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Abstrakt 

Tato práce se zabývá syntézou sférických zlatých nanočástic pro biomedicínské 
aplikace. Zlaté nanočástice byly syntetizovány ekologicky nezávadnými metodami, kterým je 
věnována i značná část rešerše. Cílem bylo nasyntetizovat stabilní koloidní zlaté nanočástice 
vhodné pro různé biomedicínké aplikace zejména, pro in vivo a in vitro zobrazovací metody, 
kterých přehled je take obsažen v teoretické části práce. Také byl proveden test cytotoxicity, 
jelikož částice mají být použitelné pro in vivo aplikace. Částice byly dale charakterizovány 
metodami SEM, DLS a UV-VIS. 

Klíčová slova: zlaté nanočástice, syntéza, charakterizace, zobrazování, cytotoxicita  

Abstract 
This paper deals with synthesis of spherical gold nanoparticles for various biomedical 

applications. Gold nanoparticles were synthetized by green methods. Considerable part of this 
thesis is devoted to green procedures. The aim of this work was to synthetize stable colloid 
gold nanoparticles suitable for various biomedical applications; especially for in vivo and in 
vitro bioimaging techniques. Review of these methods is included in theoretical part of this 
thesis as well. A cytotoxicity test was also provided.  Gold nanoparticles were characterized 
by methods SEM, DLS, UV-VIS.  

Keywords: gold nanoparticles, synthesis, characterization, imaging, cytotoxicity 
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1 Introduction 

 The application of nanomaterials in biomedicine is increasing rapidly and offers excellent 
prospects for the development of new tools and devices used in various fields of medicine and 
technique.  

History of colloidal noble metal particles has played a significant role in human 
civilization and reaches ancient ages as a decorative agent for glasses and medicinal reagent 
for several diseases. A real inquiry of nanoparticles began by Faraday and Mie a hundred and 
fifty years ago. Michael Faraday for the first time clarified the mechanism of the colloidal Au 
formation and the optical properties associated with it. Since then, the scientific investigation 
of gold has evolved into the ability to precisely control the synthesis of gold nanomaterials in terms 
of size, shape, and uniformity [1,2]. 

Research of gold nanoparticles (further denoted as AuNPs) is very attractive to scientists 
in recent ten years. These AuNPs can be utilized in variety of fields starting by optical 
applications like microbial detection [3], as targeted delivery system for drugs [4],  diagnostic 
and monitoring tool for some types of human diseases such as cancer [5,6], then biosensors 
[7,8], applications in catalysis [9]. Further, they can be also used in improving the analytical 
methods such as open-tubular capillary electrochromatography, and liquid chromatography. 
Moreover AuNPs are used as a run buffer additive to enhance separation and pre-
concentration in the field of chromatographic, electrophoretic and in-chip based systems [10].  

A very important property of AuNPs is plasmon resonance band. This phenomenon is 
caused by freely mobile electrons placed on the surface and it shows collective oscillation 
frequency of the plasmon resonance band. This plasmon band is the main source for the 
development of a lot of analytical devices and methodologies. In principle, optical properties 
can be tuned by modifying the shape and size of AuNPs and provides very good outlook in 
the design and development of analytical devices. AuNPs are suitable for immobilization of 
wide range of biomolecules for in-vivo applications due to their low cytotoxicity and high 
affinity of Au for molecules having thiol or amine functional groups [1,2,7]. 

After the Faraday´s introduction of the reduction of tetrachloroaurate solution by 
phosphorus in carbon disulfide in 1857, the attention to the synthesis of AuNPs with 
controlled sizes and shapes has increased during the second half of the 20th century. The 
major headways have been presented by Turkevich in 1951 with the citrate method improved 
by Frens in 1973, then by Mulvaney and Giersing in 1993 with the first synthesis and 
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stabilization of Au NPs by thiolates, and finally by the Schiffrin group in 1994 with the report 
of the illustrious and most convenient Brust-Schiffrin biphasic method of thiolate-stabilized 
Au NPs. Sophistication of these methods during the last decade, especially the seed-growth 
synthesis, have now led to promising applications [1,2,11]. 
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2 Gold nanospheres 

General definition of AuNPs (also known as gold colloids) describes them as discrete 
particles in size between 1 nm and 150 nm. They can be dispersed in water (hydrosols) or 
organic solvents (organosols). Their shape and size depend on controlled synthesis using 
different reducing agents at various conditions and concentrations. Most commonly citrate is 
used as reducing and also stabilizing agent which can produce nearly monodisperse gold 
nanospheres [12,13]. 

2.1 Synthesis of spherical gold nanoparticles 

There are generally two approaches how spherical gold nanoparticles can be prepared: 
top-down and bottom-up synthesis (Figure 1). For top down procedures, a bulk state Au is 
systematically broken down to generate AuNPs of desired dimensions. In this case, particle 
assembly and size are controlled by pattern or matrix. However, the top–down method [1,11] 
is limited regarding the control of the size and shape of particles as well as further 
functionalization (Figure 1).  

The bottom-up methods of wet chemical nanoparticle preparation rely on the chemical 
reduction of metal salts, electrochemical pathways, or the controlled decomposition of 
metastable organometallic compounds [1]. In the bottom–up synthesis, nanoparticles are built 
up from their molecular components/building blocks. This approach involves chemical or 
biological reduction containing two steps: nucleation and successive growth. When these two 
reactions are completed in the same process, it is called in situ synthesis; or otherwise seed–
growth method [2,11,14]. At first, the building blocks are formed by the reduction of 
corresponding metal salts to zero valent state. These metal atoms tend to merge into larger 
units, because they have a short life time in solution. This can be proved by further 
stabilization or surface functionalization. The bottom-up approach is a popular method for the 
synthesis of AuNPs because the size and shape can be easily controlled by this process [1,14]. 

There are two important components in the preparation of AuNPs accomplished by 
chemical reduction; the chosen reducing agent and the stabilizing ligand (reduction and 
stabilization). In liquid chemical methods, AuNPs have been synthesized in aqueous medium 
by the reduction of metal salts with suitable reducing agents in the presence of an appropriate 
stabilizing agent [2,11]. The synthesis of AuNPs in aqueous medium is very useful for 
biological applications. A disadvantage of the nanoparticles synthesis is their tendency to 
agglomerate, which is caused by their high surface-to-volume ratio. Two particles are 
captivated to each other by Van der Waal’s forces in the absence of repulsive forces, so 
controlling an agglomeration is one of the major practical challenges for NPs synthesis 
[12,14,15].  
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Figure 1 : Top-down and bottom-up synthesis of gold nanoparticles approach [1] 

The stabilization of nanoparticles is generally achieved by two mechanisms; 
electrostatic and steric. The electrostatic stabilization is based on the repulsive interaction 
between similarly charged nanoparticles (the repulsive interaction prevents them from 
aggregation) [12]. Citrate stabilized Au nanoparticle first reported by Turkevitch is an 
example of this type [11]. The carboxylic acid terminated alkane thiols and polymers [16] 
have been widely used for the electrostatic stabilization of the particles. On the other hand, 
steric stabilization is a consequence of steric repulsion between the giant hydrophobic 
moieties of the stabilizing agents [1]. 

2.1.1 Turkevitch method 

The most popular in situ synthesis of AuNPs is so called Turkevitch method (gold salt 
method), published in 1951. This method is based on a reduction of solvated aurochloric acid 
by sodium citrate. In this method, citrate can be used as a stabilizing and reducing agent or as 
the stabilizing agent only. 

HAuCl4 solution is boiled first than followed by quick addition of trisodium citrate 
dihydrate under dynamic stirring. The wine-red colloidal monodispersed suspension is 
obtained after few minutes. AuNPs size is between 15–20 nm. This procedure has also formed 
the basis of consequential synthesis techniques regarding many different shapes of gold 
nanomaterials that can be now constructed [2,11]. 

The citrate is used as a stabilizing agent in preparations of AuNPs. Its advantage is 
citrate´s relatively high temperatures due to weak reducing strength which can change the 
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solution pH to a certain extent with its concentration [14]. In this process a mixture of tannic 
acid/citrate solution is used whereby tannic acid plays the role of a reducing agent instead of 
citrate and the AuNPs are obtained at 60 °C [11]. The adsorption of citrate on particles 
surface is very important in this procedure which significantly affects the particle size and 
shape as well. In the first step the particle size decreases meanwhile citrate ratio to HAuCl4 

increases, this is called stabilizing process. The bigger amount of citrate allows higher and 
faster stabilization of small particles, while lower concentration inflicts aggregation process 
which leads to larger form of particles because the stabilizing process is incomplete [14].  

While Turkevich’s method uses citrate as both the reducing and stabilizing agent, the 
evolution of this method now enables the use of other reducing agents sodium borohydride or 
a variety of stabilizing ligands. Due to fine tuning of morphology and size or monodispersity, 
a wide range of nanospheres with variable sizes and uniformity can be now synthesized 
[2,11]. 

2.1.2 Brust-Schiffrin method 

This procedure is based on using a high yielding two-phase water–toluene solution 
with a thiol as the stabilizing ligand, and tetraoctylammonium bromide as the phase transfer 
agent. The aqueous chloroaurate ions are transported into the organic solvent using phase-
transfer reagent (tetraalkylammonium salts), then the chloroaurate ions in the organic phase 
are reduced to zero valent Au and finally capped with alkane thiol or alkylamine molecules. 
Thanks to this method gold colloid functionalization was provided in one-pot synthesis. 
Previously, AuNPs functionalization was achieved after synthesis of nanospheres by separate 
ligand exchange mechanism, e. g. replacing the original colloidal stabilizing ligand with the 
demanded ligand. The final decorating ligand is used as the stabilizing one during the 
synthesis together with a thiol terminated ligand and exploiting strong thiol–gold interactions. 
This also enables that any desired thiolized ligand can be a real candidate in the Brust–
Schiffrin biphasic procedure [2]. 

One of the biggest advantages of this route is further possible functionalization of 
surface with other reagents of interest realized by simple ligand exchange process, depending 
on subsequent utilization. Ligand stabilized nanoparticles were also synthesized using various 
other sulfur-containing chemicals, because of thiol ligand strong affinity for Au. Principle of 
seed-growth method 

The seed growth method has been used for more than a century. This synthesis is based 
on enlarging the particles step by step, as it is easier to control the size and shape of formed 
AuNPs in every single step. This synthesis involves two steps. In the first step, small-sized 
seeds of AuNPs are prepared. Then, in the second step, these seeds are added to a “growth” 
solution containing HAuCl4 and stabilizing and reducing agents. After that, these newly 
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reduced Au0 grow on the seed surface to form large-sized AuNPs. The reducing agents used 
in the second step are always mild. They reduce AuIII to Au0 only when Au seeds are 
presented as catalysts, so the newly reduced Au0 can congregate on the surface of Au seeds, 
but any new particle nucleation originates in solution [2,11].  

The second step is slower than the first one due to using mild reducing agents. This 
part can be repeated to continue the growth process. The configuration of seeds affects the 
size, shape and surface properties, and ratio to the Au precursor during the seed-growth 
synthesis. Seed-growth method uses citrate reductant and capped spherical Au seeds with 
diameter of 12 nm for the overgrowth of spherical AuNPs as mentioned above. Another 
similar procedure uses a citrate-capped gold seeds sized of 3.5 nm by dropping an ice-cold 
aqueous solution of NaBH4 into a mixture solution of HAuCl4 and citrate. This procedure of 
Au seed formation was modified by El-Sayed using hexadecyltrimethylammonium bromide 
as the stabilizer instead of citrate. Subsequently, this seed formation was regarded as the most 
primary nucleation process in the synthesis of AuNPs [2,11,15]. 

2.2 Green-synthesis 

The development of metal nanoparticles has been focused on green synthesis methods 
in recent years. These studies started under green chemistry for the search of benign methods 
for a development of new nanomaterials and searching antibacterial, antioxidant, and 
antitumor activity of natural products [17,18]. These methods are ecofriendly and safer with 
sustainable commercial viability. Most of nowadays protocols involve the use of toxic 
chemicals which may be potentially harmful to either environment as well as human health or 
may cause adverse effects in medical applications. These processes are usually very costly 
[19,20]. Biosynthetic processes have received much attention as an alternative for the 
development of metal nanoparticles without any chemical ingredients [17].  

One option of these green methods is the production of metal NPs using biological 
systems such as microbes, fungi and several plant extracts, in which biomolecules secreted by 
the biomass can act as both reducing and capping agents during the reaction and resulted in 
nanoparticles that are more biocompatible [20]. Plants of all these organisms seem to be the 
most convenient and they are suitable for large-scale biosynthesis of NPs. Plants-produced 
AuNPs are more stable and the synthesis rate is faster than in the case of microorganisms. 
Furthermore, these NPs are more diverse in shape and size in comparison with those produced 
by other organisms [9,18,21].  
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3 Physical properties of gold nanoparticles 

3.1 Surface plasmon resonance 

Surface plasmon resonance (SPR) is a physical phenomenon caused by the collective 
oscillation of conduction electrons in response to optical excitation [6,7]. This occurrence 
arises at a very specific angle of light and only at the thin metal-dielectric (water or air) 
interface (dielectric constants of opposite signs). Gold is a perfect conductor; this property 
comes from conformation of atoms which are organized together very closely so they can 
share electrons with each other - it´s a so called electron delocalization. Gold is also a very 
good media (for example biological) as dielectric material; an appropriate interface is created 
for propagating surface electromagnetic waves. A typical yellow color of the gold bulk arises 
from the increasing reflectivity as the interband transition in the visible is approached, 
including also a broad conduction band. This band is mainly derived from the s and p orbitals. 
These types of orbitals are strongly influenced by the d10 gold core. As Maxwell theory says, 
the reflection of light at metallic surfaces is proportional to the imaginary part of the dielectric 
term associated with the absorption phenomenon. It means that resonance occurs when the 
frequency of photons matches the natural frequency of oscillating surface electrons (Figure 2). 
In a result, paradoxically, gold metal reflects more efficiently at wavelengths in which the 
radiation is most strongly absorbed [5,14]. 

Atoms of noble metals such as Au and Ag have completely filled 5d, 4d or 3d shells, so 
only one electron is in the corresponding 6s, 5s or 4s levels. Their atomic spectra are managed 
by the electronic transitions through quantum levels associated with the shells (n-1) d and n(s, 
p). The electron configuration of gold is [Xe] 4f14 5d10 6s1 and changes by donating one of 
the 6s shell electrons to the 5d shell in order to fill it and achieve greater stability, e.g. 
electrons will find the most stable state with the lowest energy configuration that possible. 
Fully-filled orbitals or half-filled orbitals are more stable than partially filled orbitals [5,22]. 

 

Figure 2: Surface charges of electron [22] 
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Gold nanoparticles exhibit characteristic colors and features which are lacking in 
individual atoms as well as in the bulk material. Electrons of spherical nanoparticle are 
submitted to the same electromagnetic field. It happens because nanoparticles are much 
smaller than the wavelength of light so than the average electric field induced by light can be 
considered constant; described by following Maxwell´s and Mie´s equations for the 
interaction of light with nanoparticles [7]: 

𝜎𝑒𝑋𝑡 = 9𝜔
𝑐 𝜀𝑚

3/2 𝑉 𝜀2(𝜔)
[𝜀1(𝜔)+2𝜀𝑚]2+𝜀2(𝜔)2; 

where V is the particle volume, x is the angular frequency of the exciting light, c is the speed 
of light, εm and ε(ω) = ε1(ω) + i ε2(ω) are the dielectric functions of the surrounding medium 
and the material itself, respectively. For larger nanoparticles, the light cannot polarize the 
nanoparticles homogeneously and retardation effects lead to the excitation of higher-order 
modes. 

The oscillation of electrons leads to a periodic charge separation and generates 
oscillating dipoles whose magnitude reaches a maximum at the nanoparticles surface. The 
frequency and wavelength of such oscillating dipoles depends upon the dielectric constant of 
bulk and surroundings, as well as on the electric field inside the particle. The dielectric 
constant of the metal involves a real and an imaginary part [22,23]. 

The peak intensity and the position of surface plasmon absorption in metallic 
nanoparticles are dependent on the shape, solvent, ligand, interparticle distance, and 
temperature as well as the dielectric constant of the metals. SPR is also influenced by 
electron−electron interactions are involved in this process rather than electron−phonon 
coupling. However, experimental data from femtosecond light scattering confirmed the 
occurrence of both processes in the individual AuNPs [7]. Non-spherical nanoparticles show 
significant changes in SPR oscillations. Mie’s theory was modified by involvement of the 
contributions of two distinct longitudinal and transverse dipole polarization modes. As a 
consequence, in contrast to a single band, two bands became apparent, associated with the 
transverse and longitudinal plasmon resonances. A transverse mode shows a resonance at 
520 nm, while the resonance of the longitudinal mode is red-shifted and appears above 700 
nm. The SPR frequency is also strongly dependent on the aspect ratio, which is defined as the 
ratio of length to width of non-spherical nanoparticles [6,7,14]. 

SPR is also strongly changed if the nanoparticles start to agglomerate at some extent. 
Agglomeration can promote the coupling of plasmon modes of gold nanoparticles. It creates a 
new band encompassing and broadening of the red shift. A visible consequence of 
agglomeration is usually a change of the initial red color dispersion into a blue color. 
According to Purcell and Pennypacker, the nanoparticles in the aggregate are considered as 
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polarizable elements that are coupled together in order to determine the overall polarization 
response [7,14,22-24]. 

3.1.1 Localized surface plasmon resonance  

Localized surface plasmon resonance (LSPR) is defined as a collective electron charges 
oscillations in metallic nanoparticles that are excited by light. This field is highly localized at 
the nanoparticle and radiate rapidly away from the nanoparticle interface into the dielectric 
background, though far-field scattering by the particle is also enhanced by the resonance. 
Light intensity improvement is a very important factor of LSPR and localization means the 
LSPR has very high spatial resolution limited only by the size of nanoparticles. Because of 
the enhanced field amplitude, effects that depend on the amplitude such as magneto-optical 
effect are also enhanced by LSPR [25-27]. The LSPR phenomenon can be achieved by 3 
approaches; elongate a nanosphere to a nanorod, cover the surface of nanoparticle with 
dielectric colloidal spheres or empty the interior of nanoparticle and make a hollow 
nanosphere. Particles with diameter bigger than 80 nm show light scattering 105 higher than 
the light emission. Gold nanoparticles are not predisposed to photobleaching which is an 
advantage in comparison with fluorophore molecules so they can be detected only by a few 
techniques. For in vivo application, the ideal position of LSPR peaks for AuNPs is in the range 
from 700 nm to 900 nm, i.e. in NIR region. In this region, light can penetrate deeply into soft 
tissues in that a great reduction in absorption occurs due to hemoglobin and water due to 
scattering from tissue [27]. 

3.2 Colloid stability 

In recent studies, the importance has been considered to control the colloid stability of 
metal nanoparticles since their aggregation and dispersion properties affect their optical, 
electronic and catalytic properties. The colloid stability of aqueous dispersions is mostly 
described by the Derjaguin–Landau–Verwey–Overbeek theory (DLVO). Van der Waals and 
electrostatic interactions constitute a total free energy of interaction. In Van der Waals 
interactions, a Hamaker constant, which is always positive, is very importantso two identical 
particles are attractive to each other. Electrostatic forces are repulsive due to the overlay of 
electrical double layers. A merge of these two interactions originate from an energy barrier. 
The height of the energy barrier determines whether a colloid will be stable or undergo 
coagulation and thus can be used to control colloid stability [12]. This energy barrier is 
influenced by Hamaker constant (the larger Hamaker constant is, the larger attraction between 
particles reducing the energy barrier is,), surface potential and electrolyte concentration (the 
higher potential and the lower concentration of inert electrolyte increase the height of the 
energy barrier). The higher potential at the surface of a particle is, the larger electrostatic 
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repulsion between the particles is. The lower concentration of indifferent electrolyte results in 
the larger distance from the surface at which repulsion is significant. 

Nevertheless, DLVO model is not convenient to describe the interaction when two 
surfaces or particles are closer than a few nanometers. This is because non-DLVO forces play 
an important role, too. Hydrophobic, steric and solvation forces are commonly encountered as 
non-DLVO forces. These additional forces have been found to be monotonically repulsive, 
monotonically attractive or oscillatory, and they can be much stronger than either of the two 
DLVO forces at both small and large surface to surface separations [12]. 

Traditional DLVO theory was modified because of critical Casimir force between a 
single colloidal and a flat silica surface. The total free energy of interaction is composed by 
Van der Waals attraction, electrostatic repulsion and non-DLVO forces.  

The immiscibility of inert substances with water and the unfavorable entropic nature of 
this incompatibility are called hydrophobic effect. This effect describes interaction the 
unusually strong attraction between hydrocarbon molecules and surfaces in water. This effect 
occurs when molecules of water come in contact with non-polar molecules. The conformation 
Water molecules are suspended and a new one, more ordered conformation is imposed and 
creates a layer around non-polar solute molecules.  

Colloidal particles usually coagulate in a solvent, but they can be stabilized by subjoining 
of some amount of polymer. When two surfaces shielded by polymer get nearer, a force arises 
once the outer most polymer segments begin to overlap. Due to this mutual interaction, a 
repulsive osmotic force is created because of unpropitious entropy. This entropy is  in 
conjunction with compressing the polymer chains between two surfaces in good solvents. 
This overlap is called steric or overlap repulsion. In a poor solvent it is opposite; polymer 
layer violates so Van der Waals forces are in predominance. The interaction forces between 
particle surfaces covered by polymers are influenced by the amount of polymers [12].  

Solvation forces influence colloidal stability as well. These forces ensue when molecules 
begin organized into quasi-discrete layers between two surfaces. They flutter with distance 
over a rank of different molecular diameters. Interaction between particle surface and solvent 
can induce a positional or an orientational organization and also can result in a monotonic 
solvation force. In the case of using water as a medium, this force is called hydration force 
[12].  
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4 Bioimaging using gold nanoparticles 

Nanomaterials have received considerable attention in imaging; mostly molecular 
(tumor cells) imaging bounded with local therapy which can increase medical effectiveness.  
A big advantage of using nanomaterials in these applications is the capacity to combine 
multiple modalities on one probe.  

Nanoparticles used as diagnostic/therapeutic tool are compound of two parts; organic 
(polymers, liposomes/dendrimers for stability) and inorganic material (metal nanostructure) 
usually decorated with special functionalities responding to their further utilization.  

Thus, nanomaterials treated this way allow the use of different molecular imaging 
techniques such as computed tomography (CT), optical coherence tomography (OCT), 
surface-enhanced Raman Spectroscopy (SERS), two-photon luminiscence (TPL), X-ray 
computed tomography imaging (CT). These methods are most frequently used in clinical 
medicine as well as they are suitable for a range of therapies concerning chemotherapy, 
photodynamic therapy or thermal therapy or passive drug targeting.  

4.1 Important characteristic of nanomaterials utilized for imaging 

In general, AuNPs have large surface to volume ratio which supplies to their high 
loading capacity. AuNPs can also include intrinsic optical, electrical, thermal or magnetic 
properties that can be used for imaging or therapeutical intents. Colloidal gold is suitable for 
therapeutical applications thanks to its low toxicity, dynamic surface chemistry and shape or 
size that can be tailored during the synthesis for concrete utilization. 

4.1.1 Enhanced permeability and retention effect 

When tissue becomes abnormal, it affects leakage of plasma components and other 
macromolecule. In fact, leakage increases and EPR effect appears; the higher permeability of 
tumor vessels to macromolecules compared with normal vessels, and the impaired clearance 
of these macromolecules from the interstitial space of the tumor. A consequence of the EPR 
effect is that macromolecules can accumulate in the tumor at concentrations five to ten times 
higher than in normal tissue during only 1–2 days. The EPR effect can be used to acquire 
passive targeting for imaging by using macromolecules or nanoparticles. A problem with 
current small molecule drug is that unless they are bound to tumor specific molecules can also 
interact with healthy tissue and affect its function [6,26].  
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4.1.2 Nanoparicle size 

A reticulo-endhothelial system (RES) belongs to an immune system and it is 
composed of phagocytic cells (monocytes, macrophages). This system has got two primary 
functions; to remove senescent cells from bloodstream and produce phagocytic cells for 
immune responses.  In general, nanomaterials with bigger size are very easily removed by 
RES, smaller objects has got longer retention period etc. the smaller diameter of nanomaterial 
the longer retention in blood circulation system.  In general, nanoparticles with size smaller 
than 100 nm are considered as ideal for cancer therapy thanks to their advantageous 
biodistributions and clearance/aggregation behavior.  When nanoparticles injected to body, 
the first place where they can be filtered is kidney, thus, a lower-size threshold has been 
established based on the glomerular filtration of particles; in case of size bigger than 8 nm 
they will not be filtered out of system while particles smaller than 6 nm will be removed and 
cleared from the blood.  In addition, pore sizes in endothelial system are ca. 5 nm so particles 
with smaller size will be disposed. Also the renal excretion threshold nanomaterial size has 
been set on around 5.5 nm [6].  

There are three steps, how organism recognizes and clears nanoparticles; opsonization, 
phagocytosis and clearance. In the first step, a foreign object is packed by proteins called 
opsonins; this causes that phagocytic cells can recognize these particles and clear them from 
the bloodstream. After recognition, in second part phagocytes swallow particles by 
endocytosis and degrade them by chemical factors such as enzymes.  Then particles will be 
removed by RES or stored in of the RES organs [6].  

4.1.3 Hydrophobicity/Hydrophilicity and surface charge 

The opsonization is influenced by hydro-lipo-phillic equilibrium of nanoparticles. 
When particles are more hydrophobic, opsonization is faster because of increased adsorption 
of blood serum proteins onto their surface. The RES effect can be influenced also by 
nanoparticles surface charge; RES uptake is stronger for nanoparticles having low or neutral 
charge.  Nanoparticles with positive charge can induce non - specific bonding to cells while 
negatively charged nanoparticles can be collected by scavenger endothelial cells in the liver. 
Also zeta potential has effect on nanoparticles, the more higher, the more stable colloid 
stability prevented from aggregation [6].  

4.1.4 PEGylation avoid clearance by RES 

To avoid aggregation that happens due to hydrophobic and electrostatic interactions 
between particles and clearance by RES, application of PEG on nanoparticles surface avoid 
these mechanisms. The optimal chain length of surface-bound PEG molecules necessary to 
avoid RES clearance has been proposed to correspond to PEG with M w ≥ 2000. Covalent 
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linking of PEG helps avoid biodegradation of nanoparticles as well. PEGylation is procedure 
when PEG or its derivates covers the surface of nanoparticles by covalently binding, 
adsorbing, entrapping or grafting. Permeability of PEG in the cellular membrane. Covering 
the surface of NPs with PEG prevents their clearance from the body as opsonins are not able 
to efficiently cover their surface, thereby hindering phagocytosis. For example, Prencipe et al. 
stabilized gold nanospheres and nanorods with PEG by grafting. Principle of PEGylation lies 
in the PEG´s molecules conformation on the nanoparticle´s surface; PEGs are extended and 
they can get compressed when opsonin magnetized to the nanoparticle surface by Van der 
Waals forces. This enhances energy of PEG chain molecules and prevent nanoparticle from 
bonding with opsonin. PEG also covers the surface charge of nanoparticle, which increases its 
hydrophilicity [6,18,26]. 

4.2 Biomaging techniques utilizing gold nanoparticles 

4.2.1 Optical coherence tomography  

OCT is a non-invasive technique for tissue imaging where output is a three 
dimensional picture with micrometer resolution from optical scattering media. This method is 
morpoholgy-dependent scattering which uses a different absorption (e.g. absorption-
scattering) contrast of various types of tissues. It is a modality with depth penetrations in a 
low millimeter range (usually 2-3 mm) and with 10 µm axial resolution and lateral resolution 
in a low micron range. The use of NIR irradiation allows a maximal light penetration into the 
tissue to picure subcellular structures with 10-25 times better than ultrasound imaging and up 
to 100 times better than MRI or CT [25,26].  

Using AuNPs with this method can significantly enhance optical contrast and 
brightness [25,26]. Gobin et al. used PEG-conjugated AuNPs to enhance brightness in OCT 
image at tumor imaging in mouse. Kah et al. used AuNPs for OCT as contrast agents. Kim et 
al. delivered gold nanospheres into an oral tumor investigate visibility and contrast of tumor. 
Contrast level significantly increased.  

Huang et al. used AuNPs in imaging in-vivo systems like optical coherence, two- photon 
luminescence or surface enhanced Raman scattering. Gold nanoparticles can be used as 
contrast agents in OCT because of their strong backscattering signal on mismatched indices of 
refraction. A result is an enhanced brightness of image [2,25,28]. 

OCT using gold nanoparticles can be successfully used in lower-deep imaging, deep 
tissues imaging still remains a challenge [25].  
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4.2.2 Surface-enhanced Raman Spectroscopy (SERS) 

SERS is a powerful very sensitive tool for bioimaging which can picture molecular 
structure on the surface (especially for imaging cancer cells) very beneficial for various 
biomedical applications and it is compatible with water associated with SPR [25,27,28].  

SERS utilize AuNPs to amplify spectral specificity and also multiplex abilities. Using 
AuNPs can also improve contrast and photostability to Raman-based imaging techniques.  

Raman signal arises when Raman-active analyte molecules adsorbed onto surface of 
noble metal nanoparticles such as gold or silver. When this reaction happens, the highest full 
orbital and lowest unoccupied orbital of adsorbed molecules are symmetrically eliminated in 
energy with respect to Fermi level of metal while metal takes a role as a charge-transfer 
mediate. Therefore, half of excited energy is used to make electron transition from Fermi 
level to highest occupied level of adsorbate. Gold nanospheres have one characteristic peak. 
Two main mechanisms of enhancement exist; electromagnetic and chemical enhancement.  
Here comes a role for SPR of noble metal which produces its own secondary electric field, 
this amplifies the incident and also scattered Raman field. The more irregularities have 
nanoparticles on their surface the bigger is Raman enhancement [14]. 

Recently, Raman spectroscopy gives promising utlilizing in cooperation with AuNPs 
contrast agents. Small molecule of Raman reporters can be stabilized with thiolated PEG and 
give a large optical enhancement. Besides, the use of colloidal gold nanoparticles can help to 
bring the nanoparticles close to bacterial cell wall from as many points as possible [26-28].   

Qian et al. demonstrated enhancement of optical contrast by using PEGylated 
nanoparticles in mice with tumor; enhanced contrast was 10 times better than in non-targeted 
nanoparticles. Keren et al. used functionalized gold nanoparticles with Raman-active material 
for in vivo imaging; minimum detection sensitivity at 8.125 pM was determined. Kahraman et 
al. used gold and silver nanoparticles using layer-by-layer technique coating of bacteria for 
SERS for successful characterization of bacteria cells [28]. Lee et al. utilized gelatin layer-
protected gold nanoparticles as scattering substrates for this method [29]. Mcleod et al. tried 
optical coupling of gold nanoparticles on vertical graphenes to maximize SERS response [30]. 

4.2.3 X-ray computed tomography imaging (CT) 

CT is standard clinical imaging modality which can provide a micrometer resolution 
and is advantageous in in vivo deep tissue imaging with presence of proper contras agents. 
This technique is one of the most common modalities in terms of efficacy, availability and 
cost AuNPs have also high density and extinction coefficients so they can be used as contrast 
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agents for CT. Thanks to these properties they can be also applied in dark field imaging or 
photoacoustic imaging. [25].  

This technique is based on a series of two dimensional X-ray images captured around 
a single rotating axis. This method also demand use of proper contrast agent for better 
enhancement of contrast between cells because cells have a feature that they can absorb X-
rays. One of the most used contrast agent is Ultravisit which unfortunately has several limits; 
renal toxicity, limited imaging interval due to rapid renal excretion.  

Gold nanospheres are being investigated as contrast agents for this method in tumor-
bearing mice. These particles are contrast advantage in comparison with iodine at the same 
weight amounts of tumor [25]. Hainfeld et al. have demonstrated the feasibility of AuNPs to 
enhance the in vivo vascular contrast in CT imaging. Kopelman et al. further designed 
immuno-targeted AuNPs to selectively target tumor specific antigens. Jon et al. used a 
prostate specific membrane antigen (PSMA) aptamer conjugated AuNPs (PSMA-AuNPs) to 
establish a molecular CT mage for the specific imaging of prostate cancer cells. 

4.2.4 Two-photon luminescence (TPL) 

TPL is a method where physical principle is recombination of single photon-excited 
electrons in the sp- band with holes int he d-band of noble metals. Signal of TPL can be very 
easily increased thanks to localized surface plasmon resonance. This method is mostly used to 
investigate tumor tissues, unfortunately region of investigated area is limited because of NIR 
region.  

Nielsen et al. produce and characterize randomly distributed, highly enhancing, large-
area gold nanostructures formed on templates made after anodization of Al with either oxalic 
acid or phosphoric acid, producing nanoporous alumina films and investigated field intensity 
enhancement at the use of TPL [31]. Hutter et al. used PEGylated gold nanoparticles with 
TPL to analyze interactions of microglia and neurons with gold nanoparticles [32]. Beerman 
et al. have displayed square gold bumps positioned in a periodic array either on a smooth gold 
film or directly on a glass substrate using gold nanoparticles in combination with TPL [33]. Li 
et al. utilized cationic colloidal gold nanoparticles for labeling on the anionic sites of living 
cells under two-photon fluorescence microscope, and for delivering macromolecules into the 
target cells when irradiated by focused femtosecond laser pulses [34]. 

4.2.5 Further utilization of gold nanoparticles in biomedical applications 

Gold nanoparticles are versatile materials with a broad range of applications in a variety 
of applications in fields like biology, medicine and life science. AuNPs can be used in these 
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applications: therapeutic agent delivery [4], photothermal therapy (cancer therapy), imaging 
[35], probes, catalysis [36], sensors and much more [37].  

Ghosh et al. used AuNPs in several delivery applications thanks to their unique chemical 
and physical properties for transporting and unloading the pharmaceuticals. A gold core is 
basically inert and non-toxic, and second advantage is that the monodisperse nanoparticles 
can be formed with desired sizes and shapes during their controlled synthesis. Ghosh et al. 
used AuNPs for glutathione-mediated release of small molecules which is alternative non-
enzymatic process to activate selective intracellular prodrugs [4].  A base of this strategy is 
between different intracellular GSH concentration and extracellular thiol levels, where the 
predominant thiols in blood plasma are glutathione and cysteine for drug delivery. This group 
of scientists also has utilized AuNPs for delivery of biomolecules. AuNPs can deliver large 
biomolecules such as peptides, proteins, or nucleic acids like DNA or RNA, without 
restricting themselves as carriers of only small molecular drugs [4,38]. 

The thermal therapy is an auxiliary medical procedure for the ablation of tumors mostly 
combined with conventional treatments (e.g. surgery, chemotherapy, and radiation therapy). A 
big advantage of this process is that the generated hyperthermic temperatures affect only a 
desired area instead of whole body. Immunotargeted gold nanoparticles in these thermal 
treatments have shown successful ability to selectively induce cancer cell damage and 
minimally impact non-targeted cells [5,25].  

Potential applications of AuNPs probes in bioanalytical sciences are related with sensing 
and imaging applications. Mirkin et al. promoted that ssDNA stabilized AuNPs could be used 
for colorimetrical detection of the complementary oligonucleotide [23,39].  

AuNPs are a very attractive material for biosensor, chemisensor and electrocatalyst. They 
can be used for electrochemical sensor and bioelectrochemical imuno- and geno-sensor 
[7,36,40]. 

Biswas et al. have studied the effect of surface ligand on the catalytic property of ligand-
functionalized AuNPs in organic and inorganic reactions by using different ligand 
functionalized AuNPs in suspension as well as functionalized GNPs’ thin film on glass 
substrate. In the result the functionalization of AuNPs with any ligand generally reduces its 
original catalytic activity and an increase in alkyl chain length of alkanethiols and alkylamines 
ligands and their graft density to the surface of AuNP reduces its catalytic activity. This study 
may be useful in designing of heterogeneous metal nanocatalyst [36]. 
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5 Cytotoxicity 

For in vivo application is very important to qualify how toxic are particles for used 
cells. There are a lot of factors which can influence the final interaction, such as cell type, 
particle size and particle surface modification or charge [41].  

6 Characterization techniques 

Prepared AuNPs were characterized by followed techniques. Characterization of 
particles is very important to determine their physico-chemical properties such as size, shape 
or tendency to aggregation. 

6.1 Scanning electron microscope  

SEM is a technique (type of electron microscope) using focused beam of electrons 
instead of light waves to picture magnified images. SEM also uses magnetic lenses to divert 
the electron beam. The principle of this method is that electrons form the beam interact with 
electrons on sample surface which produce various signals e.g. secondary electrons or X-rays 
emitted from sample are detected by detector. The number of secondary electrons is a 
function of the angle between the surface and the beam. Due to secondary electrons detection 
is possible to make a tilt of the surface. The electron beam usually uses raster pattern. Final 
image is made of the position of the beam and detected signal. This technique can give a 
resolution 1 nm. This technique allows to image as well the surface of materials as their shape 
or size. As SEM uses reflection properties of surface for imaging, imaging of materials 
bounded to solid surfaces is possible. First the surface is coated with a conducting layer such 
as gold, copper to prepare a sample and then exposed to the jet of electrons for imaging [42].  

6.2 Dynamic light scattering and potential Zeta 

DLS is most commonly used to analyze nanoparticles.  Examples include determining 
nanogold size, protein size, latex size, and colloid size.  In general, the technique is best used 
for submicron particles and can be used to measure particle with sizes less than a 
nanometer.  In this size regime (microns to nanometers) and for the purposes of size 
measurement (but not thermodynamics) the distinction between a molecule (such as a protein 
or macromolecule) and a particle (such as nanogold) and even a second liquid phase (such as 
in an emulsion) becomes blurred.  In a typical DLS experiment, a solution/suspension of 
analyte is irradiated with monochromatic laser light and fluctuations in the intensity of the 
diffracted light are measured as a function of time. Intensity data is then collected using an 
autocorrelator to determine the size distribution of particles or molecules in a sample. In 
general, when a sample of particles with diameter much smaller than the wavelength of light 
is irradiated with light, each particle will diffract the incident light in all directions [43].  
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Zeta potential is a physical title for electrokinetic potential in colloidal systems. It is a 
value of the potential difference between the stationary layers of fluid attached to charged 
surface of  particles. An interval of +/- 30 mV is established as interval of stability. For very 
small particles, high zeta potential (negative or positive) means stability, colloid solution with 
low zeta potentials tend to be unstable and aggregate. 

 

6.3 Ultraviolet–visible spectroscopy or ultraviolet-visible 
spectrophotometry 

UV-VIS is an absorption spectroscopy or reflectance spectroscopy in the ultraviolet-
visible spectral region. This technique uses light in the visible and adjacent, near-UV and 
near-infrared ranges. The absorption or reflectance in the visible range directly affects the 
perceived color of the chemicals involved. In this region of the electromagnetic spectrum, 
molecules undergo electronic transitions. This technique is complementary to fluorescence 
spectroscopy, in that fluorescence deals with transitions from the excited state to the ground 
state, while absorption measures transitions from the ground state to the excited state [44]. 

 

. 
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7 Experimental 

In following experimental were used three green procedures for AuNPs synthesis by 
using eco-friend reagents. In the first one process AuNPs were obtained by using a lemon as 
an eco-friend component in several concentrations according to Sujitha et al.  This group of 
scientists characterized their AuNPs by TEM, UV-VIS spectroscopy and DLS methods; they 
prepared AuNPs with various diameters in range from 15 nm to 70 nm with various SPR 
dependent on the amount of lemon concentration added to solution. A lemon concentration 
affected size of AuNPs only slightly; with the decrease of quantity concentrate the average 
size of AuNPs increased, meanwhile the shape of AuNPs changed obviously from spherical to 
anisometric shapes. With increasing quantity of lemon concentrate, aggregation decreased. 
[45].  In the second one process was used chitosan as eco-friend agent. Huang et al. 
characterized these AuNPs with TEM, UV-VIS spectroscopy and obtained size of AuNPs was 
from 6 nm up to 20 nm with SPR at 522 nm. [46]. The third procedure was provided by team 
Parida et al. They used onion as an eco-friend agent stabilized with 2% aqueous chitosan 
solution. Their gold nanoparticles were characterized with SEM analysis and UV-VIS 
spectroscopy. Nanoparticle´s size were about 100 nm in diameter and absorption peak at 
540 nm.  All samples of AuNPs were prepared in an aqueous media for better stabilization of 
final colloidal AuNPs, All used chemicals were purchased from Sigma Aldrich. 

7.1 Green synthesis of spherical gold nanoparticles 

List of used chemicals (all chemicals were purchased from Sigma Aldrich): 

• HAuCl4.3H2O; Gold(III) chloride trihydrate 
• PEG; Polyethylenglykol (Mw= 4000) 
• CHITOSAN; medium molecuar weight 
• lemon extract 
• onion broth 
• MilliPore Water 
• Eagle's Minimum Essential Medium (EMEM) 
• cell culture HEK 29, 
• MTT (3mg/mL), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
• 10% SDS; sodium dodecyl sulphate 
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7.1.1 Lemon synthesis 

Preparation procedure: 

A citrus fruit (lemon) was squeezed and filtered through Sartorius Filtration System (65 
nm diameter pores) followed by centrifugation at 10 000 rpm for 10 minutes. Aq. solution of 
HAuCl4.3H2O was prepared by mixing 50 mL of Millipore water with HAuCl4.3H2O. This 
aq. gold solution was boiled in water bath while stirring. When started slowly boil at 97 °C, 
lemon juice was quickly added. Final colloidal solution was stirred for 20 minutes and cooled 
at room temperature. A color of solution changed in few minutes from light purple to dark 
purple. This experiment was prepared at various concentrations of lemon (Table 1). 

 

 

Table 1: Conditions of lemon synthesis 

Sample 
c(HAuCl4) 

[mM/L] 

V(LC) 

[mL]* 

Temperature 
at LC 
adding 

Color 

L-10 1 10 97°C 
dark 

purple 

L-15 1 15 97°C 
dark 

purple 

L-20 1 20 97°C 
dark 

purple 

L-30 1 30 97°C 
dark 

blue/grey 

L-40 1 40 97°C 
dark 

blue/grey 

L-20r 1 20 97°C 
dark 

purple/blue 

*pH of LC was approximately 2.56 ± 0.04, temperature 22.9 ± 0.2 °C 
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7.1.1.1 PEGylation of lemon synthetized gold nanoparticles 
Lemon synthesis was improved by PEGylation process according to Manson et al. 

This team of scientists used PEG to stabilize gold nanoparticles in various media. They 
produces PEG capped particles with various concentrations of PEG (3.6, 8.4, 16.8 and 25.2 
μg/mL) of as synthetized colloid suspension. Final nanoparticles were washed several times 
by centrifugating to remove non-capped particles. They characterized PEG capped particles 
with UV-VIS spectroscopy, DLS measurement, Infra-red spectra measurement. Average 
particle size was from 18 nm to 36 nm in diameter [47].  

Preparation procedure: 

PEG was added to as synthetized AuNPs at concentration 25 µg/mL. The solution was 
stirred at room temperature for, 2 or 24 hours to allow complete exchange of molecules of 
PEG with citrate molecules. Final solution was centrifuged at 10 000 rpm for 90 min, this 
washing process was repeated several times and stored in aqueous media. Procedure details 
are shown in Table 2. 

Table 2: Conditions of PEGylation procedure 

Sample 
V (LC) 

[mL] 
color 

Reaction 
time 

[hrs] 

P-10 10 dark red 2 

P-20 20 pink 24 

P-20r 20 purple 24 

 

7.1.2 Chitosan synthesis 

Preparation procedure: 

Chitosan solution was prepared by mixing chitosan with 10 ml of 1% acetic acid. This 
solution was stirred for 1 week before synthesis because of bad chitosan´s solubility. First step 
of synthesis was to prepare 20 mM HAuCl4.3H2O aq. solution by mixing of HAuCl4.3H2O 
with 50 mL of Millipore water.  In a next crucial step 2 mL of 20 mM HAuCl4.3H2O was 
mixed with various concentrations of chitosan and boiled in water bath while stirring for 2 
hours at 50°C. A final solution was cooled at room temperature with permanent stirring. After 
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30 minutes cooling at room temperature light purple solution was obtained. The conditions of 
preparation are summarized in Table 3. 

Table 3: Conditions of chitosan synthesis 

Sample 
c(HAuCl4) 

[mM/L] 

V(CHS) 

[mL] 

Boiling temperature 

[°C] 
Color 

CH-30 20 30 50 pink/purple 

CH-45 20 45 50 pink/purple 

CH-60 20 60 50 pink/purple 

CH-60r 20 60 50 pink/purple 

 

7.1.3 Onion synthesis 

Preparation procedure: 

Fresh washed onion was cut and boiled for 15 minutes. After that onion broth at 
various concentrations was added to aqueous solution of HAuCl4.3H2O and stayed 2 or 24 
hours stirring at room temperature. At various samples was added also chitosan solution for 
stabilization. Detailed outline shown in 

Table 4: Conditions of onion synthesis 

Sample 
m (onion) 

[g] 

V(onion broth) 

[mL] 

Reaction time 

[hrs] 

Chitosan 
stabiliziation 

O-28 10.215 28 2 no 

O-48 120.835 48 24 no 

O-90 66.887 90 24 yes 
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7.2 Cytotoxicity assay 

Procedure: 

To marginal pellets was added 100 µl of deionized demineralized water. To other 
remained pellet was added 100 µl cells in EMEM medium. Follow step was cultivation at 
37°C in 5% CO2 incubator.  After that AuNPs were added in various concentrations (110 
µl/mL, 90 µl/mL, 70 µl/mL, 50 µl/mL, 30 µl/mL); 100 µl to each pellet.  Next step was 
incubation 24 hours. After that was added 20 µl MTT followed by 3 hours incubation. 
Subsequently created crystals were dissolved by adding 100 µl of 10% SDS. This mixture 
was kept in darkness and cold place 24 hours. Absorbance was measured at 570 nm. 96 pellet 
plate was used. MTT assay was demonstrated on samples L-20 (lemon synthesis, 20 mL of 
LC), CH-60 (chitosan synthesis, 60 mL of chitosan solution) and P-20r (PEGylated particles 
synthetized by lemon procedure) and cells HEK 293 were used.  

 

Figure 3 : Plate for MTT assay 

8 Results and discussion 

8.1 SEM characterization 

SEM technique can provide the shape, size and the surface morphology of 
nanoparticles.  

8.2 Lemon synthesis  

From SEM observations as shown in Figure 4 can be observed that morphology of 
AuNPs prepared with 10 mL lemon concentrate (Sample L-10) consist of mostly of spherical 
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particles. Minority amount of non-spherical particles is observed as well; mostly nanoprisms 
and nanotriangles. It is obvious that particles have various sizes from 10 nm to 100 nm so 
they are not monodisperzed. Surface is slightly covered probably by citrate as stabilizing 
agent. Aggregation of particles can be seen as well. Size of bulk is about 1 micron. 

    

Figure 4 : Lemon synthesis-sample L-10; 10 mL (LC), magnification 500 nm (left), 
magnification 200 nm (right) 

AuNPs shown in Figure 5 were prepared by lemon synthesis using 15 mL of lemon 
juice (Sample L-15). These gold nanoparticles are very similar to previous particles shown in 
previous image; but spherical shape is more significantly appearable and non-spherical shape 
decreased. Particles are covered by layer which could be citrate again. This image also shows 
higher monodisperzity from previous procedure; more particles with similar size can be 
observed (from 10 nm to 100 nm). This sample emerged again and created cluster with size 
about 1 micron. 
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Figure 5 : Lemon synthesis- sample L-15; 15 mL (LC), magnification 500 nm (left), 
magnification 200 nm (right) 

     Figure 6 from as analyzed area shows AuNPs prepared by lemon method using 20 mL of 
lemon concentrate (Sample L-20). These particles are noticeably different from previous 
images. Particles created very distinctive cluster with size 1 micron. This cluster is covered by 
citrate as well. Size and monodispersity of particles changed too. Picture shows either big 
particles with diameter size 100 nm or small particles with diameter size about 20 nm. These 
particles have very significant spherical shape, non-spherical shape decreased rapidly.   

    

Figure 6 : Lemon synthesis- sample L-20; 20 mL (LC), magnification 500 nm (left), 
magnification 200 nm (right) 
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AuNPs prepared by lemon procedure with 30 mL of lemon concentrate (Sample L-30) 
are shown in Figure 7. This picture is shows a big difference in comparison with previous 
procedures. AuNPs originated very interesting composition. Smaller particles emerged to 
cluster, clusters emerged o bigger cluster compositions meanwhile as well the particles as the 
clusters have spherical shape. Clusters are surrounded by smaller single particles as well. 
Non-spherical shape disappeared. From this point of view, particles can be considerable as 
nearly monodisperzed. Particle size can be very small about 10 nm, cluster size 100 nm in 
diameter and emerged clusters have various sizes from 100 nm to 500 nm. Citrate cover can 
be observed as well.  

    

Figure 7 : Lemon synthesis- sample L-30; 30 mL (LC), magnification 500 nm (left), 
magnification 200 nm (right) 

AuNPs prepared by lemon procedure using 40 mL of lemon concentrate (Sample L-
40) are shown in Figure 8. A cluster aggregation is observed again. Composition of clusters is 
very similar to previous shown in Figure 8. Small particles created bigger cluster which has 
very significant spherical shape. Very interesting is that these clusters are no more emerged to 
bigger compositions but separated. Diameter size of particles can be about 10 nm – 20 nm and 
size of cluster compositions is from 200 nm to 500 nm. No single particles can be observed on 
this picture. 
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Figure 8 : Lemon synthesis- sample L-40; 40 mL (LC), magnification 500 nm (left), 
magnification 200 nm (right) 

Figure 9 shows particles prepared by lemon synthesis. Quantity of lemon extract was 
20 mL (L-20r). Average size of particles is from 20 nm to 40 nm. Particles have nearly 
spherical shape and make aggregates covered by citrate probably. Shape and size of these 
particles in cluster is nearly monodispersed. Non-spherical shape decreased very rapidly. This 
procedure was repeated to demonstrate that results are not random. A seen, particles from 
sample LC-20 are very similar to these particles concerning shape, size, aggregation and 
surface covering.  

    

Figure 9 :  Lemon synthesis- sample L-20r; 20 mL (LC), magnification 500 nm (left), 
magnification 200 nm (right) 
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   It is very remarkable that using different amount of lemon concentrate can very significantly 
change nanoparticle´s properties as morphology, size or aggregation of final colloidal gold. In 
summary, amount of lemon concentrate changes shape of AuNPs, the more juice, the more 
spherical shape. Non-spherical shape is caused by shrinking reaction to minimize the surface 
energy of particle. The presence of big amount of fruit extract causes strong interaction 
between surfaces of particles which prevent nascent gold nanocrystals from sintering. This 
interaction also affects a size of nanoparticles; with the decrease of quantity extract decrease 
this reaction so the average size of particles increased [45] which can be significantly 
observed on Figure 7and Figure 8 where cluster are made of particles with small size about 
10 nm to 20 nm meanwhile particles on Figure 4, Figure 5 and Figure 6 are bigger in 
diameter, about 100 nm. A very different conformation of clusters can be observed as well. 
Adding more lemon concentrate provides more ‘spherical’ non-emerged clusters while less of 
lemon juice makes an opposite; clusters with indeterminate shapes significantly connected to 
each other. Monodispersity of particles increases when added bigger amount of lemon extract; 
non-spherical shape disappears and particles begin have a similar size in created cluster. 
These differences of various amounts of lemon concentrate can be caused by the type of 
lemon as well. Every citrus fruit has nearly similar composition but little differences of pH, 
temperature, freshness, amount of C vitamin can cause significant heterogeneity of as 
prepared AuNPs from different types of lemons. 

8.2.1 PEGylation of lemon synthetized AuNPs 

Figure 10 shows PEGylated particles prepared by lemon synthesis using 10 mL of 
lemon extract (Sample P-10). Shape of particles is nearly spherical, particles created clusters. 
PEG cover is also apparent on particle´s surfaces. AuNPs are nearly monodispersed because 
solution includes particles with similar bigger or smaller sizes. Average particle size can be 
about 20 nm to 100 nm.  
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Figure 10 :  PEGylated lemon synthetized AuNPs- sample P-10; 10 mL (LC), 
magnification 500 nm (left), magnification 200 nm (right) 

PEGylated AuNPs prepared by lemon synthesis with 20 mL of lemon concentrate are 
shown in Figure 11 (Sample P-20). Particles have mostly spherical shapes, non-spherical 
shape is subdominated but these particles have bigger size (nanotriangles). PEG cover can be 
seen on their surface.  Particles are separated with average size from 20 nm to 100 nm.  

    

Figure 11 : PEGylated lemon synthetized AuNPs- sample P-20; 20 mL (LC), 
magnification 500 nm (left), magnification 200 nm (right) 
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PEGylated AuNPs prepared by lemon synthesis using 20 mL of lemon extract are 
shown in Figure 12 (Sample P-20r). These particles are absolutely separated and do not make 
any aggregates; PEG covering is visible as well on their surface. Spherical shape is major but 
some non-sphericals can be seen as well. Size of non-spherical particles decreased in 
comparison with non-sphericals in Figure 11.  Average size of particles is from 10 nm to 
60 nm.  

    

Figure 12 : PEGylated lemon synthetized AuNPs- sample P-20r; 20 mL (LC), 
magnification 500 nm (left), magnification 200 nm (right) 

PEG was added to lemon synthetized particles to increase stability of colloid solution 
and support a spherical shape and monodispersity. PEGylation was successful in each 
procedure; this demonstrates Figure 10, Figure 11 and Figure 12 where PEG layer can be 
clearly seen on particle´s surfaces. Particles showed minority spherical shape, non-spherical 
shape degraded in comparison to naked lemon nanoparticles seen on Figure 4, Figure 5 and 
Figure 6. Bigger amount of PEG also decreased a size of non-sphericals. Color of solution 
changed as well, from dark purple or dark/ blue to intense purple color, see Table 1 and Table 
2 where review of colors of each samples is presented. Aggregation of particles also 
improved, AuNPs are more separated and aggregation decreased.  

8.3 Chitosan synthesis 

AuNPs seen on Figure 13 were prepared by chitosan synthesis using 30 mL of 
chitosan solution (CH-30). SEM images show various types of morphology; mostly 
nanospheres and nanotriangles in selected area e.g. particles are polydispersed. Size of AuNPs 
is very different as well. Average size of particles is from 20 nm to 200 nm in diameter. 
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Particles are separated and don’t create any aggregates. AuNPs are layered by chitosan cover 
probably. 

    

Figure 13 : Chitosan synthesis; sample CH-30, 30 mL (CHS), magnification 500 nm 
(left), magnification 200 nm (right) 

Figure 14 shows AuNPs prepared by chitosan procedure using 45 mL of chitosan 
solution (CH-45). In comparison to previous Figure 13 these particles are mostly 
nanospheres, non-spherical shape is subordinated (nanotriangles) but very significant in size. 
AuNPs became more monodispersed in size as well; average size of nanospheres is 20 nm and 
nanotriangles about 60 nm to 100 nm. Gold colloid particles are separated and do not create 
any clusters in a final solution.  
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Figure 14 : Chitosan synthesis; sample CH-45, 45 mL (CHS), magnification 500 nm 
(left), magnification 200 nm (right) 

Figure 15 shows colloid AuNPs prepared by chitosan process using 60 mL of chitosan 
solution (CH-60). This colloid solution provides most essential spherical shape of particles, 
only few single particles are non-spherical shaped but their size is not that large as in previous 
procedures shown in Figure 13 and Figure 14. Even if picture shows a huge amount of 
particles, it is clearly noticeable that particles are separated and don’t make any 
conglomeration conformations. Average size of nanospheres is from 10 nm to 20 nm and non-
spherical are 50 nm. 

    

Figure 15 : Chitosan synthesis; sample CH-60, 60 mL (CHS), magnification 500 nm 
(left), magnification 200 nm (right) 
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Figure 16 shows AuNPs prepared by chitosan synthesis using 60 mL of chitosan 
solution (CH-60r). Particles are very stable and monodispersed without any clusters. Non-
spherical shaped disappeared. Significant spherical shape can be clearly observed and 
particles are covered by chitosan as stabilization agent. Average size of particles is 20 nm.  

    

Figure 16 : Chitosan synthesis; sample CH-60r, 60 mL (CHS), magnification 200 nm 
(left), magnification 100 nm (right) 

In summary, particle shape is affected by various quantity of added chitosan to 
solution. Adding more chitosan to solution causes more spherical shape of AuNPs and non-
spherical shape is degraded. In addition, amount of chitosan solution affects non-spherical 
particle size; the more chitosan, the smaller size. In general, chitosan can be considered as a 
very good stabilizing agent because particles are separated and does not make any clusters in 
final colloid solution even the amount of particles is huge as shown in Figure 13, Figure 14 
and Figure 15. Particles shown in Figure 16 shows the best spherical shape property and also 
stability in colloid solution can be considered because solution does not include any 
aggregates and single particles are significantly separated.  This is caused by electrostatic 
attractive forces between amino groups in chitosan and AuCl4 ̄ in solution which arise an 
effective driving force for formation and stabilization of nanoparticles. AuNPs are isotropic in 
shape so they have low aspect ratio [46]. Little difference between Figure 15 and Figure 16 
can be caused by steps of procedure. Even if the process is the same, each sequence of steps is 
always little bit different e. g. weight out amount of gold salts or amount of chitosan in 
reagent solution. This can cause differences in final colloidal gold because nanomaterials are 
very predisposed to small changes in procedures. Adding various amounts of chitosan 
solution can control desired morphology and monodispersity (i.e. polydispersity) of gold 
colloid solution very reliably in according to reached results.   
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8.3.1 Onion synthesis 

Onion synthetized AuNPs are shown in Figure 17. Quantity of added onion broth was 
28 mL (Sample O-28). As appearable, particles with small diameter size joined into bigger 
cluster formations. These aggregates are separated. Average size of small particle creating 
cluster is about 20 nm. Cluster size is various from 50 nm to 100 nm in diameter. As well as 
particles as clusters have prominent spherical shape, no non-sphericals are observed.  

    

Figure 17 : Onion synthesis;sample O-28, 28 mL (onion broth), magnification 500 nm 
(left), magnification 200 nm (right) 

 

Figure 18 shows gold nanoparticles prepared by onion method using 48 mL of onion 
broth (O-48). This image is obviously different in comparison to Figure 17. Particle size 
decreased to 20 nm and amount of particles in solution rapidly increased. Spherical shape is 
observed, however non-spherical shape such as nanorods and nanotriangles, nanohexagons 
are visible too.  
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Figure 18 : Onion synthesis; sample O-48, 48 mL (onion broth), magnification 500 nm 
(left), magnification 200 nm (right) 

AuNPs shown in Figure 19 were synthetized by onion procedure using 90 mL of 
onion broth (O-90). This image shows mixture of single particles and clusters made by 
smaller single particles present in colloidal solution. However, single particles and clusters are 
separated. Size of single particles is about 20 nm and size of created clusters is various from 
60 nm to 250 nm.  

    

Figure 19 : Onion synthesis, sample O-90, 90 mL (onion broth), magnification 500 nm 
(left picture), magnification 200 nm (right picture) 
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In summary, using different amount of added onion broth causes different structure 
and size of final AuNPS in colloid solution. Unfortunately this procedure is very 
unpredictable, because each procedure has very different results. Distribution of particles is 
clearly random. There is no relation between employed amount of onion broth and 
morphological properties or size of final colloidal nanoparticles. From general truth, that 
onion includes vitamin C which is responsible for reduction of AuIII to Au0 can be considered 
that amount of onion broth should affect the size and also shape of AuNPs, similar to lemon 
synthesis where lemon includes vitamin C as well from citric acid. In fact, particles on Figure 
17 resemble to particles on Figure 7 and Figure 8. Procedure can be also affected by type of 
onion, because as well as the lemon, each onion has its own special chemical substantial and 
little differences can have significant impact on final colloid solution. Very important aspect 
is a freshness of this vegetable as well.  

8.4 UV-VIS spectrometry 

UV-VIS spectroscopy is one of the methods that can confirm or disprove the 
formation and stability of nanoparticles.  

Gold colloidal nanoparticles show very specific color which is caused by SPR [45].  

8.4.1 Lemon synthesis 

Various colors of colloid solution were observed during reactions at lemon synthesis 
using different quantities of lemon extract; sample L-10 (10 mL LC), sample L-15 (15 mL 
LC), sample L-20 (20 mL LC). Samples L-10, L-15, L-20 shown in Figure 20 reveal different 
maximum of plasmon absorption peak. Sample 5 shows lowest maximum 1.3 at 550 nm 
wavelength, sample 6 has got a higher maximum 1.5 at 550 nm and sample 7 shows the 
highest maximum of absorption peak 1.6 at 550 nm.  From sample 5 to sample 7 quantity of 
lemon extract increased which affected the maximum of absorption peak of each sample; the 
more added lemon juice, the higher peak observed. It is very clearly obvious when amount of 
lemon concentrate decreases, AuNPs shows broaden bandwidth of the peak.  
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Figure 20 : Plasmon absorbtion peak-lemon synthetized samples with lower 
concentration of lemon extract 

On Figure 21 is shown absorption peak of particles prepared by lemon synthesis using 
much higher amount of lemon concentrate; sample L-30 (30 mL), sample L-40 (40 mL); 
sample L-20r (20 mL). As seen, AuNPs show very different absorption peaks from previous 
Figure 20. Sample L-30 has this maximum on 0.9 at very slightly apparent 580 nm 
wavelength. Sample L-40 with the highest quantity of lemon extract shows no considerable 
maximum absorption peak, however line representing spectrum of this sample evinces quake 
on 0.4 at 380 nm. Last spectrum curve addicted to sample L-20r shows the highest peak on 
2.2 at 540 nm. This sample has the same amount of lemon concentrate as sample L-20 shown 
in Figure 6 but their absorption spectra are little bit different.  
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Figure 21 :  Plasmon absorption peak-lemon synthetized samples with higher 
concentration of lemon extract 

In general, lemon synthetized particles ‘mature’ during and after synthesis. This is 
proved by change of the solution color. Usually this color changes from dark/purple to very 
intense purple/pink and finally to blue.  This color change is characteristic for each size and 
also conformation of AuNPs addicted to SPR. When gold nanoparticles aggregate, e.g. 
distance between particles decreases, aggregate color turns blue which means the shift of 
absorption band to longer wavelengths caused by dipole-dipole electric interaction and 
emerging between the plasmons of adjoining particles creating cluster [45]. Figure 20 shows 
very clear dependence of shape and conformation on quantity of extract. The higher amount, 
the more spherical shape which fairly sharp SPR band. The lower amount, particle formation 
is anisotropic because of absence of effective biomolecules for stabilization. This causes 
broaden SPR bandwidth and decrease of absorption peak to smaller wavelengths. This facts is 
supported by SEM images seen in Figure 4, Figure 5 and Figure 6 where can be seen their 
size and shape dependence on the amount of lemon concentrate. Figure 21 shows very 
significant change of absorption spectra addicted to huge amount of lemon concentrate. SPR 
band width is very wide and increase of lemon extract causes shift of absorption band to 
shorter wavelength at samples L-30 and L-40. Sample L-20r on Figure 12 has the same 
quantity of lemon juice as the sample L-20 on Figure 6 but sharpness of SPR bandwidth is 
different and also value of absorbance is different. This can be cause by different types of 
lemon with different composition, different age of samples or used fruit. This fact 
demonstrates that sample L-20 one Figure 6 includes more single spherical particles (color of 
solution was dark purple) and sample L-20r on Figure 9 includes aggregates mixed of 
spherical and non-spherical shapes (color of solution was purple/blue), see Table 1. 
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8.4.2 PEGylated lemon synthetized gold nanoparticles 

Figure 22 shows maximum absorption peak of AuNPs prepared by lemon synthesis 
with various concentrations of lemon extract followed by PEGylation. Sample P-10 with 
10 mL of lemon concentrate shows absorbance at 550 nm wavelength. Sample P-20 shows 
maximum absorption peak at 550 nm and last sample P-20r does not show any absorption 
peak. These SPR bandwidths are lower than at particles with any PEG cover. Decease of SPR 
peak means that non-spherical shapes are in major. This fact does not correlate with general 
acknowledgments. PEG should cover particles and decrease the surface charge which should 
help particle to lead to spherical shape and stability. There are lot of facts that could degraded 
these particles. For example age of used fruit, age of sample, pH of lemon concentrate. 

 

Figure 22 : Plasmon absorption peak of PEGylated lemon synthetized AuNPs 

8.4.3 Chitosan synthesis 

Figure 23 shows AuNPs prepared by chitosan synthesis using various amounts of 
chitosan solution. By adding bigger quantity of this solution remarkably decrease position of 
plasmon absorption peak. Maximum SPR absorption is observed at 540 nm wavelength 
similarly to all samples. SPR peak broaden is observed with higher amount of chitosan 
solution. The higher is absorption peak, the higher is stability of particles and also spherical 
shape. Due to this image, these particles can be considered stable.  
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Figure 23 : Plasmon absorption of AuNPs prepared by chitosan process with various 
concentrations of chitosan solution 

 

8.4.4 Onion synthesis 

Figure 24 shows AuNPS prepared by onion synthesis with various concentrations of 
lemon broth. Sample O-28 was prepared with 28 mL of onion broth. At this line of spectrum 
can be seen maximum absorption peak at 350 nm wavelength. Next sample O-48 produced 
with 48 mL of onion broth show very wide and only weak SPR band at 570 nm. Sample O-90 
with 90 mL of onion broth does not show any significant maximum absorption peak just just a 
little elevation on the beginning of line at 350 nm. Moreover, there can be seen only one 
information that the more amount of onion broth in sample the more decreases the spectra line 
of sample.  As seen these absorption spectras does not correlate with spectras of Parida et al. 
They produced particles with SPR peak at 540 nm. Thus, these spectras are not in fine quality 
and does not give any relevant information about maximum SPR peak of onion samples. This 
abnormality can be caused by many factors as age of onion, quantity of onion broth in sample, 
composition of onion. All these factors can affect final properties of AuNPs and as mentioned 
above at SEM analysis, this procedure can be considerabled as unreliable because not only 
size or shape is different at each synthesis but no relevant spectra can be found.  
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Figure 24 : Plasmon absorption of AuNPs prepared by onion process with various 
concentrations of chitosan solution 

 

8.5 DLS measurement 

8.5.1 Correlation curves 

On following Figure 25 are correlation curves of four various samples from each 
synthesis; lemon (Sample L-20; 20 mL of LC), PEGylation (Sample P-10.; 10 mL of LC), 
onion (Sample L-20r; 90 mL of onion broth) and chitosan (Sample CH-60; 60 mL of chitosan 
solution). Correlation curves are being determined to estimate the mistake of measurement. In 
general, the longer is beginning of the curve, the bigger particles are in diameter. Samples P-
10 and L-20r, have short beginning of their correlation lines, it means particles are small. 
However, particles of samples L-20 and CH-60 are bigger. Correlation curves are based on 
the size of particle; the aim is when particle is small it moves faster than bigger particle. 
Particles are affected by Brown movement in solution; e.g. they are in constant movement 
because they constantly hit molecules of water. It is important to determine the correlation 
curves which reflect the size of particle for further DLS measurements as intensity or volume 
distribution of particles which are calculated from correlation curves. When colloid solutions 
include aggregates or big particles, next measurements can be weighted by high mistake. It is 
because bigger particles can cover smaller, so signal is distorted. Samples mentioned above 
have normal correlation curves.  
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Figure 25 :  Correlation curves of PEGylated gold nanoparticles 

 

Figure 26 : Correlation curves of lemon and chitosan gold nanoparticles 
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8.5.2 Intensity distribution 

On next Figure 27 is shown intensity distribution of as mentioned samples. Intensity 
distribution shows the intensity of scattered light from the surface of particles with various 
sizes. Basic distribution is intensity which is calculated to intensity scattering from the surface 
of AuNPs. Particles from sample CH-60 are nearly monodispersed in size, peak shows high 
amount of particles with diameter size of 100 nm and also some particles with CH-60 size are 
present in solution. AuNPs included in sample L-20 have worse distribution in comparison 
with previous sample. Particles with various sizes can be observed; 10 nm, 1000 nm and also 
small amount with 10 0000 nm. Sample L-20r include big amount of particles with size 100 
nm and also some particles with size 15 nm and small amount with size 10 000 nm. Sample P-
10 shows particles about 100 nm to 1000 nm and significantly and also particles with 10 000 
nm. This distribution determines the real amount of nanoparticles in colloid solution.  

 

Figure 27 : Intensity distribution of lemon and chitosan synthetized gold nanoparticles 
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Figure 28 : Intensity distribution of PEGylated gold nanoparticles 

8.5.3 Volume distribution 

Figure 29 shows volume distribution of as mentioned AuNPs. This distribution 
provides the intensity of scattering light from various volumes of AuNPs. Sample 10 has high 
quantity of particles with size 10 nm. Sample L-20 shows bigger particles with size 1000 nm 
and bigger. AuNPs presence in sample L-20r are about 15 nm in diameter meanwhile particles 
in sample P-10 have much bigger sizes about 1000 nm and bigger.   

 

 

Figure 29 : Volume distribution of PEGylated gold nanoparticles 
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Figure 30 : Volume distribution of chitosan and lemon synthetized particles 

 

8.6 Cytotoxicity assay 

MTT assay was tried on 3 samples; sample L-20 prepared by lemon synthesis using 
20 mL lemon extract, sample CH-60 prepared by chitosan synthesis using 60 mL of chitosan 
solution and sample P-20r prepared by PEGylation procedure of lemon synthetized AuNPs. 
Cell viability after MTT test was calculated with followed equation: 

𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦[%] =
𝑂𝐷(𝑠𝑎𝑚𝑝𝑙𝑒)− 𝑂𝐷(𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒)

𝑂𝐷(𝑐𝑒𝑙𝑙)
∗ 100 
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PEGylated nanoparticles showed highest viability of cells, this value is very good for 
in vivo applications. Chitosan sample showed viability of cells about 78.2% and lemon sample 
viability 49.8%. 

Eco-friendly syntheses are very cheap, and no-time consuming, which is a big 
advantage compared to traditional methods. Most of nanomaterials used in nanomedicine or 
biomedical applications are very toxic and there are a lot of problems which have to be solved 
in order to protect organism from their toxicity. Another problem is to remove them from the 
body while do not contaminate the trail out from organism. NPs have to be shielded with 
biocompatible materials, thus the synthesis is more expensive and also takes more time. 
Another problem with toxic nanomaterials is complicated synthesis with lots of steps so the 
sample as well as worker can be contaminated. Green syntheses are much simpler in 
procedure, usually only two solutions are mixed and boiled.  

Thanks to non-toxicity of green syntheses, the manipulation with samples is easier as 
well. Namely, the solutions do not require to be treated in special areas. Also a choice of 
ecological agent is very important. By choosing the right reagent for final application the time 
can be saved as well, because there will be no need to cover the surface of nanoparticle for 
further in vivo utilization, the biocompatible organic material can be chosen before the 
synthesis depending on result utilization.  

One of disadvantages of eco-friend syntheses is that samples are not stable as long as 
toxic samples prepared using common commercial chemicals. But thanks to low cost of 
reagents and fast preparation, the fresh particles can be made right before using them in 
concrete application. This problem of low AuNPs stability can be solved by repeating the 
entire procedure more times, trying various concentrations of reagents to find out the right 
combination which is best for long term stability. This also helps to get the required shape as 
demonstrated in chitosan and lemon syntheses. At traditional toxic procedure it is very 
difficult to reach the desired shape because of exact concentrations: a little change can cause 
very big differences in the result.  

Another disadvantage of ecological is being old which rapidly changes the properties 
of nanoparticles, e.g. it changes the absorption at SPR, usually shifts it to a higher value, and 
also the color of solution changes. Nanoparticles are ‘maturing’ after preparation in solution 
as well. It can be observed by changing color of solution. This color change can be considered 
as some control point after synthesis: if a color is blue/purple, it means that an eco-reagent is 
old and it will change the absorption and stability as well. Moreover, the sediments start to be 
seen by naked eye in one week.  Using organic materials may cause that solution degradation 
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of sample; for example mold can appear. This can be avoided by correct storage temperature 
which is dependent on used ecologic material.  

In general, chitosan synthesis was the most successful. These samples were stable for 
almost 2 months without any sediments. Also zeta potential demonstrated this sample was 
very stable. A spherical shape was observed mostly. A slight color change approved the 
stability as well; color changed from ruby pink to full pink. This procedure was repeated few 
times with various concentrations of chitosan, each concentration gave very good results at 
stability and in shape as well.  Statistically this synthesis was very successful because final 
samples had same properties required for further applications. These samples had also very 
good size distribution of particles in solution; mostly about 16–20 nm in diameter as shown 
on DLS and SEM measurement. They were mostly monodispersed. In lower concentrations of 
chitosan some non-spherical shapes appeared (mostly nanotriangles). These particles were 
bigger in diameter. DLS measurement confirmed the polydispersed distribution and the 
particles   were of about 100 nm in diameter.  

Lemon synthesis of AuNPs was the most low cost and very fast procedure. Lemon 
concentrate was added in various concentrations to aq. solution of tetrachloroauric acid and 
boiled.  Color changed very rapidly in few minutes, usually to dark purple. Ripening of these 
samples was very significant in one month. Color changed from dark purple to purple and 
after that turn to blue color.  
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9 Conclusion 

Gold colloid nanoparticles were prepared by three eco-friend methods. 

In first procedure was used lemon as reducing and stabilizing agent at various 
concentrations. Particles were obtained by the reduction of aqueous AuCl4. The possible 
reducing agent is citric acid that includes vitamin C from lemon.  These particles reached 
variety of size and shape dependent on the amount of citrus present in colloid solution. 
Average size was from 20 nm to 100 nm. With the increasing of quantity extract spherical 
shape and maximum absorption peak increased as well as seen on figures. With decreasing 
quantity extract various non-spherical shapes were observed; mostly nanotriangles and 
nanospheres. Presented particles were stable for three weeks, their zeta potential was negative 
-25,275 mV. Cytotoxicity assay showed that cell viability was in average 49.8 %. Particles are 
suitable for further biomedical applications, however convenient stabilization and 
functionalization is required for in vivo applications.  

Particles as synthetized by lemon method were stabilized by PEG. Stabilization was 
successful. Particle colloid stability prolonged up to 1 month and particle shape was nearly 
spherical in all samples. Zeta potential demonstrates stability, value is -10.3mV which can be 
considered as a very good stability. Presence of PEG was demonstrated on SEM images seen 
as surface cover. Average size of these particles was from 20 nm to 100 nm. Cell viability 
increased to 93% which is very good result for in vivo or in vitro biomedical applications. 

Onion synthesis was presented using various concentrations of onion broth. Particles 
reached various sizes, usually aggregated at each procedure. Size was between 20 nm to 100 
nm. Various concentrations of added onion broth causes different structure and size of final 
AuNPs in colloid solution. Unfortunately this procedure is very unpredictable, because each 
procedure has very different results. Distribution of particles is clearly random. Particles were 
very unstable, right after procedure sediment appeared. These particles are not suitable for 
biomedical application due to their big feature to aggregate and also big size.  

Chitosan synthesis was another procedure to produce gold nanoparticles. Particles 
achieved by this method had average size about 20 nm which can be seen on SEM images 
figures and. Value of potential zeta was 40.925 mV so these particles can be considered as 
very stable; particles stayed without any obvious sediments up two months stored at room 
temperature in dark place. Shape of this particle was significantly spherical. Cell viability 
when using these particles was 78.2 % average. These particles with reached properties are 
suitable for in vivo utilization.  

In conclusion, green syntheses are very popular in recent years and have very good 
potential for future biomedical applications. The nanoparticles have very low toxicity for 
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organism, the only problem is with stability but using right concentrations of reagents and 
stabilizers can make them very good tool for nanomedicine. Nanomedicine is developing very 
fast, and in the future, green non-toxic syntheses of NPs with the same quality and distribution 
will replace NPs prepared by toxic processes. 

Even if the particles are no long term stable, their preparation is very fast and cheap so 
nowadays particles can be prepared right before their utilization. This is their very big 
advantage in comparison to toxic methods. Toxic particles can be stable for longer period but 
fresh prepared particles have the best properties than for example one month old particles; so 
it is still more advantageous prepare these particles because in conclusion it is very fast and 
cheap.  

Using a particles prepared by green method is attracted to used eco substances. For 
example, as mentioned above, lemon synthesis. Every lemon from different growth place has 
a different properties and compound. Therefore, using same reagent with ‘different’ 
compilation has effect to final nanoparticles. This feature brings a new level to preparation of 
nanoparticles. Using one concrete reagent can create concrete particle with concrete features. 
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