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ABSTRACT 

 

 

 

 

Bacterial resistance to antibacterial agents has becoming a serious concern 

worldwide. Current single-approach antibacterial agent is no longer effective towards 

these resistant bacteria. Hence, the aim of this research was to produce a newly 

modified material with multi-approach antibacterial agent with enhanced 

performance. The material comprised of zeolite NaY (CBV 100) as the carrier for 

two antibacterial compounds; silver (Ag
+
)
 

and 3-aminopropyltriethoxysilane 

(APTES), a type of silane coupling agent was studied. The preparation of amine-

functionalized silver-exchanged zeolite (ZSA) began with the ion exchange at 

different Ag concentrations (25, 50, 100, and 200%) based on the zeolite cation 

exchange capacity (CEC) (CEC: 255 meq/100 g) producing silver-exchanged 

zeolites (ZS), which were then functionalized with different APTES concentrations 

(0.01, 0.2 and 0.4 M). All prepared materials were characterized according to their 

structural, morphological, elemental analysis and physicochemical properties related 

to their usage as a carrier and antibacterial agent. Characterization results of ZSA 

showed that the zeolite framework was not distorted after the modifications while the 

Ag-exchanged zeolite was successfully functionalized with APTES. The antibacterial 

activity of ZSA was investigated by using several antibacterial assays including the 

minimum inhibitory concentration (MIC) test, disc diffusion test (DDT) and 

inhibition growth study (IGS) against four types of bacteria, Escherichia coli (ATCC 

11229), Pseudomonas aeruginosa (ATCC 15422); Staphylococcus aureus (ATCC 

6538) and Enterococcus faecalis (ATCC 29212). All antibacterial assays showed that 

ZSA samples have higher antibacterial activity compared to ZS samples. Results also 

showed that ZSA samples were more effective towards the Gram negative bacteria 

compared to the Gram positive bacteria. This is possibly due to the thin 

peptidoglycan layer of Gram negative cell wall. The ZSA-50-0.2 (zeolite with 50% 

CEC Ag
+
 and 0.2 M APTES) had highest antibacterial activity compared to others. 

The Ag
+
 release study was carried out for ZSA-50-0.2 and ZS50 in order to study the 

mechanism of the antibacterial activity of ZSA and ZS. Different parameters were 

studied including incubation period, sodium chloride solution concentrations and 

type of bacteria. Results showed that Ag
+
 released from ZSA was very low compared 

to ZS at 30 minutes and 24 hours of incubation. However, there was no significant 

effect from the type of bacteria and sodium chloride solution concentrations towards 

the Ag
+
 released for both ZSA and ZS. These results proved that amine-

functionalized silver-exchanged zeolite (ZSA) which is a multi-approach 

antibacterial agent have higher antibacterial activity than ZS, a single-approach 

antibacterial agent and hence, ZSA could possibly be used as an alternative 

antibacterial agent. 
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ABSTRAK 

 

 

 

 

 Kerintangan bakteria terhadap agen antibakteria adalah satu perkara yang 

membimbangkan kepada seluruh dunia. Pendekatan agen antibakteria pada masa kini 

tidak lagi berkesan terhadap bakteria ini. Oleh itu, tujuan kajian ini adalah untuk 

menghasilkan bahan baru yang diubahsuai dengan agen antibakteria yang 

mempunyai pelbagai pendekatan dengan prestasi yang dipertingkatkan. Bahan baru 

ini terdiri daripada zeolit NaY (CBV 100) sebagai pengangkut bagi dua sebatian 

antibakteria; perak (Ag
+
) dan 3-aminopropyltriethoxysilane (APTES), sejenis ajen 

gandingan silana telah dikaji. Penyediaan zeolit perak difungsikan dengan amina 

(ZSA) bermula dengan pertukaran ion pada kepekatan Ag yang berbeza (25, 50, 100 

dan 200%) berdasarkan kapasiti pertukaran kation (CEC) (CEC: 255 meq/100 g) 

menghasilkan zeolit mengandungi perak (ZS), yang kemudiannya difungsikan pada 

kepekatan APTES yang berbeza (0.01, 0.2 dan 0.4 M). Semua bahan yang disediakan 

dicirikan mengikut struktur, morfologi, analisis unsur dan ciri-ciri fizikokimia yang 

berkaitan dengan penggunaannya sebagai pembawa dan agen antibakteria. 

Keputusan pencirian ZSA menunjukkan bahawa kerangka zeolit itu tidak berubah 

selepas pengubahsuaian manakala zeolit yang mengandungi perak telah berjaya 

difungsikan dengan APTES. Aktiviti antibakteria ZSA telah dikaji dengan 

menggunakan beberapa ujian antibakteria termasuk ujian kepekatan perencatan 

minima (MIC), ujian cakera penyebaran (DDT) dan kajian perencatan pertumbuhan 

(IGS) terhadap empat jenis bakteria, iaitu Escherichia coli (ATCC 11229), 

Pseudomonas aeruginosa (ATCC 15422), Staphylococcus aureus (ATCC 6538) dan 

Enterococcus faecalis (ATCC 29212). Kesemua ujian antibakteria menunjukkan 

bahawa sampel ZSA mempunyai aktiviti antibakteria yang lebih tinggi berbanding 

sampel ZS. Hasil kajian juga menunjukkan bahawa sampel ZSA lebih efektif 

terhadap bakteria Gram negatif berbanding Gram positif. Ini berkemungkinan kerana 

lapisan peptidoglikan nipis dalam dinding sel bakteria Gram negatif. ZSA-50-0.2 

(zeolit dengan 50% CEC Ag dan 0.2 M APTES) mempunyai ciri-ciri aktiviti 

antibakteria yang paling optimum berbanding sampel lain. Kajian pelepasan ion 

perak telah dijalankan untuk ZSA-50-0.2 dan ZS50 untuk mengkaji mekanisme 

aktiviti antibakteria ZSA dan ZS. Parameter yang berbeza telah dikaji iaitu tempoh 

pengeraman, kepekatan natrium klorida dan jenis bakteria. Hasil kajian menunjukkan 

bahawa ion perak yang dikeluarkan oleh ZSA adalah lebih rendah berbanding ZS 

pada masa pengeraman 30 minit dan 24 jam. Walau bagaimanapun, tidak ada kesan 

yang ketara daripada jenis bakteria dan kepekatan natrium klorida ke arah ion perak 

yang dikeluarkan oleh ZSA dan ZS. Keputusan ini membuktikan bahawa zeolit perak 

yang difungsikan dengan amina (ZSA) dengan pelbagai pendekatan agen antibakteria 

mempunyai aktiviti antibakteria yang lebih tinggi daripada ZS, iaitu agen 

antibakteria dengan satu pendekatan dan dengan itu, ZSA mungkin boleh digunakan 

sebagai agen antibakteria yang alternatif. 
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CHAPTER 1  
 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

In the present time, technologies in biomedical and health sciences area are 

developing rapidly following the development of technologies in many areas. As a 

developing country, Malaysia is not an exception from the development achieved by 

other developed countries. Biomedical areas have experienced much progress in the 

development from the slightest to the very life changing development. For example, 

with the presence of technologies such as artificial body part replacements and 

implants such as artificial pacemaker, artificial heart valve, arm prostheses and leg 

prostheses have saved many lives and also reduced the death rate apart from giving a 

better life towards patients. The use of these devices however requires operation 

procedures to enable the devices to be placed into the patient’s body. The operation 

scale and complexity depend on the type of implant that will be implanted. This 

operation however comes with a risk. Attention needs to be given in every operation 

due to the risk of infection by microorganism. Every operation being carried out must 

be ensured in a sterile surrounding with sterile equipment and apparatus. All surfaces 

including operation table, walls, ceilings and everything in the operation room must 

be sterilised and free of microorganisms such as bacteria and fungi. This is to avoid 

the occurrence of microorganism infection towards the patient especially by resistant 

microorganism which can endanger the patient’s life or prolong their hospital stay 

and hence increase their healthcare cost. Hence, the control of microorganism must 

be carried out not only during operation procedures, but also around the clock in 

healthcare institutions. New and improved ways to combat bacterial resistance must 

be studied and discovered to get ahead of the bacteria which is capable of evolving 
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and acquiring resistant. Knowledge sharing between various fields can benefit all of 

us. Knowledge in materials science can be applied in biomedical field as well as 

medical microbiology. Materials science is an interdisciplinary field concerning the 

study and design of new materials especially solids while biomedical field is a field 

that combines medicine and biology for healthcare purposes. Materials science 

knowledge can complement the biomedical field in a way that the implants and 

medical devices can be made from materials with antibacterial properties. In this 

way, early prevention of bacterial infection can be made. These antibacterial 

materials have been introduced specifically to prevent the related diseases. New 

antibacterial agents will continuously emerge as long as infections and diseases exist 

within the communities because people are always looking for a better cure. 

Therefore, this study is an effort that can be done to improve the quality of human 

health and life as this study aims to develop a new and perhaps a better antibacterial 

agent that employs an improved mechanism in its antibacterial action.  

 

 

 

 

1.2 Problem Statement 

 

 

The treatment of bacterial infections is becoming more complicated due to 

the ability of bacteria to develop resistance towards antimicrobial agent. 

Antimicrobial resistance is a natural biological phenomenon of response from 

microbes including bacteria, parasites, fungi and viruses towards antimicrobial agent 

(Sharma et al., 2005). For instance, there is a report by Tenover (2006) that common 

bacteria with antibacterial resistance in healthcare institutions are Staphylococcus 

aureus, Escherichia coli and Pseudomonas aeruginosa. Antimicrobial resistance is a 

concern because it often causes treatment failures in healthcare institutions (Tenover, 

2006). Resistance increases morbidity, mortality and cost, which can cause serious 

economic, social, and political implications. Current antimicrobial agents used to kill 

bacteria such as ethanol, silver nitrate and surfactant always have drawbacks. For 

example, ethanol can cause skin irritation, volatile and inflammable. Besides that, to 

be effective, the contact time on the surface must be at least 20 minutes, which is 

difficult because it can easily evaporate even at room temperature (Tilton and 

Kauffman, 2004). According to Livermore (2003), there is a need for the 
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development of new antibacterial agents to keep ahead of the bacteria. With the 

relative absence of new antimicrobials available to the market and the increasing 

frequency of antimicrobial resistance, efforts must be increased to intensify the 

search for new therapeutics (Levy and Marshall, 2004). Thus, research for a better 

antibacterial agent should be performed nowadays.  

 

 

Zeolites have been widely used in many applications. Although natural 

zeolites are abundant and cheap, they hold many drawbacks as compared to synthetic 

zeolites. Natural zeolites and synthetic zeolites resemble one another and are similar 

in applications. However, the natural zeolites have variable phases of purity and 

contaminated by the chemical impurities from other minerals, which are costly to be 

removed and this make synthetic zeolites to be more attractive for specific 

applications where uniformity and purity are very important. Natural zeolites also 

have lower surface area (Payra and Dutta, 2004). On the other hand, synthetic 

zeolites are high in purity, with larger internal pore volumes, molecular-size pores, 

regular crystal structures, diverse framework chemical compositions and have large 

cation exchange capacity (CEC) depending on the types of zeolites due to a lower 

Si/Al ratio (Sherman, 1999; Yusof and Malek, 2009). This make synthetic zeolites 

with low Si/Al ratio such as zeolites A, X or Y interesting to be used as an adsorbent 

for the modification of zeolite in this research as it has a higher adsorption capacity 

for polar molecules and provide more exchange sites. However, zeolite Y shows to 

be a more promising type in this research as zeolite Y has large pore, high cation 

exchange capacity (CEC) value, low Si/Al ratio and have high crystallinity. Zeolite 

NaY was chosen because the high CEC of zeolite enables large amount of silver ion 

to be exchanged into the framework structure of the zeolite, which is important in 

this research to produce an antibacterial agent with high and improved antibacterial 

activity.  

 

 

Silver is the most powerful metal ion with antibacterial properties as 

compared to the other heavy metal-ions and it shows an oligodynamic effect with a 

minimum development of bacterial resistance and low toxicity (Bastan and Ozbek, 

2013). Silver has been used in medical applications especially in the treatment of 

burn wounds in the form of silver nitrate. However, simple silver (I) salts can 
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precipitate in the solution as silver chloride, causing irritation to the wound area and 

also reduces the antibacterial activity of the silver (Clement and Jarrett, 1994). It is 

also often ineffective when bacterial infection has established. Moreover, the use of 

silver itself can cause agryria, a type of skin condition where the colour turns grey 

caused by the accumulation of silver on the skin (Baker et al., 2011). Increasing the 

concentration of silver incorporated in materials such as catheters, prostheses and 

tubes, increases the antimicrobial effect, but its cytotoxicity effects will also increase. 

Hence, to overcome the potential negative effects of silver, the incorporation of a 

secondary chemical or support system is needed and this is where zeolite plays this 

role (Bastan and Ozbek, 2013). Silver-loaded zeolites act as an inorganic reservoir 

and release silver ions in a controlled way in exchange for other cations (Kwakye-

Awuah et al., 2007).  

 

 

There have been numerous studies on silver-loaded zeolites. Silver loaded-

zeolites have been used mainly for the purpose of killing or inhibiting bacterial 

growth. One such study is the study of antibacterial activity of silver-zeolite against 

oral microorganisms such as Streptococcus mutans, Lactobacillus casei, Candida 

albicans and Staphylococcus aureus using the disc diffusion assay, minimum 

inhibition concentration and minimum lethal concentration. This study concluded 

that silver-zeolite had antibacterial effects towards the oral microorganism and that it 

may be useful to be applied to oral hygiene products for protection against oral 

infection (Saengmee-Anupharb et al. 2013). Although zeolite acts as a reservoir for 

the silver ions, silver ions tend to leach out from the zeolite over time and also 

precipitate out in the presence of chloride ions (Marambio-Jones and Hoek 2010). 

Hence, to overcome this problem, surface functionalization of zeolite might be the 

solution which is a technique in modifying the surface of materials by adding extra 

functionalities to overcome the material shortcomings in order to be used for a 

particular application (Treccani et al. 2013). The most popular technique is by 

silanization by silane coupling agent such as 3-aminopropyltriethoxysilane (APTES). 

The adsorption of silane coupling agents on the surface of zeolite might reduce the 

leaching of silver ions into the solution because the narrowing of pores by the silane 

molecules situated in the zeolite surface (Nik et al. 2012). This technique could also 

help in reducing the precipitation of silver ions by chloride ions. Silane molecules 
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could bind to the anions in the solution especially chloride ions and therefore 

preventing the binding of chloride ions with silver ions (Kang et al. 2009; Emami 

Khansari et al. 2015). 

 

 

With the knowledge that aminosilane and silver possess the antibacterial 

activities, the material that will be developed in this study is a combination of 

aminosilane, silver and zeolite because aminosilane and silver need zeolite as a 

support system. Hence, this research has been conducted by expecting that 

aminosilane can effectively enhance the antibacterial activity of silver-zeolite. 

 

 

 

 

1.3 Objectives of Research 

 

 

There are four main objectives in this study:  

1) To prepare and characterize 3-aminopropyltriethoxysilane (APTES) 

functionalized NaY zeolite with different APTES concentrations.  

2) To study the antibacterial activity of APTES functionalized-zeolite. 

3) To prepare and characterize APTES-functionalized silver-exchanged NaY 

zeolite at different concentrations of APTES and silver.  

4) To study the antibacterial activity and mechanism of APTES-functionalized 

silver-exchanged NaY zeolite. 

 

 

 

 

1.4 Scope of Research 

 

 

This research focuses on the application of modified zeolite NaY as a new 

antibacterial agent. The antibacterial properties of APTES-functionalized zeolite 

(ZA) were firstly determined by disc diffusion method (DDT) after its preparation 

and characterization. The zeolite was firstly modified with silver and then, the silver-

zeolite was functionalized with APTES. The silver-zeolite was prepared by adding 

NaY zeolite with four known concentrations of silver nitrate according to the zeolite 

cation exchange capacity (CEC) which were 25%, 50%, 100% and 200% for ion 
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exchange process of silver ions with the cations in the zeolite to occur. Next, the 

silver-zeolite was functionalized using different concentrations of 3-

aminopropyltrimethoxysilane (APTES) which were 0.01 M, 0.2 M and 0.4 M. The 

APTES-functionalized silver-exchanged zeolite NaY (ZSA) was then characterized 

using Fourier transform infrared spectroscopy (FTIR), field emission scanning 

electron microscopy (FESEM), energy dispersive X-ray (EDX), X-ray Diffraction 

(XRD), Brunauer, Emmett and Teller (BET), and thermogravimetric analysis (TGA) 

to determine its elemental, structural and morphology characteristics. The material 

was then tested for its antibacterial activity towards Gram-positive and Gram-

negative bacteria including E. coli ATCC 11229, P. aeruginosa ATCC 15442, S. 

aureus ATCC 6538 and E.  faecalis ATCC 29212 by disk diffusion test (DDT), 

minimum inhibitory concentration (MIC) test and growth inhibition study (GIS). The 

antibacterial activities of all prepared materials were compared with each other to 

determine the most effective antibacterial agent. Finally, the antibacterial and silver 

release properties of ZSA were studied intensively by conducting MIC at different 

concentrations of saline solution and silver release study against several parameters 

such as incubation time, type of bacteria and concentration of sodium chloride 

solution.  

 

 

 

 

1.5 Outline of Research 

 

 

This overall research methodology was designed so that each objective could 

be achieved in the expected time frame. Research design was divided into eight 

stages in order to achieve each objective. Stages 1 to 3 were discussed in chapter 3 

and stages 4 to 8 were discussed in chapter 4 in this thesis. The flow diagram for the 

outline of research can be seen in Figure 1.1. 
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Figure 1.1 Flow diagram of the research outline
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Figure 1.1 (cont) Flow diagram of the research outline
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1.6 Research Significance 

 

 

 Development of a new antibacterial agent is needed to combat the 

antimicrobial resistance and keep ahead of the bacteria. The antibacterial agent must 

be efficient in its antibacterial activity to reduce the occurrence of antimicrobial 

resistance. From this research, an antibacterial agent with an improved antibacterial 

activity was developed. This antibacterial agent has a broad-spectrum in which it is 

able to kill both Gram-positive and Gram-negative bacteria. Two antibacterial 

compounds, aminosilane and silver ion were combined in one carrier system and 

these compounds work synergistically in its bactericidal activity resulting in a higher 

bacterial death. Besides that, this material has a multi-approach antibacterial activity, 

by contact-killing and release-based approach, hence having a higher efficiency as an 

antibacterial agent. The high effectiveness and efficiency of an antibacterial 

especially those that have more than one type of bacteria-killing mechanisms could 

avoid the occurrence of antibacterial resistance because during the course of its 

application as an antibacterial agent, very low amount to no bacteria will be able to 

survive the antibacterial effect and hence, mutation or resistance will be less likely 

acquired by the bacteria strain. Antibacterial resistance is a very serious problem that 

brings many negative implications to the community by posing clinical problems and 

life-threatening infections. This problem of antibacterial resistance can only be 

addressed by development of new antibacterial agents that are more powerful and 

effective. Hence, the wide usage of ZSA as a new alternative for antibacterial agent 

can very much reduce the occurrence of bacterial resistance towards the antibacterial 

agents. Finally, this may also start a new demand for the research, development and 

production of multi-approach antibacterial rather than single-approach antibacterial 

agent in which its ultimate drawbacks is the higher possibility of occurrence of 

antibacterial resistance.  

 

 



 

 

 

 

 

REFERENCES 

 

 

 

 

Abda, M. Ben, Schäf, O. and Zerega, Y. (2015). Ion exchange effect on asymmetric 

dioxins adsorption onto FAU-type X-zeolites. Microporous and Mesoporous 

Materials. 217, 178–183.  

Akgül, M., Karabakan, A., Acar, O. and Yürüm, Y. (2006). Removal of silver (i) 

from aqueous solutions with clinoptilolite. Microporous and Mesoporous 

Materials. 94(1-3), 99–104.  

Alkan, M., Tekin, G. and Namli, H. (2005). FTIR and zeta potential measurements of 

sepiolite treated with some organosilanes. Microporous and Mesoporous 

Materials. 84(1–3), 75–83.  

Aminov, R. I. (2010). A Brief History of the Antibiotic Era: Lessons Learned and 

Challenges for the Future. Frontiers in Microbiology, 1, 1–7.  

An, W., Zhou, X., Liu, X., Chai, P. W., Kuznicki, T. and Kuznicki, S. M. (2014). 

Natural zeolite clinoptilolite-phosphate composite membranes for water 

desalination by pervaporation. Journal of Membrane Science. 470, 431–438.  

Anirudhan, T. S., Jalajamony, S. and Suchithra, P. S. (2009). Improved performance 

of a cellulose-based anion exchanger with tertiary amine functionality for the 

adsorption of chromium(VI) from aqueous solutions. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects. 335(1–3), 107–113.  

Anirudhan, T. S., Rauf, T. A. and Rejeena, S. R. (2012). Removal and Recovery of 

phosphate ions from aqueous solutions by amine functionalized epichlorohydrin-

grafted cellulose. Desalination. 285(0), 277–284. 

Asouhidou, D. D., Triantafyllidis, K. S., Lazaridis, N. K. and Matis, K. A. (2009). 

Adsorption of Remazol Red 3BS from aqueous solutions using APTES- and 

cyclodextrin-modified HMS-Type mesoporous silicas. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects. 346(1-3), 83–90.  

Auerbach, S. M., Carrado, K. A., & Dutta, P. K. (2003). Handbook of Zeolite 

Science and Technology. (1st ed.). New York: Marcel Dekker, Inc. 



140 

 

Bagwe, R. P., Hilliard, L. R. and Tan, W. (2006). Surface modification of silica 

nanoparticles to reduce aggregation and non-specific binding. National Institutes 

of Health. 22(9), 4357–4362. 

Baker, J. W., Leidy, K. L., Smith, K. M., & Okeke, U. S. (2011). Argyria Associated 

With Use of Systemic Colloidal Silver. Federal Practitioner. 

Bangert, S., Levy, M. and Hebert, A. A. (2012). bacterial resistance and impetigo 

treatment trends: a review. Pediatric Dermatology. 29(3), 243–248. 

Bastan, F. E. and Ozbek, Y. Y. (2013). Producing antibacterial silver-doped 

hydroxyapatite powders with chemical precipitation and reshaping in a spray 

dryer. Materiali in Tehnologije. 47(4), 431–434. 

Bellantone, M., Williams, H. D. and Hench, L. L. (2002). Broad-spectrum 

bactericidal activity of Ag(2)O-doped bioactive glass. Antimicrobial Agents and 

Chemotherapy. 46(6), 1940–5.  

Benkli, Y. E., Can, M. F., Turan, M. and Çelik, M. S. (2005). Modification of 

organo-zeolite surface for the removal of reactive azo dyes in fixed-bed reactors. 

Water Research. 39(2-3), 487–493. 

Bianca, T. (n.d.). Differential scanning calorimetry (DSC) and thermogravimetry 

analysis (TGA), 2–3. Retrieved June 14, 2016, from http://www.itc.tu-

bs.de/Abteilungen/Makro/Methods/dsc.pdf 

Boutin, A., Coasne, B., Fuchs, A. H., Galarneau, A. and Di Renzo, F. (2012). 

experiment and theory of low-pressure nitrogen adsorption in organic layers 

supported or grafted on inorganic adsorbents: toward a tool to characterize 

surfaces of hybrid organic/inorganic Systems. Langmuir, 28(25), 9526–9534.  

Cai, X., Lin, M., Tan, S., Mai, W., Zhang, Y., Liang, Z. and Zhang, X. (2012). The 

use of polyethyleneimine-modified reduced graphene oxide as a substrate for 

silver nanoparticles to produce a material with lower cytotoxicity and long-term 

antibacterial activity. Carbon. 50(10), 3407–3415. 

Campoccia, D., Montanaro, L. and Arciola, C. R. (2013). A review of the 

biomaterials technologies for infection-resistant surfaces. Biomaterials. 34(34), 

8533–8554.  

Campos, V. and Buchler, P. M. (2007). Anionic sorption onto modified natural 

zeolites using chemical activation. Environmental Geology. 52(6), 1187–1192.  

Čejka, J. and Bekkum, H. Van. (2005). Zeolites and Ordered Mesoporous Materials: 

Progress and Prospects. Prague, Czech Republic: Gulf Professional Publishing. 



141 

 

Chao, H. P. and Chen, S. H. (2012). Adsorption characteristics of both cationic and 

oxyanionic metal ions on hexadecyltrimethylammonium bromide-modified NaY 

zeolite. Chemical Engineering Journal.  

Chaouati, N., Soualah, A. and Chater, M. (2013). Adsorption of phenol from aqueous 

solution onto zeolites Y modified by silylation. Comptes Rendus Chimie. 16(3), 

222–228.  

Cheng, H. H., Hsieh, C. C. and Tsai, C. H. (2012). Antibacterial and Regenerated 

Characteristics of Ag-zeolite for Removing Bioaerosols in Indoor Environment . 

Aerosol and Air Quality Research. 12, 409–419. 

Chernousova, S. and  Epple, M. (2013). Silver as antibacterial agent: Ion, 

nanoparticle, and metal. Angewandte Chemie - International Edition. 52, 1636–

1653.  

Chester, A. W. and Derouane, E. G. (2009). Zeolite Characterization and Catalysis: 

A Tutorial. (5th Ed). London, New York: Springer. 

Choma, J. and Jaroniec, M. (2006). Characterization of nanoporous carbons by using 

gas adsorption isotherms. Interface Science and Technology. 7, 107–158.  

Christidis, G. E. (2008). Synthesis of FAU type zeolite Y from natural raw materials: 

hydrothermal SiO2-sinter and perlite glass. The Open Mineralogy Journal. 2, 1–

5. 

Clement, J. L. and Jarrett, P. S. (1994). Antibacterial silver. Met Based Drugs. 1(5-

6), 467–482.  

Clinical and Laboratory Standards Institute. (2014). Performance Standards for 

Antimicrobial Susceptibility Testing; Twenty-Fourth Informational Supplement. 

(Vol. 32). United States of America : Clinical and Laboratory Standards Institute.  

Cloete, T. E. (2003). Resistance mechanisms of bacteria to antimicrobial compounds. 

International Biodeterioration and Biodegradation. 51, 277–282.  

Cloutier, M., Mantovani, D. and Rosei, F. (2015). Antibacterial Coatings: 

Challenges, Perspectives, and Opportunities. Trends in Biotechnology. 33(11), 

637–652.  

Cloutier, M., Tolouei, R., Lesage, O., Lévesque, L., Turgeon, S., Tatoulian, M. and 

Mantovani, D. (2014). On the long term antibacterial features of silver-doped 

diamondlike carbon coatings deposited via a hybrid plasma process. 

Biointerphases. 9(2), 029013.  



142 

 

Colella, C. (1996). Ion exchange equilibria in zeolite minerals. Mineralium Deposita. 

31(6), 554–562.  

Colloidal Dynamics Pty Ltd. (1999). The Zeta Potential [Brochure]. Sydney : 

Colloidal Dynamics.  

Cottarel, G. and Wierzbowski, J. (2007). Combination drugs, an emerging option for 

antibacterial therapy. Trends in Biotechnology. 25(12), 547–555.  

Covarrubias, C., García, R., Yánez, J. and Arriagada, R. (2008). Preparation of CPB-

modified FAU zeolite for the removal of tannery wastewater contaminants. 

Journal of Porous Materials. 15(4), 491–498.  

Coyle, M. B. (2005). Manual of antimicrobial susceptibility testing. American 

Society for Microbiology. 

Dabrowski, A. (2001). Adsorption: from theory to practice. Advances in Colloid and 

Interface Science. 93, 135–224. 

Dallas, P., Sharma, V. K. and Zboril, R. (2011). Silver polymeric nanocomposites as 

advanced antimicrobial agents: Classification, synthetic paths, applications, and 

perspectives. Advances in Colloid and Interface Science. 166, 119–135. 

Dangi, G. P., Munusamy, K., Somani, R. S. and Bajaj, H. C. (2012). Adsorption 

selectivity of CO 2 over N 2 by cation exchanged zeolite L: Experimental and 

simulation studies. Indian Journal of Chemistry. 51A(9-10), 1238–1251. 

Dibrov, P., Dzioba, J., Gosink, K. K. and Häse, C. C. (2002). Chemiosmotic 

mechanism of antimicrobial activity of Ag+ in Vibrio cholerae. Antimicrobial 

Agents and Chemotherapy. 46(8), 2668–2670. 

Dunne, W. M. and Dunne, W. M. (2002). Bacterial Adhesion: Seen Any Good 

Biofilms Lately? Society. 15(2), 155–166. http://doi.org/10.1128/CMR.15.2.155 

Ebadi Amooghin, A., Omidkhah, M. and Kargari, A. (2015). The effects of 

aminosilane grafting on NaY zeolite–Matrimid®5218 mixed matrix membranes 

for CO2/CH4 separation. Journal of Membrane Science. 490, 364–379.  

Emami Khansari, M., Johnson, C. R., Basaran, I., Nafis, A., Wang, J., Leszczynski, 

J. and Hossain, M. A. (2015). Synthesis and anion binding studies of tris(3-

aminopropyl)amine-based tripodal urea and thiourea receptors: proton transfer-

induced selectivity for hydrogen sulfate over sulfate. RSC Advances. 5(23), 

17606–17614.  

Eng, C. C., Ibrahim, N. A., Zainuddin, N., Ariffin, H., Zin, W. and Yunus, W. 

(2014). Impact Strength and Flexural Properties Enhancement of Methacrylate 



143 

 

Silane Treated Oil Palm Mesocarp Fiber Reinforced Biodegradable Hybrid 

Composites. The Scientific World Journal.  

Ertan, A. (2004). CO2, N2, and O2 on Zeolites. Master Degree. Izmir Institute of 

Technology, Turkey. 

Feng, Q. L. L., Wu, J., Chen, G. Q. Q., Cui, F. Z. Z., Kim, T. N. N. and Kim, J. O. O. 

(2000). A mechanistic study of the antibacterial effect of silver ions on 

Escherichia coli and Staphylococcus aureus. Journal of Biomedical Materials 

Research. 52, 662–668.  

Fereshteh, Z., Loghman-Estarki, M. R., Shoja Razavi, R. and Taheran, M. (2013). 

Template synthesis of zinc oxide nanoparticles entrapped in the zeolite y matrix 

and applying them for thermal control paint. Materials Science in Semiconductor 

Processing. 16(2), 547–553.  

Fernandes, S., Sadocco, P., Causio, J., Silvestre, A. J. D., Mondragon, I. and Freire, 

C. S. R. (2014). Antimicrobial pullulan derivative prepared by grafting with 3-

aminopropyltrimethoxysilane: Characterization and ability to form transparent 

films. Food Hydrocolloids. 35, 247–252. 

Ferreira, L., Fonseca, A. M., Botelho, G., Aguiar, C. A. and Neves, I. C. (2012). 

Antimicrobial activity of faujasite zeolites doped with silver. Microporous and 

Mesoporous Materials. 160, 126–132.  

Furchtgott, L., Wingreen, N. S. and Huang, K. C. (2011). Mechanisms for 

maintaining cell shape in rod-shaped gram-negative bacteria. Molecular 

Microbiology. 81(2), 340–353.  

García, M. J., and Ardila, A. M. (2009). Cell volume variation under different 

concentrations of saline solution (NaCl). Revista Colombiana de Anestesiología. 

37(2), 101–105.  

Gordon, O., Slenters, T. V., Brunetto, P. S., Villaruz, A. E., Sturdevant, D. E., Otto, 

M., Landmann, R. and Fromm, K. M. (2010). Silver coordination polymers for 

prevention of implant infection: Thiol interaction, impact on respiratory chain 

enzymes, and hydroxyl radical induction. Antimicrobial Agents and 

Chemotherapy. 54(10), 4208–4218. 

Gottenbos, B., Grijpma, D. W., van der Mei, H. C., Feijen, J. and Busscher, H. J. 

(2001). Antimicrobial effects of positively charged surfaces on adhering Gram-

positive and Gram-negative bacteria. Journal of Antimicrobial Chemotherapy. 

48(1), 7–13.  



144 

 

Hanim, S. A. M., Malek, N. A. N. N. and Ibrahim, Z. (2016). Amine-functionalized , 

silver-exchanged zeolite NaY : Preparation , characterization and antibacterial 

activity. Applied Surface Science. 360, 121–130.  

Hanim, S. A. M., Malek, N. A. N. N., Ibrahim, Z., Salim, M. M., Istianah, N., Sarah, 

N. S. and Azam, M. A. (2015). Antibacterial Activity of Amine-Functionalized 

Zeolite NaY against Staphylococcus aureus ATCC6538 and Escherichia coli 

ATCC11229. Applied Mechanics and Materials. 761, 402–406.  

Hartmann, M., Berditsch, M., Hawecker, J., Ardakani, M. F., Gerthsen, D. and 

Ulrich, A. S. (2010). Damage of the bacterial cell envelope by antimicrobial 

peptides gramicidin S and PGLa as revealed by transmission and scanning 

electron microscopy. Antimicrobial Agents and Chemotherapy. 54(8), 3132–42.  

Hotta, M., Nakajima, H., Yamamoto, K. and Aono, M. (1998). Antibacterial 

temporary filling materials: the effect of adding various ratios of Ag‐Zn‐Zeolite. 

Journal of Oral Rehabilitation. 25(7), 485–489. 

Howarter, J. A. and Youngblood, J. P. (2006). Optimization of silica silanization by 

3-aminopropyltriethoxysilane. Langmuir. 22(26), 11142–11147. 

http://doi.org/10.1021/la061240g 

Hrenovic, J., Milenkovic, J., Goic-barisic, I. and Rajic, N. (2013). Antibacterial 

activity of modified natural clinoptilolite against clinical isolates of 

Acinetobacter baumannii. Microporous and Mesoporous Materials. 169(2013), 

148–152.  

Hrenovic, J., Milenkovic, J., Ivankovic, T. and Rajic, N. (2012). Antibacterial 

activity of heavy metal-loaded natural zeolite. Journal of Hazardous Materials. 

201-202, 260–264.  

Hundakova, M., Valaskova, M., Tomasek, V., Pazdziora, E. and Matejova, K. 

(2013). Silver and/or copper vermiculites and their antibacterial effect. Acta 

Geodyn. Geomater. 10(169), 97–104. 

Hwang, I. S., Hwang, J. H., Choi, H., Kim, K.J. and Lee, D. G. (2012). Synergistic 

effect with silver nanoparticles and its involved mechanisms. Journal of Medical 

Microbiology. 61, 1719–1726.  

Ilinoiu, E. C., Pode, R., Manea, F., Colar, L. A., Jakab, A., Orha, C., Ratiu, C., 

Lazau, C. and Sfarloaga, P. (2013). Photocatalytic activity of a nitrogen-doped 

TiO2 modified zeolite in the degradation of Reactive Yellow 125 azo dye. 

Journal of the Taiwan Institute of Chemical Engineers. 44(2), 270–278.  



145 

 

Inoue, Y. (2012). Effect of silver-loaded zeolite on the susceptibility of Escherichia 

Coli against antibiotics. Journal of Biomaterials and Nanobiotechnology. 03, 

114–117.  

Iqbal, N., Kadir, M. R. A., Malek, N. A. N. N., Mahmood, N. H., Murali, M. R. and 

Kamarul, T. (2012). Rapid microwave assisted synthesis and characterization of 

nanosized silver-doped hydroxyapatite with antibacterial properties. Materials 

Letters. 89, 118–122.  

Iravani, S., Korbekandi, H., Mirmohammadi S.V. and Zolfaghari, B. (2014). 

Synthesis of silver nanoparticles: chemical, physical and biological methods. 

Research in Pharmaceutical Sciences. 9(6), 385–406. 

Jansson, I., Yoshiiri, K., Hori, H., Garcia-Garcia, F. J., Rojas, S., Sanchez, B., 

Ohtani, B. and Suarez, S. (2016). Applied Catalysis A : General. Applied 

Catalysis A. General, 1–12.  

Jin, X., Yu, B., Chen, Z., Arocena, J. M. and Thring, R. W. (2014). Adsorption of 

Orange II dye in aqueous solution onto surfactant-coated zeolite: 

Characterization, kinetic and thermodynamic studies. Journal of Colloid and 

Interface Science. 435, 15–20.  

Jiraroj, D., Tungasmita, S. and Tungasmita, D. N. (2014). Silver ions and silver 

nanoparticles in zeolite A composites for antibacterial activity. Powder 

Technology. 264, 418–422.  

Johansson, U., Holmgren, A., Forsling, W. and Frost, R. L. (1999). Adsorption of 

silane coupling agents onto kaolinite surfaces. Clay Minerals. 34(2), 239–246.  

Jung, W. K., Koo, H. C., Kim, K. W., Shin, S., Kim, S. H. and Park, Y. H. (2008). 

Antibacterial Activity and Mechanism of Action of the Silver Ion in 

Staphylococcus aureus and Escherichia coli . Applied and Environmental 

Microbiology. 74(7), 2171–2178.  

Kaali, P., Pérez-Madrigal, M. M., Strömberg, E., Aune, R. E., Czél, G. and Karlsson, 

S. (2011). The influence of Ag+, Zn2+ and Cu2+ exchanged zeolite on 

antimicrobial and long term in vitro stability of medical grade polyether 

polyurethane. eXPRESS Polymer Letters. 5(12), 1028–1040. 

Kamarudin, K. S. N., Hamdan, H. and Mat, H. (2004). Gas Adsorption 

Characteristics of Metal Exchanged Zeolite. In 10th APCChE Congress. 17-21 

October. Kitakyushu, Fukuoka, Japan, 1-8. 



146 

 

Kang, S. O., Day, V. W. and Bowman-James, K. (2009). The influence of amine 

functionalities on anion binding in polyamide-containing macrocycles. Organic 

Letters. 11(16), 3654–3657.  

Katoh, M., Kimura, M., Sugino, M., Horikawa, T., Nakagawa, K. and Sugiyama, S.  

(2015). Modification of commercial NaY zeolite to give high water diffusivity 

and adsorb a large amount of water. Journal of the Taiwan Institute of Chemical 

Engineers. 455(1-3), 284–289. 

Kawahara, K., Tsuruda, K., Morishita, M. and Uchida, M. (2000). Antibacterial 

effect of silver-zeolite on oral bacteria under anaerobic conditions. Dental 

Materials. 16, 452–455.  

Kiok, R., Fernandes, S., Gupta, S. and James, A. (1997). Sterilization Methods of 

Artificial Joint Prostheses. Bioengineering 220: Biomaterials. 

Kishor, R. and Ghoshal, A. K. (2015). APTES grafted ordered mesoporous silica 

KIT-6 for CO2 adsorption. Chemical Engineering Journal. 262, 882–890.  

Krajišnik, D., Daković, A., Malenović, A., Djekić, L., Kragović, M., Dobričić, V. 

and Milić, J. (2013). An investigation of diclofenac sodium release from 

cetylpyridinium chloride-modified natural zeolite as a pharmaceutical excipient. 

Microporous and Mesoporous Materials. 167(0), 94–101. 

Kregiel, D. (2014). Advances in biofilm control for food and beverage industry using 

organo-silane technology: A review. Food Control. 40(0), 32–40.  

Krishnani, K. K., Zhang, Y., Xiong, L., Yan, Y., Boopathy, R. and Mulchandani, A. 

(2012). Bactericidal and ammonia removal activity of silver ion-exchanged 

zeolite. Bioresource Technology. 117, 86–91. 

Kuzniatsova, T., Kim, Y., Shqau, K., Dutta, P. K. and Verweij, H. (2007). Zeta 

potential measurements of zeolite Y: Application in homogeneous deposition of 

particle coatings. Microporous and Mesoporous Materials. 103, 102–107. 

Kwakye-Awuah, B., Williams, C., Kenward, M. A. and Radecka, I. (2008). 

Antimicrobial action and efficiency of silver-loaded zeolite X. Journal of Applied 

Microbiology. 104(5), 1516–1524. 

Lalueza, P., Carmona, D., Monzon, M., Arruebo, M. and Santamaria, J. (2012). 

Strong bactericidal synergy between peracetic acid and silver-exchanged zeolites. 

Microporous and Mesoporous Materials. 156, 171–175. 

 



147 

 

Lambert, P. A. (2002). Mechanism of antibiotic resistance in Pseudomonas 

aeruginosa. Journal of Royal Society of Medicine. 95(41), S22–26. 

Lee, D. H., Choi, M., Yu, B. W. and Ryoo, R. (2009). Organic functionalization of 

mesopore walls in hierarchically porous zeolites. Chemical Communications. (1), 

74–76. 

Leica Microsystems. (2013). Leica EM CPD300 Automatic Critical Point Dryer. 

[Brochure]. Austria : Leica Microsystems. 

Levy, S. B. and Marshall, B. (2004). Antibacterial resistance worldwide: causes, 

challenges and responses. Nature Medicine Supplement. 10(12), S122–129.  

Li, G. (2005). FT-IR studies of zeolite materials : characterization and 

environmental applications. Doctor of Philosophy. University of Iowa. 

Li, M., Li, G., Jiang, J., Tao, Y. and Mai, K. (2013). Preparation, antimicrobial, 

crystallization and mechanical properties of nano-ZnO-supported zeolite filled 

polypropylene random copolymer composites. Composites Science and 

Technology. 81, 30–36.  

Li, Y., Guan, H.-M., Chung, T. S. and Kulprathipanja, S. (2006). Effects of novel 

silane modification of zeolite surface on polymer chain rigidification and partial 

pore blockage in polyethersulfone (PES)–zeolite A mixed matrix membranes. 

Journal of Membrane Science. 275(1-2), 17–28. 

Lin, L., Lei, Z., Wang, L., Liu, X., Zhang, Y., Wan, C., Lee, D. and Tay, J. H. 

(2013). Adsorption mechanisms of high-levels of ammonium onto natural and 

NaCl-modified zeolites. Separation and Purification Technology. 103, 15–20.  

Liu, E., Sarkar, B., Chen, Z. and Naidu, R. (2016). Decontamination of chlorine gas 

by organic amine modified copper-exchanged zeolite. Microporous and 

Mesoporous Materials. 225, 450–455. 

Livermore, D. M. (2002). Multiple mechanisms of antimicrobial resistance in 

Pseudomonas aeruginosa: our worst nightmare? Clinical Infectious Diseases. 

34(5), 634–640.  

Livermore, D. M. (2003). Bacterial Resistance : Origins, Epidemiology, and Impact. 

Clinical Infectious Diseases. 36(Suppl 1), 11–23.  

Lutz, W. (2014). Zeolite Y: Synthesis, Modification, and Properties—A Case 

Revisited. Advances in Materials Science and Engineering.  



148 

 

Madden, D. and Curtin, T. (2016). Carbon dioxide capture with amino-functionalised 

zeolite- b : A temperature programmed desorption study under dry and humid 

conditions. Microporous and Mesoporous Materials. 228, 310–317. 

Maesen, T. and Marcus, B. (2001). The zeolite scene—An overview. Studies in 

Surface Science and Catalysis (Vol. 137). United States of America: Elsevier 

Science. 

Magaña, S.M., Quintana, P., Aguilar, P., Toledo, J.A., Angeles-Chavez, C., Cortes, 

M.A., Leon, L., Freile-Pelegrin, Y., Lopez, T. and Sanchez, R.M.T. (2008). 

Antibacterial activity of montmorillonites modified with silver. Journal of 

Molecular Catalysis A: Chemical. 281(1-2), 192–199.  

Mahmoudi, M. and Serpooshan, V. (2012). Silver-coated engineered magnetic 

nanoparticles are promising for the success in the fight against antibacterial 

resistance threat. ACS Nano. 6(3), 2656–2664.  

Majeed Khan, M. A., Kumar, S., Ahamed, M., Alrokayan, S. A. and Alsalhi, M. S. 

(2011). Structural and thermal studies of silver nanoparticles and electrical 

transport study of their thin films. Nanoscale Research Letters. 6(1), 434.  

Malek, N. A. N. N. and Ramli, N. I. (2015). Characterization and antibacterial 

activity of cetylpyridinium bromide (CPB) immobilized on kaolinite with 

different CPB loadings. Applied Clay Science. 109-110, 8–14.  

Malek, N. A. N. N., Williams, C. D., Dhanabal, S., Bhall, H. S. and Ibrahim, N. 

(2014). Natural Clinoptilolite and Chabazite as Carrier for Antibacterial Agents 

of Cetylpyridinium Chloride ( CPC ) and Silver. Applied Mechanics and 

Materials. 606, 29–33.  

Malek, N. S. N. A. N. N., & Malek, N. S. N. A. N. N. (2012). Modification of 

synthetic zeolites by quaternary ammonium compounds and its antibacterial 

activity against Bacillus Subtilis.  APCBEE Procedia. 5-6 May. Kuala Lumpur, 

Malaysia, 134–139.  

Malek, N., Nizam, N. A., Nik Malek, N. A. N. and Yusof, A. M. (2007). Removal of 

Cr (III) from aqueous solutions using zeolite NaY prepared from rice husk ash. 

The Malaysian Journal of Analytical Sciences. 11(1), 76–83. 

Malekian, R., Abedi-Koupai, J. and Eslamian, S. S. (2011). Use of Zeolite and 

Surfactant Modified Zeolite as Ion Exchangers to Control Nitrate Leaching. 

World Academy of Science, Engineering and Technology. 52, 715–719. 



149 

 

Mandal, S., Roy, D., Chaudhari, R. V. and Sastry, M. (2004). Pt and Pd 

Nanoparticles Immobilized on Amine-Functionalized Zeolite: Excellent Catalysts 

for Hydrogenation and Heck Reactions. Chemistry of Materials. 16(19), 3714–

3724.  

Marambio-Jones, C. and Hoek, E. M. V. (2010). A review of the antibacterial effects 

of silver nanomaterials and potential implications for human health and the 

environment. Journal of Nanoparticle Research. 12(5), 1531–1551.  

Maraschi, F., Sturini, M., Speltini, A., Pretali, L., Profumo, A., Pastorello, A., 

Kumar, V., Ferretti, M. and Caratto, V. (2014). TiO2-modified zeolites for 

fluoroquinolones removal from wastewaters and reuse after solar light 

regeneration. Journal of Environmental Chemical Engineering. 2(4), 2170–2176.  

Marsalek, R. (2012). Zeta Potential - Applications. 2
nd

 International Conference on 

Environment and Industrial Innovation. Singapore, 15–19. 

Mekhamer, W. K. (2008). The colloidal stability of raw bentonite deformed 

mechanically by ultrasound. Journal of Saudi Chemical Society. 14(3), 301–306.  

Metwalli, E., Haines, D., Becker, O., Conzone, S. and Pantano, C. G. (2006). Surface 

characterizations of mono-, di-, and tri-aminosilane treated glass substrates. 

Journal of Colloid and Interface Science. 298(2), 825–31.  

Micromeritics Instrument Corporation. (2000). Gas Adsorption Theory. [Brochure]. 

USA : Micromeritics Instrument Corporation 

Missengue, R. N. M., Musyoka, N. M., Madzivire, G., Babajide, O., Fatoba, O. O., 

Tuffin, M. and Petrik, L. F. (2016). Leaching and antimicrobial properties of 

silver nanoparticles loaded onto natural zeolite clinoptilolite by ion exchange and 

wet impregnation. Journal of Environmental Science and Health, Part A. 51(2), 

97–104. 

Morones-Ramirez, J. R., Winkler, J. A., Spina, C. S. and Collins, J. J. (2013). Silver 

enhances antibiotic activity against gram-negative bacteria. Science Translational 

Medicine. 5(190), 190ra81–190ra81. 

Moscou, L. (1991). The Zeolite Scene. Studies in Surface Science and Catalysis. 58, 

1–12. 

Mukhopadhyay, K., Phadtare, S., Vinod, V. P., Kumar, A., Rao, M., Chaudhari, R. 

V. and Sastry, M. (2003). Gold Nanoparticles Assembled on Amine-

Functionalized Na−Y Zeolite:  A Biocompatible Surface for Enzyme 

Immobilization. Langmuir. 19(9), 3858–3863.  



150 

 

Musa, M. A. A., Yin, C. Y. and Savory, R. M. (2011). Analysis of the Textural 

Characteristics and Pore Size Distribution of a Commercial Zeolite using Various 

Adsorption Models. Journal of Applied Sciences. 11(21), 3650–3654.  

Musyoka, N. M., Petrik, L. F., Hums, E., Kuhnt, A. and Schwieger, W. (2015). 

Thermal stability studies of zeolites A and X synthesized from South African 

coal fly ash. Research on Chemical Intermediates. 41(2), 575–582.  

Nik, O. G., Nohair, B. and Kaliaguine, S. (2011). Aminosilanes grafting on 

FAU/EMT zeolite: Effect on CO2 adsorptive properties. Microporous and 

Mesoporous Materials. 143(1), 221–229.  

Nik, O. G., Sadrzadeh, M. and Kaliaguine, S. (2012). Surface grafting of FAU/EMT 

zeolite with (3-aminopropyl)methyldiethoxysilane optimized using Taguchi 

experimental design. Chemical Engineering Research and Design. 90(9), 1313–

1321.  

Pankey, G. A., and Sabath, L. D. (2004). Clinical Relevance of Bacteriostatic versus 

Bactericidal Mechanisms of Action in the Treatment of Gram- Positive Bacterial 

Infections. Clinical Infectious Diseases. 38, 864–870. 

Park, G. I., Cho, I. H., Kim, J. H., & Oh, W. Z. (2000). Evaluation of optimal silver 

amount for the removal of methyl iodide on silver-impregnated adsorbents. 

Unpublished note, Nuclear Chemical Engineering Division, Korea Atomic 

Energy Research Institute, Yusung Taejon. 

Payra, P., & Dutta, P. K. (2004). Zeolites: A Primer. ChemInform, 35(38).  

Pereyra, A. M., Gonzalez, M. R., Rodrigues, T. A., Soares Luterbach, M. T. and 

Basaldella, E. I. (2015). Enhancement of biocorrosion resistance of epoxy 

coating by addition of Ag/Zn exchanged a zeolite. Surface and Coatings 

Technology. 270, 284–289.  

Petushkov, A. (2011). Synthesis and characterization of nanocrystalline and 

mesoporous zeolites. Doctor of Philosophy. University of Iowa.  

Petushkov, A., Intra, J., Graham, J. B., Larsen, S. C. and Salem, A. K. (2009). Effect 

of crystal size and surface functionalization on the cytotoxicity of silicalite-1 

nanoparticles. Chemical Research in Toxicology. 22(7), 1359–1368. 

Photometrics. (2016). Thermogravimetric analysis (TGA). Retrieved 27 March, 

2016, from http://photometrics.net/thermogravimetric-analysis-tga/ 

 



151 

 

Piscitelli, F., Posocco, P., Toth, R., Fermeglia, M., Pricl, S., Mensitieri, G. and 

Lavorgna, M. (2010). Sodium montmorillonite silylation: Unexpected effect of 

the aminosilane chain length. Journal of Colloid and Interface Science. 351(1), 

108–115.  

Quang, D. V., Sarawade, P. B., Hilonga, A., Kim, J. K., Chai, Y. G., Kim, S. H., 

Ryu, J. and Kim, H. T. (2011). Preparation of amino functionalized silica micro 

beads by dry method for supporting silver nanoparticles with antibacterial 

properties. Colloids and Surfaces A: Physicochemical and Engineering Aspects. 

389(1–3), 118–126.  

Radu, G., Ă, G. T., Penu, R. and Litescu, S. C. (2012). Use of the Fourier Transform 

Infrared Spectroscopy in Characterization of Specific Samples. U.P.B. Science 

Bulletin. 74(4), 137–148. 

Rahman, M. M., Hasnida, N., Nik, W. B. W. and Wan Nik, W. B. (2009).  

Preparation of Zeolite Y Using Local Raw Material Rice Husk as a SilicaSource . 

Journal of Scientific Research. 1(2), 2–8.  

Rahmati, M. and Modarress, H. (2009). Nitrogen adsorption on nanoporous zeolites 

studied by Grand Canonical Monte Carlo simulation. Journal of Molecular 

Structure: THEOCHEM. 901(1-3), 110–116.  

Ricco, J. B. (2006). InterGard silver bifurcated graft: Features and results of a 

multicenter clinical study. Journal of Vascular Surgery. 44(2), 339–346.  

Rivera-Garza, M., Olguín, M. T., García-Sosa, I., Alcántara, D. and Rodríguez-

Fuentes, G. (2000). Silver supported on natural Mexican zeolite as an 

antibacterial material. Microporous and Mesoporous Materials. 39(3), 431–444.  

Saengmee-Anupharb, S., Srikhirin, T., Thaweboon, B., Thaweboon, S., 

Amornsakchai, T., Dechkunakorn, S. and Suddhasthira, T. (2013). Antimicrobial 

effects of silver zeolite, silver zirconium phosphate silicate and silver zirconium 

phosphate against oral microorganisms. Asian Pacific Journal of Tropical 

Biomedicine. 3(1), 47–52.  

Salgın, S., Salgın, U. and Bahadır, S. (2012). Zeta Potentials and Isoelectric Points of 

Biomolecules: The Effects of Ion Types and Ionic Strengths . International 

Journal Of  Electrochemical Science. 7, 12404–12414. 

Salim, M. M. and Malek, N. A. N. N. (2016). Characterization and antibacterial 

activity of silver exchanged regenerated NaY zeolite from surfactant-modified 

NaY zeolite. Materials Science and Engineering C. 59, 70–77. 



152 

 

Salim, M. M., Ahmad, N., Nik, N., Isti, N., Aishah, S., Hanim, M., & Hamdan, S. 

(2013). Antibacterial Activity of CTAB-Modified Zeolite NaY with Different 

CTAB Loading. 4th Icowobas-Raffs. 3–5 September. Johor Bahru. 

Sanaeepur, H., Kargari, A. and Nasernejad, B. (2014). Aminosilane-functionalization 

of a nanoporous Y-type zeolite for application in a cellulose acetate based mixed 

matrix membrane for CO2 separation. RSC Advances. 4(109), 63966–63976.  

Sandström, S. (2011). The antibacterial effect of silver with different release kinetics. 

Master Degree. Chalmers University of Biotechnology, Sweden. 

Sayilkan, H., Erdemoğlu, S., Sener, S., Sayilkan, F., Akarsu, M. and Erdemoğlu, M. 

(2004). Surface modification of pyrophyllite with amino silane coupling agent for 

the removal of 4-nitrophenol from aqueous solutions. Journal of Colloid and 

Interface Science. 275(2), 530–8.  

Schierholz, J. M., Wachol-Drewek, Z., Lucas, L. J. and Pulverer, G. (1998). Activity 

of silver ions in different media. Zentralblatt Fur Bakteriologie : International 

Journal of Medical Microbiology. 287(4), 411–420.  

Shameli, K., Mansor, A., Zargar, M., Yunus, W.M.Z.W. and Ibrahim, N.A. (2011). 

Fabrication of silver nanoparticles doped  in the zeolite framework and 

antibacterial activity. International Journal of Nanomedicine. 6, 331–341. 

Sharma, R., Sharma, C. L. and Kapoor, B. (2005). Antibacterial resistance: Current 

problems and possible solutions. Indian Journal of Medical Science. 59(3), 120–

129.  

Sherman, J. D. (1999). Synthetic zeolites and other microporous oxide molecular 

sieves. Proceedings of the National Academy of Sciences, 96(7), 3471–3478. 

Shi, H., Liu, F. and Xue, L. (2013). Fabrication and characterization of antibacterial 

PVDF hollow fibre membrane by doping Ag-loaded zeolites. Journal of 

Membrane Science. 437, 205–215.  

Silver, S. (2003). Bacterial silver resistance: molecular biology and uses and misuses 

of silver compounds. FEMS Microbiology Reviews. 27(2‐3), 341–353. 

Silver, S., Phung, L. T. and Silver, G. (2006). Silver as biocides in burn and wound 

dressings and bacterial resistance to silver compounds. Journal of Industrial 

Microbiology and Biotechnology. 33(7), 627–634.  

Sing, K. (2001). The use of nitrogen adsorption for the characterisation of porous 

materials. Colloids and Surfaces A: Physicochemical and Engineering Aspects. 

187-188, 3–9.  



153 

 

Singh, S. B. (2014). Confronting the challenges of discovery of novel antibacterial 

agents. Bioorganic & Medicinal Chemistry Letters. 24(16), 3683–3689.  

Steele, D. (2002). Infrared Spectroscopy : Theory. Journal of Molecular 

Spectroscopy. 214(1), 155–164. 

Storck, S., Bretinger, H. and Maier, W. F. (1998). Characterization of micro- and 

mesoporous solids by physisorption methods and pore-size analysis. Applied 

Catalysis A: General. 174(1-2), 137–146.  

Stratton, C. W. (2003). Dead Bugs Don’t Mutate : Susceptibility Issues in the 

Emergence of Bacterial Resistance. Perspectives. 9(1). 

Sulaiman, F. R., Rafi, N. F. M., Kamarudin, S. N. S. and Ismail, S. N. S. (2015). 

Assessment of physiochemical characteristics and health risk of drinking water. 

Jurnal Teknologi. 31, 31–35. 

Sun, Y., Fang, Q., Dong, J., Cheng, X. and Xu, J. (2011). Removal of fluoride from 

drinking water by natural stilbite zeolite modified with Fe(III). Desalination. 

277(1-3), 121–127.  

Tan, Y. H., Davis, J. A., Fujikawa, K., Ganesh, N. V., Demchenko, A. V. and Stine, 

K. J. (2012). Surface area and pore size characteristics of nanoporous gold 

subjected to thermal, mechanical, or surface modification. Journal of Material 

Chemistry. 141(4), 520–529.  

Tarasov, A. (2012). Thermal Analysis: methods, principles, application. 

(Unpublished note). Lecture Series Heterogenous Catalysis. 

Tenover, F. C. (2006). Mechanisms of Antimicrobial Resistance in Bacteria. The 

American Journal of Medicine. 119(6A), S3–S10.  

Texas A & M University. (2010). Introduction to X-ray Powder Diffraction. 

(Unpublished Note), Texas A & M University. 

Theivasanthi, T. and Alagar, M. (2012). Electrolytic synthesis and characterizations 

of silver nanopowder. Nano Biomedicine and Engineering. 4, 1–11 

Thermo Nicolet Corporation. (2001). Introduction to Fourier Transform Infrared 

Spectrometry [Brochure]. United States of America : Thermo Nicolet 

Corporation. 

Tilton, G. and Kauffman, M. (2004). Sterilization: A review of the basics. Managing 

Infection Control. June, 66–71. 



154 

 

Todar, K. (2016). Bacterial Resistance to Antibiotics. Online Textbook of 

Bacteriology. Retrieved 16 June 2016, from 

http://textbookofbacteriology.net/resantimicrobial_3.htm 

Tonlé, I. K., Diaco, T., Ngameni, E. and Detellier, C. (2007). Nanohybrid kaolinite-

based materials obtained from the interlayer grafting of 3-

aminopropyltriethoxysilane and their potential use as electrochemical sensors. 

Chemistry of Materials. 19(26), 6629–6636.  

Tortora, G. J., Funke, B. R. and Case, C. L. (2007). Microbiology: an introduction 

(9th Ed). United States: Pearson Education. 

Tortora, G. J., Funke, B. R., & Case, C. L. (2013). Microbiology : An Introduction 

(11th Ed). United States: Pearson Education. 

Treccani, L., Yvonne Klein, T., Meder, F., Pardun, K. and Rezwan, K. (2013). 

Functionalized ceramics for biomedical, biotechnological and environmental 

applications. Acta Biomaterialia. 9(7), 7115–7150.  

UNEP Publications. (2003). 3-Aminopropyltriethoxysilane Cas No : 919-30-2. 

[Brochure]. Italy : UNEP Publications. 

Vidal, C. B., Raulino, G. S. C., Barros, A. L., Lima, A. C. A, Ribeiro, J. P., Pires, M. 

J. R. and Nascimento, R. F. (2012). BTEX removal from aqueous solutions by 

HDTMA-modified Y zeolite. Journal of Environmental Management. 112, 178–

185.  

Wang, J., Stevens, L. a., Drage, T. C. and Wood, J. (2012). Preparation and CO2 

adsorption of amine modified Mg-Al LDH via exfoliation route. Chemical 

Engineering Science. 68(1), 424–431.  

Wang, J., Wang, Z., Guo, S., Zhang, J., Song, Y., Dong, X., Wang, X. and Yu, J. 

(2011). Antibacterial and anti-adhesive zeolite coatings on titanium alloy surface. 

Microporous and Mesoporous Materials. 146(1-3), 216–222.  

Wang, L., Han, C., Nadagouda, M. N. and Dionysiou, D. D. (2016). An innovative 

zinc oxide-coated zeolite adsorbent for removal of humic acid. Journal of 

Hazardous Materials. 313, 283–290. 

Wang, L., Sun, Y. and Li, Z. (2010). Nanopatterning of adsorbed 3-

aminepropyltriethyoxysilane film by an atomic force microscopy tip. The 

European Physical Journal Applied Physics. 52(2), 20503.  

WHO. (2014). Antimicrobial Resistance : Global Report on Surveillance 2014. 

Switzerland : World Health Organization. 



155 

 

Wu, K. H., Liu, C. I., Yang, C. C., Wang, G. P. and Chao, C. M. (2011). Preparation 

and characterization of aminosilane-modified silicate supported with silver for 

antibacterial behavior. Materials Chemistry and Physics. 125(3), 802–806.  

Xi, Y., Martens, W., He, H. and Frost, R. L. (2005). Thermogravimetric analysis of 

organoclays intercalated with the surfactant octadecyltrimethylammonium 

bromide. Journal of Chemical Information and Modeling. 53(9), 1689–1699.  

Yee, M. S. L., Khiew, P. S., Tan, Y. F., Chiu, W. S., Kok, Y. Y. and Leong, C. O. 

(2015). Low temperature, rapid solution growth of antifouling silver-zeolite 

nanocomposite clusters. Microporous and Mesoporous Materials. 218, 69–78.  

Yoshinobu Matsumura, Kuniaki Yoshikata, Shinichi Kunisaki, and Tsuchido, T. 

(2003). Mode of bactericidal action of silver zeolite and its comparison with that 

of silver nitrate. Applied and Environmental Microbiology. 69(7), 4278–4281. 

Yukselen-Aksoy, Y. and Kaya,  A. (2011). A study of factors affecting on the zeta 

potential of kaolinite and quartz powder. Environmental Earth Sciences. 62(4), 

697–705.  

Yusof, A. M. and Malek, N. A. N. N. (2009). Removal of Cr(VI) and As(V) from 

aqueous solutions by HDTMA-modified zeolite Y. Journal of Hazardous 

Materials. 162(2009), 1019–1024.  

Zapata, P. A., Faria, J., Ruiz, M. P., Jentoft, R. E., & Resasco, D. E. (2012). 

Hydrophobic Zeolites for Biofuel Upgrading Reactions at the Liquid − Liquid 

Interface in Water / Oil Emulsions. Journal of the American Chemical Society.  

Zardini, H. Z., Amiri, A., Shanbedi, M., Maghrebi, M. and Baniadam, M. (2012). 

Enhanced antibacterial activity of amino acids-functionalized multi walled 

carbon nanotubes by a simple method. Colloids and Surfaces B: Biointerfaces. 

92, 196–202. 

Zeta-Meter Inc. (n.d.). Zeta Potential : A Complete Course in 5 Minutes. [Brochure]. 

United States of America : Zeta-Meter Inc.  

Zhan, B. Z., White, M. A., Lumsden, M., Mueller-Neuhaus, J., Robertson, K. N., 

Cameron, T. S. and Gharghouri, M. (2002). Control of Particle Size and Surface 

Properties of Crystals of NaX Zeolite. Chemistry of Materials. 14(9), 3636–3642.  


	1. Title Page 23.3.2017.pdf (p.1)
	2. Chapter 0 Aishah 26.3.2017.pdf (p.2-25)
	3. Chapter 1 Aishah 26.3.2017.pdf (p.26-34)
	4. Chapter 2 Aishah 26.3.2017.pdf (p.35-57)
	5. Chapter 3 Aishah 25.3.2017.pdf (p.58-88)
	6. Chapter 4 Aishah 23.3.2017.pdf (p.89-160)
	7. Chapter 5 Aishah 23.3.2017.pdf (p.161-163)
	8. References Aishah 23.3.2017.pdf (p.164-180)
	9. Appendix Aishah 23.3.2017.pdf (p.181-215)
	10. Paper.pdf (p.216-231)
	blank.pdf (p.224)




