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I. Top-Down approach II.  Bottom-up approach

I. Top-Down approach

 Bulk material is cut into nanomaterial

 Eg. Pyrolysis, Ball milling, etc.



Advantages

 Simple technique

 Large scale production is easy

 Chemical purification is not required

 Stress, defects, imperfections get introduced in the nanomaterial structure

 Varied particles shape or geometry

 Broad size distribution

Disadvantages



II. Bottom-Up approach

 Nanomaterial is built by assembling

building blocks; atoms-by-atoms or

molecule-by-molecule

 Eg. Sol-gel method, chemical vapour

deposition



Advantages

 Nanostructures with less defects

 Narrow size distribution

 Homogeneous chemical composition

 Cheaper techniques

 Large scale production is difficult

 Chemical purification is required

Disadvantages



I. Solvothermal method

II. Photochemical synthesis

III. Chemical vapour deposition

IV. Electrodeposition

Chemical methods



Solvothermal process

Definition: It is a process in which chemical reaction is

carried out between precursor(s) in a solvent, in a closed

system, at a temperature higher than the boiling temperature

of this solvent and under high pressure

 Also called ‘Solvothermal process’

 Hydrothermal, when water is used as

solvent



• Reactants are dissolved in water in a closed vessel

in autoclave (Hydrothermal bomb)

• Heated above boiling point (150 – 500 C, 100kbar

– 3000 kbar)

• Supersaturation occurs leading to growth of

nucleus

• Aging – growth of nanoparticles

• Product obtained is filtered, washed with water, air dried and subjected to calcination

• Process is used to prepare nanozeolites, nanometal oxides (TiO2, MnO2, etc.)



Advantages

• Low cost method

• Environmentally friendly technique

• Low substrate temperature – synthesis of various nanostructure on
temperature sensitive substrates

Disadvantages

• Expensive autoclaves

• Safety issues during the reaction mixture

• Observing the reaction process is not possible



Chemical vapour deposition (CVD)

 Inlets for the reactants

 Furnace (maintained at 700 – 900 °C), Quartz tube

 Substrate (on the surface of which reactions occurs forming nanoparticles)

 Gas outlet



 Mixture of gas reactants is delivered into reaction chamber

 Reactor is maintained between 700 – 900 °C

 Adsorption of precursor on heated substrate, undergoes reaction

 Desorption of by-products; by products are removed from the reactor

Chemical vapour deposition (CVD)



CVD instrument

Chemical vapour deposition (CVD)



Advantages of  CVD

• Very flexible method

• Can be used to produce wide range of nanomaterials

• Precursors can be solid, liquid or gas under ambient conditions; but delivered to reactor as

vapours

• Formation of doped or multi component nanoparticles is possible by using multiple

components deposited on materials



Disadvantages of  CVD

• Chemical & safety hazards can be caused by the use of toxic, corrosive, flammable and/or

explosive precursors

• Requires high temperature for deposition (> 600 °C); high temperature is not usable for the

already formed structure on the substrate

• Restriction on the kind of substrates that can be used

• Leads to stress in films



Definition: the process that exploits the creation of solid materials directly from

electrochemical reactions in liquid compositions with substrate materials.

One of the chemical methods; Also known as electroplating

Syntheses of  Nanomaterials by Electrodeposition



Electroplating: Substrate is placed in electrolyte. When an electrical potential is applied between

a conducting area on the substrate and a counter electrode in the liquid, a chemical redox process

takes place resulting in the formation of a layer of material on the substrate and usually some

gas generation at the counter electrode.

Electroless plating: Substrate is placed in a more complex chemical solution, in which

deposition happens spontaneously on any surface which forms a sufficiently high

electrochemical potential with the solution. No external electrical potential and contact to the

substrate are required, but more difficult to control the thickness and uniformity of the deposits.

Two technologies for plating



Bulk electrodeposition: slow and leads to low-grade materials

Template-assisted/mold-guided electrodeposition

Arrays of nanostructured materials with specific arrangements

Employing either an active or restrictive template as a cathode in an electrochemical cell

Important technique for synthesizing metallic nanomaterials with controlled shape and size

Limitations

Typically restricted to electrically conductive substrate materials

Difficulties in the preparation of desired templates.

Additional high temperature annealing steps are expensive and unsuitable for polymer substrates.

Electroplating



 A three-electrode electrochemical cell (a reference

electrode, a specially designed cathode, and an

anode or counter electrode)

 Accessories for applying controlled current at a

certain voltage (dc or Ac power supply or potential

stat)

 The template can be made of either nonmetallic or

metallic materials

 The surface morphology of the deposits depends

on the surface structure and chemical composition

of the cathode substrate as well as other

electrochemical parameters..

Electroplating- Experimental Setup



Active template-assisted electrodeposition:

The formation of nanostructures results from growth of

the nuclei that invariably nucleate at the holes and defects of

the electrode substrate.

Subsequent growth of these nuclei at the template yields the

desired surface morphology of the nanostructures, which

can therefore be synthesized by choosing the appropriate

surface of the electrode.

Types of  Template



Restrictive Template-Based Electrodeposition

It involves the deposition of metal into the

cylindrical pores or channels of an inert,

nonconductive nanoporous substrate.

To prepare nanometer-sized particles,

fibrils/wires, rods, and tubules.

Examples: nanoindented holes; nanoporous

polymers; porous alumina

Types of  Template



Versatile technique to synthesize various kinds of nanomaterials with desired surface

morphologies (nanorods, nanoparticles, and nanowires).

The major problem with using electrodeposition to synthesize nanostructure is the preparation

of proper templates/substrate.

Electrodeposition is highly influenced by the surface characteristics of the electrode substrate,

and the shape and size of the deposits depend on the substrate.

Further studies on the fundamentals of the nucleation and growth of nanostructure are needed

to understand the preferential deposition on a particular site of the electrode substrate

It can be scaled down to the deposition of a few atoms or up to large dimensions

Electrodeposition-Advantages



I. Ball Milling

Physical methods



Ball milling is a method of production of nano materials.

This process is used in producing metallic and ceramic nano materials.

These mills are equipped with grinding media composed of wolfram

carbide or steel.

Ball mills rotate around a horizontal axis ,partially filled with the material

to be ground plus the grinding medium.

Ball Milling





The balls rotate with high
energy inside a container
and then fall on the solid
with gravity force and
kinetic and hence crush
the solid into nano
crystallites.

Ball Milling







Generation of curved or closed-shell carbon nanostructures by ball-milling of

graphite

Carbon scrolls produced by high energy ball milling of graphite

Nanoporous carbon produced by ball milling

The nucleation and growth of carbon nanotubes in a mechano-thermal process.

Carbon nanotubes formed in graphite after mechanical grinding and thermal

annealing.

What else is produced in ball-milling



Carbon microspheres produced by high energy ball milling of graphite

powder

Carbon tubes produced during high-energy ball milling process

 Highly curved carbon nanostructures produced by ball-milling

Low energy pure shear milling: A method for the preparation of graphite

nano-sheets

What else is produced in ball-milling



The significant advantage of this method is that it can be readily implemented

commercially.

Ball milling can be used to make carbon nanotubes and boron nitride nanotubes.

It is a preferred method for preparing metal oxide nano crystals like Cerium(CeO2) and

Zinc Oxide (ZnO).

Ball milling of graphite under a hydrogen atmosphere is an effective method of

producing nanostructured graphite which is able to store an appreciable amount of

hydrogen.

Nanostructured graphite has potential for use as a low-cost in energy store, for vehicles

and stationary hydrogen-energy applications.

Advantages



Nanotechnology is a recent technology, there are many

manufacturing methods and tools, used for the fabrication

of nanomaterials, including nanostructured surfaces,

nanoparticles, etc.

The nanotechnology materials, or nanomaterials, open a

new door to what we know about the behaviour of matter.

Several phenomena become pronounced as the size of the

system decreases, statistical mechanical effects or quantum

effects.

Materials reduced to nanoscale can show different

properties compared to macroscale, enabling unique

applications.

All this reasons inspired the nano-science community to

develop nanotechnology fabrication methods, to

manufacture this materials in a more “industrial” way.

Nanotechnology Fabrication Methods



Nanotechnology fabrication methods can be usually subdivided into two groups: top-down

methods and bottom-up methods.

On one hand we have the top-down methods, nanomaterials are derived from a bulk substrate

and obtained by removing material, until the desired nanomaterial is obtained, this category

includes the printing methods.

On the other hand, bottom-up methods are just the opposite, the nanomaterial is obtained

starting from the atomic or molecular level and gradually assembling it, until the desired

structure is formed.

In both methods is important to have a good control of the fabrication conditions, such as

presence of dust, control of the electron beam, etc.

Nanotechnology Fabrication Methods



The main idea of Top-down methods derived from the fabrication methods used in the

semiconductor industry to fabricate elements for computer chips.

These methods, called lithography, removes layers of material, from a precursor material,

selectively using a light or electron beam, and thanks to the advances of the lithography

fabrication methods, has been possible to reduce the size of electronic devices.

Top-down Methods



The main idea of lithography is to transfer an image from a mask to a receiving substrate.

The lithographic process consists of three steps.

Coating a substrate with a sensitive polymer layer, called resist, exposing this resist to light

or electron beams and develop the resist image with, commonly, a chemical substance,

called developer, which reveals a positive or negative image on the substrate.

The next step is to transfer the pattern from the resist to the underlying substrate,

through a number of transfer techniques, such as chemical etching and dry plasma

etching.

Conventional Lithography



This techniques can be divided in two groups, methods

that use a physical mask, where the resist is irradiated

through the mask which is in contact with the resist

(mask lithography). The other group of methods use a

software mask, a scanning beam irradiates the surface of

the resist sequentially through a controlled program,

where the mask pattern is defined (scanning

lithography).

Conventional Lithography



Speed is the main difference between mask and

scanning lithography, whereas mask lithography is a fast

technique, scanning lithography is slow. We also have to

take in account the resolution, scanning lithography has

a better resolution, which entails expensive equipment.

Conventional Lithography



Photolithography

Scanning lithography

Soft lithography

Nano-imprint lithography

Nanosphere lithography

Colloidal lithography

Scanning probe lithography

Types of  Lithography



Photolithography uses light, UV, deep UV, extreme UV or X ray, which exposes a layer of

radiation sensitive polymer though a mask. The mask is usually an optically flat glass plate

which contains the desired pattern, made of an absorber metal.

Photolithography



The image on the mask can be replicated as it is, placing the mask in contact with the resist

(contact mode photolithography) or reduced, projecting the image of the mask using an

optical system (projection mode photolithography).

The resolution of contact mode is near 0.6 μm, using UV light, for more resolution we need

to use projection mode or go to next-generation photolithography, using extreme UV or X ray,

but this technologies use very expensive equipment.

Photolithography



Characterization of  Nanomaterials

The characterization of nanoparticles is a branch of nanometrology that deals with

the characterization, or measurement, of the physical and chemical properties

of nanoparticles.

Nanoparticles are characterized for various purposes, including nanotoxicology studies

and exposure assessment in workplaces to assess their health and safety hazards, as well as

manufacturing process control. There is a wide range of instrumentation to measure these

properties, including microscopy and spectroscopy methods as well as particle counters



Characterization of  Nanomaterials

Microscopy methods generate images of individual nanoparticles to characterize their shape,

size, and location.

Electron microscopy and scanning probe microscopy are the dominant methods.

Because nanoparticles have a size below the diffraction limit of visible light,

conventional optical microscopy is not useful.

Electron microscopes can be coupled to spectroscopic methods that can perform elemental

analysis. Microscopy methods are destructive, and can be prone to undesirable artifacts from

sample preparation such as drying or vacuum conditions required for some methods, or from

probe tip geometry in the case of scanning probe microscopy.



Characterization of  Nanomaterials

Spectroscopy, which measures the particles' interaction with electromagnetic radiation as a

function of wavelength, is useful for some classes of nanoparticles to characterize

concentration, size, and shape.

Semiconductor quantum dots are fluorescent and metal nanoparticles exhibit surface

plasmon absorbances, making both amenable to ultraviolet–visible spectroscopy.

Infrared, nuclear magnetic resonance, and X-ray spectroscopy are also used with

nanoparticles.

Light scattering methods using laser light, X-rays, or neutron scattering are used to determine

particle size, with each method suitable for different size ranges and particle compositions.



Characterization of  Nanomaterials



Electron Microscopy
Developed in the 1930s that use electron beams instead of light.

because of the much lower wavelength of the electron beam than of light, resolution is far higher.

TYPES

Transmission electron microscopy (TEM) is principally quite similar to the compound light

microscope, by sending an electron beam through a very thin slice of the specimen. The resolution

limit is less than 0.03 nanometer.

Scanning electron microscopy (SEM) visualizes details on the surfaces of cells and particles and gives

a very nice 3D view. The magnification is in the lower range than that of the transmission electron

microscope.

http://en.wikipedia.org/wiki/Transmission_electron_microscopy
http://en.wikipedia.org/wiki/Scanning_electron_microscope


Field Emission Scanning Electron Microscopy
(FE-SEM)

Field Emission Scanning Electron Microscopy produces images of the surface of samples

using a low energy electron beam thanks to a Field Emission Gun. This instrument allows to

observe fragile and low melting temperature samples like creams, which is not possible by

standard Scanning Electron Microscopy



Field Emission Scanning Electron Microscopy
(FE-SEM)

Principle

The primary electron beam interacts with the atoms at the surface (down to 1 µm depth) of

the sample generating low energy secondary electrons, the energy of which is governed by the

surface topography. By scanning the sample and collecting the secondary electrons, an image

of the topography of the surface is constructed.



Field Emission Scanning Electron Microscopy
(FE-SEM)



Field Emission Scanning Electron Microscopy
(FE-SEM)

Comparison with similar techniques

Better resolution than optical microscopy and standard SEM,

Less sample degradation than standard SEM,

No sample coating required like for SEM,

No sample coating required like for SEM,

Less expensive and faster than X-ray micro- fluorescence, but less sensitive.



Field Emission Scanning Electron Microscopy
(FE-SEM)

Applications

Imaging of gels deposited on a support,

Imaging of particles or nanoparticules in gels or deposited on substrates,

Identification and localization of ingredients in pharmaceutical powders and tablets or

cosmetics

Imaging of biological tissue, biofilm, microorganism

Imaging of textured surfaces



High Resolution Transmission electron 
microscopy (HR-TEM):

TEM is also known as conventional transmission electron microscopy or CTEM.

Max Knoll and Ernst Ruska invented it in 1933 in Berlin.

Recent electron microscopy (based on transmission) commonly contains a beam column

which is around 2.5m tall and has a 30 cm diameter, and has an ability to attain a 2Å

resolution.

This technique is utilized for analyzing the surface structure, i.e., morphology, surface

imperfection, i.e., defects, crystal structure of the atom, size of the particle and also sample’s

composition.

Design of TEM is similar to a light microscope



High Resolution Transmission electron microscopy 
(HR-TEM):



High Resolution Transmission electron 
microscopy (HR-TEM):

Working Principle

An extremely thin sample is required for scanning in TEM from which electron beam is

passed through rendering its interaction with the sample as a result of which image is

produced.

This image can be magnified and focused on the device used for imaging, like a fluorescent

screen, on a photographic film layer, or to be identified by a sensor like a CCD camera.



High Resolution Transmission electron 
microscopy (HR-TEM):

Instrumentation of  TEM

Source of  electron 

Gun based on Thermionic Emission 

Beam of  Electron 

Electromagnetic lenses 

Vacuum chamber 

Two Condensers lenses, objective and intermediate 
lens 

Sample holder and stage 

(Imaging Device) Phosphor or fluorescent screen 

Computer 



High Resolution Transmission electron 
microscopy (HR-TEM):

Advantages

At these small scales, individual atoms and crystalline defects can be imaged.

At high magnifications the electron beam interactions with the atomic columns of a

crystalline specimen lead to different contrast mechanism known as phase contrast.

This effect can be used for imaging the atomic distances in properly oriented crystals.

It is a powerful technique to gain further information like crystal lattice distances and

interface information to a limit below 1 nm.




