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Co-Deposition of Plasma-Polymerized
Polyacrylic Acid and Silver Nanoparticles for
the Production of Nanocomposite Coatings
Using a Non-Equilibrium Atmospheric
Pressure Plasma Jet
Anna Liguori, Enrico Traldi, Elena Toccaceli, Romolo Laurita,
Antonino Pollicino, Maria Letizia Focarete, Vittorio Colombo,
Matteo Gherardi*

A single step process for the deposition of nanocomposite coatings with silver nanoparticles
(AgNPs) embedded in a plasma-polymerized polyacrylic acid (pPAA) matrix and performed
using a non-equilibrium atmospheric pressure plasma jet is presented. Acrylic acid (AA) and
AgNPs dispersed in ethanol (EtOH) are used as precursors and are separately injected in the
plasma region directly; Ar is used as plasma gas and
also as carrier gas for both precursors. Scanning
electron microscopy (SEM) and ATR-FTIR analysis
show the deposition of a micrometric pPAA coating
on the polyethylene (PE) film used as substrate; AgNPs
embedded in the polymeric matrix are visible in SEM
pictures and their presence is confirmed by XPS and
EDS analysis. X-ray photoelectron spectroscopy (XPS)
also highlights a high retention of carboxylic groups in
the pPAA chemical structure and the surface oxidation
of AgNPs. Preliminary results of the antibacterial
activity of the co-deposited coatings are presented.

1. Introduction

Nanocomposite coatings, obtained embedding inorganic

nanoparticles (NPs) into polymeric or inorganic matrices,

have been raising great interest as innovative high-

performance materials suitable for application in a wide

rangeof industrialfields.[1–11] Several techniqueshavebeen

explored for thesynthesisanddepositionofnanocomposite

coatings, spanning from chemical or electrochemical

oxidation to plasma assisted processes.[12–19]

Focusing on non-equilibrium atmospheric pressure

(cold) plasma technology, Fanelli et al.[20] recently reviewed

the state of the art of aerosol-assisted deposition processes

andreportedthatwhile several studieshavebeendedicated
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employed with a nanopulsed generator for the deposition

of pPAA coatings having a high retention of carboxylic

groups,[41] is here driven by a micropulsed generator,

operated in Ar and fed with two precursors, AA for the

matrix and a dispersion of AgNPs in EtOH, separately

injected in the plasma region through the two gas channels

of the plasma source. The coatings are deposited onto PE, a

thermoplastic polymer widely employed in industrial and

biomedical fields, with exceptionally easy processability

features, good mechanical properties, and typically requir-

ing surface modification to enhance its suitability for

specific applications (e.g., increase of hydrophilicity for

biomedical applications).

Results for the morphology, obtained by means of

scanning electron microscopy (SEM), and chemical

characteristics, obtained through attenuated total reflec-

tance-fourier transform infrared spectroscopy (ATR-FTIR),

Energy-dispersive X-ray spectroscopy (EDS), and X-ray

photoelectron spectroscopy (XPS), of the nanocomposite

coating are shown. Finally, the antibacterial efficacy of

the deposited nanocomposite coatings is preliminary

assessed against a test microorganism by means of agar

disk diffusion tests.

2. Experimental Section

2.1. Materials

As a precursor for the nanocomposite coatings, 99% anhydrous

acrylic acid (AA) (Sigma–Aldrich, USA), for the fabrication of the

polymeric matrix, and a dispersion 5% w/w of AgNPs (mean

diameter<100nm; Sigma–Aldrich) in anhydrous EtOHwere used;

thedispersionofAgNPs inEtOHwaspreparedbystirringthecolloid

at room temperature for 2min. Multi-layer films, composed of a

polyethylene (PE, approximately 50mm thick), polyvinylidene

chloride (PVDC, approximately 25mmthick), andpolyvinylchloride

(PVC, approximately 200mm thick) layers, were used as substrate;

the co-deposition of the nanocomposite coatings of AgNPs

embedded in a pPAA matrix (AgNPs/pPAA) was performed onto

the PE layer. To support the discussion of SEM and EDS analyses,

results will be also presented for PE films coated only with AgNPs,

deposited using a dispersion of 5% w/w of AgNPs in EtOH. In the

text, nanocomposite coatings and nanoparticle coatings are

referred to as AgNPs/pPAA coating and AgNPs coating,

respectively.

2.2. Non-Equilibrium Atmospheric Pressure Dual Gas

Plasma Jet

The plasma source adopted for the co-deposition of AgNPs/pPAA is

a single electrode plasma jet, suitable for the treatment of different

substrates such as metals, polymers, glasses, and biological

materials, developed in our laboratory and reported in previous

works.[41–46]

As high-voltage electrode, a stainless steel sharpened metallic

needle with a diameter of 0.3mm is used; the plasma source is
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to the deposition of polymeric and inorganic coatings,[21–32] 

only a few have been focused on nanocomposite coatings. 
The first work on this topic was published in 2009 by Bardon 
et al.[33] and reported on the deposition of a nanocomposite 
coating where AlCeO3NPs were embedded in an organo-
silicon matrix; the process was performed injecting in a 
Dielectric Barrier Discharge (DBD) reactor a NPs dispersion 
in a liquid organosilicon precursor. Later, Dembele et al.[34] 

reported on the deposition of a nanocomposite coatings 
(organosilicon polymer and TiO2NPs) obtained by introduc-
ing a dispersion of NPs in tetramethoxysilane in a plasma 
jet having a point to plane corona configuration. Some 
studies were also performed on the synthesis of organic-
inorganic nanocomposite coatings by means of atmos-

pheric pressure cold plasma. In particular, Uygun et al.[35] 

deposited different coatings by introducing a dispersion of 
polymer precursor (either pyrrole, thyophene, or furan 
monomers), TiO2NPs, and LiClO4 in acetonitrile in an 
atmospheric pressure RF uniform glow discharge. Michel 
et al.[36] investigated the deposition of plasma-polymerized 
polyaniline (PANI) coatings including mercaptoaniline 
functionalized PtNPs, by introducing a dispersion of 
functionalized NPs in ethanol and aniline in the plasma 
region of a DBD. Fanelli et al.[20] reported on the deposition 
of ZnONPs/hydrocarbon polymer nanocomposite coatings 
using an atmospheric pressure DBD, fed with He and with 
an aerosol of oleate-capped ZnONPs dispersed in a hydro-
carbon solvent.

Recently, cold plasma deposition of nanocomposite 
coatings with antibacterial properties has been inves-
tigated, exploiting the well known antimicrobial properties 
of AgNPs.[37] Indeed, Beier et al.[38] reported on a process 
where hexamethyldisiloxane, used as silicon containing 
precursor for the matrix, and a dispersion containing either 
AgNO3 or AgNPs were simultaneously injected in the 
plasma region of a DC pulsed arc discharge plasma jet. A 
different process, relying on the use of DC plasma jet, was 
proposed by Deng et al.;[39] N2 was used to sustain the 
plasma discharge and an admixture of O2, tetramethyldi-

siloxane, as organosilicon precursor for the matrix, N2, and 
AgNPs was fed to the plasma region. To date, only one work, 
published by Humud et al.,[40] proposed the fabrication of 
coatings containing AgNPs in a polymeric matrix using an 
atmospheric pressure plasma; the process, performed with 
a DBD plasma jet, was aimed at improving the conductivity 
of a polyaniline matrix by means of the introduction of 
AgNPs. As precursor, a dispersion of AgNPs in aniline was 
carried, in form of aerosol, by an Ar flow and injected into 
the plasma region.[40]

In this work, a single step process for the synthesis and 
deposition of nanocomposite coatings containing AgNPs 
embedded in a plasma-polymerized polyacrylic acid (pPAA) 
matrix, using a non-equilibrium atmospheric pressure dual 
gas plasma jet,[41–46] is presented. The plasma jet, already



equipped with two gas conducts, to support the separate

introduction of a primary and a secondary gases in the region

surrounding the high-voltage electrode. The produced plasma is

ejected fromthe source throughanorificewithadiameter of 4mm,

as described elsewhere.[41]

The plasma source was driven by a micropulsed generator

producing high-voltage sinusoidal pulses having peak voltage (PV)
of up to 40 kV, frequency (f) of 20–50kHz, variable pulse duration,
and fixed pulsed repetition frequency (PRF) of 100Hz. During the

plasma co-deposition process, PV, f and duty cycle were kept

constant at 23.4 kV, 20 kHz, and 40%, respectively.

2.3. Experimental Setup

The experimental setup is schematically represented in Figure 1.

For the AgNPs/pPAA deposition onto PE substrates, the plasma

jet was operated in Ar and separately fed with the nano-

composite coating precursors, exploiting the two distinct gas

channels of the plasma source. In particular, a flow of 2.5 slpm of

Ar was introduced at first inside a bubbler containing the

monomer and then, carrying the AA, injected into the plasma

source through the primary channel, as described in our

previous work.[41] Simultaneously, a second flow of 2.5 slpm

of Ar was introduced in a nebulizer system containing the

dispersion of AgNPs in EtOH and the so formed aerosol was

injected into the plasma source through the secondary gas

channel. The mass flow rate of AA injected through the primary

channel and of the AgNPs nebulized dispersion injected through

the secondary channel, determined by the monomer and colloid

consumption inside the flasks as reported in previous

works,[47,48] were of 0.05ml/min and 2.3ml/min, respectively.

For the deposition of AgNPs coatings, the primary gas channel

was closed and only the aerosol of AgNPs in Ar was fed to the

plasma region. During the deposition process, the distance

between the plasma source and the PE substrate was kept

constant at 2mm and a floating aluminum foil was placed

under the PE film in order to facilitate the generation of the

plasma discharge. For all the experiments, the treatment time

was kept constant at 3min.

2.4. Characterization of the Co-Deposited AgNPs/

pPAA Nanocomposite Coating

2.4.1. Scanning Electron Microscopy

Scanning electron microscopy was performed to investigate the

morphology of the Ag NPs/pPAA coatings deposited onto PE

substrates; for comparison, SEM analysis was also performed on

substrates where only AgNPs were deposited. Scanning Electron

Microscope observations were carried out using a Philips 515 SEM

by applying an accelerating voltage of 15 kV, on samples sputter-

coated with gold; the SEM was also equipped with energy

dispersive X-ray spectroscopy (EDS), whichwas used for elemental

analyses of the samples.

Figure 1. Experimental setup of the plasma co-deposition process.



2.4.2. Attenuated Total Reflectance-Fourier Transform

Infrared Spectroscopy

Attenuated total reflectance-fourier transform infrared (Agilent

Cary 660 FTIR spectrometer)was used to gather information on the

chemical structure of the substrate before and after the deposition

of the AgNPs/pPAA coatings. The spectrometerwas equippedwith

an ATR sampling device, using a diamond crystal as internal

reflection element. Infrared spectra were acquired at room

temperature (RT) in absorbance mode, from 3900 to 400 cm�1

with a resolution of 2 cm�1; a total of 32 scans were recorded for

each spectrum.

2.4.3. X-Ray Photoelectron Spectroscopy

X-ray photoelectron spectroscopymeasurements were carried out

on a VG Instrument electron spectrometer using a Mg Ka1,2 Xray

source (1253.6 eV). The X-ray source in the standard conditions had

beenworking at 300W, 15 kV, and 20mA. The base pressure of the

instrument was 5�10�10 Torr and an operating pressure of

2� 10�8 Torr was adopted. A pass energy of 100 eV and 20 eV was

used for widescans and narrowscans, respectively. The semi-

quantitative surface analyses were carried out by the determi-

nationof thephotoelectronpeakareasobtainedbymultiplying the

experimental values with the appropriate sensitivity factor. For

acquiring the spectra, a take-off angle of 808was used. Considering

that the relationship between the depth of the analyzed layer (d)

and the t.o.a. (u) is represented by the equationd¼ 3l sin u, wherel

is the inelastic mean free path (IMFP) of the photoelectrons (for

carbon l¼14 Å),[49] it is possible to quantify the thickness of the

analyzed layer in about 40 Å. The calculation of the areas

corresponding to the different photoelectron peakswas performed

using VGX900x software; the curve fitting elaborations were done

bymeans of PeakFit software (version 4, from SPSS Inc.). The curve

fitting of C1s envelope has been performed using the product of

GaussianandLorentzian functions (80:20): theFWHMof theheight

of each curvewas kept equal to 1.7� 0.1 eV. Binding energieswere

referred to the C-H level at 285 eV.

2.5. Antimicrobial Assay

presence/absence of a bacterial growth inhibition area was

evaluated. Tests were performed in triplicate.

3. Results and Discussion

Thickness and morphology of the AgNPs/pPAA coatings

were investigated by means of SEM analysis. In

particular, the coating thickness was measured to be

around 30mm from SEM images of the cross-sectional

view of the co-deposited samples; a representative cross-

sectional view of a sample coated with AgNPs/pPAA is

shown in Figure 2.

This measured thickness is significantly higher than

those achieved with other atmospheric pressure plasma

sources.[31,32,50,51] Indeed, Vogelsang et al.,[31] in their work

on the deposition of C:F coatings using a RF capillary

microplasma jet, reported of amaximum coating thickness

of 7.8mmafter 3min of deposition; Chen et al.,[32] reporting

on the deposition of pPAA coatings with an atmospheric

pressure glowdischarge plasma jet, observed a thickness of

around 300nm after a 10min deposition time. Bashir

et al.,[50] in their work on the polymerization of hexame-

thyldisiloxane using a DBD plasma jet, reported about an

average thickness of the deposited coating of 662� 33nm

after a treatment time of 3min. Finally, Bosso et al.[51]

observed a maximum thickness of 300nm for a pPAA

coating deposited by means of DBD plasma jet (10min

deposition time).

Scanning electron microscopy top views of the

samples, reported in Figure 3, show that the co-deposited

coating is characterized by an uneven surface, with

bright regions in correspondence of polymer-coated

AgNPs and aggregates (Figure 3b, d, and f) similarly to

what previously reported by Deng et al.;[39] the dimen-

sion of these bright areas are almost coincident with the

Figure 2. SEM images of the cross-sectional view of the AgNPs/pPAA coated PE; the
coating thickness is indicated by the broken red line. Dotted black lines are drawn in (a)
in correspondence to the boundaries of the polymeric layers constituting the multi-
layer film used as substrate. Magnification: 220� (a), 810� (b).

A. Liguori et al.

Escherichia coli (DSM 3083) was cultured on 
Tryptic soy agar (TSA) plates at 37 8C and a 
bacterial suspension was prepared in sterile 
distilled water from an overnight culture; the 
suspension was adjusted to approximately
1.5 � 108 CFU (Colony Forming Units) ml�1 

based on McFarland turbidity standards, seri-
ally diluted and plated on TSA to quantify the 
bacterial concentration. The suspension was 
spread over the entire surface of the TSA plate
by swabbing uniformly across agar. Each plate 
was kept for 15 min at room temperature and 
then each sample to be tested (either pristine
PE, PE coated with pPAA or PE coated with 
AgNPs/pPAA), having a surface 1 cm2, was 
placed onto a contaminated agar plates. 
After incubation for 24 h at 37 8C, the



The presence of Ag in the AgNPs/

pPAA coatings is further confirmed

by the collected EDS spectra shown

in Figure 4; noticeable, the Ag charac-

teristic peak is slightly lower in

the AgNPs/pPAA coating than in the

AgNPs one, as a consequence of the

AgNPs being embedded in the poly-

meric matrix.

Attenuated total reflectance-fourier

transform infrared spectroscopy analy-

sis confirmed the successful deposition

on the PE substrate of the pPAA matrix

of the AgNPs/pPAA coating, as the

collected spectrum, shown in Figure 5,

is remarkably similar to other pPAA

spectra previously reported in litera-

ture.[41,51] Despite some works have

indicated that ATR-FTIR might provide

information about the molecular envi-

ronment of the organic molecules on

the surface of AgNPs[52,53] and thus lead

to an indirect detection of the Ag in the

coating through a slight shift of char-

acteristic peaks of the spectrum,[40] we

could not observe any significant differ-

ence between AgNPs/pPAA and a typ-

ical pPPA coating, probably because the

amount of Ag in our coating is below

the sensitivity threshold of the

technique.

The XPS survey spectrum of the

AgNPs/pPAA coating, reported in

Figure 6, highlighted the presence of

Ag, C, O, and N through their corre-

sponding XPS peaks (C1s, O1s, N1s, Ag3d,

and Ag (A)). The elemental concentra-

tions in the nanocomposite coating,

jointly with the atomic ratios, are

reported in Table 1.

The presence of nitrogen in the XPS survey spectrum

can be probably appointed to the interaction of AA, or

the products of its plasma-polymerization, with vibra-

tionally excited N2 molecules, resulting from the mixing

of the plasma plume with the surrounding air,[43] as

proposed by Bhatt et al.[54] for the case of plasma-

polymerization of diethylene glycol dimethyl ether;

indeed, they observed by means of optical emission

spectroscopy the formation of OH, CH, N2, and CN

excited species when the monomer was introduced into

the Ar plasma jet.

The curve fitting of the high-resolution C1s peak, shown

in Figure 7, provides useful information on the retention of

carboxyl groups in the chemical structure of the pPAA

Figure 3. SEM images of the top views of the PE films coatedwith AgNPs (a, c, and e) and
AgNPs/pPAA (b, d, and f). Magnification: 6000� (a and b); 10000� (c and d), 20000�
(e and f). Dotted yellow circles indicate micrometric aggregates; dotted red circles
indicate AgNPs with characteristic dimension around 100nm, either isolated (NP) or
organized in clusters (NPc), and Ag sub-micrometric particles with characteristic
dimension in the range of few hundreds nanometres (SubmP).

dimension of AgNPs particles and aggregates that can be 
observed on samples obtained by depositing only AgNPs 
(Figure 3a, c, and e). The highest resolution SEM top views 
(Figure 3e and f) underline the presence, in both the 
AgNPs/pPAA and AgNPs coatings, of AgNPs (having 
characteristic dimension around 100 nm) either isolated 
(marked as NP in Figure 3e and f) or organized in clusters 
(marked as NPc in Figure 3e and f) and sub-micrometric 
particles (having characteristic dimension of few hun-
dreds of nanometers and marked as SubmP in  
Figure 3e and f); micrometric aggregates (circled by a 
broken yellow line in Figure 3e and f) are visible as well 
in the coating. The aggregation of nanoparticles during 
the co-deposition process was reported also by Deng 
et al.[39]



matrix of the nanocomposite coating. Indeed, the C1s

envelope of the deposited nanocomposite coating can be

deconvoluted into four distinct peaks: a peak at

285.0� 0.1 eV corresponding to C—C and C—H bonds, a

peak at 285.5� 0.1 eV due to C—COOH

functional groups, a peak at

287.8� 0.1 eV due to C55O bonds and,

finally, a peak at 289.1� 0.1 eV, attrib-

uted to carboxylic acid (—COOH) and/or

ester (—COOR) groups.

Interestingly, as reported in Table 2,

the AA plasma-polymerization carried

out by means of the micropulsed non-

equilibrium atmospheric pressure

plasma jet leads to a high retention

of —COOH/R groups (21%); this

amount is fairly close to the one

previously measured for pPAA depos-

ited with the same plasma source, but

driven by a nanosecond pulsed gen-

erator.[41] This result can be probably

attributed to the low value of duty

cycle employed for the co-deposition

process: in fact, as highlighted by

Boscher et al.[55] in their work on the

deposition of plasma-polymerized

poly(glycidyl methacrylate) by means

of DBD driven by ultra-short square

pulses, the increase of the duty cycle

leads to functional groups destruction

and to the formation of a larger

distribution of chemical bonds; con-

versely, films deposited using lower

duty cycle conditions were found to be

identical in terms of chemical compo-

sition to the ones obtained for conven-

tionally polymerized poly(glycidyl

methacrylate).[55]

High-resolution XPS spectra of the

Ag3d are reported in Figure 8 and indicate that the

binding energies of the corresponding spin orbit

splitting of Ag3d5/2 and Ag3d3/2 due to AgNPs are

centered at 368.2 eV and 374.2 eV, respectively. None-

theless, the binding energy positions of

Ag3d were not enough to identify the

oxidation state of the Ag species

because the characteristic states of

oxidized and metallic silver are close

together.[56,57] Nonetheless, partially

oxidized AgNPs are known to exhibit

better antibacterial activities than the

zero-valent Ag,[58] thus, the kinetic

energy (KE) in the Ag MNN region of

the Auger transitions was measured

and the modified Auger parameter (a0)
was used to characterize the chemical

state of Ag. This parameter, originally

proposed by Wagner[59,60] and

Figure 4. EDS spectra of PE films coated with AgNPs (a) and AgNPs/pPAA (b). Samples
were sputter-coated with gold prior to examination.

Figure 5. ATR-FTIR spectra of uncoated PE and of AgNPs/pPAA coated PE.

A. Liguori et al.



successively modified by Gaarenstrom et al.,[61] is the

sum of the kinetic energy of the Auger electron (in our

case Ag M4N4,5N4,5) and the binding energy of the core-

level (Ag3d5/2) peak.
[62] This parameter was independent

of the charging, but still sensitive to the chemical state

of silver and it was calculated according to the

Equation (1):

a0ðeVÞ ¼ KEðAgM4N4;5N4;5Þ � KEðAg3d5=2Þ þ hv ð1Þ

where KE (Ag M4N4,5N4,5) is the kinetic energy of the

Auger transition, KE (Ag3d5/2) is the kinetic energy of the

Ag3d5/2 core-level and hn is the photon energy equal to

1253.6 eV.

The AgNPs/pPAA coated samples showed a photoelec-

tron peak Ag3d5/2 centered at 368.2 eV, and the M4N4,5N4,5

Auger peak centered at a kinetic energy equal to 355.3 eV.

The a0 parameter is, therefore, equal 355.3þ 368.2¼ 723.5.

Based on the values reported by NIST Database and

Wagner,[57,63] this parameter value can be associated with

the presence of AgO.

As a last consideration on XPS results, it is worth

reminding that XPS analysis provides information on

the atomic abundance only at the outermost 4 nm of

the coating. Since the characteristic dimension of the

single AgNP or cluster encapsulated in the polymeric

coating is higher than 100nm, the Ag

concentration detected by the surface

analysis performed with the XPS can-

not be considered as indicative of the

bulk chemical composition of the coat-

ing, but it is expected to underestimate

the Ag content as mentioned in

previous works.[64]

Results of agar disk diffusion tests

to evaluate the antibacterial effi-

ciency of the coatings are shown in

Figure 9: while no growth inhibition

area can be observed around the

uncoated PE and pPAA coated PE

samples, a clear zone with no bacte-

rial growth can be clearly detected

around the AgNPs/pPAA coated PE

samples, similarly to what previously

reported also by Sadeghnejad et al.;[65]

this behavior is indicative of the

action Ag ions, probably released from

Figure 6. XPS survey spectrum collected for the AgNPs/pPAA
coating.

Table 1. Elemental concentration and atomic ratios measured for
the AgNPs/pPAA coating.

C O (%) N (%) Ag (%) O/C N/C Ag/C

63.2% 34.2 1.7 0.9 0.54 0.026 0.014

Figure 7. XPS deconvoluted C1s peak of the AgNPs/pPAA coating.

Table 2. Surface carbon groups concentration of the AgNPs/pPAA
coating.

C—C C—COOH C55O —COOH
C—H —COOR

285.0 eV 285.5 eV 287.8 eV 289.1 eV

52% 21% 7% 21%



the Ag present either at the surface of the AgNPs/

pPAA coating or made available for oxidation by some

cracks in the coating (that can be seen quite clearly in

Figure 3d and f), similarly to what previously proposed

in literature.[39,66,67]

4. Conclusion

In the present work, a single step plasma process for

the synthesis and the deposition of coatings contain-

ing AgNPs embedded in a pPAA matrix has been

reported. The process was performed using a non-

equilibrium atmospheric pressure plasma jet enabling

the separate and simultaneous introduction of AA and

AgNPs dispersion in the plasma region. Furthermore, a

thorough morphological and chemical characterization

of the co-deposited coatings has been here reported.

The thickness of AgNPs/pPAA coatings co-deposited for

3min was measured to be around 30mm from SEM

cross-sectional views of the samples. attenuated total

reflectance-fourier transform infrared spectroscopy

spectrum of the co-deposited AgNPs/pPAA coating

was found to coincide with the spectrum of pPAA

coating without AgNps embedded. X-ray photoelectron

spectroscopy results highlighted a significant (21%)

retention of carboxylic groups in the pPAA chemical

structure, underlining that limited monomer fragmen-

tation occurred during the process,[41] and the

presence in the coating of superficially oxidized

AgNPs. Furthermore, the antibacterial efficacy of the

co-deposited AgNPs/pPAA coatings was preliminary

assessed with agar disk diffusion tests (using E. coli)
and a growth inhibition area surrounding the

samples, due to the release of Ag ions from the

pPAA matrix, was clearly visible after incubation for

24 h at 37 8C.
Future studies will be aimed at evaluating the time

evolution of the morphological and chemical character-

istics and antibacterial properties in different environ-

mental conditions of such co-deposited coatings, also

taking into account their possible use for different

applications in the biomedical field.

Figure 9. E. coli growth inhibition zones on TSA plates with uncoated PE (a), pPAA coated PE (b), and 5% AgNPs/pPAA coated PE (c).

Figure 8. Ag3d core-level (a) and AgMNN Auger transition spectra
(b) of the AgNPs/pPAA coating.
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