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ABSTRACT:The term “Nanotechnology” was first defined by Norio Taniguchi of the Tokyo Science
University in 1974. Nanotechnology1-3, shortened to “Nanotech” is the study of manipulating matter on an
atomic and molecular scale. Generally nanotechnology deals with structures sized between 1 to 100 nm
and involve developing materials or devices within that size. For comparison, 10 nanometers is 1000 times
smaller than the diameter of a human hair. Nanotechnology has the capacity to improve our ability to
prevent, detect, and remove environmental contaminants in air, water, and soil in a cost effective and
environmentally friendly manner. Nanoscience and nanotechnologies are revolutionizing our
understanding of matter and are likely to have profound implications for all sectors4-6 of the economy,
including agriculture and food, energy production and efficiency, the automotive industry, cosmetics,
medical appliances and drugs, household appliances, computers, and weapons .
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1.INTRODUCTION
The branch of nanoscience and technology is truly multi-disciplinary and is an emerging technology with
full of promises to have an impact on virtually every spectrum of civilization including communications,
computing, textiles, cosmetics, sports, therapy, automotives, environmental monitoring, fuel cells and
energy devices, water purification, food and beverage industry, etc. The ability to construct tiny objects
atom-by-atom or molecule-by-molecule forms one of the exciting prospects of the research field in nano
science. It shows great promise for providing us in the near future with many breakthroughs that will
change the direction of nanotechnology advances in a wide range of applications7-11.
The application of nanomaterials can be historically traced back to even before the generation of
modern science and technology. In 1857, Michael Faraday published a paper which explained how metal
nano particles affect the colour of Church windows. In 1959, Richard Feynman (awarded Nobel Prize in
physics in 1965) gave a lecture titled “There’s Plenty of Room at the Bottom”, suggesting the possibility
of manipulating things at atomic level. He speculated on the possibility and potential of nanosized materials.
This is generally considered to be the foreseeing of nanotechnology. Many of his speculations12-16 has
become reality now. However, the real burst of nanotechnology didn’t come until the early 1990s. In the last
decade of last century, sophisticated instruments for characterization and manipulation17-20 such as
scanning electron microscopy (SEM) transmission electron microscopy(TEM) and scanning probe
microscopy (SPM) became more available for researchers to approach the nanoword.
In the early 1990s Huffman and Kraetschmer, discovered how to synthesize and purify large
quantities of fullerenes21-26. This opened the door to their characterization and functionalization by
hundreds of investigators in government and industrial laboratories. Shortly after Dr. T. Ebbesen
described, to a spellbound audience, his discovery and characterization of carbon nanotubes at a meeting of
the Materials research Society in 1992. This even sent those in attendance and others downwind of his
presentation into their laboratories to reproduce and push those used by Huffman and Kratschmer,
hundreds of researchers further developed the field of nanotechnology. No one knows how many products
It involves pyrolysis of hydrocarbons such as acetylene at 7000C in the presence of FE-silica or Fe-graphite
catalyst under inert conditions. on the market today contain nanoparticles or are manufactured with the
help of nanotechnologies.
2.SYNTHESIS OF NANOMATERIALS
Nanomaterials can be synthesised by any one of the following methods.
2.1 Pyrolysis
2.2 Carbon are method
It is carried out by applying direct current (60-100 A and 20-25 V) are between graphite electrodes of 10Research Paper
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20um diameter.
2.3 Laser evaporation method
It involves vapourisation of graphite containing small amount of Co and Ni, by exposing it to laser beam at
12000C in a quartz tube reactor. An inert gas like argon is allowed to pass into the reactor to sweep the
evaportated carbon atoms from the furnace to the copper collector, on which the nanomaterials condense.
2.4 Chemical vapour deposition
It involves decomposition of vapour of hydrocarbons such as methane, ethylene, acetylene, etc., at 11000C
in presence of calalysts like Ni, Co, Fe supported on MgO.
3. PROPERTIES OF NANOMATERIALS
Two principal factors cause the properties32-34 of nanomaterials to differ significantly from other
materials. To understand the effect of particle size on surface area, consider a U.S. silver dollar. The silver
dollar contains 26.96 grams of coin silver, has a diameter of about 40 mm, and has a total surface area of
approximately 27.70 sequare centimeters. If the same amount of coin silver were divided into tiny particles
say 1 nanometer in diameter- the total surface area of those particles would be 11,400 square meters. When
the amount of coin silver contained in a silver dollar is rendered into 1 nm particles, the surface area of
those particles is 4.115 million times greater than the surface area of the silver dollar!
3.1 Electrical properties
The electrical properties of nanomaterials vary between metallic to semiconducting materials. It depends on
the diameter of the nanomaterials. The very high electrical conductivity of nanomaterial is due to minimum
defects in the structure.
3.2 Thermal conductivity
The thermal conductivity of nanomaterials are very high, is due to the vibration of covalent bonds. Its
thermal conductivity is 10 times greater than the metal. The very high thermal conductivity of nanomaterial
is also due to minimum defects in the structure.
3.3 Mechanical properties
Nanomaterials are very strong and withstand extreme strain. Most of the materials fracture on bending
because of the presence of more defects, but nanomaterials possess only few defects in the structure.
4. APPLICATIONS OF NANOMATERIALS
Some key applications of nanomaterials are listed below. Most current applications represent evolutionary
developments of existing technologies: for example, the reduction in size of electronics devices.
4.1 Sunscreens and cosmetics
The traditional chemical UV protection approach suffers from its poor long-term stability. A sunscreen
based on mineral nanoparticles such as titanium dioxide offer several advantages. Titanium oxide
nanoparticles have a comparable UV protection property. Nanosized titanium dioxide and zinc oxide are
currently used in some sunscreens, as they absorb and reflect ultraviolet (UV) rays and yet are transparent
to visible light and so are more appealing to the consumer. Nanosized iron oxide is present in some lipsticks
as a pigment. The use of nanoparticles in cosmetics has raised a number of concerns about consumer safety.
4.2 Paints
Incorporating nanoparticles in paints could improve their performance, for example by making them lighter
and giving them different properties. Thinner paint coatings (‘Lightweighting’), used for example on aircraft,
would reduce their weight, which could be beneficial to the environment.
4.3 Displays
The huge market for high brightness, flat-panel displays, as used in television screens and computer
monitors, is driving the development of some nanomaterials. Nanocrystalline zinc selenide, zinc sulphide,
cadmium sulphide and lead telluride synthesized by sol gel techniques are candidates for the next
generation of light-emitting phosphors.
4.4 Batteries
With the growth in portable electronic equipment (mobile phones, laptop computers, remote sensors),
there is great demand for lightweight, high-energy density batteries. Nanocrystalline materials synthesized
by sol-gel techniques are candidates for separator plates in batteries because of their foam-like (aerogel)
structure, which can hold considerably more energy than conventional ones. Nickel-metal hydride batteries
made of nanocrystalline nickel and metal hydrides are to last longer because of their large surface area.
4.5 Catalysis
In general, nanoparticles have a high surface area, and hence provide higher catalytic activity. Catalysis is
important for the production of chemicals. Nanoparticles serve as an efficient catalyst for some chemical
974

IJRAR- International Journal of Research and Analytical Reviews

Research Paper

[VOLUME 6 I ISSUE 2 I APRIL – JUNE 2019]
http://ijrar.com/

e ISSN 2348 –1269, Print ISSN 2349-5138
Cosmos Impact Factor 4.236

reaction, due to the extremely large surface to volume ratio. Platinum nanoparticles are now being
considered in the next generation of automotive catalytic converters because the very high surface area of
nanoparticles could reduce the amount of platinum required. Some chemical reactions are also carried out
using nanomaterials. An example is reduction of nickel oxide to the base metal Ni.
4.6 Medicine
Nanotechnology has been a boon in medical field by delivering drugs to specific cells using nanoparticles.
The overall drug consumption and side effects can be lowered significantly by depositing the active agent in
the morbid region only and in no higher dose than needed. This highly selective approach reduces costs and
human suffering. Nanotechnology can also help to reproduce or to repair damaged tissue. “Tissue
engineering” might replace today’s conventional treatments like organ transplants or artificial implants.
For example, bones can be regrown on carbon nanotube scaffolds.
The use of gold in medicinal preparations is not new. In the Indian medical system called
Ayureveda, gold is used in several preparations. One popular preparation is called Saraswatharishtam,
prescribed for the memory enhancement. Gold is also added in certain medical preparations for babies in
order to enhance their mental capability. Over 5000 years ago, Egyptians used gold in dentistry. In
Alexandria, alchemists developed a powerful colloidal elixir known as Liquid gold, a preparation that was
meant to restore youth. In China, people cook their rice with a gold coin on order to help replenish gold in
their bodies.
4.7 Sensors of gases
The gases like NO2 and NH3 can be detected on the basis of increase in electrical conductivity of
nanomaterials. This is attributed to increase in hole concentration in manamaterials due to charge transfer
from nanomaterials to NO2 as the gas molecules bind the nanomaterials.
4.8 Food
Nanotechnology can be applied in the production, processing, safety and packaging of food. A
nanocomposite coating process could improve food packaging by placing antimicrobial agents directly on
the surface of the coated film.
4.9 Construction
Nanotechnology has the potential to make construction faster, cheaper and safer. Automation of
nanotechnology construction can allow for the creation of structures from advanced homes to massive
skyscrapers much more quickly and at much lower cost. The Silica (Sio2) is present in conventional concrete
as part of the normal mix. When nano silica is added to concrete, the particle packing can have improved
mechanical properties. The addition of nano silica to cement based materials can also contro0l the
degradation of the fundamental C-S-H (calcium silicate hydrate) reaction of concrete caused by calcium
leaching in water as well as block water penetration and therefore lead to improvements in durability. The
strength of concrete can also be increased by adding haematite (Fe2O3) nanoparticales.
4.10. Agriculture
Applications of nanotechnology have the potential to change the entire agriculture sector and food industry
from production to conservation, processing, packaging, transportation and even waste treatment.
4.11 Energy
The most advanced nanotechnology projects related to energy are: storage, conversion, manufacturing
improvements by reducing materials and process rates, energy saving and enhanced renewable energy
sources. Today’s best solar cells have layers of several different semiconductors stacked together to absorb
light at different energies but they still only manage to use 40 percent of the Sun’s energy. Commercially
available solar cells have much lower efficiencies (15-20%). Nanotechnology could help increase the
efficiency of light conversion by using nanostructures.
5. ELECTRONIC SPECTRA AND MAGNETIC PROPERTIES
In order to elucidate the structural problems, i.r. (Table 1) and electronic spectra (Table2) of the precursors
and tricyclomacrocyclic complex were recorded respectively on Shimadzu 160 A and Beckman-20
spectrophotometers. Conductivity and magnetic susceptibnility have also been measured on Systronics
conductometer model-303 and Guoy balance respectively. Low value of molar conductivity in the range 1015 ohm cm-2 mol-1 indicates the precursor and macrocyclic complex to be non-electrolytic in nature. The
magnetic moment of macrocyclic precursors (Ni(C16H12N2O2Cl2) and (Ni(C20H12N2O2Cl2) indicated to
be diamagnetic.
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Table-1:Structurally importand infraed bands (in-cm-1) of the trinuclear nickel(II)
Macrocylic complexes.
(Ni3Mc1Br2)
2975
2868
1590
1482
1465
1390
1295
1240
1055
960
845
812
765
620
440
3060
2935
2873
1602
1484

(Ni3Mc2Br2)
965
2872
1595
1460
1391
1293
1244
1052
957
846
810
760
619
445
3060
2934
2878
1605
1484

(Ni3Mc3Br2)
3037
2928
1592
1455
1391
1294
1220
1057
942
833
755
657
529
466
2952
2925
2870
1605
1463

(Ni3Mc4Br2)
2945
2976
1600
1490
1450
1294
1245
1045
935
850
756
679
523
476
3000
2940
2867
1610
1475

1448
1342
1283
1273
1244
1053
980
920
863
750
690
660
483

1452
1390
1346
1293
1244
1048
976
918
869
755
690
653
479

1350
1309
1290
1236
1044
948
912
865
746
683
566
473

1450
1335
1302
1245
1240
1050
970
907
860
739
648
560
475

Bands assigned
U(C-N)
U(C=N)
Sekeletal vibrations of phenyl and
furyl groups and de-formation
mode of vibrations of CH3- and
CH2- groups
uas(C-O-C)
us(C-O-C)
Bands due to effect of substitution
on the phenyl rings and other
skeletal modes vibrations.

u(C-N)

v(C=N)
Sekeletal vibrations of phenyl and
furyl groups and de-formation
mode of vibrations of CH3- and
CH2- groups
uas(C-O-C)

us(C-O-C)
Bands due to effect of substitution
on the phenyl rings and other
skeletal modes vibrations.

Electronic spectrum with a broad band with low intensity at 20000 cm-1 suggests the stereochemistry to be
square planar. Non-macrocyclic precursors (Ni(C4H8N8R4)Br2) (R=H, CH3, C2H5 and C6H5,) have ueff in
the ranges 3.12-3.22 B.M. indicating them to be octahedral in nature. The electronic spectra are also in good
agreement with the literature.
For the present groups of macrocylic complexes, the parameters Dqxy and Dqz which represent the
crystal field strength of the macrocyclic ligands and the metal-ligand interaction (of Br ion) along the axial
direction remain practically constant. The ligand field parameters have comparable magnitudes with
the corresponding Dqxy and Dqz values for the bromo complexes of nickel(II) with 1, 2- diphenylethane-1, 2dionedhydrazone. The near constancy of the parameters along the series indicates that the metal-ligand
interaction along the axial direction and in the plane do not mutually influence each other. It may be pointed
out that the Dqxy parameter is practically invariant for similar (Ni(Py)4 X2 complexes (Py- is pryridine and X
is a halide ion) and the ligand field effects are not transferable. But in the case of some carboxylate
complexes, the parameter Dqxy is found to be affected with the carboxylate group and the effect has been
attributed to the transferability of the ligand field effects.
Table-2:Electronic Spectral Band (in Cm-1) and magnetic moments (in B.M.)
of the trinuclear nickel (II) macrocyclic complexes.
4B
3T (F)
3T (P)+C.T.
Complexes 3B1gC.T.
ueff/metal ion
2g
2g
ig
Ni3Mc1Br2 8600 11000 16000
28000
2.70
Ni3Mc2Br2 8700 11000 19000
28000
2.89
976
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8500
8800
8400
8500
8300

10500
11000
10500
11000
10500

165000
18200
18000
18300
18200

28500
28500
28000
28500
28000

8400

10700

18100

27500

32000
32300
-

2.90
2.81
2.95
2.95
2.70
2.80

The electronic spectra and the magnetic susceptibility show that the nickel ions are present in two types of
stereochemical environments. The central nickel ion is octahedrally coordinated. It seems that a pair of Br
ions is bonded to central nickel (II) ion. The terminal nickel ions are present in square planar environments.
This is one of the rare interesting examples where two types of stereochemical environments are present in
a single nanomacrocycle (Fig.- 1).
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