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Preparation and assessment of antimicrobial
properties of the bimetallic materials based on NaY
zeolite

Liliana Ferreira,* Cristina Almeida-Aguiar,” Pier Parpot,* Anténio M. Fonseca,” Isabel
C. Neves™

The antimicrobial behavior of different pairs of bimetallic materials based on NaY zeolite was assessed
in order to optimize the best metal pair composition. The materials were prepared by ion-exchange
method using the zeolite Y in sodium form (NaY, 700 nm) with different metals (copper, zinc and
silver). The resulting materials were characterized by Scanning Electron Microscopy (SEM), X-Ray
Diffraction (XRD), Fourier Transformed Infrared spectroscopy (FTIR), cyclic voltammetry and
chemical analysis, which indicated that the bimetallic metal species were effectively ion exchanged in
NaY, with no modification of the zeolite structure. The antimicrobial potential of the materials was
evaluated in vitro using the bacteria Escherichia coli and the yeast Saccharomyces cerevisiae as
indicator strains. All materials showed good antimicrobial properties being the pair Zn/Ag the most
active among the bimetallic materials tested. The sequence of antimicrobial activities was as follows:

ZngosAg-Y > AgZngos-Y > AgCu-Y = CuAg-Y > ZnjsCu-Y = CuZngps-Y = NaY.

Introduction

Several solid materials are reported as promising supports for
antimicrobial activity. In addition to polymers,' silica® and clays,’
zeolite structures emerge as ideal supports to accommodate one or
even two metals, due to their high exchange capacity.* Zeolites are
solid inorganic crystalline materials comprised of silica, aluminium
and oxygen in a three-dimensional structure.'” The aluminium ion
produces a negative charge in the lattice. The net negative charge of
the zeolite is balanced by the exchangeable cation to maintain the
electroneutrality of the solid.'®'> These structures with channels and
cages on a nano- and subnanometer scale of strictly regular
dimensions, named micropores, coupled with high surface area,
chemical inertness and no toxicity, make zeolites suitable for a
variety of applications ranging from catalysis,”'* magnetic resonance
imaging,"* drug delivery systems,'® sensors'® or for water treatment
processes by biosorption systems.'” Also, the zeolite pore structures
are attractive for the development of metallic-based antimicrobial
materials due to the slow release of metals and their regeneration by
metal diminution by secondary ion-exchange.'®

In all zeolite structures, the faujasite (FAU) are compatible with the
introduction of more than one metal. Particularly, in the structural
synthetic analogues of faujasite, the zeolite Y stabilizes the ionic
state of the metal species.'®™ In our group we have already
conducted a detailed research in different zeolite structures and we
have demonstrated that when silver is incorporated as cation in NaY
zeolite, the faujasite structure stabilizes the oxidation state of silver

ion.

This journal is © The Royal Society of Chemistry 2013

The common transition metals used to explore antimicrobial
properties are silver (Ag), zinc (Zn) or copper (Cu).8*> Among
these, Ag is the best accepted for its antimicrobial properties and has
been used since antiquity."'3?? Silver species are relatively inert and
safe, display high thermal stability and low volatility, exhibit
cytotoxicity to animal cells dependent of the silver concentration and
a broad spectrum of antimicrobial properties.*”>*" As bactericidal
agent, silver is commonly used as a nanoparticle (AgNP) or in its
ionic form and it is generally ascribed to have more cytotoxicity
towards prokaryotic cells than towards mammalian cells. However,
comparative studies show that the effective toxic concentration of
silver towards bacteria and human cells is almost the same.”**°
Studies devoted to the action of zinc or copper are not abundant,
even though recent reports show their potential as antimicrobial
agents against a broad spectrum of bacteria and some fungi.>**%
Copper was studied in several applications as antibacterial agent for
sterilizing liquids, textiles and dental materials.’'™* Zinc ions were
also reported to have antimicrobial and anti-inflammatory properties
and are currently used in healthcare applications..*"***® The anti-
inflammatory and antimicrobial properties of these metal ions in
association with the properties of silver ions may be the key to
improve the antimicrobial properties of the available materials based
on zeolites.

Several studies on the biocide capacity of metal ions have proposed
different mechanisms of action to explain their inhibitory effect. It
appears that the positive charge of metal species is fundamental for
their antimicrobial activity. The electrostatic attraction between the
negatively charged cell membrane and the positive charge of these

J. Name., 2013, 00, 1-3 | 1



RSC Advances

metallic species interferes with the permeability of the
membrane.®***"** Chen ez al.*® described the multiple mechanisms
for the attachment of metal nanoparticles (MNPs) on the bacterial
cell surface, which first causes cell membrane damage or
permeability change following by the penetration of MNPs into the
cells.

In the present study, we advance the aforementioned works in the
preparation of materials based in silver with different zeolite
structures'® and in the effect of the faujasite structure in stabilization
of silver species,” aiming to compare the antimicrobial performance
of bimetallic materials with different amounts of Ag, Zn or Cu based
on NaY zeolite. NaY zeolite is a three-dimensional structure with
high cation exchange capacity due to sodalite and supercages
cavities that are joined by oxygen bridges between the hexagonal
faces.!"'>* Moreover, we address the two following questions (i)
does the introduction of the second metal in the zeolite improves the
antimicrobial activity of the material? and (ii) which bimetallic
material achieves the best antimicrobial activity? For these purposes,
three monometallic and six bimetallic materials based on NaY
zeolite were prepared and assessed for their antimicrobial properties
against both a bacteria (Escherichia coli) and a yeast
(Saccharomyces cerevisiae).

Experimental
Materials and reagents

Commercial faujasite zeolite available in the sodium form (NaY
zeolite, CBV100) was obtained from Zeolyst International in
powder. NaY was used after a thermal treatment at 120 °C for 12 h
in an oven. Reagent grade silver nitrate (AgNO;, Fisher Scientific),
zinc nitrate  (Zn(NOj),.4H,O, Merck) and copper nitrate
(Cu(NO3),.3H,0, Riedel de Haen) were used as received. The Gram-
negative bacteria Escherichia coli CECT423 and the yeast
Saccharomyces cerevisiae BY4741 were obtained from the culture
collection of Biology Department at the University of Minho.

Preparation of antimicrobial materials by ion exchange method

NaY zeolite was used as the parent material and was modified by ion
exchange method with aqueous solutions of MNO;, where M is
silver, copper or The
antimicrobial materials were prepared by ion exchange method as
described in detail elsewhere.'®?* In brief, three monometallic
materials (M;-Y) were prepared by placing the zeolite in 50 mL of
solutions of the appropriate metal nitrate at 0.01 M, in an
Erlenmeyer flask with a stirrer, at room temperature, during 24 h.
Subsequently, the suspensions were filtered off, washed with
deionized water and dried overnight at 60 °C. Finally, the
monometallic materials were calcined under air flow at 500 °C for 8
h. Preliminary studies with the concentration solution of 0.01 M of
zinc were also carried out, but the resulting materials did not show
any antimicrobial activity. Thus, for the antimicrobial materials
prepared and studied with this metal in the present work, the initial
concentration of zinc in solution was 0.05 M. The bimetallic
materials (M;M,-Y) were prepared by successive exchanges (0.01 M
for copper and silver, and 0.05 M for zinc) with an intermediate
calcination step. For the materials with silver, precautions were
taken due to the light sensitivity of silver. The resulting suspension
was stirred in the dark, at room temperature, during 24 h.'®

zinc. monometallic and bimetallic
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Evaluation of antimicrobial activity of materials

The antimicrobial activity of monometallic and bimetallic materials
was evaluated by an adaptation of the agar dilution method using as
reference strains the Gram-negative bacteria Escherichia coli
CECT423 and the yeast Saccharomyces cerevisiae BY4741. The
antimicrobial materials in concentrations of 0.5; 1.0 and 2.0 mg/mL
were added to Lysogeny broth (LB) supplemented with agar or to
Yeast Extract Peptone Agar (YPDA) medium, depending if the
microorganism to be tested was bacteria or yeast, respectively. The
mixtures were subjected to ultrasonic bath for better homogenization
and plated. Overnight cultures of the tested microbial strains were
transferred to new culture medium, collected at mid-exponential
phase, serially diluted and used in the prepared assay media. The
number of colony forming units (CFU) was determined from the
application of 20 uL drops of each diluted microbial culture on the
surface of the respective assay medium (in triplicate), followed by
incubation at 37 °C for 24 h (bacteria) or at 30 °C for 42 h (yeast).
Control assays were performed in the absence of zeolites. Results
were expressed in terms of antimicrobial efficacy of each material, a
parameter calculated as 100 — (CFUMat/CFUNaY x 100) where
CFUMat represents the number of CFU observed in the prepared
monometallic or bimetallic materials and CFUNaY the number of
CFU observed in the presence of NaY zeolite, used as control. MIC
(minimum inhibitory concentration) values for all the materials were
also determined against each tested microbial strain. Statistical
analysis of the results was done using Microsoft Excel 2013 to
compare antimicrobial test data sets by a 2 tailed homoscedastic
Student’s z-test. All the assays were performed in triplicate at least
three times.

Preparation of antimicrobial bimetallic materials electrodes

In order to evaluate the oxidation state of the metals in the bimetallic
materials, the modified electrodes were prepared by a previous
established procedure,*® suspending 20 mg of the material in a
Nafion/water solution (180 pL Nafion/180 pL ultra-pure water). The
resulting suspensions were homogenized by using an ultrasound bath
and deposited on carbon Toray (CT) paper with an area of 2x2 cm®.
Finally, the carbon Toray paper was glued to the platinum wire by
using conductive carbon cement (Quintech) and dried at room
temperature for 24 h.

Characterization methods

Scanning electron micrographs (SEM) were collected on a LEICA
Cambridge S360 Scanning Microscope. In order to avoid surface
charging, samples were coated with gold in vacuum prior to analysis,
by using a Fisons Instruments SC502 sputter coater. Room
temperature Fourier Transform Infrared (FTIR) spectra of the
samples in KBr pellets (2 mg of sample was mixed in a mortar with
200 mg of KBr) were measured using a Bomem MBI104
spectrometer in the range 4000-500 cm™ by averaging 20 scans at a
maximum resolution of 4 cm™. Phase analysis was performed by X-
ray diffraction (XRD) with a Philips PW1710 diffractometer. Scans
were taken at room temperature in a 20 range between 5 and 60°,
using Cu-Ko radiation. Metal loading on zeolitic samples was
evaluated according to the SMEWW 3120 method, using Inductive
Coupled Plasma (ICP) on ICP-AES Horiba Jobin-Yvon model
Ultima equipment and was performed at Laboratorio de Andlises of

the Instituto  Superior  Técnico, Portugal.  Voltammetric
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measurements on antimicrobial materials were carried out with a
potentiostat/galvanostat from Amel Instruments coupled to a
microcomputer by an AD/DA converter. The Labview software
(National Instruments) and a PCI-MIO-16E-4 I/0O module were used
for generating and applying the potential program as well as
acquiring data, such as current intensities. All electrochemical
studies were performed at room temperature with a three-electrode
assembly including a 250 mL glass cell. A saturated calomel
electrode and a platinum foil (99.95%) were used as reference and
counter electrode, respectively. The cleanness of the surfaces was
tested prior each experiment by recording voltammograms in the
supporting electrolyte alone. All potentials were measured and
reported versus the Ag/AgCl (SCE) reference electrode.

Results and Discussion
Antimicrobial materials characterization

Antimicrobial materials based on NaY zeolite with either copper,
zinc or silver were obtained by ion exchange method, in order to
select the best metallic pair with antimicrobial activity. This activity
was assessed using the bacteria Escherichia coli and the yeast
Saccharomyces cerevisiae as
expressed by the MIC values - the minimum zeolite concentration
for which no microbial growth was observed.*’

The zeolite NaY, with average particle size of 700 nm, exhibit large
specific surface area 787 m”g™" and shows low total Si/Al ratio (Si/Al
= 2.83) which promotes the efficiency of its ionic exchange.'® The
preparation of the materials was performed in the liquid phase by ion
exchange method,'®* using different solutions of metal (0.01 M or
0.05 M). For example, in the case of Cu-Y it can be schematically
represented as follows:

microbial indicator strains and

NaY (Z) + Cu** (ag) — Cu-Y (Z) + 2 Na* (aq) )
and, in the case of CuAg-Y as bimetallic materials:
Cu-Y (Z) + Ag* (aq) — CuAg-Y (Z) + Na* (aq) 2)

SEM analysis revealed that the morphology of all materials keep the
typical zeolite crystals. Fig. 1 show the micrographs obtained for
NaY and CuAg-Y.

Fig. 1 SEM micrographs of (a) NaY and (b) CuAg-Y.

Analysis of the SEM micrographs of NaY (Fig. 1(a)) and CuAg-Y
(Fig. 1(b)) indicates that no changes occur in the morphology and
structure of the zeolite after ion-exchange treatment and subsequent
calcinations. All materials retain the morphology typical of the
faujasite structure with regular small particles of the parent NaY
zeolite, with the average particles showing a mean diameter of 700
nm.

This journal is © The Royal Society of Chemistry 2012

RSC Advances

The results obtained by SEM are endorsed by XRD analysis. The
powder XRD diffraction patterns of the parent zeolite and of all
materials were recorded at 26 values between 5 and 60° with Cu-Ka
(A= 1.5406 A) radiation. The obtained monometallic and bimetallic
materials exhibited the typical and similar pattern of the parent NaY
zeolite. Fig. 2 depicts the XRD patterns obtained for NaY, Ag-Y and
AgZng5-Y.
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Fig. 2 XRD patterns of NaY, Ag-Y and AgZngos-Y.

XRD patterns of Ag-Y and Ag Zngos-Y show that the ion-exchange
method does not promote structural modifications in the zeolite
structure. As expected, the presence of new phases attributed to the
metal species was not detected in the XRD patterns of the samples
and no variation was observed in the characteristic peaks of zeolites
after ion exchange, indicating that the metal species are highly
dispersed in the zeolite structure.'>* However, a significant loss of
intensity of several reflection peaks in the XRD patterns of the
bimetallic materials is observed. Also, it is clear that the substitution
of the sodium by the metal species change the relative intensities of
some peaks (*), characteristic of faujasite structure, suggesting a
redistribution of intra zeolite charge balancing cations.'®*

The relative cristallinity of the materials was obtained by comparing
the intensities of the six peaks assigned to [33 1], [S 1 1], [44 0], [5
3 3], [64 2] and [5 5 5] reflections to those of the pattern of NaY,
based in ASTM D 3906-80 method. For the monometallic materials,
the XRD patterns of the samples present over 90 % of crystallinity.
However, the reduction of the crystallinity became more significant
when the zeolite was submitted to two ion-exchange treatments and
subsequent calcinations. The crystallinity calculated for these
catalysts ranges from over 65% for AgZngs-Y to 80% for AgCu-Y.
Fourier Transformed Infrared spectroscopy (FTIR) does not reveal
any significant zeolite structural modification after metal exchange,
in agreement with SEM and XRD analyses. All FTIR spectra of the
prepared materials are very similar, displaying the expected patterns
of hydrated NaY zeolite (Fig. 3).

The presence of physisorbed water in zeolite was detected by the
v(O-H) stretching vibration at 3410 cm™ with a poor resolved
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shoulder at ca. 3600 cm™ which can be attributed to the hydroxyl
groups in supercages and in sodalite cages, respectively. The
characteristic v(O-H) deformation band at 1635 cm™ was also
observed.'® The symmetric stretching and bending frequency bands
of Al-O-Si framework of zeolite appear at 730 and 510 cm’,
respectively.'® FTIR spectra of the monometallic and bimetallic
materials are dominated by the strong bands attributed to the zeolite
structure. These results reveal that the zeolite structure sensitive
vibrations observed are not shifted or broadening after ion
exchanging which confirms that the experimental conditions used
did not lead to significant modifications in zeolite structure.

Transmission (%)

Wavenumber (cm™)

Fig. 3 FTIR spectra of NaY (a), Ag-Y (b) and ZngysAg-Y (c).

Table 1 compiles the results obtained by chemical analysis and the
Si/Al ratio of the framework calculated by FTIR.***’ The framework
Si/Al ratios determined by FTIR analysis were almost similar for all
antimicrobial materials prepared and close to the ratio of the parent
zeolite, indicating no expressive dealumination during the ion
exchange treatments, in agreement with SEM analysis.

From chemical analysis determined by ICP, the amount of copper
shifted from 0.60 in monometallic to a value around 3.0 in the
bimetallic materials where copper was the second metal exchanged
in zeolite. This means that in the presence of another metal in FAU

structure the concentration of copper increase. Instead, the amounts
of silver and zinc in bimetallic materials remain close to their
amounts in monometallic materials. In these cases it seems that the
second ion exchange does not improve the concentration of the
second metal. The highest amount of metal was obtained for the
material Zng (sCu-Y, due to the higher amount of zinc.

The faujasite structure shows several positions were the cations
exchanged can be located in order to compensate the negative charge
of the framework .>*? These positions are located in the hexagonal
prisms (site I), in the sodalite cages (site I" and II’) or in the
supercages (sites II, I and III’) of the framework.’>? Since the
ionic radius of the ions Zn** (0.74 A) is close to Cu** (0.69 A),
probably these metal species occupied preferentially the sites I’ and
I1.5%! For silver, the ionic radius is 1.14 A, which imply that this
species occupied preferentially the sites of sodalite and the
supercages.”> After the second ion exchange treatment, the metal
ions will occupy the sites vacant in sodalite and supercages cavities.
Information about the oxidation state of the metals introduced by ion
exchange method in NaY zeolite can be obtained by cyclic
voltammetry studies. To our best knowledge, these studies are new
with bimetallic materials based in zeolites and display an
unequivocal proof of the presence of metal species in parent zeolite
after ion-exchange treatments and subsequent calcinations.
Electrochemical behavior of NaY and mono and bimetallic catalyst
based on NaY were studied by cyclic voltammetry after the
deposition on carbon Toray (CT). The presence of metal in prepared
catalytic material was also confirmed by this technique. The
prepared modified electrodes show good stability in aqueous

medium. The successive voltammograms showed good
reproducibility indicating that the modified electrodes are
46,53,54

mechanically and chemically stable.
In our previous works we showed that the cyclic voltammogram of
NaY/CT did not exhibit any oxidation or reduction peaks.**>® As
expected, in the potential region of -0.5 to 1.0 V vs. SCE used in this
work, the parent zeolite does not present any electroactive species.
The enhanced electrochemical activity of monometallic materials
modified electrodes has already been noticed in the literature, 3>

Table 1 Chemical analysis and FTIR results of the parent NaY and the prepared antimicrobial materials.

i‘;ﬁ:’:‘:{s"b‘al NaY Ag-Y AgCu-Y AgZngesY CuY CuAgY CuZngesY ZngesY ZngosAg-Y ZngosCu-Y
Si/AI* 282 290 2.87 277 2.97 2.66 2.80 2.86 2.84 275
122 (Ag) 104 (Ag) 1.02(Cu)  0.96 (Cu) 331(Zn)  4.33 (Zn)
M (wt%)® - 1.80 3.90
329 (Cu)  4.61 (Zn) 125 (Ag)  3.16 (Zn) 1.85 (Ag)  2.74 (Cu)

“Framework Si/Al ratio determined from FTIR using formula Si/Al=(1/y)-1, where ¥=3.857-0.00621 xopg. ¥

"Metal loading obtained by ICP analysis.

The cyclic voltammogram of Cu-Y modified electrode shows two
redox processes corresponding to the Cu(0)/Cu(I) and Cu(I)/Cu(Il)
couples at E,, = -0.10 and 0.00 V, respectively.*® A broad anodic
peak at 0.30 V indicates more complicated redox reactions which

4| J. Name., 2012, 00, 1-3

occur on surface, involving copper oxide (Cu(Il)/Cu(IIl)). The
modified electrode also shows a reduction peak during the negative
variation of potential, characteristic of the Cu(I)/Cu(0) couple at E,
= -0.30 V. The results obtained for the Ag-Y modified electrode

This journal is © The Royal Society of Chemistry 2012

Page 4 of 8



Page 5 of 8

shows the oxidation and reduction processes of silver species at
respectively 0.05 V and -0.09 V, attributed to Ag* Cl" <> AgCl + ¢
3% The cyclic voltammogram of Znggs-Y modified electrode
indicated a quasi-reversible one-electron process (Fig. 4). Two
anodic oxidation peaks, one at -0.30 V and another at -0.10 V are
attributed to oxidation of Zn(0)/Zn(I) and Zn(I)/Zn(Il) respectively.
During the reverse scan, two reduction peaks were observed, at -0.20
V and -0.39 V corresponding to reduction of Zn(II)/Zn(I) and
Zn(1)/Zn(0), respectively.56

In spite of the intense research in the field of monometallic materials
modified electrodes based in zeolites, there are still numerous
unanswered questions regarding the redox properties of this metal
species in presence of a second metal in the zeolite structure.

This lack of research is partly due to difficulties on the assessment of
the oxidation state of both metal species and their stabilization by the
host matrix. Fig. 5 show the cyclic voltammograms of CuZngys-Y
and CuAg-Y modified electrodes in 0.10 M NaCl. The
voltammograms of bimetallic materials show the presence of both
metal species in the zeolitic structure. They are presenting similar
redox processes in the same potentials observed for the
monometallic materials. These results confirm that the metal species
are stabilized in the zeolitic structure showing their readiness to
antimicrobial activity.

Antimicrobial properties of monometallic and bimetallic
materials
Assays to screen monometallic and bimetallic materials

antimicrobial potential were performed at the concentrations of 0.5,
1.0 and 2.0 mg/mL. Antimicrobial efficacy, as well as the MIC value
(Table 2), was calculated for each material against E. coli (Gram-
negative bacteria) and S. cerevisiae (yeast).

34
2
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<
g
= 01
14
24
-3 T T T T T T
-1.0 -0.5 0.0 0.5 1.0 1.5
E/Vvs. SCE

I/mA
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T
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Fig. 4 Cyclic voltammograms of (a) NaY and (b) Zn os-Y modified
electrodes in 0.10 M NaCl.

The parent zeolite did not show microbial inhibitory effects against
both microorganisms at the tested concentrations, as expected, and
suggesting that the antimicrobial behavior observed (Table 2) is due
to the presence of metal cations in the framework of NaY zeolite.

In our previous work, AgY was prepared using a concentration of
0.05 M AgNOj; solution and MIC values of 0.2 mg/mL and 1.0
mg/mL were obtained for bacteria and yeast, respectively.'® In this
work, we used a lower concentration of AgNOj; to evaluate if the
introduction of a second metal in NaY is enough to compensate the
decrease of Ag concentration and to preserve its antimicrobial
behaviour.

O.I() 0.5
E/V vs. SCE

-0.5 1.5

Fig. 5 Cyclic voltammograms of NaY (a) and CuZnos-Y (b) modified electrodes (left) and Y (a) and CuAg-Y (c) modified electrodes (right)

in 0.10 M NaCl.

This journal is © The Royal Society of Chemistry 2012
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Table 2 MIC values (mg/mL) for monometallic and bimetallic antimicrobial materials against the reference strains tested.

MIC (mg/mL)
Microorganism NaY Ag-Y AgCu-Y AgZngos-Y CuY CuAg-Y CuZngos-Y Zngys-Y ZnggsAg-Y ZngysCu-Y
E. coli >2 >2 1 1 >2 1 >2 >2 0.5 >2
S. cerevisiae >2 >2 >2 2 >2 >2 >2 >2 2 >2

It can be seen that the introduction of the second metal in the zeolite
plays an important role in the antimicrobial activity (Table 2). For all
the monometallic materials prepared, more than 2 mg/mL of each
was necessary to inhibit growth of both microorganisms whereas for
most of the bimetallic materials lower MIC values were obtained
(except in the case of CuZngys-Y and ZngsCu-Y).

Our results suggest a synergic effect between the two metal cations
in NaY structure. The incorporation of silver seems to improve the
performance of all the antimicrobial bimetallic materials. In fact, the
bimetallic materials with MIC values under 2 mg/mL have silver as
first or second metal exchanged, which support the idea that silver is
the best antimicrobial metal.*”'**"**" All bimetallic materials
prepared showed the best results against bacteria, probably because
of the simpler cellular organization of this prokaryotic organism.
Fig. 6 presents the antibacterial efficacy of monometallic and
bimetallic materials when tested against the Gram-negative bacteria
E. coli. From all antimicrobial materials prepared the best MIC value
was obtained for Zny (sAg-Y against bacterial cells (Table 2).

0.5 mg/mL

1 mg/mL
100.0 A = = =

2 mg/mL

&
)
Q
3]
1= 80.0 A
3
=
‘= 60.0 A
]
5
£ 40.0 -
< 20.0

0.0 -

N RO G- S S Y
M P&‘L““‘“s o O{l»“’“e o 1»“’“"1)\‘@" ™

Zeolite

Fig. 6 Antimicrobial efficacy (%) of monometallic and bimetallic
materials against the Gram-negative bacteria E. coli.

The results obtained with all the antimicrobial materials against the
yeast S. cerevisiae are shown in the Fig. 7.

This journal is © The Royal Society of Chemistry 2013

S. cerevisiae is more resistant to the action of zeolite doped with
antimicrobial metals than E. coli. For almost all the materials tested,
with exception of AgZng¢s-Y and Zn osAg-Y, it was necessary more
than 2 mg/mL to inhibit the growth of this microorganism. When we
compare the materials AgZngos-Y and Zn,¢sAg-Y, we conclude that
the MIC values against yeast are the same for both materials.

120.0

0.5 mg/mL 1 mg/mL 2 mg/mL
100.0 = =

80.0

60.0 -

40.0 1

Antimicrobial efficacy (%)

20.0 4

0.0 -

T S S S Y

& Q‘p»% v
P

Co"*‘w'“‘: O‘P’g
Zeolite

P P

Fig. 7 Antimicrobial efficacy (%) of monometallic and bimetallic
materials against the yeast S. cerevisiae.

However in the case of bacteria, the MIC of ZngsAg-Y is lower
than the value observed for AgZn;os-Y. In this case, the location of
silver in the positions more available in the structure enhances the
slow release of the metal. The best synergetic effect of the metal
species in the antimicrobial materials was obtained with the pair
Zn/Ag.

These studies on the antimicrobial activity of the materials based on
zeolite show that the methodology used for preparing the materials
and the microorganisms tested are very important factors and
highlight the need for a careful selection of such parameters to
achieve a better antimicrobial performance. Nevertheless, the
cytotoxicity of the prepared zeolite materials was higher towards the
eukaryotic cell model than against the prokaryotic cell.

J. Name., 2013, 00, 1-3 | 6
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Conclusions

The obtained results reveal that the introduction of a second metal in
zeolite structure plays an important role on the antimicrobial
properties of a given material. Invariably, the presence of a second
ion when one of the metals is silver will lead to a higher
antimicrobial activity. The order of introduction of each metal in the
bimetallic materials and the concentrations of the metal solutions
used are factors of great importance to be considered in the
optimization of the antimicrobial materials. The best results,
expressed by lower MIC values, were obtained with the material
ZnyosAg-Y. Its antimicrobial potential, which was attributed to a
synergetic effect between zinc and silver, fortify the idea that
bimetallic materials can be used in substitution of many of the
traditionally used organic biocides. Lower cost and toxicity are the
main advantages of preparation of antimicrobial materials with a
lower content in silver.
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