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ABSTRACT 

 

 

 

 

This research was carried out to synthesize and characterize different sizes 
and shapes of gold (Au) nanoparticles in order to find the optimum synthesis 
parameters for maximum mercury adsorption.  The different sizes and shapes of Au 
nanoparticles were prepared using microwave (MW) polyol method.  By using 
different polyvinylpyrrolidone (PVP) concentrations (1.9-33.3 mM), different 
concentration of sodium chloride (NaCl) (10-30 mM) and different amount of 
[Au]1/[Au]0 molar ratio (1-9), different sizes and shapes of Au nanoparticles were 
obtained.  The Au nanoparticles were characterized using ultra violet-visible (UV-
Vis) absorption spectroscopy and transmission electron microscopy (TEM).  The 
different sizes and various mixtures of spherical, triangular, cubic, hexagonal, 
octahedral, decahedral, icosahedral and one-dimension (1-D) particles were obtained 
using those methods.  Mercury adsorption was determined based on different sizes 
and shapes of Au nanoparticles and measured using atomic absorption 
spectrophotometer (AAS).  The optimum PVP concentration is 22.2 mM for 92 % 
spherical particles of a size in range less than 10 nm.  It was found that, using 11.1 
mM of PVP solution, the sizes and shapes can be further reduced in the presence of 
chloride ions.  It was also found that, 20 mM of NaCl is sufficient to produce stable 
Au nanoparticles with most of the particles are spherical in which 97 % of particles 
diameter is less than 10 nm.  The different of [Au]1/[Au]0 molar ratio led to the high 
yield of polygonal nanoparticles and the size is increase with increasing [Au]1/[Au]0 
molar ratio.  However, the optimum values of [Au]1/[Au]0 molar ratio cannot be 
determined because the sizes and shapes are irregular.  High mercury adsorption was 
obtained for spherical nanoparticles (263.18 mg/g) with 99 % particles size less than 
10 nm.  The defect on spherical nanoparticles surface contributes to high mercury 
adsorption.  In addition, smaller sizes of Au nanoparticles increase the total surface 
area available for mercury adsorption.  It was found that the formation of sizes and 
shapes of Au nanoparticles was depend on parameters such as the concentration of 
PVP, NaCl, as well as [Au]1/[Au]0 molar ratio, and thus affects the mercury 
adsorption.    



 
 

 

 

 

 

ABSTRAK 

 

 

 

 

Kajian ini telah dijalankan untuk mensintesis dan mencirikan saiz dan bentuk 
nanopartikel emas (Au) yang berbeza bagi mencari nilai parameter sintesis yang 
optimum untuk penjerapan merkuri yang maksimum.  Saiz dan bentuk nanopartikel 
Au yang berbeza telah disediakan mengikut kaedah poliol gelombang mikro (MW).  
Dengan menggunakan kepekatan polyvinylprrolidone (PVP) (1.9-33.3 mM) yang 
berlainan, kepekatan natrium klorida (NaCl) (10-30 mM) yang berlainan dan 
pelbagai jumlah nisbah [Au]1/[Au]0 (1-9), pelbagai saiz dan bentuk nanopartikel Au 
yang berbeza telah diperolehi.  Pencirian nanopartikel Au telah dilakukan dengan 
menggunakan spektroskopi IR (UV-Vis) dan mikroskop elektron penghantaran 
(TEM).  Pelbagai saiz dan campuran partikel yang berbeza seperti sfera, segi tiga, 
kubik, heksagon, oktahedral, decahedral, icosahedral dan satu dimensi (1-D) partikel 
telah deperolehi menggunakan kaedah ini.  Keputusan jerapan merkuri telah 
ditentukan berdasarkan saiz dan bentuk nanopartikel Au yang berbeza dan disukat 
menggunakan spektrofotometer penyerapan atom (AAS).  Kepekatan PVP yang 
optimum ialah 22.2 mM dengan 92% zarah adalah sfera dengan julat saiz yang 
kurang daripada 10 nm.  Didapati bahawa, dengan menggunakan larutan kepekatan 
PVP 11.1 mM, saiz dan bentuk boleh diturunkan lagi dengan wujudnya ion klorida.  
Didapati juga bahawa, 20 mM NaCl adalah mencukupi untuk menghasilkan Au 
nanopartikel yang stabil.  Kebanyakan zarah sfera adalah 97% diameter adalah lebih 
kurang daripada 10 nm.  Kepelbagaian nisbah molar [Au]1/[Au]0 membawa kepada 
hasil nanopartikel poligon yang tinggi dan saiz partikel yang lebih besar dengan 
peningkatan nisbah molar [Au]1/[Au]0.  Walau bagaimanapun, nilai optimum nisbah 
molar [Au]1/[Au]0 tidak dapat ditentukan kerana saiz dan bentuk yang tidak menentu.  
Merkuri penjerapan yang tinggi telah diperolehi untuk nanopartikel sfera (263.18 
mg/g) dengan 99% zarah saiz adalah kurang daripada 10 nm.  Kecacatan permukaan 
pada nanopartikel sfera menyumbang kepada penjerapan merkuri yang tinggi.  Di 
samping itu, saiz Au nanopartikel yang lebih kecil meningkatkan jumlah luas 
permukaan yang tersedia untuk penjerapan merkuri.  Didapati bahawa pembentukan 
saiz dan bentuk Au nanopartikel bergantung kepada parameter seperti kepekatan 
PVP, NaCI, serta  nisbah molar [Au]1/[Au]0, sekali gus memberi kesan kepada 
penjerapan merkuri. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background 

 

 

Mercury is present in nature and in most natural gas and natural gas 

condensate at varying levels (Ebinghaus et al., 1999).  In Malaysia, the mercury 

concentration in natural gas and natural gas condensate are between 1 and 200 

µg/Nm3 and 10 and 100 µg/Nm3 of gas, respectively (Shafawi et al., 1999).  Mercury 

in natural gas condensate could be present in a variety of forms (elemental, 

organometallic and inorganic salt), depending on the origin of the condensates.  

Although the concentrations of mercury in a given natural gas may be considered 

very low, but the consequence is cumulative as it amalgamates.  In the gas 

processing plant, mercury accumulates in sufficient quantities to cause severe attack 

and failure of cryogenic aluminum heat exchangers resulting in a mechanical failure 

and gas leakage (Wilhelm, 2000).  Another reason for removing mercury is because 

mercury is a very volatile element.  Its vapors become a dangerous source of air 

pollution, thus contributing a serious risk for human health (Ebinghaus et al., 1999).  

Mercury is considered as hazardous to human health. The strong bonds formed 

between this metal and sulfur in the body will interfere with the functions and 

synthesis of both enzymes and proteins.  Exposure to high mercury levels can be 
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harmful to the heart, lungs, kidneys, brain and immune system of humans of all ages 

(Darbha et al., 2007). 

 

 

 

 

1.2 Problem Statement 

 

 

Mercury has caused numerous aluminum exchanger failures.  To avoid 

potential equipment failure, strict limits were placed on the permitted level of 

mercury in natural gas through the aluminum heat exchanger.  The level of mercury 

removal needed is below detectable level of 0.01 µg/Nm3 of natural gas transferred 

to the cryogenic processing plant. 

 

 

In providing the typical level of mercury, several approaches have been 

developed for the removal of mercury content in natural gas processing plant.  A 

variety of methods have been reported by previous researchers concerning removal 

of mercury included carbon adsorption, ion exchange, chemical precipitation, 

membrane filtration, adsorption and photoreduction (Kadirvelu et al., 2004).  Among 

all these reasons, the majority of the effectiveness and economic methods are based 

on adsorption process (Arakaki et al., 2003).  However, even after mercury has been 

detected and removed, they must be constantly tested to ensure that they are 

performing effectively.  But accurate measurements of the type and quantity of 

mercury present in natural gas are critical because of the presence of mercury in 

variety of physical and chemical species that feature different solubility, chemical 

reactivity, volatility and toxicity (Wilhem and Bloom, 2000; Frech et al., 1996). 

 

 

Several techniques have been applied for the determination of mercury 

content by the analytical technique such as cold vapor atomic absorption 

spectroscopy, cold vapor atomic fluorescence spectrometry, atomic emission 

spectrometry and inductively coupled plasma-mass spectrometry.  However, mercury 



3 
 

must be collected from a gas sample before proceeding with the measurement 

techniques.  The determination of mercury in natural gas is difficult because of the 

very low concentrations involved, the nature of mercury that is very volatile and the 

difficulty of the sample matrix.  This shows that either a highly sensitive detector or 

a large sample volume, or both is needed. 

 

 

In light of this constraint, preferred mercury sampling methods by using gold 

as a collector was used before they were shipped from the processing plant to the 

laboratory for analysis.  However, these applications are costly, unwieldy and are not 

suitable for mobile used.  In addition, a research has been done to develop a mini 

mercury sensor by using amalgam procedure between mercury and gold.  The use of 

this gold is based on thin film in which the gold must be very thin to achieve a 

reasonable sensitivity.  Due to that reason, gold nanoparticles can be used to fulfill 

the requirement mentioned.  

 

 

Since the reactions of Au nanoparticles are strongly dependent on sizes and 

shapes, many studies on the syntheses of Au nanoparticles have been carried out to 

control the formation of size and shape (Ahmadi et al., 1996; Belloni, 1996; 

Henglein, 1993; Pal et al., 1997; Jana et al., 1996; Schmid, 1994; Whitten et al., 

1999).  By understanding the properties and the mechanism of formation of these Au 

nanoparticles, a better control of their size and shape and applications can be 

achieved.  The polyol method is one of the typical techniques to prepare Au 

nanoparticles of different sizes and shapes by reducing their ionic salts.  A mixture of 

reagent and polymer surfactant in ethylene glycol (EG) is heated in an oil bath for 

several hours and spherical nanoparticles are prepared (Fievet et al., 1989; Silver et 

al., 1996 & 1997; Hedge et al., 1997).  For the rapid preparation of Au nanoparticles, 

microwave (MW) heating has been coupled with the polyol method (Tsuji et al. 

2003).  When Au3+ in AuCl- ions is reduced in EG in the presence of 

polyvinylpyrrolidone (PVP) under microwave (MW) heating for 2-3 min, mixtures 

of square, triangular, rhombic and hexagonal nanoparticles are produced.  In 

addition, small numbers of one-dimensional (1-D) nanorods and nanowires are also 
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produced.  But so far, there is no details study has been done on the effect of size and 

shape of Au nanoparticles on mercury adsorption.  

 

 

Thus, this research was focused on synthesis and characterization of Au 

nanoparticles using various polyvinylpyrrolidone (PVP), hydrogen tetrachloroaurate 

(III) (HAuCl4.3H2O) and chloride ions (NaCl) to find the optimum values of 

synthesis parameters for producing different sizes and shapes of Au nanoparticles 

and to determine the suitable size and shape of Au nanoparticles for mercury 

adsorption.  Mercury adsorption on Au nanoparticles is the initial step in 

understanding on the interaction between different size and shape of Au 

nanoparticles and mercury that will provide design criteria for a new highly sensitive 

mercury sensor. 

 

 

 

 

1.3 Objective and Scopes 

 

 

Based on the research background, the objectives of this research are: 

 

 

1. To synthesize the different sizes and shapes of gold nanoparticles using 

various amount of PVP, NaCl and [Au]1/[Au]0. 

 

 

2. To characterize and determine the optimum values of synthesis parameters 

of gold nanoparticles 

 

 

3. To determine the optimum size and shape of gold nanoparticles for 

maximum mercury adsorption 
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In order to achieve the aforementioned objectives, the research is divided into 

following scopes: 

 

 

1. Synthesis of Au nanoparticles was carried out by using MW-polyol method 

with different amounts of PVP in order to obtain different sizes and shapes 

of Au nanoparticles.  The formation and growth of Au nanoparticles was 

controlled using different amount of NaCl and [Au]0/[Au]1 and gold in 

MW-polyol method. 

 

 

2. Characterization of Au nanoparticles was carried out by using ultra violet-

visible (UV-Vis) absorption spectroscopy and transmission electron 

microscopy (TEM) to observe the sizes and shapes of Au nanoparticles.  

The size and shape of each particle were measured to determine the 

distribution of Au nanoparticles formed. 

 

 

3. Measurement of mercury adsorption onto different sizes and shapes of Au 

nanoparticles were determined by analyzing the concentration of mercury 

solution before and after the contacts with Au nanoparticles by using 

atomic absorption spectrophotometer (AAS).  

 

 

 

 

1.4 Thesis Outline 

 

 

This report contains five chapters.  Chapter 1 presents general introduction, 

problem background, objectives and scopes, thesis outline and chapter summary.  A 

review on mercury in environment, sources of mercury emissions, mercury in natural 

gas, problem of mercury in processing plant, potential adsorbent for mercury 

removal, technique to monitor mercury and potential gold to detect mercury is 
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presented in Chapter 2.  Chapter 3 discusses about research methodology which 

comprised of chemicals used and experimental procedures for synthesis, 

characterization and mercury adsorption measurement.  The results and discussions 

of the study are presented in Chapter 4, while Chapter 5 presents the conclusion of 

this research and future work recommendations.  

 

 

 

 

1.5 Summary 

 

 

The ability of gold to form amalgam with mercury is the main reason to carry 

out this study.  The development of Au nanoparticles as a new highly sensitive 

mercury detector is to enhance the performance of the existing mercury collector and 

sensor in order to make the process more effective and cost valuable.  However, 

insufficient knowledge to determine suitable size and shape of Au nanoparticles as 

well as their effect on mercury adsorption may limit the function of the Au 

nanoparticles.  Therefore, this preliminary work will address the effect of different 

size and shape of Au nanoparticles on mercury adsorption performances to get 

suitable sizes and shapes for the optimum mercury adsorption.  It was expected that 

Au nanoparticles could provide a design criteria for a new highly sensitive mercury 

sensor. 
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