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Nanotechnology is growing immensely due to its wide applications in various areas of science 

and technology. In this work, gold nanoparticles (AuNPs) were successfully prepared by using a 

simple, clean, non-toxic, cost effective and eco-friendly method. In this method AuNPs were 

reduced from Au3+ to Au0 using curcumin, a natural and non-toxic food spice. The effect of the 

surfactant, pH and temperature were studied during synthesis to understand the size and shape of 

the formed nanoparticles and their influence on linear surface plasmon resonance (LSPR), 

fluorescence and resonance Rayleigh scattering (RRS) spectra. Three different poly (ethylene 

glycol) based polymers, such as, PEG Thiol Acid, mPEG Thiol and mPEG Amine were used to 

stabilize the formed gold nanoparticles. The coated AuNPs were small in size, in the range of 18 

- 40 nm. The prepared materials were also characterized in detail by SEM, XRD, TGA and FT-

IR spectroscopy. The functional group of the stabilizing agent that was pointing toward the 

solution was found to interact with the analyte for the determination of various analytes. AuNPs 

prepared using PEG-Thiol Acid were employed as an optical method for the determination of 

melamine, a white powder that is often found in adulterated milk. The combination of melamine 

with the AuNPs decreased both LSPR signal and the fluorescence emission intensity of the 

AuNPs in the presence of 0 to 10 mM of melamine. The method is simple, cheap, and fast with 

33 nM detection limit. The concentration of the gold nanoparticles during estimation of 

melamine was optimized, and selectivity study showed that the method is selective to melamine 

against analogue components. In the second part AuNPs functionalized with mPEG Thiol were 

used in such a manner that the methoxy group is pointed toward the aqueous solution to serve as 

anchor point to many metal ions. Exposure of the mPEG Thiol functionalized AuNPs to different 

concentrations of metal cations in the range between 0 and 100 μM resulted in the decrease in the 

fluorescence intensity of the AuNPs unlike free curcumin in aqueous solution. Excited state 

lifetime measurements further validated quenching mechanism to be static in nature. The binding 

constant and number of binding sites for such interaction were evaluated. The order of 

association of the metal ions studied based on observed bimolecular quenching rate constant 
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values is Pb (II) > Hg (II) >Hg (I) > Cd (II)>Al (III) >Ni (II) >Cu (II) >Na2HAsO4. These 

interactions between the mPEG Thiol conjugated AuNPs and the metal ions in solution 

contribute a proof-of-concept that mPEG Thiol functionalized curcumin mediated AuNPs can be 

used as a simple, cheap and straightforward, on-site detection system for toxic and even essential 

metal ions in solution. 
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CHAPTER I 

                                                INTRODUCTION 

A.  Colloid Definition and Structure 

         Derived from the Greek name kolla = glue, eidos= like, a colloid is a solution which has 

particles ranging in size between 1 and 1000 nanometers in diameter. These particles, also 

known as colloidal dispersions, can remain evenly distributed inside the solution, fully dispersed 

without settling to the bottom of the container. Colloids are classified in terms of dispersed 

substance in dispersing medium. To correctly specify a solution as colloid, the substance that 

will be classified should be larger than a molecule but can’t be seen by the naked eye. 

Quantitatively, the substance size should be between 1 and 1000 nm. If the dimensions are less 

than 1 nm, the substance is called a solution and if they are greater than 1000 nm, the substance 

is called a suspension. 

       A colloid can be prepared by two approaches: The first approach is called Dispersion. In 

this method, larger pieces are broken down to smaller one. Addition of dispersing aids or agents 

such as surfactant, polymer, and small particle will adsorb at the solid-liquid interface and 

provide an electrostatic or steric barrier and inhibit the rapid flocculation of the newly formed 

particles. The second approach is termed Condensation: where colloids are formed by 

aggregation of a molecular dispersion to the size range of a colloid. Colloid formation occurs via 

emulsion polymerization. As Polymerization proceeds, the growing chain will precipitate and 

will continue to grow by the new monomer that is taken from the reservoir of the emulsified 

materials. Polymerization will continue until all available monomers are consumed [2]. One way 

to determine if a solution is colloidal is by Tyndall effect where scattering will occur in colloidal 

solution (see fig 1). 
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Fig.1 Tyndall effect: Scattering of laser light when passed through mixture ii (Gold Nps) 

 

B. Gold Colloid: A Brief Historical Background 

            In 1852, Michael Faraday gave a lecture at the Royal Institute in London entitled 

‘Experimental Relations of Gold (and Other Metals) to light’. Faraday was the first scientist that 

related the optical properties of gold nanoparticles to their small size. In his studies, Faraday 

described the Au colloid solutions as ‘a beautiful ruby fluid’ and attributed the effect to ‘a mere 

variation in the size of particles’ [3]. Michael faraday reduced Au-chloride by heat treatment, 

because of the side reactions with many reagents [4]. Later, Zsigmondy started to investigate 

different methods for reproducing Au colloids. Zsigmondy could determine exact sizes of the 

particles. Theodor Svedberg also became involved in the properties of colloids, so he built an 

ultracentrifuge, which could generate forces over 100,000 times of gravity [5] [6]. Svedberg 

developed his first low-speed ultracentrifuge and then the high-speed ultracentrifuge to 

determine the shape and size of the protein particle. Ostwald tried to focus on the importance of 
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size for particle dispersion. He depicted several examples to explain the process of Au sols and 

other colloids. Besides, he explained the mechanism for the formation of Liesegang rings during 

diffusion reaction, when drops of colloidal Au rod solutions evaporated. 

 

C. Traditional Synthesis Methods of Gold Nanoparticles 

There are two techniques to synthesize gold nanoparticles: bottom up method and top down 

method [7]. Bottom up method involves assembly of atoms which are produced by reduction of 

ion into the desired nanostructures. This method includes electrochemical, photochemical, 

chemical, templating, thermal and sonochemical reduction methods [8]. Top down methods 

require the removal of matter from the bulk material to get the desired nanostructure, examples 

include photolithography and electron beam lithography [9] [10]. The disadvantages of the 

bottom up method are poor monodispersity. The disadvantages of the top down method are the 

huge waste of material. See fig.2 for a summary of the different methods for syntheses of 

AuNps. 

 

Fig 2. Various methods used in the syntheses of AuNPs 

1. Turkevich method 

To synthesize gold nanoparticles in the size between 10-20 nm, Turkevich method is the 

classical traditional method that was first described in 1951 [11].This method involves 
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reduction of gold ions (Au3+) to gold atoms (Au0) in the presence of reducing agents like 

citrate, amino acids, ascorbic acid or UV light. The size of gold nanoparticle was stabilized 

via capping or stabilizing agent. Further researchers could expand the size of gold 

nanoparticles, synthesized via this method. Later, the effect of temperature, stabilizing agent, 

and pH was studied on the effect of the size [12] [13].  

 

2. Brust-Schiffrin Method 

Generating small nanoparticles in the range between 1.5 nm -5.2. nm requires the Brust 

method, which is a two-phase process that requires organic solvents and the ratio of thiol to gold 

should be varied.  This method involves transfer of gold salt from aqueous solution to an organic 

solvent such as toluene using a phase transfer agent, for instance Tetraoctylammonium bromide 

(TOAB). The gold is then reduced using sodium borohydride in presence of an alkanethiol. The 

alkanethiols stabilize the AuNPs, resulting in a color change of the reaction from orange to 

brown [14]. 

 

3. Seeded Growth Method 

The most applicable technique to get gold nanoparticles with shapes such as rods, cubes, and 

tubes, is seed mediated growth [15]. Gold salts should be reduced with a strong reducing agent 

like sodium borohydride. The seed particles should be added to a solution of metal salt in 

presence of a weak reducing agent such as ascorbic acid and structure directing agent, which will 

prevent further nucleation and will accelerate the anisotropic growth of AuNPs. Geometry of 

gold nanostructures can be changed by varying the concentration of seeds, structure directing 

agents and reducing agents [16]. 
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4. Synthesis of Gold Nanoparticles Using Plant Extract 

Various biocomponents present in plants such as curcumin are involved in synthesis of AuNPs 

because they possess functional groups, which catalyze the reduction and stabilization of gold 

NPs. The procedure involves mixing the gold salt with extracts of plant for definite amount of 

time under varied reaction conditions like incubation time, pH, and temperature to obtain 

specific sizes and shapes of gold nanoparticle [17]. 

 

D. Shape and Size of Gold Nanoparticles 

Gold nanoparticles (AuNPs) can be easily made into various structures of narrow size 

distribution; examples include gold Nanospheres, Nanocages, Nanorods, and Nano shells [18]. 

The diameters could vary from 2-100 nm, by varying the ration of citrate and gold salt [19]. As 

the particle size increased, the absorption peak will shift to a longer wavelength. Furthermore, 

the width of the peak indicated the range of size distribution [20]. Au Nanocages are hollow, 

porous structures with dimensions less than 100 nm [21]. Au nanorods are 

gold nanoparticles which are elongated along one direction [22]. Gold Nano shells (AuNShs) are 

constituted of a silica core coated by a thin gold metallic shell [23]. 

 

E. Green Synthesis 

 Green synthesis of gold nanoparticles makes use of non-toxic, environmentally friendly, and 

safe reagents. Gold Nanoparticles synthesized using biological techniques or green technology 

have higher stability and appropriate dimensions because they are synthesized using a one-step 

procedure. Gold Nanoparticles can be synthesized using a variety of methods which are listed 
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above. But using Chemical and Physical methods have many limitations, such utilizing high 

radiation and highly concentrated reductants and stabilizing or capping agents that are toxic and 

harmful for the environmental and to human health. Therefore, green synthesis of nanoparticles 

is a single step bio-reduction method and less energy is used to synthesize eco-friendly [24]. 

The twelve principles of green chemistry have now become a reference guide for researchers, 

scientists, chemical technologists, and chemists around the globe for developing less hazardous 

chemical products and by products .Therefore, green nanobiotechnology is a promising alternate 

route for synthesis of biocompatible stable nanoparticles . The general procedure using plants to 

produce metallic nanoparticles uses the dried biomass of the plants and metallic salt, as bio 

reducing agent and precursor, respectively. Three main steps are followed for the synthesis of 

nanoparticles using a green nanotechnology :1) the choice of solvent medium use, 2)the choice 

of an eco-friendly and environmentally benign reducing agent , 3)the choice of a nontoxic 

material as a capping agent is to stabilize the synthesized nanoparticles [24]. 

 

1. Stabilizing Agents for Nanoparticles preparation 

A milestone of nanomaterials research is to enhance the biocompatibility of materials by 

using biocompatible molecules for their surface coating. Polyethylene Glycol (PEG) is a feasible 

alternative being a hydrophilic polymer, non-toxic, commonly used in many pharmaceutical 

formulations. Surface coating with PEG will also prevent non-specific interactions of blood serum 

proteins with nanoparticles, reducing the gold NPs’ interaction with the immune system and 

leading to longer circulation times in the blood stream (25). A shell of stabilizing molecules 

surrounds colloidal gold nanoparticles. One end of the stabilizing molecule is chemically linked 

or adsorbed on the gold surface; the other end is pointing toward the solution and providing 
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colloidal stability. A ligand exchange reaction involves the exchange of the stabilizing molecule 

with another ligand. As thiol moieties bind with high affinity to gold surfaces, mostly thiol-

modified ligands are utilized which bind to the surface of the Au particles called monolayer-

protected clusters by formation of Au-Sulfur bonds. Ligand exchange allows the transfer of Au 

NPs from an organic to an aqueous phase and vice versa. In this way, the surface properties of the 

particle can be tuned or adjusted by choosing certain surfactants with specific functional groups 

that give them unique properties. For applications in aqueous solution typically thiol-based 

surfactants with carboxylic groups at the other end pointing towards the solution are used. The 

negative charge of these particles provides colloidal stability and, they can be used as anchor points 

for the further attachment of biological molecules (26).  

 

2. Curcumin Applicability in Nanoparticle Syntheses 

Curcumin, extracted from the ground of curcuma, is a phenolic flavonoid of structure (1,7-

bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-2,5-dione (27) (see fig. 3). It is well known for 

its multiple effective therapeutic properties as an antioxidant against cancer and microbial 

infection (28), anti-inflammatory drug (29), diabetic wounds (30), anti-inhibitor of angiogenesis 

and hepatic disorders (31), etc. Since curcumin has low molecular weight and has a hydrophobic 

nature ,it can penetrate the blood brain barrier effectively .Besides, curcumin can inhibit the 

generation of free radical species, which plays an important role in the concept of the H atom from 

the C12 methylene group. A few researchers have recently demonstrated the anti-cancer property 

of curcumin (abstraction of the H atom from the C12 methylene group) by inhibiting the free 

radicals in cancer (32). Therefore, to elaborate the use of curcumin in new fields, it was being 

developed to be involved in the production of AuNPs.  In general, noble metal nanoparticles have 



8 
 

shown a primary role in the development of new biosensors for sensing variety of biomolecules 

(33, 34). Au NPS have been used essentially and investigated for possible use in biosensors (35). 

The efficiency of gold nanoparticles as biocatalyst probe has been established in the making of 

new optical biosensors according to the enhanced localized Surface Plasmon Resonance (36).   

 

Fig.3 Chemical Structure of Curcumin in its keto form 

 

F. Surface Plasmon Resonance (SPR) 

Plasmon resonance is the collective oscillations of free conduction electrons in the surface of 

the  metals that is stimulated by an incident light[37].Plasmon’s,  in analogy to a real plasma,  

can be described as a negatively charged electron cloud coherently displaced from its 

equilibrium position around a lattice made of positively charged ions[38].When an optical beam 

is irradiated on a metal Np, the metal Np will be excited , then electrical fields are formed in the 

particle and the electrons are transported collectively with respect to the positive charges 

.Because opposite charges are collected at opposite sides of the nanoparticle, restoring forces 

come into play, and electron oscillate at a frequency that is determined by the size of the 

nanoparticles, polarizability of the metal, and the surrounding medium. When there is a match 

between the collective oscillation frequency and frequency of the excited field, very small optical 

excitation causes large responses, which is the resonance condition of localized plasmons [147]. 

A schematic representation of the generation of a surface plasmon oscillation is shown in Figure 

4. 
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Fig 4 Schematic representation of a localized surface plasmons in gold nanoparticles; b. 

electric field E and magnetic field H. 

  

 

Au Nps, which are characterized by surface plasmons which simultaneously carry electrons and 

photons, can afford very high electromagnetic field intensities within a small mode wavelength. 

For Nps much smaller than the wavelength of incident light, Maxwell’s equations can be solved 

under a quasi-static approximation to give out the electromagnetic field outside the particle: 

 

𝐸𝑜𝑢𝑡(𝑥, 𝑦, 𝑧) = 𝐸0�⃗� − [
𝜀𝑖𝑛−𝜀𝑜𝑢𝑡

𝜀𝑖𝑛+2𝜀𝑜𝑢𝑡
]𝑎3𝐸0[

𝑧 

𝑟3
−

3𝑧

𝑟5
(𝑥𝑖 + 𝑦𝑗 + 𝑧�⃗� )] 

where  in: Dielectric constant of the metal nanoparticle;  out: Dielectric constant of the external 

environment; and a: Particle size. 

Since in is strongly dependent on wavelength, the electromagnetic field is enhanced relative to 

the incident field and the resonance condition for the plasmon absorption is roughly fulfilled when   
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in =- 2 out. AuNps are interesting because this condition is satisfied in the visible region, 

which make it a valuable material for devices that allows optical signals to be controlled at sub-

wavelength scale. Difference in particle size, shape and medium can lead to a change of electron 

density of gold nanoparticles, therefore leading to a change of plasmon resonance [148]. 

 In other words, In the case of metallic NPs such as gold nanoparticles, i.e. with size comparable 

to the metal skin depth, the electric field of incident light can penetrate the metal and polarize the 

conduction electrons [39].When the plasmons in nanoparticle have size much smaller than photon 

wavelength, these plasmons are non-propagating excitations and they are called localized surface 

plasmons (LSPs), because the resulting plasmon oscillation is distributed over the whole    

particle volume [38].The coherent displacement of electrons from the positively charged lattice 

will generate a restoring force, which pulls the polarized electrons back to the lattice. Therefore, 

the plasmon in a nanoparticle can be considered as a mass-spring harmonic oscillator driven by 

the energy resonant light wave, where the electron cloud oscillates just like a simple dipole in 

parallel direction to the electric field of the electromagnetic radiation [40-42]. 

LSPR of gold nanoparticles results in a strong absorbance peak in the visible region between 

500 nm and 600 nm, which can be measured by UV-Vis spectroscopy. The LSPR spectrum 

depends on the size and shape of gold nanoparticles. As the particle diameter increases, the peak 

absorbance wavelength increases with particle diameter. Also, for an uneven shaped particle, the 

absorbance spectrum shifts into the far-red region of the spectrum when compared to a spherical 

particle of the same diameter [43]. 

The equation represented below can explain the absorption change when gold nanoparticles are 

subjected to a different environment: 
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where max: Shift of absorption peak; m: Bulk refractive-index response of the nanoparticle; n: 

Change in refractive index; d: Effective adsorbent layer thickness; ld: Electromagnetic field 

decay length. When local medium changes, refractive index (n) surrounding the particles will 

change and make a direct effect on the maximum absorption peak (max) [148]. 

 

G. Fluorescence of Gold Nanoparticles 

Fluorescence is a luminescence technique based on exciting a molecule by electromagnetic 

radiation and collecting emitted light in return. Fluorescence is a simple highly sensitive 

technique that is used in wide range of applications in biotechnology, sensing and DNA 

sequencing [43]. The singlet ground, first, and second electronic states are represented by S0, S1, 

and S2, respectively. At each of these electronic energy levels, the fluorophores can exist in a 

number of vibrational energy levels, denoted by 0, 1, 2, etc. The transitions between states are 

shown as vertical lines to explain the instantaneous nature of light absorption. Transitions occur 

in about 10–15 s, a time very short for significant displacement of nuclei. This is the Franck-

Condon principle [44] (see fig. 5). 

 

After the absorption of light, a fluorophore is excited to higher vibrational singlet states of S1 

and S2. Internal conversion is when molecules in condensed phases quickly relax through a 

radiationless process to the lowest vibrational level S1, in approximately 10-12s.  

 After the completion of this process, fluorescence emission takes place from a thermally 

equilibrated singlet state, where the electrons in the ground and the excited state orbitals have 

opposite spin orientations to the ground state. This phenomenon is extremely short and occurs 

approximately in 10 nanoseconds. Intersystem crossing (ISC) by definition is the intramolecular 
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crossing from one state to another of different multiplicity without the emission of radiation. It 

when molecules in the S1 state can undergo a spin conversion to the first triplet state T1. The 

excited electron and the ground state electron have the same spin orientation, thus the transition 

from the triplet excited state to the ground state is forbidden. However, it can happen and in this 

case the emission of light is known as phosphorescence which is a slow process which occurs in 

a duration that ranges from few milliseconds to seconds. 

.  

Fig 5 Jablonski Diagram 

 

1. The Franck–Condon principle 

The Franck-Condon Principle illustrates the intensities of emission of a photon, the absorption, 

or vibrionic transitions. It states that when a molecule is undergoing an electronic transition, the 

nuclear configuration of the molecule will not change. This is because nuclei are much more 

massive than electrons and the electronic transition takes place faster than the nuclei can 

respond. When the nucleus realigns itself with the new electronic configuration, the theory states 

that it must undergo a vibration, see fig 6. Nuclear axis shows a consequence of the internuclear 

separation and the vibronic transition is indicated by the blue and green vertical arrows. This 
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figure demonstrates three things: a)An absorption leads to a higher energy state, b)fluorescence 

leads to a lower energy state, and c)the shift in nuclear coordinates between the ground and 

excited state is indicative of a new equilibrium position for nuclear interaction potential. Since 

fluorescence arrow is shorter than the absorption indicates that fluorescence has less energy, or 

that its wavelength is longer. Since electronic transitions are very fast compared with nuclear 

motions, vibrational levels are favored when they correspond to a minimal change in the nuclear 

coordinates. The potential wells are shown favoring transitions between v=0 and v’ =2[149]. 

 

Fig. 6 Franck–Condon principle energy diagram. 

 

2. Stoke’s Shift 

The emission energy is less than that of absorption. This phenomenon known as Stokes’ shift 

corresponds to a red shift in the emission spectrum relative to that of absorption spectrum. The 

causes of the stoke’s shift are internal conversion, the decay of the fluorophores to higher 
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vibrational levels of S0 results in further dissipation of  excitation energy. And excited-state 

reactions, energy transfer, solvent effects, and complex formation. The Stokes' shift is 

represented in fig 7 [44]. 

 

Fig 7 The Stoke’s Shift  

 

3. Kasha’s rule  

Kasha postulated that irrespective of the excitation wavelength, the same emission spectrum is 

generally observed. Fluorescence is the emission of light from the lowest vibrational states of S1 

to the higher vibrational states of S0. Therefore, upon excitation the excess of energy absorbed is 

lost by internal conversion making all fluorescent transitions similar [150]. 

 

4. Quantum Yield and Lifetime of Fluorescence 

Fluorescence quantum yield is defined as the ratio of the number of molecules that fluoresce to 

the total number of excited molecules, or the ratio of photons emitted to photons absorbed. 

∅𝑓 =
𝑘𝑓

𝑘𝑓 + 𝑘𝑛𝑟
 

Where kf represents the first order rate constant for fluorescence relaxation and knr represents the 

rate constant for radiationless relaxation. 
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The excited state lifetime, τ0, represents the sum of radiative and radiationless processes that the 

excited fluorophore undergoes upon decaying back to the ground state. The fluorescence 

lifetime, τ, is the portion responsible for emitting a photon and is related to the quantum yield of 

the fluorophore (see the equation below). 

∅ =
𝜏

𝜏0
 

5. Steady State and Time Resolved Fluorescence 

Two types of fluorescence exist: steady state and time resolved fluorescence. In steady state 

measurement, the sample is continuously illuminated, and the intensity versus wavelength is 

monitored. However, in time resolved fluorescence, the sample is exposed to a light pulse, 

shorter than its decay time and the intensity decay versus time is recorded. 

For a fluorophore displaying a single decay time (τ), the intensity I is given by 

𝐼(𝑡) = 𝐼0𝑒
−𝑡
𝜏  

where I0 is the intensity at t = 0 immediately after the pulse. 

The steady state intensity ISS and the decay time are related by: 

 

For a probe on a molecule existing in two conformations, steady-state measurements show 

average intensities; however, a time-resolved measurement shows two decay times. 

 

H. Application of Gold nanoparticles 

Gold nanoparticles have wide range of applications. Colorimetric sensing is one of the 

promising tools being a rapid, cheap, and simple method for determination of analytes. Gold 
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nanoparticles was utilized to detect wide range of analytes such as nucleic acid , where Au Nps 

have the ability to interact with the nitrogenous bases of single stranded DNA/RNA, leading to 

immobilization of theses bases on the Au atoms surface[45] , peptides and proteins , amino acids 

, inorganic ions , anions , melamine , pesticides [45].Gold nanoparticles have been used in 

photodynamic therapy  a treatment that is used to kill cancer cells, photothermal therapy where 

electromagnetic radiation is utilized ( In particular IR ) to treat cancer  , X-ray imaging and  drug 

delivery[46],  (See figure 8). 

 

 

 

 

 

 

 

Fig. 8 Applications of AuNPs 

 

I. Gold nanoparticles as a chemical sensor  

Chemical sensors constitute a signaling unit or fluorophore and a guest-binding site or a 

receptor: the fluorophore and the receptor are usually separated by a spacer unit. Fluorescence is 

considered as the emission of photon after relaxation from an electronic excited state to the 

ground state .Chemical sensors based on changing in the fluorescent intensity or surface plasmon 

resonance signal  are gaining great attention due to their simplicity of measurement , high 

efficiency and high sensitivity. The readout of a chemical sensor is usually a change in the 

fluorescence intensity, intensity decay lifetime or a shift in the emission wavelength [47]. 
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Gold nanoparticles was utilized to detect wide range of analytes such as: nucleic acid , where Au 

Nps have the ability to interact with the nitrogenous bases of ssDNA/RNA, leading to 

immobilization of theses bases on the Au atoms surface[48]  proteins: Disease can be diagnosed 

by detecting the presence of certain biomarkers related to the disease. For instance , AuNP was 

used for the detection of Ricinis communis agglutinin (RCA120), (Lectin Con A) ,cholera toxin , 

inter-leukin , vascular endothelial growth factors , Annexin II and MUC5AC antigens , antigens 

of Schistosoma japonicum , Salmonella typhi , Escherichia coli O157:H7  and osteoprotegerin 

[49].Also , gold nanoparticles are used for detection of amino acids such as cysteine , and 

peptides . inorganic ions ( Pb2+, Cd2+, Co2+ , [Ru (bpy)3]
3+) Hg2+, Cu2+),  anions (AcO–, HPO4

2–, 

dihydrogen phosphate, I– and PF6
– , Cl–, Br–, I–, AcO–, and NO3

– , malonate ,F-) [50] melamine , 

pesticides [51]. 

 

J. Objective of this work 

Curcumin and Polymer of PEG were used as a reducing and stabilizing agent respectively 

which is considered as a green syntheses route for NP syntheses. The chemical method for 

syntheses of gold nanoparticle is often used. It involves reductive and capping agents such as 

sodium borohydride, sodium citrate and sodium dodecyl sulfate. Most of these chemicals are 

toxic and their use in medical research is restricted. In addition, some of these chemicals remain 

unreacted and free in solution and can end up as environmental pollution.  

Considering the adulteration of melamine in milk and animal feeds, there is a need for 

establishing sensitive and reliable methods that are capable of screening samples and 

confirming the presence and quantities of melamine and other metabolites. Curcumin mediated 
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AuNps conjugated with PEG thiol acid was proved as a simple method for determination of 

melamine. 

Presence of some metals such as cadmium, lead mercury etc., in environment cause health 

risks and hazards. Many spectrophotometric, electroanalytical methods are available to detect 

trace amount of metals in many relevant samples which can be used. However, these are time 

consuming, expensive set up is required. That is why an easier and less expensive technique is 

required. Chemosensing is a fluorescence-based method having the advantages over the 

aforementioned methods, where a chemo-sensor is used to detect trace amount of metal in 

relevant samples. 
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CHAPTER II 

GREEN SYNTHESIS OF CURCUMIN MEDIATED PEG THIOL ACID 

CONJUGATED GOLD NANOPARTICLES FOR THE DETERMINATION OF 

MELAMINE 

 

A. Introduction     

Nanotechnology is a rapidly expanding and large domain involving nanoparticles which are 

considered as a discovery of the twentieth century (52, 53). The simplest definition of 

nanoparticles takes into consideration the size/shape as an initial parameter, which is limited 

conventionally to about 100 nm in any direction (52). Nanoparticles are classified base on 

different criteria starting with the origin (natural or anthropogenic), the size (between 1-10 nm, 

10-100 nm or >100 nm) to end up with the chemical composition (inorganic or organic 

substances) (54). Essentially, nanomaterials have been used in different area starting with their 

main application as sensors for the detection of chemicals [55], pesticides [56], heavy metals 

[57], food borne pathogens and toxins [58,59]. In addition, they are known for their ability to 

remove contaminants [60,61] as antimicrobials [62,63] and as antioxidants [64]. Michael 

Faraday in 1857 was the first one to discover the ruby gold nanoparticles (Au NPs), which 

became the foundation for the modern nanotechnology [65]. Au NPs have wide range of uses in 

biomedical fields, such as in, sensor [66], clinical chemistry [67], labeling and visualizing [68], 

single molecule tracking [69], drug delivery [70], immunoassays [71] and genomics [72]. The 

optical properties of gold nanoparticles, in particular Surface Plasmon Resonance render them a 

promising tool as a biosensor (73). In the past decades, gold nanoparticles were synthesized 

using various chemical reduction methods (74), physical method (75), electrochemical methods 

(76), seeding growth methods (77) and biological methods (78). The optical properties of Au 
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NPs, in particular Surface Plasmon Resonance absorption, render them a promising tool as a 

biosensor. 

Generally, the chemical reduction method is mainly used, and it is divided in two main parts.  

The first one consists in the reduction through reducing agent as borohydrides, citric and oxalic 

acids, sulfites, etc., and the second part using stabilizing agents as trisodium citrate, phosphorous 

ligand and sulfur ligand. Thus, the used of citrate solution or sodium borohydride considered as 

toxic may contaminate the finished gold nanoparticles through capping or infiltration which 

limits its application in biomedical and biological domain especially for clinical purposes (79, 

80). For this purpose, it was necessary to find nontoxic and friendly reducing and stabilizing 

agent to produce Au NPs in different shape. Polymer and curcumin were found to be 

environmentally friendly and effective in the synthesis of AuNPs.  

 

B.Methods 

1.Synthesis of curcumin conjugated gold nanoparticles 

Initially, the synthesis was carried out in neutral aqueous media of pH 7. Since curcumin is 

insoluble in double distilled water, methanol was used to dissolve it. First of all, 30 mM of PEG 

thiol acid were dissolved in 15 ml double distilled water and kept at 45 ℃ for 15 minutes. 

Second of all, 1 mM of HAuCl4 dissolved in 15 ml of double distilled water was added. 

Curcumin at 10 mM was mixed to the solution at the end. The solution was kept in the oven at 

45℃ for 24 hours. To finalize and to precipitate the gold nanoparticles, the final solution was 

centrifuged at 20,000 rpm for 25 min at 35◦C. To optimize the synthesis conditions, three 

initial parameters were modified: starting with the surfactant, pHs and finally temperatures. 

As for the surfactant, PEG thiol acid, mPEG Thiol, and mPEG amine were tested, after that 4 
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different temperatures were analyzed 30, 45, 60 and 75℃ and finally the effect of 4 different pHs 

was established 4, 7, 10 and 13.  

 

1. Sample preparation for melamine sensing 

For sensing of melamine, 18.91 mg of melamine was dissolved in 15 ml DDW to prepare 

the stock solution of 10 mM concentration. To prepare different concentrations of melamine 

ranging between 0 and 10 mM, desired volume from the stock melamine solution was diluted to 

a volume of 2 ml in DDW. Then 0.2 ml of each melamine solution was added to 0.5 ml Au NRs 

and 2300 ml DDW. The solution is allowed to rest for 30 minutes for the reaction to take place. 

The study was established by fluorescence measurements and UV-Visible analysis.  

 

B. Results and discussion 

Initially, gold nanoparticles were prepared through one simple pot green synthesis mixing 

HAuCl4 with mPEG Thiol acid and curcumin in aqueous media. In fact, the formation of Au NPs 

depends strongly on the reducing and stabilizing agent, where Au3+ are reduced to Au0 by the 

effect of the reducing agent and they are stabilized according to the stabilizing agent present in 

the mixture. To demonstrate the role of PEG Thiol acid and curcumin as surfactant/stabilizing 

and reducing agent respectively, two different experiments were carried out with/without 

curcumin. The difference between the two experiments was obvious as is noticed in Figure 

9A&B. Interestingly, after 24 h, only with curcumin, AuNPs were formed and this was 

confirmed from the color change of the solution when curcumin is added to the surfactant. 

However, without curcumin, the solution remained colorless without any gold nanoparticles 

formation indicating that no reaction has occurred. Hence, the difference was significant in the 
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presence of curcumin, where the color changed from pale yellow to dark grey. Therefore, it can 

be deduced that curcumin is an essential reducing component for this synthesis procedure while 

mPEG thiol acid help in stabilizing the AuNPs formed. In fact, after adding curcumin to the 

solution the hydrogen atoms are dissociated from the two OH groups of curcumin from Cur3- 

inducing the deprotonating of curcumin. The second step involves the reduction of Au3+ to Au0, 

where Au0 undergoes the nucleation and form Au clusters.  Further growth occurs the 

accumulation and the cleavage of Au NPs where Au clusters are adsorbed on the surface and 

form aggregation to end up with the maturation and the formation of stabilized Au NPs.  

 

Figure 9 Solution color after 24 hours A: without curcumin, B : with Curcumin 

 

To evaluate the effect of the surfactant on the synthesis procedure three different PEG 

surfactants were used: PEG Thiol Acid, mPEG Thiol and mPEG Amine. The difference in the 

results was first recorded by measuring the emission intensity and the synchronous spectra. In 

order to determine the emission spectrum, the AuNPs were excited at two wavelengths: 425 nm 
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for curcumin and 500 nm for AuNPs, in the emission wavelength range between 440 and 700 nm 

and 510–800 nm respectively. The emission spectra at both excitation wavelengths λex = 440 nm 

and λex = 500 nm, of AuNPs obtained for the two experiments are shown in Figure 10A and 10B 

respectively. Both the excitation wavelengths gave similar emission pattern, two main peaks at 

~496 nm and ~540 nm and another emission band at ~ 604 nm. The main peak is similar to that 

of curcumin in aqueous media confirming conjugation of curcumin at the AuNPs surface. The 

band at 604 nm can be due to emission from AuNPs. However, the change in the intensity for the 

three surfactants was not that much remarkable. The resonance Rayleigh scattering spectra were 

measured by applying synchronous fluorescence scan mode by keeping the wavelength interval 

(∆λ) at 0nm. The resonance Rayleigh scattering spectrum of curcumin conjugated Au NPs at 

45◦C for three different stabilizing agents is depicted in Figure 10C.The RRS spectra showed two 

bands, the first band is the excitation band and the other one is around the emission band region 

of curcumin mediated PEG stabilized Au NPs.  Hence, in the region between 500-600 nm 

relative to the Au NPS bands the higher intensity was obtained when preparing the Au NPs using 

mPEG Amine and PEG Thiol Acid. To clarify more the effect of the different surfactant the 

absorbance of the Au NPs was measured. As it is shown in Figure 10D Surface Plasmon 

Resonance (SPR) absorption for Au NPs appears at a wavelength >520 nm (81).  
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Figure 10: (A) Fluorescence emission spectrum excited at λ = 425 nm, (B) Fluorescence emission 

spectrum excited at λ = 500 nm, (C) Synchronous fluorescence spectra at Δλ= 0 nm and (D) UV-Vis 

spectra of curcumin functionalized Au NPs prepared using different surfactant.  

 

 

The maximum and the SPR absorption of the Au NPs depend strongly on the size/shape 

of the particles formed. In fact, the Au NPs prepared using PEG Thiol Acid have the shorter 

wavelength λ= 545 nm, indicating the formation of smaller Au NPs. This wavelength is red 

shifted to longer λ equal to 550 and 560 nm for mPEG Thiol and mPEG amine respectively. This 

shift in the wavelength inducing different particle sizes was easily verified in the SEM. The SEM 
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images are depicted in Figure 11A, B and C for PEG Thiol Acid, mPEG Amine and mPEG Thiol 

respectively. Au NPs stabilized with mPEG Thiol Acid have shown the smallest size, ranging 

between 10 and 50 nm. AuNPs prepared when adding mPEG Thiol and mPEG Amine have 

relatively larger size which ranges between 30-80 nm. In fact, PEG Thiol Acid have a thiol group 

(SH group), the Au-to-thiol bond is not covalent (but it has Lewis acid-base interactions) and can 

thus be affected by “on” and “off” binding .Therefore, a higher order of coordination will 

drastically decrease the probability of dissociation ligand (via the chelate effect),ultimately 

producing enhanced affinity to the nano crystal. Stewart et al. found that increasing the number 

of thiol group per PEG chain, increases the stability of the nanoparticle (82). Consequently, there 

is a positive correlation between the particle size and the absorbance, RRS and emission intensity, 

where the AuNPs stabilized with PEG Thiol Acid showed the smallest diameter of Au NPs. The 

Presence of Au NPs was verified also by EDX analysis, where EDX spectrum demonstrated the 

presence of Au peaks and carbon peak relative to capping of PEG Thiol Acid /curcumin (See 

Figure 12A, 12B and 12C). To explain why different trend was obtained in figure C and D, it 

was noticed that the highest RRS peak in figure C is for Gold nanoparticles synthesized using 

PEG thiol followed by mPEG amine followed mPEG thiol acid. This trend is attributed to the 

difference in size of the gold nanoparticles where Au NPs synthesized by PEG Thiol have the 

smallest diameter as evidenced by SEM. As the size increases, it is expected to scatter more, 

thus, increasing the RRS intensity. This trend is correlated with the obtained nanoparticle size in 

SEM. However, in the UV-VIS absorption spectra, two peaks are obtained, one for gold 

nanoparticles at λ = 560 nm and other for curcumin ~400 nm. For the peak for AuNPs 

synthesized with different PEG polymer, the absorbance values were close suggesting amount of 

AuNPs produced in the three cases was similar. But, the absorbance for curcumin peak is higher 
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for Thiol acid conjugated gold nanoparticles followed by mPEG thiol and mPEG amine, this can 

give an insight that curcumin concentration attached to the gold surface is slightly higher in the 

order of PEG thiol acid, mPEG thiol and mPEG amine. 

 

Figure 11: SEM images of curcumin functionalized gold nanoparticles prepared using 

different surfactant: (A) PEG thiol acid, (B) mPEG amine and (C) mPEG thiol. 
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Figure 12: EDX of curcumin functionalized gold nanoparticles prepared using different 

surfactant: (A) PEG thiol acid, (B) mPEG amine and (C) mPEG thiol. 

 

In fact, in acidic or neutral media, curcumin is present in bis-keto form and acts as a 

potent proton donor. In contrast, in basic media, the enolate form of curcumin in the 

heptadienone chains predominates; in consequence it acts as an electron donor (83). Hence, the 

effect of the pH was established on the Au NPs synthesis. For this purpose, 4 different pHs were 

study respectively; acidic, neutral, basic and extreme basic. As is it shown in Figure 13A&B, 

when excited at 425 nm and 500 nm, the higher emission intensity was obtained for pH 4 with a 

slight change in the intensity for pH 7, 10 and 13. However, when measuring the RRS spectrum, 

the SFS intensity decreases remarkably when increasing the pH as shown in Figure 13 C. 

Interestingly, the difference was clearer when measuring the absorbance (See Figure 13D) In 

fact, at extreme alkaline condition (pH 13), a clear peak was obtained at 550 nm for Au NPs 

otherwise no peak of curcumin was noticed. In contrast at pH 4, 7 and 10 where the Au NPs peak 

was not well shaped, curcumin peak was obtained at 425 nm. However, the absorbance of the 

curcumin peak decreases when increasing the pH verifying the role of curcumin as electron 

A B 

C 
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donor in basic media to promote the reduction of Au3+ to Au0. Hence, a blue shift of Au NPs 

peak was observed when increasing the pH from λ=560 nm (pH 4 and 7) to λ=545 nm (pH 13) 

resulting in the formation of smaller particles in alkaline media. 
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Figure 13: (A) Fluorescence emission spectrum excited at λ = 425 nm, (B) Fluorescence 

emission spectrum excited at λ = 500 nm, (C) Synchronous fluorescence spectra at Δλ= 0 nm 

and (D) UV-Vis spectra of curcumin functionalized Au NPs prepared at different pH. 

 

 The different in the size was verified by SEM, where at pH 4 and 7 spherical particles were 

obtained with size ranging between 30-50 nm and spherical particles <20 nm where formed at 

pH 13 (See Figure 14A,B,C&D). 
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Figure 14: SEM images of curcumin functionalized gold nanoparticles prepared using 

different pH: (A) pH 4, (B) pH 7, (C) pH 10 and (D) pH 13.  
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The effect of pH was also investigated using zeta potential analysis. As seen in Figure 

15A&B, zeta potential value of AuNPs prepared at pH 4 and 13 were equal to -18.86 mV and -

0.18 mV respectively. Sun et al. studied the effect of pH on citrate coated Au NPs, they found 

that at low pH, the Au nanoparticles have less potential because of the increased chemical 

potential of H+ ions in solution. Between pH 4.0 and pH 8.0, the zeta potential changes mildly. 

At pH 12.0, the zeta potentials of Gold NPs reach the minimum values less than −30 mV. 

However, at pH > 12.0, the zeta potentials dramatically increase. In this case, the colloidal 

particles aggregate to large agglomerates (93).This perfectly correlate with our Zeta Potential 

values , where for pH 4 ,the zeta potential is equal to -18.86 mV, and for pH 13(pH > 12.0 ) the 

zeta potential value is -0.18 mV. 
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Figure 15: Zeta potential value of curcumin functionalized gold nanoparticles prepared at 

(A) pH 4 and (B) pH 13.  
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As for the particle size, dynamic light scattering measurement was done to evaluate the 

exact diameter of the nanoparticles formed at pH 4 and pH 13. Dynamic light scattering (DLS) 

technique is utilized as a diagnostic tool for particle size distribution (PSD) in colloidal 

suspensions or solution, which has been widely used in science and industry. Dynamic Light 

scattering (DLS) is usually used to monitor the size of gold nanoparticles. In our experiment, 

DLS is used at temperature of 25 °C and for 25 accumulation times to detect the size and 

possible aggregation of gold nanoparticles synthesized at two different pH: pH 4 and 13. The 

average diameter at pH 4 was found to be 257 nm, which contrast the results obtained by SEM 

where extremely small nanoparticles are formed .This suggests the possibility of aggregation of 

the concerned nanoparticles at pH 4. At pH 13, DLS successfully monitors the distribution of the 

gold nanoparticle size, the average of it was found to be equal to 57.5nm, slightly higher than the 

value obtain using SEM, verifying the stability of the particles prepared at pH 13 where no 

aggregation was occurred. Particle size analysis is shown in Figure 16A&B. 
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Figure 16: Particle size distribution value of curcumin functionalized gold nanoparticles 

prepared at (A) pH 4 and (B) pH 13.  
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During synthesis, four different temperatures were tested: 30, 45, 60 and 75℃. In fact, the 

temperature had a significant effect on the Au NPs synthesis. The emission spectrum at λex=425 

nm and λex=500 nm was depicted in Figure 17 A&B respectively. It is remarkable that the Au 

NPs prepared at 45℃ presented the high emission intensity. In fact, the RRS signal showed in 

Figure 17 C reveal high intensity for 45℃ and 75℃ degree at 500 and 600 nm. The main 

difference between these two temperatures was when measuring the UV-Visible spectra, where 

at 45℃ a well-defined peak at 560 nm was obtained inducing small particle size of the Au NPs 

formed at 45℃ (See Figure 17D). 
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Figure 17: (A) Fluorescence emission spectrum excited at λ = 425 nm, (B) Fluorescence 

emission spectrum excited at λ = 500 nm, (C) Synchronous fluorescence spectra at Δλ= 0 nm 

and (D) UV-Vis spectra of curcumin functionalized Au NPs prepared at different 

temperature. 
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Hence, SEM images depicted in Figure 18 A, B, C &D, reveals the formation of small Au NPs 

with 20 nm diameter when the reaction temperature is equal at 45℃. In contrast bigger Au NPs 

with a diameter equal to 40-50 nm were obtained when the mixture was carried out at 30, 60 and 

75 ℃. 
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Figure 18: SEM images of curcumin functionalized gold nanoparticles prepared using 

different temperature: (A) T= 30 ℃, (B) T= 45 ℃, (C) T=60 ℃ and (D) T=75 ℃. 
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Gold nanoparticles prepared at pH 4 and 13 where characterized through X-Ray diffraction 

technique (XRD). The X-ray diffractograms depicted in Figure 19 were similar for the Au NPs 

prepared at pH 4 and pH 13. The characteristic peaks of AuNPs are found to be at 38.269°, 44.600°, 

64.678°, and 77.549°. These peaks are assigned to the (111), (200), (220), and (311) reflections of the 

face centered cubic unit cell respectively, which are typical for gold nanoparticles (84). As for the 

curcumin, the characteristics peaks were present at 14.20°, 17.53°, 18.44°, 22.55°, 24.54°, 25.86° 

and 27.01°(85). However, it is clear that in both cases most of curcumin peak were absent in the X-

Ray diffractograms of AuNPs except the peak at 14.20° was present in the AuNPs prepared at pH 4 

at high intensity and it was absent at pH 13 revealing that curcumin was more reacted at pH 13. 
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Figure 19: X-ray diffraction pattern of curcumin functionalized gold nanoparticles prepared 

at pH 4, pH 13 and curcumin. 

 

 In addition, the two different cases and curcumin were characterized using TGA analysis 

(See Figure 20). Results showed that weight loss of water was around 10 % in the AuNPs 

synthesized at pH 4 and around 17 % in AuNPs synthesized at pH 13 between 30 to 130 °C. 
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However, from 170−420 °C both curcumin and PEG residues are decomposed. A Poly ethylene 

glycol polymer standard was seen to degrade at a temperature lower than 300 °C; however, the PEG 

attached nanoparticles appeared to degrade at higher temperatures (300–500° C), this is due to the fact 

that a higher energy is required to cleave the Au thiol bond, and the local boost in PEG density at 

the Au NPs surface compared to the free PEG polymer in the standard sample(86). The TGA 

curve shows that 50% weight loss of curcumin is occurred at 400 °C. In fact, at pH 4 the loss mass in 

curcumin was higher than the mass loss for the particles prepared in basic media. This is due to the 

fact that in acidic media, curcumin is not 100% soluble which means that unreacted curcumin is being 

mixed with the relative AuNPs. In addition, for pH 4 at T℃ higher than 500 ℃ no remarkable loss 

mass were obtained. However, a weight loss of 50 % was found at ~900°C for pH 13, indicating that 

PEG thiol acid was being more attached on the AuNPs surface. 
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Figure 20: TGA of curcumin functionalized gold nanoparticles prepared at pH 4, pH 13 and 

curcumin. 

 

 Furthermore, FTIR spectra were done for curcumin and AuNPs prepared at pH 4 and pH 13 in the 

wavenumber range between 3800 and 500 cm-1 (See Figure 21).FT-IR spectra for curcumin alone, 

Au stabilized nanoparticles at pH 4 and 13 were recorded. For curcumin alone, a spaced doublet 

at 1628 and 1600 can be attributed to the unsymmetric and symmetrical stretching of the two 

alkene groups conjugated to 1, 3-diketone functional group. At 1508 nm, the peak is attributed to 

the aromatic ring. As clearly noticed, the aforementioned peak at 1628 and 1600 are still present 

in the gold peaks at pH 4 and 13. The peak at 1508 is present at pH 4, however absent at pH 

13.Moreover, the peak at 1700 which corresponds to the carbonyl group show a shift at pH 13; 

however, it did not change at pH 4. This might suggest that curcumin better stabilizes gold 

nanoparticles at pH 13, where a reaction has taken place by the replacement of Au Nps with the 

enolic H; moreover, the carbonyl group helps in the reduction process of Au NPs. No peak is 

present at 2971 which corresponds to the OH stretch of the carboxyl group of the PEG thiol acid.  
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Figure 21: FT-IR spectra of curcumin functionalized gold nanoparticles prepared at pH 4, 

pH 13 and curcumin. 

Indeed, during synthesis it was noticed that the color of the solution changed directly from 

yellow to red under pH 13 and after that to purple when Au3+ are being reduced to Au0. To 

investigate the kinetic of the Au NPs growth, curcumin mediated Au NPs using PEG TA as 

stabilizing agent and under pH 13 was established by measuring the absorbance of Au NPs 

formed through the reaction time by stopping the synthesis in a given interval time. The growth 

of Au NPs started at t=15 minutes (See Figure 22A) where the LSPR peak in the UV-Visible 

spectrum appear at λ=550 nm and curcumin peak shifted from λ=440 nm to λ= 400 nm. Hence, the 

absorbance of curcumin decreases respectively within time inducing an increasing in the Au NPs 

absorbance indicating the progressive formation of the nanoparticles. However, as depicted in Figure 

22B, the increasing in the absorbance at λ=550 nm stopped around t=90 minutes and remain stable for 

24 hours.  In contrast, the absorbance of curcumin measured at 425 nm decreased remarkably when 

the Au NPs are being formed and saturated at t=90 minutes (See Figure 22C). 
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Figure 22: Change in absorbance of curcumin (A), change in absorbance of Au NPs (B) 

during its synthesis in extreme alkaline condition and (C) UV-Visible spectra during 

preparation of curcumin functionalized gold nanoparticles at pH 13 at different time. 

 

Gold nanoparticles have interesting physical and chemical properties, quite different from 

those of bulk solids that render them excellent starting material for the synthesis of novel 

chemical and biological analytical methods (87). Since uniform gold nanoparticles with small 

size were obtained using PEG Thiol Acid at 45℃ in basic media, they were used to design a new 

senor to detect melamine. Melamine (2,4,6-triamino-1,3,5-triazine), contain 66% by mass of 

nitrogen. In March 2007, melamine became one of the most interests in North America when 

there are reported two cases involving the addition of melamine and its analogues in food (88). 
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Most of all, analytical methods were used to detect melamine such as liquid chromatography-

tandem mass spectrometry (89) and gas chromatography/mass spectrometry (90),gas 

chromatography-mass spectrometry (91).To this end, other spectroscopic methods were used for   

melamine determination. For instance, near- and mid-infrared spectroscopy methods (NIR, 

FTIR-ATR, FTIR-DRIFT) were evaluated for the detection and quantification of melamine in 

infant formula powder (92).Also, the presence of melamine in milk was detected by interpreting 

its Raman scattering spectra where intense band at 676 cm−1 determines melamine [93]. These 

methods are highly sensitive and specific; however, they are time-consuming, and require 

expensive instrumentation, extensive sample preparation and skilled staff. 

In the past decade, gold nanoparticles were extensively utilized in the detection of 

melamine, because of its simple preparation procedure, and the ability to tune its surface 

characteristics allowing its functionalization, thus exhibiting good stability for excellent spectral 

properties such as fluorescence. Interesting work was done by several researchers utilizing these 

optical properties. Poly(adenine) (poly (A))-templated Au nanoclusters (AuNCs) was employed 

to determine melamine, where after adding Hg2+, the luminescence of AuNCs was quenched by 

Hg2+ through the metallophilic interactions between Au+ and Hg2+. When melamine was added, 

the fluorescence intensity of sensing system could be recovered, the detection limit is 16.6 nM 

[94]. Similar approach was used on gold nanoparticles. Thioglycolic acid-capped CdTe QDs was 

introduced to citrate-stabilized AuNPs, the fluorescence of CdTe QDs was quenched via the IFE 

of AuNPs. With the presence of melamine, melamine could cause the aggregation and 

corresponding absorbance change of AuNPs, the consequence was the recovery of IFE-decreased 

emission of CdTe QDs [95]. Furthermore, AuNPs functionalized by 3-amino-5-mercapto-1,2,4-

triazole (AMTr-AuNPs) was employed to determine melamine. Upon adding melamine to TPN-
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AuNCs, a large decrease in their fluorescence intensity was observed, where an electrostatic 

attraction between melamine and the surface of the TPN-AuNCs which causes the aggregation of 

TPN-AuNCs, the detection limit was as low as 10 fM/L [96].Moreover, Fluorescence resonance 

energy transfer (FRET) between upconversion nanoparticles (UCNPs) and gold nanoparticles 

(AuNPs) was utilized to determine melamine. An electrostatic interaction between the positively 

charged UCNPs, which acts as a donor, and the negatively charged AuNPs, which acts as an 

acceptor, caused the fluorescence quenching of UCNPs through binding.  Upon addition of 

melamine, gold nanoparticles were released from the surface of UCNPs and aggregation due to 

the N-Au interaction between melamine and AuNPs, which causes recovery to fluorescence 

intensity of UCNPs. The detection limit of 18.0 nM [97]. 

Besides colorimetric detection of melamine was widely investigated using gold 

nanoparticles. In sum, adding melamine will induce aggregation accompanied change in color 

from red to blue or purple, which can be tracked in decrease or increase in the absorbance 

intensity of uv-vis spectrum. Using distance-dependent optical properties of gold nanoparticles, 

melamine could quickly induce the aggregation of gold nanoparticles synthesized in neutral 

media, thus resulting in red-to-blue or purple color change with detection limit of 0.4 μg/mL 

[98]. Similar approach was utilized at the ppb-level , when melamine is added to  gold 

nanoparticle , the solution shows  a highly sensitive color change from red to blue and rapid 

aggregation kinetics within the initial 5 min, which can directly be seen with the naked eye and 

monitored by UV-vis absorbance spectra with a detection limit of 25 ppb [99]. In addition, 

Colorimetric detection of melamine, by change in color monitored by change in surface plasmon 

resonance peak of gold nanoparticles, was done by Kumar et al. [100] with detection limit of 

3.96 × 10−7 M. Also, Methanobactin (Mb) conjugated gold nanoparticles (Au-NPs) were used to 
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detect melamine. The later interacted with oxazolone ring of Mb, which interrupted the 

formation of Au-NPs. Too, Melamine could also stimulate the aggregation of formed Au-NPs 

with a detection limit of 5.56 × 10−6 M (0.7 mg/kg) [101]. Moreover, PEGylated AuNPs with 

large size could still induce a color change from purple to blue with a detection limit of 1.05 nM 

[102]. These methods are highly selective, and sensitive for melamine determination. A further 

insight is provided in this work by Au NPs synthesized through one simple green route using 

curcumin as reducing agent and PEG thiol acid as stabilizing agent to study later on their 

capability as sensor in melamine sensing based on LSPR technique.  

 Melamine sensing in the range of 1-10 mM was studied using gold nanoparticles as 

probe. The test was established in an essay format where the melamine was added to the 

prepared Au NPs solution, followed by the addition of melamine in different concentration. The 

interaction of Au NPs with the melamine molecule was accompanied with a slight change in the 

color from dark pink to purple upon the addition of melamine, which make the AuNPs came into 

close to each other and became aggregated.  This change in the color was verified by measuring 

the absorbance and the emission spectrum at 425 nm (See Figure 23A&B). This color change 

was also associated with the decreasing of the absorbance and the emission intensity along with a 

red shift from 535 to 540 nm and from 530 to 535 nm respectively. The emission intensity and 

absorbance are sensitive to particle size/aggregate; thus, presence of melamine in the solution 

helps in creating aggregates and boosts LSPR intensity. In order to study quantitatively study the 

efficiency of Au NPs as probe in melamine sensing, the calibration curve was made by 

measuring the absorbance and the emission intensity in different concentration of melamine. 

Hence, the absorbance and the emission intensity decreased rapidly once adding melamine. The 

LSPR measurements for the absorbance and I0/I intensity are plotted in Figure 23C&D. As it is 
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shown in the plot, in the range between 0 and 10 mM the curve showed a well fitted linear 

change with a linear equation Y= 0.0574x +0.46317 with R2= 0.99254 for the absorbance 

measurement and a linear equation Y= 0.10796x+1.02452 with R2= 0.98935. Such a good 

correlation verifies the efficiency of the described method for the determination of melamine in 

the range between 1 and 10 mM with limit of detection equal to 33nM which was determined by 

: For a linear calibration curve, it is assumed that the instrument response y is linearly related to 

the standard concentration x for a limited range of concentration ,it can be expressed as y=a + bx 

Where limit of detection can be estimated by: 

LOD=3S a/b 

where Sa is the standard deviation of the response and b is the slope of the calibration curve. The 

standard deviation of the response can be estimated by the standard deviation of either y-

residuals, or y-intercepts, of regression lines. 
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Figure 23: (A) UV-Visible spectra, (B) Fluorescence emission spectrum excited at λ = 425 

nm, (C) LSPR measurement and (D) Plot of I/I0 of curcumin functionalized gold 

nanoparticles in presence of melamine.  

 

Method Linear Range Limit of Detection 

(LOD)  

References 

CdTe doped Si nanoparticles and 

AuNPs 

 7.5 × 10⁻⁹ - 3.5 × 

10⁻⁷ M 

8.9×10−7M 103 

Bare gold nanoparticles 

(colorimetric) 

1.00 × 10−3–6.00 μM  1.00 × 10−9 M 104 

Thymine Derivative-Functionalized 

AuNPs (colorimetric) 

0.200–0.450 μM  1.00 × 10−7 M 105 

Aptamer-functionalized 

AuNPs(colorimetric) 

 0 - 1 μM  22×10−9 M 106 
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polyethyleneimine functionalized 

reduced graphene oxide and gold 

nanoparticles modified electrode 

 1 × 10-6 - 1.00 μM 2.66 × 10−7 M 107 

 Au@Carbon quantum dots 

nanocomposites 

 1 μM-10 μM 3.6×10−9 M 108 

Turn-on fluorescence/Au NCs 0.5–10.0 μM  0.15×10−7 M 109 

Our Method  0 - 10 mM 33×10−9 M  - 

Table 1 compares this method to other recent similar methods. Our method shows better or 

similar detection limit, within the same dynamic range, to recently reported procedure.  

 

 

Interestingly, when potential interference like adenine and ascorbic acid was tested instead of 

melamine no change in the intensity or the absorbance was observed, inducing that our proposed 

method is selective for melamine sensing (See Figure 24). 
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Figure 24: Ratio of emission intensity (I/I0) of Au NPs in the presence of melamine, ascorbic 

acid, lactose, glucose, fructose, lysine and adenine. 

At the end, in order to investigate the photostability of the Au NPs prepared the emission 

intensity was measured within 1 hour every 5 minutes with/without melamine as shown in Figure 

25. Hence, the I0/I signal was found to be stable indicating that our sensor is quite stable during 

time measurement. Figure 26 shows UV-Visible spectra of curcumin functionalized gold 

nanoparticles with increase concentration in the absence and presence of melamine. 
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Figure 25: Plot of I/I0 of curcumin functionalized nanoparticles with time in the absence and 

presence of melamine. 
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Figure 26: UV-Visible spectra of curcumin functionalized gold nanoparticles with increase 

concentration in the absence and presence of melamine. 

 

C. Conclusion 

 It was successfully verified that curcumin mediated stabilized Au NPs could be easily synthesized 

in a green procedure using eco-friendly reagent. Mainly the synthesis method gave different sizes 
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of gold nanoparticles in spheres shapes when varying the type of surfactant, the pH and the reaction 

temperature. It was shown that the Au NPs prepared at pH 13 and at 45 ℃ are small in size with a 

diameter equal to 20 nm, which was reflected in a high intensity in RRS peak and UV-vis 

absorption peak. The formed Au NPs have shown high thermal stability and crystallinity. The 

produced AuNPs were successfully exploited to design optical method for melamine detection in 

the range between 0 and 10 mM. The detection limit for melamine was equal to 33nM. The use of 

curcumin and thiol acid functionalized gold nanoparticles was found to be a high selective probe 

in measuring melamine, where no interference was occurred when adding Au NPs to dopamine 

and ascorbic acid. Thereby, the use of curcumin functionalized gold nanoparticles in direct analysis 

of melamine can be used to develop simple, fast and sensitive novel bio-sensing techniques.  
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CHAPTER III 

 

BINDING OF METAL IONS TO THE CURCUMIN 

MEDIATED METHOXY POLYETHYLENE GLYCOL THIOL 

CONJUGATED GREENLY SYNTHESIZED GOLD 

NANOPARTICLES: A FLUORESCENCE QUENCHING 

STUDY 

 

 

A. Introduction 

 

Designing and fabricating new fluorescent sensing systems for metal ions are of 

great demand because of their potential applications to chemo-sensors, a device that senses 

analyte with fluorescent signal transduction [110]. Fluorescent chemosensors are made up 

from a signaling unit or fluorophore and a guest-binding site or a receptor: the fluorophore 

and the receptor are usually separated by a spacer unit. Fluorescence is considered as the 

emission of photon after relaxation from an electronic excited state to the ground state 

[111]. Chemo-sensors based on changing in the fluorescent intensity are gaining great 

attention due to their simplicity of measurement, high efficiency, and high sensitivity. The 

readout of a fluorescent chemosensor is usually a change in the fluorescence intensity, 

decay in lifetime or a shift in the emission wavelength [112].  

Recently, several fluorescence spectroscopic approaches used quenching with 

metal ions as an approach to design highly sensitive chemosensors. Captopril was studied 

for binding interaction with biologically active metal ions such as Mg(II), Ca(II), Mn(II), 

Co(II), Ni(II), Cu(II) and Zn(II) in an aqueous acidic medium by fluorescence 

spectroscopy[113]. A synthesized chemosensor was found to bind four different transition 

metal ions such as Hg2+, Cu2+, Ag+ and Ni2+ in mixed aqueous solution at pH 7.2[114]. 
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Suwannee River fulvic acid was investigated for binding with several metal ions, only Al 

(III), Cu (II), Pd (II) and Tb (III) showed quenching of the fluorescence intensity [115]. 

Levofloxacin was studied for binding interactions with toxic metal ions such as Cd+2, Hg+2 

and Pb+2 by fluorescence spectrophotometry. The metal ions quench the fluorescence 

intensity of LF by forming LF2-metal complex [116]. Moreover, silica nanoparticles 

having covalently linked luminescent chemosensors were also used, copper, cobalt and 

nickel ions cause a strong quenching of the fluorescence intensity [117]. Three different 

anthrylazacrown ethers showed a decrease in fluorescence intensity upon binding of 

paramagnetic metal cations, like Mn2+(d5), Co2+(d7), Cu2+(d9) [118]. Fluorescent lifetime 

quenching of molecular dyes near d =1.5 nm of the AuNPs showed energy transfer to the 

metal surface [119]. Fluorophore-labeled DNA oligonucleotides showed extensive 

quenching when using divalent transition metal ions because of direct DNA-metal ion 

interactions, leading to combined static and dynamic quenching, with quenching increasing 

with the number of unpaired electrons in the metal ion and decreasing with the 

concentration of monovalent ions [120]. Dye-labeled histidine-containing peptides showed 

quenching with Cu (II) and Ni (II). A strong reduction in steady-state fluorescence was 

obtained and it was to be unaccompanied by any noticeable changes in lifetime kinetics. 

This static nature of quenching is not consistent with the dynamic Förster resonance energy 

transfer (FRET) phenomenon, which was assumed to dominate the quenching mechanism, 

and is likely caused by shorter range orbital coupling [121]. 

Heavy metal ions have originally become a world concern, because of their adverse 

health effects on human; these metal ions are detected in water and soil sources; making 

water and soil full of contamination [122]. For instance, lead toxicity has severe effects, 
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such as renal malfunction and the brain development inhibition, so the serum level of lead 

in young children should not exceed 100 ppb [123]. The toxicity of heavy metal ions is 

well known, yet even essential metals such as zinc and also copper are toxic at higher 

concentrations. In the past decade, several methods were used for the detection of metal 

ions; for example, atomic absorption spectroscopy [124], inductively coupled plasma mass 

spectrometry [125], electrochemical sensors [126] etc. However, these methods are 

expensive, time consuming, require sophisticated instruments, and trained staff. Therefore, 

a rapid, simple and cheap method for the determination of metal ions is of great desire for 

the public.   

Metal nanoparticles, because of their unique optical, electronic, photonic, catalytic, 

and thermal properties, were widely researched in the past decade. AuNPs of size 3 to 100 

nm are of high interest for detection of analytes, because their surface can be tuned by 

chemical modifications [127]. Due to the wide applications that AuNPs has, scientists 

around the globe are becoming more interested in environmentally friendly procedures for 

the syntheses of AuNPs by engineering processes to eliminate the use of hazardous 

substances through green chemistry. Using plant extract such as curcumin exhibits the 

ability of reducing the nanoparticle through the hydroxyl and the carboxylic groups which 

play an important role in the reduction process of Au3+ to Au0 [128]. Compared to chemical, 

physical and biological synthesis method, the green synthesis method is considered easy, 

environmentally friendly, and of lower cost [129].  

AuNPs were intensively employed in a variety of colorimetric detection of heavy 

metal ions [130]. Detecting the shifts in surface Plasmon resonance peak, accompanied by 

change in color, is because of change in the dielectric constant around the nanoparticles 
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because of adsorption of analyte molecules, or due to analyte-induced agglomeration or 

aggregation of the nanoparticles [131]. The Surface Plasmon Resonance of AuNPs is also 

affected by metal ion binding [132]. Through mPEGT (methoxy polyethylene glycol thiol), 

a stable Au–S bond can be formed. This organic monolayer is obtained through a self-

assembly process, which results in a high stable multivalent system. To the best of our 

knowledge, this is the first work that describes binding of AuNPs conjugated mPEGT with 

metal ions by fluorescence spectroscopy. In this work, green synthesized AuNPs are 

established using a simple one-pot methodology with curcumin, as a reducing and methoxy 

PEGT as capping/conjugating agent to trap metal ions. These AuNP colloidal solutions 

were used as fluorescence sensors of different metal ions in aqueous solution such as Cd2+, 

Al3+, Cu2+, Na2HAsO4, Pb2+, Hg+, Hg2+
, & Ni2+ ions and their binding affinity was 

established. 

 

B. Materials and Method 

 

1.  Materials 

 

Methoxy Polyethylene Glycol Thiol and Gold (III) chloride were purchased from 

Acros. Curcumin was collected from Sigma Aldrish. Metal salts of: Cd2+, Al3+, Cu2+, 

Na2HAsO4, Pb2+, Hg+, Hg2+
, Ni2+ were obtained from local labs in the department. These 

chemicals were used without any further purification and dissolved in double distilled 

water. Curcumin was dissolved in methanol. 

  

2. Syntheses of Methoxy PolyethyleneGlycol AuNPs using Curcumin 
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In order to achieve mild basic conditions of pH 13, few pellets of NaOH were 

dissolved in double distilled water and 1 ml was added to the final mixture. Since 

curcumin is insoluble in water, methanol was used to dissolve it.  30 mM of mPEG thiol 

were dissolved in 15 ml DDW (double distilled water) and kept at 45 ℃ for 15 minutes. 

Then, 1 mM of HAuCl4 were dissolved in 15 ml of DDW was added. Finally, Curcumin 

of 10 mM concentration was added to the solution. The solution was kept in the oven at 

45 ℃ for 24 hours. To precipitate the gold nanoparticles, the final solution was 

centrifuged at 15,000 rpm for 25 min at 20 ◦C. 

3.  Sample Preparation for Metal Ion Binding 

For sensing of metal ion, 1 mM of metal ion was dissolved in 15 ml DDW to 

prepare the stock solution. To prepare different concentrations of metal ions ranging 

between 0 and 100 µM, first ,200 µM of gold nanoparticles was added into labeled 

vials, then the desired volume of metal ion solution was added to achieve the desired 

concentration, then the volume was completed to 3 ml. The study was established by 

fluorescence measurements. 

 

C. Results and Discussion 

 

1. Synthesis and Characterization of Curcumin Mediated mPEG AuNPs.  

 

a. Visual Identification of AuNPs 

 

A detailed study of synthesis of gold nanoparticles by mPEG thiol was carried out 

in this work. Figure 27 shows the Tautomerization reaction between curcumin enol and 

keto form, which was used as a reducing agent. Curcumin of bright yellow color is a 

diarylheptanoid. It is considered as a curcuminoid, which are considered natural phenols. 
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This tautomer is present in its enolic form in organic solvents and in keto form in water 

[133].After adding curcumin to the Au salt HAuCl4, a yellow color is first observed, then   

after achieving mild basic conditions through NaOH, dark pink color appeared in the 

solution indicating the formation of the gold nanoparticles which was incubated in the oven 

for 24 hours to achieve an intense color. This color change indicates the formation of the 

gold nanoparticles. The origin of such coloration is caused by the interaction of the 

electromagnetic field with the collective oscillation of free conduction electrons; the 

resonances are named SPR (Surface Plasmon resonance) [134]. 

 

 

Fig 27. Shows the Tautomerization reaction between curcumin enol and keto form. 

 

b. UV–VIS Absorption and SEM Studies 

This formed colloidal solution which has a very intense color was inspected by UV-

VIS absorption spectroscopy, where the characteristic peak of Au NPs was obtained at 

wavelength at 539 nm (see Fig 28a).Methoxy polyethylene glycol thiol (mPEG) is 

chemically linked to the gold surface through Au-Sulfur bond. The other end constituting 

the methoxy group is pointing toward the colloidal suspension or solution as shown in Fig 
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28b.From Fig29A,it can be seen that the morphology consists of spherical like particles 

with size ranging between 18-40 nm, fig 29 b is the corresponding EDX. 
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Fig 28: (a) UV-Vis absorption spectrum of PEG thiol AuNPs measured after 24 

h;(b) Illustration of ligands containing methoxy PEG-SH used to functionalize the 

surface of gold nanoparticle. 
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Fig 29:(a) SEM images reveal that the mPEG Thiol functionalized AuNPs retain 

their roughly spherical shape, and (b) corresponding EDX image. 

c.  XRD, TGA and FTIR Studies 
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Fig. 30 XRD patterns observed for Au nanoparticle’s colloid.  
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A representation of the XRD spectrum is shown in Fig 30.AuNPs shows 

characteristic peaks at 38.269°, 44.600°, 64.678°, and 77.549°.The Bragg reflections 

attributed to the (111), (200), (220), and (311) sets of lattice planes are seen that may be 

indexed on the basis of face centered cubic structure of Au[135]. The XRD pattern thus 

clearly shows that the Au nanoparticles formed by the reduction of AuCl4
− ions by 

curcumin are crystalline in nature.  
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Fig. 31 FTIR spectrum of curcumin and AuNPs obtained by curcumin extract and 

mPEG thiol stabilizing agent 

 

Fig 31 shows FTIR spectrum of curcumin and AuNPs obtained by curcumin extract and 

mPEG thiol stabilizing agent. Curcumin showed a peak at 3508 cm−1 which correspond to phenolic 

O-H stretching vibration, another peak is observed at 1628 cm−1 which is associated to the aromatic 
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moiety C=C stretching , another peak at  1509 cm−1 corresponds to C=O and C=C vibrations), 1428 

cm−1 corresponds to olefin C-H bending vibrations[121].For the Au NPs synthesized using mPEG 

thiol, a peak is observed at 668.28 which corresponds to the C–S stretching ,the peaks 

corresponding to the SH stretching  appear in the region 2600–2540 cm−1 were also observed [136]. 
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Figure 32: TGA of mPEG thiol functionalized gold nanoparticles  

The nanoparticles solution was converted to powder before performing 

characterization. Under inert N2, TGA was performed heating the gold nanoparticle 

powder from 30 to 1000 °C which is presented in Fig 32. 15% weight loss was observed 

between 30-130 °C. This weight loss corresponds to water loss of our sample. Between 

170 – 420 °C, organics is expected to degrade, so around 5 % of curcumin and mPEG 

thiol weight loss is monitored. Around 30 % of mPEG thiol is degraded at 700 °C this is 

because of the strong attachment of thiol bond of mPEG thiol to the gold surface [137]. 
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2. Binding of AuNPs with Metal Ions Fluorescence Quenching Study 

 The fluorescence spectrum of mPEGT conjugated AuNPs was measured at 425 

excitation wavelength and scanned in the emission wavelength range between 440 and 

700 nm as shown in Figure 26 A and B (the top black colored spectrum at 0 M of 

metal ion). Two peaks were observed, one minor humps at 496 nm due to Raman 

scattering (normally observed in aqueous media when fluorescence intensity is 

relatively weak [138]) and the other at 540 nm due to fluorescence emission. This 

fluorescence spectrum is similar to the fluorescence of curcumin in the aqueous 

environment [138] indicating curcumin is conjugated along with mPEGT at the surface 

of AuNPs.  

With the successful functionalization of stable mPEGT AuNPs, a series of di- 

and trivalent metal ions were titrated into a solution of mPEGT modified AuNPs in 

double distilled water. Various concentrations of each metal ion between 0 and 100 μM 

in DDW were pipetted into mPEGT AuNP solution. The solution was incubated at 

room temperature (∼21 °C) in order to allow for complexation between mPEGT and 

the divalent and trivalent metal cations. The tested metal ions were respectively Cd2+, 

Al3+, Cu2+, Na2HAsO4, Pb2+, Hg+, Hg2+
 and Ni2+. Before running fluorescence spectral 

measurement, the solution was vortexed for 30 seconds to make sure of the 

homogeneity of the solution. Figure 33 depicts fluorescence spectra of PEGT 

conjugated AuNPs for various concentrations of representative Cd2+ and Al3+ions. The 

initial fluorescence intensity of the mPEGT functionalized gold nanoparticles which 

was monitored at 540 nm decreased regularly as the metal ion concentration was 

increased from 0 to 100 μM.  
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Figure 33: Fluorescence emission spectra excited at λ = 425 nm for mPEGT 

conjugated AuNPs titrated with varying concentrations of (A) Cd2+ and Al3+ ions. 

 

However, as seen in Figure 33 the emission maximum of AuNPs did not change 

in the presence of metal ions which suggest that solvent environment around AuNPs 

remains the same. With further increase in metal ion concentrations, there was also no 

significant shift of λem
max, which suggests there was also no conformational change of the 
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conjugating ligands around AuNPs under the condition studied here. Nevertheless, the 

intrinsic fluorescence quenching of mPEGT conjugated AuNPs in the presence of metal 

ions indicates complex formation between AuNPs and metal ions. Similar results were 

obtained for other metal ions under investigation. 

Although unreacted and free curcumin was removed after centrifugation, 

curcumin attached with mPEGT conjugated AuNPs during preparation may directly 

bind with metal ions and influence the fluorescence properties of mPEGT conjugated 

AuNPs. To test this possibility, interaction of free curcumin in aqueous environment (in 

DDW as used for mPEG conjugated AuNPs) with various metal ions was investigated. 

It is reported in literature that fluorescence of curcumin is quenched by Hg2+ ions 

[139,140] whereas Ni2+, Cu2+ and other metal ions have no influence on fluorescence of 

free curcumin, interestingly in the present case it was found that presence of Hg2+ ions 

in solution in the concentration under studied enhanced the fluorescence intensity of 

free curcumin (see Figure 34). This contrast in the present results could be due to use of 

organic solvent/host molecule in the literature [139, 140] which facilitate curcumin to 

come in close contact with Hg2+ ions. Similar results were found in the presence of Ni2+ 

(see Figure 34) and Hg+ (not shown) ions. In the present case the enhancement could be 

due to aggregation/dimerization of hydrophobic curcumin in the presence of metal ions. 

Therefore, the observed fluorescence quenching of mPEGT conjugated AuNPs in the 

presence of metal ion is different from the interaction of free curcumin with metal ion. 

It is reported earlier that metal ions often binds with the methoxy group of the ligands. 

Therefore, it can be speculated that the metal ions bind with the AuNPs through the 

methoxy group of the mPEGT associated with AuNPs.  
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Figure 34: Fluorescence emission spectra excited at λ = 425 nm for free curcumin 

titrated with varying concentrations of (A) Hg2+ and Ni2+ ions. 

 
 

Gold nanoparticles functionalized with polymers have been proven an efficient 

detection system [141]. Quenching of the adsorbed fluorophore is observed, and recovery 

is monitored after disruption of this adsorption by a target [141]. Because it is considered 

easy to functionalize gold nanoparticles, different recognition elements & chemical 

groups can be adsorbed in order to create chemical sensors. In our case methoxy group of 

mPEGT is pointing toward the solution as depicted in Figure 28(b) and it can be deduced 

that methoxy ether groups adsorbed to the gold nanoparticles can bind both divalent and 

trivalent metal ions. An interaction between two molecules usually causes changes in the 

fluorescence parameters such as quantum yield, intensity or lifetime. There are several 
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types of mechanisms of quenching called collisional, static, electron transfer or energy 

transfer at a distance known also as Föster energy transfer. The difference between 

collisional and static is that in collisional, two molecules diffuse inside the solution and 

collide because of internal motion or local flexibility. This dynamic quenching occurs 

during the lifetime of the excited state. However, in static quenching, the quencher 

molecule binds to the target forming a complex. In this case, quenching takes place by 

forming a non-fluorescent complex at the ground state. When the complex absorbs light, 

it directly returns to the fundamental state without emitting any photons [142]. In the case 

of collisional quenching, the quenching fluorescence intensity can be described by the 

Stern–Volmer equation:  

𝐼0
𝐼

= 1 + 𝐾𝑆𝑉[𝑚𝑒𝑡𝑎𝑙 𝑖𝑜𝑛] = 1 + 𝑘𝑄𝜏0[𝑚𝑒𝑡𝑎𝑙 𝑖𝑜𝑛] 

Where I0 and I are the fluorescence intensities in the absence and presence of 

metal ion respectively, KSV is the Stern–Volmer constant. kQ is the bimolecular quenching 

constant expressed in M-1s-1, 0 is the excited state lifetime of the AuNPs in the absence 

of metal ion and [metal ion] is the metal ion concentration. This equation describes that 

the higher the Ksv, the lower concentration of metal ion needed to decrease fluorescence 

intensity. Plotting I0/I as a function of [metal ion] yields a linear plot (representative 

graphs shown in Figure 35) with a slope equal to Ksv. Our results show that Hg (II) and 

Pb (II) are the two most ions that have the higher Ksv (see Table 2).  
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Figure 35: Stern–Volmer plot for fluorescence quenching of mPEGT conjugated 

AuNPs by (A) Cd+2 ion and (B) Al3+ ion. 

 

 

Table 2: Stern-Volmer constant (Ksv) and bimolecular quenching rate constant (kQ) 

for the fluorescence quenching of mPEGT conjugated AuNPs by various metal ions. 

 

Metal ion Ksv(M-1) kQ (M-1s-1) 

Cd2+ 3.93104 9.311012 

Al3+ 3.23104 7.651012 

Cu2+ 2.86104 6.781012 

Na2HAsO4 1.77104 4.191012 

Pb2+ 3.46105 8.201013 

Hg+ 9.00104 2.131012 

Hg2+ 1.01105 2.391013 

Ni2+ 2.47104 5.851012 
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For the determination of kQ, the excited state lifetime of mPEGT conjugated 

AuNPs was measured in the absence of metal ion using a 405 nm excitation laser and 

emission was collected at 540 nm. The fluorescence decay profile as shown in Figure 36 

could be best fitted with a biexponential decay. The excited state lifetimes were found to 

be 1.17 ns (~20 %) and 4.84 ns (~80 %) with an average lifetime of 4.22 ns. The minor 

first component of excited state lifetime value of mPEGT conjugated AuNPs is about 2-

fold higher than that of the free curcumin reported in aqueous environment , however, the 

second component of excited state lifetime value of mPEGT conjugated AuNPs is within 

the error margin of free curcumin . This implies that conjugation of curcumin at the 

surface of AuNPs does influence the excited state properties though it does not change 

the energy gap between HOMO and LUMO of free curcumin. The kQ values for mPEGT 

conjugated AuNPs in the presence of different metal ions were estimated using average 

excited state lifetime of 4.22 ns and given Table 3. For dynamic quenching, the 

maximum value of kQ is in the range of 11010 [143]. However, in this study, the 

obtained values are in the order of 1012 and 1013. This quenching rate constant value 

suggest the quench reaction between mPEGT conjugated AuNPs and metal ions is 

diffusion-controlled reaction. This very large value of KSV suggests that a static 

quenching sphere quenching mechanism is operative envisaging the presence of AuNPs 

and metal ions in close proximity within the quenching sphere of action [144]. This 

quenching sphere of action model assumes the existence of a sphere around the 

fluorescent molecule within which the probability of immediate quenching is unity. Such 

quenching process is extremely fast, in picosecond time scale, and effectively de-excites 

all the fluorescent molecules (AuNPs) without the involvement of the molecular 
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diffusion. The only observable fluorescent molecules (AuNPs) are those for which there 

are no quencher in this sphere. This quenching mechanism was further established by 

measuring excited state lifetime in the presence of various concentration of metal ions 

such as Pb2+ and Ni2+ ions. It is found the average excited state lifetime of mPEGT 

conjugated AuNPs in the presence of Pb2+ ion did not change remarkably, which was 

similar to most of the metal ions except of Ni2+ ions where a slight decrease (within 15 % 

even at the highest concentration of Ni2+ ions) in the excited state lifetime was observed 

as summarized in Table 4.   
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Figure 36: Time-resolved fluorescence decays of mPEGT conjugated AuNPs in the 

presence of varying concentrations of (A) Pb2+ and Ni2+ ions. 

 
 

Table 3: Excited state lifetimes of mPEGT conjugated AuNPs in the presence of 

varying concentrations of Pb+2 and Ni2+ ions. The excited state lifetime was measured 

at λexc = 405 nm and λem = 540 nm. 

Metal 

ion 

[Metal 

ion] in 

M 

1 (ns) Relative 

Amplitude 

(%) 

 (ns) Relative 

Amplitude 

(%) 

average 

(ns) 

 

Pb2+ 0 1.17 20.12 4.84 79.88 4.22 1.46842 

3.33 1.82 14.23 4.73 85.77 4.25 1.34674 

16.66 1.23 13.57 4.68 86.43 4.21 1.50051 

33.33 1.46 20.32 4.82 79.68 4.14 1.60473 

Ni2+ 0 1.17 20.12 4.84 79.88 4.22 1.46842 

1.66 1.42 42.93 5.52 57.07 3.77 2.39604 

16.66 1.33 40.07 5.20 59.93 3.66 2.28959 

33.33 1.3 48.19 5.69 51.81 3,58 2.18988 

 

3. Binding Constant and Binding Sites 

In static quenching, there exist a relationship between intensity and the 

concentration of quencher which is represented below [145]. Binding of small molecules 
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like metal ions with independently set of equivalent sites in a macromolecule like 

methoxy poly ethylene glycol layer around the gold nanoparticle can be expressed 

through the equilibrium between free and bound molecules as [146] 

𝑙𝑜𝑔
𝐼0 − 𝐼

𝐼
= log   𝐾 + 𝑛𝑙𝑜𝑔[𝑚𝑒𝑡𝑎𝑙 𝑖𝑜𝑛] 

Where K and n are the binding constant and the number of binding sites, respectively. 

This can be estimated by plotting log [(I0/I)/I] versus log [metal ion] (see Figure 37 for 

representative graph of Hg+ ion)). The best fits obtained provided n values that ranged 

from 0.42 for arsenic to 1.88 for Al3+ ion (see Table 4). The K values ranged from 

3.43×108 M-1s-1for Al3+ ion to 3.18×101 M-1s-1 for As. The number of the binding sites 

can provide insight about the number of sites in the gold nanoparticle that is associated 

with the metal ion. For instance, Cd2+, Cu2+, and Hg2+ almost bind the mPEGT 

mediated AuNPs at 1 site. On the other hand, two molecules of these ions (Arsenic, Hg+ 

and Pb2+ ions) bind to one AuNPs. However, Al3+ almost bind two gold nanoparticles.  
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Figure 37: Plot of log{I0-I)/I} vs. log [Hg+] for the estimation of binding constant (K) 

and number of binding sites (n). 

 

 

Table 4: Binding constant (K) and number of binding sites (n) of various metal 

ions while associating with mPEGT conjugated AuNPs. 

Metal ion N K  (M-1s-1) 

Cd2+ 0.96 2.96104 

Al3+ 1.88 3.43108 

Cu2+ 1.33 2.61106 

NaHAsO4 0.42 3.18101 

Pb2+ 0.45 5.58102 

Hg+ 0.63 3.38103 

Hg2+ 0.73 6.65103 

Ni2+ 0.67 1.44103 

 

D. Conclusion 

Evidently, methoxy polyethylene glycol thiol was used to functionalize greenly 

synthesized gold nanoparticles, reduced by curcumin which is a nontoxic plant extract. The 

size of the gold nanoparticles was between 18 to 40 nm. The green synthesized gold 
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nanoparticles were used to afford an analytical fluorescence method for the determination 

of metal binding of a number of metal ions in aqueous solution. This is the first work that 

reports metal binding through fluorescence spectroscopy. The mPEG thiol curcumin 

mediated  gold nanoparticles showed highest respective binding for Pb(II) , Hg(II) , Hg(I) 

and Cd(II), Al(III) , Ni(II), Cu(II) and As. Life time measurements also proved our 

hypothesis for Pb(II) and Ni(II) , as life time deceased with increasing metal ion 

concentration. This fluorometric method provides a prototype for a new method to analyze 

metal cations in solution. 
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CHAPTER IV 

CONCLUSION AND FUTURE PROSPECTS   

In this work, three different polyethylene glycols were used (mPEG Amine, 

mPEG Thiol and PEG Thiol Acid) as a surfactant or stabilizing agents. The functional 

group that was pointing toward the solution was proved to interact with the analyte for 

determination of various analytes.  Curcumin was proved as a potential reducing agent 

for the synthesis of gold nanoparticles. It was manifested that the stabilizing agent can 

serve as a probe for sensing of analytes. The gold nanoparticles had spherical shape but 

different sizes depending on the temperature, pH, and stabilizing agent. 

The Au NPs prepared at pH 13 and at 45 ℃ are small in size with a 

diameter equal to 20 nm, which was reflected in a high intensity in RRS peak and 

UV-vis absorption peak. The formed Au NPs have shown high thermal stability 

and crystallinity as evidenced by TGA and XRD. The produced AuNPs were 

successfully used to detect melamine by UV-VIS AND Fluorescence 

spectroscopy. The concentration range was between 0 and 10mM. The detection 

limit for melamine was equal to 33nM. The use of curcumin and thiol acid 

functionalized gold nanoparticles was found to be a high selective probe in 

measuring melamine, where no interference was occurred when adding Au NPs to 

dopamine and ascorbic acid. Thereby, the use of curcumin functionalized gold 

nanoparticles in direct analysis of melamine can be used to develop simple, fast 

and sensitive novel bio-sensing techniques. Hydrogen bonding between melamine 

and the acid group of PEG thiol acid is considered the reason for this interaction. 
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methoxy polyethylene glycol thiol was used as well as a probe to detect metal 

ions .Interestingly , the  greenly synthesized gold nanoparticles, reduced by curcumin  

interacted with various metal ions which was reflected by fluorescence spectroscopy .The 

size of the gold nanoparticles was between 18 to 40 nm. The green synthesized gold 

nanoparticles were used to afford an analytical fluorescence method for the determination 

of metal binding of a number of metal ions in aqueous solution. This is the first work that 

reports metal binding through fluorescence spectroscopy. The mPEG thiol curcumin 

mediated  gold nanoparticles showed highest respective binding for Pb(II) , Hg(II) , Hg(I) 

and Cd(II), Al(III) , Ni(II), Cu(II) and As. Life time measurements also proved our 

hypothesis for Pb(II) and Ni(II) , as life time deceased with increasing metal ion 

concentration. This fluorometric method provides a prototype for a new method to 

analyze metal cations in solution. We studied the mechanism of quenching, and it was 

found that the mechanism of quenching is static in nature as evidenced by high kq values 

and constant lifetime measurements. 

Tremendous applications can be employed using the greenly synthesized gold 

nanoparticles. With using different polymer or stabilizing agent (aptamer for instance), 

a new system of sensing can be discovered. The interaction is occurring between the 

analyte and an anchor point of the gold nanoparticle stabilizing agent. Limit of 

detection and quantification can be established as well, and selectivity studies can be 

investigated   

Another future prospect is cooperation with specialized entities to turn the 

chemosensor for metal ions into a real platform that can be used by agencies interested 
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in metal ions determination in water and soil sources. Other metal ions of interest can 

be studies and a chemo-sensor device can be established. 
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