Reviewer 1
Question 1. 
Astonishing (and somehow upsetting) is the fact that the authors do not cite their previous reference published recently in S&A,A. In there they present a novel self-sensing IMPC actuator and this is also the case in this manuscript. Although there are differences in the construction and in results, I do not comprehend why the authors omitted this referencing.

Answer 1.

The self-sensing properties of actuators, which we discussed in a previous article in S&A, A, are fundamentally based on unchanged resistance values of the electrodes in every bended position of  the actuator. The situation is therefore fundamentally different in the present case, where we have electrochemical electrode reactions. Copper layer formation in one electrode and disappearance at the other electrode changes the electrode resistance values, and the bending is therefore not exactly detectable from resistance data.

The IPMC actuators with described in the work here - with ionic polymer containing copper ions and electrodes containing metallic copper – is very sensitive to the measurement history. It is possible to lose copper layer in one electrode, and at the same time get about two times thicker copper layer on the other electrode. It is therefore predictable that in these systems, the electrode resitivity values are completely different and thus without any self-sensing properties.

We have, however, added a reference to our self-sensing actuator to the present paper (reference 13 at the end of section 3.2), although we do not believe it has any strong relevance in this context due to the inherently different nature of the underlying bending mechanism.
Question 2. 
How the thickness of the electrodes was controlled

Answer 2.

The platinum electrode was made by BioMimetics Inc. during MuscleSheetTM preparation. From the scanning electron microscope (SEM) images of the cross-section, we could see that the platinum layers on the both sides of the artificial muscle membrane have different thickness. Electrode resisistivity measurements data also confirms that electrodes on both sides of the IPMC actuator are unequal. Typically, the platinum electrode thickness measured from SEM images has a value between 3 and 8 microns.
Copper layer thickness: the copper layer on the electrode was prepared by electrochemical plating. The quantity of copper deposited during electrochemical plating was controlled by the charge passed through the system during the copper layer preparation. The average thickness of the copper layer could be calculated from passed current, and was found to be ~2 microns. 
We have added these details to the paper (at the end of section 2.1)
Question 3. 
Explanations of the formation of Cu dendrites. 

Answer 3.
Copper dendrite growth was shown by scanning electron microscope (SEM) pictures from a copper plated actuator which was specially cycled for 300 times with following steps in one cycle: a) 0,5 seconds +4,5V and b) 0,5 seconds -4,5V. 
First, the cross-section picture shows that there is a quite a big amount of unevenly distributed copper inside the IPMC-actuator. Second, and more importantly, the actuator contains a lot of holes in the polymer matrix. The formation of these holes are most probably due to the micro-explosions of detonating gas (a 2:1 mixture of gaseous hydrogen and oxygen). The holes inside the solid polymer matrix are created when the heat of the detonating gas explosions melts the polymer, and the gas formation can only occur on the electrodes. 
Also important is the location of these holes inside the polymer matrix. In some cases, they are only located very close to the electrodes, indicating that there are no long dendrites inside the polymer matrix. In other cases (measured closer to the contacts), these holes are also found quite far from electrodes inside the polymer matrix. X-ray maps also show that the total amount of copper inside the polymer matrix is higher in this case, and that these higher concentrations can be found deeper inside the polymer matrix.

Gaseous hydrogen and oxygen is thus produced during the water electrolysis on the copper dendrites (which in turn are connected with electrodes). After switching polarity, the detonating gas is produced:

Cathode: 2 H+ + 2 e- → H2 (gas)

Anode: 2 OH- - 2 e - → 1/2 O2 (gas) + H2O 
Thereafter,
 the gas explosion occurs. For this reaction, a catalyst (platinum) is needed at room temperature. However, an actuator with platinum electrodes, and which is prepared using impregnation-reduction methodology, always contains small amount of platinum inside of the polymer matrix (these can also be seen on the X-ray line-scan; Figure 2).

We added this discussion to the paper (at the beginning of section 3.3)
I wonder if the readership of S&A,A is not better for this topic compared to S&A,B. The editor should decide.

The editor should of course should decide this, but we still hold the opinion that this paper contains a substantial amount of information which is directly related with the chemistry (in particular electrochemistry) of these kind of IPMCs, and is therefore more interesting for the readership of S&A,B (Chemical). 
Reviewer 2
Question 1.     Uchida and Taya stated that Cu layer was made after Pt plating for their samples. Is this work employed the same method?:

Answer 1.

Yes, we did prepare corresponding copper layer in exactly the same way. MuscleSheet™ is covered with platinum electrodes, and we covered this material with an additional copper layer. This is also described in the manuscript; in the beginning of section 2.1.
Question 2.     What is the weight ratio of Pt/Cu metal in electrode?

Answer 2. 
It is rather complicated to determine the exact weight ratio, since we did not prepare platinum electrodes ourselves, but this is probably in range of 15:1 to 3:1. The uncertainties are too large to discus in the manuscript, but 
as stated in answer 2 to reviewer 1, we have added a discussion on the copper layer thickness at the end of section 2.1


Question 3.     The thickness of electrode has very important effect on actuation behavior of IPMC. If there is a significant asymmetry between two electrodes the performance of this actuator may be seriously impaired. Could authors show cross-sectional view of IPMC?
Answer 3. 
We have added a SEM-image (Figure 1).

Question 4.     The bending deformation of this system also depends on the migration of Cu++ in Nafion. It is recommended to determine the contribution from the generation of Cu++ at the anode in bending.

Answer 4. 
We believe this question is a result of a misunderstanding. Cu2+ is the only migrating ion in the system, and is thus responsible for the whole bending mechanism.
According to literature, the bending deformation of this system is depending mainly (if not only) on the migration (electro-osmosis) of hydrated Cu2+ ions driven by electrical field in the polymer matrix. Since there are not any other cations than Cu2+ in this polymer, all the deformation is related to the movement of this cation. In an IPMC-actuator with copper electrodes and Cu2+ cations inside the ionic polymer, there is a constant stable ion distribution over the whole ionic polymer membrane, also during actuator bending.
We did not add this discussion to this paper, since this system is described in detail by Uchida and Taya in Reference [7].
Question 5.     Authors are asked to provide scientific data to support their argument in this work. " a) formation of Cu dendrite  b) formation and quantitative analysis  of Cu+ ions .
Answer 5a. 







As already stated in answer 3 to reviwer 1:
Copper dendrite growth was possible to show by scanning electron microscope (SEM) pictures from a copper plated actuator which was specially cycled for 300 times with following steps in one cycle: a) 0,5 seconds +4,5V and b) 0,5 seconds -4,5V. First, the cross-section picture shows that there is a quite a big amount of unevenly distributed copper inside the IPMC-actuator. Second, and more importantly, the actuator contains a lot of holes in the polymer matrix. The formation of these holes are most probably due to the micro-explosions of detonating gas (a 2:1 mixture of gaseous hydrogen and oxygen). The holes inside the solid polymer matrix are created when the heat of the detonating gas explosions melts the polymer, and the gas formation can only occur on the electrodes. 

Also important is the location of these holes inside the polymer matrix. In some cases they are only located very close to the electrodes, indicating that there are no long dendrites inside the polymer matrix. In other cases (measured closer to the contacts), these holes are also found quite far from electrodes inside the polymer matrix. X-ray maps also show that the total amount of copper inside the polymer matrix is higher in this case, and that these higher concentrations can be found deeper inside the polymer matrix.

Gaseous hydrogen and oxygen is thus produced during the water electrolysis on the copper dendrites (which in turn are connected with electrodes). After switching polarity, the detonating gas is produced:

Cathode: 2 H+ + 2 e- → H2 (gas)

Anode: 2 OH- - 2 e - → 1/2 O2 (gas) + H2O 
Thereafter, the gas explosion occurs. For this reaction, a catalyst (platinum) is needed at room temperature. However, an actuator with platinum electrodes, and which is prepared using impregnation-reduction methodology, always contains small amount of platinum inside of the polymer matrix (these can also be seen on the X-ray line-scan; Figure 2).

We added this discussion to the paper (at the beginning of Caption 3.3)

Answer 5b.
Preparing our IPMCS, we first cleaned a MuscleSheet™ type IPMC actuator by boiling it in 1 M hydrochloric acid. We thereafter cleaned this muscle from acid residue by boiling in deionised water, and put the IPMC sample into the 2 M CuSO4 solution overnight. W
e then covered this sample with copper layer by electrochemical plating. After putting it in solution overnight, we observed the formation of an insoluble colourless compound. Using X-ray microprobe elemental analysis, we found that this compound contains only the elements copper and chlorine. It gives us reason to suppose that this compound is CuCl, since there is no other insoluble compound containing only these two elements. 
When putting fresh copper layer covered IPMC samples to deionised water, i.e. without boiling it in hydrochloric acid, no essential changes could be observed. We thus reached the conclusion that small remains of Cl- ions after the cleaning in hydrochloric acid caused the compound formation.

We added this discussion to the paper (at the end of section 3.3).
Question 6.     Figure and table captions need to contain more detailed description of data and samples. ex) in Table 1; description of sample 1, 2 and 3?

Answer 6. 
All the three samples were prepared in the same way (as it is described in experimental part). There are small varieties among them, but main trends are the same for all samples; i.e., the differences are not significant enough to include in the table caption. For the specific example of Table 1; this table has been replaced with Figure 6 (see Answer 7 below).
Question 7.     Table 1 is hard to understand. Please explain why negative potential was applied for relaxing?

Answer 7. 
The negative potential are actually not applied for relaxing. The word “relaxation” was misfortunate in this case; we did change it in the manuscript.
Opposite potentials are used for more uniform copper layer formation. We also added a figure to the manuscript which shows how the potentials are changed during one cycle (Figure 5), and Table 1 has been replaced with Figure 6 for further clarity.

.
Question 8.     Please explain what is the meaning of +100 in table 1? Is there any specific reason to give 1 second for relaxation?

Answer 8. 
“+100” means an additional 100 cycles in the same direction . We have explained our terminology in more detail in the revised version of the manuscript (see the table header to Table 1), and, as stated above, Table 1 in the previously submitted version has been replaced by Figure 6. 
During 1 second of applied opposite potential, the sample bends back to the opposite direction compared to the last bending. As stated throughout the manuscript, the problem with this type of IPMCs is the Cu depletion on the anode side, which probably is the reason for the decreasing bending angle upon cycling. By applying a 1 second opposite pulse, we tried to limit this problem. Also, opposite potentials are used to form a more uniform copper layer formation.. 
