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Silver metal nanoparticles were immobilized in chitosan/carboxymethylcellulose/BMIBF,(1-n-butyl-3-methylimidazolium
tetrafluoroborate ionic liquid) (CS/CMC/IL) to form polymeric membrane with 20 um thickness. The CS/CMC/IL polymeric
membrane was prepared using a simple solution blending method. Irregularly shaped Ag(0) nanoparticles with monomodal size
distributions of 8.0 + 0.4nm Ag(0) were immobilized in the membrane. The presence of small Ag(0) nanoparticles induced an
augmentation in the CS/CMC/IL film surface areas. The CS/CMC/IL membrane containing Ag(0) showed increase antimicrobial
activity the Ag(0) concentration increased up to saturation at 10 mg. CS/CMC/IL membrane that contains Ag(0) nanoparticles
has enhanced durability of the membrane and exhibited stronger antimicrobial activity against Escherichia coli and Staphylococcus

aureus.

1. Introduction

Metal nanoparticles are known to incapacitate microbes by
interacting with their enzymes, proteins, and/or DNA to
inhibit cell proliferation or cell division. For these applica-
tions, nanoparticles have to be supported in biocompatible
polymer systems in various forms (e.g., catheters, dental
material, medical devices and implants, and burn dressings).
This combination can form semipermeable membranes to
protect against microbial contamination [1]. The antibacte-
rial properties of composites have been well studied [2-6]
and they exhibit a stronger toxicity towards bacteria than
other organisms, ranging from fungi to the human immune
system [7, 8]. For biomedical applications, polymers are
well studied. Cellulose acetate is a good candidate because
this polymer is hydrophilic, nontoxic, biodegradable, and
renewable with good processability [9-11]. For example,
cellulose diacetate semipermeable membrane embodying

noble metal nanoparticles (Au and Pt) has been prepared
[12]. Polypropylene (PP) is a polymer which has good
mechanical properties and has many medical applications,
such as tissue replacement and organ wall reconstructions
[13-17]. However, to obtain a wider medical application,
nanoparticles can be embedded [17]. The synthesis, spectro-
scopic characterization, and antimicrobial efficiency of gold
and silver nanoparticles embedded amphiphilic comb-type
graft copolymers having good film-forming properties have
been studied [18]. The cotton fabric was used to support
Ag nanoparticles (41 + 7nm in diameter and content of
0.53wt%) to obtain an antimicrobial effect on both gram-
positive (Staphylococcus aureus) and gram-negative bacteria
(Escherichia coli) [19]. Indeed, we report herein that the
combination of silver [20] nanoparticles with mesoporous
chitosan/carboxymethylcellulose/ionic liquid blend mem-
branes generates new membrane-supported Ag(0) nanopar-
ticles with antimicrobial activity.



2. Experimental Section

2.1. General. All reactions involving silver nanoparticles
were carried out under an argon atmosphere in mod-
ified Fischer-Porter bottles. The halide-free 1-n-butyl-3-
methylimidazolium tetrafluoroborate (BMI.BF,) ionic liquid
was prepared according to a known procedure and dried over
molecular sieves (4 A). Its purity was checked by 'H NMR
using the intensity of the >C satellites of the imidazolium
N-methyl group as an internal standard [21]. Solvents were
dried with the appropriate drying agents and distilled under
argon prior to use. Chitosan with a degree of deacety-
lation of 90% was purchased from Aldrich. Silver oxide
(Aldrich), sodium carboxymethylcellulose (Aldrich), and
acetone (Merck, 99.8%) were used to prepare the membrane-
supported metal. All other chemicals were purchased from
commercial sources and used without further purification.
The Ag(0) nanoparticles formations were carried out in a
modified Fischer-Porter bottle immersed in a silicone oil bath
while connected to a hydrogen tank. The temperature was
maintained using a digital controller (ETS-D4 IKA) at 85°C
for Ag(0) nanoparticles.

2.2. Synthesis of Ag(0).BMI.BF,. In a typical experiment,
a Fischer-Porter bottle containing BMI.BF, (1mL), Ag,O
25 mg (0.11 mmol), and »-butylimidazole (80 L, 0.61 mmol)
was stirred at room temperature for 15 min yielding a black
dispersion. The system was then heated to 85°C and hydrogen
(4 bar) was admitted to the system. After stirring for 2h, a
black “solution” was obtained. The reactor was evacuated for
1h at 100°C to remove excess hydrogen and n-butylimidazole
[20]. The Ag.BMI.BF, samples thus obtained were prepared
for TEM and X-ray analysis (see the following).

2.3. Synthesis of a CS/CMC/IL Polymeric Membrane Con-
taining Ag(0) Nanoparticles. Two grams of chitosan (CS)
was dissolved in 100 mL of a 2vol% aqueous acetic acid
solution, and 2 g of sodium carboxymethylcellulose (CMC)
was dissolved in 100 mL of deionized water. Both chitosan
and sodium carboxymethylcellulose solutions were filtered to
remove trace precipitates before they were mixed. The sodium
carboxymethylcellulose solution was added dropwise to the
chitosan solution at 60°C under stirring. After the complete
mixing of the CS and CMC solutions 0.5g of BMI.BF,,
ionic liquid was added, followed by adding 10 mg of Ag(0)
nanoparticles and this was followed by vigorous stirring for
uniform dispersion. After 6h of stirring, the solution was
poured into a poly(ethylene terephthalate) box and allowed
to dry in a fume hood overnight at approximately 50°C for
48 h. The morphology of the mesoporous CS/CMC/IL/Ag(0)
nanoparticles blend membranes was observed with an anal-
ysis was performed using a JEOL model JSM 5800 with 10
and 20 kV. Both the surface and cross-section (prepared by
the fracturing of the membrane under liquid nitrogen) were
scanned.

2.4. X-Ray Powder Diffraction Analysis (XRD). The phase
structures of the Ag(0) nanoparticles prepared in BMI.BE,
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were characterized by XRD. For the XRD analysis, the silver
nanoparticles as a fine powder were placed in the sample
holder. The XRD experiments were carried out on a Siemens
D500 diffractometer equipped with a curved graphite crystal
using Cu Ka radiation (A = 1.5406 A). The diffraction data
were collected at room temperature in a Bragg-Brentano 6-20
geometry. The equipment was operated at 40 kV and 20 mA
with a scan range between 20° and 90°. The diffractograms
were obtained with a constant step of A28 = 0.05. The
indexation of Bragg reflections was obtained with a pseudo-
Voigt profile fitting using the FULLPROF code [22]. For XRD
analysis, 40 mg of nanoparticles of Ag(0) were used.

2.5. Transmission Electron Microscopy Analysis (TEM). TEM
was obtained using a JEOL JEM 2010 microscope operating
at 200kV equipped with an EDS system and a JEOL JEM
1200 EXII operating at 120 kV. A 20 ym objective aperture and
slightly underfocused (Af =~ —300nm) objective lens were
used to obtain the bright field TEM images. The morphology
and electron diffraction (ED) of the Ag(0) nanoparticles
were analyzed by TEM. The samples were prepared by
deposition of the silver nanoparticles in isopropanol at room
temperature on a carbon-coated copper grid. The histograms
of the nanoparticles size distribution were obtained from
measurements of around 300 diameters and were reproduced
in different regions of the Cu grid, assuming a spherical shape.
For the analyses of the nanoparticles of Ag(0) immobilized
in the CS/CMC membrane, the material was immobilized in
resin and sliced with the technique of ultramicrotomy and
placed on a carbon-coated copper grid. For analysis by TEM,
10 mg of nanoparticles of Ag(0) was used.

2.6. Scanning Electron Microscopy (SEM) and EDS Elemental
Analysis. The morphology of the polymeric membranes
CS/CMC/IL/Ag(0) nanoparticles and the electron dispersive
spectroscopy (EDS) analysis was performed using a JEOL
model JSM 5800 with 10 and 20kV and magnification of
3000-10000x.

2.7. N, Adsorption-Desorption Isotherms. The specific sur-
face area and pore size distribution of the CS/CMC/IL/Ag(0)
polymeric membranes were determined at nitrogen boil-
ing point in a home-made volumetric apparatus with a
vacuum line system employing a turbomolecular Edward
vacuum pump, operating with temperature of 110°C dur-
ing 2h. The pressure measurements were made using a
capillary Hg barometer. The specific surface areas of the
CS/CMC/IL/Ag(0) polymeric membranes were determined
from the BET multipoint method [23]. The pore size distri-
bution was obtained using the BJH method [23, 24].

2.8. Infrared Analysis (IR). The infrared spectra of the pure
CS/CMC polymer films, the CS/CMC polymeric membranes
containing BMLBF,, and the CS/CMC/IL polymer films
containing the Ag(0) nanoparticles were obtained using a
Shimadzu model 8300 FTIR. The spectra were obtained at
room temperature in 100 cumulative scans with a resolution

of4cm™.
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2.9. Flame Atomic Absorption (FAAS). Silver present in
the CS/CMC/IL/Ag(0) polymeric membranes was measured
using a Perkin-Elmer (Boston, MA, USA) flame atomic
absorption spectrometer, model Analyst 200 (FAAS), using
an air-acetylene (10:2.5Lmin"") flame under optimized
conditions. Hollow cathode lamps of Ag (A = 338.29 nm)
from the same manufacturer were used as radiation sources.

2.10. Antimicrobial Analysis. For the experiments, the
preinocula of the Escherichia coli and Staphylococcus aureus
samples cultivation by growth on a BHI liquid culture
medium in a 5mL tube. The cultivation was monitored
during 12h with agitation at 37°C, after the time samples
were plated on BHI-agar and, to test the antimicrobial activity
of the membranes, a procedure based on the disc diffusion
principle was followed. The samples were inoculated in the
agar plate for a lawn of growth using a swab, which was
best accomplished by streaking the plate in one direction,
then streaking at right angles to the first streaking, and
finally streaking diagonally. Finally, the swab was used to
streak the outer perimeter of the agar. Two membrane
discs approximately 1.5 cm in diameter were placed in each
plate: a CS/CMC membrane disc containing the ionic liquid
BMI.BF, (CS/CMC/IL, as control) and another membrane
disc (CS/CMC/IL with Ag(0) as sample) with the metal
nanoparticles. These plates were incubated at 37°C for 24 h
and then analyzed for the inhibition of growth (halo).

2.11. Antimicrobial Activity Studies. The antimicrobial activ-
ities of freeze-dried CS/CMC/IL/Ag(0) polymer membrane
samples cut into 1.5 cm diameter discs were investigated for
representative gram-negative bacteria (E. coli) and gram-
positive bacteria (S. aureus) using the disc diffusion method.

2.12. 'The Disc Diffusion Method. These experiments were
performed in a Luria-Bertani (LB) medium solid agar Petri
dish. The freeze-dried CS/CMC/IL/Ag(0) polymer mem-
brane was cut into a disc shape 1.5 cm in diameter, sterilized
by autoclaving for 15 min at 120°C, and placed on either an
E. coli-cultured agar plate or a S. aureus-cultured agar plate.
They were then incubated for 24 h at 37°C and the inhibition
zone was monitored.

3. Results and Discussion

The CMC is a cellulose derivative that contains a carboxyl
group on each polymer unit and is soluble in both neutral
and basic media. To make it insoluble, CS is chosen to
form a complex with CMC. The functional properties of
CMC depend on the degree of substitution of the cellulose
structure (i.e., how many of the hydroxyl groups have taken
part in the substitution reaction?), as well as the chain length
of the cellulose structure and the degree of clustering of
the carboxymethyl substituents [25, 26]. In this study, we
also used ionic liquid to cross-link the CS/CMC component
in the blend membranes to form a semiinterpenetrating
network for further enhancement of the membrane stability,
higher flexibility, lower viscosity, and good formability of the
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FIGURE 1: X-ray diffraction pattern of CS/CMC/Ag(0) in BMI.BF,
IL.

polymer film. The Ag(0) nanoparticles were incorporated in
the porous of the polymeric membranes. Several reports have
shown that this method can produce porous membranes with
high porosity and large pore size [27-33]. The XRD pattern
of the Ag(0) nanoparticles (Figure 1) confirmed a crystalline
the mean diameter of 8.9 + 2.0 nm, respectively, as estimated
by the Debye-Scherrer equation with the full width at half-
maximum (FWHM) of the (111), (200), (220), (311), and (222)
planes.

TEM analyses were also performed on the prepared sam-
ples. Figure 2(a) shows micrographs of the Ag(0) nanoparti-
cles. Analysis of the micrographs indicates that the nanoparti-
cles are irregularly shaped, but evaluating their characteristic
diameter results in a polydispersion distribution with an
average diameter of 8.9 + 2.0 nm for Ag(0) nanoparticles. We
note that these measurements are for samples prepared in the
ionic liquid BMIL.BF, and estimated from ensembles of 300
particles found in an arbitrarily chosen area of the enlarged
micrographs.

The histograms in Figure 2(b) show that particle size
distributions can be reasonably well fit by a Gaussian dis-
tribution. TEM micrographs of the nanoparticle-embedded
membranes in the BMI.BF, IL (Figure3) show that the
metals are distributed all over the membrane. This is a clear
indication that the immobilization of the nanoparticles does
not significantly change the aggregation and size distribution
of the nanoparticles in the BMI.BF, IL.

The scanning electron micrographs (SEM) of the cross-
sections CS/CMC/IL/Ag(0) and polymeric films are shown
in Figure 4. It is clear that the morphological structure of
the films changes with or without the presence of IL. The
CS/CMC polymeric membrane (Figure 4(a)) seems to have a
scaled structure. In contrast, addition of the IL seems to cause
an increase in the microstructural order in the CS/CMC/IL
(Figure 4(b)). This result is in agreement with the general
concept that imidazolium IL tends to act as entropic drivers
for the formation nanostructured materials [21, 34].
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FIGURE 2: TEM micrographs (a) and histograms (b) showing the particle size distribution of CS/CMC/IL/Ag(0).

10mgAg(0)

F1GURE 3: TEM micrographs of CS/CMC/IL/Ag(0) polymeric mem-
branes (20 ym) prepared using 0.5 g of the BMIL.BF, IL.

Figure 5 shows that the structure CS/CMC/IL/Ag(0)
polymeric membrane exhibits a skin that is relatively porous
on the top side and a relatively porous structure over all of the
film cross-sections. Figure 6 shows that the sample prepared
in the presence of the IL also stains heterogeneously over all of
the membrane cross-section, indicating the presence of Ag(0)
nanoparticles (represented by the clear points (BSE method),
(Figure 6(a)). In the same figure, the CS/CMC/IL/Ag(0) film
cross-section shows that the thickness of the film was about
20 ym (Figure 6(b)). EDS analysis for CS/CMC/IL/Ag(0)
nanoparticles showed the presence of the metal (Ag) and
showed F signals, indicating the presence of the nanoparticles
and BMI.BF, in the polymeric membrane.

The surface area studied using N, adsorption-desorption
isotherms at very low relative pressures (P,/P,) exhibited
high adsorption of the N,, confirming the presence of porous

TABLE 1: Surface areas and pore volumes of the polymeric mem-
branes of pure CS/CMC, CS/CMC/IL, and CS/CMC/IL/Ag(0)
membranes.

Polymeric membrane M(0) CS/CMC IL Spet
(a) CS/CMC — 5g —  36m’/g+10%
(b) CS/CMC/IL — 5g 0.5g 22m*/g+10%

(d) CS/CMC/IL/Ag(0) 10 mg 5g 0.5g 88m’/g+10%

structures in the membrane (porous structure was confirmed
by SEM analysis in Figure 5). The surface area (Table1) of
the pure CS/CMC membrane was 36 m*/g (10%) and that of
the membrane containing 0.5 g of the BMI.BF, ionic liquid
was 22 m?/g (10%), exhibiting a reduction with the addiction
of the IL. This information shows that the introduction of
the ionic liquid produces an occupation of the free porous
arrangement in the polymer membrane, especially in the pre-
dominant fraction. In the case of the CS/CMC/IL polymeric
membranes containing 10 mg of Ag(0) nanoparticles, surface
areas of 88 mz/g (10%) were obtained. The presence of small
and stable Ag(0) nanoparticles induces an augmentation in
the CS/CMC/IL/Ag(0) nanoparticles polymeric membrane
surface area (compare entries (a), (b), and (c) of Table 1). The
nanoparticles are located inside the pores of the membrane;
the fact that the surface area increases with the addition
of nanoparticles is possibly related to nanometric diameter;
decreasing size of the nanoparticles increases the relative
surface area and volume enhancing effect of surface. This
ratio shows that it is ideal for composite materials, chemical
reactions, and energy storage.

The investigation of the silver elemental concentra-
tions in the polymeric membrane samples containing 0.5 g
of BMIL.BF, is shown in Table2. The concentrations of
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FIGURE 5: SEM micrographs illustrating the porous structure of the
CS/CMC/IL polymeric membrane.

TABLE 2: Measured values of silver concentrations in the antimicro-
bial CS/CMC/IL membrane samples.

M(0 M(0
Entry Sample (“g(gfl) % (151 /)m)
1 CS/CMC/IL/Ag(0) 1 mg 213 0.03
2 CS/CMC/IL/Ag(0) 5mg 446 0.06
3 CS/CMC/IL/Ag(0) 10 mg 528 0.11
4 CS/CMC/IL/Ag(0) 15 mg 539 0.1

Ag(0) nanoparticles incorporated in the polymeric mem-
branes were determined using FAAS. The concentrations are
expressed as ug g_1 and % (m/m) for Ag(0) nanoparticles at
the one thickness, 20 ym.

Is possible observed that, the amount of metal in the
membrane containing Ag(0) nanoparticles increased with an
increase in concentration (compare entries 1-3, Table 2) until
saturation was reached (compare entries 3-4, Table 2). The
membranes containing Ag(0) nanoparticles demonstrating
the universal characteristic of saturation of the membrane
at 10 mg of metal. Figure 7 shows the infrared spectra for
the CS/CMC and CS/CMC/IL polymeric membranes. The

TABLE 3: Mechanical properties for samples: CS/CMC, CS/CMC/IL,
and CS/CMC/IL/Ag(0).

Entry Sample Young modulus ~ Tension at
(MPa) break (MPa)

1 CS/CMC 1236 + 30 48+ 4

2 CS/CMC/IL 32+3 4+1

3 CS/CMC/IL/Ag(0) 10 mg 92+10 4+1

4 CS/CMC/IL/Ag(0) 5mg 24+5 4+1

5 CS/CMC/IL/Ag(0) 1 mg 32+3 4+1

spectra show differences, which are assigned to different
groups content.

The presence of the ionic liquid is confirmed by the
stretching of the band at 3170 cm ™ due to the presence of the
aromatic C-H group. After impregnation of the ionic liquid
in the membrane supports, a significant decrease is observed
in the intensity of the 3400 cm ™" band attributed the ~-OH and
in the intensity 1558 cm ', 1666 cm ™' band attributed the N-
H stretching of the CS/CMC, indicating the participation of
the —-OH group and N-H in the interaction with the anion of
the ionic liquid.

Table 3 summarizes the stress-strain test results for the
CS/CMC, CS/CMC/IL, and CS/CMC/IL/Ag(0) polymeric
membrane samples at a constant temperature. The addi-
tion of the BMLBF, ionic liquid in the CS/CMC shows a
decrease of the Youngs modulus for the CS/CMC/IL and
CS/CMC/IL/Ag(0) systems (compare entries 1 and 2 of
Table 3).

This reduction in the modulus is probably a result of the
plasticizing effect of the ionic liquid (compare entries 1 and
2-5, Table 3). It is clear that the observed modulus values
for the CS/CMC/IL/Ag(0) polymeric membranes depend
significantly on the amount of metal (compare entries 3-5,
Table 3). The presence of plasticizer substance that gives effect
causes an increase in stiffness.
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FIGURE 6: SEM micrographs illustrating the heterogeneous distribution on polymeric films of (a) compact membrane of CS/CMC/IL/Ag(0),

(b) showing membrane thickness of CS/CMC/IL/Ag(0).

TABLE 4: The antibacterial activity of CS/CMC/IL/Ag(0) membranes on S. aureus and E. coli as determined by the agar tests.

Size of inhibition zone (mm)

Antibacterial effect

Entry Sample
S. aureus E. coli S. aureus E. coli
1 CS/CMC/IL 0 0 None None
2 IL/Ag(0) 1 1.5 Limited Limited
3 CS/CMC/IL/Ag(0) 1mg 2 Limited Good
4 CS/CMC/IL/Ag(0) 5mg 4 Good Good
5 CS/CMC/IL/Ag(0) 10 mg 4 Good Good
11 - membrane required to inactivate both bacteria can be low as
1] 1 mgper5 gof CS/CMC/IL (compare entries 3 and 5, Table 4).
1 When the bacterial S. aureus was studied, the nanopar-
097 i ticles show a lower growth-inhibitory effect at the same
08 1 cs/eMaL concentration as compared with bacterial E. coli. These results
3 0.7 - CS/ICMC/IL suggest that the antimicrobial effects of Ag(0) nanoparticles
E 0.6 1 might be associated with the characteristics of certain bacte-
E o CS/IEMC rial species.
g 03 Cs/CMC The peptidoglycan layer of gram-negative bacteria (e.g.,
£ 04 1 E. coli) is thinner than that of gram-positive bacteria (e.g., S.
0.3 \j aureus) probably due Ag(0) nanoparticles can penetrate into
02 | the cell membrane of E. coli more easily and inhibit it more
01 ] efficiently [35]. In order to use nanoparticles in various fields
e against microorganisms, it is essential to prepare nanopar-
0 ' ' ' ' ' ' ' ticles with the high antimicrobial activities by controlling
4000 3000 2000 1000

Wavenumber (cm ™)

FIGURE 7: IR analysis of samples CS/CMC and CS/CMC/IL.

The antibacterial activities of CS/CMC/IL/Ag(0) poly-
meric membranes were investigated against gram-positive S.
aureus and gram-negative E. coli that were explored by halo
method. S. aureus exists on the body surface of mammals,
and E. coli is a widespread intestinal parasite of mammals.
The abilities of CS/CMC/IL/Ag(0) polymeric membranes to
inhibit the growth of the test bacteria are shown in Table 4
and Figures 8 and 9. For the study, the control (CS/CMC/IL)
occupied the left-hand side position in the agar plate and
the sample CS/CMC/IL/Ag(0) occupied the right-hand side
position. The concentration of Ag(0) nanoparticles in the

their size distributions and shapes. The CS/CMC/IL/Ag(0)
polymeric membranes prepared in this study are homoge-
neous and stable (Figure 3). Therefore, the immobilization
of the Ag(0) nanoparticles in the membranes and the ionic
liquid is quite interesting since it prevents nanoparticle
agglomeration and increased the contact area between Ag(0)
nanoparticles and the microorganisms. In addition, the IL
BMI.BEF, is hydrophilic and its viscosity is much higher than
that of water [36]. Therefore, the CS/CMC/IL/Ag(0) ratio
can be controlled for more efficient bacteria inactivation.
Some hypotheses for the antimicrobial mechanism of Ag(0)
have been reported [37, 38]. In this respect, it was recently
proposed, from studies on the inhibitory mechanism by
electron spin resonance spectroscopy, that free radicals,
derived from the surface of Ag nanoparticles, could attack
the membrane lipids of the microorganisms leading to a
breakdown of membrane function [36]. It is well known that
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FIGURE 9: Antimicrobial activity (a) 5mg and (b) 10 mg of Ag(0) nanoparticles CS/CMC/IL films of the Staphylococcus aureus.

smaller nanoparticles can penetrate into cell membranes and
make the bacteria inactivate easily [39].

The higher antimicrobial activities observed in the Ag(0)
samples are related to the smaller size of the nanoparticles
used in this work (around 10 nm for Ag(0) as compared
with the values reported in other works [38, 39]). The
inhibitory effects on the microorganisms in the surface of
the polymer membrane that occur due the nanoparticles
could adhere to the microorganism cell wall to destabilize it
and alter cell permeability to be responsible for subsequent
free radical-induced membrane damage [39]. The inhibitory
effects of the CS/CMC/IL/Ag(0) membranes are higher than
those of the Ag(0) nanoparticles without the CS/CMC (see
Table 4). This result is likely related to the higher dispersion
of the nanoparticles in the membranes, that is, their lower
agglomeration as compared with those freely “dissolved” in
the ionic liquid. Therefore, the CS/CMC/IL/Ag(0) polymeric
membranes prepared in this study are good candidates for

use as controlled antimicrobial materials against E. coli and S.
aureus bacteria, for pharmaceutical, medical, biological, and
food applications.

4. Conclusion

The use of dispersed Ag(0) nanoparticles in BMIL.BF, IL
in conjunction with chitosan/carboxymethylcellulose gener-
ated functionalized blend polymeric membrane presented
good mechanical, thermal, and chemical stability. The intro-
duction of the IL likely causes an increase in the dis-
tance between the polymeric macromolecules that results
in higher flexibility, lower viscosity, and better formabil-
ity of the chitosan/carboxymethylcellulose material. The
CS/CMC/IL/Ag(0) nanoparticles combination exhibits an
excellent synergistic effect that demonstrated higher antimi-
crobial activity for S. aureus and E. coli bacteria.
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