Response to Reviewer’s Comments

The manuscript is corrected according to the suggestions/remarks given by Reviewers.

Reviewer B
Comment 1. By quick Internet search I found a large number of studies that investigated the same subject. In the introduction part authors should clearly indicate what has already been investigated on this subject and what were the shortcoming of those investigations and what distinguishes your study from the others. Basically I am interested in what is the novelty of your study?

Reply: Explanation is included to the introduction part of the manuscript according to the Reviewer’s suggestion.

Comment 2. Page 5 line 123. Authors wrote: ''...and at SDS concentration of 0.01 % (Ch/SDS mass ratio 10:1) insoluble Ch/SDS complexes precipitate at the bottom...'' At concentration of SDS of 0.01 no precipitation could be observed from Figure 1. Even at 0.05 only increase in turbidity could be observed and not precipitation. Did authors mean 0.15%? If not please explain more clearly what happened at 0.01%. Also, later in text authors wrote that full precipitation occurred at SDS concentration of 0.2% but from Figure 1 it seems that precipitation occurred at 0.15% of SDS. How did authors determined that full precipitation occurred at 0.2% of SDS? Did you analyzed Ch concentration in upper layer or some other way?
Reply: Authors agree with the Reviewer that according to Fig. 1 (now Fig. 1a), precipitation in the mixture could not be seen at 0.01% SDS and that precipitation of the coacervate occurs at 0.15% SDS. In order to quantify visual observations, authors have added results of turbidity measurements, presented in Fig. 1b, and related comments in the manuscript. The measurements confirmed that at SDS concentration of 0.01% turbidity in the mixture occurs. According to the turbidity measurements, full precipitation of complexes i.e. the minimum in turbidity of the supernatant phase (marked with arrow in Fig 1b) occurs at 0.2 % SDS. As it can be seen from Fig. 6 that was presented in the manuscript minimum in viscosity of the supernatant phase was observed at that SDS concentration, which also indicates to the full precipitation of the coacervate.
Comment 3. It would be nice to add Ch/SDS ratio to X axis beside SDS% in all appropriate figures because it would be much easier to compare date in different Figures. For example it is hard to find which date in Figure 2 correspond to samples in Figure 1 and also it would be easier to follow the text where you use ratio quite often.

Reply: According to the Reviewer’s suggestion, in all appropriate Figures, Ch/SDS ratio is added as top X axis.

Comment 3. From Figure 3 it could be observed that minimal surface tension was achieved at SDS % of around 0.1 so it happened before CMC. How can you explain this?

Reply: In this comment is not clear whether the reviewer thinks about the minimal surface tension of pure SDS? If this is a case, the explanation can be found in the paper: “A study of the equilibrium surface tension and the critical micelle concentration of mixed surfactant solutions″ by Shi-Yow Lin et all., Langmuir 15 (1999) pp. 4370. It is widely accepted that the minimum is caused by the presence of the highly surface-active lauryl alcohol, formed due to the hydrolysis of SDS in the solution. Surface-active lauryl alcohol present in SDS solution that could be regarded as impurity lowers the surface tension below the CMC of pure SDS. When micelles of SDS begin to form, the impurity becomes solubilized in them thus lowering the concentration of lauryl alcohol in the bulk, as well as at the surface. Therefore, the surface tension increases to the value for pure SDS in the solution, i.e. we have minimum at 0.1% SDS and CMC of SDS at 0.18%.
Comment 4. Page 7 line 172. Please add ref number

Reply: The number of the reference is added to the text.
Comment 5. Add error bars in each Figure

Reply: Error bars are added in each Figure that is presented in the manuscript.

Comment 6. Page 8 line 198. Authors wrote that T3 is at same or even lower SDS % compared to pure SDS but, to me, comparing the data from Fig 3 and Fig 4 I would say that T3 for 0.005 and 0.01 Ch% occurred at the same SDS % as for pure SDS but for the concentration of Ch of 0.05 % the T3 occurred at higher SDS% compared to pure SDS. Pure SDS achieved minimal level at SDS % of 0.1 while 0.05 % of Ch achieved minimal level at 0.18% of SDS. Please reconsider and reexplain this part of discussion.

Reply: Considering the explanation given by authors in Reply to the Comment 3, CMC of the SDS is at 0.18%. The explanation of the results in the manuscript fully corresponds to the results presented in the Fig. 4. Therefore, authors did not change the discussion of the results.
Comment 7. Authors found that pH had no significant effect on T1, T2 and T3. How do you explain this? To me it would be logical that at lower pH values a higher concentration of SDS would be necessary to achieve T1, T2 and T3 because of higher concentration of other ions that can interact with SDS.
Reply: SDS is a strong anionic surfactant and presence of buffer in SDS water solution i.e. pH has no significant influence on its behavior at the surface. Recent findings related to the investigation of Ch/anionic surfactant interactions showed that ionic strength has no significant influence on to polymer/surfactant complex structure (L. Ghiappisi, M. Gradzielski, Adv. Colloid Interface Sci. 220 (2015) 92). Namely, the strength of the interactions depends on the ionic strength of the solution, while the amount of surfactant in the complexes that are formed does not. According to authors, such findings could be taken in to account when explaining the influence of pH on Ch/SDS interactions.
Reviewer D

1. Page 5, lines 121-124, authors wrote: ”It was noticed that introducing SDS to the Ch solution at concentrations lower than 0.01 % did not induce any visually observed changes in the mixtures. With further increase in SDS concentration, the mixtures become slightly turbid and at SDS concentration of 0.01 % (Ch/SDS mass ratio 10:1) insoluble Ch/SDS complexes precipitate at the bottom as the coacervate phase.” However, according to the Fig. 1, the Ch solution with SDS concentration of 0.05 % is turbid and the precipitation takes place when the SDS concentration is 0.15 %.

Reply: Authors agree with the Reviewer that according to Fig. 1 (now Fig. 1a), the Ch solution with SDS concentration of 0.05 % is turbid and that the precipitation takes place when the SDS concentration is 0.15 % (changed in the manuscript). In order to quantify visual observations, authors added results of turbidity measurements, presented in Fig. 1b, and related comments in the corrected manuscript. Turbidity measurements confirm that at SDS concentration of 0.01% turbidity in the mixture occurs, regardless the fact that it could not be visually noticed from Fig. 1a. 
2. Page 6, Fig 2. The coacervation does not occur at a concentration of 0.001% SDS. The Ch solutions containing 0.001 and 0.01 % of SDS are clear (Fig. 1).

Reply: The authors agree with the Reviewer that the coacervation does not occur at the concentration of 0.001% SDS (Ch/SDS mass ratio10:1). At this Ch/SDS mass ratio turbidity occurs, and the comments were changed in the manuscript according to the results of turbidity measurements.
3. Page 7, lines 176-182, authors wrote:”With increase in SDS concentration the surface tension of the Ch/SDS mixtures significantly decreases until reaching first break point, T1, at SDS concentration of 0.001 % (Ch/SDS mass ratio 10:1). At this mass ratio, as it can be seen from the Fig. 1, the turbidity in the mixture occurs. Further addition of SDS does not lead to changes in surface tension until achieving the second break point, T2, at 0.02 % (w/w) SDS (Ch/SDS mass ratio 1:2). In the SDS concentration region between T1 and T2, precipitation of the Ch/SDS complexes occurs, and even then the surface tension remains low.” No, this cannot be seen from the Fig. 1. The phase separation takes place at SDS concentrations greater than 0.02%. According to the Fig. 2, electrophoretic mobility of Ch/SDS complexes is zero at about 0.025 % SDS concentration, which indicates that neutral and insoluble Ch/SDS complexes were formed and started their settling.
Reply: The authors agree with the comments of the Reviewer that on Figure 1 it cannot be seen the appearance of turbidity when the mass ratio of Ch and SDS is 10:1. According to the results of turbidity measurements that are added in the corrected manuscript (Fig. 1b), it can be seen that at this mass ratio mixture becomes slightly turbid and that precipitation starts after reaching SDS concentration of 0.05%. At the SDS concentration of 0.2% turbidity of the supernatant phase shows minimal value. Such new findings and related comments are included in the explanation of Ch/SDS complexes behavior at the surface.
4. Why the surface tension of mixtures, with SDS concentration between T1 and T2, has constant value?
Reply: The explanation of existence of the T1-T2 plateau was given in the part of the manuscript that is related to influence of the Ch concentration on Ch/SDS complexes surface behavior. Such behavior could be explained by the formation of two basic types of Ch/SDS complexes in the system at different SDS concentration (Ref. No 6 and 29). Namely, at first, when SDS concentration is very low, the surface active complexes are formed by electrostatic binding of SDS molecules to the polymer active sites that causes high reduction in surface tension of Ch/SDS mixture. Such complexes are formed at much lower concentration than required for micellization of SDS. At certain SDS concentration (T1), bulk complexes are formed by adsorption of surfactant as some sort of aggregates on the polymer chain. If these surface active complexes are very surface active, like for Ch/SDS system, the onset of formation of bulk complexes at T1 have a little effect on the surface tension in the solution. At T2 bulk polymers are more or less saturated with surfactant aggregates. After reaching T2, any further surfactant addition to the solution does not lead to binding of its molecules to the polymer and the surface tension decreases until T3.
5. Fig. 4. Why the values of surface tension of 0.05 % Ch solution are between the values determined for Ch solutions with concentration of 0.005 and 0.01 %?

Reply: With regard to the comment of the Reviewer, authors have reconsidered the results presented in Fig. 4. Some of the additional measurements of the surface tension were performed and new results (error bar added) are presented in Fig. 4 in corrected manuscript. According to the new findings, the values of surface tension of 0.05 % Ch solution are much closer to the values determined for 0.01 % Ch solution i.e. within the measurement error. The difference between those two curves is in the position of T1 and T2, which has been commented in the manuscript. Such behavior could be explained when taken in consideration the structure of Ch/SDS adsorbed layer that could not be examined by means of tensiometry.
6. Page 8, line 194, the figure caption of Fig. 4 is unclear and should be changed. 

Reply: The caption of the Fig 4. is corrected to: “Surface tension of Ch/SDS mixtures as a function of SDS concentration at 30 oC and pH 4, for different Ch concentrations”.
7. Page 10, line 233, instead: ”indicating that pH value” it should be

written: ”indicating that, in examined range, pH value”.
Reply: Text is corrected according to the Reviewer’s suggestion.
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