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MATERIALS CHEMISTRY

o unatstan he very g o s derstand e vanysmai - Drnnss
Introdustion

Naroscience and nanfechnology have becom the most nteresting and excing
ek in recent years in Physics, C

i@ of nanoscience s young, I

isty, Enginsering and Biokogy. Despite th fact he

s & oreat anticipation that in the near future,
sresithoughs in nancscienca vill Tansfon present day technclogy Wih urimaginable

apsications. Nano means a bilionth of a mer {1 x 10 m). Though a systematc stuey of

nanoscience s only of recant orgin, funcionsl devices and siuelures of nanomeler
imensions exst on Eath s lang 38 fe fsalf. ILis raner surprising hat very strong shels

ks

aving ifidescent inner surtaces by crganizing ealcium crtonate o nanosinicired

heid togsther by 3 glue made o caroohyerale proein mixure ars consiucted by the
apalons, & molusk, The snells can ot be easiy destroyes and fis is = natrsl
emorstaton that a Sinicare fabrcated from nanoparlies can oe much songer. The

eracks intit

d on the ouside are Unable to move thiough e shell because of e
nanstiuciured biicks. The brliant colours of some buteres are today recognized a5

arising tram difaction of visisle Ight Fom patemed biomalerais whose siza and nlet

particalate citances are of fre order o he wavelengih.

Collidal o, vith s beaulful ruby-red olour s fascinated people for certuries.

was used extensively 85  cosmelic,a decoraive pigment as well a3 for mdiinal purpases.
The famous “Lycurgus cus® (kept n Brsh Musaum, London) crafted by s Romans in the
4 contry AD, changes caiour fom green o red dependng an whathar it is ewed in
refocted or ransmited ight. It owes (s progerty to the presencs of tny goid and siker
sanocrystals i the soda ms glass. Remarkable. colours observed on the windows of
medieval cathedrals. are again dué to the presence of metal nanopartives I the giass
ichael Faraday cartied out the st scntif study on collidal god, siver and otner metel
serasols ant hyerasols in 1857 2nd concludad that hal these soluions contained melalic
sartces in 3 “highly divided state”. Gustay W raalized in the beginning ofthe 20° centry
bt the ntense colours associaied wth meta coloids was & consequence of the storpion

and seattering of ght.
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of oo t the-ooftor" defiverec in December 1983, wisualzed the fied of nanctechnology.

iy hall a century oter, Feyriman n his prophetc lectur enlided “There's plry

i far-rsaching consequences. Though is (inking did 1ot resonate with scenists & hat
{ime, snce then, this area of rasearch has progressed by leaps and bounds mainy bocause

ofthe avalabity of several sophisticated tools at our dispasal

Nanoscience and nanctechnclogy deal with materisls charastedzed by at least ane
inension i the nanomeler rangs. Nanophase materal are singl sold phases whare 3t
laskt one dimension s in the 1-100 nm rango. Nanophase maerials are noting new,
atnough fre tern nancghase’ s now. I any ene lengin o three-dimensionsi nanostructure

s of a nanodimension, the sructurs is Kaown 5 quartur vel and he elecironis sructure i

it iferent rom fre arrangement whars e sices e of nanomeler length, consttuting
shat s eferred fo as s quantum wire, A cuanum dot has all tres dimensions.in the

nanorange.

Chamisty is fne sty of stoms anc molscules whose cimensions re less han 1.
Soi-state Physics deals wif solds of essantialy an infinke amay of bound atorms et
nclecius greater than 100 nm. Nanomatrias il 1 gap between the tyo reginies, which
estvith patices of 1t 100 i or aparoiatalyfom 101 107 aloms o moecules it Pt
Why aro nanopartiles interesting?.
iy Sraioipaeiicleaiilasetiont s

T fact tht these aterial san ba mado  this scale gves them the potertai o
extibit same very imlresting properies. Matarls wit parile sizgs on the nanescale
astusen 1 nm and 150 i e the domain betiesn the cusrium effests of atoms 10
melecis s 31 s bulk properies of materiss. | s, horcfore fat many ehysical propeies

ot materils ars coneolled by phenamena that have oroal dmensiors o1 1he nanoseale

the asiity o engineer end control the slruciura of nancpartcles sos the scierts 1o

contol the resulting properies an paves iay

design materials To cive the desired
properies. There i an extemly wide fange of agpiaions where the physical 522 of the

o can prosid enbanced propertes that are of benef, ar exape the smal s2e 0w

fner palishing anc smopther surfaces: unere the arain size is 120 small for disiozatons, nigh
srength, Wgh-hardness melals can be mace; and the high surface orea erabies the

practetion of mere effcir! materals

Jaiyts ard more er:

Characterization of Nanomateriats

Characterzation of nanomateriels and nancstnuctures has been lagely based o he
chon micrascopy ko scanning sieciion

surface analysis techrigues. Various fypes of o
a



[image: image3.jpg]miosaopy (SEM), high-resolution sqanning elaciron microscopy (HRSEN), feid-emission
Scanning electron microscopy (FESEM). and ransrission electron microseegy (1CH) e
of

baen cammonly used in charactgraation of nanoparicies (for fin firs). The sz
easured oy dynmic gt scatierng

rascopy (SPAI) is 3 relatively now characterization

nancmaterisk n callodal saition may bo canienienty
(DLS) technique. Scaming probe. i
techridue and has found extensive. applcatios in nanctacanology. Scanning funsing
icroscopy (STM) and atomis force microscs
famity. Both STH and AFWM are rus, suriace image fechmigus that can prodics opuy

Py (AFM) 3re the two mermbers of tre 57t

images of  surface with stomio resaution n al three dimensions. XRD has baen wily
Used for the determination of arystainly, crystal sttuciures and fatice constans of
nansparlicias, nonowires and thin fims.  Oplical spectioscpy Is useful n determiniag the

520 of Semiconductor quantum dats.

tabilty of Collodal Sofutions.

Inthe absence of sutable stabising sgents, colisdal partcles would be st
‘cach athor by van dar Wasls forces resulfing in the cosgulation and precpitafion of e sol.
This can be pravented by tne usa of = stabilzar cappng agert, Wheh sets up 3 epusien
barrer betwieen the approaching parlcles. Staiizatlon s generaly achiered by Lo methods
() sictrostato and (0 seric.

The electostat

stabilzalion Invoties the Use of charged capping agenls. Sodm

civate Is 2 commonly sed capping agent. Girate- casped nanoparicles are negaively
charged and they atract postively chargedt cour
amangement resuts In the formation of a dffuse siectical doutie layer and consequertly 3
Goulombic repulsion befween the particies, The electostalc fepusion bstiveen the parlices
o changos n

tarcatons from the salion Tris

Wil prevent agglomerafion. Howeyer. the double layer is very sersiive
tamperature, and in partiular fhs ‘o svengtn of the soldion. An ncresse in the lonic
strengih by the adaion o a salt causes & compression of the Soube 3
fange of repuision. Reduclion of the charge on th colid by the addion
Strongly binding adsoroate, which displaces the adsorbed c
agglomeration, The adsorption of farge molecules e plymers o igands such as ong chain

s shoriens the
a neutra,

nons, would also resut

thiols o the surface of collidal partces provides steric tabizaton. This is especialy uselu

in orgario solvents, whare slectrostatc efecis are small

When such pariles approach each other inferpencialion beteeen the iganc chans

causes a reduction in the conformationl freedom of the adserbale molecuies resuling in 3

a



[image: image4.jpg]doarease in entropy and threfors an ncrease n frdo energy. Futhepmare e local icrease
i the adsorbate concentralin resuls n the solvent 1ying [0 counteract s effect by ciuing
the concentation of the adsarbats thereby causing the paties (o move 37

Fig2 1 gies a schemati eprasentaton f s o types o siabizaton mocharisms.

iy 21 Scnamtc e of ' it s ol porices 1 oS nd 1

Nanapartces awa theic very High reactiy to the fact tha hey possess . taxge
tetion o atoms at e surface, It has been shown from simple-geornatical consideralons,
it he mumocr ofsurfaca atoms ks approsimalely 641D for <= D, where d s the diamater of
2 stom and D is tha diameter of 3 spherical parice. For sxampie, a 4 n sizad ol
nanomarties with 3 d value of 0.23 m vil have ane tird of e, atoms located an e

sirfaca. T s thersi

o of great importance to stabize nancparlices: against (AR

casguistion
_Syntheti methods

The nanazaricles'hich e being

idered here are melgls, semiconduciors and
coaica (oxtes,cardes, phdes and e, Fr 1 srihesi of heseranonorils
Both physical and cherical methods sraavsible
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