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ABSTRACT 

SYNTHESIS AND CHARACTERIZATIONS OF VISIBLE LIGHT-DRIVEN 

PHYTO-ASSISTED GOLD NANOPARTICLES BY GREEN CHEMISTRY 

Asfari, Rima 

Graduate Program in Bioengineering 

Thesis Supervisor: Assoc. PROF. DR. Ozan AKDOGAN 

December 2021, 70 pages  

          Research and development in green-synthesized metallic nanoparticles have 

grown significantly in recent years, owing to their phenomenal physiochemical 

properties and biological activities. Bio-synthesized gold nanoparticles (Au NPs) are 

considered as the most widespread types of nanomaterials produced via green 

chemistry. Since the plant-based synthesis of NPs emerges as a safer option, two plant 

extracts were used to fabricate biocompatible gold nanoparticles by the biomass of 

acai berry powder and bay leaves. The summits in XRD pattern validated the 

crystallinity through the FCC structure of the gold nanoparticles. On account of their 

characteristic features such as catalytic properties, these synthesized gold NPs have 

been developed to be bio-synthetic self-propelled nanomotors with enhanced 

swimming speeds under visible light. The presence of Au NPs in an aqueous solution 

with various concentrations of H2O2 as a fuel liquid allowed their movement in parallel 

towards the light source. The reason for movement is due to the electrostatic 

interaction of the electrons present on the surface of the nanoparticles and the hydrogen 

atoms of the hydrogen peroxide molecules resulted from the catalytic decomposition 

of hydrogen peroxide (H2O2) on Au NPs surface under xenon light. These catalytically 

powered nanostructures have gained considerable attention in biomedical and 

environmental applications. 

Keywords: Green chemistry, biocompatible, self-propelled nanomotors, catalytically 

powered nanostructures.  
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ÖZET 

GÖRÜNÜR IŞIK TAHRİKLİ PHYTO DESTEKLİ ALTIN NANOPARTİKLERİN 

YEŞİL KİMYA İLE SENTEZİ VE KARAKTERİZASYONLARI 

Asfari, Rima 

Biyomühendislik Yüksek Lisans Programı 

Tez Danışmanı: Doç. Dr. Ozan AKDOGAN 

Aralık 2021, 70 sayfa 

          Yeşil sentezlenmiş metalik nanoparçacıklardaki araştırma ve geliştirme, 

olağanüstü fizyokimyasal özellikleri ve biyolojik aktiviteleri sayesinde son yıllarda 

önemli ölçüde büyümüştür. Biyo-sentezlenmiş altın nanoparçacıkları (Au NP'ler), 

yeşil kimya ile üretilen en yaygın nanomalzeme türlerinden biridir. NP'lerin bitki bazlı 

sentezi daha güvenli bir seçenek olarak ortaya çıktığından, iki bitki özü, acai berry 

tozu ve defne yaprağı biyokütleleri, ile biyouyumlu altın nanoparçacıkları üretmek 

için, kullanılmıştır. FCC yapısındaki nanoparçacıkların kristalliği, XRD verisindeki 

pik noktaları ile doğrulanmıştır. Katalitik özellikler gibi karakteristik özellikleri 

nedeniyle, bu sentezlenmiş altın nanoparçacıklar, görünür ışık altında gelişmiş yüzme 

hızlarına sahip biyo-sentetik kendinden tahrikli nanomotorlar olarak geliştirilmiştir. 

Yakıt sıvısı olarak çeşitli konsantrasyonlarda H2O2 içeren sulu bir çözeltide Au 

nanoparçacıkların varlığı, ışık kaynağına paralel hareket etmelerine imkan verdi. 

Hareketin nedeni, nanoparçacıklar yüzeyinde bulunan elektronların ve hidrojen 

peroksit moleküllerinin hidrojen atomlarının, Au nanoparçacık yüzeyinde ksenon ışığı 

altında hidrojen peroksitin (H2O2) katalitik ayrışmasından kaynaklanan elektrostatik 

etkileşiminden kaynaklanmaktadır. Bu katalitik olarak güçlendirilmiş nano yapılar, 

biyomedikal ve çevresel uygulamalarda büyük ilgi görmüştür. 

Anahtar Kelimeler: Yeşil kimya, biyo uyumluluk, kendinden tahrikli nanomotorlar, 

katalitik olarak çalışan nano yapılar. 
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Chapter 1 

 Introduction 

 

          Nanotechnology is a recent scientific breakthrough that is evolving at a very fast 

pace. Many related industries have grown rapidly in recent years with the advent of 

nanotechnology. In general, metal nanoparticle production is made possible through 

two protocols, which are top-down and bottom-up processes. Most of the techniques 

involve high temperatures, vacuum conditions, and toxic chemicals. As a result, side 

effects could affect organisms including humans (Balasooriya et al., 2017). 

          The creation of metal NPs have been implemented by conducting different 

chemical and physical techniques, as an illustration; heat evaporation, photochemical 

reduction and chemical reduction. (Dubey, Lahtinen, & Sillanpää, 2010). However, 

the advances in green chemistry field in the generation of MNPs has offered secure 

and cost-effective approaches based on plant extracts in recent years. Plant extracts 

produce more stable nanoparticles, and the formation rate is quicker and simpler than 

other methods. (Hamelian, Hemmati, Varmira, & Veisi, 2018). The reduction of 

metallic ions into Nanoparticles is caused by the biomolecules which are derived from 

the extract of the plants (KSV, 2017).  

          Metal nanoparticles (MNPS) have attracted enormous attention due to their 

scientific and technological significance, as well as they have distinct electronic, 

chemical, optical, and magnetic capacity that vary significantly than those of single 

atoms and their mass counterparts. (Gericke & Pinches, 2006) Gold nanoparticles 

(GNPs) are widely used in implications., which include medical applications; 

biosensing (Phiri et al., 2019), cancer detection, especially gold nanoparticles with 

specific antibodies provides a promising probe for the specific identification of cancer 

cells (Cho et al., 2017). Furthermore, gold nanomaterials have been widely employed 

as vaccination platforms due to their various shapes, sizes, and customizable surface 

properties like virus testing and detection by adding specific biomolecules to their 

surfaces (Draz & Shafiee, 2018). They also exhibit excellent catalytic performance, 

for instance, they can degrade organic dyes pollutants into non-toxic products (Garg 

et al., 2020). In the field of agriculture, gold NPs-based sensors could be employed to 

evaluate the herbicides in plants and food items, for instance, the use of gold 
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nanoparticles that obtained from bacteria to identify residue levels of organic 

compounds in vegetables and crops has been demonstrated (Malarkodi et al., 2017). 

          The interest in Au nanomaterials arises from the simplicity of production, which 

allows for precise control over their morphologies and sizes. All preparation methods 

of Au nanomaterials rely on the reduction of gold ions, and for this purpose, the most 

used salt is HAuCl4 (Zeiri et al., 2014). In this study, different sizes of gold 

nanoparticles were produced utilizing two plant extracts to reduce and stabilize the 

NPs. One extract was obtained from acai tree’s fruit, Euterpe oleracea Mart, a palm 

tree attributed to the Amazon region, while the other was made from Laurus nobilis 

leaves known as Bay leaves (BL). However, these differently synthesized gold 

nanostructures were only measured on the basis of their sizes.; an average of (28 ± 5) 

and (20 ± 2) nm of size distribution and spherical gold nanoparticles are resulted from 

both extracts; acai berry-Au nanoparticles and bay leaves-Au nanoparticles, 

respectively. Nonetheless, because research on biosynthesized acai berry-Au NPs still 

is limited, we largely focused on them.  

          The sizes of acai berry-Au nanoparticles were monitored through changing the 

quantity of these extracts in the reaction medium. The gold nanoparticles obtained 

were distinguished by UV/vis spectroscopy, Fourier Transform Infrared Spectroscopy 

(FTIR), transmission electron microscopy (TEM), X-ray diffraction (XRD), and 

inductively coupled plasma spectrometry (ICP). The spherical shape of fabricated Au 

NPs were observed by the size of 16 nm, which was the dominant shape in TEM 

images. 

          The present study also aimed to extend the research by making these photoactive 

gold nanostructures steerable with enhanced swimming speeds when they are exposed 

to light with constant-intensity (VIS) light in the medium contains H2O2. This study 

aimed to green synthesize gold nanoparticles and screen their ability to exhibit their 

propulsion and control them depending on the direction of incoming light.  
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Chapter 2 

 Literature Review 

 

2.1 Nanoparticles 

 

          Nanoparticles are materials that have properties that vary from their bulk and 

molecular equivalents., and they are the building blocks for nanotechnology (Biswas 

& Wu, 2005). Nano is a word that is originated from the Greek word that means 

“dwarf”, it is a term to characterize any substance that has components less than one 

hundred nanometer in at least one dimension. Nanoparticles are types of structures 

with a diameter range between 1 to 100 nanometers (Batacharyya et al., 1995). 

Nanoparticles have the potential to be fabricated in several morphologies and sizes 

(Kowalczyk et al., 2011). The highly interest of nanoparticles regarding their tiny size 

and high surface-to-volume ratio, that causes chemical and physical variations for their 

properties. This phenomenon can increase their reactivity, as well as their ability to 

infiltrate cell membranes and potentially perform a bio-chemical activity (Dubchak et 

al., 2010). In the UV–Visible region, metallic nanoparticles can absorb light at their 

(SPR) surface plasmon resonance. Because of the small particle size, the surface 

plasmon band results from the coherent presence of unpaired electrons on the NP’s 

surface in the conduction band (Sharma et al., 2009). Recently, researchers are spotting 

a light on the synthesizing of nanoparticles by green chemistry administrating noble 

metals such as silver (Ag), gold (Au), zinc (Zn), platinum (Pt), and palladium (Pd) 

owing to their uses in therapeutic and pharmaceutical fields, as well as their usage in 

consumer stuff such as soaps, hair products, cleaning products, and cosmetic materials 

(Vijayakumar et al., 2016).  

 

2.2 Gold Nanoparticles  

 

          Gold holds a unique position among the metals in the periodic table of the 

chemical elements. It is the most noble of the metals. Its inert nature prevents 
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interaction with components of the atmosphere demonstrating its lack of reactivity. 

Due to its resistance towards most corrosive forces, it has been known as “King of the 

Metals”. For example, gold historical artifacts can keep their bright sparkle for 

thousands of years without corrosion for example, chemical oxidation, or damage 

(Schmidbaur et al., 2005). What makes gold so attractive are the color and the luster 

of this metal. Gold is a noble element that derived its color from yellow, it can also be 

found purple, ruby, or black when ultra-milled in certain conditions. Some of gold’s 

characteristics are malleability and ductility, meaning it can be pounded into different 

shapes and stretched into a wire (Laguna, 2008).  

          The interest of scientists has been increasing since they discovered that gold is 

divided into tiny pieces, for instance, gold nanoparticles. In the past thirty years, there 

has been a surge in this scientific enthusiasm in a variety of fields. Gold, for example, 

was previously thought to be chemically inactive. The huge discover in 1987 

emphasized on the fact that gold nanoparticles have great catalysts when they are do 

not exceed 5 nanometers. (Louis & Pluchery, 2017). Furthermore, gold possesses the 

smallest electrochemical ability of any other metal, which means that any cationic 

phase of gold has the ability to gain electrons from any donors, such like reducing 

agent, to produce Au metal. In other words, it is the metal with the greatest 

electronegative potential of any metal. (Laguna, 2008).  

          Researchers are interested in gold nanoparticles (Au NPs) because of their wide 

variety of applications in areas including biomedical applications (Cai, 2008). 

Additionally, gold nanoparticles have been carried out in protein assay (Tang et al., 

2007), screening of cancer cells (Medley et al., 2008), as well as immunoassay (Liu et 

al., 2008). 
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2.2.1 General characteristics of gold nanoparticles (Au NPs). The distinctive 

chemical and physical characteristics of Au metal are responsible for its widespread 

applications at both the macroscopic state and the nanoparticulate state. The metallic 

radius of gold (0.14420 nm) is smaller than that of silver and copper, and it crystallizes 

into a face-centered cubic (FCC) structure (figure 1). This structure allows it to be 

malleable; a surface area of about 1 meter of a gold foil can be obtained under the 

process of battering. Moreover, a 165 m golden wire of 20 μm in size can be articulated 

from the same amount of gold in the previous example which is 1 g. (Louis & Pluchery, 

2012).  

 

 

Figure 1. FCC gold structure (Zeng & Jin, 2014). 
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2.2.1.1 Biocompatibility. Biocompatibility is defined as a material’s ability to perform 

its intended functions concerning medical therapy, to elicit a proper host engage in a 

particular implication, and to have interaction with a living organism that does not lead 

to any injury, poisonous, or immune system is refusing it. (Ghasemi-Mobarakeh et al., 

2019). A fundamental case in assessing the biocompatibility of nanoparticles is 

estimating their possible cytotoxicity, because of their shape, size, properties, chemical 

composition, or because of the interaction of the nanoparticle surface with the cells 

(Shukla et al., 2005). Despite the fact that Au nanoparticles are biocompatible, in some 

situations; gold nps with deposited chemical substances on it could create a negative 

impact in certain therapeutic applications. However, the use of biosystems or plants in 

the nano particles generation has the capacity to overcome this critical issue by 

manufacturing more biocompatible nps.  (Smitha et al., 2009). The possible 

advantages of nanomaterials in biological and manufacturing implications are 

enormous, little is known about their possible short- and long-term deleterious impacts 

on human and environmental health (Connor et al., 2005). A great attraction has been 

created towards the nanoparticles by the medical field representatives in cancer 

detection studies, therapy, in addition to transporting vectors for both, biological and 

pharmacological drugs. For a variety of reasons, gold nanoparticles (GNPs) are 

particularly intriguing. First, they are easily prepared. Furthermore, Compounds like 

pharmacologic agents, carbohydrates, and antibodies can easily be bound to GNPs and 

identify cancer cells. Additionally, the GNPs themselves have anti-angiogenic 

properties (Gannon et al., 2008).  
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2.2.1.2 Chemical stability. Gold is chemically inert and can resist corrosion. These 

remarkable physical properties of the gold make it biocompatible for medicinal 

purposes; it is ideal for medical use, including skin cancer, syphilis, ulcers, smallpox, 

measles, and AIDS (Ananda Chitra, 2016). It should be mentioned that other metals 

that may have similar properties to gold are platinum and silver, but platinum is more 

costly than gold and silver is highly reactive (Safavi et al., 2008). Because of their 

considerable chemical stability, gold nanoparticles have significant roles in the 

medical treatment field, making preparation and manufacturing techniques simple, 

straightforward, and less harmful (Yaqoob et al., 2020).  

 

2.2.1.3 Localized surface plasmon resonance. When discussing plasmon resonance, 

two distinct concepts are referred to as plasmon resonances. When an impulsive wave 

hit the metallic surface, this is came to as surface plasmon resonance. (Louis & 

Pluchery, 2012), while the excitation of unpaired electrons in the conduction band at 

the surface of metallic nano-objects resulting from interactions with photonic 

wavelengths is referred to localized surface plasmon resonance (LSPR). (Link & El-

Sayed, 2000). It is described as a small part of the main spectral characteristics of 

LSPR is when the plasmon resonance presents in the visible or near-infrared range for 

Au or Ag NPs. This effect occurs when an incident light passing throughout a 

homogeneous nanoparticle assembly is partly absorbed in the plasmon resonance 

frequency, resulting in an optical spectrum with a dramatic absorption at Ѡ plasmon 

(which corresponds to the LSPR peak) (Louis & Pluchery, 2012). Furthermore, the 

environment near the particle surface has a big impact on the LSPR. When the 

molecules that are absorbed on the NP surface change, for example, the LSPR shifts. 

(Louis & Pluchery, 2012). 

          At about 520 nanometers in the spectrum, the intense red color of Au 

nanomaterials solutions in water and glasses exhibits this phenomenon. (Daniel & 

Astruc, 2004). This feature is the physical origin of the strong light absorption by noble 

metals (El-Brolossy et al., 2008). Some intrinsic or extrinsic parameters influence the 

LSPR’s characteristics by shifting the band of the plasmon resonance: the adjacent 

medium of the particles, the morphology of the nanoparticles, and using core-shell 

nanoparticles. In the case of spherical particles, the LSPR’s intensity is affected by the 
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sphere’s volume. However, the diameter of the particles does not have influence on 

the LSPR band placement (Louis & Pluchery, 2012). 

          Moreover, metal nanostructures such as silver and gold nanoparticles show the 

shape-dependent SPR in the visible range (Zhuang et al., 2018). Owing to their intense 

surface plasmon resonance, the widely used nano structural substances in molecular 

imaging and biomedical therapeutics are the Au NPs. (Balasubramanian et al., 2010).  

 

2.2.2 Heterogeneous catalysis. The photocatalyst in heterogeneous photocatalysis is 

commonly a semiconductor metal which has the capability of receiving incoming 

photons. In this effect, photocatalytic reactions, such as the oxidation of donors and 

the reduction of electron acceptors take place either at the semiconductor's linkage 

with the gaseous or liquid medium (typically aqueous) or in the liquid surrounding it 

(Zhang et al., 2009). The strong coupling of light with metal nanoparticles at specific 

photon energies is caused by the optical excitation of the metal's collective electronic 

resonances, known as surface plasmons. 

          The fundamental principle of photocatalysis is the formation of electron-hole 

pairs upon light absorption. Creating the electron-hole pairs on the metal surface, 

causing reduction and oxidization of two corresponding entities that are present in the 

medium. The hole that was created by the photons in the valence band (h+vb) and the 

excited electrons in the conduction band (e-cb) are the oxidative and reductive species. 

(Curti et al., 2016). Catalytically induced nanoscales are driven because of the 

biodegradation of a specific liquid on the upper layer of the catalyst hence, creating 

ahead movement (Wang et al., 2015). As an illustration, the photocatalytic induced 

reaction of water splitting is illustrated in figure 2 (Mateo et al., 2016). 
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Figure 2. Photocatalytic induced decomposition reaction (Mateo et al., 2016). 

 

          External fields, particularly electric (Loget & Kuhn, 2011) and magnetic fields 

(Dreyfus et al., 2005), have been used to propel motors at the nano and micro scale. 

          Due to this phenomenon, self-propelled-nanoscaled devices have emerged and 

drawn considerable attention because of their potential applications in environmental 

remediation (Orozco et al., 2013), cargo transportation (Patra et al., 2013), biomedical 

applications (e.g., targeted drug (Ceylan et al., 2017) and gene delivery (Duan et al., 

2015). 

 

2.3 Types of Gold Nanoparticles 

 

          Gold nanostructures can be divided into several subtypes depending on their 

size, shape, and physical traits. 

• Gold nanospheres 

• Gold nanorods 

• Gold nanoshells 

• Gold nanocages 
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Figure 3. Different types of gold nanoparticles (Cai, 2008). 

 

          Gold nanospheres: also known as gold colloids, with diameters ranging from 2 

nm to over 100 nm. they can be synthesized by reducing an aqueous HAuCl4 solution 

with different reducing agents under various conditions. By changing the reducing 

agent/gold ratio, the size of nanospheres can be controlled. They have a single 

absorption peak in the visible range between 510 and 550 nm. The absorption peak 

shifts to a longer wavelength as particle size increases, and the width of the absorption 

spectra is proportional to the size distribution range (Turkevich et al., 1951).  

          Gold nanorods: the commonly used methodology to produce gold-rod shaped 

nanoparticles is relying on the decomposition of the metal gold inside the pores of 

nanoporous poly carbonate or alumina template lyres. Due to the cylindrical form of 

the membrane pores, a nanocylinder of the desired substance is obtained in each pore 

(Martin, 1996). Gold nanorods (AuNRs) have received the most attention of all the 

anisotropic (nonspherical) MNPs (Lohse & Murphy, 2013). 

          Gold nanoshells: These structures have a strong surface plasmon resonance in 

the near-infrared (NIR) spectrum. These Au nanocomposites benefit in situ cancer 

therapy as they can be excited by NIR radiation, which invades tissue more strongly 

than shorter wavelength irradiation. The inner core of gold nanoshells is composed of 

silica, while the external layer is gold. The thickness of the shell is controlled by gold 

(Chu & Wu, 2011).  

          Gold nanocage: gold nanocages are unique types of nanomaterial that has porous 

walls and hollow interiors. They're produced with a relatively simple galvanic 

replacement reaction between Ag nanostructures formed through polyol reduction and 

metal precursor salt solutions (Au) formed through polyol reduction. (Qiu et al., 2020). 

When the electrochemical capability of the two types differ and the reduced metal is 
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accumulated on the Ag surface, the reaction is triggered. Changing the amount of metal 

precursor added to the suspension of Ag nanocubes has been discovered to be a simple 

way of tuning both the composition and the localized surface plasmon resonance 

(LSPR) of the metal nanocages. Many structures for biomedical and catalytic 

applications have been developed using this method (Skrabalak et al., 2008). 

 

2.4 Synthesis of Gold Nanoparticles 

 

          Generally, Au NPs are produced when gold ions are reduced using reducing 

agent, for instance, borohydride, citrate, hydrazine, and others, accompanied by 

surface modification with an appropriate capping agent to avoid the particles from 

aggregation by binding to the newly formed particle’s surface providing stability, 

modifying surface reactivity. This allows for more control over nanoparticle size and 

polydispersity (Dahl et al., 2007). This methodology includes the assembly of atoms 

(generated by ions reducing) into desired nanostructure, which is called the Bottom-

Up approach (Herizchi et al., 2014). While the Top-Down process is the removal of 

molecular and atomic particles from an originally big-sized material to elaborate the 

desired nanoparticle (KSV, 2017). 

          However, many conventional approaches, such as chemical and physical 

proccesses, have been used effectively to form several inorganic nanomaterials, but 

they are expensive and involve the usage of hazardous chemical substances.  As a 

result, our environment is being severely harmed, and many harmful compounds are 

being released (Kanchi & Ahmed, 2018). Besides, these traditional procedures often 

yield polydisperse nanoparticle populations, necessitating extra separation processes 

to generate monodisperse populations (Murphy, 2002). 
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2.4.1 Green synthesis.  Many recent studies have shown that living organisms such 

like algae, fungi, yeast, bacteria, and human cells, as well as plants, have the ability to 

serve as a possible source for the production of nanostructures in healthy processes. 

These organisms are rich in proteins and metabolites therefore, inducing dicrease of 

the metal salt solutions to convert it into metallic NPs. Bio-organism-based synthesis 

is compatible with green chemistry principles (Parveen et al., 2016).  

          In the past numerous years, traditional methods are used, but according to 

studies, green approaches are efficient enough to yield a great amount of metal NPs 

with lesser errors rates, lower costs, and simplicity of identification. Moreover, they 

are preferred over conventionally delivered NPs because adding more chemicals that 

are hazardous and harmful to human well-being and the environment may increase the 

reactivity and toxicity of the particle, as well as produce unintended negative health 

effects. (Gour & Jain, 2019). It's worth noting that the reducing agent, capping agent, 

and reaction medium are all crucial components in the fabrication and stabilization of 

metal NPs; these issues should be addressed extensively from a "green chemistry" and 

economic viewpoint. Most of the synthetic processes published on this topic depend 

primarily on organic solvents (mostly due to the hydrophobicity of the CA used), 

eventually leading to serious ecological issues while dealing with industrial 

production. Yet, several capping agents, such like oleic acid and thiols, have been 

extensively used in generation of magnetic and metal nanoparticles in organic solvents. 

(Brust et al., 1994).  

 

2.4.1.1 Plant mediated gold nanoparticles production. Plant-based nanoparticle 

synthesis is a green chemistry approach connecting plant biotechnology to 

nanotechnology by creating genetically modified plants that are pesticide and 

herbicide-resistant, providing the desired chemicals in high quantities and facilitating 

their isolation to be used in nanoparticle synthesis (Parveen et al., 2016; Kalia, 2018). 

The biogenic decrease of metal elements using plant extracts has become one of the 

most widely acknowledged systems for manufacturing NPs because it is regarded as 

an environmentally friendly and cost-effective technique that does not require the use 

of chemical pollutants (Hernandez-Diaz et al., 2020). Moreover, plants are abundant 

in nature, easy to get when needed thus, plant extracts are more ideal compared to 
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microorganisms for the generation of metallic NPs at large scales (Iravani, 2011) The 

bio-fabrication of nanoparticles represents a bottom-up approach in which the primary 

reaction is reduction/oxidation (Naik et al., 2002). A plant extract assisted bio-

reduction typically requires combining the green extract solution with a metal 

precursor solution of the relevant metal. The reaction happens at the ambient 

temperature and is usually finished in a short time (Mittal et al., 2013). 

          Reducing and stabilizing agents, and solvent medium are all necessary 

constituents for the biogenesis ofmetallic NPs. Plant extracts are considered to be 

reducers and stabilizers at the same time. An extract's bio-reducing and stabilizing 

potential is most likely related to its natural products, which includes phenolics, 

flavonoids, vitamins, phenolic acid, glycosides, terpenoids, organic acids, 

polysaccharides, and proteins (Nasrollahzadeh et al., 2019). Each plant has its own 

concentration of these active components, and this concentration differ from one plant 

to another. Mixing metal precursors with components coming from different plants 

will elaborate distinct nanoparticles (triangles, pentagons…etc.) (Kanchi & Ahmed, 

2018). Many scientists have displayed the capability to produce gold nanoparticles 

from a variety of plant extracts. The first one was reported by (Gardea-Torresdey et 

al., 2002). Furthermore, Au NPs were formed in live alfalfa plants (Medicago sativa).  

2.5 Factors Influencing Gold Nanoparticles Synthesis 

 

After choosing the ideal plant extract and in order to acquire appropriate nanoparticle 

properties, metal precursor, green extract volume, temperature, response time, and pH 

must be ideally analyzed (Lee et al., 2020).  

 

2.5.1 Impact of metal ion concentration. There is a crucial element that determine 

the morphology, size and reaction time in the process of nanoparticles synthesis which 

is the metal ion concentration. Au NPs were synthesized through combining various 

amounts of tansy fruit extract. An important correlation exists between the particles 

size, absorbance peak, and the concentration of ion metal. However, it was shown that 

the increase in the concentration of metal ion have caused an augmentation in particles 

size and absorbance peak. In contrast, it was demonstrated that when the metal ion 
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concentration was reduced, the particle size, synthesis rate, and absorbance peak were 

all diminished. Moreover, there was shrinking in particle size, synthesis rate and the 

peak of absorbance when the concentration of metal ions was low (Dubey et al., 2010). 

 

2.5.2 Plant extract concentration influence. Adjusting the plant extract 

concentration control the rate of reaction and dimensions of nanoparticles. However, 

previous studies have shown that a rise in absorption peaks and a reduction in the gold 

nano-colloids size of the particles occurred in parallel to an increase in the plant extract 

ratio. This phenomenon was based on the UV-VIS spectra (Dwivedi & Gopal, 2010). 

 

2.5.3 pH influence. Research shows that pH values can vary remarkably in extracts 

collected from a single plant depending on the part it was harvested from. For that 

reason, the optimization process was found to be crucial in synthesizing NPs. In one 

study, it was revealed that the higher pH values contribute to producing Au NPs 

reduced in size due to shorter wavelengths in the SPR band (Armendariz et al., 2004) 

(Choudhary et al., 2020) (Costa et al., 2020). 

 

2.5.4 Temperature influence. Another element that may influence the development 

of Au-NP synthesis is temperature. The synthesis of bimetallic Au-Ag NPs in a 

comparative study involved the reduction of the ions of Au and Ag by the extract of 

Anacardium occidentale leaf from low to high temperatures to obtain the appropriate 

result. For steady NP generation at lower temperatures, more extract was required. 

(Sheny et al., 2011) 

 

2.5.5 Influence of incubation time.  The synthesis duration has a significant impact 

on the yield size, shape, stability, and optimal NP synthesis. In 2017, Eskandari-

nojedehi et al. synthesized AuNPs from mushroom extract (Agaricus bisporus). It was 

discovered that raising the NPs synthesis time improve the development rate of the 

Au-NPs, which in turn reducing the particle size. 
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2.6 E. oleracea (Acai Berry) 

 

2.6.1 Botanical description. Acai palm, referred as Euterpe oleracea Martius, is a tiny 

purple-black colored (indigo) berry grown in South America, and is mainly found in 

different countries including Brazil and Suriname. It was also discovered that this palm 

tree can be harvested from Amazonian areas. This plant, shown in figure 4, measures 

approximately 10 to 12 mm when it is fully matured (Schauss et al., 2006; Gallori et 

al., 2004).  

 

 

Figure 4. Acai (Euterpe oleracea) palm trees (lift). Hundreds of mature acai 

(Euterpe oleracea) fruits (right). (De Oliveira & Schwartz, 2018). 
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2.6.2 Bioactive compounds. Acai berries are composed of phenolic chemicals 

offering a promising source of antioxidants blocking the incidence of many 

cardiovascular and brain diseases. Healthy participants who consumed Açai pulp and 

juice showed a rise in antioxidant concentration in blood (Mertens-Talcott et al., 2008). 

Antioxidants are natural substances that get rid of free radicals and considered toxic to 

human bodies where they can disrupt major cellular entities incorporating into 

carbohydrates and nucleic acids. However, these substances are synthesized naturally 

in the absence of oxygen (Hangun-Balkir & McKenney, 2012). Being rich in 

flavonoids (31%), lignoids (11%), proteins (6% to 12%), lipids (21% to 53%), 

phenolic compounds (23%), in addition to fibers (17% to 71%), anthocyanins (9%) 

and carbohydrates (36% to 43%) makes this specie a “superfruit” (Freitas et al., 2021). 

 

2.7 Laurus nobilis (Bay Leaves) 

 

2.7.1 Botanical description. Laurus nobilis L. (Lauraceae family), also known as bay, 

is considered one of the ancient herps and is highly utilized as a seasoning. This tree 

(figure 5), consisting of approximately 30 genera and 2.000 to 2,500 species, is grown 

in the Mediterranean areas. However, it is known as Apollo's Laurel in mythology and 

is widely cultivated as a flowering plant in European countries and in the U.S (BARLA 

et al., 2007). The leaves and fruits of L. nobilis are utilized in medicine care all over 

the world, in addition to its important status as a culinary herb. Laurel oil or butter, 

derived from the fruits (berries) of L. nobilis, is an important component of laurin 

ointment, a popular treatment for rheumatism, gout, and spleen and liver diseases. It 

can also be used in veterinary medicine. (Sharma et al., 2012) 
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 Figure 5. The leaves of Laurus nobilis plant (Bay leaves) (Patrakar et al., 2012). 

 

2.7.2 Bioactive compounds. Laurus nobilis is primarily found in countries near the 

Mediterranean Sea and is rendered as a provider for abundant quantities of polyphenols. 

Phytochemical studies demonstrate that bey leaves are basically composed of 1,8-cineole, 

linalool, and α-terpinyl acetate. Furthermore, the most abundant phenolic compounds are 

procyanidin dimers and trimer, in addition to epicatechin, flavonol, and flavone derivatives. 

Bay leaves contain specific bioactive compounds utilized in seasonings and preservatives in 

several products such as pharmaceuticals, fragrances, and cosmetics. Consequently, this 

plant’s extracts are considered valuable and profitable (De Matteis et al., 2021; Boulila et al., 

2015; Dias et al., 2014; Ertas ̧ and Alma, 2010; Ertas ̧ and Alma, 2010). 
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Chapter 3 

Materials and Methods 

 

3.1 Chemicals 

 

          Euterpe oleracea powder was bought from the vegan market, Istanbul, Turkey. 

Hydrochloroauric acid (HAuCl4) powder (Sigma Aldrich, St. Louis, Missouri, United 

States), hydrogen peroxide (H2O2) (%35, Inter lab), ethanol (99.9%, Iso Lab). 

 

3.2 Green Synthesis of Gold Nanoparticles 

 

3.2.1 E.oleracea (acai  berry) 

 

3.2.1.1 Extract preparation. Before the preparation of gold nanoparticles, the stock 

solution of 10% Açai berry (AB) was prepared in double-distilled water. 3 g of its 

finely ground powder was taken in a beaker containing 30 ml of double distilled water 

to make it 10%, then boiling the mixture on a magnetic stirrer for 1 hour at 76 °C. 

After that, the extract was filtered using filter paper.  

 

3.2.1.2 Gold nanoparticles biosynthesis. To a vigorously stirred 60 ml of 1 mM 

aqueous HAuCl4 solution, 10 ml of the green extract was added and stirred for 2 hours. 

The NPs were washed three times with ethanol (99.9%) and then centrifuged at 15000 

rpm for 6 min to remove unreacted biomolecules. After that, the nanoparticles were 

stored at 4⁰C for further use. At room temperature, the preparation reaction took place. 

Gradual reduction of gold ions and the generation of Au NPs could be seen visually as 

the reaction mixture’s color changed to deep violet as evident from figure 6. All 

obtained gold nanoparticles were purified by four ethanol washing/centrifugation 

steps. For the fabrication of different sizes of Au NPs, the quantity of the reducing 

agent is varied as 5, 10, and 15 ml. 
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Figure 6. The deep violet color of synthesized gold nanoparticles. 

 

3.2.2 Laurus nobilis (bay leaves) 

 

3.2.2.1 Extract preparation.  Healthy bay laurel leaves purchased were purchased 

from the local market in Istanbul, Turkey. Before use, the leaves were washed several 

times with deionized water to remove any dust. Then, they dried in the shade and the 

plant material was ground with a coffee blender to obtain a powder and sifted through 

a 0.5 mm mesh screen to achieve a uniform particle size. In a 200 ml Erlenmeyer flask, 

approximately 24 g of the leaf powder was added to 120 ml of distilled water to make 

20% (v/v) of stock solution (figure 7). The mixture boiled on a magnetic stirrer for one 

hour at 76 °C. After that, the extract was filtered using filter paper and cooled to room 

temperature. The filtrate was collected and stored at 4⁰C for further use. 
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Figure 7. Bay laurel leaves extract. 

 

3.2.2.2 Gold nanoparticles biosynthesis. 60 mL aqueous solution of 1 mM of auric 

acid (HAuCl4) was reduced using 10 mL of bay leaves extract at room temperature 

for 2 hours, resulting in a pink-red solution indicating the formation of gold (AuNPs) 

as shown in figure 10. The NPs were washed three times with ethanol (99.9%) and 

then centrifuged at 15000 rpm for 6 min to remove unreacted biomolecules. As the 

reaction mixture's color changed from brown- yellow to reddish blue, the reduction of 

gold ions and generation of Au NPs could be seen visually as shown in figure 8. 

 

 

Figure 8. The deep pink-red solution indicated the formation of gold nanoparticles 

from bay leaves. 
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3.3 Issues with Source of Light and Fabrication Type of Nanomaterial 

 

          Firstly, we employed a halogen bulb (figure 9) in our first trial as a source of 

light in an open system. The bulb radiated a spectrum of mostly visible light with a 

slight closeness to infrared radiation in the interval between 480 to 1000 nm (figure 

10). The problem was the intense emitted brightness resulting in a great deal of heat. 

Besides, the high power of the bulb has led to a rise in the temperature of the whole 

setup, causing the creation of undesired bubbles on the surface of the fuel solvent and 

the walls of the container. To resolve this issue, we created a dark closed system with 

the same environment but with a different light source, which was previously 

mentioned as the xenon lamp. This lamp was much cooler than the latter because it 

uses less energy due to the ballast which helps regulate the electric current.  

 

 

Figure 9. The halogen bulb. 
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Figure 10. The spectrum of a halogen bulb. 

 

          Another issue is the usage of additive materials such as hydrogel and resin-based 

gold nano/microswimmers to make them float in the solvent. Regarding the pre-

synthesized acai berry-Au nanoparticles and the swimmers, they were tried with 

halogen light, but the halogen bulb was not suitable to induce the chemical reaction on 

the metal surface to make them move. Nonetheless, the light intensity participates in 

raising the temperature remarkably even in a few minutes, forming bubbles in the 

solution. 

          The significance of our study is to present that the temperature does not affect 

propulsion. To overcome this challenge, we believed that the xenon lamp will be an 

appropriate alternative to self-propelled nanostructures. Starting from this point ahead, 

we could modify the experimental design by changing the source light and conducting 

it in a closed system. In this case, only a slight increase in the temperature during xenon 

illumination was observed, which is far smaller than the increased rate observed under 

halogen illumination. This method was effective in making the biosynthesized Au NPs 

self-propelled. However, when it came to the use of gold swimmers, they would dip 

to the bottom of the experiment medium without any noticeable movement. The same 

failed result was obtained when the illuminance of the xenon was applied to the resin-

based gold microswimmers.  
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3.4 Light Setup 

 

          The setup used to actuate the movement of gold nanoparticles consists of an 85 

V xenon bulb. It is a type of gas discharge lamp that produces a bright white light 

(brightness intensity of 35 W) when electricity passes through ionized xenon gas. The 

Xenon lamp used in this experiment emits a broad visible spectrum in the 400-700 nm 

wavelength range as could be seen in figure12. Ballast, power supply, and two 

powering cables are also main constituents of the light system as illustrated in figure 

11. The ballast is an essential part of a fluorescent lighting system that supplies the 

voltage required to start the lamp and regulates the electrical current of the light once 

it is lit. One of the cables is connected to the power supply to provide power to the 

ballast, and the other one is used to connect the output of the ballast to the xenon lamp.  

 

 

Figure 11. HID light setup components: (A)power supply. (B) the ballast. (C) the 

xenon lamp. (D) powering cables. 
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Figure 12. The UV-vis spectrum of a xenon bulb. 

 

3.4.1 Controlling the self-movement of gold nanoparticles by VIS light in a dark 

system. The gold nanoparticles were suspended in three different concentrations of 

H2O2 (2%, 4%, and 6%) in a small plastic container that can hold ≈16 ml of liquid. 

This container then was placed in a closed dark system provided with one hole on each 

side of the system. The xenon lamp was incident on the nanoparticles through the holes 

of each side. Accordingly, the angle of light projection on these Au NPs exposed to 

visible light will respond as shown in figure 13. This system was made to investigate 

the navigation capability of the nanoparticles controlled by an external illuminating 

source. 

 

 

Figure 13. Controlling the self-movement by external VIS light in a dark system. 
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          The gold nanoparticles accelerate in speed while moving towards the light 

source with increasing the concentration of peroxide fuel at room temperature. The 

movement of these nanoparticles was recorded with a camera for further analysis and 

velocity calculations. 

 

3.5 Characterization 

 

          UV-vis spectroscopy was used to confirm the LSPR wavelength of gold 

nanoparticles (Shimadzu UV-visible spectrometer UV mini-1240). JEOL 3010 is a 

high-resolution transmission electron microscopy (HRTEM) that was used to measure 

the morphology of the particles. The X-ray diffraction data was taken by using Bruker 

D2 Phaser. The Perkin-Elmer Spectrum 100 device was used to measure the FTIR 

data. The gold nanoparticles production yield was determined using Inductively 

coupled plasma spectrometry (ICP-OES) Perkin-Elmer-Optima 7000 DV. 
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Chapter 4 

Results 

 

4.1 XRD Result 

 

          Figures 14 and 15 confirmed the crystalline nature observed for the colloidal 

gold nanoparticles from the two extracts through X-ray diffraction (XRD) analysis. By 

using acai berry and bay leaves extracts, four peaks were noticed at 38.21⁰, 44.31⁰, 

64.71⁰, 77.81⁰ and 38.1, 44.4, 64.8 and 78 which corresponds to the (1 1 1), (2 0 0), (2 

20) and (311), respectively. These intensities correspond to the reflections of the FCC 

phase of metallic gold nanoparticles. This result clearly demonstrates that the bio-

fabricated gold nanoparticles made from acai berry (AB) and bay leaf (BL) extracts 

are crystalline. 

          Using Debye-equation Scherrer's (formula 1), the average sizes of the diverse 

nanostructures were estimated to be 16 nm for AB and 12 nm for BL by calculating 

the width of the (111) reflection, which are consistent with TEM measurement.  

 

𝐷 =
𝐾𝜆

𝛽𝑠 cos 𝜃
 

Formula 1. Debye-Scherrer’s equation. 

 

          According to the formula 1, D is the average crystallite size, where K is the 

Scherrer's constant of the true crystallite shape (0.94 is used to link spherical 

crystallites with cubic symmetry), λ is the wavelength of the XRD radiation (=1.5406), 

βs is the peak's full width and theta is the angle of diffraction.  
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Figure 14. The XRD data of dried Au NPs fabricated by the extract of acai berry. 

 

 

Figure 15. The XRD data of dried Au NPs fabricated by the extract of bay leaves. 
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4.2 UV-VIS Study of Acai Berry Gold Nanoparticles 

 

          UV-vis was used to confirm the LSPR wavelength of Au NPs (figure 17). The 

intensity of the g1 sample (5 ml) was lower than the intensity of g2 (10 ml); however, 

the g3 sample (15 ml) was higher than both samples. Nevertheless, all samples had the 

same LSPR peak at about 520 nm, resulting in intense violet color which does not 

present in the big-sized material (figure 16). The higher quantity of AB extract, the 

smaller the Au NPs, which will increase the Au NPs surface of contact with the UV-

vis radiation, resulting in the variation in the intensity of the samples, where the g3 

sample contains the smallest Au NPs, the g2 sample includes the intermediate Au NPs, 

and the g1 sample contains the biggest Au NPs. However, since the nanoparticles 

present in all the samples are made of gold under the same conditions, that is why they 

all had the same LSPR peak. Noting that the sharp peak indicates the formation of 

spherical Au NPs.  

 

 

Figure 16. The deep violet color of the colloidal solutions of Au NPs synthesized by 

using acai berry. 
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Figure 17. UV-visible absorption spectra of AB-Au NPs fabricated from diverse 

extract volumes (g1, g2, and g3). 

 

4.3 TEM Analysis of Gold Nanoparticles Synthesized by Using Acai Berry and 

Bay Leaves 

 

          The Au NPs were characterized by TEM analysis. TEM images of green 

synthesized AuNPs with different extracts were observed in Figures 18 and 20. The 

formation of spherical shape gold nanoparticles (g2) from acai berry extract is visible 

in figure 16 with an average size of 16 nm. It is worth noting that most of the gold 

nanoparticles are well-separated. The size distribution of acai berry-Au nanoparticles 

is represented in a histogram which shows the variation in the particle size (figure 19). 

The average particle size was determined by measuring the diameter of 30 different 

particles to be approximately 22 ± 6 nm, which is consistent with the mean crystal size 

calculated from the Scherrer equation (formula 1).  
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Figure 18. TEM images of colloidal acai berry-gold nanoparticles (g2) under 

different magnification. 

 

 

 

Figure 19. The size distribution of acai berry-Au nanoparticles. 

 

          TEM images of bay leaves-Au NPs consist of many spherical shapes with a 

small number of multi-branched gold nanoparticles (figure 20). Triangular and rod-
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like gold nanoparticles could also be seen in figure 21. The particles are almost 

spherical ad the average size of 16 nm. The high-resolution TEM image reveals clear 

lattice fringes with a separation distance of 0.23 nm, which corresponds to the (111) 

plane of FCC gold (Figure 22). The lattice fringes of acai berry-Au NPs have not been 

provided due to the lack of high-resolution TEM images. 

          The particle size distribution was evaluated by observing the diameter of 30 

different particles and was found to be 346 nm, which agrees with the mean crystal 

size calculated from the Scherrer equation (figure 23). Notably, the different sizes of 

the NPs from different extracts could be the result of the quantity of reducing agents 

in the plant extracts or different phytochemicals involved in the synthesis. 

 

 

Figure 20. TEM images of spherical and multi-branched shapes of bay leaves-Au 

NPs. 
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Figure 21. TEM images of rod-like and triangular shapes of bay leaves-Au NPs. 

 

 

Figure 22. Lattice fringes of single Au nanocrystal with a spacing of 0.23 nm. 
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Figure 23. The size distribution of bay leaves-Au nanoparticles. 

 

4.4 FTIR Result of Acai Berry Gold Nanoparticles 

 

          Fourier-Transform Infrared Spectroscopy (FTIR) is a major biological 

instrument in which the main role is the identification of chemical interactions in a 

particular molecule. However, the reduction and capping of Au ions are maintained by 

biomolecules. The FTIR spectrum of E. oleracea’s extract (figure 5) revealed peaks at 

3,576 (O-H stretch of alcohols/phenols), 1741 (−C=C– the stretch of alkynes), and 

1,466 cm-1 (C-N compounds and C-O-C bond). Additionally, the C-O and C-O-C 

stretch of primary alcohol and phenolic compounds appear at around 1,162 cm-1.  

          The main differences shown between the raw material spectra and the as-

prepared Au NPs spectra are the modifications that occurred in the (-COOH) group for 

-OH, i.e., a hydroxyl group. After Au NPs reduction, the peak reached 3,262 cm-1 in 

synthesized nanoparticles compared to the peak in raw material, where it was at 3,576 

cm-1. In this scenario, the peak of nanoparticles became narrower with less intensity. 

The 1,443 cm-1 was contributed to the C-N compounds and C-O-C bond.  

          The conversion of the (-OH group) to aldehyde was indicated through the 

reduction of the 1741 cm-1 and 1466 cm-1 peaks to 1625 cm-1. Moreover, the ability of 

protein’s peptides and amino acid’s CO group to bind metal was revealed through the 
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obtained peaks shown in the range from 1075 to 1625 cm-1 in the IR band of fabricated 

Au NPs. This indicates that the proteins most likely formed a coating layer on the 

AuNPs, preventing particle aggregation.  

          These obtained results are consistent with Lima et al. findings. (Lima et al.,2012) 

They discovered the E. oleracea FT-IR spectrum to start from 500 to 4000 cm-1, which 

confirms the existence of diverse phytochemicals for generating and stabilizing of Au 

NPs. 

 

 

Figure 24. FTIR data of gold nanoparticles. 

 

4.5 ICP-OES Analysis for Gold Nanoparticles Synthesized By Using Acai Berry 

and Bay Leaves 

 

          Inductively Coupled Plasma Emission Spectrometry (ICP) was used to calculate 

the percentage conversion of metal ions to metal nanoparticles. 
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Q=(C0-Cf)/C0×100 

Formula 2. The percentage of metal ions transformed into nanoparticles.  

 

          In this equation, the initial and final concentrations of metal ions have been 

determined with C0 and Cf (23,630 mg/L, 0.072 mg/L) and (23,630 mg/L, 0.045 

mg/L) for acai berry-Au NPs (AB) and bay leaves-Au NPs (BL), respectively. Q is the 

percentage conversion of gold ions to gold nanoparticles. 

          The final synthetic yield of Au NPs was determined to be 99.69 % and 99.8 % 

for AB and BL, respectively: 

Q (AB) = 99.69 %  

Q (BL)= 99.8 % 

 

4.6 Hydrogel-based Gold Swimmers 

 

          The hydrogel is prepared by blending gelatin, alginate, and cellulose in a weight 

ratio of 5:2:2 and dissolving the mixture in distilled water. The solution is thoroughly 

mixed for one hour at 60℃ using a magnetic stirrer until the solution attains proper 

homogeneity. The mixture is kept in the fridge at 4°C until it reaches a gel-like 

consistency. The gold swimmers are then synthesized by mixing pre-synthesized gold 

nanoparticles (acai-berry) with the hydrogel solution and dropping them into a CaCl2 

bath with the help of an extrusion-based 3d printer as shown in figure 25. Synthesis 

tests showed that 1% wt/vol concentration is the best for ease of printability when 

coupled with a 0.3mm printing nozzle and at a 1.47 mm3/s extrusion speed. After 

drying the gold swimmers shrunk down to micrometer diameter. This shrinkage in size 

is due to the loss of water content from the hydrogel, which accounts for 99.5 percent 

of the overall solution. After the preparation, these swimmers did not exhibit photo 

response to the visible light incident in a medium contains H2O2. The reason for this 

could be the plasmons not being able to get interacted with fuel solution because of 

the hydrogel-based enclosing.  
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Figure 25. The hydrogel-based gold swimmers. 

 

4.7 Resin-based Gold Swimmers 

 

          Acai berry-gold nanoparticles with photocatalytic properties were mixed with 

the photocurable polymer resin, which is the primary material in the sub-milli and 

milli-swimmers produced. A 0.1% wt/vol concentration was obtained by mixing 

0.0267 g of gold nanoparticles and 20 ml of polymer resin for each gold particle-resin 

combination. The mixture was sonicated for 30 minutes before beginning the printing 

process to help stop the gold nanoparticles from integrating. . The resulting mixture 

was poured into the tank, and the build platform was settled to print the structures. The 

particles were designed by using CAD software. After the printing process, the 

swimmers were cleaned with  >99%  pure ethanol for 3 minutes to remove the 

unpolymerized resin. Following the synthesizing, they were submerged in hydrogen 

peroxide (H2O2) as a fuel liquid under the xenon visible light effect, but we did not 

notice any movement. The reason for this could be the plasmons not being able to get 

interacted with fuel solution because of the resin based enclosing. 

 

4.8 Plasmonic Self-propelled Gold Nanoparticles 

 

          Gold nanoparticles having an elevated surface-to-volume ratio and a high 

number of active catalytic sites per unit area make them ideal candidates for superior 
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catalytic performance. Moreover, the localized surface plasmon resonance (LSPR) 

effect and strong visible absorption could be utilized to self-propel nanostructures.  

          This photocatalytic activity arises when gold nanoparticles are irradiated by a 

xenon lamp. Visible light at a certain wavelength excites the surface plasmon 

resonance to work as a light harvester. The excitation of Au NPs LSPR leads to an 

interband excitation of electrons from the occupied 5d band to the upper conduction 

band (6sp). Therefore, excited hot electrons can be formed on the metal surface from 

direct excitation using visible illumination. These hot electrons can transfer into an 

electron acceptor, adsorbed on the metal surface, inducing a chemical decomposition 

reaction. figure 26 and formula 3. 

 

Photocatalyst→ 𝑒𝐶𝐵
−  + ℎ𝑉𝐵

+  

Formula 3. Electron-hole pair 

 

 

Figure 26. Schematics of plasmon induced-hot electrons generation on Au NP (A 

and C) and inter-band structure of photocatalyst phase (B). 

 

          The catalytically driven propulsion of gold nanostructures can be explained with 

the following formula: 

2 H2O2 → 2 H2O + 2 O2 ↑ 

Formula 4. Catalytic decomposition of Hydrogen peroxide. 
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          Ergo, the release of oxygen bubbles is caused by the chemical decomposition of 

H2O2 is an indication that the reaction is taking place. In parallel with a result obtained 

from a previous study. Au NPs' movement towards visible light can be explained by 

the electrostatic interaction of the electrons present on the surface of the nanoparticles 

and the hydrogen atoms of the hydrogen peroxide molecules. Because electrons are 

not equally shared between the hydrogen and the oxygen atoms in the hydrogen 

peroxide molecules, since oxygen is more electronegative than hydrogen, electrons are 

attracted towards the oxygen atom creating a quasi-negative (δ-) charge on the oxygen 

atom and a quasi-positive charge (δ+) on the hydrogen atom (Sridhar et al., 2018). 

(Figure 13), and the velocities of the Au NPs are dependent on the H2O2 fuel 

concentration as will be shown in the next section. 

 

4.8.1 Trajectory and speed analysis of plasmonic self-propelled gold nano-

swimmers. Au NPs present in 10% of the reducing agent were used for the following 

experiments. To investigate the impact of H2O2 concentration on the acceleration of AB-Au 

NPs, three various amounts of this fuel solution were used. For each concentration, the speed 

ratios of three different nanoparticles were calculated to evaluate the average speed value. 

However, the light intensity was kept constant for various H2O2 concentrations, including 

2%, 4%, and 6% at 35W. The resulting travel speed of the nanoparticles towards the source of 

light increased with the rise of the H2O2 concentration (tracked for 12 seconds). (figure 27 - 

30). 
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Figure 27. The swimming trajectory of gold nanoparticles under external visible 

electromagnetic guidance in 2% H2O2 concentration.  

 

 

Figure 28. The swimming trajectory of gold nanoparticles under external visible 

electromagnetic guidance in 4% H2O2 concentration.  
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Figure 29. The swimming trajectory of gold nanoparticles under external visible 

electromagnetic guidance in 6% H2O2 concentration.  
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          The average speeds of the biosynthesized gold nanoparticles are estimated to be 

0.00435 mm s-1, 0.011 mm s-1, and 0.017699 mm s-1 for 2%, 4%, and 6% H2O2 

concentration, respectively. The migration of the gold nanoparticles towards the light 

source was observed to be a straight line.  

 

 

          Only when exposed to VIS xenon light, which acts as a force, do these gold 

nanoparticles move. Self-generated active propulsion occurs only when the (xenon) 

VIS light is lit. When the VIS light is turned off, the particles' active propulsion stops, 

and they only move in a random Brownian motion. 

          In our case, the temperature of the medium is one of our biggest concerns. By 

tracking the temperature throughout the reaction, we observed that there was no 

conspicuous change between the initial and final temperature. Therefore, we can 

confirm that the motion is not caused by the increase of the medium temperature. 

  

Figure 30. Dependence of the average speed of gold nanoparticles on 

H2O2  concentration under external visible light source 
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          In comparison to previous studies, many of them have produced metal oxide-

based nanostructures such as TiO2 (Sridhar et al., 2018), Cu2O (Zhou et al., 2017), 

WO3 (Zhang et al., 2017), and Si (Wang et al., 2017), to produce self-propulsion 

nanomotors. Some of them have produced self-powered polymer multilayer Janus 

capsules by deposition a thin gold layer on the polymer. (Wu et al., 2014) In all of 

them, the travel speed could be monitored by the fuel concentration and the navigation 

could be directed by either an external magnetic field or electromagnetic field.  

          In our work, we provided a feasible gold nanoparticles formation method for 

self-driven gold nanoparticles with elevated swimming speed and positional guidance 

without the use of any additional material  

 

4.9 Future Work 

 

          In our present study, we used the method of green chemistry to produce 

monodisperse gold nanoparticles in shape uniformity, which showed an efficient 

photocatalytic activity. Such programmed behavior that links the response to external 

electromagnetic field (light response) and concentration gradients of chemicals were 

able to produce directional self-propelled nanomotors.  

          In future work, the ability to introduce a powerful biocompatible fuel solution 

will be a better option and open the on-hand possibility to develop driven-nanomotors 

in a nontoxic environment. The intensive research on the catalysis of Au NPs for 

various reactions is constantly continued, due to the large surface to volume ratio and 

controllable motion under the visible light effect. We anticipate that the combination 

of offering suitable force liquid and Au NP-based plasmonic photocatalysts will result 

in the further development of numerous processes.  Making these nanostructures as 

carriers by loading several substances like biomolecules and drugs for targeted drug 

delivery and other medical applications. 
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Chapter 5 

Conclusion 

 

          By reducing aqueous AuCl4- ions with bioactive compounds, Au NPs were 

created using a green chemistry concept. found in plant extracts of acai berry and bay 

leaves. The synthesized AuNPs were characterized using a multy instrumental 

techniques which are UV–vis, TEM, XRD, FTIR, and ICP. The generated gold 

nanoparticles shape was majorly spherical in case of acai berry NPs and bay leaves 

NPs. Moreover, the mean size of AB-Au NPs and BL- NPs were obtained to be 16 and 

12 nm, respectively.  

          In summary, we have presented a driven catalytically powered nanomotor from 

acai berry-Au NPs. These nanomotors could be driven by the electrostatic interaction 

resulted from the catalytic decomposition of hydrogen peroxide on Au NPs surface 

under xenon light. Their velocities were measured under various concentrations of the 

fuel liquid (H2O2).  As the concentration of H2O2 increased, the nanoparticles travel 

speed towards the source of light enhanced. This effect would result from the excellent 

photocatalytic activity of the Au metal. Developed Au swimmers could be used in next 

generation photo assisted drug delivery applications.  
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