Manusctipt ppap.201500080

Bologna, July 18th, 2015

Dear Prof. Favia,

thank you for giving us the opportunity to improve our Manuscript and resubmit it after minor revisions. The
answers to the Editor’s and Reviewers” comments are reported below in this document

In addition, the Authors would ask the Editor to accept a change in the order of the Authors, due to the most
relevant role assumed by Dr. Matteo Gherardi in the field of plasma and materials inside the Group for
Industrial Applications of Plasmas at Alma Mater Studiorum — Universita di Bologna and his leading role in the
research activities reported in this Manuscript and in its revision phase. As a consequence, in the revised paper
Dr. Matteo Gherardi appears as last and corresponding Author.

Best regards,

Prof. Vittorio Colombo

Dear Prof. Favia,

we would like to thank you and the Reviewers for your comments and suggestions, that stimulated us to better
highlight the novelty of our work and improve the overall quality of our Manuscript.

As reported below, we took into account and addressed the Editor’s and the Reviewers’ comments, and their
criticisms and suggestions, and based on these comments we have changed corresponding points of the
Manuscript.

In particular, we better highlighted the intended scope of our research, namely the chemical characterization of a
pPAA layer deposited by means of an atmospheric pressure plasma source with the aim of showing the potential
of nanosecond high voltage signals to deposit polymeric coatings with a high retention of functional groups; to
the best of our knowledge, the only two papers also reporting on this subject are focused on the deposition of a
different polymer.

Taking this into account, we believe a detailed study of the stability and morphology of the coating to be beyond
the scope of our Manuscript and the results presented on these subjects (characterization after short time water
dipping and 3D optical microscopy) were intended as preliminary information to support the discussion and
indicate the way of our ongoing research activities. Therefore, following the Editor’s request for minor revisions,
we explicited further the preliminary nature of these results throughout the text and added a perspective section
at the end of the Conclusions to describe the future steps we envision for complementing the chemical
characterization of the coating with stability and morphological analysis, also in view of potential biomedical
applications.

With best regards,

Dr. Matteo Gherardi



04-Jul-2015

Dear Prof. Colombo,

Manuseript ppap.201500080 entitled "Deposition of plasma-polymerized polyacrylic acid coatings by a non-equilibrium atmospheric
pressure nanopulsed plasma jet'" which you submitted to Plasma Processes and Polymers has been reviewed. The comments of the
referee(s) are included at the bottom of this letter.

1'd like to personally add the following comments:

- since this is a novelty, highlight better the advantage of using a nanosecond pulsed generator in this contest

INTRO
- explain clearly how ppAA coatings are used for non fouling coatings in cited ref [3], the text as it is may be misleading. Maybe in
that ref the ppAA layer is used as functionalized layer to covalently bind non _fouling chains?

- it should be reported somewhere that HIGH (how much ?2) density of —COOH groups is not necessary for cell-adbesive surfaces
and immobilization of biomolecules. In effect the stability in water is very important for applications (such as biomedical) in water

media.
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- the text “vacunm devices” should change in “vacuum pumps”. In effect. Also at atm P pumps are required to keep constant the
composition of the atmosphere around the substrate.



- beside cited ref 13, and before, in  Palumbo et al (Plasmas Polym 4, 133, 1999) it is reported, probably for the first time, the
OFES vs XPS correlation “more AA fragmentation, less —COOH in the coating”.

- Please explain well the advantages of using nanosecond square-pulse AP-DBD to maximize the retention of the monomer in the
coating, as this is the true novelty of the paper.

- at page 3, second balf, again it is reported that “high amounf of functional groups ...” are requested for biomedical applications.
But can we quantify this for the various applications ¢ probably not.

- Stability in water and high (probably < 10% in any case) density of COOH/R groups can be obtained, at low P, by increasing
the power, or/and by adding an unsaturated hydrocarbon; France et al did probably first (] Mat Chem 8, 37, 1998) with 1-7
octadiene, Pistillo et al (Surf Coat Tech 205, $534, 2011) with ethylene. Fanelli (see above, on PPP) added ethylene at Atm P. If
nanosecond pulses can give similar results without adding ethylene this should be highlighted.

EXPERIMENTAL
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FEED
- what is, exactly, the AA content in the primary gas, i.e., when 3 slpm are bubbled in 35 ml AA per 3-20 min.

PLASMA PROCESSED AREA
- what is the area of the pre-treated and of the plasma-coated one of the substrates ¢ larger than the WCA analysis spot ?

XPS-FT-IR
the texct "surface sensitivity" shonld be deleted, you mean "'sampling depth "

RESULTS
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- the F1-IK spectra are too overlapped, please try to make the Figures more readable. Add labels to the relevant bands, for clarity.
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Revzewer: 1

Comments to the Author

Dear authors,

7 enclose some comments to help improving the paper.

- Fig. 2, could maybe be put as additional information, it is not critical for the comprehension of the paper.

- Please, excplain why PE and PV'C were selected.

- Page 13. XPS. Authors state that there are 4 peaks in the decomposition of the C peak, and an additional peak: ""Furthermore,
in the peak fitting of the Cls envelope of the 20 min deposited pPAA film..." However, this 5th peak is also present in the 3 min
sample.

Please rewrite more clearly, as stating that there is only 4 peaks when 5 are clearly visible may lead to confusion.

- Table with the general quantification of XPS and O/ C ratios should be added and the effects of the treatment on each sample
shonld be discussed.

- Discuss the relevance of the functional groups created on the polymers for the applications intended and relationship with previous

literature.



- p. 14. 2nd paragraph. Correct: "With the aim of gathering..."

- How do authors explain this different thickness obtained in the coating between the two different polymers? Please discuss.

- Fig. 6, figure legend: 1t would be more clear if instead of "pristine'' aunthors used the term "masked area' or equivalent.
/8. 0, jigure ieg q

- Attention to the format of the ATR-FTIR images, which should not be in excel (or at least formatted similarly as the other images,
avoiding the horizontal lines in the figures).

- Attention also in ATR-FTIR images: In english, numbers with points, not commas.

- How long was dipping in water? Please specify (in the order of seconds, minutes...?)

- XPS of PV'C in strong treatment conditions is lacking but authors present the results of FTIR....it would be interesting to have it
in order to compare the two materials in this treatment conditions.



- Fig. 10 footlegend specifies 10 min Ar activation....was it the same in the other treatments prior to the polymerisation? in such a
case, please ensure uniformity in the footlegends throughout the paper for clarity.

- p. 21. The whole last paragraph of the results section is unclear, please rewrite.

- What happens if the samples are left longer in water? To show that there is indeed crosslinking and suitable binding to the
substrate, it is suggested that authors compare between different soaking times in water.

- I suggest to improve the discussion in the direction of the biomedical applications mentioned in the introduction, which are not
detailed afterwards in the results and discussion section.

Reviewer: 2

Comments to the Author

The present paper by Lignori et al. reports on the deposition of plasma-polymerized polyacrylic acid coatings by an atmospheric
pressure cold plasma jet. The novelty of the papers mainly resides in the utilization of a nanopulsed plasma jet for the deposition of
thin films; however, considering the results obtained on thin film deposition from acrylic acid, 1 personally believe that the novelty of
this work is very limited and that the characterization of the deposited coatings is inaccurate and incomplete. I believe that the
scientific quality of the manuscript needs to be seriously improved before being considered for publication in this Journal. I have the



Jfollowing comments and suggestion for major improvement of the manuscript:

1) In the introduction as well as in the list of references, the authors completely skipped the literature on thin film deposition from
acrylic acid wusing atmospheric pressure plasmas and, very often, plasma jets. Some references that should be reported and discussed in
the introduction are listed below:

-G. Chen et al., Plasma Process. Polym. 2011, 8, 701.

-Donegan et al., Surf. Coat. Technol. 2013, 234, 53.

-Bosso et al., Plasma Process. Polym. 2015, DOI: 10.1002/ ppap.201500005.

-Cools et al., Plasma Process. Polym. 2015, DOI: 10.1002/ ppap.201500007

-Carton et al. Plasma Process. Polym. 2012, 9, 984.

-Salem et al., Plasma Process. Polym. 2014, 11, 269.

-Morent et al., Appl. Surf. Sci. 2010, 257, 372.

-Ward et al., Chem. Mater. 2003, 15, 1466.

-Beck et al., Surf. Coat. Technol. 2008, 203, §22.
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i
know that the coating thickness conld be “substrate dependent”, however 1 believe that an estimation using glass or silicon substrates

should be provided.



4) XPS results:

-The authors should carefully revise the curve fitting of high resolution XPS C1s spectra. Considering for instance the fact that a non-
monochromatic X-ray source was been utilized, 1 suggest to remove the C1s component due to C-COOH groups and to use for curve
fitting the components reported in reff. 2, 6, 13.

-In the text at p.13 and in Table 1 the binding energies reported for the different Cls components are quite reasonable, however in
Figures 5 and 9 something is not clear: for instance it’s not clear why there is a component centred at a binding energy lower than 284
el’.

-1 suggest to remove survey spectra in Figure 1.

5) How large is the treated area using the nanopulsed plasma jet used in this work? This information shonld be

provided. Considering the dimensions of the jet I conld expect a treated area of a few mm2; then considering for instance WCA
measurements 1 was wondering if WCA results obtained with a 2 microliter drop can be acceptable. Is the dimension of the drop,
when placed on the substrate, sufficiently smaller that the treated area? Moreover, I suggest the authors to carefully consider WCA
results; due to the poor water stability of the coatings WCA measurements can provide only indicative WCA values.



6) Water stability of the coatings: authors reports results after water dipping. How long were the substrates dipped in water. 10 52 1
hour? 24 hours? If substrates were soaked in water for a few minutes or a few bours, I personally believe that the improvement of
coatings water stability cannot be claimed. Moreover since deposited coatings seems to be very thick, the authors should report
thickness loss after water immersion for all the investigated conditions.
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8) In the Experimental Section the amount of acrylic acid injected in the discharge should be provided (e.g., mg/ min).



