero at the end of an electrolysis, yet the average (cumulative) current efficiency for acetylene consumption were relatively high.  Was there a significant drop in the current as the acetylene was consumed?  Was the current density (or current) constant in time throughout an electrolysis?  Some discussion of the change in current with time (which will reflect the decrease in acetylene concentration over the course of an experiment) for the constant potential electrolyses should be included in a revised manuscript.    

No comments received on other refereeâ€™s review

************************

Reviewer 2

Ethylene is produced in steam crackers and typically contains about 1% of acetylene. The ethylene used in the production of polymers needs to contain very small amounts of acetylene in order not to affect the polymerization process. Hence, hydrogenation of acetylene is a key stage for the industrial process of synthesis of ethylene and should not convert ethylene to ethane.

Conventional hydrogenation processes are performed with quite expensive palladium-based catalysts. Pressure ranges typically from 20 to 35 bar and the temperature from 25 to 200 Â°C. 

Authors propone for the first time, up to my knowledge, an interesting and effective electrocatalytic process in order to convert selectively acetylene to ethylene under mild conditions of temperature and pressure in an organic solvent. 

At Ag cathode, the process allowed to achieve high conversion of acetylene with small formation of ethane under mild operative conditions. 

Even if the eventual integration of the proposed approach in the industrial process of synthesis of ethylene is not evident and needs to be evaluated in detail from an applicative point of view, the paper opens very interesting and promising scientific perspectives for the utilization of electrochemical processes for the selective hydrogenation of alkynes under mild operative conditions. 

In my opinion the paper reports a major breakthrough in the field concerning the possible utilization of an electrochemical tool under mild conditions to convert alkynes in olefines. Data and methods substantiate rigorously the conclusions. Conclusions are novel and of high interest. Hence, the paper, in my opinion could be suitable for publication on Science. However a number of revisions detailed in the following, in my opinion, should be addressed by the authors in order to reach the high standards required for publication on Science. In particular, while the cyclic voltammetric investigation is quite complete, more detailed information on the effect of some relevant parameters on the electrolyses should be added to the paper.

1. General. Authors should briefly (but more clearly) illustrate how the proposed approach could be integrated in the industrial process of preparation of ethylene.

2. Electro Catalysts. Authors have shown by cyclic voltammetry that more active electrodes are Pd and Au. However, these electrodes were not used for electrolyses since authors decided to focus on cheaper Ag and Cu and to the expensive and not particularly active Pt for comparison. In my opinion, electrolyses should be performed also with Pd and Au in order to verify if a more active electrode can allow to achieve higher selectivity and current efficiency. 

It is important to consider that a key point to evaluate the electrodes on the bases of cyclic voltammetry should be not only the potential gain with respect glassy carbon but also the difference between the current of the peak and the background current at the peak potential. From this point of view Au seems to be quite promising and it would be interesting to evaluate it by electrolyses tests. 

It is also useful to remember that conventional industrial processes use quite expensive Pd based catalysts (often Pd-modified with Ag). Hence, it would be quite intriguing to have data on electrolyses performed with Pd based electrodes.

3. Working potential for electrolysis. Electrochemical processes offers the key advantage of a possible and precise modulation of the working potential in order to change the selectivity and the current efficiency of the process. Also for the selected process, on the bases of cyclic voltammetry,  the working potential could be expected to affect significantly the performances of the process. Hence, authors should report some data on the effect of this parameter on the electrolysis process. Furthermore, authors should explain in the experimental section the criteria used for the selection of the working potential.

4.  Water amount. The effect of water on the process seems relevant and interesting. It would be very useful to have a more detailed study on the effect of water concentration on the performances of the electrolyses at least for one electrode.

5. For an applicative purpose, the preferred mode is not a potentiostatic regime but an amperostatic one. Authors could report data on the process carried out with an amperostatic mode (by maintaining constant the current density to a fixed value chosen on the bases of potentiostatic tests).

6. Yields. Authors should carefully check all the procedures relative to the determination of the yields. Indeed reported yields in the absence of water are not coherent with conversions and in some cases the cumulative yield is slightly higher than 100 %. 

At Pt and Cu cathodes in the presence of water, the cumulative yield is significantly lower than the conversion. It would be important to have information on other by-products.

7. Authors stress the fact that Ag and Cu do not suffers from loss of activity. This point should be sustained by more experimental data achieved as an example repeating some electrolyses without cleaning of the cathode and evaluating conversion, yield and current densities values.

Other points

8. Please, insert in fig. S2 also the cyclic voltammetry of Pt, Ni, Cu and GC in the presence of water (0.1 M) in order to understand better the behavior of these electrocatalysts in the presence of water.

9. Current density and time. Authors should give detailed information on the values of the current densities and on charge and time passed.

10. Please, add in the supplementary materials, detailed information on the anodic processes and on possible anodic process/anode alternatives for an industrial process. Please, cite the solution volume in the section S2.

11. Please remove types (see as an example legend of figure S1).

Comments on other refereeâ€™s review

I agree with the referee 1 that the applicative utilization of the proposed approach is not evident and authors should give more information on it as I wrote in my revision. 

I also agree on the fact that quite high current densities are necessary from an applicative point of view and authors do not give sufficient detail on it. In fact authors give information on current intensities just for cyclic voltammetry. However, the current intensities recorded in ciylic voltammetry (reported in figures S1 and S2) are of course very low since cyclicvoltammetry is an analytical method that require low current intensities to minimize ohmic drops by the utilization of very low electrodes surfaces. Hence, these low values cannot be used as a criteria to evaluate the electrolyses.

On overall, I would confirm my previous point of view: the paper reports a major breakthrough in the field concerning the possible utilization of an electrochemical tool under mild conditions to convert alkynes in olefines. Data and methods substantiate rigorously the conclusions that are novel and of high interest. Even if the eventual integration of the proposed approach in the industrial process of synthesis of ethylene is not evident and needs to be evaluated in detail from an applicative point of view, the paper opens very interesting and promising scientific perspectives for the utilization of electrochemical processes for the selective hydrogenation of alkynes under mild operative conditions. However a number of revisions detailed in my first review should be addressed by the authors in order to reach the high standards required for publication on Science.
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