Dear editor,

We would like first of all to thank you for time and effort, and for taken into consideration and reviewed the manuscript, and would like to thank the reviewers for their thoughtful review of the manuscript. We agree with all their comments and have carried out the experiments that the reviewers suggested. We respond below in detail to each of the reviewer’s comments.

Reviewer #1: 

1. In the Introduction section, the aim of the study and co-monomer N-isopropylmethacrylamide (NIPMAM) choice should be given and well elaborated. The potential use of chemically cross-linked p(NIPMAM/NIPAM) has also to be given.

Response: Reviewer’s remark has been acknowledged. The aim of the study and co-monomer N-isopropylmethacrylamide choice are now well elaborated and potential use of chemically cross-linked p(NIPMAM/NIPAM) was added in Introduction.
“Copolymer hydrogels of p(NIPAM/NIPMAM) are used for the controlled release of the drug [27] and the immobilization of the enzyme [31]. The N-isopropylmethacrylamide (NIPMAM) monomer was selected for copolymerization with the N-isopropylacrylamide (NIPAM) monomer in order to obtain a system with a phase transition temperature approximately close to human body temperature, which could potentially be used as a drug carrier.

The aim of this paper is the characterization of synthesized p(NIPMAM/NIPAM) hydrogels as a potential drug carrier and investigation of the influence of environmental pH value and temperature on hydrogel swelling properties.”

2. In the Introduction part the actual state-of-art in the relevant fields of the synthesis and properties of hydrogels based on NIPMAM/NIPAM co-monomers and their swelling behavior should be given. The contribution of the paper in comparison to previously reported results concerning p(NIPMAM/NIPAM) hydrogels should be presented.

Response: Reviewer’s remark has been acknowledged and suggested text about contribution of the paper, swelling and synthesis was added in the Introduction:
“P(NIPAM/NIPMAM) microgels were synthesized by radical polymerization of NIPAM and NIPMAM monomers in the presence of the N,N′-methylenebisacrylamide cross-linker in a mixture of methanol/water, 1/1 v/v, at room temperature. The volume swelling degree of p(NIPAM/NIPMAM) microgels is ≈28 [27]. P(NIPAM/NIPMAM) nano-sized gels were also synthesized by precipitation polymerization at elevated temperature (70 °C) and using the N,N′-methylenebisacrylamide cross-linker and the initiator ammonium persulfate [28].”
and Results and Discussion:

“The p(NIPAM/NIPMAM) microgels synthesized in the work of Fundenau et al. reached a volume swelling degree of about 23 under simulated physiological conditions (phosphate buffer solution pH=7.4) at 25 °C [27]. The p(NIPMAM/NIPAM) hydrogels synthesized in this work have higher swelling degrees than the p(NIPAM/NIPMAM) microgels and the homopolymer p(NIPAM).“

3. The schematic presentation of the reaction mixture and structure of prepared hydrogels should be included in the manuscript.

Response: Reviewer’s remark has been acknowledged. The schematic presentation of the reaction mixture and possible structure of prepared hydrogels was included in the manuscript.
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Figure 1. Schematic representation of the synthesis of p(NIPMAM/NIPAM) hydrogels with their possible structure
One sentence is also added to Experimental part. “Schematic representation of the reaction mixture and possible structure of obtained p(NIPMAM/NIPAM) hydrogels is shown in Figure 1.”
4. The sentence: “The polymerization reactions were initiated with 30 mg 2,2’-azobis(2-methylpropionate), AIBN” should be moved from the Abstract to Experimental section. The concentration of AIBN should be given as mol% or wt% of reaction mixture, not as an amount.

Response: Reviewer’s remark has been acknowledged. The sentence: “The polymerization reactions were initiated with 30 mg 2,2’-azobis(2-methylpropionate), AIBN” was moved from the Abstract to Experimental section and modified according to instructions of reviewer.

“The initiator 2,2’-Azobis (2-methylpropionitrile), AIBN, in concentration of 2.8 mol% was used for initiating the polymerization reaction.”
5. Table 1. The amounts of reactants in the synthesis of hydrogels are given with too many significant numbers.

Response: Reviewer’s remark has been acknowledged. The concentrations of reactants in the synthesis of hydrogels are now given with two decimal places, expect concentration of cross-linker.

Table 2. The concentrations of reactants used in the synthesis of p(NIPMAM/NIPAM) hydrogels

	Reactant / mol/dm3
	p(NIPMAM/NIPAM)

	
	mol% of EGDM

	
	1.5
	2
	3

	NIPMAM
	1.30
	1.30
	1.30

	NIPAM
	1.95
	1.95
	1.95

	AIBN
	0.09
	0.09
	0.09

	EGDM
	0.048
	0.065
	0.097


6. Experimental section, page 5, line 106-107. What was monomer concentration in the reaction mixture?

Response: Reviewer’s remark has been acknowledged. Concentrations of monomer, cross-linker and initiator are now given in Table 2.

Table 2. The concentrations of reactants used in the synthesis of p(NIPMAM/NIPAM) hydrogels

	Reactant / mol/dm3
	p(NIPMAM/NIPAM)

	
	mol% of EGDM

	
	1.5
	2
	3

	NIPMAM
	1.30
	1.30
	1.30

	NIPAM
	1.95
	1.95
	1.95

	AIBN
	0.09
	0.09
	0.09

	EGDM
	0.048
	0.065
	0.097


7. Figure 3. “Calibration curves for NIPMAM, NIPAM and EGDM” should be either given as Supplementary material or be deleted from the manuscript.

Response: Reviewer’s remark has been acknowledged. Figure 3 is given as a Supplementary data. Part of one sentence is removed from the text in Results and Discussion: “whereas Figure 3 shows calibration curves with the equations of a straight line and the correlation coefficients.”
8. Experimental section, page 7. 2.4. Swelling behavior. The dimensions and shape of hydrogel samples should be added. How many repeated measurements per sample were performed for determination of swelling degree?

Response: Reviewer’s remark has been acknowledged. Synthetized p(NIPMAM/NIPAM) hydrogels are discs with a diameter of 5 mm and a thickness of 2 mm. For determination of swelling degree three measurements per sample were performed. Following sentences are added or modified in the Experimental part:
“The swelling of synthetized p(NIPMAM/NIPAM) xerogels (discs with a diameter of 5 mm and a thickness of 2 mm) was monitored gravimetrically.“
“For determination of swelling degree three measurements per sample were performed.”
9. On Figures 4 and 5, which showed the dependence of the swelling of hydrogels on the time, the error bars for swelling degree values should be added.

Response: Reviewer’s remark has been acknowledged and error bars were added to Figure 4 and 5.
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Figure 4. The dependence of the swelling degree of p(NIPMAM/NIPAM) hydrogels on the time in solutions with pH values of 4 (a), 7 (b) and 8 (c) at 25 °C (error bars are the standard error of the mean taken from three measurements)
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Figure 5. The dependence of the swelling degree of p(NIPMAM/NIPAM) hydrogels on the time in solutions: pH 4 (37 °C - a, 60 °C - b, 80 °C - c), pH 7 (37 °C - d, 60 °C - e, 80 °C - f) and pH 8 (37 °C - g, 60 °C - h, 80 °C - i)

10. On Figure 6. The dependence of the swelling degree of p(NIPMAM/NIPAM) hydrogels on the temperature – the results are almost given for the temperature above volume phase transition temperature (VPTT), ie, in the un-swollen, collapsed state. The Authors are asked to present results in the temperature range where phase transition occurs. In addition, the discussion of the effect of hydrogel network structure (composition and cross-linking degree) on their values should be added.

Response: Reviewer’s remark has been acknowledged. We have carried out the experiments that the reviewers suggested and we added the discussion of the effect of hydrogel network structure on their values.
[image: image4.jpg]Swelling degree ()

—a— 40/60/1.5,

50
—e— 40/60/2
—A— 40/60/3
0
2]
20
104
o
EY ) 50 60 70 8





Figure 6. The dependence of the swelling degree of p(NIPMAM/NIPAM) hydrogels on the temperature in the solution of pH 7

“In the range of temperatures from 25 to 35 °C, the effect of cross-linking is more significant, while at higher temperatures this effect is less pronounced.”
11. On page 21 and on Figure 5. the dependence of the swelling degree of the prepared hydrogels on time in solutions with different pH and temperature is presented and discussed. Why the swelling behavior of the gels has been analyzed in collapsed state? The hydrogels are usually used in their as prepared-state or in the swollen state.

Response: The swelling of the hydrogels was monitored in the collapsed state at elevated temperatures in order to test their behavior as a carrier for drug release.
12. In Table 4. The values of solvent diffusion coefficient in hydrogel (D) are presented. The discussion concerning the effect of hydrogel structure and pH on their D values should be added. The D values are also given with too many significant numbers.
Response: Reviewer’s remark has been acknowledged. The discussion about the effect of hydrogel structure and pH on their D values was added in the manuscript.
“P(NIPMAM/NIPAM) hydrogels showed the highest diffusion coefficient values at a pH value of 7, and the lowest diffusion coefficient values at a pH value of 4. There is no influence of composition of the hydrogels, ie the content of EGDM cross-linker, on the diffusion coefficient values.”
The D values are now given with two decimal places, expect correlation coefficients.

Table 5. The kinetic swelling parametres for p(NIPMAM/NIPAM) hydrogel series in solutions with pH values of 4, 7 and 8 at 25 °C
	pH
	Sample
	n
	K / ×103min1/n
	R2
	D / ×107 cm2/min

	4
	40/60/1.5
	1.14
	2.27
	0.970
	0.10

	
	40/60/2
	0.88
	6.90
	0.994
	0.93

	
	40/60/3
	1.29
	2.54
	0.998
	0.13

	7
	40/60/1.5
	0.93
	10.60
	0.990
	2.20

	
	40/60/2
	0.55
	45.47
	0.997
	40.58

	
	40/60/3
	0.29
	137.28
	0.956
	369.87

	8
	40/60/1.5
	0.81
	10.14
	0.977
	2.02

	
	40/60/2
	0.88
	10.06
	0.998
	1.99

	
	40/60/3
	0.80
	19.00
	0.993
	7.08


Reviewer 2:
1. Abstract has to be shortened and omitted of unnecessary data. Only the most important findings should be presented.

Response: Reviewer’s remark has been acknowledged. Abstract was shortened and omitted by unnecessary data. Abstract according to the instructions of journal must have more than 150 words.

“Copolymeric hydrogels of poly(N-isopropylmethacrylamide-co-N-isopropylacrylamide), p(NIPMAM/NIPAM), are synthesized by radical polymerization of N-isopropylmethacrylamide (NIPMAM) and N-isopropylacrylamide (NIPAM) monomers by using cross-linker ethylen glycol dimethacrylate (EGDM). The synthesized copolymeric p(NIPMAM/NIPAM) hydrogels, starting monomers and the cross-linker were structurally characterized by using Fourier transform infrared spectroscopy (FTIR). Amounts of residual reactants in synthesized hydrogels were determined by high-pressure liquid chromatography (HPLC). Swelling of p(NIPMAM/NIPAM) hydrogels was investigated in relation to the temperature and pH value of the solution. The obtained values of residual monomer quantities are within acceptable limits and range from 2.69 to 5.25 mg/g for NIPMAM and 14.55 to 30.80 mg/g for NIPAM. The synthesized p(NIPMAM/NIPAM) hydrogels are negative temperature sensitive. The most common mechanisms of transport solution for p(NIPMAM/NIPAM) hydrogels are polymer chain relaxation, (Case III), and anomalous type of diffusion (non-Fickian diffusion). The maximum equilibrium degree of swelling was reached by p(NIPMAM/NIPAM) hydrogel with 1.5 mol% of EGDM at a temperature of 25 °C and pH 4 ((e=51.19), whereas the minimum one was reached by p(NIPMAM/NIPAM) hydrogel with 3 mol% of EGDM at a temperature of 80 °C and pH 7 ((e=0.98).”
2. Introduction, line 59. Authors state that “The volume phase transition temperature (VPTT) is the basic characteristic of hydrogels”. One of the most important characteristics of the hydrogels is also the swelling. The sentence and the paragraph should be corrected in this manner.

Response: Reviewer’s remark has been acknowledged. The sentence was corrected: “One of the most important characteristics of the hydrogels is also the swelling [13].”
3. List or table with sample names and abbreviations should be inserted in Experimental part.

Response: Reviewer’s remark has been acknowledged. Table with sample names and abbreviations was added in Experimental part.
Table 1. Sample names and composition of hydrogels
	Sample name
	NIPMAM2 / mol%
	NIPAM3 / mol%
	EGDM4 / mol%*

	p(NIPMAM/NIPAM)1
40/60/1.5
	40
	60
	1.5

	(NIPMAM/NIPAM)1
40/60/2
	40
	60
	2

	(NIPMAM/NIPAM)1
40/60/3
	40
	60
	3


1p(NIPMAM/NIPAM) - poly(N-isopropylmethacrylamide-co-N-isopropylacrylamide) 

2NIPMAM - N-isopropylmethacrylamide; 3NIPAM - N-isopropylacrylamide

4EGDM - ethylen glycol dimethacrylate; * molar percent of the cross-linker in relation to the monomer quantity
One sentence is also added to Experimental part. “Sample names and composition of hydrogels are shown in Table 1.”
4. Sentence (lines 249-252) should be deleted from the text as it represents a well-known fact already stated in the experimental part.

Response: Reviewer’s remark has been acknowledged. Following sentence is deleted from the text: “ The content of the monomer and the cross-linker in the methanol extracts was determined by applying calibration curves for NIPMAM, NIPAM and EGDM, which were constructed on the basis of the known concentrations of solution of reactants and the obtained peak surface (A) on the HPLC chromatograms.”
5. Figure 3 can be deleted from the Manuscript or be given as a Supplementary data. It is not necessary to present it in the text.

Response: Reviewer’s remark has been acknowledged. Figure 3 is given as a Supplementary data. Part of one sentence is removed from the text in Results Discussion: “whereas Figure 3 shows calibration curves with the equations of a straight line and the correlation coefficients.”
6. Authors mentioned that presence of unreacted monomers may affect manufacturing product and may be toxic. Also, it could be harmful for the final hydrogel. Although, Authors state that obtained HPLC measurements are within acceptable limits, it is recommended to give a reference that could confirm this claim and also some of the possible explanations to how to help reduction of the unreacted monomers (e.g. change of the solvent in which hydrogels were washed out).

Response: Reviewer’s remark has been acknowledged. Reference is added to text and explanations to how to help reduction of the unreacted monomers.
“The amount of residual NIPMAM and NIPAM monomers (Table 2) are within acceptable limits, because monomers are toxic in much higher amounts [48]. Residual reactants may be removed from hydrogel by evaporation or extraction with suitable solvents (water, methanol and acetone). Change of the solvent in which hydrogels were washed out also contributes to the decrease amounts of reactants in a hydrogel [49].

7. The whole section of the Manuscript (lines 277-302) is more suitable to be given in Introduction where Authors explain hydrogel properties and Experimental part (equations and model explanation), rather than in the Results and Discussion.

Response: Reviewer’s remark has been acknowledged. The whole section in Manuscript suggested by a reviewer is moved to Introduction (hydrogel properties) and Experimental part (equations and model explanation).

8. Values on y-axes in all Diagrams (Figure 4) should be the same for easier interpretation of the obtained results.

Response: Reviewer’s remark has been acknowledged. Values on y-axes in all Diagrams in Figure 4 were corrected to be the same.
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Figure 4. The dependence of the swelling degree of p(NIPMAM/NIPAM) hydrogels on the time in solutions with pH values of 4 (a), 7 (b) and 8 (c) at 25 °C (error bars are the standard error of the mean taken from three measurements)
9. Line 316, Authors state that swelling at pH 4 is slightly higher in acidic environment compared to neutral. Later, they claim that hydrogels are not pH sensitive, which is contradictory. It should be stated that hydrogels exhibit weak pH sensitivity (Line 322).

Response: Reviewer’s remark has been acknowledged. The sentence was corrected in this manner: “Synthesized p(NIPMAM/NIPAM) hydrogels do not react significantly to the changes in the environmental pH value, i.e. they exhibit weak pH sensitivity.“
10. What is the explanation for the observed behavior regarding higher equilibrium degree of swelling of synthetized samples compared to results found in literature (line 332-334)?

Response: Reviewer’s remark has been acknowledged. The explanation for obtained results about swelling is given by the following sentence: “The result of a higher equilibrium swelling degree of p(NIPMAM/NIPAM) copolymer is probably the presence of the thermosensitive component of NIPMAM in their structure.“

11. Figure 5: It is recommended that Authors insert temperature and pH value in the diagrams. Also, adjust values on the y-axes to be the same for easier comparison.

Response: Reviewer’s remark has been acknowledged. Values on y-axes in all Diagrams in Figure 5 were corrected to be the same. The values of temperature and pH were also inserted in Figure 5.
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Figure 5. The dependence of the swelling degree of p(NIPMAM/NIPAM) hydrogels on the time in solutions: pH 4 (37 °C - a, 60 °C - b, 80 °C - c), pH 7 (37 °C - d, 60 °C - e, 80 °C - f) and pH 8 (37 °C - g, 60 °C - h, 80 °C - i)

12. Line 363, Figure 4a should be corrected to Figure 5a.

Response: Reviewer’s remark has been acknowledged. Figure 4a was corrected to the appropriate number in a revised manuscript.
13. Decrease of equilibrium degree of swelling from around 3.2 to 2.0 is not considered to be significant. This should be corrected (line 368).
Response: Reviewer’s remark has been acknowledged. The sentence is corrected in this manner: An increase in temperature from 37 to 80 °C does not cause a significant decrease in the swelling degree of p(NIPMAM/NIPAM) hydrogels.

14. Line 376, Sentence repeats

Response: Reviewer’s remark has been acknowledged. The sentence “The antagonistic effect of temperature on the hydrogel swelling degree can be seen in Figure 5” is removed from the Results and Discussion.
The changes and added text in the manuscript have been highlighted in red. 

We believe that our responses are satisfactory and that the manuscript is now acceptable for publication in the journal Chemical Industry.

Maja Urošević, M.D.

Faculty of Technology,University of Niš
Bulevar Oslobođenja 124, 16000 Leskovac, Serbia

e-mail: maja91mail@gmail.com
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