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Nanoparticles of gold that for years have been recognized are the concept of
an increasingly rising reports number and of promising for electronic,
optical, magnetic, biomedical and catalytic applications in century of 21%,
Because of Nanoparticles of gold stability, an interest in such research is a
reason for performing the current work. There are various types of AuNPs:
Zero-dimensional AuNps: quantum dots, spherical nanoparticles. AUNPs as
1-dimensional: nanowires, nano-rods, nano-belts, nanotubes. AUNPs as
2-dimensional: nano-plates of gold, nano-shell and, AuNPs as 3 dimensional:
nano tadpoles of gold, nano- dumbbells of gold (AuNDs), AuNPs being
spread, for example, nano-dendrites of gold, nano-pods, and nano-stars. Au
NPs, in the field of medicine are investigated for several applications include
vectors of drug delivery, agents of contrast, and therapy of localized heat,
biomarkers of ultra-sensitive and more. AuNPs are very attractive material
for biosensor, chemosensory, genosensor and immunosensor production

1. Introduction:

Gold considered as the 3rd element from periodic table at Group 11 classification,

situated beneath Cu and Ag. Gold takes shape in the face-centred cubic (F.C.C) structure (is
liable for its flexibility), its radius as metallic being silver tantamount. The single-bond
covalent radius in particles is littler for Au than for Ag [1]. Gold has various unique
characters that have fascinated and attracted mankind since discovery. Gold is unreactive
where at atmosphere will not turnish; hence, its colour forever is attractive and was utilized
in shaping jewelleries for such reason [2].

Gold has a special blend of chemical and physical characters in states as microscopic and
macroscopic: On scale as macroscopic, it is recognized for its yellow unique colour, potential
of high redox and chemically stabile. Its electronic structure outcome and comprehension
that starts with science of quantum along with Einstein's relativity hypothesis [3].

As far nano scale, conductivity, the electronic structure, reactivity, temperature of melting
and mechanical characters have been noticed to change if particles turn into smaller than
size being critical. Major factors are there which of responsibility for such variations:
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- Ratio of high surface/volume, therefore, several physical nanoparticles characters i.e.,
stability and solubility are taking control through nanoparticle surface nature and that is
why nanoparticles of this metal utilized as catalyst [4, 5].

- Direct materials reducing size effects to range of nanometer is the quantization effects
appearance because of electrons movement confinement which leads to discrete levels of
energy according to the structure size. Control over dimensions along structures
composition; therefore, possible rendering to tailor materials characters to applications
being specific. Such interesting chemical and physical characters are answered for its
applications being widely spread in nano-particulate and macroscopic states [6].

2. Gold Nanoparticles GNPs:

Michael Faraday in 1857, conveyed the Royal Society Bakerian Lecture in London with the
title of "Test Relations of Gold (and different metals) to light". Michael was the 1st to sense
that shading was due to the gold particles moment size [7].

Although some scientists see the experiment of Faraday as a landmark in nanotechnology
and nano-science history [8], the gold chemical inertness being a bulk metal appeared to
provide very few chances to open up chemistries being exciting and new. The new
nanotechnology field render it possible to find the matter unique properties if sub-classified
to nano scale [2]. At the point when the size of a gold molecule is dynamically diminished
underneath aboutlOnm, such particles, frequently named nanoparticles [3]. Gold
nanoparticles (Au NPs) are especially intriguing a direct result of its simple readiness and
high strength.

In view of measurements, Au NPs might partition into 3 sections: (a) Au Nps of 0-
dimensional: quantum dots, spherical nanoparticales. (b) Au NPs of 1-dimensional:
nanowires, nano-rods, nano-belts, nanotubes. (c) Au NPs of 2-dimensional: nano-shell, and
nano-plates of gold, and (d) Au NPs of 3-dimensional: nano-tadpoles of gold, nano-
dumbbells of gold (Au NDs), Au NPs being spread, for example, nano-stars, nano-pods, and
nano-dendrites of gold [9,10].

Au Nano-spheres: The diameter of Au Nano-sphere could range from (1 to 100) nm, and
might be produced via reducing solution as aqueous HAuCl4 under specific parameters and
conditions with the addition of various reducing agents. Citrate is reducing agent mostly
used commonly was that made Au Nano-spheres as mono disperse [11, 12]. Turkevich et al.
[13] had briefly investigated the many factors influence i.e., gold/citrate proportion,
temperature, and the request for reagents expansion control the gold Nano-spheres size
dispersion being created. Reducing the citrate amount would produce greater Nano-spheres
amount. Gold Nano-spheres usually display a single absorption peak between (510 and 550)
nm in the visible spectrum [14].

Au Nano-rods: The Au Nano-rod diameter of could be established of template membrane
holes. Au Nano-rod length might be measured through dropped Au quantity inside the
membrane hole [15, 16]. In 1997, the basic Au NRs were blended through electro-chemical
strategy. Platinum and gold as cathode and anode, respectively were immersed in an
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electrolytic organization having co-surfactant, cationic surfactant, and hexadecy tri-methyl
ammonium bromide (CTAB).

Au NPs were shaped via rotating the bulk metal of gold being structure of anode into
nanoparticles [17, 18]. The “seed mediated synthesis” will be the most popular form of gold
Nano-rods synthesis and had been conducted between 1999 and 2004 [19, 20]. Quickly, by
including the round 'seed' nanoparticles (~4 nm) to a development arrangement, for
example, ascorbic corrosive, salt of gold, nitrate of silver, and cetyl tri-methyl ammonium
bromide (CTAB), the particles as rod like are shaped [21].

Au Nano-shells: Nano-shell denoted as spherical nanoparticle type with core being
dielectric that was enclosed via a thin shell being metallic (Au usually) [22]. The synthetic of
gold Nano-shells presented of small Nano-spheres of Au to the silica core with (2-4nm)
diameter. The silica core diameter control Au Nano-shell diameter. Thickness of shell might
be measured via dropped Au quantity on surface of core [23].

Au Nano-cages: Were produced via galvanic aqueous HAuCl4 and truncated silver Nano-
cubes replacement reaction. Ethylene glycol reduced AgNO3 to create atoms of silver where
reduction being extra produced Nano-crystals [24]. Au Nano-cage could offer main
compensations: their peaks as surface plasmon resonance changed via proportion between
HAuCl4 and Ag Nano-cubes, Au Nano-cage could show peaks of resonance in region of NIR
with about (<50nm) size and the surface changes could be utilized in different applications
as biomedical [25].

3. Au NPs Synthesis:

Various methods are there for Au NPs synthesis, containing procedures of bottom-up and
top-down. Process of bottom up is commonly effective and in Nano-science it considered as
popular protocol with very attractive advantages potentially [26]. They include simplicity of
experiment down to the size of atomic scale, 3-dimensional assembly possibility and the
inexpensive mass fabrication potential [27]. Techniques of top down is suffering from the
removal need for large material amounts, whereas techniques of bottom up is suffering from
poor mono-disparity because of the arrest growth need at all nanoparticles same point
[28,29]. The workers [30] synthesize Au NPs with 20 nm as average diameter at distribution
of very narrow size and reproducibility being good. It is thus commonly utilized for
preparing Au NPs in solution that used widely as agents of labelling in samples being
biologically utilizing TEM. The mostly simplest and commonly utilized production of
nanoparticles of gold (Au NPs) is the aqueous HAuCl4 reduction via citrate of sodium at
reflux [31]. Despite citrate of sodium is mostly agent of reducing, NPs of metal can be
produced via borohydride use and other agents of reducing [11].

4. Au NPs Properties:
4.1Plasmons:

Plasmon is surface-charge oscillation quantum; oscillation is begun as a result of an
external field of electric forcing the surface particle charges to amass at one end. If electric
field vanishes the resulting field will be opposed the original caused via charge massing.
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Such vibration might then be continuing till the energy associated is wasted through clashes
of inter-electron. Material plasmonics only seem on the nano-scale; due to larger scales of
surface charge realignment to an external field is so quick for oscillation surface-charge to
happen [32]. An analogy of macroscopic physical which utilized to define surface plasmons
is that of floating of seaweed in water close a shore. Water waves of slurping along the
shoreline denote electric fields and the seaweed splashed forth and back via such waves
representing electrons [32, 33].

Plasmons occur within metals bulk and their presence was utilized to elucidate losses of
energy correlated with electrons emitted into metals as bulk [34]. Metals which best display
such free-electron plasma performance including alkali metals, Al, Mg, and noble metals such
as Ag, Au and Cu [35]. Surface plasmons (SPs) are plasmon type correlated with the metals
surfaces. When the metal absorbs a resonant wavelength of light, it causes the electronic
cloud to vibrate and disperse the energy on material surface that is named the surface
plasmon resonance (SPR). For such phenomenon to happen in metallic NPs, the size of
particle (2R) should be much lesser than the incident light A (2R < A1) (assuming shape is
spherical in) which cause Raman-scattered light intensity enhancement via a factor of 1011.
Such influence is altered strongly via molecule binding to particle surface and can be utilized
for measuring the singular molecules presence [36].

The incident light electric field can prompt an electric dipole in the metal particle via
moving several delocalized electrons in one path away from the rest of the particle of metal
and therefore creating on one side a net negative charge. As long as the rest of the metal
particle is successfully a cationic nuclei lattice of and localizing core electrons, the side
reverse the negative charge has a net charge being positive. This means that there are
certain wavelengths that the photons do not reflect on the metal, but that they are absorbed
and converted into a surface plasmon resonance, that is, the electronic vibration of cloud
[37].

Photons combination and SPs yield excitations being electromagnetic at extended surfaces
recognized as surface plasmons propagating (PSPs) [35, 38]. To answer the question
regarding nanoparticles interaction with light, the answer deceits in the localized plasmon
resonance surface understanding (LSPR) phenomena that are affected deeply via
environment and the shape of Nano-metal. LSPs are the united electron vacillations in small
volumes.

Factors affecting the surface plasmon resonance:

Band intensity of SPR and A rely on factors affect the density of electron charge on the
surface of particle i.e., the type of metal, size of particle, composition, structure, shape, and
the surrounding medium dielectric constant, as described by Mie theory theoretically [39].

a) NPs Size and Shape:

Different shapes particles have various plasmon characters i.e., in Nano-rods of gold, the
resonance of plasmon then splitting into 2 modes: mode being longitudinal along the long
rod axis and mode being transverse perpendicular to the 1st [35, 40]. Also, metal particles
being hollow head for having frequencies of plasmon resonant lower than particles of solid
metal [41].
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Edwards [8] first recognized the surface Plasmon oscillation and explained. As NPs shape
or size changes, the noticed colour changes also. Spheres of gold have a red colour
characteristic, whereas spheres of silver are yellow. Treatments more recently have
illustrated that the colour is because of collective electrons oscillation in band of conduction
defined as the surface oscillation of Plasmon. Frequency of oscillation is typically in region of
visible for silver and gold causing strong surface absorption of Plasmon resonance [4]. If NPs
of metal are increase, their optical character change slightly only as noticed for Nano-
spheres of gold various samples.

b) Dielectric environment:

For NPs as spherical metal at size smaller than light wavelength of, surface oscillation of
plasmon is controlled via mode being dipolar at polarizability o set by Clausius- Mossotti as

Eq. (1) [42]:

=3 V(g_gm> 1
@ =% £+ 2ey, @

Where ¢,: is vacuum permittivity, &, is surrounding medium dielectric constant, & is
metallic nanoparticales dielectric function the ¢ (w) =¢.(w) + ig;(w) is the frequency-
dependent complex and V: is spherical NPs volume. Such formula mentions that

nanoparticle polarizability depends directly on NPs size as Eq. (2) [43, 44]:

4 3
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Resonance being strong roughly happens at the frequency of electromagnetic w since ¢,=

-2¢&p, therefore determining the frequency of surface plasmon resonance (SPR). In respect
to silver, copper and gold, the condition of resonance is attained at frequencies being visible
[42], rendering them for optical applications as plasmonic metals of choice. Polarization
being large optically correlated with the SPR results in a large enhancement of local electric
field at the surface of NPs as well as powerfully enhanced scattering and absorption of light
through NPs at frequency of SPR [45].
SPR sensitivity to the inter NPs interactions and dielectric constant medium has been
utilized for biological and chemical species optical detection [46]. Moreover, the large local
electric field as a result from the SPR cause intense spectroscopic signal enhancement from
molecules in the NPs vicinity [47].

Link et al. [40] establish relationship being simple between the longitudinal plasmon
resonance absorption maximum and the ratio of aspect and the dielectric constant of
medium utilizing Gans’ theory. Absorption maximum as linear dependence on the ratio of
aspect as well as on the dielectric constant of medium was established for other parameter
constant value. Comparing with results of experiment, since the mean ratio aspect was
detected via microscope of electron transmission (TEM),

As illustrated from the results calculated by El-Sayed et al., utilizing full theory of Mie [39],
the optical scattering and absorption is highly dependent on NPs size. For Au NP of 20 nm,
extinction as total is closely all contributed via absorption. If the size elevates to 40 nm,
scattering begins to highlight. If the size elevates to 80 nm, the extinction is donated via
scattering and absorption in a similar grade. From the relationship being quantitative, the
ratio of scattering/ absorption dramatically elevates for larger particles size. Such fact can
guide the Au NPs choice for applications being bio-medically. For visualizing, NPs being lager
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are preferred due to higher efficiency of scattering. On the other hand, for photo-thermal
therapy, NPs being smaller are preferred as light is chiefly adsorbed via particles and
therefore efficiently changed to heat for destruction of cells and tissues.

Au NPs size dependence on scattering and absorption have been emphasized by A.R.
Shafiqaa et al. [43] who taken dielectric constant data for gold from Johnson and Christy
experimental data. Simulation of full BEM (BEMret) was elected as the mostly suitable solver
as it is solving the simulations according to the Maxwell full equations that perfectly work
for all states [40]. NPs increasing size lead to an elevation in the efficiency of absorption that
reaches eventually a maximum and after that starts to decline with more elevation in the
diameter of NPs. For clarity, the absorption maxima plot against size of particle [48].

The researchers [39] studied that with nanoparticles size increase, the SPR wavelength is

shifted to the red light (that is, the red light is absorbed) and the reflection of the blue light
producing blue or purple granules and with the increase of the NPs size to approach normal
size in minerals, the wavelengths of the SPR become the infrared region, where most of the
visible light is reflected, and the granules appear semi-transparent. These distinctive
properties of nanoparticles have made it possible to use them as a nanoparticle in a number
of life and research applications where small gold nanoparticles look red in colour, but when
they collect, absorbing plasmonic resonance from blue to red and reflected light is shifted
from red to blue. Changing the nanoparticles size, influences the colloidal Au NPs colour
[49].
An important character is colour changing because of particles aggregation. Such might be
utilized in medicine for diagnosing tests. In such case, the specific binding between negative
charges within (Human Chorionic Gonadotropin Hormone (HCG)) and the positive charges
within particles in pregnancy positive samples of urine might be anticipated, whereas such
reaction will not happen in samples of negative urine. Such is thought to be the clarification
for colour differences [50].

c¢) Interparticle interactions:

4.2 Non radiative properties:

Au NPs able to change the light absorbed into heat through nonradioactive processes
series that studied extensively via El-Sayed et al., utilizing dynamics of ultrafast. Principally,
process of transformation energy begins through collisions of electron-electron foremost
hot electrons with high temperatures of 1000 K. After that, electrons pass energy to phonon
via interactions of electron-phonon on 0.5-1 ps order, results in a lattice being hot with
temperature elevates on the order of a few degrees tens. The process of electron-phonon
relaxation is shape and size independent and independent also for the longitudinal or
transverse surface rods of plasmon [40].

Heating of lattice via cooling and electrons via medium surrounding is process being
competitive. When rate of heating is so faster than the rate of cooling, heat being massive is
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collected within the lattice enough to cause changes in particle structural i.e., melting of NPs
or in Nano-seconds cause fragmentation [39].

5. Applications of Au NPs:
The unique chemical and physical characters of Au NPs offer different applications:

5.1Electronics:

The reduction of the sizes in microelectronics in call for the use of Nano-lithographic
technology that induces exponential cost increases in the design of the manufacturing
facility. To have Nano-structures in large amounts, molecules can be synthesized in a
precisely regulated way, using molecules as electronic components in the Nanoelectronic
circuitry can be a promising alternative to producing high-density chips at more affordable
prices [53]. For research on potential developments such as Nanoelectronics or biomedical
applications, ligand-stabilized (Au NPs) are of high importance. This interest derives from
the unusual size-dependent properties such as SPR or charging effects of Coulomb [54].

The use of Au NPs as conductors from printable inks to electronic chips is expected.
Nanoparticles are major components of chip design as the world of electronics gets smaller.
Au NPs are used to bind electronic chip resistors, conductors, and other elements [55]. In
energy technology, Au NPs have been studied as a way of enhancing the performance of
solar panels and their benefit is due to their plasmonic characteristics. Solar panels are
capable of using light at particular wavelengths, while plasmon NPs can be tuned by
controlled synthesis to absorb light at frequencies not available to the solar panel and to
emit light at frequencies available to it [56]. Another significant application of Au NPs is as
wiring in Nano-circuitry from the time Moore's law was articulated in 1965, more interest
was gradually placed in production circuits, particularly in nano-scale circuits. Gold nano-
wires, as they have lower resistivity and are less oxidized than other materials such as nano-
wires, have been recommended for use in such applications [57].

5.2Photodynamic Therapy (PDT):

At wavelengths from 700 to 800 nm, near-IR absorbing Au NPs (including gold nanoshells
and nanorods) create heat when excited by light. This causes these Au NPs to eradicate
targeted tumours. As light is added to a tumour containing Au NPs, in a procedure also
known as hyperthermia therapy [57], the particles instantly heat up, destroying tumour
cells. The important features of AuNPs that have been used in photodynamic therapy are
efficient fluorescence quenching and surface plasmon resonance (SPR) absorption [9]. A.
Amendoeira et al [58] have shown that PDT strategies are based on the combinatory use of
three key components capable of generating ROS at the site of oxidative stress that destroys
cancer cells: 1) The photosensitive (PS), a light-activated chemical compound. II) The
irradiation of light at a sufficient wavelength. III) Tissue molecular oxy-gen to induce ROS
and cell death by oxide-tive damage.

5.3 Therapeutic Agent Delivery:
The considerable features of AuNPs such as unique optical, physicochemical properties,
biocompatibility, functional flexibility, tunable monolayers, controlled disparity, high surface

area for loading the density of drugs, stability and nontoxicity make them an efficient
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nanocarrier in drug delivery systems (DDSs) [59, 60]. These effective nanocarriers are
capable of transferring various drugs. Besides the spherical nanoparticles, recent
researchers have proposed stable colloidal gold nanorods as an appropriate agent for drug
delivery. D. Matteis et al [61] have studied Au NPs are also used on deeper sections of the
eye such as the retina. The study was carried out to investigate how Au NPs can be used to
deliver drug and bio macromolecules to the eye and how they can be used as active
therapeutic tools. A cellmembrane coating strategy opened new opportunities for
multifunctional drug delivery platforms. Sokolov et al. [62] employed Au NPs for imaging of
cancer utilizing microscopy laser as confocal, imaging technique of dark-field was illustrated
via El-Sayed et al. [63] for having high potential for cancer molecular-specific detection.

5.4 Sensing:

Au NPs have been used as efficient sensors for the detection of different analytes such as
metal ions, anions, and molecules like, saccharides, nucleotides, proteins and toxins [9].
According to the sensing strategy, the AuNPs sensors can be colorimetric, fluorescence-
based, electrical and electrochemical, surface plasmon resonance, surface enhanced Raman
scattering (SERS)-based, quartz crystal microbalance-based and Bio-Barcode assay sensors
[64]. Different types of nano-biosensors have employed special features of AuNPs.

- Electrochemical sensors depend on the electrical properties of bio-functionalized
electrodes in the presence of a sample analyte. Electrochemical sensors can be divided into
amperometric, impedimetric, potentiometric, and conductometric.

-Optical sensors depend on changes in colour or in surface plasmon resonance. Optical
sensors can be divided into colorimetric, surface plasmon resonance, fluorescence
quenching, and biobarcode sensors [65].

5.5Probes:

Gold nanoparticles also scatter light and can produce an array of interesting colours under
dark-field microscopy. The scattered colours of gold nanoparticles are currently used for
biological imaging applications. Also, gold nanoparticles are relatively dense, making them
useful as probes for transmission electron microscopy [66]. Gold nanoparticles (AuNPs)
have been widely used in diagnostic applications. The size and shape of the AuNPs can be
tuned by changing the synthesis parameters. AuNPs must be conjugated with biomolecules
before they can be used in diagnostic applications. Therefore, a simple and efficient
conjugation approach is needed [65].

Conclusions:

In summary, we have collected some recent papers of research on physical properties and
applications of AuNPs, the surface plasmon resonance (SPR) phenomenon happen in
metallic NPs, the NPs Size and Shape, Dielectric environment and interparticle interactions
are factors affecting the surface plasmon resonance. The changing size property of AuNPs
effect on colour of this particles play an important role for different biological and physical
applications, Au NPs will have a red colour in solution. When particles aggregate, the
solution will appear blue/purple with progression to a clear one along precipitates being
black.
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Polarization being large optically correlated with the SPR results in a large enhancement of
local electric field at the surface of NPs as well as powerfully enhanced scattering and
absorption of light through NPs at frequency of SPR.
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