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AbSTRACT

 Nanorod technology has gone a long way in the field of science and to a great extent, it has 
been a dictator of the past, present, and future of technology work. This article shows a detailed 
explanation of the course of nanorod production and the application from start to finish. Various 
kinds of nanorods have been found to exist and they have been maximally put to good use in 
different fields of life. These nanorods, however, did not just come into existence, some of them 
were formed from some nanorod compounds while some other ones came into being as a result 
of the combination of two or more compounds. These particles in their raw form can be generally 
useful, but its specific functions cannot be gotten without proper optimization. Various researchers 
have, dedicated their time to proper optimization of the numerous nanorods that are available in 
order to find an optimum result science. This course scans through the birth, processing as well 
as the highly valued application of nanorods.
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INTRODUCTION

 Nanoscience, nanotechnology, and 
nanomaterials are now a central field of science and 
technological activity. A quick definition of the terms 
above will give an insight into the subject matter. 
Nanoscience refers to the study, manipulation, and 

engineering of matter, particles, and structures on the 
nanometer scale. Nanotechnology refers to the creation 
of useful materials, devices, and systems using the 
particles of nanometer length scale and exploitation of 
new properties at that length scale. It is the application 
of nanoscience involving the use of nanomaterials and 
nanosize components in useful products.
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Nanomaterials
 These are materials of unit size varying from 
1 to 1000 nanometers. Classification of nanomaterials 
can be based on size and shape. Nanoparticles, 
nanocapsules, nanofibers, nanowires, fullerenes, 
nanotubes, nano-springs, nanobelts, quantum dots, 
and nanofluids have been classified as nanomaterials 
based on this classification. Nanorod is a new and 
fascinating topic in the field of nanoscience and 
nanotechnology which has been experiencing 
constant groundbreaking changes in recent years. 
Recently, due to the unusual physical properties, 
it has drawn much special research attention. The 
nanorods are nanoscale material structures. Each 
dimension to the nanorod ranges from 1 to 100 nm. 
This can be synthesized from metals or materials with 
semiconductor. These are provided by direct synthesis 
of chemicals. A mixture of ligands serves as shape 
regulation agents and binds with various strengths 
to specific aspects of the nanorod. This allows space 
to expand at different levels for the various facets of 
the nanorod, creating an elongated object. They are 
called solid nanofiber.

 Because of their high surface area to 
volume ratio, nanoscale materials such as fullerenes, 
quantum dots, and metallic nanoparticles have special 
properties. Nanorods show fluorescence enhanced 
over bulk metals and nanospheres. Numerous 
nanomaterial characteristics depend on size and shape 
including its catalytic, magnetic, electrical, chemical 
and physical properties. Nanostructure processing 
approaches are numerous. Nanostructures include 
nanorods, nanoparticles, quantum dots, nanocrystals, 
nanowires, nanowhiskers, hybrid nanostructures, 
etc. Many other words used in nanotechnology will 
be briefly described here, as the words used in this 
review article will be used. 

Nanoparticle
 A solid particle in the range between 1 and 
100 nm which may be non-crystalline, a crystallite 
mixture or a single crystallite. This can be arranged 
into surface layers, offering a broad surface area and, 
therefore, enhanced operation applicable to a variety 
of possible applications such as catalysts. Quantum-
dot: This is a nanostructure of semiconductors in 

which the particles are bound in all three directions 
and cannot travel freely in any direction of space. It is 
a device of zero-dimensional existence. Nanocrystal: 
A solid substance in the nanometer range and is a 
single crystal. Nanowire: a nanostructure on the order 
of a nanometer by diameter. Fullerenes: Carbon 60 
Increasingly, the use of nanorods and nanostructures 
and their applications in various electronic devices, 
biosensors, solar cells and nanodevices. To research 
and exploit the attractive properties of nanorods, a 
magnificent extinction coefficient is needed which 
can predict the concentration of a solution at a 
particular absorption.

Types of nanorods
 There are different types of nanorods in 
existence. These include:

•	 Silver	nitrate	nanorods
•	 Carbon	nanorods
•	 Manganese	oxide	nanorods
•	 Tin	oxide	nanorods
•	 Zinc	oxide	nanorods
•	 Gold	nanorods
•	 Tungsten	trioxide	nanorods
•	 Magnetic	nanorods

 A few things will be discussed about some 
selected nanorods. 

Silver nitrate nanorod
 Silver nanowires embedded in a polymer 
can be employed to make conductive layers that can 
flex, without damaging the conductor.

Manganese oxide nanorod
 This nanorod is used to sense potassium ion 
concentration in food and water. For the fabrication 
of a non-enzymatic potassium ion sensor, MnO2 
nanorods were synthesized using a low-temperature 
sol-gel process.

 The electrochemical characteristics of the 
fabricated non-enzymatic potassium sensor reveal 
good sensing performance in terms of

•	 Sensitivity
•	 Selectivity
•	 Long-term	stability
•	 Reproducibility
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Tungsten trioxide nanorods
 These nanorods are produced by a 
hydrothermal method which involves the growing 
of nanostructures on polyester fabric because of its 
ability to withstand temperature.

 Tungsten trioxide has become popular in 
recent years in vast and diverse fields due to the 
following enhanced functional properties:

•	 Electrochromic property: This means 
that it has the ability to go through optical 
coloration when a voltage is applied to it. It is a 
phenomenon shown by some materials when 
there is a persistent and reversible change in 
their color when electricity is made to pass 
through them. 

•	 Photocatalytic	property
•	 Electrostatic	property
•	 Photoluminescent	property
•	 Gas-sensing	property
•	 Ultraviolet	resistance	property

 It is synthesized by dissolving a particular 
amount of sodium tungstate in freshly prepared 
distilled water while stirring mechanically until all 
is dissolved. In the meantime, hdrochloric acid is 
gradually added to the solution prepared above. This 
causes the color change from crystal white to yellow 
and becomes viscous. The above solution is then 
filtered to remove the excess amount of hdrochloric 
acid and the precipitates are oven-dried.

 The above process describes the synthesis 
of tungsten trioxide nanorods.

 These nanorods are used majorly in the 
textile industry. Other applications include.

•	 Gas	and	humidity	sensing
•	 Optical	devices
•	 Electrochromic	windows
•	 Catalysts
•	 Tumor	CT	Imaging	
•	 Photothermal	therapy

Tin oxide nanorod
 This tin oxide nanorod can be produced 
by non-hydrothermal synthesis at moderate 
temperatures. It can also be synthesized by the 
following methods:

•	 Flame	synthesis
•	 Facile	synthesis	of	single-crystal

 It has found application in Li-ion batteries 
as a lithium storage compound.

Other applications include:

•	 Semiconductor	gas	sensor
•	 Optoelectronics
•	 Engineering	 of	 one-dimensional	 nano-

materials
•	 Nanoscale	soldering	applications

Carbon nanorods
 Since of their attractive physical and 
chemical properties, carbon has drawn considerable 
attention over the last few decades. To date, such 
nanoparticles as carbon1, nanotubes2, ions3,4, 
nanowires5, nanofibers6 and carbon nanorods7,8 have 
been recorded. Such carbon nanometer materials 
are supposed to have a fairly large bandgap and 
to behave like a semiconductor. More interestingly, 
carbon nanorods were primarily used in batteries as 
fillers9 and high-performance electrode materials10. 
To date, numerous methods for their syntheses have 
been suggested, such as ball milling11,12 chemical 
vapor deposition11, laser ablation, chemical reduction 
and co-precipitation13,14. More recently, new synthetic 
methods have been developed, such as flame 
synthesis, sol-gel, microwave plasma and low energy 
cluster beam deposition9,15,16.

 Carbon nanomaterials have drawn interest 
over the years due to their physical and chemical 
materials. Carbon nanorods are elongated particles 
ranging from 10 to 120 nanometers (nm) with a specific 
surface area in the 30-70m2/g range. The carbon 
nanomaterials are nanoparticles, nanowires, carbon 
nanorod, nanotubes, nanohorns, nanowhiskers etc. 
These materials have a relatively large bandgap and 
expected to act as semiconductors. Recent studies 
have proposed different methods for the synthesis1. 
The methods include:

•	 Chemical	vapor	deposition
•	 Coprecipitation
•	 Ball	Milling
•	 Laser	ablation
•	 Chemical	reduction
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More recent methods include:

•	 Flame	synthesis
•	 Sol-gel
•	 Microwave	plasma
•	 Low	energy	cluster	beam	deposition

ZnO nanorods
 Nanorod zinc oxide (ZnO) is also known 
as nanowire. This has emerged as one of the most 
popular electronic device materials such as solar 
cells, light-emitting devices, transistors, and sensors. 
The diverse structures generate special, useful, and 
original characteristics suitable for high-performance 
system development. According to the following 
structures the ZnO nanorod array has various 
applications2:

•	 Porosity
•	 Large	surface	area
•	 High	electron	mobility

 It is a unique functional semiconductor 
material which has a direct bandgap energy of 3.37 
eV, has a high excitation binding energy of 60 meV 
at room temperature and an effective ultraviolet 
luminescence. Different ZnO nanorod types have 
been grown and the effects of growth conditions 
have been studied by several groups. 

 Photodetection and photoresponse of Zinc 
oxide nanorods depend on the surface condition, 
quality of structure, methods of production and 
rate of oxygen adsorption and photodesorption. 
The use of appropriate dopant, improvement of 
the structure, surface passivation and putting other 
things in place can enhance the photoresponse and 
photosensitivity. 

 It has been intensely used to fabricate 
nanoscale electronic devices.

The growth of Zinc oxide nanorods
 Zinc oxide is a compound semiconductor 
group II-VI whose ionic character is between the 
covalent and ionic semiconductors. For all of Zinc 
oide's crystal structures, such as wurtzite, zinc 
blende, and rock salt, only the phase of wurtzite 
is thermodynamically stable. Thermal vapor 
deposition, metal-organic chemical vapor deposition, 
molecular beam epitaxy, and top-down approach 

by etching may cultivate zinc oxide nanorods with 
changed shape and order. Of all these approaches, 
vapor deposition and chemical methods are the 
techniques commonly used for the popularity of 
their controllability, repeatability, efficiency and mass 
production3.  

gold nanorods
 Gold nanorods are cylindrical rods with a 
width of less than 10 to more than 40 nanometers 
and a length of up to several hundred nanometres. We 
are seen as excellent candidates for uses of biological 
sensing because the absorbance band varies with 
the refractive index of the local material which 
allows for extremely precise sensing. We display the 
different color depending on the size and aspect ratio 
which gives the possibility to use it in specific optical 
applications. The gold nanorod synthesis that works 
can be divided into three main stages:

•	 Gold	Nanorod	Fabrication
•	 Silica	Shell	Formation
•	 DNA	Functionalization	

Preparation of gold nanorods
 There are three methods used in wet 
chemistry to produce this type of nanorod. Each 
new method comes with an improvement in material 
quality and also accompanied by a decrease in 
difficulty of the preparation of the nanorod. The 
methods are listed below:

(i). Template method: This process is based 
on gold electrochemical deposition in the 
alumina template membrane or inside 
polycarbonate pores of nanoporous 
substances. This was initially developed by 
Martin and his colleagues20. The method 
can be represented as this: A small amount 
of silver or copper is quickly scattered onto 
the alumina template membrane to act 
as an electrodeposition conductive sheet. 
This serves as the base upon which to 
electrochemically develop gold nanoparticles. 
Gold is subsequently electrodeposited 
within the alumina nanopores. A partial 
dissolution of both the membrane template 
and the copper or silver film layer occurs in 
the presence of a polymeric stabilizer such 
as polyvinylpyrrolidone. The final stage is the 
stage where the rods are dispersed by special 
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means such as sonication or agitation, in 
either water or organic solvents. The length 
and diameter of the generated nanorods 
can be determined by the amount of gold 
deposited and the template membrane's 
pore diameter, respectively. Nevertheless, 
the basic and foundational drawback of this 
approach is yield. Since only monolayers of 
nanorods are prepared, even small amounts 
of stalks are difficult to prepare.

(ii). Electrochemical method: This method which 
provides a synthetic way for preparing high 
yields of gold nanorods, was first described 
by Wang and co-workers4. The nanorod 
production is conducted with a non-complex 
two-electrode type electrochemical cell. For 
a successful process, certain conditions must 
be provided:

•	 A	gold	metal	plate	as	a	sacrificial	anode.
•	 A	platinum	plate	similar	to	a	cathode.
•	 A	 typical	 current	 of	 3	 milliamperes	 and	 a	

typical electrolysis time of 30 minutes.
•	 Electrolytic	 solutions	 to	 immerse	 both	

electrodes. The solutions serve different 
functions. For example, hexadecyltrimethy-
lammonium bromide acts as a stabilizer 
for the nanoparticles to prevent clumping; 
tetradodecylammonium bromide plays the 
role of rod-inducing cosurfactant and other 
solutions such as cyclohexane and acetone 
are also contained in the solutions.

 The concentration of silver ions and their 
release rate are the determinants of the 
nanorod length.

(iii). Seeded growth method.
(iv). Other methods include the photochemical 

method.

Magnetic nanorods
 For the last two decades, magnetic 
nanorods have been at the forefront. Centuries-
old magnetic technologies have been used in 
engineering, biomedical etc. The magnetic nanorod 
classification is based on the magnetic strength. 
Such nanorods are strong and are made from 
iron, cobalt, and stable spinel ferrite materials. 
Since of the weak driving fields21 the materials are 
adopted. Magnetic characteristics include chemical 

stability, biocompatibility and superparamagnetic 
characteristics.
 
 One of the most important of the magnetic 
nanorod is its use in the biomedical field.

Production of magnetic nanorods
 Various physical and chemical methods are 
adopted in the synthesis of magnetic nanorods.5,6

Chemical method: These methods include: 

(i). Thermal decomposition, 
(ii). Hydrolysis,
(iii). Wet chemical, hydrothermal, 
(iv). Sol-gel,
(v). Template-mediated
(vi). Co-precipitation.  

 Physical method: With this method, there 
are no reactions just physical processes. These 
methods are:

(i). Adsorption, 
(ii). Electrospinning, 
(iii). Plasmon-enhanced spectroscopy, 
(iv). Ultraviolet fluorescence, 
(v). Adhesion, 
(vi). Novel flame-gradient,
(vii). Electron beam, 
(viii). Direct growth on Titanium foil and 
(ix). Layer by layer.

Physicochemical method
 This method controls the formation of the 
core, growth and other processes associated with 
the particle size. It is also the photoelectrochemical 
method.

 In recent years, magnetic nanorods have 
found further applications in the market, high-density 
magnetic storage systems, images, catalysts, 
refrigeration devices, medical diagnostics, And 
electronic components such as photocatalysts, gas 
sensors and lithium-ion battery electrodes. Nanorod 
diagnostic applications in medicine are based 
on their chemical and physical properties, which 
include:
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1. Uniformity
2. Chemical composition
3. Size
4. Magnetic properties
5. Homogeneity of a crystal structure
6. Surface characteristics
7. Biocompatibility
8. Adsorption
9. Roughness
10. Low toxicity
11. Flexibility
12. Solubility

Mechanisms of nanorods material production
 The mechanisms for nanorod material 
production depend on the nanomaterial to be 
produced. However, the general idea is the same 
as the seed-mediated method. The seed-mediated 
procedure has been employed to make surfactant-
coated nanorods. This method produces stabilized 
nanorods7.

 It has been proven that both temperature and 
reaction time are necessary factors in determining 
the morphology and aspect ratios of nanorods. 

 The mechanisms of selected nanorod 
material will be explained in details here.

Zinc oxide nanorod 
 Myriads of methods have been used to 
produce seeds. Fabrication and characterization 
of zinc oxide nanorods using hydrothermal method 
reveal the effects of certain parameters such as:

•	 Heat-treatment	temperature
•	 Zinc	nitrate	concentration
•	 pH	of	hydrothermal	bath	solution
•	 hydrothermal	reaction	time	

gold nanorod
 Synthesis of gold nanorods has been 
carefully studied using three known methods 
over time. All of these syntheses require both 
thermodynamic and kinetic control. For this 
reason, careful specifications should be taken into 
consideration while synthesizing. Take for instance, 
for the synthesis of gold particles, the average 
diameter is just sufficient to describe the colloid 
compound. For a gold nanorod, however, apart from 
the diameter, the length, thickness, aspect ratio, 

reduction yield as well as the shape yield are matters 
that should be taken into proper consideration. This 
means the synthesis process has to be carefully 
monitored from the start to the finish8,9. 

 The seeded protocol method is the first to 
be considered as it came as a turning point in the 
development of efficient nanorod wet synthesis. The 
seeds (small golden nuclei upon which other complex 
structures are built) are first separately prepared by 
nucleation, after which the seeds are added to the 
growth solutions for nanorod production. It should be 
worthy of note that there is usually a need to add a 
strong reducing agent, usually, sodium borohydride 
which leads to in situ formations of the seed through 
partial reduction of the gold salt precursor. The kind 
of nanorod to be built is worthy of note here as most 
of them have the different specifications in relations 
to the factors stated above10.

 The electrochemical method as well as 
the template methods have also been employed in 
the synthesis of gold nanorods, though from what 
it looks like, the seeded protocol method is still the 
most widely used but not the best when relatively 
compared.

Magnetic Nanorods
 Of the numerous synthesis methods of this 
ever appreciating and swiftly expanding nanorod, the 
colloidal synthesis is still the one leading the pack as 
many journals have gone down and research works 
done by employing this form of synthesis.

 The colloidal synthesis method spreads 
its mechanism of ligand control. It also makes 
it possible for the aspect ratio of the magnetic 
nanorod to be controllable just by changing the 
reaction temperature. This is a facile way of 
synthesizing magnetic nanorods which is more 
effective and highly economical. Some researchers 
have implemented the strategy involving the reaction 
of iron (III) acetylacetonate with polyethyleneimine 
in the presence of oleylamine and phenyl ether. The 
resulting compound is then thermally decomposed. 
This makes the length and diameter as well as 
the aspect ratio of the synthesized nanorods 
controllable.
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Carbon nanorods
 The synthesis of carbon nanorods has 
been found out to be best by reduction of carbon 
bisulfide11,12. Researchers have explored this method 
of synthesis by creating a hexagonal graphite which 
is capable of causing the refraction of X-ray particles 
when the light is being focused on it. It is a more 
economical and highly used method of carbon 
nanorod synthesis13,14.  

 This method involves the reduction of 
carbon bisulfite in 600-degree Celcius. This yields 
a high percentage of carbon nanorod evident under 
the scanning electron microscope as well as the 
Transmission electron microscope where novel 
Y-junction carbon nanorods are detected, capable 
of causing an X-ray refraction which is an hexagonal 
graphite15,16.

Optimization of nanorods material production
 As it is well known that most materials in 
their raw form are close to being useless, such as 
the need to optimize them for good use is a very 
expedient. This same principle applies to nanorods, 
this new technology that is getting the attention of 
all and sundry today can only be effectively used 
provided it is well optimized and kept within its range. 
Various works have been done by devoted scientists 
to this field in the past and some other works relating 
to the field of nanotechnology are still being done. As 
stated above, the various types of nanorods that have 
been discovered so far have various uses which will 
all be spelled out in details very soon, nonetheless, 
the need to optimize them in order to get them to 
good use and to make sure they are working fine 
and well cannot be overemphasized17,18.

 Getting the right material and the specific 
product to use in the diagnosis and treatment of a 
particular defective condition is the most basic and 
one with the highest importance when it comes to 
putting nanorods into good use. The different types 
of nanorods that we have, carbon, gold, zinc oxide, 
magnetic and lots more all have their general and 
specific uses. It is important to note that each specific 
use of a particular type of nanorod is peculiar to it 
and cannot be perfectly replaced by another, the 
gold nanorod is explicitly used in a particular niche. 
This is grossly due to its shape and the particular 
kind of material is made with. Imagine using another 
nanorod in its stead, it will only aggravate what was 
initially intended to be resolved19.

 The size of a rod is just as important as 
the experiment in which the nanorod is going to be 
performed. For some experiments, the thicker the 
material, the less effective the result will yield while 
the case is reversed for some other experiments. For 
instance, in a research performed by the acoustical 
society of America, in a bid to use gold nanorods in 
the minimization of cell toxicity and in the creation 
of a maximum photoacoustic response, it was 
observed that smaller sized gold nanorods will be 
more effective to getting the desired result. Some 
other experiments that have been carried out by 
other scientists have seen the positive effect of size 
in the optimal use of nanorods20.

 One other factor that is worthy of note 
when trying to optimize nanorods is the adsorbing 
capability. This is particularly important for Nanorods 
that relates to fluorescence-related experiments. 
Zinc oxide nanorod is a big one in this niche as 
many tests have been carried out in the lab and lots 
of journals have been written in a bid to determine 
how applicable this Nano compound is to some 
fields of life. Its optimization has been observed to be 
dependent on its adsorbing capability. The adsorbing 
capability of the material in use is dependent on the 
pH, sonication time, adsorbent mass as well as other 
factors which should be considered21. 

 One other optimization capacity worthy of 
note is the aspect ratio of a particular nanorod. Gold 
nanorods are especially important in working with this 
type of property as it goes a long way in determining 
how well the material can be used and how well it 
responds to the effect it is intended to be used22.

 Many times, nanorods are always combined 
to form compounds that are capable of producing 
more lasting and highly effective responses. Metallic 
nanorods, for instance, have been said to have been 
worked with, combining it with copper compounds. 
Also, zinc oxide nanorod has also been combined 
with other particles and compounds in a bid to get it 
optimized and produce a more desirable response. So, 
the combining capacity of a particle nanorod will go a 
long way in determining its effectiveness at work23.

 Many optimizations have been done since 
the time nanorods have come into existence and 
many works have been done by lots of scientists. 
Nanorods are useful in virtually every niche of life. 
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The field of medicine in relations to genetics, cellular 
function as well as some disease conditions have 
been identified to be useful areas of exploration. 
Nanorod technology has by far eaten deeply into 
these areas and it has been used for a whole lot of 
research works as well as the treatment of some 
tumors and genetically linked disease conditions. 
From in vivo therapeutic and imaging efficiency, to 
minimum cell toxicity and maximum photoacoustic 
response, down to rapid diagnostic testing, medical 
scholars are improving and widening their scope 
every passing day, leveraging on the functions of 
nanorod particles in performing these tasks24,25.

 The world of technology, as well as 
engineering, is one of the largest in which nanorod 
technology has really been explored. Solar cells 
have been sensitized, biomolecular emissions have 
been enhanced, and lots of other bioengineering 
applications have been explored and brought into 
reality with nanorod technology26,27. The need for 
consistent optimization cannot be overemphasized 
as this goes a long way in determining how well a 
particular nanorods particle is going to function and 
the results it will yield28,29.

Industrial application
 Nanorods have wide application across 
all fields. One potential application of nanorods is in 
display technologies because the reflectivity of the 
rods can be changed by changing their orientation 
with an applied electric field. Generally speaking, 
nanotechnologies can enhance energy efficiency 
across every branch of the industry. It is also applied 
in microelectromechanical systems (MEMS). It also 
functions as therapeutic and diagnostic agents which 
have made it useful in cancer therapy. Generally, 
nanorods can be used in the following fields[11,30.

In Medicine
 The small size of nanoparticles helps them 
to readily interact with biomolecules on the cells 
and they are able to gain access to many areas of 
the body to detect disease and deliver treatment. 
Nanorods can be used in computerized tomography 
imaging of tumors. Nanoshells have successfully 
recognized cancer cells and killed the tumor 
cells without damaging normal neighboring cells. 
Nanoparticles are used for molecular imaging of 
malignant lesions. Nanowires are used as a medical 
sensor. They can detect the presence of mutated 

genes associated with cancer and help in managing 
the diseased patient. Nanomaterials increase the 
lifespan of implant materials. Examples include 
nanocrystalline zirconium oxide, nanocrystalline 
silicon carbide etc. they could also present an 
attractive alternative material for implants31,32.

In Military wears
 Enhanced nanomaterials form the basis 
for the creation of the advanced battle suit. The 
technologies include energy-absorbing materials 
that can withstand blast waves, and sensors that 
can detect or respond to chemical and biological 
weapons.

In water purification
 it is used significantly in the desalination 
process.

In batteries
 Since there is a great demand for portable 
electronic equipment and devices, there is a need 
for lightweight and high-energy density batteries. 
Nanorods come into play. The industrial application 
of individual nanorod will be discussed further: 
ZnO nanorod: Zinc oxide nanorod also known as 
nanowire has been applied in various fields of life. Its 
properties have attracted the interest of researchers 
and companies to use this material. A few of the 
endless applications will be enumerated here:

In electronics
 ZnO nanorods were used to build electrodes 
that would require flexible and thinner flat panel displays 
than current flat panel displays. It was used for building 
transistors without p-n junctions. For making dense 
memory devices an alloy of nickel and iron nanowires 
can be used. It was also used to build sensors which 
can detect a range of chemical vapors12.

In energy
 It has been used to produce low cost flexible 
solar cells with high efficiency. The solar cells are 
developed using graphene coated with Zinc oxide 
nanowires. It has been demonstrated by some 
researchers that sunlight can be concentrated in 
nanowires.

In the environment
 It has been used to produce nanowire mats 
that can absorb oil spills.
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Carbon nanorod
 Some decades ago have witnessed a 
breakthrough in the use of carbon nanorods. Its 
usage includes:

•	 Device	modeling,
•	 Energy	storage,	
•	 Boat	hulls,	
•	 Automotive	parts,	
•	 Water	filters,	
•	 Sporting	goods,	
•	 Coatings,	
•	 Actuators	and	
•	 Thin-film	electronics,
•	 Electromagnetic	shields

Magnetic nanorod
 Aided magnetic field self-assembly of iron 
nanoparticles containing magnetic dipole moment 
resulted in the creation of magnetic and mechanically 
rigid nanoscale rods. Synthesis products have been 
used in many fields, several of which are described 
below:

•	 Development	 of	 magnets	 with	 unusual	
magnetic proper ties because of their 
extremely broad interface with grains.

•	 Magnetic	 nanorods	 are	 used	 in	 motors,	
scientific instruments such as magnetic 
resonance imaging ( MRI) used in hospitals, 
and microsensors.Magnetic materials have 
applications in data storage. The capacity of 
computer hard disks storage capacity can be 
increased with magnetic nanomaterials.

•	 Photograph	
•	 High-density	magnetic	storage	devices,
•	 Cooling	devices	
•	 Catalysts	
•	 Electronic	 components	 such	 as	 photo-

catalyst
•	 Medical	diagnostics
•	 Electrodes	in	lithium-ion	batteries
•	 Gas	sensors

Magnesium oxide nanorods
 It is used in sensing potassium ion in water 
samples.

Tungsten trioxide nanorods
 They are applied in the textile industry. 
Others include:

•	 Gas	and	humidity	sensing
•	 Optical	devices
•	 Electrochromatic	windows
•	 Catalysts
•	 Tumor	CT	Imaging	
•	 Photothermal	therapy

Tin oxide
 It is used as a lithium storage compound 
in Li-ion batteries. 

Other applications include its use:

•	 Semiconductor	gas	sensor
•	 Optoelectronics
•	 Engineering	 of	 one-dimensional	 nano-

materials
•	 Nanoscale	soldering	applications

Synthesis of MNPs for demulsification applications
Co-precipitation synthesis
 Co-precipitation is the most widely 
applied process for the synthesis of MNPs; In a 
number of disciplines, these have been used for 
demulsification, with the main emphasis on the 
separation of oil and water in the petroleum and 
petrochemical industries. Co-precipitation of an 
aqueous salt solution requires the synthetic path 
to MNPs, accompanied by the introduction of the 
foundation under an inert environment at elevated 
temperatures33, have thoroughly explored the 
geometric flow map explaining the synthetic route 
of MNPs by co-precipitation33. Two major strategies 
are typically involved in the synthesis of spherical 
MNPs by co-precipitation: (1) by oxidising Fe(OH)2 
with various oxidising agents and accompanied 
by (2) ageing in aqueous media of the mixtures of 
Fe(OH)2 and Fe3O4 to convert the morphologies 
initially developed into spherical MNPs of almost 
equal duration. The size of the resulting iron oxide, 
however, is calculated by the form of salt used, the 
ionic power, the reaction mixture temperature, the 
pH and other determining parameters, such as the 
pace at which the simple solution is applied and the 
rate of stirring. A pH in the range of 8-14 should be 
maintained by the standard MNP provided by this 
process, and the particle sizes can be regulated by 
changing the ionic intensity and pH of the medium 
while holding the Fe3+/Fe2+ ratio at 2/1. Indeed, this 
synthetic path has been used to manufacture MNPs 
to demulsify all types of emulsions34,35. 
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Solvothermal synthesis
 Among the prominent methods mentioned 
in the literature for the development of MNPss is the 
Solvothermal technique, also called hydrothermal 
synthesis35,36. This technique is one of the great 
and effective ways in which many materials produce 
crystal growth. In a closed container packed with 
aqueous fluid working at temperatures in the range 
of 130°C-250°C and under strong vapour pressure 
within 0.3-4 MPa, the process reflects numerous 
chemical techniques for crystallising compounds. 
To create free single crystal particles, Solvothermal 
methods have been successfully implemented, 
and particles or grains produced from this process 
could possess superior crystallinity than those 
from other synthetic routes. As such, with a high 
crystalline domain, solvothermal synthesis is able 
to produce iron nanoparticles. In particular, for the 
treatment and separation of the emulsified oil-water 
mixture, MNPs obtained from this process have 
been well utilised. Fe3O4 MNPs is synthesised via 
the solvothermal pathway7 to split up the emulsified 
oil-water mixture and to differentiate water and oil 
into phases. Dissolving 1.62 g of FeCl3.6H2O, 0.48 
g of trisodium citrate dihydrate, and 4.32 g of NaAc 
in 60 mL of ethylene glycol and subjecting the 
mixture to vigorous agitation at room temperature 
is a synthetic technique for the formation of Fe3O4 

MNPs. For the solvothermal reaction phase at 
200°C and for 12 h, the resulting solution was 
transferred into a 100 mL closed Teflon autoclave. 
In the presence of N-(aminoethyl)-amino-propyl 
triethoxy silane (AEAPTES), the Fe3O4 MNPs 
formed were washed with ethanol and deionized 
water and subjected to another reaction in order 
to generate Fe3O4@AEAPFS MNPs. In reality, 
a variety of other researchers have synthesised 
related MNPs using Fe3O4 as the precursor for 
the demulsification of crude oil emulsions via the 
solvothermal method19. The solvothermal process 
seems to be very successful, but the main problem 
with this synthesis21,37 technique is the complexity of 
generating nanocrystals with less than 10 nm and 
excellent hydrophilic characteristics33. Particle sizes 
and distribution appear to rise exponentially in this 
system as the concentration of the precursor rises, 
with only residence time providing a significant effect 
on the mean particle size. 

Sol-gel synthesis
 Sol-gel synthesis is a technique mainly 

developed to synthesise metal oxides33. This strategy 
depends on the method of condensation, hydrolysis, 
and drying. By using metallo-organic precursors, 
this approach has been applied to the processing 
of MNPs. The active synthesis of MNPs by sol-gel 
techniques was recorded by38. This researcher 
used 0.2 M citric acid and 0.1 M iron nitrate for 
the synthesis of nanoparticles, with continuous 
ageing at 90°C for approximately 16 h under open 
atmospheric conditions. With the exception of 
Yashimata et al.,39 who synthesised oligomeric silica/
magnetite composite through the sol-gel reaction, 
this approach was not used to generate MNPs aimed 
at destabilising stable emulsions. In their analysis, 
25 percent of the ammonia solution was applied to 
5 mL of methanol solution combined with fluoroalkyl 
end-capped vinyl trimethoxysilane oligomer and 
100 mg of magnetite nanoparticles. The resultant 
composition experienced heating for about 5 h at 
an elevated temperature. To remove impurities, 
the final component was precipitated under a 
magnetic field, and the composite product obtained 
was heavily washed with methanol. The benefits 
of sol-gel reaction to synthesis MNPs include 
simple particle size modulation, acquiring pure 
monodispersed particles and deriving nanoparticles 
with predetermined structures33,40. 

CONCLUSION

 Nanorod science and technology has gone 
out and about in influencing its world. The use of 
nanorods and nanoparticles generally has paved 
the way for lots of solutions as well as opened the 
minds of researchers into further exploration of the 
field. Owing to its systemic application, it is a field 
that can keep being studied for a very long time 
because of the new advances made every passing 
day. Nanorod synthesis, as well as its optimization, 
is one way of research, its application is another. 
These entire put together has paved the way for jobs 
all over the world. Science and technology graduates 
now have things to lay their hands upon and explore 
appropriately. Machines and lots of engine builders 
are also exploring this technique, by implementing 
the basic concept, they have brought into reality 
diverse kinds of innovations and ideas to the end 
that the world keeps growing and getting developed. 
The world of nanotechnology is that which should be 
greatly explored as it determines to a great extent 
how far and how well the scope of science and 
technology in this age and beyond will expand.
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