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Abstract

Due to wide applications of antibiotics, the multidrug resistance in microorganisms are a serious concern. There is urgent 
need to develop suitable methods to produce antibacterial materials in large quantity and develop materials which have 
antibacterial properties. In this regard, we worked to prepare a composite of silver loaded zeolite and studied its applicability 
as antibacterial material. Zeolite beads loaded with different concentrations of silver was prepared and characterized using 
various techniques like SEM, FTIR, BET, AFM etc. For studying its antibacterial property, E. coli (gram negative) and S. aureus 
(Gram positive) microorganisms were used as model system. In antibacterial study, it was observed that silver loaded zeolite 
has antibacterial property against both E. coli (gram negative) and S. aureus (Gram positive) microorganisms. 
   
 Keywords: Silver; Zeolite; Antibacterial Property; Microorganisms; Multi-Drug Resistance

Abbreviations: FTIR: Fourier Transform Infrared 
Spectroscopy; SEM: Scanning Electron Microscope; AFM: 
Atomic Force Microscopy

Introduction

Bacterial infections may create serious health concerns 
for human, animals and plants. Antibiotics are the only 
possible solution for the treatment of bacterial infections. 
However, due to widespread use of antibiotics, treatment of 
bacterial infections using antibiotics becomes less effective 
and leads to increased mortality rates as bacteria develops 
resistance towards antibacterial medications which is 
known as multi-drug resistance [1]. Multi-drug resistance 

is a serious concern as it limits the application of certain 
antibiotics every year for treatment of life-threatening 
diseases like tuberculosis. Materials that can control 
bacterial infections are of great interest for development 
of advance antibacterial surfaces for practical applications 
in various fields viz; water treatment, food packaging, 
medical equipment and textile Industry [2,3]. Antibacterial 
materials may be broadly classified in two categories named 
organic and inorganic [4,5]. Among various materials, silver 
has shown its superiority as antibacterial material. There 
are number of research papers available to prove utility of 
silver ions and compounds of for antibacterial, antiviral and 
antifungal applications. It is also well researched that small 
concentrations of silver are nontoxic to human health. It 
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becomes relatively difficult for microorganisms to develop 
resistance against silver as silver attacks a broad range 
of targets in the microbes [6]. (Figure 1) clearly indicates 
that research in the field of anti-bacterial materials as well 
as publications reporting silver-based materials for anti-
bacterial materials is continuously increasing. This data was 
generated based on the year wise search results for keywords 
“Anti-bacterial” and “Silver +Antibacterial” on sciencedirect.
com research platform. Silver is a proven element for 
public health and has wide industrial applicability as anti-
bacterial or anti-microbial agent [7]. Silver ion (Ag+) is a 
Lewis acid having good affinity to sulphur and nitrogen 
which easily affects biochemical processes within bacteria. 
In presence of silver ions, bacterial DNA is transformed 
into condensed form and its replication ability is lost [8,9]. 

Silver ions damages genetic material of bacteria and reacts 
with ribosomes within the cytoplasm, which in turn affects 
the expression of enzymes and proteins which are essential 
for the production of important metabolites required for 
bacterial survival [10-12]. Earlier studies have shown the 
antibacterial activity of silver nanoparticles combined with 
common antibiotics, especially against multidrug resistant 
bacteria including Staphylococcus aureus and Escherichia coli 
[13-17]. It has been reported that presence of silver provides 
high antimicrobial activity and a low cytotoxicity levels in 
comparison to other heavy metals like platinum, gold and 
zinc as silver nanoparticles bind to bacteria cell resulting 
in restricted enzyme activity, destabilize the cell membrane 
and eventually lead to cell death [18,19].

Source: Sciencedirect.com.
Figure 1: Relative publications on silver based anti-bacterial materials. 

It has been reported that silver impregnated zeolite is 
very effective bacterial inhibitor because of high amount 
of silver ions and, possibly, the low reduction of Ag+ (Ionic 
silver) in Ag0 elemental silver on the zeolite surface [13,14]. 
Zeolites are three dimensional crystalline tetrahedral 
frameworks which consists of aluminium, silicon and oxygen 
in [AlO4]4- and [SiO4]5- forms. Structural framework of zeolite 
is arranged in such a manner that silicon (Si) and aluminium 
(Al) are centrally located atoms and corners occupied by 
oxygen atoms. Chemically synthesized zeolites are known 
as molecular sieves, which are having definite pores and 
cavities of uniform dimensions. It also has 3D structures 
of internally connected silicon dioxide and aluminium 
oxide similar to natural zeolites. Molecular sieve 13X is the 
sodium form of the type X crystal and has a pore diameter 

of 10A° (1.0 nm). Both synthetic and natural zeolites have 
wide industrial applicability in field of adsorption and 
antimicrobial material. Since the aluminosilicate framework 
of the zeolite is negatively charged, silver ions can be 
readily incorporated by ion-exchange. Nanoparticles of 
silver anchored on zeolite can also be prepared by simple 
reduction [20]. Zeolites provide unique platform for metal 
ion doping and release through ion exchange and are very 
popular adsorbent due to properties like high surface area, 
thermal stability, ordered pore structure, and rigid shape, 
which is desirable for efficient adsorption of metal ions over 
on these frameworks. Commercial sources of silver ion-
exchanged zeolite are available. Thus, zeolite could be one 
of the best supports wherein silver can be incorporated [7]. 
Duang et al. has tested silver doped zeolite-A against bacteria 
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and therein it was concluded that silver zeolite composites 
provided higher bacteria killing efficiency compared to AgNP 
without zeolite [19].

Though previously, silver alone as well as silver-zeolite 
composite has been synthesized and used for antibacterial 
applications; however, there is constant need to come up 
with new antibacterial materials to address the issue of 
multi-drug resistance. Also, most of the previous studies 
are either with lower silver doping or have not used 13X 
zeolite. Thus, in the present work we have synthesized beads 
of silver loaded zeolite. A number of zeolite beads loaded 
with various concentrations of silver ions were prepared 
and characterized thoroughly. The antibacterial efficacy of 
developed materials was studied using E. coli (gram negative) 
and S. aureus (Gram positive) microorganisms as model 
systems. The growth of microorganisms was monitored on 
LA Petri plates (solid media) and LB (liquid medium).

Materials and Methods

Materials

All the chemical used in this work viz; Silver nitrate, 
acetone, 13X zeolite etc. are of analytical grade. Zeolite 
was purchased from purchased from M/s. Sorbead India, 
Vadodara Gujrat. Silver nitrate, LB and LA were purchased 
from Sigma Chemicals Industries, Maharashtra. DM water 
was used for sample preparation, dissolution and labware 
washing.

Materials synthesis

For synthesis of silver zeolite method mentioned in one 
of our previous work was used with slight modification [21]. 
For silver impregnation in zeolites, commercial zeolite (13X) 
was used which was first heated for 5 h in an oven at 110 
°C to remove any added moisture in vacuum oven. For the 
Ag+ ion exchange, initially, 25 g of 13X zeolites was dispersed 
in different concentrations of AgNO3 solutions at 70 °C, in 
orbital shaker at 200 rpm for 6 h. Solid residue of Ag-zeolites 
was then centrifuged, washed three times using the double-
distilled water in order to remove the silver ion residue, and 
dried overnight in a vacuum oven. Dried material was then 
sent for further characterization.

Characterization

Following techniques were used for characterization of 
synthesized silver zeolite: 

SEM and EDAX: An integrated Scanning electron microscope 
of make QEMSCAN by FEI Australia was used to characterize 
the zeolite (without silver) and dopped with silver.

FTIR: Fourier transform infrared spectroscopy (FTIR) of the 
silver dopped zeolite was recorded using Jasco FT-IR 660 plus 
spectrometer. All spectra were recorded over wavenumber 
3700–400 cm_1 region with a resolution of 4 cm-1.

AFM: AFM5500M by Hitachi India was used for Atomic force 
microscopy observations where atomic force between the 
probe and the sample surface was used for observation.

Antibacterial study

Antibacterial activities of silver loaded zeolite was 
investigated using standard spot diffusion method  [22]. 
As model microorganism, Escherichia Coli (E. Coli) and 
Staphylococcus Aureus (S. Aureus) were used. For the 
study, both the microorganisms were grown in media for 
overnight at 37  °C. Overnight grown microbial cultures of 
each microorganism (1x 108 CFU) were swabbed uniformly 
on nutrient agar plates. The pH of the agar media for both 
the microbial cultures were maintained at 7.0. Different 
concentrations of silver loaded zeolite (10 µL) and control 
were gently placed on the agar plate. The plates were 
incubated for 24 h at 37 °C and subjected for growth to study 
the zone of inhibition. After 24 h, the formation of clear 
zones of inhibition (ZOI) around the loaded samples were 
measured and reported [22].

Statistical analysis

All experiments were carried out in triplicate and the 
mean values with ± standard deviation was plotted.

Results and Discussion

Synthesis and characterization of silver-zeolite 
composite

Synthesized and properly dried sorbent was 
characterized by various techniques viz; SEM, EDXR, FTIR, 
AFM, BET etc. SEM morphologies of zeolite before and after 
silver doping are shown in (Figure 2 a & b). It could be seen 
that the silver particles are doped uniformly on zeolite 
surface and also the structure after silver doping becomes 
less porous. This observation was further confirmed by the 
BET analysis. Similar results were obtained by [21,23]
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Figure 2: SEM images of 13X without silver doping (a) and after silver doping (b).

The presence of silver was tested in zeolite using EDXR 
and peak of silver can be seen clearly in (Figure 3). The 
specific surface area was determined based on the BET 
multilayer adsorption. The BET results showed that the 
13X zeolite had a large surface area of 389.766 m²/g which 
reduces to 258.322 m²/g after silver doping. After silver 
loading process, the surface area and pore volume of silver 
zeolite slightly decreased compared to 13X zeolite (without 
loaded with silver), while the average pore diameter has no 
obvious change, indicating that the modification process has 
little effect on the physical adsorption characteristics of 13X 
zeolite [21]. 

FTIR analysis of silver doped zeolite was performed to 
understand the presence of various functional groups. FTIR 
data (Figure 4) shows the various peaks present in silver 
zeolite as marked with red dots in (Figure 4) and values given 
in (Table 2). Similar peaks were also present in previous 
works [24, 25]. FTIR data indicates the rigidity of silicate 
structure and nonband chemical interaction between the 
zeolite structure and Ag NPs in silver zeolite. AFM analysis is 

shown in (Figure5). This analysis provided complementary 
information for both the internal and external structure of 
zeolite with and without silver and to image Ag particles 
located within the structure of zeolite. AFM image of silver 
loaded zeolite showed the existence of smaller particles in nm 
range. With the existence of smaller particles (nanocrystals) 
the specific surface area changed very slightly many be 
because of oxidation [25].

Sr. No. Element Weight (%)
1 Silicon 13.17
2 Aluminium 9.66
3 Sodium 0.62
4 Oxygen 34.14
5 Silver 42.38
6 Total 100

Table 1: EDX data showing weight percentage of various 
elements present in silver doped zeolite.

Figure 3: EDX analysis showing of silver doped zeolite. silver peak and weight percentage.
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Figure 4: FTIR analysis of silver doped zeolite.

Sr. No. Vibration modes Wavenumber [cm-1] Intensity
1 Internal tetrahedral bending (Si–O–Si bending vibration) 546–461 strong
2 External tetrahedral double ring 604 medium
3 External tetrahedral linkage symmetric stretching 791 weak
4 External tetrahedral linkage 900-1050 strong

asymmetric stretching
6 O-H bending 1650 wide
7 Silver and zeolite interaction 3353 wide

Table 2: FTIR analysis and peaks present in silver doped zeolite.

Figure 5: AFM analysis of zeolite before (a) and after silver doping (b).

Antibacterial Study

From ancient time, silver is well known for its 
antibacterial, antiviral and antibiofilm characteristics [20]. 
Recently, Selem et al. reported antibacterial and antibiofilm 

effects of silver nanoparticles against the uropathogen 
Escherichia coli U12 [26] and results are encouraging. To 
further improve the applicability of silver, and how the matrix 
is affecting the properties of silver, we have studied the effect 
of silver loaded zeolite on gram negative and gram positive 
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bacteria by studying the zone inhibition and the results are 
shown in  (Figure 6). The figure represents antimicrobial 
actions of silver loaded zeolite on E. Coli and S. Aureus bacteria 
on two separate plates. The effect of different concentrations 
of silver loaded zeolite was studied. As shown in (Figure 6A), 

a clear zone of inhibition was observed at the concentration 
of 10 mg/mL for gram negative E. Coli. However, in case of 
gram-positive S. Aureus bacteria, the silver loaded zeolite has 
shown its antibacterial property even at 1 mg/mL (Figure 
6B). 

Figure 6: Antibacterial study on E.coli (A) and S. aureus (B) microorganisms.

This shows that the synthesized silver loaded zeolite is 
more effective against gram positive microorganism at much 
lower concentration than gram negative microorganism. 
It was usually observed that the antibacterial materials 
are more effective against gram negative as gram negative 
microorganism’s outer cover is many times thinner than that 
of  gram-positive microorganisms and thus is more difficult 
to penetrate. Thus, further, investigations are required 
to understand the mechanism of action of silver loaded 
zeolite composite on gram positive and gram-negative 
microorganisms. The advantage associated with this 
material is we can prepare beads of zeolite in various sizes, 
loaded with very high concentrations of silver which could 
be applied as per requirements.

Conclusion

In the present study, silver loaded zeolite beads were 
inhouse synthesized. The advantage associated with inhouse 
synthesis is that a number of beads of silver-zeolite could 
be prepared wherein the concentration of silver can be 
managed as per requirement. For this study, under optimum 
condition, zeolite beads loaded with 40 % silver was 
prepared. Prepared beads were thoroughly characterized 
through various physio-chemical techniques and EDX data 
clearly shows the presence of silver (Ag) in the beads. The 
antibacterial study of silver loaded zeolite showed that 
it is more effective against gram positive microorganism 
than gram negative microorganisms even at much lower 
concentration. The developed material holds potential to be 
applied as antibacterial material and further investigations 

are required to understand its antibacterial mechanism of 
action.
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