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

I. Top-Down approach

�¾ Bulk material is cut into nanomaterial
�¾ Eg. Pyrolysis, Ball milling, etc.



Advantages

�¾ Simple technique

�¾ Large scale production is easy

�¾ Chemical purification is not required

�¾ Stress,defects,imperfectionsgetintroducedin thenanomaterialstructure

�¾ Variedparticlesshapeor geometry

�¾ Broadsizedistribution

Disadvantages



II. Bottom-Up approach

�¾ Nanomaterialis built by assembling
building blocks; atoms-by-atoms or
molecule-by-molecule

�¾ Eg. Sol-gel method, chemicalvapour
deposition



Advantages

�¾ Nanostructures with less defects

�¾ Narrow size distribution

�¾ Homogeneous chemical composition

�¾ Cheaper techniques

�¾ Largescaleproductionisdifficult

�¾ Chemicalpurificationis required

Disadvantages



I. Solvothermalmethod

II. Photochemical synthesis

III . Chemical vapour deposition

IV. Electrodeposition

Chemical methods



Solvothermalprocess

Definition : It is a processin which chemicalreactionis
carriedout betweenprecursor(s)in a solvent,in a closed
system,at a temperaturehigherthantheboilingtemperature
of thissolventandunderhighpressure

�¾ Alsocalled�¶�6�R�O�Y�R�W�K�H�U�P�D�O�S�U�R�F�H�V�V�·

�¾ Hydrothermal,when water is usedas

solvent



�‡ Reactantsaredissolvedin waterin a closedvessel
in autoclave(Hydrothermalbomb)

�‡ Heatedaboveboilingpoint (150�² 500C, 100kbar
�² 3000kbar)

�‡ Supersaturationoccurs leading to growth of
nucleus

�‡ Aging�² growthof nanoparticles

�‡ Productobtainedis filtered,washedwith water,airdriedandsubjectedto calcination

�‡ Processisusedto preparenanozeolites,nanometaloxides(TiO2, MnO2, etc.)



Advantages

�‡Low costmethod

�‡Environmentallyfriendlytechnique

�‡Low substrate temperature �² synthesis of various nanostructureon
temperaturesensitivesubstrates

Disadvantages

�‡ Expensiveautoclaves
�‡ Safetyissuesduringthereactionmixture
�‡ Observingthereactionprocessisnot possible



Chemical vapour deposition (CVD)

�¾ Inletsfor thereactants
�¾ Furnace(maintainedat700�² 900�£C),Quartztube
�¾ Substrate(onthesurfaceof whichreactionsoccursformingnanoparticles)
�¾ Gasoutlet



�¾ Mixtureof gasreactantsisdeliveredinto reactionchamber

�¾ Reactorismaintainedbetween700�² 900�£C

�¾ Adsorptionof precursoron heatedsubstrate,undergoesreaction

�¾ Desorptionof by-products; byproductsareremovedfrom thereactor

Chemical vapour deposition (CVD)



CVD instrument

Chemical vapour deposition (CVD)



Advantages of  CVD

�‡Veryflexiblemethod

�‡Canbeusedto producewiderangeof nanomaterials

�‡Precursorscanbe solid,liquid or gasunderambientconditions; but deliveredto reactoras

vapours

�‡Formation of doped or multi componentnanoparticlesis possibleby using multiple

componentsdepositedon materials



Disadvantages of  CVD

�‡ Chemical& safetyhazardscanbe causedby the useof toxic, corrosive,flammableand/or

explosiveprecursors

�‡ Requireshigh temperaturefor deposition(> 600�£C); high temperatureis not usablefor the

alreadyformedstructureon thesubstrate

�‡ Restrictionon thekindof substratesthatcanbeused

�‡ Leadsto stressin films



�¾Definition : the processthat exploitsthe creationof solidmaterialsdirectlyfrom

electrochemicalreactionsin liquidcompositionswith substratematerials.

�¾Oneof thechemicalmethods; Alsoknownaselectroplating

Syntheses of  Nanomaterials by Electrodeposition



�¾Electroplating: Substrateisplacedin electrolyte. Whenanelectricalpotentialisappliedbetween

aconductingareaon thesubstrateandacounterelectrodein theliquid,achemicalredoxprocess

takesplaceresultingin the formationof a layerof materialon the substrateandusuallysome

gasgenerationat thecounterelectrode.

�¾Electroless plating: Substrateis placedin a more complex chemicalsolution, in which

deposition happens spontaneouslyon any surface which forms a sufficiently high

electrochemicalpotentialwith the solution. No externalelectricalpotentialandcontactto the

substratearerequired,but moredifficult to controlthethicknessanduniformityof thedeposits.

Two technologies for plating



�¾Bulk electrodeposition: slowandleadsto low-gradematerials

�¾Template-assisted/mold-guidedelectrodeposition

�¾Arraysof nanostructuredmaterialswith specificarrangements

�¾Employingeitheranactiveor restrictivetemplateasacathodein anelectrochemicalcell

�¾Importanttechniquefor synthesizingmetallicnanomaterialswith controlledshapeandsize

Limitations

�¾Typicallyrestrictedto electricallyconductivesubstratematerials

�¾Difficultiesin thepreparationof desiredtemplates.

�¾Additionalhightemperatureannealingstepsareexpensiveandunsuitablefor polymersubstrates.

Electroplating



�¾A three-electrodeelectrochemicalcell (a reference

electrode,a speciallydesignedcathode,and an

anodeor counterelectrode)

�¾Accessoriesfor applyingcontrolledcurrent at a

certainvoltage(dcor Ac powersupplyor potential

stat)

�¾Thetemplatecanbemadeof eithernonmetallicor

metallicmaterials

�¾The surfacemorphologyof the depositsdepends

on the surfacestructureandchemicalcomposition

of the cathode substrate as well as other

electrochemicalparameters..

Electroplating- Experimental Setup



Activetemplate-assistedelectrodeposition:

�¾The formation of nanostructuresresultsfrom growth of

thenucleithatinvariablynucleateat theholesanddefectsof

theelectrodesubstrate.

�¾Subsequentgrowthof thesenucleiat thetemplateyieldsthe

desiredsurfacemorphologyof the nanostructures,which

can thereforebe synthesizedby choosingthe appropriate

surfaceof theelectrode.

Types of  Template



RestrictiveTemplate-BasedElectrodeposition

�¾It involvesthedepositionof metalinto the

cylindricalporesor channelsof an inert,

nonconductivenanoporoussubstrate.

�¾To prepare nanometer-sized particles,

fibrils/wires,rods,andtubules.

�¾Examples: nanoindentedholes; nanoporous

polymers; porousalumina

Types of  Template



�¾Versatile technique to synthesizevarious kinds of nanomaterialswith desired surface

morphologies(nanorods, nanoparticles,andnanowires).

�¾The majorproblemwith usingelectrodepositionto synthesizenanostructureis the preparation

of propertemplates/substrate.

�¾Electrodepositionis highlyinfluencedby the surfacecharacteristicsof the electrodesubstrate,

andtheshapeandsizeof thedepositsdependon thesubstrate.

�¾Furtherstudieson the fundamentalsof thenucleationandgrowthof nanostructureareneeded

to understandthepreferentialdepositionon aparticularsiteof theelectrodesubstrate

�¾It canbescaleddownto thedepositionof afewatomsor up to largedimensions

Electrodeposition-Advantages



I. Ball Milling

Physical methods



�¾Ballmillingisamethodof productionof nanomaterials.

�¾Thisprocessisusedin producingmetallicandceramicnanomaterials.

�¾Thesemills are equippedwith grindingmediacomposedof wolfram

carbideor steel.

�¾Ballmillsrotatearoundahorizontalaxis,partiallyfilledwith thematerial

to begroundplusthegrindingmedium.

Ball Milling





�¾Theballsrotatewith high
energyinsidea container
andthen fall on the solid
with gravity force and
kinetic and hence crush
the solid into nano
crystallites.

Ball Milling







�¾Generationof curved or closed-shell carbon nanostructuresby ball-milling of

graphite

�¾Carbonscrollsproducedbyhighenergyballmillingof graphite

�¾Nanoporouscarbonproducedbyballmilling

�¾Thenucleationandgrowthof carbonnanotubesin amechano-thermalprocess.

�¾Carbon nanotubesformed in graphite after mechanicalgrinding and thermal

annealing.

What else is produced in ball-milling



�¾Carbon microspheresproducedby high energyball milling of graphite

powder

�¾Carbontubesproducedduringhigh-energyballmillingprocess

�¾Highlycurvedcarbonnanostructuresproducedbyball-milling

�¾Low energypureshearmilling: A methodfor the preparationof graphite

nano-sheets

What else is produced in ball-milling



�¾The significantadvantageof this method is that it can be readily implemented

commercially.

�¾Ballmillingcanbeusedto makecarbonnanotubesandboronnitridenanotubes.

�¾It is a preferredmethodfor preparingmetaloxidenanocrystalslike Cerium(CeO2) and

Zinc Oxide(ZnO).

�¾Ball milling of graphiteunder a hydrogenatmosphereis an effectivemethod of

producingnanostructuredgraphitewhich is able to store an appreciableamountof

hydrogen.

�¾Nanostructuredgraphitehaspotentialfor useasa low-costin energystore,for vehicles

andstationaryhydrogen-energyapplications.

Advantages



�¾Nanotechnologyis a recent technology,there are many
manufacturingmethodsand tools,usedfor the fabrication
of nanomaterials,including nanostructured surfaces,
nanoparticles,etc.

�¾The nanotechnologymaterials,or nanomaterials,open a
newdoor to whatweknowaboutthe behaviourof matter.
Severalphenomenabecomepronouncedasthe sizeof the
systemdecreases, statisticalmechanicaleffectsor quantum
effects.

�¾Materials reduced to nanoscale can show different
properties compared to macroscale, enabling unique
applications.

�¾All this reasonsinspiredthe nano-sciencecommunityto
develop nanotechnology fabrication methods, to
manufacturethismaterialsin amore�´�L�Q�G�X�V�W�U�L�D�O�µway.

Nanotechnology Fabrication Methods



�¾Nanotechnologyfabricationmethodscan be usuallysubdividedinto two groups: top-down

methodsandbottom-up methods.

�¾On onehandwehavethe top-downmethods,nanomaterialsarederivedfrom a bulk substrate

and obtainedby removingmaterial,until the desirednanomaterialis obtained, this category

includestheprintingmethods.

�¾On the other hand,bottom-up methodsare just the opposite, the nanomaterialis obtained

startingfrom the atomic or molecularlevel and graduallyassemblingit, until the desired

structureis formed.

�¾In both methodsis importantto havea goodcontrol of the fabricationconditions,suchas

presenceof dust,controlof theelectronbeam,etc.

Nanotechnology Fabrication Methods



�¾The main idea of Top-down methodsderivedfrom the fabricationmethodsusedin the

semiconductorindustryto fabricateelementsfor computerchips.

�¾Thesemethods,calledlithography,removeslayersof material,from a precursormaterial,

selectivelyusing a light or electronbeam,and thanksto the advancesof the lithography

fabricationmethods, hasbeenpossibleto reducethesizeof electronicdevices.

Top-down Methods



�¾Themainideaof lithographyis to transferanimagefrom amaskto areceivingsubstrate.

�¾Thelithographicprocessconsistsof threesteps.

�¾Coatingasubstratewith asensitivepolymerlayer, calledresist,exposingthisresistto light

or electronbeamsanddevelopthe resistimagewith, commonly, a chemicalsubstance,

calleddeveloper,whichrevealsapositiveor negativeimageon thesubstrate.

�¾The next step is to transferthe pattern from the resistto the underlyingsubstrate,

through a numberof transfertechniques,such as chemicaletchingand dry plasma

etching.

Conventional Lithography



�¾This techniquescanbedividedin two groups,methods

that usea physicalmask,wherethe resistis irradiated

through the maskwhich is in contactwith the resist

(masklithography). The othergroupof methodsusea

softwaremask,ascanningbeamirradiatesthesurfaceof

the resist sequentiallythrough a controlled program,

where the mask pattern is defined (scanning

lithography).

Conventional Lithography



�¾Speed is the main difference between mask and

scanninglithography,whereasmasklithographyis a fast

technique,scanninglithographyis slow. Wealsohaveto

takein accountthe resolution, scanninglithographyhas

abetterresolution,whichentailsexpensiveequipment.

Conventional Lithography



�¾Photolithography

�¾Scanninglithography

�¾Softlithography

�¾Nano-imprint lithography

�¾Nanospherelithography

�¾Colloidallithography

�¾Scanningprobelithography

Types of  Lithography



�¾Photolithographyuseslight, UV, deepUV, extremeUV or X ray,which exposesa layerof
radiationsensitivepolymerthougha mask. The maskis usuallyan opticallyflat glassplate
whichcontainsthedesiredpattern,madeof anabsorbermetal.

Photolithography



�¾The imageon the maskcanbe replicatedasit is, placingthe maskin contactwith the resist

(contactmode photolithography)or reduced,projectingthe imageof the maskusingan

opticalsystem(projectionmodephotolithography).

�¾Theresolutionof contactmodeis near0.6 �¬�P, usingUV light, for moreresolutionweneed

to useprojectionmodeor goto next-generationphotolithography,usingextremeUV or X ray,

but thistechnologiesuseveryexpensiveequipment.

Photolithography



Characterization of  Nanomaterials

�¾The characterizationof nanoparticlesis a branch of nanometrologythat deals with

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

of nanoparticles.

�¾Nanoparticlesare characterizedfor various purposes,including nanotoxicologystudies

andexposureassessmentin workplacesto assesstheir healthandsafetyhazards,aswell as

manufacturingprocesscontrol. Thereis a wide rangeof instrumentationto measurethese

properties,includingmicroscopyandspectroscopymethodsaswellasparticlecounters



Characterization of  Nanomaterials

�¾Microscopy methodsgenerateimagesof individualnanoparticlesto characterizetheirshape,

size,andlocation.

�¾Electronmicroscopyandscanningprobemicroscopyarethedominantmethods.

�¾Becausenanoparticleshave a size below the diffraction limit of visible light,

conventionalopticalmicroscopyisnot useful.

�¾Electronmicroscopescanbe coupledto spectroscopicmethodsthat canperformelemental

analysis. Microscopymethodsaredestructive,andcanbeproneto undesirableartifactsfrom

samplepreparationsuchasdryingor vacuumconditionsrequiredfor somemethods,or from

probetip geometryin thecaseof scanningprobemicroscopy.



Characterization of  Nanomaterials

�¾Spectroscopy, which measuresthe particles'interactionwith electromagneticradiationasa

function of wavelength,is useful for some classesof nanoparticlesto characterize

concentration,size,andshape.

�¾Semiconductorquantum dots are fluorescentand metal nanoparticlesexhibit surface

plasmonabsorbances, makingbothamenableto ultraviolet�²visiblespectroscopy.

�¾Infrared, nuclear magnetic resonance,and X-ray spectroscopyare also used with

nanoparticles.

�¾Light scatteringmethodsusinglaserlight,X-rays,or neutronscatteringareusedto determine

particlesize,with eachmethodsuitablefor differentsizerangesandparticlecompositions.



Characterization of  Nanomaterials



Electron Microscopy
�¾Developedin the1930s thatuseelectronbeamsinsteadof light.

�¾becauseof themuchlowerwavelengthof theelectronbeamthanof light, resolutionis far higher.

TYPES

�¾Transmissionelectron microscopy(TEM) is principally quite similar to the compound light

microscope,by sendinganelectronbeamthrougha verythin sliceof the specimen. The resolution

limit is lessthan0.03 nanometer.

�¾Scanningelectronmicroscopy(SEM)visualizesdetailson thesurfacesof cellsandparticlesandgives

a verynice3D view. The magnificationis in the lowerrangethanthat of the transmissionelectron

microscope.

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


Field Emission Scanning Electron Microscopy
(FE-SEM)

�¾Field EmissionScanningElectronMicroscopyproducesimagesof the surfaceof samples

usinga low energyelectronbeamthanksto a FieldEmissionGun. This instrumentallowsto

observefragileand low meltingtemperaturesampleslike creams,which is not possibleby

standardScanningElectronMicroscopy



Field Emission Scanning Electron Microscopy
(FE-SEM)

Principle

�¾Theprimaryelectronbeaminteractswith theatomsat thesurface(downto 1 µm depth)of

thesamplegeneratinglow energysecondaryelectrons,theenergyof whichisgovernedby the

surfacetopography. By scanningthe sampleandcollectingthe secondaryelectrons,an image

of thetopographyof thesurfaceisconstructed.



Field Emission Scanning Electron Microscopy
(FE-SEM)



Field Emission Scanning Electron Microscopy
(FE-SEM)

Comparison with similar techniques

�¾Better resolution than optical microscopy and standard SEM,

�¾Less sample degradation than standard SEM,

�¾No sample coating required like for SEM,

�¾No sample coating required like for SEM,

�¾Less expensive and faster than X-ray micro- fluorescence, but less sensitive.



Field Emission Scanning Electron Microscopy
(FE-SEM)

Applications

�¾Imagingof gelsdepositedon asupport,

�¾Imagingof particlesor nanoparticulesin gelsor depositedon substrates,

�¾Identification and localizationof ingredientsin pharmaceuticalpowdersand tabletsor

cosmetics

�¾Imagingof biologicaltissue,biofilm,microorganism

�¾Imagingof texturedsurfaces



High Resolution Transmission electron 
microscopy (HR-TEM ):

�¾TEM isalsoknownasconventionaltransmissionelectronmicroscopyor CTEM.

�¾MaxKnoll andErnstRuskainventedit in 1933in Berlin.

�¾Recentelectronmicroscopy(basedon transmission)commonlycontainsa beamcolumn

which is around2.5m tall and has a 30 cm diameter, and has an ability to attain a 2Å

resolution.

�¾This techniqueis utilized for analyzingthe surfacestructure,i.e., morphology, surface

imperfection,i.e., defects, crystalstructureof theatom,sizeof theparticleandalso�V�D�P�S�O�H�·�V

composition.

�¾Designof TEM issimilarto alightmicroscope



High Resolution Transmission electron microscopy 
(HR -TEM ):



High Resolution Transmission electron 
microscopy (HR-TEM ):

Working Principle

�¾An extremelythin sampleis requiredfor scanningin TEM from which electronbeamis

passedthrough renderingits interactionwith the sampleas a result of which imageis

produced.

�¾This imagecanbe magnifiedandfocusedon the deviceusedfor imaging,like a fluorescent

screen,on aphotographicfilm layer, or to beidentifiedbyasensorlikeaCCDcamera.



High Resolution Transmission electron 
microscopy (HR-TEM ):

Instrumentation of  TEM
�¾Source of  electron 
�¾Gun based on Thermionic Emission 
�¾Beam of  Electron 
�¾Electromagnetic lenses 
�¾Vacuum chamber 
�¾Two Condensers lenses, objective and intermediate 

lens 
�¾Sample holder and stage 
�¾(Imaging Device) Phosphor or fluorescent screen 
�¾Computer 



High Resolution Transmission electron 
microscopy (HR-TEM ):

Advantages

�¾At thesesmallscales,individualatomsandcrystallinedefectscanbeimaged.

�¾At high magnificationsthe electron beam interactionswith the atomic columns of a

crystallinespecimenleadto differentcontrastmechanismknownasphasecontrast.

�¾Thiseffectcanbeusedfor imagingtheatomicdistancesin properlyorientedcrystals.

�¾It is a powerful techniqueto gain further information like crystal lattice distancesand

interfaceinformationto alimit below1 nm.




