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Abstract — Present study describes the Gold nanoparticles play an important role in catalysis but is not stable 

against sintering at high temperatures. We aim to prevent such deactivation by coating the gold nanoparticles with zeolites. 

The zeolite MCM-22 is a porous material which is gaining importance in the recent years, due to a variety of industrial 

applications, particularly in petrochemical and refining industries. Synthesis of zeolite MCM-22 layer as a shell over gold 

nanoparticles is carried out under hydrothermal conditions. Characterization of zeolite MCM-22 coated gold nanoparticles 

was done using Fourier Transform Infrared Spectroscopy (FTIR), Transmission Electron Microscopy (TEM), Scanning 

Electron Microscopy (SEM) and Ultraviolet-visible Spectroscopy (UV) which shows that the functional group, shape & 

size, surface morphology and presence of gold nanoparticles respectively. From the characterization of the product we 

conclude that zeolite MCM-22, Gold nanoparticles and core-shell structure of zeolite coated gold nanoparticle was 

synthesized. Gold nanoparticles were in the range of 10 nm to 13 nm. 

Keywords — Gold Nanoparticles, Zeolite, MCM-22, ZSM-5, Mordenite, Sodalite.  
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I. INTRODUCTION 
      

1.1 ZEOLITE 

Zeolites are tetrahedral structures having silicon, aluminium, oxygen and water in their framework. Silicon or 

aluminium is connected to the four oxygen atoms tetrahedrally and this unit is known as primary building structure of 

zeolite. These porous structures have catalytic property. Therefore zeolites are used in the chemical and petrochemical 

industries [1, 2]. 

1.2 STRUCTURE OF ZEOLITE 

 

 

FIGURE 1.1 Primary building blocks of Zeolite [2-4]. 

The primary building structure are connected with another structure and form the secondary building structure, 

then secondary building structure join with others to form the 3-D structure called as cage. This cage contains the 

cavities or channels by which the molecules can enter. Pore size of the zeolite is in the range of 3 to 10 Å. So above 

this range the molecule cannot enter, this is also called shape selectivity property. T-O bond (i.e., T=Si or Al) and 

oxygen is connected to the other T atom which shows the T-O-T structure. Angle of the T-O-T is in the range of 

1400C-1500C. 
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FIGURE 1.2 Framework Structure of Zeolite [2-4]. 
Density of the framework is defined as the number of silicon or aluminium atoms or in general called T atoms per 1000 Å 

and it is given by the formula are as follows: 

Framework Density ρf = 1.66 M / V = 1.66 [59 X + 60 Y] / V 

where, M is the framework weight formula, X and Y are the number of AlO2 and SiO2 units per unit cell, V is the unit cell 

volume in A. Structural formula of a zeolite is based on the unit cell which contains the AlO4 and SiO4 are tetrahedrally 

linked to each other by share the oxygen atom or T atom. 

Mx/n {(AlO2) x (SiO2) y} .wH2O 

Where, x and y are the total number of tetrahedral/ unit cell n is the valence of cation, w is the number of water 

molecules/ unit cell [1, 2]. 

1.3 REACTIONS OF ZEOLITES 
 

In petroleum industries, zeolite is very useful catalyst because it contains porous and selectivity properties. Different 

types of zeolite such as MCM-22, ZSM-5, etc. all having various pore size, so unwanted material cannot enter in the zeolite 

and only necessary reactant which we want to react will enter into the pores of the zeolite. Since the unwanted materials are 

not used, the catalytic activity is increased. There are many application of the zeolite in catalysis and it is used in various 

types of reactions such as alkylation, acylation, electrophilic aromatic substitution, cyclization, isomerization, condensation, 

etc. [1, 5 and 6]. 
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Crude oil which is obtained from underground is full of impurities and contains long chain hydrocarbon, this materials are 

not directly used by the industries. Long chain hydrocarbons are broken into small hydrocarbon by ZSM-5, so that it is 

used as a primary reactant. Zeolite are also used to the remove the impurities [7, 10]. 

 

FIGURE 1.3 Role of Al in the silica framework 
 

Aluminium plays a very important role in the zeolite framework. The above diagram shows that the aluminium and 

silicon are connected to the oxygen atom and this oxygen requires the cation to balance the neutrality of the 

framework, if the cation is a proton, then zeolite is a bronsted acid which is very useful in chemical reaction [1]. 

 

FIGURE 1.4 Pore size 
Oxygen packing in the zeolite framework determines the pore size of that zeolite. 8-oxygen ring packing 

result in the small pore size (3.5Å to 4.5Å) having the diameter 0.30-0.45 nm and such zeolites are called as 

zeolite A. 10-oxygen ring packing shows the medium pore size (4.5Å to 6.0Å) having diameter 0.45-6.0 nm 

and such zeolites are called ZSM-5.  
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12-oxygen ring packing shows the large pore size (6.0Å to 8.0Å) having diameter 0.8 nm and such zeolite 

are called zeolite X and Y. MCM-22 contains both 10 and 12 rings, but only 10 ring is used for the pore space 

[1]. 

1.4 SECONDARY BUILDING UNITS (SBU)  

FIGURE 1.5 Secondary Building Units (SBU's) in Zeolites [3, 4] 

Primary building units are modified in the secondary building units by connecting the tetrahedral oxygen 

or silicon with other one. The SBU shows 4-rings, 5-rings, 6-rings, etc. Now the combination of 4-rings and 

6-rings to form the 3-D structure which is known as sodalite (SOD), and 6-rings are connected together to 

form the zeolite X and Y structure (FAU) as shown in TABLE 1.1 and the mordenite structure is made up of 

5-rings are connected together.[4] 

TABLE 1.1 Zeolite structure types 

STRUCTURE TYPE 

DESIGNATION 
SECONDARY BUILDING 

UNITS 
FRAMEWORK DENSITY 

FAU Faujasite 4 6 6-6 12.7 

LTA Linde type A 4 6 8 4-4 12.9 

RHO Rho 4 6 8 8-8 14.3 

CHA Chabazite 4 6 6-6 14.6 

KFI ZK-5 4 6 8 6-6 14.7 

OFF offretite 6 15.5 

PHI Phillipsite 4 8 15.8 

ERI Erionite 4 6 15.6 

LTL Linde type L 6 16.4 

MOR Mordenite 5-1 17.2 

MEL ZSM-11 5-1 17.7 

MFI ZSM-5 5-1 17.9 
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II.TYPES OF ZEOLITES 
2.1 SODALITE STRUCTURE OF ZEOLITE 

FIGURE 2.1 Sodalite structure of Zeolite 

Zeolite A is made up of 4-rings which are connected to each other and to 6-rings in their framework as shown in 

FIGURE 2.1 and pore size of zeolite is in range of 3.5 Å to 4.5 Å by 8- oxygen rings. The tetrahedral structure are linked 

together to form the secondary building units which is modified into 3-D structure known as sodalite structure of 

zeolite. Structure of zeolite A and zeolite X & Y (FAU) contain the 24 and 192 silica and alumina tetrahedral in their 

framework. Si/Al ratio is very important parameter in the zeolite is generally categorized into low Si/Al, intermediate 

Si/Al and high Si/Al ratio. As the concentration of Si/Al ratio changes, the formation of different type of zeolite is 

observed. 

 

FIGURE 2.2 Octahedral in Zeolite A 
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FIGURE 2.3 Zeolite Y, Faujasite [FAU] 

 

2.2 MORDENITE STRUCTURE 

Five membered ring are inter connected to form the chain of 5- membered ring and this chain is cross linked with 

another adjacent chain of 5-membered chain to form the crystal structure which is known as mordenite structure as 

shown in the FIGURE 2.4. Si/Al ratio is high 5.1, thus the mordenite structure is formed and unit cell formula is as 

follows: 

Na8 {(AlO2)8(SiO2)40} .24H2O 
 

where, 8 and 40 are the total number of tetrahedral/ unit cell n is the valence of cation, 24 is the number of water 

molecules/ unit cell. The channel of the mordenite structure is elliptical and not interconnected to each other and 

channels are formed by 12-membered oxygen ring. Each channel is different from the other channel and also side 

pocket are not interconnect the channel[1, 16]. 

FIGURE 2.4 Mordenite framework structure 
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TABLE 1.2 Pore diameters in Zeolites 
 

NUMBER OF 

TETRAHEDRAL IN RING 

MAXIMUM FREE 

DIAMETER(Ǻ) 
EXAMPLE 

6 2.8 - 

8 4.3 Erionite, A 

10 6.3 ZSM-5,Ferrierite 

12 8.0 L, Y, Mordenite 

18 15 Not yet observed 

 

TABLE 1.3 Evolution of various types of zeolites 

SI/AL RATIO TYPE OF ZEOLITE 

Low Si/Al Zeolite (2-5) A, X Zeolites 

Intermediate Si/Al Zeolite 

NATURAL ZEOLITES 

Erionite, Chabazite, mordenite 

SYNTHETIC ZEOLITES 

Y, L, Large Pore mordenite, 
Omega 

High Si/Al Zeolites (10-100) 

By thermochemical framework 
modification Highly siliceous 
variants of Y, 

Erionite, mordenite 

By direct synthesis 

ZSM, silicate 
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TABLE 1.4 Composition and pore diameters of some zeolites used as catalysts 

 

TYPE UNIT CELL 

COMPOSITION 

VOID VOLUME 

( ML/ML) 

PORE 

DIAMETER 

(Å) 

THERMAL 

DECOMPOSITION 

TEMP(0C) 

SI/AL 

RATIO 

Zeolite 
A 

Na12(AlO2)12(SiO2)12 0.47 4.2 700 1 

Zeolite 
X 

Na86(AlO2)86(SiO2)106 0.50 7.4 772 1.23 

Zeolite 
Y 

Na56(AlO2)56(SiO2)136 0.48 7.4 793 2.43 

Mordenite Na8(AlO2)8(SiO2)40 0.28 6.7 X 7.0 1000 5.0 

Erionite (Ca,Mg,K2,Na2)4.5 

[(AlO2)9(SiO2)27] 

0.35 3.6 X 5.2 - 3-3.5 

Zeolite 

ZSM-5 

(Li,Na)2(AlO2)2(SiO2) 
3.2 

0.53 5.1 X 5.8 - >10 

 
 
 
 

 
Offretite 

 
 
 
 

 
- 

 
 
 
 

 
0.40 

6.4,one 

dimensional 

interconnect 

in g 

with 3.6 X 

5.2Ao 

one 

dimensional 

 
 
 
 

 
- 

 
 
 
 

 
- 

Type L K9[(AlO2)9(SiO2)27] . 

22H2O 

0.32 7.1,one 

dimensional 

850 2.6-3.5 

Omega Na 6.8 TMA 1.6 

(AlO2)8(SiO2)28. 
21H2O 

0.38 7.5 one 

dimensional 

750 2.5-6.0 
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III. MOBIL COMPOSITION OF MATTER (MCM) 
 

MCM was first reported by Mobil Oil Corporation in 1992 and there are various types of MCM zeolite such as 

MCM-22, MCM-36, MCM-41 and MCM-48. MCM-22 contains the 10 membered ring channels in their framework 

and MCM-41 & MCM-48 are hexagonal and cubic structure respectively having pore size is in the range of 1.6 nm to 

10 nm [5-13]. 

IV. ZEOLITE SCONY MOBIL (ZSM) 
 

Argauer and Landolt made the ZSM-5 in 1972. ZSM-5 catalyst used in a variety of reactions due to the shape 

selective properties and Si/Al ratio is high as compared to the MCM-22 zeolite. Structure of ZSM-5 is a zig-zag 

pattern which contains two types of pore structure, one containing straight and elliptical in cross-section and second 

intersect the first one at 900C (FIGURE 4.1). Large number of carbon molecules is breaking into small number of 

carbon molecules by ZSM-5 due to its wider pore structure. Application of ZSM-5 zeolite is in the fluid catalytic 

cracking (FCC), conversion of methanol to gasoline, isomerisation of xylene [14-17]. 

 

    FIGURE 4.1 Schematic of the pore structure of ZSM-5 
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FIGURE 4.2 The microporous molecular structure of a zeolite, ZSM-5 

 

Structure of ZSM-5 contains 5-rings connecting together to form the chain of 5- rings and this chain forms the 2-D sheet 

and finally the 3-D structure is obtained by linking of the 2-D sheets.[1,18-23]. Faujasite and zeolite A, erionite shows the 

wide and narrow pore size respectively, in between the ZSM-5 contains the unique pore size. Cracking of the large 

molecule into smaller molecule are done within the pores of the ZSM-5 zeolite. 

 
TABLE 1.5 ZSM types of Zeolite 

 

ZEOLITE SI/AL RATIO TYPE 

ZSM-4 1.5-10 - 

ZSM-5 6-50 Pentasil family 

ZSM-11 10-45 Pentasil family 

ZSM-21 4-25 Ferrierite 

ZSM-35 4-25 Ferrierite 

ZSM-38 4-25 Ferrierite 

ZSM-20 3.5-5 Faujasite 

ZSM-34 4-10 Offerettite/erionite 
 

There are many types of ZSM zeolite having different Si/Al ratio and depending upon the range of the Si/Al ratio 

they are categorized into various family as shown in the TABLE 1.5. ZSM-5 and ZSM-11 are come under the pentasil 

family. ZSM-21, ZSM-35 and ZSM-38 are considered to be zeolites of the ferrierite type family. 
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FIGURE 4.3 Isomerization of meta-xylene to para-xylene or ortho-xylene 
 

m-xylene is converted to p-xylene or o-xylene with the help of the ZSM-5 zeolite catalyst, In this reaction the p-

xylene or o-xylene obtained. The size of the o-xylene is more as compared to the p-xylene, so p-xylene removes as 

the size is small and we get the o-xylene. 

V. GOLD NANOPARTICLE 

Gold nanoparticles are widely used in the catalysis because of their unique catalytic properties like oxidation at low 

temperatures; it can be easily characterized by ultraviolet-visible spectroscopy (UV), Transmission electron microscopy 

(TEM) and having good catalytic activity. [24, 25]. 

 

 

 

 

 

 

FIGURE 5.1 Gold nanoparticles 
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Gold nanoparticles are produced by reduction of chloroauric acid (HAuCl4) by sodium citrate. This causes Au3+ 

ions to be reduced to neutral gold atom in the form of nanometer particles. The solution is vigorously stirred to get 

the uniform size. In case of the agglomeration of nanoparticles, effective size of the particle increases, this shows 

decrease in energy gap between the conduction band and valence band. Thus color of the solution changes from red 

to blue, known as blue shift. [26-31] 

 

 

FIGURE 5.2 Agglomerated Gold nanoparticles 
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When the gold nanoparticles are heated at high temperature they are agglomerated and because of the 

agglomeration of the gold nanoparticle the effective size of the gold nanoparticle increases. The surface area 

decreases with increase the size of the gold nanoparticle.[32-34] 

D = 0.9/d (nm) 

Where, D = dispersion (% of metal atoms exposed), d is the size of the nanoparticle. As the size of the 

nanoparticle decreases, the % of dispersion will be increases. So greater will be the amount of surface available better 

is the reaction rate. 

 

FIGURE 5.3 CO2 Oxidation activity V.s. Au cluster size for Au/titania model catalysts 
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The above diagram shows that the Au in TiO2 support. As we increases the number of gold cluster the catalytic 

activity increases. Thus the size of the gold nanoparticle is inversely proportional to catalytic activity. But when the 

nanoparticles are comes closer to each other due to heating condition, the size of nanoparticles increases and 

ultimately the surface area decreases [35]. 

 

FIGURE 5.4 Gold encapsulated zeolite 

 
Gold nanoparticles are used in the catalysis because it has the high surface area as the size of the gold nanoparticle 

decrease. So the small size gold nanoparticles are very useful for catalytic activity. Zeolite shows the unique porous 

properties. Thus by combining this two properties lead to high surface area catalyst with shape selectivity behavior by 

zeolite and high catalytic activity via gold nanoparticles. [36]. 

Characterization of the gold nanoparticles by ultraviolet-visible spectroscopy (UV) determines the size of the gold 

nanoparticles by absorbing the wavelength of the given sample. Size is directly proportional to the absorbing 

wavelength, as the peak shift towards the higher wavelength the size of the nanoparticle also increases [26]. UV is 

based on Beer-Lambert law which is given by 

A = log (I0/I) = ε L c 

 

where, A is the measured absorbance, I0 is the intensity of the incident light, I is the transmitted intensity, L is the 

path length through the sample, and c is the concentration of the absorbing species, ε is a constant known as the molar 

absorptivity or extinction coefficient. Shape as well as size of the gold nanoparticle is determined by the Transmission 

electron microscopy (TEM). It gives the straight forward result as by seeing the image. The image shows the clearly 
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difference between the two sample because of the electron density. For the active catalyst the size of the gold 

nanoparticles plays a very important role as the size is less the activity is more for e.g., 5 nm gold nanoparticles gives 

the high catalytic activity in the reaction, oxidation of carbon monoxide into carbon dioxide and water, reaction is 

called as water gas shift reaction [37-40]. 

 

 

VI. EXPERIMENTAL SECTIONS 

6.1 MATERIAL 

TEOS (Tetra ethyl ortho silicate) (Sigma-Aldrich), hydrochloric acid, sodium aluminate (Sigma- Aldrich), Sodium 

hydroxide (Qualigens), HMI (Hexa methyl eneimine) (Sigma-Aldrich), HAuCl4 (Chloroauric acid) (Sigma-Aldrich), 

Sodium Citrate (Rankem), Distilled Water. 

6.2 SYNTHESIS OF ZEOLITE (MCM-22) 

Tetra ethyl ortho silicate (11.310 g) was hydrolyzed in (10.25 ml) aqueous solution of hydrochloric acid (0.30 M) at 

90°C for 4 hr to get the gel mixture. Then, another aqueous solution obtained by mixing (0.415 g) sodium aluminate, 

(0.315 g) sodium hydroxide, (3.44 ml) HMI and (8.4 ml) water was dropped into the above gel, and the slurry was 

stirred for 20 hr at room temperature. Products from the synthesis were separated by centrifugation, washed with 

deionized water and air-dried at 100°C. The synthesized samples were calcined at 550°C for 5 hr to produce calcined 

MCM-22. 

6.3 ZSM – 5 

ZSM-5 was synthesized from a synthesis solution was prepared by dissolving (4.0 g) Sodium hydroxide and (1.64 g) 

Sodium aluminate in (135 g) deionized water in a beaker. The mixtures in the beaker were thoroughly mixed and a 

(104.3 ml) silica solution was slowly added to the above solution under stirring at high speed. Synthesis solution was 

aged for 12 hr at room temperature and then hydrothermally treated for 24 hr in an oven at a temperature of 1800C. 

After the hydrothermal treatment, the products were recovered, thoroughly washed with deionized water, and then 

dried at room temperature. 

6.4 PREPARATION OF 13 NM DIAMETER GOLD NANOPARTICLES 

HAuCl4 (1.0 mM) of 20 ml water were taken into a 50-ml beaker. Heat the solution to boiling on a 

stir/hot plate while stirring with the magnetic stir bar. After the solution begins to boil, add 2 ml of 38.8 mM 

Na3C6H5O7. Continue to boil and stir the solution until it is a deep red color (about 10 mins). As the solution 

boils, add distilled water to make up solution near 22 ml.  
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The sodium citrate reduces the Au ions to nanoparticles of Au metal. Excess citrate anions in solution 

stick to the Au metal surface, giving an overall negative charge to each Au nanoparticle. Solution is a deep red 

colour, turn off the hot plate and stirrer. Then cool the solution to room temperature. 

6.5 PREPARATION OF ZEOLITE (MCM-22) COATED GOLD NANOPARTICLES 

Gold nanoparticles solution (11ml) and add the 11.310 g TEOS was hydrolysed in 10.25 ml aqueous 

solution of hydrochloric acid (0.30 M) at 90°C for 4 hr to get the gel mixture. Then, another aqueous solution 

obtained by mixing (0.415 g) sodium aluminate, (0.315 g) sodium hydroxide, (3.44 ml) HMI and (8.4 ml) 

water was dropped into the above gel, and the slurry was stirred for 20 hr at room temperature. Products 

from the synthesis were separated by centrifugation, washed with deionized water and air-dried at 100°C. The 

obtained as synthesized samples were calcined at 550°C for 5 hr in air stream to give the as-calcined Zeolite 

(MCM-22) coated gold nanoparticles. 

6.6 ETCHING OF ZEOLITE-COATED GOLD NANOPARTICLES WITH HF (CONTROL EXPERIMENT) 

Zeolite coated Gold Nano particle ( 50 mg) and add 1 ml of HF, wait for 10 mins to carry out the reaction , to 

remove the silica from the sample after that centrifuge it at 5000 rpm, temperature 250C, time 5 mins. And 

repeat the procedure with Distilled water to wash the sample for 5 times. Proceed with the ethanol for 3 times.

 

VII. RESULTS AND DISCUSSION 

7.1 ULTRAVIOLET –VISIBLE SPECTROSCOPY 
 

FIGURE 7.1 Ultraviolet-visible spectroscopy of Gold Nano particle 
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The UV-visible absorption spectrum (553 nm) of gold nanoparticle. HAuCl4 can be reduced to form gold nano 

particles though sodium citrate and citrate anions adsorbed to each nano particle’s surface produces an electrostatic 

repulsion that keeps the nano particles separated, solution absorbs the 520 nm (green) light strongly and the resultant 

solution becomes red in colour as shown in FIGURE 7.1 [41, 42] . 

 

FIGURE 7.2 Ultraviolet-visible spectroscopy of Zeolite sample heated to 5500C (A), Zeolite coated   

Gold Nano particle heated to 5500C (B) 

FIGURE 7.2 demonstrates the UV-visible absorption spectra of bare zeolite and zeolite-coated gold nanoparticles. 

The absorption peaks at 532 indicate the presence of gold nanoparticles which matches with the absorption peak of 

gold nanoparticles as shown in FIGURE 7.1.  This clearly indicates that the gold nanoparticles were agglomerated due 

to heating at high temperature. The absence of peak in the range 500-550 nm in the bare – zeolite sample, confirm the 

presence of gold nanoparticles. 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 1, JAN/2018

ISSN NO: 2394-8442

http://iaetsdjaras.org/209



7.2 FOURIER TRANSFORM INFRARED (FTIR) SPECTROSCOPY 
 

 

 

FIGURE 7.3 FTIR of MCM-22 zeolite sample 
 

 

Zeolite MCM-22 was characterized by FTIR shown in FIGURE 7.3. FTIR graph shows the characteristic peak of 

MCM-22 zeolite and shows the tetrahedral bonding by which it is clear that zeolite sample contain T-O bond (T= Si or 

Al), the peaks at 463.19 cm-1, 797.73 cm-1, 1082.49 cm-1, 1637.58 cm-1, 3446.06 cm-1. The peak at 3446.06 cm-1 is 

attributed to the loosely bound water molecules, and the hydroxyl bond (O-H stretch) is observed near the 3550 cm-1 as 

in FIGURE 7.3. The peaks between 700 cm-1 – 850 cm-1 and 1000 cm-1 – 1150 cm-1 are assigned to symmetric and anti-

symmetric T-O-T stretching vibrations, This means that peak at 797.73 cm-1 and 1082.49 cm-1 shows the symmetric and 

anti-symmetric stretching of T-O-T bond and the band observed in the range of 463.19 cm-1 shows the T-O bond (T = 

Si or Al where each metal ion is bounded to four oxygen atoms).[1, 43, 44]. 
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FIGURE 7.4 FTIR of MCM-22 zeolite coated gold nanoparticle 

 

MCM-22 Zeolite coated gold nanoparticles were characterized by FTIR shown in FIGURE 7.4. FTIR shows 

the characteristic peak of MCM-22 zeolite. The peaks at 462.91 cm-1,798.36 cm-1, 1079.07 cm-1, 1638.71 cm-1 

and 3448.45 cm-1 denoted the presence of tetrahedral bonding of T-O bond shows the presence of MCM-22 

zeolite which matches with the bare zeolite sample shown in FIGURE 7.4. 

 

7.3 TRANSMISSION ELECTRON MICROSCOPY (TEM) 
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FIGURE 7.5 TEM image of zeolite coated gold nano particles 

 

FIGURE 7.5 shows the TEM image of zeolite coated gold nanoparticles. The contrast between the gold 

nanoparticles and MCM-22 zeolite explain the core-shell structure. The silica shell around the Au (gold) core appears 

very faint in TEM images, because the silica-shell layer owns a lower electron density relative to the Au core. (Silica-shell 

thickness could also be tuned by varying the coating time). Image shows that size of the gold nano particle is in the 

range of 10 nm to 13 nm and zeolite shell around the gold nanoparticles (13 nm). 

7.4 SCANNING ELECTRON MICROSCOPE (SEM) 
 

 

FIGURE 7.6 SEM image of zeolite coated gold nano particles 
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The surface morphology of zeolite coated gold nanoparticles has been characterized by SEM  FIGURE 7.6. The 

SEM images clearly indicate that there is no aggregation in the particle. Additionally the core shell particles are clearly 

mono dispersed and are in the size of 10 nm to 13 nm. 

                                                          VIII. CONCLUSION 
 

This study describes the synthesis and characterization of Gold nanoparticles by reduction of HAuCl4 with 

sodium citrate, bare zeolite MCM-22 by hydrothermal condition and zeolite MCM- 22 coated gold 

nanoparticles are characterized by UV, FTIR, SEM and TEM. Ultraviolet-visible spectrum (at 553 nm) shows 

the presence of gold nanoparticles and size of the gold nanoparticles is in the range of 10 nm to 13 nm. Gold 

nanoparticles were agglomerated due to the heating at high temperature. TEM images shows the thin coating 

of zeolite layer as over the gold nano particle and formation of core shell structure, i.e., MCM-22 zeolite shell 

over the gold nanoparticles ( size of the gold nanoparticles is in range of 10 to 13 nm). FTIR graph shows the 

tetrahedral bonding of T-O bond which denoted the presences of MCM-22 zeolite was successively 

synthesized by hydrothermal conditions. Surface morphology of the zeolite coated gold nanoparticles as shown 

by SEM image is mono dispersed and there is no aggregation in the particles. 
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