
   

 
Archives • 2021 • vol.3 • 1870-1874  

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

Synthesis, characterization, and applications of gold nanoparticles 
 

Mohamed J. Saadh1* 
1Middle East University, Amman, Jordan 

*msaadeh@meu.edu.jo  

Abstract  

The employment of diverse macromolecules to manufacture stable, non-toxic, and evenly sized 
particles is one of the most difficult issues in building carrier systems for biological, chemical, and 
medicinal applications. The new field of nanotechnology allows for the optimization of numerous 
synthesis strategies and procedures in this regard. Various nanoparticle synthesis processes are utilized 
depending on the particle's purpose. Because of their small size, silver nanoparticles have such a huge 
variety of novel applications in a variety of industries. The production of precious metal nanoparticles 
for applications in the environment, optics, electronics, catalysis, and biology is a hot topic. Physical 
and chemical processes are the two most common ways to make silver nanoparticles. These 
approaches have the drawback of absorbing harmful chemicals. Biomedical applications rely heavily on 
gold nanoparticles (AuNPs). AuNP is routinely utilized in diagnosis and is becoming more widely used in 
therapy. We present the findings of this research in this paper. 
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Introduction  

Nanotechnology is a fascinating topic of 
study. Globally, there has been a significant increase 
in materials science and nanoparticle (NP) synthesis. 
Show of NP Specific qualities, such as size (1-100 
nm), form, and structure, are taken into account 
while developing new or better features. 
Nanoparticles are divided into two categories. 1) 
Inorganic materials 2) Organic nanoparticles (1). 

ZnS, ZnO, and CdS are inorganic NPs; gold, 
silver, copper, and aluminum are metal 
nanoparticles; cobalt, Fe, and Ni are magnetic 
nanoparticles; and fullerenes, quantum dots, and 
carbon nanotubes among organic nanoparticles (2). 

The size of silver nanoparticles is commonly 
between 1 and 100 nanometers. Silver nanoparticles 
contain multiple optical, electrical, and thermal 
properties. In the industrial world, they're utilized in 
electronics, catalysis, and photonics. As a result, 
AgNP synthesis has emerged as a significant issue in 
the electronics sector. AgNPs are said to have a 
good prospect and real-world qualities in the 
creation in development of "new antibacterial 
agents, drug delivery agents, testing and diagnostic 
platforms, biomaterials" along with “medical device 
coatings, tissue repair and regeneration materials, 
and complex medical problems” (3). 

Gold nanoparticles (AuNPs) are frequently 
used in bio-nanotechnology because of their varied 
surface characteristics and properties. Due to the 
ease with which AuNPs can be functionalized, they 
can be used as a multi-functional platform for 
nanobiological assembly, oligonucleotide, single 
antibody, and protein. Bioconjugates, such as 
AuNPs, have demonstrated their potential in the 
development of novel biomaterials for research into 
biological systems (4). 

Understanding the surface properties of 
metal nanoparticles can help identify the functional 
groups used for surface functionalization and lead 
to the discovery of novel applications for metal 
nanoparticles (5). 

 
Gold Nanoparticles  

For the synthesis of gold nanoparticles, 
there are numerous technologies and 
methodologies. 

 

Synthesis methods of gold nanoparticles  

Turkevich method 

This method was developed by Turkevich in 
1951. To make "trisodium citrate dehydrate," boil 
"HAuCl4 solution," then instantly pour it into the 
boiling solution while vigorously "stirring." Within a 
few moments, the solution's color will shift from 
bright yellow to wine red. This technique produces 
AuNPs with a diameter of roughly 20 nm. The citrate 
ions in this process act as both a “stabilizer and a 
reducing agent” (6,7) 

Ferns updated the Turkevich method in 1973 
by altering the ratio of “reducing agent/stabilizer” 
(trisodium citrate/gold) and producing AuNPs with 
diameters ranging from 15 to 150 nm. 

 

Seeding growth method  

Another approach for the manufacturing of 
gold nanoparticles that have been reported is seed 
growth. Gold nanoparticles with a diameter of 5-40 
nm and a narrow particle size distribution have been 
manufactured in this approach. The particle size can 
be adjusted by changing the seed crystal to metal 
salt ratio, allowing any sizes between 5 and 40 nm 
to be created (8). The benefit of this procedure is 
that it is simple, quick, and inexpensive. 

 

The method of electrochemistry 

In 1994, the electrochemical synthesis of 
nanoparticles was studied for the first time. Their 
work showed that the use of “alkyl ammonium" 
salts as a solvent for stainless steel is an aqueous 
solution and that they can build special nanoscales 
to electrochemically change metal particles (9). The 
electrochemical synthesis process can be used to 
produce gold nanoparticles on the surface of 
multicolor carbon nanotubes with glassy carbon 
electrodes. Gold nanoparticles electrochemically 
form an oxidation anode and a reduction cathode in 
a simple two-electrode battery. Due to its simple 
equipment, low cost, low processing temperature, 
good quality, and easy yield control, electrochemical 
processes have proven to be superior to other 
nanoparticle synthesis methods (10-13). 
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Properties of Gold Nanoparticles  

Gold nanoparticles (AuNPs) are being 
extensively researched as well as used for the 
diagnosis of tumors along with therapy due to their 
exceptional fundamental properties. AuNPs' 
inherent features, as well as the interrelationships 
between these traits, must be thoroughly 
investigated to make them more appropriate for 
tumor detection and treatment. 

 

Physical Properties  

Physical properties of nanoparticles include 
“color, density, melting temperature, tensile 
strength, and electrical conductivity”, which are 
affected due to their size, structure, and 
surroundings. Physical properties like elasticity can 
differ significantly when a material's size 
approaches the nanoscale scale. Due to significant 
internal compressive stress, the mechanical 
properties of gold clusters are 2/3 that of bulk gold, 
according to various studies, indicating the 
possibility of ultra-hard materials (14). 

 

Catalysis and Chemical Properties 

AuNPs, varying from other nanoparticles, 
might create strong chemical interactions with 
groups containing S and N. As a result, AuNPs can 
be affixed to a broad range of chemical ligands or 
polymers having certain particular functionalities. 
AuNPs have excellent “biocompatibility, targeting, 
and drug delivery capabilities” thanks to these 
surface changes (15). 

 
Optical and electronic properties  

AuNPs have unique optical characteristics 
that make them excellent dyes for sensing, imaging, 
and labeling. Regardless of the size and shape of the 
nanoparticles, the AuNPs solution absorbs a lot of 
light and changes color. Gold nanoparticles' 
surroundings, size, and physical qualities all have an 
impact on how nanoparticles engage with light. The 
fluctuating electric field propagating near the 
colloidal nanoparticles interacts with free electrons, 
causing the electronic charge resonance and the 
coordinated oscillation of the visible light frequency. 
Surface plasmons are resonant oscillations of the 

resonant frequency. Small (30 nm) monodisperse 
gold nanoparticles absorb light in the cyan region of 
the spectrum (450 nm) and reflect red light (700 
nm), producing a deep red color. As particle size 
increases, the wavelength of absorption associated 
with surface plasmon resonance shifts to redder 
wavelengths (16). A light blue or purple solution is 
created when blue light is reflected and red light is 
absorbed. When the particle size approaches the 
volume limit, the surface plasmon resonance 
wavelength changes to the infrared region of the 
spectrum, and the maximum of the visible light 
wavelength is reflected, giving the nanoparticles a 
translucent or semi-transparent appearance. The 
surface plasmon resonance could be modified by 
altering the diameter or structure of the 
nanoparticles so that they have adequate optical 
characteristics and are suited for a variety of 
applications (16,17). 

 
Applications  

Diagnostics  

Biomarkers are detected in the diagnosis of 
heart disorders, malignancies, and infectious 
pathogens by using gold nanoparticles.  They're also 
popular in lateral flow immunoassays, with the 
home pregnancy test being a good example (17). 

 

Therapeutic  

Therapeutic agents can also be coated on 
gold nanoparticles surfaces. The enormous surface-
area-to-volume ratio of gold nanoparticles allows 
hundreds of molecules to be coated on their surface 
(including therapeutics, targeting agents, and anti-
fouling polymers) (18). 

 

Antibacterial (Drug) 

Antibacterial agents, often known as 
antibiotics, as antibacterial agents that can kill or 
inhibit the growth of bacteria and are used to 
prevent and treat bacterial infection (19). The 
antibacterial activity of gold nanoparticles made 
using the green approach has been demonstrated in 
a variety of domains. As a reducing agent and 
stabilizer, a marine bacterial isolate was used 
whereas chloroauric acid (HAuCl4) was utilized as a 
precursor in the synthesis of aluminum in Ibrahim et 
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al investigation's (20). The antibacterial 
activity is done by changing the surface of viscose 
and cotton fabrics with O2 plasma by physiologically 
reducing AuNPs with ZnONP or TiONPs for further 
study. Furthermore, antibacterial activity was 
created by utilizing the rhizome of the Acorus 
calamus without a binder as a reducing agent (21). 

 

As anti-cancer 

The specificity and solubility of a drug's 
target determine its efficacy. The drug's negative 
effects should be linked to the increased dose used 
to treat human cell disorders. Traditional treatment 
procedures like chemotherapy, radiation therapy, 
and surgery have been abandoned by new NPs. 
Gold and silver nanoparticles are two new types of 
nanoparticles that have emerged as possible 
contributors to the controlled and long-term 
delivery of diverse therapeutic compounds to their 
target sites. Many researchers are interested in gold 
nanoparticles because of their potential to treat 
cancer and other diseases (18). 

 

Catalysis   

A variety of chemical processes use gold 
nanoparticles as catalysts. A gold nanoparticles' 
surface can be employed for selective oxidation or, 
in some situations, can minimize a process. For fuel 
cell applications, gold nanoparticles are being 
produced. The automobile and display industries 
would benefit from these innovations (20,21). 

 

Antimicrobial mechanism of gold 
nanoparticles 

To figure out how AuNPs function against 
bacteria, employed proteomics and transcriptomics 
analysis. AuNPs have two mechanisms of action 
against multidrug-resistant (Gram-negative) 
bacteria: they inhibit ATPase activity, which lowers 
membrane potential and hence ATP levels, and they 
block ribosomal subunit binding to tRNA (22). Gold 
nanoparticles have been shown to up-regulate 
genes involved in the flagellar activity and 
chemotaxis pathways in transcriptome studies (23). 
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