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ABSTRACT 

Gold nanoparticles were synthesized by reducing aqueous chloroauric acid (HAuCl4) with three 

different bacteria. Various microorganisms were verified to see how feasible they will be in 

synthesizing gold nanoparticles. Three microorganisms were screened and found to produce gold 

nanoparticles effectively. These bacteria include; Bacillus megaterium, Bacillus subtilis and 

serratia mercensis mercensis. Microorganisms in the synthesis of nanoparticles appear as an 

environmentally friendly and exciting approach.  Different sizes and shapes of gold nanoparticles 

are produced by the various microorganisms used. The particle sizes and shapes were controlled 

by pH. The microorganisms and the HAuCl4 were incubated at pH of 3 and 7. It was observed 

that spherical nanoparticles were observed at of pH 7 whiles nanoplates were observed at pH 3. 

 

Poor bioavailability and intrinsic toxicity are some of the problems facing conventional therapies 

and as a result have compromised the therapeutic efficacy of many otherwise beneficial drugs. 

Some of these shortcomings of the conventional therapies are been overcome by the design of 

nanoscopic systems to change the pharmological and therapeutic properties of molecules. In 

order to enhance the bioavailability of targeted site, nanosystems are often accumulated at higher 

concentrations than normal drugs. Systems toxicity is greatly reduced when the enhanced drug is 

targeted to the diseased tissue. 

 

Diagnosis of cancer is often late as most of them are hidden or known metastasis. The ability of 

gold nanoparticles to absorb light in the visible and near-infra red (NIR) region depends strongly 

on the shape and size of the nanostructure. Moreover, the amount of cells that can be taken by 

gold nanoparticles is size dependent with optimal diameter of 50 nm for spherical nanoparticles.
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Statement of Introduction and Background 

Synthesis of metal nano particles has received much attention in recent times because of 

their numerous applications in catalysis [3], sensor technology [1], biological labeling [5], 

optoelectronics recording media and optics [2]. The mode of producing these nano particles can 

be done by chemical, biological and physical methods [3, 6]. Chemical and physical methods 

were mostly used in synthesizing gold nanoparticles; however there has been an appreciable rise 

in the biological synthesis of nano particles in the past decade. This is because biological 

synthesis is ecologically friendly. Moreover, the method is non toxic and produces a clean 

product. 

Nanoparticles are particles with one or more dimensions on the order of nano particles 

(10
-9

 meters) [7]. Nano scale region has received much attention in material science in recent 

years because of their numerous potential applications. There has been significant research work 

to describe particles of this size. Since particles of nano meter behave differently from their bulk 

size counterparts, research work to describe particle size has been challenging. This is seen when 

the physical properties of the material changes when the particle size decreases. This 

phenomenon comes about when physical quantities, such as magnetic domain size, grain size etc 

have similar size. 

Nano scale research is of significant contribution in material science and technology for 

the development of new materials with improved   properties. Wear resistance, elasticity, 

strength, thermal conductivity, electrical conductivity etc are some of the properties of 

importance. Materials to perform effective, efficient and complex tasks have also been 

researched. The medical application of nano technology and related research is nano medicine. 

Nano medicine comprises of the various medical applications of nano materials to medicine.  
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In medical application system, nano particles are been used to deliver drugs, heat, light or 

other substances to cells such as cancer cells. Direct treatments of diseased cells are made 

possible when engineered particles are attracted to the diseased cells. X ray activated 

nanoparticles have the capacity to destroy cancer cell which cling to them. The damage caused to 

healthy tissue by this method is much less than in radiation therapy. Moreover nano particles 

such as alumno-silicates reduce bleeding quickly in traumatic patients by clotting blood quickly 

and absorbing water. In diagnostic and imaging techniques cancer tumors in patients can be 

located using quantum dots (qdots). Magnetic Resonance Imaging (MRI) images of cancer 

tumors also can be improved using iron oxide nanoparticles. Disease indicators can be detected 

at the early stages when nanoparticles are allowed to attach themselves to protein or other 

molecules. 

Like most metals, gold nanoparticles can be produced. As a pure and a naturally 

occurring element, gold is very unreactive, malleable and ductile. However it reacts in a mixture 

of acids such as aqua regia and cyanide solutions. Gold has the ability to dissolve in mercury but 

it does not react with it and does not oxidize in water. Gold normally occurs in alluvial deposits, 

nuggets or occurs in veins. 

Gold has been used as a monetary value since history because it is a precious metal. 

Furthermore, it is also used in jewelry such as chains, bracelets etc. Apart from its traditional 

uses, gold is also used in many industrial applications. Due to its resistance to oxidative 

corrosion and as a good conductor of electricity, gold is used in dentistry and electronics. It is 

also used in the food and drink industry. 

The non reactivity property of gold facilitates its use in medicine. In diagnosis, radioactive gold 

is monitored as a beta emitter, as it passes through the body when it is injected in a colloidal 

solution. For a person who finds it difficult to close the eyes completely, i.e. lagophthalmos, gold 

particles are used to remedy the condition by impacting the gold nano particles in the upper 

eyelid. Moreover certain cancers are treated by implanting radioactive gold isotope in tissues to 

serve as radioactive sources. Gold also finds application in dentistry as a result of its aesthetic 

appeal and also for filling cavities. 
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1.2 Problem Description and Scope of Work 

The purpose of this project is to study gold nanoparticles within the context of potential 

applications in nano-medicine. The adhesion of gold is studied within the context of nanoparticle 

clusters with the potential for use in cancer detection and treatment. The potential for 

hyperthermic treatment is also explored along with the biosynthesis of gold nanoparticles. 

Following the introduction, prior work on gold nanoparticles is reviewed in chapter 2. Their 

potential applications in medicine and its potential heating via hyperthermia are explored in 

chapter 3. The biosynthesis of gold, adhesion of gold nanoparticles and other experimental 

procedures are presented in chapter 4. The final chapter gives results, conclusions and 

suggestions for future work.  
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Introduction 

Gold nanoparticles preparation is increasingly becoming an important research area which 

requires all aspects of science in recent times. As a result of its properties, gold nanoparticles 

have lots of applications. This could be seen in field of catalysis [11, 14], electronic and electro-

optical devices [15, 17], biomedicine [18-22], imaging, etc. Size and shape are very important in 

the physiochemical and optoelectronic properties of nano materials [4, 6]. As a result of this, the 

applications of gold nanoparticles are due to the different shapes and sizes that are found when 

synthesized. 

Until recently, most of the methods used in producing gold nanoparticles were chemically based. 

[7, 10]. It is in this light, that alternative methods of producing gold nanoparticles are been 

explored. The aim is to be able to produce particles which are clean, non toxic and technologies 

without negative effect on the environment. Some bacteria and fungi have been able to 

synthesize gold nanoparticles. This has been possible because microorganisms have the ability to 

resist heavy metal ions in bioprocessing of metal by reduction or metal sulfides formation [10]. 

This chapter reviews prior works on the processing and properties of gold nanoparticles for 

potential applications in medicine. The potential applications of gold nanoparticles in 

hyperthermia and drug delivery are also explored. Other works of producing gold nanoparticles 

chemically, with different microorganisms and plant extract will also be reviewed.  

 

2.2 Electrochemistry  

Electrochemistry is an aspect of chemistry that involves chemical reactions in solutions which 

consists of a conductor (metal or semiconductor) and ionic conductor (electrolyte). There exist 
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the transfer of electrons in solution between the electrode and the electrolyte. An electrochemical 

reaction occurs when the chemical reaction proceeds either by an external applied voltage 

(electrolysis) or when the voltage is obtained from the chemical reaction occurs when electron 

transfer are between [33]. 

2.2.1 Redox Reaction 

Redox is reduction-oxidation. It involves electron transfer between molecules or ions. Oxidation 

states of these molecules and ions change in the process. The reaction can proceed by applying 

external voltage or through the release of chemical energy [33].   

Oxidation and reduction involves change in the oxidation state of molecules, atoms or ions 

involved in the electrochemical reaction. There is an increase in the oxidation state when an atom 

or ion gives up an electron; however the oxidation state of the receiver decreases. Oxidation and 

reduction proceeds in a way such that one of the species is oxidized the other is reduced. Redox 

reaction thus occurs as a result of the paired electron transfer. 

A reaction between sodium and chlorine proceeds in a way that, sodium donates one electron to 

the chlorine. In the process, sodium attains oxidation state of +1 whereas chlorine acquires -1. 

Oxidation occurs when an atom loses an electron whiles reduction is the gain of electron by an 

atom. A reducing agent is the atom or molecule which loses electrons. Oxidizing agents or 

oxidants accept electron. A common oxidizing agent is oxygen. Fluorine is known to be a 

stronger oxidant than oxygen. An atom is oxidized when oxygen is added. Oxygen is reduced in 

the process. For organic compounds, a molecule is oxidized when there is loss of hydrogen. This 

is due to the fact that hydrogen donates its electron in covalent bonds with non metals.[33] 

Balancing of Redox reactions 

Balancing redox reaction brings the understanding in electrochemical reactions in water. The Ion 

electron method is used, whereby H
+
, OH

-
 H2O and electrons are added to cells half reaction for 

oxidation and reduction. 
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2.2.1.1 Acidic medium 

Unbalanced reaction: Mn
2+

 (aq) + NaBiO3(s) → Bi
3+

 (aq) + MnO4– (aq) 

 Oxidation: 4 H2O (l) + Mn
2+

 (aq) → MnO4
–
(aq) + 8 H

+ 
(aq) + 5e

-
 

Reduction: 2 e
–
 + 6 H

+ 
(aq) + BiO3

–
 (s) → Bi

3+
 (aq) + 3 H2O (l) 

Reaction balanced: 

 14 H
+
 (aq) + 2 Mn

2+
 (aq) + 5 NaBiO3 (s) → 7 H2O (l) + 2 MnO4

–
 (aq) + 5 Bi

3+ 
(aq) + 5 Na

+
 (aq) 

[33] 

 

2.2.1.2 Basic medium 

OH
–
 ions and water are used in balancing the overall reaction  in basic medium. Considering a 

reaction between potassium permanganate and sodium sulfite. 

Unbalanced reaction: KMnO4 + Na2SO3 + H2O → MnO2 + Na2SO4 + KOH 

Reduction: 3 e
–
 + 2 H2O + MnO4

– 
→ MnO2 + 4OH

-
 

Oxidation: 2 OH
–
 + SO3

2–
 → SO4

2–
 + H2O +2e

-
 

Equation balanced: 

 2 KMnO4 + 3 Na2SO3 + H2O → 2 MnO2 + 3 Na2SO4 + 2 KOH [33] 

 

2.2.1.3 Neutral medium 

The same procedure as used on acid medium is applied, for example on balancing using electron 

ion method to complete combustion of propane. 



8 

 

Unbalanced reaction: C3H8 + O2 → CO2 + H2 

Reduction: 4 H
+
 + O2 + 4 e

–
 → 2 H2O 

Oxidation: 6 H2O + C3H8 → 3 CO2 + 20 e– +20H
+
 

Equation balanced: 

 C3H8 + 5 O2 → 3 CO2 + 4 H2O [33] 

 

2.3 Synthesis of Gold Nanoparticles Methods  

Several approaches have been used for the synthesis of gold nanoparticles. Synthesizing of gold 

nanoparticles can be done either chemically, biologically or physically [36]. The eventual 

product should be clean, non toxic and should not have negative impact on the environment. 

 

2.3.1 Biosynthesis processes 

2.3.1.1 Phyllantin assisted biosynthesis of gold nanoparticles. A novel biological Approach. 

This method of synthesizing gold nanoparticles was developed by Kasthuri et al. 

The Phyllantin plant is dominant specie in South India. The plant has many uses in area of 

medicine. Some of these include uses as antiviral agents for the treatment of hepatitis B, 

gastropathy, diarrhea, dysentery, scabies, ulcers, asthma and wounds [1].  

Separation of the Phyllantin from the   phyllantin amarus plant 

The process of separation of the Phyllantin and the hypophyllantin was achieved by mixing the 

leaf powder with the slaked lime prepared in petroleum ether in the proportion 10:3 to prevent 

the extraction of chlorophyll. It was observed that the shape change from hexagonal to spherical 

was immense when the concentration of the extract was changed.  
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Kasthuri et al revealed that Phyllantin, hypophyllantin, carotenoids and wax were the 

constituents of the extract. Methanol addition helped to remove wax from the extractors whiles 

phyllantin and hypophyllantin were obtained in almost pure conditions [34]. Crystallization was 

used to obtain a pure sample of hypophyllantin and phyllantin, from the petroleum ether or 

methanol. In all the fractional crystallization, hypophyllantin separated out first whiles the other 

components followed. UV-visible spectroscopy [λ max 278nm, 10.226; 210nm (2.360) and mass 

spectroscopy] was used to determine the purity of the phyllantin. 

It was observed that, at different concentrations of phyllantin extract, the UV spectra were in the 

visible and near infra-red regimes, for the various concentrations varied after complete reduction 

of the chloroauric acid. The colour change observed was also the result of the surface plasmon 

resonance (SPR).  When the concentrations of the extract were changed, two things were 

identified. The transverse plasmon resonance absorption peak was seen at 540nm. There was a 

minimum shift to shorter wavelength along with increasing the intensity. Moreover, the relative 

intensity and the position of the second band appeared in the NIR region of the electromagnetic 

spectrum along with the red shift known as the longitudinal plasmon resonance band. The 

formation of triangular and hexagonal shaped gold nanoparticles resulted in this band [3]. Low 

concentration of extract resulted in this. 

 

2.3.1.2 Biosynthesis of gold nanoparticles using the bacteria Rhodopseudomonas Capsulata 

A biological process for synthesizing gold nanoparticles has been developed was by He et al []. 

Some microorganisms that were found to pose no problems to the environment and the ecology 

have also been shown to synthesize gold nanoparticles. An example of such organism is 

prokaryote bacteria rhodopseudomonas capsulata. This organism is found in the natural 

environment, and has the potential to reduce Au
3+

 ions at room temperature using a one-step 

approach. Gold nanoparticles were produced at lower pH using this microorganism. 

From the results, there was a reduction in the aqueous chloroaurate ions when they were exposed 

to the bacteria. This was seen in the colour change from pale yellow to purple. This proves the 

extracellular gold nanoparticles formation. Other experiments done with no biomass additions 
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revealed evidence of no colour change. It was also observed by that the reaction solution has an 

absorption maximum at about 540nm. A Surface plasmon resonance band was acknowledged to 

be the reason for this value. 

 

2.3.1.3 Photochemical Synthesis of Gold nanoparticles by the sunlight radiation using a 

seeding approach 

 Dong et al [35] have proposed a method for synthesizing gold nanoparticles. This process 

considers gold nanoparticles of controlled sizes from a photochemical and seeding approach.  

The ability to use UV solar radiation and seeding approach simultaneously made it possible to 

harness solar energy for controlling the size of gold nanoparticles produced. Moreover particles, 

which are expected to be large, can be grown from smaller size without using seed-mediated 

nucleation processes. Functional nanoparticles are produced by poly ethylene glycol (PEG). This 

takes place ligand exchange reactions. Again chloride ions are removed in the photochemical 

reduction reaction when they were used as precursors of a preparing catalyst. Lastly, the method 

is simple, less costly and convenient. 

 

An electronic dual light transilluminator (ultra lumcon) was used as a light source when the gold 

seed particles were prepared. At the first stage of nucleation, the stirring was done lightly. There 

was a colour change of the solution to ruby red. This was used as a seed solution. 

A Seed-mediated growth approach under UV solar radiation was used in synthesizing larger gold 

particles. Three procedures were in a stepwise synthesis. In the first step, Au (III) ion was added 

to PEG (MW 600) and acetone aqueous solution. The gold seed concentration remained constant 

at 2.44x10
-4 

M/L, with a molar ratio of seed and ion been 1/11.5. There was a change in the 

surface plasmon absorption when the solution was left in the sun for 50 minutes. In the second 

step, the concentration of the seed particles and Au (III) ion was 1.22x10
-3

 M/L with a molar 

ratio of seed and ion been 1/57.5. Even though the gold particles produced in the first step was 

used as a generation seed for larger particles in the third procedure, the total concentration and 

the molar ratio of gold seed were similar to the first procedure. 
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The effect of acetone on the making of the good seed particles by the UV irradiation was studied 

Dong et al [35]. It was observed that the surface plasmon absorption band occurred at 520 nm, 

while the induction period for the production of the nanoparticles in the presence of acetone was 

quite short, about 15 mins. 

At the initial stage of radiation exposure, atoms formed have shorter lifetime and are very 

reactive. Moreover, their surface can be used as an autocatalytic growth center which can 

promote the reduction of gold ions in solution. After 10 mins exposure to radiation, the colour of 

the solution changed to ruby red with a surface plasmon absorbance band of 516 nm. With 

increasing in irradiation time, the absorbance did not increase. This confirms the whole reduction 

was by photochemical reactions that produce gold nanoparticles. It also reveals that the 

nucleation and growth of gold nanoparticles occurred at a rapid rate. The Induction period was 

12mins after 35 mins of irradiation, when acetone was not added. The plasmon absorption band 

maximum shifted to 524.5 nm after the reaction. 

During TEM analyses, it was observed that spherical gold particles were formed when acetone 

was added. The average diameter of particles obtained was 5 nm with a narrow size distribution. 

In contrast, a broad size distribution of gold particles was obtained in the absence of acetone. 

Therefore for the size and shape controlled synthesis of increasing gold nanoparticles in the PEG 

and acetone aqueous solution system, 5 nm gold particles can be used as seeds. 

The above results, therefore suggest that the seed-mediated growth of Au nanoparticles is 

strongly influenced by UV solar energy. 

 

2.3.2 Chemical Synthesis Processes 

Introduction 

There are many advanced ways of producing gold nanoparticles. However, the most common 

way of producing gold nanoparticles is by the reduction of chloroauric (HAuCl4) in a liquid. A 

reducing agent is added just after stirring to cause gold ions (Au
3+)

 to reduce to gold atoms (Au). 

Supersaturation is attained when the gold atoms are formed continuously. The gold is then 
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precipitated in sub-nanometer particles. Stabilizing agents can be added to the surface of 

nanoparticles from forming aggregates. Organic-inorganic hybrids with improved applications 

can be produced with various organic ligands [23]. 

 

 

2.3.2.1 Turkevich Method 

Turkevich et al [24, 25] initiated this method in 1951. The method was subsequently improved 

by G. Frens in 1970 [26, 27]. 

Gold nanoparticles produced using this method is spherical in shape with diameters of 10-20 nm. 

The reaction proceeds between hot chloroauric acid with amounts of sodium citrate solution. The 

citrate ions act as both reducing and capping agents and are thus responsible for the formation of 

colloidal gold particles. A reduction in the sodium citrate content can cause the nano particles to 

form large particles sizes. This is because the potential for the citrate ions to stabilize the 

particles is limited. 

2.3.2.2. Brust Method 

Brust and Schiffrin came up with this method in 1990’s [28]. Gold nanoparticles can be 

produced in organic liquids such as toluene. Tetraoctylammonium bromide (TOAB) solutions in 

toluene and sodium borohydride are used as anti-coagulants and reducing agent respectively. The 

chloroauric acid solution reacts with the reducing and anti-coagulant. Gold nanoparticles formed 

have about 5-6 nm [29]. 

The bond between the gold nanoparticle and TOAB is a weak bond. In order to prevent the 

particles from aggregation, thiol can be used as a binding agent to bind the gold covalently. Gold 

nanoparticles protected on the surface by alkanethiol can be precipitated and then redissolved 

Physical properties, such as solubility, can be affected when purified nanoparticles are bonded 

with phase transfer agent. 
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2.3.2.3 Perrault Method 

Perrault and Chan developed this process in 2009 [30]. Hydroquinone reduces HAuCl4 in 

aqueous solution with gold nanoparticles as seeds. The gold nanoparticles with hydroquinone 

can catalyze reduction of ionic gold onto their surface. Citrate can bring about controlled part icle 

growth. The citrate method is used in producing the nanoparticles seeds. The hydroquinone 

method increases the range of monodispersed spherical particles sizes that can be produced. 

Particles produced by hydroquinone method have diameters in between 30 and 250 nm. 

 

2.3.2.4 Sonolysis 

Sonolysis is another way of producing gold nanoparticles. This process relies on ultrasound. It is 

a reaction which involves aqueous HAuCl4 with glucose. Hydroxyl and sugar pyrolysis radicals 

are used as the reducing agents. The shape of particles obtained is of nano ribbons with breadth 

of 30-50 nm and micrometer length. The ribbons produced are flexible and can be directed into 

any angle. To produce gold nanoparticles of spherical shapes, cyclodextrin can be used to 

substitute glucose. In essence, this shows that glucose has an effect on the formation of a ribbon 

structure. 

2.3.2.5 Martin Method 

The Eah group came up with this method in 2010 [31, 32]. Gold nanoparticles were produced by 

reducing HAuCl4 with NaBH4.  Even without a stabilizer, monodispersed size distribution was 

obtained and particle size from 3.2-5.2 nm was produced. 

This formation of gold particles was possible when HAuCl4 and NaBH4 aqueous solutions are 

stabilized with HCl for a period of more than 3 months, and more than 3 hours for NaOH. 

Control of the ratio NaBH4-NaOH ions to HAuCl4-HCl ions in the sweet zone is also important 

in producing these particles. 
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A monolayer of 1-dodecanethiol is used in coating the particles produced. Moreover, it can be 

phase transferred to hexane by shaking a mixture of water, acetone and hexane for 30 seconds. 

Gold nanoparticles in the hexane phase does not need any further cleaning, since its already free. 

This is because all the by-products remain in the water-acetone phase. This process is fast since 

it takes only 10 mins. These gold nanoparticles with hydrophobic organic molecules coatings 

have the ability to float to the air-toluene interface to form a monolayer film. This film can be 

deposited to any substrate after toluene’s evaporation with any simple instrument. 

Phase transfer of gold nanoparticles from water to hexane and their 2D self assembly on a 

toluene droplet, depends on the ability to control the size diameter from 3.2 to 5.2 nm. 

 

 

2.4 Gold Nanoparticles In Cancer Treatment 

Introduction 

Currently cancer treatment can be seen in the following; surgery/resection which is only 

available for each stage and small tumors, gradual giving of chemotherapy drugs to prevent the 

growth of cancerous cells, radiotherapy and hyperthermia [1, 2]  

There are various problems associated with these methods of treating cancer. Some of these 

problems are outlined as follows; treatment is not localized enough and drugs cannot 

differentiate between healthy cells and cancer cells. Some of the specific side effects associated 

with the various treatment methods are; Loss of hair, damage to blood cells and damage to 

digestive tract in chemotherapy whereas Nausea/vomiting, diarrhea/urinary discomfort, disease 

in white blood cells  in radiotherapy [34]. 

 

2.4.1 Nanoparticles for Cancer Detection and Treatment 

Surgery, chemotherapy and radiation are the methods that are currently used in treating cancer. 

Physicochemical properties of the molecules are normally considered in chemotherapy. Some of 
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these properties include size; configuration, charge and hydrophobicity [12]. Side effects may 

arise in chemotherapy as a result of high drug concentration when tumor does not respond to 

anti- cancer drugs [13]. This may be due to changes in the biochemistry of the malignant cells, 

which may be the result of changes in the specific enzyme systems [13-14].  

The use of nanoparticles, in conjunction with drugs, can help overcome resistance which is either 

cellular or non-cellular. Moreover, selectivity and potency of the drugs can be increased whiles 

their toxicity is minimized [15-16]. 

According to National Nanotechnology Initiative (NNI) [16], nanotechnology in terms of size is 

the dimensions involving about 1 to 100 nanometers (nm), although it could be widened to 

include 1000 nm. They can be made from different materials, made into varying shapes. They 

can also be used to transport drugs and also as a means of discovery [15]. The factors that are 

considered when synthesizing nanoparticles are the particle size, surface properties and the 

release of pharmacological active agents so as to obtain the desired location at a maximum rate 

and dose regimen [17]. 

Various materials can be used to produce nanoparticles. Some of these materials include; 

proteins, polymer and elements such as gold or silver. The use of a particular material depends 

on many factors such as required size, properties of drugs, aqueous stability or solubility, surface 

characteristics, degree of biodegradability, biocompatibility and toxicity and during release 

profiling [18]. 

Significant attention has been shifted to nanoparticles. This is because they are easy to 

synthesize. The synthesis normally involves reduction of gold salts. This may be done using 

capping agent molecule such as thiol, citrate and phosphine. Different chemical properties can be 

achieved when the functionalities are changed. Stable gold nanoparticles can be achieved when 

the thiol is used as its functionality. This may have many uses [19].  

Gold nanoparticles can be used to detect cancer when they are attached to specific antibodies that 

attach to cancer cells. These include the Epidermal Growth Factor Receptor (EGFR) that attaches 

to receptors on breast cancer cells [20]. This is due to Plasmon Resonance.  
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The unique optical and magnetic properties of gold shells and iron cores can be used in the 

detection and treatment strategies. Gold ability to stabilize and reduce the toxicity of iron core 

makes it much desired [21-23]. In view of this, the gold-shelled magnetic nanostructures have 

many applications for target delivery, diagnosis, imaging guidance and photo-thermal ablation 

therapy [24]. The two possible ways of treating cancer using gold nanoparticles are explained 

below. These include heat treatment and drug delivery processes. 

 

 

 

 

2.4.1.1 Heat Treatment 

Rayleigh scattering of incident laser beams can lead, to the heating of cancer tumor in tissue in 

regions with nanoparticle cluster. Such heating can be controlled to achieve cell death 

(hyperthermia) or ablation due to laser/gold interactions. The former can be used in the treatment 

of cancer, while the latter can be used for the resection of tumors. 

In earlier study by Karen 2010 a 250nm laser light was shone on a test tube containing gold 

nanoparticles. The temperatures of gold nanoparticles solution in every 30 seconds for 10 

minutes were recorded. The particles used were commercially produced and were of different 

sizes. 

 It was seen that the laser light did increase the heat of the nanoparticles. The heating was most 

favorable at the particle size of 48nm. Again at the optimal size of 48nm, the laser heat 

intensities were compared. It was realized that when the laser intensity was increased the 

temperature also increased rapidly. 

 

2.4.1.2 Drug Delivery 
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Different methods of delivering drugs have been established.  These methods have been 

developed for both bulk systems and localized treatment of cancer. Many problems come along 

with the bulk systems chemotherapy, in view of this, works are been done to develop ways for 

localized chemotherapy. Some of the current ways of delivery systems include controlled 

delivery of cancer therapeutics, local chemotherapy, polymer drug conjugates, liposomal systems 

and transdermal drug delivery patches with possibility of the development of smart release using 

release microchips [35]. 

Conventional Drug Delivery 

The amount of drugs required for effective treatment is ultimately reduced when the delivery is 

localized. Reduction in the side effect is therefore immense [3]. The side effect associated with 

bulk systematic chemotherapy can be reduced with local chemotherapy when cytotoxic is 

reduced. This is achieved when the drugs are delivered only to tumor cells or organs. It is also 

known that locally dispensing also increases the potency of the drug [4]. Tumor regrowth is 

greatly reduced when cancer cells are exposed continuously to drugs. This is due to an increase 

in the endocytosis [5, 6]. The amount of drugs used is also minimized [4, 7, 8]. 

Another way of treating cancer is the transdermal drug delivery [3]. The potency of protein drugs 

can be reduced because they have a small half life mostly during digestive processes. This is 

when transdermal drug delivery is used. Transdermal patches and micro needles are considered 

to be among the best developed delivery systems [9-11]. 

 

2.5 Adhesion mechanisms 

Adhesion is the bonding of two phases on a micro or atomic scale [60]. Different ways of 

explaining adhesion phenomena have been proposed [60] but different theories have different 

systems. Various mechanisms are used in a singular case off adhesive bonding. There are five 

main theories and these are; mechanical, adsorption, chemical, diffusion and electrostatic. 

Pressure-sensitive adhesives may have pressure sensitive theories [60]. 
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Mechanical adhesion involves the interlocking of a solidified adhesive with the roughness and 

irregularities of the surface of the adherent. It is mostly important on a micro scale for fibrous 

materials like paper and tires [61]. It has also been seen that mechanical interlocking is useful on 

microscopic scale [62-63]. 

Secondary bonds or van der Waal’s forces explains adsorption theories with London dispersion 

forces being the well known [60]. The binding process in this theory is stated when materials are 

in close proximity [60]. This is because the bonding process is dependent on the presence of 

nuclei and electrons. The ensuing attractions are higher than the observed strength with small 

forces [64-65]. 

Diffusion theories normally takes place in polymers due to the mobility of the molecules and it 

involves the diffusion of macromolecules of the adhesive into the substrate or the interpretation 

of the molecules of each material removing the interface between them [66]. It is proven that an 

electrical double layer lies between metal and polymer [60]. This is the main idea behind 

electrostatic adhesion theory. The separation distance does not influence the force like other 

types of attraction. Relative changes differ at greater distances [67] as compared to others with 

small electrostatic forces. 

 

Drug delivery or detecting systems that are nanoparticles based are possible because of the 

ability of nanoparticles to adhere to drugs and biological materials. Research have shown that the 

rate of adhesion nanoparticles mediated by specific adhesion molecules vary directly 

proportional to the receptor and ligand densities though it remains to be seen if this is common to 

all adhesion chemistry [58]. 

In the treatment of cancer using the drug delivery method, cancer drugs are attached onto gold 

nanoparticles. The gold nanoparticle is injected into the cancer cells. The bonds between the 

drugs and gold are made to break at specific pH level of the internal environment of cancer cell. 

The drug is released at specific target location. 

Gold nanoparticle is preferred in the drug delivery method because it is easy to obtain and 

prepare to use. It also has high chemical stability and as such does not react easily. Gold has 
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affinity with thiol which are organic molecules with sulphur hydrogen (S-H) group that bridge 

the gold nanoparticles to drugs or other molecular recognition units (MRUs). 

The drug delivery treatment is also a very specific and local treatment method. It also minimizes 

the effect on healthy cells. 

 

2.6 The role of Adhesion in Nanoparticles for Drug delivery and Heat 

There has been an improvement in the cancer treatment recently; however there is still challenge 

of diagnosis of metastasized tumor [36]. Diagnosis of cancer is often late as most of them are 

hidden or known metastasis [36, 37]. The death toll of cancer annually is often high whiles the 

experience of those who survive are often painful. They experience long and short term effects 

which results from surgical resection of tumors followed by bulk systematic chemotherapy; thus 

introduction of cytotoxic drugs in the body and sometimes radiation treatments are resorted to. 

The ability of gold nanoparticles to absorb light in the visible and near-infra red (NIR) region 

depends strongly on the shape and size of the nanostructure [40]. Moreover, the amount of cells 

that can be taken gold nanoparticles is size dependent with optimal diameter of 50nm for 

spherical nanoparticles [41]. Great efforts have been made to produce gold composites in the 

detection and treatment of cancer [40, 42-50] on the basis of the interaction of gold nanoparticles 

and cancer cells. Such nano composites consists of an imaging case such as gold which exhibit 

plasmon resonance under illumination with laser; encapsulated cancer drugs like paclitaxel; 

molecular recognition units such as antibodies and peptides that bind specifically to receptor on 

cancer cells, binder/linkage  chemistry and protective coatings cells that limit the interactions of 

the nanoparticles during transport to target organs. [70] 
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CHAPTER 3 

3.0 GOLD NANOPARTICLES IN NANOMEDICINE 

3.1 Introduction 

 

Poor bioavailability and intrinsic toxicity are some of the problems facing conventional therapies 

and as a result have compromised the therapeutic efficacy of many otherwise beneficial drugs. 

Some of these shortcomings of the conventional therapies are been overcome by the design of 

nanoscopic systems to change the pharmological and therapeutic properties of molecules. 

Innovative nano devices and nano structures have been produced for use in applications such as 

diagnostics, biosensing, therapeutics and drug delivery and targeting [1,2,3,4,5,6,7,8]  In order to 

enhance the bioavailability of targeted site, nanosystems are often accumulated at higher 

concentrations than normal drugs. Systems toxicity is greatly reduced when the enhanced drug is 

targeted to the diseased tissue. 

Moreover, drug solubility is improved when drug molecules are incorporated in nanosized 

systems whereas it offers a regulated release with enhanced retention at the target sites. Due to 

the unique properties of gold, nanosystems have been exploited to deliver drugs to target sites 

which are difficult to get access to such as the brain which offers serious hindrance because of 

the presence of the blood-brain barrier [9, 10, 11]. 

Gold nanoparticles are among several engineered nanoparticles that have been widely used for 

drug delivery, imaging, biomedical diagnostics and therapeutics applications. [1, 5, 12, 13, 14, 

15, 17, 18].  As a result of their small sizes most of these nanoparticles can penetrate smaller 

capillaries and are taken up by the cell. 
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3.2 Historic Perspective in the Use of Gold Nanoparticles in the Medicine. 

The use of gold in medicine has been practiced since ancient times. Small pox, slain ulcers, 

syphilis and measles were treated with gold in ancient Egypt, India and China [19,20,21,22]. 

Currently the use of gold in medicine is significant. It finds applications in medical devices such 

as pacemakers and gold plated stents [23] for the management of heart disease, middle ear gold 

implants and gold alloys in dental restoration [23] 

In recent times there have been some improvements in antitumor, anti microbial, anti malaria and 

anti HIV activities. These are due to the emergence of several organogold complexes [21, 24, 

and 25].  Rheumatoid arthritis are now been treated with organogold compounds. [21, 24, and 

25,26]. Even though organogold compounds can relieve arthritis symptoms such as joint pain, 

stiffness, swelling, bone damage and also reduce the chance of joint deformity and disability 

many of these compounds can show reversible dose dependent toxicities. Proteinuria and skin 

reactions can be experienced by the arthritis patient undergoing chrysotherapy [26]  

 

3.3 Optical Imaging 

In photoacoustic and two photon luminescence, gold nanoparticles are utilized as contrasting 

agents that permit light scattering and /or absorption at the NIR spectrum between 700 nm – 

1000 nm [29,30]. This imaging window is known as the tissue transparency window. Light 

penetration at this imaging window is at maximum with minimum loss to hemoglobin and water 

absorption thereby permitting deep imaging of the cells [27]. In a photoacoustic experiment, 

Agarwal et al 2007 used 15 nm gold nanoparticles to improve cell contrast upon irradiation by a 

short pulse laser [30]. An ultrasonic array is used to collect the acoustic emissions created by the 

gold nanoparticles. This is to recreate the initial heat distribution that images the target cell. 

Gold nanoparticles efficiently emit two photon luminescence because they can sustain SPR with 

little or no damping after the photon excitation. With appropriate delivery platforms on the gold 
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nanoparticles, photoacoustic and two photo luminescence imaging have been used to selectively 

image LnCAP  prostate cancer and A431 skin cancer cells respectively [28,29,30]. 

3.3.1 Biosensing 

Biological molecules such as antibodies, enzymes, carbohydrates and nucleic acid are used in 

biosensing to identify the course of any biological phenomena of interest [31,32].  Biosensors are 

finding use in various applications. Some of these include food processing, monitoring food –

borne pathogens in the food supply, environment monitoring, detecting pollutants and pesticides 

in the environment, biowarfare defense to detect bacteria, viruses and biological toxins and 

clinical diagnostics to  measure blood glucose levels [32] . The special optical and electronic 

properties of gold nanoparticles have been used in the sensing and /or monitoring numerous 

molecular events including protein-protein interaction, protein aggregation and protein folding. 

 

 

3.4 Magnetic Resonance Imaging (MRI) 

This is a noninvasive diagnostic tool that applies magnetic fields to the heterogenous 

composition of water in organisms. Different water proton relaxitivity rates translate into 

contrasting images of different cells [34, 35]. 

The MRI images can be enhanced by reducing the longitudinal and transverse relaxation time of 

the water proton. The enhancement is often observed by the use of contrasting agents such as 

gadolinium chelates or supermagnetic iron oxide [35]. The most widely used contrasting agent 

for MRI is gadolinium-diethyltriaaminepentaacetic acid (Gd-DTPA) [36] . In this reagent, Gd
III

 

is the contrasting agent while DTPA is the chelating ligand that forms a complex with the Gd
III 

to 

minimize the leaching of the cytotoxic ionic Gd
III 

into the cellular milieu. 

For optimal contrast enhancement, gold nanoparticles have been utilized as a delivery vehicle to 

convey multiple Gd-DTPA complexes into selective cellular targets. Dithiolated DTPA 

(DDTPA) has been utilized in place of DTPA to chelate to ionic Gd
III

 and permit conjugation 
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onto 2 to 2.5 nm gold nanoparticles surface. In vivo application and cytotoxicity of the Gd-

DDTPA/gold nanoparticles conjugates have not been fully investigated [34].  

 

3.5 Photothermal therapy 

Photothermal therapy is a less insidious experimental technique that holds great assurance for the 

cure of cancer and related disease conditions [37]. It combines two key components which 

include light source and optical absorbing gold nanoparticles. The light sources are specifically 

lasers with a spectral range of 650–900 nm [37] for deep tissue penetration. The optical 

absorbing gold nanoparticles transform the optical irradiation into heat on a picosecond time 

scale, thereby inducing photothermal ablation.  

Current developments have shown that the spectral signature of gold nanoparticles could be 

modified by altering their shape or size. El-Sayed and co-workers [37] have established that gold 

nanorods have a longitudinal absorption band in the NIR on account of their SPR oscillations 

and are effective as photo-thermal agents [37]. Other gold nanostructures such as gold 

nanoshells, gold nanocages, and gold nanospheres [38] have also demonstrated effective 

photothermal destruction of cancer cells and tissue. However, efficient in vivo targeting of gold 

nanoparticles to heterogeneous population of cancer cells and tissue still requires better 

selectivity and noncytotoxicity to surrounding normal cells. 

. 

3.6 Cancer Cell Killing: Hyperthermia with Cytotoxic Drugs 

 3.6.1   Introduction 

Cancer therapy has many problems because it is an aggressive disease. In view of this, combined 

aggressive therapies are required to treat it. These include: surgery, chemotherapy, radiotherapy 

and hyperthermia [40, 41]. Generally, hyperthermia has been combined with various other 

strategies such as chemotherapy. The effects of hyperthermia on cell progression have been well 

studied, at least in vitro.  Cell progression is impeded by hyperthermia through all phases of the 

cell cycle [42]. It has been revealed that mitotic divisions in untreated cells are faster than treated 
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cells [43, 44] and that cytokinesis is distinctly inhibited by hyperthermic treatment [43, 44]. It 

has also been observed that at relatively non-lethal hyperthermic treatments, cells accumulate to 

create partially synchronous population [45, 46].  Finally, researchers have found that 

hyperthermia ―recruits non-cycling cells into the proliferating compartment‖ [42].  

These studies, however, have been limited largely by some factors. First, the number of cell 

deaths cannot be quantified.  In some instances, normal cells resisted exposure to about 43
o
C and 

cancer cells were killed between 40 and 42
o
C. However, those results could not be quantified 

because the survival was based on biased assessment of the rate of growth [47]. Another 

constraint involves the use of uncertain criteria in the assessment of cell death. These methods 

are either undependable or unquantifiable, as they will not show a relationship with cell death. 

One such method is the use of appearance, or given morphological changes, because this is more 

likely to vary with time after hyperthermic exposure.  

A quantitative and direct relationship between loss of cell viability and inhibition of 

preribosomal RNA synthesis (in this case for example) has not been presented [42] even though 

there has been noticeable inhibition of some fundamental biochemical processes with respect to 

cell viability [49] . Choosing of cells for comparison is also an issue [47, 48, 50] such as 

comparing normal resting lymphocytes to leukemic lymphoblasts. Besides, there is still little 

proof that normal cells have preserved all of their normal uniqueness after exposure to heat [42, 

49]. At the moment, cloning efficiency is the most reliable criterion for assessing cell death by 

hyperthermia. This is in the loss of the ability to reproduce in culture, or to produce tumors upon 

inoculation into an appropriate recipient although this method may not be applied to freshly 

harvested cells from normal non-tumorigenic cells [42]. 

With these established facts about hyperthermia, one may be able to combine this treatment    

modality   with   cytotoxic   drugs   in   studies   referred to as thermochemotherapy. The 

reasoning behind combining hyperthermia and chemotherapy lies with the idea that, with the 

right drug, synergistic effects can be achieved [51]. Although many clinical and experimental 

studies have been done in this regard [42], very few have tried to use both treatment methods in a 

way that takes into consideration the phase specificity and cell cycle progression of both 

modalities [3]. 
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3.6.2 Gold Heating Of Water 

By considering the measured temperature change in a water droplet containing a colloidal 

suspension of 20 nm gold nanoparticles after continuous wave (CW) laser excitation at 532 nm. 

The steady state temperature is in the interval of 28.75
0
C < ΔT < 29.25

0
C. Using the measured 

droplet volume of 0.0035cm
3
, the rate of constant for heat dissipation from the droplet (B) of 

0.120s
-1

 and the laser power (I) of 0.28 W, the transduction efficiency (η) of converting absorbed  

light energy into heat is within the interval of 0.97 < η < 1.03. [39] 

The calculated η is numerically close to 1 as expected for small nanoparticles and is invariant to 

laser modulation. The temperature distribution inside the water droplet after laser excitation is 

modeled and found that on the nanoscale, the temperature profile has small bumps in 

temperature located around single optically simulated nanoparticles but that overall increase in 

temperature of the droplet is due to a collective heating effect of many nanoparticles. It is further 

predicted that if the particle density is reduced and a larger laser flux is used, large temperature 

spikes should be observed around the nanoparticles (~3
0
C) with little change in the ambient 

temperature (~0.2
0
C) [39]. 

 

From the experiment, the temperature trace of a 7x10
10 

particles/cm
3
 solution of 20 nm colloidal 

gold nanoparticles solution drawn out in a droplet and excited with 0.28 CW laser excitation at 

532 nm (fig 3.1) is shown. The droplet temperature reached steady state of ~60 s of excitation. 

The laser shutter was activated at this point and the decay back to the ambient temperature was 

followed.  

The insert in fig 3.2 shows a natural log plot of  
O

O

TT

TtT

max

)(
 as a function of time right after the 

laser was turned off. The temperature trace of the same droplets with different laser intensities 

was collected in fig 3.3. Again, the red dash line is the fit of our model to the data. The 
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intensities of the laser are 0.28W, 0.23W and 0.14 W. The temperature maximum in the droplet 

scaled with laser intensity. 

The laser intensity was modulated with a chopper set before the excitation of the droplet. The 

temperature trace of a droplet with chopped laser intensity is shown in fig 3.4.  An anisotropic 

square wave-waveform was applied to the laser intensity is shown in the inset in fig 3.4. The 

laser intensity before chopping was 0.28W. The laser was on for 2 minutes out of 5 minutes 

resulting in a 60% reduction in the overall laser intensity. The fit of model to the data shown as 

the red dash line and the different in the model fit to data is shown in the upper inset. The 

temperature limits in the inset is ±1
0
C [39]. 

 

3.6.3 Model Energy Balance Equation 

Considering energy balance equation where energy is supplied by absorption of the gold 

colloidal solution by the laser light (Qi) and dissipated by transfer to an external reservoir (Qext) 

)1(..................................................QextQi
dt

dT
Cpmi

i

 

Where mi, Cp, i are the mass and heat capacity components of the system, T is the temperature 

and t is time. 

The rate of energy supplied to the system Qi is given by  

)2(............................................................)101( A

i IQ  

Where I is the incident laser power. 

Aλ is the absorbance of the nanoparticle solution 

η is the efficiency of converting light absorption to thermal energy. 

But  
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      Aλ = Iopt. c. ε      where Iopt is the optical path, c is the molar concentration, ε is the molar 

extinction coefficient. 

 

For the experimental situation shown in fig 1 

Iopt = 0.186 cm; c = 1.24 x 10
-10

 mol/L;  ηnp = 7.49 x 10
10

 cm
-3 

; ε = 9.38 x 10
8
 M

-1
 cm

-1 
 

The molar extinction coefficient relates to the particle cross section. 

(σ par) of σ pr = ε.
AN

810
 = 1.56 x 10

-12
 cm

2
/particle. Typical number found in literature. The 

resulting absorbance Aλ is 0.0217. 

The rate of  energy flowing out of the system Qext is given by; 

)3..(..................................................).........( 0TThSQext  

Where the dissipation energy is assumed to be proportional to a linear thermal driving force that 

has heat transfer coefficient h and s is the cross sectional area perpendicular to conduction. 

Equation 1 can be recast into a simpler form equation 4 by collecting terms and variable change. 

T*, where T* is the temperature difference (T-T0) from the ambient temperature T0  

*
*

BTA
dt

dT
 

Where (A
0
C/s) is the rate of energy absorption and B (s

-1
) is the rate constant associated with 

heat loss. 

The mass (mw) and heat capacity (cp,w) components of the system have been limited to just the 

dominant component of water forming the droplet. 

)5....(..............................
)101(

,, wpw

A

i ipi

i

cm

I

cm

Q
A  
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,wpwcm

hs
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The rate constant of heat loss from the droplet to an external reservoir is determined by following 

the temperature decay back to the ambient temperature after the laser excitation is turned off. In 

this regime, the temperature trace is given by; 

0)7........(..............................).........exp()()( 0max0 whenABtTTTtT  

Where A=0 and Tmax is the temperature when the laser is blocked. 

The steady state temperature inside the droplet is assumed to be uniform and unchanging in the 

droplet and is achieved when the rate of energy absorption is equal to the rate of heat loss. 

The efficiency of converting absorbed light to heat (η) is extracted from the experimental curves 

by solving equation 9 where; 

B

A
TtTT 0)(  

And mw, vw and cw are the mass and volume of the droplet and the specific heat capacity of 

water. 

The saturation temperature measured in the experiment in fig 2 is in the interval 28.75
0
C < ΔTss 

< 29.25
0
C with measuring volume of 0.0035cm

3
   B=0.12s

-1
 and I=0.28W.  0.97< η < 1.03 was 

obtained. 

The calculated η is remarkably close to 1 as expected for small nanoparticles. For larger 

nanoparticles we expect η to become essentially smaller than 1 due to the scattering effect. The 

parameter η is obtained from the following equations 

0
dt

dT
; then 0TTT SS  = )8.(..............................

)101(

,i ipi

A

cmB

I

B

A
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Finally, the temperature profile after the laser is turned off is given by equation 10 

)10..(............................................................))........exp(1()( 0 Bt
B

A
TtT  

When A≠0 
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Fig 3.1 Image of typical water droplet taken during laser excitation.  

The thermocouple (highlighted in the image) is embedded in the droplet. The droplet is located at 

the end of a stainless steel needle. The size (volume) of the droplet is determined by comparison 

of a grid positioned next to the droplet. 

 

 

 

Fig 3.2 (A) Typical temperature trace showing increase in temperature after laser 

excitation (time = 0) and temperature decay back to the ambient after the laser is shut 

off (~time = 60 seconds). (B) Plot of the natural log of equation M30 as a function of 

time right after the laser was turned off. (C) Plot of the residual of the data compared to 

our model fit.I~1 [39] 

The linear relationship shows that a first order decay is observed for the temperature decay back 

to the ambient temperature. The blue dash line in the figure is the fit of the data using                     

the decay constant obtained from this plot. The red dash line in the figure is our model fit to the 

data with η equal to 1. 
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Fig 3.3 The temperature trace of the same droplet with different laser intensities.  

The red dash line is the fit of our model to the data with η equal to 1. The intensity of the laser is 

0.28 W, 0.23 W and 0.14 W [39]. 

 

 

         

Fig 3.4 (A) The temperature trace of a droplet with chopped laser intensity.  

The fit of our model to the data with η equal to 1 is shown as the red dash line. The difference in 

the model fit to the data is shown in the upper inset. The temperature limits in the inset is ± 1 °C. 

(B) An anisotropic square-wave waveform was applied to the laser intensity (originally at 0.28 
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W) with the resulting temperature trace shown in A. The laser was on for 2 ms out of 5 ms 

resulting in a 60% reduction in the overall laser intensity [39]. 
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CHAPTER FOUR 

4.0 EXPERIMENTAL PROCEDURES 

4.1 Biosynthesis Of Gold Nanoparticle  

4.1.1 Isolation Of bacteria in the soil 

The bacteria used locally were isolated from the soil in Gwagwalada town in Abuja, Nigeria. 

The equipments and materials used in the experiment include the; 10 Mml beakers, conical 

flasks, micropipette, micropipette tips (sterile), Bijou bottles containing 9ml of sterile distilled 

water, normal sterile saline water, Laminar flow hood, (Biosafety Cabinet Model 36204/36205 

TYPE AZ) bunsen burners, an autoclave, Incubator, a shaker incubator (Innova 44 Incubator 

series) 70% ethanol and L shaped spreader Petri dishes.  

4.1.2 Serial Dilution 

Bijou bottles containing 9 mls of distilled water were autoclaved to sterilize the water. 

Subsequently, 1g of the soil sample was weighed and dissolved in 10 mls of water. The mixture 

was then stirred thoroughly using a stainless steel stirrer. Then 1 ml of each dissolved sample 

was added to the first Bijou bottle and made up to 10 ml, before stirring thoroughly. 1 ml was 

taken to the next until it reached the last bottle and the solution was observed to gel clear in each 

dilution. 0.1 ml of the last diluents was inoculated in well labeled nutrients agar media 

respectively in a spread plate fashion. After inoculation, the plate was kept in an incubator for 

growth of the microorganisms. 

Serial dilution was done to reduce the colonies that would appear in each plate for easy 

quantification. A spread plate method was used instead of pour plate method in order to give 

more room for both aerobic and anaerobic microorganisms to grow. Every material or tool used 

for the experiment was constantly sterilized to ensure that only microorganisms from the soil 
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samples were inoculated. After the experiment, the glass wares were washed and allowed to dry 

in the oven. 

4.1.3 Preparation of MacConkey Agar, Peptone Glycerol Agar and Luria Bertani (Lb) 

4.85 g of MacConkey agar was dissolved in 100 ml of distilled water in a conical flask. The 

solution was divided into four equal volumes of 25 ml with a syringe into test tubes. They were 

dispensed before autoclaving at 121
O
C for about 15 mls. 

0.5g of peptone, 1 ml of glycerol and 1.5 g of agar were mixed and dissolved in a 100 ml of 

distilled water in a conical flask. The solution was dispensed into four equal volumes of 25 ml 

with a syringe into test tubes. They were also dispensed before autoclaving at 121
O
C for about 15 

mls. 

3.7 g of Luria Bertani was dissolved in 100 ml of distilled water in a conical flask. The solution 

was divided into four equal volumes of 25 ml with a syringe into test tubes. They were dispensed 

before autoclaving at 121
0
C for about 15 mls. 

All the 12 samples were grouped in three different bottles, and labeled accordingly, to prevent 

specimen mix-up. They were autoclaved to sterilize them. After autoclaving, the test tubes were 

slanted and allowed to rest for about 48hrs. This resulted in sample cooling and solidification. 

4.1.4 Preparation of Pure Culture 

 Pure cultures were used to identify unique microorganisms obtained from the various colonies. 

These unique microorganisms were then used in determining the bacteria that are suitable for the 

synthesis of the gold nanoparticles.  

 Nutrient agar was used in the sampling of the various bacteria in the environment. The nutrients 

that are needed by bacteria to grow include sugars, amino acids, vitamins, minerals and a 

carbohydrate from marine algae. These are found in nutrient agar.  A bacterial cell taken from 

the soil and placed on the surface of a NA (nutrient agar) plate, can multiply into a colony of 

cells visible to the naked eye. MacConkey agar is also used to grow Ecoli that are readily visible 

to the naked eye. 
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4.1.5 Media Preparation for Bacillus Subtilis and Bacillus Megaterium 

Nutrient agar and nutrient broth were prepared for bacillus subtilis and bacillus megaterium that 

were obtained from Dr. Karen Malatesta of Princeton University. 

 The nutrient agar contained beef extract 3 g/l; Peptone 5 g/l; agar 12 g/l and NaCl 5 g/l. A 

solution of 2.8g of nutrient agar in 100 ml of distilled water was prepared at a pH of 7. Pre-

gelling was initially done to avoid the solution solidifying into 2 layers after autoclaving. 

Autoclaving was done afterwards for sterilization. The solution was poured onto petri plates and 

left overnight so that they could form a uniform gel which could be used in inoculating. This is 

done in a laminar flow loop as a means of getting rid of outside microorganisms. 

The contents of the nutrient broth were beef extract 1.5 g/l; Peptic digest of a tissue 5 g/l; yeast 

extract 1.5 g/l.  A solution of 1.3g of nutrient broth in 100ml of distilled water was prepared at a 

pH of 7. The solution was dispensed into 10 bijou bottles. This was done to maximize the small 

quantity of the microorganism by growing on it. Autoclaving was done afterwards for 

sterilization. This is done in the laminar flow loop as a means of getting rid of outside 

microorganisms. 

To confirm that the bacteria were single colonies of Bacillus megaterium and subtilis, they were 

made into broth then into plates and sent back to broth again so that they can increase in 

population. 

Three different microorganisms were considered for the biosynthesis. The three were chosen 

after various tests were performed on them to see which of the microorganisms isolated were 

capable of producing gold nanoparticles. The three bacteria include Bacillus subtilis, Bacillus 

megaterium and serratia mercenses mercenses isolated from the soil. 

Nutrient broth solution was prepared so that the population of the various cells would be 

increased. This was to enable us acquire large quantity of individual cells for the biosynthesis.   

1.3g of nutrient broth was dissolved in 100 mls of distilled water in all four cases. 1% of glucose 

was added to the solutions as a supplement for the microorganisms. Autoclaving was done to kill 

all unwanted bacteria in the solutions and its surroundings. All the three microorganisms were 
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inoculated into the solutions in aseptic conditions in a laminar flow hood. The samples were 

placed in a shaker incubator (Innova 44 Incubator series) for 48 hours at 32
O
C for the growth of 

the microorganisms. 

In order to monitor the growth of the microorganisms on plates, a solution of the gold solution 

and nutrient agar was prepared. The solution which contained 2.24g of nutrient agar was 

dissolved in 80 mls of distilled water was autoclaved to kill all unwanted bacteria.  Inoculating of 

the various bacteria was done in an aseptic condition in a laminar flow hood (Biosafety Cabinet 

Model 36204/36205 TYPE AZ). The three bacteria that were used in the biosynthesis of the 

chloroauric salt were serratia mercensis mercensis, Bacillus megaterium and Bacillus subtilis.  

 

4.1.6 Experimental Procedure 

Materials needed for the experiment include the following, 

Photosynthesis bacteria, Medium for bacteria. Nutrient broth, Sodium hydroxide (NaOH) and 

hydrochloric acid (HCl), Centrifuge, Carbon coated grid, Aurochloric acid (HAuCl4) and UV 

visible spectrometer. 

        

The medium used to culture the photosynthetic bacteria consisted of beef extract 1.5 g/l; Peptic 

digests of a tissue 5 g/l; yeast extract 1.5 g/l is used to culture the photosynthetic bacteria. The 

pH was set at 7 with a temperature of 30
O
C. These conditions are set for the growth and survival 

of the bacteria. 

The culturing process was carried out for 72 hours. After centrifugation at about 3000 rpm at 4
0
C 

for 10 minutes, the bacteria were separated from the other components of the medium. Distilled 

water was used to wash the separated bacteria from the other chemicals of the medium. The 

washing was done about 5 times. A wet weight of about 1 gram of the bacteria was measured. 

This was then suspended in an aqueous aurochloric acid (HAuCl4) in a test tube of concentration 

1x10
-3

M  aqueous and of volume 20 mls. A NaOH solution of concentration 0.1M was used to 

neutralize the reactants to a neutral pH. 
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In other experiments, the starting pH of the mixture of 1x10
-3

M  HAuCl4 solution and biomass 

was adjusted to 3 and 7 using 0.1 M HCl and NaOH solutions, respectively in test tubes. All 

experiments were conducted at room temperature for a period of 48 hours. 

A UV-visible spectrophotometer was used to measure the UV- visible spectra of the nano 

particles that were formed after the 48 hour exposure. 

 

4.2 Role Of Adhesion In Nanoparticle  

4.2.1 Experimental Procedure 

Materials used in the experiment by Oni et al [1] are the breast cancer cell line; MDA-MB-231, 

growth media (L-15), and medium supplements (fetal bovine serum and penicillin/ streptomycin) 

were purchased from American Type Culture Collection (ATTC, Manasses, VA). Dubelcco’s 

Phosphate Buffer Saline (PBS) was obtained from Invitrogen (Carlsbad, CA) and formaldehyde 

solution, triton X-100, 0.1M sodium hydroxide; BSA, dibasic sodium phosphate buffer and 

monobasic sodium buffer were all obtained from Sigma-Aldrich (St. Louis, MO). The gold 

nanoparticles were Nanopartz Inc. (Loveland, CO) while the uncoated AFM tips were brought 

from Veeco (Memphis, TN). Paclitaxel was obtained from Parenta Pharmaceuticals (West 

Colombia, SC), LHRH was purchased from Thermo Scientific (Waltham, MA) while Breast 

Specific Antibody (BSA) were obtained from Sigma-Aldrich (St. Louis, MO) [1]. 
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4.2.2 AFM Experiments 

4.2.2.1 Tip Coatings 

A simple coating method was employed [8]. In this method bare AFM tips were coated with the 

gold nanoparticles about 10-15 times between 2-4 seconds interval. Gold nanoparticles 

concentrations of 22-46 ppm were used depending on their sizes and were utilized as received 

condition. The coated tips were dried in air for a minimum of one day and observed under a 

scanning electron microscope [1]. 

 

4.2.2.2 Tip Characterization 

A Phillips model FEI XL30 field emission gun scanning electron microscope (SEM) (Phillips 

Electronic N.V. Eindhoven, The Netherlands) was used to observe the AFM tip samples coated 

with gold nanoparticles and the bare tips. Images obtained were from the secondary electrons 

from the samples. Images of coated tips were taken before and after the AFM experiments to 

make sure that the measured adhesion forces of the nanoparticles with the cells are the true 

values. This was done because the dip-coating process results in poor adsorption [1]. 

Thermal tune method was used to measure the spring constants of the coated and uncoated tips 

[12, 13]. To obtain the true adhesion forces from equation 6.1, the actual spring constant are 

required. This also accounts for batch-to-batch variations in the spring constants, as well as the 

effects of coatings on the cantilever stiffness [8, 11]. The pull off measurements was obtained 

under ambient condition at room temperature of 22-23
O
C and a relative humidity of 40-45% [1]. 

 

4.2.2.3 Cell Substrate Fixation 

Prior to use as substrate in the AFM experiments, the cells were fixed against the tips. Initially 

the breast cancer cell lines used were cultured on glass slides (MatTek, Ashland, MA) until they 

were fully confluent. The cells were incubated at 37
O
C at atmospheric pressure and grown in L-
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15 growth medium. There were supplement with 10% FBS and 100 I.U./ml penicillin/ 100µg/ml 

streptomycin.  

The cells were washed twice with glacier PBS solutions (1XPBS at 4
O
C) and fixed with 15 

minutes incubation with 3.7%, formaldehyde solution once the desired confluence level was 

attained. The fixed cells were further rinsed with glacier PBS three fines, followed by three 

rinses with distilled deionised water. Water was used as the medium for the last rinse to remove 

possible salts deposits that may have resulted from the prior PBS rinses. Lastly the fixed cells 

were dried in a vacuum dessicator for two hours. 

 

4.2.3 Atomic Force Microscopy Measurements. 

A stable nanoparticle based nano composite is required for the transportation in the body. 

Adhesive interactions are measured among the various compositions. Atomic force microscopy 

(AFM) is an approach that can be used. [2]. AFM can be used to measure the interaction between 

nanoparticles. This can be done by coatings AFM tips by bringing them close enough with 

coated substrates that can behave as pair wise interactions between interacting nanoparticles [3]. 

There are steps involved in the AFM methods 

The AFM tips are brought close enough for the adhesive interactions. There is a jump into 

contact. The tips undergo elasticity due to further displacement in the same direction. The effects 

of adhesion do not allow the tip to detach as zero loads. Retraction is continued till the applied 

forces are sufficient to pull off the AFM tips from the substrates. The resisting pull off force, F is 

a measure of the adhesion. It can be obtained from Hooke’s law which is F= k d. 

Where k is the stiffness of the cantilever d is the displacement at the onset of the pull off. 

The difference between breast cancer cells and normal breast cells has been detected as a result 

of the measurements of such pull off forces [4-8]. Meng et al studied the adhesive interactions 

between the EphA2 antibody and receptor on breast cancer or normal breast cancer as well as the 

adhesion between the luteinizing hormone releasing hormone [LHRH] peptides and their 

receptor on breast cancer and normal breast cancer. 
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Their results showed that the pull off force associated with breast cancer cells and LHRH EphA2 

which are over expressed in breast cancer cells [9, 10] are about 5 times those with normal breast 

cells [8]. Force microscopy can therefore be used to detect cancer cells in vitro. 

AFM will thus be used to obtain the adhesion forces between gold nanoparticles, cancer drug 

paclitaxel and cancer specific antibody or LHRH for detecting/deliver strategy. 

 

4.2.4 AFM Force Displacements Measurements. 

A Multimode Dimension DI Nanoscope IIIa Atomic force Microscope (Veeco Instruments, 

Woodbury, NY) was used to measure the interactions between the gold nanoparticle-coated 

AFM tips and the cell substrates or between the components of the drug delivery. This was done 

at ambient conditions at room temperature (22-23
O
C) and relative humidity (40-45%).  

Calibration of the photo detector sensitivity on the stiff quartz surface was done before force 

microscopy measurements [14]. Average of 150 measurements obtained from 3 tips thus 50 

measurements were obtained for each tip at five different positions. 

 

 

4.3 Gold Heating of Water 

Experiment Procedure 

In an experiment conducted on gold heating of water, gold nanoparticle concentration of 7x10
10 

particles/cm
3
 was used. Approximately 10 µL of the solution was extricated from the syringe to 

maintain a stationary hanging drop on the tip of the needle, fully submerging the thermocouple 

bead inside the sample drop [10]. 

The laser was aligned to pass through the drop without hitting the thermocouple. As the laser 

irradiated the sample, the temperature began to increase. Data was collected until equilibrium 

temperature was reached. Using the equation of an ellipsoid, the volume of the drop was 
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approximately determined. The path length of the laser through the drop was also determined 

from the captured video [10]. 
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CHAPTER FIVE 

 

5.0 RESULTS AND DISCUSSIONS 

5.1 Biosynthesis of Gold nanoparticles 

Three bacteria namely Serratia mercensis mercensis, Bacillus megaterium and Bacillus subtilis 

were used in the synthesis.  

Upon exposing the three bacteria to the aqueous chloroauric ions, the bacteria were able to 

reduce the aqueous chloroauric ions to gold atoms. The colour of the solutions changed from 

yellow to dark purple for serratia mercensis mercensis and bacillus megaterium and from 

bacillus subtilis to purple (as shown in the fig). The reactions were completed after minimum of 

two days and they gave an idea of slow reaction processes. The dark purple colour change 

remained the same and the gold nanoparticles were analyzed by UV-Vis spectra.  

 Other experiments were done to confirm whether the addition of the various microorganisms 

were responsible for the reduction of the chloroauric ions. It was observed that the colour of the 

chloroauric ions stayed yellow when microorganisms were not added to the solution for the same 

time period.  

The UV-Vis absorption spectra obtained from the gold nanoparticles solution after two days of 

reaction for the three bacteria are shown below. At a pH of 3, the absorption was maximum at 

260 nm for serratia, while B. megaterium and B. subtilis gave maximum absorbance at 430 nm 

and 372 nm respectively. There were slight absorptions at around 530 nm for the three bacteria. 

The absorptions at these wavelengths were not maximum and these can be attributed to the fact 

that the nanoparticles were occluded by some proteins which were excreted by the bacteria in the 

various solutions. At a pH of 7 the absorption was maximum at 264 nm for serratia, while B. 

megaterium and B. subtilis gave maximum absorbance at 266 nm and 262 nm respectively. 

There was absorption at around 530 nm for serratia whiles B. subtilis and B. megaterium 
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recorded absorptions at 535 nm and 544 nm respectively. The absorptions at these wavelengths 

were also not maximum and these can be attributed to the fact that the nanoparticles were 

occluded by some proteins which were excreted by the bacteria in the various solutions. As a 

result of the supposed proteins occluding the nanoparticles, absorption maximum at around 

540nm attributed to the surface plasmon resonance band (SPR) of the gold nanoparticles was not 

achieved. 

The stability of the gold nanoparticles can be tested. This can be done by filtering the gold 

nanoparticles from the various microorganisms. The solution obtained after the filtration can be 

aged for not less than three months. UV-Vis spectra measurement can thus be used in 

determining the stability of the gold nanoparticles [1]. Experiments were performed to detect the 

viability of the various bacteria to the gold ions and gold nanoparticles. The various bacteria 

proliferated when small drops of solution containing the bacteria when inoculated on agar plates. 

This showed that the bacteria are resistant to the gold ions and gold nanoparticles. 

The particle sizes of the various nanoparticles produced by the bacteria can be determined by 

transmission electron microscopy (TEM). It can be predicted that the pH was an important 

parameter in the gold nanoparticle synthesis in all the three cultures. Variations in the pH from 7 

to 3 gave visual evidence in colour changes from light purple to dark purple.  This could mean 

that the pH has an impact on the size, shape and the number of particles produced. It can also be 

predicted that the shape of particles produced at pH of 3 will be mostly spherical and relatively 

uniform in size. However, particles produced at pH 7 will include small spherical particles with 

bigger particles which are irregular in shapes. These predictions are supported by previous works 

suggesting that optimum gold accumulation of by microbial cells normally occurs in the pH 

range of 2-6 [5]. The changes in the shape of particles formed at the two pH levels shows 

changes in the pH would play an important role during optimization of a process controlling 

particle morphology [6]  
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5i)    5ii)    4iii)                 

Fig 5.10 (A) Pictures show various bacteria (B. megaterium, B. subtilis and Serratia) 

growing on a solution of gold and agar plates formed as gels. 

  

 

 

 (5B) Serratia mercensis mercensis 

 5.11a)                                                 5.11b)     

   Fig 5.11 Picture of tubes containing bacteria serratia mercensis mercensis before (tube 

5.11a) and after 72 hrs (tube 5.11b) in an aqueous of AuCl
-
4 

(5.12a)         (5.12b)   

Fig 5.12 shows UV-Vis absorption spectra of gold nanoparticles after reaction of 10
-3

M 

aqueous HAuCl4 solution at neutral pH and pH at 3 with the bacteria serratia mercensis 

mercensis 
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(C) Bacillus megaterium 

5.13a)                                  5.13b)       

   Fig 5.13 Picture of tubes containing bacteria Bacillus megaterium before (5.13a) and after 

72 hrs (5.13b) in an aqueous of AuCl
-
4 

   (5.14a)           (5.14b)    

Fig 5.14 shows UV-Vis absorption spectra of gold nanoparticles after reaction of 10
-3

M 

aqueous HAuCl4 solution at neutral pH and pH at 3 with the bacteria Bacillus megaterium 

 

(D) Bacillus subtilis 

5.15a)                              5.15b)    

    Fig 5.15 Shows Picture of tubes containing bacteria Bacillus subtilis before (tube 5.15a) 

and after 72 hrs (tube 5.15b) in an aqueous of AuCl
-
4 
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(5.16a)                         (5.16b)    

Fig 5.16 shows UV-Vis absorption spectra of gold nanoparticles after reaction of 10
-3

M 

aqueous HAuCl4 solution at neutral pH and pH at 3 with the bacteria Bacillus subtilis. 

 

 

 

 

5.1.1 Conclusions and Future Works 

In conclusion, it has been demonstrated that the bacteria B. megaterium, B. subtilis and serratia 

mercensis mercensis are able to produce gold nanoparticles and the gold nanoparticles are quite 

stable in solution. This is an efficient, eco-friendly and simple process. The shapes of the gold 

nanoparticles produced by the three bacteria were controlled by pH. Work is continuing for the 

study of the biological mechanism for the nanoparticles formation and more detailed study of 

controlling the shapes and sizes of nanoparticles. The NIR absorbance of the gold nanotriangles 

could find interesting applications in cancer hyperthermia. This work will also lead to the 

development of a rational biosynthetic procedure for other metal nanomaterials such as silver 

and platinum with the bacteria B. megaterium, B. subtilis and serratia mercensis mercensis. 
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5.2 Measurement of Adhesion forces 

Adhesion forces obtained for coated tips are different from bare tips. Coated tips have particles 

on the sides whiles bare tips are evenly smooth on the side and along the surface of the 

cantilever. This can be seen in fig 5.4 and 5.5 

Fig 5.6 shows the interactions between the different composites of the drug delivery systems. It 

can be seen that the adhesion forces between the gold nanoparticles are comparable and stronger 

than those obtained for paclitaxel- LHRH complexes. 

The results obtained are significant. Initially the results give an indication that the drug gives rise 

to the weakest adhesive interactions within the drug nano composite system. Paclitaxel gives a 

pull off force of about 10 nN compared with those without the drug (F~ 58 nN). The implication 

of this result is that the cohesive forces between the drug is stronger and that robustness of such 

systems will depend highly on the drug composites interactions. 

Moreover, the fig 5.6 shows that the attraction to biological compounds by gold is very strong 

with gold recording pull off forces of about 60±5, 57±3 nN for gold- LHRH and gold-AB 

respectively. They are far better than between gold and paclitaxel which is 11±0.5 nN. This 

confirms the studies that gold has an excellent biocompatibility [3]. 

It can also be seen that the attractive interactions between paclitaxel and molecular recognition 

units, LHRH and antibody is weak 10±1 nN and 9±1 nN are the pull off forces obtained which 

are less than the other interactions within the system. Again it can be observed that since the drug 

is the weakest in the system, careful engineering is to be done to prevent its release before it is 

required. 

Fig 5.7 shows the interactions forces between each nanoparticle size measured against breast cell 

substrates. For radius between 30nm, the adhesive forces were optimal. The results show that 

there is a strong adhesive force for gold nanoparticles of about 30nm. This pull off force then 

closes to breast cancer cells. 
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The plot of fig 5.7 reveals how the receptor of breast cancer cells and nanoparticles interact using 

the AFM. 

Fig 5.8 also reveals the interactions between thiol, gold and drug/molecular recognition units. It 

can be seen that, the adhesion forces between gold and thiol is optimal at 113±1 nN and 

maximum at 319±1 nN for antibody and thiol. However, for a bare tip gold interaction and bare 

tip thiol interaction, the adhesion forces are 23±1 nN and 9±1 nN respectively. Thiol therefore 

affects the adhesion forces between gold and drug/molecular recognition units in such a way that 

it can bridge the gold particles well with drugs to prevent unwanted release of the drug. 

 

5.2.1 Conclusions and Future Works 

This work has investigated the adhesion between components of a model generic drug 

delivery/system that includes gold nanoparticles, paclitaxel and over-expressed protein in breast 

cancer, LHRH or breast-specific antibody. The results imply that the robustness of such systems 

depends on the adhesion with the paclitaxel. In such cases, it is important to design systems such 

that bonding with the drug is increased to prevent unwanted release. The results also suggest that 

the force microscopy technique can be used to rank the adhesion between different species in 

drug nanocomposites that are being developed to treat breast cancer and other forms of cancer. It 

was also revealed that thiol affects the adhesion forces between gold and drug/molecular 

recognition units. The current work also shows that gold nanoparticles with sizes of ~30 nm are 

optimal in terms of their adhesion to human breast cancer cells (MDA-MB-231) examined in this 

study. Further work is needed to measure the adhesion forces in biological environments. 
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5.3 Nanomedicine 

Concerning the work on nanomedicine, some of the current applications of gold nanoparticles in 

nanomedicine have been reviewed. Small molecules, peptides, and proteins are some of the 

assorted collection of gold nanoparticles delivery strategies that are under study. These have 

shown great promise in specific targeting of gold nanoparticles to diseased tissues. Moreover, the 

biocompatibility and photo-optical distinctiveness of gold nanoparticles are now demonstrated to 

be powerful in diagnostic and biosensing applications. This therefore offers a bright hope for the 

diagnosis and treatment of many disease states. 

    The continued attraction of the scientific community with gold nanoparticles research have 

been facilitated by significant strides in many fronts including availability of many methods for 

the production and functionalization of gold nanoparticles of various shapes and sizes. It is now 

possible to control particle sizes at nanometer resolution. Enhanced understanding of molecular 

targeting in biology has provided several ligands that have been successfully used for specific 

delivery of gold nanoparticles. With information ensuing from proteomics studies on various 

diseases, one expects that many more ligands will be made available for gold nanoparticles-

targeted delivery. 

    However, the successful implementations of the promised applications of gold nanoparticles 

are still limited in part by the formidable barriers imposed by the complexity of a whole 

organism in contrast to simple cell based studies that formed the bed rock of most of the proof-

of-principle investigations. There are important evidence that gold nanoparticles-based 

therapeutic agents could rise above the difficulties presented by the human immune and 

circulatory systems to achieve delivery at diseased sites without uptake by healthy tissues. In 

principle, such improved targeted delivery could make other gold nanoparticles-based 

experimental therapeutic techniques, such as photothermal therapy, feasible. With the right 

combination of delivery agents and particle size, gold nanoparticles-based therapeutics could in 

actual fact kill unhealthy cells while removing the terrible side effects of the conventional 

chemotherapeutic agents.  
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5.3.1 Conclusions and future works 

More work still needs to be done regarding the understanding of the pharmacokinetics and 

toxicity profiles of gold nanoparticles. Particular interest should be given to gaining 

comprehensive insights on the effects of nanoparticle size, ligand conjugation and conjugation 

chemistry on gold nanoparticles physiological properties. Additionally, the prospective for 

cumulative toxicity upon repeated exposure to gold nanoparticles based agents must be carefully 

examined. Nanotoxicity may not be a small matter after all. Results from these and related 

studies will prove informative in further improvement of the design of gold nanoparticles for use 

in diverse nanotechnology applications. 
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 Fig 5.2 Schematics of a nanoparticle-based drug delivery/detection system © Y. Oni 2010 
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 Fig 5.3   Schematics of force spectroscopy techniques: (a) typical force-displacement plot,  

               (b) corresponding physical scenarios.  © Y. Oni 2010 
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Fig 5.4 SEM image of a coated tip. © Y. Oni 2010 
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Fig 5.5 SEM image of a bare tip. © Y. Oni 2010 
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Fig 5.6 Adhesion interactions of components in a drug delivery system © Y. Oni 2010 
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Fig 5.7 Adhesion forces of gold nanoparticles with breast cancer cells © Y. Oni 2010 
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Fig 5.8 Adhesion forces of gold and other molecular recognition units for heat treatment 

related © K. Hao 2010 
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 Table 5.1 Average five-year survival rates form stage of first diagnosis for different cancer 

types. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5.2 Substrates and coated tip materials used in the AFM study © Y. Oni 2010 
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APPENDIX A 

In the course of preparing a gold chloride solution for the biosynthesis process, a stainless steel 

spatula was used to take some of the gold salt into solution. Initially it was observed that some 

black substance was formed on the stainless steel spatula when it came into contact with the gold 

salt. In order to know more on what was the cause for the black substance, a new stainless steel 

spatula was left in a gold chloride solution of concentrations of 1mM and10mM for 48 hours. 

It was observed at the end of the 48 hour period that, the yellow gold chloride solution turned 

purple and dark purple respectively for the two solutions. 
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APPENDIX B 

 

T                             Steady state temperature 

I                                 Laser power 

η                                 transduction efficiency 

mi                                          mass of the components of the system 

Cp, I                                     Heat capacity of the components of the system 

QI                                          Rate of energy supplied to the system                  

Qext                           Rate of energy flowing out of the system 

Aλ                                          Absorbance of nanoparticle solution 

Iopt                             Optical path 

c                                 Molar concentration 

ε                                 Extinction coefficient 

h                                  Heat transfer coefficient 

s                                   Cross sectional area perpendicular to conduction 

T*                                Temperature difference 

A                                  Rate of energy absorption 

B                                   Rate constant associated with heat loss 
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